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Chapter 6 

Application of Polyurethane-based Devices as 
Sorption-desorption Phases for Microextraction 

Analysis  
 
 

Summary 

In this chapter, we focus on the development of a novel sorption surface that is 
able to overcome some of the disadvantages of the conventional solid-phase 
microextraction technique (SPME). This novel extraction procedure uses 
polyurethane-based (PU) devices having cylindrical geometry previously 
soaked with suitable organic solvents for microextraction analysis. This novel 
analytical approach (PU microextraction; PUµE) operates under the floating 
sampling technology for extraction, followed by mechanical compression 
using a manual syringe for back-extraction. Two series of critical fungicides 
and herbicides contaminants in surface waters were used as model 
compounds. These compounds were extracted from aqueous samples followed 
by gas chromatography-mass spectrometry (GC-MS) analysis. The 
preparation of the PUµE devices and the device handling procedures are 
described. Also, the optimization experiments as well as the application of the 
new method to real matrices are discussed. Assays performed on 25 mL water 
samples spiked at trace levels yielded average recoveries ranging from (50.1 ± 
6.7) % to (93.3 ± 1.6) %, under optimized experimental conditions. The 
analytical performance showed good detection limits (0.01–0.50 µg/L) and 
linear dynamic ranges (0.1–50.0 µg/L) with acceptable determination 
coefficients (r2 > 0.9937). Excellent repeatability was also achieved in both 
intraday (RSD < 3.5%) and inter-day (RSD < 7.0%) experiments. With 
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standard addition quantification, the proposed analytical approach revealed 
good sensitivity and selectivity at trace levels with absence of matrix effects 
for environmental water and wine samples. The PUµE technique is simple, 
cost-effective and very easy to apply, using an all-in-one microextraction 
concept.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This chapter was originally published as:  

M. P. B. Mourão, I. Silva, C. Almeida, N.R. Neng, J.M.F. Nogueira, Application of 
Polyurethane-based Devices as Sorption-desorption Phases for Microextraction Analysis - 
The all-in-one microextraction concept, J. Chromatogr. A 1485, (2017) 1-7.  
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6.1 Introduction 

In line with our previous chapters 3 to 5, our constant pursuit for more 
efficient sample preparation techniques that are simpler, cheaper and easy to 
use in developing countries, yet reproducible and sensitive, can lead to 
innumerous possibilities. Despite the widely common techniques as solid-
phase extraction (SPE), other methods from the microextraction field, 
reviewed in chapter 2 (section 2.4), can also provide reliable quantification.  

In the past three decades, microextraction techniques have become the 
preferred sample preparation methods for the analysis of complex matrices. 
Their advantages include simplification, easy manipulation, a strong reduction 
of the use of toxic organic solvents and enhanced selectivity and sensitivity, 
making them highly suited for use with chromatographic analysis or as part of 
hyphenated systems [1-4]. For trace analysis in particular, sorption-based 
methods have demonstrated to be the best choice for direct enrichment of 
many classes of compounds from almost all types of matrices [4,5]. Passive 
microextraction techniques using solid or stagnant sorbents such as solid-
phase microextraction (SPME), stir bar sorptive extraction (SBSE), and more 
recently bar adsorptive microextraction (BAµE), are good examples of 
modern and effective analytical approaches for trace analysis [4,6]. On the 
other hand, passive microextraction techniques using a liquid sorbent phase 
like micro-liquid–liquid extraction (µLLE), single-drop microextraction 
(SDME) and hollow-fibber microextraction (HFME) have also been 
successfully proposed [7,8]. In these passive sampling modes, processes like 
stirring, shaking and sonification promote a faster equilibrium of the analytes 
into the extractant. Alternatively, active microextraction techniques have also 
been described, such as solid-phase extraction (SPE) and microextraction in 
packed sorbents (MEPS) [9,10]. Unfortunately, one cannot simply use a single 
technique as a universal approach, but the most suitable method should be 
selected for the particular type of analytes and matrix under study. After 
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having selected the extraction sorbent and configuration, also the method and 
conditions for the back-extraction need to be selected. Most of the above 
techniques need a back-extraction stage, either by using liquid (LD) or thermal 
(TD) desorption approaches, depending on the types of analytes and 
instrumental systems involved. Although TD is generally the most 
straightforward approach for use with gas chromatography (GC), LD has a 
more universal applicability, since it can be applied for almost all type of 
compounds and instrumental systems. However, from the practical perspective 
LD is not always attractive since it requires multiple manipulation steps and is 
more time consuming. On the positive side, LD allows reanalysis of the 
sample and is often more cost-effective than TD, since it requires no 
investments in instruments. Clearly each of the various microextraction 
methods has its own advantages and disadvantages and by looking carefully at 
all of these microextraction techniques, some particular advantages could be 
combined to yield a more preferred universal analytical approach.  

