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1. INTRODUCTIONAND FRAMEWORK

1.1 Participant s

Russian participants
DUDAREV OLEG
SALYUK ANATOLY
BELCHEVA NINA
MORDUKHOVICH VLADIMIR
MOISEEVSKIY GENNADY
VORONIN ALEXANDER
PIPKO IRINA
PUGACH SVEANA
KARNAUKH VICTOR
SEMILETOV IGOR
KOSAREV GEORGY
POLYAK LEONID
CHARKIRLEXANDER
KOSMACBENIS

And onshore:

SHAKHOVNATALIA

Swedishparticipants

Orjan Gustafsson orjan.gustafsson@itm.su.se

Jorien Vonk jorien.vonk@itm.su.se

Vanja Alling vanja.alling@itm.su.se

Bart van Dongen

Laura Sanche@arcia laura.sanchez@itm.su.se

Martin Krusa maurtin.krusa@itm.su.se

dudarev@poi.dvo.ru
san@poi.dvo.ru
belcheva@poi.dvo.ru
vvmora@mail.ru
genamsvsk@mail.ru
aavoror@poi.dvo.ru
irina@poi.dvo.ru
pugach@poi.dvo.ru
karnaukh@poi.dvo.ru

igorsm@iarc.uaf.edu

polyak.1@osu.edu
charkin@poi.dvo.ru

den-kosmack@mail.ru

nshakhov@iarc.af.edu

StockholmUniv

Stockholm Univ

Stockholm Univ

bart.vandongen@manchester.ac.uk Mancheser Univ

Stockholm Univ

Stockholm Univ
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Per Andersson per.andersson@nrm.se Swe Museum Nat Hist

Johan Gelting johan.geltingnystrom@Itu.se LuledTech Univ
Fredrik Nordblad fredrik.nordblad@Itu.se Luled Tech Univ
Don Porcelli don.porcelli@earth.ox.ac.uk Oxford Univ
Goran Bjork gobj@oce.qu.se Goteborg Univ
Caroline Edsgren carolineedsgren@hotmail.com Goteborg Univ
Sofia Hjalmarsson  sofia@chem.qgu.se Goteborg Univ
Sara Jutterstrom sara.jutterstrom@chem.gu.se Goteborg Univ
Anders Olsson andols@chem.gu.se Goteborg Univ
Irene Wahlstrom irene.wohlstrom@chem.gu.se Goteborg Univ

and additionally, onshore:

Leif Anderson leifand@chem.gu.se Goteborg Univ

Johan Ingri johan.ingri@ltuse Luled Tech Univ
Christoph Humborg Christophhumborg@itm.su.se Stockholm Univ
Magnus Moérth magnusmorth@geo.swse Stockholm Univ

1.2 Objectives and Summary

Theobijectiveof this cruise report is to serve aamemory support for everyone involved in the ISSS
08 program. It focuses on details of how sampling anglat-sea analysisvas actually performed on
the Smirnit&yi. It also documents who to contact for even further details fartdre request fordata

in the many collaborative constellations that are foreseemnesultfrom this complex marine
expedition.

The ISS88 field phase has been overall a tremendous success. Participants are now in a good
position to puttogethersubstantial contributions toward an improveshderstandingof the
functioning of the East Siberian Arctic Shelf Séaalow, is a brief summary thie expedition drafted
with the intent of publication in EOS (Transactiasisthe American Geophysical Union) together with
the an edited version of the cruise track aactivity map shown below in section 1.3.
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EQOS dratft article:
Title: International Siberian Shelf Study 2008 (IS&9: Themajor IPY shigbasedprogramalong the
entire EuasianArctic continental shelfvith combined biogeochemical and geophysical observations

The motivation for ISS8B was to alleviate the scarcity of observational data tomnsport and
processing ofwater, sediment and carbon othe East Siberian Arctic Shelves (ESAS). The ESAS

composed of Laptev, East Siberian and Russian part of Chukchi®eai KS ¢2NI RQa f I NHSa

shelf and at the same time the most understudied part of the Arctic Ocearthidiacerized by tundra
discharge through the Lena, Indigirka and Kolyma rivers, coastal erosion, methane seeps from subsea
permafrost reservoirs and shdéfeding of the Arctic halocline. The region is of particular interest from
the perspective of cadm-climate couplings as it has witnessad°Cspringtimepositivetemperature
anomaly for 2002005 compared with precedirdgcades

A complex samplingrogram was accomplished during the-88ys 1SS88 cruiseAugustc September
2008 using two vesselsybparticipants from 12 omnizations in Russia, Sweden, UK &I&A(see
Figure) The main vessel H/Vadob Smirnitskyi traveled the entire length of the Siberian coast from
Kirkenes, Norway to Herald Canyon, Chukchi Sea and back along the outer skelid&rspsampled

the Lena Rer and thesoutheastern Laptev Sea.

Significant at-sea findings includedew methane seepsndbubble plume fields both the Laptev and
East Siberian Seaeveral assoaied with geophysicajaschimneystructures We alsostudiedPacific
inflow through Herald Canyon and remnants of salty and cold bottom waters on the shelf break.

Planned analyses of collected,aeawater eroding soiand sediment materiahcludemolecular and
isotopic biomarker composition as well dsace element and isotope characterizatioSEOTRACE
protocol)i 2 St dzOARI 4GS LINR GSYyl yOS:T NBY20Af AT GA2Y 27F
river versus erosion sources, degradation of organic mattseavater and sedimens andvariations

in these processes with dynamic climédecing

This IPYrogramprovides a benchmarking féuture expeditiongo the vast andenigmaticESASThe
ISS®8is supported by the Swedish Knut and Alice Wallenberg FoundémoRarEastern Branch of
the Russian Academy ofiénhces the Swedish Research Counttie Russian Foundation for Basic
Research, NOAA, and the Swedish Polar Research Secretariat.

ISSS-2008
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2. METHODS:SAMPLING AND ABEA ANALYSES
2.1 Seawater intake(SWI)system

2.1.1Kingston connections, pumps, tubings and bar@ekrtin)

Materials (seeFig. 2.1.1.1)

Pumps Two paralleicoupled mpellertype pumps(Aquaria Selpriming pump, Model ASE0, Qmax
46L/min).

