LLN Measurement with the Antek 7090
PRINCIPLE1
Surface water samples (<100m) in oligotrophic waters usually have nitrate concentrations below the 0.03 µM detection limit of the Technicon Autoanalyzer. To achieve high-precision high-accuracy measurements at these low levels, we employ the chemiluminescent method of Cox (1980) and Garside (1982). In this method nitrate and nitrite are chemically reduced to gaseous nitric oxide by an acidic solution of concentrated sulfuric acid, ferrous ammonium sulfate and ammonium molybdate. The reduced nitric oxide is carried by an inert carrier gas (argon) through a cold finger filled with 6M sodium hydroxide, a drying tube filled with anhydrous sodium carbonate, and a membrane drier in order to remove acid and water vapors. The gas stream is then routed into the chemiluminescent analyzer, where the nitric oxide is combined with ozone to produce a metastable nitrogen dioxide. The nitrogen dioxide subsequently emits a photon as it returns to ground state, and the emitted light is detected by a photomultiplier tube. The integrated electrical signal produced by the photomultiplier is proportional to the content of nitrate plus nitrite in the sample.
PRECAUTIONS1
Contamination is the primary concern with these samples. This is particularly true with samples collected from the euphotic zone, where inorganic nutrient concentrations are extremely low (<0.2 µM). Because nanomolar concentrations are to be measured, all sample bottles and laboratory glassware must be meticulously cleaned with dilute HCl (10%) and distilled deionized (DI) water before use, and both the argon carrier gas and the oxygen supplied to the ozone- generator must be of the highest purity available. Samples are stored frozen until analysis, generally within 1-2 weeks of sample collection. An additional concern with the chemiluminescent technique is the quenching effect that water vapor has on the signal. All drying and scrubbing tubes must be well maintained to ensure that no water enters the detector.
CALIBRATION STOCKS AND REGRESSION STANDARDS1
The calibration of the low level nitrate/nitrite analysis is performed using standard solutions of NO3- in DI water. Dried (60°C, 72 hours) analytical grade reagent chemicals are dissolved in DI water in 500 ml acid-washed glass volumetric flasks. A few drops of chloroform are added to inhibit microbial activity. The stock solutions are stored at 4°C and discarded about every three months. The reagent chemical is KNO3 (10 mM).
Working standards are prepared fresh by volumetric dilutions of the stock using acid-washed glass flasks. Since there is no salt effect in the chemiluminescent analysis, working standards are all prepared using DI water. These working standards are used to generate a standard curve, and are analyzed at intervals throughout the sample run in order to detect any drift in the detector response. Typical correlations produce r2 values of 0.9999 or better.

In order to maintain the accuracy of the analysis, a few certified reference standards (CSK or equivalent), diluted volumetrically with DI water until within the concentration range of interest, are included in every sample run in case stock solutions become contaminated or microbially altered during storage.

1. Hawaii Ocean Time-series. Field and Laboratory Protocols. http://hahana.soest.hawaii.edu/hot/protocols/chap21.html
PROCEDURE

1) Make reagents:  20g ferrous ammonium sulfate in 500 ml DI water (4% wt/vol).  10g ammonium molybdate in 500 ml DI water (2% wt/vol).

2)
Make standards:  Make a fresh running stock (100 uM) each day by adding 1 ml of 10 mM potassium nitrate stock to a clean 100 ml volumetric flask.  Bring to a final volume of 100 ml with DI water.  Use the following volumes of 100 uM running stock to make each standard (all final volumes of 200 ml):  
2 nM ( 4 ul
    20 nM ( 40 ul
200 nM ( 400 ul
600 nM ( 1200 ul
 1000 nM ( 2000 ul
Use the following volumes of 40 uM CSK potassium nitrate for the certified reference standards:

4 nM (100 ml final vol) ( 10 ul
16 nM (100 ml Vfinal) ( 40 ul
160 nM (100 ml) ( 400 ul
3)
Once the reagents are completely dissolved, transfer them to their respective amber bottles.  Fill the sulfuric acid bottle in the fume hood with concentrated (36 N) sulfuric acid.

