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ABSTRACT 

Rapid, convenient detection of gunshot residue on the hands of a 

suspect ioll\)wing a shooting can be accomplhhedbythe ph9tolWlHnescence 

determination of the presence of lead (Pb) and antimony (Sb). which originate 

in the bullet primer. Following the firing of a gun. the backs of both hands 

are washed in a stream of distilled water. Each handwashing is filtered, and 

the residue collected on a membrane filter is dissolved in hydrochloric acid." 

Lcad(II) and Sb(UI) form chloride ion complexes with the acid, which lumi-

nesce strongly upon selective ultraviolet excitation at low temperature. Upon 

excitation, the Pb and Sb complexes emit lig,ht with maxima at wavelengths 

characteriatic for the two metallic elements. By the u~e of this procedure, 

it is possible to detect as »ttle as 1. 0 ng of Pb and 10 ng of Sb. The total 

time fOl' sampl{i collection and analysis is less than 30 min. 
'J 
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SUMMARY 

When a suspect has been apprehended following a shooting. detection of 

gunshot residue on his hands "can provide kcy evidence Cor the criminal casc. 

until recently, the most common method used for gunshot residue detection 

was the dermal nitrate test, which has been proven unreliable because of the 

many false positives and false negatives encountered. The method in 

general use currently is neutron activation analysis for detection of Sb and 

Ba),n gunshot residue. but this method has drawbacks, e.g., the time and 

inconvenience of sending samples out for analysis and the inability to detect 

Pb, a common constitutent of gunshot residue. The objective of this study 

was to use photolunlinescence techniques in developing a method Cor gunshot 

residue detection on the hands that would be rapid, reliable, and co~venient 

Cor use in a crime laboratory. A photoluminescence method was found that 

provided a simultaneous, rapid, and quantitative determination of Sb and Pb, 

two of the three most cCiinmon metallic elements found in gunshot residue. 

Low-tempet'ature chloride ion complexes formed with Sb and Pb in concentrated 

hydrochloric acid luminesce strongly with characteriatic peaks in their excita

tion and emission spectra when excited in the ultraviolet region of the 

electromagnetic spectrwn. 

A sample collection and preparation method was de':eloped to efficiently 

remove the gunshot particulates fron'i a predetermined area of the hand and 

then to form the luminescent chloride ion complexes with the Sb and Pb pre

sent in the collected gunshot residue. ''Following a shooting. both hands of the 

Ix 



person who fired the gun are washed with a stream of distilled water from a 

polyethylene squtteze bottle. The water stream is applt~d only to selected 

areas of th hand; i. e., the back of the hand, the thum~"keb area, and the 

back of the fingers. Use of a brush or cotton swab J,h the removal or gunshot 

residue was abolndoned because of the introduction of background luminescence 

in the analysis. The collected residue particul~h=s are separated from the 

~andwashing by filtration. One milliliter of concentrated hydrochloric acid 

is used to remove the residue from the membrane filter and form the 

lunlinescent chloride ion complexes of Sb and Pb. The acid s.,lution of residue 

is placed in a quartz sample tube .and cooled to liquid nitrogen temperature. 

TJte luminescence .intensities, upon excitation with ultraviolet light, arc 

used for quantitative analysis for Sb and Pb. Thia technique is specific and 

is sensitive to O. t ng of Pb and 1.0 ng of Sb. 

Twenty-nine pairs of right-left handwashiilgs from numerous persons 

following two-round test firings of a .380 Browning automatic pistol Were 

taken at an outdoor pistol target range. Analysis of these handwashings after 

firing for Sb showed that 20 out of 29 firing {right) hands yielded greater than 

0.04 Jig Sb, whereas only 2 of the 29 nonfiring (left) hands yielded greater 

than 0.04 Jig Sb. Out of 20 handwashings taken from persons while in the 

laboratory, when no gun was fired, no Sb was detected. Analysis of the 

29 pairs of handwashings for Pb following the two- round firings gave a 

range of O. 10 to 2.9 Jig for amounts of Pb found on the fidng hand. and SOr» 
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of these yielded more than 0.6 Jig Pb. Anlounts oC Pb detected in 20 hand

washings taken from peril~ms while in the laboratory range from O. 10 

to 0.60 Jig. 

