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Puvod mikroplastu

CEVOOH
(" PRIMARNIMIKROPLASTY ) [ SEKUNDARN{ MIKROPLASTY
do zivotniho prostredi vstupuiji X vznikaji z zivotnim prostredi rozpadem
v podobé mikrocastic vétsich plastovych predmét(
\_ J \_ J
TYPES OF MICROPLASTICS | Overview D it
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Gillibert, R. et al. (2019) ‘Raman tweezers for small microplastics and nanoplastics identification in seawater’,
Environmental Science and Technology, 53(15), pp. 9003-9013. doi: 10.1021/acs.est.9b03105.
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Closing the Carbon Loop in the Circular Plastics Economy, Carl G. Schirmeister
and Rolf Milhaupt*, Macromol. Rapid Commun. 2022, 2200247

Celosvétova produkce plastu

CEVOOH

V poslednich letech

World plastics
production” evolution

After a stagnation in 2020 due 365.5 mt 374.8 ut 375.5 mt 390.7 mt
to the Covid-19 pandemic,

the global plastics production 490
increased to 390.7 million tonnes __ - 3403 340 382.3
in 2021.

300
in million tonnes
B rossil-based plastics' 250
. Post-consumer recycled plastics? 200
[ Bio-based plastics (including bio- 150

attributed plastics in 2021 data)®
100
50
0 2018 2020 2021

PlasticsEurope (2022) Plastics — the Facts 2022



Vyuziti plastu x cas jejich rozkladu CEVOOH

PLASTICS DEMAND Decomposition rates of marine debris items

SOURCE: PlasticsE ! L . . o o .
[T EEE; Average estimated decomposition times of typical marine debris items. Plastic items are shown in blue.

BY SEGMENT 2019 (PEMRG) and Convrs

Market & Strategy GmbH

Fishing line 600 years

Distribution of European (EU28+NO/CH) plastics converters demand by
segmentin 2019. Packaging and building & construction by far represent

the largest end-use markets. The third biggest end-use market is the Plastic bottle 450 years
automotive industry.
Disposable diaper 450 years
S 39.6 % Plastic beverage holder (six-rings) 400 years

PACKAGING

Aluminimum can

Syrofoam cup - 50 years

Foamed buoy

200 years

| 20.4 0/0

Million
50'7 tonnes
Total European

plastics converters
demand

I 9-6 O'II.ID

50 years

- 6.2 %

Tin can 50 years

o 4.1% Plastic bag I 20 years

P E D

Cigarette butt § 5 years

Photodegradable beverage holder ‘ 0.5 years
I 16-7 0/0

Ofthers include appliances, mechanical engineering, Waxed milk carton | 0.25 years
furniture, medical, etc.

sk

Oyears 100 years 200 years 300years 400 years 500 years 600 years
PlaStiCSEurope (2019) Plastics — the Facts 2019 An analysis of Source: U.S. National Park Service; Mote Marine Lab; National Oceanic and Atmospheric Administration Marine Debris Program
European plastics production, demand and waste data.



Plastic post-consumer waste rates of recycling, energy recovery

Nakladani s plastovym odpadem

and landfill per country in 2018 Z'.Erﬂ
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PlasticsEurope (2020) Plastics — the Facts 2019 An analysis of European plastics production, demand and waste data, PlasticsEurope.
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Nakladani s plastovym odpadem;

Plastic post-consumer waste rates of recycling, energy recovery

and landfll mor cooimfme im oma T
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PlasticsEurope (2020) Plastics — the Facts 2019 An analysis of European plastics production, demand and waste data, PlasticsEurope.



Nakladani s plastovym odpadem e

Velka tichomoiska odpadkova skvrna

Modelled mass
Germany | France | Spain THE GREAT PACIH GARBAGE PATCH | concentration

(kg km®)

UNITED
STATES

T\
i Modelled mass l

concentration

(kg km™) — GPGP

Outer GPGP

https://www.thesun.co.uk/news/S878949/great-paciﬁc-garbage-patch-plastic-dump-growing/i



Vyzvy a nastrahy vyzkumu mikro- a nanoplastu

complex pristine vs. aged
P \matrices particles
722N like food
[ Y 3' NEW *X

no detection method for

- thiterent small sizes and material

materials

AF
I ) ;/ no reference
7 material

Paul, M. B. et al. (2020) ‘Micro- And nanoplastics-current state of knowledge with the focus on oral uptake and toxicity’, Nanoscale Advances. Royal Society of Chemistry, pp. 4350—
4367. doi: 10.1039/d0na00539h.




