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Global interest in microplastics is increasing, with numerous organisations

collecting data on microplastics in the environment. However, disparate

sampling, analysis, and reporting methods limit our ability to integrate data,

hindering a global understanding of microplastic occurrence, effects and

dynamics. Drawing on international directives and collaborations, we present a

comprehensive guideline of harmonised and standardised field and laboratory
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approaches for microplastics in marine and coastal environments. We aim to

ensure data consistency and comparability, incorporating the latest

methodological developments for investigating and monitoring microplastics

in four environmental matrices: sediment, water, biota, and air. A participatory

approach brought together 40 researchers with diverse experience, reflecting a

broad range of regional and international research. We provide best practice

recommendations for sample processing to isolate, quantify and characterise

microplastics, along with effective quality assurance and quality control

measures. We also include reporting and data release recommendations, to

ensure consistency and comparability across datasets. This guideline is endorsed

by Ocean Best Practices System. By following these guidelines, and incorporating

workflows supporting Findable, Accessible, Interoperable, and Reusable (FAIR)

data, diverse stakeholders and practitioners can generate harmonised data

essential for decision-making, facilitating a collective ability to synthesise

global datasets and support action on microplastics.
KEYWORDS

polymer, plastic, monitoring, best practices, marine debris, marine sampling
1 Introduction

Plastic pollution is a pervasive and complex global issue,

impacting terrestrial, freshwater, coastal, and marine ecosystems.

Originating from various sources and stages of plastic production,

consumption and disposal, the presence of plastic in the

environment leads to long-lasting environmental, economic and

social consequences (Diggle andWalker, 2022; Joshi and Vashishth,

2024; Li et al., 2023; Murphy et al., 2022). In recent years,

microplastics, defined as plastic particles between 1 mm and 5

mm in size (Frias and Nash, 2019; Hartmann et al., 2019;

Rochman et al., 2019; Thompson et al., 2009), have entered the

publics consciousness and are now considered a contaminant of

grave concern due to their ubiquity, persistence and ability to enter

food webs, posing potential risks to biodiversity, food security, and

human health (de Jersey et al., 2025; Thornton Hampton et al.,

2022; Xu et al., 2022; Zhu et al., 2025). In response to this, many

organisations are undertaking research, monitoring, and data

assessments to quantify the level of microplastics in the

environment (e.g., Cowger et al., 2020; Jenkins et al., 2022). These

data are crucial for identifying indicators and setting targets to

mitigate plastic pollution (Munhoz et al., 2022). Despite this, many

datasets are collected in a non-standardised or irreproducible

manner, often leading to fragmented and non-comparable

information (Halfar et al., 2021; Wootton et al., 2021) and

hindering the development of new research that adheres to

established literature standards.

The global scientific community has faced many challenges in

standardising sampling and laboratory methodologies for plastics and

microplastics (Mitrano et al., 2023; Thompson et al., 2024). This

difficulty arises not only from the diversity of plastic types, polymer
02
composition, behaviours and land- or seascape contexts, but also due to

the need to adapt to different scientific, logistical, environmental and

ethical constraints (Galgani et al., 2024). This complicates the

establishment of uniform standardised protocols. However, if data is

to be fit-for-purpose, with meaningful comparisons, then harmonised

and consistent approaches are essential. Many groups have created

frameworks, protocols and guidelines to improve consistency and

accuracy, including regional initiatives [e.g., OSPAR commission

(OSPAR, 2025), Arctic Monitoring and Assessment Programme

(AMAP, 2025)], research consortiums [e.g., in the European Union -

Defining the Baseline and Standards for Microplastics Analyses in

European Waters, BASEMAN (JPI Oceans, 2019); or Australia -

Nano and Microplastic Research Consortium, NMRC (NMRC, 2025)]

and intergovernmental organisations [e.g., the Joint Group of Experts

on the Scientific Aspects of Marine Environmental Protection,

GESAMP (GESAMP, 2019)]. Despite these efforts, significant

variability remains in how plastics and microplastics are sampled,

processed, analysed and, crucially, reported worldwide (e.g., Cowger

et al., 2020; Hermsen et al., 2018; Serra-Gonçalves et al., 2019; Wootton

et al., 2024).Many studies also lack robust quality assurance and quality

control (QA/QC) procedures to validate method performance

(Dawson et al., 2023), allowing questionable data to enter the

literature (e.g., Worthington and Cockburn, 2025), undermining the

reliability of research findings and limiting the fields capacity to inform

effective policy and management. This challenge is now being

addressed to improve the accuracy of data generated and how it

is reported.

Existing protocols offer insights into the methods used for

sampling microplastics (e.g., Burgess et al., 2021; European

Commission, 2023; GESAMP, 2019; International Organization

for Standardization, 2023). However, they often fall into two
frontiersin.org
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categories: (1) broad frameworks that are difficult to operationalise

or (2) highly specific protocols tailored to particular environmental

compartments (e.g., abiotic: air, water, sediment, ice or biotic:

species, wildlife exposure, wildlife ingestion, trophic transfer),

sampling techniques (e.g., surface tows, Niskin bottles, sediment

grabs), or microplastic type (e.g., morphology, size, or polymer). In

general protocols do not clearly define reporting parameters. This

disparity in methods and reporting can make it challenging for

researchers and practitioners to identify and apply current

guidelines across different contexts. While the need for specificity

in standardisation is well recognised (Przeslawski et al., 2019), there

remains a gap in widely accessible, comprehensive guidance that

consolidates and harmonises sampling and processing

methodologies for microplastics. Our approach builds upon and

integrates existing efforts, drawing from internationally recognised

best practices (e.g., AMAP, 2025; GESAMP, 2019) and Australian

applications (e.g., Crutchett and Bornt, 2024; Okoffo et al., 2022;

Santana et al., 2022; Schlawinsky et al., 2022) to develop a cohesive

framework for sampling in marine and coastal environments.

Overall, consolidating methodologies and ensuring clear reporting

standards is key to support comparability, interoperability, and

informed decision-making across scientific, regulatory, and

environmental management sectors.

