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ABSTRACT

‘Over 170 gunshot residue handsamples were analyzed, using the
inorgai:nic luminescence detection method, in order to assess the potential
for a éunshot residue test based on elemental analysis., Data were obtained
for bothl»indoor and outdoor firings using a variety of commercial brands of
ammu‘jz'iition. " The tape adhésive sample collection method, previously de-
velop;d for detection by the particle analysis method based on the scanning
electfqn microscope, was found very effective in collecting gunshot residue
for an'ailysis by inorganic luminescence, as weli as minimizing sensitivity to
background interference. Analyses of 45 handbvlg,nks gave’ results fo;‘ antimony
consistently lower tha.{if those based on neutron activation a;alysis that have
been reported by othelfii‘s. However, amounts of antimony foﬁ:ﬁd in residue
specimenslusing the inob‘i"'ganic luminescence method and obéa.ined from firings
of the ,22, :;32, and . 380 ca.‘l‘iber, ~"_and 9 mm semiautomatic pistels and , 22,
.32, and .38,,caliber revolvers studied were comparable to those reported
in other stuches The data suggest that lead is; slightiy more useful tf'_lian
barium as aﬁ indicator of‘-gj;he presence of gunshot residue. Some pre’l‘:iminary
tests were made to measu;é persistence, and transfer of residue was“:studied.

Lead declined to background levels when collection of residue was delayed for

one hour after firing and participants'were allowed unrestricted activity.

Al thOLxghf“‘é.ntimonY levels aeclined significantly, they tende’ld to remain above

1

backgroui{d levels for up to four hours. Transfer of residue from the non-

firing hand was frequently apparent when delays in collection of one, two, and




,,
§-

‘three hours were involved. Traqsfer of ri?sidue from hands to pockets was

readily apparent from the anfimony content of samplgs taken from the pocket,

1t Wasz;_lal‘so observed, as repo’f‘r'ted by others, that al;f;hough residue could be
removedg by wiping ha‘ttnds on clothing‘ or with ‘cowels,v:\‘ detectable traces of
antimony remained. B a

A isimple, vinexpensiv‘e, commercial filter fluorimeter was modified
for antin}ony detection. Preliminary tests indicafce th§t~'~‘the instrument will
perform:"izvell for the analysis of Uanti,mony. This con&usion is based on
the antimony levels found in the limited persistence data obtained in this
study, buf. can be modified as a result of more complete persistence data
that will Be obtained as part of further studies of the‘}bl‘)article analysis

method. . E
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SUMMARY

) The typical criminalistics laboratory has great need of an inexpensive,
simple test for the presence of ":gunshot residue on the hands of suspects, A
previous report1 described a technique for gunshot residue analysis based
on detection of antimony and lead by photoluminescence, which offered ad-
vantages over existing elemental detection procedures in terms of cost and
ease of analysis. The objectives of this study were to establish convenient
operational procedures for elemental analyses and to acquire a data base for
firings of represéntative handguns and for handblanks. In addition, studies
of the persistence of residue deposits following firing and of transfer of re-
sidue from firing to nonfiring hands and to clothing have been initiated.

Development of a highly convenient and efficient residue collection
procedure has been of major importance to test procedures. The tape adhe-
sive collection procedure was initially developed for the highly promising
technique of parﬁ:éle? detection by scanning eléctron microscopy. In this
work, the tape a,dhé.sive ,cvolklection procedure has been a.dall)teci to glemental

analysis and found to offer significant advantages over previous methods,

It reduces response to background contamination without sacrifice of sensi-

tivity to antimony and lead components of residue. In addition, the tape
adhesive is readily available, collection is extremely simple, and sample
work-up is easy and rapid. The residue is collected by repeatedly pressing
a disc coated with adhesive against the hand, covering the areas of residue

deposit. In order to prepare a sample for analysis, several drops of dilute

~-xiii=-
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hydrochloric acid are placed on the sample disc for about three minutes,
. and then thev solution is transferred to a quartz sample tube in which the
measurements are made directly.

Extensive data were obtained for handsamples taken following firing of

a range of handguns spanning types commonly encountered in criminalistic
work, In particular‘, .22, .32, and .38 caliber revolvers and .22, .32, and
.380 caliber, and 9 mm semiautomatic pistols were used, The measured
post-firing quantities of antimony were in accord with those reported in
previous stud1es that relied on neutron activation analysis. In addition,\ﬁhe_ ,
data :repre.sents a significant addition to the information about the lead con-
tent of residﬁe‘, which was not available frorn neutron activation analysis.
Lead measurements varied over the range of 0.1 to 9.0 micrograms for
firings, and over the range of 0.08 to 1.3 micrograms for handblanks. In
contrast, antimony in firing samples varied from less than 0.01 to 2.2
micrograms, whereas it was normally undetectable (less than 0,01 micro-
grams) in handbla.nks . Only one handblank out of 45 had more than 0.01
micrograms of anﬁ;iznony, ‘and it was taken from a machinist, Of all firing
handsamples stud%éd, 89 percent ‘conta:.ned more than 0.01 m1crograxns of
antimony. These results suggestl' that measurement of antimony by inorganic
luminescence should be an effective screening test for the presence of gun-
shot residue. The data indicate that considerably less antimony is detected
in handblanks using inorganic luminescence and the tape lift than was lfound

carlier for a similar class of subjects using neutron activation analysis and

a paraffin lift,

-Xiv=-

Limited studies were also made of persistenc’e and transfer of
»residue. The amount of antimony on the firing ha;nd decreased by an order
of magnitude in the first hour and then more slowly. When a ,32 Llama
semiautomatic pistol was used, antimony generally could be detected &n the
firing hand four hours after the pistol was fired. Lead, hox‘;evex’, wé.s not
detectable above the normal handblank value after one hour. Transfer of
iantirn.ony to the nonfiring hard was also observed when sample collection

was delayed.

The effect of the shooter's activity on the persistence of residue was
tested by having subjects repeatedly place their hands inside their pants
pockets after firing and before the collection of residue. Also, tests were.
made after subjects wiped their hands on clothing following firing, In bo‘;ﬁ A
cases, lead was reduced to handblank levels, whereas antimony remained
above handblank quantities. Samples were also taken directly from subjects'
pants pockets after they had placed their firing hands inside their pockets
three times. In eaph case, more aniimony was detected than was ;'neasttred
in the highest pocketblank. Sampling of pants pockets may represent a use-
ful new procedure because retention of residue in the pocket can be antici-

pated to be more prolonged than on hands.

Overall comparison of results with those reported in prior studies by

neutron ac'cf1;vat10n analysis supports the conclusion that antimony is the most

valuable elemental indicator for the presence of residue. Both léad and
bariurr} are of limited value because of their higher abundance in handblanks.,

The new datd suggest that lead is slightly more us‘é’f{zl than barium.
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A limited search was made of potent1a1 lumlnescence methods for

s de’rectmg barium, but no promising approaches have been 1dent1f1ed Room-

temperature methods of ana1y51s for antimony and lead have also been sought,
but the approaches pur sued f01 antimony detection at room temperature lacked
‘the required sensitivity, and vthe lead procedures were too sensitive to inter-
ference from background coﬁéamination. Since the existing low-temperature
method is reliable and extremely easy to perform, further exploration of
new methods has been defer;’ed. o
. Preliminary testing of a commercial filter fluorimeter modified for

antimonydetection indicates that a simple, single -uvavelength instrument

can measure the aht:imony content of residd‘e’\;: Although the simple procedure
is less specific for antimony than the measurement of the entire excitation
spectrum, the sensitivity is definitely adequate._ Therefore, there is excel~
lent prorni//se:ii."or a simple screening instrument, costing on the order of

$1000,: Provided‘f"’spectral interference from typical handblank impurities is

not encountered frequently at the wavelengths selected.

4
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‘activity and time delay ‘of sample collection following one-round firinge frorr’ii:;

CHAPTER I. INTRODUGCTION

This report summarizes results of a series of gunshot residue
analyses that was conducted to evaluate the inorganic fuminescence method
for detection of antimony (Sb) and lead (Pb) in gunshot residue samples
taken from the hands of suspects. Handblank and firing data have been
obtained that will béf‘\useful for assessment of irorganic luminescence as a
screening test for firearms cases. Methodology 1mprovements are dgscribed
that have been achieved since the initial report was issued. t This report,
second in a series, is directed toward work with a variety o@‘-thandguns,
including a limited persistence study, |

A new collection method for gunshot residue us,iﬁu.’g a layer of tape
adhesive has been developed as a reﬁiacement for the uraSh i)rocedure used
in the original work. In the studies described in this report, haudsanﬁf)‘le‘s,a.:eiggg‘u;
were tahen immediately after one-round ‘firings. of various common caliber -
handguns, partmularly 22, .32, and 38 callbers.y These samples, as
well as handsamples taken from persons who had not fired a gun ((:elmed

handblanks), were analyzed for Pb’and Sb content. - The persistence of

gunshot residue on the back of the hands was studied as a function Of i

a .32 caliber semiautomatic pistol. Pockets and shirt sleeves of clothing

were also examined for evidence of gunshot residue, with p081t1ve results.

