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|. Statement of the problem.

The purpose of this paper isto provide a general review of glitter asassociative
evidence. Thisgeneral review sultimate goal will beto assist forensic laboratoriesin
their preparation of a validated protocol for both the collection of glitter trace
evidence from suspects, victims, and evidence, and for the forensic

individualization/comparison of glitter trace evidence.

II. What arethe properties of theideal contact trace?

Locard’sPrinciple statesthat every contact leaves a trace. In criminal casesthese
exchanged traces may help to show as association between suspects/victims/and
crimescenes. However, not all potential contact traces ar e of equal evidential value.
Before we consider the specific properties of glitter, let’s consider the hypothetical
properties of theideal contact trace. At the conclusion of thispaper wewill then

consider how closely glitter approachesthisideal.



. Nearlyinvisible. If exchanged tracesarereadily visible, the suspect will likely
be awar e of them and either take measuresto remove them or discard those
items bearing obvious traces.

. High probability of transfer and retention. Thelarger GSR particlestypically
either don’t transfer or rapidly fall off. Tiny particlesof just about anything
readily transfer and cling because of static electricity.

. Highlyindividualistic. Trace evidenceisclassrather thanindividual type
evidence. Thesmaller theclassor subclassinto which a particular type of
trace evidence may be assigned, the greater itsevidential value. For
example, although white cotton fibers may be nearly invisible and may have
a high probability of transfer and retention, they are too common and (for
now) have little potential for discrimination.

. Easlly collected, separated, and concentrated. Dandruff might have great
value as associative evidence, but how do you collect it, separateit from other
debris, and separate out and characterize only that dandruff originating
from a particular suspect or victim?

. Meretraces easily characterized. Without the development of the
polymerized chain reaction (PCR), saliva stainswould have had limited
evidential value.

. Searchable via computerized database. For associative evidenceto have value,
there must be meansfor an assessment of itsrarity, even if thisisonly a
general estimate. Thisassessment isgreatly facilitated if the properties of the

evidencetype can be entered into a sear chable database. For example, way



back in the nineteen sixties EImer Miller of the FBI Laboratory began a
databasefor glasstrace evidence. With each new case having glassastrace
evidence hewould not only measure its properties (density, refractive index,
etc.) and make new entries, but he could also sear ch the database to see how
frequently glasswith these properties had been encountered previously. One
of the reasons that the microscopic comparison (no DNA) of human head and
pubic hairsremains such a controversial areaisthat almost all the

measur ements ar e subj ective and cannot be entered into a computer -

sear chable database. Therefore, although all agree that through microscopic
comparison aloneit isnot possibleto individualize human head or pubic
hairs, any assessment of rarity must be done on an ad-hoc basis (natural
redheadsarerarer than those with black hair) and ishighly subjective.

7. Will survive most environmental insults. Human odors might be quite
distinctive, but think how quickly they arelost from aroom, or break down
and change if emanating from a dead body. Until the advent of DNA
profiling, one of the limitations of the various enzyme systems used for typing

bloodstains (PGM, etc.) wastheir tendency to break down with time.

[I1. What isglitter?

Glitter isentirely manmade. It startsout aslargerollsof foil or plastic (may consist

of several individual layers) and isthe cut into tiny particles. To minimize waste the

glitter piecesare cut into shapesthat can entirely fill atwo-dimensional surface, i.e.,



- hexagons, squares, or rectangles. On labelsfor cosmetic products, glitter may be
confused with shimmer. Shimmer most often begins astiny pieces of mica. Coatings
of titanium dioxide can add color (which color depends on thethickness of the
coating) and sparkle, and other coatings such asiron oxidesor bismuth oxychloride
may also be present. Likeglitter, shimmer has potential as associative evidence.

However, shimmer will not be considered in this paper.

Glitter may befound in just about every type of cosmetic product; it isextensively
used in artsand crafts[often by children, and | hardly received a Christmascard (if
| can usethat term in a paper that will appear in aU.S. Gover nment publication)
that didn’t use the decor ative effect of glitter]; it isextensively used for decoration

on garments, and isincor porated in clear plastic products.

