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1. Scope

1.1 This guide covers the use of a tiered approach for detection and characterization of silver nanomaterials in consumer textile
produets—products, which can include some medical devices (for example, wound dressings or face masks), made of any
combination of natural or manufactured fibers.

1.2 This guide covers, but is not limited to, fabrics and parts (for example, thread, batting) used during the manufacture of textiles
and production of consumer textile products that may contain silver-based nanomaterials. It does not apply to analysis of silver
nanomaterials in non-consumer textile product matrices nor does it cover thin film silver coatings with only one dimension in the
nanoscale.

1.3 This guide is intended to serve as a resource for manufacturers, producers, analysts, policymakers, regulators, and others with
an interest in textiles.

1.4 This guide is presented in the specific context of measurement of silver nanomaterials; however, the structured approach

described herein is applicable to other nanomaterials tsed—to—treat—consumer—textile—produets—in consumer textile products,

including some medical devices.

1.5 Units—The values stated in SI units are to be regarded as standard. No other units of measurement are included in this
standard.

1.6 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety-safety, health, and healthenvironmental practices and determine the
applicability of regulatory limitations prior to use.

1.7 This international standard was developed in accordance with internationally recognized principles on standardization
established in the Decision on Principles for the Development of International Standards, Guides and Recommendations issued
by the World Trade Organization Technical Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:*
D123 Terminology Relating to Textiles

! This guide is under the jurisdiction of ASTM Committee E56 on Nanotechnology and is the direct responsibility of Subcommittee E56.06 on Nano-Enabled Consumer
Products.

Current edition approved May—+-—26+6Nov. 15, 2022. Published May—206+6December 2022. Originally approved in 2016. Last previous edition approved in 2016 as
E3025 — 16. DOI: +6-+520/E3025-16:10.1520/E3025-22.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM Standards
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D6413 Test Method for Flame Resistance of Textiles (Vertical Test)

2.2 AATCC Standards:’

AATCC 135 Dimensional Changes of Fabrics after Home Laundering

2.3 ISO Standards:*

ISO 10136-1 Glass and Glassware—Analysis of Extract Solutions—Part 1: Determination of Silicon Dioxide by Molecular

Absorption Spectrometry

ISO 16140 Microbiology of Food and Animal Feeding Stuffs—Protocol for the Validation of Alternative Methods

ISO/TEC Guide 99 International Vocabulary of Metrology—Basic and General Concepts and Associated Terms (VIM)

ISO/DBTRISO/TR 18196 Nanotechnologies—Measurement Technique Matrix for the Characterization of Nano-Objects

ISO/TS 80004-1 Nanotechnologies—Vocabulary—Part 1: Core Terms

2.4 U.S. Code of Federal Regulations:’

16 CFR Parts 1615 and 1616 Standards for the Flammability of Children’s Sleepwear

3. Terminology

3.1 Definitions—For additional definitions related to textiles, see Terminology D123; for additional definitions related to
nanotechnology, see ISO/TS 80004-1; and for additional definitions related to measurements, see ISO/IEC Guide 99.

3.1.1 analyte, n—element or constituent to be determined. ISO 10136-1
3.1.2 consumer textile product, n—textile product intended to satisfy human wants and needs. D123

3.1.3 manufactured fiber, n—class name for various genera of filament, tow, or staple produced from fiber-forming substances that
may be: (/) polymers synthesized from chemical compound, (2) modified or transformed natural polymers, or (3) glass. D123

3.1.4 measurand, n—quantity intended to be measured or a quantity that is being determined by measurement. ISO/IEC Guide
99

3.1.5 nanomaterial, n—material with any external dimension in the nanoscale or having internal structure or surface structure in
the nanoscale. ISO/TS 80004-1

3.1.6 nanoscale, n—range from approximately 1 to 100 nm. ISO/TS 80004-1

3.1.7 natural fiber, n—class name for various genera of fibers (including filaments) of (/) animal, (2) mineral, or (3) vegetable
origin. D123

3.1.8 qualitative method, n—method of analysis whose response is either the presence or absence of the analyte detected either
directly or indirectly in a certain amount of sample. ISO 16140

3.1.9 quantitative method, n—method of analysis whose response is the amount of the analyte measured either directly
(enumeration in a mass or a volume), or indirectly (colour absorbance, impedance, etc.) in a certain amount of sample. ISO 16140

3.1.10 textile, n—general term for fibers, yarn intermediates, yarns, fabrics, and products that retain all the strength, flexibility, and
other typical properties of the original fibers or filaments. D123

3.2 Definitions of Terms Specific to This Standard:

3.2.1 characterization, n—identification and quantification of one or more relevant physical or chemical property values of the
analyte.

