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Abstract 20 

Following the recent prohibition on the use of BPA for the production of polycarbonate (PC) 21 

baby bottles in the European Union, baby bottles made of alternative materials, such as 22 

polypropylene, polyethersulphone, polyamide, Tritan™ or silicone, have appeared on the 23 

market. An initial study done in previous work applying a liquid-liquid extraction (LLE) 24 

followed by GC-MS analysis identified a wide variety of migrating compounds. Based on 25 

these screening results, the monitoring and quantification of the most important migrating 26 

compounds was further pursued. We describe the optimisation, validation and application of a 27 

LLE extraction method for the extraction of these migrating compounds adapted to low 28 

concentrations. Generally, absolute recoveries between 70 and 110% with RSDs < 20% were 29 

obtained. Further, specific and quantitative GC-QqQ-MS and LC-QqQ-MS methods were 30 

developed and validated by evaluating the following parameters: sensitivity, selectivity, 31 

linearity, accuracy, precision, recoveries and matrix effects. Limits of quantification (LOQ) 32 

ranged between 0.6 and 8 µg kg-1 for the majority of the selected compounds. Linearity 33 

ranged using the Mandel’s fitting test between coefficients of determination (R²) of 0.995 and 34 

0.999. Both repeatability and reproducibility were demonstrated to be satisfactory considering 35 

the Horwitz equation. Finally, the methods were applied on a selection of baby bottles 36 

representative for the Belgian market. Several compounds previously identified by the 37 

screening approach were confirmed and adequately quantified. For instance, 38 

azacyclotridecan-2-one had a maximum migration value of 1091 µg kg-1; whereas 4-39 

propylbenzaldehyde migrated at 27 µg kg-1 and 2,2,4-trimethyl-1,3-pentanediol diisobutyrate 40 

(TXIB) at 348 µg kg-1. However, most of the targeted compounds were not detected or below 41 

the LOQ. 42 

 43 
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Introduction 47 

 Nowadays newborns are, next to breastfeed, mainly fed using a wide range of plastic 48 

utensils, such as baby bottles. Until 2011, baby bottles were made mostly of polycarbonate 49 

(PC), though the monomer bisphenol-A (BPA) which is used for its production has recently 50 

raised concerns regarding its safety as it was reported to exhibit a wide range of toxicological 51 

effects such as estrogenic activity (Singh and Li 2012; Vandenberg et al. 2012; Yang et al. 52 

2013; Vandenberg et al. 2013; Mansilha et al. 2013). Since small amounts of BPA could leach 53 

from the PC material into foodstuff, many studies have been conducted on BPA release from 54 

baby bottles under different conditions (Katrina A. Mountfort, Janet Kelly 1997; Brede et al. 55 

2003; Biedermann-Brem et al. 2008; Ehlert et al. 2008; Maragou et al. 2008; Biedermann-56 

Brem and Grob 2009; Kubwabo et al. 2009; Aschberger and Castello 2010; Santillana et al. 57 

2011). Although the European Union applied a specific migration limit (SML) of 600 mg kg-1 58 

food for BPA (European Commission (EU) 2002), the European Commission recently took 59 

the precautionary measure, following the publication of the European Food Safety Authority 60 

report (EFSA - European Food Safety Authority 2010), to ban the use of BPA-containing 61 

baby bottles (European Union 2011a). In Belgium, more specifically, the Health Council 62 

issued an advice in January 2013 (Superior Health Council 2010) regarding the ban on the use 63 

of BPA-based polymers in any food contact material intended for children younger than 3 64 

years (Belgian statute book 2012).  65 

 Consequently, alternative materials such as polyethersulphone (PES), polypropylene 66 

(PP), silicone, polyamide (PA) and a co-polyester called Tritan™ have appeared on the 67 

market to substitute the PC baby bottles. Obviously also from these new materials, migration 68 

of polymer components, such as monomers, additives (e.g. anti-oxidants, plasticisers), 69 

catalysts or even degradation products can be expected (Hoppe et al. 2016). Nevertheless, the 70 

migration patterns from these alternative materials have been studied only very briefly 71 
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(Simoneau et al. 2011; Simoneau et al. 2012). Only recently a more thorough screening based 72 

on a non-target liquid-liquid extraction method (LLE) has been conducted (Onghena et al. 73 

2014; Onghena et al. 2015). This non-target screening approach employed low and high 74 

resolution mass spectrometric analyzers coupled to gas (GC) and liquid chromatography (LC) 75 

to identify and semi-quantify the most abundant migrating compounds. A wide variety of  76 

chemical compounds were determined (e.g. 2,4-di-tert-butylphenol, butyl phthalates, 2-77 

butoxyethylacetate, ...), some of which are not authorised by the European Union Regulation  78 

