
1. Introduction
Chlorination is the primary method used to disinfect 
water for human consumption. However, chlorination 
leads to the formation of disinfection by-products (DBPs) 
by reaction with organic matter that is naturally present 
in water. To date, a wide variety of DBPs (more than 600) 
have been detected in disinfected water [1]. One class 
of non-halogenated DBPs is made up of N-nitrosamines 
(NAms), which have been recently identified as by-
products in chlorinated water. Among the DBPs, NAms 
recently have become the subject of great concern 

because of their suspected adverse effects on human 
health [2,3], especially their carcinogenic and genotoxic 
effects after long-term consumption of chlorinated water  
containing very low concentrations of these compounds 
(in the µg L-1 to ng L-1 range). Historically, NAms have 
been detected in many food products [4], beverages 
(beer) [5,6], consumer products (cosmetics [7], tobacco 
smoke [8]), environmental samples such as tap water 
[9,10], treated wastewater [11-13], and surface water 
[14,15]. In recent years, mainly N-Nitrosodimethylamine 
(NDMA), N-Nitrosodiethylamine (NDEA), and 
N-Nitrosomorpholine (NMOR) were also found to form 
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source with positive ionisation mode. To achieve symmetrical peak shapes and a short chromatographic analysis time, the mobile 
phase consisting of acetonitrile, water and formic acid (60:40:0.1, v/v/v) was used in the experiment. Chromatographic separation 
of N-nitrosamines was done in less than two minutes. All calibration curves had good linearity (r²≥ 0.9989). The intra- and inter-
day precision of the assay ranged from 0.59% to 3.11% and accuracy ranged from 99.66% to 104.1%. The mean recoveries of 
N-nitrosamines in spiked water were 98%–101%. The reproducability was acceptable with relative standard deviations of less than 
3.53%. The proposed method yielded detection limits very low which ranges from 0.04 to 0.16 ng L-1. Finally, the developed analytical 
method was successfully applied to the analysis of N-nitrosamines in natural water sample
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as water disinfection by-products  [17-19]. Chemical 
structures for the NAms are shown in Fig. 1.

The United States Environmental Protection 
Agency (U.S. EPA) has classified these NAms into the 
group indicating probable carcinogenicity to humans 
(Table 1). In addition to NDMA, the U.S. EPA has listed 
other nitrosamines, including NDEA, in Unregulated 
Contaminant Monitoring Rule 2 (UCMR 2) that was 
monitored from 2008 to 2010 [20]. Table 1 provides the 
conventional abbreviations, standard U.S. EPA cancer 
classification group, and the main chemical properties 
that are used for various NAms.  However, the Ontario 
Ministry of the Environment has ruled a maximum 
allowable concentration (MAC) of NDMA of 9 ng L-1 [21], 
and the California Department of Public Health has set a 
notification levels for NDMA and NDEA at 10 ng L-1 [22]. 
The World Health Organization also has set a guideline 
value for NDMA of 100 ng L-1 [23]. In 2010, Federal-
Provincial-Territorial Committee on Drinking Water, 
Health Canada proposed a MAC for NDMA in drinking 
water of 40 ng L-1 [24]. A provisional guide value of 
12 ng L-1 was proposed for NDMA in the Netherlands 

in 2004, and a guide value of 10 ng L-1 for NDMA and 
NMOR in drinking water was recommended in Germany 
[25]. 

Presently, there are no standard analytical methods 
for the determination of the three NAms in water at 
concentrations in the range of nanogram per liter. 
Consequently, sensitive and reliable analytical techniques 
to determine ultra-trace levels of NAms in water are 
required. Due to the low levels of these analytes in 
environmental samples, extraction and pre-concentration 
steps are necessary. Several selective analytical 
techniques have been developed for the quantification 
of NAms in different matrices. The analytical methods 
currently used are based on two steps, i.e., analysis 
by gas chromatography (GC) or liquid chromatography 
(LC) and extraction/concentration procedure. The 
NAms has been analyzed in water samples by using 
GC coupled with different types of detectors, such as 
gas chromatography–coupled with mass spectrometry 
(GC/MS) [26-28] and gas chromatography–tandem 
mass spectrometry (GC/MS/MS) [29,30]. However, 
these methods are limited to the analysis of volatile 
and thermally stable compounds such as NMOR. The 
analyses of NAms have been also performed by liquid 
chromatography using a fluorescence detector [31] and 
high pressure liquid chromatography-tandem mass 
spectrometry (HPLC/MS/MS) [12,32,33]. Indeed, the use 
of this technique reduces the need for derivatization step 
and is very useful for the quantification of hydrophilic, 
thermolabile, and non-volatile compounds. To date, only 
a few methods have been reported for the determination 
of low levels of a variety of NAms in water samples. 
Moreover, the determination of low concentrations of 
NAms not only depends on the analytical detection limit 
of the LC or GC employed but also on the preparation 
methods. In the literature, the methods most commonly 
used for the samples preparation are solid phase micro-
extraction (SPME) [34,35] and solid-phase extraction 
(SPE) [36-38].

