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Acronyms

ADAS: Autorità di bacino Distrettuale Appennino Settentrionale.

ASPA: Automated Static Particle Analysis.

ATR- � FTIR: Attenuated Total Re�ectance�Micro Fourier Trans-

form Infrared (spectroscopy). A technique for characterizing chem-

ical composition of samples.

CFU: Colony Forming Units. A measure of viable bacterial or

fungal cells, indicating the number of organisms capable of forming

colonies.

DW: Dry Weight. The mass of a sample after removing all water

content.

EVA: Ethylene-Vinyl Acetate. A polymer often found as microplas-

tic debris.

FPA: Focal Plane Array. A detector used in certain infrared spec-

trometers.

FTIR: Fourier Transform Infrared (Spectroscopy). A method for

obtaining the infrared spectrum and identifying chemical bonds in

a sample.
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LDPE: Low-Density Polyethylene. A widely used plastic polymer

that is resistant to degradation.

LB (Agar): Lysogeny Broth (Agar). A nutrient-rich medium com-

monly used to grow bacteria in the laboratory.

M9X: A type of minimal salts medium used in microbiological

studies.

MFs: Micro�bers. A subset of microplastics characterized by their

elongated, �ber-like shape, often derived from synthetic textiles.

ML: Maximum Likelihood. A statistical method used in phyloge-

netic analyses.

MM: Minimum Evolution. Another statistical method for phylo-

genetic analysis.

MNPs: Magnetic Micro/Nanoparticles. Tiny magnetizable parti-

cles used in this study for removing micro�bers from water.

MPs: Microplastics. Plastic particles � 5mm in size found in

various environmental compartments.

NMR: Nuclear Magnetic Resonance (Spectroscopy). A technique

for determining molecular structure and composition.

NA: Not Applicable/Not Available (if used contextually).

NPs: Nanoscale Plastics. Plastic particles at the nanometer scale,

potentially more mobile and bioavailable than MPs.

NR: Nile Red. A lipophilic dye used for staining and detecting

microplastics under �uorescence microscopy.
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OECD: Organisation for Economic Co-operation and Development.

An international organization addressing global challenges (cited in

discussion of plastics management).

PA: Polyamide. A class of polymers commonly found in synthetic

textiles (e.g., nylon).

PC: Polycarbonate. A type of �lter material and a polymer used

in various products.

PE: Polyethylene. A common polymer found in a variety of plastic

products.

PET: Polyethylene Terephthalate. A common synthetic polymer

used in textiles and beverage bottles.

Pn: Paenarthrobacter nitroguajacolicus (Strain PSG7). A bac-

terium identi�ed in the study capable of degrading LDPE.

PS: Polystyrene. A polymer found in plastics and foam packaging.

PVC: Polyvinyl Chloride. A widely used synthetic plastic polymer

(mentioned generically as a polymer type in literature).

Q1, Q3: First and Third Quartiles. Statistical terms representing

values that divide a sample of data into quarters.

Re: Rhodococcus erythropolis(Strain ZZ7). A bacterium studied

for its LDPE degrading capabilities.

RLU: Relative Light Units. Used in ATP assays to measure metabolic

activity.

SD: Standard Deviation. A statistical measure of variability in a

dataset.
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SEM: Scanning Electron Microscopy. A method to visualize sam-

ple surfaces at high magni�cation.

SOP: Standard Operating Procedure. A set procedure for experi-

mental or analytical methods.

TEM: Transmission Electron Microscopy. A microscopy technique

for imaging at very high resolutions.

T1 , T2 , T3 : Sampling points/locations in groundwater study (site-

speci�c notation).

T: Denotes �Type species� in phylogenetic trees.