3.2.2 detection, n—qualitative recognition of the presence of the target analyte in a sample.

3.2.3 silver, n—element with atomic number 47 that can be in the form of ions, metallic or zero-valent (Ag®), alloys, composites,
oxide, or salt compounds, or combination thereof.

3 Available from American Association of Textile Chemists and Colorists (AATCC), P.O. Box 12215, Research Triangle Park, NC 27709-2215, http://www.aatcc.org.
“# Available from American National Standards Institute (ANSI), 25 W. 43rd St., 4th Floor, New York, NY 10036, http://www.ansi.org.
3 Available from U.S. Government Printing Office, Superintendent of Documents, 732 N. Capitol St., NW, Washington, DC 20401-0001, http://www.access.gpo.gov.
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4. Significance and Use

4.1 Natural and manufactured textiles fibers can be treated with chemicals to provide enhanced antimicrobial (fungi, bacteria,
viruses) properties. In some cases, silver nanomaterials may be used to treat textile fibers (1).° Silver nanomaterials are used to
treat a wide array of consumer textile products, including, but not limited to, various clothing; primary garments (shirts, pants),
outer wear (gloves, jackets), inner wear (socks and underwear), children’s clothing (sleepwear); children’s plush toys; bath towels
and bedding (sheets, pillows); and medical devices twound-dressings)-(for example, wound dressings and face masks) (2).

4.2 There are many different chemical and physical forms of silver that are used to treat textiles and an overview of this topic is
provided in Appendix XI.

4.3 Several applicable techniques for detection and characterization of silver are listed and described in Appendix X2 so that users
of this guide may understand the suitability of a particular technique for their specific textile and silver measurement need.

4.4 There are many different reasons to assay for silver nanomaterials in a textile at any point in a product’s life cycle. For
example, a producer may want to verify that a textile meets their internal quality control specifications or a regulator may want
to understand the properties of silver nanomaterials used to make a consumer textile product under their jurisdiction or what
quantity of silver nanomaterial is potentially available for release from the treated textile during a-washingproeess—the washing
process or during product use. Regardless of the specific reason, a structured approach to detect and characterize silver
nanomaterials present in a textile will facilitate measurements and data comparison. Detection and characterterization of silver in
textiles is one component of an overall risk assessment.

4.5 The approach presented in this guide (see Fig. 1) consists of three sequential tiers: obtain a textile sample (Section 7), detection
of a silver nanomaterial (Section 8), and characterization of a silver nanomaterial (Section 9). If no forms of silver are detected
in a textile sample using appropriate (fit for purpose) analytrcal technlques then testlng can be termrnated It srlver is detected but
present in a non-nanoscale form, the textile 6 e :
stivertons-that-is a chemical or bulk silver-containing material. Silver ions may be released from srlver-contarnrng materials, and
under reducrng condrtlons these can transform 1nt0 nanoscale srlver—contarnrng partrcles It sr-l-ver—rs—deteefed—rn—n&nesea-}e—ferm—rt

ttsnanoscale srlver is detected one concludes that the textile contains a srlver nanomaterral Subsequent measurements can

characterize the chemical and physical preperties:properties of the silver nanomaterial.

4.6 Numerous techniques are available for-the-deteetton-and-charaeterizatton-of-to detect and characterize silver nanomaterials in
textites—which-textiles. The breadth of options can cause confusion for those interested in developing an analytical strategy and
selecting appropriate techniques. Some techniques are-applieable-apply only to certain chemical forms of silver and all have limited
ranges of applicability with respect to a measurand No srngle technrque is suitable to both detect and fully characterize silver
nanomaterials in textiles. As o efineThis guide describes and defines a tiered approach
that—uses—using commercially avarlable measurement technrques so that manufacturers, producers, analysts, policymakers,
regulators, and others may make informed and appropriate choices in assaying silver nanomaterials in textiles within a standardized
framework. The user is cautioned that this guide does not purport to address all conceivable textile analysis scenarios and may not
be appropriate for all situations. In theseall instances, professional judgment is necessary.

4.7 This guide tsintended-to-provide-provides a tiered approach to be-used-to-determine an efficacious and efficient procedure for
detecting and characterizing silver in textiles to-make-a-determination—as—to-and determine whether any silver nanomaterial is
present. This tiered approach may also be used to determine whether a reported measurand for silver nanomaterials in a textile was
obtained in an appropriate and meaningful way.

ts-Material property measurement depends
on the method Caution is requlred when comparing data for the same measurand from instrumentstechniques that operate on
different physical or chemical principles or with different measurement ranges.