Recently, polyurethane (PU) foams were introduced as alternative polymeric 
phases for sorption-based methods, presenting a particular surface texture and 
excellent sorptive and mechanical properties [11]. PUs are produced by the 
reaction of polyisocyanates with polyols and water in the presence of a 
catalyst [12,13]. A clear advantage of PU materials is that they can easily be 
synthesized with different physico-chemical characteristics allowing fine-
tuning to specific types of applications [14,15]. Another advantage is the 
possibility to embed solids or retain liquids in the open PU cell structure 
[11,16], in that way modifying the material to improve the microextraction 
process during trace analysis. By using PU foams having an appropriate 
geometrical configuration and loading them with suitable organic solvents, 
specific advantages of techniques like µLLE, SDME and HFME can be 
combined (e.g. the partitioning capacity and the fast kinetics of the organic 
solvents) with some of the more favorable characteristics of the SPME, SBSE 
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and BAµE techniques (e.g. the robustness, rapid manipulation and easy 
operating modes) for extraction. Subsequently, the simplicity of manual 
desorption can be useful for back-extraction. The general aim is the 
development of a more universally applicable microextraction approach built 
on the main concepts of well-established static and dynamic microextraction 
techniques.  

In this chapter, we propose for the first time the application of cylindrical PU-
based devices, soaked with appropriate organic solvents, as sorption phases 
for extraction (PU microextraction; PUµE) using the floating sampling 
technology approach. After microextraction, the PUµE devices are 
mechanically compressed using manual standard syringes for desorption. To 
test the performance of this novel analytical concept, two sets of important 
fungicides and herbicides contaminants and the polycyclic aromatic 
hydrocarbon benzo[a]pyrene, covering a wide range of physico-chemical 
properties, were spiked and extracted from environmental water and wine 
matrices, followed by liquid desorption and large volume injection-gas 
chromatography-mass spectrometry (PUµE-LD/LVI-GC-MS) analysis. The 
preparation of the PUµE devices, the involved operating modes, the 
optimization strategies and the application to real matrices are also addressed.  

 

6.2 Materials and methods 

6.2.1 Chemicals and samples 

All reagents and solvents were of analytical grade and used with no further 
purification. HPLC-grade methanol (MeOH, 99.9%, Carlo Erba, Milano, 
Italy), acetonitrile (ACN, 99.8%, Merck, Darmstadt, Germany), n-hexane (n-
C6, 99.9%, Fluka, Buchs, Switzerland), dichloromethane (DCM, 99.8%, Carlo 
Erba), chloroform (CF, 99.0%, Fluka) and ethyl acetate (EtAc, 99.5%, 
Panreac, Madrid, Spain) were used. Sodium chloride (NaCl, 99.9%) was 
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purchased from Fisher (UK). Hydrochloric acid (34–37%), acetone (Ace, 
99.5%) and diethyl ether (DEE, 99.5%) were purchased from Riedel-de Haën 
(Germany) and sodium hydroxide (98.0%) from AnalaR (BDH Chem- icals, 
UK). Formic acid (99.0%) was purchased from Merck. Atrazine (ATZ, 
99.2%) and terbuthylazine (TBZ, 99.5%) were purchased from Supelco 
(USA). Alachlor (ALA, 99.7%), metalaxyl-M (MET, 99.0%), penconazole 
(PEN, 99.1%) and tebuconazole (TEB, 99.6%) were purchased from Riedel-
de Haën and benzo[a]pyrene (BaP) from Fluka. Ultra-pure water (18.2 M cm) 
was obtained from a Milli-Q water purification system (USA). Surface and 
ground water samples (from a fountain and a well, respectively) were 
collected in the surroundings of Lisbon (Belas, Portugal). Tap water was 
obtained in the metropolitan area of Lisbon, seawater from Costa da Caparica, 
surface water from the Alviela River and groundwater from Caldas da Rainha 
(Portugal). White and red wine samples were purchased from the national 
market. All samples were filtered prior to analysis (Whatman No. 1 filters) 
and stored refrigerated at 4ºC until analysis.  

