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ABSTRACT: Phthalates are a class of endocrine disruptors extensively used in plastic production as plasticizers, and as a result, they
can be found in foods as a result of their migration ability. The occurrence of phthalates was monitored in 20 Portuguese wines using
a simple, reliable, and environmentally friendly analytical method, headspace solid-phase microextraction combined with gas
chromatography−mass spectrometry. Satisfactory figures of merit of method, linearity (correlation coefficient of ≥0.992), recovery
(80.3−107.6%), precision (relative standard deviation of <13%), and limits of detection (0.03−0.11 μg/L) and quantification
(0.09−0.36 μg/L) were achieved. Dibutyl phthalate and di-n-octyl phthalate were found in measurable quantities in table and
fortified wines. The obtained results revealed that these wines do not represent any concern for human exposure, because their
concentrations were lower than the tolerable daily intakes established by the European Food Safety Authority.
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1. INTRODUCTION

Phthalates are toxic to variable degrees depending upon their
chemical structure and their capacity to migrate within
organisms.1 They can be found in numerous products,
including foods, medical devices, electronic and informatic
equipment, children’s toys, clothes, certain pharmaceuticals,
and also cosmetics as enhancers of adhesive qualities and
improve the toughness of varnish or even the penetration of
active ingredients, becoming ubiquitous environmental con-
taminants.2,3 Numerous studies have described that exposure
to phthalates is correlated with an earlier onset of puberty,
male and female infertility, deformities in the male
reproductive system, detrimental changes to sperm motility
and mobility, and certain types of cancers, with possibly many
more health problems as well.1,4−6 Because wines may easily
contact different kinds of materials containing these con-
taminants, including vats, pipes, tanks, and hoses coated with
epoxy resin, and as a result of its better solubility in solutions
with a high ethanol content, its kinetic diffusion from material-
containing phthalates to wines is promoted.1 In this sense,
wines represent a health concern after long periods of
maturation, storage/aging, and transportation.1,7,8 To guaran-
tee human health, limits on the amounts of substances able to
migrate into the food were established on materials applied for
food packaging.9 These limits are designed as specific
migration limits (SMLs) and are determined in milligrams of
constituent per kilogram of food.10 Moreover, tolerable daily
intakes (TDIs) for numerous phthalates were detailed by the
European Food Safety Authority (EFSA) in 2005 (Table 1).11

Concern related to the health risks and ubiquitous
occurrence of phthalates encourages the development of
sensitive and reproducible analytical tools that permit their

detection and quantification at trace amounts in environ-
mental,12 biological,13 and food10,14,15 samples. To quantify a
low concentration of phthalates in alcoholic beverages,
headspace solid-phase microextraction (HS−SPME) using
polydimethylsiloxane/divinylbenzene (PDMS/DVB), carbo-
wax/divinylbenzene (CW/DVB), polyacrylate (PA),4 and
calix[6]arene8 fibers has been suggested to concentrate
phthalates prior to gas chromatography−mass spectrometry
(GC−MS) analysis. SPME offered several benefits, such as
shortening the sample preparation and increasing reliability,
selectivity, and sensitivity when compared to conventional
extraction procedures, such as liquid−liquid extraction (LLE),
solid-phase extraction (SPE), and dispersive liquid−liquid
microextraction (DLLME). On the other hand, GC−MS is the
suitable analytical tool used for phthalate detection, because of
its sensitivity and chromatographic resolution for these
compounds.4,5,8,14,16

The goal of the current study is to monitor the occurrence
and establish the profiles of four phthalates, dibutyl phthalate
(DBP), butyl benzyl phthalate (BBP), di-n-octyl phthalate
(DOP), and 2,2,4,4-tetrabromodiphenyl ether (BDE), in 20
samples of table and fortified wines, through a simple, reliable,
and environmentally friendly analytical method, HS−SPME/
GC−MS. As far as we known, this is the first research reporting
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the quantification of phthalates in table and fortified wines,
produced on Madeira Island. The analytical tool was validated
in terms of linearity, selectivity, precision (intra- and interday),
recovery, and limits of detection (LOD) and quantification
(LOQ) with different ethanol contents to mimic table (12%,
v/v) and fortified (18%, v/v) wines. The risk of human
exposure via drinking the investigated wines was assessed on
the basis of TDI values established by the EFSA.

