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This report macks %he monclusion of the first year of a proposed

twe year program to develop a technique for the detection of airborne

- gunshot vesidue. The question to be answered is "here and possibly when

'wag the shot fired?” Over most of the first year a vacuum £ilter system

was employed for residue collection. Recently an electrostatic precipitator
was successfully employed for this collection., The anal tical technique
employed was the highly sensitive neutron activation analysis. The elements
whereby the gunshot residue was quantitatively detected were antimony and
barium. To date the technique has successfully detected gunshot residue
from a single 22 cgliber bullet up to 36 hours after firing.

The authors would 1like to thank ¢he Dirécco; and 3taff of the Penn
State Breazeale Muclear Reactor for their excellent suppert of this project.

They also extend thanks toc Captain L. D. Jenkins, Director of the Pennsylvania

* . State Police Crime Laboratory, Sergesnt James Deffley, Head of the Crime

Laboratory's Bailistic Section, Dr. H. L. Guttenplan, Professor of Law

Enforcement and Correction, Pennsylvania State dniversity, and Dr, W. J.

: Moroz, Director of the University's Center for Air-Enyironment Studies, for

-'ptﬁviding valuable technical guidance and criticisms during the course of

this first year's program. The authors wish to thank the National Institute

- of'LaW'Enforceﬁent and Criminal Justice, U. S. .Department of Justice, for

.gzanting the funds for the first half of this project.
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Summary

ose

- The najor objective of this project is to develop a technique which
can tell an investigative officer whether or not a firearm has recently heen
fired in a room, and if so, when it was fired. The technique to be developed
is envisioned as operating in the following way: Upen arriving at the scene
o{ a8 crime vhich involved the discharging of a firearm, the investigative

. ©Officer would use a small portable air sampler'to collect samples of the
debris suspended in the air of the rooms potentially involved. The samples
would then be promptly taken to a laboratory havipg a neutron activation
analysis capability, where they would be rapidly analyzed for traces of
gunshot residues. The presence of such éeaiduee would establish where the .
firearm was fired.

In order to establish vhen the weapon was fired, possibly a carefully

" staged reinactment of the firing would be conducted at a later date. This

would be followed by periodic collections of the resulting airborne material
40 measure the rate at which the residue is removed from the air in the
‘Toon, and thus estabiish the approximate time of the original firing. ’ -
o 'Ih; 6bjectives.of the first year's program were to demonstrate the

feasibility of detecting airborne gunshot residues using neutron activation }
analysis and to evaluate tha potential of obtaining time of firing

information. I
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TR 7T hullet in the .test room.

= Methods

Scope

It was anticipated that two yeérs vould -be required to develop the
techniques to the point where they could be tested on actual éases. The
scope of the first year's effort wes given in the original proposzl as
feollovs:

1, Testing of various collecting systems and fiiter media for.
the recovery of gunshnt residues suspended in air.

2. Establishment of optimum activation analysis methods for the
detection of gunshot residues.

3. Developnent of correct methods of ha?dling and transgorting
the collected residﬁes to avoid sample contamination.

4, Exploration of the potential of obtzining time of firing
4information by conducting tests in a2 closed rorm and then enploying the
techniques in 1, 2, and 3 above.

. Io the prelircinary stages of this program, a test room vas
constructad for gunshot firing and subsequent sample colleetion.

. The basis for most tests run durinz the first year's program was the

" eollection of airborne residue from the discharge of 2 single 22 caliber

Yo

-

P
iy .

" %The weapon involved in the initizl tests during the first year was
. azn B & R nine shot revolver. In 2n effort to obtain reproducibility, the
game zevolver chamber was employed for most of the tests. The ammunition

was all tzken from the same batch of western 22 caliber bullets.
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A gtandard. air fiiter collection system was employed -for nost of the

%

.

tests, coansisting of a vacuum pump which drew the air of the test room
through a 2 inch, 0.45 micron membranec air filter disk.

An electrostatic precipitator was also successfully employed in some

of the later tests.

A~

Air sanmples were collected as a function of time up to 36 hour§ after
-the time of firing. The collceted samples were prepared for neutron
activation in the Penn State Breazeale Nuclear Reactor. The irradiation
conditions varied with the amounts of antimony'and barium present in the
samples.
After post-irradiation handling, the garma spectra of the resulting
- tadioisotopes were measured on a high resolution Ge(ii) detector with
the resulting data being stored in a 1024 pulse height analyzer. The

resulting accumulated spectral data was then transferred to magnetic tape

"for subsequent computer processing by the Penn State IBM 360 computer.

Sy
“

The intensity of the measure:i radioisotopes of antimony and barium |
as compared to standards gave informaticn as to the amount of antimony and !

L
A

bariun in the air filter szmple.

.Findings and Conclusions

It has been demonstrated in this first year's project that the

wethod being investipated can successfully deteét gunshot residues up to at

least 36 hours after the discharge of a single-22 caliber bullet into a

) ;till TOOMm.

The technique as it has been develoned to date is mnot yet able to

provide time of firing information.
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The electrostatic precipitator collecti:og system shows grea '

collecting gunshot residues beécause

promise than air filter systems for

. and
of higher collecticn efficiency for a wider range of particle sizes ‘

because of the ability to provide sé:me particle discrimination according

»

to particle size. f
The second yezr's program wili explore the merits of this type.,o

collecting systen.

Grantee's
Report of Expenditures

The resulations of The Pennsylvania State University require that
-]

this repotrt be submitted fron the Office of the Un;lversity's Vice President

for Finance. It will therefore be submitted under separate cover shortly.

Tgxt'.

Introduction

The concept for this project resulted fiom conversations between
personnel of the Pennsylvania State Police Crime Laboratory and personnel

from Tha Pennsylvania State University's Nuclear Engineering Department
| ]

~during the year 1969. The questior being discussed was "Can a method be

developed which could tell whether or not a firearm had been discharged in
a room, and if so, when it was fired?" It was ‘known from previous work by
such investigators as Dr.. V. P. Guinn of Gulf Genera].. Atonmic, M'c. J. Pro
of the Internz=l Revenue Service, and others that neutron activation
aunlysis can be employed to determine whether or mnot an individual had
fired a weapon. | This can be accomplisheci by collecting zad analyzing the
debris on the individual's skin ard clothing for the barium and antimony

found in amrunition. Bowever, this typé of evidence can readily be

-

destroyed by vashing, and does not answer the questiorn of where and when

the weapon was discharged.
A second method might be the analysis of the debris deposited on

the walls and floor irmediately after firing or after subsequent settling.

_ .This method offers the potential of identifying not only in which room the
" weapon vas fired, but vhere in the room. But it would not answer the

» - question of when the weapon was fired. Also, it would require a complicated

and systematic sampling of all suspected areas, and the sensitivity of the
technigue would be very much a function of the amcunts of other material
collected which would be unrelated to the firing event and which would

daterfere with the analysis.,
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gemaining in the air to answer these questions.
A a3 |

péobahly in the same range. Hast other types of cormonly occ

N f.m the area by comnvective air curreats.

The third approach, and the ome which develop’ed out of the above=

This concept became the

bagis for the project herein described.

Methods

A. Nature of Airborne Gunshot Residues
Airborne gunshot residues result primarily from two sources:
1. The combustion of gun powder and primef,
2. The melt;ing and vaporization of the lead bullet slug.

The size of particles resulting from. cozbustion range from 0.03

" o 0.3 microns; the size of particles from the vaporization of lead are

urring air-

borne residues are larger thaa this, including’ 1ire (10 nicroms ard

larger), dust (0.1 micrens and larger), and pollen (10 microns and larger).
- »
Particles ag small as those formed in the discharge of 2 firearm should

rermain suspended in air for mzny days with their removal resulting from the

| er particles which will
-- apglomeration of the smaller particles to form larger p

settle out under the influenece of gravity or from their being exhausted

s .

Previous studies by Guinn, et al.* at Gulf Gene.r‘al‘Atomic indicated
that of the element2l constitucnts 'of the residues produced from discharging
the major brands of ammunition, the elements with the greatest neutron
activation sensitivity were antimony‘ and barium. They.attributed the source
of the bariun to the primer of the bullet, while the at;timony came from the
primer z2nd from the bullet lead, where it is used as a hardening agent.

