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ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

2:2023(E)

There is significant evidence that the textile sector releases microplastics (MPs) into the environment.

These particles, when present in the environment, can affect the biota, and so, their number, shape and
size can be relevant parameters for the assessment of their potential impact and, consequently, the
development of a counting technique can be a helpful approach.

Moreover, many of the microparticles analysed are not of synthetic origin and therefore it is necessary

to id

entify and distinguish them from microplastics (MPs).
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This
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It is
(e.g.

document is designed to provide the nature, numerical concentration, surface area and
5 of the microplastics produced or released by the textile sector and collected in assolid
orm matrices.

eliminate inorganic and organic (for example biological) components$,that can int

identification. This document involves a preliminary observation_of*the sample by
oscope (OM) and then identification of the microplastics (MPs) by\molecular spectrd
ment provides the possibility of using two different techniques, of molecular spectros
 and Micro-Raman to identify and count plastic particles downto submicron size.

document is designed to allow the re-evaluation of micrgplastic counting data when t
environmental impact indications become available.

document describes the method of analysis for a_single filter. However, errors in the
gquantitative determination of microplastics that(can result from the variability betwe
s imply that replicates should be performed to\establish precision.

document provides useful information (e.g"dimensional classes, shape, composition, e
iken into account for a possible eco-toxicological assessment of health and environmen
well known that some microplastics/(MPs) are lipophile and can be vehicles for toxic
PCBs, PAHs, dioxins) or vehicles of.pathogenic microorganisms adhered to their surface

assimilated (with their dose of toxicity) and permeate into organisms and cells.

The
reled
can

sources of microplastics areiumerous. Their shapes and sizes are also variable. In the d
ised by textiles, the typical”(but not the only) morphology is fibrous and their diametel
ary depending on the'construction parameters of yarns and fabrics or cleaning condit

(estimated)
aqueous or

ending on the matrice, pre-treatment of the sample is necessary to concentrate the mlicroplastics
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INTERNATIONAL STANDARD

1SO 4484-2:2023(E)

Textiles and textile products — Microplastics from textile
sources —

Part 2:
Qualitative and quantitative analysis of microplastics

1
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This

Scope

oplastics to be able to define their:

particle number;

morphology (morphological characteristics);

dimensional distribution;

Lhe type, chemical origin or nature of polymers and their eolour, if present.

document is applicable to the determination of mickeplastics (from the textile sector)
bus matrices (for example textile process wastewater, clothes washing water, textile
sions, textile process solid waste).

document specifies expression of results’in terms of estimated surface area a
oplastics (MPs) per unit sample. It enables the expression of the results of the quan
oplastics (MPs) from various sources,-including samples related to the production,
'ment and use of textiles (raw material, manufacturing process, sample like waste
ning clothes, air, and industrial process water).

document applies to textile.Sector samples of matrices of different physical states (sol
orm), for example:

colid samples from téxtile production processes;

barments or other textiles, ISO 4484-1 or ISO 4484-3 can be applied in order to prepar
be tested);

hir samplées to test the air quality in the workplace of textile companies.

document, being able to provide information such as size, shape, surface and mass

document establishes a qualitative-quantitative analytical evaluation (i.el determjination) of

collected in
process air

hd mass of
tification of
processing,
water from

id, liquid or

water samples_from the textile production process and/or from the washing of clothing (e.g.

e a liquid to

estimated),

tl ot £, £ £.1 o 43 £, 4 3 1 3 | ot ialiat
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 1833-4, Textiles — Quantitative chemical analysis — Part 4: Mixtures of certain protein fibres with
certain other fibres (method using hypochlorite)

ISO 3696, Water for analytical laboratory use — Specification and test methods

EN 481, Workplace atmospheres — Size fraction definitions for measurement of airborne particles

© IS0 2023 - All rights reserved
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EN 13284-1, Stationary source emission — Determination of low range mass concentration of dust- Part 1:
Manual gravimetric method

EN 13284-2, Stationary source emissions — Determination of low range mass concentration of dust —
Part 2: Quality assurance of automated measuring systems
3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

[SO and IEC

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Ele

Ctropedia: available at https://www.electropedia.org/

31
microplastic
MP
material copsisting of a solid polymer containing particles, to which additives-or other substances
have been ddded, and where a weight fraction of 21% particles have:

a)
b) for fibr

may

all size$ 100 nm < x <5 mm,
s, a length of 300 nm < x <15 mm and a length/diameter ratio >3

Note 1 to enffry: Polymers that occur in nature that have not been chemically modified (other than by hydro
are excluded] as are polymers that are (bio) degradable.

ysis)

don

[SOURCE: E
lower size 1
on the defin
weight frac

3.2
significant]
amount of f
suspended

CHA, ANNEX XV Restriction Report - Microplastics, 22 August 2019, par 1.2.2.1, modifig
ecommended dimensions, by Commission“Recommendation C/2022/3689 of 10 June 1
ition of nanomaterial (0] C 229, 14.6.2022, p. 1), modified — "21% w/w" was changed
fion of 21 %"; additional informationfras been given as a note to entry.]

sample volume
iltered volume to be analysed considering the source of the sample and the values of:
bolid (TSS) and chemical oxygen demand (COD)

Note 1 to enflry: See Table 1 and Jable 2.

3.3
subsample]
aliquot (fra

3.4

ction) of the primary sample diluted (as known) with water

lution

p022
to "a

total

washing sd

solution us

3.5

5 L. H s MND loiala lLeaolafs 1o H i
U tu vwaosil C\.iull)lllclll. LU TCLCUVTI (111)’ Vi1 VVIIIUIT Call UT ICTIU UIT L1IT C\.iull)lllclll.

image analysis
identification and classification of particles/fibres according to their morphology (shape) and size,
providing additional sample information.

Note 1 to entry: The sample information are, for example, distribution percentage, number and size of
microparticles and microparticles with fibre shape.
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3.6

ISO 4484-

molecular micro-spectroscopy
analysis (FTIR or Raman) coupled to optical microscope (OM)

2:2023(E)

Note 1 to entry: The equipment is used to identify the polymer that composes the particle and to classify the
particles recognized by image analysis, providing information such as distribution, percentage, number and size
of MPs identified.

