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Abstract 19 

This article presents fabric phase sorptive extraction (FPSE) as a simple and effective pre-20 

concentration method for the enrichment of acrylate compounds in different food simulants 21 

and subsequent analysis of the extracts by ultra-high-performance liquid chromatography 22 

with mass spectrometric detection (UPLC-MS). Acrylate compounds come from acrylic 23 
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adhesives used commonly for sticking the paper labels on polyethylene terephthalate (PET) 24 

bottles and therefore, they may exist in recycled polyethylene terephthalate (rPET). Four 25 

acrylates were studied: ethylene glycol dimethacrylate (EGDM), pentaerythritol triacrylate 26 

(PETA), triethylene glycol diacrylate (TEGDA) and trimethylolpropane triacrylate 27 

(TMPTA). Five different types of FPSE media coated with different sol-gel sorbents were 28 

studied and finally sol-gel polyethylene glycol- polypropylene glycol-polyethylene glycol 29 

triblock copolymer (PEG-PPG-PEG) coated FPSE media was chosen for its satisfactory 30 

results. The optimal conditions affecting the extraction efficiency of compounds were 31 

determined in three different food simulants. Statistical evaluation of this method reveals 32 

good linearity and precision. Under the optimized conditions, the method provided limits of 33 

detection of the compounds in the range of (0.1-1.9 ng g-1, 0.1- 1.2 ng g-1, 0.2- 2.3 ng g-1) in 34 

EtOH 10%, HAc 3% and EtOH 20% and the enrichment factor values (EFs) after applying 35 

N2 were in the range of 11.1- 25.0, 13.8- 26.3, 8.3- 21.9, in simulants A, B and C 36 

respectively. The optimized method was applied successfully to analyze thirteen types of 37 

recycled PET samples. Acrylates were found in some of the samples at ng g-1 levels. 38 

Key words: Fabric phase sorptive extraction (FPSE), Recycled PET, Acrylate adhesives, 39 

migration 40 

 41 

1. Introduction  42 

Polyethylene terephthalate (PET) is a semi-crystalline thermoplastic polyester 43 

polymer with heteroatoms in the backbone. It is non-degradable under normal 44 

conditions as it has high molecular weight, a highly hydrophobic nature, high stable 45 

C-C and C-H covalent bonds, and no hydrolysable groups [1-5]. PET and its 46 

recycled products are primarily used in commercial plastics in the world [6, 7]. In 47 

recent years, PET waste has become one of the valuable recyclable materials due to 48 

its excellent chemical, physical and mechanical properties, adequate gas barrier and 49 

good recyclability, low diffusivity, high inertness and transparency. Recycled PET 50 

(rPET) is utilized widespread in the manufacture of different products such as: food 51 

packaging, textile fibers, filaments, trays for food contact and beverage bottles, etc. 52 
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[1, 2, 6-9]. It is estimated that millions of tons of PET are recycled each year. There 53 

are different methods used for recycling PET such as depolymerizing to oligomers, 54 

melting, incineration, and mechanical processes, but most of rPET is nowadays 55 

produced by mechanical recycling [6]. Any production process of recycled material for 56 

food contact application must be previously evaluated by EFSA, as it is stated in Regulation 57 

282/2008 [10]. When rPET is used for food contact instead of virgin PET, a higher 58 

quantity of non intentionally added substances (NIAS) can be expected, since not 59 

only the initial additives used for PET manufacturing or the presence of oligomers 60 

[8] must be taken into account but also the presence of contaminants coming from 61 

the recycling process. These contaminants can have different origins such as the inks 62 

or adhesives present in the packaging, degradation processes or the use of recycling 63 

stabilizers. Different kind of contaminants have been found such as toluene, 64 

benzophenone, tetracosane, benzene and chloroform [11, 12], phthalates [13] as well 65 

as residues from adhesives, etc. Components coming from adhesives include a high 66 

variety of substances such as antioxidants, polymers, adhesion promoters, solvents, 67 

tackifiers, fillers, plasticizers, etc. [14-16].  68 

Acrylic polymers, copolymers or terpolymers are commonly applied as dispersions, 69 

