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Nutrient samples collected at sea and frozen were thawed in a 50(C water bath for 30 minutes prior to analysis.  The exterior of the tubes were dried with a Kim wipe to prevent any contamination from the bath water.  Samples were mixed well and analysed in the order of surface to depth on a Three Channel Technicon Autoanalyzer.  Notations were made on daily log sheets if sample tube was cracked and salt encrusted around the cap.
Data was logged digitally by “Newget” and analog on chart paper.  Values were derived using “Peakbase” calculation program.

3.2% sodium chloride (Sigma S7653) was used as the rinse between samples and baseline.

Double distilled water was used to prepare all standards, sodium chloride and for rinsing the system at the end of a day’s analysis.  The autoanalyser tubing was rinsed with 4% NaOH, 10% HCl followed by double distilled water at the end of the day.
Standards of 0, Low, Medium and High concentrations which encompassed the range of sample concentrations were prepared.

Wako 20µm/l nitrate standard, and Wako 50µm/l silicate standard were used to calibrate in-house prepared standards for nitrite + nitrate, silicate and phosphate.


KANSO Reference samples AY and AU were analysed daily. These solutions were analysed as long as supplies were available.



 Samples with salinity less than 27 were analyzed for phosphate turbidity. No phosphate samples required a turbidity correction. When the nitrate level in surface samples is slightly lower than the 3.2% sodium chloride solution baseline level, the entire profile is corrected for the difference.

Please see Nitrate deterioration with this analysis below.

Stations corrected for Nitrate problems are: CH-1 and BCL-7 see remarks in the “Notes” spreadsheet in file: 2009 – 06SWL_Nutrients to transfer.xls.


Analytical methods follow the Canadian Technical Report of Hydrography and Ocean Sciences No. 182.  Nutrient Methods and Analysis by J.Barwell-Clarke and F. Whitney 1996.

Quality control and assurance for nutrient samples.

	Nutrient
Cruise 2009 – 06 
	Nitrate + Nitrite

mmol/m3
	Silicate

mmol/m3
	Phosphate 

mmol/m3

	Sample Replicates
	 
	 
	 

	Sp
	0.4
	0.4
	0.04

	No. of duplicates
	31
	51
	47

	Range of samples
	0 – 45.2
	1.8 – 137.8
	0.4 – 3.19

	Medium check standard
	 15.8
	31.6 
	1.61 

	Average and std dev
	16.0 +/- 0.1
	31.6 +/- 0.3
	1.60 +/- 0.02 

	No. of duplicates
	11
	12
	12

	Wako Standard
	n/a
	n/a
	n/a

	No. of duplicates
	
	
	 

	KANSO 
	6.3
	30.2
	0.52

	Japanese Reference Sample:  AY 
	6.3 +/- 0.1
	30.2 +/-0.2
	0.55 +/- 0.02

	No. of duplicates
	9
	 12
	 11


Summary of Nitrate Peak Height Deterioration

February 24, 2009-19

All new reagents prepared

All new transit tubing

No mention of new Cd column.  Used the column from shipboard analysis

March 4, 2010, 2009-19

Negligible changes in standard peak heights from beginning to end.  M checks replicated well. 
Stations analysed: BB9 – 02, BB9-01 (C3O)
March 8, 2010, 2009-19

Near perfect replication of M checks and standard peak heights throughout analysis.

Stations analysed: LS9-02, LS9-01, PS9-01, HMoor 
March 9, 2010, 2009-19

First regression peaks slightly lower than second and third.  Second and third almost identical.  M checks are very consistent throughout analysis with negligible changes between.
Stations analysed: LS9-05, LS9-06, LS9-03, and LS9 - 04
March 10, 2010, 2009-19

First regression peaks generally slightly lower then second and third.  Second and third almost identical.  M checks are very consistent throughout analysis with negligible changes between with first pair being slightly lower than the rest.
 Stations analysed: PS9 – 03, FS9 – 01, LAR9 – 01, VS9 – 01, BB9 – 03, BB9 - 04

March 11, 2010, 2009-19

Steady increase of standard peak heights throughout analysis.  Approximately 3 mm increase in M.  Increase also reflected in M check peak heights. (dirty tubes?)  Many very low Nitrate concentration samples throughout. No change in nitrate baseline from start to finish.  No notes showing we had changed anything.
Stations analysed: VS9 – 03, QM9 – 01, CG9 – 01, CS9 – 01, LS9 – 08, LS9 – 07.

March 12, 2010, 2009-19

Something happened with H Peak heights only.  Much higher in second regression with respect to first. (tube contamination?) L and M are very consistent throughout analysis.  Cables were changed between P and N colorimeters at end of day.  CABOS references replicated well before and after changing the cables over. No other major changes.
Samples analysed: BBS-06, BBS-08.
March 24, 2010, 2009-06 Shallow Casts

First regression peak heights generally slightly higher than second regression (about 1 – 1.5 mm difference).  M checks very consistent with second regression M peak heights. No major changes.
Samples analysed: UN-8, UN-1, and UN-4.

