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MS/MS method for the determination of eight primary aromatic amines (m-PDA, 2,6-TDA, 2,4-TDA, 1,5-DAN, ANL,4,4, in the aqueous food simulant 3 % acetic acid (w/v). The detection limits calculated were adequate with respect to the present legislation. The method was validated at four concentration levels (2, 5 10 and 20 µg kg -1 ). The global internal reproducibility was in the range 5.6-21.4 % (RSD R ) depending on the compound and concentration. Mean recoveries for all levels varied between 89-100%, depending on the amine. A total of 39 samples of cooking utensils were analyzed using the described method and the results obtained after the 3 rd migration test were not compliance in approximately half of the samples.

Introduction

Food contact materials are all materials and articles intended to come into contact with foodstuffs, including packaging materials but also cutlery, dishes, processing machines, containers etc. In last years, the use of plastic utensils, such as turners, whisks and spoons for cooking and frying have increased because they are cheap, unbreakable (resist high temperatures), and do not scratch other surfaces.

Most of these utensils are made of nylon, which is the generic name for polyamides that have characteristic amide groups in the backbone chain. These amide groups are very polar and can interact with each other by hydrogen bond. Because of this, and because the polyamide backbone is regular and symmetrical, nylons are often crystalline, and make very good fibers.

There are two classes of synthetic nylons. One of these is formed from cyclic monomers, for example nylon 6, which has six carbon atoms per repeat unit and is normally manufactured from the monomer ε-caprolactam. Another example in this class is nylon 12, having 12 atoms in the repeat unit, and made from the lactam of 12-amino docecanoic acid. The single index used in describing these nylons indicates the number of carbon atoms in the repeat unit. The second class of synthetic nylon is formed from various diamines and diacids, and their nomenclature involves two indices indicating the number of carbon atoms in the diamine and diacid units respectively, e.g., nylon 6,6, made from hexamethylene diamine and adipic acid. [START_REF] Gupta | Handbook of Polymer Science and Technology[END_REF]). These materials could incorporate azodyes (synthetic organic colorants with characteristic chromophoric azo groups) where primary aromatic amines (PAAs) are the starting substances. Moreover, pigments and dyes may contain aromatic amines as technical impurities. polyurethanes. These polyurethanes are used as adhesives in laminated films but also in printing inks and lacquers. If the ratio between the monomers is well balanced and the reaction is complete all monomers disappear to form the polymeric network. But if free isocyanates are present and reach the food, this leads to the formation of PAAs.

In brief, PAAs can occur in food contact articles as residual monomers, as hydrolysis products of isocyanates or as contaminants of azodyes. They may migrate or be chemically formed in foodstuffs coming into contact with these articles. Furthermore, if these food contact materials are not well manufactured or made with inappropriate raw material, chemical substances can migrate from the articles to the food and thus contribute to food contamination. Consequently, PAAs have been implicated in several alerts related to the migration from kitchen utensils made of nylon imported mainly from China. (RASFF). Some PAAs are classified as "possibly carcinogenic to humans" by the International Agency for Research on Cancer, and thus their presence in foodstuffs should be avoided [START_REF] Brede | Determination of primary aromatic amines in water food simulant using solid-phase analytical derivatization followed by gas chromatography coupled with mass spectrometry[END_REF].

European Legislation stipulates that the quantity of PAAs in food or in food simulant shall not be detectable (i.e.: 0.01 mg kg -1 of food or food simulant, for m-PDA the specification is 0.02 mg kg -1 analytical tolerance included) (EC 2007). To reach this detection limit the European Committee for Standardization has proposed a photometric method (based in a diazotisation of free PAA) to be used only for screening purposes, and if PAAs levels are above 2 µg aniline equivalents kg -1 , a confirmation method is needed. (Moteresen 2005).

The published literature shows that a number of different analytical methods have been employed for PAAs, although not necessarily applied to food contact materials. Aniline has been analysed by Bornick et al (Bornick 2001) using solid phase extraction and liquid chromatography (LC) while their iodo-derivatives by liquid-phase microextraction and gas chromatography GC); LC/MS has been selected by [START_REF] Sakai | LC-MS determination of urinary toluenediamine in workers exposed to toluenediisocyanate[END_REF] to determine toluenediamine, and LC-MS/MS by Sutthivaiyakit et al. (Sutthivaiyakit 2005) to analyze 2,4-toluendiamine, 4,4'-diaminodiphenylether 4,4'-methylenedianiline and 3,3'-dimethylbenzidine. Regarding food contact materials, Brede et al [START_REF] Brede | Determination of primary aromatic amines in water food simulant using solid-phase analytical derivatization followed by gas chromatography coupled with mass spectrometry[END_REF] applied solid-phase analytical derivatization followed by GC/MS for the determination of PAAs in water food simulant. LC with ultraviolet detection has been used in the analysis of aniline in plastic materials subjected to repeated testing [START_REF] Brede | Determination of primary aromatic amines in water food simulant using solid-phase analytical derivatization followed by gas chromatography coupled with mass spectrometry[END_REF][START_REF] Brede | Migration of aniline from polyamide cooking utensils into food simulants[END_REF]) and for the determination of eight PAAs in laminates aqueous migration solution [START_REF] Ellendt | Analysis of laminates -Determination of Isocyanate Residues and Primary Aromatic Amine Migration[END_REF].

