LSSL 2010-07 CB Ammonium  (October 11, JWC)
Methods
Ammonium sampling during the LSSL 2010-07 program occurred along shelf transects throughout the Canada Basin, primarily those along the lines extending North from the Mackenzie River (MK Line) and west of Banks Island.  Ammonium concentrations were determined following the procedures outlined by Holmes et al. 1999.  Samples of 40.5 (± 0.58) mL of seawater were collected in duplicate from the 10 L niskin bottles collected at each station from a depth of 34.6 psu and shallower, with a zero value sample set taken at ~ 450 - 500 m depth.  Samples were then prepared by adding 10.00 mL of working reagent (prepared according to Holmes et al. 1999) and let to sit in the dark for 5-8 hrs at room temperature.  After sitting for 5-8 hrs, samples were measured with a Trilogy fluorometer (Turner Designs) in UV mode.  233 samples were collected in duplicate and processed during this cruise along with 14 sets of standards.      
Standard sets were run with every station or group of stations and prepared with samples using seawater collected from the 500 m bottle from the same rosette or from a cubitainer of water collected from deep bottles at station MK-3 and stored in the cold room on the ship.  In order to analyze stations that were close together some samples were stored in the fridge in the alkalinity lab (away from any ammonium based chemicals) for up to 72 hours before adding working reagent. This was not the most satisfactory protocol and was the result of a combination of factors, but it was assumed samples should be stable for up to 96 hours. These samples were analyzed in batches with one set of standards and almost always prepared for analysis within 24 hrs of sampling.  
Reagents were prepared on board in the main lab fume hood and allowed to sit for at least 48 hrs prior to use.  Samples were collected in 50 mL glass test tubes with plastic screw top lids and sealed with parafilm (see Problems & Solutions section).  After being used for a sample, glassware was rinsed three times in the ships de-ionized tap water and twice in DMQ water, before being immersed in a 10% HCl acid bath for > 4 hours (usually overnight).  Vials were then rinsed three times with DMQ water and dried on racks.  The plastic screw top test tube lids were cleaned with DMQ water after the 10% HCl rinse and then soaked for > 4hrs in DMQ water.  Caps were then dried on the lab bench top in Lab B.   All rinsing & acid additions were carried out between the ammonium lab (Lab B) and the main lab fume hood, with subsequent air drying done in Lab B.    

Standards
Ammonium chloride standards from past years would generally be brought on board along with a new standard, in order to ensure that accurate measurements are being taken. Due to what was likely a miscommunication during the packing stage of the trip, this did not happen for the current cruise. In order to have something to compare with the new standard, a second ammonium chloride standard was prepared by myself (JWC) and Linda White (LW) using ammonium chloride salts which were weighed out on land and brought on board. The standard brought on board in solution was labeled 2010-1 and the solution made on-board 2010-2. The comparison of these two standards can be seen in Figure 1. Standard 2010-2 appears to be 7% higher in concentration than 2010-1, with no immediate explanation. Given the fairly low concentrations of ammonium found during the analyses and what seems to be a fairly high inherent imprecision in the method, it is debatable whether this discrepancy is important. Regardless, it would be useful to compare these standards to past standards in order to establish which values would be considered correct. The term “secondary standard” refers to the stock solution diluted 25-fold, given a working solution with 100 µmol L-1.
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Figure 1.  Comparison of two 2010 Ammonium Chloride Secondary Standards.

Reagent Blank & Blank Test
The consistency of the reagent blank value over the course of the cruise is a good indicator of working reagent quality, sampling/cleaning protocol reliability, and instrument performance. The initial calibration curves (for STD sets 1 – 4) indicated a strong likelihood of some sort of contamination. The following calibrations showed low and quite consistent blank values, with a mean of 9309.58 raw fluorescence units (rfu) and a standard deviation of 2891.51 rfu. The range on these values was from 4462.64 rfu to 15080.51 rfu. There is a possibility that since the low blank values and reproducible calibration curves began during the use of working reagent (WR) 2 that WR 1 may have been contaminated. However, it is thought to be more likely that the test tubes themselves are responsible for this, as a contaminated WR should have more reproducible results.
Instrument Sensitivity

Figure 2 shows the calibration curves for most of the analyses save for the first two, which were embarrassingly poor. This plot makes it seem quite obvious that a certain level of reproducibility was achieved after the fourth calibration curve, when the curves all begin to show low blanks and relatively reproducible slopes. A number of factors could influence the slope of the calibration curve, the most likely of which would be the reaction of the ammonium with the working reagent which takes several hours to come to completion and would be affected by the temperature of the water initially and the temperature of the room in which the reaction was taking place. This latter consideration is important, because the aft labs of LSSL are susceptible to temperature fluctuations, especially when temperatures change considerably outside (ie. ranging from 5°C to -21°C on this cruise). In order to determine the possibility of incorrect measurements due to these effects, the 0.5 µmol/L standard was analyzed in duplicate. The result showed that there was a good degree of stability throughout an analysis session, with < 2% change in sensitivity in most cases, and often < 1% change.
[image: image2.emf]Standard Sets 3 to 13

0

50000

100000

150000

200000

250000

300000

350000

0 0.2 0.4 0.6 0.8 1 1.2

[NH

4

] umol/L

Measured Fluorescence (rfu)

