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The estimation of exposure to food packaging materials. 2. Patterns of intakes of packaged foods in Irish Children aged 5-12 years.

*Caution needs to be taken when using the probability of glass when it the only layer in contact with the food. In the NCFS respondents may have documented glass as the packaging used for the food and not documented the lid used for the packaging format. 

Abstract

In the EU many assumptions are employed to calculate the intake of migrating chemicals from food packaging. However, very little is known about the actual intake of packaged food, the type of this food and also the type of packaging used for this food. The objective of the present study was to examine intakes of packaged food in children aged 5-12 years, to provide information on the types of food that are packaged and the type of packaging used. To do this a food consumption database, which also recorded information on packaging, was merged with a packaging database, which provided information on the contact layers of packaging. Foods were classified into EU Food categories according to European Council Directive EC 1985(EC 1985), which determined their food type (i.e. aqueous, acidic, alcoholic and fatty). The mean daily intake of all packaged food was 1195 g/day with an upper intake of 1959 g/day (97.5 th percentile) while the intake of food packaged in plastic was 993 g/day with an upper percentile of 1692 (97.5 th percentile). The mean daily intake of fat from all packaged food was 62 g/day with an upper intake of 100 g/day (97.5 th percentile). When this was investigated further, it was found that the mean fat intake from packaged "fatty" foods only, was 32g /day with an upper intake of 61 g/day (97.5 th percentile). The food that contributed most to fat intake was milk. As many food chemical intake assessments are moving towards probabilistic methods, probabilities of a food being packaged and the probability of the type of packaging used were determined. The probability of food being packaged was 0.88. Some foods that were not 100% packaged included fruit, vegetables, liquid beverages nonalcoholic (includes water) and bread. Probabilities were also derived for the packaging types used for food. From this study it can be concluded that not all the

Introduction

The market for packaged food continues to increase globally with the increase in consumption of pre-packaged food (Public Health Advocacy Institute, 2004). This increase in pre-packaged foods is partially due to the increased demand for convenience foods fuelled by the aging population, the diminished cooking skills of the typical consumer and the reduced time available for home preparation of meals.

For some items traditionally packaged in-store, for example meat, the demand for prepackaged fresh varieties of these foods is also growing [START_REF] Eilert | New packaging technologies for the 21 st century[END_REF]. The growth in the packaged food sector indicates that people may now be exposed to a larger variety of packaging materials and also to the chemical which can migrate from these packaging materials. However with the change in the types of packaging on the market, these changes, with some exceptions, have mostly been improvements in the way packaging acts as a barrier between food and the environment and also the interaction between the food and the packaging [START_REF] Hotchkiss | Food-packaging interactions influencing quality and safety[END_REF].

The safety of materials in contact with food is the subject of considerable regulation globally. One aspect of the safety assessment is the estimation of potential exposure to chemicals from the food contact material. When estimating the potential intake of any food chemical, the starting point should be with the crudest or most simple method [START_REF] Nutriscan | An evaluation of the methodologies for estimation of intakes of food additives and contaminants in the European Community[END_REF]. The EU safety assessment for chemicals used in food contact materials was developed in the 1960's by the Commission and subsequently adopted by the Scientific Committee for Food (SCF) (SCF, 2002). This safety assessment assumes that a person of 60 kg bodyweight will eat up to 1 kg of foodstuff packaged in the material of interest at a surface area to volume ratio of 6 dm 2 :dm 3 and that migration of the target chemical in the food contact material will occur at the maximum permitted level. Although more refined methods of exposure assessment have been proposed in the EU (MAFF 1999;[START_REF] Dionisi | Estimates of per capita exposure to substances migrating from canned food and beverages[END_REF][START_REF] Holmes | Dietary exposure to chemical migrants from food contact materials: A probabilistic approach[END_REF] this method continues to prevail and, realistically, it may be a sufficient first step method for the exposure assessment for many of the migrants present in food contact materials. However, over the past two decades a number of instances of public concern in relation to migrants from food contact materials have dictated the need for more refined and realistic exposure assessments. These instances included diethylhexyladipate from plasticised PVC films in the 1980s (MAFF 1987), contaminants from can coatings (MAFF 1997) and expoxidised soyabean oil in baby food [START_REF] Hammarling | Migration of epoxidised soya bean oil from plasticized PVC gaskets into baby food[END_REF] in the 1990s and semicarbazide from glass jars and bottles in very recent years (EFSA, 2003). Also with the future amendments to the regulations of plastic, more refined exposure estimates may be needed for the assessment of non-listed substances. The refined methods recently applied in the EU for the exposure assessment of food packaging migrants included the use of consumption data with total diet study data (MAFF, 1999), the use of per capita intake data or surface area to volume ratio data with migration data [START_REF] Dionisi | Estimates of per capita exposure to substances migrating from canned food and beverages[END_REF], and the application of probabilistic methods for the estimation of exposure to bisphenol A diglycidyl ether (BADGE), di-ethylhexyl adipate (DEHA) and styrene [START_REF] Holmes | Dietary exposure to chemical migrants from food contact materials: A probabilistic approach[END_REF].