The photolwninescence technique was also applied to the detection of 

gunshot residue and the identification oC bullet holes In cloth. 

This preliminary investigation of the application oC the photoluminescence 

technique for the detection of gunshot .residue has established a rapid, con

venient,. sensitive, and quantitative method [or the detection oC Sb and Pb 

on tre bands. On the basis oC the limited numbers of samples studied to date, 

ratios made ot the amounts oC Sb and Pb found on the tidng hand to the non

fi.ring hand and the absolute amounts of these elements canbe helpful in 

determining if a person may have fired a gun. Our method shows potential 

as a screening procedure that could be used immediately COi~lowing t.he appre

hension of a suspect to decide whether or not to detain him, since the total 

collection and analysis time should be less than 30 min. 

T.h~ examination of many calibers and typet" of ammunition and guns 

needs to be pursued, as well as a thorough investigation of the common levels 

of Sb and Pb found on the hands when no gun has been tired. Additional 

experiments are required to extend the analysis to other elements found in 

gunshot residue and to make the sample collection more convenient Cor 

field use • 
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CHAPTER 1. INTRODUCTION 

When a suspect has been apprehended following a shooting, detection 

oC gunshot resid~e on his hands can provide key evidence Cor the crimin~l 

case. The determination or the firing distance (distance Crom weapon to 

target) by the distribution oC gunshot residue is useful, especially in suicide 

investigations. We describe the results of a preliminary study oC the 

application oC photoluminescence techniques to gWlshol residue detection. 

i'he key _ob .. ~ective in this study was to develop a rapid, reliable, and c:;;on-

venient method of detection (0':' use in the crime laboratory. 

Previous rnethods o[ gunshot residue detection, which are obsolete 

becauae of their lack oC sensitivity or reliaQility, include the color teat (or 

nitrates 1 and the color tests of Harrison and Gilroy2 Cor antimony (Sb), 

barium (Ba). and lead (Pb), the three most characteristic metallic elements 

found in gunshot residue. The only method currently in general use, 

although the use oC thi$ method is not nearly as widespread as need would 

dictate, is the application of neutron activation analysis to detect Sb and 

Ba3 . This mettiod has serious drawbacks, e.g., the time and inconvenience 

of sending samples out for analysis and the inability to detect Ph. 

Other analytical techniques being considered Cor detection of gunshot ,-, 

residue include atomic absorption spectrometry, atomic fluorescence 

spectrometry, cha rged- particle and x- ray-inciuced x- ray emis sion, 

electrodeless plasma emission spectrometry, and molecular photolumines-

cence spectrometry. The cost, analysis time, and sensitivity of these 

1 



techniques differ widely. General interest has been primarily in atomic 

absorption spectrometry • Flame atomization can be used Cor Ph detection, 4 

but nameless systems such .s the gl"aphite furnaceS and the microthermal 

atomizer are reqQ,h'ed for Sb and Pb detection.. One disadvantage in 

the use of atomic absorption is th'e rcquhement that a separate excitation 

~amp be installed for each element to be detected. The use of atomic 

fluorescence spectromctry can potenti.dly provide multi .. element analysis 

and greatcr sensitivity, but research in developing the analytical technique 

i'irequired before its usefulness in the detection of gunshot residue can be 

assessed. 

Charged-particle-induced x-ray emission is sensitive enough for the 

f,~etection of aU elements in gunshot residue,6 but the instrumental system u . 

e.xpensivc and not r~.a.di1y available in the crime laboratory. In previous 

studies, «"particli!s, .rather than electrons, were used to induce x-ray 

emission.. The use of heavier particles increases Sensitivity because 

bacltground radiation is smaller. It would appear that a scanning electron 

beam such as in an electron microprobe or in a scanning electron micl"o-

scope would be adequately serisitive to detect elements characteristic of 

gunshot residue and to correlate the:fr presence with specific particles, but 

these instruments arc costly. Energy dispersive x-ray Iluorescence7 

appears to be scnsitiv(: enough for detecting Pb in gunshot residue, and thc 

equipmcnt is less costly; but this method probably is not sensitive enough 

to dclcet Sb andBa in handwashings. 