B. Equipmeﬁt ar! Facilities _ *

1. Tesé Room
A test room was designed and constructed for discharging

gest weapons with subsequent controlled sampliug of tha suspended gunshot
regidues. It was designed with six basic features:
&, .Isolatilon from the external enviroument
b. Low cost
¢. Ezze of dismamtling and rebuilding in the event

the room became contaminated with the suspended

residuss

. " - --d. Controlled ventilation of the room during tests
. " e. Complete exhaustion of the room at the end of a test

o , ’ . © .£. Access to the firearas énd a2ir gsmwpling equirment

IR without disturbing the room enviromment.

o

* ' ’
Applications of Neutron Activation Anzlvsis in Scientific Crime
Xavestication, AEC Rcport GA-9822, Jamuary 21, 1570,

1
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The testing faéility desisn arrived at is shown in Fiogusre 1. It
consists of a large room constructed from polyethylene sheeting and sealed,
at the edges sc that there is no venting et the corner seams. This poly- |
ethylenz room is suspended from an aluminum framg which is adjustable to
accormodate a room as large as a 12 foot cube. A polyethylene-walled room
was chosen so that whenever sufficient removal of all suspended and
-zeftled gunshot residues cannot be accomplighed'by veatilation, the -room
-can be removed from its supporting frame and collapsed. The polyethylena
‘can be sent to solid waste handling and 2 new room conmstructed from clean
polyethylene sheeting.

Access to the polyethylene room is obtained through a K.S.E.

eontrolled atmosphere glove box from whitch the left side has been removed

. -to provide a suitable access for the firearm and airborne residue collection

'samplers. The access port of the glove box allows the dnsertion and

removal of firearns, equipment, and sanples during testing without affecting

the controlled conditions in the testing room. An aluminun frame was built

---gnd boited to the glove box wh:ete it opens into the polyethylene room. A

a:riage ta which the pistol is bolted rides on this f,.ame. This carriage

a!lows the pistol to be slid fozward into the test room for firing and slid

Jm:k into the glove box for leading and unloading. The U-bolts which clamp

_m pistol to the carriage are adjustable so that the alignment of the pistol

barzel in relationmship to the bullet catcher can be properly sect.

R e A B

A s;atisfactory bullet catcher was coastructed Zrom ; steecl 30 gallon
drum, 14 inches in dizmeter by 2% iﬁches long, packed with cogton padding.
This catcher is mounted on 2 stecl frame to obtain a proper height in
relation to the pistol mount in the glove box. The bullet catcher was
tested on an sutdoor firing range using a 22 caliber revolver, a 22 caliber
rifle, and a 45 caliber sutomatic revolver. Nine shots fzom a 22 caiiber
revolver were fired at a vointoblank range into thm same ocint of the center
of the bullet cat:c:h,er. The deepest penetraticn of the cotton padding was
about 16 inches. There was some evidence of a "tummeling" effect duz to

the repeated firings in the same arez. The bullets stépped within two

inches of each other, and in fhis area the cottom padding became significantly

more compraseed, increasing the penetration resistance o subsequent bullets.

It therefore appears that repeated firiugs can be emplgyed without any danger
ef a bullet escaping ¢he buliet catcher. The 'builets; from the 22 caliber
rifle penctrated abtout 19 inches of padding while the bullets from the 45
caliber revolver penctrated betireen 17 and 18 inches of paddimg. Thus the
bullet catcher was demonstrated to be. suitzble not only for stovpping bullets
fron the 22 czliber pistol but alsc for these more rcwerful weapons.

m elﬁminate the remote possibﬂitv of a dcochet back toward the
ghw- box whera personnel would be located durj.ng teat fix*..ng, a 1-1/2 :lnch

e U
thick plywood sereen was constructed frcm two se‘.:ions of plywood dimensz.ons

-3/4 inch by & feet by 4 feet.
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This scréen 1s positioned at the engrange to the bullc;t catcher witfx
its place perpendicular to the bullet projection. A 14 inch diameter hole
is cut into the scrzen such that the’ screen surroun&s but does not cover :
the opening to the bullet catcher. Thus, if a bullet is somechow off target
and should glance off the side of the bullet catcher, or should penetrate
the bullet catcher and riccchet off the concrete wall in back of the bullet
catcher, it would be stopped by the plywood screen before reaching the area
wvhere testing persomnel would be located.

Ventilation of the room during testing, when required, and for purging
the rooa of suspended gunshot residues at the cend of testing, is accomplished
by a floor-mounted Marshall Ventilating Exhauster fitted with two dampers
to control the ventilation rate. During ventilation, fresh air flows

through the glove box into the polyethylene room, ‘and then exhausts into a

ducting system. The exhaust systen is composed of 1i0 feet of six inch

‘dueting. This transports the exhaust air from the polyethylene room to

& location outside the Reactor Facility where it empties at ground level

- &t a point approxinately 50 feet from “he building. Smoke tests indicate

:es:ldues away from the building. Such ventilation procedures mimimize the

that at this location the prevailing winds will blow any remeining suspended

—cr—— b — - r———

- emtamination of the glove gox with gunshct residues and keep the air

‘—— NP e e YR e V1N bt et e v g b

-

enter:lng the glove box free of previously exhausted residues.

The revolver _used in the testing was a '22 caliber H & R revolver,
nine shot wmodel. wes;arn, T-22, standard velocity ammunition was used. An
B & R 32 caliber rcvolver was used for one test. For this test, the
revolver was hand-held. Ar:'rangements heve been made with the Pennsylvania
‘State Police for the use of a 38 caliber service revolver with a six inch

barrcl for the testing of larger caliber firearms. '

15
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2. Air Sampling Equipment

Four devices for particulate air sampling were tested

during the year. They are: i -
a. Gelman Hurricane Adir Sampler

b. Fisher Vacuum Pump with a General Electric 1/6 horsepower
motor and a 2 inch filter holder ’
L ]

€. G?.lman Vacuum Pump (1/3 hoiéepowet) Mo.del 1034-H10
and a 2 inch fiiter holder

d. Bendi;: electrostatic precipitator

%he Hurricane air sanp
quickly

- areas/for gross (greater than 5 micron particlé" size) ba}:ticles. It is

ler is a high volume device used to sample large

dight and simple in operation, chever, mechanical breakdown resulted from

the extended high pressure operation required with the smaller pore size
filter media,

The vacuun pump systens with filter holders were found to be suitable

for eollecting the finer sized particles (.1 to 5 microns). They are

designed to maintain tha high pressu're differential needed to glve an adequate

flow rate vhen using the finer filters,

£ +-: . "The electrostatic precipitator combines efficient collection of

small particles with' a large Sampling rate. It can be batltery operated,

'vhich extends its flexibility. 4 ¢yclone-pre-separator can be employed to
#Creen out particles larger than about 10 microns before they reach the

.  Pprecipitator.

-
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= 'j":57;jof 1 megawatt with a meximun neutron flux of 3 x 10

3. Filter Media Employed

About 15 types of air filter media.G;re tested taA}ind the
best combination of collectlon efficiency, handling properties, freedom
frem interference activities, and ease of radiochemical processing. The
Gelman GA-6 triacetate metricel muﬁbrane filter having a 0.45 nicron pore
size was chosen as having the best combination‘of the above-mentioned
properties, This filter paper, used with the Fisher vacuum pump and .filter
holder, was chosen as the basis for repetitive.testing and the nornm to
which other sampiing equipmenf and filter media were compared.

Whatmen #50 filter paper was employed for use in the electrostatic
precipitator becausec it had been used in previous neutron activation
analysis tests, and was readily available. This collection media is
placed as a coiled cylinder in the unit's sampliﬁg tube which can be
'capped at both ends before and after sample collection to avoid sample
contanination.

4. Breazeale Nuclear Reactor
The Pennsylvania State University's Breazeale Nuclear
Reactor was employed for all ncutron irradiations cénducted in this project.
The TRICA type reactor can operate in the steady-gtate mode at a power level
13 neutrons/cmz-sec, or
4t can be pulsed to a peak power of 2000 megawatts with a maximum neugron

»

£lux of 6 x 1016 neutrons/cmz-sec. This last feature 1s used for pulse

L ﬁeuéfan #ctivaﬁion analysis involving radioisotopes with half-lives as
short as a few seconds. The ¥eactor core, suspended from a moveable bridge,
can be positioned in the "swimming pool"” to provide the mogﬁ effective

experinental setup. Specisl equipment'digectly agssociated with the reactor

includes two thermal columns, pneumatiz "rabbit" tubes and several beam ports,

17
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Both in-ccre and pneumatic “rabbit" irradiations were utilized in
this project.
5. Camma Ray Spectroscopy Facilities

The Radionuclear Applications Laboratofy is in the research
wing of the Nuclear Reactor Facility. It conmsists of a radiochenistry
laboratory and a large counting labératory. Besides the usual chemical
facilities, the Laboratory 1s equipped with a 1024 Channel Nuclear Data
Model 2200 Pulse Height Analyzer with a 4096 ADC. It also has a 100
channel TMC Gamma Scope which is primarily employed as part of a flux
monitoring system, along with a 3 inch diameter by 3 inch thick NaI(T1)
detector. A thin NaI(71l) detector is employed for x—fay spectroscopy.
A large low backzround shield houses a 4 inch diameter by 3 inch thick
NaI(T1l) detector fof high efficiency radiation detection. A second crystal
of the same size is employed with the first crystzl for coincidence
counting measurcments.

