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ABSTRACT

The idea of determining whether a person has recently fired a hand­

gun, via the neutron activation analysis determination of traces of barium 

and antimony (from the cartridge primer) in residue material removed from 

the back of the gunhand, was conceived at General Atomic in 1961. During 

the period from 1962 through 1969, the technique for accomplishing reliable 

Ba and Sb measurements was developed, along with the conduct of small- 

scale studies of the numerous variables (gun type, gun caliber, length of 

gun barrel, condition of gun, particular chamber fired, brand of ammuni­

tion, wind velocity and direction, etc. ) that affect the amount of gunshot 

residue deposited on the back of the gunhand. Various methods of removing 

gunshot - re sidue material from the back of the hand (in the area determined 

experimentally to be the area of maximum deposit) were also investigated — 

resulting in the "paraffin-lift" technique being selected as the method of 

choice. The possibilities of tagging the gunpowder, or the primers, used 

in various commercial brands of ammunition, with small amounts of rare, 

high-sensitivity eleqnents were also explored.

During the last two years of the investigation, large-scale statistical 

studies were conducted of gunshot residues from revolvers and automatic 

pistols of various common calibers, and of Ba and Sb present on the hands 

of persons, of various occupations, who had not recently fired a gun ("oc­

cupational handblanks"). These large-scale studies resulted in a large 

body of experimental data — presented in full in this report. Concurrently, 

a suitable statistical method for the interpretation of such Ba-Sb data was 

developed: the bivariate-normal (BVN) method — actually a bivariate log­

normal treatment. The development of the BVN method, its application to



the accumulated Ba-Sb data, and its potential use in the interpretation of 

actual criminal-case results are also presented in this report. It is shown 

that, in most instances, Ba-Sb results — properly obtained and properly 

interpreted — can provide a fairly definitive distinction between a hand that 

has recently fired a handgun and one that has not (or one that has subse­

quently been washed clean before being sampled).
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SUMMARY

The use of thermal neutron activation analysis (TNAA) to determine 

whether a person has fired a handgun has been extensively investigated. It 

has been unequivocally established that the elements, barium and antimony, 

are deposited on the gun hand of a person who fires a handgun, and that 

these deposited elements can be accurately determined by TNAA.

A number of methods of removing and determining gunshot residues 

were examined. It was ascertained that the preferred method is to apply 

melted paraffin to the hand (especially the trigger finger and thumb web).

The paraffin is removed after it solidifies, the resulting handlift is acti­

vated (bombarded with thermal neutrons) in a nuclear reactor; the analytical 

indicator radioisotopes of Ba and Sb produced by activation are radiochemi- 

cally separated from the sample; and the indicator radioisotopes are quan­

titatively measured by gamma-ray spectrometry.

The elements Ba and Sb are not largely distributed in the usual en­

vironment of contact of most persons. It was found that the levels of these 

elements on the hands of persons in most occupations were significantly 

less than those to be found after firing a gun in most cases, especially 

those cases in which a large caliber gun was fired. Nevertheless, the fre­

quency of cases where the difference between handblank and post-firing 

levels were insignificant was sufficient to warrant a definition of relevant 

statistics. The largest effort in the program was devoted to defining the 

probabilities, given the Sb and Ba values from a handlift, that a gun had or 

had not been fired.

In this work 613 handlifts were analyzed, of which 260 were hand- 

blanks. The 353 handlifts taken after individuals fired a gun addressed a 

wide variety of weapons and cartridges. The weapon calibers investigated
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were 0. 22-caliber (108 firings), 0. 25-caliber (18 firings), 0. 38-caliber 

(74 firings), 0.44-caliber (5 firings), 0. 45-caliber (83 firings), and 9 mm 

(83 firings).

Four occupational classifications were discerned among the hand- 

blanks. These included the following:

1. Class A, low Ba and low Sb (165 handlifts): Carpenters, ac­

countants, TV technicians, secretaries, watch repairmen, 

gardeners, laboratory technicians, radioisotope technicians, 

theoretical chemists, photographers, electronics technicians, 

chauffeurs, electricians, computer operators, nurses, physi­

cians, storekeepers.

2. Class B, high Ba and low Sb (38 handlifts): Plumbers, graphic 

artists, mechanics, draftsmen, heating and air-conditioning 

repairmen.

3. Class C, low Ba and high Sb (16 handlifts): Electronic assemblers.

4. Class D, high Ba and high Sb (41 handlifts): Auto mechanics, 

painters, machinists, maintenance men.

The samples were adequate, except for class C handblanks and 0. 44- 

caliber firings, to define the desired probabilities. Given the occupational 

class and caliber of weapon involved, it is possible to evaluate the TNAA 

analysis of a handlift in terms of the probabilities that the Ba and Sb values 

represent a handblank, for example.

In view of the fact that there is a finite possibility of definitively de­

tecting a firing in all classification combinations addressed (occupation and 

weapon caliber), and since the probability estimates derive from a large 

body of experimental data, this work has resulted in the best tool for the 

purpose available to the criminalist at this time.

The program involved the examination of related topics. The effect 

of wind velocity and direction was found to be noticable but not excessive.

It was found that handling a fired and uncleaned weapon resulted in increased
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levels of Ba and Sb on the palms. In the absence of hand washing, gunshot 

residues were found to be detectable up to ~24 hours after firing a weapon; 

however, handwashing was found to remove most of the residues. Deposi­

tion of residues on hands and face was detected subsequent to rifle firing, 

but this subject was not extensively pursued. It was ascertained that most 

of the Ba and Sb residues derive from the presence of these elements in 

primers. It was shown that cartridges tagged with rare earth elements 

would provide improved probabilities of detecting gunshot residues.

These ancillary investigations were interesting and often suggestive 

of future improvements. However, with the successful establishment of 

TNAA as a useful tool to the criminalist for determining if a person fired 

a gun, the program's main goal was achieved.
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1. INTRODUCTION

A recent federally sponsored report^reveals that over 9,000 

suicides by firearms occur annually in this country. In general, no wit­

nesses are available in such incidents and only physical evidence is avail­

able to the investigating officers.

The same report quotes a survey by the Chicago Police Department 

showing that in seventy-four percent of the homicides investigated in 1967, 

the victim was known to the attacker and the relationship between the indi­

viduals involved could be categorized under one of the following headings: 

"friends or acquaintances, spouse or lover, other family, neighbors, or 

business". In these cases, while both suspects and witnesses may be 

readily available to the investigating officers, verbal evidence may be 

lacking or equivocal. In both apparent suicides and homicides by acquaint­

ances, an obvious need exists for a reliable method for determing whether 
or not an individual has recently fired a handgun. Mary Cowan^ points 

out that one reason for the continuing use of the discredited diphenylamine 

test for residues in such cases is the need by investigating officers for the 

information supposedly provided by the method.

It is worthwhile to briefly examine the history of the diphenylamine 

test and one other proposed test intended to provide the same information. 

The purpose will be to gain an historical perspective of the problem.

The reaction of nitrates (both inorganic nitrates and as nitro groups 

in organic compounds) with solutions of sulfuric acid and diphenylamine to 

produce a blue color is well known. Its first use in the detection of powder 

residues is attributed by I. Castellanos^ to his fellow worker, G. Iturrioz, 

in 1914. Since the acidic solution is quite strong, the reagent was actually
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applied to a paraffin cast which was then removed from the hand. The cast 

was formed by applying molten paraffin to the hand, then imbedding a piece 

of cloth in successive layers of paraffin until a self-supporting cast was 

formed which could be removed intact — (hence the name "paraffin test"). 

Both surfaces of the hand were sampled.

The procedure was first demonstrated in the United States in 1935 

by T. Gonzalez (the name "Gonzalez Test" is found in some early refer­

ences), a visiting Mexican criminalist.
(3)In 1935, the Federal Bureau of Investigation reported a list of 

eleven substances which gave positive results with the diphenylamine rea­

gent. Inconclusive results from test firings were also reported. The 

occurrence of false positive and false negative results from the dipheny­

lamine test have been reported after conscientous and well-controlled 
(14 5)investigations. ' ’ ’ In spite of this, the test is still performed in various 

crime laboratories in this country, although generally only for "investiga­

tive purposes".

Recognition of these shortcomings resulted in a new test developed 
by Harrison and Gilroy, ^ that depended on detection of metallic elements 

deposited on the hand by the discharge of a firearm. Antimony, barium, 

and lead were detected by spot tests with various chemical reagents. The 

three elements sought were chosen as being common constituents of primer 

material. In this test, residues were removed from the hand with a moist 

cloth and the reagents were then applied to the cloth.

While the published report indicates a high degree of success with 

test firings of revolvers, the test is rarely employed by criminalists. 

Private conversations with criminalists indicate that inconclusive results 

were obtained by some workers attempting to duplicate the published re­

sults. A source of inconsistency may be reflected in the fact that while 

Harrison and Gilroy report that residues are only infrequently deposited 

from discharge of automatic pistols, our results (reported below) show that
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0. 45-caliber automatics deposit as much or more residues than do 0. 38- 

caliber revolvers. The authors do not state the calibers of the weapons 

employed in their work, nor do they include a table showing the results 

from all of the test firings done.

One explanation for the lack of success of this method is that it is 

qualitative in nature and depends on color tests for obtaining positive re­

sults. At the levels at which residues are deposited on the hand — about 

one microgram for barium and less for antimony — color tests are not, in 

general, reliable unless performed by relatively tedious techniques such 

as chemical microscopy.

It was due to the lack of a generally accepted method that Ruch,
Guinn, and Pinker^ developed the TNAA procedure described in Appendix

1. The applicability of this procedure has been the subject of further studies 

reported herein.

Much of the work on the present subject has been reported in detail

during its progress, and the first six years of effort has been summar-
(12)ized in detail. ' Therefore, while this report treats all relevant aspects 

of the work, excessive repetition of details is avoided.

In all of the TNAA work, samples were activated in the TRIGA 

Mark I nuclear reactor, and the relevant radioisotopic analytical indicators 

formed during the activation were measured (usually after post-irradiation 

radiochemical separation) by multichannel gamma-ray spectrometry.
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2. EXPERIMENTAL

2. I REVIEW OF EARLIER WORK AND RESULTS

A number of criminalists, including R. H. Pinker (Chief Crimina­

list, Los Angeles Police Department, retired), indicated that a reliable 

gunshot residue test was highly necessary. The method of Harrison and 
Gilroy, ^ though sound in concept, proved disappointing in practice by 

virtue of limited analytical sensitivity. Inasmuch as TNAA has extremely 

great analytical sensitivity for at least two of the elements addressed in the 

Harrison and Gilroy method — namely, barium and antimony — there was 

ample reason to investigate this application of TNAA.

Early experiments confirmed the determination of gunshot residue 

elements in very dilute nitric acid washings of hands subsequent to 0. 38- 

caliber revolver firings. In the first experiments, the hands were first 

washed and rinsed, and the hands were then rinsed with the dilute acid to 

provide the blank measurements. The acid contained 0.03 jig Sb, the pre­

firing acid rinse contained 0. 05 jjg Sb, and the postfiring acid rinse con­

tained 0. 12 jig of Sb (the volume of acid being the same in all cases). Addi­

tional experiments showed that barium and copper could be detected, also; 

however, the latter element later proved to be of little use due to its large 

and widespread occurrence in handblanks.

The removal of gunshot residues from the hands was investigated. 

Reagents alternative to dilute nitric acid were tested as rinses, wipings 

with special papers (such as Whatman filter paper) and cotton swabs were 

were tried, and the more traditional paraffin handlift was tried. Of all 

methods, the last appeared to be the most satisfactory. Ordinary canning 

wax was found to have very little barium and antimony contamination, it
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stores well, and its application to the hand is simple and reproducible. It 

is easily removed from the hand and subsequently convenient to analyze.

Because of the sodium and chlorine content of perspiration, it is 

necessary to carry out postirradiation radiochemical separation procedures 

to prepare the analytical indicator radioisotopes of Ba and Sb for counting. 

The entire procedure finally devised, from the taking of handlifts through 

the analytical work, is described in the Appendix.

It was found that, in general, the Ba and Sb levels in most hand- 

blanks (handlifts from people who had not recently fired a gun) were ~0. 1 fxg 

and~0. 01 (ig, respectively, and that the levels of these elements were about 

10-fold higher in handlifts taken after firing a weapon. It was found that the 

gunshot residues were deposited mainly on the trigger finger and thumb 

web, with lesser amounts on the back of the hand and very little deposited 

on the palm. On the other hand, persons who did not fire, but handled, 

uncleaned weapons had increased levels of Ba and Sb on the palms of their 

hands — especially if they handled the barrel or chamber of the weapon. 

Considerably more residue was found on the barrel and chamber of fired 

weapons than on the handle. This may be due to the fact that the hand pro­

tects the handle from depositions during firing.

In addition to the foregoing, other parameters were also studied. 

Winds, at least of moderate velocity did not seem to drastically diminish 

the amounts of residue deposited. On the other hand, even casual washing 

of the hands after firings, decreased the levels of residue to levels found 

in handlifts from persons who had not recently fired a handgun.

An important finding was that successive firings of the same weapon 

did not lead to linearly increasing levels of residue. The only conclusion 

to be drawn from this fact is that successive firings tend to remove residue 

particles from the skin. In view of the results from firings in windy condi­

tions, one must conclude that it is a shock effect of firing rather than the 

stream of residue laden gas that is the principal agent in removing pre­

viously deposited residue particles.
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Another parameter studied was the time interval in which particles 

would reside on hands which were not washed. Studies showed residues 

persisting up to twenty-four hours, but at the end of that period, levels 

were quite near the levels usually associated with handblanks.

The last topic discussed in this section is the possibility of adding 

some unique component or mixture of components to handgun cartridges at 

the time of manufacture. The presence of the tagging components on the 

hands of a person would then be inexorably associated with the firing of a 

handgun.
In the Annual Reports for 1964 and 1965,^^ the feasibility of using 

rare earths, either singly or in combination, as tagging materials was dis­

cussed. Experiments were performed which convincingly demonstrated 

the soundness of the proposed technique. Recently, another group has 
verified the work,^*^ and explored the economic considerations^*^ asso­

ciated with the implementation of the procedure.

At the present time there is no indication that tagging materials will 

be added to cartridges in the near future by any manufacturer. Even if a 

tagging program were instituted immediately by all U. S. manufacturers, 

untagged ammunition of prior production, and imported ammunition would 

remain in wide circulation.

2. 2 LARGER STUDY OF HANDBLANKS AND FIRINGS

In all respects, results from the variety of earlier studies indicated 

the TNAA method for determining the presence of gunshot residue to be 

promising. It was decided that the actual utility of the method should be as 

rigorously defined as possible within the scope of a many-faceted program. 

As a preparation for the larger study, relevant questions were included in 

a questionnaire that was sent to each member of the California Association 

of Criminalists. The questions pertaining to firearms were as follows:
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1. Of the analyses or examinations involving firearms residues or 

bullets, with which you have been involved, approximately what

percentage were:

a. automatic pistols ____

b. revolvers ___

c. rifles ___

d. shotguns ___

e. other ___

2. Of the revolver analyses or examinations, what was the approxi­

mate percentage of:

a. 0. 22 caliber ___

b. 0. 32 caliber ___

c. 0. 38 caliber ___

d. 0.44 - 0.45 caliber ___

e. other ___

3. Similarly, of the automatic pistol analyses or examinations,

what was the approximate percentage of:

a. 0. 22 caliber

b. 0. 32 caliber

c. 0. 38 caliber

d. other ___

The answers to the first question indicated revolvers to be most 

frequently involved (44%), followed by automatic pistols (33%), rifles (12%), 

shotguns (8%), and other (3%).

Obviously the most important categories are the handguns. Of these, 

57% involve revolvers comprised of 0. 22 caliber (21%), 0. 32 caliber (4%),

0. 38 caliber (19%), 0. 44 - 0.45 caliber (6%), and other (7%). The 43% in­

volvement of automatic pistols was comprised of 0. 22 caliber (11%), 0. 32 

caliber (9%), 0. 38 caliber (6%), 0. 44 - 0.45 caliber (9%), and other (8%).
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The category "other" included 9 mm and 0. 25 calibers, and the 0. 44 - 0. 45 

caliber category was dominated by the 0. 45 caliber weapons. The ensuing 

work was planned to conform with these statistics on hand weapons. Other 

weapons were not to be studied in this larger work. Dr. C. R. Kingston, 

consultant to the Law Enforcement Assistance Administration, participated 

in the formulation of the plans.

In addition to the work of taking and analyzing handlifts from a large 

number of firings of various weapon-cartridge combinations, a large num­

ber of handblanks were to be analyzed. These were to be taken from per­

sons in a wide variety of occupations so that a true representation of the 

Ba and Sb levels on the hands of persons who had not recently fired a wea­

pon might be obtained. The subjects were not to wash their hands prior to 

application of the paraffin.

Another feature of the plan was that an appropriate method for the 

interpretation of the data should be developed. This would involve a con­

sideration of the most appropriate statistical model, and the goal would be 

to allow a given handlift analysis to be interpreted as representing a firing 

or handblank with the greatest possible degree of confidence.

The plan was implemented, and the results are described in the 

following sections. The next section discusses the statistical considerations 

that initially evolved. Then the analytical results are presented, and the 

final few sections are devoted to the interpretation of the work.

As part of the study, some effort was directed toward the analysis 

of primers, which are the chief source of Ba and Sb in gunshot residues.

This was done to elucidate any systematic effects of certain brands of am­

munition on the amount of gunshot residues in handlifts.
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3. THE BIVARIATE NORMAL STATISTICAL MODEL

Wide variations are found in the amounts of barium and antimony 

present in handlifts obtained from individuals who have not recently fired 

a handgun. Repetitive firings of the same combination of weapon and 

ammunition deposit amounts of these two elements on the firing hand which 

fluctuate over far greater ranges than can be ascribed to random errors 

of the analytical procedure. It was natural to use the well-developed 

methods of statistical analysis to help interpret the results obtained, and 

then to use probablistic methods to assess the success of the neutron acti­

vation analysis method in correctly identifying the sources of particular 

samples.

A relatively sophisticated approach to these problems was used 

which is new to the criminalistics literature. Consideration of some prac­

tical problems are included where they influence the statistical model.

Inspection of the results obtained from the analysis of many sets of 

results revealed an apparent log-normal distribution of the values. The 

log-normal distribution differs from the normal, or Gaussian, distribution 

in that the logarithms are used throughout this study, whereas natural 

(Naperian) logarithms are often used in other applications.

Log-normal distributions are common in nature. The essential 

features can be described in terms of one well-known example, the distri­

bution of barnacles on a piling. There is some point P on a piling above 

which no barnacles can be found. Below this point the density of barnacles 

rises rapidly to a maximum. Further down the piling the density decreases, 

but some individuals can be found quite far below the point of maximum
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density. If the distribution is drawn, plotting the logarithm of the random 

variable (depth of the barnacles below P) as the abcissa, the resulting 

curve would have the familiar bell shape of the normal distribution.

Since both barium and antimony are intimately mixed in primer 

formulations, in proportions which are held within certain tolerances by 

the manufacturer, it would be expected that when large numbers of results 

from firings are inspected, high levels of one element would be associated 

with high levels of the other. On the other hand, when results from hand- 

blanks are inspected where no occupational exposure to both elements is 

present, there should be little relationship between the barium and antim­

ony values. A scheme for interpreting the results should consider both 

the absolute levels of the two elements and their ratio.

The bivariate normal distribution is a well-known probabilistic 

model often used to analyze such data. A central feature of this model is 

the density function used to represent a given group of data. Suppose that 

perpendicular coordinate axes are drawn, and that the logarithm of the 

barium level in a handlift is measured along one axis, while the logarithm 

of the amount of antimony is measured along the other. The the analysis 

of each handlift can be associated with a certain point in the coordinate 

plane. The bivariate normal density function used to approximate the dis­

tribution of the data looks somewhat like a London policeman's hat resting 

on the plane. The values of the function (i. e. , height of the hat) over a 

small region of the plane are approximately proportional to the probability 

that a data point from the group will occur in this region. Slices through 

the surface parallel to the plane are ellipses. All of the points on the plane 

below a given ellipse represent combinations of barium and antimony levels 

that occur with equal frequency in the group. Slices near the brim are large 

and enclose most of the data points; slices near the crown are small, but 

enclose the most frequently occurring combinations. The center of the 

crown is over the point defined by the average of the logarithms of barium 

and antimony values for the set of data being analyzed.
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The location and shape of the density function are determined by five 

parameters. These are the average logarithms of the amounts of barium 

and antimony, the variances (a measure of spread, or dispersion, equal to 

the square of the standard deviation) of the logarithms, and the coefficient 

of correlation (a measure of the association) between the logarithms. Al­

though these parameters can never be measured or calculated exactly, they 

can be estimated readily from the data.

A convenient way to represent these three-dimensional surfaces on 

a flat piece of paper is simply to draw the outlines of successive ellipses, 

labeling each with the percentage of observations estimated from the model 

to lie inside of the ellipse. Many such figures accompany this report, for 

example see Fig. 1.

After it is shown that the probabilistic model is an adequate repre­

sentation of the analytical results the information provided by the model 

can be used to help determine the origin of a particular combination of 

barium and antimony values which may have originated from two alternative 

sources. For example, the known facts in a particular case may be that 

an apparent suicide was committed with a 0. 45 caliber automatic and that 

the individual involved had an occupation that did not reveal high barium or 

antimony levels when surveyed.

The analytical results obtained from a handlift removed from the 

victim would then be compared with plots of the density function for the two 

appropriate sets of data. If the results fell in an area with a high frequency- 

of-occurrence for firings and a low frequency-of-occurrence for nonfirings 

it would indicate that the individual had indeed committed suicide.

A more quantitative method of interpreting the results can be used.

It is derived from the field of statistics and falls in the category of "hypo­

thesis testing". When it is employed, numerical values can be assigned to 

the probabilities that a given pair of barium and antimony values do or do 

not belong to (have a similar history as) two sets of analytical results.

17



Lo
g o

f M
ic

ro
gr

am
s 

A
nt

im
on

y

.. hamcbla*' -2.OOOf

1. 000 -

- . 000 .

- 1. UUU

-2.000

-3. 000

-4. 000 L_i
-4.000 -3. 000 -2.000 1. 000 0. 000 1. 000 2. 000

Log of Micrograms 
Barium

Fig. 1

Plot of Logarithms of Results Obtained from All Handblanks Analyzed,
and Associated Solutions of the Bivariate Normal Density Function
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It is assumed that the population of all measurements that might 

occur can be subdivided into several groups, and that, in turn, the vari­

ability within each group can be represented by means of a bivariate normal 

distribution for some particular choice of the five parameters described 

above. These subpopulations are chosen to represent test firings with 

various types of weapons and handblanks from individuals in various occu­

pational-environmental categories.

In any actual case in which this procedure might be used as a guide, 

the type of weapon involved and the background of any suspect would, in 

general, be known. Thus, the problem is one of discriminating between 

two hypothesis: the null hypothesis (Hq) that the amount of Ba and Sb found 

on a suspects' hand(s) can be explained as a handblank from his environ­

mental category, versus the alternative hypothesis (Hj) that the observation 

resulted from the suspect having recently fired a given type of weapon. 

