Microplastics, Public
Health Myth or Menace

lan Mudway




“They live in our laundry bins, the Mariana trench and the
human bloodstream. Microplastic:particles can be small
enough fto infiltrate biological batrriers 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)
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» ~5 Bt of plastic waste released to landfill or the environment in 2015 (Geyer et <&
al., 2017); e
J ...solid synthetic polymeric particles of no more than 5 mm in their longest S
dimension and which may contain additives or other substances.’
(European Commission, 2019)

* Photochemically and mechanically degrades to microplastic.
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land (850 km) (7) (Fig. 1B). We found plastic

Lost at Sea: Where Is All archived Jmunuvtht plankton in samples back to

the 1960s, but a signaficant increase in abun-
. dance over time (Fig. 1E). We found similar types
the PlaStIC? of polymer in the water column as in sadiments, ~ -
sugpesting that polymer density was not a major ~
Richard C. Thompson,'* Ylva Olsen,’ Richard P. Mitchell,’ factor influencing distribution. Mo
Anthony Davis, Steven ) Rowland,! Anthony W. G. John,? It was only possible to quantify fragments that ~

Daniel McGonig

Millions of metric tons of plastic are produc
annually. Countless large items of plastic deb
are accumulating in marine habitats worldwi
and may persist for centuries (/-4). Here
show that microscopic plastic fragments and
bers (Fig. 1A) are also widespread in the oces
and have accumulated in the pelagic zone a
sadimentary habitats. The fragments appear
have resulted from degradation of larger iter
Plastics of this size are ingested by marine org
sms, but the environmental consequences
of this contamination are still unknown.
Over the past 40 years, large items of
plastic debris have frequently been re-
corded in habitats from the poles to the
equator (/-4). Smaller fragments, proba-
bly also plastic, have been reported (5) but
have received far less attention. Most
plastics are resistant to biodegradation, but | {
will break down gradually through me-
chanical action (6) M “biodegrad-
able™ plastics are compasites with materi-
als such as starch that biodegrade, keaving
behind numerous, nondegradable, plastic
fragments (6). Some cleaning agents also
contain abrasive plastic fragments (2).
Hence, there is considerable potential for
-} .mt.:rul.umn of microscopic

To qnnuh the abundance of micro-
plastics, we collected sadiment from
beaches and from estuarme and subtidal
sadiments around Plymouth, UK (Fig
1B). Less dense particles were separated
by flotation. Those that differed in appear-
ance to natural particulate material (Fig
1A) were removed and identified with g,

Fourier Transform infrared (FT-IR) spec-  p

trascopy (7). Some were of natural origir - : ~ - o - <41 10 1 1
s mies & during laboratory trials. Here a microscopic plastic fragment is pictured (arrowed) in the
about one third were synthetic polymers

(Fig. 1C). These polymers were present in
most samples (23 out of 30), but were

i, aen = aiet = intestinal tract of the amphipod (Orchestia gammarellus).

conclusively identified: acrylic, alkyd, pl

Fig. S1. Microscopic plastics were ingested by polychaete worms, barnacles and amphipods 20
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Microplastics detected
in meat, milk and blooc

of farm animals ____ HIDDEN MENACE IN THE AIR
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Parkesine Xylonite Celluloid
(1856) (1867) (1870-73)

Parkes, Alexander Daniel Spill John Wesley Hyatt
1813 - 1890 1832-1887 1837-1929



Bakelite®

Polyoxybenzylmethylenglycolanhydride (1909)

‘The material of 1000 uses’

Leo Baekeland
1863-1933

UNITED STATES PATENT OFFICE

METHOD OF MAKING INSOLUBLE PRODUCTS OF PHENOL AND FORMALDEHYDE.