emulsions or water-soluble adhesives and glue in manufacturing of different films 70 

and laminates [17-19] or used for attaching paper labels on PET. The removal of 71 

adhesives from PET is necessary to produce a good quality of rPET. However, this 72 

task is difficult and often an unknown proportion of adhesives remain in the 73 

postconsumer PET. The amount of adhesive is usually expressed by weight, 74 

including PET flakes where the adhesive cannot be removed, and no specific 75 

analysis is provided. Then, the compounds remain in the final material and can be 76 

degraded under the high temperature applied during the recycling process and 77 

manufacture of the final food packaging. 78 

As any kind of food contact material, rPET must fulfill the Regulation (EC) 79 

1935/2004 which means that its constituents should not be transferred to the food in 80 

contact at levels that could: (i) health risk for human; (ii) bring about an 81 

unacceptable change in the composition of the food; or (iii) bring about deterioration 82 
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in the organoleptic characteristics thereof [20]. In addition, since rPET is a plastic 83 

material it must fulfill Regulation EU/10/2011, that contains a list of authorized 84 

substances for production of plastic food contact materials with different specific 85 

migration limits (SML) [21]. However, the non-listed compounds migrating from 86 

food contact materials  cannot surpass the 10 µg/Kg food. Most of the residues from 87 

adhesives are in this group.  88 

There are a few scientific publications dealing with the potential migration of 89 

adhesives constituents and particularly acrylate adhesives [16, 17, 22-29] but none of 90 

them studied the migration from rPET. In fact, as far as we know, the analysis of 91 

adhesives in postconsumer PET has never been tackled. For this reason, there is a 92 

need to develop a method with low detection limits and a good selectivity to pre-93 

concentrate and determine acrylate adhesive residues in rPET and in food simulants.  94 

There are several sample preparation techniques such as liquid–phase extraction [30, 95 

31], solid phase extraction [32], solid phase microextraction (SPME) [11, 33] and 96 

fabric phase sorptive extraction (FPSE) that can be used for the concentration and 97 

extraction of compounds from liquid samples. 98 

FPSE was first developed by Kabir and Furton in 2013 [34, 35] as a new generation 99 

of sorptive microextraction technique. This method efficiently overcomes the 100 

shortcoming related to conventional sorbent based sample preparation techniques. 101 

FPSE has been fabricated by flexible and permeable natural or synthetic fabric 102 

substrates such as cellulose cotton and polyester, where a porous hybrid organic–103 

inorganic sorbent with unique selectivity and affinity towards the target analytes, is 104 

chemically immobilized through the sol-gel coating technology on it. Because of its 105 

high surface area, high loading of sol-gel coating resulting high sample capacity, 106 

high enrichment factor and minimal solvent consumption, among other advantages 107 

[36-38], FPSE has been the selected technique for this study. 108 

In the present study, FPSE was proposed as an effective method for pre-109 

concentration and extraction of acrylate compounds migrates from recycled PET. 110 

During the experiments, three food simulants were tested in order to mimic the mass 111 
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transfer to food in contact with the packaging: simulant A (ethanol 10%), simulant B 112 

(acetic acid 3%) and simulant C (ethanol 20%) [39, 40]. The analysis of extracted 113 

compounds was done by ultra-high-performance liquid chromatography UPLC-MS-114 

MS (QqQ). Parameters such as extraction time, desorption solvent, pH and ionic 115 

strength were optimized. Quantitative results as well as recovery and reproducibility 116 

were obtained. 117 

2. Materials and methods 118 

2.1. Reagents and FPSE media 119 

Acrylic acid (AA), ethylene glycol dimethacrylate (EGDM), 2-hydroxyethyl 120 

methacrylate (HEM), pentaerythritol triacrylate (PETA), triethylene glycol diacrylate 121 

(TEGDA) and trimethylolpropane triacrylate (TMPTA) were of analytical quality and 122 

purchased from Sigma Aldrich (USA). Chemical structure and physico-chemical properties 123 

of these compounds are provided in supplementary material 1. Methanol and acetonitrile for 124 

UPLC analysis (LC-MS quality) were purchased from Scharlau Chemie S.A (Sentmenat, 125 