4.9 The amount of silver in a textile has-atendeney-to-might decrease over time-as-sitver-time. Silver metal and silver compounds
can react with oxygen and other oxidation-reduction (redox) active agents present in the environment to form soluble toniesilver

¢ The boldface numbers in parentheses refer to a list of references at the end of this standard.
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FIG. 1 Tiered Approach for Determining if a Textile Contains a Silver Nanomaterial
(*It might not be possible to know how the nanomaterial formed in the textile. It may have been engineered or intentionally applied or
transformed from another silver source.)

species. These tons—are-soluble silver species can be released by contact with moisture (for example, from ambient humidity,

washing, body sweat, rain, or other sources). As described in Appendix X1, release of teniesoluble silver species may occur at
varying rates. Release rates that-depend on many characteristics, including chemical nature, surface area, crystallinity, and shape
ofthe-sitversouree-as-welas-shape, where the silver is applied to the textile (on the fiber surface, in the volume of the fiber, and
50 f-erth-) orth!z and in What form the sﬂver is apphed to the textlle (dlscrete partlcles w1th carriers, and 50 forth) Heﬁee—rf—sﬂrvef

when drawing temporal 1nferences from the results, as only a moment in time of the textile life cycle will be captured in the results.

4.10 Textile acquisition, storage, handling, and preparation can also affect reported-results:silver content.
5. Reagents

5.1 Purity of Reagents—Reagent-grade chemicals should be used in all tests. Unless otherwise indicated, it is intended that all
reagents should conform to the specifications of the Committee on Analytical Reagents of the American Chemical Society where
such specifications are available.” Other grades may be used, provided it is first ascertained that the reagent is of sufficiently high
purity to permit its use without lessening the accuracy of the determination.

7 Reagent Chemicals, American Chemical Society Specifications, American Chemical Society, Washington, DC. For suggestions on the testing of reagents not listed by
the American Chemical Society, see Analar Standards for Laboratory Chemicals, BDH Ltd., Poole, Dorset, U.K., and the United States Pharmacopeia and National
Formulary, U.S. Pharmacopeial Convention, Inc. (USPC), Rockville, MD.
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6. Tiered Approach

6.1 AThis tiered approach is a cost-effective strategy that uses progressively more specialized instrumentation to elucidate whether
a silver nanomaterial is present in a textile and to measure its chemical and physical properties (see Fig. 1) (3).

6.2 Initially, a robust bulk analytical technique is used for qualitative detection of silver regardless of form (for example, ions, Ag’,
AgEh-AgCl, alloy, composite) or size in a textile specimen.

6.3 If silver is detected in a textile specimen, additional measurements are made to determine if any of it is a silver nanomaterial.

6.4 If a silver nanomaterial is present in a textile, complementary and confirmatory techniques are used to characterize its chemical
and physical properties.

7. Sampling

7.1 The first step of the tiered approach is to obtain a textile that isrepresentative-of-represents the life-cycle stage for which
measurement is needed using an appropriate sampling strategy (Fig. 1). Depending upon the user’s specific measurement need, a
textile may be obtained from the fabric-processing stage, finishing treatment stage, finished lot or end-product stage, or any other
part of its life cycle. €onsiderations—should—also—be—given—Consider whether to obtain threads, decorative trim, and other
components used to assemble a textile product. The sampling plan should be fit for its intended purpose andjust-good-enotgh-to
deliver the required or specified variation for a heterogeneous material.

7.2 Onee-obtained;-Cut the desired number of representative samples need-to-be-ett-from the textile using an appropriate sampling
strategy that captures the areas that may contain silver nanomaterials. In the absence of knowledge about the distribution of silver
in a textile, a conservative approach ts-to-asstme-assumes that any silver is distributed heterogeneously until proven otherwise.
If the distribution of silver in a textile is known or assumed to be heterogeneous, the user should cut samples to capture this
variability using some form of random sampling that describes the measurement distribution for their specific needs. A power
calculation can be used to estimate the number of samples needed to achieve a desired level of preeiston—precision for the user’s
specific needs (4).

7.2.1 The locations and dimensions of samples will also depend upon the size of the specific textile article; they may be cut from
a portion of a large textile (for example, bed linens, pants) or it may be the entire textile for smaller articles (for example, finger
or palm of a glove).

7.3 Finalty,—aCut the desired number of test specimens are-ettt-from each representative sample. If the distribution of silver in a
textile sample is known or could be heterogeneous, test specimens should be cut from the samples to capture variability. The
locations and dimensions of the test specimens will depend upon the specific sampte:sample and will be described in the report.