942,699, Bpecification of Letters Patent. Patented Dee. 7, 1909.
No Drawlng. Application fled July 13, 1907. Serial No. 383,686
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Neoprene (1931)

Nylon (1935)
Polytetrafluoroethylene — Teflon (1938)
®

Polyester (1950)
Kevlar (1965)

Perspex (1932)
Polyethylene (1933)

DOwW Polystyrene (1954)



World War Il

In the United States, plastic production increased by 300% during World War Il.
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give him these new McGregd

e e No cardboard taste...cant get soggy!
They're made of AVCOSE

remarkable ne Kind of ra This plastic cup at"toss-away" prices

in machine, tub, or comme 2 S
AMERICAN VIS makes paper cups strictly old-fashioned!
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Classifications of manufactured and commonly
encountered plastic materials

Addition Condensation

ﬁ_‘

Based on mode of polymerization

Classification of

polymers Based on structure

— 1

Cross-llinked Linear Branched
1 1

Ihermotets Thermoplastic

Based on origin of source

Natural Semi-synthetic Synthetic

Based on
molecular forces

Thermosets Thermoplastic Elastomers

(Cannot be moulided) (Can be mouided)

Fibres

o¢ rean
maidehyde resin
ated polysster rein

cpylene-diene monomer
e-dutadiene-rubber
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Atmospheric microplastic

Paris, France 110 £ 96 particles/m?/day Dris et al., 2016
Dongguan, China 36 * 7 particles/m?/day Caietal., 2017

Hamburg, Germany 56.4+43.6 Klein et al., 2019
particles/m2/day

Pyrenees, France 365 +69 particles/mz/day Allen et al., 2019
London, UK 712 + 162 particles/m2/day Wright et al., 2020

el iernies

North easterly trade winds

South easterly trade winds <
Atmospheric deposition
Atmospheric + other poliution
Airmass sampling

Zhang et al. 2020.



Microplastic.,, characteristics

BFragment BFibre @PE BPET mAC

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
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Long range transport
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Adapted from Brahney et al., 2021

Entrained Plastics
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Bottled water

Shellfish

Salt

Deposition

Total

*Bottled water intake (worst case) fo
**Shellfish and salt intake based on
***Inhalation intake based on an ad

Source

Seaweed (Baini et al., 2017)

Salt (Yang et al,, 2015)

Salt (Iniguez et al., 2017)

Salt (Kosuth et al., 2018)

Sugar (G. Liebezeit & Liebezeit,
2013)

Honey (G. Liebezeit & Liebezeit,
2013: G. L. Liebezeit, E, 2015)

Indoor air (Dris et al., 2017)

Indoor air (Gasperi et al., 2015)
Outdoor air (Dns et al,, 2017)
Tap water (Kosuth et al., 2018)

Bottled water (Kosuth et al., 2018)

Beer (Kosuth et al., 2018)

Concentration Size (in pm)
(in numbers)
22.57/sample <500-5000

1.6 pg/g PAE 30% 1000-2500

7-681/kg

128/kg

212/kg 10-5000

249/kg

175/kg 10-3100

S0-3250

S0-80% 100-500
0.9/m* 50-1650
9.24/L 960 average
3.57/L 970 average

4.05/L 990 average

Estimated exposure (EE)

113/Nori wrap
1.9/0A pill
0.4 PAE mg/Nori wrap

0.007 mg PAE/OA pill

4/day

1/day

2/day

23/22 tsp
3.7/tbsp.

14/day
28/day
4/day

2/day

Tea (Hemandez et al., 2019)

12 x 10%cup 8.6-29.3 average

3.5 x 10°cup (and 22-156 nm)

11.6 = 10%/day

3.5 % 10%/day

Soil (with compost) (Blasing &
Amelung, 2018)

Total (fibers per day)

2.38-180%kg  =1-5000

1200 mg'kg

Diet dependent

<0.036/day

<0).24/day

>50-to-billions

Ossman et al., 2018

Leslie et al., 2017

Reni and Blaskovic,
2018
Vianello et al., 2019

Catarino et al., 2018

Zarus et al., 2021




INDOOR AIR

Microplastic Shape

OUTDOOR AIR

Length of microplastics contained in ambient air (um)
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Is there a plastic component in ultrafines?

