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Identification of Bullet Holes by
Neutron Activation Analysis and
Autoradiography *

S. S. Krishnan, Ph.D.** and R. C. Nichol **

The identification of bullet holes in materials such as cloth-
ing, wood, and tissue is one of the problems faced by the forensic
firearms examiner. Up to the present time this examination
has been performed primarily by use of microscopic examination
and infrared photography—especially in cases where no powder
or lead residues are present because of greater firing distances
and the presence of intermediate targets. Rough handling of the
target, weathering, wetting with blood or oil, or immersion in
water and other such factors tend to obscure bullet holes. In
certain cases, photographic methods using soft X rays or infra-
red radiation have been applied to detect the lead or powder
residues respectively (1).

It is known from previous work (2) that metallic elements
such as lead, antimony, and copper are deposited around bullet
entries. This is especially true at the contact ring around the
rim of the hole. This deposition at the contact ring has been
found at muzzle-target distances of at least 75 feet (2) and,
indeed, could be expected at any range. The deposition may
often be invisible to the unaided eye on dark or bloodstained
garments. While the amounts of metals in such deposits are
not reproducible, their presence suggests an approach to the
problem of identification of bullet holes at points of both entry
and exit. .

This paper describes a method of identification of bullet holes
by neutron activation analysis (NAA) and autoradiography of
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the metallic deposits around the holes. The theory and experi-
mental techniques generally used in NAA for applications to
forensic science are described in detail elsewhere (3, 4). Be-
cause lead is not conveniently detected by NAA, bullet holes are
identified in this work by the antimony (from unjacketed lead

:

TECHNICAL SECTION

hence, the deposits found at the bullet holes are essentially from
the bullet and not from the other components of the ammunition.

Several test shots were fired using lead bullets. These lead
bullets were all known to contain antimony from previous anal-
ysis by NAA, generally in the concentration range of 0.057% to

bullets) or copper (from jacketed bullets) deposition. 3%. The results of the measurements of the metal deposits at
the bullet hole by NAA are given in Table I. It should be noted
Experimental Procedure that in two instances the samples were from points of exit.

Bullet hole samples were prepared by firing test shots with
various weapons and ammunition against different target ma-
terials. Samples approximalely 0.25 cim in diameter containing
the contact ring were removed from each bullet hole for analysis.