Naturally, one seeks to control the probability of both types of error which 

could result from making a wrong decision.

Of the several approaches to controlling these error probabilities, 

one that seems reasonable is to fix an upper bound oi{e. g. , a = 0. 01) on 

the probability of obtaining a false positive (rejecting Hq when it is true), 

and then minimize the probability of a false negative (accepting when it 

is false). It can be shown that this leads to the test (for the ideal case in 

which all parameters are known):

reject Hq if and only if

f0(X)/f1(X)<k ,

where X is the observed point, fj is the bivariate normal density specified 

by H. , and k is determined by 0c and the parameters of the two densities. 

The inequality divides the coordinate plane into two regions, so that the de­

cision procedure could be automated by preparing a set of graphs, one for
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each possible pair of hypotheses. In an actual case, the appropriate graph 

could be selected and the value of the observation would then determine into 

which region (accept Hq or reject Hq) it falls.

As one would expect, the sensitivity of the decision procedure de­

creases as the uncertainty in the subpopulation parameters increases. 

However, it is always possible, within the content of the assumed model, 

to quantitatively assess the probabilities of committing the two types of 

errors.

In regard to the estimation of probabilities for the barium and anti­

mony data, it can be readily understood that the failure of the method to 

correctly identify the source of a particular sample may lead to drastic 

results. It may result in a guilty person escaping justice or an innocent 

one unjustly incarcerated. To prevent either eventuality the "odds" should 

be made as large as possible. That is, the arbitrarily chosen probability 

of making one of the assignments incorrectly should be small. The potential 

value of the procedure is indicated by the probability (denoted by a ) that a 

handblank sample from a given category would be erroneously interpreted 

as a specified type of firing and also the probability (denoted by /3) that the 

Ba and Sb levels in a sample from a hand which had recently fired a speci­

fied type of weapon would be incorrectly interpreted as a handblank from a 

given category. It should be mentioned that this procedure is optimal for 

deciding between the two hypotheses in question, i.e. , no other procedure 

has both a smaller a and a smaller /3 .

As will be shown in the section, "Statistical Treatment of the Data", 

an alternative method of describing probabilities based on BVN statistics 

was suggested by the data.
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4. TABULATION OF THE DATA

Tables 1-5 inclusive contain the data used in the statistical evalua­

tion of the method. Some results were omitted from these tables as not 

being of interest. These include blank determinations, at least one.of 

which was included with every set of samples irradiated. Samples irrad­

iated and analyzed in connection with actual crimes are also not included, 

except for a few instances where test firings were performed to assist in 

the interpertation of test results. A third class of samples, hand sampled 

after firing with the other hand, are not included. In many instances, 

these samples were taken as controls. As this report was being written it 

was discovered that one page of computer output had not been produced.

These data are given in Table 5 Supplement. Thus altogether the tables 

list 260 handblanks and 353 firings.

The same format is used in each of these tables. The data is entered 

in roughly chronological order by sample number. In much of the early data 

parameters later found of interest, such as barrel lengths, were not re­

corded. This information is listed as "UNK". The tables were produced 

from computer output and some of the entries require explanation.

In the column headed Caliber, the entry 3SINS means 0. 38 caliber; 

similarly 9MM means 9 millimeter.

The barrel lengths were measured to the nearest half-inch, from 

the tip of the muzzle to the rear of the barrel. This practice is inconsis­

tent, in that cartridges are chambered in the barrels of automatic pistols 

and in the cylinders of revolvers. However, in practice the functioning of 

the two types of weapons is so different that results obtained from one 

should not be compared with that obtained from the other, regardless of 

barrel length.
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Table 1

CLASS A HANDBLANKS

N>
to

Sam le 
num tR rtcuPATion

h A H D 
bAFPLED SUCK f R

N U K & E. R
OF

firings CALIBFK

BARREt
LENGTH
INCHES

i i f pr H CNK 0 0 ins • •••

La* 0 L UUK fj n ICS • • • •

a LA* 0 H l-NK 0 0 INS • • • •

*♦ l.Aro L ORK C 0 I NS • • • •

b t A K C R INK C 0 INS • • * *

b l AF'D L LNK 0 0 INS

7 l aPD K CNK 0 c INS • •••

b l AFO L t NK c 0 I NS

V LAFD K y.UK 0 0 INS

10 l APD L CNK c 0 INS • » • •

11 LM’t K i-NK 0 0 I NS *• • •

1 ^ l ».FL L UNK 0 0 INS • • • »

1 3 LAf l R CNK 0 0 INS • •••

1 ** t tf’l. L UNK c c INS ♦ • • ♦

lb LAPC K UNK c 0 INS • • • •

16 l a r t* L UNK 0 0 INS-

17 L Af C R UNK 0 0 INS • •••

1* i A f f L UNK 0 0 INS • •••

1 V LMt K UNK G 0 INS »•••

2 0 LAPC L UNK 0 0 INS • •••

21 L AFC ft UNK 0 0 I NS • •••

22 LaPC L UNK 0 0 JNS • •••

23 LAFL R UNK 0 0 {NS • •••

aEAPON
type AhliUN 1 T I ON

H | Ck06KAM^ 
Of

BaRION

STANDARD
OEVIAT ion 
baRium

M iCRo^HAflS 
OF

»NTI MONT

standard
deviation
antimony

• • •• • 11uU -•0000 • u 6 00 -•oooo

• • • • •••••••••• - • uuou • U6Uu -•ooou

• ••• • B2U(J ••ouuo • U3uO -•ouoo

• » • • •••••••••• • tvuo -•ouoo • 0100 -•ooou

• • •• • OAuO -•ooou • 0500 ••uouo

• ••• • CHOU ->oooo • 005u -•oooo

• ••• • ><>00 -•oooo • 02oo -•oouo

• • • • • 1200 -•OOOU .0200 -•QUOU

• ‘(BOO ••OCUQ • 0100 -•oouo

• • •* •••••••••• •••Roo -•ooou • oiou -•OOUO

•••••••••• • 1 “00 -•OuOC •0050 -•oooo

• ♦ • • •••••••••• • 32Q0 -•OUOO • 005u -•0000

• o^oo -•0000 • 0050 -•oooo

• • • • •0200 -•oooo • Oo5o -•oouo

•q3uO -•QQOG • oqBq -•0000

•••••••••• • 0300 -•oooo • 0050 -•oooo

• ••• • Uoo -•oooo • OObo -•oooo

• ••• • 0600 *•0000 • 0050 -•0000

• • • • • Of 00 *•0000 • 0300 -•oouo

• ••• • 0700 -•oooo • 0050 -•oooo

• ••• • 1 BOO -•ouoo • 0050 -•OOOO

• • •• •••••••••• • 0700 -•oooo .0050 -•OOOU

• ••• •••••••••• • OHOO -•oooo .0200 -•oooo



Table 1 (Continued)

S*M LE 
Nlil'f.EK CCCUPaTION

HAND 
SAPPLE 0 SPt'KEk

NUHBER
Of

FIRINGS calibek

6 A R N E|_ 
LENGTH 
INCHES

WEAPON
TYPE AhHUN1T1 ON

HICROqKAMS
OF

BA«IU«

standako

01VI A TI ON
bA R1uh

MlcROfaflAnS
OF

antimony

STANDARD
deviation
ANTIHUNT

Z*t LApO L L hK c- u 1 NS • • • • • 0100 -.UUUD .0100 -•oooo

25 LAFC P UNK 0 0 INS • ••• • • • * •••••••••• • 2200 -•OUUU .0800 -•oouo

26 LAf t L UNK 0 0 INS • ••• • ••• •••••••••• • OBOO -.ooou .0100 -•oooo

27 LAFL P .L'NK 0 0 Ins • • •• •••••••••• • 0300 -•OUUQ • oo&o -•oooo

LAFD L UNK 0 .•0 INS • ••» • ••• • 0^00 ••OOUO • UQiO -•oooo

L APL R UNK Ci 0 INS • ••• • ••• •0*00 -•oooo • 005U -•QOOU

ic L APD L UNK c 0 INS • •• • • • • • •OBOO - • OOOU • 0300 -•OOOO

3 LA PD h UNK 0 5 INS * • • • • • • * •••••••••• * 26(j(j -•OL'OQ • UOBij -•oooo

32 LAPD L UNK 0 0 INS • • • • • ••• •••••••••• • 0*00 -•oooo • 0200 -•oooo

33 LA PC h UNK 0 0 I N 5 • ••• •••••••••• • 1 too -•oooo • OOBO -•oooo

yn LAFL L tNK 0 0 INS • • • • • 0600 -•oooo • OOBO -•oooo

35 LaPD h UNK 0 0 INS • • • • • 1000 -•ooou • OOBO -•oooo

LAPO L l.NK 0 c INS • • • • « » • • •••••••••• • OBOO -•oooo • OOB(j -•oooo

LAPD k U NK 0 0 I NS • • * A • ••• • 2600 -•oouo • OOBO -•oooo

36 LAPD L UNK 0 0 INS • • • • ••••••••»* • l 3oo ••0000 • oo&o ••oooo

3^ LAPO k UNK 0 0 INS • ••• •••••••••» • I&OO -•OOOO • 0200 -•oooo

MO LAPD L UNK 0 0 I NS • ••* •••••••••• • 2&00 -•OOOO • OlOo "•'0000

M LAPD h UNK 0 0 INS • ••• • • • • • OVQO -•oouo • OOBo -•OOOO

M2 LAPO L UNK 0 0 INS • « • • • • • • •••••••••• • u»oo -•oooo • 0100 -•OOOO

LAPO H UNK 0 0 INS • ••• • ••• .0700 .•oooo .OOBO ••oooo

LAPD L UNK c 0 INS • • • • • • • • ,0200 .toooo ,0080 .,0000

121 CapPFkTEP k UNK 0 0 INS • • • • .3100 .,0000 .0,00 ••oooo

122 C APPE kT£R L UNK 0 0 INS • ••• • • • • •••••••••• .2y00 -•oooo . O^Bu -•0000



Table 1 (Continued)

sample

NUf fe£« CCCLP»TlOf.
ND

bA^f'Lec S^CKEf*

nUKBEFi

OF
firings caliber

BARRtL
length
inches

123 O RpEMEh ft INK D 0 INS

1 2 S CRRrEKTEK L l ^ K 0 0 I NS • • • K

12b bTCREKEEPER h UKtt Cl c Ins • • • •

12* STOREKEEPER L Ci Me t» 0 IpS • •••

127 Top. kcc7• 6 C.MC 0 c INS • ••»

1 2P Put* ACCt* L ihk c c INS

12V TV. TECH. p tMt c 0 INS • * * •

13f TV. TECH. l CNK t 0 IMS • •••

131 secretary K ONK 0 0 INS # • • ♦

132 secretary L UNK 0 0 INS • •••

137 k.ATCH REP. h UNK r 0 INS • • • •

136 ..ATCh REP. L UNK 0 0 INS • •••

13V (•AROENER K INK 0 0 INS

1 vu MNUENER L UNK 0 0 IKS • •••

1M3 STlj.LAb TECH R UNK 0 0 INS • •••

1 vv STO.LAD TECH L UNK 0 0 INS • •••

1 H5 STU.LAF TECH R UNK & 0 INS

iHfi STU-LAD TECH L UNK 0 c INS • ••*

IH7 PhOTOftHAPHER ft UNK 0 0 INS *•••

IV0 photographer L UNK 0 0 INS • •••

1 VV Radisc tech h UNK 0 0 INS • •••

i bo 1 A 0iSO• TECH L UNK 0 0 INS • •••

ibi KaDISO. tech K UNK & 0 INS • •••

KEAPON
TtPE ahmumtion

HIC A ^S
OF

BARIUM

STAnOAKC 
UEV1 aUON 
6AN|UH

micno(.hams
or

ANTIMONY

STarDAKD 
OcVIaTIOn
ANTIMONY

• • • • •••«•••••• .ROMO ••ooou • OSdO -•OOOO

#••• .i6Ho ••oouo . 03V0 -•oooo
• • •* •••••••••• . 1^70 -•oouo .1100 ••oooo

>1610 -•oouo .1350 -•oooo

*•*« ••••••••A* .&V10 -•oooo • 0020 -•oooo
• 1 U30 -•oouo .0020 ••oooo

• ONTO -•oooo • 0020 -•oooo
• ••• .qSTo -•oooo • 0q2q -•oooo
• ••• •••••••••ft • 1370 -•ooou • 01 lu -•oooo
*• •• •••••••••• • OBBO -•oooo • 0040 -•oooo
• • •• ••••••••ft* .2 1 Tq -•oupu • uS 1 y ••uooo
• ••• •••••••••• • 2B I 0 -•uouo • 0030 ••oooo
• ••• •••••••••ft • 21 VO -•oooo .0230 -•uooo
• ••• •••••••••• *2670 -•oooo .0180 ••oooo

• ••• ••••*••••• .1140 -•ouoo • 0120 -•oooo
• ••• •••••«•••• • OS90 -•oooo • 0020 -•oooo
• ••• •••••••••ft 2.4B00 -•ouoo • 07<)0 -•oooo
• ••• •••••••••• .3N40 -•oooo • 0230 ••oooo
• ••• •••••••ft** • 2200 -•oooo • 0490 -•oooo

••••••••ft* • 2S70 -•oouo • 0490 -•oooo
• ••• •••••••••ft • 4120 -•ouoo • 0220 -•oooo

•••••••••ft .2000 .,0000 .0120 ..oooo
• ••• •••••••♦•• .C4a0 ••ouoo • Ol70 .•oooo



Table 1 (Continued)

sample h»i.o
NOuhCR OCCUPATION sampled

lb2 »'M»»SO* TtCH L

1 S3 PAbJS*(» TECH h

liH KntMSC'* TtCH l

161 Thto- CHEh« 8

162 Tt-Eo* tHtfi. L

167 Ltrcij-rN tec K

1 6b ELFCtPOn tec L

*69 secketa^y K

170 bLCRETARy L

16b Carpenter H

166 carpenter L

18 9 CAPPEt.TEK Ft

190 carpenter L

191 CARPENTER ft

192 carpenter L

193 carpenter k

199 carpenter L

195 chauffeur R

196 CHAUFFEUR L

197 CARPENTER K

198 carpenter L

19V chauffeur K

200 CHAUFFEUR L

S N C) A E R

num&ER
OF

FIRINGS CALIBER

b A R R E j_ 
LENGTH 
INCHES

UNN 0 0 IMS • • • •

lnk 0 0 1 ns • • ••

(|NK l* u IMS 6 6 9#

unk 0 u Ins • 66#

lhPC 0 0 Ins 6666

NO u 0 II'S • 666

10 0 0 >*s 6666

UNK u 0 IMS 666#

UNK 0 0 INS 666#

MC 0 0 INS 6666

NO 0 0 INS 66 6 6

UNK 0 u INS • 666

UNK 0 0 INS • •66

NO 0 0 INS 6*66

no 0 0 INS 6 6 6 6

NO 0 0 IMS 666 6

NO 0 0 INS 6666

MO 0 0 INS • 666

NO 0 0 INS • 666

UNK 0 0 INS 6666

UNK 0 0 INS 6666

NO 0 0 INS 6666

NO 0 0 INS 6 666

hICNObKAnS
AEAPON OF
tyke ammumtion bakiuh

♦••••••••• •U&50
•••• #••••••#•• tUbbO
*•*• ••••♦•**•* .CiMbO
•••• •»••*«•••• .1190
*♦•• ••••••»»•• « 0 6 0 0
*••• •••••••••. .M 7D

»•••*•*••• •OVUO

•••♦ .2uttU
•••• •••••••••• .ISZO
• ••* •••••••«•• •21*»q

#••••••**• #lb20

• •••*•••••• *3*»00
•••• ••••••»••* •23oU
•••• •29Q0

••*••••••* *333U

•••• •••••••*•• •IbbQ
•••••••»•• •1900

.0970

•••• ••••••••♦• •o®70

*»•« •••••«»••» •1370

•••••••«•• *1370

*••••••»•• *1390

*••• •••**♦•*•• •lb2Q

standard
deviation
barium

MICKo&RAHS
OF

antimony

standako
deviation
antimony

-•Oouo • 0200 -•oooo

-•OOUO • usou -•oooo

••oouo • 0020 -•oooo

• 0090 • ouu • 0010

• 0100 • 00*0 • 0009

• 0090 • U2‘*U • 0020

• oioo • U i 7u • 0020

• 0060 .00*10 • OOIU

• 0060 • 00*0 • 0010

• ou*o • o62o • 00*0

• 0U6Q • 02lo •0010

• 02uo • oi/o • 0010

•0200 • Ul7o •0010

• 00*0 • 02SO • 0010

• 0060 • 0310 • 0010

• OOBO • 0190 •0010

• OOSo • 007o •0010

• 0070 • 010* • 000.

• 0070 • 009<t •0009

• ou&o • 0070 • 0010

• ouso • 00.0 • 0010

• 00*0 • 02.0 • 0020

• 0070 • 0210 • 0020



Table 1 (Continued)

to
O'

nUiher
Sample (.and (J(
number OCC^TaTion Sampled !Sl CKf;R filings CAL I heR

2U3 i ttCTKld AN K IJ UK u 0 IMS

2a*i tlECTrICI AN L VUK 0 0 IMS
2nS LCMPUT* OfCR K UUK 0 u I Ns

2N6 C0NPUt. OPER L Ul*K 0 u IMS

217 CONPUT. UPEP K IaO 0 a IMS

2'ia CUMfUT* OPEP L no (t 0 ,MS
2*4V Elm ■ P l1 T • OPEP H *.o u 0 IMS

2S0 CCPuT* OPEH L NO u 0 INS

2S1 CottPUT • OPEN R NO u 0 INS

2S2 tOMPUf UPEP L NO 0 0 INS

ZS3 EOI-PUT* OPER N UNK u 0 IMS

2b* tC.»'PuT* OPEP L UNK 0 0 IMS

2SS ffipL'I* OPER R UN< 0 0 INS

2SA Cc»PvT» OPEP L UI.K 0 0 IMS

257 ».LRbt fi UNK 0 c IMS

t URSE K UNK 0 0 INS

M<PSE L UNK 0 0 INS

2 fr D M.RSfc K NO t! u IMS

261 foASE L NO 0 0 IMS

262 I'lsRSE R UNK 0 0 INS

263 r.oRbE L CNK 0 0 IMS

261 r-uPSE R NO 0 0 INS

265 fOPSE L NO 0 0 IMS

BARKEl
LENGTH WEAPON 
INCHES TYpE HHUnIT jON

• •

ICNoGKAmS STANDARD
oe deviation

bAKIuH BArIuN

•5100 • 0100

• 5700 • 0100

• 1U2U • 00/0

• OHIO • 0050

• 0500 • 0030

•0710 • 0050

• 0320 • 00*0

• 0250 • 005y

• 1V2U • 00*0

• 1680 • 00*0

• 0550 • 0030

• 0320 • 0030

• 073Q • 0050

• 0520 • OlOu

• 1050 • 0030

• 0320 • 0030

• 0580 • 0020

• 0800 • 0050

• OV 10 • 0030

•02*0 • 0020

• 0230 • U02o

• 0720 • 0050

• 0650 • 0050

HiCKo<*RAHS
OF

anTimonT

STAmDAHO
deviation 
antihomt

.0550 • 002b

• 0950 • 0020

• 007* • 0008

.0015 • 0009

• 0027 • 0008

.0035 • 0008

• 0017 • 0008

• 0015 • 0002

• 0020 • 0020

• 0059 • 0008

• 0011 -•OOOO

• 0008 -•OOOO

• 00*7 ••OOOO

• 0005 ••OOOO

• 0120 • 0010

.0070 • 0010

.0020 • 000*

• 0008 -•oooo

• 005* • 0009

• 0033 • 000*

• 000* ••oooo

.0007 -..oooo

.0107 • 0007



Table 1 (Continued)

SArf'LE
NOpMK trcup»TiON

HA^'O
SAhPLED SC-OkeN

NUNUEft
Of

FILINGS CALIBER

BARREL.
LENGTH
INCHES

WEAPON
TYPE AHHUNl11 ON

2it ft 1 tPSE b NO 0 0 INS • ••• • • • • • ••••••••

267 tul-sE L NO 0 0 !NS • •• * • • • •

2ob f^IhCLOGIST ft NO 0 0 INS • • • • • • • •

76V •»THCL0G1ST L NO 0 0 INS • • • • • •••

270 FMhOLHGIST ft NO c 0 INS ♦ ••• • ••••••••

271 PATHOLOGIST l NO Cl 0 INS • • • • • •••

272 f AlHOLOGIST l UNK 0 u INS • • * • • •••

273 A AO 1OLOGIJT ft NO c 0 !NS • ••• »• • •

2 7 *t aaciologist U NO 0 0 INS • ••• • • • • »••••••••

27S SL A G E G N ft NO u 0 I N 5 »••• • • • •

276 SLFGtCH L NO 0 0 i*s • ••• • •••

277 LAE. TECH. ft NO 0 0 INS • ••• • • * • •••••••••

36 C- POLICE PEPT. ft UNK 0 0 INS • • • • • 6 • •

36 1 LLP DlS T ATT U UUK c G INS ♦ ••• •••••••••

362 CMKIHALIST ft UNK 0 0 INS • • * * • •••«

363 POLICE DEPT. t UNK 0 0 INS • • • »

3 6 S TfcEAS. PEPT. ft UNK 0 □ INS «•«• *•••

36b POLICE CEPT. L UNK 0 0 INS • • • •

36*6 PPCfESSCK ft UNK 0 0 INS • ••• • • • •

367 i I.VLST I GATOR L UNK c 0 1 NS • • • • • ••* •••••••••

6C7 hOLSEtlPE L NO 0 0 1 NS • ••• • » • •

60ft pni'SLr-1 PE ft NO c> 0 INS • • •• • ••• •••••••••

609 HOLSEMFE L NO 0 0 INS • • • • • ••• •••••••••

MICKOGKaHS
op

b»RILM

STaNOAKO
GEVUTIun
baRilii

.UE70 • 0030

.0200 ■ 0u30

.0060 • 0030

• 10^0 • ooRo

• OR 10 • OORu

• 0160 .qu2g

• 1SV0 * 003 0

.2000 • OORO
• 1870 • ooso

• 0310 • 0030

• 0180 . C030

• O&RO • 003u

• G8 1 1 • ooRo
. 087S •00R7

• OR 1 a • 0039

• 0R61 • 00*2

. RS7o •00»0

.ossa .0060
• oias • 0070
• 0S76 «01R|

. G 2 RO • 0020

.OVOO • 0030

• 1390 • 0030

MlcRUbKAhS
OF

ANTjhOnY

STANDAKO 
deviation 
antihont

• U007 -•oooo

• UOUV -•oooo

• 0006 -•oooo

• UlOU • oooi

• 0032 • 0008
• 0039 •0007

♦ UQSd • 0007

.002*4 • 0006

• uou • 0007

• U23S • 0009

• 01U*( • 0009

• UQ06 -•oooo

• 0037 • ooo*

• 0019 • ooo’

