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ABSTRACT

Nitrates and nitrites are common in water systems, sewage and food. Their presence in low
amounts in aquatic ecosystems is desirable for the growth and development of living organisms.
At concentrations exceeding safe levels, these compounds pose a wide variety of health risks.
Due to their highly toxic effect on the environment and living organisms, it is necessary to deter-
mine and monitor their levels in water, sewage and food. This paper is a review of conventional
and modern methods of detection and determination of nitrates in water and sewage, including
ones based on colorimetry, spectrophotometry and chromatography. The conventional methods,
although offering an array of advantages, present certain disadvantages, such as considerable
time consumption, susceptibility to ionic interference and sometimes requiring expensive equip-
ment. Among the analysed methods, an innovative method based on electrochemical sensors
using nanomaterials deserves attention. The recent application of nanomaterials such as carbon
nanotubes (CNT), metal nanoparticles, nanocomposites or nanoclasters has attracted much
interest in the field of developing electrochemical sensors for nitrate and nitrite detection.
Owing to the selectivity, repeatability, simplicity, rapid response, sensitivity and ease of opera-
tion, nanoelectrodes may be used for routine monitoring of the environment. Nitrate determina-
tion using electrochemical sensors constitutes an excellent alternative to all other available
analytical methods.
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INTRODUCTION

Nitrates occurring in low amounts in aquatic systems ensure the develop-
ment of aquatic vegetation and organisms. Excessive accumulation of nitrates
(next to phosphates), above the safe limits of nutrients in aquatic ecosys-
tems, results in an uncontrolled growth of vegetation conducive to eutrophi-
cation. Subsequently, oxygen reserves are depleted, aquatic organisms
die and the aquatic environment undergoes irreversible changes. Nitrates,
widely used in mineral fertilisers and food preservatives, commonly enter
water, soils and wastewater. They are leached from the soil, hence they can
pollute groundwater and surface water bodies.

According to the WHO recommendations, it is assumed that the maxi-
mum admissible nitrate level in potable water should not exceed 44 mg kg
The European Union regulations determine the maximum safe level
of nitrites in potable water at 0.1 mg kg*' (CHEN et al. 2007). It is believed
that a nitrate content in the human body above this level causes serious
health problems, especially of the alimentary system. At low pH, these com-
pounds can react with secondary and tertiary amines, giving rise to the for-
mation of carcinogenic compounds, such as N-nitrocompounds (OzDESTAN,
UREN 2010, BryaN et al. 2012). It has been indicated that methaemoglobinae-
mia, i.e. baby blue syndrome, which is a threat especially to small children,
is caused by excessive nitrate levels in diets (GLADWIN et al. 2009, CASsIDY,
Duccean 2015). Nitrates have the capacity to oxidise haemoglobin to methae-
moglobin irreversibly, which hinders the oxygen transport mechanism, lead-
ing to death. These compounds are regarded as probable factors of high risk
of kidney diseases (MIRMIRAN et al. 2016). The control of nitrate levels
in water and food products is becoming a priority issue, and the determina-
tion of nitrate in samples is therefore essential.

The scientific literature offers a wide selection of review papers on nitrate
and nitrite detection and determination techniques (MOORCROFT et al. 2001,
Wane et al. 2017, AsHARAT, MUKHO-PADHYAY et al. 2018). This paper presents
selected methods which in the recent years have been developed substantially
owing to the application of modern materials, compilation of several analyti-
cal techniques or desing of novel solutions. Determination of nitrates using
a wide variety of analytical techniques is crucial for the monitoring of envi-
ronment. There are numerous available nitrogen determination methods,
including spectrophotometry (Miranpa 2001), chemiluminescent (HE et al.
2007), spectrofluorimetric (Huang et al. 2000), chromatography (CAMPANELLA
et al. 2017), electrochemical analysis (LiaNngYUN YU et al. 2015) and flow
injection methods (BaomiN Liu et al. 2016 ).
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SPECTROPHOTOMETRIC METHODS