Spain). Sodium Chloride (purity: 99.5%) and ethanol (HPLC grade) were purchased from 126 

Scharlau Chemie S.A (Sentmenat, Spain), acetic acid (purity>99.8%) from Fluka 127 

(Germany) and formic acid (purity>98%) from Sigma- Aldrich Química S.A. (Madrid, 128 

Spain). Ultrapure water was obtained from a Wasserlab purification system 129 

(QUGR0011; Navarra, Spain). 130 

Individual stock solutions of 1500 µg g
-1 were prepared in ethanol and stored in the dark 131 

at 4˚C. The solutions used for the optimization and further experiments were prepared 132 

daily in order to avoid potential degradation processes or losses of the analytes. 133 

For fabric phase sorptive extraction (FPSE) method development, 5 FPSE media coated with 134 

different sol-gel based sorbents characterized with different polarities and selectivities were 135 

tested: sol-gel Carbowax 20M (sol-gel CW20M), sol-gel dimethylsiloxane-ethylene oxide 136 

block copolymer (sol-gel DBE-C25), sol-gel Chitosan, sol-gel polycaprolactone diol (sol-gel 137 

PCL diol) and sol-gel polyethylene glycol-polypropylene glycol-polyethylene glycol triblock 138 

copolymer) (sol-gel PEG-PPG-PEG). 139 
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 140 

2.2. Creation of sol-gel sorbent coated fabric phase sorptive extraction media 141 

Creation of fabric phase sorptive extraction media involves a number of distinct and 142 

sequential steps: (a) selection and preparation of the fabric substrate; (b) design and 143 

preparation of sol solution for sol-gel sorbent coating; (c) creation of sol-gel sorbent 144 

coating, chemically bonded to the fabric substrate; (d) conditioning and cleaning of 145 

sol-gel sorbent coated fabric phase sorptive extraction media; and (e) slicing the 146 

FPSE media into appropriate size. The detailed description of these steps can be 147 

found elsewhere [36]. The dimensions of fabrics used in this project were 2.5 cm× 2 148 

cm. The molar ration between the sol-gel precursor, methyl trimethoxysilane 149 

(MTMS), organic/inorganic polymer, solvent 1 (acetone), solvent 2 (methylene 150 

chloride), sol-gel acid catalyst trifluoroacetic acid (TFA), and water were maintained 151 

at 1: 7.1x 10-3: 2.01: 2.30: 0.75: 3 for sol-gel CW 20M, 1:0.04:2.01:2.34:0.75:3 for 152 

sol-gel DBE-C25, 1:0.25:2.01:2.34:0.75:3 for sol-gel PCL diol, 153 

1:0.13:2.01:2.34:0.75:3 for sol-gel PEG-PPG-PEG. The molar ratio of MTMS: 154 

Chitosan: glycerin: methanol: water: TFA was maintained at 1: 1.2 x10-4 : 0.65 : 7.4 : 155 

3.3: 0.30  for sol-gel Chitosan.    156 

 157 

2.3. UPLC-MS(QqQ) analysis 158 

Ultra-performance liquid chromatography mass spectrometry detection equipped with 159 

triple quadrupole mass analyzer [UPLC-MS (QqQ)] in an Acquity system supplied by 160 

Waters (Milford; MA, USA) was used. The column was a UPLC BEH C18 of 1.7 µm 161 

particle size and the dimension of 2.1 × 100 mm from Waters. 162 

The UPLC system was connected with an electrospray (ESI) probe to the triple 163 

quadrupole mass analyzer supplied by Waters (TQ Detector, Acquity™ Ultra 164 

Performance LC, Milford; MA, USA). The ESI probe was used in positive and negative 165 

mode. Acquisitions were carried out in SIR (selected ion recording) mode as there were no 166 

matrix interferences at the retention time of the analytes. Table 1 shows the ions monitored 167 
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and cone voltages used for ionization of each analyte. The mass parameters were 168 

optimized by infusing 5 mg L-1 of individual standard solutions of each compound in the 169 

