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ABSTRACT

The FORTRAN program IMPURE is used to process the gamma spectrum
of ®2Mpe eluted from fission produced Mo to determine the levels of
9Mp, 1817, 1827, 108Ry, and %PLa impurities, During counting with a
Ge(Li) detector and 512 channel analyser, the sample is scfeened in a

4.0 mu lead pot to reduce the ®°"Te contributions in comparison with the
impurities,

The program sums the counts accumulated in appropriate spectrum
peaks, and calculates the standard deviation, After correction for
decay, lead attenuvation, detector efficiency and the interference by
overlapping peaks, the activity of each nueclide and its percentage
contribution are calculated, The results are displayed in an easily

read format.
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1. INTRODUCTTON

Gamma ray analysis of ®®MD¢ eluted from fission produced 2®Mo
generators shows that in addition to 99mTc, small quantities of 99Mo,
1817, 1921, 19%Ry and 1°La may be present. A FORTRAN program 'IMPURE'
for the TBM360/50 computer is used to calculate the activities of these
nuclides from the spectral data, The use of this program in the analysis
of A.AE,C. produced "®™'c¢ was outlined in another report {Boyd et al.
1971) . Details of the program itself are given here,

2. THE GAMMA SPECTRUM

The gamma spectrum analysed is obtained from a 10 ml eluted ©SMpg
sample shielded in a 4.0 mm thick lead pot to reduce the 140 keV
contribution to manageable levels in comparison with the impurities
(Figure 1). The sample is counted in a Fixed geometry using a lithium
drifted germanium detector with a known energy response and a 512
channel pulse height analyser. Counting times for millicurie levels of
P9MPe are of the order of 100 minutes. The analyser gain corresponds
to approximately 5 keV per channel. At the end of counting the accumulated
data are read out in digital form and transcribed to punched cards to
serve as input data for the program. Only the first 400 channels are
used since no relevant peaks occur beyond that point. The counting time
and the decay time before analysis are also read in as data, The program
is used to calculate the relevant activities from the counts accumulated

in selected spectrum peaks.

3. THE PROGHAM 'IMPURE!

For a detailed flow diagram and a listing of the program see

Appendix A and Appendix B,

Initially three 400 element arrays of physical data used in the
calculations are established, These arrays are EN, P and EF, EN is the
photon energy from 0,005 MeV to 2,000 MeV in steps of 0,005 MeV
corresponding to each analyser channel, P in its final form is a table
of linear attenuation coefficients for each energy multiplied by the lead
screen thickness, This array is derived from a table of mass attenuation
coefficients read in as data. To avoild overflow in the caleculations the
first 16 values of P, which are not used in the calculations, are
arbitrarily set to zero, EF 1s the detector efficiency for each energy
step, calculated from an gmpirical formula fitted to experimental data
(Boyd et al. 1971), The calculation of EF walues (Statement 3,



Appendix B} includes a correction to the absolute efficiencies to allow

for the sample geometry,

A Do loop to Statement 56 contains the remainder of the program
to permit any number of spectra (M) to be analysed in a run on the
computer. The operations on the spectral data commence at Statement 309,
The counts accumulated in the 400 analyser channels used are read in as
an array KH and immediately converted from integer to real numbers
(array CH), The counting time, CT, the decay time before counting DT
and a sample reference KODE are read in according to FCRMAT Statement 8,

The activities are caleculated using photopeaks nominated in che
program. Sinece it was difficult to set the gain to exactly 5 keV per
channel, the positions nominated were determined from a number of
calibration runs and not calculated from the instrument gain, Exact
steps of 5 keV are used in the above data arrays and the values used in

the calculations are selected on this basis.