No. 10/2011 (European Union 2011b) which defines a Union list of substances that can be 79 

used for plastic food contact materials (FCM) together with their SMLs. Compounds which 80 

are not listed in the legislation may only be used if the migration levels are confirmed to be 81 

non-detectable by an agreed sensitive method. In practice, migrated concentrations in food 82 

should remain below 10 µg kg-1 (Barlow 2009; Baughan 2015).  83 

 Based on the results of this screening, a set of bioassays was applied to each identified 84 

compound. A panel of receptor gene assays was used to test the earlier identified chemicals 85 

for estrogen, androgen, progesterone, glucocorticoid, thyroid beta, peroxisome proliferator 86 

gamma, and aryl hydrocarbon receptor mediated transactivational activity, as these nuclear 87 

receptors are involved in numerous regulating processes in human body (Zoeller et al. 2012; 88 

Osimitz et al. 2012; Pereira-Fernandes et al. 2013; Contrò et al. 2015). Afterwards, by 89 

combining the results of this battery of tests, an overall toxicity scoring was assigned for each 90 

compound (Mertens et al. 2016; Simon et al. 2016). Considering these scorings and the 91 

detected abundance, a selection was made of the migrating compounds with the highest 92 

priority. In order to safeguard any possible risks for public health, it was of the utmost 93 

importance to investigate if the specified migration limits of these priority compounds were 94 

exceeded in the baby bottle migration samples.  95 

For this purpose, the use of validated analytical methods with a sufficiently low limit 96 
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of quantification ((LOQ) - 10 µg kg-1 in simulant) was needed to accurately quantify both the 97 

volatile (GC) and less volatile (LC) compounds of concern. Triple quadrupole tandem mass 98 

spectrometry (QqQ) is generally the technique of choice for this type of target analysis. To 99 

validate the GC- and LC-QqQ methods, the precision (generally accepted as repeatability and 100 

reproducibility), the accuracy (often evaluated by repetitively spiking the matrix), and the 101 

limit of detection (LOD) were determined as a minimum requirement (European Union 2002; 102 

Weitzel et al. 2007).  103 

This work presents the further optimisation of a generic extraction method, as well as 104 

the validation of both GC- and LC-QqQ quantitative methods to accurately determine the 105 

concentrations of 26 previously selected compounds migrating from baby bottles on the 106 

Belgian market. Earlier research conducted on the quantification of toxic compounds 107 

migrating from plastic baby bottles mainly focused on only one (e.g. BPA) or a modest 108 

number (Simoneau et al. 2011) of target compounds. In other cases, quantification was 109 

performed by a semi-quantitative estimation of concentrations when applying a screening 110 

approach (Simoneau et al. 2012; Onghena et al. 2014). Therefore, to our knowledge, this is 111 

the first time that an accurate quantification by combined GC-MS/MS and LC-MS/MS 112 

techniques of a group of migrants selected on the basis of their toxicological profile, from 113 

plastic baby bottles was performed.  114 

 115 

Materials and methods 116 

Materials 117 

Market Survey and Sampling 118 

Samples were selected based on the market study conducted in our previous research 119 
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(Onghena et al. 2014). Briefly, the 24 selected bottles included polypropylene (n = 17), 120 

polyethersulphone (n = 2), polyamide (n = 2), Tritan™ (n = 1), silicone (n = 1) and stainless 121 

steel materials (n = 1). 122 

Chemicals 123 

Ethanol (absolute for analysis EMSURE®, Reag. Ph Eur.), ethyl acetate (for LC 124 

LiChrosolv®), n- hexane ( EDC for GC and FID SupraSolv® ), sodium chloride ( ACS, ISO, 125 

Reag. Ph Eur Reag.), sodium sulfate (ACS , ISO, Reag. Ph Eur.), formic acid (for analysis 126 

EMSURE® ACS, Reag. Ph Eur), acetonitrile (for LC LiChrosolv®), ammonia (for analysis 127 

EMSURE® ACS,Reag. Ph Eur) and ammonium sulphate (extra pure) were purchased from 128 

Merck KGaA (Darmstadt, Germany). Ultrapure water was prepared with Elga Purelab flex 129 

system of Veolia Water Solutions & Technologies (Tienen, Belgium). Acetophenone (≥ 130 

99.0%), 4-methylbenzaldehyde (≥ 97.0%), 2-butoxyethoxyethyl acetate (≥ 99.2%), 3,4-131 

dimethylbenzaldehyde (98%), 4-propylbenzaldehyde (97%), 2-undecanone (99%), 2,4,6-132 

trimethylbenzaldehyde (98%), 2,6-di-tert-butylbenzoquinone (98%), dicyclopentyl-133 

(dimethoxy)silane (98%), 2,4-di-tert-butylphenol (99%), oxacyclotridecan-2-one (98%), 134 

