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HIGHLIGHTS

This report describes a method for estimating dose rates as a func-
tion of age to radiosensitive organs and tissues in the human body at
arbitrary times during or after internal exposure to radioactive
material. Essentially any internal exposure pathway may be considered,
including inhalation, ingestion, and direct entry into the bloodstream
or a body organ through an open wound or an injection. The exposure may
be either acute or chronic; in the case of a chronic exposure, variable
intake rates as a function of time may be considered.

As far as practical, we have attempted to retain the uniformity and
simplicity of the "standard adult’” models while identifying the signifi-
cant changes that occur with age. Unfortunately, many metabolic models
for adults consist of components which are derived from fits to experi-
mental animal or human data and which are only vaguely identified with
rhysiological mechanisms. Nuclide-specific data for nonadults generally
are too sparse to allow meaningful extensions of such models to children
by empirical fitting methods. In some cases it has been possible to
modify existing adult models so that all model components correspond to
physically identifiable processes or subsections of the body, and to
incorporate age—dependence into these models through largely physiologi-
cal considerations. In addition to introducing the capability of
estimating age—~dependent dose rates, the present methods allow improved
estimates of the distribution of activity of some radionuclides even in
the adult.

At present there are few, if any, radionuclides for which suffi-
cient metabolic information is available to allow full use of all
features of the methodology. The intention has been to construct the
methodology and the accompanying computer code (called AGEDOS) so that:
(1) full use can be made of the relatively sparse age-dependent,
nuoclide-specific data now available; (2) full use can be made of the
generally plentiful age—dependent physiological information; (3) dose
rates estimated for adults are derived from models that are at least as
detailed and accurate, and sometimes more detailed and accurate, than
previous models; (4) constantly accumunlating metabolic information can

be incorporated with minimal alterations in the AGEDOS code.

ix







1. INTRODUCTION

The Significance of Age—-Dependent Radiation Dosimetry

Protection standards for internal exposure to radionuclides tradi-
tionally have been based on metabolic models and parameters developed
for the average adult. This approach evolved at a time when most poten-—
tially hazardous exposures to radionuclides were occupationally derived
and, hence, delivered to adults. In addition, because most available
nuclide-specific metabolic data for both humans and animals are for
adults, the complex problem of modeling the behavior of radionuclides in
the human body has been simplified considerably by ignoring effects of
age.

In recent years emphasis in radiation protection has shifted some-—
what to envirommental contamination and to public rather than occupa—
tional exposures. Moreover, there is increasing evidence that, for some
radionuclides and exposure situations, neonates, young children, or
adolescents may experience significantly higher organ concentrations and
subsequent doses than adults. For example, measurements of strontiaum—90
in tens of thousands of human skeletons have indicated that infants and
young children tend to accumulate considerably higher concentrations of
this bone—seeking radionuclide than adults.2—3 Results of other studies
of age—dependent organ doses in humans and animals also suggest that
adult models may not adequately represent all age groups.*

The significance attached to the age—dependence of organ doses from
a given exposure depends on the interpretation of these doses in terms
of subsequent risk. An index of risk commonly applied to radiation
exposures is the dose commitment to a population, which is converted to
risk by assuming that each member of the population incurs the same risk
from a given dose. With this measure of risk, elevated doses received
by relatively small subgroups of the population will often appear insig—
nificant because they do not make a large difference in the estimated
total risk (cf. Ref. 5).

As with the exposure—~dose relationship, however, there is increas-

ing evidence of significant age—dependence in the dose-response rela-—

tionship for radiation, particularly with regard to potential cancers.




For example, epidemiological studies of Japanese A-Bomb survivors indi-
cate that leukemogenic effects are most pronounced in persons who are
very young or very old at the time of exposure.$,7 These studies also
indicate large variations in risk with age at exposure for non-
leukemogenic cancers, although the basic pattern of risk as a function
of age depends on the particular risk hypothesis chosen to interpret the
data.® Studies of females irradiated for diagnostic purposes, as well as
studies of A-Bomb survivors, indicate that the period of highest risk
for breast cancer occurs for females irradiated as adolescents or young
adults. These and other investigations suggest that exposures may arise
for which the concept of population dose will not provide a conservative
approach to radiation protection. Moreover, because of the indicated
potentially multiplicative effect of elevated dose and elevated response
at certain ages, these studies also demonstrate the inadequacies

inherent in the "standard man” approach to radiation dosimetry, particu-

larly for identifying critical members of the population.

Implementation of Age-Dependent Dosimetric Methods

This report describes a method designed to estimate dose rates, as
a function of age, to radiosensitive organs and tissues in the human
body at arbitrary times during or after internal exposure to radioactive
material. Essentially any internal exposure pathway may be considered,
including inhalation, ingestion, and direct entry into the bloodstream
or a body organ through an open wound or an injection. The exposure may
be either acute or chronic; in the case of a chronic exposure variable
intake rates as a function of time may be considered.

In our modeling efforts an attempt has been made to retain the uni-
formity and basic features of the present adult models while identifying
the significant changes that occur with age. At some points this inten—
tion had to be balanced with the requirement that any model for nona-
dults be a continuous extension of the corresponding model for adults.
Unfortunately, many adult dosimetric models consist of components which
are derived from fits to experimental animal or haman data and which are
only vaguely identified with physiological mechanisms. Nuclide-specific

data for nonadults generally are too sparse to allow meaningfual
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extensions of such models to children by empirical fitting methods. In
some cases it has been possible to modify existing adult models so that
all model components correspond to physically identifiable processes or
subsections of the body, and to incorporate age—dependence into these
models through largely physiological considerations. As discussed in
later sections, this method has been applied with some apparent success
to retention and translocation of some radionuclides by the skeleton.

In addition to introducing the capability of estimating age-
dependent dose rates, the present methods allow improved estimates of
the distribution of activity of some radionuclides even in the adult.
In particular, separate consideration is given to some structures often
ignored or only implicitly considered in radiation dosimetry, such as
the blood, cortical and trabecular bone surfaces, cortical and trabecu—
lar bone volumes, and bone marrow.

At present there are few, if any, radionuclides for which suffi-
cient metabolic information is available to allow full use of all
features of the methodology. The intention has been to comnstruct the

methodology and the accompanying computer code (called AGEDOS) so that:

(1) full use can be made of the relatively sparse age-dependent,

nuclide-specific data now available;

(2) full use can be made of the gemerally plentiful age—dependent phy-—

siological information;

(3) dose rates estimated for adults are derived from models that are
at least as detailed and accurate, and sometimes more detailed and

accurate, than previous models.

(4) constantly accumulating metabolic information can be incorporated

with minimal alterations in the AGEDOS code.




2. AN OVERVIEW OF THE AGEDOS METHODOLOGY

Definitions and Background Information

Radioactive materials may be taken into the body through inhala-
tion, ingestion, contact with open wounds, or injection directly into
blood or tissue., Whatever the pathway, internally deposited radio-
nuclides are distributed among various organs and tissues and/or
excreted from the body through a variety of complex processes. During
its sojourn in the body, a radionuclide may release energy during
radioactive decay. If this energy is deposited in sensitive cells or
tissues, damage may occur and eventually contribute to a deleterious
biological effect such as carcinogenesis or mutagenesis.

The index commonly used to estimate the potential for a given
health effect due to exposure to radiation is the absorbed dose, which
is defined as the ratio of the energy, Ae, deposited in a specified tis—
sue, to the mass, Am, of that tissue. The present methodology is
designed to estimate the dose per unit time (dose rate) to various
radiosensitive organs and tissues at arbitrary times during or after
internal exposure to a radionuclide.

The dose rates estimated by the computer code AGEDOS reflect the
metabolic and physiological changes that may occur due to the growth
process during or after exposure to a radionuclide. For example, in the
case of ingestion of a radionuclide one may consider variation with age
in the fraction of activity absorbed into the bloodstream from the small
intestine, the fraction taken from the bloodstream by various systemic
organs, and the biological half-times of the radionuclide in various
compartments of these organs, among other factors. Moreover, an attempt
has been made to account for the differences with age in the amounts of
energy deposited in various organs and tissues due to radioactive decay
at a given location. Such differences will arise from the changes dur-

ing growth in the masses and geometries of body organs and tissues.




The Matrix of Dose Rates Calculated by AGEDOS

Throughout this report the notation ﬁI(b,b + T) is used for the
dose rate to a specified tissue of a person of age b + T due to an
intake I either occurring at, or beginning at, age b. If the intake I
is an acute inteke of k units occurring at age b, then the notation will
be bku(b,b + T), where U denotes a2 unit intake and the real number k
properly scales the intake. If the intake I is a chronic intake begin—
ning at age b, then I is a function of the time t and the exposed
person’'s age between t = 0 (corresponding to age b) and t = T
(corresponding to age b + T).

The principal task of the computer code AGEDOS is to calculate a
matrix of dose rates ﬁU(B,B + 8) for an acute unit intake U, for
selected beginning ages B, and for selected times S > 0 (see Table 1).
As described later, this matrix may be used to estimate dose rates
ﬁI(b,b + T) for essentially arbitrary intake I, beginning age b, and
subsequent age b + T.

In the AGEDOS code, the "acute unit intake” U is actually
represented as an initial activity already in the stomach, lungs, blood,
or other organs. To allow development of a dosimetric data base with
maximum flexibility, we designed the code to estimate dose rates to all
organs beginning with an initial unit activity in the tracheobronchial,
nasal-pharyngeal, or pulmonary region of the lungs, with no initial
activity in the other two regions. The user of the data base could then
perform arithmetic operations to compute dose rates corresponding to
arbitrary deposition fractions in the three regions. However, the user
of the AGEDOS code has the option of specifying simultaneous initial
activities in all regions of the lung.

The beginning ages B (that is, ages at which acute intakes are con-—
sidered) used in AGEDOS are 0, 100, 365, 1825, 3650, 5475, and 7300
days. Thus, to choose one example, dose rates to the various organs are
calculated at ages subsequent to age 1825 days under the assumption that
a unit acute intake occurred at age 1825 days (only). The set of begin-
ning ages is somewhat arbitrary but is designed with the intent that no

preriod of rapid metabolic and physiological changes be completely

ignored.




Table 1. The matrix of dose rates to a specified tissue illustrative of the matrix calculated by AGEDOS. ?
bU(o. 0)? DU(100, 0) DU(365. 0) DU(1825, 0) DU(3650. 0) DU(5475, 0) DU(7300, 0)
DU(o. 0.01) DU<100, 0.01) DU(365, 0.01) DU(1825. 0.01) DU(ssso, 0.01) DU(5475. 0.01) DU(7300, 0.01)
DU(o, 0.1) DU(100. 0.1) DU(365, 0.1) DU(1825, 0.1) DU(3650. 0.1) . .

° .
b0, 1.0) B,(100, 1.0) B,(365, 1.0) b,(1825, 1.0) .
[ ]
b (0, 10.0) D (100, 10.0) D (365, 10.0)
U U U M
Du(o, 100.0) DU(100. 100.0) ¢
L]
b (0, 365.0) .
U .
DU(o. 730.0)
L ]
*
L]
Du(o. 7300.0)
L]
[ ]
[ ]
DU(o' Tend)

“The matrix actually generated by AGEDOS is based on a much finer time grid than is illustrated here.

bEnch value DU(B,S) is the dose rate at time S (age B + S) following an acute unit intake U at time O (age B).



The set of times T following the acute intake at which dose rates
are to be calculated will be referred to as the "time grid system.” The
time grid system should include relatively densely spaced times shortly
after exposure to properly describe the rapid changes in dose rates that
may occur in some organs immediately following an acute intake. At
relatively long times after the acute intake, the times in the time grid
system may become more widely spaced. However, one must keep in mind
that information concerning dose rates due to arbitrary intake patterns
will be inferred from the dose rates that are estimated assuming acute
intakes. Hence it is essential to obtain as accurate a description as
possible of the dose rate curve for an acute intake.

Of course, the desire for accuracy must be balanced somewhat with
considerations of computing time and storage requirements. Although the
optimal time grid system will vary with the radionuclide and with the
particular metabolic models used, we have found that a convenient time
grid system for most applications consists of the times (in days): O,
0.001, 0.002, ..., 0.01, 0,02, ..., 0.1, 0.2, ..., 1.0, 2.0, ..., 10.0,
20.0, ..., 100,0, 150.0, 200.0, 250.0, 300.0, 365.0, 450.0, 540.0,
630.0, 730.0, 830.0, 930.0, 1095.0, 1460.0, and so forth, continuing at
intervals of 365.0 days until a specified ending time is reached. This
time grid system is now incorporated in the AGEDOS computer code but may
be changed easily by the user who prefers a different grid. For ease of
exposition, the relatively coarse time grid system indicated in the
first column of Table 1 will be used in the illustrations in the follow~-

ing section.

Estimating Dose Rates for Arbitrary Intake Patterns

Assume that a person becomes exposed to a radionuclide at age b and
time t = 0 and experiences an intake pattern I(t) until age b + T. The
function I(t) may take any nonnegative values, including zero, as t
varies from 0 to T. The problem is to estimate the dose rate
bI(b,b + T) to a specified organ, assuming that the dose rates to that
organ due to an acute unit intake are known for each of the beginning
ages and subsequent times used in AGEDOS (see the illustration in

Table 1). The age at initial exposure, b, may be any nonnegative




integral multiple of 365 days (including zero), and the value T may be
any of the times in the T grid system.

The basic approach for estimating bI(b.b + T) may be described in
terms of a few conceptual steps, using the illustrative time grid system

indicated in Table 1:

(1) The age interval from b to b + T is divided into N subintervals by
the decreasing values b + T - 0.01, b + T-0.,1, b + T-1.0, b + T
- 10.0, b + T - 100.0, b + T -~ 365.0, b + T - 730,0, b + T —
1095.0, and so forth, until the age b is attained. A, will denote
the subinterval from b + T - 0.01 to b + T, A, the subinterval from
b+ T-0.1tob+T-0.01, and so forth, until one reaches the
subinterval AN whose left endpoint is b (Fig. 1). The smaller dis—
tances between values near the age b + T are required because of
the potentially rapid changes in dose rates at age b + T

corresponding to intakes just prior to that age.

(2) The dose rate at age b + T due to the total intake between ages b

and b + T is viewed as a sum of several dose rates at b + T:

I

N
Dr(b,b +T) = 2 b
j=1 Jj

(b., b+ T) ,
J
where

Ij is the intake over the interval Aj;
bj is the left endpoint of Aj;

D (b.,b+T) =D, [b.,b, + (b ~b. + T
L I-[J J j ]
J J
Thus the intake Ij agrees with I on the interval Aj but is zero

elsewhere.

(3) Each value DI (bj'b + T) is replaced by an approximation in terms
of acute intaies, assuming Ij does not already represent an acute
intake. Thus the value DI(b,b + T) is now to be approximated by a

sum of the form
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Figure 1. The interval from age b to age b+T is divided into N sub-
intervals by the decreasing values b+T-0.01, b+T-0.1, b+T-1.0, and so
forth. The resulting intervals are denoted - S AN. The res-
triction of the intake rate I to the subinterval A. is denoted by Ij'
The dose rate at age b+T due to the intake on Aj is approximated by a
dose rate that would result from an acute intake at the left endpoint of
Aj' The latter dose rate is obtained by interpolating between appro-

priate dose rates stored by AGEDOS.
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N
D (b.,b+ 7T,

. a.U

j=1 J J

where

U is an acute unit intake;
aj is the integral of Ij over Aj;

D =D -
a.U(bj.b + T) Da.U[bj'bj + (b bj + 7)) .
J J
Note that Da.U(bj'b +T) = ajDU(bj’b + T). It is convenient, and
usually consérvative. to assume that the acute intake occurred at

age b, .
g J

(4) The value bU(bj,b + T) represents a dose rate from an acute unit
intake. In most cases this dose rate will not be among those cal-
culated by AGEDOS and stored in the basic matrix of dose rates
(Table 1). However, bU(bj,b + T) can be approximated by linear
interpolation between two of the dose rates stored in that matrix.
In fact, bU(bj,b + T) can be rewritten as f)U[bj,bj + (b - bj + 1)),
and the points bj have been chosen so that b — bj + T is among the
times after intake considered in the basic dose rate matrix. One
simply chooses consecutive beginning ages B, and B, considered in

the basic matrix and satisfying B, < bj £ B,, and interpolates:
DU(bj’b + T) ~ aDU[Bl.B1 + (b - bj + T)]

+ (1 - a)D[B,,B, + (b - b, + D]
where
a = (B, - bj)/(Bz - By) .

The calculation of DI(b,b + T) for ages b not considered in the
basic AGEDOS matrix is therefore a straightforward but tedious process.
A relatively short computer code, CONVOL, has been developed to perform
this calculation. The user simply supplies the values for b and T and
the desired intake rate function I (as a step function). A listing of
the CONVOL code is given in the Appendix, along with a listing of the
AGEDOS code.
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The General Scheme for Estimating the Distribution of Activity
of Radionuclides in the Body

For modeling purposes the complex behavior of radionuclides is sim-
plified conceptually by viewing the body as a set of compartments. A
compartment may be amy sobdivision of the body which is distinguishable
on anatomical, physiological, or physical bases, and which is to be con—
sidered separately for purposes of estimating activity or dose. For
ease of exposition we shall use the terms " compartment” and "organ”
interchangeably, even though some of the compartments considered in this
report may represent only a portion of a structure usually considered to
be an organ, and some compartments may represent portions of the body
usually not associated with organs. Examples of compartments used in
this study are the stomach, the pulmonary region of the lung, the entire
blood supply, and the surface of trabecular (spongy) bone.