Where possible a photopeak unique to the nuclide iInvolved is used,
Where two peaks overlap, the order of calculation is chosen so that
appropriate corrections can be made. COMMENT statements head the program
steps for sach nuclide. The activity of ®®Mo is calculated first using
the 0.74 MeV peak. The exact position of the peak (chammel K) is
determined using a simple searching routine around the approximate
location between channel 143 and channel 150, The counts in this channel
and in three channels on each side are summed by using a Do loop
(to Statement 6). The background continuum of the spectium (BG} is
taken as the mean of the counts in the extreme channels of the peak
multiplied by the number of chammels, This 1s subtracted from the total
counts in the selected channels to give the molybdenum Peak helight,

- The standard deviation (DEVM) of the peak helght i1s calculated at
Statement 22 as an indication of the statistical significance of the
peak. If no ®®Mo is present or if the peak 1s very small 1t 1is possible
for the calculated value to be negative after subtraction of background,
When this occurs the program arbltrarily sets both the peak height and
the standard deviation to zero.

Two correction terms COR and CCRT corresponding to the Mo
contributlion at the 0,140 MeV peak of #°™¢ and the 0.36 MeV peak of
1811 are caloulated at this stage. The peak total is corrected for lead
sereen attenuatlon, detector efficiency and photon vield (10%) per
disintegration at Statement 23.



Using the formula.

Co = __LL_
(1-e™ )
where Co = the count rate at commencement of counting
CT = counting time
N = total counts in time CT
X = decay constant of nuclide

a correction is made for decay during counting, This is followed by a
correction back to the time of separation, The final step caiculates the

Mo activity (ACTM) in microcuries at the time of preparation.

The program then calculates the activities of the other nuclides in
the following order, 2°Mre (ACTT), 14CLa (ALA), 1°21 (ACTIB),
1817(ACTIA), and '©3Ru (ACTRU). The *93Ru calculation includes a
correction CORTL for the contribution of *¥CLa to the 0.498 MeV peak.

The 2°"MT¢ and impurity activities are summed by the statement

TOr = ACTM + ACTT + ALA + ACTIB + ACTIA + ACTRU

and the contributions of each az a percentage of the total calculated.
A series of WRITE and FCRMAT statements following the statement

WRITE (3,99) KCODE

is used to display the results of the calculations for each nuelide,
The activity, the percentage of the total activity and the standard
deviation of the selected peak are written out, The.number of figures
displayed is not intended to imply the degree of acecuracy. It has been
shown (Boyd et al. 1971) that the accuracy of results obtained is
generally of fﬁe order of * 20 per cent at the 90 per cent confidence

level,

A typical set of results is given in Appendix C. The number
following the heading ANALYSIS OF TECHNETIUM 99M is the identification
KODE, As a check on the stability of the analyser system the position
of the ®Mo peak is also noted,

4, ROUTINE USE OF PROGRAM

The progfam may be run as a Class A job under the MVT system of
operation used with the AAEC IEM360/50 computer, For convenience the
program has been stored on disc but may also be run with the FORTRAN



source deck, The appropriate control cards for disc and card operation
under this system and some additional information on data formats ete,

are given in Appendix D,
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APPENDIX A

FLOW SHEET FOR

IMPURE
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APPENDIX A (continued)
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APPENDIX A (continyed)

CoRmCt FOR‘W-'I—“V Yes CALCULATED HEIGHT LET PEAK
DECAY BoSITiVE HEIGHT = 0
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{T€ HEADING INCLUBING
SAMPLE I0ENTIFICATION

WRITE ALTIVITY PERCEMT
AND STANDARD DEVIATION
FOR T 88m
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E%S  AND STANDARD
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L2 140 Axb Ru 103
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ALL







APPENDIX B

Tlgbting of prozram LiAURL

rna

40

292

369

~ N

21
24

23

18

DIMENSION CH(423),EN(406) ,EF(482),P(480),KH(403)
X=2.0

Dn 2 1=1,4008

X=X+1.,7

EN(IY=0,0

ENCII=ENCT)+X
ENCI)=EN(LY /28,8
CONTINUE

DO 3 1=1,4404d
EF(I1)=2,932349/(EN(1)#x1,95)
CONTINUE

READ(1,43)P
FORMAT(8F8.3)

