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Abstract

A solid-phase microextraction method (SPME) coupled to gas chromatography—mass spectrometry (GC-MS) has been developed for the
determination of the six phthalate esters included in the US Environmental Protection Agency (EPA) Priority Pollutants list in water samples.
These compounds are dimethyl phthalate (DMP), diethyl phthalate (DER)huliyl phthalate (DBP), butylbenzyl phthalate (BBP), di-2-
ethylhexyl phthalate (DEHP) and dioctyl phthalate (DOP). Detailed discussion of the different parameters, which could affect the extraction
process, is presented. Main factors have been studied and optimized by means of a multifactor categorical design. Different commercial fibers,
polydimethylsiloxane (PDMS), polydimethylsiloxane—divinylbenzene (PDMS-DVB), polyacrylate (PA), Carboxen—polydimethylsiloxane
(CAR-PDMS) and Carbowax—divinylbenzene (CW-DVB), have been investigated, as well as the extraction mode, exposing the fiber directly
into the sample (DSPME) or into the headspace over the sample (HS-SPME), and different extraction temperatures. The use of this experimental
design allowed for the evaluation of interactions between factors. Extraction kinetics has also been studied. The optimized microextraction
method showed linear response and good precision for all target analytes. Detection limits were estimated considering the contamination
problems associated to phthalate analysis. They were in the low p§ ecluding DEHP (100 pg mit}). The applicability of the developed
SPME method was demonstrated for several real water samples including mineral, river, industrial port and sewage water samples. All the
target analytes were found in real samples. Levels of DEP and DEHP were over Thimnsbme of the samples.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ority list of pollutants of different national and supranational
organizations. In this way, up to 12 PAEs, includingneli-
Phthalic acid esters (dialkyl or alkylaryl esters of 1,2- butyl phthalate (DBP), butylbenzyl phthalate (BBP), and di-
benzenedicarboxylic acid), also known as phthalates, are a2-ethylhexyl phthalate ester (DEHP), are in the list of the pro-
class of chemicals that are produced at large scale due to thgposed substances suspected to produce endocrine alterations
wide variety of uses. World production of these compounds published by European Union (E{¥]. According to Sec-
is estimated to be several million tonnes per year. Significant tion 307 of the US Clean Water Act, diethyl phthalate (DEP),
migration of them into the environmental compartments is dimethyl phthalate (DMP), DEHP, BBP, DBP andrdctyl
possible during their production, manufacture, use and dis- phthalate (DOP) should be considered Priority Toxic Pollu-
posal[1,2]. Certain phthalates and/or their metabolites are tants[5]. DEHP is the most prevalent phthalate used and,
suspected human cancer-causing agents, and endocrine dighus, the most regulated. The EU has included it in the list
ruptors[3]. Due to their potential risks for human health and of 33 substances of priority or possibly priority substances in
environment, several of them have been included in the pri- the field of water policy6]. The World Health Organization
(WHO) has established a guideline value of 8 ngthifor
mponding author. Tel.: +34 981563100x14387; DEHP f(.)r fresh and Qrinking watgr], which is similar to
fax: +34 981595012, the maximum contaminant level (MCL) for DEHP set by the
E-mail addressgblvrigh@usc.es (M. Liompart). Environmental Protection Agency (EPA) (6 ng mi). This
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agency recommends the closely monitoring of concentrationsA multifactor categorical design was selected to study and
above 0.6 ng mt! [8]. Other institutions as the Netherlands optimize main experimental factors affecting SPME. This
National Institute of Public Health and Environm¢8} and kind of experimental design allows the study of main ef-
the Danish Environmental Protection Ager&} have also fects as well as second order interactions. The factors in-
established some limits. cluded in this design were type of fiber, extraction mode
Taking into account all these considerations, the develop- and extraction temperature, and from the result obtained,
ment of sensitive and reliable analytical methods to analyzeit could be demonstrated that these three factors are es-
phthalates from different water samples is necessary. Con-sential to achieve high sensitivity. It could be also demon-
siderable care must be taken to avoid sample contamination strated that some interaction effects between factors must be
which is the main problem associated to phthalate analysisconsidered.
[10]. Bearing in mind that the main problem for applying SPME
Extraction and pre-concentration techniques, such asto phthalate analysis are the levels of phthalates found in
