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[bookmark: _GoBack]Food contact materials (FCMs) can contain Non-intentionally added substances (NIAS) as a result of break down, side product or impurities. NIAS can migrate into food and this might cause a risk for human health. Thus, their presence has to be evaluated, but currently there are no protocols to establish how to perform a risk assessment. Then, in this work, three different strategies to make a NIAS exposure assessment were compared: the European Food Agency Authority (EFSA) food consumption database, the Matrix Tool and the FACET tool. 2,4-Di-tert-butylphenol (2,4-DTB), an identified and quantified NIAS, was used as the case study. Differences between these tools were highlighted, but for all the strategies tested the estimated exposure to 2,4-DTB was lower than its threshold value indicating that there are no risk for the consumers.
Introduction
The safety to chemical hazard is a theme of great interest that affects all the supply chain (Ju, 2017). Particularly, it has a great impact on the food safety. Foods can be contaminated by several pollutant of different origins (Ling, 2018) and one the possible sources of contamination could be the packaging material itself. In fact, food contact materials can release their constituents, which can be intentionally but also non intentionally added in it. The latter are the so-called Non-intentionally added substances (NIAS), which are compounds present in food contact materials (FCMs), but not added for a technical reason during the production process. Often their presence is not known by the consumer and neither by the FMC producer. NIAS can be generated at any level of the supply chain, e.g. during the syntheses of raw materials, transport and process. In fact, they can have different origins: they can be break-down products, side products and can be originated from contaminants present in the equipment. NIAS, as all the constituents of FCMs, could migrate into food and this might cause a risk for human health, so their presence have to be assessed. However, the regulation 10/2011 / EU is the first that recognises that NIAS can be formed in the FCMs and, according to article 3 of the Framework Regulation EC 1935/2004, the FCM manufacturer is obliged to ensure the food packaging safety, but no clear advice is given by authorities on how their safety should be assessed, except for art.19 in Reg  EU 10/2011  where internationally recognised  protocols are required for in house risk assessment.  An available guidance for the NIAS risk assessment has been made by International Life Sciences Institute (ILSI) Europe Packaging Materials Task Force (2015) (Koster et al., 2016). Moreover, NIAS identification is a very difficult analytical task. One of the main difficulties is related to the lack of knowledge of the packaging composition. A packaging material can be formed with several layers of different materials which can also be coated with inks or vanishes. Furthermore, very often these layers are produced by different manufacturers and the composition of a material is generally confidential. Therefore, it’s almost impossible to know exactly the composition of a packaging material. Moreover, in each layer there are many intentionally added-substances (IAS) (e.g. antioxidant, UV absorbers, plasticizers, antimicrobials, etc.) and know the formula is more difficult than the materials (Ubeda et al., 2018). Another difficulty is related to the analytical work which is one of the most challenging steps: NIAS can be present in very low concentrations (ppb or ppt ), thus, complex analytical techniques are required to detect them, and it’s necessary the help of chemical databases for their identification. So, it’s almost impossible to identify all the NIAS present in a food contact material; in fact, also using sophisticated analytical techniques there will be NIAS detected but not identified or not detected. In this context, several works have been done to identify NIAS in FCMs. Different breakdown products of PET have been identified in water bottles (Cincotta et al., 2017). Ubeda et al. (2018) and Brenz et al. (2018) determined different oligomers respectively in PET and PBT samples. Degradation products of Polycarbonate have been identified in FCMs (Bignardi et al., 2014). Furthermore, also additive degradation products have been found in different packaging materials (Bradley and Coulier, 2007).  