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Firing Distance Determination by 
aigh the NT - se to © 

Neutron Activation Analysis * 
Findings 

-emortem S. 8. Krishnan, Ph.D, 

mm Using The need for a technique of accurately determining firing 
Traffic, distances in criminal eases involving firearms. especially in the 

range where powder residues are not easily detectable bs cen- 

JAMA, ventional techniques, has been yecornized for a lene time ja 

Levels. forensic science. A new recently reported sticeesstul method (13 

for this purpose uses the neutron activation analysis (NAA) 

» Cadaver technique and represents the first attempt in decades to fulfill 

this need. By this method it was shown that the concentration 

patterns of the metallic residue deposited uround buuet holes 

could be used to determine the muzzle-taryet distance. The 
bullets used were made of lead alloy containing antimony. 

This paper reports further data on the concentration pat- 

terns of antimony (the constituent of the bullet which is most 

iy detected by NAA) deposited around bullet holes. A 

practical method of shooting determination is recommended, 

and results from simulated shooting eases are reported. The 

value of NAA in other forensic science applications is by now 

well recognized and reported elsewhere (2), (3), (4). (5). (6). 

  

Experimental Procedure 

The experimental procedure is similar t6 the one reported in the pre- 

‘icus paper (1) and involves the following steps: 

1: Firing test shots on target material with the lead alloy bullsts. 
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noval of sections of tarpet material. For this purpose concentric 

each 9.25 em wide, are cut with the bullet hole as the center. 
Generally eight sach sections are cut for each bullet hole. 

Ry Thernizl neutron activation of these sections in a nuclear reactor 
at a neutron flux of approximately 10!4 n/sec/em? for 12 hours. 

4) Allowing the radioactive samples to decay for four or five days and 

estimating the concentration of antimony by measuring the induced Sb!-! 

activity. The cooling period is necessary to allow the interfering activities 

paving mainly the residual Shl--, 

This enables counting without any radiochemical separation procedures. 

In cases where the target has large amounts of interfering activities which 

are long-lived, radiochemical paration may be undertaken to separate 

the Sb!22 activity by the procedure previously deseribed (1). The count- 

ing is done by using a 3” " sodium jodide crystal connected to a 100 

channel pulse height analyzer. The concentrations of antimony in the 

samples are calculated by comparison with similarly treated weighed anti- 
mony standards. 

  

   

   
      

  
   

¥ 
   

Results 
The test vhots in this study were fired using mainiy the Cooey .22 rifle 

(barrel length 22”), CIL ammunition and dry filter paper and cotton 
cloth targets. The weapon was chosen because of its popularity in this 
country and the taryet materials because of their yood reprodneibility (1). 

It was decided to study the effects of various parameters on the antimony 

concentration pattern using this weapon-ammunition-target combination. 
It is believed that other combinations would give similar results, thereby 

leading to conclusions similar to the ones derived from this study. It has 

already been shown that the NAA technique of determining firing distance 

is far more sensitive than the other existing methods (1). Therefore, no 

attempt was made in this study to determine the sensitivity of the method. 

The maximum firing distance studied was 3 feet because this is the maxi- 

mum arm-length usually encountered. If the shot is fired from a distance 

of more than 3 feet, then the possibility of the often-claimed simple 

suicide or struggle during shooting can be eliminated. This was one of the 

principal objectives of this study, initially. 

  

  

Variation of Antimony Concentration with Firing Distance 

The variation of antimony with firing distance using filter paper and 
cloth targets is shown in Fig. 1. The samples in this study are referred 

to by their outer distances from the center of the bullet hole. In most 

instances, each point on these graphs represents an average of three read- 

ings. The antimony concentrations are given in units of 10-" grams per 

square cm area of the target material. In order to obtain the correct area 

of the samples used, the samples are weished after each counting and the 

area calculated from the previonsly measured value of the weight of target 

material per unit area. 

In determininy the firing distance by this method, the antimony concen- 
trations in the samples taken from around the bullet hole in question are 
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Fig. 1 Variation of antimony concentration with firing distance. 

    

compared with graphs similar to the ones shown in Fig. 1. The error in 
the estimate ofthe shooting distance depends upon the accuracy with which 

the antimony concentrations are reproduced and also the extent by 

which the antimony concentration drops as the firing distance is increased. 

It was found that, in most cases, for a given distance, the average devia- 

tion for the antimony concentrations was less than 25¢¢. Using the range 
of antimony concentrations obtained for each firing distance, and referring 

to the corresponding distance estimates obtained from Fig. 1, the possible 
error in the estimates of the distances by NAA was calculated. The results 
are given in Table 1. 