Here we present protocols for harmonising and standardising

microplastics sampling, processing, analysis, and reporting,

catering to the needs of diverse stakeholders across academia,

industry, government, and non-government organisations

(NGOs). This paper serves as an introduction and an abridged

version of a comprehensive microplastics manual developed in a

collaborative effort across different research institutes and

organisations, that is an endorsed Ocean Best Practice System

(OBPS), a secure, international, permanent, digital repository for

ocean research, operations, data management, and applications

(Ocean Best Practices System, 2024). This paper provides an

overview of the key issues and needs, acting as a first point of

reference and a step-by-step workflow of the essential components

of sampling, processing, analysis and reporting of microplastics

in water, sediment, biota, and air for coastal and marine

environments (Figure 1).

With a strong emphasis on harmonised approaches, and

adherence to Findable, Accessible, Interoperable, and Reusable

principles (FAIR; Wilkinson et al., 2016) as well as best practice

development guidelines (Przeslawski et al., 2023), this paper

provides a framework to reduce methodological variations,

minimise bias, enhance data accessibility, and facilitate dataset

synthesis and comparison. It consolidates and details accepted

methods in microplastic research to ensure consistent and

comparable datasets now and into the future, supporting the

synthesis of regional and global information. Covering

microplastics in coastal and marine waters, sediment, biota, and

air matrices, this paper spans sampling design, collection,

processing, laboratory procedures, plastics characterisation, QA/

QC and data reporting (Figure 1). Distinctions are made between

essential and desirable reporting parameters, with the essential

reporting parameters ensuring, at a minimum, accurate, efficient,
Frontiers in Marine Science 03
and standardised microplastic analysis approaches. These are

critical for establishing guidelines across diverse environments.

Moreover we provide a checklist for reporting microplastic

datasets, essential to supporting scientifically robust and

interoperable data comparisons necessary for informed

management and regulatory action (e.g., Lusher et al., 2021;

Omeyer et al., 2022; Wootton et al., 2024).

The development of the paper was driven by the need to

consolidate and refine widely used methodologies into a practical,

field-tested set of guidelines, rather than proposing novel

techniques. While many microplastic sampling and analysis

methods exist, they are often disparate, inconsistently applied,

and challenging to compare across studies. The approach taken

here aimed to synthesise existing best practices worldwide into a

cohesive, practical, and field-tested set of guidelines and protocols

that reflect a broad expert consensus and are widely adopted in

microplastic research. This process aligns with the validation of

robust methodologies that have been extensively used, ensuring that

the protocols presented are both practical and reliable.
2 Materials and methods

A collaborative project involving over 40 researchers from 21

institutions/organisations from Australia was established to deliver

a comprehensive paper for harmonising sampling, processing,

analysis and reporting of microplastics in marine and coastal

environments (Wootton et al., 2024). The researchers contributed

diverse backgrounds (academic, government, NGOs) and extensive

global experience and research in microplastics, spanning

disciplines from marine science, chemistry, ecology, materials

science, to environmental management and policy making. This

diversity enriched this work's development by integrating expertise

in microplastic detection, analysis and policy, ensuring the

recommendations are scientifically rigorous, globally relevant and

applicable across various environmental contexts.

We followed the workflow of Przeslawski et al. (2023) to

develop best practices, employing a participatory approach to

define and refine the proposed protocols. A participatory

approach brings together researchers and stakeholders to

collaboratively develop methods, ensuring diverse expertise is

considered (Kapoor, 2001; Vaidya and Mayer, 2014). In this

context, it facilitates the creation of microplastic protocols that

are scientifically robust, practical to implement, and broadly

applicable across different research and environmental settings.

Briefly, experts in the field of microplastics were invited to join a

working group and contribute to the content of the paper through a

series of online workshops, systematic evaluations, and iterative

revisions. Experts were identified through an initial review of the

literature (conducted by Wootton, Reis-Santos, Przeslawski,

Gillanders), via communications with key professional societies

and institutions, and peer engagement and recommendations.

Over seven months, the working group convened remotely five

times, with each meeting (duration of approximately 1 hour)

focused on different aspects of microplastic research (e.g., current
frontiersin.org
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methodologies in use, sampling design, microplastic size categories

and terminology). Discussions were guided by targeted questions

designed to critically assess existing methodologies, resolve

inconsistencies, and build consensus on best practices (See

Materials Supplementary Table S1 for details of working group

activities). During each meeting, targeted questions were discussed

in turns, with discussions mediated by two researchers (Wootton

and Reis-Santos) and information discussed collated using online,

real time, collaborative whiteboard platform (Miro Board) and/or

drafts of the guideline. After each meeting, researchers also had a

period of ~ one month before the next meeting to revise the topics
Frontiers in Marine Science 04
discussed and add in more information into the live documents

if needed.

Through this iterative and consensus-driven process, the

working group systematically evaluated sampling, processing,

analysis, and reporting methodologies, ensuring alignment with

the most widely accepted and field-validated techniques, including

international directives and global literature (e.g., from regions such

as Australia, Brazil, Canada, China, India, the EU, the UK, and the

US). Where discrepancies or gaps existed in the literature,

d iscuss ions were informed by col lec t ive exper ience ,

methodological precedence, and practical feasibility. This
FIGURE 1

Flowchart of the different steps in microplastic sampling.
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approach guaranteed that the final recommendations resulting from

this collaborative effort reflect a widely supported and

standardised approach.

The resulting manual and associated reporting checklist provides a

structured framework for microplastic research, ensuring

methodological consistency across studies while allowing for

flexibility in application to different environmental settings. This

manual sits within a broader suite of best-practice sampling methods

established by the Australian Governments National Environmental

Science Program (NESP) and is endorsed by Ocean Best Practices

System (OBPS) - https://microplastics-field-manual.github.io. In this

paper, we summarise the findings and recommendations provided

in the best practice manual (Wootton et al., 2024).
3 Guidelines

3.1 Pre-survey preparations

3.1.1 Research goals
Microplastic contamination crosses both disciplinary and

geographic boundaries, requiring a collaborative approach to

research, involving not only research scientists but also

government scientists and managers, community organisations,

and citizen scientists (Arciszewski et al., 2023; Bakir et al., 2024;

Forrest et al., 2019; Setälä et al., 2022). Therefore, it is essential to

clearly define the goals of a research or monitoring project and

identify the likely end users of the generated data. Immediate goals

may include assessing the accumulation or sources of microplastics,

or understanding their impact on organisms. There are three main

types of research goals in microplastic sampling; monitoring

planning, abundance assessments and impact assessments

(Provencher et al., 2022). Monitoring planning involves the

strategic design of research protocols that outline specific

objectives, methodologies, and data collection timelines to

systematically track changes in microplastic levels over time.

