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This report ma:cks i~he (:onclusilon of the fil:st year of a proposed, 

tvo year program to develop a techniq'LH~ f01: the df!tection of ai]~borne 

sunshot l~esidue. The question to be anstlered is 'II'Wh~re and posnibly when 

'was the !lhot fired?" Over most of the fil:'st year a vacuum filtf:!r system 

was emplc)yed for residue collection. Recfantly an electrostatic precipitator 

vas Buccl!ssfu1ly e.mployed for this collection.. The anal/tical technique 

4 i 1 sis The elements employed was the highly sensitive neutroll act_vat on ana y • 

whereby tbe gunshot residue was quant:ltatively detec.ted were antimony and 

barium. To date the technique has successfully detected gunshot residue 

from a single 22 c~liber bullet up to 36 hours after firing. 

the ~thors would like to thank ~he Dir~ctor and Staff of the P~ 

State Breazeale Nuclear Reactor for their excellent support of this project. 

they also extend thanks to Captain L. D. Jenkins, Director of the Pennsylvania 

State Police Crime Laboratory, Serge~nt James Deffley, Head of the Crime 

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

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

HOroz. Director ~f the Unive~sltyts Center for A1rE~ironment Studies, for 

providing valuable technical guidance a~ c~iti~1Sms d~ring the co~rse of 
... 

_. '. ,.' this first year's. program. The authors "7ish to thank the National Institute 
.. :--~. -. 

of L~ Enforcement and Criminal Justice. U. So ,Department of Justice~ for 

szauttng the funds for the first half of this projecto 
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Summary 

lurpose 

, The l~llajor objective of this project is to develop a technique nhich 

can tell an investigative officer whether or not a firearm has recently heen 

fired in a l:'oam. and 1£ so, wnen it was fired. The technique to be developed 
• 

18 envisione,d as operating in the follom.ng way; Upon arriving at the scene 

of a crime ~~ich involved the discharging of a firearm, the investigative 

• officer woull,1 use a small portable air sampler to collect samples of the 

debris suspes:lded in the air of the rooms potentially involved. The samples 

wuld then bE[~ promptly taken to a le,boratory having a neutron activation 
' . , 

aaalysis capability, 'tvherE~ they would be rapidly analyzed for traces of 

suashot residues. The presence of such reddu~e '(IIould establish where the 

firearm was fired. 

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

, .cased reinactment of the firing would, be conducted at a later date. This 

wauld be followed by periodic collections of the resulting airborne material 

~ measure the rate at which the residue is removed from the air in the 

"1:'OQa. and thWi establish the approximate time of the original firing_ 

!he ob;fectives,of the first year's program were to demonstrate the 

!eas1b1li~ of detecting ~rborne gunshot residues using neutron activation 

aalysis and eo evaluate tha potential of obtaininE$ time of firing 

iDfo1'llU1tion. 

.. .. ",. ........... _ .. , '" ... -.-- .. - ............. -..... - . 
.,. ....... . 
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Scope 

It was ant;tcipated that tt-TO years tTould' be required to deve~op the 

techniques to the point where they could be tested on actual cases. Tile 

scope of the first YCl!r's effort l-7a.9 given in the original propos:l1 as 

follows: 
• 

1" Testing of various collectine systems and filter media for 

.the recovery of gunshot residues suspended in air. 

2" Establishment of optimtml activation' ana.lysis methods for the 

detection of gutLShot residues. 

3. Devel.opoent of correct methods of hond1 iue and transporting 

the collected residues to ~void sample Gontamination. 

4. Exploration of the potenti~l of obt:1~n~ time of firing 

,iDfomation by conducting tests in a closed 1'.'00111 and tllen employing the 

ced'miques in 1, 211 and 3 above. 

", In the prelicinary stages of this prOBllrC'1l!i, a teat room '(,"28 

coastructad for gunshot firing and ~sequent semple colleetion. 

. the bests for most tests run c:luring the first year'$) pl'.'ogrnm l'rns the 

collection of airborne residue from the dischartJe of :l single 22 caliber 

.,,~ ... ~ .~~ ~ .. : .. , .lIaD.et in the. test room. 
, ; 

" 

.. 

), . 
;~, 

" 

• 

the weapon involved in the initial tests during th(~ first ye:lr vas 

aD e & R nine shot revolver. In ~ effort to obtain reproducibility, the 

II8IDe revolver ch:u:lber vas e1!Iployed for mast of the tests. The ammunition 

was all tcken froo the same b~tch of western 22 c~liber bullets. 

6 
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A fJtandard· :U.lr filter collection system was elQP,loyed ·for mest of the 

, 'C 

tests. c:cmsisting of a vacuum pump which dret..' the 'air of the teet room 

through a 2 inch, 0.45 micron membrane air filter dis~:. 

An electrosttltic precipitator was also successfully employed in some 

of the later tests. 

Air saoples fllere collected as a function of tit!lle up to 36 hours aft!?'!? 
• 

-the time of firinB. The collected sa.~les ~7ere preper'ed for neutron 

ac:!:ivation in the l"enn State Breazeale Uuclear Reactor. The irradiation 

conditions varied ~dth the amounts ~f antimony and barium present in the 

88mples. 

After post-i,rrediation handling, the gnma spect:ra ,of the reSUlting 

, i'adioisotopes were measured on a high resolution Ge(Li) detector with 

the resulting data being stored in a 1024 pulse height analyzer. The 

resulting ac:cumulatled spectral data was then transferred to magnetic tape 

'for subsequent computer processing by the Penn State IBt-r 360 computer. 
--" " 

the intensity of the mcasur~~ radioisotopes of antimony and barium 

as compared to sta~da~ds eave info~ticn as to thc amount of antimony and 

barium in the air filter sample • 

,findings and Conclusions 

I~ bas been demonstrated in this first year's project that the .. 
me~od being investigated can successfully detect gunshc)t residues up to at 

least 36 bours after the discharge of a single,22 calibE!r bullet into a . ' 

, .till room. 

The technique as it h~s beeu develoged to date is not yet able to 

provide time of firin~ information .. 
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~le electrosta~i~ precipita~or collect~o~ system shows greater 

promise than air 
filter systems for collecting gunshot residues because 

range of particle sizes and 
of hieher collection efficiency for.awider 

to P
rovide s~me particle discriciination according 

because of the ability 

~ particle size. 
it of this type.of 

The second ye~r's progrrunwill explore the mer s 

collecting syste~. 

Grantee's 
Report of Expenditures 

1be ~esuletions of The Pennsylvania State University require that 

fron the Office of the Uni,versity's Vice President 
tIds report be subtrltted 

Submitted under separate cover shortly. lor Finance. It will therefore be 
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Text 

Introduction 

the concept for this project resulted from conversations between 

personnel of the Pennsylvania State Police Crime Laboratory and personnel 

from th~ Pennsyl,vania State Unive1:'s1.ty·s Nuclear Engineering Department 
• 

,.during the year 1969. The question being discussed ~'as "Can a method be 

developed which ccy~ld tell tlhethur or not a firearm ba,d been discharged in 
• 

a roOUl, and if so, when it was fired?" It was known from previous work by 

such inves tigators as Dr. V. P. Guinn of Gulf General Atomic I l1G, J. Pro 

of the lP.ternal Re.venue Service, and others th~t' ~eutron activation 

~ysis can be employed to determine whether ~r not an individual had 

fired a weapon. This can be accomplished by coll~ctin8 ~lld analyzing the 

iebr.ls on the individuaJ.' s skin and clothing for the barium and antimony 

found in mm:ru.nition. However, this type of e,n.dence can readily be 

destroyed by uashing, and does not answer the questi($ Qf. yhere and "lhen 

the veapou was discharged • 

A .econd method might be the analysis of the debris deposited on 

the valls and floor tomediate1y after firing or after subsequent settling • 

;'. .1'h1s method offers the potential of identifying not only in which room the 
.... ~ , 

"- - 'weapon "as fired, but wnere in the room. But it would not answer the 

.~ .... tiOD of wen the weapon ~fas fired.. Also, it "1ould reqUire a, complicated 

and systematic sanpliDe of all suspected areas, and the sensitivity of the 

technique. would be very mu~h a function of the amounts of other t'laterial 

collected which wold be unr~lated to the firing event and which would 

interfere vith the analysis • 

9 
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ch d th one which deve1op.~~ out C?f the above-
'J2le third ~pproa ,an . ~ .. 

amtioned conversat10~S, 'Was to ta1~e advantage ~f the gunshot residues 

h tion This concept became the 
r~~g in the air to answer t ese ques s. 

basis for the project herein described. 

• 
A... !!ature of Airborne Gunshot Residues 

ul ~-"rll f~om two sour~es: 
:A;1:rbome gunshot residues -rest. pr ~ Y 

1. 'Ella ccn:tbustion of gun pcn-7der ana prme1,l', 

z. Tbe tlel:ting and vaporization of the lead bullet slug. 

1h~ size of particles T.esult1n~ from. cacbustiO~ range from 0.03 

to 0.3 t:derons; the. size of particJ.es frOt1 the vaporization of lead are 

Uest eIther types of c.OI!ltlCnly occurrins a11'-
FOhably in the same range • 

. bone residues are larger than thiS, includ.1nB·l1n~ (10 o1crons and 

. larger), dust (0.1 mcrons ami larger). and pollen (10 microns and larger). 

2aJ:d,.cles 8.fJ small as 1:hose fomed in the discharge of a fiream should 

sema
in 

suspended in air for many days with their removal resulting from the 

"'lIS8~tion of' ~e StIall2r particles to f~1'1!l larger particles which will 

.:_J::l ~ ~.,,--,ty or C-om their beinr? exhausted 
sett:le out under the .i.I.u. uenca Ci,l; Q_~Y~'&'.a. 0 

. ~ . ~ . 