This report is a substantlal add1t10n to the pubhshed data on Pb in reszdue

Lt
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and is the first extensive quantitative survey based on the tape adhesive

collection method.,

Current detection procedures are based on elemental analyses.
Neutron activation analysis is used to determi}r;e the presence of Sb and
barium (Ba), whereas flameless atomic absor;?tion spectrometry, which

(s currently being <‘S‘/}exl:nlored by several laboratories, is capable of detecting
Sb, Ba, and Pb. The principal limitation of g;;ése procedures is the pres-
ence of these elements in environmental conta}ninants. Samples tahen from
the hands of p,ei“isons who have not fired guns often show aippreciable quan-
tities of Ba and Pb. Therefore, in practice, a"threshold limit is set that,

if e:s.ceeded, jsrtaken to 31gna1 a pos1t1ve test for gunshot residue. ‘Unfor-

tunately, if this threshold is set hlgh enough to avoid a significant number

of fa.]se positive decisions (e.g., les'é than 5 percent false p051t1ves), then

a la." ‘we fraction of the decisions is falsely negative for known firing cases,
even for samples collected immediately after fi.ring‘;2 This problem can
now'be overcome by use of the highl‘}‘r reliable detee:ion method based on
scanning elec.tron rmcroscopy, wh1ch was described in a recent report 3 It

~ '. was shown that the scanning electron mxcroscope wnh x-ray elemental

analys1s should prov1de highly specific identification of residue particles.

e«.ent data suggest that it will be possible to find and identify
\
characte rlst1c part1cles concluswely' many hours afte\r firing, even for

sma lqca 11ber, clean guns, usmg this new detectmn method. This type of

,,;7\ “‘/u

an 1y51s requ1res expensive equipment and as a: x esult, many smaller crime
.

‘laboratones would have to send their sa.mples elsewhere, Thus, a 81mp1e

2a

2

and less expensive elemehtal method of detection would be useful gor local \
laboratory use e.s a screenin’g“test. For this application, 4th'e thre.‘ehold
lin'*i'jts set for po“sitive results can be lowered substantially because pomtwa
sa:!hi)les would be submitted for confirmatory analysis using the scanning
electron microscope. When the lower threshold is used, the occurrence of
falsei:hegatives can be reduced to an e.cceptable frequency. ‘:“]"V.T“or example,
if the zichreshold is set to give no more than 5 percent false negatives for
1mmed1ately collected samples of .38 caliber Special revolver firings," ‘then,
result for normal handblanks from subgects w1th low background eyposuxe
to Sb and Ba.

Some preliminary effort hasr been devoted to development of an inex-
pensive filter. fluorimeter instrument for 1norgan1c 1um1n~f=scence analy31s .

This instrument is intended as:.a screehing detector for the small, local \

laboratory. Ideally, the cost would be within the budget limits of most
laboratories (about $1000), and little specialized training would be required

for reliable operation.
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| CHAPTER II. EXPERIMENTAL PROCEDURE
After the firing of a gun, the backs of both hands (including the
backs of the thumb and fingers and the web ‘area' between thumb and fore-

finger) were sampled separately with a 2. 5-cm-diameter disc that was

coated on one side with Scotch No. 465 adhesive transfer tape. This collec-

tion procedure was chosen because the same discs could be inserted into

the‘ scanning electren microscope for ehalysis. Figure la shows. the use
of the adhesive-coated, disc-shaped sample block for collection of residue
from the back of the hand.
: For the photolummescence analysis of Pb and Sb 0.5ml of 7 molaf
‘ ‘ ‘ hydrochlorlc acid (HCl) was pipetted onto the tape surface ‘and allowed to
. | soak and react for 3 min. For per1ods longer than 3 min, the HCl began A
to react v1gorously with the aluminum dlSCS that were used to support
the adhens1ve After the HC1 reactmn, a Pasteur p1pet was used to remove
the acid from the tape, as shown in Flgure 1b. Then Jthe acid sample was
placed 1n a Suprasﬂ qua.rtz sample tube of px ecision bore, 4-mm inside
d1amete1 and 6-mm- outsnde dlameter * After the HCl-residue sample was

.. pipetted 1nto the spec1men tube, the latter was immersed into liquid nitrogen

akcemmerciel grade quartz fluoresces strongiy under ultraviolet excitation

" and the;-efe:‘re is unsuitable for use in this analysis. “The quartz must: have

high transmission in the ultravmlet spectral region because the Sb excita~
tion spectrum peaks at 240 nm. All optlcal components, suc:h as filters |

) and optical Dewars, must ha.ve low ﬂuorescence.
. . . -I( 3)’
, ‘ s
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(b)

Tape Adhesive Collection Method. (a) Disc-shaped sarppling bl.ock,l
coated on one side with adhesive transfer tape, 1s applied to skin of

{c)

back of hand, (b) Pasteur pipet is used to remove acid from tape
sample after reacting for 3 min with gunshot residue. {¢) The

0.5-ml HCl-gunshot residue sample has bc'aen removed_from tape
and pipetted into quartz sample tube, and is ready for immersion

into liquid nitrogen in the Dewar flask,

-

which is being held below.

in a quartz optical Dewar, as shown in Figure ic, and was analyzed for Pb
and Sb content. The quartz optical Dewar used is commercially available
from manufacturers of fluorescence instrumentation, such as American
Instrument Co., Inc. (Part No. B28-62140). The Dewar also can be
specially fabricated by a local glass blower; it is of critical importance that
the tip be designed for low fluorescence. Our Dewars were fabricated by
Cal Glass Research, Inc., Costa Mesa, California. Following the Pb and
Sb analysis at 77°K (boiling point of liquid nitrogen), the quartz sample
tube must be rapidly heated to prevent breaking and loss of the tube as a
result of the difference in coefficients of expansion between the frozen acid
and the quartz.

Apart from the sample compartment, the photoluminescence instrumien-
tation, shown in Figure 2, consisted of an excitation system and emission moni-
tor (light detection) system, The excitation source used in most of this work
was an Osram XBO 450 W/4 Suprasil quartz xenon direct-current arc lanip,
chosen for its brightness and because its spectral output does not vary rapidly
with wavelength, The smooth distribution of light output versus wavelength,
characteristic of the xenon lamp, was required because the data were re-
corded in the form of excitation spectra, in which the luminescence intensity
at a fixed wavelength is measured as the excitation wavelength is varied.

The excitation light was directed through a continuous scanning excitation
monochromator (Jarrell Ash Model 82-440 double monochromator), which
selects the wavelength of light striking the sample. Focusing lenses were

placed between the light source and the entrance slit of the excitation

[
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Fig. 2. Photoluminescence Apparatus

monochromator, and between the exit slit of the excitation monochromataor
and the sample. The excitation light induces luminescence from the sample,
which was focused onto the slits of an emission monochromator (McPherson
model 218, 0.3 meter) that was preset to pass the wavelength characteristic
of the luminescence of the constituent to be measnred. The luminescence
passing through the emission monochromator was rdetected with the red-
sensitive RCA model C 31034 photomultiplier, which has a flat spectral
response from 400 to 700 nm. The photomultiplier signal was amplified with
a Keithley 417 picoammeter, and the spectra recorded with a Fouston
Omnigraphic model 2000 X-Y recorder. The instrumentation is of modular
arrangement, and appropriate optical filters could rcudily be used to replace
the emission monochromator, thereby simplifying the system. '1‘1191110(1\11&1‘
arrangement also allows for any comparable combination of light sources,
monochromators, amplifiers, photomultipliers, and recorders of different
manufacture and model number to be employed in this analysis,

For Sb analysis, the emission monochromator was set at 660 nm,
although the Sb emission peaks at about 600 to 620 nm. The selection of
660 nm was made to minimize background interference. An optical cut-off
filter of low fluorescence, Schott FG-10, was placed between the sample
compartment and the emissinon monochromator in order to exclude any
scattered excitation light from reaching the monochromator., For Pb
analysis, the emission monochromator was set at the emission maximumn,
385 nm, and the use of filters was not required. With the emission mono:zhro-

mator set at 660 nm for Sb and at 385 nm for Pb, and with continnous

-9



variation of the excitation waveiength, maxima weife observed at 240 nm
and 300 nm for Sb and at 272 nm for Pb. These exc“:‘itation spectra are
analogous to the Absorption spectra after correction for the variation with
wavelength of the intensity of the excitation source. Figure 3 exhibits
representative data (excitation speétra) for Pb and Sb analyses of hand- *
samples taken frorﬁ the firing hand after a one-round, .38 Special revolver
firing; after a’one~-round, . 22‘7‘1‘ev01ver firing; and of a handblank. For
quantitative anaiysis, calibration plots are made from Pb and Sb standard
solutions in HC1. The acid-residue samples are analyzed shortly after
preparation because the Pb and Sb complexes begin to lose luminescence
intensity after a period of time. A,C.S. reagent grade HCI from Ba.ker and
Adamson (Allied Chemical) was used successfully without background mter-

ference or luminescence quanching, The detection limits of Sb and Pb in the

absence of crganic contaminants from the hand are 0.5 and 0. 1 né, respectively,

In the presence of typical organic hand contaminants, the detection ‘limit for
both Sb and Pb is 10 ng.