March 25, 2010, 2009-06 Shallow Casts

Regressions almost identical with H peak heights approximately 2 mm higher in first regression relative to second and third.  Second and third agree better but overall there is a very slight decrease in peak heights throughout the analysis.  First profile had very high concentrations that required dilution. New cadmium column installed.  Sampling probe was adjusted.
Samples analysed: UN-8, UN-4, BRS-1, BRS-2, UN-2, UN-5, and BCL-4.

March 26, 2010, 2009-06 Shallow Casts

Steady decrease in peak heights throughout day.  Reflected in M checks as well.  Difference between first and third regression is approximately 6 mm in M standard peak heights.  In the few days before, the entire system was mounted back onto the newly anodized bases although nothing was dropped or bumped.  Many very low concentrations of N throughout.  New NED was prepared today but does not state if it was topped up or not.   
Samples analysed: SLIP-5, BCL-5, BRS-4, BCL-6a, BRS-3, UN-3, and UTN-5. 

March 29, 2010, 2009-06 Shallow Casts and LSSL 2009 – 21 UNCLOS
Second regression peak heights decrease from first quite significantly.  Third regression higher than both first and second regressions.  No changes.

Samples analysed: BRS-5, BCL-7 x 2, CB9-01, CB9-02, 
March 30, 2010, 2009-21

Significant increase in standard peak heights throughout analysis (app 8-9 mm).  Flattened platen tubing therefore tubing was changed. One set of M check ran and are higher than first regression M peak heights.  
Samples analysed: CB-03, BC-04.
March 31, 2010, 2009-21
Significant increase in standard peak heights throughout analysis (app 4 mm).  One set of M check ran and are higher than first regression M peak heights.  Repeats for nitrate were analyzed.  Used previous day’s standard preparations.

Samples analysed: CB9-06, CB9 – 07, CB-5.

April 1, 2010, 2009-21 plus repeats from 2009-06

Steady increase in standard and M check peak heights throughout the analysis.   Nothing stated as to whether any major changes were made to the system on this day.  
Samples analysed: CB9-02 repeat, CB9 – 01 repeat, CB9-03 repeat, UN-4 repeat.
April 6, 2010, 2009-06 repeats and Nahidik 2009 - 55
Major decrease in standard peak heights throughout analysis.  Difference between first and third regression H peak heights is app 10 mm. Also reflected in the M check standards. No major changes.
Samples analysed: UN-3, BCL-5, BRS-5, BRS-4, BRS-3, SLIP-5, UTN-5, BCL-6a,

2009 – 55.

April 9, 2010, 2008-30 deep samples
Regression envelopes still inconsistent through analysis.  Very large increase in peak heights.  Analyzed with new 550 nm filters and new photodiodes (previous filters showed to have some delamination).  Same column used from March 25, 2010.  8 standards were analyzed in a row with very good replication. New NH4Cl was prepared and added to system during analysis.  Air bubble in column was removed just after first regression.    

April 12, 2010

Substituted phototube-02 from colorimeter #4 into Nitrate colorimeter but switched back to phototube-01 because peaks were much more consistent with 01.  

April 13, 2010, Repeats of April 6th 2009-06 samples

M checks still decreasing over analysis.  New cadmium column used today.  Switched to Silicate colorimeter #2 with 660 nm filters from nitrate colorimeter #1.  Analyzed 8 x H standards consecutively and reproducibility was very good.   Cd column efficiency test shows about 84% but should be closer to 90%. 
April 15, 2010, Further Testing of Nitrate Channel

Washed nitrate channel with 4% NaOH for 15 minutes followed by a dH2O rinse for 15 minutes. Added a new cadmium column with new copper wire and quartz wool instead of unwaxed dental floss.  Conditioned new column with fresh 30 um/L nitrate standard.  Found a glass t-fitting that was introducing an extra air bubble and replaced it.  Reduction efficiency is 79.2%.  Analyzed one cast with M checks.  Problem still exists.

April 21, 2010, Further Testing of Nitrate Channel
Prepared two new cadmium columns the day previous to test if our method of preparing the fines with copper sulphate is creating this problem.  Perhaps we made a mistake when preparing the previous batch of Cd columns. Used Janet’s NED and ammonium chloride reagents since we new they were good.  Conditioned new column with H standard.  Peak height during conditioning shows a slight decrease over time.  Reduction efficiency is 96.2 % which is quite good.  Repetition of 6 x L standards shows good reproducibility. Evidence from these tests seems to point to either contaminated cadmium fines or the relative age/size of fines or a combination of both.  Peaks look good today but an analysis of samples is required to make sure the problem is solved.

April 22, 2010, 2009-20/2008-30 Frozen Nutrient Sample Analysis

Used same Cd column as yesterday for analysis today because it shows some promise.  Topped up all reagents beforehand.  After sample analysis, the nitrate M check peak heights began decreasing again. 

