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SUMMARY

Food packaging materials are not inert and transfer chemicals, known as migrants, into food. 

As the presence of chemicals in foods is a highly regulated area, food packaging migrants 

must undergo a risk assessment procedure before their use is permitted in food packaging 

materials. Exposure assessments are an integral part of this risk assessment process. The aim 

of this thesis was to improve the exposure assessment o f food packaging migrants by 

collecting relevant data and applying more sophisticated techniques to refine the exposure 

assessment methodology.

A food packaging database was developed to provide qualitative information on the types of 

packaging materials used for foods. Packaging information was collected from a sample of 

594 Irish children aged 5-12 years as part of the National Children’s Food Survey (>JC FS) 

carried out in Ireland during 2003-2004. All o f the food packaging collected during this 

survey was forwarded to the coordinating centre for further analysis and entry into the Irish 

Food Packaging Database. Of the 5551 different brand foods consumed by children in the 

food survey, packaging information was collected on 3441 (62%). Plastic was the most 

common packaging material used for foods in the database (n=2874, 78.3%). Of which 

polyethylene was the most frequently used polymer (n=941), with polypropylene a close 

second (n=809).

To examine the intake of packaged food in Irish children aged 5-12 years and to provide 

information on the types of food that are packaged, the packaging database was merged with 

the NCFS. The mean daily intake of all packaged food was 1195 g/day with an upper intake 

of 1959 g/day (97.5* percentile), while the intake of food packaged in plastic was 993 g/day 

with an upper percentile of 1692 g/day (97.5* percentile). As many food chemical intake 

assessments are moving towards probabilistic methods, the probability of a food being 

packaged and the probability of the type of packaging used were determined. The 

probability of foods being packaged was 0.88. Some foods that were not 100% packaged 

included fruit, vegetables, liquid beverages non-alcoholic (includes water) and bread. Due to 

the high consumption of packaged food and the high probability of a food being packaged, 

this study concluded that the current EU method for estimating intakes of packaged food 

may underestimate exposure to food packaging materials.



In the US, the Food and Drug Administration (FDA) use food consumption factors and food 

type distribution factors to aid the exposure assessment process and to generate more 

realistic estimates of exposure. As part of this thesis these factors were developed from food 

consumption data, packaging use data and surface area-to-weight ratios. It was found that 

“plastics” had the highest consumption factor at 0.83, while “paper and board” had a 

consumption factor of 0.13 and “metal and alloys” had a consumption factor of 0.06. 

Although it is tentative to compare the US FDA factors with the factors derived in the 

current study, as the FDA data is for the total US population, the consumption factor for 

“plastics” in the present study (0.83) is similar to that used by the FDA (0.79). The food 

contact area for plastic packaging for all foods consumed by children was 10.67 

dm^/child/day, which is slightly lower than the proposed value for the average European 

consumer of 12.4 dm^/person/day. However, this should be expected, as children do not 

consume as much food as adults. When scenario exposure estimates were calculated, it was 

found that when using EU assumptions, estimates were much larger than when using 

consumption factors and food type distribution factors in the exposure assessment.

To accentuate the application of a food consumption database with packaging information, 

exposure to three food packaging migrants (expoxidised soy bean oil (ESBO), vinyl chloride 

monomer (VCM) and styrene monomer) was estimated for Irish children. If a food was 

packaged in a material that could contain the migrant, it was assumed that the migrant was 

present m the food. Conservative migration data from the literature were employed in these 

exposure assessments. The mean intake of ESBO for Irish children was 0.02 mg/kg bw/day, 

which is well below the tolerable daily intake (TDI) of 1 mg/kg body weight/day. The mean 

intake of VCM was low at 0.006 |iig/kg bw/day. The mean intake of styrene ranged from 

0.122 |ig/kg bw/day to 0.169 |ig/kg bw/day, both of which were below the provisional 

maximum tolerable daily intake (PMTDI) of 40 |J.g/kg bw/day for styrene. Therefore, the 

intakes of the three migrants are not of concern for Irish children.

As some uncertainty and variability will always exist in exposure assessments a probabilistic 

exposure model was built in the CREMe^'^ software specifically for food packaging 

migrants. Before application of this model it was validated to ensure correct results were 

generated. Therefore, this software will enable the use of available data, in addition to the 

inclusion of variability and uncertainty parameters for a refined exposure assessment.



“The dose makes the poison”
Paracelsus ~1500
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Chapter 1

Introduction
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1.1 Food packaging materials

Consumers expect that the food they eat is safe and one important aspect within the 

European Union’s (EU) pubhc healthcare agenda is the exposure of consumers to 

undesirable chemicals in the diet. Food contact materials are one potential contamination 

source and are therefore of particular interest for food exposure assessment (Franz 2005). 

Up to two decades ago, consumers gave little thought to the safety of food packaging as 

traditional materials such as paper, board and glass dominated in this area. However with 

the development of new packaging systems and the refinement of analytical tools, safety 

concerns have been raised and recent press coverage has directed the focus on the safety 

of packaging rather than the food itself (Theobald and Gilbert 2005). In reality food 

contact materials are a low priority risk in the overall realm of food safety assessment 

(Heckman 1996). Despite this, there seems to be ever increasing attention being diverted 

to the safety of these substances, which in turn reflects the need for a more realistic and 

efficient safety assessment.

Food contact materials include any materials and articles intended to come into contact 

with foodstuffs, e.g. cutlery, dishes, processing machines, containers etc. The term also 

includes materials and articles that are in contact with water intended for human 

consumption, but it does not cover fixed public or private water supply equipment. Food 

packaging is a form of a food contact material.

In the EU, the European Food Safety Authority (EFSA) has the responsibility for 

completing exposure assessments for chemicals fi'om food contact materials and these 

are performed on an ad hoc basis, using available data either provided by a petitioner or 

obtained fi’om various sources (European Food Safety Authority 2005a). Other groups in 

Europe have also undertaken the task to improve the understanding and refinement of 

exposure assessments for food packaging and these include the International Life 

Sciences Institute (ILSI) Europe Packaging Material Task Force, the Vision group and 

the Central Science Laboratory in York under fiinding from industry. These groups are 

focusing on food packaging materials and not all food contact materials and therefore the 

focus of this thesis is also solely on food packaging materials.

1.1.1 Functions of food packaging materials

Packaging is the science, art and technology of protecting products from the overt and 

inherent adverse effects of the environment (Hemandez-Munoz et al. 2002). Food
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packaging materials aim to preserve the quality (i.e. sensory, nutritional and hygienic 

characteristics) of a food product, as unadulterated as possible, from production to 

storage, and distribution to purchase i.e. throughout the entire shelf-life of the product 

(Montanari et al. 1996; Hutton 2003). Packaging is either given by nature (e.g. coconut, 

banana, egg) or man made (e.g. bag, box, bottle, drum, can). In addition it carries 

consumer information and is an important marketing tool and hence it is an integral part 

of the product (Hutton 2003). Appropriate food packaging at all levels of the food chain 

from harvesting, primary storage and processing, through to the final consumer is a 

critical element in assuring food quality and safety, and in preventing or reducing food 

losses (Lupien 1997). According to the Food and Agricultural Organisation (FAO), 50% 

of agricultural products are destroyed because of the absence of packaging. The causes 

of this loss are bad weather, physical, chemical and microbiological deterioration (Popa 

and Belc 2003).

Each product needs its own type of packaging (Harmati 1995). The packaging material 

for a particular food is carefully selected to make sure that the packaging is compatible 

with the food. The attention to compatibility extends particularly to ensuring that any 

leaking of substances from the packaging to the food is not going to render the food 

unsafe to eat, make it organoleptically unacceptable to the consumer or simply adulterate 

it (Tice and Cooper 1994). The packaging format used for different foods is also chosen 

based on the physical needs of the food. For example, for breakfast cereals and other 

similar products, there are two specific requirements for the product: prevention of 

physical damage (i.e. stopping the cereal from being crushed and turning to crumb and 

powder), and prevention of moisture ingress, so that the product does not become soggy, 

hence a flexible plastic bag inside a cardboard box is used (Hutton 2003). Packaging 

may also be chosen to prevent chemical degradation of certain compounds in the food, 

for example, milk cardboard cartons are often used to block the light, which in turn 

prevents the degradation of light sensitive vitamins in the milk.

1.1.2 Types of food packaging materials

The main types of food packaging materials include paper and board, plastic, glass and 

metal. Paper and board is the oldest packaging material and is made from cellulose 

fibres, which are obtained from trees, recovered papers and annual plant fibres like cereal 

straw (Ottenio et al. 2004). Chemically pure cellulose consists of long, ribbon-like 

molecules made up of smaller glucose units. Paper and board can be used in contact with

3



food in very different ways, either directly or indirectly, and either alone or laminated 

with other materials such as plastic or metal foil.

Although not as popular as in the past, glass is still a popular material used for food 

packaging. Some of the advantages of glass are that it is chemically inert, impermeable, 

versatile in shape and colour, reusable, suitable for use in the microwave, has excellent 

clarity and it is often used for premium quality foods (Food Communication Information 

Service 2001). One of its main drawbacks is its susceptibility to breakage (Hutton 2003).

In terms of metal packaging, it is mainly used for cans and makes an ideal candidate as a 

food packaging material due to its rigidity and non-breakable nature. Worldwide the total 

number of cans produced for food packaging per annum is approximately 80,000 million 

cans, with approximately 25,000 million food cans produced and filled in Europe per 

armum (Bluden and Wallace 2003). The UK is the highest per capita consumer of canned 

foods (Metal Packaging Manufacturers Association 2000).

Plastics are the most popular food packaging type and have played an increasingly 

bigger role as a packaging material for foods and beverages over the past number of 

decades (Maurice Palmer Associates 1995; Bouma 2003). In addition to replacing more 

traditional materials such as glass, paper and metal, plastics have extended the range of 

foodstuffs sold pre-packaged, providing added convenience for the consumer and 

increased safety standards (Tice 2002). Plastic packaging has gained importance because 

of its balanced characteristics (transparency, flexibility, versatility, low cost, ease of 

processing etc) and the wide variety of formulations that allow the development of 

packaging structures for specific product requirements (Lopez-Rubio et al. 2005). 

Different polymers are chosen for different packaging formats due to their cost, 

versatility and ease with which they can be processed into different formats (Tice 2003).

The diversity of food packaging is increasing continuously with the introduction of 

innovative packaging solutions for example active and intelligent packaging. These 

innovations in packaging technology often lead to the development of new food products 

(Hutton 2003). Active food contact materials and articles are designed to deliberately 

incorporate “active” components intended to be released into the food or to absorb 

substances fi’om the food (de Kruijf et al. 2002). There has been a large amount of 

research on the effectiveness of antimicrobial food packaging material aimed at
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extending the shelf-life of the packaged food and thereby maintaining high quality 

(Vermeiren et al. 2002; Cooksey 2005). An example of one of these systems is when a 

preservative is released if bacterial growth occtirs, thus inhibiting growth of the 

emerging bacteria (de Jong et al. 2005). The advantage of such a system is that the anti

microbial agent only comes into contact with the food matrix when there is microbial 

growth, so lower levels of the preservative can be used in the food itself (de Jong et al. 

2005). In the EU, intelligent packaging systems are defined as “packaging that monitors 

the internal and/or external conditions of a product through its life cycle” (TNO 

Nutrition and Food Research 2002). Currently there are two types of intelligent 

packaging, one based on measuring the condition of the package on the outside, the other 

measuring directly the quality of the food product, i.e. inside the packaging (de Jong et 

al. 2005).

1.1.3 Migration

Although food packaging performs a number of useful functions it must not be 

overlooked that the packaging itself is not totally inert and can transfer substances to the 

packaged food (Tice and Cooper 1994). Food packaging chemicals are referred to as 

indirect food additives as they are substances not directly added to foods, but which may 

become components of the food through migration due to physical contact; they do not 

serve a technical purpose in the food (Heimbach et al. 2002). Migration is one of the 

interactions between the food and the packaging and it is the transfer of packaging 

substances into the food (Piringer and Riiter 2000). Other interactions include 

permeation and reactions between packaging components and food components (Piringer 

and Riiter 2000).

Migration is the interaction that receives most attention as numerous investigations have 

demonstrated that interactions between food packaging materials and foodstuffs occur as 

a foreseeable physical process (Brandsch et al. 2002). Migration is the interaction that is 

regulated in the legislation for food packaging materials. More colloquial terms for 

migration are ‘leaching’ or ‘leaking’ of substances from the packaging into the food. 

Migration of chemicals into food may have both food safety and food quality 

implications (Choi et al. 2005). The migration of low molecular weight compounds is 

one of the most important problems of packaging plastics and other plastics intended to 

come into contact with food products (Helmroth et al. 2002). The mass transfer of a 

chemical from a plastic material into a foodstuff can be described by diffusion
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mathematics as derived from Pick’s law of diffusion (Piringer 2000). The exact level of 

migration into foodstuffs depends on a complex interplay of factors, including the nature 

of the food, the nature of the packaging, the nature of the migrating species, the ratio of 

contact area to food mass, and the duration and temperature of the contact (e.g. it is 

known that migration increases with temperature and, conversely, that it decreases at 

lower temperature) (Castle and Jickells 2001). Chemicals used to make plastics which 

have the potential to migrate can be categorised as follows (Castle 2000);

• Monomers and starting substances

• Catalysts

• Solvents and suspension media

• Additives

• Antioxidants

• Antistatics

• Antifogging

• Slip additives

• Plasticizers

• Heat stabilisers

• Nucleating agents

• Dyes and pigments

The detection and quantification of contaminants migrating from polymers is essential 

for the safety assessment of food packaging materials (Boussoum et al. 2006) and 

numerous studies have examined migration of chemicals from food packaging into food 

(Castle et al. 1990; Hammarling et al. 1998; Tawfik and Huyghebaert 1998; Bradley and 

Castle 2003; Pantoni and Simoneau 2003; Parry and Aston 2004).

1.1.4 Legislation

The legislation on food contact materials and articles aims to keep food safe and 

wholesome by requiring that contact materials and articles, such as packaging, do not 

transfer their constituents into food so as to endanger health or affect food quality. The 

European Commission Directorate-General for Health and Consumer Protection (DG 

SANCO) governs the regulation of food contact materials in Europe. Different 

regulations exist for the US and the EU. In the US, clearance for use of a chemical in 

food packaging material is given for a specific food packaging application whereas in the 

EU once a chemical is permitted for use in a food packaging material it can be used in
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any type of material, which can contact any type of food, once migration limits are not 

exceeded. Most countries consider it important to consider US clearances so the US 

Food and Drug Administration (FDA) regulatory procedures are a subject of interest and 

significance in the global market place (Heckman 2005). The differences in legislation 

between the EU and US also lead to different exposure assessment methodologies as the 

US FDA tier their toxicity testing based on the level of exposure whereas the EU tier 

their toxicity testing on the level of migration.

In the EU there are three levels of legislation that control the use of food contact 

materials:

■ Framework Regulation (EC) No 1935/2004 applicable to all materials and 

articles.

■ Specific Directives applicable to one group of materials and articles.

■ Individual Directives relating to individual substances.

The purpose of the Framework Regulation is to ensure the effective functioning of the 

internal market in relation to the placing on the market in the Community of materials 

and articles intended to come into contact directly or indirectly with food, whilst 

providing the basis for securing a high level of protection of human health and the 

interests of the consumer (European Commission 2004). The Framework Regulation 

applies to all materials and articles, in their finished state which are intended to come 

into contact with food, are already in contact with food and were intended for that 

purpose or can reasonably be expected to be brought into contact with food or to transfer 

their constituents to food under normal or foreseeable conditions of use. However, it 

specifically excludes covering or coating substances that are part of the food and may be 

eaten with it. On the other hand, this regulation applies to coverings or coating materials, 

which cover cheese rinds, prepared meat products or fiiiit but which do not form part of 

the food and are not intended to be consumed together with such food. Also excluded are 

materials and articles used in public and consumer water supply systems, where separate 

legislation exists. There are 17 food contact materials recognised in this EU Framework 

Regulation (European Commission 2004);

■ Active and intelligent materials and articles

■ Adhesives

■ Ceramics
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■ Cork

■ Rubbers

■ Glass

■ Ion-exchange resins

■ Metals and alloys

■ Paper and board

■ Plastics

■ Printing inks

■ Regenerated cellulose

■ Silicones

■ Textiles

■ Varnishes and coatings

■ Waxes

■ Wood

The Regulation also includes provisions such that if an article is intended for food 

contact it shall be labelled for food contact or bear the symbol with a glass and fork 

(Figure 1.1). In cases where the intention for food contact is obvious by the nature of the 

article e.g. knife, fork, wine glass, this labelling is not obligatory. Also labelling, 

advertising and presentation of food contact materials should not mislead the consumer. 

The Regulation lays down the procedure to be followed for authorisation of substances 

to be used in food contact materials. The Framework Regulation also provides for certain 

food contact materials and articles to have their own legislation. Specific Directives 

impose more detailed and explicit restrictions for particular materials (on top of, and 

giving better effect to, the general requirements of the Framework Regulation). Specific 

Directives are now in place for regenerated cellulose film, ceramics and plastics. Figure 

1.2 provides an overview of the Directives and Regulations governing food packaging 

materials and also lists the individual Directives relating to individual substances.

1.1.4.1 Migration legislation

Depending on the toxicological properties of the migrants, the amount of migration is 

restricted by national and international regulations. As mentioned in the previous section, 

the overall safety of food contact materials is governed by the Framework Regulation 

(European Commission 2004), whereas the presence and level of migration of chemicals 

into food is governed by Directive 2002/72/EC (European Commission 2002). A number
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of parameters are used to specify the migration Hmit and these include the overall 

migration limit (OML), which is the maximum quantity of substances that can migrate 

from a plastic food contact layer into a foodstuff or food simulant and the specific 

migration limit (SML), which applies to individual authorised substances permitted for 

use in the manufacture of plastic food contact materials and is fixed on the basis of the 

toxicological evaluation of the substance (European Commission 2002). In some cases, 

migration restrictions for individual food packaging substances are expressed as 

compositional limits in the packaging material. These limits that are termed quantitative 

limits (QM) are essentially the maximum permitted quantity of a residual substance in a 

finished material or article, expressed as mg/kg of plastic.

In order to ensure compliance with migration limits and to ensure that packaged food 

remains wholesome and safe, migration tests are routinely performed. European Council 

Directives 82/711/EEC, 85/572/EEC and their amendments lay down the rules necessary 

for testing migration from plastic food contact materials (European Council 1982, 1985). 

As foodstuffs are difficult to analyse and have a variable composition, testing packaging 

materials for migration almost invariably uses model foods known as ‘food simulants’. 

There are four food simulants used in Europe to represent all food consumed and these 

are aqueous (distilled water/or water of equivalent quality), acidic (3% acetic acid (w/v) 

in aqueous solution), alcoholic (10% ethanol (v/v) in aqueous solution), and fatty (olive 

oil or a mixture of synthetic triglycerides or sunflower oil) (European Commission 

1985). Standard migration tests using food simulants, one time period and one test 

temperature are intended to simulate the worst case conditions of use of that plastic in 

contact with food. The process is essentially conducted in two distinct steps; first, the 

food contact material is exposed to the food simulant under conditions that are carefully 

selected and controlled. Second, the simulant is analysed to determine the level of 

migration.

As mass transfer of a substance from a plastic material into foodstuff is predictable and 

obeys Pick’s law of diffusion, a new alternative tool has been developed based on 

theoretical migration estimations and this is referred to as migration modelling 

(Brandsch et al. 2002). Modelling of potential migration has been used in the US as an 

additional tool in support of regulatory decisions for several years but the EU has only 

introduced this tool recently with EC Directive 2001/62/EC (the 6**’ amendment of 

Directive 90/128/EEC now replaced by Directive 2002/72/EC) as a conformity and
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quality assurance tool and as an alternative tool to determine migration rates for 

compliance purposes (Begley et al. 2005). A specifically tailored computer program is 

available on the market, MIGRATEST Lite (MIGRATEST Lite 2001, FABES GmbH 

Munich, Germany), which can be used to complete migration modelling simulations. 

Another migration modelling programme can be fi'eely downloaded from the Internet 

(SMEWISE, INRA Remis, France at (www.inra.fi'/Intemet/Produits/securite-emballage)) 

(Reynier et al. 2002). A current EU 5* Framework project FoodMigrosure aims to 

fiarther develop the use of migration modelling for the estimation of consumer exposure 

to chemicals migrating from food contact materials by estimating migration from actual 

foodstuffs (www.foodmigrosure.org). These tools aim to assist in the safety assessment 

of food packaging materials and therefore contribute to the overall risk assessment 

process.

1.2 Risk Assessment

The safety of chemicals is evaluated through a risk assessment process. Risk assessment 

may be defined as the “identification and quantification of the risk resulting fi'om a 

specific use or occurrence of a chemical, physical or microbiological agent, taking into 

account, possible harmful effects on individual people or society of using the agent in the 

amount and manner proposed and all possible routes of exposure” (Benford 2001). The 

findings of a risk assessment can result in risk management decisions that have major, 

sometimes global consequences (EU Scientific Steering Committee 2003). The overall 

risk assessment process can be subdivided into hazard identification, hazard 

characterisation, exposure assessment and risk characterisation (EU Steering Committee 

2003). Hazard identification is the identification of adverse health effects associated with 

exposure to a chemical whereas hazard characterisation is the quantitative (potency) 

evaluation of the observed adverse effects of a chemical, usually by dose-response 

analysis, and the evaluation of mechanisms of action and species differences in response 

(The Interdepartmental Group on Health Risks fi'om Food Chemicals 2004). Usually in 

the case of chemicals intentionally developed for food or agricultural uses (additives, 

flavourings, processing aids, pesticides, food contact materials), hazard characterisation 

must rely on comprehensive laboratory data fi'om in vitro and in vivo studies in 

experimental animals because only limited human data are likely to be available 

(Renwick et al. 2003).
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The risk assessment of packaging materials has been reported to provide a unique 

challenge to risk assessors (Munro et al. 2002). Detailed information is not yet available 

on the extent of use of substances used to make food contact materials. Therefore it is 

not possible to prioritise in any general way, those chemicals that are used widely and so 

require a full risk assessment compared with any chemicals that are perhaps used so little 

that an abbreviated risk assessment could be made (Castle 2003). This is an important 

point considering that there are thousands of chemicals used in the manufacture of food 

packaging materials. As the focus of this literature review is on the exposure assessment 

of food packaging materials. Table 1.1 lists the other components that should be 

addressed in the risk assessment of food packaging migrants as documented by Munro et 

al. (2002).

1.2.1 The role of exposure assessments in risk assessment

The likelihood of a substance posing a health hazard depends on dietary concentration 

and it’s toxicology. Exposure assessment is “the qualitative and/or quantitative 

evaluation of the degree of intake likely to occur” (World Health Organization 1995). 

Exposure assessments are used in the food safety assessment of foods to ensure 

maximum safety to the food supply for the purpose of consumer protection and the need 

to facilitate international trade. Emphasis on public health and consumer protection, in 

combination with globalisation of the food market, has created a strong demand for 

exposure assessment of food chemicals (Lambe 2002). The assessment of human 

exposure to chemicals present in the diet is a rapidly developing discipline (Luetzow 

2003) and efforts to improve exposure assessments have brought together experts from 

disciplines of toxicology, analytical chemistry, nutrition and mathematics (Lambe 2002). 

At the international level, dietary exposure assessments have an important fimction to 

screen food chemical(s) intakes and identify those chemicals with a potential public 

health and safety concern (World Health Organisation 1995, 1997a). Results of exposure 

assessments are used to make judgements about risks to human health and to assess 

compliance with legislation (Lambe 2002). In the case of contaminants, intake levels 

exceeding some “safe acceptable limits” may be associated with adverse health effects 

(Petersen and Barraj 1996) and therefore exposure assessment is an integral part of the 

risk assessment process (World Health Organization 2005). However, it is argued that 

exposure assessments are typically the weakest component of the risk assessment 

process and some of the particular challenges are how to utilise data from limited 

sampling and how to take into consideration the variations in exposure across different
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countries (EU Steering Committee 2003). In most cases exposure estimates have to be 

based on predictions related to the proposed or anticipated uses, rather than intakes 

measured in real life conditions (Renwick et al. 2003). To make the best use of exposure 

assessments, it is important to keep in mind the iterative nature of the overall process of 

risk assessment and risk management (EU Steering Committee 2003) and in addition that 

the estimation of intakes of food chemicals is a complex activity and no single approach 

is suited to all circumstances (Rees and Tennent 1993).

1.2.1.1 Exposure assessments for food packaging migrants

Accurate and reliable methods of exposure assessment constitute a key component of the 

risk assessment process for packaging materials. Various approaches are available to 

estimate exposure, ranging from making the assumption of 100% migration to more 

refined methods taking account of quantitative measures of migration into food linked to 

survey data on the intake of specific foods (International Life Sciences Institute 2001). In 

the EU the quest for the ideal exposure assessment for food packaging migratory 

compounds has being ongoing since the establishment of the plastics legislation. In the 

1960s the Council of Europe initially proposed the exposure assessment methodology 

that is still used today. In this methodology it is assumed that every EU citizen 

consumes 1kg of food each day over a lifetime and that this food is packaged in the same 

plastics containing the substance in question at the maximum concentration (migration 

level) permitted. Later in the 1970s the Commission prepared a new draft containing a 

new exposure methodology. However this proposal was rejected by all the Member 

States (except Germany), as it was perceived as being too complicated, would not permit 

compliance at national levels and would increase the migration potential (Heckman 

2005).

1.2.2 The role of exposure assessments in risk characterisation

Risk characterisation is the stage of risk assessment that integrates information from 

exposure assessment and hazard characterisation into advice suitable for decision

making (Renwick et al. 2003). In essence it means estimating how likely it is that harm 

will be done and how severe the effects will be (Benford 2001). The link from exposure 

assessment to risk characterisation is established by combining the outcome of the 

hazard characterisation and the exposure assessment for an identified hazard (EU 

Steering Committee 2003). The estimated exposure to a chemical is normally expressed 

as the amount ingested per unit time (e.g. mg/day) and related to the body weight of an
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average individual (i.e. mg/kg body weight/day). This allows ready comparison of 

intakes in human populations with the doses used in animal toxicity studies (Benford 

2001).

The results from toxicity studies can be used to predict the highest amount of a chemical 

ingested on a daily basis by humans that is likely to be safe. For food chemicals this is 

often expressed as the Acceptable Daily Intake (ADI) or Tolerable Daily Intake (TDI). 

The ADI or TDI is defined as the amount of a chemical, expressed on a body weight 

basis that can be ingested daily over a lifetime without appreciable risk to health (Barlow 

2005). The term ADI is generally used for substances intentionally added to food, while 

the TDI is generally used for substances appearing in food but not intentionally added, 

for example food packaging migrants (World Health Organization 2004). The emphasis 

of dietary risk assessment has traditionally been on producing exposure estimates for 

comparison with the ADI or TDI (Ferrier et al. 2002).

The tolerable intakes of contaminants may be expressed in terms of daily intakes or 

weekly intakes and are usually referred to as provisional tolerable intakes to express “the 

tentative nature of the evaluation, in view of the paucity of reliable data on the 

consequences of human exposures at levels approaching those which the committee is 

concerned” (World Health Organization 1985). For example, the Provisional Maximum 

Tolerable Daily Intake (PMTDI) is the end-point used for contaminants with no 

cumulative properties. Its value represents permissible human exposure as a result of the 

natural occurrence of the substance in food and drinking water. For trace elements that 

are both essential nutrients and unavoidable constituents of food a range is expressed, the 

lower value representing the level of essentiality and the upper value the PMTDI 

(Benford 2001).

The TDI for a chemical is derived from animal feeding studies where the most sensitive 

species, sex and endpoint were chosen for the no observed adverse effect level 

(NOAEL). This figure is then divided by a safety factor or uncertainty factor of 100 

(Renwick et al. 2003). In the legislation on food packaging material, the SML values are 

specified for some substances (that are used in plastics) in European Directive 

2002/72/EC (European Commission 2002). These limits are based on opinions expressed 

by the then Scientific Committee on Food and are obtained by multiplying the TDI value 

by a factor of 60. This factor is derived from the convention that a person of 60 kg could
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ingest up to 1 kg of foodstuffs daily, which is in contact with a plastic article always 

containing the considered substance at a concentration corresponding to the SML 

(European Commission 2002).

In the EU the toxicological profile of a contaminant guides the choice of the method 

used to estimate intakes. For instance, for contaminants with acute effects, daily intake 

estimates or intakes per meal are more relevant than intakes over a period of time (Rees 

and Tennant 1993). Ideally, the timefi'ame represented by the food consumption and 

chemical concentration data in the exposure assessment should reflect the timeframe 

considered by the safety statement for the chemical in question (Lambe et al. 2002).

The significance of intakes above the tolerable intakes are difficult to assess (Renwick et 

al. 2003). Consideration in this respect has to be given to the nature of the effect, the 

magnitude of the excessive intake, as well as the duration of excessive intake, in relation 

to the half-life of the compound in the body and the associated body burden (Walker 

1999). An intake above the ADI/TDl may not necessarily be associated with significant 

adverse health outcomes since the ADI/TDl is usually based on chronic intakes and 

incorporates a safety margin. However, an intake above the ADI/TDl would have the 

effect of eroding the safety margin by the ratio of the ADI/TDI to the predicted excess 

intake (Renwick et al. 2003).

In the risk characterisation stage of the risk assessment process, the task of putting 

exposure assessments in the context of acceptable or tolerable intakes is a complex one 

and requires good communication between the risk assessment disciplines of toxicology 

(i.e. hazard characterisation) and exposure assessment.

1.3 Data needs for an exposure assessment

Generally there is insufficient information available to carry out actual intakes and 

instead potential intakes must be estimated. As in estimating the intake of a nutrient, 

there are two types of information necessary for the generation of dietary exposure data 

suitable for risk characterisation. Firstly, determination of the consumption of the foods 

that may contain the chemical and, secondly, the concentration of the chemical that may 

be present in the different foods (Petersen et al. 1994; Renwick et al. 2003). Migrants 

ft-om food packaging materials are somewhat different to other chemicals found in food 

as they are classified as indirect food additives i.e. they are not added to foods to achieve
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any technical effect (US Food and Drug Administration 2002). Therefore they cannot be 

assumed to be present in food if information is not available on the packaging used for 

that food. Therefore there is a need for extra data requirements in the exposure 

assessment of food packaging migrants as compared with chemicals directly added to 

foods. In an ILSl workshop on the exposure assessment of food packaging migrants, it 

was recommended that to estimate dietary exposure to a substance migrating from a food 

packaging material, information is needed on (1) food consumption; (2) the types of 

foods packaged and the nature of the packaging material (i.e. packaging use data); and 

(3) migration data (International Life Sciences Institute 2001). Although the data 

requirements needed for the exposure have been identified, it is commonly 

acknowledged that major problems often exist in finding data (European Food Safety 

Authority 2005a; Holmes et al. 2005). Before completing an exposure assessment it 

should be remembered that the type of data should reflect the level of accuracy required 

in the exposure assessment, for example, crude data may only be warranted if a crude 

exposure estimate is needed.

1.3.1 Food consumption data

Food intake studies are carried out on a regular basis in most developed countries 

(Gibney 1999). The data obtained are used in areas of nutrition policy and food chemical 

intake assessments. Food consumption represents a central component of any food 

chemical exposure assessment. Therefore the quality of the results of a food chemical 

exposure will depend to a large extent on the quality of food consumption data used in 

the assessment (Gilsenan and Gibney 2004).

A wide range of methodologies are used to collect information on the intake of foods and 

these methodologies have been discussed thoroughly by many authors for use in 

exposure assessments (Rees and Tennent 1993; Petersen et al. 1994; van Dokkum and 

Brussaard 1995; Lowik 1996; Parmar et al. 1997; Lowik et al. 1998; Gibney 1999; 

Petersen 2000; EFCOSUM 2000; Heimbach et al. 2002; Kroes et al. 2002; Lambe 2002; 

Renwick et al. 2003). The method chosen for a particular exposure assessment is 

influenced by the nature of the chemical, the purpose of the assessment and the resources 

available (Lambe 2002). Food intake methodologies can be broadly classified into direct 

and indirect methods. The latter are derived from food balance sheets or household 

budget data. They have the advantage of being inexpensive and providing reliable time 

trends in food intake patterns (Parmar et al. 1997). However they have the disadvantage
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that they are not at individual level. Thus the true distribution of intakes among 

consumers is not possible (Gibney 1999). Direct methods are the most commonly used 

and appropriate source of food consumption data for exposure assessments and these 

food consumption surveys are collected at individual level (Lambe 2002). Such surveys 

may be collected using 24-hour recalls, diet histories, food records or food frequency 

questionnaires (Lowik 1996; EFCOSUM 2000; Heimbach et al. 2002; Lambe 2002). 

Other methods used to measure exposure to food chemicals, which involve the use of 

food consumption data, include total diet studies which uses either population average 

intakes (market basket studies) or individual intakes (duplicate diet studies).

There have been efforts in the recent past to try and make food consumption data using 

different methodologies from European countries available for use in exposure 

assessments. The European Exposure Factors Source book (Expofacts) is a collection of 

statistics on food consumption and demographics of numerous European countries 

assessment. This database was complied during 2003-2004 

(http://beat.uku.fi/expofacts/). However, this food consumption data has not been 

modified in anyway and therefore there is no unique food grouping system, methodology 

or age grouping which does not allow easy comparison of food consumption data across 

countries. More efforts are ongoing to try to standardise food consumption data from 

European countries to ensure similar food grouping, age grouping and output results 

(European Food Safety Authority 2005b).