2. MATERIALS AND METHODS
2.1. Standards and Materials. Dibutyl phthalate (DBP, 99%),

benzyl butyl phthalate (BBP, 98%), di-n-octyl phthalate (DOP,
≥98%), and 2,2,4,4-tetrabromodiphenyl ether (BDE, 97%) were
purchased from Sigma-Aldrich Quiḿica S.A. (Spain). Tartaric acid
(foodstuff grade), ethanol (99.8%), and sodium hydroxide (NaOH,
≥98%) were obtained from Riedel-de-Haen̈ (Madrid, Spain), whereas
sodium chloride (NaCl, 99.5%) was supplied by Panreac (Barcelona,
Spain), and He (GC carrier gas) of purity 5.0 was supplied from Air
Liquide, Portugal. Ultrapure water (H2O) was obtained from a Milli-
Q Plus system (18 MΩ/cm, Millipore, Bedford, MA, U.S.A.). The
digital stirring plate (Cimarec) was purchased from Thermo Scientific
(Waltham, MA, U.S.A.), while the SPME holder for manual sampling
together with 65 μm PDMS/DVB fiber was obtained from Supelco
(Bellefonte, PA, U.S.A.). The PDMS/DVB fiber was day-to-day
conditioned on the basis of the endorsements of the manufacturer to
avoid carryover among sets of analyses.
2.2. Samples. Table wines (9 red wines and 1 white wine, 12%, v/

v) were collected from local producers. These wines were obtained
from eight Vitis vinifera L. grapes, namely, two red, Tinta Negra and
Bastardo, four white called noble varieties, Malvasia, Bual, Verdelho,
and Sercial, and other recommended white varieties (Terrantez and
Malvazia Roxa). The grapes were detached from the stalks, crushed,

and conserved in a stainless-steel vat. The must was removed from the
solid parts and transferred to other stainless-steel vats. Then, a
sulfating agent (20 g of SO2/100 kg of must) and Saccharomyces
cerevisae (20 g/100 kg) were added to must prior to the fermentation
step. The fermentation process were considered finished when the
sum of glucose and fructose was lower than 2 g/L. According to the
suppliers, these wines were stored in vats for periods of time ranging
from 4 to 6 months.

A total of 10 monovarietal Madeira wines from three white V.
vinifera L. grapes (Bual, Malvasia, and Sercial), aged from 3 to 20
years old (Y) and matured in oak casks, were analyzed in the current
study. On the basis of the age, the wines can be classified as vintage (a
precise year of aged in casks, after 17 years) and blended (B, a mean
aging time of 3, 5, 10, or 15 years) wines. These wines were aged in
American oak casks (processed by a lighter toasting). The addition of
natural grape spirit is added to finish the fermentation process to
attain an ethanol content of 18−19% (v/v) and a precise sugar
content. The samples were supplied by a Madeira wine producer,
Henriques & Henriques, Vinhos, S.A.

2.3. Standard Solutions. Phthalate ethanolic standard solutions
(500 μg/L) were prepared, labeled, and stored at −20 °C. The
standard solutions, used to built the calibration curve (three
individually replicates at each concentration was analyzed), were
prepared by dilution of the stock solution in ethanol. Seven different
model wines (total volume of 25 mL) were attained by dissolving 4.4
g/L tartaric acid in different ethanol contents (12 or 18%, v/v),
adjusted to pH 3.3 with NaOH (1 M), and fortified with 100 μL of
ethanolic standard solution from phthalates (see Table 2 for the
concentration range).

2.4. HS−SPME Procedure. The HS−SPME conditions was
adopted from a previous study optimized and validated for wines.4

For each HS−SPME extraction, an aliquot of 2 mL of sample and 0.2
g of NaCl was put into a 4 mL glass vial. The vial was capped with a

Table 1. Physicochemical Parameters of the Investigated Phthalatesa

aMW, molecular weight; log Kow, log of the octanol−water partition coefficients; LD50, median lethal dose; and TDI, tolerable daily intake by the
EFSA.

