
   Mythologies surround the 
forensic use of scanning 
electron microscope/energy 
dipersive x-ray (SEM/EDX) 
analysis:  SEM/EDX analy-
sis is expensive, time con-
suming, and requires opera-
tors who are part technician 
and part rocket scientist.  As 
a SEM/EDX operator, I am 
flattered.  However, the real-
ity is that what was once an 
expensive research instru-
ment has become an indis-
pensable, practical tool for 
public safety - a powerful, 
mainstream forensic tool - 
just another tool.  SEM/
EDX is now a cost effective, 
client friendly, and reliable 
addition to the forensic arse-
nal.  We must counter mys-
tery with truth, ignorance 
with education:  SEM/EDX 
analysis should take its 
rightful place in the full ser-
vice crime lab. 
   Certainly, one benefit is 
that providing SEM/EDX 
analysis bestows immediate 
credibility on a crime lab.  
As the manager of a moder-
ate-sized, local, forensic 
laboratory, I have occasion-
ally encountered the super-
cilious and deprecating atti-
tudes of forensic colleagues 
from larger labs.  The atti-
tudes always change to one 
of respect when they learn 
that the laboratory I repre-
sent provides SEM/EDX 
analysis.  This newfound 
respect, while ego building, 

is predicated on the question 
“Why does any lab provide 
SEM/EDX analysis ser-
vices?” Instead the question 
should be “Why don’t all 
full service forensic labs 
have this tool?”  Let’s exam-
ine the facts. 
   I admit that SEM/EDX 
analysis is expensive.  Our 
lab spent $216,000 in 1997 
for a JEOL 5800, an Oxford 
Isis, a Hummel carbon 
evaporator, and a Haskris 
water-chilling unit.  How-
ever, with proper mainte-
nance, I expect this equip-
ment to last at least fifteen 
years.  Thus, the annualized 
cost for the purchase of this 
equipment is about $15,000.  
In addition, the analysis re-
quires only $2,000 to $3,000 
in consumables per year.  
Contrast this with the cur-
rent must have “next big 
thing”:  STR analysis.  The 
cost of a genetic analyzer, 
thermocycler, support equip-
ment, operator training, and 
site remodeling pushes 
$150,000 with an unknown 
life span. (Remember all the 
monies spent on RFLP tech-
nologies only to require new 
PCR technologies within 
five years followed now by 
replacement with STR tech-
nologies.  We have gone 
through all these in the last 
ten years!  And now the talk 
is of SNPs and DNA chips.)  
Given the dubious estimate 
of a similar 15-year life 

span, the annualized cost for 
the purchase of the STR 
capital equipment is 
$10,000.  In addition, the 
cost of reagents and kits for 
STR analyses is about 
$45,000 a year.  Conse-
quently, STR analysis costs 
roughly three times as much 
as SEM/EDX analysis.  The 
reality is that SEM/EDX 
makes economic sense. 
   Cost is always an impor-
tant consideration, but SEM/
EDX is also client friendly.  
The analyses are relatively 
quick and nondestructive, 
with rapid turnaround, and 
produce understandable pho-
tographic results without 
numerous charts and graphs 
requiring extensive explana-
tions.  Non-technical per-
sons easily understand the 
results.  With the arrival of 
computer controlled motor-
ized stages and automation 
software, once tedious 
analyses, such as primer 
residue, have become pro-
duction work.  Our lab can 
analyze and confirm the re-
sults of twelve sample stubs 
in a twenty-four hour period 
without a dedicated opera-
tor.  We have run consecu-
tive samples for days and 
weeks, stopping only to 
change filaments.  Most 
cases get an overnight turn-
around.  None are left for 
more than a week. 
   Economics and speed are 
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firearm.  Furthermore, even 
less has been documented 
with regard to the detection 
of P-GSR in the interior of 
vehicles.  
  In numerous criminal cases 
submitted to the Trace Evi-
dence section, I have suc-
cessfully identified P-GSR 
by automated SEM/EDX on 
the clothing of individuals 
suspected of discharging a 
firearm but whose hand 
samplings were negative for 
P-GSR particles. Addition-
ally, I have  successfully de-
tected P-GSR in the interior 
of many automobiles in-

volved in shooting incidents.  
The sampling technique 
used is the same as that for 
detecting P-GSR on the 
hands, with only slight 
modifications depending on 
the particular items in ques-
tion. 
  The collection apparatus 
used to perform this analysis 
are commercially available  
sample vials with removable 
caps containing an SEM/
EDX aluminum mount 
(stub) with double-sided ad-
hesive carbon tape affixed.  
The questioned items are 

