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superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide is intended to assist forensic science practi-

tioners (FSPs) with procedural recommendations for conduct-

ing spectral measurements of color on single fiber samples

using ultraviolet (UV), visible (VIS), near infrared (NIR), or

fluorescence emission analyses, and on comparing samples on

the basis of these measurements. Spectral measurement of

color (referred to as color measurement in this guide) by

microspectrophotometry is part of a broader analytical scheme.

1.2 This guide primarily focuses on color measurements

within the visible spectral range, but includes some details

concerning measurements in the UV and NIR spectral ranges.

The particular method(s) employed by each FSP depends upon

available equipment, FSP training, sample suitability, and

sample size.

1.3 The values stated in SI units are to be regarded as

standard. No other units of measurement are included in this

standard.

1.4 This guide is intended for use by competent forensic

science practitioners with the requisite formal education,

discipline-specific training (refer to Practice E2917), and

demonstrated proficiency to perform forensic casework.

1.5 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 appro-

priate safety, health, and environmental practices and deter-

mine the applicability of regulatory limitations prior to use.

1.6 This international standard was developed in accor-

dance with internationally recognized principles on standard-

ization established in the Decision on Principles for the

Development of International Standards, Guides and Recom-

mendations issued by the World Trade Organization Technical

Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:2

E275 Practice for Describing and Measuring Performance of

Ultraviolet and Visible Spectrophotometers

E620 Practice for Reporting Opinions of Scientific or Tech-

nical Experts

E1459 Practice for Physical Evidence Labeling and Related

Documentation

E1492 Practice for Receiving, Documenting, Storing, and

Retrieving Evidence in a Forensic Science Laboratory

E1732 Terminology Relating to Forensic Science

E2224 Guide for Forensic Analysis of Fibers by Infrared

Spectroscopy

E2227 Guide for Forensic Examination of Dyes in Textile

Fibers by Thin-Layer Chromatography

E2228 Guide for Microscopical Examination of Textile Fi-

bers

E2917 Practice for Forensic Science Practitioner Training,

Continuing Education, and Professional Development

Programs

2.2 Other Standards:

ISO/IEC 17025 General Requirement for the Competence of

Testing and Calibration Laboratories3

3. Terminology

3.1 Definitions—For definitions of fiber-associated termi-

nology used in this guide, refer to Terminology E1732.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 aperture, n—an opening in an optical system that

controls the amount of light passing through a system. E1732

3.2.2 dichroism, n—the property of exhibiting different

colors, especially two different colors, when viewed along

different axes by plane polarized light. E1732

1 This guide is under the jurisdiction of ASTM Committee E30 on Forensic

Sciences and is the direct responsibility of Subcommittee E30.01 on Criminalistics.

Current edition approved Aug. 1, 2024. Published August 2024. DOI: 10.1520/

E3406-24.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or

contact ASTM Customer Service at www.astm.org/contact. For Annual Book of

ASTM Standards volume information, refer to the standard’s Document Summary

page on the ASTM website.
3 Available from International Organization for Standardization (ISO), ISO

Central Secretariat, Chemin de Blandonnet 8, CP 401, 1214 Vernier, Geneva,

Switzerland, https://www.iso.org.
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3.2.3 exclusionary difference, n—a difference in one or more

characteristics between compared items that is sufficient to

determine that the compared items did not originate from the

same source, are not the same substance, or do not share the

same composition or classification. E1732

3.2.3.1 Discussion—What is sufficient depends on the per-

formance and limitations of the method used on the material in

question.

3.2.4 metameric samples, n—two or more samples that

appear to have the same color under one type of illumination

but can appear dissimilar under different lighting conditions, or

two or more samples that appear to be the same color under all

lighting conditions, yet their reflectance/transmittance spectral

curves are different. E1732

3.2.5 spectral resolution, n—measure of the ability to dis-

tinguish between adjacent peaks in a spectrum; it is usually

determined by measuring peak width at half the maximum

value of the peak height or full-width half-maximum (FWHM).

E1732

3.2.5.1 Discussion—Spectral resolution is not to be con-

fused with spatial resolution (the smallest features that can be

resolved in the field of view of the microspectrophotometer

(MSP) camera or eyepieces or can be used to refer to the

smallest spectral sampling area of the MSP).

4. Summary of Guide

4.1 This guide covers the collection and comparison of

spectra from the UV, VIS, and NIR ranges obtained from fibers

and can be applied to different models of microspectrophotom-

eters (MSPs). This guide is not meant to be the first step in the

process of a fiber examination.

