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McLaughlin, F., Proshutinsky, A., Carmack, E.C., Shimada, K., Brown, K., Charters, J., Cooper, G., Corkum, M., Dempsey, M., Fok, E., Guay, C., Guéguen, C., Hutchings, J., Itoh, M., Krishfield, R., Li, B., Maclean, H., Nemcek, N., Nishino, S., Waters, L., White, L., Yamamotot-Kawai, M., Young, K., Zhao, J. and Zimmermann, S. 2010. Physical and chemical data from the Canada Basin, September 17 to October 15, 2009. Can. Data Rep. Hydrogr. Ocean Sci. XXX:  xx + XXX p.
A hydrographic survey of the Arctic Ocean’s Canada Basin was conducted during a Joint Ocean Ice Study (JOIS) expedition aboard the CCGS Louis S. St-Laurent from 17 September to 15 October, 2009 (Institute of Ocean Sciences Mission Number 2009-20).  The objective of the program was to investigate ocean circulation, Pacific and Atlantic-origin water mass distributions, storage of freshwater in the Beaufort Gyre, inter-annual variability and the distribution and concentration of bacteria and zooplankton.  This report provides a summary of all science activities conducted during the cruise and includes data collected from CTD/rosette casts.  The CTD consists of pressure, temperature, salinity, oxygen, transmission and fluorescence sensor data and the rosette bottle data include salinity, oxygen, nutrients including ammonium, oxygen isotope ratio, barium, dissolved inorganic carbon, alkalinity, chlorophyll-a and phaeopigment, bacteria and CDOM.  Sample collection and analytical methods are described.  Other samples collected during the expedition, not reported here, are also listed.
Résumé

McLaughlin, F., Proshutinsky, A., Carmack, E.C., Shimada, K., Brown, K., Charters, J., Cooper, G., Corkum, M., Dempsey, M., Fok, E., Guay, C., Guéguen, C., Hutchings, J., Itoh, M., Krishfield, R., Li, B., Maclean, H., Nemcek, N., Nishino, S., Waters, L., White, L., Yamamotot-Kawai, M., Young, K., Zhao, J. and Zimmermann, S. 2010. Physical and chemical data from the Canada Basin, September 17 to October 15, 2009. Can. Data Rep. Hydrogr. Ocean Sci. XXX:  xx + XXX p.
Une enquête hydrograhique de l’eau du bassin Canada, dans l’océan Arctique, ont été évaluées lors d’une expédition menée dans le cadre des Études conjointes sur les glaces (JOIS) à bord du NGCC Louis S. St-Laurent, du 17 septembre au 15 octobre, 2009 (mission numéro 2009-20 de l’Institut des sciences de la mer).  L’objet du programme était d’étudier les mouvements de circulation océaniques, notamment la distribution des masses d’eau d’origine atlantique et pacifique, les réserves d’eau douce de la gyre de Beaufort, les variabilités interannuelles et la distribution/concentration de bactéries et de zooplancton.  Ce rapport présente un sommaire de toutes les activités scientifiques ainsi que les données des profils de conductivité-température-profondeur(CTP)/Rosette.  Les données de CTP informent sur la pression, la température, la salinité et la teneur en oxygène, alors que les données captées par transmission et fluorescence et les données de bouteille (données recueillies dans des échantillons d’eau) touchent la salinité ainsi que la teneur en oxygène, en nutriments, en ammoniaque, le ratio des isotopes de l’oxygène, en baryum, en carbone inorganique dissous, l’alcalinité, en chlorophylle a et en phaéopigments, des bactéries et en matière organique dissoute colorée.  Les méthodes d’échantillonnage et d’analyse sont décrites.  D'autres échantillons prélevés au cours de l’expédition mais non traités dans ce rapport sont également mentionnés.
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1. INTRODUCTION

The Joint Ocean Ice Study (JOIS) is a collaboration between DFO researchers from the Institute of Ocean Sciences (IOS) and colleagues from Japan and the U.S.  It combines two ongoing programs: the Joint Western Arctic Climate Study (JWACS), a collaboration with scientists from the Japan Agency for Marine-Earth Science and Technology (JAMSTEC) to conduct oceanographic surveys; and the Beaufort Gyre Exploration Project (BGEP), a collaboration with scientists from Woods Hole Oceanographic Institution (WHOI) in the U.S. with funding from the U.S. National Science Foundation (NSF) to deploy and service moorings and buoys.  The four primary investigators are Fiona McLaughlin (DFO), Eddy Carmack (DFO), Andrey Proshutinsky (WHOI) and Koji Shimada (JAMSTEC).
The JOIS-2009 study area was the Arctic Ocean’s southern Canada Basin, extending as far north as 80°N.  The program objective was to study the effects of climate variability and the relationships between the physical environment and biota across shelf break, slope and basin domains.  Specifically, the objectives were:

· To understand the impacts of global climate change on the physical environment by linking decadal scale perturbations in the Arctic atmosphere (e.g. Arctic Oscillation and Beaufort Gyre) to interannual basin-scale changes in water mass properties and circulation. 

· To understand the impacts of global climate change on sea ice and other fresh water products by utilizing a suite of stable isotopes and geochemical markers to quantify freshwater into their meteoric and sea ice components. 
· To investigate water mass modification due to processes such as convection and primary production with a suite of geochemical tracers.  

· To understand the impacts of global climate change on the distribution of biota by investigating distributions and abundances of bacteria and zooplankton.


The program was conducted aboard the CCGS Louis S. St-Laurent from 17 September to 15 October, 2009 (Institute of Ocean Sciences Mission Number 2009-20).  A science team of 29 people (Appendix 1) conducted Conductivity, Temperature and Depth (CTD) rosette casts, mooring and ice-buoy recovery and deployments, expendable CTD (XCTD) casts and vertical net tow operations.  Underway ice observations were taken and on-ice surveys conducted.  Upper ocean turbulence was measured using a turbulence profiler, light attenuation was measured with PRR (Profiling Reflectance and Radiometer), and underway measurements were made of the surface water.  Daily dispatches were posted to the web and the Korean media team took footage of the science operations to make documentaries for both international and Korean viewing.  A high resolution, full ocean-depth hydrographic survey of the southern Canada Basin was obtained.    


This report briefly describes all science activities conducted on the CCGS LSSL in 2009.  In particular, it provides a summary of all JOIS science activities and data collected from CTD/rosette casts: the CTD include pressure, temperature, salinity, oxygen, transmission and fluorescence sensor data; rosette bottle data include salinity, dissolved oxygen, nutrients including nitrate plus nitrite (hereafter referred to as nitrate), reactive silicate, orthophosphate (hereafter referred to as phosphate), ammonium, oxygen isotope ratio ((18O), barium, dissolved inorganic carbon (DIC), alkalinity, chlorophyll-a and phaeopigment, bacteria and colored dissolved organic matter (CDOM).  Sample collection procedures and analytical methods for the CTD rosette water chemistry program, conducted primarily by the team from the IOS, are also reported.  Samples for dissolved inorganic 13C (DI13C), particulate organic carbon (POC) and phytoplankton [INCLUDE WITH CHEMISTRY?] were collected but data are not included in this report.  Samples for salinity, dissolved oxygen, nutrients, (18O, barium, alkalinity (FW), bacteria, CDOM and DI13C were collected at every station, samples for chlorophyll-a and phaeopigment were collected at most stations, and ammonium, DIC and POC were collected at select stations.
1.1 FIELD WORK SUMMARY


The main science program was conducted in the Beaufort Sea and Canada Basin.  Science was also conducted opportunistically in Davis Strait, Baffin Bay and the Canadian Arctic Archipelago during the transit of the ship from its home port in Dartmouth, NS to Cambridge Bay, NU.  Mission #20XX-XX accomplishments are summarized below and data included in this report are listed in bold font.  Specific location and time of events are listed in Appendix X.
Transit from Dartmouth, NS to Resolute, NU:  

· XX XCTDs

Transit through the Canadian Archipelago (XXXX km)

[DAY MONTH] to [DAY MONTH], 20XX, Resolute, NU to Cambridge Bay, NU

· X CTD/Rosette casts from Barrow Strait to Amundsen Gulf: salinity, nutrient and bacteria samples were collected.
Canada Basin Survey (XXXX km)

XX Month to XX Month, 20XX, Cambridge Bay to Kugluktuk, NU

Distance Covered: 8500 km (Kugluktuk to Kugluktuk)
At CTD/Rosette Stations

· 53 CTD/Rosette casts at 43 stations (DFO)
1. CTD:  The primary CTD (a Seabird SBE911+) was equipped with 2 temperature sensors, 2 conductivity sensors (for salinity), 2 oxygen probes (primary oxygen sensor: SBE-43; secondary oxygen sensor: JFE-Alec Rinko III), transmissometer, fluorometer, CDOM sensor, bottom contact warning and an altimeter.  In addition, an ISUS nitrate sensor was used on select casts shallower than 1100 m; a surface PAR sensor was installed for cast 11.  (Note: A second CTD, SBE19 s/n 2688, was used for a few casts from zodiac and ship.  The internally recording SBE19 CTD is configured with pumped temperature and conductivity).   

2. Rosette: 1123 water samples collected for hydrography, geochemistry and pelagic biology (bacteria and phytoplankton) analysis (IOS, UBC, BIO and KOPRI).  Water samples drawn from the 24 10 L Niskin bottles include: 
· At all stations: salinity, dissolved oxygen, nitrate, silicate, phosphate, (18O, barium, DIC (surface only), alkalinity, total chlorophyll-a and phaeopigment, bacteria and CDOM; 
· At select stations: ammonium, DIC (full profile), POC, DI13C and Phytoplankton for Productivity Study. 

· LADCP:  Upper ocean current measurements from a downward looking lowered Acoustic Doppler Current Profiler during most CTD casts (DFO)
· 1 Foredeck Niskin Cast (DFO)

· 63 vertical net tows at 25 stations to 100 m; additional tows to depths of 200, 500 and 1000 m were conducted at select stations (DFO)
· 18 Turbulence Profiler Casts using a TurboMap (Tokyo University)
· 23 Light Attenuation Profiler Casts using a PRR (OUC)
· 13 Measurements for a carbon uptake experiment (primary productivity) including use of outside water baths at sea-surface temperature (KOPRI)

At Other Locations
· 56 XCTD (expendable temperature, salinity and depth profiler) Casts typically to 1100 m depth (JAMSTEC, Tokyo University, WHOI)
· Mooring and buoy operations
· 4 Mooring Recoveries (3 deep basin (WHOI), 1 slope mooring (IARC))
· 4 Mooring Deployments (3 deep basin (WHOI) and 1 slope mooring (IARC))
· 4 Ice Buoy Deployments
3 sites with an Ice Tethered Profiler (ITP, WHOI)
1 multi-buoy site with an ITP (WHOI), Ice Mass Balance Buoy (CRREL), and O-buoy (CRREL)
· 1 Open Water Buoy Deployment (UW)
· Ice Observations
· Ice Observations (IARC)
Hourly visual observations from bridge and automated fixed-camera photos.

Opportunistic aerial observations during helicopter flights

On-ice observations of ice-depth transects and ice-cores
· Ice Observations (KIT)
Underway measurements of ice thickness from passive microwave sensor, an electromagnetic inductive sensor (EM-31), and a fixed camera.

On-ice observations of snow composition.

· Ice Observations (UBC)
Ice cores collected from the ice and from zodiac and water sampled from directly under the ice for carbon isotope samples to study carbon cycling.

· Underway collection of meteorological, depth, near-surface seawater, and navigation data with 152 water samples collected from the underway seawater loop for: Salinity, Oxygen, Nutrients, Barium, 18O,  DI13C, DIC/Alkalinity, Particulate Organic Carbon (POC), and CDOM. (DFO,UBC)
· Drift Bottles deployed at 1 site (DFO)
· Daily dispatches to the web (WHOI)
· Media filming 2 documentaries (EBS) 
Other:

· Passenger transfer to Tuktoyaktuk (CG crew member)
· Fuel (2000m³ litres) loaded by barge near Tuktoyaktuk, the first attempt on Sept 21 was not possible due to weather, then fuelling occurred on Sept 25 and took more than 24 hours.
1.2 STUDY AREA


The station locations and accompanying ice conditions are shown in Figures X through X below.  Position information was collected from the ship’s GPS.  The GPS’s NMEA string was fed directly into the cruise track software (Fugawi) and the CTD acquisition software (Seasave by Seabird Inc.).  Specific station locations are listed in Appendix X.  


[image: image1.jpg]



Figure 1.  View of the Arctic showing the Canada Basin study area in the blue box.  

[INSERT MAP – STATION LOCATIONS]
Figure 2.  Stations in Baffin Bay and the Canadian Archipelago.  XCTD and Rosette casts were taken in [MONTH]; surface samples were collected in [MONTH].

[INSERT FIGURE – REGIONAL ICE ANALYSIS]

Figure 3.  Regional ice analysis by the Canadian Ice Service on [DAY MONTH], 20XX illustrating conditions during transit through Baffin Bay and the eastern archipelago.

The stations in the Canada Basin are shown in Figure 4.  Stations were occupied in a clockwise fashion from south to north along 150°W and from north to south along 140°W, with additional stations in between.  This cruise track allowed the ship to work in optimal ice conditions, i.e. to start in the southern ice-free area and then move to the north and east Beaufort when the ice was near the seasonal minimum.  Four sections were measured in the Canada Basin, two north-south and two approximately east-west.  The four deep BGEP mooring stations are located at the section intersections.  XCTDs were deployed between CTD/Rosette stations.  Ice conditions at the start and end of the cruise are shown in Figure 5 and Figure 6.  
[INSERT FIGURE – CRUISE TRACK AND STATIONS]

Figure 4.  Cruise track and station locations in the Canada Basin.

[INSERT FIGURE – ICE ANALYSIS AT START OF CRUISE]

Figure 5.  Regional ice analysis by the Canadian Ice Service on [DAY MONTH], 20XX, the start of the cruise.
[INSERT FIGURE – ICE ANALYSIS AT END OF CRUISE]
Figure 6.  Regional ice analysis by the Canadian Ice Service on [DAY MONTH], 20XX, near the end of the cruise.
2. METHODS AND ANALYSIS 

2.1 SCIENCE PLATFORM:  CCGS Louis S. St-Laurent

The CCGS Louis S. St-Laurent is a 26,000 HP Canadian Coast Guard icebreaker equipped with helicopter and deployable rigid hull boats.  An ice specialist from the Canadian Ice Service received frequent Radarsat ice images and weather forecast information from shore, sent daily ice and weather observations and assisted in navigation and information regarding science station locations.


The Canada Basin was ice covered north of XX°N during [MONTH], 20XX thus operations were dependent on the ship making openings in the ice to allow deployments and recoveries.  Mooring and vertical net tow operations were performed from the ship’s foredeck using the starboard crane and A-frame.  The CTD/Rosette casts were performed on the boat deck, mid-ships, using a starboard A-frame.  XCTDs were deployed from the aft deck by a handheld launcher.  Ice buoys were deployed away from the ship, using a portable gantry set up on the ice.  


The ship’s forward science lab was used as a mooring instrument shop, the rosette and CTD operations were performed from the boat deck container labs.  Nutrient, oxygen, CFC, alkalinity and chlorophyll analyses were performed in the main lab.  Salinity analysis was performed in the more temperature stable after-lab.  Zooplankton operations were split between the well-ventilated container lab on the foredeck and the after-lab.


Ships soundings were taken using a 12-kHz Knudsen portable sounder using an over-the-side transducer as the ship’s ELAC 15 kHz depth sounder failed during the cruise.  Continuous measurements were not possible.


2.2 FIELD SAMPLING:  CTD/ROSETTE CASTS


Rosette casts were taken with a Seabird SBE911plus CTD system, operating at a 24Hz scan rate, equipped with dual temperature sensors, dual conductivity sensors, SBEXX oxygen probe, Wetlabs CST–DR transmissometer, Seapoint pumped fluorometer, bottom contact warning device and Datasonics altimeter.  See Appendix X for sensor serial numbers, calibration information and position on frame.  In addition, an RDI lowered acoustic doppler profiler (LADCP) was mounted on the frame.  Twenty-four 10 liter Niskin bottles with internal stainless steel springs made by OceanTest Equipment, Inc., also mounted on the frame, were used to collect water samples for salinity, dissolved oxygen, nutrients, halocarbons (CFC-11, CFC-12, CFC-113, and CCl4), (18O, barium, alkalinity, chlorophyll a and bacteria measurements and at select casts to collect ammonium, 137Cs, 129I, CDOM, TOC, DIC and 13C samples.

A typical full depth cast took 3.5 hours to complete.  The ship stopped near the pre-determined location to find a position that would keep the wire clear of ice during the deployment.  If ice approached the wire during deployment the wire was moved closer to the ship for protection or the winch spooling stopped while the ice pushed by, preventing the wire from sawing into and getting caught in the ice.  The ship’s bubbler system was also used to push ice out of the way although the bubblers’ location is most suited to clear the foredeck area, forward of the CTD/rosette launch area.  

The CTD/rosette package was rolled out of the heated sampling container, the protective water-filled plugs removed from the temperature, conductivity and oxygen sensors, and the CTD turned on while on deck to record in-air information.  The CTD/rosette was deployed after communication was established between the CTD, SBE 32 water sampler and computer, connected by 5500 m of single conductor CTD wire. Using a newly re-conditioned winch, now part of the ship’s equipment, the rosette was lowered to 10 m, the sensor pumps turned on and the package soaked for 3 minutes to equilibrate the oxygen sensor.  The package was then raised to just below the surface and lowered at 60 m/min to within 10 m of the ocean floor.  After closing the first bottle at the bottom of the cast, the package was raised at 60 m/min then slowed to 30 m/min for the upper 300 m.  There was typically a stop at 900 m in both directions to change the winch gearing between high and low.  Bottles were closed on the upcast without slowing the raising speed to capture the least disturbed water.  In the upper 400 m, the sample depths were chosen to match a set of salinity values.  During the downcast, the depths of the salinity values were noted and on the upcast, bottles were closed at these pre-determined depths.  

CTD data acquisition was not stopped until after the CTD/rosette was brought back on deck, again to record in-air measurements.  The CTD/rosette was rolled back into the heated rosette room, the water-filled sensor plugs reattached and the water sampler and LADCP rinsed with fresh water.  Care was taken to avoid rinsing the Niskin bottles prior to being sampled.


Water sampling took place immediately after each cast, CFC, oxygen and DIC samples being collected first.  Halocarbons, dissolved oxygen, nutrients, salinity, alkalinity, ammonium, chlorophyll-a and phaeopigments were measured onboard.  All other samples were stored for analysis onshore.  

2.2.1.1 Chemistry


All water sample data were collated to one EXCEL spreadsheet with station location and time, and CTD data and water sample results referenced to a unique sample number.  The time lag between CTD reading and bottle closure was determined by comparing the CTD and bottle salinity in the high gradient near-surface water (upper 300 m).  CTD data entered with the water sample data are 1 s averages, lagged by -2.6 s to the bottle closure.  The CTD oxygen data is from the downcast, matched to the upcast bottle closure by pressure for data deeper than 500 m and by density for data shallower than 500 m.  The target depths for the water samples in the upper 400 m were chosen from predetermined salinity values.  