Previous work has demonstrated the high potential of electrospray ionization MS/MS for the analysis of methylene-dianiline (MDA) and 2,4-toluenediamine (TDA) by direct analysis of some food simulants [START_REF] Palibroda | Direct analysis of some diamines in food simulants used for migration tests by electrospray ionization tandem mass spectrometry[END_REF], and subsequent work has enhanced the capabilities of LC methods coupled to MS. Moteresen et al [START_REF] Mortensen | Specific determination on of 20 primary aromatic amines in aqueous food simulants by high performance-electrospray ionizationtandem mass spectrometry[END_REF]) developed an LC-MS/MS method to determine several PAAs in aqueous food simulants. Also in a recent Food Standards Agency project [START_REF] Burch | Development and validation of an LC-MS-MS method for the determination of primary aromatic amines, and the use of this for assessment of migration models for foods with high packaging:food mass ratios[END_REF] another LC-MS/MS and its applicability to the quantification of these PAAs in food simulants, foodstuffs and in the evaluation of migration models has been described. The aim of this work was to develop a simple LC-MS/MS method for the determination of eight primary aromatic amines and to validate the method in the aqueous food simulant 3 % acetic acid (w/v). This simulant is considered to be the most aggressive for nylon. The selected amines were: m-phenylenediamine (m-PDA), 2,6-and 2,4-toluenediamine (2,6-TDA, 2,4-TDA) 1,5diaminonaphthalene (1,5-DAN), aniline (ANL),4,4,4'methylenedianiline (4,. Method validation should demonstrate that it is fit for purpose, taking into consideration the restrictions or specific migration limit (SML) established in Directive 2002/72/EC and amendments [START_REF] Ec | [END_REF], which in this case, as mentioned before, for all amines selected was not detectable. Furthermore, and in view of the numerous alerts appeared in the last years (RASFF), the developed method was applied to several real samples to evaluate the potential migration of these PAAs from nylon cooking utensils.

Materials and methods

Chemicals and reagents

Methanol was LC-MS CHROMASOLV grade, supplied by Riedel-de Haën (Seelze, Germany) and ultrapure water was prepared using a Milli-Q filter system (Millipore, Bedford, MA, USA). 101-80-4, (99.9%)], were purchased from Riedel-de Haën (Seelze, Germany), and aniline hydrochloride [ANL, CAS Registry No. 142-04-1, (99.6%)] was from Sigma (Schnelldorf, Germany).

Glacial acetic acid was purchased to Probus (Badalona, Spain), and ammonium hydroxide (solution ≥ 25 % in H 2 O) was from Fluka Chemie AG (Buchts, Switzerland). PTFE filters (0.2 µm internal diameter) used were from Waters (Milford, MA, USA).

PAAs individual stock solutions containing 500 mg L -1 were prepared in methanol. These solutions were kept protected from light in the refrigerator up to six moths. Mixed intermediate standards solutions in methanol and 3 % acetic acid (w/v) were prepared by dissolving appropriate amounts of each individual solution to yield concentrations of 5 mg L -1 and 0.1 mg L -1 respectively. Mix solution of 5 mg L -1 was prepared monthly and the 0.1 mg L -1 solution weekly. Calibration solutions in 3 % acetic acid (w/v) were prepared daily in the range of 2-20 µg L -1 . All solutions were kept at 4ºC and protected from light.

Equipment and chromatographic conditions

The LC-MS/MS system comprised an Alliance 2795 liquid chromatograph coupled to a Micromass Quattro Premier mass detector controlled by Mass Lynx software. The chromatographic separation was performed with an XTerra RP18 column (150 × 4.6 mm, 5µm particle size) at 22ºC. All was from Waters, (Milford, MA, USA).