4 Principle

In opder to be able to determine the MPs in a matrice it is first necessary to transfer

significant

por
qua

Diffe

In
sam
non-

ion of them to a suitable filter (6.3) to allow subsequent microscopic analysis with|
tity (molecular spectroscopy).

rent approaches shall be followed depending on the physical state of the starting matri
powdery solid, or a mixture of solid materials;
hqueous (liquid) suspension;

heriform.

the case of solid powdery samples, the preliminary dispersion of a representative al

bles is carried out in a known volume of water (5.1), @D in a dispersing solution con
ionic surfactant (5.4.2) in filtered water (5.1). If the sample is solid (non-powdery) an

disi

tegration treatment (e.g. ultrasonic treatment) shalkbé carried out.

For the analysis of liquid suspensions, the sample*shall be filtered through a filter (6.3)
material, pore size and shape (depending on the spectroscopic technique used). Analysis of {
on the filter (6.3) according to the following description:

a)

b)

Aeri
(air

dentification of the composition of mhicroparticles present by Micro-FTIR (6.1) /M

Himensions by image analysis;

rounting of the number and\identification of the size class of particles and fibres ob
possible calculation of the)total masses of MP present on the filter (6.3) in accor

Formula (6).

bmissions, air working environment) shall be considered in accordance with EN 13284+

All NP assessments, regardless of the different matrices analysed, shall be compared. The

prog
can

uced waste, the discharged water, the air of the workplace or the emissions into the
be analysed and compared to obtain a balance of the MPs of:

h Specific textile production process;

regards to

quot of the
sisting of a
hppropriate

of suitable
he material

icro-Raman

[6.2) spectroscopy in order to identify any plastic microparticles and related measurenent of their

served, and
dance with

form samples shall'be considered in accordance with EN 13284-1, and for dust collecti¢n in the air

2.

data of the
htmosphere

— textile products during their life cycle as garments;

— any other textile processes/semi-finished/finished products.

According to the analytical method used, the different sampling, preparation and purification
procedures shall be considered. They shall be chosen according to the characteristics of the sample to
be tested.

The analytical method shall be adequately applicable to all samples prepared in advance.

Preliminary analysis should be performed in accordance with the different sample preparation and
purification procedures and the analytical techniques subsequently applied.
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In particular, in the case of textile sector source samples with potential presence of salts and organic
substances, investigative analyses shall first be carried out, for example in the case of liquid samples of
aqueous matrices:

— determ
determ
determ

pre-scr

5 Reage

All reagent

ination of conductivity;
ination of COD;
ination of TSS, with membrane filtration technique;

eening with OM for estimating microscopic image quality vision.

nts

[analytical reagent grade (AR)] or their solutions and the demineralised water.(5.1),

be filtered through filters (6.3) with a pore size of at least 0,45 pm.

5.1 Demineralised water, Grade 3 quality as specified in ISO 3696.

5.2 Hydr

For the oxid

5.3 Sodiy

Freshly pre
accordance

5.4 Wash

pgen peroxide, with a volume fraction of 15 % in demineralisediwater (5.1).

ation of organic matter prior to filtration, hydrogen peroxide.AR may be used.

m hypochlorite (NaClO), 1 M or 1 mol/L.

pared sodium hypochlorite solution containing (35 + 2) g/l active chlorine (*1) mol
with ISO 1833-4 is used for the dissolution of woél fibre during standards preparation,

ing solutions

5.4.1 Sodlium chloride, with a mass per volume of 1 %.

Dilute 10 g
The solutio

A sample o
accountin {

5.4.2 Nor
Dilute 10 g

The solutio
(whose com

bf pure NaCl AR in 1 000 ml with demineralised water (5.1)
1 shall be prepared by dildting pure NaCl AR salt in demineralised water (5.1).

[ this solution shall bejanalysed to determine the MPs content of the salt to be taken
he results of the analyses.

-ionic surfactant, with a mass per volume of 1 %.
bf pure rep-ionic surfactantin 1 000 ml of demineralised water (5.1).

h shall be prepared by diluting the surfactant, preferably, not ionic, for example Trit
pesition and/or IR/Raman spectrum shall be known in order to subtract it during analy

hall

into

on X
sis),

in demineralised water (5.1).

A sample of this solution shall also be analysed in order to determine the MP content to be taken into

accountint

he results of the analyses.

5.5 Ethanol solution

Ethanol wit

h a volume fraction of 95 % mixed 1:1 with demineralised water (5.1)

It is possible to use the ethanol solution previously filtered with a filter (6.3) made of mixed esters of

cellulose or

cellulose nitrate.
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5.6 Acetic acid solution 0,1 mol/l, with a volume fraction of 60 %.

Remove salt or organic material by dosing a solution obtained by diluting 5,7 ml of acetic acid (a volume
fraction of 60 %) in 1 000 ml of demineralised water (5.1).

If necessary, the molarity of the solution can be increased to make the removal of salt or organic
material more efficient.

A sample of this solution shall also be analysed in order to determine the MP content so that it can be
taken into account in the results of the analyses.

6 Apparatus

6.1 | Micro-FTIR, for particles greater than 10 pm with the following requirements:;
a) [ransmission/transflectance or reflectance;

b) ppectral resolution: minimum 4 cm;

c) Ppectra format: absorbance;

d) Pepending on the system an aperture of 150 um x 150 um can be used;

e) PDetector spectrarange 4 000 cm! to 675 cm1;

f) [Lollection time and scans depend on the system and*used sources.

6.2 | Micro-Raman, for particles greater then 0,2 um to 0,5 pm with the following requirements:
a) |asers can have a wavelength of 457 nm, 532 nm, 633 nm, and 785 nm;

b) peveral objectives with different magnifications and numerical apertures;
c) ppectroscopic systems;

d) Pltra-High-Throughput spectrometer (UHTS300) in the VIS range Grating: minimum 600 g/mm;
e) Ultra-High-Throughput'spectrometer (UHTS400) in the NIR range Grating: minimum 300 g/mm.