(Continued on page 3) 

   The methods for detecting 
primer gunshot residue (P-
GSR) on the hands of indi-
viduals who have discharged 
a firearm have been well es-
tablished in forensic labora-
tories the world over. Un-
doubtedly, the most efficient 
means for identifying the 
elemental primer compo-
nents of discharged ammu-
nition cartridges is by auto-
mated SEM/EDX analysis. 
However, little has been 
documented regarding the 
identification of P-GSR on 
the clothing of individuals 
suspected of discharging a 

P-GSR Detection on Clothing and in Automobiles 

(Continued from page 1) 

nothing without reliable re-
sults.  General SEM/EDX 
analyses have an impeccable 
scientific pedigree.  SEM/
EDX analysis has had and 
continues to have a distin-
guished and crucial role in 
industrial applications and 
materials research.  The sci-
ence in theory and practice 
is well established.  This 
body of knowledge transfers 
well to the forensic sciences.  
In some cases, SEM/EDX 
analysis should be the foren-
sic analysis of choice.  For 
example, SEM/EDX primer 
residue results, though open 
to some interpretation, are 
qualitatively better than 
other elemental analyses 
such as AA or ICP-AES.  
The forensic SEM/EDX op-
erator can target specific 
particles for elemental and 
image analysis.  This data 
becomes key to an effective 
courtroom presentation.  
SEM/EDX analysis has 

proven itself to be the 
primer residue detection 
technique of choice time and 
time again. 
   Let’s not overlook a pri-
mary concern of managers 
in the past:  operator training 
and experience.  The large 
capital investment and com-
plexity of operation led 
many lab managers to assign 
a dedicated certified opera-
tor to each instrument.  
These highly trained techni-
cians and scientists had to 
work with different kinds of 
sample media and instru-
ment parameters for difficult 
analyses.  This kind of ex-
perience took years to de-
velop.  Yet, improvements 
in instrument design and the 
routine nature of some fo-
rensic applications now re-
quire less training, experi-
ence, and versatility from 
operators.  We should not 
underestimate the necessity 
for expert knowledge in the 
chemical and physical the-

ory underlying SEM/EDX 
analysis.  However, master-
ing scientific principles 
takes less time than achiev-
ing application skills.  We 
can teach forensic produc-
tion methods of the SEM/
EDX to someone of average 
technical aptitude in a few 
days.  Managers, thus, have 
greater flexibility in human 
resource decisions.  Opera-
tor training is not the policy 
issue it once was. 
   It is time to overcome the 
archaic, philistine mytholo-
gies surrounding adopting 
SEM/EDX analysis.  Foren-
sic labs need every cost ef-
fective, client friendly, and 
reliable tool at their disposal 
to help reconstruct the truth.  
Lab managers must provide 
this indispensable capability 
to their scientists.  Managers 
have no excuse not to do so. 
 
Timothy C. Fallon 
Crime Lab Manager 
Bexar Co. Crime Laboratory 
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"The criminalist does "The criminalist does 
not attempt not attempt 
identification except as identification except as 
a prelude to his real a prelude to his real 
function function -- that of  that of 
individualizing.  The individualizing.  The 
real areal aim of all forensic im of all forensic 
science is to establish science is to establish 
individuality, or to individuality, or to 
approach it as closely approach it as closely 
as the present state of as the present state of 
the science allowthe science allows.  s.  
Criminalistics is the Criminalistics is the 
science of science of 
individualization.."individualization.."  

-- Paul L. Kirk; Taken  Paul L. Kirk; Taken 
from the Article from the Article ““The The 
Ontogeny of Ontogeny of 
CriminalisticsCriminalistics”” 1963 1963  



P-GSR Detection...Continued 
laundering of clothes or by 
repeated contact with auto-
mobile interiors.  In addi-
tion, I am currently unaware 
of any study that establishes 
the exact time interval after 
which P-GSR particles can 
no longer be detected on the 
hands or on objects. 
   In conclusion, P-GSR can 
be readily detected and iden-
tified on clothing and in 
automobile interiors with the 
same simple sampling tech-
niques as those used for col-
lecting P-GSR from the 
hands.  The results obtained 
prove to be a valuable inves-
tigative tool in reconstruct-
ing the possible events of a 
firearms related crime and 
should not be overlooked by  
forensic scientists. 
 
