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ABSTRACT
A FORTRAN program DOSE has been written for the calculation of the
radiation dose from diagnostic radionuclides. It uses the basic dose
equation of the Medical Internal Radiation Dose Committee and published
absofbed fraction and decay data. Doses are calculated for a stated initial
or cumuiated activity in the whole body and those organs in which significant

uptake occurs.
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1. INTRODUCTION

The FORTRAN program DOSE described in this report permits the rapid
calculation of a radiation dose estimate for a given activity distribution
in the adult human body following the administration of a radiopharmaceutical.
The calculation of radiation dose from radiopharmaceuticals has been greatly
simplified by the Medical Internal Radiation Dose Committee (MIRD) Schema
(Loevingar & Berman 1968, Brownell, Ellett & Reddy 1968). This has provided
a single equation to cover calculations for all possible source and target
areas in the body and includes all types of radiations emitted by diagnostic
radionuclides.

This equation may he written:

o
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(v <« 1) X Ai¢i {v « r) .
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where average absorbed dose to a volume v from a source r,

(v « 1)

b

A = cumulated activity in pCi-h,
M = mass of target organ in grams,
A

= absorbed dose constant for the ith emission from the

source ¥, in g-rad/yCi-h,

¢i (v + r) absorbed fraction for the ith emission with the
source in r and v the target volume.

Thus, the dose to any organ may be calculated if the source organ
cumulated activity, the mass of the target organ, and the appropriate absorbed
dose constants and absorbed fractions are known. The source organ cumulated
activity is determined experimentally. Absorbed fractions and absorbed dose
constants can be found in the various MIRD publications, particularly those
of Snyder et al. (1969) and Dillman (1969, 1970).

In practice, dose estimates are only obtained for the organs in which
significant uptake occurs, and a few additicnal sensitive target regions. As
well as the obvious labour saving involved, this approach eliminates the
possibility that an organ of interest receiving an unexpectedly high dose
could be ignored.

2, QUTLINE OF PROGRAM

A listing of the program is given in Appendix A. It consists of the
basic preogram MAIN, and a subroutine EXTRAP. The abscorbed fractions, mainly
from Snyder et al. {1969),are read in as the array F(I,J,X) (Appendix B). The
subscripts refer to the source organ, the target organ and the photon energy.

Where possible, gaps in the absorbed fraction tables were made up by



use of the reciprocity principle which states that the ratio of absorbed

fractions is equal to the ratio of the organ masses:

¢i (v « ) _ M_v
¢i (r < v) Mr

For the combination where the heart is both the source and target organ,
the absorbed fractions for a small sphere of mass 0.6 kg were used (Brownell,
Ellett & Reddy 1968}.

Other gaps in the table were filled by linear extrapolation between
existing values. To permit extrapolation to energies below 0.01 MeV, values
of ¢i have been included for zero photon energies. If the target organ is
also the source organ, the zero energy absorbed fraction is assumed to be
unity. For an external target, this abscrbed fraction is assumed to be zero.
Where it has not been possible to provide any estimate of absorbed fraction,
an artificial value of 2 is used in the array F(I,J,K) to instruct the program
that the particular data does not currently exist.

The values of the absorbed fractions for energies between those listed in
the table are obtained by using the subroutine EXTRAP. Because of the statis-
tical uncertainty of the data, it was decided that linear interpolation
between known values would be adequate. If improved absorbed fraction data
becomes available, consideration should be given to the use of a more sophis~
ticated method of interpolation.

In its present form, the program calculates doses for eleven organs, which
are given together with their respective 'standard man' masses in a series of
DATA statements. The organs cited are: whole body, kidney, lung, liver,
skeleton, bladder, spleen, pancreas, thyroid, heart and ovaries. Details of
the radioisotope involved are provided on data cards. The first card lists
its name (SOTOP), the number of photon or particle emissions (NES), and its
half life (THALF). The emitted energies, absorbed dose constants and type
of emission are read from subsequent cards (one emission per card) and stored
in the arrays, E,D, and ITYPE. The most appropriate sources of this informa-
tion are the MIRD publications of Dillman (1969, 1970). A penetrating emission
is indicated by ITYPE=0. A non-penetrating emission is indicated by ITYPE=1,
The calculations are based on either initial activities (IOPT=1} or cumulated
activities (IOPT=0), read in at Statement 1001, taken up by any or all of the
organs included in the program. Cumulated activities are usually found by
experiment (Lathrop et al. 1972, Hetherington 1973) and provide the basis for

a more accurate dose estimate. If the initial uptake in an organ is known



but its ultimate fate not determined, then an estimate of the maximum dose
is obtained if removal by radiocactive decay only is presumed.