10 

-:;. .• "" .. ,-

t. 

, . 

'. " 

. , 
, -

" 

-
·1 :;::.":.~~~ .' .~;.r 

'. 
Previous studies by GUinn, et al.* at Gulf Gene.ral Atomic indicated 

that of the elecenta1 constituents 'of the r~sidues produced from discharging 

the major brands of 8I:t1:lUnit1cn, the elements ~'1ith the greatest neutron 

aetivation sensitivity were antit:1ony and barium. l'ht<::y attributed the source 

of the bariua to the pricer of the bullet, while the antimony cnme froo the 

primer and from. t1il(~ bullet lead, where it is used as a hardening agent • 

B. Equj.p1Qcnt: ar!rl Facilities • 

A test rOOt:1 ~as designed and constructed for discharging 

~est: weapons with subsequent controlled sampliug of the suspended gunshot 

mtd.dues.. Ie: 'ro'aS designed with six basic featurp.s: 

'.~~~ 
..... ! ........ 

~ ... ~ .. , 

* 

a. Isolation from the external environment 

b. 

c. 

Low cost 

Ease. of dismantlin~ and rebuilding in the ev ~ ..., en .. 

&he room became contatJinated 'Hith the suspended 

residues 

-d. Controlled ventilation of the roO!!l during tests 

~. Complete exhaustion of the rooo at the end of a test 

.f. Access to the fircar"os and a.ir s!.Ullplin~ equipment 

w.lthout disturbing the room environment. 
•• ' 7 

., . • 

Application~ .2t ~utron 1\ctivntion J\n~lvs1s in Sc;ientific Crime 
Iavestir-ntion, AEC Report GA-9822 j Jnnu."1ry :21, 1970.- • 
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The testin,g facility dcs:t:;n arrived at 'is shown in FiguJ:'e 1. It 

CODS1.sts of a large rCrom conL;t~cted fro~ polyethylene sheeting a~d scaled, 

at the edges so that there is no ventine at tho c'orner seams. This poly-

ethylene roce is suspended from an aluminum frame which is adjustable to 

accOI:m1Odate a room as large as a 12 foot c.ube. A polyethylene-l-1alled room 

vas chosen so that whenever sufficient removal of all suspended and 

settled gunsho·t residues 'cannot be accomplished 'by ve~tilatfon, the 'room 

·Can be removed froo its supporting frame and c'ollapsed.. The polyethylene 

CZA be sent to solid waste handling and a new rooo constructed from clean 

polyethylene sheeting. 

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

CDDtrolled atmosphere glove box from whi~h the lef~ side bas been removed 

.. -to pmvide a suitable access for the firaarm and airborne residue collection 

- ·-=plers. The access port of the glove box allows the .insertiO'Q and 

l:eooVal of f1rearcs, equipment, and satlples during testing without affecting 

t1w controlled ~onditions in the tes~in8 room. An aluminum frame was built 

' .. - ' ..... bolted to the glove box where it opens into the polyethylene room" A 

" 'curiage to which the pistol :1s bolted rides on this fr;me. This carriage 

" ", '" ".~. -: allows the piseol to be slid foward into the test room for firing and slid 
. J... ....~ -... . 

-, , ... :i,' .... 

, ..:1NIdt mto the glove box. for loading and unlo/.ldina. .-~': .' The U-bolts which clamp 

.. ' .. . "; . ; Cbe pistol to the carriage are adjustable so that the alignment of the pistol 

~el in relationship to the bullet catcher can be properly set. 

12 
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A etatisfactory bullet catcher wa~ constructed '!;rom a steel 30 gallon 

drum, 14 inches in diameter by 2Z i~c:...ltes long, packed with coetQn pa.ddingf" 

This catcher is mounted on a ste~l frame to obtain a proper height in 

relation to the pis tol mount in the glove box. The bullet c:.l:ttcher "las 

tested on an uutdoor firing range usinS a 22 caliber revolv~, a 22 caliber 

rifl.e, and a 4S caliber automatic: revolver. ~1~e shots f::.:-om a 22 caliber 

revolver were fired at a point-blank range into the same point of the centei: 

of the bullet catc:h.er. The deepest penetratiQ~ of the cotton padding was 

about 16 i!aches. There was sOr.te evid.ence of a ntunneling" effect due to 

the repea.ted firings in the same area. The bu~ts stopped within two 

inches of each other, and in ~his uea the cott~' padding hecame signifir;antly 

mare comp;t~ssed~ increasing the penetratio~ resistance :'0 subsequ.ent bullets .. 

Zt therefore. appears that repeated fir11'1SS can be empl~ed without a'lo/ danger 

of a bullet e5c:.at'inS tile bullet ca~cher. Tht= bullets from the 22 caliber 

dfle
o 

penetraU!d about 19 inches of r=ddin!; tdd.le the bullets from the 4S 

eal1ber revolver peru:c:rar:cd be~·recn 11 .aDd 18 i:D.clles of paddine- Thus the 

tmlteC C':aC~lcr ~ demonstrated to be suitable not only for flt:t1pping bullets 

~ the 22 ~~er pistol but also for these mo~t pmierful weapons. 

" .' 0 To elimi.n::!te the remote poss.ih1lit"j of a d..cachet baA;k toward the 

·,8love hox where. personnel. waul:.! be located duriDg test fix4-ng. a 1-1/2 inch 
., ..... 

·thick plyto1ood screen was C.CDStruct~.d from two se.ctiorlS of plywood, dimensions 
••• ;..;~: .0 i.: ... ::-~i:..:.i~.: 
:·Y~:i.':~.' ~" .. 3/4 iDch by 6 feet by 4 feet • 

" 
, :.; .. 

·P. " '-
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d h '" to the bullet tc.atcher with ibis ~cte£n is positione ~t t e er.~r~n~e 

its plane perpendicular co the bullet projection. A 14 inch diameter hole 

is cut into the screen such that the'scre~n surrounds but does not cove~, . 

the opcnine to the bullet catcher. Thus, if a bullet fs somehow off target 

I~ should glance off the side of the bullet catcher, ar should ~enetrate 

the bullet catcher and ricochet off the concrete wall in back of the ~ullet 

catcher, it would be stopped by the plywood screen before reaching the area 

Where testing personnel would be located. 

Ventilation of the room during tes~illgS' "lhen required, and for purging 

th~ r~ of suspended gunshot residues at the and of testine, is accomplished 

b¥ a floor-mounted lmrshal1 Ventilating Exhauster fittce with ~10 dampers 

to control the ventilation rate. During ventilation, fresh air f1o'flTS 

througb the glove box into the polyethylene ropm, 'and then exhausts into a 

ducting systex!io The exhaust systetl is composed of 110 feet of six inch 

·dact1ng. This transports the exhaust air from the polyethylene room to 

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

. at: a point apprcixicately 50 feet from the building. Smoke tests indicate 

that at this location the prevailing winds will b1o~ any remaining suspended 

" zestdues away from the building. Such ventilati~~ procedures minimize the 
"',"; --._ .. _. -
" cCatamination of ~e,glove gox with gunshct resi~ues and keep the air 

~~rlng. the glove box· free of previous1; exhausted residues. 

".< '!'he revolver used in the testine was a .22 caliber H & R revolver, 

aiDe sbot model. Western, T-22, standard velocity a~~n1tion was used. An 

• & R 32 caliber revolver was used for one test. For this test, the 

EeVolver was hand-held. A~rangements have been made with the'Pennsylvania 

SUte Police for the use of a 38 c31iber service revolver with a six inch 

harrel for the testinB of lars~r caliber firearms 0 
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2. Air Sampling Equipment 

Four deVices for particulate air sampling were tested 

during the year. They are: 

a. Gelman Hurricane Air Sampler 

b.. Fisher Vacuum Pump with a Gem~ral Electric 1/6 horsepower 

motor and a 2 inch filter holder 

e. Gelman Va~uum Pump (1/3 horsepower) Model l034-H10 

and a 2 inch filt.er holder 

d. Bendix electrostatic preCipitator 

'l.'he Hurricane air scmpler is a high volume device used to sample large 
quickly , 

. ~eas/fQr gross (greater than 5 micron particle' size) p~rtieles. It is 

llabt and simple in operation.. However, mechanical breakdown resulted from 

the extended high pressure operation reaui~ed with the smaller pore size 

filter media. 

the vacuuc Pu:Ip systSIlS with filter holders were found to be suitable 

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

designed to maintain the high press~re differential needed to give an adequate 

fl~ rate when'usin~ the finer filters, 

".; ,"!he electrostatic precipitator cocbines efficient collection of 

small particles With's large sampling rate.' It can be battery operated, 

WhtCh extends its flexibility. A cyclone-pre-separator can be employed to 

i.creen out particles larger than about 10 microns before they reach the 

pnd.pitator. 

_ .... I 
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3. Filter Uedia El!1ployed . . .. ,':'" 

About lS types of air filter media'~ere tested to find the 

best combination of collection efficiency, handling properties,freedom 

from interference activities, and ease of radiochemical processinB. The 

Gelman GA-6 triacetate metricel m~mbrane filter having a 0.45 aicron 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 norm to 

which other sampling equipment and filter medfa were compared. 

Wbatman 1150 filter paper was employed for use in the el.ectrostatic 

precipitator because it had been used in previous neutron activation 

~alysis tests, and was readily available. This collection media is 

placed as a coiled cylinder in the unit's sampling tube which can be 

.capped at both ends before and after sample collection to avoid sacple 

contamination. 

