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ABSTRACT. -------
A computer program capable of qualitative and quantitative radioelemental analysis with high 

accuracy, high degree of automatism and great easy in the utilization. is presented. It has been 
realised to be used for Ge(Li) gamma-ray spectroscopy and can be used for X-ray spectroscopy 
as well. 

This program provides for: a) automatic search of peaks with the second derivative method; 
b) nonlinear peak-fitting in terms of a gaussian function superimposed to a linear or parabolic 
bac kground; c) energy and absolute intensity determination of y-rays; d) identification of the 
radioisotopes present in the sample and calculation of the corresponding activities. 

The last step is carried out by using a library containing lifetimes and decay schemes of the 
radionuclides expected to be present in the examined sample. The problem of a gamma line being 
assigned to more than one nuclide. is solved by s.earching the least-squares solution of a set of 
equations for the isotopes activities. 

Two versions of this program have been written. The first to be runned batchwise using a 
medium size computer (UNIVAC 1106) and a second interactive version for the o n-line analysis 
by means of"a small computer (HP 2100A). 

Results on a spectrum, due to a water sample from the primary circuit of the Garigliano 
BWR nuclear power plant, are presented and discussed. 
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1. - INTRODUCTION. 

The extens ive utili zation of radionu clides in several fields, such as medicine, biology, indu 
stry, etc. bes ides the nuclear power production, has given rise to the need of sensible and pre=
e ise methods for the determination of the kind and the amount of radioactive contamination both 
in the environment and at the sites of production and utilization of radioelements. 

It is often needed to perform a radioelemental qualitative and quantitative analysis of a large 
number of samples in a limited amount of time. Moreover, t he analysis has to be carried out by 
use r s not always fully acquainted with the methods involved. It is then very desirable to hav e at 
one 's disposal a completely automatic p r ocedure. On the other hand. some degree of interactivity 
can be us eful to th e more skilled users, in order to obtain better results. 

As far as high - resolution gam ma-ray spectra analysis is concerned. the various steps of the 
data reduction have been well established in nuclear spectroscopy work. In particular. peak-searc~ 
ing and -fitting have been the object of a great amount of works . Many programs have been wr~ 
ten for precise analysis of gamma-ray spectra. with large memory requirements and long proces 
sing times(t -7) or for fast but less a ccurat e analysi s(8-r3) . Concerning qualitative and quantitat i=. 
ve radioelemental analysis , only few automatic high-accuracy programs are at present a vailable(14). 

The aim of the present work has be en to realize a program for high-resolution qualitative and 
quantitative analys is capable to be used in fully automatic mode or with a degree of interactivity 
d e pending on the user' s will. Following this line, the program CERNU C has been written that can 
be runned batchwise using a medium site computer. A preliminary version has been presented in 
ref. (15). Then a m odified version of the code (ICREA) for an interactive analysis using a small 
computer has been developed. 

The method of analysis will be described in Section 2. In Section 3 the description of the two 
versions of the code and some r esults are given . 

2. - METHOD OF ANALYStS. 

T he main s t eps of the analysis are five: 1) the search of the peaks present in the spectrum; 
2) the fittin g of the data for extraction of the gamma-lines parameters ~ 3) the energy and absolute 
intensity determination; 4) the identification of the radionu clides responsible for the emission of 
the observed gamma -rays , and 5) the calculation of the activities of ·the identified radionuclides. 

The analysis i s carried out splitting the puls e -height spectrum in region where the width of 
the peaks is assumed constant (512 channels in a 4096-channels spectrum with about 0.5 keV/ch) . 

The knowled ge of the position and width of two calibratio n-lines allows the calculation of an 
"external It linear energy-calibratioIJ and an estimate of the FWHMjto be assigned to each region) 
by interpolation of a linear relationship of resolution vs . (en .., rgy) 1 2. For each region of the 
spectrum peak-searching and line -fitting are interative1y carried out; partial overlap between 
J~egion5 is provided in o rder to avoid border-peak missin g. 

P eak searchin g is performed by means of the well known s econd de rivative method(16). 

