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ABSTRACT 

Serious safety issues have been raised about toxic chemicals which may migrate into food from 
domestic use of plastic containers commercially available recommended to be used for food heating in 
microwave, and can raise health concerns. Additives such as plasticizers used in the manufacture of 
household plastic containers can potentially be transferred to foods that are heated in these plastic 
containers. 

The main objective of this study is to test the migration of additives from three different 
microwaving packaging materials which are PS, PP and PET into three food simulant solutions include, 
isooctane (as oily foods), 3% acetic acid (as acidic foods) and distilled water (as aquatic foods). The 
migration of plasticizer di-n-butyl phthalate “DBP” (the major abundant compound migrate from the 
plastic materials) was studied under microwave heating (power level: 540 w) at four microwave heating 
duration spans (3, 6, 9, 12 min). The analysis was conducted by gas chromatography/ mass spectrometry 
(GC/MS). 

The analyzed results revealed that the migrations of food packages are dependent on 
microwaving heating time, package material types and simulant types. The migration rate to fat simulant 
was the biggest in the three kind of plastic food containers while that of water simulant was the lowest. 
The PS caused the fastest and biggest migration rates especially in oily foods whilst lower levels were 
observed for PP. PET has the most migration rate in acidic foods. In spite of, DBP migration rates of 
different plastic food containers had the similar regular which decreased in the order of following order: 
PS>PET>PP.  

All the food containers under study, gave varying degrees of DBP migration rate (0.004 to 0.200 
µg/g). All below the recommended SML, but in all cases, these migration rate were become higher than 
SML if the heating time reached to longer limit, since the food quality and safety may be jeoparized, 
therefore; these containers are suitable for microwaving only when used accurately in accordance with 
the directions provided.  
 
Keywords: Migration; food simulants; dibutyl phthalate; microwaving packaging; Gas chromatograph/ 

mass spectrometry 

 
Introduction 

A microwave oven is a kitchen appliance that heats and cooks food by exposing it to 
electromagnetic radiation in the microwave frequency range. This induces polar molecules in the food 
to rotate and produce thermal energy in a process known as dielectric heating (Evelina et al., 2015). 
Formerly, microwave ovens found only in large industrial applications, nowadays their increasingly 
became a standard fixture of residential kitchens in developed countries. Over 90% of American, 88% 
of Canadian, 65% of French and 38.7% of South African households owned a microwave oven 
(Cooking with short waves, 2015). Additionally, a certain group of people are forced to use food 
packaging to keep and heat food by microwave for a long time because of fast pace of life.  

Polymeric materials usually used in the food packaging industry include polypropylene (PP) in 
caps, polyethylene terephthalate (PET) in water or soft-drink bottles and polystyrene (PS) either rigid 
or foamed, in disposable cups and frozen materials (Despoina et al., 2011). 

There are commonly used plastic food containers and food wraps specifically designed to resist 
radiation from microwaves. Any of these is an indication that a product is suitable for microwaving 
when used in accordance with the directions provided, therefore, products may use the terms 
"Microwave Safe", may carry a microwave symbol (three lines of waves, one above the other) or simply 
provide instructions for proper microwave use.  
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Because of toxic materials migration from food containers plastic to food in such a short and 
extreme condition such as microwave heating we must give our focal point to research this risky. Not 
all plastics are microwave-safe, and some plastics absorb microwaves to the point that they may become 
dangerously hot. So food safety issues under the conditions of microwave heating have been paid more 
and more attentions because, not all microwave oven users known the hazards of this issue (Xzhu et al., 
2017). 