Just aswith other types of trace evidence, the more manufacturersthere are the
better our chances of being able to discriminate between glitter particlesoriginating
from different sources. Although the number of manufacturerskeeps changing,
there are at least a dozen worldwide, including Pakistan, China, Korea, 3in the
USA, 2in Germany, 2in India, and 2in Taiwan. There are some companiesthat
just makethefilm but do not cut it into glitter, and there are other companiesthat

just buy thefilm from these manufacturersand then cut it into glitter.

V. How to find and recover glitter from suspects, victims, and evidence.



Becausetheindividual glitter particlesact liketiny mirrorsin reflecting light,
individual glitter particlesare easily located with a flashlight under subdued light.
If you are specifically looking for glitter particles, thisislikely to be mor e efficient
than just generally tape-lifting alargearea. Aspotential glitter particlesarelocated
they may be collected with tapelifts, although | personally prefer using Post-1t®
Notes. Theglueon transparent tapeisstronger and when you try to removethe
particle from the tapeit might be damaged in the process, and thereisalso a greater
chancethat somegluefrom thetapewill betransferred to theglitter particle and
may confuse subsequent characterization examinations. The glue on Post-1t Notesis
strong enough to remove individual glitter particlesfrom most surfaces, and yet it is
weaker, so that the particles can be picked off without damage and without
transferring any of the adhesive material. The notes are also handy for writing
down all the essential evidence documentation (case number, location where found,
date/time, technician’sinitials, etc). If theunfolded Post-It Noteisjust slipped into
aclear self-sealing plastic bag, the trace examiner back at the crimelab can perform

apreliminary inspection using a stereobinocular microscope without even having to

remove the Post-1t Note from the plastic bag.

Location, location, and location! Sometimesthe location wheretrace evidenceis
found isevery bit asimportant asthe evidenceitself. Hypothetical scenario. After
work a young woman meets several of her girlfriendsat a bar wherethereismusic
and dancing. Thewoman iswearing glitter aspart of her eye makeup. A man she

does not know asks her to dance and she accepts. However she gets bad vibrations



and refuses additional requests after that one dance. She decidesto go home and
walksout to her car in the parkinglot. Shedoesn’t realize the man hasfollowed her
and just asshe gets her car door open he grabsher from behind. Heforcesher into
her car and followsin behind her. Hethen forces her to perform fellatio.
Afterwards, herunsoff. Sheimmediately reportsthe assault. Investigators
guestion the bar patronsand find an individual who knows the suspect and where
helives. The suspect isarrested and brought to a hospital wherea SART nurse
examines him. Standing over butcher paper heremoves his clothing and as he does
so several glitter particlesfall to the butcher paper and arerecover ed as evidence.
Asthe SART nursethen examinesthe suspect (takes penile swabs, etc.) she seesa
pinpoint of light reflecting back at her from hispubic hairs. Using a Post-It Note
sherecoversaglitter particlefrom hispubic hair. Which will have the greater
evidential value, the glitter recovered from the butcher paper when the suspect

removed hisclothing, or theglitter particle found amongst his pubic hairs?

V. Variation and characterization of glitter.

Because of spacelimitations| will very briefly outline some of the many waysin

which glitter may vary and describe appropriate teststhat will characterize this

variation.

a. Color. Some companiesoffer as many as 44 different colors. Doesthis mean

that one can find 44 different colorsif they examineindividual glitter



particles? No. Glitter particlesare sotiny that you can achieve just about
any color you want if you thoroughly mix glitter particles of the appropriate
different shadesand in theright ratios. Note bene, the color of the glitter
particlesthat you seeen masse may not bethe color of any of theindividual
particles asviewed under your microscope.

Size. Several companiesoffer glitter in 10 or moresizes, starting from 0.002”
(50 microns) all theway up to 0.250” (6250 microns). Sizeiseasily measured
using a calibrated reticule on your optical microscope. Hexagonal glitter
particles are measur ed from one apex to the opposite apex, and square glitter
particlesare measured asthelength of aside.