However, most of these articles are focused on the analytical methodology for NIAS identification, but there are other difficulties related to this topic. In fact, just because a NIAS is a non-listed substance some business operators have adopted the threshold value of 10 μg/kg food, which is the Limit of Detection indicated for same cases in Reg EU 10/2011. This low limit could represent a challenge with some FCMs as they may release many NIAS. Thus, the so-called exposure based approach could be adopted, setting a level corresponding to a safe exposure threshold and determining the estimated exposure to the given substance. If the exposure to a given substance doesn’t exceed such an exposure threshold, there are no risks for the consumer, otherwise countermeasures are needed in order to reduce NIAS concentration. However, few articles deal with this exposure assessment and there are no protocols made by public authorities to establish how it can be done and which strategy should be adopted. In this context, it could be useful to test the possible strategies to perform the exposure assessment with the aim to create a model useful to ensure NIAS safety. Thus, the aim of this work is to make an exposure assessment basing on an identified and quantified NIAS using different methods: using the European Food Agency Authority (EFSA) food consumption database (EFSA, 2016), using the Matrix Tool (Eisert, 2011) or using the FACET tool (Oldring et al., 2009).
Materials
2,4-Di-tert-butylphenol (2,4-DTB) was chosen as case study since it is a non-listed substance and a breakdown product of a widely used antioxidant: Tris (2,4-ditert- butylphenyl) phosphite (Irgafos 168) and it has been identified in several polyolefin FCMs (Alin and Hakkarainen, 2011). This NIAS was industrially identified and quantified in 20 (on 37 containing Irgafos 168) polyethylene’s film samples intended for food contact. The mean concentration of Irgafos 168 was 186 µg/dm2, while the mean concentration of its breakdown product in the films was 2 µg/dm2. The method used for NIAS identification and quantification cannot be specified for companies privacy reasons. 
Determination of the “Level of Interest” (LOI)
The "Level of Interest" is the threshold amount of a substance to which the health risk is negligible.
The determination of 2,4-DTB LOI was done according to the "Threshold of Toxicological Concern" (TTC) which is a decision tree that is based on the principle of establishing a human exposure threshold value for all chemicals below which there is a very low probability of an appreciable risk to human health (Kroesa et al., 2004). Substances are divided, basing on their chemical structure, in three Cramer classes (Cramer et al., 1976), each of them has its TTC value (class I – 1.8 mg/person/day; class II – 0.54 mg/person/day; class III – 0.09 mg/person/day). However, substances that are carcinogenic, mutagenic or reprotoxic (CMR), substances that accumulate and proteins are excluded from Cramer classification. The LOI of 2,4-DTB is equal to 1.8 mg/person/day (it belongs to the class I) and this value has been determined using the Toxtree application (Patlewicz et al., 2008) in which the decision tree is automated.
Exposure Assessment
Exposure estimation of NIAS is based on migration and consumption data, as reported in the Eq. (1)
Exposure = Migration * Food consumption                                                                                                      (1)
Where exposure is reported in µgNIAS/(person*day), migration in µgNIAS/KgFood and food consumption in Kg Food/(person*day). Migration data can be derived from worst case calculations, migration calculation models or migration studies in food simulants, whereas consumption data can be derived from assumptions, e.g. a person eats every day 1 kg food which is packed in 6 dm2 of a single type of plastics material (EU No 10/2011), or using specific databases. As above mentioned, in this work three different tools were compared: EFSA Database, Matrix Tool and Facet Tool. The results of these software were compared for three countries: Italy, France and UK because they are the only ones in common for the tools. 
Furthermore, the surveys used to compare these tools for EFSA and FACET are:
· Italy INRAN-SCAI 2005
· France INCA 2