Within a compartment there may be more than ome "pool"” of activity.
We define a pool as any fraction of the activity within a compartment
that has a biological half-time distinguishable from the half-time(s) of
the remainder of activity within the compartment. The definitions of
pool, compartment, and organ vary considerably in the literature; we
have chosen definitions that are convenient for our purposes.

The major compartments used in our study, and the movement of
activity among these compartments, are indicated schematically in
Fig. 2. Activity entering the body by ingestion is assumed to originate
in the stomach compartment, and activity entering through inhalation is
assumed to originate in a compartment within the lung (either the tra-—
cheobronchial, pulmonary, or nasal-pharyngeal region). From the stomach
the activity is viewed as passing in series through the small intestine,
the upper large intestine, and the lower large intestine, from which it
may be excreted. (Exceptions such as noble gases and tritium may be
treated as in the previous RADRISK methodology.) Also, activity reaching
the small intestine may be absorbed through the wall into the
bloodstream, from which it may be taken in parallel into any of several
compartments within the skeleton, liver, kidney, thyroid gland, and
other tissumes. Activity in the lungs may reach the bloodstream

directly, or it may enter blood indirectly through the stomach or lym—

phatic system. The respiratory system, gastrointestinal tract, and
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Figure 2. The major compartments considered in AGEDOS, and the movement
of activity among these compartments, are indicated schematically.
Various subcompartments in the respiratory system, skeleton, and other
compartments are also considered.
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selected systemic compartments are discussed in detail in a later sec—
tion.

In all calculations performed with AGEDOS, it is assumed that only
the first nuclide in a chain of radioactive species is takem into the
body. The formation and dynamics within the body of daughters in the
chain are considered explicitly, however.

Throughout, Aiq(t) denotes the activity of the ith species of the
chain in a compartment indexed by subscript q. If we comsider Aiq(t)
over an interval that is small enough for changes with age to be
neglected, the time rate of change of Aiq(t) may be modeled by a system

of differential equations of the form
- R . .B r 12 I%
Ay = —Og + M) A+ ey O §1 B, ) A+ o)

(1)

where compartment q is assumed to have Li separate pools of activity,

and where
Aik = activity of species i in the kth pool,
k? = radioactive decay constant for species i (day~*) (ln 2 divided

by the radioactive half-life (days) of species i),

A. = rate coefficient (time—) for biological removal of species i

from the compartment,

Lj = number of expomnential terms in the retention function for
species j,
Bij = branching ratio of the nuclide j to species i,
P, = inflow rate of ith species into the compartment.

The subsystem described by these Li equations can be interpreted as a
biological compartment in which the fractional retention of species i is

governed by the function

L.
1
R(6) = 3 ¢y expl-(f + M) (O] .

k=1
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The subscript k in Eq. (1) represents the kth term of the retention
function, and the coefficients C;x can be thought of as "pathway frac-
tions, " that is, the fractions associated with the various pools of
activity within the compartment. (For purposes of age-dependent meta-
bolic modeling it is desiratle, but not essential, that a sufficient
number of anatomical compartments be identified that retention in each
compartment can be approximated with a single exponential term.)
If the inflow rates P, into the compartment remained constant, then

the explicit solutions Aik(t), of Eq. (1) would be1°,11
le + Hlk exp(—klkt) if i=1,

ik i-1 Lj

D, + Hyy exp(-A, t) + j{_:l 21 Gipjm eXP(hipt) if i) 1,

where the coefficients Dik' Hik' and G may be calculated from

ikjm
the following recursions:

clk pl/klk if i =1 »

ik
R i-1 LJ
(eip/Ai) | 2] 2 By 2 Dip+py|ifiny,
j=1 m=1
(A (0) Dy, if i =1,
R i-1 Lj
H1k = Aik(o) B Dik ~ Cix x1 2: E: (Eljm BIJHJm)
i=1 m=1
\ x o, —2. )1 ifi>1
ik jm '

and
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_ R _ -1,
ikjm = Sk M Bijm ¥ BijHjp) Oy =2y - 121,
where
i-1 Lr
2. B._ > 6. ifj<i-2
g iT po1  THim

The following recursion is used to calculate the Eijm'

(0 if i = 2
= R ;E 1
E.. =¢ > B._ 2 e (E_. +B_.H. ). —-A.,) " ,
ijm r=j+1 ir *r n=1 Ty rjm rj jm’ *"rp jm
[for j =1, ..., i-2, and i > 2 .

An obvious problem in using Eq. (1) as a model of the rate of
change of activity of a radionuclide in a compartment is that the inflow
rate, P, of species i will not remain constant with time. Moreover,
since changes with age in the uptake and retention of radionuclides by a
compartment are being considered, it cannot be assumed that the biologi-
cal removal rates, X?k, and "pathway fractions,” ¢
over an extended period.

ik’ remain constant

These problems are handled by dividing the time interval over which
dose rates are to be considered into relatively small subintervals over
which all parameters in Eq. (1) may be treated as constant. The length
of these subintervals vary from a fraction of a day at times close to
the initial acute intake of the radionuclide to ome year at times very
remote from intake. These lengths were chosen through considerations of
the potential rates of change with time of the inflow rate, biological
removal rate, and pathway fractions. The problem is essentially that of
approximating a continuous function by a step function; this requires
shorter steps over intervals of rapid change than over intervals of lit-

tle change. At times close to an acute intake, a close approximation of

the inflow rate into some compartments may require steps that are only a
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small fraction of a day. Also, the removal rates and pathway fractions
for very young children may change significantly over periods of a year
or more, so that steps shorter than one year may be required for the
first year or two of life.

The inflow rate P, on each subinterval is taken to be that constant
inflow rate which would yield the total activity of the radionuclide
that flows out of the feeding compartments during the same subinterval.
(Of course, if a portion of the outflow from the feeding compartments
proceeds along another pathway, that portion is not included in the cal—-
culation of pi.) For example, the inflow rate pi to the small intestine
from the stomach during a subinterval of length 0.01 days is taken to be
ASXS/O.OI, where As is the outflow rfte coefficient (day—1) from the
stomach to the small intestine, and As is the integrated activity of the
radionuclide in the stomach during the same time interval.

The values of biological half-times and pathway fractions used on
each subinterval are determined by linear interpolation of the values
input for ages 0, 100, 365, 1825, 3650, 5475, and 7300 days. For exam-
ple, if the calculation is for a person of age 500 days at the beginning
of the subinterval, then the half-times and pathway fractions used on
that subinterval are determined by linear interpolation from the values

input for ages 365 days and 1825 days.

Converting from Activity to Dose Rates

In the preceding section we discussed a general scheme for estimat—
ing the distribution of activity in the body as a function of time after
intake of a radionuclide. The activity of a radionuclide in a compart—
ment is a measure of the emergy being emitted in that compartment at
time t. In this section we discuss how one may relate the estimated
activities of a radionuclide in all compartments at time t to the dose
rate to a specific organ at time t. The problem is to estimate the
fraction of the energy emitted by decay of the radionuclide in each com—
partment (" source organ”) that is absorbed by the specified ("target”)
organ. This absorbed fraction is incorporated into the calculation
through the use of dosimetric S-factors.12,13 The S—factor S(X ¢Y) is

defined for our use as the average dose rate to target organ X from one
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unit of activity of the radionuclide uniformly distributed in source
organ (or compartment) Y. The units for S—factors depend on the units
used for activity and time; thus the S—factor units may be rad/pCi-day
or Gy/Bq-s, for example.

The dose rate [DRi(X)](t) to target organ X at time t due to radio-

nuclide species i in source organms Y,, Y,, ..., YM is estimated to be

M
[DR, (X)1(t) = Z [DR, (X é-Yk)](t) ,

where
[DRi(X é-Yk)](t) = Si(X é-Yk)Aik(t)
In the preceding equation Aik(t) is the activity, at time t, of species

i in source organ Yk'

The dose rate to target organ X from a unit activity of a nuclide
in source organ Y due to emissions of type m may be calculated from the

expression
S (X¢Y) =c) £fEQ(X€Y),

where

¢ = a constant that depends on the units of dose, energy,
and time being used,

fm = intensity of decay event (number per disintegrationms),

Em = average energy of decay event (MeV),

Qm(X ¢ Y) = specific absorbed fraction = fraction of emitted
energy from source organ Y absorbed by target organ X

per gram of X,

and where the summation is taken over all events of type m. In the fol-
lowing paragraphs we discuss briefly the estimation of the absorbed
fractions Qm(x ¢« Y) for photon emissions and beta, positron, electronm,
and alpha decays. More complete descriptions can be found in Refs. 12

and 13.
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The S-factor is similar in concept to the SEE factor (specific
effective energy) used by ICRP Committee 2 in their recent Publica-
tion 30.14 The SEE factor includes a quality factor for the radiation
emitted during the transformation. The S-factor as used in the AGEDOS
analysis does not include consideration of the quality factor. The two

quantities are related as
SEE (X €Y) = k3 Q S(X €Y)_

where

Q

m
k

the appropriate quality factor for the mth radiation type

a constant that depends on the units used in the S—factor and
SEE factor.

It should be evident that the value Sm(X €Y) is a function of the
age of the individual, because the specific absorbed fraction Om(X €Y)
used to calculate Sm(X € Y) may depend on the relative geometries of X
and Y as well as the mass of the target organ X.15 We first discuss the
determination of S—factors for various radiation types for a fixed age,
and we later describe the introduction of age—dependence into the S-

factors.

PHOTON EMISSIONS

There are two principal computational procedures available for
estimating specific absorbed fractions for photon emissions: The "Monte
Carlo method” 22 and the "point-source kernel method. "1¢ FEach of these
will be discussed briefly.

The Monte Carlo method is a computerized approach for estimating
the probability of a photon interaction within target organ X after
emission from source organ Y. This method is carried out as followsl2
for all combinations of source and target organs and for several (usu-—
ally 12) photon energies. The body is represented by an idealized phan-
tom in which the internal organs are assigned masses, shapes, positions,
and attenuation coefficients based on their chemical composition. A
mass attenuation coefficient R is chosen, where B, is greater than or

equal to the mass attenuation coefficients for any region of the body.
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The photon begins its course from organ Y in a randomly chosen direc-

- tion, and a potential site of an interaction is chosen by taking the
distance traveled as —1n r/po, where r is a random number distributed
between 0 and 1. The point on the line at this distance from the

. photon's starting point and in the direction of the photon’s path is
tested to determine the region of the body containing this point. The
computer randomly selects either a favorable or an unfavorable outcome;
the probability of a favorable outcome is pi/po, where K’ is the total
mass attennation coefficients for the ith region. If the outcome is
unfavorable, then it is assumed that no interaction occurs, and the pho-
ton proceeds another randomly chosen distance along the same line of
flight and the game is repeated. If the outcome is favorable, then it
is assumed that an interaction occurs. With each interaction, an artif-
icial "weight” of the photon (initially set at unity) is reduced by an
amount equal to the expectation of absorption which the photon would

- have in the actual physical processes. The flight of the photon is ter-
minated (1) if it escapes the body; (2) if its emergy falls below a
cutoff value —— typically 4 keV; or (3) if its weight falls below 10-%;

~ in the latter two cases, the emergy is considered to be totally
absorbed. The energy deposition for an interaction is determined
according to a standard equation.1?

The second procedure for estimating specific absorbed fractionms for
photon emissions involves integration of a point—source kernel 9(x),
where x is the distance from the point source. The function § is com—
posed of inverse-square and exponential attenuation factors that reflect
the loss of emergy from photon interactions and a build-up factor that

reflects the contribution of scattered photons to dose:1¢

O(x) = n, /p + 1/(4nx?) - e "X . B, (kx) ,

where
- ®(x) = the point-isotropic specific absorbed fraction,
Pop = the linear energy—absorption coefficient,
p = the linear attenuation coefficient,
» p = the density of the medium,
x = the distance from the source,

the energy—absorption build-up factor.

[~}
=]
—~
=
o}
S’
It
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One must integrate this kernel over all distances x = |u ~ vl
corresponding to pairs of points (u,v), where u lies in the source organ
Y and v lies in the target organ X.

Both the Monte Carlo method and the point-kernel method may involve
significant sources of error, depending on the energy and the organs
under consideration.17 The Monte Carlo method is a probabilistic
approach and produces significant errors in situations where few
interactions are expected to occur, such as cases involving target
organs which are relatively small or remote from important sources of
activity. The point-source kernel method technically is valid only for
a homogeneous, unbounded medium. Hence this method may lead to large
errors in cases involving significant variations in composition or den-
sity of body tissue, or in cases where target organs or important
sources of activity lie near a boundary of the body. Cristy and Ecker-
manl® have been able to reduce errors in calculations of absorbed frac-—
tions by making extensive use of the geometrical reciprocity theorem and
by developing correction factors for values generated by the point-
kernel method. That is, they use a weighted average of Qm(X €<Y) and
the reciprocal Qm(Y € X) produced by the Monte Carlo method, but replace
this value with the corrected point-kernel value if the former is sta-

tistically unreliable.

BETA, POSITRON, AND ELECTRON DECAY

Beta particles, positrons, and discrete electrons are usually not
sufficiently energetic to contribute significantly to cross~irradiation
doses of targets separated from a source organ. Thus, it is generally
assumed that Qm(X € X) is just the inverse of the mass of organ X, and
if source and target are separated, Dm(X ¢Y) = 0. Exceptions occur
when the source and target are in close proximity, which is the case,
for example, with various skeletal tissues. Absorbed fractions for
cross irradiations among skeletal tissues are computed as a function of

energy, using a method described by Eckerman.1®
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ALPHA PARTICLE DECAY

The energy of alpha particles and their associated recoil nuclei is
generally assumed to be absorbed in the source organ. Therefore,
Qa(X € X) is taken to be the inverse of the organ mass, and Qa(X €Y) =
O if X and Y are separated. Special calculations are performed for
active marrow and endosteal cells in bone, based on & method of

Thorne. 2°

CALCULATION OF S-FACTORS FOR DIFFERENT AGE GROUPS

For non-penetrating radiations the calculation of age—dependent
specific absorbed fractions (and hence of S-factors) is straightforward.
Since all emitted energy is assumed to be absorbed by the source organ,
the only age-dependent variable in this case is the mass of the organ.
The problem is considerably more complex for penetrating radiationms,
however, because the changing shapes and relative positions of the
organs must be taken into account in this case in the development of
specific absorbed fractions,

Specific absorbed fractions for photon emissions of various ener—
gies have been calculated by Cristy and Eckermani® for age groups 0, 1,
5, 10, and 15 years. These absorbed fractions were calculated using a
combination of the Monte Carlo and point-source kernel methods as
described earlier, but using different mathematical phantoms of the
human body for each age group. An external view of these mathematically
represented phantoms, together with comparative cross—sections of the
middle trunk regions of the newborn and adult phantoms, are shown in
Fig. 3.2% Results of Cristy and Eckermani® indicate that the specific
absorbed fractions vary substantially with age for some energies, source
organs, and target organs (see Fig. 4).

Specific absorbed fractions for adults (age 20 years) are taken
from Ref. 12. To avoid discontinuities in calculated doses, S-factors
for any non-adult age are calculated from those for ages 0, 1, 5, 10,

15, and 20 years by linear interpolation.




Figure 3. An external view of the mathematically represented phantoms
of Cristy, together with comparative cross—-sections of the middle trunk
of the newborn and adult phantoms.321

regions

TT
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LIVER —to— LIVER LUNGS —to- BREAST

Figure 4. (M. Cristy) The notation "Y-to-X" indicates that Y is the
source organ and X is the target organ. The figures show the specific
absorbed fractions (SAF’s) for photons for various source and target
organs, energies, and ages. A typical pattern at all energies is that
the SAF (the fraction of energy emitted from within Y that is absorbed
by X per gram of X) decreases with age. The effects of the changes with

age in the geometries and masses of organs are most marked for low-—
energy photons.
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3. DIFFERENCES WITH AGE IN THE TRANSLOCATION AND RETENTION OF
NUCLIDES IN THE BODY

In this section we discuss potential differences with age in the
respiratory and gastrointestinal tracts, the skeleton, and certain other
tissues. Since some of the possible differences with age mentioned in
the discussions of the respiratory and gastrointestinal tracts are not
strongly supported by experimental evidence at this time, we recommend
the use of adult models for both regions (with the exception of f,, the
fraction absorbed from the small intestine) until more conclusive evi-
dence to the contrary is available. Changes with age in the skeleton
and other systemic organs and tissues are discussed with regard to meta—

bolic models for strontium, plutonium and other actinides, and cesium.

The Respiratory Tract

The lung model used in AGEDOS for particulate deposition and reten-—
tion is the Task Group Lung Model (TGLM) for adults developed for the
International Commission on Radiation Protection (ICRP).22 The ICRP
model views the lung as divided into four major regions: nasal-pharynx
(NP), tracheobronchial (TB), pulmonary region (P), and lymphatic tissue
(L). Each of the NP, TB, and P regions is assigned a deposition frac—
tion depending on the size (the activity median aerodynamic diameter or
AMAD) of the particle carrying the nuclides. The biological clearance
half-times for the NP, TB, P, and L regions are assumed to be a function
of the solubility properties of the particles carrying the nuclides.

