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Introduction

The May 1994 COCC cruise to Station Papa was the fifth use of the Freon Analysis System in the field.  The level of contamination during the previous cruise on a Russian research vessel was a concern, and it was necessary to ensure the recovery of the freon analysis system.  

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, P24 and P26.  Bottle blanks were evaluated with 2000 meter water at Station R8 at 51 30 degrees North: 135 00 degrees West.


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.

Calibration

Standards


Working standard tank number 63102 was used throughout this cruise.  (F11, 530.56 ppt, standard deviation 1.81, n=6, and F12, 370.21 ppt, standard deviation 2.27, n=7)  This standard was made up of outside air and UHP nitrogen 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 Freon analysis runs were carried out during this cruise.  A total of a hundred and five 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 12, 1994

Sample 

Number
Pressure

dbar
F11

pmol/Kg
F12

pmol/Kg
F11 

WOCE

Quality
F12

WOCE

Quality

153
1304
0.065
0
3
2

144
1200
0
0
2
2

142
1000
0
0
2
2

141
800
0.141
0
2
2

140
600
0.203
0.540
2
3

139
400
0.790
0.421
2
2

138
300
1.384
0.691
2
2

137
200
2.663
1.308
2
2

136
150
3.209
1.535
2
2

135
100
3.831
1.981
2
2

134
50
4.142
2.311
2
2

133
10
4.000
2.006
2
2
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Station P12 - May 14, 1994

Sample 

Number
Pressure

dbar
F11

pmol/Kg
F12

pmol/Kg
F11 

WOCE

Quality
F12

WOCE

Quality

170
2400
0.158
1.087
4
4

169
2199
0.077
0.276
4
4

168
1999
0.690
0.475
4
4

167
1799
0
0.242
2
4

166
1599
0
0.357
2
4

165
1399
0
0.104
2
4

164
1200
0
0.234
2
4

163
1000
0.129
0.745
4
4

162
799
0.056
0.121
2
2

161
598
0.236
0.188
2
2

160
399
1.021
0.915
2
2

159
299
1.914
1.207
2
2

158
202
3.053
1.963
2
2

157
147
3.968
2.256
2
2

156
99
4.059
2.062
2
2

155
50
4.304
2.271
2
2

154
9
4.002
2.252
2
2

Both mole sieves became F12 saturated just before Station 12 samples were analysed, this is why the results for deep water were coded as poor.
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Station P16 - May 15, 1994

Sample 

Number
Pressure

dbar
F11

pmol/Kg
F12

pmol/Kg
F11 

WOCE

Quality
F12

WOCE

Quality

199
3675
0.101
0
4
2

191
1999
0
0
2
2

190
1799
0
0
2
2

189
1601
0
0
2
2

188
1398
0
0
2
2

187
1199
0
0
2
2

186
999
0
0
2
2

185
800
0.079
0.113
2
2

184
598
0.296
0.241
2
2

183
398
1.400
0.714
2
2

182
298
2.631
1.334
2
2

181
197
3.302
1.705
2
2

180
150
3.504
1.847
2
2

179
99
4.523
2.132
2
2

178
48
5.919
2.287
2
2

177
8
5.589
2.080
2
2
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Station P20 - May 16, 1994

Sample 

Number
Pressure

dbar
F11

pmol/Kg
F12

pmol/Kg
F11 

WOCE

Quality
F12

WOCE

Quality

222
4025
0.064
0
3
2

213
2001
0
0.164
2
4

212
1801
0
0.097
2
4

211
1598
0
0
2
4

210
1400
0
0
2
2

209
1200
0
0
2
2

208
1000
0
0
2
2

207
800
0.105
0.128
2
2

206
600
0.322
0.228
2
2

205
399
1.215
0.576
2
2

204
301
2.182
1.109
2
2

203
200
3.131
1.697
2
2

202
100
5.865
2.278
2
2

201
50
6.501
2.228
2
2

200
15
6.506
2.313
2
2
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Station P24 - May 17, 1994
Sample 

Number
Pressure

dbar
F11

pmol/Kg
F12

pmol/Kg
F11 

WOCE

Quality
F12

WOCE

Quality

243
3603
0
0.110
2
3

231
1200
0
0
2
2

230
998
0
0
2
2

229
798
0.065
0.209
2
2

228
598
0.470
0.317
2
2

227
398
1.452
0.741
2
2

226
199
2.992
1.510
2
2

225
99
5.152
2.300
2
2

224
49
6.503
2.301
2
2

223
9
6.486
2.350
2
2
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Station P26  Small Rosette May 19, 1994

