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The aim of this paper is the development of the method for determination of five
phthalates in white spirits. Dimethyl phthalate (DMP), di-n-butyl phthalate (DBP),
benzyl butyl phthalate (BBP), di-(2-ethylhexyl) phthalate (DEHP) and di-n-octyl
phthalate (DOP) were extracted from white spirits by the optimized liquid-liquid extraction (LLE) method. In order to determine the best method for phthalate determination, LLE procedure was optimized by changing the following parameters: the
number of extraction repetitions (1–4), the partial removal of ethanol by evaporation
from alcoholic samples prior extraction, the type of agitation and the extraction time.
Quantification was achieved by gas chromatography–mass spectrometry (GC-MS)
with di-n-butyl adipate (DBA) as internal standard. Phthalates were analyzed using
a single ion monitoring (SIM) mode and a base ion for each phthalate was chosen
(m/z 149 for DBP, BBP, DEHP and DOP and m/z 163 for DMP). The results show
that the most effective phthalate extraction with n-hexane as a solvent is achieved
with agitation by hand shaking with one-step extraction. Evaporation of ethanol from
alcohol drinks provided the increased recovery value for DMP extraction but did not
have an impact on the recovery values of DBP, BBP, DEHP and DOP extractions
from the samples..
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Introduction
Phthalates are phthalic acid esters with two esters group
in ortho position. The difference between phthalates comes
from different alcohols that form the phthalic acid esters in
the esterification reaction. These chemical organic compounds have high density, low solubility in water, but high

solubility in organic solvents. The physicochemical properties of common phthalates present in alcoholic beverages
are given in Table 1 [1].

Table 1. Physicochemical properties of common phthalates present in alcoholic
beverages