WWTPs: Wastewater Treatment Plants. Facilities designed to

treat and remove contaminants from wastewater.
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Abstract

This thesis investigates the occurrence, impacts, and mitigation of mi-

croplastics (MPs) pollution, with a particular focus on synthetic mi-

cro�bers (MFs) originating largely from textile washing. MPs, de�ned

as synthetic polymer particles measuring� 5 mm, are pervasive in ma-

rine, freshwater, and subterranean habitats, and are recognized for their

propensity to adsorb and transport harmful chemicals and pathogens.

MFs, among the most abundant MP forms, pose additional concerns due

to their potential to a�ect complex trophic networks and to move across

ecological compartments.

To address key knowledge gaps, the thesis integrates �eld monitoring,

analytical innovations, and remediation research. First, extensive sam-

pling in urban streams and freshwater fauna establishes the widespread

distribution of MPs and MFs, identifying new ecological risks. Notably,

the research documents substantial ingestion of MPs and textile cellulose

�bers by meiofaunal communities and reports the �rst known instance of

MP ingestion by a freshwater stingray.

Second, the thesis presents new methods to enhance MP detection. A

�uorescence-based protocol using Nile Red dye e�ciently detects micro-

and nanoplastics down to around 1µm, while automated static particle

analysis (ASPA) improves throughput and reduces operator bias, thus

13



Abstract

enabling more robust quanti�cation.

Finally, two cutting-edge mitigation strategies are advanced: mag-

netic micro/nanoparticles (MNPs) capable of removing over 80% of MFs

under optimal conditions, and a novel bacterium with the potential to de-

grade low-density polyethylene (LDPE). These �ndings support integra-

tive remediation solutions combining physical separation and biological

degradation to lessen MP loads in wastewater before discharge.

Overall, this work enriches the current understanding of the ecolog-

ical reach of MPs and MFs, provides standardized tools for their detec-

tion and characterization, and proposes advanced, scalable remediation

approaches. By linking fundamental research with applied solutions, the

thesis informs policy, promotes methodological harmonization, and high-

lights viable pathways to reduce the environmental footprint of plastic

pollution.
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Chapter 1

Introduction

Plastic pollution has emerged as one of the most pervasive and persistent

threats to ecosystems and human well-being. Among the diverse forms of

plastic debris, microplastics (MPs) - broadly de�ned as synthetic polymer

particles � 5 mm � have garnered increasing attention due to their abil-

ity to permeate various environmental compartments, including marine,

freshwater, terrestrial, and even atmospheric systems (Cincinelli et al.,

2021; Scopetani et al., 2021; Yang et al., 2021; Xu et al., 2020; Worm

et al., 2017; Gall and Thompson, 2015; Moore, 2008). MPs mainly orig-

inate from the primary sources shown in Figure 1.1, such as industrial

manufacturing (e.g., plastic pellets, microbeads and textile �bers), and

secondary sources, including the fragmentation of larger plastic objects

through chemical, physical, and biological degradation (Ali et al., 2024;

Zhang et al., 2021; ECHA, 2019; Laskar and Kumar, 2019).

This doctoral thesis focuses on di�erent aspects of micro�bers (MFs),

which are characterized by a �lamentous shape, small size, and durability,

enabling them to disperse widely in water bodies. The most accepted def-

inition of synthetic MFs is MPs with a length-to-width ratio higher than

15



Chapter 1: Introduction

3 (REACH, 2023), and this de�nition can also be extended to natural

and arti�cial �bers (e.g., cotton and nature-based �brous materials).

In the textile sector, the term �micro�ber� generally applies to very

thin synthetic strands with a linear density below 1 denier, commonly

found in clothing and household products (Textile Exchange, 2020). There-

fore, to distinguish them from contaminating materials in the environ-

ment, the term ��ber fragments� has been adopted in this sector for

�bers released as pollutant (International Organization for Standardiza-

tion, 2021; The Micro�bre Consortium, 2021; Rede et al., 2023).

Taking into account these non-standardized criteria, this study uses a

broad approach, de�ning MFs as solid, polymer-based �brous materials,

both plastic and non-plastic, less than5 mm in all dimensions, with a

length-to-diameter ratio greater than 3. This de�nition may be adjusted

as further research provides new insights.