Two high resolution Ge(Li) detectors are available for use in this

ftoject. One is in the form of a circular cylinder having a volume of

approximately 30 cubic centimeters. The other is in the form of a circular

disk 0.5 centimeters thick with a volume of 2 cubic centineters. For x-rays

" and low energy gammas’ of energy lower than 100 kov, the thin detector has

somewhat bettex detection efficiency and a considerable reduction in
‘4interference from high energy.activation products of the dust and filters. -
For the higher energy gammas, the larger detector has a considerably higher

detection efficiency.
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- poséible to evaluate the three sampling systems used as to their value

:-cons;dered:

«yi 'hich the other systems were compared.

6. Data Processing Facilities
The Pennsylvania State University's IBM System/360 Model
67 is employed for data processing. A recently acquired direct access
terminal, Model #2741, located at the reactor facility, is being employed -
to speed up the turn~around time in computer processing of a data run.

Two computer codes entitled "Energy" and vpTT" are.part of tﬁe.
data processing programs of the Radionuclear Léboratory. These programs
have been modified and adapted for use in ana%yzing the gamma-ray spectral
data obtained freom the high resolution radiation detection instrumentation
for antimony and barium.

C. Evaluations of Air Filters and Filter Media

1. Air Sampler Evaluations

From the tests made at the start of this program, it is
as gunshot residue collection systems. The criteria used in their evaluation

a. Cunshot residue ccllection_efficiency

b. Portability and flexibility

-

Filter handling and neutrou activation characteristics

Lot *. SN N
“ The Ficher Vacuum Fump systen was found to be the besc-air‘filter
'system tested for prei;minary testing, and hacame the standard system with
It was designed for high prcssuze
differentials, and could be used in fine particle sampling using 0.45
micron filters. However, the glow rate was very low, necessitating long

seopling times. It required a 110 volt power ‘supply, which severely limits

4ts portability for subsequent field tésting.
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7‘téquited across a filter, and a high flow rate can be- used.
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The Gelmzn Hurricane Alr Sampler is designed'fcr high flow rates

and low pressure differentials. The use of a fine filter for gunshot

particle collection caused a high pressure differential to arise, and since

the equipment was not designed for this high pressure differential, rapid

mechanical wear resulted. Although this unit is light, it also requires a

110 volt power supply. The axhaust of the sampler also introduces coilection
errors in that it tends to stir up .settled dust particles. Thus 1t was

found to be uwnsuitable for preliminary testing.
The 0.45 micron fiiter was allowing most of the gunshot residue to

pass through the system without being collected. Whem an effort was made to

use the vacuun pump collection systen to collect the-smalier particles by

using 0.1 micron pore size filters, the amount of air throughout was greatly

reduced, producing samples containing very little residue. To solve the

: problém of obtaining high collection rates of very fine particles, the

authors have turned to the consideration of electrostatic precipitators.
The electrostatic precipitator system tested recently appears to be

elearly superior to the vacuum pump systens tested. As it collects

particles by electrostatic precipitation, no pressure differential is

It is extremely

effective for collecting snall particles (below 0.0l microns) and the

particles are generally deposited accsyding to particle aize along the

length of the collecting cylinder. This allows for the possible collection

of selective portions of the airborne gunshot residues with less inter-
fercnce from the larger dust particles. The unit is very light, and ¢an

be battery operatced without loss of efficlency.

20
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of 0.03 to 0.3 microns.

It was discovered that cigarette smoke would deposit itself on the
same region of the collection media as the airborne gunshot residues,

indicating that both of these products of combustion produce éarticles of

about the same range of sizes. This finding has led to a rapid method of

ealibrating an electrostatic precipitator for gunshot residue collection.
The smoke rapidly leaves a brovm ring on the paper at the location where the

investigator should lock for the maximum concentration of airborne gunshot

residue.
2. Filter Media Evaluations
The four parameters used in evaluating the filter media
were: | |
;. Low neutron activation interference by the filter media
Since it would be extremely difficult to separate the
collected airborne gunshot.residue from the filter material for neutron
‘activation analysis, it must not contain any significant amounts of
elements which, upon irradiation, will produce radioisotopes whose gamma
spectra will interfere Qith those of the antimonmy and barium radioisotopes
activated in the gunshot residue. ' ,
‘be High efficiency for the collecting of airborne gunshot
“resgﬁue : | . ‘
] The gunshot residues are suspecied to lie in a size range
‘ A filter must then be used which is fine enough to

collect these small particles. However, the flow rate throuch the filters

should not be so low that it necessitates long sampling times.

I,

B
8 AR
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€. Physical strength .o
Since the ultimate objective of this p;oject is to have
& method which can be used routinely in field applications, the ability. of
the filters to be easily handled without tearing, cracking, or curling is
an important characteristic. °

d. Saeple preparation .

The filter must be able to be transformed into a
reproducible geometry. This rmay be done either by chem;cal reduction,
disgolution, or gimple folding.

Table 1 summarizes the results of severel of the filter paper types
studied most extensively. A total of 12 other types of filter papers were
also studied, The standard filter Paper type was the GA (triacetate
‘metricel). The Nucleopore filter has somewhat better properties, but these
were not available until the end of this first year's project.

Siace the collection paper on the electrostatic precipitater haé

- particles deposited on it rather than' filtering through it, the coilection

afficiencies and flow rate parameters are not important. It scill must have
good neutron activation, strength, and sample preparation characteristics.

s~An additional requircment is introduced 1n that tne filzer meaia must be

ng

-P A LIS

tigid enough to stay rolled in the samole collection tube witheut falling

out. Work has been done with Whatman #SO filters in other experiments, and

they have excellent handling and neutron aet;va;ion eharacteristics. They a
are readily availoble, and so were used in the tests. The sampie preparation

arez has not yet been develaped, buz mcdificaticne from other applications

should be possible.
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| : Table 1 (
‘ . Filter Paper Characteristics
f ? © Filter - Nautron Activation Collection Fiow Rate Strength Sample Preparation '
. ' Characteristics Efficiency ;
. GA(triacetate .« Good Good Fair Fair Good |
- metricel) . '

. WM(vinyl metrigel) * - ' Poor Good Fair Excellent Good
: N(acrylonitrite ~ Poor Good Good Excellent Good :
L copolyrer) : o i ‘
,%5 ~ . . ‘ . ) T 5
; Y Xucleopore . .. Excellent Good Excellent Excellent Good ;
G (polycarbonate) - - ) . :
Yhatman 50 2 " Excellent NI . NI . Excellent NS %
e NI  Not important §
;- NS Not studicd to date §
o 1] ;
: |
. 5 v ; ?

] ” :_l
e
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Start of Sample | : Sampling

D. Techntques. f_or Sample Collection, l'la.ndl'.ln'g’, and Analysi; Collection after Firing ) ' Tine
1, Pistol Firing and Szmple Collection Procedures Hours | . -
A detailed firing procedure was deveioped to prevent 0 13 min
accidents during a firing test. This procedure, given in Appendix A, 4 . 15 .
requires notificaticn of reactor personmnel that 2 test is to be made, signs 8. | %. .
to be posted at all entrances, and a visual check to be made prior ﬁo‘ 12 ' _ 4
loading the revolver. All persomnel observing the test stand behind the 18 60
glove box and are protected by the same bullet shield that protects the 24 ' 60
' 36 93

experimenter. Ear protectors are used to prevent injury due to an

experimenter’s presence at repeated firings. 2. Sample Handling Procedures

To limit the number of variables involved in‘this initial phase of The filter disks were kept cuvered in their dispenser box

" the project, the following conditions were employed in most tes: firings: - wntil they were inserted into the sir sampler. At all times they were handled

a. A still room environment was employed, i.e., no with ciean tueezers. After zample collection, they were inmserted into

ventilation of the room during the test. - polyethylene envelopes which were tested to imsure that they were free of

b. Only one 22 caliber bullet was fired per test. This was antimony and barium contamination. These bags were labeled with the run

eonsidered to be the condition depositing the mimimum amount of gunshot ber of the 4ir sample. The purpose of these techniqueg was to insure that

residue into the air. The bullets were all taken from the same batch of the filter disk wa.s_ﬁot contaminated by any interference trace elements,

o western-22 ammunition. ’ .' especially antinony and bariun.