Table 1 

Estimates of Error in the Firing Distance Determination 

(Cooey .22 rifle: CIL Ammunition: Dry Filter Paper Targets: 

0.25 cm samples) 

  

Firing Distance (Feet) Deviation (Inches) Percent Deviation 

1 +#1.2 10 

2 1.2 5 

2.5 +3.0 10 

3. 6.0 17 

Effect of Different Target Materials 

A series of test shots were fired using plain cotton, printed cotton, and 

filter paper as target materials. This was done to determine the variation 

Vol. 12+ No. 4 473 
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ion patterns of antimony around the bullet hole when 

inis are used, Typical results are shown in Fig. 2. 

ance, the antimony concentration 

patterns on different target material are, with some exceptions, genvrally 

similiar 

ot tne convent 

  

different target mate 

  

Itowes found that for a given firing d 
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Effect of Different Ammunition 

In cases where the bullet is lost or damaged beyond identification, it 

would become necessary to use any suitable ammunition for the test firings. 

Because of such cases, it is of importance to study the variation of con- 

centration patterns of antimony when different kinds of ammiumition are 

used. The results of such a study are shown in Fig. 8. It was found that 

different kinds of ammunition deposit somewhat different concentrations 

of antimony, although the orders of ma itude of the concentrations are in 

the same range. Such a result is logical because the source of the antimony, 

for the most part, with perhaps a smaller contribution from the zunpowder- 

primer mixture, is believed to be the bullet (1). Therefore, the amount of 

antimony deposited may vary depending on the alloy of lead used by the 

manufacturer of the ammunition. 

      

Effect of Different Weapons 

In criminal cases involving shooting where the weapon used cannot be 

loeated, it becomes necessary to use any other suitable available weapon 

AT4 
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Fig. 3—Variation of antimony concentration with different ammunition. 

for test firings, In these instances the knowledge of the variation in the 

concentration patterns of antimony when different weapons are used is of 

importance. The results of a ies of test shots fired using different fire- 

arms under otherwise similar conditions are shown in Fig. 4. The data 

demonstrate that the antimony concentrations obtained from different 

weapons ure somewhat different, although the orders. of magnitude are 

similar. : 

  

Effect of the Angle of Shooting 

All of the test shots fired in this study were controlled so that the line 

of the trajectory was perpendicular to the target. While this condition is 

convenient for comparison of different test firings, it is not often en- 

countered in actual criminal cases. Therefore, it is important to study the 

effect of different shooting angles on the deposition of antimony around 

bullet holes. For this purpose, two shots were fired from the left and 

right side of the target at 15° angles to the vertical. The results are 

shown in Fig. 5. Here again it is noted that the orders of magnitude of 

the antimony concentrations obtained are similar. 

   

Empirical Equation 

An attempt was made to fit the antimony concentration data to an 

empirical equation. For this purpose the IBM 7094 computer at the Uni- 

versity of Toronto was used, and various equations were fitted to the data 

Vol. 12 + No. 4 AT 
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using the least square method. The best fit was obtained with 1) yiation 

of the type 

  

Log (FD) = A —m Log (Sh) 

where (FD) is the firing distance in feet, (Sb) is the concentration of 

antimony in grams per sq em and A and m are numerical constants. 

These equations could also be expressed as 

(Sb) = A (FD)#. 

The set of equations obtained, along with the deviation between the experi- 

mental antimony concentrations and the values calculated using the equa- 

tions, are given in Table 2. Typical graphs of Log (FD) vs. Log (Sb) 
obtained by experiments and calculations using these equations are given 

in FPiy. 6. Similar results and similar sets of equations were also obtained 

for other targets, and also when antimony concentrations for a given bullet 
hole at a fixed firing distance are fitted with the sample distance from 

the bullet hole. 
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Firing Distance Determination in Simulated Cases 

In order to test whether the NAA method could effectively be used in 

actual cases, eight test shots were fired by a member of our firearms 

section and the firing distances were undisclosed. These shots were then 
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turned over to the NAA yroup for distance deter. 
distances were determined and a report was turned iis us ds 
cases. The resnlts of this study are shown in Table 
distances which were revealed after the reports were tumed in are ulso 
tabulated for comparison. The excellent agreement be ween the reported 
and correct values shows the accuracy of the NAA technique in shooting 
distance estimations. 
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It should be noted that the samples containing the bullet hole itself are 
not used in the distance determination, This is because of the fact that the 
antimony concentration in this sample is not reproducible because of the 
wiping action of the bullet. This produces the black rin 
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“. and the antimony _ z 5 
concentration at this ring is not significantly different for different shoot- 2 5 S = ing distances—especially after a shooting distance of approximately 5 ‘s oz as wn feet—nor is it as well reproducible as in the surrounding samples. How- is £5 g z Pa ever, the antimony in this ring is detectable at great firing distances 2 3 sh = x (while no antimony is detected in areas immediately surrounding the ring) s = *s 2 
as shown in Table 4. Thus the detection of antimony, where lead bullets # Y a BS 3 Lied have been used, is of stance in locating and identifying bullet holes 2 ¢ NEE 2 = & when powder residues are not present. z 2 Soni SS : a 2 243252 2 ‘ a - aa —h Discussion 1 U4 & 7 se . 