TABLE I
Deposition of Antimony at Bullet Holes by Lead-Antimony Alloy Bullets

Expt. Target  Approx. Weapon Car- Anti- Copper Remarks
With materials such as wood where this was diffieult, several No.  Material Firing tridge mony  Found
samples containing most of the black deposit, with as little as ?flt\t) (fﬁgi’od ‘:,‘::,lnos,
possible of the adhering blank target materia), were removed. grams)
The samples were then irridiated for 1 hour in a nuclear reactor i Skalt 30 ',?%]m]' .S,III:R 0427 Nil h,“f""‘,-e-?tiat.e rarget:
at a thermal neutron flux of approximately 107 neutrons/sec,’ Llooee_', - .‘S‘:mpletl: fe;om pe;g
c¢m®. Copper and antimony reference preparations were also 2, Skull 10 .22 cal. CIL_ 0.133 Nil  Intermediate target:
irradiated simultaneously with the samples. }-"f(l,f.y #2LR ‘§'§§,,,,1§;“§F0m el
No radiochemical separations were done in this work. When : 3. Skull 10 .22 cal, CIL 0.042 Nil  Intermediate tar‘g
only copper or antimony was expected to be present, the anal- 1 o gg})‘éy 22LR g’:gmlg?t‘?}om"a&“
ysis for the induced Cuft al}d Sh122 }‘adlt?acFlvltles was done by i Skull 10 .22 cal. CIL 0036 Nil Intermediate tare:
gamma ray spectrometry using a sodium jodide erystal connected N rifle, 22 LR wet filter p
to a 400 channel pulse height analyzer. When both nuclides were Cooey. - . Samples from exiz.
present, the resolution of the 0.51 MeV and 0.56 MeV peaks from 5 Waod 10 ;,,iz;lal Dominion 9.68 i
Cuft and Sh?2* respectively was not adequate using the sodium Waffen-
iodide detector. In such cases, a lithium drifted germanium 6 Wood 10 'iu(:).ﬁni(al Dominion 1029  Nil
detector, which is capable of much better resolution, was used. ' pistol, ’ i
The amounts of copper and antimony in the samples were }R‘fff”'
calculated by comparison of the induced Cu®! and Sh!2* radio- 7. Wood 10  7.65cal. Dominion 3521  Nil
activities with similarly treated, weighed pure metal reference pistol,
materials. Corrections were made for the target blank values, Xﬂfff"'
which were minor in all the experiments. 8. Skin "5 .38cal. Norma 3.63 Nil
te\{o%er, .38 Special
Results 9. Skin 5 .38 cal. Norma 3.39 Nil
Thg test shots in this work were, in most cases, fired from rseéoa;cr. .38 Special
sufficiently great distances so that powder residues were not 10. Cotton 5  38cal. Norma 16.08  Nil
likely to be detected around the bullet holes. In the exceptions, cloth xéegoa;er, .38 Special
where powder residues might be expected, the targets were g .
screened by an intermediate target such as wet filter paper; 1. S‘;';%,"“ s {iislaxzér, _I:\;Igrs’;:cial e B
S&wW
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Test shots were also fired using copper-jacketed bullets. The TABLE I )
samples from the hullet holes were analyzed to detect copper Deposition of Antimony and Copper at Bullet 1loles by Lead Bullets with
and, or antimony. The results are given in Table IT. Thin Quter Copper Plating
Weapon: Rohm RG .38 caliber vevolver
TABLE II Cartridge: Western Special
Target Material: Wood )
Deposition of Covper at Bullet Holes by Copper-Jacketed Ballets Detector: thhl‘um dnft?d germaniun
Intermediate Target: None
Expt. Target  Approx. Weapon Cartridge Anui- Copper .
No. Material  Firving mony ]"(l‘l_l)n‘:{ Expt. Approx. A""{"‘""” Found Cor.:per Fowd
Distance Found  (micro- No. Firing (micrograms) (micrograms)
(ft.) (miero- prams) Dist. (ft.)
rams) 1 4 70.6 4.15
1. Wood 10 7.65 (ial. Dominion Nil 8.82 5 1 188.5 4.48
pistol, ¢ 2. 7
Waffenfabrik L 8. 8 29'8'2 zggg
2. Wood 100 7.65 cal. Dominion Nil 8.30 ! 8 143.6 5562
pistol, 5. 12 414.9 25.62
Watfenfabrik 6. 12 75.5 5.36
3. Waood 10 7.65 cal. Daminion (.92
pistol,
Waffenfabrik
4. Painted 10 .308 cal. Lritish Nil 9.50 TABLE IV
wooden rifle, Dominion KKSP £ : - ith
door Lee Enfield ) Variation of Antimony Deposition at Bullet‘Holes wit
5. Painted 10 303 cal. British Nil 20,62 ‘ . Firing Distance and Target Material
:iv;)g;ien ’L]gfcignfie]d Destmish KSR Weapon: 22 cal. rifle, Cocey
6. Plastic 0.5 .30 cal. KKSP Dominion  Nil 12.10 Cartridge: CIL, .22 LR
sheet rifle, Winchester . . t th
Winchester 530-30 cal. Tiring Distance Quantity of Antn.nony at the
7. Plastic 1 30cal KKSP Dominion  Ni! 9.71 (ft.) Bullet Entry (micrograms)
9 1 7 in e Q!
shest %?:Ehestcr \;‘0111261 (é.‘;t]t.'r : Filter paper Cottton cltoth
arge
8.  Plastic 5 .30cal KKSP Dominion  Ni! 10.42 target _—
sheet -rifle, Winchester 5 0.025 - 0.231
Winchester .30-30 cal. ; 10 0.018 0.214
‘ 15 0.019 0.177
' Another series of test shots was fired using lead bullets with ! 20 0.014 gf;é
2 thin outer copper plating to determine whether both antimony 30 0.019 022
i . 50 0.016 -
3;. and copper would be deposited at the bullet holes. The results 0 0.017 0.185
= obtained are given in Table III. ¢ .
o 3 e . . . p . ’ .
3] The effects f’f varying firing distances and target materials Neutron Activation Autoradiography o .
: on the deposition of antimony at the bullet holes were tested. Bullet holes can be identified in clothing and similar material
B The firing distances were varied over a range of 5 to 70 feet us- anidsan esfim;lte of the firing distance can be made by a simple
. ing a filter paper and cloth targets. The results are given in and elegant method using autoradiography. The target material
3 Table IV.
in
.\.,‘ 3‘ >
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in these cases should be capable of being contained in the irradi.
tion capsule which, in this work, was a small aluminum con-
tainer 1 inch in diameter and 2 inches in depth.

