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QH”) Designation: E 1422 — 98

Standard Guide for
Test Methods for Forensic Writing Ink Comparison

This standard is issued under the fixed designation E 1422; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

INTRODUCTION

This guide is intended to be a general guide for forensic ink examinations, both for the experienced
document examindiE 444)and for those unfamiliar with previously reported procedures. The aim is
to include those techniques that will provide the most information about an ink with the least damage
to the document. Therefore, this guide refers to well-reported and thoroughly tested techniques
currently in use by document examiners in general practice and dedicated forensic ink comparison
facilities.

By following the procedures outlined here, an examiner can accurately discriminate ink formulas
and reduce the possibility of false matches of ink samples from different sources or incorrect
differentiation of ink samples with a common origin.

1. Scope NBS Standard Sample No. 2106 IS®BS Centroid Color

1.1 This Guide is intended to assist forensic examiners Charts’ _
comparing writing or marking inks. Included in this analysis NBS Special Pub. 440 Color: Universal Language and
scheme are the necessary tools and techniques available to Dictionary of Names
reach conclusions as to the common or different origin of twi
samples of ink. o
1.2 Identifying ink formulas as to their manufacturer or ime ~ 3-1 Definitions: _
of manufacture as well as performing ink dating examinations 3-1.1 chromatography-a method of separating substances
are beyond the scope of this guide. Fhat is widely used in gnqutmal and preparative chem|stry._lt
1.3 This standard does not purport to address all of the'nVC)'V?S the .flow of a liquid or gas mop|le phase over a solid
safety concerns, if any, associated with its use. It is the" liquid stationary phase. As the mobile phase flows past the
responsibility of the user of this standard to establish appro-Stationary phase, a solute will undergo repeated adsorption and
priate safety and health practices and determine the applicadesorption and move along at a rate depending, among other

9%, Terminology

bility of regulatory limitations prior to use. factors, on its ratio of distribution between two phases. If their
distribution ratios are sufficiently different, components of a
2. Referenced Documents mixture will migrate at different rates and produce a charac-
2.1 ASTM Standards: teristic pattern (chromatogram).
D 1535 Test Method of Specifying Color by the Munsell 3.1.2 fluorescence-a process by which radiant flux of
Systerd certain wavelengths is absorbed and reradiated nonthermally at
E 131 Terminology Relating to Molecular Spectroscopy ~ Other, usually longer, wavelengths. (E 284)
E 284 Terminology of Appearante 3.1.3 infrared (IR}—referring to radiant flux having wave-
E 444 Guide for Descriptions of Scopes of Work Relating tol€ngths longer than the wavelengths of light, usually wave-
Forensic Sciences for Questioned Document Area lengths from about 760 nm to about 3 mm. (E 284)
2.2 NIST Standards: 3.1.4 light—electromagnetic radiant energy that is visually

detectable by the normal human observer, radiant energy
having wavelengths from about 380 nm to about 780 nm.
- (E 284)

This guide is under the jurisdiction of ASTM Committee E-30 on Forensic ~ 3.1.5 luminescence-the emission of radiant energy during
Sciences and is the direct responsibility of Subcommittee E30.02 on Questioneg transition from an excited electronic state of an atom,
Documents. : :
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3.1.6 metamers-specimens differing in spectral reflectance basic categories of questiort) (whether an ink is the same (in
but having colors that match in light of one spectral composiformula) as that on other parts of the same document or on
tion, when viewed by one observer, but may not match in lighioother documents;2j whether two writings with similar ink
of other spectral compositions, or when viewed by anothehave a common origin, that is, the same writing instrument or
observer. (E 284) ink well; (3) whether the ink of entries dated over a period of

3.1.7 spectroscopy-in the most general sense spectroscopytime is consistent with that dating or indicates preparation at
is the study of the absorption or emission of electromagnetione time; &) whether ink is as old as it purports to kE).
energy by a chemical species as a function of the energy 4.2 The procedures set forth in this guide are directly

incident upon that species. applicable to giving a full answer to only the first of these four
3.1.8 source—an object that produces light or other radiant questions.
flux. (E 284) 4.3 With regard to the second question, differentiation of

3.1.9 ultraviolet (UV)—referring to radiant flux having formula (question one)would indicate a negative answer to this
wavelengths shorter than the wavelengths of light, usuallyjuestion, as would differentiation with any of the additional
wavelengths from about 10 nm to 380 nm. methods listed in Section 3. When dealing with contemporary

3.1.9.1 Discussior—Long-wave UVusually refers to the inks, however, a match of ink samples involving agreement in
spectral range of UV-A, with wavelengths from about 315 nmall observable aspects of all the techniques considered in this
to 380 nm.Short wave UMisually refers to the spectral range guide, while consistent with common origin, would not be
of UV-C, with wavelengths from about 100 nm to 280 nm. sufficient to support a definite opinion of common oridgR).