The iterative gradient least -squares method has been applied for the fitting of the spectrum 
in terms of a superimposition of gauss ian fun ctions on linear or parabolic background utilizing a 
slight modification of the program CERPI(4). The selection of the fitting intervals and of the num 
bel' of components included i n each fit is made automatically o n the basis of the peak positions as 
resulting from the sea r ch r out ine, and of the initial guess for the FWHM. 

The free parameters for each multiplet are: the peak centroids and ~eights, their width and 
the background coefficients. The convergence of the minimization is controlled by performing, 
after each iteration, a set of significance tests on the fit parameters: the comparison of the cur
rent value of peak centroid s and width with th e initia l guesses, th e control of the distance between 
neighbouring peaks, the evaluation of the ratio between peak heights and underlying backgr ound. 
In case at least one test gives a negative answer, the fit on the correspondin g multipl et is reini
tialized with diffel'ent startin g values of the nonlinear parameters or adding or removing peaks. 
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This procedure provides for fast convergence so that no restriction on the number of iteration 
steps was set. 

When the whole spectrum has been analysed in such way. the centroid and area of each peak 
are converted into energy and intensity. An ninternal l1 energy-calibration is calculated in 
this way: on the basis of the external calibration, some lIinternal calibration 1, lines are identi
fied out of twenty, whose accurate energies are stored in a properly chosen calibration-library. 
If t h e number of the recognized calibration-points is greater than six, a least -squares fit with a 
polynomial of forth degree is performed taking into account both peak-centroid and energy errors . 
The polynomial degree is reduced down to a minimum of two if the calibration points are less than 
six. An iterative procedure based on the test of the chi-square value is provided in order to elimJ. 
nate calibration pOints probably badly identified . Finally, the energies of the lines in the spectrum 
and the errors resulting from the centroids uncertainty and from calibration accuracy, are calc~ 
lated . 

F or the intensity determination, an absolute intrinsic efficiency-curve of the detector has to 
be provided to the program. The actual efficiency-curve is obtained applying distance and finite 
sample size-factors relat"ive to experimental arrangement. 

The identification of the nuclides present in the sample is performed on the basis of a radio
nuclides -library containing lifetimes and decay schemes of the expected radioisotopes. The first 
step of the identificafion concerns with the comparison between the calculated energies of the 
spectrum lines and the energies stored in the library. If the energy of at least one gamma-transi 
tion belonging to a given radionuc1ide agrees with the energy of a spectrum line, that radionuc1ide 
is considered n candidate", and the gamma -peak is attributed to it. The good determination of the 
peak energies and of their errors, resulting from the accuracy of the energy calibration procedu 
re. provides for reliable identification adopting the 3 (J criterium. If the agreement occurs for
more than one library energy, all the corresponding nuclides are considered candidates and labe.!. 
led as "interfering". 

The I1not interfering" candidates are treated separately and their activities are expressed in 
terms of the intensities Yj of the. identified emission lines as 

C. 
1 

.:!//;/U~j 
2 2 

':!}i/UY. 
J 

where bij is the number of gamma-transition of energy E j per decay of the i-th nuclide, and 
(JYj is the standard deviation of JJ' 

If not all the gamma-transitions included in the library for a given candidate i are iden 
tified in the spectrum, the expected -intensities for the not identified branches are calculated a; 

"l\ ° Cibik 

and compared with the detect ion lim it at energy E k . This is computed taking into account the 
contents of a number of channels equal to three times the expected FWHM around the expected 
peak position. Such a procedure has been preferred to that based on an lIa priori" estimate of 
the detection limit vs. energy, because it takes into account, at least partially. the chance that 
a peak has been missed by the automatic search routine. If the expected intensity of at least one 
of the not observed branches is greater than the detection limit, the nuclide is considered lIun_ 
certain n. 

For each group of interfering nuclides a branching matrix is built, where the i-j element 
bij is given by the branching ratio of the gamma-ray transition of energy E· in the i-th candi-
date nuclide. The set of equations J 

Y. 
J 

NNU 
1: 

i = 1 
b .. C. 