6.2.1 CCD camerawith one of the following specifications:
a) plackilluminated camera for operation in VIS range;
b) Jow darkcurrent CCD camera in NIR range;

c) fark field microscopy; particle identification and measurement software

6.3 Filters, according to the type of spectroscopy chosen and the size of the particles to be
determined.

The pore size that can usually be used are: 0,45 pm, 0,8 um, 1 pm, 5 pm.

All the filters shall have a suitable shape and fit the instrument of molecular micro-spectroscopy.
Circular or square shapes are preferred.

© IS0 2023 - All rights reserved 5
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6.3.1 Micro-FTIR Filters

6.3.1.1 In the case of Micro-FTIR (reflection and transmission) analysis, filters (6.3) with a pore size
area of at least 5 um shall be used.

The filters shall be one of the following.

a) Aluminium oxide filter, spectral range between 4 000 cm™! and 1 250 cm}, in transmission mode
(pore diameter 0,02 pm to 0,2 pm).

b) Silicon filter, spectral range between 4 000 cm™! to 600 cm! in transmission or reflection mode.
Pore difpmeter 5 pm, pitch 12 pm, thickness 500 pm.

¢) Gold pdlycarbonate filter, spectral range 4 000 cm to 400 cm™ in reflection mode (1 pm§.25 mm)

d) Celluloge acetate nitrate filter, spectral range between 4 000 cm™! to 400 cm™ in reflection mogle or
micro-ATR.

6.3.1.2 In|the case of attenuated total reflectance (ATR) analysis, the possible(filters (6.3) that cgn be
used have a|pore size area of at least 5 pm, in detail:

a) celluloge acetate nitrate;
b) pore dipmeter 0,45 um and/or 0,8 pm; filter diameter 47 mm and/or 25 mm;
c) PVDF (polyvinylidene fluoride);

d) poredipmeter 5 pm filter diameter 47 mm.

6.3.2 Midro-Raman filters

In the case pf Micro-Raman (6.2), the possible filters’(6.3) that may be used are:

a) celluloge acetate nitrate, gold coated polycarbonate membrane, silicon filter;
b) 13 mmidiameter, 25 mm diameter, 472 mm diameter, 10 mm side.

All materials used shall be washed &ith demineralised water (5.1) and subsequently with ethanol (5.5)
beforehand|to remove any residual MP, and immediately after washing shall be left to dry in thp air
covered with aluminium foil ofwatch glass.

6.3.3 Redding the filter

To reduce bpnd uponrdrying after the filtration process, mount them as flat as possible for measurement.

Silicon filtefs have two faces (one mirror face and the other darker). Use the filter with the mirror|{face
facing upwdrds (face to be used for filtering), in this way the micropores facilitate the adhesion of the
MPs and their maintenance, even when the Iilter is dry, during the rollowing counting and identification
steps with Micro-FTIR (6.1) or Micro-Raman (6.2).

Silicon filters show strong Raman peaks but no fluorescence. Silicon peaks may be ignored in the
particle identification.

6.4 Light microscope, suitable for fibre identification, involves the use of projection microscopes
and visual microscopic image analysers. Transmitted-light microscopes with direct graduated scale
equipped with an optical lens are also applicable.

6 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=a12c2be0ae1e99a9a12b97f27513abbd

1SO 4484-2:2023(E)

6.5 Filtration system, made of steel or glass (see Figure 1), with funnel of 100 ml, 500 ml, 1 000 ml,
2 000 ml complete with sintered septum, clamp and coded Erlenmeyer flask.

hssification,

Figure 1 — Examples of filtration system, filter holder and filters
6.6 | Flasks and bottles, made of glass, with glass cap.
6.7 | Tweezers, made of steel.
6.8 | Petri dishes, made of glass.
6.9 | Microslides, made of glass.
6.10 Filter holder, (see Figure 1).
6.11] Mechanical stirrer.
6.12 Conductivity meter, accurate to a minimum of 5 microSiemens/cm (uS/cm).
6.13 Equipment for COD determination, rapid kits are also allowed.
6.14] Analytical balance, accurate to a minimum of 0,1 mg.
6.15 Ultrasonic bath, (see 7:3).
6.1 Vacuum filtration system.
6.17 _Software, for automatic image analysis, morphological identification, dimensional cl
mapping.
7 [(leaning procedure
7.1 Cleaning of the materials and the test environment

Airborne fibre contamination is possible and using procedures to reduce it is recommended.

The following is a list of mandatory actions to be taken to reduce contamination and keep equipment

clean:

a) All glassware shall be previously washed with demineralised water (5.1) filtered through filters
(6.3) with a pore size of at least 0,45 pm (nitrate, acetate, mixed cellulose esters) and with washing
solution, then rinsed before each use; then washed with ethanol solution (5.5) filtered through
filters (6.3) with a pore size of 0,45 um (nitrate, acetate, mixed cellulose esters) and with washing

© IS0 2023 - All rights reserved
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solution, then rinsed before each use with the same ethanol solution (5.5). Final rinse before each
use shall be done 3 times.

The same actions shall be applied to sample and container for which glass and metals should be
preferred.

Avoid any plastic apparatus or components for filtration and sample conservation as they can
release MPs to the sample.

After washing, the glassware shall be stored and protected with the aid of suitable barriers (for
example aluminium foil closing the inlets) to reduce the possible deposition of MP present in the air.

b) Itis reqommended to wipe down all surface using paper saturated with ethanol, or acetone'bgfore
measuiling/testing each sample.

c) Rinse afll tweezers (6.7), probes and hands before each filtration procedure.

d) Garments (included white laboratory coat) worn by analysts during sample handling shiould
preferably be made of natural fibres instead of synthetic ones such as synthetic fleece or sirpilar
materigls.

e) Minimige movement in the lab or working space. It is suggested to conduct sensitive work insjde a
fume hood or laminar flow cabinet.

7.2 Blank test to evaluate environmental contamination

Environmental contamination of MPs can be considered, by carrying out in parallel, for each lpt of

analysis, a plank test where a sample of water (5.1) and any other washing solution used on the| test

is subjected to the analysis procedure. The MP value detected shall be defined as MPs environméntal
contaminatjon and shall be considered in the various analytical assessments carried out on the various
samples s::[jected to analysis.