For a given source-target combination, the program determines the
apbsorbed fraction, the product of absorbed fraction and absorbed dose constant,
the sum of these products for all emitted radiations and, finally, the target
organ dose. The total dose to each organ is also determined. If no activity
is given for a particular source crgan, no calculation is performed and the
contribution from that source organ to any target dose is set at zero. For
a source-target combination encountering the value of 2 at a particular energy
in the absorbed fraction array, F(I,J,K), or in an extrapolation, the dose is
set to zero and an appropriate message is included in the output.

A typical example of DOSE input data and the output for two arbitrary
activity distributions of the radioisotope technetium-99m are given in
aAppendix C. The output lists tpe activity distribution, the calculated dose
for each source-target combination and the total dose to each organ.

3. DISCUSSION

The published absorbed fractions of Snyder et al. (1969) for the whole
body as the source organ are based on a uniform distribution of the radio-
nuclide in the body. It has been shown by Cloutier et al. (1973) and Smith
(1970) that, because of this assumption, doses to organs in which significant
uptake occurs, may be over estimated. To minimise this problem, the approach
in dose estimates for AAEC produced radiopharmaceuticals (Hetherington 1973,
and AAEC unpublished work) has been to consider as the whole body distribution
only that activity which cannot be specifically assigned, on the basis of
appropriate investigation, to particular oxgans. Since the unassigned activity
is generally small in comparison with the specific organ uptake, the error
introduced to individual organ estimates will be small in comparison with that
due to the error in the basic organ uptake estimate. This method has the
additional advantage that the ‘'whole body dose' does not include a component
from non-penetrating emissions from large concentrations of activity in
specific organs. The operation of the program in- its present form assumes
this approach. Some modifications would be required if a different convention
were adopted.
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APPENDIX A
LISTING OF THE PROGRAM 'DOSE’
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C

c THIS P3DGRAM CALCULATES THE RADIATION DOSE TO VARIOUS ORGANS OF THE
C HUMAN 40DY FROM DISTRIBUTED RADIOACTIVITY IN THE BODY
C

T e e e T A A LR S AR AR AR e At bbb bbbl
¢
DIMENSION EC1p@),00180), ITYPE(L008),ACT(208),WET(28),F(28,28,13),0R6
1aN(20,3),005E£(202,50TOP(4)
COMMON F

Qoo

READ IN DATA COMMON T ALL RADLIOACTIVITY DISTRIBUTIONS
DATA ORGAMC:,1),NRCAN(1,2),0RGAN(L,3),HEI(L1)/"HHOL','E BO','DY '
1,74036.0/

DATA ORGAN{2,1),0RCAN(2,2),0RGAN(2,3),WEI(2)/*KIDON','EYS ', '
1,288,/

DATA ORGAN(3,1),0RGAN(3,2),0RGAN(3,3) MEI(3)/'LUNG"*,"'S ! '
1,999.8/

DATA ORGAM(4,1),0RGAN(4,2),0RGANC4,3),WEI(4)/'LIVE','R ! '
1,1833.0/

DATA ORGAM(5,1Y,0RGAN(5,2),0RGAN(5,3),WEI(5)/"SKEL"','ETON"," '
1,10091.8/

DATA ORGANCE,1),0RGAM{6,2),0RGAN(6,3),WEI(6)/'BLAD", 'DER *,* !
1,509.8/

DATA ORGAM{7,1),0RGAN{7,2),0RGANC7,3),WEI(7)/'SPLE"','EN *,° '
1,176.%/

DATA ORGAN{B,1),0RCGAN(B,2),URGAN(B, 3}, HELI(B)/'PANC','REAS"," '
t,61.0/

DATA ORGAN(S,1),0RGAN(G,2),0RGAN({S,3),MET(9)/ ' THYR",'0ID *,* '
1119-9/ )

DATA ORGAN{19,1),0RGAN(1Z.2),0RCGAN(13,3),WETI(10}/ 'HEAR",'T et

1 '.603.8/

DATA NRGAM(11,1),0RGAN(11,2),0RGAN(LIL,3), HEI(L1)}/ 'OVAR',"[ES ',°*

1 '.8.6/

READ(l;li)(((F(IerK}|K=1313)nJ=1111’0Izltli)
11 FORMAT(6F16.3/7F12.3)
READ(1,19) SOTOP,NES, THALF
19 FORMAT(4Ap4,13,F6.2)
WRITE(3,456) THALF
456 FORMAT(*1',E12.3)
Do 7 I[=1,NES
READ(1,6)ECTI), DL}, ITYPE(D)
FORMAT(2F7,.4,12)
CONT I UE