Barium does not fo;t‘rn a luminescent molecular cofni:lex w1th HCI.
No satisfactory fluorometric analysis method for Ba that could be\‘é\.ﬁplied
for gunshot residue analysis has yet been developed. Additional detailvsx

concerning the analysis method are contained in the original report. t

-10-
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Fig. 3. Representative Low- ’I‘emperatuze Luminescence

Excitation Spectra for Lead and Antimony Analyses
of Handsamples: (a) After a’one-round .38 Special
revolver firing, (b) After a one-round .22 revolver
firing, and (c) Of a handblank. Sb emission was -
monitored at 660 nm while the excitation was scan-
ned, and Pb emission was monitored at 385 nm
during the excitation scan.
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Some analyses were also made using a Baird Atomic Fluorimet filter
ilorimeter (Figure 4) that was modified to permit antimony analysis. The
23%4-nm mercury resonance line was used for excitation, and an interference
filter centered at 250 nm was inserted between the mercury lamp and the
satiple to prevent all excitation except the 254-nm mercury line from reach-
ing the sample. A holder block was machined to position the liquid nitrogen
Dewar rigidly.,  The block was provided with slits that confined excitation
and detection to the desired sample arca, An interference filter centered at
622 nm with 27-nm full width at half height was used to isolate Sb lumines-
cenve,  The Hamamatsu R446 photomultiplier supplied with the fluorimeter
was used without modification. Sample preparation was the same as for the
other work involving the spectrofluorimeter. Data were reduced by sub-
tracting the signals for reagent blanks from those for handsamples, . ‘

Most puns used in the study were new., They included a .22 caliber
Harringion and Richardson model 929 revolver (2-in. barrel), a .22 caliber

Hi-Standard model M=~101 semiautomatic pistol, a .32 caliber revolver of

"~

unknown make and very poor condition, a .32 caliber Llama semiautomatic ’ : :

pistel, a . 480 Prowning semiautomatic pistol, a 9 mm Browning Hi-Power

seminutomatic pistol, and a , 38 Special Smith and Wesson revolver (2-in. ! Fig, 4. Modified Commercial Filtor Fluorimeter
hiarrel)l, All of the 168 test firings were single-round firings using com-

mercial brand ammunition, Analysis of primers from .22 long rifle

aremunition by means of the photoluminescence method (which only detects

Ph and 5h) indicated that the Federal primer contained Pb and 8b, whereas

Weostern, Browning, C.C,I,, and Remington contained Pb but not Sb.

-12-




;4 | o CHAPTER III. RESULTS

In this Chapter, the amounts of lead and antimony found are
summarized,‘ weapon by weapon, in Sections A through D. In addition to the
text, there are tables and figures. Section E contains the data for hand-

'v'*"“minw‘ ’

'blanks, and Section G desuribes the results of a limited persistence study.

The final section, H, describes results obtained with a low-cost filtéfr ‘

flunrimeter instead of the more elaborate instrument described in
: ~

Chapter II.

A, .38 Spe(&ial, Smath and Wesson

Average amounts’of Pb and Sb found in firing handsarmpl'é‘s taken after

‘one-round firings of a .38 Special Smith and Wesson revolver are listed in g

\
\
; Table 1, and original ‘ddta are presented in the Appendix. For 31 outdoor |
: ' - firing samples, the Pb and Sb averages were 0.6 and 0.03 ug, respectively.

For 16 indoor firings, the Pb and Sb averages were 4 and 0.13 ug, respectively.

IR
MRIRAR

As shown by the Pb ana“:"éb- averaéﬁés and by the graphical displays in Figures
5 and 6, the indoor firing samplesiproduced greater amounts of Pb and Sb

than did thc{a} outdoor firing samples. “None of the 16 indoor firing samples

gave Pb and Sb amounts less than the highest Pb and Sb amounts seen in o&‘r
handblank analyses. |
{5 - s o , | » B. 9 mm Semiaug_bmatic, ’_‘tBrowning

Data on Pb and Sb for outdoor and indoor firing handsamples taken
following one-round firings of a 9. mm Browning Hi-Po‘Wer semiautomaj;ib

/ . . ' U =
// : i ¢ : pistol are listed in Table 1. The nine outdoor sample"s showed average

AT

| o o _15-




Table 1. Summary of Data for Handsamples Collected
Immediately After Firing® and for Handblanks 100 i [ { e l
Outdoor Indoor
Average Average 80— :- e —
Handgun Number Number en
Pb (ng) | Sb (ng)| Samples b (ng) | Sb (pg) | Samples L I
, = ! —— INDOOR
Revolvers % l
.38 Special 0.6 0. 03 31 a0 | 0.13 | 16 =5 60 |- : ——— 0UTDOOR. —
.32 1.3 0.05 3 3.0 0. 07 2 =3 |- |
4. [ (.
.22 1.0 0. 03 13 1.4 0. 05 Fie S |
J - o 40 : | —
{] Semiautomatic }-<-E "
»| Pistols' alt e
- ~ - o |
9 mm 0.5 0.02 9 2.2 0.1 vz o I
, : a. |
.380 2.2 0.7 | 6 5.0 | 0.5 5 , ‘ | ‘ | 20— —
.32 2.3 | 0.8 ‘20 | I
.22 0.5 0.03 2 159 | 0.07 9 }
| | — ,
Handblanks 0.4 |<0.01 45 0 2.0 4.0 60 . 80
Ph, 19
a L ) ) . ) : . 3
Data appear’in Tables { through 8 of the Appendix. Fig: 5. Lead Foundiin Handsamples from Indoor and Outdoor g
v One-Round"Rirings of a . 38 Special Smith and Wesson &
Revolver, Samples were collected with tape. 44 of the i
] .. 45 handblanks show Pb' Ievels below 1,0 pg, as indicated A
0 ' by arrow, The vertical coordinate in the figure refers
' ' to the percentage of a.naly‘ses results falling w1th1n the
range shown on the hor1zonta1 coordinate,
13
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Pb and Sb amounts of 0.5 and 0.02 RE, "“*res’pectively These two averages

T do little to distinguish these; handsamples from hancilblamllc'sn Only t\’}v‘o indoo;
0 firing samples were obtained with the 9 mm semiautomatic pistol, and they
ol — l = L ;Ngg(;n : ;‘,; | | both contained 2 pg Pb and 0.1 pg Sb. If,.‘they are typical of the average Pb
L B -~ OUTDOOR | and Sb amo%f}:rgs foun‘d‘;"bon the ba,ck of the firing hand after firing the gun indoors,

then a ‘diéparity betvreen the indoor and outdoor samples is again indicated.

g 10— , . — o | C. . 380 Semiautomatic, Browning (.380 ACP or 9 mm
% | r— _——} ,‘fu“ Short Ammunition)
% 30— : : — : : Our previously published p‘:p‘e;iminary work centered on the analysis of/:
% =" E === ‘ R v handé&mples takén immediately foiidwing two-round firings of a . 380 caliber :

% .20 —; E i - A Browning semiautomatic pistol. This pistdl-leaves a large amount of gunshot
o : : = . ‘ rqésidue on the hands after firing and is an uncommon handgun in crimes

‘ 10 —i IL : — ! ‘ involving firearms.
: : -—_-} I ] _ In our early work on the phétoluminescénce analysis for Pb and-Sb in
,U - [],lnl1 : [J.[][] Ld | ~ gunshot residue,-“ the backs of thé hands wef{é sampled with a water rinse. The

S, g llog céle 28 samples from the two-round firings at an outdoor pistol range gave Pb

& :
Fig: 6. Antimony Found in Handsamples from Indoor and Outdoor

One-Round Firings of a , 38 Special Smith and Wesson
Revolver, Samples were collected with tape. 44 of the : sampleza have been collected from hands 1mmed1ate1v following one-round

45 handblanks show Sb levels below 0.01 pg, as indi- f1r1ngs using the tape method.  The average amount: of Pb for the six outdoor
cated by arrow. The logarithmic scale of the abcissa e

(amounts of Sb) shows the separation of indoor and out-
.‘;‘door firings more clearly than: a 1me.ar scale would.

and Sb averages of 1.1 and 0.09 pg, respectively. An additional 11 residue

fxrmgs;‘was 2.2 pug and for Sh was 0.7 pg. Five 1nduoor firings yielded an
) ' average of 5 pg Pb and 0.5 pg Sb. These figures c&;jroborate our earlier

fi}_ﬁdings that this gun produces large amounts of residue.