Evidence for fibril, and nanoplastic emissions (2.1x 10" per gram material)

Nanofibres (200 nm) are produced
10s of ng/mL PET, PVC in snow (<0.2 ym)
Oxidation -> surface ablation -> nanoplastic

Micro- and Nanoplastics in Alpine Snow: A New Method for Chemical Identification and
(Semi)Quantification in the Nanogram Range

San Materic*, Anne Kasper-Giebl, Daniela Kau, Marnick Anten, Marion Greilinger, Elke Ludewig, Erik van Sebille, Thomas Rockmann, an

Characterization of Nanoplastics, Fibrils, and Microplastics Released |
during Washing and Abrasion of Polyester Textiles

Tong Yang, Jialuo Luo, and Bernd Nowack™

Formation of Fiber Fragments during Abrasion of Polyester Textiles
Yaping Cai, Denise M. Mitrano, Rudolf Hufenus, and Bernd Nowack™

Surface of NANOFRONT® fabric



Exposure medium !

Food and beverages

Toxicokinetic and microplastics

Air

Translocation
and
distribution
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Micro (nano) plastic translocation

* Most ingested NP are detected in the mucus lining of the intestinal
tract, and do not permeate the epithelium

* The small intestine provides an effective barrier against NP uptake
* This may be compromised by pathophysiological condition, e.g. impairment
of the mucus film layer

* Particles >1.5 um are not expected to enter the capillaries of tissues
and therefore are not expected to penetrate deeply into organs

* Uptake of particles >20 um into normal cells/organs appears to be
minimal, but information is lacking




A brief history of microplastics

Atmospheric
fallout
Indoor/

outdoor air

Mass production

Tyre wear

Sea lwater

Shellfish

Term
‘microplastics’ Blood
coined Breast milk
Lung tissue
Placenta

.... etc




Myth or Menace?




AIR POLLUTION’S YEARLY HIT LIST:

4 lUlu disease anc uucﬁ—lc

1 e Ty lle
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Air pollution - th Source apportionment for the highest PM2.5
concentration locations in London in 2020
9in10 f

people breathe

polluted air i
worldwide

Other
4%

Road Tyre
6%

Secondary
28%

Road Brake

16%
0/
98% +
of cities with .
more thaﬂ Road Exhaust

100,000
inhabitants fail t s
meet air quality 1
gL“deIlneS Aviation/Shipping/Rail

Residual
6%

2% Industry

NRMM and C&D

20/
/0



Risk = Hazard x Exposure
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Occupat
(coal, sil
pollution
nanoma

relatio
prope

Physicoc
propertie

Dose-re

Soft corona

cules

/ligands

Hard corona

/

Polydisperse nature
e.g., different shapes, .
polymers, charges, Nim()pl'dSllCS
densi[v <100 nm in size

Hydrogen bondmg

choIoglcaI VS. Blologlcal Corona

interactions

Formation of eco-corona

i
e

) ,v ~ Natural organic matter (NOM)
e.g., humic acid, fulvic acid,
humin, DNA, protein,

alginate Biomolecules

2%

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

surface
functional

face charge




Occupational Exposures: Flock worker's lung

Interstitial lung
disease

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

~2.2 mg/m3
exposure




Lessons from particle/fibre toxicology toxicology

High aspect ratio fibres >5 ym diameter
Thin fibrils under mechanical stress (~1-2 um)

Transition metals Beached plastic pellets: Hg, Cr [~10 ug g1, V [~5 ug g''], Pb
[~44 ug g'];' Fe [~228 pg g'];2 River sediment: Cd [~17.6 ug g
'], Ni [~2.4 pg g'], Pb [93.2 ug g-'], Cu [500.6 ug g'J?

Hydrophobicity UV oxidation - ¥ hydrophobic surface groups*

Surface charge (e.g., positive) and reactivity (e.g., silanols) A Negative charges; A Oxygen-containing functional groups*

Crystallinity A Crystallinity#

Biopersistence Undetermined (in vitro — yes;® in vivo — no®)

Soluble toxicants Additives, metals

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.



Adverse Outcome Pathway for persistent particles

macrophages fibroblasts
A

AND AnIC . VE | i I\r)

What are the relevant particles to test and

; oss |
at what concentration?

