science of our law,--
That codeiess myriad of
precedent, That
wilderness of single
mstances,

Aylmer's Field.

GSR Transfer To Paper Bag Hand Covers:
A Case In Point...Continued

(Coniinued from page 1}

suspecied shooter's  hands
and the subsequent analysis
of the sample siubs for GSR:
{1) the hikelihood of rransfer
of GSR particles 18 directty
related to the number of par-
ticles remaining on  the
hands after the posi-
discharge “actvity” of the
shooter; (2) the “masking”
of GSR particles by residue
(e.g. diry, sweat) acquired
prior 10 bagging/sampling is

possible; end (3) the need
exists for a morz thorough
sampling of bags by “sticky
Uft" stubs {approx. 7% of
the toral surface areas for
borth bags was sampled in
this case prior to the Joss of
effective “dabbing™).

The instrumenis! parame-
ters uscd were as follows:
JEQL 5800 SEM/Oxford
Link ISIS EDS Oxford
Auwomated GSR  packape
Accelerating Voltage: 20kV

Magnification(s):  (400X),
BOGX Working distance:
10mun Backscarter thresh-
oid: Maunually set (Mn, Pd
standard)

Douglas K. Shaffer
Trace Evidence Umi
Maryland  State
Crime Lab

1201 Reisterstown Road
Pikesvilie, MD 21208

Palice

The Retention of Gunshot Residue on Clothing After Laun-

dering

Abstract

Criminal investigators have long used the
detection of punshot residue (GSR) as evi-
dence of an individual's association with a
firearm. Previous studies have been con-
ducted 1o determine the duranon of time
GSK is remined on a person’s skin. How
long gunshot residue can remain on clothing
has yet to be detcrmined. in this study, arti-
cles of clothing won dunng the discharge
of a firrarm and then washed in a routine
manner were sampled and analyzed by scan-
ning tlectron microscopy with energy dis-
persive spectroscopy. GSR-related particies
were detected on some of these lamdered

articles of cl i if-

sults on mamimate objects.
W

The cxpulsion of a bullet fram a fircam is
mytiaied by the ignition of the primer com-
pound. In center-fire ammunition this com-
pound s contained in the primer cup located
within the hase of the canndge case. Most
primers contain tead sryphnaw as the explo-
sive umtiator, banum nirrate as the oxidizer
and antimony sulfide a5 the fuel. '*' Gun-
shot residus (GSR) particles originale from
this pnmer compound and form as conden-
sates from the cloud of gas which is gener-
ated when a fircann s discharged. This

clond containg vaporized components from
the pomer, manly lcad, bariom and anb-

mony. These elements condense and coa-
lesoe to form GSR particles having a char-
acteristic spheroidal morphology. ™4

When a fircarm 15 discharged, G8R parti-
cles may be deposited on nearby surfaces
mcluding the skin of the person who fires
the weapon. Additionally, particles may be
deposited on the skin of 8 person wha is in
the vicinity of a firearm when it is dis.
charged. Deposition can alse oceur on in-
anumate objects, such as the weapon itself,
or other ohjects in close proximity at the
time of discharge. Contact with such an
itemn may result in GSR deposition.

The deposition and retention of GSR parti-
cles are dependent upon many vanables.
The amount of residue deposited is affected
by the type of amnmaition, the type of fire-
armn and the location of the shooling
(indoors versus outdoors). The type of ac-
tivities fallowing deposition influence ruten-
tion of yesidue.  Previous reseerch has
shown that GSR particles depostied on the
skin are casily removed in the course of nar-
mal activiry.™™  Consequently, the desee-
tior of gunshot rcsidue on the hands or face
of a living ptrson gencrally indicates a
fairly reccnt association with a fircarm. It

indicates the person discharged a fireurm,
wag in close proximity when a fireamn was

haryed

with punshot residue deposition.
wail oH frage 1)
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The Retention of Gunshot Residue on Clothing After

Laundering...Continued

(Continued from page 3}

When GSR parncles are deposited on the
skin it is also possible that pariicles are de-
posited on a person’s hair.  Other smdies
have considered the retention of GSR on
head hatr und found that residue may be de-
tected for up to twenly-four hours following
a discharge of a firtarm. It was also shown
that shampooing the hair removed the resi-
du (’:,m" 1

