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1. Introduction  

For most food-related adhesive applications, direct food contact is not intended, although contact 

may occur unintentionally at seams and edges, or via migration through the packaging or gas phase 

due to volatile compounds via vapour phase transfer. Laminating adhesives which are intended to 

be used for food contact applications in the European Union are manufactured only with polyesters 

based on monomers authorised to be used in plastic materials and articles intended to come into 

contact with foodstuffs according to the Plastics Regulation (EU) No. 10/2011. During the 

manufacture of the polyester resins, low quantities of non-reactive cyclic esters are produced as by-

products alongside the high molecular weight chain polyesters.  

Whilst the long-chain polymers of the polyester do not have a migration potential, the smaller cyclic 

esters could potentially migrate into the food. These cyclic esters are non-intentionally added 

substances (NIAS) and therefore require a risk assessment. EFSA’s Note for guidance for petitioners 

states that migratable substances from food packaging with a molecular weight of less than 1000 

Da are important from the toxicological point of view as they could be absorbed in the 

gastrointestinal tract. 

FEICA, the Association of the European Adhesive and Sealant Industry, created a Cyclic Esters Task 

Force with the aim of developing a risk assessment document to assist downstream users in their risk 

assessments. The Task Force comprised several member companies who shared study results and 

expertise to develop the risk assessment. They did not share with each other the entire study reports 

or the identity of the starting monomers used in their products. ChemSafe, an independent 

consulting company, facilitated the development of a common risk assessment, ensuring that 

sensitive data was kept confidential. 

2. Risk assessment process 

The following process was followed to develop the risk assessment: 

1. Identify the species of cyclic esters used 

The starting monomers used in the companies’ manufacturing processes were tabulated. All 

monomers used are listed in Annex I of Commission Regulation (EU) No. 10/2011 of 14 January 2011 

on plastic materials and articles intended to come into contact with food. Due to the large number 

of monomers, many species of cyclic esters had to be taken into consideration. The most frequent 

are 1:1 adducts and 2:2 adducts. 

2. Review available data 

Available data were reviewed to ensure relevant current understanding was taken into account. The 

following studies were considered: 

• Published data: A literature search was carried out on key databases. 

• In silico data: In silico data represent the first tool to investigate potential hazards where no 

other information is available. A set of in silico genotoxicity predictions were produced. 

• In vitro mutagenicity/genotoxicity data: In vitro mutagenicity and genotoxicity data were 

submitted and assessed to determine the genotoxicity potential of the cyclic esters to 

confirm the results of in silico data.  

• In vivo genotoxicity data: An in vivo genotoxicity study was submitted. This study clarifies the 

genotoxic potential of substances with a positive result for genotoxicity in silico and in vitro.  
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• In vitro metabolism studies: In vitro metabolism studies were performed to evaluate the 

hydrolysis of the cyclic esters and to assess whether they are metabolically cleaved into the 

parent compounds, which are all monomers listed in Regulation (EU) No. 10/2011.  

3. Genotoxicity Review 

While in silico studies indicated a structural alert in some of the cyclic ester compounds, negative in 

vitro and in vivo data is available for all of the parent compounds and the majority of the cyclic ester 

compounds. No genotoxic properties could be assigned to the cyclic esters that were evaluated in 

these studies. 

4. Impact of metabolism in the human body 

Cyclic esters may be ingested if polyester adhesives contact food. Studies have quantified the cyclic 

esters contained in extracts from polyester pre-polymers to range between 0.005 % to 2.2 % of the 

extract. The concentration in the whole packaging is lower because the contribution of the adhesive 

containing the pre-polymers is usually less than 5 % by weight of the total packaging. Moreover, not 

the entire amount of these cyclic esters is expected to migrate into food and therefore be ingested. 

Furthermore, if ingested, these cyclic esters are expected to undergo hydrolysis in the stomach, the 

gut and finally in the liver by a non-specific esterase. Non-specific esterases, in addition, are also 

expected to be found also in the saliva and in the blood stream. 

In conclusion, cyclic esters are expected to hydrolyse up to 95 – 99.5 % (This does not apply to cyclic 

esters containing ortho-phthalic acid since they do not completely hydrolyse due to their chemical 

stability. In the absence of specific data, a separate risk assessment of their metabolism products 

should be conducted. 

5. Cramer classification and TTC approach 

The Threshold of Toxicological Concern (TTC) approach is a screening and prioritisation tool for the 

safety assessment of chemicals when hazard data are incomplete and human exposure can be 

estimated. The EFSA Scientific Committee (EFSA, 2012) concluded that the TTC approach serves as 

a useful screening tool either for priority setting or for deciding whether exposure to a substance is so 

low that the probability of adverse health effects is low enough that no further data are necessary. 

The Cramer classification scheme is the best-known approach to estimate the Threshold of 

Toxicological Concern for a chemical substance based on its chemical structure (see Appendix I). 

