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The wreck of the X-Press Pearl unleashed a record
1,680 metric tons of plastic pellets on Sri Lanka’s coast
in 2021. Scientists want to understand more about the
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= |ntroduction: Global Pollution Oceans, Coastal Waters,Rivers,
Wastewaters , Sludges, Landfill
= Macro-Plastic (MP) Litter, from Rivers to the Sea
= RIMMEL. JRCFloating Macro litter in European Rivers,
= Saudi Arabia , Spain , Europe, China, India
= Sorption (Trojan horse effect) and toxicity of
Pharmaceuticals into MPs.

= Sustainable Waste water Reuse. Treatment Solutions

= Bioaccumulation , Toxicity and Toxicotranscriptomics to
Fish and other Biota of MPs and Bio-plastics.

Analytical Methods and Harmonization
=  (WFTIR,(p) Raman, Pyrolisis GC-MS, TG-DSC,NMR, ASTM-standarized

Human Health Risks and Policy
= MPs in the Atmosphere, Soil, Plants and Humans:Global risk
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MPs in Soil/Sludge/Landfills/ Rivers/WWTPs/Oceans

Plastics into soil will increase from 34- 55 Million Tons from 2019 to 260 (OECD2022)

Worldwide stock of MPs in agricultural soils (average 2400-3700 items/kg) :1.5 to 6.6
MilllionTons (MPs on Ocean surface 290-800 KT(Lebreton 2019) )

Countries irrigating with wastewater the most exposed (Asia) but also in soils of Turkey
84 KT, Spain 38 KT and Italy 28 KT

Sources of MPs in soil/agroecosystems:

Reuse of Sewage Sludge (1000-300,000 items/Kg), Wastewater irrigation,Biosolid ,
Composting, Degradation and Fragmentation of Mulching films and plastics, Plastic
waste,i.e single use face masks, Automobile tire wear and Airborne MPs in soils, plants

River litter plastic input into the ocean, 35% are synthetic textiles
1000 rivers (WWTP input) account 80% GLOBAL plastic into ocean
GLOBAL input .0.8-2.7 Millions Tonnes/year size <0.5 cm (Lebre3ton)
EUROPEAN input, 1.656 -4.997 Tonnes/year (RIMMEL paper) size > 2.5 cm,Turkey,ltaly,UK
River plastic transport by extreeme flood x 100 (non-flood)
WWTPs, 1.4 x 10'5 items/year influent 10-26g/L, untreated 3.8x10' items/year to water,
Combined Sewer Overflow (CSO),i.e. River Tame, (UK) > 200 MPs items/day, 70 MPs/year
Landfills leachate, size 20-5000um, 10-290 MP MPs items/liter

EU WFD and MSFD for 2030:reduce 50% plastic litter into sea and 30% MPs into the
environment + Monitoring of litter, plastics and MPs

First papers published plastics in ocean, Science, 1972, MPB 1973,
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Plastic Materials Accumulating  A-M- Cundell , Mar.Pollut Bull.
in Narragansett Bay 4(1973) 187

This report was contribution No. 1508 of the Rhode Island
Gﬁrjcﬂtuml Experiment Station, Kingston, Rhode Island 02881

A. M. CUNDELL

University of Rhode Island,
Kingston, R1 02881, USA.

TABLE 2
LA 2 Description of the plastic objects found on the beach (1 month accumulation).
Description of the plastic objects found on the beach (first collection).
Objects Material of Conmtruciion Total Weight Objects Material of Construction Total Weight

Drinking tumblers, foam (4 plus fragments)  Expanded polystyrene 320g Drinking tumblers, foam (16 fragments) Expanded polystyrene 140 g
_llal:inkb}ns :l:&lblers, transparent (2) High flowgrade polystyrene 20:0¢g Beer can carriers (2) Low density polyethylene 1H0g
Tumm:f.;’ arey () glg'ﬁ%ens“y polyethylene ?gg g Plastic jugs (gallon; household bleach) (2) High density polyethylene 2260 g
Milk shake tops (5) Low density polyethylene 115 g Plastic jugs (gallon; beverage) (2) High density polyethylene 1790 g
Vacuum flask caps (2) Acrylonitrile butadiene styrene 285¢ Plastic jug (fragment used as buoy) High density polyethylene 300g

Food container Polypropylens 26 Candy wrappings Cellophane 1225 ¢
P e ) i e B eeme ot Twine (6 lengths) Nylon 545 g

astic jug lon) igh density ethylene - VR b

Plastic fug (half-gallon, High density ggl::ethylene 40-8 § Plastic drinking straws (2) Polypropylene 10g
;llasttlsc %g)gs (gallon; used as buoy) (3) ]ls-llgh der:lsny lpolyethylene 2090 g Sheeting and bags Low density polyethylene 1675 g
Bread sal candy wrappings Cxhanded polystyrene Rt} Fishing line reel Acrylonitrile butadiene styrene (ABS) 240 g
Rﬂm%gm;)st & ;lgllon N 29;»; g ?oll‘s an;n fat chgvinylchloride ;' ?g g2
! raws ypropylene Tg ragment of a tray DB
%"f_‘l‘l"g ﬂ'ﬂ"% I,:,"‘” density polyethylene 2075 g Vinyl glove Polyvinylchloride 340 g
heeting, flasf I’olyviny]chlonde 2?35 Monofilament Nylon ] 65 g
Packmg ‘blusters (2) Polymethylarylate 90g Packing case strap Polyvinylchloride 10-0 g
Total 1,237-5g Shotgun pellet holders (3) Polyethylene 80g
Fragment of plastic basket ABS 30g
Cable coating Polyvinylchloride 120 g
Plastic fork ABS 20¢g
Cocktail sticks Polyethylene 05g

Total 830-25 ¢
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Fig. 3. Effects of plastics on biodiversity in the CLME.
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Degradation assessment of high-density polyethylene (HDPE) debris after
long exposure to marine conditions
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Demetris F. Lekkas®, Nikolaos D. Alexopoulos ™
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]_

( Case A: Acquisition of marine plastic debris through clean
up activities and pretreatment of materials (washing,
extraction of tensile specimens from plastic debris)

(c) (d)

Wavenumber (cm'1)

Fig. 9. FTIR spectra of three types of HDPE samples, virgin (unexposed),
controlled marine exposure for specific UV irradiation times (i.e., 3 months, 10

months, and 12 months) and HDPE marine debris.
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Fig. 5. Size of MPs in sediment columns. The figure illustrates the percentage of MPs of varying sizes at different depths across 11 sampling sites.
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Density and distribution patterns of seafloor macrolitter in the eastern
Red Sea

Anastasiia Martynova ™, Mattie Rodrigue °, Vincent Pieribone °, Mohammed Qurban°©,
Carlos M. Duarte *
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Plastic litter in the environment

