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ABSTRACT

A method for determining a group of phthalic esters (PAEs) in physiological saline solutions has been
developed. The PAEs studied were dimethyl phthalate, diethyl phthalate, butyl benzyl phthalate and
dibutyl phthalate. These groups of phthalates were determined by liquid chromatography-electrospray
ionization-tandem mass spectrometry, working in positive ion mode. The compounds were separated by
liquid chromatography working in gradient mode with acetonitrile-ultrapure water as a mobile phase.
The separation was performed starting with 5% of acetonitrile and increasing to 75% in 5 min, followed
by isocratic elution for 8 min. The method was precise (with relative standard deviation (RSD) from
1.0 to 6.8%) and sensitive, with LODs of 0.05, 0.38, 0.05 and 0.82 p.g L-! for DMP, DEP, BBP and DBP,
respectively. The proposed analytical method has been applied to determine these compounds in different

physiological saline solutions commercialized in plastic bottles.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Phthalates (PAEs) are a group of chemical compounds widely
used in industry and commerce. Due to the ability to improve the
softness and flexibility of plastics, they are widely used as polymer
additives in plastics. These compounds are presentin a wide variety
of consumer products including children toys, cosmetics, personal
care products, packaging, etc. [1-3]. Phthalates are not chemically
bound to plastic; thus, they can be easily released from the plastic
packaging to the contents and the environment [4].

The interest in the study of these types of chemical substances
has increased in recent years because some of these compounds,
such as dibutyl phthalate (DBP), butyl benzyl phthalate (BBP) and
diethyl hexyl phthalate (DEHP), are suspected to be endocrine dis-
ruptors and carcinogenic to humans [5,6]. Therefore, it is essential
to develop reliable and sensitive methods for determining this
group of compounds at trace levels.

Several methods have been developed for PAEs determination
in different matrices such as, biological samples, pharmaceutical
drugs and environmental samples. The analysis of PAEs is mostly
performed by gas chromatography (GC). Generally, GC methods
present better sensitivity than HPLC methods, although these
depend on the pre-treatment step, the instrumental conditions
and the sample matrix [7]. Phthalates can be detected using elec-
tron capture detection (ECD) [8,9], flame ionization detection (FID)
[10-12] and mass spectrometry (MS) [13-15]. HPLC can be used

* Corresponding author. Tel.: +34 881 814 266, +34 600 942 346;
fax: +34 981 595 012.
E-mail address: pilar.bermejo@usc.es (P. Bermejo-Barrera).

1570-0232/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.jchromb.2010.12.002

as an alternative technique and is especially useful for analysis of
isomeric mixtures and phthalates metabolites without derivatiza-
tion [16]. HPLC can be used in combination with different detectors
such as UV [17-19], mass spectrometry [20-24] and using tandem
mass spectrometry [16,25-28].

In some cases, due to the low levels of these compounds in
the samples, a clean up/preconcentration step is necessary before
the instrumental analysis. These sample pre-treatments include
liquid-liquid extractions (LLE) [24,29,30], liquid-phase microex-
traction (LPME) [31], single drop microextraction (SDME)[32], solid
phase extraction (SPE) [25,33], solid phase microextraction (SPME)
[34,35], stir bar sorptive extraction (SBSE) [36,37] and solid-liquid
extraction (SLE) [38]. The major problem in phthalate determina-
tion is the sample contamination during the sample pre-treatment.
Due to the fact that these compounds are widely used, they are
present in the environment and can be adsorbed onto the glass
and other material. This problem can be diminished using different
methods proposed in the literature to prevent phthalate contam-
ination problems [20,21,27] and by reducing the number of steps
necessary to prepare the sample.

The aim of this work was to develop a high sensitive method for
phthalates determination in physiological saline solution samples
by LC-ES-MS/MS without any sample pre-treatment.

2. Experimental
2.1. Reagents and standards
All reagents used were of analytical reagent-grade. Dimethyl

phthalate (DMP) and butyl benzyl phthalate (BBP) were obtained
from Supelco (Bellefonte, PA, USA). Diethyl phthalate (DEP)
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and dibutyl phthalate (DBP) were obtained from Riedel-de
Haén (Seelze, Germany). The purity of these reagents was over
98%.