‘ D .32 Caliber Revolver, Unknown Make
The Pb and Sb amounts found in handsamples taken immediateiy' after
: /' ; . | 0 one-round firings of a .32 caliber revolver are shown in Table 1 and the

-18-
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Appendix. The make of this revolver was unknown, ax‘i&i g':éause of the very
;)oor operating condition of the gun, work with it was discontinued after
11m1ted use, Only three one-round firings were made outdoors and two
flrmgs 1ndoo%s with this gun.
. E. .32 Ca]jiber Semiautomatic, Llama

The amounts of Pb and Sb found on the back of the firing harvzdwi‘i'nnie_
diately after firing one round from a 32 caliber Llama semlautomatlc pistol

are shown“m Table 1. For 20 indoor firing handsamples, the Pb and Sb

averages were 2.3 and 0.8 g, respectively. Figures 7;and 8 give a graphl-

‘
‘L

cal representatmn of the Pb and Sb amounts in tape collectlon samples. Hand-
blank data from tape - collect:.on samples are also 1nc1uded in the graphs in
Figures 7 and 8. The semilogarithmic plot in Figure 8 emphasizes the
marked difference betweeen handblank amounts and shootmg sample amounts.,
‘“:;‘"’J“"”,All of the handblanks gave less than 0.03 pg Sb, wh11e all o£ ithe shooting
handsamples exceeded this amount. One hundred percent of the Pb hand-
blank values fell below 1.3 ug, while 85 percent of the firing samples usieg
the .32 caliber semiautomatic pistol were above 1.3 pg Pb. “
F. .22 Caliber Revolver, Harrington and Richardson

" Pable 1 shows Pb and Sb data for firing handsamples from‘a.‘ 2-in. -
barrel Harrington aﬁd Richardson .22 caliber revolver., The brands of
.22 long rifle ammunition are listed with fhe analysis data in the Appendix.
Only the Federal brand cartridge primers were found to contain Sb. The
obvious préesence of Sb in gunshot residue samples ,cololected after firing of
antimony-free:cartridges may be caused by contamination from the Federal

ammunition previously fired from the same gun, or it may be from the Sb

-20- 7

PERCENTAGE OF H'ANDSAMPLES

20"- p f‘f 5 }"t.‘: mu;;*' | - i
1[)‘— ]
oL—1 l 1
0 = 1.0 <20 3.0 4.0 b0
Pb, g

. d
Fig. 7. Lead Found in Handsampleq from Indoor One-~Roun
8 Firings of a .32 Llama Semiautomatic Pistol, Samples
were collected with tape. 44 of the 45 handblanks show
Pb levels below 1.0 pg, as indicated by arrow.
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Fig. 8, Antimony Found in Handsamples from Indoor One-Round

Firings of a .32 Llama Semiautomatic Pistol.
44 of the 45 handblanks show

were collected with tape.

Sb levels below 0.01 pg, as indicated by arrow.

logarithmic scale for amounts of Sb emphasizes the

separation of firing samples (handsamples) from the
® handblanks.

22

Samples

in the bullet. The average amount of Fb found in the 13 outdoor firing
samples was 1.0 pug, and the Pb average in seven indoor fi*ing samples was
1.4 pg. The average Sb amount found in the 13 outdoor samples, four of
which were from Federal ammunition, was 0.03 pg. The Sb average for
eight'indoor samples, two of which wei‘e from Federal ammunition, was
0.‘05 g,

Table 1 di<§plays Pb and Sb amounts found in samples from firings
of a .22 Hi-Standard semiautomatic pistol. Only two firings were made
o_ti"tdoors using i:hié gun. The average Pb and Sb amounts for ninev indoor
f:f;:;ings were 1.9 and 0.07 ug, respectively. |
G.:!" Handblanks

In our previous work,1 20 handblank samples were taken by the water-
wash collection method, and Pb and Sb analyses were made. No Sb was
observed in any of the wash samples, all taken from laboratory workers.
The Pb average for these samples was 0.2 pg, with the highest Pb value
being 0. 6 -

With the tape collection method, 45 handblanks were taken and
analyzed for Pb and Sb content. Detectable Sb (amounts equal to and gréém’t_er |
than 0.01 pg) was observed in just one tape-lift handblank, 0.03 pg, and the
Pb average was 0.4 pg. Table 1 and the Appendix give a list of Pb and Sb
amounts found in tape-lift samples taken from the backs of the hands of
laboratory workers, painters, machinists, auto mechanics, maintenance
men, and workers m other fields, while at work. Just one Ph value above

1.0 ug is seen. Figure 9 shows the distribution of the percentage of the

-23-
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' milimber‘.pf‘handbla.nk samples analyzed versus Pb amount for the tape-

collection handblanks. - S

H. Persistence
A study was made of the effect of activity and elapsed time after
shooting on tl;é pex'sistence of gunshot residue on‘the back qﬁﬁ’ the handgl‘.,
The major tests were carried out with one-round, one-hand, indoor fiirings
of a .32 Llama semiautomatic ﬁpistol using Federal brand au‘nrnunit:ionl~
(cartridges with 7{-grain metal case bullets). -;_Aspects of this study %rere
prompted by the work of Kilty.4
In the first persist’éﬁéé experiment, one round was fired with the

.32 caliber pistol, followed by placement of the firing hand into a front pants
pocket three timeis. The back of the firing hand was then sampled with tape,
and the tape sam:iale was analyzed for Pb and Sb; Table 2 lists the data.
The pocket into \;y11ich the firing Hand was placed three times was also
sampled, and Tagle 2 shows the Pb and Sb analysis data. Blank pocket .
samples, taken £§om pocke;ts that had no previous contact with gunshot -
residue, were‘covlllected from the same persons whose pockets had been‘ )
sampled durin“:gg,r thé‘ persistence experiment. The inside of the lip of the
pocket was thc primary area that was sampled for gunshot residue. The
Pb and Sh ave’;}ages of the seven handsamples taken after placement into a
pants pocket three times were 0.9 and 0. 12 pg, respectively. The Pb
average may ﬁot be of significance when cormpared to handbla\ﬁk data, but
the Sb average is éignificantly above handblank values. One can compare

these Pb and Sb handsample averages with the averages of Pb (2.3 pg) and

25-



Removal of Gunshot Residue by Placing Hands in Pockets

Table 2.
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‘one round from a .32 caliber Llama semiautomatic pistol, the firing hand was placed in the front pants pocket three times

LT
e

aFolIowing the firing with one hand

-26-

shot residue with the tape adhesive collection method.

133

L33

Then the firing hand was samp

b .‘
The average amounts of Pb and Sb found immediately after {iring were 2.3 and 0.8 pg, respectively.

istol, the firing hand was placed three times intc the front pants pocket.

tomatic p

c . . .
Following the firing with one hand of one round from a .32 caliber Liama semiau

Then the insﬂide of the pocket was sampled for gunshot residue using the tape adhesive collection method. The main area of the pocket sampled was the inside of

the lip.

dr o .
Evidence suggesting trace amounts of $b was seen, but the quantity was less than 0. 01 pg.

pE R

Sb (0.78 pg) in handsamples taken immediately after firing the .32 caliber

semiautomatic pistol.

Residue was also found in pockets. Data shown in Table 2B refer to
the average quantity of Pb and Sb contained in sampi’és taken from the inside
lip of the pockets of subjects who fired.x Following one-round firings of
a. 32 caliber semiautomatic pistol, subjects plac._éd their fi;‘ing hands into
their pockets three times. Tape adhesive mUuntéd on 1-in.-diam sampling
discs was then pressed against the"pockets to colléz‘e"t: the residue. The
average amount of Pb was 0.8 pg and that of Sb was 0 40 pg, whereds for
residue-free pockets, Pb averaged 0 28 pg and Sb was less than 0,01 g
(data are tabulated in Table 2C). :

One-round, one-hand, indoor firings wi‘th Federal ammunition were
conducted with the .32 caliber Llama semiautomatic pistcl, followed by
vigorous wiping of the hands on clothing for about 15 sec, in order to effect
the removal of the residue from the hands. The average amounts of Pb and

Sb found on the firing handsamples after this activity were 0.6 and 0.04 pg,

respectively. The data for the seven samples analyzed are listed in
Table 3.

Tests of the effect of normal activity on persistence of residue were
made for one-round, cne-hand, indoor firings of the . 32 caliber
s;:mlautomatm pistol, which were followed by unrestrlcted activity for
specified periods of time (except that handwashing was forbidden). The
backs of both hands were sampled with tape following i-, 2-, 3-, and 4-hr
time delays, Table 4 lists the amounts of Pb and Sb found ox; the hand-

samples after the different time periods. The largest declines in amounts
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' “ : Table 4. Averages of Phyand Sb Found on Hands at Various «u
Table 3, Eifect of W1p1ng Hands on Clothmg on | Time Intervals F‘ollowmg Fn'mg of a ,32 Llama ¥
Persistence of Gunshot Residue? : Semiautomatic Pistol®

' ,;ti"i:" i - | iri H d.
Subject Pb (g) Sb (ng) Time Period Firing Hand Nonfiring Hand .
ok (hr) Pb (pg) Sb (ug) Pb (ug) Sb ().
1 1.0 0.03
R b b -
2 0.69 0.03 L 0 2.3 0.8 0.5
el 3 . 1.2 0.07 ) 0.6 0.08 | 0.5 0.0t
4 0.35 -
5 | 0,35 0. 01 | 2 0.8 0. 06 0.5 0. 01
i B | 035 e ‘ ) - 3 | 0.8 0.04 0.6 0.01
& 7 e 0.41 i, 0.12 | | :
, : 4 0.6 0.03 | 0.4 "
Average 0.6 0.04 - ' , ] e —

%The Pb and Sb averages come from data listé}i in Table A9,

a‘Follovving the firing of one round from a .32 Llama semiautomatic

bThe Pb and Sb averages come from Table A5.
pistal, the hands were wiped on the clothing vigorously for about .

