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CRUISE REPORT

One Time Survey P15N 

Repeat Hydrography on PR6 and PRS1

A.
 Cruise narrative

A.1.
 Highlights

a.
 WOCE designation: 
Leg 1: PR6, PRS1, and P15N

Leg 2: P15N

b.
 Expedition designation: 
18DD9403/1

18DD9403/2

c.
 Chief scientist: 
Leg 1: John Garrett

Institute of Ocean Sciences

P.O. Box 6000

9860 West Saanich Road

Sidney, B.C. V8L 4B2

Canada

Telephone: 604-363-6574

Telefax: 604-363-6479

Leg 2: Howard Freeland

Institute of Ocean Sciences

P.O. Box 6000

9860 West Saanich Road

Sidney, B.C. V8L 4B2

Canada

Telephone: 604-363-6590

Telefax: 604-363-6746

d.
 Ship: 
John P. Tully

e.
 Ports of call: 
Leg 1: Dutch Harbor, Alaska to Honolulu, Hawaii 

Leg 2: Honolulu, Hawaii to Pago Pago, American Samoa.

f.
 Cruise dates: 
Leg 1:  Sept. 6 to Oct. 10, 1994

Leg 2:  Oct. 13 to Nov. 10, 1994

A.2. Cruise Summary Information

a.
 Geographic boundaries: On September 6, the Tully sailed west from the mouth of Juan de Fuca Strait, along Line PR6.  After completing 4 stations en route to Station PRS1, the vessel sailed for Dutch Harbor, Alaska, where it refueled.  Section P15N started near Dutch Harbor and continued south along 165(W.  At 24(N, we gradually shifted towards the West to coincide with a previous NOAA section and the planned route of P15S.  


 Most of the scientific crew were changed in Honolulu after 35 days at sea.  Leg 2 continued from 20o 30´N, following a course that moved gradually westward to 168o 45´W at 10(N.  We remained on this longitude through the equator, then began a second southwestward course at 8o 30´S that took us to 170(W at 10(S.   At 15 oS, Leg 2 ended and the vessel sailed to American Samoa.

b.
 Stations occupied: The total stations occupied on both legs of the cruise are listed in Table 1. CTD/rosette casts were done at 3 stations along PR6, PRS1 was reoccupied, and 70 CTD/rosette stations along P15N were done during the first leg.

   Two rosettes were used to collect 3225 samples for onboard analyses of salinity, oxygen, nutrients, CFCs, total CO2 and alkalinity.  Additional samples were stored for 13C, 14C, 18O and CH4.  Continuous measurements of air and seawater CO2 were taken from the scientific seawater supply (Uncontaminated Sea Water).  USW was also sampled for salinity, nutrients and chlorophyll  a at almost all cast stations, and each degree of longitude between PRS1 and Dutch Harbor. Tracers were occasionally collected from the USW supply.  

c.
 Floats and drifters deployed:  At 4 stations, a total of 15 Argos drifters, 7 shallow (20 m drogues) and 8 deep (120 m drogues), were deployed.  A single meteorological drifter was deployed for Department of the Environment near 47(N.  About 2 dozen wine bottles with postcards inside were deployed at locations selected by a local school class.

d.
 Moorings deployed or recovered: No moorings were deployed or recovered on this cruise.

A.3.
 List of Principal Investigators

TABLE 2:  Principal Investigators

Principal Investigator
Parameters
Institution

Howard Freeland
Climate change, XBTs, 
IOS


ADCP 


C.S. Wong
Climate chemistry
IOS


TCO2, AT, CFCs, 13C, 14C, 


18O, underway pCO2,

Ron Perkin
Physical measurements
IOS


CTD, salinity

Frank Whitney
Chemical measurements
IOS


Oxygen and nutrients,


chlorophyll a, meteorology,


bathymetry, thermosalinograph

A.4.
 Scientific Program and Methods

Preliminary Results

Features such as the Alaska Stream, sub-arctic front, 2200 m silicate maximum (37 to 43(N), shallow oxygen minimum north of the equator, equatorial upwelling, flow of Antarctic water through the Samoan Gap, etc. are readily identified in this data set.  Surface waters in the subarctic region of the Pacific are evidently a strong sink for CO2 in September. 

