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ABSTRACT

N-Nitroso compounds have been recognized as potent carcinogens and are produced endogenously
from drinking water and nutritional supply of nitrate and nitrite. Thus, the screening of nitrate and
nitrite has become essential to certify the quality and protection of drinking water. In the present
study, a new, rapid and precise technique based on ultra-performance liquid chromatography/elec-
trospray ionization mass spectrometry (UPLC-ESI/MS) has been optimized for the analysis of nitrate
and nitrite in drinking water. The nitrate and nitrite were separated using reversed-phase Acquity
UPLC™ BEH C; (50 mm x 2.1 mm i.d., 1.7 pm particle size) analytical column at optimum isocratic
mobile phase compositions (water/methanol, 25/75, v/v). The established technique was linear (R?
> 0.999) over the working concentration values from 0.010 to 10 mg L™, the run-to-run and day-to-
day precisions were <4% (n = 5) in terms of relative standard deviation (RSD, %), when examining a
nitrate and nitrite standard mixture of concentration 0.05 mg L. Nitrate and nitrite detection limits
were found to be 0.03 pg L™ and 0.04 ng L7, respectively. The proposed UPLC-ESI/MS technique
has been employed effectively for determination of nitrate and nitrite in metropolitan and bottled
water samples that have already used in Saudi Arabia. Ten metropolitan and twenty bottled water
samples have been examined and result was found in the range of 0.35-9.02 mg L' for both anions.
The recovery rates of nitrate and nitrite were higher than 99% in all of the analyzed water samples.

Keywords: Nitrate; Nitrite; Metropolitan water; Bottled water; Ultra-performance liquid
chromatography/electrospray ionization mass spectrometry

1. Introduction

Drinking water must be sufficiently safe for human
consumption or should have a minimal threat of instanta-
neous or enduring harm [1]. Nitrate and nitrite are natu-
rally occurring ions created by the oxidation of nitrogen in

*Corresponding author.

the presence of microbes [2]. They are prevalent in the envi-
ronment, food, and industrial and physiological systems
[3]. The major sources of nitrate and nitrite are wastewa-
ter, agricultural activities, discharges from industrial pro-
cesses, motor vehicles and erosion of natural deposits [3,4].
Nitrates and nitrites are usually considered to be harmful
compounds because they can be fatal to humans [5]. Neo-
plasmic illnesses in humans are linked to N-nitroso com-
pounds, several of which have carcinogenic properties in
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experimental animals [6,7]. Excess amounts of nitrate and
nitrite in drinking water can lead to potential health threats,
together with the risk of methemoglobinemia in infants,
which is directly related to the transformation of nitrates
into nitrites in the human body [8,9]. These health concerns
necessitate highly advanced techniques for the precise
screening of nitrate and nitrite concentrations in drinking
water. Many countries and environmental regulatory bod-
ies have set the acceptable limits for nitrate and nitrite in
drinking water [10]. The United States Environmental Pro-
tection Agency (US EPA) and International Bottled Water
Association have set the maximum contaminant levels for
nitrate (10 mg L) and nitrite (1 mg L) in drinking water
[11,12]. In 2008, Saudi Arabia was designated as the highest
consumer of bottled water at 25.2 gallon per capita [13]. This
high consumption revealed that bottled water is considered
to be the safest source of drinking water in Saudi Arabia.

In recent years, a number of analytical methods e.g.,
flow injection analysis [14,15], ion chromatography-UV/
DAD [16,17], capillary electrophoresis-UV [18,19], liquid
chromatography-UV/chemiluminescence [20,21], and lig-
uid chromatography/electrospray ionization mass spec-
trometry have been proposed for the analysis of nitrate
and nitrite in water samples of varying complexity [22].
The restrictions of the above conventional techniques are
analysis time, selectivity and occasionally sensitivity. To
overcome these drawbacks, a variety of sensitive and fast
techniques based on UPLC-ESI/MS have been reported.
For example, ultra-performance liquid chromatography/
tandem mass spectrometry has been used for the analysis
of bromate content in drinking water [23], UPLC-ESI/MS
has been used for the determination of bromate content in
non-alcoholic beer [24], and UPLC-ESI/MS has been used
for the determination of nitrate content in drinking water
[25]. These analytical techniques have been established for
the detection of single inorganic compounds either in drink-
ing water or non-alcoholic beer. Owing to the presence of
nitrate and nitrite in drinking water and their serious tox-
icological effects, the development of a fast and sensitive
analytical method for the screening of such potentially haz-
ardous contaminants in metropolitan and bottled water is
much needed.