Synthetic MFs represent an abundant class of MPs in aquatic environ-

ments deriving mainly from synthetic textiles during washing processes

(EEA, 2022; Zambrano et al., 2019). They constitute about 35% of plas-

tic debris in oceans (EEA, 2022) and are particularly prevalent in at-

mospheric fallout from both outdoor and indoor air, with concentrations

ranging from 0:3 to 1:5 �bers=m3 outdoors and from1:0 to 60:0 �bers=m3

indoors (Toussaint et al., 2019).

It is noteworthy that not only synthetic MFs entail issues for ecosys-

tems and human well-being but also natural and arti�cial MFs (Courtene-

Jones et al., 2024). In this context, Pauly et al. (1998) reported that 87%

of examined human lungs contained plant �bers (e.g., cotton) and plastic

�bers, highlighting the extent of human exposure to MFs.

Moreover, the high surface-area-to-volume ratio of MFs facilitates the

adsorption and transport of contaminants, including heavy metals, per-
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Chapter 1: Introduction

sistent organic pollutants, and pathogenic microorganisms (Allen et al.,

2024; Carbery et al., 2018), (EFSA, 2016). Consequently, MFs can act

as vectors, concentrating and transferring pollutants across trophic lev-

els. Aquatic organisms, from planktonic species to higher-trophic preda-

tors, can ingest these �bers, leading to potential adverse e�ects such as

oxidative stress, reduced feeding activity, and bioaccumulation of toxic

substances (Barrick et al., 2021; Wang et al., 2020; Cincinelli et al., 2017;

Rochman et al., 2014).

Figure 1.1: Main sources of MPs and MFs released into the marine envi-

ronment.

Despite growing concern, signi�cant knowledge gaps remain, including

the lack of standardized protocols for sampling and analyzing micro�bers,

limited understanding of their long-term ecological and health impacts,

and insu�cient data on the e�ectiveness of mitigation strategies (Rede

et al., 2023; Monikh et al., 2022). Standardized protocols for collecting,

17



Chapter 1: Introduction

identifying, and quantifying MFs are not yet fully established, leading to

inconsistencies in reported data and complicating comparative analyses

across studies (Sivalingam et al., 2024; Almuhtaram and Andrews, 2022;

Razeghi et al., 2021). The mechanisms governing MF release, degrada-

tion, and ecological fate are poorly understood, as are the impacts of

emerging nanoscale plastics (NPs), which may present even greater risks

due to their enhanced mobility and bioavailability (Musa et al., 2024;

Leela et al., 2024; Atugoda et al., 2023; Bandaru et al., 2024). Fur-

thermore, to safeguard aquatic ecosystems, there is an urgent need for

e�ective, scalable, and eco-friendly mitigation measures to reduce MF

emissions and remediate contaminated waters.

This PhD thesis is organized into six main chapters, each of which

includes sections that contribute to the overall research objectives. Chap-

ter 1 is this Introduction. Chapter 2 brie�y outlines the main research

goals of this study. Chapter 3 is devoted to documenting and deeply

understanding the extent and impact of MFs pollution in aquatic envi-

ronments through monitoring activities. Firstly, the ingestion of MPs and

textile-derived cellulose particles by meiofaunal taxa in an urban stream

is analyzed, providing insights into the trophic transfer at the base of

freshwater food webs. Secondly, the �rst known instance of MFs and

plastic ingestion by a freshwater stingray is documented, emphasizing

the pervasive reach of MPs in the upper trophic levels.

Chapter 4 is built to promote reliable and robust analytical frame-

works for developing new quanti�cation techniques. First, a �uorescence-

based method for quantifying MPs, in particular in the range of1� 20µm,

is introduced, enabling greater accuracy and scalability in environmen-

tal assessments. Secondly, the implementation of the Morphologi G3se

imaging instrument for automated MFs quanti�cation is explored, demon-

18



Chapter 1: Introduction

strating the potential for high-throughput, reproducible analyses. This

study was performed in collaboration with the Department of Earth Sci-

ences, University of Florence.