liquid—liquid extraction (LLE) and solid-phase extraction blanks of purified water, detailed discussion about method-
(SPE) are widely applied to determine phthalates in water ological aspects of the analysis (such as the precautions to
sampleq10-13] The EPA has published analytical proce- minimize contamination) is provided. Finally, the optimized
dures dealing with the determination of phthalate esters in method is evaluated in terms of linearity and precision. Limits
drinking water and in municipal and industrial wastewater of detection (LODs) are found at the pg mtlevel and the
[14,15]based on these pre-concentration techniques. Never-applicability of the proposed method to real water samples is
theless, these methods are expensive, time-consuming, andemonstrated.
employ different sorbent materials and solvents, enhancing
contamination risks. In the last years, solid-phase microex-
traction (SPME) has acquired an increased importance in the
analysis of semivolatile compoundis6—-18] including ph- 2. Experimental
thalateg19-23] This technique is an interesting alternative
for the determination of phthalates in aqueous samples, be-2.1. Reagents and materials
cause the risk of contamination during sample handling can
be significantly reduced. In addition, the elimination of or- Dimethyl phthalate (>98%) and diethyl phthalate (>98%)
ganic solvents in the sample preparation process could reducavere purchased from Fluka Chemika (Buchs, Switzerland);
phthalate background levels. Nevertheless, the main problemdi-n-butyl phthalate (>98%) and di-2-ethylhexyl phthalate
for applying SPME to phthalate analysis is the levels of ph- (>99%) were from Sigma (St. Louis, MO, USA); and ben-
thalates found in blanks of laboratory purified water and even zyl butyl phthalate (97.2%) and di-octyl phthalate (99.7%)
commercial water (especially for DBP and DEHP). were supplied by Riedel-de &¢n (Seelze-Hannover, Ger-
In these studies, some factors affecting the extraction ef- many) and Supelco (Bellefonte, PA, USA), respectively.
ficiency are evaluated. Nevertheless, most papers consider Isooctane, acetone, and NaCl were all purchased from
optimization strategies based in the study of one factor at aMerck (Mollet del Valles, Barcelona, Spain). All the solvents
time. This approach can lead to erroneous conclusions aboutand reagents were analytical grade. Ultrapure (resi-analyzed)
the importance of certain factors on the extraction process,water for environmental inorganic and organic trace analysis
due to the fact that interactions between factors are not beingwas supplied by J.T. Baker (Phillipsburg, NJ, USA).
considered. A multivariate approach to the optimization of Individual stock solutions of each phthalate ester
the SPME process allows the simultaneous study of various (20 mg mL—1) were prepared in acetone. A standard mix-
factors and then, it is more advantageous than univariate. Toture of the target analytes was prepared at a final concentra-
the knowledge of the authors, up to now only one study using tion of about 20Gug mL~1 in acetone. From this solution,
a multivariate strategy was applied to the problem of phtha- several standard working solutions were prepared. Solutions
late determination by SPMR3]. In this interesting study, = were stored at-20°C and working solutions were prepared
a screening method for the analysis of 16 PAHs, 6 PCBs weekly.
and 6 phthalate esters has been developed using multisim- Different real water samples were analyzed: bottled min-
plex optimization. Due to blank problems, detection limits eral water, river water, industrial harbour water, influent and
for some phthalates were quite high, especially for DEHP effluent from a sewage treatment plant (corresponding to a
(3.15pg L~1). In addition, due to inherent difficulties of sim-  population of approximately 100,000 inhabitants located in
plex with categorical variables only one fiber (PDMS) was Galicia, Spain), and wastewater from an urban collector.
studied, although many others are potentially applicable to Commercially available 10@m polydimethylsilox-
phthalate analysis. ane (PDMS), 6fwm polydimethylsiloxane—divinylbenzene
In the present work, a SPME method followed by gas (PDMS-DVB), 85um polyacrylate (PA), 74.m Carboxen—
chromatography—mass spectrometry (GC—MS) analysis waspolydimethylsiloxane (CAR—PDMS) and @%n Carbowax—
developed for the determination of phthalate esters in wa- divinyloenzene (CW-DVB) fibers housed in manual SPME
ter samples following a multivariate optimization strategy. holders were obtained from Supelco (Bellefonte, PA, USA).
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Special care was taken to avoid the contact of reagentsTable 1
and solutions with plastic materials. Laboratory g|assware Retention time and selected ions for the analysis of the target phthalates
was washed prior to use with ultrapure water and dried at Compound  Retention  Quantification  Identifications ions