Nastrahy vyzkumu mikroplastu: tvar a material
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Figure 2. Number of studies reporting a particular shape (A) or polymer type (B) for the microplastics used in the exposure tests (from a total of
124 records for shapes and 145 records for polymer types). PS = polystyrene, PE = polyethylene, PVC = polyvinyl chloride, PP = polypropylene,
PET = terephthalate, PA = polyamide, N/A = not analyzed, PLA = polylactic acid, PMMA = poly(methyl methaarylate ), PC = polycarbonate, PE-
Acrylate = polyethylene-Acrylate, EVA = ethylene-vinyl acetate, PHB = polyhydroxybutyrate, ABS = acrylonitrile butadiene styrene, SAN = styrene
acrylonitrile resin, and POMH = polyoxymethylene-homopolymer.

De Ruijter, V. N. et al. (2020) ‘Quality Criteria for Microplastic Effect Studies in the Context of Risk Assessment: A Critical Review’, Cite This: Environ. Sci. Technol, 54, pp. 11692-11705. doi: 10.1021/acs.est.0c03057



Metody detekce mikroplastu
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BIOLOGICALSAMPLES  pRE-SEPARATION \  separaTiON METHODS ) ANALYSIS METHODS
Fish Mussels Plankton
‘ DISSECTION DENSITY SEPARATION VISUAL Cou r:tlﬁ
Gastro-intestinal Flotation Shape, size, color W
” @, tract or whole body Not suitable for small particles gﬁnﬁl?dtﬁggrémemical staining?
Lack of terrestrial organisms w k Organic matter? Bubbles? i
Centrifugation
WASTEWATER SAMEES D;@;:. Lack of method development i
Influent Ultrasonic Separation Plastic spatial structure
Effuent [] Recovers >500 um in tissues by microsection
Siwdge i IN SITUSIEVING | DIGESTION | VIBRATION SPECTROSCO
Lack of proper organic matter Plankton net Plastic degradation? Raman microscopy
content characterization Stack filters device EH* t;m I:|::|1||er.=_-uu re?;? <20 um
Mesh si tandard protoco
WATER SAMPLES 10- gsﬂﬂiltzrﬁ Organic matter content? :?Erum or films -
B = Enzymes, H,0;, HNOs, KOH, NaOH, HCI? 1 Spatial resolution
Sea water
Fresh water FILTRATION .0 MASS SPECTROSCOPY
m Suitable for nanoplastics
SEDIMENT SAMPLES Filter size es5—© o | TDS-GC-MS I
Seach sed 0.5-10 pm * o [lo o° qualitative analysis = ,
eac iments T b ﬁ Eﬁ

: Clogging issues -M5S

Deep sea sediments Loss of smallest Underestimation of smallest fraction :\r-ﬁcmr sensitivity
fraction J because of retenticn on filter J T Sensitivity

SPIKE CONTROLS — accurate recovery? effect of plastic size, shape, composition on recovery?

BLANK CONTROLS — background level and contamination? False positives from natural organic particles or dyes?

Overview of microplastics and nanoplastics separation and analysis methods in simple and complex matrices

Nguyen, B. et al. (2019) ‘Separation and Analysis of Microplastics and Nanoplastics in Complex Environmental Samples’. doi: 10.1021/acs.accounts.8b00602.
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(Li et al., 2015) (Hernandez et al., 2019) (Yang et al., 2015)



Kde byly mikroplasty nalezeny? -

Mote plna mikroplastt

8.+ Podle dat OSN z roku 2018 plave v mofich
a ocednech na 51 bilionl kust mikroplastli (naprosto

podhodnocené).

(Schymanski et al., 2018)

To je pétsetkrat vice, nez kolik je v nasi galaxii hvézd.

= Co se tyce viech plastd, kazdoroéné jich v mofich koné&i
9,5 milionu tun.

(Li et al., 2015) (Hernandez et al., 2019) (Yang et al., 2015)



Mikroplasty
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Prvni studie o vyskytu plastii v oceanu - 70. léta

(Fowler, 1987; Carpenter et al., 1972; Carpenter and Smith, 1972; Colton and
Knapp, 1974)

spherules containing gascous voids (5):
mean diameter, 1.5 mm: range in
diameter, 0.9 1o 2.5 mm: mecan weight.