If GER particles can be deposiled on gkin
and hair, it is reasonable to conciude thar
they can also bc deposiled on a person's
clothing, Some tesearch has reported with
respect to (GSR analyss on clothing.
Zeichner, Andrasko and Wallace have yo-
ported vanious sampling techniques for the
collection of residue from clothing '
Reseasch has also showm clothisp cun be

contaminaled wath GSR. Residue vas de-

w,d—fwg'm%
hungin 3 ¢ 1 viausly

ung i ¥ CIosel nexlto-a-saeketpraviously
wam while shooung >  Although it is be-

lieved that GSR may become embedded n

longer periads of time, the authors found no
research dealing specifically with the issue
of st how long GSR can be rciained on
clothing.
Experimental

A vanety of clothing items were selecled
in an effort to include different types of fab-
rics and items thal were loosely as well as
tightly woven. A list of cach itern and e de-
seription of the fabric 15 given in Table 1.
In actual case samples the history of an item
can never be known. For this rcason, the
clothing chosen for this smdy have un-
known histones, i.c., these pieces of cloth-
ing may or may not have had GSR deposs-
ton in the past. An intial study of 5 articles
of clothing was followed approximately one
year later by a gecond study of 14 pieces of
clothing. Data for all 19 wtems are inchaded
in this repor. Bach item was sampled and

analyzed at three stages,
Stage [ Bianks Each item was first

washed 10 a standard top loading washing
muchine using warm waler and deterpent.

fabric and therefore remain on clothing for {Contlnucd on page 4)
Table 1: Clothing items Sampled
ftem Number Deseriplion Fabric Type

#1 White, long-sleeved dress shirt 65% polyestar-35% cotton
#2 Sheer Energy glove- right hand 81% nylon-19% spandex
#3 Sheer Energy glove- left hand 81% nyion-19% spandex
#4 Biack long-sleeved sweat shirt 50% cotton-50% polyester
#4 Gore-Tex jacket Gore-Toex

#6 Black stocking cap 100% acryiic

#7 Sheer Energy glove- left hand B1% nylon-19% spandex
#8 Sheer Energy glove- right hand 81% nylon-19% spandex
#9 Black knit streteh glove- lefi hand ecrylic

#10 Black knil stretch glove- right hand acrylic

#11 Brown gardenmng glove- right hand tolton

#12 Brown gardening glove- Jeft nand cotton

#13 White T-shirt 509 cotton-50% polyester
#14 White/grey ki glove- right hand acrylic

#15 White:/grey knit glove- jeft hand acrylic

#16 Blue shaker knil swester 100% acryht

#17 Brown windbreaker jacket 100% nylon

#18 Grey swealshirt 40% acrylic-30% cotion-30% palyester

#719 Piaid Hannal shirt | 100% cotien
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the more glorious the
triumph. What we
obtain too cheap, we
esteem toa lightly; itis
dearness only that
gives everything its
value. { love the man
that can smiie in
troubie, that can gather
strength from distress
and grow brave by
reflection. 'Tis the
business of little minds
to shrink; but he whose
heart is firm, and whose
conscience approves
his conduct, will pursue
his principles unto
death.

Thomas Paine
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The Retention of Gunshot Residue on Clothing After
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{Continuzd from page 3}

Iterns #}-5 were laundered using phosphate
frec Amway brand detergent.  ltems #6-19
were laundered using Clout brand detergent.
All items were drred in 2 dryer at Jow heat,
Sampling was done by placing the item on a
clcan piece of white buicher paper and dab-
bing it with a 13 mm diameter alumninum
scanning clectron microscope (SEM) stub
with double sided adhesive tape. Gloves
were sampled in much the same way as arc
hands. Sampling was done on the web area,
back of the hand area and the cuffs. The
stocking csp samples were collected from
the bnm, ruddle and wp front area. Al
other items were samplied a1 the chest, coliar
and cuff grea, if applicable. Dabbing con-
tinued untl fackiness of the adhcsive was
minimal, Disposable ploves were wom and
changed berween each item sampled, These
samples are designated blanks.