DO & 1=1,409
P(IY=P({1)%11,3437%0, 4220
READ(1,24@)M

FORMAT(IS)

D0 56 JJ=1,M

READ(T,2)¥KH

FORMAT(8I17)

Dn 55 [=1,400
CH{L)=KH(I1)

CONTINUE
READ(1,8)CT,DT,KODE
FORMAT(F6.3,F6.3,16)
MOLYBDENUM CALCULATICN
T=@.0

00 221 1=143,150
@=CH{I)-T
IF(0)122,123,123
CONTINUE

GO TO 291

T=CH(I)

K=1

CONTINUE

CM=@, n

J=K=3

L=K+3

DD 6 I=J,L

CM=CM+CH(I)

BG=3,.,5# (CH(K=3)+CH(K+3})
CM=CM=-BG
IF(CM-8.01)21,24,2°2
CM=¢,9

DEVM=p,.0

Go TOQ 23
DEVM=1090 . 9% (CM##8,5) /CM
CM=CM#EXP(P(148))/EF (148)
CM=CM/0,19

CMCO=CM

COR=CMCO#Q,046
CORT=CMCG#d, P11
CM=@,693+CM/(1.8~1 . B/EXP(B.693%CT/67.8))/67.0
CM=CM+EXP({.693%DT/57 .8}
ACTM=CM/ (3,7E+4%3600.3)
TECHNETIUM CALCULATION
CTM=2.2

Do 19 1=25%,31
CTM=CTM+CH(I)

CONTINUE



(o}

25
26

27
28

39

13

31
32

33
38

18

39
41

42
43

16

44
45

APPENDIX B (continued)

BG=(CH{25)+CH(31))+%3,5
CTM=CTM-B806
IF(CTM-2.8)25,26,27
CTM=9.,3

NEVIM=0.¢

GD T0Q 28
DEVIM=16¢ .8+ (CTM*#5,5) /CTH
CTM=CTM*EXP(P(28))/EF(28)
MOLYBDENUM CORRECTION
CTM=CTM-CNR
IF(CTM-2.2)29,320,34d
CTM=2.3
CTH=3.693#CTMA(L.0-1 ,0/EXP(D.,693%#CT/6.0))/6.0
CTM=CTMREXP(J,593%0T7/6.8)
CTM=CTM/3.971
ACTT=CTM/(3.,7E+4=360p.0)
LANTHANUM CALCULATION
ClLA=p.,d

on 13 I1=311,317
CLA=CLA+CH({T)

CONTINUE
BG=(CH(311)+CH(317))1+3,5
CLA=CLA-BC
IF(CLA-@.”)31332333
ClLa=@g.9

DEVLA=z2. 2

GO Tg 38 :
DEVLA=1Z0,E#(CLA#%#D,5)/CLA
CLA=CLA®EXP{(P(328))/EF(32m)
CORTL=CLA®B,41
CLA=B.693=#CLA/(1.0-1,8/EXP(D.693%CT/40.2))/40.2
CLA=CLA®EXP(8.693=DT/40.2)
CLA=CLA/¥.95
ALA=CLA/{3600.B+3,7E+4)
ISOINE 132 CALCULATION
CIB=0.G

D} 18 1=129,135
CIB=CIB+CH(I)
BG=CH(129)+CH(135)
BG=3,5#BG

CIB=CIB-~-BG
IF(CIR-1.@)39,41,42
Cis=0.8

DEVIB=§.d

GO 70 43
OEVIB=5i0p,8=(CcIB#*#0,5)/CIB
CIB=CIg#=EXP(P(134)}/EF(134)
ClB=0.683«CIB/(1.0-1,0/EXP(B.,6934CT/2,3))/2.3
CIB=CIB#EXP(@.693#DT/2.3)
ACTIB=CIB/(3600,0#3,7E+4)
TODINE 131 CALCULATION
ClTa=@.4

