Discrete pCO2

Samples were drawn from the Niskin bottles into 500 ml volumetric flasks for measurement of the partial pressure of the dissolved carbon dioxide (pCO2).  The samples were drawn using a Tygon© tube with a short length of silicone tubing to fit over the petcock to avoid contamination of CDOM samples.  The flasks were rinsed while inverted and then filled from the bottom, overflowing half a volume while taking care not to entrain any bubbles.  About 5 ml of water was withdrawn with a pipette to allow for expansion of the water as it warms and to provide space for the stopper, tubing, and frit of the analytical system.   Mercuric chloride solution (0.244 ml at half-saturation) was added as a preservative.  The sample flasks were sealed with a screw cap containing a polyethylene liner. The samples were stored in coolers at air-conditioned room temperature generally for no more than 4 hours.

All analyses were done at 20°C.  A secondary bath was used to get the samples close to the analytical temperature prior to analysis.  As soon as space was available in the secondary or primary bath, sample flasks were moved into the more controlled temperature bath.  No flask was analyzed without spending at least 1.5 hours in these water baths.

The discrete pCO2 system is patterned after the instrument described in Chipman et al. (1991) and is discussed in detail in Wanninkhof and Thoning (1993) and Chen et al. (1995).  The major difference between the two systems is that the Wanninkhof and current instrument uses a LI-COR© model 6262 non-dispersive infrared analyzer, while the Chipman instrument utilizes a gas chromatograph with a flame ionization detector.

Once the samples reach the analytical temperature, a 50-ml headspace is created by displacing the water using a compressed standard gas with a CO2 mixing ratio close to the anticipated pCO2 of the water.  The headspace is circulated in a closed loop through the infrared analyzer that measures CO2 and water vapor concentrations.  The samples are equilibrated until the running mean of 20 consecutive 1-second readings from the analyzer differ by less than 0.1 ppm (parts per million by volume).  This equilibration takes about 10 minutes.  An expandable volume in the circulation loop near the flask consisting of a small, deflated balloon keeps the headspace of the flask at ambient pressure.

In order to ensure analytical accuracy, a set of six gas standards is run through the analyzer before and after every eight seawater samples.  cylinder serial numbers:

CA5998 [205.07 ppm]

CA5989 [378.71 ppm]

CA5988 [593.64 ppm]

CA5980 [792.51 ppm]

CA5984 [1036.95 ppm]

CA5940 [1533.7 ppm]

The standards were obtained from Scott-Marin and referenced against primary standards purchased from C.D. Keeling in 1991, which are on the WMO-78 scale. 

The calculation of pCO2 in water from the headspace measurement involves several steps.  The CO2 concentrations in the headspace are determined via a second-degree polynomial fit using the nearest three standard concentrations.  Corrections for the water vapor, the barometric pressure, and the changes induced in the carbonate equilibrium by the mass transfer of CO2 in or out of the water sample are made.  The corrected results are reported at a reference temperature of 20°C.

At the beginning of the cruise one of the gas circulation channels was performing at an acceptable, though not optimal flow rate.  The equilibrations were requiring more time than in the other channel.  Efforts were made over two days to improve the flow rate in the slow channel.  The flows improved significantly after station 41.  With continuous use of the pumps, excellent flows developed starting at station 50.

During the analyses of station 45, the temperature of the water bath began to drift.  After some efforts to stabilize the temperature, the water bath was replaced.  One pair of samples was lost, and the analyses of most of the samples from station 45 were delayed an additional 4 hours.  Because of the delay, no samples were collected on station 46. 

The relatively time-consuming analyses would not permit samples to be drawn from all Niskins at all stations.  For the majority of the stations, twenty six flasks were drawn on the twenty four Niskins.  Two pairs of duplicate flasks were drawn on most casts.  Until the station spacing was shortened near the equator, a partial cast of sixteen or eighteen flasks was drawn about every fourth station.  Across the equator and to the end of the cruise, full and partial cast were alternated.  The number of flasks in the partial cast was adjusted to avoid a large backlog of samples.

Over 175 pairs of duplicate flasks from the same Niskin were drawn.  The average percent difference between duplicates was 0.25% with a standard deviation of 0.29%.  If the four pairs with differences exceeding 1% are not included, the average is 0.22% and the standard deviation is 0.21%.
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