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Abstract
McLaughlin, F., Proshutinsky, A., Carmack, E.C., Shimada, K., Brown, K., Corkum, M. Dempsey, M., Drost, H., Eert, J., Guay, C., Guéguen, C., Hutchings, J., Itoh, Jackson, J., M., Kane, T., Krishfield, R., Li, B., Maclean, H., Nelson,J., Nelson, R., Smith, J., Steel, M., White, L. and Zimmermann, S. 2010. Physical and chemical data from the Canada Basin, July 26 to August 31, 2007.  Can. Data Rep. Hydrogr. Ocean Sci. 189: xx + XXXp.
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 26 July to 31 August, 2007 (Institute of Ocean Sciences Mission Number 2007-20).  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 (include altimeter here?) and the rosette bottle data include salinity, oxygen, nutrients including ammonium, oxygen isotope ratio, barium, dissolved inorganic carbon, alkalinity, chlorophyll-a and phaeopigment, bacteria, iodine and cesium radionuclides, colored dissolved organic matter, particulate organic carbon and total suspended solids.  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., Corkum, M. Dempsey, M., Drost, H., Eert, J., Guay, C., Guéguen, C., Hutchings, J., Itoh, Jackson, J., M., Kane, T., Krishfield, R., Li, B., Maclean, H., Nelson,J., Nelson, R., Smith, J., Steel, M., White, L. and Zimmermann, S. 2010. Physical and chemical data from the Canada Basin, July 26 to August 31, 2007.  Can. Data Rep. Hydrogr. Ocean Sci. 189: xx + XXXp.

Une enquête hydrographique 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 26 juillet au 31 août 2007 (mission numéro 2007-20 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, en radionucléides de l’iode et du césium, 
matière organique dissoute colorée, en carbone organique particulaire et le total a suspendu solids.  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-2007 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 26 July to 31 August, 2007 (Institute of Ocean Sciences Mission Number 2007‑20).  A science team of 26 people (Appendix 1) conducted Conductivity, Temperature and Depth (CTD) rosette casts, mooring recovery and deployments, expendable CTD (XCTD) casts, vertical net tow operations and underway measurements.  A high resolution, full ocean-depth hydrographic survey of the southern Canada Basin was obtained.   

This report provides a summary of all science activities and data collected from CTD/rosette casts: the CTD include pressure, temperature, salinity, oxygen, transmission and fluorescence and altimeter 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, iodine and cesium radionuclides (129I and 137Cs), colored dissolved organic matter (CDOM), particulate organic carbon (POC) and total suspended sediments (TSS).  Sample collection procedures and analytical methods for the CTD rosette water chemistry program, conducted primarily by the team from the IOS, are also reported.  Other samples collected but not included in this report are dissolved organic carbon (DOC), 13C, Pu, Am, RNA, DNA, Urea, biogenic silica, HPLC and FISH.
FIELD WORK SUMMARY

[ARE WE REPORTING MISSION 2007-19 HERE??? The C30 scientific research program carried out from the CCGS Louis S. St-Laurent from Halifax to Kugluktuk, July 4 to 26, 2007.]

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 #2007-20 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 2.
Total Distance Covered: 9990 km
26 July to 31 August, 2007, Cambridge Bay to Kugluktuk, NU

· 107 CTD/Rosette casts at 65 Stations 
1. CTD:  The primary CTD (a Seabird SBE9+) was equipped with 2 temperature sensors, 2 conductivity sensors (for salinity), 2 SBEXX oxygen probes, transmissometer, fluorometer, bottom contact warning and an altimeter and surface reference PAR.  Casts shallower than 1000 m typically also had nitrate (ISUS) and PAR sensors.
2. Rosette:  Water chemistry samples drawn from the 24 10 L Niskin bottles include salinity, dissolved oxygen, nitrate, silicate, phosphate, ammonium, (18O, barium, DIC, alkalinity, chlorophyll-a and phaeopigment, bacteria, 129I and 137Cs, CDOM, POC and TSS.  Other samples collected but not included in this report are dissolved organic carbon (DOC), 13C, Pu, Am, RNA, DNA, Urea, biogenic silica, HPLC and FISH.
3. LADCP:  Current measurements from a downward looking lowered acoustic doppler current profiler.

· 99 XCTD casts typically to 1100 m depth
· 10 XCP (expendable current profiler) casts, maximum depth 1000 m 

· 34 XBT (expendable temperature and depth profiler) casts, maximum depth 2000 m
· 5 Mooring Recoveries (4 deep basin, and 1 slope mooring)
· 4 Mooring Deployments (4 deep basin)
· 3 Ice Buoy Deployments: 
· 1 site with a single Ice Tethered Profiler (ITP)
· 1 multi-buoy site with an ITP, an Ice Mass Balance Buoy, and an Ice Heat-Flux Buoy
· 1 multi-buoy site with an ITP, an Ice Mass Balance Buoy, an Ice Heat-Flux Buoy, and a nearby ring of 3 GPS Buoys
· 2 Ice Buoy Recoveries
· 6 Casts at 4 stations for in-situ pumping, with up to four pumps attached to the wire per cast

· Ice Observations
· 3 Ice Buoy Deployments: 

· Hourly visual observations from bridge
· Opportunistic aerial observations during helicopter flights
· 5 on-ice surveys

· Underway data collection of ship’s meteorological, depth, sea surface, and navigation sensors
· 58 Shallow CTD SBE19+ casts hand lowered from FRC, ice and ship

· 48 vertical net tows at 24 stations typically to 100 m; samples were collected with nets having 53 µm, 150 µm and 236 µm mesh size
· 104 Drift Bottles Deployed
· Documentary filming by Japan’s Asahi Broadcasting Corporation
Other:

· Passenger transfer at Barrow for medical reasons
· Fuel (1000 m3 litres) loading by barge near Herschel Island
· Transfer of science samples and equipment to the CCGS Sir Wilfrid Laurier at Kugluktuk
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 2.  


[image: image1.jpg]



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

[image: image2.jpg]



Figure 2.  The cruise track for JOIS-2007 with science stations where physical and geochemical measurements were taken.
[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 SZ TO EDIT
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 back to shore, and assisted in navigation and information regarding science station locations.


The Canada Basin was ice covered from roughly XX°N to the north during [MONTH], 2007 and 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.  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.


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 3 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 new 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 [REPEAT LIST FROM ABOVE??] salinity, dissolved oxygen, nutrients (including ammonium), oxygen isotope ratio, barium, dissolved inorganic carbon, alkalinity, chlorophyll-a and phaeopigment, bacteria, iodine and cesium radionuclides (129I and 137Cs), particulate organic carbon and total suspended solids.  Sample collection procedures and analytical methods for the CTD rosette water chemistry program, conducted primarily by the team from the IOS, are also reported.  [REPEAT FROM ABOVE??] Other samples collected but not included in this report are dissolved organic carbon, colored dissolved organic matter (CDOM) and 13C.

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, the gas samples being collected first.  Salinity, dissolved oxygen, nutrients (including ammonium), and chlorophyll-a were analysed on board.  All other samples were prepared and stored for analysis on shore. 

CTD DATA ACQUISITION, PROCESSING AND VALIDATION

Overview/Highlights

[INSERT DETAILS]

See Appendix 4 for CTD cast notes and list of interpolations.

See Table 1 below for details on CTD accuracy.
Table 1.  CTD Accuracy for 2007-20.

	Sensor
	Accuracy 
	Lab Calibration Applied
	Correction to Lab Calibration
	Comment

	Pressure
	
	
	
	

	Temperature
	
	
	
	

	Conductivity
	
	
	
	

	Salinity
	
	
	
	

	Oxygen
	
	
	
	

	Transmission
	
	
	
	

	Fluorescence
	
	
	
	

	Altimeter
	
	
	
	


Acquisition and Processing Steps

CTD Pressure

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).

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. 
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.

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).
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.

CTD Fluorescence  

Data Spike Removal
Criteria for temperature and salinity spike identification:

[LIST]


Interpolations are listed in Appendix X.X.

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.