Spectrophotometric methods, most frequently based on the Griess method,
are widely used in the determination of nitrates and nitrites. The Griess
reaction, first described in 1879, was initially used to identify nitrites
in saliva, and this technique served throughout the following century
for nitrite identification in biological fluids. To determine nitrates, prior
to the diazotation reaction, chemical or enzymatic reduction of nitrates
to nitrites is performed. The two-phase process involves diazotation, where
nitrites react with sulphanilamide, and then conjugation, where the diazota-
tion product in an acidic medium reacts with amines, e.g. with N-(1-naphthyl)
ethylenediamine (NED). to produce pink azo dye (=540 nm). Nitroaniline
and p-aminoacetofenon were also used in the diazotation reaction, while
1-naphtol, 1-amino-naphtalen,1-naphtolo-4-sulphonian,1,3-diaminobenzene
were also utilised in the conjugation reaction. The key phase in nitrate deter-
mination is the reduction to nitrites, which is catalysed by cadmium and
copper (Wana 1998), hydrazine with copper catalyser, zinc column (ELIs et al.
2011, MErNO et al. 2000), titanium or VCIl, (Miranpa 2001, WOOLLARD, INDYK
2014, LiN et al. 2016). Biological reduction, which does not produce toxic
waste, 1s sometimes used. Enzymatic biocatalysers employed in the colori-
metric reaction include NaR enzymes or NaR-containing microorganisms
(JoBGEN et al. 2007, WITTBRODT et al. 2015).

Spectrophotometric detection using the Griess reaction, which is a rela-
tively simple method of nitrate and nitrite determination, has a range
of sensitivity from 0.02 to 2 M. The colorimetric method allows separate
determination of all nitrates or nitrates and nitrites. Although this method
is simple and offers relatively low detection limits, it has some drawbacks,
e.g. interference of some organic substances and some ions, and masking
agents such as EDTA (NARAYANA, SUNIL 2009) or trisodium citrate. Although
it is frequently and willingly used because of the simplicity of measurements
and low analytical costs, this method does not ensure sufficient sensitivity
since nitrates are detected at a micromolar level. Complex analytical
methods are used to solve such problems, improve precision and decrease
the nitrate and nitrite detection limits Crortroru (2012) developed a HPLC/
/VIS method for the simultaneous detection of nitrates and nitrites in biolo-
gical samples in the detection range of ppb for nitrites and hundredths
of ppb for nitrates. Nitrates are determined by pre-column derivatisation
using the Griess reaction. Kunpuru et al. (2017) produced film from synthe-
sised polymers with side chains from phosphoric acid and zinc. These com-
pounds emulate the Griess reagents. The film was used to detect nitrates in
ammonium nitrate and sodium nitrate at a detection limit of 4 ppm. IBRAHIM
et al. (2019) proposed a simple and effective method of colorimetric detection
using the reaction of conjugation of diazo p-aminobenzoic acid (PABA) and
fluoroglucynol in an acidic medium, where yellow azo dye waso btained, with
an anticipated maximum absorption of 434 nm. The colorimetric sensor may
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be used to detect nitrites in water samples in a detection range from 0.05
to 1 mg kgt

In 2010, HERNANDEZ et al., using a spectrophotometric flow injection ana-
lysis based on a modified Griess-Ilsovay reaction, developed an individual
and combined assay. The modification of the conventional method enables
an analysis of approx. 40 samples/h with a detection range from 22-44 pg.
Owing to its simplicity, cost effectiveness, precision and rapidness,
this method may be used for monitoring the environment. The application
of a spectrophotometric automatic flow injection analysis (FIA) with VCI,
as a Griess reaction reducer (instead of toxic cadmium) in the determination
of nitrates and biological samples improves the sensitivity and reduces
the assay time-consumption significantly (LN et al. 2016). The detection
range and the detection limit of this method are from 0-100 uM and 0.1 pM,
respectively. The throughput reaches 20 samples/h. An automatic flow
method in a loop according to the Griess reaction (BaomiN Liu et al. 2016)
was applied to determine nitrates in water samples. The detection limit
of this method was 0.02 pM and the assay time was short: ~4 min/sample.
L1 et al. (2018) developed an innovative sensor using the Griess reaction
modulation and a strategy of conducting three analyses (colorimetric, fluores-
cence and SERS) for quick determination of nitrites in a complex sample
matrix.