Figure 1. Chemical structures of N-nitrosamines compounds.

Table 1. Properties of the most commonly studied N-nitrosamines.

Nitrosamines 
(Abbreviation)

Molecular 
formula

CAS.
 No

Molecular 
weight

 (g mol-1)

Log 
Ko/w

Water 
solubility 
(mg L-1)

Standard U.S. EPA
 cancer classification 

group [20]

MCL 
 (ng L-1)

NDMA               C2H6N2O 62-75-9 74.082 -0.57 1,000,000 B2 7

NDEA                C4H10N2O 55-18-5 102.135 0.48 106,000 B2 2

NMOR               C4H8N2O2 59-89-2 116.059 -0.44 861,527.5 2B (IARC) NA

  NA= Not available.
  MCL: maximum contaminant level for cancer risk (R = 10-5) from drinking water consumption.
  IARC: International Agency for Research on Cancer.
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 However, the SPME technique has some limitations 
such as the possibility of the sample contamination, 
low extraction recoveries, low pre-concentration factor, 
and high detection limits. Furthermore, it is especially 
used for the extraction of volatile organic molecules and 
could be combined only with gas chromatography. As 
an alternative method, SPE was successfully applied to 
a wide variety of compounds such as volatile and non-
volatile organic compounds from environmental water 
samples. This method has shown several advantages 
over SPME such as: its low cost, short processing 
time, ease of use, high extraction recoveries, high pre-
concentration factors, and low detection limits of organic 
analytes in aqueous matrices.

The aim of this work was to develop a simple, 
rapid, sensitive, and accurate method combining 
SPE enrichment and ultra high pressure liquid 
chromatography-tandem mass spectrometry (UHPLC/
MS/MS) for detection and quantification of the NDMA, 
NDEA, and NMOR at ultra-trace levels in water samples. 
For this purpose, we evaluated and optimised various 
parameters of the mass spectrometer and the actual 
settings that affected the chromatographic separation, 
such as the composition of the mobile phase, the elution 
mode, and the flow rate of the eluent. Finally, an off-line 
SPE method was developed in order to concentrate the 
target compounds and reduce their detection limits in 
water. To the best of our knowledge, this study is the first 
analytical method for the analysis of NDMA, NDEA, and 
NMOR in waters at ultra-trace concentrations with high 
extraction recoveries.

2. Experimental procedure

2.1. Reagents,  preparation  of  stock working, 
       and calibration standard solutions 
The NAms compounds (analytical purity ≥ 99%) that 
were used for the preparation of the working solutions 
were supplied by LGC Standards (Wesel, Germany). All 
of the reagents used in the development of the analytical 
approach were analytical grade (LC-MS). Acetonitrile 
and formic acid used for chromatographic separation 
were purchased by J.T. Baker (Deventer, Netherlands). 
Methanol and dichloromethane were obtained from 
Fischer Scientific-Bioblock (Illkirch, France). Acetic 
acid was supplied by Acros Organics (Noisy-le-
Grand, France). A standard stock solution of NAms at 
100 mg L-1 was prepared in methanol and stored at 
-20°C for at least three months. Working solutions were 
freshly prepared in acetonitrile/ultrapure water (60:40, 
v/v) by appropriate dilutions of the stock standard 
solution to reach the working concentration range. This 

composition ensured good stability of the samples. 
The working range varied from 0.1 to 100 µg L-1. The 
ultrapure water used for the preparation of the samples 
was produced by an Elga Option-Q DV-25 system 
(Antony, France). Water sample was collected from river 
water (Rennes, France) in January 2013 and stored at 
4°C until analysis (within one week of collection).

