


AN ACTUAL CASE OF GLASS DEBRIS IDENTIFICATION

*
BY NAA IN AN AUTOMOBILE ACCIDENT( )

L.T. Atalla, F.W. Lima

Divisao de Radioquimica
Instituto de Energia Atomica

Sao Paulo - Brasil

Publicagaoc IEA NQ 205
Maio =~ 1970

(*) Reprinted from Radiochemical and Radicanalytical Letters

3 /1/ 13-22 (1970).



Comissao Nacional de Energia Nuclear

Presidente: Prof.Dr. Hervasio Guimaraes de Carvalho

Universidade de S&o Paulo

Reitor: Prof.Dr, Miguel Reale

Instituto de Energia Atomica

Diretor: Prof.Dr, ROmulo Ribeiro Pieroni

Conselho Téenico~Cientifico do IEA

Prof,Dr, Joz§ Moura Gongalves )
Prof,Dr, José Augusto Martins ) pela USP
Prof .Dr. Rui Ribeiro Franco )

) pela CNEN

Prof .Dr. Theodoreto H.I, de Arruda Souto

DivigBes Didatico~Cientificas

Divisdo de Fisica Nuclear -
Chefes Prof,Dr, Jose Goldenberg

Divisdo de Radioquinmica -
Chefe: Praf Dr, Fausto Walter de Lima

Divisdo de Radiobiologia -
Chefe: Prof,Dr, Romulo Ribeiro Pieroni

Divisao de Metalurgia Nyclear -
Chefe: Prof.Dr, Tharcisio D,S, Santos

Divisgo de Engenharia Quinica -
Chefe: Lic, Alcidio Abrao

Divisao de Engenharia Nuclear -~
Chefe: Eng® Pedro Bento de Camargs

DivisZo de Operagdo e Manutenglo de Reatores —
Chefes Eng? Azor Camargo Penteado Filho

DivisZo de Fisica de Reatores -
Chefe: Prof.Dr, Paulo Saraiva de Toledo

Divis3o de Ensino e Formagio —
Chefe: Prof,Dr, Rui Ribeiro Franco



RADIOCHEM . RADIOANAL,LETTERS 3 /1/ 13-22 [1970/

" AN ACTUAL CASE OF GLASS DEBRIS IDENTIFICATION
BY NAA IN AN AUTOMOBILE ACCIDENT

L.T.Atalla, F.W.Lima

Radiochemistry Division, Instituto de Energia Atamica
S¥%o0 Paulo, Brazil

Received 31 October 1969, revised 5 December 1969
Accepted 16 December 1969

The origin of glass fragments, found during an investigat-
ion of an accident between two cars, was established by
.neutron activation analysis., It was possible to ascribe
responsibility for the accident based on that identificat-
ion together with the other general evidence. usually-con-
sidered in such cases. Beside y-spectrometry, specific ac-
tivities were also used as criteria for the examination of
samples. .

In a collision- between a: truck and a Jeep, the ‘left. part
of the truck earriage hit the.Jeep,vbreaking-the glass windscreen
of  the jeep. Glase:debris QasfScattered and eome found ‘its way -
on to- carriage of the truck. The driver of the jeep was killed
in the accldent and the truck was driven away. TwO days later~
the truck was found but the driver denied having been-involved -
in the accident, neither himself nor any other person driving
the truck. 7

The truck driver apparently was unaware that glass debris-
had reached his vehicle; or, if he was, he did not make -a tho-
rogh job of removing the debris and some pieces were found in
the truck carriage.

The debris, and that collected from the broken glass wind-
screen of the jeep were submitted to activation analysis. From

each sample, fifteen pieces each of about 30 milligrams were

13



ATALLA, LIMA: GLASS DEBRIS IDENTIFICATION

taken, cieaned with a hot 1l:1 nitric acid solution, demineralized
water and irradiated for ten seconds in a thermal neutron flux
of 5 x 10%2 n.cm 2 sec™!. Two other sets of ten pieces from each
glass sample were‘irradiated for five'd;ys, cleéned with hot 1:1
nitric acid solution and demineralized water.

y-spectra»of the two sets of samples llopg gnd short ir-
radiation periods/ Qere obtained using a 400 channei aﬁélyzer
coupled to a NaI/Tl/ 3"x3" well type scintillator. The samples
irradiated for a short period>were”counted at a cpoling»time of
8 minutes and the sampleS'it;adiatea for a long period at ‘a cool-
ing time of 10,days.1Tota1'§pec1fic Y—ac;;viiies were also de-
termined for the twenty samples’irradiated for a 1ong:period.
Specific B-activities could not be used owing to large variations
in specimens of the same sample; such variations of specific
activities among. the specimens taken from the same sample were .
due :to B self-absorption effects since the various pieces were
not of the same size aithough they had approximately the same .
mass. Also, a reproducible B.counting.geometry was difficult to
achieve owing to differences in shape of the replicate sampleé.