In the present study, a simple, fast and sensitive UPLC-
ESI/MS method has been developed for the analysis of
nitrate and nitrite in metropolitan and commercially avail-
able bottled water. The obtained data offers the perfor-
mance of the proposed method and the amounts of nitrate
and nitrite to which the inhabitants is exposed globally.

2. Experimental
2.1. Chemicals and materials

All solvents and chemicals used in this study were of
analytical or HPLC grade, obtained from Merck (Darm-
stadt, Germany). Sodium nitrate and sodium nitrite of
ReagentPlus® grade (assay purity > 99.0%) were obtained
from Sigma-Aldrich (Steinheim, Germany). Ultrapure
water was purified by means of Milli-Q water purifica-
tion system (Millipore Corporation, Bedford, USA). Stock
standard solutions of nitrate and nitrite at concentration

level 200 mg L' were prepared in ultrapure Milli-Q water
and utilized for further dilutions processes. Standard mix-
tures of the nitrate and nitrite at different concentrations
were prepared by weight to establish the range of linearity
and standard addition in all systems. Standard solutions
and water samples were filtered through a 0.22 pm PTFE
syringe filter (Macherey-Nagel GmbH, Diiren, Germany)
before being injected into the UPLC system.

2.2. Sample preparation and quantitative analysis

Metropolitan water was obtained from different loca-
tions using clear glass bottles (200 mL), supplied by the
Saudi Arabian nationalized company Saline Water Con-
version Corporation. Bottled water (non-carbonated) from
various trademarks was purchased from hypermarket in
Riyadh, Saudi Arabia. Metropolitan and bottled samples
were refrigerated at 4°C and analyzed in maximum of two
days to evade any microbial contamination. In addition,
quality control and blank samples were also analyzed in each
batch to make certain that contamination of water samples
did not arise and detection sensitivity of the target analytes
was stable throughout the analysis. The quantification of the
target analytes was performed by standard addition proce-
dure consisting of samples spiked with nitrate and nitrite at
three (50%, 200% and 500%) levels and a non-spiked sam-
ple (duplicate). Recoveries were obtained from the slope
obtained when demonstrating the relationship between the
added quantity of nitrate and nitrite, and the found quantity.

2.3. UPLC-ESI/MS instrumentation and functioning
parameters

Chromatographic separation of nitrate and nitrite was
carried out using a Waters Acquity® UPLC system (Mil-
ford USA) with an Acquity® BEH C , column (50 mm x 2.1
mm i.d., 1.7 pm particle size) (Waters, Milford, USA) col-
umn. A pre-column, VanGuard™ BEH C , 1.7 um was used
to protect the analytical column during the analysis. The
most favourable chromatographic separation of nitrate
and nitrite was obtained using mobile phase water/meth-
anol, (25/75, v/v) at an isocratic flow rate of 200 uL min™".
The temperature of column was set to 25°C and the total
UPLC run time was 2 min. The injection volume of the
sample was 5 pL.

The detection of nitrate and nitrite was performed on
triple quadrupole mass spectrometer, Quattro Premier™
(Micromass, Milford, USA) equipped with an electrospray
ionization source (Z-spray) coupled with an Acquity®
UPLC system. The instrument was operated in negative
ionization mode. The data acquisition was carried out in
selected ion recording (SIR) mode which monitors the ions
m/z 62 for nitrate and m/z 46 for nitrite. Factors affecting the
ion transmission parameters were optimized by infusing
a standard mixture of sodium nitrate and sodium nitrite
solution at 10 mg L. The optimized working conditions
were as follows: cone voltage, 50 V; capillary voltage, 3.2
kV; source temperature, 120°C; desolvation temperature,
300°C; cone gas flow rate, 60 L h™'; desolvation gas flow rate,
600 L h™'. Nitrogen (99.99% purity), generated with a Peak
Scientific nitrogen generator, model NM30LA (Inchinann,
United Kingdom), was used as cone gas. Argon (99.99%
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purity), obtained from Speciality Gas Centre (Jeddah, Saudi
Arabia), was used as collision gas. The vacuum for the mass
spectrometer was provided with a rotary pump, Oerlikon,
model SOGEVAC SV40 BI (Paris, France). The SIR param-
eters used with the MS system have been given in Table 1.
The processing and data acquisition were performed using
MassLynx V4.1 software.