When it comes to agreeing on the best direct methodology to use for a food chemical 

exposure assessment many authors have different views and these relate to the benefits 

and limitations of each of the approaches. The 24-hour recall is relatively easy and quick 

to complete. It also allows a large sample size to complete the survey and there is less 

interference with actual food consumption behaviour since the 24-hour recall method 

focuses on past behaviour (Lowik 1996; Gibney 1999). However, as the intake estimates 

are based on a short duration and, because of variability over time, they tend to 

overestimate the long-term intake by those who consume the substance and to 

underestimate the proportion of the population with intermittent intakes (some of whom 

would be classified as consumers in a study of longer duration) (Renwick et al. 2003). 

This was highlighted in a recent exposure assessment that used the 24-hour recall 

method to estimate intakes of bisphenol A (BPA). The results of that study showed that 

59% of the population surveyed were not exposed to BPA, as they did not consume
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canned foods (Thomson and Grounds 2005). The authors of this study did not discuss the 

limitations of using a 24-hour recall in the exposure assessment and therefore overlooked 

the fact that the percentage consumers of canned food may have been in fact much larger 

but due to the short survey period these consumers were not captured in the survey. In a 

EU project entitled “European Food Consumption Method” (EFCOSUM) the 24-hour 

recall method was selected as the best and most cost-effective method to collect food 

consumption data (e.g. applicable in large European populations of different ethnicity; 

relatively low respondent and interviewer burden; open ended; suitable to assess average 

consumption in population group). However, for the estimation of infrequently 

consumed foods, it was recommended to add some questions on habitual consumption of 

these foods to get insight into the proportion of (non-) consumers (EFCOSUM 2000). In 

a review of the possible uses of food consumption surveys to estimate exposure to 

additives Lowik (1996) recommended that food records are the best method. In this 

method respondents record information on the foods they consumed, the frequency of 

consumption and the amounts consumed. Therefore quantitative and accurate 

information on foods actually consumed is obtained through concurrent recording. For a 

more refined exposure assessment these food records can be entered in probabilistic 

models using full electronic food consumption databases or indicative data. The use of 

full electronic databases is usually considered preferable as it maintains data at the level 

of individual subjects and eliminates the need for building correlations between intakes 

of multiple foods. It also provides greater flexibility for designing models to combine the 

consumption data with concentration data (Lambe 2002). Duplicate diet studies were 

also reported to probably be the best way to estimate contaminant intake of “at-risk” 

individuals but they are a very expensive approach (Rees and Tennent 1993). However, 

it is the responsibility of the exposure assessor to choose the food consumption data that 

best suits their exposure assessment needs.

1.3.1.1 Food consumption data for food packaging migrants

Most of the existing food consumption surveys were designed to estimate the intake of 

nutrients. Therefore for the assessment of exposure to food packaging migrants most 

national dietary and nutrition surveys do not provide all the information required to 

assess exposure (Franz 2005). For example, they contain little detail on the type of 

packaging used for food. Such data gaps need to be filled using, for example, “best 

estimates” based on other information sources. This clearly introduces extra uncertainty 

in the accuracy and representativeness of the information (Holmes et al. 2005). When
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examining the use of food consumption surveys for food packaging migrants, Castle 

(2003) states that at present there is no generally acceptable substitute when assessing 

consumer exposure, than conducting food surveys to obtain concentration data and 

coupling this information with detailed statistics on dietary habits to calculate reliable 

estimates of intake i.e. total diet studies. In terms of food consumption data available for 

the estimation of exposure to food packaging migrants, it is recommended that data of 

better quality than that currently available are needed for vulnerable groups, such as 

children (who have higher consumption per unit body weight than adults do) and 

extreme consumers (for example, populations with low incomes) (International Life 

Sciences Institute 2001).

In previous food packaging migrant exposure assessments different authors have used 

different types of food consumption data in their exposure assessment. In one exposure 

assessment on carmed food, per captia food consumption values were used (Dionisi and 

Oldring 2002). In other examples worst case assumptions were made for the intake of 

particular food groups (European Food Safety Authority 2003) or upper percentiles of 

food group intakes were used (European Food Safety Authority 2003, 2004, 2005c). In 

more refined assessments actual food consumption data was used (Thomson and 

Grounds 2005; Holmes et al. 2005; Simoneau et al. 1999). In one exposure assessment 

completed on styrene the UK total diet study samples were used which used average 

consumption data from the 1997 UK National Food Survey (Ministry for Agriculture, 

Food and Fisheries 1999). In all of these examples packaging information was missing at 

the individual food level and hence there was a need to make assumptions on the amount 

of food consumed that was packaged in the material of interest.

1.3.2 Packaging use data

One of the key elements in the exposure assessment of food packaging migrants is to 

link the use of a specific food packaging to a specific food item (International Life 

Sciences Institute 2001). For food packaging materials, numerous data of high quality 

are available when considering the total amount of packaging material used in a country 

or a continent. Sources are well known, units are few and definitions are more consistent 

than those at the level of the individual packaged product. At the packaged product 

(consumer) level, data are few and of low quality, definitions are inconsistent, units are 

diverse and sources of information are disparate (International Life Sciences Institute 

2001).
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Efforts have been made in the past to develop databases to store information on the 

packaging used for foods. In 1995 Maurice Palmer Associates (MPA) collected 

information on the packaging used for a number of food groups in both the UK and Italy 

(Maurice Palmer Associates 1995). However, these data may have some drawbacks, 

such as being out of date because of changing trends, failing to include can lacquers, 

making some incorrect assumptions, not including in-store packaging, not including 

ready meals and failing to correctly identify some materials (International Life Sciences 

Institute 2001). There are an increasing number of databases available throughout 

Europe that contain information on the packaging used for foods. Free databases include 

the Dutch Grootverbuik Product Informatie database (www.gpi.nl) and the Dutch EAN 

DAS datapool for Fast Moving Consumer Goods (www.endas.nl). Databases that charge 

a fee include the Mintel Global New Products Database, the Innova Food and Beverage 

database, and the German Association for Packaging Market Research. Another method 

used to generate packaging use data is supermarket shelf audits, for example the “study 

of packaging materials used for dietary staples” completed in the UK (Food Standards 

Agency 2003). Enforcement laboratories may also collect information on the packaging 

used for food. In a Dutch study an enforcement laboratory analysed a total of 606 

packaging samples to identify the material in contact with the foodstuff (Bouma et al. 

2003). However, none of the data sources mentioned above were created to link with 

food consumption data, hence assumptions would need to be made when using these 

packaging use data sources in an exposure assessment. Ideally food consumption surveys 

should collect packaging information as part of the data collection process (European 

Food Safety Authority 2005b) as this would provide increased accuracy in the exposure 

assessment of food packaging migrants.

In cases where data may be missing or lacking in quantity on the packaging used for 

foods, expert opinion on the relative use of different packaging types for foods has been 

used in the past (Holmes et al. 2005). The expert can give his/her opinion based on the 

amount of information available (Vose 2000) and on previous trends in the use of 

packaging materials. It is recognised that expert judgement will be used in most risk 

assessments, however, consistent application of expert opinion is critical (Petersen 

2000).
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Care must also be taken when using packaging use data, because of varying legal 

requirements significant differences may exist between packaging uses in different 

countries. For example, Denmark had banned aluminium cans for beverages until 2002 

and cultural differences and varying food consumption patterns can also affect packaging 

statistics (hitemational Life Sciences Institute 2001).

1.3.3 Migrant concentration data

The level of migration of a food packaging chemical into a food can be determined using 

real foods or by using food simulants. Real food data is comprised of representative 

samples of retail foods, taking into account country of origin, pack size, purchase region 

and season etc. Sampling regimens are conducted to give repeat tests of foods, ideally 

enabling average values and variances to be determined and thus create a distribution 

expressing the variation of the migrant in the food (Holmes et al. 2005). Migration 

testing for routine regulatory assessment for plastics intended for food contact use food 

simulants as models for foodstuffs. Food simulants are selected compounds that produce 

similar interactions to those of foods (i.e. acidic, alcoholic, aqueous and fatty) 

(Hemandez-Munoz et al. 2002). In addition, in order to reduce the time consuming and 

expensive experimental measurements as much as possible, theoretical predictions of 

migration values can also be used based on migration modelling techniques (Brandsch et 

al. 2002; O’Brien and Cooper 2002).

A large number of food analyses are carried out in the European Member States every 

year to determine the levels of migrants in foods. The results are made for comparison 

with regulatory limit values but are seldom made accessible for secondary users, such as 

scientists, modellers, risk assessors and the general public due to the competitive 

sensitivity of such information (Kroes et al. 2002; EU Scientific Steering Committee 

2003; European Food Safety Authority 2005a).

When selecting migration data to use in the exposure assessment it is important to be 

aware of factors that may influence the migration data. These factors can include 

measurement uncertainty- every analytical measurement has an associated measurement 

uncertainty, non-detects, sampling uncertainty, uncertainty regarding the surface 

packaging in contact with the food (Holmes et al. 2005). An important problem that can 

influence exposure assessment of contaminants, and may lead to an unnecessary 

conservative risk characterisation, relates to how data samples that did not contain a
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measurable concentration are included in the exposure estimation (World Health 

Organization 2000; Kroes et al. 2002; Renwick et al. 2003; Holmes et al. 2005). The 

failure to detect a measurable concentration, i.e. a non-detect, means that the actual 

concentration could be anywhere between zero and the limit of detection (LOD). 

Different intake estimates will be obtained depending on whether it is assumed that all 

non-detects are zero, or 50% of the LOD, or equal to the LOD. This potential error in 

exposure assessment, and therefore risk characterisation, is especially important when 

the substance could occur in a wide range of different foods, but measurable 

concentrations are only rarely detected (Renwick et al. 2003). There are a few options for 

dealing with values that are below the LOD. First the LOD could be assumed to be a real 

zero. This is appropriate when the LOD is far below those concentrations likely to cause 

any adverse health effects (Kroes et al. 2002). Non-detects can be assumed to indicate 

that the sample contains half the LOD or the LOD. This may be appropriate when the 

chemical in question is relatively toxic and also low levels contribute significantly to 

total exposure (Kroes et al. 2002).

As mentioned in section 1.3.1, total diet studies can be completed to estimate the level of 

a food packaging migrant in a food. These chemical analysis, which are usually based on 

market surveys are extremely time, work and cost consuming and are of exemplary 

character since this approach can only be performed on certain selected cases (e.g. 

authorised plastic constituents or contaminants of actual public concern) (Franz 2005). In 

the UK total diet study, homogenised food samples were analysed for styrene (Ministry 

for Agriculture, Food, and Fisheries 1999). However, this study contained no 

information on whether the foods were actually packaged in styrene, and therefore the 

styrene present in the food may have been naturally present (Steele et al. 1994) or may 

have migrated from a packaging material. Therefore when interpreting results of these 

types of studies the methodology used must be borne in mind (Franz 2005). Also due to 

the fact that samples are homogenised together before analysis, careful interpretation of 

the results is required. Often these datasets are comprised completely of non-detects, or 

the number of samples taken is small, providing little information to create a distribution 

(Holmes et al. 2005).

1.3.4 Food groups

The links between food consumption and food chemical occurrence are rarely direct. 

With the exception of total or duplicate diet studies, exposure assessments do not have
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consumption, occurrence and concentration data related to the same individual or 

population (Kroes et al. 2002). The exposure assessor must make a decision about how 

to combine the food consumption data with the chemical concentration data to create a 

representation of the real-life situation (Lambe 2002). In a recent exposure assessment of 

food packaging migrants, using probabilistic modelling, food items were grouped (at 

various levels) for which the same assumptions were appropriate regarding concentration 

data, packaging type and their associated conversion factors, extrapolation factors and 

market shares (Holmes et al. 2005). This is a common step that is essential in most 

packaging migrant exposure assessments (Lickly et al. 1995; Tang et al. 2000; Dionisi 

and Oldring 2002; Thomson and Grounds 2005). Many uncertainties are introduced 

when the existing characterisation of foods (mostly designed for nutrients) are used for a 

new application i.e. linking food consumption data with migration data. Although food 

consumption databases are widely available there are significant challenges to food 

consumption database managers to use these databases for exposure assessments. One 

such challenge is the re-coding of foods listed in the food consumption database into the 

four simulants used to model foods (i.e. aqueous, fatty, alcoholic and acidic) (European 

Council 1985). This classification may be needed if migration data are not available for 

real foods but instead for food simulants. The choice of simulant depends on the t>pe of 

contact the food has with the packaging. For fatty foods it is the distribution of the fat on 

the surface of the food in contact with the packaging material that determines the 

simulant type and not the percentage of fat in food. It is not feasible to test the EU food 

category of every food consumed (which is probably greater than 5000 different foods in 

most national food consumption surveys) and therefore EU Directive 85/572/EEC is 

used as the reference document for coding foods and also expert judgement. However, 

this Directive does not lead to easy classification of foods consumed as part of national 

food consumption surveys. There is also the possibility for variability in coding due to 

subjective opinion. For example some experts may classify yoghurts as “aqueous” and 

others may classify them as “acidic” based on different reference data sets. Unless pH 

testing is completed on all yoghurts there is no incorrect answer. Therefore when 

completing an exposure assessment, the method by which foods are classified into 

groups should be fully documented to ensure transparency in the exposure assessment.

1.4 Refinement of the exposure assessment

Estimating an intake of a food chemical can be a complex procedure. The problem is that 

people normally eat a wide range of different foods that may each contain a range of
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concentrations of the chemical of interest. Traditionally, most risk assessments have 

been conducted using ‘worst case’ extreme estimates of potential exposure. This 

approach produces estimates of exposure, which are biologically improbable and in 

many cases obscure the ability of regulators, industry and consumers alike to determine 

which scenarios present a risk that is likely to occur and therefore needs to be addressed 

(Petersen 2000). A refinement in the exposure assessment would lower the uncertainty, 

so that more accurate risk assessment could be obtained. In a few cases, this may have 

implications for legislation, so that less restrictive limits could be set for chemical 

contaminants in food (International Life Sciences Institute 2001). The refinement of the 

exposure assessment should follow the decision tree approach and proceed fi"om the level 

of least exactitude (i.e. most conservative) to the level of most exactitude, only if the less 

exact levels do not rule out the possibility of concern (Lambe 2002). This hierarchical 

approach is recommended by many authors (Gibney and Lambe 1996; US 

Environmental Protection Agency 1997; World Health Organization 1997a; van Drooge 

and van Haelst 2001; Lambe 2002; Renwick et al. 2003; Barlow 2005). This top-down 

approach does not generate (nor has the intention to generate) accurate estimates of 

exposure. The goal is to decide whether the exposure to a particular chemical is safe or 

that the exposure to a chemical needs further research (Lowik et al. 1998). Refined 

exposure assessment models are intended to serve as tools for decision-making, such as 

for rule making or regulatory compliance purposes where screening analyses are 

inadequate (Frey and Patil 2002).

There are no set refinement procedures for the exposure assessment of food packaging 

migrants and therefore multiple methodologies have been employed in the past (Dionisi 

and Oldring 2002; European Food Safety Authority 2004; Holmes et al. 2005; Thomson 

and Grounds 2005; European Food Safety Authority 2006). In a project completed by 

the Central Science Laboratory (CSL) in the UK on behalf of the Food Standards 

Agency (FSA), a wide variety of information sources were used to assess the feasibility 

of providing a structured, tiered approach to estimating potential exposure to chemicals 

that may migrate fi'om food contact materials. This approach used progressively refined 

assumptions, calculations and, finally, actual migration, usage and food consumption 

data where available (Castle 2003). Although this study was successful in producing 

refined estimates of exposure, there were no set guidelines developed on how to refine 

future exposure assessments. In general, it is recommended that in order to refine 

estimates of exposure, more sophisticated methods of integrating the food consumption
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and chemical concentration data are needed and/ or more detailed data from industry, 

monitoring programmes etc. (Kroes et al. 2002). In one review it was recommended that 

to develop a refined dietary exposure evaluation process for food packaging migrants 

and prevent unnecessary testing (and the accompanying commitment in related resources 

and animal testing), there is a need to link to and make greater use of food consumption 

data (International Life Sciences Institute 2001).

The reason refined exposure estimated for numerous food chemicals have been 

developed is because, generally, there is insufficient information available to carry out 

actual intakes and instead potential intakes must be estimated (Parmar et al. 1997). For 

example in the case of pesticides the international estimated daily intake (lEDI) is used 

as a refinement of the theoretical maximum daily intake (TMDI) (World Health 

Organization 1997b). When separate data sets are available for food consumption and 

chemical concentration, one of three approaches is usually used to provide an estimate of 

exposure: (1) point estimates; (2) simple distributions; and (3) probabilistic estimates 

(Lambe 2002). To refine the exposure assessment the process can progress fi-om the 

point estimate approach to a simple distribution or then to a probabilistic exposure 

assessment, if the results of the preceding assessment dictate the need to do so.

1.4.1 Point estimates

Point estimates or deterministic modelling involves using a single “best guess” estimate 

for each variable within a model to determine the model’s outcome(s) (Vose 2000). In 

the context of exposure assessments, the term “point estimate” refers to a method 

whereby a fixed value for food consumption (such as the average or high level 

consumption value) is multiplied by a fixed value for the chemical concentration (often 

the average level or upper permitted level according to legislation) (Kroes et al. 2002; 

Lambe 2002). However, point estimates are also considered to be most appropriate for 

screening purposes (Parmar et al. 1997). Therefore point estimates can represent 

methods that are both conservative and more refined depending on the type of data used 

in the exposure assessment

Screening analysis is usually based on simple models that are not likely to underestimate 

the risk (Frey and Patil 2002). The primary objective of screening is to prevent 

unwarranted data collection and to ensure that resources for the collection of data are put 

to best use (Gibney and Lambe 1996). Since the beginning of the harmonisation of
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legislation on food contact materials, a conservative approach with substantial built-in 

safety margins has been applied by the European Commission and the Scientific 

Committee for Food (SCF) for approval for use of substances in plastic packaging (i.e. 

that every EU citizen consumes 1kg of food each day over a lifetime and that this food is 

packaged in the same plastics containing the substance in question at the maximum 

concentration (migration level) permitted (International Life Sciences Institute 2001). 

This consumption figure is based on the notion that we consume approximately two 

kilograms of food and drink each day with a default assumption that half is packaged in 

some form and so might be subject to chemical migration (Castle 2003). However, in a 

recent study the interrogation of the UK National Food Survey showed that the per capita 

consumption of food and beverages was 2.9 kg/ person/ day for UK adults, which is 

comparable with the US FDA value of 3.0 kg/ person/ day (Castle et al. 2006). Therefore 

the EU screening method for food packaging migrants may actually be using an 

underestimate of food intake.

Although there are no established refined point estimate approaches for food packaging 

migrants, this approach has been used in the past for food packaging migrants. To 

estimate exposure of infants to semicarbazide, the EFSA panel on food additives, 

flavourings, processing aids and materials in contact with food (AFC) used the worst- 

case scenario for consumption of baby food and also the highest level of semicarbazide 

reported fi’om laboratory data (European Food Safety Authority 2003). In another 

example the per capita consumption of canned food was used with a point value for the 

migration of bisphenol-A-diglycidyl ether (BADGE) (Dionisi and Oldring 2002). 

Therefore although these assessments were still overestimates of exposure they provided 

a more refined exposure assessment as compared with the current EU method. There is a 

need for simple approaches to estimate dietary intake of food chemicals in several 

situations: (1) to prioritise food chemicals for further investigation; (2) to monitor trends 

and changes in dietary intakes; (3) to provide estimates when detailed information is not 

available; (4) to facilitate negotiations on acceptable levels between countries; and (5) to 

make a preliminary risk assessment when the food chemical is found in a limited number 

of foods (Rees and Tennent 1993).

1.4.1.1 The US FDA point estimate approach

The US FDA approach for estimating intakes of food packaging migrants can be 

included under the umbrella of a point estimate approach. The US FDA’s food contact
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notification programme has roughly a quarter of a century of experience utihsing 

consumption factors in combination with migration data to develop reasonable, but 

appropriately conservative, estimates of consumer exposure to components of food 

packaging materials (Cheeseman 2005). The US FDA use food consumption factors and 

food type distribution factors with migration data and an assumed total food intake 

(solids and liquid) of 3 kg/person/day. The consumption factor represents the fi-action of 

the daily diet expected to contact a specific packaging material. It is the ratio of the 

weight of all food in contact with a specific packaging material to the weight of all food 

packaged. The food type distribution factor accounts for the variable nature of the food 

contacting each food packaging material. These factors reflect the fi*action of all food 

contacting each material that is aqueous, acidic, alcoholic and fatty (US Food and Drug 

Administration 2002). Therefore in the equation to estimate exposure to a food contact 

substance in the US a point value is chosen for each input parameter in the exposure 

algorithm yielding a single estimate of exposure. Most exposure assessments completed 

using this method are submitted by industry to the US FDA and are therefore not 

publicly available. However, a recent publication demonstrated how the US FDA 

approach was used to estimate the dietary exposure to mineral hydrocarbons in the US 

(Heimbach et al. 2002).

Due to the difference in regulatory procedures, consumption factors and food type 

distribution factors are not used in Europe. In Europe the EU “positive list” of permitted 

plastic ingredients (monomers and additives) is an open list insofar as any manufacturer 

can use a substance on the list, for any application, provided that the relevant specific 

migration limit is met. Because the scope of application is not defined at the petition 

stage, and subsequently restricted in the Directive, packaging usage factors cannot be 

employed to estimate exposure unless current validated usage information is made 

available (Castle 2003). If consumption factors were to be used to refine the exposure 

assessment then it is proposed that other features of the risk assessment should be taken 

into account and these include: no simulant specified for dry food and fi'ozen foods in 

contact with plastics, no special rules for beverages- where consumption can exceed 

1 kg/day, no allowance for exposure fi"om other sources and no allowance for consecutive 

contact- where a food may come into contact with a material containing a specific 

substance, on more than one occasion during processing, transport, packaging and 

preparation in the home (Castle 2003). However, in a workshop organised by the ILSI 

Packaging Material Task Force, the application of consumption factors in Europe was
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discussed (International Life Sciences Institute 1996). It was concluded that consumption 

factors may be useful in the following scenarios:

1. If monomers had an established TDI then packaging use factors (i.e. consumption 

factors) could be applicable provided that the monomer is uniquely used for 

discrete identified plastics.

2. For additives with an established TDI and if  the use of the additives was 

restricted to one or two polymer types, the consumption factors could be applied 

to effectively raise the SML.

3. In petitions to use a new additive, the application of consumption factors to the 

submitted migration data could have the benefit of pushing the additive in 

question fi"om one grouping to another thus relaxing the toxicological tests 

required.

4. The use of consumption factors could have the advantage of reducing the burden 

of demonstrating the absence of unauthorised substances by raising the analytical 

threshold while maintaining the exposure threshold. This would be useful in the 

case of adventitious contaminants or systemic contaminants. In both these cases 

the consumption factors could be applied only if  a numerical value is established 

for the threshold.

Even though consumption factors and food type distribution factors may have a role

in the estimation of exposure to food packaging migrants for number of scenarios in

Europe, no attempts have been made to develop such factors for any population in

Europe and therefore this point estimate approach remains dormant in the EU.

1.4.2 Simple distributions

Simple distributions methods of exposure assessment employ distributions of food intake 

but use a fixed value for the concentration variables (Kroes et al. 2002; Lambe 2002). 

The results are more informative than point estimates because they take account of 

variability that exists in food consumption patterns (Lambe 2002). An example of where 

this method is employed is in the Commission’s Scientific Cooperation Programme 

(SCOOP) Step 2 approach for food additives, which computes a value for each 

individual to obtain a distribution for the intakes of all individuals, and then takes a 

particular percentile (most often the 97.5*) of the distribution for decision-making 

(European Commission 2001). In this Step 2 approach, for each eating occasion of a
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food in which the additive may legally be present, the assumption is that it is present and 

at the maximum permitted levels. The advantages of raw food consumption model 

inputs are that food consumption data at the level of the individual subjects are 

maintained and the need to build correlations between intakes of multiple foods, if 

required, is negated (Gilsenan et al. 2003).

Again, although there is no established protocol for using this method for food packaging 

migrants, exposure assessments using this method have been completed in the past. To 

estimate intakes of BP A from the consumption of canned and bottled food in New 

Zealand adults, a 24-hour dietary recall intake assessment was merged with migration 

data to generate a distribution of intakes for the adult population (Thomson and Grounds 

2005). In the assessment of dietary intakes of white mineral oils and waxes in Europe, 

the UK food consumption data was used with migration data from the literature to 

estimate intakes. Using this method, a distribution of intakes was achieved as the food 

consumption survey was at individual level (Tennant 2004).

1.4.3 Probabilistic exposure assessments

The essence of probabilistic risk assessment is that it aims at ranges of plausible values, 

rather than single values or point estimates, as is usual in current risk assessments (EU 

Scientific Steering Committee 2003). A risk assessment performed using probabilistic 

methods is very similar in concept and approach to the point estimate method, with the 

main difference being the methods used to incorporate the variability and uncertainty in 

risk (i.e. each uncertain variable is represented by a distribution fiinction instead of a 

single value). Therefore in probabilistic exposure assessments probability models are 

used to represent likelihood of different risks in a population i.e. variability or to 

characterise uncertainty in risk estimates (US Environmental Protection Agency 2001). 

This method takes account of every possible value that each variable could take and 

weighs each possible scenario by the probability of its occurrence (Vose 2000). The 

primary goal of all probabilistic analyses should be to present the best possible 

characterisation of the full distribution of exposures for the population under 

consideration (Petersen 2000; The Interdepartmental Group on Health Risks from Food 

Chemicals 2004). Probabilistic techniques provide a method to estimate the distribution 

of risk and to understand the degree of conservatism present in a point estimate 

(Bummaster and von Stackelberg 1991).
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1.4.3.1 Variability and uncertainty

All food chemical exposure assessments contain inherent sources of both variability and 

uncertainty. Variability is defined as true heterogeneity in a well-characterised 

population and is usually not reducible through further measurement or study (US 

Environmental Protection Agency 1997). Variability arises as a result of the diversity, 

inter-individual differences, temporal changes etc. within the population (Kelly and 

Campbell 2000). Uncertainty is defined as the ignorance about a poorly characterised 

phenomenon or model and is sometimes reducible through further measurement or study 

(Environmental Protection Agency 1997). Thus variability is a property of the people or 

exposure scenario under study in the risk assessment, while uncertainty is a property of 

the analyst conducting the risk assessment (Edelmann and Bummaster 1997). Variability 

and uncertainty have different ramifications for decision-making. In one situation, for 

example, the decision maker may select a risk management program designed to reduce 

high-end exposures in the population. In another example, the decision maker may 

collect more information to illuminate future issues (Bummaster 1997).

In terms of an exposure assessment for the dietary intake of food packaging migrants, 

sources of variability include natural variability in food intakes, both within and between 

individuals, variability in body weights, variability in the types of packaging used for 

foods and also variability in the level of the migrant present in the food. Examples of 

uncertainty include measurement errors in the dietary survey methodology on behalf of 

the interviewer and/or the respondent (e.g. the respondent may have underreported the 

amount of food they consumed, the fi'equency of food consumed or even have failed to 

document that they consumed the food (Livingstone et al. 1990)); measurement errors in 

laboratory analyses or uncertainty regarding how to deal with non-detects (Holmes et al. 

2005); uncertainty regarding the tj^e of packaging used for the food; uncertainty 

regarding the presence of the migrant in the packaging; and also uncertainty regarding 

the migration of the chemical from the packaging into the food i.e. the migrant 

concentration in the food.

There are essentially two sources of information used to quantify the variability and 

uncertainty in an exposure assessment model. The first is available data and the second is 

expert opinion (Vose 2000). Often where data is lacking and hence there is uncertamty in 

the exposure assessment, expert judgment may be used. However, distributions based 

exclusively or primarily on expert judgment reflect the opinion of individuals or groups
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and therefore, may be subject to considerable bias. When distributions based on expert 

judgement have an appreciable effect on the outcome of an analysis, it is critical to 

highlight this in the uncertainty characterisation (US Environmental Protection Agency 

1997). Ignoring the presence of variability and/or uncertainty in the food chemical 

exposure assessments may generate exposure estimates that do not adequately reflect 

true chemical intakes (Kroes et al. 2002). A probabilistic approach providing exposure 

values that can be analysed with reference to both variability and uncertainty provides a 

distinct advantage over the current EU method for food packaging migrants because it 

allows the effect of consumption and behaviour within a sampled population to be 

assessed taking into account their actual body weights and uncertainty surrounding the 

packaging used for foods and the migration of a chemical into the food (Holmes et al. 

2005).

1.4.3.2 Deterministic versus probabilistic techniques

It is now acknowledged that probabilistic techniques in risk assessment seem to be 

supenor to the conventional deterministic/point estimate approach (Meckel and Fehr 

2001). However, deterministic techniques have been the traditional and widely accepted 

method of estimating the level of consumer exposure used by both regulators and 

industry. The justification for this is understandable: the large uncertainty attached to all 

aspects of exposure and the potential health risk for the whole population means that 

worst case scenarios and conservative estimates were thought to be the best way to 

proceed (Perrier et al. 2002). Using probabilistic modelling should be the second or third 

option when estimating exposure from contaminants in food (Kroes et al. 2002). A point 

estimate of food intake is a cheaper and simpler approach, whereas probabilistic 

modelling is costly. A significant advantage of the deterministic analysis is that few 

resources are required. A deterministic assessment typically is conducted using summary 

data and may be calculated relatively quickly. In contrast, a probabilistic analysis 

requires relatively large datasets, experienced exposure assessors and sophisticated 

computational algorithms (US Environmental Protection Agency 2001). Additionally, 

science policies often are necessary to guide the use of data for probabilistic exposure 

analyses because the way in which the data are used can have a significant impact upon 

the outcome of the model (Petersen 2003).

The advantages of probabilistic exposure assessments are discussed by many authors 

(Finley and Paustenbach 1994; US Environmental Protection Agency 2001; Ferrier et al.
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2002), and Lunchick (2001) provides a useful list of the advantages and disadvantages of 

both the deterministic (point estimate) approach and the probabilistic approach, which 

are documented in Table 1.2. In recent literature two primary advantages of probabilistic 

modelling are inferred; 1) it permits the exposure assessor to consider the whole 

distribution of exposure from minimum to maximum with all modes and percentiles; and 

2) it includes a comprehensive analysis of the sensitivities of the resulting exposures 

with respect to uncertainties in variables, which will aid identification of areas where 

additional data will improve the exposure estimates (Cullen and Frey 1999; Kroes et al. 

2002; Lambe et al. 2002; Hart et al. 2003). In a recent exposure assessment using 

probabilistic modelling, the exposure model was used to evaluate exposure for a given 

level of migration and, conversely, the level of migration that could be tolerated whilst 

keeping within a target threshold exposure level (Castle et al. 2006). This is a novel 

application of a probabilistic exposure model and could be used to evaluate the migration 

range that would lead to an exposure less than a toxicological threshold limit and hence 

this may become another advantage of probabilistic modelling in the future.

1.4.3.3 Monte Carlo analysis

A variety of modelling techniques can be used to characterise variability and uncertainty 

in a probabilistic exposure model. Monte Carlo analysis is perhaps the most widely used 

probabilistic method (Cullen and Frey 1999; US Environmental Protection Agency 2001; 

EU Scientific Steering Committee 2003; The Interdepartmental Group on Health Risks 

from Food Chemicals 2004). Monte Carlo analysis is a specific probabilistic method that 

uses computer simulation to combine multiple probability distributions in a risk 

equation. In the context of Monte Carlo analysis, simulation is the process of 

approximating the output of a model through repetitive application of a model’s 

algorithm (Cohen et al. 1996). hi each Monte Carlo simulation, a model is run 

repeatedly, using different values for each of the uncertain input parameters each time 

(Cullen and Frey 1999). The values of each uncertain input parameter are generated 

based on the probability distribution for the parameter.

Two types of probability distributions used in exposure assessments are empirical 

distributions and parametric distributions. Empirical distributions are a complete 

representation of the data with no loss of information (The Interdepartmental Group on 

Health Risks from Food Chemicals 2004). For example, these distributions characterise 

the range of values from a specific set of measures (for example, body weight) in the
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general population. They do not depend on the assumptions associated with estimating 

parameters for theoretical probability models and are designed to provide direct 

information about the shape of the distribution (US Environmental Protection Agency 

2001). One key criticism of the use of empirical distributions in probabilistic 

assessments is that they are limited to the range of observed values and therefore, may 

not adequately reflect the tails of a distribution (US Environmental Protection Agency 

2001). Unlike empirical distributions, which are constrained by the minimum and 

maximum observed values, the parametric distribution can extend beyond the range of 

observed data. A second advantage is that it can represent a large data set in a compact 

way (Cullen and Frey 1999; US Environmental Protection Agency 2001). For example, 

the data may be represented by only two parameters (e.g. mean and variance) and an 

assumed probability model (e.g. a normal or lognormal distribution) (Cullen and Frey 

1999). The precision of a risk analysis relies very heavily on the appropriate use of 

probability distributions to accurately represent the uncertainty and variability of the 

problem (Vose 2000). There is currently no consensus among risk analysts as to which is 

the best technique to use for selecting representative distributions in exposure modelling 

(The Interdepartmental Group on Health Risks from Food Chemicals 2004). However, in 

a Monte Carlo analysis, each of the input parameters should be represented by an 

appropriate probability distribution that defines both the range of values that the 

parameter can take on and the likelihood that the parameter has a value in any 

subinterval of that range (McKone 1994).