Approximately 2 inches X 2 inches of the target material ix
cut out around the bullet hole. It is irradiated in the reactor for
approximately 30 minutes. The now radioactive target material
is placed in close contact with an X-ray film or other suitable
photosensitive film for an appropriate time and is then devel-
oped. The decay time between the end of irradiation and the
exposure of the film as well as the film’s exposure time can be
varied to obtain the best autoradiograph. The autoradiograph
demonstrates the metallic deposits at and around the bullet hole,
Typical autoradiographs obtained after one day’s decay of the
short-lived background radioactivities followed by overnight ex-
posure are shown in Fig. 1. The dark spots can be subsequently
identified as antimony or copper radioactivity either by count-
ing the entire material or the excised spots alone.

Discussion

It can be seen from Table I that when lead alloy bullets con-
taining antimony are used, antimony is detected at the bullet
holes. Negligible amounts of copper are detected. If the bullets
involved have copper jackets, the metal deposited at the holes
is copper, and no antimony is detected as seen from Table II.
However if the bullet contains only a thin outer metal plating of
copper, both the copper from the plating and the antimony from
the inner lead are deposited. This results from the fact that
as the bullet passes through the barrel some of the plating metal
is removed to expose the inner core of the bullet. The copper and
the antimony deposits at the holes are thus characteristics of
bullet holes, and the metal or metals detected give an indication
of whether the bullet is lead, copper-jacketed, or copper-plated.

A preliminary analysis of several bullet alloys showed that
bullets contain many trace elements such as tin, zine, chromium,
bismuth, aluminum and silver. It could be expected that these
elements are also deposited at the bullet holes along with lead,
antimony and/or copper. While it is simpler to identify bullet
holes by antimony and copper deposits, it is conceivable that the
other trace metals could also be used for the same purpose should
circumstances such as background contamination demand it.

524 October 1968

Fig. 1—Necutron activation autoradiographs of bullet holes (entries) using
a Cooey .22 rifle and filter paper targets. (Muzzle-Target distances are
given at the bottom right hand corners.)

In a target material such as a painted wooden door, the paint
might be a source of contamination; however, samples without
paint contamination can easily be obtained from below the sur-
face along the bullet track.

The data indicate that the copper and antimony deposits are
not quantitatively reproducible. It was found that, in general,
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JOURKNAL OF FORENSIC SCIENCES

the denser the target the larger is the deposit, which is not sur-
prising since the denser targets would scrape off more of the
Lullet material. While the metal deposits at the bullet holes have
been found up to at least 70 feet with a .22 caliber rifle in this
work, they are expected to be present at any range.

The data show that in most cases, microgram amounts of anti-
mony and copper are found at the bullet holes. These amounts
are also detectable by other instrumental methods such as spec-
trography or atomic absorption. These methods would also
detect the accompanying lead which can be expected to be present
in far larger amounts than antimony. However, in these tech-
niques, the sample has to be either destroyed or chemically
treated to remove the metals in solution. In some cases, such as
exit holes in the skull, the deposits are in submicrogram levels
and hence would be very close to the lowest limits of detection of
these techniques.

The results of the autoradiographs show that neutron activa-
tion autoradiography is an effective method of identifying bullet
holes. An estimate of the firing distance can also be made using
this method. It is effective even when the normal photographic
methods using soft X rays or infrared radiations fail because of
lack of sufficient lead or powder deposits respectively.

The neutron activation technique for the identification of
bullet holes is, therefore, simple, fast, and effective. The method
is nondestructive apart from the fact that the bullet hole site,
or part of it, must be removed for the analysis. Several samples
can be analyzed simultaneously thus minimizing the expense.

Summary

A simple and fast method of identifying bullet holes using
neutron activation analysis technique has been described. The
method is nondestructive apart from the fact that samples have
to be removed from the bullet holes for analysis. The method
utilizes the antimony and/or copper deposits at the bullet holes
for the identification. The bullet involved can be identified as
to whether or not it is copper-jacketed.

Another simple method for identifying bullet holes using
neutron activation autoradiography is described in which targets
such as clothing are involved. By this technique, an estimation
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of firing distances can also be made from comparisons with
exemplar tests.
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