• 
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',Elect,:,odeless plasma emhlsion spectrometry nas only recently been 

used in the detection of gunshot residue.
8 

This technique has ,exciting 

possibilities because it has extremely high sensitivity and would only require 
/'( 

attachments (or spectrographs frequently found Intc"crime laboratory. 

In our study, we concentrated on the develop hent of a mQlecular photo

luminescenfe technique to deteet metallic clements in gunshot residue. As 
! 

discussed fo;ubsequently, the use or this te'ichnique is attracti,ve because or 
/f 
1 

the ease or analysis and its sensiH-vity and low cost. lb this preHminary 

study, we were cQncerned with the detection of Pb, Sb, and Ba; we did not 

attempt to repeat the extensive work ... 1 ready carried out with neutron acti-

vation analysis concerning the importance of the detection or these clements • 

3 
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CHAPTER II... DESCRlPTION O~ PHOTOLUMINESCENCE 
T.ECHNIQUES 

A. Background 

For ou r PUl"poses, photoluminescence can be define'd as ~he light 

emitteCi'-bya chemical species in the ultraviolet-visible wavelength region 

of the electromagnetic spectrum (300 to 700 nm) when excited with ultra

violet radiation (t 90 to 380 nm). Ahsorption or ultraviolet radiation by Q' 

luminescent nlolecule causes it to undergo an ~lectronic t.ransition from the 
'. 

ground state, i. e. I the state or lowest energy, to a !hgher energy Or' excited 

~~te. When a molecule in the e')c.cited state returns to its ground energy 

state, a portion o( its excess energy is released ~hrough the emission o( 

"'-
light. Luminesceot properties. or use are the excitation'" and emission 

spectra, i. e., intensity v~rsus wavelength, the decay time or the lumtr.{\3-

cence once. the excitation source is extinguished, and the quantum yield of 

emission, L e., the rat~o of the number of molecules that eO"it light to the 

number of molecules that absorb excitation. The luminescence can consist 

of both fiuol"'escence and phosphorescence. T,he fluorescence of mo1il 

molecules appears at shorter waveleflgths and has a fast decay time (10-9 

to 10-6 sec), whereas the phosphorescence appears at longef wa\'elengths 

and has a longer decay time (10- 6 to to sec). 

*The ~xcit.ation spectrum is a plot. of the va.riation in the luminescence 
, 

illtensity as the wavelength of the exciting radiation is varied • 

5 

\ 

!' 



--
o 

G 
<) 

Photoluminescence analysis has the adva~tage~ that (1) it can be 
. \ \ 

\, 

highly se!,ective because the absorption, emission, and Hletime parameters 

.must match; (2) it is highly;, sensitive; (3) it is nondestructive; (4) it is 
o 0 

inexpensive: and (5) the separation of compl,ex mixtures is unnecessary. 

The most beneficial attribute is the high sensitivity, which. is less than a 

nanogram lor efficie'ht emitters. Forensic toxicologists are already using 

,~his sensitivity in screening for morphine in body fluids by means of 

photoluminescence .9 

B • Detection of Sp, Ba, and Pb 
II 

We have surveyed the literature concerning· photoluminescence for 

nlethods of analysis for Sb,Ba, and Pb that would (1) be reliable, sensitive, 

and. quarititative; (2) that would not involve a great deal of wet chemistry; 
I) C' 1:~\ 

a,nd (3) that would be capable of simultaneous determination of more than 

o~e of the three elerr.ents. The luminescent reactions of Pb(n) with morin 

(5.0 ~g/ml sensitivity}10 and' with Lucigenin (0.4 Jig sensitivity)11 do not 

provide rhe required sensitivi~ for determination of Pb in handwashings. 
'l. 