Note 1—If the distribution of silver in a textile is known to be homogeneous, representative samples (and test specimens) can be cut from any location
of the article, for example, from different locations across the width of a textile.

7.4 Examples of textile, sample, and test specimen collection practices for processes that span an article’s life cycle are described
in Test Method D6413, AATCC 135, and 16 CFR Parts 1615 and 1616.

7.5 Textiles, samples, and test specimens should be stored in a manner that will not alter the properties of any silver present and
potentially bias the intended data collection objectives. Storage considerations include, but are not limited to, temperature, relative
humidity, exposure to direct sunlight, and atmosphere.

8. Detection

8.1 Qualitative determination of silver within prepared test specimens can include indirect or direct measurement methods, or
both. Test specimens should be initially measured using a robust bulk analytical technique, preferably with capability for high
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throughput detection of silver (see Appendix X2 for examples). In this step, silver measurements do not need to be made using
a quantitative method and do not need to differentiate between forms.

8.1.1 If no silver is detected, a more sensitive bulk analytical technique [lower method detection limit (MDL)] should be used to
determine if silver is present in a test specimen. This confirmatory measurement does not need to be quantitative.

8.1.2 If measurement for silver is below the MDL of the more sensitive technique, the result serves as confirmation that silver is
not present in a measureable quantity in the textile specimen. Therefore, all testing should be terminated at this step.

8.2 If silver is qualitatively detected above the MDL of either the initial or confirmatory bulk analytical technique, additional
measurements are needed to elucidate the form of silver in the textile specimen. This step is necessary because, as noted in
Appendix X1, textiles may be treated with silver materials in forms that range from silver salt-salts and nanoparticles to
mterometremicrometer scale silver fibers, and the aforementioned elemental detection step is not designed to discriminate between
physical forms. As such, by itself, detection of silver is not sufficient to determine whether a textile contains a silver nanomaterial.

8.3 Available techniques to determine whether a silver nanomaterial is present in a textile include ultraviolet-visible (UV-vis)
absorbance spectroscopy, electron microscopy, scanning probe microscopy, and single particle inductively coupled plasma-mass
spectroscopy (SP-ICP-MS). A summary of these techniques is provided in Appendix X2. The choice of technique might be limited
to the type of instrumentation to which a user has access, though any measurement made in 8.1 should be confirmed using a more
sensitive technique in 8.2.

8.4 UV-vis absorbance spectroscopy measures the absorbance signal due to the surface plasmon resonance (SPR) of metallic silver
nanomaterials. The absorbance wavelength will shift as particle size increases or if particles form-agglomerates—agglomerate. This
technique is applicable if the metallic silver nanomaterial is on or near the surface of the textile fiber and provides only an indirect
indication of the presence of metallic silver nanomaterials. Henee-the-The absence of an UV-Vis absorbance spectroscopy signal
cannot be taken as evidence that a silver nanomaterial is not present in a textile-beeausetextile. If the metallic silver nanomaterial
may-be-is encased in the volume of the fibers-orthesitver-may be presentin-the-form-of-fibers, it will not exhibit SPR. Further,
if silver is present as silver ions or in-the-fermof-as a silver alloy, oxide, or salt nanematertals-whichsalt, these also do not exhibit
SPR.

8.5 SP-ICP-MS is essenttalty—a firmware and software based modification of the traditional ICP-MS analytical technique. In
SP-ICP-MS, the observed steady state signal represents the ionic, dissolved contribution form of the element fthatis;-(here, Ag)
and discrete peaks or ion plumes represent individual nanoparticles. Software algorithms are-tised-to-identify and separate the two
signals and report the ionic, and dissolved element eoncentrationconcentrations as well as the nanoparticle size, size distribution,
and concentration of particles. The 1nten51ty of each dlscrete peak is proportlonal to the number of ions detected at the instrument
detector as well as to the mass of the partie 5 o-particle. This observed
mass to charge ratio is converted to particle size and QlOt of partlcle size dlstrlbutlon SP-ICP- MS is not capable of distinguishing
primary particles from aggregates or agglomerates. At present, only liquid samples may be analyzed by commercially available
SP-ICP-MS instruments and, as such, textiles must first be prepared for analysis. For-determination—of-To determine silver
nanomaterials in the—texties;—either—thenanomaterials—need—to—be—extracted—textiles by SP-ICP-MS, one must extract the
nanomaterials from the textile or dissolve the textile fibers needsto-be-dissoetved-in an appropriate solvent that will not negatively
affeet-alter the nanomaterial. ¥tis-also-neeessaryto-Analysts must prepare dilute liquid suspensions of the nanomaterials to prevent
coincidence ot-the-deteetionof multiple particles simultaneousty-at the detector simultaneously, which results 1sin positive bias of
particle size.

