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HIGHLIGHTS

This report describes a revision of the SFACTOR computer code.
SFACTOR has been developed to estimate the average dose equivalent to
each of a specified list of target organs per microcurie-day residence
of a radionuclide in source organs in man. Source and target organs
of interest are specified in the input data stream, along with nuclear
decay irformation. The SFACTOR code computes components of dose
equivalent rate from each type of decay present for a particular
radionuclide, including alpha, electron, gamma radiation, and sponta-
neous fission.

The principal refinement to the program is the addition of a
method for calculating components of the dose equivalent rate from
alpha particles to endosteal cells and red bone marrow from a source
in m.neral bone. Other details of the calculatiras remain unchanged
from those described in a previous document.

Tabulations of all components of S are provided for an array of
22 source organs and 24 target organs for 19 radionuclides in an

adult. Corrections to previously published tabulations are presented
in Appendix I[II, based upon methods discussed here.




PREFACE

This report describes a revision of tho SFACTOR! computer code.
The principal refinement in the prcgram is tie addition of a scheme for
calculating components of dose equivalent rate for alpha radiation to
endosteal cells and red bone marrow from a source in cortical or can-
cellous bone. This procedure, described in Sect. 2.3, is based upon
methods of Thorne.?

Other details of the calculations have remained unchanged from
those documented in Dunning et al.! Some of the expository text from
that document has been repeated here, with minor editing, for the
reader's convenience.

Because of the relationship of this document to previous reports
in this series, we have retained the units rem, rad, and curie (and
their prefixed derivatives), believing thai substitution of their SI
counterparts (sievert, gray, and becquerel, respectively) at this mo-
ment would prove unduly inconvenient to the reader in making cross
references among the reports. Future reports will be written in terms
of the SI units. The conversions are 1 rem = 0.01 sievert, 1 rad =
0.01 gray, and 1 curie = 37 x 10° becquerel. Thus 1 rem per micro-
curie-day = 2.7 x 1077 sievert per becquerel-day, which expresses the
combination of units of the S-factors.




1. INTRODUCTION

A computer program, SFACTOR,' has been developed to estimate the
average radiation dose equivalent rate S(X « Y) in rem per microcurie-
day to target organ X due to 1 pCi of a given radionuclide uriformly
distributed in source organ Y. Alternatively, the "S-factor" may be
interpreted as the dose equivalent to target organ X per microcurie-day
in source organ Y of the radionuclide. In the context of this report,
the term "organ" is not used in the strict anatomical sense in all
cases; rather, it is used to identify general anatomical areas func-
tioning as radiation sources and targets.

An extensive tabulation of S-factors for 22 source and 24 target
organs was undertaken by W. S. Snyder and his colleagues.®** Calcula-
tion of these values is ba.ed on an adult phantom with properties simi-
lar to those of the International Commission on Radiological Protec-
tion's (ICRP) Reference Man.®

The SFACTOR code was written to compute and tabulate S-factors and
punch them onto cards. The cards are read by a second computer code,
INREM II° which has been prepared to input S-factors, together with
metabolic data, and estimate radiation dose which results from the
uptake and retention of a radionuclide and its radioactive daughters in
one or more source organs to each of a number of target organs in man.
The radionuclide is assumed to be taken inte the body either by inhala-
tion or by ingestion in accordance with a rate function specified by
the user.

We assume that the nuclide (the parent) taken into the body is the
first in a chain of N radioactive nuclide species (N > 1), and that the
activity AVY(t) (microcuries) of species v (1 < v < N) in source organ
Y has been calculated as a function of time t (days). If we write

C: t
AVY(t.) =f0 AVY(t') dt' , (1)




then the dose equivalent DV(X) (rem) to target organ X due to nuclide
species v in all source organs may be computed from the equation

0,(X) = st(x “Y) Ay (2)

where the summation is taken over all source tissues Y. The total
dose equivalent to target X (rem) resulting from the intake of the

parent radionuclde is

0O = Y D00 (3)

In case the time t at which the integration ends coincides with the
age of the individual's life expectancy, D(X) would be the individ-
ual's dose commitment to organ X following the intake of the parent
radionuclide.

The tabulatic of S-factors by Snyder et al.®»4 decomposes the
total S-factor ito components for electron and photon emissions. We
have followed this scheme in preparing SFACTOR and have also included
components for decay by alpha and spontaneous fission.

The SFACTOR code, described in Dunning et al.! and in this re-
port, computes the S-factors; the INREM II code accepts these, togeth-
er with other data which determine intake, translocation, uptake, and
retention of species of a radionuclide chain, and computes estimates
of dose equivalent to a specified list of target organs.



2. DOSIMETRIC S-FACTORS

In the SFACTOR program, we have adopted intact the methodology set
forth by Snyder et al.* % for photon and electron radiations, and these
decay types will not be described in detail here. Some additions, how-
ever, were incorporated into calculating components of S(X « Y) from
alpha particles and from radiations stemming from spontanecus fission
of the transuranic elements. These additions and the underlying
assumptions are noted below.

2.1 General Formulation

The dose equivalent rate (rem per microcurie-day) to a target
organ X from a source organ Y due to an emission of type i may be cal-
culated from the general equation

si(x + ¥)=5115 :E::fiEi¢i(x « Y)Qi(X)Ni(X) . (4)
where
51.15 = (g-rad/MeV) (disintegrations/uCi-day),
fi = intensity of decay event (number per
disintegration),
Ei = average energy of decay event (MeV),
¢i(x « Y) = specific absorbed fraction = fraction of
emitted energy from source organ Y absorbed
by target organ X per gram of X (g-'),
Qi(X) = quality factor for decay type i in the target
organ X,
Ni(X) = modifying factor for decay type i in target

organ X,



and where the summation is taken over all radiations of type i. For
photon emissions, specific absorbed fractions ¢i(X « Y) are inter-
polated from a basic set that were computed by Monte Carlo methods for
all combinations of 22 source and 24 target organs and 12 energies.?
Methods of calculating ¢i(x « Y) values for other forms of decay are
noted below. Table 1 defines Qi(X) and Ni(X) for all radiation decav
types considered.

Table 1. Quality factors and modifying factors used in
SFACTOR calculations

Radiation decay Ni(X)
type i Target organ X
Qi(x) GI tract Bone Other
a 107 0.01 57 1
a recoil 20 0 5o 1
e, B, B 1 1 1 1
Photon 1 1 1 1
Fission fragment 20 0.01 5P 1
Neutron 10 1 1

“While Q (X) = i0 has long received wide use, the value Q (X) =
20 has been“recently recommended by the ICRP.7 Should the feader
prefer the factor Q (X) = 20, it is necessary only to multiply the
alpha components tablllated in Appendix Il and 1II by 2, and to divide
by the factor NG(BONE) = 5 when the source and target organ is bone.

bThe factor N (BONE) = 5 when the source and target organ is bone.
N.(BONE) = 1, whéh the radionucide taken into the body is an isotope
of radium.



When the target is total body, special calculations have wveen per-
formed in certain cases. Increased dose rates from a source in bone
[Ni(BONE) = 5] have been taken into consideration for alpha, alpha
recoii, fission fragment, and neutron radiations; this conrsideration
is applicable when the source organ is cancellous bone, cortical bone,
or total body. Cimilarly, decreased dose rates from a source in the
gastrointestinal (GI) tract to the total body target can be considered
for alphas, alpha recoil nuclei, and fission fragments. These special
calculations are discussed later in this chapter.

2.2 S-Factors for Betas, Positrons, and Discrete Electrons

In most cases, beta rays, positrons, and discrete electrons are
assumed to be insufficiently energetic to contribute significantly to
cross-irradiation doses of targets separated from a given source
organ. Thus, when source and target coincide, the specific absorbed
fraction ¢i(x « Y) is the reciprocal mass of the organ; when source
and target are separated, ¢i(x « Y) = 0. Exceptions to this rule
arise for those cases where the source and target are distinct but may
be considered to share a common boundary or to be in close proximity.
Included in this category are various skeletal tissues, respiratory
tissues, and walled organs (bladder, segments of the GI tract) in
which the organ contents comprise the source. The reader is referred
to Snyder et al.® for a discussion of these cases.

2.3 S-Factors for Alpha Particle Decay

Similarly, the energy of alpha particles and their associated
recoil nuclei is assumed to be absorbed within the source organ in the
general case. Therefore, ¢“(X « Y) is again taken to be the recipro-
cal organ mass when the source and target organs coincide, and zero
when they are separated. Both the kinetic energy of the alpha parti-
cle, and the recoil energy of the daughter nucleus are considered.
The equation for Su (rem per microcurie-day) therefore becomes



Sa(X «Y) =51.15 (KE)Q"Nu + (RE)QRENRE ¢u(X « Y) (5)

where (KE) and (RE) denote the kinetic and recoil energy, respective-

ly, and are " »n by

(KE) =§:faEu , and (6)
LR
(F) = A -3 quEﬂ 5 (7)

where A is the mass number of the radionuclide, and the summations are
taken over all alpha particles for the given radionuclide. Values for
the factors Qu. Na

In the GI tract, recoil nuclei are assumed not to penetrate the
mucous lining; thus, RE = 0 for this case. For all walled organs, the
dose to the organ walls is taken to be half that to the contents. In

. QRE' and NRE were previously given in Table 1.

the case of irradiation of the bone compartment by a source in corti-
cal or cancellous bone tissue, ¢“(X « Y) is taken to be the reciprocal
mass of the target, and Nu(BONE) = 5 as noted in Table 1. For the case
of irradiation of bone by a source in the total body, ¢u(x « Y) is
equal to the reciprocal mass of the total body, and the modifying
factor of 5 is again employed. No cross irradiation is assumed for the
respiratory organs (lungs and respiratory lymph nodes).

The calculation of S“(T BODY « Y) is handled in a manner similar
to the beta methodology in most rases -- that is, wu(x « Y) is the
reciprocal mass of the total body. In the case where the source tis-
sue is cortical or cancellous bone, a modifying factor of 5 is employ-
ed. When the source is the contant of a walled organ, ¢“(X « Y) is

calculated somewhat differently, as follows:




¢ (T BODY « Y) = 1/2 "H/(MTBMC) ’ (8)

where Mw denotes organ wall mass, Mc denotes the mass of the ccntents,
"TB denotes total body mass, and the dcse rate to the organ wall is
half of that to the contents. This value is equivalent to the spe-
cific absorbed fraction used to calculate the organ wall dose, multi=-
plied by the organ wall to total body mass ratio; essentially, the
dose rate to the organ wall is assumed to be distributed uniformly
throughout the total body mass. One additional adjustment is incor-
porated in the case where the content of a segment of the GI tract is
the source; modifying factors of N'a = 0.01 and N'RE = (0 are also
included to account for the limited penetration of the mucous lining.
Finally, in calculating the dose equivalent rate to total body from a

, source in total body, the equation is modified to take into account
the increased dose equivalent rate (rem per microcurie-day) from bone,
in the following manner:

S&(T BODY « T BODY) = Sa(T BODY « T BODY) +
4/5(MBON[/MTB)50(BONE « T BODY) (9)

where Sd(T BODY « T BODY) is given by Eq. (5). This original calcu-
lation includes the dose rate to the total body from a source in bone
without regard to the modifying factor of 5 which should actually
accompany the calculation. We compensate for this difference by add-
ing back into the equation the remaining fraction of this dose rate
from a source in bone on a mass-weighted basis.

In the case of alpha-emitting radionuclides deposited in bone,
special S-factors are computed for the target tissues consisting of
the endosteal cells and red marrow, when the source organ is can-
cellous or cortical bone. In the report of Dunning et al.,! which is
based on the metheds of Snyder et al.,® * these alpha doses were tabu-
lated as zero as an interim default action. For the present report,
these S-factors have been derived from absorbed fractions computed by




Thorne? for a discrete range of alpha energies and source activity at
various depths in bone. The following paragraphs present some details
of the translation of Thorne's infrvmation into alpha-component

S-factors.

2.3.1. Alpha dose to endosteal cells and red marrow from radio-
nuclides distributed in mineral bone volume

If 1 puCi of an alpha emitter is c¢niformly distributed throughcut
the bone, the fraction in a layer at depth z from the surface, with

thickness Az, is

AM - A-Az-p
Y ’ (10)
MBoNE Meone

where MBONE' the mass of mineral bone, is 5,000 g; A, the area of the
total endosteal surface, is 12.5 x 10* cm?; and p, the density of soft
tissue, is 1.00 g/cm®, the numerical values having been taken from ihe
Reference Man report® and Thorne.? If linear measures are converted
to micrometers, we have

AM .
. (2.5 x 10-%)az . (11)
BONE

While there is some uncertainty about the location of the endosteal
cells at risk for radiation-induced bone sarcoma, the ::ycr between 0
and 10 ym from the surface has been used for these calculations.’” We
write oe(Ea, z) for the fraction of the alpha particle energy, initial
energy Eu' emitted from depth z that is absorbed by the layer of tar-

get endosteal cells. Similarly, we use ¢m(E”, z) as the corresponding
energy fraction absorbed in the red marrow, which is assumed to be con-
tained entirely within cancellous bone. For an assumed uniform distri-

bution of radioactivit throughout the bone



b (ENDOSTEAL CELLS « BONE VOLUME)

o
Zmax

L L
= ﬁ; (2.5 x 10 3)¢e(Eu.z)dz (12)

b (RED MARROW « CANCE!'NUS BONE VOLUME)

Zmax

= Fli' (2.5 x 10-3)¢_(E_,2)dz , (13)
m
0

where Me = 125 g and Mm = 1500 g are the masses of the 10 pm layer of
endosteal target cells and the red marrow, respectively, and is a
depth beyond which . e alpha penetration is negligible. Values of
¢e(Ea. z) and ¢m(Eu, z) were read from graphs given by Thorne? and the
integrals estimated by the trapezoidal rule for each of the alpha
energies Eu =3, 4, ..., 8 MeV. These values are presented in Table 2.

2.3.2 Alpha contribution to endosteal cells and red marrow from
radionuclides distributed on mineral bone surfaces

When the distribution of radioactivity is restricted to the . yne
surfaces, we may express the specific absorbed fractions for target
endosteal cells and red marrow as

b (ENDOSTEAL CELLS « BONE SURFACE) = ¢0(Ea' z = 0)/Me , and (14)
u

b (RED MARROW « CANCELLOUS BOh. SURFACE) = 0.5/Mm g (15)
o
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Table 2. Specific absorbed fractions for alpha part1cles
for endosteal cells and red marrow”

£, b (ENDOSTEAL « BONE) b (RED MARROW « BONE)
o i
(MeV) Volume Surface Volume Surface
distribution distribution distribution distribution
3 5.8E-5 3.4E-3 5.1E-6 3.3E-4
4 7.8E-5 3.0E-3 8.1E-6 3.3E-4
S 9.26-5 2.4E-3 R 3.3E-4
6 9.5¢-5 1.8E-3 1.56-% 3.3E-4
7 ) W 1 L 1.4E-3 2.06-5 3.3E-4
8 1.0E-4 1.1E-3 2.5E-5 3.3E-4

“Calculated from graphical information given by M. C. Thorne,
“Aspects of the Dosimetry of Alpha-emitting Radionuclides in Bone
with Particular Emphasis on ?2%Ra and %3%Pu," Phye. Med. Biol. 22,
36-46 (1977).

For all decay emissions other than alpha particles, the assump-
tion of a uniform volume distribution within bone remains in.act.
Moreover, the alpha dose to the target "BONE" in the tables assumes a
volume distribution and contains the N-factor of 5. These inconsisten-
cies are called to the reader's attention in the hope that once under-
stood, they might not cause undue confusion until such time as compara-
ble refinements for the other decay types can be implemented. The
effect of the inconsistency for the two target tissues in question,
endosteal cells and red marrow, is generally negligible for alpha-emit-
ting radionuclides in view of the dominant magnitudes of the alpha

anergies.
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2.4 S5-Factors for Spontaneor's Fission Decay

In the dosimetry of internally deposited transuranics, radiation
resulting from spontaneous fission may also comprise an important com-
ponent of S(X « Y). Because of the high energy associated with spon-
taneous fission, this decay mode may produce an important contribution
to the total dose equivalent rate, even when the actual percentage of
decay by this pathway is very small. Table 3 presents the fraction of
decay by spontaneous fission for nuclides in Appendix III.

A methodology for estimation of dose equivalent rates to organs
of a reference phantom from spontaneous fission of internally deposit-
ed radionuclides has been developed by Dillman and Jones.® They com-
pute romponents of S(X « Y) for spontaneously fissioning nuclides due
to f..sion fragments, neutrons, electrons, and gamma radiation. We
have adopted this methodology essentially intact, with the addition of
reference “52Cf neutron doses derived by Ford et al.® for a larger
array of source and target organs. Further additions to the basic
methodology were incorporated to accommodate the special cases pre-
sented by this extended array of organs.

Table 3. Spuntaneously fissioning isotopes in Appendix III

Radionuclide Fission decay fraction (fsf)
U-238 4.5 x 10-7
Pu-2386 1.7 x 10-°
Pu-240 4.9 x 10-8
Pu-242 5.5 x 10-%
Pu-244 1.0 x 10-3
Cm-242 6.8 x 10-%
Cm-244 1.3 x 10-%
Cm-248 9.0 x 10-2
Cf-252 3.1 x 10-%
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The principal energy associated with spontaneous fission is that
of the fission fragments. Diliman and Jones® indicate the range of
fission fragments in tissue to be comparable to, or less than, that of
alpha particles. We have assumed, therefore, that the energy is gen-
erally absorbed within the source organ, and that the dosimetric
behavior of the fission fragments is essentially identical to that of
alpha particles produced in normal alpha decay, as discussed in
Sect. 2.3. For the fission fragment dosimetry, however, a quality
factor of QFF(X) = 20 is used, as in the case of alpha recoil nuclei.
The specific absorbed fraction is equal to the reciprocal mass of the
organ for the general case where source and target organs are identi-
cal, and treatment of special cases (i.e., bone, walled organs, GI
tract, and total body) is identical to that of alpha particle dosim-
etry. Sufficient data were not available for calculating fission
fragment contributions to the dose equivalent rate to endosteal cells
and red marrow from a source in bone as described in Sect. 2.3 for
alphas; however, consideraton of this contribution would lead to a
significant elevation of the composite S-factors >~ these tissues for
only a few radionuclides, such as 2%%Cm and 252Cf.

Neutron dosimetry associated with spontaneous fission is based
upon reference dose distributions (picorads per neutron) for 252Cf
deposited uniformly within the organs of & adult phantom, as deter-
mined by Monte Carlo technigues.® Neutron doses for radionuclides
other than 252Cf are computed by scaling these reference values on the
basis of the total neutron energy relative to 252Cf decay. In ali
cases where the target organ is bone, we have incorporated the modify-
ing factor of 5 to account for the increased dose equivalent rate to
bone. When the target under consideration is the total body, the
equatien of Dillman and Jones® is modified to account for this in-
creased dose equivalent rate to bone,
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SA(T BODY « Y) = S (T BODY « Y) + )S (BONE « Y), (16)

3 (Mgone/Mrg
where Sn(T BODY « Y) denotes the value from their original equation.