2.3 CTD DATA ACQUISITION, PROCESSING AND VALIDATION
2.3.1 Overview/Highlights

[INSERT DETAILS]

See Appendix X for CTD cast notes and list of interpolations.
See Table 1 below for details on CTD accuracy.
Table 1.  CTD Accuracy for 20XX-XX.
	Sensor
	Accuracy 
	Lab Calibration Applied
	Correction to Lab Calibration
	Comment

	Pressure
	
	
	
	

	Temperature
	
	
	
	

	Conductivity
	
	
	
	

	Salinity
	
	
	
	

	Oxygen
	
	
	
	

	Transmission
	
	
	
	

	Fluorescence
	
	
	
	

	Altimeter
	
	
	
	


2.3.2 Acquisition and Processing Steps

2.3.3 CTD Pressure

2.3.4 CTD Temperature

[INSERT FIGURE – CALIBRATION OF TEMP SENSORS]

Figure 7.  Lab calibration of (a) primary temperature sensor #XXXX; and (b) secondary temperature sensor #XXXX.  The red line shows the calibration change for this cruise (from [DAY MONTH] to [DAY MONTH] 20XX).
2.3.5 CTD Conductivity

Laboratory Results

Dual Sensor Results

Bottle Salt Results
[INSERT FIGURE – LAB CALIBRATION OF CONDUCTIVITY]

Figure 8.  Lab calibration of (a) primary conductivity #XXXX; and (b) secondary conductivity #XXXX.  The red line shows the calibration change for this cruise (from [DAY MONTH] 20XX to [DAY MONTH] 20XX). 

[INSERT FIGURE – CALIBRATION OF CONDUCTIVITY TO WATER SAMPLES]
Figure 9.  Calibration of (a) primary conductivity #XXXX and (b) secondary conductivity #XXXX to water samples.  The samples in red were those used in the calibration. 
2.3.6 CTD Salinity


CTD salinity was recalculated from the calibrated conductivity (Table 2). 

Table 2.  Comparison of calibrated CTD salinity and water sample data using CTD - Water Sample.

	Depth Range (db)
	STD
	Mean
	Number of Observations

	
	
	
	

	
	
	
	

	
	
	
	


[INSERT FIGURE – SALINITY RESIDUAL DEEP]

Figure 10.  Salinity residual (CTD - Salinity) scaled to show deep water residuals.
[INSERT FIGURE – SALINITY RESIDUAL SHALLOW]
Figure 11.  Salinity residual (CTD - Salinity) shown for the top 500 db.

2.3.7 CTD Oxygen

Performance

CTD oxygen accuracy is ±X.XX mL/L (±X.X µmol/kg) based on the calibration results with the bottles.

Problems addressed:
Calibration 

Table 3.  Coefficients for CTD oxygen equation using lag-corrected oxygen voltage.

	Casts
	Boc
	Tau
	Tcor
	Pcor
	Voffset
	Soc

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


[INSERT FIGURE – OXYGEN RESIDUALS]

Figure 12.  A pressure dependant shape in the oxygen residual was removed by subtracting the mean shown by the black line.
Table 4.  Comparison of calibrated CTD oxygen and water sample data.
	Depth Range 
(db)
	STD
	Mean
	Number of Observations

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


[INSERT FIGURE – OXYGEN RESIDUALS]
Figure 13.  Oxygen residuals (CTD - Bottle).
2.3.8 CTD Transmission

	Serial number
	

	Calibrated on
	

	M
	

	B
	

	Path Length
	


*M and B as defined in Seabird Application Note 7 (Seabird 2008).
Units are either in [%] with pathlength 0.25 m or have been standardized to [%/m] where pathlength 1 m, such that the beam attenuation coefficient remains the same.

2.3.9 CTD Fluorescence  

2.3.10 Data Spike Removal
Criteria for temperature and salinity spike identification:

[LIST]


Interpolations are listed in Appendix X.

2.3.11 CTD Data at Bottle Depths for Water Chemistry File
[INSERT FIGURE – LAG CORRECTION]

Figure 14.  Applying (a) no lag correction; and (b) a -X.X s lag correction.

2.4 CHEMISTRY SAMPLING AND ANALYSIS *KB sampling summary? 
N:\SHARE\DATA\2009\2009-LSSL\2009-20-JOIS\Reports\Individual Reports\Carbon study (ice and water) Kristina BrownLSSL 2009 Sampling Report KAB_DRAFT.doc
2.4.1 Overview/Highlights


Samples were collected for 15 water properties, listed below in Table 5. 

Table 5.  Water Sample Summary
	Parameter
	Canada Basin Casts
	Depths
	Analyzed
	Investigator
	Comment

	Salinity
	All
	Full depth
	Ship and shore lab
	Fiona McLaughlin (IOS)
	In report

	Dissolved Oxygen 
	All
	Full depth
	Ship
	Fiona McLaughlin (IOS)
	In report

	Nutrients (Nitrate, Silicate, Phosphate)
	All
	Full depth
	Ship and shore lab
	Fiona McLaughlin (IOS)
	In report

	Ammonium
	1, 3-5, 7, 11-18, 20, 21
	0 to 300 m
	Ship
	Fiona McLaughlin (IOS)
	In report

	Oxygen-18 isotope (18O)
	All
	0 to 250 m and 1 deep
	Shore lab
	Fiona McLaughlin (IOS)
	In report

	Barium
	All
	0 to 250 m and 1 deep
	Shore lab
	Chris Guay
	NO DATA YET

	Dissolved Inorganic Carbon and Alkalinity
	Surface only: All Stations;
Full depth: 9, 23, 25, 28, 29, 42, 46
	Surface only; Full depth
	Shore lab
	Fiona McLaughlin (IOS)
	In report

	Alkalinity (Fresh Water)
	All except 2, 22, 23, 36, 43, 48, 49
	0 to 300 m, 1 deep
	Ship
	Michiyo Kawai (IOS)
	NO DATA YET

	Chlorophyll-a  and Phaeopigment (Total using 0.7 µm filter)
	Most except 2, 12, 13, 15, 16, 19, 22, 23, 25, 29, 31, 32, 34, 36, 41, 43, 48, 49, 53
	0 to 70 m
	Shore lab
	Fiona McLaughlin (IOS)
	In report

	Bacteria
	All
	0 to 300 m, occasionally 1 deep
	Shore lab
	Bill Li (BIO)
	NO DATA YET

	CDOM
	All
	Full depth
	Shore lab
	Céline Guéguen (IARC/Trent)
	In report

	POC?
	
	Full depth
	Shore lab
	
	Data?

	13C-DIC? DIC? KB?
	
	
	
	
	Data?

	Chla PAM/PROD?
	
	
	
	
	Data?



The precision of the methods was estimated by analyzing replicates and is expressed as the pooled standard deviation, s​​p​, and calculated using the equation:
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where c(1) and c(2) are the concentrations of duplicate samples and n refers to the number of pairs.  The precision of the reported data are summarized below in Table 6.  Outliers are removed according to Chauvenet’s Criterion (Taylor 1997). 

Table 6.  Water Sample Precision (copy from excel file once FM has confirmed)
	Chemistry Sample
	Precision (sp)
	Units
	Number of Replicates (n)
	Outliers removed
	Minimum Range
	Maximum Range

	
	
	
	
	
	
	

	Salinity (at sea all depths) 
	
	PSU
	
	
	
	

	Salinity (at sea deep only)
	
	PSU
	
	
	
	

	Salinity (onshore)
	
	PSU
	
	
	
	

	Dissolved oxygen
	
	mL/L
	
	
	
	

	Nitrate (fresh)
	
	mmol/m3
	
	
	
	

	Nitrate (frozen)
	
	mmol/m3
	
	
	
	

	Silicate (fresh)
	
	mmol/m3
	
	
	
	

	Silicate (frozen)
	
	mmol/m3
	
	
	
	

	Phosphate (fresh)
	
	mmol/m3
	
	
	
	

	Phosphate (frozen)
	
	mmol/m3
	
	
	
	

	Ammonium (fresh)
	
	mmol/m3
	
	
	
	

	Oxygen isotope ratio
	
	‰
	
	
	
	

	Barium
	
	µmol/m3
	
	
	
	

	DIC
	
	µmol/kg
	
	
	
	

	Alkalinity (from DIC sample)
	
	µmol/kg
	
	
	
	

	Alkalinity (fresh water)
	
	µmol/kg
	
	
	
	

	Chlorophyll a
	
	mg/m3
	
	
	
	

	Phaeopigment
	
	mg/m3
	
	
	
	



All samples were referenced to a unique sample number associated to each Niskin closure.
Of note:  [INSERT COMMENTS]

All samples were referenced to a unique sample number associated to each Niskin closure.  See Appendix 5 for single cast plots, Appendix 6 for group property-property plots and Appendix 7 for section plots.
2.4.2 Salinity 

Analysis at Sea


Onboard, samples were analyzed on the Guildline Autosalinometer Model 8400B (SN: 69086) by Kelly Young, Glenn Cooper, Hugh Maclean and Mike Dempsey.  Stations 1 to 42 were analyzed at sea (samples were not collected for stations 19 and 22); however, casts 43 to 50 as well as the majority of underway samples were not run at sea due to problems with Salinometer.  These samples were stored at 4 °C and transported back to IOS by truck for analysis.  

~~~~~~~~~~~~~~~~~~~~~~~~~~

Some of the samples were flown back from the ship.  These were to have been run ASAP but the IOS autosal broke and was not available.  These samples were analysed with the rest that were trucked home from the ship.  Many of the samples flown home were compromised from being on the airplane and leaking in the low pressurized environment.

	List of samples flown home:
	
	
	
	
	
	
	

	1 cage of CB-21 cast 49
	
	
	
	
	
	
	
	

	  This is the high resolution profile of deep water (all values will be very similar)
	
	
	

	1 cage of CB-40b cast 48
	
	
	
	
	
	
	

	  There are 8 bottles from 3 Niskins here from a bottle flushing test. The order (1/8, 2/8, 3/8) on the label is very important to keep track of.

	3 individual deep water check #3D
	
	
	
	
	
	
	

	3 individual deep water check #3W
	
	
	
	
	
	
	


~~~~~~~~~~~~~~~~~~~~~~~~~~

Procedure followed methods as outlined in the standard IOS protocol.  Water samples were collected from Niskin bottles immediately following a rosette cast.  Salinity bottles used a two cap system, an insert cap followed by a screw on cap.  Salinity bottles and insert caps were rinsed 3 times with sample water before filling.  Samples were transferred to the temperature controlled room for storage until they were analyzed within one week of collection.  Room and sample temperature was maintained consistently between 21 and 23 °C.  Bottles were inverted and mixed prior to analysis. 

An ordered numbering system was established within the room whereby salinity cases were cycled in order to establish a constant sample temperature, as there was a considerable temperature gradient within the room from the cold floor.  Two shelves at head level (warmest position) could store 4 cases and were labeled 1 to 4.  Two positions on the salinometer bench were labeled 5 and 6.  If there were more than 6 sample cases being stored in the room, they were placed on top of a container until they could be moved into a numbered position.  Cases were analyzed sequentially, starting from position 1, then 2 etc.  Once a case had been analyzed, new cases were cycled through the numbering sequence.  This system ensured two things: 1) Each analyst knew which case to analyze first and location of each subsequent case for analysis; 2) each case was held at a stable temperature for an extended period of time before analysis (usually > 12 hours).  Bottles were inverted several times prior to analysis to reduce any stratification. 


IAPSO Standard Seawater (OSIL, batch P150, 22 May 2008, K15 = 0.99978) was measured at the beginning of each significant run (3 or more cases) to calibrate the Autosal and identify instrument drift.  The salinity value of OSIL, batch P150 was 34.991.  A deepwater standard was run at the beginning and end of each salinity case.  Data are reported in practical salinity units (PSU) (Lewis & Perkin 1978).  
Deepwater Standard


An internal standard composed of deep seawater was run before and after each case of salinity samples analyzed (Table 7).  The water was usually collected from 2nd, 3rd and 4th deepest niskins.  The deepest niskin was avoided due to it’s proximity to the ocean bottom and thus the possibility of containing sediment.  Collected water was pooled into a cube plastic carboy, thoroughly mixed, then dispensed into several cases of salinity bottles.

Table 7.  Deepwater Standards for LSSL 2009-20.

	Station No.
	Station Name
	Sample Depths (meters)
	Average Salinity
	Standard Deviation

	4
	CB-31b
	1934, 1500, 1200
	34.9442
	0.002337

	6
	CB-22
	2900, 2500, 2000
	34.9505
	0.003233

	23
	CB-4
	3700, 3600, 3500
	34.9550
	0.002754


Analysis onshore


Onshore at IOS, samples were analyzed on the Guildline Autosalinometer 8400B (SN: 69086) by Mary Steel in January, 2010.  Procedure followed methods as outlined in the standard IOS protocol.  IAPSO Standard Seawater (OSIL, batch P150, 22 May 2008, K15 = 0.99978) was run before and after the analysis.  Samples were analysed in a 24 °C bath in a temperature-controlled lab where ambient temperature ranged between 22.4 to 24.2 °C, with a maximum change of 1.0 °C during a daily analysis session.

Precision (Cal’d by MC: see “2009-20 sp calcs 24Aug2010.xls”)
At Sea

All depths: sp = 0.0036 PSU, n = 91 pairs with 5 outliers removed.



Deep (>2500 db): sp = 0.0011 PSU, n = 14 pairs with 0 outliers removed. 

Onshore

sp = 0.003 PSU, n = 37 pairs with 3 outliers removed.


A total of 90 replicate samples were taken and analyzed at sea.  Precision of analysis was determined by computing the pooled standard deviation (sp) for all replicates.  However, two sets of replicates were found to be outliers using the Chauvenet criteria and thus removed from the analysis.  Thus, sp = 0.0085 for 89 pairs.  


The sp value is somewhat higher than previous cruises.  A possible explanation is the replicate samples were run at different times than the original sample.  Within that period of time, several calibrations were performed which altered the correction value.  The difference in the conductivity ratio calibration value for a sample and its equivalent duplicate is as much as 0.000138.  This is fairly significant but at this point in time it is uncertain how much of a role this played in affecting the replicate analysis.
Of note: (salinometer at sea)
· The fill rate of the salinometer cell was found to be lower than that of the salinometer at IOS. 
· The standby number needed to be adjusted 2 times during the cruise.  
· Small persistent bubbles started forming on Oct. 3, in between the electrode coils and between the coil and the glass flute of the furthest two right electrodes.  
· On Oct. 9th, sea water was found around the salinometer.  In the process of determining the source of the leak, salt water came in contact with the line conditioner unit resulting in an electrical short.  
· The orange rubber bungs, which seal the sample bottle to the salinometer, often cracked.  Two bungs were replaced during the trip.  
· The salinometer calibrations were performed within the sample datalogger file.  This method has the IAPSO standard calibration run within the salinometer datalogger file that also has all the analyzed samples.  
Original report text (summarized above in “Of note” section)

Issues with Salinometer at Sea

Flow rate:  The fill rate of the salinometer cell was found to be lower than that of the salinometer at IOS.  Before LSSL 2009-20 cruise, Jane Eert (cruise 2009-21) had mentioned of the cell filling slowly and how 3 small persistent bubbles in the second lowest electrode was not evacuating easily.  One possible explanation was that the pumps were not operating at full capacity.  Mike Dempsey checked the pumps and even installed new pumps to see if the flow rate would increase.  The old pumps seemed to be operating fine and when the new pumps were installed there was no appreciable increase in the flow rate (20ml/min).  Since the new pumps did not improve things, the old pumps were left in the system and used for the entire cruise.  Leaks were another possible source of reduced flow rates.  The bung for the sample bottle seal was found to be badly chipped and was replaced and the sample tube replaced and all re-potted in RTV sealant. The small polyethylene tube from the sample tube to the heat exchanger was also replaced since it had a small kink and no other sources of leaks were found.

Fluctuating standby number:  The standby number needed to be adjusted 2 times during the cruise.  The original number was 24.6092 and was used from Sept. 23 to Sept. 29.  IAPSO standard calibration failed on Sept 29 and standby number was adjusted to 24.6074.  There is no obvious reason why the standby number needed to be altered.  Room temperature was still at a constant 22.5oC, and the salinometer was running well.  On Oct. 8, the salinometer failed the calibration test and so the standby number was altered to 24.6055.  Once again there was no obvious reason why the standby number needed to be altered.  The room temperature had not deviated from 22.5oC; however, the salinometer did have numerous small persistent bubbles in between the electrodes (see section 3.3 for more details).  The cell was exposed to a variety of chemicals to help clean and clear the bubbles from the system.  These two factors might have changed the conductivity within the cell, but the standby number was altered four days after the cell was flushed with various chemicals, so this does not fully explain the needed adjustment. 

Persistent bubbles:  Small persistent bubbles started forming on Oct. 3, in between the electrode coils and between the coil and the glass flute of the furthest two right electrodes.  When the bubbles were present, there were occasions that a sample had a greater than usual standard deviation compared to when the salinometer was free of bubbles.  Several attempts were made to remove the bubbles from the cell.  Firstly, the cell was flushed with 10% isopropanol and let sit for 10 minutes.  This removed the bubbles but then they returned after running 5 samples.  It was thought that cell might be dirty, creating surface tension for the bubbles to adhere and so the cell was flushed and soaked in both dilute CLR and 2.0% hypochloride solution for 1.5 hrs and 1 hour respectively.  The cell was then thoroughly flushed 10 times with MilliQ water.  An IAPSO standard was run and was found to be within acceptable limits.  Bubbles were removed but reappeared again within 4 to 5 sample runs.  Mike blew out the manifold with a syringe and backwashed until the bubbles were seen to exit all tubes. A small amount of black sediment was observed coming out of the tubes into the backwash water.  Cell was flushed 30x with MilliQ water and flushed with waste sea water.  He ran a deepwater standard and found it to be a bit higher than usual and so an IAPSO standard was run.  Once again, after running samples, small bubbles returned in all 4 electrodes.  It was decided that although the occasional sample had a high standard deviation between its 14 measures, the salinometer was running well enough to continue analyzing samples.  In conclusion, treating the cell with various reagents did remove the bubbles but only for a short period of time.  Source of the bubbles was never determined.

The salinometer pops:  On Oct. 9th, sea water was found around the salinometer.  In the process of determining the source of the leak, salt water came in contact with the line conditioner unit resulting in an electrical short.  A loud pop was heard and then the smell of burnt plastic.  At that point the unit was immediately disconnected from the power source and not turned on until Mike determined what had been damaged.  Once the unit was opened up the unit, it was found that water had sprayed all over the right inside wall, across the pump surface and on the incubator motor on top of the unit.  The leak was found to be coming from the 1.5mm polyethylene tubing running from the fill to the heat exchanger (Figure 1).  The tubing was not secured and was able to rub against the incubator motor pulley.  Overtime, this wore a very tiny hole and resulted in sea water to spray within the unit.  This effectively stopped any further salinity analysis as it needs to be returned to IOS and have the blown part and tubing replaced.  A thorough check for water damage was made and all possibly wetted parts rinsed twice with DI water and isopropanol and dried to remove all salt.