General provisions were introduced under European Community Directive controlling the 
suitability of materials and articles on the basis of overall migration limits. The directive states that 
plastics materials and articles shall not transfer their constituents to foodstuffs in quantities exceeding 
10 mg/dm2 of surface area of material or article. The specific migration limit (SML) is based on the 
safety evaluation of the substances taking into account information on the toxicity and the migration 
behaviour of the substance provided by the applicant. For setting the SML, it is conventionally assumed 
that 1 kg of food containing the substance is consumed daily by a person with 60 kg body weight. It is 
assumed that the 1 kg of food is in contact with a plastic food contact material releasing the substance 
at the SML. It is further assumed that the contact surface area is 6 dm2/kg food. A release of 10 mg of 
constituents per 1 dm2 surface area of plastic food contact material is established as the limit above 
which the migration is regarded as unacceptable change of the food (Miriany et al., 2014). 

US FAD, (2017) reported that the migration of additives should not exceed 60 mg/kg as sum of 
individual substances. This means that the substance itself cannot migrate in higher amount than 30 
mg/kg and if other plasticizers are present, the migration of the sum of all plasticizers cannot be more 
than 60 mg/kg, which the plasticizers are linked to the toxicological evaluation of the polyester 
compound derived from the tolerable daily intake of 0.5 mg/kg. 

To increase the flexibility of plastics, phthalate esters used as plasticizers in the manufacture of 
household containers. It can potentially be transferred to foods that are stored or heated in these plastic 
containers. These phthalates are not chemically bonded to the polymeric matrix, which may allow the 
migration of these chemicals into food substances (Yoonjee et al., 2019). 

Phthalates such as Dibutyl phthalate (DBP) and benzyl butyl phthalate (BBP) are most endocrine 
disruptor compounds and are found in very low concentrations in foods. They have been associated 
with toxicity to the neural, reproductive and developmental systems (Xia, et al., 2011). In humans, 
exposure to phthalates can alter human sperm motility and has toxic effect on the respiratory system, 
heart and liver of the human and animals, advanced stage endometriosis in women and altered thyroid 
hormone levels (Meeker and Ferguson, 2011). 

European Food Safety Authority (EFSA) has established the tolerable daily intake (TDI) for 
phthalates at 0.01 mg/kg body weight per day for DBP and 0.5 mg/kg body weight per day for BBP 
(EFSA, 2005). 

Several studies have been conducted on the migration of phthalates, but little is known about the 
migration of these compounds from food packaging when they are subjected to different heating 
conditions in a microwave oven. Thus, more studies must be conduct about the quantitative analysis of 
the migration of additives such as phthalate esters into a food placed in plastic containers when these 
were subjected to different heating conditions.  

Xzhu et al. (2017) and Younjee et al. (2019) revealed that with the increase of microwave heating 
time, the migration rate of plasticizers increased in varying degrees, that is, the migration rate of 
plasticizer was positively correlated with the microwave heating time. Also, they reported that the 
migration rate of phthalates to oily foods was the largest and was the smallest in aquatic food (pH > 
4.5). 

Xzhu et al. (2017) found that the migration rate to fatty foods was the biggest in polystyrene cups 
while in polypropylene cups was the lowest. 

The process of migration of additives from microwave packaging material to food may be 
separated into three states: diffusion within the polymer, solution at the polymer-food interface, and 
dispersion into bulk food (Risch, 2009). It is a common practice in research work that, instead of 
studying the migration of contaminants from plastic packaging materials into real food (where a large 
number of such materials would be required) other substances are used called food simulants. The latter 
are test systems that are used to simplify analytical procedures, while simulating the behavior of 
different types of food (Risch, 2009). 
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Food simulants are liquid or solid standard chemicals used to simulate the most common food 
types. Typical food simulants are water for aqueous, 10% ethanol / water for alcoholic, 3% acetic acid 
/ water for acidic, and olive oil or isooctane for fat foods (Jonas, 2013). These are used primarily because 
the analysis of migrants in food simulants is such easier than the analysis of migrants in real foods (Alin 
and Hakkarainen, 2011). 

The objectives of this study were (i) to evaluate the migration of DBP from common food 
packaging during the microwave heating and to relate these levels with the limits established by EFSA 
and, (ii) to explore the influences of microwave heating time, plastic type, and food properties on 
migration rates of DBP into a food simulant placed in plastic containers when there were subjected to 
different microwave heating times. Results obtained can provide reference for the safe use of food 
contact materials under microwave conditions. 
 