In the US, a more refined first step approach is used for the estimation of exposure to food packaging migrants compared with the EU first step approach. The US FDA combine migration data with information on uses of food-contact articles that may contain the food contact substance (i.e. on the fraction of a person's diet likely to contact food contact articles containing the food contact substance) (FDA 2002). To do this, factors known as "consumption factors" and "food-type distribution factors" are used. The development of similar factors has been discussed in the EU (ILSI 1997). However, the present program of research intends to develop similar factors using data collected as part of an Irish National Children's Food Survey (IUNA 2005).

The issue of exposure assessment methodologies for food contact materials has been a topic of numerous industry and regulatory meetings. However there are few if any suitable data available in the EU on the proportion of foods consumed that are packaged or unpackaged, or even the packaging type used for these foods. The aim of the present study was to investigate the actual amount and probability of food consumed being packaged, to examine the types of foods that are packaged and to establish the types of packaging materials used for these foods.

Materials and Methods

The National Children's Food consumption Survey (NCFS) was a cross-sectional study of food and nutrient intakes of a representative sample of 594 Irish children aged 5-12 years (IUNA 2005). A 7-day weighed food record was used to measure food and beverage intakes. Respondents recorded the day, time, location and meal type for each eating occasion, along with a detailed description of the food, the weight of food and the packaging used for the food. The packaging used for the foods was also collected and forwarded to the coordinating centre where it was used to develop the Irish Food Packaging Database (IFPD) [START_REF] Duffy | Estimation of exposure to food packaging materials. 1. The development of a food packaging database[END_REF]. The methodology used to construct the IFPD and the content of this database is documented in a separate paper [START_REF] Duffy | Estimation of exposure to food packaging materials. 1. The development of a food packaging database[END_REF]. The respondents in the NCFS documented the generic packaging type, not specifically the contact layer, therefore the packaging database was developed to record the contact layer of the packaging. Polymer information for the plastics used as food contact materials was also documented if available. All references to packaging in this study apply to the packaging type used as the layer in contact with the food.

The NCFS consumption database and the IFPD packaging database were merged to form a database with complete information on foods consumed and the packaging used for these foods. The merger of the databases was completed in the software program SPSS® version 12.0.1 (SPSS Inc., Chicago, IL, USA) and this program was used for all analyses. As information in both databases was recorded at brand level of the food, brand codes were used to merge the datasets with care being taken to ensure that entries were also matched on unit weight and packaging type (some brand foods are available in different packaging formats and therefore care had to be taken to ensure the correct packaging information was matched with each eating event). The merger of the databases took place in a number of different stages. Since not all of the brand foods consumed in the NCFS had their packaging information recorded in the IFPD, information documented by the NCFS participants was used to assign exact packaging information to eating events of these brand foods. An eating event was the In addition to assigning packaging information to each eating event in the NCFS, each eating event was also assigned a EU food category code (i.e. aqueous, acidic, alcoholic or fatty). These EU food codes were assigned based on information from European Council Directive EC 1985(EC 1985) and the European Commission Food Contact Materials Note for Guidance (DG SCANCO, 2003). As some foods do not require migration testing these food were assigned as "Dry". The "Dry" group was used to code foods with no migration potential (e.g. cereals, sugar in solid form, dried pasta and rice) or frozen. A food group code was also assigned to all eating events.