The dosimetry of fission-produced beta cadiation is handled simi-
larly to that described previously for betas from other decay schemes.
The average energy of the betas produced following spontaneous fission
is computed empirically using 2°%U as a standard for comparison. Dose
distributions among individual bone tissues are approximated according
to ratios presented by Dillman and Jones.®

The component of S(X « Y) from prompt and delayed gamma rays
associated with spontaneous fission is computed from reference 235U
spectral data. Dillman and Jones® have approximated the prompt gamma
spectrum of 23%UJ with a series of 42 monoenergetic photons; similarly,
the delayed gamma spectrum was approximated with a series of 28 mono-
energetic delayed gammas. With this information, sy(x < Y) in rem per
microcurie-day car be computed in a straightforward manner as,

S(X«Y) 51.15 ZEftb(X Y)*RZE‘d]d] «Y)

=1 P ipi =1

X fsfoy(X)N,(X) . (17)

where subscripts p and d denote prompt ar+ delayed gammas, respective-
ly, R is an empirical “atic ¢ the .tal energy released by delayed
gammas for the fissioniy, species in vniestion to that of 225U, and fos
is the fraction of dec.y by -<pentai- s fission. The factors Q (X)
and Ny(X) are always equal t unity in this equation as in trad1*lona1

gamma dosimetry.
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3. THE SFACTOR CODE

The basic structure of the SFACTOR program is shown in Fig. 1. A
complete listing of the PL/I source code with extensive commentary is
found in Appendix I. Output tabulations are presented in Appendix III
for those radionuclides listed in Fig. 2. The atomic and nuclear

decay data are from Kocher.!'®
3.1 Input Requirements

Input to SFACTOR is accomplished within two procedures. In the
first of these, INITIALIZE, all basic information which is not nuclide-
specific is entered from cards or card images as shown in Fig. 3. The
numbers of source and target - -~gans (NSOURCE and NTARG, respectively)
to be considered are read first, followed by the name and mass of
each.

Photon specific absorbed fractions (PHIPHO) are then input for
twelve monoenergetic pnotons and each source and target combination.
This file must be arranged in blocks such that for each source, the
twelve values for each target are listed sequentially (each set on a
pair of cards with formats 7E10 and 5E10); that is, NSOURCE blocks of
NTARG pairs of cards are required. The final input to the INITIALIZE
procedure consists of reference neutron doses (picorads per neutron)
for every source and target combination [SON(NSOURCE, NTARG)] for the
spontaneous fission of 252Cf. This file must be organized in such a
manner that the doses for all source organs are listed sequentially
for each target tissue (i.e., NTARG groups of cards, each group con-
taining NSOURCE values).

The second stage of input is performed by procedure INDATA. This
routine reads in the specific nuclear decay information for the
nuclide under consideration. A lead card containing the name of the
nuclide is required with the form NU-A or NU-AM, where NU is the one-
or two-letter chemical abbreviation, A is the mass number, and M de-
notes the metastable state. The name must begin in card column 1.
The hyphen is required, and imbedded blanks are not permitted.



ORNL-DWG 77 2741R

DRIVING PROGRAM
INITIALIZE INDATA OUTDATA P AOTON FIZZ-DOSE ouTPUY
INPUT NON- Sunt PRINT ALPHA-DOSE E-DOSE D08 CONTRIBUTION PRINT
NUCLIDE- NUCLEAR NUCLEAR CONTRIBUTION CONTRIBUTICN CONTRIBUTION 1O S FROM MATRIX OF
TOSFR
ls;:.erc‘:nc SaTA gii:v TO S FROM o TOSFROM e OSFROM Y SPON. FISSION SFACTORS
ARCH PRINT-HEADING
PRINTO :TNDC { INTERP PRINT SOURCES
SUBORCINATE APPROPRIATE ! INTERPOLATION PRINT-SFACTORS
PRINT ROUTINE INDEX ROUTINE SUBORDINATE

Fig.

1. Structure of the SFACTOR program.

PRINT ROUTINES

61
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Fig. 2. Radionuclides for which S-factors are tabulated
in APPENDIX II. (Radiological half-lives are indicated
in parentheses; decay modes and branching fractions are
shown with the directional arrows).
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ORNL-DWG 8C-10518

Number of Source Organs, Number of Target Organs

Source Organs and Masses

Target Organs and Masses

Photon snecific absorbed fractions:
Source Organ 1, Target Organ 1 (2 cards)
Source Organ 1, Target Organ 2 (2 cards)

Source Organ 22, Target Organ 24 (2 cards)

Reference 252Cf neutron doses:
Source Organs 1 to 22 for Target Organ 1

Source Organs 1 to 22 for Target Organ 24

Input data stream for procedure INITIALIZE.
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ORNL-DWG 80-10519

DU-i‘B T220E 4+ 1 U-234 1.0

0+.1000F400 0.5358E401 0.2830F402 0.5456F401 0.7160E+02 0.5499E+01
0.3198BE-02 0.5174E+01

0

0

4

090956401 0.9890E-02 0.2067E402 0,2173E-01 0.5E94E+01 0+3794E-01
NelBT76F+01 0.4205E-01
2

Q1157402 0.13€0E-01 0.4747E-01 0.5546E-01

1 e7F=09 2e?PR 94.0 1.0

Fig. 4. [INDAIA input file for 238py,
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3.3 Output from SFACTOR

Preliminary output from SFACTOR consists of a tabulation of names
and masses of designated source and target organs (performed by
INITIALIZE), and comprehensive listings of energy anu intensity infor-
mation for each decay type (performed by OUTDATA). Figure 5 shows an
example of the output from INITIALIZE. This figure also serves to
indicate selected organs and their respective masses used in the com-
putations for this report The masses listed are those of ICRP's
Reference Man® with the exception of total endosteal cells (ENDOSTEAL)
for which no value is given; in this case, bowever, the mass is taken
from Thorne.? The abbreviations shown should be adhered to very
closely, as the exact spelling of the organ name is crilical to the
working of the program in ca-es of walled organs, respiratory tissues,
bone tissues, and total body Additional organs may be substituted or
added to ths list, the only stipulation being a 10 character limit in
the name of each and a maximum of 24 source organs and 24 target
organs. Some modification of the code will be necessary when nonpro-
visional calculation schemes are desired for the additional organs.

An example of output from OUTDATA for 23%Pu 1is presented in
Fig. 6. Nuclear decay information for all calculations in this report
is from Kocher.!'® 1In these calculations, we have included detailed

decay data for all decay branches, even thosec of very low intensity.

Following this preliminary informaton, SFACTOR prints out a
tabulation of all components of S(X « Y) for every source and target
organ combination. Tabulations of S-factors for selected nuclides are
presented in Appendix TII. A card deck containing the matrix of total
S-factors for each source and target tissue is produced for input into
INREM II.




NSNURCE =
SOURCE

ADEENALS
ALAD CONT

PANCRFEAS
reQ AONFE
ZAN BONE
? MAD

Y VAL
SKIN
SOLFEN
TESTES
THYRPNID
T ADY

TAQGETY

ADCENAL S
A AD wALL
S5 WALL

TESP LY VPH
AUSCLE
OVARI FS
D2ANCRFEAS
tONE

MA
Y MAR
ENDCSTEAL
SKIN
SPLESN
TEST=S
THYMUS
THYROID
UTEZRUS
T ACDY
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ORNL-DWG 80-10520

NTARG=E »

-
.

MASS

14619
27000
25019
4)%.)
220 )0
135420
3123+99

172093,09
12)%2.,09
150D
2973 ¢ 0

1100

130400
4003, 00
1033 .,92)
1599 490
159) 000
P2F)Ne 0

130409

3195409

203 .00

7NN e Ju

“MASS

13«00
45490
15).00
L4000
2106069
l6°.0')
3106 CO
18109420
1992 .99
156 20
28UINe 0N
| B S B
120439
59%) «20
1530920
1500, 00
125409
260 )e 00
130000
IS 0
?""\Q
23600
“',Q an
7IIN ) ID

Fig. 5. Output from procedure INITIALIZE.



22

ORNL-DWG 80-10521

NUCLEAR DATA FOR PU-228

ALPHA-QADIATICN DATA FOR OyY-238

ENERGY INTENSTTY
(M= V) (%)
Se3£E+00 0.100
5:46E 400 284300
S «S0E+ 00 71600
S«17F +00 0.002

ELECTRON-RANIATION DATA FNR PU=238

ENERGY INTENSITY
(ME V) (%)
Q.RA9F~-03 9.06%
CelTE~0Q2 20.€70
3 79F =02 S5.€604a
4,2VE~-02 LeB7F

PHOTON=-RADIATION DATA FOR Py=218

ENERGY INTENSITY
(ME V) (%)
1¢36€-02 LI.%70
S¢55E-02 0.047
SRACTICON CF DF (AY 8Y SPONTANEQUS FISSION= 1. 70E~-09
AVERFAGE NUMRER (CF NEUTRCNS PRONDUCENR= 2e2BF+00

SURFACE DEPOSITOR I[N PONF

Fig. 6. Output from procedure QUTDATA for 238py,
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4. SUMMARY AND CONCLUSIONS

The purpose of this report is to describe recent revisions in the
SFACTOR computer code and to provide useful documentation for that
program.

The SFACTOR computer code has been developed to implement current
methodologies for computing Li. 2verage dose equivalent rate S(X « Y)
to specified target organs in man due to 1 pCi of a given radionuclide
uniformly distributed in designated source organs. The SFACTOR meth-
odology is largely based upon that of Snyder et al.;®* however, it
has been expanded to include components of S from alpha and sponta-
neous fission decay, in addition to electron and photon radiations.
With this methodology, S-factors can be computed for any radionuclide
for which decay data are available.

The tabulations in Appendix [l provide a reference compilation of
S-factors for several dosimetrically important radionuclides which are
ne* available elsewhere in the literature. These S-factors are calcu-
lated for an adult with characteristics similar to those of the Inter-
national Commission on Radiological Protection's Reference Man.®
Corrections to tabulations from Dunning et al.! are presented in
Appendix III, based upon the methods described in Sect. 2.3. In that
report, as an interim measure, components of S from alpha particles
were tabulated as zero when the target organ was endosteal cells or
ed marrow and the source organ was cortical or cancellous bone.
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’:AC'O’.. PRCC OPTICNS (MAIN) W

./
nc

DCL PUNCHA

- ——

PROGRAM AUTHORS: Ds Fo DUNNING, Jo Co PLEASANT . AND Go Ge KILLOUGH

COMPUTES ABSORBEC DOSE EQUIVALENT, S (REM/MICROCURIE~DAY),
TO VARIOUS NDRGANS RESUL | ING FROM BURDENS OF RADIOACTIVITY
IN THOSE CRGANS, THR®D COMPONENTS OF 5 ARE CALCULATED:
ALPHA, ELECTYRON (INZLUDING 'JETA AND POSITRON), AND

PHOTON (X=RAY AND GAMMA),

THE METHCOOLOGY 1S GENERALLY ADAPTED FROM

We S, SNYDER, M, R, FORND, G, G. WARNER, AND S, B8, WATSON,
A TABULATION OF DOSE EQUIVALENT PER MICROCUR IE~DAY FOR
SOURCE ANC TARGFT DRGANS OF AN ADULY FOR VARIOUS RADIO-
NUCLIDES s DRNL-S000 (NOVEMAER 19740,

VARIOUS MCDIFICATIONS MAVE AEEN MADE o

FOR RADICAUCL IDES DECAYING AY SPONTANEDOUS FISSION, COMPONENTS OF S
FROM THE REFSULT ING FISSION FRAGMENTS, NEUTRONS, BETAS AND GAMMAS ARE
ALSO COMPULLED (RASED ON DILLMAN AND JONES, 197%),

ALPHA DOSE SATE CONTRIBUTIONS TO ENDOSTEAL CELLS AND RED AONE MARROW
FROM A SCURCE N MINERAL BONE ARE EST [MATED USING THE METHOD OF
THORNE (1S877).

-~~~ -~ — . — -

L CAALPHAGAPETALNPOSIT NEL ECT NOMOTON) BIN FIXED(IS),
(FALPHA FALPHANINALPHA) CTL NEC FLOAT(w) . Z%ALPHA [IANTENSITIES (X)
AND ENERGIES (MEV) #/
(FRAFYALERETA)INBFETA) CTL NEC FLOAT(6).
(FPOSITFPCSITII(NPOSIT) CTL NDEC FLOAT(&
(FELECTY FFLFCY )INFLFCT) CTL DEC FLOAT(G
(FOMOTONLEPHOTONII{NPHOTON) CTL DFC FLOA
NEL AIN FIXFDI(IS), 7% aNAFTASNPOSITENFL
(FELEF)INFL)Y CTL DEC FLOAY(S),
/7% FE CONTAINS ALL INTENSITIFS FBETA, FPOSIT, AND FELFCT.
Ef COATAINS THE CORRESPONDING ENFRGIFS, o/
NSOURCE AIN FIXED (15), 7% NUMAFR OF SOURCFE ORGANS ®/
NTARG BIN FIXED (15)s 7¢ NUMAER OF TARGET DRGANS &/
NAMSOURCEI(NSOURCE ) CTL CHARCLOY, /® NAMES (F SOURCE ORGANS &/
NAMTARGINTARGY CTL CHARCIOYs 7¢ NANMES OF TARGET ORGANS */
SMASSINSOURCE) CTL DEC FLOAT(6), /7% MASSES (G) OF SOURCE ORGANS ¢/
TMASSINTARG) CTL DFC TLOAT(A), 7% MASSES (G) (OF TARGET ORGANS e/
(SALSESPHSTOTALY INTARG(NSOURCE) CTL FLOAT(SY,
/8% DOSE COMPONENTS AND TOTAL o/
(SNSFFLSCT SALSUNMEP ,SUMGD I INTARG ,NSOURCE ) CTL FLOAT(6) .
7% SNy SFF, SGT. AND SA ARFE ARRAYS OF THE SPONTANEQOUS
FISSION-PRODUCED DOSE COMPONENTS FROM NEUTRONS, FISSION
FRAGMENTS . GAWMAS, AND AETAS RESPECTIVELY. SUMGP AND
SUMGE ARE SUMMATIONS OF PROMET AND DELAYFD GAMMA DOSES FOR
THE FEFFRENCE U~236 CASS, &/
M OAIN FIXFDOL1IS) INITIALCL2)Y,
PHIPHOINSCURCE NTARG,M) CTL DEC FLOAT(6). /¢ SPECIFIC AASORAFD
FRACTIONS OF PHOTON ENERGY FOR 12 TABUL AR ENERGIES o/
ENGPHMO(12) DEC FLUAT(A) INITIAL (e010e01%34024403040%0cle
204501004 1:5:2.0,8,0)s 7¢ TABULAR PHUTON ENFRGIES (MEV) &/
NAMNUC CHARIA), /¢ NAME OF NUCLIDE,., MUST HMAVE FORM
NU=A OF M/~AM, wHERT NU IS ONF~ OR TWO-LETTER CHEMICAL
FORMULA, '"=*' |5 NECESSARY, A IS THE MASS NUMABER (ONE TO
THRFE DIGITS )y AND *M* INDICATES METASTABLE STATE, o/
INTERP ENTRY (AIN FIXFOUI1S)eoss)s
A DEC FLOAT(6), /7% MASS NO, OF THE NUCLIDE &/
FIRST CHARIS),
(FF.VBAR,Z) OFC FLOAT(S), /¢ SPONTANEOUS FISSION INFORMATION: FRACTYION OF
DECAY BY FISSION, AVERAGE NUMACR OF NEUTRONS, AND ATOMIC NUMBER o/
SONINSOURCE JNTARG) CTL FLOATI&),
SURVOL DFC FLOAT(6 ),
FILE DUYPUT ..

L
L)
Ti6),
ECY o/
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Tl e i G s B SR S S B B S S S SIS e SRS ./
ON UNDERFLOW e
CALL INITIALIZF,. /79 INDUYT DATA AASE &/
AFGINGe ON ENDF ILE(SYSINY STOP,,
DC WHILE (i=1),,
CALL INCATA,, /7% READ DATA FOO NEXT NUCLIDE,
ALLODCATE AND SFT UP ARRAYS &/
CALL ODUTCATA,, /% PRINTY NATA FOR NUCLIDE e/
IF NALPHA GT O THEN FALOMA= ,O18FALDOMHA, .,
IF NEL GY O THEN FE=,010FF, .
IF NOMOTIN GY 0 THEN FOROTON=2,010FPHOTON, o
CALL ALPHA DNSE.e 70 COMPUTFE ARRAY SA OF ALPHA DOSES e/
(.3335!0(5'00 /78 CONMPUTE AQRAY SE OF RETA-FELECTRON
./
CALL PHOTON DOSF.e 78 COMPUTE ARRAY SPM OF PHOTON DOSES ¢/
STOTAL=SA+SPeSON,, 76 COMPUTE ARRAY OF TOTAL DOSES e/
IF FF GY 0 TYTHEN DO,
CALL FIZZ DOSE,. 78 COMPUTE SPONTANEOUS FISSION DOSESe/s
STOTAL=STHTAL 4SNeSFF 4SA3GT 4, 78 ADD DOSES FROM
SOONTANFDOUS FISSION RADIATIONS TO TOTAL o/
END o
CALL UTPUY .4 7% PRINT OUT S=FACTOR MATRIX o/
FREE FAM PHALEALPHA FAETAEAETALFPOSIT,FPOSIT,
FELECT JFFLECY FELEF FPHOTONEPHOTON,
END o
ENDs s 78 OF BFGIN BLCCK »/
2 snawussses S B B NSRS e R S Ee e e s eraen seenesy B
INIVYIALIZF o0 PROC oo
A% BEAD ANUMATR OF SOURCE AND TARGET (RGANS &/
GFE 1 LISTYINSOURCE NTAQG ) 40
PUT SKIP DATA INSCUACE NTARG) s PUYT w P,
ALLOCATE NAMSOURCE JNAMTARG, SMASS,TMASS,
SALSE JSPHSTOTAL PHIPHO L SONGSNGSFF S, T SUMGY (SUNMGD . «
A% READ MNAMES AND MASSES OF SOURCFE CRGANS o/
GET LISTUINAMSOUKCETITSODURCE |, S5MASSEISOURCE)
DO ISCURCE=1 TC NSOURCE )),e
PUT SKIP FDITC*SCURCE® (*MASSY 1 (A COLI26)A),, PUT SKiIP,,.
no ISOLRCE= TC NSOURCE,,
PUT SKIP FOIYIMMSOURCECISOURCE )y SMASS(ISOURCE) )
(AL, COLE20)4F(10e2) )0
END,

7% READ AAMES AND MASSES (OF TARGET ORGANS &/
GFT LISTUINAMTARGLITARG ), TMASSLITARG)