. €. The same H & R nine shot revolver was employed for all 3. Sample Preparation Procedures

22 caliber bullet firings and in most tests the same ravolver chamber For use in neutrom activaticn analysis, the sample must be

”

was employed. " prepared in a hemogénecus form.  The sample gecmetry chosen for -this work

e d. Aalthough a variesy of sampl;ng times and intzrvals was was that of a thin pellet.

- employed covering a period up to 36 hours after firing, a standard set of
L sampling procedures was employed for establishing tke degree of reproducibility
in ¢he smount of residue being deposited per shot., These sampling conditions

are as follows:

’
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Interpretaticn of related samples roquired that this geoﬁctry bgwn
repreduced for each samﬁié. It was found that a éélman GA type membrane
filter can be inserted into 1/2 inch diameter pclycthylene vials and
dissolved in acetone. Upon subsequent evaporation of thé acetone, the

S i

filter mediunm comes cut of solution and forms 2 £1ilm at the bottom of the

L

vial. The dust and gunshot residue remain icbedded in this

]

-readily separated from the poiyethylene and easily compressad into a uni-
fornm 1/2 inch diameter pellet. These pellet sarmples fit well into the 1/2
doch dizmeter polyethylene irradiaticn centainers and provide z reproducible

geométry for subsequent irradiatien counting.

@
v cmreaae

In the case cf the paper MEQIUM ITUN LUK TITLLivowermw o

e et - -

no chenical reduction has yet been developed., The filter is rolled into a

eylinder of reproducible size vhich f£its into a2 standard 10 dram poly=-

- &e 'Benticn Activation Anslyesis Procedures

|

»
" Heutron activation amelysis is am extremely sensitive

o c»‘ 19evi® wilsoran @

enalytical technique im which the szople to be amalyzed is irradiated in an
intense neutren flux. Some ~f the atoms of the sample are converted into
"tadiaisotapes- By measuring tl.: resulting type and energy of the decay

radiation a2nd its hzalf 1life, the isotopes can be identified. By comparing
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--the iﬁ:ensity of the radiation with a staﬁaard, the amount of the elemental
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eonstituent can be derermined. T o C .
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S, Data Processing

The raw spectral data {s put oum paper tape by the multi-

chamnel analyzer. This data is then transferred to magnetic tape for
permanent storage and computar manipulation. The computer programs

®Epergy” and "PTI" then reduce the data to givé an output consisting of:

a. peak energy, which enables the {dentification of the

igsotope

b. peak srea, a measure of the amount of the isotope present.

.

Meetings with Evaluation Personnel

Throughout the first year of this project, 23 'serieé of five meetings

was held with evaluation personnel to cbtain expert advice and criticisms

on the test progrzm 28 it developed.

The following persons scted in this capacity:

Captain L. D. Jenkins

Director
Pennsylvania State Palice Crime Labozatory

Sergeant Jzmes Daffley
Head, Ballistics Section
Peansylvzaia State Pclice Crime Laboratory

" pp. B. L. Guttenplan |
‘ Professor of Law Enforecement and Correction
The Pennsylvapia State University B

Dr. W. J. Moroz

Director, Center for Air Environment Studies
The Penmsylvenia State University

¥r. Jerry Anderson
Technicicn, Center for Air Eavironment Studies
The Pennsylvania State University

A detailed account of the meetings is given in Appendix B.
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A. Tests Using the Stamdard Collection System

Of the 14 tests conducted, a total of eig‘ht 22 caliber firings .
were made using the esctablished stzndard sampling system consisting of

the Fisher Vacuum Pump and a 2 inch Gelman GA~6 (.45 micron) membrane

£ilter.
er. This arranmgement was the basis of cowmparisom for all other

Gampl systems.
i{ng systems. The antimony and barium concentrations found as a function

of t i
ime are given in Table 2. These results are plotted with respect to

.

time in Figure
gures 5 and 6. In addition, one 32 caliber firing was made, and

the results plott i
P ed with respect to time on Figures 7 and 8.

The following observaticms zre made concérning this data.

1. An anl ka '
timony an? bariu are detected up to 36 hours after a

- giagle 22 caliber firing.

2. Th '
ere is a great deal of scatter in the dats, even between

-ghose runs
which were conducted urder essentially identical conditions,

d.e., runs 818 and 819 znd runs 820 znd 821.

3. In most tests there seems to be 2 slow drop off of the

an
tinony and bariim collected during the first four hours followed by

. , exponential dtO? off in the concentrations of these elements with time.

4, T§e antivony drops off more rapidly than the barium in

both the 32 and the 22 caliber bullet test firings.

5. _'"l'he 32 c¢aliber bullet left more than an order of

m - .
gnitude greater cotfgfentratian of antimony and barium in the air than did
the 22 caliter bullet.

.....
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Table 2

At’iount'a of Antimony and Barium Collected on Filter Papers¥

(Al1l Data Normalized to Micrograms per 15 Minutes of Sampling Time Zor

the Firing of Ona Bullet)
o e o RINCE
‘;:'; Sampler Pretest Samples Post Test Samples }E‘:;s':
Test Filter Bullet Ingide Outside Time After Firing (hours) Time
Nunber Madiur_ Caliber Room 0 2 [} 6 8 12 18 24 _3n 36 (hrs) :
810  Hurricane 22 \
Sampling time (minutes) 30 30 15 15 15 15 - - - 30 - - a3 5
Antinony ' . ND ND 0,42 IA IA 1A JIA - -
Barium ND ND IA JA YA 1A IA - -
811  Hurricane 22 T 1
" Sanpling time (minutes) 30 30 15 15 - 195 =~ - - - - - Al2 :
w Antimony ND ND IA 0.17 - SV e
Barium ND ND IA IA -~ SU -
812 Hurricane 22 15 15
Pigher Sanpling 4
and time 15 15 15 .- - - - 155 = - n24 Z
GA-6 Antimony MD 1.68 0.69 0,36 0,14 - - - - ND - - =
i Barium ND ND _ 1.63 0.950.26 =~ =« o = ND = = -4
813  Fisher 22 o ' A 4
and (Smpling time ° 15 15 15 - 15 - 30 45 60 60 90 - 24 g
GA-6 nin) . 3
Antimony  ND ND 6.60 - 0.47 - 0.18 .N84 sU .007 .003 =~ .
Barium ND ND___0.67 - 0,70 - 0.25 0.20 SU__ND ND___ =~ 3
814 Gelman 22 P “H
and  Sampling time '15° 15 38 - 15 = 30 45 - 60 90 - A48 g
GA-6  (min) | | |
Antimony = ND ND ¥b - WD = ND NP =0 ND ND - ﬁ
. Barium O ND ND = ND -~ ND ND - ND ND - \3
815 Fisher 32 . 4
and Sampling time .- - 38 - 15 - 30 45 - 60 50 - 24 :
GA-6 Antimony 10.4 - 9,4 - 0.93 0.33 - ,030 .007 -~
Barium 7.9 - 5,4 - 0.90 0.36 =~ ND ND -
R A A e e T AR B ol T R DT R i v S0l A T »ﬁmﬁmammre.m*m&ﬁm*mmﬁf\m‘{”%*“ﬁ“’%ﬁggwM* :