UPLC-MS (QqQ) system at 10 µLmin-1. The chromatographic conditions used for 170 

quantification are described in Table 2.  171 

 172 

2.4. Sample preparation 173 

Thirteen different kinds of postconsumer flakes and pellet samples of recycled 174 

polyethylene terephthalate (rPET) were obtained from several companies. Samples 01 175 

and 02 were flakes and samples from 03 to 13 were pelletized rPET. In order to increase 176 

their contact surface area and homogeneity, the rPET pellet samples were cryogenically 177 

milled to powder using liquid nitrogen. The flakes samples were used without any 178 

pretreatment. 179 

Migration was evaluated under accelerated conditions in the rPET samples. An amount 180 

of 10.0 g of samples were weighted and transferred to a 100-mL glass container and then 181 

50 mL of the simulant were added (A: ethanol 10%, B: acetic acid 3% and C: ethanol 182 

20%). Then, the glass containers were shaken in order to guarantee a deep contact 183 

between the simulant and the sample. The glass containers were closed and kept in an 184 

oven at 70 °C for 2 h. After this time, the samples were left to cool down at room 185 

temperature. Subsequently, the supernatants were collected, filtered through the 0.22 µm 186 

Nylon filter, and transferred to glass containers and used for further experiments. Three 187 

replicates of each sample were analyzed. 188 

2.5. Fabric phase sorptive extraction procedure 189 

In order to do the FPSE sample extraction the following steps were followed: 190 

I. FPSE media cleaning step: FPSE media were placed in a vial with 5 mL of a 191 

mixture of methanol/acetonitrile (50:50 v/v) and ultrasonicated for 30 min. 192 

Subsequently, the FPSE media were removed, rinsed with deionized water and dried 193 

in the air [36].  194 
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II. Sample preconcentration step: 10 ml of liquid simulant sample were added into 195 

the 20-mL screw-capped glass vials containing a magnetic stir bar and FPSE media, 196 

and stirring at 900 rpm for 40 min with a Digital magnetic hotplate stirrer from IKA 197 

(RT 10; Staufen, Germany). Then, the solution was removed and 1 mL of methanol 198 

was added to FPSE media for the back extraction step. The vial was placed in an 199 

ultrasonic bath 40 kHz from Branson (3510; Dietzenbach, Germany) for 10 min for 200 

back extraction. Afterwards, the FPSE media was removed, and the extract was 201 

filtered and analyzed by UPLC-MS (QqQ). Three replicates of each sample and also 202 

blank sample consisting of pure simulants were analyzed. 203 

III. Concentration of the extract  204 

In order to increase the concentration of analytes, the extract was concentrated to dryness 205 

under a nitrogen current and then re-dissolved in 50 µL of methanol. The final extracts 206 

were analyzed by UPLC-MS (QqQ) 207 

 208 

2.6. Determination of enrichment factor and extraction recovery 209 

Enrichment factor (EF) and extraction recoveries (ER %) were employed to evaluate the 210 

extraction efficiency. EF was calculated before and after concentrating the extract with 211 

nitrogen.  212 

The enrichment factors (EFs) for all the compounds were calculated according to the 213 

following equation:  214 

𝐸𝐸𝐸𝐸 =  
𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓𝑖𝑖𝑓𝑓𝑓𝑓𝑓𝑓

 215 

where Cfinal  is the concentration of the analyte in the desorption solvent, and Cinitial is the 216 

initial concentration of analyte in the sample solution. 217 

The percentage of extraction recovery (ER%) for the proposed method was calculated 218 

according to the following equation: 219 
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ER%= 𝑔𝑔𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
𝑔𝑔𝑓𝑓𝑓𝑓𝑓𝑓𝑖𝑖𝑓𝑓𝑓𝑓𝑓𝑓

× 100 = 𝐸𝐸𝐸𝐸 × 𝑔𝑔𝑜𝑜
𝑔𝑔𝑠𝑠

 × 100 220 

where gs is the sample weight, go is the organic solvent weight, and ginitial and gfinal are 221 

the number of grams of the analyte present in the sample solution and the number of 222 

grams of the analyte finally collected in the organic solvent, respectively [41] 223 

