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The possibility of using ESI-MS technique for the quantitative determination of
six most commonly used phthalates (DMP, DnBP, BzBP, DEHP, DiNP, DiDP)
was tested. The test was performed by using Loop technique for recording
chromatogram obtained after the injection of different phthalates concentra-
tions. The investigation was performed by determining the linear relationship
between the concentration of phthalates and the peak areas in the chromato-
gram of mass range which corresponds to the molecular ion and ion adduct
with sodium. The obtained results showed that there is linearity between the
concentration of phthalates and peak areas in the chromatogram of monitoring
molecular and adduct ions with sodium in case of DINP (r > 0.999) and DMP
(r>0.999 for the molecular ion; r > 0.989 for the ion adduct with sodium). The
results obtained for the molecular ion in DiDP case showed a better linear re-
lationship than the ion adduct with sodium, while the results obtained for BzBP
showed opposite values. The same correlation coefficients for both monito-
ring ions, molecular ion and ion adduct with sodium were obtained for DEHP
(r=0.98371 and 0.98962, respectively). The correlation coefficients DnBP showed
lower values than other linear coefficients (r = 0.96034 and 0.94669, respectively).
Although the signals of adduct ions with sodium are steady and intense, they are not
reliable for quantification since the source of sodium ions is not defined and there-
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fore, the actual amount of sodium in the sample may vary.

Introduction

Phthalates are widely used industrial compounds.
They are used as plasticizers and they are often added
to various kinds of plastics to increase their softness,
flexibility and stretching. These compounds are present
in a wide variety of products such as toys, cosmetics,
personal hygiene products, packaging for food and bev-
erage, etc [1]. Phthalates are present in plastic com-
pounds, but they are not chemically bound in plastic ma-
terials and later they can be leached into the surrounding
medium [2]. The particular problem is the fact that if the
medium surrounded by plastic material is food, cosme-
tics or some other products to which humans are directly
exposed, phthalate migration may lead to the increased
exposure, revealing their harmful effects. The migration
of phthalates from packaging is conditioned by many
factors, such as the type and the initial concentration of
phthalates in the packaging, storage time, temperature,
contact surface, fat content [3-5].

About one million tons of phthalates are produced
in Europe per year. The most dominant phthalates are
di-(2-ethylhexyl) phthalate (DEHP), diisodecyl phthalate
(DiDP) and diisononyl phthalate (DiNP) [6, 7]. The most

common phthalates which occur in food and beverages
contain 1 to 13 carbons in the carbon chain. The most
important ones are DINP, DiDP, DEHP, benzylbuthyl
phthalate (BzBP), di-n-butyl phthalate (DnBP), dimethyl
phthalate (DMP). They are the subject to European Un-
ion Regulation No. 793/93, because they are used as
additives in plastic materials that come into contact with
food according to EU Directive 2007/19/EC. It was found
that those phthalates when used as plasticizers may
cause hormonal balance disruption and disruption of
endocrine glands. They can reduce male fertility, cause
genital deformities, the increased number of cases of
testicular cancer and a decreased production of testo-
sterone in the young boy’s body [8].

The most commonly used method for phthalate de-
termination is gas chromatography (GC) coupled with
various detection methods, as electron capture (ECD)
[9], flame ionization (FID) [10], mass spectrometry (MS)
[11] etc. HPLC method can be used in combination with
different detection methods such as UV and MS [12, 13].

Electrospray ionization-mass spectrometry (ESI-MS)
is used for the detection and characterization of one
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or more ionic species in the solution, and can be very
useful in the studies of multi-component systems [14].
The study of the solution in equilibrium comprising the
simultaneous detection, identification and quantification
of many species, the distribution of which depends on
the pH, concentration etc. could be performed by using
the ESI-MS technique which is, although rarely used in
this kind of study, capable of giving a quick and informa-
tive insight to the solution species. ESI-MS allows mass
spectra to be obtained directly from a liquid sample. Soft
conditions of ESI ionization sources (i.e. soft ioniza-
tion mode) minimize fragmentation, and molecular and
ionic species are mainly unchanged. Depending on the
charge of ions in the solution, or potential to produce
ions with positive or negative charge, positive or nega-
tive ion mode can be applied (ESI + or ESI-) in order to
get the optimal results. Relative abundance (%) of indi-
vidual species can be obtained directly from the intensity
of molecular peaks. The soft conditions which provide
spectrum with a sufficient sensitivity and low detection
limit, at the concentration values down to 10 M, repre-
sent one of the main advantages of ESI-MS method for
the analysis. This allows the analysis of solutions at con-
centration levels, which are more close to those usually
encountered in the environmental samples or biological
samples and a relatively small amount (volume) of the
sample required for the analysis also extends the capa-
bilities of this method [15].

