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��
Introduction


	The May 1995 COCC cruise to Station Papa was the eighth use of the Freon Analysis System in the field.  The cruise began May 8, 1995, and proceeded out sampling along line P.  At Station Papa casts were carried out for 3 days and the ship returned to IOS on May 25, 1995.


Methods


Sampling


Water


	Freon samples were taken from 10 liter Niskin bottles only since the large bottles have a better O-ring surface area/water volume ratio than smaller Niskins.  These bottles were well aged, but no specific precautions had been taken to lessen contamination of Freon from O-rings or elastic tubing in these Niskin bottles.  They were however, stored closed with the remnants of the previous sample out on deck where the air is not as heavily contaminated with CFC's.  The Freon samples were the first samples drawn from the Niskin since they are the most easily contaminated by air entering the head space of the bottle.  The samples were drawn directly into 100 ml precision ground glass syringes.


	Once the Niskin bottle was on deck, the integrity of the bottle was verified by pushing in the drain valve while the vent remained closed.  If there was no leakage, the syringe valve was inserted into the drain valve and the vent opened.  The syringe was filled with about 10 ml of seawater.  The hydrostatic pressure of the water in the Niskin bottle forced the syringe plunger outward. This reduces the chance of drawing an air bubble into the syringe which is likely if the plunger was pulled out.  The syringe was then removed while the water was still flowing and emptied into the outflow (but not into the Niskin).  This 10 ml rinse was repeated three times.  Then the syringe was filled with approximately 100 ml and the plunger was rinsed with the niskin outflow while expelling the first 80 ml of the large draw.  The three 10 ml rinse technique was repeated and the syringe then filled to about 100 ml, and stopcock closed.  If an air bubble was drawn into the syringe while sampling, the rinses were started all over again.  An elastic was put on the syringe to maintain a positive pressure on the water sample.  The syringe was placed in a sample bucket filled with fresh seawater at least one inch above the syringe barrel.  The bucket of samples was kept in a lab sink, with a continual overflow from the seawater loop manifold.


	Hydrocast Freon profiles were carried out at stations P04, P12, P16, P20, P23 and P26.  Another cast at P26 triggered two Niskins at each depth between 10 and 800 meters.  


	Carrier blanks, stripper blanks, and restripped samples were also analyzed throughout the cruise.


�
Air


	Syringe air samples were taken from above the bridge, sampling deck and inside the lab.  The designated air syringe was flushed at least ten times, then a sample drawn, the stopcock closed, and tension elastic put in place.


Analysis


		Analyses are carried out using the Chloroflorocarbon Analytical System built by Glenn Smith, Centre for Ocean Climate Chemistry, Institute of Ocean Sciences.  The COCC analytical system is a modified version of the one described by Bullister and Weiss (1988).  The system has been modified so that the pre column is in its own temperature controlled oven, separate from the Gas Chromatograph oven.  Also an additional valve was automated.  A Hewlett Packard 5880a Gas Chromatograph was used on this cruise.


		The extraction system was given an overhaul before the cruise.  The mole sieves were repacked, new trap packed and metal tubing heated to drive off contaminants.  This eliminated the blank problem encountered on the most recent cruises.


Calibration


Standards


	Working standard tank number 63100 was used throughout this cruise.  (F11, 579.65 ppt, standard deviation 6.6, n=5, and F12, 280.74 ppt, standard deviation 1.7, n=5)  This standard was made up of outside air using the COCC facilities.  The tank was calibrated against COCC's  lab standard tank number 63088 (F11,  457.59 ppt, standard deviation 0.55; and F12,  263.13 ppt, standard deviation 0.76).  This lab standard was calibrated by Bullister in October 1993.


Daily Calibration


	Calibration curves used to determine sample concentrations were generated by multiple injections of predetermined volumes of standard gas.  Verifying the carrier blank would be the first procedure of the day.  This was followed by a suite of S(small loop)*1, S*2, S*3, S*4, and L(large loop)*1, L*2, L*3.  If these areas looked reasonable based on the previous days' results, a stripper blank was analyzed and then water sample analyses begun.  A L*1 standard was run every few samples, approximately hourly, throughout the day to monitor drift in detector sensitivity.


�
Results


	Over three hundred and forty Freon analysis runs were carried out during this cruise.  A total of a hundred and forty water samples were analyzed.