ARTICLES B il
https:/doi.org/101038/541893-021-00722-6. a1na y 0 500 1,000 km
P = FML (items yr) e e —
. . . 1-10,000 oA -
Floating macrolitter leaked from Europe into the S TS
ocean 25,000-50,000 o . vl
50,000-100,000 e

Daniel Gonzélez-Fernandez®'=, Andrés Cézar©®', Georg Hanke?, Josué Viejo',
Carmen Morales-Caselles®, Rigers Bakiu®, Damia Barcelé**, Filipa Bessa(®®, Antoine Bruge®?, 100,000-250,000
Maria Cabrera®, Javier Castro-Jiménez(®2%, Mel Constant(®, Roberto Crosti®", Yuri Galletti®?, @) 250,000-500,000
Ahmet E. Kideys®, Nino Machitadze™, Joana Pereira de Brito™, Maria Pogojeva®'¢, Nuno Ratola”, 22

Julia Rigueira™, Elisa Rojo-Nieto®™%, Oksana Savenko ®2°2', Rosanna |. Schéneich-Argent?2%, ‘ 500,000-1,000,000
Grzegorz Siedlewicz®?, Giuseppe Suaria®?* and Myrto Tourgeli?®

. 1,000,000-3,000,000 .

= Between 307 and 925
million litter items are
released annually from

Europe into the ocean

= 82% observed litter is

Fig. 4 | Spatial distribution of FML from Europe into the ocean. Spatial distribution of FML from Europe into the ocean based on mean-based modelled
estimates. The coloured dots represent litter inputs predicted on the basis of the MW in each individual drainage basin.

formed by fragments

and single-use
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. N : 1
Floating macro-litter flux (items h™) Annual floating macro-litter loading (items y1)
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cute riverine microplastic contamination due to
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'ig. 2| Microplastic concentrations and assemblages on the channel bed of the River Tame. Data are shown for all sites (sites 1-14) sampled in summer
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ssemblage recovered from the bulk suspended sediment sample collected at the flood peak on 7 November 2019 is also shown. See Supplementary
able 3 for connected population data and treatment class for the five WwTWs in this catchment. The location of CSOs and industrial premises using
lastics are shown in Extended Data Figs. 2 and 3. The 2019 River Tame survey showed that microplastic contamination hotspots are far more numerous
han documented in 2015 and 2016 and this is very likely to be the case in other rivers of this region (Extended Data Fig. 1). Base map redrawn from
ttps://nrfa.ceh.ac.uk/data/station/info/69027html.
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River plastic transport and deposition
amplified by extremeflood

Plastic density (items m?)

4°0'E 5°0'E 6°0'E
R ——

(€}:

SOUTH HOLLAND A
/w‘\‘.-. Rhine
@ ~ e’ Ravenstein”e, e O . \ list of authors and their affiliations appears at the end of the paper
L]

Gennej
Moerdijk B

)
NORTH ERABANT F/L\ Plastic transport (items h")
/ -0 @

<10° 210° 10"

<3x107" 23x10" 23x10°

51°30'N

Flood return period (years)

[] Locations

z
> Maastricht b Flood peak at Maastricht
° 4,000 | — Discharge 140 4,000 440
_ @ Mean plastic flux = = =
w § Standard error = § w = §
NE 3,000 F — -~ Flood peak 430 8 o NE 3,000 430 8 @
. oo =13}
o =5 o / =
£ 2,000 g 2 = 2000 12 & 8
£ w L w
N Meuse 2 58 2 =8
5 0 Aok & 1000 .A B 1000t i 410 L3
=z
3 | o o me"-..W‘m‘f Y ] P
e 1 N &N I SRR oSS . . S S S N
3 FES TS FT IS FS c;\‘\L*b‘\"@‘\)\o‘o\\QQ‘Q\*::‘\%&‘&@‘Q@‘Q\’\‘Q@Q@‘\\’@ﬂb\o
Fig.3| Mean floating plastic transport and riverbank plastic density along the Meuse. Mean flc
(18July) and Moerdijk (18July) during the July flood (15-20 July 2021), and riverbank plastic density c d
Ravenstein Flood peak at Ravenstein
3,000 15 3,000 1.5
I I
~ 2500 Dl 2o o~ 2500 .
o Y ° n&—’ *‘Ivm 2,000 -1
2,000 11 a - 1 @
€ 1 g8 g5
O 1500 A F8 & 1soof 5E
£ [ 3g @ 3z
g 1000 =1 ] os 58 G 1000} 0.5 g
= 1 a3 £ 7 A
e 500 ! : [a] 500 F =
) ' ) oY WWh— ],
N S Q N T T T T
P @ R v@ PR SR 6\\6"’\ @\ ISR AN S r19\ r‘,}\
| Plastic transport along the Dutch Meuse river measured at during Ravenstein (131km from the river mouth) fromJanuary toDecember 202!
| CONGRESSO DE CIENCIAS including the extreme flood event on 13-20 July 2021. a-d, River at Ravensteinduring the July flood (d). Notethat we refer to the mean plas
. . ar ean%plastictransturtatMaastricht(291km fromthe river mouth) inthe text.
Universidade Federal doMararinao, a0 Luis, MA, BRASIL E



Contaminant Hydroloay

vicroplastic patterns in riverine waters and leaf litter: Leaf bag
echnique to investigate the microplastic accumulation trends in
otic ecosystems

@ Leaf bag
Waste-water discharge points

Harlet %%
of Rupa

viarco Bertoli, Davide Lesa, Paolo Pastorino, Antonella Mele, Ay, Wi
serena Anselmi, Damia Barcelo, Marino Prearo, Monia Renzi, 5. :

ilisabetta Pizzul

100 06
05
o % 9% 15%
E e g 20%
4 60 H 3%
5 03
*© | 02 10% 10%
N
2 o 01
(. h 10%
o:cc,,,mmmmﬁ.?ﬁ.%ggﬂa.gagggmﬁw[([nnnnﬁﬁﬁaaaa§>>n 46%
5553323753 . g & fEs88232 FE
R P R C E RS R R RS S S S SR P S I
R w2 Wintes Spring
— VPs —Flow rate 6%
35%
o _ E—
° : 47%
. :
- 20%
E oo '
£ - : 2%
¥ o o
g2
£
o
% = 13%
; -
J &) PP WPET WPA PS "PE MPVC mPU
T T T T
i Autumn Winter Sering Figure 2. Microplastic chemical composition observed in Vipacco water samples (PP = polypropylene; PU =
Figure 3. MP concentrations in the Vipacco River waters (items m™) in relation to the flow rate (a) and sea: polyurethane; PET = polyethylene terephthalate; PVC = Polyvinyl chloride: PE = polyethylene, PA = polyamide;
variations observed during the study period (b). PS = polystyrene).