DO ITARG=L TO NTARG) Ve
PUT SKIPII) EDIYT (*TARGEY ', *MASS Y J{ALCOLI26)eA) e PUT SKIP,,
PO ITARG=1 YO NYARGy e

PUY SKIP EDITI(NAMTARGIITARG) s THASSTIITARG) Y

(ALEM (20147 (100 2) )0

FNDy o

/9 AFAD PHOTON SPECIFIC ABSORARD FRACTIONS o/
DO ISCURCF=]1 TC NSOURCFE,.
DO 1")AGeL TC NTARG, .
GEY FDIY ((PHIPHOCISOURCELITARGJY DO J=1 TO 12))
(SKID, 7 E(1040).5x1IP, S E(10+0)) 40
FNDso 70 (TARG LOOPD o/
FNDye 7% [SOURCE LONPR o/
/% FAD REFFRENCE NFUTRON DOSES FOR SPONTANFOUS FISSION &/
QO ITARG=1 TC NTARC,,
GETYT FOYIT ((SONUISOURCF, ITARG) OO (SOURCE=) TO NSOURCE))
(SO0 FLI0.0)SKIPLCOLII1)e7 FLLOL.0).5K1IP,
COLUYL ) oS FUIOL0)oSKIP,COLII1)eT E(10.,0),
SKIPLCOLILIL) o2 FLI10,00)0 0

FND 4o
FIRST=*TRUE ',
ENDs o

C
P
)
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INDATA,. . PROC ,
NDCL TEMP (H..IO"O
/% AFAD MANE OF CURARENT NUCLIDE s/
GETY SKIP FOITINAMNUCHIIALR) )Y 40
TEMRD=NANMAUC, o
/7% SEPARATE THE MASS NUMAER FROM THE NAME &/
SUBRSTRITEMO, | ,2)=" Yeo
IF ‘Uﬂs”('f.’.lol'i'°' THEN SUASTRITEMP 3,1 )=" *,.,
00O x=3 YC 8,
1F SU."'('!".K."I'.' THEN SUBSTRITEMP (Kl )=" ',
ENDs o
/e Y!“P SHOULD NCw CONTAIN THE DIGITS OF THE MASS NO. A
EMBEDDFED IN A FIFLD OF BLANKS, ¢/
GEY STRINGITEMP) LISTIA)..
/% READ ALPHA DATA &/
GET SKIP LISTINALPHA), .
IF NALPHA GYT 0 THEN NO4.
ALLOCATE FALPHASEALPHA,,
GET LISTU(FALPHALT)EALPHALTL) DO I=1 TO NALPHA) )+
END o
/% READ FETA, PCSITRON, ELECTRON DATA &/
/% READ PETA DECAY DATA 37/
GFY LISTYINBAFTA) ;o
IF NBETA GT O THFN D0,
ALLOCAYE FBFETAFARETA,,.
GET LISYU(FBETA(I)FAFTA(L) DO =1 TO NBETA) Jse
END,
/% READ PCSITRAON DATA W/
GETY LISTYU(NPOSIT) e
IF NPOSIT GT O THEN DO,
ALLOCATE FPOSITEONSIT,,
GET LISTU(FPOSITII)LEPOSITIL) DO =1 YO NPOSIT))se
END4 o
/7% READ ELECTRON DATA 7
JEY LISTUANELECT )
IF NELFCT GY O THREN D04
ALLOCATE FELECTYFELFECT,..
GEY LIST((FELFCT(I)LEELECT(I)Y DO I=1 YO NELECT) ).
ENDy o
/% READ PHOTON OATA 7/
GEY LIST (NPHOTOMN) .,
IF NPHOTCN GT 0 THEN D04
ALLOCATE FPHOTONFOPHOTON, o
GEY LISTU(FPHOTONI 1) ,FPHOTONIT) DO 1I=1 TO NPHOTON) Ve
ENDae
/¢ COMRI*E AFTA, POSITRON, AND FLECTRON ARRAYS &/
NEL=NAF TASNPOSITHNELECT 0
IF NFL GY 0 THEN DD.e
ALLODCATE FELFF,,
IF NAFTA GT O THEN DO,
DO 1=1 TD NOFETA,..
FE(I)=FAFTA(l),"
FE(I)=FRETA(IL) se
END s o
END s
IF NPCSIY GT 0 THEN DD e
K=NPETA, .
DO I=1 YO NPCSIT,..
FEA(X#1 1=FPOSITLI )so
EF(KSII=EPOCSITLL),
END s«
FND 4 o
IF NELECTY GT O THEN DO
K=NBETASNPOCSIT 0
PO I=1 TO NELECT,,
FE(K+1)=FELECT(IL),
EFIK+)=FELECT(I)

EN

GEY CIST(FFovalﬂaloSURVOL'oo 7% SOONTANEOUS FISSION INFORMATICON,
AND A FLAG TO SPECIFY SURFACE OR
VOLUME DEPOSITION IN BONE FOR

ALPHA EMMISSIONS &/
END INDATA .
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OUTDATA, . PROC,

/% PRINTS DUT lN’U' OFCAY INFORMATION FOR THIS NUCLIDE,
CALLS SUBROUTINE PRINTO T) PRINT RADIATION DATA FOR FACH
TYPE CF DECAY INVOLVED, &7

DCL RADYYPE CHAR(I0) VARYING, .

PUY PAGEF FODITI'NUCLEADR DATA FOR *  NAMNUC ILALA(BY ) .o

17 NALPHA GT 0 THEN DO

RADTYPE=*ALPHA®Y,
e SALL ’.lN'Qlﬂ.ﬂ"’!oN‘LleoCALPH""LﬂNl'oo
ND s o
IF NBETA GY 0 THEN DO, .
RADTYPE-*AFTA',,
CALL PRINTOIRACTYOE  NARTA FAETALFBETA ) ..
END o
IF NPOSIY GT O THEN DD,
AADTYPE=*PCSITRAON® . ,
e g.tl PRINTO(RADTYPE  NPOSITY L. EPOSIT FPOSIT ) s
NDs o
IF NELECTY GY 0 THEN DO,
RADYYPE='FLECTRON® , o
. glLL PRINTO(RACTYPE NELECTY ,FELECT FELECT ),
ND s o
IF NPHOTEN GT 0 THEN DO..
RADYYPE=*PHOTON® . o
CALL PRINTO(RACTYYOE (AP TONLEDHOTONSFOMOTOND 4 »
ENDs e
IF FF GY
THEN PUT SKIP(3) FOITU'FRACTION OF DECAY BY SPONTANEOUS®,
* FISSION® ', FF,YAVERAGE NUNRER OF NEUTRONS PRODUCED= *,VBAR)
CALAFLIL 2V uSKIPE2) s AXISIECL1 42))0e

IF NALPHA GT O THEN DOy

IF SURVOL=1 THEN PUT SKIP(S) EDIT('SURFACE DEPOSEITOR (N BONE*)
(Abys
FLSE PUY SKIPC(I) EDIT(*VYOLUME DEPOSITOR IN BONE*J(A) ..

END o

J 0 oo o o A S S . D S D i A i ./

PRINTO. . PROC(RADTYOF N F.F) ..

/% PRIATS RANIATION CATA FOR EACM DECAY TYRE o/
DCL BACTYPE CHAR(S),
N BIN FIXEDIIS),
(EsFI(®) CTL DEC FLOAT(SEY,
I BIN FIXED(1S)ee
ON ENDPAGE(SYSPRINT)
AEGIN..
IF I LE N THEN DO
FUT PAGE EDIT(RANDTYPE, *~RADIATION DATA FOR *, NAMNUC ,
PUCONTINUED ) S "ENFRGY ' " INTENSTTY* " (MEV)*,*(X)"*)
CAGAJALBY A SKIP(Z2),COLTIN ALCOLILS) JASKIP,
COLIRAVLALCOLCIRA)IA), .
PUT SKIP,.
END oo
. gLSF PUT PACE ..
ND .
PUT SKIP(3) EDITI(RADTYPE, *~RaNIATION DATA FOR * ,NAMNUC .
TENERGY ' o " INTENSTTY " INMEV ) ', IX) NIALALALBR) . SKIP(2),
(Ol(3.0‘.C0L|IS.Q..‘K‘".CQL(J’.‘.(QL‘lﬂ’.l’oo

00 =1 YO
puUY FDI'(!(!D."ID'(SKI“.F(Q.?’.(OLIlilo'(ﬁ.))loo
END o,

END PRINTO.e
B o o o o et o A S o ——— o s w s O 7
FND OUTDATA,,
S o s el o e 0 8 0 A Y S S R A S i o e el et o
ALPHA _DOSFee PRCC,
DCL (XY ) CNA“('O‘ VARYINGs (T4 ) INDEXILINDEX2) BIN FIXED(1IS) .
NAMYURG CHARI10) .,
KALPKH DFC FLOATI(S) .
ENGALF L6 ) DFC FLOAT(A) INTTYIALE 3.0:04.0:5:046.0+7.0.8,0),
KENDI(ASY DEC FLOAT(O) INTTIALE I AE~03,3.0E~03,2.4F~-03,1.8F-03,
1«8E~03, 1.1E-03),
KENDO(S)Y DEC FLOAY(S) lNl"lL(‘oﬂE'oso70'2‘.50’0!!-050
«SE-05,1.1F-04,1.0F-04)
KMARDIS) DFC FLOAT(6) lNlYlAL(50|! “06s AL IE~ o‘.l.'f‘osclosz 0%,
2e0E~Q085,2.%F~0%)s e
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IF NALPMA 5T © THEN DD,
SA=D e /7% INITIALLY SET ALL SA(1,J)=0 SINCE GENERALLY SA(l,.J)=0
IF NAMTARGUTI) AND NAMSOURCE(J) ARE SEPARATED */
AFNSSUMIFALDHASEALOHA ), o
SMESLLISe(AFENSID ¢ (A/(A-Q) ICAENS2D), .
/% FIRSY TFOAM S KINFYIC ENERGY OF ALPHMA PARTICLE wiTH OF=10
(EQ 2«3)es SFCOND TEAM 1S RECOIL ENERGY wiTH QF=20
(EQ 2=3), ¥/
DO I=1 YO NYARG,.
DO J=1 TO NSTURCE, .
X=NAMTYARC(I) 4
YE=MAMSOURCF( U s e
IF X=yY THEN SAC(L,J)=5M/TMASS( ).
IF X=*PLAD WALL® AND Y='BLAD CONT®
THEN SAUL ) =SH/(28SMASS( ) ) ye
78 DOSE RATE AT wWALL OF BLADNDER S ONE-HALF THE DOSE
RATE YO THF CONTENTS, ¢/
IF X=°'S WALL® AND Y='S CONT* OR
X='Sl WALL® AND v=°*S| CONT* nR
X='UL T wWALL'" AND Y='ULl CONT*Y OR
X='LLT WALL® AND VY='LLI CONT®
THEN SACT,J)=S51.15 & AFN ® |0 /7 SMASS(J) * 0.5 & 0,014
/% DOSE RATE TO WALL OF Gele TRACT 1S ONE-HALF THE
NOSE RATE YO CONTENTS, THE MODIFYING FACTOR OF
0.01 IS APPLIFD YO THE G.le. TRACT ALPHA DCSE YO
COMPENSATE FOR LOW PENETRATION OF ALPHA PARTICLES
THROUGH MUCOSA, RECOIL NUCLEL ARE ASSUMED NCT TO
PENETRAYE THE MUCUS. &/
IF X="BONE' AND Y='COR RAONE* OR
X=*BONE* AND Y='CAN BONE*
THEN SA(T1,J)=S5SM/TMASS(T Ve
/7% MCODIFYING FACTOR N=% 1S USED FOR ALPHA EMITTERS
DEPCSITING IN BONE,
THIS FACTOR SHOULD BF OMITTED WHEN THE PARENT
NUCL IDFE 1S RANDIUM, &/
IF X=*ENCCSTEAL® ANND Y='COR BONE' DR
Xs*ENDOSTEAL ' AND v=*CAN BONE*
THEN DfNlge 7% DOSE RATE YO THE CRITICAL OSTFOPROGENITOR
CELLS IN THF ENDOSTEUM 1S CALCULATYED wiITH
THE METHOD OF THORNE(1977).07
IF SURVOL=]1 THY N
CRLL INTIRPIGE.INGALF JKENDL JAEN KALPH) o &
ELSF CALL INTERD(ALENGALF JKENDOJAENJKALPH) o
CACT o J)=SMIKALPM,
ENC oo 7% END NOF ENDOSTEAL CALCULATION o/
IF X="R MAR®* AND Y=*'CAN QONE*
THEN DOy o 7¢CALCULATION OF DOSE RATE TO RED MARAQOW IS
ADAPTED FROM THE METHOD OF THORNE(ISTT).e/
(F SURVOL=]1 THEN KALPH=3,3E~04,.
ELSE CALL INTERP(6HENGALF JKMARD JAEN KALPH) 4,
SALT o J)=SMOKAL PH, o
ENDyse 7% END NOF NMARAROW CALCULAYION ¥/
/¢ THE FOLLOWING ARF SOFCIAL CALCULATIONS WHERE THE SOURCE
ANC/ZOR TARCET TISSUE IS TOTAL BODY, &/
IF Y=*'T BOCY" THEN SA(T,J)=SM/SMASSTJ),.
IF v='T BOOY* AND X=*'BONE* THEN SA(l.J)=SA(1,J)05,,
IF X=*T BCCY* THEN DODse
IF v='BLAD CONT*
THEN SALTJ)=THMASSL JI/TMASSIT)I*®.S5/SMASS(J)eSM, .
7 EQ 2-5 &/
ELSF [F y=*'S CONT* OR Y='S[ CONT* OR
Y='ULT CONY* OR VY='LLI CONT*
THEN SA(T.J)=TMASSLI)/TMASST [)®.5/5MASS(J)*S]1.1SCAENS
10.0%0.014e 7% LIMITED PENETRATION OF
THE MUCOUS LINING BY ALPHAS, AND NO
PENETRATION BY RECCIL NUCLEIL IS ASSUMED, &/
FLSE IF Y='COR AONES' OR Y='CAN RONE*
THEN SA(T+J)=S5NES,0/TMASS(T ). /7% MODIFYING FACTOR OF €
FOR ACNE TISSUES &/
ELSE IF Y=°'T BONY* THEN DO..
NAMORG=*AONE ", ,
CALL SEARCHINAMTARG NTARG.NAMORG, INDEX1 )y«
NAMORG=*'T B00Y"* e
CALL SEARCHI (AMTARG NTARG s NAMORG, INDEX2), .
SA(L 4 )=SH/TMASSIINS(1+(40TMASST INDEXTI)/TMASSIINDEX2) M)
/¢ EQ 2-6 &/
ENDy o
ELSFE SA(1.J)=SV/TMASS( (),
ENCyo
ENDse 7% J LCOP oy
ENDee 78 | LOOP o/
ENC, o
CLSE 7% [.Fe IF NALPHA=ZD ¢/ SA=D,.
END ALPHA_COSE ..
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E_DOSEss PROC.e /¢ BRETA, POSITRON, ELFCTYRON o/
DCL ( MASS_COR_PCNEMASS_CAN_RANNE . MASS_R_MAR) DEC FLOATISE),

ENGE (AT DET FLOATIAI INITIAL (040 «Ba9, 076, 200, .218,

e2%3, «69%, J927).

/% SPECIAL DISCRETE ENFRGIES (MEV) CORRESPOND ING

TO YHE GIVEN VALUES FOR R_CORT_END_CORT, R_CANC_ENO_CANC,

R_CANC_END_CORT, A_aen _mAB_CANT, ARD R_ReED"MAR_CORT s/
BT END _ZORTTA) 0BC FLOATIG) T INITIAL(0.0% 730, 2820,
205 «9W0. <735, 4880, A15),
AC_END_CCRT(A) NEC FLOAT(H) INITIAL(O0.O0s +0025, 0045,
17T 81692, 02314 0736, 0934),

MAR_CORT(A) DEC SLOAT(6E) INITIAL(O«0s +0017: +0031.
Ge «0132, 40159, 0490, 05151,
FND_CANC(A) DEC FLOAT(6H) INITIAL(O.0s 3777, .4340,
v 28308, LA42%6, L3607, L3155
AR
.
"

=7

)
“-NwEe

)
NCIA)Y NEC FLOATIGE) INITIAL(O.0s 0543, 1037,
v 224824 427304 2661,

oD

- O»
-
»
-
-

Shlee

/% THE ARQOVFE DAYA ARF RATIOS OF AVERAGE ENDOSTEAL DOSE AND AVERAGE
HED MARRCW DOSE TO FQUILIARTIUM DOSE [N BONE FROM BETA EMITTIFRS
AS REPORTED IN ORNL S000 (THE DATA wAS SUPPLIED TO SNYDER ET
ALes Py CITey PY SPLIERS ). THE ENFRGIES +404%: 20764 200,
« 218 257, J69%, AND L,927 ARF FOR THF RADIONUCL IDES

C
IF

14; CA_AS, SR_90+ NA_22, F_18, P_32+ AND Y_90 RESPECTIVELY. &/
NEL GY 0 THER D0..
SE=0..
DO =] TO NELs
DO 1T=1 TC ATARG,. s
DO JS=] TC NSCURCFE .
X=NAMTARGETIY ) ye YENAMSOURCE( JS) .o

IF X=*S wALL' AND Y='S CONT* oR
X="HLAD WALL ' AND Y='ALAD CONT* oR
X='ULTl WALL' AND Y='uULl CONT? uRr
X='LLIT WALL® AND v=eLLl CONT* oR
X=*ST WALL' AND Y=*'S[ CONT*

THEN DO

OMICAP: | /SHMASSE S,
SECIT s USI=SECIT, SIS, 150.58FE(T)SEE(I)SPHICAP, .
ENDy o
FLSE IF X='BONE* AND Y='COR BONE' THEN DO.s
NAMORG='COR ACNE* .
CALL SEARCHINAMSOURCE s NSGURCE s NAMOR Gy INDE X ) o o
MASE COR_AONF=SMASS( INDEX) . o
NAMORG=*TAN BONEY ,,
CALL SEARCHINAMSOURC® ,NSOURCE « NAMORGy INDEX ) 4 o
MASS CAN_PAONE=SMASST INDEX ), o
PHICKP =17 (MASS COR_AONESMASS CAN RONE ) o6
SECIT 4 uS)=SEC 1Y, 05T 081,150 ET1)1ePE(TI)SPHICAP, ..
/% FO 24, ORNL S000 ¢/
ENDso
ELSE IF X='AONE* AND Y='CAN BONE' THEN DO,
CALL INTERP(AENGE JR_RED_MAR_CANC L EE( T IgR )y e
NAMORG=*CAN AONE®,
CALL SEARCHINAMSOURCE , NSOURCE NAMOR Gy INDEX ) o o
MASS _CAN_BONE=SLUASSTINDEX ),
NAMOBG= B wame+,,
CALL SEARCHINAMSOURCE , NSOURCE ,NAMOR G, INDEX D+ o
MASS R _MAR=SMASSCINDEX ),
NAMOBGE ' CCR BONE Y, ,
CALL S!ARCH(NAG%OURCE.N&OUDC!.NA&OFG.INDEI)..
MASS COR_BONE =SHMASS( INDEX ) o
PHICKF=(T-1.07S0R0MACS_R_MAR / MASS_CAN_BONE )/
(MASS _CAN_ADNE + MASS _COR_BONE )re
SECIT4US)=SETIT,J5)1¢51.15¢FETT)eFECTI)ePHICAD,,
/* €0 1%, OFRNL S003 e/
ENC .
FLSE IF x=*'BONE* & Y='R MAR' THEN D04
CALL INTERP(B.ENGL. ,3_RED_MAR_CANC.EECI)eR)ya
NAMORG=*CAN ACNE", ,
CALL SEARCHINAMSOURCE , NSOURCE  NAMOR Gy INDEX ) 4 o
MASS CAN_BONE=SMASS{ INDEX ), .
MMOBG='TOon ACNE ', ,
CALL SEARCHINAMSCURCE, NSOURCE (NAMOR Gy INDE X ) 4 «
MASS _COP_BONE =SMASSCINDEX ), .
EHICAP=107S6R/(MASS_CAN_BONE ¢MASS COR_AONE )y
SECIT 4 JS)=SECIT IS oD 1BeFEC1)1oFETT) eBHICAP, .,
/% EQ 16, ORNL 5000 ¢/
ENCs o
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/8 IF A=VPONEY AND Yyt~ \* THEN SE=0 EQ 18, ORNL S000 ¢/
ELSF IF X=*'R MAR®* AND TR PONE' THEN 0O e
CALL IN:_Q0(8,"NGE R DO_MAR _CORTLEELTIDeR)0e
PHICAP= 1,07589) /SMASS( 47" .,
/% EQ 5, ORNL 5000 */
SECIToISI=SECIT L USIeSILISSFE(I)SEE(I)SPHICAP, .