Stock standard solutions of each phthalate ester at a concentra-
tion of 1000 mgL-! were prepared in methanol, kept in darkness
and stored at 4°C in a Teflon-capped glass vial. From these solu-
tions, a working standard solution in methanol was prepared
weekly containing all standards at concentrations of 100 mgL~!
each. Diluted working standard solutions were prepared daily by
diluting the working solution.

Lichrosolv gradient grade acetonitrile and methanol were
purchased from Merck (Darmstadt, Germany). Technical-grade
acetone and glacial acetic acid (HPLC) for instrumental analy-
sis were purchased from Panreac (Barcelona, Spain). Ultrapure
(resi-analysed) water for environmental inorganic and organic
trace analysis was supplied by J.T. Baker (Phillipsburg, NJ,
USA).

Special care was taken to avoid the contact of reagents and sol-
vents with plastic materials. Because of the ubiquity of plasticizers
and the tendency of residues to persist, all glassware was cleaned
prior to the analysis according to the recommendations specified in
U.S. EPA Method 506 [39]. All material was washed with hot water
and soap, rinsed with tap and ultrapure water and finally thor-
oughly rinsed with technical-grade acetone. Glassware was then
sealed with aluminium foil and stored in a clean environment to
avoid adsorption of phthalates from the air.

2.2. Instrumentation

Phthalates separation and quantification was performed using
liquid chromatography/electrospray ionization-tandem mass
spectrometry system.

A Series 1100 liquid chromatograph from Agilent Technolo-
gies (Waldbronn, Germany) was coupled to an API 4000™ Triple
Quadrupole Mass spectrometer (Applied Biosystems, Concord,
Canada) equipped with a Turbo lonspray™ ionization source. Mass
Spectrometry data were processed with Analyst 1.4.2 software.

A ZORBAX Eclipse XDB-Cg column (2.1 mm x 50 mm, 3.5 pm
particle size) supplied by Agilent Technologies was used for the
separation of these compounds.

2.3. Chromatographic conditions

Ultrapure water and acetonitrile (both solvents containing 0.1%,
v/v acetic acid) were used as a binary mobile phase. Phtha-
lates were separated by LC working in gradient mode with
acetonitrile-ultrapure water as a mobile phase. The separation was
performed starting with 5% of acetonitrile and increasing to 75% in
5 min, followed by isocratic elution for 8 min and increasing to 75%
in 5 min, remaining at this composition for 8 min.

The flow rate and the injection volume were 200 wL min~—! and
10 L, respectively, and the chromatographic separation was per-
formed at 40°C. Under these conditions the separation time was
less than 13 min. These optimal conditions are shown in Table 1.

Table 2

Table 1
Operational conditions for LC-MS/MS.

HPLC (Agilent 1100)

Column Zorbax Eclipse XDB-C8 (3.5 wm 2.1 mm x 50 mm)
Mobile phase Ultrapure water:acetonitrile (0.1%, v/v acetic acid)
Mode Gradient

Flow rate 200 pl/min

Oven temperature 40°C

Injection volume 10wl

MS/MS (API 4000)

Ion spray voltage 5500V

Ionization mode ESI-positive

Curtain gas 25 psi (nitrogen)

GS1 (nebulizer gas) 50 psi

GS2 (auxiliary gas) 60 psi

lon source temperature 450°C
CAD (collisionally activated dissociation)

2.4. Sample preparation

The samples were injected directly into the chromatograph,
without any previous sample preparation process.

3. Results and discussion
3.1. ES-MS/MS conditions

The ES-MS/MS conditions for DMP, DEP, BBP and DBP deter-
mination by ES-MS/MS were studied. The ion source dependent
(turbo ion spray) conditions were the same for all the analytes with
an electrospray needle voltage of 5500V in the positive ion mode.
Nitrogen as a nebulizer and turbo heater gas (at 450 °C) was set as
a pressure of 50 and 60 psi, respectively. The pressure of the cur-
tain gas was also optimized selecting 25 psi as the optima pressure.
Ion source collision-activated dissociation (CAD) was studied dur-
ing the development of the method, selecting 4V as the optimum
condition.