Pipes: All pipes below deck in the machine room are of steel.

Hoses: On deck the hose leading to Thgiece(TC couplingand from theT-piece to the barrel is of
silicone.

Valves and -piece: The Piece and the valves are of stainless steehl$Sm the connections
between Fpiece and valves are of silicone.

Barrel: The barrel is of hajglastic and from Aquatech. The original volume is of 500 liters but the
actual filling volume waseduced to around 300 liters yallasting withcarbuoys

Tofront deck
see section2.1.3.6

Yalves

COverflowing barrel with
sensors emerged in it

Above deck a hose is conected to
a steel pipe sticking up from below deck

. ] } |
IPUMF'2 |
EMP = |.'? Two coupled impeller pumps

Fromupper floorin
machine

room the water is
pumped up to
lower deck

pump water up to lower deck

= |

Water split to
many tubes for
cooling of
engines

Water running upstairs
from this point

Seawater istaken in through tube emersed
at 4m depth in opening under the ship

Figure 2.1.1 3chematic overview of sea water intake systéngétomto barrel

Description(See figure?.1.1-1)
At 4m depthunder the shif2 & tiedziis fan opening whergea water isdaken in The water pipe is
led into the machine room where it is split into several pipes, (see pi@urd.1) The water pipes
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containing cold arctic sea water are used to cool the machines of the ship. After being passed around
the machinery the watepipes are joined into one single pipe. This pipe is passed to the upper floor
of themachine room and ends in the Kingston (sea chest). A steel tube was retrofitted f@8I88S
top of the sea chest and immersed to bottom of the sea chiBsb newimpeller pumpsdelivered

water aftportsidedeckending in a stainless barbed hose conne¢focture2.1.1.3. A silicorhose

leads to al-piece with a valve at each oflbw, (picture2.1.1.4. One ouiflow leads to a hose going

to water sampling systems onife deck(see section 2.1.3)6That valve is normally closed.

The other outflow from the Fpiece is to a hose leading to a 300L barrel, (picfutel.5. The barrel

is filledfrom belowat a rate of around 30L/min,\gng a turnovenf cal0 minutes Waer is

overflowing over the edges of the barigicture 2.1.1.5) Sensors were immersed in barreé€tion
2.1.2.

Picure 2.1.8.SWI delivery on deck. Picture 2.1.1T4piece splitter.




Picture 2.1.1Ballasted drrelwith sensors.

2.1.2Sensors in barret data acquisition programs

2.1.2.1SeabirdCTDCDOM, Turbidity(Ilgor, Anatoly, Irina)

Temperatre, salinity/conductivity, colored dissolved organic matter (CDOM), and dissolved oxygen
in the surface water will be measured along the ship route each minute using bunch of sensors
installed on the CTD Seabird 19+ deployed in the 500 liters batinefloviiing sea water (pumped

with rates about 460 liters per minute). All these parameters will be validated at oceanographic
stations. Surface dissolved methane was sampled each hour and measur2divuts, while the

pCQ value was measured each iinutes using autonomous SANMIQ sensor deployed in the

same barrel with the CTD. This approach was successfully used in the joiRUSKSSASSS cruises
since the summer of 2003 (Semiletov and Pipko, 2007; Semiletov, 2005).

2.1.2.2Hydrosonde(Johan Fredrik)

From Augusfi8 until September 23 Hydrolab Minisonde 5 (MS5) water quality mulitprobe was
installed in the seawater intake barrel. This device is referred to as the hydrosonde. This hydrosonde
was also deployed in the sea at most of the stasi during the expedition for depth profiling (activity
lead by Genna).

Parameters measured by the hydrosonde were temperature, conductivity, salinity, pH, oxygen
reduction potential, depth, oxygen concentration and chlorophyll a.

pH: pH was calibrated ahe start, and checked for drift during operation. Fluctuations of the pH
levels were from time to time much higher than expected, but during depth profiling, values were



more stabile. The reason for these unstable pH measurements from the barrel wascresifeed,
but time intervals where suspicious measurements occur will be marked in the final data sheet.

Salinity/conductivity: As for pH, conductivity was calibrated at the start, and checked for drift during
operation. Salinity measurements are closalated to the conductivity of the sample. Due to
differences in salinity during this the expedition, it was difficult to make an accurate calibration for
the conductivity. Therefore, the salinity measurements from the barrel should be taken from the
Sealird instrument. From depth profiling, CTD data should be used preferentially.

Oxygen To obtain oxygen data, the hydrosonde is equipped with the Hach LDO sensor, which is a
luminescent dissolved oxygen sensor, asito optical probe. Factory calibratiavas kept during the
expedition. Data is to be calibrated to Winkler titrations performed by the Marine Chemistry group
onboard.

Chlorophylt A fluorescence sensor in the hydrosonde was used for determining chlorophyll a.
Factory calibration was kept dugrthe expedition. The data obtained by this sensor is to be
compared/calibrated to offline measurements onboard by the BGC group according to standard
chlorophyll determination protocol.

2.1.2.3SAMIpCQsensorglrina, lgor)

The autonomous SAMIQ device described invww.sunburstsensors.coiibe Grandpre et al.,
1999) wasused forin situpCQ measuremen{each 15 minutes). This instrument was deployed in
500 liters plastic barrel (SWI) in parallel wgtabird-19+conductivity/temperature/depth (CTD)
meter.

2.1.3SWI samplingnd atsea analysiprograms

2.1.3.1Methane (and nonmethane hydrocarbons) dissolved in wat¢igor-Ning)

Watersamph y3 61 & OF NNASR 2dzi I G I f 1)ecaohsihtion (B totl2 NA T 2 v &
=131) withNiskin bottles¢ KS al YLX Sa ¢SNB LINRP OSa a SRholryafter KS & KA
collection.Water samples ere analyzed folCH with a MicroTeck8160 gas chromatograph

equipped with a flame ionization deteatolhe headspace technique for equilibrating between the

dissolved and gaseous phaseasapplied (Semiletov et al., 1996; Shakhova et al., 28087. The

concentration of dissolve@H, in the water samples ascalculated with the Bunsen adsorption

coefficient for CH (Wiesenburg and Guinasso, 1979) at the appropriate equilibration temperdture.

total, 1047CH, samples were taken.