4. Breazeale Nuclear Reactor 

the Pennsylvania State University's Breazeale Nuclear 

Reactor was ecployed for all neutron irradiations c~nducted in this project. 

the TRIGA type' reactor can operate in the steady-state mode at a power level 

of 1 megawatt with a maximUm neutron flux of 3 x 1013 neutrons/cm2-sec. or 

it can be pulsed to a peak power of 2000 megawatts with a maximum neu~ron 
16 .. 

flux of 6 x 10 neutrons/cc2-sec. This last ·feature is used for pulse 

neutron activation analysis involving radioisotopes with half-lives as 

Short as a few seconds. The reactor core, suspended froe 8 moveable bridge, 

can be positioned in the "swimming pool" to provide the most effective 

expericental setup. Special equipment di~ectly associated with the reactor 

includes two thcrt:1:tl columns, pneumatic "rabbit" tubes and several beam [,ortss 
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&lth in-cere and pneumatic '~rabbitn irradiations were utilized in 

this project. 

s. Gamma Ray Spectroscopy Facilities 

The Radionuclear Applications Laboratory is in the research 

wing of the Nuclear Reactor Facility_ It consists of a radioch~istry 

laboratory and a large counting laboratory. Besides the usual chemical 

facilities, the Laboratory is equipped with a 1024 Channel Nuclear Data 

HOdel 2200 Pulsa Height Analyzer with a 4096 ~C. It also has a 100 

channel ll%C Gamma Scope which is primarily employed as part of a flux 

1I1Onitoring systetl, alons ~ith a 3 inch diameter by 3 inch thick ~taI(Tl) 

detector. A thin NaI(ll) detector is employed for x-ray spectroscopy. 

A large low background shield houses a 4 inch diameter by 3 inch thick 

NaI(Tl) detector for high efficiency radiation detection. A second crystal 

of .. tbe same size is employed with the first crystel. for coincidence 

counting measurements. 

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

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

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

~k 0.5 centimeters thick with a 'volume of 2 cubic centimeters. For x-rays 

and low energy gammas'of energy lower than 100 k~v. the thin detector has 
.. 

somewhat better detection efficiency and a considerable reduction in 
. 

interference from high energy activation products of the dust and filters. 

For the higher energy gammas, the Inrger detector has a considerably higher 

detection efficiency. 
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6. Data Processing Facilities 

The Pennsylvania State University's IBM System/360 Model 
. -

67 is employed for data processinB. A r~cently acquired direct access 

terminal, Model #2141, located at the reactor facility, is being employed 

to speed up the turn-around time in computer processing of a data run. 

'!Wo computer codes entitled "Energy" and "PTTu are part of the. 

data process1nB programs of the Radionuclear Liaboratory. These programs 

have been modified and adapted for use in analyzing the gamma-ray spectral 
• 

data obtained from the high resolution radiation detection instrumentation 

for antimony and barium. 

C. Evaluations of Air Filters and Filter tfedia 

1. Air Sampler Evaluations , 

~om the tests made at the start of this program, it is 

- possible to evaluate the three sampling systems used as to their value 

as gunshot residue collection systecse The criteria used in their evaluation 

: -considered: 

a. Gunshot residue collect1onefficiency 

b. Portability and flexibility 
.,.--~ 

~.:' c. Filter handling and neutrou activation characteristics 
0, ;._. :.:.;.: •• . ' , ~ _ .k~~.:- . ." :,~ .. ~:-

tbe F~herVacuum Poop systeo was f~und to be the best air filter .J" ..... 

.'. -.. " 

. . .. ~ .. ..... . .... ',' ; 

• 
s.rstem tested for prelicinary testi~g, and be~ume the standard system with 

." 
~ ..... ,. '. 

Which the other systems were compared. It was designed for ~igh pressure 

differentials, and could be used in fine particle sampling usinr. 0.45 

micron filters. lIm1ever It th~ flow rate was very low. necessitatina long 

eerlpline times. It required a 110' volt power 'supply, which severely limits 

its portability for subsequent field testing. 

'. . _ .. - . . 
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The Gelc~n Hurricane Air Sanpler is designed for 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 dif~erential. rapid 
, 

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

110 volt power supply. The exhaust of the sampler also introduces coilection 

errors in that: it tends to ,stir up .. sattled dust particles,. Thus it was 

found to be WlSuitable for preliminary te .. ~ting .. 

The 0.45 micron filter was allowing most of the gunshot residue to 

pass through the system without being col1ected~ When an effort was made to 

use the vac~ pump collection systeo to collect t~e' smaller particles by 

using 0.1 tlic:ron pore size filters, the 8IJount of air throughout l1as greatly 

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

problem of ob~aining 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 
. 

clearly super10r to the vacuum pump systems tested. As it collects 

particles by electrostatic precipitation, no pressure differential is 

required across a filter, and a high flow rate can be,used. It is extremely 

effective for collectin~ small particles (below 0.01 microns) and the 

particles are generally deposited accdrdinS to particle size along the 

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

of selective portions of the airbo~ne gunshot residues with less inter-

ference from the larger dust particles. The unit is very liaht, and can 

be battery operated without loss of efficiency • 
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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 particles of 

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

calibrating an electrostatic precipit3tor for gunshot residue collec~iono 
.. 

The smoke rapidly leaves a brol-m ring on the paper at the locst'ion where the 

,investigator should look for the maximum conc:antration of airb,or.ne gunshot 

residue. 

2. Filter Media Evaluations 

The four parameters used in evaluating the filter media 

were: 

a. 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 radioisotop~s whose gamma 

spectra will interfere with those of the antimony and barium radioisotopes 

activated in the gunshot residue. 

'b. Bigh efficiency for the collecting of airborne gunshot 

residue 
• 

The gunshot residue(~ ~'lre suspected to lie in a size range 

of 0.03 to 0.3 microns. A filter must then'be used which 1s fine enough to 

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

should not be so low that it necessitates long sampling times. 
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Since the ult1c3te objective of this pTOject is to have 

• method which can ~e used routinely in fie1d,applicat:,t.ons, the ability,of 

the filters to be easily handled without tearing, cracking, or curling is 

an important characteristic • 

de Sample preparation e 

The filter must be able to be tt'ansformed into a 

zeproducible geocetry. This cay be dona eith~r by ch~cal reduction, 

dissolution, or sicple foldins~ 

Table 1 summarizes the results of several of the filter paper types 

.CJc1ied most extensively. A total of 12 other types of filter papers were 

also studied~ The standard filter paper type was the GA (triacetate 

lletricel) • The Nucleopore filter has somewha~ better properties, but these 

~e not available until the end of this first year's project. 

Since the collection paper on the.elecnostatic precipitator haa 

.' particles deposited on it rather than'filter~us through it, the collection 

efflc1:encies and flow rate parameters are not important. It $till must have 

SOOd neutron activation, strength, and sample preparation characteristics. 

".;,~,AD acfd1tional. ~eGuircment is introduced in that me f1..lter media must be 
• ";1> , 

~d enough to stay rolled in the sample ~'OU~t?tion' t~b~ 'witho~t;falling'!"~: ' . .' 
out. Work has been dania with Hhatman 1150 fUters in other experiments, and 
, -
daef have excellent handline and neutron ac:ti~ation~har~ct'eris~lis~l:' 'l'hey':;;~-'< ,.,~ 

.. readily avaUclJle, and so were used in the t' ':'6~=. 'Th*" s· ti ~~- ._5amp~e prepara on 

area has not yet baen developed t but modifications from other applications 

altould be possible. 
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Filter Neutron Activat!o~ 
Char aC,ter1stics 

CA(tr1acetate • Good 
metrical) 

VM(vinyl metrl~el) Poor 

~N(acrylQnitrite Poor 
cOPQlylt~er) 

~ucleQPor,a Excellent 
(pOlyclll'bonate) 

rhatman 50 Excellent 

!! " 
" 

N! Not :lmportant 
NS ~lot studied to date 

.. 
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Table 1 

rilter Paper Characteristics 

Collection FIQW Rote Strength Sample Preparation Efficiency 

Good Fair Fair Good 

Good Fa1r Excellent Good 
Good Good Excellent Good 

Good Excellent Excellent Good 

NI . NI Excellent NS 
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D. Techniques. f.or Sample Collection, ~I~ndl:l.tr8·, and Analysis 

1. Pistol Firing and Semple Collection Procedur~~ 

A detailed f1r1ne procedure was developed to prevent 

accidents during a firing test. This procedure, given in Appendix A, 

requires notification of reactor pe~sonnel that a test is to be Qade, signs 

to be posted at &11 entrances, and a visual check to be made prior to. 

loading the revolver. All personnel observing the test stand behind the 

glove box and are protected by the same bullet shield that protects the 

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

experimenter's presence at repeaeed firings. 

To l1cit the nuOber of variables involved in this initial phase of 

. the project, the follu>'1ing conditions were employed in most tes'~ firings: 

a. A still room environment w~ eniployed, i.e.» no 

ventilation of the room during the test. 

b. Only one 22 caliber bullet .. <las fired per test. This was 

eousidered to be the condition depositing the minimum amount of gunshot 

residue into the air. The bullets were all taken from the same batch of 

western-22 ammunition. 

, . Ce The same H & R nine shot revolver was employed for all 

22 caliber bullet firings and in most tests the same revolver chamber 

was employed. 
. . ' .~ 

; .... ~,. 
d. Although a va!':.t'€!ty of sampling times and int~rvals was 

'·employed covering a period up to 36 hours af~r firing, a standard set of 

sampling procedures waq employed for'establishing t~e deeree of reproducibility 

in the ~unt of residue being deposited per shot. These sampling conditions 

are as £01.1ml5: 
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Start of Sample 
Collection after Firing 

Hours 

o 

4 

8 

12 

18 

24 

36 

2. Sample Handling Procedures 

Sampling 
Time 

15 min 

15 

30. 