Our deep ocean winch, rosette/CTD and heave compensation equipment worked very well to 6000 m, the first test it has had below 4200 m.  Sampling from the Tully was equally successful. The ship was able to hold station in 40 knot winds, and aft deck sampling proved comfortable and safe in most conditions.  Sampling was suspended whenever the rosette unweighted excessively, as recorded on a load sensor mounted between the rosette and cable.

A.5.
 Major Problems and Goals Not Achieved

Several stations were omitted due to high winds (reaching 70 knots), and CTD casts only were attempted at another 12 stations in marginal conditions.  Sampling intervals were spaced to 250 or 500 m below 3000 m at many stations, allowing us to save time by carrying out only a single rosette cast.  This spacing should result in negligible loss of information, since there is little structure in North Pacific deep waters.  

Our deep ocean winch was damaged beyond repair following a cast at 10(S.  Subsequent sampling was restricted to a maximum depth of 3800 m.

CFC instrumentation caused us continual grief, although about 75% of the stations were successfully analyzed.  We had to return to Honolulu to pick up a replacement Gas Chromatograph at the beginning of Leg 2, costing us 3 days of ship time.  

There were some difficulties encountered throughout the cruise that hampered obtaining optimal results for CFC-11 and CFC-12.

A problem with the consistency of the quality of the carrier gas meant having to subtract higher than normal stripper blanks.  

The results of stations 83 to 97 may show zero at the 300 to 400 m depth because the threshold was initially set as per the 5890 GC program.  This was modified for later stations in order to have very small peaks integrated.  Thus these zero values may be a factor of threshold setting rather than a complete absence of CFCs.

During some of the earlier stations we encountered samples affected by some sort of interference.  This resulted in the F11 peak being split or at other times summed, usually in the fifty meter sample.  Neither using the split value or a summed value seemed to give a reasonable result so these samples were flagged as questionable or bad.  This problem was also encountered on the first leg of the cruise.

Phosphate samples were frequently contaminated during the second half of the first leg.  A nitrate reagent containing phosphoric acid was spilt on September 30 when Stations W044, W045, and W046 were analyzed.  On October 1 it was noted in the nutrient log that the crew were washing the deck with soap - Stations W047, W048 and W049 were analyzed on this day.
Our water demineralizing system failed during Leg 2, which forced us to use low nutrient sea water 1) to establish a baseline during analyses, and 2) for the preparation of standards.  Each day, a sample of 3.2% NaCl in double run Milli-Q water was analyzed to assess the zero concentrations for each nutrient.  Silicate and phosphate in wash water typically was 2 and 0.2  M higher than the clean salt water solution.  All data have been corrected for this baseline offset. LNSW was also used as a rinse after acid cleaning.

  The nitrite line developed a problem with crystal buildup at Station W123 and continued to the end of the cruise.  This resulted in higher than expected values for deep samples and all data for Stations W123 - W137 has been labelled data quality 3 for both nitrite and nitrate.  Nitrate data is questionable due to the doubtful subtraction of 0.1 to 0.3 umol/kg nitrite. 

A.6.
 Other Incidents of Note

None noted.

A.7.
 List of Cruise Participants

TABLE 3: Cruise Participants

	Individual
	Responsibility
	Institution

	
	Leg 1:
	

	John Garrett
	chief scientist
	IOS

	Frank Whitney
	coordinator, hydro. data
	IOS

	Dario Stucchi
	CTD data processing
	IOS

	John Love
	electronics, sampling, salinity
	IOS

	Bernard Minkley
	sampling, salinity
	IOS

	Reg Bigham
	sampling
	IOS

	Tim Soutar
	sampling
	IOS

	Ron Bellegay
	sampling
	IOS

	Valerie Knight
	carbonates
	IOS

	Galina Pavlova
	carbonates
	POI

	Linda White
	nutrients
	IOS

	Andrei Andreev
	nutrients
	POI

	Pavel Tishchenko
	CFCs
	POI

	Ruslan Chichkin
	CFCs
	POI

	Leo Rebele
	CFCs
	student

	Sarah Thornton
	Oxygen
	student

	Marie Robert
	sampling
	IOS

	Louise Timmermans
	sampling
	student

	Mary-Beth Derube
	sampling
	IOS

	
	Leg 2:
	

