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Abstract:
The assassination of President John Fitzgerald &®n(UFK) traumatized the

nation. In this paper we show that evidence usedlé out a second assassin is
fundamentally flawed. This paper discusses newpositional analyses of bullets
reportedly to have been derived from the same kegdhose used in the assassination.
The new analyses show that the bullet fragmentsved in the assassination are not
nearly as rare as previously reported. In partictifee new test results are compared to
key bullet composition testimony presented befbeeHouse Select Committee on
Assassinations (HCSA). Matches of bullets withia #ame box of bullets are shown to
be much more likely than indicated in the Housee&eCommittee on Assassinations’
testimony. Additionally, we show that one of tha test bullets is consideredratchto
one or more assassination fragments. This findiegma that the bullet fragments from
the assassination that match could have come fno@e br more separate bullets.
Finally, this paper presents a case for reanalyiagassassination bullet fragments and
conducting the necessary supporting scientificisgid'hese analyses will shed light on
whether the five bullet fragments constitute thoeenore separate bullets. If the
assassination fragments are derived from threeooe separate bullets, then a second
assassin is likely, as the additional bullet waudd be attributable to the main suspect,

Mr. Oswald.



Introduction:
The assassination of President John Fitzgerald &Bn(UFK) was arguably the

most traumatic event to the nation in the early0E96The assassination precipitated
much scientific investigation and consequent testiynbefore Congressional
subcommittees. The scientific investigations ideldi a National Academy of Science
Committee on Ballistic Acoustics report, forensiidence on bullet fragment matching
by the FBI crime lab and by Dr. Vincent P. Guingveell as more typical forensic
evidence such as fingerprints, ballistic evaluatiand simulations, crime scene
investigations and reconstructions, and autopsg.Htuse Select Committee on
Assassinationgl) concluded that there was a probable conspiracypiriin which an
additional shooter (likely firing from the Grassy#ll) missed all limousine occupants.
The evidentiary anchor for the second part of tieaiclusion -- that any additional shot
must have missed -- was Dr. Vincent P. Guinn's @atjve bullet lead analys{%). It
demonstrated to the Committee, with the added msifyjom ballistics testing, that all
of the recovered ballistics material had only ocosmon origin, Mannlicher-Carcano
rounds fired from Oswald's rifle.

[Table 1 goes here]

The +/- numbers in Tablel represent standard demgbased upon a single
observation using Poisson counting statistics. éxoeption is the last row of the table
where 3 fragments constitute sample CE 840, an&Dinn (2) analyzed all of them.

In that case, the standard deviation measurementamstructed from 3 replicate

measurements. Dr. Guinn grouped the bullet fragsnesied in Table 12) into two



groups. Fragments CE 399 and CE 842 formed ongagnd fragments CE 567, CE
843, and CE 840 formed the second group. Guirtiliées(1) that only two bullets
represented the sources of those fragments.

We compare data from our studies of other JFK assason-related batch bullets
to selected contextual excerpts of Dr. Guinn’s HoBslect Committee on
Assassinations’ testimor(yt) to the recent National Research Council (NRC) repo
Forensic Analysis: Weighing Bullet Lead Evidence(3), also, to author experience in
compositional analysis of bullet lead. We will shthat Dr. Guinn’s most important
testimony to the House Select Committee on Assassits(1) is unlikely justified. In
particular, we shall show that random matches sassnation fragments of bullets from
the same box are not as rare as Dr. Guinn testifidalst importantly, our studies and
analyses of individual bullet compositions, bulksd source compositions, and
compositional mixtures in packaged retail boxesasti@mt Dr. Guinn’s statements about
the unigueness of individual bullets from the brah@ullets believed to be used in the

assassination are seriously flawed.