45 

60 

60 

gO 

• 

7be fUter disks were kept cli:lvered in their dispenser box 

1IIDtil they were inserted into the air se.tlp1..lar. At all tiI:lee they lvere handled 

. nth dean tlieez-ars.. After ~arzple collect::/,,01l, they ~~re. inserted into 

poly~thylene env\llopeS which were tested t.e) i~surethat they were free of 

antimony and barium contamination. These 'bage w~re labeled with the run 

1UIIber af the iiir sample. The purpose of the.se techniques was to insure that 

the filter disk was not contaminated by any interference trace elements, 

. .-espec:.iaUy antimony and barium. 

3. Sample Preparation Procedures 

For use~ in neutron activati~n analysis, the sample must be 

:. prepared in a homogeneous form.' The sample geometry chosen for' this work 

·w. that of ~ thin pellet. 
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Int~rpre~3ticn of related samples required that. this geometry be 
"e\I 

reproduced for each soC?le. It was found th.gt a Gelman GA type membrane 

filter can be inserted into 1/2 inch d~ac~ter polyethylene vials nnd 

dissoiv~~ in acetone. Upon subseQuant evaporation of th~ acetone, the 

filter mediuw caccs cut of solution and forms a fi+~ at the botto~ of the 

vieL The dust and gunshot residue re!:lCUn icibedcicd iii this film, ~hi~h is 
• 

-readily ·separated fron the polyethyl~ne and easily cc~ressed into a uni-

form 1/2 inch di~eter pellet. These pellet ~acples fit well into the 1/2 
, 

inCh dia~eter polyethylene irradiation containers and p~ovtde a ~eproducible 

seocetry for subsequent ir~eciation countin3. 

r .... ---v-- ... 
DO ehecical reduction has yet been developcd_ The filter is rolled intq a 

eylinder of reproducible size t-lhich fits into a standard 10 draa poly-

---~.--• 
f 
• I .-t 
! 
! 

• 
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. 4. '.leutt'on A.:'d.vZltion ,\~ .. lysis Pr~edures 
, 

.eu~ron actiVation analysis is an extremely sensitive 

analytical technique in which the sacple to be analyzed is irradiated in an 

iDtcnse neuttcu flux. Some ;z·f the atocs of the sample are converted into 

~adiation and its half lJxc. the isotopes can be identified. By comparing 

.. tile intensity of the r<:!di:ltion ~ith a stan-d.ard, the a~ount of the elemental 
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A procedure i 
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5. Data. Processing 
,. 

is P
ut on paper tape by the multi

the rau spectral data 

then transferred to magnetic tape for 
channel analyzer. This data is 

.... <Ad com!l, uter manipulation. The computer programs 
permanent storage ~~ 

data to ~ive an output consisting of: 
PEner~:' and lip'!'!" then reduce the -

which enables the identification of t~e peak energy, a. 

b. 

isotope 
the aoou~t of the isotope present. 

peak area, a measure of 

this ~roJ·ect. ,a 'series of five meetings 
!broughout the first year of 

t advice and criti.cisms 
vas held with evaluation personnel to obtain exper 

GIl the. test progr= as it devel.o?ed. 

:,' ..... 

.. .~ 

1:be foUowing persous gted in th1.s c~i'acity ~ 

Captain L. D. Jenkins 
~irector • '~~~ory 

1 ia SP~.'" l'~ 1 of,.", C:itle J"ta!'h,.~g, .. PeDDSY van~ -~~ ..... ----
. 

Sergeant James Daffley 
Bead 5allisties Section 
!I.!~ylvania State police Crime Laboratory 

, ~. 11. 1.. Gutten~lan ' 
. f L ~-&orcecent and Correc~ion P1:ofessor 0 ilTi1 J;.J.U. 

1he Pe~ylvaDia State Universi,ty 

Dr. V. J. !,1oroz. . (lament studies 
. J)1rector, Center for Air Env1r 

1he Pennsylvania St3te University 

Mr Jerrv ~nderson Studies 
Tcadat;iCi~, Cencer for f.ir Env~ronment 
~'eennsylvania State Univers1ty 

f the --etin~s is given,in Appendix B. A detailed ~ccauat'o ~ ~ 
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Findings 

A. Tests Using the Standard Collection System 

Of the 14 tests conducted, a total of eight 22 caliber firings 

wel'e made usinf, the ~,scabl1shed standard sampling systeo cons is tine of 

the Fisher Vacuum Pump and a 2 inch Gelman CP.-6 (.45 micron) memb~ane 

filter., This arrangeoent was the basis of comparison for all other • 
sampling systeJ!!S. The antimony and bari1.m concentratitlns found as a function 

of time are given in Table 2. 'nJ.ese resul.:s are plotted '(-1ith respect to 

dme in Figures 5 and 6. In addition, one 32 caliber firing was made, and 

the results plotted with respect to time on Figures 7 and S. 

'!he following observations are made concerning this data • 

.1.. Antimony ~n~ b~rilr.. are detected up to 36 hours after a 

, shgle 22 callber firing. 

·2. There is a great deal of scatter in the data" even between 

'~tIaose ~ which vere conducted. tmder essentially identical conditions, 

~.e •• runs 818 and S19 snd runs 820 and 821. 

3. In most tests there se£!l:2S to be a slaw drop off of the .. 
at1acm.Y and barium collected dur'...ng the fint four hours followed by 

'.:an expcmeDtia.l dro, -off in the concentrat1cns of these elements with time. 

4. -the Dtimony drops off mora rapidly than the barium in 
.. 

lIoth the 32 and the 22 caliber bullet test f1ri~gs. 

, .. ~,; ~ .5. '1Ile l2 eal1ber bullet left' more th~ im order of 

1Iagnitwie greater coneentraticm of ant~ and barim in the air than did 

the 22 cal1ber bullet. 
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" Tabla 2 " 

. ~unt'a of Antimony and Barium Collected on 'ilter P~pers· 
(All Data Normalized to Micrograms per 15 Minutes of Sampling Time for 

the F1~lnB of Ono Bullet) 

Air Sampler Pretest Samples Post Test Samples and 

• 

# 

Test Filter Bullet Inside Outside Time After Firing (hours) 
l-lunbE:r ~~,~r!:t.~~ r Caliber. !gom Rq,pm 0 . 

810 Hurricane 22 
Samplina tiac (m~nutes) 30 30 

AntirJony :ND ND 
15 

0.42 
Bariur:l ND ND IA 

811 Hurricane 22 
Ssopling time (minutes) 30 30 15 

Antimony NO ND IA 
Barium NO ND 

-812 Hurricane 22 15 15 
lA 

Fieber Sll1lpling 
and time 15 

GA-6 Antimony ND 1.68 
Barium ND ND 

0.69 
1.tJ3 

813 Fisher 22 
" 

Dnd (Smp1ing tiae 15 15 15 
GA-6 min) 

Antimony NO NO 6.60 
Barium ND tm 0.67 

8110 Gelman 22 ,t.:" 
and Sampling t1ae~i'I'!lS" 15 38 

GA-6 (ain) 
Antimony ND NO Nt) 

Barium 00- ND ND 
815 FiSher 32 

,-

and Sampling time 38 
GA-6 Allt!mony 10.4 

Barium 7.9 

r .1 • 

2 4 6 8 

15 15 15 
IA IA IA 
IA IA IA 

15 195 
0.17 SU 

IA su 

lS 15 .- -
0.36 O.~4 -
G.9S 0.26 -

15 30 

0.47 0.18 - 0.70 - 0.25 

15 30 

- ND - NO 
NO - NO 

15 30 
9~4 0.93 
504 0.90 

12 18 

-
- -

4S '60 

.084 SU 
0.29 SU 

45 -
ND -0 

ND 

4S 
0.33 
0.36 

2i.a 

30 
IA 
IA 

3" 

15· ... 
NO 
ND 

60 90 

.007 .. 003 
NO ND 

60 90 

ND ND 
lID ND 

60 90 
.030 .007 

ND r-m 

• 

Ex- . 
beuet 
Time 

36 (hrs) 

-

- "'24 

, .. 
"'24 

'\148 

-
"'24 -

• 

, 

, 
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Table 2 (conttnuecl) 
"C 

.... IiII I 

All' 
l'retes t SalllplOB Post Test Soml,les Ex- : 

s ot:1p Ie .... haust 
Inside Outside 

. -Test an.! Filter Bullet Time After Firin~ (hours) Time 
Number nf~l,!n Ctlliber . Room Room 0 2 4 6 S 12 10 24 : 30 36 (hr.s.). . ...-nr=;=s . ? ... - --:::::t' z;rm .... -== n· ==-C:" . 

:;l7 , Fisher 22 , 
nnd SampUnR time 15 .1.5 46 15 - . 30 45 60 90 "'24 

GIA-6 (min) 
Antimony tm tID 0.48 .. IA IA IA .001 tm 
Barium 0.13 lID 0.91 IA IA 0.12 ND 1,D 

'i 

818 ftsh!;t 22 ,4 

j 
& SampUuB time 90 90. 38 .. 15 30 4S 60 90 "'24 'j 

GA-6 (miu) 
"Ji 
',,< 

" 

Ant:fnony ND ND 0.67 - 0.21 SU 0.16 SU ND 
-j..f.. Dnr:f.ur.l ttD .1D 1 .. 2 0.52 SU 0.46 SU ND 

; 

/, -.- d 
.~ 819 

~'; 

Fisher 22 ! , 
& Sampling time 90 90 38 - 15 30 45 60 "'24 

GA-6 (m! n) 
Antimony ND ND .935 .694 .198 .157 .007 .';1 

d~ .. 
Barium ND rm 1.78 1.43 - .• 497 .070 .048 "/' .. ~racn, .~t:I=-~., • 'r.!!!l 

820 Fisher . 22 
& Sampling tirae (min) 90 90 15 15 30 45 

. 
60 60 C)O "'24 

'K::'~ 
} GA-6 Antimony 1m ND .904 .464 - .435 .27 ~ll .08 .~38 

q .. )oJ 
Barium ND ND .694 .2 .478 .308 ,074 .024 .04 

" 
221 Fisher 22 , 

b-. 

