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ABSTRACT 

Since the pos sibility of using particle analysis for the detection of 

gunshot residue was first reported, ,9 the background and operational charac­

teristics of this new method have beetl firmly establi.shed and tested extensively 

in actual cases. 

Particle analysis employs a scanning electron microscope, equipped with 

an x-ray analysis capability, to visually examine at high magnificatioll gunshot 

residue removed from the hand by a simple adhesive lift technique. When 

viewed in this way, gunshot residue consists of discrete, micrometer-sized 

particles, predominantly spheroidal, and often of characteristic appearance. 

The x-ray analyzer will identify all chemical elements heavier than sodium 

that are contained in each individual particle. The only elements possible 

for gunshot residue are those that can be derived from the constitution of the 

bullet, a plating or jacket over the bullet, and ingredients of the primer. 

The morphology of the particles allows them to be readily found among the 

general debris (skin salts, minerals, and adhesive) lifted from the hand, and 

the chemical composition identifies them. Some pal-ticles are uniquely iden­

tifiable as gunshot residue by virtue of only their compositions. OthGr com­

positions are less unique but, when combined with morphological information, 

they are still typical of gunshot residue. Least characteristic are irregular­

shaped particles composed of lead only, but even these can usually be 

distinguished from particle s from the exhaust of an automobile, which is the 

most common source of environmental lead contamination. 

The ability to identify gunshot residue particles uniquely and to dis­

tinguish them from environmental sources of lead, barium, and antimony 

eliminates the threshold problem inherent in bulk elemental analysis. Although 

the amount of gunshot residue on the hand of a live s:ubject declines rapidly 

with time, this independence from a quantitative restriction makes detection 

possible for up to 12 hours after a firing and accounts for the superior success 

rate of particle a'>'\::tlY-Bis when compared with previous methods. 
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The collection of particles that constitute gunshot residue is further 

identifiable by a characte.dsCic distribution of sizes, shapes, and composi­

tions. These distributions have been determined completely for 24 cartridges, 

and partially for some additional representative cartridges. The resulting 

descriptions are fOUl1d to differ for different families of cartridges, and to 

differ within a family with the muzzle velocity of the bullet. They differ very 

significantly between jacketed and non-jacketed bullets. 

Particles which individually resemble gunshot residue are produced by actio 

vities such as the firing of explosive rivets, the smelting of lead, and the manu­

facture of plates for lead-acid batteries. However, when taken as a whole, the 

residues from these activities contain many particles that are not consistent 

with gunshot residue in either composition or distribution. On this basis, 

the analysts who examined these occupational residues in blind tests never 

called them gunshot residue. 

New experiments were performed to test the persistence of tbe particles 

on the hands of live sUbjects. Various calibers were used, and particle counts 

were compared with bulk elemental analyses. While the activity of the person 

can lead to considerable variation, the results confirm earlier experiments 

by others that, on the average, the loss during the first hour after the shooting 

is about one order of magnitude (a factor of ten). For a delay of ten hours, 

the loss averages two orders of magnitude (a factor of 100). Limited tests of 

the persistence on smooth fabric indicate similar behavior. 

Sa.mples for gunshot residue determinations from actual cases were 

solicited from law enforcement agencies. 'Eighty-six of the 100 cases ana­

lyzed that had been completed when this report was written were of a nature 

to lend themselves to statistical evaluations. In cases in which a handgun was 

used, gunshot residue was found in 90 percent of the cases. The delay between 

firing and sample collection for the positive results ranged from 1 to 13 hours, 

averaging 3 1/4 hours. Long guns were used in relatively few (15) cases, 

and residue was found in only 50 percent, with rifles accounting for a majority 

of the negative results and shotguns a majority of the positive results. In 
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suicides, gunshot residue was detected as much as five days after the firing 

when the body was undisturbed. (There were no cases involving a longer 

delay.) However. handling and transportation of the body can lead to loss of 

residue, the degree of loss depending on the circumstances. 

Deta.iled specifications have been established which wi111ead to the 

selection of a scanning electron microscope that is highly efficient for 

gunshot residue detection. 

The hand- sampling procedure consists of pressing an adhesive-coated 

disk repeatedly against the areas of interest. The choice of the adhesi.ve is 

the result of a number of compromises and provides a 70 to 75 percent 

collection efficiency. 

The work accomplished in this project can be summed up by stating 

that sufficient background has been developed and enough practical experience 

wi.th actual cases has been gained to consider the method to be ready for 

general use. The effectiveness of the method is extremely high for residue 

from handguns, and even for long guns it is higher than that of previous 

methods. 
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PREFACE 
(For Criminalists and SEM Analysts) 

This document is more than a report on work accomplished .. It is 

conceived by its authors to be aI'so a textbook and a manual for the particle 

analysis method of gunshot residue detection by criminalists and scanning 

electron microscope '(SEM) operators. It is planned to provide all the infor­

mation that is presently available to perform the analysis successfully, 

interpret the results, and explain and defend them in court. 

This report does not contain instructions in the basic technique of 

operating the SEM, which is not very complicated. When the SEM is pur­

chased, manufacturer's representatives train the operator well enough to 

enable him to operate the instrument. However, there are books, workshops, 

and university courses available to permit an operator to acquire the advanced 

techniques needed to get the most out of the instrument and out of diverse 

types of specimens. 

This report cannot impart experience to criminalists and SEM opera­

tors. Knowing the basics of electron microscopy, and having studied this 

document, gunshot residue determinations can be made. However, initially 

they will be accomplished slowly. Several weeks of full-time experience 

working with the SEM are required to gain the proficiency needed to quickly 

discriminate between possible gunshot residue particles and particles of other 

origins, and to quickly recognize x-ray peaks without referring to tables. 

Particle analysis is labor-intensive an.d the skills of criminalists and SEM 

operators can be brought to a peak by constant practice with this instrument. 

Criminalists are highly versatile individuals who normally do many different 

things during a working day. Many criminalists may therefore be unaccus­

tomed to this mode of operation. However, a laboratory that is large enough 

to afford a SEM is also likely to have a workload that will keep it busy through­

out the working day. A permanently assigned skilled operator is required to 

get the most out of the SEM and to keep it in good working order. 
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SUMMARY 

This section is an "Executive Summary" which is intended to be read 

by executives who need to know the concepts developed and major conclusions 

reached, but who do not require the extensive technical and procedural de­

tail needed by those readers who may practice the methods described or 

interpret them in court. Other readers may proceed dil'~ctly to Chapter 1. 

The particle analysis method of gunshot residue detection was devel­

oped by The Aerospace Corporation under a contract with the National 

Institute of Law Enforcement and Criminal Justice t the research branch of 

the Law Enforcement Assistance Administration. The contract began in 

January 1974 and ended in September 1977. The first tasks completed under 

this contract were a comprehensive survey of crime laboratory practice and 

a thorough assessment of the then existing state of the art and any technolo­

gy relevant to the forensic detection of gunshot residue on the hands of 

individuals. The eventual outcome of the technology assessment was a 

three-pronged experimental progra:m toward the develop:ment of :more effec­

tive detection methods. Two of these, a search for organic residues of 

smokeless powder and a photolu:rninescence method for the bulk analysis of 

lead and antimony, are described in a nu:mber of separate reports, as is 

the original survey and assess:ment. This document is the final report on 

the third approach, particle analysis. 

Particle analysis employs a scanning electron microscope, equipped 

with an x-ray analysis capability, to visually exa:mine at high magnification 

gunshot residue re:moved from the hand by a si:mple adhesive lift technique. 

When viewed in this way, gunshot residue consists of discrete, :micrometer 

-sized particles, predominantly spheroidal, and often of characteristic 

appearance. The x-ray analyzer will identify all chemical elements heavier 

than sodium contained in each individual particle, and the only elements 

possible for gunshot residue are those that can be derived from the consti­

tution of the bullet, a plating or jacket over the bullet, and ingredients of 
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the primer. The morphology of the particles allows them to be readily 

found among the general debris (skin, salts, minerals, and adhesive) 

lifted from the hand, and the chemical composition identifies them. Some 

particles are uniquely identifiable as gunehot residue by virtue of their 

compositions alone. Other compositions are less unique but, when com­

bined with morphological information, are still typical of gunshot residue. 

Least characteristic are irregular-shaped particles composed of lead only, 

but even these can usually be distinguished from particles from automobile 

exhaust which is the most common source of environmental lead contamina­

tion. Most automobile exhaust particles contain bromine, and very few are 

spheroidal. The scanning electron microscope x-ray analyzer routinely 

identifies all elements present including bromine. Neutron activation or 

atomic absorption analyses identify only the elements specifically looked for, 

and they cannot analyze for bromine without extensive chemical processing 

of the sample. 

The ability to identify gunshot residue particles uniquely and to dis­

tinguish them from environmental sources of lead, barium, and antimony 

eliminates the threshold problem inherent in bulk elemental analysis. 

Although the amount of gunshot residue on the hand of a live subject declines 

rapidly with time, this independence from a quantitative restriction makes 

detection possible for up to 12 hours after a firing and accounts for the 

superior success rate of particle analysis when compared with previous 

methods. 

Some particles have beea termed typical but not unique. There is a 

fairly limited number of activities, principally the firing of explosive 

rivets, the smelting of lead, and the manufacture of plates for lead - acid 

batteries, that produce particles which individually resemble gunshot resi­

due. When taken as a whole, however, the residues from these activities 

contain many particles that are not consistent with gunshot residue in either 

composition or distribution. On this basis, the analysts who examined 

these occupational residues in blind tests, never called them gunshot residue. 
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The collection of particles that constitute gunshot residue is further 

identifiable by a characteristic distribution of sizes, shapes and composi­

tions. These distributions have been determined completely for 24 and 

partially for some additional representative cartridges. The resulting 

descriptions are found to differ for different families of cartridges, and 

within a family with the muzzle velocity of the bullet. They differ very 

significantly between jacketed and non-jacketed bullets. On the other hand, 

the presence of only a plating on the bullet introduces copper arld sometimes 

zinc into the residue but does not change the distributions found for similar 

cartridges with bare lead bullets. 

For each broad class of cartridges, for example g all • 22s as one 

class, all .38 specials with lead or plated bullets as another, a,nd all 

jacketed. 38 specials as a third, there is a straight-line relationship be­

tween the logarithm of the nu.mber of particles and the muzzle velocity of 

the bullet. The higher the velocity, the lower the particle count. Car­

tridges giving the largest nu:mbers of particles, and therefore giving the 

residue that is easiest to find or can be found for the longest time after 

firing, are the common 40 grain. 22 caliber bullets and the plain lead 

round-nose or wadcutter bullets of ,38 special caliber, shot from short­

barrelled guns. Much lower amounts of residue result from fast, jacketed 

bullets, such as 9mm caliber, or the lightweight. 38 special hollow-points. 

For the. 22 rimfire cartridges, there is a modest but regular increase in 

the proportion of primer to bullet particles and of irregular to spheroidal 

particles with increasing velocity. For the. 38 and similar caliber ammu­

nitions, these trends are less obvious, but there is a major difference in 

the proportions when jacketed and non-jacketed bullets are conlpared. In 

general, high-velocity cartridges produce larger particles and a greater 

proportion of irregular particl,es than cartridges with low bullet velocities. 

New experiments were performed to test the persistence of the 

particles on the hands of live subjects. Various calibers were used, and 

particle counts were compared with bulk elemental analyses. While the 

activity of the person can lead to considerable variation, the results confirm 
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earlier experiments by others that, on the average, the loss during the 

first hour after the shooting is about one order of magnitude (a factor of ten). 

For a delay of ten hours, the loss averages two orders of magnitude (a factor 

of 100). Limited tests of the persistence on smooth fabric indicate similar 

behavior. Fluffy or deep-pile fabrics were not tested because of excessive 

fiber pick-up in the adhesive collection method. Bystanders, standing 

three or ten feet (about one or three meters) away and abreast of the shoot­

er, had gunshot residue on their hands at the 3-foot distance, but not at the 

10-foot distance. 

During the final year of the contract, samples for gunshot residue 

determinations from actual cases were solicited from law enforcement 

agencies. Eighty six of the 100 case analyses that had been completed 

when this report was written were of a nature to lend themselves to statis­

tical evaluations. In cases in which a handgHn was used, gunshot residue 

was found in 90 percent of the cases. The delay between firing and sample 

collection for the positive results ranged fro.m 1 to 13 hours, averaging 

3-1/4 hours. Long guns were used in relatively few (i5) cases, and residue 

was found in only 50 percent of the cases, ¥;ith rifles accounting for a 

majority of the negative results and shotguns for a majority of the positive 

results. In suicides, gunshot residue was detected as much as five days 
\ 

after the firing when the body was undisturbed (there were no cases involv-

ing a longer delay). EDwever, handling and transportation of the body can 

lead to loss of residue, the degree of loss depending on the circumstances. 

In order to perform particle analysis for gunshot residue detection 

efficiently, the scanning electron microscope must meet certain detailed 

specifications and must have some specific features. The availability of 

these features is not, however, a function of price; some relatively low-cost 

instruments are suitable. The instrument specifications depend mainly on 

the manufacturers I concepts of their principal markets. Therefore, a 

tl10rough study should be made before purchasing an instrument. The 

selection of the x-ray system allows a greater degree of latitude. 
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The hand-sampling procedure consists of pressing an adhesive-coated 

disk repeatedly against the areas of interest, going from point to point in a 

regular pattern. The choice of the adhesive is the result of a number of 

compromises and provides from 70 to 75 percent collection efficiency at 

present. The disk is designed for direct insertion into the scanning elec­

tron microscope. The collected particles were found to be distributed 

randomly over the sample surface, with a fair degree of uniformity. 

Statistical calculations based on this distribution pattern and the geometry 

of the search pattern employed provide the result that examination of 15 to 

20 percent of the sample area reduces the probability of not finding at least 

a few particles to a low value if residue is present. 

Similar calculations for more ample residues also show that examina­

tion of 10 to 15 percent of the sample area is sufficient to allow valid ex­

trapolations to the number of particles and their size and compositional 

distributions in the entire s am.ple. 

The work can be sumlTIed up by stating that sufficient background has 

been developed and enough practical experience with actual cases has been 

gained to consider the lTIethod to be field-ready. The effectiveness of the 

lTIethod is extrelTIely high for residue from handguns, and even for long guns 

it is higher than previous methods. 

An experienced operator can complete examinations for two average 

cases in one eight-hour day. For large service laboratories with a heavy 

workload, it lTIay be desirable to autolTIate the procedures. This would 

require a considerable engineering effort, but there seelTI to be no major 

technical obstacles that would prevent automation from being accomplished. 
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CHAPTER 1. BACKGROUND AND SUMMARY OF PROJECT HISTORY 

A. General. 

The Aerospace Corporation has been under contract to the National 

Institute of Law Enforcement and Criminal Justice (NILECJ), the research 

branch of the Law Enforcement Assistance Administration (LEAA) since 

January 1974, in a program to develop improved methods for the detection 

of gunshot residue on a person's hands. The ultimate objective of the pro­

gram was to develop a method or methods that would provide positive 

identification of gunshot residue which would be effective for several hours 

after a shooting, as well as being reasonably fast and inexpensive. 

The initial tasks completed under this program were (1) a detailed 

survey of the literature bearing on the problem and of the views, require­

ments, case loads, and practices of crime laboratories, (2) an assessment 

of the then prevailing state of the art, and (3) an extensive examination of 

analytical technology for the identification of concepts that may lead to 

improved detection methods for gunshot residue; and the selection of some 

of them for further study. A comprehensive report was issued, describing 

this work. 1 This was followed by three separate development programs 

in 1) bulk elemental analysis for lead and antimony by photoluminescence, 

2) detection of organic components of smokeless powder, and 3) particle 

analysis by s canning electron microscopy. 

This report is devoted to particle analysis. However, the other 

two approaches are also summarized in this chapter in order to put 

particle analysis in the proper perspective and to provide an overview of the 

total program for the reader, 

At the time the survey was conducted, the only method that had a 

measure of acceptance was neutron activation analysis for barium and 

antimony, which however was in the process of being rivaled and partly sup­

planted by atomic absorption spectroscopy for lead, barium, and antimony. 

Both methods belong to the category of bulk elemental analysis schemes, 

in which the total quantities of the elements named that were removed from 

someone's hand by various collection methods are measured. This type of 
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analysis cannot distinguish between different sources of the elements, 

whether they form a continuous film or discrete particles, and how the 

elements are distributed in either of the foregoi.ng. 

Lead and barium are common environmental contaminants. While 

antimony is less widely distributed, certain occupations give rise to high 

levels of this element (electronic assemblers, auto mechanics, painters, 

and machinists)Z. In order to allow for this environmental background of 

these dements, threshoIds were suggested which had to be exceeded in order 

to indicate that the person examined may have fired a gun. For example, the 

Treasury's Bureau of Alcohol, Tobacco, and Firearms suggested thresholds 

of 0.3 flg of barium (Ba) and 0.2 flg of antimony (Sb). Lead (Pb) is not 

determined in neutron activation analysis because of low sensitivity, but can 

be determined by atomic absorption spectroscopy. However, additional 

equipment and procedures are required to do this, since each element is 

determined separately. The neutron activation procedure suffered from 

excessive turn-around time p because samples had to be sent to a nuclear 

reactor facility for analysis. Atomic absorption provided results much 

more quickly because it could be carried out locally by those larger labora­

tories that were able to acquire the necessary equipment. 

No matter how it was done, bulk elemental analysis suffered from two 

deficiencies. In experiments in which residue was collected promptly after 

firing a gun, just slightly over one-half the. 38 caliber firings and only about 

one-fifth the. 22 caliber firings give residues that equalled or exceeded the 

thresholds. Figure 1 shows the range of antimony levels for many such 

firings as determined at the Gulf General Atomic Corporation. Z The second 

deficiency is the rapid decline of these levels with the passage of time. as 

shown in Figure 1, using data determined by Kilty for a .45 caliber
3 

and by 

Aerospace for a .32 caliber handgun. 4 Since in actual cases some time 

always passes between the shooting and the sampling of a suspect, it is 

readily understandable that the success rate of elemental analysis was quite 

unsatisfactory. 
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The detection of much higher amounts of the critical elements has 
7 been. reported, apparently as the result of changes in the collection and 

sample work-up procedures. 

The rapid loss of residue from the hand may not be experienced on 

immobile subjects such as suicide victims, at least not if the victim remains 

undisturbed. The success rate will then depend more on whether the ammu­

nition used deposited larger or smaller amounts of residue. The litera-

ture2, 4, 5 shows a wide range for the amounts of Pb, Ba, and Sb found in 

prompt collections and determined by bulk elemental analysis. Recently, five 

medical examiners' laboratories have cooperated with The Aerospace Corp­

oration in a new field test of elemental analysis for suicide investigations. The 

method used in this field test is an Aerospace-developed photoluminescence pro­

cedure for the essentially simultaneous determination of lead and antimony 4, 5 

which involves substantially lower equipment costs and is fast and relatively 

simple. The objectives of this study were: (a) to obtain more statistics 

for the evaluation of bulk elemental analysis in general and photoluminescence 

in particular as a tool for investigating suicides, and (b) to obtain new back­

ground data for possible updating of threshold recommendations. 

The study of analysis by photoluminescence was initiated by '!,'he Aero­

space Corporation in 1973 under a company-financed research program in 

forensic science and was subsequently incorporated into the work performed 

for the LEAA. It was brought to completion with the field test in which 

levels of lead and antimony were determined on the hands of many suicide 

victims and compared with the levels of these elements found on the hands 

of persons who died of other causes. The field test and the results obtained 
6 in the field test are the subject of a separate report. 

The Aerospace Corporation has pursued two additional approachv~ 

to improved detection methods for gunshot residue. One of these was based 

on the concept that organic compounds characteristic of smokeles s powder 

may be detectable on. the hand that fired a gun. The work that evolved out of 

this concept is described in a companion report. 8 The first part of that 
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report describes the analysis of 32 samples of smokeless powder which 

were removed from commercial cartridges, and of one reloading powder. 

These were analyzed for their volatile organic components by computerized 

gas chromatography-mass spectrometry. The second part of the report 

describes the analysis of actual gunshot residue samples to see whether any 

of the previously identified compounds or any derivatives formed as a result 

of the firing can be detected. The efficiency of the solvent-swab technique 

that was used was also investigated. It was found that the volatile organic 

compounds that were present in the original powder could be detected solely 

as constituents of powder flakes recovered from the hand or from the 

muzzle blast. 

Flakes of smokeles s powder, ranging in condition from slightly to 

severely burned, are often seen in promptly collected residue but are 

very scarce when collection is delayed. Based on these observations, 

the collection of statistics on the occurrence of such flakes on the hands 

of suicide victims was made part of the luminescence field test. A very 

inexpensive procedure has been developed whereby characteristic organic 

compounds in powder flakes can be identified by thin layer chromatography 

to positively confirm the nature of the flakes. Discrimination between 

paint and explosive grades of nitrocellulose is part of this test, so that it 

can be used even for single-base powde!"s. 

The final approach to an improved detection method led to the devel­

opment of particle analysis, which gives the most positive identification 

and has had the highest success rate in actual cases. It is the tnain topic 

of this report. Through the use of a scanning electron r~'licroscope (SEM) 

equipped with an x-ray analyzer, it was discovered that the characteristic 

elements, lead, barium, and antimony, as well as other bullet and cart­

ridge components, are mostly (if not entirely) contained in discrete par­

ticles, the majority of which have characteristic spheroidal shapes. This 

morphology and the relative brightness of the particles make it possible 

to find them among the background material removed from the hand by a 

simple adhesive lift technique developed for this purpose. This collection 
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technique was also found applicable to the foregoing luminescence 

analysis. The crucial difference between particle analysis and bulk 

elemental an'alysis is that the former provides two additional items of 

information not obtainable with the latter. One is the morphology of 

the particles t and the s eco~d is a complete and simultaneous identifi­

cation of all the elements present in a particular particle instead of the 

quantity of a few selected elements in the entire sample. The sum of 

this information leads to a positive identification of gunshot residue, 

which is independent of the quantity present, thus circumventing the 

threshold problem. Since gunshot residue can be distinguished from 

most other sources of the same elements (as an example, from auto­

mobile exhaust), it is not necessary that a certain quantity be exceeded. 

Thus, gunshot residue can be found and identified for several hours 

after a firing despite the rapid decline of the quantity with time. 

The ability to recognize gunshot residue in all samples collected 

promptly and in many collected some hours later has been confirm.ed in 

several hundred test firings, while at the same time control samples 

taken from the hands of persons who had not fired a gun, never resulted 

in a false positive indication. These results were first reported in 

December 1974. 9 

In October of 1975, a demonstration-familiarization seminar on 

gunshot residue detection was held at The Aerospace Corporation, which 

was attended by about twenty criminalists from the United States and 

Canada. All aspects of the problem were explored, and the particle 

analysis method was demonstrated and tested in both known and blind 

P ' t "'h 't f th" bl' • d' t 10 ex erlmen s. .L e mlnu es 0 lS S emlnar were pu lsn.e ln a repor 

which has received only limited distribution because it was primarily 

intended to provide the participants with a record of the proceedings. 

One of the major conclusions reached by the participants and con­

curred in by the Aerospace personnel involved, was that Aerospace was 
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succes sful in identifying gunshot residue but could not adequately describe 

the criteria by which particles were judged to be gunshot residue:- The 

operators were experienced and successful, but they practiced an art that 

had not yet become a science. What was lacking was a clear definition, 

usable by others, of what constituted gunshot residue, and a major effort 

toward the objective characterization of gunshot residue was recommended. 

An intensified explorp.tion of environmental and occupational particles that 

might resemble gunshot residue sufficiently to require criteria for differen­

tiation was also recommended. These two tasks were initiated promptly 

and recently completed. 

These characterization studies of gunshot residue and of occupational 

residues are described fully in the current report with respect to both 

methodology and results. Appendix D of thj,s report comprises a collection 

of photographs of particles of interest. 

In January of 1977, The Aerospace Corporation initiated the final 

. phase in the development of particle analysis to ensure its field readiness. 

This task was carried out concurrent with the continuing characterization 

studies and consisted of case assistance to law enforcement agencies free 

of charge. The objectiveo of the case work were: 

• To detect and solve any remaining problems that may be 

encountered in actual cases, 

• To speed the transfer of the method from the laboratory to field 

use, and 

• To acquaint more criminalists with the details of the method 

well enough to start them practicing it. 

Slightly over 100 gunshot residue determinations have been performed 

under the case assistance program. Positive results were obtained in 90% 

of the cas es that involved the use of a handgun and in 50% of the small number 

of cases that involved long guns. 
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Although the work reported here is presently the most compre­

hensive study of the application of scanning electron microscopy to gunshot 

residue determination, there have been others. Boehm
ll 

and Diederichs 

et al. 12 have independently published brief accounts, and so has Keeley. 13 
14 Andrasko and Maehly have reported some findings which are in general 

agreement with those reported in this report. Matricardi and Kilt/ 5 of the 

FBI laboratory have recently published a comprehensive and interesting 

independput investigation of particle analysis for gunshot residue 

determination. 

B. Scanning Electron Microscope (SEM) Operation. 

The principle of the SEM is illustrated in Figure 2. A beam of 

electrons is scanned over the surface of a specimen, causing secondary 

electrons to be emitted. The intensity of the secondary electron emis­

sion depends on the topography (hills & valleys) of the surface as well as 

its compOSition, and hence can be used to build up a point-by-point image 

of the surface, as the primary beam is scanned over the specimen. 

Because the primary electron beam can be very finely collimated, and 

because high-energy electrons have an equivalent wave-length much 

shorter than that of visible light, the electron microscope allows magni­

fications to be achieved that are much greater than that of the optical 

microscope. The usual working magnification of an optical microscope 

ranges up to 1000 times, with 2000 being an upper limit. Working 

magnifications in the scanning electron microscope are from ten to one 

hundred times greater, and special research instruments can do even 

better. Also, the SEM has an extraordinary depth of focus so that the 

tops of peaks and the bottoms of valleys in a surface can be seen in 

focus simultaneously, unlike the optical microscope which must be 

refocused for slight changes in elevation. 

Another feature of the SEM, which has no analogy in the optical 

microscope, is that the primary electron beam causes x-rays to be 
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emitted by the specimen. The energy of these x-rays is characteristic 

of the chemical elements that are present in the specimen. This makes 

it possible to obtain a chemical analysis of the area under observation. 

Figure 3 illustrates how particles may be recognized. The dis­

tinctive morphology :>f the particle shown on top suggests that it may be 

gunshot residue. This is confirmed by the presence of all three of the 

elements, lead, barium, and antimony within this particle, as shown by 

the x-ray spectrum to the right of the picture. The lower picture is that 

of an automobile exhaust particle. It lacks the characteristic spheroidal 

shape of the other. Its origin is uniquely established by the simultaneous 

occurrence of lead and bromine within this particle. 
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CHAPTER II. RESIDUE CHARACTERISTICS AND 

CLASSIFICATION OF PARTICLES 

A. Composition of Gunshot Residue Particles. 

1. Elements present in cartridge components. All of the elements 

detectable in gunshot residue, with the exception of skin salts and iron which 

can arise from wear of the gun, must originate in some component of the 

cartridge. Therefore, existing information on the composition of cartridges 

is reviewed in the following paragr aphs. 

Bullets are made of lead, usually with a small amount of antimony. 

This is discussed in III. B. 2 of this report. If present, a plating on the bullet 

may be nearly pure copper, Lubaloy, or, less commonly, yellow brass. 

Lubaloy is a trade name designating a plating alloy of 90 percent copper, 

8 percent zinc, and 2 percent tin. * It is essentially a member of the red 

brass family, which runs from 90 to 95 percent copper and from 5 to 10 per­

cent zinc. Yellow brasses have a 30 to 35 percent zinc content and may 

contain traces of lead and iron. 

Jackets are also made of copper, red brass, or yellow brass. The 

addition of a few percent of tin to red brass for bullet jackets is obsolete, as 

is the use of cupro-nickel, which is a copper alloy that contains from 10 to 

30 percent nickel and about 1 percent iron. 

Armor-piercing ammunition ha~ both a steel core within the lead 

bullet and a steel jacket. For handgun ammunition, brass-plated jackets of 

mild steel are obsolete, but may still be encountered occasionally. 

Black powder contains potassium nitrate, sulfur, and charcoal. 

Potassium and sulfur, but not carbon and nitrogen, are detectable by SEMI 

x-ray analysis, but are not characteristic enough to be useful. Except for 

*Tin is not usually detectable at this concentration. 
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some calcium, modern smokeless powder contains only light elements which 

are not detectable by the type of x-ray analysis used in this work. 

The shell or cartridge case is yellow bras s, often nickel-plated. 

The last and most complex component of the cartridge is the primer 

mixture. It may contain some purely organic compounds which do not con­

tain x- ray detectable elements, but it nearly always contains substantial 

amounts of lead styphnate and sometimes other lead compounds. Except 

for.22 caliber cartridges, it seems that all U. S. and Western European 

primers less than 15 years old contain both barium and antimony. Eastern 

European a~nmunition exported to the Middle East is said 16 to lack barium. 

However, the residues from test firing a .22 LR Valor brand cartridge, 

imported from Yugoslavia and submitted in a case, were rich in both barium 

and antimony. 

The rimfire primers for. 22 caliber ammunition also contain 

barimn, except for Remington and Remington-Peters brands, but only Federal 

and some German and Austrian makes contain antimony.14 Silicon is present in 

most primers for all calibers. G. R. Warrena has written that some primer 

mi-xtures are said to contain Prussian Blue, an iron-containing pigment, and 

thu.t anOl:l:tn." mixture is supposed to contain copper thiocyanate. The antimony 

is alwuy.N ;,,~d.ed a!:! antimony sulfide, and other sulfides may be used as well. 

'fhe use of t)(~v,bred metals, such as Inagnesium, titanium, zirconium, and 

a hl.:rnh'1\1m ht.H~; b,~~n mentioned, but only aluminum appears to be common. 

Th'i:: l?:;Iter Lis 1.;.c<H1 d.etected repeatedly in residue particles and in some 

unfit'ed primer Ei • 

lvLany p"');;le in the iield believe that manufacturers do considerable 

I~xperimentatio" ,Y3Ul prhner compositions t so that any specific information 

about these;; compositions must bl.;; considered subject to possible change at 

any timt~. 

aGo R. Warren, Eastern Washington State Crime Lab., Private 

Communication. 
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Potas sium, chlorine, and occasionally traces of phosphorus are 

found in residue particles, but also appear in particles of non-residue origin. 

They are not present in primer mixtures, but are probably absorbed onto 

the particles from various salts on the skin. The old corrosive primers, 

which were phased out in the Western World :more than 15 years ago, con­

tained potassiu:m chlorate, and :mercury and tin co:mpounds. 

2. £,o:mpositional criteria for identification. The identification of a 

particle as either gunshot residue or as "consistent with gunshot residue" 

rests on a combination of :morphological and compositional criteria, and also 

on the associatio!1. of the particle with other particles, judged in the light of 

the distributions of sizes, shapes, and compositions recorded in subsequent 

sections of this chapter and Chapter V. 