Kow - octanol-water partition coefficient

Phthalates are commonly used as plasticizers, which (DEHP) and di-n-octyl phthalate (DOP).
gives them widespread usage: in the industry of care prodAlcoholic beverages are divided in three groups: spirits,
ucts, children‘s toys, beverage industry, in the production of beers and wines. Spirits are distilled beverages containvarious packaging. The most commonly used phthalates ing ethanol, and these include the following drinks: vodka,
are dimethyl phthalate (DMP), di-n-butyl phthalate (DBP), brandy, gin, tequila, rum, whisky, etc. During the production
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tial phthalate sources such as polyvinyl chloride (PVC) ma- 5.0, 7.5 and 10.0 µg mL-1 were prepared by diluting the
terials in different production phases and plastic packaging standard solution in n-hexane. The DBA was used as the
of alcoholic drinks. Plastic bottles for alcoholic drinks are internal standard. The concentration of the internal standan important phthalate contamination source since ethanol ard in each calibration dilution was 1 µg mL-1.
provides solubility of phthalates and thus a leaching effect of phthalates from packaging material into the alcohol
GC-MS technique
beverage should not be neglected. Since phthalates are
Gas chromatographic analysis was performed on a gas
not bound by a covalent bond for plastics, they are only chromatograph 6890 (Hewlett-Packard) equipped with a
incorporated in plastics and they easily migrate from plas- mass selective detector (MSD) 5973 (Agilent) and a DB-5
tic material to the environment. In this way, phthalates pol- MS capillary column (30 m×250 mm×0.25 mm). The mass
lute alcoholic beverages when these compounds are being spectra were recorded under an electron impact ionization
leached into. The interest in monitoring phthalate concen- voltage of 70 eV. The gas chromatograph was operated in
trations in alcoholic beverages is high because alcoholic the split less injection mode. The oven temperature was
beverages are the product consumed by the adult popula- programmed from 60 °C (1 min) to 220 °C (1 min) at the
tion, and therefore there is a health risk if they consume an rate of 20 °C min-1 and then to 280 °C (4 min) at the rate of
unrecorded alcohol that contains a high dose of phthalates. 5 °C min-1. The MSD was used in the single ion-monitoring
Researches have shown that phthalates are harmful to mode (SIM). The identification and quantification of target
human health [2-5], and a maximum allowable dose level compounds was based on the relative retention time, the
(MADL) for the DBP and DEHP in alcoholic drinks is 0.7 presence of target ions and their relative abundance. For
mg kg-1 (0.7 µg mL-1) by direction of the European Union quantification, peak area ratios of the analytes to the in[6]. Special attention is given to DEHP since it comprises a ternal standard DBA were calculated as a function of the
quarter of all produced plasticizers and shows a great en- concentration of substances.
vironmental impact. Its high hydrophobicity (log Kow=7.73)
makes it highly persistent and bioaccumulating.
Glassware and Reagent Control
The determination of the phthalates concentration in
In order to minimize phthalate contamination from the
white spirits consists of phthalates extraction with n-hex- laboratory, only glassware was used, rinsed with acetone
ane, chromatographic separation on a capillary column, the and n-hexane and dried at 200 °C in the oven for 4 hours
identification of the retention time and mass spectrum, and [9]. n-Hexane was checked for potential phthalate contamithe quantification with characteristic ions m/z. The crucial nation by GC-MS analysis once a week.
point in the phthalate determination in white spirit is to develop a method for the extraction of phthalates. The aim of
Sample preparation
this research is to optimize the sample preparation proceThe samples used for this investigation were apple
dure with the ethanol removal, the type of agitation during brandy and vodka. Those two samples contain 46% and
extraction and the extraction time. n-Hexane was chosen 40% (v/v) ethanol, respectively. The samples (10 mL) were
as good extractant, as noted in previous research [7]. In spiked with 25 µg of each investigated phthalate. After that,
order to obtain a better recovery of phthalates, two types of the ultrasonic bath was used in order to completely dissolve
agitation (ultrasound and vigorous handshake) are tested the phthalates in the samples of alcoholic drinks. Since
to see the optimal method. It was also examined how the phthalates are highly dissoluble in ethanol, the extraction of
extraction time, the number of extraction repetitions (1-4) phthalates using n-hexane could be less effective. In order
and the ethanol removal affect the obtaining of the best re- to test the effect of ethanol on the phthalate recovery, the
covery.
evaporation of alcohol samples was carried out to decrease
the ethanol content. In this way, non-evaporated and evapExperimental
orated samples were investigated. The sample volume of
10 mL was transferred into a glass tube and then heated in
Chemicals and reagents
a boiling water bath to decrease the ethanol content. The
The n-hexane (HPLC grade) was purchased from Carlo tube was removed from the water bath with a residual volErba (France). Dimethyl phthalate (DMP), di-n-butyl phtha- ume of about 5 mL of alcoholic drinks. The contamination of
late (DBP), benzyl butyl phthalate (BBP), di-(2-ethylhexyl) the samples was monitored by blank samples which were
phthalate (DEHP) and di-n-octyl phthalate (DOP) were treated the same way as other samples.
all of GC grade and were purchased from Sigma-Aldrich
(USA). The di-n-butyl adipate (DBA) was also GC grade
Extraction procedures
and was purchased from Sigma-Aldrich (USA).
The liquid-liquid extraction procedure was performed
A stock standard solution of the five investigated phtha- after cooling heated samples. n-hexane (5 mL) was added
lates was prepared at the concentration of 1000 µg mL-1 of to spiked alcoholic non-evaporated samples (10 mL) and
each phthalate in n-hexane. From this solution, a stand- evaporated samples (5 mL) and after that, agitation was
ard solution was prepared at the concentration of 100 µg carried out in two proposed ways. One way was vigorous
mL-1 of each phthalate in n-hexane. Calibration solutions hand shaking for 5 min and the second way was ultrasound
of phthalates at concentrations of 0.25, 0.5, 1.0, 1.5, 2.5, agitation for 10 min, 20 min and 30 min. In this way, the
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influence of the evaporation of ethanol from alcoholic samples, the influence of agitation (ultrasound or handshake)
and the influence of the extraction time were tested.
Also, the repetition of liquid-liquid extraction was carried
out (the number of extraction repetitions up to four) and for
this test, the samples of vodka were used. The method of
the sample preparation was the same as in the case of the
apple white spirit, with the following steps: spiking, evap-

oration and the addition of n-hexane. After removing the
n-hexane layer, a new volume of n-hexane was added to
alcohol and re-extractions were carried out. After separating the organic layer, the bottom layers of organic solvents
were drained through a paper ﬁlter with the anhydrous sodium sulfate layer. The n-hexane extracts were transferred
into a gas chromatography vial and analyzed using GC-MS.