Negative

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



constitute main building
blocks of plastic material

bring desired functionality to the

plastic material

such as starting materials and
catalysts

such as solvents, cleaning
agents, or impurities from
manufacturing or recycling

most widely produced
plastic additivies*

to make plastic softer and flexible
e.g. phthalates, chlorinated parafins

that occupy space without changing
functional properties
e.g. mica, talc or clay

to reduce flammability and prevent
spread of fire - e.g. brominated and
chlorinated flame retardants

including colorants,
antioxidants, heat and light
stabilizers, lubricants,
biocides or antistatic agents
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ADVERSE HEALTH

examples ¥. FFEC il “ examples

"The dose makes the poison”

UN &

environment




Tyre wear

Particles from brake

wear, fyre wear and road e

surface wear currently : ﬁ
constitute 60% and 73% : Road runoff~

(by mass),respectively, b Sinface water ~ 21,600 tonnes.
of primary PM2.5 and

PM10 emissions from

road transport (UK

National Atmospheric

Emissionsinventory’)

Will become more

dominant in the future.

Contribute 7.4% and

8.5% of all UK primary

PM2.5 and PM10

emissions.

 AQEG 2019
VNI

e




Annual total (wet and dry) deposition
PM2 5 TWP PM10 TWP

textile

fillers

passenger
tire
composition

"I} antiozonants,
i curing systems

PM1 O BWP synthetic
’ i .,z s : ' » natural poymers

"h‘r:-’..r'

142.3 kt ;*

S m
0.02 003 0.06 012 025 05 1 2

Deposition ( m‘2)

.',a
Ly

Evangehgu et al., 2020 Environ. Sci. Technol. Lett. 2023, 10, 9, 798-803



Context




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

Animals Plastic
- 4 Gt fﬂ,{“m 8 Gt
Biomass v

Living biomass Human-made mass

E
<
D
o)
=
-
()]

Other (for example, plastic) . . —_ .
rees an uildings an

Bl \etals . shrubs infrastructure
BN Asphalt Anthropogenic 900 Gt 1100 Gt

. mass
B Bricks

B Aggregates (for example, gravel)
B Concrete

1900 1920 1940 1960 1980 2000 2020
Year

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 (wet) 2037 £ 10
()
2031 +9

Biomass (dry) 2020 £ 6
@

2013 46

Anthropogenic mass waste
B Anthropogenic mass

0
1900 1920 1940 1960 1980 2000 2020

Year
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Photo by Muhammad Amdad Hossain
(Chittagong, Bangladesh)

»Z_Plastic burning impacts on air quality

EXTRACTION
and processing ¢
raw materials

DISPOSAL
Open-burning of
waste can release
chemicals such a:
and furans

| 1 S 5-Tr|phenylbenzene

/\

~Dhaka, Bangladesh

91% of aII plastlcs produced have not been recycled

Less the 3% of plastics consumed the UK are made of local recycled
plastics

Most ends up in Iandf|II |s mcmerated or exported

--=-LOD 10r eacn sampie location

(

Concentration

Md. Robiul Islam et al., ACS

Environ. Au 2022, 2, 5, 409-417 -]
10° E - NV
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A Ladybird ‘Achievements’ Book
THE STORY OF

Plastics

Contents
Before the ‘Plastics Age’ - -
The first plastics - - -
The importance of Cellulose Acetate
Development of new materials -
The development of plastics technology
War-time development - <

Understanding the new materials -

|
What are plastics ? ; n
The essential linking of the molecul O I

W;v o plastics have such us \.UP")[’U ies?

raw material for plasics

o;r;;kenwrcmmental iImpacts

The making of PVC

The making of Perspex and Polythend il' S
Thermoplasticssdmtherifios ‘ rifls II lg Ol l e o ¥ NHBS, AR.L.C.

‘ ne ings f :
Making things from plastics with illustrations by

More about making things from piastics g B.H. ROBINSON

Extrusion - - - 40
42

44
46
48

50 Publishers : Wills & Hepworth Ltd. Loughborough
First published 1972 © Printed in England

Injection moulding - -
Thermo-forming - - -
Plastics in shops and in the home
Plastics in transport and engineering

The future of plastics - =
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“| threatening health. 4

Nthem to be outlz )i

Tiny plastic beads in
evi Lr)ﬂnng, s from shower
gel to toothpaste are
poisoning oceans and

Today we call for

EED

THE TOXIC
BEADS IN
YOUR FOOD

August 26

Microbead
toxins could
enter human |
tissue say
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