Challenges in human micro- and nanoplastic risk assessment: stocktaking and the road ahead
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Supplementary Material
[bookmark: _Ref178849929]Table S12: A list of knowledge and data gaps for human RA of MNPs, related general and material-related challenges and strategies to overcome them. MNPs = micro- and nanoplastics, NPs = nanoplastic, QA/QC = quality assurance and quality control, ILC = inter-laboratory comparison color code: blue – exposure, red - hazard.
	Knowledge and Data gaps 
	General challenges 
	Test material-related challenges
	Options to overcome challenges & QA/QC aspect

	Determining human exposure pathways 
	· Detection of MNPs in different environmental and technical compartments 
· Mobility and transport in and between compartments
· Representative sampling and processing of samples
· Determination of background values, particle changes and losses during sample processing
· Prevention of contamination of samples from surrounding environment
· Precision and accuracy = trueness between labs, ILCs  
· Missing international standards
	· Reliable and representative sample collection 
· Limited availability of sample preparation methods (e.g., lower size limit or mass)
· Homogeneity of samples 
· Low expected concentrations
· Reliable detection of MNPs regarding polymer type, size, and shape
· Choice of unit (mass/number) to compare results
· Considering aging of MNPs 
	· Development of quality-assured methods and protocols for sample collection & preparation 
· Definition of minimum QA/QC standards

	Detection of MNPs in complex matrices (food & beverages, PCPs, human tissue samples)
	1. Representative sampling and processing of exposure matrices
1. Determination of background values, particle changes and losses during sample processing
1. Prevention of contamination of samples from surrounding environment
1. Precision and accuracy = trueness between labs, ILCs  
1. Missing international standards 
	· Reliable and representative sample collection 
· Limited availability of sample preparation methods (e.g., lower size limit or mass)
· Homogeneity of samples 
· Low expected concentrations 
· Reliable detection of MNPs regarding polymer type, size, shape, mass and number
· Choice of unit (mass/number) to compare results
· Considering aging of MNPs
	· Method validation and development of quality-assured methods and protocols for sample collection & preparation
· ILCs for various methods relevant in MNPs exposure assessment. 
· Methods and controls to prevent and report contamination during sampling, methods to quantify background contamination
· Definition of minimum QA/QC standards 

	Ability of MNPs to cross biological barriers, cellular internalization of MNPs 
	· Linking of in vitro to in vivo data 
· Reliable detection using model MNPs that can be distinguished from background
· Detection of environmentally relevant MNP in in vitro and in vivo
	· Particle-based analytical methods often have their LOD above particle sizes likely for cellular internalization
	· Development of quality-assured methods and protocols to assess MNPs fate in the human body

	Determining exposure to plastic-particle associated chemicals, including metals
	1. Types and concentrations of additives and residual chemicals from polymer synthesis are unknown. Metals are known as relevant in some additives of plastic products, e.g., color pigments, but still not appropriately addressed in analysis 
1. Relevance of leaching in different environmental and technical compartments; and the human body
1. Relevance of aging for leaching
· Prevention of cross-contamination of samples from laboratory equipment
	1. Consideration of transformation and (bio)degradation processes of MNPs
	· Development of quality-assured methods and protocols for leaching, epidemiology, prioritization of chemicals, inclusion of modelling approaches
· Methods and controls to prevent contamination during measurement

	Choice of human exposure -relevant environmental MNPs for testing
	· Producing human exposure relevant MNPs for testing 
· Lack of available NPs for testing
· Suitable reference materials

	· Analyzing and selecting appropriate physico-chemical surface properties of pristine particles and in test medium 
· Include the impact of aging / weathering on particle properties in tox. testing 
	· Orientation on knowledge from exposure science, including weathered /aged material in the choice of human exposure-relevant MNPs
· Use of well-characterized test materials in toxicity testing and evaluation of relevant physico-chemical properties

	Effect thresholds, particle characteristic (e.g., size, shape) dependent toxicity
	· Multiple challenges during toxicity testing appear, such as: dispersion and dosimetry, 
· Precision and accuracy = trueness between labs, ILCs  
· Missing international standards 
	· Particle characterization in different media, identification and quantification (e.g., exposure concentration)

	· Development of quality-assured methods and protocols for dispersion and cell culture
· ILCs for various methods relevant in MNPs hazard assessment

	The impact of plastic-particle associated chemicals 
	· Concentration of released chemicals in relation to effect thresholds.   
· Hazard data for single chemicals and mixtures are missing
	· Analyzing the multitude of potential substances in leachates to identify drivers of toxicity
	· Prioritization of analyzed chemicals
· Introducing concepts for prediction of mixture effects
· Effect-directed analysis

	Reference materials (e.g., positive controls and natural particle control)
	· Suitable control materials to verify results and to differentiate between general particle effects and specific MNP effects 
	· Production and characterization of control particles and MNPs to allow comparison

	· Development of quality-assured methods and protocols, standard test materials
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