Forensic issues:

Deciding whether bullets “match”

Before describing the experimental technique ueeadtr study, we first explain
how bullet compositions are associated as forénsatches.” A match criterion
establishes a rule for declaring bullet composgiolose enough to be considered
analytically indistinguishable. Typically, a “matctriterion is established, such as
confidence interval overlap between mean analytelse(chemical element levels in

the lead matrix) measured in two different specisnefihe confidence intervals are



typically based upon multiples of estimated staddaaviations from replicate
measurements (called a multiple of sigmas metiidte 1993, the analytes of two or
more bullet specimens were compared as descrided b& typical analysis, which

we consider here, compares the "questioned' oe@tane evidence of “unknown'
origin with samples "known' to have been in thepsuss possession. The chemical
elements present in bullet lead that were mosufatly analyzed after approximately
1989 and used for forensic comparisons were anynapper, arsenic, bismuth,
silver, tin and cadmium. In earlier years (rouginbm the 1960s to 1993), only
antimony, copper, arsenic and sometimes silver wieaeacterized. The fewer
elements that are used to declare a match thelrkelgthat matches, including
coincidental ones, will occur (see NRC reg@)). When an analyte concentration in
bullets from a crime scene specimen and in thasa & suspect bullet were compared
and the concentrations fell within the establistadtch” criterion range, that
particular elemental comparison was declared acimatif all the remaining elemental
comparisons between the crime scene specimen and/k specimen also fell within
the established ‘match’ criterion, the two bulleésimens were then declared to be

analytically “indistinguishable”.

The brand of bullets believed to be used in thenkdy assassination
In the House Select Committee on Assassinationsrge@d), Dr. Guinn testified
about the brand of bullets believed to be usedeharivinchester Cartridge Company
Mannlicher-Carcano bullets, and about the fivedidflagments of forensic interest in

the assassination. In particular, he concluded‘fftat great variation from bullet to



bullet from the same box thus indicated that, ieg tinusual kind of ammunition, it
would be possible to distinguish one bullet (ordtiragment) from another, even
though they both came from the same box of Manaficarcano cartridgegl).

The authors purchased 3 boxes of Winchester Cget@bmpany Mannlicher-
Carcano bullets from 2 of the only 4 separatedots produced. One box came from
lot 6000, and two from lot 6003. We then analyz8dullets from each box. The
measurement approach was similar to that used b¢linn except that we used more
appropriate standards, a known quality control @doce, and analyzed physical
samples having a known geomet@ne of the bullets analyzed matched an
assassination fragmentVVe also found that many bullets in the same laweh
matching antimony and silver levels; this discovergontrary to Dr. Guinn’s
testimony that based on these two elements viyteaikry bullet of this type is unique.
Peelegt al (4) found similar supporting evidence of many bulletstching within
boxes of bullets, including those of other large et manufacturers. Further, we
have found that about five percent of bullets im BBl empirical compilation reported
in Spiegelman and Kafadés) from murder cases have antimony in the ranges at or
below those of the assassination fragments, angat d886 of the bullets are less than
or below the antimony range of the Western Car&ri@gmpany bullets measured by
Dr. Guinn. Our findings also call into question etlaspects of Dr. Guinn’s testimony
(1) such as the following exchange that followed Guinn’s testimony about the low
antimony contenof Western Cartridge Company Mannlicher-Carcano kaillet

Mr. WOLF: In your professional opinion, Dr. Guins,the fragment

removed from General Walker's house a fragment feokvestern
Cartridge Company Mannlicher-Carcano bullet?



Dr. GUINN: | would say that it is extremely likethat it is, because

there are very few, very few other ammunitions thauld be in this

range. | don't know of any that are specificalljsthlose as these

numbers indicate, but somewhere near them thera & others,

but essentially this is in the range that is ratblearacteristic of

Western Cartridge Company Mannlicher-Carcano bigkd.

There has never been a comprehensive or forensioakningful statistically
based sampling study of bullet composition by maatufrer, location, or epoch.