2,2,4-trimethyl-1,3-pentanediol diisobutyrate (TXIB, 98.5%), p-tert-octylphenol (98.5% ), 135 

cedrol (purity not specified by the manufacturer), benzophenone (≥ 99%), 2,6-136 

diisopropylnaphthalene (purity not specified by the manufacturer), 2,6-di-tert-butyl-4-137 

hydroxybenzaldehyde (98%), azacyclotridecan-2-one (98%), diisobutyl phthalate (99%), 138 

dibutyl phthalate (99%), 4-phenylbenzophenone (99%) and methyl oleate (≥ (99%) were 139 

purchased from Sigma-Aldrich Chemie GmbH (Steinheim, Germany). The deuterated internal 140 

standard (IS) 2,6-di-tert-butyl-4-methylphenol-D24 was purchased from Campro Scientific 141 

GmbH (Berlin, Germany). Helium (ALPHAGAZTM, 99.999%) and nitrogen (99.99%) were 142 

purchased from Air Liquide (Liege, Belgium). 143 



8 
 

 144 

Methods 145 

Migration testing 146 

 Before performing the migration tests, baby bottles were sterilized according to the 147 

recommendations by the manufacturer. Therefore, the bottles were filled with boiling water 148 

and left during 10 min; this is the only way of sterilizing the bottles that allows collection of 149 

the sterilization solution for further analysis. Afterwards, the conventional migration test for 150 

“hot fill conditions”, i.e. 2 h at 70°C, was carried out on the baby bottles as prescribed in the 151 

EU Regulation 10/2011 (European Union 2011b). The choice of the simulant was also in 152 

accordance with the guidelines of the EU Regulation 10/2011 (European Union 2011b). So, 153 

H2O-EtOH (50:50, v/v) was selected as simulant for the migration tests to mimic the use of 154 

milk (European Union 2011b). After preheating the simulant on a heating plate to a 155 

temperature of 70°C, baby bottles were filled until the specified volume of each bottle. The 156 

bottles were then sealed with a plastic cap delivered with the bottle to avoid losses of the 157 

simulant by evaporation. Filled bottles were placed in a convection oven for 2 h at a 158 

temperature of 70°C. The EU legislation prescribes that when materials, such as baby bottles, 159 

are intended to come into repeated contact with foods, the migration test has to be carried out 160 

three times using a fresh aliquot of the food simulant for each occasion. After each migration, 161 

the simulant was transferred to a glass recipient and stored at +4°C and the bottles were rinsed 162 

with ultrapure water for the next migration.  163 

 164 

Liquid-liquid extraction (LLE) optimisation 165 

 Further optimisation of the previously developed LLE method (Onghena et al. 2014) 166 
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was necessary for the accurate quantification of GC analysis of the simulant samples 167 

considering the relatively low detection levels required (< 10 µg kg-1 in simulant). Due to the 168 

rather low absolute recoveries for the majority of the selected target compounds and the lack 169 

of availability of internal standards for all selected compounds, an increase in these absolute 170 

recoveries was aimed. Therefore, several modifications were performed to determine the 171 

conditions which produced the best absolute extraction efficiencies for the prioritized 172 

migrants. Originally, the LLE was based on an extraction of 30 mL of H2O-EtOH (50:50, v/v) 173 

simulant with a low boiling point organic solvent mixture (ethyl acetate (EtOAc): n-hexane 174 

(50:50, v/v)) in order to minimize the loss of volatile compounds during concentration of the 175 

sample. This extraction was repeated twice with 10 mL of EtOAc-n-hexane by vortexing this 176 

entire mixture one minute. Then, after centrifugation during 5 min the organic extracts were 177 

combined in a test tube and evaporated until ± 1 mL was left (method A).  178 

 Optimisation of this method was performed with a H2O-EtOH (50:50, v/v) simulant 179 

spiked with the target species at 25 µg kg-1. In method B, three extractions with 10 mL of 180 

EtOAc-n-hexane were carried out. Method C differed from method A by the way of 181 

transferring the organic phase, as in this method a large amount of the lower aqueous phase 182 

was transferred to the test tube as well. In methods D to G, salts were added to increase the 183 

ionic strength of the aqueous phase and so to decrease the water solubility of the analytes. For 184 

methods D, E, F and G, respectively 1 g of NaCl and 0.3, 1.5 and 5.0 g of (NH4)2SO4 were 185 

added to the H2O-EtOH before addition of the organic solvent mixture. For the modified 186 

methods, a standard vortex time of 2 min was applied in order to enhance the transfer of the 187 

migrants to the organic phase. Also evaporation of the sample was done until ± 5 mL to avoid 188 

losses of volatile compounds. In this way, the concentration factor compared to the simulant 189 

was 6. After extraction, approximately 100 mg of anhydrous Na2SO4 was added and vortexed 190 

for 30 sec to dry the organic phase. The method with the best results (Method B) was 191 
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afterwards validated and employedd for the sample preparation of the migration solutions.   192 

 193 

Instrumentation 194 

GC MS-analysis  195 

The EtOAc-n-hexane (1:1) extracts were analysed with an Agilent 7890A gas chromatograph 196 