Sample 

Number
Pressure

dbar
F11

pmol/Kg
F12

pmol/Kg
F11 

WOCE

Quality
F12

WOCE

Quality

257
2001
0
0.087
2
2

256
1400
0.159
0
4
2

255
801
0.100
0.119
2
2

254
400
1.595
0.701
2
4

253
399
1.881
0.900
4
2

252
199
3.135
1.336
2
2

251
152
3.692
1.678
2
2

250
101
5.241
2.075
2
2

249
75
7.005
2.499
2
2

248
51
6.674
2.303
2
2

247
26
6.697
2.492
2
2

246
11
7.785
2.723
3
3

[image: image7.wmf]CFC P24

0

200

400

600

800

1000

1200

0.000

1.000

2.000

3.000

4.000

5.000

6.000

7.000

Freon 11 & 12

(pmol/Kg)

Pressure (db)

F11

F12


Station P26  Large Rosette May 19, 1994

Sample 

Number
Pressure

dbar
F11

pmol/Kg
F12

pmol/Kg
F11 

WOCE

Quality
F12

WOCE

Quality

278
3999
0
0
2
2

268
1998
0
0
2
2

267
1800
0
0
2
2

266
1598
0
0
2
2

265
1399
0
0
2
2

264
1196
0
0
2
2

263
999
0
0
2
2

262
998
0
0.229
2
4

261
600
0.508
0.311
2
2

260
299
2.228
1.005
2
2

259
99
5.368
2.240
2
2

258
10
6.758
2.381
2
2
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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

263
999
0
0
2
2

255
801
0
0.199
2
2

261
600
0.508
0.311
2
2

254
400
1.595
0.701
2
2

260
299
2.228
1.005
2
2

252
199
3.135
1.336
2
2

251
152
3.692
1.678
2
2

250
101
5.241
2.075
2
2

249
75
7.005
2.499
2
2

248
51
6.674
2.303
2
2

247
26
6.697
2.492
2
2

258
10
6.758
2.381
2
2
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Tests

Bottle blanks

Sampling Location: 51 30 N  135 00 W

May23, 1994 Depth 2000M

Niskin
ID
Sample
Number
Syringe
Salinity
Run #
F11
Pmol/Kg
F12
Pmol/Kg

22
282
7746
34.580
4415
.064
.050

20
284
7677
34.586
4418
.041
0

19
285
9828
34.586
4419
.030
*.272

18
286
9823
34.586
4421
0
0

17
287
7626
34.587
4422
0
0

16
288
7633
34.587
4423
0
0

15
289
7749
34.585
4424
0
0

14
290
2829
34.586
4425
.011
.188

13
291
5576
34.586
4427
.035
.174

11
293
5547
34.588
4428
.012
0

10
294
7631
34.588
4429
.005
.007

9
295
7676
34.589
4433
.063
.169

8
296
7622
34.588
4434
*.183
0

7
297
9838
34.587
4435
.074
0

6
298
9836
34.586
4436
.093
.116

5
299
5
34.589
4437
.075
.091

4
300
3
34.588
4439
.081
.130

3
301
100
34.587
4440
.097
.144

2
302
13
34.586
4441
.044
0





Mean
.040
.059





Std
.035
.074





LD
.105
.222

The means and standard deviations were taken from the bottle blank results excluding the two high values with asterisks.  The limit of detection is given as three times the standard deviation of the blanks.

Air

Freon Levels of Air


Boat
Deck


Aft
Deck


STN
Run #
F11 ppt
F12 ppt
STN
Run#
F11 ppt
F12 ppt

P04
4174
294.53
510.34
P16
4275
287.05
518.12

P20
4315
292.53
512.35
P20
4316
281.83
591.77

P24
4347
289.00
494.24
P26
4387
281.31
532.07

P26
4386
280.43
520.31






Lab
Air


STN
Run #
F11 ppt
F12 ppt

P04
4175
337.74
1000.2

P16
4276
356.30
1630.1

P20
4317
306.69
866.9

P24
4348
333.54
1089.9

P26
4388
367.42
931.6

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), and this Cruise 9402.  Data Report results are in raw form with no corrections.

Comparison of F11 at Station Papa over time
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Comparison of F12 at Station Papa over time
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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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