Materials and Methods 
 
Material and reagents:  

Three kinds of commonly used plastic food containers were selected. New microwave plastic 
boxes made of polypropylene (PP), new microwave plastic boxes made of polyethylene terephthalate 
(PET) and new microwave plastic boxes made of polystyrene (PS) and were purchased from local retail 
outlets. 

According to European legislation EU Regulation No.: 10 (2011) choose food simulants, as 
shown in Table (1). 

 
Table 1: Food simulants 

Type of simulants Food simulants 
A- Aquatic food (pH > 4.5) 
B- Acidic food (pH ≤ 4.5) 
C- Fatty / oily foods 

A- Distilled water 
B- 3% acetic acid (w/w) 
C- Isooctane 

 
Instruments and equipment: 

3% acetic acid-water, solution (w/w); distilled water; isooctane; dibutyl phthalate (as reference 
materials). All were of high-performance liquid chromatography (HPLC) grade and were obtained from 
Sigma-Aldrich (St. Louis, MO, USA).  

Gc/MS 4000 A gas chromatograph: J-D3 Galanz microwave oven; HH-2 thermostat water bath. 
Column injector temperature and detector temperature was 180oC. Carrier gas was Helium. The head 
space GC/MS technique is very suitable for the esters compounds analysis and it has been used in the 
EU specific migration (Gegley et al., 2005). 

 
Methods: 
 
Sample preparation and analysis conditions:  

All of the containers studied were from local market. Each container was washed in a special 
manner using Extran followed by ethanol (to avoid it’s contaminated from water or air with phthalates). 
Cut 3x3 cm of the plastic material of each sample and put them into sealed vials contained 15 ml food 
simulant solution. Store all the samples in the refrigerator at 5oC for 10 days. The samples were 
microwaved at 540 w, 4 microwaving duration spans, ranging from 3 to 12 min, were applied (3, 6, 9 
and 12 min). A total of 36 samples were tested for total migration (Table 2). Samples were heated in 
water bath to nearly dry, an extract of food simulant (1-2 ml) was transferred to a respective 15 ml of 
glass vial after 10 days storage, and the vial was closed with a silicone stopper and enclosed with an 
aluminum crimp until used to develop methods for testing.  
 
Table 2: List of performed experiments 

Number of sample materials 3 
Number of food simulants 3 
Number of microwaving spans 4 
Total number of experiments 36 
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A sample blank was prepared and analyzed to determine if there was background contamination. 
Any low concentration of DBP was considered when determining the compound in the samples and 
during the validation process.  
 
Migration rate:  

The migration rate was calculated as follows: � =
�×�

�×�
  , where, R is the migration rate of DBP, 

S is peak area of sample; V is the volume of sample, here is 1 ml for all samples; a is the correlation 
coefficient of concentration and peak area; W is the weight of plastic sample. 
 
Results and Discussion 

The term "migration" refers to the diffusion of substances from a zone of higher concentration 
(the food-contact layer) to one of a lower concentration (usually the food surface). This process is often 
influenced by nature and complexity of food, the contact time and temperature, the type of packaging 
contact layer, and the properties of the migrants.  

Therefore, in our study we compared migration level from each of three different materials: PP, 
PS and PET to three different food simulants after microwave heating (power levels of 540 W), through 
four  microwaving duration spans: 3, 6, 9 and 12 min. 
 
3.1. Migration rates of DBP to fat simulants: 

The change trend of DBP mobility from different plastic food containers to fat simulants with 
microwave heating time was presented in Table 3 and Figure 1 for each kind of plastic container, 
migration rate of DBP increased with the increase of microwave heating time. The migration rates of 
PS and PET boxes were obviously higher than that of microwave PP plastic boxes. The migration rate 
of DBP from PET films increased rapidly in the first 6 minutes and then decreased while the migration 
rate of DBP from PS films increased slowly in the first 9 minutes and then increased rapidly. Whereas, 
it is shown that the migration rates of PP films are most stable which increased stable in slow growth 
with similar trend during the 12 minutes. This is due to the requirement of DBP in PP is relatively lower 
than in PS and PET, which can explain the results aforementioned (Zhang et al., 2012). The polystyrene 
(PS) caused the fastest relative migration in olive oil while the polyethylene terephthalate (PET) has 
much higher migration after the first 9 minutes. These results were in accordance with those of Ruoyin 
et al. (2010). 