3. Results and discussion
3.1. Optimisation of UPLC conditions

At the present time, UPLC has been recognized to be an
advanced separation method which improves the chromato-
graphic performance of traditional liquid chromatography
in terms of sensitivity, analysis speediness and resolution
[26,27]. Previously, we have individually optimized the
UPLC methods for the determination of bromate and nitrate
in different types of matrices [23-25]. Therefore, the advance-
ment of a high throughput method for the separation of
nitrate and nitrite using UPLC is essential. The most import-
ant goal of the chromatographic technique was to attain sep-
aration and determination of nitrate and nitrite with a short
run time including sensitivity. At first, the isocratic UPLC
conditions were optimised for nitrate and nitrite. The isoc-
ratic flow was chosen as an approach in order to evade the
time consumed in conditioning the column after each run
and distinct of gradient flow programs. Preliminary exper-
iments were carried out on hydrophobic stationary phases
C, C, columns. In addition, the Hydrophilic Interaction
Chromatography (HILIC) was also investigated by a column
with stationary phase of amide groups. The mobile phase for
instance methanol, acetonitrile and water at different pro-
portions were optimised at flow rate between 100 pL min™
and 500 pL min™. The consequence of the addition of organic
modifier formic acid (0.1%-1%) in the mobile phase was also
investigated. The poor peak shape and longer retention times
of nitrate and nitrite were obtained with C;and HILIC col-
umn. The addition of formic acid as an organic modifier in
the mobile phase did not advance the peak shape distinct
similar to that was obtained in the previous analysis of bro-
mate concerning with a reversed-phase column [23] and the
neutral pH of mobile phase produces the Gaussian peaks.
The optimal chromatographic separation was accomplished
on an Acquity® BEH C ; column with dimension 50 mm x 2.1
mm i.d., 1.7 um particle size, using a mobile phase consisting
of water/methanol (25/75, v/v)in isocratic elution at flow
rate 200 pL min™. Comparatively, low flow rate was found
to be most favourable for the analysis of nitrate and nitrite.
At low flow rate, ionic evaporation and efficient desolvation
in the electrospray ionization source were favourable giving

Table 1
SIR parameters used with the MS method

Analyte Molecular ~MS parameters*

formula Molecular ion, m/z  Cone voltage, V
Nitrate ~ NO," 62.20 40
Nitrite ~ NO,” 46.20 46

*Dwell time was 0.025 s in both cases.

rise the adequate defining of a chromatographic peak ample
as a minimum 15 scan points in their analysis. From these
parameters, the elution time for nitrate and nitrite was less
than 1 min. The column dead volume was 0.2 min which
confirmed that the low interaction between hydrophobic sta-
tionary phase and polar anion. At the best possible chromato-
graphic conditions, Fig. 1 demonstrates the elution of nitrate
and nitrite standards mixture with Acquity® BEH C,, column.

3.2. Optimisation of the ESI-MS conditions

To desolvate effectively the mixture of organic and
aqueous mobile phase, and to provide utmost target com-
pounds response in the determination of water samples, the
electrospray ionization mass spectra were primarily opti-
mized by infusing mixture of nitrate and nitrite standard.
Full scan mode was used to choose the most abundant ion
from nitrate and nitrite while SIR was applied for its detec-
tion with superior sensitivity. As illustrated in Fig. 1, the
resulting two ions correspond to nitrate (11/z 62) and nitrite
(m/z 46). The electrospray ionization conditioned related
with the desolvation and transmission of the analyte ions
for instance, cone voltage (10-100 V), capillary voltage (2.0-
4.5 kV), source temperature (80-150°C), desolvation tem-
perature (250-450°C) and desolvation gas (300-700 L h™)
were studied. The ESI/MS parameters that offered the best
sensitivity were provided in UPLC-ESI/MS instrumenta-
tion and functioning parameters section.

