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Overview


Dissolved oxygen concentrations were measured on board the CCGS Louis S. St. Laurent (LSSL) from July 7 to August 21, 2008. Samples were collected at 12 stations along the transit leg north (2008-29), and at 52 stations in the Canada Basin and Canadian Arctic Archipelago during 2008-30. The number of samples analyzed including replicates was 245 and 1563 (1318 unique samples + replicates) for 2008-29 and 2008-30, respectively. Dissolved oxygen concentrations during the surveys ranged from 4.587-10.489 ml/l. During 2008-29, the majority of samples were analyzed on the IOS Brinkmann colourimeter system, with 1 station analyzed exclusively on the SIO UV-light based system and 2 stations analyzed in duplicate on both systems. Values obtained from the two systems agree reasonably well, but the pooled standard deviation of primary samples from each system (Sp = 0.061, n = 19) is about double that of duplicates run on either system alone. During both surveys, greater than 10% of samples were collected in duplicate with a pooled standard deviation of 0.035 for the IOS system (n = 43) during 2008-29, and 0.030 for the SIO system (n = 181) during 2008-30. There were not enough duplicates run on the SIO system during 2008-29 to provide meaningful statistics.
An analyst report for the IOS system for 2008-29 was not provided, so the following pertains mainly to cruise 2008-30 which was analyzed exclusively on the SIO system.
Sampling Procedure
Once the rosette was recovered and wheeled into the sampling shack, the bottle integrity was checked, and then the samples for gases were taken first. The CFCs were sampled first and the dissolved oxygen was sampled closely behind. The DO samples were drawn with a rubber y-tube in which one of the y-arms had a temperature sensor siliconed into the flow of sample being taken. The samples were drawn into a calibrated glass flask with attached stopper and immediately pickled with 1ml of manganous chloride followed by 1ml of alkaline iodine. The stopper was inserted so that no air was present in the sample and the sample was shaken to mix the contents. After about ten minutes after all the samples were pickled, they were re-shaken and a squirt of D.I water was placed on top of the stoppers to prevent any sample/air interface and the samples were stored at room temperature until analyzed.   
Analysis
 
Dissolved oxygen samples were analyzed onboard by Hugh Maclean between 1 and 6 hours after collection using an automated version of the micro Winkler technique as modified by Carpenter (1965). The instrumentation and methodology is from Scripps Institute of Oceanography (SIO) and is a new technique to us this year. Rather than using visible colour as an indicator of the endpoint, it uses the very strong absorption of ultra- violet light by tri-iodide ion at 350nm wavelength. Because this absorption band is quite wide, and 365nm UV sources and filters are readily available, it is the 365nm wavelength that is actually used in the system. In this system, the process of thiosulfate addition to determine the endpoint is carried out just as an analyst manages this function for a visual endpoint titration. The reagent is added rapidly at first and then as changes in UV absorption are noted the rate of reagent addition changes gears and is slowed in increments and finally stopped. The endpoint is approached by adding ever smaller increments until no further change in absorption indicates the endpoint has been passed. For the analyst, the change in colour of the sample has been replaced with the change of voltage from the photodiode detector circuit.
Instrumentation
  The general make up of the titrator is as follows:
-system controller-either a P.C. or laptop with usb to rs232 cable (IOGEAR)

-2 Brinkmann 665 dosimats, 1 with a handheld keyboard and a 10ml calibrated burette for KIO3 standard and 1 with a 1ml calibrated burette for Thiosulfate.

-VWR mini stirrer with a muffin fan attached to disperse heat

-Spectronics pencil lamp UV source and mount

-UV detector with a 365 nm filter mounted (lamp and detector are mounted either side of a water bath that sample is placed in)

- sct 1a power supply for UV pencil lamp.

-A2D device (external digitizer made by B&B #232sda12)
-2 platinum surface temperature sensors (1 each for Thiosulfate bottle dispenser and KIO3 bottle dispenser).
Standards and Blanks
Standards and blanks were run every day with this system, usually in the morning before any samples were run. Standards and blanks were also measured whenever any reagents and/or sodium thiosulfate or potassium iodate were changed and before they were used to run any samples. A dedicated dosimat was used to accurately dispense either 1 ml (blanks) or 10 ml (standards) of KIO3. Blanks and standards were run in sets of 4 with the criteria that 3 out of 4 had to agree to within 0.0003 (blank value or THIO titer in ml). Thiosulfate normalities and blank values measured daily over the course of the cruise are shown in Figure 1. 
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Figure 1: Blank and Thiosulphate normality values determined during standardizations