• 0065 • 0009

• 00^6 • 0007

• OOVH •0011

• 0067 • 0010

• 0037 •0012

• 0)25 • 001R

• 0060 -•OOOO

• 00 Vo -•oooo

• 0050 -•oooo



Table 1 (Continued)

SAKF’LE
NUKbER cctur*iion

KO
5>A»PLtD SfO^tW

NUf.bER
or

M F I f'GS CAUSE'*

&ARREl
length
INCHES

6EAP0N
type ahmohi1ion

M I CRObKA
OF

6a»<Ium‘

STAnUAKO
dEViaTion
bAKl^N

nlCH06RAnS
OF

ant jnon*

bTANOAND
ObVIATION
anTjmonT

4>\b kci si f. ut K VES 0 0 INS • • • » • ••• ♦ OttUU • 0U30 .0100 • 0020

61 MUisirHt L *ES Q c 1NS • * • • • UblU • 0030 • 0060 ••ooou

6 ) i I.OfsEMfE R YES Q 0 INS « • • « -09S0 • 0010 • OObO -•oooo

6 l 3 HP1.5El.IFt L 0 0 I N 5 * • • * • ••• .0310 • 0030 • 0030 -•uouo

61H K YES 0 0 INS • • •• • U2UU • 0030 .0030 -•oooo

6 11, efchfh L >ES 0 0 1NS • • • • *••• • U2 VU • 0030 • 0030 -•ooou

616 riUitsth 1FE 6 YES b a INc, * • * • • 0160 • 0020 • 0030 -•oouo

617 HOostlIFE L ye5 V 0 1 N 5 * • • • • U20U • 0U3u • 0030 -•oooo

61? HR1.5LI.IFE R YES b 0 !NS • *•* • ••• • 0090 • 0020 • 0030 -•oooo

619 HOgStl'. IFt L YES 0 u INS • « * » •••••••••• • 0950 • 0030 • 0030 -•oooo

620 M.HSti HL K F 0 tl 0 INS • V • • • • • • • 067b • 0010 • 0300 • 0030

62 HOUSE*. IFE L RO b b INS *••• •••••••••ft • u 160 •0U2q • U2iu •0020

622 TYPIST K F*0 D 0 INS • • » • •••••••••ft • 6 H8(j •ou’o • ooo1' *0001

623 TYPIST L NO n 0 INS • ••• *%*• ••••••••ft* .Tij-O • oovo •232° .oo2o

62i, typist R YfcS (1 0 INS *••• ••••»••••• • >siu »00i|0 .0003 .0001

625 typist L yes 0 0 INS •••••••••• • 13vO .0030 .0140 • 000b

676 FOITOR K NO b 0 INS •••••••••• .0S80 ,0020 .0020 ..oooo

627 roiToR L NO b 0 INS • ••• • • •« •••«•••••• .1060 ,0020 .0070 -.0000

62tf LiHRAKIAH h NO 0 0 JNS • ••• •••••••«•• • 0710 • 0030 • 0010 ••oooo

629 L1DKARI AN U NO 0 0 I NS • ••• ••••••••«• • 1 170 • OObo • Ulbu • 0010

630 TYPIST ft NO b 0 INS ••«••••••• • 7U)0 • 0070 • 0030 ••oooo

631 TYPIST i. NO b 0 INS • ••• • ••• •••••••••• I<1600 • 0100 .0060 • 0010

632 typist K YES 0 0 INS •••••••••• 2 • 2300 • 0100 .0030 • 0010



Table 1 (Continued)

SAMPLE
NUnbER OCCUPATION

HAND
SAMPLED smokek

NUhfaEK
Of

FlMn&S •CAClbEK
i.» Af'l.j 
LE NG1H
INCHFS

ALAPUN
TYPE

hICKOGwAmS
UE

A hnUI* 1 T ] UN ofti ) UM
SIAhOAkO 

1/E V 1 AT 1 UN 
BAN } Uf,

^iCRuoKAh^
OF

antIMONV
STanOAKO 

OtVlATION 
ANT|MONT

633 r <rist L >ES (1 n 1 KS • • • ♦ *••• *•••«•»••• 2.BV0U • O^Du • uu/u .0010
.1 • Tr., H VI'S L 0 1 PS • • • • ••••««•••» *1600 • uuso .U01U • QIHQ

Aaa t.i*l TOR L >ES 0 r If:i- • ••* • ••• .0030 «UUlu »«UOOU
H VES 0 0 INS • • « • • ••• ••»»••••*• ,0S26 ,0030 .ooso .0010



Table 2

CLASS B HANDBLANKS

SAMPLE
NU.*bER uccupaTion sampled shokeH

NUNLEK
Uf

PIPINGS CAL 1 ELK

BARREL
LENGTH
INCHES

RLAPUN
type ahmunirion

HKKOUHAmS
Uf

barium

STANOAKO
DEVIATION
banion

micRolramS
OF

ANTIMONY

standako
deviation
antimony

Ml HLATt A 1H KEp K UNK 0 u INS *••• • ••• 1.2600 ••OOUO .0370 ••oooo

M2 HEATiAIh rep L UNK 0 0 INs •*••••••*• 1 • 1bOU -•UOUO • 07*10 ••oooo

plumber K UNK u u INS • ••• • ••• *UH97 • 00J» • 0Qb2 • o0oa

1 60 (sKAPMIC ART* K UNK 0 0 INS • »«« • *♦* ••••**•••• *7 $10 • 0160 •°33. • 0012

UJ PLUMBER K HO u u JNS • ••• • ••• • • •«*••••• l*6bOO • 0200 • 0 1 BO .0010

U4* Pl.umiER L HO a 0 IMS • • • • ••*•*••••• 2*1900 .0300 • oi6a • 0009

1 && plumber K UNK a 0 I MS • ••• • * • • ••••••**•• .0200 .0520 .0020

1 66 plumber L UNK 0 D INS • ••• • ••• *••••••••• *6600 v OSUO .UH7u .0020

1 7 ) fcfAPHK ART, k NO 0 0 INS • ••• ,3620 .OOVO ,0060 ,0010

1 72 UniHM1t ALT. L NO c 0 INS ••••**»••» • 353U • OOSO .0013 -•oooo

: 72 ».*UP»i:C apt* R tes c 0 INS » • • • • • •• 1*1*4 00 • Oluo • 0060 • 0010

I 7*» 4— APH1C AKT, L YES 0 0 INS • ••• 2*6100 • 0200 • OOSO • 0010

175 6AaPm!c ^RT* K UNK p 0 INS • ••• • ••* 1 *9500 • 0200 • ooso • 000*

176 (ifiAFHIC AKT. L UNK 0 0 INS • ••• *••••*•••• 1*6700 • 0200 • 01*10 • 0010

177 GRAPHIC AM • h NO 0 0 INS ••*•**•*•• *7620 • 0070 .oo**u • 0010

1 7A GRAPHIC ART* L NO u 0 INS • ••• • 3600 • OOSO • 006*1 • 000*

l?t graphic ART* K NO 0 0 INS • ••• •6500 • 0100 • ooso • 0010

1 60 G^APnJC ART* L NO c 0 INS • ••• ••••*••••• • 5090 • 0060 • OOBO ••oooo

152 ART* K UNK 0 0 INS • ••• • *(830 • 0060 • 0020 • 0010

182 GRAPHIC ART, L UNK 0 0 INS «••• • ••* 1*3HOO • OIUO • 00*tS • ooo*

161 LAAf'hJC ART** h YES c c INS «••• • ••• •**•**•*•• • 2310 • OOHO • oovo • 0010

* *, apm # L YES 0 0 INS • • •• •••••**••• • 2350 • ooso .0070 • 0010

; *■ 7 MECHANIC R NO 0 0 INS *••• 1 •9600 • 0300 • OBfo .0010



Table 2 (Continued)

NlVbER occupation
HAND

SAMPLED si-okeR

NUMBER
OF

firings CALIPER

b A R ft E l 
LFNGTh 
INCHES

fttAPON
ttpe AhMUNlTlOh

NICHObHANS 
Of

bAKIUN

STANOAKO
deviation

bakiuh

MlCKOOKAt.S
Of

ANTIHUNT

sTanoaho
deviation

antimony

- J tC-AI IC L NO U 0 1 H* • ••• *••• •••••••••• 1•SSCO • 020u • uv«u .0010

ZI3 K NO Ci 0 INs • ••• •••••••••• • 7 1UO .OOVO <oivo • 0020

CfcAfTI NO L NO 0 0 JNS • •• • • ••• •••••••••• .0861) • OOHu .0060 .0010

2IS ONAf TING K NO 0 0 INS • ••« • ••• •••••••••• .1350 • oovo .0092 • 0009

2»* tPAFTH.6 L NO 0 0 INS • ••• • ••• •••••••••• • l j/O • ooso .oovo .0010

217 1 t- f-f TJNG ft NO 0 0 INS • ••• • » « • •••••••••• • S*)00 .0100 • 0 1 if 0 .0010

218 cmTu.G L NO 0 0 INS • •• • • • •• • NfOO .OOBO • 0070 • OOIU

21 V If Af TIAG R UNK c G INS • ••• • 1/10 .oovo • U3V0 • 0020

220 (PAfTIKG L UNK 0 c INS ***« •*••••• .2200 .0060 • oi6o .0010

221 tKAf ting ft UNK 0 0 INS *••• • ••• 1.0 yOO .0100 • oovo .0010

222 If AFT 1NG L UNK 0 G INS • • • • • ••* 1,6S00 .0100 .OOVO .0010

27 3 C ftA fTING R UNK c 0 INS • • » • • ••• .IS yO .ooso ,0610 .0020

27*> (f Af TING L UNK 0 0 INS *••• .1*70 ,0050 ,13*0 ,0030

22B LFAFTIFG K NO 0 0 INS ***• .1*50 ,0050 .oioo ,0010

226 t ft A f T I fi€ t NO c 0 INS • 3730 70060 • 0310 • 0020



Table 3

C LASS C HANDBLANKS

SAMPLE
NUm&CR OCCUI'aT ion

KANO
sampled SMDlttK

NU|,hEK
0|

firings .CALlbEK

barril

LENGIh
INCHES

ViEAPON
type ammunition

mICKOCKAmS
bl

D A •< 1 U M

SIANOAKO
deviation

BAH I Ur,
OF

ANT I MONT

STanOAKO 
OlVUTIOn 
aNTInONt

MOV tLEC. ASttRLK k • YES c 0 INS ft ft • • •••••••••ft .0761 .0011 .0127 ,0011

mo ELft. ASMUL* H RO b 0 INS « • « • • ••ft ••••••■•ft* ,IbSO • 007 1 ,0311 ,0018

• tt elec* AShutR L ID 0 0 INS • • • • ft ft ft ft ••••••••ft* • S 1 60 • 0110 • 066| • 0022

ftIZ i:lec. AShULP H KO 0 0 INS • • • • • ft ft ft •••♦•••••ft .US22 • OOSl • 0100 • 0020

ms elec- as>m»lr l hb 0 u INS • • • • ft ft ft ft ••••••■••ft • 070S .0037 • 0S06 • 0017

mi ELEC* reRcin H 1*0 0 0 INS • • • • • ft ft ft ♦••••••••ft • VS6U • 0120 .0120 • 0017

ms 1 LCC * %hrctr L ro o 0 INS • • • • • •ft ft •••••••••ft • SSOU • 0061 • 0& 3 2 • 0018

m« * lec. r*»RCTR k YES 0 0 ins • • • • • ft ft ft ••••••■••ft • 0771 • 0066 .0222 • oon

ms ellc. FBKCTf L YES 0 0 Ins • • •• • ft ft ft ••••••••ft* • 0617 • 00S3 • 01SO • 0012

m* » tCC. FBKCTN It no 0 0 Ins • ••• ft ft ft ft •••••••••ft • 1370 • 0062 • OS.S • 0016

• 4* ELEC. FhRCTP L 10 c 0 Ins • • • » ft ft ft ft •••••••••ft • IS20 • 0062 • 06S6 • 0023

•£u 1 LEC. t *' & *- 6 t >ts 0 0 INS • • • • ft ft ft ft •••••••••ft • 0.10 • 007S • 0111 • OOO.
1

til 11 EC . L IfES 0 0 INS «••• • • ft ft •••••••••ft • 0170 • 00S7 • OOtl. • 0012

*72 ELEC. TCMfCM R NO 0 0 INS • ••• ft ft ft ft •••••••••ft • S2H0 • 0007 • 0272 • 0012

• 2S (LEC. tCHWCh L NO 0 0 !NS • ••• • «•• •••••••••ft • 1.70 •006. • OIOO • OOOO

• Si 1 LEC* AsRCLR L 0 c INS • ••• •••••••••ft • 0677 • 006| • 0263 •OOiS



Table 4

C LASS D HANDBLANKS

SA-'-LE
NJisER f)CCUP/.T ION

HA.*0 
sam^ueo S.IOKCR

Nunt.CR
'>f ■

FIH]ngs CAL IHF.H

barrel
length

I'ICHES tyhe AHNUNITiON

iickOukahs
OK

barium

STaNOaKO
oeviatioh
barium

MICKObRAIlS
OF

ANTIMONY

STaNOARD
DEVIATION
antimony

lib kaimtei* K UNK <1 0 IMS • • • • • ••• «••••••••• • 1S2U ••ooou .0010 ••oooo

117 painter L UNK U 0 INS • • • • • ••* • IBSU -•oouo • 0020 ••oooo

1 I V P/. I'ITER i< UNK (1 0 ms ♦ • * # • miu ••oooo • 0210 ••uouo

n<* Painter L UNK 0 0 ms • ••* •••••••••• • 1020 ••0000 • 0060 ••uooo

121 painter L UNK 0 0 I NS • ••• • ••• • 1720 ••oooo .0210 ••oooo

i ii A.ITO rtllCrl* rt UNK 0 0 ms • ••• 1•7BQ0 -•ooou .0510 ••oooo

217 •lACNJ.ilST H NO n D ms • ••• •••••••••• 12.1-000 • 0600 .1150 • 0020

2Jr *.C C.'.ST t 0 0 ins • ••• • ••• •••••••••• S«2BU0 • 0600 • 1260 • 0020

2 19 NaCHNIST K NO 0 ms • ••• • 2620 •oovo • 0210 • 0010

210 'ucuuasT c NO u 0 ms •••••«•••• .1100 • 0100 .0260 • 0010

211 rachihist H MO u 0 ms • • • • • ••• •••••••••• .1700 • 1)070 • 0170 • 0010

*«2 NACMINIST L NO 11 0 INS • ^UiO .0070 • OjlO .0010

21J IaCNINIST H UN< II u ms • • • • • ••• . itao .0200 .0021 • 000a

211 NrtC'UNIST L UNK l) 0 INS • ••• • ••• ••••«•«••• .1600 ,0100 .0026 .000,

111 AO TO MECN. L UN< 0 0 INS • « • • • •• • 2.7 BOO ..OOUO ,1710 .,0000

US A'JTO rech. H UNK 0 0 S NS • ••• •••••••••• 1,7000 -.0000 .2620 -.0000

DA AUTO ItECH. L UNK 0 □ INS • ••• • ••• •••••••••• 4•BOOO ••oooo . 1 960 ••oooo

ISS painter K UNK a U ms • ••• • ••• • 2B10 • o2|u • 0206 •0012

ISA painter K UNK n 0 ms • ••• • 1260 • 0066 • 00*5 • 0006

ISA •UC'IINIST K UNK 0 0 INS « • •• • • •• 2.1000 • 0220 .0127 • 0012

IS* Machinist K UNK u 0 ms • ••* •••••••••• .1350 .0062 • OIOU • 0012
20.1 PaHITER K. UNK El 0 INS » • • • • ••• .1tf10 • OOyO .02,0 .0020

202 painter L UNK U a INS • ••« **•• . 7200 • oioo • 01,0 • 0020



Table 4 (Continued)

sample

NUmPEH ocr or at i u=n
HAND
b^hfLEO SPORES

NUnPfW
OF

F I M Nub tALintn

bf KPt:L 
LFNGTm 
INCHES

uLMPON
TYpt MhituruTion

,1 1 CNOOK AmS 
Of

baKium

bTANOAKU 
OLVIaT1 UN 
t>*KjUn

hICNu&«AmS
OF

AMT IrtOnV

aT»NDAK0
OtVlATlON
ANTJMONt

/Mb m>. : r Tt iiAJjtE K 1 0 t u INS » • • • • ••• ./juu • uluu • U24u • 0020

2(jis ^ m I NTiNANCE L re r 0 1*5 * • •• • 2t»U0 • U2U0 • UJ7U .0020

20 7 *'A I NTCIiAUCE A OUK c- 0 INS * * • • *••• 1«21UU • 0100 ■ luuu • 00)0

2GP MA I hTEUAliCE L I'^K 0 0 1 NS • ••• *••• • 7 6 UU • UlUu • 1 i VO • 0020

209 PA I t.TER R TES c 0 1 NS • • • • *••• •••*•••*** 1*1700 • uioo .121(1 • 0020

210 t h Ti.Tf.r L YES 0 0 If.S • » • • 1 *Sl0u • U2UU . Q70u • 0020

2J PA 11 T£h oc V u IrS • • • » • V20U • UIOO • 026U • 0020

2ir r>\ I otep L r;0 0 0 1 NS •••••••••• • b a 7 u • OUHO • 01!>U • 0020

227 ^ ACM 1 fi I ST R NO r 0 1 NS **•* 2 • i>6(j0 • 0200 .0220 • 0030

2/B rAfMr.isi L rc 0 0 1*5 • ••» • ••• 1 • 9*100 • U2UU • OIUO • 0010

22S t A CHI t. 1ST A PC 0 □ Ins • • • # » • • • 1 • 1 2N0 • 02UO .own • 0020

230 ha'chI|,ist
i. NO c 0 1*5 **•* 1-26UU • 0200 • 127u • 0020

231 r ACHIf 1ST R NO c 0 1 r,s • ••• • ••• • 1 6bU • OUbu • 0200 • 0010

232 PaCHIMST L RO 0 G IMS • • • • .3S&U • oovo • 0260 • 0010

233 ^ AthIMST R NC 0 0 INS »••• • 2&S0 • UUVL • 1 2uO • 0020

23H * ACM*- 1ST L PO 0 0 INS • ••• *••• •3200 •oioo • S»»00 • 00*0

23b J *CMMST R UNK c 0 INS • ••• • ••• 1*7900 • 020U • 0720 •0020

236 1 AChtMST L UNK 0 0 IMS • ••• •••••••••♦ 1 •99UU • 0200 • OV«U • 0020



Table 5

RESULTS FROM THE ANALYSIS OF HANDLIFTS REMOVED AFTER CONTROLLED FIRINGS
fjUhfcCfc BARfUL ),IChO('KAhb STANDARD „ICKo<*BAhS sTA|,UA«0

SA'fLf f-Af-D OF At APON OF OtVIAUON OF OtVlATlON
uUi bCR OccOPATIff SPGK£ft FIRINGS C*L IftE* INCHES TYPE AhHUNITION bAKIUM baniun antIMONV antimony

ts CNK U UhK 38 JNS UNK HE V KEM-PE1ERS l »S<«UU -•ouoo • A 1 bO -•uooo

(*9 Ul.r U Uhr 36 I *S UNK ftfc V HEM-PtUR* . tiuu -•UUUCi • 32bu ••oooo

VC ti r V t’fU 36 INS UNK fttv rttrt-MtlERS . V60U -•OUuo • 2bbU -•oouo

>- t.' r u IN* 36 Ub UNK fttv KEM-PLIERS • iSOU -.UUUU *U7bu -.0000

92 t|,IC 0 I'fllt 1 36 INS UNK Hi V HEH-FEURS . bbOU -•oooo • 2fb0 ••oooo

93 UIIK u ONK 3 36 IMS UNK HE V KEM-PE1ERS Z.^CUO -•OUOO .*2bO ••oooo

VM 1-llK f L’NK 3 3a INS UNK REV KEH-PETeRS I.bMOU -•oouo .S7bu -.0000

96 UhK u unn. 3 3 B INS UNK KEV reu-peteks 3.ZBOU -•oouo • bSbO -.oouo

96 UI*K u UNK 3 36 INS UNK REV HEN-PETEHS I•7300 -•UOUO • 2»»u -•QOuQ

97 tr.K u UNK 3 36 IMS UNK KEV rem-peters • 6*00 -•OOOO • 36SU ••oooo

27ft PlUCtMAM h UNK I 36 INS UNK REv UNKNOWN . bb90 • OOBO • 1030 .0020

28U policeman ft UNK 1 36 INS UNK KEV UNKNOWN • 33UU • OIOO • Oblu • 0020

262 Pol iceman K UNK x 36 IMS UNK REV UNKNOWN • ••720 • 0090 • UNO • OUZO

289 PCLItlhAN ft UNK i 36 INS UNK KEv UNKnOnN 2.7bOU • 0200 • *7BU • 0010

266 POLICE MAN ft UNK i 36 INS UNK KEV UNKNOWN .9»0U • oioo .3600 • 0000

266 Pol I Cf * >!• ft LNk i 36 I r;s UNK HL V unknown • 6 7 UU • OIOU • 1 6 30 • 0020

29U POLICEMAN ft UNK i 36 IKS UNK REV UNKNOWN • 7130 • 0Q90 • 2S30 • 0030

292 POLICLMAN ft UNK i 36 IftS UNK REV UNKNOWN • 2b2U • ou/o .0670 • 0010

29M pol i cEi'an R UNK 2 36 INS UNK Ktv UNKNOWN • AbUU • OIOU • 0800 • 0020

296 POL 1CtMAN ft U»>K 2 36 IMS UNK KEV- UNKNOWN • 3030 • 0060 • 0960 .0020

296 policeman ft UNK H 36 IMS UNK REW yNKNO^N I .‘•600 • 0200 .3930 • OObO

3ao policeman ft UNK H 30 IMS UNK REV UNKNOWN 2*IlUO •0200 • y*iQ • 0070

302 policeman ft UNK H9 INS UNK REV UNANOmN I • ‘•*00 • Q2U0 .2&90 • 0090



5»t I'lE hand
OfCHPaTIOH sampled SMOKER

30 *4 pf L1CEHAN h UNK

3r;* FfLICEMAN H UNK

3t'S FCUCEMAII k UNK
313 Policeman K UNK

312 policeman K UNK

31 M policeman R UNK

316 policeman R UNK

310 POLICEMAN R UNK

320 POLICEMAN H UNK

322 policeman R UNK

32*4 policeman H UNK

326 policeman k UNK

328 Pol iceman H UNK

330 POLICEMAN H UNK

332 policeman K UNK

335 policeman K UNK

336 policeman W UNK

33« policeman K UNK

3*40 policeman K UNK

3*42 policeman R UNK

3*4*4 policeman R’ UNK

3*46 POLICEMAN R UNK

3*4** policeman tt UNK

number
OF

FILINGS

Table 5 (Continued)

