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Introduction 

The data presented in this report are from the South Atlantic Ventilation Experiment 
(SAVE) which consisted of SAVE legs 1-5 and Hydros leg 4. Station locations are shown in 
Figure 1 and the complete hydrographic data is reported in Ocean Data Facility, Scripps 
Institution of Oceanography (1992a, b, c). The chlorofluorocarbons, F-ll and F-12, were 
measured on all of these legs by Scripps Institution of Oceanography (SIO) and Lamont- 
Doherty Geological Observatory (LDGO) using a SIO CFC analysis system. On two legs 
where station spacing was 30 nautical miles, two CFC analysis systems were used, one from 
SIO and one from LDGO. The reason for this was to increase coverage where station spacing 
was 30 nautical miles and to compare analyses performed on two different systems. The 
LDGO system was used on SAVE leg 5 and Hydros leg 4 which were carried out on the R/V 
Melville between January 23 and April 19, 1989. Station locations where samples were 
measured using the LDGO system are shown in Figure 2. The LDGO system was operated by 
M. T. Benjamin on SAVE leg 5 and by J. Razniewski on Hydros leg 4. CFC data collected 
with the SIO system on these two legs and on the other SAVE legs are reported in a separate 
data report. 

Methods 

Water samples were collected in 10-liter Niskin type bottles attached to a rosette. 
O-rings on the bottles had been treated to reduce the bottle blank. CFC water samples were 
drawn into 100-cc glass syringes from these bottles and stored in a bath of running surface 
seawater until analysis which was no more than 12 hours after collection. Air samples were 
collected by pumping air from the ship's bow to the CFC analysis system. Water vapor was 
removed from the air by passing it through a column of manganese perchlorate prior to filling a 
calibrated loop for the analysis. Air samples were collected when there was a wind across the 
bow to prevent contamination from ship's air. 

Water and air samples were analyzed by gas chromatography using an electron capture 
detector. Water samples were introduced into a 35 cc calibrated volume and then transferred to 
a stripper. The water was purged for 4 minutes with carrier gas (ultra pure nitrogen which was 
passed through a column of molecular sieve 13X to remove any traces of CFCs) at a rate of 
100 cc per minute and the CFCs were trapped out of this gas stream onto a unibeads 2s trap 
maintained at -60° to -80° C. The trapped CFCs were backflushed off of the trap into the gas 
chromatograph after heating the trap to 100° C. F-ll and F-12 were separated from each other 
and from other trapped substances on a pre-column/main column packed with Porasil B and a 
short post column of molecular sieve 5A. The molecular sieve 5A removes nitrous oxide from 
the gas stream providing a clean F-12 peak. It is valved out of the gas stream prior to the 
elution of F-ll. Substances with long retention times were backflushed off the precolumn to 
prevent interference with subsequent analyses. The output from the electron capture detector 
was fed to an integrating recorder which recorded the chromatogram and determined retention 
times and peak areas. This information was transferred to a Hewlett Packard Integral PC for 
subsequent data reduction. Air samples were analyzed using the same procedure except that 
the sample, measured into a calibrated gas loop, was flushed directly to the unibeads 2s trap 
without passing through the stripper chamber. 

The electron capture detector was calibrated by running different size calibrated gas 
loops of a standard gas mixture which contained known amounts of F-ll and F-12. Blanks 
were also run for the calibrated gas loops and a correction was applied if necessary. From the 
blank corrected calibration data, F-ll and F-12 sensitivities were calculated and a normalized 
reciprocal sensitivity was plotted against normalized area. A polynomial expression was fitted 
to these data by a least squares technique and this expression was used to calculate 
concentrations from blank corrected normalized areas of air and water samples. Calibration 
curves were generally run once a day and the polynomial expression usually fit the calibration 
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data points to within 0.5 to 1% for F-11 and 1 to 2 % for F-12. Detector drift between 
calibration curves was monitored by running a calibrated loop of standard gas for about every 6 
samples analyzed. These data were used to determine the normalization factor for the water 
and air samples. Details of this calibration/data reduction procedure are described in Bullister 
and Weiss (1988). 

System blanks for gas and water samples were monitored throughout the cruises and 
corrections applied. There was also a blank associated with the water sampling bottle, sample 
drawing, sample storage in syringes, and introduction of the sample into the analysis system. 
This blank was determined by analyzing deep water samples thought to be free of CFCs. The 
average values were 0.003 pmol/kg for F-12 and 0.005 pmol/kg for F-ll, and these values 
have been subtracted from all water samples. 

The precision of the measurement was determined by measuring duplicate water 
samples collected in different syringes from the same bottle and by running replicate air 
samples. The average difference in duplicate water samples was 0.005 pmol/kg for 
concentrations less than 0.8 pmol/kg and 1.6% for concentrations greater than 0.8 pmol/kg for 
F-12 and 0.003 pmol/kg (concentrations less 0.8 pmol/kg) and 0.8% (concentrations greater 
than 0.8 pmol/kg) for F-ll, which is based on 31 sets of duplicates analyzed during the course 
of both legs. Air samples were generally run in groups of 4 or 5 and the average standard 
deviation was 0.6% for F-12 and 0.3% for F-ll. 