To establish the MS/MS operating conditions used to determine
these phthalates by ES-MS/MS, a standard solution (100 mgL-1) of
each phthalate were used. These solutions were infused directly
into the MS/MS system using the syringe pump system of the API
4000. The phthalates studied were monitored at m/z 195, 223, 313
and 279, working in the scan mode, which were assigned to [M+H]".
Moreover, in the product ion MS/MS measurement, the selective
reaction monitoring ions (SRM) of DMP, DEP, BBP and DBP were
set depending on their precursor ions. The combinations of precur-
sor ion and product, as well the optimum potentials, are shown in
Table 2.

3.2. Optimization of LC separation

After optimizing the detection conditions, the following experi-
ments were conducted to optimize the chromatographic separation
of the analytes.

Optimal values of the compound parameters for the four phthalates studied, m/z transition selected and retention time (DP: declustering potential; EP: enhance potential;

CE: collision energy; CXP: collision cell exit potential).

Compound Acronym m/z transition Potentials optimization tg (min)
DP EP CE CXP

Dimethyl phthalate DMP 195 — 163 31 10 13 14 8.4

Diethyl phthalate DEP 223149 36 10 23 12 9.2

Butyl benzyl phthalate BBP 31391 41 10 23 6 11

Dibutyl phthalate DBP 279 — 205 50 9 11 10 11.2
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Table 3
Linear range, correlation coefficients, LODs and LOQs values obtained from the standard addition method in physiological saline solutions.
Phthalate Linear range (ngL—') Correlation coefficient (r) LOD (pgl ™) LOQ (pgL™1)
DMP 0.5-50 0.9996 0.05 0.16
DEP 1-50 0.9978 0.38 1.27
BBP 1-50 0.9986 0.05 0.16
DBP 1-150 0.9956 0.82 2.74

Experiments were performed using acetonitrile:water, both sol-
vents containing 0.1% (v/v) acetic acid as a mobile phase. This
mobile phase was selected based on a previous work developed in
our research group for phthalates determination in physiological
saline solutions by LC-ES-MS [20]. Experiments were developed
using a physiological saline solution spiked with 25ugL~1 of
DMP, DEP and BBP, and 100 wgL~! of DBP. The best results were
obtained starting the elution with 5% of acetonitrile, which was
thenincreased linearly to 75% in 5 min. This composition was main-
tained for 8 min before returning to initial conditions. The column
was equilibrated for 10 min.

Other parameters optimized were the temperature of the chro-
matographic column and the flow rate of the mobile phase. The
optimum conditions selected were at temperature of 40°C and a
flow rate of 200 wL min~1.

The chromatogram obtained for the physiological saline solu-
tion, spiked with 25 pgL~1 of DMP, DEP and BBP, and 100 pgL~! of
DBP, under the optimized conditions is shown in Fig. 1.

3.3. Analytical performances

After selection of the optimum conditions for LC-ES-MS/MS,
the method was evaluated using DMP, DEP, BBP and DBP standard
solutions.

The linearity of the response of this method was evaluated using
a standard addition method. This addition was performed at seven
different concentrations of the standard solution of these phtha-
lates, using a commercial physiological saline solution supplied
in a glass bottle. Linear regression was performed by plotting the
peak area versus concentration, and was linear over the range of
0-50 wgL~! for DMP, DEP and BBP, and of 0-150 pgL~! for DBP.
The equations obtained for each compound were as follows:

DMP : Qq =273725C + 265276 r =0.9996
DEP : Q4 = 325956 C + 208430 r =0.9978
BBP : Q4 = 255127 C + 185647 r =0.9986

DBP : Q4 =129571C + 263706 r =0.9956

where Qq is the peak area and C is the concentration in pgL~1.
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Fig. 1. LC-MS/MS ion chromatogram obtained from a physiological saline solution
spiked with 25 wgL~! of DMP, DEP and BBP, and 100 wgL~" of DBP.

The limit of detection (LOD) and limit of quantification (LOQ)
were calculated based on the IUPAC definition:

og=122  1op->2
m m

where SD is the standard deviation of ten blank solutions and
m is the slope of the addition graph. A commercial physiologi-
cal saline solution supplied in a glass bottle was used as a blank.
The results obtained for LODs and LOQs are shown in Table 3. The
LODs obtained are between 0.05 and 0.82 wgL~!. The highest LOD
obtained was for DBP. These LODs are lower than those obtained in
a previous study to determine these compounds in the same type
of samples by LC-MS [20]. Moreover, the method presents better or
comparable sensitivity than other methods proposed in the litera-
ture for the determination of these phthalates using GC-MS in water
samples. Serodio and Nogueira [2] developed a method for phtha-
lates determination using stir bar sorptive extraction with liquid
desorption followed by large volume injection and GC-MS obtain-
ing LODs from 0.15 to 0.60 wgL~!. Pefialver et al. [40] obtained
LODs from 15 to 50 wgL~! for these phthalates using GC-MS, and
obtained LODs from 0.007 to 0.17 g L~! using SPME previous to the
determination by GC-MS. Koch et al. [1] obtained LODs from 0.25 to
1.0 ug L1 for the determination of these phthalates in urine sam-
ples by LC-ES-MS/MS. The advantage of the proposed method is
that present a good sensitivity when analyzing the sample directly,
without any requiring preparation steps (e.g. preconcentration
step).

Assays were developed to check intra- and interday precision.
For the intraday study, aliquots of a physiological saline solution
purchased in a glass bottle were spiked with two concentration
levels of all phthalates studied and analysed six times in the same
run. The interday assay was performed in the same way analyzing
12 aliquots of spiked samples in two different days. The results
obtained for the intra- and interday assays are shown in Table 4.
The RSD values were between 1.2 and 5.0% in the intraday assay
and between 1.0 and 6.8% in the interday assay; thus, the method
is precise for all the compounds studied.

The analytical recovery of the method was calculated using a
blank sample (physiological saline solution commercialized in a
glass bottle) spiked with three different concentrations of these
compounds (5, 25 and 50 wgL~! for DMP, DEP and BBP and 40,
100 and 150 ugL-! for DBP). The spiked samples were prepared
twice and analysed three times, and the recovery calculated using
the standard addition graph. The recovery percentages obtained
are shown in Table 5. The average analytical recoveries were 106.7,
92.6, 102.9 and 96.4% for DMP, DEP, BBP and DBP, respectively.

3.4. Application to physiological saline solution samples

The proposed analytical method has been applied to the analysis
of different physiological saline solution samples, commercialised
in plastic bottles, in order to check the presence of these phthalates
and determine their concentration. Samples were directly injected
into the chromatographic system; and no sample preparation pro-
cess was necessary.

The results obtained for DMP, DEP, BBP and DBP are given in
Table 6. The concentration levels obtained for BBP are lower than
the LOD for all samples studied, and DBP was only detected in



234 C.P. Feds et al. / ]. Chromatogr. B 879 (2011) 231-235

Table 4

Results of intra- and interday assays to validate proposed LC-MS/MS method.

Phthalate Intraday (n=6) Interday (n=12)
Detected average (ngmL~') SD RSD (%) Detected average (ngmL~') SD RSD (%)
DMP 29.86 0.36 1.20 29.88 0.29 0.97
49.10 2.02 4.12 50.23 1.94 3.86
DEP 24.88 0.31 1.25 26.52 1.81 6.84
46.24 1.04 2.25 46.95 1.33 2.84
BBP 24.28 0.46 1.89 24.44 0.61 2.51
48.04 241 5.01 49.51 2.28 4,61
DBP 92.06 2.01 2.19 97.88 6.55 6.70
148.91 6.91 4.64 146.74 5.40 3.68
Table 5 4. Conclusion

Recovery percentage for physiological saline solutions + standard deviation to vali-
date proposed LC-MS/MS method (n=3).

Phthalate % Recovery
S5pngl! 25 pngL! 50 wgL!

DMP 1003 £ 2.5 1183 £ 0.8 1014 + 3.2
DEP 814+ 16 1014 £ 0.5 94.9 £+ 0.6
BBP 1115+ 28 98.7 £ 0.8 98.6 + 2.7
Phthalate % Recovery

40pgl! 100 pgL! 150 pgL!
DBP 922 +22 93.6 £ 1.2 1034 £ 1.6

Table 6

Concentration (pgL~!)=+standard deviation (based on three replicates) found in
different physiological saline solutions. <LOD: lower than the detection limit.