(Agilent JW Scientific, Diegem, Belgium). One µl of extract was injected into a PTV injector 197 

in pulsed splitless mode with an injection temperature of 300°C. Separations were carried out 198 

in a DB-5ms column (95 % polydimethylsiloxane, 30 m × 0.25 mm × 0.25 µm) (Agilent JW 199 

Scientific). The temperature of the oven was initially set at 60°C for 3 min, and was then 200 

increased to 115°C at a rate of 7°C min−1. Next an increase in temperature of 10°C min-1 until 201 

240°C followed by another augmentation of 15°C min-1 until 300°C was applied. Finally, this 202 

temperature was maintained during 15 min. The total run time was 42.36 min. Helium was 203 

used as a carrier gas; this with a constant flow rate of 1.0 ml min−1 during 22 min. Then, the 204 

flow was increased to 1.5 mL min-1 for 5 min after which it was set back to 1 mL min-1 for the 205 

remaining analysis time. The GC system was coupled to an Agilent 7000 GC-MS triple 206 

quadrupole (QqQ) equipped with an electron impact (EI) ionisation source and operated in 207 

multiple reaction monitoring (MRM) mode for the detection and quantification of 208 

compounds. The quadrupole and ion source temperatures were set at 150 and 230°C, 209 

respectively. N2 was used as collision gas at a flow of 1.5 mL min–1. The multiplier voltage 210 

was 1537 V and 1630 V, respectively for a gain of 10 and 20. In order to improve the number 211 

of cycles per second, several acquisition segments were created with different dwell times (15 212 

and 20 ms, respectively). The specific mass spectrometric parameters were tailored for each 213 

compound individually in order to monitor the fragmentation ions for each analyte and the 214 

internal standard (2,6-di-tert-butyl-4-methylphenol-D24) (Table 1).  215 
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LC-MS analysis 216 

The migration solutions were directly analysed by LC-MS (without LLE extraction). The 217 

liquid chromatographic system was a Waters Acquity Ultra High Pressure LC (UHPLC) fitted 218 

with a degasser, a binary high- pressure gradient pump, a thermostated column compartment 219 

and an autosampler module. Chromatographic separation was achieved using a Waters 220 

Acquity UPLC C18 BEH column (100 mm x 2.1 mm x 1.7 μm) at a flow rate of 0.4 mL min-1. 221 

An injection volume of 10 µL was applied and during analysis the column was maintained at 222 

a constant temperature of 30°C. The mobile phases used for the LC were for the positive 223 

ionization mode: H2O with 0.1 % HCOOH (mobile phase A) and AcN with 0.1% HCOOH 224 

(mobile phase B), while for the negative mode H2O with 0.1 % NH3 (mobile phase A) and 225 

AcN with 0.1% NH3 (mobile phase B) were used. The following gradient was used for both 226 

ionization modes: 0 min: 5% B; 0-6 min: 5-95% B; 6-8 min: 95% B; 8-10 min: 5% B. The LC 227 

system was coupled to a Waters XevoTQ-S triple quadrupole mass spectrometer with an 228 

electrospray interface (ESI) which was operated in both positive and negative modes for the 229 

detection and quantification of the compounds. Source parameters were as follows: a capillary 230 

voltage of 3 kV was applied for the ESI + mode and 2.5 kV for the negative mode. Cone 231 

Voltage (30 V), cone glas flow (50 L h-1), source temperature (150°C), desolvation gas flow 232 

(800 L h-1) and collision gas flow (0.15  L h-1) were the same for both polarities. Two 233 

compounds were measured in ESI (+) mode and four in ESI (-) mode. Mass spectrometer 234 

parameters were optimized for each compound individually (Table 2). 235 

 236 

Method optimisation and validation 237 

Mass spectrometer parameters 238 
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 In order to select the specific MRM conditions, individual standard solutions of the 239 

selected compounds were injected with the MS spectrometer operating in the scan mode to 240 

identify the precursor ion, and in the product ion mode to select the transitions and collision 241 

energies (CE). Table 1 (GC-MS/MS parameters) and Table 2 (LC-MS/MS parameters) 242 

summarize the retention times, the most intense MRM transitions, and the CE selected for 243 

monitoring of the various target analytes. The collision energies were optimized to acquire if 244 

possible two (or three) MRM transitions (at least one quantifier and if possible one or two 245 

qualifiers) for each compound and for the internal standard. The most abundant transition in 246 

terms of signal to noise ratio (S/N) was chosen as quantifier (Q) and the second most 247 

abundant transition as qualifier (q). The MRM1/MRM2 ratio was monitored for variation 248 

(relative standard deviation (RSD <30%) to provide an additional identification criterion 249 

besides the retention time (RSD <5%). 250 

Method validation 251 

 The performance of the method was evaluated by an in-house validation of the 252 

method. The following characteristics were assessed: precision, accuracy, selectivity-253 

specificity, linearity, calibration range, recovery, matrix effects, lower limit of quantification 254 

