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STELLINGEN 

1. Het is de moeite waard om het monomeergehalte van polystyreen 

zodanig te verlagen dat een bredere toepassing mogelijk wordt 

voor het verpakken van levensmiddelen (Dit proefschrift). 

2. Uitkomsten van migratie-experimenten, die zijn verkregen met 

aanbevolen analysemethoden, moeten met de nodige voorzichtig-

heid gelnterpreteerd worden (Dit proefschrift). 

3. De berekening van dif f usiecoef f icienten van styreen monomeer 

in polystyreen, zoals voorgesteld door Miltz en Rosen-Doody, 

is niet haalbaar. 

(Miltz, J. and Rosen-Doody, V., J. Food. Process. Preserv. 

1984, 8, 151 - 161). 

4. Het is onmogelijk kwaliteitsaspecten van verpakte levens­

middelen als gevolg van "Food-Packaging-Interactions" te 

evalueren met "Food Simulants". 

5. Polyvinylchloride (PVC) verpakking wordt te vaak onbezonnen 

vervangen uit angst voor economische tegenslag. 

6. De onvermijdelijke interacties tussen verpakking en levens-

middel zijn (nog) geen afspiegeling van de onderzoeks-

interacties tussen verpakkings- en levensmiddelenindustrie. 

7. Auteurs van wetenschappelijke publicaties dienen in de 

drukproef formules en tabellen (beter) te controleren op 

zetfouten. 

8. Dankzij het aantrekken van gekwalificeerde derde geldstroom-

projecten kunnen vakgroepen van universiteiten hun analytisch 

instrumentarium up-to-date houden. 



9. Frustraties van politie- en opsporingsambtenaren worden 

vaak veroorzaakt door zogenaamde vormfouten. 

10. Ten onrechte wordt de damsport maar al te vaak gezien als 

niet-volwaardig. 

11. Een vereniging met een groot aantal leden is gemakkelijker 

te besturen dan een vereniging met een klein aantal leden. 

12. Bij de toekenning van eerste geldstroom budgetten aan 

vakgroepen van universiteiten weet men nooit of men met 

"bedelen" te doen heeft. 

Stellingen behorende bij het proefschrift "Influence of 

polystyrene and polyethylene packaging materials on food quality" 

Jozef Linssen, Wageningen, 17 juni 1992 
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VOORWOORD 

Het voor u liggende proefschrift is het resultaat van ruim drie 

jaar onderzoek, dat is uitgevoerd bij de Vakgroep Levensmiddelen-

technologie, sectie Levensmiddelenchemie en -microbiologie van 

de Landbouwuniversiteit te Wageningen. Bij het tot stand komen 

van dit proefschrift ben ik velen oprecht dank verschuldigd en 

erkentelijk voor hun bijdragen en interesse. Zonder iemand te 

kort te willen doen, wil ik een aantal personen met name noemen, 

die voor mij van bijzondere betekenis zijn geweest. 

Walter Pilnik, die mede aanzet gegeven heeft tot het tot stand 

komen van het onderzoekprogramma. 

Mijn promotor, Fons Voragen, die mij in de gelegenheid heeft 

gesteld en vooral de vrijheid geboden heeft om, naast mijn job 

als universitair docent, mijn werkzaamheden zodanig te kunnen 

inrichten, dat er voldoende tijd beschikbaar kwam om vruchtbaar 

aan dit onderzoek te kunnen werken. Ook zijn niet na-latende 

interesse werkte zeer motiverend. 

Mijn co-promotor, Jacques Roozen, die steeds een stimulerende 

invloed op mij uitoefende, met wie ik zeer vruchtbare discussies 

heb gevoerd en van wie ik vele suggesties mocht ontvangen bij het 

tot stand komen van de diverse manuscripten. Ook de samenwerking 

in het kader van het ERASMUS programma, waarin we een aantal 

cursussen verzorgd en mede georganiseerd hebben met als thema 

"Food Packaging Interactions", heb ik als bijzonder prettig en 

leerzaam ervaren. Daardoor zijn we naast "collega" ook "vriend" 

geworden. 

Hanneke Reitsma en Anneloes Janssens, die mij respectievelijk 

op het chemisch-analytische vlak en op sensorisch terrein die 

hulp geboden hebben, waardoor ik in staat was het onderzoek uit 

te voeren. Zonder jullie was dit werk nooit tot stand gekomen. 

Medewerkers van DOW Benelux NV te Terneuzen, Gert Berendsen 

(momenteel werkzaam te Rheinmunster, Duitsland), Luis Cediel, 

Simon Lee, Edwin de Souter, Howard Butler, Peter van Nes, Bert 

Nijhoff, Theo van der Voort, Rinus Nieuwenhuizen, Otto Berbee, 

Ronald Wevers en Knut Nesse, met wie ik vele interessante en 



vooral opbouwende discussies heb gevoerd om telkens weer een 

stapje verder te komen in de problematiek. Ook de mensen die zorg 

gedragen hebben voor de produktie van het diverse monster-

materiaal ben ik oprecht dank verschuldigd. 

Maarten Posthumus, Vakgroep Organische Chemie, Afdeling 

Massaspectrometrie, Landbouwuniversiteit te Wageningen, die zich 

tijd nog moeite gespaard heeft een aantal analyses en de vaak 

ingewikkelde identificatie van diverse dynamische headspace 

monsters uit te voeren. 

Afstudeerstudenten "Levensmiddelenchemie", die, de een wat 

minder, de ander wat meer, op enigerlei wijze bijgedragen hebben 

aan de resultaten die in dit proefschrift verwerkt zijn. 

Alle medewerkers van de sectie Levensmiddelenchemie, die met 

nun sociale contact steeds weer motivatie aan een onderzoeker 

weten te geven. 