3. Results and discussion 224 

For the optimization process, solutions at a concentration of 100 ng g-1 of each 225 

compound were prepared in three different food simulants: simulant A (ethanol 10%), 226 

simulant B (acetic acid 3%) and simulant C (ethanol 20%), just before performing the 227 

experiments, except for the selection of the FPSE media where water was used at 2 228 

different concentration levels, 50 and 100 ng g-1. Different parameters were optimized 229 

in order to maximize the extraction efficiency. The optimization parameters include: 230 

selection of the fabric phase media, extraction time, kind of back extraction solvent, 231 

pH of the solution and the effect of ionic strength.  232 

3.1. Optimization of the FPSE methodology 233 

3.1.1. Selection of the FPSE media 234 

Five different FPSE media coated with polymers of different polarities such as: sol- gel 235 

CW20M, sol-gel DBE-C25, sol-gel Chitosan, sol-gel PCL diol, and sol-gel PEG-PPG-236 

PEG, were evaluated in aqueous solutions for the target analytes. Initial solutions were 237 

prepared in water at 2 concentration levels,  50 ng g-1 and 100 ng g-1 in order to observe 238 

the extraction efficiency in a wide range of concentration. Testing conditions were as 239 

follows: 10 mL of sample volume, 30 min of extraction time and 1 mL of methanol as 240 

desorption solvent and 10 min as desorption time. The results shown in Fig. 1 indicate 241 

that the best extractions were provided by sol-gel PEG-PPG-PEG for all the tested 242 

compounds. Similar results were found at the 2 sample concentration levels. According 243 

to these results, FPSE was not efficient for acrylic acid (AA) and 2-hydroxyethyl 244 

methacrylate (HEM) as the enrichment factor for these two compounds was below 1 in 245 

all media, so these compounds were removed from the experiment. It is worthy to 246 
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mention that both AA and HEM are strongly polar and weak organic acids. As such, 247 

they remain partially in ionized state in water and require either matrix pH adjustment 248 

or mixed mode sorbent chemistry for their effective extraction and preconcentration.    249 

3.1.2. Effect of the desorption solvent  250 

After the extraction, the compounds previously retained in the FPSE media must be eluted 251 

with a suitable desorption solvent and subsequently analyzed by the UPLC-MS (QqQ). 252 

Two different organic solvents, methanol and acetonitrile, were tested as back extraction 253 

solvents. Methanol was selected as the best one since it provided an elution ability 254 

slightly higher than acetonitrile (Supplementary material 2).  255 

3.1.3. Effect of extraction time 256 

The extraction equilibrium time is an important parameter in the optimization process in 257 

order to reach the extraction equilibrium. A series of extraction times ranging from 10 to 258 

60 min was examined, and the results are shown in Fig. 2a, b and c for each simulant. It 259 

was found that the highest sorption of the analytes was almost reached when the 260 

extraction time was 40 min and after that, the equilibrium was reached in all situations. 261 

The results also showed that the extraction pattern was similar for all simulants. Only in 262 

ethanol 20% TEGDA and EGDM did not seem to increase their extraction with time. So, 263 

an optimum extraction time of 40 min was accepted for subsequent experiments. 264 

3.1.4. Effect of salt addition 265 

The effect of salt addition is presented in supplementary material 3. The figures shows 266 

the effect of adding different concentrations of sodium chloride (0, 5, 10, 15% w/v) on 267 

the adsorption of the evaluated analytes on the fabric. Similar adsorption of the analytes 268 

from simulant A and C (ethanol 10% and ethanol 20%) was found: adsorption increased 269 

with the increase of NaCl concentration from 0 to 5%, and then it decreased with further 270 

increase of NaCl concentration. In simulant B (acetic acid 3%) the increase was observed 271 

when 10% of NaCl was added. These variations with NaCl concentration in the 272 

extraction can be explained by the fact that the addition of salt to a sample solution can 273 

present two contradictory effects. On one hand, there is an increase of the ionic strength 274 
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and a salting-out effect, reducing the solubility of the analyte in the aqueous solution and 275 

then facilitating the availability of the target analyte in the sorption media. On the other 276 

hand, at high NaCl concentrations, there can be an increase of viscosity that negatively 277 

affects mass transfer of analytes and consequently, the sorption of the compounds by the 278 