Figure 1. Location of the leak within the salinometer, where the small tubing came in contact with a moving belt and a hole was burnt through the tube (point of pencil).
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Rubber bungs:  The orange rubber bungs, which seal the sample bottle to the salinometer, often cracked.  Two bungs were replaced during the trip.  Samples could not be run for at least 24 hours after the bung was replaced, so as to allow the sealant/adhesive to completely cure.  A different type of material should be considered that does not break so readily.  Since they crack often, there should be several on hand for each cruise.  Also, it was suggested that “Shoegoo” might be considered as a better adhesive because of its shorter curing time.

Salinometer calibration:  There are two possible methods to calibrate the salinometer.  For the 2009 – 20 cruise, the first method was used.

Calibration within the sample datalogger file:  This method has the IAPSO standard calibration run within the salinometer datalogger file that also has all the analyzed samples.  When calibrating the machine, if the value obtained was within ±0.0001 of the standard K15 value on the IAPSO standard bottle, the value was accepted.  If the value was outside of this range than the cell was flushed and another reading was taken.  If the second reading was still not within the range then the standardize knob was used to adjust the salinometer to bring it as close as possible to the accepted K15 value.  The upside of this method is the correction is automatically applied to the sample calculation within the datalogger file, simplifying the salinity calculation.  The downside is the machine calibration is typically based on only one or two readings.  With only a single reading it’s hard to determine if the reading is correct or erroneous/outlier, and since the correction is applied to all subsequent sample salinity calculations, the results can have a detrimental impact on the final data set.  The other disadvantage is even if the user takes multiple calibration readings, the datalogger software only uses the last reading.  At this point in time there doesn’t seem to be a way to select any other calibration reading or an average of the readings.

Calibration performed in a separate datalogger file:  This method is where all calibrations are performed in a separate datalogger file from the sample run file.  Kenny Scozzfava used this method last year.  The user takes between 3 to 5 calibration readings from one IAPSO standard (flushing the cell between each reading).  The advantage is the user is basing the Autosal’s calibration on several values rather than only one or two readings.  The disadvantage is the sample salinity calculation does not have a correction applied to it because the calibration values and sample values are in separate files.  This may result in a considerable amount of data post-processing in order to obtain corrected salinity numbers. 

Recommendations
· A consensus on the salinometer calibration methodology should be reached before the next Arctic cruise.

· Rubber bungs:  More rubber bungs should be taken to sea as they crack often.  Shoogoe should be considered as a sealant because its cure time is lower than silicon reducing the amount of down time.

· An alternative material for the bungs might be considered that doesn’t crack as often. 

· Upper shelf (in the salinity/oxygen container) which accommodated salinity cases #3 and #4 needs to be extended so they properly fit the cases.  At the moment the shelf is too short and so the cases overhang.

· The readings on the display and the calculated conductivity ratio standard deviation appear to change with increased vibration of the ship. A better shock mounting is needed for use in the salinometer container lab.

· Spare extra long pieces of the 1.5mm polyethylene tubing should be taken in the event of any hosing within the salinometer being damaged. 

2.4.3 Dissolved Oxygen


Dissolved oxygen concentrations were measured onboard by Nina Nemcek.  A total of 1176 samples (981 + replicates) were collected from 47 rosette casts in the Canada Basin and the Beaufort Slope along a cruise track starting and ending in Kugluktuk, Nunavut.  Oxygen concentrations during the survey ranged from 6.013 to 9.248 mL/L with greater than 10% of samples analyzed in at least duplicate with one triplicate sample per cast.  An additional 57 samples were collected from the underway seawater loop for calibrating the O2 optode of the underway gas tension device (GTD).  The pooled standard deviation for replicate samples was 0.007 after the removal of 1 outlier based on Chauvenet’s criterion.  The mean deep water (>3000 m) DO value in the Canada Basin was 6.541 ± 0.005 mL/L, which is 0.02 to 0.03 mL/L lower than that measured in the last 4 years.  All samples were analyzed with the recently acquired Scripps Institution of Oceanography (SIO) Winkler oxygen titration kits.

Reagent Preparation

All chemicals were prepared in soap and acid-washed glassware according to the protocols outlined in the SIO Oxygen Titration Manual Vers: 10‑Apr-2003.  The majority of the reagents and standards were prepared at IOS in May/June 2009.  Some reagents from 2008 (MnCl2, NaI/NaOH) that were left onboard the LSSL were also used during the cruise and found to have satisfactorily low blanks.  Potassium iodate standards and sodium thiosulfate were made fresh prior to the cruise.  Reagents and thiosulfate were made in 2 or 4 L batches whereas standards were prepared in 2000 mL Class “A” volumetric flasks.  All reagents and standards were prepared as noted in detail in the 2008‑02 oxygen report with the following exceptions: 1) all alkaline iodide batches were made with new Fisher sodium iodide stock and were unfiltered; all batches were tested pre-cruise for high blanks; 2) the concentration of sulphuric acid was increased to 35% from 28% (consistent with the concentration used by the Water Properties Group at IOS), to ensure complete precipitate dissolution given the high dissolved oxygen values typically encountered in the Arctic. 


Potassium iodate standards were made from two different chemical stocks.  Three batches (#0901, #0902 and #0903) were made from last year’s Anachemia stock (#200716) that had been pre-weighed into individual plastic vials in May 2008 and stored in the desiccator during the year.  Three additional batches (#0904, #0905, and #0906) were made from newly received WAKO stock (#EWQ5825) that had been baked at 105 °C for 6 hours in April 2009 and stored in the desiccator before individual aliquots for 2 L batches (0.84 to 0.88 g) were weighed out into small acid-cleaned plastic vials in May 2009.  Standards were prepared according to the protocol outlined in the 2008-02 report and dispensed into new acid-cleaned 1 L amber Pyrex bottles with wide-mouth openings that are used directly as dispensing bottles on the dosimat.  The standard normality was calculated with the SIO program io3norm.exe using the solution temperature, flask volume and weight of standard added.

Equipment calibrations
Bottle Top Dispensers:  All bottle top dispensers were gravimetrically calibrated to dispense 1.00 mL at IOS prior to shipping and were checked periodically during the cruise by dispensing 5 or 10 mL aliquots into a 10 mL graduated cylinder.
Oxygen Flasks:  Arctic oxygen flasks used in previous years all had IDs >2000 and were permanently swapped prior to the cruise with flasks from Water Properties with IDs <2000 so that they would be accepted in the SIO flask file format.  New flask files were generated with the SIO program O2wt2vol.exe using the first of 3 wet and dry weighings from the latest flask calibrations performed by Bernard Minkley in December 2008 and loaded onto the data loggers for both kits.  Several flasks which either had chips in their stoppers or had large volume changes from their previous values were spot-check calibrated by Nina Nemcek at IOS in June 2009 and found to be in agreement with Bernard’s most recent values.
10 mL Exchange Units:  Four newly acquired 10 mL exchange units (2 per kit) were calibrated prior to the cruise to determine exact volume delivered at 20 °C.  They were numbered 1 to 4 and labeled either “A” or “B” according to the kit that they belonged to.  The six 665 Dosimat bases were also numbered 1 to 6 and labeled either “A” or “B”.  Both 10 mL exchange units from each kit were calibrated with all 3 dosimat bases (KIO3, THIO and 1 spare) from the same kit.  The kit configuration for all legs during 2009 was with the primary dosimats and exchange units in place for both the standard and the thio.  The 1 mL thio exchange unit was swapped out for the spare on Oct 4th and used from this point onward.


All burettes were dissembled, cleaned in hot soapy solution and all pistons re-greased before assembly.  The delivery rate (dV/dT) was set to 4 and calibrations were performed with microburette tips attached.  For each calibration, ten 10 mL aliquots of deionized water were dispensed into a clean oxygen flask and each weight was recorded.  The mean weight of the 10 aliquots was used along with the temperature of the water to determine the exact volume dispensed at 20 °C using the SIO program glasscal.exe (

Table 8
).
Table 8.  10 mL burette volumes at 20 °C for all exchange units by kit.
	KIT "A"
	Burette volumes at 20 °C
	 

	 
	 
	DOSIMAT
	 

	exchange unit
	4 (KIO3 1º)
	5 (THIO 1º)
	6 (spare)

	3 (1º)
	10.0005
	10.0006
	9.9943

	4 (spare)
	9.9838
	9.9842
	9.9801

	
	
	
	

	KIT "B"
	Burette volumes at 20 °C
	 

	 
	 
	DOSIMAT
	 

	exchange unit
	1 (KIO3 1º)
	2 (THIO 1º)
	3 (spare)

	1 (1º)
	9.9912
	9.9924
	9.9897

	2 (spare)
	9.9908
	9.9927
	9.9893


Sampling procedures

Samples were collected in ~140 mL calibrated ground glass stoppered Erlenmeyer flasks.  Oxygen sampling was conducted by Jeffrey Charters between 0000-0800, by Nina Nemcek between 0800-2000 and by Glenn Cooper and Hugh Maclean between 2000-2400.  Seawater temperatures at time of sampling were measured with a Fisher Scientific digital probe thermometer potted into one arm of a y-connector with sampling tubing attached to the other two arms (one to the Niskin spigot and one into flask).  The thermometer display attached to the Niskin bottle via a suction cup so that is was easily readable during sample collection.  The response was not rapid enough to record accurate temperatures for Niskin 1 which generally had positive draw temperature readings despite the sub-zero seawater temps.  Once equilibrated, the readings were generally lower than in situ temps in the deep water before reversing and reading higher than in situ temps in the upper water column (~500 m).  Depth profiles showing the comparison of draw temperature readings vs. in situ CTD temperatures for each station are plotted on the 2009-20 OXY spreadsheet under the “CTD comparison” tab. 

There were a number of problems with bubbles being introduced to the samples via the bottle-top dispensers despite dispensers always being primed prior to sampling.  This was likely caused by the temperature difference between the ice cold samples and the room temperature reagents.  Samples with bubbles were always redrawn but it was noted that when samples were redrawn into the original flask, they had higher values than replicates, presumably because precipitate from the original samples was not adequately rinsed out prior to redrawing.  Once this was discovered, any samples with bubbles added during pickling were kept and a replicate sample was redrawn into a new flask for comparison, these values are all entered with comments noted in the 2009-20 OXY spreadsheet.  Samples were reshaken after initial settling (~20 to 30 minutes later), water-sealed and allowed to settle again before being moved to the oxygen lab to ensure that if any expansion occurred no precipitate would be lost from the sample. 

Sample Storage

All samples were stored at ambient temperature in either the rosette shack or oxygen lab with a water seal on the neck and were analyzed between 30 minutes and 32 hours after collection.  Occasionally tiny bubbles would appear in some samples after storage (most likely nitrogen offgassing), but these did not seem to affect the final DO value or reproducibility of replicates (unlike during 2009-21).  It was noticed that the floor of the oxygen lab where the samples were stored was ~10 °C cooler than the ambient lab temp (~22 °C) and samples were still cold to the touch at time of analysis.  Triplicates were run at the same time as the other two reps unlike in previous years as this was deemed more valuable statistically, and samples have been shown to be stored successfully for up to a week (see 2008-02 OXY report). 
Sample analysis
SIO Oxygen Titration System

All samples were analyzed on a Winkler-based titration kit purchased this year from SIO.  The system differs in three major ways from the ones previously used at IOS: 

1. Instead of a colorimeter probe that is inserted into the sample, the SIO system uses a UV light source that shines through the flask and is detected on the other side with a photodiode detector.  Endpoint detection is based on the strong absorbance of UV light at 365 nm by the tri-iodide ion consumed during the titration.  The progress of the titration is monitored as a voltage output from the detector, increasing from 0 V at the start of the titration (when all UV light @ 365 nm is being absorbed by I3-) to ~2.3 to 2.6 V at the endpoint (when all the I3- is consumed).  A LabView based software (LVO2) developed by SIO is used to control and plot the titration.

2. Aside from the dosimat used to dispense the thiosulfate, the SIO system employs a second dosimat to accurately dispense the KIO3 standard, thereby minimizing pipetting error and improving system accuracy.

3. The SIO system uses 2 PRT temperature sensors attached to the glass burette of the dosimats (and insulated from the room) to constantly monitor the temperatures of the thiosulfate and KIO3 solutions, which obviates the need to run the system in a temperature controlled lab.  

System Components
1. System controller laptop with a USB to RS232 converter (KEYSPAN)

2. 2 Brinkmann 665 dosimats, one with a handheld keyboard and a 10 mL calibrated burette for the KIO3 standard, and the other with a software-controlled 1 mL burette for thiosulfate.

3. Spectronics pencil lamp UV source with mount and power supply

4. UV100BQ photodiode detector equipped with a 365 nm filter

5. VWR mini stirrer with a water bath sample holder mounted on top  

6. 2 Platinum Resistance Thermometers (PRT) to monitor solution temperatures

7. An A2D converter to convert voltages from the detector and the 2 PRTs to a digital signal.

Preparation for Analysis

Prior to analysis each day, the UV light source and stirplate were turned on and allowed to warm up and stabilize for 15 to 20 minutes.  The water bath which holds the sample was drained, cleaned and refilled with fresh water to ensure good light transmission.  The dosimat lines leading from the thiosulfate and KIO3 bottles were checked thoroughly for bubbles and these were purged as needed.  The bottle top dispensers on the 3 reagents were flushed as were the dosimat burettes.  Stirring was optimized to ensure rapid mixing without drawing bubbles into the light path.

Blanks and Standards

Blanks and standards were run daily just prior to the sample runs.  A dedicated dosimat was used to accurately dispense either 1.00 mL (blanks) or 10.00 mL (standards) of KIO3.  Blanks and standards were made up in Nanopure water either brought from IOS in carboys or produced onboard.  The resistivity of the water and all reagent changes were noted.  Blanks and standards were run in sets of 4 with the criteria that 3 out of 4 had to agree to within 0.0003 (blank value or THIO titer in mL).  Generally this was easy to achieve; only occasionally did an additional set of standards or blanks need to be run because of bubbles in the dosimat lines or problems with the titration or standard preparation.  Ship vibrations due to ice-breaking seemed to be the primary cause of poor blank replication.  The temperature of both the standard and the thiosulfate were recorded by the program and used to correct the delivered mass of both reagents to 20 °C in order to calculate the thiosulfate normality. 

Analytical Procedure


Following standardization, the sample run was started and a dummy sample from the underway loop was always run first.  Sample flasks were inspected for bubbles, the water was removed from atop the stopper, 1.0 mL of sulfuric acid and a stirbar were added to the flask which was then placed inside the water bath.  The thiosulfate burette was inserted into the flask and the titration begun.  The titration would proceed with the voltage displayed on the screen, however only the final portion of the titration curve between 1.5 to 2.8 V was plotted (with the endpoint generally occurring between 2.3 to 2.6 V).  The two options at the end of every sample run were either “FINISH SAMPLE”, which displays the DO value and resets the thiosulfate burette, or “OVER-TITRATE” which lets one salvage a bad titration curve (or an over-shot endpoint) by adding 1.0 mL of KIO3 standard and re-titrating the sample.  The amount of thiosulfate needed to titrate 1.0 mL of KIO3 is then subtracted by the software from the final titer.  After every sample, the DO value was noted on the cast logsheet.  All endpoints were inspected for accuracy and recalculated if necessary by the O2CHECK function of the LVO2 software.  At the end of each sample set the software produced a *.LST file and an extension-less “noname” file with the titration parameters.  The noname file allows one to edit all titration parameters such as temperature, thiosulfate titer, normality, flask ID etc. in order to recalculate a new DO value with the HYDOX program. 
Issues During Analysis
Overshot Endpoints:  There were no problems with overshot endpoints like those experienced on Kit B on the SWL during 2009-06.  It was noted that the third shift changing voltage on this kit (A) was set at 1.5 V whereas on the SWL (Kit B) it was 1.6 V.  The higher voltage would not allow the titration to slow in time leading to the overshot endpoints.  The OT function was used on a number of occasions when either the titration curve had errant points near the endpoint, or would continue past the endpoint due to unstable detector signal.  In all cases the OT worked well despite the 1.2 mL/min initial dosing rate.  It thus appears that the value of the third shift changing voltage is critical in sufficiently slowing the titration prior to the endpoint.
Stalled Thiosulfate Burette:  As occurred last year on random high DO samples with titers greater than 1 mL, the thiosulfate burette stalled after dispensing 1.0 mL and the titration did not continue.  This seemed to happen more often than last year but was easily resolvable by clicking the newly added “KICK” function.  On occasion the burette would refill in the middle of plotting the titration curve at which point a message appeared saying “Advise Over-Titrate: Add 1 ml KIO3 and click OK”, this was done and a new curve was plotted.  Although the KICK function worked well, refilling the burette increases sample analysis time and potentially decreases accuracy.  Thus it is recommended that the thiosulfate concentration be increased to 60 g/L for upcoming cruises on the LSSL as these Atlantic/Arctic surveys are always in waters with relatively high DO. 
No Dosimat Display:  As noted in the 2009-19/21 report, the Thio dosimat occasionally failed to display the volume dispensed until after titration curve plotting began at 1.6V, after that it displayed normally and presumably accurately, with no ill effects on the final DO value. 

Offscale Titration Curve:  Several times the titration curve was not plotted because the X axis range (volume of Thio dispensed) on the software display was incorrectly set.  A point would appear at 1.0 mL and 1.6 V on the titration plot despite the fact that the dosimat had dispensed well under 1 mL volume.  This occurred seemingly randomly on both standard and sample runs and did not appear to affect the final endpoint calculation.  However, because the curve was not displayed it made it difficult to judge the accuracy of the endpoint even in post-processing using the O2check function.  Thus, it is recommended that in the case of an “offscale” curve an OT be performed so that the endpoint determination can be evaluated for accuracy.
Precision


Of the 981 unique samples collected during the course of this survey, 152 were collected in duplicate and 43 in triplicate.  Of the replicated samples, the first replicate was always chosen as the Final DO value, except when a problem was noted with it during analysis (i.e. sample redrawn due to bubble addition during pickling).  The precision of the dissolved oxygen measurements was excellent with a pooled standard (sp) deviation of 0.007 after the removal of one outlier (0.005 when determined using duplicates only as in previous years).  This is considerably lower than that obtained last year during the JOIS cruise (2008‑30) when the sp was 0.030.  All other factors being equal (SIO titrator used in both cases, same Niskin firing method), the lower sp observed this year likely results from more careful sampling. 

[Include results/discussion in detail as below?]
Thiosulfate Normalities and Deep Water DO

As this cruise represented the third leg of the 2009 science expedition on the LSSL, with a common bottle of sodium thiosulfate used for all three, it is more valuable to visualize thiosulfate normalities for the entire 3 month period than just for the present leg.  Daily thiosulfate normalities and blank values measured over the course of cruises 2009-19 (C3O), 2009-21 (UNCLOS) and the present cruise 2009-20 (JOIS) are plotted below in Figure 15.  A blow-up of the thiosulfate normalities measured during the present cruise is shown in Figure 16.