The lumitiescent' reactions of Sb(Ill) with. Rhodamine 6G (0. 1 I1g1ml sensi- i; 

tivity)12 and with benzoin (0.04 Jig/ml sensitivity)13 do not provide good 

re;:>roducibiHty:, and, in the case of benzoin, many elements interfere. The 

detection limit of SbUll) when 3,4', 7-trihydroxy!lavone is used 15 is 

'sufficient (0.04 J1g), but a complex wet-chemical procedure is involved in 

the analysis. The most useful analysis technique involves the formation oC 

.. 14 16 
halogen ion complexes.o • 
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Strong luwinescence is observed at low tempe.ratures Cor 

submicrogram amounts of the halogen len complexes of TI(I). Pb(II), Bi(ilI), 

Sb(Ill), Te(IV}, Se(IV),and As(II!) .. all of which are ions '.rith the electronic 

shell configuration 1s2 ••. np6nd l0(n + 1)s2.2 No luminescence is observed 

C f C• h' .• d h . 1 d" • t 6 rom orty- Ive ot er Inorganu: Ions un er t e same experunenta con Ihons. 

The luminescence quantum yields of the Pb(lI) and S~(Ill) halogen ion 

complexes increase tremendously with a decrease in temperature, and .. at 

71·K (the boiling point of liquid nitrogen), the Pb(Il) and Sb(ll!) chloride ion 

complexes form clear rigid glasses in 7M HCl. 

Antimony sulfide (stibnite) (a primary constituent of bullet primers) 

can be dissolved in acids. In the presence of concentrated HCI, the trivalent 

Sb ions form a complex with the chloride ions 11 

Sb3+ + 4Cl- - SbC14 (1) 

Sb 3+ + 6Cl- - SbCI~- (2) 

:i,lnd these complexes are responsible {or the molecular luminescence. When 

lead styphnate (another primary constituent of hullet primers) is added to 

concentrated HCl. luminescent Pb chloride ion complexes are readily 

d 17 
forme . 

(3) 

2Tbe luminescence is analogous to the intense 3p 1 - ISO emission from Hg 

atoms at 253.7 nm. 

7 
(J 
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Barium (from the barium nitrate in bullet primers) does not luminesce in 

the frozen HCl solutions. 

Low-temperallurc chloride ion complexing with Pb(II) and Sh(ll!} pro-

vides the most sensitive, convenient~ and rapid method of luminescence analysis 
C) 

known for these ions; it also provides the ,capablLity of simultaneously analyz-

ing for both ions. As shown in Figures 1 and 2., the emission spectrum for 

Pb(Il) peaks at 390 nm, and for Sb(Ill) the emission peaks at 62.0 nrn~l The 

band peaking at 42.5 nm (Figure 2.) is a combination of scattered light and 

HCl impurity emission. The excitation spectra (Figures 1 acd 2.) peak at 

2.76 nm for Pb(II) and at 250 nm and 300 nm for Sb(Ill}. These emission 

spectra have been corrected Jor the variation with wavelength of the response 

of our photomultiplier and grating. The excitation spectra have not been • corrected for the variation in the lamp intensity 'Versus wavelength. Thus, 

the excitation maxima can differ for different lamps. For Pb, however, 

the band is so sharp that no dependence on the lamp is expected (if we 

assume that the spectral output of the source does not vary rapidly with 

wavelength) . 

• 
8 
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Emission Spectrum (250 nm excitation) for 0.20 J1.g/ml 
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combination of scattered light and HCl impurity 
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CHAPTER Ill. DETECTION OF Pb AND Sb IN GUNSHOT 
RESIDUE 

Our primary objective in the development of this met!iod of gunshot 

residue detection was to efficic.ntly remove and collect, in a form suitable 

for photoluminescence analysis. all gunshot residue [rorn a predetermined 

area of a hand. We were also concerned with efficiently forming luminescent 

chloride ion complexes with the Pb and Sb present in the collected resi4ue. 

A. Sample Collection 

Mter a shooting. the first step, currently, is to wash both hands of 

theperaon who shot the gun with a stream of distilled water [rom a poly-

ethylene squeeze bottle and to collect the handwashings in a large beaker. 

