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Why study plastic pollution in freshwaters?

1

13% OF PUBLICATIONS WERE ON FRESHWATERS IN 2018
Global river networks are responsible for transferring 1.15-2.41 MT of
plastic pollution to marine environments every year.

Intro I II III IV V

(Lebreton et al., 2017; Blettler et al., 2018)

Concl
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Aim

2Intro I II III IV V Concl

Macroplastic

>25 mm

Mesoplastic

25-5 mm

Microplastic

5-0.001 mm

Nanoplastic
<0.001 mm
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GOAL 1

Intro I II III IV V ConclI
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Rationale

“Plastic debris as 

nesting material”

“Plastic accumulation 

in rivers” 

(Blettler et al., 2020; Azevedo-Santos et al.,
2021; Blettler and Mitchell, 2021; Cesarini and
Scalici, 2021; Gallitelli and Scalici, 2022)

GOAL 1

“Christmas tree 

effect” 

“Biota entrapped in 

plastic litter”

‘’Secondary 

microplastics’’

I II III IV VIntro

❑ Macroplastics are poorly investigated despite possible impacts 

ConclI
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Experimental design

• Seasonal dynamics of plastic transport

• Quantification and characterization of macrolitter (>2.5 cm)

• Spatial pattern of plastic in the potamal tract of Tiber River

34 km from the mouth

4 km from the mouth

1 km from the mouth

Scafa Bridge

Scienza Bridge

GRA

GOAL 1

I II III IV VIntro

ROME

ConclI

RIMMEL project
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Main findings
GOAL 1

“Biota entrapped 

in plastic litter”

I II III IV VIntro ConclI
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Size classes of litter

GOAL 1

I II III IV VIntro

TIB1

TIB2

Concl

Main findings
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GOAL 2

II III IV VIntro I Concl
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GOAL 2

ECOTONE

Erosion 
control

Riparian 

vegetation

Biodiversity

Water 

quality

Thermal 
regulation

Carbon 
storage

Recreational 
activity 

ECOSYSTEM SERVICES

(Williams and Simmons, 1999; Bletter et 

al., 2018; Windsor et al., 2019Liro et al., 

2020; van Emmerik et al., 2020) 

RIPARIAN 

ZONE

Among freshwater habitats considered in the literature, riparian zones are under-represented, 

but these habitats could significantly influence the transport of plastics

II III IV VIntro I

Rationale

Concl
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GOAL 2

Experimental design
1° STEP: set up of field card 

2° STEP: compilation of field card and identification 

of riparian vegetation structure

3° STEP: plastic sampling

shrubby

reed bush

herbaceousarboreal

unvegetated

II III IV VIntro I Concl
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Results: riparian vegetation as a trap for plastic

“Christmas tree effect” 
(Williams and Simmons, 1996, 1999)

GOAL 2

II III IV VIntro I Concl
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(* = <0.05; ** = <0.01; *** = <0.001)

Results: plastic density trapped by different riparian 
types 

“Christmas tree effect” 

(Williams and Simmons, 1996, 1999)

GOAL 2

II III IV VIntro I Concl
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GOAL 3

III IV VIntro I II Concl
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(de Sá et al., 2018; Wagner and Lambert,

2018; Li et al., 2019; Kukkola et al., 2021;

Corami et al., 2022)

GOAL 3

Microplastics (MPs, 1 µm-5 mm) primary
and secondary

Small MPs (SMPs, <100 µm) similar to the size of
seston

Need to find sentinel organisms of MP
pollution in freshwaters

III IV VIntro I II

Rationale

Concl
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Experimental Design

6

GOAL 3

Environmental 

exposure

Long term 

(3 months)

Short term 

(1 month)
collection

collection
gills

dissection and removal of 

gastrointestinal tract

Anodonta cygnea (Linnaeus, 1758)

Commercial bought

III IV VIntro I II Concl
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Main findings
GOAL 3

III IV VIntro I II Concl

gillsgastrointestinal tract

NYLON

NNE

Small microplastics <100 µm 

Additives and plasticizers
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GOAL 4.1

IV VIntro Concl



1919

Rationale
GOAL 4.1

(Stapleton, 2019; Kukkola et a., 2021; Zhang et al., 2021)

o unrealistic concentrations

o shapes less expected to find in field conditions 

Often, in lab studies, the exposure conditions are not representative of 

environmental plastic pollution considering...

I II III IV VIntro

Until now, the attention to NP was mainly focused to investigate 

ingestion, while other aspects are little investigated..

NP exposure to early life stages and teratogen effects.

o single trophic level tested

Concl

Nanoplastics 

1-100 nm Ø
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Experimental design

Cocconeis placentula var 

lineata Ehrenberg 1885 

Hydra vulgaris
Pallas 1766

1.0 x 104 cells/ml for 

each treatment

Teratogenicity assay

Teratogenicity assay

CUT

NPs exposure

4 days of NPs exposure

Tentacles’ reactivity

28 days of NPs exposure

5 hydras for each 

treatment

Feeding assayCTL 

0.1 μg/L

1 μg/L

100 μg/L

10000 μg/L

Decapitated 

hydras

Growth inhibition

Collection of samples once a week

GOAL 4.1

I II III IV VIntro

NP characteristics:

Polystyrene-co-methyl methacrylate

Irregular shape

Average size 96 nm Ø

Concl
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Teratogenic Risk Index (TRI)
GOAL 4.1

I II III IV VIntro
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Main findings

GOAL 4.1

I II III IV VIntro Concl

control

P(S-co-MMA) NPs (µg/L)

***
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Main findings
GOAL 4.1

I II III IV VIntro

Teratogenic Risk Index (TRI)

Concl
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GOAL 4.2

I II III IV VIntro Concl
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Experimental design

10 days of NPs exposure

Regeneration

Change of the medium every 2 days

NP characteristics:

Polystyrene-co-methyl methacrylate

Irregular shape

Average size 96 nm Ø

Locomotion
CUT 8 days of NPs exposure

Change of the medium every 2 days

12 planarians for 

each treatment
CTL 

10 μg/L

100 μg/L

1000 μg/L

10000 μg/L

Feeding

10 planarians for 

each treatment

CTL 

10 μg/L

100 μg/L

1000 μg/L

10000 μg/L

Intact 

planarians

Decapitated 

planarians

Girardia tigrina
Girard, 1850

GOAL 4.2

I II III IV VIntro Intro Intro Concl
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Main findings
GOAL 4.2

I II III VIntro Intro Concl

No effects
LOEC

10 µg/L
LOEC

100 µg/L
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Conclusions: message in a (plastic) bottle

MULTILEVEL APPROACH

IV V ConclIntro

➢ All plastic sizes have an impact → rethink plastic pollution from to nanoscale

➢ At macroplastic level → filed data on floating macrolitter transport in river ecosystem

➢ Temporarily deposited on the riverbank and riparian vegetation → acts as a trap for plastics

➢ Floating plastics and plastics stocked in riparian vegetation → secondary MPs and NPs

➢ Accumulation of small microplastics and additives in freshwater bivalves Anodonta cygnea

➢ At nanoplastic level→ teratogenic effects were found according to the sensitivity of the organism

MACRO
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Ongoing research

• Occurrence of MPs in remote ecosystems • Accumulation of MPs in invasive species

0.0 0.2 0.4 0.6 0.8

F. limosus

P. leniusculus

P. clarkii

items/individual
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Any questions?

Contacts

Email: giulia.cesarini@irsa.cnr.it

Phone: +39 3381224239

Researchgate: Giulia Cesarini

mailto:giulia.cesarini@uniroma3.it
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