	Howard Freeland
	chief scientist
	IOS

	Ron Perkin
	CTD data
	IOS

	Bernard Minkley
	hydro data
	IOS

	John Love
	electronics, sampling, salinity
	IOS

	Reg Bigham
	sampling,
	IOS

	Neil Sutherland
	sampling
	IOS

	Dennis Sinnott
	sampling
	IOS

	Hugh Maclean
	sampling
	UBC

	Keith Johnson
	carbonates
	IOS

	Marty Davelaar
	carbonates
	IOS

	Janet Barwell-Clarke
	nutrients
	IOS

	Mary O’Brien
	nutrients
	IOS

	Wendy Richardson
	CFCs
	IOS

	Carol Stewart
	CFCs
	IOS

	Tracy Feeney
	CFCs
	student

	Bob Wilson
	Oxygen
	IOS

	Taimi Mulder
	sampling
	student

	Rhiannon Johnson
	sampling
	student

	Robin Brown
	sampling
	IOS

	
	Abbreviations:
	

	IOS

POI

UBC
	Institute of Ocean Sciences,

Sidney, B.C. Canada

Pacific Oceanological Institute,

Vladivostock, Russia

University of British Columbia

Vancouver, B.C. Canada
	


B.
 Underway Measurements

B.1.
 Navigation and bathymetry 

A SAIL (Standard ASCII Interface Loop) system onboard ship poles several sensors at 2 min intervals.  Data is stored on a micro computer and is subsequently processed in a format that is accessible for general use.  

Ship’s speed, heading, and position plus ocean depth are logged.
B.2.
 Acoustic Doppler Current Profiler (ADCP) 

A hull mounted current profiler logged upper layer currents every 5 min throughout the cruise.
B.3.
 Thermosalinograph and underway dissolved gasses

Temperature and conductivity sensors are installed near the intake of a sea water line that is used as a scientific supply in the laboratory.  Data is logged on SAIL.  

Uncontaminated Sea Water (USW) was continuously pumped to the laboratory and used for half hourly measurements of pCO2, continuous fluorometry (chlorophyll  a) and discrete sampling at stations.

An infrared analyzer was used to measure air, sea water and standard CO2 concentrations every 30 minutes throughout the cruise. Sea water was equilibrated within a trapped air space to provide samples for measurements of pCO2 in surface sea water (DOE 1994).

Chlorophyll a samples were collected from the USW supply at most stations, and filtered through Whatman GF/F filters.  Samples were then frozen for transport back to IOS.

B.4.
 Expendable bathythermograph and salinity measurements 

XBTs (Type T-5, 1830 m) were used at several stations when bad weather prevented use of CTDs.

B.5.
 Meteorological observations 

Logged on SAIL are wind speed and atmospheric pressure.

B.6.      Atmospheric chemistry 

None.

C.
 Hydrographic Measurements

C.1.
 Water sampling

1. A 23 bottle rosette with a Guildline Model 8737 CTD was our primary sampling system (Niskin bottles numbers 1 to 23). 


2. An 11 bottle rosette with a Guildline 8705 CTD was used for shallow casts (Niskin bottles number S1 to S11).

Water samples were collected from rosettes by both CFC analysts (Freon’s only) and sampling teams. Samples were drawn in the order CFCs, oxygen, carbonate suite (TCO2, alkalinity, 13C, 14C) and methane, then nutrients, salinity and 18O in any order. 

CFC samples were drawn into 100 ml glass syringes that were thoroughly rinsed in a continuous stream of sample. CFC samplers checked each Niskin bottle for leaking by pushing in the sample spigot before opening the air vent. Gas samples were drawn through amber or Tygon tubing and were all allowed to overflow from one to two volumes. Carbonate samples were poisoned with 200  l of saturated HgCl2 solution per 250 ml. Methane samples were drawn through amber tubing into glass bottles. Rubber septa with syringe needles piercing their centers, were used to eliminate air from the samples. Septa were crimp sealed in place and samples were refrigerated.

Other sample containers were rinsed 3 times and filled as required. Nutrient samples were refrigerated until analysis. Salinity samples were warmed to lab temperature before being analyzed.  18O samples were tightly stoppered and refrigerated.



 Standard Deviation of Pairs (Sp)

Standard Deviations of Pairs (Sp) were calculated from replicates drawn from Niskin bottles tripped within 2.3 db of each other using the following formula.

Sp = {(d2/2k}0.5



where d = differences between pairs and k = number of pairs.  Using this as a measure of precision includes all discrepancies introduced by leaking water samplers, sample collection,  sample storage and analysis.