| CONGRESSO DE CIENCIAS DO MAR NA MARGEM EQUATORIAL BRASILERA,28-30 Octubro 2024
Universidade Federal doMaranhao, Sao Luis, MA, BRASIL




Journal of Contaminant Hydrology 263 (2024) 104339

Contents lists available at ScienceDirect

Journal of Contaminant Hydrology

ELSEVIER journal homepage: www.elsevier.com/locate/jconhyd

Microplastics, their abundance, and distribution in water and sediments in
North Chennai, India: An assessment of pollution risk and human
health impacts
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Fig. 6. Visual ion of surface and i ics: Fibers (b, d, ¢, i, j, k, |, 1, 0), films (g, h), pellets (m), and fragments (a, ¢, ).
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Today - 2050
1 1

A massive untapped resource of water, energy, nutrients
and other products for sustainable development

A source of pollution that needs to be
treated and disposed of

Essential nutrient recovery (437, 7.8
and165mg N, P Kin
wastewater, respectively)

Treat and dispose  Energy intensive

( @

Water for agriculture

AN
@N
GHG emitter Embedded energy 9-10 @ 8i
times higher than the @0
energy requirements © O® (BEnergy
for treatment recovery
Present-day WWTPs Future WWTPs
= Biological treatment = Energy recovery = Nutrients and/or

materials reco
= Sentinel of public health
= Smart monitoring and
control systems

= Physical and chemical treatment
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= Sludge management

= Utilization of green energy

= Enhanced treatment
efficiency

= Material recovery
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Fig. 5| Emerging technologies that have the

potential to transform the wastewater treati
sectorinto acircular economy framework.

A comparison of current and future perception
goals and outcomes for thewastewater treatm
sector. Often, current perceptionis thatwastey Review article
isasource of pollution that needs energy-inten

nature reviews earth & environment

https://doi.org/10.1038/s43017-024-01

™ Checkforu

treatmentand thendisposal,ina process that
involves seriousgreenhouse gas (GHG) emissic
Thegoals and outcomes are limited only to
treatment, disinfection, sludge management
and disposal. New technologies are capable

of retrofitting and upgrading all the functions «
wastewater treatment plants (WWTPs) toward:
morecircularmodel, transforming perception
of wastewater to seeit asanuntappedresource
reclaimed water, energy, nutrient and other

Sustainable wastewater
reuse foragriculture

products for sustainable development. The goi - Anastasis Christou®'?, Vasiliki G. Beretsou®?3, lakovos C. lakovides ® 23, Popi Karaolia®?2?, Costas Michael?,
and outcomes of future WWTPs willbe tobecoi - Tarik Benmarhnia®®, Benny Chefetz®°®, Erica Donner®%, Bernd Manfred Gawlik ®°, Yunho Lee', Teik Thye Lim",

energy-neutraland carbon-neutral facilities
lemninn

Lian Lundy ® 2, Roberta Maffettone ®°, Luigi Rizzo® ®, Edward Topp**® & Despo Fatta-Kassinos ®22
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w

a Treated wastewater directly §
o ity used for irrigation purposes
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Fig.1|Annual volume and percentage of TW reused directly forirrigation.
Global directreuse of TW (with no or little dilution with freshwater) for irrigation
variesamongcontinents. Direct application forirrigationishighestin Asiaona
continental level, and on regional levels, it is a prevalent practice in countries in
Middle East and North Africa, Australia, the Mediterranean region, Mexico, China

.4J Asia
15.3%
3,920 Mm?yr'

Africa Oceania
2% 34%
330 Mm3yr? 140Mm? yr'

and the USA. Thedirectreuse of TW forirrigationis influenced bylocal water
scarcity, availability of treatment infrastructure, presenceand enforcement of
regulatory measures, and economicmotivations. Data for thefigure are from
refs. 44,46,
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Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

A reconnaissance study of pharmaceuticals, pesticides, perfluoroalkyl )
substances and organophosphorus flame retardants in the aquatic e
environment, wild plants and vegetables of two Saudi Arabia urban . A)
areas: Environmental and human health risk assessment 8 " & LY
HE - =
Yolanda Picé **, Julian Campo %, Ahmed H. Alfarhan ®, Mohamed A. El-Sheikh ®, Damia Barcel6 ™¢ At N Riyach
— ™

= Of 131 emerging contaminants, 87 be- e | ) , A I ) -
longing to all kinds tested were in the ; % ' Y — ———t
samples. e = e

= Content of PP(Ps=>Pesticides=0PFRs> é
PFASs except for wild vegetation in Al- -
Jubail

* Significant differences in pesticide P B
content between Riyadh and Al-Jubail & .
samples | @

= Caffeine, bisphenol A, diazinon and . o o
abamectin  showed the highest |
ecological risk. -

* Level of contamination in food does not A -
indicate serious threat to population e Py o
haalth \ i

[ B 1. Comparison of the sum of concentrations of each type of contaminants founc
Ih and Al-Jubail in (A) water and (B) sediments. A smaller scale on the insert of |

2 (A) to visualize ¥_OPFRs, pesticides and PFASs in water. Box colours indicate |

Fig. 4. IRQs at each sampling point showing the differences between the different sampling points in (A) Riyadh and (B) Al-Jubail (both maps are not in the same smle).DfCc'"t‘“"i"‘“"S LD OPFR_S' u Z_Pcsticidcs‘ W 3 _PFASs and & Y_PPCPs. * indica
:rs and the letter the sampling point (see Fig. 1).
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Riyadh River
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Journal of Hazardous Materials

ELSEVIER journal homepage: www.elsevier.com/locate/jhazmat
First evidence of microplastics occurrence in mixed surface and treated i

wastewater from two major Saudi Arabian cities and assessment of their
ecological risk

Yolanda Picé ™, Vasiliki Soursou®, Ahmed H. Alfarhan”, Mohamed A. El-Sheikh ",
Damia Barcel6 ¢

Fig. 1. Maps of the study areas showing the sampling points in Riyadh South (from A to F) and Al-Jubail (from G to J).

» (;)Ri;adh—sitec / f_‘

(c Al-Jubail - site G

ot 8 Y

k) Riyadh — b
iit)e ;ya (n) Al-Jubail - sit
“ < ‘g"f
1mm .4 AR
NP B Ve wN
i . . 5l r’i:.
(r) Al-Jubail - site J |—| 7 L {‘A"\:',N. j v.’I
| 2 DR

Fig. 3. Photographs of microplastics under the stereomicroscope, sferules (a-c), fragments (d-f) and fibers (g-i).