Table 2. Parameters for Calibration, LOD, and LOQ for Phthalates Using the HS−SPME/GC−MS Methoda

RT (min) phthalate linear range (μg/L) ethanol (%) equation R2 LOD (μg/L) LOQ (μg/L) ME (%)

13.18 DBP 0.5−60 12 y = 143383x + 384213 0.998 0.03 0.09 12
18 y = 59140x + 158287 0.997 0.04 0.11 18

22.55 BBP 1−60 12 y = 6866.5x + 40473 0.994 0.07 0.24 15
18 y = 41956x + 354949 0.993 0.08 0.27 20

26.49 BDE 1−60 12 y = 24218x + 43752 0.996 0.05 0.16 28
18 y = 6284.7x + 178462 0.992 0.11 0.36 34

27.77 DOP 1−60 12 y = 73346x + 240909 0.996 0.06 0.19 35
18 y = 31881x + 253828 0.995 0.07 0.22 42

aRT, retention time; R2, regression coefficient; LOD, limit of detection; LOQ, limit of quantification; and ME, matrix effect.
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Teflon [polytetrafluoroethylene (PTFE)] septum and placed in a
thermostatic bath regulated to 80.0 ± 0.1 °C. The PDMS/DVB fiber
was inserted into the headspace for 30 min under constant agitation
(400 rpm). Then, the fiber was taken from the vial and placed into the
GC injection port. The samples were analyzed in triplicate. Before the
first extraction of the day, a fiber blank (10 min on the injection port
at 250 °C) was performed for conditioning and ensuring the absence
of carryover.
2.5. Gas Chromatography−Quadrupole Mass Spectrometry

(GC−qMS) Conditions. After HS−SPME extraction, the fiber was
placed into the injection port of an Agilent Technologies 6890N
network gas chromatograph system (Palo Alto, CA, U.S.A.) for
thermal desorption of phthalates at 250 °C for 6 min. The GC was
equipped with a HP-5 fused silica capillary column (60 m × 0.25 mm
inner diameter × 0.25 μm film thickness, SGE, Dortmund, Germany)
and interfaced with an Agilent 5975 quadrupole inert mass selective
detector. The oven program was initiated at 120 °C (hold for 3 min),
then increased at a rate of 10 °C/min to 190 °C, then kept for 4 min,
increased at a rate of 3 °C/min to 240 °C, and held for 20 min, in a
total GC run time of 50.67 min. The column flow was constant at 1.0
mL/min using He of purity 5.0. The injection port functioned in the
splitless mode and was held at 250 °C. For the 5975 MS system, the
temperatures used were 270, 150, and 230 °C for the operating
temperatures of the transfer line, quadrupole, and ionization source,
respectively. Data acquisition was carried out in the scan mode (m/z
30−300) with electron ionization at an energy of 70 eV and ionization
current of 10 μA. Phthalate identification was performed by manual
interpretation by comparison of spectra and corresponding against the
Agilent MS ChemStation software, equipped with a NIST05 mass
spectral library with a similarity threshold higher than 80%, as well as
the standards. The assays were performed in triplicate, and the results
were presented by the mean ± standard deviation (SD).
2.6. Method Validation. The method validation was carried out