The subject of this paper is to assess the possibility
of using ESI-MS technique for obtaining the linear re-
sponsivity, as the initial parameter for quantitative de-
termination, by using the Loop injection technique. The
occurrence of linear relationship between phthalates
concentrations and peak areas in the Loop chromato-
gram of a particular mass range is investigated.

Experimental

Reagents and equipment

High purity phthalates (> 98.7%) were used as standards.
DMP, DnBP, BzBP, DEHP, DINP and DIiDP were pur-
chased from Sigma-Aldrich. Methanol, HPLC purity, was
purchased from Baker, dimethyl chloride, from Merck, ul-
tra pure deionized water was obtained by the purification
system PW Series Ultra Pure Water System (Heal Force
Co., Hong Kong, PR China). The ESI-MS measure-
ments were performed on Thermo Finnigan (USA) LCQ
Deca with a quadrupole ion trap mass analyzer and the
auxiliary equipment.

Preparation of standard working solution of phthalates

All standards and working solutions of phthalates
were prepared in methanol. Standard solutions were
prepared at the concentration of about 1 mg/mL by mea-
suring the accurate mass of phthalate on the analytical
balance (KERN 19013) with a precision of + 0.00001 g,
and then by dissolving in methanol. By diluting standard
solutions, the operating solutions were obtained in the
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concentration range 10-100 mg/mL. Individual working
solutions in the concentration of 1 ug/mL were used for
identifying a retention time of phthalate. The solutions
were kept at 4 °C.

Laboratory glassware was used during the experi-
mentation. Glassware was washed with hot water and
soap, then rinsed with ultra-pure deionized water. After
that, glassware was washed with dichloromethane and
dried. Dry glassware was wrapped in aluminum foil and
kept untill the time of use in order to avoid contamination
of phthalates from the air.

Analysis of linearity of curve obtained by determining

phthalate after the Loop injection technique

Determined concentrations of phthalate in methanol
were analyzed after injection by Loop technique. The
sample was introduced via HAMILTON syringe with volume
of 250 L, d = 2.30 mm, by means of a multiport rotary
valve 20 pL “Loop” volume, which is connected to the
ESI via silica capillary system d = 100 um. The solutions
were analyzed by the flow-injection ESI-MS method us-
ing nitrogen as an auxiliary gas, in the positive (+) mode.
Methanol was introduced with the flow rate of 100 mL/
min, and the duration of the analysis (recording of Loop
chromatogram) was 90 seconds on the average, allow-
ing the whole chromatographic peak to be completely
covered by the set time of the analysis.

Chromatographic peak is shown by time baseline on
x-axis and relative signal intensity (relative abundance)
on y-axis. The areas of ESI-MS Loop chromatogram
peaks were expressed by absolute units using LCQ
Tune Plus ver. 1.3 program (count-second units), and the
geometry of the peak was defined by using ICIS® algo-
rithm (Interactive Chemical Information System) within
Finnigan XcaliburTM XSQ 1.3 software, which is used
for recording and interpretation of mass spectra. When
Loop chromatograms were obtained, first the consistency
of TIC (Total lon Current) peak was checked, then Loop
chromatograms of the MRC mode (Mass Range chro-
matogram) were derived, and relative intensity of the
signal was filtered to the required range m/z. The target
range was set with the tolerance of m/z + 1.0 compared
to the nominal mass of the selected monitoring ion (usu-
ally monoisotopic protonated molecular ion or ion adduct
with sodium). By using the ICIS® module of XcaliburTM
1.3 software, the areas of each ESI-MS ion current chro-
matogram of 20 pL Loop injection volume for the defined
mass range of the analyte were calculated. The areas
are presented in absolute non-dimensional (arbitrary)
units of the XcaliburTM software (count-second units) (5
total solutions of different concentrations, in the range of
about 0.25 — 45 mg / mL).