Table 2. Retention times, quantification ions and identification ions of the phthalates and DBA

Results and discusion
GC-MS acquisition
All the phthalates were separated using the designated
chromatographic conditions. The chromatogram of the
phthalates standard solution in the concentration of 2.5
µg mL-1 is given in Fig. 1. Linearity was investigated in the
phthalate concentration range 0.1 – 10.0 µg mL-1. The calibration curves of all phthalates for the range of 0.25 to 2.5
µg mL-1 were linear with a correlation coefficient (R²) from
0.995 to 0.999. The calibration curve obtained for DEHP in
the concentration range 0.25 – 2.5 µg mL-1 was linear and it
is given in Fig. 2. The retention times, selected ions for the
analysis of the target phthalates and the DBA, the limit of
detection (LOD) and the limit of quantitation (LOQ) for each
phthalate are shown in Table 2. LOD and LOQ for each
phthalate were calculated from six replicated measurements of low concentration standard solutions according
to the literature data. LOD and LOQ were calculated from
the signal/noise ratios which were multiplied with factor 3
and 10 respectively [8].

Figure 1. The chromatogram of investigated phthalates in the concentration of 2.5 µg mL-1 and DBA in the concentration of 1 µg mL-1

Figure 2. The calibration curve obtained for DEHP in the concentration
range of 0.25 – 2.5 µg mL-1

Optimization of the extraction procedure
A few studies were performed in order to determine
optimal conditions of the extraction procedure and are
described below. The extraction procedure should include the solvent that is not miscible with alcoholic samples. Phthalates are highly soluble in n-hexane and this
solvent is usually used for the extraction of phthalates.
Bearing in mind that the extraction procedure requires
an extraction solvent that is not miscible with the alcoholic sample, but n-hexane is miscible with ethanol, the
presence of water in alcoholic samples causes the separation of the layers and easy phthalate migration from
alcoholic samples to n-hexane layer. The separation between the two liquids was clear and visible. After spiking white spirits and the liquid-liquid extraction, a hexane
layer was separated and the extracted phthalates were
determined on GC-MS.
Tables 3 to 6 show the results of the recovery tests
performed in triplicate.
By comparing the results obtained for non-evaporated
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alcohol samples (vodka and apple brandy) noted in Table 4 and 6, it could be concluded that the recovery values for DMP were less for apple brandy alcoholic samples. The obtained results were expected since given the
facts that apple brandy alcoholic samples contain more
ethanol (46% v/v) from the sample of vodka (40% v/v)
and the fact that DMP, as the most polar phthalate of
other investigated phthalates, has the greatest tendency
to dissolve in ethanol, and therefore a lower tendency
migration into n-hexane. Recovery values for other investigated phthalates were similar for non-evaporated
vodka and apple brandy, because they have a high tendency to migrate in n-hexane as a non-polar solvent than
DMP. In the case of evaporated samples, ethanol was
removed and the investigated phthalates were migrated
from alcohol samples to n-hexane. The small differences
between the recovery values for vodka and the apple
spirit comes from different types of samples, or from other substituents in white spirits.

The impact of the re-extraction on the recovery of
phthalate was analyzed. The data in Table 3 and 4 show
that the re-extraction does not significantly affect the
increase of the recovery of DBP, BBP, DEHP and DOP
extraction in the case of both, evaporated and non-evaporated samples, but in the case of DMP, the increase
of the recovery is significant. The recovery value for all
phthalates except DMP was increased by 1.58 – 6.52
% after the second extraction, 2.60 – 11.20 % after the
third extraction and 9.87 – 21.32 % after the fourth extraction. For DMP, the recovery value was increased by
3.44 – 12.64 % for evaporated vodka, and 14.47- 35.33
% for non-evaporated vodka. Bearing in mind that the
increase in recoveries was low for the fourth phthalate
compared to the time required for each re-extraction, as
well as the cost of the analysis, further optimization of
LLE was carried out with one extraction.

