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DETERMINATION OF NITROGEN IN WATER TECHNOLOGY
STANOVENI DUSIKU V TECHNOLOGII VODY

Abstract

By the survey presented in this paper the methods used for determining nitrogen in water technology
are described. There are the several nitrogen forms which are important for water treatment and must be
routinely analysed: ammonia, nitrates, nitrites, and total and organic nitrogen. The list of analytical
procedures is not complete and it is focused at the most frequently used methods. The paper is intended to
inform, in short, technologists and/or other people responsible for water treatment technology about the up-
to-date analytical procedures and their application. Preferably, the standardized methods are mentioned.

Abstrakt

V ptispévku je uveden prehled analytickych metod, které se pouzivaji v technologii vody ke
stanoveni dusikatych sloucenin. Jejich vycCet neni Gplny a omezuje se na nejcastéji pouzivané postupy pro
stanoveni téch forem dusiku, které jsou z hlediska technologickych procest dulezité: amoniakalni dusik,
dusi¢nany, dusitany, celkovy a organicky dusik. Clanek si klade za cil informovat technology a ostatni
pracovniky o soucasnych postupech a jejich principech. Prednostné jsou uvedeny metody, které jsou
normalizované.
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Introduction

The majority of nitrogen occurrence in waters comes from rainfalls and rinses of agriculture soil.
A small part of nitrogen originates from sewage and industry wastes. Nitrogen plays an extraordinary role in
all biological processes taking place in the surface, ground and waste waters. There are several forms of
nitrogen naturally existing in the environment: gaseous nitrogen, ammonia nitrogen, nitrates, nitrites and
many organic compounds which are simply classified as organic nitrogen.

The amount of nitrogen in treated waters is controlled by an appropriate technology. The limit
concentrations of nitrogen in drinking waters are strictly given by the regulation [1] because of their toxicity
for human organism. In waste/cleaned waters the limits of nitrogen are also restricted by, e.g. by [2] to avoid
the eutrofisation of surface water.

There is a lot of analytical methods that can be utilized for quantification of nitrogen in water:
volumetric analysis, spectrometry, potentiometry, electrophoresis, liquid chromatography, polarography etc.
Only some of them are routinely used in water technology. The standardized procedures are applied
preferably because they are fully validated and internationally accepted. The aim of this article is to give
a brief account of the methods used for the determination of inorganic and organic nitrogen species in water
with respect to the treatment technology.
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Determination of ammonia nitrogen

Ammonia nitrogen in water comprises of dissociated ammonium and gaseous ammonia. The ratio
of both forms depends on pH and the temperature of water. Ammonium is mostly determined by
the spectrometric method based on its reaction with salicylate and hypochlorite. This reaction produces blue
coloured compounds of indophenolic type [3] of which absorbance is measured at 655 nm. The detection
limits are reported in the range of 0,003 to 0,008 mg/l. By comparing to the limit 0,5 mg/l for drinking water
[1] it is obvious that the indophenolic method is applicable for the analysis of raw and tap water as well.
This method has replaced the former Nessler procedure that was based on the reaction of ammonium with
mercury tetraiodide. The Nessler method was less selective and sensitive, and it also gave the false positive
results. By looking at the results of the ring test organised in the Czech Republic in 2001, it is very striking
that 18 out of 84 laboratories have still used this procedure.

In wastewater and/or sewage, ammonium is often determined by the potentiometric method [4] using
the ionic selective electrode (ISE). The analysed samples are alkalined firstly and then the released ammonia
is measured by the membrane ISE. Because of easy handling, the specially adapted electrodes are often
installed at exit of water works for continual monitoring of ammonium in effluents.

The high concentrations of ammonium in wastewater are determined by the distillation and titration
method [5] as well. The distillation of ammonia is also recommended for sample preparation of
the spectrometric method in order to eliminate the disturbance of water matrix. Distilling ammonia is
entrapped into the solution of boric acid and titrated by hydrochloric acid using bromothymol blue as
the indicator. Boric acid is recommended to be replaced by sulphuric acid because of carbon dioxide which
is absorbed together with ammonia and titrated as well. Besides this effect, the method tends to provide
the false positive results due to presence of other compounds distilled together with ammonia and react with
the volumetric solution: e.g. urea, volatile amines etc.

In case of a great number of samples (up to 100 per an hour), the continues injection (CIA) and flow
injection analysis (FIA) are used. Ammonia is separated by diffusion through a semi-permeable membrane
and spectrometrically determined [6] after its reaction with the mixed pH indicator.

The isotachophoretic analysis of ammonium in ground, surface and drinking water was described
in the standard [7] as well. Ammonium is separated at the same time with other ions such as sodium,
potassium, calcium and magnesium. The separation takes about 10 minutes.