CAL I BE N

BARRF.,
length

INCHES
bEAPON
TYPE AMMUNITION

H I CRu**H AflS 
OF

BaKIUh

standard
DEVIATION
BaKiUM

n1CRo6RA„S
OF

aNTIhONT

STAhOAKD
deviation
antimony

Z2 INS UNK AOtO unknown • b900 .0200 .1110 • 0020

22 INS UNK AUTO UNKNOWN 1 *2300 • 0200 .2920 .0030

22 INS UNK AUTO UNKHOrtN • 3200 .0100 .05»0 • 0020

2S INS UNK AUIO UNKNOWN 7.2«UU .0700 1.2600 • oioo

2S INS UNK AUTU UNKNOWN 2.2200 • 0300 .9990 • 0060

25 INS UNK AUTO Unknown 8.9600 .0800 .5610 • 0060

25 IMS UNK AUTO UNKNOWN .9600 • 0200 .2080 .0030

22 INS UNK KEY UNKNOWN .7100 • OIOO .0720 • 0020

22 INS UNK REV UNKNOWN • 2 I 3b • 0090 .0390 • 0010

Nl INS UNK KEY UNKNOWN 9.3200 .0300 1.5200 • 0200

“tH INS UNK HEY unknown .3770 • 0060 • 1660 • 0020

9 MM UNK AUTO UNKNOWN 15.90UU . 1000 • 0560 • 0020

9 MM UNK AUTO unknown 5.8900 • 0700 .7530 • 0090

9 MM UNK AUTO UNKNOWN 11.3000 .0600 2.0500 • 0200

9 MM UNK AUTO Unknown 3.6300 • 0090 • 6100 • 0070

9 MM UNK AUTO unknown 1.3700 .0200 . 1900 • 0030

H<( INS UNK HEY UNKNOWN • 1680 • 0080 • 0550 • 0020

99 INS UNK HEY unknown .9050 • 0060 .1130 • 0030

5a INS UNK HEY unknown 1.0900 • 0100 • 3|9o • 0090

3a INS UNK HEY Unknown 1.2100 • 0200 .9050 • 0060

38 INS UNK HEY unknown 1.1300 .0200 .3390 .0090

38 IMS UNK HEY UNKNOWN 1«0’00 • 0200 • 2q5(j • 0030

38 INS UNK KEY UNKNOWN • 7loo •OIOO • 1670 • 0020



Table 5 (Continued)

SA-^lE
NU.tQER OCCUPATION

HAN[>
bAMPLEO

JbU policeman R
iSZ po’liccnah N

policeman H

3bf» pulicehan K
3brt policeman H

3 7 .1 O'KNOmN R
37b U**K . JwU K
377 Unknown K
3 / V v* a she oh a ous H
3dT WASHF-OHAMDS H
301 MaSHCOHAUDS R
3-1E WASHEOHANDS R
303 WASHEDHANOS K
31 H4 AASriEOHA^OS K
3dS oaSH£OHAuDS R
336 PASHEOtlAUOS R
307 rt A gH E OH A N|> 5 R
388 viAsHEOHANOg R

387 uaSHEDHANDS R

3^0 W A S H E D H A fi D S R

37 i ‘•aShfdhands fi

392 v>asmcdhanos R
373 waSheohanus R

SiiOKtR
NUhOER

OF
FIRINGS CALIBEH

DARRCl
LENGTH
INCHES

UNK 38 I NS UNK
UHK 38 INg UNK

UNK 38 1 MS UNK

UHK 31 I NS UNK
UNK 36 INS UNK
UHK 38 INS UNK

UHK 38 I NS UNK

UHK 3b INS UNK

VKS 36 I NS UNK
»ES 38 INS UNK
YES 38 INS UNK
yes l 3H INS UNK
yes 1 36 INS UNK
YES J 38 I Ns UNK
YES I 36 ■nS U |^K

YES l 38 INs UNK

YES 1 38 INg 1>NK

YES 1 38 INg UNK

YES 1 38 I NS UNK
yES l 38 INS UNK
yes 1 38 INS UNK
yes I 38 INS UNK
yes I >6 INS UNK

HICR OGfl A^S
WEAPON OF
TYPE AMMUNiTION Barium

KEv UNKNOWN . bS6Q
Ktv UNKNOWN 1•1JUO
KLy UNKNOWN • b7*4u

KEV UNKNOWN . 7600

KEV UNKNOWN ‘(.0700

KEV Unknown .1600

UHK unknown • sno

UHK UNKNOWN .7620

KEV UNKNOWN . IbOU

KEV UNKNOWN .2600

KEV UNKNOWN . I6S0

KEV UNKNOmN • b30U

REV unknown • 1 700

REV UN*NO*N • 3700
r£v unkn0..m • 2620

KEv UNKN0Mft . 1 600

r£v UNKNOWN .8300

k£v UNKNOWN • 7 HOQ

KEy UNKNO .*(300

KEV UNKNOWN .7200

KEV UNKNOWN • **&oo
KEV UNKNOWN • 0700

REV unknown .b270

STanOAKO
DEVIATION
bahiuh

mick0grams
OE

AHTIhOHY

ST*nDARO
deviation
antimony

.0090 . 1 860 .0020

«02uu • -I 1 UU • 0090

• 0U7u . 1 Jbu .0020

• UlOU • 23H0 • 0030

• 03U0 .SSOU • UIOO

-.oouo . 0930 -.OOUO

••uouo .3980 ••UOOO

-.0000 • 6660 ••oouo

• 0100 >0370 • 0020

• OIOU .6730 • 0080

• OObo • 0 890 • 0020

• 0100 . 1 36u • 0030

• ooso .0890 • 0030

.0100 .2870 • 0080

• OObU . 19S0 • 0090

• 0 1 OQ .1210 • 0030

.0100 > 3830 • 0060

*0100 .9180 • 0060

• uioo • 2110 • 0090

•oioo . 1 87q • oovo

• 0200 • 1 96g • OOYO

• OU<tU .OjhO . 0 0 ^o

• 0070 .2630 .0090



Table 5 (Continued)

sample hauo
NUmbE* occupation Sampled SMO*.r

3 9 H ‘•ASHEDHANDS k VES

395 •' A ^rtE OH AND s K ''Es

396 •U^HEDHANDS K YES

397 ^ASHEDHAND5 K Us
39B WASHEDHANDS K yes

3«?9 rfASHEOHANDS R yes

9 l) iJ •• ASHEDtUNDS H YES

901 UaSHEDHANDS K yes

MO? ^aSHEPHANDS H yes

903 WASHEDHANDS H yes

909 “aSHEDHANDS H »es

90b waSheohanms K US

906 ^ashedhanos k yes

907 ^ASHEDHANDS K Us

nod ^ASHEDHAhl'S H yes

909 • A S H E 0 HANtS K NO
9 10 WASHED HAt.DS K NO
911 WASHED HAuOS K NO
9 | 2 WASHED HAhDS R NO
913 WAShFD HAfiDS H NO
919 WASHED HA|,DS U MO
91 b washed hands H NO
916 LATHED HANDs H NO

barrel
length weapon

CAUBE* INCHES Type ammunition

36 INS UNK RtY UNKNOWN
36 INS UNK KEV UNA,»U*N
3u INS UNK key UNKNODU

36 INS UNK KEV unknown

36 INS UNK KEV unknown

^8 INS UNK KEV UNKNOWN

3h INS UNK KEV UNKNOMN

3e INS UNK KEV Unknown
INS UNK KEV unknown

38 INS UNK REV unknown

36 INS UNK KEV unknown

38 IMS UNK KEV unknown

36 INS UNK KEV unknown

38 INS UNK KEV UNKNOWN
38 1Mb UNK REV unknown

22 Ins 6*0 KEy WINCHESTER
22 »MS 6 • 0 REy WINCHESTER
22 Ins 6.b auto WINCHESTER
22 I mS 6 » 0 KEv n1nCHESTEK
22 Ins 6.5 AUTO w1nCHEstER
22

1 nS 6*0 REv federal

22 INs 1*0 AUTO WINCHESTER
22 INS 6*0 r£v EEUEpAL

number
OF

FILINGS

1
I
1
1
1
1
1
1
1
1
1
l

Ml CROGKAhS 
OF

bakiuh

STANDAKO 
DEVIaT1 ON 
6aKlUM

• 2 7 90 • OOMO

• 7 3UU .0200

• 2220 • OONq

•U600 •002o

.0790 .00^0

.3200 .0100

.1230 .0020

.UldO .0020

.1920 .0050

.1690 .0040

• 3HU0 • OIOO

• 1290 .0060

2.7000 .0200

.1210 . DOSu

• 2000 • OIUO

• 6300 • 0070

.1200 • oolu

S.8V00 • 0900

. 1SS0 • 0090

H* WOOD • 0100

.2810 .0030

1.6900 • 0200

.2510 .0090

MlCRu6RAnS
OF

ANT 1MOnY

STAnOAHU
DEVIATION
antimony

. 161U .0010

.3190 • 0090

• 076U • 0020

. 03u0 •0010

.0700 .0010

. 1 930 .0010

.0910 .0010

,0190 .0010

, !yyu ,0090

.0970 ,0020

• 1660 .0010

.0920 • 0020

• 9120 • 0050

• 0750 • 0020

• 1500 • 0010

• 1260 .0020

• 0500 • 0010

.1990 • 0010

• 0900 • 0010

.1020 • 0050

.0700 • 0020

.1960 • 0020

• 0700 .0020



Table 5 (Continued)

<_o
vO

sample
NU>oER CCCUPATION

HAND
sampled smoker

NUMBER
OF

FIR I NGS caliber

BARREL
LENGTH
INCHES

WEAPON
type AHMUC. I T I ON

MICROliRAMS
OF

dA RIUM

STANDARD
OtVlATlON
bakiuh

micrograms
OF

ANTIMONT

N 1 7 "*5MED HAN Oj K HU 22 INS t *0 auto INCHEstEr 1.1200 .OJQU • 2520
NIB i a5hcd MANDs K NO 22 IN* 6*0 HEy federal • 0B2Q • 0020 • u37o
N19 . ASlItO HANDS H NO 22 INS 1*0 AUTO incmestek 1.2300 • OIOO .1330
NZq kaSMEO HANDS K HO 22 INS ^ • G REV FEDERAL • 19Bo • 00^0 • QHSq
Nil > aSMEO HANDS R NO 22 INS 1 • 0 AUTO WINCHESTER 2•MUOO *0200 • 2BBq
N22 i-aSMEO HANDS k NO 22 INS 6*o RLv FEDERAL • l’3o •00**U • q36 j
N 2 3 ‘■ashed HANDS H NO 1 22 INS 1 • 0 AUTO WINCHESTER 2.7Hou •0^00 • 06H0

NIN ''■ASHED HANDS R NO 22 INS A*0 REV federal • 11,10 ,0UiO .0930
NI5 ‘•ASHE0 HANDS h NO 22 INS 1.0 AUTO •vinchester 1.2yUU • OIUO .3120
N26 •■ashed HANDS R NO 1 22 INS 6 • 0 KEV federal • MHO • 0030 , dhuo
NZ7 '•AShEO HANDS h NO 1 22 INS 1 .0 AUTO WINCHESTER 6,1700 ,o**uu ,0610
NiP ‘ASHED HANDS H NO 1 22 INS 6.0 KEV federal .1370 ,UU3U ,037d
N29 hashed HANDS R NO 1 22 I NS 6.0 REV federal .0990 #0U30 ,02SO
N 3 0 '■ASHED HANDS H NO 1 22 INS 1.0 AUTO •‘INCHESTER S.2H00 • Q3S0 • 1920
N 3 1 '• ashed HANDS H NO 1 22 INS 1 >0 AUTG WINCHESTER 2.0H(]b • 0200 • 1300
N32 '•ASHEO HANDS K NO 1 22 IMS 6.0 REV federal H.V200 • 0300 2.9IU0
N 3 3 'ashed HANDS K NO 1 22 INS 1.0 AUTO WINCHESTER 2•0800 • 0200 .0980
NJI 'ASHED HANDS k NO l 22 Ins 6.0 kEv FEDERAL • 067u • 0020 .0150
N 35 ■' «St'EO HANDS K NO 1 22 !NS l • c au r° ..inchestEr 2.H600 • 0200 . ISNo
N3* AAsHED HAN05 rt NO 1 22 !NS 6*0 Rfc-V FEDErAL ■ Hti7u • QUBO • 0500
N37 •* A s H E D HANDs R NO l 22 INS 1 "0 Aut° »lNCHEiTER • 6 1 SO • 007o .1110

N 31* LASHED HANDS H NO 1 22 INS 6*0 REy federal • 1690 • OUHO • 037o
N39 HASHED HANDS K NO 1 22 INS 1«0 AUTO )V1NCHESTER 1>2700 • 0120 .1270

STANDARD 
DtV I AT J ON 
ANTIMONT

• 0030

• ooiu

• 0020 

•0010 
•0030 
• 0020 

•0010 

.0020

• OORO 

.0020 

.0020 

.0010 

,0010 

,0020

• 0030

• 0200 

• 0020

• 0010
• 0030

• 0010 

• 0020 
• 0010 

• 0020



Table 5 (Continued)

SAf'f'LE
Nt^CER CCCUPaTION

HAND
SAMPLED smoker

kUhHEP
OF

F I M NGS CALIHfK
bamrel
length
INCHES

WEAPON 
TT PE AHHUNI 1 I on

KlCk GGKA
OF

bakium

STANDARD
DEVIATION
barium

hIcr0srahs
OF

antimony

standard
deviation
ANTIMONY

4*‘tU HASHED HAM)S K NO 22 IMS 6*Q REV federal • 2150 • 0Q9U • 0660 • 0020

“Hi CASHED HANDS fi NO 2 2 IMS 1 *0 AUTO WINCHESTER • VbQU •OIUO • 12 1 o • 0020

****?. k aSHEU HANDS K NO 22 IMS 6 • 0 REV Federal Mi»’u •0U3U • U9 7 u •0020

HMj ••/•shed hands H NO 22 IMS MO AUTO winchester 2 • *»S>00 * 02U0 • S2lo •U060

HMH ••ASHED HANDS R NO 22 IMS 6 • Q RET federal • 35io • oo'u • iolo •0020

***♦5 Cashed hands R NO 22 IMS MO AUTO WINCHESTER 2 «i3qq •0200 I•1200 • Q2q0
H*»A •ASHED HANDS N NO 22 IMS 6*o REV federal • oWSq •00*0 • 0Z90 •0010

H*«7 v.-aShed HANDS R NO 22 IMS 1*0 AUIO WINCHESTER • 73qu •q2uo • oYWq •0030

HHt •ASHED HANDS N NO 22 IMS 6 # g REv federal • 0^-0 •00*0 • U 1 W 0 • QQ 1 0
*» H 9 Cashed hands R NO 22 IMS MO AUTO WINCHESTER • 9600 • OIUO .1190 • 0030
HS>0 CASHED HAr;DS R NO 22 IMS 6*0 REV federal . IWVO .0030 • UROQ • 0020

**5 WSHCD HAf.DS k NO 22 IMS 6*0 REV federal • I6QU • 0100 • OHIO • 0020

•»S2 TASHEU HANDS R NO 1 22 INS 1 *0 AUIO WINCHESTER 1.6700 • 0200 • OYSU • 0020

H&3 •■ASHED HANDS R NO 1 22 INS 1.0 AUTO WINCHESTER • 1720 • 0090 • 0320 • 0020

Mb* •’'ASHED HANDS K NO 1 22 INS 6*0 REV federal • 5VUU • OIUO .1990 • OOSO
Hb5 ’ASHED HANDS K NO 1 22 IMS 1*0 AUTO WINCHESTER • 2210 • ooso .0930 • 0020

Mb6 washed hands H NO 1 22 INS 6*0 REV federal .1750 • 0090 • 0970 • 0030
*57 HASHED HANDS R NO l 22 INS MU AUTO WINCHESTER • 2910 .0090 • 0960 • 0030
*58 VaSHED HANDS h NO l 22 INS 6.0 REV federal 3.0100 • 0200 • 0290 • 0030
*59 ,A5HED HANDS R NO 1 22 IMS MO AUTO WINCHESTER I•1200 • 0100 • U7&0 • 0030

aashep hands N NO 1 22 INS MO AUTO WINCHESTER • eioo • 0100 • 036Q • 0020

*62 ••ASHED HANDS R NO 1 22 INS MO AUTO WINCHESTER 2.9000 • 0200 • 0W9 o •U030

*63 WASHED HANDS R NO 1 22 INS MO AUTO WINCHESTER • 39 i o •Oo9o • I3»u •0030



Table 5 (Continued)

SAMPLE
MUjiOER OCCUPATl&r.

HAND
s/hPleo SHOKF.R

number
or

finings CALl&f •<

BARREL
length

I NCHfcS
hCAPOn
TYPE AMMUM T I ON

^ICRO^f<A^S
OF

bAhIom

STAuBAKU
deviation
barium

M 1 CHq5h A^S 
OF

ANT 16067

ST A^DARO 
Otv1 A T1 ON 
ANTIMONY

HO** CASHED HANDS K NO 22 INS UNK AUTO * inchestEr .1610 • UU30 .0310 .0010

•mShED HANDS K NO 22 INS UNK AUTO v* I NCHfcSTER • 0720 • 0020 .0220 • 0010

460 Washed hands K MO 22 INS UNK AUTO WINCHESTER • 1100 • 0100 • 0170 • 0020

•* a SHED HANDS K NO 22 INS 1 #0 AUTO WINCHESTER « V 700 tOUiU .1110 .0030

*4 O H ■•-SUED HANDS H NO 22 INS UNK AUTO WINCHESTER • 1130 • 0050 • 0270 • 0020

-*1,9 ■'»5HED HANDS R NO 22 INS UNK AUTO WINCHESTER 1.5600 • 0100 • 0710 • 0020

47 ) •’ASHED HANDS K NO 22 I NS UNK *UTO * 1 NCHE5TER .1010 • uosu .0210 • 0020

4 7 •'ASHED HANDS H NO 22 INS UNK AUTO WINCHESTER • 27Q0 • OlOQ • 0570 • 0020

T/2 HASHED hands H NO 22 INS UNK AUTO WINCHESTER .1610 • 0040 • 0170 • 0030

47J hashed hands H NO 22 INS UNK AUTO WINCHESTER .1510 • oobo • 0360 • 0020

47 4 Cashed hands K NO 22 INS UNK AUTO WINCHESTER .1110 • UObQ • 0200 -•0000

47S ‘♦ASHED HANDS K NO 22 INS UNK AUTO WINCHESTER 1.luuo .OIUO .1 170 ,0020

4 7* hashed hands K MO 22 INS UNK AUTO WINCHESTER ,1110 .0040 ,0110 .0020

4/7 ■•aSmed hands K NO 22 I NS UMK AUTO* WINCHESTER ,1260 .0040 ,0210 ,0010

4 7 4 •ASHED HANDS ri NO 22 I MS UNK AUTO WINCHESTER , 1560 .0060 ,0730 ,0020
4; ‘'ASHED HANDS rt NO i 22 INS UNK AUTO winchester ,0710 .0040 ,007Q ,0010
4S3 "ASHED HANDS K NO i 22 INS UNK AUTO -WINCHESTER • 1680 • 0040 • 0150 • 0020
S4 HASHED HANDS K NO i 9 MM **•0 AUTO kem-peteRS 2.2700 • 0200 • 7300 • 0100
54 4 •ASHED HANDS i{ NO i 9 MM 4.0 AUTO reh-peyeks 1.2200 • 02uu *5700 • 0100
s*? cashed wands rt NO i 9 MM 4.C AUTO REH-PtTEKS 2.7700 • 0200 • 8100 • otuo

553 • A S m £ i) h A N(J S K NO i 9 MM 4.0 AUTO NEH-PtT «S 1.6100 • 0200 • 2170 • 0060
551 •<aSHED ha^ds H NO ! 9 »M 4*0 AUTO REM-pETERS 1.2700 • 0100 • 3800 • 0100

552 HASHED HANDS H NO 1 9 MM 4.0 aut° RErt-pETERS 1.1100 • 0100 • 3600 • 0100



Table 5 (Continued)

to

HUfiBER BARREL
SA'i!*lE hand OF LLNSTh
NN-i.jER occupation saddled SHOKeP TILINGS CALIBER INCHES

tf'AbHED HANDS R NO 9 MM M.O
as** •‘AS^CD HANDg R NO 9 MM M.O
sSS CASHED HANDS R NO 9 MM M.ti
bS« washed hands K NO 9 MM UNK
SS7 ftASHCD HANDS R NO 9 MM RtO
5S8 CASHED HANDS K NO 9 MM UNK
SS? ••ashed hands K NO 9 MM H • 0

washed hands R NO 9 MM JNK
5«» 1 ASHED hands R NO 9 MM ■WO
&»2 washed hands R NO 9 MM UNK
Be 3 washed hands k NO 9 HM UNK
Bet WASHED HANDS H NO 1 9 MM M.Q

Be& washed hands rt NO 9 MM UNK
&66 HASHED hands R NO 9 MH M*0

•>67 »aSheo hands K NO 1 y MM UNK
SeB ••ashed hands R NO 1 9 MM M • o
S6» washed hands R NO l 9 MM UNK
570 WASHED hands h NO 1 9 MM N.O
571 Cashed hands R NO 1 9 MM UNK
572 washed hands R NO I 9 MM H.O
573 washed hands R NO I 9 MM UNK
5 7 8 washed hands H NO 1 9 MM M • 0
575 •ashed hands R NO I 9 MM UNK

WEAPON
type ammunition

mKKO^KAmS
OK

bA«Iurt

STANOAKD
deviation
BAMlUi

1 C Rq5R A pS 
OF

ant IMOmY
standaro

deviation
antIMONY

au r° RtM-ptTEKS 1 *0200 • OIOU • sauo .0100

Aur0 HfcM-PtTE«s 1*6900 • 02UU .8800 .0100

AUTO kem-peteks 1 • 2200 • 0200 .8600 • 0100

auto ••JNCHESTEK H.ttOOU • 0900 3.0500 • 0200

AUTO rem-peters 2*1 **00 • 0200 .7100 • 0100

AUTO "INCHESTER 1*3600 • 0200 • 7000 • 0100

AUTO rem-peters • BMOU • 0100 .1680 • 0020

AUTO WINCHESTER • 7500 • 0100 .2860 • 0030

AUTO REM-PETERS • S6Q0 • oiuo .1280 • 0020

AUTO •T INCHESTER 1*6300 • 0100 .8850 .0060

AUTO ‘UrtCHESTER .**130 • 0090 .1230 • 0020

AUTO REM-PETERS • 1 1 90 • 0090 . 1 820 • 0020

AUTO WINCHESTER 1*2600 • 0100 • 2 1 Bu • 0020

AUTO REH-PETERS • 6**Qy •0100 . 0^2o •0010

AUTO WINCHESTER 1.3IUU • 0100 .7180 .0070

AUTO REH-PETERS • 2^70 • OOqO .1820 .0030
AUTO *inchester • *f 3N0 .0090 .8200 ,0100