Composit1.onal criteria are described in this section. The following 

three co:mpositions have thus far been observed only in gunshot residue and 

are therefore considered characteristic. 

• Pb, Sb, Ba. 

• Ba, Ca, Si, with a trace of S. 

• Sb, Ba. 
Any parti~le having one of these compositions may also contain one 

or several of the following and only the following elements: Sit Ca, Al, Cu, 

Fe, S, P(rare), Zn(only if Cu > Zn}, Ni{rare, only with Cu, Zn), K, Cl. The 

occurrence of some Sn is a possibility in obsolete ammunition. 

The following compositions are consistent with gunshot residue, 

but are not unique to it: 

• Pb, Sb. 

• Pb, Ba. 

• Pb. 

• Ba if S is absent or only a trace. 

• Sb(rare). 

Any of the additional elements listed above, and only those, may 

again be present. The first two compositions, although not unique, have been 
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found in few occupational residues (Chapter V). They are thus fairly char­

acteristic although not conclusive. 

The compositions, shapes and sizes of a collection of particles found 

in a sample' should fall into a pattern that is consistent with the distributions 

described in later sections of this chapter. Furthermore, particles that 

are consistent with gunshot residue individually should not be found in the 

company of otherwise similar particles that are inconsistent with gunshot 

residue (see Chapter V). 

For example, an ample deposit of only the second category of parti­

cles, those that are consistent with but not uniqu.e to gunshot residue, would be 

considered to be gunshot residue if there are no particles in this deposit 

that are not consistent with gunshot residue or have a clea.rly identifiable 

separate origin. Particles with a clearly identifiable separate origin 

may include particles that can be positively identified as automobile exhaust 

or as lighter flint residue (Chapter V). In the presence of inconsistent 

particles that are not clearly identifiable in this manner, the entire sample 

is rejected as evidence for gunshot residue. If only so few consistent 

(and no other) particles are found that one cannot know whether or not they 

are typical of the presumably larger population originally present, then the 

only finding that can be issued is that some particles have been found that 

are consistent with but not unique to gunshot residue. Such a finding can 

still be of value in those cases where the only question to be answered is a 

choice between one suspect or another. 

3. Bullet and primer particles. Cartridges with bare lead bullets 

give residues that contain a large excess of lead-only particles (or lead­

plus-copper particles if the bullet is plated). Jacketed bullets give sub­

stantially fewer lead-only or lead-plus -copper particles. For this reason, 

it is inferred that most of the lead particles are derived from the bullet and, 

in this report, are clas sified as bullet particles, provided that in addition to 
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lead, they contain only elements that can come from a plating or jacket, and 

provided that they contain no more than a trace of antimony. a 

Particles which contain barium, antimony, or silicon among their 

major or minor constituents, as defined in Chapter IX, are classified as 

prime:r particles. 

These definitions tend to somewhat underestimate the number of 

particles actually derived from the primer. Primers also contain lead, and 

since primer residue is very heterogeneous, a few pure lead particles could 

originate in the primer. 

The simple division into bullet and primer particles is highly use­

ful for descriptive purposes, but it should be understood to be arbitrary. Most 

of the spheroidal (see the following section) particles are thought to arise 

by condensation from the vapor state. If given sufficient time, all vapors 

will mix thoroughly. The heterogeneous nature of residue indicates that 

vaporization and condensation take place much too rapidly for complete mixing 

to occur. Furthermore, vaporization of primer material and bullet material 

probably does not occur at precisely the same time. Nevertheless, there 

is bound to be some mixing, and some particles will receive contributions 

from more than one source. That this is true is indicated by the fact that 

material from bullet platings and jackets can be found both in bullet and 

in primer particles. 

B. Morphology and Size. 

The four types of objects found in gunshot residue are described in 

the following paragraphs. In the majority of cases, 70 'to 100 percent of 

the particles in a sample of gunshot residue are spheroidal. These may be 

perfect spheres, or they may be stretched, dented, or otherwise distorted, 

but "three-dimensional roundedness" is a characteristic of this classification. 

aTrace is defined in Chapter IX, and refers to an amount that is 

"just detecta'.ble". 
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The surfaces of the spheroids may be smooth or fuzzy, scaly, or covered 

with smallel' spheres. Occasionally, they are capped, perforated" broken, 

or stemmed. A few examples are shown in Figure 4. A more complete 

)icture atlas is contained in Appendix D of this report. 

The vast majority of the spheroidal particles have diameters of less 

than 5 fJ.m. For practical ~easons, no attempt is made to detect and count 

particles less than one-half fJ.m in di~meter. When characterizing a partic­

ular residue, one counts the number of particles in each of several size 

ranges. Because the numbers decline drastically with increasing size, the 

larger size ranges are chosen to be wider through the use of a logarithmic 

scale with base 4 for the diameters. Each size range is four times as wide 

as the next smaller one, and its midpoint is also a diamete:c four times as 

large as that of the next smaller range. The resulting scale is as follows: 

DESIGNA TION RAl' jE (e-m) MIDPOINT (fJ.m) 

A 0.5 - 2.0 1. 25 

B 2.0 - 8.0 5.00 

C 8.0 - 32.0 20.00 

D > 32 

Most of the remaining gunshot residue particles (rarely more than 

30%, depending on the ammunition) are irregular. These are particles that 

have the same compositions as the spheroidal particles, but do not share the 

spheroidal or globular shape. They are irregular fragments, not infre­

quently somewhat flattened and flaky looking. It is important to note that 

they .rio not exhibit any features suggestive of crystal fragments, there are 

no c't''fstal faces or edges. Gunshot residue is not visibly crystalline~ 

although diffraction methods (x-ray or electron diffraction) do give crystal 

patterns (see Appendix A). The sizes of the irregular particles vary over a 

wide range, from less than one to several hundred fJ.m. Because quite often 

they are few in number, no statistics concerning their size distributions 
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have been taken. Like the spheroidal particles, their compositions divide 

them into bullet and primer particles. While this information has been 

recorded, it is not quoted in this report. Sometimes the ratio of irregular 

bullet to primer particles is similar to that of the spheroidal particles, and 

sometimes it is not. However, becauf':e of tr~ frequently small numbers 

involved, these ratios may not be meaningful. 

Despite the non-descript (our original term for them) appearance of 

the hregular particles, experienced operators have learned to recognize 

thern. Sometimes, they have distinguishing features that are obvious. For 

example, cracks running through the particles are rather characteristic. 

The larger of the irregular particles often have several of the small spheroi­

dal particles attached to them, and this is highly characteristic. Figure 5 

shows some irregular particles. 

A third type of particle of very limited occurrence is the cluster. 

This is an object that consists of from five to several hundred spheroidal 

particles attached to one another, somewhat like a bunch of grapes. Some­

times, the cluster is further attached to an irregular particle as if on a 

tray, or an irregular particle runs through the center of the cluster. They 

have been observed with some frequency in residue from 9 mm cartridges, 

less often from. 357 magnum, and quite infrequently from. 38 special 

cartridges. Clusters appear to be primarily a product of high power or 

high velocity. 

The final type of object that may occur in gunshot residue is a frag­

ment of smokeless powder. It is always referred to as a flake in this report 

to set it apart from the particles, which are of an inorganic nature. The 

flakes range in size from micrometers to almost a millimeter. They are 

few in number and are mostly seen in residue collected immediately after 

firing. Quite often, a few spheroidal particles are embedded in the ~urface 

of a flake. 
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The spheroidal particles are thought to result by rapid condensation 

from a vapor, whereas the irregular particles may be produced by the 

solidification of droplets of molten material that were flung against the inside 

surfaces of the gun. 
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CHAPTER III. CHARACTERIZATION STUDIES 

A. Velocity Measurements. 

Except where noted, measurements of muzzle velocities and residue 

characterizations were performed using cartridges from the same box of 

ammunition. A Chronotach instrumenta was used, with Polyscreens spaced 

five feet apart. The guns were fired from a position about five feet in front 

of the first screen. 

At least two shots were fired for each cartridge. If the measurements 

did not agree closely, additional shots were fired and the results were 

averaged. 

The Remington l58-grain (gr) RNL cartridge was fired from two Smith 

and Wesson Model 12-2 revolvers and fr~m a Colt Cobra weapon, all having 

2-inch barrels. This was done to test the consistency of cartridge perform­

ances in different guns which had the same barrel lengths. The velocities 

differed by les s than one standard deviation. 

Western Super X .22 caliber LR cartridges with 40- gr RN Lubaloy 

bullets were fired from both a Colt and a Smith and Wesson revolver, both 

having 6-inch barrels. The velocities differed by one standard deviation. 

The foregoing. 22 caliber LR cartridges were fired from the following 

weapons to verify the dominance of barrel length over other differences 

between weapons: (a) a revolver with a 2-1 /4-inch barrel, (b) an automatic 

with a 4-inch barrel, (c) a revolver wi.th a 6-inch barrel, and (d) an automatic 

with an 8-inch barrel. When plotted against barrel lengths, the velocities 

fell on a straight line (curve No.4 in Figure 6). The remaining curves in 

Figure 6 were plotted from data published in the August, 1976, issue of IIGuns 

and Ammo. If These curves show the effect of barrel length on the bullet 

velocities of two. 38 Special and two. 357 Magnum cartridges, al1 fired from 

a Dan Wesson revolver with interchangeable barrels. 

aManufactured by Oehler Research, Austin, Texas. 
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700 ® 
650 

600 0 2 4 6 8 10 
BARREL LENGTH !in.) 

Sources of Data: 
•. 22 Caliber, from this project. 
~ . 38 and. 357 from Page 46 of "Guns and Ammo", dated August 1976. 

Figure 6. Velocity as a Function of Barrel Length 
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In general, cartridges that are highly loaded for the weight of the bullet 

show a linear increase in the bullet's muzzle: velocity with increases in barrel 

lengths. The slope of the curve (Figure 6) diminishes when the longer barrel 

lengths are used with lightly loaded cartridges and for cartridges using fast­

burning powders~ Very lightly loaded cartridges show insignificant increases 

in muzzle velocities when longer barrels are used. 

Different batches of what is ostensibly the identical ammunition may 

differ in their characteristics. Three boxes of .38 special Remington 

158 grain RNL cartridges, purchased over a period of 18 months, had 3. 76, 

3.85, and 4.21 gr of identical looking powder per cartridge, respectively, and 

had different velocities when fired. 'J;'his is probably the principal reason for 

discrepancies in published velocities. Our own measurements were always 

performed on cartridges from the same box of ammunition that was used for 

the characterization studies. Manufacturers I specified. velocities are usually 

measured by shooting from test barrels, most often 10-in. long, and are not 

representative of velocities from handguns. 

B. Characterization of Residue. 

1. Overview. To characterize the residue from a particular cart-

ridge, it is essential to start with a clean gun, otherwise residue from pre­

vious firings may be mixed with residue from the current firing. On several 

occasions, antimony-containing particles were found in test-firings of .22 

caliber ammunition whose primer did not contain antimony. The antimony was 

never in evidence if the gun was given a thorough cleaning prior to firing the 

antimony-free ammunition. Particles containing copper seem to have even 

more tenacious retention characteristics. If plated or jacketed bullets were 

previously shot from a weapon, it is common to find a few particles containing 

copper in residue from plain lead bullets. These are few in number 

compared with plated or jacketed ammunition which usually gives r~sidue in 

which many more particles contain copper. Zinc may be observed to accom­

pany copper in some particles. Some platings or jackets are yellow brass, 

containing 30 to 35 percent zinc, in which case most particles containing 

copper also contain zinc. 



Residues were characterized by firing a single round, one-handed, 

with clean hands. The firing hand was then sampled by a standardized proce­

durea , and the process was repeated by either using the other hand of the same 

person or of another person. From three to seven rounds (five in most cases) 

were fired, involving from two to five different persons. The samples were 

then analyzed, and the results averaged. Standard deviations for particle counts 

ranged from 30 percent to 125 percent. The mean standard deviation was 

76 percent and the standard deviation of the standard deviations was 30 percent. 

The deviations include the random variations from cartridge to cartridge, the 

differences between hands, variations in the pattern in which the sampling disk 

was moved about the hand, and the residual fluctuations due to extrapolation 

from the disk area actually surveyed to the total area of the disk. This extra­

polation is discussed in VIII. C. 

Standard deviations for the ratio of bullet to primer particles 

tended to be significantly lower than the standard deviations for total particle 

counts. For example, in. one test series the mean of six determinations was 

5315 + 3622 (68 percent) for total particles, while the mean for the percentage 

of primer particles was 50.5 + 14.4 (29 percent). In another test series, 

the mean of 5 determinations was 203 + 81 (40 percent) for total particles 

and 65.4 + 10 (IS percent) for the percentage of primer particles. 

Assuming a standard deviation of 100 percent for particle counts, 

it follows that variations by factors of three of more from the mean are highly 

unlikely. With some exceptions, variations of this magnitude were not 

observed. 

Particle counts 8 to 10 times the mean were observed in a few 

firings. This was tentatively attributed to deterioration of the smokeless 

powder or to a defective primer which caused less than full power to be 

developed, with a resulting lowered muzzle velocity and a higher particle 

a The numbers of particles listed in Tables 3 through 6 apply when the standard 

sampling disk is used as described in this report. The use of other equipment 

or procedures will require the numbers to be multiplied by a normalization 

factor. 
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count. Higher particle counts could also result from misalignment of the 

firing chamber and barrel, which would cause shaving of the bullet. Lower 

than expected particle counts can be attributed to a defective adhesive coating 

of the collection disk (resulting in a lower collection efficiency), or to faulty 

procedures. 

2. Antimony. Particles containing antimony are defined to be 

particles in which antimony is a major or minor constit.uent. This does not 

apply to particles containing trace amounts of antimony, using the definitions 

given in IX.A of the terms major, minor, and trace. The designation of compo­

nents as major or minor is based on x-ray intensities rather than on concentra­

tions. Trace means "just detectable. II The antimony content of bullet lead 

ranges from near zero to 3-1/2 percent, except when re-loaders use lead not 

specifically intended for bullet manufacture. When this occurs, the antimony 

content may exceed 4 percent. Shotgun pellets can range upto 6-1/2 percent. 17 

In the analysis of residue from some firings, trace amounts of antimony 

were found in many of the bullet particles. Presumably, such residue came 

from bullets with an antimony content near the high end of the quoted range. 

The detection limit for antimony in lead is poor because of the high absorption 

of lead for x-rays. 

3. Copper. Copper is found in both bullet and primer particles if the 

bu1:!.et is plated or jacketed. The fraction of particles that contain copper and 

the division of that fraction among the various classes of particles has some 

degree of reproducibility for a given cartridge, but that reproducibility is 

poorer than is the case for the other characteristics measured. Furthermore, 

the variations from one cartridge type to another appear quite irregular, without 

any discernible systematic trends. 

The occurrence of a few copper-bearing particles in residue from 

ammunition with bare lead bullets has been attributed in III. B. 1 to retention in 

the gun of residue from previous firings with plated or jacketed bullets. This 

retention is known to occur, as explained in the antimony discussion. There are 

other mechanisms by which copper can enter the residue, but these mechanisms 

can only playa subordinate role, as evidenced by the fa.ct that if copper-bearing 
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particles are found at all i.n residue from bare lead bullets, they are few in 

number. Quite rarely, microscopic fragments of brass are found in residue. 

These may have been torn from the front edge of the cartridge case. A quantity 

of brass may be vaporized from this edge and mix with the other residue vapors. 

Evidence for this occurrence is furnished by the infrequent observation of 

nickel in a residue particle which also contains copper and zinc. The nickel 

must come from the nickel plating of the bras s case. It is also conceivable 

that copper could be evaporated from the anvil in the primer, but there is no 

evidence that this happens. Finally, as stated in II. A. I, copper may be present 

in some primers, but this does not appear to be com1TIon, if it occurs at all. 

4. Standard deviations. It is necessary to examine the meaning of a 

standard deviation that is a large fraction of the measured quantity, or which 

in some cases even exceeds it in magnitude. The following is a review of what 

a standard deviation is intended to convey. If repeated determinations of some 

physical measurement are performed, typically, the several determinations 

will result in slightly different numerical valuE:s. If one may as sume that these 

differences are entirely due to random causes, the arithmetic mean (the aver­

age) of all the measurements is taken as a better approximation of the true value 

than any single one of the measurements. It is then possible to define a quantity, 

called a standard deviation, such that 2/3 of a large number of measurements 

will fall within a one standard deviation difference from the "true" value, 

95 percent of the measurements will be within two standard dev1ations, and 

99. 7 percent will be within three standard deviations. Stating this somewhat 

differently, there is only a 0.3 percent pr'obability that a single measurement 

will differ from the true value by more than three standard deviations. 

Returning to the question posed at the beginning of this section, let us 

look at an example of a series of five measurements that exhibited greater than 

average variability. In cartridge Test No. 81, the following results were 
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obtained for the count of spheroidal bullet particles that contained copper and 

are included in size range A: 

Number (N) of Particles 

18 

80 

13 

7 

7 

lolog N 

1. 26 

1. 90 

1. 11 

0.85 

0.85' 

The arithmetic mean (N) and the standard deviation ( (J") ofthe number of 

particles are 25 ± 31. The standard deviation was conventionally calculated by: 

(J" ::: 
n ~ 1 

If one adopts a 95 percent confidence level which corresponds to 2 (J" I the 

result means that 95 percent of the experimental data should range between -37 

and +87. FoL' those data that are higher than the mean, this estimate is both 

reasonable and in agreement with observations. It is not reasonable and not in 

agreement with those data that are lower than the mean. It is not meaningful to 

predict a lower limit of -37 when the lowest physically' possible value is O. 

The experimental data for various cartridges are plotted on a logarith­

mic scale and establish the am.ount of residue to somewhat better than an order of 

mcl.gnitude. Typical variations range between one quarter and one half of an 

order of magnitude. The linear dimension along the scale for N is actually the 

logarithm of N. Therefore, it may make sense to investigate the variations in 
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the logs of the numbers rather than the numbers themselves. The mean and 

the standard variation of the logs are: 

log N = 1. 19 ± 0.43 

Remembering that addition and subtraction of logs is equivalent to multiplica­

tion and division of the numbers, this converts to: 

The newmean is on a non-linear scale and is not of particular interest. 

The new logarithmic standard deviation (designated by rr I), applied to the log 

mean as a multiplier and divisor, gives for 2rrl, a range of from 3 to 84 parti­

cles a • This is not only reasonable, but is in excellent agreement with the data 

for both those above and below the mean. Analogous results were obtained for 

a few additional cases to which this procedure was applied. 

This shows that the logarithmic standard deviation gives amore reason­

able assessment of the precision of numbers that vary over an appreciable 

fraction of an order of magnitude and are recorded on logarithmic scales. 

Except for the somewhat more variable counts of copper-containing particles, 

the standard deviations found in this work, expres sed as multiplicants /divisors, 

are factors that range from 1. S to 3. Specific values are not quoted for individ­

ual tests, because the number of determinations involved, generally five, is 

too small a number for statistical theory to apply rigorously. Quoting specific 

values might therefore imply more confidence than is warranted. 

Implicit in the treatment given in the foregoing discussion is the conclu­

sion that the data for the numbers of particles in a test series have a log­

normal rather than a normal distribution. This means that a plot of the 

a IS. S x S. 4 ~ 84 

lS.S/S.4~ 3 
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logarithms rather than a plot of the numbers themselves has the shape of the 

standard (Gaussian) error curve, i. e., a normal distribution. There are not 

enough measurements to demonstrate this conclusively, but the logarithmic 

dependence Ort velocity and the reasonable fit of the logarithmic standard devia­

tions 1:-'.': suggest that it is true. Log-normal distribution statistics were also 
.... 

found by the Gulf Gen'-ral Atomic Group in a different treatment of their data. c. 

For the log-normal distribution, the relationship between <r I and 

probability is somewhat different; 3cr I is equivalent to a 93.3 percent probabil­

ity and 4 <r I to 97.7 percent. 

C. Identification of Tests. 

Gun- cartridge combination test firing results are identified by two-digit 

or three-digit numbers in subsequent chapters of this report. All digits except 

the last digit of these numbers identify the gun as it is listed in Table 1 under 

the column entitled IlGun ID No. 11 The last digit refers to the cartridge within a 

particular family as listed in Table 2 under the column entitled "Test ID 

Within Family. II For example, 12 refers to a .38 caliber S&W revolver. 

Model 12-2, used with Federal 158-gr RNL ammunition. 

D. Results by Cartridge. 

1. The. 22 caliber LR cartridges. Five different brands or versions 

of 40-grain round-nose ammunition were tested. One had Lubaloy-plated bullets 

and the others had plain-lead bullets. Two revolvers and one autopistol were 

used, all with different barrel lengths. Seven different combinations of the 

three guns and five cartridges were tested and the residues were characterized. 

The results are listed in Table 3. The relationship between the total number of 

spheroidal particles and the muzzle velocity of the bullet is shown by the upper 

solid line in Figure 7 on a semi-logarithmic plot. The least squares equation 

for this line is: 

log N = 9.59 - 0.00664 v 
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Table 1. List of Handguns 

Gun Nominal Chambered Barrel Length 
ID No. Type Make Model Caliber for in. mm 

Handguns Used for Characterizations 

1 Rev S&Wa 12-2 .38 Spb 2 51 

2 Rev H&R c 
929 .22 LRd 2-1/2 64 

3 Auto Llama -- .32 ACp e 3-1/2 89 

4 Rev S&W 10-4 .38 SP 4 102 

5 Auto Browning Std .380 ACP 4-7/16 113 

6 Auto Browning High-Power 9mm Luger 4-2/3 119 
{Parabellum} 

7 Auto Ruger Std .22 LR 4-3/4 121 

8 Rev Colt Officers' Model .22 LR 6 152 

9 Auto Hi-Standard M-I0l .22 LR 6-3/4 171 

10 Rev S&W 27 < 357 Magnum 6 152 

11 Auto Colt IIAutomatic .25 ACP 2 51 
Calibre 25 11 

Arlditional Handguns Used for Velocity Measurements Only ---
lA Rev S&W 12-2 .38 SP 2 51 

IB Rev Colt Cobra .38 SP 2 51 

8A Rev S&W .22 LR 6 152 

12 Auto Colt 1911 ,45 ACP 5 127 

d LR = Long Rifle as&W = Smith and Wesson 

bSp = Special e ACP = Automatic Colt Pistol 

cH&R = Harrington and Richardson 
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Table 2. Ammunition Used in Characterizations or Velocity Measurements 

Bullet 
Caliber and b 

Family MIra Wt (gr) Type 

.38 Special REM 158 RNL 

FED 158 RNL 

W-W 158 LHP 

REM 125 SJHP 

W-W 148 WC 

REM 158 RN, FMJ 

CCI-Speer 148 HBWC 

SV 110 SHIP 

.357 REM 125 SJHP 
Magnum 

NORMA 158 SPFN 

W-W 158 SWC 
Lubaloy 

SV 110 JSP (SJFN) 

aManufacturers: 

REM: Remington 
FED: Federal 
W-W: Winchester-Western 

b 
Bullet TYI~es: 

RNL: Round Nose, Lead 
LHP: Lead, Hollow Point 
SJHP: Semi-Jacketed Hollow-Point 
WC: Wad cutter 
RN: Round Nose 

cPowder Types: 

Cyl: Cylindrical 
Flat Ball: Flattened Ball Powder 

Series 

Super X 

+P 

Super Match 

"MC'tal Point" 

High Sp\~C'd 

Test ID 
Velocity (Ips) Within 

For Barrel (in.) Family 

703(2), 758(4) 1 

706(2), 712(4) 2 

H06(2), 863(4) 3 

875(2), H85(4), 950(6) 4 

665(2 and 4) 5 

682(2), 767(4), 769(0) 6 

627(2), 604(4) 7 

H 

1447(6) 1 

1217(6) 2 

1425(6) 3 

1522(6) 4 

CCl: Cascade Cartridge, Inc. 
SV: Supervel 

FMJ: Full Metal Jacket 
HBWC: Hollow-Base Wad cutter 
SPFN: Soft Point, Flat Nose 
SWC: Semi-Wadcutter 
JSP; Jack(·ted, Soft Point 

Powder 

Weight Typec 

4.21 gr (.273!() Disk 

3. 52 gr (.228g) Disk 

5.76 gr (.373g) Disk 

7.75 gr (.502g) Disk 

2.40 gr (. 156g) Flake 

3.80 gr (. 246g) Disk 

2.79 gr (. 181g) Disk 

7.88 gr (. 511g) Disk 

19.81 gr (1,284g) Flat 
Ball 

14.12 gr(. 915g) Cyl 

I·!' 67 gr (. 95lg) Flat 
Ball 

9.83 gr (. 637g) Disk 

Size, mm 

.8 

.8 

1.4 

1.5 

1.0 

.8 

. il 

1.5 

.2 

.4-1.0 x.4 

0.2 

1. 5 
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Table 2. Ammunition Used in Characterizations or Velocity Measurements (Continued) 

Bullet 
Caliber and b Family Mfr

a 
Wt (gr) Type Series 

.22 LR W-W 40 RN Lubaloy Super X 

W-W 37 liP Lubaloy Super X 

FED 40 RNL Powerflite, 
High-
Velocity 

FED 40 RNL Champion 

REM 40 RNL Pistol Match 

CCl 40 RN, 
Copper-
Plated 

.380 ACpc SV 88 JHP 

W-W 94 RN, FMJ 

REM 95 RN, FMJ 

9mm FED 123 RN, FMJ 

Speer 100 SJHP 

aManufacturers: 

W - W: Winchester-Western 
FED; Federal 
R.EM: Remington 

bBullet Types: 

RN: Round Nose 
HP: Hollow-Point 
RNL: Round Nose, Lead 
RN: Round Nose 

Test lD Powder 
Velocity (fps) Within 

For Barrel (in.) Family 

858(2-1/2), 1 
1000 (4-3/4), 1066(6), 
1128(6-3/4) 

857 (2-1/2) 2 

969(2-1/2), 1168(6) 3 

815(2-1/2) 4 

848(2-1/2) 5 

6 

1044(4-7/1,) 1 

837(4-7/16) 2 

3 

1144(4-2/3) 1 

1195(4-2/3) 2 

CCl: 
SV: 

Cascade Cartridge, Inc. 
Supervel 

JHP: Jacketed, Hollow-Point 

Weight 

2.36 gr (.l53g) 

2.22 gr (.144g) 

1. 92 gr (. l24g) 

1. 1)5 gr (. 100g) 

1. 21 gr (.078g) 

1. 86 gr (. 121g) 

3.86 gr (.250g) 

3. 09 gr (.200g) 

3.23 gr (.209g) 

5.20 gr (. 337g) 

5.73 gr (.371g) 

FMJ: 
SJHP: 

Full Metal Jacket 
Semi-Jacketed Hollow-Point 

Type 

Ball 

Flat 
Ball 

Disk, 
Flake 

Disk, 
Flake 

Disk 

Disk 

Disk 

Flakes 

Disl. 

Disk 
Cy1 

Disk 

c A CP: Automatic Colt Pistol (this identifies short Auto-Pistol cartridge styles) 

Size, mm 

.2 

.35 

.7 

.7 

.9 

.8 

.8 

.4-2.0 

.8 

.8 

1.7 
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Table 2. Ammunition Used in Characterizations or Velocity Measurements (Continued) 

Bullet Test ill Powder 
Caliber and b Velocity (ips) Within 

Family Mira Wt (Gr) Type Series For Barrel (In.) Family Weight Type Size, mm 

.32 ACpc Browning 71 RN, I'MJ 868(3-1/2) 1 2.17 gr {.141g) Disk .8 

.25 ACp c W-W 50 RN, FMJ : 31(2) 1 1. 21 gr (. 079g) Disk .8 

.45 ACp c Norma 230 SJHP 7ge(5) 1 4.85 gr (.314g) Cyl A-l.Ox A 

REM 185 SWC Target 725(5) 2 3.88 gr (. ;>:;ig) Disk .8 
Master 

W-W 230 RN, FMJ 805(5) 3 5.24 gr (.340g) Flake 1.2 
SV 190 SJHP 1017(5) 4 7.78 gr (. 504g) Disk 1.5 

aManufacturers: 

W-W: Winchester-Western 
REM: Remington 

SV: Supervel 

bBullet TYp'es: 

RN: Round Nose SJHP: Semi-Jacketed Hollow-Point 
FMJ: Full Metal Jacket SWC: Semi-Wadcutter 

c A CP: Automatic Colt Pistol (tl.;:J identifies short auto-pistol cartridge styles) 
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Table 3. The. 22 Caliber LR Cartridge Test Results 

Spheroidal Percentage Velocity Bullet 
Particles of Irregular 

Fraction Particles Type Barrel 
Test from Above of Length [weight 
No. No. Bullet Spheroidal Ips m/sec Gun (in.) (gr) 

24 16,800 .97 0.4 815 248 Rev 2-1/2 40 

25 17,700 .99 1.9 848 258 Rev 2-1/2 40 

21 3,550 .93 1.0 858 262 Rev 2-1/2 40 

Mean e 9,800 .96 1.5 853 260 -
23 2,426 .92 4.5 969 295 Rev 2-1/2 40 

71 346 .88 7.2 '1,000 305 Auto 4-3/4 40 

81 239 .80 20.5 1,066 325 Rev 6 40 

.. 
83 1.10 .72 23.6 1, 168 356 Rev 6 40 

aRange A: 1/2 to 2 fLm Range B: 2 to 8 fLm Range C: 8 to 32 fLm 

bMinor 

Type & 
Brand 

Fed 
Champ 
RNL 

Rem 
Pistol 
Match 
RNL 

WSupX 
RN 
Lubalov 

Fed 
pown 
RNL 

WSupX 
RN 
Luba10y 

WSupX 
RN 
Luba10y 

Fed 
pown 
RNL 

c The mean of two cartridges with nearly the satr.e velocity (Test Nos. 25 and 21). 

~ 
Barrel Lengths 

2-1/2 in. = 6.34 cm 4-3/4 in. 12.07 cm 6 in. = 15.24 cm 

BUllet Wt 

40 gr = 2.59g 

Bullet Particles Primer Particles 
in Percentages 
Per Size Rangea 

in Percentages 
Per Size RangeD. 

A B C A B C 

94 b b 39 56 b 

92 b b 99 b 

91 b b 36 58 b 

85 b b 46 44 b 

83 b b 28 58 b 

44 53 b 30 45 b 

48 42 b 10 23 48 

Percentages of Particles 
Containing Copper 

Bullet Primer Irregular 

N/A N/A N/A 

N/A N/A N/A 

76 13 53 

N/A N/A N/A 

38 'Z 12 

44 19 49 

N/A N/A N/A 
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Figure 7. Number of Spheroida.l Particles VB Muzzle Velocity 



where N is the total number of spheroidal particles on the sampling disk, and 

v is the muzzle velocity in ft/sec. N declines one order of magnitude for each 

145 ft/sec increment in velocity. 

Within the precision of the measurements, the decline is the same 

whether the velocity is inereased by firing the same cartridge from increasingly 

longer barrels, as in the series, (21,71,81) or (23,83), or whether it is 

increased by firing more and more powerful cartridges from the sa.me gun, as 

in test series (24,25,23) or (81,83). This equivalence is emphasized because 

it does not seem to hold for. 38 caliber cartridges (see D. 2). 