Potential users of this systematic data include research teams,

environmental managers and government agencies seeking to

establish environmental risk assessments for ecosystem

management. In contrast, a general abundance assessment focuses

on quantifying the overall presence and concentration of

microplastics in a particular area without a detailed framework

for ongoing evaluation, often serving as a snapshot that may not

account for temporal fluctuations or source identification. Potential

users of this data include research teams, government agencies,

community groups, and businesses seeking to drive change or assess

the success of contamination management efforts. Impact

assessments focus on determining the biological, ecological, or

socio-economic effects of microplastic pollution on organisms,

ecosystems, or human communities, with end users often

including policymakers, conservation organisations, and

industries aiming to mitigate environmental and health risks.

Given the diversity of goals, habitats, and end users, a lack of

harmonisation in sampling methodologies, quality control, and data

reporting can limit the value and comparability of research
Frontiers in Marine Science 05
(Gimiliani and Izar, 2022; Wootton et al., 2024). While the

research goal will influence post-survey needs [e.g., processing

time, microplastic analysis, statistical analysis, and reporting units

(Cowger et al., 2020)], harmonisation offers a solution by ensuring

that, while methodological differences may exist, essential

benchmarks and standards are met to allow for broader spatial

and temporal comparisons (de Ruijter et al., 2020; Koelmans

et al., 2020).

3.1.2 Sampling design
First, the spatial and temporal scope of the research question

should be defined. Spatial studies can reveal changes in

microplastics spatial distribution (load and characteristics),

requiring a sampling design that considers the number of

collection sites, their geographical location, accessibility, and

environmental characteristics of the sampling sites, including

permanent (e.g., presence of river mouth or urbanisation), semi-

permanent (e.g., shifting sand dunes) and temporary characteristics

(e.g., weather conditions at the time of the sampling event).

Temporal studies assess shifts in microplastic distribution over

time, which calls for considerations of site accessibility across

seasons and under different weather conditions (e.g., Miller et al.,

2022b). Documenting environmental characteristics at the time of

the sampling event is critical. Recording (semi-) permanent

environmental characteristics is recommended as they can also be

relevant for temporal analysis (An et al., 2024; Kurniawan and

Imron, 2019; Lyu et al., 2022). We recommend stratified sampling

designs for spatial and temporal studies with replicate samples

taken randomly within different groups, where a group refers to a

location or time period (Quinn and Keough, 2023).

Overall, sample size is guided by the research question, budget,

logistics, and organisational capability or resources, with a larger

number of samples improving accuracy and statistical robustness

(Underwood et al., 2017). We strongly recommend undertaking a

pre-survey, or pilot study to test the methodological techniques, and

help determine the number (both count and volume) of samples

required to address the question or research outcome desired.

Estimates of background variation from the pilot study, or other

published data, can be used to establish an appropriate level of

replication, for instance, through power analysis, using tools such as

G*Power (Faul et al., 2007), the pwr package in R (Champley et al.,

2020) or a simulation-based approach for complex designs (Kumle

et al., 2021). Understanding these requirements and following

reporting recommendations promotes interoperability and

harmonisation of datasets, thus ensuring data comparability when

sampling efforts vary.
3.2 Sample collection

Sample collection and processing procedures depend on the

specific environmental matrix and, potentially, the research

question being addressed. Although collection methods may vary,

it is important to harmonise practices, and ensure clear reporting of

the study design and how the samples were collected. Here we
frontiersin.org
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provide a summary of field sampling procedures for nearshore

coastal water, sediment, biota, and air matrices, as a guide to

developing the research plan (Figure 2). We recommend that

users review the section of the manual (https://microplastics-field-

manual.github.io/) relating to the specific matrix being investigated

to ensure collection methods are applicable, practical and

implementable, and determine whether modifications or further

development are required.

In all cases, and independent of the matrix type, it is essential to

recognise the dynamic nature of coastal and marine environments.

Replication is important, and if possible, periodic, repeated

sampling is recommended to observe seasonal/temporal shifts

(Morrisey et al., 1992). When repeated sampling is not feasible,

meticulous records of environmental conditions at the time of

collection become vital and will enable long-term comparisons. It

is essential that volume or quantity of the sample collected is

reported (Supplementary materials Supplementary Table S2). Of

note, during field sampling, contamination should be purposefully

minimised by implementing rigorous QA/QC procedures. These

include, the imperative use of blanks and avoiding the use of plastic

gear when possible (Noonan et al., 2023) (see QA/QC section below

for further details).
3.3 Sample processing

The microplastic sample processing workflow (primarily

laboratory-based) must be tailored to the research question,

collection and preservation methods, available equipment,
Frontiers in Marine Science 06
expertise level, and reporting requirements. Different methods are

recommended for microplastics that are visible to the naked eye (1

mm - 5 mm) and those that are microscopic (1 mm - 1 mm). This

manual focuses on accurately detecting microplastics > 20 mm in

size. While most methods are, in theory, applicable to the finer size

fractions between 1 mm and 20 mm, their practical application, at

this time, is more challenging due to technological limitations,

methodological constraints, risk of contamination, and the

complexity of environmental matrices. Therefore, our

recommendations do not extend to microplastics < 20 mm. All

sample processing must undergo strict QA/QC procedures (see

QA/QC section below for further details).