Monte Carlo simulation involves the sampling of each probability distribution within the 

model to produce hundreds or even thousands of scenarios (also called iterations or 

trials) (Vose 2000). There are two types of sampling techniques commonly used in 

Monte Carlo simulations, simple random sampling and Latin hypercube sampling (LHS). 

Simple random sampling is used to randomly select each member of the input parameter 

set (Cullen and Frey 1999). LHS uses sfratified random sampling to select each member 

of an input set. By using LHS the probability for the random variable of interest is first 

divided into ranges of equal probability, and one sample is taken from each equal 

probability range. LHS methods guarantee that values from the entire range of the 

distribution will be sampled proportional to the probability density function (Cullen and 

Frey 1999). Whereas for simple random sampling, it is often a matter of chance how 

evenly the selected values cover the range of the parameter (McKone 1994). LHS is 

considered to be more efficient than simple random sampling because it requires fewer
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simulations to produce the same level of precision (US Environmental Protection 

Agency 1997). However, it is argued that better intersimulation-set consistency is 

obtained with random sampling, although relatively large numbers of repetitions are 

required (McKone 1994).

Only one probabilistic exposure model has been developed in the past for food 

packaging migrants and it is currently in use in the UK. This model uses a two 

dimensional (2-D) Monte Carlo approach to explore the range of exposures the UK 

population may experience due to migration of chemicals from packaging materials 

(Holmes et al. 2005). A Monte Carlo analysis that characterises either uncertainty or 

variability in each variable can be described as a one-dimensional (1-D) Monte Carlo 

analysis. A 2-D Monte Carlo analysis is the term used to describe a model that simulates 

both uncertainty and variability in one or more input variables (US Environmental 

Protection Agency 2001). In 2-D Monte Carlo simulations, the variability in the 

population is described by a probability distribution and uncertainty is modelled by 

placing a distribution on the parameters of the variability distribution (Kelly and 

Campbell 2000). In 2-D Monte Carlo analysis distributions representing variability and 

uncertainty are sampled using nested computational loops. The inner loop simulates 

variability by repeatedly sampling values for each variable from their defined probability 

distributions. With each circuit of the outer loop (i.e. uncertainty loop), new parameter 

values for each variable are selected, and the inner loop sampling is repeated (US 

Environmental Protection Agency 2001). For example, if the data were represented by a 

Lognormal distribution with a mean of 20 and a standard deviation of 5, but there was 

uncertainty about the mean value of 20, then this mean value may be represented by 

another distribution. A triangular distribution with a minimum value of 15, a most likely 

value of 20 and a maximum value of 25 could be used to represent the mean value. 

Therefore in the outer loop, the simulation picks a value between 15 and 25, and this 

chosen value will then be used in the inner loop as the mean value in the Lognormal 

distribution. Although 2-D Monte Carlo analysis is more complex than 1-D Monte Carlo 

analysis, it is gaining increasing attention in the context of human exposure and risk 

assessment (Cullen and Frey 1999). In general, it is recommended to avoid developing 

input distributions that yield a probability distribution that intermingles, or represents 

both variability and uncertainty (US Environmental Protection Agency 1997, 2001) and 

hence 2-D Monte Carlo analysis is recommended. By separately characterising
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variability and uncertainty, the output of the assessment will be easier to understand and 

communicate (EU Steering Committee 2003).

Monte Carlo analyses, have been used in physics and chemistry and many other 

disciplines for over 50 years. However, they were rarely used in human health risk 

assessment or exposure assessment prior to 1989 (Finley and Paustenbach 1994). There 

are now numerous examples of the applications of probabilistic techniques to estimating 

exposure to dietary additives and contaminants (Hamey 2000; Boon et al. 2003; Gilsenan 

et al. 2003; Leclercq et al. 2003; Lopez et al. 2003; Rubingh et al. 2003; Boon et al. 

2005; Holmes et al. 2005). The increased use of probabilistic methods, specifically 

Monte Carlo analysis, has lead to the development of numerous software programs to 

facilitate these assessments, hi an EU 5**’ Framework project entitled the “Development, 

validation and application of stochastic modelling of human exposure to food chemicals 

and nutrients” specific probabilistic exposure models were developed for food additives, 

pesticides and nutrients in the Monte Carlo™ Software (Gibney and van der Voet 2003; 

NcNamara et al. 2003). Other software programs for probabilistic exposure assessment 

of food chemicals include DEEM ™ (Novigen Sciences Inc., Washington DC, USA), 

LifeLine™ (LifeLine Group, Hampshire Research Institute, USA), Calendex^"^ 

(Novigen Sciences Inc., Washington DC, USA), and Monte Carlo Risk Assessment 

Program (Biometris and RILKILT, Wageningen University and Research Centre, 

Wageningen, The Netherlands).

1.4.3.4 Future use of probabilistic exposure assessments

In recent years the probabilistic approach in exposure assessments has gained more 

attention, as it takes into account all available information and provides a quantitative 

estimate on the probability distribution of an outcome (van Drooge and van Haelst 

2001). While the use of probabilistic models is well established in the US, in Europe 

problems of low acceptance, sparse data and lack of guidelines are slowing the 

development (Ferrier et al. 2006). While most people know how to multiply several 

point values to create a new point value, few people know how to multiply several 

random variables to create a new random variable (distribution) (Bummaster 1997). In 

an expert group meeting on risk assessments it was agreed that, fi-om a regulatory point 

of view, more guidance is needed on how to perform and interpret probabilistic risk 

assessment in general, and for non- dietary risk assessment in particular (van Drooge and 

van Haelst 2001). Further work is required to facilitate wider implementation and
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acceptance of probabilistic approaches for food risk (Hart et al. 2003). If used 

inappropriately, probabilistic methods will give misleading results. Guiding principles 

for Monte Carlo analysis have been published by several authors (e.g. US Environmental 

Protection Agency 1997; World Health Organization 2005) and should be used in all 

exposure assessments. Key elements for probabilistic exposure assessments, with a 

specific focus on food packaging migrants may be sunmiarised as follows (Hart et al. in 

press):

1. Clearly define the objective and desired output of the assessment.

2. Ensure the necessary expertise is available, including expertise on statistics and 

probabilistic modelling, as well as on dietary patterns, packaging use, and migration.

3. Specify an appropriate exposure model to derive the desired output from the 

available input data. This should include explicit definition of any extrapolation that 

is required between the available data and the measure that would ideally be required 

(e.g. concentrations in food simulants to concentrations in real foods).

4. Specify appropriate distributions to represent the quantified sources of variability 

and/or uncertainty. Pay particular attention to the tails of distributions.

5. Systematically consider the possibility of dependencies between all inputs and 

account appropriately for significant dependencies in the assessment.

6. Propagate uncertainty and/or variability in an appropriate way to obtain the desired 

output.

7. Document and justify all methods and data inputs.

8. Present and explain the results as clearly as possible.

9. Systematically list all known sources of variability and uncertainty that were not 

quantified, since it is never possible to quantify them all, and discuss their potential 

impact on the assessment outcome. This is essential to communicate to decision

makers how different the true exposure might be from the estimates produced by the 

probabilistic assessment.

1.5 Exposure model development

Before estimating exposure to any chemical present in food, either deterministically or 

probabilistically, it is necessary to develop an exposure model. An exposure model is a 

computational fi'amework designed to reflect real-world human exposure scenanos and 

processes (World Health Organization 2005). The purpose of a model is to represent as 

accurately as necessary a system of interest (Frey and Patil 2002). One of the first steps
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in the exposure assessment is the problem formulation, leading to the development of a 

conceptual model that describes the exposure situation (US Environmental Protection 

Agency 1997; The Interdepartmental Group on Health Risks from Food Chemicals 

2004). A block diagram often illustrates a conceptual model and it defines the physical, 

chemical and behavioural information and exposure algorithms by which the model 

mimics a realistic exposure scenario (World Health Organization 2005). The advantage 

of models is that they force the researcher to arrange and organise all information 

available in a logical way, which helps to define precisely the problem under study, and 

facilitates exchange of ideas (EU Steering Committee 2003). After the assessment 

questions have been defined and conceptual models have been developed, it is necessary 

to compile and evaluate existing data on variables important to the exposure (US 

Environmental Protection Agency 1997). Therefore when developing an exposure model 

for the estimation of exposure to food packaging migrants these are the preliminary steps 

to complete in order to accurately assess exposure. The World Health Organization 

(WHO) (2005) has complied a set of characteristics that should be provided by the model 

developer and considered by the model user when the model is developed as part of a 

software program. Some of these characteristics include a general description of the 

model, description of data input, modelling tool methodology, model code and platform, 

description of model outputs and model sensitivity and uncertainty analysis. These 

details should be borne in mind when completing an exposure assessment as part of the 

risk assessment procedure.

1.6 Other factors to consider in the exposure assessment

When estimating intakes of chemicals in the population certain population characteristics 

may lead to subgroups within a population having higher exposure (i.e. an at risk group). 

A group at risk is by definition a part of the population more exposed to a hazard than 

the rest of the considered population (Verger et al. 1999). Another point to consider 

when evaluating the output of an exposure assessment is that the results may not only be 

used to check compliance with legislation but also to preclude the need for fiirther 

toxicity testing if threshold levels are in use (e.g. the threshold of regulation). Both of 

these factors should be addressed when evaluating the results of an exposure assessment 

and are discussed in the following sections.
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1.6.1 High consumers

Generally risk characterisation considers both individuals with average exposures and 

those with high exposures. High exposures may be related to life stages, cultural aspects 

and/or qualitative and/or quantitative food preferences (Renwick et al. 2003). The 

definition of high-level consumers varies, but is normally either the 90'*’, 95*, 97.5* or 

99* percentile of the distribution of individual intake values (Rees and Tennent 1993). 

High percentiles, rather than the maximum value, are usually chosen because maximum 

intakes are unlikely to be maintained over long periods of time and are hence not 

representative of high-level intakes in relation to chronic exposure (Benford and Tennant 

1997). It is worth noting that different agencies use different figures to represent extreme 

consumers and this may lead to differences in the interpretation of results. For example, 

whereas the EU uses the mean of the 95* percentile, the US FDA uses the mean of the 

90* percentile (Benford 2001). In addition, the US Environmental Protection Agency 

(EPA) use the mean of the 99.9* percentile of a Monte Carlo analysis to compare with 

the threshold of regulatory concern for acute dietary exposure to pesticides (US 

Environmental Protection Agency 2000). The percentile selected is primarily a risk 

management decision and will be influenced by consideration of a number of issues. 

These include the length of the tail of the distribution curve, whether the tail comprises 

an identifiable sub group (e.g. children or an ethnic group), and whether the critical 

effect used to derive the health based guidance values are intended for people within the 

normal range of cultures and lifestyles and that the definition of a high consumer would 

not normally be expected to include those with bizarre food preferences or habits (US 

Environmental Protection Agency 2000). When completing an exposure assessment it is 

important to understand who these high consumers are and what characteristics are 

attributing to their high exposure. Individuals may have high exposure to packaging 

materials for a number of reasons, for example, population characteristics, consumers of 

large amount of convenience foods, use of small pack sizes, and brand loyalty (Castle 

2003). These characteristics are discussed below.

1.6.1.1 Population characteristics

If a chemical particularly affects a critical group of the population, then these should be 

taken into account. Subgroups of the population may be classified as being a “critical” or 

“at risk” group due to their geographical location (if contamination is localised) or if they 

are in a critical period in their lifetime, e.g. pregnancy, infancy or by having a special 

diet (vegetarian, ethnic, diabetic) (Parmar et al. 1997). Infants and children, because of
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their higher food consumption rates per kg body weight, are generally expected to have a 

higher relative risk due to the higher exposure level and are therefore a more susceptible 

subset of the population (Kroes et al. 2002). Therefore when the intake of a migrant is 

compared on a per kilogram body weight basis infants and children often have higher 

intakes. In the US, the Food Quality Protection Act requires the use of an extra 10-fold 

uncertainty factor for pesticides in the case of infants and children because of their 

higher intakes and greater potential susceptibility, unless there are comprehensive hazard 

characterisation data available for the relevant age group (Renwick et al. 2003). Infants 

also have less heterogeneous diets and therefore have a higher frequency of consumption 

of particular foods (Barlow 2005). If the migrant of interest is concentrated in foods 

consumed by infants there will be a higher intake of the migrant per day indifferent of 

body weight. This was demonstrated in studies that estimated the intake of ESBO in 

infants (European Food Safety Authority 2004). When completing exposure assessments 

subgroups can be selected from a population sample if the appropriate demographics are 

included in the exposure model (e.g. age, weight, or sex). However, by selecting these 

subpopulations from the sample population, a smaller sample size is generated which 

leads to an increase in the uncertainty of the results of the exposure assessment
th  thespecially in the tails (i.e. the uncertainty around the 95 and 97.5 percentile).

1.6.1.2 High consumers of packaged foods

Individuals with particular lifestyles may have lower or higher intakes of packaged 

foods. There has been a large increase in the convenience meals market in the past 

number of years (Public Health Advocacy Institute 2004). The packaging used for these 

meals has a large surface area to food ratio and are often designed so that the food can be 

heated or cooked in them (Bradley and Castle 2003). These factors may lead to 

consumers having a higher exposure to a chemical migrant. At the other extreme are 

individuals whose main diet consists of home grown/ home produced foods that are not 

packaged. These individuals may represent the lower tail of the exposure distribution. 

These patterns of behaviour may be taken into account by using consumption surveys 

that distinguish these food types, or by estimating their contribution from other 

information (e.g. marketing data).

1.6.1.3 Loyalty

In the marketing literature consumers’ tendency to repeat the purchase of a brand is 

usually referred to as brand loyalty (Arcella et al. 2003). A brand loyal customer will
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purchase the same brand of the food (e.g. cola) irrespective of the packaging type (can, 

bottle etc), whereas a package loyal consumer will purchase a specific package type e.g. 

canned cola (Holmes et al. 2005). If the chemical of interest is present in the canned cola 

and not in the bottled cola this will lead to a higher exposure for individuals who 

consume canned cola. When completing exposure modelling all interdependencies or 

correlations should be accounted for between the amounts of food consumed, the type of 

packaging used for this food and the level of the chemical present in that food. Loyalty 

to a brand or a packaging type is responsible for a positive dependency between repeated 

events (Holmes et al. 2005). By accounting for brand loyalty it is ensured that non

average consumers and particularly those with a high intake of a particular chemical are 

protected (Arcella et al. 2003). From previous work completed on brand loyalty it has 

been shown that loyalty stretches the tails of an exposure assessment (Arcella et al. 2003; 

Leclercq et al. 2003; Holmes et al. 2005).

1.6.2 Threshold of regulation

In some food packaging applications, the amount of migration could be considered so 

small as to be negligible and therefore present no public health or safety concern. In an 

effort to improve and accelerate the food additive petition process in the US, the US 

FDA has adopted a threshold policy that defines this negligible exposure fi'om migration 

(Begley 1997). This threshold, known as the “threshold of regulation” (TOR), was 

published as a final rule in the US Federal Register in July 1995, and is a process for 

dealing with components of food-contact materials that pose a negligible risk 

(Cheeseman et al. 1999). This TOR is defined as “a specific dietary exposure that is well 

below the range of dietary exposures that typically induce toxic effects and, therefore 

only pose negligible safety concerns” (Munro et al. 2002). The US FDA reasoned that 

the degree of effort expended in its review of the safety of a substance should be related 

to the heath risk and has infirequently required long-term toxicity testing for substances 

migrating into food at low levels. After reviewing data on acute (18000 acute animal oral 

feeding studies) and chronic (550 2-year animal oral feeding studies) the US FDA 

established a dietary concentration of 0.5 jig/kg (0.5 ppb) as the threshold of regulation 

for substances used in food contact articles (Begley 1997; Cheeseman 1999). Even if the 

unstudied chemical turns out to be a carcinogen (which are not permitted in foods) the 

US FDA has determined that most known carcinogens pose less than one in a million 

lifetime risk if present in the diet at 0.5 jxg/kg (Begley 1997). Under this system, the US 

FDA has dealt with around 450 applications and around 300 favourable actions were
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taken. The main reason for rejection of an application was due to inadequate exposure 

data submitted to the US FDA (Barlow et al. 2001). Experience in the US indicates that 

the application of the TOR is a highly practical approach for dealing with packaging 

materials (Munro et al. 2002).

A similar concept was proposed in Europe for use with chemicals from food packaging 

materials. This concept, known as the “threshold of toxicological concern” (TTC) in 

Europe, represents a level of human exposure below which it can be considered that 

there are no significant risks to health, even in the absence of data on the compound 

under evaluation (Renwick et al. 2003). ILSI Europe established an Expert Group on the 

TTC to address the questions raised about the TTC to chemicals present in the diet. 

Some of the goals of the group were to examine proposals for a TTC, and to investigate 

the applicability of the TTC concept to flavours and packaging migrants, as well as to a 

broader range of chemicals present in the diet (such as food additives, contaminants and 

naturally occurring substances) (Barlow et al. 2001). The main conclusion of the Expert 

Group was that the analyses conducted showed that a TTC of 1.5 ^.g/person/day (i.e. 0.5 

Hg/kg of food and an assumption that 3kg of food is consumed per day) provides 

adequate safety assurance and that chemicals present in the diet that are consumed at 

levels below this threshold pose no appreciable risk (Kroes et al. 2000; Barlow et al. 

2001; Kroes et al. 2004). However, to make a direct connection between dose response 

data in toxicity tests and assessment of risk to the human population, it is necessary to 

have a reasonable estimate of consumer exposure (Barlow 2005; Cheeseman 2005). 

Therefore in Europe the introduction of the TTC would place much more reliance on the 

development of reliable means of exposure assessment of food packaging migrants 

(Barlow et al. 2001; EU Steering Committee 2003). Therefore without a reliable means 

of exposure assessment of food packaging migrants, the TTC principle cannot be 

currently used in Europe for food packaging migrants.

In the future, if the TTC concept was to be used in Europe, the application of the TTC 

should be seen as a preliminary step in safety assessment. The TTC principle represents 

an important pragmatic tool for risk assessors, risk managers and industry to allow 

prioritisation of resources to compounds with high exposures and/or high toxicity (Kroes 

et al. 2004). The introduction of the TTC would benefit consumers, regulators and 

industry in precluding extensive toxicity testing and safety evaluations when human 

intakes are below such a threshold, it would focus limited resources of time, cost and
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expertise in the testing and evaluation of substances with greater potential to pose risks 

to human health and contribute to a reduction in the use of animals (Barlow et al. 2001; 

Renwick 2005).

1.7 Background and objectives of thesis

The present approach of assuming a consumption of 1kg of packaged food per person 

per day with maximum potential migration is highly conservative. It may be possible to 

envisage such a worst-case scenario but the probability of this occurring must be 

extremely low. In the past, much of the work carried out at the Nutrition Unit, Trinity 

College Dublin focused on refining exposure estimates to food additives and flavourings. 

Therefore it seemed timely to explore the refinement of exposure assessments for 

indirect food additives, specifically migrants fi'om food packaging materials. At a time 

when risk assessment is increasingly turning to probabilistic approaches to exposure 

assessment, it also seemed appropriate to assess the applicability of probabilistic 

exposure modelling to food packaging migrants. Most of the work carried out for this 

thesis was fiinded by Enterprise Ireland (February 2003- January 2005) under the 

CREMe project (Central Risk and Exposure Modelling e-Solution). The CREMe project 

was a partnership of Trinity College’s Centre for High Performance Computing 

(TCHPC) and the Nutrition Unit, Trinity College Dublin, and was a follow on from the 

EU 5* Framework Programme “MonteCarlo” (www.tchpc.tcd.ie/montecarlo). The 

CREMe project was completed in parallel to the Irish National Children’s Food Survey 

(NCFS), which collected information on packaging used for children. The NCFS was a 

cross-sectional study of food and nutrient intakes of a representative sample of 594 Irish 

children aged 5-12 years (Irish Universities Nutrition Alliance 2005). Children were 

recruited fi’om schools which were selected fi'om a database of primary schools obtained 

fi'om the Department of Education and Science in Ireland. All schools in the database 

that contained at least 8 students in each of the eight classes (n-1194 schools) were 

classified according to (a) size (‘large’ (more than 300 pupils), ‘medium’ (100 to 300 

pupils) or ‘small’ (fewer than 100 pupils)) (b) gender served (‘all boys’, ‘all girls’ or 

‘mixed’) (c) disadvantaged/ not disadvantaged and (d) location (urban or rural). A 

number of schools were randomly selected from each category (e.g. medium, mixed, not 

disadvantaged, urban), so that in the final sample, the percentage of children attending 

each of the categories of schools reflected the percentage of children attending each of 

the categories of schools according to the database. All urban schools selected were 

located in Cork or Dublin and all rural schools selected were located outside Cork or
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Dublin. Analysis of the demographic features in this sample has shown it to be a 

representative samples for the Irish population with respect to age, sex and geographical 

location (Table 1.3). The samples was also representative with respect to social class and 

education, however the sample had a higher proportion of third level educated and social 

class 1 respondents compared to the recent census data for Ireland for 2002 (Central 

Statistics Office 2003).

To refine and improve the exposure assessment methodology for food packaging 

migrants a number of phases were needed. These phases comprised the objectives of this 

thesis and were as follows:

(1) To develop of a food packaging database for foods consumed by children.

(2) To complete analyses on this food packaging database when merged with food 

consumption data to assess the intake of packaged foods in children.

(3) To derive factors for the deterministic exposure assessment of food packaging 

migrants by using factors similar to those used by the US FDA (point estimate 

approach).

(4) To complete individual deterministic exposure assessments with the use of actual 

food and packaging consumption data (simple distribution approach).

(5) To develop a probabilistic exposure model for food packaging migrants to permit 

the use of currently available data to estimate population intakes of migrants 

(probabilistic approach).

1.8 Personal contribution to this thesis

To develop a national food packaging database I worked in collaboration with field 

workers from the NCFS. This national food survey collected food consumption and 

packaging information on a representative sample of 594 children in Ireland between 

2003-04. As part of this survey food packaging used by the children was collected and 

forwarded to the CREMe project team for further analysis. I was responsible for the 

packaging that was collected from the NCFS and with the help of two colleagues I sorted 

the packaging, discarded duplicate samples, created a digital picture library of the 

packaging, and cut samples out for further analysis. I developed the coding systems used 

for the packaging samples and built a database using Microsoft Access® to store the 

packaging information. I was solely responsible for the quality assurance and final 

preparation of this database, in addition to analysis of the database. I wrote a scientific
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paper on the construction and results of this database, which was published in the Food 

Additives and Contaminants scientific journal (Duffy E, Hearty AP, Gilsenan MB, 

Gibney MJ. 2006. Estimation of exposure to food packaging materials. 1: Development 

of a food packaging database. Food Additives and Contaminants 23(6):623-633).

To analyse the consumption of packaged foods by children I merged the NCFS with the 

packaging database. I was solely responsible for the quality assurance of this database 

and all analysis completed on this database. I wrote the results of my analyses as a 

scientific paper, which was published in the Food Additives and Contaminants scientific 

journal (Duffy E, Hearty AP, Flynn A, McCarthy S, Gibney MJ. 2006. Estimation of 

exposure to food packaging materials. 2: Patterns of intakes of packaged foods in Irish 

children aged 5-12 years. Food Additives and Contaminants 23(7):715-725).

To derive food consumption factors and food type distribution factors similar to those 

used by the US FDA, 1 was solely responsible for the development of the methodology 

used to calculate these factors. The methodology was applied to the merged database of 

food consumption data and packaging information data. The methodology used and the 

factors derived using this methodology were published in the Food Additives and 

Contaminants scientific journal (Duffy E, Gibney MJ. 2007. The estimation of exposure 

to food packaging materials. 3: Development of consumption factors and food type 

distribution factors from data collected on Irish children. Food Additives and 

Contaminants 24(1): 63-74)

To calculate the actual intakes of packaging migrants for children, I was solely 

responsible for preparation and analysis of the database. As there are thousands of 

chemicals used in food packaging materials that have the potential to migrate I consulted 

with experts in industry to choose three chemical migrants on which to complete my 

analysis. The results of this work are in press at the scientific journal Food Additives and 

Contaminants.

To develop a probabilistic exposure model for the estimation of exposure to food 

packaging migrants I worked with the TCHPC. I was involved in all stages of the model 

development, implementation, testing and validation. However, I did not write any 

software code for the model, as this was the responsibility of TCHPC. I was the lead 

author on a scientific paper describing this work (which will be submitted for publication

43



in the near future). The equations used by the software algorithm documented in this 

thesis were constructed by TCHPC.
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Table 1.1 Components for the risk assessment of packaging materials (adapted 
from Munro et al. 2002).

Chemistry data Identity and use
Intended technical effect in packaging
Analytical methods
Migration
Consumer exposures

Toxicological data Comprehensive profile including:
Toxicity testing
Structure- activity relationships

Environmental effects
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Table 1.2 Advantages and disadvantages of the deterministic (point estimate) 
and probabilistic approach (Lunchicic 2001).

Deterministic 
Advantages

■ Guidelines exist for the risk assessment 

process.

■ Less need for extensive databases to 

support the input variables.

■ Standard default assumptions can be 

made.

■ Relatively easy to carry out.

■ Single risk estimate output is easy to 

understand and interpret.

■ Industry and regulators are familiar with 

this approach.

Disadvantages
■ Not all the available (and potentially 

valuable) data for each variable are used.

■ Knowledge and data on patterns of use 

and exposure potential are not used.

■ Variability and uncertainty are not

reflected.

■ Exposure estimates can be wrongly

assumed as the average or the 75*

percentile. Repeated use of the 50*

percentile does not produce an estimate 

of the 50* percentile of the population 

(hidden compounding conservatism).

Probabilistic 
Advantages

■ All available knowledge and data are 

used and the probability of a value 

occurring can be investigated.

■ Exposure estimates are presented as a 

distribution, with each value having a 

probability attached to it.

■ Probability of potential exposure can be 

accurately shown, accompanied by 

extensive information for decision 

making.

■ Variability and uncertainty can be 

quantified.

Disadvantages
■ Relatively complex to perform with 

more labour, expertise and resources 

needed.

■ Most extreme exposure estimated can be 

seen from the distribution, allowing 

consideration, quantification and undue 

focus on very unlikely events.

■ Acceptance problems are confounded by 

the unfamiliar process, the lack of 

precedents and guidelines, and risk 

management decisions having to be 

based on probabilities and large amounts 

of information.
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Table 1.3 Comparison of socio demographics from the Irish Census 2002 data 
for the total population* and for persons under the age of 15 years 
(similar to the NCFS age group of 5-12 years)#, with data from the 
National Children’s Food Survey (NCFS)

Details Census (%)* Census (%)*
NCFS

(%)
Age (years)

5 12.6 11.9
6 12.1 12.9
7 12 12.3
8 11.9 12.8
9 12.3 12.8
10 12.8 12.6
11 13.2 12.3
12 13.1 12.6

Province
Leinster 54 53 44
Munster 28 28 35
Connaught 12 12 15
Ulster 6 7 5

Geographical Location
Open country 33 32.4
Village (200-1,4999) 7 8.6
Town (1,500-2,999) 3 0.5
Town (3000-4,999) 2.5 5.2
Town (5,000-9,999) 6 9.1
Town (>10,000) 12.7 15.6
City (Cork, Dublin) 35.5 28.7

Social Class
Professional workers 6 7 11
Managerial and technical 26 30 41
Non-manual 16 16 20
Skilled manual 17 17 16
Semi-skilled 11 9 9
Unskilled 6 4 2
Occupation unknown 18 17 1

*Census data for total population
#Census data for persons under the age of 15 years
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Figure 1.1 Label used to indicate that the food packaging material is suitable for 
food use
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Figure 1.2 Overview of legislation for food packaging materials

Framework
Regulation

Specific
Directives

Framework Regulation (EC) No 1935/2004
For all materials and articles

Ceramics
84/500/EEC

2005/21/EEC 
1®' amendment

Regenerated Cellulose Film
90/10/EEC

Plastics

93/111/EC 
I®* amendment

204/14/EC 
2"'' amendment

Monomers & Additives 
2002/72/EC

2004/1/EC 
1 ** amendment

2004/19/EC 
2'̂  amendment

Migration Testing 
82/711/EEC

93/8/EEC 
1®' amendment

97/48/EC 
2"'* amendment

 1
List o f Simulants
85/572/EEC

2005/79/EC 
3"* amendment

Individual
Substances

Vinyl Chloride Monomer BADGE /BFDGE /NOGE Nitrosamines
78/148/EEC Commission Regulation (EC) 1895/2005 9 3 /ll/E C

Vinyl Chloride in PVC analysis 
80/766/EEC

Vinyl Chloride in food analysis 
81/432/EEC
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1: Development of a food packaging database
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2.1 Introduction

At present, the assessment of exposure of migrants from food contact materials in the 

EU is based on a crude method. This crude and conservative method assumes that 1 kg of 

food packaged in 6 dm of the material of interest is consumed per individual each day 

over a lifetime. It also assumes that migration occurs at the maximum permitted level. 

More refined methods are available for the estimation of exposure to other food 

chemicals such as the lEDI for pesticide residues (World Health Organization 1997) or 

the estimated daily intake (EDI) for food additives (Food and Agricultural Organization 

of the United Nations, World Health Organization 1989). In addition to differences in 

exposure assessment methods, the regulation of food packaging materials is different to 

that of other food chemicals. For example, the use of a food additive is permitted only in 

specific foods and the maximum level of use in each food is governed by legislation. In 

contrast, once a chemical is permitted for use in plastic packaging, it can be used in any 

plastic packaging, which in turn can be used for any food once safety and migration 

limits are not exceeded.

It is recognized that more refined exposure estimates are needed in the EU for migrants 

from food packaging material (International Life Sciences Institute 1996; Svensson 

2002; Gibney 2004). One of the key elements needed to refine the exposure assessment 

of food packaging material migrants is the capacity to link the use of a specific food 

packaging type to the consumption of a specific food item. This information permits the 

likelihood that a chemical migrant is present in a food to be assessed. One of the best 

ways to gather comprehensive packaging data on foods consumed by the population is to 

collect packaging information as part of a national food consumption survey. This aspect 

of data collection has been an objective of national food surveys carried out in Ireland 

over the past number of years. To provide accurate information on the types of 

packaging used for foods, an Irish Food Packaging Database (IFPD) was constructed in 

conjunction with the NCFS, which was conducted between 2003 and 2004. This food 

survey collected detailed consumption information that is, largely, consistent with the 

level of detail recently proposed by EFSA for food chemical exposure assessment 

(European Food Safety Authority 2005). The aim of the food packaging database was 

to store information on the type of packaging used for different foods so that data from 

this database could be combined with food consumption data to determine consumption 

factors for the different types of packaging used. The collection of food packaging 

information is continuing in Ireland with the collection of packaging materials as part of
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the National Teen Food Survey, which commenced in 2005 and which will gather such 

data on 13-17 year olds (Irish Universities Nutrition Alliance 2005).

The overall aim of this data collection is to enhance the estimation of exposure from 

food packaging migrants in the population, however this process has a number of 

different phases. The first is the collection of information on the exact packaging type 

(e.g. rigid plastic bottle) and contact layers used for foods. The second is to link this 

information with actual consumption of these foods. The third is the estimation of the 

level of chemical migrants from the food packaging in the food. The present paper 

describes the first phase of this process, that is, the collection of information on the 

packaging used for different foods. Future work will describe the consumption level of 

packaged food and the application of these data to complete exposure assessments to 

food packaging migrants.

2.2 Materials and methods

2.2.1 Data collection for the Irish Food Packaging Database

Food packaging information was collected as part of a representative national children’s 

food consumption survey completed in Ireland. This survey, known as the NCFS, 

collected information on 594 Irish children aged 5-12 years. This survey was a 7-day 

food intake survey that collected quantitative food intake data, physical activity 

measurements, lifestyle information, attitudes and packaging information (e.g. 

unpackaged or the type of packaging used). The subjects recorded the type (e.g. 

strawberry yoghurt), brand (e.g. Mr. X strawberry yoghurt) and amount of food 

consumed and also the type of packaging material used and the unit weight of the food 

product. This data collection included packaging information on ingredients used in 

homemade recipes. All of the packaging collected in the course of the study was 

forwarded to the coordinating centre for analysis. The correct contact layer i.e. plastic, 

glass, metal and alloys, paper and board or a combination of these, was identified for 

entry into the packaging database. Where packaging information was incomplete in the 

survey diaries or where the packaging material was not collected, data were sought from 

supermarket audits, online shopping facilities and, where necessary, purchase of the 

food. The latter was undertaken only when (1) the brand was consumed at least nine 

times in the survey and (2) there were no data on the packaging material used.
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2.2.2 Construction of the Irish Food Packaging Database

Tlie IFPD database was created in Microsoft Access®, Microsoft Office 2000 SR-1 

Professional for Windows (Microsoft Corporation, Redmond, WA, USA). A number of 

tables were created in the database to store information on brand foods and their 

packaging type, the EU classification (i.e. aqueous, acidic, alcoholic or fatty) according 

to European Council Directive 85/572/EEC (European Council 1985) and the suitable 

test conditions for migration (e.g. 10 days at 40 '̂ C) according to European Council 

Directive 82/711/EEC (European Council 1982).