1J 1 
jol, .... , NGAM (1) 

can be solved if the number NGAM of gamma-lines in the group is greater or equal to the num-
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ber NNU of nuclides , and the least - squares solution, given by the minimization of 

NGAM 
1: (Y

J
. 

j ~ I 

provides for the activities of the candidate nuclides. Then the expected intensities of the unohseE. 
ved branches are cal culated and compared with the detection limit. If an expected intensity is grea 
ter than the detection limit, the corresponding nuclide is rejected before the final cal culation of the 
activities of the remaining nuclides in the group. 

Sometimes, although NGAM> NNU, the set of equations (1) cannot be solved, being two or m~ 
re of t he l east - squares equations lineraly depend ent. In these cases only upper limits can be given 
for the activities of the nuclides involved. 

Finally, th e list of gamma -lines observed in the s pect rum but not assigned to any nuclide , is 
given for h elping the improvement of the radionuclides library. 

3. - CODE DESCRIPTION. 

The m ethod of analysis described in the previous Section can be used in fully automatic mode. 
Onl y position and width of two calibration linp.s, besides an internal calibration library, an intrin 
sic efficiency curve for the detector and a radionuclides library are needed for carrying out all -
the steps of the analysis without any action of the user. 

Following this method two computer 
codes have been written: CERNUC, which 
can be runned batchwise using a medium 
size computer and ICREA, which has been 
implemented on an interactive computer. 

Table I shows typical data to be sup 
plied as inpu t to both programs. -

The first version has been i mplemen 
ted on a UNIVAC II06 compu ter, with m~ 
gnetic tape or punchen cards i nput. The 
maximum number of components for each 
fitting interval of maximu m 150 chann e l s, 
has been set to 6. With this configuration 
the program storage requirement is 45 K, 
3G bit words and typical CPU time is 10 
min for a 4096 channels spectrum ,vith 
about 150 peaks. 

In the second version , which can also 
be runned automatically, a reasonable 
compromise b etween automatism and fle
xibility has been r eached . Such version 
allows the interaction of the user with the 
computer in some steps of the analysis . 
In particular at each iteration step of the 

TABLE I - Input table. The values are those used 
for the anal ys i s of t h e test -spectrum . The assigne 
ment of values to the variables IFIR, ILAS, DELTA, 
DIS, KPMAX, NF , IGP, is optional. Zero for these 
variables imp1i~s the use of default values. 

SPECTRUM LABEL 
NUMBER OF CHANNELS 
COUNTING TIME (sec) 
COOLING TIME (min) 
SAMPLE VOLUME (cm3) 
SAMPLE - DETECTOR DISTANCE (mm) 
DETECTOR RADIU S (mm) 
661 keY POSITION AND WIDTH (channels) 
1332 keV POSITION AND WI DT H (channels) 
IFIR, lLAS (fi rst and 'last channels of the 

region to be a nalysed) 
DELTA (defintng the fitting intervals) 
DIS (d efin in g the mir.imum distance between 

components in a multiplet) 
KPMAX (maximum number of components 

in a multiplet) 
NF (degree of the background polinomial) 
IGP (degree of the internal - calibration 

poiinoOlial) 

SP120 
4096 
1000 

120 
100 
130 
25 

1652.5 
3328.6 

0.0 
o 

o 

o . 
o 

o 

fitting procedure, both experimental counts and fitted data relative to a multiplet can be display 
ed on a CRT and the user can eventually change the starting value of the width, the number and 
position of t he gaussian functions a nd the type of background. This vers ion has been implement 
ed on a HP2100A computer with 24K, 16 bit words memory. 

To Illeet the memory requirement of the code together with the actual features of a small 
computer, we have split the analysis steps into five linked programs using the disk memory to 
store both the segments of the program and t h e data . The radionuclides library was split into 
five sub -libraries having in mind the advantage of easily performing partial analysiS with orien 
ted libl·aries . -
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With this configuration, typical CPU time for a fully automatic analysis of a 4096-channel 
spectrum is 1 h. Using a Fast Fortran Processor (HP 1290A) the time was reduced to about 
20 min. 