2.1.3.2BGCcore parametergLaura Vanja

Sea water samples from both Sea Water Inté&e/1) and Niskin bottlgy Sstations) were collected
for amalysis ofPOC, DOC, TOQptical parameters and Pigmenffhe SWI samples were sampled

9
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from ahose,receivingwater from 4m depthNiskin bottle samples were drawn frofaur different
depths, aiming for the middle mixing layer42n), the pynocline (410 m), middle bottom layer and
bottom.

At the first CTD station, YIS a seawater intake sampling (SWlwasalso conducted in order to
check the reliability of the samples collected from the ®¥frel. In both cases samples were
collected in triplicates and at 4m depth.

Total, Particulateand Dissolved Organic Carbon (TOC/POC/DQ@&)ra, Vanja)

The organic carbon components were silefined as follows) the larger organic particles (POC,
filter-rRSTAYSR A4 B ndtr>Y0X 60 (GKS RAaazft SR FNI OdA 2,
fraction of organic C (TOC).

Between 1 and 3 L of sea watgascollected inclear polycarbonatdottles andvacuumfiltered on
board with 25mm diameter glass fiber filters (GRE) in an atglass filtrations systemOnce dry,
the filters were stored frozen until elemental analysis. From each POC filtrate (~1L), two 60mL
Nalgene HDPE bottles were collected for D@asurements. One was frozen as a bapkand one
was stored cold and measured onboard. Similawy, 60mL Nalgene HDPE bottles were used to
collect seawater intake samples for TOC measurements. Again, one was frozen asi dadk
brought home, and pne was stored cold and measured onboard.

DOC and TOC wedetermined on board by means of ctdc carbon combustion (SHIMADZ O€
VCPH). Inorganic carbon was removed with acid and th@lsarnwere sparged before analysisthe

total carbon content (NPO method). Before each ruBpnsensus Reference Materials (CRMpw

carbon content (2uM C) and deep sea water reference water-@LuM C) were analysed to ensure

the reliability of the dataBatches of CRM ampoules have been tested for DOC condengdty the
laboratories of Drs. Craig Carlson, Jonathan Sharp, Wenhao Chen/Dennis Hansell, and Hiroshi Ogawa.
In each run, every tenth sample were a duplicate of an own control sample (Yenesey DOC ca 450uM
C, kept cold during the cruise in a 25L carboyesk) to monitordrift or interruptions during a run.

New calibrations were made when the results of the international reference material or/and the
Yenesey control sample differed from known concentrations with more than #886POC content

will be anayzed once in Stockholm, by elemental analysis (EA) of the C content.

OPTICAL paramete(caura)

100mLbrown glasdottleswere used to collect water sampéad preserve them of light
degradation. The samples were kept cool and dark until direct analfysie following optical
parameters.

Molar absorptivity: Molar absorptivity at 280nnd J) gives an estimation of théegree of
aromatidty of the organic matterim & YLI S® Ly NG &dddrbarke aD280n@dzf | S &
(Aeso) is measured by UVIS Spectrophotometry (Hitachi UV) ardults normalizedo TOC
b280= Pgo/ (1 * TOG (Equation 1)
10



The analysis was conducted on quartz cuvets against distilled water@niind the samples were
measured in triplicates, rinsing the cuteewith milli-Q water every sample. Blanks of m@liwater
were run every ca. 10 samples, in order to check stability of measurement.

Humic Substances (HS)

The content of HS was estimated by Fegmence Spectrometry (Hitachi’rBOO Fluorescence
Spectrophotomete), measuring the emission of the samples at #ABO(bandwidth 10 nmunder
excitation at 35hm (bandwidth 2.5 nm)Since quinine sulphate (QS) is considered to be a good
reference material because of its & structure, QS standard was employed for calibration of the
measurements. A concentrated QS #taolution was prepared in 0.05M$0 anda 9-point

standard curvevas constructedFig. 1). Each sample was analyzed in triplicates, rinsing witfQmilli
water between different samples.

Colored Dissolved Organic Matter (CDOM)

The content of CDOM seawater was estimated bifluorescence Spectrometry (Hitachf 600
Fluorescence Spectrophotometdry measuring the fluorescence emission around Ad52.5 nm
bandwidth) under excitation at 356m (2.5 nm bandwidth)in relation to the Raman pea HO at
about405nm. The fluorescenceesultsof the samplesvere referencedo those of distillated water,
H,SQ solution (0.5M) and a QS standard solution (10u@Ur approach largely followed the
method of Hoge et al. (1993).

The method calls for usingglmaximum intensity of the full emission spectrum. To make it possible
to perform all analyses during the expedition we explored the possibility to instead of scanning
making measurements at set wavelengths. Hence, the variability in wavelength of th@amis
maxima forexcitation at 355m was tested with a subset emples selected as representative of

HS CALIBRATION CUF the
° . different
60 < regimes

involved in

50
20 / our studies

N y = 0.062x + 0.063 .
" R = 0.998 (rivers n=5;
erosion
20 © .
/ sites n=5;
10

offshore
locations

QSEquivalent HS concentration (ug/l'

0 200 400 600 800 1000 1200
Fluorescence units at 450 (exc. 35! n=6).

Despite
the
Fig 1: HS calibration curve. HS concentration is calculated4adq@iyalent units heterogen
eity in fluorescence intensi of the samples, thavavelength of thanaxima obtaned were quite
similar for the thredlifferent regimes (rivers: 44dm, erosion sites: 448m, offshore sites: 448m).
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Thus, we agreed to use a unique maximum peak3@@a for CDOM, 40@m for Raman pdaof H,O)
for all the samples, regardless which regime they belong to.