15 sec in an attempt to remove the gunshot residue. Then the

firing hand was sampled by the tape adhesive collection method.

-29-
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o /
of Pb and Sb were seen between the {r’mmediate (0-hr) and 1-hr samplings.
For the 1-hr time interval and longe}y;g\\ﬁ}@ Pb levels were indistinguishable

A

from background levels. The average Sb é}_{nounts on the tape samples taken
3

from the backs of the firing hands d;opped &1{ an order of magnitude between
O0-hr and 1-hr samplings. As the time intelj\;\;:’al between firing and sampling
lengthened, the average Sb amount from firiﬁghandsampléé decreased, bﬁt
at a slower rate after the first hour. Figure iovghows \a,\plot of average Sh
amounts versus time for the delay of sampling following tﬁ&ngiring. The
nonfiring handsamples gave undetectable levels at the 0~ and A;'-i-hr intervals,
while for each of the 1-, 2-, and 3-hr'time intervals after firings, two of
the five samples taken contained detectable Sb. Table 4 displays these
averages for Pb and Sb. |

Data on Pb and Sb from limited persistence tests using several differ-
ent guns and makes of ammunition are shown in Table 5. During the time
interval between the firing (one round with one hand, indoors) and sé.mple
collection, unrestricted activity was allowed except that hands were not
washed,
L. Filter Fluorimeter

Some preliminary éffort has been devoted to development of an inex-
pensive filter fluorimeter instrument for inorganic luminescence analysis.
This instrument is intended as a screening detector for the small, local
laboratory.

Six six}‘gle-round firingi':"'spevgimens obtained with indoor firings of a

. 38 caliber Special revolver were analyzed by both the filter fluorimeter

-30-
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AVERAGE Sb, pg

TIME, hrs

Fig. 10. Persistence with Time of Sb on Firing Handsf‘dllq.y_qv_ing
One-Round Firing of a . 32 Llama Semiautomatic Fistol,
Samples were collected with tape.
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Table 5. Effect of ’I‘ime on Persistence of Gunshot

Residue Studied with a Variety of Guas

metric analysis, although emission signals were observed with the filter

Time
Period Ammo ‘

(hr) Handgun Used Brand Pb (ug) | Sb (ug)
1 .38 Speciai Smith and Wesson Revolver | Remington 1.1 0.05
1 . 38$Specia.l Smith and Wesson Revolver | Remington 1.0 0.03
1 . 32 Revolver Western 0.8 0.02
1 .32 Revolver Western 0.9 0.02
1 . 22 Hi-Standard Semiautomatic Remington 2.0 0.08
2 . 22 Hi-Standard Semiautomatic Western 1.1 0.0t

Super X

2 : . 22 Hi-Standard Semiautomatic Federal 1.5 0.03
2 22 Smi-‘th and Wesson Revqlver Browning 0"‘? | -
2 . 38 S;;ecial Smith and Weséon, Revolver | Norma 3.0 0.13
2 .38 Special Smith and Wesson Revolver | Norma 2.9 0.09

-32-

‘and the recording spectrofluorimeter tha::ihas been used for past work. The

same amounts of Sb were observed in each case. Six handblanks were also

Y,

_\éxamij’}:‘ed. ‘The handblanks showed no eviéijfence of Sb in the spectrofluori-
e a

g ~
i

fluorimeter, the highest being equivalent to the 0. 03-ug standard. Because
the filter fluorimeter only looks at light signals in a particular wavelength
region (e.g., about 622 nm), low levels of Sb are not distinguished from
background emission at 622 nm. With the sllpectfrofluorimeter, the advan-~

tage of spectral shape makes Sb analysis more sensitive and definitive than

the filter system.
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CHAPTER IV. DISCU:%SION

In previous studies, it was established that gunshot residue contains
a heterogeneous mixture of particles that contain Pb, Sb, and Ba. In a prior
paper that presented results cbtained by the scanmng electron rnicroscope
analysis of individual particles,3 it was concludecf that some individual par-
ticles contain primarily one of these elements, whereas others Ebntain mix-

tures, ‘Furthermore, the size of the particles was observed to vary from

‘less than 1 pm to greater than 100 pm. Therefore, any process that segre-

gates particles on the basis of physical properties su;h as. mass or density,
for example, could be expected to influence the__?.verage quantities measured
in an analysis of the residue that is finally collécted. Factors involved in
residue transport, éuch as wind, residue retention, or skin condition, as
well as collection method, can potentially influence the average composition
of the residue that is subjected to analysis. In fact, other workers have con-

cluded that the wide variation in amounts and compositions of residues ob-

s
R

i

served for successive similar firing tests'can be explained on the basis that

most of the mass of the elements detect;e.}g.";l» is contained in a few large parti-

cles.5 It is then hypothesized that a ‘Ié;g.,ée variation occurs in the nurniber
0
and composition of these larger particles recovered from firing to firing.

Similar conclusions are supported by the data obtained in this study.
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A, Handsamples Collected Immediately After Firing
In the .38 Special revolver firing handsamples, a sﬁbstantial increﬁa‘.ﬁse

:m the Pb and S% averages for the indoor over the outdoor firings may have

been caused by the wind encountered outdoors, The average Pb and Sb

amounts from the ,38 Special revolver outdoor firing handsamples (taken

with tape immediately after firing)‘ were too close to the handblank levels to
be definitive in gunshot residue analysis, but the Pb and Sb indoor firing data
showed levels substantially above the handblank levels, The fact that some

of the ammunition used for the outdoor tests was not used in thé indoor tests

does not seem to influence this result, For Western (lubaloy hullet) cartridges,

 the averages for five outdoor firings were 0.57 ug Pb and 0,02 pg Sb, while
the averages for nine indoor firings were 4.9 pg Pb and 0.16 ug Sb, For
Remington (lead-nose bullet) cartridges, the averages for five outdoor firings
were 0,92 ug Pb and 0,04 ug Sh, while the averages for six indoor firings
were 2,8 ng Pb and 0. 10 pg Sb. For 16 indoor firing handsamples of the ,38
Sf;ecial revolver, the Sb average of 0,13 pug is appreciable, but is less than
thekGulf General Af;)mic 0.26-pg Sb average for 56 samples determined by

means of neutron activation analysis.

After comparing our .38 Special firing sample data and handblank data: "

for Pb With the Gulf General Atomic data fdr Ba, we concluded that the com-
blnatlon of Pb and Sb analyses is better than the commonly used Ba and Sb
combmatxon Of our 45 handblanks, 90 percent gave Pb amounts of 0. 85 ug

and below, while 100 per cent of the- s1xteen 38 Special revolver, indoor, one-

round fijF ng handsamples gave more than 0,85 ug Pb. Of the 165 Class A"~

-36-

handblanks of the Gulf General Atomic study‘,* 90 percent gave Ba amounts of
0.34 g and below, while 57 percent of the 56 .38 Special revolver one-round

firing hand, 'éa,rnples gave mdare than O 34 ug Ba, 6 Therefore, this comparison

suggests &at Pb detected by photolummescence is a better indicator of resi-
due than Ba as detected by neutron activation analysis.

In the limited data on the one-round, 9 mm pistol firing handsaxgiales,
Pb and Sb appear uséful in distinguishing indoor firing samples from hand-
blank levels but not useful for the outdoor firing samples,

A large, unexplamable d1screpancy is observed in the results for firing
the . 380 caliber Bro‘\‘nmng semiautomatic between the 28 two- round, outdoor
firing handsample%,‘;:;collected by water -wash and the six one-round, outdoor
firing handsampl‘é‘s collected by tape. The average Pb amount for the one-
round tape collégtion samples is twice that for the two-round water-wash

samples reported in the earlier report on photoluminescence detection of

gunshot residuéf; ! The average Sb amount for the adhesive collection samples

In the Gulf Géneral Atomic work, four occupational groups were defined.
Class A 1ncluded individuals with low exposure to Ba and Sb, and consisted
of secretaries and laboratory technicians, among others. Class B was high
in Ba and low in Sb, including plumbers, graphic artists, mechanics, drafts-
men, and heating and air-conditioning repairmen. Class C was low in Ba
but high in Sb, inqluding electronic assemblers, in particular, Class D, high
in both Ba and Sb, included auto mechanics, painters, machinists, and

maintenance men.
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is seven times that for the water-wash samples. A large range is observed
in the Pb and 8b values for both indoor and cutdoor firing samples.

Too little work was done with the , 32 caliber revolver for discussion,
but with the , 32 caliber semiautomatic pistol the contrast between Sb and Pb

levels in firing handsamples and in handblanks was apparent.