4. - RESULTS AND DISCUSSION. 

The program has been used for the analysis of samples containing a mixture of fission and 
activation products and has been tested on spectra obtained from water samples from the prim~ 
ry circuit of the BWR Garigliano nuclear-power plant. 

Spectra were taken at different cooling times, by means of a 60 em 3 Ge(Li) detector with a 
standard electronic chain and a multichannel analyzer Laben 4096. 

Fig. 1 shows the comparison between the initial guess of the width for each region and the 
widths resulting from the fitting procedure, VB . energy. The good agreement proves that the ini 
tial values of the width are well estimated, so good fitting convergence is achieved. 

l ------~-------

, ! -ll\ccJ Itlil-rr~ I I' I I 

1 

energy (keV) 
-- ~-.-- - - -~---- ,---- ---

500 --101>0---- ---1'""500---
FIG. 1 - Peak width vs. energy. Full lines represent the estimated widths for each region 
while pOints and bars are widths and errors resulting from the fitting procedure. 

The result of the fitting procedure for a multiplet in the test spectrum is shown in Fig. 2. 

Fig. 3 prEsents the plot of the test spectrum, where the 93 lines resulting from the fitting 
procedure are drawn by a full line. Among them, 61 lines are assigned by the program to 28 nu 
clides and are labelled in Fig. 3 by the name of the corresponding nuclide identified on the ba-
sis of the library given in Table II. 

The library contains 50 radionuclides : for each of them the maximum number of branches 
included is limited to 6. This number is adequate for an unambiguous nuclides identification and 
an accurate ~ctivity determination, but lines corresponding to low branchings not included in the 
library, even if found by the searching and fitting routines,carmot be assigned to any nuclide. 
In particular, in our spectrum this is the case for 30 out of the 34 unassigned lines. They are 
due essentially to the iodine isotopes and are labelled by an asterisk in Fig. 3. 

Two of the 28 candidates 1. e. 110mAg and 115mCd, were rejected because the detection 
limit control gave a negative answer. 
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TABLE II - Radionuclides lib rary used for the analysis of the test spectrum. 

-----"----------~I------~------,--,------,~-.---.--. 
; '\\l('lid"r T {,,':'Ill r·:, il l E~ h2 1'::1 h3 1<:4 b 4 £5 b S E6 b G [ ______ 1---'" ::... .. ----------'-----t. --=--,...-~------- -'-- +--'-+--'---+---"-+---=----+-"-I 
; ,,\ ,\ ~ 4 ! O. 1~Wi02 1:Ir;n.~1 99,0 ' 
t f..: ·10 I n, \ 10 t-\:1 1·l(ill,a 100.0 1 I ! SC·.J(i i 1l.20JI04 RR!I.2 100.0 ~ 1120.:' 

r l:11 I O.!lr. r; ~nl 120.0 ' fl~.O ! (jOIl ,!i 
(' It ,',J n.nr.7+o:l :12 0,0 f).A ! 

\1:"0 ~2 1 0 ,117+03 744 .2 I !lo.a I fl3!l. :'i' 
\ 1 ~ :}·1 l o, n '; i 04 R:14 .R . 100,0 ! 

100.0 ! 
1. 2 

, 
1246.2 

1128. 6 6.9 ;",.! 4.:.! 

\" 1:: .'i 'l I O. IOR~ O ·1 1!J2.:l i 3.0 . 10!}fj.2 ~1 6.1 1291 fi : -1 :1, 2 

C O iR O. \71 ~04 SIO,R 99.4 I 
c n (;0 I O.4r;1 +0 :; 117:1 2 100,O ! 13n . .'i ! 100,0 I 
NJ n:J I O. 25(j~Ol :UHi. :1 4.r; ; l11 r.!i : 14,R 1481 7 . 'Z~.O 

( ' \ ' rq i 0.1211+02 J:14!LR 0, :; I 

ZN r;:1 I' 0 . :'i211+0·' 1 l11 rl .:1 50.7 ! 
Sit fi t 0,%7+01 555 . n sr..o : 1152 D 

'l" f) \!'o! O,II:t:I+OQ :Ej5,r,! 9 !l .1 
Y !12 0 . . 1:)1+01 I 44R,;) , 2 , 1 ~fl1.1 

7.7 
3.3 

2.' 