KiltylS recently repor,ted that a stream of water such as this can remove 

over, soer" of the residue. A small clean brush had b~en used in conjunction 

with the stream of water, but the method was abandoned because of the 

possible lunlinescent contamination from the brush itself and the observa-

tions that gunshot residue particles we::-e caught in the bristles of the brush 

and large quantities of epithelial tissue were removed by the br\!sh. The 

luminescence uackground cau,sed by the large quantity of ~ithelial tissue 

was decreased wh~1l __ ~he brush was not used and centrifugation of the sample 
: \ 

prior, to analysis was;no longer, required. In removal of the residue from 

the hands foHowing a shooti:ng , the stream of distilled water is applied OIily 

to selected a reas of the hand: namely, the back ·of the hand, the thumb-web 

area, and the back of the fingers. The inside areas of the fingers and palm 

11 
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arc avoided in the 'washing because of the likely placement of residue on 

the inside of the hand resulting (rom the handling of an unclean weapon. 

Preliminary examination of the usc oC a cotton swab for removal of 

gunshot residue from hands indicated that strong long-lived luminescence 

background is introduced by the cotton, making this method of removal 

undesirable in conjunction with luminescence analysis. Preliminary exami

nation of the usc of 1. zro HN03 in removal of gunshot residue from hands 

indicated that the HN03 completely quenches the luminescence of Shell!) 

and reduces the luminescence of Pb(Il). 

B. Analysis of Handwashings 

The collected residue particulates arc separated from the handwaahing 

by filtration through clear plastic memb·.ane filters of 5.0 p.m pore size 

Figure 3 is a typical photograph of a (ilter from a two-round firing after 

filtration or the collected handwashing. One milliliter of 7M. HCt is used to 

remove the residue from the membrane filter and form the luminescent 

chloride ion complexes oi Sb and Ph. TMs HCI molarity ensures a maximum 

luminescence intensity (maximum quantum yield of emission) for the Sb and 

Pb complexes and a clear rigid glass When the solution is cooled to 77-K. 

We have also investigated the use or fiB r as a solvent, but usc was abandoned 

because of Ph impurity levels found in the HBr and interferences in the Sb 

determinations as a result of other lumine::.cent impurities. The t -ml 

solution of acidre.sidue is placed in a Suprasil quartz sample tube of 

precision bore 4 mm Ld. and 6 mm o.d., and the tube is directly immersed 

II 
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Figure 3. Twenty-Five-mm-Diameter Membrane Filter 

With Holder Following Two-Round Firing 
and Subsequent Filtration of Collected 
Handwashing. 

" )j 
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in liquid nitrogen in a quartz optical Dewar. The sample is then ready lor 

ultraviolet excitation and the recording of luminescence or excitation spectra 

for Sb and Pb dete.rminations. The total sample collection and analysis time 

should be less than 30 min. 

One acid residue sample was heated in an attempt to maximize the 

dissolution of the residue particles. Heating the sample at 8 t·e for 10 min 

had no effect on the Pb analysis, but the luminescence from Sb was com-

plctely eliminated. A similar result was observed in the heating of a sample 

of fired gunshot primers in 7M He!. However, heating of antimony potassium 

tartrate in Hel had no effect on the luminescence intensity. 

The concentrations of Sb and Pb in the sample tubes are determined 

from calibration plots of luminescence intensity versus concentration for 

standard solutions of Sb and Pb salts. The calibration curves for our sys

tem are shown in Figure 4. Indistinguishable curves are obtained by adding 

known concentrations of Sb to a handwashing from a person who has not fired 

a gun. These curves change with time, e. g., as a result of reduced outplt 

of the excitation source; bue,. bccause of the linear relation between inten-

sity and concentration, it is only necessary to run one standard concentra-

tion with each set of unknowns. At highcr concentrations, the~e curves 

b(~come nonlinear. For completeness, a blank should also be run. Our 

detcction limits are O. 1 and 1.0 ng [or Pb and. Sb, respectively, in 1.0 m1 ... 
7M He!. A strong emission from the handwashing peak at 425 nm limits 

our useful detection sensitivity [or Sb to 10 ng, but the Pb analysis is not 

hampered by this background. 