@ Fibers @ Others

Riyadh

Sampling sites Aljubait

Fig. 2. MPs distribution in Riyadh and Al-Jubail.
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Experiment Design

Treatments Set up

Hoagland nutrient solution without PP MPs

CK and Sulfamethoxazole (SMX)

PP 1 g/L PP MPs (200 pm) ¢ ’ SMXI1 SMXI1+PP  SMX2  SMX2+PP

SMX1 0.5 mg/L SMX . A - 2

SMX1+PP 1 g/L PP MPs+ 0.5 mg/L SMX (Co-exposure)
SMX2 2.5 mg/L SMX

SMX2+PP 1 g/L PP MPs+ 2.5 mg/L SMX (Co-exposure)

30 cm
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nature water

a
Article https://doi.org/10.1038/544221-024-0024¢
Viral metagenome reveals microbial hosts
and the associated antibioticresistome on
microplastics
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. .. Jonathan Cooper®* & Yong-Guan Zhu®'*®
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Co-contamination ot MP/NPs In treated

Wastewater/irrigated edible plants
MPs and co-contaminants exist in treated wastewater

and joint toxicity can be due to combined exposure, and
that be transferred to soil/plants/crops via irrigation
with to hormetic adaptive responses that can enhance
the plant capacity to defend against massive stress.

The presence of MPs/NPs can decrease or increase a
negative effect of a co- contaminant or in some cases
can have a neutral effect. The generated effectis a

matter of dose of each contaminant and the ratios of the

concentration of the contaminants within a mixture
Agathokleous, E., lavicoli, |., Barceld, D., Calabrese, E.J., 2021b.

Micro/nanoplastics effects on organisms: a review focusing on ‘dose’. J.
Hazard. Mater. 417, 0-2. https://doi.org/10. 1016/j.jhazmat.2021.126084.

PP reduced significantly SMX uptake and
translocations in lettuce by inhibiting Transpiration
INhibition J Hazard Materials (submitted 2024)
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Advanced treatments for |

Microplastics in Water

.
Bt e e

® o i
3
. MPs
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o i £ a0

1 g \ xidation catalyst
¥ tMl’s :
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Fig. 2. Schematic diagrams of main technologies for removing MPs in water. Filtration technology (a), adsorption removal (b), magnetic removal (c), coagulati

treatment (d), photocatalysis (e), and biodegradation treatment (f).

Microplastics removal: MBR+UV, Photocatalytic,
Microbial Technologies. Ferro-sonication,
Electrocoagulation, Applied WWTP,Landfills

Green Analytical Chemistry

£

journal homepage: www.elsevier.com/locate/greeac

Removal of microplastics in water: Technology progress and green
strategies

Wei Gao®®, Yalin Zhang?, Aoyun Mo?, Jie Jiang P, Yuqing Liang % Xiaomu Cao®",
Defu He®P:ed*

[~ @ Filtration Fig. 1. Ov
MPs in wat

-4 @ Adsorption/Magnetic separation
approaches

® Density separation

® Coagulation

oval <

-tecluiofo(gics for Ttns gt .| < @ Photocatalysis
aficroplastics = e il

L ® Oxidation treatment

® Microbial degradation

=~ © Bioreactors

. @ Other biological treatment
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Photocatalytic and biological technologies for elimination of |

. . . . band
microplastics in water: Current status % ; e
o S o 2
. . . . . . H H_|
Parisa Ebrahimbabaie ¢, Kimiya Yousefi b John Pichtel ** ” d:cmD H,0/OH-
* Environment, Geology and Natural Resources, Ball State University, Muncie, IN 47306, USA o - = xidation (H H
® Department of Chemical Engineering, Faculty of Engineering, Shahid Bahonar University, Kerman, Iran 'I"+_+
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Oxidationc
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HIGHLIGHTS GRAPHICAL ABSTRACT
+ Tens of millions of tons of microplastics Photocatalytic and biological technologies for degradation of microplastics in water. Light

occur in freshwater and oceans. P \\oz
+ Microplastics can be captured, but few . \

technologies are available for destruc- , }_
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ton. ) ) ) o, u H_‘ (e) 6 G G ()
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Fig. 2. Mode of action of a photocatalyst for decomposition of PE chain: (a) single catalyst
such as ZnO; and (b) Fe-ZnO photocatalyst (Adapted from Lam et al,, 2021).

MP elimination should be considered.
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Review

Effects of microplastics on wastewater and sewage sludge treatment and
their removal: A review
Zhiqi Zhang®, Yinguang Chen™”

“ state Key Laboratory of Pollution Control and Resource Reuse, School of Environmental Science and Engineering. Tongji University, 1239 Siping Road, Shanghai 200092,
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Fig. 3. Interaction between microplastics and activated sludge [61].
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TREATMENT SOLUTIONS AND FUTIURE PERSPECTIVES

MPs reduce the efficiency of the WWT processes
Affect effluent quality —-composed by Polyester and PE
Inhibit sludge hydrolysis,acidification and methanopgenesis,
Reduce diversity of microbial communities and enzyme activity-
destroy cell membranes

Adsorption, MBRs, Biological Degradation(microbial

inoculant, composting) and AOPs-reduce 95-99%MPs
AOPs-peroxide oxidation (UV/H202) ,Photo Fenton, Ozone-based
processes (0O3) and Photocatalytic degradation (UV Catalysis)

Studies Needed on the effects and size of MPs on WWT

wastewater effluent quality still scarce-mechanism still not clear
MPs investigated > 1 pm- Almost no studies of MPs<1pm

Solutions: source control, removing plastic beads from PCP,
reduce garbage bags, eliminating excise packaging and promote

green packaging with biodegradable materials

| CONGRESSO DE CIENCIAS DO MAR NA MARGEM EQUATORIAL BRASILERA,28-30 Octubro 2024 -
Universidade Federal doMaranhao, Sao Luis, MA, BRASIL




Environmental Pollution 344 (2024) 123369 -3

Contents lists available at ScienceDirect

Environmental Pollution

% P b
ELSEVIER journal homepage: www.elsevier.com/locate/envpol

I
HiH
ali
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771 Triclosan (TCS) g “ — resistance gene sull normalized to the 165 1RNA gene copies in the different
@ Polyethylene microplastics ——» — | et exposure conditions. CT = Control; PE-MPs = polyethylene microplastics with a
(PE-MPs) E m ngg - particle size of 10-45 pm (2 mg/L); TCS = triclosan (20 pg/L); PE-MPs + TCS —
AR River biofilm Control PE-MPs TCS PE-MPs (2 mg/L) and TCS (20 jig/L).