(min) 60 90 "'24 & Sampling tine 90 90 15 15 30 45 60 
GA-6 Antimony ND ND 2.22 IA .• 163 0094 IA .016 IA 

~ Barium ND ND 2.62 IA ... .232 .147 • 090 IA . .045 
I 

822 Bendix Electro- 22 
static & WhatllUll.l 

... 

~:: 1150 Sampling title (min) - 15 "'36 
Antil':lony 3.23 ... 

it 

Dariuo 8.90 -. 
.. 
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I ; 'able 2 (continued) , 

i. " · , I 

Air Sampler Pretest Samples Poat Test Samples 
and 

Filter lSullet Inside Outside Time After Firinn (hours) 
JkMlli!l Calthar Rooln noon ('I a. It 

Fi~hc:r 22 
& Sami>lin~ time 90 90 15 15 

0.1 Antir.!ony .. ND 110 1m 110 
micl'on Bnrlum tID ND ttD .. ND 
lIucloopore 

Fisher 22 
& Sampling time !)O 90 15 - 15 

0.1 Antimony ND ND tm ND 
micron Bariur.! no NO tm ND 
NucleoEore 

Not detected tiD 
IA -
m,t -

lmalys1.s r.tasked by, interference radioactivities 
Not yet moasured . 

6 0 12 IIJ ---n== 

30 45 60 
ND ND ND 

... ND ND nD 

30 45 60 
ND nD ND 
Ny') ND ND 

su - Sruople unusable because of collection or sample preparation problems 

.'. . ,. 

f , 

", 

24 

60 
UO 
NO 

60 
ND 
ND 

• 

, 

" 
, • • 

... ~ 
fil (' 
., ~. 

~~. 

Ex-
haust 
Time 

30 36 (h!'~) 

90 
~~ "'24 - ~".1 

910 
UD - ND "'24 

:1 
.j 
1 
J ,', 
if 
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6. Table 2 also reflects the intermittent elemental 1nter-

ferences that occurr~d during this tasting program. ~All of'the data points . 
labeled IA (analysis masked by interference'radioactivities) and probably 

most of those labeled lID (not detl;cted) occurred because of other trace 

elements collected on the filter media which becace more radioactive than 

the anticony and/or barium collected in the sample and either coopletely 

m2~ked their activity or in some of the other cases considerably l~lered .. 
the precision and therefore increased the uncertainty of the &nalysis. 

B. Tests Using 0.1 ~acron Filters 

!WO additional 22 caliber test firings were made using the 

Pisher Vacuum Pump and a Nucleopore filter (O.~ micron). The standard 

sampling times were u..c;ed. As shown in Table 2, n~ antimony or barium 

vas detected on the air samples despite the fact that there was no 

significant interferences from other trace elements. Thus despite the 

ability to collect smallar particles, the greatly reduced throughput 

made filter media having this small pore size unusable. 

c. Tests Using an Electrostatic Precipitator 

!be test of the electrostatic precipitator involved firing three 

, .. ',-..: 'ullets in succession. This testis also sumcarized in Tab Ie 2. The .. ". 

~.' ,":':"atimony and bar1ua concentrations t~ere also ana1yzed10ng1.t~dina11y along 

the sampling tube. 'Th~ seven inch lo~~ paper ~o11ection medium was cut 

: ' . " bto seven one-inch strips perpendicular to the air flOll path.. The 

concentration distribution of antimcny and ba~iuc is given in Table 3 and 

Pieure 9. Table 3 also contains the bariua/antimony ratio distribution 

aloU& the sam~le. Table 4 shows the percent by weight of the antimony 

and bal'ium along the f'11ter paper. 
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Distance frot! 
Leading Edge (in) 

0-1 

1-2 

2-3 

3-4 

4-S 

5--6 

6-7-1/4 

mm 

'lable 3 

Weight Distribution'of Antimony and Barium 
Alone the Filter Paper* 

Antimony Barium 
(ms/IS min sample) (cg/lS cin sa~ple) 

.075 ± .. 008 .. 311 ± .05 

.230 ± .008 .733 ± .04 

.205 ± .008 .613 ± .036 

.863 ± .015 2.420 ± .05 

.856 1: .008 2.390 ± .07 

.666 ± .012 1.566 ± .06 

.334 + .01 .873 ± .04 

3.23 8.90-

," 

Barium-Antimony Ratio 

• 4.15 ± .2 

3.19 ± .06 

2.99 ± .07 

2.81 ± .06 

2.79 ± .02 ,. 

2.351: .04 

2.62 ± .06 

• All data no~alized to the firing of a 22 caliber bullet • 
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An analysis of, the interference elements.present in the sample was 

made in the same manner as 't.]'ith the ~,ntirnooy and barium. The relative 

concentration distribution of the foor major interferences, sodium, 

chlorine, alucinum, and manssnese, a,re listed in Table 5 and plotted in 

Figures 10 and 11. 

The fol1otV'ine observations are tlada concerning this data. .. 

1. The ant~ony and barium distributions tend to follow the 

same pattern, but the barium appears to conta~n sOtlewhat larger amounts 

of scalIer particles. 

2. About 53% of the antimony and 54% of the barium collected 

lies in a two-inch 'strip representing only 28% of' the collection paper. 

3. The sodium and chlorine distributions tend to follow the 

same pattern, but are conSiderably different from those of the ant1cony 

or bariuo. The sodium and chlorine are found in particles which appear 

to 'be either ~ uch Stlaller than the gunshot residues or somewhat larger 

CD the average than these residuess These elements probably represent the 

distribution of organiC dust such as pollen, lint, etc. 

4. The ~neanese and aluminutl distributions tend to follow the 
-"-
"aame pattern, but are considerably different from the two previously 

~oned distribution patterns. These have a more uniform distribution 

" 

Distance frora 
Leading Ed3e 

... ' 

0-1 

1-2 

2-3 

3-4 

-4-5 

5-6 

6-7-1/4 

• " :o .. ! 

across thG collection paper. These elements probably represent the 

cH.stribution of inor;3anic du_~_t; s~~~ ~~,Pleteoric dust and inorg~nic .... , .... i:.',.' ,. 

surface ~terials • 

, ' 

," 

. 
- , 

.-

.. .. ,. 

Percent by lleig~t of i\ntimony and Barium 
l\long the F!lter Paper 

Sb Ba 

2.3 3.5 

7.1 8.2 

6.4 6.9 

26.1 27 .. 2 

26.5 26.8 

20.6 17.6 

10.4 ~ 

100 100 

44 

• 

" 

"'" ." • 



I ' 

--'_. 

) 

.. 

... 
". 

[_ .. 

1 ..... 

. . 
r f 

:i . 
:~ .<~ 

Distance from 
Leading Edge 

0-1 
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'Table 5 

Percent by Weisht cf Interference Elements 
Along :::.0' FV.t:c:~ Papur 

Al Na Mn Cl 

17.7 19.9 15.6 19.4 

12.9 12.9 12.4 12.1 

21.6 8.2 18.4 8.3 

15.5 13 .. 2 16.3 12.2 

12.4 18.1 14.2 17.4 

10.3 17.2 11.4 14.9 

9.6 9.9 11.1- 15.1 

, . 
• 
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in ,:hich about 53% of the antimony and 
5. t.Jithin the 28% ran8e 

following ~mounts of the interference 
barium is deposited ~as found the 

elements: 
32% sodium 

29% chlorine 

28% aluminUJ:1 

30% manganese • 

D. Details of Test Runs "A" 211 test runs mentioned in Section 
A detailed description of . 

"c" can be found in Appendix C. through 

1 is of 22, Caliber Bullet Components 
Neutron Activation Ana ys , ' , 

E. analysis was employed to detect the source 
tieutron activation 

i An unfired 
and barium in the ~Testern '1:-22 amm~nit on. 

of antimOny 
1 d d separated into four parts, 

carefully dissassemb e , an 
cartridge was It was found 

gun powder, shell, and the primer. 
1I1UllCly the bullet, the found 

in the primer while the antimony was 
chat the barium occurred only 

and to a much lesser extent in the primer. 
p~r1ly in, the lead bullet 

the primer was found to be 65 to 1, a 
!be barilm to 2,ntimony ratiO in 

f 
d in the collected airborne gunshot 

auch higher ratiO than is Qun 
timony ratio collected using 

The average barium to ,an 

1 while that from the electrostatic 
-, ~idue saap1es. 

th~ air filters is about 1.0 to 
Thus a considerable amount of the 

precipitator run was about 2.8 to 1. 

~ollected must have ori8inated antimony being .. 
from an~:lmony in the lead 
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,!:onclusions .' 

A. St.andard Test Results 

The most L~portant cou~lusion that can be made from the results 

of the first eleven 22 caliber fi~ing tests is 'the definite confi~3tion 

that under the test conditions, airbarne gunshot residues can be detected 
• 

up to 36 hours after the firing of a single bullet. The 36 hour pe~1od 

may not be a linit as no SaMples were collected beyond this time span. 

The ability to detect these small amounts of residue was subject 

to intermitten~ interferences from trace elements from the collection of 

other nonrelated airborne residues. These interferences seem especially 

prevalent after the settled dust in the test room had been disturbed» 

either by entrJ of test personnel prior to a test'or by the exh~ust from 

the air sampler itself. Such interferences would be a serious licitation 

of this technique t~en used in actual cases, since the lack of detection 

of antimony and barium lo7ould not necessarily prove that the loleapon had 

Dot been fired in the sampled area. Thera are two potential solutions 

to this probleo. One app~oach is to use an air sampler which would be 

, '.elective for the particular narrow range of particla size associated 

with airborne $Uns',hot residue, hence the work t.,ith the electro/,tatic 

precipitator. The second approach ~lould be th~ use of post-irradiation 

~adioChemical separation of the antimqny and barium. This second approach 

vill be held in abc,ance since it would add further complico.tions and 

expense to the technique. 
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The non-reproducibility of the data with respect to time from the 

eleven tests prevents as yet an accur~te dete~ination of time of firing. 