~ O

READ IN (NEXT) RADIOACTIVITY DISTRUBUTION TO BE ANALYSED

10PT=p CUMULATED ACTIVITY (MILLICURIE=-HQURS)
=1 INETIAL ACTIVITY (MILLICURIES)

oo Qan

1001 READCL1,33,END=14688) 10PT,.CACT(I),1=1,11)
13 FORMAT(1I1,11F6.3)



aoOOoan

v RNyl aoaa

Qo

OO

a0 aooaa

a0

16

30

32

31

33

34

20

26

27

28

29

[ RN

19

a2

STOP IF nO MORE ACTIVITY DISTRIBUTIONS ARE GIVED

WRITE HEADINGS
WRITE(3,16}

FORMATIZIHL,SHHTARGET ORGAN DOSE IN RADS FROM ACTIVITY [N SOURCE OR

1GAN//LH ' SOURCE HHOLE BODY KIDNEY LUNG LIVER
SKELETON BLADDER SPLEEN PANCREAS THYROID HEART
OVARIES*//)

LF(larT)32,30, 32
WRITE(3,32) S0TOP, (ACT{(I),I1=1,11}
FORMATC® CUMULATEND ACTIVITY OISTRIBUTION IN MILLICURIE=-HOURS OF *,

14447 ', 317,11F11.3)

onTa 34
HRITE(S.33) SoTOP,(ACT(I),1=1,11)
FORMAT(' INITIAL ACTIVITY DISTRIBUTION IN MILLICURIES OF *,4Ad4/' !

1,11%,31F11.3)

CONT IHUF
HRITE (3,20
FORMAT(1H ,' TARGET*)

DOSE  CALCULATIONS
Do 5 J=1,11
TOTDOS=2.@
00 4 1=1,121

IF ACTIVITY [N SOURCE ORGAN IS A,S5ET CONTRIBUTION TO DOSE IN TARGET
ORGAN To 1

IFCACT(11)25,25,26

S1G6DFr =0,

LOOP TO 1@ CALCULATES SUM OF ALL ENERGIES PER DISINTEGRATION.ABSORBED
FRACTIONS '

00 10 [E=1,HE8

IF EMMISSION IS ELECTRON,AHSORBED FRACTION IS DECIDED £LSEWHERE
TFCITYPECTEY 227,27,.1

EN=ECIE)

CALL EXTRAP(I,J,EN,F1)

[FIEN+1.223,23,28

CNNTINUE

GOTN 3%

CONT IMUE

IFtI~-J)29,2,29

EMMISSINN IS ELECTRON,SOURCE ORGAN IS NOT TARGET ORGAN,ABSORBED FRACTION

IS SET TO @
F1=0,
GoTn 3

EMMISSINY IS ELECTRON,SOURCE ORGAN IS TARGET ORGAN,ABSORBED FRACTION
SET Tn

F1=1.,0

CANT [NUE

DELF=N{IEYaF !
SIGOF=51GDF+DELF
CONT [ NUE
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DOSECI) IS THE NOSE CONTRIBUTION TO ORGAN(J) FROM ACTIVITY IN ORGANLI)

DﬂSE(l)nncT(I)IHEI(J)'SIGDF*(THALF/ﬂ.69315)"10PT'1093.

TOTDOS=TOTONS+DOSE(D)

TOTOOS [S THE TNTAL DOSE T0 ORGANCJ)
60 T0 4

DOSE( 1 Y=i. 0

WRITE RESULTS

CONT [ NUE
HPITE(S.lZi(0RGAN(J;K).K=1.3).(DOSE(L)-L=1.11)
FORMAT(1H ,3A4,F10.3,16F11.3)
HPITE(3.14)(URGAN(JoK).K=1o3)pTOTDOS

FORMAT(1H ,50X.6HTOTAL +384,6HD0SE##,F103.3.,4HRADS//)
CONT INUE

6n T0 1861

sTOP
NR]TE(3.22)(0RGAN(I.K);K=1-3).(0RGAN(J:K).K=1.3)

FORMAT(' ABSORBED FRACTION DATA FOR THE ',3A4, ' TARGETING THE

1,344,715 NOT AVAILABLE'/? DOSE IS SET TO ZERO®)
DOSE(T1=R.1

GO0 T0 4

END
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SUBROUTINE EXTRAP(I,J,E.F1)