· UK NDNS 200 19-64
[bookmark: _Toc526335715]Migration into food
As above reported, the migration levels of substances from plastics into the food can be derived in different ways. In this case, the migration of the NIAS into food has been calculated using the worst case migration, according to the guidelines developed by Plastics Europe. The worst case migration assumes that all the NIAS contained in the film pass into the food.
CFood = CFilm * S/V                                                                                                                                              (2)
Where:
· CFood [µg/Kg] is the concentration of the NIAS into the food;
· CFilm [µg/dm2] is the concentration of the NIAS into the film, in this case it is known and is equal to 2 µg/dm2;
· S/V [dm2/Kg] is the surface / volume ratio, in this case is not known but the conventional value of 6 dm2/Kg ((EU) No 10/2011) has been assumed.
Applying the Eq. (2), the concentration of the NIAS into the food was estimated and it was equal to 12 µg/Kg food. 
The selected foods are the followings: Cheese, Butter, Potatoes, Chocolate, Dried Pasta, Processed meat, Processed fish, Honey, Vinegar, Beer, Yoghurt.
[bookmark: _Toc526335717]EFSA Comprehensive Database
The EFSA Comprehensive Database (EFSA Comprehensive Database, 2018) is a food consumption database of 61 different dietary surveys in 25 different Member States. Foods are classified according to “FoodEx2”, which is a hierarchical system based on 21 main food categories that are further divided into subgroups up to a maximum of 7 levels. Food consumption statistics are reported both in grams/day and in grams/kg body weight per day, for both chronic and acute consumption. For each country, food consumption data are presented per age class (Infants, Toddlers, Other children, Adolescents, Adults, Elderly and Very elderly); and for the total population and for consumers only. The summary statistics include the total number of individuals and, for each level, age classes, number of consumers, the mean, median and the standard deviation, as well as low and high percentiles. High percentiles (95th, 97.5th, 99th and even 99.9th) are often used to identify high-level consumers. The use of summary statistics from this database is intended to produce conservative estimates of exposure (EFSA, 2016). In this work the chronic consumption of different foods (which belong from the 2nd to 5th level) was estimated per consumers in terms of mean and 95th percentile. To be conservative, the selected population class was the one with the highest consumption value. After, for each food, the NIAS exposure was estimated multiplying the consumption value by the migration value (12 µg/Kg food).
Matrix Tool
Matrix (Matrix Tool, 2014) is a tool for risk assessment of non – listed substances (NLS) and not - intentionally added substances (NIAS) under Article 19 of the European Commission Regulation (EU) No 10/2011 on plastic materials and articles intended to come into contact with food. The Matrix database was jointly initiated, financed and supported by Cefic-FCA, European Plastics Converters (EuPC), Flexible Packaging Europe (FPE) and Plastics Europe and is publicly available (Eisert, 2011) .
Matrix calculation tool derived country data from five European countries (Italy, Spain, France, UK and Germany) with the respective packaging surface to which consumers are exposed per plastic material group and per consumed food (dm2 / person*day). This area is then used to calculate exposure (µg / person*day) of identified substances based on their migration data or residual content level (µg / dm2).
Exposure = Migration * Surface Area                                                                                                                (3)
Where Exposure is reported in µgNIAS/(person*day), migration in µgNIAS/(dm2) and surface area in dm2/(person*day).
The Matrix calculation tool allows to select the country, food type selection by simulant, packaging and substance concentration (µg / dm2) for exposure calculation.
In this case, the exposure values was obtained for each simulant and for each country, selecting “PE multilayer” as packaging material, and 2 µg / dm2 as NIAS residual content. The obtained results are reported in Table1.
Table 1: Exposure values (µg/person/day) to 2,4-DTB for each simulant
	Simulant
	Italy
	France
	UK