. Shape. Usually hexagonal (most common), squar e (next most common), or
rectangular. Glitter particlesareusually so small that it isnot intended that
an observer will be able to discern a shape; they only see a flash of reflected
light. Glitter particlesthat are cut into shapeslike starsor crescent moons
aremuch larger and it isintended that a viewer will recognizethe shape. In
some productstherewill be a mixture of many small glitter particlesand far
fewer larger glitter particlesthat arein distinctive shapes.

. Thickness. Glitter particlesusually have at least three or mor e distinct
layers. Even metallic glitter particlesthat consist of a singlelayer of
aluminum will usually be coated on each side with a protective polymer
layer. Theworld'slargest glitter manufacturer, Meadowbrook I nventions
[www.meadowbr ookinventions.com] claimson their website to have in excess

of 20,000 different glitter products, and they offer glitter in at least 8



different thicknessesr anging from 15 micronsall the way up to 175 microns.
Using calibrated thickness standar ds, determine with your optical

micr oscope what change in thickness occur s per 360° rotation of thefine
focus adjustment. With an individual glitter particlelying flat on the stage,
get thestagein sharp focus. Moveover totheglitter particleand see how
much of arotation of the fine focus adjustment isrequired to bring thetop of
theglitter particleinto sharp focus. [Glitter particlesoften tend to stack like
pancakes, so it isimportant that you are surethat you are only measuring
thethickness of asingle glitter particle.

. Specific gravity. Becauseindividual particlestypically consist of several
different layersof varying thickness of either metal (aluminum) and plastic,
or just different layersof plastic, they vary in specific gravity. Meadowbr ook
Inventions offersglitter particlesin 7 different specific gravitiesranging
from 1.2t0 2.5. Haven’t used your sink/float apparatus on glass fragmentsin
ages because you know that in glassrefractive index and specific gravity are
highly correlated? Takeit out of your storage cabinet and try it on glitter
particles!

Polarized light microscopy. So far, PLM hasn’t proved especially useful.

. Holographicglitter. Some glittersparticlesachievetheir color through an
optical effect produced by diffraction gratings. The distance between grating

lines (another measur able characteristic) determinesthe color.
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h. ATR FTIR microspectr oscopy

Very accurately measuring the space
between grating lines on these
holographic glitter sampleswould bea
very helpful property for discrimination.
Without resorting to oil immersion, these
photomicrographs are at about the limit
of practical magnification. Can't use
SEM because the grating lines are not on
the surface; they are covered with a thin
polymer layer. Could one project a light
beam from a laser onto the glitter particle
(thegrating linesare oriented at right
angles to the beam), project the reflected
beam onto a screen, measure the distance
between spots on the screen, and then
back-calculating the geometry come up
with the distance between lines on the
glitter particle?

Glitter particlesareeither opaque (contain a metal layer) or even if translucent are

optically too thick to give high-quality FTIR spectra either in transmission (even in

adiamond compression cell) or in thereflectance mode. However, excellent,

sear chable spectra are produced when the attenuated total reflectance (ATR)

diamond objectiveisused on an FTIR microscope. An additional advantageisthat

no sample preparation isrequired other than insuring that the surface of the glitter

particleisclean. Bear in mind that glitter particles havetwo sides. The polymeric

material on one side may be different from that on the other side. Someglitter

particles have a separ ate coating on one side.

i. Dispersive Raman microspectr oscopy with confocal imaging




In many respects Raman micr ospectr oscopy may be the perfect technique for the
chemical characterization of thevariouslayersin aglitter particle. No sample
preparation isrequired; it’snon-destructive; and it ishighly discriminating. If only
thesystemsdidn’t cost roughly $150K! With confocal imaging and spectral
subtraction one can identify polymeric surface layersaswell asthose (differ ent)
polymeric layersat greater depth. Confocal imaging doesn’t work with glitter
particles having one or more opaque metallic layers, but these particles can be stood

on edge and the polymer layerscan then beidentified.