Assuredly, the passage of time has allowed a naphisticated analysis of the
data obtained by Dr. Guinn. Our final point wiél that it may be possible to provide
substantial evidence of a third assassination tiojl¢ollowing the guidelines in the
NRC report(3) and reanalyzing the assassination fragmentsnyrcase, we believe
that there is no scientific basis from the fragnmaatching performed by Dr. Guinn to
concludethat only two bullets were the sources of the assason fragment§l):

Mr. WOLF: What is the number of bullets, in yourimpn?

Dr. GUINN: These numbers correspond to two bull&iso of the

samples have indistinguishable compositions, irgligathat they

came from the same bullet, and the other threécfestare evidently

samples from another bullet.

Mr. WOLF: So it is your opinion that the evidencpesimens

represent only evidence of two bullets, is thatexdf?

Dr. GUINN: Yes, sir, there is no evidence for thiealets, four

bullets, or anything more than two, but there msaclevidence that

there are two.

Dr. Guinn may have been correct or incorrect alileeihumber of bullets
originating from the JFK fragments; the state af\witedge even today, but definitely
40 years ago, remains too uncertain.

Finally, we note that much has been written ablo&itFK assassination, but most

of the results such as those in Rahn and Sturddjaand Sturdivan and Rah{T,), are

based upon historical data using what we feelrmdaquate models for bullet



distribution and sample sizes that are too smalk our belief that the lognormal
model used by these authors to model antimony caratens is one of a large set of
reasonable models that might have been used. xaar@e, the “distfit” command

from the PLS_Toolbox for MATLAB ranks best-fittirdjstributions to the data using
p-values from a chi squared goodness of fit tEst. the 14 data values that were used
by Sturdivan and Rah(T), the exponential, Weibull, gamma, triangular, ahd
squared distributions had p-values that were 7711,,.70, .58, and .54 respectively
while the lognormal distribution had a p-value®f.. Many other distributions, as

well, are realistic possibilities for modeling thata, including Gumbel=.45)

distributions. Based on the lognormal distributiSturdivan and Rah§¥) concluded
that there was a 2%-3% chance of a coincidentatmdiis result is clearly dependent
on distributional assumptions and hence we belieatthe 2%-3% figure is
guestionable. Sturdivan and RafT) are focused on chance matches within the whole
population of Western Cartridge Company MannlicBarcano bullets. We think a
more relevant population for consideration is tt@atsisting of bullets within the same
box of Western Cartridge Company Mannlicher-Cardamtets. Comparing the
composition of different bullet fragments is basedthe assumption that different
fragments from the same bullet are compositiorsftyilar at all levels of sample size.
With this issue in mind, Rahn and Sturdi@hdiscuss fragment heterogeneity, based
upon historical data from both Dr. Guinn and thd.FBased on the FBI data, Rahn
and Sturdivar{6) found little heterogeneity between bullet fragments

In our compositional analysis of 30 bullets, werfdunarginally detectable

heterogeneity, which can be taken into account whatching bullets. We believe we



have struck a good balance between the considesaddversely affecting
compositional accuracy and precision relating tecgpen size. Specimens that are too
large result in self-absorption problems duringlgsia by NAA; specimens that are too
small can result in analyses that may not be reptative of the overall (bulk)
composition, as demonstrated by Randich and G&unt

The description of our measurement experiment eafiolnd in the appendix.

Statistical analysis of Dr. Guinn’s data:
Dr. Guinn grouped the bullet fragments shown inl@dl{9) into two groups.