To investigate changes with age in the functions of the lung it is
helpful to view the lung as a series of symmetrically bifurcating chan—
nels as described by the adult lung model of Weibel.23 Particles car-
ried by inhaled air deposit in the lung airways by processes including
diffusion, impaction, and sedimentation. The activity of a radionuclide
deposited in a given region of the lung is thought to be controlled by
the diameters and numbers of airways in the various regions, the
respiratory rate, the volume of air taken in during each breath, and the
particle diameter. The net effect of the changes with age in these
quantities on the deposition fractions in the NP, TB, and P regions have
been estimated using different models, 24,35 It is suggested by these

models that there is little variation with age in the deposition
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fractions for those particle sizes usually considered (mean particle
size one micron or less with a geometric standard deviation of about
2.8), but there could be a strong age dependence in the relative frac-
tions of very large particles (10 microns) deposited in the TB and P
regions. This is viewed as a result of the changing deposition patterns
in the NP region, which might retain nearly all of the extremely large
particles that enter. Thus, changes in the NP region of a few percent
could lead to large relative changes in the percentages of activity
deposited in the remaining regions.

A radionuclide deposited in any of the three primary regions may
decay, depositing its energy in the local tissue and (for penetrating
radiations) other tissues of the body. Competing with radioactive
decay, however, are biological processes that may translocate the
material from the lung into the bloodstream, lymphatic system, or gas—
trointestinal tract. Some material in the TB region is carried to the
stomach by a slowly flowing mucociliary blanket lining the tracheo—
bronchial passages. It has been conjectured?* that the mucal blanket
may flow more rapidly in young children than in adults, so that the pro—
bability of a given radioactive atom undergoing decay while in the TB
region would increase with age. However, even if there were changes
with age in the rate at which material is carried from the TB region to
the stomach, this would not cause substantial differences in estimates
of dose except perhaps for inhaled radionuclides with half-times of a
few minutes.

There is a strong age dependence in the volume of air inhaled,
which increases from near 20 ml/sec at birth to near 300 ml/sec in
adults. This and other suggested changes with age in the functions of

the respiratory tract are illustrated in Fig. 5.

The Gastrointestinal (GI) Tract

Material ingested or reaching the stomach via the mucociliary
blanket moves in sequence through the stomach, small intestine, upper
large intestine, and lower large intestine. The adult model most com—

monly used for radiation protection depicts an exponential removal from

each compartment, characterized by a single removal rate that depends
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only on the compartment.2¢ Little information is available concerning
these four removal constants as a fonction of age in humans. Results of
experiments with rats suggest that the half-time for removal from the
two segments comprising the large intestine may increase with age, pri-
marily because of the increasing tract length. Transit times for the
stomach and small intestine may be shortest in the very young because of
the elevated liquid content of the diet of infants.27

Radionuclides flowing through the GI tract may be absorbed into the
bloodstream from any of the four major compartments, although the frac-
tions absorbed from the stomach and large intestines are usually con-
sidered negligible compared with the fraction from the small intestine.
The fraction from the small intestine, denoted f,, varies considerably
between radionuclides and between the foodstuffs to which they are
attached. Experimental studies suggest that the f, value for some
radionuclides may be orders of magnitude higher in newborns than in
adult mammals, with largest relative changes with age occurring for
those nuclides with small adult f, values.27?

For many radionuclides there appears to be a rapid decrease in the
f, value in the first year of life. This may be related somewhat to the
dramatic change in diet during the first year of life, which could sig—
nificantly affect both the removal rate from the small intestine to the
upper large intestine and the absorption rate from the small intestine
to the bloodstream. The removal rate from the small intestine to the
bloodstream comprises three processes mediated by the epithelial wall of
the intestine. Material is removed from the contents of the small
intestine to the epithelial wall with a removal rate affected by the
composition of the contents. From the wall a radionuclide may be
absorbed into the bloodstream or may return to the intestinal contents
due to sloughing of the cells of the wall. The rate of cell sloughing
remains near zero until weaning, at which time the introduction of hard
food into the diet creates a shearing force that sharply accelerates the
cell sloughing process.2?

For some radionuclides it may be reasonable to assume that absorp—
tion through the wall of the small intestine in mammals is a relatively

non—-selective process not governed by the body's needs. Under this

assumption one modeler has attempted to estimate the changes in f, in
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human infants by extrapolating from measured values in rats, with the
extrapolation based on comparison of the three processes mentioned in -
the preceding paragraph.2?
Typical changes in f, (in humans) predicted from this approach are
illustrated in Fig. 6 for two classes of radionuclides, namely, those >
with small adult f, values (upper curves) and those with relatively
large f, values (lower curve). While such models may be instructive in
a broad, qualitative sense, there are sufficient differences in the
digestive and absorptive processes in the GI tracts of rats and humans
to leave any quantitative extrapolations extremely uncertain. For exam—
ple, data obtained for rats indicate that the transfer rate from intes—
tinal contents to the epithelial wall may be increased significantly
just prior to weaning. Neonatal rats possess very poorly developed
immune systems and may require this increased uptake to supplement the
intake of antibodies. Since human immune systems are much better
developed at birth, changes in epithelial uptake prior to weaning may 1
not be comparable for rats and humans. 27
Recent work has indicated that the wall of the small intestine is a
more selective tissue than was previously thought, and absorption of M
nutrients is controlled by the body's needs to a greater extent than had
been believed.2%,2% It has been known for some time that the fraction of
calcium or iron absorbed depends on the body's needs for these elements,
so the f, value for these elements and for chemically similar elements
such as strontium and radium (in the case of calcium) and plutonium (in
the case of irom) may change as the need for calcium or iron changes
during various stages of life. Recent results have indicated the change
with age in the absorbed fraction of some trace elements such as zinc
and manganese may also reflect a homeostatic adaptation to the age—
related shift in the element supply status.?® In the case of some
essential elements such as potassium and chemically similar radioele—
ments such as rubidiuom and cesium, absorption into the bloodstream is
nearly complete at all ages,?! so that changes with age and any possible -

homeostatic adaptations in absorption are not discernable.
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Figure 6. One modeler has attempted to estimate changes with age in the
absorbed fraction f, in humans by scaling from experimental data for
rats.2? For poorly absorbed radionuclides the changes with age estimated
in this way would be represented by a curve such as A or B. If the f,
value for adults is relatively large (say, 0.2 or higher), then the
decrease with age in f, cannot be nearly as marked but might be
represented by curve C, for example.
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Examples of Metabolic Models for Radioelements
Reaching the Bloodstream

Activity reaching the bloodstream through the respiratory or gas—
trointestinal tract may be excreted through the intestines, kidneys, or
skin, or it may be allotted among the various organs and tissues of the
body. Except for the absorption fraction f , retention and transloca-
tion of radionuclides by the respiratory and GI tracts do not appear to
depend a great deal on the special properties of the radionunclides.

Once a nuclide reaches the bloodstream, however, its special charac-
teristics may play an important role in determining its course. Because
of the large number of nuclides and organs to be considered and the
relatively small amount of nuclide-specific age—dependent data avail-
able, it may be many years before there is a fairly complete set of
age—dependent models for systemic organs,

In order to examine some of the problems involved in age—dependent
modeling of nuclide retention in systemic organs, we shall look in some .
detail at metabolic models for strontium, plutonium and other actinides,
and cesium. It will be apparent from the description of these models
that a large amount of effort has been devoted to obtaining a detailed
model of the skeleton. This is because of the high degree of radiosen—
sitivity of the skeleton and its propensity to accumulate a great many
radionuclides. The ICRP identifies the radiosensitive tissues in the
skeleton as the haemotopoietic stem cells of the bone marrow, the endos-—
teal cells lining bone surfaces, and certain epithelial cells close to
bone surfaces.31,32 Because of the heterogeneous distribution of these
cells in the skeleton, it is important to characterize the distribution
of a radionuclide within the skeleton, as well as the removal time from
various locations.

To account for the very different behavior of various radionuclides
with respect to the skeleton, it was convenient to develop two separate
general schemes to describe the uptake, translocation, and retention of
elements by the skeletal system. One scheme (Fig. 7) applies specifi- -
cally to the so-called "bone-volume seeking” radionuclides and the other
scheme (Fig. 8) to the so—called "bone surface seeking” radionuclides,
but the patterns are general enough so that skeletal metabolism of many -
radionuclides should be describable in terms of one of the two models.

In the first model possible local or systemic recirculation of radio-

nuclides is not treated explicitly but may be introduced implicitly
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Figure 7. Compartments and pathways in the skeleton as represented in

. the model for bone-volume seeking elements such as calcium and stron-—
tium,
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within parameter values. In the second model recirculation is treated
explicitly. Both models assume that activity in the bloodstream can
enter the bone volume only after depositing on bone surfaces. The rela—
tive fractions moving by each pathway in each model and the removal rate
from each of the regions may vary with the radionuclide. In many cases
it is possible to estimate the pathway fractions and the removal rates
from a knowledge of the mechanisms involved. This will be illustrated
for a bone-volume seeking radioelement (strontium) and for bone—-surface
seeking radioelements (plutonium, americium, and curium). In addition,
an age—dependent metabolic model will be described for a radioelement

(cesium) which is not considered a bone-seeker.

AN AGE-DEPENDENT METABOLIC MODEL FOR STRONTIUM

Because of the chemical similarities of strontium and calcium,
strontium tends to follow the calcium pathways in the body and deposits
to a large extent in the skeleton.32? In fact, the fraction of ingested
Sr eventually reaching the skeleton at a given age depends largely on
the skeletal needs for calcium at that age, although the body is able to
discriminate somewhat against Sr in favor of Ca after the first few
weeks of life.1,32-34 This discrimination possibly occurs at all mem
branes, but it is well established that there is discrimination by the
gut and kidneys.

Metabolism of Sr by humans may be described using two principal
organs: skeleton and remaining tissue. There is a relatively large
body of information on age dependence of uptake and retention of Sr by
the skeleton, whereas little is known concerning age dependence of Sr in
other tissues. Since the integrated activity of Sr in the skeleton
appears to be orders of magnitude higher than the integrated activity in
the remaining tissues, only minor errors should be introduced by apply-—
ing an adult retention model for Sr in remaining tissue to all age
groups; we shall apply a retention model for ""Other” similar to that in
ICRP 30.14 Our age-dependent model for Sr in the skeleton is taken from
Ref. 1.
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For purposes of modeling the transport of Sr by the skeleton, it
suffices to view the mineralized skeleton as consisting of two main com-—
partments: trabecular (cancellous, spongy) and cortical (compact) bone.
Two subcompartments, surface and volume, will be considered within each
of these main compartments. The four subcompartments of mineralized
skeleton and the movement of Sr among these compartments are shown
schematically in Fig, 7. Strontium in blood may enter bone volume omnly
after passing through bone surface, and Sr is considered as leaving the
body directly from bone volume. While recycling of Sr from bone surface
and volume to blood is not considered explicitly, these processes may be
incorporated implicitly to some extent in removal rates.

In the mature skeleton trabecular and cortical bone are reasonably
distinct both in appearance and in retention of strontium. However, in
the nonadult, it appears that these two compartments become less and
less differentiated with decreasing age, particularly in their uptake
and retention of strontium. We assume that there are no differences in
uptake and retention properties between the two compartments until some
time during the second year of life and that differences remain fairly
small throughout childhood. For the maturing skeleton, the cortical
bone compartment is described more accurately as “cortical bone and its
precursors” and the trabecular bone compartment as "trabecular bone and

’

its precursors,” respectively, with emphasis on the final bone type
rather than on the precursor. For example, bone originally laid down as
spongy bone but later transformed to cortical bone by either a compac—
tification of trabeculae or a filling in of interstices between trabecu-
lae would be considered as part of the cortical compartment throughout
its existence.

Measurements have indicated that compact bone comprises about
four-fifths of the adult mineralized skeleton and cancellous bone about
one—-fifth, by volume, by mass, and by calcium content.3?2 Limited infor-
mation from the literature suggests that the mass of compact bone does
not have a significantly different rate of increase with increasing age
from that of the entire skeleton, particularly after the age of 5 or
6 years.? We assume that, at all ages, compact bone comprises 80% and
cancellous bone the remaining 20% of the mass of the bone volume. The

error inherent in this assumption probably increases with decreasing age
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below age 20 years; fortunately, this error will be largely negated by
other assumptions in the model. In particular, we assume that there are
only small differences in the uptake and turnover rates of Sr in compact
and cancellous bone during the first few years of life, so that the con-
centration of Sr in the skeleton does not depend strongly on the rela-

tive masses of the two compartments at early ages.?®

Bone volume

The fraction of ingested Sr eventually taken up by bone volume is
assumed to be equal to the fraction of ingested calcium taken up by the
bone times a discrimination factor k(t) at age t years. Moreover, the
uptake fraction as a function of age for calcium is assumed to be con-—

trolled by the changes in skeletal calcium:

C'(t) = -[0.8 a(t) + 0.2 b(t)]C(t) + m(t)A(t) ,

where t is age in years; m(t) is the uptake fraction for calcium; a(t)
and b(t) are the removal rates for calcium from compact and cancellous
bone, respectively; A(t) is the average amount of calcium per year
ingested (taken as 365 g for all ages); C(t) is the calcium content of
the skeleton in grams, and C’'(t) is the rate of change of C(t) with

respect to t. Therefore, m(t) would be given by

m(t) = [(0.8 a(t) + 0.2 b(t))C(t) + C'(t)]1/A(t) .

The total uptake u(t) of Sr by bone volume at age t is estimated from
m(t) by the formula

u(t) = k(t)m(t) .
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The uptake fractions r(t) and s(t) for Sr by cortical bone and trabecu-—
lar bone, respectively, are estimated by decomposing u(t) into the com— ~
ponents dictated by the hypothesized turnover rates and growth rates of

the respective compartments. Thus,

r(t)

0.8 k(t)[a(t)C(t) + C'(t)]1/A(L) ,

and

s(t) = 0.2 k(t)[b(t)C(t) + C'(t)1/A(r) .

To solve the above equations, we shall require separate estimates
of C(t), a(t), b(t), and k(t). At age t years, the calcium content C(t)
of the skeleton is roughly approximated by?1,33

C(t) = 28.0 + 86.828 t — 16.5105 t2 + 1.5625 t3

- 0.04114 t+,0 < t £ 19.3 ,

C(t) = -0.3070 t? +23.35 t + 742.2, 19.3 <t £ 55,

C(t) = 1098 exp [-0.01(t-55)], 55 ¢ t .

The removal rates a(t) and b(t) for cortical and trabecular bone, and
the discrimination factor k(t), are listed in Table 2 for selected
ages t. Estimates for a(t) are based on tetracycline data of Frost3?$¢ for

the sixth human rib. Estimates for b(t) are based on turnover rates -

found by Bennett and co-workers®7,3% for the vertebrae, together with the




Table 2. Parameters used in model for strontiom uptake and removal by skeleton

Removal rate (yr-1) Sr/Ca
Age discrimination f, f; f; f;
Compact Cancellous factor, k (Bone surface) (Compact (Cancellous
bone bone bone surface) bone surface)
Newborn 3.725 3.725 0.900 0.686 0.686 0.549 0.137
100 days 2.991 2.991 0.704 0.615 0.615 0.492 0.123
1 year 1.045 1.045 0.411 0.428 0.428 0.342 0.086
5 years 0.563 0.662 0.200 0.285 0.285 0.219 0.066
10 years 0.325 0.481 0.200 0.333 0.333 0.251 0.082
15 years 0.187 0.349 0.200 0.384 0.384 0.279 0.105
Adulta 0.03 0.18 0.200 0.215 0.215 0.090 0.125

aAverages for ages 30-50 yr.

LE
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assumption that cortical and trabecular bone turnover rates vary in a
parallel fashion in adults. Also, it is assumed that a(t) = b(t) for
ages <1.5 years. Values for k(t) are based on studies of the observed
ratios of Sr to Ca in diet and in the skeleton.33,34 Also given in
Table 2 are estimates of f,(t), the fraction of ingested Sr absorbed
into the blood at age t, and f (t), the fraction of Sr reaching the
blood that is deposited in bone volume. Values for f, and f  are
estimated from the equation u(t) = f,(t)f;(t) by assuming f,(t) = £,(¢).
Although this assumption leads to a crude approximation, anmy resulting
error will appear only in the estimated concentration of Sr in remaining
tissue, since it is the product f, f; that is used in estimating the Sr

concentration in the skeleton.

Bone surface

In this model, bone surface is viewed as a transfer compartment for
transporting Ca and Sr from blood to bone volume and is identified with
the skeletal pool of rapidly exchangeable calcium.* While it may be
helpful to think of bome surface as that part of the mineralized skele—
ton lying within some small distance (say, 1 um) of the anatomical sur-—
faces of bone, some studies have suggested that the readily exchangeable
calciom may not be uniformly distributed on anatomical surfaces of bone
but may be located principally in areas of present and recent sites of
bone formation or resorption (cf. Refs. 32, 39, 40).