Along with the drastic decline in the total number of spheroidal par­

ticles with increased velocity, goes a modest but definite change in the ratio of 

bullet to primer particles. The percentage of bullet particles decreases from 97 

to 72 percent over the range covered by the tests. Over the same range, there 

is a substantial increase in the proportion of irregular particles. Expressed 

as an added percentage over and above the spheroidal particles which are 

taken as 100 percent in each case, the irregulars increase from near zero to 

over 23 percent. A further change with increasing velocity is a gradual 

increase in the average size of the particles. For example, the percentage of 

bullet particles in the sma.llest size category (size A) decreases from 94 to 

48 percent, with a corresponding increase in the. larger categories. The tabu­

lation of these data in Table 3 shows the following striking exception to this 

rule: In test 25, 99 percent of the primer particles fell into Size Range A, 

well outside the trend of the remaining tests. The primer of this particular 

cartridge does not contain any barium compounds. There is reason to believe 

that the presence of barium favors the formation of larger particles. Particles 

in which barium is predominant tend to be among the largest observed. 

2. The. 38 special cartridges, 9mm, and 9mm short (. 380 ACP). 

The.38 special tests involved six cartridges and two revolvers with different 

barrel lengths. Four of the cartridges had bare lead bullets of either round­

nose, wadcutter, or hollow-point construction. One cartridge had a jacketed 

round-nose bullet (FMJ), and the last a semi-jacketed hollow-point. Altogether, 

nine gun-cartridge combinations were tested. The results are tabulated in 

Table 4. 
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Table 4. The. 38 Special Cartridge Test Results 

Spheroidal Percentage Velocity Bullet 
Particles of Irregular 

Fraction Particles Type Barrel 
Test from Above of Length Wc:ght Type & 
No. No. Bullet Spheroidal fps m/sec Gun (in. ) 

-
15 7,600 .39 -0 665 203 Rev l 

11 3,200 .78 1 703 214 Rev 2 

12 2.900 .96 0 706 215 Rev 2 

41 6.500 • H2 1.6 758 2.11 Rev .; 

l3 100 .93 7 806 246 R('v l 

16 100 .45 42 682 208 Rev 2 

46 1,400 .73 40 767 234 Rev 4 

14 75 .35 8 875 267 Rev 2 

44 200 .32 21 885 270 Rev 4 

'. 

aRange A: 1/2 to 2 J.!.m Range B: 2 to 811m Range C: H to 32 11m 

bMinor 

NOTE: 

Barrel Length: 

2 in. = 5.08 em 

Bullet Wt: 

125 gr = 8. 10 g 

4 in. = 10. 16 em 

148 gr = 9.59 g 158 gr = 10.24 g 

(!lr) Brand 

148 WW 
we 

15B Rem 
RNL 

158 Fed 
RNL 

158 Rem 
RNL 

158 WW 
Sup.X 
LHP 

158 Rem 
Metal 
Point 
FMJ 

158 Rem 
Metal 
Point 
FMJ 

125 Rem 
SJHP 

125 Rem 
snIP 

Bulll't Particles Primer Particles 
in Percentallea 

Per Size Rangea 
in Percentages 
Per Size Rangea 

A B C A B C 

90 b b 41 59 b 

97 : b b 45 50 b 

'n b b 96 b b 

91 b b 64 30 b 
, .. 

42 4S b 0 7J 29 

33 33 34 11 45 34 

T 26 b 16 57 24 

48 40 b 12 57 29 

53 45 b 33 55 12 

Percentages oIParttclea 
Containing Copper 

Bullet Primer Irregular 

N/A "MfA N/A 

"MIA N/A N/A 

"MIA NIA N!A 

N/A N/A "M/A 

NfA N/A NfA 

(J 13 21 

1 2 4 

5 0 H 

3 fl 7 



The decline in the number of spheroidal particles with increasing 

muzzle velocity is again apparent. The other trends that were quite regular 

for the .22 cartridges are much less regular, or absent. Instead, the dis­

tributions divide the cartridges into two distinct groups. With the exception 

of the wadcutter, the cartridges with bare lead bullets produce residues with 

a high percentage of bullet particles and a very low percentage of irregular 

particles, while the jacketed bullets (both full and semi) give residues that are 

much lower in bullet particles and much higher in irregular particles. 

The similar behavior of fully jacketed and partly jacketed bullets 

can be understood by noting that the so-called "full metal jacket," while it 

covers the nose of the bullet, leaves its base exposed. The semi-jacket covers 

the base of the bullet, but (with some exceptions) it leaves part of the nose 

exposed, so that in both cas es the lead of the bullet is partly covered and partly 

exposed. 

Only a speculative explanation can be offered for the anomaly of the 

wadcutter's lower percentage of bullet particles. The wadcutter is unique in that 

its bullet is totally reces sed into the case. There are some indications that 

most of the residue that is found on the hand may be produced early in the firing 

cycle. If most of the residue was produced before the bullet is entirely fr ee 

of the case, the case could act like a part-jacket. 

The tabulation of the data in Table 4 again shows one anomaly in 

the size rlistribution of the primer particles in test No. 12. This is a Federal 

cartridge, and its primer contains less barium them the primers used in most 

other.38 caliber cartridges. 

The many class differences between jacketed and non-jacketed. 38 

caliber cartridges make it unlikely that both groups should be plotted on a single line 

to express the number of particles versus velocity relationships. In fact, when 

this was tried and a least-squa.res line was put through all the points, some 

of the points were far off the line. For this reason, the data were evaluated 

separately for the two groups (see Figure 7)."le steeply sloped line applies 

to the lead bullets. The equation of the line i·:"'og N = 11.16 - .0108v. The 

dotted line, whose equ~tion is: Log N = 3.lb .. 00102v, is the least squares 
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extrapolation of the four testa for jacketed bullets. This dotted line was also 

a good fit for two tests of .380 and two tests of 9mm ammunition, all jacketed. 

Although these are different types of cartridges, their bullet diameters within 

the usual tolerances are the same as .38 special ammunitions, and many of the 

bullets themselves are interchangeable. Consequently, a new least-squares 

calculation was performed for the combined group of the four jacketed. 38 

caliber cartridges and the four others. This resulted in the solid line that 

differs very little from the dotted line in Figure 7. Its equation is: 

log N = 3.64 - .00162v. 

However, it must be noted that in contrast to t"1.e . 22 caliber cartridges, 

a four-inch barrel gave more residue on the hand than the same ammunition 

shot from a two-inch barrel, in spite of the higher velocity it produced. This 

difference was observed for all three of the pairs tested, namely (11,41), 

" (16,46), and (14,44), which are connected by arrows in Figure 7. This 

behavior suggests that the number of particles ejected onto the hand is not only 

inversely proportional to the bullet's muzzle velocity, but .a1so has a weaker 

direct relationship to barre11ength; possibly due to the stripping effect of the 

rifling on the: bullet. In the cas e of the. 22 caliber cartridges, longer barrels 

produced cor~siderab1e increases in velocity, causing the velocity effect to 

predominate. For the. 38 Specials, the increase in velocity was much more 

modest, allowing the direct effect of barre11ength to be observed. The 

existence of these effects seems established, but the reasons for their existence 

~re not understood. 

3. The 9mm Parabellum (Luger) and .380 ACP (9mm short) cartridges. 

Only two types each of the 9mm and. 380 ACP (9mm short) cartridges were 

tested. Some of the regular trends noted for the. 22 caliber cartridges are 

apparent in this ammunition as shown in Table 5. Test 51 requires additional 

comment, because the percentage of spheroidal bullet particles has dropped to 

zero. The jacket of this bullet resembles the semi-jackets found on most 
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Table 5. The 9mm Parabellum (Luger) and .380 ACP (9mm Short) Test Results 

Spheroidal Percentage Velocity Bullet Bullet Particles Primer Particles Percentages of Particles 
Particles of Irregular In Percentages In Percentages Containing Copper 

Fraction Particles Type Barrel Per Size Rangea Per Size Rangea 

Teat from Above of Length Iw eight Type 8< 
No. No, Bullet Spheroidal fps m/sec Gun (In.) (gr) Brand A B C A B C Bullet Primer Irregular 

9mm Puabellum (Luger) Cartridges 

61 166 .40 4.8b 1,144 349 Auto 4.2/3 123 I~~J 3 42 51 1 2S 

62 26 .19 57 •• e I, 195 364 Auto 4-2/3 100 Speer 0 60 40 0 29 
SJHP 

380 ACP (9mm Short Cartridges) 

53 244 .17 

51 52 0 

aRange A: 1/2 to 2 II-m 
Range B: 2 to 8 II-m 
Range C: 8 to 32 I'm 
Ranged: 732 fJ.m 

NOTE 
Barrel Length: 

4-2/3 In. :: 11.85 cm 

Bullet Wt.: 

22.6£ 840 256 

23 h 1,044 318 

b 1. 2 percent Irregular 
3.6 percent Clusters 

cSlze D c 24 percent 

4.7/16 In. " 1l.27cm 

Auto 

Auto 

88 gr tI 5.70g 95 gr = 6. 16g 100 gr " 6.48g 

4.7/16 95 I~~~ 
4.7/16 88 SV I 

JHP 

dIrregular only, 
no Copper In Clulter. 

e50 percent Irregular 
7.7 percent CluBters 

123 gr " 7. 97g 

73 27 0 3.5 51 

N/A N/A N/A 0 21 

[21 percent Irregular 
1. 6 percent CluBtell8 

gSlze D = 12 percent 

SOc 3 3 

62 0 0 

34 0 4 

77 N/A 12 

h21 percent Irregulo.r 
2 percent Cluster! 

I Bullet totally enclosed 

50d 

23d 

2 

25 



other hollow-points in that it covers the base of the bullet but, unlike other 

hollow-points, it rises along the sides of the bullet to the edge of the hole in 

the nose. This is called a totally enclosed bullet, and the formation of 

bullet particles would be expected to be suppressed more severely than in the 

case of a jacket that leaves some of the lead exposed. Despite the consis­

tency of this explanation, it was not valid in the testing of another totally 

enclosed bullet in a one-round firing. A Winchester- Western 9mm Luger 

cartridge with a lOO gr JHP bullet gave 30 percent spheroidal lead particles. 

As stated in II. A, a small but unknown fraction of the bullet particles may 

come from the primer. Therefore, the effect of total enclosure needs fur­

ther investigation. On the whole, the fraction of bullet particles seems to 

correlate with the area of exposed lead in the bullet. 

4. The. 357 Magnum cartridges. A single revolver with a six-inch 

barrel was used to test three. 357 caliber cartridges with jacketed bullets 

and one cartridge with a LuI": '.loy-plated bullet. 

The.357 caliber cartridge is approximately the same caliber as 

the.38 special or 9mm cartridges but, unlike them, it is combined with a 

magnum primer. Three points are not sufficient to define the correct line 

with confidence, especially since several of these tests had high standard 

deviations. The ammunition had been stored for some time. Nevertheless, 

the three points (not shown in Figure 7) are not inconsistent with a line that 

has the same slope as that for the jacketed. 38 caliber cartridges. The dis­

placement of the line towards larger numbers of particles can be attributed 

to the longer barrel and possibly the magnum primer. The point for the one 

plated bullet tested lies well above the others, again suggesting separate curves 

for jacketed and non-jacketed bullets. For the jacketed bullets, the percent­

ages of bullet particles are high, but the jackets are relatively short and leave 

a substantial amount of lead exposed. The effect of velocity on the particle 

size distributions is evident in Table 6. 

5. Other caliber ammunition. Only one other cartridge (.32 ACP) was 

characterized, and information on several more was obtained from test firings 

that were submitted by law enforcement agencies along with case evidence. The 
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3pheroidal 
Particles 

Fraction 
Teat from 
No. No. Bullet 

103 6,650 • <:5 

102 252 .72 

101 383 .84 

104 225 .89 

IlRange A: 1/2 to 2 p.m 
Range B: 2 to 8 fJ.m 
Range C: 8 to 32 fJ.m 

NOTE 
Barrel Length: 

6 in. = 15. 24 cm 

Bullet Wt.: 

110 gr :: '1. 13g 

125 gr = 8. 109 

159 gr :: 10.24g 

Table 6. The. 357 Magnum Cartridges Test Results 

Percentage Velocitf BUllet Bullet Particles Primer Particles Percentages of Particles 
in Percentages in PercentageJ' Containing Copper 

of Irreg1llar 
Type Barrel Per Size Rangea Per Size Range Particles 

Above of Length IWeight Type & 
Spheroidal fps mfsec Gun (in.) (gr) Brand A B C A B C Bullet Primer Irregular 

4 1,425 434 Rev 6 158 WW 92 b b 71 21 b 96 83 96 
Sup X 
SWC 
Lubaloy 

18 1,217 371 Rev 6 158 Norma 93 b b 46 32 14 62 48 28 
SPFN 
(SJ 
SWC) 

15 1,447 441 Rev 6 125 Rem 96 b b 39 23 32 74 29 55 
High 
Speed 
SJHP 

11 1,522 464 Rev 6 110 SVJSP 79 
(SJFN) 

20 b 17 67 b 58 38 38 
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case test firings must be approached with some caution for characterization 

purposes, because the data were taken under less uniform circumstances, 

with weapons in unknown condition and with ammunition of unknown age. The 

greatest value of these data is for the cases from which they were taken. 

In the tests performed at The Aerospace Corporation, only handguns 

ranging in condition from fair to new were used, and the only important param­

eters appeared to be the length of the barrel (regardless of make or model, or 

whether it was a revolver or semi-automatic. Derringers and guns of unusual 

construction were not tested). It is reasonable to expect, however, that a gun 

in poor condition may not give the same results. The condition of the barrel 

and the alignment of the firing chamber with the barrel could have an appreci­

able influence on the production of bullet particles. Abnormal clearances at 

the cylinder or breach end would affect the number of particles that can escape 

and the velocity with which they are ejected. The age of the ammunition can 

have a major effect on its overall performance. It is well known that ammuni­

tion can deteriorate. Police departments tend to consider ammunition llnreli­

able if it is from six months to a year old. On the other hand, there are many 

examples of functional ammunition that is several decades cld. One may 

speculate that a major factor that determines this difference, but which cannot 

be ascertained by inspection, is how gas-tight the seal is between bullet and 

case or between primer and case. 

The .25 ACP, .32 ACP, .32 S&W, and .45 ACP cartridges fall 

reasonably close to the appropriate (jacketed or non-jacketed) .38 special 

cartridge curves (see Figure 7) at the indicated velocities and barrel lengths 

in total numbers of particles. The smaller calibers are on the low side in 

their fraction of bullet particles and on the high side in avexage parti.cle 

size, compared to the. 38 special cartridges. Judging from a very small 

number of cases, the. 44 magnum ammunition gives extremely large numbers 

of particles, larger than that of any other cartridge residue examined. 
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E. Origin of Hand Deposi~!. 

There is evidence that gunshot residue found on a shooter's hand is 

blasted onto the hand during the firing. Residue settling from the air does not 

seem to be a factor. If a bystander holds his own hand close to the side of a 

discharging gun, he can feel the impact of the particles, sometimes painfully. 

With some powerful cartridges, impacts were felt on the shooter's forehead, 

and the subsequent presence of residue on his forehead was confirmed by 

particle analysis. The settling time of small particles from the air is not fast 

enough (even for particles as heav¥' as lead
a

) to account for the large numbers 

of particles acquired during the brief interval in which the hand is held out for 

firing. Furthermore, a settling mechanism would markedly favor an excess 

of larger particles, which is contrary to observed results. Although the evi­

dence thus strongly supports the blasting mechanism, it does not explain differ­

ences between the indoor and outdoor firings observed in some previous work5 

in which quantities of lead and antimony were measured by photoluminescence. 

The Gulf-General Atomic Group2 failed to detect any in£1uen~e of wind velocity 

on the quantity of residue. 

The hand deposits are mainly breach deposits. They issue from openings 

around the breach mechanism and ejection port of automatics and the flash gap 

between th~ cylinder and the barrel of a revolver., Since in most automatics the 

location of the ejection port is asymmetric, differences between right-hand and 

left-hand firings were sought, but none were discovered. The differences were 

random and within the samp1e-to-sample variations. 

Copious amounts of residue also issue from the muzzle, but appear to 

playa secondary role in the production of hand deposits. The hand deposits are 

therefore called breach deposits. Unlike the breach deposits, muzzle deposits 

which issue mostly in the forward (firing) direction, have not been systematically 

studied; however, some chance observations indicate that their particle distribu­

tions can differ from the breach deposits. Specifically, these observations 

a 
W. B. Renfro, thesis, Penn State University, June, 1972. 
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suggest that the muzzle deposits are richer in large flakes of smokeless 

powder and much richer in bullet particles, especially small lead spheres. 

There may be fewer irregular and fewer primer particles. If a hand 

deposit is found to depart considerably from what was expected on the basis 

of a breach deposit characterization study, and if the departures are in the 

directions indicated, it may be suspected that the hand deposit came from 

the muzzle blast rather than from the firing of the gun. These differences 

will be readily apparent only for those cartridges whose breach deposits are 

normally rich in irregular and primer particles. 
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CHAPTER IV. PERSISTENCE AND TRANSFER OF RESIDUE 

A. Loss of Residue from Hands with Time. 

The rapid decline of gunshot residue on the hand with time was noted 

in Chapter I, where Figure 1 illustrated both the decline of the bulk element 

quantities and the failure of many test firings to yield quantities that 

exceeded the significance levels or thresholds even when the residue was 

collected promptly. Particle analysis does not depend on a quantitative 

measure and can be successful as long as particles are detectable. However, 

since the number of particles does diminish with time, the rate of decline 

should be measured in order to determine how much time can be allowed to 

elapse between firing and collection before a search for particles may be 

fruitless. To this end, the following tests were performed: 

• Each of five persons fired one identical cartridge. One person 

was sampled promptly and the others were sampled after de­

lays of one, two, four, and eight hours, respectively. During 

the delay time, the per sons involved pursued their normal 

activities in The Aerospace Corporation Laboratories, ex­

cept that they did not wash their hands. This procedure was 

repeated four more times, rotating the participants among the 

various delay times. The results were averaged for each 

specific time period and plotted in Figure 8. 

The decline in antimony levels from the. 32 caliber ACP cartridge, as 

measured by photoluminescence, is shown again by the curve marked by 

solid triangles, and is compared with the decline in particle counts. 

The top-most curve, marked with open squares, illustrates the decay 

of the total number of spheroidal particles in residue from a .38 caliber 

special cartridge. The bottom-most curve (solid circles) applies only to 

those particles that contained antimony in the same test. The second curve, 
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indicated by open circles, applies to the total spheroidal particles from a 

~22 caliber cartridge. Within the precision of the measurements, all 

curves are approximately parallel and can be described by the 13imple 

equation which is plotted as a double line in Figure 8: 

where, 

Nt is the number of particles or the concentration after t hours 

N is the initial number or concentration a 

t is the number of hours elapsed between firing and sampling 

The test results show that: 

e Particles were detectable after eight hours, 

• The rate of decline is the same for particles as for bulk elements, 

• The rate of decline is the same for antimony- containing particles 

(a small fraction of the total) as ~t is for the total of all particles, 

• The rate of decline is the sanle fa).' all caliber~, and 

• The rate can be represented by a linear equation. Numbers of 

particles have been plotted on a logarithmic scale in Figure 8 

because they vary over several orders of magnitude, but time 

has been plotted on a linear scale because anything else would not 

be convenient. However, if both ordinate and abcissa were 

either logarithmic or linear, the plot would be a straight line. 

The residue versus time relationship has been tested only for the 

first eight hours, after which it becomes academic. Hand-washing is more 

and more likely to occur with the passage of time. Also, the term "normal 

activity" is quite elastic. Some activities, especially those involving vigor­

ous use of the hands, may remove residue at a faster rate than was experi­

enced by our participants. Nevertheless, order-of-magnitude estimates 

based upon this equation have often been found to be applicable to actual 

cases. 
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Persons at rest, and especially totally immobilized subjects (e. go, 

suicide victims if undisturbed) have a much lower rate of loss of residue. 

In two cases in which the hands of a suicide victim were strictly undis­

turbed, it has been possible to detect residue 3 and 5 days after the shot 

was fired. 

B. Loss from Fabrics. 

It was thought that woven fabrics might provide a better anchor for 

particles than skin, and that gunshot residue would therefore have a tendency 

to persist longer on clothing than on the hands. 

Limited persistence tests were performed on a manls soft cotton­

polyester shirt sleeve which was smooth and finely woven, and also on a 

1aboratol y coat that was more coarsely woven of a harder fabric consisting 

of 65 percent polyester and 35 percent cotton. The numbers of particles 

found in these tests after two hours differed by less than factors of three 

from those expected on the basis of the hand data. Since persistence inher­

ently has large statistical variations, departures from expectations by 

factors less than four cannot be considered significant. Thus, it has not 

been established that the persistence of gunshot residue on fabric is different 

from that on hands. Therefore, sampling a suspect's sleeve may not be 

effective in extending the time limit within which gunshot residue can be 

detected. It would still provide a means of overcoming the effect of the 

suspect1s having washed his hands prior to sampling. 

With fluffy and deep-pile fabrics, sampling difficulties from excessive 

fiber pick-up were encountered (see X. A.). Also, it is doubtful that the flat 

layer of adhesive on the sampling disk can effectively reach many particles 

buried in the interstices of such a fabric. 

C. Transfer of Residue. 

Our case work indicates that guns which have been fired repeatedly and 

not cleaned are covered with residue that can be transferred to the web area 

of the hands of a person who handles that gun subsequently. While such 
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deposits would be received initially in the palm of the hand rather than the 

back of the hand, it must be inferred that any kind of activity will quickly 

spread some particles around the hand. ,A moderately heavy particle deposit 

was also found on the back of the hand o~! a person who shook hands with 

another immediately after the latter had fired a gun. 

Individuals standing abreast of, and in a line parallel with, the shooter 

were immediately sampled after a test fi.ring. Those who were three feet 

away were found to have gunshot residue on their hands, but none was found 

on the hands of those who had stood ten feet away_ These distances may 

vary with circumstances and the guns and ammunition used. Occasionally, 

clouds were seen to travel away from the gun almost at right angles, which 

is an observation also reported by others. 19 An individual standing three 

feet directly behind the shooter was found to have only exceedingly sparse 

residue deposits on both his hands. In a11 these bystander tests, the 

bystanders had both hands at their sides. A short barrelled. 22 caliber 

revolver was used (Test Combination No. 24). 
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CHAPTER V. OCCUPATIONAL AND ENVIRONMENTAL PARTICLES 

A. Statement of Problem and Critical Occupations. 

During the early phases of the development of particle analysis, gunshot 

residue was identified in each of the many hundreds of t«:>st firing samples col. 

lected. In many cases, the non-firing hand was salupled as a control, 01' 

hand-blank samples were taken from persons who had not fired a gun. No 

false positives were obtained from non-firing samples. Nevertheless, it 

was felt that better proof of the uniqueness of gunshot residue was required, 

and that an inve stigation should be made of the pos sibiHty that partic.1es in 

the natural environment 01' particles produced by man could be mistaken for 

gunshot residue. 

Small spheroidal particles of biological origin, such as pollen, cells, 

etc., are easU Y' recogniz::!d in the SEM as being composed of organic mate­

rials and do not constitute a problem. Small spheroidal particles of an 

inorganic nature can b'e produced by milling, and l,y rapid condensation frOlU 

a melt, and especially a vapor. Spheroidal particles containing elements 

heavier than sodium are not abundant. Irregular particles are the rule. 

Particles which give visible evidence of crystallinity can be immediately 

eliminated from further consideration. Particles of any description that 

contain combinations of lead, barium, and antimony arc comparatively rare. 

Industrial and commercial operations that involve the metals or com­

pounds of lead, barium, and antimony were survl;;..:r-ed with special emphasis 

on activities that may involve melting and vapor~zation. Approximately 

80 hand- san"ples Wl're submitted for particle analyses. These samples were 

obtained from persons engaged in several criti.cal activities and some mar- ,/' 
/ 

ginally related activities. Many of the hand-samples, which included those,/"""""""" 

considered most critical (lead sm~}~ing and explosive rivets), were su~kt'ted 
~~:~ .... "", ... ,...--. ~-

£01' analyses in blind tests {without identlJ:lcati"tirTJ;--and were randomly inter-

mixed with genuine gunshot residue samples. None--of the occupational samples 

were falsely identified as gunshot residue by the experienced analysts; however, 

less experienced personnel might have encountered difficulties • 
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B. Results of the Study of Occupational and Environmental Particles, 

The results of investigations of particles in the environment or particles 

produced by various occupations are described in the following paragraphs. 

1. Studguns. A studgun is a firearm used in construction for driving 

nails, rivets, and staples into hard materials, such as concrete, steel, 

and also wood. The cartridges used in studguns are comprised of two 

parts, which al'e a projectile and a "r-owercapll (Omark) or flpowerload" 

(Remington). The projectile, which takes the place of the bullet, is a nail, 

rivet, or staple that is placed ahead of the powercap or powerload. The power­

cap or powerload can be made with "wad"-type construction. These have the 

appearance of blank cartridges, including the head stamps. They can also be 

made with "crimpll-type construction in which the front end is crimped to a 

fluted cone. The powercaps or powerloads are available in .22, .25, and. 32 

caliber sizes, with. 22 caliber being the most common. Each caliber is 

availablt, ill several power or load levels. 

Duplicate test firings were made of one. 22 caliber Remington wad type 

standard velocity (22W3) cartridge and one. 22 caliber Omark crimp type low 

velocity cartridge. The studs fired were made of zinc-coated steel. The 

samples were analyzed in blind tests in which the operators had no information 

about the nature of tht' samples and performed a standard examination for the 

presence of gunshot residue. 

When examining the first sample ofthe Remington cartridge, the oper­

ator performed an x-ray analysis for 40 particles and immediately eliminated 36 

which contained no lead, barium, or antimony. Only 13 of the 40 were of 

spheroidal shapf'. The following are the characteristics of the four re:"llaining 

particles: 

Shape /Size (fJ.mj Major Elements Mino~ Trace 

Irregular 2.5 Ba, Pb, Zn Si, Fe 

Irregular 3.8 Ba, Zn, Si, Pb Fe 

Spheroidal 5. 8 Ba, Si, Ca (S) , AI, Fe, CI, Zn, Pb 

Spheroidal 2. 9 Ca, Pb Ba, Zn, Si, Fe, CI, Cu 
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The first three were rejected because they contained zinc in the absence of 

detectable copper. The last one was rejected because the ratio of the zinc to 

copper peak heights was 5: 1, the opposite of what might be given by a brass 

particle. The operator concluded that there were no particles consistent with 

gunshot residue. 

The second test sample of the same cartridge (again analyzed blind) 

revealed 28 particles that contained Ba and Pb. All but one also contained Fe, 

and all but three contained Zn, including the one without Fe. Six of the Ba, 

Pb, and Zn particles were spheroidal, and the remainder were· irregular. 

Many contained traces of Cu, but in only two of these were the copper peaks 

larger than the zinc peaks. Taken alone, these two are consistent with gun­

shot residue. A few of the Ba, Pb, and Zn particles also contained Mn and 

Cr, elements that, like Zn without Cu, are inconsistent with gunshot residue. 

The two particles that were consistent with gunshot residue were 

questioned on the ground that they were associated with a larger number of 

very similar particles that were not considered to be gunshot residue. How­

ever, if these two particles had been the only ones found, they would have been 

accepted as being consistent with gunshot residue. a 

One of the Oroark cartridge samples in the blind tests was dismis s ed by 

the operator as containing nothing of interest. Thirty-nine particles of pos­

sible interest were recorded for the second Omark sample, 12 of them 

spheroidal. They generally contained Ba and Pb and often Cu and Zn either 

as minor constituents or as traces. Thirty-five contained Fe. There were 

13 particles in which the copper peak was higher that! the zinc peak. A typi-

cal composition, wi,th a 3:1 ratio for Cu:Zn, consistent with yellow brass, was 

a The record of this examination aLso shows a few particles of Au, Ag, and Cu. 

This suggests jewelry. A ring worn by the carpenter who fired the studgun 

may have received some rough treatment. This is an indication of the high 

probability of detecting whatever is present, and that what is present may be 

unexpected and irrelevant. 
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Pb, Fe, and Ba (major); Si, K, Cu, Ca, and Zn (minor). Such particles are 

consistent with gunshot residue. There were, however, many particles 

clearly inconsistent with gunshot residue, such as the following: 

Major 

CI, S, Zn 

Ti, Ba, Ph 

Minor 

Cu, Si, Fe, Ca, K, Ba, Pb 

Cu, Zn 

In addition, there were two irregular lead- only particles, but no spheroidal 

particles. This is significant, because all but one of the pistol cartridges 

examined yielded spheroldallead-only or lead plus copper particles, often 

in great excess. 

The crimp-type powercap had a high incidence of Cu and Zn in propor­

tions consistent witt brass. This construction greatly increases the exposure 

of the front end of the brass case to the burning powder and could cause 

evaporation of copper and zinc. 

The operators weI'e impressed with the low percentage of spheroidal 

particles, the great sparsity of any lead-only particles, and the absence of 

spheroidal lead-only part~~ ~es. They also noticed the presence of many 

particles similar to, but inconsistent with gunshot residue either because the 

particles contained elements not found in gunshot residue, or because the 

Cu:Zn ratio was wrong. Finally, it seemed that the percentage of particles 

that were similar to gunshot residue particles, but which contained Fe, was 

too high for any except steel-jacketed bullets. 

Considering the basic similarity of studguns and conventional firearms, 

it is understandable that the operators, who had not previously seen residue 

from studguns and had not known the nature of the samples, were cautious in 

their verdict. Noting the differences enumerated, they refused to call the 

samples gunshot residue despite the presence of some particles consistent 

with gunshot residue. 

The rule that emerges (which has already been given in Chapter II) and 

which will exclude studgun residues, is that the presence of substantial num­

ber.s of inconsistent particles overrules the evidentiary significance of 
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particles consistent with gunshot residue. Ii the sample had been a 

mixture of genuine gunshot residue and studgun residue, the rule would 

result in a false negative, but it would prevent the possibility of a false 

positive. 

2. Children's cap guns and blank pistol cartridges. Residue from 

children's cap guns contains antimony but no lead or barium. Distinctly 

crystalline fragm~nts of ah ant~mony compound were much in evidence, as ,. 
were others which contained Sl~, S, and K as major cmd Cl and P as minor 

constituents. There were ?articles, some spheroidal, that contained K, Cl, 

Ca, P, and others that had Ca, P, Zn, K as major and Sb, CI, S as minor 

ingredients. One spheroidal particle was found which gave only a phosphorus 

spectrum. 

Two blank pistol cartridges wel'e examined. One was a Winchester. 22 

short with black powder and the other a Winchester-Western. 38 special with 

smokeless powder. Neither of them gave any detectabJe gunshot residue or 

particles resembling gunshot residue, when fired from a clean gun. 