Once the emission maximum was set at 443nm, the fluorescence of the samples was measured in
photometry mode (excitation at 355nm, emission at 407 and 443nm). All samples were analyzed i
triplicates and the cuvée was rinsed with milQ water between different samples. To calculate the
CDOM content of the samples, the emission values of distillated water, 0,SK) &hd 10ug/l QS
solution were also needed, so suites of the three staddavere periodically run every 15 water
samples. Thus, the calculation of CDOM, expressed@senormalized fluorescence units (N.FI.U.)
at excitation wavelength 355nm, was developed according to the following equation:

F(355) N.FLU. = 1[{fswymcldesymad/l swyramah! [(kos)maslHzsoamai| @s)ramdh (equation 2)

lswymax: intensity of water sample at 443nm

ldesymax INtensity of distillated water at 443nm

lswyraman iNtensity of waer sample at Raman peak at 407nm
los)max: intensity of 10ug/l QS solution at 443nm

|(H2s0aymax iNtensity of 0.5M HSOsat 443nm

l(os)raman INtensity of 10ug/l QS at Raman peak at 407nm

Pigments

The pigment composition of the sea water samples was determined by Visible Spectrophotometry
techniques (HitachU-2010UM-VIS Spectrophotometer). Our method largely follows US EPA Method
446 and Parsons et al (1984pphoximately 4L samples were vacuum filtered with 47mm GF/F

filters, adding some drops of Mggih those cases of samples cotkst nearby river influenceb(ild-

up of low pH on filter may rupture cellsThe filters were stored frozen aimdarknessn 15mL

Falcon tubes until extraction, to avoid the degradation of the pigments. Aft&Ql@ays, the filters
were brought back teoom temperature and were extracted with ca. 14mL of 90% acetone. They
were thoroughly shaked during@min and then allowed to steep for some hours (min. 2 h, no more
than 24h). Tie samples were then centrifed (510 min) to get rid of the filter remairand, once

clean, the extract was subjected to YWNS analysis to quantify chlorophyll and phaeophytin.

For the estimation of chlorophylls a (ckdd, b (chleb) and c (chlec) absorbance at 750, 664, 647

and 630 nm was measured by WS, whereas waveletits 750, 664 and 665 nm were employed for
pheophytin (phaeea). Since chla and phaeea signals overlap around 664nm, the degradation of

chiol 6@ | OARAFAOIGA2Y O6HnAN >nfeas@émerit dt 66%665mTwWede K M 1 1 Y [
necessary to correct thchloa values. Then, the amount of pigments in the extract solution (~14mL)

was calculated by inserting the 750rtarrected wavelengths (i.e. each wavelength minus 750 nm,

to remove the turbidity) in the following equations:

PhaeacorrectedChloa = 267(AbS 66ﬂeforeacidificationc Abs 665fter acidificatior) (equation 4)

12



Chleb = 21.03 (Abs 64€)5.43 (Abs 6649 2.66 (Abs 630) (equation 5)
Chloc (¢+0) =24.52(Abs 80) ¢ 7.60(Abs @17) ¢ 1.67 (Abs ®4) (equation 6)
Phaeoa =5.7 [17"(AbS 665fter acidificatiorG AbS 664eforeacidificatior)] (equation 7)

Finally, to calculate the concentration of pigment in the whole water sample the following
generalized equation was employed:

Concentration of pigment (mg/L) = [CExXtract volume (L)] / [sample volume (L) * cell length (cm)]

Where: CE = concentration of pigments in the extract solution (pltaeected chlea, chleb, chle
c, phaeea); extract volume = normally 14mL, sample volume (filtrated) = normally 4L; amhehcgi
=1cm

2.1.3.3 Samples for biogenic silica, dtBCC and photolysi¢vanja)

BSi Sampling for biogenic silica was made through the SWI, the submersible pump (unfiltered water)
or in one case, the niskin bottles. Up to 1L per sample was filteredigir a polycarbonate filter

until clogging and put in a petri dish. The filterholder, pump and filtrate container was all made in
silica free plastic. All filters are in duplicates.

1BCDIY ¢ KS Al Y LDCSwere Bl@iNffom the TOC bottles and transferred into vials. The
vials had prior to the cruise carefully been flushed with argon to remove gié@@aining air. The

septa on the vials are air tight. 100uL of concentratf8P04 and the samples were added with
syringes to avoid air contamination. For the Lena transect, duplicates were taken for all stations, and
from the other areas, every"8sample had a duplicate. The vials were kept in fridge.

Photochemical degradationlO L GFF filtered water from the submersible pump (see 2.1.3.6) was
filled in prewashed containers and stored on deck in aluminium boxes (cold and dark). The samples
were sent to collaborators at Univ. Oslo for further analysis of photodegradation rates.

2.1.3.4Cabonate system and nutrients GU methd®&ofia, Sara, Irina éme)

Samples were taken from the seawater inlet system for dissolved inorganic carbon, total alkalinity,
pH and nutrients. The samples for nutrients were unfiltered and were anafgsetkrate,

phosphate, and silicatd.he analytical methods for all parameters are described below (Section
2.2.5.2).

2135/ I ND2yF(iS a2adsSy LI NIM™M®BISNE o6at hLEé (G§SOKYAIl dzS0
On these cruises we measurpH,sat 25+ 0.1°C with an ORION 8103 Re#sctrode on the SWS

scale, using tribuffer prepared according to Goyet and Dickson (DOE, 198¢h)a precisionof +
0.002 pH unitln total 357 pH measurements were done in the 18&8ruise: 320 from Niskin
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bottles, and a rest from SWrIotal alkalnity (Ay) data were obtainedin 71 samples taken from Niskin
bottles onboard YS and 127 samples obtained onboardwadeel TB012by direct indicator

titration in an open cell using a 6@3osimat system with a precisionof1 ®M> 0 a D2 (i S06 2 NH ¢
technique).Values of pC&and total inorganic carbon concentratiofis) will be calculatedising

values ofA;, pH, temperature (Tand salinity (S), following a scheme and constants advocated
respectively by Millero (1995) and Goyet and Dickson (DOE, 1994)edhmgjue has traditionally

been used on ou8iberian Shelf Study (S8&lises in the Arctic seas since 1996 (Pipkd.e2@02;

Semiletov et al., 2007t h L ualuelsdiill be intercalibrated vs spectrophotometric ptvalues

obtained by Goteborg group.