Swpe II: Post-firing -To achieve deposi-
tion of GSR, «ach item was worn while fir-
ing two rounds from & Dan Wesson Arms,
357 magnum cahber revolver. For safety
reasons, the barre) had been plugged and the
finngs were of carmdge cases with pnmer
only. Plugging the barre] also decreaged the
venting of residue through the barrel and
enhanced deposition of GSR. Firings were
done 1t an indoor range. The arr flow fan
was Off duning test firings w reduce dissipa-
tion of panicles and further enhance GSR
deposiion.  Cne of the analysts would put
on » parmicular article of clothing, fire cwo
rounds, thén remove the item and place it
directly into a clean paper bag. The next
piece of elothing would then be put en and
the process repeated unnl cach item had
becn worn during the discharge of two
rounds. To verify that deposition had oc-
curred, a himpited ares was sampied on cach
iem 1n the manner described above. Only
small areas were sampled (o ensure that
only 2 small amount of GSR present was
heing removed by the sampling process.
These samples are designated post-firing.

Stape [TH I-washiny  -All articles of
clothing were then laundered in the same
manner previously described in Stage L
Each urticle was sampled using aluminum
SEM smbs w dab the sume areas indicated

in Stage I. Sampling was conducted in a
room different from that where the posi-
firng samples were obramed. Gloves and
butcher puper wert again changed between
each sample. These samples are dessgnated
post-washung,

Control saraples wert also run. Stubs were
opencd and the wpe surface exposed to the
air for 24 hours in 3 different lsboratory lo-
carions where sampling and analysis oc-
curred.  These stubs were then anzlyzed to
establish that no sirborne contaminaton ex-
isted within the Jaboratory. Buicher paper
was also sampled and analyzed for GSR
paricles.

Analysis

Analysis was done by the scanning elec-
won microscope and energy dispersive x-ray
analysis (SEM/EDX) technique. Analysis
by SEM/EDX has been widely reported as
an effective technique for locating and iden-
tifying GSR particles.'*'® In this study a
gunshot residue particle is defined as a par-
ticle comairung lead, barium and antimony.
Particles containing two of these three ele-
ments are considered supporung particles.
These are characierisidc of, but not unique
w, GSR.'¢

In preparssion for SEM analysis, the sam-
ple stubs were coated with vaporized carbon
using a Denton Vacuum Desk I cold sputier
etch unit with a carbon evaporation scces-
sory. Apalysis of samoples was conducted
on a Jeo! ISM-5200 SEM equipped with a
Tracor Northern Scnes I xeray analyzer.
Scanning of each sample was conducted
raanually at a magmfication of 1500%, a
working digtance of 20 mm and an accel-
eration voltage set at 26 kV. The scans
were conducted m the backscatter mode, In
casework, laboratory protocol requires that
vach stub 15 scanned 2 minimum of 5 times
across its diameter before an inconclusive
result is reported. A random sampling pro-
cedure is fullowed since it iy not faasible w
manually scun the entire surface of a stub,
Therefore, in this study as m casework, the
fuilure to detect a GSR particle is consid-
ered nconclusive rather than ncgative.
Scarning stops once a positive result s

achicved which someumes vequires less
{Cantlnucd on page §)
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than 5 scans. The stubs used to sample
flems #1-5, (blanks and post-washings)
were scanned ten times across thewr diame-
tey, a protocol more Stringent than the five
scans generally conducted oo cascwork.
For ntems #6-19 (blanks and post-washings}
the standards sapplied 10 casework were
used, conducting 5 scans on each stub,
unless 2 GSR-related partcle was found, in
which case extra scans were performed.
The toral number of scans an each stub is
given in Table 2. The samples collected
from all items after deposition {pest-firing)
were scanned until GSR depasition was
verified. Typically less than one full scan
was required.

For this study, the presence of any number
of GSR or supponing particles was consid-
ered significant and is reported in our re-
sults. Results are given in Table 3.

Results

No GSR-related particles were detecied on
the control samples collecied wiathin the
laboretory or from the butcher paper. There
was no cvidence of GSR contgrmination due
to airbormne GSR particles.