Fragments CE 399 and CE 842 formed one group agdients CE 567, CE 843, and
CE 840 formed the second group. Guinn testifiedhat only two bullets represented
the sources of those fragments. It is clear tl&ab67 and CE 840 antimony
measurements are + 4 estimated standard errottsg(ofiean) apart. Thus, we consider
here a £ 4 standard error method in order to remamnsistent with Dr. Guinn’s
testimony (A recent NRC repoi3) found that the standard procedure used by the FBI
to match bullet fragments or bullets was based @rstandard deviations. When there
are 4 replicate measurements the * 4 standardreatwhing method is the same as that
used by the FBI.) Later in this paper we also abgrsa + 2 standard error matching
criteria for matching our bullet measurements to@®@uinn’s bullet fragment
measurements. As Rahn and Sturdi@nndicate with the exception of CE 840, Dr.
Guinn’s measurements involved only one measureofesdch specimeso the

estimated standard deviations and estimated sthedanrs are the same and are based

upon Poisson counting statistics. The NRC ref®ralso discusses other matching

techniques such as the equivalence t-test andtivaridte Hotelling’sT *test.



Bias associated with any measurement system chantiesme. To minimize
this bias, it was common for the FBI crime lab teasure bullets or bullet fragments
obtained from the crime scene and from a suspehtwa short time frame. Dr.
Guinn’s measurements were made over a short timedp@nd hence bias is not an
issue for grouping his measurements. In this tepar included a bias correction for
time as an additional component to the bullet campas. Based upon measurements
on our three “standards”, we have a mean offset fite certified values between 2%
and 5.4%. Therefore, a bias correction to thevanmy measurements that adds 2% to
5.4% is appropriate. This results in a match witk of our bullets with CE 567 that
we will describe below. For the same reasonsifeers we added 5.5% to our
measurements. As a result, the same bullet ma@B&s67 at +2 standard errors.
Alternative approaches based on components of adjostments are problematic,
since Guinn’s standard error estimates do not haditional degrees of freedom
associated with them. Dr. Guinn’s uncertainty eatas do not take into account many
sources of error such as repositioning of sampiasgs, or instrument abnormalities.
We invite readers who wish to use a different meéttow bias correction to consult our
measurements on standards available in the onlimgosting material. Given the
overlap in the boxplots in Figure 1 below, it isal that many fragments corresponding
to different Western Cartridge Company Mannlicharg&ano bullets match on the two
elements antimony and silver.

[Figure 1 Goes Here]
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The NRC repor{3) recommends that seven elements be used for mgtand it
is clear that many fragments that match on two etégsnmay not match on three or
more elements.

Of particular note is our bullet number one fron8603. We compare the outer,
middle, and inner fragments as well as the combmedsurements to Guinn’s
measured fragment CE 567, see Table 2, where nagainstandard errors are given.
(20).

[Table 2 goes here]

Applying the criterion of + 4 standard errors, btk identified fragments and
combined measurements from bullet 1 in lot 6003ld/twelong to Group 2 of Guinn's
classification of fragments. The +2-standard ematch criterion fails, but that ignores
the fact that there likely are biases in both G@immeasurements and ours. As
previously discussed, our biases are assessedajgpbeximately -5% to a positive
9.8% relative bias for silver and from —5.4% to —&8kative bias for antimony [data
available within the online supporting documen@ce the adjustment for bias is
performed, we can see that all fragments, labelewh have a + two standard error
match for antimony, but only the fragments labddggosition have a two standard
error match for silver.

If every bullet ever manufactured, or if every btiih a local geographic area,
was of the same composition, there would be littleo forensic value of a claimed
“match” or “non-match.” As discussed in Tobin afldompson(11),

Assuming you are satisfied that...specimens weregegrtp
characterized as indistinguishable (therefore at¢hiaor “inclusion”),

the next step for assessment of forensic signifieanvolves estimation
of probabilities for determination of probative wal ...there are two