2.2. Instrumentation and analytical conditions 
The analysis of NAms was performed using an AcquityTM 
ultra high pressure liquid chromatography system 
coupled to a Quattro PremierTM Triple Quadrupole mass 
spectrometer (UHPLC/MS/MS), purchased from Waters 
(Saint-Quentin en Yvelines, France).

2.2.1. Tandem mass spectrometry conditions
The ionization methods that were examined for the 
ionization of the target compounds included electrospray-
ionisation (ESI) in positive-ion and negative-ion modes 
and atmospheric-pressure chemical ionisation (APCI). 
In order to have better responses for the majority of 
the NAms, several specific parameters were tested 
and optimised, including the capillary voltage and the 
source temperature. The choice of parent ions, i.e., 
precursor ions for each compound based on the most 
intense signal and the optimisation of collision energy, 
cone voltage, and other instrument parameters, were 
determined individually for each molecule. For each 
transition, the dwell times were assigned.

The optimal MS/MS conditions were as follows: 
capillary voltage 3.0 kV; cone voltage 40 V; extractor 
voltage 3.0 V; RF lens voltage 0.3 V; source temperature 
120°C; desolvation temperature 350°C. The cone and 
desolvation gas flows were 75 and 750 L h-1, respectively. 
For collision-induced fragmentation, argon (99.99% 
purity, Air Liquid, Paris, France) was used as collision 
gas at a flow rate of 0.12 mL min-1. Dry nitrogen used as 
desolvation, nebulisation and cone gas was produced 
by nitrogen generator (Peak Scientific, Inchinann, 
UK). The argon pressure in the collision cell was 
3.52×10−3 mbar. The quantitative analysis was carried 
out in the multiple reaction monitoring (MRM) mode. 
Finally, the system control and data acquisition were 
processed using Masslynx software, version 4.1 
(Waters, Saint-Quentin en Yvelines, France).

2.2.2. Ultra   High   Pressure   Liquid   Chromatography 
          (UHPLC) conditions
The chromatographic analyses were performed using 
an AcquityTM UHPLC system. All compounds were 
analysed by a Waters® AcquityTM UHPLC H-Class 
system containing a binary pump, an auto-sampler, and 
a thermostated column compartment. To combine an 
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analysis of a relatively short duration, a good separation, 
a reasonable pressure in the chromatographic system 
and an optimal signal of mass spectrometry, it was 
necessary to study the pH and composition of the 
mobile phase, the column packing, the mode of elution 
(gradient or isocratic) and the flow rate. The final choice 
of the stationary phase that gave satisfying resolution 
and rapid run times was an Acquity BEH (Ethylene 
Bridged Hybrid) C18 column (100 mm × 2.1 mm, 1.7 µm) 
supplied by Waters (Guyancourt, France). The column 
in the chromatographic system was protected by an in-
line filter unit purchased from Waters (Saint-Quentin en 
Yvelines, France). The auto-sampler was conditioned at 
5°C. The injection volume was 5 μL. Moreover, in order 
to obtain good separation with the lowest signal noise, 
the effect of adding the constituents of the mobile phase 
(such as acetic acid or formic acid) and their proportions 
also were evaluated.

2.2.3. Solid-phase extraction (SPE) conditions
The extraction of NAms from the water samples was 
performed by an off-line SPE. Sep-Pak Plus®AC-2 
cartridges (400 mg, 85 µm) from Waters (Guyancourt, 
France) were used for the SPE experiments. This 
phase allowed the retention of any highly polar 
molecules that were present in the water samples. A 
12-port Visiprep SPE vacuum manifold obtained from 
Supelco (Bellefonte, PA, USA) was used for sample 
extraction. Considering the matrix effect and polarity of 
the target analytes, an extraction procedure based on 
an off-line SPE was developed in this work. Recovery 
experiments were designed to evaluate the elution 
efficiency of different organic solvents (for conditioning 
and equilibration steps), pH of the samples, loading 
rates, and the elution volume. After the extraction 
procedure, the organic eluent was collected in a 14 mL, 
conical graduated glass Pyrex® tube (VWR, Fontenay-
sous-Bois, France). Then, the extract was evaporated 
to a final volume of, approximately, 100 µL in an N-Evap 
system (Organomation, Berlin, MA, USA) under a high-
purity nitrogen stream, in a water bath at 30±4°C.