749,8 
9fi3.3 

844. :1 , 

S it n 0 .27 1 101 2·11 ,:1 1.0

1

430. 6 

Zit!):, O, I!lfi +O-l 72-1.3 1 44. 4 7511.7 I S4.9 
Nil !) :j ' O,n40 "' 0:i 7r.5.H I 100.0 

I 
I 

;\ t ()!)fJ O,f;70+02 140 ,5 1 !15,O 
T C 101 11,2 :13100 127 .3 ! 25 
TC 10-1 0 .300 +00 :1:'8. 0 I 89 ,0 

i au 10 ;1 0.!) !H}I·03 [I 4!-l7,I , !l0. 0 
: HIIIOr. 0.8Rl +011 511.8 ! 20 . 6 
: AGJ lOr.1 0.r.07 +04 1 (i 57.7 1 !'l4.7 
I CD 115 0.5:IOtIl 2 2r.n.B I 2 .2 

COl 15M 0 ,103+ 11-1 4R4 .4 ! o.~ 
sn I?:) t O,2 :1',to:', 1711.3 : 11. 7 

I 1 1:11 o.!!13+0:1 1 AO .2 1 2.ri 

I 
11 :12 0.2:10+ 01 fi OS .9 l 5 ,0 
I In 0 , 2 10+02 1 52!).!) ! fW.3 

! J 1:1 ·1 n,/lIjjton f)95.4 1 I\.4 

I 111;, 0 .ri70+01 I' 526.5

1

12.4 
XP.I :\:1 O.1 2r.+01 79.fi 0,2 

I XE t:I:1i'vl 0.:.42+02 2:12.() 10.1 
i XF. 1:1:' 0.!l20~01 249.8 90.1 
1 XP.I :Hi;\t 0 . 21/0+00 : ;,2G . r. I RI.2 

C OS 1:14 n.I!10+0 r, 50:1.2 fI,4 

CS 137 0.2110 +0f; fi61.6 SHJ.!} 
CS 1:18 O.50HOO 138 .1 I.:, 
nA 1:19 0,1:10 +0 1 IG5.n 22,0 
BJ\ 140 0.307-103 1(j2.6 11.2 
n /\ 141 0 , :100+00 190. 4 46.0 
LA 140 00403+02 32U.8 IfI,5 
L ,\ 14 2 0 , ] :'3+-111 64\.2 5 2 ,S 
CE III 1 0.792+01 1·15.4 4H.4 
CF. 14-1 O.6RHO,' 80,1 1,6 
W 167 0,230+02 
NP2:1!) 0.564+02 
J\ t\1 24:1 0.H!l(;+08 

1 :14.2 
10n.l 
74.7 

9.5 
23.0 
66.0 

lEI I. 1 
184.1 
530 ,5 
557.1 
621.8 
706.7 i 
33fi.2! 
91:1.6 
42 7.9 
2R4 .:1 
522.r. 
706.6 
766.7 
~ 4r..r. 

Rl,O 

407.0 , 

5 60.:1 

462.8 
1254.7 

304.9 
2 76.9 
48 7, 0 
8!14 , 9 

133,5 
47 9.5 
228 ,2 
117,8 

{l. 0 
1. 5 

15. 5 
0.8 
9.8 

16. 7 

739.7 I' 

306.8 
5 35.1 I 
Gl0 , 3 ; 

105 0.1 ' 
763,!1 

46.7 492 , 1 
1 :l 1290 , .'i 

29.~ 

G.1 
lfi .l 

1 , 

' . 1 
7.2 

371 

0 . 1 

1. ... 4 

:10.7 
0 •. 1 

4.3 
23.3 
43.0 ' 

9.' 

10 , 8 
23.4 
10.7 
0.5 

461 .4 
364.5 
547.1 
856 , ;) ! 