LY
\
-
T
\
) .
“‘l, Tk
P ‘ ,
[
~ ey



7

iy
*

R s

A G i e " S TR DR S T e SR A A SRR RV r,/;z I R o et e '/:«f BT }’,—:A"'""“"‘; =
] ) g B } ® @ ' e ® @ X
Table 2 (continued)
P "'- . R - S . e on -
sznpler Preteat Samples Poat Test Samples :zust
Test  ant Filter Bullet Insidc Outside Time After Firinpg (hours) Time
Numbor  Medun Caliber . Room Room 0 2 4 6 2 12 18 24 30 36 _{hre)
517 Fisher 22 ' |
and  Sampling time 13 15 4n - 15 -. 30 45 - 60 90 - 24
Gh=6 (min)
Antimony ND mp 0.48 ~ IA . 1A IA - L,001 mp -
Barium - 0,13 1D 0,91 1IA - « IA (.12 - ND LD -
818 Fisher 22 '
& Sampling time 90 90 . 38 - 15 = 30 45 - 60 20 - 24
GA-6 (min)
Antimony ND ND 0.67 - 0.2} - sU 0.16 - sU ND -
Barium HD ND 1.2 - 0.52 = SuU 0.46 - suU ND ~ )
.8 8w Fisher 22
& Sampling time 26 90 38 - 15 = 30 45 60 - - - 24
GA-0 (min)
Antimony ND ND 935 =~ 694 - ,198 157 .007 - - -
Barium ND ND 1.78 - 1,43 - . ,497 ,070 .048 =~ - -
820 Fisher . 22 ' ‘
& Sampling time (min) 90 20 15 - 15 «~ 30 45 60 690 - 90 24
GS‘L"6 Antimony tlD ND 0904 - .[’61’ - 0435 .27 011 908 - 0038
05 fﬁal‘ium ND ND .694 - 02 - .1‘78 .308 q074 .024 - '04
' @21 Tisher 22 ‘
& Sampling tine (min) 90 S0 i5 - 15 - 30 45 60 60 - 20 24
GA-~b6 Antimony ND ND 2.22 - IA - ..163 .094 IA .016 - IA
Barium ND ND 2,62 = IA - ,232 .147 .000 IA - :045
822 Bendix Electro- 22
static & Whatman ¢
#50 Sampling tinme (min) - - 15 - - - - - - - - - 236
Antimony - - 3.2 =~ - - - - - - - -
Bariun - - 8.90 =~ - - - - - - - -
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m‘ m
Mrx Sampler Prctest Samples Poat Test Samples Ex-
and haust
Teat Filter Bullet Inside Outaide Time After Firving (hours) Time
Number  Modium Calibey oo Roon 0 2 4 6 8 12 18 24 30 36____ (hrs)
823 Fisher 22 '
& Sampling time 20 20 15 - 15 - 30 45 60 60 w 20 .
G.1 Antimony * ND ND ND - ND - ND ND ND ND - i 24
micron Barium b ND D = ND - ND ND 1D ND - Py
tlucleopore
824 Fisher 22 |
& Sampling time 2 - 90 15 - 15 - 30 45 60 60 - 20
0.1 Antimony ND ND 2])] = ND - ND ND ND ND - - MDD
micron Bariun ND ND np - ND - ND ND ND ND - ND n24
Nucleopore .
KD = Not deteccted

IfA =~ Analysis masked by interfercnce radioactivities - .
I{ - DNot yet measured ‘
SU - Sanmple unusable because of collection or sample preparation problems
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Antimony Content
(Micrograms Collected in Fifteen Minutes)
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6. Table 2 also reflects the intermittent elemental inter—

ferences that occurred during this testing program. - All of- the data points
labeled IA (a2nalysis masked by interference radioactivities) and probably

most of thosc labeled ND (not detected) occurred because of other trace :
N Table 3

elenents collected on the filter media which became more radioactive than ; '
Weight Distribution of Antimony and Barium
Along the Filter Paper*

the antimony and/or barium collected in the sample and either completely

Distance fron Antimony Barium

masked their activity or in some of the other cases considerably lowered
Leading Bdge (in) (mg/IS win sample) (wg/15 min sample)

the precision and therefore imcreased the uncertainty of the amalysis. Barium-Ant {mony Ratio

. 0-1 -075 + ,008 2311 + .05 4.15% .2
B. Tests Using 0.1 Micron Filters ) 1=3 .230 + .008 P s 10 -

. Two additional 22 caliber test firings were made using the 2-3 205 + 008 ;61‘3 : e 2-: + .06
Fishe: Vacuum Pump and a Nucleopore filter (0.1 micron). .The standard 3.4 863 + .015 240 : " 2. 9+ .07
sampling times were used. As shown in Table 2, no antimony or bariuwm 43 856 + 308 2. 300 : N 2.81 + .06
was detected on the 2ir samples despite the fact t.:hat there was no 5.6 666 + .012 1 ses : . 2.79 + .02
significant interferences from other trace eleéments. Thus despite the 6~7-1/4 334 + .01 - : N »35 + .04

~ ability to collect smaller particles, the greatly reduced throughput TOTAL 3.23 ;:;;—"' 2.62 + .06

made filter media having this small pore size unusable.

C. Tests Using an Electroétatic Precipitator

» The test of the electrostatic precipitator invclved firing three
" bullets in succession. This test is also summarized in Table 2. The
:‘ant:l.mony and barium concentrations were also apalyzed longitudinally along
the samﬁzling tube. ‘The seven inch long péper collection medium was éut
i into seven one-inch strips perpendicular to the air flow path. The
concentration distribution of antimcny and barium is given in Table 3 and
Figure 9. Table 3 aléo contains the barium/antimony ratio distribution

along the sample. Table 4 shows the percent by weight of the antimony

" and barium along the filter paper.
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An analysis of the interference elements.present in the sample was

‘op 17

made in the same manner as with thc antimony and barium. The relative Tzble &
concentration distribution of the four major interferences, sodium, Percent by Weisht of Antimcny and Barium

A che Filter F
chiorine, aluminum, and manganese, are listed in Table 5 and plotted in Along the Filter Faper

Figures 10 and 11. ' . .
Distance from -
The following observations are made concerning this data. ° Leading Edgze Sb ‘ -» .. Ba
L]
1. The antimony and barium distributions tend to follow the
0-1 2.3 3.5
same pattern, but the barium appears to contain somewhat larger amounts
. 1-2 7.1 C, 8.2
of snaller particles.
2.3 6 ° 4 6 . 9
2. About 537 of the antimony and 542 of the barium collected
. N ' 3-4 26.7 27,2
l4es in a two-inch strip representing only 28% of the collection paper. . )
-4=5 26.5 26.8
3. The sodium and chlorine distributions tend to follow the ’
. 5-6 20.6 17.6
same pattern, but are considerably different from those of the antimony .
- 6-7-1/4 0.4 . 9.8
L or bariun. The sodiua and chlorine are found in particles which appear .
100 100
to be either - uch snaller than the gunshot residues or somewhat larger .
on the average than these residues. These elements probably represent the "
distribution of organic dust such as pollen, lint, etc. .
4. The manpanese and aluminunm distriﬁ&tions tend to follow the )
'"~.'“-4 hf --game pattern, but are coﬁéiderably different from the two previously ”
. ~':"nenzioned distribution patterns. These have a more uniform distribution i
~acress the collection paper. These elements probably represent the ‘ .
--—distribution of inorzanic dugim;ggﬁ ggt;é;eorié dﬁégﬁ;ﬁ&mihorgéﬁié
.l_“—;uiface materials.
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Percent by Weicht cf Interferconce Elements
Along tho- Filte: Paper

SR
Distance from
Leading Edge Al
-1 17.7
1-2 12.9
2-3 21.6
34 15.5
&-5 12.4
-6 10.3
4 6-7-1/4 9.6

Na

13.9
12.9

8.2
13.2
18.7
17.2

9.9
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15.6
12.4
18.4
16.3
14.2
11.4

uo?’

Cl

19.4
12.7

8.3
12.2
17.4
14.9
15.1
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pariun is deposited was foun

of the antimony and

5, Within the 287 range in which about 537

d the following amounts of the interference

elements: | | . ~
32% sodium

20% chlorine
287 aluminun

307 manganese

D. Details of Test Runs

A detailed description of all test Tums menti

through "C" can be found in Appendix C.

nents
g. Neutron Activation Analysis of 22 C'aliber Bullet Compo

ed to detect the source

Meutron activation analysis was employ

the Western T-22 amunition. An unfired

of antimony and bariun in
ully dissassembled, and separat
shell, and the primer.

the antimony was found

ed into four parts,

eart aref |
- It was found

nanely the bullet, the gun powder,

that the barium occurred only in the primer while

o a much lesser extent in the primer.

primarily in the lead bullet and t l
' ' 65 to a
The bariun to antimony ratio in the primer was found to be ’

h i
g

The average barium to antimony Ta

ile that from the electrostatic

tio collected using
o gesidue samples.

the air filters is gbout 1.5 to 1 wh

riginated from antimony in the lead

antimony being collected must have o

bullet.
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Conclusions - ‘

A. Standard Test Results
The most important conciusion that can be made from the results
of the first eleven 22 caliber firing tests is the definite confirmation
that under the test conditioms, airborne gunshet residues can be detected
up to 36 hours after the firing of a gsingle bullet. The 36 hour period
may not be 2 limit as no samples were collected beyond this time sgpan.
The ability to detect these small amom;ts of residue was subject

to intermittent interferences from trace elements from the collection of

other nonrelated airborne residues. These interferences seem especially

" prevalent after the settled dust in the test rocm had been disturbed,

either by entry of test personnel prior to a test-or by the exhaust from

the air sampler itself. Such interferences would bé a serious limitatien

" of this technique when used in actual cases, since the lack of detection

of antimony and barium would not necessarily prove that the weapon had
not been fired in the sampled area. There are two potential solutions

to this problem. One approach is to use an air sampler vhich would be

_-gelective for the particular narrow range of particles size associated

with airborne gunshot residue, hence the work with the electrostatic

precipitator. The second approach would be the use of post-irradiation

et tad:lochéxical separvation of the antimony ard barium. This second approach

- will be held in abeyance since it would add further complications and

expense to the technique.
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The non-reproducibility of the data with respe;t to time from the
eleven tests prcvents as yet an accurate determination of time of firing.
With the exception of a gencral dovmward trend with time, there are no
constant characteristics, such as amcunt collected or slope of the curve,
which can be related to time after firing. This may be due to inhérent
non-reproducibility in repeated gunshot firings despite the efforts to.
obtain reproducibility. The amount -of primer combustiom and bullet slug
vaporization will definitely affect the amount df gunshot residue initially
ejected into the air of the test room. Such factors as the number of
airborne particles, their size distribution, and.other factors such as the
hunidity in the room could affect the rate at which they séttle out of the
alr,