j. Vehicle

Cosmetic glitter isoften contained and applied in some sort of vehicle (spray or roll
on, lipstick, etc). For loose cosmetic glitter, wearers may first apply athin layer of
petroleum jelly so that the glitter particleswill adhere and not asreadily fall off.
Glitter for artsand craftsmay bein gluesor paints. Glitter applied to fabricsfor
decor ation must be held by same type of non-soluble adhesive. Although an area
requiring moreresear ch, the potential exists that minute traces of the vehicle may
still be adhering to recovered glitter particles and they too may be chemically

characterized.

k. Cutting machineanomalies



If two different companies purchasetheir rolls of glitter film from the same
manufacturer and then separately cut thisfilm into individual glitter particles, their
glitter particles should be chemically identical. However, dueto differencesin
cutting machinesit may still be possibleto differentiate particles originating from
thetwo sources. Therehave been several cases where many of therecovered glitter
particles exhibited shapesthat werelessthan perfect hexagons, and lessthan perfect
squares (often have a tab that sticksup aswith an index card). [Seethe Missouri

case mentioned at the end of this paper.]

V1. Review: How closeisGLITTER to theideal contact trace?

1. Nearlyinvisible. Wenormally don’t actually see glitter particles; wejust see
thelight they reflect. Suspectsarenot likely to be aware of their presence.

2. High probability of transfer and retention. Being light and small, glitter
tracesreadily transfer.

3. Highly individualistic. Welisted at least 11 waysthat glitter particles may
vary and can be characterized.

4. Easily collected, separated, and concentrated. Just need a flashlight and
some Post-It Notes.

5. Meretraceseasily characterized. Only asingleglitter particleisrequired,
although mor e particleswould better argue against accidental transfer from

a sourcetotally unrelated to the victim or crime scene.



6. Searchablevia computerized database. Every property we have consider ed
is capable of being measured and theresults entered into a searchable
database. Assuch adatabase grows from entriesobtained from actual case
examples, assessmentsof rarity becomeincreasingly morereliable.

7. Will survive most environmental insults. Glitter particles have been found in
auto car peting after several yearsand could still be compared; also true of
particlesfound in the hair of a dead body that had been exposed to the

elements for weeks.

By my scoreit is7 out of 7. Glitter might even surpass car pet fibersasbeing the

most nearly perfect contact trace!

VII. Threecaseexamples

Glitter hasalready featured asimportant associative evidence in numer ous cases.

Case examplesincludethreedifferent glitter types: glitter in cosmetic products,

glitter used in artsand crafts, and glitter used in decorations on clothing.



1. Missouri homicide

Some case histories: 1) Missouri homicide
Source

Cutting machine anomaly:

Suspect’s
jeans

Victim's
bedspread

Victim’s
jeans

Notice one corner tends to be rounded and an adjacent corner tendsto have a

protrusion.

2. lllinoiskidnapping and sexual assault

A derelict grabbed a young girl walking in woods near her home. With a knife he
slashed her throat and her clothing, but she kicked him in the groin and escaped
and ran home. Her mother rushed her to a hospital and the young girl survived.
She had been wearing a shirt that had a design in silver-appearing glitter. A knife
slash had goneright through thisarea. A suspect wasfound and glitter particles

wer efound on several items of hisclothing.
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Left, cut through glitter design area of T-shirt. Right (top) glitter particle from victim’'s
shirt and glitter particle recovered from clothing of suspect viewed as tape liftsand on
separate stages of a comparison microscope. Right (bottom) same two particles after

they have been picked off the tape and cleaned up.

3. Florida vehicle homicide

A highway in Florida had a center lane that was only supposed to be used for
turning. A vehicle containing a mother and her daughter was stopped in thislane
when a pickup truck driving in the center lane smashed into the stopped vehicle and
both the mother and daughter werekilled. When police arrived no onewasin the
pickup truck. However, an intoxicated woman was found hiding nearby in the
brush. Shedenied being thedriver, but she waswearing cosmetic glitter and at the

instant of impact some of her glitter wastransferred to thedr iver’sside airbag.
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