DN 16 [=70,7%
CTA=CTA+CH(I)}
BG=CH{(7@)+CH(75)

BG=3,0#RB6

CIA=CIA-BG
IF(CIA-B.9)44,45,46
CIA=0.0

DEVIA=9.2



45

47

A
51

99

11

 APPENDIX B (continued)

GO To 47
PDEVIA=10R, A+ (ClA*%£.5)/C1A

CIASCIA#LXP(P(72))Y/EF(72)

CIA=CIA=CORT

CTA=CIA/¥.79

IF(CIA-G,2)Y60,61,61

CIA=¢, U
CTAD.093#CTA/(1.A-1 , A/EXP(D.693%CT/192.96))/192.96
CIA=CIA#EXP(9,693#DT/192,96)

ACTIASCIA/ (266,843,760 +4)

RUTHENIUM 2R3 CALCULATION

CR=A. ¢

vn 12 i=97,161

CR=CR+CH({I)

BG=(CH(97)+CH{(1¢1))%2,5

CR=CR-GC

IF(CR-13,1134,5,51

CR=%,4

DEVRU=0.,1

G0 To 35

DEVRU=140.8#(CR*+¢,5)/CR

CR=CR=EXP(P(1AEAY) Z/EF (1 86)

CR=CR-CORTL

CR=CR/{.88

IF(CR-6.8136,37,37

CR=3,¢
CR=3.693#CR/(1.0-1.0/EXP{DB.6935CT/960.8))/960.0
CR=CR#EXP(2.693%0T/96%.0)

ACTRU=CR/(3680.623,7E+4)
TOT=ACTM+ACTT+ALA+ACTIB+ACTIA+ACTRU

PT=ACTT*1iBE.8/T70T

PMzACTM=1067,08/TOT

PLA=ALA®IAB.B/TOT

PIA=ACTIA®108,8/T70T

PIB=ACTIR+10@.8/T0T

PRU=ACTRU#1GD,B/TOT

WRITE(S,99)KODE

FORMAT (1H1,26HANALYSIS OF TECHNETIUM 99M, 16}
WRITE(3,11YACTT,PT

FORMAT(1H ,14HTECHNETIUM 99M,F9,2,11HMICROCURIES,F9.5,1H%)
WRITE(I,4)DEVTM

FORMAT(1H ,18HSTANDARD DEVIATION,F9,5,1H%)
WRITE(3,9)YACTM,PH

FORMATC(1IH »13HMOLYBOEMUM 99,F9,4,11HMICROCURIES,F9.5,1H%)
WRITE(3,1000)K

FORMAT(1H ,36HMOLYBDENUM 99 PEAK OCCURS IN CHANNEL,I4)
WRITE(3,4)DEVM

WRITEC(3,17)ACTIA,PIA

FORMAT(1H ,12HIODINE 131,F9.4,11HMICROCURIES,F9,5,1H%)
WRITE(3,4)DEVIA

WRITE(3,19)ACTIRB,PIB

FORMAT(1H ,1@HIODINE 132,F9,4,11HMICROCURIES,F9.5,1H%)
WRITE(3,4)DEVIB

WRITEC(3,14)ALA,PLA

FORMAT(1H ,13HLANTHANUM 1405,F9.4,11HMICROCURIES,F9.5,1H%)
WRITE(S,4)DEVLA

WRITE(3,23)ACTRU,PRU

FORMAT{1H ,13HRUTHENIUM 1#3,F9.4,11HMICROCURIES,F9.5,1H%)
WRITE(3,4)DEVRU

CONT I MUE

CONTINUE

STOP

END






APPENDIX C

Samples of regults as read out by the program IMPURE

ANALYS 1S OF TECHNETIULM 9SM15737)