e 2 sé = When a firearm is discharged, a number of metallic elements a@2,28 
1 are deposited around the bullet hole along with the powder Boe ¢ 2 residues. Because the metallic deposits are in very small con- 

= > 
L 

s Nise P : sys 8. 
Zo» 

~ centrations, little effort has so far been made in utilizing these % A 
patterns for a useful purpose. NAA is‘an extremely sensitive § 28 5 
method of detecting traces of certain metallic elements, in ie 3 
amounts as small as 10-!? grams and therefore, is of use in de- 2 = 
termining firing distance. Antimony is used as a hardener in ay = SBE Ss bullets, and it is by far the most easily detected metal in firearm be Hoa ab nth discharge residues. This is despite the fact that more of the lead 

S maine 5 a Rese 256 is deposited. Although this paper deals principally with the con- Soe SS centration patterns of antimony, other metals present in bullets, BEER gz either as additives or impurities, could also be used for the same PES Ses abt purpose, This would be particularly useful when the natural 
GH 

. z 
background antimony concentration in the target material is BEG ovconsno significantly high. FE RCSARES 

A <e . ‘5 : 
bnsgods na It is recommended that for test firings, insofar as is possible, a 3 - 

the same target-ammunition-weapon combination as found in the 2 
vase, be used. 

October 1967 4 Vol. 12 + No. 4 ATS 
: { 479  



  

TRCHNICAL SHOVION 

: Tuble 4 
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Firing Distance Filter paper targets Cotton cloth targets 

(feet) 
8347 16600 

537 1285 

924 3220 
494 2364 

2 i a 5 1g 316 

ae - 10 128 229 

na 6 ge g 5 73 239 

: 7e84 20 a v7 
9 Egct 20 91 241 

z & 50 98 199 

BE 70 86 210 

23 (a 
g = Zliie Having perfected the method for one metal, antimony, and for 

5 2 é 3 z CLL ammunition and Cooey .22 rifle, it is hoped to continue this 

2 a|~ 2c project with other weapons such as revolvers and with other 

a 2 2 z : ummunition. 

23 = Sl4 = Preliminary experiments have indicated that copper-jacketed 

348 8 Sis = _ bullets deposit copper on the target in just the same manner as 

me z a Z 3d = antimony is deposited from lead bullets. This would suggest that 

E = = & a in cases when.copper-jacketed bullets are used, a similar method 

wa => £2 involving copper patterns may be used for shooting distance 

: wa determinations. 

3 8 S223 A procedure is recommended below for routine use of NAA 

EY} Bas for firing distance determination. 

E sae 
3 

Recommended Routine Procedure for Firing Distance Determina- 

besss tion by NAA . 

3 ge Zee 1) Fire duplicate test shots from suitable firing distances 

x 5 & g using the weapon, ammunition, and target used in the case. 

& = ss 2) Cut out eight concentric circles each 0.25 ecm in width 

“Ty with the bullet holes as the center from the case shot and test 

S shot targets. : 

2 rN Die : 3) Ivradiate all the samples in a nuclear reactor with a 

& thermal neutron flux (approximately 10!° nsec em?). Such 
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renetors ive available in a considerable number of centers in 

various parts of North America and elsewhere. 

4) Let the samples decay for a few days to allow all other 

major radiouctivities except that due to antimony to decay. 

5) Count the samples by any suitable counting equipment 

available for the 0.56 mev ganymi rays from Sb!!4, 

6) Construct the antimony concentration vs. firing distance 

graph using the data from test shots. 

7) Estimate the firing distance by comparison of the cor- 

responding samples from cuse shots with those in the test shots. 

8) Get an average firing distance value and estimate the 

error from the values obtained froni the different samples and 

also the duplicate test shots. 

    

Summary 

The method of determination of firing distances using neutron 

activation analysis has now been developed for routine use. The 

method consists of 1) firing test shots using the same target, 

ammunition and weapon, as far as possible, as in the cuse: 2) re- 

moval of concentric circular sections of target material at various 

distances from around the bullet hole; 2 activation of these 

sections in a nuclear reactor; 4) waiting for a few days so 

that the radioactivities interfering with the untimony activity 

measurement have decayed; 5) the quantitative estimation of 

antimony by gamma ray scintillation spectrometry; and 6) esti- 

mation of firing distances by comparison with test shots. 

The method is shown to give shooting distances with a devia- 

tion of + 2 inches in many cases. 

An empirical relationship between the antimony concentra- 

tion around the bullet hole and the shooting distance has been 

derived. 

In criminal cases where an accurate firing distance estimate 

is needed, the NAA method can be usefully applied. 
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