Individual standard stock solutions were prepared in MeOH at a concentration 
level of 140.0 mg/L for ATZ, 230.0 mg/L for TBZ, 275.0 mg/L for ALA and 
1000.0 mg/L for MET, PEN and TEB except for BaP, which was prepared in 
DCM at a concentration level of 265.0 mg/L. A mixture solution (10.0 mg/L 
in DCM) was prepared from the individual stock solutions of each compound 
in a volumetric flask. The working solutions and the instrumental calibration 
solutions were prepared by diluting the mixture solution to the desired 
concentrations. All solutions were stored refrigerated at -20ºC.  

 

6.2.2 LVI-GC-MS(SIM) settings 

Large volume injection (LVI) GC-MS analyses were carried out on an Agilent 
6890 Series gas chromatograph equipped with a 5973N mass selective 
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detector (USA). A programmed temperature vaporization (PTV) injector with 
a septum-less head (Gerstel, Germany) was operated in the solvent vent mode 
(vent time 0.30 min; flow 100 mL/min; pressure 0 psi; purge 60 mL/min at 2 
min) and the inlet temperature was programmed from 40ºC (held for 0.35 
min) to 320ºC (held for 3 min) at a rate of 600ºC/min and subsequently 
reduced to 200ºC at a rate of 50ºC/min. The injection volume was 20 µL. GC 
analyses were performed on a 30 m × 0.25 mm I.D. TRB- 5MS (5% diphenyl, 
95% dimethylpolysiloxane) column with a film thickness of 0.25 µm 
(Teknokroma, Barcelona, Spain). Helium was used as the carrier gas at a 
constant pressure of 9.8 psi resulting in an average velocity of 54cm/s. 
Different oven temperature programs were developed for the two groups of 
model compounds. For ATZ, TBZ, ALA and BaP the oven temperature was 
programmed from 80ºC (held for 1 min) at a rate of 7ºC/min to 150 ºC, then at 
a rate of 50ºC/min to 280ºC (held for 5 min) yielding an 18.90 min run time. 
For MET, PEN and TEB oven temperature was programmed from 100ºC 
(held for 1 min) at a rate of 25ºC/min to 240ºC, then at a rate of 20ºC/min to 
280ºC and finally at a rate of 30ºC/min to 280ºC (held for 5 min) giving a 
12.60 min run time. The transfer line, ion source and quadrupole temperatures 
were maintained at 280, 230 and 150ºC, respectively, and a solvent delay of 5 
min was employed. Electron ionization was performed at 70 eV and the mass 
spectrometer was operated in the full scan mode (TIC) in the range 35-550 Da. 
In the selected ion-monitoring (SIM) mode, the target ions were chosen 
according to the compounds characteristic features. All results were compared 
with Wiley’s library reference spectral bank (G1035B; RevD.02.00). Data 
recording and instrument control were performed by the MSD ChemStation 
software (G1701 CA; ver.C.00.00; Agilent Technologies). 
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6.2.3 Preparation of the PU foam devices 

The PU foams used in this study were synthesized in house [17–19] and cut 
into symmetrical cylindrical polymeric plugs (10 mm in length and 5 mm in 
diameter), using a cork borer sharpener, as shown in Figure 6.1. All PU foam 
devices were pre-conditioned through a clean-up step before use by treatment 
in an ultrasonic bath (Branson 3510, Switzerland) with an ACN and MeOH 
mixture (1:1) for 20 min followed by oven dried at (50 ± 1)ºC. A detailed 
description of the synthesis of the PU foams can be found in our previous 
work [17].  

 
Figure 6.1 – Geometrical configuration of the PU-based devices used.  