The various y-spectra were compared,fof the two sets of
samples /samples with the same irradiation and cooling times/ by

the peak-ratio technique /areas/ taking the 1.37 MeV 24

Na peak
as a reference or normalizing peak. A statistical treatment was
given in order to obtain a-two-sided.significance t-test for com-
parison of means at the 0.05 significance level.

This same peak-ratio technigque has been applied by others
in- the case of comparison of hair, paints and also of glass.

1

» Jervis” had already called attention to the fact that comparisons
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:of a number of intensity.ratios for reSolved phoﬁoééakééinfy-ray
specira can be made, and possibly without even deducing in every
case the exact identity of the several nﬁclides‘;ontributihg
tO‘fhe y-spectrum. Bryan et al.2 made comparisons via- the pulsé-'
-height spectra obtained from identical irradiations, decay times,
and countin§ conditions without calculation of amounts of con-
centrations or use of external standards. Comparison of auto-
mobile glasses has been made by Jervis3 who used itensity ratios
of y-rays at the same energies for the various samples or, al-

ternatively, intensity ratios taking the same reference peak in

TABLE 1

Mean values for the ratios X of listed peak-areas to the 24Na re-

ference peak for the spectra of samples from short irradiation

. Glass .

%1

peak = X
" MeV

0.20 0.486 0.000071  0.481 0.000044 1.803
0.84 0.494 0.000094 0.495 0.000035 0.341
1.00 0.373  0,000069 0.370 0,000049 1.069

1.78 0.561 0.000212 0.565 0.000108 0,865

Number of samples taken from each glass, n= 15.
Degrees of freedom D.F. = 2n - 2 = 28
X, - %
oy = ———2 /2n/
P [2(v + V’) 172
1+ V)]

1/2

Jxef. 4/

t = 2,048 /Fisher and Yates’ Tables/

%N
A4 : Variances
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each sample to be compared, as an internal reference standard,
as 1s done in this paper.

The résults X /mean values/ of the ratios for the area of
four peaks in the spectra of samples from short irradiations,
to the 1.37 MeVv 24Na peak are presented in Table 1, Fifteen re-
plicate samples from each glass were irradiated to obtain the
mean values and variances shown in this Table. Table 2 shows .
"the results for the spectra of samples from long irradiations,
in which a comparison was made among the ratios of eight long-

24

-lived peaks to the reference peak of Na; ten replicate samples

from each glass, were used to give the data in Table 2.

TABLE 2

Mean values for the ratios X of listed peak-area to the 24Na re-
ference peak for the spectra of samples from long irradiation

Glass
1 2

Z:gk x " v, x, * vzk texp

0.15 7.051 0.238638 7.110 0.228194 0.417
0.30  1.701 0.007358  1.706 0.007089 0.132
0.35 1.147 0.003364 1.140  0.002464 0.290
0.55 5.000 0.036224 5.042  0.027601 0.803
0.85 0.860 0.001265 0.859 0.001160 0.090
1.10 0.664 0.001105 0.660  0.000884 0.283
1.25 0.682 0.001126  0.678 0.001204 0.262
2.00 0.1823 0.000031 0.1820 0.000026 0.081

® Number of samplés for each glass: 10
D.F. = 18
t /0.05/ = 2,101
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In both tables it can be seen that £é is aiways smaller

: Xp
than -t values taken from Fisher and Yates’ Tables® at the 0.05

significance level | two-sided criteribh/. For this 1e;ei Fisher
and Yates’ values for t are 2.048 for 28 degrees of'freedom and
2,101 for 18 degrees oi freedom, which are laréer than the fes-
pective texp values reported in Taele 1l and 2 giving a neh—sig—
nificant difference between the means for glass 1 and 2;'this
would indicate a common origin.for both glasses on the basis of
examination of four plus eighf, i.e. a total of twelve peak-ra-
tio comparisons.

Samples taken from four other cars were also compared in
the same way /t-test/ with glasses 1 and 2 and in all these |
cases the differences were highly significant.

Specific activities were also used as a criterion for com-
parison of samples. A significance F-test and Scheffés; test6
were used. Ten samples taken from each glass, 1 and 2,>and ten
samples taken from four other cars were irradiated for five
days, allowed to cool for ten days, and then total specific y-
-activities were determined. Flux monitors were used to correct
for flux variations since it was not poesible te irradiate the
sixty samples /about 30 mg each/ at the seme time. Table 3 pre-
sents the specific aetivities for each of the ten samples taken
from the six cars. Table 4 presents the data required for the
F-test, An F valﬁe of 2487 is highly significant /as compared
with the F value from Fisher and Yates’ Tables for 5 and 54 deg-
rees of freedom at ehe‘level of 0.05, i.e. F5.54 = 2,37/ and so
the null hypothesis of equality of the six glass samples must

be ;ejected.
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TABLE 3

Specific activities /cpm/mg/ for samples taken from six cars

Glass
1 2 3 4 5 6
1173 1181 667 1441 784 595
1197 1174 675 1420 779 ! 604
1187 1239 683 1372 776 583
1170 1157 684 1374 759 593
1135 1194 664 1398 766 610
1172 1150 692 1376 771 603
1134 1153 678 1341 747 580
1166 1197 677 1369 758 607
1153 1132 653 1348 772 602
1186 1141 690 1374 771 597