The determjination of the blank test shall be carried out for each lot of analysis.

7.3 Cleaning procedure for filters

Store filter in glass petri dishes (6.8).int order to reduce contamination from the dish itself. Keep jour

filter (6.3) qovered whenever possible before the observation.

All filters (4.3) shall be new or cleaned before using.

Before filtrption, obserye‘the whole surface of the filter (6.3) on OM to check that they do not have

any interfeffing particles-on their surface which may have come from the packaging, its handling or the

production [process.itself. Cleaning depends on the kind of filter (6.3).

It is possible te{use either a physical treatment which requires an ultrasonic procedure or a cherical

one (e.g. sinpple immersion in pure ethanol AR for 10 min), for all types of filters.

However, for silicon filters in order to reduce the overall cost of analysis, the possibility of reusing
the same filter for several analyses has been foreseen with following washing and quality control

procedure:

— minimum of 3 repeated sonications in an ultrasonic bath, each of 10 min in demineralised water
(5.1) (to be replaced at each repetition);

— before using immerse the silicon filter in 10 ml pure ethanol AR.
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8 Sample preparation

8.1 Solid matrices (fibre, textile or any derivates)

1SO 4484-2:2023(E)

In the case of solid powdery samples, the preliminary dispersion of a representative aliquot of the
samples is carried out in a known volume of water (5.1), or in a dispersing solution consisting of a
non-ionic surfactant (5.4.2) in filtered water (5.1). If the sample is solid (non-powdery) an appropriate
disintegration treatment (e.g. ultrasonic treatment,) shall be carried out.

8.2 Liquid matrices (aqueous)

8.2.1

Filtgr through one or more filters (6.3) of different dimensions and pore size dépending

volume.

Choice of sample volume/mass to be filtered and number of filters (6.3).

on sample

Tablk 1 shows recommended sample volumes for filtration through a 13 mmyfilter with 1 um pore size.

Tablk 2 shows recommended sample quantity for filtration through a7 mm filter with 0,45 pm pore

size.
Taljle 1 — Recommended sample quantity for filtration through a 13 mm filter with [l pm pore
size
Sarpple quality - Source (like a) - TSS content TSS Unpretreated Pretreated
sample sample
mg/1
(minimum (minimum
filterable filterable vol-
volume) ml umne) ml
Wagtewater - wwtp Out - low content <100 10 100
Wastewater - wwtp In - medium content <2500 20
Actipated sludge - Suspended biomass -‘high <10 000 5

contlent

Table 2 — Recommended-sample volumes for filtration through a 47 mm filter with 0,45 pm
pore size
Sanjple quality - Source (like a) - TSS content TSS (mg /1) Unpretreated Pretreated
sample sample
(minimum (minimum
volume to be | volume to be
filtered) ml filtered) ml
Wasltewater - wwtp Out - low content <100 50 200
Wastewater - wwtp In - medium content <2500 10 100
Activated sludge - Suspended biomass - high content <10 000 5 20
8.3 Air matrices
Use the following techniques and sampling volumes.
— The determination of airborne particles shall be in accordance with EN 13284-1.
— The determination of dust shall be in accordance with EN 481.
9
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8.4 Preliminary checking of sample and pre-treatment

In order to identify the possible needs for pre-treatment of the liquid sample with unknown origin,
the values of conductivity and the COD and TSS of the sample to be analysed shall be measured and, in
addition, an observation in OM at 10 x and/or 50 x magnification shall be carried out.

The liquid samples treated are textile process wastewater, laundry washing effluent, industrial process

water.

8.4.1 Liquid sample property checking and requirements

84.11 C

Check the
necessary t

bnductivity

onductivity of liquid sample. If the conductivity is higher than 3 000 pS/cm( jit"sha
b wash the filter (6.3) with a solution of acetic acid 0,1 mol/I (5.6) to eliminate any trac

inorganic sjibstances.

8.4.1.2 Chemical oxygen demand (COD)
Check the (OD of liquid sample. If the COD is higher than 100 mg 0,/1, perform a pre-oxidation
hydrogen peroxide (5.2) 15 % (for a duration of not less than 7 days t6)30 days depending or
complexity jof the matrice) where the volume of hydrogen peroxide (5.2) %o be added is calculated y
Formula (1), with the aim of eliminating any trace of non-plastic organi¢ material.

Ve (COpxS,)

~7p,06

where

% is the volume of hydrogen peroxide (5:2,-a volume fraction of 15 %) to dose in |;

COD [is the chemical demand of oxygenexpressed in mg 0,/1;

S, is the sample volume to be treated in 1.
8.4.1.3 OM observation

Depending
significant

In addition
dilute (8.4.4
200 (see Ajj

overlapping.

1] be
es of

with
the
sing

M

pn the TSS and thé-€0D ratio as well as the OM observation, the recommended minimnum

ample volume should be defined in order to have acceptable filtration times.

during the @M pre-screening, if the presence of overlapping microparticles is high,
) the sample with water (5.1), to obtain an optimal microparticle concentration lower
nex B}-Ifthe concentration is higher, it may be necessary to use different filters to g

pre-
than
void

8.4.2 Pre-treatment if required

8.4.2.1 General

The acidic and/or oxidant pre-treatment may be carried out in accordance with 5.6 and 5.2, during one
of the following analysis steps in which the sample may be:

a) anuntreated raw sample;

b) asubsa

c)

10

mple before proceeding with the filtration procedure;

the filter (6.3) used after the microparticle collection (see Figure 2).
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peroxide Qq‘}')
LY
p.2  Salt removal b‘/
N

hcetic acid (5.6) treatment may be carried out in two different ways: N

n the case of high conductivity or presence of precipitated inorge C salts;

by washing the filter (6.3), after completion of the filtration&s, in case of evidence of p
pf salts, with a direct dosing of 1 ml acetic acid (5.6). Ian
N\

N
.3 Organic removal @s\\>

N\
2.3.1 General $

e carried out on the sample prior to filtratioh.

pxidation process takes place over ti@.}and as a result of the dosage of hydrogen perox

N
p.3.2 Hydrogen peroxide treg-l’nent

volume fraction of 15 % @)gen peroxide (5.2) to be added to the sample is proport
of the sample to be tre@ . Dose 1,4 ml of 15 % hydrogen peroxide (5.2) volume fract
mg 0,/1 (COD) refer@} to 100 ml of sample. To calculate the dosage for a real sam

hula (1). \%

factory res@re obtained after 7 days, if they are still not adequate (see Figure 3)
tion time.