Medewerkers van de mechanische werkplaats (Centrale Dienst De 

Dreijen) die met veel geduld en inspanning de door mij benodigde 

"cellen" in elkaar gezet hebben. 

Medewerkers van de tekenkamer (Centrale Dienst De Dreijen) , die 

prachtige figuren, sons van onooglijke schetsen, getekend hebben. 

Medewerkers van de fotolocatie (Centrale Dienst De Dreijen), 

die het telkens weer lukte om prima foto's en copy proofs te 

maken. 

Tenslotte, Marlene, ook jij hebt bijgedragen aan het tot stand 

komen van dit proefschrift door te accepteren, dat jij misschien 

wel eens te weinig aandacht kreeg. 
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Chapter 1 Introduction 

In the last decades the use of plastic materials for packaging 

of food has increased tremendously, because of advantages as low 

costs, low energy content, low handling weight, wide range of 

material characteristics and variety of forming techniques 

(Simmons, 1986) . This increase has created the need for more 

research on interactions between food and package and its effect 

on product quality. Food packaging interactions can be divided 

into three main phenomena: migration, permeation and absorption. 

These phenomena can occur separately or simultaneously (Figure 

1). 

Migration of packaging components, like residual monomers, 

additives and polymerisation aids causes an undesirable 

contamination of food. Migration of such components may adversely 

effect the quality of the food, e.g. alteration of flavour and 

sometimes a toxicological risk to human health. A reaction 

between migrated substances and food components may also occur. 

Permeation of gas and vapour, particularly of oxygen, water 

vapour and aroma components is of considerable interest. In 

combination with light, a high rate of oxygen permeation can 

cause oxidation problems. A high water vapour permeation results 

in physical or physico-chemical alterations as wetting or drying, 

and can promote microbial spoilage. These reactions lead to an 

indirect alteration of flavour, while direct flavour alteration 

can be caused by loss of components from food or by acquiring 

aspecific odours from the environment through the package 

(Niebergall and Kutski, 1982; Koszinowski and Piringer, 1987). 

Absorption phenomena can influence the quality of the food too. 

Absorption of aroma components by the package can cause a direct 

loss of flavour compounds from food. Absorbed fat and essential 

oils can promote swelling of the package and so disturb its 

molecular structure. 

11 
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Figure 1: Interactions between food and packaging material. 
(Adapted from Landois-Garza and Hotchkiss, 1987) 

Besides these various phenomena of interactions also the wide 

variety of foods is a major problem in studying food packaging 

interactions. Each packed food has its own chemical composition 

12 
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and so its own characteristics related to packaging materials. 

Therefore Fluckiger (1975) has divided food products in several 

groups as shown in Table 1. 

Table 1: Classification of food products on characteristics 
related to packaging materials 

1. Dry foods 
a. with fatty properties 
b. with absorptive properties 
c. without fatty and without absorptive properties 

2. Wet foods 
a. with low fat content 

- neutral (pH > 5.0) 
- acid (pH < 5.0) 
- alcoholic 

b. with high fat content 
- neutral (pH > 5.0) 
- acid (pH < 5.0) 
- alcoholic 

3. Fat, oil and fatty food without any substantial water 
content 

4. Food products with a high content of essential oils 

Hotchkiss (1988) stated that the major problem in studying 

interactions are the lack of standard methodology and data 

concerning the actual changes in food quality. 

FOOD PACKAGING INTERACTIONS 

Migration 

Three basic classes of migration can be identified (Figure 2) . 

The first class is the so-called "non-migrating system". This 

class includes foods packed in relatively inert containers (e.g. 

glass bottles). The intramolecular linkages between polymer and 

low molecular weight compounds (monomer) are very strong. The 

diffusion coefficients approach zero, and only a monolayer of 

compounds present on the polymer can be transferred into the 

food. 

13 



The second class is an "independently migrating system", in 

which a compound diffuse through a polymer matrix to the surface 

and than escape from the surface, independent on the medium, into 

the food. Diffusion and partition constants are the key 

parameters and determine the interaction of components of food 

with components of packaging material. The diffusion constant 

provides information on the migration velocity, while the 

partition constant provides information on the quantities which 

can be transferred from the food to the packaging material and 

from the packaging material to the food. Both magnitudes are 

fundamental factors which describe the material interchange of 

migrating substances between two phases (Koszinowski and 

Piringer, 1987). 

class 1 

time 

Figure 2: Diagrammatic representation of different types of 
migration processes 
(Adapted from Mannheim and Passy, 1990) 
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The third class is called "migration controlled by the food". 

This system is the most difficult one and it occurs frequently. 

A food component is able to penetrate the polymer, disturbing its 

physical structure. Swelling may occur, which may result in an 

accelerated migration. This mechanism is not well understood. 

Food simulants 

Fazio (1979) stated that it would be almost impossible to use 

food products for determining migration of packaging components, 

because the complex matrix of food would disturb the analysis of 

trace quantities of the migrants. This concept made it necessary 

to develop models for studying migration of packaging components 

into foodstuffs. Because of the extensive difficulties inherent 

to the analysis of migrants in any but the simplest food, food 

simulants are commonly used. A true simulant will necessarily 

fulfil two conditions. It must effect migration from the plastic 

packaging material to the same extent as the food simulated and 

it must allow relatively simple analysis for the migrant of 

interest. The following food simulating agents are often used: 

distilled water, 3 % acetic acid. 10 % and/or 50 % ethanol, 

heptane and vegetable oils/ HB 307 (Fazio, 1979; Till et al., 

1987; Figge, 1982; Risch, 1988). 