3. CHEMISTRY SAMPLING AND ANALYSIS

Overview/Highlights


Samples were collected for 21 water properties, listed below in Table 5.  Salinity, dissolved oxygen, nutrients (including ammonium), and chlorophyll‑a were analyzed on board.  All other samples were prepared and stored for analysis on shore. 
Table 5.  Water Sample Summary

	Parameter
	Canada Basin Casts (Casts 3 to 107) 
	Depths
	Analyzed
	Investigator

	Salinity
	All
	Full Depth
	Ship and shore lab
	Fiona McLaughlin (IOS)

	Dissolved Oxygen 
	All
	Full Depth
	Ship
	Fiona McLaughlin (IOS)

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

	Ammonium
	All except 11, 14, 27, 37, 46-75, 77, 78, 88, 89, 91-107
	0 to 300 m
	Ship
	Fiona McLaughlin (IOS)

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

	Barium
	All
	0 to 250 m and 1 deep
	Shore lab
	Chris Guay
(OSU)

	Dissolved Inorganic Carbon and Alkalinity
	37, 52, 71, 90, 100
	Full Depth
	Shore lab
	Fiona McLaughlin (IOS)

	Alkalinity (Fresh Water)
	All except 75
	0 to 300 m, 1 deep
	Shore lab
	Michiyo Kawai 
(IOS)

	Chlorophyll-a  and Phaeopigment (Total and 3 µm filter)
	Most
	0 to 110 m
	Ship
	Fiona McLaughlin (IOS)

	Bacteria
	All
	0 to 300 m, occasionally 1 deep
	Shore lab
	Bill Li 
(BIO)

	Iodine-129 isotope (129I)
	17, 20, 21, 42, 51, 52, 55, 56, 62, 65, 66, 71, 73, 74, 78, 80, 81, 91, 92, 98, 99, 100, 102
	Full Depth
	Shore lab
	John Smith 
(BIO)

	Cesium-137 isotope (137Cs)
	51, 55, 65, 70, 74, 92, 98, 101
	Surface (4‑6 m) and 300 to 1000 m
	Shore lab
	John Smith 
(BIO)

	Particulate Organic Carbon (POC)
	6, 7, 15, 22, 28, 31, 39, 57, 58, 61, 82, 85, 99
	0 to 300 m,

1 deep
	Shore lab
	Fiona McLaughlin (IOS)

	Total Suspended Sediment (TSS)
	6, 7, 15, 22, 28, 31, 39, 42, 57, 58, 61, 82, 85, 99
	0 to 300 m,

1 deep
	Shore lab
	Fiona McLaughlin (IOS)

	CDOM
	All except 75, 89, 91
	Full Depth
	Shore lab
	Céline Guéguen (IARC/Trent)

	DOC 

(Under analysis)
	All except 75, 89, 91
	Full Depth
	Shore lab
	Céline Guéguen (IARC/Trent)

	Carbon-13 isotope (13C)
(Not analyzed to date: July 2010)
	All
	Surface
	Shore lab
	CS Wong 
(IOS)


*CDOM/DOC – compared to stations where both sal and oxy samples were collected.
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 (Table 6).  Outliers are removed according to Chauvenet’s Criterion (Taylor 1997). 

Table 6.  Water Sample Precision *Original stats from analysts – 15April2010
	Chemistry Sample
	Precision
	Units
	Number of Replicates (n)
	Minimum Range
	Maximum Range

	
	(sp)
	
	
	
	

	Salinity (all) 
	0.011
	PSU
	160
	11.29
	34.96

	Dissolved Oxygen
	0.043
	mL/L
	200
	5.23
	10.42

	Nitrate 
	0.09
	mmol/m3
	131
	0.0
	16.6

	Silicate
	0.15
	mmol/m3
	133
	2.2
	39.6

	Phosphate (fresh)
	0.03
	mmol/m3
	36
	0.21
	1.87

	Phosphate (frozen)
	0.03
	mmol/m3
	43
	0.40
	2.12

	Ammonium (fresh)
	0.02
	mmol/m3
	348
	0.00
	1.65

	Alkalinity (fresh water)
	3.5
	µmol/kg
	145
	1061.8
	2367.1


VS 
MC sp values calculated 30 July, 2010: FM to verify: 
2007-20 sp calcs 30July2010.xls
	Chemistry Sample
	Precision
	Units
	Number of Replicates (n)
	Outliers removed
	Minimum Range
	Maximum Range

	
	(sp)
	
	
	
	
	

	Salinity (all) 
	0.011
	PSU
	160
	7
	11.29
	34.96

	Salinity at sea
	0.011
	PSU
	153
	7
	11.29
	34.96

	Salinity onshore
	0.002
	PSU
	6
	1
	11.29
	34.96

	Dissolved Oxygen
	0.027
	mL/L
	195
	7
	5.23
	10.42

	Nitrate (fresh)
	0.08
	mmol/m3
	158
	5
	0.0
	16.7

	Nitrate (frozen)
	0.15
	mmol/m3
	8
	1
	0.0
	16.7

	Silicate (fresh)
	0.16
	mmol/m3
	157
	6
	1.33
	39.56

	Silicate (frozen)
	0.25
	mmol/m3
	8
	0
	1.33
	39.56

	Phosphate (fresh)
	0.01
	mmol/m3
	41
	4
	0.21
	2.24

	Phosphate (frozen)
	0.02
	mmol/m3
	33
	3
	0.21
	2.24

	Ammonium (fresh)
	0.02
	mmol/m3
	345
	10
	0.00
	1.65

	Alkalinity (fresh water)
	3.82
	µmol/kg
	138
	3
	1061.8
	2367.1



All samples were referenced to a unique sample number associated to each Niskin closure.

Of note:

[INSERT COMMENTS]
See Appendix 5 for single cast plots, Appendix 6 for group property-property plots and Appendix 7 for section plots.
3.1.1 Salinity 

Analysis at Sea


Onboard, samples were analyzed on the Guildline Autosalinometer Model 8400B (SN: 69086) by Mike Dempsey and Hugh Mclean.  Procedure followed methods as outlined in the standard IOS protocol.  Water samples were collected from Niskin bottles immediately following a rosette cast.  Salinity bottles were used with a two cap system, an insert cap followed by a screw on cap.  Salinity bottles and insert caps were rinsed 3 times 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. 


IAPSO Standard Seawater (OSIL, batch P147, 6 June 2006, K15 = 0.99982, PSU) was measured at the beginning and end of each run to calibrate the Autosal and identify instrumental drift.  Data are reported in practical salinity units (PSU) (Lewis & Perkin 1978).  

[From Salt report:]

Many duplicate samples were taken.  In addition, 24 samples taken at one depth from individual bottles were analyzed later as a cross check.


The new model 8400B AutoSal with data logger was purchased in March 2007 for use on CCGS Louis S. St-Laurent cruises.  The new Autosal was a tremendous advance over the 20 year old model 8400A.  In addition, due to temperature control issues in 2006 for both oxygen and salinity analysis, a new work space was created on the boat deck.  A 16' steel shipping container was prepared with temperature control to maintain a stable lab environment for analysis.  Together these two improvements to the program resulted in extremely stable measurements with very little drift day to day for up to one week.
 

Differences in the standby number (indicating stability) were very small over this period.  Another change from last year was the addition of a Salinometer Data Logger (SDL) which includes a GPIB to RS232 interface and software.  The SDL semi automates the reading and logging of data and provides data output in Excel spreadsheet or text format.








[too much detail?] During a calibration on 8 August, the standardization was seen to change and a new value dialed in.  As a result, the standby number changed from 6040 to 6050.  The standard was read several times and appeared to be correct despite the relatively large change in standby number.  A few cases of samples were run using this value.  The next day, another standard was run and the standardization value again required a change.  After dialing in a new standardization value, the standby number returned to 6040.  In other standardizations, the standby number was always been 6040 ±1.  It would appear that the samples run on 8 August may require some re-calculation due to the bad calibration.  Probable cause of the anomaly is likely that the standards stored in a drawer in the lab had a temperature of 18 °C and may not have warmed to the bath temperature appropriately.
Analysis Onshore


Onshore at IOS, samples from stations CB31-b and CABOS were analyzed on the Guildline Autosal Model 8400B s/n 68572 by Mary Steel.  Procedure followed methods as outlined in the standard IOS protocol.  IAPSO Standard Seawater (OSIL, batch P147, 6 June 2006, K15 = 0.99982, PSU) was run before and after the analysis.  The autosal night cal checks revealed only a slight drift in conductivity of 0.000010 to 0.000030.  The instrument did not require adjustment of the standardization dial and remained stable through to the end.
Precision

	Chemistry Sample
	Precision
	Units
	No. of Replicates (n)
	No. of Outliers Removed

	
	(sp)
	
	
	

	Salinity (all) 
	0.011
	PSU
	160
	

	Salinity at sea
	0.011
	PSU
	153
	

	Salinity onshore
	0.002
	PSU
	6
	


3.1.2 Dissolved Oxygen

Following the cast, once the Niskin bottle integrity was checked, samples were drawn for CFCs and then dissolved oxygen.  Water was drawn through rubber tubing into a calibrated (volume) glass flask with attached stopper.  The sample was immediately pickled with 1.0 mL of manganous chloride then 1.0 mL alkaline iodide, the stopper inserted and the flask shaken to mix the contents. The flask was stored in the refrigerator until analysis.