Plastic Particles in Suriat:'e ::::1": :a::ili Tgﬁ;"g':;ﬂ"‘l"n:' Science. 1972 Mar 17;175(4027):1240-1.
Waters of the Northwestern Atlantic 28).

3) Opaque 1o translucent polyerhyl. P 1astics on the Sargasso sea surface.

enc cylinders or disks (5): mecan di- Carpenter EJ. Smith KL Jr

The abundance, distribution, source, and significance ameter, 3.4 mm; range in diameter. 1.7
; , R 5 1o 4.9 mm: mean thickness, 2.0 mm:
of various types of plastics are discussed. range in thickness, 1.1 to 3.4 mm; Abstract

mean weight, 0.0138 g: range in weight, Plastic particles, in concentrations averaging 3200 pieces and 290 grams per sguare kilometer, are widespread in the western

f’:‘n“"‘ I‘;_,‘.I_‘"‘]?'" g density. < 1000 garhasso Sea. Pieces are brittle, apparently due to the weathering of the plasticizers, and many are in a pellet shape about 0.25 to
4) |'.¢c:§ of .‘;runl«um (Fig. 20) 0.5 centimeters in diameter. The particles are surfaces for the attachment of diatoms and hydroids. Increasing production of plastics,
5) Sheets of thin. Aexible wrapping combined with present waste-disposal practices, will undoubtedly lead to increases in the concentration of these particles. Plastics

merial (Flg. IR). could be a source of some of the polychlorinated biphenyls recently observed in oceanic organisms.

John B. Calton, Jr.. Frederick D. Knapp. Bruce R. Burns

The occurrence of plastic particles  weight, 0.0007 g range in weight, 6} Picces of hard and soft. ¢lear
has recently been reported in the 00001 1o 0.00023 g: mean density, and opague plastics of varous thick-
Sargusso Sea 1) and in coastal waters 1023 giem®; range in density, 1010 nesses which appear 1o be parts of
of southern New England (2, J). 10 LIET g/em* (Fig. 2A) plastic containers. toys, and so forth
These reports were based on a small 2) Tramlucent to clear polystyrene  (Fig. 2F) -

Marine Pollution Bulletin
Volume 18 Issue B

number of samples within hmited geo-
graphic arcas. but the observers sug.

Supplement B, June 1987, Pages 326-335

gested that plastics might be more | S 7
widely distributed. We confirm, afler L/ 'y i .\'.‘.',;"."‘
ol pation of neuston (surface) et O e M . .
samples taken in July-August 1972, ) ) o é, Teseneee | . anne debris and northern fur seals: A case stud
that planic particles do occur over Science. 1872 Nov 17:178(4062):748-50. Charles W. Fouder y
wide arca of the North Atlantic.

T ; collew e 8 Show more

TTHem Sninples Ware osflecint s the “ Polystyrene spherules in coastal waters
st siltishly REARMAP (€) Mhtoe- https://doi org/10.1016/50025-326 (871800
Phnkine sireay of 00NNl 304 Coumic Carpenter EJ, Andersan SJ, Harvey GR, Miklas HP, Peck BE. 326X(87)80020-5 .
waters from Cape Cod 1o the Carib- Get rights and content
bean. The three Natwonal Oceanic and
Atmospheric  Admmistration  rescarch Abstract ) . o - .
vessels participating in this survey were Polystyrene spherules averaging 0.5 millimeter in diameter (range 0.1 to 2 millimeters) are abundant in the coastal waters of southern
the Athatrows IV, Delaware I, and !{," New England. Two types are present, a crystalline (clear) form and a white, opaque form with pigmentation resulting from a diene
Oregon 1. The plankton sampling . . i : ) ] ) .
locations for cach vessel are shown in [~ ™8~ . rubber. The spherules have bacteria on their surfaces and contain polychlorinated biphenyls, apparently absorbed from ambient

seawater, in a concentration of 5 parts per million. White, opague spherules are selectively consumed by & species of fish out of 14
species examined, and a chaetognath. Ingestion of the plastic may lead to intestinal blockage in smaller fish.



Mikroplasty v pitnych vodach v Ceské republice

Raw water Treated water
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Pivokonsky M. et al. 2018. Occurrence of microplastics in raw and treated drinking water. Science of the Total Environment 643, 1644-1651. .