8.6 Among the techniques described in Appendix X2, electron microscopy and scanning probe microscopy provide direct visual
confirmation of the form and dimensions of particles, which makes these techniques especially useful for evaluating whether
particles are present in nanoscale form. Employing electron and scanning probe microscopy for visualization and measurement of
any nanoscale particles present in a textile specimen are of particular use since they can be augmented with chemical detection
techniques, such as energy dispersive X-ray analysis or selected area electron diffraction to determine if they actually contain silver.
This chemical measurement does not need to be quantitative.

8.7 The type of treatment (ion exchanger, salt, metal) used on a textile is an important consideration when using electron
microscopy to determine the form and dimensions of silver present in the detection step of the tiered approach.

8.7.1 With silver ion exchangers, silver is applied to a textile in the form of discrete silver ions (Ag*) that are distributed within
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carrier particles such as porous zeolite or glass. Zeolites are alumina silicates that tend—te—have—size—are typically in the
mterometremicrometer scale (45). As-stueh;eteetron-Electron microscopy augmented with a-chemical detection techniques is useful
to verify if visible particles in a textile specimen produced using an ion exchanger treatment are carriers and not a silver
nanomaterial.

8.7.2 Textile treatments with silver salts can include both neat sﬂver salt partrcles (AgCl Ag2804, and so forth) and
microcomposites eomprisedcomposed of salt particles attached to titan d ar : ; 0
the-treatment-application;-the-a carrier material (for example, titanium droxrde) The form of partlcles v1s1b1e in textlles produced
usmg silver salts could be neat s1lver contalnmg salt partlcles or sﬂver containing particles attached to the carrier matertat—Tthe

W sertmina o 6 s—material, depending upon the treatment application.
Chemical detection technrques would be requ1red to differentiate silver-containing particles from carrier material.

8.7. 3 Treatment of textrles W1th elemental or Zero- valent silver (Ago) tm'ol-ves—can involve a Varrety of physu:al forms—that

Wthh might add complex1ty to measuring partlcle d1mens1ons by microscopy. For example sdver nanomaterlals can be
incorporated into the volume of the fibers themselves. Determining the size of elemental silver particles by electron microscopy
may be Challengrng for textrles in Wthh partrcles were 1nc0rporated 1nto the volume of the ﬁbers t-hemseh*es—er—attaeh

or-require-diserimination-of sttver-metal-parttelesfromtheduring manufacturing. In this situation, an appropriate solvent may be
used to dissolve the fibers without affecting the silver particles and would minimize sample preparation artifacts. The exact solvent
will depend on the specific type of natural or manufactured fiber. For example, spandex fibers can be dissolved using
N, N drmethylformamrde N,N- dlmethylacetamrde or by heat treatlng and Washlng with acetone or ethanol earrier-(6material

8.8 If the-silver is found in the textile but is not present in a nanoscale form (for example, ions in a carrier or particulate with all
dimensions >1H06-nm);-the-textitle->100 nm), then it can be treated-as-considered a chemical or bulk material-that-doesnot-contain
sttver-nanomaterial;- however,there-silver-containing material. There still may be potential for release of silver ions that transform
into nanoscale silver-containing partieles-particles; see discussion in X1.4.

8.9 If a portion of the silver-containing particles have any external dimension in the nanoscale or have internal structure or surface
structure in the nanoscale, then it-ean-be-conetaded-one concludes that silver nanomaterial is present in the textile. This conclusion
only addresses the dimensional aspect of the silver and does not address any potential or actual naneseopte-speeifienanoscale-
specific chemical or physical properties that might exist (see Section 9).

8.10 v
textile can contain srlver-contamrng partrcles in the nanoscale and non-nanoscale form.

9. Characterization

9.1 If a silver nanomaterial is present in a textile, additional measurements can be made to characterize its chemical or physical
properties. A summary of several applicable techniques for eharaeterizationof-characterizing the chemical and physical properties
of silver nanomaterials is provided in Appendix X2.

9 2 Thef&afe—ntunefous—ehenﬂea-l—pfepeﬁfes—Propertles of nanomaterials that may be of interest for characterization and-the
s e P men 1nclude bulk elemental compos1t10n surface composrtlon spec1atron and

elementa face-composttion attom;—and-erystal-straeture-and will depend on the user’s measurement goals.
The Orgamzatron for Economrc Cooperation and Development (OECD) published a framework in 2019 that the user may wish
to refer to when selecting their measurement goals (68).
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