Y
N

7o)

1lydrogen

bn the untreated raw sample by dosing acetic acid (5.6) to attain p@ the sample suspension and

recipitation

ary, this action can be repeated.

ide (5.2).

ional to the
ion for each
ble, refer to

extend the

Figure 3 — Water samples treated with different hydrogen peroxide volume fractions of 15 %

© IS0 2023 - All rights reserved

11


https://standardsiso.com/api/?name=a12c2be0ae1e99a9a12b97f27513abbd

ISO 4484-2:2023(E)

8.4.2.3.3 Reaction time
Depending on the matrice, different reaction times can occur.

The minimum oxidation time depends on the quality of the non-plastic organic matrice to be oxidized.
The time can vary between 7 days and 30 days. Verify the oxidation effect visually by checking the
clarity of the sample and the reduction of the colour/turbidity.

Consequently, a production of sediment can occur.

Figure 4 highlights this effect.

a) 1 day b) 3 days c) 7 days

Figure 4 — Water sample treated with hydrogen peroxide (5.2) volume fractions of 15 % at
different times

8.4.3 Test sample homogenization/hydration and/or sonication

The samplg should be stirred vigorously or alternatively sonicated to produce the subsample; these
operations fan be carried out at room temperature or higher, up to a maximum of 50 °C.

In order to [minimize the ability of the/microparticles to adhere to the walls due to their high sujface
tension and hydrophobicity, all samples are subjected, before being handled and filtrated to a prdcess
of ultrasonfication designed te‘significantly increase the hydrophilicity of MPs and consequéntly
reduce/mirfimize the wall effect and agglomeration, as that would result in loss of significance| and
representativeness of theSamiple analysed.

The procedpire involvestreatment with ultrasonic bath (6.15) 20 kHz to 40 kHz at different treatment
times. The yetting effect of the MPs shall make them perfectly dispersible in aqueous solution.

The subsaniplé‘shall then be diluted (see 8.4.4) by a factor to perform an adequate particle counting
(without palrtiele overlapping) on the final filter (6.3).

In the calculation of the total volume, the value of the volume used for the washing of the equipment
(for example pipettes, cylinders, filtration container) shall be included.

8.4.4 Pre-dilution

In order to produce a subsample to be tested, pre-dilution shall be performed immediately after the
preliminary checking phase (8.4).

In the pre-dilution phase of the sample, its homogenization shall be prepared according to 8.4.3.
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9 Preparation procedure

9.1 General

This protocol provides a consistent method for preparing standardised suspensions containing
microfilaments/microplastic with fibre shapel#] for:

— standard or reference materials currently unavailable for purchasell[Z];

— evaluation and validation of all approaches from sampling to identification of microplastic.

9.2 | Preparation of micro-sized fibres sample

This| procedure describes how to cut synthetic threads in order to obtain solution$ with 3 number of
filanments per litre between 70 filaments per litre and 850 filaments per litre. Table.3 provides a series
of tylpes of threads used for the preparation of standard samples and their relative concentiations.

Table 3 — Examples of preparation of standard samples (example)

Sample name Water (5.1) collection Theoretical concentration
nu(rlr)l(l))lgrfl:)ef?ilc:lll?:rﬁs) volume (ml) (Number of filaments/ljtre)
300 227
Polyamide 6,6 blue (68 filaments) 500 136
900 76
300 427
Polyamide 6 r?;elgtcs(;lour (128 fila- 500 256
900 142
300 600
Polyamide 6 orange (180 filamehts) 500 360
900 200
300 833
Polyester beige (256 filaments) 500 512
900 284
300 240
Polypropylene orange (72 fila- 500 144
ments)
900 80

In orderto cut sample from 200 um to 800 um a manual microtome (see Figure A.1) can be pused.

It is necessary to use a yarn of commercial material with a known number of filaments for the
preparation of the standards. Before cutting, check that the number of filaments is equal to the one
declared by the producer by using an OM (see Figure 5 and Figure 6).
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oxidative tr
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Figure 6 — Example of polyamide thread with filaments

<

slot completely wool fibre shall be used (see Fi s 7,8, 9, and 10) All the cut fibres

a recipient and the wool fibres are identified%‘ using an OM as they have an irreg
around 16 pm to 20 pm and scales on the su@ce. Moreover, they may be eliminated H
eatment (see Figure 11) as described in 7. \Q’

©

FigurgQ Polyamide and wool fibres inside the microtome

&

th the cutting using a microtome (only one cut for se\«&le), see Annex A. In order to fill the

are
ular
y an

v
S

14

Figure 8 — Cut Polyamide thread inside the wool fibres
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Figure 9 — Fibres lifting (0,2 mm)

N

Figure 10 — Cutting the fibres wiQ lade

After cutting determine the fibre diameter and their lesr\1§hs by using an OM as shown in Figure 11.

a) L: 829 pm d: 55611C) b) L:216 to 235 pm d:55 to c) Example of wool fibre (1)

-

60
9 o
Key Q%
1 ool fibre Q.
v

Figure Optical microscope images of polyamide fibres cut with a microtome at 800 pm
& and 200 pm (mixed with wool fibres)

7o)

9.3 Standard fibre sample preparation (Water based)

After cutting with the microtome (see Annex A), the synthetic filaments are wrapped with wool fibres.
All the fibres are collected with the cutting blade and dispersed in 10 ml of water (5.1) and 7 ml of
sodium hypochlorite (5.3) in a 50 ml flask (6.6).

A Sodium hypochlorite solution NaClO (5.3) is used to dissolve wool fibres in accordance with
ISO 1833-4 making it easier to count synthetic fibres under a microscope. The suspension is stirred in a
50 ml flask (6.6) with a mechanical stirrer (6.11) at 130 r/min for 40 min without heating.