 

6.2.4 Recovery assays and method validation 

In a typical assay, 25 mL of ultra-pure water spiked with 200 µL of the 
working solution at the desired concentration was introduced into a glass 
sampling flask. A PU foam device, previously soaked with an organic solvent 
(n-C6, CF, DCM, DEE, EtAc, MeOH and ACN), was introduced in the 
sample together with a Teflon coated magnetic stir bar. Parameters such as 
extraction time (10, 20, 30, 60, 120, 180 and 240 min), agitation speed (750, 
1000 and 1250 rpm), pH (2, 5.5, 8 and 10), organic modifier (MeOH; 5, 10 
and 15% v/v) and ionic strength (NaCl; 5, 10 and 15% w/v) were 
systematically studied in triplicate using a univariate optimization approach. 
For back-extraction (LD), the PU foam plugs were removed with tweezers, 
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placed inside a standard plastic syringe (1 mL) and compressed. The evolving 
liquids were collected in a 1.5 mL glass vials. After compressing, additional 
solvent was used to better wash the PU phase and the process was repeated 
several times until all adsorbed compounds were removed (assessed by 
recovery studies). Subsequently, the stripping solvent was evaporated until 
dryness under a gentle stream of nitrogen and the sample was re-dissolved in 
200 µL of MeOH. The vials were then sealed and placed in the auto-sampler 
tray for LVI-GC-MS(SIM) analysis. The selection of the target and the 
reference ions is discussed in the following section (section 6.3.1). For the 
validation experiments, 25 mL of ultra-pure water were spiked with the 
appropriate volume of working standard solution to reach the desired 
concentrations. The application to real matrices was performed in triplicate 
using 25 mL of environmental water (tap, ground, surface and seawater) or 
wine (red and white) samples with quantification based on the standard 
addition methodology (SAM), described in section 6.3.5. All assays were 
performed under optimized experimental conditions. Blank assays were also 
carried out using the procedure described without spiking, in order to control 
the extraction efficiency and possible contaminations from the plastic syringe. 

  

6.3  Results and discussion 

6.3.1 LVI-GC-MS(SIM) instrumental conditions 

Two sets of commonly used fungicides and herbicides were chosen as model 
compounds; group #1: MET, PEN and TEB and group #2: ATZ, TBZ, ALA 
with a polycyclic aromatic hydrocarbon such as BaP. First, the mass spectral 
fragmentation pattern of each model compound was evaluated by GC-MS 
analysis of a standard mixture (500.0 µg/L) recorded in TIC mode. From these 
data, the target (base peaks) and qualifier ions were selected to obtain the 
highest possible sensitivity presented in Table 6.1. By monitoring the selected 
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ions, a good sensitivity, remarkable selectivity and symmetrical peak shapes 
were obtained in a suitable analytical time (less than 20 min). To gain 
enhanced sensitivity for further experimental studies involving real matrices, 
LVI was used for sample introduction. Injection volumes of 20 µL were used, 
since larger sample amounts could lead to an increase of solvent background 
and, therefore, lower the signal-to-noise (S/N) ratio during ultra-trace analysis. 
 

Table 6.1 – Selected ions for quantification in SIM mode, retention time (RT), LODs, LOQs, 
linear dynamic ranges, determination coefficients and precisions (RSD) achieved for all 
model compounds obtained by LVI-GC-MS(SIM), under optimized experimental conditions. 

Sets Compounds 
Ionsa 

(m/z) 

RT 

(min) 

LOD 

(µg/L) 

LOQ 

(µg/L) 

Linear 
range 
(µg/L) 

r2 
RSD 

(%) 

Group 
#1 

MET 206/249/279 7.68 0.2 0.7 1.0-250.0 0.9983 1.9 

PEN 159/248/250 8.37 0.4 1.3 1.0-250.0 0.9982 4.5 

TEB 125/250/252 9.99 0.2 0.7 1.0-250.0 0.9979 3.7 

Group 
#2 

ATZ 173/200/215 12.66 2.0 6.6 
10.0-
250.0 

0.9984 2.9 

TBZ 173/214/229 12.77 0.2 0.7 1.5-250.0 0.9971 2.0 

ALA 160/188/268 13.23 0.4 1.3 2.5-250.0 0.9983 1.9 

BaP 113/126/252 17.05 0.2 0.7 1.5-250.0 0.9956 3.2 

a Ions in bold were used for quantification by GC-MS under SIM mode.  