Toxicita mikroplast( -5

MPs/NPs
ATTRIBUTES in . SUB-CELLULAR Altered gene
- _ENVIRONMENT — LEVEL < expression
Oxidative
‘L l J damage
MPs/NPs Antioxidant/stress
CHEMICAL PHYSICAL CELLULAR LEVEL response
FUNCTIONAL
GROUPS; SURFACE s':::“gm';'; :::f;::‘ oell
A COLOR HEALTH ! Altered fatty acid
% metabolism
RISKS INDIVIDUAL
-ro LEVEL Altered feeding
- T . & metabolism
INFLUENCING BIOTA )
1. DISTRIBUTION 2. INGESTION 3. BIOAVAILABILITY :::::’;am“ o
<o ' POPULATION reserves
’ AFFECTING MPs ECO-TOXICITY \ ‘ LEVEL . _ Reduced growth &
‘ reproductive output
{} Reduced offspring
viability
POTENTIAL HEALTH RISKS BIODIVERSITY
LOSS/POPULATION DECLINE
Fyzikalné chemické vlastnosti plastovych castic ovliviujici jejich chovani, Zdravotni rizika expozice mikroplastlim a nanoplastiim:
ekotoxicitu, osud a transport v Zivotnim prostredi od molekularni po ekosystémovou uroven

Rai, P. K. et al. (2021) ‘Environmental fate, ecotoxicity biomarkers, and potential health effects of micro- and nano-scale plastic contamination’, Journal of Hazardous Materials. Elsevier
B.V., 403, p. 123910. doi: 10.1016/j.jhazmat.2020.123910.



Toxicita mikroplastu — biodostupnost ¢
PE

‘CEVOOH
PS 51 nm

Control 10 ppm

Control 0.1 ppm 1 ppm _ 10 ppm

Yolk Sac (24 hpf) Head (24 hpf)
% 150~ °g>, 150~
© C E
S o
T 100+ S 1004
[<] [<}
w L b
C g
S 501 g 50
. 2
o a a o a a a
3 i =
T o0 T T T o 7 T —
0 0.1 1 10 0 0.1 1 10 — —
PS NPs (ppm) PS NPs (ppm)

Aquatic Toxicology 194 (2018) 185-194 Environmental Pollution 235 (2018) 918-930



Toxicita mikroplastu — vliv tvaru 8%, oor

Quantification of Cytotoxicity Immune response Cell membrane
roughness damage

e Choi, D. et al. (2021) ‘In vitro toxicity from a physical
Beads perspective of polyethylene microplastics based on statistical
\ - J Concentration-dependent curvature change analysis’, Science of the Total Environment.

Bead Elsevier B.V., 752, p. 142242. doi:

., Low curvature change Low 10.1016/j.scitotenv.2020.142242.

Smooth lLlL2—6
27 microplastic g K& }’" TNF-a ,5'1
3 Fragmeil § j Lysis

' High

Eragent | Concentration-dependent

— High curvature change Roughness, conc.-
Rough and sharp dependent

- T T

Cat — - Cxcr5y —T Casp3 —T

Microplastics exposure

Spherical shape
~7  Sod3 1‘- TnfsfI3h === Tp53 ==

Oxidative Immune Apoptosis
stress response

Choi, J. S. et al. (2018) ‘Toxicological effects of g
irregularly shaped and spherical microplastics in a

marine teleost, the sheepshead minnow (Cyprinodon

variegatus)’, Marine Pollution Bulletin. Elsevier Ltd,

129(1), pp. 231-240. doi:

10.1016/j.marpolbul.2018.02.039.

L H L H L H
T— Cxcr5 T— Casp3 ==

Irregular shape

Sod3 T = TInfsfi3b==== 1p353 T"
Oxidative Immune Apoptosis

stress response
L: low concentration (50 mg/L), H: high concentration (250 mg/L).




Toxicita mikroplastu — in vivo -

Toxicky efekt mikrocastic polyethylenu na dospélé Danio rerio

[ Partial clogging in intestine] [Biomarker expression]

lntes(ine

Hepatic cyp 1a *

(Control ] (10-22um J(45-53pm J(90-106pm J(500-600um )

[Morphological changes ] [Behavioral changes]

Caudal fins  Pectoral fins Tail bent downward  Tail bent upward

Mak, C. W., Ching-Fong Yeung, K. and Chan, K. M. (2019) ‘Acute toxic effects of polyethylene microplastic on adult zebrafish’, Ecotoxicology and Environmental Safety, 182, p.
109442. doi: 10.1016/j.ecoenv.2019.109442.