Estimates of the mass of calcium in the exchangeable pool are usu-
ally less than 10 grams for adults, and a value of 4 grams was used in
ICRP 20.%2 VWe assume that the mass at any age is proportional to the
amount of skeletal calcium deposited each day at that age; the propor—
tionality constant is obtained from the assumption that the average of
the varying masses between ages 30 and 80 years is 4 grams. Hence the
mass of calciom in the bone surface compartment at any age is assumed to
depend on the amount of skeletal growth and renewal at any age, and the
masses are normalized to the ICRP adult value, which we assume is an
average value for ages 30 to 80. These assumptions lead to estimates of
3 to 10 grams of calcium for the mass of this surface compartment for

most ages,® although the estimates are slightly higher for periods of
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rapid growth and remodeling and slightly lower during the mid-30's, when
turnover rates may be lowest. The proportionality constant derived from
our assumptions is 20.6 days. The removal rate constant for calcium
from the bone surface, when rounded to one decimal place, was calculated
to be 0.1 per day for all ages. This value agrees with the removal rate
of calcium from blood, soft tissue, and bone surface used in the ICRP
adult model for alkaline earths.?? In that model, a removal rate of
0.25 per day was assumed for Sr. In the present model, there is assumed
to be no difference in removal processes from the bone for calcium and

strontium, so that the removal rate of 0.1 per day is also used for Sr.

AGE~-DEPENDENT METABOLIC MODELS FOR PLUTONIUM, AMERICIUM, AND CURIUM

The models for Pu, Am, and Cm are very similar, All compartments
and rate constants (except for removal from blood) are the same in all
three models, but some of the compartmental fractions differ in these
models. We shall describe the model at length for Pu and then briefly

describe differences in the models for Am and Cm.

Similarities Between Pu and Fe

Apparently Pu and Fe bear sufficient chemical resemblance that Pu
is able to penetrate some iron transport and storage systems. It has
been shown that Pu(IV) in blood serum complexes with transferrin, the
iron—-transport protein.41,42 Thus Pu will partially trace the iron
pathway, with the result that a substantial fraction of systemic Pu is
carried to the bone marrow and to the liver.43—5%1 Apparently much of the
Pa is released from transferrin at these sites.42-%% Tt has been shown
that Pu(IV) may transfer from transferrin to ferritin, the major iron

storage protein in the liver, in vitro at physiological pH, and that the

ferritin complex may be more stable than the transferrin complex.*2 In
the skeleton, Pu may be released mainly at sites of developing red
cells, 2

Plutonium that has deposited in the liver and other soft tissue may
continue to follow the iron pathway, although the time course may be
much different for the two elements.$3-55 Plutonium that has reached the

skeleton behaves very differently from Fe; its movement is governed by
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fairly complicated processes of bone resorption and addition.46,47
Because the total metabolic behavior of Pu is not closely related to
that of any essential element, any retention model for Pu as a function
of age will involve much larger uncertainties than our model for Sr, for
example. Still, there is sufficient information concerning the metabol- >
ism of Pu by mammals to justify a detailed examination of potential

differences with age in doses to radiosensitive tissues following intake

of this radioelement.

The Initial Distribution of Pu in the Body

Retention and translocation of Pu that has reached the bloodstream
can be modeled using three principal compartments: skeleton, liver, and
remaining tissue. Approximately 80% of Pu in the bloodstream is divided
between the skeleton and liver, and approximately 20% goes to remaining
tissue and excretion.44 1In experiments with beagles, the division of Pu
between skeleton and liver was age—dependent, with skeletal uptake being
near 70% in juveniles and 40-60% in adults.4?,56,57 Langham et al.4$
estimated that, in persons injected with Pu, approximately 66% was depo—
sited in the skeleton and 23% in the liver. Durbin44 reanalyzed the
human data to account for the non—uniformity of Pu in samples of bone;
she estimated that about 49% was in the skeleton and 31% in the liver at
4 to 457 days after injection. A few years ago, a major portion of the
skeleton of one of the injected persons, a young woman injected at age
18 years and dying 17 months later (case HP-4), was analyzed and found
to contain about 55% of the injected amount.5® Since there was ample time
for a small portion of the Pu to be translocated from the skeleton
before this woman's death, the fraction originally deposited in her
skeleton may have been higher than 55%.

Our model relies on both the human and beagle data. We assume that
skeletal optake remains at 70% until age 15 yr, when the skeletal per-
centage begins declining linearly to a value of 50% by age 30 yr and
remains at 50% thereafter. At all ages, the sum of the skeletal and -
hepatic fractions is assumed to be 80%, with 20% going to remaining tis-

sue and excretion.
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Uptake and Translocation of Pu by the Skeleton

To describe retention of Pu in the skeleton, it is comnvenient to
view the skeleton as consisting of a cortical compartment and a trabecu-
lar compartment. Each of these is further divided into three subcompart-—
ments: bone surface, bone volume, and a transfer compartment. The
transfer compartment, which includes the bone marrow, may receive Pu
that is removed from bone surface or volume; Pu may reside in this com-
partment temporarily before being returned either to the bloodstream or
to bone surfaces (Fig. 8). Becaunse of the large amount of recycling of
Pu among the skeletal compartments, blood, and other organs, recycling
is considered explicitly in the model.

In the following discussion, the indicated pathways correspond to

the arrows in Fig. 8.

Pathways K and L. Pluotonium is deposited initially on bome sur-—
faces, with highest deposition being at sites with red (hematopoietic)
marrow and lowest deposition at sites of yellow (fatty) marrow.%® Since
red marrow is more highly vascularized than yellow marrow, the degree of
vascularity at a given skeletal site may be a determining factor in the
initial distribution of Pu.%?,6°¢ 1In the adult, nearly all of the red mar—
row is in trabecular bone,$1 and deposition on trabecular bone may be
greater than on cortical bone. In children, some or all of the marrow
in cortical bone is active,%1 and a more uniform distribution on cortical
and trabecular bones is expected. It is assumed that 50% of the initial
deposit in the skeleton of nonadults is on trabecular surfaces and 50%
is on cortical surfaces, and that 60% of the initial deposit in the
adult skeleton is on trabecular surfaces and 40% is on cortical sur-
faces. These estimates are crude and involve some arbitrariness but
reflect the following considerations. There is at least as moch trabec—
ular sorface in the skeleton as cortical surface, and possibly more.%2%,63
Thus, if Pu deposited uniformly on all surfaces, then at least 50% of
the initial deposit in the skeleton should be assigned to trabecular
sorfaces. Since it is known that Pu deposits more heavily in areas of

active marrow, and almost all active marrow in adults is in trabecular

bone, then it seems reasonable to assign more than 50% of the initial
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deposit to trabecular surfaces of the adult skeleton. On the other

hand, data of Larsen et al.5® suggest that trabecular bone may not contain
any more Pu than cortical bone after 1.3 years in a 65-year—old man.
Although there has been time for some translocation to occur, the turn—
over rate for trabecular bones in humans is probably not high enough to

have led to a massive relocation during 1.3 years.

Pathways A, B, C, and D. Bone surfaces labeled with Pu may remain
unchanged, or they may be buried by formation of new bone (A and C) or
resorbed by osteoclasts (B and D).4¢,47 The rate of removal from surfaces
by burial or resorption depends on the age of the individual and on the
bone surface type (trabecular or cortical). To estimate rate constants
for pathways A, B, C, and D, it is necessary to understand the relation—
ship between bone formation and bone resorption. There are two somewhat
different pictures of this relationship presented in the literature.
Some authors describe bone addition and resorption as occurring on oppo—
site sides of a bone (or bone trabecula), so that the bone is pictured
as continually "drifting” in a given direction.$4,65 Other anthors
describe resorption and addition as occurring in the same location;
first an area of bone is excavated by osteoclasts, and then the same
area is refilled with osteoid which is later mineralized.¢¢ The actual
events may involve some combination of these models. Bone "drift” may
be the predominant process during growth and perhaps into young adult-—
hood, but may diminish considerably after the skeleton has matured
fully, although drift apparently occurs to some extent at all ages,

If bone formation and resorption always occurred on opposite sur-
faces of a bone segment, then the removal rate for Pu on bone surface
would be approximately the sum of the resorption rate A, and the forma-
tion rate A,. This sitwation is assumed for nonadults. On the other
hand, if formation represented only the immediate replacement of
resorbed bone, then the removal rate would be approximately A, and Pu
would be buried in volume only after its resorption by depositing in
unmineralized osteoid and moving to the mineralized surface underneath
the osteoid. In this model, an intermediate scenario is assumed for
adults, with the burial rate in bone volume being 0.5 A,, and the remo—

val rate from bone surface being A, +0.5A,.
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The age—dependent resorption rate A, is the same as that for Sr

P estimated in Table 2. The simplifying assumption is made that A, = A,.
In older adults A, may be larger than A,, resulting in a net bone loss;
however, the difference A, — A, would be small compared with the error

s already involved in the estimate of A,, so little is lost by assuming A,
= A,. In children, A, may be smaller than A,, but the assumption that
A, = A, adds an element of conservatism to estimates of dose to
radiosensitive tissues (assuming our estimate of A, is reasonably accu-
rate). Since more detailed modeling of A, would involve large uncer-
tainties, it would be difficult to justify adjusting the model to
account for growth processes not already implicitly considered in the
present estimate of A,,

Plutoniom resorbed by osteoclasts may be released and concentrated
by macrophages in bone cavities, particularly in marrow.4¢ The length of
time that Pu remains in these macrophages is not known. In beagles

» receiving low doses of Pu, peak labeling of macrophages in bone marrow
was at two years post injection, and all labeled macrophages had disap-
peared at four years post injection.4?7 This suggests a half-time in bea-—

v gles that is short compared with two years. Our model assumes a half
time of 90 days. Some fraction of the Pu in resorbed bone may be dis—
solved and recycled systemically without being taken up by macrophages,
and with little or no sojourn time in the marrow. Since our model chan-
nels all resorbed Pu through the marrow with the same half-time, the

assumed 90-day half-time may be conservative with respect to marrow

dose.

Pathways E and F. Pu buried in bone volume may eventually become

volume distributed as the bone section "drifts” due to remodeling. The
time required for Pu to become volume distributed is assumed to depend
on the bone turnover time. If the resorption rate for trabecular bone
is k per year, then buried Pu may begin to be resorbed in about

1/k years after exposure. (Account must be taken of the fact that k
varies with age.) Because of the slow turnover time for cortical bomne at
most ages, much of the Pu buried in cortical bone of adolescents and

‘ . adults may never be recycled.
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Pathways G, H, I, and J. Autoradiographs suggest that both local
(G and H) and systemic (I and J) redeposition onto bone surfaces
occurs.$%,67 If Pu is released in a highly vascularized area and more
remote from bone surfaces, then systemic deposition is likely. If Pu is
released in a less vascularized area, it is likely that most Pu will be
deposited locally. For lack of precise values, it seems reasonable to
assume that 50% of the Pu in the transfer compartments is redeposited
locally and 50% is carried back to the bloodstream, from where it may
still be deposited on bone surfaces. Because of the recycling of Pu
from the bloodstream, any error in the assumption of an even split
between locally and systemically recycled Pu is automatically adjusted

to some extent.

The Model for Pu i he Liver

The retention and removal of Pu by the liver cannot be quantified
with much confidence. It is known from animal studies$3—55 that some Pu
may leave the liver via blood while some may leave in bile, that Pu is
taken up by hepatocytes but later transferred to RE cells, and that Pu
may reside for years in the RE system, with the residence time depending
to some extent on the iron status of the animals, It is also suggested
by autopsies of persons exposed to Pu several years previously that this
nuclide may reside for many years in the human liver.

It is not known whether there are differences with age in removal
of Pu from the liver. The ICRP model for Pu assumes a biological half-
time of 40 years in the liver of adults.¢® We shall assume that, for all
age groups, Pu is retained in the liver with a biological half-time of
10 years. Almost all activity leaving liver will return to blood, but a
small amount will reach feces via bile. For computational convenience
the small amount in bile is considered to be in a separate soft tissue
compartment described later. The half-time of 10 years is somewhat
arbitrary but takes into consideration that our model will increase the
"apparent” half-time of Pu in the liver considerably since this model
considers recirculation and allows the liver to continue to receive Pu

removed from skeleton, liver, and soft tissue.
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The Model for Pu in Soft Tissue and Excretion

Soft tissue is assumed to consist of two compartments which
together receive 20% of the Pu in blood minus the amount rapidly
excreted. One soft tissue compartment is associated with excretion
pathways such as kidney, bladder, intestines, and biliary pathways.
This compartment is assumed to receive 6% of the activity in blood, and
activity leaves omnly via excretion. Although liver is considered
separately, for computational convenience we consider activity that may
actually leave liver via bile as being channeled through this soft tis—
sue excretion compartment. The second soft tissue compartment is asso—
ciated with the remaining tissue, that is, all soft tissue not including
liver and not lying in a direct excretion pathway. This would include
most muscle tissue, lung tissue, and portions of the viscera, for exam—
ple. This compartment is assumed to receive 10% of the activity in
blood, and activity leaving this compartment is recycled to blood. Pa
is assumed to leave both soft tissue compartments with a half-time of
500 days, which is based loosely on conclusions reached in Ref. 44,

In addition to activity reaching excretion after a delay in soft
tissue, some activity will be rapidly excreted from blood. In this
model we assume that 4% of Pu reaching blood is rapidly excreted. Our
estimates for the amount excreted are from adult human data.44,45,69,70

Our model for plutonium metabolism is described in great detail inmn
Ref. 71. (The description in that report is only for adults.) Here we
have simplified the model in Ref. 71 slightly for computational pur-

poses.

The Modeling for Recycling of Systemic Pu

Pu reaching the bloodstream after removal from skeleton, liver, or
soft tissue is assumed to trace the same pathways as the initial deposit
in blood. It is assumed that activity leaves blood with a half-time of

0.85 days (cf. Ref. 44).
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Adjustments in the Model for Americium and Carium

Plutonium, americium, and curium appear to have very similar meta-
bolic properties, except that rluotonium has a much higher affinity for
B, globulins in blood.?’? Differences in affinity for proteins may result
in a much more rapid clearance of americium and curium from blood, a
higher filtration fraction by the kidney, and less propensity to follow
the iron pathways as compared with plutonium. Since there is little
information on comparative behavior of these elements in humans, the
following quantifications of differences were based on results of animal

studies.

1. It is suggested by results of Turmer and Taylor?? that the effective
half-time of Am or Cm in blood may be 2 or 3 orders of magnitude
lower than that of Pu. We have assumed a half-time of 0.1 days for
Am and Cm in blood.

2. Studies of Lloyd and co-workers4®,56,57,73,74 gpgoest that about 80% of
Pu, Am, or Cm goes to skeleton and liver, but Pu may have a rela—
tively higher affinity for skeleton and/or Am and Cm a relatively
higher affinity for liver. Basing our estimates on these results
for dogs, we assume that 80% of Pu, Am, or Cm goes to skeleton plus
liver, but that the relative percentages going to skeleton in
adults are Pu:Am:Cm = 50%:30%:45%. For newborns, 70% of Pu, Am, or
Cm is assumed to go to skeleton, and for persons of 1-15 years of

age, the average of the adult and newborn values is applied.

3. The distribution of Am in the skeleton may be more uniform than the
distribution of Pu.?3 Also, the distributions of Am and Cm in the
skeleton appear to be very similar.?% We assume that 50% of Am or Cm
that goes to skeleton is deposited on trabecular surfaces and 50%
is deposited on cortical surfaces at all ages; this compares with a

ratio for Pu of 60%:40% for adults and 50%:50% for non-adults.

4. In humans most of the cummlative excretion of actinides appears to

be in urine.?’! Experimental evidence for dogs indicates that early

urina excretion of Am or Cm is greater than for Pu,49,56,57,73,74 rob-
Ty B P

ably because of the weaker attachment to proteins exhibited by Am




Cm.
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and Cm. We assume that the comparative fractions of rapid excre-
tion of Pu, Am, and Cm in blood are 0.04:0.07:0.06, based on the
stodies with dogs. Since fecal excretion data for actinides in
animals cannot be readily extrapolated to humans, we cannot improve
on the simple assumption that fecal excretion of Pu, Am, and Cm are
identical in humans. Also, for lack of better information we shall
assume that the model for Pu concerning excretion via soft tissue

applies to Am and Cm.

All other features of the Pu model are assumed to apply to Am and
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METABOLIC MODEL FOR CESIUM

Cesium tends to follow the movement of potassium in the body but
attains a fairly distinct distribution after a few days because of the
much slower transport of Cs across cell membranes.76 It appears to be the
slower entry of Cs into cells that leads to its longer residence time in
plasma and its higher short-term excretion rate compared with K. On the
other hand, it is apparently the slower transport rate of Cs out of
cells, mainly the dark fibers of muscle, that produces a longer effec-
tive biological half-time for Cs than K in adults.?’6 The differences in
transport rates of Cs and K across cell membranes are sufficiently dif-
ferent that the whole-body retention function for Cs does not closely
resemble that for K.

The ICRP 3014 retention model for cesium in the human body is

represented mathematically as a sum of two exponentials:

R(t) = aexp(-0.693t/T,) + (1 - a)exp(-0.693t/T,)

where R(t) is the fraction retained in the body at some time t days
after an initial time t = 0. Cesium is assumed to be rapidly and com-
pletely absorbed into the bloodstream from the GI tract, and inhaled
cesium is assigned the solubility class D for all compounds. (Both of
these assumptions seem reasonmable for all age groups.) Of Cs entering
the blood, a fraction a = 0.1 is assumed to be translocated to an
unspecified tissue compartment and retained there with a half-time

T, = 2 days, and the remaining fraction 1 — a = 0.9 is assumed to be
transferred to another unspecified tissune compartment and retained with
a half-time T, = 110 days. Both of these compartments are taken as uni-
formly distributed throughout the body.