TABLE 4: Standard Deviation of Pairs (Sp)

	Parameter
	Range
	Sp
	k

	Salinity (PSS-78 )
	33.576 - 35.923
	0.003
	46

	Oxygen (umol/kg)
	20.86 - 203.41
	1.02
	45

	Silicate ( umol/kg)
	0.02 - 149.8
	0.34
	46

	Nitrate (umol/kg)
	0 - 42.9
	0.11
	44

	Nitrite (umol/kg)
	0 - 1.406
	0.008
	46

	Phosphate (umol/kg)
	0.04 - 3.13
	0.02
	46

	CFC-11 (pmol/kg)
	0.415 - 2.587
	0.076
	11

	CFC-12 (pmol/kg)
	0.263 - 1.359
	0.040
	11


C.2.
 CTD

The CTD probes (Models 8737 and 8705) used during this cruise are made by Guildline Instruments of Smiths Falls, Ontario, Canada. Their resolution and accuracy will be provided when data is submitted.

An additional Guildline CTD with a high precision pressure sensor was used when weather would not allow rosette casts.

C.3.
 Salinity

Samples were collected in glass bottles and analyzed onboard ship using a Guildline Model 8410 Portasal. The Portasal was standardized daily with IAPSO standard sea water Batch P125.  Salinity and nutrient measurements were made in an air conditioned lab (see Nutrient Lab Temperatures Table).

C.4.
 Oxygen 

Samples were drawn through either amber rubber or Tygon tubing into 125 ml iodine flasks.   The flasks were allowed to overflow twice their volume before being stoppered then unstoppered, fixed with manganous and iodide reagents according to Carpenter (1965), restoppered and shaken thoroughly. Sample temperatures were measured before initial stoppering to 0.5ºC. To avoid outgassing during analyses, samples were initially all refrigerated at 4ºC for 1 to 24 hours before being titrated with an auto-burette (Brinkman Dosimat) to an iodine colorimetric endpoint. 

By station W042, samples from the mixed layer were pulling in sizable air bubbles when they were cooled.   At 2 stations (W050 and W058), the effect of air contamination of pickled samples was tested and shown to add 1 to 3  mol/kg oxygen to surface samples that are cooled.  This bias remains in surface layer data from stations W042 to W050, and will vary in amount depending on the amount of cooling (volume change) for each sample.  Surface layer samples from W051 to W070 were not cooled.

On Leg 2, flasks were sealed with tap water around the lip of the flask.  This greatly reduced the amount of oxygen that enters a flask during cooling.  Samples were routinely refrigerated before being analyzed.

Standards were prepared as outlined in WOCE Report 73/91.  

C.5.
 Nutrients

Samples were collected in 50 ml polyethylene tubes and refrigerated for a maximum of 12 h (rosette) or 30 h (USW)  before being analyzed.  A 4 channel Technicon Analyzer measured NO3 + NO2, NO2, PO4 and dissolved Si. Analytical procedures are essentially those described by Koroleff and Grasshoff (1983).

Concentrated standards were prepared from oven dried (80oC) reagents shortly before sailing on Leg 1 and again in Honolulu.  Working standards were made every 1 to 2 days by diluting 1 to 6 ml of various stock solutions to 250 ml with 3.2% NaCl (w/v in double run Milli-Q water).  Nitrate, nitrite and silicate standards were compared to Sagami standards.  The nitrate standards agreed to within 0.1  mol/l, but the silicate concentrations differed by 2%, an unusual finding since our prepared standards usually agree very well with the stable Sagami standards.  Our silicate standard was checked on a recent cruise and again compared to Sagami and it was found to be low by 2.2%.  We compared our results with data from one matching station on the Cruise TT190 of the R/V Thomas Thompson in 1985 and found that below 1000 m our silicate results are comparatively low by an average of 2.2%.  No corrections have been applied to our data, although in consultation with a WOCE DQE, this might be done.

Nutrient lab temperatures were recorded approximately hourly during analyses  and are recorded in Table 5.




