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Presentation Notes
Thanks for the introduction.  I’m a toxicologist and as I’m coming from a Food Institute, we have an interest in FP which is a topic that deserves more attention as we know that FP can bes a significant source of human exposure to chemicals and also there are large data gaps concerning the identity of chemicals in FP and their effects 
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Humans are expsoed to many chemicals from many sources and we all carry a foot print of some hundreds of chemicals in our bodies. The can come from personal care products, clothes, electronis eqipment, water, or our foods. The food is generally considered the major source of human exposure. One way food can be contaminated is via the FCM….
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This is an example how a one-week diet for a family may look like nowadays. Most food is packed in either paper, board, plastic, cans or glass. Despite this extensive use, there are currently large data gaps about the chemical composition of different FP materials and the toxicological effects of these compounds.
Chemicals can migrate to foods if they are in close contact with the foods, but they can also evaporate from FP into foods without any direct contact for instance can volatile compounds from a flour or sugar bag migrate to foods. 
In the current regulation on FP, no specific regulation exists for paper and board FP and for plastic, the primary focus is on tests for mutagenicity and genotoxicity. The present regulation is based on an approach that do not integrate ED and developmental toxicity, not to speak about mixture toxicity.




Exposure to FCM chemicals 
contribute to human health 

effects 

Fluor 
chemicals 

 

 

 

 
 

Bisphenol A 

 

 

 
 

 

 

 

Phthalates 

 

 

 

 
 

 

Presenter
Presentation Notes
Here are some examples of chemicals or chemical classes for which FCMs are a significant source of human exposure and for which risk assessments indicate that there may be a human health issue, if you take mixture effects into account. BPA is for instance present as plastic coating of cans and as it is present in recycled paper it is also often present in paper & board FCM. The phatalates are used in PVC plastics and are often present in recycled paper and therefore also in paper & board FCM. Fluorchemicals are used in paper & board FCM and are a signigficant source of exposure to the persistent perfluor carboxylic acids.



Risk assessment should take into 
account mixture effects 

Mixture effects have been documented in experimen-
tal studies for decades 

 
⇒Chemicals can ‘join 
forces’ to cause an effect 
even at low doses 

Ref: Svingen & Vinggaard, The risk 
of chemical cocktail effects and how 
to deal with the issue. Editorial, 
JECH, Nov 2015 
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Mixture effects have been documented in experimental studies for decades and have shown that chemicals can join forces to cause an effect even at low dose levels. More can be read on this in an editorial we recently published. For instance a risk assesments of phatlate exposure has been performed at the Danish EPA. It showed that humans are simultaneouslyexposed to several phthalates that are having the same mode of action. A detailed risk assessment that took mixture effects into account showed that for the 2.5% of the population that are exposed to highest phtalates levels who are tyoically children, there may be a human health risk. Low dose pesticide exposure in fetal life and IQs in the babies.



 
It doesn’t take into account:  

1) mixture effects of chemicals 

2) adverse effects like endocrine 

disruption, immunotoxicity etc.  

3) FCMs made of paper & board 

 

The current paradigm for evaluation 
of safety of FCMs is insufficient 
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The ususal procedure is to identify a chemical in an FCM, perform migration studies, and compare the contamination level of food with the TDI. It is not taken into account that humans ususally are exposed to the same chemical from other sources and that humans are exposed to other chemicals that are affecting the same adverse outcome in humans. The latter can be due to exposure to other chemicals from the chemical class like the bisphenols or the fluorochemicals that are typically causing the same adverse effect. 
Specific regulation exists for plastic FCM but for paper & board FCM there is no specific regulation except that the FCM should not cause danger to human health
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How do we address the 
challenge of risk assessing 

FCMs in the future? 
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Toxicological profiling 
in silico, in vitro & in 
vivo 

Effect-directed analysis 
& analytical chemistry 

Unknowns in food 
packaging 
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I would suggest to apply i) a bottom-up approach to evaluate compounds we know are used in FP but don’t know the effects of and a top-down approach for identification of emerging chemicals in FP. For the bottom-up approach we decided to focus on two chemical classes that we know are used extensively in FP and for which we’re lacking knowledge. BP analogues that increasingly substitute BPA and PFAS that are used in P&B packaging.