After the treatment the synthetic fibre suspension is spilt into a large Erlenmeyer flask (6.6). The flask
(6.6) is washed with 50 ml aliquots of water (5.1) to reach the stated volumes (300 ml, 500 ml or 900 ml).
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Before reaching the stated volumes, all the fibres on the flask walls are recovered and transferred to
the Erlenmeyer flask (6.6).

The flask (6.6) is also rinsed with 10 ml of ethanol solution (5.5) to collect all the remaining fibres. Then
the final aliquot of water (5.1) is added to reach the stated volume.

9.4 Water based standard fibre sample filtration

9.4.1 General

The collect

on of Fihrn-chapnr] mirrnparﬁr‘]nc is pnrfnrmnr‘ on one or more filters (A '2) with pore

size

lower than

9.4.2 Fil
Gradually f

After filteri
a glass Past]

the minimum diameter of the fibres used for the preparation of the standard suspensig

]ration procedure
|

ter all the suspensions (50 ml at a time).

hg the whole suspension, wash the funnel walls with a few ml of ethanol’solution (5.5) y
eur pipette in order to recover the possible microparticles adheringte’the glass.

Carry out the final recovery wash (of the filtering system, the gasket and the flask (6.6) containin

suspension

The washin
ethanol (5.}
filter funne

Two filters
procedures

Filter N
first rin

with an ethanol solution (5.5) and filter on Filter 2.

g operation shall be repeated at least three times, each<time using an aliquot of 30 1
). Use an aliquot from the last wash with a glass Rasteur pipette to wash thoroughly
, and the gasket.

(6.3) are used to collect all the microparticles derived from all the filtering and wag
for each standard suspension.

°1 is used to collect the microparticles(of the standard suspension and the solution o
se of the flask (6.6) and of the filtering system.

Filter N
solutio

°2 is used to collect microparticlés from the subsequent rinses with the washing eth

n.

sing

v the

nl of
r the

hing

f the

anol

(5.5) and from the solutionof-the subsequent rinses of the Erlenmeyer flask (6.6) and all
the conpponents of the filtering system.

9.5 Requirements for standard fibre samples

At least 5 replicates per typeof synthetic polymer shall be carried out for each sample. For each

yarn

and polymdr, at least five suspensions at 300 ml, 500 ml and 900 ml shall be prepared to obtain| five
different soJutions withrthe same number of filaments.
For each replicatethe number of particles (in filament shape) at a given volume results from the sum of
the particles collécted on Filter 1 (main solution) and Filter 2 (washing water). See Formula (2):

N, N

L R (2)

L S,

where

Ny, isthe number of total particles obtained by automatic or manual counting as sum of particles

counted on Filter 1 and Filter 2;
Np is the number of particles;

A%

16

is the solution volume (1).
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Table 4 shows how the data shall be entered and calculated for each sample analysed.

Table 4 — Average of MPs (Number of filament/litre) of 5 replicate compared with theoretical
values and % recovery

replicates Number of filaments of the first Number of Total % recovery
sample: 300 ml (total solution) filaments filaments
(rinse)
10
Z
Sample names
30
(polymer, number of filaments)
Number of filaments/litre 4°
(theoretical) 5o
Average
replicates Number of filaments of the first Number,of Total % recovery
sample: 500 ml (total solution) filaments filaments
(rinse)
10
20

Sample names

30

(po]ymer, number of filaments)
umber of filaments/litre 4°
(theoretical) 5o

lod

Average

replicates Number of filaments of the first Number of Total % recovery
sample: 900,ml (total solution) filaments filaments
(rinse)

Sample names 1°

(polymer, number of filaments) 2°
Number of filaments/litre 30
(theoretical)

4°
50

Average

The minimum acceptablesstandard recovery rate is 80 %.

The standard recovery rate was observed (see Annex B) to depend on the ratio between the number of
partjcles and the volume (ml) in which they are dispersed. A recovery rate between 80 %|and 100 %,
was[obtained pefsolution containing MPs with a concentration of not fewer than 200 partigles/I.

If thp above'recovery rate is not reached, check that the washing and filtration procedurep have been
corrpctlyapplied and that the filtration equipment is functioning properly and that it is leak-proof.

10 Test procedure

10.1 Addition of internal standard fibre sample

For a more precise determination of microplastic fibre shape in real samples, an internal standard
should be added considering procedure described in 9.2 and 9.3, with a concentration similar to the
number of particles counted/estimated in the sample. In this way, it shall be possible to determine
the quality of all the operations leading to the identification of microplastic fibre shape. The internal
standard should have a different colour from those present in the sample identified during the pre-
screening tests (8.4). It should be added with a concentration similar to the number of particles
counted/estimated in the sample.

©1S0 2023 - All rights reserved 17


https://standardsiso.com/api/?name=a12c2be0ae1e99a9a12b97f27513abbd

ISO 4484-

10.2 Test

2:2023(E)

sample filtration

Any pre-treated sample is vacuum filtered using the vacuum filtration system (6.15).

If the sample shows a high presence of microparticles and suspended solids even after the pre-
treatment, the filtration is carried out in two separate steps.

a) Filtrati
b) Filtrati

The microp
which is to

10.3 Reco

Once the fil
bottle (6.6)
it is necess
collection o

on of decanted supernatant.

on of the final deposit (precipitated) with recovery by final washing operation.

articles/fibres collected on both filters shall be counted and added to obtain the final result,

be reported in the final test report.

[/ery procedure

ration phase has been completed, in order to recover any MP deposit on the'bottom o
and on the walls of the glassware used (both the container and the filtration system,
hry to proceed to a recovery washing that allows the detachment from the walls ang
sample MPs.

After filtering the entire suspension, wash the funnel walls with a few ml(@f washing solution, us
glass Pasteqir pipette in order to recover any possible microparticles adhéring to the glass.

f the

6.5),
the

ng a

Carry out the final recovery washing (of the filtering system, the gasket and the flask (6.6) containing

the suspens

The washin
recovery so
the filter fu

ion) with washing solution and filter it through the sante filter.

g operation shall be repeated at least three times; each time using an aliquot of 30 1

hnel and the gasket.