3.3.1 Storage
Regardless of the collection method, samples must undergo

immediate processing or be appropriately preserved to prevent the

decomposition of co-occurring organic material, which, if left

unchecked, can impact microplastic retrieval, identification, and

subsequent chemical analysis (Phan et al., 2022). Samples are best

preserved at low temperatures (< 4°C) tominimise bacteria, fungal, or

algal growth. Samples should be stored in non-plastic containers

(ideally made of glass or metal or on/in chemical-free paper (suitable

for short-term storage only); (see QA/QC section below). Chemical

solutions (e.g., 20% ethanol) are acceptable as preservationmethods if

demonstrated not to impact the integrity of the plastic polymer for

subsequent identification (Schrank et al., 2022). Preliminary

processing of samples (e.g., filtering of sea water) is recommended

prior to storage. All sample storage containers should undergo

appropriate QA/QC procedures (see QA/QC section below).
FIGURE 2

An example of the diversity of collection methods for water, sediment, biota, and air that can be sampled for microplastic analysis.
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TABLE 1 Summary table of reagents for chemical digestion, their recommended concentrations, temperatures, times, advantages and limitations; adapted from Pfeiffer & Fischer (2020) and Di Fiore et al. (2024).
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3.3.2 Chemical digestion
Chemical digestion is recommended to remove organic matter

from samples, allowing for better microplastic recovery and

facilitating their instrumental analysis. Chemical digestion is

commonly used in biota and sediment samples but is generally

only necessary in water or air if there is a large amount of organic

content. A wide range of different chemicals, from solvents to

peroxides, acids, alkalis and enzymes, have been used (e.g., Di

Fiore et al., 2024) (Table 1), with digestion efficiency dependent on

sample composition, reagent concentration, temperature, activity

period (e.g., enzymes), and treatment time. Thus, the type of

chemical digestion chosen is often a compromise between

multiple factors, including the complexity of the sample matrix

and the efficiency of the digestion, its cost, health and safety risks, as

well as the potential for physical and/or chemical degradation of

different microplastics types and sizes (Di Fiore et al., 2024; Lavers

et al., 2019; Miller et al., 2017; Pfeiffer and Fischer, 2020; Santana

et al., 2022; Tuuri et al., 2024). It is particularly important to limit

the use of heat for the digestion, following the recommended
Frontiers in Marine Science 08
temperatures seen in Table 1, as the chemical composition of

microplastics can be altered.

3.3.3 Elutriation
For sediment samples, an elutriation pre-treatment can be used

to separate microplastics from sediment particles and larger organic

items. Elutriation is designed to separate lighter particles from

heavier ones, using an upward stream of gas or liquid (Claessens

et al., 2013; Hengstmann et al., 2018; Zhu, 2015). This reduces the

sample volume requiring further processing with, for example,

density separation or, if organic content is high, chemical

digestion. The elutriation step is not always used, nor necessary,

and its application and effectiveness will vary depending on the type

of sediment and specifications of the elutriation equipment and

technique applied (Forsythe et al., 2024).

3.3.4 Density separation
Density separation can be used to isolate microplastics from

neat water samples, or post elutriation or chemical digestion in a
frontiersin.or
TABLE 2 Commonly used density separation reagents for microplastics analysis, including their density, main advantages and limitations.

Density separation reagent Density of solution Advantages Limitations

R
e
co

ve
rs
 l
o
w

�
d
e
n
si
ty
 p
o
ly
m
e
rs
 o
n
ly

R
e
co

ve
rs
 b
o
th
 lo

w
 a
n
d
 h
ig
h
 �

d
e
n
si
ty
 p
o
ly
m
e
rs

C
o
st

�
e
ff
e
ct
iv
e

N
o
n
�
to
xi
c

R
e
ad

ily
 a
va

ila
b
le

Le
ss
 e
ff
ic
ie
n
t 
fo
r 
h
ig
h
�
d
e
n
si
ty
 p
o
ly
m
e
rs

T
o
xi
c 
to
 t
h
e
 e
n
vi
ro
n
m
e
n
t

C
o
st
ly

Sodium chloride (NaCl) 1.2 g cm-3 ✓ ✓ ✓ ✓ ✓

Sodium tungstate dihydrate (H4Na2O6W) 1.4 g cm-3 ✓ ✓ ✓ ✓

Sodium bromide (NaBr) 1.37 g cm-3 ✓ ✓ ✓

Lithium metatungstate
(Li2O13W4

-24)
1.62 g cm-3 ✓ ✓

Zinc chloride (ZnCl2) 1.5 - 1.7 g cm-3 ✓ ✓ ✓

Zinc bromide (ZnBr2) 1.71 g cm-3 ✓ ✓ ✓

Sodium iodide (NaI) 1.6 - 1.8 g cm-3 ✓ ✓ ✓

Calcium chloride (CaCl2) 1.5 - 3 g cm-3 ✓ ✓ ✓

Potassium iodide (KI) 1.7 g cm-3 ✓ ✓ ✓
g
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stepwise approach. Samples are mixed with the density separation

reagent (i.e., brine solution) and left to settle, allowing particles

lighter than the solution (e.g., microplastics) to float and denser

materials (e.g., sediment) to sink. Various brine solutions can be

used, each having a specific density and thereby separation

efficiency (e.g., depending on the density of microplastics and

materials in the sample), but also differing in toxicity and cost

(Table 2). Some brine solutions can be reused after filtration, which

will reduce costs over time. Measuring and reporting the final

solution density is crucial, as it dictates the plastic polymers that

are recoverable (Rani et al., 2023). For example, microplastic

recovery is improved when using reagents with higher densities

(e.g., ZnCl2 and KI) in comparison to lower-density solutions (e.g.,

NaCl), yet high-density solutions are more expensive and in some

instances toxic. The choice of reagent for density separation will

depend on the expected properties of microplastics, your matrix, as

well as specific target particles of interest (e.g., if sampling for

microplastics in surface seawater, using a reagent that recovers low-

density microplastics can reduce costs while still effectively

extracting the pieces). Sample solutions can be poured over a

filter or sieve, allowed to drain by gravity or under vacuum,

which can expedite the process for high particulate content.

Filters or sieves can vary in pore aperture size and from single to

tiered filtration systems (Schlawinsky et al., 2022). Recording the

smallest pore aperture size is essential, as these parameters will

determine the minimum size and potentially the shape and tactility

of the microplastics collected, impacting reported concentrations.