3. Lead smelting. Hand samples were examinee'! from 13 different 

persons performing various jobs in a lead smelting operation. a While there 

were some minor individual differences, the samples were similar enough 

to permit the following ::lummary: 

Despite the wearing of work gloves, all workers sampled had 

numerous particles containing heavy metals on their hands. 

Twenty-five to 75 percent of the particles were spheroidal, 

with an average of 50 percent. The sizes fell mostly into 

categories A and B, with 1-2 !-lm very common. In order of 

typical frequency of occurrence, the compositions were as follows: 

(1) Pb, Zn These constituted 12-90 percent of the 

total, usually they were the most 

numerous category 

aObtainedfrom a lead smelting plant in Idaho by Mr. John F. Anderson, Director 

of the Eastern Washington State Crime Laboratory. 
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(2) Ph only 

(3) Pb, Zn, Sb 

(4) Pb, Sb 

(5) Zn only 

About equal numbers of spheroidal and 

irregular particles 

(6) Some of the above with one or several of the following: 

Cd, As, Ti, Mn, Te, Ag, Cr, Cu 

Although compositions (2)and(4) are consistent with gunshot residue, 
! 

the average 50 percent irregular morphology is not consistent, and neither 

are the remaining compositions in the list. 

The following is a list of the occupations of the subj ects along with 

special features of the residues. 

Subj ect Occupation Special Features of Residue 

Lead Refinery Operator Pb-only particles most common 

Blast Furnace Topper No Cu containing particles 

Blast Furnace Operator Foreman All particles spheroidaL Most were 

Pb, Sb, Zn, most of remainder Pb, 

Zn 

Fuming Plant Operator 

Cupola Operator 

Kettle Operator 

Laborer in Ore Mixing Area 

Sulfur Operator 

Security Manager 

Maintenance Man 

Pellet Plant Operator 

Straight Line Machine Operator 

Electrician 

Many Zn.-only, no Pb-only particles 

Typical, as described 

Typical, as described 

Typical, as described 

Typical, as described 

Typical, as described 

Typical, as described 

Typical~ as described, except very 

few spheroidal 

Typical, as described, except very 

few spheroidal 

Typical, as described, except for one 

particle 
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The one non-typical particle found on the electrician IS hand was a 

spheroidal particle, of 5 jJ.m diameter, and composition: Ba, Pb, Zn, Cu, 

Si, K, Ca, Fe. It was the only barium-containing particle in the entire lot. 

As in the case of the studguns, all samples in this series were analyzed 

in blind tests. The operators' verdicts for all of these tests were "not gunshot 

residue. II Possible difficulties can arise if very few pa."rticles are found, and 

the same comments made for studgun residues apply here. 

4. Automobile brake mechanic. The samples described below were 

taken f:com the palms and backs of both hands of a subject who was employed 

in an automobile supply store and who turns brake drums. a 

Many irregular particles containing lead were found. Most of them 

contained one or several of the additional elements: Fe, Zn, P, Br, CI, and 

Cr. The combination of lead with bromine is highly characteristic of the 

exhaust of automobiles running on leaded gasoline. Presumably, the turning 

of the drums produced steel particles containing Fe and Cr. The origin of 

the zinc is uncertain, but zinc is found in many parts of an automobile. 

Phosphorus is present in some gasoline and oil additives. There were nine 

barium- containing particles, which are listed here individually: 

Particle Shape 

Spheroidal 

Irregular 

Major Elements 

Fe, Cu, S, Si, Ba, 

Pb, P, Ca 

Pb, Zn 

Ba, Pb, Mg 

Ba, Pb, Mg, Cr 

Pb, Ba, Zn, Fe 

Ba, Ca, P, Pb, Zn 

Pb, Fe 

Pb, Fe, Cu, Si, Ba 

Pb 

Minor Elements 

Ba, Zn, Fe 

Ca, Ba, Fe 

Fe 

P, Ba, Zn, Ca 

CI 

aThese samples and those from the battery assemblers tests (V. B. 4) were 

provided by Mr. Gary Gonzales of the Orange County (CA) Sheriff's Crime 

Laboratory. 
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Only the first of the spheroidal and the last of the irregular particles 

pass the compositional criteria for particles consistent with gunshot residue, 

but only marginally. There is a combination of lead and barium, accompanied 

by elements that can occur in gunshot residue. However, these additionai 

elements are present in rather larger proportions than is typical for gunshot 
, 

residue of this composition, so that these particles would be considered some-

what questionable even if found in isolation. Their association with other 

quite similar particles that do not meet the criteria would tend to rule them 

out, as in the similar circumstances of the residue from studguns. 

Compounds of barium ha ve wide industrial us es, including lubricating 

oil additives, greases, and thickeners for pastes of various kinds, pigment 

fillers and extenders for paints and rubber. Automotive brakes collect a 

miscellany of ground-up metal and brake lining part; cles, oil, grease, dirt 

and debris of various kinds. Turning brake drums is a good way of producing 

particles compounded of many such ingredients, which could explain the 

presence of barium. 

5. Lead-acid battery assemblers. Samples were obtained from one 

person each in two different battery manufacturing establishments. The sub­

jects were involved in assembling the battery plates. The traditional compo­

sition of such plates is an a1loy of 94 percent lead and 6 percent antimony_ 

BaSO 4 is used as a plate filler. 

The samples from the first person engaged in this work contained many 

irregular and one spheroidal lead-only particle. In addition, the following 

three were of special interest: 

Shape 

Spheroidal 

Spheroidal 

Spheroidal 

Major 

Pb 

Pb 

Pb 

Minor 

Sb 

Sb, Fe, Si, Zn 

Ca, Ba, Fe, Zn 

The palm sample from the second person again contained many 

irregular Pb-only particles, but it also contained 40 spheroidal lead particles, 
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many of which contained traces (of one or several) of Fe, Sb, Cu, Zn, Ba. The 

following three were typical: 

Shape 

Spheroidal 

Spheroidal 

Irregular 

Major 

Pb 

Pb, Cu, Si 

Minor 

Zn 

Pb, Ca, Sb, Zn, Si, Cu 

Trace 

Fe, Ba 

Of the spheroidal particles, one had a diameter of 2 and one of 3 fJ.m. The 

others were all 5 fJ.m or more in diameter, a size distribution not typical of 

most gunshot residues. With this many particles found, even those cartridges 

that give relatively large particles would have a few below 2 f.1.m. Some of 

these particles pass the compositional criteria for gunshot residue, and their 

probable true nature can only be inferred from the other particles with which 

they are associated. 

6. AutCJ· mechanics, automobile exhaust, environmental lead. The 

largest source of environml::)ntal lead contamination is leaded gasoline. Addi­

tionallocalized sources are lead smelting and secondary lead refining opera­

tions. Non-airborne lead contamination comes from peeling paint in old 

buildings. Lead issues from the exhaust of motor vehicles in the form of lead 

chlorides, bromides, oxychlorides and oxybromides. In moist air, these are 

slowly hydrolyzed to V~ad oxides, and some lead oxides issue directly from 

exhausts. However, most fresh exhaust that has been tested contains particles 

in which both lead and bromine are present. Also, the majority of casual lead 

particles found on the hands of people, those not due to gunshot residue or 

specific occupations, contain bromine and often chlorine. Chlorine is too 

ubiquitous to be an accurate indicator, but the presence of bromine in a lead 

particle can be taken to identify the latter as being from automobile exhaust. 

A minority of exhaust particles gives only a lead spectrum. The vast majority 

of automobile exhaust particles, with or without bromine, are irregular. A 

solitary spheroid is seen only occasionally. Spheroidal exhaust particles without 

bromine have not been observed in any of these tests • 
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Automobile exhaust particles are abundant on the hands of many auto­

mobile mechanics that w~re sampled. They are found on the hands of service 

men who drive trucks from job to job, and they can be found occasionally on 

almost anybody· s hand. The auto'mechanics also had various kinds of metal­

containing particles, but none that were of interest in this study, except for 

the brake installer IS already discussed. 

7. Other occupations. None of the remaining hand-blanks from a 

large variety of occupations indicated potential conflicts with gunshot residue 

determinations; therefore, only some of them are briefly described. 

The plumbers, machinists, laboratory technicians and, to a 

les ser extent, electricians, tended to have collections of mostly irregular 

particles with complex compositions on their hands. The compositions 

included a wide variety of common and sometimes uncommon metals, but no 

combinations other than lead particles that would meet the criteria for gun­

shot residue. Lead particles were also quite numerous on the hands of a 

glas sblower, in addition to the same variety of particles already described. 

The particles found on painters' hands are also of the complex, 

many-element variety, except that the quantity of lead particles is low. In 

recent years, lead has been almost eliminated from ordinary paints. It is 

present, however, in the oil paints of artists and in ceramic glazes. 

Lead-tin combinations, which are indicative of solder, are 

found on the hands of television repairmen and electronic technicians. 

Spheroidal particles, which have the appearance of typical guns}:lOt residue 

particles but which consist of iron, or co~binations of iron and various alloying 

elerTlents used in steel, are numerous on th,~ hands of welders and flame cutters. 

They are tiny weld beads and are picked up occasionally by nearly everyonle who 

handles obj ects made of iron or steel. 

Another surprisingly common particle that looks like gunshot 

residue comes from the sparking flints used in cigarette lighters or the lighters 

used for gas burners, acetylene torches, etc. They are spheres, sonletimes 

porous like a sponge, and consist of cerium and iron, often with lanthanum. 
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Occasionally, one is found on the hand of a non-smoker. Sparking flints are 

made of a pyrophoric alloy of 70 percent "mischmetal" and 30 percent iron. 

Mischmetal is a mixture of rare earth elements from which the les s abundant 

and more valuable elements have been removed. What is left may be mostly 

cerium, or a mixture of cerium and lanthanum, sometimes with traces of 

other elements. 

8. Chemical notes of interest on sources not tested. Pyrotechnic 

materials (rockets, firecrackers, etc.) use blCl.ck powder and powdered metals. 

Bari.um compounds are used to produce a green light, but antimony is not used. 

Lead (together with selenium) occurs only in delays for blasting caps. Similar 

delays in blasting caps for explosives contain lead, selenium, and tellurium as 

well; barium is used in gasle-'s fuse powders. 

Lead-base babbitts and cerro alloys are low melting alloys of lead 

and antimony, most with detectable amounts of tin, that are used in fusible 

links for sprinkler systems, as fillers in bearings for machinery, and as 

fillers in automobile body repair work. It would be appropriate to examine 

handsamples from asers of these materials. Time const~aints have prevented 

this information from being obtained for this report" 
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CHAPTER VI. DEMONSTRATION-EXPLORATION PROJECT OF 

CASE ANALYSES FOR LAW ENFORCEMENT AGENCIES 

A. Purposes of the Demonstration-Exploration Project. 

Occasionally during the earlier phases of this project, a particular 

analysis for gunshot residue was performed at the request of a law enforce­

ment agency. At the beginning of 1977, an expanded program of such case 

assistance was made a formal part of the project. This was considered to be 

one of the necessary steps to advance particle analysis to a "field ready" 

status. The case assistance program had the following objectives: 

• To detect and solve any remaining problems that may be encoun­

tered in actual cases. 

• To speed the transfer of the method from the laboratory to field 

use, 

• To acquaint more criminalists with the details of the method 

well enough to start them practicing it. 

B. Types of Cases Handled and Success Rate. 

Two months prior to the formal termination of the program, 100 cases 

had been completed, with eight more waiting in the queue and some ,additional 

cases expected. Ninety-three of the 100 completed cases involved samples 

taken from the hands of individuals, and 86 of these fall into the three cate­

gories tabulated in Table 7 which permits a straightforward evaluation. 

The first category, labelled Homicides / Assaults, consists of cases in 

which someone fired a gun, bIt not at hilnself. Handsamples from one or 

several suspects, and in most cases a test-firing sample. were analyzed for 

the presence of gunshot residue. In order to be able to calculate a "success" 

rate, the assumption was made that at least one of the suspects was in fact 

the correct one, so that a successful analysis would consist of at least one 

positive handsample. Since this assumption could occasionally be wrong i 

equating positive results with successful analyses arid negative analyses with 

failures ensure that the actual success rate is at least as high as the number 
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Table 7. Summary of the First 86 Cases of Handsample Analyses a 

Rifle and Rate of Positive s 
Handgun Shotgun 

Cases Ca.ses Handguns Overall 
Category (No. ) (No. ) (%) (%) 

HOMICIDES/ ASSAULTS: 

Residue found on at least 28 5 
one suspect 

No residue found 2 4 88 79 

Inconclusive 2 
, 

SUICIDE/HOMICIDE DECISION: 

Residue on victim or 8 -
suspect or both 

89 89 
No residue found I -

SUICIDE VERIFICATION: 

Residue on victim's hands 29 2 

No residue found 2 2 94 89 

OVERALL: 

Residue found 65 7 90 84 

Not found or inconclusive 7 7 

given, but it could be higher. Three cases are labelled Inconclusive. In 

each of these cases, only one or two irregular lead particles were found. 

This could have been gunshot lesidue, but was not characteristic enough to 

result in a positive finding. For purposes of statistics I these cases were 

combined with the failures, cases in which nothing was found that could be 

interpreted as gunshot residue. 

a Four individual case reports are shown in Appendix E. 
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On the foregoing basis, the success rate was 88 percent where hand­

guns were involved and 50 percent for the much smaller number of cas es 

involving long guns, for an overall rate of 79 percent. This work did not 

include a study of long guns, so that the conditions for detecting residue from 

long guns were not optimized. This category includes the most successful as 

well as the least promising case that was handled. One of the positive results 

for handguns involved a single shot from a .22 caliber revolver, with the 

suspect sampled 13 hours after the firing. He was asleep for 6 hours and 

awake for 7 of the 13 hours. This is the most successful case. One of the 

negative long gun cases involved a .22 caliber rifle. This was the least 

promising case because the suspect was sampled 15 hours after the shooting 

occurred. Generally, accepting cases for live suspects after more than a 

12 hour delay is not recommended. 

The second category, labelled Suicide/Homicide Decision, involved 

examination of sarnples from both the vic,tim and one or more suspects. 

The assumption was again made that ther,9 should be at least one positive 

sample in the lot, other than the test-firing sample. This was found in 

eight of the nine cases, all of which involved handguns only, for a success 

rate of 89 percent. 

The final category, labelled Suicide Verification, consists of cases for 

which samples from only the victim were submitted. For statistical purposes, 

it is assumed that all of these are bona £ide suicides and require a positive 

result. This was obtained in 94 percent of the hau.'Jgun cases and in 50 per­

cent of the four cases involving long guns, for an overall rate of 89 percent. 

However, based on experience, a negative result in an apparent suicide by 

handgun seems highly suspicious and should be further investigated if it can 

be ascertained that the victim's body has not been disturbed up to the time of 

the sampling. The interpretation of evidence in apparent suicide cases is 

discussed in VI. D. 1. 

Averaging all three categories, posi.tive results were obtained in 90 per­

cent of the handgun Gases and 50 percent of the long gun cases, or 84 percent 
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overall. Bearing in mind the assumptions made, these are the minimum 

numbers for the rates of success of pn.rticle analysis applied to 86 cases o 

C. Impact. 

The criminalists and detectives at whose requests the analyses were 

performed generally agree on the usefulness of the results in the investigative 

and pre-trial phases of cases. In a number of instances the existence of the 

evidence caus ed the defendant to change his plea. This includes a few last­

minute pleas of guilty when Aerospace personnel had already been subpoenaed 

to give testimony. 

Some cases are still pending. Information on the dispositions of the 

others is still being received and is currently incomplete. There were a 

number of convictions, but it is too early to as sess the impact of particle 

analysis on the rate of convictions. Aerospace personnel have testified in 

court only twice. In one case, the defendant was convicted, and the testimony 

was materi.al to the conviction. The other case was dismissed on technical 

grounds not connected with the analysis, although all testimony including 

that by Aerospace personnel was damaging to the defendant. A criminalist 

who had witnessed an analysis in the Aerospace Laboratories testified to it 

in court, and the defendant was convicted. Another criminalist testified at 

a preliminary hearing. 

D. Special Problems. 

1. Interpretation of the evidence in suicides. A person committing 

suicide obviously cannot hold the gun in the normal firing attitude which was 

used to arrive at the characterizations described in this report. Experience 

from cases suggests, however, that in most cases the number of particles 

deposited on the victim's hands at the time of firing is at least equal to that 

reSUlting from normal firing when a handgun is used. There is not enough 

experience with long guns to make a similar statement for these, but it 

would seem that they afford greater opportunities for var"i.ations because of 

the problem of manipulating the gun. 
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The loss of residue fro:m the hands of live subjects as a function 

of ti:me probably consists in part of a si:mp1e falling off of particles, but loss 

:may be accelerated by activities that tend to wipe the hands. So:me suicide 

victi:ms who died instantly and were sa:mpled before the body was disturbed 

had a:mple residue on their hands as :many as 5 days later, which was the 

longest delay encountered in any of the caaes. Other cases tend to indicate 

that handling of the body and transportation can result in loss of residue to 

varying degrees. In the co:mpanion report on a field test of photolu:minescence 

analyses for lead and anti:mony, so:me data are reported that show a correla­

tion between the a:moul1ts of these ele:ments found and the ti:me lapse between 

death and sa:mpling at the :morgue. 

There are indications that bagging of the hands may be detri .. 

:mental rather than helpful in the preservation of the residue on the hand. 

The bagging practice is therefore viewed with reservations. 

If the victi:m does not die i:mmediately and is rushed to a hospital, 

the atte:mpts to 'save his life obviously take precedence over preservation of 

the evidence, and the residue :may be lost. 

If it can be ascertained that the victi:m's hands were sa:mpled 

before any serious disturbance of the body has taken place, a failure to find 

gunshot residue is suspicious enough to cause a further investigation into 

the possibility of a disguised ho:micide. However, if gunshot residue is found, this 

does not prove that the victi:m shot hi:mseli. The residue could have co:me 

from the muzzle blast of a gun held by another person. If the victi:m is aware 

of being attacked, especially at close range, he or she is quite likely to 

throw up his or her hands in a defensive gesture and thus receive the full 

:muzzle blast on the hands. So:metirnes it may be possible to distinguish 

between breach deposits and :muzzle deposits, as described in II, E. 

A difficult situation arises if both the victi:m and a potential sus­

pect or a witness (who :may also beco:me a suspect) are found to have gunshot 

residue on their hands. If the suspect's residue is ample and the victim's 

sparse, homicide appears likely. In the reverse sitl.lation l the explanation 

:may be accepted that the victi:m co:mmitted suicide, and that the survivor 
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picked up some residue by handling the gun or by handling the victim to see if 

he was still alive or to assist. However, if a few hours have elapsed before 

the survivor is sampled, the small amounts of residue found on him may be 

consistent with his having fired the gun a few hours earlier. In the light of 

all the circumstances, it will then have to be decided whether or not the sur­

vivor is a suspect in a possible homicide. 

2. Samples contaminated with blood. Samples were frequently 

received in suicide cases in which dried blood was present on the surfaces 

of the disks. This has never interfered with the detection of gunshot residue 

by particle analysis. 

3. Perspiration. No difficulties were encountered with samples 

taken from heavily perspiring hands. It may be that residue clings better to 

moist hands and that this compensates for ~ p03sib1e 1owel.'i::'lg of the effec­

tiveness of the adhesive. 

4. Time between firing and sampling. The average time lapse 

between firing and sampling was 3-1/4 hours, with a range from one to 

13 hours for live subjects. There was no difference in the average time 

laps'e between cases with positive and negative results. Considering hand­

guns only, the four negative results all involved cartridges that tend to give 

sparse residues, but these cartridges were also adequately represented among 

the positive results, so that this cannot be considered the determining factor. 

Two of thesft four cases took place indoors and two outdoors. 

The victims of either suicide or homicide tended to be sampled 

much later. The average time lapse was 15 hours, with a range from 1-1/2 

to 120 hours. The suicide victim that was sampled 120 hours later yielded 

ample residue, more than many others. Presumably, this body was 

sampled while still completely undisturbed. 

5. Long guns. During the course of this program, residue from the 

firing of some rifles and shotguns was collected for characterization, but 

ultimately it was not possible to include this subtask within the scope of the 

program. Thus, the only information acquired about residue left 0111. handfli 
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by long guns comes from the 15 cases submitted by law enforcement agencies 

that involved the use of such weapons. 

It is hazardous to draw conclusions from such a small number 

of cases. Shotgun cases gave 4 positive results out of 5 and rifles only 3 

out of 8. Of the three positive rifle examinations, two involved bolt-action 

guns, and one W'lS a semi-automatic. The five negatives were either semi­

automatic or lever-action rifles. It is still assumed that all results should 

have been positive. A. 22 rifle used to fire birdshot was not included in 

this summary because no decision was reached as to whether it should be 

treated as a rifle or shotgun cas e. It gave a negative result. 

It appears that rifles deposit much less residue on the hand than 

do handguns, and it may be that less residue escapes at the breach. Alter­

natively, it is possible that the spatial distribution pattern is different. No 

attempt was made to look for residue on ~he face of the shooter. This may be 

a worthwhile experiment. 

E. Statistical Information. 

Table 8 is a summary of the nUInber of cases in which guns were 

encountered that were chaInbered for the cartridges listed. Table 9 is 

a breakdown by make of gun and the brand and style of the ammunition used. 

Some of this information is incomplete. It is listed exactly as reported, with 

no effort at consistency. For exaulple, Win (Winchester) and W - W 

(Winchester-Western) refer to the same manufacturer, but the ammunition 

may have been marketed under different brand names, or it may be old 

ammunition produced before a merger, etc. 

These tables include cases beyond those listed in Table 7. They 

were not included there because they did not fit the three standard clas sifi­

cations. Also included are cases not yet completed. Some cases involved 

more than one weapon. 

F. Time Required for AnalysiS. 

The time spent on analyzing a sample varies with the fraction of the area 

examined, the amount of gunshot residue found, and the amount of extraneous 
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Table 8. Weapon Statistical Information 

Caliber I Type I Number of Times Encountered in Cases 

.38 Caliber: 
.38 Special 27 

.357 Magnum 7 (Two were us ed with .38 Special ammunition) 

.38 S&W 2 

.380 ACP 2 

9mm 4 

Total of .38 caliber cas es · . . . . . . . 42 

• 22 Caliber: 

.22 Long Rifle 2.2 

.22 Short 4 

.22 Magnum 2 

Total of .22 caliber cases · . . . . . . . 28 

• 32 Caliber: 

.32/20 1 

.32 S&W 8 

.32 ACP 2 

Total of .32 caliber cases · . . . . . . . 11 

Other Calibers, Rifles, and Shotguns: 

.25 ACP 8 

.44 Magnum 2 

.45 ACP 1 

Unknown 3 

Rifles 10 

Shotguns 7 

Total of other calibers, 

rifles, and shotguns . • . . . . . . . . . 31 

Total of all weapons listed. . . . . . . . 112 _ ..... , 
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Table 9. Weapon and Ammunition Makes and Models 

,-
Gun Ammunition 

"Rullet 
Barrel 

Make Model Length Brand Type Weight 
(in. ) (gr) 

.38 Special 

S&W 6 R-P SJHP 125 
S&W 6 Rem RNL 158 

S&W 4 Speer SJEI' 125 
S&W 4 W-W RNL 

(Super X) 

S&W 4 W-W RNL 

S&W 64~1 4 W-W LIIP+P 

S&W Combat Masterpiece 4 SV SHIP 110 

S&W Chief 2 Reload WC 148 

S&W 4 sv SJHP 110 
S&W 5 R-P RNL 157 

S&W SHIP 110 

S&W 4 W-W RN Lubaloy 158 

S&W 4 Rem FMJd 158 
S&W 10-5 2 Rem RNL 158 
Colt Cobra 2 Rem-UMC RN Lubaloy 158 

WRA 

Colt Agent 2 W-W RNL -154 
(Reload? ) 

Colt 4 S&'W RNL 158 

Colt 2 Rem SJHP 125 

Robm RG 38T 6 R-P RNL 158 

Robm 388 4 Reloaded RNL 
Milit. (WCe 71) 

Charter Arms Undercover 3 R-P RNL 158 

Charter Arms Undercover 2 W-W RN Lubaloy 158 

INA 2 SV SJHP 

H&R 926 4 R-P RNL 

Taurus 3 Western RNL 158 

Enfield 5 S&W Luba10y 145 

Unknown Unknown 

Unknown Unknown (WC ?;\ 
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Table 9. Weapon and Ammunition Makes and Models (Continued) 

Gun Ammunition 

Bullet 
B,;;.rrel 

Make Model I,ength Brand Type Weight 
(in. ) (gr) 

.38 Smith lit W es son 

Ivers-Johnson 5 WRA RNL 145 

Webley (type) Standard, British Milit. 5 R-P RNL 146 

357 Magnum 

Colt ., Reload .38 Spec. 

Colt Lawman Marl, III Speer JSP 158 

Colt Python h R-P 

Smith & Wesson 19 2-1/2 SV Soft-nose lead 
SJHP 

Ruger Blacl, Hawk unknown (.38 Spec. ) 

Rllger ? Unknown 

Unknown Unknown 

.380 Automatic Colt Pistol 

Walther PPK 3-1/2 R-P FMJ 

Beretta 3-1/2 Fed FMJ 95 

9mm ,- .------. 

STAR - 3-1/2 R-P FMJ 124 

STAR Fed FMJ 

Lllg\'r 4 R-P SJHP 115 

Unlmown 4 S&W SJHP 115 

.22 LR 

Rohm 60 5 Rem RNL 40 

Rohm RGlol 2 West RNL 39 

Rohm RGl4 2 Valor RNL 39 

Rohm RG14 2 Winch. RNL 
"Wildcat" 

Rohm RG23 2 Rem. RNL 40 
Mohawk 

Rohm RG? 2 Rem RNL 40 
"golden" 

Rllger Single 6 CCI Lubaloy 
Western 

Ruger ? 5-1/2 R-P RNL 
Cascade RN Lubaloy 40 

High Standard ? 6 CCI RNL 40 

High Standard ? 2-5/16 Fed HP, plated 39 
F.r.E. '? 4 CCI(C) RNL 39 
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Table 9. Weapon and Ammunition Makes and Models (Continued) 

Gun Ammunition 

Bullet 
Barrel 

Makl' Model Length Brand Type Weight 
{in. } (gr) 

.22 LR 

GC'l1eral Precision 20 2 West RN, plat(>d ·J.O 
Stlper X 

Reck Single action S West RN, Lubaloy ·lO Super X 
CCI {B} RNI, 40 

Colt Pt'aC('nla!q'r 7-1/2 RP 

liIfer X RN, plated 

Standard RNL 

J. C. Higgins 88 2 F<>d RN Lubaloy 40 

II&R Nine shot Browning 

H&R ? 2-1/2 Winchester, RN Luba10y 40 
Super X 

S&W 61-2. (auto) R-P gold~n 
bullet 

Erma (auto) W-W long Super X 
plated 

R-P long plated 

Unknown 6 Fed 39 

Unknown (auto) Fed 

Unknown (rev) Unknown 

.22 Short 

J.M. Marlin ? 3 Fed plated 28 

H&R ., Western Super X 
RN Lubaloy 

Rohm Rosco 2-1/2 Rem High vel 29 
golden 

Rohm RG-lO 3 Western RN Lubaloy Zl.l 

. ZZ Magnum 

Rohm 66 Winch SJHP 
Magnum (lioIt nose) 

Ruger ? 6 Winch Super X 36 
Magnum SJHP 

.32 Smith & Wesson (Revolver Ammunition) 

Ivers JohnsO'n 5 W-W RNL 

H&R 732 2-1/2 R-P RNL 88 
H&R ? Z R-P RNL --
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Table 9. Weapon and An~munition Makes and Models (Continued) 

Gun Ammunition 

Bullet 
Barrel 

Milk .. Model Length Brand TYPl' Wl'ight 
(in. ) (gr) 

• 'lZ Smith t, Vi ('SSOIl (R('volv('l' AnlIlIunitiou) 

Rohm IUf '? 2 R-P RNL ')H 

H&R RG? 2 W ('ot('rn RNL H'i 

Llb('rty Ii. W.-' (7- !-lhot) 2 W-W FM.T '.lH 

Cll'rh 1st fmub" H.-p 
nos(~ 

Fnlmown Unl<nown 

Colt )2/ lO 
, I·'N, platt'd 100 

• 32 AutoIllati(~ Colt Pistol (Automatic Pistol Ammunition) 

Unl<nown R('volver, top-breal, 3 

I 
Fl'd FMJ 70 

Unknown Allto-pistol FMJ 70 
, 

• ,.4 Magnum 

Smith & Wesson ? 4 R~P SJF'N 

Hawes '? 6 W-W RNL 
(Rem-Mag) 

.45 ACP 

Colt Gold Cup 5 WindwGter FMJ 230 
Military 

.25 ACP 

Unknown Unknown 

Rohm RG 25 -2-1/4 Rent FMJ 50 

Rohm RG 25 -2-1/4 Fed 1<'MJ 50 
W-W FMJ 50 

Rohm RG 42 2-3/4 R-P FMJ 50 

RigaI'm Brescia Unknown 

Raven Arms P 25 -2-1/2 W-W FMJ 50 

F.r.E Titan R-P FMJ 

Tan£aglio Guiseppe 2-1/2 H.-P 1<'MJ 50 
.-

Shotguns 

Am. Gun Co. .410 gauge 

Remington 12 gauge, model 870 W-W OOB Shot 5h('11 
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Table 9. Weapon and Ammunition Makes and Models (Continued) 

t1un Ammunition 

Bulll~t 
Barrel 

Make Model Length Brand Type Weight 
(in. ) (gr) 

Shotguns 

Stevens 12 gauge 

Unknown (NJ ? 12 gauge 6 ?) 

Diamond Arms 12 gauge, Model 1905 Fed Hi-power No. 7-1/2 
lihot 

? 20 gauge R-P 

FI Industries 12 gauge W-W No. 6 shot 

Rifles 

Ruger .22 cal, 10-22, semi-auto eel LR, plated 40 

Remington .22 cal, bolt action eel LR 

Winchester .22 cal, 67A, bolt action Sears extra RNL 40 
range 

Glenfield .22 cal, 65, semi-auto OmarkCCl RN, plated 40 

Glenfield .22 cal, (short), sel"'li-auto Western Super X, 40 
plated 

Savage • 300 cal, 1899, lever action R-P SP -!50 

Ruger • Z23 cal, Mir>.i-H carbine, semi- Military 
auto ILe70" spear point (M-16), 

plated 

Marlin 30-30 cal, sawed-off, lever action SJSP 55 
Model 336 Rc 

Marlin • 22 cal, Modt>l 81, lever action Rem .22 LR Birdshot 

Marlin • Z2 cal? I Fed LR 
(probably) -
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Table 9. 

DEFINITIONS: 

S&W: 

ACP: 

LR: 

H&R: 

R-P: 

W-W: 

SV; 

Rem: 

CCl: 

WRA: 

UMC: 

RN: 

RNL: 

Lubaloy: 

SJHP: 

LHF: 

+P: 
WC: 

FMJ: 

Weapon and Ammunition Makes and Models (Continued) 

Smith and Wesson, a manufacturer. The letters are also 

used to specify certain types of cartridges. For example, 

.38 S&W is a different type of cartridge than the. 38 Special 

and is not interchangeable with it. The. 32 S&W is a 

revolver cartridge, while. 32 ACP is an auto-pistol 

cartridge. 