Physiological saline DMP DEP BBP DBP
solution

Brand 01 174 £ 0.6 145+04 <LOD 7.7+06
Brand 02 0.4 + 0.1 <LOD <LOD <LOD
Brand 03 192+ 15 3.9+0.2 <LOD <LOD
Brand 04 346.8 + 0.8 2.7+0.1 <LOD <LOD

brand 1. The concentration levels varied from 0.4 to 346 ugL~! for
DMP and from 0.4 to 14.5 pgL~! for DEP. The brand 2 sample pre-
sented the lowest concentration of phthalates, being DMP the only
phthalate detected. Phthalate esters are used in the manufacture of
plastic containers; thus, the presence of phthalates in the samples
can be attributed to the release of these compounds from the plas-
tic containers. As an example, the chromatogram obtained when
analyzing the brand 1 sample is shown in Fig. 2.
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1,00E+06 DBP

5,00E+05 A

0,00E+00

5 6 7 8 9 10 1M 12 13
Time (min)

Fig. 2. LC-ES-MS/MS ion chromatogram obtained from brand 1 physiological saline
solution.

A rapid (less than 13 min), sensitive and accurate method for
the determination of DMP, DEP, BBP and DBP by LC-ES-MS/MS was
developed. The main advantage of this method, compared with
the methods proposed in the literature, is that the compounds
can be detected at very low concentration without any sample
pre-treatment. Moreover, the limits of detection obtained are com-
parable with the LODs found in the literature for determining of
these phthalates by researches who performed a preconcentra-
tion step before the determination by GC-MS. Another advantage
is that the reduction of the number of sample pre-treatment steps
decreases the risk of the sample contamination during the analysis,
which is a very common problem in the analysis of phthalates.

The method was applied for the determination of these com-
pounds in four physiological saline solutions commercialized in
plastic bottles. The presence of these compounds in the samples
can be attributed to the different compositions of the plastic con-
tainers. Thus, control of material used in the manufacture of the
plastic containers is essential to avoid human exposure to these
toxic contaminants.

Acknowledgement

The authors wish to thank the Xunta de Galicia (Grupo de Ref-
erencia Competitivos 2007 (000047-0) for financial support.

References

[1] H.M. Koch, L.M. Gonzalez-Reche, ]J. Angerer, J. Chromatogr. B 784 (2003) 169.

[2] P. Serodio, J.M.F. Nogueira, Water Res. 40 (2006) 2572.

[3] T.Jones-Lepp, C.L. Gerlach, E.J. Cooter, Trends Anal. Chem. 19 (2000) 286.

[4] A. Gomez-Hens, M.P. Aguilar-Caballos, Trends Anal. Chem. 22 (2003) 847.

[5] L Colén, D. Caro, ]. Carlos, CJ. Bourdony, O. Rosario, Environ. Health Prespect.
108 (2000) 895.

[6] R.M. Sharpe, Int. J. Androl. 26 (2003) 2.

[7] Communication from the Commission to the Council and the European Par-
liament on the implementation of the community strategy for endocrine
disrupters-a range of sustances suspected of interfering with the hormona sys-
tems of humans and wildlife, COM (1999) 706; COM (2001) 262 final, Brussels,
2001.

[8] G.Prokupkova, K. Holandov4, ]. Poustka, J. Hajslova, Anal. Chim. Acta 457 (2002)
211.

[9] K. Holadova, G. Prokupkova, J. Hajslova, J. Poustka, Anal. Chim. Acta 528 (2007)
24.

[10] O.S. Fatoki, A. Noma, S. Aft, J. Chem. 54 (2001) 69.

[11] X.Li, M. Zhong, S. Xu, C. Sun, J. Chromatogr. A 1135 (2006) 101.

[12] A. Adeniyi, M. Dayomi, P. Siebe, O. Okedeyi, Chem. Cent. J. 2 (2008) 1.

[13] B.Cavaliere, B. Macchione, G. Sindona, A. Tagarelli, ]. Chromatogr. A 1205 (2008)
137.

[14] A.O. Earls, L.P. Oxford, ].H. Braybrook, J. Chromatogr. A 983 (2003) 237.

[15] O. Ballesteros, A. Zafra, A. Navalon, ].L. Vilches, J. Chromatogr. A 1121 (2006)
154.

[16] MJ. Silva, AR. Slakman, J.A. Reidy, J.L. Preau Jr., A.R. Herbert, E. Samandar, L.L.
Needham, A.M. Calafat, . Chromatogr. B 805 (2004) 161.

[17] S.]Jara, C. Lysebo, T. Greibrok, E. Lundanes, Anal. Chim. Acta 407 (2000) 165.