For example, a 100 mm sieve is unlikely to capture individual

microplastic items < 100 mm (though larger fibres can slip

through depending on the angle). We recommend using a metal

mesh, glass microfibre or silicon-coated filter (Forsythe et al., 2024).
3.4 Quantification and characterisation

3.4.1 Microplastic quantification
Identifying and counting microplastics > 1 mm can often be

done without a microscope, either by direct visual observation or

weighing [although polymer confirmation is still required (refer to

section 3.4.3)]. However, a microscope is strongly recommended,

particularly where further morphological information is required

(i.e., texture, surface uniformity). Microplastics not visible to the

naked eye can be quantified using methods like manual counting

under a microscope or semi-automated counting with

microphotography and specialised software (e.g., Razzell Hollis

et al., 2024b), however chemical polymer confirmation is still

required. It is recommended that, if microplastics are identified

under the microscope, all particles should be counted without using

fluorescent dyes. However, depending on the research question

some alternative method (e.g., gridded method, fluorescent dyes)

may still be appropriate.

3.4.1.1 Gridded method

Under a microscope, the gridded method involves examining

and counting microplastics within squares of a real or virtual grid
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(Brandt et al., 2021). If the microplastics are too numerous a subset

could be counted in each square of two diagonals throughout the

filter, though this is not recommended as environmental

microplastic samples are not homogenised.

3.4.1.2 Fluorescent dyes

Fluorescent dyes are selected based on properties like

compatibility with microplastics, stability, and fluorescence. Nile

red is commonly used, however, the success of the dye binding to

the microplastics can vary (Meyers et al., 2022; Stanton et al., 2019).

Other options include rhodamine B, acridine orange, and

propidium iodide (e.g., Tong et al., 2021). Dyes are mixed with

the sample and then processed as described above. When

illuminated at a specific wavelength the adsorbed dye re-emits

light at a longer wavelength, making microplastics evident. The

suitability of the fluorescent dye depends on both the chemical

nature and size of the item, and caution must be taken with any

subsequent chemical analysis for polymer identification. For

example heavily pigmented microplastics can exhibit lower

fluorescence intensity, causing difficulty in detection and

quantification (Gao et al., 2022). Consideration should also be

given to non-plastic natural chemistries that might be present,

and which may also be dyed and inadvertently counted as plastics

(Shruti et al., 2022; Stanton et al., 2019).

3.4.1.3 Image analysis software

Software such as ImageJ (Fiji), a free Java-based image

processing program (U.S. NIH, MD, USA https://imagej.nih.gov/

ij), the open access computer vision Segmentation Model from The

Ocean Cleanup (Royer et al., 2024), CellSens, and the commercially

available Saturna Imaging System and camera (https://

oceandiagnostics.com/microplastics-imaging-technology) are

examples of tools that support semi-automated counting of

microplastics. These can expedite the counting of microplastics

and return comparable data on the 2D characteristics of

microplastic size, shape, and colour, which can be automatically

exported into a spreadsheet or database. Yet, underestimations can

occur, especially when microplastics are in contact or overlapping,

leading to a miscount and skewing data towards fewer counts and

greater particle size (Boyle and Örmeci, 2024). To ensure count
TABLE 3 Size classifications are used to categorise plastic, from
macroplastics (> 25 mm) to microplastics (1 mm* - 5 mm), as well as
nanoplastics (< 1 mm), which require specialised procedures
for detection.

Plastic category Size range

Macroplastics > 25 mm

Mesoplastics 5 - 25 mm

Larger microplastics (visible) 1 - 5 mm

Smaller microplastics (microscopic) 1 mm* - 1 mm

Nanoplastics (outside of the scope of this manual) < 1 mm
*This paper and respective best practices manual focuses primarily on microplastics > 20 µm.
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accuracy, images should be checked for QA/QC before

data reporting.

3.4.2 Physical characterisation
Microplastics are characterised by size distribution and other

key physical traits such as morphology (defined by apparent

shape, texture, and tactility) and colour. Accurate reporting of

these traits enables researchers to investigate the complexities of

microplastic contamination. At a minimum, standardising

physical data by size, shape, and colour is essential, and

assignments should be made with reference to category

definitions, i.e., size ranges, morphological profiles, and colour

charts. Where possible, photographs of microplastics should

include scale bars and colour charts to allow for future

comparability, especially with longstanding datasets.

3.4.2.1 Size

Classifying plastics by size is essential, as size influences both

ecological impacts (e.g., effects on organisms) and methodological

approaches. Size is a continuous variable, yet categorisation is

necessary for standardised reporting, facilitating comparability

across studies and policy frameworks.

Size is typically measured as the length of the longest axis or the

maximum Feret diameter, and objects are usually grouped into

different size ranges (Table 3). The simplest method is to categorise

the plastic object using visual assessment against a scale bar.

However, if microscopy images are available, processing with

(semi-) automated image analysis software is recommended to

produce a faster, more accurate estimation of visible dimensions

(e.g., Razzell Hollis et al., 2024b). When reporting size parameters,

we recommend specifying which parameters were measured (e.g.,

maximum Feret diameter, or major diameter from elliptical

approximation) and present size distributions as well as category

counts. Ideally if using image analysis software (Image J) collect as

much data as possible. It is essential to report the minimum size

category that can be accurately detected by the collection and

processing techniques used, in line with the size categories

in Table 3.

3.4.2.2 Morphology

Microplastic morphology is the least consistently reported

characteristic across existing literature but can provide some

indication of an object's original manufacture, source and history.

The apparent shape (e.g., round, nurdle, irregular) and texture (i.e.,

rough, smooth) are both visually assessed, whereas tactility is

assessed by applying pressure (Table 4). Microplastics should be

categorised into one of the most common overarching plastic

morphologies (commonly defined by shape), and if more details

of the source are evident this should also be reported (e.g., artificial

turf, tyre wear particles). If photographs/images are available,

automated image analysis software can provide some indication

by measuring various shape parameters (e.g., elliptical eccentricity,

roundness) of each object (Razzell Hollis et al., 2024b; Valente

et al., 2023).
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3.4.2.3 Colour

Colour can be altered by chemical agents, strong acids, or high

temperatures during sample processing, which may bias

interpretation. Where possible, record colour before digestion and

report processing methods to provide context for any changes.