Chapter 5 is devoted to the identi�cation and testing of innovative

remediation strategies for MFs pollutants. This work was carried out dur-

ing a period abroad in Finland, at the University of Helsinki, Department

of Biological and Environmental Sciences, where techniques for removing

MFs from water were investigated. The e�ectiveness of magnetic mi-

cro/nanoparticles (MNPs) as MFs removal agents from (waste)water was

evaluated. This technique proved to be a potential eco-friendly and prac-

tical technological solution. Moreover, during a second period abroad

in Norway, at the University of South-Eastern Norway (Faculty of Tech-

nology, Natural Sciences and Maritime Sciences), bacteria taken from a

land�ll were isolated and tested for their potential MPs biodegradation

capabilities. The discovery of a novel bacterium capable of degrading

LDPE is described in detail, potentially advancing the �eld of bioremedi-

ation and o�ering a sustainable approach to addressing some of the most

persistent forms of plastic pollution. This study was also performed in

collaboration with the Institute of Chemistry of OrganoMetallic Com-

pounds (ICCOM, CNR Sesto Fiorentino).

Chapter 6 is dedicated to the conclusions and future perspectives.

This doctoral research was set in collaboration with the ÈCOSÌ s.r.l.

company.
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Chapter 2

Goals of the Research

This PhD research addresses the critical knowledge gaps discussed above

by integrating �eld monitoring, analytical methods development, ecotox-

icological assessment, and remediation technology innovation. The main

goals can be summarized as follows:

Understanding Sources and Pathways

Investigate the sources, release mechanisms, and degradation path-

ways of MFs in freshwater and marine environments. This includes mon-

itoring MFs occurrence in di�erent aquatic habitats, identifying key fac-

tors in�uencing their distribution, and assessing how they enter and per-

sist in ecosystems.

Advancing Analytical Approaches

Validate and re�ne analytical protocols for the qualitative and quan-

titative characterization of MFs. By incorporating novel techniques (e.g.,

�uorescence-based methods, automated imaging via Morphologi G3se)

and optimizing sample pretreatment, this research seeks to improve data

reliability and comparability.

Developing Eco-Sustainable Mitigation Strategies

21



Chapter 2: Goals of the Research

Identify critical parameters in�uencing MFs release, and develop eco-

sustainable technologies to reduce MFs pollution before discharge into

surface waters. This involves exploring innovative approaches, such as

magnetic MNPs for MFs removal, and investigating the potential of novel

bacteria capable of degrading LDPE plastics�o�ering promising path-

ways for sustainable remediation.
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Chapter 3

Microplastic and Micro�ber

pollution: occurrence and

impacts in aquatic

environments

MPs pollution is a growing environmental concern that has permeated

various ecosystems, from oceans and rivers to subterranean habitats (Saman-

dra et al., 2022; Re, 2019). As global plastic production continues to

rise, the fragmentation of larger plastic items and the direct release of

MPs from industrial, domestic, and textile sources are contributing to

the widespread contamination of aquatic systems (Guasch et al., 2022;

Yang et al., 2021). Freshwater environments, in particular, are critical

conduits for plastic pollution, connecting terrestrial sources to marine

sinks (Li et al., 2020). However, the impact of MPs on these ecosys-

tems and their inhabitants remains underexplored compared to marine

environments.
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Chapter 3: Microplastic and Micro�ber pollution

Moreover, MFs have emerged as a signi�cant concern considering that

industrial washing processes are known as major contributors to MF emis-

sions into freshwater and marine systems, where they pose ecological risks

(Di Lorenzo et al., 2023; De Falco et al., 2020, 2019, 2018; Suaria et al.,

2020; Barrows et al., 2018). Despite their prevalence, the e�ects of MFs

on freshwater ecosystems and their inhabitants remain insu�ciently stud-

ied compared to marine environments, underscoring the need for further

investigation.