4)
Open the oxygen (40 psi) and argon (5 psi) gas cylinders; turn on the Antek’s vacuum pump immediately after turning on the gas cylinders; turn on the Peak Simple Data Acquisition Box; turn on the Antek – the sensitivity dial should be turned to 25 for LLN; wait for the PMT cooler to reach 5° Celsius (the green LED screen on the bottom left), then auto zero; turn on the High Voltage Power Supply (HVPS), flip the far left switch from ‘sensitivity’ to ‘voltage’ and wait for the voltage to reach -755 (approx. 5 minutes) – while waiting, you can re-pack the drying column (kept in the drying oven) with fresh anhydrous sodium carbonate and a thin ribbon of glass wool running through the length of the column, attach the column inline, replace the sodium hydroxide (6 M) in the cold finger, go get a bucket of ice, etc. –  when the voltage stabilizes, auto zero; turn on the Ozone generator, wait 5-10 minutes then auto zero again.
5)
Open the Peak Simple software.  Peak Simple has six channels on which you can run samples.  You will use channel 1.  To edit/ update the settings for channel 1 before each day of running samples, go to the drop down menus at the upper-left of the screen and click ‘edit’ ( select ‘channels’ ( click the ‘postrun’ button for channel 1.  Edit the filename in the ‘save file as’ field to reflect the current date (yy/mm/dd) – for example 120619 for June 19, 2012.  Reset the file number to 00 (ex. 120619lln00.chr).  Click ‘OK’.  Make sure you click ‘OK’ in the ‘channels’ dialogue box too, otherwise your changes will not be saved.
6)
Warm up the system by running some high nitrate sea water (add a splash of your 100 uM running stock to some surface sea water).  There is a tripour cup in the LLN fume hood marked ‘NO3’ for this purpose.  Inject 10 ml concentrated sulfuric acid followed by 2 ml ferrous ammonium sulfate, 2 ml ammonium molybdate (the order is important) and then the sample immediately after. Watch the detector response climb on the Antek screen - it should max out at ~1170.  When it drops back down to ~20, clear the reaction chamber and inject fresh reagents and sample.  Repeat for a total of ~8 warm-up injections. The heat generated by the dilution of the acid is important for the rapid stripping of the nitric oxide produced from the solution.  There is another tripour labeled ‘rinse’ that you can place under the sample load tube and rinse off the outside of the tube with a DI squirt bottle.  Fill the other tripour (labeled DI) with DI water and run a shot of reagents + DI water several times until the detector signal returns to a ‘baseline’ of ~14.
7)
Load the sample loop with DI water from the “blank” flask.  Inject reagents and immediately hit the spacebar to start the peak simple software.  The reagents are degassed as above (step 6), and the sample is added after degassing is complete (1.25 minutes into the sample run) in order to maintain an elevated reaction temperature. If the reaction temperature gets too low, the sample may not degas rapidly enough for quantitative results. If asymmetrical peak tailing is observed, the reaction temperature is probably not being maintained at a high enough level (Garside, 1982).  At ~2.00 minutes into the sample run, clear the reaction chamber by opening the stopcock and start injecting new reagents so that you finish injecting just as the current run ends.  This will eliminate any lag time between samples and keep the reaction vessel warm.  The first blank may produce a peak from residual nitrogen oxides in the tubes.  Run 2-3 blanks and then run your standards in order of increasing concentration.  Starting with the 160 nM standard, you can inject the sample early (~0.80 minutes) in order to let the peak return to baseline before the run ends.  If your standard curve looks good, defrost your samples in a water bath at approximately 30° C.  Remember to warm the system up after it has been sitting idle.

8)
Run duplicates of each sample starting at the surface and working down to the bottom of the profile (low concentration to high concentration).  Run a couple of standards after every 10 samples.
9)
Open the desktop shortcut to the peak357 file folder ( open the peakLLN folder ( create a new folder and label it with the date (ex 120619) and description.  Transfer all the files you created that day (including the CH1 text file) but leave the updated .CON file and the file labeled ‘last file’.

10)  Transfer the files to your desktop computer and play with the data!  I suggest manually integrating the peaks, especially the lower concentration samples because you can trim the peaks out of the baseline noise and eliminate any strange peak area integrations by the software.
