
S. S. Krishnan,' Ph.D. 

    

   

     

        

Firing Distance Determination by i 
Atomic Absorption Spectrophotometry ; 

      A determination of muzzle-to-target distance is often required in criminal cases involv- 

ing shooting. The conventional method using Walker's test [/] or visual examination of 

test firings may not be sufficiently accurate under certain circumstances. In other circum- 
stances the maximum distance to which such tests are effective may not be adequate. In 

such cases the neutron activation analysis (NAA) method [2], which is effective to greater 
distances, can be used. However, the drawbacks of this method could be the expense and 

the possible long analysis time. The NAA method of firing distance determination is based 

on the concentration pattern of antimony around bullet holes. This method is not effective 

in analyzing for lead, which is present around bullet holes. 
This paper reports an alternative method of determining firing distances by using the 

concentration pattern of lead around bullet holes determined by atomic absorption 

spectrophotometry. The concentration patterns of lead have been studied with respect to 

variations of weapon, ammunition, und target. A practical method is recommended ¢ and 

Testis from simulated cases are reported. 
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Apparatus 

The atomic absorption instrument used was a Perkin Elmer Model 303 unit. The burner 

was of 3-slot Boling type. The source was a Perkin Elmer hollow cathode lamp. A Perkin 

Elmer recorder readout connected to a Sargent recorder was used to obtain the absorption 

measurements. Increased sensitivity with lower noise was obtained by using a dry-ice trap 

to remove the acetone from the acetylene fuel. 

Materials and Reagent 

Stock solutions were prepared from “Fisher Certified” or “‘Analar’”’ grade chemicals. 

The acid used was BDH “‘Aristar” quality and all dilutions were made with water which 

was double-distilled and deionized. 
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Experimental Procedure 
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The experimental procedure used was as follows: 

(1) Test shots were fired from different distances using the weapon-ammunition-target 

combination of interest. 
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(2) Concentric circular samples around the bullet hole of 0.25-cm width were cut out of 

the target material. Generally three or four such sections were adequate. This was done 

with both the test shots and the case sample. (The sample containing the black ring pro. 
duced by the bullet was discarded since the lead concentration is not reproducible in these 

samples.) 
(3) One ml of 4 M nitric acid was added to each sample in a centrifuge tube and allowed 

to stand for a few hours, or overnight if possible. 

(4) The amount of lead in the supernatant liquid in each sample was then determined 

using the optimum instrumental settings listed in Table 1. 

(5) The muzzle target distance was then determined by a comparison of the data from 

the case sample with those from test shots. The error was estimated from the variations in 
the values obtained for the different excised sections from the case and test samples, and 
also from the results of duplicate test shots. 
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TABLE 1—Optimum conditions for atomic absorption analysis of lead. cues 

Fuel: air—22.7, 1/min at 40 psig 0 10 20 30 40 ) 
acetylenc—4.4, | /min at 8 psig Si 

Slit width: 0.3 mm, 0.2 nm band pass : FIRING DISTANCE (INCHES) 
Wavelength: 283.3 nm : 

Source ‘one eat pain at 2 RINLaROVE THE burRERtDp { FIG. 1--Variation of lead concentration with firing distance. 

' . 
i shown in Fig. 2. The lead concentration patterns on these targets are generally similar and 

Results and Discussion 5 the error in firing distance estimate resulting from the use ofa different target is not 

bathe Ss aavhih Bed 4 ft significant. The filter paper target and human skin give very similar results, while the 

Variation in:Lead Concentration with Firing’ Distance { cloth used in this work gives slightly higher lead concentrations. This indicates that test ye 

pet i . Most of the experimental data in this study have been obtained using a Remington ‘ firings can be made conveniently on filter paper targets without a significant loss of 

i ! Model.66, .22 semiautomatic rifle, Canadian Industries Ltd. (CIL) ammunition, and filter i accuracy in the firing distance estimate. 

: 1 paper targets. The amount of lead deposited around a bullet hole rapidly decreases with : 

Bates 7 increasing muzzle-to-target distance, as shown in Fig. 1. This result is similar to the NAA i 500 
1 wee results with antimony. The accuracy and precision of the atomic absorption method is ' 

tt . £10 percent and the reproducibility of the lead concentration at a fixed firing distance was t 
i generally less than +25 percent. Accurate determinations of firing distance are therefore ‘ ~ 400- ° chree PAPER 

i - possible on the basis of the lead concentration pattern around bullet holes. It is seen f “Z 2 SKIN 

i i (Fig. 1) that the lead can be detected at firing distances of 36 in. in these experiments. The Ss 
: radii of the samples mentioned in Fig. 1 are the outer radii. The corresponding inner radius S 300 
c is 0.25 cm lower in all the cases. In contrast the powder residue around the bullet hole is = 

not detectable, in this instance, beyond 18 to 20 in. by conventional techniques. As in an 5 g 

~ B. earlier NAA work, the targets were generally shaken prior to atomic absorption analysis i 8 200F 4 

i, l 3 in order to eliminate loose surface particles. This somewhat simulates case situations, { 2 . 

i oR where the targets generally are handled during their collection and transportation to the " 4 
\ laboratory. i look 

4 

Effect of Different Target Materials t ‘ 

wa series of test shots was fired from a fixed distance using cloth, filter paper, and human t ° O28 on on to 

skin as targets in order to determine the variation of lead concentration in these targets. f 
The data will be useful in casework, where the same target involved in the case may not { DISTANCE FROM BULLET HOLE (CM. 

‘ always be available for test purposes, particularly human tissue materia]. The results are k FIG. 2—Variation of lead concentration with different targets.     
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Effect of Different Weapons 

The data obtained from a series of test shots fired from a weapons are illustrated in Fig. 3. This information is necessary and helpful in dra conclusions regarding firing distance estimates in criminal cases where the actual we: used may not be available. It is seen here that the different we: different lead concentration patterns around the bullet hole, alt tration range is similar, Hence, the error introduced in casew different weapon for the test firings is not significant. 

fixed distance using different 

Wing 
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ork as a result of using 

Effect of Different Ammunition 

The effect of using different ammunition on the lead concentration pattern is shown in Fig. 4. Here again it is seen that, although different ammunitions produce somewhat different lead concentration patterns, the lead values are generally in the same Tange. The error introduced from this source in the firing distance estimate is also not significant, 
Simulated Cases . 

In order to determine whether or not the atomic absorption method will work in actual cases, seven test shots were fired by a member of the Firearms Section in the absence of the atomic absorption analyst. The targets were turned Over to the atomic absorption group, who conducted the lead determinations and arrived at a firing distance estimate. The results are tabulated in Table 2. The actual firing distances were revealed after the experi- mental determinations had been made. The excellent agreement between the estimated and actual values shows that the atomic absorption method is an effective one for firing distance determination, 
The rifles used in the examples quoted above each had a barrel length of approximately 20 in. Hence, if the firing distance (that is, muzzle-to-target distance) is more than approxi- mately 16 in., then the possibility of a struggle or suicide, in which the victim released the 
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FIG 3—Variaiion of lead concentration with different weapons. 
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2—Determination of firing distances in simulated cases (weapon. 

TAR Model 66 .22 semiautomatic rifle; ammunition CIL). Remington 
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of the lead concentration patterns around bullet holes. The sections around the bullet 

holes are removed and soaked in 4 M nitric acid and the amount of lead in the supernatant 

solution is determined. The firing distance estimates are made by comparison with data 

obtained from test firings. 
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