Analysis


Dissolved oxygen samples were analyzed on board by Mary Steel within 24 hours of collection using an automated version of the Micro-Winkler Technique as described in Carpenter (1965).  The methodology follows standard IOS protocol described by Minkley and Chase (1997).  All chemical solutions were prepared at IOS.  The titration was performed with a Metrohn Dosimat 665 and the end point was detected using a Brinkmann probe colorimeter PC910 SN910-358.  Software, written at IOS (NewAutoOxy.exe), was used to calculate dissolved oxygen (mL/L). 

A problem with the titration software occasionally caused the program terminate the titration prematurely.  The software was restarted, the titration completed and the volume of titrate used in the two runs was summed.

Standards and Accuracy


Standards and blanks were measured whenever a new bottle of reagent and/or sodium thiosulfate or potassium iodate was opened.  Subsequent analyses used these new values to calculate oxygen concentration. 

 
The pooled standard deviation was sp = 0.043 mL/L; n = 200 pairs with X outliers removed.  

Deep water samples, from depths greater than XXXX m in the homogenous bottom water were found to have a mean of X.XX with a standard deviation of 0.0XX from XX samples.


Oxygen samples were compared with CTD oxygen profiles to identify outliers.  At depths shallower than 500 m, differences greater than 0.1 mL/L were examined and flagged if no reason for the difference could be found.  Below 500 m, the data were flagged as bad and not reported if differences were greater than 0.05 mL/L.  As with the salinity samples, due to possible flushing effects through steep gradients, exceptions were made if the sample value was vertically within 5 m of the CTD profile (accepted as good values) or within 10 m (flagged as questionable values).
3.1.3 Nutrients  

Sampling


Water samples for nutrient determination were collected into acid-washed polystyrene test tubes after the tube and cap had been rinsed three times with the sample water.  Samples collected at the last 5 stations were frozen and analyzed at the Institute of Ocean Sciences using the same method.  If analysis could be performed within 24 hours the samples were stored at 4 °C, if not they were frozen at ‑20 °C.  

Note: Surfactants for all three nutrients were misplaced during shipping.  Palmolive dish detergent was an effective surfactant for nitrate and silicate but not for phosphate.  Beginning August 12th with Cast 43, all phosphate samples were frozen in glass for analysis at IOS.  


At station CB18 quadruplets were taken in polystyrene tubes and duplicates were taken in glass tubes.  For the polystyrene, two sets were analyzed for nitrate and silicate on day one, the triplicate on day 2 and the 4th set was analyzed at IOS.  Both sets in glass were analyzed for phosphate at IOS.  
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.

From Linda 19May2010
	Nutrient
	NO3 + NO2
	Si(OH)4
	PO4
	NH4Cl

	Lot number
	FS 746202
	AC 8505 
Lot16893-85-9
	BDHAristar 452232c
	An 05106-308 Lot101206

	Date prepared
	22-May-07
	22-May-07
	22-May-07
	22-May-07

	Weighed salt (g)
	0.2528
	0.94033
	0.34023
	0.0534 gms

	Calculated µm/L
	2500 µm/L
	5000 µm/L
	2500 µm/L
	1000 µm/L

	Solution Temp
	22.8 °C
	22.8 °C
	22.8 °C
	22.8 °C


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 set of working standards (low, medium and high) were prepared from the stock standard solution, using freshly prepared 3.2% sodium chloride (Sigma) solution.  The stock solutions were prepared from: Potassium nitrate (FS 746202), Sodium silicofluoride (AC 8505 

Lot16893-85-9) and Dihydrogen potassium phosphate (BDHAristar 452232c).  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.  
From Linda – May 19, 2010


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 (AS and AT) were analyzed at the end of each day (note: ran out of silicate early in the trip).  All KANSO reference samples, newly opened, were 3 years old.  See below for specific details.  An onboard reference sample collected at CB-28b on August 1, 2007 (Cast 16; sample number 283; 1,200 m depth) was stored at 4 °C in the dark and analyzed daily to provide an operational check. 

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 (Table 7). 

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; no phosphate samples required a turbidity correction.  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 7.  Quality control and assurance for nutrient samples.  FROM LW – OUTLIERS?
	Nutrient
	Nitrate + Nitrite

mmol/m3
	Silicate

mmol/m3
	Phosphate 

mmol/m3
	Phosphate 

mmol/m3

	Sample Replicates
	
	
	Fresh
	Frozen

	sp 
	0.09
	0.15
	0.03
	0.03

	No. of duplicates
	131
	133
	36
	43

	Range
	0.0 – 16.6
	2.2 – 39.6
	0.21 – 1.87
	0.40 – 2.12

	Medium check standard
	
	
	
	

	Calibrated value
	16.0
	40.0
	2.00
	2.00

	Average and std dev
	16.1 ± 0.1
	40.0 ± 0.2
	1.99 ± 0.02
	2.00 ± 0.02

	No. of duplicates
	47
	47
	16
	19

	WAKO
	20
	50
	
	

	Wako Standard
	20.1 ± 0.1
	50.2 ± 0.17
	n/a
	n/a

	No. of duplicates
	15
	4
	
	

	KANSO LOW
	0.1
	1.84
	0.05
	AY 0.51

Opened earlier

	Japanese Reference Sample:  AS 
	0.07 ± 0.04
	1.84 ± 0.13
	0.04 ± 0.01
	0.57 ± 0.03

	No. of duplicates
	12
	12
	9
	

	KANSO HIGH
	7.42
	18.2
	0.54
	

	Japanese Reference Sample:  AT 
	7.57 ± 0.06
	18.4 ± 0.19
	0.57 ± 0.01
	

	No. of duplicates
	12
	10
	9
	

	CB29b #283 shipboard reference
	13.0 ± 0.2
	8.6 ± 0.1
	0.94 ± 0.01
	0.93 ± 0.02

	Range
	13.0 – 11.4
	8.1 – 7.9
	 0.96 – 0.93
	0.91 – 0.96

	n
	26
	24
	11
	6

	Detection Limit
	0.09
	0.13
	
	

	n
	10
	10
	
	


Ian Wrohan set up his filtration equipment in the nutrient lab when the Louis left Halifax so the nutrient lab was relocated to the main U shaped counters in the Main Lab area.  This area was not as convenient to sinks or the Nanopure water system and was a high traffic area.  Ship’s water tested August 14, 2007 contained 0.05 µm/L nitrate + nitrite and 0.90 µm/L silicate and zero ammonium.

 
Surfactants for all three nutrients were not located after unpacking the nutrient supplies.  Palmolive dish detergent was an effective surfactant for nitrate and silicate but produced white precipitates in the platen tubing, flow cell and waste lines for phosphate.  Samples were frozen in glass for phosphate determination back at IOS.  Frozen replicate samples were analyzed back at IOS to check on the use of Palmolive detergent and sodium lauryl sulfate as surfactants.
Palmolive dish detergent 

· July 31, #198 - #221 (N, Si and P), 

· August 2, phosphate repeats plus Cast #16, Cast #10, Cast #9, Cast #2.

Sodium Lauryl Sulfate:

· August 3, tested phosphate with Sodium Lauryl sulfate (SLS) Cast #9, Cast #1, and Cast #2. 

Sodium Lauryl Sulfate and Brij 35:
· August 4, Nitrate is now with Brij, Silicate and phosphate with Sodium Lauryl Sulfate Casts 15, 21, 23, 24, 4, 2, 20, and 14.  

· August 5, 6 and 7 continue with SLS for silicate and phosphate Casts 17, 30, 28, 26, 32, 31; Casts 25, 27, 37, 39, 29; Casts 36, 37, 40, 41. 

· August 8, the following samples had been frozen and then thawed to analyze: Casts 3, 5, 11, 4. 

· August 10, Casts 43, 44, 45, 47, 48, 50. 

· August 12, began freezing sample to be analyzed at IOS and continued use of Brij for nitrate and SLS for silicate with good results.

Terry Whitledge of the University of Alaska, Fairbanks was contacted and he sent Brij 35 and sodium lauryl sulfate surfactants to Point Barrow, Alaska where the Canadian Coast Guard Crew picked them up, August 3, 2007.  Jennifer Hutchings and her husband Pat assisted in making this possible.


Sodium lauryl sulfate worked very well for silicate as Terry’s method described.  It did not work well with phosphate; it too, produced a white precipitate clogging the lines.  Beginning August 12th with Cast 43, all phosphate samples were frozen in glass for analysis at IOS.  Brij 35 is the usual surfactant for nitrate and Brij blocks colour development in the phosphate chemistry.  
3.1.4 Ammonium 
Standard Info from Linda 19May2010: An 05106-308 Lot101206
Sampling

Ammonium concentrations in the shallow waters of the Canadian Basin were collected and analyzed onboard by Kristina Brown following the procedures outlined by Holmes et al. 1999.  Samples of 40.5 (± 0.58) mL of seawater were collected in duplicate from the 10 L niskin bottles collected at each station along the shelf transects and at productivity sampling stations from a depth of 34.6 psu and shallower, with a zero value sample set taken at ~ 450 to 500 m depth.  