Plastic concentr at:on*

Abnormal behavior *



Toxicita mikroplastu 3t I

~ N

@ = microplastic Muscle Kidney
-Blockage

-Oxidative damage

* = pollutant

Swim bladder

Spinal cord

Brain

-Neurotoxicity
-Enzymatic dysregulation L
-Altered immune response '/j ;

Olfactory bulb v .

effect T

Contaminated
@ \ microplastic -Fecun. dity
‘ Gills: Stomach & Intestines:
HEAvy Tstals g ‘/ -Microplastic s Liver | -Egestion inefficiency
translocation to -Intestinal blockage
Hydrophilic compound intestinal tract -Organ damage
(i.e. antibiotics) | -Inflammation -Inflammation
: -Satiation

Hydrophobic compound -Growth complication

(i.e. PAH, PCB, PBDE) . /

L An illustration of the impacts and combined effects of microplastic and pollutants toward marine organisms p

Amelia, T. S. M. et al. (2021) ‘Marine microplastics as vectors of major ocean pollutants and its hazards to the marine ecosystem and humans’, Progress in Earth and Planetary Science.
Progress in Earth and Planetary Science, 8(1). doi: 10.1186/s40645-020-00405-4.



“ & Toxicita mikroplast( a dalSich polutantd - akumulace

Biodegradabilni polyuretan

90

”, FTALATY . N 20 PAHs concentration in so
BROMOVANE ORGANORTUT 2.,
ZPOMALOVACE o g . 0.0002 2.552e-06
HORENI B s - gC § i:
Br, \O/ Z
" DDT £ 30
C’\Bfn f o O O L% 20
. / cl 12 7 N - -
"o O 2
Konvencnl polyuretan
BISFENOLY POLYCYKLICKE —

Cu R

, ' ' i il
44| ©/\ AROMATICKE PAHs concentration in soi
= 4o UHLOVODIKY

TEZKE KOVY @3

POLYCHLOROVANE ZBYTKOVE
BIFENOLY MONOMERY

sum of PAHs concentration [mg/g)
[ [ b
o ] i )] o] o ] B
|
N
EH 2
N
] &
)]
I
|
]
At
I o)
2
L n
L
|
I
| ]
I
|
I —
I E———
S
I
|

o M~ = cc - o M~ == © T ©o ™~ = © T o ™~ = © =

Accumulation of polycyclic aromatic hydrocarbon in microplastics
CernaT. et al., 2021. Polycyclic aromatic hydrocarbon accumulation in aged and unaged
polyurethane microplastics in contaminated soil. Science of the Total Environment 770, 14525. PUR240_SB PUR_SB PUR240_SR PUR_SR

unexpose
unexpose
unexpose
unexpose



. -

;- -

- -

.

-

|| I
B | | RN
H .
O O 0 0 0O OO0 O
o o o ©° a a Qo
= + + = + o+
= = = 2 = =
T T T T
(7] w (0] (]
€z E &

b e

(NVSAN +PD * = = = + * » =

a

Cd in liver (ng/g)

Gene

nfe212
sod1
sod2
mt1

o mt2
- tnfa
“* b

ifng1-2

=
0
Q
+
z
&
I

20+

-
(3]
1

-
o
1

(%))
1

Function

Oxidative stress
Oxidative stress
Oxidative stress

Metal detoxification
Metal detoxification
Inflammatory response
Inflammatory response
Inflammatory response

Akumulace polutantu — zv

/7 v /’ . .
ysenl toxicity e
30- 40- o
a
- c " 30 b
> C c
g 20+ g
= £
10+
3 d 8 104
d
L T . N
o O, D o > D
o&‘ © Q*’Q, Q"\ o&‘ © Q"Q, Q"\
C & N < B h
06 ob 06 Cob
1.9
1
)
05 E Differential expression of functional genes in different
- tissues determined by qRT-PCR according to the
0 ) 2DDCtcomparative method (n%5). Gene differential
0.5 2 expression wereidentified based absolute log2fold change
— ‘§: 1.2 and p<0.05 versus control group (marked with *).
q
-1.5

Lu, K. et al. (2018) ‘Influence of microplastics on the accumulation and chronic toxic effects of cadmium in zebrafish (Danio rerio)’, Chemosphere, 202, pp. 514-520. doi:

10.1016/j.chemosphere.2018.03.145.