250°C. This material was stored in aluminium foil to avoid time (min) __ions
adsorption of phthalates from the air. DMP 831 163, 164 163, 164
DEP Q21 149,177 149, 176, 177, 222, 223
. DBP 1193 149 149, 205
2.2. Experimental set-up BBP 1506 149, 206 91, 104, 149, 206
_ . ~ DEHP 1615 149, 167 149, 167
Aliquots of 10 mL sample were placed in headspace vials pop 1790 149, 279 149, 279

of 22mL, which were cleaned according to the procedure
described earlier. Stir bars (also previously cleaned) were . o o
introduced into the samples, and then, vials were sealedExPerimental parameters for ionisation were: multiplier
with a headspace aluminium cap furnished with a PTFE- Voltage, 1750V, filament emission current, |34; axial
faced septum, and immersed in a water bath maintainedmodulatlon vqlt_age,4V; |on|s_at|on control,_automatlc mode;
at the temperature of the experiment. Samples were let tof_llament/mulnpller delay, 6 min. Trap, manifold and transfer
equilibrate for 5min before analysis. SPME fibers were re- N temperatures were 250, 50 and 280 respectively.
conditioned at 260—29CC (depending on the fiber used)

for at least 3min and then, exposed to the headspace over

the sample or immersed into the sample for 5-80 min, de- 3. Results and discussion

pending on the experiment. During all the sampling pro-

cess, samples were magnetically stirred. Once finished the ~First experiments were conducted to optimize the chro-
exposition period, the fiber was immediately inserted into matographic separation of the target analytes and the optimal
the GC injector and chromatographic analysis was carried conditions are described in Sectigrin these conditions, all
out. Considering the thermal stability of phthalates, we se- analyzed phthalate esters were adequately resolved avoiding
lected the maximum possible desorption temperatures forinterferences with siloxane peaks coming from the chromato-
each fiber (without exceeding 29G) in order to achieve  9raphic column and/or the coating of SPME fiberslaible 1,
maximum response; thus, desorption temperature was260 the retention times at the optimized chromatographic condi-
for CW-DVB, 270°C for PDMS and PDMS-DVB, and tions, as well as, the identification and quantification ions
290°C for PA and CAR-PDMS fibers. Desorption time was (based on best signal-to-noise criteria) are shown.

set at 5min. Itis well known that the most important problem concern-

The wastewater samples analyzed were previously filtereding Phthalate analysis is the risk of contamination, resulting in
through glass fiber filters (Millipore, Madrid, Spain). All the false positive results and over-estimated concentrations. The
filtration process was performed using glass material which Sources of contamination can be presentin any step of the an-
was cleaned following the procedure indicated in Secidn ~ alytical procedure. To check the presence of phthalates in the

chromatographic system (in the inlet and the gas supply sys-
2.3. Gas chromatography—mass spectrometry tem), blank runs of the chromatograph and direct injections
of isooctane were made. The presence of phthalate esters was

The GC-MS analyses were performed on a Varian Notdetected. None of the target phthalates was presentin the

3800 gas chromatograph (Varian Chromatography Systemschromatograms.

Walnut Creek, CA, USA) equipped with an ion-trap mass de- Before starting SPME optimization, blank chromato-
tector Varian Saturn 2000 (Varian Chromatography Systems, 9raphic injections of the SPME device using different coat-
Walnut Creek, CA, USA). The system was operated by Saturn ings were made. In these analyses, the presence of phthalates
GC-MS Workstation v5.4 software. Phthalate esters were Was detected. To avoid this background problem, the SPME
separated on a 25 m length0.25 mm i.d., CP-Sil8 CB Low- fibers were desorbed at 270 just before injection. In this
bleed/MS column (Varian Chromatography Systems, Walnut Way, consistent blanks were attained. So this pre-processing
Creek, CA, USA) coated with a 0.26n film. The GC oven step was applied systematically in all experiments described.
temperature program was: 80 hold 2 min, rate 20C min~!