Twenty-six food group codes were used to group foods of similar type and similar storage condition, for example "dried beverages" and "non-alcoholic liquid beverages".

Because the amount of food consumed was not always equal to the amount of food that was packaged, adjustment factors were applied to convert the weight of the food consumed back to the weight of the food as packaged (e.g. soup is packaged in the dried form however it is reconstituted with water before being consumed in the liquid form). Table 1 documents the type of foods to which adjustment factors were applied, the exact adjustment factors applied and the source of these adjustment factors. Each adjustment factor was multiplied by the weight of food consumed, documented in the NCFS, to get the amount of food consumed that was packaged. These factors were mainly for foods sold in the dried or powdered form. No factors were applied to foods to account for moisture loss during cooking.

[Insert Table 1 about here]

The database was analysed to provide information on the amount of food consumed that was packaged and specifically the amount of food consumed that was packaged in plastic. The intake of specific foods types (i.e. aqueous, acidic, alcoholic and fatty) was calculated, with further analysis completed on the intake of fat and fatty food.

Mean and percentiles were calculated for all intake parameters. Probabilities were calculated to provide information on types of foods that were packaged and unpackaged and also to provide information on the types of packaging used for packaged food. Packaged foods included all foods packaged by the producer, manufacturer or retailer for the customer while unpackaged foods were foods bought loose. There were 2.5 % (n=1808) eating events for which there was no packaging information available (i.e. packaged or unpackaged). When analyses were completed on the percentage of food consumed that were packaged versus unpackaged and on the types of food consumed these "unknown" entries were classified as being packaged to ensure conservative results.

Results

In this study the average daily intake of food (solids and liquids) was 1496 g/day (Table 2). The mean daily intake of packaged food was 1195 g/day with an upper percentile of 1959 g/day (97.5 th percentile). weight/day (97.5 th percentile) (these figures were derived by calculating the intake of food per kg body weight for each individual and then averaging this data to provide a mean intake of food per kg body weight for the sample population). When the figure for the intake of packaged food was analysed further, it was found that the mean daily intake of food packaged in plastic is 993g with an upper percentile of 1692g (97.5 th percentile).

To examine the types of food consumed in the NCFS as described in European

Council Directive EC 1985(EC 1985) (i.e. aqueous, acidic, alcoholic and fatty), each food consumed in the NCFS was classified as one of the four groups listed above or as "Dry" which was used to code foods with no migration potential (e.g. cereals, sugar in solid form, dried pasta and rice) or frozen. The mean daily intake of "acidic" food was 374 g/day, "dry" food 333 g/day, "aqueous" food 312 g/day and "fatty" food 177 g/day (Table 2). As the NCFS was completed on children no information was available on alcoholic foods.

As the intake of fat is often of concern in dietary surveys and exposure assessments of migrants from food packaging material, the mean daily fat intake was calculated at 63 g/day (Table 2). When the mean daily fat intake from packaged food was examined it was found to decrease marginally to 62g/day. The upper percentile of fat intake was 100 g/day with a maximum fat intake of 145 g/day from packaged foods. When fat intake from foods packaged in plastic alone was considered, the value fell to 49 + 14 g/day with the 97.5 th percentile at 78 g/day. The foods contributing to the fat intake from all packaged food are listed in descending order in Table 3. Milk is the largest contributor to fat intake with a mean fat intake from milk of 9.26g/day. Other foods contributing > 3g of fat per day are listed in Table 3. As described in the previous paragraph, fatty food intake was 620 g/day (97.5 th percentile) however the mean fat intake from fatty foods alone was only 32g/day (61g/day 97.5 th percentile).