A
HDPE PET
HDPE
PLA
PSI/ 3 —— PS
PET Chemical analysis
X X ok X Jof lolela)y ) PLA
[ X I 'JoX X JoleX leleX |
000000000000
PUR 000000000000 LDPE
PVC 00000000000
LDPE 000000000000 PUR
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In vitro bioassays

Zimmermann, L. et al. (2019) ‘Benchmarking the in Vitro Toxicity and Chemical Composition of Plastic
Consumer Products - Supplementary’, Environmental Science and Technology, 53(19), pp. 1-40. doi:
10.1021/acs.est.9b02293.

A4 V 4 V 4 . y 4 ° ° ./.'
Plasty a uvolnovani toxickych aditiv 8o civooH

Skupiny potencidlné nebezpecnych
latek s endokrinné disruptivnim
efektem spojované s plastovym
materialem:

BISFENOLY
PARABENY
FTALATY
BENZOFENONY
PESTICIDY
FUNGICIDY
ORGANOCINY

Rai, P. K. et al. (2021) ‘Environmental fate, ecotoxicity
biomarkers, and potential health effects of micro- and nano-
scale plastic contamination’, Journal of Hazardous Materials.
Elsevier B.V., 403, p. 123910. doi:
10.1016/j.jhazmat.2020.123910.
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Apoptosis

CEVOOH

Appl Microbiol Biotechnol
(2016) 100:9809-9819

Shi, Q. et al. (2021) ‘Toxicity in vitro reveals potential impacts of microplastics and nanoplastics on human health: A review’, Critical Reviews in Environmental Science and
Technology. Taylor & Francis, 0(0), pp. 1-33. doi: 10.1080/10643389.2021.1951528.



Moznosti vstupu mikroplastu do organismu
... a vysledky

A Microplastics
0.1>10 um M cell

Mucociliary clearance Microplastics
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> 2 vessels
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Blood
B Microplastics (< 10 pum)
B
icroplastics (up
Macrophage o to 130 pm)
clearance Follicle-associated 20)
\JT]] Lung lining Spiheiygm
fluid Dendritic
Bronchial NV, cell
epithelium 7
iS( Afferent
Dendritic cell lymph
Endothelum ([ [ o o | © [ © | © ) vessels 1
) ()
Systemic circulation }f“j
Environ. Sci. Technol. 2017, 51, 6634-6647 Lidské keratinocyty obsahujici cervené polystyrenové

Cdstice (0.25 + 0.06 um). Jadra bunék jsou obarvena
modre pomoci Hoechst 33342.
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Figure 1. Concentrations (dry weight) of polyethylene terephthalate ( )auoo- #11 <‘|) o #12
(PET) and polycarbonate (PC) microplastics in infant (n = 6) and ”~
adult feces (n = 10). Dots represent individual samples. Upper and ;] o g =
lower lines represent interquartile ranges. Middle lines represents H H
median values. z000- “
* R = -
Zhang, J. et CI/. (2021) IOCCU rrence Of P0|yethy|ene Terephthalate and Polyca rbonate Fig. 2. Microphotographs and Raman spectra of the microplastics found in human placenta: (a) Particle #1 (scale bar 5 pm); (b) Particles #2 and #10 (scale bar 5 pm
. . . , R . . for #2 and 10 pm for #10); (¢) Particle #3 (scale bar 5 pm); (d) Particle #4 (scale bar 5 pm); (e) Particle #5 (scale bar 5 pm); (f) Particles #6 and #7 (scale bar 10 pm
Microplastics in Infant and Adult Feces’, Environmental Science & Technology Letters. doi: for #6 and 5 um for #7); (g) Particle #8 (scale bar 10 pm); (h) Particle #9 (scale bar 10 pum); (i) Particle #11 (scale bar 5 pm), and (1) Particle #12 (scale bar 10 um).
10.1021/acs.estlett.1c00559. Ragusa, A. et al. (2021) ‘Plasticenta: First evidence of microplastics in human placenta’,

Environment International. Elsevier Ltd, 146, p. 106274. doi: 10.1016/j.envint.2020.106274.
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