From the limited amount of .22 caliber revolver firings, it appears that, :

\‘f:.o:v the outdoor firing samples, Pb and Sb amounts often are indistinguishable
from the handblank levels. The average Pb and Sb amounts in the case of
indoor samples were a little greater than those for the outdoor samples, Of
the seven indoor .22 caliber revolver firing samples, just two involved Sh-
containing primers, but five of the seven samples gave Sb amounts of 0,03 g
or more, These results can be explained in terms of introduction of contami-
nation from bullet lead or by residue retained from previous firings made with
Sb-containing primers.

Insufficient work was done with the ,22 caliber semiautomatic pistol to
draw conclugions about the outdoor firings, but with the indoor firing hand-
gsamples the PB and Sb data are, for the most part, useful in distinguishing
firing samples from handblanks. As in the case of the ,22 caliber revolver,
Sb is detected in handsamples when the cartridge fired has an Sb-free primer.
Although just th of the nine samples involved the use of cartridges with Sb-
containing primers, all nine samples contained at least 0,03 ng Sb. The
observation of antimony in residue from cartridges with antimony-free primers
is not new.6 One possible‘source for this material is the s‘mall percehtage of
Sb with which the bullet lead is alloyed to harden it, and another is ;:’i%ysi\due
retained in the barrel of the gun from previous fi:i‘!;in‘gs,. k
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From our limited work to date, it would be difficult to make a comparison
of the Pb and Sb L els in firing handsamples between the revolver and semi-~
automatic pistol f';';‘vrings. Only the .22 caliber handguns could be compared,

and the data

cﬁcate the semiautomatic pistol leaves more gunshot residue

on the fj ng hand than does the revolver.

B, Handblanks
Of our sampling of 45 handblanks, 33 subjects fall into the Class A

category of the Gulf General Atomic work, 6 and there are 12 subjects that
fit into Class D of the same Gulf General Atomic study, In none of our 33‘
Class A handblanks was Sb detected (the minimum detectable limit boi%ng
0.01 pg Sb), while in the Gulf General Atomic study 40 percent of the Sb
Class A handblank values were 0,01 pg or more. Only cne of our 12 Class D’
handblanks (handsamples taken from painters, maintenance men, auto
mechanics, and machinists) gave a detectable amount of Sb (0. 03 pg), while
in the Gulf General Atomic study, 59 percent of the Sb Class D handblanks
were 0,03 pg or over, The apparent discrepancy between our Sb handblank
data and those of Gulf General Atomic is not understood, Our Sb averages
for handblanks and one-round, .38 Special revolver firing handsamples
clearly were lower than the analogous Gulf General Atomic averages.

When one compares the average amount of Pb detected in handblanks
collected using the water -wash and adhesive collection methods, it can be
seen that about twice as much Pb was detected in the adhesive-collected
samples as in the water-washings. Our 33 %,1ass A handblanks collected with

adhesive gave ‘a:m average of 0,4 ug Pb, and the 20 water -wash-collected
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specimens gave an average of 0.2 pg. Antimony was undetectable in both
sets of handblanks., |
C. Residue on Clothing

Data obtained from the pocket; residue analyses indicate that gunshot
residue can be found readily in the pockets of shooters who have placed their

At

hands in their pockets. * Clothing did not introduce luminescent interference

in the analyses, and common levels of Sb in pockets in which no“gunshot residue
was present fell below the minimum detectable limit., Further work needs to
be done to study the effect of time on the persistence of gunshot residue in ‘:
pockets., It is likely that}fij‘:jche persistence of residue transferred to a pocket
by a hand, after shooting a gun, is longer than the persistence on the back of
the firing hand itself. The examination of the handsamples taken from the
firing hands after placing hands into pockets three times indicated that Sb
could still be detected easily, although the amount may be down by a factor of
six from the Sb amounts found immediately after firing, The Pb values ob-
tained from the handsamples after placement into pockets and from the pockets
themselves, were essentially indistinguishable from handblank Pb data,

Only Sb appears to be useful in the persistence analysis. Our result shomng

that large amounts of Sb were removed from the firing hand by the placement

of the hand in a pocket three times agrees with the findings of Kilty.4

: —

“The mere presence of residue in a pocket would probably be less compelling
evidence of a firing than, for example, the detection of large amounts of
residue on the back of the firing hand taken together with small amounts of

the nonfiring hand.
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Nevertheless, detectable amounts of Sb remained on the hand: For 8 yer;
.32 caliber semiautomatic pia{:ol firing handsarnples taken after subjyie';.:ts ‘
placed their hands into their pockets three times, on the average 0.12 p.g of

Sb was detected, whereas an average of 0.8 ng was‘o‘bsezved mmec‘hately
after f1r1ng For four .45 caliber semiautomatic pis:&"‘il firing handsam’ples,
Kilty saw an Sb average of 0. 19 ug, as compared to 1,3 pg immediately after
firing, The amounts &f Sb and Pb found on the firing handsample following
placernenf of a hand into a pocket three times do not seem vto be correlated
with the amount of Sb and Pb found in the residue- contammg pocket, 11:1
Table 2 for example, subjects 2 and 4 had roughly equal amcunts of Sbin-
the pocket sample and in the handsample.  Subject 5 had roughly equal
amounts of Pb in the pocket samplé*"ah& handsamplg. Subject 6 had much
more Sb in the pocket san}ixple thc;n in the handsample, and subjects 3 and 6 |
had much more Pb in the i)ocket sample than in the handsample, Subjects 1, “
3, 5, a»n'df{?‘; had more Sb in the handsample than in the pocket sample, and
subjects 1, 2, 4, and 7 had more Pb in the handsample than in the pocket
sample, These variations are consistent with the hete}rogeneous nature of
the particulate residue deposit, 9

Tape samples colleqted from firing hands after one-round f‘iszings,
followed by vigorous wiping for 15 sec in an attempt to remove all‘b residue,

showed that the Pb is usually reduced to the handblank lev_g\i; and Sb is often

reduced to a value close to or efual’to the han’dblank, level. | In five of the seven

Vhandsamples, Sb was detected, but only two of those samples gave amounts

over 0.03 pg. This result indicates the ability of a shooter to remove the

residue from the shooting hand by deliberately and vigorously wiping it on

4
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clothing, Further tests need to be done on this type of case, where both the
clothing and the hands are sampled for Pb and Sb. Our Sb data on this 15-sec

removal test are in agreement with the findings of Kilty. 4 Our Sb average for

1]

seven firing handsamples was 0.04 ug, representmg a 20-fold ; eductmnm" while

oS

Kilty's two firing samples taken after 15 sec of wiping hands on clothmg showed |

an Sb amount of 0,05 |.Lg, representing a 26-fold red?}ctmn.

;
i
i

D. Persistence of Residue on Hajids

In the studies of the peréistence of gunshoi‘:-’“residue with respect to time,
when a ., 32 caliber semiautomatic pistol was used Pb on the hands was reduced
to background levels at( the i-hr rﬁark for both firing and nonfiring hands, The
average Sbi'%jﬁiounts for the 1-, 2~, 3-, and 4-hr persistence time intervals
were 0.08, 0.06, 0.04, and 0.03 pg, respectively; therefore, Sb appears use-
ful while Pb does not. When one corribares the average amount of Sb in a
handsample, taken immediately after/firing a . 32 caliber semiaﬁtomatic pis-

. tol, with the average amount of Sb f/;’h,-r after firing, one sees an order-of-
mégnitude drop in the amount. Our results are in agreement with the
findings of Kilty,4 which also showed a drop in Sb of about an order of
magnitude from tﬁe O—hx; fo the 1-hr samples. However, the residues pro-
duced by the semiautomatic pistols used in both of these studies may differ

from those which would be obtained using other types of guns; this could

\\\

v:‘nﬂuence the observed persistence, and some prehmmary data from .38

""‘},afliber revolver firings suggest that this may indeed be the case. An c/rder-

/\”A ,L;uf—l"nagmtude drop for the average Pb amount (2.3 pg) on the firing hand-
B 7

/,/1~ I

\/ - sample immedjately after firing the . 32 caliber semiautomatic pistol would i

=
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reduce the average Pb to below the average handblank level for Pb. This

I

explains why the Pb levels seen at the 1-hr time interval are indistinguishable

from the handblank level. On the nonfiring hand, Pb and Sb amounts in hand-

samples taken immediately after firing are indistinguishable from common

handblank levels, Average Pb values at the 1-, 2-, 3-, and 4-hr time intervals
after shooting are indistinguishable from the common Pb ‘handblank ievels,
and no individual Pb value from the nonfiring handsamples was greater than
0.95 pg. Although no Sb was detected in any of the four handsamples from
nonfiring hands taken immediately after the one-round, one-hand , 32 caliber
semiautomatic. pistol firings, and although no Sb was detected in any of the
four handsamples taken 4 hr after firing, Sb was detect«-"d in two of five
nonfiring-hand handsampies taken\gfor each of the 1, 2-, aynd 3-hr time
samplings after firing.. This result suggests the transfer of residue from
firing to nonfiring hand by activity over a 3-hr pe:/t:iod after shooting. The.
findings of Kilty (using two subjects) also show tha.t the Sb aimounts increase
on the nonfiring hand with time. ' k