The mobile phase was ammonium acetate 10 mM/methanol 95/5 in an isocratic mode for 0.8 min, followed by a gradient to 25% methanol for two min and another gradient to 67% methanol for forty min and finally an isocratic elution during seven min. The flow rate was 0.6 ml min -1 and the injection volume was 50 µL. MS/MS detector settings: positive electrospray ionization (ESI) mode, probe temperature 400 ºC, ionization source temperature 120 ºC, electron multiplier voltage 660 V, desolvation gas nitrogen at 700 L h -1 , cone gas nitrogen at 50 L h -1 and collision gas argon at 0.6 mL min -1 . The acquisition was in multiple reaction monitoring (MRM) See Table 1 for cone voltages and collision energies.

Infrared spectrometry (Fourier Transformed IR)

The FTIR of all samples were performed on a Perkin Elmer (Boston MA) Spectrum One apparatus running under Spectrum ® (v. 6.1.0) software and equipped with an universal attenuated total reflectance (UATR). ATR spectra were measured with a resolution of 4 cm -1 in the range 4000-650 cm -1 . Each spectrum was the result of 16 co-added scans. For identification purposes, sample spectra were compared against IR libraries (Know It All Informatics System, IR edition v. 7.9 and HaveItAll ® IR databases, all from Bio-Rad Laboratories, Inc). 

Samples and method procedure

Different cooking utensils were bought in several local supermarkets. A brief description is given in Table 2. All information displayed in this table was obtained from the label (if included) or from the utensil itself. The samples were bought in two different periods: The first batch was acquired at the end of 2005 (Samples 1 to 22) and the second one in the middle of 2007 (Samples 24 to 41). In all samples, migration experiments were carried out in the same way. PAA migration was determined by immersing the cooking utensils in 3% acetic acid (w/v). Each sample was placed in a beaker or flask and filled with a given volume of simulant, covered with aluminum foil and transferred to a preheated oven. The aqueous simulant was previously heated and then put into contact with the sample, ensuring that the sample surface (that is intended to use in food contact) is immersed in the simulant (including 2 cm of handle in some cases). The contact area was estimated by geometric calculation. Migration conditions were 2 hours at 100 ºC following what is established in Directive 97/48/EC (EC 1997) and assuming a > 5 < 30 min contact time in the worst foreseeable use. Taking into consideration that these articles are intended for repetitive uses, tree migration experiments were performed using new simulant each time, and at least 24 hours were allowed to go by between each exposure.

For the LC analysis, an aliquot of the migration solution was neutralized to pH 6-7 with ammonia, filtered through a 0.2 µm PTFE syringe filter and injected into the chromatograph. In any case no clean up was applied.

Validation experiments

Calibration was performed by external calibration using series of standards of known concentrations prepared in fresh simulant, neutralized in the same way as samples and injected in duplicate or triplicate. Each calibration curve was constructed at four calibration levels ranging from 2 to 20 µg L -1 and assessed by linear regression. The curves were prepared in three no consecutive days, spread over 20 days. Residual plots were examined to detect obvious patterns and the ANOVA lack of fit test was used to assess linearity. Other parameters estimated were the correlation coefficient and the linearity value calculated according to the following equation:

            - × = b Sb Cm 1 100 %
being Sb the standard deviation of the slope and b the slope of the calibration curve.

Detection limits (DLs) were determined in accordance with the American Chemical Society (MacDougall 1980), analyzing solutions of decreasing concentration until the minimum concentration required to generate a signal-to-noise ratio of 3 was achieved. Trueness and precision of the method were determined by running spiking experiments on migration solutions with each batch of samples. Data from 12 days, over a period of three and a half months, were collected for validation. The number of withinday replicates ranged from 2 up to 10. Four fortification levels (2, 5 10 and 20 µg kg -1 ) were assayed using several migration solutions from different samples.

Between 8 and 22 data, depending on the amine and concentration, were taken for validation.

Precision (internal reproducibility) and trueness are expressed in terms of relative standard deviation and recovery for each level and amine, respectively.

Selectivity was based on the comparison of the chromatograms obtained for PAAs standards solutions, PAAs-free migration solutions from nylon utensils and spiked migration solutions.

Finally, the stability of PAAs in the food simulant was determined by the analysis of solutions of 3% acetic acid (w/v) spiked with a combination of PAAs (n=5 replicates) followed by storage for 2 hours at 100 ºC and 2 hours at 70 ºC. The mean results in each case were compared with those obtained for the same spiked solutions not subjected to the storage conditions (control solutions). 

Results and discussion

Mass Spectrometry

In order to obtain the more characteristic ions (parent and daughter ions, Table 1), individual standard solutions of each PAA (5 µg mL -1 ) were infused directly to the mass spectrometer using a built-in syringe pump and acquired in full scan mode (range from 60 to 300 m/z). Cone voltages were adjusted to the maximum sensitivity for each parent ion. The ESI source parameters were also optimized, i.e. probe temperature, ionization source temperature, electron multiplier voltage, desolvation and cone gas. Once the best conditions for the parent ions were selected, daughter ion scans were acquired. Several collision voltages were tested and those yielding the more intense and stable fragments were chosen. In this way, the cone and collision voltages were fixed to obtain the highest signal/noise ratio for each transition.