3.3. Method validation
3.3.1. Linearity

The performance of the optimised UPLC-ESI/MS sys-
tem was evaluated. To illustrate the linearity of the method
for nitrate and nitrite, the standard solutions of concentra-
tions varying from 0.01 to 10 mg L were injected. The cor-
relation co-efficient values were calculated for nitrate and
nitrites and found to be greater than 0.997 and 0.999, respec-
tively, which showed the excellent relationship between the
analyte amount and peak area.

3.3.2. Limits of detection and quantification

The limit of detection (LOD) and limit of quantification
(LOQ) were achieved by means of signal to noise approach.
The obtained LOD (signal-to-noise ratio, 3:1) of nitrate and
nitrite were 0.03 pg L™ and 0.04 pg L™, respectively, whereas
LOQ (signal-to-noise ratio, 10:1) of nitrate and nitrite were
found to be 0.1 ng L' and 0.15 pg L7, respectively. The
LOD and LOQ values were determined by determining five
replicates of a blank sample (Milli-Q water) spiked with
sodium nitrate and sodium nitrite at low amounts. The
blank sample (Milli-Q water) was analysed without spik-
ing and found to be free from nitrate and nitrite.

3.3.3. Precision

UPLC-ESI/MS method precision was assessed by inject-
ing five different concentrations of the system appropriate-
ness solution and measured the relative standard deviation
(RSD, %) for each analyte. The run-to-run precision was
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Fig. 1. UPLC-ESI/MS chromatograms of nitrate and nitrite standard mixture (0.5 mg L™), and spectrum m/z values 62 (nitrate) and

46 (nitrite).

approximated from five replicate injections of nitrate and
nitrite standard solutions (0.05 mg L™) on the same day. Day-
to-day precision was determined by five replicate injections
of the aforesaid standard solutions along three successive
days. These determinations were determined on the basis of
the estimation of RSD values of the peak area. The run-to-run
precision for nitrate and nitrite were obtained between 2.01%
and 1.52%, respectively, while the day-to-day precision for
nitrate and nitrite were found between 3.20% and 2.64%,
respectively. The obtained precision by the proposed UPLC-
ESI/MS technique for the determination of low amounts of
nitrate and nitrite was acceptable.

3.3.4. Accuracy

Recovery rates were performed to authenticate the accu-
racy of the proposed UPLC-ESI/MS technique. The stan-

dard addition quantification method has been evaluated
to verify the effect of the sample matrix on the signal-to-
noise ratio of nitrate and nitrite. A total of thirty indepen-
dent metropolitan and bottled drinking water samples were
examined and the recovery rates for nitrate and nitrite were
obtained between 95% and 99% (Tables 2 and 3). The low
matrix effect has been observed and can be in part because
of the Z-configuration of the ionization source, which not
permitted the access of neutral analytes in the MS system
and chromatographic parameters. These outcomes specify
that the matrix does not amend the target analyte signal in
such type of water samples and that external calibration can
be applied as quantification method.

The optimized UPLC-ESI/MS technique deals with
an important issue such as symmetrical peak shape with
no tailing. Even though, the efficient separation is not
definitely required in MS detection, nevertheless, it gives
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additional improvement in selectivity and sensitivity of the
quantitative and qualitative analysis [28].