Michael V. Martinez, MSFS 
Trace Evidence Analyst  
Bexar Co. Crime Laboratory 

dance.  P-GSR particles 
identified as containing lead, 
barium and antimony, or 
containing barium and anti-
mony are considered unique 
only to P-GSR, along with 
the appropriate morphology.  
Those particles containing 
lead and barium or lead and 
antimony are classified as 
being  indicative of P-GSR 
but also found in other 
sources. 
   Positive results obtained 
by this method of detection 
and classification are re-
ported as indicating a likely 
association that the ques-
tioned items were in contact 
with a discharged firearm or 
in close proximity to a dis-
charged firearm.  Obviously, 
it could be argued that the P-
GSR particles were depos-
ited days or perhaps months 
prior.  Although this may be 
possible, it is not unreason-
able to assume that P-GSR 
can be removed by general 

(Continued from page 2) 

segmented into areas and the 
vial containers are appropri-
ately labeled to reflect these 
sampling areas.  The same 
dabbing technique used for 
sample collection from the 
hands is then applied to the 
segmented areas until the 
adhesiveness of the carbon 
tape is lost.  A micro-thin 
coat of carbon is applied to 
the aluminum sampling 
stubs prior to analysis in or-
der to improve electrical 
conductivity and ultimately 
improve P-GSR particle de-
tection and identification. 
  The detected P-GSR parti-
cles are classified on the ba-
sis of morphology and ele-
mental composition.  These 
classifications are described 
as being either unique or in-
dicative with respect to 
known manufactured primer 
ingredients, published arti-
cles, cases studies and rela-
tive environmental abun-

IAMA NewsLetter Volume 1, Issue 2 

   The West Virginia State 
Police Forensic Laboratory 
conducts automated gunshot 
residue particle analysis and 
classification on adhesive 
tape samples for all law en-
forcement agencies in the 
state.  The CamScan system 
used today was the first one 
in the nation (1985) offering 
this capability. 
   The Trace Evidence sec-
tion of the laboratory, after 
inquiring and assessing 
other collection kits, de-
signed a three sample kit 
using ¾ inch carbon stubs 
labeled right hand, left hand, 

and face with conventional 
double sided tape (Scotch 
665).  An instruction sheet 
was developed along with a 
data sheet that asked about 
the time lapse between the 
shooting and collection, the 
subject’s occupation, and 
activities before the collec-
tion.  A search warrant to 
obtain these samples is 
deemed unnecessary be-
cause of the exigent circum-
stances associated with lose 
of GSR evidence over time 
and activity as well as the 
un-intrusive nature of the 
collection.   In 1993, carbon 

conductive adhesive tapes 
(c-tape) were introduced 
into the kits.  Using c-tape 
greatly reduced sample 
preparation and eliminated 
the question of cross con-
tamination during any car-
bon-coating procedure.  The 
brittle nature of the carbon 
stubs was overcome in 1994 
when ¾ inch aluminum 
stubs were customized to 
replace them.  In 1997, a 
purer grade of aluminum 
stock was adopted to remove 
the stray heavy metal alloy 
particles occasionally en-

(Continued on page 4) 
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“If evidence has been “If evidence has been 
properly gathered and properly gathered and 
preserved, a mistake in preserved, a mistake in 
interpretation may interpretation may 
always be corrected. If always be corrected. If 
the facts requirethe facts required for a d for a 
correct interpretation correct interpretation 
are not preserved, the are not preserved, the 
mistake is irreversible.” mistake is irreversible.”   

--Alan R. Moritz; Alan R. Moritz; Quoted 
in "The Pathology of 
Trauma" 2nd Edition, 
Edited by  J.K. Mason, 
pg. 227  



In Theory... 
This section of the newsletter is dedicated to short theoretical information specifically related to 
scientific theory, scientific information, or scientific trivia as it related to P-GSR.  Look for this 
section in the next edition of IAMA 
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Fig. B 
.25 Caliber Ammunition from the Czech Republic 

Fig. A 
“Zip” Gun with Detonated Cartridge in Place 

 