(n=3) (n=3) (n=3) (n=3)

Bioaccumulation and effects
[ No effect

mt i
-l(re\atlve to Control)

Experimental conditions:
- Short-term exposure (72 h)
- Day/night cycles (12/12 h)

Control (CT) PE-MPs TCS PE-MPs+TCS - Temperature: 17°C
2 mg/L 20 pg/L 2 mg/L + 20 pg/L - Homogenous flow

AW Substrate-associated river biofilms (on glass tiles)

LAPA: Leucine aminopeptidase activity; EPS: Extracellular polymeric substance; ARG: antibiotic ° PE-MPs: Polyethylene microplastics (microbeads 10-45 pm, 0.995 g/cc)
resistance gene; *Alteration of bacterial community structure via enrichment/depletion of different gro S _ TCS: Triclosan (antimicrobial)

| CONGRESSO DE CIENCIAS DO MAR NA MARGEM EQUATORIAL BRASILERA,28-30 Octubro 2024
Universidade Federal doMaranhao, Sao Luis, MA, BRASIL




Journal of Hazardous Materials 432 (2022) 128691

Contents lists available at ScienceDirect

Journal of Hazardous Materials

Lupd i -1
ELSEVIER journal homepage: www.elsevier.com/locate/jhazmat

Research Paper .')

Toxicity evaluation of the combination of emerging pollutants with
polyethylene microplastics in zebrafish: Perspective study of genotoxicity,
mutagenicity, and redox unbalance

Amanda Pereira da Costa Aratjo °, Thiarlen Marinho da Luz b, Thiago Lopes Rocha“, -
Mohamed Ahmed Ibrahim Ahmed d, Daniela de Melo e Silva ®°, Md Mostafizur Rahman "2,
Guilherme Malafaia > >"

v' Genotoxic effect is similar in zebrafish exposed to PE-MPs
and to mix of pollutant

6

|0no-\\‘ny ANOVA test (F =6.844; p = 0.0026) @
@

(=
()

i a

a _a_
. b —_— —
DNA damage A " , I i DNA damage

index mean = 2 . index mes 3.34
deximean =204 Control PEMPs  Mix PE-MPs + Mix ESREE
[

[

DNA damage index

30000

| One-way ANOVA test (F = 6.82; p = 0.0024)| @

20000~ a

o a a
\
b R L
10000 B
0 A

Control  PE-MPs Mix PE-.\IPVS + Mix
| |
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Microplastics in biotic and abiotic compartments of high-mountain lakes

from Alps

Paolo Pastorino ™, Serena Anselmi ”, Giuseppe Esposito®, Marco Bertoli, Elisabetta Pizzul ©, . : i

i ade . I § a N o a . s b ' T
Damia Barcelo ™, Antonia Concetta Elia’, Alessandro Dondo “, Marino Prearo “, Monia Renzi Upper Balma Lake Lower Balma Lake Upper Balma Lake Lower Balma Lake

&0
2

joxplots of weight of Salvelinus fontinalis in both Upper (n = 11) and Lower (n = 9) Balma

Lake in which microplastics items were reco:

1 - v P T |

e @ PP

e ¥ n=n. items/kg ¥

8 = items’hg

Fig. 2. Location of sampling sites for sediment samples in Lower (a) and Upper (b) Balma Lake. Colors (yellow and light blue) represent a different chemical t
microplastics (PE = polyethylene; pp = polypropylene). It is also reported the number of items (n) recorded at each site. (For interpretation of the references tc
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Microplastics in Mediterranean seafood (Tunisian coast)

Mean £SD
particles’ls  « The highest EDIs are for ingestion of farmed S.
aurata
9.04E+04
+5. 09E+04 .
« MPs <3 ym were detected (method: SEM-EDX) in
edible muscle of five species from Mediterranean
5.50 E+04 Sea
Sardina pilchardus =0
 The smallest and biggest MPs (1.8 and 2.5 ym)
Q 8.83E+04 were found in mullus and sole, respectively.
Mytilus galloprovincialis 1R . .
« The highest level of MPs was found in M.
— surmuletus being a neritic species.
+2 . B5E+(4

 The presence of MPs in species used for human

consumption is a fact today. However, information

y\d' ?iffm on the MPs occurrence are again incomplete, the
N - EDIs for seafood are largely unknown.

Solea solea

i 'ﬁlm\

: 15907

Sparus aurata\eg' 8 66E+04 Ferrante et al., 2021
+7 43E+04 Environ. Res.

()N L) AER NAA LD NA NAL) \ /1 () ATADIA 2 L) /) L) /A Q () () alda () /]




MYTILUS GALLOPROVINCIALIS AS BIOINDICATOR OF MICROPLASTIC POLLUTIO

For marine environments, bivalves as Mytilus galloprovincialis have been found to be
the most suitable organisms for biomonitoring, becoming good bioindicators for their
natural habitat (Li et al., 2019).

« M. galloprovincialis has a 1]
high ecological and \'| )
commercial relevance in the ) i SR . \

Microplastics : | %

Mediterranean Sea, where
MPs contamination is also
of particular concern
(Lusher, 2015).

Mussel

« M. galloprovincialis has
been proposed by the \
International Council for the -
Exploration of the Sea to -
monitor MP pollution in the
marine environment (Brate
et al., 2018).
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Occurrence of microplastics in the gastrointestinal tract of benthic by—
catches from an eastern Mediterranean deep—sea environment

« Deep-sea fish species were collected in Sardinia (Italy) using a bottom

gilinet at depths between -250 and -350 m
« At least one microplastic item was found in 48% of the samples

« The most frequent was polyethylene (PE)
« Filament was the most frequent shape recorded

Plastic degradation processes
(i.e., microbial, physical and chemical)
el
Ha !
2 Pl L - 0ft/om

pass
LI 7

Yo Detection of MPs in

deep-seaby-catch
e s - 229 ft/70m

- 459 ft/140m

- 688ft/210m

- 918 ft/280m

- 1148 ft/350m

Esposito et al., 2022
Mar. Pollut. Bull.