“ e
FLSFE IF X='R wMAR* Y='CAN BONE' THEN DD+
CALL INTERP(A i wR_RED_MAR_CANCEECTIeR V4 a
PHICAP=(1,0750%,/75MATS5(u3), .
/¢ €Q S5, ORNL %000 &/
SECIT o USI=SE( LT, IS)IeSL ISeFECTISEE(T)SPHICAP,.,

ND oo
ELSFE IF X='R MAR' AND Y='R MAR' THEN DO..
CALL (NTFRPIBENGE R_NED_MAR_CANC.FE(T)sR) .0
CALL INTERP(AENGF & ®FD MAR CORTLEE(I).R1),
PHICAP=(1~1.0758R~1,075¢81)/TMASS(IT),e
/¢ EQ 3, OANL S000. PART 2 s/
SELIT o USI=SECITLUS)IsS1 . I58FE(T)ISEET () ePHICAR, .,
END s e
/% IF X='E MAR®* AND Y='Y MAGR' THEN SE=0, EQ 19, ORNL S000 ¢/
/% IF X='Y MAR' AND Y='COR BONE' THEN SE=0, EQ 20, ORNL 5000
/% IF X='Y MAR' AND Y='CAN BONE' THEN SE=0, EQ 20 */
/% IF X=t'Y MAR' AND Y='0 MAR' THEN SE=0 &/
FLSE IF X='Y MAR® AND Y='Y MAR' THEN DO«
PHICAP=1/TMASSIIT ) ,.
/% EQ 17, CRNL S000 #/
SF;IV.JS)rSF(l'.JS)O%l.I%OFE(I)OEE(l)‘PNICAP.o
“ND s o
ELSE IF X='ENDOSTEAL® AND Y='COR BONT* THEN DOse
CALL TNTERO(BENGE ,R_CORT_END_CORT . ZEC(L)oR1)y,
CALL INTERD(AFNGE R _CANC_END_CORT EE(1) R2)ee
PHICAP=(R1+R2)1/5MASSTIS) o
/% FG 6A, ORNL 5000 ¢/
SEél'oJS)tSE(IY.JSOOSI.lSOI.o750.50FE(IDCEE(I)OPHXCAO.-
ND oo
ELSE [F X='ENDOSTEAL®' AND Y='CAN BONE®' THEN DCs.
CALL INTERO(B JENGE R_CANC_END_CANCL.EE(T) R )y
PHICAP=R/SUASS(JS) 4,
/¢ FC &R, ORNL 5000 ¢/
SF:IY.JSlnss(IY.JQIOSl01501-0750.5072(l)‘EF(I)OPHlCAP..
NDs»
ELSE IF X='ENDOSTEAL® AND Y='R MAR' THEN DOws.
CALL INTEFRO(BENGE ,Q_CANC_END _CANCEECTI)+R Vs
PHICAP:(1=1.07582) /(2¢5MASS(US) ),
/% FQ 10, ORNL S000 ¢/
SECIT W JISI=SECIT, USIeSLISSFE(T)ISEFCI)ePHICAP,,
ENDgoo
FLSF IF X='ENDOSTFAL®* AND Y='Y MAR' THEN DOse
PHICAP=1/(4¢5MASS{ IS ) ) ee
/% E0 22 . OANL S000 e/
SECIT 4 JUS)I=SE(IT,ISI*S1 IS E(I)SEF( 1) ®PHICAP, .
FND o
ELSE IF X='LUNGS® AND Y='REP LYMPH' THEN D0se
PHICAP=1/7MASS(ET),,
SECIT o JSI=SECIT,US)#S51e) SFE(IISEE(I)SPHICAP,,
ENDye
ELSE IF X='RESP LYMOH® ANC Y='LUNGS® THEN DO,
PN!CAP:IIS!ASS( Js) ..
SECIT o USI=SECITL UIS)I*S1.ISeFECI)SEE(I)*PHICAP,,
END e
ELSE IF X=°T AOQDY* THEN DDss
IFf Y=*ALAD CONT* OR Y='S CONT' OR
¥=4S| CONT* OR  Y=+LLI CONT* OR
Y=+*ULl CONT?®
THEN PHICAP=TMASS( JS)/TMASSIIT )®,5/SMASS( IS ),
ELSF PHICAD=1/TMASS{IT),.
SE(IT L US)I=SECIT  US)I*S1.1SeFE(I)ISFE([ISPHICAP ,
ENDoe

FLSE IF vY='T BONY' THEN DO+
PHICARP=]1/SMASSI JS) .0
SECIT oIS )=SEI 1T S)¢S11S5FE(T)ISEELIIOPHICAP .o
EADso
ELSF IF Xx=Y THEN DO,.
PHICAP=1/THASS(IT) W
SE ' IToJS)I=SELITL ISIeS1ISeFE(TISEE(T)I®PHICAP, .
ENNDse
ENDos /¢ JS LOCP &/
EAD 4o ¢ 1T LOOD &/
ErDyo /¢ 1 LOCP &/
FADso
ELSE /7% [.5, [F NEL=0 %/ SE=0..

END E_DOSE oo

./
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PHOTON _DOSF. e PRCCy
/¢ PROTCA DOSES ARF CALCULATEN BY THE EQUATION,
S1.1% & PHOTON INTENSITY ¢ PHOTON ENFRGY & SPECIFIC

ARSCORPFD FRACTION FOR SOURCF-TARGET COMBINATION.

{ FO. 24 ORNL S000) o/
NCL PHIARPAY (1 2) DEC FLOATLS),
Y CHARTIO) VARYING .
IF NPMHOTEN GY 0 THEN NO..
SOM=20,4.
OO 1=1 TO NPHOTYON, o
NO ISOURCE=] TO NSOURCF .
D0 ITTARG=] TC NYARG..
K=AAMTARGIITARG) 40 Y2NAMSOURCE ( ISOURCE ) 4
IF FOPHOTONCL) GE ENGOMO(L) THEN DOse
FHIARRAYSPHIOHO(ISOURCE ,ITARG.® ) ee
/% INTERPOLATE BETWEEN TARBULAR ENFRGIES TO GET
APPROPRIATE SPECIFIC ARSORBED FRACTION, ¢/
INTFRD( 12 FNGOMO PHIARRAY EPHOTONI(T) PHICAP) 4.

X CHARC10) VARYING,

CALL

FADs o
/% SPECIAL INTERPOLAYION CONDITIOGN WHEN ENERGY IS LESS

THAN THE LOWEST TAAULAR ENERGY VALUE &/

FLEF 1F Xa¥Y THEN PHICAD=PHIPHOLISOURCE I TARG. 1)+
(OHMIPHOL ISOURCE s ITARG, 1) =1/TNASSTITARGY ) ®
(TOHOVONC TY =ONGPHOL L) ) ZENGPHOC(L ) o o

FLEE PHICAP=PKIOHO( ISOURCEITARG, 1 J¢PHIPHOLISOURCE,ITARG, 1) ®
(EOMOTONCI) =FNGPHO( 1) ) ZENGPHOT L) o o

SPHUITARGISOURCFEY=SPHI TTARG, ISOURCE ) +5] J1SeFPHOTON(L ) *

FOMOTONTLI®PHICAP .,
ENDse 78 L1TARG LOOP e/
FANDse 7% [SCURCE LNOP #7/
FNDee Z¢ | LCCP oy

ENDy o
ELST /% [.Fse NPHOTYON=0D &7 SPH=0, .
END PHOTYON_DOSE . »
79 mecaccsensens P —— SRR —— S —— soenmmen Of

FI2Z_DOSFee PROCse /7% SPONTANFOUS FISSION RADIATIONS o/
/¢ RADIATION TYPFS DRODUCED AY SPONTANFOUS FISSION INCLUDE
FISSICU FRAGMENTS, NEUTRONS, PROMPT AND DELAYTD GAMMAS,
REMS/MICROCURTIF-DAY FROM FACH OF THESE PADIATICONS

AND BETAS,
IS ESTIMATED wiITHIN THIS ROUTINE . THE METHODOLOGY IS RASED
GENERAMLY UPON THAT OF DILLMAN AND JONES (19750, AND
FORN, EY. AL. (19760 &/

DEL (Xe¥) CHAR(10) VARYING,

PHIAERRAY(12) DFC FLOATISG) .

NAMCKRG CHARB(10),

CINDEXT,INDFX2) BIN FIXFDILS),

FGP(A2) DFC FLOATI(A) INITIAL(D.0148,0.0314,0.0453,0.0553,
0eD753,0.0253:M0,0953,041140413:40:1%,0:1740419,0.225404.275,
D229, 00 375,00825,0487540.52540.4575%,0.649,0.749,0.849,
0:G89, 1,085, 1189, 1e”2%01a 1510854173427 34247303:23,
FaT7238,23,4,7345:2%:5.9106091 4791 8914 91)e

1GPLA2) DEC FLOATI(O) INITIAL(0.0947,0.247,0.00716,0.0102,
Q0208 ,0.0729%:740821,0418,0414,0+18,04138,0.14,0.351.0.351.,
0635130635100 3%14304151404351404351404676,0.565.0.,474,0,396,
0e332,0,277404232,04198,0,162,0.57%:0:334,0:193:04112404065,
Qe0277,0.0218,0,0127,0.0116,0.003940.0013,0.00044,0.00015).,

FGDI2A) DEC FLOATI(A) INITIALID.01,0405:0,07,0.09¢04:140.13,
Dol 01 7,0019,00225,04275:00325,00375,0484,0.54,0.64,0.74.
o.e‘olol°c|-50¢?.0°o2-‘°o?oﬂ°o3;25.3.75.‘-250‘07505-?".

1GD(28) DFC FLOATCE)Y INTTIAL(O« 1aDel1404t1e0ul1e0.1t,

11001 1400010011042 7430427,042740:¢2730.76:0.59,
0e38:0.28,1e1R,0,72 |°o30-°o?ﬂo°o‘6-0.[2.0.08000 0a2,

oo

.
«AF,
«020 o°.°°9~'lo
® EGP, IGP, FGDe AND [GD ARE ARRAYS OF ENERGIES AND INTENSITIES
OF PROMPTY AND DELAYED GAMMA RAYS RELEASED IN THE FISSION OF
U=236 (FROM DILLMAN AND JONFS (197S5)). THE SE ARE USED AS
REFERENCF VALUFS IN THE CALCULATION OF THE FISSION-PRODUCED

GAMMA DOSF FOR ANY NUCLIDE, AS CALCULATED BELOW,. ¢/

JOINITIALIZE ALL APRAYS oy
SN=0 .0 CFF20s0 SGT=04e SA=0,
/¢ CALCULATE SUMMATION ARRAYS FOR Pﬂonn' AND DELAYED GAMMA RAYS ¢/
IF FIRSY='"TRUF ¢ THEN DO, .
SUMGP=04,e SUMGD=0s.
DO ISOURCE=1 TC ASOURCE,.
DN JTARG=]1 YO ATARG,
PHIAREBAY 2P M IPHOI TSOURCE s JTARG.® ), o

DO IFROMPTY=1 TO 42,4
CALL INTERPULI2ENGOFOWPHIARRAYEGPIIPROMOT) PHICAP) 4.
SUNGPL JT ARG, ISOURCF )= SUMGP (JT ARG, [SOURCE ) ¢+EGP( IPROMPT )
* IGPLIPROMPT) & PHICAP,.

END oo
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DO ICELAY=] 10 28,,
CALL INTERPIL12,FNGPHD ,PHIARRAY FGDUINDFLAY) PHICAP), .
SUMGD( JTARG, ISOURCE)I=SU GDIJT ARG, ISOURCE ) +EGD(IDELAY)
® IGDUIDELAY) ¢ PHICAP,,
FND o
END 4+ »
FNDy e
FIRST='FALSF ',
ENDo o

/¢ BEGIN CRGAN LOOP e/
= DO JTARG=]l YO NTARG,. .
DO ISOURCE=) YC NSOURCE, .
XENAMTARCCJITARG) g Y=NAMSOURCE(ISOURCE ) se
/7% CALCULATE FISSICN FRAGMENT NOSE EQUIVALENT RATES ¢/
FFF=0. 13908 7¢802/A880,333-21,9754+4 /% FISSION FRAGMENT ENERGY &/
IF X=¥Y THE ( SFFIJTARG, ISOURCE)=S1.1S8FFIEFFE20/SMASSIISOURCE) 40
/¢ ALL COSF IS ASSUMER TO AF ABASORAED WITHIN THE SOURCE TISSUE
EXCEPTY FCR THE FOLLOWING SPECIAL CASFSs REFER TO THE ALPHA

METHODOLOGY FOR DISCUSSION OF THESE CASES.e ¢/
/% SPECIM. CASFES FOR WALLFD DAGANS &/
IF X='FLAD wALL®* AND vY=*'ALAD CONT*
THEN SFEFE(JITARG, ISOUACE ) =S L ISeFFSEFF 420/ SMASSIISOURCE)I®045,»
IF X=°S WALL' AND v=°*S CONY* OR
X=*S] WALL®* AND Y='ST1 CONT' OR
X='ULT WALL' AND Y='ULTl CONT* OR
X='LLT WALL' AND v=*'LLI CONT®*
THEN SFFIJUTARG,ISOURCENI=S] J1SFFIEFFS20/SMASS(ISIOURCE ) *D.5%
De0loue
/7% SPFCIAL CASFS FOR ACNFE TISSUES &/
IF X='BONE * AND Y='CCR BONF* OR X=*RAONE* AND VY='CAMN
THEN SFRIJTARG, ISOURCE 1251, 1S¢FFEEFFE20/TMASS(ITAR
/¢ MODIFYING FACTOR OF S 1S USED FOR BONE s/
78 SPECIAL CASES FOR TOTAL AONDY &/
I Yy=*7 AODY*
THEN SFF{JTARG, ISOURCE )=51,1S8FFSEFF#20/SMASSLISOURCE) 4 »
IF Y=Y RODY* ANC X= *AONF
THEN SFFLUTARGLISOURCE)I=SFF(JTARG, ISOURCE I ®S, .
IF X=*T BRODY * THEN DCse
SFELITARG, ISOURCE ) =S| JIS*FFEEFF 20/ TMASSIJITARG ) o o
IF vy=¢S CONT* OR v=*5] CONT* OR
Y='WLE COAT* OR Y='LLI CONT®
THEN SEFFLJTARG,ISOURCE )=S5FF( JTARG+ ISCURCE)®*TMASSIISOURCE)
ISMASSTISOURCE 1#0.5%0.0140
IF Y=*'ALAD CCNT®

THEN SFE(ITARG,ISOURCE I =SFF (JTARG, ISOURCE )STMASS(ISNURCE)

/SMASSTISOURCEI®0 ¢S4
IF ¥y='COR BONE®' OR Y='CAN NONE*

THEN SFRIJTARGISOURCE ) =SFF(JTARG, ISCURCE ) #5,04
IF Y='T ROOY* T 'EN DN,

NANORG=*BONE"® o o

CALL SEARCHINAMTAQG NTYARGoNAMORG s INDEX 1)y »
NAMORG='Y BODY ', .

CALL SEAPCHINAMTARG NTARG JNAMORG « INDE X2) 4 o
SFFIJTARG,ISOURCE)I=SFF(UYARG.ISOURCF ) #(1 + (as
. TMASSOINDEXL)/Z/TMASSCINDEXZ) M) o

ND o

BONE *
G)*S5 ..

/¢ CALCUL ATE NEUTRON DOSE EQUIVALENT RATFS o/

EN=Q,7% ¢ 0.,65¢(VAAR L) *%) 5,4 7¢ NFUTPON EN _RGY &/
NX=1,e

IF X='80N*
THEN NX=S,, /7¢ MODIFYING FACTOR FOR RONF &/
SNUJTARCLISOURCE) =34 196AF =T SVAARSENSFF ¢SAN(TSOURCE ¢ J TARG)

* 1072, 1688K, .,
I¥ X='7T AODY* THEN NO. e

NANCRG=YRONE ",

CALL SEARCHINAMT ARG NTARGNAMORG, INDEX 1),

NAMORG='T BODY*,,

CAML SFARCHINAMTADS NTARG ¢NAMORGINDEX2) s o
SAIITARG, T SOURCE)=SN( JTARG, ISOURCE) ¢ A4/SSTMASS(INDEXL)Z/

TMASSUINDEX2)SSNIINDEXT ISOURCE), .
FENDso /7% SPECIAL CALCULATION WHFRE THE TARGET IS TOTAL

BODY s TO ACCOUNY FOR INCREASED DOSE RATE FROM BONE,
(FQ 2=7)s ¥/



7% CALCULATE DOSE FNUTVALFENT RATFES FOR PROMET AND DELAYED GAMMAS o/

R0 ,02796%(5.58492/2368A-7)1882,, /% 2 IS THE RATID OF THE TOTAL
ENFRCY RELEASE AY DELAYED GAMMAS FOR ANY FISSIONING SPECIES
TO THAT OF U=-236, THE QEFERENCF NUCLIDE, &/

SGTLITARG, ISOURCE) =51.15 * ISUMGP(JTARG, ISOURCE) + Rs

SUMGDC ITARG, ISOURCE )) & FF,, /¢ FQ 2-8 %/
/% CALCULATE BETA DOSF EQUIVALENT RATES o/

FH20.20588(S,G5P492/2360A-7)%82,, /¢ BRETA ENERGY &/

IF X=¥Y THEN SALJITARG ISOURCE )=S51.1S0FFeER/SMASS( ISOURCE )4 e
/% ALL DOSE IS ASSUMED T0O RE AASORAED WITHIN THE SOURCF TISSUF

EXCEPT FOR THE SOFCIAL CASES BFLOW ¢/
/¢ SPECIAL CASFS FOR WALLED ORGANS s/
IF X=YPLAD WALL®' AND Y=*BLAD CONT* DR
X=*S waLL"® AND Y='S CONT* oR
X='S] wALL"® AND Y=°*S|[ CONT! or
X='LULl WALL®' AND Y='ULl TONT* (OR
X='LLT WALL® AND v=*LLTI CONT!*
THEN SPIJUTARG,1SOURCE ) =51 (IS*FFEFB/SUMASS( ISOURCE 1#0.5,.
/% SPECIM. CASFS FNQ ACONE TISSUFS &/

NSKEL=%1.1% ® FF & FR 7/ 10000+s¢ 7® DSKEL IS THE DOSE EQUIVALENT
FOR THE TOTAL SKELFETON, THE DOSE-EQUIVALENTS TO INDIVIDUAL AONE
TISSUES ARF CALCULATED AS FACTORS OF THIS DSKEL . TAKEN FROM
TABLF 9, DILLMAN AND JONES (19750 THESE FACTORS MAY 8F DERIVED
VIA THE METYHCOOLOGY PRESENTED IN €_DOSE FOR BETA DOSE DISTRIBUTION
IN BCNE TISSUES. o/

IF X=*'PONE®* THEN DN, .