The washinjg solution shall be chosen (depending en.its availability) from one of the three:

sodium)|

non-ior

ethano

chloride solution a mass fraction-of1 % (5.4.1);
ic surfactant solution a mass.fraction of 1 % (5.4.2);

solution (5.5);

10.4 Image analysis

The MPs c(
automatica

The followi
— optical
dimens
X, Y ma

section

llected on thefilter are then subjected to image analysis that is carried out manual
ly by software(6.17).

ng information shall be collected at this stage:

microparticles and microplastic fibre shape recognition;

nl of

lution. Use an aliquot of the last washing with, a glass Pasteur pipette to wash thoroughly

y or

morphological identification (microparticles including fibre shaped);

ions Lx L;

pping;

area estimate (L x W or with software);

system);

sub classification of colour (if any different), morphological and dimensional classes.

external surface estimate (as sphere - cylinder (rotation solid) or with automatic 3D modelling

Figure 12 and Table 5 show examples of automatic image analysis (6.17) of particles collected on filters.

18
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Figure 12 — Automatic image analysis — Example (1) (]9

-

/

Table 5 — Automatic image analysis — Example (2) dimensio&&lassiﬁcation

Length | Width | Aspect| Num | Area |Convex| Perime- |Convex | Feret|Feret| CE | ular- | Convex- | Solid- | Volume
ratio | pixels 2 area ter perim. | max | min |Dia (O ity ity ity 3
(hp) | (um) (hm?) X (m?)
@m?) | m) | m) | ) | em) | @R
17,793 [13,489| 0,759 |476,500|179,385|195,196| 60,242 | 54,013 [19,524]13498]15113| 0,788 0,897 | 0919 [1807,352
5640 | 5206 | 0,923 | 58,500 | 22,023 | 22,964 | 18,135 | 17,652 | 6,136 }{«@ 5295 | 0917 0973 | 0959 | 77,747
A
10.5 Identification of MPs QO
g
10.5.1 General \$\
For the identification of MPs, molecular spectF&copic techniques may be used:
| X0

a) Micro-FTIR (6.1); N

QS

b) Micro-Raman (6.2). Q\

.

10.5.2 Detection limits O®

Detgction limits of meth(ejg%e dependent on the following factors:
a) [nstrumental: %\G)

— minimalkgizé detection of the instrument [Micro-FTIR (6.1) or Micro-Raman (6.2)];

— % X‘;ching during chemical mapping;
— &Fat of analysis dimension;

= XY TmiTimTat trarstation Steps:
b) Microplastic morphology:
— shape, colour.
c) Solution characteristics:
— concentration of the solution: Number of particles/l.

A high concentration of MPs Number of particles/1 determines overlapping of the MPs on the filter,
increases counting errors and makes chemical identification difficult.

— Filter size and pore size
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NOTE In the case of automatic MP identification (through specific software), a manual overview might be
necessary to avoid any counting errors or any difficulty in chemical identification.

10.5.3 Calculation

Since analysis times shall be kept to a minimum without losing the quality of the data acquired,
statistical evaluations shall be carried out to identify the minimum number of particles to be analysed
that may be representative of the sample as referred to in the scientific paperl3] and also as described
in Annex B.

The calculation of the minimal required number of particles is based on the following assumptions:

all the particles collected on the filter are divided into two groups: MP and non-MP;
all the particles on the filter are separated from each other;

all the jparticles are randomly distributed on the filter, meaning that the MP tp non-MP ratfio is

constant all over the filter;

heterogeneous spatial distribution of the particles is allowed;

all the particles are identified by image processing;

La
regardless of their size, all the particles are treated equally as single‘'measurement points;

flawlesp identification of particles by analytical method (for example molecular spectroscopy)

Formula (3]

| gives the algorithm to determine the significant nimber of particles.
P(1-P)
P(1-P
L P(-P)
N

n=

(3)

4

e

2

Z¢i0lo

inite

Formula (3
population
one, e. Forrj

Jdefines the minimum number of\statistical units to be analysed, n, taken from a f
of size N, to estimate the proportion, P, with an error inferior to the previously spec
hula (4) is based on the confidence interval constructed by normal approximation o

ified
F the

hypergeomgtric distribution and it follews by rearranging and solving [see Formula (5)] by n:
N —-n

(1_P)N—1

2009 \/ =

where

P (4)

P +
P_ZC.

)

019

(5)

z_(c;0,

1s the standard Gaussian distribution quantile of level 90 %;
N is the total number of particles found on the filter through image processing;

p /decimals is the estimate of the MP fraction;

e/decimals is the margin of error;

n is the sample size/number of particle required.

10.5.4 Spectra comparison and MP identification

In either Micro-FTIR (6.1) or Micro-Raman (6.2), if the spectrum is not recognized with a matching
greater than 75 %, the corresponding particle shall be indicated as "unknown composition".
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The operation of spectra comparison with the DB spectra (data base) shall be carried out for all the
points mapped or for an, n, statistically representative sample for each morphological dimensional
class.

The DB spectra are commercial ones, published in peer-reviewed journals or internally created starting
from known MP samples. In the latter case, it is possible to create DB spectra with MP samples from a
range of environments.

For automatic Raman identification, good matches shall be higher or equal to 90 %. In case of lower
values, particle identification is carried out by using customized databases.

10.

The
sped

If no
fibre

10.5

For ¢

whe

.5 Determination of external surface area and volume

determination of the surface, volume values and morphology can be carried out.autg
ific software is available.

t, estimation can be done manually, with this assumption that the particles are spher
s are cylindrical.