With the exception of a general dot·rnward trend ~1ith time, there are no 

constant charact~ristics. such as amount collect~d or slope of the curve, 

which can be related to time after firing. This may be due to inherent 

non-reproducibility in repeated 3unshot firings d:es1"ite the efforts to· 

'Obta1nreproducibility. The amount·of 'primer combustion and bullet slug 

vaporization will definitely affect the amount bf 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 

~d1ty in the room could affect the rate at which they settle out of the 

a:1r. 

The data spread from one test t~ another increased considerably with 

samples taken at longer times after firing. There are several analytical 

factors Which may have contributed to this increased imprecision. One 

factor is the statisti(.al uncertainty resulting from lOt-7er amounts of anti

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

required for activating the small amounts of antimony made the sample pellet 

azcrecely fr~gile. Soce of the pellets w~re found to be shattered into a 

coarse powder after the.~even hour irradiation, making them Qore difficult to' 

handle without losses and makillg it more difficuit to obtain the st'andard 

couutin3 geometry. Methods of post-irradiation sample dissolution will be 

~~estisated in an effort t.o overccoe this problem. 

Sacpel preparation rroblecs cay have been occasionally responsible 

fc)r the data variations, but these did not occur very often and would not 

account for the variations observed • 
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B. Test Results from the 32 Caliber Revolver Firing 

the single test from the firing of the H & R 32 caliber revolver 

follawedby the standard samplin3 end analysis techniques shows that the 

pzoblems 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 Fisures 5, 6, 7, and 8 it can 

be seen ,tnatthe32 caliber .bullet firing left more than an order of 

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

atandal:d 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 improw'e the reproducibility of the techriique: 

...... 

1. Sa.aple collect:i,on compatibility l'1ith neutron activation 
analysis 

The use of Whatman #50 as a sample collection media allows 

• significant reduction in neutron activation background interference as 

compared with the Gelman #GA-6 used in the s:andard teste This results 

from the lower "as rece:f.ved" trace eleoent content of this paper and also 

f~ the fact that the paper can be acid ...-;,shed, 1;0 significantly 10loler .. 
tb1s trace eleae.ut content" This reduction tl1ill allol07 greater sensitivity 

" tD the detection of antimony and be.riUJ:!1. 
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2. Neutron activation interferences from environcental dust 

OVer 53% of the anticony and barium was found to be collected 

~l the 3 to 5 inch horizontal segment of the collection,media: In this, 

same range, only about 30% of the sodium, ~~lorine, aluminum, and ~anganese 

was collected. Since these four elecents represent the major interference 

elements found to date in atmospheric dust, the analyzing of this selective 

portion.cf the s:lIIlple tJould result in an effective reduction of aboSlt 72% 

in environcental dust interference. 

3. Increased airborne gunshot residue detectibility 

The atlount of antimony and bariutl collected using the 

tlectrostatJlc precipitator was much larger than that collected using the 

st..amdsi:d sy~s~em. N'omalizing the nu:Jber of shots fired and the collection 

time. it was found that values of 4.6 tiI:les greater in the amount of antimony 

and 10 twes greater in the 21i1ount of bariUr.l were collected. This increase 

in collection efficiency is probably due to the increased sampling rate and 

tiw iDc:rease.1 efficiency in collecting the smaller particles. This improved 

collection efficiency both increases the sensitivity of the method, 

especially for bariUtl, and also alloto1S the possibility of a shorter collection 

- dine. 

4. Possible ti1!1e of firing d~terminatioDS 

~Qe iDproved collection efficiency ~nd reduced int.erferences 

abould reduce the analytical uncertainties and ~y ~rovide better concentration 

. ~ ttce after firin~ data. This may improve chances of usin~ this 

technique for obtaining time of firin~ data. 
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A second pIJssibility also exists. Agglomeration is a major method 

by which the fine gunshot r~sidue ~articles are lost from still air. .In 

this process, cany soallcr particles combine into fc~er large particles 

which eventually settle out of the air. Thus as the time after firing 

extends, the average size of the gunshot residue ?artic1es should increase 

and the peak of the antimony and/or barium distribution curve shown in 

Figure 9 sbo.u1d shift to the right reflecting this agglotnara~ion. Thus this 

shift may be useful in obtaining time of firing inforcation. 

D. Relative Size of lUltimony and Barium Particles and Their 
Probable Sources 

An examination of the bariuc/3ntimo~y ~atio from the bullet 

primer shows a ratio of 65. At the seme time, a gunshot residue bariuml 

antimony ratio of 1.6 is obtained froc the standard collection syctem 

data and 2.8 fr01:1 the electrostatic preCipitator data. This points to 

the appreCiable antimony contribution from the bullet slug. Further 

comparison of t~is ratio for the two ~ollection systems shot~s that 

significant.ly more barium is collected by the electrostatic precipitator~ 

Also the data on the barium" antimony ratio tdth respect to sample position 

:ID the electr~s1:atic precipitator (Table 3) shous higher ratios toward 

the leading edge of th~ collection paper. This data indicates that the 

particles forced from the le~d containing the antimony are probably 

larger on the aver3ge than the products of primer combustion • 
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E. N~ Electrostatic Precipitator for Future Testing 

the extension of thes,:, re~t11ts into further testing 1s 

~c1pated w~th the orccxing fr~ Del Electronics Corporation of an 

electrostatic preci?itator, ~Iodel IfESP-1GOA. This unit is being specially 

eonstructed ~rith variab1e electrode potential and air flow rate to allml 

varying the location of ~article deposition. A cyclone pre-coll,actor \1i11 

be employed to sigoif!~tly reduce the ~.r.ube= of particles larger than 

about fi.ve mc;:rcns ~ltat 'WOuld enter the collection region.. The aim here 

15 to att~t to further reduce the collection of environmental contaminants. 

%b.ese. tests vUl. involve only one s~ling period per test, as the 

efficiency and sa:opling rate are suc~ that one sampling seriously disturbs 

die atIQUIlt of residue suspended in the air. 
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Appendix A 

PIRntG PROCEDURES FOR THE AIRBORNE GUNSc:OT RESIDUES PROJECT 

by 

tv. Renfro and tol. Jester 

,A. Pistol and Ammunition Storage 
• 

1. When not under direct supervision of Dr. l~. A. Jester or Dr. W. F. 
, 

Witzig, R & a 22 caliber nine shot revolver or its cylinder will be ~tored 
in a loCked ease in the locked. radioisotope cabinet in the Control Room of 

the PetID State Breazeal~ Huclear Reactor. 

2. The accunition will be stored in its awn locked case in the locked 

sadioisotope cabinet in Room 4 of the Breazeale Nuclear R~!ctor. 

L Pref1r1r:e; Sters 

1. Since only Dr. J es tel' and Dr. ~-11tzig 101ill have keys to t;he two cas tas , 

ODe of thea ~t be present to be81~ the prefiring procedure. In addition, 

.cm1y senior reactor operators have the keys l'1hicb will allow the opening 

of the loc:k.cd radioisotope cabinet in the Contr~l Rooc. 
-

2. 1be gun -case and the required amount of ~unition will be signed 

CIId:. and transported to..the test area just prior' to testing,' with Dr. t~. F • 

. V1tz~C or Dr. 11. A. Jester in .attendance. 

3. the unloaded pistol or the pintol cylinder will b~ removed frao the 

sun case and ~unted in the firing apparatus. 

4. !he proper aic1ng of the pistol will be visually confil~ed • 
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s. The correct nunber of shells will be inserted into a holder in 

the giove box and the box eenled. At no time after the shells are placed 

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

cylinder has been renoved fran the revolver. 

c. Firine Steps (a minimuo of two persons from a group consisting of 

w. Renfro lt Dr. tv. Jester or Dr. W. l'1itzig will be present at all ~imes 

that the pistol is not locked in its case) •. 

1. An announcement will be made over the reactor public address 
• 

systec stating that all unauthorized persons must recain clear of the 

1:esting area. 

2. Signs to this effect will be placed at all possible entrances to 

the testing area on rope barriers. 

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

area will. be made. 

4. The experit:enter ~,~ill announce to those in the test area that he 

is about to load the pistol. 

,. The correct number of shells' for the test will then be loaded into 

. the pistol using th~ glove ports on the glove box, and the pistol will be 

iQOVed to its firing position. 

6. A final check will be made to see that the testins area is clear .. 
of unauthorized p~rsons. 

7. Authorized persons will move to a position such that the glove 

b~ is between thc:l and the bullet catcher. 

8. The experioenter w . ~nnounce ill to those· in the tes t area that he 

is about to fire the pistol. 

9. The pistol will be discharBed by the experimenter ~~nually 

pulliDB the trigger. 
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D. Post-firing Steps 

1. Immediately after firing, the cylinder will be removed from the 
pistol. 

2. An announc~ent will be made that the firing is completed and the 
Signs removed. 

3. As soon as the air sampling procedures l'1ill pereit, the pistol or 

• its.cYlinder Will be taken from its holder and removed from the Slove box 

bl means of its access port. 

4. The pistol cylinder will be cheeked for unfired bullets, cleaned, 

locked in its carryinz ease, and returned and Signed in to its storage area. 

S. If the pistol Without its cylinder is t~ remain in the firing 

apparatus it also tV'ill be cleaned at the ccnclusion of the test. 