11



crucial questions: (1) how likely are the observesllts if the samples
had a common source; and (2) how likely are theesl results if the
samples dichot have a common source? Without valid answers tio bo
guestions, there is no way to assess the probadive of the forensic
evidence for proving that the “matching” items rmdommon source.
Tobin and Thompso(i1)
Some of the information needed to properly assessdlue of Dr. Guinn’s data and
testimony relate to both compositiom@mogeneitynd compositionalniqueness
(individuality) of the Mannlicher-Carcano bulletdzor example, how compositionally
homogeneous (uniform) was edsditchof bullets made by Mannlicher-Carcano
(homogeneity how compositionally homogeneous are the indiaidwllets derived

from each batchhomogeneity and how frequently do Mannlicher-Carcano buléetd

bullets from other manufacturers “match” in compiosi (uniqueness

Dr. Guinn testified about the homogeneity of Weasi€artridge Company bullets
to the House Select Committee on AssassinafibppéOne can only show what
information we do have, and that is that you singwynot find a wide variation in
composition within individual Western Cartridge Gaamy Mannlicher-Carcano
bullets, but you do find wide composition differesdrom bullet to bullet for this kind

of bullet lead.” This section further investigates claim with regard to our study.

Bullet homogeneity:
In our study, we sampled the outer, middle, anéimadial regions of each of

four bullets. The four bullets were chosen basegrefiminary measurements that best
matched the assassination fragments. Talfl®Byives the means and standard errors of
antimony and silver measurements for the four illResults in Table 3 are given at

the radial portion of the bullet at which measuretaevere recorded. In addition,

12



summaries for the entire bullet (which include mgaments both labeled and unlabeled
in terms of radial position) are reported in Table

[Table 3 goes here]

The differences in composition within a bullet ararginally detectable even
with the small sample sizes used in our study. \@rking hypothesis for this study is
that bullets can be modeled as reasonably homogene@omposition. However, in
part because of variations in fabrication practieesl in light of the recent findings of
Randich and Grarn8), some bullets may not be homogeneous, disalloimimgogeneity
as a universal assumption. For example, when wegace silver from the middle and
outer fragments of our bullet one from lot 600% hvalue for comparing means using a
pooled t-test (Fisher’'s LSD) is just less thana@8l when comparing arsenic for the
middle and inner fragments for arsenic from theesanilet, the p-value is about .06.
(Log-transformed data analysis produce similar lp@®) When a two-way multivariate
analysis of variance on log silver and log arsevith interaction term (factors “bullet”
and “location”) test is run using the three bullietsn lot 6003, with replicates for both
log silver and log arsenic, the p-value for bulemogeneity is .04 (using Wilk's
lambda; it is slightly lower using Hotelling-LawleyThese tests should be considered
exploratory because of the small sample sizes anduse other hypotheses were

evaluated that did not show extraordinarily strdiferences in homogeneity.

Using the compositional bullet evidence:
To decide whether the compositional bullet leadience supports one shooter or

Pr(T |E)

more than one shooter it is useful to use the [ﬁtmobabilitiesﬁ whereT
r

denotes two bullets used in the assassinafiatenotes its complement (in this case

13



three or more bullets since at least two bulletseevuevolved in the assassination), and
E stands for evidence. As in Carriqu{y3), Bayes theorem can be used to obtain the
equation

Pr(T [E) _ PrE|T) Pr(T)

Pr(T|E) Pr(E|T)Pr(T)

The ratio on the left hand side of the equaticaniatio of the probabilities for two
bullets as the source for the five JFK fragmeniguastion versus more than two
bullets being the source for the five JFK fragmeniike first ratio on the right hand
side is the ratio of probabilities for the evidemgeen two bullets versus having more
than two bullets. This ratio allows us to decideether, given the evidence, two
bullets or more than two bullets is more likely.

The second ratio on the right-hand side of the gguaepresents a ratio of the
prior probabilities that we believe that there wendtiple shooters versus the fact that
there is only one shooter. This ratio is assessgbendently of the compositional
bullet measurements. In assessing the value @idence, characterizing the number
of distinct compositional bullet groups in a boxngportant. To illustrate this point we
consider a situation similar to the outcome of m@asurements from the ten bullet
measurements from lot 6000. (These measurementg@vrided in the online
supplemental materials.) To keep calculationsrapls as possible and to emphasize
that what is assumed about the number of matchutigtb in a box matters, we assume
no measurement error and no heterogeneity issués imllowing calculation. We
illustrate the calculation of the probability rabg considering that the evidence of two
bullets making up the five assassination fragmeatse from two or three bullets. We
assume that there are two distinct groups of lsuffeim among ten measured bullets.
This is similar to the groupings obtained for 1606 bullets using the + four standard
error criteria. We assume that there are six tsuiteone group and four bullets in the
other group. The hypergeometric distribution isappropriate model distribution to
use. If only two bullets were chosen, from oubidets then there would be a 53.3%
chance that two of them would come from two différgroups. If three bullets were