to 190°C, rate 10C min~! to 280°C, hold for 5min. He- 3.1. Optimization of microextraction process:

lium (purity 99.999%) was employed as carrier gas, with a multifactor categorical design

constant column flow of 1.2 mL mitt. Injector was operated

in the splitless mode and programmed to return to the split A factorial design was carried out to evaluate the influence
mode after 2 min from the beginning of a run. Split flow was of main factors affecting the microextraction process in order
set at 50 mL min. Injector temperature was between 260 to obtain the optimal values. The experimental parameters
and 290°C depending on the fiber used. The ion-trap mass studied were: type of fiber, extraction mode and extraction
spectrometer was operated in the electron ionisation modetemperature. The fibers included in the design were &0
(70eV). The mass range was scanned from 80 to 300 amuPDMS, 65um PDMS-DVB fiber, 752am CAR-PDMS,
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Table 2

ANOVA results showing the significance of main effects and interactions

Compound Source Main effects Interactions

Fiber (A) Temperature Extraction AB AC BC
(B) mode (C)

DMP F-value 1031 065 2648 162 557 084
p-ratio 0.00 0.55 0.00 0.25 0.02 0.47

DEP F-value 1499 549 4438 176 810 108
p-ratio 0.00 003 000 0.22 0.01 0.38

DBP F-value 2009 4433 9063 316 641 859
p-ratio 0.00 000 000 0.06 0.01 001

BBP F-value 815 229 7744 114 447 092
p-ratio 0.01 0.16 0.00 0.43 0.01 0.44

DEHP F-value 333 3513 583 135 055 2096
p-ratio 007 0.00 004 0.34 071 0.00

DOP F-value 666 4057 011 317 054 1093
p-ratio 0.01 000 0.74 006 071 0.01

Italized numbers are used to denoted a significant effect.

65um CW-DVB and 83um PA. In principle, all these  extraction conditions for DMP and DEP were obtained using
fibers could be adequate for phthalate extraction. Extraction CAR-PDMS at 100C. Nevertheless, for the remaining
temperature was set at three levels: 25, 60 and°C00 compounds, other fibers perform better. That is, their
and the extraction mode was direct sampling (DSPME) response increases while the response for CAR—-PDMS
and headspace sampling (HS-SPME), depending on thedecreases. The highest microextraction response is reached
experiment. using PDMS-DVB fiber at 100C (for DEHP, responses with

A multifactor categorical & 3 x 2 type V resolution de-  PDMS-DVB and PA were almost identical). CAR—PDMS,
sign, which involves 30 runs, was selec{2d]. This design however, presented very low efficiency for the extraction
is a standard factorial, consisting of all combinations of the of BBP, DEHP and DOP. For this last compound, the
levels of the factors, that enables the study of main effects, CAR—PDMS response was almost negligible. On the other
as well as two-factor interactions. The design was carried outhand, PDMS-DVB yielded the highest microextraction ef-
with 10 mL aliquots of ultrapure water spiked at 4 ngmiL ficiency for DBP, BBP, DEHP and DOP, and was the second
of each target analyte. Sampling time was set at 20 min to most efficient fiber for the extraction of DMP and DEP. Both
achieve maximum throughput considering GC run time. fibers (CAR-PDMS and PDMS-DVB) have an intermediate

One of the statistical options of the proposed design is polarity but they differ in the pore size. Carboxen coating
the analysis of variance (ANOVA) which measures whether has a micropore size ideal to extract small molecules and
a factor contributes significantly to the variance of the re- PDMS-DVB mainly presents mesopore size best suited to
sponse. The results of the ANOVA are showiTable 2 In extract medium molecular sized compounds. The relation
this table, and for the sake of simplicity, only theatios and between molecular size and extraction efficiency using
p-values are given. Th-ratios measure the contribution of CAR-PDMS fiber was clearly appreciated in our study,
each factor or interaction on the variance of the response. Thewhere CAR-PDMS was only suitable for the extraction
p-values test the statistical significance of each of the factorsof the two compounds with the smallest molecular size
and interactions. Whep-value is less than 0.05, the factor (DMP and DEP). Regarding the type of fiber other aspect
has a statistically significant effect at the 95% confidence can be pointed out. For DOP and especially for DEHP, the
level. As can be seen, all three main factors were found to responses with all fibers excluding CAR—PDMS were quite
be significant for most compounds. Furthermore, interaction similar and, initially, all these fibers would be suitable for the
between type of fiber and extraction mode (AC), and inter- extraction of these two compounds. As it has been already
action between temperature and extraction mode (BC) werementioned, the most favourable extraction temperature for
significant for some compounds. Considerifgatio values, all compounds was 10@ but the influence of this factor
it is evident that temperature plays a very important role in is more pronounced for the two least volatile compounds,
the extraction of DBP, DEHP and DOP, and extraction mode DEHP and DOP. For these compounds, responses at 25 and
in the extraction of DMP, DEP, DBP and BBP. An adequate 60°C are considerably lower (ségg. 1).
selection of the optimal conditions requires a deeper look at  Fig. 2 shows the response plots for the factors temper-
the results of the design by means of the graphic options. ature and extraction mode. No significant interaction was