A single bottle of thiosulfate (Batch #0903) was used for the entire duration of cruises 2009-19 and 2009-21.  A single batch of standard was also used throughout (Batch #0905) with a switch to a fresh bottle on Aug 4, so not surprisingly the thiosulfate normality remained very stable during this period with a range of 0.00049 N, within the limits of acceptable day-to-day variability (<0.0005 N).  On Sept 18th when the current leg began, a set of blanks and standards were run with the above batches and the normality from the last standardization on Sept 12th was reconfirmed.  However, upon changing to a new batch of standard that same day (Batch #0902), the normality jumped by 0.00062 N.  The new higher thiosulfate normality was reconfirmed over the next two days with two other batches of standard (#0903, #0904), and confirmed to decrease when KIO​3 batch #0905 was reintroduced (Sept 19th; Figure 16).  This pattern indicated a clear problem with standard batch #0905 which must have had a higher actual normality than assigned.  Further evidence indicating inaccuracy in this standard came from the deep water (>3000 m) DO values obtained during 2009-21 which were lower than expected based on the last few years (2004-2008) of historical data (6.54 mL/L vs. 6.56 to 6.58 mL/L). 
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Figure 15.  Thiosulfate normalities (filled diamonds) and blank values (blank squares) measured between July-Oct 2009 during cruises 2009-19 (Jul 20-Aug 4), 2009-21 (Aug 4-Sept 12), and 2009-20 (Sept 18-Oct 14).  
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Figure 16.  Thiosulfate normalities and blank values measured during 2009-20.

 A new KIO3 normality for batch #0905 was calculated using the mean normality of the original bottle of thio determined with the 3 good standards after Sept 18th (0.22412 N), and the mean standard titer (0.54808 mL), blank value (0.00062 mL) and standard volume at 20 °C (9.99294 mL) measured with Batch #0905 during 2009-21 according to the equation:



KIO3 N = THIO N * (titer-blank)/ KIO3 vol.@ 20 °C

This new KIO3 normality (0.012278 N) was then used to recalculate the thiosulfate normalities for legs 2009-19 and 2009-21 as shown below in Figure 17.  The oxygen values for 2009-21 were then recalculated with this new thio normality and the deep water DO values in the Canada Basin increased to 6.563 ± 0.006 mL/L. 
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Figure 17.  Recalculated thio normalities for thio batch #0903 bottle # 22 for all standardizations run with KIO3 batch #0905 (green diamonds).
Since the other 3 standard batches (#0902, #0903, #0904) were in excellent agreement (to within 0.0001 N measured thio N) and came from both stocks of KIO3 (Anachemia, WAKO), the problem with Batch #0905 is an isolated incident and not the result of differences in the purity of the standard stock. Standard batch #0902 was used from Sept 20th onward.  On Sept 21st and 22nd, the observed drops in thiosulfate normality resulted from switching to new bottles of thio, although this drop was unexpected as both bottles were from the same 4 L batch as the original (#0903).  Whatever the cause of the inter-bottle discrepancy, it is deemed to be real, since the accuracy of the remaining good standards had been confirmed in the above intercomparison. 

Surprisingly however, the deep water DO values did not increase to 6.56 mL/L once the good standard was in use as the recalculated 2009-21 values had, but stayed at 6.54 mL/L as originally measured with batch #0905 prior to the correction.  This was a completely baffling result and a multitude of further tests were carried out to determine the cause of the offset.  To completely rule out any potential problem with thio batch #0903 because of the intra-batch discrepancies, 4 replicate deep water samples were taken at 3100 m at Stn A (#192).  Of these 4, 2 were run with batch #0903 and 2 with a new thio batch (#0902) with an even lower normality on Sept 25th (Figure 16).  Both sets of reps were found to be in excellent agreement (6.535, 6.532 mL/L on batch #0903 and 6.536, 6.537 mL/L on Batch #0902).  The same test was carried out on Oct 4th with one set of replicates run with the bottle of thio that had been in place since Sept 26th and the other on the remnants of the original bottle of thio used during 2009-21.  Although the normality of the latter had increased due to concentration of a small volume with a large headspace, the measured deep water value obtained with this thio was constant at 6.54 mL/L (CB9 Sample #590).  This result is expected since whatever the cause of intra-batch discrepancies in the thio (non-homogenous solution, contamination in a particular bottle, concentration due to large headspace) standardization is performed exactly for this reason and compensates for any such variability. 

On Oct 1st, standard Batch #0905 was reintroduced to further confirm a drop in thiosulfate normality and on Oct 4th the 1 mL thiosulfate exchange unit was changed.  This resulted in an unexpected drop in thiosulfate normality but the deep water value remained unchanged.  In hindsight, this drop makes sense when we consider that each exchange unit is known to dose differently, hence the need for calibrating the 10 mL KIO3 burettes (

Table 8
).  Since the titration of the standard and the titration of the sample is performed with a single exchange unit, we do not need to know its exact dosing as long as it remains constant over time.  This is an important observation as measured normalities for different bottles of the same batch of thiosulfate should not be expected to be the same when run on different kits with different dosimat and exchange unit configurations. 

Bottle-top dispenser calibrations were also checked by pumping 10 mL aliquots into a 10 mL graduated cylinder.  Small adjustments were made as needed but calculations show that the total volume would have to be off by 0.4 mL to have the observed 0.02 mL/L effect on the deep water DO value.  Additionally, dissolved oxygen concentrations were manually calculated in Excel using the Culberson et al. (1991) WOCE equation to ensure there wasn’t a glitch in the way the software was calculating the values.  The offset was unrelated to reagent changes since the same bottles of reagents were used during 2009-21 and after the offset was observed during the present cruise.  One or more reagents were changed on the following dates with no major effects on the thio normality: Sept 3, Sept 26, Oct 1, Oct 3, and Oct 11.  The range of blank values observed (<0.001) would have a very small impact on the measured thiosulfate normality or the calculated DO value; the largest single day change in blank value occurred on Oct 11th with only a minor impact on the thio normality (Figure 16).  For a complete record of all reagent change and standardization info see the 2009-20 OXY spreadsheet “THIO N” tab. 

It is interesting to note however that the blank values typically seen with the AutoOXY IOS oxygen program are almost an order of magnitude higher than those seen with the SIO LVO2 kits.  This is likely the result of coarser thiosulfate dosing but a 0.004 mL typical IOS blank value compared to a 0.0004 mL typical SIO blank value will increase the measured DO value by ~0.01 mL/L (assuming the standard titer did not also increase by this blank amount, which it should).  A further complication is that the blank value which is subtracted from the sample titer is not truly representative of the seawater blank because it is in a different matrix.  Blanks are run in Milli-Q water for consistency but the actual seawater blank is known to vary with location and depth.  To get a sense of the magnitude of the real seawater blank in the Canada Basin, a test was done towards the end of the cruise where blanks were run with water collected near the surface (~5 m) and at depth (>3000 m).  The regular Milli-Q blank value measured that day was 0.0004 compared to a surface seawater blank of 0.0011 and a deep seawater blank ~6 times greater at 0.0026.  Using the actual deep seawater blank reduces a 6.545 ml/l concentration to 6.527 mL/L.  This calculation of the “true” deep water DO value incorporating the actual seawater blank (likely naturally occurring iodate) is only an exercise however, and does not change the DO values which are always calculated with Milli-Q water for consistency between years and between institutes.

Conclusions
None of the tests conducted with the different thio/standard batches could explain the deep water offset in the data from the two adjacent legs (2009-21 and 2009-20) this year.  Nor do they account for the deep water offset observed between the present cruise and historical deep water values in the Canada Basin (Figure 18). 
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Figure 18.  Comparison of deep water (>3000 m) DO values between 2008 and 2009 and adjacent legs in 2009 in the Canada Basin.
There is no question that the precision of the oxygen data has improved dramatically with the use of SIO oxygen system and the data collected this year (sp = 0.005 for 2009-21 and sp = 0.007 for 2009-20) are the most precise to date.  However, whether they are accurate is an entirely different question.  The excellent agreement of 3 different standards, weighed out a year apart and made from 2 different batches of stock powder, along with recent flask and burette calibrations indicates there is no reason to doubt the accuracy of the final data.  The offset however, between Jane’s and my deep water values is truly puzzling and no explanation exists for it at this time.  The only difference between the two datasets lies in the oxygen analyst and samplers themselves, as all other kit components/reagents were constant or shown to have no effect.  It is hard to see how a different analyst following the same protocols would have an effect on the values, and since 3 different samplers on the JOIS leg were consistently getting the same deep water values, variability in sample drawing is not seen as the culprit.  Samples during 2009-21 were initially stored at room temp in the oxygen lab like during this cruise, and later in the fridge as in previous years with no change in the deep water value.  There does not appear to be a geographic basis for the difference in deep water values either.  Although most of the stations during 2009-21 were much farther north than those of the present survey, the last cast (CB9-07) was located right in the middle of the Canada Basin, near stations from this cruise and still the values are higher than seen during 2009-20. 


To examine the difference in deep water value between the present survey and “historical” data in the Canada Basin, we first need to determine the best historical data to use.  The expected 6.56 to 6.58 mL/L mean deep water value has only been observed in recent years between 2004-2008 albeit with a high degree of scatter (i.e. 6.52 to 6.58 mL/L in 2005; see Table 9).  Standardization in those years on the IOS system was not as rigorous as the current SIO protocols dictate, or performed as often, and generally only a single bottle of standard was used so there was no way to evaluate its accuracy.  There were also corrections applied to the data in some years based on the expected deep water values (i.e. 2008).  Between1989-2002 the deep water values ranged between 6.52 to 6.545 mL/L (Table 9).  Thus, if we look at all the data between 1989 to 2009 the deep water range is between 6.52 to 6.58 mL/L placing the present dataset right in the middle.  Data collected on the Mirai in the Canada Basin this year shows a deep water value around 6.54 mL/L in agreement with the present survey. 

What is potentially troubling though is that the corrections applied to the data in the past 3 to 4 years have likely assumed a deep water value of 6.56 to 6.58 mL/L.  This was the case for the 2008-30 dataset which had to be corrected in a similar way to the 2009-21 data because of an apparent change in the thio normality between 2 different standards (see 2008-30 report).  The difference between this year and last is that unlike this year where multiple standards were in agreement, only 2 standards were run last year so there was no way to determine which was correct.  The standard producing the expected deep water value of ~6.57 mL/L was taken as the accurate one.  However, in light of the current year’s data, it is possible that the values were scaled in the wrong direction and possibly the lower deep water values were the accurate ones.  This problem emphasizes the importance of running at least 3 different batches of standard per cruise. 
Recommendations
1. The need for an updated, streamlined manual for the SIO kit was noted in the 2009-21 report and this is indeed necessary as many changes have been made to the LVO2 software and the kits since the last manual was written in 2003.  The manual also does not deal with the specific file formats needed for box files or how to apply the Hydox program for post-processing.  Specific instructions also need to be included for dealing with standard and thio changes.  Time allowing I hope to produce this document prior to the next field season.

2. In order to test standards pre-cruise and avoid the problems encountered in the last two years with bad batches, the Pyrex low-actinic standard bottles should be ordered in the 250 mL size (VWR catalogue # 16157-065 $103.10/4 bottles).  Since up until now standards were made in 2 L batches and dispensed into 2 L bottles they could not be tested at IOS pre-cruise without sacrificing an entire bottle, or possibly compromising it by re-sealing it and using it several months later.  A supply of the smaller bottles would allow us to produce 2 bottles with just under 1 L volume and a separate sealed 250 mL bottle for testing from a single 2 L batch. 

3. The water supply issue to the oxygen lab on the LSSL needs to be addressed.  This year’s supply was via a garden hose out to the trailer and it quickly froze early in the cruise.  Flasks had to be rinsed out in a bucket of hot tapwater obtained from the main lab.  A bigger problem however, was the sink drain also freezing solid making it unusable.  Heat tape around the hose leading from the drain, under the trailer and over the side of the ship would possibly prevent this problem.  Hauling full buckets of waste water around a frozen deck was cumbersome and potentially hazardous.

4. The sodium thiosulfate concentration for the LSSL Arctic missions should be increased to 60 g/L to avoid refilling the 1 mL burette.  Six liters of standard comprised of at least 4 different batches should be sent out for the longer 2-3 month missions on the LSSL.

Table 9.  Oxygen data from the Canada Basin.
	Cruise ID
	Oxygen Concentration
(µmol/kg)
	Oxygen Concentration

(mL/L)
	Notes

	IOS 1989-1995 Sta A  
	
	6.52 
	

	SIO 1997 Sta A (near Sta A)
	
	6.53 


	

	2002 Mirai
	288 - 290 
	
	If this is really mmol/m3, then this is 6.45 to 6.49 mL/L otherwise it is 6.61 to 6.66 mL/L)

(too high, something wrong with data)

	2002 CBL 

	284 - 285 
	6.545 
	(>300 m)  File date Sep 2002



	2003-LSSL?
	
	
	

	2004 Mirai
	284
	
	(>3400 m)

	2004-16
	
	6.57 
	(although noisy data with spread 6.4 to 6.7)

	2005-04
	
	6.52 - 6.58 
	(>3000 m)

	2005 (Healy/Oden)
	285
	6.56 
	

	2008-30 LSSL JOIS
	
	6.566 ± 0.083 
	


2.4.4 Nutrients  

Sampling


Water samples for nutrient determination were collected into acid-washed glass and polystyrene test tubes after the tube and cap had been rinsed three times with the sample water.  If analysis could be performed within 24 hours the samples were stored at 4 °C, if not they were frozen at -20 °C.

Analysis and Results


Nutrients (nitrate + nitrite, silicate and orthophosphate) were analyzed by Linda White onboard ship using a three channel Technicon Auto Analyzer, following the methods described by Barwell-Clarke and Whitney (1996).  Reagents were prepared onboard using water from a NANOpure system that produced 17 to 18 mega ohm-cm resistance Type I reagent grade water.  The system was supplied with ship’s distilled water.  A 3.2% weight-to-volume solution of sodium chloride (Sigma) was prepared daily and used to rinse the system between samples and to prepare working standards.  Pump tubing was changed after approximately 500 samples. One cadmium column was used for all samples unless noted below.  The Auto Analyzer was cleaned every other day as follows; rinsed with 3N NaOH first and then 10% HCl for approximately 5 minutes and rinsed with DMQ for over 20 minutes after all reagents and salt were disconnected at the end of the day.  Data were logged both by analog (chart) and digitally using the IOS “Newget” program.

Standards and blanks

NANOpure water was analyzed daily before connecting the reagents and analyzing the initial standards and after the last set of standards to establish the baseline and record the purity of the reagents.  A fresh set of working standards (low, medium and high) [nitrite + nitrate 0, 8.0, 16.0, 24.0 µm/L, silicate 0, 16.0, 32.0, 48.0 µm/L and phosphate 0, 0.8, 1.60, 2.40 µm/L] [along with silicate and phosphate ascorbic acid wetting agents] were prepared daily from the stock standard solution, using freshly prepared 3.2% sodium chloride (Sigma) solution.  The stock solutions were prepared at IOS on 25 May, 2009 from: Potassium nitrate, Fluka #60414, Sodium silicofluoride, Fluka #71596 and Dihydrogen potassium phosphate, Fluka #60218.  The working standards were analyzed at the start and close of each day or, if more than 60 samples were to be analyzed in a day, standards were also run mid-day or after three hours.  Concentrations of the standards were selected to bracket the expected nutrient levels in the samples.  A medium standard for each nutrient was analyzed between stations consisting of 12 to 27 samples and as an unknown sample followed by two zero standards.  

Standards purchased from Wako (0 µm/L and 20 µm/L nitrate and 0 µm/L and 50 µm/L silicate) and Reference Samples (RS) purchased from KANSO (Lot number AY series) were analyzed at the end of each day.  See 

Table 10
 below for details.  An onboard reference sample collected at sea (CABOS 1,100 m) was stored at 4 °C in the dark and analyzed daily to provide an operational check.  A frozen shipboard reference sample (CB9 – 7 #143 from cruise 2009-21; Jane Eert prepared 68 tubes) and a KANSO1 reference sample AY were also analyzed daily.  

Control charts for the medium check standard, Wako calibration standards, KANSO reference samples, fresh onboard reference sample and a frozen onboard sample were established to check sampling procedures, instrument stability and operator precision pipetting standards and reagent preparations.



A Nanopure clean water system was installed in the nutrient lab which was fed from ship’s water supply.  Ship’s water is prepared by reverse osmosis and distillation of seawater.  According to the sensor, the system produced 16.6 mega ohms resistance and by the end of the cruise was measuring 15.9 mega ohms resistance.  The Nanopure ultra-clean water system is 19 years old and I believe the water is better than what the senor displays as it may not be reading accurately.  New ion exchange columns and “O” rings have been installed at start up each year.


The order of the sample analysis was from the surface to depth and sample peaks that appeared to be out of order were re-analyzed.  Duplicate samples were collected approximately every 10 samples.  One sample from every cast was collected in triplicate with two samples analyzed the day of sampling and the third sample analyzed the following day to verify the day-to-day calibrations.  The results of the replicate and standards comparisons are listed below. 


The turbidity of surface samples where salinity is less than 27 PSU were analyzed through the phosphate channel with no reagents being added to the sample.  When the nitrate level in surface samples was the same or slightly lower than the 3.2% sodium chloride solution it was reported as zero.
Table 10.  Quality control and assurance for nutrient samples.  
	Nutrient
	Nitrate + Nitrite

(mmol/m3)
	Silicate

(mmol/m3)
	Phosphate

(mmol/m3)

	Sample replicates: fresh
	 
	 
	 

	sp
	0.065
	0.10
	0.01

	No. of duplicates
	191
	197
	206

	Sample replicates: frozen
	
	
	

	sp
	
	
	

	No. of duplicates
	
	
	

	Medium check standard

(analyzed as unknown)
	
	
	

	Calibrated value
	16.0
	32.0
	1.60 

	Average and std dev
	16.0 ± 0.1
	31.9 ± 0.1
	1.59 ± 0.01

	No. of duplicates
	34
	34
	34

	Wako standard
	20
	50
	

	(analyzed as unknown)
	20.1 ± 0.1
	50.2 ± 0.2
	

	No. of duplicates
	
	
	

	KANSO AY* 
	6.35
	30.3
	0.50

	(analyzed as unknown)
	6.25 ± 0.1
	29.9 ± 0.2
	0.56 ± 0.2

	No. of duplicates
	30
	32
	35

	CB9-7 frozen sample no. 143 shipboard ref; 2009-21
	13.3 ± 0.1
	8.6 ± 0.1
	1.01 ± 0.02

	CABOS fresh sample no. 53 shipboard ref; 2009-20
	12.8 ± 0.1
	8.0 ± 0.1
	0.98 ± 0.02

	Range
	
	
	

	No. of duplicates
	29
	29
	29

	*AY Measured by Marine Works Lab, Japan


KANSO – The General Environmental Technos C. Ltd of Osaka, Japan
Observations

Phosphate standard solution   


The following stations reported high deep water phosphate concentrations: CB7, CB8, CB9, CB11b, CB12b, CB16, CB21, CB22, CB27, CB23a, CB31a and Stn A; range 1.10 to 1.14 mmol/m3.


Nutrient data had been calculated, moved to the transfer sheet and plotted.  It appears that some stations were reporting 1.14 µm/L in the deep water >2000 m which is on the high side of 1.07 µm/L for phosphate.  Two different phosphate standard solutions were prepared and no difference in slope was found from the original phosphate standard preparation. 


Original phosphate standard prepared in May 2009 versus Second phosphate standard prepared onboard for 1.60 µm/L resulted in an average peak height of 465.7 vs. 465.3.  It is likely that these two preparations were from new salts at IOS supplied by Fluka or Fisher Scientific.