This Chapter focuses on the occurrence and implications of MPs con-

tamination in freshwater, providing an in-depth analysis of their preva-

lence, ecological e�ects, and potential pathways of bioaccumulation (Ma-

cieira et al., 2021; Morais et al., 2020). The ingestion of MPs by meio-

faunal taxa in urban streams, the �rst evidences of ingestion of plastic by

freshwater stingrays and the detection of MPs in groundwater systems

are studied.

Urban freshwater systems are highly vulnerable to MPs inputs due

to their proximity to anthropogenic activities, such as wastewater dis-

charge and textile runo� (Cardozo et al., 2023; Blettler and Wantzen,

2019; Wardrop et al., 2016). Meiofaunal communities, which play essen-

tial roles in sediment dynamics and nutrient cycling, face signi�cant risks

from MPs ingestion (Bellasi et al., 2020). Similarly, the presence of plas-

tics in higher trophic organisms, such as freshwater stingrays, highlights

the trophic transfer potential and ecological consequences of MPs con-

tamination (Fabri-Ruiz et al., 2023; Argeswara et al., 2021; Savoca et al.,

2022, 2019). Although these monitoring targets were primarily selected

to address gaps in existing research, focusing on freshwater ecosystems

also o�ered a direct perspective on how human activities, such as indus-

trial production, contribute to the transport of plastics toward marine
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Chapter 3: Microplastic and Micro�ber pollution

environments, which ultimately serve as the �nal sink for these pollu-

tants.

This chapter integrates �ndings from multiple freshwater contexts to

reveal the extent of MPs pollution and its far-reaching ecological impli-

cations. By addressing knowledge gaps in urban streams, and trophic

dynamics, it aims to provide a comprehensive understanding of how MPs

in�uence freshwater ecosystems and to establish a foundation for future

research and mitigation strategies.
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3.1 Ingestion of Microplastics by Meiofaunal Taxa

3.1 Ingestion of Microplastics and Textile Cellu-

lose Particles by Some Meiofaunal Taxa of an

Urban Stream

MPs pollution has become a critical environmental issue, with freshwater

ecosystems serving as signi�cant reservoirs for these pervasive pollutants.

In urban streams, MPs and arti�cial cellulose �bers, originating from in-

dustrial discharge, domestic wastewater, and urban runo�, accumulate in

sediments and threaten aquatic ecosystems. While studies on MPs inges-

tion by marine organisms and freshwater macroinvertebrates are abun-

dant, research on meiofaunal taxa in freshwater habitats remains scarce.

Meiofauna, a diverse group of small benthic invertebrates, are integral to

sedimentary ecosystems and are directly exposed to MPs and cellulose

�bers due to their habitat and feeding strategies.

This study investigates the ingestion of MPs and cellulose particles by

�ve meiofaunal taxa in the urban Mugnone creek in Florence (Italy), fo-

cusing on their feeding and locomotion traits. Using a tandem microscopy

approach combining �uorescence microscopy and� FTIR spectroscopy,

we analyzed particle ingestion patterns, dimensions, and polymer com-

positions. Our �ndings reveal signi�cant ingestion across all taxa, with

variations in particle size, shape, and type corresponding to functional

guilds. These results highlight the pervasive impact of MPs and tex-

tile �bers in urban streams and their implications for meiofaunal health,

ecosystem dynamics, and pollutant transfer within aquatic food webs.