Fig. 1 shows the response plots for type of fiber and found for DBP, DMP, DEP and BBP, and the most suit-
extraction temperature. As can be seen, the most efficientable extraction mode at any temperature is direct sampling
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Fig. 1. Fiber—extraction temperature interaction plots for all target phthalates (response in area «»)28jQ, (M) 60°C and &) 100°C.

(DSPME), although, the highest microextraction response  Finally, Fig. 3shows the response plot for the factors type

was generally obtained by direct sampling at 160 How- of fiber and extraction mode. Only the diagram corresponding
ever, for DEHP and DOP, a significant interaction between to DOP has been included since the graphs for the remaining
these two factors was, in fact, observed. At 25 antGMHS- compounds do not add more information to the results already

SPME response was very low and, therefore, DSPME is rec-commented. In this figure, HS-SPME appears as the most
ommended at this temperature interval. However, att@0  convenient sampling mode for all the fibers but PDMS-DVB
the response obtained by HS-SPME increases markedly, anadnd, although responses for all fibers and for both sampling
maximum response is achieved under these conditions. Ini-modes are quite similar (excluding CAR—-PDMS responses)
tially, it might appear strange that the apparently less volatile maximum response was achieved by PDMS-DVB and direct
analytes are more efficiently extracted by HS-SPME and the sampling.

least volatile ones by DSPME. Itis true that the lower molec-  As concluded from these observations, the optimal ex-
ular weight phthalate esters are quite volatile, but because oftraction conditions are presented Table 3 These condi-
their moderate water solubility they have a very low Henry tions were different depending on the considered compounds,
law constantifl) [25]. In consequence, they volatilise very so the final selection should consider the purpose of the
slowly from aqueous solutions. On the other hand, the higher study. If the objective is mainly to analyze DEHP, best condi-
molecular weight phthalate esters are less volatile, but be-tions would include HS-SPME sampling mode. On the other
cause of their very low water solubility they have a con- hand, to analyze the most volatile phthalate esters, such as
siderably higher Henry law constaritl), Thus, the higher = DMP and DEP, CAR-PDMS would be the most suitable
molecular weight phthalate esters will potentially evapo- fiber. If simultaneous analysis of all compounds is required;
rate more rapidly from water, especially at high tempera- the most favourable conditions are DSPME at 10Qusing

ture and this phenomena might be the cause of the behavioPDMS-DVB fiber. In fact, these conditions were employed
observed. for the rest of experiments in this study.
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Fig. 2. Extraction temperature—extraction mode interaction plots for all compounds (response in area @UD&PME and | ) HS-SPME.

The addition of salt was initially not considered to avoid in a glass bottle. This reagent was suitable for phthalate
additional sources of possible phthalate contamination thatanalysis and did not required previous clean-up, since sol-
could distort the results of the design. In fact, in our first vent extraction of this salt did not show the presence of
experiments to study the influence of this factor, we had se- phthalates in the GC-MS analysis. Under these conditions,
rious contamination problems with NaCl bottled in a plastic the salting effect was evaluated by analysing water samples
container. So, we decided to purchase high purity reagentwith 0 and 20% NacCl, in the experimental conditions indi-

DOP
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400000
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0 T - T T |
PDMS/DVB CAR/PDMS CW/PDMS PA PDMS

Fig. 3. Fiber—extraction mode interaction plot for DOP (response in area counts).
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Table 3
Optimal conditions for each compound given by multifactor categoricaB5« 2 design

