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Characterizing associated hazards

 Ecotoxicological testing (PNEC/SSD)

 Freshwater / Marine

 Acute / Chronic

 Pelagic / Benthic

 Growth dilution / Translocation

 Increasing pressure towards precautionary approaches

 Persistence

 Bioaccumulation

 Toxic with link to chemicals



Nano- and microplastic particles: Is there an intrinsic hazard?

Intrinsic

 System INDEPENDENT

 Physical state, melting point, 

density, molecular weight

Extrinsic

 System DEPENDENT 

 Particle concentration



Before 2004:

 Studies reporting plastic in the environment 

 Studies using nano- and microplastic particles as particle controls

 Occupational effects studies

Term ‘microplastic’ first used

Thompson et al. (2004)

After 2004

Exponential growth in the scientific literature



Literature review

2516 papers reviewed (to date)

1094 relevant

(i.e. studies that have either generated their own particles or have purchased from a 

supplier for purposes of studying:

• Ecotoxicological effects

• Toxicological effects (mammalian in vivo or in vitro)

• Environmental fate

• Chemical sorption/leaching 



Generated particles (285 studies)

Polymers with origin dominated 

from various consumer products:

• PS

• PE

• PP

• PET

• PVC



Purchased particles (single polymer; 785 studies)

Approx. 75% of all studies sourced PS from 

Chinese-based companies

With approximately 25% coming from 

BaseLine ChromTech

Toxicity Ecotox







Environmental data

Courtene-Jones W, Quinn B, Ewins C, Gary SF, 
Narayanaswamy BE. Microplastic accumulation in deep-sea 
sediments from the Rockall Trough. Mar Pollut Bull. 
2020;154:111092

Long Z, Pan Z, Jin X, Zou Q, He J, Li W, et al. Anthropocene 
microplastic stratigraphy of Xiamen Bay, China: A history of plastic 
production and waste management. Water Res. 2022;226:119215

Kooi M, Primpke S, Mintenig SM, Lorenz C, Gerdts G, Koelmans AA. 
Characterizing the multidimensionality of microplastics across 
environmental compartments. Water Res. 2021;202:117429.



Size, shape and density – is this sufficient?

 Create an environmentally relevant mixture in test systems:

 Size

 Shape

 Density (polymer composition)

But

 Exposure in the environment is not necessarily consistent:

 Heterogeneous mixture of particles various in space and time.

 Not possible to test all possible combinations of environmentally 

relevant mixtures of particles

 Multifaceted problem – does it matter?



Problem formulation – Is there an intrinsic hazard? 



Standardized Testing - Challenges and Limitations



Plastic and plastic associated chemicals



Plastic and plastic associated chemicals: 

Exposure pathways



Way forward 
 Optimistic perspective:

 Mechanistic understanding can greatly strengthen understanding of true ‘hazard’.

 Supports robust science-based decision making

 Prioritization of risk mitigation initiatives

 Pessimistic perspective

 Limited number of groups (scientific and regulatory) critically evaluating the literature:

 Resource limitations

 Increasing number of studies reporting adverse effects

 System artifacts versus true ‘hazard’ poorly addressed

 Lack of standard methods

 Lack of particle characterization

 Heavy reliance on polystyrene as model microplastic particle

 Growing arguments that critical assessments are representative of a Conflict of Interest

 How to address communication moving forward to ensure robust science is used to support decision making





Literature review – Plastic and AOPs

Ding R, Ma Y, Li T, Sun M, Sun Z, Duan J. The detrimental effects of micro-and nano-plastics on digestive system: 
An overview of oxidative stress-related adverse outcome pathway. Sci Total Environ. 2023;878:163144

Based on results reported 

largely for polystyrene spheres 

– relevance towards 

environmental exposure?



ROS leads to Reproductive effects (?)

Ferrante MC, Monnolo A, Del Piano F, Mattace Raso G, Meli R. The Pressing Issue of 

Micro- and Nanoplastic Contamination: Profiling the Reproductive Alterations 

Mediated by Oxidative Stress. Antioxidants (Basel). 2022;11(2).

Based on results reported 

largely for polystyrene spheres 

– relevance towards 

environmental exposure?
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