.6 Calculation of total surface and total mass (optional)
bach family of polymers recognized by molecular spectroscopy:
hdd the calculated/estimated surface values per polymef.family;

ralculate the volumes of the identified particles (as<sphere - cylinder (rotation solid)
hutomatic 3D modelling system);

hdd the calculated/estimated mass values peripolymer family;

calculate the total mass by type of polymer (starting from the volume and density ty
polymer being considered) using Formutla (6):

P=Vxd
e
P is the calculatedtetal mass (g);

/' is the calculated total volume (cm3);

1 is the spécific density for the main polymers (g/cm3, refer to Table 6 when possiblé

matically if

ical and the

or with an

pical of the

(6)

;)_

hdently from

NOTE Mass’calculation of MPs can be applied to any kind of MPs identified on the filter indepe
the spurce(e:g. fibre, textile product, or any kind of other plastic used in textile processes).
Fabte-6—Density valuesof somesyntheticpotynrers
Chemical name Density (g/cm3)
Polypropylene, atactic 0,87
Polypropylene, isotactic 0,90
Polyisoprene 091
Polyethylene, low density 0,92
Polyethylene, high density 0,95
Polydimethylsiloxane 0,97
Polystyrene 1,05
NOTE In case of no data available for density of the specific polymer in analysis no weight
will be calculated and a N.D. will be indicated in the report.
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Table 6 (continued)

Chemical name Density (g/cm3)
Polyamide 6,6 [Poly(hexamethylene adipamide)] 1,08
Polyamide6 [Poly(caprolactam)] 1,12

Poly(vinyl acetate) 1,19
Polycarbonate 1,20

Poly(vinyl alcohol) 1,29
Polyacrylamide 1,30
Polybutytene terephtitatate 1,31

Cellulose acetate 1,31
Poly(ethylene terephthalate) 1,39

Poly(vinyl chloride) 1,40

Cellulose nitrate 1,60
Poly(vinylidene fluoride) 1,76
Poly(tetrafluoroethylene) 2,00

NOTE In case of no data available for density of the specific polymer in analysis no weight
will be calculated and a N.D. will be indicated in the report.

10.5.7 Calgulation of recovery rate (R.) COUNTING

In case of iffternal standard addition, determine the value of the‘técovered MPs (MP internal standard)
from the sample analysis and calculate the recovery ratio usingFormula (7). This rate should be incljided
in the test feport, in order to give an indication of the MP recovery level value for the sample testeéd. A
low R, valug shall highlight any erroneous operations duging the tests in the event of significant sapple
losses.

R, :f,_; (7)
where

R. i therecovery rate

R. i the number of recagnized Internal standard MP

T, i3 the theoreticalhumber of Internal standard MP added

11 Test report

11.1 The t¢streport shall consist of at least:

a) the sample and the sampling procedure;

b) the International Standard used (including its year of publication);

c) the method used (if the standard includes several);

d) the result(s), including a reference to the clause which explains how the results were calculated;
e) any deviations from the procedure;

f) any unusual features observed;

g) the date of the test;
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h) asummary table indicating:
— morphological and dimensional classes
— numbers, types and colours (optional) of polymers found

— estimated external surface area (expressed in mmZ2/unit of sample analysed) per identified
polymer family

— estimated mass (optional, expressed in mg/unit of test sample) per identified polymer family

For the size classes, those defined in ISO/TR 21960, are:

— p000pumto 1000 pm;

— k1000 um to 500 pm;

— k500 pm to 100 pm;

— k100 pm to 50 um;

— k50 um to 10 um;

— k10 pmto 5 pum;

— kS5umto1 um;

— Klpmto 0,1 um

The kize classes are dependent to the type of instrument and filter (6.3) used.

The pxample of classification of MPs is shown in@nnex C.

11.2 The report may also include the following:

a) fecovery rate

b) photographs of samples

c) PM images

d) particle mapping images

e) humber of mictoparticles analysed (N)

f) Fppectra

g) pummaries and graphs of the different classes identified:

—_morphological,

— dimensions,

— polymer families
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Annex A
(informative)

Microtome for standard preparation

Test specimen preparation using a microtome as described in ISO 137[3] has been found suitable, see

Figure A.1.
Dimensions in millimgtres
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Figure A.1 — Example of manual microtome drawing
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Annex B
(informative)

Examples of statistics elaboration

2:2023(E)

Logit regression analysis (see Formula B.1) was used to investigate the relationship between
concentration and single microfilament detection probability as well as the impact of the type of

matg

bet

was
expy]

Let

sam

rep

rand
proH

where
ijk, k=1,
K is a Bernoulli random variable representing the detection of the K-th microfilame
sample and j-th replication,
5(1’,']- is the concentration used;

To

of synthetic polymers werescarried out for each sample and the data were statistically an

res

brial used (synthetic polymer). The logit model is widely used to investigate the.}
feen a binary response variable and some other explanatory ones. In this studyl4},; the
chosen due to the binary nature of the data, in which a dependent variable has two’pos
essed as identification or non-identification for each individual microfilameht.in the

., 1=1,..,n, j=1,..m, denote the response, that is the number of detected microfilament:
er and j-th replication. Since for each sample, K is the theoretical numbep<of microfilan
esents the number of independent trials that can be performed on it. X is distributed a
om variable of size K and probability p;. The logit model used explicit-the relationship
ability of detection of the single microfilaments, p; and the covariates by modelling:

Ogit(E(Z X155 X2,)) = log(pi/(1-p)) = Bo + B1 X1,5* By

V

I

|

Bug) 1s the parameter representing the material's effect for the i-th sample.

determine the sum of micrefifaments collected on the filters for each thread, 5 replicat

3[ts are graphically showii in Figures B.1 and B.2.

"elationship
logit model
sible values
suspension.
for the j-th
nents and it
5 a binomial
etween the

(B.1)

nt in the i-th

es per type
alysed. The
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Figure H
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.1 — Boxplots showing the relation between concentrations and the probability of

detection of the single microfilament
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Figure B.2 — Boxplots showing the relation between suspension volumes, theorjetical
microfilaments and the probability of detection of the single microfilament

Figure B.1 shows the relationship between concentration and the probability of the deteftion of the
single microfilaments. The'results show that the probability of detecting the microfilaments is higher
than 95 % when theconcentration of microfilaments/1 is lower than 200 Number of microfilaments/],
whereas, Figure Bé2)shows the relationship between the theoretical microfilaments contdined in the
samples and the detection probability of the single microfilament, for each suspension volume.

Therefore, theshigher the suspension volume is, the higher the detection probability is, while the more
thegreticalmicrofilaments are present, the lower the detection probability is. These relationships are
alsojrelated to different kinds of materials represented by different colours.

The estimates of the parameters of the model and inference are obtained with the maximum likelihood
method, the standard error and the p-values are reported in the Table B.1[4].
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