:~~~ i 
60R ? 

fl04.1'j I 
54 6.fi I 
1420.~ 

423 ,7 
304. 2 i 

81.'),8 

696. 5 
685 .7 
277.r. 

23, I 
:1 , 6 

1. 2 

14 .0 
88.0 
13.7 

S.fi 
1.5 

22.3 
10.2 
0.9 

10.3 

925.8 
J 142 . 3 

9:14.5 

778. 2 
5 31 , 1 
884.:1 

RR4.7 
527.7 

60 0.6 
H1,2 fi37,O 

1.21 667. 7 
1.2 87 5.5 

%. S 857.3 
6.7 

?: . !l 

!17Ji 

10.7 
0. :1 
:1.1 

25.2 
22.!l 

1.5 
29.:1 
14. I 

1131 .!i 

7 !1~1.8 

100 9.8 

437.6 
143. 7 
92fl , 2 

I 334.3 

1 

5,0 

4 .0 
2.9 

13.9 

4.8 
1.0 
9.9 

72.8 
32.9 

17 .6 
7 . 3 

98.7. 
4. 5 
7 .0 

22.8 

8rl.4 

2 9.8 

1.9 
14 ,2 
6.8 

2 .0 

1434. 3 

1024,3 
1384.0 

1405.4 

545 , 1 
893,0 

937.5 

636.0 
723.0 
772 .6 

1236.4 
884 , 1 

1260.4 

801.9 

1435 ,9 

5 37.3 

11 96.2 

100. 0 

33 . 5 
90.0 

4 .7 

6.0 
8.9 

34.3 

11.3 
1. 8 

76.2 
1.5 

65.3 
28 , 9 

8. 7 

76.3 

24.4 

95.3 

1384.2 

954,6 
1298.2 
1072 . 5 
1458, 1 

25 .8 

18.0 
2.3 

15 . 3 
9.4 
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As an example of rejection in the case of a set 
of interfering nuclides, the code output for the inte~ 
ference of 92Sr , llOmAg, 104Tc, 1331, 1341 is gi
ven in Table III, where the comparison between the 
detection limit and the expected intensity of the un
observed transition energies is reported. For the 
110rnAg the detection limit test was negative and its 
contribution has been dropped for the calculation of 
the activities of the other nuclides in the group. Af
ter this rejection, 92Sr results to be not interfering. 

The detail of the final calculation of activities 
and expected intensities for each branch of 92Sr and 
of the still interfering nuclides in the group are re
ported in Tables IV and V. 

Finally Table VI summarizes the results relati 
ve to all the identified nuclides. Activities at draw-=
ing time are evaluated by our program without tak
ing into account the decay relation between isotopes. 
For this reason the activities at T = 0 for 91my, 
92y, 133mXe and 135mXe are not reliable and do 
not appear in the Table. 

FIG. 2 - A multiplet in the test spe ctrum resolved 
' by' fitting the data with three gaussian functions BU 

perimposed to a quadratic background. The resi-
duals are reported in units of standard deviation of 
the counts, 
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FIG. 3 - Gamma-ray spectrum from a water sample of the primary circuit of the BWR 
Garigliano nuclear power plant. The spectrum has been counted for 1000 sec, 120 min 
after the sample drawing. with a 60 em 3 Ge(Li) detector placed at 130 mm from the 
sample. 
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TABLE III - Code output relative to the interference of 92Sr , 104Tc, 110mAg, 1331 and 1341. 