agreeing with the European Union SANCO/12495/2011 guide-
lines.17 The analytical performance was assessed in terms of linearity,
selectivity, sensitivity (LOD and LOQ), precision (inter-/intraday),
recovery (as a measure of trueness), and matrix effect. The method
linearity was measured in the concentration range reported in Table 2
based on the average GC peak areas versus concentrations and
correlation coefficients (R2) for each phthalate analyzed. The non-
existent interfering peaks at a retention time (RT) of the phthalates
under study allow for the determination of the method selectivity,
through the direct injection of an aliquot of the blank extract. The
sensitivity of the method was assessed through LOD and LOQ, which
were determined by 3 and 10 times the ratio of SD of the calibration
curve interception and the slope of the regression curve, respectively.
Three different phthalate concentrations (Table 3) within of the
concentration range were used to evaluate the method precision.
Seven replicates (n = 7) were carried out on the same day to
determine intraday precision (repeatability), whereas for the interday
precision (reproducibility), five replicates (n = 5) were analyzed in 6
consecutive days (a total of n = 30). The results were presented as
relative standard deviation (% RSD). The recovery (accuracy) was
performed as precision through the spiking of table and fortified wines
at three concentration levels (Table 3). The slopes attained in
calibration curves of phthalates in the sample and solvent-based
matrix were compared to assess the matrix effect, with the calibration
curves for both matrixes being prepared in a similar way.

3. RESULTS AND DISCUSSION
The phthalates chosen for the present study represent the most
regularly detected contaminants in food-related products.14

The main apprehension related to phthalate analysis is the risk
of contamination, which might create the outcome of a false-
positive result and overestimated concentration. The con-
tamination sources can arise from any step of the analytical
method: sampling, sample preparation, and chromatographic
analysis.15 Therefore, with the purpose to avoid contamination
risks, all glassware material was washed with ethanol followed

by H2O and heated at 300 °C for 2 h prior to use. After that,
all materials were introduced in desiccators containing
aluminum oxide until HS−SPME/GC−MS analysis. More-
over, to screen the incidence of phthalates in the GC−MS
system, a blank of equipment and direct injections of ethanol
were performed. None of the target phthalates were detected.

3.1. Method Validation. The performance of the HS−
SPME/GC−MS analytical method was evaluated for selectiv-
ity, linearity, precision (intra- and interday), accuracy (percent
recovery), and sensitivity (LOD and LOQ), as designated in
section 2.6. Additionally, the analytical method performance
was carried out for different alcohol contents to mimic table
(12%, v/v) and fortified (18%, v/v) wines (Tables 2 and 3).
Figure 1 shows a typical HS−SPME/GC−MS chromatogram
of phthalates in spiked fortified wine at 30 μg/L, and it is
possible observe that the separation was concluded in less than
28 min.
The linearity of the method was assessed through calibration

curves that were fit using least squares linear regression
analysis. The obtained correlation coefficient (R2) was higher
than 0.992, with residuals not exceeding ±10%, which
indicates the method linearity over the whole range of the
investigated concentration. Nevertheless, it should be pointed
out that R2 is higher in the calibration curves with 12% (v/v)
ethanol.

Table 3. Recovery and Precision of Phthalates in Table
(12%, v/v) and Fortified (18%, v/v) Wines at Three Spiked
Levelsa

precision
(% RSD)