The procedure was repeated for three times and the
average value of the obtained Loop chromatogram ar-
eas, after the injection of the solution with certain phtha-
late concentration was calculated and adopted for further
work.
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Results and Discussion

Protonated ions [M+H]*, as typical monitoring-ions,
were used for defining ESI-MS Loop chromatographic
peaks, considering their good signal intensity and what
is in accordance with conventional analytical practices
[16]. Also, ion adducts with sodium [M+Na]* were taken
into consideration as monitoring ions. Table 1 shows
characteristic ions for each investigated phthalate, and
the relative intensity of each characteristic peak.

Quantification was performed by calculating the area
of ESI-MS ion current chromatograms of Loop injec-
tions for the appropriate mass range (m/z of molecular
ion, +1.0) obtained by analyzing the series of phthalate
solutions. The recorded MS spectra of all investigated
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phthalates are shown in Fig. 1. Figure 1 shows the
ESI-MS spectra of all investigated phthalates: DMP (c =
31,50 pyg/mL; m/z 195 [M+H]*, m/z 217 [M+Na]"); DnBP
(c = 25,00 pyg/mL; m/z 279 [M+H]", m/z 301 [M+Na]*);
BzBP (c = 45,00 ug/mL; m/z 313 [M+H]*, m/z 335
[M+Na]*); DEHP (c = 29,10 yg/mL; m/z 391 [M+H]*, m/z
413 [M+Nal*); DINP (c = 25,10 yg/mL; m/z 419 [M+H]*,
m/z 441 [M+Na]*) and DiDP (c = 34,60 ug/mL; m/z 447
[M+H]*, m/z 469 [M+Na]*) with CH,OH as a solvent in the
positive ionization mode. All phthalates showed [M+Na]*
as the base peak, except DnBP. The spectrum of DnBP
showed [M+H]* as the most abundant ion.
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Figure 1. ESI-MS spectra (a) DMP; (b) DnBP; (c) BzBP; (d) DEHP; (e) DiNP; (f) DiDP.
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The peak area of the selected mass range in ion cur-
rent chromatogram for BzBP is shown in Fig. 2. Quantifi-
cation was enabled by injecting the accurate volume of 20
JL of phthalate solution by Loop system. All Loop chro-
matograms were properly shaped and showed satisfac-
tory integrity peak for both TIC and the required range
m/z.
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Figure 2. ESI-MS chromatogram obtained for BzBP, injected
by Loop technique ¢ = 45 pg/mL, solvent CH;OH, positive
ionization mode, flow rate = 100 yL/min.

The values of ion current chromatogram peak areas
are plotted vs. phthalate concentrations and this two-vari-
able correlation is described by linear fitting (Fig. 3). The
quantification possibility was based on the fact that all
areas of TIC chromatograms are in direct linear function
with the intensities of peaks in the mass spectrum (ob-
tained by observing the ion signals within the appropriate
m/z range) for the investigated range of concentrations
[17].

Table 1. Characteristic monitoring ions of the investigated
phthalates used for the determination by ESI-MS Loop injec-
tion technique

Phthalate Peak Monitoring ion Relative abundance
(m/z) (%)
DMP 195 [M+H]* 70
217 [M+Na]* 100
DnBP 279 [M+H]* 100
301 [M+Na]* 30
BzBP 313 [M+H]* 30
335 [M+Na]* 100
DEHP 391 [M+H]* 70
413 [M+Na]* 100
DiNP 419 [M+H]* 70
441 [M+Na]* 100
DiOP 447 [M+H]* 70
469 [M+Na]* 100

Calculating the area of Loop chromatogram peaks for
the mass range, m/z was obtained using the algorithm
ICIS (EXCALIBURE® program), and derived values are
shown in Table 2.
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Table 2. Peak areas of ESI-MS chromatograms in the TIC
mode after the sample injection by Loop technique, for a cor-
responding range of m/z values of [M+H]* and [M+Na]* ions,
depending on the phthalate concentration.