14 
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Following the photoluminescence analysis at 77·K, the quartz. sample 

tube must be rapidly heated to prevent breaking and loss of the tube as a, 

result ot the dinerence in the coerncients of expansion of the frozen acid 

and the quartz. • 

Typica,l data for Pb and Sb determinations are tlhown i.n Figures 5 and 6 

Cor three handwash samples received as unknowns. tn the analysis. One 

person had (ired two rounds, holding the gun in his right hand. while a 

second per-son stood close by. Analysis of the handwashing from the right 

hand o( the persOI1 who shot the gun yielded 0.60 J1g Pb and O. 18 p.g Sb. A 

hartdwashing of the second pe'l"sonts right hand (he did not ,fire the gun) yielded 

0.30 llg Pb and no detectable Sb. 

Twenty-nine pairs of right .. left handwashings Cram numerous persons 

following two-t-ound test firings of a.3.80 Browning automatic pistol were 

taken at an outdoor pistol target range. The persons· hands were always 

washed before handHng the gun. Analysis of the'3e handwashings aiter firing, 

for Sb, showed that 20 out of the 29 firing (right) hands yielded greater than 

0.04 p.g Sb, whereas only 2 of the 29 nonfiring (left) hands yielded greater 

than 0.04 p.g Sb. Figure 7 shows that amounts. ranging from indistinguish

able levels (<O. 005 p.g) to 0.27 p.g were observed for Sb on the firing hand 

during these test firings. Calculation of the .ratio of Sb amounts found on 

the firing (right) hand to n()nfiring (left) hand shows that 8Sro of the samples 

gave a ratio greater thal1 4. C and 60% of thf! samples gave a ratio grcatcr 

than 50. However,. on three occasions. the ratio was less than 1. Out o£ 
I) 

20 handblanks tak~n from persons while in the laboratory, no Sb was 
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detected. For handblanks taken at the pistoldange before shooting, tra,~es 

or Sb were observed, but with an upper llmit of 0.01 l1g Sb. Thts backgrou~d 

level seems to present no serious problem for determining whether or not 

a person has fired a gun because Sb levels in the 0.04 to O. lZ Ilg range are 

commonly observed on firing hands after a shooting. 

Analysis of the Z9pairs of ~andwashings tor Rb tollowing the two-
, o::~- ' ..... 

round !irings gave a range of 0.10 to Z. 9 l1g for amounts of Pb found on the 

firing hand, and 80~,,?of these yielded more than 0.60 Ilg Pb. Amounts ot 

p~ detect.ed in 20 handblanks taVc:en from. persona while in the laboratory gave 

a range of 0.10 to 0.60 l1g (Figure 8). R<lti08 calculated for amounts ol 

Ph {o,und on the firing hand to the nonfiring hand ranged from 0.35 to 11. 

For the handblanks coUectedin the laboratory, ~ie ratio of the amounts ot 

Ph on the right,hand to left hand ranged from 1. 1 to Z. 6. 

)!pe observed tbatrepeated washings of the same hand (with a stream 

of distilled water) lowers the background Pb found dh the hand. Therefore, 

our Ph analyses for the firing hands, which were always washed prior to 

test firings, ~lllack tho!). 05 to 0.20 p.g or background Pb. For handblanks 

taken at the target. range before test firing, the amount of Pb differs from 

thatJor thehandbl~nks taken in the laboratory. The amounts of Ph seen in 

hartdblanks taken at the !iring range va ried from d. 10 to 1. 13 l1g for 16 

samples. One pt'obable source of Pb and. Sb contaminat~~rior to test 

firlng is the presence at gunshot residue in the air, because other guns were 
. () 

being fired in the vicinity of our experi.ment. 
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C. Identification of Gun.hop Residue on Cloth 

Ina preliminary examination of the application of the photoluminescence 

technique lor identification of bullet holes in cloth, one round of • 380 auto-

matic Remington ammunition was fired through a piece of an old cotton cloth 

at a distance of 2 ft from the end of the pistol roarrel. Soaking a small p~cce 

o£ the cloth from ncar the bullet hole in 7M HCI yielded strong luminescence 

intcnsit}~ at 77 K resulting from Sb(ltt) and Pb(II) chloride ion complexes. 