The multiple reaction monitoring transitions (MRM) selected for each PAA do not differ from those reported in the literature [START_REF] Mortensen | Specific determination on of 20 primary aromatic amines in aqueous food simulants by high performance-electrospray ionizationtandem mass spectrometry[END_REF][START_REF] Burch | Development and validation of an LC-MS-MS method for the determination of primary aromatic amines, and the use of this for assessment of migration models for foods with high packaging:food mass ratios[END_REF]. In all cases the more intensive parent ion corresponds to the protonated molecular ion [M+H] + , and no other ions of significant intensities were observed. For each PAA, two different daughter ions were selected; one for quantification purposes (Table 1) and the second only for confirmation reasons. For m-PDA, ANL and 3,3-DMB the quantifier daughter ion corresponds with the loss of the primary amine group; 2,6 and 2,4-TDA loose the methyl group [M+H-CH 3 ] + ; 4,4'-DPE and 4,4'-MDA yield the [M+H-C 6 H 7 N] + ion, i.e. lose one aniline group. The case of 1,5-DAN is different; its ionization yields the [M+H] + , but also an intense [M • ] + is observed when the daughter ion scan is acquired (Figure 1), and the same occurs when the molecule looses one of its primary amine group.

Moreover, the specificity of the transitions used for quantification purposes was examined analyzing individual standard solution of each PAA. Thus, no all transitions were used all the time because this greatly influence the sensitivity and therefore ions selected as qualifiers were only monitored in those samples that exhibited results over the restriction limit. For 2,6 and 2,4-TDA the 

Chromatography

Initially, a previous validated method [START_REF] Mortensen | Specific determination on of 20 primary aromatic amines in aqueous food simulants by high performance-electrospray ionizationtandem mass spectrometry[END_REF] was checked for in-house validation in order to analyze the samples, but not satisfactory results were obtained for some amines. The separation of 2,6 and 2,4-TDA was not adequate when simulant 3% acid acetic (w/v) was used and also the sensitivity of 3,3'-DMB was compromised. After several trials with different combinations of mobile phase /column, ammonium acetate 10 mM/methanol using a C18 column were selected as they produce better peak resolutions for all PAAs. The gradient used is one based in the proposed method for the LC-UV determination of these PAAs, [START_REF] Brauer | Spezifische bestimmung primärer aromatischer amine in wässrigen migraten von bedarfsgegentäden aus kunststoff[END_REF] but some adjustments were made to make it suitable for the column used in the MS/MS method. Figure 2 shows the chromatograms obtained. In spite of the possibility of scheduled acquisition for each PAA individually, acquisition of all compounds in all run time was decide because preliminary experiments on some samples exhibited unknown peaks with the transitions selected but at different retention time of the respective PAA. This could be used to try to detect/identify other compounds that are migrating or that are formed into the simulant, but this was not within the scope of the present work. Further effort is needed in this field.

Method validation

Linear regression was applied to the calibration curves, obtained in three different days. The examination of the residual plots did not show any obvious pattern. Residuals were normally distributed when tested by Shapiro-Wilks normality test (p>0.05). ANOVA test showed a high Detection limits for the individual PAAs are given in Table 3. As can be seen in the table, DLs were calculated as amount of analyte present in the food simulant (µg kg -1 ) but also they have been referred to the cooking utensil surface. Due to the different shapes of cooking utensils, each sample has its own contact-surface/simulant-volume ratio. So, in two opposite and real situations these DLs were calculated; the lowest ratio represents an utensil with low contact surface (Slotted turner, 1.114 dm 2 ) but for which a high amount of simulant was needed (425 mL) to ensure that all the contact surface was tested, and the highest ratio represents an utensil with medium surface (Sauce spoon, 1.3781 dm 2 ) but for which less simulant was required (134 mL). In the above mentioned table DLs were also calculated using the standard assumption of 6 dm 2 in contact with 1 kg of food/food simulant (ratio 6 dm 2 L -1 ). In all cases the detection limits calculated were adequate regarding the present legislation. Previously published works also reached these levels, but only in one case no pre-concentration step was needed (Motersen 2005). The present work achieves lower DLs for all amines selected (except for ANL), because less compounds are monitored at the same time, thus increasing the sensitivity. Other works [START_REF] Brede | Determination of primary aromatic amines in water food simulant using solid-phase analytical derivatization followed by gas chromatography coupled with mass spectrometry[END_REF] The global internal reproducibility, including all concentration levels and all amines (Table 4) was in the range 5.6-21.4 % (RSD R ) depending on the compound and concentration. These values are appropriate since they are below the value estimated by the Horwitz function modified by Thompson (Thompson 2000) i.e. RSD 22% for concentrations below 1.2 10 -7 . Mean recoveries were good for all the amines and at all concentrations, ranging between 93 and 100% (including all levels), and are also according to CEN TS 15356 (CEN 2006). The lowest validation level guarantees the method utility for routine analysis regarding compliance or not with Directive 2002/72/EC [START_REF] Ec | [END_REF].mThe lowest validation level guarantees the method utility for routine analysis regarding compliance or not with Directive 2002/72/EC [START_REF] Ec | [END_REF].