2.2.4. Quality parameters
The newly developed UHPLC method was evaluated 
to determine its linearity; limit of detection (LOD); limit 
of quantification (LOQ); intra-day, inter-day precision; 
accuracy; extraction recovery; and matrix effect. To 
evaluate the practical applicability of the proposed 
method, analytical quality parameters were investigated 
using several samples of spiked water.

2.2.4.1. Linearity, limit of detection, and limit of quantification
The linearity, LOD, and LOQ were tested by injecting 

serial dilutions of the working standard solution at seven 
concentrations of NAms ranging from 0.1 to 100 µg L-1. 
All solutions were analysed in triplicate. The calibration 
curves were constructed by a least squares linear 
regression analysis. This method was used to determine 
the slope, intercept, and correlation coefficient (r²) of the 
linear regression equation. The applied calibration model 
for all curves was y = ax+b (weighting 1/x), where y = 
peak area, x = concentration of the compound, a = slope 
of the curve, and b = intercept. The LOD and the LOQ 
values were estimated in water at concentrations with a 
signal-to-noise ratio (S/N) of 3 and 10, respectively.

2.2.4.2. Precision and accuracy
The precision of the method was evaluated in terms 
of reproducability (intra-day and inter-day precision). 
The reproducability values were expressed as relative 
standard deviation (RSD, %). The accuracy (RE, %) was 
expressed by (mean observed concentration)/(spiked 
concentration)×100. Moreover, the RSD calculated at 
each concentration level was required not to exceed 
15% and the RE had to be within ± 15% of the actual 
value.

2.2.4.3. Extraction recovery and matrix effect
SPE recoveries and the matrix effect were determined 
quantitatively at low and high concentration levels. 
Recovery studies permitted the evaluation of the 
efficiency of the SPE method. The extraction recovery 
(R, %) was calculated using the following procedure: a 
sample spiked with the analytes was extracted using the 
developed solid phase procedure and the analysis result 
was compared to that of an unextracted standard which 
was prepared at the equivalent final concentration. 
So, the extraction recovery was calculated as the ratio 
between the resulting peak areas of the extracted and 
non extracted samples. 

The matrix effect (ME = C/D) was estimated for each 
compound by calculating the ratio of the peak area in 
the presence of the matrix (C: samples spiked after 
extraction) to the peak area in absence of the matrix (D: 
pure standard solution). In this study, the matrix effect 
was evaluated by using a real environmental sample.

3. Results and discussion

3.1. Optimization of MS/MS detection conditions
Both ESI and APCI modes were examined for the 
ionization of the target NAms. The response observed 
in the positive ionization mode was higher than that in 
negative ionisation mode. Positive ESI combined with 
the multiple reaction monitoring (MRM) modes was 
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applied in this work for the quantification of the target 
molecules. The different parameters that influenced 
the signal were tested separately by direct infusion in 
the source of a standard solution of each compound 
(1 mg L-1) into the mass spectrometer. The effects of 
capillary voltage, source temperature and desolvation 
temperature were determined. The values of cone gas 
flow (75 L h-1) and desolvation gas flow (750 L h-1) were 
recommended by the manufacturer and were used in 
this study. Moreover, the composition of the mobile 
phase was tested because this parameter is crucial for 
the separation and detection of analytes. The presence 
of formic acid was found to increase the ionization of 
all of the analytes. Two sensitive MRM transitions (one 
used for quantification and the other for confirmation) 
were selected for each N-nitrosamine. The cone voltage 
and the collision energy were optimised in order to 
achieve the maximum sensitivity with the highest 
signal intensities of daughter ions obtainable. The cone 

voltage in the mass spectrometer scan mode (from 10 
to 35 eV) and the collision energy (from 9 to 20 eV) 
were tested. For all analytes, the dwell times were set to 
0.05 s. The optimised MS/MS transitions, specific cone 
voltage, and collision energy selected for each NAms, 
as well as segment periods, are summarized in Table 2. 
Consequently, these parameters remained fixed during 
a single analysis.