3.3.5. UPLC—-ESI/MS versus conventional techniques

Inorganic ions usually have greater retention with ion
chromatography (IC) and /or HILIC than with the reversed
phase liquid chromatography [29,30]. The IC and HILIC
phases have hydrophilic moieties; IC interrelate with
anions by ion-exchange process and measures amounts of
ionic species by separating them based on their interaction
with a resin [29]. The HILIC offers partition and electro-
static interaction, and the separation method is derived
from the differential supply of the injected compound
between the organic mobile phase and water enhanced
layer adsorbed onto the hydrophilic stationary phase
[30]. Nevertheless, revered phase merely retains nitrate
and nitrite through hydrophobic interaction. In previous
studies, many authors have separated various anions,
among them nitrate and nitrite that have revealed higher
retention and separation time as high as eight minutes
[31,32]. Nevertheless, a common drawback of IC is that the
mobile phase typically contains a non-volatile salt lead-
ing to not well-suited with mass spectrometric detection
system. Furthermore, the mixed mode phases with hydro-
philic interaction, ion-exchange and reversed-phase were
incompatible parameters for mass spectrometric detection
system [33]. A variety of analytical methods for the quan-
tification of nitrate and nitrite in water/food have been
developed for instance capillary electrophoresis in deter-
mination of nitrate and nitrite in water. Study showed
that the detection limits of 0.010 mg L™ for nitrates and
0.003 mg L™ for nitrites with analysis time of about 8 min
[18]. Another method based reversed phase high perfor-
mance liquid chromatography/diode array detector used
to quantify nitrate and nitrite in ham, the detection limits
were 0.019 and 0.050 mg kg™, respectively, with analysis
time of about 5 min [34]. Recently, a reversed-phase liquid
chromatography-electrospray ionization/mass spectrom-
etry method has been applied for the analysis of nitrate
and nitrite in water, the detection limits were 1 pg L and
12 pg L7, respectively, with analysis time of 12 min [22].
Relatively, these conventional methods have limited sen-

Table 2

sitivity and selectivity even higher analysis time. In pres-
ent work an UPLC-ESI/MS method has been optimized
to achieve a fast analysis of nitrate and nitrite in isocra-
tic eluent mode, with the total run time of 2 min and the
high selectivity and sensitivity offered by the MS detector
that lead to attain a detection limit of 0.03 ng L™ and 0.04
pg L7 with a very insignificant matrix effect. These out-
comes meet the sensitivity needed for the quantification
of nitrate and nitrite in drinking water as recognized by
the EPA [11].

3.5. Application to water sample analysis

The proposed UPLC-ESI/MS technique was applied
to the analysis of nitrate and nitrite in several water sam-
ples. Three replicates of each water sample were used to
assess the mean amounts of nitrate and nitrite. From the
obtained results, the quantification of nitrate and nitrite
was not affected by the investigated water sample matri-
ces. Therefore, sample pre-treatment before UPLC-ESI/
MS analysis was not necessary in comparative to the
traditional techniques since sample pre-treatment steps
would raise the solvent use, analysis time, inconsistency
and significant losses of analysed compounds and there-
fore sensitivity. Ten metropolitan water samples were
achieved from various locations of Saudi Arabia and were
sanitized using hypochlorite. The obtained results are
demonstrated in Table 2. Amounts of nitrate and nitrite
determined in metropolitan water samples were between
0.75 mg L™ and 4.52 mg L™ with more than 99% recovery
rates. The nitrate concentrations were lower as established
by the EPA [11]. However, the nitrite concentrations were
little bit higher as regulated by EPA in drinking water [11].
Nitrate and nitrite were also analysed in commercial bot-
tled drinking water which were sterilized with ozone. The
achieved nitrate and nitrite concentrations were between
0.46 mg L' and 9.02 mg L' displaying recover rates
between 95% and 99%, and amounts claimed on label have
been presented in Table 3. As an example, Fig. 2 illustrates
the UPLC-ESI/MS chromatograms of nitrate and nitrite
and their related SIR spectra of bottled water sample (11).
Relatively, the amounts of nitrate and nitrite in bottled
water were found at higher concentrations. The nitrate

Amounts of nitrate, nitrite, and recovery rates in metropolitan water samples analyzed with UPLC-ESI/MS method

Metropolitan water* Water source

Nitrate®?/mg L™

Recovery, %  Nitrite®’/mg L™ Recovery, %

Sample 1 Desalinated + well water ~ 3.83 = 0.03 97 1.21 +0.04 97
Sample 2 Desalinated water 412 +0.03 99 1.27 + 0.04 98
Sample 3 Desalinated + well water ~ 3.95 + 0.03 98 1.23 £ 0.04 98
Sample 4 Desalinated water 173 £ 0.04 95 0.80 + 0.05 95
Sample 5 Desalinated water 1.98 + 0.04 97 091 £ 0.05 96
Sample 6 Desalinated + well water ~ 2.22 + 0.04 98 110 + 0.05 97
Sample 7 Desalinated water 3.45+0.03 99 1.15+0.05 96
Sample 8 Desalinated + well water ~ 4.52 + 0.03 99 1.35 +0.04 99
Sample 9 Desalinated water 1.45 + 0.04 97 0.75 + 0.06 98
Sample 10 Desalinated + well water ~ 2.33 +0.03 96 112 +£0.05 97