Original phosphate standard (Fluka) versus Third phosphate standard (JM) prepared onboard for complete regression curves resulted in identical slopes; 0.00353 vs. 0.00355.  The third potassium dihydrogen phosphate salt was from an older spare dry salt from J. Mathey 99.9% pure.  J. Mathey has always been a very good source for potassium dihydrogen phosphate salts.


All three nutrients standards will be proofed at IOS at a later date.

Other
· The Autoanalyzer system produced very stable baselines and peak shapes were excellent.  Replicates sample analysis were very good.
· Detection limit was determined as three times the standard deviation of the blank where n = 10 replicates.

· Detection limits were: nitrate 0.06, silicate 0.07 and phosphate 0.01 mmol/m3.
· Two cadmium reduction columns were used for nitrate.  

· A set of approximately 1000 new /er nutrient tubes were cycled through sampling and analysis for the entire trip.  The tubes were rinsed with hot tap water, 1 N HCL and rinsed 3 times with Nanopure water.

· Rosette sampling was well done and complete.  A set of samples for each station was frozen for re-analysis at IOS where required.

Original Nutrient Report Cruise LSSL 2009 – 20

Linda White


Nutrient analysis of fresh seawater samples were analyzed for nitrite + nitrate, silicate and phosphate on a Three Channel Technicon Autoanalyzer.

Stock standards prepared at the Institute of Ocean Sciences, May 25th, 2009 and were calibrated against Wako nitrate 20ug atoms/l and Wako silicate 50ug atoms/l, there is no calibrations standard available for phosphate.

A 3.2% sodium chloride(Sigma) solution is used to dilute the stock solutions for the daily working standards of the following concentrations: nitrite + nitrate 0, 8.0, 16.0, 24.0µm/l, silicate 0, 16.0, 32.0, 48.0µm/l and phosphate 0, 0.8, 1.60, 2.40µm/l.

Fresh standards were prepared daily along with silicate and phosphate ascorbic acid wetting agents.  Standard concentrations were chosen to bracket the range of samples.

A set of standards were analyzed at the beginning of the day’s run.  A medium check standard plus two zeroes were analyzed between profiles and a full set of standards were analyzed mid run and at the end of the day followed by a de ionized water zero.

At least 3 replicates from each station were analyzed following the profile.

A fresh shipboard reference sample CABOS 1,100m, a frozen shipboard reference sample CB9 – 7 #143 from cruise 2009 – 21 (Jane Eert prepared 68 tubes)  and a KANSO1 reference sample AY were analyzed daily.  Wako 20ug atoms/l nitrate and Wako 50ug atoms/l were analyzed each day.

KANSO Lot number AY series; nitrate 6.3µm/l, silicate 30.3µm/l and phosphate 0.50µm/l.

Control charts for the medium check standard, Wako calibration standards, KANSO reference samples, fresh onboard reference sample and a frozen onboard sample were established to check sampling procedures, instrument stability and operator precision pipetting standards and reagent preparations.

A Nanopure clean water system was installed in the nutrient lab which was fed from ship’s water supply.  Ship’s water is prepared by reverse osmosis and distillation of seawater.  According to the sensor, the system produced 16.6mega ohms resistance and by the end of the cruise was measuring 15.9mega ohms resistance.  The Nanopure ultra-clean water system is19 years and I believe the water is better than what the senor displays as it may not be reading accurately.   New ion exchange columns and “O” rings have been installed at start up every year.

Observations

Phosphate standard solution 

The following stations reported high deep water phosphate concentrations: CB7, CB8, CB9, CB11b, CB12b, CB16, CB21, CB22, CB27, CB23a, CB31a and Stn A.  Range  1.10 – 1.14 mmol/m3.

Nutrient data had been calculated, moved to the transfer sheet and plotted.  It appears that some stations were reporting 1.14µm/l in the deep water >2000m which is on the high side of 1.07µm/l for phosphate.  I prepared 2 different phosphate standard solution and found no difference in slope from my original phosphate standard preparation. 

Original P standard prepared in May 2009 versus Second P standard prepared onboard for 1.60µm/l resulted in an average peak height of 465.7 vs. 465.3.  It is my belief that these two preparations were from new salts at IOS supplied by Fluka or Fisher Scientific.

Original Phosphate standard (Fluka) versus Third phosphate standard (JM) prepared onboard for complete regression curves resulted in identical slopes; 0.00353 vs. 0.00355.  The third potassium dihydrogen phosphate salt was from an older spare dry salt from J Mathey 99.9% pure.  JM has always been a very good source for potassium dihydrogen phosphate salts.

All three nutrients standards will be proofed at IOS at a later date.

The Autoanalyzer system produced very stable baselines and 

 peak shapes were excellent  Replicates sample analysis were very good.

Detection limit was determined as three times the standard deviation of the blank where n = 10 replicates.

Detection limits were: nitrate 0.06, silicate 0.07 and phosphate 0.01 mmol/m3

Two cadmium reduction columns were used for nitrate.  

A set of approximately 1000 new /er nutrient tubes were cycled through sampling and analysis for the entire trip.  The tubes were rinsed with hot tap water, 1N HCL and rinsed 3 times with Nanopure water.

Rosette sampling was well done and complete.  A set of samples for each station was frozen for re-analysis at IOS where required.

Quality assurance data follows:

	Nutrient
	Nitrate + Nitrite
	Silicate
	Phosphate 

	
	mmol/m3
	mmol/m3
	mmol/m3

	Sample Replicates
	Fresh samples 
	Fresh samples 
	Fresh samples 

	Sp
	0.065
	0.10
	0.01

	No. of duplicates
	191
	197
	206

	Medium check standard
	 
	 
	 

	Calibrated value
	16.0mmol/l3
	32.0mm0l/m3
	1.60mmol/m3

	Average and std dev
	16.0 +/- 0.1
	31.9 +/- 0.1
	1.59 +/- 0.01 

	n
	34
	34
	34

	Wako Standard
	20.1 +/- 0.1
	 50.2 +/- 0.2
	 n/a


	 
	Nitrate
	Silicate
	Phosphate

	KANSO Reference Sample:  AY 
	6.35 mmol/m3*
	30.3mmol/m3*
	0.50mmol/m3*

	Analyzed
	6.25+/-0.1
	29.9+/-0.2
	0.56+/ 0.02

	n
	30
	32
	35

	CB9 - 7 Frozen #143 shipboard reference

2009 - 21
	      13.3+/-0.1
	   8.6+/-0.1
	  1.01+/-0.02

	CABOS fresh   Sample #53 shipboard reference

2009 - 20
	12.8+/-0.1
	8.0+/-0.1
	0.98+/-0.02

	n
	29
	29
	29

	*AY Measured by Marine Works Lab, Japan.


1. KANSO – The General Environmental Technos C. Ltd of Osaka, Japan
2.4.5 Oxygen Isotope Ratio ((18O) MK to update with details of analysis
Sampling

Samples were drawn from the Niskin into 30 mL glass vials following three rinses of the vials with sample water.  Once at room temperature the caps were retightened and wrapped with parafilm for storage until analysis back onshore.

Analysis

Samples were analyzed by Jennifer McKay at Oregon State University using a mass spectrometer connected to a H2O-CO2 equilibration unit.  The oxygen isotope composition is referenced to Vienna-Standard Mean Ocean Water (V-SMOW):  

(V-SMOW):  (18O = ((H218O/H216O)sample / (H218O/H216O)VSMOW - 1) × 103  [‰].

The obtained “raw” (18O values are normalized using internal laboratory standards, which was calibrated periodically using international standards (VSMOW, SLAP, GISP).  


[INSERT SPECIFICS OF ANALYSIS]


Precision of analysis calculated based on sample replicates was sp = 0.025, n = 19 with no outliers removed. *calc by MC – FM/MK to confirm
2.4.6 Barium  AWAITING DATA FROM C. GUAY

Barium samples were drawn from the Niskin into small plastic vials following three rinses of the vials.  Once at room temperature the caps were retightened.  Barium concentrations were determined at Oregon State University by Christopher Guay on a VG Thermo Excel inductively coupled quadrupole mass spectrometer.  An isotope dilution method was used as described in Falkner et al. (1994) with minor modifications.  Briefly, 250 µL aliquots of sample were spiked with an equal volume of a 135Ba-enriched solution (Oak Ridge National Laboratories) and diluted with 10 mL of 1% HNO3.  The spectrometer was operated in peak jump mode, and data were accumulated over three 20 s intervals for masses 135 and 138.  Based on replicate analyses of samples and standardized reference materials, the precision (2-sigma) of the analytical procedure ranges from < 5% at 10 nmol Ba -1 to < 3% at 100 nmol Ba -1. 


Duplicate samples were used to determine precision: sp = X.XX µmol/m3; n = XX pairs after XX pairs removed. AWAITING DATA FROM C. GUAY
2.4.7 Alkalinity (Fresh Water) MK to update: Alk methodLSSLMK.doc
Seawater samples were collected from Niskin bottles into 500 mL glass bottles for alkalinity measurements.  XXX water samples from XX stations were collected and stored in the fridge until ~1 hour before analysis.  Samples were stored in the 4°C cooler, with HgCl2 added to prevent biological activity, to be analyzed back onshore in [DATE] by [ANALYST].  One third of samples were analyzed in replicate.  The total alkalinity was determined by potentiometric titration using 0.1 N HCl with a Brinkman Dosimat 665, a Ross combination pH electrode, and an Orion pH meter model 725A.  The Dosimat was controlled using a program written by the University of Hawaii.

The sample was weighed (~75 g) prior to analysis for onshore analysis.  For onboard analysis, a constant volume of sample or standard water was collected using a pipette and put into an open beaker.  Pipette and sample bottles were kept at 4 °C in a water bath prior to analysis.  Room temperature, used as acid temperature, was read by a digital thermometer mounted next to the alkalinity system.  An initial amount of 0.1N HCl was added to the seawater to take its pH to approximately 3.5.  Then, 0.025 mL aliquots of acid were added to the seawater until a final pH of approximately 3.0 was obtained.  The University of Hawaii program was used to calculate the total alkalinity of the seawater by use of a Gran plot.  A nominal weight of 100.55 g was used as an input value into the PC program for alkalinity calculation, which was determined by a “practical method” to obtain the assigned value of 2280.33 µmol/kg of IOS standard water (IOS-STD).  The IOS-STD alkalinity was determined against the certified reference material supplied by A. Dickson, Scripps Institute of Oceanography.  Obtained “raw” values of the samples were then corrected for density differences by using:

T_Alk [µmol/kg] = T_Alk [raw] * density [STD] / density [sample]
where density of the IOS-STD at 4 °C is 1026.9 kg kg/m3.  IOS standard water was measured daily before the sample measurements.
Standards and precision

The average concentration of IOS-STD was XXXX.XX ± X.XX µmol/kg; n = XX for the onboard analysis and was XXXX.XX ± X.XX µmol/kg; n = XX for onshore analysis. 

A plot of total alkalinity measurements vs. CTD-salinity was made simultaneously during analysis, and samples that seemed unusual in the plot were re-analyzed.  In addition, a couple of samples were randomly chosen for each station and analyzed in duplicate.  Pooled standard deviation for replicate analysis was sp = X.X (n = XXX).  

2.4.8 Dissolved Inorganic Carbon and Alkalinity

DIC and Alkalinity Sampling

Seawater was transferred to a glass sample bottle (250 or 500 mL) as soon as possible after the rosette cast to minimize gas exchange.  The sampling tube was connected to the spigot of the Niskin bottle and, by holding the tube above the spigot, was rinsed by flowing approximately one tube volume of sea water through the tube.  Any trapped air bubbles were removed by tapping or squeezing the tube.  The bottle was filled smoothly from the bottom (tubing touching the bottom of the bottle) and the bottle overflowed by two times its volume.  The tubing was withdrawn to the neck and the spigot valve closed or the flow in the tubing squeezed off before the tubing was removed from the bottle.  One percent of the stoppered sample volume was removed to leave a headspace (about 1% of the bottle volume -- i.e., 5 mL for a 500 mL bottle) by inserting a nylon plug into the bottle.  A volume of 100 µL of saturated mercuric chloride solution (HgCl2) was added to the bottle (both 250 mL or 500 mL).  A greased stopper was inserted and sealed with elastic bands or electrical tape.  Samples were stored at 4 °C until analysis back onshore.  DIC then alkalinity were measured from the same sample.

DIC Analysis   
Samples were analyzed at IOS by Marty Davelaar using a SOMMA (Single-Operator Multi-Metabolic Analyzer) - Coulometer system to determine the concentration of dissolved inorganic carbon (or total carbon dioxide).  The SOMMA is a sea-going, computer-controlled automated dynamic headspace analysis, constructed at IOS by Ken Johnson (University of Rhode Island) and Keith Johnson (IOS).  The current design of the SOMMA system is similar to the one described by Johnson et al. (1993).  The SOMMA is interfaced with an IBM compatible computer and a coulometric detector (UIC Coulometrics, model 5011).  The SOMMA dispenses and acidifies a known volume of seawater, strips the resultant CO2 from solution, dries it and delivers it to the coulometric detector.  

At the start of each day, seawater was run through the system to condition the cell.  Once the system appeared to be working well, standard water or a known sample was run to confirm proper operation.  For each analysis (standard or sample) CO2 in nitrogen was used to push liquid out of the sample bottle and into the water-jacketed calibrated pipette.  The water from the pipette was then drained into a scrubber compartment to which approximately 0.5 mL of 8.5% 

o-phosphoric acid had been added.  The CO2 was stripped from the water by the acid and then passed into the coulometer cell where it was measured.  The coulometer was operated in the ug C mode.  Using the SOMMA software, this mode takes the coulometer’s voltage to frequency converter output along with constants supplied by the user and calculates µmol C titrated.  For each sample or standard, the analysis was run twice.  The first analysis was considered a rinse and the second analysis the final value.  The final concentrations are calibrated with the daily measured standard where:  

corrected value  =         (raw value * measured standard)



(standard value * correction for mercuric chloride volume)
The mercuric chloride correction is either 1.0002 or 1.0004, depending on whether the sample volume was 500 or 250 mL, respectively.  DIC values are reported in units of µmol/kg.
Standards, blanks and precision
The accuracy of DIC analysis was assured by daily analysis of IOS standard sea water (batch XX, concentration XXXX.X  µmol/kg) which had been calibrated using certified reference material (batch XX with a concentration of XXXX.XX µmol/kg) (DOE 1994; Dickson 2001; Dickson et al. 2003) supplied by Andrew Dickson (Scripps Institute of Oceanography, San Diego, USA).  The difference between the measured value and calibrated value of the IOS standard seawater was less than ±1 (0.05%).  
Precision is given by the pooled standard deviation of sample replicates.  sp = X.XX µmol/kg, where n = X pairs.  
Alkalinity Analysis

Samples were analyzed at the Institute of Ocean Sciences (IOS) by Marty Davelaar using an automated potentiometric titration system to determine the total alkalinity.  The pH was measured using a Ross combination electrode.  Acid was dispensed with a Dosimat 665.  A program written by the University of Hawaii was used to control the Dosimat.

At the start of each day, seawater was run through the system to condition the instruments.  Once the system appeared to be working well, standard water was run to confirm proper operation.  For each analysis (samples and standard), a known amount (~75 grams) of sample was weighed in an open beaker.  An initial amount of 0.7N (0.6N NaCl, 0.1N HCl) acid (IOS batch X, concentration 0.0XXXX), was added to the seawater to take its pH to approximately 3.5.  After an eight minute period in which CO2 was stripped from the seawater, 0.025 mL aliquots of acid were added to the seawater until a final pH of approximately 3.0 was obtained.  The University of Hawaii program was used to calculate the alkalinity of the seawater by use of a Gran plot.  The final concentrations are calibrated with the daily measured standard where:  

corrected value  =     (raw value * measured standard)



(standard value * correction for mercuric chloride volume)
The mercuric chloride correction is either 1.0002 or 1.0004, depending on whether the sample volume was 500 or 250 mL, respectively.  Alkalinity values are reported in units of µmol/kg.  
Standards and precision
The accuracy of the alkalinity analysis was assured by daily analysis of certified reference material (batch XX, concentration of XXXX.XX ± 0.XX µmol/kg) (DOE 1994; Dickson 2001; Dickson et al. 2003) supplied by Andrew Dickson (Scripps Institute of Oceanography, San Diego, USA).  

Precision is given by the pooled standard deviation of sample replicates.  sp = X.XX µmol/kg, where n = X pairs. 

2.4.9 Chlorophyll-a   CHECK new method on N – figure out which method FM has updated?
Sampling and Analysis


Total Chlorophyll-a (>0.7 µm) samples were collected from the surface to a maximum depth of 150 m.  Samples were drawn into 2 L polyethylene bottles.  The bottles and lids were rinsed twice then filled to the very top of the bottle whose volume had previously been determined to the nearest milliliter.  Samples were immediately placed in dark plastic bags, and at the end of sampling, transported to a fridge in the aft laboratory. 


Under the supervision of Linda White, Ryan North filtered and analyzed the samples for chlorophyll-a and phaeopigment.  Samples were filtered in a semi-dark room onto 25 mm GF/F filters (0.7 µm pore size) using low vacuum filtration.  The filtration castles were rinsed to ensure cells were not left on the castle walls.  Initially at the beginning of the cruise, all filters were immediately put into scintillation vials with 10 mL/L of 90% acetone (made with NANOpur water), labeled and put into a 4 °C cooler for 24 hours.  Later, due to time constraints, the filters were preserved in the -20 °C freezer in scintillation vials until they could be processed.  During filtration and extraction, the samples were kept dark as much as possible.   


After 24 hour extraction by acetone at -20 °C, the samples were brought to room temperature for an hour and chlorophyll-a and phaeopigment levels were measured with a Turner Design fluorometer (model 10-AU-005 Field Fluorometer serial #5152 FRXX).  The sample was acidified with two drops of 1N hydrochloric acid to obtain the phaeopigment reading.  Chlorophyll-a and phaeopigment values were corrected for filter blanks.  Two blanks were run at the start of the cruise.  They were treated in exactly the same way as samples and the filter blank was subtracted from each sample as an equivalent weight (µg) of chlorophyll-a or phaeopigment per filter. 

Standards

The fluorometer was calibrated before the cruise with Sigma C6144 – 1 mg Chlorophyll a extracted from Anacystis nidulans algae February17, 2005 by Linda White to determine slope and Fo/Fa terms.  Due to a shift in the solid standard during the cruise a short calibration was performed after the cruise Jan 17, 2006.  The pre to post calibration shows a 2.5% shift (low).  The solid standard used at sea (Fo of approximately 14 and 80) showed a shift of 9% (low).  The solid state reading, after the shift, agrees with the post cruise calibration so the post cruise calibration was used to calculate chlorophyll and phaeopigment concentrations.  



During analysis there were errors due to missed volume measurements and the fluorometer lid not being closed.  There errors are listed with the data.