Automatic Colt Pistol. This designates cartridges for 

.Luto-pistols. The. 380 ACP i.s equivalent to 9mm short; 

9mm, sometimes called 9mnl Luger or Parabellum, if, a 

longer cartridge. 

Long rifle. Twenty-two caliber rim-fire cartridges come 

in four increasing lengths, called: short, long, long rifle, 

and magnum. 

Harrington and Richardson, a manufacturer. 

Remi.ngton -. Peters 

Win~hester - Western 

Supervel 

Remington 

Cascade Cartridge Inc .. 

WLrichester Repeating Arms Co. 

Union Metallic Cartridge 

Round Nose 

Round-nose, lead 

A plating alloy for bullets 

Semi-jacketed hoUow-point 

Lead hollow-point 

Indicates a high powder load, i1extra pressure. " 

Wadcutter, a blunt bullet without taper 

Full metal jacket over a RN bullet 
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Table 9. Weapon and Ammunition Makes and Models (Continued) 

DEFINITIONS (Continued): 

JSP: Jacketed soft point. 

HP: 

SJFN: 

FN: 

Hollow-point 

Semi-jacketed, flat nose 

Flat nose 

material in the sample. Photographing particles or x-ray spectra takes 

additional time. The average for all samples in the cases that were handled 

was 1-1/4 hour per sample. 

'The number of samples per case also varies. The minimum is two, 

one from each hand of one suspect. There may be more than one suspect, 

Inore than two samples per suspect, and in most cases a sample froIn test 

firing the suspect IS aInInunition is submitted and analyzed also. SOInetiInes, 

not aJl samples that were submitted needed to be analyzed, but the average 

number actually analyzed in 69 cases was 4 samples per case, with a stan­

dard deviation of 2. One laboratory has increasingly used the method for 

screening large nUInbers of suspects. In three cases submitted by this 

particular laboratory, 8, 10 and 12 saInples were analyzed, and this raises 

the average to 4.3 for 72 cases. Even larger numbers of saInples were sub­

Initted in recent cases that have not yet been completed. Not all of the 

samples will be analyzed, however. The best procedure to follow for this 

purpose is to first examine a relatively small area of one saInple froIn each 

suspect. If gunshot residue is found, it Inay not be necessary to spend much 

time on most of the rest of the suspects. 

-81-





CHAPTER VII. EQUIPMENT 

A. Sampling Devices and Their Use. 

The basic sampling device is a plain aluminum disk, one inch in 

diameter and a.bout 3/8 inch hi.gh. It is cut from one inch bar stock, using 

alloys 6063 or 1100. These are the only aluminum alloys that are readily 

available in bar stock and are low enough in the heavier elements that are of 

interest in gunshot residue analysis. a High-purity pyrolytic graphite {'an also 

be used. 

The disks fit into a recess in the sample stages of some SEMs. Thin 

disks that have a stem or mounting pin on the underside are used with ethel' 

SEMs. Two different pin diameters and a number of different stem lengths 

are commonly used. One-inch diameter pin-type sample holders can be 

pUl'chased fol' about $2 each. The plain 3/8 inch disks described in the fore­

going paragraph can be made in any machine shop for between 20 and 50 cents 

each. For reasons of both cost and uniformity, it i8 advantageous to use the 

plain disks uIliversally, and to use an adapter for those instruments des1.gned 

for pin~type mounts. The adapter shown in .ti'igure 9 is simple to fabricate, 

and only one is needed per instrument. The dimensions given in this illus­

tration are for the AMR-1200 SEM. 

It is not advisable to use diameters of less than one inch. The surface 

area is proportional to the square of the diameter, and sampling effiCiency 

drops markedly if smaller diameters are tlsc:d. 

A one-inch square of Scotch Transfer Tape No. 465 is placed on the 

disk, adhesive side down. When the disk is to be used, the paper backing is 

pulled off, leaving the adhesive on the disk. Only the adhesive compound 

remains on the disk; there is no tape. Some adhesive tapes would do an 

ax -ray signals from ele:ments in the disk are seen only through holes in the 

adhesive layer. 

-83-



0.12" 
.L 

~25'ID~ia rl. 0" Dial ±o. 002 11 --.l 
~! : 

I I TJ 
DR I LL AND TAP 

~-------..1 

FOR 4-40 SET 
SCREW _----J ~ 

II 
O. 12211 Dia If 
±O. 001 11 :J 

0.25" 
+ 

• 0.5" 
I 

t 

0.5" 
t 

Fi.gure 9. Adapter Cup for Sampling Disk 



adequate job of sampling, but some blister and burn in the electron beam, 

and some contain impurities that can interfere with x-ray analysis. Many 

other tapes are not sticky enough, not smooth enough, or have inadequate 

shelf-life. 

The limits of the shelf-life of Scotch Transfer Tape No. 465 have not 

been tested, but in the case analyses, disks have been used several months 

afte1' preparation and have been mailed over considerable distances. In sev­

eral cases, the disks were mailed to a destination 6000 miles away and were 

returned with gunshot residue on them and analyzed successfully. In some 

cases, analysis was delayed for four months after the samples were taken. 

To sample the hand of an individual (see Figure 10), the disk is pressed 

Figure 10. Use of the Sampling Disk 
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repeatedly against the hand, adhesive side toward the hand, and the disk is 

moved from place to place until it has lost its stickiness. The disk is 

pressed straight down and lifted -traight up. The disk is not to be slid or 

rotated on the skin, but it should be pres sed down firmly. 

The pattern of movement starts on the web area just behind the junction 

of thumb and forefinger. It is then moved along the backs of the thumb and 

the forefinger, the back of the hand further behind the web, the backs of the 

middle and fourth fingers, and finally the area far back of the hand. Sampling 

is stopped when stickiness is loat. An additional disk is used if more area 

needs to be sampled. 

Sampling should be performed as soon as possible after the shooting, 

which is immediately upon apprehension of a suspect. The suspect should 

not be allowed to wash or rub his hands prior~o the sampling. No finger­

prints or swabs for other types of analysis should be taken prior to sampling. 

If the suspect has washed his hands, they should not be sampled. 

Instead, his wrists and the sleeve above the wrist should be sampled. If 

several hours have passed between the shooting and the sampling; the hands, 

the wrists and sleeves, and the inside lips of the side pants pockets should be 

sampled, using separate disks. Normally, not all of these samples will be 

used; however, it is better to have them available ill case they are needed. 

Precautions should be taken to prevent contaminating the samples. 

Police officers conceivably may have residue on their hands from handling 

theiJ.' own weapons. If they do the sampling, they should first wash their 

hands or wear gloves. 

The adhesive-disk method of sample collection was developed originally 

in connection with the photoluminescence method of analyzing for bulk lead 

and antimony. 5 It is easy to dissolve the residue on the disk in acid, pr~­
vided the disk has not been coated with carbon. Therefore, the disk method 

is applicable to both bulk elemental analysis and particle analysis. In the 
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work referred to in Note 5, a second sampling yielded less than 50 percent 

of the amounts of lead and antimony found in a first sampling, indicating a 

sampling efficiency of approximately 70 percent. In the sampling described 

in this report, sampling efficiency was further explored by counting particles 

collected in two successive samplings of the same hand. The two samplings 

gave 320 and 107 particles respectively, indicating that the first sampling 

collected 75 percent of the particles. Data published by Goleb and Midkiff18 

indicate more than a 90 percent collection efficiency for regular Scotch 

adhesive tape. 

In case work, sample disks are received in individual plastic boxes 

which are marked with the identification of the sample. The first step in 

the analysis is the transfer of the identifying legends to the underside of the 

disk with indelible ink. At this tim,S', a mark is also made on the side of the 

disk. This allows it to be re-inserted into the microscope sample stage at a 

later date in approximately the same orientation as the one originally used, 

in case it is again necessary to find some of the same particles. The second 

step is coating the specimens. 

For proper SE1vl performance, an electrically conducting path must 

exist from the sa.mple surface to ground (the sample support). For this pur­

pose, a coating of carbon is applied over the specimen. For materials that 

are subject to considerable outgassing, such as the adhesive, vacuum evapo­

ration is preferable to sputter coating. a A thin film of aluminum is accept­

able in place of the carbon. For best picture quality, noble metals such as 

gold, rhodium, and palladium are often used. However, they are undesirable 

for x-ray analysis, because they diminish intensities due to their high x-ray 

and electron absorption, and they give rise to interfering spectra. 

B. The Scanning Electron Microscope (SEM). 

Sev~ral SEMs currently selling for $30,000 to $35,000 each are suit­

able for gunshot residue analysis, as are many higher-priced instrUlnents. 

aTypical cost of a vacuum evaporator is $5000. A sputter coater is cheaper. 
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This price includes all of features mentioned in this chapter except the 

x-ray system. The nominal resolution should be of the order of 100 Angstrom 

Units (10 nanometers). This requirement currently excludes only those 

instruments that sell for substantially less than $30, 000. 

Except for the vacuum system, the principal mechanical component of a 

SEM is the sample stage, which allows the specimen to be tilted, rotated, 

and moved along x, y, and z axis directions. The workmanship required for 

this stage exceeds that found in high-quality mechanical watches. When 

viewed at magnifications of several hundred to several thousand times, any 

unevenness of the x and y motions will manifest itself as an erratic jumping 

of the specimen across the field of view, making it difficult to center an 

object of interest and impossible to conduct a rapid systematic search over 

a large area. When contemplating a purchase, the manufacturer's ability to 

meet this requirement should be ascertained. Any stage that is deficient 

should be rejected. 

The instrument mus t be capable of providing an accelerating potential 

of up to 25 KV, either continuously or in steps. Most specimens require no 

more than 10 to 15 KV and sometimes less for good picture quality. Speci­

mens prone to damage by the electron b~am should be viewed at the lowest 

feasible voltage. However, a potential of 25 KV is essential to performing 

an adequate x-ray analysis. The definition of "adequate" is the excitation of 

x-ray emissions in the energy range from 1 to 20 KEV with sufficient intensity. 

Operating at 25 KV instead of at lower voltages does not degrade picture 

quality. It provides maximum resolution, but it leads to faster contamination 

of the column and apertures, especially in the presence of organic material, 

such as the adhesive, necessitating more frequent cleaning. 

The instrument must be equipped with a TV scan capability. In the 

majority of lower-priced scopes, this is an optional extra-cost feature, but 
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it is included in the $30, 000 to $35,000 quoted. If the manufacturer states 

his fast scan to be TV tape recorder compatible, he has a true TV scan. 

In some instruments, a simulated TV scan performs as welll but quite often 

it is not satisfactory. 

For normal viewing, images are generated at scan rates typically in 

the neighborhood of one frame per second. Even slower speeds are used for 

photography. To create satisfactory images at such slow scan rates, the 

phosphors which are activated on the face of the cathode ray tube used for 

viewing must have an appreciable persistence. As a consequence, when the 

specimen is moved, one image will slowly fade at the same time that the new 

image is gradually built up. When rapidly searching over an extended area, 

the specimen is moved continuously. This requires a much faster scan rate 

and a phosphor with shorter persistence. A true TV scan produces 30 frames 

per second and is interlaced. In this mode, the picture is usually displayed 

On an extra (external) monitor scope; which quite often is actually a small 

black and white TV set. (It is possible to use a large set, or several con­

nected in parallel). The picture quality is degraded because the number of 

lines per inch is reduced, but a rapid search is possible. A few SEMs will 

display the TV scan on the same scope that is used for normal viewing. The 

adequacy of such a feature should be checked very carefully. 

Another es sential feature is the ability to operate the TV scan at all 

magnifications. On some instruments~ the TV scan is operable only at the 

lower magnifications, and the manufacturers will point out that the TV image 

becomes too washed out at high magnifications to be useful. However, 

particle analysis employs a special operational procedure which has its own 

requirements. 

In the particle analysis operational procedure, the specimen is searched 

in a systematic pattern, using the TV scan only, at a nominal magnification of 

at least 500X, but not much more. On the instrument used i.n this program, 

the TV image automatically had a magnification over tw ice as large. However, 
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this is secondary (empty) magnification, which is comparable to using a 

more powerful ocular, rather than objective, in an optical microscope. 

Under these conditions, the smallest object just ~isible is about 1/2 microm­

eter in diameter. When the operator spots;;. particle that may be of possible 

interest because of its sha:pe and brightness, he increases the magnification 

to get a better look. If the particle still looks interesting, he turns the mag­

nification up until the particle fills the screen {keeping it centered} and 

presses the button that initiates an x-ray analysis which will identify the 

particle either as gunshot residue, possibly gunshot residue, or not gunshot 

residue (or whatever else for which one might be searching). At this high 

magnification, the TV picture loses all visual detail, but the purpose is to 

keep it centered for the x-ray analysis without switching out of the TV mode. 

Ii the TV s can cannot be operated at high magnifications, it is necessary 

to return to the normal viewing scope, and either a slow scan or perhaps a 

spot mode before taking the x-ray spectrum. This procedu~e must then be 

reversed to continue the search. All this is time-consuming; if there are 

many particles, the analysis may take five times as long as it would in a 

continuous TV mode operation. The ability to operate the TV scan at all 

magnifications is essential for particle analysis. 

In general, when switching from normal to TV scan rates, the diameter 

of the electron beam (spot size) needs to be reset in such a way that the 

energy input to the sample i.s increased. Different instruments differ in 

the amount of change that is necessary, and the less change required the 

better are the results. The increased energy is n10re damaging to speci­

mens and, in the case of adhesive lifts, is more prone to melt or decompose 

the adhesive and allow the particles to sink out of view. 

C. The X-Ray Analysis System. 

For small and irregular-shaped particles, it is usually a waste of 

time to engage in elaborate treatments of SEM x- ray data in an attempt to 

-90-



obtain quantitative analyses. Automatic rather than operator identification 

of the elements that are present is an expensive convenience that does not 

speed the analysis if the operator is experienced; it may in fact slow the 

analysis. For this reason~ for gunshot residue examinations, a relatively 

simple x-ray analysis system is preferred with just a few of the many 

options available. Specifically, a middle-of-the-line system in close to its 

basic configuration is recommended. Currently, this can be bought for 

approximately $22,000. 

The detector resolution must not be worse than 152 eY, which is the cur­

rent industry standard (lower numbers mean better resolution): 145 eV detectors 

are available at considerably higher costs. When these prices are reduced, 

they should be used. The analyzer should have a memory of at least 1024 

channels and the ability to put element markers (MLK markers) into the 

display. The display should have an energy scale along the bottom1 and it 

should be possible to expand and contract the scale, as well as move it to 

the right and left. The display should be of adequate size, at least a nominal 

9-inch (diagonal) TV or cathode ray tube (CRT), and conveniently posi­

tioned. Systems should be avoided in which the displa.y consists of a. small 

CRT-mounted integral with a large electronic bin. Trlese are both hard to 

read and difficult to position for operational convenience. Scanning elec­

tron microscopy is a steady, hour-after-hour occupation, in which operator 

convenience is important. 

One of the components of an x-ray analyzer is an electronic module 

usually called a pulse processor. It is useful to have :a pulse pile-up 

rejection feature incorporated in an x .. ray analyzer. JTurther options and 

capabilities are not required for gunshot residue detel'minati.ons, but should 

be considered on merit for other pos sible applications before a purchase is 

made. Occasionally, some of these features can be useful for gunshot 

residue as well (see Chapter IX). 
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CHAPTER VIII. STATISTICAL ANALYSIS OF Rll"PID SEARCH 
AND CHARACTERIZATION PROCEDURES 

A. The Sarnple and the Instrument. 

L Geometry, The large circle shown in :E'igure 11 represents the 

surface of the cylindrical sampling disk, which is one-in. (2. 54 cm) in 

diameter. The surface area is 5.07 cm2, or 0.7854 in2• The O. 75-in. 

square (20mm on edge) represents the area accessible £01' viewing by using 

~-o. 4 in.---i 
..... _il---f--- O. 75 in. ---i--~ 

..... -11---+------;--- 1 in. --+-----r--1-IIl'i 

Figure 11. Specime11 and Stage Geometry of the AMR ... 1200 SEM 
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the x and yaxis stage motion controls. Both its size znd location with respect 

to the center of the disk will differ for different instruments, and are shown 

in this illustration only for the AMR-1200 SEM. The location with respect to 

the center is affected by the tilt of the specimen from the horizontal toward 

the detector. Rotating the sample disk under this square allows the entire 

surface area of the sample to be observed. However, since the fraction of 

the circle lying within the square in a single orientation is larger than the 

area normally surveyed for gunshot residue, the disk is not rotated. 

All searches ar.e confined to a portion of the shaded area only. 

The shaded area is 0.40 in. x G. 75 in. (about 10 x 20mm) in size and repre­

sents 38 percent of the disk area. 

The shaded area is divided into strips. These are columns 

(y-coordinate) in the instrument used in this project, but may be rows 

(x-coordinate) in others. The width of a column, 0.008 in. (O.20mm), is 

the width of the field of view of the TV scan monitor at the nominal magnifi­

cation of 500 used for the rapid search. On the instrument used in this 

project, this nominal magnifi,eation refers to the photographic scope. The 

visual scope and the TV monitor give pictures that are actually 1.3 and 2.6 

times larger, respectively, than the photographic image, so that the search 

is actually performed at a magnification of 1300, but the resolution of a 500x 

picture. 

Each column is sc:anned by first exercising the y-coordinate 

control, then a new column is selected by using the x-coordinate control 

until enough area has been searched to meet the objectives of the experiment. 

Each column covers about 4mm2, or 0.763 percent of the disk 

area, which c~rresponds to the. equivalpnt of about 131 columns. There CI.re 

150 columns (about 40 percent of the disk. 'within the s~aded area. 

The disk area surveyed is always less than 40 percent. However, 

no matter how large or how sInall the area actually surveyed is, it is never 

one contiguous area. It is made up of several portions scattered randomly 

over the (accessible) area of the rectangle. 
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The y-coordinate is measured in a horizontal plane. Since the 

disk is tilted downward by 10 degrees toward the detector, the actual y elis­

tance along the surface of the disk is 2 percent larger than the measur.ed 

distance (y/ cos 100 ). This is not significant within the rounded-oif figures 

used. 

B. Probability of Detection in Rapid Search Procedures. 

The following two questions are answered in the paragraphs which 

follow: (1) If no gunshot residue is found in the initially surveyed portion of 

a sample, how much more area needs to be examined before there is a satis­

factorily high probability that nothing would be found in the remainder? 

(This question is important because the time required to scan 100 percent 

of the area would be prohibitive in most cases. ) and, (2) In characterization 

studies, what percentage of the area is sufficient to allow statistically valid 

extrapolations for the totals? 

"Clustering" does not occur.
a 

The method of collecting residue and 

moving the adhesive-coated disk from place to plc~ce causes some randomi~ 

zation of the deposits. More importantly, in literally hundreds of exami­

nations, no situation has been observed in which frame after frame was 

empty when viewed on the TV scan monitor, when suddenly one was found 

having five to ten particles in the field of view. If the specimen is sparse, an 

occasional particle is seen in isolation here and there; there are no closely­

spaced groups of separate particles separated by large empty stretches. 

If the specimen is rich, then it is ri.<!h everywhere, although the number of 

particles per column will vary. Some data on this variation are presented 

in VIII. C. The distribution of particles on the disk is random, and there is 

no tendency of particles to cluster. 

a The term "clustering" is used here in the sense of a close grouping of 

independent particles. It does not :refer to the clusters described in II. B, 

which consist of connected spheres and are counte,' .,~' a single particle of 

a special nature. 
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The total area of the disk is equivalent to 131 columns (see VIII. A. ) 

Assuming that the deposit is rather sparse and consists of only 25 

particles on the entire disk, with random distribution of the particles and 

given the absence of clustering, the simplifying assumption can be made 

that there are 25 columns which contain one particle each and 131 - 25 = 
106 columns that are empty. Thus, the probability of finding any column 

empty is 106/131, or O. B09. If the first column searched was found empty, 

the probability of finding another column also empty is 105/130, or O. BOB. 

The combined probability of finding both empty is the product of the separate 

probabilities, or (0. B)2 = o. 66. 

Continuing in this fashion, the following probabilities are found, with 

the superscript giving the nl.1mber of columns searched: 

Pe 
1 

O.Bl = 
Pe 

2 
0.66 = 

Pe10 = O. 11 

Pe 
20 

0.001 = 
Pe 

30 
0.000001 = 

The meaning of these figures is that there is only a 0.1 percent prob­

ability of finding the first 20 coltL."'Uns empty if there are 25 randomly dis­

tributed particles on the disk. If 20 empty columns are found, either an 

event of low probability has been produced, or else the original assumption 

that there are 25 particles is wrong. The interpretation can therefore be 

turned around and the inference made that if no particles are found in the 

first 20 columns examined, there is only a O. 1 percent probability that there 

are as many as 25 particles in the remainder of the area. Similar calcula­

tions can be made for different assumed numbers of particles. The results 

are listed in Table 10, and the program that produced these numbers is 

listed in Appendix B. 
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Table 10. Probability that the Unsearched Portion of the Disk 
Contains the Indicated Number of Particles as a Function 

of the Number of Columns Searched 

Particles .... 5 10 15 20 25 

Columns Probability 

1 0.96 0.92 0.89 0.85 0.81 

10 0.67 0.44 0.28 0.18 O. 11 

20 0.30 0.085 0.02 0.006 0.001 

30 0.083 0.006 0.0004 2.3:x:l0- 5 1 :x: 10- 6 

40 0.013 0.0001 1 :x: 10- 6 9 x 10- 9 5 x 10- 11 

50 0.001 1 x 10- 6 6 x 10- 10 3 x 10-13 6 x 10- 17 

In this project, an upper limit of 25 percent was set on the area to 

be surveyed. Twenty-three percent would be equivalent to 30 columns. 

Using the iigures for 30 columns, if nothing has been found, there is an 

8 percent probability that there may be five particles on the remainder of 

the disk, a o. 6 percent probability that there may be 10 and a 0.04 percent 

probability that there may be 15. Using the 50-column maximum area 

accessible without rotating the disk still leaves a O. 1 percent probability of 

finding five particles, but a negligible probability of finding InOl,'e than five. 

In the event that clustering occurs, assume an extreme case in which 

25 particles are distributed in such a fashion that they are contained within 

only five columns, each of which would then contain five particles. 

Obviously, the correct probabilities are now those given for 5 rather than 

25 particles in Table 10. Such extreme clustering is known not to occur, 

but a random rather than a uniform distribution does allow for a very 
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limited amount of clustering. For any number of particles, a safe procedure 

is to use the figures in the column for the next lower number of particles. 

For example, use the 15 particle column for 20 particles. 

The cartridge characterization studies reported in Chapter III and the 

persistence studies reported in Chapter IV, give a general expectation of 

the number of particles to be found if the subject fired a gun. Although these 

expectations are probabilities rather than certainties, they furnish a standard 

by which the progress of an analysis can be judged. If the analysis has 

progressed to the point where there is only a small probability of finding at 

most a small fraction of what was expected, it should be determined whether 

spending any more time on the examination is justifiable. 

c. Reliability of Extrapolations in Characterizations. 

This section is addressed to determining the percentage of the disk 

area that must be surveyed to allow statistically valid extrapolations to 

determine the total number of particles at a predetermined level of confi­

dence. This will depend on the fraction of the total area over which counting 

occurs, and the scatter of particle counts from column to column. 

A relationship for this confidence level can be derived from statistical 

considerations. It applies with increasing reliability as the total number of 

particles increases. Figure 13 illustrates the approach taken and the 

meaning of the symbols used. 

The total number of columns on the disk is Z, and individual particle 

densities (n) have been determined for z columns (which need not be adjacent). 

The mean particle density for the z columns is ul. Z -z is the number of 

columns that remain uncounted and in which the mean particle density will be 

n2• The total number of particles is then: 

(I) 

Because of the collection method, it is probable that the particles 

have a random distribution over the disk. This has been confirmed 
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experimentally. In this case, the most probable value for n2 is n
i 

j i. e., 

the pos sible values of ~2 are represented by a distribution curve centered 

about iiI. The width of the distribution curve can be expected to be deter­

mined by the degree of scattering of the individual values of n about ii10 If 

a standard deviation: 

CT :: (2) 

has been obtained for the counted area, it can be inserted into a Gaussian 

distribution for n2 according to: 

n 2 :: ni e - (3) 

n 

----n2----------~-

o z Z 

Figure 12. Derivation of Confidence Level 
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The probability of finding 'il2 within the limits ±kcr is obtained by 

integrating Equation 3 and normalizing the total area under the curve so 

that: 

This yields: 

f
+co 

= 1 

-co 

+kcr 

P(k<r) = <rJ-z; L<r e 

- 2 
(n - n l) 
---:::-2- dn 

2cr 
(4) 

The probability of finding the overall particle density N/ Z (and hence N, 

the total number of particles) within the same limits after counting only z 

columns, then follows from combining Equations l, 3, and 4: 

P (z/Z, kcr) = [z/z + z ~ z P (kcr)] (5 ) 

Equation 5 has been evaluated for its dependence on z/Z and kcr, and the 

results are shown in Figure 13. It is seen that P increases in proportion 

to the number of columns counted. For z = Z, ,P = 1 for all values of k. 

If the range of variation for N is taken as wide as + 3cr , N can be found 

within this range with better than 99 percent probability, even if only a 

rather small fraction of the total area has been surveyed. It should be kept 

in mind, however, that rr is poorly defined if z «Z, and the task remains 

of deciding how large z/Z needs to be so that cr is adequately determined. 
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Figure 14 is a plot of nine tests in which froIn 10 to 25 (average 18) 

coluInns were counted for their particle content. The fractional variation 

froIn coluInn to coluInn, in the forIn CTf = o-/i1 where Ii is the Inean number 

of particles per coluInn, is plotted against ii'. Not unexpectedly, CT
f 

declines 

with increasing ii'. The fact that it does so with o:dy a Inodest degree of 

scatter suggests that 0- is Ineaningful for 18 colUITInS if n exceeds 3. 
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Figure 14. Fractional Standard Deviation as a Function 
of Mean Particle Density 
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Table 11 sho!Ns a determination in quadruplicate (four separate 

firings by different persons) of the residue left on the firing hand by a 

particular cartridge. Particles were counted for each of the four samples, 

first in 5 percent, then in 10 percent, and finally in 15 percent portions of 

the total area and the numbers were extrapolated to 100 percent. With the 

addition of more area, the changes in the extrapolated numbers are consis­

tently smaller than the sample-to-sample variations. Therefore, it is the 

latter rather than the former which determine the standard deviation of the 

result, and the numbers derived from only 5 percent of the area would have 

been acceptable. If that is true for this fairly sparse residue, then because 

of the data shown in Figure 14 it should be even more valid for heavier 

deposits. It also confirms the previous conclusion that the residue is dis­

tributed fairly uniformly over the disk. 

Table 11. Extrapolations from Increasing Fractions of Area 

Percentage Sample Mean and (J' 

of Area 
1 2 3 4 

Particle Count 

5% 180 200 180 80 160 + 54 -
10% 140 210 130 80 140 + 54 -
15% 140 193 133 107 143 + 36 -

Mean and (J' 150 ± 23 201 + 9 148 + 28 89 + 16 

The data in Table 11 can be evaluated further to extract numbers for 

use with Figure 13. Instead of examining the change in the extrapolated 

totals as the area increases from 5 to 10 to 15 percent, a column by 

column count is made for 15 percent of the area and n
I

, the average number 
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of particles per column, and a standard deviation are obtained. The 

latter is the standard deviation for each column. To obtain the standard 

deviation for the entire area examined, if two numbers are added, each of 

which has a certain standard deviation, the cr for the sum is the square 

root of the sum of the squares of the individual sigmas, thus: 

~+B+C = 

The results, multiplied by three, are listed in the row labeled 3 x cumula­

tive cr in Table 12. In accordance with the data in Figure 13, there is a 

99 percent probability that the extrapolated number is correct within this 

tolerance. 

Table 12. Derivation of Standard Deviations 

Sample 1 2 3 4 

No. of Columns 20 19 17 20 

Percentage of 15 15 13 15 
Area 

n 1. 05 1. 52 0.95 0.90 

cr 0.95 1. 21 1. 38 0.86 

3 x Cumulative cr 13 16 17 12 

To check the degree of uniformity of the deposits further, the effect 

of increased area coverage on the extrapolated totals was examined for five 

cases in which the totals ranged from 3000 to 10,000 particles. In three 

cases, increasing the area from 1. 5 percent to 3.0 percent resulted in 

changes by factors of O. 91, 0.96, and 0.91. In one case, going from 
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2.3 percent to 4. 6 percent gave a factor of 0.77, and the last of these 

five cases gave a factor of 0.92 for a change from 2. 3 percent to 10.0 per" 

cent. A sixth case with a total of 2000 particles changed by 0.56 for an 

increase in area from 1. 5 percent to 15.0 percent. Even this comparatively 

large change is well within the sample-to-sample variations. 

It is concluded that examination of 5 percent of the total area is a safe 

procedure for estimating the total number of particles J within a factor 

of two, and that 10 percent can be expected to provide reliable statistics on 

the distribution of the particles among the various size and composition 

classes, provided that the total number of particles is large enough for sta­

tistical purposes. These percentages were exceeded for most of the charac­

terizations described in this report. 15 percent being the most commonly 

used figure. Accordingly, the standard deviations found are primarily those 

of the sample-to-sample variations. 
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CHAPTER IX. X-RAY ANALYSIS 

A. Quantitative Aspects. 

X-ray emission in the SEM is induced by electron excitation. (See 

Table 13 for a comparison of electron excitation with x-ray excitation methods. ) 

The detection method that is the most commonly used for SEMs employs a 

solid state detector and energy-dispersive analysis of the spectra. In this 

method, the relative peak heights of the characteristic emission lines are not 

directly proportional to concentrations. For flat specimens, the peak heights 

can be converted to concentrations by fairly complex mathemC!:tical pi'ocedures 

that are usually performed by computers. A simple comparison of peak 

heights will give reasonably quantitative results only if the sp'~cimens are 

large and flat, and if similar specimens of known concentrations (standards) 

are available. For small and irregular -shaped specimens, reliable quantita­

tive analyses cannot be obtained in the SEM by any method. 

Table 13. Comparison of Analysis Methods 

Detection Method Salient Excitation by: 
Characteristics -

Electrons X-rays 

Energy-Dispersive Detection: SEM X-ray 
Low resolution, Microprobe 
High sensitivity_ 
Quantitative analysis is 

difficult 

Wavelength Dispersive Detection: Electron Microprobe X-ray 
Higher resolution (IOOX), (SEM if specially Fluorescence 
Lower sensitivity (1/100 to 

1/10). 
equipped) 

Easier to make a quanUtative 
analysis. 
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Only a simple qualitativ,e detection system was used in this project. 