Analysis

Samples were prepared by adding 10.00 mL of working reagent (prepared according to Holmes et al. 1999) and let to sit in the dark for 5 to 8 hrs at room temperature.  After sitting for 5 to 8 hrs, samples were measured with a TD-700 fluorometer (Turner Designs), in simple mode, with sensitivity calibrated to a 0.5 μM standard, reading sensitivity level 31.  Samples with concentrations falling outside of the standard curve range were evaluated again with the instrument calibrated to a 1.0 μM standard (S4), reading a sensitivity level of 28.  376 sample pairs were collected and processed during this cruise along with 17 sets of standards.      


Reagents were prepared on board in the main lab fume hood and allowed to sit for at least 24 hrs prior to use.  Samples were collected in 50 mL glass test tubes with plastic screw top lids.  Glassware was rinsed twice in DMQ water before being soaked in a 10 % HCl bath for at least 4 hrs (usually overnight) and then rinsed again twice in DMQ and allowed to air dry.  The plastic screw top test tube lids were cleaned with DMQ water and a 10% HCl rinse before being soaked for >4hrs in DMQ water.  Caps were used a maximum of 3 successive batches before being discarded.   The acid bath was kept in the main lab fume hood and rinsing was done in the main lab nutrient room, with subsequent air drying done in LAB B.    

Standards

Standard sets were run with every station or group of stations and prepared with samples using seawater either collected from the 450 to 500 m bottle from the same rosette or from a cubitainer of water collected from deep bottles at the beginning of the BL line and stored in the cold room on the ship.  In order to analyze stations that were close together some samples were stored in the oxygen fridge (away from any ammonium based chemicals) for up to 72 hrs before adding working reagent.   These samples were analyzed in batches with one set of standards and almost always prepared for analysis within 36 hrs of sampling.  

Ammonium chloride secondary standards from 2006 and 2007 were run concurrently to test standard solutions between years.  In this comparison, the 2007 secondary standard used in analysis was measured against a new batch of secondary standard made from the primary standard used in 2006.  The 2007 ammonium chloride standard differed little from the 2006 standard (Figure 15).
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Figure 15.  2007 vs 2006 ammonium chloride secondary standard. 

INCLUDE DETAIL BELOW?
Reagent Blank

The average reagent blank value (all batches of working reagent) is given below.  A test was also done at CB21 using one WR batch (WR 5) to determine the reproducibility of duplicates and the detection limit of the method.
Reagent Blank (Zero Standard): All stations; All working reagents
Average: 46.94 fsu 
(n = 33)
Standard Deviation: 17.38 fsu 
10 Blank CB21 Test (500 m bottle)
Average:  29.18 fsu
(n = 10)
Standard Deviation: 5.33 fsu


From the Blank test at CB21 the detection limit for this method for this year should be 16.0 fsu (3 x 5.33 fsu), or around 0.01 μM, compared to a DL of 14.5 fsu in 2006.  While the blank test at CB21 gave blank values in line with those found in 2006, the blanks measured throughout the trip were quite different.  As was reported in 2006, the blank readings over the course of this cruise made it apparent that fluorometer readings below 30-50 fsu are highly variable, and perhaps the detection limit should be re-evaluated.  Samples reading from 30 to 50 fsu would fall around -0.02 (in put as 0.00) to 0.02 uM depending on the WR blank.


An important issue to address with this trip was the difference in the reagent blank between 2006 and 2007.  This year the blank was significantly higher (48.94 ± 17.38 fsu) compared to that found in 2006 (17.0 ± 11.1 fsu).  While 2007’s reagent blank was higher, it continued to be consistent throughout the cruise, dropping only slightly in the second half.  


There are several ways the reagent blank average can be looked at over the course of the trip.  Table 1 illustrates the reagent blank evolution over the cruise.  Characteristically the initial standard sets reagent blank will be higher due to the equilibration time required for the WR.  Sampling got underway rather quickly this trip and therefore only permitted the WR batch 1 to sit for ~2 days before being used, if the initial two standard sets are taken out of the pool of all standard sets for this reason the reagent blank value lowers to 42.22 ± 12.00 fsu.     

Table 8. Comparison of Reagent Blank Groupings

	Reagent Blank
	Average (fsu)
	STDEV (fsu)
	n

	All stations, All WR
	46.94
	17.38
	33

	All stations w/o first 2 batches
	42.22
	12.00
	31

	All stations, WR Batches 1-3
	48.98
	10.91
	14

	All stations, WR Batches 4-5
	37.45
	10.57
	18



It was observed that the OPA crystals used to make WR during this field season were very difficult to dissolve in the ethanol.  In 2006 it seemed that the time limiting factor for making WR was the dissolution of the borate buffer, however this year the OPA crystals took hours to days to dissolve, and because of time constraints, were added to the first 3 batches of WR without full dissolution (only a few crystals left, but still not fully dissolved).  It was thought that the non-denatured ethanol was the culprit and a denatured ethanol was tried for WR batch 2, however this substitution did not decrease the time to dissolve the OPA crystals into solution.  


For the first 3 batches of WR the OPA solution was allowed to dissolve for as long as 8 to 10 hrs before being added to the WR solution, as time pressure required that the first 3 batches be made quickly.  For the 4th and 5th batches of WR the OPA crystals had a bit more of a chance to dissolve and were able to dissolve completely after being kept in a very warm room (the forward lab housing the Knudsen main computer hub) overnight.  This difference in the OPA dissolution in Batches 1-3 and Batches 4 and 5 might explain the drop in reagent blank over the course of the trip (from 48.98 ± 10.91 fsu to 37.45 ± 10.57 fsu), and might give an overall explanation as to why the reagent blank was so high compared to 2006.  Impurities in the OPA crystals (i.e. One vial of crystals had a black substance in it that was not there when I packed weighed them out.  I did not use this vial.  Also, I assumed the crystals were previously desiccated, perhaps this was not the case) might also be an explanation for increased variability in blank & low sample duplicates compared to 2006.    

Duplicates


Reproducibility between sample duplicates was usually quite good over the trip, despite the blank (zero samples) values being highly variable.  

N? outliers?
Calculated sp values:  
sp (all pair sets) = 0.02 µM





sp (pair sets without flagged data) = 0.01 µM
Results
A brief discussion of trends in the data:
In the data collected from 2006 a trend was observed along the BS line with high concentrations of ammonium found along the 33.1 psu layer traveling out off the shelf and into the basin.  As described by Nishino et al (2005), this density level signifies the accumulation of cold, dense winter water on the shelf sediments, where ammonium accumulates as organic material decays.  As these waters migrate into the basin they carry with them particulate material and ammonium from the sediments they have been interacting with, propagating this dense water signal off of the shelf (Nishino, 2005).  While this signal was most prominent in 2006 along the BS Line, the same transect in 2007 showed a much weaker signal in ammonium, corresponding with a reduced transmission peak.  Figures 2 & 3 illustrate the Ammonium concentrations found along the BS Line transect along with Temperature, Salinity and Transmission recorded by the CTD.  

3.1.5 Oxygen Isotope Ratio ((18O)
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 on shore.

Analysis

Samples were analyzed 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).  Internal standards used were DKWJ, Dome, and JMSW.
3.1.6 Barium  


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. 


No duplicate samples were collected.
3.1.7  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% 

ortho-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 µg 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 14, concentration 2036.68  µmol/kg) which had been calibrated using certified reference material (batch 73 with a concentration of 2057.3 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%).  

No duplicate samples were collected.



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 14, concentration 2268.75), was added to the seawater to take its pH to approximately 3.5.  The acid volume was adjusted depending on the salinity of the sample such that the initial pH was near 3.5 to allow the full titration between 3.5 and 3.0 to be performed.  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 was 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 73, concentration of 2253.5 µmol/kg) (DOE 1994; Dickson 2001; Dickson et al. 2003) supplied by Andrew Dickson (Scripps Institute of Oceanography, San Diego, USA).  

No duplicate samples were collected. 

3.1.8 Alkalinity (Fresh Water)
2007-19: Samples for both legs were analyzed together – include info here?
Seawater samples were collected from Niskin bottles into 500 mL glass bottles for alkalinity measurements.  In total, 450 samples from 62 stations were collected and analyzed at the Institute of Ocean Sciences between November 2007 and May 2008 by Michiyo Kawai.  Of the 450 samples, 145 were analyzed in replicate.  When duplicate measurements did not agree within 10 µmol/kg, samples were reanalyzed 1 to 3 more times or flagged as “questionable” in the data sheet.  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.  
Onshore analysis

Samples were stored in the cooler (~4 ˚C) with 200 µL of HgCl2 added and wrapped with parafilm around the cap until being analyzed at Institute of Ocean Sciences.  The sample was weighed (~75 g) prior to analysis.  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 plot of total alkalinity measurements vs. CTD-salinity, CTD-depth or Niskin bottle number 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.  