Duplicate samples were used to determine precision: sp = XXX mg/m3 Chla, n = XX; sp = X.XXX mg/m3 Phaeopigment, n = XX.
~~~~~~~~~~~~~~~~~~~~~

2009-20

Kelly Young

Miranda Corkum
Chlorophyll-a was sampled from 3 depths in duplicate at 35 stations, and from the underway system.  The depths sampled ranged from the surface to just below the chlorophyll maximum.  Sampling followed the standard method used in previous cruises.  Samples were drawn from the rosette into pre-calibrated 2L white Nalgene bottles; each bottle was rinsed three times with the sample water prior to filling.  Once sampled, the bottles were covered to reduce exposure to light.  The water was then filtered immediately under low pressure onto 0.7m pore size GF/F 25mm filters (Advantec GF7525MM). If the sample could not be filtered immediately, it was kept cool and in the dark until filtered, and the time taken until filtered noted. Filters are stored in clear glass scintillation vials, kept in covered trays at -80°C for analysis at IOS.

A total of 202 samples were taken at 35 stations, plus 2 filter blanks.  A total of 39 underway samples were taken by Kristina Brown (UBC).

Problems and suggestions for next year

The first few stations were taking a very long time to filter the full volume (>30min).  In order to avoid degradation from filtration, a time limit of 20-30min was used for filtering.  The volume left after 20min was measured and the volume filtered was adjusted.  It is not clear how this will affect the duplicates when less than 2L was filtered, as settling may have occurred during filtering.

To avoid having to adjust the volume filtered while filtering, it would be helpful to have some 1L pre-calibrated Nalgene sampling bottles available, preferably in brown/dark colour.

The current 2L Nalgenes should be re-calibrated as it is not known how long it has been since their last calibration.
2.4.10 Bacteria 

Phytoplankton and bacterioplankton samples collected for Dr. Bill Li (Bedford Institute of Oceanography - BIO) were preserved in aliquots of seawater sampled from the Niskin bottles.  Following standard protocol (Marie et. al. 1999), 1.8 mL seawater was dispensed into a 2 mL capacity cryogenic vial and immediately fixed with 0.2 mL of 10% paraformaldehyde by vortex mixing.  Samples were maintained for at least 15 min at laboratory temperature to allow fixation, and then stored at -80 °C until analysis at BIO.  Cell concentrations of picophytoplankton, nanophytoplankton, and bacterioplankton (i.e. non-autofluorescent picoplankton) in thawed samples were analyzed by flow cytometry (Becton Dickinson FACSort) following protocols in routine use (Li and Dickie 2001).  Phytoplankton were detected by native autofluorescence using blue laser excitation (488 nm) and long-pass red emission (>650 nm).  Cells smaller than 2 µm equivalent spherical diameter were classified as picoplankton and those larger as nanoplankton.  In turn, picophytoplankton were partitioned into two groups according to the presence (cyanobacteria) or absence (picoeukaryotes) of the pigment phycoerythrin detected in the orange waveband (585 ± 21 nm).  Bacterioplankton were stained with SYBR Green 1 (Molecular Probes, Oregon), a nucleic-acid binding fluorochrome, and detected in the green waveband (530 ± 15 nm).  
Measurements of fluorescence and light scatter were collected using logarithmic amplification and recorded in relative units in a 4-decade range spanned by 256 channels.  Fluidic flow rate was calibrated by regression of the aspirated volume versus duration of analysis.  Data were extracted from listmode format using WinMDI Version 2.8 (copyright Joseph Trotter: http://facs.scripps.edu/).


See Appendix 5 for bacteria data plots.
2.5 OTHER FIELD SAMPLING


Short summaries of additional data collected but not included in this report are given below.
2.5.1 Particulate Organic Carbon
METHOD?

Filtered using chlorophyll-a filtration set-up.
2.5.2 Side-of-ship ADCP 

In conjunction with the CTD/Rosette Casts, a real-time RDI 150 kHz acoustic doppler current profiler (ADCP) measuring currents in 60, 8 m depth cells (bins) covering the upper 500 m of the water column, augmented with a dual frequency (50 and 200 kHz) backscatter sonar system used to search for zooplankton layers, were lowered over the side (PI Svien Vagle, IOS).  The package was lowered by crane from the boatdeck to approximately 5 m beneath the surface prior to any CTD/Rosette cast and left in place until the completion of the cast ("first in, last out").  The ship’s gyro heading and GPS location data were recorded with the VMDAS logging software for post calculations of current profiles. 

2.5.3 Underway Systems Report *Needs Editing J.E.
Cruise ID: 2009-19 and 2009-21

Analyst:  Jane Eert

Dates: July 20 to September 16, 2009

Overview 

This report describes measurements taken at frequent regular intervals throughout the cruise.  These measurements include:

· From the seawater loop system: salinity, temperature (inlet and lab), fluorescence, CDOM (2009-19 only), gas tension, and oxygen saturation.

· Hull temperature

· From the Novatel GPS: all NMEA strings (GPRMC, GPGGA, HEHDT, among others) as well as position, time, speed and total distance

· AVOS weather observations of: air temperature, humidity, wind speed, barometric pressure

· Sounder reported depth
Methods

See section below for technical description of monitoring procedures, data flow and network setup.  

The Louis uses a 3” Moyno Progressive Cavity pump Model #2L6SSQ3SAA, driven by a geared motor. The pump rated flow rate is 10 GPM.  It supplies seawater to the TSG lab, where a manifold distributes the sweater to instruments and sampling locations.  On one of the manifold arms, a vortex debubbler is installed inline to remove bubbles in the supply to the SBE-21 thermosalinograph (TSG) and the blue cooler containing the gas tension device and the oxygen sensing optode.  Control of the pump from the lab is via a panel with on/off switch and a Honeywell controller.  The Honeywell allows setting a target pressure, feedback parameters and limits on pump output.  

During 2009-19 and 2009-21, set point pressures varied from 17.1PSI to 20PSI depending on ice and sea conditions.  Flow rates to the gas cooler varied from 3-5 liters/min and to the TSG from 8-10 l/min.  Salinity, and during 2009-19, CDOM and chlorophyll samples were taken at intervals from the loop to calibrate the instruments.

Two remote temperature sensors are installed in the engine room: an SBE-38 inline thermometer, readings from which are integrated into the SBE-21 data stream, and an SBE-48 hull mounted temperature sensor which is logged separately.

GPS is provided to the SBE-21 data stream using the NMEA from PC option rather than the interface box as in past years.  In 2008, it was observed that the GPS data was not properly recognized by Seasave while logging the TSG data; this was true in 2009 as well until the source of the NMEA was changed.  

Weather observations are collected by the AVOS system, provided and maintained by Environment Canada.  

Depth is provided by the Knudsen 12KHz sounder.  Reported values are digitized depth rather than travel time, so it is important to independently log the average sound speed setting on the Knudsen.

Instruments in the TSG were:

Seabird SBE 21 Thermosalinograph s/n 3297

Seabird SBE-38 Thermometer s/n 

WET Labs WETStar fluorometer s/n WS3S-521P

WET Labs CDOM s/n WSCD-1281
[image: image7.jpg]5

_w,%%

D ©
(Degrees

'F i = N X
¢ TR
4 .
R o e |

¢,





Figure 1: TSG inlet temperature 2009-19
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Figure 2: TSG salinity 2009-19
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Figure 3: TSG inlet temperature for 2009-21
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Figure 4: TSG salinity for 2009-21

Logging:
1. TSG laptop:  

Via Seasave: Time, latitude, longitude, lab temperature, SBE-38 inlet temperature, conductivity, CDOM (2009-19 only), fluorescence.

Via Hyperterm:  SBE-48 temperature at hull

Via Hyperterm: NMEA strings distributed on network from Novatel GPS and ship’s gyro

Via GTD logging program: Oxygen saturation, gas tension.
2. Knudsen computer, main lab:

Via Fugawi: Ship’s track, including GPS time, latitude, longitude, speed and total distance.
3. SCS Data Collection System:

The ship uses the Shipboard Computer System (SCS) written by the National Oceanographic and Atmospheric Administration (NOAA), to collect and archive underway measurements.  This system takes data arriving via the ship’s network (LAN) in variable formats and time intervals and stores it in a uniform ASCII format that includes a time stamp.  Data saved in this format can be easily accessed by other programs or displayed using the SCS software. 


The SCS system on a shipboard computer called the “NOAA server” collects:
· Location from the ship’s GPS (GPGGA and GPRMC sentences)

· Heading from the ship’s gyro (HEHDT sentences)

· Depth sounding from the ship’s Knudsen sounder (SDDBT sentences)

· Air temperature, apparent wind speed, apparent and relative wind direction, barometric pressure, relative humidity, and apparent wind gusts from the ship’s AVOS weather data system (AVRTE sentences).  SCS derives true wind speed.

· Sea surface temperature, salinity fluorescence and CDOM from the ship’s SBE 21 and SBE38 thermosalinograph and ancillary instruments
· Sea surface temperature from the SBE48 hull mounted temperature sensor

· SCS derives speed over ground and course over ground
Problems
The CDOM sensor showed almost no variation during 2009-19.  The cause appears to be that it was set to coastal sensitivity range, which is for waters with much larger CDOM content.  It was removed at the end of 2009-19 and sent back to Wet Labs to have the sensitivity range changed to ‘Open Ocean’, the most sensitive.

The Fluorometer also seemed unexpectedly insensitive.  It did show some variation, however after the two day shutdown in the NE corner of the Canada Basin values had shifted – a larger offset was seen.  While the TSG was shut down during the Healy visit, the fluorometer flow tube was flushed with dilute Trition-X in DI water; glass or quartz shards were found in the rinse water and the instrument was removed from the system.

The Moyno pump and Honeywell controller worked very well again this year.  Ice under pressure continues to be a difficult environment for the pump, though, and it had to be shut down for 2 days while the Louis was breaking ice for the Healy in the NE corner of the Canada Basin.   The point at which the engine room alarm is triggered should be checked – 10PSI would be a good value; if it is higher than that, normal lab sampling operations may set it off as the pressure drops temporarily when a valve is opened.
Underway Systems

Group 1 in TSG Lab

Flow rate

· Regularly (once a week/or when settings change) measure flowrate to all attached systems
Reading  Honeywell Pump Controller

· Check PSI and %output

· call duty engineer to clean science pump filter if OUT percentage is 35%

· Duty Engineer phone # 117

Check TSG SBE21, SBE38

· Check Seasave software to confirm data are reasonable and file size/date are updating

· Stop & Start once a week

Check Blue Cooler box

· Check if software, GTDlog.exe, is running.

· Check pump is running

Check SBE48 capture

· Use SBE48 hyperterminal to capture data

· Restart file once a week

Check GPS capture

· Use Ship GPS hyperterminal to capture data

· Restart file once a week

Group 2

Fugawai Track

· Check file size is increasing and track is visable.  Save new copy of track file daily.

Knudsen System

· Record sound speed being used

SCS (NOAA Server)

· There should be seven files, all with current date.

Underway system shutdown procedures

1. Turn pump off by pushing “STOP” on Honeywell Pump controller.  It will turn off slowly once STOP is pushed.  Eventually, it will give reading such as 0.01 PSI, OUT 0%.

2. Turn off Blue cooler power, 12V Power Supply (see Power Box for Blue Cooler + Optode.jpg)

3. If pump is off for more than one day, then stop Seasave and turn off data interface box, stop GTD software.
Honeywell Pump Controller

· Pump – need to call duty engineer to clean science pump filter if OUT percentage is 35%

· Duty Engineer phone # 117

· See Honeywell Controller Setup for more details
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Starting and stopping the science pump

Two places have control of pump, the lab (Honeywell controller) and the engine room.
Honeywell Controller Setup (2008 Jul 04), if necessary

Cycle through “Lower Display” button by repeatedly clicking on it.


Check if SP is set at 20.0 – Target Pressure


Check if SP is set at 19.0 – Target Pressure (2009 Sep setting)


When exit, leave when display shows OUT (pump % output), it shows how hard the pump is working

If all is well, no need to change anything under SETUP function.  In manual mode, MAN at the first line of display, you can set pump output by cycling through the lower display to OUT and then change it with arrow keys.  In automatic mode, A, the pump output will automatically change to keep target pressure, but with a maximum output of 35% to avoid startup transients.  35% has been put in the settings, so pump will not work harder than this.

Tuning/Settings

Under SETUP go to SETUP TUNING

Press FUNCTION and set


GAIN
0.330


RATE MIN
0.01


RSET MIN
0.20


SECURITY
0

Under SETUP go to SP RAMP, nothing is set here

Under SETUP go to CONTROL


OUTHiLim
35%


SP HiLim
30 PSI

These two CONTROL settings mean the output will not go past 35% and the set point can not be made higher than 30 PSI.

Engine room has alarm PSI drops below 15.  If you change flow by opening a valve (to take a loop samples, for example, check to make sure you have not made pressure go below 15PSI, or if you have, call the duty engineer at 117 to let him or her know it’s the lab rats playing, not something they need to check out.

TSG Computer (10.1.20.53)

· The current DHCP address for TSG computer is 10.1.20.53

· To avoid other system getting the address, the system should connect to the SCIENCE network and running all time.
· Recommendation for next time - use static IP address
· Data directory:

1. C:\2009-LSSL\TSG

2. C:\2009-LSSL\gtd_data
3. C:\2009-LSSL\GPS

4. C:\2009-LSSL\SBE48
Com Ports on Keyspan

Two KeySpan USB-to-Serial Ports (1 to 4) are used, the following ports are created:

COM  4, 5, 6, 7, 8, 9, 10,11.
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Ship GPS (NAVDATA #1) connects to COM9 of KeySpan
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Programs on TSG computer to log TSG and SBE21 data

1. Seasave

· Restart acquire data once per week, by “Real Time Data -> Stop” and “Real Time Data -> Start”, in Seasave.

· Configuration file (C:\2009-LSSL\TSG\3297_2009_test2009-07-05.con file)

· Location of data c:\2008-LSSL\TSG\2009mmddhhmm.hex .  Note that file name does not have cruise ID, just date, as the TSG  records for the whole season

· There are three current configurations under “configure output” in Seasave for reference only, see TSG-Serial Ports.bmp, TSG-TCP-IP out.bmp, TSG-TCP-IP ports.bmp. (Note these bmp’s are from 2008, not updated for 2009)
· Data is sent out to TCP/IP  port 49161 for SCS system.

· Com 8 (TSG data) is input to Seasave from TSG (SBE21 3297 interface box), 9600,7,Even

· Com 15 (GPS) comes through GPSGate direct to Seasave instead of having NMEA go through interface box

· T2 comes from SBE38 via VLINX and GPSgate
2. Hyperterm
· Use Hyperterm desktop icon to log Ship GPS, (COM 2,  4800,8,N,1), capture input to C:\2009-LSSL\GPS\2009-mm-dd.txt
· Use Hyperterm desktop icon  to log SBE48, (COM 14, 9600,8,N,1)  capture input to C:\2009-LSSL\SBE48\2009-mm-dd.txt
When TSG computer is rebooted or restarted

1. Make sure system time sets to UTC.

2. Make sure com ports are available, see GPSgate.

3. Restart GTD data logging program, GTDLog.exe, 
· Start Digiquartz Interactive v1.2 program

· Select Com4 and detect instrument (be patient and wait)

· Once it is detected, go to Configuration tab, check the following setting:

· PR=12000, TR=48000, Pressure integrating time=39.6 secs.

· Then go to “sampling” tab, start-> select P4 -> send (again be patient and wait at least two minutes, string from instrument will appear on Response window.

· Then press “STOP” and wait.

4. Start GPSgate if necessary.

5. Use Hyperterm to capture SBE48 data.
6. Use Hyperterm to capture Ship GPS data.

7. Start GTDLog.exe, log data to C:\2008-LSSL\gtd_data and configure COM ports in the program.

GPS       -> COM1, 4800,N,8,1,None

Pressure -> No input

Optode
  -> COM6, 9600,N,8,1,None

GTD      -> COM4, 9600,N,8,1,None

8. Make sure “Start” is clicked.

VLINX Settings

Once VLINX is configured on TSG computer, VLINX ESP manager does not need to be.  TSG VLINX ESP manager pools information from two VLINX boxes (10.1.20.5 and 10.1.20.15) and outputs to Virtual COM port.

TSG Vlinx com port:

10.1.20.15:4000
Com 12
Novatel on LAN, don’t believe use by

anything

10.1.20.5:4000
Com 13

SBE38 data through VLINX box Com 13, out GPS gate Com 10 to SBE21 bulk head connector

10.1.20.5:4001
Com 14

SBE48 data through LINX box Com 14, currently use hyperterm to capture data.
TSG-VLINX-Serial Server-List:
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GPSGate Settings

GPS + Heading

Input: 
COM9, 9600 (from Navidata box)

Output:GpsGate Direct

TCP server 20175  (TSG laptop)

Virtual COM2

Virtual COM1 / ($GPRMC,…) NMEA filter (create filter by selecting on output tab “Com port, filtered”, then go through options)

Virtual COM15  (NMEA input to Seasave)

GPS to TSG (not used, needed to feed GPS to interface box)

SBE38 (remote inline temp,  near pump intake in engine room)

Input:
COM13, 9600  (vlinx - from SBE38 sensor via 10.1.20.5 TCP 4000) 

Output:COM10 (to SBE21 bulk head connector)

TSG Check (not active)

Input: localhost 49161, TCP/IP

Output: Virtual COM16
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2.5.4 XCTD 


An XCTD (eXpendable Conductivity Temperature and Depth) survey was conducted by [ANALYST] ([INSTITUTION]), from the stern of the ship using a hand held launcher.  The XCTD probes were provided by [NAME] ([INSTITUTION]) (Type XCTD-X made by [MANUFACTURE]).  The probes fell freely in the water measuring temperature and conductivity every 0.15 m from the surface down to 1100 m.  Data were transmitted to the ship during the freefall by a thin conducting wire extending from the XCTD to an onboard computer.  In open water, the ship slowed to 12 knots for the deployments.  In ice the ship stopped completely to prevent sea ice from cutting the thin transmission wire.  The XCTD probe took 5 minutes to descend from the surface to 1100 m. 

[INSERT CRUISE SPECIFICS]


Locations are listed in Appendix X (TABLE X).  
For more information and data see the JAMSTEC website:  http://www.jamstec.go.jp/e/.

2.5.5 PRR
Text below is taken from cruise report.
Optical Observations (Light Attenuation Profiles)
Jinping Zhao P.I. and Weibo Wang, OUC
Introduction


Dr. Jinping Zhao, professor of physical oceanography, and Weibo Wang, graduate student from Ocean University of China participated on the cruise to conduct optical observations.  Optical observation includes the units, PRR-800 for underwater profiling and PRR-810 for surface observation simultaneously.  They are a multispectral system to measure the change of sunlight in sea water. Optical measurements are conducted in daytime.  During the cruise, about 23 optical profiles were conducted successfully. 


The optical data is beneficial to understand the solar heating in the upper layer of the ocean and correlated to the climate system.  The optical data has also good linkage with biological activities.  The signals of different wavelengths include the information from various biomasses. 

Optical instruments


The instruments used for optical observation are high resolution Profiling Reflectance and Radiometer (PRR) made by Biospherical Instruments Inc. (BSI, USA).  The system includes both an underwater profiler PRR800 and a surface unit PRR810, which collect signals simultaneously.  Both instruments are all multispectral ones with very high resolution and sensitivity, enough to detect the light in deeper water.  The parameters for the system are as follows.

PRR-800 

Optical features:

Wavelenths:313,380,412,443,490,510,520,532,555,565,589,625,665,683,
710,765,780 and 875 nm

Bandwidth: 10 nm FWHM

Sensors:

Upwelling radiance, downwelling irradiance, dual axis inclinometer, detector array temperature, PRT water temperature, and pressure/depth 

Irradiance array

Typical Saturation: 105 μWcm-2nm-1
Noise Equivalent Irradiance: 10-5μWcm-2nm-1              

Radiance array

Typical Saturation: 10-3 Wcm-2nm-1 sr-1
Noise Equivalent Irradiance: 10-12 Wcm-2nm-1sr-1    

PRR-810

Optical features:

Wavelenths:313,380,412,443,490,510,520,532,555,565,589,625,665,683,
710,765,780 and 875 nm

Bandwidth: 10 nm FWHM

Sensors:

Downwelling irradiance and detector array temperature

PRR-800/810 is a cable linked system to collect data directly by a computer during the deployment.  A unit is adopted to link PRR-800, PRR-810 and computer to control the data acquirement. 

MCTD


A Compact-CTD (MCTD) made by ALEC Electronics Co. Ltd (Japan) is mounted on the same frame with PRR800 for deployment.  MCTD is used to measure depth, temperature, salinity, chlorophyll, and turbidity, simultaneously and records data internally.  The technical parameters for MCTD are listed below in Table 11.
Table 11.  Technical parameters for MCTD.
	Sensor
	Range
	Resolution
	Accuracy 

	Depth
	0 to 600m
	0.01 m
	0.3% FS

	Temperature
	-5 to 40 °C
	0.001 °C
	±0.01 °C

	Conductivity
	0 to 60 mS/cm
	0.001 mS/cm
	±0.02 mS/cm

	Chlorophyll
	0 to 400 ppb
	0.01 ppb
	±1% or ±0.1 ppb

	Turbidity
	0 to 1000 FTU
	0.03 FTU
	±2% or ± 0.3 FTU


(a)





       (b)
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Figure 19.  (a) Surface unit PRR-810, fixed on the side of starboard of the ship to minimize reflection from the ship; (b) PRR-800 (right) and MCTD (left), mounted on a frame specially designed to keep the instruments balance din water and not to shade the PRR-800.

2.5.6 Ice Measurements

*Include Alice Orlich and Jenny Hutchings ice report in Appendix as a pdf.
3 files to include?:

IceStations KAB.pdf

IceObservationsReport_2009.doc

Ice Station Appendicies.pdf
~~~~~~~~~~~~~~~~~~~~~~~~~~~
PIs: Kazutaka Tataeyama, Kitami Inst. Of Tech.
Underway measurements