TECHNETIUM 99M 374144 TMICROCURIES 99.96417%
STANDARD DEVIATICN f.21832%

MOLYBDENUM 99 12.22€62MICRCCURIES . (.035619
MOLYBDENUM 99 PEAK OCCURS IN CHAMNEL 146
STANDARD DEVIATICN r.78%84%

[ODINE 131 e MICROCURIES (.7 3
STANDARD DEVIATICN 1.97174%

TODINE 132 D40 MICROCURIES (.0 3
STANDARD DEVIATION r.0 %

LANTHANUM 140 HalOA&TMICROCURIES 0Q.00001%

STANDARD DEVIATICON Zé.72610%
RUTHEN IUM 103 NeTTETMICROCURIES  £.00020%
STANDARD DEVIATICN 2.€1176%

AMALYS IS OF TECHNETILM ISM4TT4T3

TECHNETIUM 99M 15336, STMICROCURIFES $5.945594¢%
STANDARD DEVIATION r.37065%

MOLYBDENUM 99 TET48MICRCCLRIES f.15131¢%
MOLYBOENUM 99 PEAK OCCLRS IN CHAMMEL 146
STANDARD DEVIATION £.69575%

[GDINE 131 DWG12CMICROCURIES £.00008¢
STANDARD DEVIATION 2.21176%

IODINE 132 Te ) MICROCURIES (.2 2
STANDARD DEVIATION 0.0 2

LANTHANUM 147 NeCO25MICROCURIES 0.0C0N2%
STANDARD DEVIATICN 2E.35532%

RUTHENIUM 103 Ne411SMICRCCURIES C.0n2686%
STANDARD DEVIATION 1.13728¢%






APPENDIX D

CONTROL CARDS RFOUIRED TD RUN ITMPURE
(1) WITH PROGRAM STORED ON DISC

/7
# //ELHIMP )07 11CW5673,E.1,R.HETHERINGTON
/7 EXEC  FORTHG,PEF=PACK6,NSN='IS0TOPE.PROGLIB',PRG=IMPURE
//GALSYSIN A #

5¢ TATA CA#ANE GIVING MASS ATTENUATION COEFFICIENTS IN FORMAT 3F8,3 THE
FIRST 17 VALUFSG To RE SET TO 7ERO

DATA CARD GIVING THE NUMBER OF SPECTRA ANALYSED (FORMAT [5)

FOR EACH SPECTRUM ANALYSED
5% JATA CARJIS GIVING COUNTS ACCUMULATED IN 408 ANALYSER CHANNELS [N FORMAT
E17 (A DIGIT NUMBERS WI1TH THE FIRST POSITION BLANK)
FOLLOWED BY
DATA CARD STYING COUNT TIME (FORMAT F&6.3) DECAY TIME (FORMAT F6.3) AND
ENENTIFICATION KODE (FORMAT [6)

'
/7

() WITH FORTRANM SOURCE DECK

'

#  //ELHIMP JOR T1CA%673,E L. R.HETHERINGTON
// EXEC FORTGCLA
//FORT.SYSINM Do #

FORTRAN SNURCE PROGRAM CARDS

/%
F/7GO.SYSIN ] #*

50 GATA CARDS GIVING MASS ATTENUATION COEFFICIENTS IN FORMAT 8F8,3 THE
FIRST 16 VALURES Tn BE SET T0O ZEROQ

DATA CARD GIVING THE NUMBER OF SPECTRA ANALYSED (FORMAT [5)

FOR EACH SPECTRUM ANALYSED ‘
5% DATA CAROS GIVING COUNTS ACCUMULATCD IN 400 ANALYSER CHANNELS IN FORMAT
817 (4 DIGIT WNUMBERS WITH THE FIRST POSITION BLANK)
FOLLOWED BY
OATA CARD GIVING COUNT TIME (FORMAT F6.3) DECAY TIME (FORMAT F6.3) AND
INENTIFICATION KODE (FORMAT [6)

/%
/7
# User's own JOR card reguired.
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