*Water samples were pre-treated with hypochlorite and collected from various places; b. Mean + standard deviation, n = 3.
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Fig. 2. UPLC-ESI/MS chromatograms of nitrate and nitrite in bottled water sample 11, and spectrum m/z values 62 (nitrate) and 46

(nitrite).

concentrations were below the concentrations established
by EPA [11], and nitrite concentrations in some samples
were greater than the levels regulated by EPA [11]. The
analysis of blanks samples (Milli-Q water) were carried
out repeatedly which signified that cross contamination
by nitrate and nitrite throughout the analysis. These out-
comes are the data source on the occurrence of nitrate and
nitrite in metropolitan and bottled water in Saudi Arabia.

4. Conclusions

A method based on UPLC-ESI/MS has been optimized
for the analysis of nitrate and nitrite drinking water. The
proposed method has demonstrated to be speedy with two
minutes analysis time, sensitive with a detection limit of

nitrate and nitrite were 0.03 pg L™ and 0.04 pg L7, respec-
tively, and accurate with run-to-run precision up to 2.01%
and day-to-day precision up to 3.20%. The high sensi-
tivity of the method and nonappearance of matrix effects
observed in the water sample analysis have made possible
to analyse nitrate and nitrite, and provide benefits over
traditional methods. In addition, without sample pre-treat-
ment prior to analysis made possibility to quantify nitrate
and nitrite with external calibration. The performance of
method as well as the outcomes found in the determination
of metropolitan and bottled drinking water samples make
promising to offer a new methodology based on reversed-
phase UPLC-ESI/MS for its routine analysis in drinking
water samples. The obtained data could be used to evaluate
the human intake of nitrate and nitrite in Saudi Arabia, and
thus to improve the water quality and safety.
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Table 3

Levels of nitrate, nitrite, and recovery rates in bottled water samples obtained with UPLC-ESI/MS method

Bottled water® ~ Water source  Nitrate®/ Nitrate claimed Recovery, Nitrite®’/mg  Nitrite claimed Recovery, %
mg L™ on bottle label/ % Lt on bottle label/
mg L? mg L?
Sample 1 Well water 476+0.02 4.0 96 1.34 +£0.03 - 97
Sample 2 - 035+0.04 <01 97 0.55 +0.05 - 96
Sample 3 Well water 2.68+0.02 26 95 0.87 £ 0.05 - 98
Sample 4 Well water 3.51+0.01 37 97 1.37 £ 0.03 - 99
Sample 5 - 041+0.02 <01 98 0.64 + 0.05 - 96
Sample 6 Well water 1.03+0.03 <10 96 0.47 +0.05 - 98
Sample 7 - 327+002 - 98 1.16 + 0.03 - 99
Sample 8 Well water 452+0.02 4.00 98 0.46 + 0.05 - 98
Sample 9 - 873001 50 98 2.79 +0.02 - 97
Sample 10 - 151+003 <1 97 0.56 + 0.05 - 98
Sample 11 Well water 693 +0.01 3.0 96 3.46 = 0.02 - 96
Sample 12 Well water 9.02+0.01 70 95 3.01 +0.02 - 97
Sample 13 - 3.81+0.02 3.08 98 1.33 £0.02 - 98
Sample 14 - 272+0.02 20 97 1.25 +0.02 - 98
Sample 15 Well water 487 +0.02 3.0 98 1.35+0.02 - 98
Sample 16 - 142+0.03 <01 99 0.62 +0.05 - 97
Sample 17 - 275+0.02 2.0 98 1.52 £ 0.03 - 99
Sample 18 Well water 3.89£0.02 3.0 99 1.22+0.03 - 98
Sample 19 Well water 479+0.02 50 99 1.31 +0.03 - 97
Sample 20 Well water 286+0.02 35 98 1.10 = 0.03 - 98

*Bottled water were sterilized with ozone before packaging; — not defined; b. Mean + standard deviation, n = 3.
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