In vitro tests for assessing 
integrated mixture effects in FCM 
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Ref.: ILSI report Europe, 2015 (modification of figure) 



Effect-directed analysis 
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Presentation Notes
This is an overview of the FP test strategy using effect-directed analysis. We fractionated the active fraction and tentatively identify compounds in the active fraction. Compounds were selected for further testing based on previously reported effects, structural similarities to known ligands, and availability of analytical standards. They were tested in vitro and if positive quantified and equivalent factors were calculated.
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Sandwich wrapper 

Muffin forms 
Baking paper 
Flour bag 
Pizza box 
White pizza box 
Microwave pizza box 
Popcorn bag 1 
Popcorn bag 2 
Sausage tray 
Fish tray 
Tomato tray 
Cereal box 
Nordic paper 

Basis paper  
Chinese paper 1  
Chinese paper 2 
Board w UV print 
Board w watersol print 
Board w offset print 

Unpublished data 
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We have tested 20 FP materials made of paper and board in this test battery and found a surprising range of activities. A popcorn bag and a microwave pizza tray were Ames positive, indicating the presence of mutagenic compounds. In a pizza box made from recycled paper we estrogenic activity and by running this FCM through our strategy we identified BPA and two phthalates as being responsible for the activity. In a sandwich wrapper made of virgin pulp we found significant antiandrogenic activity which was found to be caused by abietic acid and dehydro abietic acid that are often added to paper to make it more resistant to moisture etc.




Take home messages 

• More focus on FCM is needed as it can be a 
significant source of human exposure to chemicals 

 
• Mixture effects of chemicals have to be taken into 
account (also) when risk assessing FCMs 
 

• Our effect-directed analysis covering endocrine 
disruption, cyto- and genotoxicity is quantitative and 
valuable for identification of emerging chemicals 
(reduces uncertainty) 
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Take home message. More focus on FP is needed as a significant source of human exposure to EDs, especially concerning the use of persistent compounds in FP. A new paradigm is needed for risk assessing FPs. Our FP strategy is animal-free, effect-based and quantitative and valuable for identification of emerging chemicals. AA and DHAA identified as AR antagonists in sandwich wrapper – is human exposure to AA significant? Alternative BPs have similar ED profile as BPA. Substitution of BPA with BP analogues should be carried out with caution




National Food Institute, Technical University of Denmark 

Thanks! 
Anna Rosenmai 
Camilla Taxvig 
Marianne Dybdahl 
Terje Svingen 
 
 
Xenia Trier 
Linda Bengtström 
Jens Højslev Petersen 
Gitte Alsing Pedersen 
 
Colleagues & technicians at 
DTU Food 

Funding 
The Ministry of Food, 
Agriculture, and Fisheries of 
Denmark 

Barbara van Vugt-Lussenburg 
Peter Benisch 

BioDetection Systems, NL 

Laurianne Lesné 
Bernard Jégou 
 
Rennes University, FR 


	Toxicological evaluations and risk of human exposure to�mixtures of chemicals
	Slide Number 2
	Slide Number 3
	Exposure to FCM chemicals contribute to human health effects
	Risk assessment should take into account mixture effects
	�It doesn’t take into account: �1) mixture effects of chemicals�2) adverse effects like endocrine disruption, immunotoxicity etc. �3) FCMs made of paper & board�
	How do we address the challenge of risk assessing FCMs in the future?
	Slide Number 8
	In vitro tests for assessing integrated mixture effects in FCM
	Effect-directed analysis
	Slide Number 11
	Take home messages
	Thanks!