Distilled water, the ethanol solutions and acetic acid are 

simulants for respectively wetty, alcoholic and acid food 

products. Heptane is a simulant for fatty foods. Also vegetable 

oils, like olive oil, were chosen as simulating agent for 

products with a high fat content. The composition of vegetable 

oils is not constant, so Figge et al. (1982) developed an 

alternative fat simulant (Unilever fat HB 307), which is a 

mixture of saturated triglycerides (Table 2). It is important 

to make sure, that simulants reflect adequately the chemical and 

physical properties of food. However, none of the simulants are 

completely satisfactory. Schwartz (1985) reported that migration 

into food simulants exceeded migration into food in 80 % of the 

tests. 

15 



Table 2: Fatty acid composition of Fat Simulant HB 307 

No of C-atoms GC % peak area 

6 
8 

10 
12 
14 
16 
18 
other 

1. 
8. 

10. 
50. 
13. 

7. 
8. 
0. 

Figge (1980) stated that solvents like heptane are totally 

unsuitable for replacing fatty foods since they cause 

unrealistically rapid migration. Figge and Baustian (1983) 

reported that under practical storage conditions milk and milk 

products interact with packaging materials mainly by their 

continuous phases and that olive oil and Unilever Fat HB 307 are 

unsuitable as food simulants for these products (Figure 3). 
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Figure 3: Migration in food and food simulant. 
(Adapted from Figge and Baustian, 1983) 
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Migration tests 

Overall migration tests have been developed to avoid time 

consuming procedures. The migration values obtained are 

determinations of gravimetric loss of plastic packages before and 

after exposure to a food simulant (De Kruijf et al, 1983) . 

Overall migration gives an estimation of the potential transfer 

of packaging substances to food (Sheperd, 1982). No information 

about specific migrants is provided and so migration tests on 

specific components are to be preferred. Several test cells are 

developed for carrying out specific migration tests. Examples are 

given in figure 4. 

Figure 4: Test cells for migration experiments. Examples for 
simulants and liquid foods (A) and for solid foods (B) 
(Adapted from Till et al., 1982) 
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Migration tests with food simulating agents are suitable for 

evaluating safety aspects, but not very useful to make firm 

conclusions about food products themselves. The latter are much 

more complex, and so a food simulating agent resembles the food 

product only on a few aspects. Nowadays the necessity for 

studying foodstuffs themselves is recommended, because working 

with food simulants alone gives unsatisfactory information about 

migration values (Risch, 1988; Figge, 1980; Schwartz, 1985). For 

these reasons Risch (1988) argued that these tests should be 

conducted with each type of food in a given package under normal 

conditions of use for an expected shelf life. 

Absorption 

Absorption of flavour components of foods by packaging material 

results in a change of flavour characteristics. Loss of flavour 

compounds is a concern for many products currently being packed 

aseptically (Harte and Gray, 1987). When foodstuffs are packed 

in plastic containers, some components of the food are absorbed 

by the plastic, which can result in a change of taste and/or 

nutritional value. The significance of absorption may vary 

considerably, because of the diverse nature of these components 

in a large variety of foods. The chemical and physical nature of 

the plastics is also very important, because food components with 

solubility parameters similar to the plastic tend to be absorbed 

significantly. Jabarin and Kollen (1988) reported that components 

like hydrocarbons would be absorbed in hydrocarbon type plastics. 

Shimoda et al. (1988) found an increase of absorption of flavour 

components like alcohols, aldehydes and esters with an increase 

of carbon chain length in polyethylene laminated pouches. When 

these compounds are selectively removed from the food by the 

packaging material, they function no longer as flavour components 

and the perceived quality of the product is changed (Harte and 

Gray, 1987). 

18 



POLYSTYRENE AND POLYETHYLENE AS PACKAGING MATERIAL 

Migration of styrene monomer of polystyrene packaging material 

may be the cause of an characteristic unpleasant plastic-like 

chemical flavour. Ramshaw (1984) stated that the amount of 

migrated styrene is higher into products with higher fat content. 

On the other hand Jenne (1980) found an increased recognition 

threshold concentration in products with a higher fat content 

(Table 3). The divergence of the two influences prevent accurate 

prediction of the strength of off-flavour development in food. 

Table 3: Threshold values of styrene in food products. 

food product threshold (ppm) 

tea 0.2 
nectar 0.2 
low fat milk 0.3 
yoghurt 0.5 
full fat milk 1.2 
vanille custard 1.5 
cream 6.0 

Bojkow et al. (1975, 1979, 1982) studied formation of off-

flavour in milk, induced by polyethylene packaging material. Off-

flavour transfer into milk can be caused by volatile substances 

from polyethylene coatings, paper board or printing solvents 

(Table 4) . As the polyethylene coatings are permeable for nearly 

all substances in question, volatiles of the packaging material 

may migrate into milk. The formation of off-flavours components 

seems to be caused by oxidative changes of the polyethylene 

surface, which may occur by (over)heating of the packaging 

material when it is moulded. A lot of thermo-oxidative 

degradation products in low density polyethylene were detected 

by Hoff and Jacobsson (1981), e.g. aldehydes, ketones and organic 

acids. All of these degradation products are able to induce an 

off-flavour. Sometimes an off-flavour in milk induced by plastic 

packaging material is suggested. However, Bojkow (1982) did not 

show a significant change in off-flavour intensity in 

19 



pasteurized milk, packed in polyethylene bottles, during one week 

storage in a refrigerator. Kiermeyer and Stroh (1969) suggested 

an ion exchange interaction between the acidic protons of 

carboxylic acids of polyethylene and metallic cations of milk-

salts. The loss of cations might be responsible for the "plastic 

flavour" sometimes suggested in milk packed in polyethylene. Dtirr 

et al (1987) detected a shift of limonene from orange juice into 

the polyethylene layer of polyethylene lined cardboard. They 

considered it as an advantage because limonene is known as a 

precursor of off-flavour components. 