Table 5a:  Nutrient Lab Temperatures, Leg 1

	Date
	Station
	Temperature (C)
	Date
	Station
	Temperature (C)

	7 Sep.
	JF1-P04
	22.4/22.8
	27 Sep.
	W035/36/33
	22.4/22.4/23.2

	8 Sep.
	P13
	23.1/23.8/23.9
	
	W034
	24.6

	Date
	Station
	Temperature
	Date
	Station
	Temperature

	9 Sep.
	P14 to P18
	22.5/23.9
	28 Sep.
	W037/38/39
	21.4/28.6/25

	
	P18
	22.8/24.4
	29 Sep.
	W040/41/43
	22.4/23.3/23.1

	10 Sep.
	P19 to P35
	23.3/23.4
	
	W042
	23.0

	
	P26
	23.4/24.3
	30 Sep.
	W044/45/46
	23.5/22.7/23.7

	16 Sep
	W004
	21.3/22.4/21
	1 Oct.
	W047/48/49
	22.9/23.6/23.1

	19 Sep
	W002/3/4
	23.2/23/23.4
	2 Oct.
	W051/50
	24.2/24.3

	
	W005
	23.6
	3 Oct.
	W052/53/54
	23/23.8/24

	20 Sep
	W006/W011
	23.7/23.9
	
	W055
	24

	21 Sep
	W012/13/14
	23.8/23.8/23
	4 Oct.
	W056/58/59
	24.8/24.8/24.9

	
	W015
	24.4
	5 Oct.
	W060/61
	25.2/24.8/24.9

	22 Sep
	W016/17/18
	23.5/23.5/23.7
	6 Oct.
	W062/63/64
	25.2/-/24.9

	24 Sep.
	W025
	24.4
	
	W065
	25

	25 Sep.
	W026/27/28
	22/22.5/24
	7 Oct.
	W067/66/68
	24.7/25.7/-

	
	W029
	24.3
	
	W070
	25.1

	26 Sep.
	W030/31/32
	25.3/25.6/25.2
	
	
	




Table 5b:  Nutrient lab temperatures, Leg 2:

	Date
	Station
	Temperature
	Date
	Station
	Temperature

	18 Oct.
	W071/W072
	25..0
	29 Oct.
	W108/W109
	25.7/25.3

	19 Oct.
	W073/W074
	25.8/25.5
	30 Oct.
	W111/W112
	25.1/24.0

	20 Oct.
	W078/W079
	23.8/24.9
	31 Oct.
	W113/W114W115
	-/-/25.0

	21 Oct.
	W080/W081/

W082/W083
	24.5/24.3

25.1/24.5
	1 Nov.
	W116/W117

W118
	26/25.3

24.8

	22 Oct.
	W084/W085 W086/W087
	24.4/24.9 25.2/24.5
	2 Nov.
	W119/W120
	24.9/25.2

	23 Oct.
	W088/W089
	24.8/24.9
	3 Nov.
	W123/W124
	-/25.9

	
	W090/W091
	25.5/25.4
	
	W125
	26.1

	24 Oct.
	W092/W093
	25.9/26.3
	4 Nov.
	W126/W127
	22.9/23.5

	25 Oct.
	W096/W097

W098
	23/23.2

23
	
	W128/W129
	-/-

	26 Oct.
	W099/W100
	25.2/25.6
	5 Nov.
	W130/W131
	23.1/24.1

	
	W101
	25.6
	
	W132
	24.1

	27 Oct.
	W102/W103
	24.7/26
	7 Nov.
	W133/W134
	-/-

	
	W104/W105
	25.8/24.6
	
	W135
	24.1

	28 Oct.
	W106/W107
	25.6/26
	8 Nov.
	W136
	24.6


Phosphate samples were occasionally contaminated during the second half of the first leg.  A nitrate reagent containing phosphoric acid was spilt on September 30 when Stations W044, W045, and W046 were analyzed.  On October 1 it was noted in the nutrient log that the crew were washing the deck with soap - Stations W047, W048 and W049 were analyzed on this day.
Our water demineralizing system failed during Leg 2 starting staion 111, which forced us to use low nutrient sea water to establish a baseline during analyses, and for the preparation of standards.  Each day, a sample of 3.2% NaCl in double run Milli-Q water was analyzed to assess zero concentrations.  Silicate and phosphate in low nutrient wash water was typically 2 and 0.2 M higher than the clean salt solution.  Data from stations 111 to 136 were corrected for this baseline offset.

Crystals developed in the nitrite line from Station 123 onwards.  This data has been labelled quality 3 for nitrite.  An error is introduced into nitrate data since nitrite is subtracted from the NO3 & NO2 analysis results.  Consequently, nitrates have also been assessed as questionable (quality 3) although the actual offset is only 0.1 to 0.3 umol/kg.  Summing nitrite and nitrate will provide correct NO3 + NO2 values.