[Insert Table 2 about here]

[Insert Table 3 about here] There were 72015 eating events in the NCFS. Of these eating events, 12%

(probability = 0.12) were unpackaged and 88% (probability = 0.88) were packaged 4). To achieve more in-depth figures for the probability of a particular food group being packaged or unpackaged, the probability was determined for a number of food groups. From the 26 food groups listed in Table 4, 18 groups had a probability of 1 of being packaged i.e. 100% packaged. Of the food groups that were not 100% packaged "fruit (fresh & dried)" had a 0.426 probability of being packaged, "Vegetables (fresh)" had a 0.58 probability of being packaged, "Liquid beverages non-alcoholic" had a 0.788 probability of being packaged (the high level of unpackaged eating events was mainly due to the consumption of tap water). Other groups that were not 100% packaged included "Bread", "Pies, pastries & cakes", "Processed foods and meals, chilled", "Sweet & savoury biscuits" and "Other (takeaways, eggs & nutritional supplements)".

[Insert Table 4 about here]

In addition to determining the probability of whether a food was packaged or unpackaged, probabilities were calculated for the type of packaging in contact with the food. Table 5a-d lists the probability of different types of packaging used for foods. Since more than one packaging material can be used for a food, Table 5a-d lists the probability of a material being used on it's own as a contact layer or in combination with other materials. For example the probability of plastic being used for "chocolate confectionary" is 0.722. However, plastic is also used in combination with metal and alloys for chocolate confectionary at a probability of 0.001 and therefore the total probability of plastic being used for chocolate confectionary is 0.723 (Table 5d).

[Insert Table 5a-5d about here]

Discussion

In order to refine the data currently used in the exposure assessment of food packaging migrants information was collected on the consumption of packaged foods and the types of materials used for these foods. A seven-day food diary was used in the NCFS to assess food intake and dietary habits of children in addition to packaging information. This method of collecting food consumption information is considered the gold standard in dietary assessment, since quantitative and accurate information on foods and beverages actually consumed is obtained through concurrent recording [START_REF] Löwik | Food consumption factors in relation to packaging materials in 8 European countries[END_REF]. As packaging information can also be ascertained through this dietary assessment methodology, there is no reason that this method cannot become the "gold standard" for the future collection of packaging information to directly link with food consumption data. Although this methodology has never been used in the past to collect food packaging information, it has been recognised as a valuable approach to collect data for the estimation of a chemical intake from food contact materials (Simoneau 2004).

This study was the first to analyse a food consumption database for packaging information and highlights some of the additional steps needed to prepare a database for packaging analyses. Before analyses all foods were classified as one of the food types outlined in European Council Directive EC 1985(EC 1985). The choice of food type depended on the type of contact the food had with the packaging. As it was not within the scope of this study to test the EU food category of every food consumed, EU Directive 85/572/EEC and the EU Notes for Guidance for food contact materials were used as reference documents for coding foods (DG SCANCO 2003). This necessitated some subjective decisions and some difficult options emerged. For example, yoghurts may be classified as "aqueous" or "acidic" based on different reference data sets. This discrepancy highlights the need for a more robust food classification system, which may be developed based on the physio-chemical properties of food. In addition to applying a EU food classification code, adjustments were made to correct for the amount of food that was actually packaged. This is necessary for analysing the amount of food consumed by individuals to ensure it represents the amount of packaged food consumed.