FPSE media. Therefore, 5% NaCl was chosen for simulant A and C and 10% of salt was 279 

chosen for simulant B. 280 

3.1.5. Effect of pH 281 

The effect of pH on the extraction of acrylates was studied at three levels; acidic 282 

(pH=2.25 in simulant B), almost neutral (pH=5.44 in deionized water) and basic 283 

(pH=9.92 by adding 0.1M NaOH solution to the deionized water). The results showed 284 

that there were no appreciable changes in the extraction efficiency of the analytes at the 285 

different pH levels. Therefore, no pH adjustment was done in the subsequent 286 

experiments. 287 

 288 

3.2. Analytical performance characteristics of the method 289 

The analytical parameters were evaluated under the optimum experimental conditions 290 

in three simulants and in terms of linearity, repeatability (expressed as RSD%), limits of 291 

detection (LODs), limits of quantification (LOQs) (Table 3). Calibration curves were 292 

constructed in each simulant by plotting the peak area against the sample concentration. 293 

There was excellent linearity, with good coefficient of determination (R2) for the target 294 

analytes in all the simulants. LODs and LOQs of the method were calculated for each 295 

individual peak on the basis of a signal-to-noise (S/N) ratio of 3 and 10, respectively. 296 

Very low detection limits were obtained for all the compounds and simulants, with 297 

values in the range from 0.1 to 2.3 ng g-1. The repeatability was studied for 3 replicate 298 

analyses of the samples in a middle point of the linear range, at 100 ng g-1, and under 299 

aforementioned optimized conditions. The relative standard deviations (RSD%) for the 300 

detected compounds ranged from 1.5% to 7.0%, indicating good precision of the method. 301 

The extraction recovery (ER %) and EF were calculated using the equations and method 302 

mentioned in section 2.6 and the results are presented in Table 4.  The best EF values 303 
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were achieved for acetic acid 3% and ethanol 10% rather than ethanol 20%, probably 304 

because this simulant has a higher hydrophobic nature and the target analytes have a 305 

higher tendency to remain in it.  306 

The chromatograms obtained for the target analytes at 12 ng. g -1 and analyzed by  FPSE 307 

following UPLC-MS are shown in Supplementary material 4. 308 

 309 

3.3 Real sample analysis 310 

The extracts coming from the migration condition were analyzed by FPSE method 311 

followed by UPLC/MS, to determine the acrylates concentration in rPET samples when 312 

they were in contact with 3 kinds of food simulants. Sample preparation was carried out 313 

according to section 2.4. The migration results showed that most of the target analytes in 314 

the samples had concentration values below the limit of detection of the method and also 315 

below 10 ng g-1 (Table 5).  316 

Previous works have reported the presence of acrylates in acrylic adhesives used in food 317 

packaging. Canellas has determined the main volatile and non-volatile compounds 318 

present in different acrylic adhesives as well as their partition and diffusion coefficients 319 

and its migration to Tenax as food simulant [26] [16] [28]. Two acrylates were identified 320 

by gas chromatography in several adhesives, butyl acrylate and 2-ethylhexyl acrylate but 321 

their values in migration were always below the SML established in EU/10/2011 322 

regulation (no SML and 0.05 mg Kg-1 respectively). When the analysis was performed 323 

by liquid chromatography and high resolution mass spectrometry, 2-(2-(2-324 

methoxyethoxy) ethoxy)ethyl methacrylate was proposed as a candidate in adhesives 325 

composition. 326 

In the study performed by Franz and Brandsch regarding modelling migration of 327 

acrylic monomers from methacrylate polymers to saliva, water, Miglyol 840 and Tenax. 328 

[29] it was shown that acrylic polymer materials used for rigid plastics applications 329 
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exhibited an extremely low diffusion behavior that therefore low migration values would 330 

be expected. 331 

To study the interaction of these compounds in rPET, 10g of each rPET sample (in 332 

powder form) were spiked with 1 mL of the analytes solution (5 µg g-1), being 5000 ng 333 

the final quantity of analytes added. Then, it was left at room temperature for 24 hours. 334 