 

The instrumental sensitivity was checked through the determination of the 
limits of detection (LODs) and quantification (LOQs) for the compounds 
under study, with a S/N ratio of 3/1 and 10/1, respectively. The LVI-GC-
MS(SIM) results obtained by injecting the diluted calibration standards using 
the selected ions yielded values between 0.2-2.0 µg/L for LODs and 0.7-6.6 
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µg/L for LOQs, respectively. Subsequently, instrumental calibration was 
performed with seven standard solutions having concentrations ranging from 
1.0 to 250.0 µg/L, with determination coefficients (r2) higher than 0.9956 
(calculated for BaP) for the seven target analytes. Furthermore, the 
instrumental precision was also evaluated through repeatability studies (25.0 
and 200.0 µg/L), resulting in relative standard deviation (RSD) errors lower 
than 5% (observed for PEN). Also, no carryover was observed since the 
background was always below the calculated instrumental LODs. The 
information of the performance data obtained with LVI-GC-MS(SIM) for both 
sets of model compounds is summarized in Table 6.1. 
 

6.3.2 Characteristics of the PUµE devices 

In previous studies [17–19], PU foams have shown very promising extraction 
properties and proved to be an alternative sorbent phase for SBSE. It is well 
known that organic solvents are the best medium for the partition process, but 
the amount used must be minimized to obtain the best possible detection 
limits and to remain in compliance with the green analytical chemistry 
principles. Therefore, here we propose the preparation of a novel 
microextraction device as a sorption-desorption phase that uses only the 
necessary amounts of solvents for soaking the PU foams. For such purpose, 
cylindrical PU-based devices were prepared with the dimensions of 10 mm in 
length and 5 mm in diameter (in Figure 6.1). This geometrical configuration 
was selected in order to meet the floating sampling technology approach [17–
19] during the extraction stage, while at the same time the cylindrical shape 
allowed the use of standard syringes (1 mL) for the subsequent collection of 
the back-extraction solvent. Before use, the PU devices were soaked with 
water immiscible organic solvents to make the extraction phase more 
effective. After preparation, the PUµE devices are ready to be introduced into 
the sample flasks. Conventional Teflon coated magnetic stir bar was also used 
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to promote the diffusion of the solutes towards the PU phase. On the other 
hand, since these devices are lighter than water, they will be standing just 
below the vortex formed by the agitation motion during the enrichment 
process, resulting in a truly floating sampling technology approach. After the 
extraction process, the analytical devices are ready to be transferred into 
standard plastic syringes and the collection of the back-extraction solvent can 
take place through manual compression of the PU plug. Figure 6.2 shows 
schematic representations and images that exemplify the proposed 
methodology during the extraction and back-extraction stages. Although the 
enrichment process is slightly different compared to other sorptive 
microextraction techniques (e.g. SPME and SBSE), the optimization of the 
experimental conditions for the PUµE approach is very similar and a 
requirement for each type of application.  
 

 
Figure 6.2 – Schematic representations (a) and images (b) of PUµE exemplifying the 
analytical approach during the extraction (i) and back-extraction (ii) operating stages. 
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6.3.3 PUµE-LD performance 

To obtain maximum efficiency for the implementation of the PUµE method, 
the optimization of several parameters that can affect the recovery of the 
model compounds is necessary. The most important parameters that could 
affect the PUµE analytical performance are the type and volume of the 
soaking solvent in the extraction stage; and the type of washing solvent and 
number of washing/compression steps during the back-extraction, i.e. sample 
collection. Other experimental factors that are known to affect the 
microextraction efficiency were also evaluated, such as the kinetic parameters 
(i.e. extraction time and agitation speed) and thermodynamic properties (i.e. 
pH, polarity and ionic strength matrix characteristics). Therefore, systematic 
studies were carried out in water samples spiked with the model compounds at 
levels of 2.5 µg/L for group #1 and of 1.5 µg/L for group #2.  