	A
	0.536
	1.772
	0.63

	B
C
D1
D2
E
	0.316
0
0
0.224
0.934
	1.6
0.002
0.172
0.896
1.406
	0.532
0
0
0.228
0.758



It has to be noted that there are no consumption data available for Multilayer PE in Italy and UK for simulants C and D1. A Possible reason could be that at the time of data collection there was no packaging of material type Multilayer PE on the market for these simulants. However, each food was associated to one or more simulants, to obtain the exposure values.

FACET Tool
The FACET project developed the FACET (Flavourings, Additives, and food Contact materials Exposure Tool) exposure tool in response to a call by the European Commission to produce a risk management tool consisting of a database containing information on concentrations of food additives and food flavourings, potential migrants in food contact materials and food consumption data (Oldring et al., 2009). This tool (FACET Tool, 2017) contains food consumption data for eight EU countries for different age groups with 15 surveys. It also has databases on packaging composition, formula and usage. However, there is no database on the occurrence and concentrations of NIAS. Estimates of exposure to NIAS could be derived in three ways: (i) NIAS associated with an existing foodstuff. This is used when the concentration of a migrant in the food is already\ known. (ii) NIAS associated with an existing packaging material. It uses the existing data within FACET for which this packaging material is used in which applications, and what the surface to volume ratios are for these applications (ii) NIAS associated at a fixed ratio with a substance that exists in the FACET substance database. This can be optionally restricted to specific material categories (adhesives, inks, other coatings, paper & board, plastic). 
In this work, only the third approach was tested for all the above-mentioned foods with a migration value of 12 µg/Kg food and the exposure values were estimated per consumers and in terms of mean and 95th percentile. In all the cases, the selected packaging is “Flexible Wrapper / Bag / Pouch”.
Comparison of the different tools
The exposure values in (µg/person/day) are reported for each country per consumer and in terms of mean, for Figures 1a, 2a and 3a, and in terms of 95th percentile, for Figures 1b, 2b, 3b. However, these distinctions can be made only using EFSA and FACET approach, the MATRIX values are always the same.

Figure 1: Exposure values to 2,4-DTB for (a) mean and (b) high-level consumers in Italy.(b)
(a)

Figure 2: Exposure values to 2,4-DTB for (a) mean and (b) high-level consumers in France.

Figure 3: Exposure values to 2,4-DTB for (a) mean and (b) high-level consumers in UK.(b)
(a)


From Figures 1, 2 and 3 it is evident that EFSA and FACET tools, give similar results for both mean and 95th percentile (some differences can be observed only for French beer and this could be due to the choice of the EFSA population group that has very few consumers). It has to be reminded that EFSA and FACET are compared using the same interviews, but the food classification is different for the two systems and EFSA database also divides the food consumption for different age classes (among them, the population group with the highest consumption value has been chosen). Moreover, using EFSA database, the package usage factor has not been considered. For this reasons, there are some differences in the exposure value between EFSA and FACET. Matrix gives different value from the other approaches. Looking at the mean value, for Italy and UK, the choice of the simulant and not of the specific food lead to an overestimation in the case of low consumption foods (e.g. butter, honey, vinegar) and to an underestimation in the case of high consumption foods (e.g. potatoes, beer). Instead, in the case of France, Matrix gives higher values than the mean of the other approaches (except for C and D1 simulants). This could be due to a medium surface / volume ratio, for packaged French food, higher than the assumed value (6 dm2/Kg) because in the MATRIX database also this data is included. Furthermore, the MATRIX exposure values are always lower than the 95th percentile of the other systems. It must be reminded that these approaches are conservative and require little data because of the assumption of the worst case migration. However, also in the worst case conditions, the exposure to 2,4-DTB is lower than its LOI indicating that there are no risk for the consumers.
Conclusions
In this work three tools for NIAS exposure assessment were compared basing on an identified and quantified NIAS: 2,4-DTB.  The LOI of this migrant has been calculated using the TTC approach and it is equal to 1800 µg/person/day. The migration into the food, was calculated using the worst case assumption. Then, the three tools were compared for Italy, France and UK. Since that there are different options of FACET tool, the one in which the concentration of the NIAS into the food is already known was used to compare these methods. From the comparison of these tools, it emerged that 	EFSA and FACET tools give similar results for both mean and 95th percentile, some differences can be due to the different food classification system and to the fact that EFSA database also divide the food consumption for different age classes (among them, the population group with the higher consumption value was selected). Matrix gives, for Italy and UK, higher values in the case of low consumption foods and lower values in the case of high consumption foods compared to the mean exposure value of FACET and EFSA tools. Instead, in the case of France, Matrix gives higher values than the mean of the other approaches. This could be due to a medium surface / volume ratio, for packaged French food, higher than the assumed value (6 dm2/Kg). Furthermore, the MATRIX exposure values are always lower than the 95th percentile of the other systems. Anyway, also in the worst case conditions, the exposure to 2,4-DTB is lower than its LOI indicating that there are no risk for the consumers. However, if using this approach the estimated exposure of given substance is too large, more refined models (e.g. the other functions of the FACET tool) have to be used.
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Mean (ug)