This research provides critical insights into the pathways of MPs pollu-

tion in freshwater environments and underscores the need for targeted

mitigation strategies.
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Chapter 3: Microplastic and Micro�ber pollution

3.1.1 Background on MPs pollution in freshwater ecosys-

tems

MPs can accumulate in riverbed sediments, where concentrations often

exceed those found in the water column due to biofouling and gravity-

driven sedimentation (Corcoran et al., 2020; Scherer et al., 2020). Urban

streams, such as the Mugnone creek, are particularly susceptible to MP

pollution due to continuous inputs from wastewater treatment plants,

urban runo�, and industrial discharge. Even though modern wastewa-

ter treatment facilities achieve high removal e�ciencies (> 95%), their

e�uents can still contain substantial MP concentrations (e.g., up to

500particles=L), which eventually accumulate in sediments due to bio-

fouling and sedimentation (Corcoran et al., 2020; Simon et al., 2018).

Additionally, arti�cial cellulose �bers, predominantly originating from

textile washing and personal hygiene products, have been identi�ed as

major contributors to urban freshwater pollution (De Falco et al., 2019;

Barrows et al., 2018). These �bers, structurally distinct from natural

cellulose, pose ecological risks similar to those of synthetic MPs due to

their persistence and high abundance in sediments.

Meiofauna, small invertebrates inhabiting benthic environments, are

integral to sedimentary ecosystems and exhibit a diverse range of ecolog-

ical roles. Their ingestion of MPs and cellulose �bers has implications

for trophic transfer, bioturbation processes, and the bioaccumulation of

pollutants within aquatic food webs, potentially altering ecosystem func-

tionality and resilience (Reiss and Schmid-Araya, 2008).
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3.1 Ingestion of Microplastics by Meiofaunal Taxa

Figure 3.1: On the top, sampling collection (a) and copepod specimen

(b). On the bottom, the Mugnone creek and the Ponte Rosso (black

dot) sampling site (43� 47009:600N; 11� 15042:200E) in the city of Florence

(Tuscany, Italy).

3.1.2 Study Site and Methodology

The Mugnone creek, a �rst-order stream traversing the urban area of

Florence, has been categorized as having poor ecological status due to

extensive anthropogenic pressures, including chemical contamination and

structural modi�cations (ADAS � Autorità di bacino Distrettuale Appen-

nino Settentrionale, 2021). The sampling site, Ponte Rosso

(43� 47009:600N; 11� 15042:200E), Figure 3.1, is characterized by high lev-

els of MPs and cellulose �bers in both water and sediments, making it

an ideal case study for assessing meiofaunal exposure to these pollutants

(Rimondi et al., 2022).
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Chapter 3: Microplastic and Micro�ber pollution

Meiofaunal specimens (Figure 3.1b) were collected using an intensive

kick-sampling technique, where a60µm-mesh net was dragged diago-

nally across the streambed to dislodge and capture benthic fauna (Fig-

ure 3.1a) (Bradley and Ormerod, 2002). The samples were preserved in

70% ethanol and transported to the laboratory for further processing.

Taxonomic identi�cation focused on �ve dominant groups: nematodes,

oligochaetes, copepods, chironomids, and ephemeropterans, which were

classi�ed into speci�c feeding (e.g., deposit-feeders, predators, scrapers)

and locomotion guilds (e.g., burrowers, swimmers, crawlers) based on

literature traits and in vivo observations (Jacobus et al., 2019; Ravizza

and Zwick, 2006). Analytical methods employed a tandem microscopy

approach to detect and characterize MPs and cellulose �bers. Fluores-

cence microscopy with Nile Red staining was used to identify lipophilic

particles � 1µm, while � FTIR spectroscopy enabled detailed chemical

and morphological analysis of particles� 5µm. Strict contamination

controls, including the use of blank samples and pre-cleaned equipment,

ensured analytical accuracy and minimized external contamination risks.
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3.1 Ingestion of Microplastics by Meiofaunal Taxa

3.1.3 Results and implications

Figure 3.2: a) Boxplots representing the log-length (inµm) of the �uo-

rescent particles found in the six1 mm2 spots of each half �lter for each

pool/guild and control: Copepoda (COP; n = 165), Diptera Chironomi-

dae (DIP; n = 82), Ephemeroptera (EPH; n = 99), Nematoda (NEM; n

= 98), Oligochaeta (OLI; n = 67) and control (CON; 15). b) MPs pellets

from the copepod pool (top) and fragments from the oligochaete pool

(bottom) visualized under green �uorescence microscopy.