3.2. Optimization of UHPLC separation conditions
The UHPLC takes full advantage of chromatographic 
separation, especially to run separations using columns 
packed with smaller particles (1.7 µm), with high 
resolution, and faster analysis time. A BEH-C18 column 
subjected to an isocratic elution mode at a flow rate 
of 400 µL min-1 finally was chosen for separation of 
NAms. High peak shapes and shorter analysis times 
were obtained for all compounds. Chromatographic 
separations were performed at 45°C. Different mobile 
phases were tested to improve the UHPLC separation 
and enhance the sensitivity of MS detection. Acetonitrile 
and methanol are the most common organic mobile 
phases for NAms separations. In this work, various 
mobile phases compositions (i.e., acetonitrile/water 
and methanol/water) modified with acetic acid or formic 
acid at different percentages (i.e., 0.05%, 0.1%, 0.2%, 
and 0.3%) were tested in order to achieve an efficient 
separation of the target molecules. The obtained results 
showed that the mobile phase acetonitrile/ultrapure 
water (60:40, v/v), modified with 0.1% formic acid 
in acetonitrile and ultrapure water (pH = 3), gave the 
best compromise between separation and ionization of 
NAms. Further, it was observed that formic acid gave 
the best results at the percentage of 0.1%, leading to 
good responses for all target molecules (Fig. 2). Under 
these conditions, the three analytes were eluted rapidly 
(the retention time of the last eluting peak < 1 min). 
Fig. 3 shows the typical UHPLC/MS/MS chromatograms 
obtained by MRM for three analytes from standard 
solutions. Each target compound was monitored 
by its quantification ion. Moreover, a representative 
chromatogram of a standard mixture of the analytes is 
presented in Fig. 4.

3.3. Optimization of SPE procedure 
Optimization of the extraction procedure was performed 
in order to attain good recoveries for all of the target 
compounds in a single extraction step. This determination 
was truly difficult because enrichment of highly polar 
and uncharged compounds from water and selective 
detection of small molecules are both problematic. Sep-
Pak Plus®AC-2 cartridges containing activated carbon 
with low ash content sorbent material were selected for 

Table 2. 

Analyte MRM 
transition

(m/z)

Cone 
voltage

(V)

Collision 
energy

(eV)

Segment
(min)

NDMA 74.70 > 42.80a

75.00 > 58.00b
25
25

10
10 0.00-1.10

NDEA 102.6 > 74.50a

102.6 > 46.70b
25
25

11
11 0.00-1.10

NMOR 116.9 > 86.20a

116.7 > 41.70b
28
28

10
10 0.00-1.10

aQuantification transition.
bConfirmation transition.

MRM transitions and optimised operating conditions (cone 
voltages, collision energies, and segments) for UHPLC-
(ESI+)-MS/MS analysis of N-nitrosamines.

Figure 2. Influence of the presence of acetic acid and formic acid 
in mobile phase (acetonitrile/ultrapure water (60:40, 
v/v)). This mobile phase was modified with 0.1% formic 
acid and acetic acid in water (v/v).
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this study. The different parameters of the extraction 
method of NAms, such as elution efficiency of various 
organic solvents (for conditioning and equilibration 
steps), pH of the samples, loading rates, and the 
elution conditions, were investigated and optimised to 
determine the operating conditions that provided the 
highest recovery in ultrapure water. Among the tested 
parameters, the type of solvent and the pH of the sample 
affected the recovery, significantly. Dichloromethane, 
acetonitrile, and methanol were determined as the 
most effective solvents for the conditioning the cartridge 
and for the elution steps. The use of an inadequate 
volume of solvent led to a low efficiency in collecting the 
compounds from the cartridge, for example, to the semi-
volatile characteristics of NDMA, while using too much 
eluent led to a long evaporation time. The optimum 
flow rate used for the extraction of the samples was 
determined to be between 3–5 mL min-1, and there was 
no effect on recovery.

Consequently, the optimal operating conditions for 
the SPE method consisted of the use of dichloromethane, 
acetonitrile, and methanol (8 mL of each) for conditioning 
the sorbent. The SPE cartridges were equilibrated with 

Figure 3. UHPLC-(ESI+)-MS/MS chromatograms of standard solutions at 5 µg L-1 (only quantification transition is shown for each N-nitrosamine), 
                          retention time (min), and peak area (arbitrary units).