2.2.3 Data entry into the Irish Food Packaging Database

For each food packaging item entered into the IFPD, information was recorded on a 

number of different parameters that described the product type and the packaging type 

(Table 2.1). There were two grouping systems used in the database to classify entries. 

The first, the food packaging group, was used to group similar food types that had 

similar packaging types, for example, “bread (brittle clear plastic)”, “bread (paper)” and 

“bread (soft clear plastic)”. This grouping scheme was designed to aid identification of 

the contact layer and to ensure representative samples were sent for further analysis for 

exact contact layer identification. These groups were also used at the start of data 

collection to distinguish and describe the packaging material prior to more precise 

identification. Packaging samples were assigned to packaging groups based on visual 

inspection. The second grouping system, food group, was used to group foods of similar 

type with similar storage conditions, for example, “processed foods, chilled” or 

“processed foods, fi-ozen”.

2.2.4 Reference library

A digital photograph was taken of all the packaging samples collected. These were filed 

according to their appropriate packaging group. A 3-4cm sample was cut fi'om each 

packaging sample and stored for fiiture reference before the remainder of the packaging 

was discarded. Microbially contaminated or otherwise unsuitable samples (e.g. duplicate 

samples or samples that were badly tom) were not stored.

2.2.5 Contact layer identification

Although identification of the crude packaging type (i.e. paper and board, plastic, metal 

and glass) was documented in the IFPD, information on the exact material used for the 

contact layer was also collected. A number of different methods were used to collect

64



information on the exact contact layer of the packaging that could not be identified by 

visual inspection.

2.2.5.1 Information on the packaging

In cases where the type of polymer used to make the plastic packaging was identified on 

the package, it was recorded in the database. The type of polymer is often identified on 

packaging for recycling purposes and this information is located on the food label or 

embossed into the plastic. If the packaging type was not identified on the pack, 

information fi-om manufacturers was sought or fiirther analyses were completed.

2.2.5.2 Manufacturers information

Some 34 food companies were contacted and requested to forward data on the contact 

layer material used for specific foods. Of these 17 responded and these included some 

very large food companies covering many individual brands. To encourage a reasonable 

response, all companies were offered a non-disclosure agreement by the investigator. In 

addition to food companies, one packaging manufacturer was contacted to provide 

information on the exact contact layer used for their packaging.

2.2.5.3 Infa-red analysis

The third method used to identify contact layers was Attenuated Total Reflectance 

Fourier Transform Infa-Red (ATR-FTIR) techniques. These analyses were conducted at 

the Polymer Development Centre, Trinity College Dublin, Ireland, using a Nicolet 

NEXUS Model 470/670/870 bench with a zinc selinide crystal. Where necessary, 

samples were analysed on a Nicolet Continuum Microscope (Spectra Tech Continuum 

Model No. 912A0429) using a germanium crystal. The objective of the analyses was to 

identify the inner surface of the packaging sample. This process provided a spectrum of 

the uppermost two microns of the surface of the sample polymer. In this way, the food 

contact layer was analysed without any interference being present from subsequent 

polymer layers that may be present in the packaging film. Although multilayer plastic 

films may have been used for the food packaging and migration may occur from these 

other layers, due to resource constraints, only the contact layer/coating of the plastic 

packaging was identified using ATR-FTIR. Samples were sent for ATR-FTIR analyses 

if no contact layer information was available on the packaging itself or fi'om 

manufactures. Samples were chosen from the different “food packaging groups” to 

ensure a representative batch of packaging materials used for different foods were
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identified. Some food packaging samples were identified by both ATR-FTIR and the 

food manufacturer. In the majority {>80%) of these cases both sources identified the 

same polymer as being in contact with the food, however a small number of co-polymers 

(n=8) caused some discrepancy.

2.3 Results

A total of 3672 branded food items and their packaging types were entered into the 

database. Of these entries, 1904 (52%) were food packaging items directly collected in 

the course of the NCFS, while 1768 (48%) were entered after collecting information on 

the packaging type fi"om the supermarket shelf audits, online shopping facilities or by 

purchasing the foods consumed in the NCFS.

Plastic packaging was the most common contact layer used with 2787 (75.9%) of all 

entries having plastic as the sole contact layer (Table 2.2). When packaging was used in 

combination with other contact layers, the percentage of entries with a plastic contact 

layer increased marginally to 2874 (78.3%). The next most popular contact layers were 

paper and board (n=270, 7.4%) and metal and alloys (n=261, 7.1%). As can be seen 

fi'om Table 2.2, there were a number of packaging formats used for foods where 

combinations of different materials were in contact with the food (n=350, 9.3%). In 

addition there were 173 (4.7%) entries that had more that one type of polymer in contact 

with the food (results not shown). Multimaterial multilayers, as determined by visual 

inspection, were commonly used for food packaging (n=498, 13.6%). Of these 

multimaterial multilayers 459 (92%) had plastic contact layers.

Of the 2874 food packaging items that had one or more plastic contact layers, data on 

polymers used were available for 2211 (77%) items. Of these 2211 food packaging 

items, 54 had two plastic contact layers that were identified during the analysis. 

Therefore 2265 (2211 + 54) polymer contact layers were identified in total. These data 

are given in Table 2.2. Polyethylene (PE) was the most fi’equently used contact layer 

(n=941, 41.6%) while polypropylene (PP) was a close second with 809 (35.7%) entries 

having a contact layer made fi'om this polymer. Other polymers identified as contact 

layers included polyethylene terephthalate (PET), polystyrene (PS), polyvinyl chloride 

(PVC), polyvinyldiene chloride (PVDC) and polyamide.
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To gain further insight into the distribution of contact layers used for different food 

products, an analysis was completed on the 26 food groups listed in Table 2.3. Plastic 

was used in all food groups. Some of the groups that had a majority of entries as plastic 

contact layers included “chocolate confectionery”, “sugar confectionery”, “crisps, nuts 

and snacks”, “processed meats”, “cereal and cereal products” and “liquid beverages non

alcoholic”. Some groups that differed from this trend included “jams and spreads”, 

which were more commonly packaged in glass containers with metal lids (n=82, 78%) 

or glass jars with plastic lids (n=22, 21%). In addition, “processed foods and meals 

stored at ambient temperatures” were commonly packaged in cans (n=138, 56%) or 

glass jars with metal lids (n=68, 28%). This group included processed and carmed fruit 

and vegetables, savoury sauces and canned soups. Items in the “fraiit (fresh and dried)” 

and “vegetables (fresh)” groups had a high percentage of entries with plastic as the 

contact layer at 90% (71) and 87% (76), respectively. However, this percentage is only 

for packaged fruit and vegetables and does not account for fruit and vegetables that are 

bought loose / not packaged.

To investigate the type of polymers used for different food groups, analysis was 

completed on the frequency of use of polymers as contact layers for the 26 food groups 

(Table 2.4). No polymers were identified for food groups “jams and spreads” or “bakery 

products”. For “chocolate confectionery” PP was the only polymer identified, while for 

“fish and seafood (fresh, frozen and processed)” PE was the only polymer identified. PS 

was a popular contact layer for the “dairy products” group due to PS being used for 

yoghurt pots (n=93, 46%). PET (n= 307, 51%) and PE (n=289, 48%) had a high 

frequency in the "liquid beverages non-alcoholic" group. This was due to the high 

frequency of froiit juice and carbonated drinks in the database (this group also contained 

water and milk). Fruit juices were commonly packaged in a multimaterial multilayer, 

which had a PE contact layer and carbonated beverages were routinely packaged in PET 

bottles.

A number of methods were used to identify the exact polymer used as the contact layer. 

The majority of polymer contact layers were identified from information provided by the 

food manufacturers (n=687, 30.5%) (Table 2.5). Information on the packaging was also 

a valuable source of polymer identification (n=661, 29.4%). Food groups that had the 

polymer type identified on their packaging included carbonated soft drinks and squashes, 

fat spreads, yogurts and confectionery. Packaging samples that were not actually
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analysed by ATR-FTIR but whose contact layer could be identified based on visual 

inspection of the material by experts and on the basis of similar entries being identified 

by the polymer development centre, were coded separately in the database. The total 

contact layers identified by this combined method of the polymer development centre 

and expert opinion based on information provided the polymer development centre was 

618(26.7%).

2.4 Discussion

The IFPD is unique in Europe in terms of the level and quality of food packaging 

information it contains. The development of this database as an add-on to the NCFS 

(incremental cost of approximately 10%) has proved successful and is the first 

packaging database created to directly link with a food consumption survey to gain 

insight into the distribution and types of food packaging used. The information recorded 

in this database provides valuable details on the types of foods that are packaged and the 

packaging types that are used. This information is vital so that more realistic estimates of 

exposure to food packaging migrants can be developed as part of the ever-developing 

discipline of exposure assessment.

The NCFS, of which the present study was a component, meets all of the requirements 

of food consumption surveys as recently proposed by EFSA (2005), including their use 

for the estimation of nutrient intakes and the intake of food chemicals including food 

contact materials. Although this paper focuses on the types of packaging used for foods, 

information was recorded in the packaging database on the EU food category (i.e. 

aqueous, acidic, alcoholic and fatty) and migration test conditions of the foods. This 

ensures that the combination of the food survey and the packaging database will aid the 

further development of exposure modelling of food packaging migrants.

Other databases have been developed to store information on the type of packaging used 

for foods. MPA developed a database fi-om the results of a number of studies on the use 

of food packaging material mainly focused on the UK and Italy (Maurice Palmer 

Associates 1995). This database was discussed at a workshop of the ILSl Europe 

Packaging Material Task Force (International Life Sciences Institute 1996). Although 

information on food type, package size, packaging material and contact coating was 

collected as part of this study, these data were not related to actual use of packaging 

ascertained through a national food intake survey. The data collected fi’om the UK and
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Italy were extrapolated to the then EU-15 Member States based on a number of 

assumptions. Because of these assumptions, the confidence in the data produced was 

estimated to vary from a low of about 60% for Ireland, Finland and Sweden to a high of 

90% for the UK market (International Life Sciences Institute 1996). Other databases 

that store information on packaging used for foods include the Dutch Grootverbuik 

Product Informatie database established in 1995 by a number of wholesalers who 

provide food to the catering, hospital and restaurant industries (www.gpi.nl). Although 

this database contains packaging descriptions for over 12000 articles and is continuously 

being updated it is for foods sold at wholesale level and not retail level. Therefore, it 

lacks information on foods bought and consumed by the public. The Dutch EAN DAS is 

a not-for-profit datapool for Fast Moving Consumer Goods (FMCG) established in 2000 

and collects information on packaging formats used for products. They have packaging 

information on over 63000 FMCG of which approximately 35% are food products 

(www.eandas.nl). The quality of packaging information recorded in this database ranges 

from crude (e.g. box) to more specific (e.g. polypropylene bag). Another source of food 

packaging information is commercial food and consumer databases that monitor trends 

in the consumer product meirket. The Mintel Global New Products Database 

(www.gnpd.com) monitors worldwide consumer packaged goods markets and covers the 

food, beverage and non-food sectors. The Innova Food and Beverage database also 

collects information on ingredients, packaging and formulation of foods and beverages 

(www.innova-food.com). Again, the level of packaging information in these databases 

ranges from crude to more specific. The German Association for Packaging Market 

Research (GVM) also collates data on the packaging types used for foods (R Franz, 

personal communication, 2005). These data are collected at retail level and not at food 

consumption level. Overall, these databases are a useful resource of general packaging 

information. However, information is not routinely recorded on the exact contact layer 

used for the food, the polymer type if the packaging is plastic or if the packaging is a 

multilayer. It is this level of detail that is needed to refine exposure assessments to 

chemical migrants from packaging materials. Also, these databases were not created to 

directly link with food consumption data and therefore give an overview only of the 

types of packaging used for foods available on the market but not the packaging used for 

foods that are actually purchased and consumed by individuals.

Few difficulties arose dunng the development of the IFPD. However, collecting 

information on the polymers used as contact layers was the most time consuming aspect.
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Identification of these contact layers used for the packaging was sought fi’om a number 

of different sources. Food manufacturers proved to be a very useful source of 

information, once followed up with emails and phone calls. Although a large number of 

polymer types used for the food contact layer were identified fi'om the packaging, fi-om 

food manufacturers and fi'om a packaging manufacturer, there were a large number of 

food packaging items that needed fiirther identification. Only some of these were 

identified by ATR-FTIR due to the cost involved to obtain a complete data set. One 

limitation in using ATR-FTIR alone to identify the polymer is with the case of co

polymers. If the signal fi'om one of the co-polymers is saturated or swamped by that of 

the second co-polymer a co-polymer will not be identified, as only the dominant 

spectrum will be analysed. Difficulties may arise with identification of packaging 

samples due to the history of that individual sample, such as grease being present on the 

surface contact layer, or perhaps the inner layer being removed or worn away before it 

was collected and tested. In addition, the ATR-FTIR scanned only the first two 

micrometers of the surface contact layer and not the whole plastic film. This point 

should be borne in mind when determining the probability of presence of a migrant in a 

food and also the level at which it is present, as migration may occur fi'om the layers 

beyond the polymer surface layer.

When the frequency of contact layers used was established the polyolefins, PE and PP 

were the main polymers used in contact with foodstuffs. These results are similar to 

those found in a Dutch study completed in 1997 (van Lierop 1997; Bouma et al. 2003). 

For example, PE and PP were the main materials in contact with foods in both studies. In 

addition, PP was the main material used for confectionery in both studies. The Dutch 

study was designed to gain information on which materials were used in contact with 

foods and to collect information on the size of the packaging used for the food. It was 

not designed to estimate consumption of foods packaged in these materials. The 

popularity of PE and PP for food packaging applications is due to their relatively low 

cost, their range of versatile properties and the ease in which they can be processed into 

different packaging forms (Tice 2002, 2003). There are a number of types of PE 

polymer. The different types include low density polyethylene (LDPE), liner low density 

polyethylene (LLDPE) and high density polyethylene (HDPE). For ease of analysis, all 

these types were classified as PE. However, details on the exact type of PE are 

documented in the IFPD.
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Every effort was made to collect comprehensive information on the packaging used for 

foods consumed by children in Ireland. However, it should be noted that most of the 

packaging collected by the children in the NCFS was packaging for products sold at 

retail level. Information was not collected on the packaging used in catering 

establishments. Therefore, the IFPD does not contain a complete history of all packaging 

that may have been in contact with the food or food ingredients, though packaging 

information on homemade recipes was collected. To put the number of eating occasions 

by children in catering establishment (i.e. restaurants/pubs/deli- it does not include 

takeaways and shops as packaging information was available for foods bought from 

these premises) in perspective, in a study completed on the NCFS it was found that only 

2% of eating occasions were in these catering establishments which contributed to only 

3.2% of total energy intake (Burke 2005). The results from this study found that Irish 

children appear to consume more meals at home than other published studies (Magarey 

et al. 1987; Lin et al. 1999; Zoumas-Morse et al. 2001), which is probably in part due to 

the fact that lunches are generally not provided at schools in Ireland. Packaging 

information was collected on packaging used for takeaway foods. Information was 

collected on most food groups available on the Irish market with the exception of 

alcoholic products as the NCFS collected information on children aged between 5-12 

years. In addition, it was not within the remit of this project to collect information on the 

surface area of the packaging in contact with the food. Despite these limitations, the 

database provides a huge amount of information regarding the frequency of use and 

trends of packaging used for food groups on the Irish market. This work reduces the 

uncertainty regarding the types of packaging used for foods and therefore when 

completing an exposure assessment the overall uncertainty of the assessment is reduced. 

However, other areas of uncertainty that may need to be reduced in the exposure 

assessment is the probability that the migrant is present in the food and the level at 

which it is present.

Exposure assessments are completed as part of the safety assessment of substances. In 

terms of regulatory compliance, most materials and articles are not covered by specific 

legislation but by the Framework Regulation (EC) No 1935/2004 (European 

Commission 2004). Article three of this regulation specifies that materials and articles 

should not transfer substances into food in concentrations that may pose a risk to human 

health. Except for plastics, regenerated cellulose, lead and cadmium in ceramics, 

BADGE, nitrosamines and nitrosable substances in rubber teats, no legal limits are set to
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indicate the concentration that does not pose a risk to human health. It is the 

responsibility of the producer to complete the risk assessment for the material or article. 

The risk assessment process is composed of four elements: hazard identification (i.e. 

identification of permitted monomers and additives; identification of non-intentionally 

added substances, impurities, reaction intermediates and decomposition products; 

identification of additives not covered by the positive list such as colourants and 

polymerisation production aids), hazard characterisation (toxicology data) and exposure 

assessment. These three elements combined enables risk characterisation to be 

completed and hence complete the risk assessment process. If the producer has toxicity 

and concentration data, this is a first indication of the safety of the substances. However, 

the potential for the substance to be a safety hazard in the human diet is determined 

based on the amount of the substance consumed. If the food packaging applications of 

this substance are known then the data in this study can help determine what foods the 

substance may be present in and consumption data of these foods can then be used to 

refine the exposure assessment.

If future plastic regulations are broadened to cover multimaterial multilayers that contain 

a plastic food contact layer it means that the SML or the OML will have to take account 

of any migration from non-plastic components of the multilayer, in addition to the 

migration from plastics (Heckman 2005). In the present study there were 498 entries 

(13.6%) that were multimaterial mulitlayers with 459 (92%) of these with plastic contact 

layers. This figure demonstrates the prominence of multimaterial multilayers that have 

plastic as the food contact layer and needs to be borne in mind when considering the 

impact for compliance testing if such regulations are implemented.

In conclusion, the collection of food packaging materials as part of a national food 

survey has enabled the development of a food packaging database, which is unique in 

Europe. The methodology used to construct this database has proved efficient and will 

allow further analysis of the packaging types used for foods consumed by children and 

the development of food packaging consumption factors. Data entry into the database 

will continue as more packaging material is collected in the National Teen’s Food 

Survey and will therefore, be an up-to-date source of packaging information for the 

foreseeable future.
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Table 2.1 List of parameters and their description as recorded in the Irish 
Food Packaging Database (IFPD)

Param eter Description Example
Brand code Each entry in the packaging database was assigned a 

brand code. Of the 5551 brand codes in the National 
Children’s Food Survey, 3441 had corresponding 
entnes in the packaging database. A unique brand code 
was assigned to a food packaging item if it was a new 
brand or a new flavour of the brand food. As different 
unit weights and packaging formats of the same brand 
food may exist, these items were also entered into the 
database. Therefore there were a total of 3672 entries 
in the packagmg database.

121

Brand name Each brand code had a brand name documented in the 
packaging database. This was the product name used 
on the food label.

Mr X Chocolate Biscuit

Unit weight Unit weight represented the weight of the food product 
as packaged. If the food product was part of a 
multipack and packaged individually then the unit 
weight of the individual item was recorded.

200g

Description of 
packagmg type

This was a general description of the packaging 
material based on visual inspection. It also included a 
descnption of secondary packaging if present (e.g. 
outer cardboard box).

white plastic wrapper

Food packaging 
group

Foods of similar type with similar packaging type were 
grouped together.

biscuit and cakes 
white plastic

Food group This food group classification was developed to allow 
similar types of foods with similar storage conditions 
to be grouped together. Twenty-six of these food 
groups were created in total (see Table 2.3).

biscuit

Contact layer 
information

The exact material or polymer in contact with the food 
was recorded if identified. If there were two or more 
contact layers used for a food item both were recorded.

polypropylene

Identifier of 
contact layer

The method by which the contact layer was identified 
was recorded.

Polymer Development
Centre
(ATR-FTIR)

Date of contact 
layer
identification

The date on which the contact layer was identified was 
recorded. This is to ensure the packaging database 
remains up-to date as the packaging used for different 
brand foods mam change in the future.

20-08-2004

Presence of
multimatenal
multilayer

In the present smdy, the term “multimaterial 
multilayer” refers to packaging made with more than 
one layer and the layers are made from different 
matenals (e.g. an outer plastic layer, a middle paper 
and board layer and an inner plastic layer). This was 
determined by visual inspection. It was not used to 
record multilayers where each layer was made from 
plastic.

no

EU food category The food was classified into one of the EU food 
categories- acidic, alcoholic, aqueous or fatty 
(European Council 1985).

D (Fatty)

Migration test 
conditions

The appropriate conditions of migration testing were 
assigned to each food (European Council 1982).

10 days at 40“C

Sample Present Not all entries in the packaging database had their 
sample stored (e.g. samples that were microbially 
contaminated were not stored). If the packaging sample 
for a food item was retained and stored this was 
documented in the database.

yes, sample present
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Table 2.2 Frequency of packaging formats used as contact layers in the Irish 
Food Packaging Database

Packaging Formats Frequency (n) Percent (%)
Single contact layer formats
Metal and alloys 261 7.1

Paper and board 270 7.4

Plastic 2787 75.9

Wax 1 0.0

Subtotal 3319 90.4

Combination of contact layer formats
Glass and metal and alloys 163 4.4

Glass and plastic 40 1.1

Metal and alloys and plastic 8 0.2

Metal and alloys and paper and board 100 2.7

Paper and board and plastic 39 1.1

Subtotal 350 9.3

Missing information 3 0.1

Total 3672 100

♦Plastics
Polyethylene (PE) 941 41.6

Polypropylene (PP) 809 35.7

Polyethylene terephthalate (PET) 358 15.8

Polystyrene (PS) 126 5.6

Polyvinyl chloride (PVC) and polyvinlydiene 19 0.8

Others (e.g. Polyamide, polyvinylacetate) 12 0.5

Total polymers identified 2265 100
* All polymers used for plastics in the database were not identified. Therefore the “total 
polymers identified” represents only those plastics where the polymer contact layer was 
identified.
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Table 2.3 Frequency of use of packaging materials used as contact layers in the Irish Food Packaging Database
Glass Metal & Metal &

Plastic & Glass Alloys Alloys
Paper & Metal & & Metal & & & &

Food Group N Plastic Board Alloys Paper Wax Alloys Plastic Pape r Plastic
n % n % n % n %  n % n % n % n % n %

Chocolate confectionery 248 176 71 17 7 54 22 1 0.4
Sugar confectionery 181 126 70 52 29 3 2
Ice-cream 91 76 84 15 16
Jams and spreads 105 1 1 82 78 22 21
Crisps, nuts and snacks 169 166 98 3 2
Sweet and savoury biscuits 153 146 95 3 2 4 3
Pies, pastries and cakes 73 37 51 11 15 18 25 2 3 5 7
Bread 233 167 72 59 25 7 3
Bakery products 6 2 33 4 67
Cereal and cereal products 173 167 97 6 3
Dry rice, pasta and noodles 91 79 87 12 13
Fish and seafood (fresh, frozen and processed) 52 22 42 30 58
Fresh meat (chilled and frozen) 39 38 97 1 3
Processed meat 228 208 91 14 6 2 1 2 1 2 1
Cheese and cheese products 84 70 83 6 7 1 1 7 8
Dairy products 220 137 62 10 5 5 2 68
Oils 2 1 50 1 50
Fruit (fresh and dried) 79 71 90 2 3 5 6 1 1
Vegetables (fresh) 87 76 87 11 13
Liquid beverages non-alcoholic 625 602 96 16 3 7 1
Dried beverages tea and coffee 34 6 18 21 62 2 6 4 12 1 3
Processed foods and meals, ambient moist 245 32 13 2 1 138 56 68 28 5 2
Processed foods and meals, chilled 29 24 83 2 7 1 3 2 7
Processed foods and meals, frozen 193 182 94 8 4 1 0.5 2 1
Processed foods and meals, dehydrated 181 156 86 8 4 5 3 1 1 2 1 3 2 6 3
Other (eggs, nutritional supplements and takeaway
food) 48 19 40 11 23 3 6 7 15 8 17



Table 2.4 Frequency of polymer types used as contact layers for food groups in the Irish Food Packaging Database

Polyethylene Polyvinyl chloride
Food Group N* Polyethylene Polypropylene terephthalate Polystyrene and polyvinlydiene O ther

n % n % n % n % n % n %

Chocolate confectionary 119 119 100

Sugar confectionery 55 11 20 43 78 1 2

Ice-cream 53 7 13 46 87

Crisps, nuts and snacks 153 152 99 1 1

Sweet and savoury biscuits’ 81 3 4 75 93 4 5

Pies, pastries and cakes 17 12 71 1 6 1 6 3 18

Bread 126 69 55 55 44 2 2

Cereal and cereal products 147 107 73 38 26 2 1

Dry rice, pasta and noodles 69 2 3 67 97

Fish & seafood (fresh, frozen & processed) 20 20 100

Fresh meat (chilled & frozen)’ 24 2 8 3 13 19 79 9 38

Processed meat’ 117 99 85 9 8 20 17 4 3 3 3 1 1

Cheese and cheese products 43 33 77 7 16 4 9

Dairy products’ 203 53 26 62 31 9 4 93 46 9 4

Oils 1 100

Fruit (fresh and dried) 17 1 6 7 41 6 35 3 18

Vegetables (fresh and salads) 10 2 20 6 60 1 10 1 10

Liquid beverages non-alcoholic 598 289 48 2 0 307 51

Dried beverages tea and coffee 4 4 100

Processed foods and meals, ambient moist 10 4 40 6 60

Processed foods and meals, chilled 16 10 63 5 31 1 6

Processed foods and meals, frozen’ 174 95 55 79 45 1 1

Processed foods and meals, dehydrated 147 128 87 17 12 2 1

* N = the number o f food items in each food group that had one or more o f their plastic food contact layers identified.
* Some of the food items in these groups had more than one plastic contact layer identified hence the sum o f individual polymers identified (n) is greater than 
the number o f food items in this group (N),



Table 2.5 Source of information for contact layer identification for polymers 
used in the Irish Food Packaging Database

Source of information Frequency Percent

Polymer Development Centre 289 11.8

Similar identified by Polymer Development Centre* 329 14.9

Subtotal for Polymer Development Centre 618 26.7

Food Manufacturer 687 30.5

Packaging 661 29.4

Packaging Manufacturer 299 13.5

Total 2265 100.0

*Food packaging items entered into the IFPD were grouped (food packaging groups) to 

allow efficient sampling of food packaging types for analyses. Packaging samples that 

were not actually analysed by ATR-FTIR but whose contact layer could be identified 

based on visual inspection of the material by experts and on the basis of similar entries 

being identified by the Polymer Development Centre were coded separately in the 

database (similar identified by Polymer Development Centre).
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3.1 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 reduced time available for home preparation of meals, the 

diminished cooking skills of the typical consumer, and the ageing population. For some 

items traditionally packaged in-store, for example meat, the demand for pre-packaged 

fresh varieties of these foods is also growing (Eilert et al. 2005). 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 chemicals that can migrate from these packaging 

materials. However, with a 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 (Hotchkiss 1997).

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 packaging material. When estimating the potential intake of any 

food chemical, the starting point should be with the crudest or most simple method 

(Nutriscan 1992). The EU safety assessment for chemicals used in food contact materials 

was developed in the 1960s by the European Commission and subsequently adopted by 

the Scientific Committee on Food (SCF) in the 1980s (Heckman 2005). This safety 

assessment assumes that a person of 60kg 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 : 1 dm , 

and that migration of the target chemical from the food contact material will occur at the 

maximum permitted level. Although more refined methods of exposure assessment have 

been proposed in the EU (Ministry for Agriculture, Food and Fisheries 1999; Dionisi and 

Oldring 2002; Holmes et al. 2005) 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 packaging 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 the migration of DEHA from plasticised PVC films in the 1980s 

(Ministry for Agriculture, Food and Fisheries 1987), contaminants from can coatings 

(Ministry for Agriculture, Food and Fisheries 1997), epoxidised soy bean oil in baby
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food (Hammarling et al. 1998) in the 1990s and semicarbazide from glass jars and 

bottles in very recent years (European Food Safety Authority 2003). In addition, 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 (Ministry for Agriculture, Food and Fisheries 

1999), the use of per capita intake data or surface area-to-volume ratio data with 

migration data (Dionisi and Oldring 2002), and the application of probabilistic methods 

for the estimation of exposure to BADGE, di-ethylhexyl adipate (DEHA) and styrene 

(Holmes et al. 2005).

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) (US Food and Drug 

Administration 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 (International Life Sciences Institute 1996). However, the present 

program of research intends to develop similar factors using data collected as part of an 

Irish National Children’s Food Survey (Irish Universities Nutrition Alliance 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 consumed by Irish children.

3.2 Materials and methods

The NCFS was a cross-sectional study of food and nutrient intakes of a representative 

sample of 594 Irish children aged 5-12 years (Irish Universities Nutrition Alliance 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.
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along with a detailed description of the food, the weight of the 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 IFPD (Duffy et al. 2006). The 

methodology used to construct the IFPD and the content of this database is documented 

in a separate paper (Duffy et al. 2006). The respondents in the NCFS documented the 

generic packaging type, not specifically the contact layer, and 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 consumption 

of an 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 com 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
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the same packaging type 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 packaging type 

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.

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 85/572/EC (European Council 1985) and the European Commission 

Food Contact Materials Note for Guidance (European Commission Health & Consumer 

Protection Directorate -  General (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 3.1 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 (which was 

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.

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
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provide information on the 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.

3,3 Results

The average daily intake of food (solids and liquids) was 1496 g/day (Table 3.2). The 

mean daily intake of packaged food was 1195 g/day with an upper percentile of 1959 

g/day (97.5*'’ percentile). The average body weight (bw) of children in this survey was 

33.1 kg + 11.4 kg. The intake of packaged food per kilogram body weight was 39 g/kg 

body weight/day with an upper percentile of 67 g/kg body weight/day (97.5'*’ percentile). 

These figures were derived by calculating the intake of food per kg body weight for each 

individual and then averaging these data to provide a mean intake of food per kg body 

weight for the sample population. When the intake of packaged food was analysed 

further, it was found that the mean daily intake of food packaged in plastic was 993g 

with an upper percentile of 1692g (97.5*'’ percentile).

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

Directive 85/572/EEC (European Council 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 fi*ozen. 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 3.2). 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 fi'om food packaging material, the mean daily fat intake was calculated at 63 

g/day (Table 3.2). When the mean daily fat intake from packaged food was examined it 

was found to decrease marginally to 62 g/day. The upper percentile of fat intake was 100 

g/day (97.5'*’ percentile) with a maximum fat intake of 145 g/day from packaged foods.
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When fat intake from foods packaged in plastic alone was considered, the mean value 

fell to 49 + 14 g/day with the 97.5*'’ percentile at 78 g/day. The foods contributing to the 

fat intake from all packaged food are listed in descending order in Table 3.3. Milk is the 

largest contributor to fat intake with a mean fat intake from milk of 9.26 g/day. Other 

foods contributing > 3g of fat per day are listed in Table 3.3. As previously described, 

the mean fatty food intake was 177 g/day. However, the mean fat intake from fatty foods 

alone was only 32 g/day.

There were 72015 eating events in the NCFS. Of these eating events, 12% {p = 0.12) 

were unpackaged and 88% {p = 0.88) were packaged (Table 3.4). 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 3.4, 18 groups had a probability of 1 of being packaged, i.e. 

100% packaged. Of the food groups that were not 100% packaged “fiiait (fresh and 

dried)” had a 0.426 probability of being packaged, “vegetables (fresh)” had a 0.58 

probability of being packaged, and “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 and cakes”, “processed foods and meals, chilled”, 

“sweet and savoury biscuits” and “other (takeaways, eggs and nutritional supplements)”.

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 3.5a-d lists the probability of different types of packaging being used for 

eating events in the food consumption diary. Since more than one packaging material can 

be used for a food. Table 3.5a-d lists the probability of a material being used on its own 

as a contact layer or in combination with other materials. For example the probability of 

plastic being used for “chocolate confectionery” was 0.722. However, plastic was also 

used in combination with metal and alloys for chocolate confectionery at a probability of 

0.001 and therefore the total probability of plastic being used for chocolate confectionery 

is 0.723 (Table 3.5d).

3.4 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
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of materials used for these foods. A 7-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 (Lowik et al. 1998). 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).

The present study was the first to analyse a food consumption database for packaging 

information and it 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 85/572/EEC (European Council 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, European Council Directive 85/572/EEC and the EU Notes for 

Guidance for food contact materials were used as reference documents for coding foods 

(European Commission Health & Consumer Protection Directorate -  General (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 an EU food classification code, adjustments were made 

to correct for the amount of food that was actually packaged. This was necessary for 

analysing the amount of food consumed by individuals to ensure it represented 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
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that packaged food consumption is 16.6 g/kg body weight/day (i.e. 1kg divided by 

60kg). TTie 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 16.6 g/kg bw/day (Castle et al. 2003; Fantoni and Simoneau 

2003; Hammarling et al. 1998). Castle et al. (2003) documented that the intake of food 

by infants (0-4 months) was 155 g/kg bw/day and for small children 58 g/kg bw/day. 

These studies were not specifically documenting packaged food intake, but rather total 

food intake. The present study demonstrated that the mean intake of packaged food per 

kg body weight was 39 g/kg bw/day for children aged 5-12 years. This increased intake 

of food per kg body weight becomes an issue due to the fact that the 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 BPA completed by Castle et al. (2003), which 

demonstrated that the temporary tolerable daily intake (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 exceeded, 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 LFS 

children’s food intake of 1264g (Mrdjenovic and Levitsky 2005). The mean daily intake 

of packaged food was equal to 1195 g/day. If conservative figures were chosen to 

estimate potential intakes of packaged food, then intakes at the 97.5* percentile (1959 

g/day) could be used. Considering these 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 fi'om this study are for children, in a national food consumption 

survey completed on Irish adults fi'om 1997-1999 it was found that the average food 

intake per day was approximately 2.84 kg/day (Irish Universities Nutrition Alliance 

2001). This corresponds with food intakes in the US of 3 kg/day (US Food and Drug 

Administration 2002) and the UK of 2.9 kg/day (Castle et al. 2006), 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.
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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'*’ 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 fi-om 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 food types, but never the sum of the 

various food types (Scientific Committee on Food 2002). One issue with this assumption 

is that individuals do not consume 1kg of fat per day. A study completed by Lowik et al. 