No certified reference material is available for the determination of PAAs migrating from cooking utensils. To prove the validity and also to support the trueness of the method, the laboratory participated in a proficiency test organized by FAPAS ® . The testing sample was acetic acid 3% containing 2,4-TDA, ANL and 4,4´-MDA with assigned values of 1.02, 16.0 and 2.00 µg aniline eq. kg -1 simulant, respectively. Thus the trueness of the method was assessed regarding these compounds. The obtained z-score according to FAPAS protocol [START_REF] Fapas® | Food analysis performance assessment scheme, Protocol for the Organization and Analysis of Data[END_REF] method. These conditions were 2 hours at 100 ºC and 2 hours at 70 ºC in 3% acetic acid (w/v). The mean results (n=5 replicates) in each case were compared with the control solutions (not subjected to the storage conditions). For all amines tested the recoveries found after 2h, 100ºC were ≥ 83%, except for 1,5-DAN (6%). Statistical evaluation of the results (t-Test, 95% confidence level) showed no difference between means before and after 2 hours at 100ºC for ANL, 4,4´-DPE, 4,4´-MDA and 3,3´DMB. After 2h, 70 ºC the recoveries found were ≥ 92 %, except for 1,5-DAN (65 %). Statistical evaluation of the results (t-Test, 95% confidence level) showed no difference between means before and after 2h at 70ºC for 2,4-TDA¸ ANL, 4,4´-DPE, 4,4´-MDA and 3,3´-DMB. Previous work reported that most of the PAAs were stable to heating (121ºC 2h) in water, 3% acetic acid and 10% ethanol, but not in olive oil [START_REF] Burch | Development and validation of an LC-MS-MS method for the determination of primary aromatic amines, and the use of this for assessment of migration models for foods with high packaging:food mass ratios[END_REF] except 1,5-DAN.

After heating and storage (121ºC plus 10 days, 40ºC) only the early-eluting PAAs (m-PDA, 2,6 and 2,4 TDA) were poorly recovered, which agrees with the results here presented.

Sample analysis

According to our knowledge only a couple of works have investigated the occurrence of PAAs from cooking utensils [START_REF] Mortensen | Specific determination on of 20 primary aromatic amines in aqueous food simulants by high performance-electrospray ionizationtandem mass spectrometry[END_REF][START_REF] Perharic | Primary aromatic amines in kitchen utensils in Slovenia[END_REF]), while different national enforcement campaigns on PAAs detected several non-compliances with the EU limit. RASFF has reported several food alerts since four years ago (2005: 22 notifications; 2006: 30 notifications; 2007: 23 notifications; 2008: 28 notifications) (RASFF). Because of this, several samples were bought in different retail stores in Madrid (Spain). The first batch was obtained at the beginning of the method development, and the second one, at the end as a complement to the first one.

Initially, and before migration experiments were carried out, contact area of each utensil was calculated and also IR spectra were obtained for all samples. IR spectroscopy is the most direct way of identification of polymers; when using the UATR accessory no sample preparation is needed.

FTIR spectra were collected just by placing the cooking utensil over the diamond and lowering the showed that the majority of samples were made of Polyamide 6 (77 % of samples tested) or Polyamide 66 (23 % of samples). The strongest peaks in the IR spectra are those corresponding to the Amide I and Amide II bands found at 1630 (C=O stretch) and 1530 cm -1 (C-N stretch and CO-N-H bend), respectively. Also, the N-H stretch in 3300 cm -1 is very intense [START_REF] Enlow | Discrimination of Nylon polymers using attenuated total reflection mid-infrared spectra and multivariate statistical techniques[END_REF].