Table 4: Examples of volatiles from PE-lined paper or board 
responsible for off-flavour. 

components remark 

paper 
C5 - c10 aldehydes autoxidation products 

from resin 

hepten-3-one 
3-heptanone 

compounds from 2-ethyl-l-
hexanol with intensive taste 

toluene, terpenes, sesqui­
terpenes, limonene, alkyl-
benzenes 

components from wood 

polyethylene 
isomers of C8 -
and alkenes (also branched) 
pentamethylheptane 

C18 alkanes 

C2 - C5 aldehydes 
C2 - C5 organic acids 
acroleine 
acetone 
methy1-ethy1-ketone 
butyrolactone 

components with different 
taste intensities 

colour ink 
ethylacetate 
ethanol 
ethylglycol 

different taste intensities 

20 



SCOPE OF THE THESIS 

The aim of this study was to obtain a better understanding of 

food quality influenced by its packaging material. Such a study 

is quite complex in nature, which makes that literature sources 

are widespread and scarcely available. It is almost impossible 

to investigate the whole range of plastic polymers used for 

packaging of food. Furthermore the interest of the supporting 

industry led our attention to polystyrene and polyethylene. 

Polystyrene 

Polystyrene contains detectable amounts of residual monomer, 

which cannot completely be removed during extrusion of the 

polymer. Styrene monomer has an unpleasant odour and it could 

give a taint to the product after migration. 

Part I describes the evaluation of several aspects of migration 

of styrene monomer from different types of polystyrene. Usually 

a vegetable oil is chosen in these studies. Corn oil was used as 

a simulant in the present study, because of the presence of 

natural antioxidants. One of the aspects studied was the 

possibility of migration of styrene monomer from the polymer into 

the food through the vapour phase, i.e. direct contact is 

probably not necessary for migration. Moreover, several aspects 

related to the polymer were part of the study as there are the 

residual content of styrene monomer and composition of the 

polymer. Also other factors, like exposure temperature and 

composition of food were investigated. 

Part II deals with quality aspects as a consequence of styrene 

migration, evaluated with a food simulant and a food product 

itself. Chocolate flakes were chosen to study the influence of 

styrene monomer migration on the development of a taint in the 

flakes. Because emulsion type food products are very common, oil 

in water emulsions were used as a model to get more information 

about taste recognition threshold values of styrene. The 

dependence of recognition threshold values on the fat content was 

investigated and these results were compared with emulsion type 

21 



foods itself, i.e. yoghurts. 

Polyethylene 

The research on polyethylene and its effect on food quality is 

even more difficult, because the high volatile monomer cannot be 

responsible for quality influences on a food product. 

Part III describes quality aspects of water in contact with 

polyethylene packaging material. Water was used as food product 

in this part of the study, because water is easy to handle, and 

it is packed commercially in polyethylene lined packages. 

Moreover water is sensitive to a taint. Migration of polyethylene 

packaging components could give a taint to water. Therefore, 

sensory attributes were generated for describing a taint in 

water, which was in contact with polyethylene lined aluminium 

pouches. These pouches were produced in such way that a taint 

could be expected. Commercial mineral water packed in 

polyethylene lined aluminium/cardboard was stored at several 

temperatures. Combined gas chromatography and sniffing port 

analysis was carried out to establish odour impressions of 

individual compounds. These components were identified with 

combined gas chromatography and mass spectrometry. It was tried 

to correlate the sensory and instrumental data. 

Part IV deals with some aspects of absorption of flavour 

components by polystyrene and polyethylene. Flavour components 

having solubility parameters favourable to the plastic packaging 

material tend to be absorbed significantly into the plastics. 

This aspect was investigated on artificially flavoured commercial 

drink yoghurts and its packages. Also the composition of the food 

product is an important factor, which is shown by limonene 

absorption from an imitation juice and from fruit juices with and 

without addition of pulp. 
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PART I. MIGRATION OF STYRENE MONOMER FROM POLYSTYRENE 

PACKAGING MATERIAL 

Polystyrene (PS) packaging material is frequently used for 

packaging of foods. Homogenous PS is called general purpose 

polystyrene (GPPS), which is used for foamed trays for meat and 

crystal clear trays for salads and vegetables. High impact 

polystyrene (HIPS) consists of a PS matrix with a dispersed 

rubber phase and is used for packages for desserts and dairy 

products like yoghurts. Food grade commercial polystyrene has a 

residual monomer content of less than 500 ppm, which does not 

mean that no styrene migrates into the packed product. 

Chapter 2 presents the migration of styrene monomer into corn 

oil and emulsions. The latter are chosen because of the emulsion 

character of many foodstuffs. Styrene is very soluble in apolar 

solvents like oils. Therefore, the extent of migration of styrene 

into oils and into emulsions might be different. 

Chapter 3 deals with the effect of different sampling methods 

on the level of styrene monomer migrated from different types of 

polystyrene into corn oil. Traditionally cut pieces of polymer 

are immersed in oil using the immersion sampling method. In this 

way, cut edges come into contact with the oil and might interfere 

with the migration results. Vapour phase migration effects the 

level of migrated styrene too. This aspect could be of interest 

for solid foods, which have only scarcely contact with the 

packaging material. In a cell sampling method polystyrene sheets 

are tightened in a special constructed cell. No cut edges have 

contact with the oil and so, the latter method reflects much 

better the practical circumstances of food packaging and could 

be more reliable for the imitation of practical situations. 

Chapter 4 presents several aspects which are important for 

migration of styrene from polystyrene into corn oil. The 

composition of polystyrene might influence the extent of 

migration of styrene. Depending on the application different 
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blends of GPPS with HIPS are used for packaging of foods. Also 

the content of residual styrene monomer could influence the level 

of migrated styrene, and so the perceived quality of the packed 

product. Usually foods are stored at certain temperatures before 

consumption. For that reason, it is valuable to know more about 

the influence of temperature on the level of migrated styrene. 
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Chapter 2. Migration of styrene monomer from polystyrene 

packaging material into food simulants* 

ABSTRACT 

Migration of residual styrene monomer from polystyrene 

packaging material (GPPS : HIPS = 1:1) was followed for corn oil, 

oil (30%) in water- and water in oil (30%) emulsions. The highest 

level of migration was found for corn oil. The matrix of a 

simulant influences the amount of styrene migrating from the 

packaging material. This amount was proportional to the content 

of residual styrene monomer in the polymer. Only a small part 

(3%) of the total residual styrene present in the polystyrene 

samples migrates during 14 days of incubation. 

