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Risk assessment of nanomaterials -
overview on existing frameworks 



Purpose

• Explore whether some of the many 
nanorisk assessment frameworks can 
be used for human health risk 
assessment of MNPs?







Swiss Precautionary Matrix, ED & DuPont and MCM risk-... 

Is this information available for MNP?



Information available wrt plastics?

• Redox activity and/or catalytic activity
• Available for plastics?
• Yes (e.g. Phenol–

formaldehyde resin and PS (Chen et al., 
forthcoming, 
https://doi.org/10.1016/j.fmre.2022.03.015))

• Stability in physiological and environmental 
conditions

• Available for plastics?
• Yes (e.g. PE, PET, PLA (Chamas et al. 2020, 

https://dx.doi.org/10.1021/acssuschemeng.9b
06635)

https://www.bag.admin.ch/bag/en/home/gesund-leben/umwelt-und-gesundheit/chemikalien/nanotechnologie/sicherer-umgang
-mit-nanomaterialien/vorsorgeraster-nanomaterialien-webanwendung.html



ED & DuPont NanoRisk Framework

Available for plastic?Hazard input information

Yes - MP acute respiratory toxicity (Zhang et al., 2021), 
Cytotoxicity (Liang et al., 2021), Gastrointestinal toxicity 
(Jin et al., 2019; Qiao et al., 2019), NP Neurotoxicity 
Gambardella et al., 2018. NP Hepatotoxicity (Lusher et 
al., 2017)

Short-term tox

Skin sensitization + penetration

Yes - MP Chronic immunotoxicity (Jin et al., 2019; H. Sun 
et al., 2021; M. Sun et al., 2021; T. Sun et al., 2021), NP 
Genotoxicity – Lusher et al., 2017

Genetic toxicity tests

See figure of and next slideBiological fate + behavior

Yes - MP Carcinogenicity – Martin et al., 2017, NP 
Nephrotoxicity (Gherkhbolagh et al., 2018) NP 
Cardiovascular toxicity (H. Sun et al., 2021; M. Sun et al., 
2021; T. Sun et al., 2021), NP Hepatotoxicity (Lusher et 
al., 2017)

Chronic 
inhalation/ingestion/dermal tox 
studies

Yes - MP Reproductive toxicity (Sobhani et al., 2021), 
Embryotoxicity (Uhrin and Schellinger, 2011), NP 
Reproductive toxicity (An et al., 2021)

Developmental, reproductive, 
neuro and EDS- studies

https://nanotech.law.asu.edu/Documents/2011/06/6496_Nano%20Risk%20Framework_534_2973.pdf



Biological fate & behavior



Risk-based classfication system of nanomaterials

Available for plastic?Hazard input information

Yes, depended on salinity, temperature, protein, electrolytes, pH 
and humic acid e.g. NP PS, Polyspherex™ 50‐nm carboxylated
poly(methyl methacrylate) (PMMA‐COOH) nanospheres, 
Polyspherex 50‐nm plain PMMA nanospheres, Visiblex™ 50‐nm 
red‐dyed polystyrene nanospheres, and Visiblex 50‐nm 
blue‐dyed poly-styrene nanospheres (Shupe et al. 2021, Lee 
and Fang 2021, Li et al. 2021, Dong et al. 2021) (see net slide)

Agglomeration and aggregation

Yes – NP PS (Bianco et al. 2020)Reactivity

Yes - (−NH2) or carboxyl (−COOH)-modified polystyrene (PS) 
NPs (Zhang et al. 2022, Kim et al. 2017)

Critical functional groups

YesParticle size

Yes – PE, PP, PS, PES and PVC + contaminants such as 
PBDs, PFAS, PCBs, PAHs, phthalates surfactants, personal 
care products) pharmaceuticals (tetracycline, ciprofloxacin, 
sertraline, propranolol, and sulfamethoxazole) (Agboola and 
Benson 2021) 

Contaminant dissociation

Bioavailable yes – bioaccumulation no (Miller et al. 2020)Bioavailable and bioaccumulation 
potential 

Yes, depending of type of plastics (Lithner et al. 2011)Toxic potential

Tervonen et al. 2009. J Nanopart Res (2009) 11:757–766, DOI 10.1007/s11051-008-9546-1



Lee and Fang 
http://dx.doi.org/10.1016/j.scitotenv.2021.152562

Aggregation and agglomeration



End results of using a Risk-based classfication system of nanomaterials 



NanoRiskCat – Evaluation of Human effects

• NM HARN?

• Bulk CLP?

• NM Acute tox? 

• NM associated with:
• CMR?
• Respiratory tox?
• CVD?
• Neurotox?
• Organ accumulation?

Hansen, S.F., Jensen, K.A., Baun, A. 2014. NanoRiskCat: A conceptual tool for categorization and communication of 
exposure potentials and hazards of nanomaterials in consumer products. Journal of Nanoparticle Research 16(1): 2195 
DOI 10.1007/s11051-013-2195-z



Final Risk Evaluation – does this make sense for MNPs?

Does this make sense for MNPs?



Total score of the Swiss Precautionary Matrix

• Total score of the precautionary need: 

V = N * (W * E +S)

N: Nano-relevance

W: Potential effect

E: Potential human exposure

I: Available informatin on the 
life cycle

• If V = 0-20 then classified as A
• If V > 20 then classified as B



Conclusion

• Several tools and frameworks that could be used to assess risks of MNPs

• Information is available for many of the input parameters needed to use these

• Information is not always available for all MNPs and their additives

• Not clear whether the final end results of the tools and framework captures the essence 
of MNPs risks
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