(1998) showed that fat intake in g/day at the upper percentile of intakes (97.5*'’ 

percentile) ranged from 154 to 181 g/day for the different countries studied. 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 fi'om food contact 

materials” (Scientific Committee on Food 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 a proposed amendment to the plastics 

regulations. In the draft of this proposed amendment, a 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'*’ percentile of fat intake from all foods was 101 

g/day and from packaged food was 100 g/day. However, when classifying foods 

according to European Council Direcfive 85/572/EEC (European Council 1985), it is the

89



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 the 

intake of fatty foodstuff from packaged food was 342 g/day (97.5* 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 (i.e. olive oil) is much lower (almost 

50% lower) and that introducing a FRF based on fat intake will still lead to a 

conservative result. The highest contributor to fat intake from packaged foods was milk 

(mean daily intake = 9.26 g/day). In European Council Directive 85/572/EEC milk is 

classified as an aqueous food. It has been documented that distilled water is not the most 

appropriate simulant for milk (Tawfik and Huyghebaert 1998), however in another study 

it was found that the fat content of milk does not significantly affect migration into milk 

(Castle and Jickells 2001). This discrepancy has been addressed in the proposed 

amendment to the plastic regulations where 50% ethanol has been proposed as a more 

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**’ percentile). According to the 

current legislation no migration testing is required for dry foodstuffs. However, in a 

study on 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 (Castle and Jickells 2001). Other studies have 

also shown the migration of packaging migrants into dry foods (Parry and Aston 2004; 

Summerfield and Cooper 2001). This may warrant ftirther consideration due to the high 

consumption level of these foods.

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 

(Holmes et al. 2005). 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 the present study, the first two data needs
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were addressed. One of the first questions to answer in an exposure assessment is the 

probability o f 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 fi*om butchers etc. This did not include foods packaged by the 

consumer in-store i.e. loose fiiiit and vegetables. When analysis was completed in 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 fiaiit, 

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, i.e. finit, vegetable, bread, pastries (Food Standards 

Agency 2003). However, in the UK study unpackaged items included meats and cheese, 

as their definition of what constituted an unpackaged item included products sold loose 

or packaged in store and therefore differed fi’om the definition of what constituted an 

unpackaged item used in this study.

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 3.4. Therefore, if  a probabilistic 

exposure assessment was to be completed based on the results of this study, the 

probability o f an eating event being packaged is 0.88. If the food is packaged, then Table 

3.5a-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 polymers 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
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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 (Gibney 2004).

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.

92



Table 3.1 Adjustment factors to convert the amount of food as consumed to the 
amount of food as packaged

Food Adjustment Factor Source of Information

Dehydrated soups and sauces
Chicken noodle soup 0.06 Food Standards Agency (2002)
Instant soup 0.2 Food Standards Agency (2002)
Minestrone soup 0.08 Food Standards Agency (2002)
Tomato soup 0.1 Food Standards Agency (2002)
Vegetable soup 0.08 Food Standards Agency (2002)
Dried sauce mixes 0.11 Chan etal. (1994)
Gravy granules 0.08 Food Standards Agency (2002)

Dehydrated beverages
Coffee 0.01 Food Standards Agency (2002)
Tea 0.015 Food Standards Agency (2002)
Milkshake powder 0.075 Food Standards Agency (2002)
Ovaltine powder 0.125 Food Standards Agency (2002)
Horlicks powder 0.125 Food Standards Agency (2002)
Drinking chocolate powder 0.09 Food Standards Agency (2002)

Dried desserts
Custard 0.05 Holland et al. (1989)
Jelly 0.29 Holland et al. (1989)
Instant dessert powder 0.22 Holland et al. (1989)

Cereal and vegetable products
Porridge 0.12 Holland et al. (1988)
Brown nee boiled 0.4 Food Standards Agency (2002)
Savoury nee cooked 0.34 Food Standards Agency (2002)
White rice boiled 0.36 Food Standards Agency (2002)
Dried rice dishes 0.43 Supermarket audit 2005*

Spaghetti- white, dried boiled 0.47 Food Standards Agency (2002)
Spaghetti-white, fresh, boiled 0.55 Food Standards Agency (2002)
Spaghetti- wholewheat, dried boiled 0.43 Food Standards Agency (2002)
Dried pasta dishes 0.33 Supermarket audit 2005

Instant pot noodles 0.16 Supermarket audit 2005*
Instant noodles 0.29 Supermarket audit 2005*
Instant potato powder 0.43 Supermarket audit 2005*
Dried stuffing mix 0.32 Supermarket audit 2005*
Marrowfat peas 0.29 Supermarket audit 2005*

* This supermarket audit was completed in a number of supermarkets in the Dublin area.
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Table 3.2 The amount of food consumed (g/'day) according to packaging status 
and food type

Percentiles
Mea

n SD Min Max 75 90 95 97.5 99

Food Intake (g/d)

Daily intake of all food (packaged and unpackaged) 1496 377 695 2872 1739 2036 2212 2329 2497

Daily intake of packaged food 1195 312 439 2434 1356 1602 1735 1959 2202

Daily intake of packaged food per kg body weight 39 13 9 89 47 54 62 67 72

Daily intake of foods packaged in plastic 993 290 335 2270 1147 1374 1537 1692 1827

Intake of different foodstuffs from
packaged food (g/d)

Aqueous 312 196 1 1543 406 572 681 758 941

Acidic 374 206 19 1525 481 618 753 888 1059

Fatty 177 69 18 452 218 269 302 342 379

Dry 333 119 71 965 405 489 544 620 692

Fat Intake (g/d)
Daily intake of fat from all food
(packaged and unpackaged) 63 16 13 145 73 85 93 101 111

Daily intake of fat from all packaged foods 62 16 13 145 71 82 90 100 109
Daily intake of fat from all foods packaged in
plastic 49 14 10 133 57 68 74 78 95
Daily intake of fat from all packaged fatty foods 32 12 2 92 39 47 55 61 70
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Table 3.3 Mean daily fat intake (g/day) from packaged foods per food group with standard deviations (SD) for 594 Irish children aged 5- 
12 years

Food
Mean

(g/day)
SD

(g/day)
Min

(g/day)
Max

(g/day) 50th 75th

Percentiles

90th 95th 97.5th 99th
Milk 9.26 6.93 0.13 61.64 7.83 13.27 17.89 23.43 26.19 31,63
Butter & spreads 5.51 5.26 0.12 53.29 4.2 7.22 10.45 14.56 19.35 26.03
Chocolate confectionary 5.23 4.43 0.22 38.76 4.01 6.99 10.7 14.12 16.75 21.62
Savoury snacks 4.33 3.08 0.09 19.69 3.76 5.97 8.72 10.22 11.56 14.34
Chips & roasted potatoes 3.89 3.04 0.07 22.78 3.05 5.18 7.87 10.29 11.72 14,58
Cheese 3.69 3.16 0.05 19.53 2.94 4.82 8.06 10.2 12.32 16.02
Savoury & convenience meals 3.37 3.25 0.01 31.34 2.56 4.58 7.32 8.95 11.49 14,97
Biscuits & cakes 3.15 2.28 0.02 17.04 2.58 4.3 6.03 7.28 8.57 11.63
Processed meat & meat products 3.05 1.86 0.33 15.64 2.6 3.81 5.32 6.15 7.31 10.31



Table 3.4 Description and frequency of packaged and unpackaged foods in the Irish National Children’s Food Survey

All Loose / unpackaged Packaged
Number of 

eating events
(N)

Number of Unpackaged eating 
unpackaged eating events events 

(n) (p)

Number of
packaged eating events Packaged eating events 

(n) (p)

All food groups 72015 8468 0.12 63547 0.88

Fruit {fresh and dried) 2947 1693 0.574 1254 0.426
Vegetables (fresh) 4251 1787 0.420 2464 0.580
Liquid beverages non-alcoholic 19055 4046 0.212 15009 0.788
Pies, pasties and cakes 1138 136 0.120 1002 0,880
Bread 5740 771 0.134 4969 0.866
Processed foods and meals, chilled 360 17 0.047 343 0.953
Sweet and savoury biscuits 1869 7 0.004 1862 0.996
Other (takeaways, eggs and nutritional supplements) 2157 6 0.003 2151 0.997

Chocolate confectionery 2763 1 0 2762 1
Processed meat 3274 1 0 3273 1
Sugar confectionery 2971 1 0 2790 1
Fresh meat (chilled and frozen) 1855 1 0 1854 1
Processed foods and meals, frozen 1896 1 0 1895 1
Ice-cream 1044 0 0 1044 1
Jams and spreads 1089 0 0 1089 1
Crisps, nuts and snacks 2031 0 0 2031 1
Bakery ingredients 452 0 0 452 1
Cereal and cereal products 3754 0 0 3754 1
Dried pasta, rice and noodles 768 0 0 768 1
Fish and seafood (fresh, frozen and processed) 472 0 0 472 1
Cheese and cheese products 1364 0 0 1364 1
Dairy products 6562 0 0 6562 1
Oils 36 0 0 36 1
Dried beverages tea and coffee 1082 0 0 1082 1
Processed foods and meals, ambient moist 2154 0 0 2154 1
Processed foods and meals, dehydrated 930 0 0 930 1



Table 3.5a Probability of glass being used as a packaging material for food 
groups*

Glass

Food Group Glass

Glass
&

Metal & Alloys

Glass
&

Plastic
Total
Glass

Chocolate confectionery 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 and savoury biscuits 0

Pies, pastries and cakes 0

Bread 0

Bakery products 0

Cereal and cereal products 0

Dry nee, pasta and noodles 0

Fish and seafood (fresh, frozen and processed) 0.002 0.002

Fresh meat (chilled and frozen) 0

Processed meat 0

Cheese and cheese products 0

Dairy products 0

Oils 0.333 0.056 0.389

Fruit (fresh and 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 and
takeaway food) 0.027 0.013 0.081 0.121

♦Caution needs to be taken when using the probability of glass when it is the only layer m 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.
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Table 3.5b Probability of metal and alloys being used as a packaging material 
for food groups

Metal & Alloys

Metal Metal & Alloys Metal & Alloys Metal & Alloys Total
& & & & Metal &

Food Group Alloys Glass Paper Plastic Alloy

Chocolate confectionery 0.197 0.003 0.001 0.201

Sugar confectionery 0.014 0.014

Ice-cream 0.001 0.001

Jams and spreads 0.001 0.531 0.532

Crisps, nuts and snacks 0.001 0.001

Sweet and savoury biscuits 0.012 0.001 0.013

Pies, pastries and cakes 0.015 0.01 0.014 0.039

Bread 0

Bakery products 0

Cereal and cereal products 0

Dry rice, pasta and noodles 0.003 0.003
Fish and seafood (fresh, frozen
and processed) 0.27 0.002 0.272
Fresh meat (chilled and
frozen) 0.004 0.004

Processed meat 0.014 0.001 0.015

Cheese and cheese products 0.028 0.001 0.059 0.088

Dairy products 0.002 0.253 0.255

Oils 0.056 0.056

Fruit (fresh and dried) 0.009 0.009

Vegetables (fresh) 0.001 0.001 0.002
Liquid beverages non
alcoholic 0.016 0.004 0.02

Dried beverages tea and coffee 0.091 0.015 0.106
Processed foods and meals.
ambient moist 0.398 0.281 0.679
Processed foods and meals.
chilled 0.009 0.018 0.009 0.012 0.048
Processed foods and meals.
frozen 0.003 0.001 0.002 0.001 0.007
Processed foods and meals.
dehydrated 0.025 0.003 0.076 0.012 0.116
Other (eggs, nutritional
supplements and takeaway
food) 0.018 0.013 0.002 0.133 0.166
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Table 3.5c Probability of paper and board being used as a packaging material 
for food groups

Paper & Board

Food Group

Paper
&

Board

Paper & Board 
&

Metal & Alloy

Paper & Board 
& 

Plastic
Total 

Paper & Board

Chocolate confectionery 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 0

Crisps, nuts and snacks 0.014 0.014

Sweet and savoury biscuits 0.017 0.013 0.03

Pies, pastries and cakes 0.237 0.01 0.137 0.384

Bread 0.394 0.009 0.403

Bakery products 0.905 0.905

Cereal and cereal products 0.04 0.04

Dry rice, pasta and noodles 0.18 0.18
Fish and seafood (fresh, frozen and
processed) 0.106 0.106

Fresh meat (chilled and frozen) 0.004 0.004

Processed meat 0.013 0.002 0.015

Cheese and cheese products 0.005 0.001 0.006

Dairy products 0.126 0.063 0.189

Oils 0

Fruit (fresh and dried) 0.045 0.111 0.156

Vegetables (fresh) 0.437 0.001 0.438

Liquid beverages non-alcoholic 0.001 0.001

Dried beverages tea and coffee 0.793 0.015 0.808
Processed foods and meals, ambient
moist 0.002 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
and takeaway food) 0.559 0.002 0.002 0.563
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Table 3.5d Probability of plastic being used as a packaging material for food 
groups

Plastic
Plastic Plastic Plastic

& & & Total
Food Group Plastic Glass Metal & Alloys Paper Plastic

Chocolate confectionery 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 and 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
Fish and seafood (fresh, frozen and
processed)

0.818

0.622

0.818

0.622

Fresh meat (chilled and frozen) 0.992 0.992

Processed meat 0.969 0.001 0.002 0.972

Cheese and 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 and 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 
Processed foods and meals, ambient 
moist

0.06

0.295

0.033

0.019

0.093

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 
Other (eggs, nutritional supplements 
and takeaway food)

0.464

0.166

0.018

0.081

0.012

0.133 0.002

0.494

0.382
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4.1 Introduction

Over the past number of years the refinement of exposure assessments for food 

packaging migratory compounds has been under discussion among regulators and the 

food packaging industry. One of the main issues is that the current method in the EU is 

viewed as being overly conservative and does not give any indication of the true or real 

exposure to a food packaging migrant. To refine the exposure assessment, progress has 

been made in relation to the use of probabilistic exposure assessment modelling to 

estimate exposure to a food packaging migrant (Holmes et al. 2005). This methodology 

accounts for variability and uncertainty in the exposure assessment and provides a more 

realistic exposure based on available data and on expert opinion. Probabilistic modelling 

is also used for the exposure assessment of other food chemicals. However, it is only 

undertaken when there is a need for a highly refined estimate of exposure. The general 

approach to exposure assessments is a step-wise approach, which begins with crude 

screening methods based on worst case assumptions and then proceeds to more refined 

methods, if results fi’om crude methods dictate the need to do so (Nutriscan 1994; 

Gibney and Lambe 1996; European Commission 1998; Kroes et al. 2002).

If the principles of this tiered approach for other food chemicals are borne in mind when 

examining exposure to food packaging migrants, there is a need for another tier between 

the current conservative method used by the EU and the highly refined probabilistic 

exposure assessment for food packaging migrants. An approach similar to the one 

currently used in the US by the FDA to calculate intakes of food packaging migrants 

could be viewed as being more realistic than the current EU method but less refined than 

probabilistic exposure modelling. The US FDA approach is deterministic, as a single 

value is chosen for each parameter in the exposure algorithm yielding a single estimate 

of exposure.

The US FDA estimates probable exposure to food contact substances (FCS) by 

combining migrant levels in food, often fi'om migration studies, with information on the 

uses of food-contact articles that may contain the FCS (i.e. on the fi^action of a person’s 

diet likely to contact food-contact articles containing the FCS) (US Food and Drug 

Administration 2002). Both the concentration in the daily diet (i.e. dietary concentration) 

and the EDI fi'om the FCS and the cumulative EDI (CEDI) fi'om all regulated uses and 

effective food contact notifications are used by the US FDA in the safety evaluation of a 

FCS. The approach is designed to deal with the majority of FCSs intended for single use.

105



In this calculation, a number of factors are combined to estimate potential exposure. 

“Consumption factors” describe the fraction of the daily diet expected to be in contact 

with specific packaging materials. To account for the variable nature of food contacting 

each food contact article, the US FDA has calculated “food-type distribution factors” for 

each packaging material to reflect the fraction of all food contacting each material that is 

aqueous, acidic, alcoholic or fatty. This information is then combined with migrant 

levels in food and a total food intake of 3kg per person per day (total solids and liquids), 

to calculate exposure to a food migratory compound.

If an approach similar to that of US FDA for estimating exposure to food packaging 

migrants was adopted in the EU, it could be viewed as the next tier in the exposure 

assessment of migrants. However, the US FDA approach has not been adopted in Europe 

for a number of reasons. A major factor is that the EU and US differ in their approach to 

regulating chemicals for use in food contact materials. In the US, a petition is submitted 

to the US FDA for approval of, for example, a unique FCS, such as an antioxidant, for 

use in a polymer in contact with a specific food type. Therefore approval for this FCS is 

for use in that particular polymer, which in turn is used for a specific food. If this FCS is 

then used in a different polymer or this polymer is used for a different food group, this 

new use would require separate approval. In the EU, once a chemical is permitted for use 

in plastics it can be used in any plastic for any food type provided that it complies at all 

times with safety criteria. Therefore, for chemicals with a wide range of end application, 

the current EU exposure assessment method may not overestimate intakes by a large 

margin. In the US, the FDA has collected data to compute the consumption factors and 

food-type distribution factors. However, no such data have been collected in the EU. In 

addition, the EU and US differ in relation to the use of exposure assessment data. In the 

US, toxicology data requirements are tiered to correspond to the potential dietary 

exposure to the substance in question (Heckman 2005). However, in the EU migration 

data determines the toxicology requirements and exposure assessments are used mostly 

to demonstrate adherence with the TDI.

The argument regarding which system (US FDA exposure data or EU migration data) is 

superior for regulatory clearance of a substance has been discussed comprehensively 

elsewhere (Heckman 2005) and is not the topic of the current study. Instead, the aim of 

the present study was to create consumption factors and food type distribution factors 

similar to those used by the US FDA from data collected as part of an Irish children’s
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national food consumption survey. These factors, which are for Irish children aged 5-12 

years, were derived using data on food consumption, packaging usage and surface area 

to weight ratios. These factors were calculated to highlight how similar factors could be 

created for other countries if food consumption surveys collected information on 

packaging used for foods.

4.2 Materials and methods

In this study, consumption factors and food type distribution factors similar to those used 

by the US FDA were calculated. Due to differences in the underlying data there were 

small differences in the methodology used to calculate the US FDA consumption factors 

and those presented in this paper. The US FDA used data on the types of food 

consumed, the types of food contacting each packaging surface, the number of food 

packaging units in each food packaging category, the distribution of container size and 

the ratio of the weight of all food packaged to the weight of the package. All of these 

data was obtained from market data analysis (US Food and Drug Administration 2002). 

In the present study, factors were calculated based on (1) food consumption data, (2) 

packaging use data, and (3) surface area to weight ratios for the area of a packaging 

material contacting a food. This information was obtained from a number of different 

sources outlined below.

4.2.1 Food consumption data

The NCFS was a cross-sectional study of food and nutrient intakes of a representative 

sample of 594 Irish children aged 5-12 years (Irish Universities Nutrition Alliance 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 the food and the packaging 

used for the food. The weight of food consumed in the NCFS was corrected, when 

necessary, to reflect the amount of food that was actually packaged and not just the 

amount of food consumed. These correction factors were applied to dried or dehydrated 

foods that were reconstituted before consumption (e.g. dried soups, sauces, gravies, 

custards, pasta dishes etc). A complete list of these factors is available in Duffy et al. 

(2006a).

Each food consumed in the NCFS was assigned into one of the food types outlined in 

European Council Directive 85/572/EEC (i.e. aqueous, acidic, alcoholic or fatty)
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(European Council 1985). A food type was also created for dried and frozen foods, 

which are recognised in the EU as having no migration potential, this group was referred 

to as the “dry” group. The US FDA also uses similar food groupings to create their 

“food-type distribution factors” with the exception of a “dry” food type. These factors 

are used to reflect the fraction of all food contacting each material that is aqueous, acidic, 

alcoholic or fatty. Therefore, by coding each food in the NCFS into one of these food 

types, a food type distribution factor was calculated. As alcoholic products were not used 

in this sample age group, there were no foods classified as alcoholic. However, a food 

type distribution factor was calculated for dry food types.

4.2.2 Packaging usage data

The packaging used for each food consumed in the NCFS was documented in the 

subjects’ diary and the actual packaging used for the food was also collected and 

forwarded to the coordinating centre where it was used to develop the IFPD (Duffy et al. 

2006b). The IFPD was created to store exact information on the type of packaging used 

for foods (e.g. clear plastic wrapper), the contact layer of this packaging format (e.g. 

plastic) and the exact polymer used for the plastic contact layer if available (e.g. 

polyethylene). For food items with more than one material in contact with the food, this 

packaging format was also recorded. For example, glass jars with metals lids were 

categorised into the packaging group “glass and metal and alloys”. Other combinations 

of packaging materials in contact with the food included glass and plastic (e.g. chocolate 

spread packaged in a glass jar with a plastic lid), metal and alloys and paper (e.g. 

Chinese takeaway packaged in an aluminium tray with a paper lid), metal and alloys and 

plastic (e.g. cream cheese packaged in a plastic container with an aluminium foil lid), 

and plastic and paper and board (e.g. chocolate biscuits packaged in a plastic wrapper 

with an inner paper tray). Full details of the analyses of this database are available in 

Duffy et al. (2006a).

4.2.3 Surface area to weight ratios

Before calculating consumption factors and food type distribution factors, the amount of 

each food consumed was corrected to take into account the amount of contact it had with 

a specific packaging material. Due to resource constraints, the surface area of the 

packaging in contact with the food was not calculated in this study. However, literature 

from previous studies was used to assign surface area to weight ratios to the food 

packaging formats. These ratios and their sources are documented in Table 4.1. As some
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foods had more than one type o f material in contact with its’ surface (e.g. plastic wrapper 

and paper tray), food surface area to weight ratios were used for the total packaging in 

contact with the food. Surface area-to-weight ratios were not available for all foods and 

hence a conservative surface area to weight ratio o f 12 dm^/kg was used in the absence of 

more specific data. The factor o f 12 dm^/kg was used as recent studies have shown that 

the currently used default in the EU of 6 dm^/kg is not accurate and underestimates the 

surface area to weight ratio o f food in contact with packaging for many foods (Bouma et 

al. 2003; Grob et al. 2007). Closures with large mass-to-surface areas were not accounted 

for in this study, instead only the fact that package type actually contained that type of 

closure was documented i.e. glass jars with metal lids were classified as “glass and metal 

and alloys”. Therefore liners (for plastic lids) or sealing gaskets (for metal lids) were not 

accounted for in the derivation o f the packaging factors.

4.2.4 Consumption factors

Information fi’om the consumption database, packaging database and surface area to 

weight ratios were merged to create an information source, which included all the 

relevant details to enable the development o f consumption factors. Similar to the US 

FDA approach, the consumption factors developed in the present study represent the 

ratio o f the amount o f a specific contact material used to the amount o f all contact 

materials used. In the food consumption survey, there were 2.5% (n=1808) o f eating 

events where no information was recorded on the packaging status o f the food consumed 

(i.e. whether it was packaged or not). These unknown entries were not included in the 

analysis. As some plastic contact layers had their polymers identified, consumption 

factors were also calculated for the main polymer types identified in the study. To 

represent the plastic contact materials that did not have their specific polymer identified, 

a consumption factor for “unidentified polymers” was created.

By combining the three datasets (food consumption, packaging use and surface area to 

weight ratio factors) consumption factors (c^) were calculated for each contact material 

m. These factors were separately calculated for each specific material in contact with the 

food (e.g. plastic) and when these materials were used in combination with other 

materials in contact with the food (e.g. plastic and paper). The following equation was 

used:
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where ajm is the amount consumed of food / packaged in food contact material m. s/m is 

the surface area to weight ratio for food/ packaged in material m.

The product a/m Sfm is summed over all foods / ,  so that the numerator gives the total 

amount of contact material m used.

The denominator is equal to the numerator summed over all contact materials m. Hence 

it corresponds to the total amount of all contact materials used.

Therefore Cm is the ratio of the amount of contact material m used to the amount of all 

contact materials used.

4.2.5 Food type distributions factors

Food type distributions factors, dmt, correspond to the fraction of all packaging material 

m that is used with food of type t. The four types of food are: aqueous, acidic, fatty and 

dry (no alcoholic foods were consumed in this study). The distribution factors were 

calculated separately for each specific material in contact with the food and when these 

materials were used in combination with other materials. The following equation was 

used:

where is the amount consumed of food f ,  where food /  is packaged in food contact 

material m, and is of type t (where t is either aqueous, acidic, fatty or dry). Sfim is the 

surface area to weight ratio for that food/ (packaged in contact material m and of type 0- 

The product Sf^t is summed over all foods / ,  so that the numerator gives the total 

amount of contact material m used with food of type t.

The denominator is equal to the numerator summed over all food types t. Hence it 

corresponds to the total amount of contact material m used with food of any type.

fm l^  ftnt

\
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Therefore dmt is the fraction o f packaging material m  that is used with food o f type t.

4.2.6 Exposure calculations

In the US FDA document entitled “Guidance for Industry” an example o f how to apply 

food consumption factors and food type distribution factors to estimate exposure to a 

proposed new antioxidant in polyolefins is provided (US Food and Drug Administration 

2002). A similar example o f such an exposure assessment was completed using data 

from this study for the addition of a new antioxidant to polyethylene. Four deterministic 

exposure scenarios were completed for this antioxidant. In the first scenario, some o f the 

EU assumptions for calculating the intake of a chemical migrant (i.e. 1 kg o f packaged 

food is consumed per day and that the chemical migrates at the maximum permitted 

level, which is at the specific migration limit o f 15 mg/kg in this scenario) and a body 

weight o f 30kg for children were used to calculate exposure to the antioxidant. In the 

next scenario no migration data were available and hence the SML value o f 15 mg/kg 

was used again but the consumption factor for polyethylene (Table 4.2) was used. This 

was in addition to children’s consumption o f packaged food (mean and 97.5‘** percentile) 

and the mean body weight o f children, as derived in the current study. The next two 

scenarios used consumption factors, food type distribution factors and real migration 

data in addition to data on children’s consumption o f packaged food (mean and 97.5*'’ 

percentile) and the mean body weight o f children. In the first o f these two scenarios, the 

consumption factor used was conservative, as it was the sum of the consumption factor 

for “polyethylene” and “unidentified polymers”, as some o f the unidentified polymers 

could have been polyethylene and therefore, by using the consumption factor for 

unidentified polymers (in addition to the consumption factor for polyethylene) it was 

assumed that all o f these unidentified polymers were polyethylene. In the other o f these 

exposure scenarios, the consumption factor for polyethylene only was used. Full details 

o f these calculations are described in appendix 4.1.

4.2.7 Food contact area

Another method previously used in the EU to estimate potential exposure to food 

packaging was to calculate the food contact area exposure o f individuals to packaging 

i.e. dmVperson/day (International Life Sciences Institute 1996). The food contact area for 

all packaging was calculated and again this was a combination o f data on food 

consumption, packaging usage and surface area to weight ratios. The amount o f food 

packaging area used for all foods consumed was initially calculated for each day for each
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child. This was averaged over the seven days that the children completed the survey, to 

obtain the average daily food contact area used by each child in the survey. These values 

were then averaged to get the mean food contact area for packaging used by all children 

as well as the upper percentiles. The food contact area used for plastics was also 

calculated in addition to the mean and upper percentiles of food intake and body weight.

4.3 Results

As some of the food packaging formats (9.5%, n=350) had more than one material in 

contact with the food (e.g. glass jar and metal lid), results for the consumption factor and 

food type distribution factor for a specific material were calculated when the material 

was the sole contact layer and also when it was used in combination with another 

material that was also a food contact layer.

A consumption factor was calculated for the materials in contact with foods. Table 4.2 

lists the consumption factors for each contact layer. “Total plastics” had the highest 

packaging factor of 0.83, while “total paper and board” had a factor of 0.132 and “total 

metal and alloys” had a factor of 0.061. Although the exact polymer used for all plastic 

contact layers was not identified, a consumption factor was calculated for the main 

polymers identified in the study with polyethylene having the highest factor at 0.332. 

Equivalent US FDA factors are also provided in Table 4.2 to allow comparison between 

the data sets. The packaging factor for “total plastics” was quite similar in the Irish data 

(0.83) and the US FDA data (0.791). However, a large difference existed for the 

consumption factor for “total metal and alloys” in the Irish data (0.061) and the US FDA 

data (0.2).

The food-type distribution factors, which represent the fi*action of the different types of 

food in contact with each contact material, are recorded in Table 4.3. “Total glass” was 

used mainly for acidic foods (0.670) and “total metals and alloys” were also 

predominately used for acidic foods (0.551). “Paper and board” was primarily used for 

dry foodstuffs (0.775). There was no specific food type packaged in plastic as it was 

used uniformly for all food types in this study (i.e. aqueous, acidic, fatty and dry).

The results of the exposure scenarios for the new hypothetical antioxidant for use in 

polyethylene are presented in Table 4.4. In the first scenario, which used some of the 

EU assumptions, an exposure of 15 mg/day or 0.5 mg/kg body weight/day was
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calculated. The next scenario, which used consumption factors and the SML, resulted in 

an exposure of 5.95 mg/day or 0.18 mg/kg body weight/day when assuming a mean food 

intake or 9.76 mg/day or 0.29 mg/kg body weight/day when assuming the 97.5‘*' 

percentile of food intake. In the scenario that used the conservative consumption factor 

and mean food intake, the estimated exposure was 0.39 mg/day or 0.12 mg/kg body 

weight/day, while when the consumption factor for polyethylene only was used, the 

exposure estimate was 0.22 mg/day or 0.01 mg/kg body weight/day.

The mean food contact area used for all packaged foods was 13.44 dmVchild/day. This 

corresponded to an intake of packaged food of 1195 g/child/day (Table 4.5). The upper 

percentiles of food contact area used for all foods were 19.58 dm/child/day (95 

percentile) and 20.73 dmV child /day (97.5**' percentile). When the food contact area for 

plastic packaging only was calculated, the mean value was 10.67 dmVchild/day with 

upper percentiles of 15.86 dmVchild/day (95*** percentile) and 17.58 dmVchild/day (97.5*'’ 

percentile).

4.4 Discussion

The tiered approach to food chemical intake has won general acceptance internationally 

(Douglass and Tennant 1997) and is used for food additives, pesticides and other food 

chemicals and contaminants. This methodology prevents unwarranted data collection and 

ensures that resources for the collection of data are put to the best use (Gibney and 

Lambe 1996). The factors derived in this study can be applied to derive a more realistic 

deterministic estimate of exposure to food packaging materials for Irish children. As can 

be seen from Table 4.4, when assumptions from the EU exposure assessment approach 

for food packaging migrant were used, the exposure estimate was much greater than the 

exposure estimates calculated from the consumption factors and/or the food type 

distribution factors. In one scenario a conservative consumption factor was used in the 

assessment as it allowed for the fact that some polymers, which were not identified, 

could have been polyethylene. The result of this scenario assessment was still much 

lower than the estimate obtained when using the EU assumptions, even though it was 

conservative. Further conservatism could be built into the exposure assessment if the 

upper percentiles of food intake were used to estimate the exposure instead of the mean 

food intake. Therefore, even by combining more realistic data, conservatism can still be 

ensured in the overall exposure estimate.
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The factors derived in this study are representative of consumption factors and food type 

distribution factors for Irish children aged 5-12 years. Due to the fact that no alcoholic 

products were consumed, no food type distribution factors could be derived for the 

fraction of alcoholic products contacting each packaging material. Therefore, these 

factors are not representative of Europe or Irish adults and differ from the US FDA 

factors as the US FDA factors were derived for the entire US population and, as such 

provide per capita exposure estimates (Komolprasert 2005, personal communication). 

However, the construction of this dataset demonstrates how consumption factors and 

food type factors can be derived based on information collected as part of a food 

consumption survey and form the basis to which more information from other countries 

could be added in order to achieve more representative factors.

The categories of food contact materials used by the US FDA and those used in this 

study differed to some extent. In this study, the material types listed in Table 4.2 and 

Table 4.3 are only for materials in contact with the food. For example, in the case where 

paper had a coating of plastic and it was solely the plastic layer that was in contact with 

the food (i.e. there was no paper in contact with the food) this material was recorded as 

plastic in the present study whereas the US FDA classified this as paper-polymer coated. 

In addition, in this study, all canned foods were classified as packaged in “metal and 

alloys” with no distinction being made between uncoated and polymer coated cans. 

Despite these differences when comparisons were made between the factors used by the 

US FDA and those derived from this study, there were many similarities, especially for 

plastic materials, which are the materials that receive the most attention in terms of 

exposure assessments and regulatory compliance. The factor derived in this study for 

“total plastics” was 0.83, while the figure derived from the US FDA data was 0.79. This 

highlights that in both the US and Ireland plastic dominates as the material that is used 

most commonly for foods. However, it must be remembered that the US FDA data is for 

the total population and therefore comparisons between the US FDA factors and the 

factors derived in this study are speculative.

