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Legacies of Toxic Waste



“They live in our laundry bins, the Mariana trench and the 
human bloodstream. Microplastic particles can be small 
enough to infiltrate biological barriers such as the gut, skin 
and placental tissue. We are all now partially plastic – but 
how worried should we be, and is there any way to minimise 
our exposure?” – Amy Flemming July 2023 
(The Guardian – Health & Wellbeing)



• ~5 Bt of plastic waste released to landfill or the environment in 2015 (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

• Photochemically and mechanically degrades to microplastic.

‘…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)
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In the United States, plastic production increased by 300% during World War II.

World War II





Classifications of manufactured and commonly 
encountered  plastic materials



Plastic pollution in ocean sediments

Plasticene



Atmospheric microplastic

15Zhang et al. 2020.

Where? What? Who?

Paris, France 110 ± 96 particles/m2/day Dris et al., 2016

Dongguan, China 36 ± 7 particles/m2/day Cai et al., 2017

Hamburg, Germany 56.4 ± 43.6 
particles/m2/day

Klein et al., 2019

Pyrenees, France 365 ±69 particles/m2/day Allen et al., 2019

London, UK 712 ± 162 particles/m2/day Wright et al., 2020



Microplastic>10 characteristics

16

80%

20%

Fragment Fibre PE PET AC

Search term ‘microplastic AND air’, up to Jan 2022. Inclusion criteria: primary research, quantifying 
microplastic in a volume of air, urban or indoor environment, uses an analytical technique which can 
discriminate between plastic types and uses this data to estimate concentration.

Wright and Borm, 2022



Adapted from Brahney et al., 2021



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



O’ Brien et al., 2023.



Evidence for fibril, and nanoplastic emissions (2.1× 1011 per gram material)
Nanofibres (200 nm) are produced
10s of ng/mL PET, PVC in snow (<0.2 µm)
Oxidation -> surface ablation -> nanoplastic

Is there a plastic component in ultrafines?



Toxicokinetic and microplastics

Ragusa et al., 2021
Ragusa et al., 2021

Raman spectra of the microplastics 
found in human placenta 



Micro (nano) plastic translocation



A brief history of microplastics

Blood
Breast milk
Lung tissue
Placenta
…. etc

Where are the health effects? 



Myth or Menace?



Source apportionment for the highest PM2.5 
concentration locations in London in 2020 



Risk = Hazard x Exposure



• Occupational epidemiology 
(coal, silica, asbestos), air 
pollution, engineered 
nanomaterials

• relations between particle 
properties and their toxicity. 

• Physicochemical 
properties of particles

• Dose-response

Microplastic 
complexity

Sci Total Environ. 2022 Aug 25;836:155703.

Ecological vs. Biological Corona



Occupational Exposures: Flock worker's lung

~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 flock worker in Spain, PP 
flock workers in Turkey, Rayon 

flock workers

Inflammation | Granulomas | Fibrosis



Lessons from particle/fibre toxicology toxicology

1. Coley et al., 2019; 2. Vendolin et al., 2018; 3. Wang et al., 2017; 4. Liu et al., 2020; 5. Law et al., 1990; 6. Warheit et al., 2003.  

Particles, properties, characteristics

High aspect ratio fibres

Transition metals

Hydrophobicity

Surface charge (e.g., positive) and reactivity (e.g., silanols)

Crystallinity

Biopersistence

Soluble toxicants

Environmental microplastics

>5 µm diameter
Thin fibrils under mechanical stress (~1-2 µm)

Beached plastic pellets: Hg, Cr [~10 µg g-1], V [~5 µg g-1], Pb
[~44 µg g-1];1 Fe [~228 µg g-1];2 River sediment: Cd [~17.6 µg g-
1], Ni [~2.4 µg g-1], Pb [93.2 µg g-1], Cu [500.6 µg g-1]3

UV oxidation - ê hydrophobic surface groups4

é Negative charges; é Oxygen-containing functional groups4

é Crystallinity4

Undetermined (in vitro – yes;5 in vivo – no6)

Additives, metals



Adverse Outcome Pathway for persistent particles

•In vitro inflammation, oxidative stress and cytotoxicity – upstream events to predict in vivo tissue-level damage.

•The uncontrolled resolution of that damage leads to scarring and loss of function

Halappanavar et al., 2019

What are the relevant particles to test and 
at what concentration?





Additive Hazards



"The dose makes the poison"





Evangeliou et al., 2020 Environ. Sci. Technol. Lett. 2023, 10, 9, 798–803



Context



Elhacham, E., Ben-Uri, L., Grozovski, J. et al. Global human-made mass exceeds all living 
biomass. Nature 588, 442–444 (2020). https://doi.org/10.1038/s41586-020-3010-5

Biomass and anthropogenic mass estimates since the 
beginning of the twentieth century on a dry-mass 

basis





Sci Total Environ. 2020 Oct 1; 737: 140279.

Polypropylene, Polyurethane, 
Polyacrylonitrile, Polystyrene, 
Polycarbonate, Polyethylene, 

Polyester



Photo by Muhammad Amdad Hossain 
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Photo by Vincent Kneefel (Java, Indonesia)

Md. Robiul Islam et al., ACS 
Environ. Au 2022, 2, 5, 409–417

• 91% of all plastics produced have not been recycled
• Less the 3% of plastics consumed the UK are made of local recycled 

plastics
• Most ends up in landfill, is incinerated, or exported



Nothing on 
environmental impacts 

– nothing on health



Solutions & untoward consequences

Precautionary princple



Conculsion