The conservative approach used in the EU to estimate the potential intake of migrants from food packaging material uses the assumption that 1 kg of packaged food is consumed per day, that this food is packaged in the material of interest and that migration occurs at the maximum level. It also assumes that the average weight of an adult is 60kg in order to compare potential exposure to a TDI. This assumption means that packaged food consumption is 16.6g/kg body weight/day (i.e. 1kg divided by 60kg). The principle underlying these parameters is that the average consumer will be well protected. This study demonstrates that a number of these assumptions are violated for children. As previously discussed in the literature, the intake of food by children far exceeds the assumption of 16.6g/kg bw/day [START_REF] Castle | Approaches to assess risk and assign priorities to chemicals used to make food contact materials[END_REF]Fantoni & Simoneau 2003;[START_REF] Hammarling | Migration of epoxidised soya bean oil from plasticized PVC gaskets into baby food[END_REF]. In a study by Castle et al. it was documented that the intake of food for infants (0-4 months) was 155g/kg bw/day and for small children 58 g/kg bw/day. These studies were not specifically documenting packaged food intake, rather total food intake. The present study demonstrated that the mean intake of packaged food per kg body weight (bw) was 39 g/kg bw/day for children aged 5-12 years. This increased intake of food per kg bw becomes an issue due to the fact that the specific migration limit (SML) for a substance is derived by applying the conventional factor of 60 (a 60kg person consuming 1kg of food) to the TDI value. Therefore materials and articles, which may comply with the SML, could actually cause the TDI to be exceeded for children. This was demonstrated with a case study on bisphenol A (BPA) completed by [START_REF] Castle | Approaches to assess risk and assign priorities to chemicals used to make food contact materials[END_REF], which demonstrated that the t-TDI for BPA could be exceeded for small children if migration levels were to approach the SML. Although the above scenario is theoretical and in practice the t-TDI is not exceed it highlights how exposures among children should be expected to be different than exposures among adults.

The mean daily food intake in this study was 1496 g/day, which is similar to US children's food intake of 1264g [START_REF] Mrdjenovic | Children eat what they are served: the imprecise regulation of energy intake[END_REF]. The mean daily intake of packaged food equal to 1195 g/day. If conservative figures were chosen to estimate potential intakes of packaged food, then intakes at the 97.5 th percentile (1959 g/day) could be used. Considering this data, the assumption currently used in the EU that 1kg of packaged food is consumed per day could not be viewed as conservative.

Although the results from this study are for children, in a national food consumption survey completed on Irish adults from 1997-1999 it was found that the average food intake per day was approximately 2.84 kg/day (IUNA 2001). This corresponds with food intakes in the US of 3 kg/day (FDA 2002) and the UK of 2.9 kg/day (Castle et al. in press), and is almost double the amount of food consumed by children. Therefore it could be hypothesised that the amount of packaged foods consumed by adults is in fact much greater than the 1195 g/day consumed by children, as their total food intake is greater. To investigate the intake of packaged food further, the intake of food packaged in plastic was examined. The mean daily intake of food packaged in plastic was 993 g/day with an upper percentile of 1692 g/day (97.5 th percentile). As comprehensive data was not collected on the polymers used for all the plastic contact layers, figures

were not developed for the probability or amount of food consumed that was packaged in each of the different polymers used as food contact materials. Therefore the assumption that 1 kg of food packaged in plastic used by the EU is correct for children but it is not a conservative figure and this may translate to a non conservative figure for adults due to their increased food intake. However when the EU conservative method assumes that the same polymer type is used for all foods packaged in plastic and that migration occurs at the maximum level, it is then that conservatism is introduced into the equation rather than the assumptions that individuals only consume 1kg of food packaged in plastic per day.

The 1kg of foodstuff currently used in the EU conservative calculation to estimate the intake of migrants could have an aqueous, acidic, alcoholic or fatty character. In this conservative exposure assessment, the total dose of migrant absorbed per day can only be derived from 1kg of food in contact with the plastic and that this kg is composed either of 1kg of fatty food or 1kg of one of the other types of food, but never the sum of the various types of food (SCF 2002). One issue with this assumption is that individuals do not consume 1kg of fat per day. A study completed by Löwik et al. showed that fat intake in g/day at the upper percentile of intakes (97.5 th percentile) ranged from 154-181g/day for the different countries studied [START_REF] Löwik | Food consumption factors in relation to packaging materials in 8 European countries[END_REF]. In 2002, the SCF reviewed and provided an opinion on the introduction of a "fat (consumption) reduction factor (FRF) for the estimation of exposure to a migrant from food contact materials" (SCF 2002). The SCF concluded that the consumption of 200g fat/person/day can be considered a realistic maximum intake and this opinion has been taken into account in the proposed Super Regulation for plastics. In the draft of this Super Regulation a "Fat Consumption Factors" (FRF) has been introduced when verifying compliance with specific migration limits for lipophilic substances contacting fatty foods. Based on the results of this study the figure of 200g fat/day would remain conservative for children as the 97.5 th percentile of fat intake from all foods was 101 g/day and from packaged food was 100 g/day.