In silico studies indicate that, depending on their structures, the cyclic esters in question belong to 

Cramer Class III (predominantly aromatic esters) or Class I (predominantly aliphatic esters). The 

Threshold of Toxicological Concern (TTC) for Cramer Class III is 90 μg/person/day (1.5 μg/kg bw/day, 

assuming a body weight of 60 kg). For Cramer Class I, the TTC is 1800 ug/person/day (30 μg/kg 

bw/day). This means that the worst-case threshold of toxicological concern for the NIAS cyclic esters 

in polyester adhesives is about 1.5 µg/kg bw/day. 

 

6. Exposure Estimation 

The publicly available migration studies of Shrikhande (2012) were used to estimate a notional human 

exposure from a worst-case point of view. These indicated a maximum migration level of 0.000032% 

(w/w). In order to carry out an evaluation through the TTC approach, an estimate for human 
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exposure is needed, but no data are available. Therefore, a highly overestimated exposure value of 

50 g/person/day is proposed. This value should be replaced if data becomes available.  

If the exposure to adhesives which contain cyclic esters as NIAS is overestimated to 50 g/person/day, 

and the migration of the cyclic esters is rounded up to 0.0001% (w/w), the resulting notional human 

exposure is estimated to be 50 µg/person/day. Furthermore, after hydrolysis, which for cyclic esters 

has a minimum value of 95%, the resulting human exposure will be 2.5 µg/person/day (0.042 µg/kg 

bw/day). This is several orders of magnitude below the relevant Thresholds of Toxicological Concern 

(1.5 μg/kg bw/day for Cramer Class III and 30 μg/kg bw/day for Cramer Class I). 

• Infants and children 

Taking into account all available information, cyclic esters are also expected to undergo a significant 

if not complete hydrolysis in the intestinal tract and liver of infants and children, despite the known 

physiological differences between infants, children and adults. 

7. Conclusion 

The available data suggests: 

• As a result of in vivo studies, no genotoxic properties could be assigned to cyclic esters. 

• The calculated worst-case exposure to cyclic esters representing NIAS in food packaging 

applications is not expected to exceed the TTC value. 

• Cyclic esters, other than those containing ortho-phthalic acids, undergo high hydrolysis rates 

under metabolic conditions further decreasing exposure 

Taking this information into consideration,  the human exposure to cyclic esters representing NIAS 

from polyester pre-polymers in food packaging applications does not present a risk to consumers. 

Attention should be paid to food packaging systems that generate cyclic esters containing ortho-

phthalic acids because they don’t seem to hydrolyse and exposure to these NIAS could be different 

than to other cyclic esters since they exhibited different behaviour in the above mentioned studies. 

More investigation is needed to better understand the impact of ortho-phthalic esters from food 

packaging.  The above conclusion is based on the current state of knowledge. Further evaluation 

will be possible in the case that new data becomes available (e.g. Ubeda et. al., ongoing work).  

In summary, attention should be paid when using polyester adhesives in food applications because 

of the potential for cyclic esters to occur as NIAS. The manufacturer of the final packaging material 

or article has to carry out a separate Risk Assessment and is responsible for verifying the compliance 

of the finished materials or articles at the specific real and/or foreseeable conditions of use. FEICA 

hopes that this document will assist downstream users in their risk assessment activities. 
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8. Contact 

FEICA Regulatory Affairs:  

Jana Cohrs (j.cohrs@feica.eu)  

 

FEICA is registered in the EU Transparency Register with ID no. 51642763262-89 

About FEICA 

FEICA, the Association of the European Adhesive & Sealant Industry, is a multinational association 

representing the European adhesive and sealant industry. Today's membership stands at 15 National 

Association Members, 24 Direct Company Members and 19 Affiliate Company Members. The 

European market for adhesives and sealants was estimated to be worth €16.8 billion in 2019. With the 

support of its national associations and several direct and affiliated members, FEICA coordinates, 

represents and advocates the common interests of our industry throughout Europe. In this regard, 

FEICA works with all relevant stakeholders to create a mutually beneficial economic and legislative 

environment. 

 

Contributing FEICA companies: 

The following companies have contributed data to this document. 

 

 

 

 

FEICA - Association of the European Adhesive & Sealant Industry 

Avenue Edmond van Nieuwenhuyse 2, B-1160 Brussels, Belgium 

Tel: +32 (0) 2 896 96 00  

info@feica.eu   | www.feica.eu 

  

mailto:j.cohrs@feica.eu
mailto:info@feica.eu
http://www.feica.eu/
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Appendix 1: Schematic diagram of the revised TTC decision tree (EFSA, 2016). 
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Appendix II: Acronyms 

• Da: The dalton or unified atomic mass unit (symbols: Da or u) is a unit of mass widely used in 

physics and chemistry to express the mass of atomic-scale objects, such as atoms, 

molecules, and elementary particles.  

• EFSA: The European Food Safety Authority. 

• FEICA: The Association of the European Adhesive and Sealant Industry. 

• μg/kg bw/day: Micrograms per kilogram of body weight per day. 

• NIAS: Non-intentionally added substances. 

• TTC: The Threshold of Toxicological Concern. 
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