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SUMMARY

A computer program especially developed for activation analysis
problems is presented. This program is based on the measurement of
photopeak surfaces of complex gamma spectra obtained by means of
Ge(Li) detectors. Possible interferences from radioisotopes which give
photopeaks which can be superimposed to that measured are evaluated,
but not corrected.

The program has been used routinely since a few months for the
determination of radioelements in biological specimens.

The principles on which the program is based are given, and in
appendices the necessary instructions for its use and the complete list
are added.



Gamma spectra obtained with high resolution Ge-~Li drifted
detectors require multichannel analyzers with a large me-
mory if a wlde range of gamma energies (from O to 2 Mev,
e.g.) needs to be analyzed without loss of resolution due
to the finite width of the channels.

The use of an electronic computer for processing
the output data is almost a necessity in this case, parti-
cularly when a high number of spectra is obtained in rou-~
tine applications, such as activation analysis.

Although many computer programs are avalilable for
the unscrambling of scintillation gamma spectra, only a few
were developed up to now for the Ge-Li drifted spectra (1,2)
and none of them was especilally developed for activation
analysis problems.

We have set up a Fortran program called ANGIR for
the IBM 7090 computer, which was especially studied for qua-
litative and gquantitative activation analysis. Thilis program
has been used routinely since a few months with satisfactory
results.

The gamma spectra are presently obtained with an
18 cc Ge-Li drifted detector, developed in this laboratory,
coupled with a 512 channels analyzer, and recorded on punched
tape. The range of energiles analyzed can be restricted to
that of interest for the application done, by means of a thres-
hold amplifier.

The program does not attempt to make a complete
qualitative and quantitative analysis of all the peaks in the
spectrum, but only determines radioelements and checks for
interferences according to the instructions contained in
libraries which are especially prepared for the different
routine problems of the laboratory. All the libraries are
loaded with the reading statements of the program, and the
requester simply refers to them by numbers.

Manuscript received on March 7, 1967
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TABILE T

Program library for the determination of trace elements in
biological materials.

Analytical Specific Control
e g DY .
in kev (minutes) in kev
Co 1332 1.130x10° 2.496x1077
Cs 796 6.407x10%  5.980x1077
sc* | 885 1.490x10°  5.675x107°
*Ag 885 2.586x105 1.850x1070 1384 0.217
Fe 1098 0.750x10  1.060x10°
Rb 1079 . 8.430x10  3.320x107°
Zn’ 1114 1.410x102 1.965x10~°
S 1119 1.130x10° 5.675x10™° 885 1.320
se 513 5.430x10  7.400x107°
***7n 511 2.637x10  1.965x10™° 1114 5.55
(xx) The elements followed by asterisks are those having peaks

(°%)

The related inter-
fering peaks are preceded by the same number of asterisks.

not completely free from interferences.

This factor is calculated from irradiation of one pgm of
element in a thermal flux of 1013neutrons/cm »

at saturation.
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Table I shows a typical library for the determi-
nation of trace elements giving raise to long lived radiloiso-
topes in biological materials of interest in radioecology.

In each library the elements which are called for analysis
are listed and for each of them the energy of one or more
"analytical peaks" is given. Analytical peaks are chosen

as those giving the best sensitivity and the highest chance
of belng free from interfering activities, within a range of
energy which dépends on the resolution of the detector for
that energy, and on the stability of the gamma spectrometer.
The range chosen for our spectrometer is 1.5 times the full
width at half maximum. The resolution of the detector vs.
energy 1s tabulated as one of the libraries of the program.
The actions of the program for each analytical peak are the
following:

1) Scan the experimental spectrum and determine all peaks
present. For each of them determine the energy and the coun-
ting rated. A first selection of possible photopeaks 1is done
by considering a possible maximum in channel n when 1its
content ¢ satisfy the following conditions:

n
cn-2< Ch ~ P%r: > ®n42

where P is chosen empirically (presently P = 1).
The minima on both sides of the maxima are chosen as the channels
n-k and n+k' for which:

P Chn-k

°n+k'+1>°n+k' - F Vcn+k'

The area S of the photopeak is then determined as:

Ch-k-1 2 Ch-k ~

n4+k? c. ., + C '
S=S— o, - BT MK (k4 k4l )

n=n-k
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and its standard deviation 6; :

cC__, + C '
G = ]/S + n-k n n+k n2

S
A peak is retained as a true peak if

c;; < g/2

The energy corresponding to the peak is measured
by determining the symmetry axis A of the peak, after sub-
tracting the underlying background, by means of the equation:

k2 k2
A= 2 k(ck)/ Z C)
ky Ky

where the limits kl and k2 are chosen so that the corrected
channel contents c,. are all larger than half the channel con-
tent of the maximum.

All the preceding operations are performed by the Subroutine
PIKAR.

2) Calculate the concentration of the stable element and the
associate error, by correcting for decay ( Function TDEC),
and using auxiliary input data (weight of sample, irradiation
data, etc) loaded together with the gamma spectra (Subroutine
DETER). This subroutine uses the already described Single
Comparator Technique (3).

Those elements which do not have peaks completely free
from the danger of interfering radiocactivities are marked by
asterisks and the possible interferences are listed. Other
peaks of the interfering radiolsotopes and peaks ratios are
also listed as a means of controlling the presence and the
amount of the interference.

The program in this case also uses the Subroutine

DETER and acts as follows:
1) measure the concentration of the wanted element in the

way already indicated, and report it, as 1if no interference

would occur.
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2) check for the presence of the control peaks of the inter-
fering element, and measure their counting rate. If control
peaks are not found, determine with the Subroutine IPOL the
minimum counting rates that would have had a photopeak to be
detected over the existing background, and assume this as the
counting rate of the control peak.

3) measure, on the bases of photopeak ratios, what is the
highest fraction of the analytical peak which could be due to
the interfering element, and report it in percent.

I4) calculate the corresponding concentration of interfering
stable element, and report it in parts per million.

The knowledge of these three figures (ppm in case of no inter-
ference, maximum interference possible, corresponding concen-
tration of interfering element) are generally sufficient for
the analyst who controls the output of the computer, to decide
whether the determined concentration 1is reliable or if another
technique (e.g. cremical separation) must be employed. A
further control to see if the program has taken into considerat-
lon the correct peaks 1s the plotting of each spectrum, per-
formed by the Subroutine GRAPH, after the numerical results.
It is of course essential to assure that the detector is care-
fully calibrated. Thus a mixture of radioisotopes with gamma
peaks of known energy l1ls measured as the first of a set of
spectra, for calibrating the detector. The calibration curve
i1s calculated by the Subroutines KALIP and FITN and it is
used to calibrate all the spectra which follow.

The preparation of the llbraries for each kind of
problems which becomes a routine task of the laboratory is a
responsability of the analyst, as the cholce of the analytical
peaks, possible interferences, and control peaks is fully based
on his experience. It is nevertheless true that the selectivity
of the detector 1is such that the cases of interferences are not
many. The energy range in which the interfering peaks are
searched could perhaps be restricted considerably by using a
preamplifier with a high resolving power (preamplifier based
on fileld-effect transistors instead of our present vacuumn-tube
charge sensitive preamplifier) and by studying more carefully

the drifts of the analyzer.
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The necessary data for the preparation of libraries
are taken from a tabulation of gamma emitting radioelements
formed by (n,x') reactions, which 1s kept up to date for the
detector used, by means of another computer program (4). 1In
the tabulation all the possible gamma peaks are reported in
order to increase energy, with the indication of the corres-
ponding radiocelement, half life, and .the specific activity
of all its peaks obtained under fixed irradiation conditions
and counting geometry. When a new detector 1s obtalned, the
new tabulation 1s prepared by running the program with the
new efficiency curves of the detector.

A flow-sheet of the program is reported in Figure 1.
The full program listing and the instructions for its use are
given in appendices.

REFERENCES:

(1) R.L. Heath, W.W. Black and J.E. Cline, IEEE Trans. Nuclear
Science, 455, June 1966.

(2) J.M. Wyckoff, On Line Transformations of High Resolution
Spectra, Nat. Bureau of Standards, 1966.