 
Table 3: Migration rates of different kinds of plastic food containers to fat stimulants (µg/g) 

Heating  time 
3 6 9 12 

Kind of  plastic 
PS 0.0400 0.0650 0.0750 0.2000 
PP 0.0100 0.0250 0.0450 0.0600 
PET 0.0600 0.1600 0.1400 0.1000 

 

 
Fig. 1: Migration rates of DBP from three containers into fat simulantas a function of microwaving 

time 
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The highest migration rate of DBP (0.2 µg/g) was observed in PS container. However, this value 
is less than the specific migration limit (SML) for DBP, which is 0.3 µg/g (Xzhu et al., 2017) 
 
3.2. Migration rates of DBP to acid simulants: 

The change trend of DBP mobility from different plastic food containers to acid simulants with 
microwave heating time was presented in Table 4 and Figure 2. Also for each kind of plastic container, 
migration rate of DBP increased with the increase of microwave heating time, especially for food PET 
boxes. The migration rates of food PET boxes were obviously higher than that of PS and PP boxes. 
Different with the migration regularity of DBP to fat simulants, the migration rate from PS films to acid 
simulants remained stable until 6 minutes, and then increased in slow growth from 6 to 9 minutes while 
increased rapidly after 9 minutes. While the migration rate from PP films increased slowly until the 9th 
minute and then decreased with obvious level. 
 
Table 4: Migration rates of different kinds of plastic food containers to acid simulants (µg/g) 

Heating  time 
3 6 9 12 

Kind of  plastic 
PS 0.0005 0.0007 0.0040 0.0220 
PP 0.0010 0.0010 0.0080 0.0050 
PET 0.0060 0.0200 0.0250 0.0350 

 

 
Fig. 2: Migration rates of DBP from three containers into acid simulant as a function of microwaving 

time 
 
Gang et al., (2006) revealed that the stronger the acidity or alkalinity of external conditions, the 

more favorable for the hydrolysis of DBP, especially for PET and PS films, in other words, acidic 
conditions can promote the hydrolysis of DBP to a certain extent at the same time acidic conditions can 
accelerate the delamination and aging of plastic products. Acidic conditions can also promote the 
precipitation of DBP (Xia et al., 2012). Therefore, for the two kinds of non-oily food simulants (acid 
and water simulants), the migration rate of DBP from acid simulants is higher than water simulants. 
 
3.3-Migration rates of DBP to water simulants: 

The change trend of DBP mobility from different plastic food containers to water simulants 
with microwave heating time was presented in Table 5 and Figure 3. As shown in Figure 3, overall the 
migration rate of DBP from the plastic to water simulants is fairly low. The migration rates do not 
exceed 0.004 µg/g in PP films and 0.003 µg/g in PS films, therefore, there is no significant change trend 
of migration rates. DBP is the lipophilic organic compounds, so its molecular structure is quite different 
from that of H2O. According to the theory of similar dissolve mutually, the solubility of DBP in water 
is very poor (Xzhu et al., 2017). 
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Table 5: Migration rates of different kinds of plastic food containers to water simulants (mg/g) 
Heating  time (min.) 

