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1.
compared methods:

HTCO CLD: TN determination by high temperature catalytic oxidation (HTCO) with chemiluminescence detector (CLD) was performed using a stand-alone instrument for simultaneous analysis of TC and TN (SKALAR FORMACSHT TC/TN analyser). TN measured in this way represents all the nitrogen forms in the sample, including elementary, organic and inorganic nitrogen. 

The operating conditions adopted in this study were as follows:

Injection volume


200 µl

Carrier gas



Oxygen


Gas flux



250 ml min-1

Catalyst 



CeO2

Reactor temperature

850 °C


Replicates for each sample
3


Standards



differents concentration of NaNO3 


TN analytical range


0.1-7.0 mg N l-1

Carbon analytical range 

0.5-20.0 mg C l-1
Before selecting the catalyst to be used, we did a number of tests on recovery rates of different N compounds. As much of our interest focuses on atmospheric deposition samples, which usually have quite high concentrations of ammonium, we paid close attention to recoveries of this compound. Some authors reported rather low recovery for NH4+ using HTCO [1]. A catalyst made of CeO2 proved to be most effective for N-NH4 determination and was used for all the analyses. The recoveries were regularly tested by including a few N-NH4 standards (5.0 mg N ll-1) in each analytical sequence.
PO UV-220 nm: TN was determined by oxidation of all the nitrogen compounds to nitrate according to [2]. Ammonium, nitrite and organic N in the sample were oxidised to nitrate using potassium peroxodisulphate in a boric acid-sodium hydroxide buffer. Oxidation of the nitrogen compounds was performed in autoclave at 120 °C and 2 bar pressure for 30 minutes, resulting in a pH change of the buffer from 9.7 to 5.0. 

For autoclave oxidation, 25 ml-aliquots of the sample were placed into 50 mL screw cap with o-ring gas proof and 3.5 ml of the oxidizing reagent added. To prepare the oxidizing reagent, 50 g low-nitrogen (< 0.001%) potassium persulphate, 30 g boric acid and 14 g sodium hydroxide were dissolved in ultrapure water to a final volume of one litre. 

Nitrate was determined by spectrophotometry at 220 nm [3]. After oxidation, samples were acidified with 0.4 ml low nitrogen (00005 %) H2SO4 98%. Silica cells of 1 cm optical path were used for the spectrophotometric measurement. Absorbance of the sample was read against acidified ultrapure water set at zero absorbance.
2.
procedure:

To validate the method (HTCO CLD) for TN analysis in our laboratory, we compared it to the reference method PO UV-220. A total of 793 samples (lake, river and rain water) were analysed for TN by the two methods in the period June-December 2004. 36% of the samples were surface water samples (rivers and lakes) and 64 % were atmospheric deposition samples. Moreover, a subset of 75 samples was used for a further comparison: after PO, nitrate was determined both by spectrophotometry (UV-220) and by ion chromatography with UV detection at 215 nm (IC UV-215).

All the samples analysed were representative of dilute natural waters, with an ionic content between 0.01 and 20 meq l-1 and conductivity in the range 5-800 µS cm-1. TN concentrations were between 0.1 and 7.0 mg N l-1. Nitrate was the major form of N in surface water samples; organic N was between 10% and 20% of TN, and ammonium was usually below 10%. In atmospheric deposition samples, TN was mainly in inorganic form, with nitrate and ammonium in similar proportion. 

All the samples were stored at 4 °C during the analyses. The determinations of TN by PO UV-220 and HTCO were performed simultaneously or in close succession and in any case they were completed within 2-3 days since the arrival of the samples in the laboratory. 

The percent difference between the two methods was calculated for each data pair as follows:
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The absolute (Md) and relative (Mr) average differences between paired data were calculated as follows:
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3.
results:

Our experience with the HTCO confirmed the importance of the catalyst CeO2 on the oxidation efficiency of N compounds. Once the appropriate catalyst has been selected, a regular check in time of the oxidation efficiency is needed, both for organic and inorganic compounds. The yield of the catalyst can be checked by the regular use of control charts representing different concentration ranges. The standard analysis of different nitrogenous compounds (e.g. NH4Cl) to determine oxidation efficiency is also recommended.
To see how far the HTCO CLD method was comparable with the PO UV-220 nm, we tested the difference between the paired data obtained with the two techniques. According to statistical tests, the results were significantly different. Nonetheless, the average difference between paired data was low, both as absolute and relative values (0.06 mg N l-1 and 3%, respectively, in the range 0.1-7.0 mg N l-1); and it was even lower for concentrations below 1.0 mg N l-1, which are typical of the samples we routinely analyse.

The results of our study confirmed HTCO CLD as a reliable method for TN determination in water samples. Once the best operating conditions are selected and optimised for the type of samples to be analysed, HTCO can be regarded as a valid alternative to traditional techniques such as PO for TN analysis in freshwater. 
More details in the full paper on the comparison [4].
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6. tables and graphs, appendix:
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Scatter plot of the TN data obtained with HTCO CLD and PO UV 220 (n = 794).
Analytical range: 0.1 – 7.0 mg N L-1. Regression line and 1:1 line of best fit imposed to the plot.
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Relative difference between PO UV 220 and HTCO data as a function of TN concentration (n=794)
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R.S.D. of the control charts analysed in the CNR-ISE lab with PO UV 220 (42 control charts in the period 1984-2006) and HTCO CLD (8 control charts in the period 2005-2006) as a function of TN concentration.
Table summarising the characteristics of PO UV 220 and HTCO CLD for TN analysis. LOD: limit of detection.
[image: image7.emf] Persul ph ate oxidation and  spectrophotometric determination  of NO 3  at 220 nm (PO UV 220)  High temperature catalytic  oxidation with chemiluminescence  detector (HTCO CLD)   Analytical range  0, 1 ÷ 6 mg N L - 1   (extensible to 10 - 12 mg N L - 1 )  0,1 ÷ 6 mg N L - 1   (extensible to ~ 2000 mg N L - 1 )   Calibration  Annual   Daily (two series of 3 - 4 standards  for each analytical sequence)   LOD  ~0.09 mg N L - 1  ~0.02 mg N L - 1   Approximate analysis time  3 hours for o xidation    1 hour for UV determination   7 min. per sample (3 replicates)   4 hours for 30 samples    
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