[18] Y.-Q. Cai, G. Jiang, J. Liu, Anal. Sci. 19 (2003) 1491.

[19] D. Sicar, S.J. Albazi, Y. Atallah, W. Pizza, ]. Chromatogr. Sci. 46 (2008) 1471.



C.P. Feds et al. / ]. Chromatogr. B 879 (2011) 231-235 235

[20] C. Pérez Feds, M.C. Barciela Alonso, E. Pefla Vazquez, P. Herbello Hermelo, P.
Bermejo Barrera, Talanta 75 (2008) 1184.

[21] R.A. Gimeno, R.M. Marcé, F. Borrull, Chromatographia 58 (2003) 37.

[22] L. Brossa, R.M. Marcé, F. Borrul, E. Pocurull, Environ. Toxicol. Chem. 24 (2005)
261.

[23] B.C. Blount, K.E. Milgram, M/J. Silva, N.A. Malek, J.A. Reidy, L.L. Needham, J.W.
Broca, Anal. Chem. 72 (2000) 4127.

[24] C. Pérez-Feas, M.C. Barciela Alonso, A. Sedes-Diaz, P. Bermejo-Barrera, Anal.
Bioanal. Chem. 397 (2010) 529.

[25] K. Kato, M. Silva, L.L. Needham, A.M. Calafat, ]. Chromatogr. B 814 (2005) 355.

[26] MJ. Silva, N.A. Malek, C.C. Hodge, J.A. Reidy, K. Kato, D.B. Barr, L.L. Needham,
J.W. Broca, J. Chromatogr. B 789 (2003) 393.

[27] S.takatori, Y. Kitagawa, M. Kitagawa, H. Nakazawa, S. Hori, ]. Chromatogr. B 804
(2004) 397.

[28] R.Ito, F. Seismo, N. Miura, M. Kawaguchi, K. Saito, H. Nakazawa, ]. Pharmaceut.
Biomed. Anal. 39 (2005) 1036.

[29] K. Kambia, T. Dine, B. Gressier, A.F. Germe, M. Luyckx, C. Brunet, L. Michaud, F.
Gottrand, J. Chromatogr. B 755 (2001) 297.

[30] C.Ji-an, L. Huijie, Q. Zhiqun, S. Weiqun, Environ. Pollut. 156 (2008) 849.

[31] H.Farahani, M. Reza, R. Dinarvand, P. Norouzi, Talanta 76 (2008) 718.

[32] R. Battle, C. Nerén, J. Chromatogr. A 1045 (2004) 29.

[33] M. Del Carlo, A. Pepe, G. Sacchetti, D. Compagnone, D. Mastrocola, A. Cichelli,
Food Chem. 111 (2008) 771.

[34] A. Penalver, E. Pocurull, F. Borull, RM. Marcé, J. Chromatogr. A 922 (2001)
377.

[35] K.Holadova, G. Prokupkova, J. Hajslov4, ]. Poustka, Anal. Chim. Acta 582 (2007)
24.

[36] P. Serodio, ].M.F. Nogueira, Anal. Chim. Acta 517 (2004) 21.

[37] A. Prieto, O. Telleira, N. Etxebarria, L.A. Fernandez, A. Usobiaga, O. Zuloaga, ].
Chromatogr. A 1214 (2008) 1.

[38] M. Bonini, E. Eran, G. Zerbinati, E.S. Ferri, S. Girotti, Michrochem. J. 90 (2008)
31.

[39] USEPA Method 506 revision 1.1 (1995). “Determination of Phthalates and Adi-
pate Esters in Drinking Water by Liquid-Liquid Extraction or Liquid-Solid
Extraction and Gas Chromatography with Photoionization Detection. National
Exposure Research Laboratory Office of Research and Development U.S. Envi-
ronmental Protection Agency. Cincinnati, OH 45268.

[40] A.Peialver, E. Pocurull, F. Borrull, R.M. Marcé, ]. Chromatogr. A 872 (2000) 191.



	Direct LC–ES-MS/MS determination of phthalates in physiological saline solutions
	Introduction
	Experimental
	Reagents and standards
	Instrumentation
	Chromatographic conditions
	Sample preparation

	Results and discussion
	ES-MS/MS conditions
	Optimization of LC separation
	Analytical performances
	Application to physiological saline solution samples

	Conclusion
	Acknowledgement
	References