(LOQ) and sensitivity.  255 

 For the GC-method, multi-component calibration curves (n=3) based on an internal 256 

standard (IS) with ten calibration points were made. Carryover was evaluated by injecting a 257 

blank sample fortified with internal standard after the highest concentrated (1000 µg kg-1) 258 

calibration standard injection in the instrumental sequence.  259 

 For each compound, a calibration curve was established with R² according to the linear 260 

model, which was examined by the Mandel’s fitting test (Mandel 1964). The precision in the 261 

form of repeatability and intermediate precision (reproducibility) were examined based on the 262 

Horwitz equation for an expected low (10 µg kg-1), intermediate (50 µg kg-1) and high (150 263 
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µg kg-1) control concentration. For repeatability, five replicates of the control sample were 264 

analysed by the same person on the same day. For reproducibility, the control sample was 265 

analysed by the same person in the same conditions, with five replicates per day for three 266 

different days. The recoveries were calculated following the method B. LOQ and limit of 267 

detection (LOD) were calculated for signal to noise ratio (S/N) 10 and 3, respectively, based 268 

on five replicates. In addition, a zero extract sample (processed matrix sample without analyte 269 

with IS) and a quality control (QC) sample at an intermediate concentration in the expected 270 

sample concentration range (50 µg kg-1) were included. Matrix effects were evaluated and 271 

quantified during method optimisation based on a blank simulant sample Specificity and 272 

selectivity were checked based on retention times and MRM ratios (MRM1/MRM2).  273 

 The LC-method was validated based on the same principles, though some minor 274 

practical changes were adapted here, as simulant samples were injected directly into the LC-275 

MS/MS without any pre-treatment. Calibration curves were prepared in the same medium as 276 

the samples (H2O-EtOH (50:50, v/v)) with seven calibration points ranging from 1 to 100 µg 277 

kg-1 and thus no matrix effects were studied. A blank sample consisted in blank simulant 278 

without any treatment, while simulant spiked at 50 µg kg-1 served as a QC sample. Linearity 279 

was also evaluated with the Mandel’s fitting test, and precision and accuracy were determined 280 

again based on the Horwitz equation. The concentrations used here (low (5 µg kg-1), 281 

intermediate (10 µg kg-1) and high (75 µg kg-1) were different considering that the expected 282 

concentrations were lower than for the GC method since no concentration step was included. 283 

 284 

Results and Discussion 285 

LLE method development 286 

Optimisation of extraction conditions 287 



14 
 

 The results of the absolute recoveries of the previously developed LLE method 288 

(method A) showed low values for the most of the selected compounds within the first and 289 

second extraction step (generally between 20 and 50%) (Table 3). A third extraction step was 290 

therefore added in method B in order to obtain quantitative recoveries. Although the labour 291 

intensity of the method was significantly higher adding this extra extraction step, higher 292 

recoveries were obtained (generally between 70 and 110%), yet azacyclotridecan-2-one 293 

remained at low values even after 3 extraction steps (Table 4). For method C, the transferred 294 

extract still contained an important amount of water and precaution had to be taken when 295 

pipetting 200 µL of concentrated extract to a vial for GC injection, since water should not be 296 

present to avoid damage of the GC column. For this adaptation, a slight increase in the 297 

absolute recoveries was observed, although they were still lower than for method B (Table 4).  298 

 The addition of NaCl to the H2O-EtOH mixture before extraction showed an improve 299 

of the extraction response for some analytes (e.g. 2,4,6-trimethylbenzaldehyde; 2-butoxyethyl 300 

acetate). For some compounds, the addition of salt played an opposite effect as recoveries 301 

even became lower than before (e.g. 2,4-di-tert-butylphenol) or splitting of the 302 

chromatographic peak occurred (not accurately quantifiable anymore, e.g. benzophenone) 303 

which made this addition not appropriate. The influence of (NH4)2SO4 was first tested for the 304 

addition of 0.3 g, demonstrating only a slight increase in the recoveries of most compounds. 305 

When adding 1.5 and 5 g of (NH4)2SO4, a 3-phase system was formed. Both methods were 306 

therefore discarded. 307 

 When comparing the tendency of the recovery values and repeatability of the target 308 

compounds between the different methods, it was clearly that method B exhibited the most 309 

significant performance enhancement. This method was therefore validated and afterwards 310 

applied to real baby bottle samples. All detailed validation parameters were shown in Table 4.  311 