W¥hile the ICRP 30 model may represent a reasonable compromise of
the different retention patterns of Cs among humans, studies indicate
that there is considerable variation in retention times of Cs in
humans.77-98 It jg generally agreed that whole-body retention of Cs is
approximated adequately by the som of two or three exponentials. For

adult human males two terms are generally adequate, but three terms are
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often required for adult females and children.7® We suspect that the
intermediate component, with a typical half-time of two weeks, becomes
more apparent for persons who have relatively less dark muscle fiber
available to accumulate Cs (or, more precisely, less active transport
into muscle fibers). The short-term component may actually be better
represented by two sub—components, with perhaps one—~third of this amount
being excreted very rapidly (within a few hours) and two—thirds being
excreted with a half-time of 1-2 days (see Naversten and Liden®). Thus
the short-term component of the ICRP 30 model, a exp(—0.693t/T,), may be
better represented for some persons by three components with half-times
of a few hours, a few days, and a few weeks, respectively.

Despite the differences in membrane transport of Cs and K, the
behaviors of these two elements in the body are closely enough aligned
that total-body K appears to be a suitable index for predicting whole-
body retention of Cs.’¢ Previously, both total body mass and age have
been used as indices of variation of xﬁ for Cs. A comparison of mass,
age, and total body K as indicators of xﬁ for Cs can be made from
Figs. 9-11 where we have included measurements made on both sexes and
several age groups among healthy persomns as well as on persons with dif-
ferent muscle diseases.’® Both body mass and age appear to correlate rea-
sonably well with the long—term Q% for Cs for healthy nonadults, but
these parameters do not correlate well with Q% in adults and persons
with muscle disease. Thus age and body mass may be only coincidentally
related to mechanisms controlling Cs x%. Total body K, however, appears
to be a good predictor of Cs E% for dystrophics as well as healthy per—
sons, and for adults as well as children.

For predictive purposes, it is convenient to consider only two
major components as in the ICRP 30 model. Assuming that retention is of
the general form given in the above equation for R(t), where the first
component combines any possible sub—components with very rapid up

through intermediate—term excretion, we provide a procedure for estimat-

ing a, T,, and T,.
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(a) The value a may be estimated by

adult males: a 0.57 - 0.003A ,

adult females: a 0.36 - 0.002A ,

where A is the mass of total body K (g). These equations represent fits
to pairs (a,A) for healthy persons (see Ref. 78). As indicated in

Fig. 12, the fraction of Cs in the short-term component decreases with
total body K, probably because of the higher competition for Cs from
dark muscle fiber, which would tend to increase with total body K. The

values a and A are more highly correlated for males than females.

(b) The short-term half-time T, is estimated using the predicted value

adult males: T, = 21a - 0.46 ,

adult females: T, 6.4a + 4.4 .

These equations represent fits to data for healthy persons?? (see
Fig. 13). Again, the pairs (a,T,) are better correlated for males than

for females.

(c) The long-term half-time T, is estimated by:

adult males: T, 0.72A + 1.22 ,

adult females: T, 0.73A + 16.2 .

These equations represent fits to data for healthy persons.?® Once again,
the pairs (A,T,) are better correlated for males than for females.

We next derive an age—dependent version of the Cs retention function

R(t) given in ICRP 30. This will be accomplished by use of the above

equations for males; we are restricting attention to the equations for



54

ORNL-DWG 82-19740

0.6
o Healthy
n a e Muscle disease
()
St
8 0.5
n
=
9 '
I3
P 0.4 + g
St
S .?1
% 7
o 034 g 99
:
5 * 'Y g9
o ¢ L4
i 02 - 9 d‘
0 .”9 ‘%
.E e 7
- o
< 01 Q
d
S .
=
0p}
0.0 T T 1 1 I

I I
0 20 40 60 80 100 120 140 160
Grams of potassium in body

Figure 12. Fraction of Cs excreted over short and/or intermediate term vs
total body K.



55
15
ORNL-DWG 82-19741
All healthy persons
female
- --- male o
10 .7

Equivalent biological half—time
for short plus intermediate fractions for Cs (days)

T

‘ ‘ ‘ , \
0.0 01 02 03 0.4 05 06
Short plus intermediate fractions for Cs

Figure 13. Relation between fraction of Cs excreted over short and/or
intermediate term and biological half-time for this Cs.




56

males because these appear to be much more reliable than the correspond-
ing equations derived for females.
The equations for a and T, (for males) can be combined to yield an

expression for T, as a function of total body K:

T, = 11.5 - 0.063A ,

where, as before, A is the mass of total body K in grams. From this
equation, together with the equation for T,, it can be seen that T, - T,
decreases as A decreases, and that T, = T, at A = 13.2 g, which is
approximately the potassium content of a five-month—old child (see

Ref. 99). Since it does not seem reasonable to allow T, ¢ T,, we shall
assume that the above equations are valid only for ages five months or
greater, and that T, = T, for ages less than five months. Thus the
retention function for Cs will reduce to a single term for ages less
than five months, and the single biological half-time can be estimated
from empirical data. For convenience, we shall consider the age-
dependent retention function as having two terms at all ages, although
the two half-times are assumed to be identical for ages less than five
months. These considerations lead to the estimated values of a, T,, and
T, given in Table 3, for selected ages. Note that, in Table 3, there is
an estimated decrease in the half-time of Cs in humans during the first
few months of life, but after this period the long-term half-time
increases continually to adulthood. The initial decrease in retention
time is estimated from the combined empirical data of Wilson and Spiers?+4
and Pendleton et al.?¢ The longer half-time of Cs in newborns than in
slightly older infants may result from two factors: (1) at birth,
essentially all muscle behaves the same as the slow (dark) muscle of
older humans, but muscle differentiates into fast and slow muscle during
the first few months of 1life;2°° and (2) there is an increase during the
first few months of life in the secretion of aldosteromne,2°1 a hormone
that increases the exit rate of potassiom (and apparently also cesium)

from cells.



Table 3. Estimated compartmental fractions and half-times
in the age—dependent retention function for Cs

A Total-body x* . Short.plus . Short.plus Long-term Long—term
ge (g) 1ntermed1§te term intermediate term fraction (days)
fraction I# (days) 'HA
2
Newborn 5.2 0.50 25 0.50 25
100 days 11.4 0.50 12 0.50 12
1 year 20.8 0.51 10 0.49 16
5 years 42.17 0.44 8.8 0.56 32
10 years 71.0 0.36 7.0 0.64 52
15 yeprs 131.4 0.18 3.2 0.82 96
Adult 150 0.10 2.0 0.90 110

8Estimated from formula g K/kg body weight = 2.276 - 0.0057 x Age (years) given by
Wagner et al.,1°2 together with body weights given in ICRP 23.97

bFractions and half-times are from the ICRP 30 model for Cs.

These values agree

with our model predictions for a male with total-body K = 150 g, except that our model
would predict compartmental fractions of 0.12 and 0.88 rather than 0.10 and 0.90,
respectively.

LS
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4. A GUIDE FOR USERS OF THE COMPUTER CODE AGEDOS

In this section we collect and briefly summarize the basic concepts
underlying the AGEDOS methodology and computer code; we describe in a
general fashion the input requirements for the AGEDOS code; we provide
samples of input and output for the three radionuclides whose age-
dependent metabolic models were described in the preceding section; and
we provide an extemsive description of the structure of the AGEDOS code.
Listings of the codes AGEDOS and CONVOL are given in the Appendix.
Recall that CONVOL is the computer code that uses the basic matrix gen—
erated by AGEDOS to estimate the dose rates at arbitrary times and ages
during or after an arbitrary intake pattern. CONVOL may be easily
adapted as a subroutine of AGEDOS, or CONVOL may be used independently
of AGEDOS provided a proper matrix of dose rates is available for input
into CONVOL. The version of CONVOL given in the Appendix is designed to
be used interactively on the PDP-10 computer.

The AGEDOS code shares many features with the dosimetric section of
the code RADRISK,1° which in turn was patterned closely after the code
INREM II,** although RADRISK and INREM II apply only to Reference Man.
In particular, the procedure in AGEDOS for calculating activities in a
series of time steps is patterned after RADRISK and INREM II, and the
routines for solving the differential equations are almost identical in
the three codes. The reader who wishes to understand the intricate
working parts of the AGEDOS code may find that the documents describing
INREM II and RADRISK provide valuable background material.

A Summary of the Basic Concepts Underlying AGEDOS and
a General Description of Input Requirements

The body is viewed as a set of compartments as illustrated in
Fig. 2. Within a compartment there may be more than one pool of
activity, that is, the activity within the compartment may be divided
into segments (five or fewer) defined in terms of their biological

hal f-times.
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There is assumed to be an acute unit exposure at a given age. This
age is selected by the user from seven "basic beginning ages”: 0, 100,
365, 1825, 3650, 5475, or 7300 days of age. The user has the option to
cycle through all seven basic beginning ages with a single computer run.
This cycle would generate a matrix of dose rates analogous to that
depicted in Table 1 for each compartment specified by the user. As
indicated in Table 1, beginning at age B activities are calculated and
corresponding dose rates are stored for all ages B+S, where S ranges
over a specified time grid system, until B+S is greater than 85 years.

The acute unit intake is represented as an initial activity in the
stomach for ingestion, the NP, TB, and/or P regions of the lungs for
inhalation, or any specified compartments for the injection case. It is
assumed that only a parent nuclide is ingested, inhaled, or injected,
but ingrowth of daughters is considered explicitly.

Instantaneous and integrated activities of the parent and daughter
nuclides in the various compartments are calculated in a series of time
steps., The first ten steps after the acute intake are typically of
length 0.001 day, the next ten steps are of length 0.01 day, and so
forth, The numerous steps are needed to adequately approximate a com—
ceptually continuous process in this stepwise fashion., The numerous
small time steps near time zero are especially important because of
rapid changes in dose rates that can occur soon after an acute intake of
activity.

Each time step is defined by a starting time t, and an ending time
t,. For a given pool, the initial activity at time t, is the activity
calculated at the ending time in the preceding time step. The activity
at t, in the present time step is calculated from the differential equa-—
tion (1), using biological rate constants, branching ratios, pathway
fractions, and inflow rates calculated as described in the following
paragraphs.

All parameters considered to be independent of the radionuclide are
specified within the code, usually as block data. This includes, for
example, removal rates from the different compartments of the lung and
removal rates from the four segments of the GI tract (except absorption

to blood). For the most part, such parameters are specified for each of

the seven basic beginning ages. Important exceptions are the removal
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rate from blood and removal rates from the NP, TB, P, and L regions of
the lung; these rates are assumed to be invariant with age. *

Radionuclide—dependent data are specified by the user for adults
(age 7300 days) and for amy or all of the ages 0, 100, 365, 1825, 3650,
and 5475 days. The user first selects the source organs that will be
considered and then selects an "age grid” consisting of up to seven
basic beginning ages (including 7300 days) for which f, values and
retention data for each source organ will be supplied. For example, the
age grid may consist of 365 and 7300 days. Then f, values and compart-
mental retention functions must be supplied for these two ages.

The AGEDOS code antomatically supplies metabolic data for each of
the basic beginning ages not specified in the age grid. This is done by
a "defaulting” process in which data for the next highest specified
basic beginning age is supplied to an omitted basic beginning age. For
example, if the age grid is {365, 7300}, then the user—supplied data for
age 7300 days will be assigned to ages 1825, 3650, and 5475 days, and *
the user—supplied data for age 365 days will be assigned to ages O and
100 days. In some cases it may appear preferable to assign interpolated
values to those ages for which data are not available from the litera—
tore. In such cases the user would simply start with a larger age grid
and would input interpolated values for chosen intermediate basic begin—
ning ages.

For a given step from time t, to time t, following the acute intake
at age B, the code finds two adjacent basic beginning ages B, and B,
bounding B+t, (unless B+t,)>7300) and interpolates linearly between age-
dependent data for ages B, and B, to produce new parameters to be used
in the time step from t, to t,. If B+t,)7300, then the parameters for
adults are used in this time step. Similarly, S-factors for age B+t
are calculated by interpolating between S-factors for ages B, and B,.
The change in activity from t, to t, is calculated by holding conmstant
all physical and metabolic values between times t, apngd ta.

AGEDOS requires as input far more information than is presently -
available for most radionuclides. This has been done so that full use
can be made of the fragmentary age—dependent (and, in many cases, adult)
data now available. At every point allowance has been made for the fact v

that required input may not be available, so that the user can always
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use ""Reference Man” data and can combine this with whatever age-
dependent data may be on hand. As one example, the code requires reten
tion functions for both cortical and trabecular bone. Since these data
frequently will not be available, the user may simply assign a single
retention function for mineralized skeleton to both compartments. In
this case, the code will produce estimates of dose rates that are at
least as reliable as those generated using previous methods. For
nuclides for which additional information comncerning retention in corti-
cal and trabecular bone is available, improved estimates of dose rates
will be obtained.

As another illustration, the user might have information on reten-
tion in an organ for l-year-olds and adults only. With the AGEDOS
approach, the information for 1-year-olds would be used to calculate
dose rates only for the first 365 days of life, after which the adult
data would be utilized. Thus the age—dependent information, however
sparse, would not be completely wasted, and adult metabolic data would
be retained at all ages above which no age—dependent information has
been developed. Even in the case of a radionuclide for which no age-
dependent metabolic information whatever has been developed, an improve-
ment will still be made through the use of age—dependent anatomical

data.

AGEDOS Structure

The AGEDOS computer code consists of a main driving program and a
series of subroutines as shown schematically in Fig. 14. The code is
written in FORTRAN IV and compiled and executed on the IBM 3033, requir-
ing 600K for execution.

Unit 5 is used for data input with the exception of S-factors,
which are input on unit 15. Unit 6 is used for the principal line
printer output including a summary of input data and tabulations of dose
rates. Unit 16 is used to tabulate activities for each radionuclide and
source organ at each time step, unit 17 is used to tabulate accumulated
activities for each radionuclide and source organ at each time step, and

unit 18 is used to tabulate committed dose to each target organ at each

time step. Units 25 and 27 are used to output activities and dose




ORNL-DWG 82-19761

AGEDOS
DRIVING PROGRAM

|

ZERORG

INPUT

AGEDEP OUTDAT ZERO STEP DOSAGE DOSCOM

| / |
SEETAB
ENTRY MULCOM

AGED

EXPFUN

l

EXPF1

Figure 14. AGEDOS structure.

OuUTPUT
DOSTAB

(4]



63

rates, respectively, at each time step to a disk or tape file for later
use by the CONVOL convolution code.

The driving program is responsible for initializing certain parame-—
ters and managing the calls to subroutines for initialization of other
parameters, data input, calculation of activities and dose rates, and
output of results. AGEDOS defines a time grid at which activities and
dose rates are calculated; the grid is essentially logarithmic in
nature, consisting of the points 0.001, 0.002, ..., 0.01, 0.02, ...,
0.1, 0.2, ..., 1, 2, ..., 10, 20, ..., 100, 150, 200, 250, 300, 365,
450, 540, 630, 730, 830, 930, 1095, 1460, 1825, and 365-day intervals
thereafter. The calculation is terminated when all activities are

exhausted or when the specified end point is reached.
INPUT DATA REQUIREMENTS FOR AGEDOS

The input to the AGEDOS code consists of 2 separate input streams.
The first segment contains all data except the dosimetric S—-factors

which are contained in a second input stream.