Most of the persistence data reported here are derived from firings of
a .32 semiautomatic (Llama) and may not accurately reflect the persistence
behavior of other types of guns and ammunition. A more definitive persis-
tence study of a gréater variety of residués is being undertaken, usiné; both
the luminéscencev, and the particle analysis methods. |
E, Adhesive Residue Collection

The tape adhesive sample collection method ig{rapid, and 1t can be

used in conjunction with various techniques of analysis, such as inorganic

‘luminescence, atomic absorption, chromatography, and scanning electron

a3 5




microscopy. The examination of a tape sample with the SEM for particle
identification can be followed immediately by the quahtitative analysis of
Sb and Pb using inorganic luminescence. The tape samples can be stored
for an indefinite period of time without harm using a closed container to pre-
vent contamination, and negligible Pb and Sb background interference is
obtained from the tape in the photoluminescence analysis, The other hand-
sampling techniques employed in gunshot residue collection exhibit incon-
veniences and drawbacks. The cotton swabs apply acid to the hand and

in some instances have been contaminated with elements of interest to this
determination. Paraffin lifts are inconvenient for field use, whereas cellulose
acetate film lifts r‘equire high-purity material. With the water-wash collection
method, which we previously employed, Sb determinations were hindered by
background contamination, and the technique was inconvenient for field
collection. With the tape method, these problems are minimized, and greater
collection efficiency is observed. The tape method, which uses a common, |
commercially available adhesive material, can also be used ;co obtain spatial
distribution information for gunshot residue on hands. Data obtained using the
Qarious collection techniques can be expected to differ quantitatively because
nonidentical areas of the hand are sampled and efficiency of retentiﬁon for

| vaxa.;ious components of the residue can be expected to vary from method to
method, )

F.  Filter Fluorimeter

The modified commercial filter fluorimeter provides the sensitivity

required for Sb analy:l '4. It was anticipated that detection based on excitation

e s i, ]

at a single wavelengvth“yvﬂ":é'uld be much less specific for Sb than measurements

-based on the entire excitation spectrum. However, the limited results for

handsamples and handbla;aks indicate interfering signals from hand contami-
nants may qc}t be a major problem for screening applications. For example,
if a thrééh‘bid of 0.03 pg Sb were used, none of the handblanks would have

been interpreted to be false positive, and 77 percent of specimens collected
immediately after firing would have been correctly judged positive. Although
the instrument is limited to Sb detection, this may not be a serious restriction
because Pb and Ba are much less valuable indicators of residue, The great
advaﬁ%‘ége of the fluorimeter is its low cost (about $800, plus about 3{5300}01‘
auxiliary equipment) and the ease of operation, More extensive testing would

be required before the feasibility of practical application could be assessed,

o
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CHAPTER V. CONCLUSION

Inorganic luminescence analysis combined with-the adhesive method of

sample collection provides a convenient and éffective method for elemental
analysis of gunshot residue. Aﬁtimony appears to be the most useful 1nd1ca.tor
of the presence of residue because of its low abundance in handblanks. Results
for handblanks have indicated significantly less Sb than has been reported in
past surveys. This may be associated with the new collecﬁon and analysis
procedures. If these findings are confirmeg by subs eﬁuent independent studies,
the utility of elemental analysis would have tc; be assessed more favorably than
in the past for promptly collected residue and for delayed collection, provided

the preliminary persistence data obtained thus far are typical,

Comparison of the new Pb data with prior studies of Ba in gunshot residue

. suggests that Pb is a more valuable measure of residue than Ba, which had been

used in most previous detection w;)rk. However, both Pb and Ba have average
handblank lévels equivalent to the reduced average amounts of these elements
that are found one hour after firing, Therefore, they are not exp.ectedbto be use-
ful indicators in typical casework involving live s-uspects. In cases of suicide or

immediate collection of residue, they should provide a useful supplement to

information from Sb.

It can be anticipated that overall detection performance would not be
reduced excessively if analysis capability were limited to Sb. Considerable
savings in equipmeni: design could be achieved for a special purpose instrument

limited to this function, ‘However, over the long run, Pb will become more
i
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useful as its environmental (automotive) source is eliminated, provided 1t1s
retained as a constituent of ammunition. Therefore, the future capability is
sacrificed if a limited system is adopted. ‘

Ability to detect residue transferred from hands to clothing pockets is
a highly promising outcome of this study. A large part of the residue adheres
fo the cloth and can be removed by the adhesive technique. Since substantial
persistence of this deposit is anticipated, it may become a valu‘ab{g procedure.
Also, ﬂ'ansfer of residue from the firing to the nonfiring hand was observed

consistently in tests of residue persistence, in agreement with results of other

i
research’jyroups.
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Table A1. .38 Special Smith and Wesson Revolver®

A. Outdoor Firings B. Indoof’Fir‘mgs
Pb (ug) | Sb (ug) Cartridge? Pb (ug) | Sb () Gartridge®
0.55 =° W, 158 gr LUB 3.5 0.12 W, 158 gr LUB
0.30 0.01 W, 158 gr LUB 5.1 0,17 W, 158 gr LUB
0,56 0.03 W, 158 gr LUB 4.7 0.12 W, 158 gr LUB
0.50 0.0t W, 158 gr LUB 5.0 0.09 W, 158 gr LUB
ok 0.92 0.04 W, 158 gr LUB 7.8 : W, 158 gr LUB
' 1.7 0.04 R, 158 gr RNL 5.3 " 0.18 W, 158 gr LUB
1.0 0.05 R, 158 gr RNL 1.7 0,07 W, 158 gr LUB
0.44 0.03 R, 158 gr RNL 4,8 0.30 W, 158 gr LUB
0.50 0.03 R, 158 gr RNL 5.9 0.18 W, 158 gr LUB
0.98 0.06 R, 158 gr RNL 2,3 0.08 R, 158 gr RNL
0.55 0.04 | R, 125gr JHP 2.1 0.14 R, 158 gr RNL
0.33 - R, 125 gr JHP 2.2 0.07 R, 158 gr RNL
0.50 0.19 R, 125 gr JHP 1.7 0.07 R, 158 gr RNL
0.55 0.04 R, 125gr JHP 3.9 0.11 R, 158 gr RNL
1.3 0.05 R, 125 gr JHP 4.4 0.13 R, 158 gr RNL
. 0.90 0.01 R, 125 gr JHP ‘
0.58 - SV, 110 gr JHP
APPENDIX. HANDSAMPLE DATA 0.40 0.06 SV, 110 gr JHP
0.55 0.01 SV, 110 gr JHP
0.43 0.02 SV, 110 gr JHP
0.60 0.06 N, 158 gr JHP
0.29 0.06 N, 158 gr JHP
0.21 0.03 N, 7138 gr JHP
1.1 0.03 N, 158 gr JHP
0.69 0.02 N, 158 gr JHP
0.60 0.04 N, 158 gr RNL
0.29 0.04 N, 158 gr RNL
0.54 0.01 N, 158 gr RNL
o 1.0 0.07 N, 158 gr RNL
0.65 0.07 unk
0.30 0.03 unk

8 The tape collection n;x‘ethod of sampling was applied to the back of the firing hand following
the one-round firing of a ,38 Special Smith and Wesson revolver (2-in. barrel}.
bW = Weétern, R = Remington, SV = Sup(;t Vel, N = Norma, LUB = lubaloy bullet,
RNL = lead round nose bullet, JHP = jacketed hollow point bullet, unk = unknown.,
’ ‘cThis symbol indicates that no detectabf& amount was observed, For Sb, it indicates no
evidence of Sb. :

o ~ -53a

B
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- Table A2. 9 mm Browning Hi-Power Semiautomatic Pistol? \ Table A3. .380 Browning Semiautomatic Pistol

A. Outdoor Firings | B. Indoor Firings A. Outdoor“Firing Samplesb B. Indoor Firing Samples |
Pb (ug) | Sb (ug) Cartridge® Pb (pg) | SB (1g) Cartridge® Pb (lg) | Sb (i+g) Cartridge® Pb (1g) | Sb (ug) Cartridge®
0.30 - F, 123 gr mc 2.1 0.12 | F, 123 gr mc 1.0 0.22 | R, 95 gr me 1.1 0.33 | R, 95 gr mc
| F, 123 gr 'mc 2.3 0.“‘14‘ F, 123 gr mc ‘ | 3.6 0.40 W, mc o 92 063 W, mec
S, 100 gr JHP o 4.2 0.90 | W, mc | a4 0.72 | W, mc
L, mc ‘. ‘ 2.8 0.90 W, mec 6.4 0.21 W, mec
F, 123 gr mc 0.90 0.08 R, 95 gr mec 3.2 0.54 W, mc
F, 123 gr mec ' - 0.85 0.10 R, 95 gr mc
0.35 | 0.0 | L, me. | Average Average
0.25 | 0.05 S, 100 gr JHP o 2.2 0.7 5.0 0.5
0.29 - F, 123 gr mc
Average: | . ‘ %The tape collection method of sampling was applied to the back of the firing
°-° 0.02 hand following the one-round firing of a .380 Browning semiautomatic pistol.