In November 2007, certified reference material (CRM) supplied by A. Dickson, Scripps Institute of Oceanography (certified alkalinity value = 2253.5 µmol/kg) was measured and the average concentration of CRM obtained was 2254.87 ± 2.29 (standard deviation) µmol/kg (n = 16).  

IOS standard water (SS-14) was measured daily before the sample measurements.  The average concentration of SS-14 was 2263.52 ± 2.90 (n = 54) while alkalinity of SS-14 assigned by Marty Davelaar by calibrating against CRM was 2268.75 µmol/kg.  


Comparison of deep water (500 to 1050 m) values indicated that TA data from 2007-20 cruise (2302.8 µmol/kg) was higher than analyzed during cruises of LSSL2008, Mirai2008 and LSSL 2005 (2293.0 µmol/kg) in the same observation area.  Although the reason of this difference is unknown, based on the fact that samples were calibrated directly against a CRM on the LSSL2008 and against multiple CRMs from different batches on the Mirai 2008, data for 2007-20 were corrected by multiplying *0.995978 (= 2293.0/2302.26).
Precision


Pooled standard deviation for replicate analysis was sp = 3.5 (n = 145) OUTLIERS?.
3.1.9 Chlorophyll-a   

Chlorophyll a and phaeopigment methods follow the general procedure reported by Strickland & Parsons (1972) and Arar & Collins (1997).  The analysis was performed primarily by Karen Scarcella aboard the LSSL and overseen by Linda White.
Sampling and Filtration


Prior to the cruise, brown Nalgene sample bottles (1 L to 2 L), were acid cleaned with 10% hydrochloric acid, rinsed twice with de-ionized water, then rinsed with double de-ionized water, air dried and capped.  To collect a seawater sample the bottles were rinsed 3 times, filled to the brim or a calibration mark and capped.  Chlorophyll-a was sampled at 29 stations.  For “DNA/RNA” casts, a “total” chlorophyll and a “fraction” chlorophyll sample was collected at each of 6 depths and for the “Geochem” casts, 3 or 4 depths were sampled.  

The samples were kept cool and in the dark until they were filtered.  For “total” chlorophyll the water sample was filtered onto 25 mm glass fiber filters (Whatman GF75), and for “fraction” chlorophyll the water sample was first filtered through a 3 µm filter and then filtered through a GF/F.  Both were filtered under 5 psi vacuum, placed into glass scintillation vials and either extracted immediately or frozen at -20 (C for a few weeks until they were analyzed onboard ship.  Filter blanks consisted of a filter being placed directly into a scintillation vial and treated as a sample.  Samples were filtered as soon as possible after collection and the volume of sample filtered was recorded. The area around the filtration setup was maintained under very low lighting and the actual filtration apparatus was covered with dark plastic.  The filtration castles were rinsed down with DMQ water just before the filtration was complete.  

Extraction 


 A volume (10 mL) of 90% acetone/10% double de-ionized water was added to the scintillation vials, the vials were shaken vigorously and placed in a tray along with two filter blanks.  The filter was submerged in the acetone solution, in the dark and extracted for 24 hours in a -20 (C freezer. 

Measurement


Fluorescence was measured using a Turner Designs 10 AU-005 Field Fluorometer SN 5152 FRXX.  The fluorometer was calibrated with Sigma C6144 – 1 mg Chlorophyll a extracted from Anacystis nidulans algae on May 14, 2007 by Linda White.  The fluorometer lamp and interference filters were changed prior to calibration by Janet Barwell-Clarke.


A solid standard was measured at the beginning and end of each day of analysis to validate the instrument operation.


 Samples were removed from the freezer in small batches to equilibrate for 1 hour in the dark and in the same lab as the fluorometer.  The sample extracts were transferred to clean borosilicate test tubes without disturbing the filter paper.  The tube exterior was wiped clean and placed in the Turner 10 AU Field Fluorometer sample holder making sure the sample cover was in place. Once the reading stabilized the chlorophyll a fluorescence (Rb) was recorded. The extract was then acidified by the addition of 3 drops of 1N HCl and the phaeopigment fluorescence (Ra) was recorded.  If the fluorescence was over range the samples were diluted with 90% acetone and re-read, with the dilution factor being recorded.  Filter blanks were measured in the same manner as the samples.


Clean borosilicate test tubes were used for each sample eliminating possible sample to sample contamination of acid.  Borosilicate tubes were cleaned with 10% solution of Extran, rinsed thoroughly with hot water with a final rinse of double de ionized water, air dried and re-used.

Standardization


Purified Chlorophyll a (Sigma) was dissolved in 500 mL of 90% acetone/10% double de-ionized water in a volumetric flask.  The flask was wrapped in foil to keep the standard in the dark and stored in a freezer.


The primary stock standard was scanned using a Cary spectrophotometer to determine the chlorophyll a concentration.  A series of standards, encompassing the range of sample concentrations, were prepared by dilution with 90% acetone/ 10% double de-ionized water and analyzed on the fluorometer the same day at IOS.  A linear regression was calculated and used to determine sample concentrations.  These calculations were performed in a spreadsheet that included volume filtered, volume of extract and fluorescent values and formulae for chlorophyll a and phaeopigment calculations.


The relative standard deviation (SD) of the solid standard are as follows: Low is 2.73%, average and SD 15.8 ± 0.43 and High is 2.55%, average is 89.6 ± 2.28, where n = 14 readings.

Filter blanks:

0.00 ± 0.00 µg Chla per filter, n = 7

0.00 ± 0.00 µg Phaeopigmentper filter, n = 7

No duplicates samples were collected.

Chlorophyll data processing


Chlorophyll estimates and phaeopigment estimates are calculated following the procedure in JGOFS manual (1994).  The basic equations used are as follows:


Chl (μg L-1) = (Fm/Fm-1) x  (Fo-Fa) x Kx x (Volex/Volfilt)


Phaeo (chl eqiv. wts) = (Fm/Fm-1) x [(Fm*Fa)-Fo] x Kx x (Volex/Volfilt)

Where:


Fm = acidification coefficient (Fo/Fa) for pure chl (usually ~2)


Fo = reading before acidification


Fa = reading after acidification


Kx = door factor from calibration calculations (use 1.0)


Volex = extraction volume (usually 10 mL acetone)


Volfilt = sample volume


3.1.10 HPLC Pigments and Bacteria 
[*from Jane’s cruise report…]

HPLC pigments and bacteria samples were collected from the rosette for Bill Li (BIO).  Samples were collected from the surface and from the depth of the chlorophyll maximum.  For each of the two samples, water was filtered for (1) total pigments (filtering onto 25 mm glass fibre filter) and (2) picoplankton pigments (filtering water through a 3 µm polycarbonate filter and then onto the 25 mm glass fibre filter).


After filtration, the filters were folded, placed into vials and put into liquid nitrogen.  They were removed after freezing and placed into the -80°C freezer.

Bacteria


A single water sample was collected from every depth of each geochemistry cast.  1.8 mL of each sample was added to a cryogenic vial and 0.2 mL of 10% paraformaldehyde was then added to each vial for fixation.  The vials were mixed, left to stand for 15 minutes and then placed into the -80 °C freezer.  

Bill Li:


Phytoplankton and bacterioplankton were preserved in aliquots of seawater sampled from the Niskin bottles mounted on the CTD rosette.  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/).

3.1.11 Radionuclides (Iodine 129 and Cesium 137)

Sampling and Analysis


Seawater samples for 129I analyses were collected into 1 L PVC bottles that had been pre-rinsed with seawater to remove any foreign debris.  Samples were returned to John Smith at the laboratory of the Atlantic Environmental Radioactivity Unit (AERU) at the Bedford Institute of Oceanography (BIO).  In the laboratory, a NaI carrier was added to a 200 mL aliquot of the seawater sample, it was slightly acidified, purified using multiple hexane extractions and iodine was precipitated as NaI.  The NaI precipitate was shipped to the IsoTrace Laboratory at the University of Toronto where 129I analyses were performed by accelerator mass spectrometry (Smith et al. 1998; 1999; 2005).  The sample data were normalized to the IsoTrace Reference Material #2 (129I/127I = [1.313 ± 0.017] x 10-11 atom ratio) which is calibrated using the NIST 3230 I and II standard reference material.  The blank (KI carrier added to distilled and deionized water) for this procedure is 0.75 ± 0.10 x 107 at/L and the standard deviation (one sigma) ranged from 5 to10% (Edmonds et al. 1998).  129I concentrations in seawater are generally expressed in units of 107 atoms/litre.  IsoTrace has participated in a number of 129I International intercomparison exercises, including the NIST SRM 4359 Seaweed, the Lawrence Livermore 129I intercomparison, phases I and II and the IAEA-0375 Radionuclides in Soil intercomparison.  IsoTrace 129I procedures and sample handling protocol have been approved by the United States Office of Civilian Radioactive Waste Management, through on-site inspections by Bechtel SAIC Inc.