 

6.3.3.1 Selection of the soaking solvents 

Different organic solvents were tested to find the most suitable for the 
extraction stage. The selection of the soaking solvent is extremely important, 
since the solvent determines the affinity of the target analytes to the solvent-
soaked PU foam phase. Self-evidently, the organic solvent must be as 
immiscible as possible with water, thus minimizing its loss during the 
microextraction process. For this study seven soaking solvents, namely n-C6, 
CF, DCM, DEE, EtAc, MeOH and ACN were tested. Additionally, PU 
without organic solvent was studied to evaluate the extraction capacity of the 
polymer itself. Back extraction here was performed using the same solvent. 
Figure 6.3a depicts the results obtained for the target compounds from group 
#1, where the PU soaked with CF shows higher extraction capacity for the 
three fungicides. On the other hand, for the case of the herbicides and BaP 
from group #2 DCM shows to be the most effective extraction solvent. The 
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volume of solvent loaded into the PU plug is also an important factor since it 
can influence the PUµE extraction efficiency. Therefore, the effect of the 
solvent volume was studied by testing different amounts (25, 50, 100, 150 and 
400 µL) directly introduced into the PU foam matrix. As expected, the higher 
the amount of solvent, the higher the extraction efficiency is in the PU foam 
matrix. In this extraction procedure, the retention of the analytes is caused by 
partitioning into the solvent that is used for soaking the PU plugs, just like in a 
typical µLLE method. Thus, we concluded that the PU phases must be 
previously saturated with the soaking solvent, which must be carefully 
selected for each type of target analytes.  

 

  
Figure 6.3 – Average recoveries obtained for the model compounds using different organic 
solvents during the extraction stage (a) and number of washing/compression steps during the 
back-extraction stage (b) by PUµE-LD/LVI-GC-MS(SIM). 
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6.3.3.2 Optimization of the LD assays 

After optimizing the type and volume of the soaking solvent for the best 
extraction performance, the LD step can be optimized. To test the back-
extraction stage, PU devices were assayed under standard experimental 
conditions. After extraction, the foams were placed into standard plastic 
syringes (1 mL) and compressed to retrieve the organic extract followed by 
multiple successive washing/compressions, using the same organic solvent, 
before LVI-GC-MS(SIM) analysis. To verify the efficiency of this stage, 
different amounts of washing solvent were studied. Figure 6.3b for group #1 
shows that the initial compression (“1st compression”) of the PU phase 
followed by one additional washing/compression of 0.5 or 1.0 mL is not 
enough for an effective back-extraction. Under these conditions, we decided to 
increase the number of washing/compression steps but using less amount of 
CF (“1st compression + 5 × 0.1 mL”) since it is very effective for the back-
extraction stage of these target compounds. However, for the analytes from 
group #2, two washing/compression steps with 0.5 mL of DCM (“1st 
compression + 2 × 0.5 mL”) showed the best recovery. From the results 
discussed here, we can conclude that the type of washing solvent as well as 
the number of washing/compression steps must also be carefully optimized to 
obtain the best back-extraction performance.  
 

6.3.3.3 Optimization of the PUµE assays 

Subsequently, several other parameters that influence the extraction efficiency 
were optimized. Experiments were carried out to study the effect of the 
agitation speed, equilibrium time, matrix pH, organic modifier (MeOH) and 
ionic strength (NaCl). When stirring at 1000 rpm, just 30 min is enough to 
perform the enrichment process. This shows a clear improvement compared to 
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5 or 6h extraction time that is needed when SBSE is used for the analysis of 
the same type of compounds [14,17]. Regarding the sample matrix, neutral 
conditions (pH 5.5) and no MeOH addition to the sample gave the best 
average recovery for the target compounds under study. However, for the 
compounds of group #2, 5% addition of NaCl is beneficial. Apparently, the 
salting-out effect is more effective for these particular type of molecules. 
These optimum experimental conditions found for both sets of model 
compounds are outlined in Table 6.2. 

 

Table 6.2 – Summary of the optimized experimental conditions established for the PUµE-
LD/LVI-GC-MS(SIM) methodology.  

Operating 

Stage 

Optimization 

parameters 

Sets 

Group #1a Group #2b 

Extraction 

Soaking solvent CF DCM 

Extraction time (min) 30 30 

Agitation speed (rpm) 1000 1000 

pH 5.5 5.5 

MeOH (%) - - 

NaCl (%) - 5 

Back-extraction 

Washing solvent CF DCM 

Number of washing/compressions 5 × 0.1 mL 2 × 0.5 mL 

Evaporation Yes No 

a MET, PEN and TEB compounds.  
b ATZ, TBZ, ALA and BaP compounds. 
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Under the optimized experimental conditions the average recoveries obtained 
were between (50.1 ± 6.7) % (for ATZ) and (93.3 ± 1.6) % (for MET), which 
makes this analytical approach a very interesting alternative when compared 
to other static microextraction techniques. Even tough for ATZ the recovery 
was only 50%, it is better than the results obtained for this compound with 
SBSE as previously reported [14,17]. Nevertheless, possible solutions could 
be the further optimization of the extraction and back-extraction process with 
other type of solvents (e.g. pentane or dimethyl sulfoxide (DMS)).  