The study identi�ed signi�cant ingestion of synthetic MPs and textile

cellulose �bers (nature based, arti�cial �bers) across all examined meio-

faunal taxa, revealing both interspeci�c and guild-speci�c di�erences in

ingestion patterns. Nematodes displayed the highest ingestion rate, av-

eraging5200particles per individual, followed by chironomids (1590par-

ticles per individual), oligochaetes (828 particles per individual), cope-

pods (763particles per individual), and ephemeropterans (1012particles

per individual) (Table 3.1). This suggests that nematodes, as deposit-
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feeders, exhibit a higher propensity for indiscriminate feeding compared

to other taxa. Figure 3.2 provides visual evidence of suspected MP par-

ticles within the fecal pellets of the taxa, emphasizing their ingestion and

potential bioaccumulation.

Taxonomic pool � L SD_L � W SD_W � DW SD_DW TOT DW n particles/ind. n particles/ µg

Nematoda (n = 4 ) 2.3 0.2 0.06 0.01 2 1 7 5200 2971

Oligochaeta (n = 15) 1.1 0.4 0.1 0.05 38 50 572 828 22

Copepoda (Acanthocyclops robustus) (n = 50) 1.3 0.2 0.6 0.2 75 47 3730 763 10

Chironomidae (n = 10) 1.3 0.2 0.3 0.2 24304 36100 243 mg 1590 6/100µg

Ephemeroptera (n = 20) 2.2 0.2 0.7 0.2 179680 117891 3593 mg 1012 6/1000µg

Feeding guild

Deposit-feeders (n = 29) 1.6 0.3 0.1 0.1 8115 8120 243622 1693 0.13

Predators (n = 50) 1.3 0.2 0.6 0.2 75 47 3730 763 10

Scrapers (n = 20) 2.2 0.2 0.7 0.2 179680 117891 3593599 1012 6/1000µg

Locomotion guild

Swimmers (n = 54) 1.8 0.2 0.1 0.1 38 24 3737 1092 15

Burrowers (n = 25) 1.2 0.3 0.2 0.1 12171 18075 244 mg 1133 5/100µg

Crawlers (n = 20) 2.2 0.2 0.7 0.2 179680 117891 3593 mg 1012 6/1000µg

Table 3.1: Mean (� ; in mm) and standard deviation (SD; in mm) of

length (L), width (W), and biomass in dry weight (DW; in µg) of the

meiofaunal individuals of the �ve taxonomic pools processed in this study

and the individuals of the six feeding and locomotion guilds. n indicates

the number of individuals in each pool/guild. The total biomass (TOT

DW; in µg) and the number of particles per individual (n particles/ind.)

and biomass (n particles/µg) of each pool/guild are also reported.

The particle dimensions and polymer types varied signi�cantly among

taxa and functional guilds. Larger particles were predominantly ingested

by burrowers, such as oligochaetes and chironomids, which feed and bur-

row through sediment grains. The mean particle lengths ranged from

7µm in nematodes to48µm in chironomids (Table 3.2).

Burrowers ingested the largest particles, with a maximum size of

504µm, while smaller particles (< 30µm) were most frequent in ephemeropter-

ans and copepods (Figure 3.2). Chironomids also displayed a signi�cant
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� (µm) SD (µm) max (µm)