Figure 4. UHPLC-(ESI+)-MS/MS chromatogram obtained from 
the analysis of standard mixture of N-nitrosamines at 
5 µg L-1 (only quantification transition is shown for each 
N-nitrosamine), retention time (min), and peak area 
(arbitrary units).
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10 mL of ultrapure water acidified at pH 2 with formic 
acid. All compounds were spiked into the 250 mL water 
sample. SPE must be conducted in acidic conditions 
to avoid the ionization of the analytes in the sample 
(pH = 2). The sample passed through the SPE cartridges 
at a flow rate of 5 mL min-1. After the extraction, the SPE 
cartridges were washed with 5 mL of ultrapure water 
adjusted to pH 2 with formic acid. Then, the molecules 
adsorbed onto the sorbents were eluted successively 
with 6 mL of dichloromethane, 4 mL of acetonitrile, and 
2 mL of methanol at a flow rate of 3 mL min-1. The eluates 
were transferred to a clean tube and concentrated by 
evaporation under a nitrogen stream to a final volume of 
approximately 100 µL (concentration factor of 2500) and 
reconstituted using acetonitrile/ultrapure water (60:40, 
v/v). The extract was stored at 4°C until further analysis 
was performed by UHPLC/MS/MS.

3.4. Quality parameters
3.4.1. Linearity,  limit  of  detection (LOD), and  limit  of 
         quantification (LOQ)
Calibration curves of the NAms were tested at seven 
different concentrations of the standard solutions. 
Linearity was evaluated in the range 0.1–100 µg L-1 for 
all compounds. Depending on the sensitivity reached 
for each of the NAms, different linear responses were 
obtained, i.e., 1) NMOR showed excellent linear 
response in this range; 2) NDMA and NDEA showed 
good results in the range from satisfactory linearity from 
0.4 to 100 µg L-1. In all of these cases, the correlation 

coefficients (r²) by linear curves of the three NAms 
ranged from 0.9989 to 0.9997. Thus, the LOD and LOQ 
values were determined in ultrapure water spiked at 
different levels, with signal-to-noise ratios of 3 and 10, 
respectively. As displayed in Table 3, lower instrumental 
LOD values for all analytes ranged from 0.1 to 0.4 µg L-1 
and the LOQ values ranged from 0.2 to 0.8 µg L-1 using 
UHPLC/MS/MS.

3.4.2. Precision and accuracy 
The intra-day, inter-day precision and accuracy were 
obtained by analysing four replicates at two concentration 
levels (2 and 50 µg L-1 of NAms standard) in ultrapure 
water. The precision and accuracy of all compounds are 
provided in Table 4. Moreover, the calculated values of 
the intra- and inter-day precision of the assay at two 
concentrations were in the range of 0.59%–3.11% and 
accuracy ranged from 99.66% to 104.1% for all of the 
target compounds. Thus, the UHPLC/MS/MS method 
proved to be precise and accurate.

3.4.3. Extraction recovery and matrix effect
The recovery values of NAms were calculated by 
comparing peak areas of the analytes obtained from 
the water samples with the analytes spiked before 
extraction to those spiked after the extraction method. 
The extraction efficiency of NAms was determined by 
analysing spiked (n = 4) ultrapure water at two different 
concentration levels (Table 5). The recoveries in the 
ultrapure water samples ranged from 98% to 101%. 

Table 3. The regression equation, correlation coefficient (r²), retention time (RT), linearity, instrumental detection limit (LOD, S/N = 3), and     
                          quantification limit (LOQ, S/N = 10) using UHPLC/MS/MS  method for N-nitrosamines.

Analyte Regression
equationa

r² RT
(min)

Linear range 
(µg L-1)

LOD
(µg L-1)

LOQ
(µg L-1)

NDMA y = 6.7706x + 6.6055 0.9989 0.62 0.4-100 0.4 0.8

NDEA y = 15.583x - 1.2358 0.9995 0.76 0.4-100 0.4 0.8

NMOR y = 68.162x + 47.014 0.9997 0.61 0.1-100 0.1 0.2

aThe regression equation were represented as y = ax + b, y, peak area; x, concentration of N-nitrosamines.

Table 4. Intra-day, inter-day precision, and accuracy values of N-nitrosamines in ultrapure water.

Analyte Conc. added 
    (µg L-1)

Intra-day (n = 4) Inter-day (n = 4)

    Precision
    (RSD, %)       

Accuracy
 (RE, %)

Precision 
(RSD, %)

Accuracy 
(RE, %) 