Concentration of
phthalate, pg/mL

Peak area [M+H]* ion
(abs. units), x108

Peak area [M+Na]* ion
(abs. units), x108

DMP m/z 194-196 m/z 216-218
0.031 0.1 0.1
0.315 0.6 1.0
3.150 21 2.1
15.75 4.1 8.7
31.50 8.2 17.3
DnBP m/z 277-279 m/z 300-302
0.025 0.1 0.1
0.251 0.2 3.7
2.510 131 5.9
12.55 18.2 7.5
25.10 35.3 15.3
BzBP m/z 312-314 m/z 334-336
0.045 0.05 0.0
0.450 0.3 0.3
4.500 1.9 2.6
22.50 2.7 8.4
45.00 5.1 171
DEHP m/z 390-392 m/z 412-414
0.029 0.05 0.09
0.291 0.3 0.5
2.915 4.0 52
14.57 7.8 10.5
29.15 141 21.6
DiNP m/z 418-420 m/z 440-442
0.025 0.2 0.0
0.251 1.2 1.3
2.510 8.6 8.6
12.55 315 36.0
25.10 63.0 72.0
DiDP m/z 446-448 m/z 468-470
0.035 0.1 0.1
0.346 0.5 0.7
3.465 2.7 4.8
17.32 5.8 8.9
34.65 11.5 17.9

Figure 3 shows the ratio between the phthalate con-
centration and peak areas of ESI-MS Loop chromato-
grams for a typical mass range of the protonated mo-
lecular ions and adduct ions with sodium, recorded in the
positive ionization mode.

Parameters of linear equations obtained by the linear
regression analysis on data sets (shown in Figure 3), as
well as respective correlation coefficients are summa-
rized in Table 3.

The results presented in Table 3 show that the high-
est degree of the linear correlation between two variables
is in the m/z range which corresponds to [M+Na]* ion,
with exceptions for DnBP and DiDP. Although the sig-
nal of adduct ions with sodium was more intensive, this
ion is not reliable for quantification because the source
of sodium ions is not defined and therefore the present
amount of sodium that occurs in the sample may vary.
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Figure 3. The ratio between the concentration of phthalate and the peak area of chroma-
togram after Loop injection: (a) DMP; (b) DnBP; (c) BzBP; (d) DEHP; (e) DIiNP; (f) DiDP;
m — protonated molecular ion; ¥ — ion adduct with sodium; solvent CH;OH, positive
ionization mode.

Table 3. Linear equations and correlation coefficients obtained by plotting peak areas vs.
the phthalates concentration

Phthalate Equation for [M+H]* r Equation for [M+Na]* r

DMP Y =0.5848 + 0.2399X 0.98959 Y =0.4217 + 0.5339X 0.99928
DnBP Y =2.8767 + 1.2988X 0.96034 Y =2.4974 + 0.4949X 0.94669
BzBP Y =0.5295 + 0.1021X 0.96496 Y =0.2831 + 0.3722X 0.99857
DEHP Y =0.9262 + 0.4604X 0.98371 Y =0.9840 + 0.7022X 0.98962
DiNP Y =0.9202 + 2.4705X 0.99946 Y = 0.5856 + 2.8433X 0.99983
DiDP Y =0.6254 + 0.3130X 0.99216 Y =1.0898 + 0.4829X 0.98634
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Comparing the correlation coefficients (r) of the
curves obtained for the investigated phthalates in the
range of m/z values which correspond to [M+H]*, the
highest coefficient for DINP and DiDP was obtained.
The equations which were obtained for DMP and DEHP
showed lesser linearity, while the lowest correlation coeffi-
cients were obtained for BzBP and DnBP.