() 1\ L) AR \ A 1Y) NAD NA NAL) \ / ()
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Journal of Hazardous Materials 460 (2023) 132359

* kK * kK * kK *
AN Contents lists available at ScienceDirect 100 — m—
e B 0 pug/lL
47 Journal of Hazardous Materials .30 pght.
80 B 500 pg/L
ELSEVIER Jjournal homepage: www.elsevier.com/locate/jhazmat
60—
L)
Polystyrene microplastics disrupt female reproductive health and fertility S| 40~
via sirtl modulation in zebrafish (Danio rerio)
Priya Gupta®', Archisman Mahapatra®!, Anjali Suman®, Shubhendu Shekhar Ray ?, 20+
Guilherme Malafaia>>%* " Rahul Kumar Singh ™"~
0
Gills Intestine Liver Ovary
v PS-MP exposure altered GSI and
. . . (B) (©)
fecundity rate in female zebrafish e
16 n 0.8+
]
:\; 154 E 0.6
3 7 14 s
3 0.4+
= 134 § )
0.0-

1 1 1
Opg/L 50 pg/L 500 pg/L
PS-MPs concnetration

0 pg/L 50 pg/l. 500 pg/L
PS-MPs concnetration

v PS-MPs affected ovarian
maturity and oocyte
development
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Combined HFD and PE-MP ®
exposure increased li P id Combined effects of a high-fat diet and polyethylene microplastic exposure | &&&
accumu | atiO n tOtal induce impaired lipid metabolism and locomotor behavior in larvae and
1

adult zebrafish

cholesterol, and _ L ) ) -
Seenivasan Boopathi °, B. Haridevamuthu *, Edrea Mendonca“, Akash Gandhi®, P. Snega Priya®,

tr| g IyC er | d es Saad Alkahtani”, Norah S. AL-Johani ", Selvaraj Arokiyaraj ©, Ajay Guru®", Jesu Arockiaraj ®

- i
Guilherme Malafaia ®%%

Control HFD HEFD+PE-MP(10) HFD+PE-MP(100)
Nile red
(A)
Oil red O

_ 100 T T 100 T T T —

E_"\, One-way ANOVA test ')?\ One-way ANOVA test

> 804 F-value = 108.1; p-value < 0.0001 -~ 804 F-value = 254.8; p-value < 0.0001
s o=
o £ 60 =g 60
o W G 2.5
Z 5 40 = ZE 40

2 d g ¢

3 ! = =

= 20 =E 2/

= B d

= =

0 r T 0 [ T l
> 9 > Q
™ NS N NS
O’\\\ o P (:’\\\ s .
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o &
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Green toxicology approach involving polylactic acid biomicroplastics and )

Gheck for

neotropical tadpoles: (Eco)toxicological safety or environmental hazard? s

Guilherme Malafaia *"“* jtalo Freitas Nascimento ®, Fernanda Neves Estrela °¢,
Abrado Tiago Batista Guimardes *, Fabianne Ribeiro ©,
Thiarlem Marinho da Luz ?, Aline Sueli de Lima Rodrigues ™

* Biological Research Laboratory, Goiano Federal Institute, Urutai, GO, Brazil

" Post-Graduate Program in Conservation of Cerrado Natural Resources, Goiano Federal Institute, Urutai, GO, Brazil

© Post-Graduate Program in Biodiversity and Biotechnology, Federal University of Goids, Goidnia, Brazil

4 Post-Graduate Program in Ecology and Conservation of Natural Resources, Federal University of Uberldndia, MG, Brazil
© Department of Biology & CESAM - Center for Environmental and Marine Studies, University of Aveiro, Portugal

HIGHLIGHTS GRAPHICAL ABSTRACT
+ Polylaic acid biomicroplastic (PLA BioMP)
affects growth and development of @ @
Physalaemus cuvieri tadpoles. ° (<]
+ P. cuvieri tadpoles exposed to PLA BioMPs E i d hl (
show a reduction in lipid reserves. InEgra @a EE
+ PLA BioMPs induce cholinesterase effect @ o 8
(increased AChE and BChE) in P. cuvieri )
tadpoles. B'
0 . + Increased oxidative stress is observed in IUtDXIB
D Hm P cuvieri tadpoles exposed to PLA BioMPs.
~ 0.15 :
‘g Student’s t-test
o) tvalue = 2.415; p value = 0.0273
=
—
=0
= 0.104
= b
B
—
=
=
——
-~ i
E 0.05
]
o
= —
9
=
]
P
0.00 : .
BioMP-PLA-I BioMP-PLA-II

v' Accumulation of Polylactic acid biomicroplastic (PLA
BioMP) in P. cuvieri
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S.5.U.H. Kazmi et al. Journal of Hazardous Materials 472 (2024) 134574

- Journal of Hazardous Materials 472 (2024) 134574
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Journal of Hazardous Materials 21
Crustaceans
ELSEVIER journal homepage: www.elsevier.com/locate/jhazmat o
. Others
Review
Decoding the molecular concerto: Toxicotranscriptomic evaluation of I I
microplastic and nanoplastic impacts on aquatic organisms 1 -.
2015 2016 2017 2018 2019 2020 2021 2022 2023 Fishes
Syed Shabi Ul Hassan Kazmi &b Muhammad Tayyab “, Paolo Pastorino 4. Damia Barceld ©, c d
Zaher Mundher Yaseen %, Hans-Peter Grossart ', Zulqarnain Haider Khan &b Gang Li b, l = _
PS rustaceans
a Key Lubaramr_y of Urban Envrrmmmtandb'euiﬁl, Ningbo Urban Environment Observation and Research Station, Institute of Urban Environment, Chinese Academy of E PE .‘1
- 11 »

- pVC Others Zooplanktons
5

Be-

. LDPE

[ [

I PMM

0

1,%
(2

14
Bivalves

T T T T T J

10 20 30 40 50 60

Fig. 4. Bar plot ) llustates the temporal distribution ofstudies conducted between 2015 and 2023 focusing on the evaluation of MPs and NPs impacts on aquatic

using hes. Each bar a specific year, ing the ive number of studies summarized. Pannel b) pie chart
depicting the distribution of studies on different aquatic organisms, including bivalves, zooplanktons, crustaceans, fishes, and other taxa. The size of each pie slice
corresponds to the relative percentage of studies conducted on each animal group. Stacked bar plot in pannel c) visualizes different plasticizers utilized in the

i :\/[ Transcriptomics Avyi\“"”\,, ]
— 3

e

Environmental risk
assessment
3

of

data in RA frameworks
Ecological -
Consequences

Cascading
effects

Model-based prediction
Identification of DEGs, gene
expression patterns, and
pathways associated  with

ncRNA, mRNA,
tRNA, rRNA

© cDNA clones
duct amplification and

i 2 —_—
"
"
4 Plastic-induced molecular changes * Trojan effects of plastic pollution

MPSS

V- [NGS(%A -sea) | ®>§7

MPs, NPs toxicity

MPs/NPs | raet
2 << © Hybridized target to microarray
. 1 = S o ™ v
: ¢ : 1 g ~ sc & loser | and i1
" impact community dynamics on ecosystems ' g I o o v Images and normalized
P = Differential sensitivity of species = Cascading effects on predator- 1 :}“'D':mm ﬂf' W!ﬂ:"ﬂ; "E_ @ & Ansiveis
" % 4 < 1 iomarkers  for s -3 z 2 S =
E to Plastlc .Induced stress prey |r_|terama!|s ) ! H antiation T -
v » 5'_"“_5 in abundance and * Trophic magnification of plastic- A . § .« SAGE =
g distribution of key species induced stressors L gr - PMAGE ~
» &

sayeodde
parede,

Bloinformatics

[ MOAs, Devﬂlopment-l:l

————____Ubrary construction sequencing

7. Schematic overview illustrates interconnected relationships between transcriptomic analyses, ecological ¢ ling effects, and i 1

es,

assessment in the scontext of plastic-induced molecular changes in aquatic organisms. Note: MPs/NPs= M]cloplast]cs’ nanoplastics; DEGs= differentially — B

Immunotoxicity etc.