2.1.3.6Hi-volume filtrations for molecularorganic studieqBart Martin)

As described in Section 2.1.1 (SKlifgston system), prensed armoured pvc tubing was connected
from the stainless steel-piece near the barrel to the seawater distributiopstem situated on the
portside of the front deck. The total length of this tubing was about 23m. This allowed-¥otume
filtration of sea water from the sea water intake for molecutaiganic studies while steaming. When
required the connection to theseawater distribution system was opened and at the same time the
flow to the barrel was reduced by the other valve. This was necessary since, due to the length of the
tubing and the total seawater distribution system, there was a high resistance andflbtihéo the

barrel was not limited, no water flowed into the water distribution system to allowdlume
filtration. The intake of sea water through this system was stopped/not used when lying still at a
station and for most of the steaming time. The walt 293 mm filtration protocol is described in
section 2.9.3.

2.2CTD and NiskHbottle water samplingand at-sea analyses
2.2 1 CTbata acquisition incl Turbidity sensor sped&dran)

The CTD was a standard SeaBird 911+ with conductivity and temperature sensorgaéidterlsve
added a Wetlabs turbidity sensor ECO NTU S/N NTAIRG bn the voltage channel. It is attached as
a fluorescence Wetlab EGAF-L/FL sensor in the sensor list available in the Seabird software. The
scale factor is just 1 which gives an outpuhaigbetween 0 and 5 Volts.

At station 4 we added an extra T,C package to force the pump to start at low salinities. The new
package was attached as the primary sensors with a closed tube filled with salty water through the
conductivity cell. The origihaensors was then attached as secondary T and C, but are used as the
primary output in all the data processing.

The closed sewater loop was removed at and after station 36. This gave the possibility to compare
the two sensor packages although the primmavas not pumped so it had a much longer time
constant. The comparison looks rather good with just small discrepancies of a few parts per
thousands in salinity judging from screen data in homogeneous layers.
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The CTD was mounted on a rosette with 12 Nibkitles with a volume of about 6.7 liters. At some
selected stations an additional 20 liter GoFlo bottle was mounted on the rosette providing some
extra larger volume sampling. Water samples was collected on most stations with some exceptions
as during tle high horizontal density sampling program in the Herald Canyon (str8®&hen water
samples was collected at every second station. A total of 1260 water samples were collected.

Station positions

OBS!istations 15, 19, 31 and 108 have wrong positiornthérraw data files. This is probably due to
restarting the GPS too close in time before the beginning of the cast. It takes probably some minutes
for the GPS to initialize properly. The correct positions has been written in manually in the ascii
header fles (see below) and then automatically in the station file and so on.

Stn# Raw data position Correct position

15 7137.69N, 13003.21 E 713498 N, 130 15.32 E
19 73 02.07 N, 133 27.37 E 73 06.57 N, 137 18.18 E
31 71 35.49 N, 156 24.85 E 7106.49N,8141.61E
108 76 46.76 N, 149 12.64 E 75 33.66 N, 155 52.96 E

General fles in ISS88 data set
stationsdata_ISS@_CTD.txt : Position, time, Water depth, max CTD depth for all stations.

ISSS08_bottle file_CTD.xls : Position, time, CTPressure, CTBalinity, CTEpottemp (all
bottles), and Autosagalinity (selected bottles)

isss08_ctdXXX_YY.asc : 1 dbar binned CTD data ascii files including pressure, in situ
temperature, turbidity and salinity. In total 133 files with XXX
denotes station no and YYstano.

isss08_ctdXXX_YY.hdr : Gives header information for the same files with time,
position and all data processing steps.

ODVformat.txt : General spread sheet format file to be used specially for
Ocean Data View. Includes all CTD data in one long list.

2.2.2 CTD shipoard Data processing scheme I1S8&% (Goran)
The data has been processed using the Seabird standard software package through the following routines:

Data conversion
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Cell thermal masdJsing coefficient&lpha: 0.03, 1l/beta: 7

Filter Filter pressure only: LPF B, time constant 0.15

Loop edit Use fixed minimum velocity with minimum velocity 0.1 m/s
Bin averageBin type: pressure Bin size: 1 dbar

Derive Derived variables: Salinity, Salinity2

Ascii Out

Data conversion

Bottle summary Derived variables: Pressure, Cond2, Salinity2

2.2.3Wet deck sheets and identifier systenfdnders)

For the sampling from the Niskin bottles mounted on the rosette together with the CTD a system
with wet deck sheets was used. An example of the deck sheetluded in the appendix.

To plan and optimize the sampling, information on what stations and depths to sample for each
parameter was requested in advance. Any changes to the plans were preferably marked on the deck
sheet at sampling.

The deck sheetdted the unique sixligit ID# given for each Niskin on each station. Associated with
the ID# was a sheet with shealtihesive stickers used to mark each sample container. The ID# will be
listed in a distributed data file and can there be directly associafigitl e.g., station, depth,
temperature and salinity.

The deck sheet listed all parameters to be sampled and the sampling order to be followed, from the
left to the right. Since the water volume was limited (~6.7 liter / Niskin) it was important nake t

any other samples than those listed on each Niskin without checking first. For this purpose the total
volume need was also included on the deck sheet for each Niskin.

2.2.4List of sample types drawn from Niskiinders)

As an example of a deck shekat for Station 86 is given in the appendix. It also include the persons
onboard responsible for each sample type.

2.2.5At-sea analys methods

2.2.5.1Bottle salinities(Caroline Goran)

Bottle salinities have been analyzed using a General OceanicaNatosalinometer. In total about 200
such samples has been analyzed mainly taken from four depths at the uppermost water column with sharp
gradients where it is most critical to have the actual salinity in the bottle.
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2.2.5.2 Analytical methods used lthe GU Marine Chemistry groufsofia, Sara, Irene, Anders)
2.2.5.2.1 pH measurements

Principle:
pH are for 15°C and on the total scale.