Input to mnit 5

1. Number of radionuclide species in chain, number of LET-types
present in this chain, number of exposure cases to be con—
sidered, flag to indicate whether only adult S~factors will be
input from unit 15 (NSAGES=6 means yes; NSAGES=1 means
S-factors for ages 0, 365, 1825, 3650, 5475, and 7300 days
will be input)

NSPEC, NLET, NCASES, NSAGES (414)

2. Names and half-lives of radionuclide species in chain

(NAMNUC(ISPEC), TR(ISPEC), ISPEC=1,NSPEC) (A8, E10.0)

3. Number of branching fractions and branching fraction matrix

NBR (I4)
(JSPEC, ISPEC, BRANCH(ISPEC,JSPEC), IBR=1, NBR) (2I4, E10.0)
branching function from JSPEC to ISPEC

4. Number of source organs other than lungs and GI tract and name

of each (if bone is to be included as a source organ, the
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first two organs must be "COR BONE” and "TRA BONE")
NSOU (14)
(NAMSOU(ISOU), ISOU=1, NSOU) (10A8)

Number of target organs and name of each
NTRG (14)
(NAMTRG (ITRG), ITRG=1, NTRG) (10A8)

Flag for volume or surface deposition in bome for each radio-
nuclide (0 = volume, l1=surface)

(ISURF(ISPEC), ISPEC=1, NSPEC) (2014)

Number of ages for which metabolic data are to be specified,
and age grid

NAGEM (I4)

(MAGE(IAGE), IAGE=1, NAGEM) (714)

For each radionuclide species in the chain (ISPEC=1, NSPEC):

For each organ (ISOU=1, NSOU):
Number of compartments in retention function,
NCOMP(ISPEC, ISOU) (I4)

For each age in age grid (IAGE=1, NAGEM):
blood-to-organ transfer fraction
F2PRA(ISPEC, ISOU, IAGE) (E10.0),
compartment coefficient and biological half-1life
for each compartment of retention function
(CA(ISPEC, IC, ISOU, IAGE), TBA(ISPEC, IC,
IS0U, IAGE), IC=1, NCOMP(ISPEC, ISOU)) (8E10.0)

Excretion fraction for each radionuclide species in the chain

(F2EXCR(ISPEC), ISPEC=1, NSPEC) (8E10.0)

Biological half-time (days) for blood for each radionuclide species
(TBLUD (ISPEC), ISPEC=1,NSPEC) (8E10.0)

Fraction of each radionuclide species recycled to blood from
each source organ

For each radionuclide in the chain (ISPEC=1, NSPEC):
(F2RCYC(ISPEC, ISOU), ISOU=1, NSOU) (8E10.0)
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#12. Exposure mode (l=inhalation, 2=ingestion, 3=injection) and,
for inhalation, respiratory clearance category (1=D, 2=W, 3=Y)
for each radionuclide species

MODE, (SOL(ISPEC), ISPEC=1, NSPEC) (2014)

*13. GI-to-blood absorption fractions for each of the four GI segments
For each radionuclide species in the chain (ISPEC=1, NSPEC):
For each age in the age grid (IAGE=1, NAGEM):
(GIFRAC (ISPEC, ISEG,IAGE), ISEG=1,4) (4E10.0)

*14., Initial age of exposed individual and endpoint of integratiom

T9, TEND (I4, E10.0)

*15. Initial activities in stomach, NP, TB, Pulmonary, Blood and
other explicit source organs
YSP, YNP@, Y1TBO, YBLUD®, (YORGH(ISOU), ISOU=1, NSOU)
(8E10.0)

Input to Unit 15

For each radionuclide species in the chain (ISPEC=1, NSPEC):
For each of six** age groups (0, 365, 1825, 3650, 5475, and 7300 days)
(IAGE = NSAGES, 6):
For radiation of type ILET (ILET=1, NLET):
For each target organ (ITRG=1, NTRG):
S—factors for the specified matrix of source and target organs,
(S(IAGE, ILET, ISPEC, ISOU, ITRG), ISOU=1, NSSEE*#**)
S—-factors for source tissues cortical bone surface (ISBONE=1) and
trabecular bone surface (ISBONE=2) and target tissues endosteal
cells (ITBONE=1) and red marrow (ITBONE=2),
( (SFSURF (IAGE, ILET, ISPEC, ISBONE, ITBONE), ISBONE=1,2), ITBONE-1,2)

A second outline of input requirements is presented in Table 4 and sample
input data sets are shown in Figs. 15 and 16. Sample output is shown in

Table §.

*Repeat for each exposure case, 1 to NCASES.

**0r 1 age group (7300 days) if NSAGES=6.

***When delayed excretion compartment is present NSSEE=NSOU+J-1; otherwise
NSSEE=NSOU+J, where J=6 when bone is considered as a source organ, and J=5
otherwise.
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Table 4. Inpot data for AGEDOS
Parameters Noxber of Number of Data type Format
values cards
Unit 5§
1. NSPEC, NLET, NCASES, NSAGES 1 for each parameter 1 Integer 414
2. (NAMNUC(ISPEC), TR (ISPEC), ISPEC=1,NSPEC) NSPEC pairs 1 per pair Alpha, Real A8, E10.0
3. NBR 1 1 Integer 14
(JSPEC, ISPEC, BRANCH (ISPEC, YSPEC), IBR=1,NBR) 3 NBR Integer, Real 214, E10.0
4. NSOU 1 1 Integer 14
(NAMSOU(ISOU), ISOU=1,NSOU) NSOU 1 Alpha 10A8
5. NTRG 1 1 Integer 14
(NAMTRG (ITRG), ITRG=1, NTRG) NTRG 1-3 Alpha 10A8
6. (ISURF (ISPEC), ISPEC=1, NSPEC) NSPEC 1 Integer 2014
7. NAGEM 1 1 Integer 14
(MAGE(IAGE), IAGE=1, NAGEM) NAGEM 1 Integer 2014
8. For ISPEC=1, NSPEC:
For ISOU=1, NSOU:
NCOMP (ISPEC, I1SOU) 1 1 Integer 14
For IAGE=1, NAGEM
F2PRA(ISPEC, ISOU, IAGE) 1 1 Real E10.0
(CA(ISPEC, IC, ISOU, IAGE),
TBA(ISPEC, IC, ISOU, IAGE),
IC=1, NCOMP(ISPEC, ISOU) NCOMP pairs 1-2 Real 8E10.0
9. (F2EXCR(ISPEC), ISPEC=1, NSPEC) NSPEC 1-2 Real 8E10.0
10. (TBLUD (ISPEC), ISPEC=1, NSPEC) NSPEC 1-2 Real 8E10.0
11. For ISPEC=1, NSPEC:
(F2RCYC(ISPEC, ISOU), IS0U=1, NSOU) NSOU NSPEC Real 8E10.0
12.%+  MODE, (SOL(ISPEC), ISPEC=1, NSPEC) NSPEC 1 Integer 2014
13.¢¢  For ISPEC=1, NSPEC:
FOR IAGE~=1, NAGEM:

(GIFRAC(ISPEC, ISEG, IAGE), ISEG=1,4) 4 NSPEC x NAGEM Real 4E10.0
14.¢* T, TEND 2 1 Integer, Real 14, E10.0
15.**  YSP,YNPO,Y1TBO,YPO,

YBLUD®, ( YORG®(ISOU) , ISOU=1, NSOU) NS0U+s 1-2 Real 8E10.0
Dnit 15
For ISPEC=1,NSPEC:
For IAGE=NSAGES,6:
For ILET=1,NLET:
For ITRG=1,NTRG:
(S(IAGE, ILET, ISPEC, ISOU,
ITRG), ISOU=1,NSSEE#***) NSSEEses 1-2 Real 8E10.0
( (SFSURF (IAGE, ILET, ISPEC, ISBONE,
4 1 Real 4E10.0

ITBONE) , ISBONE=1,2), ITBONE=1,2)

*Numbers in this column correspond to numbers under heading "Input to Unit 5” in text.
**Repeat for each exposure case, 1 to NCASES.
*##NSSEE=NSOU+5 when delayed excretion compartment is present; otherwise NSSEE=NSQU+6.
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Figure 15. Input data for Sr-90 corresponding to Sr model described in

text.
-
[Number of nuclides (NSPEC=2), Tow-LET radiation only (NLET=1),
2 1 1 t number of exposure cases (NCASES=1}, and S-factor flag (NSAGES=1).
Faibedd on19%E0% LNucIide names and radiological half-Tives.
1 Number of branching fractions for this decay chain (NBR=1).
- 1 2 0.100E+01 Branching fraction from Sr-90 (nuclide 1) to Y-90 (nuclide 2) is 1.0.
CUQ:BDJETM BONED THER Number of source organs (NSOU=3), followed by names of source organs.
9 Number of target organs.
ADRENAL SAL WALL BRAIN  RONE SUPBPEAST ST WALL ST WALL ULT WALLLLI WALLKIDNTYS
IVER LUNGS OVARIES PANCREASREN MAR SPLFEN TESTES THYROID UTFRUS Name of target organs.
g 0 Flags fqr bone-seeking radionuclides (ISURF=0 for each nuclide indicates model for volume-seekers).
0 100 3651625365054757300 Metabolic data to be input for 7 ages: 0, 100, 365, 1825, 3650, 5475, and 7300 days.
° ;‘*’oo = Input data based on one compartment for COR BONE. (A second compartment is considered in
00 100E401 0.680E+02 code but does not require separate input data.}
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043426 40
0. 100E $01 0.242F 402 . . .
0.219€400 —//__—Uptake fractions and retention function parameters for Sr-90 in COR BONE at each
g- lzg?g:g; 0.450€402 of the 7 ages. For example, for age 0, 54.9% of the activity in blood goes to
0.100E401 C.7796403 cortical bone, and 100% (0.100E+01) is removed from cortical bone volume with
0.279€ 400 2 biological half-time beginning at 68 days. These values change gradually with
g:;gg:g: 0.135E+04 age until age 7300 days, when 9% of the activity in blood goes to cortical bone,
0.100E+01 C.86 46 +0 4 and activity in cortical bone volume is removed with a half-time of 8440 days.
1
04137E400 h
0.100€+01 0.880E+02
0.123 +00
0,100E401 0.8506402
0.860€-01 i i i -90 i
021006401 02426403 Ugt‘a::e ;ractwns and retention function parameters for Sr-90 in TRA BONE at each
0.6606-01 ot the /7 ages.
0.100E401 0.380€402
0.8206-01
0+100E+01 0.5266+402
0.105€+00
0.100E+01 0.725€ 402
0.125€+00
0+100€401 0.1416+04
o.;ueooo Retention of Sr-90 in OTHER is described using a
02 800E400 01806401 0. 1S0F+00 0.300F+02 0. 4107~01 0,200E+403 0.300E-02 0.160F+04 §]—Cunpartment model. For example, at age 0 days,
0.383€E+00 4% of the activity in blood goes to OTHER, and
. - - : : 0 ’
g;gg::gg 0¢1B0E401 0.150F400 0.300F+02 0.410F-01 0.200E+03 0. 300E-02 0+160E+04 802 is removed with a half-time of 1.8 days, 15%
0-800£400 0.180E401 0.1S0E4+00 0.3005+¢02 0. 410E-01 0.200E+03 0. J0OE—-02 0.160E+04 is removed with a half-time of 30 days, and so forth.
0471%E 400 At age 365 days, 57.2% of the activity in blood goes
g:gg%:gg 0« 100E+01 04 150E+00 04300E+02 0. 410E-01 0.200E+03 0. 300E-02 0.160E+04 to OTHER, 80% is removed with a half-time of 1.8
0+800E+00 041806401 0.150E+00 0.300E+02 0. 410E-01 0.200E403 0.300E~02 0.160F +04 days, and so forth.
0.616E 400
0.800€ 400 04180E+401 04 150E+00 0.300E+02 0, 410F-01 0.200E+03 0. 300E~02 04+160F 404
0.78SE¢00
0¢B00E +00 0.18B0E 40t 0.1505400 0.7100E4N? 0.410F-01 0.P00E+07 0.300F-02 0.160F+04
1 -
® 0.250E400
0+100E+01 0.100E+51
0. 250F ¢00
0e100F401 Q.100F ¢S}
0.250E400 . . . .
01006401 0.100E+51 Uptake fractions and retention function parameters for Y-90 in COR BONE at each
0+ 250F 400 /Of e fractic
0.100E+401 04100F +51
04250E +00
0.100F401 0.100F¢51
0+250€ 400
04100E+01 04.100E¢5S1
0.250F 400
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1
0.250F +00 a
0.100F #S51
0.100F+S1
0.100€6+% ]

Uptake fractions and retention function parameters for Y-90 in TRA BONE at each
Q.100F¢51 /of the 7 ages.

0.100E+401 Q.100F+5)
0. 2S0E+00

0« 100E+51
0+100E +5 l-‘

-

O0.100E+51
O« 100F +5 )

C-100F 51 Uptake fractions and retention function parameters for Y-90 in OTHER at each
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Figure 16. Input data for Pu-239 (except S-factors) corresponding teo Pu
model described in text.

«
-
NSPEC ,NLET ,NCASES ,NSAGES
1 2 1 1 NLET=2 when high-LET radiation is considered in addition to low-LET radiation.
PU-239 0.890E+07 Nuclide name and radiolooical nalf-time.
g There are no branching fractions, and there are 5 source organs:
COR RAONETRA BONEL IVFR OTHER OTH-F XCR cortical bone, trabecular bone, liver, other tissue, and an explicit excretion compartment.
Q
ADREN AL SAL WwALL RPAIN AONF SURAPFAST ST WALL SI[ WALL ULT WALLLL ! wALLKIINFYS Number of target organs
L IVFR LUNGS OVARIFS PANCPEASOrN MAC GPL FFN TESTFS  THYROIN UTFRUS and names of these organs.
;' ISURF=1 means that the bone surface model is used.
Metabolic data to be input for 7 ages:
0 100 35%182%536505477300
1 ps 0, 100, 365, 1825, 3650, 5475, and 7300 days.
0. 350€ 400 ; . . . .
0.100E 401 0.&BOF +032 Note: When [SURF=1, input values for biological half-times in
0.300E400 cortical and trabecular bone volumes are overridden in
s :‘,ggg:g(" CsBa0F¢02 code and replaced with standard values based on bone
0. 100E401 0.240F+02 turnover rates.
0.300F 170
04100F 40t 0,45 +02
0.300€+00
0.100E 401 0.767F 402
04300400 Uptake fractions and retention function parameters for
18308 0-13:E 04 Pu-239 in COR BONE at each of the 7 ages.
0.100F401 0.844F +04 | {The value 1 preceding this list indicates that input data are
1 1 for one compartment only; however these data are translated into
g'i’gs‘c:g? 0.680C+02 values for several compartments in code for the cases of
0.300F +00 cortical and trabecular bone.)
0.100E401 0.840F4+02
0.300F 400
0.100F ¢01 0.280F +0 2
0+ 300F 400
0+100F 401 0.383F +02 —
g:i’ggg:g? 0.5256407 Uptake fractions and retention function parameters for
0.300F 400 Pu-239 in TRA BONE at each of the 7 ages.
0e100F¢01 Co723F 402 For example, for age 0, 35% of the activity in blood goes to trabecular bone, and
0.300¢ 400 1002 of this (0.100€+01) is removed with a biological half-time of 68 days at this
0.100F 401 0.141€¢04 ] age -
1 .
0.100F 400
C.I65E 404
C.365E 404
0365 ¢04
C.365 404
| ———————— Uptake fractions and retention function parameters for
0.265F 404 Pu-239 in LIVER at each of the 7 ages. -
0.36SF+0 4
0.100F +01 o.zosr.an%
1
0. 100F 400
0.100F ¢01 0.SOOF 02
0.100F+00
0. 1N0F +01 CoSOOF 02
0.100€ +00
C.500F +02
0.500F 40 2 . . .
Uptake fractions and retention function parameters for
C«S007 +02 Pu-239 in OTHER at each of the 7 ages.
N«S00€E +0 2
0.S00F s0 2 )
0.%0CF+02
Ce%007 +02
0.500+02
o.s00Fe02 1 .
o . — T Uptake fractions and retention function parameters for
045007 402 Pu-239 in QTH-EXCR (activity in soft tissue destined
€.500C +0 2 for excretion without recirculating to blood) at each
270%331 oumooe w0 o e
O anoF-n1 et Fraction excreted directly from blood.
0.8%50€ +00 Biological half-time in blood.
o.;oosmn Qs 1006 ¢01 9. 100F +51 N 1ONT#01 0. NI0F+00 The fractions of activity recycled to blood from the source organs
0. 000F 400 Ce100E-01 0.CO0F+00 04000596 \ . are 1,1,1,1, and 0, respectively.
0.N00F+90 C.100F-01 0.000F+30 0.0N0T+70 MODE=2 is the ingestion mode.
0.000F 400 Q.S005~02 0,CCOF+00 CaCOOT +00
-0 .
g:gg‘;:gg g:;gg:-g_:, g:g:g‘;::g g;ggg::g‘l Gl to blood transfer fractions for Pu-239 from stomach, SI, ULI, and LLI
0.,000F $00 0.S00F =02 N.CCOF$90 N, 0007 +00 for each of the 7 ages.
0.000+00 0.5005-02 0,000F+N0 N.NO0%+) L. .
N 18250, The beginning age is 0 days and dose rates are calculated over 18250 days.
0. 100F+#91 0.NGIF40C 0. 0005¢00 0,000F+30 0. 7307 +03 0.00 goomo.,ooor»oo_n_.Qo?"ooq . . .
0.0005 ¢90 The last two lines indicate an initial activity of 1.0 in the stomach and 0.0 in
” NP, TB, Pulmonary, Blood, COR BONE, TRA BONE, LIVER, OTHER.
-
v




Table 5.