EFSA	CHEESE	BUTTER	POTATOES	CHOCOLATE	PASTA	PROCESSED MEAT	PROCESSED FISH	HONEY	VINEGAR	BEER	YOGHURT	0.7368267973273932	8.7364032258064814E-2	1.0290467878787892	0.15	0.71651234782608719	0.35387999999999997	0.31060650000000001	0.152212903225806	5.8199999999999995E-2	1.8042158689788002	1.0485200696864088	FACET	CHEESE	BUTTER	POTATOES	CHOCOLATE	PASTA	PROCESSED MEAT	PROCESSED FISH	HONEY	VINEGAR	BEER	YOGHURT	0.70750000000000002	8.4229999999999999E-2	1.073	0.1145	0.79730000000000001	0.53459999999999996	0.44079999999999997	0.15210000000000001	5.6419999999999998E-2	1.8169999999999999	1.056	MATRIX	CHEESE	BUTTER	POTATOES	CHOCOLATE	PASTA	PROCESSED MEAT	PROCESSED FISH	HONEY	VINEGAR	BEER	YOGHURT	0.93400000000000005	0.224	0.53600000000000003	0.224	0.93400000000000005	0.53600000000000003	0.53600000000000003	0.53600000000000003	0.316	0	0	


95th Percentile (ug)

EFSA	CHEESE	BUTTER	POTATOES	CHOCOLATE	PASTA	PROCESSED MEAT	PROCESSED FISH	HONEY	VINEGAR	BEER	YOGHURT	1.6506000000000001	0.27848000000000034	2.0932400000000042	0.35572199999999998	1.3067600000000041	0.76719999999999955	0.78235999999999917	0.4299999999999996	0.14399999999999999	4.8	2.4	FACET	CHEESE	BUTTER	POTATOES	CHOCOLATE	PASTA	PROCESSED MEAT	PROCESSED FISH	HONEY	VINEGAR	BEER	YOGHURT	1.6180000000000001	0.17200000000000001	2.1710000000000003	0.36200000000000004	1.996	1.3539999999999999	1.2	0.38600000000000001	0.14400000000000002	4.8	2.4	MATRIX	CHEESE	BUTTER	POTATOES	CHOCOLATE	PASTA	PROCESSED MEAT	PROCESSED FISH	HONEY	VINEGAR	BEER	YOGHURT	0.93400000000000005	0.224	0.53600000000000003	0.224	0.93400000000000005	0.53600000000000003	0.53600000000000003	0.53600000000000003	0.316	0	0	



Mean (ug)

EFSA	CHEESE	BUTTER	POTATOES	CHOCOLATE	PASTA	PROCESSED MEAT	PROCESSED FISH	HONEY	VINEGAR	BEER	YOGHURT	0.64984092840595675	0.16742243943107757	0.80208000000000002	0.11118712715855568	0.15882634603174561	0.2454438920634924	0.187182472620888	0.16217142857142841	4.574372294372292E-2	2.7739682539682518	0.9860025181598101	FACET	CHEESE	BUTTER	POTATOES	CHOCOLATE	PASTA	PROCESSED MEAT	PROCESSED FISH	HONEY	VINEGAR	BEER	YOGHURT	0.35260000000000002	0.13320000000000001	0.57709999999999995	0.1163	0.48199999999999998	0.3735	0.16880000000000001	0.10050000000000001	3.7160000000000006E-2	1.601	0.9667	MATRIX	CHEESE	BUTTER	POTATOES	CHOCOLATE	PASTA	PROCESSED MEAT	PROCESSED FISH	HONEY	VINEGAR	BEER	YOGHURT	1.5779999999999998	0.89600000000000002	1.772	0.89600000000000002	1.4059999999999999	1.772	1.772	1.772	1.6	2E-3	0.17199999999999999	