 312 
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Method validation 313 

 At first, for the GC-analysis, matrix effects for the proposed method B were assessed 314 

with extracts of blank simulant samples spiked at 125 µg kg−1 (n=5) after LLE by comparing  315 

responses of the target analytes (after subtracting the peak areas corresponding to the native 316 

analytes present in the sample) with those measured in blank simulant samples spiked before 317 

extraction. Since no matrix effects were present, an external calibration against standards 318 

prepared in EtOAc:n-hexane (1:1) was used to measure the levels of those compounds in 319 

simulant samples. 320 

 The linearity of the method was investigated with standards prepared in EtOAc:n-321 

hexane (1:1) at ten different concentrations, from 1 µg kg-1 (or the limit of quantification if 322 

higher) to 1000 µg kg-1 (0.7; 3.5; 7; 17.5; 35; 70; 175; 350; 700 and 1000 µg kg-1). The 323 

concentration of the IS was in all cases 300 µg kg-1. The calibration curves were obtained by 324 

plotting the peak areas of the analyte and the internal standard versus the spiked 325 

concentrations and were not weighted.. An “F value” was calculated for each substance. The 326 

obtained “F values” were compared with a tabulated F value, corresponding to the F-327 

distribution with 1 and n−3 degrees of freedom and a probability of 99%. The F=0.99 was 328 

16.26 for all compounds. According to the Mandel’s fitting test, the straight line regression 329 

model is preferred when the calculated “F value” is below F 0.99.  All compounds gave a 330 

linear response in the above described calibration range (TV < F), with determination 331 

coefficients (R2) higher than 0.990, except for 2,6-di-tert-butylbenzoquinone, p-tert-332 

octylphenol, 3,5-di-tert-butyl-4-hydroxybenzaldehyde, azacyclotridecan-2-one and 4-333 

phenylbenzophenone with R2 values between 0.977 and 0.984 (Table 4). The instrumental 334 

limits of detection (LODs) and quantification (LOQs) were experimentally estimated from the 335 

lowest level included in the calibration curve as the concentration of analyte giving a S/N of 3 336 

and 10, respectively. Instrumental LODs varied between 0.2 and 10.3 µg kg−1, whereas the 337 
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LOQs (S/N = 10) ranged between 0.7 and 34.2 µg kg−1.  338 

 The precision of the method was evaluated with simulant spiked at three different 339 

concentrations: 10, 50 and 150 µg kg-1 extracted within the same day (repeatability) and on 340 

different days (reproducibility) (n=5). The repeatability (r) and the intra-laboratory 341 

reproducibility (Rw) were evaluated by calculating the relative standard deviations (RSD) for 342 

these two parameters (RSDr and RSDRw) according to the ISO-5725-2 guidelines 343 

(Interscience publications 1994). These RSD’s are compared to the RSD’s obtained from the 344 

Horwitz equation (Horwitz et al. 1980; Horwitz and Wood 2000) and modified by Thompson 345 

(Thompson 2000). The calculations are carried out for each concentration level of the 346 

validation and the results are given in Table 4. When the obtained RSDs are significantly 347 

below the RSDs derived from the Horwitz equation, the method showed good precision at the 348 

levels of interest for the compound. However, some compounds exhibited already a lower 349 

repeatability when applying the previously optimized extraction (e.g. p-tert-octylphenol; 4-350 

phenylbenzophenone; azacyclotridecan-2-one) and were therefore included in the LC-MS 351 

analysis method.  352 

 Reproducibility was evaluated for n=5 extractions processed for 3 consecutive days 353 

(Table 4). Compounds which previously exhibited a poor repeatability showed the same 354 

pattern here and generally did not suffice the tolerance level calculated from the Horwitz 355 

equation for reproducibility (22, 22, and 21% for the different concentrations). 2,6-Di-tert-356 

butyl-benzoquinone also presented higher RSDs values than allowed with 31 and 26% for the 357 

10 and 50 µg kg-1 concentration respectively, together with benzaldehyde, 2,4,6-trimethyl 358 

(25% for 50 µg kg-1) and acetophenone (24% for 50 µg kg-1). Since this is a multi-residue 359 

method, it was therefore not possible to optimize all parameters equally well for different 360 

compounds and sometimes compromises had to be made. 2,6-diisopropylnaphthalene (DIPN) 361 

gave poor results for both repeatability and reproducibility due to blank contamination. 362 
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Procedural blanks, performed with simulant without fortification, showed the absence of 363 

significant contamination problems for most compounds. However, both DIPN and bis(2-364 

ethylhexyl)phthalate (DEHP) were systematically detected in blanks extracts at varying 365 

concentrations and were therefore quantified only semi-quantitatively.  366 

 The achieved method LOQs ranged from 0.6 to 8.0 µg kg-1 simulant, with the 367 

exceptions of cedrol (9.7 µg kg-1) and azacyclotridecan-2-one (9.6 µg kg-1) which were just 368 

around the proposed “non-detection limit” of 10 µg kg-1. Methyl oleate exhibited a high LOQ 369 

(25 µg kg-1) due to its low sensitivity. For DIPN (13.4 µg kg-1), the high LOQ was of course 370 

observed due to its presence in the procedural blanks. The same issue was also faced for 371 