4.2 Microspectrophotometric examinations typically occur

in the visible spectral region (~380 nm to 780 nm), where

information about the visible color of a sample is found. Some

MSP systems are also able to analyze the NIR region (~780 nm

to 1100 nm). For UV-configured systems, analysis in the UV

region (~190 nm to 380 nm) can provide additional informa-

tion about UV absorbers that may be in or on a fiber. The

spectrum of fluorescence emission (UV and visible excitation

with UV to NIR emission) can also be captured.

4.3 MSP systems are generally used in fiber analyses

because comparisons are typically conducted at the individual

fiber level. Additionally, microspectrophotometry is a mini-

mally destructive, highly discriminatory technique.

4.4 Fiber color is usually measured in transmittance, as light

is transmitted through an individual fiber. The fraction of light

transmitted or absorbed by the fiber at each wavelength is

recorded relative to the amount of light transmitted through a

control (blank) portion of the preparation. This transmittance

spectrum can be plotted as either percent transmittance or

absorbance.

5. Significance and Use

5.1 The comparison of color is one of the key steps taken in

a fiber comparison, as color is one of the most important

discriminating characteristics of fibers. Microspectrophotom-

eters allow for an objective measurement of the color (based

upon selective light absorption) of small samples, which can be

complementary to, and more discriminating than, microscopi-

cal color comparisons.

5.2 Microspectrophotometric spectral comparison is one

part of a multi-analytical comparative approach. It is used in

conjunction with techniques that identify the fiber composition,

such as polarized light microscopy (PLM) and Fourier trans-

form infrared spectroscopy (FTIR). For the identification of the

dye components, other techniques such as thin layer chroma-

tography (TLC), Raman spectroscopy, or liquid chromatogra-

phy mass spectrometry (LC-MS) can be employed and are

complementary to the information provided by microspectro-

photometry. For more detailed information regarding PLM,

FTIR, and TLC refer to Guides E2228, E2224, and E2227

respectively.

5.3 This guide is designed to assist a FSP in the selection of

appropriate sample preparation methods and instrumental pa-

rameters for the microspectrophotometric analysis and com-

parison of fibers. When used for comparison purposes, the goal

is to determine whether any exclusionary differences exist

between the samples (1-9).4

5.4 Limitations to the value of MSP data and comparisons

include:

5.4.1 Absorption can be impacted by environmental factors,

physical damage, or sample handling. For example, a fiber or

textile that has been exposed to environmental factors that

irregularly alter the color (for example, photofading) can

exhibit spectral differences to a fiber or textile that has not been

similarly exposed.

5.4.2 Spectral data collected in the visible region from very

dark or very light fibers could be of limited value.

5.4.3 Certain fiber types naturally absorb in the UV region

(for example, wool, polyester), limiting data collection and

interpretation.

5.4.4 MSP is not a practical technique to identify the

individual dyes in a fiber.

5.5 Fiber sample spectra are measured using transmittance

spectroscopy. The emission of fluorescence by fiber samples is

also measurable using an MSP with microspectrofluorimetry

capability (9-12).

6. Sample Preparation

6.1 The general collection, handling, and tracking of

samples should meet or exceed the requirements of Guide

E1459 and Practice E1492.

6.2 The work area and tools used for the preparation of

samples are cleaned prior to use.

6.3 Known and questioned samples are mounted and pre-

pared in the same manner. Individual fibers from a sample are

dispersed on the slide in order to minimize interference and the

effects of photobleaching (13).

6.4 Transmittance Measurements:

4 The boldface numbers in parentheses refer to the list of references at the end of

this standard.
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6.4.1 The fiber(s) is mounted on a microscope slide under a

coverslip in an appropriate medium.

6.4.1.1 A microscope slide with transmittance characteris-

tics appropriate for the region of the spectrum being analyzed

is used. Glass slides and coverslips are suitable for measure-

ments in the visible and NIR portions of the spectrum. Typical

soda-lime glass slides absorb light in the UV region, therefore

samples to be analyzed in the UV region of the spectrum are

mounted between quartz or fused silica slides and coverslips. If

performing fluorescence measurements, it is important that the

slide and coverslip have low or no inherent fluorescence.

6.4.1.2 A mounting medium that is compatible with the

sample (that is, will not dissolve the fiber or dye) and the

spectral range being investigated is selected. Mounting media

include, but are not limited to, water, xylene, xylene

substitutes, glycerol, and refractive index oils (n = 1.52 or 1.66

are common). When performing fluorescence measurements, a

mounting medium with low or no inherent fluorescence is

selected. For example, glycerol is a suitable mounting medium

when analyzing a sample in the UV, visible, and NIR regions

and when performing fluorescence measurements.