Control ( n = 15) 2 1 4

Taxonomic pool

Nematoda (n = 98) 7 10 63

Oligochaeta (n = 67) 28 70 470

Copepoda (Acanthocyclops robustus) (n = 165) 9 38 328

Ephemeroptera (n = 99) 3 3 18

Chironomidae (n = 82) 48 89 504

Feeding guild

Deposit-feeders (n = 247) 26 65 504

Predators (n = 165) 9 38 328

Scrapers (n = 99) 3 3 18

Locomotion guild

Swimmers (n = 263) 8 31 328

Burrowers (n = 149) 39 81 504

Crawlers (n = 99) 3 3 18

Table 3.2: Mean (� ) and standard deviation (SD) of the length (measured

as the distance between the two most distant points; inµm) and size range

of the �uorescent particles > 1 µm found in the blank control, the �ve

taxonomic pools and the six functional guilds.n: number of particles in

each pool/guild.

diversity in particle shapes, with 47%of ingested particles being �bers, a

marked contrast to nematodes and copepods, where most particles were

pellets (83% and 94%, respectively; Table 3.3). This indicates potential

di�erences in particle availability and feeding mechanisms among taxa.

Polymer analysis using� FTIR spectroscopy revealed diverse MP com-

positions. Textile cellulose �bers were present in all taxa, emphasizing

their ubiquitous nature in the Mugnone creek sediments. Chironomids

displayed the greatest diversity of polymers, ingesting ethylene-vinyl ac-

etate (EVA), polyethylene terephthalate (PET) (Figure 3.3), polyethy-

lene (PE), polyamide (PA), and polyethylene-polypropylene blends (PE-

PP). By comparison, nematodes ingested primarily PA and cellulose

33



Chapter 3: Microplastic and Micro�ber pollution

P (%) F (%) Fr (%)

Control ( n = 15) 100 0 0

Taxonomic pool

Nematoda (n = 98) 83 9 8

Oligochaeta (n = 67) 67 12 21

Copepoda (Acanthocyclops robustus) (n = 165) 94 2 4

Ephemeroptera (n = 99) 91 5 4

Chironomidae (n = 82) 31 47 22

Feeding guild

Deposit-feeders (n = 247) 60 23 17

Predators (n = 165) 94 2 4

Scrapers (n = 99) 91 5 4

Locomotion guild

Swimmers (n = 263) 88 5 7

Burrowers (n = 149) 49 30 21

Crawlers (n = 99) 91 5 4

Table 3.3: Percentage of pellets (P), �bers (F) and fragments (Fr) found

in the blank control, the �ve taxonomic pools and the six functional

guilds. n: number of particles in each pool/guild.

�bers (Figures 3.5 and 3.4). These patterns re�ect di�erences in sedi-

ment interaction and trophic behaviors, with burrowers such as chirono-

mids encountering a broader range of sediment-bound pollutants. Func-

tional guild analysis reinforced these trends, showing that deposit-feeders

ingested the highest number of particles per individual (1693 particles)

compared to predators (763particles) and scrapers (1012particles) (Table

3.1). Deposit-feeders also encountered larger particles, with mean parti-

cle sizes of26µm, compared to9µm for predators and 3µm for scrapers

(Table 3.2). Locomotion guilds further exhibited distinct patterns, with

burrowers ingesting the largest particles and swimmers showing the high-

est particle-to-biomass ratio (Table 3.3). These �ndings emphasize the

in�uence of feeding and locomotion strategies on MP ingestion.
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Figure 3.3: Visible light and 2D � FTIR imaging maps of a �ber iden-

ti�ed as PET, based on characteristic absorption bands at3440 cm� 1

(O�H stretch), 2969 cm� 1 (C�H stretching), 1735 cm� 1 (C=O stretch-

ing), 1577 cm� 1 (benzene ring C�C stretching), 1500 cm� 1 (benzene C�C

and C�H vibrations), 1409 and 1340 cm� 1 (C�O group stretching, O�

H deformation, and ethylene glycol segment modes),1145 cm� 1 (C�O

stretching of the terephthalate group), 1028 cm� 1 (methylene and ester

C�O bond vibrations), and 980 cm� 1 (aromatic rings). The upper-right

panel displays a representative IR spectrum of the �ber with diagnostic

bands marked, along with a comparative spectrum of the glass �ber �lter.
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