However (EC 1985), it is the layer of food in contact with the packaging that determines the simulant required. For example, if a chocolate sweet is coated with a sugar shell then the choice of simulant is based on the sugar shell and not the chocolate. In the present study the consumption levels of these food types (aqueous, acidic, alcoholic or fatty)

were examined and it was found that the intake of fatty foodstuff from packaged food was 342 g/day (97.5 th percentile). However the mean fat intake from fatty foods alone was 32 g/day. This highlights that the actual fat intake from foods that require a fatty simulant (olive oil) is much lower (almost 50%) and that by introducing a FRF based on fat intake will still lead to a conservative result. The highest contributor to fat intake was milk (mean daily intake = 9.26g/day). In EU Directive 85/575/EEC milk is classified as an aqueous food. Distilled water is not the most appropriate simulant for milk (Tawfik & Huyghebaert, 1998), and another study found that the fat content of milk does not significantly affect migration into milk [START_REF] Castle | Evaluation of the scientific basis of EC Directives 82/711/EEC, 85/575[END_REF]. This discrepancy had been addressed in the new amendments to the plastic regulations where 50% ethanol has been proposed as a suitable simulant for milk.

It should also be noted that the intake of dry foodstuffs (including frozen food) was 333 g/day (mean) with an upper percentile of 620 g/day (97.5 th percentile). According to the current legislation no migration testing is required for dry foodstuffs. However in a study of this issue, it was found that migration was seen in all dry foods tested except for sugar and it was recommended that the packaging for dry foods should not automatically be exempted from tests with simulants [START_REF] Castle | Evaluation of the scientific basis of EC Directives 82/711/EEC, 85/575[END_REF]. Other studies have also shown the migration of packaging migrants into dry foods (Parry and Aston 2004;Summerfield and Cooper 2001). This may warrant further consideration due to the high level of consumption of these products.

A method previously applied for the exposure assessments of other food additives and also environmental risks is probabilistic exposure assessments. In recent years this method has been used for the estimation of exposure to food packaging migrants [START_REF] Holmes | Dietary exposure to chemical migrants from food contact materials: A probabilistic approach[END_REF]. If probabilistic methods are used to estimate exposure to migrants from food packaging materials, information is needed on a number of variables, such as the probability of the food being packaged and if packaged the type of material used. Information is also needed on the presence of migrants in these materials and the migration of these substances into the food. In this paper, the first is the probability of the food being packaged. If it is not packaged then there is no need to include this item in an exposure calculation. In this study it was obvious for most food items if they were packaged or not but for others it proved more difficult.

For example, if ham presented loose at a deli counter was then packaged before purchasing could this be classified as packaged? For the purposes of this study, packaged items included all items packaged by the producer, manufacturer and retailer for the consumer e.g. deli counter items, meats from butchers etc. This did not include foods packaged by the consumer in-store i.e. loose fruit and vegetables. When analysis was completed on this study it was found that 88% of all eating events were packaged. When more detailed analyses were completed the food groups that were not 100% packaged included fruit, vegetables, liquid beverages non-alcoholic (includes tap water), pies, pasties and cakes and bread. These foods are similar to foods identified in a study completed in the UK on food items that are unpackaged This is also the first study to present probabilities for the type of packaging used for individual food groups. The food grouping system used in this study was chosen to represent similar foods with similar storage conditions. However the database can easily be restructured if data was needed on other food groups or more specific details were needed for the food groups already outlined in Table 4. Therefore if a probabilistic exposure assessment was to be completed based on the results of this study, the probability of a food being packaged is 0.88. If the food is packaged, then table 5a-d could be used to determine the probability of the packaging type. To progress further in a probabilistic exposure assessment, data on the market share of specific polymers could be used to develop probabilities for the type of polymer used.