 

6.3.4 Validation of the PUµE-LD/LVI-GC-MS(SIM) methodology 

After the optimization assessment, we proceeded with the validation of the 
proposed methodology for both sets of target compounds. Table 6.3 
demonstrates the average recoveries, LODs, LOQs, linear dynamic ranges, 
determination coefficients and intraday/inter-day repeatability obtained, under 
optimized experimental conditions, for both sets of model compounds using 
the proposed (PUµE-LD/LVI-GC-MS(SIM)) methodology.  
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Table 6.3 – Experimental average recovery yields, LODs, LOQs, linear dynamic ranges, 
determination coefficients, intraday and inter-day precisions (RSD) obtained for all model 
compounds by PUµE-LD/LVI-GC-MS(SIM), under optimized experimental conditions. 

Sets Compounds 
Recovery a 

(% ± RSD, 
n = 5) 

LOD 

(µg/L) 

LOQ 

(µg/L) 

Linear 
range 
(µg/L) 

r2 
RSDb 

(%) 

RSDc 

(%) 

Group 
#1 

MET 93.3 ± 1.6 0.01 0.04 0.1-3.0 0.9975 1.6 1.3 

PEN 68.5 ± 1.2 0.01 0.04 0.1-3.0 0.9992 3.4 1.4 

TEB 89.1 ± 8.9 0.02 0.07 0.1-3.0 0.9989 3.3 1.9 

Group 
#2 

ATZ 50.1 ± 6.7 0.25 0.83 1.0-50.0 0.9937 3.0 6.8 

TBZ 71.5 ± 6.3 0.08 0.26 0.5-50.0 0.9981 2.1 4.4 

ALA 67.0 ± 9.7 0.08 0.26 0.5-50.0 0.9987 3.4 0.9 

BaP 75.2 ± 2.2 0.50 1.65 2.5-50.0 0.9985 3.1 5.2 
a Water samples spiked with 2.5 µg/L (Group #1) and 1.5 µg/L (Group #2). 
b Within-day repeatability (n=5).  
c Between-day repeatability (n=9). 
 

The assays performed in ultra-pure water yielded excellent linearity (0.1 µg/L 
< group #1 < 3.0 µg/L and 0.5 µg/L < group #2 < 50.0 µg/L) with 
determination coefficients (r2) better than 0.9937 in both sets of model 
compounds. Furthermore, the sensitivity of the new methodology was checked 
through the LODs and LOQs calculated at S/N of 3/1 and 10/1, respectively. 
Values obtained ranged from 0.01 to 0.50 µg/L for LODs and 0.04 to 1.65 
µg/L for the LOQs. The LODs and LOQs achieved for the compounds of 
group #2 represent a lack of sensitivity to be in compliance with the 
international regulatory directives on drinking water quality, since the 
European Union directive (98/83/CE) establishes 0.10 µg/L as the maximum 
concentration level for individual pesticides and 0.50 µg/L for the sum of 
them. Nevertheless, these values are in compliance with other types of water 
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quality directives [14,20–22]. Additionally, carryover was studied by 
analyzing high concentrations and blank samples in one sequence. For the 
blank samples the background signal was always below the LODs. The PUµE 
approach was also evaluated through intraday and inter-day repeatability 
assays and calculated as RSD on five and nine experiments, respectively. The 
inter-day repeatability studies were carried out as three replicates a day in 
three consecutive days and intraday repeatability tests consisted of five 
replicates performed on the same day using different spiking concentrations. 
Good precisions were obtained both for the intraday repeatability with an RSD 
below 3.5% and lower than 7.0% for the inter-day repeatability.  

In conclusion, these results confirm that the PU phases give a remarkable 
improvement in enrichment, efficiency and sensitivity for trace analysis when 
compared to polydimethylsiloxane (PDMS) SBSE [14,17].  