DEHP, a common contaminant present in almost any plastic material used for laboratory 372 

work (Nguyen et al. 2008). For both compounds, rather high RSDs (>25%) were obtained. 373 

Since DIPN and DEHP were not detected in the previous screening method (Onghena et al. 374 

2014), we still decided to include them in our method considering their endocrine activity in 375 

different bioassays (Simon et al. 2016)  and public concern. When analytes were present in 376 

the procedural blanks, the mean of the concentrations in those blanks was used. If the latter 377 

value was lower than 3 x SD, this was adopted as LOQ.  378 

 Absolute recoveries were calculated by comparing the analyte peak area obtained in 379 

spiked samples (after subtracting the amount of the analyte in the blank (n = 5), if present) 380 

and in standard solutions with equivalent concentrations. Relative recoveries were calculated 381 

by comparing the absolute recoveries obtained for each analyte and the internal standard. 382 

Relative recoveries calculated with respect to the IS were between 65 ± 2% and 117 ± 5% for 383 

the different concentration levels. 384 

 Finally, for positive confirmation of the presence of a compound in a sample, the GC 385 

retention time of the compound in the sample had to match that of the standard with a margin 386 

of ± 5%, and its precursor-product ion ratio could not deviate more than 30% (depending on 387 
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the MRM1/MRM2 value) from the ratio in the standard (European Union 2002).  388 

 For the LC-MS validation, linearity was investigated with standards prepared in H2O-389 

EtOH at eight different concentrations (1, 2, 5, 10, 25, 50, 75 and 100 µg kg-1). The Mandel’s 390 

fitting test demonstrated also here a linear response in the proposed calibration range with R² 391 

for all compounds between 0.995 and 0.999. For p-tert-octylphenol and 4-n-nonylphenol only 392 

one MRM transition was selected (quantifier). The LOQ was determined at 1 µg kg-1 for all 393 

components. Repeatability and reproducibility were tested at three levels (5, 10 and 75 µg kg-394 

1) and all RSDr and RSDRw resulted bellow the required Horwitz values (Table 5) 395 

consequently demonstrating the adequate measurement of those compounds that resulted to be 396 

troublesome with GC-MS analysis. The ratio of the concentrations obtained and the 397 

theoretical concentration for the 10 µg kg-1 calibration level gave us recoveries between 98 398 

and 110%. 399 

Migration from baby bottles 400 

 The experiments to test the migration from the selected baby bottles were all carried 401 

out following the EU legislation which defines a Union list of substances that can be used in 402 

plastic food contact materials together with their SMLs (European Union 2011b). The 403 

substances not included in the Union list can be used if they are not classified as carcinogenic, 404 

mutagenic or reprotoxic (CMR) and if they are not detectable in the food with an appropriate 405 

sensitive method. In practice, the concentrations of these substances in food should remain 406 

below 10 µg kg-1 (Barlow 2009). 407 

 Furthermore, the Regulation also defines the use of simulants and the testing 408 

conditions to be implied. For baby bottles, a H2O-EtOH (50:50, v/v) solution was therefore 409 

used as simulant for milk and three consecutive migrations were performed during 2h at 410 

70°C. These consecutive migrations are prescribed by the Regulation to mimic the repetitive 411 

use of a FCM. To assess its final compliance, the concentrations of migrating compounds 412 
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measured in the third migration step have to be compliant with those specified in the 413 

Regulation. On the one hand, the previously optimized and validated extraction method was 414 

applied to detect and quantify the migration from baby bottles made of plastic alternatives to 415 

PC for the more volatile compounds. On the other hand, for the more polar migrants that 416 

needed to be analysed with LC-MS, direct injection of the H2O-EtOH (50:50, v/v) simulant 417 

samples was possible.   418 

 419 

Polypropylene (PP) baby bottles 420 

 PP resulted to be the most used plastic as an alternative to PC baby bottles on the 421 

Belgian market, representing more than 60% of the market share. Previous studies already 422 

demonstrated that a wide variety of chemicals present in PP plastics could migrate towards 423 

the food (Mcdonald et al. 2008; Alin and Hakkarainen 2010; Chang et al. 2016). For baby 424 

bottles, severe differences in the identity and the concentration of the compounds migrating 425 

from the different PP bottles were observed (Simoneau et al. 2012; Onghena et al. 2014) 426 

which agreed with the data obtained in this study. Indeed, when quantifying those compounds 427 

that were previously selected to be of priority interest, some bottles exhibited relatively large 428 

concentrations of migrants that in other bottles were not even seen. An overview of the results 429 

is given in Table 6. Bottles number 5, 7 and 25 in particular exhibited a wide variety of 430 

migrants at relatively high concentrations (e.g. 2-butoxyethylacetate in n° 25: 946 µg kg-1) 431 

whereas from other bottles such as 9, 26 or 27, only 1 or 2 compounds migrated at 432 

concentrations just above the LOQ. Generally only 2 compounds with a specified SML were 433 

detected, benzophenone and dibutyl phthalate. Benzophenone was measured above the LOQ 434 

in only 3 out of 17 PP bottles, though in one case it was found up to 97 µg kg-1 (bottle 12). 435 