Table 3. Recoveries of phthalates extraction from evaporated vodka

Table 4. Recoveries of phthalates extraction from non-evaporated vodka

The obtained phthalates recoveries from evaporated solved in polar alcohol than other investigated phthaalcohol samples and from non-evaporated alcohol sam- lates, and because of that, it has the greatest tendency
ples are compared. Also, the effects of agitation and the to migrate in n-hexane. Also, alcohol evaporation does
agitation time are compared. The results are presented not have an impact on the recovery in the case of DOP,
in Tables 5 and 6.
for the reasons above.
In the case of DMP, the best recovery was obtained
DBP, BBP and DEHP show similar solubility in water
by the extraction with hand shaking agitation of 5 min- (Table 1), that is related with their similar structures, size
utes and removing a major part of ethanol from the apple and polarity, and for this reason they showed close rewhite spirit. These results can be explained by the fact covery values of the phthalate extraction.
that DMP is the most polar phthalate from the group of
Regarding the influence of agitation time in the ultrainvestigated phthalates, and as such the most soluble sound bath, the results showed that time did not affect
in alcohol (ethanol). In case of non-evaporated samples, the migration of phthalates into n-hexane and recoveries
DMP remains were dissolved in it and did not migrate of the phthalate extraction remain the same comparing
to non-polar hexane. When major part of ethanol was to the first 10 min and after applicated times.
removed, the DMP easily migrates into n-hexane.
DOP shows the highest recovery of the phthalate extraction, because it is the most nonpolar and the largest
molecule of the investigated phthalates and less dis62  
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Table 5. Recoveries of phthalates extraction from evaporated apple brandy

Table 6. Recoveries of phthalates extraction from non-evaporated apple brandy

Handshaking proved to be a better type of agitation for the investigation of non-evaporated white spirits.
for all phthalates compared to the effect of ultrasound,
because during the ultrasound treatment emulsions
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Izvod

SIMULTANO ODREĐIVANJE PET FTALATA U BELIM RAKIJAMA
KORIŠĆENJEM TEČNO-TEČNE EKSTRAKCIJE PRAĆENE
GASNOM HROMATOGRAFIJOM

Danica S. Bogdanović1 , Tatjana D. Anđelković1, Ivana S. Kostić1, Gordana M. Kocić2
1Univerzitet u Nišu, Prirodno-matematički fakultet, Departman za hemiju, Niš, Srbija
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Cilj ovog rada je razvijanje metode za određivanje pet ftalata u belim rakijama.
Dimetil ftalat (DMP), di-n-butil ftalat (DBP), benzil butil ftalat (BBP), di-(2-etilheksil)
ftalat (DEHP) i di-n-oktil ftalat (DOP) su ekstrahovani iz belih rakija optimizovanom
tečno-tečnom ekstrakcijom. U cilju efikasnijeg određivanja ftalata, tečno-tečna
ekstrakcija je optimizovana menjanjem sledećih parametara: broj ponavljanja
ekstrakcije (1-4), uparavanje etanola iz belih rakija pre ekstrakcije, metoda agitacije i vreme ekstrakcije. Kvantifikacija je izvršena pomoću gasne hromatografije
kuplovane sa masenom spektrometrijom sa di-n-butil-adipatom (DBA) kao internim standardom. Izabran je mod praćenja jednog jona (SIM), m/z 149 za DBP,
BBP, DEHP i DOP i m/z 163 za DMP. Rezultati pokazuju da je najbolja metoda
ekstrakcije sledeća: korišćenje n-heksana kao ekstrakcionog sredstva, ručno
mućkanje 5 minuta bez ponavljanja ekstrakcije. Uparavanje etanola iz rakije utiče
na značajno povećanje recoverija za DMP ali nema značajan efekat na povećanje
recoverija za ostale ispitivane ftalate.
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