DMP DEP DBP BBP DEHP DOP
Fiber CAR-PDMS CAR-PDMS PDMS-DVB PDMS-DVB PA PDMS-DVB
Temperature®C) 100 100 100 100 100 100
Sampling mode SPME SPME SPME SPME HS-SPME SPME

cated earlier (DSPME, PDMS-DVB, 10Q). Addition of forced the limits of detection achieved, mainly for DBP and
salt produced a noticeable increase in the response obtaine®EHP, the most ubiquitous phthalate esters. In the present
for DMP and DEP, while for the rest of compounds the re- study, blank SPME analyses were initially carried out with
sponse decreased, especially for DOP. As is known, the ad-Milli-Q water, and the presence of phthalates was detected
dition of salt increases the ionic strength of the water sample being BBP and DEHP the compounds found at the highest
and in this way, it can favour the transfer of neutral ana- level. Analyses of commercial ultrapure water (see Section
lytes from the sample to the fiber. This effect is evident for 2) shown the presence of DEP and DBP at very low levels
DMP and DEP, the two analytes with the highest water sol- and DEHP at higher level although lower than in our labo-
ubility and the lowest molecular size. For the rest of com- ratory Milli-Q water. The estimated concentrations of DEP,
pounds, analytes with very low water solubility and quite DBP and DEHP were 5, 14 and 550 pg il respectively.
slow SPME kinetics (see Secti@?), kinetic aspects could  Contamination of commercial ultrapure water by DEHP
be responsible of the observed decrease in response. Simiwas further evidenced because other real mineral and river
lar behavior has been observed for other organic pollutantswater samples analyzed in identical conditions produced
[26,27] 10-fold lower results for DEHP. However, regarding DEP
The influence of extraction time was also studied and the and DBP, it is difficult to accurately assign the origin of
results are shown ifrig. 4 As can be seen, the time re- the detected levels. These results may be attributed to the
quired for reaching equilibrium is, in general, directly re- presence of low levels of these compounds in the commercial
lated to the molecular weight of the phthalate. For DMP ultrapure water or due to contamination during the analytical
and DEP, the extraction kinetics is quite fast and equi- procedural stages. In spite of these results, because the
librium is achieved in 20 and 40 min, respectively. After unavailability of a perfect blank water sample, the commer-
80 min of sampling, a decrease in DMP response is ob- cial ultrapure water was adopted for further performance
served; this behavior might be due to competitive adsorp- studies.
tion that could produce the displacement of more volatile  To evaluate linearity of the SPME method, calibration
analytes form the fiber surfad@8]. For the rest of com-  studies were performed using multilevel spiked samples. The
pounds, equilibrium is not reached even within 80 min of concentration range tested was from 80 to 8000 pgHL

exposure. for DMP, DEP, DBP, BBP and DOP, and from 500 to
8000 pg mL=1 for DEHP. Background levels were subtracted
3.2. Performance evaluation of the proposed method from the results. Coefficients of determinatidtf) are given

in Table 4 They were equal or higher than 0.998, demonstrat-

For the following studies, the optimal SPME experimen- ing a directly proportional relationship between the extracted
tal design conditions (DSPME, PDMS-DVB coating, 2@ amount of phthalate esters and their initial concentration in
extraction temperature) were employed. Extraction time was the sample.
20 min. Precision of the experimental procedure was also evalu-

To evaluate the performance of the method in terms of ated at two different concentration levels by calculating the
linear range and detection limits, it is necessary, or at leastrelative standard deviation (RSD) of three replicates of each
convenient, to have water free of analytes to establish thelevel. These results are shownTable 4 RSD values were
background of the method. Nevertheless, one of the mostbetween 3.4% for DEP and 16% for DEHP, and between
important problems in the analysis of phthalates in water 7.3% for BBP and 12% for DEP, for the low and the high
samples is the detection of these compounds in the samplesoncentration level, respectively.
used as blanks. Phthalates have been detected in purified wa- Estimates of detection limits (LOD = blank signal + 3SD)
ter commonly used in laboratories, including water distilled take into account the background levels measured in the com-
in a glass distillation apparatus, Milli-Q water, and commer- mercial ultrapure water. Obviously, this approach cannot be
cially available water special for VOC determination. Some applied to DEHP because the important contamination de-
authors have reported the levels of phthalate esters foundtected in the performance sample. Because we tested several
in purified water employed in their studi¢3,29,30] The different water samples including natural and drinking ones
concentrations found are frequently high considering the as well as ultrapure from different origins, the background
levels of concentration at which these compounds must belevel used to calculate LOD for DEHP was that found in the
controlled in the environmerB,7-9] These blank signals  sample giving the lowest signal. In this way, the estimated
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Fig. 4. Extraction times profiles (response in area counts). Extraction conditions: PDMS-DVE;,IDSPME.