   A person came through our 
office as a suicide by GSW 
and as with all our GSW 
cases a gunshot residue kit 
was collected from the dece-
dent’s hands.  Our forensic 
pathologist notified me that 
the weapon used was a “zip” 
gun and that he had seen a 
green halo around the entry 
site on the clothing so he re-
quested that the GSR kit be 
analyzed.  I analyzed the GSR 
kit using a SEM/EDS with 
Oxford Isis automated soft-
ware and some interesting 
particles were found on the 
samples; 1)BaCaSi, 2)
BaCaSiSn, 3)BaCaSiPb, 4)
PbSnBa several of each type 
were found.  The particles 
were mostly concentrated on 
the left hand sample and the 
majority of their morpholo-

gies were spherical.  These 
were curious particles, what 
conclusion could I come to 
since some of particles were 
unique but rare and also in the 
presence of particles that are 
not usually considered GSR.  
I then requested that the “zip” 
gun, expended cartridge and 
ammunition be brought to our 
laboratory for examination
(see Fig A and B). 
   The dimensions of the “zip” 
gun are ¼ inch wide, inside 
diameter and 17 inches long 
when the pipe with the car-
tridge is inserted into the T 
fitting shown.  The ammuni-
tion is .25 caliber and made in 
the Czech Republic. After 
scraping the inside of the ex-
pended cartridge SEM/EDS 
analysis revealed particles of 
a similar elemental composi-

tion to that on the hand sam-
ples, confirming the hand 
sample source. Possibly the 
green halo seen on the cloth-
ing at the entry site was due to 
the diameter of the pipe being 
greater than that of the bullet, 
therefore the gun powder was 
able to get ahead of the bullet.   
   An interesting case of gun-
shot residue, revealing an-
other profile of ammunition 
infrequently seen and an un-
usual deposition of gun pow-
der on the clothing possibly 
due to the mechanics of a 
“zip” gun. 
 
Debra K. Kowal 
Senior Criminalist 
Los Angeles Co. Coroner’s 
Office 

Unusual Firearm and Ammunition 

be recovered over longer 
time periods. 
 
J. R. Giacalone, MSFS 
Criminalist VI 
West Virgina State  
Police Forensic Laboratory 

on collection techniques in-
cludes the flexing of the 
subject’s skin folds of the 
knuckles and palms.  By ex-
posing the sheltered surface, 
which is normally wrinkled, 
trapped GSR particles may 

(Continued from page 3) 

countered. 
   The current kit and materi-
als continue to perform effi-
ciently for collection and 
examination.  A sampling 
tip offered during instruction 

GSR Collection Kit Evolution…Continued 
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"I think that a particle "I think that a particle 
must have a separate must have a separate 
reality independent of reality independent of 
the measurements. the measurements. 
That is an electron has That is an electron has 
spin, location anspin, location and so d so 
forth even when it is not forth even when it is not 
being measured. I like being measured. I like 
to think that the moon is to think that the moon is 
there even if I am not there even if I am not 
looking at it."  looking at it."    

--AlbertAlbert Einstein Einstein  
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analyze for lead-free ammu-
nition.  But there still is a lot 
to be said with regard to the 
identification of morphology  
and composition of P-GSR 
particles by SEM/EDX 
alone. 
  Much has been said about 
the use of lead-free ammuni-
tion and the simple truth is 
that I have not seen such a 
trend in my region.  It is un-
derstood that there are re-
gional differences in the 
prevalence of lead-free am-
munition.  However, when I 
do start to see lead-free am-
munition in case work, I will 
be able to give the same 
valuable information to the 
investigation as I already do 
for lead based ammunitions. 
 
James D. Garcia, MSFS 
Sr. Trace Evidence Analyst 
Bexar Co. Crime Lab 

morphology.  Unfortunately, 
very few brands of lead-free 
ammunitions have been de-
fined under these terms for 
SEM/EDX and they are con-
tinually evolving.  This is 
the problem. 
   In order to address this 
concern, our laboratory has 
decided to undertake a lead-
free ammunition study.  I 
intend to define consisten-
cies in the components of 
commercially available lead-
free primers and will be able 
to define the parameters for 
lead-free P-GSR analysis.   
The experience will no 
doubt raise awareness as 
well as new questions re-
garding our analytical ap-
proach and interpretation of 
lead-free P-GSR by SEM/
EDX.  However, there is no 
reason to suspect that SEM/
EDX will be left completely 
for a new analytical tech-
nique in response to lead-
free ammunition.   
  It has been suggested that 
identification of organic 
components from the pro-
pellant and primer be used 
instead of SEM/EDX.  I be-
lieve that a combination of 
techniques, identifying for 
organic composition and 
elemental composition, will 
be the most effective way to 