(ingestion of 1 uCi Sr-90 at age O days).
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ABEDOS output corresponding to input

LOW-L ET DNEF RATES (RAC/DAY):

YIME(CAYS)
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YESTES
THYRO 1D
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K IONE ¥S
LIVER
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TIME(CAYS)

TARGEY
ADRFNAS
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RED MR
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TIME{CAYS)

UTERUS

0.0

0.02C
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le
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02

0000000000000

(000 € (a0 1000 () (o we k£
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3

TN (s (ad fd b ul  Ha
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1.99E-04
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0.0¢C1

A, 74F -C7

G0,0¢C0
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1+87€-06
1+B7F-06

1.876-06
C. 040

4,.37c-04

1eT4FE-04

1eS4F~048

0.003

4.156-06
4,15F-06
4.15€E-06
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A.1S5E-06
4.4 tF-01

4.15F~0h
0.050
S5.99F-04

S5.99F-04
S5.99E-04
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1.58€£-01

1.58F-03
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1.04F-01
1.04F-0)
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1.0 4E-03
1.04F-03
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1.42F-03
1+.04E-03
1+04F-03
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1.04F-03
1.04F-01
4.29F-02
9.6 1E-04
1.04F-03
1. 04€-01
1.04F-03

150.000

9.70E-05
9.70F-05
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2.S9E-0?
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1« 12F~0S
1.127-05
1412E~-0S
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1.12F~-0%
2.568-07
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1.1 2E-0S
1. 12F-05
1.128-09%
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9.06E-4
9.06f-04
9.06F-04
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6.50€E-03
9.06F-"4
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9.0KF-04
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?. 65E-04
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9.06E-04
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0.900
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1+52E-03
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1.52€E~-03
1.52€-07%
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S«.A9F-04
5.69fF -04
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1.33€-01
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Seh9F-048

2504000

data described in Fig. 15

N.006

1e4597-05
14 59E-05
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3.44€-05
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6.926-01
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3. 44F-05
3.44F-05
3.445-05
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3.445-05
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2,54F-03
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3.44F-0%
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2+ 13E-05
2.14€~-05
2.t18€-05
1. 89E-09%

1.176-03
1s17F-01
1e176-03
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14176-0%
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1.176-07
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1+17F-07

2.000

1«55F-0)
1a5%F-03

40,000

3. 74F-04
3. 74C-04
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Be 41F~-02
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3. T74F -04
3.74€-04
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3.74F-04
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3. 74E-04
2.G€F-02
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1.83€-03
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Subrountines. As noted above, AGEDOS comprises a series of subrou-
tines. Subroutines ZERO and ZERORG initialize appropriate parameter
values to zero. Subroutine INPUT reads the data for the current prob-
lem; subsequent calls to ENTRY INCASE, a second entry point in INPUT,
are used to read data for each exposure case. Subroutine OUIDAT prints
physical and metabolic data for the current problem common to all expo—
sure éases. Subroutine AGEDEP initializes the arrays of age—dependent
physiological and metabolic parameters, based upon available input data;
subsequent calls to ENTRY AGED, a second entry point in AGEDEP, deter-
mine the appropriate values for age—dependent parameters for the current
time for use in subroutine STEP. STEP advances the integration of the
differential equations over the current subinterval by repeatedly invok-
ing subroutine MULCOM, which solves the differential equations for each
organ. A matrix of dose rates to all target organs at the curreat time
is computed by subroutine DOSAGE, while subroutine DOSCOM computes the
committed dose to all target organs. Subroutine OUTPUT prints the
results of the current case, tabulating the dose rate and committed dose

matrices.
Brief descriptions of each subroutine follow:

INPUT: Called by driving program to input parameters for the
current problem, including: number, names, half-lives, and
branching ratios of all radionuclides in the chain; number and
names of source organs; the age grid for which metabolic datsa
are specified; metabolic data for each source organ and radio-
nuclide; fractional allocation of blood to each source organ;
half-time in blood for each radionuclide; fractionm of each
radionuclide recycled to blood from each source organ; frac-
tion of each radionuclide going to prompt excretion; and
S—-factors for all radionuclides, source organs, target organs,
and ages. Subsequent calls to ENTRY INCASE(ICASE) input
parameters for each exposure case: exposure mode; GI uptake
fractions; beginning age; time of integration; amd initial
conditions. Common blocks used are /CASOPT/. /SFACT/,
/RADAT/, /ORGDAT/, /NUMBRS/, /NAMES/, /TYME/, /GI/, /AGE/,
/SOLUB/, /NOUGHT/, /SURVOL/, /EXCTRM/, /BONSWT/, and /BLOOD/.
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INCASE(ICASE): A second entry point to subroutine INPUT called
by the driving program to input parameters for each desired
exposure case: exposure mode; GI uptake fractions; beginning

age; time of integration; and initial conditionms.

OUTDAT: Called by driving program to tabulate the physical and
metabolic parameters for each radionuclide, including radio-
nuclide names, radiological half-lives, branching ratios,
transfer fractions and retention parameters for each source
organ and each age, blood allocation and turnover rate, bone
deposition assumptions, and S-factors. Common blocks used are
/NUMBRS/, /NAMES/, /SFACT/, /RADAT/, /AGE/, /ORGDAT/, /BLOOD/,
/EXCTRM/, and /SURVOL/.

| SEETAB(IAGE, ILET, IFIRST, LAST, ISPEC): Called by OUTDAT to

3 tabulate the matrix of S-factors for radionuclide ISPEC to all
target organs from source organs with indices IFIRST through

| LAST, at age IAGE, for radiation of LET-type ILET. Common
blocks used are /NUMBRS/, /NAMES/, /SFACT/, /AGESEE/,
/BONSWT/, and /AGE/.

ZERO: Called by driving program to initialize all parameter
valoes in common blocks /LEVELS/, /CUMACT/, /ACIVTY/, and
/DOSES/ to 0.0 for each case.

ZERORG: Called by driving program to initialize all parameter
values in common blocks /ORGDAT/ and /GI/ to zero for each
radionuclide chain.

AGEDEP(T): Called initially by driving program to set up arrays
of metabolic parameters; if data for a particular age are not
specified, data for the next higher age for which data are
given are used as a default. Data include metabolic models
for all source organs, radionuclides and ages, and age-
dependent GI-tract absorption fractions. Subsequent calls to
ENTRY AGED(T) determine the appropriate values of age-
dependent parameters for the current time T. Common blocks
used are /AGEMET/, /AGEBON/, /NUMBRS/, /ORGDAT/, /GI/, /AGE/,
/AGESEE/, /SOLUB/, and /INTRP/,
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AGED(T): A second entry point to subroutine AGEDEP called by
. STEP to determine the appropriate values of age—dependent
parameters for the current time step; parameter values for
time T = (T9 + T1) x 0.5 x DELT are placed in common block
. /AGEMET/ for use in subroutine STEP.

STEP(T®, T1, T2, MODE): Called by driving program to advance

the integration of the differential equations from time Tl to

T2 for an individual of beginning age TP. The principal task

of STEP is the organization of data for calls to subroutine
j MULCOM and storage of the results in appropriate arrays. STEP
takes the initial activities from common block /LEVELS/ and
returns updated values for the current subinterval; time—
integrated activities for the subinterval are stored in
/CUMACT/. MODE 1 indicates inhalation, 2 ingestion, and 3
injection cases. Common blocks used are /SWICHS/, /RADAT/,
/LEVELS/, /CUMACT/, /ORGDAT/, /AGEMET/, /AGEBON/, /TGLM/,
/EXCTRM/, /BONSWT/, /NUMBRS/, /SURVOL/, /BURBON/, /BLOOD/,
/INTRP/, and /MULDAT/.

MULCOM: Called repeatedly by STEP to compute activities and

cumulated activities of each radionuclide in the decay chain

for the current organ and time step. Common blocks used are
/NUMBRS/, /RADAT/, and /MULDAT/.

DOSAGE(T, INDEX): Called by driving program to compute dose rate
matrix DOSRAT (ILET, INDEX, ITRG), to all target organs from
activities calculated by subroutine STEP for the current time
T; also tabulates activities in each source organ on auxiliary
output unit if desired. Common blocks are /SWICHS/, /NUMBRS/,
/NAMES/, /ORGDAT/, /LEVELS/, /CUMACT/, /ACIVTY/, /DOSES/,
/SFACT/, /CASE/, /TYME/, /INTRP/, /SOLUB/, /SURVOL/, /EXCTRM/,
/BONSWT/, and /BLOOD/.

DOSCOM(T): Called by driving program to compute committed dose,
DOSE(ILET, ITRG), to all target organs at time T from activi-
- ties calculated by subroutine STEP; also tabulates committed

dose to all target organs and/or accumulated activity in each
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source organ at each time step on awxiliary output units if
desired. Common blocks used are /NUMBRS/, /NAMES/, /ORGDAT/,
/CUMACT/, /ACIVTY/, /DOSES/, /SFACT/, /CASE/, /TYME/, /INTRP/,
/SOLUB/, /SURVOL/, /EXCTRM/, /BONSWT/, and /BLOOD/.

OUTPUT: Called by the driving program to print case—specific
information for the current problem, including initial
activity in each organ, beginning age, GI uptake fractioms,
respiratory clearance class (for inhalation case), and a
matrix of dose rates to all target organs at specified times
for low— and high-LET radiation; the dose commitments to each
target organ at the end of the integration period are also
tabulated. Common blocks used are /NUMBRS/, /NAMES/, /GI/,
/AGE/, /STEPS/, /NOUGHT/, /CASE/, /SOLUB/, /TYME/, /ACIVTY/,
and /DOSES/.

DOSTAB(ILET, IFIRST, LAST): Called by OUTPUT to tabulate the
matrix of dose rates to all target organs for source organs
with indices IFIRST through LAST from radiation of LET-type
ILET. Common blocks used are /NUMBRS/, /NAMES/, and /DOSES/.

Common Blocks and Parameter Definjtions
The transfer of information among subroutines of AGEDOS is accom-

plished primarily through the following common blocks.

/NUMBRS/ NSPEC, NSOU, NTRG, NLET
NSPEC = number of radionuclide species in the chain

NSOU = number of source organs (excluding lung and GI
segments); total source organs NS = NSOU + 6
if bone is included as a source organ, and
NS = NSOU + 5 otherwise

NIRG = number of target tissues

NLET = 1 if only low—LET radiation is present
2 if high-LET radiation is present
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/NAMES/ NAMNUC(NSPEC), NAMSOU(NSOU), NANTRG (NTRG)

NAMNUC (ISPEC)
NAMSOU (ISOU)
NAMTRG (ITRG)

name of radiomuclide ISPEC
name of source organ ISOU

name of target organ ITRG

/RADAT/ TR(NSPEC), BRANCH(NSPEC,NSPEC), LMR(NSPEC)

TR(ISPEC)
BRANCH (ISPEC, JSPEC)

LMR (ISPEC)

/CASOPT/ NCASES, LAST
NCASES = number of cases considered in this problem

LAST
/TYME/ T®, TEND
TO
TEND
/ STEPS/ NTIMES
NTIMES

/CASE/ ICASE
ICASE
/BLOOD/ LBLUD (NSPEC)
TBLUD (ISPEC)
LBLUD (ISPEC)

/SURVOL/ ISURF(NSPEC)

ISURF (ISPEC)

radiological half-1ife of species ISPEC (days)

branching ratio of species JSPEC to species
ISPEC (JSPEC < ISPEC)

radiological removal rate of species ISPEC
(day—1)

Logical switch to indicate end of input data

age at beginning of exposure

time limit for curreat case

number of times for which dose rates have been
computed for curreant case

number of the curreat exposure case under consideration
TBLUD (NSPEC)
biological half-life (days) for species ISPEC in blood

clearance rate (day—1) from blood for species
ISPEC

0 if species ISPEC is a bone volume seeker, 1 if
it is a bone surface seeker

/EXCTRM/ NSSEE, OTHEXC

NSSEE

OTHEXC

/BONSWT/ NOBONE
NOBONE

number of source organs for which S—factors are input
(when delayed excretion compartment is present
NSSEE=NSOU+5; otherwise NSSEE=NSOU+6)

logical flag to indicate presence of delayed excretion
compartment in current chain

logical switch to indicate inclusion of bone tissues
as explicit source organs (if NOBONE = ,.TRUE., the
standard bone model in AGEDOS is bypassed)




/ORGDAT/ NCOMP(NSPEC,NSOU), C(NSPEC,NC,NSOU,NAGEP), LMBDAB(NSPEC, NC, NSOU,
NAGEP) , F2PRIM(NSPEC, NSOU, NAGEP), TBA(NSPEC, NC, NSOU, NAGEP) , F2EXCR(NSPEC),
F2RCYC(NSPEC, NORG)

F2PRIM(ISPEC, ISOU, IAGE)
= transfer fraction of species ISPEC from blood to
source organ ISOU (excluding lungs and GI segments)

NCOMP(ISPEC, ISOU), C(ISPEC,IC,1ISOU,IAGE), LMBDAB(ISPEC, IC, ISOU, IAGE)
= parameters specifying the fractional retention

function for nuclide species ISPEC in source organ
ISOU at age IAGE. NCOMP is the number of terms in
the retention function, and C and LMBDAB (REAL) are
the coefficient and biological removal rate constant
(day—1, respectively, of term IC (1 { IC ¢ NCOMP).
The form is

NCOMP (ISPEC, ISOU)

2: C(ISPEC, IC, ISOU)*EXP(-LMBDAB ( ISPEC, IC, ISOU) *T)
IC=1
The function shown has not been corrected for radio—
active decay.

TBA(ISPEC, IC, ISOU, IAGE)

= biological half-life (days) of term IC in the retention
function for species ISPEC in source organ ISOU at age

IAGE
F2EXCR(ISPEC) = transfer fraction of species ISPEC from blood to excretion

F2RCYC(ISPEC,IORG) = fraction of species ISPEC returned to blood from source
organ IORG

/SOLUB/ MODE, SOL(NSPEC)

MODE = mode of intake (1 = inhalation, 2 = ingestion,
3 = injection)
SOL(ISPEC) = respiratory clearance class of species ISPEC (if

MODE=1) (1=class D, 2= class W, 3 = class Y)

/SWTCHS/ SNP, STB1, SP, SL, STB2(2), SLUNG, SST, SSI, SULI, SLLI, SGI,
SBLUD, SSURF

= logical switches to indicate exhaustion of activity
(i.e., if " .TRUE.”) from nasal-pharynx (respiratory
pathways A and B), tracheobronchial region (C,D), pul-
monary region (E, F, G, H), respiratory lymph (I, J),
TB feedback pathways (K, L), lung (i.e., all of the
preceding are ,TRUE.), stomach, small intestine,
lower large intestine, total GI-tract, blood, and
bone surface

/TGLM/ LMA(NSPEC), LMB(NSPEC), LMC(NSPEC), LMD(NSPEC), LME(NSPEC), LMF(NSPEC),
LMG (NSPEC), LMH(NSPEC), LMI(NSPEC), FA(NSPEC), FB(NSPEC), FC(NSPEC), FD(NSPEC),
FE(NSPEC), FF(NSPEC), FG(NSPEC), FH(NSPEC), FI(NSPEC)

LMA(ISPEC)...LMI(ISPEC)
= clearance rate coefficients (day—1) for respiratory
pathways a through i, respectively
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| FA(ISPEC)...FI(ISPEC)
= deposition fractions for respiratory pathways a through
i for species ISPEC

/GI/ LMGIA(4,NAGEP), LMABA(NSPEC,4,NAGEP), GIFRAC(NSPEC,4,NAGEP)

LMGIA(ISEG,JAGE) = clearance rate coefficient (day—1) for segment
‘ ISEG of the GI tract at age IAGE

LNABA (ISPEC, ISEG, IAGE)
= absorption rate coefficient (day—?) of species
ISPEC from segment ISPG and age IAGE

GIFRAC(ISPEC, ISEG, IAGE)
= GI-tract-to-blood transfer fraction for species ISPEC

in segment ISEG at age IAGE

/AGEBON/ ALAMA(NAGEP), ALAMB(NAGEP), ALAMC(NAGEP), ALAMD(NAGEP), ALAME(NAGEP),
ALAMF (NAGEP) , ALANMY (NAGEP), ALAMR(NAGEP), VLAMAC

ALANA (IAGE)...ALANF (IAGE)
= age—dependent removal rates (day~1) for pathways
A through F of the bone model at age IAGE

ALAMY (IAGE), ALAMR(IAGE)
= age—dependent removal rates (day—1) for cortical
* marrow (bone pathways G and I) and trabecular marrow
(bone pathways H and J) at age IAGE

VLAMAC = removal rate (day—1) for pathways A and C of the
bone model for volume—seeking radionuclides

/AGEMET/ LMGI(4), LMAB(NSPEC,4), C(NSPEC,NC,NSOU), LMBDAB(NSPEC,NC,NSOU),
F2PRIM(NSPEC,NSOU) , LAMDAA, LAMDAB, LAMDAC, LAMDAD, LAMDAE, LAMDAF,
LAMDAY, LAMDAR

LMGI(ISEG) = clearance rate (day—2) for segment ISEG of the GI
tract at current age
LAMB (ISPEC, ISEG) = absorption rate (day—1) of species ISPEC from GI

segment ISEG at current age

C(ISPEC, IC, ISOU), LMBDAB(ISPEC, IC, ISOU)
= coefficient and biological removal rate (day—1) of term
IC of fractional retention function for nuclide ISPEC in
source organ ISOU

F2PRIM(ISPEC, ISOU)
= transfer fraction of species ISPEC from blood to source

organ ISOU

LAMDAA. . .LAMDAR = clearance rates (day—%*) for pathways A through F
of the bone model, cortical marrow (pathways G and I),
and trabecular marrow (pathways H and J)

/NOUGHT/ YS¢, YNP9, Y1TBS, YPP, YBLUD®, YORGH(NSOU)

YSO...YORGH(ISOU)
= initial activity in stomach, NP, TB, pulmonary, blood, and

v other source organs. (For ingestion case YSP is nonzero
and all other initial conditions are zero; for inhalation
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YNPY, Y1TBO, and/or YPP are nonzero and others set to zero;
for injection, YBLUD® and/or YORGH(ISOU) are nonzero.)