A workshop organised by the ILSI Europe Packaging Material Task Force discussed 

food consumption and packaging usage factors to aid the refinement of the exposure 

assessment process currently used in Europe (International Life Sciences Institute 1996). 

During this review data from MPA (1995) was processed to estimate the food contact 

area for all packaging used by individuals across Europe and it was estimated at a mean
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value of 20.1 dmVperson/day, while the mean food contact area for plastics was 12.4 

dmVperson/day. The figure derived in the present study for the food contact area of all 

packaging material used by children was 13.44 dmVchild/day, while the food contact 

area for plastics was 10.67 dmVchild/day. This value differs greatly from the food 

contact area value of 6 dmVperson/day currently used in the EU exposure assessment. 

The average plastics food contact area proposed for Europe of 12.4 dmVperson/day 

seems reasonably close to the figure derived in this study of 10.67 dmVchild/day. 

However, the figure derived in the present study was for children only and adult 

exposure to food contact material should be higher due to their relatively higher food 

intake. During the course of the ILSI workshop, it was noted that Ireland and the 

Benelux countries had a higher use of plastics at 17-19 dmVperson/day compared with 

other countries. This may explain why Irish children have food contact exposure quite 

similar to the average EU adult consumer as there may be an overall trend for higher 

food contact area exposure in Ireland compared with other European countries. In light 

of these results, if the aim of the exposure assessments is to ensure conservatism then the 

proposed EU average food contact area use may need to be revised upwards to ensure 

the exposure assessment protects consumers at the upper end of food packaging use and 

not just the average consumer.

In addition to proposing food consumption factors for the EU, the ILSI workshop 

focused on how the US FDA approach could be applied in the EU for regulatory 

approval of a substance for use in food packaging. It concluded that this method could 

have applications for monomers and additives with defined numerical TDIs and 

specified single polymer use, dossier applications for approval for single polymer use, 

and applications to the threshold of no regulatory concern for recycling (International 

Life Sciences Institute 1996). However, even if an approach similar to the US FDA was 

not adopted in Europe for regulatory approval of a substance, these consumption and 

food type distribution factors could be used to perform more realistic exposure 

assessments in cases of concern regarding the presence or quantity of a migrant in foods 

post approval of the substance. This would ultimately lead to a more time and resource 

efficient exposure assessment as well as being more refined and realistic on which to 

base opinions regarding the safety of the migrant in question. However, if this method of 

exposure assessment shows that there may still be concerns (i.e. the exposure level 

approaches or exceeds the TDI) regarding the exposure to a migrant, then more refined 

exposure assessments could be computed using probabilistic modelling. In a recent
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safety assessment by the AFC scientific panel of EFSA, an opinion was provided on the 

exposure of adults to epoxidised soybean oil (ESBO) used in food contact materials 

(European Food Safety Authority 2006). After completing a conservative exposure 

scenario, the panel noted that the potential dietary exposure of adults to ESBO was 

below the TDI and therefore refinement of the exposure estimates was not necessary. 

However, this conservative exposure assessment still required collection of multiple 

datasets on migration, food consumption and packaging use across Europe, followed by 

a merger these data, in order to perform an exposure assessment. Much of this 

preliminary data collection could be eliminated with the use of consumption factors and 

food type distribution factors, making the task of estimating exposure fi’om food contact 

materials more approachable.

The demand for more refined exposure assessments for food packaging migrants has 

been linked with the concept of the TTC in Europe. The TTC is a pragmatic risk 

assessment tool 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 (Kroes et al. 2004). This concept, known as the TOR in the US, has 

been used by the US FDA since 1995 when it was decided that due to their low potential 

health concern, components of food contact materials present in the diet at a dietary 

concentration of 0.5 parts per billion (ppb) or less are subjected to an abbreviated 

regulatory review. The main objective of this abbreviated regulatory review is to 

ascertain that the dietary concentration resulting fi-om the intended use is at or below the 

threshold level and that there is no reason to suspect, based on test data in humans or 

animals or chemical structure, that the substance may be a carcinogen (Cheeseman et al. 

1999). It is recognised by the US FDA that the TOR process is a safety review process 

based on probabilistic assessment of risk and therefore an estimation of consumer 

exposure is fiindamental to its implementation (Cheeseman 2005). An expert group was 

convened in Europe to review the TTC principle and they concluded that it could be 

applied for low concentrations in food of chemicals that lack toxicity data, provided that 

there is a sound intake estimate (Barlow et al. 2001). Therefore, without a more refined 

or “sound” exposure assessment for migrants fi'om food contact materials, the TTC 

principle cannot be used in Europe for food packaging migrants. If representative 

consumption factors and food type distribution factors were developed for Europe then 

the TTC concept may have application for the safety assessment of polymerisation
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production aids, impurities, reaction by products and aids to polymerisation, if the 

regulators approve its use.

4.5 Conclusion

Consumption factors and food type distribution factors may prove usefiil in the 

refinement of the current EU method for estimating exposure to food packaging 

migrants. They could be employed when a more realistic exposure assessment is needed, 

if there is concern over the presence of a migrant in a food, or for use with the TTC. 

Their use in exposure assessments could ultimately lead to a more uniform, simple and 

realistic exposure assessment process. However, only the regulators and the quality of 

data collected can determine their use for regulatory approval of a substance.
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Table 4.1 Packaging surface area to weight ratios for foods consumed in the 
Irish National Children's Food Survey

Food Groups dmVkg Reference
Soft drinks bottle 5.2 Bouma et al. (2003)
Juice 6.5 Bouma et al. (2003)
Milk 6.7 Bouma et al. (2003)
Cream cheese 7 Bouma et al. (2003)
Custard 7.04 Bouma et al. (2003)
Margarine 7.1 Bouma et al. (2003)
Soup (general) 8 Bouma et al. (2003)
Yoghurt drink 9 Bouma et al. (2003)
Convenience meals 12 Bouma et al. (2003)
Ice-cream container 12.1 Bouma et al. (2003)
Confectionary (includes chocolate and gum) 17 Bouma et al. (2003)
Meat (includes Quom products) 18 Bouma et al. (2003)
Sauce container (plastic) 18.4 Bouma et al. (2003)
Yoghurt 18.4 Bouma et al. (2003)
Fish 19 Bouma et al. (2003)
Biscuits 21 Bouma et al. (2003)
Bread 21 Bouma et al. (2003)
Cakes 21 Bouma et al. (2003)
Fruit and vegetables 21 Bouma et al. (2003)
Nuts 27 Bouma et al. (2003)
Dessert mousse 28.02 Bouma et al. (2003)
Soup (dried sachet) 54 Bouma et al. (2003)
Herbs 95 Bouma et al. (2003)
Sauce (dried sachet) 96 Bouma et al. (2003)
Crisps 60 Assumptions
All other foods 12 Assumptions

Canned Foods
Fruit 7.48 Dionisi and Oldring (2002)
Meat 11.06 Dionisi and Oldring (2002)
Fish 16.63 Dionisi and Oldring (2002)
Ready meals 7.25 Dionisi and Oldring (2002)
Vegetable 6.96 Dionisi and Oldring (2002)
Soup 8.36 Dionisi and Oldring (2002)
Milk/cream 9.07 Dionisi and Oldring (2002)
Other foods 7.84 Dionisi and Oldring (2002)
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T able 4.2 Consumption factors for packaging materials as derived from the
Irish National Children's Food Survey for children aged 5-12 years

Material
Irish Consumption 

Factor
Equivalent US FDA 
Consumption Factor

Glass 0.002
Glass and m etal and alloys 0.013
Glass and plastic 0.003
Total Glass 0.017 0.1

M etal and alloys 0.029
M etal and alloys and paper and board 0.001
M etal and alloys and plastic 0.018
M etal and alloys and glass 0.013
Total metal and alloys 0.061 0.2’

Paper and board 0.125
Paper and board and m etal and alloys 0.001
Paper and board plastic 0.005
Total paper and board 0.132 o .r

Plastic 0.805
Plastic and m etal and alloys 0.018
Plastic and paper and board 0.005
Plastic and glass 0.003
Total Plastic 0.830 0.791*

Wax 0.0001

Polymers:
Polyethylene 0.332 0.3F
Polypropylene 0.129 0.04
Polystyrene 0.084 0.1
Polyethylene terephthlate 0.033 0.16
PVC and PVDC 0.003 0.1
U nidentified polym ers 0.248

* Sum o f  coated (0.17) and uncoated (0.03) metal 
Paper uncoated only (0.1)

+
*  Sum o f  paper polym er coated (0.2), polym er (0.4), adhesives (0.14), retort pouch (0.05), and m icrowave 
susceptor (0.001)

Sum o f LDPE (0.12), LLDPE (0.06) and HOPE (0.13)
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Table 4.3 Food type distribution factors derived from the Irish National 
Children's Food Survey for children aged 5-12 years

M aterial Aqueous Acidic Fatty Dry
Glass 0.024 0.238 0.028 0.710
Glass and metal and alloys 0.034 0.852 0.066 0.047
Glass and plastic 0.081 0.047 0.647 0.225
Total glass 0.041 0.670 0.150 0.140

Metal and alloys 0.138 0.511 0.326 0.025
Metal and alloys and paper and board 0.056 0.000 0.729 0.215
Metal and alloys and plastic 0.129 0.438 0.099 0.334
Metal and alloys and glass 0.034 0.852 0.066 0.047
Total metal and alloys 0.111 0.551 0.212 0.125

Paper and board 0.001 0.003 0.205 0.791
Paper and board and metal and alloys 0.056 0.000 0.729 0.215
Paper and board plastic 0.000 0.000 0.485 0.515
Total paper and board 0.001 0.003 0.220 0.775

Plastic 0.201 0.222 0.262 0.316
Plastic and metal and alloys 0.129 0.438 0.099 0.334
Plastic and paper and board 0.000 0.000 0.485 0.515
Plastic and glass 0.081 0.047 0.647 0.225
Total plastic 0.198 0.224 0.261 0.317

Wax 0.000 0.000 1.000 0.000

Polymers:
Polyethylene 0.437 0.232 0.067 0.264
Polypropylene 0.016 0.012 0.587 0.385
Polyethylene terephthlate 0.117 0.796 0.067 0.020
Polyvinylchloride 0.000 0.000 0.870 0.130
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Table 4.4 Exposure assessment scenarios for a hypothetical antioxidant used in polyethylene employing different methodologies (full 
details of these assessment scenarios are documented in appendix 4.1).

M ean food intake P97.5th food intake

Exposure M ethod
Exposure

mg/day
Exposure 

mg/kg body weight/day
Exposure

mg/day
Exposure 

mg/kg body weight/day

Deterministic (EU Assumptions)* 15 0.500

Deterministic (CF and SML)^ 5.951 0.180 9.756 0.295

Deterministic (Conservative CF, FT and real migration data)* 0.386 0.012 0.633 0.019

Deterministic (CF, FT and real migration data)^ 0.221 0.007 0.362 0.011

* In this method some o f the assumptions used by the EU to estimate exposure to a migrant were employed. It was assumed that I kg o f food packaged in the material o f  interest was 
consumed per day and that migration occurred at the maximum level i.e. at a specific migration limit (SML) o f 15mg/kg. The EU method uses a 60kg body weight for adults, and as 
this exposure assessment was for children a body weight o f 30kg was used instead.

* In this scenario the consumption factor (CF) for polyethylene was used in addition to the SML for the migration level. The intake o f  packaged food consumed by children (mean 
and 97.5* percentile) and their mean body weight derived from this study were also used in the exposure assessment.

*This scenario used a conservative CF in addition to realistic food type distribution factors (FT) and real migration data. The conservative consumption factor used in this method 
was conservative as it was the sum o f the consumption factor for “polyethylene” and “unidentified polymers” . Again the intake of packaged food consumed by children (mean and 
97.5'*' percentile) and their mean body weight derived fi"om this study were also used in the exposure assessment.

^ h i s  scenario used the CF for polyethylene only and FT derived in this study, in addition to real migration data, food consumption data o f  packaged foods (mean and 97.5'*' 
percentile) and body weight data.



Table 4. 5 Food contact areas, food intakes and body weights derived from the 
Irish National Children's Food Survey for children aged 5-12 years

Param eter

Food contact area for 
all packaging 

(dmVperson/day)

Food contact area for 
plastic packaging 
(dm /person/day)

Intake of 
packaged food 

(g/day)

Body
weight

(kg)
Mean 13.44 10.67 1195 33.1
Percentile 90th 17.29 14.38 1602 48.6
Percentile 95th 19.58 15.86 1735 54.3
Percentile 97.5th 20.73 17.58 1959 63.3
Percentile 99th 22.95 18.78 2202 70.1
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Appendix 4.1

Exposure assessment of a hypothetical antioxidant in polyethylene using different 
methodologies

Exposure Scenario
The following hypothetical exposure scenarios are intended to illustrate the calculation 
of the concentration of a food packaging migrant in the daily diet using some of the EU 
assumptions and the more refined method of employing consumption factors and food 
type distribution factors. In the US FDA document entitled “Guidance for Industry” an 
example of how to apply food consumption factors and food type distribution factors to 
estimate exposure to a hypothetical antioxidant in polyolefins is provided (US Food and 
Drug Administration 2002). In the following exposure scenarios it shall be assumed that 
the new antioxidant is used in polyethylene materials only and has a specific migration 
limit (SML) of 15 mg/kg.

1. Deterministic exposure estimate using EU assumptions.
For an adult, the EU exposure assessment methodology for food packaging migrants 
assumes that a 60 kg person consumes 1 kg of food packaged in the material of interest 
and that migration occurs at the maximum permitted level. There are no set guidelines on 
how to estimate intakes in children, therefore if we assume that children also consume 
1kg of food packaged in the material of interest, which migrates at the SML, but that 
they have a body weight of 30 kg' we can estimate the intake of the antioxidant. The 
following parameters are used in the exposure calculation:

Food Consumption: 1 kg

Body Weight: 30 kg

Migration of antioxidant into the food: 15 mg/kg

Estimated Daily intake (EDI)

= Migration (mg/kg food) X Food consumption (kg/day)

= 15 mg antioxidant/kg food X 1 kg food /day

= 15 mg/person /day
Intake per kg body weight

= Estimated daily intake (mg/person/dav)
Body weight (kg)

= 15 mg/person/dav
30 kg

= 0.5 mg/kg body weight/day

' The assumption o f 30kg body weight for children was used in this exposure scenario as the EPA use this 
body weight value for children in their “Notice o f Filing o f  Pesticide Petitions” (Federal Register: 
November 20, 1998 (Volume 63, Number 224)).
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2. Deterministic exposure estimate using consumption factors and the SML for the 
migration value.

In this scenario the consumption factor (CF) for polyethylene (Table 4.2) was used in the 
exposure assessment to represent the fraction of the daily diet likely to contact 
polyethylene. In this scenario there were no food type distribution factors or real 
migration data available, therefore the SML of 15 mg/kg of food was used as a 
conservative assumption. However, as data was available on the intake of packaged food 
for children from this study, in addition to real body weights, these figures were used in 
computing the intake of the antioxidant.

CF Polyethylene * Migration = 0.332 * 15 mg/kg

= 4.98 mg antioxidant/kg food

As the mean consumption of packaged food in this study (Table 4.5) was 1.195kg per 
day, the resulting EDI for children in this study would be:

EDI = 4.98 mg antioxidant/kg food * 1.195 kg food/child/day

= 5.951 mg/child/day

The mean body weight of children in this study was 33.1 kg (Table 4.5), therefore the 

intake per kg body weight for children would be:

= intake of a child per day (mg/child/dav)
body weight (kg)

= 5.951 mg/child/dav
33.1 kg

= 0.180 mg/kg body weight/day

If it was assumed that 97.5* percentile of packaged food intake was consumed (i.e. 
1.959kg) then the exposure to the antioxidant would be 9.756 mg/day or 0.295 mg/kg 
body weight/day.

126



3. Deterministic exposure estimate using consumption factors and food type 
distribution factors.

In this scenario the CF for polyethylene (Table 4.2) and the food type distribution factors 
(FT) (Table 4.3) derived in this study were used to estimate exposure to the antioxidant. 
Instead o f assuming maximum migration at the SML, migration values used by the US 
FDA in their “Guidance for Industry” document were used (US Food and Drug 
Administration 2002). These migration values, which are for the migration o f the 
antioxidant from low density polyethylene (LDPE), are as follows:

Food Type Simulant Migration
Aqueous and Acidic Foods 10% aqueous ethanol^ 0.06 mg/kg
Alcoholic Foods 50% aqueous ethanol^ 0.92 mg/lcg
Fatty Foods Miglyol 812 7.7 mg/kg

The first step in this exposure calculation was to calculate the level o f the migrant in the 
food:

Migration (M) — (F X aq u e o u s  F T a c id ic ) ( M  10%  aqueous ethanol) ( F T f a t ty )  ( M  Miglyol 8 I2)

(0.437+0.232) (0.06 mg/kg) + (0.067 )(7.7 mg/kg)

= 0.556 mg/kg

The concentration o f the antioxidant in the daily diet resulting from the proposed use 
would be:

CF Polyethylene * Migration = 0.332 * 0.556 mg/kg

= 0.185 mg antioxidant/kg food

As the mean consumption of packaged food in this study (Table 4.5) was 1.195kg per 
day, the resulting EDI for children in this study would be:

EDI = 0.185 mg antioxidant/kg food * 1.195 kg food/child/day

= 0.221 mg/child/day

The mean body weight o f children in this study was 33.1 kg (Table 4.5), therefore the 
intake per kg body weight for children would be:

 ̂ In the EU distilled water or water of equivalent quality is used as the aqueous simulant, as opposed to 
10% aqueous ethanol used by the US FDA. For the purpose of this exposure scenario the migration value 
for 10% aqueous ethanol was used for aqueous foods and acidic foods. Therefore, the food type 
distribution factor (FT) for both aqueous and acidic food is summed and then multiplied by the migration 
value for 10% aqueous ethanol.

 ̂No alcoholic foods were consumed in the Irish National Children’s Food Survey therefore the migration 
value for alcoholic foods shall not be needed in this example.
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intake of a child per day (mg/child/dav)
body weight (kg)

= 0.221 mg/child/dav
33.1 kg

= 0.007 mg/kg body weight/day

If it was assumed that 97.5*'’ percentile of packaged food intake was consumed (i.e. 
1.959kg) then the exposure to the antioxidant would be 0.362 mg/day or 0.011 mg/kg 
body weight/day.

4. Deterministic exposure estimate using conservative consumption factors and 
actual food type distribution factors.
If a more conservative exposure assessment scenario of the antioxidant compared with 
the above example was required, then the consumption factor used in the calculation 
could be the sum of the “polyethylene” CF (0.33) and the “unidentified polymers” CF 
(0.248). As not all polymers were identified in the database some of those not identified 
could be polyethylene and hence it is conservative to assume that all the unidentified 
polymers are polyethylene. For this scenario the exposure calculation would be as 
follows:

~ (CF + CF Unidentified polymers) * Migration (as calculated in scenario 3)

(0.332+ 0.248) * 0.556 mg/kg 

= 0.323 mg/kg

As the mean consumption of packaged food in this study (Table 4.5) was 1.195kg per 
day, the resulting EDI for children in this study would be:

EDI = 0.323 mg antioxidant/kg food * 1.195 kg food/child/day

= 0.386 mg/child/day

The mean body weight of children in this study was 33.1 kg (Table 4.5), therefore the 
intake per kg body weight for children would be:

= intake of a child per dav (mg/child/dav)
body weight (kg)

= 0.386 mg/child/dav
33.1 kg

= 0.012 mg/kg body weight/day

If it was assumed that 97.5*  ̂ percentile of packaged food intake was consumed (i.e. 
1.959kg) then the exposure to the antioxidant would be 0.633 mg/day or 0.191 mg/kg 
body weight/day.

128



Chapter 5

The use of a food consumption database with packaging 

information to estimate exposure to food packaging migrants: 

epoxidised soy bean oil, vinyl chloride monomer, and styrene 

monomer
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5.1 Introduction

There are numerous chemicals permitted for use in food packaging materials that have 

the potential to migrate. These chemicals include monomers and starting substances, 

catalysts, additives, solvents and suspension media. European Council Directive 

2002/72/EC establishes a 'positive list' of approved monomers and starting substances 

(European Commission 2002), many of which have restrictions placed on their use (e.g. 

SML or QM). There is also an incomplete list of additives used in the manufacture of 

food contact plastics contained in European Council Directive 2002/72/EC and it’s 

amendments. It is not a 'positive list', but rather a list of additives approved by the 

European Commission's Scientific Committee on Food (now the responsibility of 

EFSA). In addition to approving additives for use in food packaging materials, EFSA is 

also responsible for completing exposure assessments in the EU and these assessments 

are performed on an ad hoc basis using available data either provided by a petitioner or 

obtained fi-om various sources (European Food Safety Authority 2005a).

In recent years there has been a need to complete safety assessments for a number of 

chemical migrants from food contact materials and exposure assessments have been part 

of these safety assessments. For example, following reports of the presence of 2- 

Isopropylthioxanthone (ITX) in foods packaged in cartons, the European Commission 

requested that EFSA provide scientific advice with respect to possible health risks 

associated with this substance by April 2006 (European Food Safety Authority 2005b). 

In addition, regarding high levels of ESBO in baby foods, EFSA released an opinion on 

the exposure assessment of infants (European Food Safety Authority 2004) and adults 

(European Food Safety Authority 2006). Although exposure assessments feature 

prominently in the safety assessment of chemical migrants, there is no set protocol on 

how to complete these exposure assessments and most methodologies are determined by 

the availability of data.

One data source that can facilitate the exposure assessment of food packaging materials 

is the use of a food consumption database that also has packaging information. The 

NCFS is the first of this type of database (Irish Universities Nutrition Alliance 2005). In 

the NCFS information was collected on the type of food consumed and also on the 

packaging used for this food (e.g. glass, plastic, metal etc.). Therefore, when these data is 

used in the exposure assessment of packaging migrants in foods it removes the 

uncertainty regarding the type of food consumed, the amount of food consumed and the
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packaging used for this food. Because food consumption surveys are not designed to 

analyse the concentration of a particular migrant in a food, there will still be some 

uncertainty regarding the presence of the migrant in the food and the level of the migrant 

in the food when using these data. However, these data permits the most accurate 

exposure assessment to packaging migrants currently available for Irish children as it 

reduces the overall uncertainty in the exposure calculation.

To demonstrate the use of the NCFS for estimating exposure to food packaging migrants 

three sample migrants were chosen on which to complete exposure assessments: (1) 

ESBO; (2) vinyl chloride monomer (VCM); and (3) styrene monomer. These sample 

migrants were chosen because their presence in foods was previously an issue of safety 

concem (Ministry for Agriculture, Food and Fisheries 1999a; European Food Safety 

Authority 2004, 2006). This use of food consumption data at an individual level with a 

fixed value for the concentration of the migrant present in the food, is an example of a 

simple distribution approach to estimating exposure to a food packaging migrant.

5.1.1 Epoxidised Soy Bean Oil (ESBO)

ESBO is an additive used in the manufacture of food packaging. It is used as a plasticiser 

as well as a stabiliser for plastic polymers such as PVC. It is used, in particular, in 

closure gaskets for metal lids used to seal glass jars and bottles. It forms an airtight seal, 

which is needed to prevent microbial contamination and in jarred baby foods it can be 

employed at up to 40% of the formulation weight of the gasket (European Food Safety 

Authority 2004). Due to the high levels in gaskets in contact with foods there is potential 

for migration into the food during both sterilisation and storage. In the past two years the 

AFC panel of EFSA has published two opinions on exposure to ESBO from food contact 

materials (European Food Safety Authority 2004, 2006). The first opmion examined 

exposure of infants to ESBO, while in 2006 the exposure of adults to ESBO was 

examined. The results of these opinions suggest that adult exposure does not exceed the 

TDI of 1 mg per kilogram body weight per day, whereas infant exposures could exceed 

the TDI by 4-5 fold (European Food Safety Authority 2004, 2006). As EFSA provided 

opinions on exposure of infants and adults to the food packaging migrant EBSO, one of 

the aims of the present study was to estimate exposure of Irish children to ESBO.
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5.1.2 Vinyl Chloride Monomer (VCM)

The next migrant assessed was VCM, which is used for the manufacture o f the plastic 

PVC. This plastic is used in many countries as a food packaging material, although in 

some its use seems to have declined over recent years because o f its perceived 

environmental impact (Castle et al. 1996). PVC is a long chain polymer produced by 

free-radical polymerisation o f VCM. In 1974 a link was made between inhalation of 

VCM and angioscarcoma in man. It has been associated with tumours o f the liver, brain, 

lung and haematolymphopoietic system (International Agency for Research in Cancer 

1979). As a result, the level of VCM in all polymers for food packaging was rapidly 

reduced to the current level o f Ippm maximum (i.e. 1 mg/kg) (Pearson 1982). Exposure 

o f the general population to VCM is possible via several routes: inhalation o f polluted 

air, mainly in the vicinity o f PVC plants or waste disposal sites; intakes o f contaminated 

drinking water; ingestion o f food, beverages and medication packaged in PVC; and 

absorption through skin from PVC wrapped cosmetics (Kielhom et al. 2000). European 

Council Directive 2002/72/EC lists vinyl chloride as an approved monomer (European 

Commission 2002). However, this reference relates to a much earlier European Council 

Directive 78/142/EEC (European Council 1978). This latter Directive is specific to PVC 

and states that PVC should not be detectable in foodstuffs by a specified test method, 

which has a detection limit o f 0.01 mg/kg (10 ppb). The concept o f a ‘non-detectable’ 

limit is used for very toxic monomers that ideally should not be present in the foodstuff 

Other specific Directives for VCM include European Commission Directive 80/766/EEC 

and European Commission Directive 81/432/EEC (European Commission 1980, 1981). 

All o f these Directives are in force to ensure that there is no harm to consumers from 

residual VCM transferring to foodstuffs. As there are no exposure assessments to VCM 

available in the literature, the potential exposure o f Irish children to VCM was calculated 

in this study.

5.1.3 Styrene Monomer

In terms of styrene monomer, exposure occurs via inhalation and dietary intake. Styrene 

may be naturally present in food (e.g. cinnamon, beef, and coffee beans (Steele et al. 

1994)) or enter the food via migration from food contact materials. Migration o f styrene 

may occur because some residual styrene can remain in the finished packaging material. 

Styrene is a monomer used to make polystyrene plastics and polystyrene is used to 

package dairy products, meats, eggs and takeaway foods (Duffy et al. 2006). Although 

styrene has low acute toxicity after inhalation or ingestion, it is classified as harmfiil by
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inhalation and irritating to skin and eyes. Very high exposure to styrene induces 

dizziness, drowsiness, headaches and potentially unconsciousness (Filser et al. 2002). In 

1987 the International Agency for Research in Cancer (lARC) chose to classify styrene 

as ‘group 2B’ (possibly carcinogenic to humans) and chose to maintain this classification 

in 1994 (Polystyrene Packaging Council 2005). The use of styrene as a monomer in food 

contact plastics is currently authorised under European Council Directive 2002/72/EC 

without a SML (although an OML of 60 mg/kg still applies) (European Commission 

2002).

In practice the tainting properties of styrene monomer in foodstuffs and the pungent 

odour act as a restriction on the level at which styrene is tolerated by the consumer in 

most foods (International Life Sciences Institute 2002). An EU risk assessment of 

styrene is currently being completed in the UK. However, it may take some years before 

this assessment is completed, as it is quite extensive. Previous dietary exposure 

assessments have been completed for styrene. For example, in the UK the intake of 

styrene was calculated using the UK Total Diet Study (TDS) samples (Ministry for 

Agriculture, Food and Fisheries 1999a) and more recently styrene exposure was 

estimated using a probabilistic exposure assessment tool, which incorporated 

concentration data from the UK TDS (Holmes et al. 2005). The results of these exposure 

assessments were orders of magnitude less than the PMTDI of 40 |J.g/kg bw/day set by 

the Joint FAO/WHO Expert Committee on Food Additives (JECFA) (World Health 

Organisation 1984). The aim of the present study was to estimate exposure of Irish 

children to styrene.

Therefore, the overall aim of this study was to estimate exposure to one additive (ESBO) 

and two monomers (VCM and styrene) from food packaging materials usmg a food 

consumption database that contained food packaging information. As these exposure 

assessments were completed on children this study provides novel information regarding 

exposure in this sub group of the population who have not been previously studied for 

their exposure to these target migrants.

5.2 Materials and methods

A dataset that was created from information on food consumption data from the NCFS 

(Irish Universities Nutrition Alliance 2005), food packaging information from the IFPD 

(Duffy et al. 2006) and migration data was used to estimate exposure of children aged 5-
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12 years. Migration data for ESBO and styrene were obtained from the literature. 

However, as vinyl chloride is not permitted in foods at a level of detection of 0.01 mg/kg 

there was very little data in the literature on the levels actually present in foods. One 

study completed in 2003 found the level of VCM in biscuits ranged from non detect 

(limit of detection = 0.3 |ig/kg) to 25 )ig/kg (Food Standards Agency 2003). Therefore, 

due to the lack of specific migration data, migration information could not be assigned to 

individual foods consumed in the NCFS. In the absence of specific data, a conservative 

migration value of half the limit of detection was assigned to foods packaged in PVC (i.e 

0.005 mg/kg of food).

5.2.1 Epoxidised Soy Bean Oil (ESBO)

In the EFSA exposure assessment of ESBO for adults, the main food packaging types 

identified as potentially contributing to ESBO exposure were glass jars with metal lids 

lined with PVC gaskets and thin plasticised PVC cling films, in which ESBO is used as a 

stabiliser (European Food Safety Authority 2006). Foods packaged in these materials 

were identified in the current database and it was assumed that ESBO was present in 

these materials and that it migrated into the food (i.e. the probability of presence of 

ESBO in foods packaged in glass jars with metal lids and PVC cling films was 100%). In 

their exposure assessment, EFSA did not include non-fatty foods because ESBO has a 

low solubility in foods with no fat and therefore is not expected to migrate into such 

foods (EFSA 2006). However, EFSA did not clarify whether foods were classified as 

fatty according to European Council Directive 85/875/EC (European Council 1985), or 

on the amount of fat per 1 OOg of food, or some other measurement parameter. Therefore, 

in the current exposure assessment, all foods that were classified as fatty according to 

European Council Directive 85/572/EC and packaged in one of the two materials were 

included in the assessment. In addition, many sauces that were classified as acidic or 

aqueous and packaged in glass jars with metal lids were also included in the exposure 

assessment as these foods contained some fat (e.g. curry sauce, tikka masala sauce and 

tomato based sauces).

As concentration data were not available for all foods packaged in one of the two 

packaging types (i.e. glass jars with metal Hds or PVC cling films), foods were classified 

into a number of “food packaging groups”. These food packaging groups were designed 

to reflect the food type and the packaging type used for the food. Table 5.1 lists these 

food packaging groups and the migrant concentration data used for each of these groups
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in the exposure assessment. In the EFSA exposure assessment, the AFC panel noted that 

due to the variability of the migration value in foods from glass jars with PVC lined lids, 

a migration value covering 90% of the samples for each category could be used as a 

conservative estimate of the concentration for estimating chronic exposure of adults to 

ESBO. Therefore these values covering 90% of samples were also used in the current 

exposure assessment for children (Table 5.1). There were few survey data available for 

the migration of ESBO from PVC films, and therefore, in the EFSA assessment 

migration values for ESBO in PVC films were extrapolated from work completed on the 

plasticiser DEHA (EFSA 2006). In the current study data on the migration of ESBO 

from PVC cling films were used (Castle et al. 1990). From these data, the 90“’ percenfile 

concentration for each food group was calculated and used in the exposure assessment to 

ensure conservative results.

5.2.2 Vinyl Chloride Monomer (VCM)

For the exposure assessment of VCM, foods packaged in materials made from PVC or 

glass jars with PVC lined metal lids were identified in the database. It was assumed that 

VCM migrated from these materials into the food at a level of 0.005 mg/kg of food. (i.e. 

the probability of presence of VCM in foods packaged in PVC and glass jars with metal 

lids was 100%).

5.2.3 Styrene monomer

For the styrene exposure assessment, polystyrene was identified as the main source of 

styrene monomer. All foods packaged in polystyrene were identified in the database and 

it was assumed that if a food was packaged in polystyrene then styrene monomer was 

present in the food (i.e. the probability of presence of styrene in these foods was 100%). 

The migration concentration of styrene in foods was derived from the literature. A 

number of food groups were developed as the migration of styrene from packaging 

differs according to the food type. Two conservative exposure scenarios for styrene were 

completed, one in which the 90*’’ percentile migration value for each food group was 

used and one in which the maximum migration value for each food group was used. 

Table 5.2 lists the food groups that were created, the level of styrene in these groups and 

the data sources from which these food groups and concentration values were developed.

As some foods consumed in the NCFS did not have their exact packaging information 

documented, they were examined and assessed regarding the probability that they may
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have been packaged in one of the materials that contained one of the target migrants. The 

probabiHty of whether these foods were packaged in a material that could contain the 

migrant was based on expert opinion, which erred on the side of conservatism. For 

example, sausages that could have been packaged in PVC cling film were assumed to be 

packaged in PVC cling film. This was similar for foods that could have been packaged 

in polystyrene, for example, for foods such as pot noodles, mousse desserts and fresh 

chickens. Once the probability of presence of ESBO, VCM and styrene monomer in the 

foods and the concentration at which these migrants could be present in the foods was 

established then the basic exposure equation was completed:

Exposure = X amount of food consumed x amount of chemical present in the food

This calculation was completed for every eating event of each child in the consumption 

database. The average daily intake of the migrants for each of the 594 children were 

calculated. These values were analysed to calculate the overall mean intake and the 

upper percentile intakes for children. The body weight of each child was also used to 

calculate intakes per kilogram body weight. Analyses were completed using the 

CREMe® Software v.2.0.2 (CREMe Software 2006).