Comparing the experimental correlation coefficients
for m/z values of [M+Na]* monitoring ions, the following
sequence was shown: DINP > DMP > BzBP > DEHP >
DiDP > DnBP, while [M+H]* monitoring ions showed the
sequence: DINP > DiDP > DMP > DEHP > BzBP > DnBP.
In both cases DiNP showed the highest value of the cor-
relation coefficient, while DnBP gave the lowest values.
In case of DMP, the ion adduct with sodium gave a more
intense peak. DiDP showed that the protonated molecu-
lar ion was more reliable for monitoring, whereas in the
case of BzBP it was the ion adduct with sodium. The
study of DEHP showed approximately the same correla-
tion coefficients for both monitoring ions, and in the case
of DnBP, linearity coefficients showed the lowest values.

Conclusion

The possibility of using ESI-MS method for the quan-
titative determination of phthalates using the Loop in-
jection technique was investigated. The possibility of
ESI-MS application was determined by comparing the
indicator of linearity, correlation coefficient (r) between
the concentration and the peak area of the phthalate
ions in Loop chromatogram for a specific mass range.
The existence of linearity was tested for the mass ranges
that correspond to the protonated molecular ion and to
the ion adduct with sodium. It can be concluded that ESI-
MS Loop injection technique is suitable for the quanti-
tative determination of some of the most common alkyl
phthalates. The study showed that the method can be
applied for the determination of DINP and DMP by using
both monitoring ions. The investigation of DiDP showed
that the protonated molecular ion is a more reliable ion
for monitoring, whereas in the case of BzBP adduct
[M+Na]* may be preferable, assumed that the sufficient
concentration of Na* is provided. The study of DEHP
showed approximately the same correlation coefficients
for both monitoring ions. The correlation coefficients ob-
tained after analyzing DnBP showed the lowest values in
the group of the investigated compounds. Although the
signals of adduct ions with sodium were more intensive,
this ion species could not be reliable for quantification
because the concentration of sodium ions is not stand-
ardized and therefore the present amount of Na* occur-
ring in the sample may vary.
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lzvod

PROCENA LINARNOSTI ODZIVA PRI ODREDIVANJU FTALATA ESI-MS
METODOM PUTEM INJEKTIRANJA UZORKA LOOP TEHNIKOM

Tatjana D. Andelkovi¢!, Gordana M. Koci¢?, Darko H. Andelkovi¢', Ivana S. Kosti¢?,

Danica S. Milojkovi¢!
(ORIGINALNI NAUCNI RAD)
UDK 535.243

1 Univerzitet u NiSu, Prirodno-matematicki fakultet, Ni$, Srbija
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Testirana je ESI-MS tehnika za kvantitativno odredivanje Sest najéeSc¢e koriséenih
ftalata (DMP, DnBP, BzBP, DEHP, DiNP, DiDP). Postupak je sproveden snima-
njem hromatograma dobijenog nakon injektiranja uzorka rastvora ftalata razlicite
koncentracije koris¢enjem Loop tehnike. Testiranje je vrSeno utvrdivanjem linea-
rnosti izmedu koncentracije ftalata i povrSine njihovih pikova u hromatogramu za
maseni opseg koji odgovara protonovanom molekulskom jonu, kao i jonu adukta
sa natrijumom. Analiza je pokazala da postoji zadovoljavajuéa linearnost izmedu
koncentracije ftalata i povrSine pika u hromatogramu pracenjem molekulskog A Eal -
jona i jona adukta sa natrijumom za slucaj DINP (r > 0,999) | DMP (r> 0,999 | miyamne o or o looptenica
za molekulski jon; r > 0,989 za jon adukt sa natrijumom). Kod analize DiDP kao
pouzdaniji jon za praéenje pokazao se molekulski jon, dok se kod BzBP kao
pouzdaniji pokazao jon adukt sa natrijumom. DEHP daje priblizno isti koefici-
jent korelacije za oba monitoring jona, molekulski jon i jon adukt sa natrijumom
(r=0,98371i0,98962, respektivno). Koeficijenti korelacije dobijeni za moleku-
Iski monitoring jon DnBP i jon adukta sa natrijumom, pokazali su niZu vrednost
od ostalih koeficijenata linearnosti (r = 0,96034 i 0,94669, respektivno).
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