AUTO REM.Pt TeRS .2890 .0030 ,28iu ,0030
AUTO WINCHESTER ,9900 ,0050 ,1*70 ,0020

AUTO REM-PETERS • 9690 • 0090 .3380 • 0030
AUTO WINCHESTER 2*9000 • 02U0 • 6800 • oiop

AUTO REM-PETeRS • szeo • liObu .0860 • 0020

AUTO WINCHESTER 6*6&00 • 0900 3.16O0 • 0300



Table 5 (Continued)

oj

Sample
NU -aER OCCUPATION

H A HO
sampled smoke*

number
OF

FILINGS CALIOEK

BAKHEl
LENGTH
INCHES

i 7 6 •.A'jHeO H A UO 5 a HO 9 Mm H#0

&// •<«SHCD HAI.Oj i< 00 9 MM link

5 7 0 IVASrtCO HANDS K NO 9 MM N.O
579 dashed hands K NO 9 MH UNK
sb0 <ASHED HANDS K NO 9 MM ** * 0
5B1 .-.'ASHED HANDS t\ NO 9 MM UNK
502 RASlIEO HANDS H NO 1 9 MM N.O
503 ftashed hands ri NO 9 MM UNK
504 hashed hands R NO 9 MM H*o
505 '•'ASHED HANDS H NO 1 9 MM UNK
5-3 6 -•ASHED HANDS K NO 1 9 MM 4*0

&87 hashed hands P <4 0 1 9 MM q • 0
5rl& -aShed hands K MO 1 9 MM UNK
50, '•'ASHED HANDS y NO 1 , MM H.D
59 0

4
>f,.shed hands R NO 1 9 MM UNK

59 DASHED HANDS K HO 1 9 MM *t-o
592 •*ashed hands R NO 1 9 MM UNK
59 J Hashed hands R NO l 9 MM M*o
59 4 •ashed hands K NO 1 9 MO UNK
595 hashed hands W NO I 9 MM M.q
5VS hashed hands ri NO 1 9 MM UNK
597 '•'ASHED HANDS R NO 1 9 MM *•0

590 ■•aSHED HANDS R NO 1 9 MM UNK

»LAPON
type AMHUHITI ON

MICROUKAHS
OK

bARlun

STANDARD
deviation

baRioh

HlCRO&RAnS
OF

anTihonv

STANDARD
deviation

antihonV

AUTO kEh — pETEHS • S7 QU .oiou .1330 .0030

Aut0 ••IncHEstEH iS.JNOO .0200 .8400 • OIOU

AUTO HEH-Pt fEHS • 6 1 Bu • 0040 • 1130 • 0030

AUTO *1hCHESTER 0 *5900 • oSoo 3.2Jqo • 03ou

AUTO REM-PETEHS .H«30 •ooso •iN’o • 003o

AUTO WINCHESTER 5•iHOO • OHUU 2.S700 .0200

AUTO REH-PETERS 2»-»iOU • 0200 • 232g • 0030

AUTO "INCHESTER *•THgy •OVuO 3«1Fo0 • 0200

AUTO REH-PETERS 8 *5600 •0600 1.2000 •0100

AUTO WINCHESTER l •/•‘•oo •0100 • *700 • otoo

AUTO REH-PETERS • sseq .00S0 . ISSO •0030

AUTO REH-PETERS H*66UU • c -r c o • ^200 .0100

AUTO WINCHESTER • SI DU .0100 .22r0 • OOHO

AUJO REH-PETERS i.NJOO ,0200 ,3800 ,0100

AUTO ••INCHESTER Z#S20D .0200 1.S700 ,0200

AUTO REH-PETeRS I.S400 • 0200 • 21 So • oqsq

AUTO WINCHESTER S•2*00 • o^oo R.2000 .0*00

AUTO REH-PETERS C o o •0100 • l83o • OORfl

AUTO WINCHESTER 2»6»0u • 02uo I•iSou •Uloo

AUTO REH-PETERS 3•2*00 •03uo • *3ou • 0100

AUTO "INCHESTER I •V‘<UU •0200 • *»oo •gioo

AUTO REH-PETERS 3*U90U •0200 1•S200 •0200

AUTO WINCHESTER !•UUOQ • oluo • 244o • OQSo



Table 5 (Continued)

sample
NIH4ER uCCUPaT100

hand
sampled SMOKER

NOHACK
OF

firings CAL 1BER

3AHREL
LENGTH
INCHES

weapon
type ammunition

MICNOGNamS
OK

haRIUm

STaNUARO
deviation
baKium

HlC«Obl<AHS
OF

ANT 1MONV
STANDARD

deviation
antimont

59 V •VA5M£J MANDs ri NO V MH 4*0 AUtO kEii-pEtErs 1•IbOU • OHIO • 1 300 • 0030

600 * A £ 0 HASJD^ ri uo V HM ijN* ' AotD riIMCHtsTEri 2*1 YOU .0300 1.2900 .0200
60 t wASMEO hands It NO 1 MM 4*0 au ro Ntrt-PETEKS • 1700 .0100 • 1020 • 0030

CASHED HANDS ri NO 9 UNK auto WINCHESTER 2* 97q() .0200 • B9t)U •Qloo
*Q J WASHED HANDS K NO 9 MH **•0 auto WINCHESTER 2* 67uo •0200 • 3S90 •00*0

*0** ''ASHED HANDS ri NO 9 MM 4.0 AUTO WINCHESTER ■(■»2q0 • Q9Q0 2.37qu • 02Q0
6()5 washed hands ri NO 9 MH *♦•0 AUTO WINCHESTER 2*;2ud •0200 l.o»oo •0100
606 WASHED HANDS ri NO 9 MM 4*0 AUTO Winchester • 7300 • oioo .1560 .0030
6J7 Cashed hands it VE5 25 I NS 2*0 AUTO UNKNOWN H•iOOO • 0300 .6090 .OOSO

6J9 cashed hands ri YES 1 25 INS 2.0 AUTO UNKNOWN 2.'1300 • 0200 • 2960 • OOSO
6*« washed hands ri yes 1 25 INS 2.0 AU1 0 UNKNOWN 3.B10J • 0300 .1980 • 0020
6 V A >i ASHEO HANDS K yes 25 INS 2.U AUTO unknown 3.9700 .0300 .3910 • 0030
6hS •USHED HANDS ri yes 2b INS 2*0 AUJO UNKNOWN 19.2000 .0900 1.6700 • 0200
*47 •'ASHED HANDS ri Yfs 25 INS 2.0 AUTO UNKNOWN 1.9900 • 0200 .2660 • OOSO

6 SO washed hands ft Yes l 25 INS 2.0 AUTO unknown 2.9U0U • 0200 .6290 • 0060
652 washed hands ri yes 25 INS 2*0 AUTO unknown 3.O9U0 .0300 .5790 • 0060
ASH Washed hands « YES 25 INS 2*0 AUTO unknown 1.0900 • OIOU *1500 • 0030

Asm washed hands ri YES 1 *5 INS 2*0 AUTO unknown 1.6>00 ,0200 .3»70 • O O * O

6b* Hashed mauds ri yes l ZS INS 2.0 AUTO UNKNOWN 2.2600 .0200 • 96JU .005U
A 60 Washed hands ri yes 1 25 INS 2.0 AUTO unknown 2.2200 ,0200 .2590 .OOSO
662 WASHED HANDS ri YES 1 25 INS 2.0 AUTO unknown 2.1200 .0200 .‘•190 ,0090
6 6 H washed hands ri YES 1 25 INS 4*5 AUTO federal 1.0500 ,0000 ,2530 .0090
6 6 6 *• a shed hands ri NO 1 22 INS UNK KEV unknown ,0250 ,0020 ,0070 ,0010



Table 5 (Continued)

SA^PtE
Ntf-itiER 0 CC U P A T *J.<

HAND
sailed SMOKER

numbe:n
OF

FIRINGS CALIBER

BARREL
length
INCHES

»eapon
TYPE AMMUNITION

hICK0GRAm5
OK

UaKIUM

STANDARD
deviation
barium

„ICRqGKAmS
OF

ant irony
STANDARD
deviation
antimony

668 ■'ASHED HANDS rt NO 22 INS N.S HE* eedekal .os>ou • UUDu • 027u •0020

6 7q •'ASHED HANDS A MO 22 INS N.S KEV feuekal • oBJO •ou^o • uiuo •0010

bli HASHED HANDS N NO 22 INS R.S REV federal • 1 7 UO •oo^o • 1 B4y •00J0

6/4 ■'ASHED HANDS H NO 22 I NS 4 • 5 KEV feuekal .U7<(0 •0050 ♦ulH0 •0010

6/6 ■'ASHED HANDS ri MO 22 INS ■♦•S REV federal • U|,UU .00<f0 .01 10 .0010

6?9 ■A SHED HANDS K NO 22 INS 4.S REV federal • U340 ,0020 . 00 4 y .0004

6H2 ■' A SHED HANDS li NO 22 INS H.S KEV federal ,»540 ,00/0 .2360 .0030
684 ■'aSHED hands H NO 22 I NS -•.s KEV federal 1.1700 .otuo .2690 ,0030
686 'aSHED hands K NO 22 INS *1.5 KEV federal .U5U0 .0100 • 2150 ,0030
68tf •'ASHED HANDS A NO 22 INS *1.5 KEV federal . J6B0 .0070 .1200 .0020

690 '•ASHED Hands A NO 1 22 INS •■•.s REV federal .2790 .0050 ,0940 ,0020

692 ■‘ASHED HANDS A NO 1 22 INS -*.s REV FEDERAL .2420 • 0040 • 0910 ,0020

694 •'ASHED HhnDS a NO l 22 INS 4.5 KEV federal .4 100 • oioo • 1600 • 0020

69t> ■'ASHED HANDS « NO I 22 INS 4.5 KEV federal .2300 .0100 • 1120 • 0020
701 -ASHED hands L NO I S5 INS 5.0 «UTO unknown 6.3700 .0400 1>8800 • 0100

703 •'aSHED HANDS L NO 1 HS INS- 5.0 ..UTO unknuun 15.6000 .0800 4.3500 • 0300
70S hashed HANDS L NO l ■*5 INS 5 . D AUTO unanukn 9.4000 .0600 3.3500 • 0200



Table 5 (Continued)

SAI.PLE
Nt»^rE« UCC'-'PATIOtg

HmUD
SA^PLEi/ smokep

NUMBER
or

eikings CAL JBER
BARKEL
length
INCHES

WEAPON
type AHHUN1T1dn

^ICRoOnA^S
Of

BARIUM
stanuaku

deviation
barium

MJCKQWKAhS
OF

ANT 1 MONT

STANOAKi)
DEVIATION
ANTIMONY

736 cashed hamps K NO SS INS 5*0 auto feuekal 26* 1UQU • noo 3.2NUD .0920
737 v.asmed hands H RO IS INS s.o AUJO FEUEKAL 5#fetiOQ « 03bo 1.73U0 • 0220

73a •'ASHED HANDS H NO Sb INS 5.0 AUTO FEUEKAL 5*2100 • 02bQ I•HODu • 0190
73V washed hands R KO NS INS 5*0 AUTO federal 2*3500 • 0170 • 4M2U .0097
7*0 h/.SHED hands H NO ss INS 5*0 AUTO FEOEKkL 1V.9uuU • 1 000 StVKDU <0410
7*t t-ASHEO HANDS K NO i ss INS 5*0 AUTO FEOEKaL J*7?00 • 0310 1.2900 • 0170
7*42 washed hands R NO **5 IMS 5*0 AUTO federal 5•5VOU • 0360 1.4300 • 0180
7M3 •ASHED HANDS K NO NS INS 5.0 AUTO FEDERAL 1*0600 • 02Bu J J.40UU • 1900
7 S *♦ WASHED hands H NO i NS INS 5 • 0 AUTO FEUEKAL 2•U YOU • 01 to(j • SSiiO • 007S
7*4S HASHED HANDS K NO i NS INS 5 • U AUTO federal 2* HUQ «U17U .8890 .0100
716 washed hands rt NO i *ts INS 5.1. AUTO feuekal 2*e?uu • Olbu 1.1100 >0130
717 •'ASHED HANDS K NO i NS IMS 5*0 AUTO federal 2*V60U • 02*0 • 9330 • 0110
7lb WASHED HANDS H RO i NS IMS 5*0 AUTO federal d * 6600 • 0560 3.0100 >0340
71? "ASHED HANDS K NO i ss INS 5*0 AUTO* a JNCHESTEK 2 • 7 / [) U • 02Su 1.SSuo • 0200

7S0 HASHED HANDS R MO i ss INS 5.0 AUTO feuekal b•5500 • 0460 2•17 UO • 0230
7*» 1 hashed HANDS H MO i NS INS 5*0 AUTO WINCHESTER 3*7500 • 0260 1.3100 • 0170
752 washed hands K MU i NS INS 5*0 AUTO FEOEKAL V•V 200 • 0520 2.S400 • 02S0
753 WASHED HANDS K NO i NS INS 5*0 AUTO "1HCMESTEK 2.51*00 • Ut Vo .9970 • 0140
751 •'ASHED HANDS K MO NS INS 5*0 AUJO FEDERAL 7*2000 • oiio 2.7900 • 0270

75S ••ASMED HANDS L MO i NS IMS 5*0 AUTO #JNCHESTEK • 6660 • 00t*1 • 2440 • 0072

756 •ashed hands R NO » NS INS 5*0 AUTO WINCHESTER 1*0600 • 0320 1.3100 • 0240

757 MASHED HANDS L NO i NS INS 5*0 AUTO FEDERAL • 5*io • 0067 .2320 • 0070



Table 5 (Continued)

5 A K P t, £ 
Nu^Bcr OCCUPATION

U A N i> 
SAilPLEO SPOKE*

f j U ri 0 E *
or

FILINGS CM-tBE*

BANREl
length

INCHES
WEAPON
TYPE AMMUNl1[ON

H I CKOUK AftS 
OF

d** lU*

standard 
DEVIATION 
8aRlUH

MICHuURAnS
OF

anTinonT

STANDARD 
DEVIATION 
aNTIMONY

7b'3 hashed HANDS K NO **5 INS S.O AUTO FEDERAL 3.3600 • 026 0 1•6U0Q • 018U
7b? "*a5HED HANDS K NO Hb I NS s.o aUto «INCHE;,tER 2.1/UO • D22U • TSRO .0120

760 „ ASHED HANDS X NO Sb INS B*U AUTO federal J.170U . Q32u 1 >2700 • 01V0

7 i> i •vaSHED HANDS K NO NS I NS 5 • o AUTO WINCHESTER 6.MM00 * OM 3 0 2» o3uo •02R0

7*2 •ASHED HANDS ■< NO H5 INS *>•0 AUTO federal 7*92qq •07,0 2»7000 • 0260
7*3 •ashed hands H NO Nb INS s.o auto WINCHESTER 1.9bao • 02S0 • aobu • 01 so

/6t ••ASHED HANDS K NO 1 Mb INS s.o AUTO federal 6.2800 • ONTO 1 • 71 Du • 0210

7ib WASHED HANDS H NO Mb INS s.o AUTO federal 2.0700 • uiao • 3<*D0 • 0036

7 6 6 *A$HE9 HANDS H NO 1 Mb INS s.o AUTO WINCHESTER 1l.OUOQ • OSAO 2•32uo • oiso

7 fe 7 HASHED HANDS K NO l MB IMS s.o AUTO federal S•3200 • OJVQ . «3*D • 0076

763 ‘•ASHED HANDS H NO 1 MS INS s.o AUTO rtlNCHLSTER t.7500 • 01VU • 2080 .0020

76? WASHED HANDS H NO 1 MS INS b . 0 AUTO federal 1 3 * 70U0 • 0660 JtSUUJ • 0210

7/0 •ASHED HANDS H NO 1 *b INS s.o AUTO WINCHESTER 2 * / 3 0 U «02uu • 3730 ■ 00R6
//: ••ASHED HANDS L NO l Mb INS S.O AUTO FEDERAL b * 0 7Q0 • OJbO 1.I7UU • GOV"*
772 »' A S N E 0 HANDS K NO 1 Mb INS s.o AUTO federal H•bbOU • 03VU • V3SU • 0081

77 3 ••ASHED HANDS H NO I Mb INS s.o AUTO federal b *2600 *0360 1•RlUO • 0110
7 7 H ‘USHEJ HANDS H NO 1 MS INS s.o AUTO Federal 7.ouoo .0S3U 1>0200 • oovv

7 7S •USHED HANDS K NO l MS INS 5.0 AUTO federal I3.M0Q0 . 0660 2.1200 • 01 HO

7/* ‘•ASHED HANDS K NO t MS INS s.o AUTO federal 7.0900 . uMtto 2.DVD0 • 0130

777 AaSHEO HANDS K NO i MS INS 5.0 AUTO WINCHESTER 1.8M00 . ui/u • 3820 • 0036

7 73 Cashed HANDS H NO 1 Mb INS S.O au ro WINCHESTER • 0790 • U 1 20 . 132u • 0020
779 'USHED HANDS i< NO 1 MS INS 5.0 AU1 0 UNKNOWN 13. 1U0U • 07*0 R.21UU • ORUO
783 ■USHED HANDS L NO 1 MS INS s.o AUTO UNKNOWN . / M70 .0061 . 1 7R0 • 0027



Table 5 (Continued)

SAHPLE
NUM3ER occupation

hand
SAMPLED SMOiCEH

tyUHBER
op

firings ’cALiae R

BARREL
length
INCHES

WEAPON
TYPE AHHUN TI ON

HICrtu^BArtS
OF

barium

stano*ho
deviation
SAHIUH

N 1 CK^bflAhS 
OF

ANT 1 MONT

STANOANO
deviation
antimony

791 WASHED MANOS rt NO INS 5*0 AUTO UNKNOWN .8430 .01 JO . 2V60 • 00 M 1

792 tASHEO HANDS rt NO HS INS 5.0 aUto UNKNOWN 5.93UU • UMVo • SS2U • 0067

763 /(ASHED HAf4DS rt NO MS INS 5.0 AUTO UNKNOWN 1•3BU0 • 01M|J .2800 • 00M3

784 HASHED hands rt NO Mb INS 5*0 AUTO UNKNOkn 6.l2uU • 03«0 1.2200 • oioo

785 cashed hands rt NO MS INS s#0 AUTO UNKNOmn 3 • UUUO •0^*0 1>1200 •olio

/ 8© * aSHED HAtiOS R NO m‘s INS b.Q AUTO Unknown 6•j4yQ • IjMT (j 2.&Sqo *0320

787 CASHED HANDS rt NO MS INS S.y AUTO UNKNOWN 2»l^OU •UlBU 1« Mqoo •Ql*0

786 AmSHCD HANDS rt NO MS I MS 5.0 AUTO Unknown 13.0U0U • oauu S.1600 • OMMO

76? ••ApHcD HAN-iS rt NO 1 MS INS 5.0 AUTO unknown I5.5U0U • 0*3U • v ! 9q • 0120

790 washed hands rt NO 1 MS J NS b.O AU1 0 Unknown 1 .0000 .00»» .2160 .0066

791 AASMEO hands rt NO MS INS 5*0 AUTO 'UNKNOWN 8*9100 .0660 1.8200 • 0200

792 «ASt»CD HANDS K NO 1 MS I NS 5.0- AUJO ^nknomN 1.910b .01 Vo . M 660 • 0067

793 HASHED HAnDS rt NO 1 MS «NS 5.0 AU1 0 Unknown 1*8900 *0210 .7760 • 009M

794 HASHED hands H NO I MS *mS 5.0 aut0 unkn0hn 2.1100 • 0220 .7020 • 0077

795 HASHED hamd5 K NO I MS IHS 5.0 aut° UNKNOWN 3.V4U0 • 02M(j . 6» 1 u . 00»b

796
4

WASHED HAND; L NO 1 MS INS 5.0 Aut° uNKNOmN .1130 .0030 .0216 • 0016

797 hASHEO hands R NO 1 MS INS 5.0 AotO UNKNOWN 1.61QU .0160 • 2M70 • 0UM7

796 Cashed hands K NO 1 MS I NS 5.0 AUTO unknown 1.6500 • 01 SO 1.6300 • 0190

799 cashed hands R NO 1 MS INS 5.0 AUTO unknown V.UbQO • OMSo S.7 BuQ • OSMU

eou washed hand's rt HO 1 MS INS 5*0 AUTO UNKNOWN 6.22UU • 0310 1.2600 • 0 1 MQ

bui ►ashed hands t HO 1 MS INS 5*0 AUTO UNKNOWN . 1440 • 0026 • 0366 • 0029
8U2 washed hands K HO 1 MS IMS 5.0 AUTO unknown 7*1600 • 0M10 1.9200 • 0220

803 WASHED HANDS K NO 1 MS INS 5.0 AUTO UNKNOmN 6.U500 • OMMO 2.2300 • 0280



Table 5 (Continued)

SAMPLt
NUhpeR OCCUPATION

HAND
SaM’LEO smoke«

f! U f I) E f*
OF

FIRINGS CALIBEP

0 A K F< E L 
LENGTH
INCHES

HEAHON
type AhdUNIT J UN

HlCrtOU«AM5
Of

8 A K I u H
STAnUAKU

DEVIATION
8ARlUh

„!tN0uNAMS 
OF

AnT,mOnY
STAltDAKO

deviation
anT J monY

6 0** i.ASHED HANDS H NO INS 5.0 AU t 0 uNkhOvjn 2.U40U • 02DU 1.i8U0 • 0180

SHEO D A N D 5 H NO HS !NS 5-0 AUT° U N A N U t. U . ? 6 3U • QU V 7 .3S20 • UQ57
flo* iASHED HA(JDS K NO ss I MS. s.o AUTO yNNNUj.N 2*15UU • 016Q • S2 I 0 • 006S
BL A «• j*ShED HANDS K Of) 45 1 NS s.n AUTU UNKNOWN 1 *3400 •01 10 • 3SSU • 008 7
n0e CASHED HANDS H NO 45 INS s.0 AUTO unknown 2» 9i00 • 02*0 •6oio • yO*®
82M » ASHED HANDS H NO ^2 1 NS 6.(j AUTO MONAKCH 2 • 21,00 •01 90 • JTSu • 0083

rASHED HANDS K NO 22 INS 6 • Q AUTO HONArtCH . 37flQ • Del’S • 1 I»0 •0028

*)2#» k-AShED HANDS K NO 22 INS 6.0 AUTO MONAKCH 1 '^OO •0210 •2l«U • 0033
827 HASHED HANDS rt NO 22 INS 4.5 REV flONAKC* • H 90 • 00,,3 • 2 1 00 •00®“*
A20 hashed hands K NO 22 INS 4.5 RtV MONARCH • 1610 • 0072 • 0880 • 0018

82? t rtS^EO ^ A N 0 S rt NO 22 1 NS 4.5 HE V monakch • 3 l UU • OubV • 1 330 • 0027
630 Cashed HANDS rt NO 22 |NS 6.0 AUTO FEUEKAL 6.0900 • 0 7S0 3*7 800 • 002.
H31 HASHED HANDS H NO 22 Ins 6.0 AUTO FEUEKAl 2*6700 • OHNO • 83SU • 0068
832 HASHED HAnDS rt NO 22 Ins 4*5 REV FEOErtAL . 3670 • 0110 • 2000 • 0030
833 CASHED HANDS K NO 1 22 Ins 4.5 R t v feoeral • 3450 • 0070 .2660 • 0036



Sample
No. Occupation Hand Smoker

No. of 
Firings

55 Unkn. R Unkn. 1

57 Unkn. R Unkn. 1

59 Unkn. R Unkn. 1

61 Unkn. R Unkn. 1

62 Unkn. R Unkn. 1

79 Unkn. R Unkn. 3

84 Unkn. R Unkn. 6

45 Unkn. R Unkn. 1

46 Unkn. R Unkn. 1

47 Unkn. R Unkn. 1

49 Unkn. R Unkn. 1

51 Unkn. R Unkn. 1

53 Unkn. R Unkn. 1

76 Unkn. R Unkn. 3

82 Unkn. R Unkn. 6

83 Unkn. R Unkn. 6

64 Unkn. R Unkn. 1

66 Unkn. R Unkn. 1

68 Unkn. R Unkn. 1

70 Unkn. R Unkn. 1

72 Unkn. R Unkn. 1

86 Unkn. R Unkn. 6

87 Unkn. R. Unkn. 6

Table 5

SUPPLEMENT

Btirrel n • » »•T .. Barium Antimony
Length Weapon ------------- ■— --------- *

Caliber (in. ) Type Ammunition qg a qg a

0. 22 Unkn. Rev. Winchester 0. 48 Unkn. 0. 066 Unkn.

