


CLIVAR/Carbon A10 

�  Collect water samples at depth along a transect line 

�  Decadal series of  repeat hydrography research 
cruises 

�  A10 occupies the 30° S transect 

�  Transect also completed in 1992 and 2003 

 



Subtropical Gyre 

http://blue.utb.edu/paullgj/geog3333/lectures/physgeog.html 



Subtropical Gyre 

SeaWiFS  



Water Mass Formation 

Diagram from: http://divediscover.whoi.edu 



A10 WOCE  

AABW 

AABW 

AABW 

North Atlantic Deep Water 

Antarctic Intermediate Water 

Thermocline Water 



My Role 

�  Graduate student volunteer funded by a NSF grant from 
Dr. Jim Swift at Scripps Institute of  Oceanography 

�  Part of  3-man group collecting and analyzing water 
samples for CFC gas concentration 

�  CFCs: bad for ozone layer but useful for oceanographers 

�  CFC research for Dr. John Bullister at Pacific Marine 
Environmental Laboratory 

�  Little personal cruise experience 



CFC Invasion 

http://puddle.mit.edu/~mick/cfcall.html 
http://puddle.mit.edu/~mick/cfcsec.html 



Cruise Stations 



Walvis Ridge 
Mid-Atlantic Ridge 

Rio Grande Rise 



Cruise Details 
�  25 in science party and 26 crew and officers 

�  Chief  scientist – Dr. Molly Baringer (Atlantic 
Oceanographic and Meteorological Laboratory 

�  Co-chief  scientist – Dr. Alison Macdonald (Woods 
Hole Institute of  Oceanography) 

�  CFCs, He3, O2, pH, DIC, total alkalinity, C14, black 
carbon, density, DOC, O18, tritium, nutrients, 
salinity, temperature, and phytoplankton 

 







Cape Town 



Delayed 

�  Departed on August 28th  

�  Winch problems during first test cast station 

�  Hydraulic pump failure forces shutdown of  engine 

�  Limp back into Cape Town at half-speed on one 
screw 

�  Many more delays would follow… 

�  29 days before successful sea trials allow us to 
leave Cape Town once again 





Schedule 

�  On call: 17:00-21:00   

�  On shift: 21:00-5:00   

�  On call: 5:00-9:00 

�  “On call” sampled entire cast, while “on shift” 
assisted while also running samples 

�  Wake up for sunset; go to bed after sunrise 

�  Ship operated 24 hours, but drills, meetings, and 
announcements in the afternoon… 



Night shift = lots of  sunsets 



CTD Cast 



Sampling 

�  Many different people sampling many different 
variables 

�  Sampling hierarchy and “sample cop” reduced 
confusion  

�  CFC sampled first due to ultra-low concentration 
and air contamination 



Sampling Video 







Instrumentation 



CFC Analysis 

�  Gas chromatography with electron capture detector 
(ECD) 

�  Column #1 for SF6, column #2 for CFC-11 and 
CFC-12, and column #3 for N2O and CCl4.   

�  SF6 measured as fmol/kg 

�  CFC-11 and CFC-12 in pmol/kg 

�  ~ 12 minutes to complete one sample 



SF6 
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Released 110 kg of  
SF6 on western edge 
of  Mid-Atlantic 
Ridge in 1996! 
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reference value was applied to each sample. Then the difference (if any) between the initial and final vials of
standard seawater was applied to each sample as a linear function of elapsed run time. The corrected salinity data
was then incorporated into the cruise database. When duplicate measurements were deemed to have been collected
and run properly, they were averaged and submitted with a quality flag of 6.
On A10, 2749 salinity measurements were taken and approximately 120 vials of standard seawater (SSW) were
used. A duplicate sample was drawn from each cast to determine total analytical precision.

2. Oxygen Analysis
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Equipment and Techniques
Dissolved oxygen analyses were performed with an automated titrator using amperometric end-point detection
[Lang10]. Sample titration , data logging, and graphical display were performed with a PC running a LabView
program written by Ulises Rivero of AOML. Lab temperature was maintained at 18.5-22.5°C. Thiosulfate was
dispensed by a 2 ml Gilmont syringe driven with a stepper motor controlled by the titrator. Tests in the lab were
performed to confirm that the precision and accuracy of the volume dispensed were comparable or superior to the
Dosimat 665. The whole-bottle titration technique of Carpenter [Carp65], with modifications by Culberson et al.
[Culb91], was used. Four replicate 10 ml iodate standards were run every 3-4 days. The reagent blank determined
as the difference between V1 and V2, the volumes of thiosulfate required to titrate 1-ml aliquots of the iodate
standard, was determined five times during the cruise. This method was found during pre-cruise testing to produce a
more reproducible blank value than the value determined as the intercept of a standard curve. The temperature-
corrected molarity of the thiosulfate titrant was determined as given by C. Langdon [Lang10].

Sampling and Data Processing
Dissolved oxygen samples were drawn from Niskin bottles into calibrated 125-150 ml iodine titration flasks using
silicon tubing to avoid contamination of DOC and CDOM samples. Latex gloves were worn during sample
collection for the same reason. Bottles were rinsed three times and filled from the bottom, overflowing three
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1. Salinity
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Equipment and Techniques
A single Guildline Autosal, model 8400B salinometer (S/N 60843), located in salinity analysis room, was used for
all salinity measurements. The salinometer readings were logged on a computer using Ocean Scientific
International’s logging hardware and software. The Autosal’s water bath temperature was set to 24°C, which the
Autosal is designed to automatically maintain. The laboratory’s temperature was also set and maintained to just
below 24°C, to help further stabilize reading values and improve accuracy. As an additional safeguard, the Autosal
was powered using the ship’s clean power to prevent any electrical noise issues.
Salinity analyses were performed after samples had equilibrated to laboratory temperature, usually at least 24 hours
after collection. The salinometer was standardized for each group of samples analyzed (usually 2 casts and up to 50
samples) using two bottles of standard seawater: one at the beginning and end of each set of measurements. The
salinometer output was logged to a computer file. The software prompted the analyst to flush the instrument’s cell
and change samples when appropriate. For each sample, the salinometer cell was initially flushed at least 3 times
before a set of conductivity ratio readings were taken.

Standards
IAPSO Standard Seawater Batch P-152 was used to standardize all casts.

Sampling and Data Processing
The salinity samples were collected in 200 ml Kimax high-alumina borosilicate bottles that had been rinsed at least
three times with sample water prior to filling. The bottles were sealed with custom-made plastic insert thimbles and
Nalgene screw caps. This assembly provides very low container dissolution and sample evaporation. Prior to sample
collection, inserts were inspected for proper fit and loose inserts replaced to insure an airtight seal. Laboratory
temperature was also monitored electronically throughout the cruise. PSS-78 salinity [UNES81] was calculated for
each sample from the measured conductivity ratios. The offset between the initial standard seawater value and its
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Morale 
�  Serious concern for longer cruises, especially those 

that are plagued with problems from the start… 

�  Connection to outside world via limited internet is 
immensely helpful.  

�  Close proximity to a large number of  people 

�  Sometimes, it’s the little things that matter: 
�  Artisan jam 

�  World series and football games 
�  Endless supply of  ice cream 
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Following along 







Summary 

�  September 26th to October 31st totaling 36 days of  
sea time 

�   120 stations, 15 Argo floats, and 10 surface 
drifters. 

�  Up to 24 bottles on each cast, totaling 2,816 water 
samples  

�  ~2300 water samples analyzed for CFCs 