IF v='COR PBCNE?

THEN SR JTARG,: ISCURCE )=NSKEL®75.0/ 35,944
IF Y=29CAN BCANF?*

THEN SBUJTARG,: ISCURCE )=DSKEL®42.8/735.9s¢
I1F ¥y='D MAR?

THEN SRBUJTARG,: [SCUACE )=DSKEL®21:573%.9,4

6"0..

IF X=t'ENDOSTFAL' THEN N0
IF vy=*'COR BCNE*

THEN SBUJTARG, ISOURCE 1=NSKEL#45,8/735,94 4
IF Y='CAN RACNF*
THEN SPLUTARG, ISCURCE )=DSKEL®63.7/735:%90 ¢
IF Y='0 MAR®
THEN A JTARG, ISOURCE 1=NSKELS®B2.7735.9 ¢
IF vY=%y MAR?®
THEN SPRIJUTARG, ISCURCF )J=DSKEL®E2.67 35,9,
END e
IF X='K MAR' THEN NDO,.
IF Y='COR RACNE?
THEN SALJTARG, ISCURCE )=DSKELS6 .2/ 35.%+ 4
IF Y='CAN BCANE*
THEN SRAIJUTARG, ISOURCE )=DSKEL®107.0/735.9,. .
IF Y='R MAR*
THEN SBL UTARG, ISOCURCE )=DSKEL®179:0/35.%9«
END s o
IF X='Y MAR' AND Y='Y MAR*
THEN SP(JTARC, ISOURCE)=DSKELS250.,0/35:e94 4
/% SPECIAL CASFS FOQ RESPIAATONY TISSUES &/

IF X='LUNGS' AAD Y='RESE LYMPH'

THEN SBLITARG ISOURCE)I=51,15¢FFSER/TMASS(JITARG ) s

[F X='RFSP | YMEH®' AND Y='LUNGS?

THEN SA(JTARG,ISOURCE )=5] JIS¢FFEER/SMASS( I SOURCE )y e
/¢ SPFCIAL CASES FOO TOTAL A0ODY &/

IF y=°¢*7 goDy"

THEN SA(JTARG, ISOURCE =S| I S¢FFEEB/SMASS( I SOURCE )4

IF X=*'T BODY"* THEN DO,
SPRUITARGISCLRCE ) =51 L ISSFFEER/TMASS{JTARG) 4 o
IF Y='ALAD CCNT* OR ¥='S CONT' OR Y=*'S! CONT*' OR

Y='ULT CCAT* OR v='LL[I CONT®*
THEN SB{JTARG, ISOURCEI=SA(JTARG, ISOURCE ) #TMASS( I SOURCE )/
SMASSTISOURCE ) *%0+54e
END e
ENDse 7¢ [SOURCE LODD &/
ENMye 7% JTARG LCOP e/
END FIZZ2_DCSF,e
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PO 5 s s S D S D B P D O B e

OUTPUT . o PROC, «
/¢ PRINTS S-FACTCR MATRIX FOR S0URCE AND TARGETY COMBINATIONS
FOR THE NUCLIDE &/
DCL (NUMRADNDIV) BIN FIXEND(1S)se
ON ENDPAGE (SYSPRINT ),
/% GENERATE A CARD DECK OF TOTAL S~FACTORS FOR THF MATRIX
OF SDURCE AND TARGFY COMBINATIONS =/
PUYT SKIP FILE(FUNCHA! EDTTINAMNUCIICOL (1 )eA) e
DO (TARG=] TC 24,.
PUT SKIP FILF(FUNCHA) ECITIISTOTALLITARG, ISOURCE)
» DO [SOURCE=1 TO NSOURCE)II(B FIL10+43) ),
ND s »
/¢ PRINY MEACING FOR NUCLIDE e/
PUYT PACE CDIT(*'S FACTORS (REM/MICROCURIE=~DAY) FOR * ,NAMNUC)
(COLEI0 VA A ),
PUT SKIN(2) FECIT('TARGET ' ,*SOURCE ORGANS')
(COLELI)oALCOLTA3)sA) W
PUT SKIP FDITIORGANS* I(COLI(1)sA) e
NUMRAD =144
1F NALPHA GY 0 THEN NUMRAD=NUMRAD® 1,4
IF NFL GY 0 THE I NUMRAD=NUMRAD®L,.
IF NPHCTON GY 0 THEN NUMRAD=NUMRADS® | 4.
IF FF GT 0 THFN NU““.’INU“‘“Q..O
I NUMEAD GY 4 THEN ANDIV=3,.
IF NUNMRAD=4 THEN NDIV=2,.
IF NUMEAD LT & THEN NDIV=lee

./

I=)] THEN IFIRST=1,,
I=1 THEN LAST=8,,
I1=2 THEN IFINST=9,,
122 THEN LAST=16,.
1=3 THEN (FIPST=(7,,
I=3 THEN LAST=ENSOURCE, .
I NE 1 THEN CALL PRINT _MEADING, .
185T=14se JLAST=NTARG/NBIV..
LL PRINT_SCURCFES,.
LL PRINT.S _FACTORS,.»
JLASY LY RYARG THEN DO
JFIRST=JLAST#1 es JULAST=JLAST ¢ NTARG/NDIVsee
CALL PRINT_HFADING, o
CALL PRINY_SOUQCES..
CALL PRINT_S_FACTORS,.
ENDso
IF JLAST LT NTARG THEN DO,
CALL PRINT HEADING, s
JEIRST= 1 A%Y 414,  JLAST=JLAST ¢ NTARG/NDIVee
CALL PRPINT_SOURCES..
CALL PRINT_S_FACTORS,.
ENDso
FND oo
GD TO END_UP,. /#END_UD (S FND OF QUTPUT PROCEDURE « &/

e I e e, 74

PRINT_SCURCES.s PROC.
/¢ BRINTS SOURCF ORGANS FOQ S~FACTOR TABULATIONS #/
PUT SKIP(2) ECIT(INAMSOURCE(ISOURCE) DO ISOURCE=[IFIRST
TO LASTIIICOLII6) A7 (X{1VeA))se
PUT SKkiP, .

Y G, .y ——
MNpr AT

END PRINT_SOURCES,.
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T it i o i B S A S 0 S B S S W o M e Geswnsses Bl
PRINT S FACTORS . oPROC, o
s7¢ BRINTS S-FACTORS FOR GIVEN SOURCE-TARGEY COMB INATIONS ¢/
DO ITARG=JFIRSY TN JLAST ..
PUT SKIP FOITINAMTARGUITARG)IIICOL(L)YoA) ..
LINES=0,.,
IF NALPHA GT O THEN DOse

PUY SKIP(LINES) FDITICAY  (SAL ITARG, ISOURCE)
CC ISOURCFE=IFIRSY TO L“',,'COL‘I?.O‘.G E(l11+420)40
LINES=1,40
END .o

IF NEL GY O THEN DD. .
PUT SKIPILINFS) SO IT(*F*, (SECITARG,ISOURCE)
CC ISCURCE=IFIRS  TO LAST)II(COLCI2)sAeB FC(11e2))s 0
LINES=1,0
END ¢
IF AFHOTON GT O THEN
PUY SKIOILINES) EIT (20 (SPHIITARG, ISOURCE )
CC ISOCURCE=[FIRLT TO LAST)INICOLUL2)4A4B E(1142))00
IF FF GY 0 TrEN DO,
PUT SKIP FDITY( 'S ‘=F ' (SFFIITARG, ISOURCE )
CC ISOURCE=TIF’ QST TO LAST)IVN(COLI9) A8 FULLe2)) 0o
PUT W TIe ECITI'SF <. 2 (SNIITARG,:ISOURCF)
CC ISOURCE=IFIQSY TO LASTIN(COL(9) AR ElL1L1e2) Vs

PUT SKIP FOIT('SF-E ¢ (SAIITARG, I SOURCF)
CC ISOURCE=LIFIRST TO LASTI)I(COL(9) A8 FlL1Lle2)V)esw
PUT SKIP FRITI'SF=D ,(SGT(ITARG, ISOURCFE)
CC ISOCURCE=IFINAST TO LASTINICOLEO) sA® ECL1142) )0
END o
PUT SKIP EDILYC('T Y J(STOTALIITARG, ISOURCE)
CC ISOURCE=IFIAST TO LAST)I(COLLI2) A8 EC11620 )00

PUY SKkiIP,,.

IF ANUMRAD NF 3 THEN PUT SKIP,.

IF ANCIV GT 1 THEN PUT SKIP,,
FNDse 7¢ [TARC LOOD &y

END PRINT_S _FACTICRS, .

€8 S hemsasnmaseseseananceesssmeeesEteens Seese e etesennans B/

PRINT _FFADINGs «PROC, o

/¢ BOINTS MEACINGS FCOR CONTINUATION DAGES ¢/
PUT SKEIP(A) FDITINAMNUC ,* CONTINUFD* J(COL(A2)eAsAdse
PUT SKIP(2) FCITI'TARGE Y ' ,*SOURCE ORGANS')
(Z0LC1) JACOLIAG ) sA ), .
PUT SKIP FDITI'ORGANS') (COL 1) sA) e
PUT SKIP,.
FND PRINY_MEADING, »
I m s m e e s mmncsn e, s e, e e e reee s remeseeseaness §/
END_UPe +FND OUTPUT ..
o T 0 o i . N 0 e S i i i 0 U A i S S e s e S B aas e ene asees BF
SFARCHM. PROC (MNAME_ARRAY JNNAME ,INDFX ),
/% SEARCHES NANF -ATQAY (A ONE=DIMENSIONAL ARRAY OF SIZE N)
FOR NAME AND RETURNS THF INDEX OF THF (FIRST) DCCURRENCE
OF NANF N THF ARQAY, IF NAME [S NOY FOUND, AN ERROR ME SSAGF
IS PRINTED o/

DCL NAME _ARRAY(®) CHAR(10
(NJILINDEX) BIN FIXED
NAME CHAR( 10V,

I1=14e

OO wHILF (1 LE N AND NAME NFE NAME_ARRAY(I1)),.

T=1¢1,0

FND .o

IF I LF N YHFN INDEFX=1,.

FLSE

PUT SKIP LIST (*SFARCH PRNCEDURE <AILED YO FIND NAME OF ¢,
TORGAN IN NAME-ARRAY' ), .

Yo
(15).

END SEARCH ..
20 o mm e e o - ———— - ——— - —— -~ ——— - L V4
INTFRP,, PROC (NTABLFE XARRAY ,YARRAYe X oY ) 4o
7% INTERFCLATICN ROUTINE FNR PHOTON_DOSE, E£_DOSE, AND
FI27_COSFE PRCCEDIRES &/
DCL NTABLE BIN FIXEN(LIS),
(XARRAY ., YARRAY)(®) NEC FLOAT(A),
(Xs¥) CEC FLCAT(G) .
IF X LY YARRAY (1) THEN DOee
YEYARRAY(L)#YARRAY (1 )¢ (X=XARTAY( 1))/ XARRAY( 1)y
RETURN 44
END,4 o
DO L=1 TC NTABL
iF X GF XARRA

F

Y ND X LT XARRAY(L*1) THEN DOse
YEYARRAY(L )+

L

Y

les
L) &
YARRAY(L ¢1 )=YARRAY (L))
ZEXARQAY( i)-x
CIX~XARRAY(L) ),
RETURN, o
FND e
END. o
YEYARRAYINTABLE ) #( YARRAYINTAALE )~-YARRAY (NTABLE~1))
S(X=XAREAYINTARLE" ) /IXARDAY (NTARLE )=XARPAYINTABLE=-11),.
Y=MAX(Y+0),e
END INTERP,,
20 ot o e e e e - ———— —————————— =/

END SFACTOR, »

ARRAY(L)Y)

(
(
.
(
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DeJ0E*00

8.79C-04

O« Q0E+ 00
3506~ 04
3.50E~04

0« J0E+00
2eI N ~04
2433 ~0Ca

0.30!‘000

0.00E¢00
6. 066~-0%
6. 06E-0S

0.00E+00
le18E=-048
l1.18€~-0a

0« 00E+0C
4. 10E~0%
A, 106~08

0.00€%00
3e61E-08
3.61E-08

S«01E-08
5.83-04
1.080€6-023

Q.006400
S.6W-04a
Se63E-04

Q.00e000
Te83 08
T.83E-04

0. 00€¢00
le 26604
le26E-04

Ce COE®OO
1e29€~03
1.29€-03

1.9%€-02
E.48E-03

0. 006200
B.53-048
E.S53E-048

0-0&‘00

C.C0E* 0D
3.85E 06
J.85E-04e

Q. 0OE*DO

0.00E000
1«41E~-03
1.41E-03

0« C0E+DO
2«€E6E-048
2. 66E-08

Ce00€*00
3. 85E-0a
3.85€-04

Ce COE®OC
3.55€~04
Je SSE-0¢

D 00E®O.
2+E6E-04
2+ 66E-08

0« 00400

O« 00€E+00
4. T4E-DS
4. 74E-0%

O« 00E%00
2526-04
2+526-04

D« 008400
Te2¥-05
Ta23¥E-0S

0« 006400
Ze0SE-04
2.C5€~-04

. 01E-04
S.80E-0a
L+ CHE~-03




TARGEY
R GANS

ADRENAL S

BLAD wALL

S WAL

S WALl

UL wALL

Ll wALL

KIDNE Y S

LIvVER

LUNGS

RESP L yoon

MUSCLE

OvaARiES

PANCREAS

BC

& MAR

¥ MAR

ENDNDSTEAL

SKIN

SPLEEN

TESTES

THYNUS

THYROID

UTERUS

T BODY

@YUM “TM «wTM YN «“TN «TM «TVM 4TM

“-TM «“40M «<49M aTm

“YM wPM «TM SPM aTM

- 9m

“«T™

ATYM «E0UM «@UM «TM aYm

LUNG S

0+)0€E+C0
Ha9TE~OA
GLe9TE-0N

0.00E+00

CeI0E* DD
6. 79604
G T9E-08

D.00E400
1.,09€-04
1.09F-0a

0.00E400
LeARE~DA
1e0BE-Ca

Q.00Fe 00
P 49F - 0%
2+496-0%

0«00F¢00
J.TaE~0a
3. 74E-08

0+00F+02
A, 09€E~04
A GUE~08

3.51E~C2
4.,88F-013
4.00C~02

JeS1E~-02
A.BABE~-0]
4.00€-22

2« 00€4+00
A.54E-04
4.54E~Ca

0.00E¢00
6.06E-05
6eCEE~0S

O+00E+Q0C
Be060F~-04
A,60F-048

O0.00F¢00
3sA46F~CH
Jed8E~ 04

0s20E¢00
4.,42E8-08
4.470-008

Ca D0E00
3.S6E-0a
J.56F-CA

0.00C+00
J4AEGE-00
l.a6E-048

0.00E+00
F+426~04
2e42F-0a

0.00E+ 00
G« 51E-04
6.52E~008

0+ 00E¢ 00
L ISE~0S
le3%E~-05

0.00E%00
1.4%€-0)
1+ 45€-0)

0«00E+02
Je JAE-D4
JeJAE-00

Qe00Fe00
Te92E~05
T«93E~-08

S«01E~04
4. 93E-0a
Ge94E~-DA

TL=209

45

CONT INVED

SOURCE ORGANS

RESP LYNMPH MUSCLE

CoCCEeCC
GeSTE~-CA
6G.STE~CH

Q.C0E*CO
T.29€-C5
3eI9E~CS

CeCOESCC
C.T9E~Ca
GLeT9F~Ca

QeCCESCC
1oL~
1.C9E~Ca

QeCOESCO
1 .88F~Ch
1«8uE~CS

SetOCeCT
2449 ~C5
FEL L S e

O.COE¢CO
3e78E-Co
1786~ (A

D.C0E002
B.C9E~Co
B.(9F~Ca

3.%1E~C2
4.£8E-CO
4. C0E~C2

224000
4.88E~-C3
2e34F: CC

C+CCE®CO
4.54E~2a
4.%4E~Ca

D.C0€0¢CO
GelEL-CS
6 C6E~-CS

CoCRESCO
B.E0E~CA
B.tOE~Ca

C+COESCO
3e80E~Ca
ledaf~Ca

CeCOESCO
4,A2E-0a
Q. a2F~Ca

CeCOESQE
JS6E~Ce
3+S6E~Ca

D.COE*CN
JABE~Ca
J.46€E~Ca

f.CCEeCD
Z2eA2E~-CH
2+82E~-Ch

D« COEe 0O
G S3E-Ca
GeE30E~CA

OeCCE#CD
1 25€E~CS
13SE~-(S

D«COE®CD
1 ASE~-C
1+45E-C]

0+ CCFeCC
JeJAE~CA
JelaE~(s

QefCERCT
TeS3C~CE
7«S3C-(S

S«ClE~-CH
4.53E-Ca
eS80~ Co

2«00C4+00

0.00C¢00
L OBE-OS
GeOBF-048

Ce0OL#20
484008
A.Bar-04

Ce00Ee20
S5«306E-0a
S5«30C-08

Ca00C+00
5959006
559008

C«00E¢22
SeBLE~06
SeBIE-00

Q.00C¢00
A58 -04
2.580-04

125€£-03
S«17C~08
Le776-03

0.00E+00
6o 756-08
6o 7SE~08

Ce0DESDD
Gel 1T -0
Ge11E-08

J«00E+00
Je.RA8E~08
J«ABE~08

Je02H+00

A.450-08
A.450-048

0400400
Te*2C-94
7e40E~048

D+00E¢00

501004
4. 94808
Y956 -08

OVARIES

0.00€E+00
1.9060-08
1La90F~04

0. 00E+ 00
2.28F-03
2.280.-03

0.00€+00
3eaiL-04
3.4 1E-04

J«00E+00
3. 85£-03
3.85€-03

0.008+00
JeBAE~0)
3.64E-03

0«00E* 00
4.63E-03
4.,636E-03

0. 00E+ 00
J.T6E-06
3. TEE~ON

0. 00E+00
2.32E~04
Lde32F~04

0.00E400
Se44F~-05
5«4 8E-0S

0.00E4+00
S« 48E~-05
SeABE-0S

Ce00E#+OD
6. 7TSE~-08
6.75C~08

3.19€400
2+STE~01
3.45E400

0«00E+00
1-B6E~08

0.00E¢00
3.276~-048
3.27€E~04

Q.00€400
1.06£~-03
1.06E£-03

0.00E¢00
4.29E~08
A 29E~08

0.00E+00
J.27E-06
3. 2TE-08

De«D0E+OQ
1eATE-04
1.07€6-04

0. 00E+00
2.02E-04
2402804

D«Q00E+ 0D
Q«00E+00
0.00E+00

Ce OUE*OQ
2.86E-0S
2.86E-05

0.00€E¢00
109605
1o 9E-0S

Ce ODE®OC
Se 78E-03
S.78E~03

S«01E~-08
6. TTE-CA
1+ 18E-03

PANCREAS

0.0%E+00
2.76E£-02
2.76E-02

0.00E+00
1.05E~04
1405F~0n

0.00E¢00
S.65C~03
S.6SE-D3

0.00E¢00
6. 28E~04
6.24E-00

0.00E400
T«48E-Na
7«48E-04

0.00€E#00
2+33E~04
2.33E-%4

0.00E+00
2.07E-03
2.,07€~03

0.00€¢02
138€6-03
1«38E~03

0.00E4Q0C
T.BAE-04
784608

0.00E #00
T.BAE~-08
T«8AE-0a

0«00E#0C
6.11E~04
6.11E~-0a

0+,09€4+00
2e26E~04
2426E~04

JeS1E=01
T«10E-02
4,226-01

0.00 (400
J.30F~08
3.30€-048

0.00E+00
6.15E~08
6415604

0«00E+0C
3.89C€-04
J89E -0

0e00E+00
3+30E~08
3.30E~00a

D.00E#00
1 «88E~04
L80E-08

Q«00E+ 20
6.18E~-03
GCeIBE-0]

