LSSL Alkalinity (Michiyo Kawai)
Seawater samples were collected from Niskin bottles into 500 ml glass bottles.  
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.  An initial amount of 0.1N HCl was added to the seawater to take its pH to approximately 3.5.  Then, 0.025ml 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.  

Onboard analysis

Samples were stored in the cooler (~4˚C) and then moved into a water bath ~1hr prior to analysis.  A constant volume of sample or standard water was collected using a water-jacketed pipette (~ 100 ml), connected to the water bath, and put into an open beaker.  Room temperature, used as acid temperature, was read by a digital thermometer mounted next to the alkalinity system.  

Onshore analysis 

Samples were stored in the cooler (~4˚C) with 200uL 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.

LSSL2005
· 408 water samples from 28 stations were taken and analyzed mostly onboard. Samples from the last several stations were stored in cooler, with HgCl2 added to prevent biological activity, and analyzed back on shore.  
· Pipette and sample bottles were kept at 4˚C in a water bath.  

· IOS standard water (IOS-STD; 2280.33 µmol/kg) was measured daily before the sample measurements.  A nominal sample weight of 100.55 g was used as an input value into the PC program for alkalinity calculation, which was determined by a “practical method” to obtain the assigned value of 2280.33 µmol/kg of IOS-STD, which was determined by M. Davelaar against the certified reference material supplied by A. Dickson, Scripps Institute of Oceanography.  
· Obtained “raw” values of the samples were then corrected for density differences by using: T_Alk [µmol/kg] = T_Alk [raw] * density [STD] / density [sample], where density of the IOS-STD at 4˚C is 1026.9 kg kg/m3. 
· The average concentration of IOS-STD was 2279.72 +/-4.66 µmol/kg; N=56 for the on board analysis and 2277.33 +/-2.39 µmol/kg; N=39 for on shore analysis. 

· Pooled standard deviation for replicate analysis was Sp=9.7 (n=118).  
· During the on board analysis, there were problems with the software or computer: the system stopped during titration.  This happened 172 times during the cruise and required to restart the program and Dosimat, and extra measurements.

LSSL 2006
· 540 water samples from 53 stations were taken and analyzed onboard.

· Pipette and sample bottles were kept at 20˚C in a water bath prior to analysis.  

· A nominal sample weight of 101.65 g was used as an input value into the PC program for alkalinity calculation, which was determined by a “practical method” to obtain the assigned value of 2172.00 µmol/kg of IOS standard water (IOS-STD).  The IOS-STD alkalinity was determined against the certified reference material supplied by A. Dickson, Scripps Institute of Oceanography.  
· Obtained “raw” values of the samples were then corrected for density differences by using: T_Alk [µmol/kg] = T_Alk [raw] * density [STD] / density [sample], where density of the IOS-STD with S=32 at 20C is 1022.48kg/m3. 
· At a station CABOS (cast #3, Aug. 8), seawater were collected into nine-500ml bottles at two depths and were used as running standard waters (S13 and S14).  They were stored at room temperature with HgCl2 added.  Total alkalinity values of these running standard waters were determined against IOS-STD on board.  
· 13 bottles of IOS-STD were measured during the cruise.  4 of the 13 IOS-STD bottles had higher alkalinity values (>8 µmol/kg) than the expected value (2172.00 µmol/kg) and evaporation should be presumed.  Excluding these 4 bottles, the average concentration of IOS-STD was 2172.19  +/-2.85 µmol/kg; N=27.  For S13 and S14, the average concentration was 2279.16 µmol/kg (+/- 12.89 µmol/kg; N=29) and 2277.04 µmol/kg (+/- 2.78 µmol/kg, N=15) respectively.

· IOS standard water or running standard water, determined with respect to the IOS-STD, was measured daily before and after the sample measurements.
· 244 of 540 samples were analyzed in replicate.  When duplicate measurements did not agree within 6.5 µmol/kg, samples were reanalyzed 1 to 3 more times or flagged as “questionable” in the data sheet.

· Pooled standard deviation for replicate analysis was Sp=2.4 (n=296).

· Note that comparison of deep water (500-1050m) values indicate that TA data from this cruise (2283.7 µmol/kg) is lower than analyzed during cruises of LSSL2008, Mirai2008 and LSSL 2005 (2293.0 µmol/kg).  Suggested correction is * 1.004 or +9.3 µmol/kg.

LSSL 2007

· Samples were analyzed at Institute of Ocean Sciences between Nov. 2007 and May 2008.

· 133 of 284 samples and 145 of 450 samples were analyzed in replicate for 2007-19 and 2007-20, respectively.  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.

· Pooled standard deviation for replicate analysis was Sp= 6.3 (n=133) and Sp=3.5(n=145) for 2007-19 and 2007-20, respectively.

· In Nov. 2007, certified reference material (CRM) supplied by A. Dickson, Scripps Institute of Oceanography (certified alkalinity value = 2253.5 umol/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 umol/kg.  

· Comparison of deep water (500-1050m) values indicate that TA data from 2007-20 cruise (2302.8 µmol/kg) is 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, I suggest correcting measurements for 2007-19 and 2007-20 cruises by multiplying 0.9957.