	Data reduction was carried out using the Ocean Chemistry/NOGAP PC adapted computer program based on the Scripps computer program (Weiss).  This program requires salinity and temperature for calculations; the former was taken from Salinometer data; and the latter was read from the sample bucket when the syringe was removed and attached to the extraction system.  








Woce Quality Definition


Value�
Definition�
�
1�
Sample not analyzed�
�
2�
Acceptable measurement�
�
3�
Questionable measurement�
�
4�
Bad Measurement�
�
5�
Not reported�
�
9�
Sample not drawn from bottle�
�



	Results that do not have a quality of 2 (acceptable) have been omitted from the subsequent plots.





�
Station Data


Station P04 - May 11, 1995





Sample 


Number�
Pressure


dbar�
F11


pmol/Kg�
F12


pmol/Kg�
F11 


WOCE


Quality�
F12


WOCE


Quality�
�
17�
1315�
0�
0�
2�
2�
�
18�
1199�
0�
0�
2�
2�
�
19�
1000�
0�
0�
2�
2�
�
20�
801�
0�
0�
2�
2�
�
21�
801�
0�
0�
2�
2�
�
22�
600�
0�
0�
2�
2�
�
23�
501�
0.828�
0�
2�
2�
�
24�
399�
1.382�
0�
2�
2�
�
25�
299�
1.861�
2.565�
2�
4�
�
26�
201�
2.340�
3.617�
2�
4�
�
27�
149�
3.197�
3.897�
2�
4�
�
28�
100�
3.310�
1.956�
2�
2�
�
29�
73�
3.713�
2.335�
2�
2�
�
30�
49�
3.746�
2.475�
2�
2�
�
31�
24�
4.569�
2.824�
2�
2�
�
32�
10�
4.152�
2.627�
2�
2�
�






�





�
Station P12 - May 13, 1995





Sample 


Number�
Pressure


dbar�
F11


pmol/Kg�
F12


pmol/Kg�
F11 


WOCE


Quality�
F12


WOCE


Quality�
�
39�
2000�
0�
0�
2�
2�
�
41�
1750�
0�
0�
2�
2�
�
42�
1500�
0�
0�
2�
2�
�
43�
1250�
0�
0�
2�
2�
�
44�
1000�
0�
0�
2�
2�
�
45�
800�
0�
0�
2�
2�
�
46�
600�
0.337�
0.360�
2�
2�
�
47�
500�
0.534�
0.952�
2�
4�
�
48�
400�
0.804�
0.569�
2�
2�
�
49�
300�
1.414�
0.761�
2�
2�
�
50�
200�
2.181�
1.180�
2�
2�
�
51�
150�
2.680�
1.386�
2�
2�
�
52�
100�
3.757�
1.966�
2�
2�
�
53�
75�
4.349�
2.198�
2�
2�
�
54�
50�
4.453�
3.477�
2�
4�
�
55�
25�
4.189�
2.145�
2�
2�
�



�





�
Station P16 - May 14, 1995





Sample 


Number�
Pressure


dbar�
F11


pmol/Kg�
F12


pmol/Kg�
F11 


WOCE


Quality�
F12


WOCE


Quality�
�
66�
1002�
0�
0�
2�
2�
�
67�
802�
0�
0�
2�
2�
�
68�
603�
0.345�
0.240�
2�
2�
�
69�
400�
1.206�
0.661�
2�
2�
�
70�
300�
1.977�
1.068�
2�
2�
�
71�
200�
2.997�
1.504�
2�
2�
�
72�
150�
3.410�
1.811�
2�
2�
�
73�
100�
4.595�
3.630�
2�
4�
�
74�
78�
4.656�
2.383�
2�
2�
�
75�
50�
4.521�
2.456�
2�
2�
�
76�
26�
4.504�
2.541�
2�
2�
�
77�
10�
4.507�
2.528�
2�
2�
�
78�
10�
4.460�
2.400�
2�
2�
�



�








�
Station P20 - May 15, 1995





Sample 


Number�
Pressure


dbar�
F11


pmol/Kg�
F12


pmol/Kg�
F11 


WOCE


Quality�
F12


WOCE


Quality�
�
89�
1002�
0�
0�
2�
2�
�
90�
802�
0�
0�
2�
2�
�
91�
599�
0.141�
0.400�
2�
3�
�
92�
400�
1.180�
0.737�
2�
2�
�
93�
300�
1.969�
1.267�
2�
2�
�
94�
200�
2.755�
1.510�
2�
2�
�
95�
151�
3.487�
1.896�
2�
2�
�
96�
100�
4.715�
2.447�
2�
2�
�
97�
74�
4.857�
2.420�
2�
2�
�
98�
48�
4.893�
2.487�
2�
2�
�
99�
25�
4.506�
2.296�
2�
2�
�
100�
11�
4.495�
2.326�
2�
2�
�
101�
11�
4.452�
2.273�
2�
2�
�
�





�
Station P23 - May 16, 1995





Sample 


Number�
Pressure


dbar�
F11


pmol/Kg�
F12


pmol/Kg�
F11 


WOCE


Quality�
F12


WOCE


Quality�
�
112�
982�
0�
0�
2�
2�
�
113�
806�
0�
0�
2�
2�
�
114�
598�
0.278�
0.351�
2�
2�
�
115�
399�
1.489�
0.902�
2�
2�
�
116�
399�
1.319�
0.824�
2�
2�
�
117�
297�
2.732�
1.294�
3�
2�
�
119�
150�
3.350�
1.809�
2�
2�
�
120�
99�
4.841�
2.594�
2�
2�
�
121�
75�
4.801�
2.373�
2�
3�
�
122�
49�
4.441�
2.504�
3�
2�
�
123�
25�
4.767�
2.393�
2�
2�
�
124�
10�
4.433�
2.271�
2�
2�
�



�


�



Station P26  (First Cast) May 17, 1995





Sample 


Number�
Pressure


dbar�
F11


pmol/Kg�
F12


pmol/Kg�
F11 


WOCE


Quality�
F12


WOCE


Quality�
�
130�
1001�
0�
0�
2�
2�
�
131�
899�
0�
0�
2�
2�
�
132�
801�
0�
0�
2�
2�
�
133�
700�
0.115�
0�
2�
2�
�
134�
599�
0.667�
0�
2�
2�
�
135�
503�
0.929�
0.533�
2�
2�
�
136�
403�
0.941�
0.847�
3�
2�
�
137�
300�
1.561�
0.972�
2�
2�
�
138�
249�
2.121�
1.196�
2�
2�
�
139�
200�
2.633�
1.399�
2�
2�
�
140�
176�
3.013�
1.532�
2�
2�
�
141�
151�
3.302�
1.764�
2�
2�
�
142�
126�
3.406�
2.013�
2�
2�
�
144�
76�
4.828�
2.479�
2�
2�
�
145�
49�
5.037�
2.580�
2�
2�
�
146�
26�
5.056�
2.498�
2�
2�
�
147�
10�
4.909�
2.416�
2�
2�
�
�








�
Station P26  (Freon Duplicate cast) May 18, 1995





Sample 


Number�
Pressure


dbar�
F11


pmol/Kg�
F12


pmol/Kg�
F11 


WOCE


Quality�
F12


WOCE


Quality�
�
165�
799�
0�
0�
2�
2�
�
166�
799�
0.130�
0�
2�
2�
�
167�
600�
0.394�
0.323�
2�
2�
�
168�
600�
0.321�
0.288�
2�
2�
�
169�
399�
1.275�
0.797�
2�
2�
�
170�
399�
1.239�
0.709�
2�
2�
�
171�
203�
2.869�
1.364�
2�
2�
�
172�
203�
2.649�
1.338�
2�
2�
�
173�
99�
4.871�
2.339�
2�
2�
�
174�
99�
4.885�
2.360�
2�
2�
�
175�
49�
4.871�
2.392�
2�
2�
�
176�
49�
4.860�
2.342�
2�
2�
�
177�
10�
5.033�
2.437�
2�
2�
�
178�
10�
4.973�
2.414�
2�
2�
�
�








�
Station P26  (Combined Data)


The best quality data from the two casts were combined in the following table and plot to show a detailed profile of freon results.  If the data was good for a specific depth sampled during both casts a mean value was used.





Sample 


Number�
Pressure


dbar�
F11


pmol/Kg�
F12


pmol/Kg�
F11 


WOCE


Quality�
F12


WOCE


Quality�
�
130�
1001�
0�
0�
2�
2�
�
131�
899�
0�
0�
2�
2�
�
132�
801�
0�
0�
2�
2�
�
133�
700�
0.115�
0�
2�
2�
�
134�
599�
0.667�
0.323�
2�
2�
�
135�
503�
0.929�
0.533�
2�
2�
�
169.5�
401�
1.257�
0.753�
2�
2�
�
137�
300�
1.561�
0.972�
2�
2�
�
138�
249�
2.121�
1.196�
2�
2�
�
139�
200�
2.633�
1.399�
2�
2�
�
140�
176�
3.013�
1.532�
2�
2�
�
141�
151�
3.302�
1.764�
2�
2�
�
142�
126�
3.406�
2.013�
2�
2�
�
173�
99�
4.871�
2.339�
3�
2�
�
144�
76�
4.828�
2.479�
2�
2�
�
145�
49�
5.037�
2.580�
2�
2�
�
146�
26�
5.056�
2.498�
2�
2�
�
147�
10�
4.909�
2.416�
2�
2�
�
�











�
Precision by Pooled Standard Deviation of Duplicates


Duplicates on this cruise were taken by one syringe for each of two Niskin Bottles tripped at the same depth.





F11 X�Pmol/Kg�
F11 Y�Pmol/Kg�
F11 X-Y�Pmol/Kg�
F12 X�Pmol/Kg�
F12 Y�Pmol/Kg�
F12 X-Y�Pmol/Kg�
�
4.507�
4.460�
.047�
2.528�
2.400�
.128�
�
4.495�
4.452�
.043�
2.326�
2.273�
.053�
�
1.489�
1.319�
.170�
0.902�
0.824�
.078�
�
0.394�
0.321�
.073�
0.323�
0.288�
.035�
�
1.275�
1.239�
.036�
0.797�
0.709�
.088�
�
2.869�
2.649�
.220�
1.364�
1..338�
.026�
�
4.871�
4.885�
.014�
2.339�
2.36�
.021�
�
4.871�
4.860�
.011�
2.392�
2.342�
.050�
�
5.033�
4.973�
.060�
2.437�
2.414�
.023�
�



�EMBED Equation ���


�Using the above equation to calculate the precision by the pooled standard deviation of duplicates, where k is the number of duplicates, the results were as follows.


F11  For the range  0.321 - 5.033 Pmol/Kg, the pooled standard deviation for duplicates was 0.071 Pmol/kg.


F12  For the range 0.288 - 2.437 Pmol/Kg; the pooled standard deviation for duplicates was 0.046 Pmol/Kg.


�
Comparison of Cruises





�
Freon�
11�
Freon�
12�
�
CRUISE�
Range�
Pooled STD�
Range�
Pooled STD�
�
COCC9201�Stn PAPA�
.070 - 4.571�
.021�
.074 - 2.090�
.025�
�
COCC9203�Russian N.Pac�
.617 - 2.778�
.094�
.346 - 1.470�
.061�
�
COCC9303�Stn PAPA�
.059 - 2.65�
.020�
0 - 1.054�
.018�
�
COCC9316�Sea of Okhotsk�
.058 - 7.33�
.053�
.068 - 3.948�
.073�
�
COCC9303�WOCE P15N�
.415 - 2.587�
.076�
.263 - 1.359�
.039�
�
COCC9505�Stn PAPA�
.321-5.033�
.071�
.288-2.438�
.046�
�



Air


Freon Levels of Air





STN�
SAMPLE�
F11�ppt�
F12�ppt�
�
P26�
Lab Air�
280.88�
787.65�
�
P26�
Above Bridge�
276.16�
575.49�
�
P26�
Sampling deck air�
256.28�
521.62�
�






Discussion


Comparison of earlier data


	Comparison plots of F11 and F12 results from Station Papa over several years are shown on the following pages.  These data are from Gammon (1982), Schwarz (1988) and the data presented in the COCC Cruise 9201 Freon Data Report (Richardson 1993), COCC Cruise 9303 Freon Data Report (Richardson 1993), COCC Cruise 9402 Freon Data Report (Richardson 1995) and this Cruise 9505.  Data Report results are in raw form with no corrections.


�
Comparison of F11 at Station Papa over time


�EMBED StanfordGraphics \s  \* mergeformat���











�
Comparison of F12 at Station Papa over time


�EMBED StanfordGraphics \s  \* mergeformat���





�
Conclusions


Recommendations


	Considering the space restrictions of the John P. Tully, which result in many people and analyses being carried out in one lab, it is mandatory that no spray cans be used in the lab.  Even without Freon propellants, di-chloro and tri-chloro ethane can cause major contamination problems.  These problems were also encountered and described by U.Schwarz (1989).


	Fortunately, during this cruise people refrained from using spray cans, and no work was done to the ships refrigeration systems as on a previous cruise.  With this cooperation it is possible to get excellent quality Freon data results while doing analysis in the main lab on the John P. Tully.
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