NDMA       2
      50

       1.19
       1.73

100.38
101.67

             2.21
             2.64

100.05
102.66

NDEA       2
      50

       1.81
       1.94

102.62
101.14

             2.23
             2.59

104.07
102.43

NMOR       2
      50

       0.59
       0.74

99.66
99.89

             2.92
             3.11

101.58
103.34
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The detection limits of the instrument for 
the three target analytes were between 0.1 and 
0.4 µg L-1. Moreover, the developed SPE/UHPLC-MS/
MS method allowed detection limits in the range of 
ng L-1 (concentration factor of 2500 for all compounds). 
The obtained detection limits were 0.04 ng L-1 for NMOR, 
0.16 ng L-1 for NDMA, and NDEA. High average 
recoveries were obtained for all of the target analytes, 
indicating the acceptable accuracy of the extraction 
method that was developed and used. The extraction 
recoveries and the detection limits of all NAms are 
presented in Table 5. Thus, these results demonstrated 
that the precision and accuracy values were well within 
the 15% acceptance range. The obtained values of the 
extraction efficiencies and the detection limits were 
lower in comparison with previous studies using gas 
chromatography (GC) or liquid chromatography (LC) 
method for the analysis of NAms. 

The matrix effect was estimated for each N–
nitrosamine by calculating the ratio of the peak area in 
river water spiked after extraction to the peak area in pure 
standard solution. For the calculations, the matrix effect 
of NAms was evaluated by analyzing spiked samples 
(n = 4) at two different concentration levels. In this 
study, the river water sample was chosen to investigate 
the matrix effect. The presence of co-extracted matrix 

components may severely affect the quantification of the 
analyte by UHPLC-ESI-MS/MS. The results indicated 
that lower amounts of organic matter after the SPE 
method resulted in less severe ion suppression. The 
matrix effect of all compounds was found to be within 
the acceptable range; all recovery values ranged from 
93% to 102% in the river water samples. The results, as 
well as the satisfactory recoveries of all NAms in river 
water, are shown in Table 6.

Thus, it was demonstrated that the water matrix 
effect was negligible for the assay. The overall results 
showed that the Sep-Pak Plus®AC-2 cartridges led 
to satisfactory recovery and to the high concentration 
factor of 2500 for all investigated molecules. The SPE 
method that was developed successfully determined the 
concentrations of NAms in water samples.

4. Conclusions
Qualitative and quantitative analysis of N-nitrosamines 
in water is becoming a requirement for environmental 
risk assessment. The determination of these molecules 
at relevant concentrations in natural and drinking waters 
is an analytical challenge in that the conventional 
analytical approaches use laborious and extensive 
sample treatment methods combined with GC/MS.

In this work, a very fast, simple, and sensitive method 
was developed for the simultaneous quantification of 
N-nitrosamines in water samples using SPE/UHPLC-
ESI-MS/MS. LOD and LOQ values were lower than 
those mentioned in data in the pertinent literature. The 
precision, accuracy, extraction recovery, and matrix 
effect of this method were optimised. The SPE/UHPLC-
ESI-MS/MS method that was developed and tested 
showed good sensitivity, and it can be an alternative 
for the assessment of the occurrence, formation, and 
health risks associated with these molecules in drinking 
water. 

Table 5. Recoveries (R), relative standard deviations (RSD), and detection limits (LOD) of various N-nitrosamines using SPE step.

Analyte Conc.      
added 
(µg L-1)

         Proposed methoda 
                  

   Reference method 
[38]                               

   Reference method 
[33]

R 
(%)

RSD        
(%)        

LOD
(ng L-1)   

R
(%)

LOD
  (ng L-1)

R      
 (%)

LOD
   (ng L-1)

 NDMA 2
50

   98.12 ± 3.37
  97.23 ± 3.43

 3.44        
 3.53         0.16 98.00 0.70   88

  
68

 
 98

10

 NDEA 2
50

101.67 ± 3.54
100.97 ± 3.40

 3.49          
 3.37           0.16 94.00 0.60 15

 NMOR 2
50

100.91 ± 3.32
100.78 ± 3.13

 3.29        
 3.10          0.04 87.00 1.00 2.5

an = 4

Table 6. 

Analyte Conc. 
added 
(µg L-1)

Spiked river water: 
matrix effecta 

ME (%) Precision (RSD, %)

NDMA 2
50

  95.04 ± 4.24
  93.67 ± 4.31

4.47
4.58

NDEA 2
50

  99.34 ± 3.64
101.17 ± 4.10

3.67
4.02

NMOR 2
50

102.32 ± 3.52
100.15 ± 3.70

3.44
3.69

an = 4

Determination of the matrix effect (ME) and relative 
standard deviations (RSD) of N-nitrosamines using 
SPE/UHPLC/MS/MS.
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