RT
(min) phthalate

spiked level
(μg/L) % REC ± SD intraday interday

12% (v/v) Ethanol
13.18 DBP 0.5 92.9 ± 3.25 4.75 7.53

30 93.6 ± 2.74 3.39 5.46
60 105.3 ± 9.53 1.25 2.92

22.55 BBP 1 99.5 ± 5.97 9.62 8.83
30 100.3 ± 3.01 6.38 7.98
60 97.8 ± 2.85 3.21 4.84

26.49 BDE 1 96.9 ± 5.75 10.4 11.8
30 80.4 ± 3.22 2.85 9.46
60 89.9 ± 3.50 0.87 4.88

27.77 DOP 1 100.2 ± 8.02 1.62 8.92
30 98.4 ± 7.84 2.68 7.96
60 95.3 ± 2.86 0.92 1.42
18% (v/v) Ethanol

13.18 DBP 0.5 104.7 ± 4.19 4.51 8.82
30 99.8 ± 3.99 3.54 8.47
60 101.5 ± 4.11 1.28 4.61

22.55 BBP 1 105.1 ± 3.20 7.87 10.1
30 98.2 ± 7.84 7.31 7.53
60 106.4 ± 2.77 3.25 1.72

26.49 BDE 1 80.3 ± 6.03 10.9 12.2
30 106.1 ± 5.37 4.69 6.56
60 99.9 ± 4.99 3.51 5.67

27.77 DOP 1 98.7 ± 6.88 3.56 10.3
30 107.6 ± 2.91 2.74 9.63
60 97.7 ± 4.84 3.24 10.2

aRT, retention time; % REC, recovery percentage; and SD, standard
deviation.
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The LOD and LOQ values for 12% ethanol ranged from
0.03 μg/L (DBP) to 0.07 μg/L (BBP) and from 0.09 μg/L
(DBP) to 0.24 μg/L (BBP), whereas the LOD and LOQ
values for 18% ethanol ranged from 0.04 μg/L (DBP) to 0.11
μg/L (BDE) and from 0.11 μg/L (DBP) to 0.36 μg/L (BDE),
respectively. It is possible to observe that better LODs and
LOQs were achieved for 12% (v/v) ethanol. Concerning DBP,
the LOD and LOQ obtained were lower than the default
specific migration limit (SML) of 0.30 mg/kg recognized by
international regulation.18,19

With regard to the precision, the intraday precision for 12
and 18% (v/v) ethanol content ranged from 0.87 to 10.4% and
from 1.28 to 10.9%, while the interday precision ranged from
1.42 to 11.8% and from 1.72 to 12.2%, respectively. The mean
recovery of phthalates ranged from 80.4 to 105.3% for 12% (v/
v) ethanol, while for 18% (v/v) ethanol, the mean recovery of
phthalates ranged from 80.3 to 107.6%. According to the
literature, a quantitative method should be validated as being
capable of providing mean recoveries from 70 to 120% and
precision with % RSD values lower than 20%. Similar precision
and recoveries for phthalates (Table 4) were obtained in
alcoholic beverages using SPME/GC−MS.4,8,14

The results illustrated in Tables 2 and 3 demonstrate that
the analytical method performance is remarkably influenced by
the ethanol content, because lower R2 and higher LOD and
LOQ values were observed for 18% (v/v) ethanol. This is in
accordance with preceding studies that reported that the
presence of a high concentration of ethanol interferes with
target analyte extraction.20,21 According to Russo et al.,22 the
recovery of phthalate esters decreases when the ethanol
content increases, with the recovery ranging from 78 to 105%,
from 71 to 95%, and from 28 to 92% for 13, 17, and 20% (v/v)
ethanol, respectively. These authors verify that an ethanol
content below 20% (v/v) guarantees good recoveries for
phthalates under study.
Finally, the matrix effects were evaluated, because this

parameter can affect the determination of analytes at trace
amounts. A value below ±20% was classified as no matrix
effects, because the difference is close to the repeatability data.
Values ranging from ±20 and ±50% were classified as medium
matrix effects, whereas when exceeding ±50%, a strong matrix
effect was observed.23 As observed in Table 2, BDE and DOP
showed medium matrix effects, with this effect being more
pronounced in wines with a higher ethanol content (18%, v/v,
ethanol).
The analytical method established was related to other gas

chromatography (GC) and liquid chromatography (LC)
methods described in the literature for phthalate quantification
in alcoholic beverages.4,8,10,14−16,22,24−26 The sample volume,
LOD, LOQ, and recovery (analytical performance) were used
to demonstrate the advantages of the HS−SPME method
validated here. Overall, the current analytical method proposed
used the lower sample volume (only 2 mL) and displayed the
identical or enhanced analytical performance than the
mentioned methods, except for one researcher that used
hollow fiber solid-phase microextraction (HF−SPME/GC−
MS).16 Furthermore, HS−SPME is an environmentally
friendly and economical extraction procedure because it does
not require solvents.

3.2. Quantification of Phthalates in Table and
Fortified Wines. The validated analytical method was applied
to monitor the concentration of phthalates in 10 table wines

Figure 1. HS−SPME/GC−MS chromatogram of phthalates in spiked
fortified wine (30 μg/L) using the PDMS/DVB fiber at 80 °C for 30
min. Abbreviations: DBP, dibutyl phthalate; BBP, benzyl butyl
phthalate; DOP, di-n-octyl phthalate; and BDE, 2,2,4,4-tetrabromo-
diphenyl ether.