'. 
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Appp.ndix B 

f.mETllJGS '(UTl! EVALUATION PEl'.smmEL 

1. On o.ctober 21, 1970, a meetiT1S was held at the Pennsylvania State 

Police Crice Laboratory, ~~rrisbur~, Pa., betw~en project personnel 

and C<!ptain Ludtlick D. Jtenkins, Direc tor of the LaboJ:3tory J and • 

Sergeant James Daffley, iT:Ie~Ld of the Laboratpry's Ballistics Section. 

'the proposed testinS fa«;j.lity and ini'tial testing procedures were 

discussed at this title. Hith a few Dinor cOtll:lents, these were 

enthusiastically endorsed by Capt~in Jenkin~ and Sergeant Deffley$ 

It was at this time that S';17geant Deffley confir.:led that the type 

of firearll to be eoployed 1:0 initial·testin8 and on the construction 

of the bullet catch~r would be satisfactory. It t·,~ also suggested 

that some tests should be cottducted with aI:1I!1U1lition containing only 

dle primer, and the pri.cer J!nd powder, as well as with conplete 

bullets, in order to pinpoint th~ sources of the susp~nded residues. 

"DaP. assistance of the CriJ:le LallH'Jratory l-1a.s offered in preparing 

these types of a6I:nmition. 

Capt~in Jenkins stated that if this technique proves successful, 

be 18 amdous to p~ace the l'equired air sanpling equipment in ~ll of 

the State Police's ~bile cr~e laboratories which will soon be used 

throughout the Stilt.e of Pennsylvania to investigate cajor crimes. A 

. "eeond aeetin,; ~"it11 Captain Jenkins anC! Sergeant Deffley t-las pl.!1nned 

at the cocpletion of the 'coDStruction of the tastinc facility. 
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2. On Nove!:1ber 2, 1970, a meeting l.,as held at The Pemisylvania State 

Unive~sity's Center for 'Law Enforcec~nt and Correction, University 

Park, Pa., bett07een project personnel and Dr. Henry L. Guttenplan, 

Professor of Lal07 Enforcement and Correction. Dr. Guttenpl.lnalso 

endorsed the conceptual design of the testing facility and the . 
• 

initial testing procedures. 'He stressed that a major consideration 

must be the prevention of sa~le contamination by outside sources 

of antimony and barium. Be provided inforcation 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 

sound expertcental testing under controlled conditions is completed 

can practical field testing of the techni~ue be initiated in order 

~at meaningful sacples and accurate interpretation of results can 

be obtained. A second meeting with Dr. Guttenplan was schedu1~d to 

take place at the Breazeale Nuclear Reactor after the completion of 

the testing fac~lity. 

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

!valuation meeting with personnel froo the State Police Cr~~ 
... 

Laboratory and Dr. ·Guttenplan covered the following it£ms: '. .... 
" a. Teat procedures and results acquired to date were presented 

and discussed • 

b. A deconstration of the 22 caliber revolver firin8 in the 

test rooe t~as conducted. 
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c. Comments fran evaluation personnel 

(1) Evaluation personnel gave their approval concerning the 

testing facilities and proc2dures beinz employed. 

(1i) Sgt. Deffley inquired about t'lhether or not multiple shots 

gave a substantial difference in the amount of residue left in the 
Q 

air as compared to a single shot. Subsequent testing should answer 

this question. 

(iii) Captain Jenkins suggested that the next caliber firearm 

to be tested should be a 38 caliber S&W or Colt manufactured with 

a six-inch· barrel. This would be considered to be an in-between 

caliber (between the 22 and 45 caliber firearms often encountered 

1D cr1cinal cases)g This also is the firearm carried by the 

-State Police personnel. He stated that' he woUld inqu:lre about 

the possibility of having the State Polica loan such a firearm 

to the project for testiu8 purposes. 

(iv) Dr. Guttenplan suggested that air samples should be taken 

at various positions in the rocml since the residue concentrations 

-may be a function of where in the room the pistol 't-las fired. 

Dr. Guttenplen also suggested that all test shots be fired from 
. . 

the same chacber in the revolver since slieht variations in 

. 'chal:lber and cylinder dimensions my change the amount of gunshot 

residues ejected into the test roo~. 
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4. The lfay 26th cee.ting with Dr. Hil~iao Uoroz was held at the office of 

the Pennsylvania State University Center for Air Environment Studies. 

the meeting was held to obtain information from Dr. ~mroz and his 

staff on the nature and settling rates of airborne particulates and on 

'the type of sacpling equipment and techniq~es that should be investigated. 

Dr. Moroz gave the folloning infomation. 

a. In a co~ustion process such as a firearm discharge, the

particles forced are usually in the submicrcn region (0.1 to O.Olll). 

SuCh s~ particles can remain suspencl~d in still air for periods up 

to three ccnths. They are lost froc the air primarily by coagulating 

to fo~ largr particles ~hich then fallout under the influer.~e of 

g:av1ty. 

h •• !he filters cr~rently being'employed in this project therefore 

.~e tao larse a pore size (O.45}J), and thus it is,pr±carily the 

coagulated residue particles tJhich are being collected with the scalI 

particles pasSing right through the filter. 

c. '!he dust concentration in the room :-.::.y :f.nfluence the: 

cca~~tion rate. 

4. 1be process of diffusion by which the residue would be spread 

.. avenly ~uSbc)ut the 1:000 probably proceeds qui te slcn~ly and may 

pmduce ccmc:en~:ration differences in the roOnt, even up to for.1r hours 

after fiting • 

e.. A 'ratio of the large partieles to small particles may be a 

. ftlevant ~asure of the time after firing, since the amount of small 

particle. coagulation should be a function of time. 

f. Xt vaiS sU8£ested that for portable field s.amplinS, a 10 liter 

'r.Icuw:t bottle may be the answer. 
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,. Dr. IiDroz sugsested that Hr. Renfro contact Mr. J:erry Anderson, a o· . 

I 

t. 

.. 

technician at the Air Envircl.j.lOl~uu: Cent~:-, t~ discuss possible air 

sampling equipment that coulJ perfo~ paLt1cl~ size saparations. This 

meeting was held en May 31, 1971. Mr. Renfro explained the pre3r~ 

and inquired whether some combin~~ion of ca~cade impactors p.ndair filter 

collectors could be employed to acco~lish this type of separation • 
• 

Mr. Anderson supplied the follot·ling inforcation: 

So A cascade impactor is not adequate for particle size s~paration 

in the sub~cron range. The tle"e of a 0.1-0.01 final air filter would 

necessitate a pressure differential aex-oss such a filter of over 100 

psi to obtain s,Jfficient flow through the ~actor to separate one 

micron particles on the most sensitive sta~e of ·an impactor. It ~70uld. 

be difficult to construct an air filter syste~ to operate at such 

pressure differences. 

b. An electrClstatic precipitator J:1ay pro'vide the desired filtering 

requireoents since such equipment can provide scme classification by 

. particle size in commercially avail~le units whic. comb ina high 

aamp1ing rate, portability, and moderate price. He stated that the 

. 
r ; ,"1 :;" • _. A:b: Envi.ronment Center could provide a short term loan ~f fiuch aqu1p-

.... ,:" " -t- .0_' 

; .. ~: •• o. : •• 
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.-" 

. .:-. , ,,~ 1:"", .. :t.·· 

• 

• 

Dent for testing its usefulness. 

c. Concerning air sampling filters, he suggested a filter material 

called ''Nuclepore'' made by the General Electric Company which offers 

less flow resistance for tho same pore size than other filter materials 

such as the Gelman and Millipore l!le1:b~~J."~ f~J.t:17:. Samples of these 

fUters were given to lir. ~cufro to evaluate their handling properties 

and activation ~nalys1s interference ccnstitucuts. 
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Appendix C 

DESCRIP'IIOH OF TEST r.UNS 

le Tea t Run Numb or 810 

" . 

... 

.. .., 

S. Pretest samples showed no cvide~ce of antimony or barium inside or 

outside the test room prior to commencing the test firing. 

'·b. In all poet-firing s3lllples, there was found to be a large amount of 

interference acti~~ty l~ter identified ~ uraniu~-239. It is suspected that . 
this interfere"lcc c::une fr,olil the actio~laticn of collected particles of concrete 

dust produced in fastening the bullet catcher to the concret~ floor. This 

clust was thought to be eubseque::.tly d·.·_st'J.~bed by the high velocity ai,,=, 

earrents f~O!D. the Hurricane air sampler. Exhausting the room for about 

, three· hours at the cnd of the test eliminated this source of interference 

from subsequent tests. 

c. There was e~ou6h anttmcny in the a1r sample obtained immediately 

after firing to obt:lin an analysis ~lsing a three hour ir.:.:ldiD.tion peri9d 

. m:a4 a 24 hour decay period. 

4. . No 15 min.~te samples were taken during the 8 and 12 hour intervals 
....... 

. ,<.~ after fid.ng-as proposed i:1. the 1niti.?i t:esting procedure~ b:Jcause of the 

" I 
..,: ~. ~ .. ' 

- 0 • 

- cUfficUlty of manually taking samples throughout the night. Thi d fl! S i .• icul::y 

led· to the ordering ~f ~ auto~atic cl~ck timar to turn the air sampler on 

~'-:- ...... 

2. ~eSt Run Nueber ail 

a. Pretest samples shotTed no evidence of antir:lony or barium in the air 

inside or outside the test room prior to the test firing. 
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b. Because of mistakes in the timing procedure involved in taking the 

4 and 6 hour samples, this run was a~orted at that point. 

c. In the samples taken, no ler.ge interference peaks occurred in the 

energy range of the antimony and barium radioisotopes, but a large Compton 

continuum from higher energy gamcas tended to mask the barium and antimony 
• 

.. peaks. The :v1jor interference elc:nent in this case was sodium as sodium-24. 

