Alkalinity methods 
Pre 1999:  Millero’s system

1999 to 2007:  System designed by the University of Hawaii.

2004 and later:  Before 2004 a constant volume of initial acid was added regardless of the sample salinity meaning the initial pH may have been approx 3.2 instead of 3.5 for very fresh samples.  2004 and later the acid volume is adjusted depending on the sample such that the initial pH will be closer to 3.5 allowing for the full titration between 3.5 and 3.0 to be performed, giving better results.

2008:  New system designed by Paul Covert, University of Washington.  (Is it actually Paul’s design?)
Basic Methods for 1999-2007 University of Hawaii System:
 Modify 2003 method as noted above
IOS Cruise # 2003-21
Sampling Instructions

Seawater must be transferred to the appropriate glass bottles as soon as possible after collecting the sample to minimize gas exchange. Connect sampling tube to the spigot of the niskin sampler and holding tube up, rinse tubing by flowing approximately one tube volume of sea water through the tube, squeezing as well to dislodge any trapped air bubbles. Fill the bottle smoothly from the bottom (tubing should be touching the bottom of the bottle) and overflow the bottle by two times its volume. Withdraw tubing to neck and close spigot valve on sampler or squeeze off the flow before removing the tubing from bottle. Remove one percent of the stoppered sample volume to leave a headspace (about 1% of the bottle volume -- i.e., 5 mL for a 500 mL bottle). The size of the headspace volume is not absolutely critical, but it should be consistent and not too large. Either a nylon plug designed to fit into the bottle and leave an appropriate headspace or plastic pipettes are included with the sampling equipment. Add 100 ul of saturated mercuric chloride solution to either 250 ml or 500 ml bottles. Insert a greased stopper and seal with elastic and a plastic clamp. Samples are stored at 4o C.  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
For report:
Sampling

Alkalinity was measured from the same sample collected for DIC.

Or

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 holding the tube up, was rinsed by flowing approximately one tube volume of sea water through the tube, squeezing well to dislodge any trapped air bubbles. 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). The size of the headspace volume was not absolutely critical, but was consistent and not too large. A nylon plug designed to fit into the bottle and leave an appropriate headspace was used.  100µl of saturated mercuric chloride solution (HgCl2) was added to the bottle (250 ml or 500 ml).  A greased stopper was inserted and sealed with elastic bands or electrical tape. Samples were stored at 4o C until analysis back on shore.  DIC followed by alkalinity were measured from the same sample.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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 3, concentration 0.09676), was added to the seawater to take its pH to approximately 3.5.  After an eight minute period in which CO2 was stripped from the seawater, 0.025ml 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 alkalinity of the seawater by use of a Gran plot. The final concentrations are calibrated with the daily measured standard where:  

corrected value = raw value * measured standard / standard value *  correction for mercuric chloride volume

The mercuric chloride correction is either 1.0002 or 1.0004, depending on whether the sample volume was 250 or 500 ml. 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 57, concentration of 2230.33 +/-0.66 µmol/kg) (DOE, 1994; Dickson, 2001; Dickson et al., 2003) supplied by Andrew Dickson (Scripps  Institute of Oceanography, San Diego, USA).  
Precision is given by the pooled standard deviation of sample replicates.  sp = 1.12 µmol/kg, where n = 8 pairs. 
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2003:  Marty is checking to confirm if Alk did or did not also use SS11 or SS10 or if there is simply a typo with some of the reference info (2430 instead of 2230).
“Ok looking at stuff and there is a typo, the alkalinity standard in question should be 2229.313 and not 2429.313”
Marty explained that IOS’s Seawater Standard (SS) is calibrated using the Dickson CRM but the samples aren’t actually calibrated to the SS.  The SS or CRM (opened CRM bottle is OK to run another day as exposure to CO2 doesn’t matter) is run at the start of the day.  The value is examined to confirm system is working properly but no further calibration is performed.  Marty notes there can be drift throughout the day.   Lisa Miller has decided for her samples that she wants the samples calibrated using the daily measured standard. 

corrected value = 
raw value * measured standard / standard value *  correction for mercuric chloride volume(?)

Plugging in numbers for a random sample this was a change of 4 in 2250 (.2%)
Marty considers the system general accuracy to have improved with each modification:

Millero system  +/-5 (in specs) +/- 15umol/kg (in reality)
UHawaii system +/- 4

UHawaii system +/- 2  after changing initial acid amount based on salinity

UW(PaulK) system even better?

Andrew Dickson’s website:

http://andrew.ucsd.edu/co2qc/handbook.html
Note re methods change 1999-2007:
From 1999 (approx) to 2007 IOS has been using the system designed by the University of Hawaii.
Note re Methods change for 2004 and later:
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One thing to note is before 2004 for alkalinity a constant volume of acid was added no matter what the sample salinity was.  Now the acid volume is adjusted depending on the sample therefore giving better results.