Then, the samples were immersed in 50 mL of the three simulants at 70ºC for 2 hours. 335 

Finally, an aliquot of 10 mL from each simulant was extracted by FPSE following the 336 

protocol described in section 2.5, not using concentration under nitrogen. This study was 337 

done by triplicate. Fig. 3 shows the quantity (ng) of each acrylate found in the 3 338 

simulants after being in contact with the spiked rPET. As can be seen, EGDM and 339 

TEGDA, with a more linear chemical structure derived from ethylene glycol, had a 340 

higher interaction with rPET, than TMPTA and PETA. The same pattern was observed 341 

for the three simulants. Thus, it could be expected that the migration of EGDM and 342 

TEGDA from rPET to food simulants were lower than that of TMPTA and PETA. 343 

 344 

4. Conclusion 345 

In this study, FPSE combined to UPLC-MS (QqQ) was applied to the determination 346 

of migration behavior of residual components from acrylate adhesives from thirteen 347 

samples of rPET supplied by several EU companies. Five different polar FPSE 348 

media were investigated and PEG-PPG-PEG was chosen as the best one. FPSE 349 

provided satisfactory results with good linear range and detection limits in the range 350 

of 0.1 to 2.3 ng/g. This method has demonstrated high enrichment factor with 351 

unique advantages including simplicity, fast extraction, and low consumption of 352 

solvent. 353 
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  484 

Figure Captions 485 

Fig. 1. Enrichment factors (EF) obtained for HEM, AA, EGDM, TEGDA, TMPTA and 486 

PETA in in water solution using 5 different FPSE media. 487 

Fig. 2. Effect of extraction time in extraction of acrylates by FPSE in a) simulant A b) 488 

simulant B and c) simulant C. 489 

Fig. 3. Quantity (ng) of the acrylates found in the simulants after being in contact with the 490 

rPET spiked with 5000 ng.  491 



Table 1. Compounds analyzed, CAS number, cone voltage (CV) used in mass 
spectrometry detection, exact mass (m/z) and adduct detected  

 
Name CAS n○ CV 

(KV) 
m/z Adduct 

Acrylic acid (AA) 79-10-7 30 71.013 [MH]- 

Ethylene glycol dimethacrylate (EGDM) 97-90-5 15 199.097 [MH]+ 

2-hydroxyethyl-methacrylate (HEMA) 868-77-9 15 131.071 [MH]+ 

Pentaerythritol triacrylate (PETA) 3524-68-3 30 321.095 [MNa]+ 

Triethylene glycol diacrylate (TEGDA) 1680-21-3 15 259.118 [MH]+ 

Trimethylolpropane triacrylate (TMPTA) 15625-89-5 30 319.116 [MNa]+ 

 



Table 2: Instrumental parameters for the UPLC-MS analyses. Mobile phases: A (methanol 
and 0.1% formic acid) and B (water and 0.1% formic acid). 
 

UPLC parameters    
Flow rate  0.3 mL min—1   
Column temperature  40 ○C    
Injection volume  10 µL    
Gradient timetable   
Time (min)  % A  % B 
0  10.0   90.0 
1  10.0   90.0 
5  100   0.0 
8  100   0.0 
8.10  10.0   90.0 
9  10.0   90.0 
Electrospray MS parameters   
Ionization mode  ESI   
Desolvation gas flow  450 L h—1  
Cone gas flow  60 L h—1  
Desolvation gas temperature  450 ○C  
Source temperature  120 ○C  
Capillary  3.00 kV  
SIR dwell  0.05 s  

 

 



 

Table 3. Figures of merit for analysis of acrylates in 3 different food simulants by FPSE method in LC-MS, limit of detection (LOD), linear dynamic 
range (LDR), determination coefficient (R2) and relative standard deviation (RSD). 
 