 

6.3.5 Application to real matrices 

To evaluate the applicability of the proposed methodology for real samples, 
assays were performed in surface, ground, tap and seawater as well as wine 
samples using the SAM method for quantification. SAM was used because it 
can accept intrinsic contamination and possible matrix effects. The 
compounds were separated into two groups to better demonstrate the 
applicability of the proposed methodology in these two distinct matrices. The 
samples to be analyzed were fortified with five working standards to produce 
the corresponding spiking levels for the target compounds. Blank assays (i.e. 
zero-point) without spiking were also executed to ensure maximum control of 
the analytical process. Table 6.4 displays the determination coefficients 
obtained for both sets of model compounds in the samples studied.  

 

 



Chapter 6   

	178 

 

Table 6.4 – Determination coefficients (r2) calculated using the standard addition method 
(SAM) in water and wine samples by PUµE-LD/LVI-GC-MS(SIM), under optimized 
experimental conditions. 

Sets Compounds 

Samples 

Surface 
water 

Ground 
water 

Tap 
water 

Seawater 
White 
wine 

Red 
wine 

Group 
#1 

MET 0.9954 0.9984 0.9922 - 0.9897 0.9908 

PEN 0.9987 0.9984 0.9943 - 0.9911 0.9938 

TEB 0.9976 0.9989 0.9926 - 0.9964 0.9937 

Group 
#2 

ATZ 0.9954 0.9992 0.9939 0.9934 - - 

TBZ 0.9955 0.9968 0.9969 0.9962 - - 

ALA 0.9932 0.9980 0.9838 0.9968 - - 

BaP 0.9967 0.9987 0.9977 0.9979 - - 

 

For the water samples the results obtained showed good linear responses with 
determination coefficients (r2) higher than 0.9838 (for ALA). The wine 
samples were only assayed for the model compounds of group #1, where r2 
better than 0.9897 was observed with the lowest value for MET. Despite the 
poor linearity, MET was detected in the white wine samples and its identity 
could be confirmed through its spectral characteristic features. It could, 
however, not be quantified because the signal was below the LOQ obtained.  

In addition, Figure 6.4 shows representative chromatograms obtained under 
optimized experimental conditions of the developed methodology for the 
compounds from group #1 in red wine (a) and tap water (b) and the 
compounds from group #2 in surface (c) and ground (d) waters. Good 
sensitivity and selectivity were also achieved for the compounds under study. 
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In short, the proposed PUµE-LD/LVI-GC-MS(SIM) methodology is a simple, 
effective and easy to use microextraction technique. 

 

 
Figure 6.4 – Chromatograms of red wine (a) and tap water (b) spiked samples (2.5 µg/L) with 
MET (1), PEN (2) and TEB (3), and surface (c) and ground (d) water spiked samples (10.0 
µg/L) with ATZ (4), TBZ (5), ALA (6) and BaP (7) obtained by PUµE-LD/LVI-GC-
MS(SIM), under optimized experimental conditions. 

 

6.4 Conclusions 

In this chapter, we propose the use, for the first time, of polyurethane-based 
(PU) devices as novel sorption-desorption phases for microextraction analysis. 
The devices have a cylindrical geometry and are soaked with suitable organic 
solvents, using an all-in-one microextraction concept. This novel analytical 
approach (PUµE) uses the floating sampling technology during extraction, 
followed by mechanical compression using a standard syringe for back-
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extraction. Under optimized experimental conditions, a good analytical 
performance was obtained, including an excellent accuracy, precision, good 
detection limits and wide linear dynamic ranges. Samples consisting of two 
sets of priority contaminants, spiked in aqueous media of different complexity, 
were used as model samples for gas chromatography-mass spectrometry (GC-
MS) analysis. By using the standard addition method, the application of the 
developed technique to complex samples, such as environmental water and 
wine, showed good sensitivity and selectivity at trace levels with no 
disturbances due to matrix effects. The proposed PUµE-LD/LVI-GC-
MS(SIM) methodology is simple, cost-effective, easy to work with and forms 
a good alternative to other microextraction techniques. In addition, we believe 
that this technology can be applicable to other types of matrices and other 
applications, as urine or serum for the detection of mycobacterial biomarkers 
for TB. 
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