Water samples for pH were drawn soon after the rosette was secured on deck, pH samples can be
contaminated by the atmgshere and are therefore sampled early. They were then analyzed on
board within hours of sampling. The analysis order was the deepest sample first.

pH was measured using a spectrophotometric method (Agilent 8453), based on the absorption ratio
of the indcator mCreosol Purple sodium salt (CAS 62824l) at wavelengths 434 and 578 nm. The
indicator solution was prepared by dissolution of 0.382 g\wetghted amount of indicator in 0.5 L
seawater with a salinity that resembles the samples. The indicatsragifusted to a pH in the same
range as the samples, approximately = 0.2 pH units, by adding a small volume of cogor lddi@.

NaOH. Before running a set of samples, the pH of the indicator was measured using a 0.02 cm
cuvette. Indicator corrections we made according to the recommendations from Chierici et al.
1999. ThepH values are corrected to 15°C on the total scale. No corrections for the sample salinities
were made.

Accuracy, temperature effect:

Samples were when weather permitted stored in hertmostat bath at 15°C before the
measurement. The system is not thermostated so the sample temperature will change until the
measurement is finished. The thermistor used for temperature measurements is placed directly after
the cuvette. The thermistor wasalibrated before the cruise.

Precision estimated from replicates:

Replicates were measured from both separate bottles and from the same sample bottle. The bottle
was kept at lab temperature between measurements, this means that a volume of approxirb@tely

ml has been drawn from the bottle for the first sample and the second sample might be affected by a
change in C&xontent. Precision is previously estimated to about = 0.000-Lipits.

2.2.5.2.2 Alkalinity measurements

Method:

Alkalinity was measuredfter pH from the same bottle. The analysis order was the deepest sample
first. Alkalinity analyses were done using an open cell potentiometric titration method using a GRAN
point determination (Haraldsson et al., 1997). The system measures alkalinitpdlLuusing the
nominal acid concentration of 0.05 mol/L. Certified reference materials (CRMs) as supplied by A.
Dickson, Scripps Institution of Oceanography were used to determined accuracy. For all samples and
CRMs, the alkalinity in umol/kg was calcathtusing the salinity (from the CTD bottle file and the
certified salinity, respectively) and the temperature measured at the beginning of the titration.
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Sample results were then multiplied with the factor determined from the CRM measurements at
each indivdual station.

Precision from replicates

The given precisions were computed as standard deviations of duplicate esgbyseformed
continually during the cruise. Duplicates were run from the same sample bottle since alkalinity is not
sensitive to atmosphdc contamination. The average precision is previously estimated to abeut +/
1.2 ymol/kg.

2.2.5.2.3 OssolvedinorganicCarbon (DICmeasurements

Method:

The sampling and analysis order were the same for DIC as for pH since also DIC samples can be
contaminated by the atmosphere. The MIDSOMMA system was used for coulometric DIC
determination. The titration is terminated when 4 endpoints are reached, i.e. the counts/minutes are
below the blank value four times. With a good coulometric cell, this was achisgemally in 89

minutes. New cells were prepared daily. From the total counts the blank is subtracted, by multiplying
the blank/minute value with the run time (in minutes). The resulting counts are internally multiplied
with a fixed factor (and dividedybdensity) to give DIC in umol/k@he average of the two lowest
increments during a titration is used as blank for the sample. Certified reference materials (CRMs)
were used for accuracy.

Precision from CRMs and replicate samples:

In general, from a neWCRM bottle, 2 or 3 replicates were measured. Although the bottles may loose
CQ when opened, as soon as the samples has been drawn the samples where closed during the
titration so this effect is probably less than the precision of the method. The averagesipn is
previously estimated to about £2 umol/kg.

2.2.5.2.4 Nutrients

Principle

The nutrients analyzed on board were Silicate, Phosphate and Nitrate (also including Nitrite). The
samples were first filtered (except for SWI samples) and then measigied an automatic system,
SmartChem from Westco, which basically is a spectrophotometer with an automatic sampler. 6 to 8
points calibration curves were used for evaluation. Since the standard stock solutions were
forgotten, reference material provided BYANSO co. Itd. (URL: http://www.kanso.co.jp/) was used as
standard solution. The system automatically diluted the standard to the given points in the
calibration curve using artificially seawater (ASW) of salinity 25 or 10 depending on the salinity of the
samples. A calibration curve was run before and after every set of samples. All reagents were pre
weighted and then prepared on board. All utensils where acid washed before departure and packed
in plastic bags. Some lab experiments need to be done aftelsx@a check the method used.
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Silicate

For Silicate the following reagents were used; Molybdate solution, Oxalic acid solution and Ascorbic
acid and was measured at 880 nm. The reference material used as highest standard for the
calibration curve was 586 uM, samples with higher concentrations were automatically diluted and
rerun. Reagent blanks were measured and corrected for.

Phosphate

For Phosphate the following reagents were used; Sodium molybdate solution and Ascorbic acid
solution and was mesaured at 880 nm. The reference material used as highest standard for the
calibration curve was 1.619 uM, samples with higher concentrations were automatically diluted and
rerun. Reagent blanks were measured and corrected for.

Nitrate

When estimating Nrate the Nitrite concentration is needed for subtraction. Hence, for Nitrate the

following reagents were used; Imidazole buffer, Sulfanilamide reagent and NED reagent and was
measured at 550 nm. The method also uses 10 % Imidazole buffer solution foNf@ R dzO G 2 Nk | Y R
HCI, HN@and Cupper sulphate solution for cleaning the same. The reference materials used as

highest standards for the calibration curves were 21.42 uM for Nitrate and 0.62 uM for Nitrite,

samples with higher concentrations were automalligaliluted and rerun. Reagent blanks were

measured and corrected for.

Ammonia

Samples from some of the stations, mainly along the coast and in the river plumes, were frozen and
will be analyzed for Ammonia at the University of Gothenburg.

Estimationof accuracy and precision:

Reference material for nutrients (provided by KANSO URL.: http://www.kanso.co.jp) was used for the
first time with this method, and will be used to determine the accuracy. Precision was determined
from replicates.