Thiosulfate batch #2 was used for the entire cruise (with a switch to a fresh bottle on Aug 3rd) and the observed normality range was 0.00143 N. At the beginning of the cruise, KIO3 standard batch #2007C.1 provided by SIO was used to run blanks and standards. On July 26th a switch was made to IOS batch #1 and a dramatic change in the apparent thiosulfate normality was observed (0.00088 N). This apparent jump in the normality coincident with a standard change is the result of an inaccuracy in one of the KIO3 standards. SIO protocol states that day-to-day variability in the thiosulfate normality should be less than 0.0005 N, and thus a third KIO3 batch should have been used to determine the source of the error at that point. At the highest DO concentration encountered during this cruise (10.489 ml/l), the apparent jump in thiosulfate normality leads to a maximum offset in the DO value of 0.056 ml/l. After July 26th the thiosulfate normality was very stable for the remainder of the cruise with a range of only 0.00045 N. The drop in the blank value that occurred on July 27th coincided with a change of H2SO4, MnCl2, and NaOH/NaI batches. Since all three reagents were changed at once it is unknown which one was responsible for the shift. On August 8th all 3 reagents were changed again, and a fresh bottle of IOS batch #1 KIO3 standard was started. 
Historical Deep Water DO values

The expected deep water oxygen value from waters below 3000db based on historical data in the Canada Basin is between 6.57 and 6.58 ml/l.  The results from this cruise show a starting value of approximately 6.54 ml/l prior to July 26, a shift to 6.58 ml/l between July 26 and Aug 9, which changes to 6.56 ml/l with a high number of outliers to 6.52 ml/l starting Aug 10 (see Figure 2). 
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Figure 2: Deep water oxygen samples (>3000db). Blues points are from Niskins closed without stopping. Orange points are from Niskins closed using the mixing method:  stop 30sec, up1m, down 2m, up1m, wait 30sec, close. Expected deep water value is 6.57-6.58 ml/l.

From Figure 2 it is apparent that the oxygen values measured prior to the KIO3 standard change on July 26th were ~0.04 ml/l lower than expected. Thus, a problem with the SIO KIO3 standard used prior to this date was suspected as the cause of both the underestimate in the thiosulfate normality and the oxygen values. It was deduced that this same bottle of standard had been used during pre-cruise testing at IOS, and then re-used a month later at sea, at which point its normality had changed. It is thus recommended that previously opened standards should NEVER be used for running blanks and standards. Back-calculating from the expected deep water DO values, we were able to determine a new KIO3 normality for the compromised standard (0.0131625 N vs. 0.0130925 N original value). This new KIO3 normality was subsequently used to recalculate the thiosulfate normality using each day’s blank and thiosulfate titer. All DO values analyzed prior to July 26th were recalculated with the SIO program HYDOX using the new thiosulfate normality for that particular analysis date. Oxygen values at the 3 stations analyzed on the SIO system with this same standard during 2008-29 were also subject to this problem and were corrected in the same manner. Thiosulfate normalities recalculated with this new KIO3 normality fell in line with those determined after the standard change (Figure 3). Samples analyzed on the IOS system during 2008-29 were unaffected by this problem as a different bottle of KIO3 standard (IOS batch #2) was used.
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 Figure 3: Final thio normalities determined after SIO KIO3 correction (blue points)
Flask Calibration Issues

The outliers in the deep water dataset after Aug 9th (Figure 2) were examined more closely to determine their cause. No problems with the analysis could be identified. The outliers were then examined in relation to their sampling flask (Figure 4). Pseudo flask IDs had to be assigned to all Arctic flasks prior to the cruises for use with the SIO system as the LVO2 software does not accept flask IDs>2000. All flask IDs mentioned below refer to these pseudo IDs. For a full list of 2008 pseudo IDs and their corresponding IOS IDs see file 2009_Jan_IOS_flask_volumes24Feb2009.xls.
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Figure 4: All deep water (>3000db) samples. Outliers occurring prior to cast #20 are due to KIO3 standard problems while outliers after cast #50 are mainly associated with specific flasks.
One extreme outlier (Sample #1222) in the deep water sample set had an unexplained value of 5.746 ml/l and is not shown in Figure 4. Of the remaining 11 deep water samples with values less than 6.54 ml/l measured after Aug 9th (cast #51), 5 were associated with flask #428. This flask had not been used for any deep water samples prior to that date. However, it was part of an earlier triplicate set (Sample #580) and was found to give a value 0.045 ml/l less than the average of the other two reps. Similarly, flask #117 was responsible for two of the deep water outliers and had also not been used for deep water samples prior to Aug 9th. However, it was used as part of a triplicate set (Sample #112) where it gave a value 0.03 ml/l lower than the average of the other two reps, and was twice used as a duplicate (Sample #419, #620) giving values 0.03 ml/l and 0.028 ml/l lower than the primary value, respectively.