0. 22 Unkn. Rev. Winchester 0. 23 Unkn. 0. 056 Unkn.

0. 22 Unkn. Rev. Winchester 0. 48 Unkn. 0. 076 Unkn.

0. 22 Unkn. Rev. Winchester 0. 14 Unkn. 0. 066 Unkn.

0. 22 Unkn. Rev. Winchester 0. 34 Unkn. 0. 046 Unkn.

0. 22 Unkn. Rev. Unkn. 0. 38 Unkn. 0. 136 Unkn.

0. 22 Unkn. Rev. Unkn. 0. 30 Unkn. 0. 096 Unkn.

0 38 Unkn. Rev. W inchester 1.18 Unkn. 0. 236 Unkn.

0. 38 Unkn. Rev. W inchester 0. 73 Unkn. 0. 186 Unkn.

0. 38 Unkn. Rev. Winchester 1.14 Unkn. 0. 286 Unkn.

0. 38 Unkn. Rev. W inc he ster 0. 55 Unkn. 0. 1 36 Unkn.

3. 38 Unkn. Rev. Winchester 0. 42 Unkn. 0. 196 Unkn.

0. 38 Unkn. Rev. Winchester 0. 97 Unkn. 0. 296 Unkn.

0. 38 Unkn. Rev. W inche ster 2. 05 Unkn. 0. 606 Unkn.

0. 38 Unkn. Rev. Winchester 1.25 Unkn. 0. 406 Unkn.

0. 38 Unkn. Rev. Winchester 0. 73 Unkn. 0. 366 Unkn.

0. 45 Unkn. Auto Winchester 7. 75 Unkn. 1. 56 Unkn.

0 45 Unkn. Auto Winchester 5. 15 Unkn. 0. 596 Unkn.

0. 45 Unkn. Auto Winchester 5. 16 Unkn. 0. 616 Unkn.

0. 45 Unkn. Auto Winchester 6. 55 Unkn. 0. 816 Unkn.

0. 45 Unkn. Auto Winchester 5. 55 Unkn. 1.32 Unkn.

0. 45 Unkn. Auto Winchester 2. 65 Unkn. 0. 886 Unkn.

0. 45 Unkn. Auto Winchester 0. 97 Unkn. 0. 1 76 Unkn.



In the columns headed Standard Deviation of Barium and Standard 

Deviation of Antimony, the entries are based on counting statistics of the 

analysis only, and represent only the precision of the analytical procedure. 

Entries of 0000 mean that the precision was not calculated, and represent 

some of the earliest work.

In many of the results from test firings the entry WASHED HANDS 

will be found in the column headed occupation. This indicates that the per­

son sampled washed his hands just prior to firing.

Figures 1-29 are derived from the data in Tables 1-5. The log­

arithms of pairs of barium and antimony values, selected for some common 

property, are plotted in each figure as asterisks. Five concentric ellipses 

are also plotted. Each ellipse represents a solution of the density function 

of the bivariate normal distribution. For example, the innermost ellipse 

circumscribes an area containing approximately 25% of the values plotted 

on the figure. Moving outward, successive ellipses circumscribe areas 

containing approximately 50%, 75%, 90%, and 95% of all values, respective­

ly. The construction details and exact interpretation of the ellipses are 

given in Appendix 3.

Results from the analysis of primers are given in Table 6, and 

some typical primer formulations are given in Table 7. Table 8 exemplifies 

the results of firing with different brands of ammunition, and this subject 

is discussed in a later section. The various handguns used in the firings 

are listed in Table 9.

Table 10 lists the statistical parameters, which were computed 

from data in Tables 1 - 5, and were used in the preparation of Figs. 1 - 29.
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Fig. 2

Plot of Logarithms of Results from the Analysis of Handblanks
Obtained from Smokers, and Associated Solutions of the

Bivariate Normal Density Function
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Obtained from Non-Smokers, and Associated Solutions of the

Bivariate Normal Density Function
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Plot of Logarithms of Results from the Analysis of Class A Handblanks
(see Report for Definition), and Associated Solutions of the

Bivariate Normal Density Function

54



Lo
g o

f M
ic

ro
 gr

am
 

A
nt

im
on

y
2. 000 f e HANvftkAHK

1. 000

1. 000

2.000 h

3. 000

4. 000
4. 000 3. 000 2. 000 1.000 0. 000 1. 000 2. 000

Log of Microgram 
Barium

Fig. 5
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of the Bivariate Normal Density Function
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Table 6

BARIUM AND ANTIMONY LEVELS IN 
SOME PRIMERS OF RECENT MANUFACTURE

Source of
Sample % Barium % Antimony

Total
Barium

(mg)

Total Barium/
Antimony Antimony 

(mg) Ratio

Remington
No. i-l/2 Primer

24. 3 8. 6 6. 7 2. 4 2. 8

Winchester Large
Pistol Primer

16. 9 17. 4 5. 2 5. 4 0. 97

Federal No. 1 50
Primer

21.6 10. 4 8. 4 4. 1 2. 1

Primer from Federal
0. 22 LR Cartridge

11.0 4. 4 — * — 2. 5

Primer from Winchester 11. 0 0. 10 — _ 110. 0
22S Cartridge

*Total primer weights could not be obtained due to the difficulty 
in removing all of the primer material from these cartridges.
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ANALYSES OF SOME TYPICAL PRIMERS

Table 7

C omponent
Co. A 

<%)
Co. B 

(%)
Co. C 

(%)

Lead styphnate 38. 7 39. 7 42. 8

Tetracene 4.4 1. 1 0. 91

Pentaerythritol 
tetranitrate (PETN) 4.4 _ — _ _

Nitrocellulose — 8.4

Barium nitrate 29. 5 42. 0 39. 4
Antimony^ sulfide 14.4 8. 7 8. 1

Aluminum 6. 5 —

Calcium silicide 6. 0
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Table 8

BARIUM AND ANTIMONY RESULTS OBTAINED AFTER FIRING 
0. 22 CALIBER HANDGUNS LOADED WITH 

AMMUNITION FROM TWO MANUFACTURERS

Type of Handgun 
Fired Type of Ammunition Barium (ug)* Antimony (ug)*

Automatic Winchester- 
Western Super X 
22LR

1.3** 0. 2**

Revolver Same as above 0. 2*** 0.04***

Automatic Federal 22LR 0. 3** 0. 1**

Revolver Same as above 0. 1*** 0 j ❖❖❖

^Results reported after correcting for control samples, 
only significant digits given.

❖❖Mean of three samples.
❖❖❖Mean of two samples.
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1

2

3

4

5

6

7

8

9

10

11
12

13

14

15

16

19

21

22

23

24

25

HANDGUNS USED IN THE STUDY

Table 9

Caliber

Barrel
Length
(in.) De scription

0. 25 2. Jr. Colt Automatic

0. 22 6. 5 Hi Standard Automatic

0. 22 6. S & W Revolver

0. 22 2.5 Rosco Arms Corp. Derringer

0. 22 2.5 Burgo Mod. 106 Revolver

0. 22 4. S. Ruger Revolver

0. 22 4.5 S. Ruger Single Action Revolver

0. 22 4. Converted 0. 45 Caliber Colt Automatic

0. 45 5. Colt Automatic

0.45 5. Colt Military Automatic

0.45 5. Military Automatic

0.45 5. Colt Govt. Model Atuomatic

0.45 5. Colt Govt. Model Automatic

0. 25 2. Rigarmi-Brescia Automatic

9 mm. 4. Luger

9 mm 5. Walther Automatic

9 mm 5. FN Automatic

0. 22 4. 5 Ruger Single Action Revolver

0. 22 6. Hi Standard Automatic

.45 5. Colt Automatic

. 38 4. S.& W Revolver

0. 22 6. Hi Standard Heavy Barrel Automatic
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Table 10

SUMMARY OF STATISTICAL PARAMETERS DERIVED FROM LOGARITHMS
OF BARIUM AND ANTIMONY RESULTS

Set Description
— a — b
Ba Sb ffBaC (Tsbd XBa/ne XSb/nf “Bag asbh P1 N ^

1 All Handblanks -0.751 -1.969 0. 560 0. 594 17.4/10 46.2/10 0. 066 1x10"6 0. 500 260

2 Handblanks from Smokers -0. 910 -1. 22 0. 670 0. 520 2. 16/3 0.558/2 0. 540 0. 757 0. 323 29

3 Handblanks from 
Non-Smokers -0.674 -1.937 0. 559 0. 621 4.67/7 13. 9/7 0. 700 0. 053 0. 490 92

4 Class A Handblanks -0. 992 -2. 150 0. 439 0. 552 3. 923/6 48. 1/8 0. 687 7.45xl0"8 0. 393 165

5 Class B Handblanks -0. 279 -1. 900 0. 423 0. 462 3. 57/3 4.92/3 0. 312 0. 177 -0.008 38

6 Class C Handblanks -0. 875 -1. 612 0. 362 0. 263 1.51/1 0.476/1 0. 219 0. 490 0. 640 16

7 Class D Handblanks -0. 176 -1.44 0. 462 0. 569 5.20/3 8.07/2 0. 158 0. 018 0. 601 41

8 All Firings -0. 010 -0.580 0. 619 0. 616 35.0/12 11.8/12
-4

5x10 0.464 0. 850 353

9 Revolver Firings -0. 440 -0.913 0. 478 0. 470 7. 79/6 6. 57/7 0. 254 0. 475 0. 823 132

10 Automatic Pistol Firings +0.290 -0. 374 0. 522 0. 605 33.7/9 10. 5/10 l.xlO 0. 396 0. 823 219

11 0. 22 Caliber Handgun
Firings -0. 391 -1. 124 0. 553 0. 484 20.7/8 5.66/6 0. 008 0. 462 0. 740 108

12 0. 22 Caliber Automatic
Pistol Firings -0. 109 -1. 103 0. 533 0. 491 13. 3/5 0.865/4 0. 020 0. 930 0. 746 53

13 0. 22 Caliber Revolver 
Firings -0. 662 - 1. 220 0. 420 0. 458 1.36/3 5.93/4 0. 310 0. 204 0. 764 55

14 0. 22 Caliber Handgun
Firings, using Winchester 
Cartridges -0.211 -1. 140 0. 5 34 0. 390 8.30/4 3.10/3 0. 081 0. 376 0. 730 53

15 0. 22 Caliber Handgun
Firings, using Federal
Cartridges -0.605 -0.116 0.518 0.589 5.82/2 7.89/2 0.055 0.019 852 41



Table 10 (Continued)

Set De scription
— a b
Ba Sb "Ba0 "sbd *Ba/ne XSb/nf “Ba8 “Sbh P1 N-*

16 0. 22 Caliber Handguns 
with Barrels Shorter 
than 3.0 Inches +0. 104 -0.926 0. 382 0. 336 1.76/1 1.5.1/1 0. 185 0. 336 0. 366 27

17 0. 22 Caliber Handguns 
with Barrels Between
3. 0 and 5. 0 Inches Long -0.684 --- 0. 442 0. 684 0.408 0. 863 19

18 0. 22 Caliber Handguns 
with Barrels Longer than
5. 0 Inches -0.442 -1. 097 0: 602 0. 569 5.21/2 5.37/2 0. 074 0. 068 33

19 0. 25 Caliber Automatic
Pistol Firings +0.456 -0. 389 0. 313 0. 273 0.820/1 O.Sl# 0. 365 0. 774 0. 777 18

20 0. 38 Caliber Revolver 
Firings -0. 291 -0. 691 0. 449 0. 337 6. 47/5 1.06/3 0. 263 0. 785 0. 813 74

21 0. 38 Caliber Revolver
Firings, using Remington 
Ammunition +0. 060 -0. 460 0. 318 0. 292 0.356/1 1. 24/1 0. 550 0. 265 0. 829 10

22 0. 38 Caliber Revolver
Firings, using Winchester 
Ammunition -0. 497 -0. 805 0. 451 0. 323 3.64/3 2.49/2 0. 303 0. 287 0. 752 39

23 9mm Automatic Pistol 
Firings _0. 215 -0. 332 0. 426 0. 462 3. 39/4 6.20/5 0. 495 0. 287 0. 690 65

24 0. 44 Caliber Revolver 
Firings -0. 160 -0. 680 0. 493 0. 480 3. 60/4 3. b0/4 0. 463 0. 463 0.965 5

25 0. 45 Caliber Automatic
Pistol Firings +0. 569 -0. 012 0. 430 0. 453 11. 9/4 5. 52/5 0. 018 0. 355 0. 860 83

26 Firings of Handguns, 
using Winchester 
Ammunition -0. 093 -0. 690 0. 579 0. 586 30.0/9 14. 7/9

.4
4x10 0. 100 0. 762 140

27 Firings oi Handguns, 
using Remington 
Ammunition +0. 0619 -0. 514 0. 364 0. 328 0.628/2 1. 81/2 0. 7 30 0. 405 0.765 42



Table 10 (Continued)

ooO'

Set De sc ription

ZH Firings of Handguns,
it sing Federal 
Ammunition

29 Firings of Handguns,
using Monark 
Ammunition

Ba
?bb °BaC 4a/ne 4n/nf aBag aSbh

P1 NJ

-0.039 -0.586 0.790 0.827 18.9/6 17.8/6 0.004 0.007 0.942 72

-0.367 -0.700 0.506 0.245 1.81/2 1.57/1 0.405 0.209 0.755 6

a Ba

b Sb

<' <7 Ba

d ctSb

e 2
*Ba /n

f 2
XSb/n

g a Ba

h a
Sb

Mean value of the logarithm of the micrograms of barium found in a handlift The shorthand notation, 
-O.xxx, implies 9 yyy-10.

Mean value of the logarithm of the micrograms of antimony found in a handlift. The shorthand notation, 
-O.xxx, implies 9. yyy -10.

Standard deviation about Ba.

Standard deviation about Sb.

The value of X ^ for the set of barium values, the assumed distribution, and n degrees of freedom.

2
The same as X„ , , but for antimony values.Ba/n

The probability that a randomly selected set of data points would yield a greater value for X^

The same as 0(ga , but for the set of antimony values in the set.

The correlation coefficient for the pairs of barium-antimony values in the set.

.1 N The number of pairs of barium-antimony values in the set.



5. STATISTICAL TREATMENT OF THE DATA

5. 1 PRELIMINARY EXAMINATION OF THE DATA

The data given in Table 1-5 were subjected to distribution tests. 

Barium and antimony values within each handblank and caliber classifica­

tion were tested for log normal (Gaussian) distribution. Care was taken to 

avoid dividing concentration ranges into too few groups (which would favor 

an unwarranted positive test). Examples of these tests, which used the 

chi-square test of the hypothesis that the logarithms of the values had a 

normal frequency distribution, follow:

Sb
Class D Handblank 

41 Samples3,

G E O (E-0)2/E

1 0. 3 0 0. 3
2 1. 1 3 7. 6
3 3.2 2 0. 5
4 6. 5 4 0. 3
5 9. 3 12 0. 8
6 9. 3 5 2. 0
7 6. 5 7 0. 0
8 3. 2 6 2.4
9 1. 1 1 0. 0

10 0. 3 1 1.6

chi- square = 13. 5

Sb
0. 22 Caliber Firings

108 :Samplesa

G E O (E-o)2/:

1 0. 8 2 1. 8.
2 3. 0 5 1. 3
3 8. 5 14 3. 6
4 17. 1 28 8. 3
5 24. 3 28 0. 9
6 24. 3 20 0. 8
7 17. 1 6 7. 2
8 8. 5 2 5. 0
9 3. 0 1 1. 3

10 0. 8 2 1. 8

chi- square = 32. 0

G = consecutive and equal logarithmic increments of concentration. 
E = expected number of observations per increment, if Gaussian.
O = observed number of observations per increment.
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In the foregoing examples, the chi-square value of the class D hand- 

blank is consistent with the hypothesis, but the value for the 0. 22 caliber 

firings is inconsistent. In fact, there is less than a 1% chance that the 

latter is Gaussian.

As it turned out the Sb and Ba values in a majority of classifications 

were not log-normally distributed when tested as described above. This 

did not rule out the possibility of BYN distributions, however.

Parenthetically, it may be remarked that the use of only 4 or 5 in­

crements to contain the data usually resulted in a positive test for normal 

distribution. This indicated that correlation coefficients between Ba and 

Sb were of fair validity.

The BVN density function is given by Eq. C-2 in Appendix 3. The 

exponential, on expansion, takes the form: ax^ + 2bxy + cy^ + 2dx + 2ey + f. 

The necessary and sufficient condition for BVN distribution is that ac -b>0. 

This was found to be true in all classifications, and thus Ba and Sb are 

deemed to have a BVN distribution in all cases.

Based on these findings two methods of data interpretation were em­

ployed. The decision procedure described in the section, "The Bivariate 

Normal Statistical Model", which is the method originally envisioned as 

the sole interpretation method, is described next. A second method en­

gendered by the preliminary statistical results and certain physical consi­

derations is then described.

5. 2 DECISION PROCEDURE

For a given observation X = (X^,X2), the following procedure is 

designed to decide between the hypothesis Hq that the observation was ob­

tained from a specified population of handblanks and the hypothesis that 

X belongs to a given population of handgun firings. It is assumed that Hq 

is represented by a bivariate normal (BVN) distribution having mean vec­

tor and covariance matrix ^ while is characterized by a BVN dis­

tribution with parameters u and T .
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The procedure is to reject Hq (decide that the observation X is a 

firing) if

X(T_1 -^"^X - 2(vl T'1 <k (1)

where k is chosen so that the probability a of rejecting Hq when it is true 

is a specified number (e. g. , a = 0. 01). This choice of k results in a cor­

responding probability $ of accepting Hq when it is false.

The set of points (x^, X£) which satisfy the inequality (1) is called 

the critical region C^. The error probabilities a and |3 can be expressed 

as integrals over the critical region:

a = jy'f0(xl,x.2)dx.ldx.2 .

ck

P ~ j[/*fl(xl*x2)dxl dx2 *

Du

or

P •if^Xj , x2)dx1 dx2 ,

where Iq and f^ are the BVN densities associated with Hq and H^, respec­

tively, and is the set of points (x^, x2) which do not belong to the critical 

region Ck .

The problem is first transformed so that the critical region is 

determined by the inequality

2 2
rXj + sx^ < c + k 

where r, s, c are functions of p, • '5T . T.
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These are four cases:

1. r>0, s>0 — critical region is interior of ellipse

2. r < 0, s < 0 — critical region is exterior of ellipse

3. r<0, s>0 — critical region is between branches of a hyperbola

having a horizontal orientation as shown in the sketch.

If c + k > 0, \ = 0 and if

l r, ./c + kc + k < 0, y = y—-—

4. r > 0, s < 0 — similar to case 3 except that the hyperbola has a

Vmr
—-— or y = 0.

The first two cases are treated by using a computer program 

(CALTAB) to transform the ellipse into a circle centered at the origin.

The corresponding transformations are also applied to the BVN distribu­

tions involved. A set of tables can then be used to determine k and {} for 

a given value of O' -

There are no tables available to aid in the solution of the problem 

for cases 3 and 4, and consequently, a numerical integration scheme must 

be used. A computer program (BVN), described in Appendix IV, was 

written for this purpose.

The results of the calculation of the error probabilities a and /3 are 

given in Table 11. Diagrams illustrating the critical regions for these 

choices of a and j3 for the various comparisons of handblanks and firings 

are shown in Figs. 30-38.

5. 3 A SIMPLIFIED INTERPRETATION METHOD*21*

It has come to light that the bulk of Ba and Sb in gunshot residues 

deposited on the hand is contained in a small number (10-20) of relatively 

large (10-50 y) particles. Furthermore, it appears that some particles 

are Ba-rich and others are Sb-rich. Thus the lack of log-normal distribu 

tion of Ba and Sb values is not inconsistent with a BVN distribution, if one 

assumes the number of particles follows a Gaussian distribution and the
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Table 11

ERROR PROBABILITIES FOR GUNSHOT RESIDUE DECISION PROCEDURE

H0 ill k_ 0^ A. Critical Region

A handblanks 0. 22 rev 3. 125 0. 014 0. 751 Hyperbolic (partial, Y = 11. 88)
A handblanks 0. 22 auto 1. 563 0. 007 0. 519 Hyperbolic (partial, Y = 3. 34)
A handblanks 0. 25 auto 11. 25 0. 011 0. 046 Elliptic (interior)
A handblanks 0. 38 rev 1. 563 0. 008 0.483 Hyperbolic (partial, Y = 40. 49)
A handblanks 0. 45 auto 20. 312 0. 008 0. 001 Elliptic (interior)
A handblanks 9 mm 15. 625 0. 007 0. 034 Elliptic (interior

B handblanks 0. 22 rev -14.063 0. 010 0. 465 Hyperbolic (partial, Y = 2. 55) vertical
B handblanks 0. 22 auto -15.63 0. 010 0. 662 Hyperbolic (partial, Y = 1. 12)
B handblanks 0. 25 auto -20. 188 0. 013 0. 842 Elliptic (interior)
B handblanks 0. 38 rev -10. 938 0. 011 0. 828 Hyperbolic (partial, Y = 1. 73
B handblanks 0. 45 auto -10. 938 0. 006 0. 840 Hyperbolic (partial, y = 2.46) vertical

C handblanks 0. 22 rev 15. 741 0. 007 0. 819 Elliptic (exterior)
C handblanks 0. 22 auto 12. 5 0. 010 0. 704 Elliptic (exterior)
C handblanks 0. 25 auto 28. 125 0. 015 0. 007 Elliptic (interior)
C handblanks 0. 38 rev 0. 0 0. 005 0. 542 Hyperbolic (partial, Y = 2. 74)
C handblanks 0. 45 auto 25. 0 0. 006 0. 001 Elliptic (exterior)
C handblanks 9 mm 25. 0 0. 005 0. 018 Elliptic (exterior)

D handblanks 0. 22 rev -4.063 0. 009 0. 954 Elliptic (interior)
D handblanks 0. 22 auto -2.344 0. 011 0. 965 Hyperbolic (partial, Y = 1. 32)
D handblanks 0. 25 auto -8. 339 0. 010 0. 436 Elliptic (interior)
D handblanks 0. 38 rev -3.486 0. 010 (0. 999) Elliptic (interior)
D handblanks 0. 45 auto 2. 643 0. 013 0. 263 Elliptic (interior)
D handblanks 9 mm 2. 125 0. 008 0. 554 Elliptic (interior)
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(Critical region at the one percent confidence level)

Fig. 30. Critical region for . 25 caliber firings — Class A handblanks
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Fig, 31. Critical region for , 25 caliber firings — Class B handblanks
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Fig. 32. Critical region for . 25 caliber firings — Class C handblanks
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Fig. 33. Critical region for . 25 caliber firings — Class D handblanks
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Fig. 34. Critical region for . 38 caliber firings — Class D handblanks
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Fig. 35. Critical region for .45 caliber firings — Class A handblanks
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(Critical region at the one percent confidence level)

Fig. 36. Critical region for .45 caliber firings — Class C handblanks
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Fig. 37. Critical region for .45 caliber firings — Class D handblanks

99



LM
 V

 Ml

ICWMAN lAMI

(Critical region at the one percent confidence level)

Fig. 38. Critical region for 2 caliber revolver firings —
Class D handblanks
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Ba/Sb ratio is a thermodynamic function. Inasmuch as Ba and Sb com­

pounds have different thermodynamic properties, it is plausible that the 

differences in pressure-temperature-time cycles between different weapon- 

cartridge combinations can be responsible for the somewhat unexpected 

statistical features of the results.