2.2.5.2.5 Qygen

Oxygen was measured using an automatic Winkler titration with UV detection. In the river plumes
this was not always possible due to the brown water and those samples where titrated by visible
detection. The same sodium thiosulphate solution was whathg the cruise and blanks and
standards were run every day using adtandard. Precision was determined using replicates from
the same depth.
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2.2.5.2.6 Chlorofluorocarbons (CFCs)

The transient chlorofluorocarbon (CFC) tracers-CECFA2, CFA13 and carbon tetrachloride

were determined during the cruise. The samples were taken from the Niskin bottles in glass syringes
(200 ml), which were stored immersed in cold seawater and analysis took place within six hours after
sampling. The analysis isdea on oAine purgeandtrap sample workup of followed by gas
chromatographic separation and electron capture detection of the different compounds. The
analytical technique is described by Fogelgvist (1999).

The standardisation was achieved by calilmatjas prepared at Brookhaven National Laboratory
(Happell and Wallace, 1997) and crasdibrated against gas prepared at Scripps Institute of
Oceanography. The standard gases were calibrated against tHg3Sicale.

The analytical precision, given &etstandard deviation for multiple samples taken from different
Niskin bottles fired at the same depth, was around 2 % for all the four compounds.

2.2.5.3 POI pH and teALK(Irina)
See section 2.1.3.5.

2.2.5.4Biogeochemicaicore params (pigments, DOGptical) (Laura, Vanja)
See section 2.1.3.2.

2.2.5.5 CH4lrina)
See section 2.1.3.1

2.2.5.6 Particulate Matter (PMjOleg)

Particulate matter (PM) from-2 m of surface water and 1 m below bottom was obtained by filtering
1.5-3.0 | water (from Niskin bots of CTEBV2 A SG 1 S0 G KNRBdZAK LINBgSAIKSR aAif
precombusted Whatman Gf|F filters (organic matter of PM). Millipore filters were dried %@ 40

immediately after filtration and Whatman filters were frozen.

Also were filtered two types afepheloid water (0.8..0 | volume) in plastic tube of GEMINI corers:
(first type) near 10 sm under the sediments and (second type 3650 sm under the sediments.

2.3 Acousic Doppler Current Profiler (ADCfasha, Anatoly)

An Acoustic Doppler Prdadil (ADP) is an instrument that measures the velocity of water using a
physical principle called the Doppler shift. The ADP is the principle component of every
CurrentSurveyor system.
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The geometric orientation of each transducer allows the ADP to caldii@ateelocity of the water in
using a CartesiarXly X coordinate system relative to the position and orientation of the instrument.
The internal compass and tilt sensor (roll/pitch) used with all CurrentSurveyor systems is able to
calculate the water velates in Earth coordinates (Ealsbrth-Up orENU independent of the
adaidsSyQa 2NASydGlrdAz2y®

Frequenc Profiling Range Cell Size Blanking Bottom-Track Available
q y {min. — max.) {(min. —max.) | Distance (min.) Depth (max.) | Configurations
250 kHz 5-180m 2-20m 15m 200 m Standard only

The ADP uses the bottotrack feature to measure the speed of asgel (e.g., a boat, the Riv€at
system) relative to the river bottom. The vessel speedém Bubtracted from the measuredater
velocity to give the absolute water current profile independent of vessel motion.

w . 2-4rackalows the ADP to measure both its velo¢iiyeed and direction) over thgarth, and
the depth of the water beneath the sin.

w . 2-4rackedeta is used to remove vessel motion from meadwater velocity to determinéhe
GAONHzZSe g1 G§GSNJ ALISSR 1 yduRnolhAtIRIADRId 22vgsdelg ¢ Kboad, thd a =
RiverCat system), bottofinack measurs the velocity andlirection ofADP/vessel movement over
ground.

FKS

w CNHzS 41 GSNJ AaLISSR | YR dudwaisr@épth tngasufementzinéasures A (1 K a A
discharge in th&€urrentSurveygorogram.
w ! 002dzyiAy3a F2N) #SaasSt VYeielachyyfeasdulemedB GoBE i Al f GKSYy

moving vessel. Bottorrack and GPS data are two ways to account for vessel motion.

w ¢ KS -toaekiedt@reycomes standdwith CurrentSurveyor systemis the ADP profiles, it
transmits a series afhortpulses to measure the relatwvaterspeed. In a CurrentSurveyor system
(or a standard ADP system with the bottdrack option enabled)the ADP also transmits a series of
long pulses that are designed to estimate the velodifythe ADP over ground (i.e., vessel speé&tip
Doppler ift of the reflected acoustic energy from these long pulses (i.e., bottatk pings) off the
riverbed floor is used to determine the ADP/vessel velocity. Bottiaok pingsare transmitted once
per second (for each transducer beam). The resulting measents are averaged at the end of each
profiling intervalto determine the average water depth, vessel spest] vessel direction during

this time. Let us consider the performance of the botttrack measurements. As mentioned, a
bottomtracking ADP deterines the velocity relative to the bottom (which is assumed to be identical
to the vessel velocity) once each second, and then averages the raw estimates over thelestd
averaging intervalBecause the bottom velocity is derived from solid objedertions (i.e., the river
bed), natural variability (i.e., standard deviation) of the botttnack velocity measurements is lower
08 Iy 2NRSNJ 2F YI 3yAddzRS dr&ckdata. @2 sddhjlthdBretisiondf 0 KS | 5
bottom-velocity measurementsialways better than that of waterelocity dataBased on this

comparison, bottom tracking can be considered to introduce no significant éoavater current

measurements.