LODs are summarised ifiable 4 These estimates maybe Table4 _ N
considered as conservative. If the levels of phthalates foundLinearity, limit of detection (LOD) and repeatability of the proposed method

in blank sample analyses might be attributed to real sam-Compound Coefficient of LOD ) Repeatability (RSD, %)
_ determination (pgmL™")

ple contamination instead of process contamination, the esti ) 500pgmL? 2500 pgmL?
mated LODs for DEP, DBP and DEHP would be conS|derany 0.9989 5 > o2
lower, probably below 2 pg mt?. DEP 0.9991 ; 2 19

When f||trat|on. is carried out pefore SPME (e.g. waste- pgp 0.9990 26 g 93
water samples), it must be considered in the estimation of BBp 0.9985 2 1) 7.3
LODs as a possible source of contamination. The current DEHP 0.9994 103 16 6
study evaluated this effect by analysing blanks of ultrapure POP 0.9380 16 11 11

water before and after filtration. The responses obtained were

equivalentin both cases, with the exception of DEP and DBP. 3.3. Analysis of real samples

In consequence, estimated LODs for these compounds are

higher when a filtration step is included (37 and 60 pgrhL Due to their widespread applications, phthalates were
for DEP and DBP, respectively). found in all examined samples. Real samples analyzed in-
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cluded: mineral bottled water, industrial harbour water, river Table5 .

water, urban collector water, and influent and effluent wa- Concentration (pg mt1) of the target phthalates found in real samples
ters from an urban wastewater treatment plant. Influent sam-Water samples Concentration (pg i)

ple is the most Complex ma'trix of a”'them, SO thlS Sample DMP DEP DBP BBP DEHP DOP
was se_lected_to study possible matrix effects. This sampleg -~ = ——¢ <lOD <LOQ <LOQ <LOD <LOD
was spiked with the target analytes and analyzed by the pro-jnqystrial harbour <LOD 1606 <LOD 19 <LOD <LOD

posed procedure. The amounts of analytes found were inRiver 28 30 <LOQ 11 <LOD <LOD
good agreement with the amount of analyte added obtain-Effluent <LOD 116 303 <LOD 859 <LOD
ing recoveries from 87 to 110% (RSD = 3-10%). Therefore, Influent <LoD 2917 405 21 3280  <LOD

Urban collector <LOD 460 866 127 6172 270
LOD: detection limit; LOQ: quantification limit.

no significant matrix effects were found, which makes pos-
sible quantification by external standard calibratitable 5
shows the phthalate concentrations found in the different wa-
ter samples. As indicated in Secti@nwastewater samples  mon components in personal care and pharmaceutical prod-
were filtered and filtration blanks were considered for quan- ycts (PPCPs). Ifrig. 5 the chromatogram obtained for the
tification. DEP, DBP and DEHP were the compounds presentnfluent wastewater plant sample is shown. In the industrial
in more extent, especially in the urban wastewater samples.harbour water sample, DEP appeared at high level of concen-
These hlgh concentrations could be eXpeCted since DEHP i&ration; Surprising|y, DBP and DEHP were under LOD. DMP
the most used plasticizer and DEP and DBP are quite com-was detected in the mineral and river water samples at lev-

kCounts
Total ion chromatogram

750

DEP
500

DEHP

250 - oo /
o "

kCounts

lon chromatogram m/z: 149
40 —
DEP

DBP
/ DEHP
30 /

20

10 BBP

0 ke ]J MLW@ Ak

T T T T
5 10 15 20 minutes

Fig. 5. Chromatograms of an influent wastewater plant sample. Extraction conditions: PDMS-DVE,, TIBPME, 20 min.
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els of 25-30 pg mEL. DOP was only detected in an influent
wastewater sample.
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