The das sification of elements as major. minor, ,.nd trace constituents is 

based on peak heights rather than on concentrations. Since the peak heights 

are modified by irregularities d shape and by matrix effects, even these 

broad distinctions cannot always be taken literally. With this reservation, 

elements whose strongest peak has 30 percent or more of the height of the 

strongest peak in the spectrum are deemed to be major ingredients. Minor 

constituents are elements whose strongest peak is smalle1.' than this but is 

clearly identifiable when the strongest peak in the spectrum is still on scale. 

The term trace is used when the element can only be seen or identified by 

enlarging the vertical scale or continuing the x- ray count until the strongest 

p~ak is well off scale at the top of the display. In general, this means that 

the peak height is of the order of 1 percent of the strongest peak height, and 

. ';~ element is just detectable above the background. The term just detectable 

is a better description than trace. The detection limits of this method range 

from a few hundredths or one percent at the very best to several percent at 

worst, whereas in the general field of analytical chemistry trace analysis 

refers to the determination of concentrations smaller than 500 parts per 

million down to parts per billion. However, the modest concentration det.::c­

tion limit of 1 percent translates into absolute amounts of this component on 

the order of femtograms (10-15g ) when a particle one micrometer in size is 

analyzed. Trace is defined as meaning just detectable by the methods 

described in this chapter. 

B. Energy-Dispersive X-Ray Analysis ·Problems. 

1. Extra lines, artifacts. The absorption by the silicon detector of 

any strong x-ray with an energy greater than that of the silicon KQ' line may 

cause the emission of a silicon KG: x-ray which will appear in the spectrum, 

together with an escape peak whose energy will be the difference between the 

energy of the exciting line and that of the silicon KQ' (1. 74 keY). The smaller 

this difference is, the greater is th~ lik(~lihood for observing this phenomenon. 

1£ strong, the unresolved lea:,d MQ'lines (2.34 and 2.35 keY) are accompanied 

regularly by the 1. 74 silicon KQ' line and an escape peak at 0.606 keY. 
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The operator should become acquainted with the intensity ratio 

between the lead Ma and the spurious silicon Ka. An increase in the intensity 

of the latter indicates the actual presence of silicon in the sample. The 

operator should also be aware of the possibility that other strong peaks can 

cause silicon escape phenomena. A peak that appears in the spectrum below 

about 1. 0 keY is a priori an escape peak, because if x-rays of such low 

energy originated outside the detector (in the sample), they would not pene­

trate a conventional detector window with sufficient intensity to be registered. 

For example, the cadmium Mo- line has the energy of the lead-silicon escape 

peak, but would not be seen in the spectrum. 

At high counting rates, a phenomenon known as Pulse Pile-Up can 

cause low intensity peaks at energies that are either twice that of a strong 

peak or the sum of two strong peaks. The better detector systems have cir­

cuitry to prevent this from happening. 

In the work described in this report, the only spurious line 

observed was the silicon Ko- and its escape peak in the presence of a high 

concentration of lead. 

2. Extra lines 1 real. Analysis of spectra is made both easier and 

faster by the ability of the detection system to place element markers (MLK 

markers) on the screen at the positions where the major lines of an element 

occur. Generally, this is limited '(:0 two K, four Land on6 M line for one 

element at a time. Tables supplied by the manufacturer or found in books 

list additional lines frequently observed. However, x-ray spectra are richer 

than is commonly believed. There are many more weak lines not listed in 

the usual references I and some of these may be occasionally observed. Since 

all lines in a spectrum must be accounted for, the operator should equip him­

self with an exhaustive listing such as ASTM publication DS-46. by Johnson 

and White, entitled X-Ray Emission Wavelengths and keY Tables for Non­

Diffractive Analysis. 
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In this project, the following lines, which are not listed in 

abbreviated tables, were observed: 

• The barium Ll line at 3.96 keY, with an intensity of 2 per­

cent of La. This falls between the antimony Lj33 at 3. 93 and 

the antirpony Lj32 at 4. 10. The antimony Lj36 at 3.98 is 

probably too weak to be important. 

• The lead M 2 -N
4 

line at 3. 124 keY, @with an intensity of 

5 percent of Ma claimed, it appears weaker. This overlaps 

the cadmium La
2 

at 3. 126 (unresolved from the cadmium 

La
1 

at 3. 133). Ensure that the remaining cadmium L lines 

are absent before deciding that the lead line is visible. 

The extra barium line complicates the resolution of the calcium K 

and L lines that crowd one another in this region (s ee IX. B. 3). The extra 

lead line is observed when the lead Ma is allowed to rise well above the top 

of the scale in o.tder to detect a trace of antimony. 

Other additional lines are the barium Ly and Ly lines at 5.53 tit 
1 2 

and 5. 80 keY, with intensities of 10 percent and 2 percent of the La, and a lead 

Ll line at 9. 19 keY with an intensity of 2 percent of the La. 

Quoted intensity ratios can vary considerably for irregular par­

ticles, or particles that are not homogeneous. 

3. Res olution of overlapping peaks. 

a. Calcium and antimony. Calcium is recognized by its Ka and 

Kf) lines at 3.69 keY and 4.01 keY, respectively, as shown in :F'igure 15. 

Antimony is identified by its La line at 3. 60 keY, Lj31 at 3. 84, and Lf3
2 

at 

4. 10, as shown in Figure 16, which also displays the weak Ll at 3.19 keY. 

Becaus e of the overlap of the calcium K spectrum with th~ antimony L spec­

trum, the analysis becomes difficult when both elements are present. Fig­

ures 17 through 20 illustrate the line shapes and peak positions for various 

@This line has not been assigned a spectroscopic symbol and is therefore 

designated as the line due to the transition between the M
Z 

and N4 energy 

levels, or the PbM N line for short. 
2- 4 
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Figure 17. Antimony: Calcium 

X-Ray Spectrum = 2: 1 

Figure 18. Antimony: Calcium 

X-Ray Spectrum = 1: 1 
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Figure 19. Antimony: Calcium 

X-Ray Spectrum = 1:2 

Figur e 20. Antimony: Calcium 

X-Ray Spectrum = 1:8 



mixtures of calcium and antimony. These spectra were produced in the 

following manner. Samples of pure antimony, calcium fluoride, and barium 

oxide were placed on separate locations on the same sample support disk. 

Values of magnification were determined (this selects the size of the area 

from which x-rays are obtained) for each material, at which the heights of 

the strongest peaks for the three materials were equal to one another for 

equal counting times. To obtain the spectrum shown in Figure 17 in which the 

contribution of antimony is stated to be twice that of calcium, an x-ray count 

from the antimony was accumulated for 16 seconds. The count was then 

stopped and the calcium sample moved under the electron beam. The magni­

fication was adjusted to the predetermined value and an additional 8-second 

x-ray count was accumulated, leading to the combined spectrum seen in Fig­

ure 17. In this manner, it is possible to specify the contributions of each 

material to the total signal, but the ratio of signal contributions is not the same 

as the concentration ratio corresponding to it, which was not determined. 

In Figure 17, the addition of calcium has modified the anti­

mony spectrum, but the three characteristic antimony L lines remain identi­

fiable. Figure 18 shows the spectrum of a calcium-antimony mixture with 

equal signal contributions. The Lj3 lines for antimony in this illustration are 

barely visible as shoulders on the main peak, whose energy maximum has been 

shifted to a slightly higher energy than the correct value of 3. 60 keY for the 

antimony La. In Figures 19 and 20, the calcium contributions are, respec­

tively, twice and eight times those of antimony. The major peaks in both 

these spectra have maxima close to 3.7 keY, the energy of the calcium Ka 

line. However, the good resolution of the Ka' and Kj3 lines that are obtained 

with pure calcium does not exist, because the valley between the peaks has 

been partially filled in by the weak antimony lines. 

b. Calcium and antimony in the pres ence of barium. Barium 

is recognized mainly by its La at 4.46 keY, Lj31 at 4.83, Lj32 at 5.16, and 

LY1 at 5.53 keY. When the barium signals are strong, the weak L1 line at 

3.95 keY is seen also, as shown in Figure 21. The presence of the L1 line 

complicates the detection of smaller amounts of calcium and antimony, which e 
is a very common situation. The spectra in Figures 22 through 24 illustrate 
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Figure 21. Barium X-Ray Spectrum Figure 22. Barium: Antimony 

X-Ray Spectrum :: 30: 1 
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Figure 23. Barium: Calcium 

X-Ray Spectrum = 30: 1 

Figure 24. Ba14 ium: Antimony: Calcium 

X-Ray Spectl'ul.L'l = 60: 2: 1 
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Figure 25. Barium: Antimony: Calcium 

X-Ray Spectrum = 60:2:2 
Figure 26. Barium: Antimony: Calcium 

X-Ray Spectrum = 60: 1:2 



various mixtures of calcium and antimony in the presence of an excess of 

barium. Figure 22 represents a small amount of antimony but no calcium. 

Note the antimony La at 3. 60 keY. Figure 23 shows the reverse, i. e., no 

antimony; the calcium Ka is seEm at 3.7 keY. In Figure 24, both minor 

ingredients are present, and the antimony contribution is twice that of calcium. 

The peak close to 3.6 keY is indicative of antimony. This peak shifts toward 

3.7, and the valley at about 3.8 also shifts to higher energies as the calcium 

ratio in the mixture increases. In Figure 25, the calcium and antimony con­

tributions are equal, and in Figure 26 the calcium signal is twice as strong 

as that from antimony. 

c. Titanium and barium. With a detector resolution of l-rO keY 

or worse, titanium and barium may constitute a problem in reso'~ution analo­

gous to that posed by calcium and antimony. However, the peaks are resolv­

able with a detector resolution of 152 keY, which is the current industry 

standard. 

d. Lead and sulfur. The lead M spectrum contains a number 

of lines, but the only strong ones are unresolved from one another and form 

a single, broad peak at. 2.4 keY. The L spectrum has its principal peaks at 

10.5, 12. 6, and 14.8 keY. 

The only peak available for the identification of sulfur is the 

unresolved K line at 2.4 keV. In the presence of lead, it is covered by the 

lead M peak. To decide whether a peak at 2.4 ke V is due to sulfur or to lead, 

the lead L lines should be sought. If these are absent, the 2.4 keV peak is 

sulfur. If they are pres ent, the 2.4 peak is either lead or a mixture of lead 

and sulfur, and the presence or absence of sulfur cannot be decided. 

e. Instrumental solutions to the problem of overlapping lines. 

Some of the optional, extra-cost features of x-ray analysis systems could be 

useful when problems arise like those discussed in IX. B. 3. c and d. One 

pos sibility is a computer-based deconvolution of spectral line profiles to 

determine if such profiles are made up of contributions from more than one 
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line. Another possibility of solving the problem is through the use of the 

following options: 

• Storage of experimental spectra in additional memory 

or on tape for later recall, 

• Generation of theoretical spectra (which can also be 

stored), and 

• The ability to subtract stored spectra from new experi­

mental spectra. 

These capabilities could be used if it is suspected that in 

an experimental spectrum the lines of element A overlap and obscure lines 

from element B. A stored spectrum of pure A would be subtracted from the 

experimental spectrum, and if B were present, it should then be visible. 

However, it can be envisioned that some careful adjustmE.'nt of the relative 

intensities of the two spectra may be required to make this method work 

properly. In order to assess the practicality of this procedure, some experi­

ments were performed with an x-ray system that was equipped with these 

features. The intensity of stored spectra can be multiplied before subtraction 

by arbitrary factors, both larger or smaller than unity. 

The conclusions reached on the basis of these experiments 

are that subtraction of spectra gives unambiguous results in a controversy 

involving calcium and antimony, but a much more tentative conclusion when 

lead and sulfur are involved. 

To understand this difference in results, it must be recalled 

that the calcium K and antimony L spectra have different numbers of lines. 

Where thes e overlap, they do not do so exactly but only because of their widths. 

Under these circumstances, subtracting increasing intensity contributions of 

one component from the combination allows the spectrum of the other compo­

nent to emerge and be recognized because it is different. 

Figure 27 shows the x-ray spectrum of a mixture of calcium 

and antimony in a 1: 1 intensity ratio, similar to Figure 18. The end result of 

subtracting more and more of the calcium contribution is the antimony spec­

trUM shown in Figure 28. 
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Figure 29. Lead X-Ray Spectrum 
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Figure 30. Sulfur X-Ray Spectrum 



Figure 3i. Lead + Sulfur 

X-Ray Spectrum 
Figure 32. X-Ray Spectrum of 

Mixture ... ~ ... fter Subtraction 
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Unlike the lilituation in the case just discussed, the lead M 

and sulfur K peaks are indistinguishable within the resolution of the instru­

ment. If increasing intensities of lead are subtracted from a mixture of lead 

and sulfur, there is no way to recognize the point at which all of the lead 

contribution has been cancelled and the remainder is due to sulfur. It may be 

thought that this could be accomplished through the use of the lead L lines. If 

lead intensity is subtracted until the L spec1:rum is reduced to background 

levels, as shown in Figures 29 through 32, is the lead M line likewise down 

to background? The answer i6 that this may be true but one cannot be certain 

of it. For all elements, the intensity ratios between the K, L, and M spectra 

are subject to alteration by a complex inter-play of many variables which 

include but are not limited to sample geometry and matrix effects. 

These problems of line overlap do not exist with wavelength 

dispersive analysis systems because their resolution is better by two orders 

of magnitude. They are less sensitive and, because they take up more space 

in the sample chamber, cannot be installed in some instruments. They are 

also more costly. Some of the most advanced (and costly) SEMs are equipped 

with both energy dispersive and wavelength dispersive systems, one for sen­

sitivity and the other for resolution. 
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CHAPTER X. ALTERNATIVE PROCEDURES 

A. Concentra.tion Separation Experiments. 

Before a considerable body of case experience existed, there was con­

cern that very sparse deposits of gunshot residue might require excessively 

long examination times because of: (a) the large fraction of the sample area 

that might have to be searched, (b) the time consumed in looking at and 

rejecting large numbers of extraneous particles to find the few gunshot residue 

particles dispersed among them, and (c) in the early phases of the project, 

the use of a SEM that was less suitable for this procedure than the one 

presently used and which consequently took much more time. 

These concerns are now considerably dhninished because of: (a) the 

high success rate experienced in cases (at least i.n those involving handguns), 

(b) the statistical calculations of the probabilities for finding particles 

described in VIII. B and VIII. C., and (c) the use of a more efficient SEM. 

In the light of the earlier considerations, a project was initiated to 

develop methods to remove the residue from the surface of the sampling disk 

and re-deposit it on a smaller area in the center of the disk, and in the proc­

ess rernove as much of the extraneous material as possible. While subse­

quent experience has indicated a lessor need for such a method than the initial 

estimate, it would still be useful if it also were relatively simple and fast. 

The gunshot residue detection success rate for long guns is not as high as it is 

for handguns and it might be improved by concentrating the residue. Sampling 

of residue on fluffy or deep-pile fabrics puts so many fibers into the sample 

that gunshot residue particles become difficult to see. Separating the fibers 

from the residue would be beneficial. 

In addition to fabric fibers, much of the extraneous material in the 

samples con.sists of skin debris and hair. All these are of sufficiently low 

density to remain suspended in organic solvents with densities near 1.5 gil, 

such as trichloroethylene. On the other hand, gunshot residue particles are 

much denser since they consist of lead and inorganic compounds of heavy 

elements. 
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A heavily cross -linked polymer which is insoluble in any reasonable 

choice of solvent is used in Scotch Transfer Tape 465. In order to carry out 

the following experiments, it was replaced on the sampling disk with an 

organic-soluble, non cross -linked poly- butylacrylate adhesive. 

After sampling, the adhesive with the residue that had adhered to it was 

dissolved in trichloroethylene and the resulting sol..ltion centrifuged. The 

supernatant liquid, with extraneous material dissolved or suspended in it, 

was decanted, and the precipitate was transferred by Pasteur pipette to an 

area less than 4 mm in diameter on another sampling disk for SEM analysis. 

Tests were carried out in parallel for direct comparison of this method 

with the normal manner of analysis. It was found that the use of this 

s eparatiton/ concentration procedure reduced the time required for analysis 

by as much as a factor of five. Unfortunately, only 5 percent of the originally 

present gunshot residue was recovered by this procedure. Substituting filtra­

tion through Micropore filters with a 0.45 fJ.m pore size for the centrifugation 

step resulted in comparably pOOl' recoveries. Presumably, many of the gun­

shot residue particles were preferentially adsorbed on the glassware used in 

the various steps. Although effective in removing background material, in its 

present state of development this method is not suitable for routine forensic 

application because of its inefficiency in recovering particles and the length 

of time required to carry it out. While the problems encountered may be 

soluble through further efforts, it is clear that concentration of residue will 

not be as simple as hoped. One suggested alternative approach, which may be 

especially attractive for deep-pile fabrics, consists of collection by a vacuum 

method, followed by electrostatic precipitation in a small area. However, 

there does not ;:tppear to be any off-the-shelf equipment available to accomplish 

this, so that a considerable development effort would be required. 

B. Dual Backscatter Detection. 

The beam of electrons that is used to illuminate the specimen in the SEM 

crea~es the following three different signals that are of interest in this discus­

sion: (l) Secondary electrons are dislodged from atoms in the specimen in a 
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very shallow volume element not significantly wider than the electron beam 

itself, (2) backscattered electrons are part of the incoming beam and are 

bounced back off atoms in a somewhat deeper and wider volume element of 

the specimen, and (3) x- rays, with energies characteristic of the elements 

present, are excited in a considerably deeper and wider volume elem<i':1t of 

the specimen. 

Normally, thta s econdar y electrons are us ed to form the image that is 

viewed. This is possible because the intensity of the secondaries is strongly 

modulated by surface detail, which is thus rnade visible, and also weakly by 

atomic number differences. This image has the best resolution because the 

secondary electrons come from the smallest volume. They are of lew energy 

and are deflected toward the scintillation counter (which is off to the side) by 

a positively biased (typically 150 volts) grid placed over the detector. 

The ba.ckscattered electrons, coming from a larger volume element, 

form an image with lesser resolution. However, being more sensitive to 

atomic number differences, their use is somethnes desired to selectively 

enhance the brightness of particles or areas containing heavier elements. 

If the bias on the scintillation detector is removed, the secondary elec­

trons will no longer be collected. Having higher energies and travelling in 

straight lines, tne backs cattered electrons can still reach the detector, but 

form a low intensity image because of the large angle between the beam axis 

and the direction to the detector. Furthermore, if in this mode the specimen 

is viewed at too shallow an angle to the surface, the backscattered electron 

image may not even show the looked-for atornic number effect and instead 

emphasize the topography of the specimen surface. 

In order to make the best use of the backscattered electrons, a separate 

detector for them should be placed high in the specimen chamber, close to 

the incoming beam. Generally, a solid state detector with its own separate 

amplifier is used. This is an eX'era-cost option that is not available on all 

instruments. From the use of the single solid state detector, it is only a 

small step to the use of two of them, placed symmetrically around the beam. 
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At the present time, two manufacturers will supply this arrangement, and 

more are expected to follow suit. For reasons that are still only imperfectly 

understood, the addition of the signals from the two solid state detectors very 

strongly enhances the sensitivity of the compound signal to differences in atomic 

number. With proper aUjustment of the working distance, one can select a 

range of atomic nwnbers. such that elements with lower numbers (lighter 

elements) will practically fade from view, while elements with higher numbers 

(heavier elements) will stand out brightly. If the signals are subtracted instead 

of added, all atomic number effects are wiped out, and a topographic image is 

obtained which shows surface detail with excellent definition. 

It was thought that dual backscatter detection in the signal addition mode 

might significantly speed the search for gunshot residue particles. The numer­

ous particles containing only light elements would not be se!n or seen dimly 

enough to be readily ignored, while particles containing lea'I, barium, and 

antimony (atomic numbers 82, 56, and 51) would stand out so brightly that they 

would be spotted at once. This -..vas the case when the image was displayed on 

the normal viewing scope. However, the signal characteristics of the dual 

backscatter interface amplifier were incompatible with the TV monitor 6 and the 

image could not be viewed on the lati:er, which is essential for the rapid search 

procedure described in this report. The manufacturer has indicated that a 

TV -compatible interface could be designed and built at modest cost if there 

were a demand for it. 

C. Automation. 

Experience has shown that an efficient operator can complete two average 

gunshot residue cases, each involving several samples, in one working day. 

This is probably acceptcble to many laboratories serving a limited area, but 
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may impose an excessive burden on some large .service laboratories. 

Automation may provide an answer to this problem. a 

Autonlation of laboratory experiments is no longer a novelty, and it is 

clear that the project entails the design of a small special-purpose computer 

or the appropriate programming of a snlall programrnable computer to operate 

the instrument and to make some of the decisions that are now made by the 

human operator. 

The first step in automating particle analysis is both obvious and trivial. 

It consists of motorizing the x and y stage motion controls, so that the com­

puter rather than the human operator, can move them to examine picture after 

picture. The second step is to provide a mechanism for interrupting the search 

when a likely particle is encountered. This decision-making does not have an 

immediately obvious solution. In the present operator-performed procedure, 

visual recognition by morphology, aided by brightness, is used. The nature 

and range of criteria used by the operator may be impossible to program on a 

small computer. The operator's procedure could be reversed and an x-ray 

analysis could be done first. 'The results of this could easily be used by a 

computer. However, this requires an x.-ray analysis for every particle, which 

is time-consuming and would therefore defeat the purpose of automation. 

The use of the dual backscatter technique (see X, B) can provide a solution 

to this problem. If only particles containing heavy elements are bright, com­

puter recognition of a likely candidate particle could be based simply and 

easily on a brightness criterion. With this hurdle cleared, the remainder of 

a Dr • V. R. Matricardi of the FBI Laboratory has been a leading exponent of the 

concept of automating particle analysis. The proposals developed in this 

report have been arrived at independently, but were stimulated by his stand 

on this is sue. 
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the automation project involves only engineering problems, and the entire 

procedure apparently consists of the following steps: 

• Upon encountering a particle brighter than a certain preset level. 

searching is interrupted and magnification is i.ncreased, while the 

particle is kept centered. These are all routinely programmable 

steps once the computer is mechanically or electrically interfaced 

with the SEM controls. 

An x-ray analysis is performed, and the particle is automatically 

photographed if a permanent record is desired. This is not neces­

sadly the case, but if it is desired, the photograph should be on a 

continuous film (micro or regular size) that can be automatically 

advanced after each frame. 

• An even better way to preserve the picture would be to record it on 

TV tape, using an appropriate interface. This is likely to be much 

faster, because the currently-used photographic technique requires 

a very slow picture scan. 

• To record the results of tre x-ray analysis, the sinlplest but not 

necessarily best procedur e would be to photograph or record the 

spectrum on the next frame. 

• Since x-ray spectra are displayed on a separate monitor, the 

photographic method would require two cameras and two separate 

strips of film. 

• The magnetic tape method would require only one r~corder and one 

tape, since signals from different inputs can be switched by the 

computer. 

An automated system need not be based on the simple x-ray system 

described in this report. One of the more sophisticated, computer-based sys­

tems could be used, which can evaluate the spectrum and either print or display 

the elements present by name for photographing or recording, superimposed 

on the picture of the particle, if desired. 

-130-



The final steps will depend on what the courts will accept and what the 

laboratory perceives to be its record-keeping requirement$. The alternatives 

are: (a) to have the computer print a list of particles and their compositions, 

only a summary of this information, or both, or (b) to have the criminalist 

base hi~ conclusions and testimony on his inspection of the film or his viewing 

of the tape. 

When an automated system has been built, it may not resemble the one 

described, but the foregoing example indicates that there are no problems 

that are drastically different from problems that have already been solved in 

other applicaHons. An automated system could probably be implemented at a 

cost that is reasonable for a laboratory with the work luad that prompted these 

considerations. 
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CHAPTER XI. CONCLUSION 

Particle analysis has been fashioned into the most definitive method of 

identifying and the most successful method of detecting gunshot residue to 

date. It identifies gunshot residue with greater certainty than any previous 

:method because discrimination from a majority of occupationally caused 

deposits of lead, barium, or antimony is possible. It is effective for a 

much longer period of time after a firing than previous methods because 

particle analysis does not have a threshold problem. Analysis of about 

120 actual cases has established the field readiness of this new method. 

Gunshot residue can be found on a person's hand not only if the subject 

fired a gun, but also if he handled a l"ecently fired gun or was a close by­

stander at a shooting. This investigation has contributed to clarification of 

the circumstances under which transfer of residue can occur and the amounts 

that can be expected as a result of such a transfer. 

Finding particles other than gunshot residue particles can furnish 

forensically significant clues to the subject's recent activities or environ­

ment, both in fil"earms-related and other types of cases. Therefore, it 

would be useful to expand the range of environmental and occupational 

particles to be investigated. 

The most important step that is now required is to increase the 

availability of the equipment and the skills to cl"ime laboratories to carry 

out particle analysis. Beyond this, large service laboratories may require 

automation of the procedures. This is currently being considered at the 

FBI Laboratory. 
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APPENDIX A. COMPOUNDS IDENTIFIED IN GUNSHO'" 

RESIDUE PARTICLES 

Like x-ray fluore\~cence, x-ray analysis in the SEM identifies the 

chemical elements that are present, but not the specific compounds into which 

they are combined. 

Normally. the unique identification of specific solids is most readily 

accomplished by diffraction methods. There is probably too little gunshot 

residue on the hand, and at present it is too difficult to gather it all together, to 

produce a sample suitable for conventional x-ray diffraction (XRD} methods. 

It has been pos sible, however, to collect enough material from firiJ."igs into 

plastic bags to obtain diffraction patterns that identified some of the ingredients. 

Some of the residue collected in this fashion was also examined in a 

transmission electron microscope (TEM). This is not a suitable instrunlent e for the search and particle analysis procedur.es described in this report, but 

it was used because it has an atta{~hment that allows high-energy electron dif­

fraction (HEED) patterns to be taktm. The electron beam was not able to pene­

trate the micron-sized spheres, bu\~ it passed through the various protrusions 

(flakes, scales, spheroidal knobs) around the edges of the spheres'.outline 

image. One or the other and somethnes both of these procedures identified 

the following materials: 

• Barium meta-antimonate 

• Lead oxy-sulfate (Lanarkite) 

• Graphite 

• Lead 

• Lead sulfide 

• Antimon y oxid e (ullcertain) 

BaSb
Z

0 6 
PbO' PbS04 
C 

Pb 

PbS 

SbZ0 4 
These were limited e~periments, and the list is undoubtedly incomplete. 

It was also observed in the TEM that lead spheres in the direct electron 

beam often broke up at once into many smaller spheres. Since the beam 

intensity in the TEM is much higher than in the SEM, it was assumed that this 
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was caus ed by Inelting of Inetallic lead, which has a very low Inelting point 

(327oC). In the SEM, occasional daInagle to lead particles was observed if 

they were very sInal~ ~ Once forIned, SOlIne of the new smaller spheres were 

seen to crystallize. The entire process of break-up to the crystallization of 

some of them took about three minutes under a beaIn in excess of 60 kV (up 

to 100). The electron diffraction patterns also changed in SOIne cases, Lead 

spheres from a .32 caliber ACP cartridge (LlaIna pistol) changed to PbS for 

some and to a possible intermetallic compound BaPb3 for others, presumably 

through a reaction with other materials that were present. Lead spheres from 

a .38 caliber special Remington 158 gr RNL cartridge gave initial patterns for 

PbO which changed to lead or to a Inixture of lead and Pb3 0 4 , An x-ray diffrac­

tion pattern of this residue revealed Pb, BaS, and Pb02 , with additional 

unidentified lines indicating: :. . .., presence of still more COInpounds. 
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APPENDIX B. COMPUTER PROGRAM 

The table of probabilities for finding the particles described in Chapter 

VIII was calculated with the aid of a small computer program that can be 

readily altered to accommodate different geometries. A listing of this pro­

gram is shown on the following page. 
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I .... 
w 
00 , 

1 

5 

10 

15 

2G 

25 

, 30 

PROGRA~ AREA 76/76 OPT=l FTN 4.6+4288 

PRCGRA~ AREA (INPUT~OUTPUT,TAPE5=INPUT~TAFE6=OUTPUT) 
DIMENSION NC(61,FROB(5,6) 
OA'TA (NC(I)~I.:l,6) 11tlC,20t3Q,4~,501 
NT .: 131 
T = FLOAT(NT} 

COM~ENT NC .: C = NUM8ER OF CCLUMNS SEARCHED. 
CC~~ENT NT = T = TOTAL COlU~~S ON DISK. 

07/27/77 15.28.D€~ 

COM~ENT NE .: E .: NUMBER O~ EMPTY COLUMNS, EQUAL O:JTRIBUTION ASSUMED 
CC~~ENT FOR PA~T!ClES, WHOSE TOTAL IS SET PROGRESSIVEL~ AS 
CO~~ENT S,10,lS,2;,2S IN THe fIRST LCOP THAT FellOWS. 

00 1 1=1,5 
NP .: 5""r 
NE = NT-NP 

E = FLOAT(NE) 
PRe .: E/T 
DO 2 J=1,6 
IC = NC(J) 
1ftJ-i) 4,3,4 

3 GO TO 2 
4 ~O 5 K.:2~IC 

CK .: K-1 
5 FRe .: FRO" (E-CK) I (T-CIO 
2 PRCBtI,J) = PRO 
1 CO"TINLE 

WRITE(G~6) «PROB(I,J),I.:i,5),J=1~6) 

6 FCR~AT(lHl,lCXtl0HPART!ClES~,6X,lH5,BX,2Hl0,8X,2H15,8X,2H2Q,8X, 

S2H251111X,9HCCLUHNS~1114Xt1Hlt5Xt5(E10.3 )/13X,2HiC,SX,5(E10.3 
$ '/131,2H20~5X,5{E10.3 }/13X,2H3~,5X,5{El0.~ )/13X,2H40,5X~ 
$5(EiJ.~ )/13X,2H5Q,5X,5CE10.3 » 

CALL E)(IT 
ENO 

o 



APPENDIX C. SEM OPERATING COSTS 

The water and power needs of the SEM are modest. A constant supply of 

liquid nitrogen (LN) is needed to cool the x-ray detector crystal, which should 

be kept at liquid nitrogen temperature at all times. Allowing it to warm up to 

room temperature is detrimental and will ruin the detector crystal if this 

occurs too often. Operating it at room temperature will also ruin the detec­

tor crystal. 

The electron gun filaments have a limited lifetime. In this project. the 

first several batches of filaments averaged 25 operating hours and the latest 

batch averaged 50 hours per filament. The reason for the difference is not 

known. The instrument came with a supply of ten filaments in a sturdy pro­

tective box that is used for both storage and shipping. It is advisable to pur­

chase a second complete box of ten filaments. When the first ten are burned 

out, the assemblies can be sent out for rebuilding while the contents of thl~ 

second box are being used. In this way, a supply of spare filaments is always 

on hand. The cost was $72 for rebuilding ten of the filaments for the instru­

ment used in this projeC'i:. These filaments are made of tungsten. Some 

instruments use a different material (lanthanum hexaboride). 