In Swage |, the winal blanks, 3 iems were
found 10 have GSR-related particles. Al

three of these itcms were gloves. After 10
scans on item #3, one harinm/anhimony par-
ticle was found. After 15 scans on item W9,
onc GSR panicle was identified. Irem #14
was cxamincd for 8 toral of 9 scans with
identification of one lead/antimony particie.
Pogifive results were obtamed from each
post-fining sample {Stage 1), liems #1-3
were scanned unul one GSR paricle was
found. Only item #3, a glove, required 2
scans © achieve Uns positive resull. A posi-
tive result was obtained i the first scan on
all other items. Items #6-19 were scanned
until at lsast ewo GSR particles were identi-
fied. Tius was done in a single scan on all
items excepl #6, a stocking cap, and #17, a
windbreaker. Two scans were done on tem
#6 and four scans on item #17. Afier Jaun-
dering, Stage III Post-washing, five itcms
were found w0 have GSR-related particles
remaining. A pair of gloves (#2 and #3)
were found to have one GSR particle on
both the right and lefl hand ploves, Twe
supporung particles were alse found. On

nem : ' ]
WA‘ A total of 16 scans were
one ob ths item, After 13 scans, two GSR
particles were found on item #17, a wind-
(Continued on page 64

Table 2: Number of Scans Done on Each Swb

liem # item Type Biank Post-firin Posi-washing
#1 Shin 10 1 10
#2 Giove- right hand 10 1 8
#3 Giove-left hand 10 1 4
#4 Sweatshirt 10 3 10
#5 Jackel 10 Fi 10
#6 Stocking cap 5 2 5
#7 Glove-left hand 5 1 ]
#8 Glove-right hand 5 1 5
#9 Glove-ieft hand 15 1 5
#10 Glove-right hand & 1 5
#11 Giove-right hand 5 1 5
#12 Glove-ieft hand 5 1 5
#13 Glove-rigm hand 5 1 5
#14 Glove-ieft hand g 7 5
#15 T-shint 5 i 5
#16 Sweater 5 1 16
#17 Jache) 5 4 13
#18 __ Sweaushin 7 1 13
#19 Flannet shirt 6 1 i 5

and no criminals in
these days. What is the
use of having brains in
our profession? | know
weli that ! have it in me
to make my name
famous. No man iives or
has ever lived who has
brought the same
amount of stitdy and of
naturat talent to the
detection of crime
which | have done. And
what is the result?
There is no crime 1o
detect, or, at most,
some bungling villainy
with 2 motive so
transparent that even a
Scotland Yard official
can see through it.

"A Study in Scarlet”;
Sheriock Holmes



mathematics refer to
reality, they are not
certain; and as far es
they are certain, they
do not refer to reality.”

Albert Einstein

Hilyia ‘ )
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The Retention of Gunshot Residue on Clothing After
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(Cominued from poge 3)
breaker. Two supporting particles, one bar-
wmifantimony particlc  and one  jead’
antimony particle, were tound on iters #18,
a sweatshirt,
Discussion

As mentioned in the mtroduction, An-
drasko and Pettersson reparted on contami-
nation of clothing by transfer.” They de-
iccted GSK on a clcan lab coat that was
hung next to a jacket with GSR on 1, illus.
trating thui particles can be transferred from
one ttem 0 another, Although laundering
appeared tv effectivcly remove gunshot resi-
due from many items 1ested, the presence of
GSR particies on some iterns both 1o Stage [
{Blanks) and in Swage II! (Post-washing)

indicates that laundenng clothing does not,,

awma

ngwmﬂm@
u¥UelEcied an an saigle of cotung the
me
nédlong ago ot 1s T resp ol wanster.

s study raises fnany interesting and as
yel unangwered questions damonstrating the
need for additional resemrch in this area.
The clothing used here was separated as one
typically separates laundry. Some GSK-
contaminated ilems were washed with cach
other as well as with items thar had no
kuown exposure to gunshon residue. Sam-
ples were net collected from any of those
items. It is not known whether or not a
transfer of particles can occur during the
acwal washing and drying of clothing. Ad-
ditional studics are needed to determine if
this can occur. Repeating this smdy using &

(Continved on page 7)