0.00E+00
4.,21E-05
A,21E~05

0+00F +00
2.27E-04
2.2T7TE-08

0.00E¢03
7435C-0S
7356095

0.00€+00
2e11E-08
21" E~D8

S.0iE~04
G.6TE DA
lel TE-O3

COR BONE

Cu. ‘€9°°
6o 39E~
6o 39C~ O‘

0.00E¢00

0.00€+00
Z2+08E-048
2+.08E~CH

0.00E+00
2.67E~0N
246T7TE~00

0«00E+00
2+96E-08
2+ 56E ~04

0+ 00E¢00
336604
3.36E~08

0+.00£+00
3.33E-04
3. 33604

0.00FE+00
2+55E-04
2.55E~04

0+00E +00
3.40E-0S
3.40E-04

0.00E+00
3.80E-04
3.400-04

C«00E+00
3.88E~04
3.88E- 04

0. 00E¢00
3.20E-04
3.20E~04

3.00€+00
3 «84F ~08
3.84E-04

1186-03
B.206-03

2.00£+00
1.020-03
1.026~03

e 00E€+00
3.06E~04
3« 06F-04

0.00E+00
2+40E~04
280U ~08

D« 0CE +00
2e 64E-06
245404

0.00E+00
1.90E-04
1a90E-08

0«00E+0C
3«69 ~04
3.69E~-04

C«00E+00
2 12E-04
2.120-04

S5«01E-08
A.97E~-08
FeIBE-08

CAN BONE
0.00€+00

0+208+00
2e90E~24

0.00E+00
Je36E-04
3. JEE~- 08

0.20E+00
3e33-24
3. 33C~04

0« 00F+00
2.55€E~-08
2+5SE-04

0.00. #00

0«.0CE+O0
3.40E~04
J.40E-04

Ce OCE¢OC
3.88E~-04
3.88F-04

0. 00FE+00
3.200-04
3.206~-0C3

OeCCE+CC
3

1+ JCE~Q2
L.07€-03
1«11E~-02

0. 0CE#+0OC
1+ 02E-03
1.02€-03

B.07€~03

0.NCE#+ 00
3« 06E~00
3. 0€E-08

Ds OCE+QOC
2406-04
2.40E-00

0.20E+0C
2.586-04
2.00E-048

0. 0CE*QQ
1.90F~24
1.906-04

%« JCE+ Q0

0.2CE+00
24126-04
2.12€6~-04

S« 01E~-08
4.97E-04a
9. 98F-0a

B ONAR
0. 00F+ 00

0+ COE#00
3. 70E~-04

0a COFe00
B.606~04
E.C0E~00

0.00¢¢00
Be 7T4E-04

0., 00€E+00
1.006-03
1. COE~-03

0. CIESQ0

0. C0FE¢00
Je65E-08
J.€56-08

Ce CQOOO

0« 00Es+0OD
4.5S1E-04
4.51E-04

0.00€400
le 24E~-03
1 24E-0)

C.00E+00
4.88E-04
4.88E-04

2. C0E~03

1. S6E~-02
2.53€-013
le 21€E~02

0« COE+OO
S«81E-04
S«81E~06

7« 11E-03

2.00£400
2 T1E~08
2« TIE-04

CeCOE®CO
J222E-00
Je22E-04

0- CO!OOO
-05
9. 72! -0s

D+ 00€¢00

04 Q0E¢CO
2«5TE~0M
2.57E~048

Q. COE+0O
6. 182-048
€. 18E-04

S«01E-06
Se49F-08
1. 09~03
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ST wAaLL

UL T waALL
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¥ MAR

O.00E400
A, 38F-04
A.38F-06

0.00£000
1e420-08
1426~ 04

D.00€+00
2.55E~0H
2.556~04

O« 00Es00
Je61E~00
JebIF-04

CeCOEOD
J.03E-0a
2036~ Ch

Q0.008¢017
3. 38E~0a
3.30€-Ca

C.0CFe00
4,07 =04
4. 0CE-24

Q«0CFe00
J.BGE~04
1.85-048

0s70E400
3.59¢~- 08
3.59€~CH

Ce00€00DN
3.59E-04
3590~ Ca

0«NCE*Q0

O«20E4D0
J.A0E-Ca
JeA0E~CA

D« J0E+00
193600
1.93€-04

O0«Q0F*20
He ARE~ uA
A,88E-08

Q«00F+00
Ve CTE-DA
9 N7E-24

20 JAE~02
LeS1F~02
2e89E~-32

S.85€-03
D 7TOE-04
€802

0.006400
2. 26E-08
T.2€F- 00

0006402
Q.l6F~0A
AJ10E-Cr

CeD0F*00
J.18F-04
3.1 BE~-00

0+00"¢00
2+51E-04
2«51E-08

CeQ0E®00
2+55F-04
2+59€~Ca

Je00E00
187604
1.87F-%

S.01E~08
A4,43F-04
Gedar-Qa

SKIN

QetrfecCo
24S26-Ca
24520-Ca

C.r0EMCO
PelSE~0a
Z2e€SE~Ca

0s.CCE0CO
Ze28E~Ca
2e28E~CH

Q.C0E&CO
2e(6E~CA
2esCLE~CA

CeCOFOCS
158E~03
1eS8E~Ca

O.CO0EMCO
2el1E~Ch
2411E~Co

QeCOr4CD
JefOE~CH
2.€0T=-Co

CeCCERCO
2e40E~La
2e40€8~Ca

WO NVO NN
..
IETLEN
-y
mmm
LR 2

2e09E~Ca
«26E~Ca

-
oCTPE~CA
-

1oA20-C2

CeCRESCS
2s12E~CA
2e12E~Ca

O«CCE®CO
Je29€~Ca
Jai9E~Ca

S.CCE®CS
Sed3E~CA
Tel3E~Ca

Qe.CCEFCO
2e7CE~-CA
2« 70E~CH

Q+COE®CO
2.16E~Ca
2+.10E~-Ca

S.01€~Ca
Je28E~CH
H.79€E~Ca

TL=-209

SPLEDN

D.000400
2416E-03
2el60-03

Oe00C¢00
B.ATE~09
BaATE-OS

O.00£¢00
JeASE-03
JeASE~0D

J«00FeCD
379004
Je 790~ 04

Q+00C+00
7.21C-00
fe210-00

2400Ce00
T«21L~00
T21E~04

JeNOC 0O
5.07E-04
Se070~-04

fa20E400
Ced1C-04
2e81C~04

2.00€+00
503603
6.03£-03

2.00€¢00
276000
2eTOE~04

0.00E+00
3980~ 08
3.98F -04

D.00C400
8.0 T-08
4. Na

0«0L_+00
2. T6F-04
2eTOL-08

0.00C000

Ce0OC+00
405
A.,13€-08

S«00€e00
GeASC-05
PF.45F 08

D.00C+00
S« 96E£-0S
Se96C-0%

0.00C¢00
Le27E~048
1«07E~0a

Se01F 008
5«79t -048
l«08E-03

CONT INUED
SOURCE ORGANS

TESTES

0.00E+00
3.23€-05
3e23-05

D.00F* 40
1.%.e~03
1.61E-03

0.C0Fe 00
8, 256-05
4.256-0%

0. 20E400
1. 92006
s 92€~0s

0.00E¢ 00
e 36F~08
1e36E~-00

0.00F¢00
Sel8E-048
el AF 08

C.00E¢00
Se 16£-05
S« 16F-05

O«20E¢00C
3. T6L-0S
3. 76E-05

0« 00E+00
1. 35£-05
Le35L-05

0.00€E¢00
1 3SE-05
1« 35€~-05

0.00€400
4.45F-04
4,450-04

0.00€¢00
0.00£ 400
0.00E¢00

U« 00L¢00
4. 21E-05
4.21E~-05

C.00E¢C0
2034604
234604

0+.00FE*00
181808
leB1E~0A

Q.00E+ Q0
1. 05E-08
1.05€-04

0.00€£¢00
2. 34508
2.34E-04

0+ 0NE+ 00
SeS0L-048
5.56€E-04

0.00E¢00

1.00€+00
1s176-01
1.12E¢00

0.COEe 00
75 3E-06
7.536-06

0«00E+00
3. laF-00
JelaE~-06

0.00E400
0+00£+00
0.00€+00

S«01E~04
4. 96008
FeITE~ON

THYROID

0.00E+00
Te67F-0%
T6TE-0S

0e00E¢00
G.7AE-08
G TAE-DE

0«00E¢00
S5.088E-09
S.88E-0%

000E400
1.6CE-05
Le60€E-05

0.00F¢02
1e89E-0%
1.89€-095

0.00E400
928606
Ge24E-00

0.00E400
5.048€-05
S.08E-05

0.00€¢32
TeI7E-0S
Ted7€6-05

0.001 00
J69E-08
369E-00

0.00€¢00
369E-08
39E-DS

0.00F 00
A.6RE-DA
¢ _oBE-0s

0.00E#02
1.09E~09%
1+09€-0%

0«00E+00
l«18E~04
1e186-08

0.00€402
2.706-006
2.T0F~04

Qe00C 400
2.97€-04
2.97E~048

0.00F#00
1.50E-04
1.50F~048

0.00E+0C
2470€-04
2.70€-04

0.00E*00
3l 7E-04
3.1 TE-0S

0.0CE#D0
6.08E~0S
6. 08E-05

0.00E +20
Yo 15E-06
3. 15€-00

0.00€¢9C
151E~03
1eS1E~03

1.75F+00
1.63F-01
1926400

Q.00 02
1+0USE~-0S
1e0! "=0S

Se01' ~08
Lo ~0a
L1 w08

T 8soDY

S« 0LE~08
P.58¢ 04
1+86E~-03

G017 -08
64 20F~08
112603

Se01E~04
S5¢ 09E~CoH
1«01E~03

S+01E-04
Ceb1IE~ON
lel6C~03

S«.01E~08
Ge19C~00
1«12E~-03

S5.01F~04
6 75F ~04
1«186-0)

S«01E~-08
Se6LE 08
1.066~-03

5. 01E~00
S5+ 7T0E~04
1« 07€E~-03

S5e01E-04
d.TAE-DS
e TOGE~04

S5«01E~04
Q4.78E-04
G 76E-008

S« 01F~00
4,948 <06
9 95E~0a

S.01E~04
G ISE~04
1.206-03

S«01E~08
6.08E~04
1«11E~03

S«01F-00
Se11E~-04
1L«01E~03

S«01E~08
Se68F-08
1.07C~-03

S«01E-04
4. 736008
D785 -00

S«01E-06
S« 12E~04
1.01£~03

S5.01FE~04
3.336-04
B.340-04

S«01F~-048
S5+45E-04
1.050-03

LeQlE~08
S+54F -04
1e06£~02

S«01E~04
G« 3GE~08
1.14€~-02

S«01L~0a
4.55E6-04
V56604

S.01E~-04
S«96E~08
1+10E~03

Se01F-04
S.940 -08
FISE-04



TARGEY
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ENDUSTEAL

Sk In

SPLEEN

TESTES

THYMUS

THYROID

UTERUS

T BODY

-

-

-

- -

-

-

ADRE NAL 5

T.22€~01
Te226-01

0+ 30Fe00
0.N0F+00

0.20%e00
0. 008000

0006400
0«00F®00

0.00E¢00
D.00F¢0"

0.00FE+00
0«00 400

De00E¢ 20
QeDOE *00

Qe00Ee 2
0.00E¢00

Qe0Qr=eag
0.,00E¢03

0«00F +00
D«00E¢00

Q«00E+0"
Qe20€¢09

0.00F %00
8:906433

0.00Fe00
Ve 00E+00

0.,00€+00
0.00€+50

LedAF-0a
fedat-04

47

SOURCE ORGANS

S FACTURSG

BLAD CENT 5 CONT

CeCOESCO 2.00€¢00
Qe COFE4CO G.00C¢00
2e83(C~C2 0.00C¢00
2e%3€~-C2 0+00€400
C.COESCO 2.020-02
O.C0CL*LD 2.020-02
O.COESCO J.00C¢CO
C.00Ce 20 000020
DeCCEsCO 5.008¢00
QeCOE*CO 0000400
C.COEL®CO J.00C¢00
CeCOFeCE D.00E+00
CeCOEMCD S.000400
D.CO0ECO 2.000400
0.00€¢ 00 J.00F¢00
feCOESCO f.00C¢00
CeCOEGCT S«200¢00
0.C0€EsCO D000 +00
Qe.CROESCS 0.00C¢00
CeCOESCS Qs 00C¢C0O
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1.32€6~-06
le32€-CO

C.00€¢00
Ls0aE-06
L8408

0.00E+00
1.286~-06
1.28E-06

0.00E¢00
S«42€-07
Eeq28~C72

0.COEe22
6+59F~07
EsB9E-C7

0.00E+00
Q.20€-07
9. 20€~C?

S«88€-92
1e746-06
Se65€-02

SKIN

CeCOES®CO
1.C3E~C6
LeCIE~CE

QeCOESCO
Val7E~-CT
977€E-CY

C.COECO
SeClE=-C7
SC2E-C7

C.COE0CO
TS1E~C7
TeSIE~L?

OeCOEFCO
B.C16~C7
R.C€1E-C7

Cet0ESCS
Be76E~C?
2. 76E~C7

0.CoE¢CO
1.09€-C6
1 «05€E~C6

J.COE+CO
Gel8E-(7
GeINE-CT

DesCCESCC
GeER2E~C7
Ge%T2€~-C7

DeCCE®CO

C+COESCS
Lec TE~CO
Le27F~C0

G+ COE®CO
G.40C~-C7
GCeABE~CT

Q.COE#CO
TeJIE~CT
Te21E~C?

NeCUESLH
LeibE~CH
lel6E~CE

C«COE®CO
1eCBE~-CE
1.C0E~CS

QeCOE®CO
L «23)E~CH
1.236~Co

CeCCERCE

C«COCOC
1.C6E-CB
LsCBE~CO

QeCOESCO
Fe28E~CT
D 20E-C7

Se€S5E~C2
1.2TE~-06
Se«€5€-0C2

PO-211

CONT INUED

SOURCE ORGANS

SPLEEN

C«00E00
Je96f ~06
De96E~06

Q. 0CE+00

Ce00EeSD
1 .88C-06
L «8AC-086

2.000¢00

0+9CE+D0
B.97€-07
B97C-07

Oe00C+00
te11E-0S
1+ 11E-05

D«DDE+QOO
le806C~-06
1e46E-06

2.00C+CH
“e90C~-06
2e90C~-06

000C+00
2490F-06
2+.90C~-06

O«00C¢00
1.086~006
le06C~06

Q.00C+00
251E-05
251E-05

C.00C»00
1.038~-06
1.03~006

J.00C¢00
1+520-06
L«52E~-006

0.00C+20
154 -06

neN SO
P

© #POU NNN wND O
LR 4

*
O mPé= wNO

¥e o0 5P
i Gk :
AR 28% 555 228 383 AAR

i
000 POU 200 ©COO 00O oo

NNO WNO N0 Ny

TESTES

D« 00E#OC
lelIE-O7
le11E~C7

0.00E4+00
7. 036~06
7.03-06

0.00F¢00
1. ISE~O7
1.35€E~-07

Q«C0E+ OO0
Te32€-07
TJ32€-07

Ce00E+ 0O
£,09€E-07
5.09€E-07

C.20E+02
3.81E-06
3.81E-06

0.00C400

0.,00E+00
lellE-O7
lelLE-Q7?