2 ) bTwenty-eight handsamples from two-round outdoor firing collected by a
The tape collection method of sampling was applied to the back of the firing

water wash gave Pb and Sb averages of 1.1 and 0.09 pg, respectively.
hand following the firing of one round from a 9 mm Browning Hi-Power

' °R = i = ¢ = metal case bullet.
semiautomatic pistol. R = Remington, W = Western, m

Pp = Federal, S = Speer, L = Lapuh Patruunatehdas (Finnishj, S

me = metal case bullet, JHP = jacketed hollow point bullet. hl

| : 55
54 .




LI

Table A5. .32 Llama Semiautomatic Pistol®

b Indoor Firings ;
# Pb (ng) | Sb (bg) | Cartridge® Pb (ug) | sb (rg) | Cartridge®
o 3.8 1.7 F, 71 gr mc 0.9 0.19 F, 71 gr mc
1.7 0.68 | P, 71 gr mc 1.9 0.98 | F, 71 gr me
1.8 0.83 F, 71 gr mc 1.8 0.91 F, 71 gf me
2.4 0.66 F, 71 gr mc 1.7 0.79 F, 71 gr mec
0.8 0.07 F, 71 gr mc 1.5 0.23 F, 71 gr mc
1.8 0.30 F, 71 gr mc 5.0 1.7 F, 71 gr mec
1.5 0.35 W, mec 3.6 LT F, 71 gr mc
, 2.1 0.28 | W, mc 3.8 1.3 F, 71 gr mc
. “ . ‘ 0.7 0.11 R, 71 gr mc 3.7 0.95 | F, 71 gr mc
1.4 0.12 P, 71 gr mec 5.0 1.8 F, 71 gr mc
Average
2.3 0.8

b

iy,
%

F = Federal, W = Western, R = Remington, mc = metal case bullet.

hand following the one-round firing of a .32 Llama semiautomatic pistol,

%The tape collection method of sampling was applied to the back of the firing



Table Ab. .22 Harrington and Richardson Revolver>

A, Outdoor Firings

B. Indoor Firings

Pb (pg) Sb (pg) Ammo Brand Pb (pg)| Sb (pg) Ammo Brand
2,9 0.12 Western Super X 1.6 0.13 Western Super X
1.8 0.07 Western Super X 0.91 0.03 Federal
2.6 0.09 Western Super X 2.1 0.08 Federal
0.43 - Western Srper X 1.7 - 0.04 Browning
0.26 - Western Super X 0.7 0.03 Browning
0.53 - Western Super X 0.6 - .‘ "vfxll_B‘rowning
0,69 0. 10 Federal 2.0 0.01 ’;‘;\i?;,@fnington
0. 50 - Federal 4, O]j 0. 5b Remington
0.35 0.01 Federal
0.76 -0.04 Federal
1.0 - Remington
1.0 0.0¢ Remington
0.22 - Remington

A\ierage Average
1.0 0.03 1.4 0.05

%The tape collection method of sampling was applied to the back of the firing hand

following the one-round firing of a .22 Model 929 Harrington and Richardson

revolver (2-in. barrel). Copper-coated ammunition was used.

bThis result is unusual since no Sb is contained in the cartridge primer in this

case. The Pb and Sh entries for this Asample are omitted in the calculation of

the averages for Pb and Sh.
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 Table A7. .22 Hi-Standard Semiautomatic Pistol®

A. Outdoor Firings B. Indoor Firings
Pb (pg) Sb (pg) | Ammo Brand Pb (ug)] Sb (pg) Ammo Brand
0.5 0.02 Browning 1.4 0.03 Western Super X
0.5 0.03 Federal 2.4 0.09 Federal

2.1 0.07 Federal

3.0 0.09 Browning
1.3 0.04 Browning
12 0.04 Remu{fxégton

3.1 0.05 cér

1.6 0. 14 CCI

1.0 0.07 CCI

Average
1.9 0.07

%The tape collection method of sampling was applied to the back of the firing hand
following the pne-round firing of a .22 model M-101 Hi-Standard semiautomatic

pistol. Copper-coated ammunition was used.

/o
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. | Table A8, Handblanks® /

Occupation Pb (kg) ]| Sb (pg) Occupation Pb (kg) | Sb (ug)
Laboratory worker 0.30 - Carpet layer 0.55 -
Laboratory worker 0.26 - Typist 0.12 -
Laboratory worker : 0,55 - Typist 0.1 -
Laboratory worker 0.60 - Liquor store clerk 0.17 -
Laboratory worker +.0.25 - Barber 0.18 ~
Laboratory worker 0 .25 - Pharmacist 0.08 -
Laboratory worker ‘0 .45 - Office worker ,0.10 -
Laboratory worker 0.45 - Teacher 0.10 -
Laboratory worker 0.25 - Disabled 0.17 -
Labozatory worker 0.38 - High school student 0.19 -
Laboratory worker 0.12 - Painter 0.86 -
Laboratory worker 0.37 - Painter ‘ 0.24 -
Laboratory worker 0.60 - Machinist 0.76 -
Laboratory worker 0.20 - Machinist . 070 -
Laboratory worker 0.40 - . Machinist 0,34 -
Laboratory worker 0.30 - Machinist 0.60 | 0.03
Laboratory worker 0.90 - Machinist 0.25 -
Laboratory worker 0.85 - ‘ Auto mechanic 0.62 -
Laboratory worker 0.95 - Auto mechanic 1.3 -
Laboratory worker 0.53 - Maintenance man 0.70 -
Floor sander 0.34 - Maintenance man 0.43 -
TV repairman 0.34 - Maintenance man 10.63 -
Bicycle factory worker 0.20 -

I
it
o

2The tape collection method was used to remove debris from the back of the right hand of persons

who had not recently ﬁ;‘e& a gun,




Table A9, Effect of Time on Persistence of Gunshot Residue®

subgect ‘ :rm};itl\:wif:d Firing Hand Nonfiring Hand
Firing and Collection
(hr) Pb (ug) | Sb (ug) Pb (ug) | Sb (ug)
1 0 0.88 0,19 0,42 -
2 0 1.9 0.98 0.22 -
4 o 3.7 0.95 0,75 .
6 Q 5.0 1.8 0.60 -
Average 2.9 1.0 Q.5 -
1 1 0.85 0.12 0.79 0,03
2 { 0,40 0,05 0.13 -
3 1 0.72 0.07 0.95 0,03
6 1 0.25 0.03 0, 15 -
8 1 0.63 0.12 0,53 -
Average 0.6 0,08 0.5 0.01
1 2 1.3 0.15 0.62 0.03
2 2 0,48 0.12 0.13 -
3 2 0.33 - 0.33 -
4 2 1.3 0.03 0.95 0,02
8 2 0, 31 - 0,30 -
Average 0.8 0.06 0.5 0.0¢
1 3 1.2 0.04 0,70 0.02
2 3 0.48 0.06 0.42 -
3 3 1.3 Q.07 0.72 0.0t
4 3 0.69 0.03 0.78 -
9 3 0,23 - 0, 16 -
Average 0.8 0.04 0.5 0.01
1 4 0.80 0.03 0.53 -
{ 4 1.0 0.07 0. 60 -
2 4 0. 51 0.02 0.30 -
9 ‘ T4 0.25 - 0.30- .
Average 0.6 0.03 0.43 -

a D sk
Following the firing of one round with one hand from a . 32 Lama semiautomatic pistol,
0~, 1-, 2-, 3+, and 4-hr intervals were allowed to pass before sampling of the hands
with the tape collection method, The only restriction on the activity of the hands aver

these time intervals was that the subject did not wash them. .
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ACP

cm

Dewsar

gr

Handblank

Handsample

HCI1
K
ml
mm

Monochromatet

Automatic Colt Pistol: used together with caliber
designation to describe a specific cartridge
configuration

barium

centimeter

vacuum flask, similar to a thermos bottle, that

provides a high degree of thermal insulation for the

Y
\

content, which is commonly a cryoge(@ic fluid such

“as liquid nitrogen

gram

grain: bullet weight is given in grains;

{ gr = 0.0648 grams

specimen taken from the back of the hand of a
person who has not fired a gun

specimen of guhshot residue taken from the bac;ik
of the hand of a person who may have fired a gun
hydrochloric acid

Kelvin

- milliliter

millimeter

wavelength selector for the ultraviolet, visible, or

infrared spectrum consisting of mirrors and a grating

or prism
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nm

Pb

Photoluminescence

Photomultipliex

Sb

K8

e T

N ki et ;,__(<

nanometer: a unit of length equal to 10-7 c¢m that is

" commonly used'in the measurement of light wavelength

lead

light emitted by a chemical species in the visible
or ultraviolet wavelength region of the electro-
magnetic spectrum when the species has been
excited with radiation of higher energy .

an extremely sensitive instrument, which is used
for the detection of light, that consists of a photo-
cathode, an anode, and a series of electron multi-
plier dynodes -

antimony

microgram: one millionth of a gram (10-6 g)
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