Approximately 20 to 30 L of seawater were collected into 10 L plastic carboys for 137Cs analyses.  The water samples were passed through a potassium ferrocyanide (KCFC) packed resin column in the laboratory which quantitatively extracts 137Cs from seawater (Smith et al. 1990; Smith & Ellis 1995).  A second column was occasionally aligned in series to confirm that extraction efficiencies for 137Cs were close to 100%.  The KCFC resin was deployed in a standard geometry and measured using a hyperpure Ge detector having an efficiency of 25%.  137Cs concentrations in seawater are expressed either as Bq/m3 or mBq/L.  Numerous analytical intercomparisons (including publicly reported blind exercises) have been carried out with other laboratories by the (AERU) over the past 30 years for quality assurance purposes.  Intercomparison samples have been provided by the United States Environmental Protection Agency (USEPA), the United States Environmental Measurements Laboratory (EML) and the United States Department of Energy as part of their Mixed Analyte Performance Evaluation Program, MAPEP.  Marine environmental samples (eg. IAEA-315; IAEA-326; IAEA-327) provided by the IAEA (International Atomic Energy Agency) have been analyzed to insure compliance with international standards in the marine radioactivity community.  NIST (National Institute of Standards and Technology) ocean and river sediment reference materials are analyzed on the detectors on a regular basis as a calibration check. 

Methods:  SZ Cruise Report


Samples were collected from 13 stations for 129I (1 liter), 8 stations 137Cs (40 liters) and 2 stations Pu/AM (80 liters).  For 129I, one liter samples were collected from selected depths (see attached spreadsheet) stored and returned to the laboratory analysis by Accelerator Mass spectrometry. Thirteen stations were sampled and 179 samples were collected.  For 137Cs, forty liter samples were collected at selected depths and 137 Cs was concentrated on 5 gram columns of KCFC coated silica gel. The KCFC was dried and returned to the laboratory for analysis. 137 Cs is determined using Gamma Spectrometry with HPGE detectors. Eight stations were sampled and 48 samples were collected.  For Pu/Am, eighty liter samples were collected at selected depths for Pu/Am analysis.  Pu/Am was precipitated from 80 liters with FeCl3 at pH 8-10. The ppt was transferred to 1 liter nalgene bottles and transported to the laboratory for analysis. The Pu and Am are separated by ion exchange, platted on nickel disks and activities are determined using alpha spectrometry. Two stations were sampled and 14 samples were collected.

3.1.12 Particulate Organic Carbon and Total Suspended Solids

Method: POC_TSS_techniques_200607_UBC.doc

Particulate organic carbon

Particulate organic carbon samples were taken by Jennifer Jackson (UBC) at the bottom, at select salinities (34.4, 33.1, 32.9, 32.6 and 32.3 PSU), at the fluorometer maximum, at 20 m, at 5 m and at any interesting transmissometer features.  Water was subsampled directly from the 10 L Niskin bottles into two precalibrated acid cleaned 2 L Nalgene bottles.  Onboard ship, 4 L samples were filtered onto 47 mm GF75 filters that had been precombusted at 500 °C for 4 hours.  A low vacuum pump (5 psi) was used during filtration.  The filtration castles were rinsed down with DMQ water just before the filtration was complete.  The time of filtration and the volume of water filtered were recorded.  The filters were then placed in a labeled 50 mm glass petrie dish and frozen at -20 °C.  The filtration was performed within 4 hours of sampling unless otherwise noted.

Once in the lab, the filters were first dried for 24 hours at 50 °C, then HCl fumed for 48 hours, dried again at 50 °C for 24 hours, and then wrapped in aluminum foil and pressed into pellets.  The pellets were run through the CN analyzer where the POC was determined.  Sulfanilamide and blank cups were used as standards.  

Total suspended solids

Total suspended solids samples were taken at the bottom, at the fluorometer maximum, at the transmissometer minimum, at 20 m, at 5 m and at any interesting transmissometer features.  Water was subsampled directly from the 10 L Niskin bottles into two to three precalibrated acid cleaned 2 L Nalgene bottles.  Onboard ship, 4 to 6 L were filtered onto 47 mm 0.4 µm polycarbonate nucleopore filters that had been rinsed acid cleaned, rinsed with DMQ water, dried at 50 °C and pre-weighed to 0.001 mg.  A low vacuum pump (5 psi) was used during filtration.  The filtration castles were rinsed down with DMQ water just before the filtration was complete.  The filters were rinsed with 3% Ammonium carbonate solution after filtration was complete.  The time of filtration and the volume of water filtered were recorded.  The filters were then placed in a labeled 50 mm plastic petrie dish and frozen at -20 °C.  The filtration was performed within 4 hours of sampling unless otherwise noted.

Once in the lab, the TSS samples were dried at 50 °C for 24 hours and then weighed.  The TSS concentration was equal to the final weight minus the initial weight divided by the volume of water filtered.  A Mettler Toledo XP205 scale was compared to the original scale by measuring pre-weighed petrie dishes.  It was found that the petrie dishes weighed on average (with standard deviation) 0.00057 g (± 0.00009 g) less on the new scale so 0.00057 g was added to the final weight of the filters.   

OTHER FIELD SAMPLING


Short summaries of additional data collected but not included in this report are given below.

Dissolved Organic Carbon/CDOM
(PI Céline Guéguen – Trent University)

Sampling


680 seawater samples were collected at 12 depths (1000, 800, 500, Tpmax, 34.4, 34.0, 33.1, 32.9, 32.3, Chla, 20, 5 m) and 61 stations.  Briefly, seawater was filtered on a pre-combusted glass fiber filter (GF/F, Whatman).  Aliquots of filtrate were then sampled for DOC and CDOM analysis.  DOC samples were immediately frozen whereas CDOM were stored in the dark at 4 °C.  DOC concentrations will be measured on a TOC analyzer whereas the optical properties of CDOM will be investigated by absorbance and fluorescence spectroscopy.  Three-dimensional fluorescence (3D-EEM) will be performed on selected samples to identify the main fluorophore moieties in relation with water mass origin.  


Four ice cores and 12 melt pond waters were collected at 4 ice stations in collaboration with Jenny Hutchings (IARC, UAF).  Ice temperature was measured directly on the field every 10 cm.  Salinity, nutrients and chlorophyll a of melted cores were measured onboard whereas DOC and CDOM will be measured at Trent University. 

Vertical Net Tows

(PIs John Nelson – IOS; Russ Hopcroft – UA)

Zooplankton sampling was conducted on board by Hugh Maclean and Helen Drost with help from the CTD watch using a modified Bongo net system consisting of four nets.  Two large bongo hoops were fitted with coarse mesh nets of 150 µm and 236 µm.  A second set of smaller hoops were fitted perpendicular to the large hoops.  These smaller hoops were fitted with finer 53 µm mesh nets.  Each net contained a unidirectional flowmeter to measure the amount of water flowing through the nets.  Between cast the nets were stored on the foredeck in a box, built by the ship specifically to accommodate the bongo net.  
Two casts, typically to 100 m, were performed per station to collect enough samples for identification, DNA analysis and biomass measurements.  Samples from the first tow were preserved in formalin, individually from the 150 and 236 µm mesh nets, whereas the samples from the 53 µm nets were combined into one sample.  From the second tow, the 236 µm net sample and the combined 53 µm net sample were preserved in 95% ethanol, and the 150 µm net sample was washed with 4% ammonium formate and dried at 50 °C for 24 hours.  48 casts were performed at 24 stations.  Sampling locations are listed in Appendix 2.
The formalin samples will be examined for species identification and the ethanol samples for DNA sequence analysis.  The dried sample provided a measurement of biomass.  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.
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Figure 16.  Zooplankton nets.

XCTD, XBT and XCP Casts
(PIs Koji Shimada, Motoyo Itoh – JAMSTEC; F. McLaughlin, E. Carmack – IOS) 

XCTD


XCTD (eXpendable Conductivity, Temperature and Depth profiler, Tsurumi-Seiki Co., Ltd.) probes were deployed into the ocean from the stern of the ship using a hand launcher LM-3A (Tsurumi-Seiki Co., Ltd.).  The probes made vertical profiles of temperature and conductivity to the bottom or a depth of 1100 m, whichever was shallower.  The data were communicated back to a shipboard computer via a digital data converter MK-130 (Tsurumi-Seiki Co., Ltd.) connected to the probe by a fine copper wire which breaks when the probe reaches its maximum depth.