Underway measurements of ice thickness were made using a passive microwave system, an EM sensor and a forward looking camera.  These data will be used to help interpret satellite images of sea ice which have the advantage of providing extensive area coverage but lack the groundtruthing of just what the images represent.  The EM sensor was deployed from the foredeck’s A-frame on the starboard side, collecting data while underway.  The passive microwave sensor was mounted one deck higher also on the ship’s starboard side looking out over the EM’s measurement area and collected data continuously.  
(a)






(b)
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Figure 20.  (a) EM Sensor; (b) Passive Microwave.
Ice station measurements 

Snow properties survey

Snow depth, skin temperature, internal temperature, density, salinity, storategy(crystal type and size) were measured the in stations 2nd and 3rd.  Sampling intervals are 1 cm and 3 cm for internal temperature and density/salinity, respectively.  Snow strategy was recorded in each snow layers.  Those snow properties will be compared with PMR brightness temperatures in order to validate general microwave radiation transfer model for satellite remote sensing.  Those data will be used for evaluation of snow and sea-ice conditions in the end of melting and the begging of freezing periods with ice core data.
EM transects

The ice team measured total snow and ice thickness distribution in the ice stations 2nd and 3rd to investigate representative sea-ice morphology by drilling and using EM.  Apparent conductivities (mS/m) of the Vertical Magnetic Dipole (VMD) and Horizontal Magnetic Dipole (HMD) modes were collected every 2 to 4 m in order to synchronize ice core and drill-hole.  For transformation from apparent conductivity to total snow and ice thickness, Standard 1-D model (Taeteyama et al. 2006) was used.
2.5.7 Moorings and Buoys

Krishfield et al. 2008 *Make sure this report is referenced here.
2.5.7.1 BGOS Field Operations (WHOI)

Rick Krishfield, Kris Newhall, Jim Dunn, and Brian Hogue 
P.I Andrey Proshutinsky

As part of the Beaufort Gyre Observing System (BGOS; http://www.whoi.edu/beaufortgyre), three bottom-tethered moorings deployed in 2008 were recovered, data was retrieved from the instruments, refurbished, and redeployed at the same locations in September and October 2008 from the CCGS Louis S. St. Laurent during the JOIS 2009 Expedition.  In addition, four Ice-Tethered Profiler (ITP; http://www.whoi.edu/itp) buoys were deployed, one in combination with an Ice Mass Balance (IMB) and O-Buoy, and two ITPs were recovered.

Table 12.  Summary of BGOS 2008 field operations.

	Mooring
	Depth
	2008
	2009
	2009
	2009

	Designation
	(m)
	Location
	Recovery
	Deployment
	Location

	BGOS-A
	3825
	75° 0.057'N
	29-Sep
	30-Sep
	75° 0.002'N

	
	
	150° 0.283'W
	17:30 UTC
	21:47 UTC
	150° 0.005'W

	BGOS-B
	3821
	78° 0.084'N
	1-Oct
	5-Oct
	78° 0.081'N

	
	
	150° 4.438'W
	21:02 UTC
	22:56 UTC
	149° 59.949'W

	BGOS-D
	3511
	73° 59.992'N
	11-Oct
	12-Oct
	73° 59.744'N

	
	
	139° 59.710'W
	18:28 UTC
	21:49 UTC
	139° 59.698'W

	ITP21
	
	
	23-Sep
	
	72° 33.4'N

	
	
	
	23:30
	
	140° 49.7'W

	ITP8
	
	
	3-Oct
	
	80° 18.8’ N

	
	
	
	17:00
	
	152° 6.4’ W

	ITP32
	
	
	
	4-Oct
	80° 19.4'N

	
	
	
	
	2:30
	151° 45.7'W

	ITP33
	
	
	
	7-Oct
	77° 59.7'N

	
	
	
	
	0:02
	149° 14.5'W

	ITP35/IMB/O-Buoy
	
	
	
	8-Oct
	77° 4.5'N

	
	
	
	
	1:00
	135° 25.8'W

	ITP34
	
	
	
	10-Oct
	74° 35.0'N

	
	
	
	
	21:00
	134° 45.5'W


Moorings

The centerpiece of the BGOS program are the moorings which have been maintained at 3 or 4 locations since 2003.  The moorings are designed to acquire long term time series of the physical properties of the ocean for the freshwater and other studies described on the BG webpage.  To keep the moorings safe from the overhead icepack (where ridges can extend down to 30 m or more), the top floats are positioned approximately 45 m below the surface. The instrumentation on the moorings include an Upward Looking Sonar mounted in the top flotation sphere for measuring the draft (or thickness) of the sea ice above the moorings, a vertical profiling CTD and velocity instrument which samples the water column from 55 to 2000 m twice every two days, sediment traps for collecting vertical fluxes of particles, and a Bottom Pressure Recorder mounted on the anchor of the mooring which determines variations in height of the sea surface with a resolution better than 1 mm.  Unfortunately, due to funding limitations, the sediment traps were not redeployed this year.


The moorings are deployed anchor first, rather than top float first (as is typical in lower latitudes), because of the presence of the ice pack.  This requires the use of a dual capstan winch system to safely handle the heavy loads.  Typically it takes around 5 hours to deploy the 3800 m long system.


Recovering the moorings in pack ice is extremely tricky, so that the top float does not surface under an icefloe, where we cannot access it.  However,  in this case, we do have backup floatation at the bottom of the mooring, which we can also recover the moorings from.   First the locations of the moorings have to be pinpointed by triangulating acoustically on the releases at the bottom of the mooring.  Then the Captain of the icebreaker creates a pond in the ice over the mooring, and acoustic release commands are sent to the release instruments just above anchor, which let go of the anchor, so that the floatation on the mooring can bring the system to the surface.  Then the floatation, wire rope, and instruments are hauled back onboard.  Data is dumped from the scientific instruments, batteries, sensors, and other hardware are replaced as necessary, and then the systems are subsequently redeployed for another year.


So far, 6 years of data have been acquired by our mooring systems, which document the state of the ocean and ice cover in the BG.  The seasonal and interannual variability of the ice draft, ocean temperature, salinity and velocity, and sea surface height in the deep Canada Basin are being documented and analyzed to discern the changes in the heat and freshwater budgets.  Trends in the data show an increase in freshwater in the upper ocean in the 2000s, some of which can be accounted for by the observed decrease in ice thickness.  However, the results indicate that budget is not balanced, so other mechanisms must also be at work.   

Buoys


Because the moorings only extend up to about 50 m from the ice surface, we use automated ice-tethered buoys to sample the upper ocean and sea ice.  On this cruise, we deployed 4 Ice-Tethered Profiler buoys (or ITPs), and assisted with the deployments of one US Army CRREL Ice-Mass Balance buoy, and an O-Buoy.  The combination of multiple platforms at one location is called an Ice Based Observatory (IBO).


The ITPs obtain profiles of seawater temperature and salinity from 7 to 760 m twice each day and broadcast that information back by satellite telephone.  The flux buoys measure the fluxes of heat, salt, and momentum at the ice ocean interface, and the ice mass balance buoys measure the variations in ice and snow thickness, and obtain surface meteorological data.  Most of these data are made available in near-real time on the different project websites.


The acquired CTD profile data from ITPs document interesting spatial variations in the major water masses of the Canada Basin, show the double-diffusive thermohaline staircase that lies above the warm, salty Atlantic Layer, measure seasonal surface mixed-layer deepening, and document several mesoscale eddies.  The IBOs that we have deployed on this cruise are part of an international collaboration to distribute a wide array of systems across the Arctic as part of an Arctic Observing Network to provide valuable real-time data for operational needs, to support studies of ocean processes, and to initialize and validate numerical models.

Operations

The mooring deployment and recovery operations were conducted from the foredeck using a dual capstan winch as described in WHOI Technical Report 2005-05 (Kemp et al. 2005).  Before each recovery, an hour long precision acoustic survey was performed using an Edgetech 8011A release deck unit connected to the ship’s transducer and MCal software in order to fix the anchor location to within ~10 m.  The mooring top transponder (located beneath the sphere at about 45 m) was also interrogated to locate the top of the mooring.  In addition, at every station the sphere was located by the ship’s 400 khz fish finder.  All top spheres successfully released into open water. 

All of the mooring recovery and deployment operations were conducted without incident.  The actual recovery operations varied from between 3 and 4.5 hours after release.  The deployment operations normally entailed an hour of deck preparation once on site, followed by a 3 to 5.5 hour anchor first deployment.  Extra instrumentation on mooring A (3 sediment traps) and mooring D (devices clamped to a deep segment of the wire) added time to the operations.


Complete year long data sets with good data were recovered from 2 out of 3 MMPs, every ULS, every BPR, and all 5 sediment traps.  Unfortunately, the MMP on mooring A appears to have had a motor or cabling problem so that the instrument did not profile the water column, but was instead fixed at a single depth.

The ITP deployment operations were conducted with the aid of helicopter transport to and from each site according to procedures described in a WHOI Technical Report 2007-05 (Newhall et al., 2007).  ITPs 32, 33, 34, and 35 were deployed on 3.0, 4.2, 2.8, and 2.6 m thick ice floes respectively.  Not including the time to reconnaissance, drill and select the ice floes, the deployment operations took between 3 and 8 hours each (depending on the number of systems installed in each IBO) including transportation of gear and personnel each way to the site.  Ice analyses were also performed by others in the science party, while the ITP deployment operations took place.  

Since deployment, all of the ITPs have begun profiling and transmitting data.  However, after the first full profile, ITP 35 appears to have a problem communicating with the surface package. A similar problem occurred with ITP 8 (deployed in 2007), which was recovered this cruise using helicopter support, and provided information on 470 more profiles that were taken while the profiler was unable to communicate with the surface package.  This unit will be examined back in our laboratory to determine the cause of the failure.  ITP 21 (deployed in 2008) was also recovered this year as it was no longer profiling.  The cause for this failure was determined to be a broken tension spring.
2.5.7.2 O-buoy 1 Deployment

Dan Carlson, University of Alaska Fairbanks

Dacarlson3@uaf.edu

9/18/09-10/6/09, Pre-deployment


After waiting out rough weather for the first few days on the ship, the buoy crate was opened up and assembly started.  The entire crate was saturated with water/ice since it was strapped to the outside of the ship.  I brought all smaller items inside to defrost them, and scraped the ice/frozen paper off of the larger pieces.  A day or two later the buoy was fully assembled (except the solar array and AGM batteries) and powered up.  Buoy duty cycle calendars were made, and the buoy placed into deployment mode.  After a day or two in deployment mode it was apparent that the ozone instrument was not working correctly. 


Numerous O3 test macros were tried without success.  After a day or two of exploring possible software solutions, the buoy mast was taken off, and everything moved into the helicopter hanger using the ship’s crane.  The instrument tray was taken out of the hull and strapped to the top of the buoy crate.  With the guidance of Phil and Mark via satellite phone, the continuity of wires running from the SC to the ozone instrument was checked.  The “D” connector to the SC was found to be very loose, since not all of its pins were populated and the plastic connector itself had no latching mechanism.  The ship was very rough at times, and it seems likely that the vibrations could have caused the connector to fall back, breaking the connection.  I snugged the connector and glued it on using RTV.  The other connectors of the same style (A, B, and C) were not as loose since they seemed to have more pins populated, however, I glued them as well to prevent them from becoming loose.  After making this fix, the ozone instrument started to work correctly, and the buoy was reassembled.  All of the SC consol output during these tests/fixes was saved as text files for future reference. 


After a few more iridium and deployment mode tests, the buoy was powered down and prepared for transport.  The mast was disassembled, and all instruments packaged into boxes, and a cover was made to protect the top connectors and fiber optic during transport.  The ozone inlet filter was replaced since it looked dirty and abraded from being moved so many times.  The buoy deployment date was pushed back twice.  On the first occasion it was to allow more time for some of the other science projects onboard.  The second delay was the result of thick fog and scarce multi-year ice which prevented us from finding a suitable deployment site.

10/07/09, Deployment Day

Location: 77°04.560’N, 135°25.963’  The site was a multi-year ice floe roughly 100m across, surrounded by refrozen cracks which adjoined other surrounding multi-year ice floes.  Ridges roughly a meter high could be found on the perimeter of the floe, however, all ridges appeared to be well consolidated.   Large areas of thin first year ice could be found within about a mile of the site.  Snow depth was roughly 5-10cm.  The O-buoy site was in the middle of the floe.  The CRREL ice mass balance buoy and WHOI ice tethered profiler buoy were both roughly 25 meters south-southeast of the O-buoy.

Weather: Blue sky overhead with haze in the distance in all directions.  Calm winds, and temps around  -18 °C (-0.4 °F).

10:30am (ship time): After waiting for visibility to improve, the WHOI PI’s were able to start scouting for large MYI floes in the helicopter.  They found a suitable floe, and drilled some test holes to verify the thickness before returning to the ship.

11:30am: The helicopter started shuttling people and gear to the chosen site.  The instruments, mast, and solar panels were transported in the back of the helicopter.  The external batteries were taken in a sling load with other miscellaneous gear. The buoy itself remained on the ship until we were ready for it.

12:30am: Gear was moved.  The melter was assembled and work started on making the hole.

2:00pm: The hole was melted (2 feet in diameter and roughly 2.4 meter deep). The tripod was then assembled.  We started pulling the ice plug out of the hole using a gantry, cutting it to pieces as it was lifted.

3:00pm: The finished hole was cleaned up and we radioed the ship to bring the buoy.  The buoy was transported with the mast adapter and flotation collar on weighing roughly 850 lbs.  The helicopter load limit was roughly 1,000 to 1,200 lbs.  Two eye bolts were attached to the mast adapter as lifting points for the helicopter.  A wooden cover was bolted over the mast adapter to protect all connecters and the fiber optic during transport.  The buoy was then lowered into the hole by the helicopter with 3 to 4 people on the ground guiding it in.

3:30pm: The mast was assembled with all instruments except the wind bird and DOAS scan head and bolted on to the buoy.  The DOAS scan head and wind bird were then mounted.  (Note: the screw terminal connections for the wind bird were very difficult since the PVC wire insulation was cracking in the cold)


4:15pm: The entire buoy was rotated so that the DOAS scan head viewed roughly north.  This was difficult to determine since magnetic compasses were not effective at this latitude, and the possibility of cracks in the floe precluded walking a long bearing line with handheld gps to determine the direction.  A short bearing line was walked in both the northern and southern view directions, but the movement of the ice also affected these lines.  I think the best direction determination of buoy orientation will come from pictures in which the lunar azimuth cam be related to the buoy orientation.  (Note: the positive DOAS view direction was offset exactly 67.5° clockwise from the buoy compass direction)

5:45pm: Solar panels were attached and wired up.  Wiring was difficult since the buoy mast was in the way of the charge controller box.  In the end I had one person tilt panel 3 back so that I could make the connections, and then the panel was tilted into place.  Lights on the charge controller indicated that the panels were producing power.  The external batteries were then connected to the charge controller.  (Note: Panel 4 was supposed to attach by bolting of a piano hinge to panel 3, however, no screws of the correct size were found.  Panel 4 was left off until after the buoy was powered up, at which point it was permanently attached using the same bolt/pin technique as panels 1 to 3.)

6:30pm: My laptop battery died in the cold so I had to spend 20min warming it in my coat while charging the battery at the WHOI generator which was a few hundred feet away.  When they finished their work, they let me take the generator back to the O-buoy.  I then powered up the buoy and watched it go through its boot up routine.  After logging into the system I remade the “li_ah_used” file in the /var/ramdisk/power/ directory by copying a pre-made file from the /root/ directory.  I then switched the buoy into deployment mode (crontab /config/crontab.deploy) and checked on the computer processes (ps –ef) to make sure everything looked ok.  At this point the helicopter was on its way to get us since night was fast approaching.  I then bolted on the power switch cover and last remaining solar panel, weighted down the external power cable with ice chunks, took some final pictures, and packed up tools. 

7:15pm: Boarded the helicopter and returned to the ship. 
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2.5.7.3 CABOS 2009 Mooring Deployment

Mike Dempsey


The Canadian Basin Observation System (CABOS) mooring has been deployed on Institute of Ocean Sciences Arctic cruises on behalf of the University of Alaska Fairbanks International Arctic Research Center since 2003 every year except 2007.  The location of the mooring has varied due to ice conditions but has been continuously placed to monitor the flow of Atlantic water around the south east slope of the Canada Basin.  The mooring is part of a string of moorings deployed by IARC to observe the movement of Atlantic water through the Arctic and measure the heat flux to upper waters.  The Nansen/Amundsen Basin Observation System (NABOS) consists of a series of McLane Moored Profiler and conventional moorings located around the self break of the Laptev Sea.  The CABOS mooring provides complementary data for this array.

Table 13.  2009 CABOS mooring operations. 