Linssen, J.P.H. and Reitsma, J.C.E., Proc. 7th World Conference 

on Food Packaging. Utrecht, The Netherlands, 0.3.1 - 0.3.6 (1991) 
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INTRODUCTION 

General purpose polystyrene (GPPS) and high impact polystyrene 

(HIPS) and mixtures of these grades are widely used in food 

applications. Examples would include crystal clear trays for 

cookies and candy and foamed trays for meat. Foodstuffs are 

chemically complex structures and pose too many analytical 

problems to be readily examined for trace organic contaminants. 

Also Fazio (1979) stated that it would be almost impossible to 

use food for determining migration of packaging components. 

Therefore, several food simulants were recommended. Distilled 

water, 3% acetic acid, 10% and 50% ethanol solutions in water are 

often used as simulants for wetty, acid and alcoholic food 

products. Heptane is used as a food simulant for fatty food, 

although Figge (1980) stated that solvents like heptane are 

totally unsuitable for replacing fatty foodstuffs since they 

cause an unrealistically rapid migration. For that reason 

vegetable oils like olive oil or corn oil, and an universal fat 

simulant (Unilever fat HB 307) are used as food simulants for 

fatty food products (Figge and Freytag, 1978) . 

In the present study corn oil, an oil in water emulsion (0/W) 

and a water in oil emulsion (W/0) were used as food simulants for 

the evaluation of migration of styrene monomer from polystyrene 

packaging material. 

MATERIALS AND METHODS 

Materials 

GPPS (type "styron* 637") and HIPS (type "styron* 472") were 

extruded in a 1:1 ratio to sheets of 1 mm thickness at 175 °C 

(code: PS 175) and 261 °C (code: PS 261) by Dow Benelux NV, 

Terneuzen, The Netherlands. Corn oil (Mazola) was bought in a 

local store at Wageningen (Holland). Emulsifiers, sodium 

trademark of the Dow Chemical Company 
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stearoyl-2-lactylate (Admul SSL 2004) and a mixture of partial 

esters of polyglycerol with linearly interesterified castor oil 

fatty acids (Admul WOC 1403) were kindly provided by Quest 

International, Zwijndrecht (The Netherlands) and used for the 

preparation of the O/W -and the W/O-emulsion, The emulsions were 

prepared by mixing oil and emulsifier (1% for the O/W-emulsion 

and 4% for the W/O-emulsion) , then adding water very slowly under 

continuous stirring with a bladed stirrer and finally 

homogenising for 1 min with an Ultra Turrax. The W/O-emulsion was 

prepared at 60 °C. 

Styrene analysis 

Residual styrene monomer in the polymer was determined by 

dissolving the polymer in dichloromethane and subsequently 

precipitation with iso-octane. 1 nl of the clear upperlayer was 

injected into a gas chromatograph (Carlo Erba, model 4200) 

equipped with a flame ionisation detector. The analyses were 

carried out on a 15 m x 0.53 mm (i.d.) wide bore column (DB 225, 

J & W Scientific). The detector and injector temperature was 

250°C. The following temperature program was used: an initial 

hold for 2 min at 40 °c, then 5 °C/min to 100 °C and a final hold 

for 2 min (ISO, 1974). 

Styrene was determined in corn oil and emulsions by azeotropic 

distillation with methanol, followed by extraction with pentane. 

The pentane extract was analyzed with a gas chromatograph (Carlo 

Erba, model 4160), equipped with a flame ionisation detector and 

a cold on-column injector. The analysis were carried out on a 30 

m x 0.32 mm (i.d.) fused silica capillary column (DB 1701, J & 

W Scientific). The detector temperature was 280 °C. The following 

temperature program was used: an initial hold of 4 min at 40 °C, 

then 5 °C/min. to 90 °C, followed by 15 °C/min to 190 °C and a 

final hold for 1 min. Calibration curves were prepared by adding 

different amounts of styrene to the oil and the emulsions (Varner 

et al, 1983). 
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Sampling method 

1 dm2 or 2 dm2 polystyrene sheet were cut with a pair of 

scissors into 9 or 18 equal pieces, immersed into 50 g oil or 

emulsion and incubated at 40 °C. At several time intervals 

samples were analyzed for their amount, of migrated styrene. 

Sample codes are given in table 1. 

Table 1: Codes for samples used in this study 

sample code 

PS 175/1 dm2 LE 
PS 175/2 dm2 LD 
PS 261/1 dm2 HE 
PS 261/2 dm2 HD 

RESULTS AND DISCUSSION 

PS 175 and PS 261 contain 403 ± 13 ppm (n=3) and 339 ± 3 ppm 

(n=3) residual styrene monomer, respectively. The polystyrene 

sheets extruded at the lowest temperature (PS 175) have the 

highest content of styrene monomer. At a higher temperature 

extrusion seems to promote the loss of styrene. In figure 1, 

comparison of LE versus LD and HE versus HD shows that a doubling 

of the surface of the polymer added results in twice the amount 

of styrene migrated. Comparison of LE versus HE and LD versus HD 

shows a higher level of styrene migrated from the polymer 

extruded at a lower temperature. 