When photographs/images are available, we recommend that the

average colour of a plastic object is measured in red, green, and blue

(RGB) values or hue saturation value (HSV) as acquired by a

calibrated camera. RGB and HSV are more precise and less

subjective than colour categories and provide semi-continuous

data (e.g., suitable for studying trends such as discolouration).

Alternatively, images of the plastic pieces can also be captured

using conventional photography with a photographic colour

reference card imaged alongside the plastics to provide a point of

calibration and ensure greater consistency in colour reproduction

(e.g., ColorChecker Classic mini reference chart in Razzell Hollis

et al. (2024b) or Pantone colours in Martı ́ et al. (2020)). If a colour
reference card cannot be included, it is essential to report the

lighting used (e.g., source, colour, temperature).
3.4.3 Chemical characterisation
Chemical analysis is crucial to verify the visual identification of

microplastics, especially for small or neutral-coloured items. The

best practice is to analyse 100% of the items when investigating and

reporting polymer composition. Subsampling is recommended only

to confirm the synthetic nature of the material, and to validate

extraction and identification processes. Various spectroscopy and

spectrometry methods (e.g., de los Santos‐Villarreal and Elizalde,

2013; Samandra et al., 2025; Vlnieska et al., 2024; Wesdemiotis

et al., 2024) are suitable to characterise polymer composition and

confirm plastic identification, with Fourier-Transform Infrared

Spectroscopy (FTIR) and Raman Spectroscopy routinely used

(International Organization for Standardization, 2023) (Table 5).

Commercial, collaborative, and custom-built reference libraries

facilitate the chemical assignment of each item. Yet, weathering

and or the presence of additives, dyes and biofilm material can affect

polymer signatures or introduce secondary signatures that may

potentially result in incorrect assignments (Fernández-González

et al., 2021; Phan et al., 2022; Razzell Hollis et al., 2024a).

Therefore, libraries including spectra of aged/weathered polymers

(De Frond et al., 2021; Miller et al., 2022a; Nava et al., 2021) are

recommended, and expert assessment of spectra is necessary to

identify any potential mismatches. Spectra matching with library

references must be done with caution to ensure accurate

identification. A match score of 70% or above should be used as

the threshold for an accepted spectral match, while spectra with

match scores between 60 and 70% should be further examined

(Kroon et al., 2018; Wong and Coffin, 2021). Particles with a match

score between 30% to 60% should be flagged as “possible” and

require further examination.

3.4.4 Quality assurance and quality control
Minimising and addressing microplastic contamination are

essential during sample collection and processing (Prata et al.,
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2021; Primpke et al., 2023). Researchers should acquaint themselves

with contamination mitigation methods and reporting

requirements [see below, and recommendations in Jones

et al. (2024)].

During collection, at a minimum, plastic gear should be

avoided. When this is not possible, plastic gear (e.g., tow nets,

collection containers, etc) should be cleaned and regularly inspected
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for degradation, and if needed, replaced. Pieces from used plastic

gear should also be collected for physical and chemical

characterisation and this information added to a reference library

against which microplastics found in samples can be cross-checked

(i.e., field and laboratory blanks; Table 6).

Sample processing should occur in a plastic-free laboratory

environment regularly cleaned with filtered ethanol and lint-free
TABLE 4 Description and classification of various plastic morphologies found in environmental samples, including pellets, fragments, filaments,
foams, and films.

Type Description Photo example

Pellets Small, plastic particles, from raw materials in industrial plastic production (plastic feedstock).
Normally bigger in size (e.g., nurdles) but can also include microbeads and powder. Scale is 1 mm.

Fragments Originate from the breakdown of larger hard plastic objects, like bottles or containers. These
fragments can take various shapes and sizes, be hard or soft, often with irregular edges. An example
of an irregular shaped fragment can be tyre wear fragments.

Filaments Strands of synthetic materials. These are often shed from clothing, textiles, and fabrics during washing
and wear (fibres), or include strands of fishing line or rope which may be in monofilament or braided
forms (line). Filaments can generally bend and are of uniform thickness along their length.

Foams Expanded plastic foam materials, from sources like foam cups, packaging and insulation. These
particles are lightweight and will compress if squeezed.

Films Originate from larger soft plastic materials, such as plastic bags and packaging. They are typically thin
(and often transparent) and flexible, resembling miniature sheets or layers of plastic.
Photo credit: Thomas Crutchett.
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cloths. Preferably, samples should be processed in a biological safety

cabinet or laminar flow cabinet, but not a fume hood. The use of

glass and metal equipment is advised, avoiding aluminium foil to

cover vials (Jones et al., 2024) and opting for glass lids. All

equipment should be rinsed with filtered water (e.g., ultrapure)

three times before use, with glassware undergoing further acid wash

decontamination. Further to this, the ultrapure water should be

regularly tested for contamination, see Prata et al. (2021); Jones

et al. (2024). To further prevent contamination, reagents used

throughout the workflow should be filtered if safe to do so. It is

also recommended to use a sticky mat, limit traffic, avoid synthetic

clothing, and where possible, wear brightly coloured cotton clothing

(e.g., lab coat) so that any extraneous contamination from the

operator can be readily identified.

It is essential to include both blanks and controls throughout

the sample processing to ensure data integrity and to allow

detecting contamination levels (e.g., Barrett et al., 2020; Dawson

et al., 2023; Noonan et al., 2023) (Table 6). Blank correction should

also be performed, e.g., limit of detection (LOD) or limit of

quantification (LOQ) if possible (Brander et al., 2020; Dawson

et al., 2023; Waddell et al., 2020).
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3.6 Reporting and data release

Transparent and coherent reporting is essential for

interoperable and reusable data. All data should be acquired and

collated in its raw form, with the aim to be publicly released on an

open access platform, unless circumstances restrict this (e.g.,

confidentiality or embargo, grant agreement, Indigenous data

sovereignty). Making raw data publicly available is crucial, as it

enhances the potential for broader use and reanalysis of collected

data. Repositories for microplastic-specific raw data are becoming

increasingly common and accessible (Table 7). However, many of

these platforms still focus on seawater only. Importantly, these

repositories often impose requirements such as common

definitions, standardised reporting units or minimum QA/QC

procedures to ensure consistency, interoperability and

comparability across various data sources. This reflects the need

for standardised and rigorous methodologies (Bakir et al., 2024;