The data spread from one test to another increased considerably with
samples tzken at longer times after firinz. There are several analytical
factors which may have contributed to this increased imprecision. One
factor is the statistiral uncertainty resulting from lower amounts of anti-

-

mony and barium in the rcom. In addition, the longer irradiation times

required for activating the smell amounts of antimoay made the sample pellet

extremely fragile. Some of the pellets were found to be shattered into a

coarse powder after the seven hour irradiation, making them more difficult to -

- hendle without losses and making it more difficult to chtain the standard
counting geometry. Methods of post-irradiation sample dissolution will be
;nvestigatcd 1n an effort to overceme this problem.

Saompel preparation problems may have becn occasionally responsible
for the data variétions, but these did not occur very often and would not

account for thce varlations cbserved.
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B. Test Results from the 32 Caliber Revolver Firing
_ The single test from tha firing of the H & R 32 caliber revolver
followed by the standard sampling cond analysis techniques sha&s that the
problems involved in detection of single shots of larger caliber bullets
are considerably less than those involved in detecting the residues from
the 22 caliber bullet firings. In comparing Figures 5, 6, 7, and 8 it can
be gseen that the 32 caliber bullet firing left more than an order of

pagnitude greater concentration of antimony and barium in the air than the

standard 22 caliber test.

- -

C. Preliminary Test Results with the Electrostatic Precipitator
The preliminary tests with the electrostatic precipitator were

very promising in several important areas of interest as given below and

. may help improve the reproducibility cof the techuique:

1. Sample collection compatibility with neutron activation
analysis

The use of Whatman #50 as a sample collection media allows
a8 aignificant reduction in neutron activation background interference as

compared with the Gelman #GA-6 used in the standard test. This results

from the lower "as received" trace element content of this paper and also

- - from the fact.that the paper can be acid vished to significantly lower
. * . .

this trace element content. This reduction will allow greater sensitivity

. 1n the detection of antimony and barium.
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2. Neutron accivation.interferences from environmental dust
Over 537 of the antimony and barium was found to be collected
in the 3 to 5 inch heorizontal segmenf of the collection media. In this.
same range, only about 30Z of the sodium, chlorine, alﬁminum, and manganese
was collected. Since these four elements represent the major interference
elements found to date in atmespheric dust, the analyzing of this selective
portion of the sample would result in an effective reduction of about 727
in environmentzl dust intarference. .
3. Increased airborne cunshot residue detectibility
The amount of antimony and barium collected using the
electrostatic precipitator was much laréer than that collected using the
ard system. Normelizing the nuzber of shots fired and the collecticn
time, it was found that values of 4 ¢ times greater in the amount of antimony
and 10 times greater in the amount of.barium were collected. This increase
4n collection efficiency is probably due to the increased sampling rate and
the increascd cfficiency in collecting the smaller particles. This improved
collection efficiency both increases the sensitivity of the method,
especially for barium, and also allows the possibility of a shorter collection
- time.
”.*' Af 4. Possible time of firing dgterminafions
A The improved collection efficiency and reduced intecrferences
gshould reduce the analytical uncertainties and may provide beﬁter concentration
wersus time after firin: data. This may improve chances of using this

technique for cbtaining time of firing data.
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4 second possibility also exists. Aggiomeration is a major method
by which the fine gunshot residue particles are lost from still air. 1In
this process, many smaller particles combine into fewer large part;cles
which eventually settle out of the air. Thus as the time after firing
extends, the average size of the gunshot residue particles should increase
and the peak of the antimony and/or barium distribution curve shown iﬁ
Figure 9 should shift to the right reflecting this agglomeraiion. Thus this

shift m=y be useful in obtaining time of fifing information.

D. Relative Size of Antimony and
Probable Sources v and Barium Particles and Their

»An examinaticn of the barium/antimoﬁ§ ratio from the bullet
pfimer shows a ratio of 65. At the szme time, a gunshot residue barium/
antimony ratio of 1.6 is cbtained from thke s:andaré collection syctem
data and 2.8 fronm the electrostatic precipitator data. This points to
the appreciable antimony contribution from the bullet slug. Further
comparison of this ratio for the two collection systems shows that
significantly more barium is collected by the electrostatic precipitator,

Also the data on the barium/antimony ratic with respect to sample position

- in the electrostatic precipitator (Table 3) shows higher ratios toward

the leading edge of the collection paper. This data indicates that the
particles formed from the lead containing the antimony are probably

larger on the average than the products of primer combustion.
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E. New Elect;'ostatic Precipitator for Future Testing
The extension of thesc results into further testing is

anticipated with the ordering fre= Dél Electronics Corporation of an
electrostatic precipitator, Model #ES?-ZGOA.' This unit is being specially
constructed writh varizble electrode sotential and air flow rate to allow
~warying the location of marticle deposition. A cyclone pre-collector will
be emélcyad to significantly raduce the zuzhe= of particles larger than
shout five microns that would enter the collection region. The aim here
4s to attempt tec further reduce the collection of envir."onmental contaminants.
These tests will involve only onme sampling period per test, as the
efficiency and sanpling rate aré such that one sampling seriously disturbs

the zmount cf residue suspended in the air.
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Appendix A

FIRENG PROCEDURES FOR TEE AIRBORNE GUNSHOT RESIDUES PROJECT
by
W. Renfro and W. Jester -

.A. Pistol and Amaunition Storage

1. then not under direct supervision of Dr. W. A. Jester or Dr. W. F.
Wwitziz, H & R 22 caliber nine shot revolver or its cylinder will be stored
in a locked case in the locked radioisotope cabinet in the Control Room of
the Penn State Breazeale luclear Reactor,

2. The azmunition will be stored in its own locked case in the locked

radioisotope cabinet in Room 4 of the Breazeale Nuclear Reactor.

B. Prefirirg Steps
1. Since only Dr. Jester and Dr. Witzig will have keys to the two cases, "

ene of them must be present to begiﬁ the prefiring procedure. In addition,

-emly senior reactor operators have the keys which will allow the opening

of the locked radioisotope cabinet in the Control Room.

<

: ) 2. The pun casec and the required amount of armunition will be signed

out and transported to.the test area just priocr to testing, with Dr. W, F.

_Witzig or Dr. W. A. Jester in.attendance.

3. The unloaded nistol or the pistol cylin&er will be removed from the

gun case and mounted in the firing apparatus.

4. The proper aining of the pistol will be visually confirmed.
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5. The corzect nurber of shells will be inserted into a holder in D. Post-firing Steps o -

the glove box and the box sealed. At no time after the shells are placed 1. Immediately after firing, the cylinder will be removed from the

pistol,

dn the glove box will anyone be allowed in the polyethylene room until the

2. An annoﬁucement will be made that the firin

cylinder has been removed from the revolver. g is completed and the

signs removed,

C. PFiring Steps (a minimunm of two persons from a group consisting of 3. 4s '
o Soon as the ajir sampling Procedures will pernit, the pistol or

W. Renfro, Dr. W. Jester or Dr. W. Witzis will be present at all gimes its cylind . .
€ylinder will be takep from its holder and removed from the glove box

that the pistol is not locked in its case). by means of ise
access port.

l. An announcenment will be made over the reactor public address & TH
. . e pistol cylinder will pe checked for unfired bullets, cleaned

systen statinz that all unauthorized persons must remain clear of the
its storage area,

testing area, S I th :
° the pisgpl without itg cylinder is to remain in the firing

2. Signs to this effect will be placed at all possible entrances to
apparatus it alge will be cleaned at the ccnclusion of the test

the testing area on rope barriers.

3. A check to see that all unauthorized persons are out of the test e &

Y ) area will be made. ' 4 g

Rkl

4. The experirenter will announce to those in the test area that he

is about to load the pistol.