(3) F. Girardi, G. Guzzi and J. Pauly, Anal. Chem. 37, 1085,
1965.

(4) G. Guzzi, J. Pauly, F. Girardl and B. Dorpema, Report
EUR 3154.e (1966)
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Appendix 1 : Instructions for the use of the computer program : ANGIR

1.

IDENTIFICATION

a) ANGIR, a Computer Program System for the Semi-Qualitative
and Quantitative Analysis of Trace Elements from Gamma
Spectra of Neutron Activated Materials, obtained with
Germanium Lithium Drifted Detectors.

b) G. GUZZI - August 1966

¢) EURATOM C.C.R. Ispra: Nuclear Chemistry Laboratory

INSTRUMENTS COMPUTERS AND CODE

a) Coaxial Ge(Li) detectors with active volume of 18 cc.
512 channels spectrometer (LABEN Milano) with the output
of data on tapes punched by a High Speed Tape Punch
(TELETYPE Corp.).

b) IBM 7090
IBM 360/30

¢) Fortran IV

USE_AND COMPOSITION OF THE PROGRAM

A) Use of the program:
INPUT consists of:

i) IME: one card for the computation of decay times of
the radioisotopes after the irradiation in the reactor.

FORMAT (12I6)

ii) One card with a set of switches which allow the pro-
gram to read the succeeding cards in a prefixed
sequence. Three switches are used at present, i.e. SS,
15 and I6.

FORMAT (12X, 4F6.2, 6I1, 5A6).
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iv)

vi)

vii)
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NTAB3: the number of elements present in the succeed-
ing cards.
FORMAT (I3).

TAB3: eight cards with the values of the resolution
(full width at half maximum) of the Ge(Ii) spectro-
meter in KeV vs. energy from O to 5“Mev3 in intervals
of 50 KeV.

FORMAT (12F6.3)

One card with the number of the different libraries
(KOMAX) used by the program, and the number of radio-
elements for each library (NUPIC).

One card for each radioelement in the library. This
card contains:

ENE: Energy in KeV either of the analytical peaks or
of the interfering peaks of the radioisotope.
Values of energy are taken from (4).

EIE: Name of the radiocelement.

AAS: Specific activity for a J& sample irradiated
in a flux of 1033 neutron/sq cm.sec.

XILAM: Decay constant of the isotope in minutes.

KT: Number of control peaks for the interfering
radioisotope.

FORMAT (F10.3,A6,2E12.6, Il)

One card for each interfering peak, containing:

AILEN: Energy of the control peak of the interfering
isotopes

RAR: Ratio between the area of the control peak and
that of the analytical peak.

FORMAT (10FT7.3)
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viii) One card for each set of spectra with the lower

x)

(KLOW) and the higher (KHIGH) channels considered
for the scanning of the spectra, the number of

the spectra of each set (NSPCT), the number of peaks
taken into consideration for the calibration of the
spectrometer (KE) and the energies in KeV (E) of

the peaks chosen.

FORMAT (2I3,216,9F6.2/(12F6.2)).
One card for completion of the preceding one, with

the number of peaks (KM) and the number of the
channel in which each peak falls (KLA, KIB).

FORMAT (35I2)

One card for each measurement made with the spectro-
meter, with:

KOL: Type of library to be chosen

NIRR: Irradiation number

JRRORA: End of the irradiation stating its hour,
minute, day and month

TIRR: Irradiation duration in minutes

NCAMP: Identification number of the sample

PESOC: Weight of the sample in grams

MISORA: hour, minute, day and month of the counting
TIME: Counting time in minutes

JPEC: Number of the spectrum

FLUSSO: Thermal neutron flux during the irradiation
FORMAT (2I4,412,F8.3,I4,F11.8,412,F8.3,I6,E11.3)

After each set of measurements there is a blank card
which allows the program to start the calculations
for the spectra belonging to that set.
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A magnetic tape obtained by transformation of the
punched paper tape by means of the 360/30 computer.
This tape contains all the snerfra produced by the
gamma spectrometer.