The samples for the determination of ammonia nitrogen, which cannot be analysed immediately after
sampling, must be preserved by sulphuric acid at pH < 2 and stored at temperature 2 to 5 °C for max. 24
hours [8]. Before the analysis the samples are usually prepared by filtration (centrifugation) and/or
by distillation if necessary. Paper filters are not suitable because they release ammonium during filtration.

Determination of nitrates

Nitrates occur in all types of waters. In drinking water, their concentration must not exceed 50 mg/1
for adults and 15 mg/1 for babies. Nitrates are mainly determined by the spectrometric methods.

In these methods, nitrates work as nitrification agents that react with various aromatic compounds
producing coloured derivates. The standardized methods are based on the reaction of nitric acid with 2,6-di-
methylphenol [9], 4-fluorophenol [10], and sulfosalicylic acid [11]. None of them is universal. The method
with 2,6-dimethylphenol is rapid and easy to use but not suitable for waste and saline waters. Chlorides cause
higher results and therefore they must be removed by e.g. precipitation with AgNO;. In case of the reaction
with 4-fluorophenol, the product 2-nitro-4-fluorophenol is distilled from the reaction mixture. This procedure
is very laborious and time consuming, but selective and applicable for all types of waters. In addition, it is
possible to work with the irritant (4-fluorophenol) and highly flammable compounds (toluene).

The most wide-spread method is based on the reaction of nitrates with sulfosalicylic acid. The
approached detection limits of N-NO; are referred to be 0,003 to 0,013 mg/l if 40 mm measuring cells are
applied. We have already described the modified procedure [12] which is easier for the sample manipulation.
Besides the interfering compounds obtained in the procedure [11], it is very important to alkaline the solution
before evaporation to avoid losses of HNO;.
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Nitrates can be also determined after their reduction into ammonium or nitrites. The reduction can be
done with Devarda’s alloy [13] into ammonium and with cadmium amalgam or hydrazinium sulfate [13]
into nitrites. The reduction with cadmium is used for the purpose of the CIA and FIA [14].

In addition to the above described spectrometric methods, nitrates can be also analysed directly in
the UV-spectrum by the measuring of absorbance at 210-220 nm [15]. The procedure is quick and simple
but an influence of nitrites, carbonates, organic compounds, CrY", and Fe were found. It is possible
to remove carbonates by acidification of samples. Other interfering effects can be minimized by a correction
based on the measuring of absorbance at two wavelengths. Organic compounds can be removed by adding
active carbon. This determination is recommended only for the analysis of drinking and/or clean waters. For
this type of samples the potentiometric analysis with ISE is recommended as well [13]. The nitrate electrode
is based on a liquid membrane consisting of crystal violet dissolved in nitrobenzene.

In order to complete the list of standardized methods, liquid chromatography of ions [16, 17]
and capillary isotachophoresis [18] for determination of nitrates and nitrites should be mentioned. The main
advantage of these separation methods is the determination of several ions in one analytical run with minimal
disturbing effects of other ions. Unlike liquid chromatography, utilization of capillary isotachophoresis is
confined to low contaminated waters.

The samples are stored and preserved as in case of ammonia nitrogen. Preparation before analysis
can be carried out by filtration (centrifugation) or dilution. The coloured samples can be clarified by adding
active carbon or aluminium hydroxide.

Determination of nitrites

The presence of nitrites in waters is most critical for ground and drinking waters where it indicates
fresh faecal pollution. Concentrations up to 0,5 mg/l in tap water are allowed [1].The mostly utilized
spectrometric methods are based on the ability of nitrites to diazotize aromatic amino compounds producing
diazonium salts which are copulated to create azo-dye. The most frequently diazotized aromatics are
sulphanilic acid and/or its amids. Consequently, these diazonium salts are let to react with 4-(1-naphtyl)-
-ethylene-diamine dihydrochloride [19] that replaced the former 1-naphtylamine which was found to be
carcinogenic. The absorbance of the coloured substances is measured at 540 nm. The detection limits are
declared to be about 0,002 mg/I1.

The samples could be stored at temperature 2 to 5 °C for max. 24 hours [8]. The sample preparation is
similar to the one in the case of nitrates.

Determination of organic nitrogen

Organic nitrogen N™" occurs in surface and waste waters and/or is produced by the chemical and
food industry. Organic nitrogen is bonded in proteins, lipids, amino acids, urea and is presented in
nucleosides. This parameter, as total and inorganic nitrogen (see below), belongs to the category of so the
called group parameters which give only a sum of all related compounds. The knowledge of organic
nitrogen is important for controlling the biological treatment of waste waters.