3 6 9 12 
Kind of  plastic 

PS 0.0005 0.0007 0.0022 0.0030 
PP 0.00023 0.0009 0.0020 0.0040 
PET 0.0006 0.0008 0.0022 0.0025 

 

 
Fig. 3: Migration rates of DBP from three containers into water simulant as a function of microwaving 

time 
 

3.4-Migration rates of DBP from different plastic food containers to simulant to after 12 minutes 
of heating time: 

Heating time of 12 minutes were selected to investigate the variation laws of migration rate 
with time as shown in Table 6 and Figure 4. The results indicated that the migration rate of DBP to fat 
simulants was significantly higher than the other two food simulants. DBP is a moderately low polar 
compound and easily soluble in solvents with similar polarity such as isooctane, so DBP in plastic is 
more likely to migrate to fat simulants, isooctane (Xie et al., 2012). Also, it can be concluded that the 
variation in the concentration of DBP in the simulant was random. As shown in figure (4) PP plastic 
boxes caused the lowest relative migration in all simulants, it is most stable in this case due to PP 
manufacture films containing a less amount of the plasticizer compounds. The obtained results suggest 
that the migration rate of DBP (0.2 µg/g) was observed in PS container, however, this values is less 
than the specific migration limit (SML) for DBP, which is 0.3 µg/g. 

It can be seen that different simulants present different amount of averaged migration. Aquatic 
food (pH > 4.5) or water simulants generate relative less migration than fat simulants in the three kinds 
of plastic food containers. Additionally, there is a greater migration of chemical compounds of the 
plastic additives such as phthalates in containers with a prolonged time of microwave heating which 
may allow it to more easily released (Yoonjee et al., 2019). 

This finding is significant, in our opinions, therefore, concerning about consumer protection 
from possible food toxicity caused by migration of compounds from food-contact plastic / materials 
into food when exposure to microwave heating, Firstly; scientists and regulatory agencies in developed 
countries must be identify the types of foods and conditions of use for food-contact substances, 
Secondly; should be focused on the general framework and legislative aspects and formulate their own 
guidelines and regulations for testing of those substances and specify the limit of migration, similar to 
European and FDA legislations in European and US countries. Finally; must be announcement the 
safety directions provided to microwave users in different acquaintance ways, about food preparation 
and/or reheating of previously prepared foods. 
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Table 6: Migration rates of DBP from different container types to simulants after 12 min of microwave 
heating (µg/g) 

Simulant 
Fat Acid Water 

Kind of  Plastic 
PP 0.0600 0.0040 0.0040 
PS 0.2000 0.0220 0.0030 
PET 0.1750 0.0350 0.0025 

 

 
Fig.4: Migration rates of DBP from three containers to simulants after 12 min of heating  

 
Conclusion 

In this study, we aimed to monitor and restrict the migration of chemical compounds from plastic 
additives of three kinds of packages [polystyrene boxes (PS), polypropylene boxes (PP) and 
polyethylene terephthalate boxes (PET)] to the contact food, which caused by the severe heating 
conditions in microwave. Isooctane, 3% acitic acid-water solution (w/w), distilled water were selected 
respectively as the fat simulants, acid simulants, and aquatic simulants. 

 
Several conclusions can be highlighted from the study carried out: 

1. The migration rate increased with the increase of microwave heating time in the three kinds of plastic 
food containers, therefore, microwave employers must be very careful in critical control points of 
heating time and don't use plastic containers to keep and heat food by microwave for a long time.  

2. The migration rate to fat simulants was the fastest and biggest in the three kinds of plastic food 
containers especially in PS boxes while that of water simulants was the lowest. 

3. Migration rates of different plastic food containers had the similar regular which decreased in the 
order of following orders: PS boxes > PET boxes > PP boxes. 

4. All the food containers under study gave varying degrees of migration values, but in all cases these 
values were below the recommended SML (during the 12 minutes of heating studied), whereas, the 
food quality and safety may be jeopardized if the heating time and/or the applied temperature 
reached to longer limit. 

Therefore, additional studies are required: I- to evaluate the toxic effects of human exposure to 
these compounds because the microwave oven is just one of several exposure sources. II- to develop a 
safer food package should not be raised to critical levels with increasing temperature for additives 
migration and should not be superheated in microwave especially when the food has lots of acidic or 
fatty content.  
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