95th Percentile (ug)

EFSA	CHEESE	BUTTER	POTATOES	CHOCOLATE	PASTA	PROCESSED MEAT	PROCESSED FISH	HONEY	VINEGAR	BEER	YOGHURT	1.6271674285714319	0.43649234012199961	1.8469200000000001	0.34285714285714325	0.30857142857142844	0.59196000000000004	0.48857142857142843	0.35537142857142839	0.1532571428571432	11.485714285714284	2.6785714285714204	FACET	CHEESE	BUTTER	POTATOES	CHOCOLATE	PASTA	PROCESSED MEAT	PROCESSED FISH	HONEY	VINEGAR	BEER	YOGHURT	0.92049999999999998	0.35659999999999997	1.4569999999999999	0.38059999999999999	1.369	0.99299999999999999	0.45269999999999999	0.3	0.1234	4.7140000000000004	2.3570000000000002	MATRIX	CHEESE	BUTTER	POTATOES	CHOCOLATE	PASTA	PROCESSED MEAT	PROCESSED FISH	HONEY	VINEGAR	BEER	YOGHURT	1.5779999999999998	0.89600000000000002	1.772	0.89600000000000002	1.4059999999999999	1.772	1.772	1.772	1.6	2E-3	0.17199999999999999	



Mean (ug)

EFSA	CHEESE	BUTTER	POTATOES	CHOCOLATE	PASTA	PROCESSED MEAT	PROCESSED FISH	HONEY	VINEGAR	BEER	YOGHURT	0.2797475386823628	6.6617130452221798E-2	0.86320964426862246	0.12808394088669958	0.40544175835714313	0.2858612661074616	0.2459327441443932	6.0421532055769916E-2	1.9107989854779361E-2	5.92203955595844	0.60438193145715235	FACET	CHEESE	BUTTER	POTATOES	CHOCOLATE	PASTA	PROCESSED MEAT	PROCESSED FISH	HONEY	VINEGAR	BEER	YOGHURT	0.23960000000000001	8.5939999999999989E-2	1.032	0.20379999999999998	0.49209999999999998	0.28999999999999998	0.29090000000000005	8.8919999999999999E-2	3.243E-2	5.9649999999999999	0.67089999999999994	MATRIX	CHEESE	BUTTER	POTATOES	CHOCOLATE	PASTA	PROCESSED MEAT	PROCESSED FISH	HONEY	VINEGAR	BEER	YOGHURT	0.75800000000000001	0.22800000000000001	0.63	0.22800000000000001	0.75800000000000001	0.63	0.63	0.63	0.53200000000000003	0	0	


95th Percentile (ug)

EFSA	CHEESE	BUTTER	POTATOES	CHOCOLATE	PASTA	PROCESSED MEAT	PROCESSED FISH	HONEY	VINEGAR	BEER	YOGHURT	0.68555794829485683	0.226172448774	1.9236333393891478	0.37748571428571359	0.79319999999999991	0.76391444512971363	0.64217142857142839	0.23699999999999999	5.2852668349714201E-2	20.390400000000003	1.6429715417931479	FACET	CHEESE	BUTTER	POTATOES	CHOCOLATE	PASTA	PROCESSED MEAT	PROCESSED FISH	HONEY	VINEGAR	BEER	YOGHURT	0.5786	0.28470000000000001	2.3530000000000002	0.6069	1.089	0.80230000000000001	0.69360000000000011	0.31900000000000001	7.4569999999999997E-2	20.41	1.7049999999999998	MATRIX	CHEESE	BUTTER	POTATOES	CHOCOLATE	PASTA	PROCESSED MEAT	PROCESSED FISH	HONEY	VINEGAR	BEER	YOGHURT	0.75800000000000001	0.22800000000000001	0.63	0.22800000000000001	0.75800000000000001	0.63	0.63	0.63	0.53200000000000003	0	0	
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