C«00E*0D
J.10€-08
3.10€-08

0.00C+00
3.10E~-08
3.4 0€-08

Ce00ES DD
LeGBE-D6
Le6BE~06

C«.00E*00
0.00E+00
0.00F+00

0.00E+00
le "2E~Q7
le Q2E~0Q7

0.00E+00
8.93E-07
8.93€-07

0.00C+00
7+.CHE-07
T.26E-07

0.000+00
J.8a7c-07
J.87€E~07

CeN0E® QO
8.936-07
B8.93E-07

0.00E+00
2+ 14E-06
2.1 4500

0.00E¢0C0
1«31E~-07
1«31E~-07

lel 36402
4.81£-08
1« 136402

0.00E+00
2.11E~08
2.11E-08

0.0 0E#+ 00
7«50€-09
7.50€E~09

0.00€E+00
Cs00E# 00
Ce 00E*0G

S«65E-02
L+ 93E-06
Se65€E~02

THYROID

0+0CE+22
2.87€~-07
2.87€-07

0.00E 400
1.85€~-08
1.85€-08

0+,00E+00

0.00E402
Jed4E-00
Jetag -08

0.00F 400
3.95€~-28
2.95%E-00

0.02E400
2+.72E-08
2. 72E-08

D.00E+00
1e21E-07
1e21E-07

0.00E+00
2e84E~07
Ze44F-07

0«09 #+02
1+S2E-06
1.52E~06

0400E#00
152E~-08
1.52€-06&

0.00€+20
1.85E-06
1.45C-06

0.00E+00
Je24E-00
3.28E-0C

0«00E 00
Be.455-00
3.45F-00

0«02E+00
1e01E-06
1.C1E-086

0.00E+00
leICE-2C
le 1 0E~-D6&

0«00E400
5¢39€-07
S« 39€-27

0.09€ +00
LeD1E~0G
1s01E-06

0«00E4+00
1.226-06
122E-06

0.0%€+00
2+38BE-07
2+38E-07

0.0CE#0D
TS0€~29
7.50€~0%

0.00€400
SeS1E~06
S«51E-006

1.90F 02
GeAAE-0a
L IBE*O2

0.00E+00
3.09E~28
3e.09C-00

S«65€-02
Le76E-00
S«65F-02

T BOLY

S+65E-02
2.726-06
S.0%E-02

S565E-02
2.635-06
Se65€-02

S« 6SE~02
2e348-06
5.65€-02

5.65£-02
2+.64€-06
Se65€~-02

Se65€-02
2.57€E~-06
S« 6S5E-02

S«65E-02

S« 65€ ~02
2.47-06
S5.6S£-02

Se656-02
2+40€-06
5.65€~02

Se65F ~02

S«65SE~02
2.00€~-006
Se65£-02

S5«65€-02
24 26E-06
S«65C-02

2.826-01

5.65€~02
2« 18E~06
S« 6SE-02

Seb65F~-02
1+85£-06
S5.65€E-02

Seb6uE~02
1+98E-06
Se6S€-02

Se65E-02
1268 <006
Se05E-02

Se65L~-02
2+40E-06
S5+65€-02

Se65€~-02

5.65€£-02
1«87E-06
Be65E~02

Se 65E~-02
2.06E~-06
S«65£-02

S5e65€-02
T« 26€E-02

1e95C
T« 26E~02




TARGETY
ORGANS

ADRENAL S

BLAD wALL

S WALL

G0 waL L

L wALL

LL T waALL

KIDNEYS

LIVER

LUNGS

RESP L YyMPN

WU SCLE

CVARICS

PANCREAS

BUNE

R Mar

¥ MAR

ENDOSTE AL

SPLEEN

TESTFS

THYNUS

THYROID

LYERyS

T BOOY

“TU>» ~“D»

=“TU» ~«TU>» «T»

=“TUs wTUD “UP “ATP “TP 4UP “VP «“TP 40> T =YD V> AUy «“U> «wT»

“P» ~“T>

“U» «u»

ADRENALS

3. 18E402
24 39€E-06
3. 186002

D+ 00F #00
1.00€6~99
1.00€E~09

1:3%822
1e53E~08

2. 00€+00
4. 97F-09
Ge9T7E-29

O«Q0Es 00
Se 74E-0C9
S« TAE-09

O.00E*Q0

0.00E470
S.826~-08
S.82€-28

0. COE+ Q2
JeAG6FE~08
Je46F-08

D«00F¢00
1«22€-08
le22€~0A

%« 20Ee¢CC
1+22E~08
1e22€-00

Q. 0CE+ 30
Te98E-05
7. 94€-09

J«00E®DQ
2eBEE~ 09
2.86F-129

0«0QE+GO
4,43E-N2
4.47F~08

0« 20E#00
T« 02€~09
7.02F-03%

O« 00E0C
1.2%€~-08
1e25F~-08

Q«00E¢COD
GCeBIE-09
6+ 8LE~19

D+ OCE+IC
T 02E~09
T 02€-0%

0. 00€400
Ja73€-09
3. 73E-C%

D.00E+20
1.22€6-08
J226-08

Gs QLSOO
8.29E~10
8296~ 10

Je D0E+0O0
4,02€~09
4,02€~09

D« C0E+ 0N
lellF-09
1« 11E~09

0. 00€ +0L
2.37€-19
2eATE~CS

CaJEE-02
B.71E~09
6. 36E-02

S FACTORS

OLAD CONTY
CeCCEeCE

E-C8

LEg 24}

D« COESCO
3«+9%€~-10
Je+59E~-10

S«COESCO
3.%9€~-10
3e%9E~10

0.00C0000
Yo I6E~-C9
SelbE-C9

C.COE#CO
2et6E~-CB
2.66E~-20

CeCOE+CO
ts480~-C5
1e80E~CS

Qe LOESCT
2eS4E~CY
2eS4E~CH

0e.COCOCO
6e20€~C9
Lo 20E~C9

QECO
LE~-C9
1E~-C9

uNo
L

% CONY

Ce00OFeQO
lellE~08
le11C-03

0.00C* 00

Je00E+00
133~-08
1+33€-08

CeD0E®9D
Le61C~-08
Leb1E~08

J.00C*00
692609
6e92C-09

D«00E400
L.69C-08
1+69€E-08

C.00E¢00
l«+03~08
103C~08

D«00C¢00
Je36C~0Y

J«00C+ 00
Ge36C-09
Je36C-09

J. 006400
T« 31C-09
Te3IE~-09

0.00E¢00
S«STE-09
S5«S7E~09

Je920C+00
O.60¢-08
B.68F-0A

S«.00€¢00
J«OTE-09
3. 07E~-09

A

>

2.25C0~-09

Ce00E+0D
3.07€~09
1«07E-09

J.00C¢00
320009
3e20C-09

0000400

J«00C+02
S5e50€~10

-

5S50€~-10
J.008¢00

0«20C+00
B3.65e-10
De65€-10

JeD0C+00
4,900 -09
2.900-09

1 «88E-08
el TE-09
leBBAE-04

St CONT

0.00E+00
6.27€-09
6. 27€-09

0« D0E* 00
1.40€-048
1+80E-08

0.00E+00
1. 7RE-08
le78F-08

Se 3GE~-02
Le56E~07
S«3GE-02

0. 00E+ 00
lel6E~OT7
lelOE~O7

0.00E¢00
3449E-08
3.49E~08

M.00E+00
l.64E-08
LeGAE-0B

CeD0E® 20
9.55€-09
FeHSE~09

O«0UE+ 0O
1«81E-09
LeB1E~09

0.00E+00
1eB81E-09
1.81E-09

C.00F+00
8. 00E~09
8. 00E-09

0«00E#+00
4. 99€~08
4. 99E-08

0+ 00€400
1.00€-08
1.06£~08

0«00E+00
4,05€-09
4.0%€E-09

Q«00E+00
1.26E~-08
1+ 26E-08

0. 00€+00
Se58C~09
Se58E~09

Q0«.00E+00
4, 09E-09
4,05€-09

0.00E+00
293E-09
29309

0.00E+00
8. 10E~-09
8.1 0E-09

0.00E¢00
2.41E~09
28 1E-09

0«0QE+ DO
T«97€~10
T.97€E~10

Ds 00€EsCO
2e5S5E~10
2+5SE~10

0«00E+00
4,40€E-08
4.40E-08

4. 90E~0s8
f+01E~08
4.90E-0s

ULl CONT

Q.C0E#QQ
S5.98€-09
S5.90€~09

C.00E+0C
1.06€E~-00
1.06E~-00

0«00E+00C
1.86€-38
1.86€~-08

0.00F+00
8.23E-08
8.236-08

Q.TAE-D2
2422E-07
GeTAE~D2

0.,20E¢00
1.64E-08
l«64E-08

0.00E+00
Le4BE~-08
Led6E-08

0.00E+00
1.286~-08
le28E~-08

0.00E4+00
2400609
2.00€-09

0.00E¢0C
2400E-09
2.00€~09

0.00E+00
7Te66E-09
T+66E-09

0«00E400
S«02E-08
5.02€-082

G.00E+00
1.01E~-03
1«01E~08

0.00€E+00
3.63E-09
3.6 3E-0%

0.00E+00
1.07£-08
140 7E~00

0.00E#D0
S« 15€E-09
SelSC-09

0.00E+0QC
3e6IE-09
3.63E~09

Q«00E*00
2<94€~09
2e9A0-09

0«00E¢0C
6.946-09
6.R4E~09

0«00€+00
28BE-09
Z«B88E~09

D«00E+00
8.65E~10
Be6SE~10

0.0%E#00
2e71E~10
CeT1E~10Q

0.00E00
2+38E-08
218E-08

2e92E~-04
FH86E 09
2.92E~04

(REM/MICROCURIE~DAY ) FOR PO=-213
SOURCE ORGANS

LLI CONT

0.00E+00
2+459€~09
2.59€-09

0.00E+00
2.736~-08
273 -08

C+00E¢00
8,601 ~09
B8.60E~09

0.00E400
4,.,576-08
.57E~-08

0+00E¢00
2.08€-98
2.08E-08

1.59€~-01
2462E-07
159€~01

0+00E+00
4.62E~09
4.82€0-09

C«0CE+Q0
1« 94E~09
L« 94E~09

0«00E#00
T« 1SE~10
TelSE~10

S+00E000
T« 1SE~-10
TeliS5€~10

0+00€+00
8. 76E~09
B.76E-09

0.00E+00
B.49C-08
8.49E-08

3. 00E400
3« 88E-09
3.88€-09

C+00E+00
S+28E-09
S5.28E-09

0.00€ +00
1.58E~08
L«58€~08

0+00f #00
GS0E~-09
650609

0«00E+00
Se2BE-09
Se28E-09

0« 00E*00

0. 00£+00
Se31E~-09
Se31E~09

C+7CE+00
Sa13E~09
Fe13E~09

C«00E+00
JeSHE~10
3.56E-10

Qe00Ce00
1e28E~-10
1« 24E~10

J+00€ ¢00
2.87€E~C8
2.87E~08

3+63E~04
Qe 77E~-09
3+63E-0a

KIONEYS
Q«J0E+00

0.20E+00
le726~-08
Le726-08

0.0CE+00
1.43-08
1.83E-0€

0. 2CE+0Q0
ledCE~-OR
le4gE-08

D«0CEeO0
4.5%E~-09
4.5¢E~ 0%

1.44F+01
Je 70E-07
ie84Es 01

0208400
2.016-08
2201E-08

0.0CE+ 00
S«.11£-0%
Se11E-09

J.0CE# QD
S«11E~09
S+ 1 1E~-09

0. 0CE+CO
7oA 7€~09
7.47E-08

0.00E+00
Ta426-09
T42€-0%

0.00E¢0¢C
J.49E-08
JeASE~-QE

0. 0CE+00
5.02€-0%
5.026-09

0.0CE#+ Q0
1.26E~-08
1«26E~08

O«.0CEs+QC

D.0CE+QC
S«026~0S
S«026-09%

O JCE®OQ
3+S1E~08
3 SIE~-CS

D«J0E*CO
4,30£-08
4.3CE-08

Q.0CE+0C

1«216-0%

6e J6E-02
B.7€E-09
Ge3EE~-02

L1 vER

CeCOE+OO
2.51€-08
2+%1E-08

C«COE+CO
1.33E-09
1.23-09

0.0%+00
1.006E~-08
1.006~-08

O« COE+OO
8. 21E~-09
B8.21E-09

Q«00E+00

0« 00C€+0
1.25~-08
1.25%-08

D+ 00E400
1.25€-08
1.25€-08

0«00E+00
SePRE-0O9
C.84E-09

0. 00E¢00Q
2. 60E~09
2+£0€E-09

Ce COE®OQO
2+31E-08
2.21E~08

0.00£400
Je 736-09
3. 73E-09

0.CO0E+00

C. COE® DO
S.S1E~09
Ce81E-09

Oe COE#00O
3. 7TIE-09
3. 13E-09

C.C2+00

CaCOEs0O0
S«67E-09
S+67E~09

C.COE*0QO
1«.0X~09%
I« 03E~-09

O« C0E®QO

Ce GOE®O O
1.026-09

0« COE+QO
24 15€-09
2+ 19E~-09

GelJGE~-02
8. 79E~09
6e IGE-02




TARGET
ORGANS

ADRENAL S

BLAD wALL

S wALL

S1 wAaLL

VLT wALL

LLT waLL

KIDNFYS

LIvVER

LUNGS

RESP L YMPH

MUSCLE

CVARIE S

PANCAE AS

BUNE

EOMAR

¥ MaR

ENDOSTEAL

5K IN

SPLEEN

YESTES

THYMUS

THYROLOD

UTERUS

¥ sony

“TP TP AT> «BP =TU» =“V> «THF «T> «4T> «TV>

-T»

ALUP> =YD «“TP U

“EP =UP “ABUw =T «“TP «T>

“3»

“~TU» =“U»

LUNGS

0.00E+00
125608
1.28€-98

0. 00F+ 00
4.,43F~10
Q.43€E~ 10

0. 0CE® Q0
VeBAE-Q9
Ge84L-09

G 00F+0O0
160F~09
1.606-09

0«00E¢00
2. 10F~09
2.10F-09

0.00F+30
4.63E-10
Q.636-10

0«00F+00
S« 276939
S« 27€-09

0.00£4+1%0
123F-080
1e23€~-CH

a4,45E+00
T« IRE-CA
A.4%F200

0.00€¢00
7. 38E-0B
7.3PE~-CH

D«CC0E+CO
6B491E-09
6.91E-09

C«00F+00
A.56€~-10
B.59E-10

0.00€E+C0
l.28€~-08
le28E-CR

Ce00F+02
S« 12E-29
Se12E-09

Je0CEsOC
B.ATE-09
O ATE-29

De«00ESNC
SeA1E-09
Set1E-09

O« Q0F¢02
Se12E~09%
S.126-09

Ce 205400
JeGLE-09
I.61E-09

0.00€£400
lel2F~CH
l«i2F~08

Qe 00E+00
1«63E~10
te636~10

J.N0EeCO
2.08¢€-080
2.0%€~-08

0. 00E+00

N.9GE+00
S« 77€~10
S«?7€E-10

6. 36E-02
TATE-09
6436E-02

RESP L ympPh

C+COEsCO
1e.2%~C8
L25€~C8

CeCCE®CS
S.43E~-10
4 8310

O« COESCO
DeBAE~CT
Ve EQE~CY

C.COEeCE
1 .€0E~CT
1 «€0E~CY

C+COE®CO
Le10E~CO
2+ 10E-C9

D.COE+C2
QL3E~10
4,€3¢~-10

QeCOL*CO
S27€E~C9
Le27€E~-CS

S+ CCERCD
1.23€E~C8
t«23E~C8

Q«COFEeCO

0.CO0E+ Q0
3.C1E-C9
3.€1E-CO

Q«CIESCE
te12€6~CB
1«12E~CO

Q.COE®CO
L o€ 3E~}2
Le€3E~1D

CoCOESCO

PG-213

&9

CONT INUED

SOURCE ORGANS

MUSCLC
J.00C+00

DeQOE#®0D
Yel6E~09
F 16009

0,00C+00
7Te31E-09
Te31E-09

2006409
Be00C-09
e 00FE~-09

B.46E-09
2+ 00E¢00

D.00C+00
S5.84E~-09
SeBar-09

2+00C¢0"
GeE~-09
Ge91E~09

J.00C+00
6e91E-09
Ge9LE~D29

1.59C~01
7+91C-09
159E-31

0.00C+00
leD3E-CH
10308

2.00E400
Fe2lL-09
Fe21E~C9

Ce0N0C+00
5+800-09

0.00€E+00
6. 95C~09
G« 95€-09

3+00C#00
Se65C-09

0.00C+00
5«80E~09
S.800-09

J.00E+00

De00E+0D0
Ged76~09
H.47C-09

“+Q0E%0Q
7«TAE~09
T TAL-09

Je OOE+00

2.00C+00
| «226-08
| «22€~08

CVARIES

0.GOE+00
3.05€-09
3.95€~-09

0.C0E+00

4. 1AE-09

C.00£400
S5.8%9E-08
S« H9E-08

Ce OOE+ 00
S«SeE~08
Se54£-08

Q« 00E+00
Te0AE~08
7Ta06E-08

0.00€¢00
S«84E-09
S5«84E~-09

0.00€400
3. 33E-09
3. 33E-09

0.Q0E+0C
7e35E-10
7+35€E-10

D.00E+00
7+35€-10
7«35E~10

C.00£400
1.03£-08
1.03E-08

4,048F402
3. 90E~-06
4. 04E%02

C«00E+00
4,06E-09
2. 06E-09

0.00E#+00
4.68E-09
4.68E-09

D.00E+00
L« S4E~-0B
1e54£-08

0.00E¢09
6 226-09
6e 22609

0.00F+00
2.68E~79
4.608E-09

Q.00E¢00
2.89€E-09
2+ H9E-09

0.00F+00
3.430-09
3.436-09

0«00€E+00
0. 00€E+00
D.00E*00
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- 0O
mamm

e .
nrhoo
LRl X B

HuNoo
A
LN e T3]
NN OO
mmmm
Liew
anoo
Voo

De00L*CO
0. COoCMC2
2e8LE-(S
2eB8BE~-CS

JeCOCKC
CeCOESLS
1e18E~-CS
LeINE~CS

CeCCESCY
D.C0€¢CD
4 .40E-CS
S .40€C~-C5

RO
.
LBt s Tal
Sono
mmmm
free
LatalaTol
NGO

CeCOESLS
GeCOLCHCO
TeT8E~CS
P 784E~CS

D«C3E*CO
JeCOE®CC
lLe706E~CE
1e?6E~-CL

SAT7FE~C2
20 78E~CY
Je22€~CT
A.47E-C2

™H-227
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CONT INUED

SOURCE ORGANS

MUSCLE

D09 ¢00
0400C*00
JeS8E~25
Je58E-05

NNOO
LR Y

0eDOE*

200C¢020
2+00C+00
| «6%€-05
165095

NRNOg

DR

T«00C#20
J«00C*00
2.88r-05
.88 -0%

8,A7E-02
2e78C-0S
J« 00C-05
A.47C-02

CVARIES
CeQCES DO

9. 28E-086

0+00E¢00
C«20F+00
2.46€-05
2.46E-05

Je00E+00
0.00€+00
P.6AE-DT
Be64E-05

0.00E¢00
CeDOE# 0D
3« 31E-05
3. J1E-0S

0.00E+ 750
0«20E¢ ©
2.86€E-05
2.46E-0%

C.00E400
0.00E4+00
B8.69E-06
2.69F-06

0.00C+00
Ge00E+00
1.05E-0%
1.05€-05

0. 00E+00
0.00E+00
Ce0DEC 00
0. 00E¢00

Cs00E#+ D0
0. 00E+ 00
TeASE~OT
T+ 44E-07

CsQ0E® 0D
0.00E+4920
1 7SE-07
Le 75€~-07

Q.00E+00
0.00E+00
4.08F~-048
‘- 0AE~-08

Q.47E-02

PANCHEAS

3130401
le93E-02
T«21E-93
3.136001

0.00E+0D
Q.0 %E#2C
2+32E-05
2432€-0S

0«00E+00
0.00€E 00

D.00E+02
0.00F4+00
2469E-05
269E~0S

D+00F¢00
Q0«08E+02
232¢-0%
2.326-05

D00E+D2
0.00F#00
B4 1C-06
Be.dal1E-06

C.00E#00
0.00€#00
3.83E~04
3.893E-04

Ce00E#+00
0.00€¢00
128E-06
1.28€£-08

0.0CEQS
0«0D0E®00
LA 0E-DS
1.402E-03

0.00E#00
Q«0%E+23
2.80E-06
2.B0E-0C

0.00E#00
0.00€¢00
lel SE~-2S
1.15E£~05

A ATE-OZ
27BE-2S
4,23E-09
Q847802

COR DONE

C«D0E*00
0«00E+00
1+93E~-0S%
1.93E-05

Je«13E400

1.03E~-04
3.13E+00

Q0. 00E+00
226£E-06
9« 4RE-05
9« 7T0E-0S

C«00€400
0+00E+00
9o 19E~-05
9. 19€~-05

5+81E +00
1.47E~-04
1.03E~04
S«81E+00

0.00E¢00
0+00E¢00
1 +44AF~0%
1-43E-05

0«00E+00
0«00E®00
132E-09
14 326~-05

C+00E¢00
C«0CE*0O
1«15E~05
1+ 15€~-0%

C+C0C+00
0+00E+00
1+01E-0%
1.01C-0%

0.00£400
0«.0C0E+00
1. 78€E-05
1 78E~-0%

C.00E+00
0.00C4+00
1.18E-05
1< 18E~0S

2.23E-01
24 78E~05
Je19€E~-05
2.23E~-01

CAN BONE
0.0CE#QC

1493~-0%

3.1 000
3.35€~04s
1.02€-08
3. 17+00

SeA1E*0D

0.3CE+GS
0.J0€E¢0C0
LeAME~-OS
Le84E~-0F

0.,0CE+0Q0

0.JCE#00
O« 3CE+00
le1SE-0S
ls1%€~-08%

Oe«QCE+CC

1e14E-0S

2.23E-C1
2o TEE~-OS
3 19E-05
2.,23%X~01

R NAR

0. COE*0QO
0. COE#00
Je 14E-0S
2. 14£-05

Ce COE+0D

8. SRE~O0S

Ce. COE#CO
4. 55E-04
S.48F-0¢%
S« S0E-04

Ce COEFOO
0.COE+00
ls25E~05
1.29€~09%

0«.COL*+00
CaQ0Fe 00

CeCOE®OO
Ce COE#OO
le JSE-0S
1+ 25E~0S

0« COL#0O
0. 00E¢ 0O
1«41E-05
1.41E~-05

Ce00E+00
C.00E+00
4,226-0%
4.,226-08

A.AT7E-D2
2. 78E-05
3.45£-05
. a7-02




TARGEY
OHGANS

ADKRENAL S

BLAD wALL

S WALL

S1 owALL

T wALL

LLT wALL

KIDNEY S

Livea

LUNGS

RESP L YMPH

MU SCLE

CVARLES

“TTs “om» “0m» “TM» “TT e -gym>» “nme -um» “-ump “om» —“om»