The determination of organic nitrogen is based on the transformation of N into ammonium. This
analytical procedure has been developed by Kjeldahl in 1883 and is still used in various modifications. The
samples are decomposed by concentrated sulphuric acid in the presence of a catalyst. Before this procedure,
ammonia must be removed from samples by distillation. After mineralization, the solution is alkalined and
the produced ammonia is separated by distillation and consequently determined by one of the appropriate
methods for ammonium determination. There are several digestion methods that differ in the application
of catalysts. It has been proved that the most useful catalyst is mercury [20] and its mixture with selenium
[21]. Because of its high toxicity, mercury has been replacing by selenium nowdays [22]. Instead of this
tedious procedure, organic nitrogen is used to be calculated as the difference of total nitrogen and the sum
of inorganic nitrogen forms, i.e. mostly ammonium, nitrates and nitrites.
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The concept of Kjeldahl’s nitrogen is also known in water treatment practice. It stands for the sum
of organic and ammonia nitrogen. The quantification of this parameter is described in the standard [22].
The samples are decomposed by Kjeldahl’s procedure without a preliminary removal of ammonia.
Ammonium is then quantified after digestion.

Determination of total nitrogen

Total nitrogen consists of inorganic and organic nitrogen. There are three principal procedures
of how to decompose all nitrogen species and transfer them into a single type of measurable compounds:
Kjedahl’s digestion, Koroleff’s digestion by oxidation with peroxodisulfate and ignition of samples.

The first approach is based on the reduction of nitrate and nitrite into ammonium followed by
Kjedahl’s digestion of samples. The reduction can be carried out directly by Devarda’s alloy [23] or by zinc
[21] after reaction with phloroglucinol. Phloroglucinol forms nitro- and nitrosophloroglucinol which are
reduced by zinc into their amino derivates. The mineralized samples are alkalined and ammonia is distilled
and determined.

Under the second approach, the alkalined water samples are digested by oxidation with peroxo-
disulfate at about 150 °C and increased pressure conditions [24]. The samples can be heated in a microwave
oven or in an electric heating block. Nitrates, produced by the digestion, are determined by conventional
methods.

By using the third procedure [25], the nitrogen compounds are catalytically ignited in the oxygen
atmosphere at 1000 °C forming NO that reacts with ozone as follows:

NO + 0; - NO," + 0, (1)
NO," - NO, + hv (2)

Chemiluminescent lighting in the range of 700 to 900 nm of the excited molecule NO," is detected.
The analyzer is sometimes equipped with devices for determination of total organic carbon in water as well.
The nitrogen compounds could also be oxidized into NO, and measured by infrared spectrometry, or reduced
into NH; and determined by spectrometry or microcoulometry. These procedures are not typical for the plant
laboratories and they are mentioned here as an example of another possibility of quantification of the total
nitrogen.

The samples for the determination of both organic and total nitrogen can be preserved by sulphuric
acid at pH < 2 and stored at temperature 2 to 5 °C for max. 24 hours [8].

Determination of inorganic nitrogen

Inorganic nitrogen is analysed because of requirements regarding the quality of effluents from
sewerage and wastewater treatment plants to river water [2]. This parameter is supposed to be the sum
of nitrate, nitrite and ammonium. This suggestion does not have to hold for industrial outlets containing
the other inorganic nitrogen compounds, such as cyanides and thiocyanides from coal carbonisation.

Another approach is the calculation of the difference between total nitrogen and organic nitrogen.
This procedure is more time consuming because of tedious Kjeldahl’s mineralization.

Laboratory result transmission

A very important issue, which is also worth mentioning, is the way of transmission of laboratory
results to technologists and other responsible workers within a company as fast as possible. Daily sending
of the results as paper forms or test reports is very time consuming and problematical because of the data
storage and treatment. The most effective way proved by the plant laboratory is the use of the Laboratory
Information and Management Systems (LIMS) [26] within the company’s computer network. Certain
employees outside of the laboratory have an access to the laboratory database under these conditions at any
time. However, they can only retrieve and statistically evaluate the data without the possibility of modifying
them. In addition, they are not authorised to look at the results of external clients.
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During our practice with LIMS, we have found its application of automatic generation of alert e-
mails which are sent to the workers in charge very useful. LIMS creates these warning messages as soon as
the results, having been entered into the database by laboratory workers, do not comply with the given limits.
It enables the company to make corrective interventions in technology in a short time.

Conclusion

For the running of water works it is necessary to know the composition of water during all
the important technological steps. Water processing comprises of treatment and delivery of drinking water,
as well as carrying away and cleaning of wastewater. The relevant nitrogen parameters are ammonium,
nitrite, nitrate, and total and organic nitrogen.