OUTPUT consists of:

1) The following input data:

1)

ii)

111)

iv)

DETECTOR RESOLUTION TABIE: A table of 96 values re-
presenting the f.w.h.m. in KeV vs. energy,
from O to 5 MeV.

LIBRARIES: one sheet for each library composed by
one line for each radioelement.

The calibration spectrum WHICH MUST BE AIWAYS THE
FIRST OF EACH SET.

The peaks found for calibration with their energiles,
the boundaries of each peak, and the equation of the
calibration line.

One sheet for each spectrum to be analyzed with the
data of the measurement.

2) After each spectrum there is:

1)

i1)

EIOW and EHIGH, low and high energy boundaries of the
spectrum (according to the calibration line).

PHOTOPEAK LIST: list of the photopeaks found with the
energy of each peak (and the channel in which its
maximum falls). For each peak the left side and the
right side minima are given, the area in counts per
minute, the assoclate statistical error (in counts)
and finally the resolution (f.w.h.m.) in channels and
in KeV.
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iii) A sheet with the results of the analysis of each
spectrum, with:

ELEMENT: The name of the radioelement found.

TH.ENERGY: the theoretical energy of the analytical
peaks, of the interfering peaks and of the
control peaks given in library.

EXP .ENERGY: Same energies, but found by the program
on the basis of the calibration equation.
If a control peak is not found, the
minimum detectable activity is calculated
aﬁd this value 1s printed out preceded by
the word SENSIT.

P.P.M.: part per millions calculated on the bases
of the area found and the values in library.

ERROR: Statistical error in part per million.

CONTRIBUTION: percent contribution of the interfering
peaks over the analytical peaks.

iv) Three sheets with the drawing of the spectrum divided
into three superposed parts (170 channels each part)
each plotted with different marks. The channel content
of the second and of the third parts are multiplied
by factors chosen by the program, to make them com-
parable with the first part.

B) Composition of the program:

The program is composed of a deck of Fortran Cards and its
listing is given in Appendix 2.

- MAIN PROGRAM: Reading and printing of the input data,
coordination of the subroutines, printing of the photo-
peaks list.

- SUBROUTINE RITE: reading of the magnetic tape and ftrans-~
formation of the data in a suitable format, by means of
FUNCTION KONV. This subroutine numbers each spectrum
and gives sign and corrects eventual invalid characters.
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- SUBROUTINE PIKAR: Research of the gamma peaks, evaluation
of the photopeak area, and of the assoclated statistical
error. FIor each peak found, is symmetry axis, its
corrected energy and its full width at half maximum is
calculated.

- SUBROUTINE KALIP: control that the peaks found are those
Indicated for the calibration and fit, by means of SUB-
ROUTINE FITN, a polynomial of order N=1 (in our case),
to the points used for the calibration.

- FUNCTION TDEC : evaluation of the decay times.

~ SUBROUTINE DETER: calculation of fthe concentration of the
stable elements and of the associated errors. For the
analytical peaks of the elements not completely free from
interfering radioisotopes, this subroutine controls the
presence and the amount of the interference. It checks
for the presence of control peaks and measures their
counting rates. If control peaks are not found, determines
by means of the:

~ SUBROUTINE IPOL the minimum counting rate, measures, on the
bases of photopeak ratios, what is the highest fraction of
the analytical peak which could be due to the interfering
element, and prints fthe results.

- SUBROUTINE GRAPH: plotting of the spectra as stated above.

4. RESTRICTIONS

The maximum number of different libraries is 5, for each
library 20 elements (analytical and interfering elements)

are allowed and each element can have a maximum of 5 control
peaks. Each set of spectra (calibration and unknown spectra)
is composed by a maximum of 10.

The maximum number of channels of the spectrometer which
can be used is 512.

If one wants to give to the program higher possibilities all
the dimensions must be changed.
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5. TYPICAL RUNNING TIME

For a typilcal analysis of 10 spectra produced by a Ge(Li)
detector (calibration spectrum plus nine unknown) plotting
ineluded, the running time (COMP./LOAD AND EXECUTION) is
about two minutes.

6. MATERIAL AVAILABLE

The list of the program is given. Upon request, the deck
of cards in symbolic code and binary cards are available to
scientists working in this field.
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