Table 4. Comparison of Analytical Parameters from Several Studies Carried out for Phthalate Quantification in Alcoholic
Beveragesa

sample (mL) extraction procedure analytical method LOD (μg/L) LOQ (μg/L) REC (%) reference

wine (4) HS−SPME GC−MS 0.2−1.3 0.4−1.3 70−131 4
beer (5) HS−SPME GC−MS 0.003−3.43 86−109 8
beer (4) HS−SPME GC−MS 0.01−0.59 0.02−1.96 74−101 14
wine (1) HF−SPME GC−MS 0.01−0.03 0.02−0.10 68−115 16
wine (100) MIP−SPE LC−MS 0.03−0.20 0.09−0.68 74−98 24
beer (30) MSPE GC−MS/MS 0.01−2.75 0.02−9.15 79−122 25
wines (5) DLLME HPLC−DAD 1.5−2.2 5−7.3 92−105 15
wines (10) UA−DLLME−SFO GC−FID 0.64−2.82 1.93−8.47 75−98 10
wine (10) USVADLLME GC−MS 0.02−0.10 0.08−0.34 85−101 26
wine (100) SPE GC−MS 0.2−14 0.5−25 78−105 22
wine (2) HS−SPME GC−MS 0.03−0.11 0.09−0.36 93−108 this work

aAbbreviations: HS−SPME, headspace solid-phase microextraction; HF−SPME, hollow fiber solid-phase microextraction; MIP−SPE, molecular
imprinted polymer solid-phase microextraction; MSPE, magnetic solid-phase extraction; DLLME, dispersive liquid−liquid microextraction; UA−
DLLME−SFO, ultrasound-assisted dispersive liquid−liquid microextraction followed by solidification of a floating organic drop; USVADLLME,
ultrasound-vortex-assisted dispersive liquid−liquid microextraction; SPE, solid-phase extraction; GC−MS, gas chromatography−mass
spectrometry; LC−MS, liquid chromatography−mass spectrometry; GC−MS/MS, gas chromatography−tandem mass spectrometry; HPLC−
DAD, high-performance liquid chromatography with a diode array detector; GC−FID, gas chromatography with a flame ionization detector; LOD,
limit of detection; LOQ, limit of quantification; and REC (%), recovery percentage.

Journal of Agricultural and Food Chemistry pubs.acs.org/JAFC Article

https://dx.doi.org/10.1021/acs.jafc.0c02941
J. Agric. Food Chem. 2020, 68, 8431−8437

8434

https://pubs.acs.org/doi/10.1021/acs.jafc.0c02941?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jafc.0c02941?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jafc.0c02941?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jafc.0c02941?fig=fig1&ref=pdf
pubs.acs.org/JAFC?ref=pdf
https://dx.doi.org/10.1021/acs.jafc.0c02941?ref=pdf


and 10 fortified wines. Table 5 shows the phthalate
concentration, average, and frequency of occurrence (% FO)
found in all wines under study. As observed, DBP was
quantified in all table and fortified wines (FO = 100%), with
the concentration ranging from 0.71 to 20.8 μg/L, while DOP
was found in 100 and 80% of tables and fortified wines,
respectively. BBP was not found in any of the analyzed
samples. The determined concentrations varied significantly
between samples and wine types, indicating that there were
many different sources of contamination. Tanks and hoses
coated with epoxy resin might be the two main sources of
contamination. In addition, as presented in Table 5, the
concentration of phthalates in older fortified wines (10−20
years, with an average of 13.4 ± 0.37 μg/L) was significantly (p
< 0.05) higher (2.7 times) compared to younger wines (3−5
years, with an average of 4.93 ± 0.27 μg/L). The obtained
results indicated that the phthalate concentration depends
upon the wine quality as well as the aging process, with the
choice of the raw material being a critical condition.
Nevertheless, it is difficult to specify the strict origins of the
phthalates, which might be a curious subject for future studies.
With the TDI established by the EFSA for DBP taken into
account (Table 1), the daily intake of DBP for adults drinking
wine was predictable through the highest concentrations of
DBP (23.2 μg/L) determined in the current study.
Considering that a 60 kg adult drinks 100 mL of wine, the
extreme DBP consumption determined is 2.32 μg, which is
lower than the TDI (0.60 mg or 600 μg). DOP was detected in
all table wines and ranged from 1.02 to 2.20 μg/L, while in
fortified wines, it was detected in 8 of 10 samples, in a
concentration range from 1.30 to 2.44 μg/L. In addition, BDE