chosen then there would be an 80% chance thattmag from two groups. Thus the

14



PrE|T) _ 53

critical ratio —
PrE|T) .80

. Since this ratio is less than 1, Dr. Guinn’gitesny that

the evidence supports two and only two bullets mgkip the five JFK fragments is
fundamentally flawed.

Dr. Guinn testified that essentially every bulleti box of Mannlicher-Carcano
bullets is unique and under that assumption, higlosions are more logical. Our
measurements on three different boxes of thesetbuiidicate a great many bullets
have two element matches within a box. If morenelets are measured and then
compared for each bullet there may be fewer witluix matches. Also, if more
elements are chemically analyzed, the JFK fragmaatsreasonably be placed into
more than two groups. It is not known whether drthere was a second shooter.
However, if there was a second shooter, the pdisgiexits that the bullets came from
different boxes. The calculations above show ithatnot possible from the
compositional bullet lead analysis to conclude thate were only two bullets as the
source of the five assassination fragments as DinrGestified. The answer could
change dramatically depending upon assumptionste8yalyzing the JFK bullet
fragments to measure more elements, it may belgedsi provide substantial evidence
of more than two bullets as the source of the agsatson fragments if there were, in
fact, more than two bullets used. However, if &glicame from the same box, clear
evidence of more than two bullets may not be prtelsecause many bullets in the same

box typically have similar chemical compositions.

Summary and conclusions:
We presented results from a study where ten butets each of three boxes of

Mannlicher-Carcano bullets were analyzed for chahomposition. Compositional
data from the ten bullets sampled from each boxewempared to Dr. Guinn’s
testimony before the House Select Committee ongsasationg1) regarding
assassination bullet fragment compositions andtal$ioe findings of the NRC in their
report ‘Weighing Bullet Lead Evidenté€3). We found that many bullets within a box

of Mannlicher-Carcano bullets have similar compogit Further, we found that one

15



of the thirty bullets analyzed in our study alsonpositionally matched one of the
fragments from the assassination analyzed by DinrG@). If we allow for the bias
associated with Dr. Guinn’s measurements, it isipbes that there would be even more
matches among our bullets with the JFK fragmekfe. have shown that two-element
chance matches to assassination fragments aretmabinarily rare. Further, we
have shown that if bullets come from the same bty are even less rare. Given the
significance and impact of the JFK assassinattaa,dcientifically desirable for the
evidentiary fragments to be reanalyzed. The rgarsashould include at least the
seven elements identified in the NRC re{8it should establish the scientific basis for
matching fragments originating from a single buléetd should address the critically

important issues of bullet and source heterogeneity
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Appendix

Experimental Details:
The analyses performed in this study were desitmée comparable to the 1977

Neutron Activation Analysis (NAA) work of Guin2). Variations in protocol were
made to accommodate differences in reactors anatioguinstrumentation used by the
different research teams. In the subsequent 3G ysgnificant advancements in
detectors and electronics have occurred. Modempoting has facilitated rigorous
peak extraction methods and analytical correctidisl, the basic method used in both
cases was very similar, and no development dissdtetquality of the Guinn data.