Next step was to carry out migration experiments. As it has been mentioned in materials and methods (section 2.5), samples were exposed during 2h to 100ºC to the aqueous food simulant 3% acetic acid. Mortensen et al [START_REF] Mortensen | Specific determination on of 20 primary aromatic amines in aqueous food simulants by high performance-electrospray ionizationtandem mass spectrometry[END_REF]) also used these conditions. Because of the hydrophilic nature of these compounds and the type of polymer, 3% acetic acid was selected for migration experiments as the worst scenario regarding PAA migration. Migration in olive oil was reported elsewhere (Brede 2004, Burch and[START_REF] Burch | Development and validation of an LC-MS-MS method for the determination of primary aromatic amines, and the use of this for assessment of migration models for foods with high packaging:food mass ratios[END_REF]) to be a difficult task. Lower migration values were obtained compared with those in aqueous simulants perhaps due to degradation of PAAs or reaction with oil components. These utensils are intended for cooking, thus to be used with hot food; furthermore some of them are labeled with the expression Heat resistance 210/220 ºC. EU legislation (EEC 1982) establishes for aqueous food simulants a contact temperature of 100 ºC when the contact temperature in real use is ≥ 100 ºC. The migration time selected was bases on the assumption that contact time in real use (worst scenario) would be 30 min, therefore and according to what is established, the migration time should be 4 times 30 min, that is 2 hours. Moreover, as nylon utensils are intended for repeated use, for compliance purposes only the result of the third migration was taking into account. Results are summarized in Table 5. In some samples very high amounts of PAAs were found and dilution of the migration solutions was necessary prior the analysis. A total of 39 samples were analyzed and 54% of them did not fulfill current legislation. Furthermore from 1 st to 3 rd migration, samples 11,18,19,36,37,38,40,41 gave to the simulant an evident brown color. These samples corresponded with those that exhibited higher migration values. The two main compounds identified were 4,4'-MDA and ANL, as previously found by other authors [START_REF] Mortensen | Specific determination on of 20 primary aromatic amines in aqueous food simulants by high performance-electrospray ionizationtandem mass spectrometry[END_REF][START_REF] Brede | Migration of aniline from polyamide cooking utensils into food simulants[END_REF][START_REF] Perharic | Primary aromatic amines in kitchen utensils in Slovenia[END_REF], and as appeared in several RASFF notifications (RASFF). In some samples 2,4-TDA and 3,3-DMB were also identified but by far in less amounts than 4,4'-MDA and ANL. Always the higher values were attributed to 4,4'-MDA. It has been suggested that this compound is used in the manufacture of some types of polyamide, apparently as a comonomer, to increase the stability of the plastic at high temperatures.

Other authors suggest that 4,4`-MDA is used to produce the azodyes that give the utensils this black color [START_REF] Petersen | Memorandum for the Danish Veterinary and Food Administration: An acute case of primary aromatic amines migrating form cooking utensils[END_REF]). Slight differences were found regarding the number of samples that exceeded the SML depending on the year that were bought. Samples acquired during 2005 were 57% no compliant while those acquired in 2007 produced a 50% of no compliant results. Of all the samples giving PAAs values above the restriction limit, only one had been identified by IR as PA66 (sample 5), wich represents 11 % of all samples identified as PA66, against the 67 % of samples identified as PA6. Samples labeled as "duplicated" in table 2 were those bought at the same time, in the same store, sometimes sold as a set and apparently identical, but no information was available e.g. a batch number confirming that the two samples came from the same lot.

Duplicate samples gave quite different results, e.g. samples 3 and 18. This suggests a lack of homogeneity in these types of materials.

Although only the result of the third exposure was taking into account to compare it with the legal limits, also the first and second migration solutions were analyzed. Figure 3 shows graphically results obtained. As can be seen, for sample 11, the result obtained in the first migration is not completely shown due to the high value (6416 µg dm -2 ). In most cases the migration levels decreased between the first and second migration, otherwise for samples 17 and 22 the levels found in the second migration were slightly higher. Also a decrease in PAA migration values was observed in most of the samples (73%) between second and third migration. However, this was not the case for samples 4, 11, 18, 19, 37, 39; in particular this increase was considerable in samples 18 and 37.

It is worth noting, that in 20 out of the 22 samples exceeding the restriction limit, the values found were significantly above the limit. Therefore it could be expected that these utensils continued to be no compliant after several exposures. It has been reported elsewhere that after simulating 1-2 years of household use, the samples continued to release PAA (Mortenseen 2005).

