LSSL 2008-30 CB Ammonium  (updated! June 6, 2009) 
Methods 
Ammonium sampling during the LSSL 2008-30 program occurred along shelf transects throughout the Canada Basin.  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), using a CDOM/Ammonium fluorescence module (Part No. 7200-041) set at an excitation wavelength of 365 nm and emission wavelength of 430 nm.  189 samples were collected in duplicate and processed during this cruise along with 11 sets of standards.      
Standard sets were run with every station or group of stations and prepared with samples using seawater either collected from the 450 -500 m bottle from the same rosette or from a cubitainer of water collected from deep bottles at station CABOS 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 24 hours before adding working reagent.   These samples were analyzed in batches with one set of standards and almost always prepared for analysis within 12 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.  Glassware was rinsed twice in DMQ water before being soaked in a 10 % HCl bath for at least 4 hrs (usually overnight) and then rinsed again three times in DMQ and allowed to air dry.  The plastic screw top test tube lids were cleaned with DMQ water and a 10% HCl rinse before being soaked for >4hrs in DMQ water.  Caps were used a maximum of 3 successive batches before being discarded.   The acid bath was kept in the main lab fume hood and rinsing was done in the ammonium lab (LAB B), with subsequent air drying done in LAB B.    

Standards
Ammonium chloride secondary standards from 2007 and 2008 were run concurrently to test standard solutions between years.  In this comparison, the 2008 secondary standard used in analysis was measured against a new batch of secondary standard made from the primary standard used in 2007.  As can be seen in Figure 1 below, the 2008 ammonium chloride standard differed little from the 2007 standard.
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Figure 1.  2008 vs 2007 Ammonium Chloride Secondary Standard. 

Reagent Blank & Blank Test
An important issue to address with this trip was the difference in the reagent blank between WR batches.  This year the reagent blank was significantly variable (25,644.30 ± 24,653.81 RFU) over the course of the trip.  As well as being variable the reagent blank value was found to be very high compared to results from other trips using the same instrument (2007 aboard the SWL 11,083.58 ± 3,329.55 RFU).  It is unclear whether this problem was reduced as WRs aged (as our blank test at CB2 was unsuccessful), however there was an obvious difference between WR1 and the remaining WRs (2 - 5, see table 1) which might indicate that our WRs were becoming more stable over time, as would have been the case with the SWL WR used in 2007 (it was made 1 month previous aboard the LSSL).  Characteristically the initial WR blanks will be higher due to the equilibration time required for the WR.  While we had a few extra days before sampling began this trip, there was a time lag to when reagents could be made using the fume hood, which allowed less than 2 days for the WR batch 1 to sit before being used.  If the initial two standard sets are taken out of the pool of all standard sets for this reason, the reagent blank value lowers to 4,233.14 ± 2332.0 RSU, and while this result has a large standard deviation, it falls within the range seen in 2007.
Table 1. Comparison of Reagent Blank Groupings 
	Reagent Blank
	Average (RFU)
	STDEV (RFU)
	n (pairs)

	All stations, All WR
	25644.30
	24653.81
	14

	All stations, Outliers Removed
	17326.59
	22863.79
	12

	All stations w/o first WR batch
	4233.14
	2332.30
	8


A blank test was conducted at CB2 using one WR batch (WR 4) to determine the reproducibility of duplicates and the detection limit of the method, however there was found to be a significant amount of contamination to the samples from this cast as the rosette was left sitting in the rosette shack (virtually empty) for over half an hour before samples were drawn for CB2.  Both the depth profile & the blank test were found to be contaminated, likely due to the limited water in the niskin bottles and the warming rosette shack.  The results from the blank test are given below:     

10 Blank CB2 Test (500m bottle)

Average:  48,521.64 RFU 



(n=10)

Standard Deviation: 14,786.83 RFU

A second blank test was conducted at IOS on Feb 19 & 20th 2009 using DMQ water.  Normally Blank values are quite low and standard curves virtually perfectly linear using DMQ water; however this experiment was not as successful as previous DMQ runs.  The reasons for a less than optimal test are not clear, but might be a result of the DMQ water used to make up the blanks (from the nutrient lab) or working reagent storage (also in the nutrient lab).  Despite higher blank values, results from this blank test were consistent with those reported from the SWL in 2007, and showed a narrower range (21% StDev in 2009 vs 30% in 2007).  
Feb 20th 2009 Blank Test (DMQ) WR2
Average:  29,847.80 RFU



(n=17)

Standard Deviation: 6,423.06 RFU

SWL 2007 Blank Test (550m bottle) WR3
Average:  11083.58 RFU



(n=12)

Standard Deviation: 3329.55 RFU

Results from the DMQ water blank test indicate that the detection limit for this method should be reported as 0.07 μM (3 * Stdev), which is significantly higher than the DL of 0.02 μM reported in 2007.  There may be several factors responsible for this, but overall blank measurements carried out in the field and in the lab appear to be much more variable using the Trilogy Fluorometer (2008) than using the Turner 700 (2006 & 2007), contributing directly to this higher reported DL.  Despite problems related to the reagent blank (in the field & the lab), sample duplicates were quite good over the course of the cruise (see next section).  As a precaution for the next field season:  Blank tests and detection limit determination should be checked and duplicated in the field until a confident assessment of the method parameters is determined.  Incorporating a series of intermediate standards between 0 & 0.25 μM for the blank test (only the blank test – it’s not necessary for each standard run) might be one way to try to determine reproducibility of samples at low concentration.    
Duplicates

Reproducibility between sample duplicates was usually quite good over the trip, despite the blank (zero samples) values being highly variable.  Several sample duplicates were obviously contaminated and contributed to a rather high Sp value for the whole data set together (Sp – all pair sets).  If these contaminated duplicate samples are taken out of the pooled sample set, then the Sp value for the remaining samples is 0.04uM.  

Calculated Sp values:  
Sp (all pair sets) = 0.36 uM (n=192)




Sp (pair sets without flagged data) = 0.04 uM (n=163)
Rejected Data Points (d flag)

Several NH4 samples throughout the 2008-30 data set have been flagged as questionable (c 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 1 standard deviation of the mean of the data set).   
Sample sets from station CB2 (11 sets) were rejected based on criterion (1) known sample contamination. In addition, 11 sample pairs were rejected based on criterion (2) duplicate difference falls outside of 1 standard deviation from the mean of the data set.  
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