Van Mourik et al., 2021). In situations where data cannot be shared,

comprehensive metadata should be made available (Serra-

Gonçalves et al., 2019). We strongly recommend adopting the

microplastic data collection checklist (see below, and
TABLE 5 Summary table of polymer identification instrumentation and their advantages, limitations, and minimum size that can be analysed.
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m-FTIR 20 mm ✓ ✓ ✓ ✓ ✓

ATR-FTIR 20 mm ✓ ✓ ✓ ✓ ✓

m-Raman 1 mm ✓ ✓ ✓ ✓ ✓ ✓ ✓

Pyr-GC/MS Independent of particle size* ✓ ✓ ✓ ✓ ✓

LDIR 20 mm ✓ ✓ ✓ ✓ ✓

X-ray 1 mm ✓ ✓ ✓ ✓ ✓ ✓ ✓

O-PTIR 0.5 mm ✓ ✓ ✓ ✓ ✓ ✓
frontie
*Pyr-GC/MS requires a minimum mass of microplastics.
m-FTIR, micro-Fourier transform infrared spectroscopy; ATR-FTIR, Attenuated Total Reflectance Fourier Transform Infrared; m-Raman:micro-Raman spectroscopy; Pyr-GC/MS, Pyrolysis–
gas chromatography.
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Supplementary materials Supplementary Table S2) and providing

this alongside reported results. Ideally, five key metrics and a suite

of parameters should be reported for microplastic results (Table 8).

If subsampling occurred (e.g., during polymer identification), it is

essential to clearly indicate whether the reported results are based

on the subsample data or extrapolated to represent the entire

dataset (e.g., if 40% of the items were identified as polyethylene,

does this percentage reflect the entire dataset or just the subsample).

The following key data and information metrics need to be

reported (see also Table 7, and checklist in Supplementary

materials, Supplementary Table S2).

Data should be reported in the following way:

1. Quality assurance and quality control (QA/QC).

This section ensures the reliability and accuracy of the reported

data by detailing the QA/QC measures applied throughout the

sampling and analysis process. It includes reporting the type of

blanks and controls used to detect contamination levels, along with

data correction procedures, such as adjustments for LOD or LOQ.
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Documenting contamination levels from the blanks, data

correction, and the rationale for any corrections is recommended.

2. Load.

This reports the load, or amount, of microplastic found in the

chosen matrix. When designing sampling regimes, consider

appropriate reporting units (e.g., average number per sample,

weight or area) relevant to the research question. Microplastics

should be reported in number per sample/weight/area/volume,

including by physical and chemical characteristics (see below).

When feasible, report data for larger microplastics in mass,

acknowledging challenges in weighing small microplastics (< 1

mm). Ensure any variability in microplastic load is reported along

with sample replication. Providing raw data or transformed data in

complementary units as supplementary information is highly

recommended to allow broad-scale comparisons among studies.

3. Physical characteristics.

This information identifies and describes the microplastics

found in the environment and includes data on the morphology
TABLE 7 Example databases established to collate and disseminate environmental information on the abundance and/or characteristics of
microplastics. Repositories listed allow for the inclusion of microplastics data by researchers and other stakeholders for public access and use that is
not platform-specific.

Name of repository Type of data Link

Florida Microplastic Awareness Project Coastal water samples
from Florida

https://flseagrant.ifas.ufl.edu/microplastics/

Atlas of Ocean Microplastics (AOMI) Water samples from the world https://aomi.env.go.jp/

Adventure Scientists Global Microplastics Initiative Water samples from the world https://www.adventurescientists.org/microplastics.html

National Centers for Environmental Information Microplastics
Database (NCEI Marine Microplastics)

Water and sediment samples
from the world

https://www.ncei.noaa.gov/products/microplastics

Microplastics Data Crosswalk Water, sediment and biota
samples from the world

https://public.tableau.com/app/profile/acc.vizzes5590/viz/
MicroplasticsCrosswalk/MicroplasticsDataCrosswalk

Australian Microplastic Assessment Project (AUSMAP/ Total
Environment Centre)

Coastal sediments
from Australasia

https://www.ausmap.org/hotspot-map

Australian Marine Debris Initiative (Tangaroa Blue Foundation) Coastal sediment
from Australia

https://tangaroablue.org/database/
Refer to Tools » Plastiverse for other existing project-specific databases, repositories for peer-review manuscripts, and other relevant references.
TABLE 6 A description of the type of blanks and controls that are recommended throughout microplastic sampling and quantification.

Type of blank
or control

Description

Field blank To evaluate contamination during field sampling. Collected from items used during sample collection, such as ropes, nets, hoses, sampling and
storage containers, as well as vessel materials like paint and decking, or operator clothing and personal protective equipment (PPE).

Laboratory blank To assess contamination during sample processing. Collected from equipment used for sample processing, capturing contamination from lab
gear, including from materials like paint, labels, or from the operator's clothing and PPE.

Procedural blank Undergo the same treatment as environmental samples, including all processing reagents and laboratory sample processing steps.

Airborne
contamination control

To capture and document any contamination that may be in the air during the collection and processing of samples. Not required when
sampling the air matrix.

Positive control /
Spike-recovery test

Using known microplastic standards of various sizes, shapes, and compositions to calibrate instruments, validate analytical methods, and
ensure accurate microplastic recovery, identification, and quantification. It is essential that positive controls are implemented at the size range
that methods are aiming to detect (e.g., if your methods are detecting 20 mm microplastics, the positive controls should test that 20 mm can
be recovered).
Please refer to Jones et al. (2024) for a discussion of experimental design on implementing blanks and controls.
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(e.g., filament, fragment), size, and colour of each item. This

information is crucial due to the diversity and heterogeneity of

microplastics and can help in the assessment of changes over time

and space.

4. Chemical composition.

This provides information on polymer composition and the

presence of additives or other associated chemicals, as well as

potential evidence of any weathering (e.g., age, biofouling,

degradation). If spectral libraries are used for matching, any

commercial libraries should be explicitly named and custom-built

libraries summarised in terms of their composition and method of

data collection.