-“3M»

¥ MAR

0.00E¢0G0
De.20€Es00C
2.49€-0%
20A49T-1%

Ve 00E+ GO
02008400
€EsBIE~TE
bHoH1E-QE

0.00E+00
N.0CEe20
LeAJE~CH
1.43E-09%

O.N0E+2Y
0.000400
202€-0%
2402€-0%

0.008+09
C.QCESQC
la7EE~08
1 7RE-"S

O« 0CE+00
Q«00E+30
e P2E-08
1 726~05

0+30F+0°
0.00£+00
2126095
24125-05

Q.00C+00
0.00Ee02
1926~ 0%
Le92E~CS

%+90E+29
0.00E40C
L.89E~05
18905

0s00E400

0.00E¢0C0
DedCE¢DD
183825
leBIF-05

0. 00FE¢02
0« 00€400
240V0E~CS
2408E-05

SKIN

CeCOE CO
CeCSEHLD
1.476-CS
Le47E-CS

G.COEsCO
OsCCESCT
LeCOE~(CT
1 «CoE~CS

Laladalsl
RIS+

DeCOE#CO
O.CCEFCO
9.25€-(CC
Ve 2%€E-C0

CeCOEST

QefREeC2
SelaE-CL
SeAE~CE

0.00E%CO
Q.CCE#CO
Se73C-CC
Ge73E~CC

CeClEe CO
0.CCEecCO
leEBFE~CY
126(--C5

e Lol
awoo

Q. COE+CO
TeCCEPCS
1e23E=CY
1236~CY

QeC(CESCO
0+CCESCD
1L9E~CS
) SESE~-CS

Ce®CESC2
C«COESCO
BAJF~(8
B.83~(8

TH=227

SMLEDN

J.00C¢CO
2207 ¢00
1e240~-0a
1e78C-048

J.00C+00
0.923%+00
2+89E-06
2489C~06

DeNDOES+0D

D«0CE400
J.0CC+00
2+.68C-08
2+68C~-05

3400Ee00
S«20r¢00

J+0CC+0D
J+00C+00
1« 7SE~-08
L« 7S5C-04

J.00C+00
3«00E4+2Q
1 «93L~-05
1 «93£-05

2.00C¢00
2.00C¢00
4.37€E-05
A.37C-05

T+00Ce00
J«+20E4Q0
4.37C€-05
4.376-05

Q«00C400
0.00E¢00
2eBBC<05
2+88C-0%
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CONT INUED
SOURCE ORGANS

TESTES

Q«.00E+ 00
C.00E¢00
8.8%E~07
8.8%€-07

0«.00E%00
0. COE#CD
Ge b 2E~05
G4 2E-05

Ce00E¢ DO
0.00E400
1.08€-06
1.08€-06

0+00E400
0. 00E+00
T« 99E-06
7.99£-06

0« J0E400
0. 00E¢00
6.49F -06
6Ge49E~06

0«00E+00
0«J0E¢ 00
Se37E-0S
Se37E-0S

N«00E+00
2. 00E¢00
1. 15E-086
1215€-06

0+00E+00
0. 00E¢0D
TeSa€-07
ToS54€-07

0. 00E+00
0.00E#+00
2.128-07
2+12€-07

0.00E+00
D.00E400
2427E-05
2.27E-0%

Cs00E+00
DeL0E+ DO
Ce0IESDO
Ce0 ‘200

THYRCIO

QeGOESOT
0.00€E+20
297E~06
2.97€E-06

0.00E#0D
0.00€+00
8,35€-09
8,358-08

DE+D3

0+00€ 00
0.00€+00
2.40E-27
2e80€~07

0+00E#03
0.00E +00
1:729€~07
1+99€-07

0.00C¢00
0.00E+02
1+50€-07
15007

0eN2E¢AC
0+00€ 400
T«25E-27
T« 25E-07

0«00E#0)
0.07E#+20
2.27E-06
2.27€E-006

0+00€E400
0.00€+00
1.85€~0S
LeBSE-0S

0.02%E#02
0+00F +00
L«85E-0S
1.85€-08S

0«00E#D30
0+03E+0Q2
2.72E-0%
2. 72E~09

0.00E#03
0.00E+020
Le7S€E-07
L1e75E-07

T BOOY

A .A7E-02
2. 78E-05
4.00E~-0S
4.47E-02

4.47E-02
2. 7BE-05
3o 76E~-05
S.AT7E~02

4.476-02
24 73£-05
3.90€-05
S.ATE-0Q2

d.476-02
2.78€E-05
4. 19€-05
8.4T7E~-02

4.47€~-02
2 78€-0S
3.94E-05
4.476-02

4.,ATE~-02
2.78E-0S
3e 76E <05
8.47E~02

8.476E-02
2+ 7BE-0S
3.67€E-0S
8.,47E-02

4.47C-02
2. 78E-05
3.58€-0%5
4 .4TE-02

4.476~-02
2,78 -0%
3 A80-09%
4.476-02

Q.47 02
2+ 7BE-0S
3 I5E~-05
4.A7E~D2

4.87€~02
2+.TBE~0S
3« 00E~-05
A.ATE-O2

B 877~

24 78E -0
3+99E-0%
8.47€-02




TARGET
ORGANS

PANCRE AS

BCNE

R MAR

Y MAR

ENCOSTE AL

SKIN

SPLEFRMN

Thymgs

TrYuain

urrRys

T Aony

-oM>» -“-om» -“gi» -“~T"Me L - R “~um>» ~“~TM» “-TU"» _-mme» “-Tmy» -TT»

-TMe

Y Man

0+28E¢ 00
0«00E+00
2+428-0¢%
2.842C-0S

BeCRE40L
O«J)0ESIC
TeR2E-05
P+82€-°%

Ce00F ¢00
Q.CCES0DQ
8,09€-0%
8. 09E~-C.

2.9PE400
1.30F-03
LeYBE-04
2080400

0.00Ce+CC

A1 1E-NA

0.00E+00
D+.0CE#+00
1+£0F-19%
le60E~CS

0.00E¢0S
Qe00F+00
2e00E-CS
2+ 2CE~0S

0« 9CE* Q0
VCOE*"
2402€~C5
2+02€~-05%

D« 2CE 00
O«20£4%00
J1+27€-05%5
1+27€~05

0.C"E+ 00
02007400
2406E~05
2.06F-0S%

0«00€£+00
0+70E+"0
1e23€E-0%
1.23€E=-08

4,47F-02
2.78E~0S
2.83E-CS5
4,476-02

SEIN

O.CCES CO
Cs(QERCO
Le CSE-CS
1(SE~CS

¢
CeCCESC
L

le?6€~-CS

S.COCHC2
CeCOESCO
159€-CS
159€-C5

-———00
R
MM A
~ N0
(R
neaeo
Gran

mmmm

1«2CE®CO
TLA4BE~CA
7e89C~-(5
1eZ0E¢CY

aAOon
(L RC SRS ]

nNMOo
e v
LT
- O
lads ot
ILise
nAOo
VAo

Ladatalsl
(LT

O0«COESCO
O+ CCESCT
Be19E~CE
2. 19E~-C6

B.47E-C2
24780 -CS5
1.880~C5
b.476E-C2

Th=-227

SPLEEN

J+00C400
D.00€+09
Je78E-04
3. 78E-04

Ce00C+00
0006400
1«90E-05
190€-05

L« 22€~-0S
1.000~05

Le7a8+01

Js00C+00
C+00Ce00
le27r-06
1e27C~06

Je00F+00
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CONT INUED
SOURCE GRGANS

TESTVES

0«00E*00
0.00C+00
1+18.~06
leLAF~06

0.00E¢00
0.00E+00
1.50€~-0S
1.52€-05

Qe«00F+00
0.00E¢0?
1e215-05
1.21£-0%

DeD0ES* 00
Cs00E+00
S«81E-06
S5B1E-06

0«00E¢00
0.00E+00
1.50£-05
1+S0€~-00

0+00£+00
0. 20€#400
2.960-C5
20496F~0%

Ce 00F+00
0. 00E+00
T«61E-07
Te61E-07

B.94E401
S5.560-02
1e21E~-02
B.24C401

0«00E+00
0.00E+QC
S.92€-08
9.90£-08

0+00E400
0.00E¢00
2+49€E~-08
2.49€-08

0.00C+00
D.00E+ 30
0« 00E#+20
0.00E400

4.47€~02

4.478-02

THYROID

0+00€ 420
0.00€6+02
Le76L-06
Le76F=-08

0.00E#22
0«00E+0D
1e71E-0S
1e71E~05

0.00E+00
Ce00E#0C
186E-05
1+86E~05

0.00L400
0.00F+00
B.R6E-06
B.86E-36

Ce22E 002
0.00F¢Q2
le71£-05
171E~-05

0.00F¢00
157€-05

C«Q2E4OC
0.00€E#00
2.18€-0¢
2.1BE-9LC

0.00E¢00
CeC2ESNC
2.48€-00
2+48€-08

0«00FE+00
0«00E+93
8.35E-05
8,356-935

1e56C002
9eT2E~D2
1.82E-02
1.56E402

Q«00E #20
Q.00€E03
1+64E~-07
1e64E-07

8.476-02
2.73E~0S
2.82€-95
4.47E-02

T 800Y

S.47E-02
2.78E-0%
8. 33E~05
4.47E~02

2.23E-01
2.78€£-0%
3«66F 05
2.23~-01

4.47F-02
2+ 78E-0S
4.,37€E-0%
4.4T7E-02

4.47€-02
2+78£-0S
3.64F-05
4.476-02

4.475-02

4.47F~-02
2« TBE~-)S
lenil-05
4.,47C-02

A.47E~02
2.78E£-05
3. 76E-0%
4.47E-02

4.47E-02
2. TAE-0S
2.77E-0S
4.47E-02

S.470-02

4,55€E~05
S.476~-02

4.476-02
2.78E-08

S.47E-02
2« 78E-05
4. 3I3E~0S
4.4TE-Q2

SeTAE~02
2478E-05
3+12€-0S
Se7SE-02



TARGETY
DRCANS

ADFE NAL §

BLATG wALL

S WALL

S1 waLL

UL waALL

LOT waLL

KIDNEYS

LaVER

LUNGS

HE S0

MUSCLE

OVARILES

H

-7 “IMm» “-pMe -TTm» “TTw® “«um» “um» _-umy» “~um» “Tm» -T™>

“-uMs»

AORENALS

LeBAES Q2
3.81E-01
Je17€E-02

0«00E¢030
0006400
2.03F-08
2.02€-9%8

0+ 20F&00
0+00F¢00
4.96E~CS
A.56F-CS

0s00EsQ2
0.00F400
1+32E-0%
1e32€~0%

0.008400
N«00E+00
1eS1E~08
151705

De00E+2"
0.00E+00
JIBE-TH
1. 38€E-00

0.00F+00
D.70E+03
2418E-0a
ZelBF-CH

0« 00E+00

CeQ0E4CC
0.005¢00
4,3AF~-0%
A IBE-DS

J«D0F« 00
0.90€ - 0
d.387- 0S8
A.38F~0%

C.00E00Y
0:3CEF+0D
2.94€-05
Ze94L~-05

D+00F+00
DsCOFORY
SeliE-0O€
9. 31E-08

S FACTORS

BLAD CONY

Q+CO0E40D
DeCCEeC?
LeZlE~CE
PeiME~CE

CeASESCT
1e33E~-C2
le58C~-C2
G.ATEC LD

anno

PLTE L= 1o

C+COE¢ GO
CeCRESCD
J.€50-(S
3 E9E~CS

CafRESCO
D.CCENLC
1e37€-C4
1.37E~-Ca

DeCOE+CT
SeCOESCD
4.02~C0
S.CIr-C€

CeCOE¢CO
O.COEeCO
2e%8(~Ct
2 eS4E~CO

SeC2C4 LD

Ce.CCk C?°
Q.COE¢CC
Je26€-
le260~Co

CeCOre00
QelCCeCH
1e20L-Ca
1«
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SOURCE URGANS

5 Cont

D+00E+020
T420Ce03
4,72€-095
8,720-0%

3.00E400
0.00C¢00
B.29€-06
4.291-086

C«00E+CD
0«00£400
4.71C-05
4,71£~-05

J.00C+00
S+0CE+00
6+49E-09
Ge89E~-05

J.000¢00
0.00C+00
2+90€-25
24000-05

2«00C+00
20%¢00
G+ 29C-05
6o N9C~0%

0.,006+00
J« 00400
JeABT~-0S
JebBE~0%

J«0%+29
J.00C#+00
J«180-095
J+18E-CS

Je00C+00
2.006¢20
3-69C-06
Be69E-06

S1 COnY

0.00F400
0«GOES DO
1+57E-0S
1.57E~0%

2.00€+00
0.00E+00
4.42F-05
8.426-05

0.00E400
0.00E+00
659505
6.59E-05

Je11E-Q2
Ga67E-03
Qe 77604
3+88E-02

0.00€400
D.0CE®*0OQ
6.97E-04
Ge9TE-DS

0s00E400
Ce00E#*0O0
1.595-04
1.59E-04

Ce0CE+ Q2
0.00F+00
S49€£-05
S549€-05

0.00E#* 00
C.00E® DD
3l 6E~-05
3.1%5-05

Ce00QE®DO
0. 00E+0Q0
3.420-00
3ea28-06

0«.00€400
0.00€E+00
1,42€-06
38 2E-06

7. 20E&Q0

2+81E-0%

0« 00E* 00
0. 00€+00
2. 10E-04
2. 10E~04

UL1 CONT

0«00E%00
0«00E+22
1.526~0%
1S52E~-0%

0«020C#+0C
0.00E400
37NE-2S
3. T0E-0S

0+00F ¢00
0s032Ee02
7.03€E~0%
7T«03E-0S

0.00E+020
0.,00E#+02
3.35E-28
3.35E-08

SeHLE-02
1«21E-02
1126-01
699602

0«00E¢00
JeDOES00
Se94E-2S
S5«98£-05

0.07€E¢02
0«.00E#00
A.920-05
4.92€-9%

Q0+00E¢00
0.0%+290
4,50€-05
4.50E-0%

G003
0.0 0E+00
4.12E-908
S.120~-08

Qe«00E+)20
D.02E¢02
4.,12E-06
4.1 2E-08

0«00E+0D

265€-05
2.65€-095

0.00E+02
0.00FE 4«02
2.23€6-04
2:23FE-08

(REMW MICRICURIE-DAY) FOR TH-229

LLI CONT

0.00E+00
G«00E+0QD
5«38E-06
S.38C-06

C+00E+00O

0.COE+OO
C.00E¢00
3.09€-05
3. 09€-05

C.C0F 00
0«00E+00
1.85€-04
1.85E~-04

0.400F ¢00
3.00F+0¢C

1.136-01

C«00E+00
0.00FE+00
1 3I9E=~05
1+39E-CS

0.00C+00
2.0CE+00
3.82E~06
3.82E-06

C+20E+00
0.00E¢00
1.19€~086
1«19C-086

0.00E¢00

3.03€-05

C+00C+00
0+00E*00
Je64E-08
Je6AE-00

KIONEYS

Qs0CE®CC
N.00E#230

N.00E+QC
0.00F 20
4. 24E-0¢
a.24£-0¢€

0.0CE*Q0
0.0CE®QC
6,22€-03%
6+.23E~0S

D.3CE+O0C

0« 20E¢00
0.30E¢00
4.91€-0%
4. 91E-0S

0«0CE+00

B8.32F¢0C
e 72€-0C2
2.97-03
B.34E40C

0.0CE¢00
0.0CE+0Q
6e9€E-0%
6.9€E~0T

De2CE+OS
0.00E+00
1.4 "E~-0S
144 2€~-0%

0.3CE+00
0.20E¢00
246CE~0%
2.606E-0"%

0« J2CE+0C

1.826-0¢

Liven

CeCOE+Q0
Q. COE®CO

CeCOE+00
0. COE*0O
2.40£-26
2440€-06

O«COE*Q0
CeCOECDD
J.28E-0S
3. 25€E~-0S

CeCOES0DO
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S=FACTORS FOR o EMISSIONS IN BONE (Cont'd)
(rem/microcurie-day)

Source organ*

Source Target
Nuclide distribution organ* Cor bone Can bone
U-236 Volume R. Mar 0 2.38E-02
Endost 2.02E-01 2.02E-01
U-238 Volume R. Mar 0 1.97E-02
Endost 1.79E-01 1.79E-01
Np-237 Surface R. Mar 0 8.78E-01
Endost 6. 34E+00 6.34E+00
Pu-238 Surface R. Mar 0 9.58E-01
Endost 6. 12E+00 6. 12E+00
Pu-239 Surface R. Mar 0 8.99E-01
Endost 6.29E+00 6.29E+00
Pu-240 Surface R. Mar 0 9.00E-01
Endost 6.29E+00 6.29E+00
Pu-242 Surface R. Mar 0 8.53E-01
Endost 6.37E+00 6. 37E+00
Pu-244 Surface R. Mar 0 7.98E-01
Endost 6.42E+00 6.42E+00
Am-241 Surface R. Mar 0 9.56E-01
Endost 6. 12E+00 6. 12E+00
Cm-242 Surface R. Mar 0 1.06E+00
Endost 5.67E+00 5.67E+00
Cm-244 Surface R. Mar 0 1.01E+00
Endost 5.89E+00 5.89E+00
Cm-248 Surface R. Mar 0 8.11E-01
Endost 6.43E+00 6.43E+00
Cf-252 Surface R. Mar 0 1.03E+00
Endost 5.77E+00 5. 77E+00
*R. Mar = red bone marrow
Endost = bone endosteal cells

Cor bone = cortical bone
Can bone = cancellous bone
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