THIS SUBROUTINE PERFORMS LINEAR EXTRAPOLATION TO OBTAIN VALUES
OF THE ABSORBED FRACTION FOR VARIOUS ENERGIES AND SOURCE-TARGET
RELATIONSHIPS

*I' IS INDEX OF SOURCE ORGAN
*J* IS [NDEX OF TARGET ORGAN
'E' IS ENERGY OF PENATRATING EMMISSION
'FI' 1S THE ABSORAED FRACTION REQUIRED

DIMENSION F(206,20,13),EVAL(13)
COMMON F

DATA EVAL/E.B.B.Bi-0.615.5.02.9.5330.3515.1.0.2-9.5-1.9.1.5.2.8-4.

18/

DO 1 1J=21,13

IFIE~EVAL{IUYY2,1.1

CONTINUE

WRITE(3, 3} _
FORMAT(LH ,24HENERGY >4MEV ENCOUNTERED)
Fl=0.8

IF ENERGY OF GAMMA > 4 MEV,ABSORBED FRACTION SET TOD
RETURN

CONT INUE

I1=10-1

DOWN=F(],J,11)

UPsF(I,J,1J)

IF ABSORBED FRACTION DATA IS NOT AVAILABLE IN THE CARD LIBRARY,VALUE

READ FROM CARD 1S 2
IF((DOWN.GT.1.5),0R,(UP.GT.1.5))}GOTO 5
EDOWN=EVAL(]])

EUP=EVAL(I L)

SIMPLE LINEAR INTERPOLATION
FI=DOWN+ (UP=DOKN) / (EUP~EDNNN} % (E~EDOWN)
RETURN

£ IS SET TO <2 TO NOTIFY MAIN PROGRAM DATA IS UNAVAILABLE
E="2og .

RETURN

END
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LARAE+PA
.BlﬂE-@l
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W111E=32
SAGAE+2J
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0.20pE+01
A 2N4E-03
2,179E-22
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A.298E-B4
L99AE+ 0
L359E+0P
2.326E-03
L934E-03
LRLEL+00
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L277E-23

APPENDIX B

LISTING OF ABSORBED FRACTION DATA
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LU3IE+NY
3ARE+DD
.446E-D2
1142E'ﬂ2
.142E-01
LA96E-G2
.244E-01
+1B1E-01
LA53E+00
.4BBE-P1
762002
L341E-02
2P37E-82
.116E-02
L103E-82
.302€-23
263E-03
+SUDE-D4
7.804E-22
9,37?72E-82
0.,125E£-83
@.6U1E-Q4
LO96E+DD
LADBE+ YU
L787E+QY
L730E-01
P.284E-24
L339E-02
B.119E£-02
L2298 -01
@.305C-02
«336E-91
#.219E-04
.654E-83
@.175€-02
S531E-B2
#.243E-083
.114€E-02
P, 200E+01
A.20¢E+D1
0.204E-83
f.280E~22
f.260E-05
@.357e-C4
,996E+00
.354€+00
B.326E«43
.116E-02
L665E+82
L514E-01
L420E-22

.852E+82
L321E400
A412E-82
161E-02
L13R€E-21
JAGHE-82
L749E-¥1
.B896E-82
J67E+0D
.456E-01
H88E-D2
.274E-02
L242E-02
.914E-83
,828E-03
.534E-23
L.602E-D4
L6U0E-D4
n,769E-82
@.301E-02
F.125€-03
¢.56PE-04
L97LE+DG
.385E+00
.582E+20
.690E-21
f.284E-04
0357E‘92
#.808E-02
+21RE-21
m.208E-01
0313E-ﬂ1
@.219€-04
.854E-03
0.592E-@2
,457E-82
@.243E-03
.939€-82
2.200E+61
@.200E+01
B.204E-P3
@.181E-02
“,260E~05
¢.305E-04
.981E+0D
.329E+Q8
# 326E-03
.814E-83
JAT7SE+RD
,452E-01
L142E-01