The bullet lead matrix poses special concerns gudAA due to its heavy mass.
The neutrons used as the analytical probe in tethod find the lead sample to be
fairly transparent but the gamma-ray which is esdiirom the subsequent decaying
nuclide of the element of interest is likely toddeenuated. The issue is to ensure that
any self-absorptio(iL4) of the gamma-rays is minimized and if possible@cted for.
Since the likelihood of absorption is based onphih length of the emission through
the sample as well as the absorption coefficietgan, it is beneficial to use small
samples.

Guinn used sample masses ranging from 1 to 50 iz&g dictated by the
fragments available. The bullet recovered from &nwr Connelly’s stretcher ( the
“stretcher” bullet) was drilled and the resultingllothgs/powder analyzed. In Guinn’s
study(2), correcting for sample self-absorption becauseadfible geometry was
difficult. In our study, we used fragment chipgpared from the bullet lead material

weighing 15 to 20 mg that had maximum linear din@ms between 0.1mm and

19



1.5mm, averaging 0.4mm. Loss of gamma intensitglisorption should average
about 2.47% to 3.34% for the range of gamma energed at this average distance.
Rather than risk inaccurate adjustments due tgutae specimen geometries, we
included credible ranges for self-absorption inghkulation of the bias contribution to
our uncertainty estimates.

Sample positioning in the neutron flux and counpagitions is critical. The use
of small samples to minimize self-absorption resiih the need for additional
measures to ensure that the sample was held at@s@tocation in the sample
irradiation package. Sample portions were seleftted the test bullets according to
three different protocols. Three samples weregrexpfor each of 10 bullets from lot
6000 and a putative 6003 lot, for a total of 60 gl We refer to this later set of
bullets as coming from lot 6003®5). Efforts were made to maximize the spread of
locations sampled within a bullet. Additionallgntbullets known to be from lot 6003
were sampled in a similar fashion, except threepdesnwere removed from each of the
three locations chosen for a total of nine sampésullet, or 90 for the lot. Finally,
several bullets (bullet numbers 1, 8, 9 and 10nftot 6003 were sampled a second
time. At each of the three sampling locationshelse bullets, the three samples were
taken from an interior slice with one sample repnéisig the radial center of the bullet
(inside), one representing the middle and one tiheaoutside surface of the bullet
(outside). Samples were prepared following Guimmtscedurg?) and packaged into
pre-cleaned polyethylene vials.

Standardization - Commercial plasma solutions weesl for comparator NAA

standardg16). Standards were prepared by depositing, andahgng, weighed
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portions of liquid solutions of known concentrasoof the elements of interest into
irradiation vials prepared exactly as for the budkemples. Silver standards were
prepared separately with approximately 2 micrografredement deposited into each
standard. Composite standards were prepareddeniar antimony and copper by
depositing about 6, 19 and 12 micrograms respdgtive

Quality material selection - Standard Referenceekiait Bullet Lead, SRM
C2416 produced by the National Institute for Stadd@and Technology (NIST)7) is
intended for use as a composition standard focalpgimission spectroscopy (OES).
The standard is not sectioned but rather a newdpsed surface is presented to the
instrumentation for analysis. Although NIST does certify the homogeneity of the
bulk standard nor provide a “minimum sample massthay do with standards
intended for sub-sampling, since no other referenaterial of similar matrix to our
samples was available, the C2416 standard wastiideasible selection. We
included three analyses of NIST SRM 1571, Orcharaves for arsenid8), as well as
three analyses of a second independent set of @lasndards (referred to here as
Trace Element Research Laboratory stand@rélsfrom a different manufacturer for
silver, and six analyses for the other elements.