Sample #1173 was originally listed as being associated with flask #426 (that did not have any problems noted with its assigned volume). However, this sample was difficult to identify on the output files from the analysis as it was not present on the cast #55 file where it should have been located. Instead a Niskin #1 sample, from flask #428 was found on the file for the preceding cast #54 with the DO value originally assigned to this sample. This outlier can thus be explained if it is assumed that flask #428 was indeed used to run this sample. The remaining deep water outliers were associated with flasks #328, #6, #112 all of which were flagged in the entire dataset and examined for discrepancies between replicates. None were noted. In particular flask #328 was used several times as part of a duplicate set with excellent agreement between reps.
 
Although potential calibration problems with the above two flasks were difficult to spot due to the small discrepancies (~0.03 ml/l) in DO value in question, flask #17 which was not used in any of the deep water samples stood out immediately as having a potential inaccuracy in its assigned volume. Examination of duplicate sets with poor agreement for unknown reasons (i.e. no problems noted with the analysis) highlighted this flask on a number of occasions. In 4 sets of replicates flask #17 always produced a higher DO value than the other sample by as much as 0.151 ml/l (duplicates #400, #538, #640, and #1248). In addition, samples in this flask seemed to have anomalous values compared to surrounding depths in many other cases where it was not part of a duplicate set. 

In light of the calibration problems identified, all IOS flasks were recalibrated in Dec 2008 by Bernard Minkley and Tara Lamothe. As expected, the volumes for flasks #428 and #117 were found to be off by 0.97 ml and 0.70 ml, respectively. Surprisingly, the volume for flask #17 remained unchanged. The flask file used during the cruises was double checked to ensure that that the volume for this flask had been entered correctly. This flask remains flagged in the dataset and should be monitored in the future for data consistency (#3058 IOS ID). A new flask file was created with the Jan 2009 updated flask volumes and was used in HYDOX to recalculate all of the DO values from the SIO system for both cruises 2008-29 and 2008-30. New DO values for samples analyzed on the IOS system had to be calculated manually in Excel using the Culberson et al. (1991) equations since no manual is available with instructions on changing flask file information for use with IOSShell. Final DO values for the deep water samples recalculated following the thiosulphate normality corrections and flask volume changes are plotted in Figure 5. Although the recalibrated flask volumes corrected most of the outliers, the general decrease in the mean deep water value from ~6.58 ml/l to ~6.56 ml/l after Aug 9th (cast #51) still exists. This appears to coincide with the switch to a fresh bottle of IOS standard on Aug 8th. Why this decrease occurred is however unclear since both standards were from the same batch and the resultant thiosulphate normalities were constant during this period (see Figure 3).
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Figure 5: Final DO values for all deep water samples (>3000 db) by replicate.
Precision


Of the 1318 unique samples analyzed during 2008-30, 185 pairs of replicates were run to get a measure of analytical precision. The pooled standard deviation (Sp) for all duplicates was 0.083 (0.084 prior to flask recalibrations). However, samples #70 and #746 were excluded due to problems with the analysis, and Samples #414 and #1399 were identified as outliers by Chauvenet’s criterion and also excluded resulting in a final Sp of 0.030 based on 181 replicate pairs (0.031 prior to flask recalibration). Removing the 4 replicates associated with the problematic flask #17 further reduces the Sp to 0.026 (n = 177). To test the stability of stored samples, a portion of the replicates were collected in triplicate with the third sample run 24 hours after the first two. The Sp of triplicate samples was 0.027 based on 54 replicate sets indicating no degradation of the sample over that time period.

For cruise 2008-29, the pooled standard deviation of replicate samples analyzed on the IOS system was 0.035 (n = 43) after the exclusion of one outlier based on Chauvenet’s criterion. Only two casts worth of samples were analyzed on both systems in replicate in order to compare methods. The pooled standard deviation of replicate samples analyzed between systems was 0.061 (n = 19) after the exclusion of one outlier. This is about double that seen on either system alone, and in all but 3 cases, the value from the SIO system was higher than that from the IOS system. Only 5 sets of duplicates were analyzed on the SIO system during 2008-29, not enough to provide meaningful statistics on the precision of that method for that cruise. Given the rather high deviation between systems, further intercomparison exercises would be useful.
Niskin Closure Method

Three different methods for Niskin sampling were used during 2008-30. Bottles were either closed (1) on the fly without stopping on the way up, (2) on the way up stopping for at least 30 sec., or (3) on the way up with mixing over a 2 m depth interval. The pooled standard deviations of duplicate oxygen samples were compared based on the sampling method. The majority of the samples were collected on the fly without stopping and had a Sp of 0.034 based on 144 duplicate pairs similar to the dataset as a whole. Samples collected while stopped had a considerably lower Sp of 0.009 (n = 36, 32 from stop and mix method, 4 from stop and no mix method). Interestingly, this trend was not observed in the salinity bottle data. The figures below show the difference between duplicates based on Niskin sampling method. 
[image: image6.emf]Oxygen Duplicates by Pressure

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0 500 1000 1500 2000 2500 3000 3500 4000

Pressure (db)

Oxy 1- Oxy 2 (ml/l)

Oxy Diff:  All include outliers

Oxy Diff:  No-Stop

Oxy Diff:  Stop

Oxy Diff:  Mix


Figure 6: Difference between duplicates plotted against pressure.  Yellow, light blue and red indicate tripping method.