Mean 1167.3 1171.8 676.3 1381.3  768.3 597.6
TABLE 4

Data for calculation of F for Table 3 values

Source of variation ~Sum of squares Degrees - Mean F
of square
freedom
Between columns 5138935 5 . 1027787 1027787 =
113.26
Residual 22316 54 413.26
Total 5161251 59 =2487.02
18
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However, the F-test shows only that among the six samplés
at least one of them 1svdifferent from the others but it does
not indicate in which pair of the six samples the values are the
same, A Scheffes’ test can establish that and for this, the A

value, defined as follows6

b= % - %y = [MS,(1ny + Uny)(n, - 1)Fg g]"2

must be calculated. The meaning of the new symbols are: MSr, the
mean square of residual; n., number of colurms /Table 3/; ny,
nurber of samples 1; ny, number of samples 2; F5‘54, F-value for
5 degrees of freedom [columns/ and 54 degrees of freedom [resi-
dual/. Taking n, = 6,. n; =n, = 10, Msr /from Table 4/ = 413.26

and F5 54 /Fisher and Yates’ Tables/ at the 0.05 level

2,37
one gets A = 31, This signifies that all mean values whose dif-
ferences are smaller than or equal to 31 establish that the
samples are the same at the 0.05 significance level. For the va—

lues reported in Table 3 this is valid only for glasses 1 and 2.

DISCUSSION

Perkons7, Bate and Dyer8 have already called attention to

an argument against the use of peak-ratio as a criterion for in-
dividualization of materials /[hairs, specifically/ in that a
peak-ratio value of 1/2 would still be the same whether the in-
dividual peak values were, for instance, 10 and 20 or 100 and
200,

However, in the case of hair individualization, specific
activities cannot be precisely determined especially in the case

of a single hair. There is no doubt that in the case of glass,
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or any other material, the same peak-ratio can be found for in-
dividual .peak values of 10 and 20, and of 100 and 200. This,
however, would require an increase in all peaks, and in the.
concentration of all elements responsible for those peaks by
the same.facfor of 10, which is not likely to haépen. Even if
it does happen, that is, a 1lO0-times increase in the concentrat-
ion of all elements in one sample, specific activities of the
two samples would ‘then be different indicating that. the samples
are, indeed,‘different.

Another criticism of the peak-ratio technique is that a.
comparison of, for instance, ten peaks might actually be a com-
parison of less than ten common elements, since one single ele~
ment may be responsible for more than one peak in the same.
spectrum, However, if the peak-ratio technique, which is an in--
ternal standard.technique, is applied using various irradiation
and cooling times and if the additional information given by the
determination of specific activities, is also used, and if a
large number of samples is available for examination /as in the
present case/, these w111 compensate for the smaller amount of
information the peak-ratio method may give compared with an
actual analysis of elements. - S

No radiochemical separations were carried out attempting
to identify all radioisotopes responsible for the variousrpeaks
in the y-spectra. However, a combination of irradiation—fime,f
photopeak-energy and decay-rate information supportéd assignménts
of the peaks in the spectra‘of sanmples frqm short and from‘lonq
: irradiation periods /peaks at 0.20, 0.84, '1.00 and 1.78 MeV-for

the spectra of ‘samples from short irradiation; and 0.15, 0.30,

20
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0.35, 0.55, 0.85, 1.10, 1.25 and 2.00. MeV. for the spectra of

samples from léng irradiation/ to the following nuclides: 2’Mg,

180mye | S6yn, 2851, 1813 S9pe, Sloy, T6ps, 3¢y, 465, 65

7 “Fe, Cr, “As, .Cs, . 8¢, Zn,
24Na. No definite conclusions regarding the presence of other
nuclides such as 66Cu and 182Ta could be reached although in-

dications exist that they may also be present. It is interesting
to note that many of these resolved y-photopeaks as well as the
assigned nuclides for the spectra of glass samples from long ir-
‘radiation, are the same as those reported by Jervis when making

comparisons of automobile glasses3.

The authors are indebted to Prof.0.Fadigas Torres of the
University of S30 Paulo for discussions in connection with the
statistical tests and to Prof.R.E.Jervis of the Univeisity of

Toronto for valuable suggestions and crificism of the manuscript.
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SUMARTO

A origem de fragmentos de vidros, encontrados quando da investigagao de aci
dente aUtOIﬂObll]’.S‘thO que resultou em morte de uma pessoa, foi estabelecida pela téc
nica de atlvagao por néutrons, As amostras irradiadas foram comparadas atraves dos
espectros de ralos gama, obtidos em analisadores multicanais, bem como pela medida
das atividades especificas das amostras,
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