According to the manufacturer’s nominal specifications, the range and accuracy of parameters measured by the XCTD are as follows:

Table 9.  Range and accuracy of parameters measured by XCTD.
	Parameter
	Range

	Accuracy

	Conductivity
	0 ~ 60 [mS/cm]
	± 0.03 [mS/cm]

	Temperature
	-2 ~ 35 [deg-C]
	± 0.02 [deg-C]

	Depth

	0 ~ 1000 [m]; 5 [m]; or 2 [%] (either of them is major)
	



In this cruise, 99 XCTDs were successfully launched.  Only 2 XCTD failed.  In open water the probe was launched while the ship steamed at 12 knots.  In heavy ice, the ship stopped before deployment due to the fragility of the conducting wire. 


Deployment locations are listed in Appendix 2.
XBT


XBT (Expendable Bathy Thermograph, Sippican Ltd.) T-5 probes were deployed into the ocean off the stern of the ship using the same method, equipment and software as the XCTDs.  The probes made vertical profiles of temperature to the bottom or a depth of 2000 m, whichever was shallower.  In open water the probe was launched while the ship steamed at 6 knots.  In heavy ice, the ship stopped before deployment due to the fragility of the conducting wire.


In this cruise, 27 XBT probes were successfully launched.  The failure rate was high, with approximately 50% failed probes, although this was not unexpected as the probes are approximately 20 years old and well past their expiration date.  


Deployment locations are listed in Appendix 2. 

XCP

10 Expendable Current Profilers, manufactured by Lockheed Martin were deployed for Jamie Morison, University of Washington, from the stern of the ship, the ice and from the FRC.  The probe was launched along with a transmitter that is activated after contact with water.  After a 40 second wait the probe was released and transmitted data to a handheld receiver via a radio link.  The probe measured to a maximum depth of 1500 m.  Due to the disturbance in magnetic field caused by the ship, the probe was launched while the ship had a slight amount of way on so there would be some distance between the probe’s compass and the ship.  Another issue was that due to the minimal waves or the cold temperature, the probe would stick in its case and not deploy.  The ideal launching conditions were from the ice or the FRC where the probe could be shaken lose if necessary.


Deployment locations are listed in Appendix 2.  For more information and data see the JAMSTEC website:  http://www.jamstec.go.jp/e/.
Moorings, Buoys and Pump Casts - Beaufort Gyre Observing System (BGOS)
Andrey Proshutinsky (WHOI) PI BGOS, Tim Eglinton (WHOI) PI Particle flux, Rick Krishfield, Kris Newhall, Jim Dunn, Steve Manganini, and Luc Rainville 


As part of the Beaufort Gyre Observing System (BGOS; http://www.whoi.edu/ beaufortgyre), four bottom-tethered moorings (deployed in August 2006) were recovered, data was retrieved from the instruments, refurbished, and were redeployed at the same locations in August 2007 from the CCGS Louis S. St. Laurent during the JOIS 2007 Expedition.  In addition, three Ice-Tethered Profiler (ITP; http://www.whoi.edu/itp) buoys were deployed, two in combination with Ice Mass Balance (IMB) and Arctic Ocean Flux Buoys (AOFB).  Two previously deployed ITPs were also recovered.


See Appendix 8 for BGOS 2007 mooring deployment diagrams (moorings A, B, C and D) and for the CABOS mooring recovery diagram.

Table 10.  Summary of BGOS 2007 field operations.

	Mooring
	Depth
	2006
	2007
	2007
	2007

	Designation
	(m)
	Location
	Recovery
	Deployment
	Location

	BGOS-A
	3825
	74° 59.975'N
	6-Aug
	9-Aug
	74° 59.945'N

	
	
	149° 59.978'W
	14:05 UTC
	4:12 UTC
	149° 59.936'W

	BGOS-B
	3821
	77° 59.6811'N
	10-Aug
	13-Aug
	77° 59.662'N

	
	
	149° 58.105'W
	15:20 UTC
	18:52 UTC
	149° 58.167'W

	BGOS-C
	3722
	76° 59.802'N
	15-Aug
	18-Aug
	76° 59.757'N

	
	
	139° 55.026'W
	16:11 UTC
	17:54 UTC
	139° 54.321'W

	BGOS-D
	3518
	74° 0.063'N
	22-Aug
	23-Aug
	74° 0.037'N

	
	
	139° 59.480'W
	18:45 UTC
	19:14 UTC
	139° 54.989'W

	ITP1
	
	
	8-Aug
	
	74° 40'N

	
	
	
	19:00 UTC
	
	151° 21'W

	ITP8
	
	
	
	11-Aug
	78° 21’N

	
	22:00 UTC
	154° 1’W

	ITP13/IMB/AOFB
	
	
	
	13-Aug
	78° 1'N

	
	23:15 UTC
	149° 12'W

	ITP18/IMB/AOFB
	
	
	
	16-Aug
	78° 56'N

	
	20:45 UTC
	139° 58'W

	ITP4
	
	
	17-Aug
	
	78° 30'N

	
	
	
	21:00 UTC
	
	139° 34'W



Buoy operations consisted of the deployment of one ITP on a 3.5 m thick icefloe (ITP8), and two other ITPs (ITP13 and ITP18) deployed with IMBs and AOFBs to constitute Ice-Based Observatories (IBOs).  The deployment operations were conducted according to procedures described in a WHOI Technical Report (Newhall et al. 2007).  The IBOs were installed on 3.0 m icefloes.


Furthermore, two previously deployed ITPs were recovered.  ITP1 was deployed in 2005, and ITP4 was deployed in 2006 also as part of BGOS operations on the CCGS Louis S. St. Laurent (Krishfield et al. 2008).  

In addition to the mooring and buoy deployments and recoveries, 6 large volume pumping (LVP) stations were performed from the foredeck hydro wire to obtain suspended particles at multiple depths.  The data will be used in conjunction with the sediment traps deployed on the moorings this year to understand particle fluxes through the water column.  A summary of the LVP stations is included in the worksheet “BGFE LVP information Aug 2007.xls”, and the sediment trap schedules are listed below.

Table 11.  BGOS 2007 Sediment Trap Information

	Mooring Location 
	Sediment Trap Depth (m) (approximate)
	Sediment Trap S/N
	Start Date Local Time*

mm/dd/yy hh:mm
	Close Date Local Time*

mm/dd/yy hh:mm

	BGFE-A
	2050
	upper trap
	ML 12024-02
	8/10/07 1:00
	8/1/08 1:00

	BGFE-A
	3100
	middle trap
	ML 11649-06
	8/10/07 1:00
	8/1/08 1:00

	BGFE-A
	3745
	deep trap
	ML 11649-02
	8/10/07 1:00
	8/1/08 1:00

	BGFE-B
	3000
	deep trap
	ML 12024-01
	8/15/07 1:00
	8/7/08 1:00

	BGFE-C
	3000
	deep trap
	ML 11649-04
	8/21/07 1:00
	8/10/08 1:00

	BGFE-D
	3000
	deep trap
	ML 11649-03
	8/28/07 1:00
	8/12/08 1:00

	
	
	
	
	* GMT = Local Time+ 6hrs



Also, four 700 m casts were conducted using the foredeck hydro wire with a Nortek Aquadopp and a RD Instrument DVS Acoustic Doppler Current Profilers (ADCPs) mounted horizontally to test their performance in the clear Arctic waters.  The units are being evaluated to determine whether they could be integrated on future ITPs to obtain current measurements.


Information on the additional instruments deployed on Mooring D, description of aerosol optical measurements, and hand held CTD casts are described in “Cruise Report Rainville.doc.”  Dispatches of all aspects of the cruise work were also posted daily by Luc on the BGOS website at: http://www.whoi.edu/beaufortgyre/dispatch2007/index2007.html, and on the ship’s public drive.  
CABOS Mooring Recovery
I. Polyakov (IARC) PI, Mike Demspey


The Canadian Basin Observation System (CABOS) mooring has been deployed by on Institute of Ocean Sciences (IOS) Arctic cruises on behalf of the University of Alaska Fairbanks International Arctic Research Center (IARC) since 2003. 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 in the Canada Basin for this array. In 2007 it was decided to recover but not re-deploy the CABOS mooring in order to concentrate equipment resources in the Laptev Sea.

Table 12.  CABOS mooring - 2007 Operations
	Investigator
	Recovery
	 Recovery
	 Recovery
	Deployment 
	Deployment
	 Deployment

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

	UAF/IARC
	1111
	71° 49.688'N 
	29-Aug 07
	Not re-deployed 
	Not re-deployed
	Not re-deployed  

	I. Polyakov
	
	131° 45.624'W 
	0205
	
	
	


Confirm and cross reference in text:
Kemp, J., Newhall, K., Ostrom, W., Krishfield, R., and Proshutinsky, A. 2005. The Beaufort Gyre Observing System 2004: Mooring Recovery and Deployment Operations in Pack Ice; WHOI Technical Report WHOI-2005‑5.