5.3 Results

The mean intake of ESBO in Irish children was 0.69 mg/day with upper percentiles of 

2.2 mg/day (95*'’ percentile) and 2.73 mg/day (97.5*'' percentile) (Table 5.3). When body 

weights were incorporated into the equation the mean intake was 0.02 mg/kg bw/day, 

while the upper percentiles were 0.08 mg/kg bw/day (95*'’ percentile) and 0.1 mg/kg 

bw/day (97.5*’’ percentile). The exposure to ESBO fi"om each of the food packaging 

groups is presented in Table 5.4. Tomato sauce in glass jars (46.8%) and meat in PVC 

cling film (35.9%) were the highest contributors to ESBO intake. For some of the food 

groups, which were used in the EFSA exposure assessment, there were no eating events 

of these groups in the NCFS (e.g. fish in oil packaged in a glass jar, vegetables packaged 

in a glass jar, cheese in oil packaged in a glass jar). Therefore exposure to ESBO fi-om 

these groups in the current exposure assessment was zero. Figure 5.1 shows the 

distribution of ESBO intakes among the 594 children in the NCFS and the cumulative 

distribution.

136



The mean intake of VCM was 0.199 ng/day or 0.006 |Jg/kg bw/day (Table 5.5). The 

upper percentiles for the daily intake ranged from 0.5 |xg/day (95*'’ percentile) to 0.598 

|xg/day (97.5*'’ percentile) and for the daily intake per kilogram body weight from 0.016 

jig/kg bw/day (95* percentile) to 0.02 ng/kg bw/day (97.5* percentile). Figure 5.2 

represents the distribution of VCM intakes among the 594 children in the NCFS and the 

cumulative distribution.

In the first exposure scenario for styrene, the 90* percentile migration concentrations 

were used. In this instance, the mean intake was 3.7 jig/day or 0.12 |ig/kg bw/day. The 

upper percentiles for the intake per kilogram body weight ranged from 0.327 (Ag/kg 

bw/day (95* percentile) to 0.391 |o,g/kg bw/day (97.5* percentile). When the maximum 

migration concentrations were used the mean intake of styrene was 5.16 ng/day or 0.17 

|ig/kg bw/day. The upper percentiles ranged from 14.25 jig/day (95* percentile) to 17.72 

|xg/day (97.5* percentile) or 0.47 ng/kg bw/day (95* percentile) to 0.57 ng/kg bw/day 

(97.5* percentile) (Table 5.6). When styrene intake per food group was examined for the 

scenario that used the maximum migration concentrations, the food group that 

contributed most to styrene intake was the “other styrene group (fatty)”(71.6%) (Table 

5.7). This group included all fatty foods (as classified in European Council Directive 

85/572/EEC) packaged in polystyrene that did not belong to one of the other food 

groups, for example all fresh and processed meats were classified as “other styrene group 

(fatty)”. It should be noted that for some food groups listed in Table 5.2 there were no 

records of these foods packaged in styrene in the NCFS, therefore exposure to styrene 

from these groups was zero (i.e. cheese, ice-cream, juice and other simulant B (acidic)). 

Figure 5.3 shows a distribution of styrene intakes in the 594 children in the NCFS and 

the cumulative distribution. There are two distributions on this graph, one that represents 

the distribution of intakes when using the 90* percentile migration concentration values 

and one that represents the distribution of intakes when using the maximum migration 

concentration values.

5.4 Discussion

The use of a food consumption database, which also contains packaging information, has 

proved very useful in the estimation of exposure to food packaging migrants for a 

number of different scenarios in this study. By using a database that contains this 

information a large amount of the work, currently required in the exposure assessment 

methodology to link food consumption information with packaging information, was
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eliminated. It also eradicated the need to use upper percentile values for the consumption 

level of foods as individual exposure assessments can be completed.

Regarding ESBO, the SCF has classified it in list 2 (substances for which the committee 

has established a TDI or a t-TDI), where it has a TDI of 1 mg/kg body weight. In the EU 

there is no SML for ESBO but the OML of 60 mg/kg food is applicable. From previous 

studies it was observed that the migration from ESBO alone approaches or even exceeds 

this limit in some samples (Hammarling et al. 1998; Ministry for Agriculture, Food and 

Fisheries 1999b; Fantoni and Simoneau 2003). Although ESBO is neither carcinogenic 

nor genotoxic the AFC panel recommended that a SML be developed for ESBO in baby 

foods. They also decided not to change the TDI for ESBO as there is an inbuilt safety 

factor of 100-fold (thereby, an intake that exceeds the TDI by 4- 5 fold does not imply 

there will be adverse health effects in infants) (European Food Safety Authority 2004). 

Due to differing food consumption patterns throughout life, a significant variation in 

ESBO exposure is expected according to life stage. Infants are likely to have the highest 

exposures as the highest food intakes on a body weight basis is likely to occur within the 

first year of life, and also due to the consumption of commercial infant foods packaged 

in glass jars (European Food Safety Authority 2004). It was stated in the EFSA 2004 

opinion that adult exposures are likely to be much lower than infant exposures, both due 

to the lower contribution fi'om target foods, particularly jarred foods, to their total diet, 

and also due to the generally lower levels of ESBO in closures used in packaging adult 

foods (European Food Safety Authority 2004). When a conservative exposure 

assessment to ESBO on adults was completed the potential high exposure of adults was 

estimated at 0.84 mg/kg bw/day (0.64 mg/kg bw/day from glass jars + 0.2 mg/kg bw/day 

from cling film) (European Food Safety Authority 2006). Exposure for infants was 

calculated at 0.34-4.65 mg/kg bw/day (European Food Safety Authority 2004).

In the current exposure assessment children had lower intakes of ESBO at 0.0228 mg/kg 

bw/day compared with the estimated intake for adults and infants. Similar concentration 

datasets were used in the EFSA exposure assessment and the current assessment as the 

90**’ percentile concentration value for the level of ESBO present in foods was used in 

both studies. However, EFSA did not use actual consumption data but instead used the 

95*'’ percentile of food intake and assumed that these food groups were packaged solely 

in the material of interest. By using a food consumption database, which contained 

precise data on the packaging used for the food, uncertainty was significantly reduced in
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the exposure assessment. Conservatism was still ensured in the current study as food 

items that did not have their packaging identified had conservative assumptions made 

regarding the type of packaging used for these foods. Therefore, for Irish children aged 

5-12 years exposure to ESBO is not of concern, as it does not approach the TDI of 1 

mg/kg bw/day.

In previous studies on dietary exposure to VCM the intake of this migrant was estimated 

to be essentially zero (Agency for Toxic Substances and Disease Registry 1997). The 

current exposure assessment of VCM in Irish children is quite conservative as it was 

assumed that VCM was present in foods packaged in PVC or glass jars with PVC lined 

lids at a level of 0.005 mg/kg of food. Although the permitted level of VCM in the 

finished article is permitted to be 1 mg/kg it is acknowledged that most PVC does not 

contain any fi-ee VCM. However, completion of this exposure assessment demonstrated 

how an assessment could be completed efficiently even with no migration data once 

information is provided on the type of foods consumed and the packaging used for these 

foods. Although there is no TDI set for VCM exposure, the present conservative study 

found exposure in Irish children to be low at 0.006 ng/kg bw/day.

Two scenarios of styrene exposure were completed in this study. Both scenarios used 

conservative migration values (i.e. the 90‘*’ percentile migration concentration values and 

the maximum migration values). From Figure 5.3 it can be seen that by using the most 

conservative values (i.e. maximum migration values) the upper tail of the exposure 

distribution is stretched. This scenario analysis may provide useful information if the aim 

of the assessment is to establish the number of individuals exceeding a recommended 

upper intake level using different assumptions. From this study the mean styrene intake 

was 0.122 to 0.169 ng/kg bw/day, which is higher than was found in previous studies. In 

the UK total diet study exposure was estimated to range fi'om 0.03 to 0.05 [xg/kg bw/day 

for a 60kg person (Ministry for Agriculture, Food and Fisheries 1999a). Using the 

probabilistic exposure assessment methodology, median adult exposure in the UK 

ranged fi’om 0.037 to 0.041 |o,g/kg bw/day while median youths exposure in the UK was 

0.048 |xg/kg bw/day (Holmes et al. 2005). In another study, which was based on 

literature data, the styrene exposure fi’om food was found to range from 0.003 to 0.0017 

)ig/kg bw/day for several countries (Tang et al. 2000). In the US the exposure to styrene 

from food was estimated at 0.15 ng/kg bw/day (Lickly et al. 1995). From these studies it 

can be seen that there is a large variation in estimates of styrene intake. However, the US
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estimate is very similar to the estimate found in the current study. The higher exposure 

seen in the current study as compared with the UK studies may be due to the fact that 

these studies were completed for adults or older children (youths) and therefore on a per 

kilogram body weight basis, intakes of children should be expected to be higher. 

Although conservatism was built into this exposure assessment, the mean intake of 

styrene of 0.122 to 0.169 jig/kg bw/day is still well below the PMTDI of 40 ng/kg 

bw/day set by JECFA (World Health Organisation 1984) and therefore styrene intake is 

not of concern for Irish children.

By using the above methodology the exposure assessments for three food packaging 

migrants were completed and the results proved that the intakes of these migrants in Irish 

children are not of safety concern. These data lends itself to efficient use for multiple 

exposure scenario analysis, and fixture exposure assessments can be completed using this 

data source once the packaging in which the migrant of concern is identified and once 

migration data is available for this migrant.
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Table 5,1 Epoxidised Soy Bean Oil (ESBO) concentrations per food packaging 

group

ESBO
food group ESBO Concentration
code food group name mg/kg P90th Reference

1 Fatty sauce glass jar and metal lid 30 EFSA 2006
2 Pesto sauce glass jar and metal lid 300 EFSA 2006
3 Tomato sauce glass jar and metal lid 60 EFSA 2006

4* Fish in oil glass jar and metal lid 350 EFSA 2006
5* Vegetables in oil glass jar and metal lid 300 EFSA 2006
6* Cheese in oil glass jar and metal lid 150 EFSA 2006
1* Other glass jar and metal lid 30 Assumption 

Castle et al.
8 Meat PVC cling film 10.8 (1990) 

Castle et al.
9* Sandwiches PVC cling film 15 (1990) 

Castle et al.
10 Cheese PVC cling film 19.4 (1990) 

Castle et al.
11 Other PVC cling film 22.7 (1990)

*There were no eating events o f these food packaging groups in the Irish National 
Children’s Food Survey. Therefore exposure to ESBO from these groups is zero.
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Table 5.2 Styrene migration values per food group used in the exposure assessment of styrene

Food group 
code Food group

90th percentile 
concentration 

(mg/kg)

Max
concentration

(mg/kg) References

1 Yoghurt 0.0405 0.044 Flanjak and Sharrad (1984); Tawfik and Huyghebaert (1998)
2 Cream 0.0182 0.021 Flanjak and Sharrad (1984)
3 Cheese 0.0648 0.069 Flanjak and Sharrad (1984); Tawfik and Huyghebaert (1998)
4 Milk pudding, custard and desserts 0.0224 0.032 Flanjak and Sharrad (1984); Tawfik and Huyghebaert (1998)
5 Spread and margarine 0.0096 0.01 Flanjak and Sharrad (1984)
6 Takeaway foods 0.0022 0.0022 Bradley and Castle (2003)
7 Ice-cream* 0.02294 0.024 Flanjak and Sharrad (1984); Tawfik and Huyghebaert (1998)
8 Juice* 0.0048 0.005 Tawfik and Huyghebaert (1998)
9 Other- dry foods 0 0
10 Other- simulant A (aqueous) 0.08498 0.2729 Lickly et al. (1995)
11 Other- simulant B (acidic)* 0.0281 0.029 Tawfik and Huyghebaert (1998)
12 Other- simulant D (fatty) 0.1474 0.209 Lickly et al. (1995); Tawfik and Huyghebaert (1998)

* There were no foods from these food groups packaged in polystyrene and consumed in the National Children’s Food Survey.



Table 5.3 Exposure of Irish children aged 5-12 years to epoxidised soy bean oil 

(ESBO)

Daily ESBO exposure Daily ESBO exposure 
 (mg/day)_________(mg/kg bw/day)

Mean 0.6868 0.0228

Std. Deviation 0.4038 0.0127

Minimum 0.0000 0.0000

Maximum 8.4198 0.3845

Percentile: 90th 1.7502 0.0542

Percentile: 95th 2.1861 0.0769

Percentile: 97.5th 2.7333 0.0982

Percentile: 99th 3.4443 0.1185

Percentile: 99.9th 6.6484 0.3014
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Table 5.4 Contribution of food packaging groups to epoxidised soy bean oil

(ESBO) intake in Irish children

Food group ESBO intake (mg/day) 

Mean Std. Dev

% of total 

intake

All 0.686787 0.827512 100

Fatty sauce glass jar 0.063283 0.212918 9.2

Pesto sauce glass jar 0.018831 0.229131 2.7

Tomato sauce glass jar 0.321717 0.726496 46.8

Meat PVC cling film 0.246725 0.225625 35.9

Cheese PVC cling film 0.028839 0.083371 4.2

Other foods PVC cling film 0.007392 0.085791 1.1
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Table 5.5 Exposure of Irish children aged 5-12 years to vinyl chloride monomer 
(VCM)

Daily VCM exposure 
(Hg/day)

Daily VCM exposure 
(Hg /kg bw/day)

Mean 0.199 0.006

Std. Deviation 0.159 0.005

Minimum 0 0

Maximum 1.012 0.044

Percentile: 90th 0.377 0.012

Percentile: 95th 0.500 0.016

Percentile: 97.5th 0.598 0.020

Percentile: 99th 0.866 0.025

Percentile: 99.9th 0.962 0.043
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Table 5.6 Exposure of Irish children aged 5-12 years to styrene

90th Percentile migration values Maximum migration values

Styrene exposure 
(^g /day)

Styrene exposure 
(hr /kg bw/day)

Styrene exposure 
(Hg /day)

Styrene exposure 
(Hg /kg bw/day)

Mean 3.707 0.122 5.163 0.169

Std. Deviation 3.128 0.106 4.906 0.163

Minimum 0 0 0 0

Maximum 16.9 0.741 43.945 1.422

Percentile: 90th 7.952 0.256 11.2 0.355

Percentile: 95th 9.861 0.327 14.245 0.466

Percentile: 97.5th 11.695 0.391 17.718 0.572

Percentile: 99th 14.953 0.518 22.049 0.747

Percentile: 99.9th 16.75 0.653 36.519 0.858



Table 5.7 Contribution of food groups to styrene intake in Irish children when
using maximum migration values

Food Group Styrene Intake (jig /day) % of total

Mean Std. Dev intake

All 5.163 4.906 100

Yoghurt 1.033 1.451 20.01

Cream 0.005 0.026 0.10

Milk puddings, custards and desserts 0.022 0.126 0.43

Fat spread and margarine 0.002 0.017 0.04

T akeaway foods 0.001 0.008 0.02

Other styrene group (Aqueous) 0.402 2.792 7.79

Other styrene group (Fatty) 3.698 3.958 71.63
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Figure 5.1 Distribution of epoxidised soy bean oil (ESBO) intake among 594 
Irish children (mg/ kg bw/day)
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Figure 5.2 Distribution of vinyl chloride monomer (VCM) intake in 594 Irish 

children (fig/kg/bw/day)

H istogram  of VCM ug kgbw

rl.OO

“0.90

-0.80

-0.70

-0.60
uc

-0.50

■0.40

-0.30

-0.20

-0.10

■0.006.6466.6360.600
B in

O  '̂ 'CM ugl'0)w(m394) 
— 'XM ugl'gbw(ainiul)

149



Cu
m

ul
at

iv
e 

%
Figure 5.3 Distribution of styrene intake in 594 Irish children using the QO*** 

percentile migration values versus maximum migration values (fig /kg 

bw/day)

CREM^
1‘iiiral llivk ^  ! \misurf Mmlcllinu sdiuutn'

styrene Intake
-Styrene Intake P90 Migration 
Values

- Styrene Intake Max Migration 
Values

120.00%

100.00%

80.00%

60.00%

40.00%

20.00%

.00%

^  ^  ^  ^  ^  ^  
• Q> O- O- O- O* O- O- O' O* o '  O* O* O* N- N- N- N- N-

pg /kg bw/day

150



5.5 References

Agency for Toxic Substances and Disease Registry (ATSDR). 1997. Toxicological 
Profile for Vinyl Chloride. Update. (Final Report). NTIS Accession No. PB98-101132. 
Atlanta: Agency for Toxic Substances and Disease Registry. p274.

Bradley E, Castle L. 2003. Investigation of chemical migration into takeaway snack 
foods. CSL Report FD03/09. York: Central Science Laboratory.

Castle L, Mayo A, Gilbert J. 1990. Migration of epoxidised soy bean oil into foods from 
retail packaging materials and from plasticised PVC film used in the home. Food 
Additives and Contaminants 7(l):29-36.

Castle L, Price D, Dawkins JV. 1996. Oligomers in plastics packaging. Part 1. Migration 
tests for vinyl chloride tetramer. Food Additives and Contaminants 13(3):307-314.

CREMe Software Ltd. 2006. CREMe® Software v.2.0.2.Central Risk and Exposure 
Modelling e-Soultion (Dublin, Ireland) (http://www.cremesoftware.com).

Duffy E, Hearty AP, Gilsenan MB, Gibney MJ. 2006. Estimation of exposure to food 
packaging materials. 1: Development of a food packaging database. Food Additives and 
Contaminants 23(6):23-633.

European Commission. 1980. European Commission Directive 80/766/EEC of 8 July 
1980 laying down the Community method of analysis for the official control of the vinyl 
chloride monomer in materials and articles which are intended to come into contact with 
foodstuffs. OJ L213, 16/08/1980, p42-46.

European Commission. 1981. European Commission Directive 81/432/EEC of 29 April 
1980 laying down the Community method of analysis for the control of vinyl chloride 
released by materials and articles into foodstuffs. OJ LI67, 24/06/1981, p6-l 1.

European Commission. 2002. European Commission Directive 2002/72/EC of 15̂ '’ 
August 2002 relating to plastic materials and articles intended to come into contact with 
foodstuffs. Official Journal of the European Union L220, 15.08.2002, p. 18, corrigendum 
OJ L39, 13.02.2003, pi.

European Council. 1978. European Council Directive 78/174/EEC of the 30 January 
1978 on the approximation of the laws of the Member States relating to materials and 
articles which contain vinyl chloride monomer and are intended to come into contact 
with foodstuffs. OJ L44, 15.2.1978, p.l5. Corrigendum, OJ L163, 20.6.1978, p24.

European Council. 1985. European Council Directive 85/572/EEC of the 19 December 
1985 on laying down the list of simulants to be used for testing migration of constituents 
of plastic materials and articles intended to come into contact with foodstuffs. OJ L372, 
31.12.1985, pl4.

European Food Safety Authority (EFSA). 2004. Opinion of the scientific panel on food 
additives, flavourings, processing aids and materials in contact with food on a request 
from the Commission related to the use of epoxidised soy bean oil in food contact 
materials adopted on 26 May 2004 by written procedure Question No EFSA-Q-2003-073 
(available at:

151



http://www.efsa.eu.int/science/afc/afc opinions/467/opinion afclO ei64 epox sovoil e
nl.pdf) (accessed on 24 April 2006).

European Food Safety Authority (EFSA). 2005a. Opinion of the scientific committee on 
a request from EFSA related to exposure assessments. Request No EFSA-Q-2003-107 
adopted on 22 June 2005 (available at:
http://www.efsa.eu.int/science/sc commitee/sc opinions/1028 en.html) (accessed on 25 
April 2006).

European food Safety Authority (EFSA). 2005b. Opinion of the the scientific panel on 
food additives, flavourings, processing aids and materials in contact with food related to 
2-Isopropyl thioxanthone (ITX) and 2-ethylhexyl-4-dimethylaminobenzoate (EHDAB) 
in food contact materials. Question numbers EFSA-Q-2005-240 & EFSA-Q-2005-241 
(available at:
http://www.efsa.eu.int/science/afc/afc opinions/1256 en.html) (accessed on 25 April 
2006).

European Food Safety Authority (EFSA). 2006. Opinion of the scientific panel on food 
additives, flavourings, processing aids and materials in contact with food related to 
exposure of adults to expoxidised soybean oil used in food contact materials. Question 
No EFSA-Q-2005-219073 (available at:
http://www.efsa.eu.int/science/afc/afc opinions/1399/afc op el332 esbo op enl.pdf) 
(accessed on 28 April 2006).

Fantoni L, Simoneau C. 2003. European survey of contamination of homogenized baby 
food by epoxidized soybean oil migrafion from plasficized PVC gaskets. Food Additives 
and Contaminants 20(11): 1087-1096.

Filser JG, Kessler W, Csanady GA. 2002. Estimation of a possible tumorigenic risk of 
styrene from daily intake via food and ambient air. Toxicology Letters 126:1-18.

Flanjak J, Sharrard J. 1984. Quantitative analysis of styrene monomer in foods. A limited 
East Australian survey. J. Sci. Food. Agri. 35:457-462.

Food Standards Agency (FSA). 2003. Chemicals used in plastic materials and articles in 
contact with food: compliance with the statutory limits on composition and migration. 
FSA Report 43/03. London: Food Standards Agency

Hammarling L, Gustavsson H, Svensson K, Karlsson S, Oskarsson A. 1998. Migration 
of epoxidised soy bean oil from plasticized PVC gaskets into baby food. Food Additives 
and Contaminants 15(2):203-208.

Holmes MJ, Hart A, Northing P, Oldring PKT, Castle L, Stott D, Smith G, Wardman O. 
2005. Dietary exposure to chemical migrants from food contact materials: A 
probabilistic approach. Food Additives and Contaminants 22(10): 907-919.

International Agency for Research in Cancer (lARC). 1979. lARC Monographs 1:337- 
438.

International Life Sciences Institute (ILSI). 2002. Packaging Materials 2. Polystyrene for 
food packaging applications. ILSI Report Series prepared under the responsibility of the 
ILSI Europe Packaging Material Task Force (available at:

152



http://europe.ilsi.org/NR/rdonlvres/7262Q4B2-872E-4F3B-B9FF-
07018EA2AB11 /0/polvstvrene.pdf) (accessed on 25 April 2006).

Irish Universities Nutrition Alliance (lUNA). 2005. National Children’s Food Survey 
(available at: www.iuna.net) (accessed on 16 December 2005).

Kielhom J, Melber C, Wahnschaffe U, Aitio A, Mangelsdorf I. 2000. Vinyl Chloride: 
Still a cause for concern. Environmental Health Perspective 108:579-588.

Lickly TD, Breder CV, Rainey ML. 1995. A model for estimating the daily dietary 
intake of a substance from food-contact articles: Styrene from polystyrene food-contact 
polymers. Regulatory Toxicology and Pharmacology 21:406-417.

Ministry for Agriculture, Food and Fisheries (MAFF). 1999a. Total Diet Study: Styrene. 
Food Survellance Information Sheet No. 189 (available at: 
WWW .maff goV .uk/food/infsheet/index.htm) (accessed on 24 April 2006).

Ministry for Agriculture, Food and Fisheries (MAFF). 1999b. Epoxidised Soy Bean Oil 
Migration from Plasticised Gaskets. Food Surveillance Information Sheet No. 186 
(available at:
http://archive.food.gov.Uk/maff/archive/food/infsheet/l 999/no 186/annex 1 .htm)
(accessed on 15 May 2006).

Pearson RB. 1982. PVC as a food packaging material. Food Chemistry 8:85-96.

Polystyrene Packaging Council 2005. Polystyrene and its raw material styrene. 
Manufacture and use. White paper publication of the polystyrene packaging council. 
Washington DC: Polystyrene Packaging Council.

Steele DH, Thornburg MJ, Stanley JS, Miller RR, Brooke R, Cushman JR, Cruzan G. 
1994. Determination of styrene in selected foods. J. Agric. Food Chem. 42:1161-1165.

Tang W, Hemm I, Eisenbrand G. 2000. Estimation of human exposure to styrene and 
ethylbenzene. Toxicology 144:39-50.

Tawfik MS, Huyghebaert A. 1998. Polystyrene cups and containers: styrene migration. 
Food Additives and Contaminants 15(5):592-599.

World Health Organisation (WHO). 1984. Toxicological evaluation of certain food 
additives and food contaminants. 28**’ Report of the Joint FAO/WHO Expert Committee 
in Food Additives. WHO Food Additives Series No. 19. World Health Organisation, 
Geneva.

153



Chapter 6

Development of a food packaging migrant exposure model in 

the CREMe^^ software
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6.1 Introduction

Risk assessment is increasingly turning to probabilistic approaches for exposure 

assessment in the area of food safety assessment (Arcella et al. 2003; Boon et al. 2003; 

Gilsenan et al. 2003; Lopez et al. 2003; Rubingh et al. 2003). In 1999 the European 

Commission funded a project entitled the “Development, validation and application of 

stochastic modelling of human exposure to food chemicals and nutrients” (Monte Carlo 

Project QLKl-CT-1999-00155) devoted to improving probabilistic exposure assessments 

for food chemicals. During this project the “Monte Carlo” software was developed for 

the probabilistic exposure assessment of food chemicals and nutrients (McNamara et al. 

2003). As the focus of the Monte Carlo project was to estimate exposure to direct food 

additives and nutrients via deterministic and probabilistic methods, the Monte Carlo 

software was ftarther developed as part of the CREMe project, to estimate exposure to 

indirect food additives, specifically migrants from food packaging materials. This new 

software was named CREMe™ (CREMe Software Ltd 2006).

One of the reasons it was decided to focus on developing a model for the estimation of 

food packaging migrants was due to their complexity as indirect food additives and also 

to demonstrate how the current simplistic approach to estimating exposure to these 

chemicals can be improved. The EU approach for estimating exposure to food packaging 

materials uses conservative point values. However, data available on food consumption, 

food packaging usage and migration can allow this conservative methodology to be 

refined. The food packaging dietary exposure model in CREMe^*^ facilitates the use of 

these types o f data, to permit a more accurate and informative estimate of exposure to 

food packaging migrants. CREMe^'^ can use deterministic data (i.e. data sets that have 

no data fields involving probabilistic data or functions) and probabilistic data (i.e. data 

that can be expressed as a distribution to account for, or represent variability and/or 

uncertainty) in the exposure assessment. Deterministic data may be useful for exposure 

assessments in the future, if packaging information is collected as part of food 

consumption surveys as recommended by EFSA (European Food Safety Authority 2005) 

and if  only point values are available for migration levels. In this case the CREMe^"^ 

software links food packaging consumption data with migration data. However, at 

present there is a large amount of variability and uncertainty in the exposure assessment 

of food packaging migrants (e.g. variability in food intakes, variability in body weights 

of individuals, uncertainty regarding the type of packaging used for foods and 

uncertainty regarding the level of migration into different foodstuffs and food simulants).
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CREMe^”̂  facilitates the inclusion of this variability and uncertainty in the exposure 

assessment, and therefore produces more informative exposure estimates.

The CREMe’"'̂  software is accessible as a web-based application service and uses high 

performance computing (HPC) to complete the computations. The system allows and 

supports very significant complexity in the data sets used as the model input, but 

provides a simple general purpose kernel for model evaluation. The use of HPC 

significantly increases the speed of the software and therefore facilitates the completion 

of multiple exposure scenarios in a short space of time. As the software has the ability to 

handle very large datasets, it allows comprehensive exposure assessments that may not 

be possible with other software programs.

The development of the food packaging migrant model in CREMe’ '̂̂  involved a number 

of phases, which included (1) conceptual model development, (2) algorithm 

development, (3) implementation of the algorithm and conceptual model into the 

software and (4) model validation. Each of these phases is described in detail in the 

following sections.

6.2 Conceptual model development

When estimating exposure to any food chemical, either direct or indirect, a conceptual 

model is often a useful tool in the problem formulation (Department for Environment, 

Food and Rural Affairs 2000). In the case of food chemical exposure assessments, a 

conceptual model is a set of rules governing the manner in which independent datasets 

are linked in the computation of food chemical exposure. A block diagram often 

illustrates a conceptual model and it defines the physical, chemical and behavioural 

information and exposure algorithms by which the model mimics a realistic exposure 

scenario (World Health Organisation 2005). Although conceptual models describe the 

interrelationship that best determines exposure estimates, not all relevant data may be 

available to the risk assessor. It is recognised that conceptual models can be expanded to 

include all eventualities, but to be of use in risk assessment, they should strike a balance 

between embracing as many factors as possible and not being excessively elaborate 

(Gibney and van der Voet 2003). The aim of the conceptual model developed in this 

project was to create a representation of human dietary exposure to chemical migrants 

fi'om food packaging materials. In the first step, which involved an extensive literature 

review, all factors that influence the exposure to a migrant were examined. When these
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data needs were combined a conceptual model was constructed (Figure 6.1). This model 

was peer reviewed by some members of the ILSI Europe Packaging Material task force 

before implementation into the CREMe™ software.

6.3 Algorithm development

To estimate a population’s exposure to a food packaging migrant, the following 

algorithm was used:

A. Calculate the exposure for each eating event in the consumption database.

B. For each subject in the consumption database, sum the exposure for each of that 

subject’s eating events.

C. Divide each subject’s total exposure by that subject’s survey period (in days) to 

obtain a daily average for each subject.

D. If body weight information is available, calculate each subject’s exposure per kg 

body weight.

Once each subject’s exposure is calculated, the mean exposure over subjects can be 

found. As high consumers of food chemicals are of concern in exposure assessments, the 

intakes of subjects at the 97.5*'’ or 99*'’ percentile of exposure to the migrant are also 

calculated, in addition to a range of other statistics. This process is repeated a number of 

times when there are probabilistic inputs in the simulation as the value of each statistic 

will typically change for each iteration. Each repetition of the algorithm is called an 

iteration, and involves performing steps A to D above.

In Monte Carlo analysis, one of two sampling schemes is generally employed; simple 

random sampling or Latin Hypercube sampling (US Environmental Protection Agency 

1997). In CREMe’’’’̂  simple random sampling is used and it involves repeating the 

algorithm until the desired output value has converged. Each time the simulation 

encounters an input variable that is expressed as a probability distribution, a new random 

number is drawn from that distribution. Each consumer percentile is calculated on each 

iteration, and when all iterations have completed, statistics over these iterations are 

calculated (e.g. the average value and confidence intervals of each consumer percentile).

6.4 Implementation of the algorithm and conceptual model into the software

It is recognised that the implementation of an exposure model should reflect the 

underlying conceptual model (World Health Organisation 2005). The conceptual model
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(Figure 6.1) illustrates the process used by the CREMe™ packaging migrant model to 

calculate exposure to the target migrant for each eating event in the consumption 

database. This process corresponds to Step A in the algorithm above. The model 

functions as follows:

1. Each eating occasion in the consumption database is examined in turn.

2. The amount o f food consumed at the j'*’ eating event, qj is extracted from the 

consumption database.

3. If the brand for the jth eating event is not already recorded in the consumption 

database, then it is assigned using a market share and brand loyalty database. 

(This step is only necessary if  migrant data is specified at a brand level).
f h4. A food group from the food grouping database is assigned to the j  eating

event. (This step is only necessary if  migrant data is specified at a food group 

level).

5. The simulant types database is consulted to assign a simulant type to the

eating event, based on food, brand and food group. (This step is only 

necessary if  migrant data is specified at a simulant level).

6. If the packaging type for the jth eating event is not already recorded in the

consumption database, then it is assigned using a packaging use database. 

The packaging type is chosen based on the food, brand and food group o f the 

eating event. If multiple packaging types are available then one is assigned 

randomly, based on packaging market share.

7. A migrant concentration record is selected from the migrant information 

database, based on the packaging type and food type o f the jih eating event. (If 

the eating event has a brand, food group or simulant type assigned, then these 

will also be used to select a migrant concentration record).

8. The migrant concentration record for the jth eating event contains information 

such as the probability o f presence o f the migrant in the food/simulant, the 

limit o f reporting (LOR), and the migrant concentration, cj,

9. The migrant is stochastically deemed either present or not present based on 

the presence probability.

10. If the migrant is not present, the concentration may still be set to a non-zero 

value, based on the value of the LOR and the LOR model chosen by the user. 

LOR models for non-detects include:

a. setting the concentration to zero (default model)
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b. setting the concentration equal to the LOR

c. setting the concentration equal to 0.5*LOR,

d. setting the concentration to a random value uniformly distributed between 

0 and the LOR).

11. The migrant intake of the eating event is calculated by: nij = qj x c j .

12. Steps 2-11 are repeated for the next eating event in the consumption database, 

and so on until a migrant intake is calculated for every eating event in the 

consumption database.

The remaining steps in the algorithm (steps B, C and D) can be summarised as in 

Equation 1:

_ 1 j  = F(s)

t=L(s)

m.
/

j=L(s)

Equation 1

where, ds is the daily migrant intake for subject s, Ns is the number of days over which 

subject 5 was surveyed, W, is the bodyweight of subject s, F(s) is the first eating event in 

the consumption database for subject s, and L(s) is the last eating event in the 

consumption database for subject s. The value mj (the migrant intake for eating event j ,  is 

calculated using the conceptual model for eating event j  (from Figure 1), and is equal to 

the product qj x cj, where qj is the amount of food consumed at eating event j ,  and Cj is 

the concentration of the migrant at eating event j.