was found in a much lower concentration, ranging from 1.01 to
1.31 μg/L, and low FO (10%). The results suggested that the
wine samples under study do not represent any concern for
human exposure.
The total phthalate concentration ranged from 2.62 to 23.2

μg/L for table wines and from 3.29 to 25.6 μg/L for fortified
wines. On average, the total phthalate concentration in fortified
wines was higher, almost 1.2 times, than table wines, which
confirms that the higher ethanol content promotes the
phthalate migration. In addition, the difference in the total
phthalate concentration could be related to different wine-
making processes.15 The results discovered that the validated
analytical method is suitable for phthalate quantification in
table and fortified wines.
HS−SPME/GC−MS represented a suitable routine practice

because it is simple, economical, precise, accurate, and
environmentally friendly. In addition, the concentration of
phthalates in table and fortified wines was lower than the TDI
established by the EFSA, which revealed that these samples did
no represent any risk for human exposure through con-
sumption.
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Universidade da Madeira, 9020-105 Funchal, Portugal;
orcid.org/0000-0002-7223-1022; Phone: +351-

291705119; Email: rmp@staff.uma.pt; Fax: +351-
291705149
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phthalate (μg/L) ± SD

wine DBP BBP BDE DOP total (μg/L)

Table Wines
red wine 1 1.77 ± 0.12 - 1.03 ± 0.01 1.65 ± 0.05 4.45
red wine 2 20.8 ± 0.21 - 1.31 ± 0.06 1.06 ± 0.03 23.2
red wine 3 6.07 ± 0.42 - - 1.66 ± 0.11 7.73
red wine 4 5.03 ± 0.10 - - 1.34 ± 0.05 6.37
red wine 5 7.17 ± 0.23 - - 1.02 ± 0.02 8.19
red wine 6 8.77 ± 0.35 - - 2.20 ± 0.26 11.0
red wine 7 10.6 ± 1.06 - - 2.01 ± 0.12 12.6
red wine 8 2.71 ± 0.08 - - 2.02 ± 0.25 4.73
red wine 9 0.71 ± 0.02 - - 2.11 ± 0.14 2.82
white wine 1.04 ± 0.01 - - 1.58 ± 0.05 2.62
average 6.47 ± 0.26 - 1.17 ± 0.04 1.67 ± 0.11 8.37
FO (%) 100 - 10 100

Fortified Wines (Years Old)
FW (3Y) a 4.16 ± 0.33 - - 2.10 ± 0.06 6.26
FW1 (5Y) a 5.41 ± 0.23 - - 1.97 ± 0.12 7.38
FW2 (3Y) b 5.27 ± 0.66 - - 1.99 ± 0.04 7.17
FW3 (5Y) b 9.81 ± 0.12 - - 1.30 ± 0.07 11.1
FW4 (10Y) b 14.6 ± 0.11 - - 2.12 ± 0.20 16.7
FW5 (20Y) b 23.2 ± 1.05 - - 2.43 ± 0.13 25.6
FW6 (3Y) c 1.66 ± 0.05 - - 2.44 ± 0.06 4.10
FW7 (5Y) c 3.29 ± 0.23 - - - 3.29
FW8 (10Y) c 6.01 ± 0.10 - - - 6.01
FW9 (15Y) c 9.23 ± 0.22 - - 1.91 ± 0.09 11.1
average 8.26 ± 0.31 - - 2.03 ± 0.08 9.87
FO (%) 100 - - 80

a-, not detected; FO, frequency of occurrence. The lowercase letters indicate the fortified wines from the same V. vinifera L. grapes.
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