[image: image7.emf]Oxygen Duplicates by Sample Number

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0 200 400 600 800 1000 1200 1400 1600 1800

Sample Number

Oxy 1- Oxy 2 (ml/l)

Oxy Diff:  All include outliers

Oxy Diff:  No-Stop

Oxy Diff:  Stop

Oxy Diff:  Mix


Figure 7: Differences between duplicates plotted against sample number. Yellow, light blue and red indicate tripping method.

During 2008-29, two different Niskin tripping methods were also used. Casts 1-6 were sampled by stopping the rosette with method (2), while casts 7-13 were sampled on the fly with method (1). Although the sample set for this cruise is much smaller, similar results were observed in the duplicate data with higher variability between replicates when sampling on the fly (method 1: Sp = 0.041, n = 18; method 2: Sp = 0.32, n = 30). Intercomparison between the SIO and IOS analytical methods was performed only on casts that were sampled on the fly which may in part explain the higher variability between these replicates (SIO samples are included in the method 1 statistics). 
Problems Encountered by the Analyst (HM)
1.) The 1ml dosimat would not go past .990 ml on higher oxygen content samples.

Solution- flush burette 3 times and go into dosimat settings and push “VLIM” to off position

2.) When titrating higher values of oxygen, the 1ml thiosulfate dosimat would freeze when 1ml was reached.

Solution- This was caused by a changing of gears when a certain level of titration was reached. If the endpoint was near, hitting “stop thio” button was pushed and the system would go into endpoint mode and a small amount of thio would be added and the endpoint reached. If the end point was not close and the stop thio button was pushed, the finish titration or over titrate icon would come up. I would hit the over titrate, add 1ml of standard and the titration would finish (even though the sample was under titrated). Out of 120 samples that had a titer >1 ml, 53 experienced a stalled burette. Fortunately 24 of these samples were part of a duplicate pair allowing a comparison of replicates where one or more of the samples stalled. The agreement between these samples was better than for the dataset as a whole with a Sp of 0.012 based on 12 duplicate pairs, indicating that the final values were not compromised by this glitch.
3.) For some samples the titration would carry on past the endpoint with no endpoint being reached. This happened 11 times out of 1507 samples and likely resulted from an unstable UV signal caused by a fluctuating power supply or something in the light path interfering with UV transmission (bubbles/floaties). The system looks for a slope of ~0 (no further increase in voltage) to confirm that the endpoint has been reached and will continue dispensing thiosulfate if this is not achieved. The titration in these cases was aborted and the endpoints determined during post-processing using the O2check function by optimizing the “length” and “gap” increments. The new endpoint titers were entered into the “noname” files and a final DO value calculated with the HYDOX program. 
4.) The first sample run can be undervalued during titration.

 Solution- This fact was brought to our attention by SIO and is true if the titrator has been sitting for any length of time. On any stations run after a length of standby a triplicate was collected and if the first sample was obviously under valued it was flagged as suspect and not used. This is more a problem in theory and as long as care is taken to flush the thiosulfate burette sufficiently after the system has been idle for some time it is not an issue. The good practice of running blanks and standards immediately prior to sample analysis circumvents this potential problem entirely. It is however good practice to collect a “dummy” sample from the seawater loop to run at the beginning of each sample set to avoid a problem with a critical deep water sample.
5.) This is a new system to us and more training and or use is needed to learn all the nuances and operator tricks to overcome glitches.

Solution- an overview of all the computer files and their uses should be undertaken by any future analysts. SIO programmers are working to solve the issue of the stalling burette.
Conclusions

Further intercomparisons of the IOS vs. SIO system would be useful given the rather large variability between replicates from the two systems. The fact that the 2008-29 intercomparison was associated with Niskins sampled on the fly which themselves potentially have larger variability complicates these results. The Niskin closure method should also be examined further in this regard. It is interesting that the rather large difference in pooled standard deviations between tripping methods was seen during both cruises but was not evident in the bottle salinity data for 2008-30. Differences in Niskin firing may also help to explain the large difference in Sp between the LSSL datasets and the SWL dataset. All samples on the SWL during 2008-02 were collected with method (2), firing the rosette after stopping for 30 sec, and the Sp was a very low 0.005 (n = 84). In general, duplicates collected on the LSSL had almost an order of magnitude higher variability with only the 2008-30 subset sampled in the same manner as the SWL having a comparable Sp value of 0.009.
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