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Plastic to microplastic

• 4.9 Bt of plastic waste released to landfill or the environment (Geyer et al., 
2017);

• 4.8 mil – 12.7 Mt entered marine environment 2010 (Jambeck et al., 2015);
– Represents 15-40% of mismanaged waste in coastal populations

…the majority is on land.

‘…solid synthetic polymeric particles of no more than 5 mm in their longest 
dimension and which may contain additives or other substances.’ (European 
Commission, 2019);



The ins…
Source Max. concentration 

(size range um)
Annual intake Daily intake Reference

Bottled water 6292/L (1>10) 1,258,400* 3,448 Ossman et al., 
2018

Shellfish 10/g ww (10 – 5000) 124,440** 341 Leslie et al., 2017

Salt 19,800/kg (15–4628) 86,724** 238 Reni and 
Blaskovic, 2018

Air 16/m3 51,088*** 140 Vianello et al., 
2019

Deposition 68,415 187 Catarino et al., 
2018

Total 1,589,067 4,353

*Bottled water intake (worst case) for Europe, based on Italy (200L/y) (statista.com)
**Shellfish and salt intake based on annual consumption in Europe (https://ec.europa.eu/)
***Inhalation intake based on an adult average minute ventilation of 6L/min

Zarus et al., 2021



…and outs
• Some particles may pass through.
• 8 to 416 (median 20) microplastic 50-500 µm 

per 10 g stool (100 g avg).
• Does the size distribution accurately reflect 

exposure?

Schwabl et al., 2019; Wright & Kelly, 2017



Microplastic in the atmosphere

• Bulk deposition;
• Central roof top;
• Filtered, stained;
• Microscopy, FTIR 

(LOD ~20 µm).

Wright et al. Environ Int. 2020.



Microplastic contaminates air around the world

Zhang et al., 2020



Common characteristics and trends

• Fragments or fibres dominate shape: sample type, geographical location, 
environment, analytical method.

• PET, PE, PS, PP, PA: depends on shape, sample type, geographical location, 
environment, analytical method.

• Mainly secondary microplastic particles, but evidence of some primary.
• Elevated levels in urban and indoor environments.



~2.2 mg/m3

exposure

IR all interstitial lung disease = 
48 (95% CI 23-88)

Interstitial lung 
disease

• Kern et al. 1998, 2000, 2003; Barroso et al., 2002; Atis et al., 2005; Antao et al., 2007; 
Burkhart et al., 1999.

IR IPF = 258 (95% CI 104-530)

PE (Spain), PP (Turkey), Rayon 
(USA)

Inflammation | Granulomas | Fibrosis

Occupational exposure to high levels of 
respirable plastic dust can cause lung disease.



Microplastic toxicity observed in vivo
Plastic Size Toxic? Reference

Polyvinylchloride 1-250 µm ~ Limited, reversible 
to no observed effects

Agarwal et al., 1978, 
Pigott et al., 1979

Polyurethane <10 µm ü Stemmer et al., 1975

Polystyrene <1 µm ü Brown et al., 2001

Acrylic ester <1.5 µm X Ma-Hock et al., 2012

Ethylene oxide-propylene 
oxide

<2 µm ü Highly toxic Klonne et al., 1987, 
1988; Ulrich et al., 
1992

Nylon (flock) <14 µm (l), <3 µm (w) ~ toxic to no observed 
effects

Pimental et al., 1975; 
Porter et al., 1999;  
Warheit et al., 2003

Polypropylene 30 µm (l), 1.6 µm (w) ü, reversible at lower 
doses

Hesterberg et al., 
1992

But…very few studies, uncertain interspecies translation, 1 
in last 10 years



Inhaled polystyrene nanobeads exert minimal 
effects in healthy animals

• Subacute inhalation toxicity 
study

• Organ weight, serum 
biochemistry, and 
respiratory function

• Exposed to 0.75, 1.5 or 3 x 
510 m-3

• M & F exposed to ~34.0 
μg/day and 23.6 μg/day, 
respectively

• Exposure equivalent to 6.2 and 4.3 x 108 p/d for M and F, respectively 
• =1.6 and 1.1 x 105 cm-2

• No quantitative dose-response in observed endpoints



Even more recent findings…

• Amino formaldehyde: 1-5 µm - 1.03 × 107 particles MP in 20 μL saline every 3 
d
– Normal: á infl cell; mac aggregation; á TNF-a (BALF); á IgG1
– Asthmatic (HDM): exacerbated symptoms; á infl cell; mac aggregation

• (Lu et al., 2021)

• Reprotoxic effects



Mass production 
begins

Atmospheric 
fallout

Shellfish Indoor/
outdoor air

Drinking water

Salt

Tyre wear
1950s 2016 20172014 20182013 2015 2019

Human 
stool

If microplastics impact health, why don’t we 
know about it already?



The size data gap

• Up to June 2020:
– 9 studies – air (100% LOD 11 um)
– 9 studies – bulk deposition (100% LOD 10 um)
– 6 studies – dust (100% LOD 50 um)

Wright et al., 2021. Microplastics & Nanoplastics.

PM10

PM2.5



How can we detect PM10 microplastics?

Airborne microplastics

Wright et al. Environ Sci Technol. 2019.



How can we detect <PM10 microplastic?

Levermore et al. Analytical Chemistry. 2020.

Environmental 
reference

2-10 µm



Wright et al., 2019. ES&T; Levermore et al., 2020. 
Anal Chem.

Is microplastic a component of PM10?

2502 microplastic 
particles/m3

• Microplastic (>4.7 um) = 
~0.1%

• What’s the relative contribution 
to ‘particle’ exposure?

• What’s the relative potency of 
(different) microplastic particles?

• Is there a mixture effect?
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Wright et al., unpublished – please do not share

24 h

Raw 264.7 TT1

*relative to 
positive control



Particle effects

Therapeutics

Engineered 
nanomaterials

Air pollutionOccupational 
epidemiology

Prosthetic 
wear debris

Size/aspect ratio

Shape

Surface chemistry

Surface charge

Bulk composition – plastic effect?

Hydrophobicity

Crystallinity, porosity?

Persistence



The microplastic mix

Age

Additives

Contaminants

Microbiome

2021



Chemical effects?

Van Dijk et al., 2021.

Full characterisation is needed

• Dose metrics: mass concentration, particle no. concentration, surface area, 
volume

• Physicochemical properties: size/shape/surface charge/composition
• Impurities/artefacts: organics, inorganics, endotoxin



Key knowledge gaps/holes

• Exosure – analytical challenge
• Which properties drive observed effects and how they relate to environmental 

exposures
– Reference material

• Which biochemical pathways are perturbed and why?
• The contribution of microplastic to particle exposures…
• …and non-communicable disease (epidemiological studies)
• Mixture effects with other ambient contaminants.
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