Table 3: Number and Type of GSR-Related Panicies Detected**

ttem # ttem Type Stage |: Blank Stage WI: Posi-firing Stage Hi:
Post-washing_
#1 Shin 0 Ba/Sb-1, GSR-1 e
[ %2 | Giove-right hand _ 0 Ba/Sb-2, GSR7 | Pb/Ba-1, GSR-1 |
#3 Glove-left hand Ba/Sb-1 Ba/Sb-1, GSR-1 Pb/$b-1, (GSR-1
#4 Sweatshirl 0 Ba/Sb-2 0
Pb/Ba-1,G5R-1
#5 Jacket 0 Ba/Sb-1 0
GSR-1
#6 Stocking cap o Ba/Sb-2 D
Pb/Sb-2, (55R-2
#1 Glave-taft hand 0 Ba/Sb-3 0
G5R-2
#8 Giove-right hand 0 Ba/Sb-1 0
Pb/Sb-1. GSR-2
#9 Glove-left hand GSR-1 (GSR-4 0
#10 | Glove-right hand 0 Ba/Sp-1. GSR-3 D
Giove-right hang 0 Ba/Sb-2, GSR-2 D
Glove-left hangd 0 Ba/Sb-1, GSR-2 a
Giove-right hand 0 Ba/Sb-1, GSR-2 0
Glove-ieft hand Pb/Sh-1 GSR-3 0
T-shirt 0 Ba/Sb-1. GSR-2 0
Sweater 0 GSR-3 _GSR-1
Jacket 0 Ba/5b-5 GSR-1
Po/Sb-11,G5R-3
Sweatshir 0 Ba/5b-3. GSR-2 #a/Sh-1
Flannei shirt 0 Ba/Sb-1, (GSR-2 0

ey

GSR-2: Indicutes 2 particles containing Pb. By, and Sb.

Ba/Sb-1: Indicates | particle conmining Bu and 5b.

Ma/Sb-111 Indicaics 31 panicles contsining Pb and Sh
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Lead Particles from Non-Firearms Sources, ). Giacalone, IAMA Sept. 28,2001
Pb/Sb/Sn inGSR from Yugoslavian ammunition

Retention af GSR on Clothing After Laundering, D Chavez, C. Crowe, L. FrancolAMA,
March 14, 2001“Laundering does not always completely remove gunshot residue.”

Advanced Research Instruments Corp. (personal communicatien)

Jozef Lebiedzik
9 mm S&RB: non-guantitative assesment " Sh almost always accompanied by So™

SELLIER & BELLOT

J. Telecka, Sellier& Bellor
All pistal and revelver cartndges — Boxer; NMNC Mixre - Lead Styphnate; Tetracene,

Banum Nitrate, Antimony Sulfide, Caicium Silicide; Foil ~ Lacquer coated foil, 0.38 mm x
0.03 mm Produce the primers they use, A dry mixture pressing and anvil assembly process
Twa advantages: better moisture resistance; resistance to explosion during production

Not used to reduce barrel wear/fouling

Current Status of Tin foil use (personal communication) :
2 -3 Czech companies making Primers with tin foil
Future : coated paper substitute; Tin foil only is requested

Pb, Ba, Sb, Sn Particles from Other Sources
K. Lueft, Bavaria Police, Germany

Dynamite Nobel {Geco) (German) - 9, 765
Eidgenossische Munitionsfabrik Thun (Swiss)
Fabrique Nationale (Belgium) - 7.65 Luger +
(Giulio Fiocchi Lecco (Jtaly) -9 +
Hirtenberger (Ausiria) — 9

Lapuan Parruunathedas (Finiand) - 9mm Browning
Norinco (China) - 9x19 Luger +

Poongsan Military cartridge (Korea) - Yx19
Priv Partizan Arsenal (Yugoslavia) - 7.65
UNIS Pobjeda (Yugoslavia) - 9 & 7 65
Winchester Western (USA) - 3 mm, 30,30

Bullets as a Source of Tin Karl Lueftl e-mailTin bullets - Winchesler Super Clean NT
Tinned Bullets, Tin coated bullets — {ubricant, reduces barrel wear and tear, MEN and DAG
9x19 §X. German police using Pb free ammeo Sintox Ti/Zn with no-lead primer; Bullet Tacket
coated with 5-10 u Sn; For iubrication purposes.