Comparison of LDGO to SIO Data 

To compare results from the SIO and LDGO CFC analysis systems, approximately 240 
samples were run on both systems during the two legs. Plots of SIO F-12 verses LDGO F-12 
and SIO F-l 1 verses LDGO F-ll are presented in Figures 3 and 4. There is a strong linear 
correlation between the two data sets as expected with a correlation coefficient of 0.9986 for F- 
12 and 0.9985 for F-ll, and the intercepts of the linear fits are essentially zero. However, the 
slope is not one as expected, but is 0.959 ± 0.0016 for F-12 and 0.9685 ± 0.0018 for F-ll. 
Thus, the LDGO CFC data is systematically higher than the SIO CFC data by 3-4%. A 
comparison of 11 air measurements was also made for SAVE leg 5. Each result is the average 
of 3-5 measurements for both SIO and LDGO. There is no systematic difference in the air 
results; the average percent difference is 0.8 ± 1.3% for F-12 and 0.5 ± 0.8% for F-ll with 
the LDGO results lower than the SIO results. This indicates that the difference is not caused by 
a systematic error in calibration. Since the systematic difference is nearly the same for both F- 
12 and F-ll, it does suggest that there is a systematic difference in the water volume 
measurement. However, the volume of the calibrated loop used to determine the sample 
volume was checked and found to be correct. The reason for the offset in the water data has 
not been resolved and the LDGO data presented here are reported in two ways, 1) as measured 
and 2) adjusted by multiplying by 0.964 to bring the data in line with the SIO data. 

The adjusted LDGO data was compared with the SIO data by calculating differences 
and percent differences. For both F-12 and F-ll, the average difference was 0.008 pmol/kg 
for concentrations less than 0.8 pmol/kg and 2.3% for concentrations greater than 0.8 pmol/kg. 
This is roughly twice the differences for duplicates run on either the LDGO system or the SIO 
system. Users of these two data sets should keep in mind that there is a ± 2.3% scatter 
between the data sets. 

Air Samples 

Air samples were measured on SAVE leg 5 and these results are presented in Table 1. 
As discussed above, measurements of air samples with both the LDGO and SIO systems are in 
good agreement. Many more air samples were analyzed with the SIO system than with the 
LDGO system. Therefore, the SIO measurements, which are reported in a separate data report, 
have been used to determine the atmospheric concentrations reported with the oceanographic 
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Figure 3: SIO F-12 (pmol/kg) versus LDGO F-12 (pmol/kg). 
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Figure 4: SIO F-11 (pmol/kg) versus LDGO F-11 (pmol/kg). 
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data. For both legs, the SIO atmospheric CFC data were plotted against date. For SAVE leg 
5, F-12 was more or less constant with an average value of 438.0 pptv from January 24 until 
February 20; after February 20 until the end of the cruise, the average concentration was 441.9 
pptv. The average F-l 1 concentration was 239.2 pptv from January 24 until February 10 and 
241.6 pptv from February 11 until the end of the leg. On Hydros leg 4, the cruise track was 
primarily from south to north and the CFC concentration gradually increased along the cruise 
track until the Intertropical Convergence Zone where it increased abruptly. The F-12 
concentration increased linearly with date from 441 pptv on March 14 to 450 pptv on April 4, 
then increased sharply to about 464 pptv on April 9. The F-l 1 concentration increased linearly 
from 241 to 245 pptv, then increased abruptly to about 256 pptv for the same time period. 

Water Samples 

CFC data for the water samples are reported for each station with depth, potential 
temperature, salinity, sigma-theta, oxygen and oxygen saturation. The accompanying 
hydrographic data are from the final hydrographic data reports (Ocean Data Facility, Scripps 
Institution of Oceanography, 1992a, b, c). F-l 1 and F-12 saturation and the F-l 1:F-12 ratio 
for concentrations greater than 0.01 pmol/kg are also reported. The F-l 1 and F-12 saturations 
were calculated using the atmospheric concentrations, as discussed in the previous section, and 
the Warner and Weiss (1985) solubility data. The CFC data is reported in two ways, 1) as 
observed and 2) adjusted downward by 3.6% to account for a systematic difference between 
the SIO and LDGO measurements as discussed above. Obvious bad data have been removed 
and a few questionable data have been flagged. Where duplicates were run, the average value 
is reported but these samples are not noted. The results for water and air samples are reported 
on the SIO 1986 calibration scale, which has an estimated accuracy of 0.5% for F-12 and 1.3% 
for F-11 (Bullister and Weiss, 1988). 

Vertical Profiles 

Vertical profiles of F-l 1 and F-12 for all stations, except for those having only one or 
two data points, are presented following the station data. The data are plotted on two 
concentration scales to show features present in low CFC deep water. 
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Table 1. F-12 and F-l 1 concentration in dry marine air measured on SAVE leg 5 using the LDGO 
CFC analysis system. Concentrations are relative to the SIO 1986 calibration scale. 

Station Date Latitude Longitude F-12 
(DPtv) 

F-ll 
(PPtY) 

243 3 Feb 89 35°30'S 24°58'W 441.2 ± 2.7 230.7 ± 0.6 

249 5 Feb 89 38°15'S 26°29'W 435.3 ± 1.6 238.4 ± 1.0 

252 6 Feb 89 39°40'S 27°19'W 425.3 ± 2.3 240.9 ± 0.8 

262 11 Feb 89 44°50'S 30°18'W 440.7 ± 3.9 236.9 ± 0.9 

268 13 Feb 89 48°3 l’S 32°46'W 434.6 ± 1.0 242.9 ± 0.6 

271 14 Feb 89 49°46'S 33°11’W 435.7 ± 2.4 241.7 ± 0.7 

274 15 Feb 89 51°37'S 34°45'W 434.8 ± 2.1 239.5 ± 0.6 

276 16 Feb 89 53°10'S 35°52'W 437.2 ± 0.5 239.4 ± 0.2 

285 20 Feb 89 49°24'S 41°32'W 440.8 ± 3.2 239.4 ± 1.0 

295 25 Feb 89 40°39'S 41°05'W 436.8 ± 2.1 239.8 ±1.1 

306 5 Mar 89 36°56'S 48°28'W 429.9 ± 3.9 240.6 ± 0.2 
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rH QC • rH cc 

CO 3 CO 3 

co •k co 
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