ELECTROCHEMICAL METHODS

In the recent years, a wide range of review papers has been published
on nitrate and nitrite electrochemical detection methods (WanG et al. 2017,
EsHRAT et al. 2018). Various methods and analytical techniques have been
presented, among which the voltamperometric method seems to have drawn
the most interest. This method has been particularly extensively developed,
and huge progress has been made in the application of innovative materials
and solutions. Traditional unprotected electrode materials (copper, nickel,
platinum, cadmium, gold, glassy carbon) used previosuly caused problems
connected with their passivation and toxicity (WaNG et al. 2017). Attempts
have been made to solve such obstacles by modifying an electrode’s surface
with organic and inorganic catalysers and enzymes. This involves electrolyti-
cal improvement of the surface of electrodes in order to obtain highly specific
catalytic activity for redox reactions. The formation of a developed and active
electrode’s surface enhances the electron transfer kinetics, and improves
the sensitivity and response signal of the electrode.

In recent years, nanomaterials have attracted much interest. Nanoelec-
trodes have found a perfect application in electrochemical detection. When
applied to modify the surfaces, they improve the electrocatalytical capability
of electrodes as reducing agents. Nanoparticles with their small size and
large surface constitute perfect electrocatalysers. Apart from nanoparticles,
nanodots, nanotubes, nanoshells, nanoclusters, nanofibers and nanocompos-
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ites have also been applied in electrochemical sensors (HALDORAI et al. 2016,
L1 et al. 2017). Recent studies have reported the use of bovine serum albu-
min-coated gold-nanoparticles BSA-AuNP (SHaNkAR 2018), magnetic nanopar-
ticles — MNP — and magnetic nanocomposite NP-SiO, (Ispas 2018) as modifiers
in electrochemical sensors, employed so as to improve the sensitivity and
precision of nitrate determination. A silver nanotube (Ag/HNT/MoS,)-modi-
fied carbon paste electrode — CPE (GHaNEI-MoTLAGH, TAHER 2018) was used
in a nitrite determination assay. A nanoclaster-coated (Ag/Cu/MWNT)
graphene composite electrode (GCE) resulted in its high electrocatalytic
nitrite oxidation activity (Y1 ZHaNg 2018). Nitrogen-doped graphene quantum
dots modified with nitrogen-doped carbon nanofiber composite (NGQDs@
NCNF) provided a large area of the active surface to be used in effective
nitrite detection (L1 et al. 2017). Nanotubes (KURALAY et al. 2015, BAGHERI
et al. 2017) and nanocomposites (RajaLaksHMI, JOoHN 2015, BoussEma et al.
2016, ZHANG et al. 2016) applied on the nanoelectrode surface successfully
improved analytical performance. Nanocomposite electrocatalytic capability
depends on the material used. Nanocomposites obtained through the combi-
nation of varied nanomaterials offer much higher sensitivities and improved
selectivity. Table 1 presents selected nanoelectrodes with limits of detection
and detection ranges.

The exceptional properties of nanoelectrodes offer low detection levels
of uM or even nM as well as wide detection ranges. The study results indi-
cate that the application of nanomaterials has become a promising alterna-
tive in electrode modification. Nanoelectrodes have shown great potential
in the analysis of a wide range of environmental samples. Electrochemical
methods of nitrite detection offer high selectivity and sensitivity, and they
are quick and cost-effective when compared with the traditional methods
(Y1 ZHaNGA et al. 2018).

STATISTICAL METHODS

In view of the lack of or/and accessibility to an online nitrogen compound
measurement system (especially in wastewater), research into virtual (soft)
sensors is emerging. Virtual sensors utilise easily available parameters such
as pH, conductivity and particles which are measured in real-time and com-
bine historical data and advanced statistical analysis. Algorithms to estimate
nitrogen compounds are then produced. WanG et al. (2019) presented a con-
cept of COD and total P prediction using virtual sensors, which can be used
analogously for the prediction of nitrogen compounds. MuLas et al. (2012)
presented an example of estimating nitrates during denitrification in waste-
water.
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CONCLUSION

The content of nitrites and nitrates is one of the basic parameters
in the monitoring of surface water and groundwater. Recent progress in new
technologies has enhanced the capacity of identification and determination
of nitrates and nitrites. In recent years, many publications have appeared
that focus on the application of nanomaterials in the construction of electro-
chemical sensors. Novel sensors based on nanoparticles offer enhanced
electrochemical properties in the detection of nitrates and nitrites owing
to their specific surface area and high electric conductivity. When compared
with the conventional methods, which usually require time-consuming ana-
lysis and costly instruments, with this technology nitrates can be determined
directly in a sample.
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