% 3. Two distner exiat for : or gene

AR, TR SRR TS S G U B e
elevant gene seq o ;  wi rem
lito

riex plays a pivotal role in tarse

Note: BeRNA— non-coding TNA; mRNA
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sthira et al Ecological Indicators 155 (2023)

Primary Source of Microplastics = e ( y Source of
1. Personal care products 1. Littering overland, water bodies
2. Medical products 2. Discarded fishing gear

3. Industrial abrasives 3. Landfill and recycling sites
4. Drilling fluid 4. Synthetic textiles 4
5. Litter from ships i

Contents lists available at ScienceDirect

Ecological Indicators

5. Raw materials/Sub-products 1%,
6. Industrial manufacturing units MICROPLASTICS 3 Eiﬁkfﬁivfidmves - il
ELSEVIER journal homepage: www.elsevier.com/locate/ecolind
'
Size Shape
« Pellets
e o . : i : .
i - Fragments Vulnerability of microplastics on marine environment: A review
) . nm
« Polypropylene (PP) . . T . b . b
= Eotiztylnel(E) Chinnathambi Pothiraj“, Tamilselvan Amutha Gokul °, Kamatchi Ramesh Kumar ~,
reie Arumugam Ramasubramanian ©, Ayyappan Palanichamy “, Karthikeyan Venkatachalam .
] N Paolo Pastorino °, Damia Barceld ', Paulraj Balaji # , Caterina Faggio™
Fig. 1. § s of Microplastics.
Table 1
Adverse Effects of the Polymers and their Additives on Aquatic Organisms.
Polymers / Additives Effects T S T
Microplastics e
Polystyrene Intestinal injury, oxidative stress, ‘ J Fish Larvae
Growth, food uptake l Momwy
Polyamide, Polyethylene, Damage in Intestinal, Liver, kidney and
Polypropylene, Poly Vinyl Chloride reproductive tract
Polyethylene Terephthalate Feed habit, body weight
UV Stabilizers/absorbers Mutagenic, toxic, bioaccumulated and ' Hypo-active
show estrogenic activity = e
Xiaative
Antioxidants Estrogenic effects Stress D —
Plasticizers Renal, reproductive, cardio, and neuro- < Col Dasth] Damane
toxicity + Neuro Inflammation " AChE Inhibition i<—
Flame retardants Endocrine disruptors : g::;s?:dglsg;:?\rg = O
Pigments Duplication of food resulting gut Altered Neuro- |
transmitter | «———
blockage tevels |
Surfactants Destroy mucus layer, damage gills

Fig. 2. Mechanism of action of microplastics on AChE.
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MPs/NPs and co-contaminants: toxicity and
general bioaccumulation of MPs/NPs

Aquatic organisms, such as river biofims and mussels, were able to
accumulate pharmaceuticals and the presence of PE-MPs delay the
bioaccumulation of citalopram (mussels)

More studies on MPs particle sizes and polymer types are needed. PS and PE
among the most tested polymers, as well as antibiotics (Pharmaceuticals)

Laboratory controlled real-world environmental concentrations are needed,
using aged microplastics and long-term exposure to assess chronic effects

MPs accumulation in fish and small crustaceans
AchE inhibiton in zebrafish due to MP altering neirobalsts in larvae
Bioacumulation and Biomagnification and Green Ecotoxicological Prtocols

Toxicotranscriptomics: additional information of molecular responses of
aquatic organisms to MPs/NPs

In summary: MP (PE) are present everywhere, high-mountain lakes, in the
gastrointestinal tract of benthic by—catches from an eastern Mediterranean,
»Mussel Watch», deep sea-environment MPs (< 3 um)in seafood- Sardina,
Solea, Mytillus
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Occurrence, Analysis , Fate and Risk of MPs
General recommendations

1) Analytical protocols, including sampling and detection methods.
Methods X recent paper A standardized method ASTM D8332 pumping
1500 liters of water in 45 minutes to collect particles as small as 45um,
New method using NMR. What about Nanoplastics?

2) Harmonization through inter-laboratory studies and reference
material will need to be undertaken at local and global scale

3)Green Ecotoxicological studies wusing environmental relevant
concentrations and representative species at global scale needed

4)Establish an international database to collect occurrence data of long-
term monitoring programs

5How is MPs pollution as compared to other threats like Climate
Change a threat to biota, ecosystem and biodiversity? Major or Minor?

6)At present there is no evidence that MPs are a threat to human health,
but this can change- fibers in the air at Megacities > 10 Million ?
More data on occurrence of MPs in biological fluids?
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GLOBAL INTERLABORATORY STUDY ON
MICROPLASTICS-34 laboratories

Science of the Total Environment 772 (2021) 145071

Contents lists available at ScienceDirect

Science
Tofal Environmer

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Results of WEPAL-QUASIMEME/NORMAN:S first global interlaboratory )
study on microplastics reveal urgent need for harmonization S

LM. van Mourik *, S. Crum °, E. Martinez-Frances €, B. van Bavel ¢, H.A. Leslie ?, ]. de Boer ?, W.P. Cofino b

* Department of Environment and Health (E&H), Faculty of Sciences, Vrije Universiteit, De Boelelaan 1085, 1081 HV Amsterdam, the Netherlands
b WEPAL-QUASIMEME Laboratory Performance Studies, Wageningen University and Research Centre PO Rax 8005 NI-6700 FC Wageninoen the Netherlands
© Norwegian Institute for Water Research (NIVA) Section Environmental Chemistry and Technology,

Table 3
HIGHLIGHTS GRAPHICAL ABSTR Identification method performance for samples 1-6.
- Thirty-four laboratories participated ina _— Identification Method Percentage that identified correct polymer
microplastics interlaboratory study. i <
« Dissolvable tablets were developed to b 5 7 methed applled Sample 1 Sample 2 Sample 3 Sample 4 Salnple 5 Sdmple 6
be used as test materials. , l (n) PC PS PP PET LDPE PS
« Correct type of polymer was often re- 7 P — — e
ported indicating satisfactory perfor- ,l /I II PFTIR 6 83% 67% 83% 83‘% 83%
mance. g
« The large variation in reported particle PET BVG PET ATR-FTIR 15 87%
numbers shows the need for re 7 Raiii 3 £ t ;
harmonization. 4 7 man
pRaman 1
Py-GC-MS 2

PC, Polycarbonate; PS, Polystyrene; PP, Polypropylene; PET, Polyethylene terephthalate; LDPE, Low-density polyethylene.
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RECOMENDATIONS for HARMONIZATION AND LIMITATIONS

Q Concentrations of MPs should be reported using more consistent units
such as particles/m3 for water and particles/g for sediments.