SR R e
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. 3. The correct number of shells'for the test will then be loaded into

- the pistol using the glove ports on the glove box, and the plstol will be

SRR R Hae o
TE e ety

'.':..i.'1naved to its firing position. ‘ ; ) ) 3 P EE
Aﬁ‘;; 8 7., 6. A final check will be made to see'that the testing area is clear g% i? A
of unauthorized pgrson;. ' - e

7. Authorized perséna wiil uwove to a position such that the glove
' _' box 1s between thea and the bullet catcher.
8. The experinenter will announce to those in the test area that he

is sbout to fire the pistol.
9. The pistol will be discharged by the experimenter manually

pulling the tripger. . .
) 56 S
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Appendix B

MEETINGS WITH EVALUATION PERSONNFEL

On October 21, 1970, a meeting was held at the Pennsylvania State
Police Crime Lzboratory, Harrisburé, Pa., between project personpel
and Captain Ludwick D. Jenkins, Director of the Laboiatory, and
Sergeant James Daffley, Head of the Laboratecry's Ballistics Section.
‘Ihe proposed testing facility and initial testing procedures were
discussed at this time. With a few minor cormments, these were
enthusiastically endorsed by Captain Jenkins and Sergeant Deffley,
It was at this iime that Sergeant Deffley.confirmed that the type
of fircarn to be employed in initial testing and on the construction
of the bullet catcher woculd be satisfactory. It was also suggested
that some tests should be conducted with ammunition containing only
the primer, and the prircer and powder, as well as with complete
bullets, inm order to pinpoint the sources of the suspended residues.
The assistance cf the Crime Laboratory was offered in preparing
these types of ammunition.

Captain Jenkins stated that {if this tecﬁnique proves successful,
he i3 anxious to place the required air sampling equipment in all of
the State Police's mobile crime laboratories which will soon be used

throughout the State of Pennsylvania to investigate major crimes. A

“second meeting with Captain Jenkins and Sergeant Deffley was planned

at the completion of the construction of the testing facility.
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2., On November 2, 1970, a meeting was held at The Pensisylvania State
‘Univecrsity's Center for Law Enforcenent and Correction, University
Park, Pa., between project personnel and Dr. Henry L. Guttenplan,
Professor of Law Enforcement and Corraction. Dr. Guttenplan also
endorsed the conceptual design of the testing facility and the
initial testing procedures. ‘Ha streésed that a major congideration
mst be the prevention of sarple contamination by outside sources
of antimony and barium. He provided infor;ation concerning his
experience with the distribution of gunshot residues resulting from
the firing of revolvers and speculated on.how. it might affect the
results of the proposed tests. He also stressed that only after
gsound experimental testing under controlleg conditions is compieted
can practical field testing of the technicue be initiated in order
that meaningful sanples and accurate interpretation of results can
bé obtained. A second meeting with Dr. Guttenplan was scheduled to
take place at the Breazealé Nuclear Reactor after the completion of
the testing facility.

3. On May 21, 1971, after conpletion of the test room, a Project

f.v Evaluation meeting with personnel from the State Police Crime »
Laborat@ry and Dr. Guttenplan covered the following items: | 0

‘8., Test procedures and results acquired to date were ?tesented

. and discussed. | |

b. A demonsfration of the 22 caliber revolver firing in the

test roon was conducted.
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;;. Corments from evaluation perscnnel
(4) Evaluaticn persomnel gave their approval concerning the
testing facilities and procedures being employed.

(i1) Sat. Deffley inquired about whether or not multiple shots
gave a substantial difference in the amount of residue left in the
alr as compared to a single shot. Subsequent testing should answer
this question.

(ii1) Captain Jenkins suggested th;t the next caliber firearn
to be tested should be a 38 caliber S&W or Colt manufactured with
@ six~inch barrel. This would be considered to be an in-between
caliber (between the 22 and 45 caliber firearms often encountered
in cricdinal cases). This also is the firearm carried by tl.le
State Pclice persormel. He stated that he would inquire about
the wssibﬁity of having the State Police loan such a firearm
o the project for testing purposes. |

(iv) Dr. Guttenplén suggested that air samples should be taken
at various positions in the room since the residue concentrations
-may be a function of where in the room the pistol was fired.

Dr. Cuttenmplan also suggested that all test shots be fired fron
the same charber in the revolver since slight vz;lriations in
. ‘chacber and cylinder dimensions méy che;nge the amount of gunshot

residues ejected into the test roomn.

-
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The May 26th nmecting with Dr. Willian lMoroz was held at the office of
The Pennsylvania State University Center for Air Environment Studies.
The meeting was held to obtain information from Dr. Moroz and Ei;
staff on the nature and settling rates of airborne particulates and on
‘the type of sampling equipment and techniqﬁes fhat should be investigated.
Dr. Moroz gave the following information. |

a. In a2 corbustion process such as a firearm discharge, the "
particles formed are usually in the submicron region (0.1 to 0.01yu).
Such small particles can remain spspendéd in atill air for periods up
to three months. They are lost from the air primarily by coagulating
to form larg” particles which then fall out under the influernce of
gravity. St

b. -The £ilters cv.rently being employed in this project therefore

have too large a pore size (0.454), and thus it is primarily the

coagulated residue particles which are being collected with the small
particles passing right through the filter.
€. The dust concentraticn in the rocm :-2y influence the

ecarulation rate.

d. The process of diffusion by which the residue would be spread

"'cvenly throushout the room probzbly proceeds quite slowly and may

produce écncenﬂ:rati:on differences in the room, even up to four hours

+ -

after firing.

@. A‘ratio of the large particles to small particles may be a

"relevant measure of the time after firing, since the amount of small

particle coagulation should be a function of time.
£. It was suggested that for portable field sampling, a 10 liter

vacuum bottle may be the answer.
61 ' *
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5. Dr. Moroz suggested that lr. Renfro contact Mr. Jerry Anderson, a

technician at thevAit Envircrmaenc Center, to discuss possible air
sampling equipment that could perfozn particla size scparations. This
meeting was held cn ¥ay 31, 1971, Mr. Renfro explained the program |
and inquired whether some combinziion of cascade impactors and alr filter
eollectors could be employed to accomplish this type of separation.

Mr. Anderson supplied the following information: )

a. A cascade impactor is mot adequate for particle size separaticn
in the submicron range. The ure of a 0.1-0.01 final air £41ter would
necessitate a pressure differential across such a filter of over 100
psi to cbtain sufficient flow through the immacior to separate one
micron particles on the most sensitive stane of an iméactor. It would
be difficult to construct an air filter system to operate at such
pressure differences.

b. An electrogiatic precipitator may provide the desired filtering

requirements since such equipment can provide some classification by

- particle size in commercially available units whick combine high

sampling rate, portability, and moderate price, He stated that the

- Air Environment Center could provide a short term loan af such equip-

ment for testing its usefulness.

" ¢. Concerning air sampling filters, he suggested a filter material
called "Nuclepore" made by the Gemeral Electric Company which offers
jess flow vesistance for the same porc size than other filter materials
guch as the Gelman and Millipore membranz £lltar. Samples of these

£1iters were givea to Mr. Reufro to evaluate their handling properties

#nd activation analysis interference constitucuts.
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outside the test room prior to ccrmencing the test firing.

Appendix C

DESCRIPIIOU OF TEST LRUNS

1. Test Run Number 810

8. Pretest samples showed no evidence of antimony or barium imside or

" 'b. In 311 post-firing samples, there was found to be a large amount of

interferance activity later identified ~s uranium-239. It is éuépected that

Y

this interferencc ceme from the activaticn of collected particles of concrete
dust produced in fastening the bullet catcher to thé concretz floor. This
dust was thought to be cubsequently d’sturbed by the high velocity ailr
‘eurrents from the Hurricane air sampler. Exhausting the room for about

.. three hours at the end of the test eliminated this source of interference

from subsequent tests.

¢. There was enough antimecny in the afr sample obtained immediately

after firing to obtzin an analysis using a three hour irradiastion period

-f.-and a 24 hour decay period.

d. ‘Nb 15 mingte samples were taken during the 8 and 12 hour intervals

... after firing as proposed ia thc initial testing procedures bzcause of the
_ difficulty of manually taking samples throughout the night. This difficulty

1led to the ordering of an autoratic cleck timer to turn the air sampler on

end ot T T

Test Run Number 811

a. Pretest samples shoved no evidence of antifony or barium in the air

'inside or outside the test room prior to the test firing.

- .-
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b. Becausc of mistakes in the timing procedure involved in taking the
& and 6 hour samples, this run was aborted at that point. -

c. In the samples taken, no large interference peaks occurred in the
energy range of the antimony and barium radioisotcpes, but a large Compton

continuum from higher cnergy gammas tended to mask the barium and antimony
L 3

.peaks. The aajor interference elcment in this case was sodium as sodium~24.