Soaking a. similar .. sized piece of the same cloth (removed before the shooting) 

in 7M HC] 01150 yielded Pb luminescenc~. but the intensity was fourteen 
') 

times less than that from the piece of cloth from near the bullet hole. No 

detectable Sb luminescence was observed from the analysis of the piece of 

cloth removed before the shooting. 

'.ID. Equipment Used 

The luminescence analysis of the acid gunshot residue samples was 

carried out with a Aminco-Bowman Model 4-8202 spectrophotofiuorometer, 

which is equipped with. a lS0-W x.enon de arc lamp as the excitation source. 

The sample luminescence was detected ,vUh an RCA Model C31034, photo

multiplier. A Hamamatsu Model Ri36 photomultiplier was also used'l\ but 
r 

the RCA model was favored because of its higher sensitivity in the r)~la 

region of the electromagnetic spectrum and because of its flat spectr~, 

response from 400 to 700 nm. A Keithley Model 417 picoammeter w.\,\$ use~ 
" 

to amplify the signal, and the spectra were recorded with ;t M05~ley 

Model 2D X-Y reco,rder. .An Aminco Model B28-62140 micro dewar fiag~ 

22 

• 

• 

• 



• 

• 

• 

-. 

was used for liquid nitrogen immersion of the quartz. sample tubes. 

Nucleopore membrane filter s \"'cre ZS mm in diameter with 5.0 p.m pore .size. 
(\ 

The HCl was Mallinckrodt Chemical Works reagent grade. the antimony 

potassium tartrate, for standard solutions of Sb(IlI), was J'. T. Baker 

Chemical Company USP grade, and the lead nitrate, for standard solutions 

of Pb(II), was Baker and Adamson quality label reagent grade. 

A filter fluorometer conceivably could be used instead of a spectro-

photonuorometer to control the wavelengths or laminescence excitation and 

emission for detection ot Sb and Pb in gunshot residue. The tilter fluoro
/' 

i 
meter is an uncomplicated, less expensh-e system and woufd do the job just 

as well as thc spectrophotonuorometer • 
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CHAPT.ER IV. CONCLUSIONS 

This preliminary investigation of the application of the photolumines

cence technique for the detection of gunshot residue has established a rapid, 

convenient, sensitive, and quantitative method for the detection or Pb and 

Sb on the hands. Based upon the limited numbe.r of samples studied to date, 

ratios of the amounts of Pb and Sb £oWld on the firing hand to thenonfiring 

hand and the absolute amounts of these elements, can be used to determine 

if a person may have fired a gun..-, We expect our method oCrcsidue collcc

tion tohavc lower background levels than those of some other mcthods 

" 
because our method analyzes only particulates not readily soluble in water. 

A cotton swab moistened with ~N03' for cxample»! will remove matcrial 

.:"~ from the hands other than particulates. 

Our method exhibits potential as a screening procedure that.could be 

used imm.ediatcly following the apprehension of a suspect to decide whether 

or not to detain him. A portion of the filter containing handwashing .resiaue 

could be rapidly and simultaneously analyzed for the presence of Sb and Pb 

by means of our photoluminescence method as a presumptive test for the 

presence of gunshot residuc. The residuc on the remaining portion of the 

filter could then be examined in greater detail later by another more 

deCinitive technique. 

Considerably more experimentation is planned to increase the utility 

of photoluminescence analysis and better define its limitations. A more 

convenient method of removing the residue from suspects' hands is of 
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particular concern, It should be possible to uSe ("otton sW".tbs such ~s used 
,-

for other analytical procedures, but a ¢:hemical separation of the element, 

as is currently recommended for Oan1eless atomic absorption analysis. 

may be required. The examination of many calibers and types of ammuni

tion and guns will be pursued as well as a thorough investigation of the 

("ammon levels of Pband Sb found On the hands when no gun has been fired. 

Photoluminescence methc.)ds to analyze Cor Ba and Cu in gunshot residue 

will alsa be investigated. 
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