.1 possible source of this sodiWY1 is the caustic soda used in the l~egenerating 

()1E a demineralizer located in the same space caS the test room~ The high 

velocity a1r currents from tha Hurricane air sampler may have stirred up 

dlebris accumulated in the test room during con:s~ruction. 

d. The test room was exhausted overnight for about 12 hours. 

3. Test run Number 812 

a. The pretest samples taken out~ide of the room picked up antimony in 

the air but no barium, while the pretest sample \'lithin .the room showed no 

evidence of antimony or barium. It was l.ater determinad that the demineralizcr 

located in the sema area as the test .room had been regenerated the day before 

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

~t1mony contaoination came from this source or from some other chemical .--
: employed in the reBeneration of the ion exchD.nge system .. sinc~ in no 

subsequent test was either antimony or barium detected outside the te$t room. 

b. the Hurricane air srunpler broke down after taking the two pre-

firing samples. 'l"hus. a sampler employing a Fisher vacuum pump was quickly 

iDBerted into the test room to take post-firing eampleso 

64 

..•. ' 

., 

.... 
. ,.~. 

.' 

c. AD immediate effect of the change of air samplers was a reduction 

in the interference Compton contln~u~. The Fisher air sampler sampled at 

a slower rD.ta and the exhaust air stream was returned to the room at the 

opposite end from where the sD.mple was being taken. Thus, the problem of 

stirring up dust and debris froo the walls and floor of the test room t07as 
, 

lessened and usable antimony and barium data was obtained from the first 

three samples taken after the firing test • • 

el. Again no measurements were taken during the night. hours o One 

fifteen minute sacple was taken the follOWing morning, but no evidence 

of antimony and barium was seen. 

e. The results of this test showed the rap'id. falloff of the gu.nshot 

nsidues collected with time and thus demonstrate~ the need for usin.g 

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

the initial firing. 

f. A one day exhaust time was employed in an effort to further :~educe 

clust and debris which accumulated in the room during construction. 

4. Test Run Number 813 

.~ At this pOint an electric timer was obtained to automatically' 

. , . . " . control the air sacpler. This allowed the taking of one sample during the 

D1gbt period. A modification of the post-firing testi~g proBram was 

iDstituted as given below. 

. Time after firinG 
(Hours) 

o 
4 
6 

12 
18 
24 
30 
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Air Samplina Time 
(Minut..::s) 

15 
15 
30 
45 
60 
60 
90 
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b. Pret""t s,""ples showed no moasurable al!1Ounts of antimony or barium 

tDside or outside ~~e test room. Thos the antimony interferenee detected 

in test 812 had been r.soved by the venting of the area outside the test 

c. The.1S-
hour 

sacple was destroyed during the sacple preparation and 
7:00m. 

thuS its antitlOny and b~rium content could not be determined. 
• 'This particular 

~g interval was dropped from all subsequent measurements. 

d. The samples taken at intervru.s longer than 12 hours after the test 

f:lrlng could not be successfully analyzed for antimony and barium using the 

abort irradiation procedures because of the scall amount of these elements 

collected even with the longer sampling t:!.mes. These .amples were therefore 

~ ana].yzad for antieOny using the procedure involving the five megawatt 

boor irradiation at the reactor core face. 

e. Again a one day exhaust ti1:1e was enployed. 

f. It turned out that test run 813 geve the most consistent results 

at _ of the 22 caliber bullet firing tests taken dudDll this quarter. 

.. "Ehe Fisher vacuum plltlP ~'as not a.vailable for this test run, so a 

CIIlJW> yacuuD "as employed. this pUCl!' bed a signifi~tly lever sampling 

. nce • ..Mob is probclll1 the reason why no ant:!.mony or barium was observed 

ao any of these samples despite a low level background interference activity • 

b. The 38 _te sample taken at the beginning of the firing interval 
.......... , 

sesulted frOQ a t1cine error. 

c. '!he test room vas exhaus t:ed over a weekend. 
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6. Test Run Number 815 

a., This test involved the firinp of a single 32 caliber bu11n~ ~¥~ .. ..... ~ .. ..,m an 

ioeEpensive H&R revolver whi h c ~'7ali made available for use intbi~ project 

employed were the same as th £or a few d~ys. Test conditions ose used in 

test run 814 except that the Fishel." vacuUll pump_ ~7as employed. 

b. No pretest samples were ey'ployed b ~ ecause of the long exhaust time 

at the end of tes t run 814 .. 

c. the same analysis procedures described in Section 4 
run 813) were employed in thi .' above (test 

s test. 

4.. At the end of this run the test room was exhausted 
clay. To eheck the ff for about one 

e activeness of the b 11 : ft 22 u et catcher. the location of tbe 

~e caliber slugs and th e one 32 caliber slug needed to be 
Thus the t detereined. 

" ' es t room wac opened and the slugs reooved. 

".found in the range of about 10 

All six slugs were 

to 15 inches into the b~ll t 
that tnte th fl e catcher.. At 

'. a oor was cleaned USing a vacuum cleaner in an attempt to 

zemove deposited dUDt and other debris. The room was then resealed and 

. "JXhausted for another 12 h ours • 

7. Test Run Nucber ~16 

. ,;' .. ,", a. '!'his test did not relate \"0 th , e current project and did nop 
.. 

~ discbar~2·of a fl~aarm. involve Thus the results will -. -- -. not be reported. 

- .. 8 .. 'fes~ Run Nucbar 811 
'. n 

'., " ... -:',.' ~. a. 1'b1s test ~loyed the 22 caliber revol'!.rer using the sampling 

and the analysis proc~durcs • proeedures est~lished in run 814 

'DID 813. 

67 

established in 

!;.:: :~ .::., '_' , tl;,.';;, .'., . ..,,:.~~ _ ~ 

• 

I, 

, 



" . 

\ 

.. 

b. For the first time, barium'tvas found suspct:lded in the air of the 
." 

cest room in the sample taken prier. ~o firing, but no antimony was detected. 

The reason that this occurred despite the 12 hour exhaust procedures after 

the disturbance of the interior of the test roam is not known. 

c. As in the case of run 811, a high interference Compton continuum 

occurred and masked most of the antimony and barium results on the ~amples 

• taken after the init4 al post-firing sample. Again it appears that incomplete 

eXhaustion of the test room after disturbing its interior contents is 

pmbably the cause of this probl.am. 

d. The test room wasexha11sted for about a day at the completioil of 

this test. 

9. Test Run Number 818 

a. In order to insure the reu.10val of all trace contaminants, b()th 

iDs1de and outside the test room, 90 ~~ute sampling pe~iods were employed 

:I.D these areas prior to testing. No antit..,ony or bariut'J was found on the 

samples. 

b. It was found that the inte~ference activities obtained during this 

~ were significantly lower than those observed during test T.un 817, 

~in indicating that entering the test room caused the problen encountered 

:ID this previous run. 

c.. ProbleI:lS dev'elpped in preparing the eight and the 24-hour samples, 

aad tt:as no res~lts were obtained for these s8Oples. 

ii. At. the end of this test rutl~, a 24-bour exhaust period was employed. 

lOe T~~t Run Number 819 

a. this test involved the 22 caliber revolve~ using the sampling 

procedures cstablishud in run 814 and the analysis procedures ";stahlishcd 

tD nn 813. 
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b. No antimony or bariuc vas found in the prete~t samples. .. 
c. Sampline ended aftcr the 1 ~ !·.our saJ!l!>le due to collection 

ciifficulties. 

d. A 24 hour exhauot period was cop1oyed at the end of this test run. 

11. Test Run Nut:lber 820 

a. Tbe sa!:lpling procedure was ~ltered so that a 15 minl1te smnple was 
• 

taken ~ediately after firing, and the 90 min~te sample previously taken 

at 30 hours was taken inStead at 36 hours. All other saoplinB times ~ere 

as previously established. 
.. 

b. No antiIlony or barium was found in the pret~ot samples. 

c. Using a nmy technique for barium analys.is, the bariut:l content ~as 

measur~d for the fi:st time in the samples collected at 18, 24 t and 36 

bgurs after firing. 

d. A%4 hour exhaust period was employed at the end of this test run. 

. U. Test Run NUl:l!ler 821 

a. "Ihis test ~-1a.'3 an exact duplicate of Run 820. 

b. No antinony or barluo was found in the pretest saI!\pl~ inside 

or outside the 'test run. 

c. S~le interferences resulted in ant~.ony not being detectad 

~t times ~£ter f~Tin3 of 4, 18, and 24 hours and bariuo not bein~ detected 

in the 4 and 24 hour s .. aI:lp1es. 

4. A 24 hour exhaust pe~iod was employed at the end of this test run. 

13. Tes t Run Nuoo er 822 

a. No pretest sacples were taken 1:~'1. tbis run • 

b. '!'he tcst in~lolvad three sllccessive .22 caliba:: firin~s fol10t-led 

by a 15 oinute sacpl~ with a Bendix Elcctrost~tic P.rec1pitat.o~ ~ith its 

~t linitioG orifir.~. 
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c~ A 36-hour exhaust period was ecployed at the end of this run. 

14. 'rest Run NWilber 823 

a. No antir:lcny or barium was found in pretest samples. The test 

procedures of Run Nutlber 820 t-las used, but the filter used was a 0.1 micron 

Nucleopore filter. The pressure differential was increased froD 8 to 20. 

h. The .. .bsence of any Sb or Ba is attributed to the greatly reduced 

11Dw rate of the 0.1 cicron filter. 

c. A 24-hour exhaust period was employed. at the end of this run. 

15. 'fest Run Ntmber 824 

a. No anti.~ny or bariua was' found in pret~t saI!!ples. 

b. This test was a duplicate of test run Il1mIf:!er 823 and the same 

xesults occurred: No :neasurable amounts of antimony or barium were 

CDl~ected in any of the sa::lples • 

c. l~ 2.4-hour exhaust period l>:as employed at the end of this run. 
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