Irradiations and Counting - All irradiations wegrerformed at the Texas A and
M University’s Nuclear Science Center 1 MW T.R.IAGresearch reactor. The

irradiation positions include a pneumatic tube astseries, both with nominal

neutron fluxes ofix10° cm?*s*
Silver was determined using the pneumatic faciifysequentially irradiating

standards, unknowns and quality materials for D% (ollowed by a 30s delayT{)

21



and a 180s count period(). The'®Ag(n,y)**’Ag reaction induced by thermal
neutrons during the irradiation gave rise to the K8V gamma line ) from *'°Ag

which decays with a 24s half-lifé,(,). Measurements were taken using standard

gamma-ray spectrometer protocols.
Arsenic, antimony and copper were each determigedyuonger-lived isotopes;
therefore, a rotisserie irradiation of two hoursweaployed. Neutron capture

reactions were responsible for production of inticégsotopes

"As(t,, = 26.4h,E = 559keV). 'Sh(t, = 2.7@ ,E = 564keV and

¥Cu(t,, =12.7h, E=51 1keV). Samples were counted in irradiation batches @éith

irradiation can being processed in consecutive tsoom a single detector system.

Details of quality control material analyses arsupporting material but, in each
case, the standard deviation of measurement diitiits overlaps with the quoted
uncertainty of NIST values. NIST specifies that tincertainties for their certified
standard values are not statistically derived nregsof variability but rather are “based
on judgment.” Tabulated results of Trace Elem&gsearch Lab standards are

available in online supporting mater{a).
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Concentration in ppm vs. bullet boxplots
Fig. 1. (a) boxplots for silver and antimony measoents for lot 6000; (b) boxplots for

silver and antimony measurements for lot 6003Pb¢xplots of silver and antimony
measurements for lot 6003.
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How bullets are matched and our bullet number one from lot 6003:

Table 1 Guinn’s NAA results for silver and antimony in &tk and fragmentS)

Specimen Description Silver, ppm Antimony,
ppm

CE 339 (Q1) Bullet from stretcher 8.8+0.5 83319

CE 842 (Q9) Largest metal fragment from | 9.8+£0.5 7977
Connally’s arm

CE 567 (Q2) Bullet fragment from front sedt8.1+0.6 60214
cushion

CE 843 (Q4) Larger metal fragment from the7.9+0.3 62114
President’s head

CE 840 (Q14) Metal fragments from rear 8.2+0.4 64216
floorboard carpet
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Table 2 Bullet # 1 lot 6003 measurements by radial locatind combined giving

summary statistics for antimony and silver

Location Degrees Silver, ppm Silver bias range Degrees Antimony, Antimony
of freedom | (Mean + of freedom ppm bias range
(silver) standard error) (antimony) (Mean +
standard
error)
Outer fragment 3 6.30 £.13 -5.5% to + 9.8% 3 5@ -5.4% t0 —2% -
Middle fragment 2 6.66 + .05 -5.5% to + 9.8% 2 585.97 -5.4% to —2% -
Inner fragment 3 6.35%.14 -5.5% to + 9.8% 3 58156 -5.4% to —2% -
All measurements 19 6.30 £.06 -5.5% to + 9.8% 17 576 £ 3.47 -5.4%2% -

for this bullet including

unlabeled measurement
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Table 3 Summary statistics for bullets 1, 8, 9, and 10 ftotr6003 by radial location for

antimony and silver.

Antimony (Sh)

Outer N Middle N Inner N Wholebullet N
578 £+19.5| 4 585+ 12.1| 3 581 +15.1 4 576+3.47| g
8 957 +4.86| 3 952.+17.4| 3 963+16.3| 3 966+ 7.32 12
9 1829+ 61.4] 3 1806 +18.1] 3 1869 +13.4| 3 1834+ 14.3 9
10 260 +10.0| 3 262+ .180| 3 258 +4.69| 3 260+ 1.93 9
Silver (Ag)
Outer N Middle N Inner N Whole bullet N
6.30+.26| 4 6.66 +.09| 3 6.35+.27| 4 6.30+.06| 5q
8 6.90+.14| 3 6.79+.16| 3 6.73+.18| 3 6.81+.04| 18
9 8.71+.38) 3 8.51+.28| 3 8.68+.42| 3 8.66 +.08| 18
10 5.04+.25| 3 5.21+.09| 3 5.14+.16| 3 5.04+ 05 18
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