Analyte LOD 
(ng g-1) 

 LR 
(ng g-1)

  R2  RSD%* 
(n=3) 

 EtOH  
10% 

HAc 
 3% 

EtOH  
20% 

 
 

EtOH  
10% 

HAc  
3% 

EtOH  
20% 

 EtOH  
10% 

HAc  
3% 

EtOH  
20% 

 EtOH  
10% 

HAc  
3% 

EtOH 
20% 

EGDM 0.8 0.9 0.7  3.0- 252.8 2.9- 201.8 2.2- 227.4  0.9946 0.9959 0.9970  3.3 6.3 3.7 

TEGDA 0.3 0.1 0.5  0.8- 281.6 0.5- 224.8 1.8- 225.5  0.9905 0.9933 0.9984  3.7 6.3 7.0 

TMPTA 0.1 0.1 0.2  0.3- 264.5 0.5- 265.8 0.6- 211.8  0.9901 0.9909 0.9938  3.5 4.9 5.2 

PETA 1.9 1.2 2.3  6.3- 260.7 4.1- 261.9 7.8- 289.7  0.9945 0.9909 0.9958  1.5 6.1 2.6 
*calculated at 100 ng g-1 



Table 4. Enrichment factor (EFs) and the percentage of extraction recovery(ER%) values after fabric 
phase sorptive extraction in 3 different food simulants: ethanol 10% (EtOH 10%), acetic acid 3% 
(HAC 3%), ethanol 20% (EtOH 20%). EFs was calculated before (basic font) and after (italics font) 
concentration under nitrogen. (4 replicates) 

Analyte EFa  ER%b 
 EtOH 10% HAc 3% EtOH 20%  

 
EtOH 10% HAc 3% EtOH 20% 

EGDM 4.0 →18.8 4.3 →20.2 3.0 →13.9  39.9 43.0 29.6 

TEGDA 2.1 →13.5 3.2 →21.2 1.3 →8.3  20.6 32.5 12.7 

TMPTA 3.1 →25.0 3.3 →26.3 2.7 →21.9  31.2 32.9 27.3 

PETA 1.2 →11.1 1.5 →13.8 1.7 →16.1  11.9 14.7 17.2 

a Average enrichment factor (C = 50, 100, 150 ng g-1). 
b Average extraction recovery(C = 50, 100, 150 ng g-1). 
 



Table 5. Concentration of acrylates (ng g-1 simulant) in 3 different simulants, acetic acid 3% (HAc 3%), ethanol 10% (EtOH 10%) and ethanol 
20 % (EtOH 20%). 
 

 EGDM (ng g-1) TEGDA (ng g-1) TMPTA (ng g-1) PETA (ng g-1) 
 EtOH  

10% 
HAc  
3% 

EtOH 
20% 

EtOH 
10% 

HAc 
3% 

EtOH 
20% 

EtOH  
10% 

HAc  
3% 

EtOH  
20% 

EtOH  
10% 

HAc 
3% 

EtOH 
20% 

S1 0.437 ± 0.010 0.194 ± 0.002 <LOQ <LOQ <LOD <LOQ <LOD 0.358 ± 0.006 <LOD <LOD <LOD <LOD 
S2 <LOD <LOD <LOD <LOD <LOD <LOD 0.603 ± 0.067 0.354 ± 0.002 0.641 ± 0.006 <LOD <LOD <LOD 
S3 <LOD <LOD <LOD <LOQ <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 
S4 <LOD <LOD <LOD <LOQ <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 
S5 <LOD <LOD <LOD <LOQ <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 
S6 <LOD <LOD <LOD <LOQ <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 
S7 0.433 ± 0.006 <LOD <LOD <LOQ <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 
S8 0.355 ± 0.002 <LOD <LOD <LOQ <LOD <LOD 0.290 ± 0.006 <LOD <LOD <LOD <LOD <LOD 
S9 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOQ <LOD <LOD <LOD 

S10 <LOD <LOD <LOD <LOQ <LOD <LOD <LOD <LOD <LOQ <LOD <LOD <LOD 
S11 <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOQ 
S12 <LOD <LOD <LOD <LOQ <LOD <LOD <LOD 0.272 ± 0.004 <LOQ <LOD <LOD <LOD 
S13 <LOD <LOD <LOQ <LOD <LOD <LOD <LOD <LOD <LOQ <LOD <LOD <LOD 

LOD: limit of detection; LOQ: limit of quantification 
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