The ratio for the residual monomer contents of the sheets (PS 

175 / PS 261) is 1.2. The same ratio is calculated for styrene 

migrated into oil and W/O-emulsion (1.2), while the O/W-emulsion 

has a slightly higher ratio (1.4). The importance of the residual 

styrene monomer level in the polymer is evident: the lower the 

styrene monomer content in the polymer, the lower the amount of 

styrene found in the simulants. Figure 1 demonstrates that the 

highest level of migration was found in corn oil, followed by the 
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W/O-emulsion and the O/W-emulsion. So, the matrix of the 

simulants influences the amount of migrated styrene. 

concentration of styrene monomer (ppm) 
5 

days of migration 

concentration of styrene monomer (ppm) 
5-

— W/0:LD 

— 0/W:LD 
W/0:HD 
0/W:HD 

a— W/0: LE 
o _ W/0: HE(o) 
• 0/W:LE(-) 
• — 0/W: HE 

16 20 
days of migration 

Figure l: Migration of styrene monomer into corn oil (A) and 
W/O- and O/W-emulsion containing 30% fat (B) 
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Table 2: Proportion (%) of residual styrene in the polymer, 
which has migrated into the simulants after 14 days 
at 40 °C 

simulant 

corn oil 
W/O-emulsion 
O/W-emulsion 

LE 

2.8 
1.9 
1.4 

LD 

2.8 
1.8 
1.6 

HE 

2.9 
1.9 
1.3 

HD 

2.9 
1.9 
1.4 

mean 

2.9 
1.9 
1.4 

Table 2 shows that the proportion of residual styrene in the 

polymer, which has migrated into the food simulants, is low. The 

proportion of migrated styrene is similar for each simulant in 

spite of differences in actual amounts of residual styrene in the 

polymers. These findings confirm the proportionality of the 

amount of styrene migrated with the content of residual monomer 

in the polymer. 
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Chapter 3. Effect of sampling method on the level of styrene 

monomer migrated from polystyrene packaging 

material*. 

ABSTRACT 

Different types of polystyrene packaging material were tested 

on styrene monomer migration in corn oil with three sampling 

methods: immersion sampling, vapour phase sampling and 

utilisation of sampling cells. For high impact grade polystyrene 

immersion sampling resulted in the highest level of migrated 

styrene. Vapour phase sampling was of considerable interest, 

because migration was only slightly lower than with immersion 

sampling. Sampling in cells gave the lowest levels of styrene 

monomer in oil. However, when crystal clear polystyrene was 

tested, not much difference was observed for the three sampling 

methods mentioned. 

Linssen, J.P.H., Reitsma, J.C.E. and Roozen, J.P., Packaging 

Technology and Science, 4, 171 - 175 (1991). 

(Reproduced with permission from the publisher) 
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INTRODUCTION 

Polystyrene is widely used as packaging material for food. 

Examples are foamed trays for meat or crystal clear trays for 

candy and cookies. Polystyrene contains detectable amounts of 

residual styrene monomer, which can be a potential source of off-

flavour in food products. 

Several methods have been developed for testing the amount of 

styrene monomer migration. Usually migration studies are carried 

out using food simulating agents like distilled water, vegetable 

oils or HB 30712, because it is impractical to use real food 

products in migration tests3. In migration experiments contact of 

polymer can be established by cutting polymeric material into 

pieces, immerse them in a food simulating agent and incubate the 

sample at a given temperature, usually 40 "C45. Cutting of 

styrene polymer can disturb its physical structure, which results 

in an overestimation of migration in food simulants. In test 

materials of high impact grade polystyrene Figge6 observed that 

cut or punched film-like test specimens exhibited much higher 

additive transfer rates than injection moulded cups under 

identical test conditions. 

The United States Food and Drug Administration in cooperation 

with Arthur D. Little Inc. developed standard tests with sampling 

cells for carrying out migration experiments in liquid and solid 

foods17'8,910. The sampling cell for liquids is a glass vial in 

which circular test specimens are tacked on a stainless steel 

wire and immersed in a food simulating liquid or liquid food. 

Area contact between liquid and polymer can be varied by the 

number of polymeric disks used. The sampling cell for solids is 

a specially for this aim constructed apparatus in which a 5 mm 

thick test plaque of solid matter is brought in contact with a 

fixed area of 20 cm2 polymer. Migrant transfer through the vapour 

phase might also influence the level of migration. 

Giacin" describes migration from a package as a two steps 

process: (a) diffusion of the migrant through the polymer bulk 

phase to the polymer surface and (b) subsequent dissolution or 

evaporation of the migrant present at the surface. The actual 

36 



contact between solids and plastic packaging material can range 

from a few "macro" contacts (e.g. chocolate flakes) to many 

"mini" contacts (e.g. flour). In both cases, however, it is 

suggested that transfer at the interface involves a vaporisation 

step from the plastic package followed by absorption in the solid 

food12. 

In the present study migration of styrene monomer from 

different polystyrene test specimens are compared by carrying out 

different sampling methods: 1) polystyrene pieces immersed in 

vegetable oil, 2) pieces in its vapour phase and 3) pieces 

mounted in special constructed sampling cells. 

MATERIALS AND METHODS 

Materials 

General purpose polystyrene (GPPS: type "Styron* 637") and high 

impact polystyrene (HIPS: type "Styron* 472") were extruded to 

sheets of 1 mm thickness at approximately 220 °C by Dow Benelux 

NV, Terneuzen, The Netherlands. Also sheets of a 1:1 mixture of 

GPPS and HIPS were prepared in the same way. 

Corn oil (Mazola) was bought in a local store at Wageningen. 

Sample preparation 

Both types of high impact grade polystyrene were cut into the 

pieces necessary for sampling. Crystal polystyrene (GPPS) was 

scratched with a sharp object and subsequently broken over the 

scratch. 