The foregoing considerations suggested a simplified approach to the 

interpretation of the data listed in Tables 1 - 5 . In view of difficulties en­

countered in implementing the previously described decision procedure — 

especially difficulties in computing error probabilities in critical regions 

with hyperbolic bounds — it was decided to investigate the simplified pro­

cedure. This was done on a strictly manual (noncomputerized) basis.

All of the Ba values were multiplied by 100 and the Sb values were 

multiplied by 1000. This, in effect, normalized the data, since the over­

all average of Ba/Sb ratios was nearly 10 (actually 9. 53); and it simplified 

to the listing of logarithms of the values. Henceforth in this section the 

word "value" will refer to the logarithm of an enlarged datum.

The values from Tables 1-5 were codified in accordance with the 

following code:

Range Range
Code of Values Code of Values

A 0 - 0. 3 H 2. 1 - 2. 4
B 0. 3 - 0. 6 I 2.4 -2.7
C

o
’ - 0. 9 J 2. 7 -3.0

D 0. 9 -1.2 K 3.0 -3.3
E 1. 2 -1.5 L 3. 3 - 3. 6
F 1. 5 -1.8 M 3.6 - 3. 9
G 1. 8 - 2. 1

The bivariate frequency distributions were plotted as shown in 

Table 12, wherein the concentration code was used. It can be seen that 

the "regression" pattern of each classification follows a slope of about -45° 

in every case. The data in Table 5 Supplement were not included in this 

treatment initially; however, as will be seen, these data scarcely alter the 

probabilities to be obtained.
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Table 12

BIVARIATE FREQUENCIES

Class A Handblank 
Sb

Class 8 Handblank 
Sb

Class C Handblank 
Sb

5 3 13 14 10 I

2 52

Ba

Class D Handblank 
Sb

0.22 Callbar Firings 
Sb

0.45 Calibsr Firings 
Sb

ABCDEF6HIJ ABCDEF6HI JKL EF6HIJKLM
D 1 2 A D 1 1
E II 5 11 B 1 E
F 1 1 1 5 1 1 C 3 2 1 F 1
G 113 1 D 118 6 G 2 3 1
H 1 1 1 3 1 Ba E 1 1 II 8 3 1 1 Ba H 2 7 6 3

1 1 2 1 F 3 6 5 1 1 1 1 2 3 9
J 1 G 2 6 6 J 2 12 10 1
K H 3 3 3 3 K 1 33

1 2 1 2 L l I
J 1 2 1

0.25 Calibsr Firings
Sb

H I J K 
G 
H

Ba I 
J
K

0.44 Calibsr Fi rings 
Sb

F G H I 
F

Ba G 
H
I

0.38 Calibsr Firings 
Sb

D E F G H I J K 
A
B 
C 
D

Ba E 
F 
G 
H

I

I
2 3

10 4 I 
2 8 3 

I 5 13 I 
24

_________ I 2 I

9 mm Firings 
Sb

G H I J K L M 
E 
F 
G

Ba H
I
J 
K

2
5 6 11 
14 4 1 

5 4 7 2 
17 3 2 
I I I 3 I 

I
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The total frequency along each +45° diagonal was obtained, a step 

consistent with the previously mentioned physical and mathematical consi­

derations. These totals were found to have a Gaussian distribution for all 

classifications, except class A handblanks (which was found to be fitted to 

two overlapping Gaussian curves) and class C handblanks (for which there 

are a very small number of samples). Also, the fitting of a Gaussian curve 

to the 0.44 caliber firing classification is somewhat dubious due to the 

small number of samples.

The test for Gaussian distribution is exemplified in the following 

case, where the total frequency along each 45° diagonal of the class B hand- 

blanks of Table 12 are compared with the expected totals in a normal dis­

tribution of 38 observations:

E,
Expect

o,
Found (E-O)2

0. 3 0 0. 3
1. 1 2 0. 7
3. 0 5 1. 3
6. 1 6 0. 0
8. 6 6 0. 7
8. 6 6 0. 7
6. 1 4 0. 7
3. 0 5 1. 3
1. 1 3 3. 3
0. 3 1 0. 2

L = 9. 2 = chi-square

The hypothesis that the observed frequences are normally distributed 

is not rejected, since the difference between the two is not significant ac­

cording to the calculated chi-square number.

The expected, normal distributions can be viewed as the smoothed 

distributions of the observed data by virtue of the foregoing, favorable tests. 

These smoothed distributions, expressed as percent of occurrence, are 

given in Table 13. It will be noted that along each +45° diagonal in Table 12
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the numerical sum of the Sb code and Ba code is constant, where it is con­

sidered that A = 1, B = 2, C = 3, etc. This numerical constant is designated 

by a Roman numeral in Table 13. For example, Roman numeral VII speci­

fies the (Sb, Ba) diagonal (A, F), (B,E), (C,D), (D,C), (E,B), (F,A) that 

appears in Table 12.

The probabilities given in Table 13 enabled the computation of the 

probability that any particular combination of Sb and Ba values resulting 

from the analysis of a handlift represents a handblank (lack of firing), 

where the handblank classification and caliber of weapon are known. This 

point of view is consistent with traditions of American jurisprudence in that 

it tests the assumption that the person, from whom a handlift was taken, is 

innocent. The array of these probabilities associated with each handblank 

classification (A, B, and D) in conjunction with 0. 22, 0. 25, 0. 38, 0. 45, and 

9 mm weapons is given in Table 14.

The interpretation described, which is consistent with the various 

physical and mathematical considerations, has the virtue of simplicity of 

application. The results of a given handlift analysis may be simply cate­

gorized and the probable innocence (of firing) can be read directly from 

Table 14.

The revision of Table 14 to include Table 5 Supplement data affects 

the probabilities very little for 0. 38 caliber and 0. 45 caliber cases and not 

at all for 0. 22 caliber cases. The revised probabilities for 0. 38 caliber 

and 0.45 caliber cases are given in Table 15.
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Table 13

SMOOTHED DISTRIBUTION OF OBSERVATION PROBABILITIES, 
IN PERCENT, FOR EACH 45° DIAGONAL IN TABLE 12

Diagonal
Handblank Class Firings, Weapon Caliber

Category A B D 0. 22 0. 25 0. 38 0, 45 9 mm

II 0. 6

III 3. 3

IV 9.4 0 0 0

V 14.2 0. 1 0. 4 0. 3

VI 12. 6 0. 7 0. 9 0. 6 0

VII 10. 8 2. 8 2. 2 1.3 0. 4

VHI 12. 0 7. 9 4. 5 2. 5 0.9

IX 13.2 15. 9 7. 8 4. 3 2. 2 0

X 11.0 22. 6 11. 5 6. 8 4. 5 0. 4

XI 7. 3 22. 6 14. 7 9.4 7. 8 0 0. 9

XII 3. 5 15. 9 15. 8 11.6 0 11.5 0. 4 2. 2

XHI 1.2 7. 9 14. 7 13. 1 0. 7 14. 7 0. 9 4. 5

XIV 0. 4 2. 8 11.5 13. 1 2. 8 15. 8 2. 2 7. 8

XV 0. 3 0. 7 7. 8 11.6 7. 9 14. 7 4. 5 11.5

XVI 0. 1 0. 1 4. 5 9.4 15. 9 11.5 7. 8 14. 7

XVII 0 0 2. 2 6. 8 22. 6 4. 5 11.5 15. 8

XIX 0. 9 4. 3 22. 6 4. 5 14. 7 14. 7

XX 0 2. 5 15. 9 2. 2 15. 8 11.5

XXI 1.3 7. 9 0.9 14. 7 7. 8

XXII 0. 6 2. 8 0. 4 11.5 4'. 5

XXIII 0. 3 0. 7 0 7. 8 2. 2

XXIV 0 0 4. 5 0. 9

XXV 2. 2 0. 4

XXVI 0. 9 0

XXVII 0. 4

xxv m 0
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Table 14

PROBABILITY (IN PERCENT) THAT Sb AND Ba VALUES FALLING IN A GIVEN CATEGORY 
REPRESENT A HANDBLANK, WHERE OCCUPATIONAL HANDBLANK CLASS

AND WEAPON CALIBER ARE SPECIFIED

Diagonal
0. 22 Cal. , and 

Handblank Class
0. 25 Cal. , and 

Handblank Class
0. 38 Cal. , and 

Handblank Class
0. 45 Cal. , and 

Handblank Class
9 mm, and 

Handblank Class
Category A B D A B D A B D A B D A B D

II

III

IV >99. 5

V 97. 0 25. 0 57. 0

VI 96. 0 54. 0 60. 0 >99. 5 >99. 5 >99. 5

VII 89. 0 69. 0 63. 0 96. 0 88. 0 85. 0

VIII 83. 0 76. 0 64. 0 93. 0 90. 0 83. 0

IX 76. 0 79. 0 66. 0 86. 0 88. 0 78. 0 >99. 5 >99. 5 >99. 5

X 62. 0 77. 0 63. 0 71. 0 83. 0 72. 0 96. 0 98. 0 97. 0

XI 44. 0 73. 0 61. 0 48. 0 74. 0 66. 0 >99. 5 >99. 5 >99. 5 89. 0 96. 0 94. 0

XII 23. 0 58. 0 58. 0 >99. 5 >99. 5 >99. 5 23. 0 58. 0 58. 0 90. 0 98. 0 98. 0 61. 0 88. 0 89. 0

XIII 9. 1 38. 0 53. 0 63. 0 92. 0 96. 0 7. 6 35. 0 50. 0 5 7. 0 90. 0 94. 0 21. 0 64. 0 77. 0

XIV 3. 0 18. 0 47. 0 25. 0 50. 0 80. 0 2. 5 15. 0 42. 0 15. 0 56. 0 84. 0 4.9 26. 0 60. 0

XV 2. 5 5. 7 40. 0 3. 6 8. 1 50. 0 2. 0 4.6 35. 0 6. 3 14. 0 64. 0 2. 5 5. 9 41. 0

XVI 1. 1 1. 1 32. 0 0. 6 0. 6 22. 0 0. 9 0.9 28. 0 1. 3 1. 3 36. 0 0. 7 0. 7 24. 0

XVII <0. 5 <0. 5 24. 0 <0. 1 <0. 1 8. 9 <0. 1 <0. 1 22. 0 <0. 5 <0. 5 16. 0 <0. 1 < 0. 1 11. 0

XVIII 17. 0 3. 8 17. 0 5. 7 5. 7

XIX 14. 0 2. 5 15. 0 2. 5 3. 4

XX <0. 5 <0. 5 <0. 5 <0. 5 < 0. 5



Table 15

PROBABILITY (IN PERCENT) THAT Ba AND Sb VALUES FALLING 
IN A GIVEN CATEGORY REPRESENTS A HANDBLANK, 

WHERE OCCUPATIONAL HANDBLANK CLASS AND 
WEAPON CALIBER ARE SPECIFIED4

0. 38 Cal. , and 0. 45 Cal. , and
, Handblank Class Handblank Class

Diagonal ---------------------------- ----------------------------
Cate gory A B D A B D

VI >99. 5 >99. 5 >99. 5

VII 97 90 88

VIII 92 89 83

DC 83 86 75

X 67 80 68

XI 46 72 63 >99. 5 >99. 5 >99. 5

XII 24 59 58 95 99 99

XIII 9. 4 41 56 60 91 95

XIV 3. 2 19 49 15 55 84

XV 2. 3 5. 3 38 5. 9 13 62

XVI 0. 8 0. 8 26 1. 3 1. 3 37

XVII <0. 1 <0. 1 18 <0. 1 <0. 1 19

XVIII 12 7. 8

XDC 11 3. 6

XX <0. 5 <0. 5

a Table 5 Supplement Data Included
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6. DISCUSSION AND CONCLUSION

The two methods of interpreting the gunshot residue data give some­

what different ways of judging the analytical data from a given handlift, 

although they have the same sense when it is considered that a firing usually 

must be proven in court beyond a reasonable doubt. Both methods clearly 

indicate those results that may be taken to have >99% chance of being due to 

a handblank and those that have >99% chance of being due to a firing. The 

critical areas defined in the decision procedure are analogous to the middle 

diagonal categories in Tables 14 and 15, and it can be seen in Table 11 that 

the decision procedure probabilities of interpreting a true firing as a hand- 

blank are generally greater than the probabilities of accepting a true hand- 

blank as a firing when results fall in the relevant critical area. Needless 

to say a jury would likewise be constrained to favor the defendant accused 

of a shooting in any case where the results fell into the diagonal category 

XII or less in Table 14.

Both interpretation methods have a degree of reliability commen­

surate with the sample sizes available in the various categories. The fact 

that 0. 38 caliber and 0. 45 caliber probabilities were not seriously per­

turbed (and the fact that 0. 22 caliber probabilities were not at all affected) 

by the addition of Table 5 Supplement data to the original Table 5 data in 

the simpler interpretation method supports this contention for that method. 

The decision method uses the same data and is mathematically more rigor­

ous: therefore, despite the use of some parameters (Table 10) not based 

on univariate Gaussian distributions, this method should be just as, if not 

more, reliable.
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The results of both interpretations show that there are distinct 

differences between calibers in over-all probability of being able to reject 

the hypothesis that data indicate a handblank. When class A handblanks are 

considered, ~25% of 0. 22 caliber firing will be distinctly recognized as 

such from handlift analysis (where the cartridge brand is unspecified). By 

contrast ~90% of 0. 25 caliber firings will be so indicated.

Referring to the fourth continuation page of Table 5, it is evident 

that the brand of 0. 22 caliber bullets will influence the ability of TNAA to 

specify whether or not a person fired the weapon. The reason is that there 

is one U. S. manufacturer who makes one caliber of bullets that have pri­

mers devoid of antimony. It is interesting that antimony in excess, on the 

average, of the average class A handblank level was found subsequent to 

firing such cartridges. This was found to be due to the presence of Sb in 

bullet lead, fragments of which are deposited on the hand during a firing. 

Most of the bullet leads of that brand of cartridge had~l% wt Sb. Thus, 

despite the lack of Sb in the primers, there is still a finite chance of de­

tecting a firing.

While it might be argued that a larger data base would be desirable, 

the essential objectives of the study have been met, the utility of TNAA in 

the detection of gunshot residues has been defined, and the sets of probab­

ilities germane to the most frequently encountered cases have been defined. 

The TNAA method constitutes the best and most reliable method of defini­

tively identifying gunshot residues that is available to the criminalist at 

this time.

110



REFERENCES

1. M. E. Cowan and P. Pardon, A Study of the "Paraffin Test", J. of 
Forensice Science, 12^(1967) pp 19-36.

2. I. Castellanos, La Prueba de La Parafina, Tomo 1, Serie Cubana 
De Criminalistics, published as Volumen CXDC in the Biblioteca 
Juridica de Autores Cubanos y Extranjeros, Havana (1948).

3. The Dermal Nitrate Test, FBI Law Enforcement Bulletin 4, 5 (1935).

4. H. W. Turkel and J. Lipman, J. Grim. Law, Criminology and Police 
Science, 46 (1955) pp 282-284.

5. Gunpowder Tests, the FBI Law Enforcement Bulletin, July-August 
1949.

6. H.C. Harrison and R. Gilroy, Firearm Discharge Residues, J. 
Forensic Science, 4, (1959) pp 184-199.

7. R.R. Ruch, V. P. Guinn and R. H. Pinker, Detection of Gunpowder 
Residues by Neutron Activation Analysis, Nuclear Science and Engi­
neering 20^(1964) pp 381-385.

8. V. P. Guinn, The Determination of Traces of Barium and Antimony 
in Gunshot Residues by Activation Analysis, Proc. of the First 
International Conference on Forensic Activation Analysis (edited by 
V. P. Guinn), published by Gulf General Atomic, GA-8171 (1967) 
pp 161-175.

9. V. P. Guinn, Non-Biological Applications of Neutron Activation 
Analysis in Forensic Studies, Vol. Ill of Methods of Forensic 
Science, A. S. Curry editor, Inter science Pub. , (1964) pp 47-68.

10. R.R Ruch, J. D. Buchanan, V. P. Guinn, S. C. Bellanca and R. H. 
Pinker, Neutron Activation Analysis in Scientific Crime Detection — 
Some Recent Developments, J. of Forensic Science, 9 (1964)
11 119-133.

Ill



11. Annual Reports, available from the AEC. The reports and the 
periods they cover are listed:

a. GA-5556 — May 1, 1 962 through October 31, 1963
b. GA-6152 — November 1, 1 963 through October 31, 1964
c. GA-7041 — November 1, 1964 through December 31, 1965
d. GA-801 3 — January 1, 1966 through October 31, 1966
e. GA-9822 — June 1, 1968 through May 31, 1969

12. V. P. Guinn, H. R. Luke ns and H. L. Schlesinger, Application of 
Neutron Activation Analysis in Scientific Crime Investigation, A 
Comprehensive Report Covering the Six-Year Period May 1, 1962 
through May 31, 1968", USAEC Report GA-9807, Gulf General 
Atomic Incorporated (1970).

13. W. S. Lyon, Jr., Guide to Activation Analysis, D. Van Nostrand Co. , 
Inc. , New York (1964).

14. T.W. Anderson, An Introduction to Multivariate Statistical Analysis, 
Wiley, New York (1958).

15. C. Groenewoud, D.C. Hoaglin and J. A. Vitalis, Bivariate Normal 
Offset Circle Probability Tables with offset Ellipse Transformations, 
Cornell Aeronautical Laboratory, Inc. , Buffalo, New York (1967).

16. C.R. Rao, Linear Statistical Inference and Its Applications, Wiley, 
New York (1965).

17. G. D. Newton and F. E. Zimring, Firearms in American Life, publ. 
by National Commission on the Causes and Prevention of Violence, 
U.S. Gov't. Printing Office (no date given).

18. C.C. Thomas, Jr., K. K.S. Pillay, J. A. Sandel and R. C. Thomas, 
"Activation Analysis of Gunpowder Residues Containing Rare-Earth 
Tracers," Trans. Am. Nucl. Soc. 10, 67 (1967).

19. K. K. S. Pilay, C.C. Thomas, Jr., D. M. Hart, D. Didi sing and 
R.C. Thomas, "Applications of Rare Earth Tracers to Gunpowder 
Residues, " Nuclear Applications and Technology 8, 73 (1970).

20. H. R. Lukens and V. P. Guinn, "Neutron Activation Analysis of 
Bullet Lead," Trans. Am. Nucl. Soc. 10, 66 (1967).

21. H. R. Lukens, "A Simple Method of Interpreting Sb and Ba Values 
from the Analysis of Handlifts, " Gulf General Atomic Report GA- 
10245 (July 22, 1970).

112



APPENDIX 1

113





1. METHOD OF ANALYSIS

Through the years of its use in this Laboratory, the procedure to 

determine levels of barium and antimony in handlift samples has changed 

in minor details. The version given here is that used at this time. It is 

given in considerable detail to aid other workers who might be interested 

in doing similar work. Following the description of the method are dis­

cussions of alternate procedures and the question of interferences.

1. 1 IRRADIATION PARAMETERS

Irradiations are conducted in the rotary specimen rack of the 

TRIGA Mark I nuclear reactor at Gulf General Atomic. The rack rotates 

at the rate of one revolution per minute about the midline of the reactor 

core, smoothing out flux perturbations in the plane of rotation. The sam­

ples and standards are shimmed, if necessary, so that all are the same 

vertical distance above the floor of the rack. Since flux perturbations in 

both the horizontal and vertical axis are compensated for, no flux monitors 

are required, saving considerable time and effort when large numbers of 

samples are to be analyzed. While the rotary specimen rack can accomo­

date forty samples in one horizontal plane, no more than sixteen samples

have been irradiated simultaneously in this study to minimize the loss of
139activity of 83-minute Ba (described more fully below).

The thermal neutron flux in the rotary specimen rack is about 1. 8 
x 10^ neutrons/cm^-sec. Thirty-minute irradiations yield activities 

adequate for the detection of as little as 0. 01 micrograms of barium and

0. 002 micrograms of antimony under the counting parameters employed. 

This is more than sufficient for the purpose of the analysis.
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1. 2 RADIOCHEMICAL PROCEDURE

While the paraffin used in this study is quite low in organic contam­

inants, perspiration transferred to the paraffin in preparing handlifts (see 

Appendix 2) contains sufficient sodium, chlorine, copper, and manganese 

to require that radiochemical separations be performed to isolate the 

barium and antimony cavities. The following scheme is used:

1. Solutions Required

a. Copper carrier. Usually prepared by dissolving copper 

wire in nitric acid. The final solution is to contain ~ 2. 0 

mg Cu+2/ml.

b. Barium carrier. Usually prepared by dissolving barium 

nitrate in distilled water to yield a final concentration of 

about 10 mg/ml of barium.

c. Antimony carrier. Prepared by dissolving spectrographic 

grade metal in hydrochloric and nitric acids. The solution 

used contains about 10 mg/ml of antimony.

d. Barium standard. The carrier solution is standardized by 

a standard quantitative procedure. An aliquot is precipi­

tated as the sulfate, filtered, ignited and weighed. Dilu­

tions of the standardized solution are made to a final con­

centration of 50-100 micrograms/ml.

e. Antimony standard. An aliquot of the carrier solution is 

diluted to a final concentration of about 10 micrograms/ml.

f. Dithizone solution. Dissolve 300 mg dithizone in 100 ml 

of chloroform. Baker dithizone has been used without 

further purification. Bottles of dithizone are stored in a 

dessicator and the solution made immediately before use.
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2. Procedure

a. Extraction of inorganic ions. Place the following in a 150 

or 250 ml beaker.