   I asked a simple question 
and received the simple an-
swer, “NO”.  The answer 
was in response to a ques-
tion posed to a firearms ex-
aminer in our lab.  “Have 
you seen any lead-free am-
munition in any case work 
recently?”  To be honest I 
was not surprised. 
   There has been a “scare” 
of sorts regarding SEM/
EDX and lead-free ammuni-
tion.  The question is “Can 
SEM/EDX detect Primer 
Gunshot Residue (P-GSR) 
from lead-free ammuni-
tion?” Perhaps. Granted, 
much work must be done 
before we can raise our 
hands in victory or lower 
our arms in defeat.  Obvi-
ously, the future of SEM/
EDX analysis with regard to 
lead-free ammunition should 
be looked at very closely.   
   Newer automated EDX 
systems suited for P-GSR do 
allow a great deal of opera-
tor control.  We have the 
ability to define the type of 
particle analyzed in an auto-
mated environment.  This 
includes size, shape, percent 
composition and classifica-
tion.  Let’s not forget that 
SEM/EDX systems allow 
for a low limit of detection 
and the ability to analyze 

From The Bench 
 “FROM THE BENCH” is a section of the newsletter intended to provoke conversation, address 
new concerns, express opinions and, hopefully, provide insight into the new and old.  Therefore, 
the opinions of the contributors are not necessarily that of the editors or other contributors. 
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“We have a criminal jury “We have a criminal jury 
system which is system which is 
superior to any in the superior to any in the 
world; and its efficiency world; and its efficiency 
is only marred by the is only marred by the 
difficulty of fidifficulty of finding nding 
twelve men every day twelve men every day 
who don't know who don't know 
anything and can't anything and can't 
read.“read.“  

--Mark TwainMark Twain  
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Articles and Books of Interest... 
This section of the newsletter is dedicated to articles and books pertaining to P-GSR and SEM/
EDX analysis.  Further additions will be added in upcoming issues. If you would like to 
contribute to this section please contact us and we will add them to this section.  

"The great tragedy of "The great tragedy of 
science science -- the slaying of  the slaying of 
a beautiful hypothesis a beautiful hypothesis 
by an ugly fact."by an ugly fact."  

--Thomas HuxleyThomas Huxley  



A reminder for upcoming events in San Antonio: 

SCANNING 2000 will be held at The Sheraton Four Points Riverwalk North Hotel in 
San Antonio, TX on May 9-12, 2000.  Exhibit set-up days are Monday, May 8 and Tues-
day, May 9.  Short Courses will be offered beginning Tuesday, May 9 through Friday, May 
12.  You can find additional Information by visiting http://www.scanning-fams.org/ 
 
Southwestern Association for Forensic Scientist (SWAFS) will be held at the beautifully 
historic Camberley Gunter Hotel in San Antonio, TX on November 5-8, 2001 at a phe-
nomenal rate of $70.00 per night.  You can find more information about SWAFS by visiting 
http://www.cripkit.com/swafs/swafs.html  
 
For additional information or reservation information please contact Gustavo De Leon at the 
Bexar County Criminal Investigation Laboratory at (210) 335-4148. 

FYI! 

This section  of the newsletter is dedicated to letters to the editor(s), responses, comments, 
questions, clarifications, and/or suggestions to any information published in recently released 
IAMA newsletters.  Please keep your comments in good taste and please be as concise as possible. 

•     How many P-GSR cases per 
year. 

•    Type of SEM in your laboratory. 
•    Does your SEM have an auto-

mated stage? 
•    EDX manufacture & crystal 

used. (i.e. beryllium, silicon-
lithium, germanium, etc.)   

•    Microanalysis software and ver-
sion used.  

•     Accelerating voltage, bias current, 
% deadtime & working distance. 

•     What elemental calibration stan-
dard do you use? 

•     Do you use an imaging standard, 
positive and negative controls? 

•     Do you carbon sputter coat your 
samples?  

•     Do you set a limit on the minimum 
number of P-GSR particles con-

In Regard To... 

In the first IAMA newsletter, we asked if you could provide us with information as to how 
your laboratory analyzes P-GSR.  However, only a few laboratories contacted us with this 
information.  Remember, the purpose for this questionnaire is to collect and distribute the 
results among us all.  The findings may serve to enhance or confirm your existing methods.    

You can contact Gary Lawrence at (501) 227-5747 or e-mail glawrence@aristotle.net, 
James Garcia or Mike Martinez at (210) 335-4115, Fax (210) 335-4101 or e-mail          
jdgarcia@co.bezar.tx.us or mmartinez@co.bexar.tx.us 
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“In looking at a drop of “In looking at a drop of 
water under the water under the 
microscope, we find microscope, we find 
there are twice as many there are twice as many 
H's as O's”H's as O's”  

--Funny Science Quotes Funny Science Quotes 
by Kidsby Kids    
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