C.6.
 CFCs

CFC-11 and CFC-12 were analyzed by the method of Bullister and Weiss (1988). Our use of an aging Hewlett-Packard GC created problems. For the first days on Line PR6, corrosion on a circuit board shut the system down. Then as we sailed from Honolulu, the GC failed completely and we had to return to pick up another that was flown to us from IOS.   Stations were occasionally skipped as columns were cleaned after they saturated with CFCs. 

Carrier blanks, stripper blanks, and restripped samples were analyzed throughout the cruise.  Syringe air samples were taken from above the bridge, the aft deck where sampling was done, and inside the lab container.  

Working standard tank number 63098 was used for Stns 71, 72, 73 and 74 and tank number 63100 was used for the remaining stations.  (Tank 63100 values: F-11, 583.10 ppt, standard deviation 2.05, and F-12, 279.18 ppt, standard deviation 1.04.  Tank 63098 values: F-11, 443.63 ppt, standard deviation 2.63 and F-12, 502.81, standard deviation 1.91).

These standards were made up of outside air.  The tanks were calibrated against COCC’s lab standard tank number 63088 (F-11, 457.59 ppt, standard deviation 0.55; and F-12, 263.13 ppt standard deviation 0.76).  This COCC lab standard was calibrated by John Bullister’s lab in October 1993.

Data reduction was carried out using an adapted Scripps program (Weiss).  This program requires salinity and temperature for calculations; the former was taken from Salinometer data; and the latter was read from the sample bucket when the syringe was removed and attached to the extraction system.

There were some difficulties encountered throughout the cruise that hampered obtaining optimal results:

· A problem with the consistency of the quality of the carrier gas meant having to subtract higher than normal stripper blanks.  

· The results of stations 83 to 97 may show zero at the 300 to 400 m depth because the threshold was initially set as per the 5890 GC program.  This was modified for later stations in order to have very small peaks integrated.  Thus these zero values may be a factor of threshold setting rather than a complete absence of Freon.

· During some of the earlier stations we encountered samples affected by some sort of interference.  This resulted in the F-11 peak being split or at other times summed, usually in the fifty meter sample.  Neither using the split value or a summed value seemed to give a reasonable result so these samples were flagged as questionable or bad.  This problem was also encountered on the first leg of the cruise.

The restrips of water samples demonstrated the high stripper efficiency of the Freon analysis system.  

Air samples were usually taken around noon.

The values reported were initially calculated with the Freon analysis program.  If a particular station had a stripper blank run, the program automatically subtracted this before printing the final results.  If a station did not have a stripper blank, a manual blank subtraction was applied to the calculated results based on deep water values.

Limit of Detection

Because contamination for F-12 was variable from day to day, detection limits were estimated each day as 3 times the standard deviation of deep sample concentrations.  Thus from 2 to 7 samples were used to assess LODs in the range 0.025 to 0.244 pmol/kg.  Any value below this limit of detection was reported as zero. 

Both carrier gas and bottle blanks (deep ocean samples) were consistently zero for F-11.  The lowest discernible value was 0.045 pmol/kg.


TABLE 6:  Freon levels of air (ppt):

	Stn
	Above bridge
	Sampling deck
	Lab

	
	F-11
	F-12
	F-11
	F-12
	F-11
	F-12

	74
	252.44
	612.17
	280.13
	852.97
	300.20
	615.32

	74
	281.21
	504.43
	
	
	287.27
	595.06

	86
	
	
	271.60
	507.90
	315.61
	366.25

	86
	
	
	
	
	277.83
	602.34

	98
	279.67
	673.46
	271.10
	571.56
	273.99
	493.60

	101
	272.04
	531.47
	281.40
	1301.14
	279.87
	820.70

	106
	249.57
	528.55
	258.47
	673.47
	264.18
	1194.8

	108
	263.07
	518.75
	261.66
	516.57
	265.45
	689.58

	113
	360.34
	580.22
	271.18
	765.35
	321.11
	524.49


C.7.
 Total CO2

The coulometric procedure outlined in DOE (1994) was used to measure carbon dioxide in sea water. Samples were collected in 250 ml GS bottles, fixed with 200  l of saturated HgCl2 solution, and cool stored until analyzed. 

C.8.
 Alkalinity

Following the method of DOE (1994), alkalinity was determined using a temperature stable (25oC) closed titration cell, a Metrohm 665 Dosimat, a Metrohm 649 stir apparatus and an Orion model 720A pH meter.
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