Conclusions

A simple LC-MS/MS method able to analyze directly (without clean up) a food simulant has been developed and the low validation level achieved guarantees the method is suitable for routine analysis to check for compliance with Directive 2002/72/EC. Moreover several unknown compounds have been detected that could be related to PAAs, so further work is needed in this field. Most notifications related to cooking utensils concern products originating from third countries. The proposed method has proved to be adequate for testing compliance with European Legislation. Though the first RASFF notification concerning PAAs migration from cooking utensils was in 2004, this is not a resolved issue, as it is demonstrated by the fact that in the following years the number of alerts did not show a decreasing tendency; 22 notifications in 2005; 

  122.8>105.8 which corresponds to [M+H-NH 3 ] + ion; for ANL was 93.8>50.7 i.e. [M+H-C 2 H 5 N] + due to the aromatic ring rupture; for 4,4'-MDA 199.2>76.8 (complete breaking down of the molecule arising the aromatic rings) and for 3,3'-DMB 213.2>181.1, that is [M+H-CH 3 -NH 3 ] + . In all cases higher collision voltages were required than those needed for the quantification transitions.

  p<0.001) and the lack of fit was not significant (p>0.05) for all amines in all the curves, what demonstrates the validity of the lineal model at the working range. Besides, the correlation coefficients of the calibration curves were always greater than 0.994 and the linearity values, calculated according to the equation given under section 2.6 Validation experiments were above 96%.

  have obtained lower DLs (five to ten times below) employing GC-SPE derivatization or LC-UV-SPE (Brauer and Funke 2002), but these techniques are costly and time consuming. Some authors have, nevertheless, pointed out (Morteresen 2005) that once the individual determination of PAAs has become an easy task, expressing the DLs as ANL equivalents is inappropriate due to the differences in the molecular weight of the amines. The fourth amendment /72/EC, Directive 2007/19/EC, (EC 2007) when setting restrictions for PAAs does not refer anymore to aniline equivalents.

  were: 0.1 for 2,4-TDA, 0.3 for ANL and -0.3 for 4,4-MDA. These z-scores values confirm the method suitability for the proposed objectives.Regarding selectivity, no relevant interferences were detected in the analysis of blank migration solutions (acetic acid 3%) obtained from nylon cooking utensils. Representative chromatograms of PAAs standards and a blank migration solution are given in figure2. The stability of PAAs under two possible migration conditions for nylon utensils was studied for the eight PAAs included in the

  A background spectrum of air was recorded each time. The results obtained were compared with those included in a database of commercial libraries (Biorad ® ). The results obtained

  30 in 2006; 23 in 2007 28 in 2008 and 15 notifications during the firsts weeks of 2009.
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 2 Figure 2: Chromatogram of 3 rd migration extract of sample 16, A: spiked with the PAAs mix (10 µg L -1 ) showing the quantification traces used; B: without spiking.
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Table 1 :

 1 Experimental data for quantification purposes.

	Name	Abbreviation CAS Nº	Structure	Quantification MRM traces	Cone (V)	Collision (eV)
	m-phenylenediamine	m-PDA	108-45-2		108.7>91.7	20	15
	2,6-toluenediamine	2,6-TDA	823-40-5		122.8>107.8	20	18
	2,4-toluenediamine	2,4-TDA	95-80-7		122.8>107.8	20	18
	1,5-diaminonaphthalene	1,5-DAN	2243-62-1		158.8>142.8	25	20
	Aniline	ANL	62-53-3		93.8>76.8	20	18
	4,4'-diaminodiphenylether	4,4'-DPE	101-80-4		201.1>107.8	20	20
	4,4'-methylenedianiline	4,4'-MDA	101-77-9		199.2>105.9	25	25
	3,3'-dimethylbenzidine	3,3'-DMB	119-93-7		213.2>196.1	25	25

Table 3 :

 3 Number of analysis for estimation of trueness and precision

	PAAs	2 ng mL -1 5 ng mL -1 10 ng mL -1 20 ng mL -1
	m-PDA	15	16	20	9
	2,6-TDA	15	16	20	10
	2,4-TDA	15	13	20	10
	1,5 DAN	14	16	20	10
	ANL	8	16	16	10
	4,4`-DPE	15	16	22	10
	4,4`-MDA	15	16	12	10
	3,3`-DMB	9	16	22	10

Table 3 :

 3 Detection limits.

		µg L -1		µg dm -2	
	PAAs	Standard	Standard ratio	Lowest ratio	Highest ratio
		solution	6 dm 2 kg -1	2.62 dm 2 kg -1	(10.28 dm 2 kg -1 )
	m-PDA	0.5	0.083	0.191	0.049
	2,6-TDA	0.5	0.083	0.191	0.049
	2,4-TDA	0.5	0.083	0.191	0.049
	1,5 DAN	1.0	0.167	0.382	0.097
	ANL	1.0	0.167	0.382	0.097
	4,4`-DPE	0.5	0.083	0.191	0.049
	4,4`-MDA	0.5	0.083	0.191	0.049
	3,3`-DMB	0.5	0.083	0.191	0.049
	TOTAL*	4.5	0.750	1.718	0.438
	*Total express the sum of all amines showed except m-PDA (i.e. it has its own SML)

Table 4 :

 4 Precision expressed as internal reproducibility (RSD R %) of the method in migration solutions from nylon cooking utensils.