QThe from of MPs should be standarized to harmonise inter-study
comparisons: fibre, fragments ,granule, film and foam

0 Studies should provide size information about MPs including smallest
size collected and detected-we need to understand the size distribution
of MPs. We need to consider as well LOD of the analytical instruments

0 Analysis of polymer composition should be performed using one of the
appropriate techniques, like micro-FTIR, Raman Spectroscopy and/or

Pyrolisis GC-MS
O Detailed information about the method used and QA/QC protocols are

required. Table 4
A specific example — Limitations relevant to the study of microplastics in the

environment that merit discussion.

1. What size range are you reporting on, and how does this compare to the literature
and indeed the probable natural size range?
2. Have you included positive and negative controls, and published your LOD/LOQ
methodology?

3. How do your analytical methods compare to those used by other scientists?

4. If you used a microscopic system which required the operator to select targets,
could operator bias have influenced your results?
What software and library did you use? Different software libraries accept
greater or lesser matching of spectra with those of standards.

o
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High throughput application of ASTM D8332: Detailed prototype )
design and operating conditions for microplastic sampling of ity
riverine systems

Jeremiah Bryksa®, Patric McGlashan, Nadia Stelck, Jon Wong,
Andrew Anderson-Serson, Matthew Hart, Trace Malcom, Bob Battle, Paolo Mussone

Northern Alberta Institute of Technology, 10210 Princess Elizabeth Ave, Edmonton Alberta, T5G 0Y2 Canada
J. BryKsa, ¥. Mculasnan, . DK er at.

MEMOUSA 12 (£LUZ4) 1ULOBU

Approximately 11,5 ft.
Fig. 1. Fresh pumping system designed and fabricated in this work. A = river inlet %-inch stainless steel tube; B = metal clamps with stands;
C = 4-foot é-inch stainless steel tubing sections; D = compression fittings; E = %-inch national pipe thread (NPT) fittings; F = centrifugal pump;
Fig. 2. High throughput microplastic pling system comp centrifugal pump with electronics housed in a protective case (left), lithium G = clamp-on doppler flow sensor (optional); H = sample outlet (90" bend) %-inch stainless steel tubing; I = cascade sieve stack with field blank;
iron phosphate battery housed in a protective case (center), cascading sieve stacks for samples and blanks with aluminum tables (right). J = aluminum sieve table with mounting spikes; K =10 A fuse; L = variable speed controller; M= 12 V DC battery; and N = speed controller knob.

Fig. 4. Duplicate set-up of NAIT high throughput microplastic sampling system on the North Saskatchewan River.
Fig. 3. Pumping river water in the field through a cascade sieve stack using 2 high throughput microplastic sampling system. Q A S I L
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Micro(nano)plastics from synthetic oligomers persisting in Mediterranean
seawater: Comprehensive NMR analysis, concerns and origins
Alessia Giannattasio 1, Veronica Iuliano® !, Giuseppina OlivaP, Domenico Giaquinto?, d) i
Carmine Capacchione 2, Maria Teresa Cuomo ¢, Shadi W. Hasan 9, Kwang-Ho Choo*®, ¢
Gregory V. Korshin {, Damia Barcel6 g, Vincenzo Belgiorno °, Alfonso Grassi?, Vincenzo Naddeo® -,
Antanin Bnonerha . b, .
PDMS
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. . c) P
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Polymer microstructure Molecular weights determination Ponderal qi
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Fig. 5. NMR analysis. *H NMR spectra (600 MHz, TCE-d2, 80 °C) of LDPE (a),
PP (b), PDMS (c), mesitylene (d) and representative SPD isolated from seawater
-

Fig. 2. Synoptical view for the analysis of seawater synthetic polymer debris.

o 2 14/06/2021—23/06/2021) and Gilento Coa
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Airborne MPs in

megacities:Paris,
Shanghai,London,

Beijing,Surabaya

Fig. 5. Optical microscope images of different types of MPs. (a) Fibrous MPs, (b) film MPs, (c) film MPs, (d) spherical MPs, (e) fragmented M
et al. (2019), with permission from Elsevier (License number: 5223490330353).
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Airborne microplastics: A review of current perspectives and
environmental implications

Longyi Shao ™™, Yaowei Li *™%"", Tim Jones !, M. Santosh **', Pengju Liu ",
Mengyuan Zhang ", Liang Xu#, Weijun Li¥, Jing Lu “b Cheng-Xue Yang®, Daizhou Zhang ",
Xiaolei Feng ™", Kelly BéruBé'

2 State Key Laboratory of Coal Resources and Safe Mining, China University of Mining and Technology (Beijing), Beijing, 100083, China
® College of Geoscience and Surveying Engineering, China University of Mining and Technology (Beijing), Beijing, 100083, China

Fig. 4. SEM images of MPs. (a) Fragments MPs, (b) film MPs, (c), fibrous MPs and (d) Spherical MPs, (e) fibrous MPs and (f) film MPs. (a), (b) and (d) were colle

in Beijing, China; (c) was collected in Beijing, China by Li et al. (2020), with permission from Elsevier (License number: 5223390347409); (e) and (f) were colle
in Hangzhou, China.
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Figure 2. Characterization of MPs observed in cloudwater samples at Mt. Tai. Microscope images of typical MPs: (a, b) fibers, (c) sphere, ( concentration and liquid water content (LWC) in cloudwater samples (IDs 1-28) in chronological sequer
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Microplastics: Detection in human samples, cell line studies, and
health impacts
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Towards Eliminating Plastic Pollution by 2040,
OECD, November 2023. Policy recommendations

Global Ambition will require new ch'allenges and strong international
co-operation

1) Curb Production and Demand, implementation of Reuse systems

2) Enhance Waste Collection, treatment specially in developing
countries

3) Encourage improvements in recycling

4) Enhance Municipal Litter Management

5) Encourage Research targeting microplastic leakage

6) Ensure strong international co-operation and support

7) Ensure adequate financing of waste treatment

8) Align Financial Flows legally binding to cope with Plastic Pollution

Sub-Saharan Africa, and the Middle East and North Africa are projected
to represent an increasing share of global mismanaged waste over time
due to their fast growth of plastics combined with weak waste
management systems
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