A possible source of this sodium is the caustic soda used in the regenerating
of a demineralizer located in the same space as the test room. The high
velocity air currents from the Hurricane air sampler may have stirred up
debris accumulated in the test room during coqsprgction.

d. The test room was exhausted overnight for about 12 hours.
3., Test run Number 812

8. The pretest samples taken outside of the room picked up antimony in
the air but no barium, while the pretest sample within the room showed no
evideﬁce of antimony or barium. It was later determined that the.demineralizer
located in the some area as the test room had been regenerated the day before

this test using the powdecred caustic soda. It is suspected that the outside

" antimony contamination came from this source or from some other chemical

?employed in the regeneraﬁion of the ion exchange system, since im no

subseguent test was ecither aatimony or barium detected outside the test room.
b. The Hurricane'air sampler broke down after taking the two pre-

firing sémples. Thus, 2 sampler employing a Fisher vacuum pump was quickly

inserted into the test room to take post-firing samples.
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" &. 'Test Run Number 813 ‘ i

._f; - Tdme after firing

¢. An immedigte effect of the change of air samglers was a reduction
in the interference Compton continuurc. The Fisher a;r gampler sampled at
a slcwer rate and the exhaust air stream was returned to the room at the
opposite end from where the sample was being taken. Thus, the problem of
stirring up dust and debris from the walls and‘floor of the test room was
lessened and usable antimony and barium data was obtained from tﬁe first
three samples taken after the firing test. *

d. Again no mcasurements were taken during the night hours, One
fifteen minute sample was tzken the following morning, but no evidence

of antimony and barium was seen.

e. The results of this test showed the rapid fall off of the gunshot

. vesidues collected with time and thus demonstrated the need for using

longer sampling time for samples taken longer than about four hours after

the initial firing.

f. A one day exhzust time was employed in an effort to further reduce

dust and debris which accumulated in the room during comnstruction. “

8. At this point an electric timer was cbtained to automatically

* control the air ganpler. This allowed the taking of one sample during the
.'1",night period. A modification of the post-firing testing program was

 instituted as given below.

Alr Sampling Time

(Hours) - (Minutes) 4

0 15

4 15

12 . 45

18 ) 60

L 24 ’ 60
- 30 90
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ounts of antimony OT barium

mples showed no measurable am

b. Pretest sam
nce detected

Thus the antimony interferec

r outside the test room.
rea outside the test

4mnside ©

4n test 812 had been removed by the venting of the a

TCOMm.
the sample preparation and

The .18-hour sarple was destroyed during

Co
This pérticular

thus its antizeny and barium content could not be determined.
om all subsequent measurementse.

tining i{nterval was dropped fr

aken at intervals longer than 12 hours after the test

d. The samples t
ium using the

alyzed for antimony and bar

uld not be successfully an
amount of these elements

es because of the small

imes. These samples were

firins co

short irradiacion procedur

therefore

with the longer sampling t

collected even
the five megawati

only analyzed for antimony using the procedure involving

¢ the reactor core face.

hour irradiation 2
ime was employed.

Again 2 one day exhaust t
that test run 813 gave
tests taken during this qu

S
st consistent results

the mo

£. 1t turned out
arter.

of any of the 22 caliber bullet firing

" g, Test Run Nuzber 814
s0 a

a. The Fisher vacuun pump was not available for this test Tum,

This pump had 2 sighificant
imony OF barium was observed

© Gelman vacuun was. employed. 1y lcwer gampling
ably the reascn wvhy np ant
1low level background inter

on any of these samples despite
g of the firing interval

- b, The 38 minute sample taken at the beginnin

zate, which 1s prob
ference activity.

a

gesulted froo a timing eTTOor.

e. The test ToOom was exhausted over a weekend.
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6. Test Run Number 815
a. This test i
. involved the firing of a single 32 caliber bullet £
I ullet from an
revolver which was made available for use in this r
for a few days e
ys. Test conditions employed were the same as th
e ose used in
except that the Fisher vacuun pump was employed
b. No pretest - |
| samples were ewployed because of the long exh '
at the end of test run 814. | g e
¢. The same an
alysis procedures described in Section 4 zbove (
. : ' t
Tun 813) were employed ia this test. -
d. At the end of ‘
- this run the test room was exhausted for about o
« ZTo check the ef : )
- effectiveness of the bullet catcher, the locati £
ve 22 caliber slu o
gs and the one 32 cal
iber slug neceded
—— 124 ed to be determined
T 5 |
) com was opened and the slugs removed. All six sl
. found in the range . &
.tha ge of about 10 to 15 inches into the bﬁllet catcher. A
t time the floor -
. was cleaned using a vacuum cleaner in ar attempt
remove deposited o
ed dust and cther debris. The room was then resealed
t sealed and

. .exhausted for another 12 hours.

W

7. Test Run Number 816

3 o t
- S

PRI

e diSCha <] a .

'8, Test Run Number 817

Tun 813.
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b. For the first time, barium was found suspended in the air of the
test room in the ;ample taken pricr *o firing, but ﬂo antimony was detected.
The reason that this occurred despite the 12 hour exhaust procedures after
ghe disturbance of the interior of the test zroom is not knowm.

¢. A4s in the case of run 811, a high inte;ference Compton continuum
oecurred and masked most of the antimony and barium results on the samples
taken after the inir‘al post-firing sample. Again it appears that inEomplete
-exhausticn of the test room after disturbing its interior contents is
probably the cause of this problem, .

d. The test room was exhausted for about a day at the completion of

this test.

) 9., Test Run Number 818

a. In order to insure the rewmoval of all trace contaminants, both

inside and outside the test room, 90 minute sampling periocds were employed

~ 4dn these areas prior to testing. No antiwmony or barium was found on the

saxples.
| b. it was found that the interference activities ohtained during this
TUn were significaﬂtly lower than those observed during test ruan 817,
again indicating that entering the test room caused the prcblen eacountered
in this previous rum.

€. Problems develpped in preparing the eight and the 24-hour samples,
and thus no results were obtained for these samples.

d. 4t the end of this test rum, a 24-hour exhaust neriod was employed.
10. Te-t Run Number 819

' a. This test involved the 22 caliber revolQet using the sampling

procedures established in run 814 and the analysis pfocedutes ~3tabhlishked

4n run 8i3.
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b. No antimony or bariun was found in the pretest samp}es.

c. Sampling ended aftex éhe 17 tour sample due to collection
difficulties.
d. A 26 hour exhaust period was coployed at the end of this test run.

11. Test Run Number 820

a. The szmpling procedure was altered so that a 15 minute sample was

L]
gaken immediately after firing, and the %0 mirute sarmple previously taken

a2t 30 hours was taken ipstead at 36 hours. All other sanpling times were

as previously established.
b. No'antimony or barium was found in the pretect samples.

e. Using a new technique for barium analysis, the barium content was

ﬂeasu:éd for the first time in the samples collected at 18, 24, and 36

bours after £iring.

d. A 24 hour exhaust period was employed at the end of this test run.

.12. Test Rum Nurber 821

a. This test was an cxact duplicate of Run 820.

b. No antimony or bariun was found in the pretest samples inside
or outside the test rum.

¢. Sarmle interferences resulted in antimecny not belug detectad

at times after firing of 4, 18, and 24 hours and bariun not being detected

4n the & and 24 hour szmples.

d. A 26 hour exhaust period was employed at the end of this test run.

13. Test Run Nurber 822

a., No pretest samples were talzen in this rUN.

b. The test involvad three successive .22 caliber firings followed

satic Precipitaror with its

by 8 15 minute sacple with a Bendix Elcctros

most liniting orifire.
€9
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c. A 36-hour exhaust period was employed at the.‘en.d of this ;:utl. )
14, Test Run Number 823
a. No antimcny or barium was found in pretest samples. The test
procedures of Run Number 820 was used, but the filter used was a 0.1 micron
Rucleopore filter. The pressure differential was increased from 8 to 20. '
b. The absence of any Sk or Ba is attributed to the greatly re;lﬁced *
£l rate of the 0.1 micronm filter. ‘
€. A 24~hour exhaust period was employed at the end of this run. '
15. Test Run Number 824 List of Illustrationg
2. Vo antivony or bariun was found in pretest samples. _'
b. This test was a duplicate of test rum number 823 éﬁd the sane ,
results occurred: No wmeasurable amounts of antimony or barium were
eoliected in any of the samples. t '
€. A 24~hour exhazust period was employed at the end of this rumn.
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