3.2 Definitions of Terms Specific to This Standard: Contemporary ink rarely has sufficient individuality to support

3.2.1 ballpoint pen ink—writing or marking media intended a determination of common origin at less than the manufac-
for use in a ball point pen. Typically, a thick, high viscosity ink turing batch level.

with an oil, glycol or rubber base. . .
3.2 2 dichroic fil fil ith . band Note 1—Contemporary mass-produced inks are usually distributed as
2.2 dichroic filter—a filter with two transmission bands. a component in a complete writing instrument or in a cartridge. With such

These bands are usually widely separated, and can be @fckaging the ink is not subject to the mixing of inks and exposure to
significantly different size. environmental contamination that could individualize ink from a given ink
3.2.3 gel pen ink—writing or marking media intended for well at a specific point in timg1, 3). This sort of analysis, potentially
use in a “gel-type” roller pen. Gel pen inks constitute a uniquéJsefql in_ the examinat?on of older documents or th'ose prgpared 'und'er
s of o alpoit pen . Typaly, an aqeous nd oE1an e s byon e el 1 e s st
high viscosity, capable of maintaining a stable dispersed o . e
digsolved sta%e oth)he coloring materia% even after a E)rolonge ased on its perform,ance characteristics. ) ) )
period and exhibiting high fluidity under a shearing force. The 4-4 As to the third and fourth questions involving the age of
ink contains a coloring material (pigment or dyes), acid-ink, dating techniques for determining either the relative age of
modified heteropolysaccharide and aqueous medium (watdfk samples (from the same or different documents) or the
and water-soluble organic solvent), in which water constitutegPSolute amount of time since the writing of an ink line are also
at least 50 % by weight. Due to the incorporation of pigments2eyond the scope of this guide. _
into these formulations, the procedures outlined in this guide 4-5 However, regarding question three, it may be of great
for TLC evaluations will be of limited value. importance in a forensic situation involving writing dated over
3.2.4 infrared luminescence (IRE}the emission of radiant & Period of time to determine that one or more than one ink
energy during a transition from an excited electronic state of afPrmula is present, that the use of various ink formulas fits a
atom, molecule or ion to a lower electronic state (fluorescencBaltern, that a particular ink formula matches samples of a
or phosphorescence, or both), where the spectrum of thghown date, etc. , . .
excitation source is in the ultraviolet (UV) or visible region of _4-6 As 1o the last question, a limit as to the possible age of
the electromagnetic spectrum, or both, and the spectrum of tf1 ink entry can be inferred by establishing the date of first
emitted energy is in the far red or infrared (IR) region of theProduction of the ink formula. Although beyond the scope of
electromagnetic spectrum. this guide, identifying ink formulas as to their manufacturer or
3.2.5 ink formula—a precise recipe or set of ingredients and/me of manufacture utilizes many of the analytical procedures
their quantities that the manufacturer specifies for the final iniléscribed here. Specialized knowledge and experience on the
product. These ingredients are colorants (dyes and pigmentBfrt Of the examiner, as well as access to a collectidibaary

and vehicle components (volatile solvents, resins, etc.). of ink reference samples is also required. ,
3.2.6 match between ink sampleghe inability to distin- 4.6.1 Such an ink library consists of samples of ink formulas
guish between ink samples at a given level of analysis. from known sources, usually manufacturers of ink, or writing

3.2.7 non-ballpoint pen ink-writing or marking media ©°f marking instruments, or a combination thereof. The ink
intended for use in a writing or marking instrument other tharféférence samples are usually cataloged, analyzed, and stored

a ballpoint pen, including a dip or fountain pen, porous point2ccording to the methods described in R¢s 4, 5and 6).
pen, roller pen, marking instrument, etc. Typically, a thin, low Even with access to a comprehensive collection, association of

viscosity ink with a water or solvent base an unknown ink sample with a single known formula is not

4. Significance and Use
9 ) © The boldface numbers in parenthesis refer to the list of references at the end of
4.1 Ink comparisons are usually performed to answer foutnis guide. Documents
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always possible. This is because some ink formulas are not 6.4 Reagents for Thin Layer Chromatography (TLC) Devel-
distinguishable, however, in most cases the analytical procesping Solvents
dures outlined here are sufficiently discriminating that formulas 6.4.1 Solvent System—+ Ethyl acetate, ethanol, water
are distinguishable. (70 + 35 + 30).