3

4

5

6

7

8

9

10

11

13

14


Figure 2. Standard Sets 3-11, All instrument calibrations included. From the fifth calibration onwards, the curve showed good reproducibility.
Duplicates
Data collected during the 2010-07 cruise show good duplicate precision.  Once contamination issues at the first 5 stations were resolved (see Problems & Solutions section), reproducibility between sample duplicates was good, with Sp values for the whole data set up to CB-50 of 0.06 uM (n=110) and an Sp of 0.04 (n=104) if samples pairs with suspected contamination of one of the duplicates are removed (ie. if one sample gives a high fluorescence reading and the duplicate sample gives a zero value this is expected to indicate that the high value is a contaminated sample).    
Sp (all pair sets) = 0.06 μM (n=110)


Sp (pair sets without flagged data) = 0.01 μM (n=104)
This data will be updated for the entire data set when time is available to complete the calculations.
Rejected Data Points (d flag) This section is currently incomplete, will update. JWC
Several NH4 samples throughout the 2009-20 data set have been flagged as questionable (c flag) or removed from the data set completely (d flag). The decision to include (c flag) or exclude (d flag) these samples was based on their evaluation against two criteria: (1) the known occurrence of contamination or sample mishandling; and/or (2) a statistical improbability of such large deviation from the pooled sample mean (difference between duplicates greater than 2 standard deviations of the mean of the data set).   
Sample sets from stations CB31b, CB23a, AMG, & CABOS were rejected based on criterion (1) known sample contamination (see Problems & Solutions section). In addition, 4 sample pairs were flagged based on criterion (2) duplicate difference falls outside of 2 standard deviations of the mean of the data set, and 5 duplicate pairs were flagged “c” questionable as they had one of the two duplicates that was questionably high (ie. one duplicate value of zero and the other non-zero) but could not be discarded for any obvious reason.  
Problems & Solutions

Due to an inexperienced analyst, WR was not made as early in the cruise as it should have been, which resulted in a hasty test calibration curve with high blanks and low reproducibility. This was considered to be a possible result of not letting the WR sit long enough, since it should be aged at least a day before use but in this case was used after roughly twelve hours. Samples were already being collected by this point in the cruise, and the stability of samples in the fridge for extended periods (> 24 hours) was not known. An attempt was made to analyse samples from stations CB-31b and CB-60 shortly after being collected, which resulted in high blanks and low reproducibility. This same problem was experienced the year prior on the same cruise with a different analyst (KAB), who performed multiple tests and found that parafilm wrapping the tops of all tubes would correct the problem. During all analyses to this point, all tubes were being covered in parafilm whenever possible.
Contact with the KAB was made via email, who informed JWC that another possibility was that the test tubes themselves could be a source of contamination. The mechanism is not entirely obvious, as the tubes were all acid cleaned by KAB on-board a year prior and kept in Ziploc bags during the interim. Following this, all remaining test tubes were acid cleaned (>4 hours in 10% HCl) before being used. From what followed, this seemed to decrease blanks and increase precision. However, along with the samples from CB-31b and CB-60, those from CABOS and AG-5 were also collected in dirty tubes and had erratic values and are thusly all discarded from the final data set. The possibility of WR 1 being contaminated exists, but it is considered highly unlikely because CB-28aa was analyzed using WR 1 along with AG-5 and CABOS, but unlike the two latter stations it showed very low values and good duplicate values.
Since CB-28aa was analyzed using standards collected at AG-5, the values seem to make no sense based on the calibration curve produced during that analysis. Since the results appear to be reasonable based on other results from the MK line, it was decided that an average of the four analyses performed within a reasonable timeframe would be used to calculate results in lieu of dismissing the data entirely. The results using this method are well within the expected range and seem congruent with other ammonium data along the MK line. The slope used was 147 086 rfu/(mmol/m3) and the intercept was 7213 rfu.
Tests were also performed to determine whether the vast amount of parafilm and time spent on parafilming the tubes was necessary. Figure 3 shows the results of this test. “Old caps” are caps that have been used in the past, but rinsed with acid and soaked in DMQ and should thus not be confused with ‘dirty’ lids. “New lids” are blue polypropylene caps that were opened on the ship and acid rinsed/DMQ soaked prior to use. The results show that there does not seem to be a significant difference between most caps at the 1σ level as shown, and no differences at the 2σ level. As such, the practice was discontinued following station CB-51.
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Figure 3. Results of a cap test to see if parafilming the top of tubes was necessary. The results show that there does not seem to be any significant difference between most caps with or without parafilm.
Results & data from all tests can be found the NH4 data workbook: 2010-07 NH4 FINAL.xls
Suggestions resulting from this problem exercise:  Two things should be done immediately upon boarding the ship – at least one batch of WR should be prepared and an acid bath be set up to begin washing test tubes so they can be cleaned prior to the first station. Possibly keeping some test tubes from being cleaned and collecting a few duplicate samples in these could help determine if this would ultimately be the source of contamination seen over the past couple of years. It was determined that setting up an acid bath early in the cruise would be too much effort, but based on the amount of effort that has gone into eliminating contamination that likely comes from this source makes it seem like a worthwhile proposition.
Parafilming test tubes is tedious and appears to be redundant, and can cease to be implemented.