	Investigator
	Recovery
	 Recovery
	 Recovery
	Deployment 
	Deployment
	 Deployment

	 
	Depth (m)
	Location
	Time (UTC)
	Depth (m)
	Location
	Time (UTC)

	UAF/IARC
	1114
	71° 49.702'N
	20 September 2009 1716
	
	71°49.702'N

	

	I. Polyakov
	
	131° 46.591'W
	
	
	131°46.590'W
	

	UAF/IARC
	
	
	
	1129 m
	71°49.708'N
	14 October 2009 0142

	I. Polyakov
	
	
	
	
	131°46.604'W
	


Chronology

Recovery

20 September 2009 all times UTC 8/10ths first year and new ice.

1515 – Standing off of ice until foredeck dset up complete

1537 – Send enable command 376614 to Edgetech 8242 s/n 28388. 12 pings received. No ranges received – MCAL (Mooring Calibration) software glitch?

1548 – Manual control on 8011A. SR 1164.

1550 – Ranges now received on MCAL

1554 – Ranges converging on last year’s position

1630 – Complete 300° of circle with 50 m spacing between pings, 44 points. Calculated position is 71 49.700’ N 131 46.589’ W, RMS error 4.0.

1700 – position ship 150 downwind from calculated position in area totally free of ice.

1704 – Send release command 354547 to release 28388.

1705 – mooring sighted 150m to starboard.

1720 – latch onto top of mooring and pull up flying Microcat s/n 6157, SS37 steel float, 2 Benthos spheres an Microcat s/n 6158 onto deck.

1805 – Mclane MMP s/n 1194 pulled up on deck.

1808- Acoustic releases pulled up on deck.

The instruments were all downloaded and all had full data records.  The MMP 11494 worked almost flawlessly for 424 of 426 days it was deployed.  Raw MMP data (courtesy of Rick Krishfield, WHOI), is displayed below.

[image: image22.jpg]CABOS 2008-2009 MMP

71N, 131W

400~

1000

1200,

600~

800

1000

1200,

28

30

[





Figure 21.  Raw temperature and salinity vs depth plots for entire deployment.
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Figure 22.  Raw current velocity data for the entire deployment.
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Figure 23.  Charts of temperature and salinity covering the duration of the deployment.
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Figure 24.  Diagmostic data for MMP operation – clockwise from top left – min/max pressure, avg volts, absoluteb speed and average motor current.

Deployment

MMP s/n 12047 set up parameters

ID        M| Mooring ID             = 010

Start    Z| Scheduled start        =   10/14/2009 12:00:00

Schedule  I| Profile start interval = 002 00:00:00 [DDD HH:MM:SS]                

           R| Reference date/time    =   10/15/2009 10:00:00

           B| Burst Interval         =     Disabled                

           N| Profiles per burst     =     Disabled

           P| Paired profiles              Disabled                

           F| Profiles / file set    =            1              

Stops  S| Shallow pressure       =         50.0 [dbar]                

           D| Deep pressure          =       1110.0 [dbar]                

           H| Shallow error          =         60.0 [dbar]                

           E| Deep error             =         40.0 [dbar]                

           T| Profile time limit     =     01:28:20 [HH:MM:SS]                

           C| Stop check interval    =            5 [sec]

           L| Fluorometer            =     Disabled

           O| OBS Turbidity          =     Disabled    

RTCRTC: 10/13/2009 13:42:44   WDC: 10/13/2009 13:42:44   11.5 Vb     -1 mA

Sensor warm-up will begin at               10/14/2009 11:58:00

Initial dive to bottom stop will begin at  10/14/2009 12:00:00.

System is ready to deploy.

Sample SBE37 Microcat setup. All 3 Microcats on the mooring are set up similarily.

SBE37SM-RS232 V 3.0b  6015

S>startdatetime=100
122099

09120000

<start dateTime = 12 Oct 2009 12:00:00/>

S>startlater











ds

S>startlater

<!--start logging at = 12 Oct 2009 12:00:00, sample interval = 900 seconds-->

S>ds

SBE37SM-RS232 3.0b  SERIAL NO. 6015  06 Oct 2009 08:41:01

vMain =  6.92, vLith =  3.23

samplenumber = 0, free = 559240

not logging, waiting to start at 12 Oct 2009 12:00:00

sample interval = 900 seconds

data format = converted engineering

output salinity

transmit real-time = no

sync mode = no

pump installed = no

S>

14/10/2009

All times UTC

Conditions : 1’ pancake ice, no wind , low swell, partially cloudy

1720 Releases, bottom glass spheres and anchor ready to sling into position.

1725 SBE37 Microcat s/n 6015 in the water.

1745 MMP s/n 12047 lowered into water on bottom bumper.

1834- SBE37 Microcat s/n 6158 lowered into water.

1840- SBE37 Microcat s/n 3380 (flying Microcat) lowered into the water.

1841- Mooring suspended on pelican hook off crane

1842- Mooring released. GPS position on bridge 71 49.708’N 131 46.604’W. Corrections made for draught and sound speed (calculated from September 20  rosette cast) give corrected sounder depth of 1129 m (1120 +9 - sound velocity 1457ms-1). 

1857-. 71° 49.694’ 131° 46.788’ Enable command 376617 sent to release 28388 – 14 pings replied. SR 1124, 1124 and 1125 m. Send disable command 376637. 

1900-. 71° 49.699’ 131° 46.875’ Enable command 220475 sent to release 29336 – 14 pings replied. SR 1133, 1134 and 1134 m. Send disable command 220504. 

1901 – Confirm both releases disabled and stand off 500 m for rosette cast. 
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Figure 25.  CABOS (H) 2009 mooring diagram.

The recovery of the CABOS G 2008 mooring and deployment of the CABOS H 2009 moorings were accomplished quickly with the help of many others.  The assistance of a trained and motivated deck crew was much appreciated.  Also the station keeping of the ship during recovery and deployment was excellent. Many thanks also to Kris Newhall, Jim Dunn and Rick Krishfield of WHOI for their help and the use of their Lebus dual capstan traction winch.

2.5.8 Vertical Net Tows
A total of 63 Bongo net hauls were completed at 25 oceanographic stations (Figure 25) by Kelly Young and Lori Waters (IOS) with help from the CTD watch.  Bongos were harnessed and deployed in the same manner as the 2008-30 JOIS cruise using a modified Bongo net system consisting of four nets (Figure 26).  One bongo frame with two 50 cm hoops was fitted with a 236 µm mesh net and a 150 µm mesh net.  A second frame with 15 cm hoops was fitted with two 53 µm mesh nets and was attached perpendicular to the first bongo frame.  Each net contained a unidirectional flowmeter to measure the amount of water flowing through the nets.  The 53 µm and 236 µm nets were harnessed with MF-315 flowmeters, and the 150 µm nets with a TSK mechanical flowmeter.
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Figure 26. Map of zooplankton net tows for cruise 2009-20.
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Figure 27.  Modified bongo net system (photos by Alex Kain). 

The net was operated using the starboard A-frame near the bow of the ship.  With the winch in low gear for adequate speed control, the net was lowered to the desired depth at ~ 0.5 m/s and raised at the maximum speed possible at this gear ratio (~ 0.8 m/s).  The hauling speed was higher to increase the catching efficiency of larger more mobile mesozooplankton species, and was consistent throughout the voyage.  Once on deck the nets were washed down using a fire hose connected to the on deck sea-water line.  This water line was not permanently open and it was necessary to request it be turned on prior to net deployment.  It was important to run the water some minutes prior to washing the nets as it was invariably rusty in the beginning.  It is required that the hose be left running once the line has been opened in order to prevent pressure build up and freezing when the air temperature was less than zero. 
Standard, duplicate tows to 100 m were sampled at all stations except one where weather and time restraints limited the deployment to one 100 m tow (MK-3).  In addition to the routine tows, additional tows to depths of 200, 500 and 1000 m were conducted at select stations (Table 13).  The 53 µm net samples were combined for each cast leaving a total of 6 samples at these stations.  Zooplankton preservation aimed to provide samples suitable for taxonomic / population / biogeographic studies (Formalin), DNA analysis (ethanol) and biomass estimation (Figure 27).  The latter was intended to be performed by dry mass estimation after salt removal using ammonium formate.  A pre-requisite for this was pre-weighed pans for drying the zooplankton in, however, these were not provided.  Consequently, samples for biomass estimation were transferred to petri-dishes and frozen in the ‑80 °C freezer.  This may not be ideal for biomass estimation, but does enable more to be done with the samples than just bulk biomass estimation e.g. stable isotope analyses.  The breakdown of sample preservation at a typical two net station as well as for the deep casts is as follows: 
Cast 1 (100 m):
· 236 µm into buffered formalin (10%)
· 150 µm into buffered formalin (10%)
· both 53 µm combined to single buffered formalin (10%) sample 

Cast 2 (100 m):
· 236 µm 95% ethanol  

· 150 µm frozen in whirl-pak at -80 °C
· both 53 µm combined 95% ethanol

Deep Casts (200, 500 & 1000 m):

· 236 µm 95% ethanol
· 150 µm into buffered formalin (10%)
· both 53 µm combined to single buffered formalin  (10%) sample
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Figure 28.  Example of zooplankton sample preservation jars.
Table 14.  Summary of the number of samples taken at each station, based on net mesh size (53, 150 or 236 µm) and tow depth (100, 200, 500 or 1000 m).
	Depth (m)
	Mesh
(µm)
	CAB-OS
	CB-31b
	CB-23a
	CB-27
	CB-29
	Sta-A
	MK-1
	BL-6
	CB-28b
	MK-3
	BL-2
	BL-4
	BL-8
	CB-2
	CB-3
	CB-4
	CB-5
	CB-7
	CB-9
	CB-60
	CB-11b
	CB-16
	PP-7a
	CB-15
	CB-21
	Grand Total

	100
	53
	2
	2
	2
	2
	2
	2
	2
	2
	2
	1
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	49

	
	150
	2
	2
	2
	2
	2
	2
	2
	2
	2
	1
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	49

	
	236
	2
	2
	2
	2
	2
	2
	2
	2
	2
	1
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	49

	200
	53
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	1
	
	1
	3

	
	150
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	1
	
	1
	3

	
	236
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	1
	
	1
	3

	500
	53
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	1
	
	1
	1
	
	1
	1
	6

	
	150
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	1
	
	1
	1
	
	1
	1
	6

	
	236
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	1
	
	1
	1
	
	1
	1
	6

	1000
	53
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	1
	1
	
	
	1
	4

	
	150
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	1
	1
	
	
	1
	4

	
	236
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	
	
	
	
	1
	1
	
	
	1
	4

	Grand Total
	6
	6
	6
	6
	6
	6
	6
	6
	6
	3
	6
	6
	6
	6
	6
	12
	6
	6
	9
	6
	12
	15
	9
	9
	15
	186
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Figure 29.  The MF-315 flowmeter frozen up (photo by Alex Kain).

Problems with the flowmeters were a common occurrence during this cruise, as the MF-315 flowmeters had a tendency for freezing up in the Arctic conditions (Figure 28).  The gears would also jam occasionally, and adjacent numbers would roll over out of sequence.  To prevent the flowmeters from freezing between casts, they were removed immediately following the cast and brought inside the lab to defrost, and replaced immediately before the next cast.  Occasional freezing up still occurred, especially for the multi-tow casts (deep tows) or on very chilly, windy days.  Since similar problems were encountered last year, a TSK flowmeter was also used on one side of the large bongo frame.  The TSK worked well in the cold; however errors occurred from the occasional misreading of the dial.  This type of error would be reduced with experience and by having multiple people reading the dial to check for consistency.


An attempt was made to calibrate the flowmeters onboard near the end of the trip (at CB-12, 12-Oct-09).  The nets were removed from the bongo frame, and the flowmeters attached.  The frame was then lowered to 100m and raised to the surface in the same manner as a standard tow.  Ideally the ascent rate should be constant at 1 m/s, and multiple tows and depths conducted; however only 2 tows to 100 m were completed due to time constraints.  The flowmeter values varied greatly between the two tows, making calibration difficult.  The calibration coefficient was calculated using only the first of the calibration tows, as the other values did not agree well with expected trends for a 100 m tow (Table 14).  The calibration coefficients in Table 2 should be used with caution, if at all, until a complete sequence of calibration tows can be done (preferably 10 to 100 m, plus a set of depths ranging from 50 to 1000).  The net efficiency was then summarized for each type of net used (Table 15).

Table 15.  Flowmeter calibration coefficients obtained from one 100 m tow during 2009-20.
	Flowmeter
	frame
	Revs m-3
	coeff

	TSK 2767
	large
	27.51
	0.036

	MF-315 #1
	small
	92.78
	0.011

	MF-315 #2
	small
	94.28
	0.011

	MF-315 #3
	large
	20.50
	0.049


Table 16.  Net efficiency for each net used during 2009-20.  These are preliminary values, and should not be used with confidence until a complete set of calibration tows can be done.

	Flowmeter
	Mesh (m)
	Depth (m)
	Average Net Efficiency (%)
	

	MF-315 #3
	236
	100
	65.2
	10.9

	TSK 2767
	150
	100
	81.7
	11.1

	#1 & 2
	53
	100
	75.7
	24.1



The weight and weight-line of the bongos were adjusted this cruise to make it easier to deploy and retrieve the nets.  The weight-line needs to be long enough so the weight does not interfere with the cod ends and the nets can hang freely, while short enough so the cod-end guidelines are not too long to get tangled during the tow.  The solution was to slightly shorten the weight-line and attach the 2-53 µm nets to the top of the weight, and attach the 236 and 150 µm (which are longer than the smaller nets) to the bottom of the weight. 


One of the 53 µm mesh nets was damaged on 27-Sept-09 (MK-3) and removed from the frame for repair.  It was thought at the time that there were no replacements available so only one 53µm was used until the net was repaired on 1-Oct-09 (CB-9).  However, it was discovered at the end of cruise that there are 2 more 53µm nets available, and can be used for next year with the 2 older 53µm nets available as spares.

The samples from the 236 µm mesh were collected for John Nelson and samples from the 150 µm and 53 µm mesh for Russ Hopcroft (UAF).  The 53 µm ethanol sample was collected for the Census of Marine Life’s DNA barcoding study, an affiliated program of the International Council of Science, Scientific Committee on Oceanic Research.
INCLUDE 1PG LIST OF “SUGGESTIONS FOR NEXT YEAR”?
2.5.9 Turbulence Profiles

PI Koji Shimada (Tokyo University)

Turbulence measurements were made using a TurboMAP instrument (http://www.alecchina.com/html/turbulence.htm) to evaluate mixing in the upper ocean (i.e. heat flux from Pacific water layer to surface mixed layer and its dependency on small scale ice motions and latitude).  Casts were conducted at CTD stations when opportunity allowed, typically to 500 m.  The TurboMap data is recorded real time via a conducting cable.  The TurboMap free falls at approximately 1m/s collecting measurements.  It is then brought back to the surface by a rail mounted winch.  The winch was initially set up on the stern rail and the HYAB crane was used to lift the TurboMap for deployment and recovery.  The operation was moved to the foredeck, aft of the area used for mooring operations, mid-way through the cruise for instrument safety and ship handling concerns.  The TurboMap was then deployed and recovered via the large foredeck crane.  Because the crane required a crane operator, the casts were limited to day-work hours. 

19 turbulence profiles were collected with a range between 150 and 580 m deep.  

(a)




(b)
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Figure 30.  (a) The TurboMAP; (b) the winch and cable for the TurboMAP.
2.5.10 Drift Bottles

Text?
2.5.11 Phytoplankton
Carbon and nitrogen productions of phytoplankton and their species compositions and physiological characteristics in the Canada Basin (CCGS Louis S St-Laurent)

Mi Sun Yun, Korea Polar Research Institute (KOPRI)

Objectives:

1. To quantify primary production (carbon and nitrogen uptakes) of phytoplankton using a stable isotope

2. To define and compare effects of light and nutrient on the primary production of phytoplankton in the chl a maximum layer 

3. To identify phytoplankton species compositions 

4. To measure physiological characteristics of phytoplankton and estimate primary production using PAM (Pulse Amplitude Modulated) fluorescence

5. To compare primary production with different method (Carbon and PAM method)

Methods

1. To quantify carbon and nitrogen uptake of phytoplankton at different locations, productivity experiments were executed by incubating phytoplankton in the incubators on the top-deck for 3-4 hours after stable isotopes (13C, 15NO3, and 15NH4) into each bottle were inoculated. Total 11 carbon and nitrogen uptakes experiments (Table 1) were completed. Seawaters (using 500ml bottles with different screen depending on depth) were collected from Niskin at 6 different light depths (100, 50, 30, 12, 5, and 1%). After the incubation, all productivity sample waters were filtered on GF/F (ø = 25 mm) filters and dried in the 60oC oven. For laboratory isotope analysis, these samples will be sent to University of Alaska Fairbanks after this cruise. 

Along with the carbon and nitrogen uptakes experiments, 13 light enrichment experiments and 10 nutrient enrichment experiments (Table 1) were conducted from 1% light depth to define and compare effects of light and nutrient on the primary production of phytoplankton in the chl a maximum layer. 
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2. To identify species composition of phytoplankton, water samples were taken from 100, 30, and 1 % of light depth at every productivity station. Based on the HPMA slide method, the total 39 samples were fixed for identifying species compositions of phytoplankton later at the laboratory in KOPRI. 
3. To measure chlorophyll fluorescence using Phyto-PAM (Walz, Effecltrich, Germany), water samples (50ml) were taken from 100, 30, and 1 % of light depth at every productivity station. The total 39 samples were measured for analysis of physiological characteristics of phytoplankton. Physiological condition could be assessed by measuring the effective quantum yield of PSII (ΦPSII) which measures the proportion of the light absorbed by chlorophyll associated with PSII used in photochemistry. Photosynthetic activities were assessed using rapid-light curves (RLCs), where samples were exposed to nine incremental steps of irradiance (20 s per step) ranging from 0 to 764 mol photons∙m-2∙s-1. Photosynthetic parameters will be derived by fitting to the model of Platt et al. (1980). These parameters will be compared with parameters by carbon method.

4. 2 ice algae were taken at the bottom 3cm of ice core in the different stations (ITP 3, 4: One is new-year ice. Another is multi-year ice). These samples were fixed for identifying species compositions of ice algae. Two samples can be compared with difference of species compositions.

Table 1. Sampling list 

	St.
	Primary Production
	Species Composition
	PAM 

Measurement

	
	Carbon Production
	Nitrogen Production
	Effect of Light Enrichment 
	Effect of Nutrient Enrichment
	
	

	CABOS
	√
	√
	√
	√
	√
	√

	CB-23a
	√
	√
	√
	
	√
	√

	MK-7
	√
	√
	√
	
	√
	√

	CB-28b
	
	
	
	
	√
	√

	CB-2a
	√
	√
	√
	√
	√
	√

	CB-4
	√
	√
	√
	√
	√
	√

	CB-9
	√
	√
	√
	√
	√
	√

	CB-10a
	√
	√
	√
	√
	√
	√

	CB-11b
	√
	√
	√
	√
	√
	√

	CB-11
	
	
	√
	
	√
	√

	CB-15/17
	√
	√
	√
	√
	√
	√

	CB-40b
	√
	√
	√
	√
	√
	√

	CB-21
	√
	√
	√√
	√√
	√
	√


2.5.12 Dispatches (WHOI)

Alex Kain - Necessary to include a description or is it enough to mention in into?

2.5.13 Media – Documentary Filming (EBS)
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