The SEM is under warranty the first year. During the second and sub­

sequent years, a reasonable budget for service is at least $1000. Normal 

downtime for one of the more reliable instruments is 5 percent, with part of 

it for routine cleaning of the column and apertures, and part for repairs. 
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APPENDIX D. PARTICLE ATLAS 

This appendix contains 76 photographs of gunshot residue particles, 

16 photographs of flakes of smokeless powder found in residue, and 28 

photographs of relevant environmental and occupational particles. This 

selection is representative of the varied appeal'ances of gunshot residue 

particles and of similar particles that are generally encountered. 

The legends beneath the photographs usually consist of three lines. 

The first line gives the diameter or the maximum and minimum dimension 

of the particle in micrometers. If the particle is too irregular to be meas­

ured, this number is omitted and a scale bar is placed on the picture. The 

next entries on the same line list the elements detected, in the order of 

their principal peak heights. Trace amounts are placed inside parentheses, 

but the distinction between minor ingredients and traces is not firm. In 

the case of the smokeless powder flakes, the major components are organic, 

but low-intensity spectra for inorganic elements are oft"-ln obtained. At 

higher magnifications, these are generally seen to emanate from particle 

inclusions. 

For gunshot residue particles, the second and third lines give the gun 

and the ammunition from which this particle was obtained. This should not 

be interpreted to mean that the particle is in any way characteristic of that 

combinatiun. A sample of residue taken as a whole may have distributions 

of sizes, shapes, and compositions that are more characteristic of one 

ammunition than of another, but no single particle will convey such information. 

Entries for the gun on Line 2 are listed as: the caliber, the make (also 

the model, if known), the barrellength in inches, and the type of cartridge 

for which the gun is chamber\~d. The third line that identifies the ammuni­

tion does not list any information (such as caliber) that is already implied 

by the gun. The entries are: manufacturer, brand or series if required, 

weight of bullet in grains, and style of bullet •. 

For environmental and occupational particles, appropriate remarks 

are substituted for tHe second and third lines. 
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GUNSHOT RESIDUE PARTICLES 

(a) 

3.0fLm, Pb 

.22 H&R, 2-112 in., LR 

Fed Champion, 40 gr RNL 

(c) 

6.0 j-Lm, Pb 

.38 Smith & Wesson, 4 in., Special 

Rem, 158 gr FMJ 

-142-

(b) 

5.5fLm, Pb 

.22 Colt, 6 in., LR 

Western 40 9 r Lubaloy 

(d) 

1. 5 fLm, Pb 

9 mm, Unknown Make 

S&W, 115 gr SJHP 



(a) 

1. 8fLm, Pb, Cu 

.357 Smith & Wesson, 6 in. Magnum 

W-W, 158 gr SWC 

( c) 

2.4,um, Ba, Si, Ca, 1<, Cu, AI, S, CI 

.380 Browning Standard, ACP 

Rem, 95 g r FMJ 
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( b) 

1. O,um, Pb, Cu, Sb 

.38 Charter Arms, 2 in., Special 

W-W, 158 g r RNL Lubaloy 

(d) 

5.0 fLm, Ba, Si, Ca 

.357 Smith & Wesson, 6 in., Magnum 

Norma, 158 gr SPFN 



(a) 

3.6fLm, Ba, Ca, Si (Fe) 

9 mm, Unknown Make 

S&W, 115 gr SJHP 

(c) 

6.4fLm, Ba (Pb) 

9 mm Browning Hi-Power 

W-W, 100 gr J HP 
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(b) 

2.5 fLm, Ba, Si, Ca, Pb (K, Fe) 

9 mm, Unknown Make 

S&W, 115 gr SJHP 

(d) 

2.5fLm, Pb, Ba, Ca (Fe) 

.32, Roh m, RG ... , 2 in., S&W 

W-W, 85 gr RNL 



(a) 

2.5fLm, Pb, Sb, Ba, Cu 

.32 Rohm, RG .•• , 2 in., S&W 

W-W, 85 gr RNL 

(c) 

18fLm, Ba, Sb, S 

9 mm, Unknown Make 

S&W, 115 gr SJHP 
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(b) 

3.8fLm, Pb, Sb, Ba, Fe, K, C u 

.43 Colt, Gold Cup, AC P 

Winchester, 230 gr FMJ 

(d) 

4.0fLm, Ba, Si, Ca 

.380 Browning Standard, ACP 

Rem, 95 gr FMJ 



(a) 

20 fLm, Ca, S i, Ba 

.38 Smith & Wesson, 4 in., Special 

Rem, 125 gr SHJ P 

(c) 

50fLm, Ca, Ba, Si, S 

.32 Llama, ACP 

Browning, 71 gr FMJ 

(b) 

45 fLm, Ba, Ca, Si (Fe, S) 

.38 Smith & Wesson, 4 in., Special 

Rem, 158 gr FMJ 

(d) 

75 x 45 fLm, Ba, Ca, Si (Fe, C u, Pb) 

9 mm, Browning Hi-Power 

Fed, 123 9 r FMJ 
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(a) 

52,um, Ca, Si, Ba 

.380 Browning Standard, ACP 

Rem, 95 9 r FMJ 

(c) 
14,um, Sa, Pb, Sb 

.38 Smith & Wesson, 2 in., Special 

Rem, 158 gr FMJ 
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(b) 

40,um, Sa, Sb, Pb 

9 mm, Unknown Make 

S&W, 115 gr SJHP 

(d) 

17 fLm, Pb, Sb, Sa 

.380 Browning Standard, ACP 

Super Vel, 88 gr JHP 



p 

(a) (b) 

15 fLm, Ba, Pb, Sb 18fLm, Ba, Sb, S 

.357 Smith & Wesson, 6 in., Magnum .380 Browning Standard, ACP 

Norma, 158 gr SPFN Super Vet 88 gr J HP 

(c) (d) 

6.0fLm, Ba, AI, Sb, S 4.4fLm, Ba, Si, Ca, Kp AI, Pb
J 

P, Fe 

.38 Smith & Wesson, 2 in., Special 

Rem, 158 9 r FMJ 
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.38 Smith & Wesson, 4 in., Special 

Rem, 158 9 r FMJ 



• 

(a) 

15,um, Ba, Ca, Si, Pb, Fe 

.380 Beretta, ACP 

Fed, 95 9 r FMJ 

(c) 

28fLm, Pb 

.22 H&R, 2-112 in., LR 

Fed Champinn j 40 gr RNL 
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( b) 

60ft.m, Ba, Pb, Sb, Ca, Si 

.357 Smith & Wesson, 2 in., Magnum 

Norma, 158 gr SPFN 

(d) 

24,um, Pb 

.38 Smith & Wesson, 2 in., Special 

Rem, 158 gl" FMJ 



(a) 

38 x 28fLm, Ba, Ca, Si 

.357 Smith & Wesson, 6 in., Magnum 

Super Vel, 110 gr J SP (SJFN) 

(c) 

20j-Lm, Ca, Si, Ba, Pb (Fe) 

.380 Beretta, ACP 

Fed, 95 9 r FMJ 

-150-

(b) 

45 fLm, Ba (Pb) 

.38 Smith & Wesson, 4 in., Special 

Rem, 158 gr FMJ 

(d) 

50fLm, Si, Ba; Pb 

.22 Colt, 6 in., LR 

Western, 40gr Lubaloy 



-

(a) 

120 x 80fLm, Ba, Pb (Sb) 

.38 Smith & Wesson, 4 in., Special 

Rem, 158 9 r FMJ 

(c) 

28 x 16 fLm, Ba, Pb, Sb, Ca, Si 

.357 Smith & Wesson, 6 in. I Magnum 

Norma, 158 gr SPFN 

(b) 

40fLm, Ba, Pb, Sb, AI 

.357 Smith & Wesson, 6 in., Magnum 

W-W, 158 gr SWC 

(d) 

50 x 25p,m, Ba, Pb, Si, Ca, K, P, AI, Fe 

.38 Smith & Wesson, 4 in. I Special 

Rem, 158 gr FMJ 
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(a) 

34fLm, Si, AI, K, Pb, Ba, Fe 

.38 Smith & Wesson, 4 in., Special 

Reml 158 gr RNL 

(c) 

22 x 18fLm, Pb, Cu 

.22 Colt, 6 in., LR 

Western, 40 gr Lubaloy 

(b) 

20fLm, Si, AI, K, Ba, Ca, Fe, Pb 

.38 Smith & Wesson, 4 in., Special 

Rem, 158 gr RNL 

(d) 

12fLm, Ba, Si, Ca, Pb, K (Fe, AI, P) 

.38 Smith & Wesson, 4 in., Special 

Rem, 158 gr FMJ 
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40flm 

(a) 

Ba, Pb, Sb, AI (Cu) 

.357 Smith & Wesson, 6 in., Magnum 

w- W, 158 gr SWC 

40 m' fL , 

(c) 

Ba, Ca, Si, Pb, K, Fe, Cu, Zn 

9 mm Browning, Hi-Power 

Fed, 123 gr FMJ 

-153-

lOOf-Lm 

(b) 

Ba, Ca, Pb, Si (Fe) 

.380 Beretta, ACP 

Fed1 95 g r FMJ 

100f-Lm 

(d) 

Ba, Ca, Si, Pb, C u, Fe, AI, K, Z n 

9 mm Browning, Hi-Power 

Speer, 100 gr J HP 



------------------ ---I 

40fLm 

(a) 

Ba, Ca, Si, K (C u, Fe, Pb) 

.32 Llama, ACP 

Brow n i ng, 71 9 r F MJ 

(c) 

Ba, Ca, Pb, Si, Fe 

.380 Browning Standard 

Rem, 95 gr FMJ 

(b) 

Ca, Ba, Si (Pb) 

.38 Smith & Wesson, 2 in., Special 

Rem, 158 9 r FMJ 
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200fLm 

(d) 

Ba, Ca, Si, Pb, K, Cu 

.32 Llama, ACP 

Browning, 71grFMJ 

e 



(a) 

140 x 80 m, Cu, Ba, Pb, Zn 

9 mm Browning, Hi-Power 

Speer, 100 gr J HP 

(c) 

Ba, Pb, Ca, Si 

9 mm Browning Hi-Power 

Fed, 123 g r FMJ 
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(b) 

Ba, Ca, Si (Pb) 

.380 Browning Standard1 ACP 

Rem, 95 gr FMJ 

I I 
100fLm 

(d) 

Ba, Sb, Pb 

.45 Colt Gold Cup, ACP 

Winchester, 250 gr FMJ 



100fLm 

(a) 

Ba, Sb, Pb 

9 mm Browning Hi-Power 

Speer, 100 gr JHP 

(c) 

Ba (Pb, Ca, Si, C u) 

.32 Llama, ACP 

Browning, 71 gr FMJ 
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100flm 

( h) 

Ba, Ca, Si (Pb) 

.380 Browning Standard, ACP 

Rem, 95 gr FMJ 

100fLm 

(d) 

Ba, Pb, Sb 

9 mm Browning Hi-Power 

W-W, 100 gr J HP 



(a) 
IOOfLm, Ba, SI, Ca, K, AI, Fe (Pb, 

CI, Cu) 

.38 Smith & Wesson, 4 in., Special 

Rem, 125 gr SJHP 

(c) 

40fLm, Pb 

.38 Smith & Wesson, 4 in., Special 

Rem, 158 gr FMJ 

(b) 
150 x 50fLm, Cu, Pb 

.357 Smith & Wesson, 6 in., Magnum 

W-W, 158 9 r SWC 

(d) 
Si, K, AI, Ba, Pb, Ca, Fe, P 

.38 Smith & Wesson, 4 in., Special 

Rem, 158 gr FMJ 
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(a) 
70fLm, Pb, Si, Ca (Fe, Cu) 

.22 Rohm Rosco, 2-112 in., Short 

Rem, 29 gr Brass Plated "Golden" 

(c) 
Pb, Cu, Ba 

.22 Colt, 6 in., LR 

Western, 40 gr Lubaloy 
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(b) 

Pb, C 1JJ 

.22 Rohm Rasco, 2-112 in. Short 

Rem, 29 gr Brass Plated "Golden" 

(d) 
Pb, Cu 

.22 Colt, 6 in., LR 

Western, 40 gr Lubaloy 



(a) 

28fLm, Pb, Cu 

.22 Colt, 6 in., LR 

Western, 40 gr Lubaloy 

(c) 

12 x 10 fLm, Pb 

. 22 Co It, 6 i n., LR 

Western~ 40 gr Lubaloy 

(b) 

5.0x3.0!-,.m, Ba, Pb, Cu(Ca, Fe) 

.22 Colt, 6 in., LR 

Western, 40 gr Lubaloy 
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(d) 

20 x 12fLm, Ba, Pb, Sb, C I 

.22 Colt, 6 in., LR 

Fed Powerflite, 40 gr RNL 







(a) 

13fLm, Pb 

.22 Rohm, RG ... , 2 in., LR 

Rem Mohawk, 40 gr RNL 

(c) 

20flm, Pb 

.22 Winchester 67A Rifle, 20 in., LR 

Sears, 40 gr RNL 

(b) 

14 x I1fLm, Pb (Sb) 

9 mm, Unknown Make 

S & W, 115 9 r SJ H P 

(d) 

17 x IlfLm, Ba, Si, Ca, Pb (K, Fe) 

.32 Harrington & Richards, 2-112 in., S & W 

Rem 85 gr RNL e 
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(a) 

120fLm, Powder Flake (Pb) 

.22 Colt, 6 in., LR 

Fed Powe rf lite, 40 9 r R NL 

(c) 
100fLm, Powder Flake, [Ba, S, Sb, 

Cu, Fe, K, Si (AI, Pb)] 

.380 Browning Standard, ACP 

Super Vel, 88 gr j HP 
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(b) 

270 x 70fLm, Powder Flake 

.32 Llama, ACP 

Browning, 71 gr FMJ 

(d) 

220fLm, Powder Flake (Ba, Ca, 
Si, Pb) 

,,380 Browning Standard, ACP 

Rem, 95 gr FMJ 



(a) 

160 x 30,um, Powder Flake (Ba, Pb, 
Ca, K, Cu) 

.380 Browning Standard, ACP 

Supe r Vel, 88 gr J HP 

(c) 

Powder Flake (Ba, Sb, Pb) 

9 mm Browning Hi-Power 

W-W, 100 gr J HP 
-162-

100,um 
(b) 

Powder Flake (Pb) 

.370 Browning Standard, ACP 

Rem, 95 gr FMJ 

(d) 

210,um, Powder Flake 

9 mm Browning Hi-Power 

Speer, 100 gr JHP 



(a) 

100j-Lm, Powder Flake (Pb) 

9 mm Browning Hi-Power 

Fed, 123 g r FMJ 

(c) 
230 x 52j-Lm, Powder Flake (Pb, K) 

.38 Smith & Wesson, 2 in. I Special 

Rem, 158 gr FMJ 

(b) 

Powder Flake (Ba, Sb, Ca, 5, SO 

.38 Smith & Wesson, 2 in., Special 

Rem, 158 gr FMJ 

(d) 

100,um, Powder Flake 

.38 Smith & Wesson, 4 in., Special 

Rem, 125 gr SJHP 
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(a) 
Powder Flake 

.357 Smith & Wesson, 6 in., Magnum 

Norma, 158 gr SPFN 

(c) 
375 x 75,um, Powder Flake, [Pb (Cu)) 

• 357 Smith & Wesson, 6 in., Magnum 

W-W, 158 gr SWC 

(b) 

175,um, Powder Flake (Pb, Sb, Ba) 

.357 Smith & Wesson, 6 in., Magnum 

W-W, 158 gr SWC 

(d) 

380,urn, Powde r Flake 

.44 Hawes, 6 in., Magnum 

W-W, 240 gr(?) Rem-Mag 
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e 

ENVIRONMENTAL AND OCCUPATIONAL PARTIClES 

(a) 

3. 0 fLm, Ce, La 

Common 

From Lighter Flints 

(c) 

IlfLm, Fe 

Common 

(b) 

7. 5 fLm, Ce, La, Fe 

Common 

From Lighter Flints 

(d) 

4. 8 x 3. 6 fLm, B a, S 

Common 

(Ba S04 and 504 are widely di stributed 
a s pigments, opacifiers, th ickeners, 
extenders, & paper coatings in many 
commercial products) 
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6.4fLm, Ti 

Common 

(a) 

(Ti02 is widely used in paint 
pigments and cosmetics) 

(c) 

1. 8fLm, Pb, CI, B r 

Automobile Exhaust 

-166-

(b) 

1. 8fLm, Pb, CI, Br 

Automobile Exhaust 

(d) 

5.0 x 4. OfLm, Pb, CI, Br 

Automobile Exhaust 



(a) 

25 fLm, Ba, Si, Pb, K, Ca, Fe 

.22 Low Velocity Studgun 

Omark Cartridge 

(c) 

3.5fLm, Si, Ba, K, Ca, Pb (CI, Fe, Zn) 

. 22 Low Velocity Studgun 

Omark Cartridge 
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(b) 

3.6fLm, Ba, Pb(K, Cal 

.22 Low Velocity Studgun 

Omark Cartridge 

(d) 

3.2fLm, Ba, Pb, Fe, K, Ca, Zn, Cu 

.22 Low Velocity Studgun 

Omark Cartridge 



(a) 

90fLm, Fe 

.22 Low Velocity Studgun 

Omark Cartridge 

(c) 

5.0fLm, Pb (Sb, Cu, Zn) 

Lead S me Ite r 
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(b) 

3. 0 fLm, Pb (Z n) 

Lead Smelter 

(d) 

3.6 f-Lm, Pb, Zn 

Lead S me Ite r 



(a) 

3.5,um, Pb, Cu 

Lead S me Ite r 

(c) 

2.5 x 2. OfLm, Pb, Sb, Cu 

Lead S me Ite r 
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(b) 

3.5 x 2.5,um, Sb, Pb, Fe, Zn 

Lead S me Ite r 

(d) 

3.2,um, Pb, Sb, Cu 

Lead Smelter 



(a) (b) 

1. 2,um, Pb, Sb 22 x 19,um, Pb, Sb 

Lead S me Ite r Lead Smelter 

(c) (d) 
11,um, Pb (Sb, C u, Zn, Fe) 64,um, Ti, Si, Fe, Mn 

Lead S me Ite r Welder 
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(a) 

2.8fLm, Pb 

Automobile Brake Mechan ic 

(c) 

33fLm, Pb, Fe, Cu, Si, Ba, CI 

Automobile B rake Mechanic 

-171-

(b) 

3.6 fLm, Pb, P, Ca, Sa, Zn, C I, Fe 

Automobile Brake Mechanic 

(d) 

18x13fLm, Cu, Zn, Pb 

Mach inist 



------------~------~--~------



APPENDIX E. SAMPLE CASE REPORTS TO REQUESTING AGENCIES 

This appendix comprises foul" representative case reports. The 

names of agencies and subjects have been deleted. 
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TIlE AEnOSPACE COnpORATION 

,""-1', 
( .;g": \ 
, .t 1\ • .,., 
" .' '."---

POll OfJiU Box 929J7, LoJ AlIgtltJ. Cafift;mlid 90009, Te/(/,htmt: (213) 648·,5000 

REPORT OF EXAMINATION FOR GUNSHOT RESIDUE BY PARTICLE ANALYSIS (Page J of 5). 

(Scanning Eledron Microscopy with Qualitative Elemental X-Ray Identification) 

ATTENTION DATE OF REPORT..5.L~lLi; 

AGENCY'S CASE ID 

AEROSPACE CASE NO.,--..::.1.::;.5:.:.H ___________________ _ 

LIST OF SAMPLES EXAMINED, FRACTION OF AREA SCANNED FOR EACH, 
DATES OF EXAr"IINA nONS: 

Item 1.) Standard lift sampJ(: 0.50% Area Scanned 5/24/77 

Item 2.) Right Web, back 
1.50% Area Scanned 5/24/77 sa.m?le (B-2) 

Item 3.) Left web. back 
samph· (B-3) 1.50% Area Sca.nned 5/24/77 

RESULTS OF EXAM:lNATION(S): 
(II residue is found, lists of particles will be attached) 

Item 1.) Gunshot residue was found. 

Item 2.) Gunshot residue was found. 

Item 3.) Gunshot residue was found. 

ANALYST: (~4.JI",J..:db G/·I77 R.y, Nq.sbitt 
SUPERVISOR: ~:lI/, [,:J.t/li.z 

<Y. M. Wolten 

COMMEN1S AND m'fF.RPRETJ\'· IO:':S, IF AN'I , WILL BE GIVE~ ON 
PAGE Z. COpy or CASE F ACT SHf,~E'J IS ATTACHED. 

At; Eqll,t/ 0l'/'.;:/IO/li11 l:IIIP:".t.r 
t.l,H(",Ir,L o,,.,t. LOCATiEu AT, ,1"50 Lo\Sl a::L ~rGUHDO BUUt.EYAflO (L SlloUHDO. CALI""R,...," 
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------ ----- ----

PLEASE USE ONE FORM FOR EACH !SUSPECTl 
,SUDJECTf 

RE V I s£o 12/2/76 

THE AEROSPACE CORPORATION GUNSHOT RES I DUE f ~OGRAI·1 

DATA SHEeT FOR GUNSHOT RESIOUE SPECIMENS, SUBMITTEO FORSCANNING ELECTRON 

MICROSCOPY WITH X-RAY ELEMENTAL ANALYSIS~ 

CASE NU"1BER 

{
SUSPECT I S)NAME 
SUOJECT'S 

--"'~_·="~;::~;;;;;-;";::~",,~;:;.: _____ CHECK HERE ONLY IF SUICIOE. __ _ 

OCCUPAT'lON_ ACTV ITY PR I OR Purchasing gasolene -----------rD SHOOT I NG 

HOURS BETI:.tEN FIRING AND SAMPLING 17 INDOORS 0 
-------OUTDOORS~ 

NO. SHDTS.2..-

ACTIVITY BE1Y£EN FIRING AND SAMPLING To hospital by ambulan.ce DOA, to mortuary 

DID SUSPECT WASH HANDS BEFORE SAMPUNG ? Ws ,,,,ROE WJ 
LENGTH 

\\€APON TYP!'; Revolver CALIBER • 38 Spec'MAKE/MODEL ___ S_&W ___ OF BARREL 6 in. 

AM-lO BRAND/TYPE, OESCRI6E I,S FULLY AS POSS. R-P, 2 Standard, 1 Hi-Vel. 

BULLET TYPE .38 Special BULLET '.v£IGHT 125 JACKETEO 
(only 2 of 3 shots recovered) SCM I .JACK •• Hollow Point 

Pl.ATEn 
BARE LEAD _____ _ 

SAMPLE IDENTIFICATIONS (I.ABELS) 

RIGHT WEB, ~K B-2 , RIGHT WRIST , RIGHT SlEEVE~ __ 

LeFT WEB, BAC~ B-3 , LEFT WRIST , LEFT SLEf.vt 

lip or HlSlnF or I!I~HT PANT'S POCIIET , LEFT 

DESCRIBE ADDITIONAL SAMPLES ON BACK OF THIS FORM. DESCRIBE ANY SAMPLES TAKEN 
IN A NON~STANDARD I<fANNER ON THE BACK OF THIS FORM. 

IT IS RE~lJr.STEO TIIAT A TEST-FIRING "A"JDSAMPlE BE SUBMITTED, USIIIG TIlE WEAPON 
ANO AMMUNITICN INVOLVED, Ir AVAILABl.E. 

WAS I£APOtJ TEST-FIRED? _Y_e_s ______ • IF YES, DESCRIBE TEST-FIRING 

(I;IORIZONTAL/VERTICAl, H!OOOR/oUTOOO~1 !:Te.) Serni Standard Lift 336,n, firing 

hand back and web fired with suspects R~P standard velocity 125 grain 

semi -jacketed S. p, 

AEROSPACE CASE NUMBER 158 

HEMARKS: 
Suspect was shot by an oificer from 
approximately 60 feet. 

THE IVAN A. GETTING LAeoRATohlfS 
THE AEROSPACr CORPORATION 
Box 9295'(, Los ANGELeS I CA 9000~ 

G.M. WOlTEN 
AND STAFV. 

LOCATION Or LAOORATORIES: 
300 S. OOUG!..AS ST., El SEGUr/co 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 
20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

PART! CLE LIST 

PAGE IOF I. 
AEROSPA'CE (TillS SAM 
CASE No. 158'· SAMPLE S1pCc/a,ff - L'ft 

t:1.5"o~ A~R ScoHnrd - . 
PLE) 

TYPE SIZE ~JOR ELEME~ITS r·1I NOR ELEMENTS 

* 
(~II CROMETERS) 

** ** THlc.es . 
S J. s- Pb ':ib 
S 0.8 pb Sb' 
S /.5 Pb Sb 

.S 1.8 Ph Sh 
I 1.0 Ph 'ib 
I 7.5 Ph 
S . q.'i (lb i/iq G,. jh 
5 4.~ Pb 

. _. i 
S ~.J Pb Fl.&' .-
J 3.8 )( 1.3 Pb 8a. Sb K 

ISb S 1.7 Ph 
.s I. fa Ph J 

s .J.5' Btl Ph S;Gt !k Fe. 
.$ J .0 Pb iSh 
S 4 . .A. Ba Pb ell k 

1 

.s /.5 Pb Ba.. ~K C,.. -. 
I 5.S' Pb BCl.. Gtk 
I 
. 

:<.9 Pb' 80. 5b I 

I 3.8- Pb Sb 
'S O.'il 'Pb ----_ .. - .-
r- /.8 Pb Sb Sa. ..) 

S :1...0 Pb Sb 
S 1.3 Pb 
S 2.0 iPb -~ 
/ 25 . Ph & Sb 
S oS Pb 
S ':7 Pb 
S S.O 80.. Gt s· lk J))S1i.Ci 
S /. b Ph 
S 

.., ) 

~.:.> BOo Ph Sh k Cv. 
I 

* S - SPIiERO I DAL, I Q IRRECULAR, C ~ CLUSTER, F = P0WOER FLAKE. 

** ELEMENTS WITH ATOMIC NUMBERS BELOW 12 (Mc) ARE NOT DETECTEO (E.C. NA, c). 

, 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

PARTICLE LIST 

PAGE / OF 
AEROSPACE 

!'itt 
(THIS SAM 

CASE No. SAMPLE ({~6t. W~ 12, 12a ~ ~ O?-~l 
/.'S2 A~a CO. 

, 

TYPE SIZE to'AJOR ELEMEtlTS t·l, NOR ElEt-:ENTS 

«- (t>11 CROHETERS) ... *'It 
Tmc.e.:, 

S I,g Sh 
S .,,2,.1 Ph Sb' 

5 J.7 Pb 
~ .. J.7 Pb 51, c...._ 

,S /.f. I" Ph ISb 

.5 ~.S Pb ; J( c.."l. 

.s I 1.7 134). Gt INS k PI, 

S 'I.:;' Pb !Sh ._-----_.- I 

I ..(.0 x/.O Ph I .-
S >-.0 Pb BC{ Sb t 

r , 

I .)., I Pb iSb 

S lJ Pb Sb 
S I. ':i Pb 
S ~.J BCI 5/' CA. Fe.. 
I C? Pb ~b 

S ~.5 _. Ph 
S 17 Ph 
S ).3 Pb' Sh 8tt 

S 0.8 Pb S'J, Ba. k Fe. 

~ .:l.3 Ph --_ ... _-
S J.3 Pb Sb 
.s O.&' Ph Sh 
.s 0/5 Pb k%- Sb 
J ;1' .J IPb Bl>.. SJ.. 

.s J.7 . B4 Pb CI (q k 5bS, Fe. 

S D.& Pb Btt Sh . 
S 1.3 Pb Sb 
S /.5 Pb Sb . 

* S _ SPHEROiDAL, I = IRREGULAR, C - CLUSTER~ F • POWOER FLAKE. 

** ELEMENTS WITH ATOMIC NUMBERS BELOW 12 (MG) ARE NOT OETECTEO (E.G. Nil, c). 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

PARTICLE LIST 

PAGE / OF 

AEROSPA"CE 
SAMPLE. Lf ft (B-~l 

(THIS SAM 

CASE No. Ls..'l we~ bdck 
/. 52 Ak~/ :;'ollneJ . 

TYPE SIZE MAJOR ELEMENTS 1,11 NOR ELEMENTS 

* 
(M I CROMETERS) 

** ** /Yc1U!' 

S ';z,IX/.:S Ph Sb 
I 3.~ Pb Ba. 5b K 
S ~s Pb 

I 

S :< /1 Pb ISb -----
"1~1 k I .3. :5 {Jet Pb S J<')b 

S ..2.9 Ph "Sb 

S • J /1 Ba Pb (AS, Sb J< 

.s J • if Pb -""---..- /1a 21> 

I 

f - I 

i . 
! 

! _. 
! . 
I 
I 

I 
----~~ ....... ..... 

-
I 
I 

! 

* S • SPHEnOIDAL, I co IRREGULAR, C = CLUSTER, F = POWDER FLAKE. 

--
ELEMENTS WITH ATOMIC NU~'BERS BELOW 12 (Mc) ARE:. NOT DETECTE:O (E.G. NA, C). 
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/"-~", 

THE AEROSPACE CORPOHATION 
r ,~~ : 

~"/' 
Posl Olfiu Box 929;7, Los Ang~/eJ, Cali/omid 90009, T~/tpho'lt: (2IJ) 648.;000 

REPORT OF EXAMINATIO~ FOR GUNSHOT RESIDUE BY PARTICLE ANALYSIS (Page I ofS ). 

(Scanning Electron Microscopy with Qualitative Elemental X-Ray Identi!ication) 

ATTENTION 

AGENCylS CASE ID 

AEROSPACE CASE NO • ..;:l:..;:(,..=O ___________________ _ 

LIST OF SAMPLES EXAMINED, FRACTION OF AREA SCANNED FOR EACH, 
DATES OF EXAMINATIONS: 

Item 1.) Standard Back Sample 1. 50/0 Area Scanned 5/26/77 

Item 2. \ Right hand Back/Wrist 
Sample 2.3% Ar('a Scanned 5/26/77 

Item 3.) Right hand Wrist/Palm 
5/26/77 Sample 5.4% Area Scanned 

RESULTS OF EXAMINATION(S): 
(II residue is found, lists of partidcs will be attached) 

Item 1.) 

Item 2.) 

Item 3.) 

Gunshot residue was found. 

Particles consistent with being gunshot residue were found. 

Gunshot residue was found. 

ANALYST: ~.4J~tt: GL:~ 
R. S. Nesbitt 

SUPER VISOR: ~~,L:a~",'! l..~tMts:a:::=::-:.,....---­
G. M. Wolten 

COMMENTS AND LNTERPRETA':'JONS. IF ANY, WILL BE GIVEN ON 
PAGE 2. COi'Y OF CASE FACT 5I1El':T JS ATTACHED. 

An EqlllU O/'PIi.lllllily EII,pl,,)", 
(i,t.totulAl..OrF'c.t.1. l..QCA.'lC.(l AT~ ·U&O c,.aT U •• t:.GUNUQ QOUI,.EVARU, fl. IEGU",OO, c,t,LlrOnU'1t 
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PLEASE USE ONE FORM FOR EACH ISUSPECTt 
,SUBJECTf 

THE AEROSPACE CORPORATION GUNSHOT RESIDUE F~OGRA'1 

DATA SIIEeT F'OR GUNSHOT RESIOUE SPECIMtNS, SUBMITTED FORSCANNING ELECTRON 

MICROSCOPY WITH X-RAY ELEMENTAL ANALYSIS. 