Krishfield, R., Doherty, K., Frye, D., Hammar, T., Kemp, J., Peters, D., Proshutinsky, A., Toole, J. and von der Heydt, K. 2006. Design and Operation of Automated Ice-Tethered Profilers for Real-time Seawater Observations in the Polar Oceans. WHOI-2006-11: 79 p.
Krishfield, R., J. Toole, A. Proshutinsky, and M.-L. Timmermans,  2008.


Automated Ice-Tethered Profilers for seawater observations under pack ice in all seasons.  Journal of Atmospheric and Oceanic Technology, Vol. 25, doi:10.1175/2008JTECHO587.1.

Newhall, K., Krishfield, R., Perters, D. and Kemp, J. 2007. Deployment operation procedures for the WHOI ice-tethered profiler. Technical Report - Woods Hole Oceanographic Institution, WHOI-2007-05: iii + 41p.

Ice Observations 

See Appendix 9 for detailed ice observation report by Jennifer Hutchings and Alice Orlich (IARC). 
Underway Measurements
Seawater Loop 


A seawater loop system, drawing seawater from below the ship’s hull to the main lab (“aft lab”) was installed for the 2007 field season.  This system allows measurements to be made of the sea surface water without having to stop the ship for sampling.  The water is as uncontaminated as possible coming directly from outside of the hull through stainless steel piping without recirculation in a sea-chest.  The flow rate is controlled for systematic measurements, and allows for continuous autonomous sampling.  Measurements were taken by installing sensors in-line, and by diverting water through a manifold to run through various sensors.  

Autonomous measurements were made using:

· SBE38:  Temperature.


Sensor was installed in-line, approximately 4m from pump at intake.  This is the closest measurement to actual sea-temperature.

· SBE21 Seacat Thermosalinograph:  Temperature and Conductivity.


5 second sample rate, run off the manifold in the main lab (Eddy Carmack, DFO)

· Blue Cooler:  Total gas (Gas Tension Device), Oxygen.


15 second sample rate, run off the manifold in the main lab 


 (Svein Vagle, DFO)

· Black Box:  Methane, Oxygen, pCO2.


Hourly sample, run off the manifold in the main lab 


(Patricia Ramlal, DFO)

Part of the system, but not attached to the seawater loop:

· SBE48:  Temperature was also measured through the hull using a temperature sensor mounted on the ship’s hull, inside, aft of the pump approximately 15 m, starboard side.

Discreet Water Samples drawn for analyses on other instruments

· Salinity, Barium, (18O, Alkalinity

Other

· Water was taken from the manifold to the hangertop by approximately 50 m of garden hose to support an incubation study requiring sea surface water temperature.

[image: image6.jpg]Pump
Debubbler - control

4
TY——— o Black Box

Gas Cooler




Figure 17.  Seawater loop system providing uncontaminated seawater from 9 m depth to the science lab for underway measurements.


The seawater loop was operational beginning July 16th after the installation of pump, plumbing, manifold, variable flow control that uses feedback between the main lab and the pump, 3 flow control valves, and finally the science instruments.  Some of the instruments were self-contained; others were connected to a single data storage computer.  The data storage computer provided a means to pass ship’s GPS for integration into sensor files, to pass the SBE38 data from the engine room to the TSG instrument, and to pass the TSG and SBE48 data to the ship’s data collection system (SCS).

*Poor image quality – do we have original?
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Figure 18.  Underway sea surface salinity.
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 and salinity from the ship’s SBE 21 and SBE38 thermosalinograph

· Sea surface temperature from the SBE48 hull mounted temperature sensor

· SCS derives speed over ground and course over ground
The RAW files were set to contain a day’s worth of data, restarting around midnight.   The ACO and LAB files grew until they wee moved out of the datalog/compress directory for archiving.  

We were still experiencing some problems this year with the system losing data strings due to communication errors, sensor reconfigurations or sensors having stopped.  The SCS system required regular checks to confirm data was being collected, requiring stopping and restarting the software to solve the majority of communication problems.

Drift-Bottle Deployments

Numbered bottles with messages inside were tossed over the side, typically with each CTD cast (PI Eddy Carmack – IOS).  In two years we expect to start hearing back as people find these bottles washed up on shore.  From the returned information, the starting and ending positions, probable route and a maximum transit time can be determined.  


Two sets of bottles were tossed.  The first set was a put together by Bonita Leblanc, an 8th grade student, for a school science fair project.  She chose toss locations throughout the ship’s transit from Dartmouth NS into the Canada Basin.  The second set was put together by Helen Drost to fill in around Bonita’s toss locations.  Empty bottles were donated by Sleeman Breweries Ltd. and Labatt Breweries.
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Figure 19.  Drift bottle locations.  Red x marks deployment locations during the JOIS cruise (Leg 2).

LADCP


Waldemar Walczowski, Institute of Oceanology Polish Academy of Sciences, Poland, made ocean current measurements using a Lowered Acoustic Doppler Current Profiler (LADCP).  Data were collected on every CTD cast.  The self recording RDI, 307.2 kHz device SN XXXX was attached to the rosette frame. The downward-looking LADCP measured currents in 20 depth cells, each cell (bin) 10 m thick.  In the vicinity of the bottom, bottom tracking was used.  Vertical decent rate of the rosette was always less than 1 m/s.  LADCP data were read directly after profiling.  Additionally CTD records were used to determine the ship position (from NMEA protocol registered every scan) and LADCP depth (from CTD pressure and time records).  LADCP data were processed using LDEO software.  XX LADCP casts were performed.

DNA and RNA 

(PI Lovejoy – U Laval); Karen Scarcella, Emilie Didierjean

[*from Jane’s cruise report…]


DNA, DAPI and Chlorophyll a samples were collected at each station at all depths (generally).  RNA samples were collected at four of the six depths (the four shallowest).  FISH and HPLC samples were collected at the chlorophyll max and surface depths.


Generally the depths sampled represented the surface, chlorophyll max, upper nitracline, lower nitracline, oxygen minimum, oxygen maximum, thermocline and halocline.

Phytoplankton Productivity and Nutrient Dynamics

(PI Diana Varela – UVic); Ian Wrohan

[*from Jane’s cruise report…]


Samples were collected for: 

· the measurement of dissolved nutrients (NH4, N-urea, NO3, Si(OH)4, PO4) and particulate C, N and Si;

· the measurement of total and size-fractionated Chlorophyll a (0.7 and 5 µm) ;

· the study of composition of phytoplankton assemblages by light microscopy and Flow-Cam;
· the determination of the magnitude of total, new and regenerated production by phytoplankton.


Experiments were performed with live phytoplankton assemblages by inoculating the cultures with 14C, 15NO3, 15NH4 and 15N-urea.  Cultures were grown on deck incubators for 24 hours.  


This work was carried out along a vertical profile throughout the euphotic zone (at ~6 depths corresponding to 100, 50, 30, 12, 1 and 0.1% of surface irradiance) at select stations, which were strategically chosen to identify extreme conditions or different ecosystems. 

Opportunistic Studies 

Aerosol optical depth measurements 

During the cruise, Luc Rainville (WHOI) made aerosol optical depth measurements for Alexander Smirnov (Goddard Earth Sciences and Technology Center, University of Maryland, Baltimore County, asmirnov@aeronet.gsfc.nasa.gov). Dr. Smirnov provided me with a hand-held sunphotometer (Microtops II) that was used to acquire 152 solar scans. This instrument is specifically designed to measure columnar optical depth and water vapor content. To obtain the time and position of the measurements, the sunphotometer was connected to a hand-held GPS.  The measurements were made only when the sun disk was completely free of clouds or fog. 
Those measurements are important for several reasons: lack of knowledge on aerosol optical properties over the oceans; satellite remote sensing validation needs them; global aerosol transport models need the data; radiative forcing computations.  We expect very little or no aerosol in the Arctic, but this is the first time direct measurements were taken from the Arctic Ocean. Filling the data gaps is the major point.  Verifying the satellite aerosol estimates in the Arctic is crucial.  These measurements will be important for comparison in the future. 
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Figure 20.  Map of the locations (red dots) of the aerosol optical depth measurements taken during the 2007 cruise.

Upper Ocean CTD casts using a SBE19Plus

Jennifer Jackson (UBC) and Luc Rainville (WHOI) collected 58 CTD profiles of the upper ocean were recorded using a small SBE19+ from the zodiac, the ship, and the ice.  These measurements were conducted to measure spatial variability in the near-surface temperature and salinity and asses the ship’s mixing of the upper water column. 
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