Styrene analysis 

Residual styrene monomer in the polymer was determined by 

dissolving the polymer in dichloromethane and subsequently 

trademark of the Dow Chemical Company 
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precipitating with iso-octane. The clear upperlayer was analyzed 

with a gaschromatograph (Carlo Erba, model 4200) equipped with 

a flame ionisation detector. The analyses were carried out on a 

15 m x 0.53 mm (i.d.) wide bore column (DB 225, J & W 

Scientific). The detection and injection temperature were 300 °C 

and 250 °C, respectively. The following temperature program was 

used: an initial hold for 2 min at 40 °C and then 5 °C/min to 100 

°C and a final temperature hold for 2 min13. 

At certain time intervals styrene was determined in corn oil 

samples by azeotropic distillation with methanol followed by 

extraction with pentane. The pentane extract was analyzed with 

a gaschromatograph (Carlo Erba, model 4160), equipped with a 

flame ionisation detector and a cold on-column injector. The 

analyses were carried out on a 30 m x 0.32 mm (i.d.) fused silica 

capillary column (DB 1701, J & W Scientific). The detection 

temperature was 280 °C. The following temperature program was 

used: an initial hold of 4 min at 40 °C and then 5 °C/min to 90 

°C, followed by 15 °C/min to 190 °C and a final temperature hold 

for 1 min. A calibration curve was prepared by adding different 

amounts of styrene to the oil14. 

Sampling methods 

For immersion sampling 1 dm2 polystyrene sheet was cut into 9 

equal pieces (12 cut edges) , immersed in 50 g corn oil under all-

sided contact in a tightly closed jar and incubated at 40 °C. 

Vapour phase sampling was carried out by cutting 1 dm2 

polystyrene sheet into 5 equal pieces (12 cut edges). A small 

hole was drilled at the top of each piece, through which the 

strips were tacked on to a thread fastened on a wire, which was 

clenched in an excavated erlenmeyer stop. An erlenmeyer was 

filled with 50 g corn oil, tightly stoppered with the excavated 

stop including the pieces of polystyrene sheet and incubated at 

40 °C without contact between oil and polymer. In addition this 

procedure was carried out with polystyrene (HIPS:GPPS 1:1) strips 

which were left one week in open air at 40 °C before starting the 

migration experiment. 
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Cells for sampling were constructed of stainless steel of 5.4 

mm thickness in analogy of Figge15. Square frames of 100 x 100 mm 

inner size and 110 x 110 mm outer size were sandwiched by 

stainless steel plates. Before assembling the cells the edges of 

the frame were taped with teflon to overcome leakages. 2 sheets 

of polystyrene were tightened between plate and frame in such way 

that a different side of each sheet faced the space for 

containing the corn oil ( 2 x 1 dm2 polystyrene in contact with 

oil). Cells were filled with 50 g corn oil, tightly closed and 

incubated at 40 °C. 

RESULTS AND DISCUSSION 

In the polymer sheets used, residual styrene monomer levels 

were 408 ± 13 ppm (n=3) for GPPS, 325 ± 10 ppm (n=3) for 

HIPSrGPPS 1:1 and 340 ± 3 ppm (n=3) for HIPS. 

Figure 1 shows migration curves for GPPS, HIPSrGPPS 1:1 and 

HIPS specimens using the three sampling methods described before. 

Comparison of these sampling methods shows that immersion 

sampling results in the highest level of migrated residual 

styrene. This is very clearly shown for pure HIPS and the 

HIPS:GPPS 1:1 specimens. Vapour phase sampling of the latter two 

specimens shows a somewhat lower level of migrated styrene than 

immersion sampling, in which the pieces of polystyrene were in 

all-sided direct contact with the oil. This falling-off is 

probably caused by losses of styrene during transfer from polymer 

into vapour, maybe into open air. Utilisation of sampling cells 

yields much less migration of residual styrene from the polymer 

into the oil, except for the GPPS specimen. In case of GPPS the 

levels of styrene found with the three sampling methods are close 

to each other. 

The differences between GPPS and the other two kinds of 

specimens are probably caused by the presence of rubber particles 

in polystyrene of high impact grade. Figure 2 shows a photograph 

of the cut or broken surface of high impact grade and crystal 

clear polystyrene, respectively. 

39 



cone, of styrene (ppm) 

4-

H I P S : QPPS 1:1 

T 1 1 r 

k-

3-

GPPS 

days of migration 

Figure 1: Migration curves of different types of polystyrene 
obtained by using (A) sampling cells; (O) vapour 
phase sampling; (D) immersion sampling; (x) vapour 
phase sampling (after leaving the test specimen in 
open air at 40 °C for one week) 
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Figure 2: Photograph of the edges of the different types of 
polystyrene 

A: cut HIPS; B: cut HIPS : GPPS; C: broken GPPS 
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The cut edges of the high impact grade polystyrene types show 

damages of the surface. In analogy of the model of Klahn et al.16 

cutting of test specimens damages rubber particles at the surface 

of the polymer. Residual monomer present in the damaged rubber 

phase might be able to dissolve or evaporate more easily and so 

migrate faster into the oil. This could be the explanation for 

the high initial migration rate in both immersion and vapour 

phase sampling. The low levels of styrene obtained from the 

experiments using sampling cells can also be explained by this 

model: no cut-edges are present in direct contact with oil, and 

thus leakage of styrene from damaged rubber particles is out of 

question. The existence of leakage is evident from the additional 

experiment with HIPS:GPPS 1:1 (figure 1), in which the test 

specimens were left for one week in open air at 40 °C before 

starting the migration experiment. In that case migration values 

are about the same as the ones obtained by using sampling cells. 

Undoubtedly this result can be explained by the loss of styrene 

from the damaged rubber particles during the aeration period. 