SUBM I TT I NG AGE NCY t7Y2£~.:hz¥.~E;w.~-o/.el:~:~Y.'.ri'2v.,;:-:~, 
___ a t...z~-3-Y:.~?'az~~~~ 

SUB~lI TIED BY ":':~:-*-:-:-.:=-J:q-~.i~<t?'4-:" TELEPHorjr::'~'«"~"2"'::;"'-:.z,: tlA TE 5/18/77 

CASE NUMBER "':':':"'!'.:i%=-~,",:~ ... .g;=_~:;,:_",!-",,*;;;:;;fj::;;;~ ______ CHECK HERE ONLY IF SU I C I DE ____ _ 

OR 10 ___________ ~SEX __ ~F ____ __ 
{
SUSPECT'SjNAME 
SUBJECT'S 
OCCUPAT ION, _____________ ACl V ITY PR I OR 

- 'f0 SHOOT I NG ---------
INDOORS 0 

HOURS BETWEEN FIRING AND SAMPLING approx 
..::£;~";':;""'---OUTDOORSD 

NO. SHOTS __ _ 

ACTIVITY BET'.-£EN FIR I NG AND SAMPL I NG Arrested and transporten to the police st<:.tion 

010 SUSPECT WASH HANDS BEFORE SAMPLING? o 
YES 

o 
MAYBE 

~ 
NO 

Diamond Arms 
WEAPON TYPE Shotgun CALIBER 12 gauge MAKE/MODELModel 1905 

LENGTH 
OF BAkREL" __ _ 

AMvlO BRAND/TYPE, OESCR I BE AS FULLY AS POSS. Federal Hi-Power 

BULLET TYPE No. 7-1/2 shot BULLET WEIGHT 1-1/8 ounce JACKETED 

SAI-1PLE IDENTIFICATIONS (LABELS) 

SEr11 JACK. 
PLATED 
BARE LEAD Bare Lead 

RIGHT WEB, BACK A-11 , RI GHT WR I ST /Palm A-12 , RIGHT SLEEVE, ______ _ 

LEFT WEB, BAC1( ______ , LEFT WRIST ________ , LEFT SLEEVE, _____ _ 

liP or IN:'IO£ OF" ~I::HT PANT'S POCKET, _________ ", LEFT __________ _ 

DESCRIBE ADDITlorlAL SAMPLES ON BACK Of THIS FORM. DESCRIBE ANY SAMPLES TAKEN 
IN A NON-STANDARD MANNER ON THE BACK OF THIS FORM. 

IT IS R'~UESTl:D TIIAT A TEST-tiRING HANOSAMPLE DE SUBMITTED, USING THE IIEt.I'ON 
AND AMMU~ITION INVOLVED, Ir AVAILABLC. 

WAS \l£APON TEST-FIRED? Yes • IF YES, DESCRIBE TEST-FIRING 

(HORIZONTAL/VERTICAL, I Nooon/ouTDoOR , ETC.) 33791 Standard web, 33791 

standard back from test firing 1 time 

160 
AEROSPA CE CA SE NUMBER 

Rf:MARKS: 

-180-

THE IVAN A. GtTTING LAnoRATo~lrs 
THE AEROSPACE CORPORAl' I OIJ 
Box 92957, Los ANGELES, CA ~)009 

G.M. We!.. TCN (213) (,1\8-69,14 
I'dllJ :;TAFF. 

LO~ATION OF LABORATORIES: 
300 S. DOUGLAS ST., EL SEGUNPO 



1 

2 

3 

4-

5 

6 

7 

8 

9 

10 

11 

12 

13 

14-

15 

16 

17 

18 

19 

20 

21 

22 

23 

24-

25 

26 

27 

28 

29 

30 

31 

~~TI CLf: LIS!, 

PAcE I Of' /. 
AEROSPA'CE 

11l!.rdatd 8a '- is (..r~~i 6'c~) 
(TlliS SAM 

CASE No. /100, SAMPLE: 

/.5% AJ«l SCQnneJ_ . .. r 

PLE) 

lYPE SIZE WiJOR ELEMENTS f·fI tlOR ELEMENTS 

* 
(MICROMETERS) 

** ** T~tes 

.s :<. q -, Ph P fa 5b ~ '-

S /,3 Ph Sb 
I 4.0 Ph 1 

~L_, ~.5 Ph LJ ISh 
S J.~ Pb iSb 

I .s 0.8' Pb ISb 
I 

.s /.3 Pb ISb 
_l L9 Pb Sa... 

'-' LL ISb eM. 
S .J..,J Pb ~Sb 

I 

.) D,9 Ph" CI Sb Fe.. 
, 
! 
I 

i 

: 

-- ---- , 

----'- "-

j 

* S = SPHERO I OAL, I = IRREGULAR, C c CLUSTER, F = POWOER FLAKE. 

** ELEMENTS WITH ATOMIC NUMBE:RS BELOW 12 (Me:) AFIE NOT DETECTED (E.G. NAt C). 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

PART! CLE LI ST 

PACE I OF 

AeROSPACE 

Back /~ll.r;~T {/1-1I2 
(THIS SAH 

CASE No. IbO SAMPl.E¥- 6"b"-
.:? . 3 90 AreA S::anned I . 

TYPE SIZE MAJOR ELEMENTS 1·11 NOR ELEMENTS 

* 
(r.'1 CROMETERS) 

** ** T,-r.I{~ 5. 

S .2..7 Pb Sb C0-

l," s /.0 Pb 
S /.5 ~± Sb 
~-. 0.8: 

S I . .3 Pb p'b 
S 1.7 Pb ( I 'I 

S If . .<. Pb iSb 
.s I. C' pb :Sb _. -.-
S -<. . ....1 'n 
I 3.3 Pb 5b 
S 6.7 Ph Sb 
.s ?S Pb Jb 
S /.3 Ph Sb 
S 1.9 Ph Sb 

I , 
I 
I 

I . 
0, -- I 

I 

I 

-.---.- ... ---- I 
I 

--- -

I 
.-- ! 

! 

* 5. SPHEROIOAL, I = IRRECUl.AR, C = Cl.USTER, F • POWOER FLAKE. 

** El.EMENTS WITH ATOMIC NUMBERS ecl.OW 12 (t~G) ARE rIOT DETECTED (E.G. NAt C). 
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PARTICLE LIST 

. PAGE / OF 
AEROSP'A'CE (THIS SAM 
CASE N0.--lbD SAMPl.E e.1Kt howl W'I·S±/fJJ.~ {,ll o ,:t2 

5.Jf6z. A~J; ScUJlned 
I . 

,. 
Pl.E) 

TYPE SIZE MAJOR ELEMENTS t·ll NOR ELEf.:ENTS 

* 
(MICROMETERS) 

** ** Trace" 
1 S ..(.~ Ph 
2 S ,<.1 Pb Sb 

3 

4 

.s 5'.0 19t Fe S Sb -.:L _ __ ~.12-.-_ 

5 S 3.0 Pb 
6 5 3.8 Pb 
7 S 9.~ P!~ 
8 

9 

10 

11 

12 

13 

.s 9·b Pb 
-~.-. ~I 

. - -' 
I 
i 

14 i 
15 I 

I 
16 _. _. i 
17 

18 

19 
20 -_ ... _ ... - ....... .. -
21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

* S .. SPHEROIDAl.: I '" IRREGUl.AR, C ~ Cl.USTER, F = POWOER Fl.AKE. 

** El.EMENTS WITH ATOMIC NUMBERS BELOW 12 (MG) ARE NoT DETECTEO (E,G. NA, C). 

e 
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THE AEROSPACE CORPORATION c~~r) 
'" ./ 

POll OIJiU Box 929J7. LQJ Ang.lu. Califorl11d 90009. Tel.phone; (213) 648·$000 

REPORT OF EXAMINATION FOR GUNSHOT RESIDUE BY PARTICl.,E ANALYSIS (Page 1 of 5). 

(Scanning Electron Microscopy with Qualitative Elemental X-Ray Identification) 

AEROSPACECASENO., __ ~17~O~ ____________________________________ __ 

LIST OF SAMPLES EXAMINED, FRACTION OF AREA SCANNED FOR EACH, 
DATES OF EXAMINATIONS: 

Item I.) Test fire sample 10% Area Scanned 6/23/77 

Item 2~) Victim #1 right hand sample 100/0 Area Scanned 6/23/77 

Jtem 3.) Victim If! left hand sample 1'00/0 Area Scanned 6/23/77 

Item 4.) Suspect (victim#2) right hand sample 10% Area Scanned 6/23/77 

Jtem 5.) Suspect (victim #2) left hand sample 10% Area Scanned &/23/77 

RESULTS OF EXAMINATION(S): 
(If residue is found, lists of particles will be attached) 

Item I.) Gunshot residue wall found. 

Item 2.) No gunshot residue was found. 

Item 3. )~o gunshot residue was found. 

Item 4.) Gunshot residue was found. 

Item 5.) Gunshot residue was found. 

ANALYST: ~4 ~ l.'/-2lf/77 
- R.. es 1 

SUPERVISOR: JJ."tlt,t..tfIC (./2'117' 
G. • Wolten • 

COMMENTS AND INTERPRETATIONS, IF ANY, WILL BE GIVEN ON 
PAGE 2. COpy OF CASE FACT SHEET IS ATTACHED. 

An Equal Opporlunity Employer 
ClHItRA.1..0",cc. LOCATI:O ,AT • .1310 EAST EL seCUNDO .OUI.l:VAI'tD, II.. a£CilHDO. C,IoL'FOftHIA 
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PLEASE USE ONE FORM FOR EACH ISUSPECTl 
ISUDJE:CTr 

REViseD 12/2/7{ 

THE AEROSPACE CORPORATION GUNSHOT RESIOUE F'ilOGRA'l 

DATA SHEeT FOR GUNSHOT RESIDUE SPECIMENS, SUBMITTED FORSCANNING ELECTRON 

MICROSCOPY WITH X-RA'< ELEHENTAL ANJ.LYSIS', 

suat-lInED flY 

CA SC NU~ltl[ Rt;$;.~~~*~~.r..": CHECK HERE ONLY IF SU I C I DE tI ::' 
{~~~~~g~:~I~jAME OR 10 ~~;·(._¥-2:-;·:oo~i~~rfd'~~ SEX M 

OCCUPATIO" Retired ACTVITY PRIOR Unk'1own 
, '1"0 SH{V)T I NG -----------

>4, possibly 0' 
HOURS BETlvHN FIRING AND SAMPLING 16 to 18 hours ~~~~~~~Sl!I "NO. SHOTS.2-_ 

ACTIVITY BETWEEN FIRING AND SAMPLING Between murder and suicide--Unknown 

010 SUSPE CT viA SH HANDS BEFORE SAMPLI NG ? (R] 
NO 

o 
YES 

o 
MAYBE 

Semi-Automatic 9 mm LENGTH appl·ox. 
WEAPON TYPE Pistol CALIBER Para MAKE/MODEL:....::::.St:;;:a::.:,r __ --.:OF BARREL..l::..! /2 in. 

A~f.10 BRAND/T~Pfu~Efulr Ij~Eclfit FULL Y AS POSS • _______________ _ 

BULLET Type exposed base BULLET \'11:. I GliT 124 grain JACKETED 
SEHIJACK. 
PLATE!) 
BflRE LEAD Jacketed 

SAI<lPLE IOf NTlfI~\TIONS (LABELS) 
V~ct. Suspect 

RIGHT WEB, BACKA_8 A-9, RIGHT WRIST _______ , RIGHT SLEEV[ _____ _ 

.LEFT WEB, BAc«A-B A-9 ,LEFT \IfRIST ____ ~ __ , LEFT 5LEf.VE_, ____ _ 

LIP or II,_,IOE OF '11~HT PANT'S PDCKET _________ , LEFT _________ _ 

DESCRIBE ADOITIONAL SAI~PLES ON BACK OF' THIS FORM, DESCRIBE ANY SAMPLES -rAKEN 
IN A NON-STANDARD HANNER ON THE aACK OF THIS FORM. 

IT IS REQueSTED THAl ~ TEST-FIRING H~NDSAHPLE BE SUBMITTED, USING THE WE:4PDN 
AND ~HMUNITION INVOLVED, IF .V~ll~BLE. 

WAS \o£APON TEST-FIRED? _...:Y:..,;e:..,;6 ______ • IF YES, DESCRIBE TEST-FIRING 

(HORIZONTAL/VERTICAL, I!lDOOR/OUTDOOR, ETC.) Right web, back of hand, after a 

single test. firing, box marked A-l test. 
~~~-~~~~~~~~~~~~~~~~~--------------------------------

AEROSPACE CASE NUMBER 170 

f1EMARKS: 

*Murder-Suicide 
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THE IVAN A. GETTING LABORATOHlfS 
THE AEROSPACE CORPORATION 
Box 92957, Los ANGELES, CA 900()t) 

G.M. WoL TEN (213) (·i\O_(,l).',t, 

AND STAr F. 

LOCATION OF LAOORATORI~S: 
300 S. ODUGLAS ST., EL SEGUNr·o 



Ar.ROSPA'Ce: 

CASe: No. /70 

SilL 
(1.11 CIWMClrRS) 

TYPC 

1 .2. 60 X so 

PARTICLE LIST 

MAJOR ELE~~EIIT' 

** 

Sa. C~ S 

PACE / O~· i . 
(TillS ~, ,:p.E) 

!·w:on ELE!·:C:m, __ ~! 
** rn ,;<\,( 

Pb S/, 
2 S 2S' 130.. C~ Sj Sb S Ph· Fe.. 
3 S J'3 Ba. .s Sb Pb 
<1 _._.d._. ____ :l._I ______ . ..&...S.(d s; _____ 5~b~.s ___ ..Il-LZ. 

~) S 2. I Btt S/ ea. I 
Pb G S ) I 80, Cd Sb S " S 

7 

8 

9 

10 

11 

12 

13 

11\, 

15 

16 

10 

19 

20 

21 

22 

23 

24 

25 

26 

27 

20 

29 

30 

31 

I ..s 4. (, 80... S,' Co... k 
:~J ___ . __ .2:; x j7 _____ .1ia,~__.J.iJ1L._. ___ ~1L. _____ Lf,~, 
i $ 2Cf r- • Ba. G. .s;. 
I S /2.. Ba. CA SI . 
, S 32. Ba. (C\- Si 
L_s ___ . __ lL .. __ . ___ Ba. la... S; S .. ____ .' .~.P.b __ , _____ . __ ! 

33 x 17 Ba. fa.. S.· Sb .s IPb I, 

s ~7 Ba. ~_Si Sb 5 Pb 

I ~_ ~:X~st ___ ~h.s Gt S; Pb Sb K 

S ~IJ 8D.. CA.. S; k S Fe.---

S 3.5' BrA.: 5,' ~ 
S 21 (4 Bo... S; s 

__ S _ _ :?.!..~___ _ __ 

S '+:? )C ~q H't Ca.- Pb 
I 21 Pb 
S <7 B~ S/ S 5k kPb 

-- ._----. __ ._- .. _--- --"---- ._---------

'---" _ .. ------1 '---

I 
,--~----------~-------- ____ I 

f. S n sPlicno ">Al I I ::0 I rnCGULAn, C '" Cl u~rCIi. F ... rOlo.·,1CIl rlAK~. 

* .. EI.rHrflTS II1TII Al01l/C NUl1fl~nS OClOI/ 12 (!~r,) J.,;l "or ur,1(CTCO (r.G. ;JA , c:). 
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1 

2 

3 

4-

5 

6 

7 

a 
9 

10 

11 

• 12 

13 

1", 

15 

16 

17 

1fl 

19 

20 

21 

22 

23 
24 

25 

26 

27 

20 

?9 

30 

31 

Ar.1l0SJ'lA·CE 
CASE 1:0. __ /:...;7_0 __ _ 

TYPE SIZE 

«- (1-\1 CROMETr:IIS) 

S 3.3 

I ~ '3 )( So 

S 33 'I 2~-

-.----- -

PARTt ClE' 1I ST 

MAJOR ElEr-~E:lTS 

** 

BQ. S. Cct.. 
Bet Co. S; 

Bt.r.. CA Si 

!-1/I:OR ELEI-:EliTS 

k 
Pb 

.. rmA"cr 

V< Fe Ph 
.---...;...------1.------ _ ........... _--

----- ------_._- ----_.- ...... ---.-_ .. --------=-~-I 

I 
I ----- -'-'-~-- ---1--------=--_._- ,-,---,--'-___ . 

'---f-- -------1------,--- ------,--+---1 

I----~---,------r--------·--- ------'--+---1 

---1-------------------... , --1-------1--··_ 

----------+-----------I---~---+---I 

« S n SPIIERO fOAL, I ... IRnEGULAR, C .. CLUSTCR, F '" POWDeR FLAKr.. 

I u- (LCHCIITS ""nl HOIIIC 11t/liBcn:; r,(LOII 12 (He.) loll!: /lOT DCTF.CH.D ( ... c. I\AI c). 
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1 

? 

3 

(, 

'l 

o 
~ 

10 

11 

1? 

11, 

1'1 

1ll 

19 

21 

22 

23 
24 

25 

?7 

30 

31 .. 

Ar.r:OSPA·CE: 
CA!.E 110. ___ '.:...70 __ 

PART; ClE LI ST 

SAMPLE 1:.U'l~rj= (V #2. \ Ie £t hob) 
~ Y I 

Pl,tc/ OF /. 

(Til,s St.11PLI::) 

T"l'f'C Sll!:: W,JOR ELEtI,Er:TS I 1·\1 NOH ELCI·:EtlTS 
~" (HI CIlOI1E:TCf!S) H· I ** rTH,',C£ 

~---.~----------------~~--------------~-~---.----------~--~ I t;Lf Ph 

I 
-L.._ 

s 
s 

3 I Ba Cot S • P6 k Fe.. 
.2./ Pb 

__ -=..;o':'::'~ _____ ._ -=B~a...=--________ (ex k (I Fe, S,' S (}i ___ _ 
.2.~ Btl. ~ lS,: Fe. I< 
l.r" Pb 

5 o.Fi' G.t. ,Z .... 1-·--- -------. ---._ ...... --.----. -_.--.-.-_.L. __ _ 
I I . 

I I 
---- .. ----.----. ---.----.. ----.... -.... --. ------L.-.l 

I 

.------------. ---_____ <0_- ____ . ________ _ 

-- -_.- ---------- r-------- .----.-.- ··---------1-__ 1' 

--------------.--. ----'---r--
1---.----1----=-'·-_--=-l--!.-."-_-___ .,_----t '-,_~!I j 

1( :> n sPHenoIN.L, I .. ,,/RCCU:'AIl, C ... ,LUST:-U, F ... POWOI:Il ~LM.l. 

-1(-1(. r:;:'CHClln; 1:1111 "lO~IIC NUllllt:n!. O:.LO\/ 1t. (r·:~.) "", I:OT orrr.C"fLO (r.c. NA, c) 
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TIlE A E R 0 SPA C E C o.n PO RAT ION 

POI/ OjJiu Dox 929J7,uI AIII'lt~, CJi!omi45tlo09, Telephone: (2U) 648·JOOO 

REPORT OF EXAMINATION FOR GUNSHOT RESlDUE BY PARTICLE ANALYSIS (Page 1 0(6). 

(Scanning Electron Microscopy with Qualitabve Elemental X-Ray Identilication) 

ATTENTION 

AGENCY'S CASE ID 

AEROSPACE CASE NO._I..;..87.:--__________________ _ 

LIST OF SAMPLES EXAMINED, FRACTION OF ARE.A SCANNED FOR EACH, 
DATES OF EXAMINATIONS: 

Item 1.) Right 'web, back sample 

Item 3.) Left web, back sample 

RESULTS OF EXAMINATION(S): 

5% Area Scanned 

5% Area Scanne-d 

(If residul' is found, lists of particles will be attached) 

Item 1.) Particles typical of gunshot residue were found. 

Item 3.) Particles typical of gunshot residue were found • 

8/2u/77 
S/Z,,/7? 

. ( M. Wolten 

COMMENTS AND INTERPRETATIONS, IF ANY, WILL BE GIVEN ON 
PAGE 2. COpy OF CASE FACT SHEET IS ATTACHED • 

.lf1f EIl',J Oppor/unif] Employ" 
4«"~"4L opfle:r._ LOCATIO AT~ .:"0 C •• T 1:'" ICCUMOO _OUUy,.,.o. ,L eCGU"'oo. c ...... I'Olt,...A 
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THE A E R 0 SPA C E C O,R P 0 RAT ION . 
PoJl Olftu Box 929'7, l.ol AnglltS, California 9000,9. Ttltphont: (213) 648·'000 

REPORT OF EXAMINATION FOR GUNSHOT RESIDUE BY PARTICLE ANALYSIS (Page 1 o£ 6). 

(Scanning Electron Microscopy with Qualitative Elemental X-Ray Identification) 

'ATTENTION 

AGENCY'S CASE ID 

~:;;:G-~~~~-;;.;_,,",--_____ DATE OF REPORT 8/26/77 

AEROSPACE CASE NO._1~8..;.7 ____ -_-_-__ ---------

COMMENTS AND INTERPRETATIOl"S 

Because d the rlch deposits of particles typical of gunshot residue on Items 

and 3, Items land 4 (wrist sar..lples) were not examined. 

ANALYS~:~ _________________ _ 

SUPERVISOR: _________ _ 

COMMENTS AND INTERPRETATIONS, IF ANY, WILL BE GIVEN ON 
PAGE Z. COpy OF CASE FACT SHEET IS ATTACHED. 

An E'lual Opportunity Employ" 
GU.I"A&" orr.cr;. LOCATIID AT. alilO '~.T ilL. .C,"UNOO .DULtV"'''O~''to "f.&~"'DO. CA\'U·O"U'" 
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----~--------- --

PLEAse USE ONE FORM FOR EACH ISUSPECTt 
,SUBJECTf 

ReVISED '2/2/75 

THE AEROSPACE CORPORATION GUNSHOT RESIDUE F~OGRA'I 

DATA SHECT FOR GUNSHOT REs, DUE SPEC 1I1ENS, SU9M ITTCD FOR SCANN I Ne ELECTRON 
MICROSCOPY WITH X-RAY ELEMENTAL AH~lYSIS. 

SUBt·lITTED fiY ~'ATE 2/21/77 

CASE NUMBER :I"$y~ CHECK HERE ONLY IF SUICIDE Possible 

{~0~j~gi: ~I~AME 011 I D~&:~£,££:,?~~{~t~~~~~;~;~~: ___ ~5EX _...;;.;M~ __ 

OCCUPATIO:~ UseS-Car Salesman 'TO SHOOTH:::: Unknown 

1f0URS OET'M::EN FIRINti liND SAMPLING 20.5 O'UNTDODOORflS OIRI ___ ,;;,0.."--__ --. 0.5 

A cn V I TV BfThHN FIR I NG AND SAMPLI NG:..-_d_e_c ... e_a_"_c,_,I ___________ _ 

DJD SUSPECT WASH HANDS BEfORE SAMPLING? lliJ 
NO 

o 
YES 

LENGTH 
WEAPON TYPE Revolver CALfO[fl. U MAKC/t.l00EL ________ Of BARRFL ___ _ 

AIVt~O IlRANO/TYFC, OESCRI6£ AS rULlY AS POSS, _______________ _ 

BULLfT TYPr:, __________ I3ULLCi \.£ I GIIT ______ JIICKE:. n:t> 
SUllJACK, 
PLHIi.O 
BflRE LEAr) ______ _ 

SA/>1Plf IOENTIFICATIONS (LABELS) 

RleHT WEB, OACK 1 , RIGHT WRIST 2 ________ , RIGHT SI.EEVE:.-. __ _ 

LEFT WEB, I1Ac,< 3 , LEFT WRIST 4 -
_________ , Lr.FT SLEEVE _____ _ 

LIP Of 1/'';11)( or 'lIGHT '>AIIT'S POCKET 
__________________ ., LCFT ______________ _ 

DESCRIOE ADDITIONAL SAMPLES ON BACK OF THIS FORM. DESCRIBE ANY SAMPLES TAKEN 
IN A NON-STANDARD MANNER ON THE BACK Ot THIS FORM. 

IT IS HlQ'JesTr.o TIl~T •. TEST-FilliNG I<ANOSMIPlE OE SUBMITTED, I,JSII/C THt: I/Ct.l·O~. 
1./,1; Al-IMllNI1ION IIIVOLVEO. I" MI~IU,Ul.t. 

WI\~' \o,f.IIPOH Tr.ST-fIRED ? __________ ,' IF YfS, DESCRlt'E TEST~FIRI~;G 

(lio.!.:.:.'.!!..N.!:YVERTI CAL, IIIOO( ~2.::.UT.:..D::;O:::.:O::.:fI.:.;,~r,.:~(..:.r.:.: .• ...I) __________________ _ 

{If.ROSPACCC~ASE NUt~BE8£f' 
fat'rant ounty Sncrt 
Office Case 
nr.MIiHKS: 

iR7 

Gunshot wound tu left fore ea su )I"ct was 
r(ght-handed). Subject's hands were bagged 
a[t~er shooting in plastic bags; copious amounts 
uf condensed moisture on Iinads; air-dried 
before sampling . 

THE I VAN II. GeTT II/G I.AIlDI< ATO ',I r r. 
THE AFflO';PACr CORPORkTlON 
Box Cj?9',;, Los ANGUI ~"l eA QJt,r,c) 

G.M, ',IOl II ?, (?D) t 1b-t091' 

LDCATIO~ or lABORATCRII~: 

300 S. lioucu.!. ST,t I l :,( CUN:/O 
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.... . 

" 

, ,. 
t,.J 

.. ~ 
I • 

.;,. 
I 

. , ," 

1'1 

l£J 

20 

?? 

,.' 
t ... " 

P/.C;r. I u:·<... 
(TillS 5':':1 L.L) 

r-"TIf:[- I !;, ilL --- I :r,JOll El.!!<f.i:T:3 -I' /·111;:-';/ [:.:I,:[j;T~. .~~-:.l 
;""_=--'_1_ (r'II~:=: /Is) • 1(* -)..~. I I",,:': ! . S 31 Pb ~ ---~Zk---'-; j 

i.s 38' Ph eM 
! J I J 3 Pb C I CIA 

.s' 4.2. Pb . leI So' c.... . 
~ . -····~--J.5··--·-·-·-p J,--.------'--.... rci-~ '--1--'-, 
.s I ~.~ ;: 5,"" i~ t '. I I 

. .$... 7.3 Pb Ie,.· I I , }'! -2-;;.=-------:-. ·Pb·"eu.- -- --- .. :-"I~-n-- -----.-.. ,.--._j 

I :: (,·1 Ph leI Sj CIA c~ 

1.1. "', ,,--.~} ______ ;t -------i~ _~;_ (~ ____ ~ ____ ! 
I I I '1.0 PI:,' 's; (I CIA. 'I I . , . 

.s 2.7 eM ct> . I' I 
I /2 PhCu leI (aZn 

.,J. __ ._ . ..!:J3§_~2..?_O_' __ ~. Pb ~ Fe __ ._._ J.LCI (!\.zl1.&tl ___ · 
S ,. 31 Ph 'I' s I 1.7 Ph' CI . . S.· CA. C~ . 

Ca.. 
eLi 

115 
27 Ct-t Pb Zh. C I C"" 

I 1 ~.fg Ph Cu (I Zh 

1_ 1_ .. _-.l.12_,~':f.b_'_'· __ I&_· ________ . G..t 2n 

I 
I 100 . Ph 
I 77 )C '3g' Pb 

I I :U Ph C I 5,' 1-.1-- __ J!L __ '__ E.u..b __ 

I I. 9. b Ab 

-- ~--.. ._tL_ ;t ~~ 

('--i~-' --j 
U,1 lh c~ 

C~t 

(I CIIt ---- -t(If~-P :h=~J 
t. ::; .. !.PIIU·Oltll.l., I :. 111111::'11(.1\1(, C:: ClUSTeR, r " PO~ll)f::l ('./.':[. 

.~ [ullr:nr. IIITt! 1.:n'\lC 11:Jllllrrl!, l1CI.OII 1:! (;'\(;) t ... t. rW'r 0 .. 1£(;'['1. (e.G, -HA: t,). 
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PART I CLE LI ST 

PACE 2 Of" :/.. 
AEROSPACE (THIS SAN 
CASE No. I'tZ SAMPLe lJ.'/M w.eh, b.i.' k. , 

Pl.c) 

TYPE SIZE I-lAJOR ElEN€.IITS I IIWOR f.lEf·:r:fnS 
(~11 CROME:TtRS) 

* ** - TR~~ 

S ,.2. Ph CI.t 
S /.3 Pb CI (14 

I .3./ Pb C I eli 
'i s '·7 Pb Cu , S /.0 Pb CI CI-t 

7 5 1.3 Ph C I Si 

i' 
;' .2.7 S: Pb (C{ CI J( Fe GA Zh 
.J 

'I 
r 

1.5 Ph (,0, ~ (I 

~ 
(' 

/2- Ph c... .J 

I r;: 7.7 P6 CI c... .... 
s ,. 7 

b~ 
CI Ca. ~ 

; S ,.q C:I Sb Cu Zh 

f-. ._ .... -.. 

'* S .. SPIiEflOIOAL, 1 • IRREGULAR, C • CLUSTtR, r • pownCR FLAKE. 

1H1· ELCMCNTb WITH ATOMIC NUNOCRS DELOW 12 (Me) Ale NOT OETECTCO (E.e. NA, C). 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

I 

, 

-

.AEROSPACE 
CASE No. t a'l 

TYPE SIZE 

* 
(1'111 CROMEl'ERS) 

F 6So )( 'fI:>O 

I 54 )( '<7 
.s g-.b 
I 8'.5' x tf.3 
I 38' 
S 7.7 , 85 )( l/{, , JtJ )C ,2.. 
S t/.?.. 
S '-/.4-, 

2..7 
I If~ x 23 
F 85"0 
I 2,3)( 13 
I go.S" }< 5'. if 
I 5'1 
I ; 

/2-

! 
f 
i 
; 

i 

. 

* S = SPHEROIDAL, I 

PARTI CLE 1I ST -
PAGE' 0 

t.&! ~ b , J,CU./:s 
(TH I S SA 

SAt4PLE J. e.ft 

MAJOR ELEM[NTS MINOR ELEMENTS TRACE 

Ph CIA Z'" (I CA-

Pb etA CI Z .... 

Pb 
Pb CI eel. 
Ph ~"t 
Ph 
Si Ph 0.t 
Pb 
PI, CIA (I Z'" 
Ph 
Ph 
PI, etA 12", 

Pb Ct.t P CI 
, 

Cc:t 
PI, 

~t 
c, 

I el eu 
Ph I 

I 
I 

.~-.... ~~ -- -'-

- _ ...... 

L 
:::; IRREGULAR, C = CLUSTER, F = POWDER FLAKE. 
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