4.7 Comparison of ink samples by analysts without an ink 6.4.2 Solvent System -H-N-butanol, ethanol, water
library can still provide valuable information. However, added(50 + 10 + 15).
significance can be given to the meaning of a match if the 6.5 Other ink extracting solvents and developing solvents in
relative rarity or commonness of the ink formula is known. accordance with Ref&, 6,and10).
Familiarity with or access to a comprehensive reference 6.6 Equipment for Optical Examinations
collection of inks is useful for this purpose. 6.6.1 Stereomicroscope

4.8 In _expressing ConCIQSionS it should be remembered that Note 3—Five to one hundred power total magnification is a range that
a match indicates that the ink samples are of the same formulaq peen found useful.
or of two S|m|Iar. fp.rmulas with the same nonvqlatlle COMpo- ¢ 5.5 Yv Lamps or View Boxwith both long-wave UV and
nents. The possibility that other analytical techniques might be

. . : short-wave UV lamps.
able to differentiate them should always be consid¢&d . . .
. . T 6.6.3 Colored Filters, (gelatin, colored glass, interference

4.8.1 Therefore, conclusions in this situation should neVe%ilters) as needed for visual and photographic differentiation of
indicate that two ink samples are “identical” or “the same ink,”. P grap
but must be limited to statements indicating “inability to inks. . _—

N . i e 6.6.4 Dichroic Filters, See Ref(11).
distinguish the ink samples at this level of analysis” or

“exhaustive chemical and physical testing failed to detect any, 6'2‘2 d Ff,irlltztrc;gfﬁpgi#e?g#tlig?::to\fNilglL 22‘;:0{; réate film, light-
differences between the ink sampl€g). 9 pies.

6.6.6 Photographic equipment with appropriate film, light-
ing, and filters for recording reflected infrared (RIR) and
) o o infrared luminescence (IRL).

5.1 Most interferences with ink examinations come from g7 |R image conversion device or system with appropri-
variables that interact with the ink. These can be part of thge Jight sources and filters for use in RIR and IRL modes as
writing process, such as blotting wet ifk, 2), or variations in - e|| as appropriate photographic equipment, computer hard-
the paper(7), or various forms of contamination on the \are and software for image acquisition or processing, or both.
documeni(7, 8), or a combination thereof. Simple precautions g g g Barrier Filters for RIR and IRE-Long pass filters,
can usually avoid problems. preferably sharp cut, that block visible flux. Suitable gelatin,

5.2 Note and record any differences in the substrate, such @g|ored glass, and interference filters are commercially avail-
the use of different paper for different documents or pages of gpje (12,13, 14)

multipage document. Also note and record variations in the
document, such as a signature written over a photograph on anNote 4—Since ink reactions can vary, it is advisable to use a series of
identity décument, multicolored paper with different dyes Orfilters with cut on wavelengths from the red through the IR range of the

T . . . . film or detector.
colors of underprinting, intersections with printed or typed o .
material, etc(7, 8). 6.6.9 Excitation Source for IRE-Sources include: a con-

5.3 The results of prior handling or testing should also pdinuous spectrum lamp with a filter to eliminate flux in the IR
noted and recorded. These effects can include discoloration &"d far red region of the spectrum, for example, a 10 % to 15 %

fading from ageing, exposure to light or heat, as well as stain§0!ution of copper sulfate in a cell ita 1 cm to 3 cnlight
from food or drink, dirt or grease, perspiration or finger path, or appropriate colored glass or interference filters; or

smudges, water, or chemicals, including ninhydrin or othef@Sers or other monochromatic sources.
reagents for visualizing latent friction ridge impressions, etc. Nore 5—A variety of sources with different spectral distributions or a

5. Interferences

(7, 8, 9) variety of filters on a continuous spectrum source may be helpful in
5.4 In optical examinations care should be taken to considefiscriminating ink samples.
the potential effects of these variabl€s, 8). In chemical When using a filtered source it is advisable to use a heat absorbing filter

analyses paper blanks should be run as controls for the&?t"‘.’een the source and the filter. This both protects the {itg) and
variables(4, 5) eliminates a significant portion of the undesirable IR flux.

6.6.10 Photographic or other equipment for recording ob-

6. Reagents and Equipment servations as required. . N .
6.7 Equipment for Spot Testing, Solubility Testing, and
NoTe 2—It is important that all reagents are uncontaminated. TLC—It is important that all equipment is uncontaminated.
6.1 Purity of Reagents-Reagent Grade. 6.7.1 StereomicroscopESee Note 2).
6.2 Purity of Water— Distilled or equivalent. 6.7.2 Hypodermic Needlewith an approximately 20 gage
6.3 Reagents for Spot Testing, Solubility Testing, and TLGhollow boring point or blunted point, scalpel or similar
Extraction Solvents sampling device.
6.3.1 Pyridine. 6.7.3 Disposable Vial or Transparent Sample Contairelr
6.3.2 Ethanol. dram or smaller suggested.
6.3.3 Water. 6.7.4 Disposable Micropipettes10 pL or smaller sug-
6.3.4 Other reagents as required by Réfs3, and23). gested. Documents
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