Each of the six cylindrical symbols in the conceptual model (Figure 6.1) represents a set 

of input data, in the form of a database table. The CREMe™ software tool allows users 

to upload data fi-om their PC into these database tables. For each database table, the 

following paragraphs describe the information that is contained in each:

Consumption database: contains a record of each eating event in the consumption 

survey. An eating event consists of information such as who consumed the food, the type 

of food consumed, the day on which the food was consumed and the amount of food
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consumed. Optional information that may be contained in the consumption database 

mcludes the brand of food consumed and the packaging type of the food. Each subject’s 

bodyweight is also stored in the consumption database.

Brand Loyalty and Market Share database: specifies the possible brands that may be 

assigned to each food, including the market share and brand loyalty of each brand. 

CREMe’"’̂  provides several models for assigning brands to foods using this database 

(McNamara et al. 2003). This database is only required if migrant data is specified at a

brand level, and is only used to assign a brand to an eating event if no brand for that

eating event is already specified in the consumption database.

Food Grouping database: If migrant data is specified at a food group level, then the food 

grouping database can be used to assign a food group to an eating event, based on that 

eating event’s food code (and possibly brand code).

Simulant Types: If migrant data is specified at a simulant level, then the simulant types 

database can be used to assign a simulant type to an eating event, based on that eating 

event’s food code (and possibly brand code or food group code).

Packaging Use: Each eating event must be assigned a packaging type, since the migrant 

information database is specified in terms of packaging types. The packaging use

database is used if the packaging type for an eating event is not recorded in the

consumption database. The database contains information on different packaging types 

used with different food types (and/or different brands or food groups). This includes 

information on the probability of the food not being packaged. If multiple packaging 

types are used for a food, then one is chosen randomly based on packaging usage data. If 

a packaging type for a particular eating event cannot be found in the packaging use 

database, then the migrant is deemed not present for that eating event.

Migrant information database: This database specifies the probability of presence of a 

migrant in a packaging material, the concentration, the LOR and other factors for the 

target migrant, for different packaging types, for different foods or brands of foods. (If 

this migrant data is not available at a food or brand level, it may be specified at a 

simulant type level or a food group level).
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For each eating event, CREMe’’’'  ̂ chooses the migrant information that best matches the 

data assigned to that eating event.

6.5 Model validation

Before embarking on a dietary exposure assessment of food packaging migrants using 

CREMe™ it was necessary to vahdate the model. At the present time no model-specific 

or universally applicable model validation process exists (US Environmental Protection 

Agency 1994). To validate results of a model it is useful to compare the results with 

actual or true exposure (Gibney and van der Voet 2003, The Interdepartmental Group on 

Health Risks from Chemicals 2004). Although it is difficult to get estimates of real 

intakes of food packaging migrants due to the lack of biological data, real exposure to 

food packaging materials was known in this study (as real data was collected on Irish 

children) and therefore assumptions only had to be made regarding the concentration of 

the migrant in the food. In addition to comparing exposure assessment results to real 

intakes, comparison of results from different assessment methods can be used to provide 

evidence of validity or at least agreement of the exposure models (The Interdepartmental 

Group on Health Risks from Chemicals 2004). To ensure validity of the data used in the 

exposure assessment, quality assurance was completed on the input data to ensure 

correct data collection, data entry, and data presentation. For validation of software 

calculations results were compared with other software programs to ensure that the 

software was using the data correctly and producing correct results for the output 

parameters.

All features of the CREMe^'^ software, apart from the food packaging migrant exposure 

model, were validated as part of the Monte Carlo project (e.g. independent testing of data 

expression evaluation, single linear calculation kernel which can handle the complete 

stochastic simulation process, loyalty models) (Arcella et al. 2003; Gilsenan et al. 2003; 

Lopez et al. 2003; McNamara et al. 2003) and therefore it was necessary to only validate 

the food packaging migrant model as part of the current project. The validation process 

comprised of two phases, one where only deterministic data were used and one where 

probabilistic data were used.

To validate the software two datasets were used (i.e. one that had only deterministic data 

and one with probabilistic inputs). Both of these data sets were developed from a sub 

sample of subjects who completed the NCFS (n=319, 54%) and the IFPD. The NCFS
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collected information on the consumption patterns of children aged 5-12 years and 

included information on the type of food consumed, the amount of food consumed, the 

brand of food and also the packaging used for this food. Packaging materials were also 

collected as part of this survey and forwarded to the coordinating centre, where they 

were used to construct the IFPD (Duffy et al. 2006a). The IFPD recorded information on 

the packaging type and also the contact layer used for the packaging. The NCFS and the 

IFPD were merged to develop a database, which had complete information on foods 

consumed and the packaging materials used for these foods (Duffy et al. 2006b). A sub 

sample of this database was randomly selected for use in the validation of the CREMe^'^ 

software. This sample represents a true database of packaging intakes for a sub sample of 

Irish children and included over 35000 eating events of 1588 different foods, each of 

which may have been packaged in one of a number of different packaging materials. 

However, as the migration of chemicals into foods were not analysed as part the survey, 

information from the literature was used to assign the probability that a chemical migrant 

was present in the food and the level at which the chemical was present. For some eating 

events in the sub sample of the NCFS, the type of packaging was not recorded. For the 

deterministic estimate, the packaging type for these eating events was assigned based on 

expert opinion. In the probabilistic exposure assessment the probability of foods 

packaged in a particular packaging type was based on packaging use data from the IFPD 

and the NCFS. For food groups, which had packaging use data missing, a conservative 

probability was assigned for materials that may have contained the migrants of interest. 

Therefore results of the probabilistic exposure assessment should be expected to be 

higher as there is uncertainty in the estimation of the type of packaging used for some 

foods and this uncertainty was dealt with in a conservative manner.

As there are thousands of chemicals permitted for use in food packaging materials, three 

chemicals were chosen on which to complete the validation process- styrene monomer, 

vinyl chloride monomer and ESBO. The choice of these migrants was based on the fact 

that there were or are concerns over their presence in foods or that recent exposure 

assessments have been completed for these migrants (Ministry for Agriculture Food and 

Fisheries 1999; European Food Safety Authority 2004, 2006).

6.5.1 Deterministic exposure assessment

The deterministic exposure assessment was completed in CREMe’"'̂  and results were 

compared with the same exposure assessment completed using the statistical programme
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SPSS® version 12.0.1 (SPSS Inc., Chicago, IL, USA). As the data used for the 

deterministic exposure was based on real data jfrom a sub set of children in the NCFS, 

the estimate from the deterministic calculations can be viewed as representing the true 

intake for this sub sample of children. In both software programs, CREMe^^ and 

SPSS®, the intake of the migrant at each eating event in the food consumption survey 

was calculated. The intake of the migrant for each eating event was summed for each 

subject and averaged over seven days as the food consumption survey duration was 

seven days. This generated average daily intakes of the migrant for each of the 319 

subjects in the sample. These average daily intakes were then analysed to provide the 

overall mean intake as well as the standard deviation, minimum and maximum intakes. 

The CREMe'* ’̂̂  software uses linear interpolation to calculate percentiles as this is the 

most standard method used. As SPSS® does not use this method to calculate percentiles, 

Microsoft ® Excel 2000 was used to calculate percentiles as it uses linear interpolation. 

For deterministic data sets, CREMe^’̂  requires one iteration (i.e. the chemical intake per 

eating event is calculated once) as there is no variability in the input parameters therefore 

if multiple iterations were completed each would give the exact same result. Results 

from the calculations produced by SPSS® and CREMe™ are listed in Table 6.1. From 

this table it can be seen that CREMe™ exactly reproduced results produced by SPSS® 

and therefore it can be concluded that deterministic calculations for the exposure 

assessment of food packaging migrants is validated for the algorithm and conceptual 

model originally developed.

6.5.2 Probabilistic exposure assessment

The next step involved in validating the software algorithm was to ensure it was 

functioning as expected for a probabilistic exposure assessment. As SPSS® can only use 

deterministic data the software programme @Risk® 4.5 (Pallisade Corporation, New 

York, USA) was used to calculate probabilistic results to compare with probabilistic 

results produced in CREMe™. @Risk® is an add-in tool to Microsoft® Excel and can 

handle a limited number of rows of data and hence this was the main reason for using a 

sub sample of the NCFS data. To use @Risk® the user must have the relevant expertise 

to develop their own model to estimate exposure to migrants from food packaging 

materials. A model to mimic the food packaging migrant model in CREMe™ was 

constructed in @Risk® and it used information on food consumption, subject 

information, packaging use and migration data. In the CREMe"^"  ̂ software data was 

uploaded to a “food consumption” table, “food groups” table, and “migrant
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concentration” table. Unlike the deterministic approach, the packaging used for each 

eating event in the “food consumption” table was not known and therefore a “packaging 

use” table was populated with the probability of a specific packaging type being used for 

each food group. The probability of a packaging type being used for a particular food 

group was based on packaging usage data fi"om the NCFS and the IFPD. Therefore for 

each eating event CREMe™ had to assign a packaging type to each eating event. As 

limited data on the migrant concentration for each food group was available in the 

literature distributions of the migrant concentration in foods were not constructed and 

instead a fixed conservative value was used in the calculations. As this scenario involved 

probabilistic inputs 1000 iterations were computed in CREMe''"'^ and @Risk® to ensure 

representative outputs of the model. Model outputs included descriptive statistics for 

food intake per day, food intake per kilogram body weight, chemical intake per day and 

chemical intake per kilogram body weight. Output results for both CREMe’ '̂̂  and 

@Risk® are presented in Table 6.2 for the average daily intake of the migrants (mg/day). 

These results are higher than those fi’om the deterministic exposure assessment (true 

exposure assessment) due to the conservative assumptions chosen where uncertainties 

existed regarding the type of packaging used for foods. The results from CREMe^”̂  and 

@Risk® are in agreement, for example, the 97.5'*’ percentile of ESBO intake using the 

CREMe^^^ software was 3.89 mg/day, while the 97.5*'’ percentile using the @Risk model 

was 3.67 mg/day. In both of these cases the results are higher than the 9 7 . percentile of 

the true intake, which was 2.68 mg/day. These results validate the fact that the software 

is dealing with the data inputs as designed in the conceptual model and algorithm.

6.6 Comments

A food packaging migrant exposure model was built into the CREMe"' '̂  ̂ software to 

permit the use of data currently available for food consumption, packaging usage and 

migration to be used to improve the exposure assessment of food packaging migrants. 

This model was successfially implemented into the software after development of the 

algorithm and conceptual model. Before using the model, proper evaluation of the model 

was vital to ascertain its accuracy and reliability for its intended use. Inevitably, and 

appropriately, model validation is a major concern among both the exposure assessment 

community and agency officials that factor such assessments into management or policy 

decisions. Validation of an exposure model is limited to a demonstration that in a 

specific application, the model output agrees with measured data (World Health 

Organisation 2005). In the Monte Carlo project, models for dietary exposure assessment

164



of potentially toxic chemicals are fit for their purpose, and therefore validated, when they 

provide exposure estimates that can be shown not to underestimate the true exposure, but 

are at the same time more realistic than the currently used conservative estimates 

(Gibney and van der Voet 2003). This has been demonstrated for the food packaging 

migration model in CREMe^”̂  as the results of the probabilistic exposure assessment 

were greater than the deterministic (or true) intakes and this was due to the fact that 

uncertainty was dealt with conservatively in the model. During validation the benefits of 

completing exposure assessments using HPC as opposed to running calculations on a PC 

were clearly tangible as it was possible to include the full NCFS dataset in CREMe but 

these data had to be reduced to allow comparison with @Risk. Also exposure 

assessments were completed within minutes on CREMe© as opposed to >12 hours in 

@Risk®. Hence with CREMe© there was no need to run simulations over night. 

Therefore, in conclusion, the CREMe™ software is an efficient, flexible and validated 

tool for the estimation of exposure to food packaging migrants using deterministic or 

probabilistic datasets. It permits the use of complex and large datasets, which in turn can 

lead to comprehensive and informative exposure assessments of food packaging 

migrants.
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Table 6.1 Comparison of deterministic results in CREMe’̂ '̂  and SPSS® version 12.0.1 for a sub sample of subjects from the Irish National 
Children’s Food Survey (n=319)

Mean Std. Dev Minimum Maximum
90th 95th

Percentiles
97.5th 99th 99.9th

Expoxidised Soya Bean Oil
CREMe™ Software mg/day 0.69917 0.852707 0 8.419829 1.789337 2.194629 2.678623 3.083095 7.38741
SPSS® mg/day 0.69917 0.852707 0 8.419829 1.789337 2.194629 2.678623 3.083095 7.38741

CREMe™ mg/kg bw/day 0.023156 0.032741 0 0.384467 0.053669 0.075055 0.095841 0.107805 0.334359
SPSS® mg/kg bw/day 0.023156 0.032741 0 0.384467 0.053669 0.075055 0.095841 0.107805 0.334359

Styrene Monomer
CREMe™ mg/day 0.005137 0.005183 0 0.043945 0.010952 0.012903 0.017368 0.024859 0.039963
SPSS® mg/day 0.005137 0.005183 0 0.043945 0.010952 0.012903 0.017368 0.024859 0.039963

CREMe™ mg/kg bw/day 0.000171 0.000177 0 0.001422 0.000358 0.000469 0.000619 0.000838 0.001324
SPSS® mg/kg bw/day 0.000171 0.000177 0 0.001422 0.000358 0.000469 0.000619 0.000838 0.001324

Vinyl Chloride Monomer
CREMe™ mg/day 0.000196 0.000145 0 0.001012 0.000369 0.000469 0.000546 0.000651 0.000986
SPSS® mg/day 0.000196 0.000145 0 0.001012 0.000369 0.000469 0.000546 0.000651 0.000986

CREMe™ mg/kg bw/day 0.000006 0.000005 0 0.000044 0.000013 0.000015 0.000018 0.000024 0.000044
SPSS® mg/kg bw/day 0.000006 0.000005 0 0.000044 0.000013 0.000015 0.000018 0.000024 0.000044



Table 6.2 Comparison of probabilistic results in CREMe^'^ and @Risk® version 4.5 for a sub sample of subjects from the Irish National 
Children’s Food Survey (n=319)

Mean Std. Dev Minimum Maximum Percentiles
90th 95th 97.5th 99th

Expoxidised Soya Bean Oil
CREMe™ Software mg/day 
@Risk® mg/day

1.060634
1.077138

1.019750
0.926781

0.000863
0.004477

6.990211
5.132043

2.289596
2.312017

3.099965
2.948332

3.891400
3.670990

4.951639
4.336420

CREMe’’''  ̂mg/kg bw/day 
@Risk® mg/kg bw/day

0.034184
0.034707

0.032819
0.030986

0.000030
0.000117

0.237257
0.222710

0.072973
0.069463

0.096964
0.097794

0.122722
0.116789

0.158984
0.141555

Styrene Monomer
CREMe™ mg/day 
@Risk® mg/day

0.010512
0.010411

0.006337
0.006503

0.000131
0.000173

0.039647
0.041048

0.018740
0.018837

0.022501
0.022046

0.025993
0.025911

0.030086
0.030758

CREMe'*"'  ̂mg/kg bw/day 
@Risk® mg/kg bw/day

0.000345
0.000342

0.000218
0.000224

0.000003
0.000003

0.001365
0.001498

0.000629
0.000640

0.000758
0.000758

0.000878
0.000865

0.001033
0.001025

Vinyl Chloride Monomer
CREMe™ mg/day 
@Risk® mg/day

0.000328
0.000327

0.000190
0.000208

0.000007
0.000004

0.001148
0.001337

0.000578
0.000589

0.000681
0.000707

0.000781
0.000828

0.000904
0.000981

CREMe™ mg/kg bw/day 
@Risk® mg/kg bw/day

0.000011
0.000011

0.000006
0.000007

0.000000
0.000000

0.000043
0.000048

0.000019
0.000020

0.000023
0.000024

0.000026
0.000027

0.000031
0.000034



Figure 6.1 Conceptual model of dietary exposure model to food packaging 
migrants
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Chapter 7

General Discussion
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7.1 Discussion

Exposure to food packaging migrants is expected to be low and the likelihood of their 

impacting on public health is reported to be remote (Heckman 2005). Despite this the 

exposure assessment of food packaging materials has prompted widespread discussion 

between and within industry, regulators, and the general consumer. Some of this 

discussion emanates from the fact that the US has an entirely different system than the 

EU for the estimation of exposure, while proposed amendments to the current EU 

legislation on plastic packaging is causing concern for the packaging industry. In 

general, it is agreed that there is a need for a more refined exposure assessment in the EU 

(International Life Science Institute 1996; Svensson 2002; Simoneau 2004; Heckman 

2005). However, even though this need has been recognised very little data had been 

collected to facilitate this refinement and this lack of data has caused a “bottle neck” in 

the exposure assessment of food packaging migrants for the past number of years.

As part of this thesis a food packaging database was constructed to provide qualitative 

information on the packaging used for foods consumed by children. This was the first 

time a food packaging database was constructed with the sole purpose of aiding the 

exposure assessment of food packaging migrants. It was also the first packaging database 

constructed to directly link with a food consumption survey. This was completed at an 

additional cost of only 10% to the overall cost of the food consumption survey. 

Therefore, it has proved a cost effective model for the collection of detailed packaging 

information and as EFSA now recommends the collection of packaging information as 

part of food consumption surveys (European Food Safety Authority 2005), it would 

seem reasonable for other food consumption database managers to learn from the 

methodology used in this survey.

The analysis of the packaging database completed in this thesis was for the time period 

2003-2005 and provides only a snap shot of packaging usage. However, as one of the 

priorities of food consumption surveys in Ireland for the past number of years, and for 

the future, is to permit the accurate assessment of food chemicals, data entry is 

continuing into the food packaging database as part of the Irish National Teen Food 

Survey. In this survey, teenagers are collecting the packaging used for foods they 

consume, which is then forwarded to the co-ordinating centre for further analysis. In 

addition to documenting the packaging type and the contact layer of the packaging, 

information is now being recorded on the ingredients, additives and nutrients of the
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packaged food. This is extending the applicability of the packaging database to a number 

of different areas and will permit the more accurate exposure assessment of all these 

food chemicals.

In the past, children have been identified as being at risk of higher exposures as 

compared with adults (Parmar et al. 1997; Kroes et al. 2002; Renwick et al. 2003). This 

is due to the fact that they have a higher consumption per kilogram body weight and also 

that they may have a more homogeneous diet as compared with adults. Some studies that 

mvestigated children’s exposure to food packaging migrants proved these points 

(Hammarling et al. 1998; Castle 2003; Fantoni and Simoneau 2003). However, in these 

studies children’s potential or hypothetical exposure to food packaging materials was 

used in the exposure assessment, as opposed to children’s actual exposure to food 

packaging materials. This was because no study had previously investigated children’s 

exposure to food packaging materials. Therefore it seemed timely as part of this thesis to 

document children’s actual exposure to food packaging materials. In this thesis it was 

found that children’s exposure to plastic packaging materials was quite high, as they 

consumed 993 g/day of food packaged in plastic. This is in comparison to a conservative 

assumption of 1 kg/day of food consumed (packaged in plastic) used in the EU exposure 

assessment of packaging migrants for adults. As this EU assumption was first developed 

in the 1960s (Heckman 2005), it may now be appropriate for the EU to reconsider the 

likely intake of packaged foods. It is well documented that there has been a large 

increase in the pre packaged food market (Hotchkiss 1997; Public Health Advocacy 

Institute 2004; Eilert 2005) and this research supports this fact. The European 

Commission has recognised the fact that infants/children have a higher consumption of 

food per kilogram body weight, and have proposed to introduce rules to take into 

account the low ratio between the weight of food ingested and the weight of their body. 

In a proposed 4'*’ amendment to the plastics regulations it is recommended that where 

applicable the value of migration should be expressed always in mg/kg to be compared 

with the limit.

In the US, the FDA have been using a more refined method for the exposure assessment 

of food packaging migrants for the past number of years. The FDA take into account the 

likely use of the material in which the migrant may be present (i.e. consumption factor) 

and the types of food for which this material may be used (i.e. food type distribution 

factor) (US Food and Drug Administration 2002). This permits an EDI to be calculated
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on the basis of a 3 kg food intake (soHds and Hquids) and a 60 kg person. Consumption 

factors and food type distribution factors were derived as part of the work completed for 

this thesis. These factors were based on the diet of Irish children aged between 5 and 12 

years and therefore cannot be considered representative for adults or other populations in 

Europe. The use and development of consumption factors and food type distribution 

factors have been the topic of discussion in the EU for the past decade (International Life 

Sciences Institute 1996) and yet no research group have tried to develop these factors for 

any population. Therefore, the work produced as part of this thesis is a start in the 

development of such factors, however a pan European effort would be needed if 

representative factors were to be developed, that would gain acceptance by both EU 

industries and regulators.

As the US FDA approach provides a point estimate of exposure, the use of a simple 

distribution approach will provide more information on the distribution of exposures 

within a population, as the exposure of each individual in the population is calculated 

(Gibney 1999; Kroes et al. 2002). As this approach uses computerised food consumption 

databases it makes better use of available data as compared with the point estimate 

approach. The simple distribution approach was used to estimate the intake of three food 

packaging migrants in this thesis. It was found that exposure to these migrants were not 

of concern for Irish children. As it is now recommended by EFSA to collect packaging 

information as part of food consumption surveys (European Food Safety Authority 

2005), this method of exposure assessment may become more prominent in the future. 

Currently, this methodology is not frequently used as, although most countries have food 

consumption data, they do not have packaging data to link with the food consumption 

data. Therefore they are hindered in completing simple distributions of exposures, as 

there are large uncertainties regarding the type of packaging used for foods.

In the US, the extent of toxicological studies required to clear a given substance depends 

on the calculated exposure, i.e. the EDI. If the EDI is estimated to be below 0.5 ppb no 

data is required to establish safety, as this is the threshold (i.e. the TOR) that precludes 

the need for toxicity testing once the substance does not have any structural alerts 

(Cheeseman et al. 1999). A similar threshold concept, known as the TTC, has been 

proposed in Europe for food packaging migrants and flavourings (Kroes et al. 2000; 

Barlow et al. 2001; Kroes et al. 2004; Barlow 2005; Renwick 2005). One of the 

advantages of this system is that it can accelerate the evaluation process of substances to
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which humans are exposed at low levels. The application of the TTC principle would 

allow resources used in food safety assessments to be focused on those chemicals of 

greatest public health importance and would reduce the number of animal toxicity 

studies. As a reduction in the number of animals used in toxicity studies is a top EU 

priority, it seems inadequate that one of the reasons the TTC cannot be applied to the 

safety assessment of food packaging migrants is due to the lack of a refined exposure 

assessment methodology. This thesis has demonstrated three stages in the refinement of 

the exposure assessment for food packaging migrants (i.e. the point estimate approach 

similar to the FDA methodology, the simple distribution approach and the probabilistic 

approach), and therefore has demonstrated how it is possible to refine the exposure 

assessment with data that are currently available. However, consensus needs to be 

reached in Europe to define a refined methodology that can be used in the regulatory 

approval of migrants. In addition, as the level of toxicity testing in the EU is based on the 

results of migration studies, there would be a need to change the way approval is sought 

for substances migrating fi’om packaging materials.

During the development of this thesis it was recognised that variability and uncertainty 

will always remain characters of the exposure assessment of food packaging materials. A 

method fi'equently used to include variability and uncertainty in the exposure assessment 

of food chemicals is probabilistic analysis (Arcella et al. 2003; Boon et al. 2003; 

Gilsenan et al. 2003; Lopez et al. 2003; Rubingh et al. 2003; Boon et al. 2005; Holmes et 

al. 2005). The development and application of a probabilistic exposure model for food 

packaging migrants was demonstrated and discussed in Chapter 6. Although 

probabilistic exposure modelling is a very usefiil and highly refined tool to have for the 

estimation of exposure it should always be remembered that the procedure for the 

assessment of exposure should follow a “decision tree” or tiered approach in which the 

methodology employed proceeds from the crude to the more refined, if results from the 

less refined methods dictate the need to do so (Gibney and Lambe 1996; US 

Environmental Protection Agency 1997; World Health Organization 1997; van Drooge 

and van Haelst 2001; Lambe 2002; Renwick et al. 2003; Barlow 2005). The use of 

probabilistic exposure modelling is more complex than the use of point estimates or 

simple distributions and novel users of this method should seek expert advice when 

constructing or using these models. It is very important that modelling is not seen as a 

means of compensating for poor quality or inappropriate data. In cases of limited data 

the benefit of probabilistic modelling lies in facilitating the estimation of the uncertainty
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introduced by the Umited data, rather than stretching the data beyond their limits (Lambe 

2002).

The accurate assessment of exposure to food packaging migrants is an ever developing 

and prominent discipline in the area of food safety assessment. In Europe the exposure 

assessment of food packaging migrants is a hot topic due to potential implications of 

fiiture legislation and the need for the introduction of the TTC. The ILSI Europe Food 

Packaging Material task force has convened an expert group on the exposure assessment 

of food packaging materials. Work from this group, which aims to be published in 2007, 

will provide guidelines on how to complete exposure assessments for food packaging 

migrants and the level of refinement needed under different scenarios. The research 

presented in this thesis will provide groups, similar to the ILSI expert group and others in 

the food packaging exposure assessment community, with a body of pertinent 

information, which will both serve to improve existing knowledge within this area and 

act as a basis for future research to develop a more representative and consistent 

approach to estimating exposure to these indirect food chemicals.

176



7.2 References

Arcella D, Soggiu ME, Leclercq C. 2003. Probabilistic modelling of human exposure to 
intense sweeteners in Italian teenagers: validation and sensitivity analysis of a 
probabilistic model including indicators of market share and brand loyalty. Food 
Additives and Contaminants 20(Supp 1): S73-S86.

Barlow SM, Kozianowski, Wiirtzen G, Schlatter J. 2001. Threshold of toxicological 
concern for substances present in the diet. Food and Chemical Toxicology 39(9):893- 
905.

Barlow S. 2005. Threshold of Toxicological Concern (TTC). A tool for assessing 
substances of unknown toxicity present at low levels in the diet. ILSI Europe Concise 
Monograph. Brussels: ILSI Europe.

Boon PE, van der Voet H, van Klaveren JD. 2003. Validation of a probabilistic model of 
dietary exposure to selected pesticides in Dutch infants. Food Additives and 
Contaminants 60: S36-S49.

Boon PE, de Mul A, van der Voet H, van Donkersgoed G, Brette M, van Klaveren JD. 
2005. Calculations of dietary exposure to acrylamide. Mutation Research 580:143-155.

Castle L. 2003. Approaches to assess risk and assign priorities to chemicals used to make 
food contact materials. Report FD 03/3. York: Central Science Laboratory.

Cheeseman MA, Machuga EJ, Bailey AB. 1999. A tiered approach to threshold of 
regulation. Food and Chemical Toxicology 37:387-412.

Eilert SJ. 2005. New packaging technologies for the 21*‘ century. Meat Science 71:122- 
127.

European Food Safety Authority (EFSA). 2005. Scientific Colloquium on European 
Food Consumption Database: Current and medium to long-term strategies, April 2005 
(available at:
http://www.efsa.eu.int/science/colloquium series/col consumption/824 en.htmP 
(accessed on 28 October 2005).

Fantoni L, Simoneau C. 2003. European survey of contamination of homogenized baby 
food by epoxidized soybean oil migration from plasticized PVC gaskets. Food Additives 
and Contaminants 20( 11): 1087-1096.

Gibney MJ, Lambe J. 1996. Estimation of food additive intake: methodology overview. 
Food Additives and Contaminants 13(4):405-410.

Gibney M. 1999. Dietary intake methods for estimating food additive intake. Regulatory 
Toxicology and Pharmacology 30:S31-S33.

Gilsenan MB, Thompson RL, Lambe J, Gibney MJ. 2003. Validation analysis of 
probabilities models of dietary exposure to food additives. Food Additives and 
Contaminants 20(Suppl 1):S61-S72.

177



Hammarling L, Gustavsson H, Svensson K, Karlsson S, Oskarsson A. 1998. Migration 
of epoxidised soya bean oil from plasticized PVC gaskets into baby food. Food 
Additives and Contaminants 15(2):203-208.

Heckman JH. 2005. Food packaging regulation in the United States and the European 
Union. Regulatory Toxicology and Pharmacology 42:96-122.

Holmes MJ, Hart A, Northing P, Oldring PKT, Castle L, Stott D, Smith G, Wardman O. 
2005. Dietary exposure to chemical migrants from food contact materials: A 
probabilistic approach. Food Additives and Contaminants 22(10): 907-919.

Hotchkiss JH. 1997. Food-packaging interactions influencing quality and safety. Food 
Additives and Contaminants 14:601-607.

International Life Sciences Institute (ILSI). 1996. Food consumption and packaging 
usage factors- Summary of a workshop held in July 1996 (available at: 
http://europe.iIsi.org/file/ILSIFCon.pdf) (accessed on 11 October 2005).

Kroes R, Galli C, Munro I, Schilter B, Tran L-A, Walker R, Wurtzen G. 2000. Threshold 
of toxicological concern for chemical substances present in the diet: A practical tool for 
assessing the need for toxicity testing. Food and Chemical Toxicology 38:255-312.

Kroes R, Muller D, Lambe J, Lowik MRH, van Klaveren J, Kleiner J, Massey R, Mayer 
S, Urieta 1, Verger P, Visconti A. 2002. Assessment of intake from the diet. Food and 
Chemical Toxicology 40:327-385.

Kroes R. Renwick AG, Cheeseman M, Kliener J, Mangelsdorf 1, Piersma A, Schilter B, 
Schlatter J, van Schothorst F, Vos JG, Wurtzen G. 2004. Structure-based thresholds of 
toxicological concern (TTC): Guidance for application to substances present at low 
levels in the diet. Food and Chemical Toxicology 42(l):65-83.

Lambe J. 2002. The use of food consumption data in assessments of exposure to food 
chemicals including the application of probabilistic modelling. Proceedings of the 
Nutrition Society 61:11-18.

Lopez A, Rueda C, Armentia A, Rodriguez M, Cuervo L, Ocio JA. 2003. Validation and 
sensitivity analysis of a probabilistic model for dietary exposure assessment to pesticide 
residues with a Basque Country duplicate diet study. Food Additives and Contaminants 
20(Suppl 1):S87-S101.

Parmar B, Miller PF, Burt R. 1997. Stepwise approaches for estimating intakes of 
chemicals in food. Regulatory Toxicology and Pharmacology 26:44-51.

Public Health Advocacy Institute 2004. Obesity as an epidemic (available at: 
http://www.phaionline.org/proiects obesitv epidemic.php) (accessed on 13 December 
2005).

Renwick AG, Barlow SM, Hertz-Picciotto I, Boobis AR, Dybing E, Edler L, Eisenbrand 
G, Greig JB, Kleiner J, Lambe J, Muller DJG, Smith MR, Tritscher A, Tuijtelaars S, van 
den Brandt PA, Walker R, Kroes R. 2003. Risk characterisation of chemicals in food and 
diet. Food and Chemical Toxicology 41:1211-1271.

178



Renwick AG. 2005. Structure-based thresholds of toxicological concern- guidance for 
application to substances present at low levels in the diet. Toxicology and Applied 
Pharmacology 207:S585-S591.

Rubingh CM, Kruizing AG, Hulshof KFAM, Brussaard JH. 2003. Validation and 
sensitivity analysis of probabilistic models of dietary exposure to micronutrients: an 
example based on vitamin B6. Food Additives and Contaminants 20(Supp 1): S50-S60.

Simoneau C. 2004. Exposure to chemicals from food contact materials. European 
Commission Joint Research Centre, Institute for Health and Consumer Protection, 
Physical and Chemical Exposure Unit, Ispra (available at: 
http://WWW.irc.cec.eu.int/more information/download/contmat2 .pdf) (accessed on 15 
December 2005).

Svensson K. 2002. Exposure from food contact materials. Summary report of a 
workshop held in October 2001 in Ispra, Italy. Organised by the ILSI Europe Packaging 
Material Task Force in collaboration with the European Commission’s Joint Research 
Centre (available at: http://europe.ilsi.org/file/exposurefoodcontact.pdf) (accessed on 11 
October 2005).

US Environmental Protection Agency (US EPA). 1997. Guiding Principles for Monte 
Carlo Analysis. Washington: US EPA.

US Food and Drug Administration (FDA). 2002. Guidance for Industry: Preparation of 
food contact notifications and food additive petitions for food contact substances: 
chemistry recommendations. Final Guidance. Center for Food Safety and applied 
Nutrition. Office of Food Additive Safety (available at: 
http://www.cfsan.fda.gov/~dms/opa2pmnc.htmn (accessed on 8 December 2005).

van Drooge HL, van Haelst AG. 2001. Probabilistic exposure assessment is essential for 
assessing risk- summary of discussions. Annals of Occupational Hygiene 
45(1001):S159-S162.

World Health Organization (WHO). 1997. Food consumption and exposure assessment 
of chemicals. Report of a FAO/WHO Consultation. Geneva, Switzerland, 10-14 
February. Geneva: WHO (available at:
http://www.who.int/foodsafetv/publications/chem/exposure feb 1997/en/print.html) 
(accessed on 25 May 2006).

179