Acoustic Frequencg250 kHz
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Blanking Distance Range 1.520.0 m Default 5. m

Cells Size Range 1.020.0 m Default 4.0 m
Number of Cells Range X 100 Default 30
Velocity Data

M Range: £10 m/s . P—
M Resolution: 0.1 cm/s ompass/ 11t Sensor

B Accuracy: +1% of measured velocity, M Resolution: Healdmg, Pitch, Roll 0.7
+0.5 cmi/s B Accuracy: Heading £2°

M Up to 100 range cells M Accuracy: Pitch, Roll £1°

Performance options

M Bottom tracking/DGPS interface for use from
a moving boat

B SonWave wave spectrum package

M Pulse-coherent mode for high resolution
profiling (contact SonTek for details)

Standard features
M Robust, digital signal processing
M 3 bit A/D conversion

B Three-beam transducer for 3D current
measurement

M Transducer shading for minimal sidelobes

M Oversize piezoelectric ceramic for narrow
beams

B Recessed wet-matebale connector
M Temperature sensor
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2.4 Hydrosonde vertical profilingGenna, Fredrik

Vertical profiling with the hydrosonde wass performed on most statiBaga was acquired about
every second meter. The main objective was to collect data fronchh@rophyll sensorOn several
occasions fulprofiles of pigment samplesom Niskinrosettevascollected andanalyzed on the
absorption spectrophotometefor crosscalbrations

2.5 Plankton net samplingGenna

Hand-held plankton netows were performed occassinally and samples preserved in Lugol for
plankton speciation in Vladivostok.

2.6 Micrometeorology airmethane and CO2 and CH4 fluxgsatoly)

Micrometeorology.CQ and CH fluxes were measured using micrometeorologigakthod, , as we

didin the sea (September of 20@907) orabove the sea ice surface in Jwfe2002 (Repina et al.,

2007; Semiletov et al., 2@02007. In our C@and CHexchange study setup, momentum and the
fluxes of sensible and latent heat will be measured using the EC technique, which is the most direct
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micrometeorological methodFairal et al., 1997; Edson et al., 1998; Fairal et alQ;2B&8ldocchi,
2003. In this technique the vertical flux of a scalar constituent is obtained as

F=w'c,

wherew is the vertical wind speed aras the quantity of interest (e.g., temperature, humiditr
gas concentration)Anover-bar denotes the the average, and a prime denotes the fluctuation of an
instantaneous value from this average, e.g.,

wW=W-w

Fluxes of COF ), water vapor l(g), and heatKl) will be calculated using EC technique equations
described elsewhere (BaldoccB03):

N T

He :CppOW'_T'
LE_pO\NI_q.Ls’
F, =wc

where’ gisthe air density(kg m°), G, is the specific heat) kg %CY, Lis the latent heat of
vaporization for wate(J kg), _ is the momentum flux (N ), andu- is the frictional wind velocity (m
s1). wiNpNjnd vNjre the turbulent fluctuations in vertical and two components of horizontal
velocities. TN§ the turbulent fluctuation in air temperature, argiNjnd cNjre turbulent fluctuations in
the specific humidity and G@oncentration. Vertical and horizontal wind speed and temperature
fluctuations were measured at 10 Hz using a thredimensional sonic anemometgéhermometer
alignedwith the mean wind directin. CQ and water vapor fluctuations @&e measured at 1€20 Hz
with a fastresponse ope#path infrared LiCor 7500 gas analyzetig.X).

_ \ ’ "" --

Figure X. Shipboard micrometeorological equipment
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Methane in the air.The concentration o€H, in air wvasmeasuredwith a HighAccuracy Fast

Methane Analyzer, HAFMA (response time <0.05 seconds; accuracy better than 1% of reading;
concentration range 10ppB5ppmv;www.|grinc.com whichincludes ary scroll vacuum pump

andis deggned to suit many applications includiognductingeC flux measurements using
established micrometeorological techniquésairal et al., 1997; Edson et al., 1998; Fairal et al., 2000;
Baldocchi, 2008 We plan to use the data measured with HAFMACHturbulent flux estimates.

We plan also to compare the turbulent and calcula€d fluxes with the turbulent and calculated
CQfluxes which have been measured on our cruises since.20@5flux package consestof:

- HAFMA and CSASTsonic anemometerGampbell Scientific Inc.) measuring the 3D wind
vector and sonic temperature;

- Crossbow to detect movement momentyum
- LFCor 7500 open path infrared gas analyzer, measuryatd C@
The flux package asmounted at a height of ~12m above mean sea&leon a meteorological mast.

C and H isotope signatures afr CH are frequently adequate to reliably characterize bacterial or
thermogenic natural gas type (Whiticar, 1999). In certain situations, such as mixing of different
natural gases or where exme substrate depletion and consumption occambiguousCH, isotope
signals could be produced. In these cases, tren@ Hisotopes ofCH, in concert with coexisting
isotope informatiomaboutCQ and HO, are excellent tracers of bacterial formation aswhsumption
processesTo do that 5 | Tedlar bags were filled out by air pump at the top deck, in total at 67
locations.The isotopes will be measuredtino places: at the Utrecht University-(3, and D) and
London Hydrometeorological Survey (oniL&)

2.7Hi-vol aerosol and vapophase samplingMartin)

Materials
Pump (picture 2.7.1): Blower type pump (Airvac32B®, 220V, 0.85kW). Flow meter (Tecfluid Serie
SG250, 875Nnt/h) is attached to the outflow of the pump.

Filter and PUF holders (pictu?e7.2) was manufactured by Leif Backlin at MISU centralverkstad,
{G201K2tY ! yAGSNEAGED® al GSNAFt dz&ASR 6l a aSt2ElGS
envelopes in double Zlog plastic bags) were p®@2 Y 6 dza 1 SR | {Sampling of th vapz NJ p K ®
phase was performed using adsorbents of PUF (Poly Urethane Foam) held behind the filter. PUFs
(Skumplastfabriken, Norway) were cylindrically shaped with a diameter of 8cm and 7cm long. PUFs
were subject to extensive preleaning in series of solveaxtractions.

To prevent water from getting into the system and patrticles falling directly onto the filter the top of

the filter and PUF holder was covered with a plastic bowl which was attached with a strap. The filter

and PUF holder was attached to treeling at the top most deck of the boat, which was 10 m above

sea level and 7.5m above lower deck. The filter and PUF holder was 28 m in front of the ships

chimney, (picture 2.7.3).
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Samplecollection
All filter and PUF changes were done by detachindilfez and puf holderand bringing ito aclean
surface(Al foil) in the cabinThe pump was on only when ship waakingat least 1knots.

Picture .7Fiump and flow meter inside box.

Picture 2.7Rumpand flow metdrox,samplleattached tthe reeling.
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