1. 1. 00 ml of copper carrier solution

2. 2. 00 ml of antimony carrier solution

3. 1. 00 ml of barium carrier solution

4. 3. 5 ml of concentrated hydrochloric acid

5. 0. 5 ml of concentrated nitric acid

6. ~ 100 mg of sodium chloride

7. ~ 15 ml of distilled water

8. Paraffin sample

Place a glass cover over the beaker and boil on a hot plate 

for at least 5 minutes. Swirl occasionally. Cool the 

beaker in an ice bath until the paraffin solidifies. Then 

transfer the aqueous solution to a 50 ml centrifuge tube.

b. Barium separation. While the solution is still warm add 

10 drops of concentrated sulfuric acid and stir vigorously. 

Barium sulfate precipitate should form within one minute. 

The precipitation will be slow if the solution is cold. 

Centrifuge and transfer the supernatant liquid to another 

centrifuge tube. Wash the precipitate three times with 

about 15 ml aliquots of distilled water, being careful to 

disperse the precipitate during each washing and to wash 

down the lip of the tube. Centrifuge between washings. 

After the last washing the precipitate is transferred to a 

2-dram polyethylene vial for counting. Chemical yields 

average 85%.

c. Antimony separation. Use a 50% aqueous solution of 

sodium hydroxide to adjust the pH of the solution to 1. 5 -

2. 0 using narrow-range pH paper or two drops of 0. 04% 

metacresol purple indicator. Allow the solution to cool.
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Transfer to a separatory funnel and extract twice with 5 ml 

aliquots of dithizone. Discard the organic layer. Continue 

washing with chloroform until the organic layer is colorless. 

If a pink tinge is seen in the organic layer after the first 

chloroform wash, check the pH of the aqueous layer, re­

adjust the pH if necessary, and add 5 ml of dithizone solu­

tion, then continue washing with chloroform.

Transfer the aqueous phase to a 40 ml centrifuge 

tube. Do noi. include any chloroform, which may cause 

bumping later on. Add 3 ml of concentrated hydrochloric 

acid and about 50 mg of thioacetamide. Place the tube in 

a boiling water bath and heat until a deep red precipitate 

of SbgS-j has formed and coagulated.

If the solution is not red after about 10 minutes add 

another portion of thioacetamide. Centrifuge and discard 

the supernatant liquid. Add about 10 ml of concentrated 

hydrochloric acid and warm the tube until the red precipi­

tate has dissolved. Add about 20 ml of distilled water to 

the tube and centrifuge strongly to remove the colloidal 

sulfur. Transfer the supernatent liquid to a new centrifuge 

tube and add about 20 ml of water and 2 ml of chromous 

chloride solution. Place the tube in a boiling water bath 

for about 30 minutes and leave overnight. A disposable 

pipet is used to transfer the sample to a 2-dram polyethy­

lene vial for counting. The chemical yield is about 70%.

d. Preparation of the barium standard. About 3 ml of stan­

dard is irradiated with each set of samples. After irrad­

iation, 1. 00 ml is pipetted into a 2-dram polyethylene vial 

and a few drops of concentrated sulfuric acid is added.

Water is added to adjust the liquid level in this vial to 

equal that for the samples.
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e. Preparation of the antimony standard. Since chromous 

chloride solution will not reduce antimony to the metal in 

the presence of nitric acid, the antimony standard solution 

is first precipitated as the sulfide with thioacetamide, then 

treated according to the procedure described in c, above.

f. Comments on the chemicals used. Only analytical grade 

reagents were used without further purification, unless 

otherwise indicated. Both "Oxorbent" and Fisher chrom­

ous chloride solutions have been used. The Fisher mate­

rial uses mineral oil to prevent air oxidation, which must 

be removed and replaced with diethyl ether.

g. An ordinary laboratory centrifuge will not remove all of 

the colloidal sulfur remaining after the antimony sulfide 

has been dissolved with hydrochloric acid. If the chemical 

yield is determined by reirradiating the sample, (see be­

low) the sulfur is harmless. If a gravimetric method is 

used, careful technique and repeated centrifugings are re­

quired to remove the last traces of sulfur.

1. 3 DETECTION OF INDUCED ACTIVITY

1. Counting Procedure for Barium

To achieve better sensitivity and to minimize errors due to 

differing sample geometries, both the barium and antimony are 

counted in well detectors. Standard 3 in. x 3 in. , well-type, 

Nal(Tl) detectors are used, coupled to 400 channel pulse height 

analyzers. When large numbers of samples are analyzed simu­

ltaneously, three similar systems are used. In general, the 

factor limiting the number of samples to be analyzed simul­

taneously is the requirement that less than two half-lives (166 

minutes) elapse between the end of the irradiation and the end
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of count of the last sample. Count times are adjusted to the 

activity of the sample being counted, but do not exceed 15 min­

utes. Analyzer gain is 3. 75 keV/channel and the 160 keV V-ray 

of 83 minute •'-'^Ba is the analytical indicator.

2. Counting Procedure for Antimony

The same equipment described above is used for determing the

antimony content of the sample, using the 564 keV "Y-ray of 2. 8 
1 22day Sb as the analytical indicator. The analyzer gain is ad­

justed to 7. 5 keV/channel for this measurement. The counting 

time is adjusted for the activity of each sample, but in no case 

is longer than 60 minutes.

3. Notes on the counting procedure

a. Both barium sulfate and antimony metal are relatively dense 

and settle to the bottom of the 2-dram polyethylene vials in 

a few minutes. The precipitate should not be disturbed 

while placing the sample in the detector.

b. To eliminate errors due to the effect of "Y-ray self-attenua­

tion in samples and standards, the liquid levels in all vials 

prepared for counting should be nearly the same.

1. 4 REIRRADIATING FOR YIELD

It has been found to be very convenient to reirradiate the samples 

after counting to determine the chemical yield. The procedure used is to 

irradiate the samples in the pneumatic transfer system of the TRIGA Mark 

I nuclear reactor for between 10 and 15 seconds. About 70 samples can be 

irradiated in 30 minutes. After irradiation the exterior of the vials are 

rinsed to remove any transferrable radioactivity and the samples are 

counted sequentially for about 0. 2 minutes each (counting times are ad­

justed so that at least 10, 000 counts are found in the net photopeak area).

No flux monitors are used, or required. The sample geometry has already
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been adjusted as described above and the stability of the neutron flux during 

reactor operation has been shown to be very good.

1. 5 CALCULATIONS FOR DETERMINING THE BARIUM AND ANTIMONY 
CONTENT OF THE SAMPLES ARE CONVENTIONAL

The net photopeak area due to the analytical indicator is determined 

for the standard and the samples. This is expressed in counts/minute and 

appropriate decay corrections made. Corrections for the chemical yield 

are applied. (See Reference 13 for a detailed discussion of the principles 

involved. ) The corrected counts/minute derived from the known weight of 

the element irradiated as a standard is then compared to that from each 

sample. In large-scale studies it has been found very convenient to use a 

high-speed computer to do these calculations. The SHERRY, or SHERRY 

2 computer programs, written at this Laboratory, are employed; using the 

Model 1108 UNIVAC computer at this facility. All of the calculations re­

quired for determining the barium and antimony content of 20 samples can 

be performed for about $10.

1. 6 CALCULATIONS FOR DETERMINING THE CHEMICAL YIELD BY 
REIRRADIATING THE SAMPLE

Since the antimony standard is carried through several chemical 

reactions, the yield is not quantitative and a chemical yield for the stan­

dard appears necessary to complete the calculation for the amount of anti­

mony in the sample. As a matter of fact, the chemical yield for the stan­

dard is unnecessary. A derivation proving this is given.

Define the following terms:

X and Y are the activities, corrected for saturation and decay 

and expressed as net counts in the photopeak per unit time, 

experimentally obtained for the sample and standard, respec­

tively, after the first irradiation and chemical separation.

121



x1 and yl are the activities, expressed in the same terms, 

determined after the samples are irradiated.

kx and ky are constants with values * 1, which are the reci­

procals of the chemical yields for the sample and standard 

after reirradiation.

Then

x
y

k X x
k Y

y
U>

where x and y are the amounts of the element present in the 

sample and standard, respectively.

If the carrier is equilibrated with the radioactive nuclei of the 

element, one can write

1x
1

y

k
_X. 
kx

Then from Eqs. 1 and 2:

x

(2)

(3)

The absolute amount of die carrier present does not appear in 

Eq. 3.

1. 7 DISCUSSION OF THE ANALYTICAL SCHEME AND SOME VARIATIONS

1. The barium separation is very rapid and requires little comment, 

In a few of the hundreds of samples analyzed, residual sodium- 

24 activity has been observed, probably originating from in­

adequate washing of the precipitate.
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2. The antimony separation procedure, including the dithizone 

extraction step for the elimination of copper is fairly involved. 

Activity ascribed to the positron-emitter, copper-64, has been 

observed on occasion, requiring the use of spectrum stripping 

to eliminate the resulting shoulder on the 564 keV Y-ray photo­

peak. Detection of the 412 keV photopeak of gold-198 is rather 

common and has been associated with handlifts from wearers 

of gold rings and watches. The possibility of confusing the 

559 keV y-ray of 27-hour arsenic-76 with that originating from 

antimony has been eliminated by verifying the presence of the 

686 keV Y-ray from antimony-122, and in some cases by mea­

suring the apparent half-life.

The fact that 60-day antimony-124 emits a Y-ray with 603 

keV energy has been considered. All of the samples in a series 

are counted within five hours of the time that a standard is 

counted and counting begins on the day after irradiation. The 

error introduced by the presence of the longer-lived isotope is 

negligible under these conditions.

3. Antimony ions can exist both in the III and V valence state. 

Exchange between these states is slow in hydrochloric acid 

solutions. An experiment was performed to determine the 

extent to which exchange occurred under the conditions of this 

procedure.
One ml of 20 microgram/ml Sb^ solution was irradiated, 

then oxidized to the V state with ceric sulfate. The excess 

ceric ion was then reduced with hydroxylamine hydrochloride. 

The resulting tracer solution was carried through the proced­

ure, using Sb^ carrier. Each precipitate and discarded solu­

tion was checked for activity. Eighty percent of the total acti­

vity was found in the antimony sulfide precipitate, the remainder 

was distributed in a fairly equal fashion in the discarded super­

natent liquids and the sulfur precipitate.
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One can conclude from these results that the addition of 

nitric and/or sulfuric acid promotes exchange between Sb^ 

and Sb^, and therefore no error due to lack of equilibration of 

these states occurs.

4. In early work the barium and antimony yields were determined 

gravimetrically. This procedure worked satisfactorily except 

that care is required to eliminate sulfur from the antimony 

precipitate.
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1. COMPONENTS

1. 1 PARAFFIN

It was shown in very early work that "Parowax", a product of the 

American Oil Company, contains barium and antimony in such low concen­

tration that contamination from this source can be ignored. On numerous 

occasions different batches of this material have been analyzed and the 

barium and antimony levels are consistently very low. While it is probable 

that similar products manufactured by other companies have the same 

freedom from impurities, they have not been analyzed. Parowax is 

nationally distributed and sold for use in home canning. It is conveniently 

packaged in quarter-pound slabs. All of the work reported in this study 

employed this material.

1. 2 BRUSHES

Various inexpensive varnish brushes have been used. These brushes 

were all "natural bristle" brushes in one or two-inch size. Blanks ob­

tained by dipping new brushes in molten paraffin and transferring the para­

ffin to clean empty polyethylene vials have consistently been very low.

On early work the same brush was used repeatedly in taking con­

secutive samples, with no apparent transfer of residues to the molten 

paraffin bath. In later work brushes were used once, then discarded (see 

Section 4 on Taking of Handlifts for a discussion of this point).

1. 3 POLYETHYLENE VIALS

Four-dram vials, products of the Olympic Plastic Co. , with snap 

tops were used to contain the samples. These vials are prepared by wash­

ing once with soapy water, once with dilute nitric acid, three times with
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distilled water, and twice with acetone. The acetone is used to reduce the 

drying time and thus shorten the exposure of the vials in an open container. 

After drying, the vials are sealed in a clean plastic bag for use.

1. 4 PLASTIC GLOVES

Various polyethylene and synthetic rubber disposable gloves have 

been used.

2. TESTS OF COMPONENTS

The best proof that the components employed do not contain signifi­

cant amounts of barium or antimony is that is is possible to repeatedly 

obtain actual samples, which when analyzed contain very low levels of these 

elements.

2. 1 OTHER COMPONENTS

A hotplate, thermometer, clean beaker, marking pencil, and paper 

napkins are used.

3. TAKING OF HANDLIFTS

One or two 1/4 lb slabs of paraffin are placed in a beaker and 

melted on the hotplate. The temperature is adjusted to about 120°F. The 

person to be sampled is asked to place his hand over a paper napkin, palm 

down and fingers extended. A brush is dipped into the paraffin and stroked 

over the back of the hand. Strokes are made with the brush almost parallel 

to the skin and paraffin is flowed, rather than brushed, onto the skin. The 

tendency of some persons to press the brush into the skin led to the policy 

of not returning the brush to the paraffin, but rather replacing it with an 

unused brush. With practice, sufficient paraffin can be carried on one 

2 in. varnish brush to complete one handlift.
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After the paraffin has solidified, droplets which have run out of the 

area to be sampled (see below), are removed and discarded. Occasionally 

a bristle will be found embedded in the paraffin. It is removed. The per­

son is then asked to make a fist. This loosens the paraffin and it is re­

moved. Disposable gloves are always worn. The soft paraffin is crumpled 

and placed into a premarked vial. The vial is closed and not opened until 

after it has been irradiated.

The degree to which the molten paraffin adheres to the skin varies.

It is apparently a function of the amount of oil on the hand. On one occasion 

a surgeon who had just finished an operation was sampled and it was found 

extremely difficult to remove the paraffin from his hand. Probably the 

pre-operation washing had completely depleted his skin oil. Also, during 

repeated testing of the same hand, it was found that the paraffin becomes 

progressively more difficult to remove since the hand must be washed be­

tween firings.

Experiments have been performed to test the efficacy of paraffin 

in removing particles from the hand. Finely, powdered graphite was 

lightly dusted on a hand, which was then covered with paraffin. About half 

(estimated from visual inspection) of the graphite was removed. A smaller 

fraction is removed if the graphite is pressed into the skin with the other 

hand. This is undoubtedly one source of the variability observed when con­

secutive samples are obtained from firings of the same weapon.

4. GUNSHOT RESIDUE KIT

A kit has been prepared for use by investigative personnel which 

contains the items described above in a compact form. In addition, a set 

of instructions and a mailing container for the samples are included.
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In the discussion that follows, and X£ will denote the common 

logarithms of the amounts of Ba and Sb, respectively, determined by sam­

pling the hand, followed by the NAA procedure. Each observation can be 

thought of as an ordered pair, or two-dimensional vector (X^, X2), and it

will be assumed that the random vector X = (X^, Xg) follows a bivariate
/14)normal distribution. '

This distribution is characterized by a mean vector ji = 

and a covariance matrix i, where

$
aiiai2] 

ia21CT22J
and Of.12 21

(1)

The bivariate normal distribution has a density function, f, given by

£(X1’X2I =
expf-^Qfx^ x2)]

2v aiia22
(1-P2i|4 ' (2)

where

» ‘ ff12/toll<J22) (3)

is the correlation between X^ and Xg, and

Qtx^Xg) =
2(1 -p)'

(X1 ' ^l1'

11

P(X1 " M1,(X2 ‘ ^2}

^11° 22^

(x2 ‘ *A2)

22
(4)
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The probability that the point X falls in any region of the (X^, X2) plane is 
obtained by integrating f over that region. Moreover, it can be shown^"^ 

that

and

Mi

CO CO

f f xij<*l’x2)dxidx2 • ‘
-00 - 00

1, 2

CT.. 
ij

- Mi)(xj - fij) f(xl. X2)dxi dx2

(5)

(6)

for i, j = 1, 2. Thus, n. is the mean, or expected value, of x. and a . is
'i in

the variance is the standard deviation) of x^.

A means of visualizing the shape of this distribution is provided by 

the geometric properties of the surface determined by the density function, 

or, alternatively, the level curves of the surface, i. e. the set of points in 

the (X , X ) plane determined by the equations,
X ^

Q(X1. X2) = c . (7)

For various choices of positive numbers, c, these are concentric ellipses

centered at the point . The probability attributed to the exterior of such

an ellipse is equal to e-c. In case p = o, the major and minor axes of the

ellipses are paralleled to the coordinate axes.

Finally, a most important property of this distribution, is that the

random variables, X and X , are independent if and only if p = o .
1. £*

For each group of data the sample mean vector, X, and sample 

covariance matrix, S, were computed in the usual way. Specifically, the 

measurements X(l),.......... .. X(n) consist of pairs:

X(k)
X^k)

x2(k)_ (8)
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where X..(k) and are the (common) logarithms of the amounts of
^ th

barium and antimony, respectively, found in the k— handlift by the NAA

procedure, for k = 1,............. n. The number of measurements, n, is diff­

erent for each of the groups. The sample means are then defined by

X.
i

„ n

i-X.k=l
X.(k) (9)

for i = 1,2, and the elements of the sample covariance matrix are given by

s.. 
ij

n
(X.(k) - X.)(X.(k) - X ) (10)

for i = 1, 2, and j = 1, 2. Since the sample mean vector and covariance 

matrix are defined as

X and

S11 S12
S =

® 21 s 22

respectively, the sets of equations (9) and (10) can be written in vector- 

matrix form as

X
_1
n

n
X(k) and

k=l ~

s = _i_. . V (X(k) - X)(X(k) - X)'
n - 1 fel ~

(ID

(12)
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respectively, where denotes transpose. From the sample covariance 

matrix, the sample correlation, r, is computed by:

r S12/(S11S22)i (13)

For each group, the calculated sample mean vector and covariance 

matrix were used as estimates of the corresponding parameters of the 

theoretical bivariate normal distribution that is assumed to describe the 

probabilistic mechanisms governing the observations. The extent of agree­

ment between the theoretical model and the actual data is illustrated for 

each group in Figs. 1 to 29 of this report. In each figure, several ellipses 

of concentration, corresponding to level curves (points of constant value) 

of the associated bivariate normal density function, have been superim­

posed on a scatter diagram of the actual data points in the group. For ex­

ample, the 50 percent ellipse of concentration contains an area (centered 

at the mean vector X ) to which the theoretical distribution attributes a pro- 

ability of 0. 50. Hence, if there is good agreement between the model and 

the measurements, one would expect about half of the data points to fall 

within this ellipse. Similar remarks apply to the other ellipses.

All of the diagrams are plotted on the same scale, in order to faci­

litate comparisons of the size and shape of the estimated theoretical distri­

butions among the various groups of data.

Several different tests of the descriptive mathematical model were 

carried out, based upon the chi-square goodness-of-fit criterion. These 

tests are adaptations of standard techniques to measure the extent of agree­

ment between a set of data and a probability distribution which is assumed 

to describe the data. The general method is to divide the population of 

interest into several regions, and then compare the observed number of 

data points in each region with the number which would be expected to be 

found in that region according to the assumed distribution and the given
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sample size. The key idea underlying this class of methods is that a sta­

tistic (i. e. a function of the observations) can be constructed which has an 

approximate chi-square distribution provided that the observations are 

governed by the assumed distribution. It should be noted that, on the 

average, the accuracy of this type of goodness-of-fit test increases as the 

sample size increases. Moreover, close agreement between the data and 

the model does not necessarily imply theoretical evidence for the validity 

of the model. Such agreement can be interpreted, however, as empirical 

justification for the use of the model to approximate the physical situation.

For each of the categories of data, a goodness-of-fit to the bivariate 

normal (BVN) distribution was performed using the chi-squared distribution. 

In each case, the results indicated that the assumption that the data is 

governed by a BVN distribution is indeed valid. The regions used in the 

tests were determined from the theoretical ellipses of concentration.
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INTRODUCTION

The BVN computer program is designed to obtain values for the 

parameters k and 0, given a desired Qt and the hypotheses H0 and Hp 

This is accomplished by performing a series of double numerical integra­

tions over a sequence of critical regions until a value of k is obtained for 

which the computed a approximates the desired a . When this k is ob­

tained, one more double integration is performed to calculate /3.

DESCRIPTION

For each case being analyzed, a desired value of a is input, followed 

by the parameters of the bivariate normal (BVN) distributions describing 

H0 and Also input are two guesses of bounds on the parameter k;

these are called k^ and k^. A series of coordinate transformations is per­

formed until the critical region can be defined as a portion of the region 

lying between the two branches of a hyperbola whose equation is either

Note: In this section (x, y) will be used to designate the coordinate variables 
rather than (x^, Xg).

The next step performed is to integrate the transformed BVN des­

cribing Hq over two critical regions whose parameters are described by

141



kj and respectively, k enters into the calculation of a and b in the 

following manner:

and

2
a

c + k 
r

c + k 
s

If c + k> o, the critical region is simply the area between the two 

branches of the hpperbola. If c + k<o, the critical region is the cross 

hatched area of the region pictured below:

(or this region rotated 90°).

For kj and ku> the integrals of the BVN over the critical regions 

are called 0L\ and o^. respectively. If the input a is such that < a < <2U 

or au < a < aj the calculation continues. If neither of these conditions is 

met, the calculation is terminated with and au printed to help in selec­

tion of more appropriate kj and ku for another run. When either condition 

is met, a new k.

k
n

k + k 
1 u

2

is selected and a corresponding an computed. It is assumed that a is a

monotonic function of k and thus a. lies between ou and a . £ isn 1 u n
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compared with a, 0£u and and the appropriate interval either (a^, o^) 

or (an. ttu) is selected and the interval halving procedure continued by 

chosing a new kn and a new an- This process is continued until

a - a o. 005 .
n

The kn corresponding to this Qfn is then considered to be the correct k. 

The value of is determined by integrating the BVN associated with Hj 

over the region defined by k, and subtracting the value of this integral 

from 1. 0.

INTEGRATION PROCEDURE

For each k value selected, the integration procedure involves 

approximating the area between the branches of the hyperbola by a series 

of rectangular strips, integrating over each of these strips. The procedure 

is the same whether the branches of the hyperbola intersect the x axis or 

the y axis; for simplicity of description we assume the latter case.

If ^ < 0, an additional transformation is made to force > 0. A 

value of x = xj is chosen such that either x^ = Mi or xj = y if V > Mj •

V = 0if c + k^0 and ■y=aifc+k<0.

A
(y - y^dx

4

/ / / / / critical region
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A width for a rectangular strip, dx, is chosen such that 4A < dx •

2y6 . A and y are shown in the diagram and is a small number (pre­

sently 6 = 0. 005). A double integration is performed over the rectangular 

region of width dx and height 2y. Another strip is then chosen immediately 

to the right of the preceding strip with the same dx. This dx is tested to 

ensure that 4 A < dx • 2y6. If dx is too large, it is halved until the in­

equality is satisfied. The integral over the new region is calculated and 

added to the previous sum. Integration is performed over successive 

regions moving to the right until S, the contribution from a single region 

is zero or until

S < Z €

where Z is the sum of all S and € is 0. 01.

If Y > Mp the same integration process is then initiated starting at 

-Y and proceeding to the left. If Y < fip rectangular regions are constructed 

to the left of (ip moving left to Y , and then starting at -Y moving left. In 

all cases S = 0 or S<Zc terminates the process.
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