5. Contextual information.

Information describing environmental (e.g., rain, wind,

oceanographic features) and biotic variables (e.g., sex, size or life

stage of individuals) that can help researchers make like-for-like data

comparisons should be reported. Where possible, this information

should be collected at the time of sampling, although some data can be

calculated or assessed retrospectively (e.g., GPS location data).
4 Discussion

The variability in sampling methodologies and inconsistent

data reporting have limited the effectiveness of current datasets

and hindered broadscale, long-term comparisons (Halfar et al.,

2021; Wootton et al., 2021). Existing protocols, although valuable,

often target specific environments, polymers, or particle sizes,

making it difficult to compare datasets collected under different
Frontiers in Marine Science 14
frameworks. Furthermore, finding standardised methods often

requires researchers to sift through thousands of peer-reviewed

publications and grey literature before identifying a few studies to

use as guidelines. Harmonisation offers a path forward, enabling us

to adapt to diverse contexts, from scientific to environmental or

logistical, while still maintaining best practices. By aligning

methods, we improve our ability to synthesise data across regions

and time, which is crucial for demonstrating important patterns in

microplastic pollution and informing policy development. This not

only strengthens the quality of research, ensuring data is accurate

and trustworthy (Van Rensburg and Head, 2017) but also enhances

our capacity for a coordinated and more effective response to plastic

contamination. However, efforts towards method standardisation

should focus on important methodological aspects while also

allowing for flexibility in research design which is needed to

accommodate various research goals and logistical considerations

(e.g., matrix and environments being sampled).

This paper addresses these challenges by offering recommendations

for harmonised and standardised approaches that consolidate practices

across various environmental matrices, including marine and coastal

waters, sediments, air, and biota. In particular, the manual stands out by

providing a framework designed to meet the needs of diverse

stakeholders. By following FAIR principles (Wilkinson et al., 2016)

and incorporating guidance from best practice development

(Przeslawski et al., 2023), this project ensures data generated using

these methods can be easily shared, compared, and integrated.

What makes this paper and the accompanying best practices

manual particularly useful is its broad scope, collaborative

foundation, and global perspective. Unlike many existing protocols,
TABLE 8 Essential and desirable reporting parameters for microplastic load, physical characteristics and chemical composition.

Reporting metric Essential reporting parameters Desirable reporting parameters

Quality Assurance and
Quality Control (QA/QC)

- Types of blanks used
- Contamination levels within each group of blanks
- Correction of data (if any)
- Reason for correction

- LOD
- LOQ

Microplastic load - Average number ( ± SD or SE) of microplastics extracted per volume
(#microplastics per reporting volume)
- Average number ( ± SD or SE) of microplastics extracted from plastic-positive
samples (# microplastics per volume contaminated sample)
- Total number of samples analysed
- Number of samples containing at least one microplastic piece (reported as a
percentage of frequency of occurrence)
- Number of samples with no microplastics
- Density (mass of microplastics per reporting volume)
- Detection limits for the count and minimum microplastic size

- Mass per microplastic item and/or type
- Polymer composition (for all microplastics)

Physical characteristics - Maximum length
- Maximum width perpendicular to the length
- Surface area (of the item sitting flat)
- Mass (for visible microplastics > 1mm)
- Colour (RGB and HSV for larger microplastics, or colour chart)
- Type (e.g., pellet, fragment, filament, foam, film)

- Mass per item and/or type

Chemical composition - Polymer composition (for smaller 1 mm - 1 mm microplastics) - Polymer composition (for all microplastics)
- Percentage of microplastics and natural
particles present.
- Percent of items excluded from final dataset
due to low quality on chemical data
SD, standard deviation; SE, Standard error.
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which are often developed in isolation and tailored to specific

compartments or particle sizes, this guideline integrates

methodologies across multiple environmental matrices and sampling

modes. By doing so, it provides a versatile framework that can be

adapted for a wide range of research contexts, from coastal monitoring

to open ocean surveys and from macroplastic assessments to near-

detection-level microplastics analysis. Developed with input from over

40 researchers across 21 research institutes, the manual reflects

multidisciplinary expertise and diverse international experiences,

building on contributions and ongoing collaborations in Australia,

Brazil, China, EU, India, UK and US. This global approach ensures

alignment with international directives while addressing critical gaps in

existing guidelines. Our collaborative effort aimed to enhance the real-

world applicability of actionable recommendations, providing a

comprehensive, accessible primer to serve as a key reference for

harmonising and standardising methods.

While we recommend standardised approaches for all sample

matrices in terms of collection and processing, we acknowledge the

need for some flexibility, as methodologies must often align with the

specific hypothesis and research goals—there is no one-size-fits-all

solution for microplastic studies. Our recommendations aim to

balance harmonisation with adaptability, ensuring consistency in

data quality while allowing for methodological adjustments across

different research contexts. A key focus of our manual is the

importance of QA/QC and comprehensive data reporting, both of

which are crucial for promoting data comparability. We also

emphasise the need for detailed metadata and thorough

descriptions of methodologies in publications to enhance

transparency and reproducibility. This balance between structured

workflow, adaptability and harmonising field approaches, makes

the manual applicable to a wide range of monitoring programs,

whether led by government agencies, academic researchers, or non-

government organisations. By reinforcing a harmonised approach,

we maintain flexibility while ensuring that core standards are

followed, providing important benchmarks for adaptability across

various research contexts. This ensures data consistency and

reliability, supporting the integrity of microplastic monitoring

worldwide. By promoting clear and consistent reporting, the

manual supports research development, facilitates cross-study

comparability, and strengthens confidence in microplastic data

among scientists, policymakers, and the public.

In conclusion, the development and dissemination of this

manual represents a critical step toward harmonising microplastic

research in Australia and globally. We encourage researchers,

government agencies, and organisations involved in microplastic

monitoring to adopt these standardised approaches and utilise the

reporting checklist provided (Supplementary materials,

Supplementary Table S2) to ensure consistent data generation. By

working together to align methods and reporting standards, the

scientific community can generate high-quality, interoperable data

that supports meaningful comparisons, long-term monitoring, and

informed management decisions. Furthermore, the manuals open-

access nature (https://microplastics-field-manual.github.io) ensures

that it remains a living document, open to updates and

improvements as the field of microplastic research evolves.
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