	PAAs	2 ng mL -1 5 ng mL -1 10 ng mL -1 20 ng mL -1
	m-PDA	12.3	7.9	9.4	9.3
	2,6-TDA	13.6	9.7	11.9	10.3
	2,4-TDA	21.4	11.3	16.5	9.7
	1,5 DAN	18.4	9.0	11.6	12.1
	ANL	9.8	20.0	11.3	20.3
	4,4`-DPE	12.2	6.8	10.3	5.6
	4,4`-MDA	8.4	7.4	12.8	9.9
	3,3`-DMB	15.2	8.9	13.1	13.1

Table 6 .

 6 Recoveries (%) of PAAs in migration solutions from nylon cooking utensils.

	PAAs	2 ng mL -1	5 ng mL -1 10 ng mL -1 20 ng mL -1 Global mean
	m-PDA	96.9	100.0	99.4	97.2	98.4
	2,6-TDA	93.9	96.9	92.6	97.4	95.2
	2,4-TDA	91.9	95.9	89.6	94.9	93.1
	1,5 DAN	99.1	94.5	88.9	92.2	93.7
	ANL	80.0	90.4	100.1	85.4	89.0
	4,4`-DPE	104.0	101.0	97.0	95.1	99.3
	4,4`-MDA	101.4	101.1	99.3	99.6	100.4
	3,3`-DMB	99.5	99.9	96.6	93.4	97.4

Table 5 :

 5 Results of migration experiments. The data showed correspond to the 3 rd exposure. All results are expressed as the sum of all compounds identified.

	Sample	Utensil	Contact surface (dm 2 )	Ratio (dm 2 L -1 )	MIGRATION (µg dm -2 )	PAAs identified
	1	Slotted turner	1.3	3.75		
	2	Slotted turner	1.1	2.62	909.21	4 4´-MDA & ANL
	3	Soup Spoon	2.4	5.49	559.25	4 4´-MDA & ANL
	4	Ladle	1.5	3.36	230.44	4 4´-MDA & ANL
	5	Slotted Spatula	1.6	4.26	74.30	4 4´-MDA
	6	Ladle	1.2	2.98	1.97 2.0	ANL
	7	Ladle	1.5	3.28		
	8	Slotted turner	1.5	3.98		
	9	Sauce spoon	1.5	4.32	107.01	4 4´-MDA & ANL
	10	Soup Spoon	1.9	3.71		
	11	Ladle	1.5	3.44	2470.34	4,4´-MDA & ANL
	12	Ladle	1.8	3.53		
	13	Serving Tong	0.9	6.42		
	14	Skimmer	2.1	5.55		
	15	Ladle	1.4	3.17		
	16	Slotted turner	1.3	3.50		
	17	Slotted turner	1.1	2.68	751.24	4 4´-MDA & ANL
	18	Soup Spoon	2.4	5.25	926.69	4 4´-MDA & ANL
	19	Ladle	1.4	4.33	315.73	4 4´-MDA & ANL
	21	Ladle	1.6	3.55	7.659	ANL & 4,4´-MDA
	22	Soup Spoon	2.7	7.10	140.70	4 4´-MDA & ANL
	24	Soup Spoon	2.6	8.98		
	25	Ladle	2.1	7.26		
	26	Ladle	2.1	7.14		
	27	Fork	0.8	3.28	68.13	ANL
	28	Spoon	0.9	3.46	105.38	ANL
	29	Slotted turner	0.9	3.92	80.90	ANL
	30	Ladle	1.6	4.79		
	31	Ladle	1.6	5.66		
	32	Ladle	1.5	5.67		
	33	Soup Spoon	2.6	6.93		
	34	Sauce spoon	1.4	8.72		
	35	Ladle	1.4	3.89		
	36	Sauce spoon	1.4	10.28	329.20	4,4'-MDA & ANL
	37	Serving Fork	0.7	4.70	369.94	4,4'-MDA & ANL
	38	Spatula	2.1	6.38	798.03	4,4'-MDA & ANL
	39	Skimmer	2.4	4.11	179.03	4,4'-MDA & ANL
	40	Slotted turner	1.1	2.90	860.81	4,4'-MDA & ANL
	41	Ladle	1.3	4.70	562.28	4,4'-MDA & ANL
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