,774E+08
L 342E+00
.338e-02
L152E-02
.122€£-91
L466E-02
.P21E-01
.912e-22
.188E+00
.413E-81
L625E-02
.291£-02
,223E-02
.9U3E-B3
.780E~B3
.348E-93
L111E-83
L70RE-G4
pP.635E-B2
#.345€E-82
0,122€-83
9.521E-04
LA6BE+DD
.359E+00
L 298E+00G
L600E-91
#.101E-02
.328E-02
9.264E-01
L 203E-01
9.,7@3BE~01
LIA9E-21
6.219E-04
,852E-03
2.,113€-01
LA4TL1E-D2
a,162E-02
LA111E-B2
9.200E+01
p.,700E+DL
@.204E-03
2,177E-02
0.260E=-E5
$.318E-B4
LR7BE+@D
.301E£+09
Q,326E-03
+915E-93
L 231E+00
L413E-21
.258E-01

.548E+08
.2BAE+DE
J233E-A2
154E-02
LA0RE-D2
L427E-02
.154E=-01
+B4TE-B2
«153E+08
|396E'@1
+445E-02
.231E-82
149802
. 740E-03
.567E-83
. 358E-483
L114E-83
LA1PE-D4
90469E'ﬂ2
.312E-02
¥.991E-04
p.492E-B84
L63ITE+00
L336E+00
1126400
.559E-01
#.,317E-02
,253E-22
g.3%59€E-01
. 193E-1
9.110E+00
.262E-01
@.291E-023
L678E-D3
B.871E-P2
+423E-02
8.1758-82
«1082E-02
g.200E+21
0.200E+81
@.142E-82
8.181£-92
@.247E-04
@|3ﬂ6E'04
L610E+00
.288E+88
@,923E-03
0939E"3
L892E-081
.382E-01
230E-81

AS ((lF(I.J.K).K=1.13).J=1.11).I=1.11) )

240E+D0
L9R4E-D3
.568E-P2
56BE-02
.252E-01
.147E-B2
.36BE-83
.142E-93
L 400E-24
#,145E-02
@,493E-84
.285E+00
449E-01
.265E-02
.157E-01
250E-01
L697E-23
«313E-02
.B02E-83
2.200E+01
#.148E-02
@.348E-84
(241E+00
«623E~-03
.314E-01



«173E-91
APBE+29
«611E-21
g.08aE+pn
+497E-04
0.08BE+GD
+146FE-02
2.0008E+7
JOOTE-E3
8,000k +007
«329E-04
B.0BDE+2N
B.139E-01
@.030E+80
B.203E-05
1.080E+00
JA454E+00
@.200E+52
+437E-22
PRt +Bn
J101E-01
1,0820E+40
+165E+p0
BOAE+ED
.498E-01
g,Ag0t+op
+2756-23
B.0BDE~DH
JHB6E~-A3
A.000C+0¢
«105E-02
0.000E+00
0.284E-24
a,000e+9p
B.674E-62
B.000E+00
B.175£-04
1.002E+¢0
«374E+30
D.0¢eE+pA
+931E-03
«DOBE+RR
«314E-p2
2.a00E+00
«4B6E-02
1.000E+0990
+173E+30
0.000E+00
+1B6E-D2
2.000E+QD
- 345E-83
A.000E+pR
156E-33
U.opeE+Q@
P.113E-24
B.000E+pH
f.188E-072
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8.501E+20
@.229E-01

B5

#.181€-01
P.116E-03
#.333E~-03
a.536E-04
9.120E-03
A.20@E+01
#.200E+01
@.335£-04
0.204E-03
B8.272E+00
P.199€-81

8.930E-02
A,116E-83
@.289E-93
B.536E-04
B.704E-04
0.200E+01
7.200€+01
0-335E-ﬂ4
¢,393E-03
P,984E-01
P.176E-01

A.,918E-82
2.,116E-83
@.,422e~83
B.536E~04
P.1B9E-D3
N.200E+01
2.200E+01
B.335E-04
@.417€-03
B.294E-81
n,170E-01

@.752E-02
9.4026-03
?.189E-03
0.280E+01
0.394E-03

2.137e-01






APPENDIX C
INPUT TO AND RESULTANT OUTPUT FROM 'DOSE'

Ccl. TYPICAL BLOCK OF DATA FOR *DOSE

TECHNETIUM 99M 2@ 6,080
0821 .2902
.A817  .BR36
,1465 .2643
1195 .8225
L1377 .pB32
.1427 .0001
.1217 .Q@25
.1399 .08209
.1423  .20@@3
.0184 .0217
.2183 .0088
2286 .20B5
0218 .Q2001
2024 02300
.8155 0005
.0178 .0002
3202 0000
0019 .0004
L0004 ,0010
.1401 .9011

@ 8.0006 8.000 3,000 3.00030.00012.000

1 1.000 ¢.800 C.009 1,000 5.000 1.800
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