Industry or laboratory data would then be needed to define the probability and amount of the migrant present in the contact layer or in the food. If no migration data were available then the maximum migration limit could be assumed or migration modelling software could be used to generate values for the likely migration. Although all the data needs for a probabilistic exposure assessment were not collected in this study, two of the data needs regarding the probability of food consumed being packaged and the type of packaging used for these foods have been identified and these two data parameters have been identified in the past as being the "bottle neck" in the exposure assessment calculation [START_REF] Gibney | How to obtain realistic estimates of exposure from food packaging material[END_REF]).

If the methodology used in this study for the collection of food consumption data and packaging data is replicated in other European surveys, the data needed for the refinement of the exposure assessment to food packaging migrants can be readily obtained, which will then lead to more realistic and representative exposure assessments. 

F

  individual food or dish at a particular time point either alone or as part of a meal.Eating events of homemade recipes accounted for approximately 3% of all eating events in the NCFS. Homemade recipes did not include pre-prepared meals/dishes sold at retail level or foods cooked using methods that may have employed a small quantity of another ingredient e.g. onions fried in corn oil. If a homemade recipe was consumed during the NCFS participants were asked to record the ingredients used in the recipe and also the packaging used for these ingredients in a separate section of the diary and this information was used to construct a recipe database. Packaging information was assigned to recipes based on the level of information present in the recipe database. If packaging information was present for one ingredient then this packaging information was used. If the same type packaging was used for one or more ingredients (e.g. flour in paper and castor sugar in paper) then this packaging type was used. If a different type of packaging material was recorded for ingredients then the packaging material for the ingredient with the largest recipe fraction and most migration potential was assigned. If packaging information was not recorded in the recipe database then an assumption was made for the type of packaging used for the ingredients.

  are addressed. The first question to answer in an exposure calculation

  (i.e. fruit, vegetable, bread, pastries)(FSA 2003). However in the UK study unpackaged items included meats and cheese as their definition of what constituted unpackaged included products sold loose or packaged in store and therefore differed from the definition of what constituted an unpackaged item used in our study.

Table 1 . Adjustment factor to convert the amount of food as consumed to the amount of food as packaged.

 1 

	Food

Table 2 . The amount of food consumed (g/day) according to packaging status and food type.

 2 

	Percentiles

Table 3 . Mean daily fat intake (g/day) from packaged foods per food group with standard deviations (SD) for 594 children aged 5-12 years.

 3 

	Food	Mean	SD
	Milk	9.26	6.93
	Butter & spreads	5.51	5.26
	Chocolate confectionary	5.23	4.43
	Savoury snacks	4.33	3.08
	Chips & roasted potatoes	3.89	3.04
	Cheese	3.69	3.16
	Savoury & convenience meals	3.37	3.25
	Biscuits & cakes	3.15	2.28
	Processed meat & meat products	3.05	1.86

Table 4 . Description and frequency of packaged and unpackaged foods in National Children's Food Survey. Page 4 of 28 http

 4 

	Food Additives and Contaminants

://mc.manuscriptcentral.com/tfac Email: fac@tandf.co.uk

Table 5a . Probability of glass being used as a packaging material for food groups*

 5a 

				Glass	
			Glass	Glass	
			&	&	Total
	Food Group	Glass	Metal & Alloys	Plastic	Glass
	Chocolate confectionary				0
	Sugar confectionery			0.001	0.001
	Ice-cream				0
	Jams and spreads	0.021	0.531	0.394	0.946
	Crisps, nuts and snacks				0
	Sweet & savoury biscuits				0
	Pies, pastries and cakes				0
	Bread				0
	Bakery products				0
	Cereal and cereal products				0
	Dry Rice, pasta and noodles				0
	Fish & seafood (fresh & frozen & processed)		0.002		0.002
	Fresh meat (chilled & frozen)				0
	Processed meat				0
	Cheese & cheese products				0
	Dairy Products				0
	Oils	0.333	0.056		0.389
	Fruit (fresh & dried)				0
	Vegetables (fresh)				0
	Liquid beverages non-alcoholic	0.001	0.004		0.005
	Dried beverages tea and coffee	0.008		0.033	0.041
	Processed foods and meals, ambient moist	0.005	0.281	0.019	0.305
	Processed foods and meals, chilled		0.018		0.018
	Processed foods and meals, frozen		0.001		0.001
	Processed foods and meals, dehydrated		0.003	0.018	0.021
	Other (eggs, nutritional supplements & takeaway food)	0.027	0.013	0.081	0.121

Table 5b . Probability of metal & alloys being used as a packaging material for food groups.