7. Performance Checks

7.1 Prior to use of the instrument, the microscope, illumi-

nation sources, and spectrometer are turned on and allowed to

stabilize. This is performed in accordance with the instrument

manufacturers’ instructions or laboratory experience, which-

ever yields consistent results.

7.2 Checking instrument performance verifies that an instru-

ment is operating within required standards. It is essential to

demonstrate wavelength and absorbance/photometric accuracy

through a performance check, such as that described in Practice

E275.

7.2.1 A performance check is conducted each day of use,

prior to analysis.

7.2.2 A performance check is conducted after any mainte-

nance or power outages, prior to analysis.

7.2.3 A similar configuration is used each time a perfor-

mance check is conducted on the system.

7.3 Records of all performance checks are maintained. A

historical record of this data provides a mechanism for evalu-

ating system performance and allows an operator to monitor

system trends and deterioration.

7.4 Performance Check Parameters:

7.4.1 Wavelength Accuracy—Wavelength accuracy over the

measured range is checked with the aid of manufacturer-

recommended filters (for example, holmium-, erbium-, or

didymium oxide). The resolution used during the wavelength

accuracy checks should be the same as that used in casework

and consistent for each wavelength accuracy check. Transmit-

tance is used for these measurements.

7.4.2 Photometric Accuracy—The photometric response of

the system is checked to ensure linearity using manufacturer-

recommended neutral density filters. A typical set of neutral

density calibration filters could include some or all of the

following filters: 0.1, 0.5, 1.0, 2.0, 2.5, and 3.0 absorbance

units.

7.4.3 Filters are calibrated according to the manufacturer’s

recommendations.

7.5 Fluorescence Emission—Fluorescence emissions are

checked with materials known to fluoresce (for example,

optically-brightened cotton, fluorescent fingerprint powder,

SRM 2940) according to the manufacturer’s recommendations.

8. Instrument and Scanning Parameters

8.1 MSP instruments can vary and specific details on the

operation and system parameters can be found in the manu-

facturer’s manuals and guides.

8.2 Microscope Parameters:

8.2.1 Illuminator—An illumination source appropriate for

the analysis being conducted is selected. The illuminator shall

have sufficient intensity across the entire wavelength range of

interest so as to provide a spectrum with an acceptable

signal-to-noise ratio according to the manufacturer’s recom-

mendation. Tungsten, halogen, and xenon lamps are commonly

used for visible and NIR analysis. Xenon lamps are frequently

used for UV analysis and mercury lamps are used for fluores-

cence excitation. While LED illuminators are available over

much of the spectrum, they are of little utility for microspec-

trophotometry due to their lower intensity and limited spectral

range (5).

8.2.1.1 Background, system, and reference transmittance

spectra can be used to monitor illuminator performance and

warn of unsuitable system alignment.

8.2.1.2 Illumination Centration—Slight adjustments to the

position of the bulb can serve to increase or decrease the

emission over specific regions of the spectrum. For example, it

is possible to maximize UV illumination, often at the expense

of some light in the visible wavelengths. Generally, the slight

loss of intensity in the visible region is not problematic due to

the high intensity of modern bulbs.

8.2.1.3 Illumination Intensity—For some illuminators, this

can be a fixed parameter. When the voltage of an illuminator is

adjustable, it should be held fixed following the photometric

intensity performance check (see 7.4.2).

8.2.2 Field Diaphragm—With the specimen in focus, the

edges of the field diaphragm are brought into view and then

sharply focused by adjusting the substage condenser. The field

diaphragm is then opened so that its edges are either just

outside the collection aperture or just beyond the field of view

to minimize stray light. The focus and size of the field

diaphragm is readjusted when the objective is changed.

8.2.3 Substage Aperture (that is, Condenser Iris)—The sub-

stage aperture is opened until the desired image contrast is

obtained. As adjustment of this aperture impacts the amount of

light reaching the detector, this aperture setting can be different

from that used to produce an ideal image (9). In some

instances, it is desirable to further increase the opening of the

substage aperture to allow more light to reach the detector. The

aperture is adjusted before collecting the background spectrum

and kept in a fixed position between background and sample

spectra collection and between samples when they are being

compared. The appropriate aperture level is typically that

which produces an emission intensity for the most intense

emission peak of no more than approximately 80 % of the

E3406 − 24

3

Full document details: ASTM E3406-24

http://www.avadocuments.com/doc/astm-e3406-24
http://www.avadocuments.com/doc/astm-e3406-24

