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Overview chemicals in plastics

• ~13,000 chemicals identified as associated with plastics and 

plastics production (UNEP, 2023)

• ~3,200 of which have one or more properties of concern

• Several thousands are uncharacterized toxicologically

• Groups of chemicals identified as being of major concern
• Flame retardants

• UV stabilizers

• Per- and polyfluoroalkyl substances (PFAS)

• Phtalates

• Bisphenols

• Alkyl phenols and derivatives

• Polycyclic aromatic compounds (PAC)

• Biocides

• Certain metals2023-11-22 2



All chemicals in a sample

Chemical space
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Chemical space cont.
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Recycling of plastics

• Chemical complexity with thousands of additives and non-

intentionally added substances (NIAS)

• General lack of traceability of the chemicals

• Absorption of chemicals during use

• Contamination possible and not controlled for in recycled 

plastics

• Conflict between the goal of circularity and chemical safety
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Method

• Ultrasound assisted extraction

• Hexane and acetone (3:1) → non-polar, volatile compounds

• Methanol → (semi)-polar compounds

• Recycled and virgin PP, PET, PETG, and PP-C pellets 

(n=13)

• Plastic products of TPR, TPU, and PMMA (n=6)

• Plastic pellets of TPR, TPU, and PMMA (n=6)

• More samples to be added
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Approach – bioreporter assay in conjunction with 
suspect screening

• Bioreporter assays measure effects of chemical mixtures 

toward specific end-points 

• High-resolution mass spectrometry based suspect screening –

identification of chemicals with less a priori information

• Effect-directed analysis – fractionate samples, measure effect 

and screen for chemicals in fractions with high effect

• Goal: find the chemical drivers for the observed toxicity in 

plastics
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Approach – bioreporter assay in conjunction with 
suspect screening cont.

• Project utilizes an effect based screening 

approach

• Bioreporter assays cover a wide portion of

chemical space

• Targeted chemical analyses usually fall short in 

explaining the observed toxicity → need for 

broader chemical characterization
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Chemical screening - workflow

• Suspect list compiled from literature – chemicals in plastics and 

general chemicals of concern

• Analysis on both gas- and liquid chromatography coupled to 

high-resolution mass spectrometers.

• Library and in-silico fragmentation aided annotation

• Purchase of interesting standards for confirmation and 

quantification
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Effect-directed analysis (EDA) 

Bio-EQ >> chem-EQ → fractionation of extract
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Hazardous properties of chemicals in plastics
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Dioxin receptor activity for PET, PP-C, and PP
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Gas chromatography high resolution mass 
spectrometry analysis – electron impact ionization

• 30 hits with in-house high-resolution library 

• ~100 hits from NIST14 (dot and R-dot >800)

• Compare activity (dioxin receptor) results with detected compounds (PP & PP-C) 

• No quantitative chemical analysis as of yet!
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Future work

• All results presented are preliminary and the identified 

compounds tentative!!

• Recycled/virgin pellets comparison

• Chemical analysis of very polar compounds – missed by current 

chemical analysis (~1/5 of chemicals associated with plastics)

• Fractionate and apply effect-directed analysis workflow on 

samples of interest (high activity, low explanation degree)

• Categorize hazardous chemicals according to polymer type and 

recycled/virgin
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