Suitable analytical methods must be sufficiently precise, accurate, and quick to obtain correct
information about the treatment processes in time. The selection of the appropriate analytical procedure also
strongly depends on the concentration of analytes as well as on water contamination. In addition, the used
methods have to be selected with respect to their economy and risk of laboratory wastes.

Plant laboratories usually choose the easy handling and quite robust volumetric and spectrometric
methods: Ammonium is mostly determined by the spectrometric method with salicylate and hypochlorite, by
the ionic selective electrode and by titration with hydrochloric acid. Nitrates are analysed by the methods
based on the reaction of nitric acid with 2,6-dimethylphenol, 4-fluorophenol and sulfosalicylic acid. Nitrites
are quantified by the spectrometric methods based on their ability create diazonium salts which react with
N(1-naphtyl)ethylenediamine dihydrochloride. The determination of organic nitrogen is based on
the transformation of N into ammonium according to Kjeldahl. Total nitrogen is determined as ammonium
after the digestion according to Kjeldahl, as nitrates after oxidation with peroxodisulfate and by catalytical
ignition in the oxygen atmosphere at about 1000 °C forming nitrogen oxides.

The analytical methods, developed in a laboratory, must be fully validated. Accuracy and sufficient
precision of the laboratory results can be ensured by the good working quality system which is desired to be
certified by accreditation [27].

A very effective way of laboratory result transfer within company is the use of LIMS. Selected
employees outside of a laboratory are able to retrieve the results in the laboratory database through
the company computer network. Their access is checked by passwords and it is confined only on data-
viewing, without possibility of their modification. The ability of having the information in real time is very
important for the decision-making process.
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Resumé

Stanoveni dusiku patii mezi zakladni pozadavky kladené na vodohospodaiské laboratofe.
Koncentrace dusiku se sleduji v jednotlivych fazich technologie vyroby a transportu pitnych vod a pii ¢isténi
a stokovani odpadnich vod. Sleduji se hodnoty dusi¢nanli, dusitanti, amonnych iontd, celkového
a organického dusiku. Na vyusténich kanalizac¢ni sité¢ do povrchovych vod se dle vyhlasky ¢. 47/1999 Sb. [2]
sleduji 1 koncentrace anorganického dusiku, kterym se rozumi suma dusi¢nantl, dusitanti a amonnych iontd.

Stanoveni téchto parametrd zajiStuji provozni laboratofe vodarenskych spolecnosti. Pro analyzu
jednotlivych dusikatych latek existuji fady metod, z nichZ jsou nejcastéji voleny metody normalizované nebo
pln¢ validované, pokud jsou vyvinuty v laboratofi. Jejich vybér zavisi na pozadované piesnosti
a koncentracnim rozsahu analytu. Dale je nutné piihlizet k rizikovosti vznikajiciho odpadu, ekonomické
narocnosti a rychlosti jednotlivych metod. Z téchto diivodli se v provoznich laboratofich nejcastéji voli
metody titraéni nebo spektrometrické: Pti stanoveni amonnych iontl se podle typu vod voli titrace kyselinou
chlorovodikovou, iontové selektivni elektroda nebo spektrofotometrickd metoda se salicylanem. Pro
stanoveni dusi¢nanti se pouZzivaji fotometrické metody zalozené na schopnosti dusi¢nani v kyselém prostredi
nitrovat  2,6-dimethylfenol, 4-fluorfenol a kyselinu sulfosalicylovou. Dusitany se stanovuji rovnéz
fotometricky na zakladé¢ vzniku azobarviva s N-(1-naftyl)-ethylen-diamin dihydrochloridem. Celkovy
a organicky dusik se stanovuji po mineralizaci na amonné ionty metodou podle Kjeldahla nebo jako
dusi¢nany po oxidacni mineralizaci s peroxodisiranem podle Koroleffa.

V dnesni dobé€ je jiz samoziejmy systém vnitini a vnéjsi kontroly jakosti, napi. formou akreditace
laboratote [27], ktery zajiSt'uje spravnost a dostateCnou piesnost analytickych vysledkd.

Ukolem laboratofi neni jen provaddt potiebné analyzy, ale i efektivné piedavat vysledky
pracovnikiim v provozech. K tomuto Gcelu velmi dobie slouzi laboratorni informacni a manazersky systém
[26] pouzivany v ramci podnikové pocitacové sité. Tento systém je urCen pro ¢innost laboratofi, ale mohou
jej sdilet i ostatni vybrani zaméstnanci k zobrazovani ¢i statistickému zpracovani vysledkl rozbord. Pristup
je chranén hesly a omezen pravy, které¢ udé€luje spravce systému. Rychly pfenos dat k uzivateliim umoznuje
ucinné zasahovat pii technologickych zavadach.

Recenzent: Prof. Ing. J. Vidlat, CSc., VSB-TU Ostrava
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