 5b 

						Paper & Board
					Paper & Board	Paper & Board	Total for
						&	&	Paper &
	Food Group			Paper & Board	Metal & Alloy	Plastic	Board
	Chocolate confectionary			0.076		0.003	0.079
	Sugar confectionery			0.609			0.609
	Ice-cream			0.211		0.001	0.002	0.214
	Jams and spreads F Crisps, nuts and snacks o r Sweet & savoury biscuits		0.014 0.017			0.013	0 0.014 0.03
	Pies, pastries and cakes Bread Bakery products Cereal and cereal products	P e e r	0.237 0.394 0.905 0.04		0.01	0.137 0.009	0.384 0.403 0.905 0.04
	Dry Rice, pasta and noodles			0.18			0.18
	Fish & seafood (fresh & frozen & processed)	R	0.106			0.106
	Fresh meat (chilled & frozen)		e 0.004			0.004
	Processed meat Cheese & cheese products Dairy Products Oils		0.013 v i 0.005 e 0.126 w	0.001	0.002 0.063	0.015 0.006 0.189 0
	Fruit (fresh & dried) Vegetables (fresh) Liquid beverages non-alcoholic Dried beverages tea and coffee Processed foods and meals, ambient moist		0.045 0.437 0.001 0.793 0.002	0.111 l 0.001 O n 0.015 y	0.156 0.438 0.001 0.808 0.002
	Processed foods and meals, chilled		0.012		0.009	0.021
	Processed foods and meals, frozen		0.058		0.002	0.001	0.061
	Processed foods and meals, dehydrated		0.402		0.076	0.478
	Other (eggs, nutritional supplements & takeaway food)	0.559		0.002	0.002	0

.563 Table 5c. Probability of paper & board being used as a packaging material for food groups.
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Plastic Food Group Plastic Plastic & Glass Plastic & Metal & Alloys Plastic & Paper Total for Plastic

  

	Chocolate confectionary	0.722		0.001		0.723
	Sugar confectionery	0.376	0.001			0.377
	Ice-cream	0.786			0.002	0.788
	Jams and spreads	0.052	0.394			0.446
	Crisps, nuts and snacks	0.984				0.984
	Sweet & savoury biscuits	0.957		0.001	0.013	0.971
	Pies, pastries and cakes	0.586		0.014	0.137	0.737
	Bread	0.596			0.009	0.605
	Bakery products	0.095				0.095
	Cereal and cereal products	0.96				0.96
	Dry Rice, pasta and noodles	0.818				0.818
	Fish & seafood (fresh & frozen & processed)	0.622				0.622
	Fresh meat (chilled & frozen)	0.992				0.992
	Processed meat	0.969		0.001	0.002	0.972
	Cheese & cheese products	0.89		0.059		0.949
	Dairy Products	0.557		0.253	0.063	0.873
	Oils	0.611				0.611
	Fruit (fresh & dried)	0.835			0.111	0.946
	Vegetables (fresh)	0.561				0.561
	Liquid beverages non-alcoholic	0.979				0.979
	Dried beverages tea and coffee	0.06	0.033			0.093
	Processed foods and meals, ambient moist	0.295	0.019			0.314
	Processed foods and meals, chilled	0.94		0.012		0.952
	Processed foods and meals, frozen	0.935		0.001	0.001	0.937
	Processed foods and meals, dehydrated	0.464	0.018	0.012		0.494
	Other (eggs, nutritional supplements & takeaway food)	0.166	0.081	0.133	0.002	0

.382 Table 5d. Probability of plastic being used as a packaging material for food groups.
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Estimation of exposure to food packaging materials 2. Patterns of intakes of packaged foods in Irish Children aged 5-12 years.
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