Samples analysed: 2009 – 20 17/18, 2009 – 21 CB-5, 

April 23, 2010, Test of Reagents
Prepared brand new NED using sulphanilamide opened Dec 28, 2007 and brand new phosphoric acid, did not add Brij 35 as it is our first suspect.  Second new column prepared April 20, 2010 is connected and conditioned.  Peaks and baseline very noisy and after lunch, we added the Brij 35 to the NED reagent. Bubble pattern is now very inconsistent and there seems to be some sort of back pressure developing. Pump tubing replaced and new air bar pad installed.    Disconnected Cd column to check back pressure to no avail.  Replaced flow cell tubing with 1.83 mm ID tubing and seems to have helped stabilize the bubble pattern.  Analyzed 10 standards (mix of L and M) and peak heights still show a slight decrease.

April 28, 2010, Nitrate standards check.  

A medium check nitrate 16.1um/l prepared by Linda, Kenny and Sample # 143 seawater reference, and Kenny prepared a nitrite standard.  All standards replicated well.
May 3, 2010, Further Testing of Nitrate Channel
2010-28 Fresh samples – ISUS calibration
Prepared fresh ammonium chloride reagent.  Substituted nitrate sample tubing to orange/white and connected to injection fitting.  Bubble pattern problem solved.  Installed another new column and conditioned. Conditioning slope looks excellent with a slop straight up from baseline and a flat top.  Analyzed some West coast samples ISUS collected on board the Tully.  A very successful run for nitrate today!

Samples analysed: BG-6 x 2.

May 4, 2010, North Pacific SWL 2009-06 Frozen Nutrient Samples

Only thing changed is new Ammonium chloride today.  Another successful run for nitrate today.

Samples analysed: NP-5, BCL-2, NP-12a, NP-7a, and NP-10.

May 5, 2010, North Pacific SWL 2009-06 Frozen Nutrient Samples

Nothing changed today.  Fresh standards prepared. Another successful run for nitrate today.

Samples analysed: UN-6, UN-7, NP-1, NP3a, and BS Deep.

May 6, 2010, UNCLOS 2009-21repeats and 2010 Ice Camp

Nothing changed today.  Fresh standards prepared. Another successful run for nitrate today.  Topped up ammonium chloride reagent.  Standard peak heights decreased slightly throughout the day.  We still believe it has something to do with the Cd column.

Samples analysed: CB9 – 07, CB9 – 04.

May 7, 2010, Further Testing of Nitrate Channel

Prepared brand new Cd columns with brand new Cd fines and installed.  New cadmium seems to have solved the problem.

Other Observations

· Negligible to no baseline drift in any of the runs

· Chemistry temperatures consistently increase throughout day by about 5 degrees or so but has always been like this without any effects.

· Next day signal returns to normal

· All standards look very good for peak slope and shape.

· Cd granules used were very small and perhaps spent.  After treating them with copper sulphate they had a shine to them that looked a little abnormal.  New treated Cd granules had a much darker reddish brown coating.

Steps taken to resolve problem with nitrate channel

1. New platen tubing

2. Washed entire system out with 4 % Sodium Hydroxide

3. New cadmium column using existing N colorimeter, tubes filters. Seemed to correct some of the problem.

4. New 550 nm filters using existing colorimeter and phototubes.  Old seemed to be delaminating.  8 consecutive standards replicated very well but resulted in more inconsistent regression peaks.

5. Brand new Ammonium chloride introduced to system

6. Substituted phototubes (-02) from colorimeter #4 into nitrate colorimeter #1.  Still inconsistent peaks therefore put originals (-01) back in.  Used replaced 550 nm filters.  Consecutive L nitrate standards showed very good replication
7. Spoke with Gerry from Pulse.  Suggested it may be some sort of contamination in the sample.
8. Washed nitrate channel with 4% sodium hydroxide

9. Another new cadmium column with subsequent efficiency test (84% efficiency from day old column) should be in mid 90s.
10. Analyzed 3x 16.1 um/L KNO3 standards and16.1 um/L nitrite using Janet’s Nitrite standard 

11. Tested nitrate through silicate colorimeter (#2) using replaced 550 nm filters but silicate’s original photodiodes. Still inconsistent peaks.  8x H standards replicated very well again – beginning of day.

12. Washed nitrate channel with 4% sodium hydroxide
13. New Cd column with quartz wool instead of unwaxed dental floss (79.2% efficient)

14. Prepared another two brand new columns with existing granules and tested one with Janet’s nitrate reagents, which were known to be good. (96.2% efficient)

15. Replaced reagents with freshly prepared reagents to eliminate the possibility that our chemistry was off.  NED without Brij 35. New Cd column.

16. Platen tubing replaced along with a new air bar pad and flow cell tubing with 1.83 mm ID tubing

17. New ammonium chloride no other changes

18. Another set of new columns prepared but this time using New, unused Cd granules

Conclusions

Tests conducted seem to consistently indicate a problem with the efficiency of reducing nitrate to nitrite.  After systematically controlling potential variables that may affect this reaction, evidence points to either spent Cd granules and/or contamination of the Cd column from the samples themselves.     