NUCLIDE 
ACTIVITY (PC/CCI 

T " 120 M T" 0 M 

SR92 2112:':40 3649 '!: 69 
AGIIOM 56 !44 56:':44 
1133 1810:24 1942 "!'25 
TC I04 35"!: 6 476S!827 
1134 1920:':28 10594't 152 

ENERGY EXP. INTENSITY CALCULATED INTENSITIES 
TOTAL SR92 AGIIOM 1133 TCI04 

241.65 127 :': 12 14 1 141 

358, 14 73 ! 12 69 69 

430.62 159 ! 36 187 155 

529 . 92 3461 ! 46 3484 3472 12 

595 . 33 456 ! 26 478 

707.65 89 ! 19 80 20 60 

766 . 63 128 ~ 22 175 

847 . 13 4089 ! 63 4093 

857.24 328 -t 29 346 48 

875 . 59 236 -t 26 181 181 

884.24 2883 ! 57 2882 90 8 

1072.57 734 't 37 652 

1142.63 200 "'!: 30 136 136 

1298.17 160 ! 35 92 92 

1383 . 87 . 4259 ± 79 4251 4219 32 

953.3 169 

657.70 116 

763.90 28 

93 7. 50 42 

123G.60 60 

535, 1 11 

893,0 7 

CIliSQUARE " 25.7 

TABLE IV - Cude output relative to 92Sr radioisotope. 

NUCLIDE 

SR92 

ENERGY 

241. 65 

430.62 

1142.63 

1383 . 87 

953.3 

CHISQUARE " 5.6 

ACTIVITY (PCI eel 
T = 120M T"OM 

2143! 38 7303 ± 66 

INTENSITY 
EXP CALC. DET. LIM. 

127 ! 12 141 

160 ~ 36 155 

201 ! 31 136 

4259 ! 7~ 4244 

169 173 

1134 DET.LIM. 

478 

175 

4093 

298 

2784 

652 

17;j 

lit 

109 

122 

112 

104 

159 
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TABLE V - Code output for the nuclides of Table III still interfering after 
the rejection of 110mAg. 

;.JUCLlDE 
ACTIVITY (PC/ CCI 

T .. 120 M 

TeID"" 36 ! 6 

1133 1812 '!" 24 

1134 1939! 22 

ENERGY .EXP. INTENSITY 
TOTAL 

358, 14 73 ! 12 73 

529.92 3461 ! 46 3488 

595, 33 45G ! 26 482 

707. 65 89! 19 60 

766.63 128 ! 22 176 

847.13 4089 ! 63 4133 

857.24 328 ! 29 349 

875,59 236 ! 26 lRl 

884. 2-l 2883 ! 57 2819 

1072.57 734 ! 37 659 

1298. 17 160 ! 35 92 

535 , I 

893,0 

1236.00 

CI-IISQUARE " 23.1 

TABLE VI - List of the finally identified 
radioisotopes in the test spectrum . For 
each isotope, activities and errors are 
reported . 

T" 0 M 

5300 ± 837 

1944 '!" 25 

.10701 ! 123 

CALCULATED INTENSITIES 
TC 104 I 133 1 134 DET. LIM. 

73 

12 3476 

482 

60 

176 

4133 

48 301 

181 

8 2811 

659 

92 

11 104 

7 159 

60 112 

T " 120 M 

COSO 25 !" 8 
SR91 964 ! 35 
SR92 2143! 38 
Y91M 701 ! 22 
Y92 I021!89 
Z R 95 259 ! 24 
M099 2019 ! 58 
TelQl 17 '!" 5 
TCI04 39 ± 6 
RUI06 2174:- 13 1 
Il31 254 '!" 10 
Il 32 1654 t 18 
1133 1812 t 24 
I1 34 1939 ± 22 
1135 3250 t 52 
XE133M 141 ± 36 
XE135 536 ± 10 
XE135M 69 t 10 
CS138 7S ± 46 
BAl39 346 t 8 
BA140 64 ± 92 
8A141 90 ± 16 
LA142 348 1: 27 
CE144 700 t 47 
NP239 818 '!" 23 
AM243 186 ± 8 

T " 0 

25 ! 8 
1124! 41 
3703 t 66 

239 ± 24 
2064 ! 13 
9709 '!" 2730 
5300 ± 837 
2174 ± 131 

256 ± 10 
3151 t 35 
1944 t25 

10701 t 123 
4054 t 65 

6301 '!" 12 

1421 ±825 
1012 ± 24 

65 ± 93 
12502 t 2187 

918 ! 72 
700 ± 47 
840 ± 23 
186 ± 8 
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