These findings are of practical interest to the food and 

packaging industry. Impairment of rubber particles will promote 

styrene transfer and so migration will be increased. Recommended 

sampling procedures, in which test specimens with cut-edges are 

kept in all-sided contact with test media are not appropriate for 

testing specimens of polystyrene of high impact grade. These 

procedures will inevitably overestimate migration values 

concerning commercial usage of HIPS containing packaging 

materials. Therefore it is important to keep cut-edges of 

polystyrene test specimens of high impact grade test specimens 

out of the test medium during sampling. 

Also vapour phase migration is important in practical 

situations, e.g. chocolate flakes17. Usually packaging trays for 

these products are made by thermoforming and cutting in between. 

The risk of taste deterioration of the packed product is 

difficult to evaluate with recommended sampling methods because 

of aging of the cut-edges of the trays. One of the best solutions 

would be to sample products in HIPS containing packaging 

materials directly from the production line and conduct the test 
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with the packed product under given time and temperature 

conditions (Risch, 1988). The limiting factor, however, is then 

the enormous amount of time involved. 

In conclusion: Immersion sampling methods overestimate 

migration from HIPS containing packaging materials. Exclusion of 

cut-edges by using sampling cells seems to give more reliable 

results for evaluation of the levels of migrated substances. 

Vapour phase migration should be a part of the evaluation of 

packaging materials. 
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Chapter 4. Polystyrene sheet composition and temperature as 

parameters for migration of styrene monomer into corn 

oil *. 

ABSTRACT 

Different types of polystyrene used in packaging were tested 

for styrene monomer migration into corn oil. Several blends of 

general purpose polystyrene with different amounts of high-impact 

polystyrene demonstrated a linear increase of migration of 

styrene with increasing amount of high-impact polystyrene in the 

polymer. Faster migration was found for higher exposure 

temperatures. Migration depended linearly on the content of 

residual styrene monomer in the polymer. 

Linssen, J.P.H., Reitsma, J.C.E. and Roozen, J.P., to be 

submitted for publication. 
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INTRODUCTION 

Polystyrene (PS) is frequently used for packaging of foods. 

Examples for general purpose polystyrene (GPPS) are foamed trays 

for meat and clear trays for salads and vegetables. Examples for 

high impact polystyrene (HIPS), which consists of a PS matrix 

with a dispersed rubber phase, are packages for margarine and 

dairy products, like yoghurts. Migration from packaging materials 

is influenced by a number of variables1: 

- the physical and physico-chemical properties of the polymer 

(e.g. density, crystallinity, branching, composition, surface 

roughness). 

- the manufacturing process of the packaging material (extrusion, 

injection-moulding, blowing, deep-drawing). 

- the physical and physico-chemical properties of the mobile 

component (migrant) of the packaging material (e.g. molecular 

weight, polarity, solubility). 

- the composition of the packaged product (e.g. content of fat 

or water). 

A model to predict the migration of components into oil at 

constant temperatures has been proposed by Reid2: 

Mt = 2C0, Dt (1) 
N T 

in which, 

M, = mass of migrant migrated from polymer in time t 

C0 = original concentration of the migrant in the polymer 

t = time 

D = diffusion coefficient of the migrant in the polymer 

The model was applied to the migration of dioctyladipate from 

polyvinylchloride3 and to migration of styrene monomer from PS4. 

Also Figge and coworkers79 proposed a model at constant 

temperatures. The temperature dependence of diffusion is 
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generally described by an Arrhenius type of correlation3,5,6: 

D = A.e-E/RT (2) 

in which, 

D = diffusion coefficient of the migrant in the polymer 

T = absolute temperature 

R = general gas constant 

E = activation energy 

A = constant 

From equation (1) and (2) a more general model for prediction of 

migration can be derived: 

M, = 2Cy *t °\ * 
— . Ae ~E/RT ( 3 ) 

o r 

Mt = KCjte-E/RT ( 4 ) 

in which K is a complex constant. 

The present study describes the migration of residual styrene 

monomer from different types of PS into corn oil. The influence 

of the amount of HIPS in several blends with GPPS and the effect 

of reduced contents of monomer in the polymer on migration of 

styrene was investigated using the immersion as well as the cell 

sampling method10. The influence of temperature on migration of 

styrene monomer from a 1:1 blend of HIPS and GPPS was evaluated 

with the cell sampling method only. 
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MATERIALS AND METHODS 

Materials 

General purpose polystyrene (GPPS: type "Styron* 637"), high 

impact polystyrene (HIPS: type "Styron* 472") and blends of them, 

containing 3, 5, 10, 25, 50 and 75% HIPS were extruded to sheets 

of 1 mm thickness at approximately 220 °C by Dow Benelux NV, 

Terneuzen, The Netherlands. The batch included also a range 1 mm 

thick sheets of an 1:1 blend of GPPS and HIPS with reduced 

styrene monomer contents (Table 2). Corn oil (Mazola) was bought 

in a local store at Wageningen (The Netherlands). 

Sample preparation 

The high impact grade polystyrene sheets were cut into the 

pieces necessary for sampling with a pair of scissors. For 

sampling in GPPS and the blends of HIPS with GPPS containing 3 

and 5% HIPS were scratched with a sharp object and subsequently 

broken over the scratch. 

Sampling methods 

The influence of both the amount of HIPS in PS and the content 

of residual monomer in the polymer was evaluated by using the 

immersion- and cell sampling methods10. For immersion sampling 1 

dm2 polystyrene sheet was cut into nine equal pieces, immersed in 

50 g corn oil in a tightly closed jar (all-sided contact) and 

incubated at 40 °C. 

Cells for sampling were made of a 10,8 mm thick Teflon ring and 

an inner diameter of 80,0 mm. The Teflon ring was sandwiched 

between two stainless steel plates in analogy of Figge13. Two 

sheets of polystyrene were secured between ring and plates in 

such a way that different sides of each sheet were available for 

contacting the corn oil. Cells were filled with 50 g corn oil, 

trademark of the Dow Chemical Company 

49 