Yet, for this specific compound the detected migrating concentrations remained far below the 436 

SML of 600 µg kg-1. Dibutyl phthalate (SML= 300 µg kg-1) was identified in one bottle at 437 
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very low concentration (5 µg kg-1). None of the other targeted compounds detected in PP 438 

bottles were listed in the EU Regulation as authorised substances. Some of them migrated at 439 

concentrations significantly higher than 10 µg kg-1 (e.g. dicyclopentyl(dimethoxy)silane: 117 440 

µg kg-1 in bottle 8) and therefore their origin and corresponding toxicological profile should 441 

be further investigated. 2,4-di-tert-butylphenol was detected in >90% of PP bottles though 442 

only for 4 specific bottles the concentrations exceeded the LOQ varying from 12 to 118 µg 443 

kg-1. LC-QqQ analyses only revealed the presence of p-tert-octylphenol (7 µg kg-1 in bottle 7) 444 

and 4-phenylbenzophenone (7 µg kg-1 in bottle 21). 445 

 446 

Baby bottles made of other materials 447 

 Other baby bottle materials offered on the Belgian market were PES, PA, Tritan™, 448 

silicones and stainless steel. In the PES bottles, none of the selected compounds except for 449 

acetophenone (at very low concentration: 3 µg kg-1) were encountered. It was interesting to 450 

take into account though that BPS, a building block for PES with similar endocrine disrupting 451 

properties (EDC) to BPA (Kuruto-Niwa et al. 2005), was not detected in the samples. These 452 

results were consistent with an earlier study (Simoneau et al. 2011).  453 

 PA bottles exhibited just like PES a very low variety of migrating compounds, though 454 

the PA monomer azacyclotridecan-2-one was detected at relatively high concentrations (924 455 

and 1091 µg kg-1). Yet, this was still far below the SML of 5000 µg kg-1 of this compound.  456 

 The Tritan™ bottle showed, in contrast to both PES and PA, a rather wide variety of 457 

migrants. Nevertheless the concentrations detected in the third migration step were low (e.g. 458 

dicyclodipentyl(dimethoxy)silane: 10 µg kg-1; 2,4-di-tert-butylphenol: 8 µg kg-1) and only for 459 

4-propylbenzaldehyde (27 µg kg-1) the concentration was higher than 10 µg kg-1.  460 

The migration profile of the silicone baby bottle found on the Belgian market was also 461 

tested. Since EU Regulation 10/2011 is only applicable for plastics, it cannot be used for 462 
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silicones. However, a resolution of the Council of Europe that contains inventory lists of 463 

substances is available and can be used for the interpretation of the data observed in this study 464 

(Council of Europe 2004). Previous research (Simoneau et al. 2012; Onghena et al. 2014) 465 

indicated already the migration of possible EDCs. Indeed, several components with a 466 

potential endocrine activity such as phthalates were identified (diisobutyl phthalate: 15 µg kg-467 

1; dibutyl phthalate: 11 µg kg-1). Furthermore 3,4-dimethylbenzaldehyde was encountered at 468 

15 µg kg-1 and 2,2,4-trimethyl-1,3-pentanediol diisobutyrate (TXIB) at a concentration of 469 

more than 348 µg kg-1. This substance was authorised by European Union legislation but may 470 

only migrate at a level of 5000 µg kg-1 from single-use gloves according to EU Regulation 471 

10/2011. 2,6-Di-tert-butylbenzoquinone (8 µg kg-1) and benzophenone (9 µg kg-1) were both 472 

detected below 10 µg kg-1. For the stainless steel bottle none of the targeted compounds could 473 

be detected.  474 

 475 

Conclusions 476 

 A LLE method was optimized for the extraction of chemicals migrating from plastic 477 

baby bottles and which were identified as of toxicological interest. GC- and LC-MS/MS 478 

analysis methods were successfully validated to accurately determine the concentrations of 479 

these compounds in the selected food simulant. The analysis of the migration solutions 480 

confirmed the presence of previously detected compounds and they were adequately 481 

quantified. Compounds with an SML which were regulated by the EU Regulation No. 482 

10/2011 did not exceed these specified values.  Yet, other migrants which were not specified 483 

in the EU 10/2011 positive list with authorised materials were detected sometimes above 10 484 

µg kg-1. Therefore, further research is needed to understand the potential health risks 485 

associated with the migration of these quantified compounds. Finally, Bisphenol-A and 486 
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Bisphenol-S were not detected in any of the migration solutions, indicating that the new 487 

plastics used as the replacement of polycarbonate are not leaching these bisphenols.   488 
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