/AGE/ NPHYS(NAGEP), MAGE(NAGEP), NAGEP, NAGEN

NAGEP = number of ages for which physiological parameters
(e.g., bone model, lung models) are specified (=7)

MPHYS (1. ..NAGEP)
= age grid for which physiological parameters are specified
(0, 100, 365, 1825, 3650, 5475, and 7300 days)

NAGEM = number of ages for which certain metabolic parameters (uptake
fractions, retention function parameters, and GI-to-blood
transfer fractions) are input

MAGE(1...NAGEM) = age grid for which these metabolic parameters are input
/AGESEE/ NSEE(NAGEP-(thel), NSEE

MSEE(IAGE) = age grid for which S-factors are input (normally 0,
365, 1825, 3650, 5475 and 7300 days)
NSEE = number of ages for which S-factors are given

/INTRP/ SRPLAT, IPS

SRPLAT = interpolation fraction for S—factor data for current age
- T — MSEE(IPS-1
MSEE(IPS) - MSEE(IPS-1)
IPS = pointer to S-factors for current age

/BURBON/ CBURY, TBURY

CBURY, TBURY = Z DELT x LAMDAE, ZDELT x LAMDAF = measure of radionuclide
burial in cortical and trabecular bone

/NULDAT/ DELT, LMB(NSPEC,NC), C(NSPEC,NC), P(NSPEC,NC), AP(NSPEC,NC),
A(NSPEC,NC), AW(NSPEC,NC), NCTEMP(NSPEC)

Parameters defining differential equations for solution in subroutine
MULCON for current organ.

DELT = length of current subinterval (days)

C(ISPEC,IC), LMB(ISPEC,IC)
= coefficient and biological removal rate (day—2) of the
term IC of the fractional retention function for nuclide
ISPEC in the current source organ

P(ISPEC,IC) = inflow vector of nuclide ISPEC in compartment IC of the
current organ

AB(ISPEC,IC) = initial activity of nuclide ISPEC in compartment IC at the
beginning of the current subinterval

A(ISPEC,IC) = activity of nuclide ISPEC in compartment IC

AW(ISPEC,IC) = time—integrated activity of nuclide ISPEC in compartment
IC for the current subinterval

NCTEMP (ISPEC)

number of compartments in current source organ for nuclide
ISPEC




/LEVELS/ INP(NSPEC,2) Y1TB(NSPEC,2), Y2TB(NSPEC,2), YP(NSPEC,4), YL(NSPEC,2),
YS(NSPEC), YSI(NSPEC), YULI(NSPEC), YLLI(NSPEC), YBLUD(NSPEC), YCSUR(NSPEC),
- YI'SUR(NSPEC), YREDM(NSPEC), YYELM(NSPEC), YORG(NSPEC,NC,NSOU), YEXCR(NSPEC)

YNP(ISPEC, IPATH), ... YEXCR(ISPEC)
= activity in lungs (pathways a through 1), GI segments,
blood, bone transfer compartment, cortical bone surface,
trabecular bone suorface, red marrow, yellow marrow, other
explicit source organs (if bone is included as a source
organ, the first 2 organs in YORG must be cortical bone
and trabecular bome), and excretion

/ACTVTY/ ACT(NSPEC,NTIMES,NORG), AWIGL(NSPEC,NORG), AW(NSPEC,NORG)

ACT(ISPEC, ITINME, IORG)
= activity in the lungs, GI segments, blood, cortical bone
surface, trabecular bone surface, cortical bone volume,
trabecular bone volume, red marrow, yellow marrow, other |
explicit source organs, and total body

AWIGL(ISPEC, IORG)
= integrated activity of nuclide ISPEC in source IORG over
current time step

AW(ISPEC,IORG) = accumulated activity of radionuclide ISPEC in source organ IORG

/CUMACT/ YNPW(NSPEC,2), Y1TBW(NSPEC,2), Y2TBW(NSPEC,2), YPW(NSPEC,4), YWL(NSPEC,2),
YSW(NSPEC), YSIW(NSPEC), YULIW(NSPEC), YLLIW(NSPEC), YBLUDW(NSPEC), YCSURW(NSPEC),
YTSURW(NSPEC), YREDMW(NSPEC), YYELMW(NSPEC), YORGW(NSPEC,NC,NSOU), YEXCRW(NSPEC)

YNPW(ISPEC, IPATH), ... YEXCRW(ISPEC)

= time—integrated activity for the current subinterval in
lung compartments (pathways a through 1), GI segments,
blood, bone transfer compartment, cortical bone surface,
trabecular bone surface, red marrow, yellow marrow, other
explicit source organs (if bome is included as a source
organ, the first 2 organs in YORGW must be cortical and
trabecular bone), and excretion

/ SFACT/ S(NAGEP,NLET,NSPEC,NS,NTRG), NSAGES, SFSURF(NAGEP,NLET,NSPEC,2,2)

S(IAGE, ILET, ISPEC, IS0U, ITRG)
= average dose rate (rad/pCi) to target organ ITRG due to
a unit activity of radionuclide ISPEC uniformly distributed
in source organ ISOU for age IAGE and LET-type ILET (1 for
low-LET, 2 for high-LET)

NSAGES = flag to indicate that only adult S—factors are provided for
cases when TP ) 7300 (NSAGES=6 when only adult
S-factors are given; otherwise values for all ages must be
provided)

SFSURF (IAGE, ILET, ISPEC, ISOU, ITRG)
= as defined for S(IAGE, ILET, ISPEC, ISBONE, ITBONE) for source
tissues cortical bone surface (ISBONE=1) and trabecular
bone surface (ISBONE=2) and target tissues red marrow
(ITBONE=1) and endosteal cells (ITBONE=2)




84

/DOSES/ DOSRAT(NLET, NTIMES,NTRG), DOSTIM(NTIMES), DOSE(NLET, NTRG)

DOSRAT (ILET, ITIME, ITRG)
= dose rate to target organ ITRG at time DOSTIM(ITIME) for
LET-type ILET

time (days) at which current dose estimates are computed

committed dose to target organ ITRG for low-LET (ILET=1) or
high-LET (ILET=2) radiatiomn

DOSTIM(ITIMNE)
DOSE(ILET, ITRG)




5. CONCLUSIONS

The AGEDOS methodology allows estimates of dose rates, as a famec-
tion of age, to radiosensitive organs and tissues in the humaa body at
arbitrary times during or after internal exposure to radioactive
material., Presently there are few, if any, radionuclides for which saf-
ficient metabolic information is available to allow full use of all
features of the methodology. The intention has been to construct the
methodology so that optimal information can be gained from a mixture of
the limited amount of age-dependent, nuclide—specific data and the gen—
erally plentiful age—dependent physiological data now available., More-
over, an effort has been made to design the methodology so that com-
stantly accumulating metabolic information can be incorporated with
minimal alterations in the AGEDOS computer code.

The significance attached to age—dependent radiation dosimetry must
ultimately be judged in terms of identified risk to different age
groups. Some preliminary analyses performed by the authors, using the
AGEDOS code in conjuction with age-dependent risk factors developed from
the A-bomb survivor data and other studies, has indicated that the doses
and subsequent risks of eventunally experiencing radiogenic cancers may
vary substantially with age for some exposure scenmarios and may be rela-
tively. invariant with age for other scemarios. Whatever the ultimate
conclusions are regarding the influence of age on the risk from exposure
to & given radionunclide, it is essential that those conclusions be
reached only after thorough analysis of the available age-dependent
data. Ve believe that the AGEDOS methodology provides a convenient and
efficient means for performing the internal dosimetry that is necessary

for such analyses.
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APPENDIX: Listings of the computer codes AGEDOS and CONVOL

ACFLOS e

COMPUTES AGE-NEPENDENTY ORGAR ELRDENS AND CCSE RATES TC VARIOUS TARGET ORGANS
FROM INTERNALLY DEPNSITED ( INHALED, INGESTED, CR INJECTED) RADIOACTIVITY.

LOGICAL SNP.SYEI.SP-SLvSTRZ.SLUNG.SST-SSI.SULI-SLLI.
$  SGI+SBLUD,SSURF +SEND,LAST

DOUBLE PRECTISION NAMNUC NANSOUNAMTRG

REAL LNA:LNH.LNC.LNDaLNE.LPF.LMG.LVH.LMI.LNEDAB.TGPID(76)
INTEGER SOL,TC

COMMON /CASNIP1/ NCASES,LAST

CCMMON /NAMES/ NAMNUC(12) ,NAMSOU(10),NAMTRG(24)
CCMMON /SWTCHS/ SAPsSTR1L4SF,SL,STA2(2) .SLUNC,

$ SST,SSI4SULTWSLLI ¢SGI +SBLUD, S<SURF

CCMMON /TYME/ TO,TEND

CCMMON /NUMBR S/ NSPEC.NSOUJNTRG,MLET

CCMMON /STEPS/ IDCSF

CCMMON /CUMAC T/ YNP!(IZ.Z)oYlTBi(lZoZ)-YZTEI(IZ.Z).YPV(IZ-Q)-
] YLH(IZ.?).YSN(l?).YSli(lZ).YULIH(IZ)vYLLlH(lZ)-
3 YRLUDH(IZ).YCSUFh(lZ)-YTSURH(I?).YREDM#(IZ)vYYELMH(IZ)n
$ YORGW(12¢5,10) 4 YEXCRW(12)
COMMON /LEVEL €/ YNP(l?.Z).YITB(IZ-Z)’YZTR(l?-Z)oYP(IZ-Q).
$ YL(lZ.Z);YS(lZ)oYSI(lZ).VULl(lZ)-YLLl(l?).YBLUD(lZ)-
L YCSUR(lZ)-YTSUR(l?)-YREDN(lZ).YVFLM(IZ).YCRG(IZ.S.IO)-
¥ YEXCR(12)
CCMMON /AGE/ MPHYS(7),MAGE(7)NAGEP ,NAGEM
CGMMON /ORGDA Y/ NCOMP(12,10)+C(12+5.10,7),
€ LNBDAB(12-5-lO.7)oFZPRlﬁ(12oIO.7).TEA(IZ'S-lOo7)oFZEXCP(12)o
$ FZRCYC(12,1C)
COMMON /TGLM/ LMA(IZ).LMB(IZ).LNC(IZ)-LMO(IZ)-LNE(IZ).
$ LNF(lZ)-LHG(lZ)-LNH(lZ)oLMl(lZ)'Fl(lZ).FE(lZ)o
] FC(lZ)oFD(li).FE(lZ)oFF(I?).FG(IZ).FH(IZ)-
s FI(12) v
YiT

CCNMON /NOUGHT/ YSO0,YNPQO,Y1
CCMMON /SOLUB/ MCCE.SOL(12)
CCMMON /CASE/ ICASE

D IMENS ION TLMA(J).TLMB(3)vTLNC(3).TLMC(3)'TLMF(J)-TLMF(J)o

oan

TLMG(3) o TLME(I) o TLMI( ),
TFA(J).TFB(3).TFC(3).TFD(B)-TFF(])'TFF(B)-TFG(3)-TFH(3)'TFI(3)

[a¥aYa]

TGRID SPECIFIFS THFE INITIAL 75 TIME STEPS (DAYS) OF THE CALCULATION.

DATA TGR'D/O.C.0.00I'00002'0.003.0.00‘00.005!0.006.0.00700.008'
00009-00011C.°2'00030000400.05.0.06cOo“?.0.08:0.09t0.lo0.200-3.
0.4.0.5-0.6.Co7.0.8.0.9.1-0.2-0.3.0'4.0o5oOv6.0o7-0o8-0.9.0.|0.o
206930 e9400 s 0.'50.'700'80cpQCo'loo.)15000200002500y3000036500
4500958404 ,€63 ©«3730e+8306¢ 9306,
1095641460 QZE..ZIGO..ZSSS..zqzo..12%5..3650..4015..
4380e+4745,., llCoy5‘750.584Oo.62050'6570-'69350'7300c/

THE FCrLLOWING ARF CCMPARTMEKNTAL DEPCSITION FRACTICONS AND REMOVAL RATES
FOR THE ICRP TGLM LUNG MODEL.
NDATA TLMA/3#%#6¢,21472/,

L X XX X

5
Q
1
€

€ TFA/0e5+0e14+0.01/,

b ] 7L"B/69'3l‘72'2‘1.73?868/'

€ TFB/0e5+0eCeLeSC/,

] TLMC/3%69.31472/,

E TFC/0e95404%40,017,

E TLMD/3%3,45¢€73€/,

] TFD /005406 %,0.55/,

s TL“E/I-3862§4'l.3862945‘2'|.386274F‘3/.
k] TFE/0e8+0e1540,C%/,

] TLMF /0,0, 2%C.6621472/,

TFF/0e042%0,.4/,

b ] 'LMG/O.O.l03862945-2'10386294E'3/o

4 TFG/0e0:2%044/,

 § TL“H/I038625‘0103862945-2.1.336?94E'3/o
E ] TFH/0e240.0%,0.15/,

$ TL"[/I.EBEZG‘.l-386294E-2.6.931072E—0/o
b ] TE1/2%14000657
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cal L STAY
LAST=4FALSF .

5T SYSTEM ROUTINE PGVMSK TC IGNCRE UNNERFLOWS ANC LCSS CF SIGNIF ICANCF,
CALL OGMMSK(14+14+C,50)

nO 16C INUC=1,1CC
1CACE=1

SEY METARQLIC PARANMFTERS INITIALLY TO ZFRC
CALL ZFRORG

REAT INPUT DATA FCR CURRENT NUCLIDE.
CALL INPUT
IF (LAST) GC TC 170
10 CALL INCASE(ICASE)

INTTIAL I7ZE METARQOLIC PARAME TER ARRAYS
CALL AGFDEP(C.C)

DUTPIIT CASE-INDEPENDEANT DATA
IF (ICASE +FQ. 1) CALL CUTDAT

SAL (1SPEC)I=1,2+ OF I IF THF SCLURILITY CLASS 1S D.w, OR Y, RESP.

THE FOLLOWING DETERMINFS THE LLNG PARAMETERS TC 0OF SENT TO ST EP

VIA THF COMMON RLCCK TGLM.

IF (MODE .GTe. 1) GO TC 2¢C
NO 20 ISPEC=1,ASPEC
J=SOL(ISPEC)
LMA(ISPEC)I=TLVA(Y)
FA(ISPEC)=TFA(J)
LMB( ISPEC )=TLN¥B(J)}
FR{ISPEC)=TFE(J)
LMC(ISPEC)=TLNC(J)
FC(ISPFC)=TFC(J)
LMD( ISPEC I=TLN¥D(J)
FD(ISPEC)=TFD(J)
ILME(ISPEC )=TLNE(J)
FF(ISPEC)=TFF(J)
LMF(ISPEC )=TLWNF (J)
FF(ISPEC)=TFF (J)
LMG( ISPEC )=TLWVG(J)
FG(ISPEC)=TFG(J)
LMH( ISPEC )=TLWH(J)
FH(ISPEC)=TFH(J)
LMI(ISPEC)=TLVI(J)
FI(ISPEC)=TF1(J)
20 CONTINUE

ZFEPN ACTIVITY ARRAYS.
CALL ZERO

INITIALIZE AGE-DEFENDENT PARAVETERS..
CALL AGED(FLCAT(710)})

SWITCHES SNPys eee s SBLUD INDICATF EXHAUST ICN OF THFIR RESPECTIVE
COMPARMFNTS, SENC INNICATFS FINAL EXHALSTICN CF ALL FEEDER
COMPARTMFNTS,. SET ALL SWITCHFS INITIALLY TC FALSE.
SNP = oF ALSE .
STA1=FALSE «
SP=,FALSE «
SL=+FALSFE «
STR2(1)=.FALSE.
CTB2(2)=.FALSF,
SLUNG=eFALSE.
IF (MODE .EGe 1) GO TC 2C
SNP=,+ TRUE «
STB1=.TRUE.
SP=,TRUE«
SL=eTRUE o
STR2(1)=e TRUE «
STB2(2)=e TRUE»
SLUNG=.TRLF.
30 SET=.FALSE.
SSI=o.FALSE.
St T=eFAL SE »
SLLI=.FALSE .
SGI=FALSE.
IF (MODE JLTe 2) GN TC 3%

SST= e TRUE »

SSI=«TRUFE »

SULTI=eTRUE.

SLLI=«TRUE,.

SGI=«TRUE »
SBLUD=+FALSE.
SSURF=4,FALSFE.
SFND=.,FALSE «

o
tn
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CIONSIDER INITIAL ACTIVITY IN NP, T8, AND PUL REGICNS 0OF THE LUNGS,
IN THF STCMACH, IN BLCOD, AND/CP IN OTHER SOURCE ORGANS,
AS SPECIFIED IN THE INPUT DATA,

IF (MODE .ECe Z) GO TC €0

IF (MODE .FQ. 2) GO TC 70C

YNO(1,1)=FA(1)2YNPO

YNP(1+2)=FB(1)2YNPO
Y1TB(1,1)=FC(1)*Y1TBO
YITB(142)=FC(1) % Y1TRO
YP(1.,1)=FE( 1)%xYPC
YP( 142)=FF( 1)2YFQ
YP(1,3)=FG(1)*YFQ
YP(1+4)=FH( 1)2YPO
GC 10 90

60 YS(1)=Y¥Sso
GO Y0 90

70 YELUD( 1)=YBLUDO
DO 80 ISOU=1,NSCU
YIRG( 14 1sISOU)=YORGO(TSCU)
B0 CCNTINUE
90 CONT INUE

COMPUTE DGSE RATES AT TIME ZFRCes
CALL DOSAGF (040,1)

DETERMINE TIME-STEPS FOR SUBRCLTINF STEP,
NSTEPS=7S5 4+ IFIX((TEND-7300.)/365,)
IDN<E=1
DO 120 INTERV=1,NSTFPC

IF ALL. FEFDER COMPARTNENTS ARE EXHAUSTED AND ACTIVITIES ARF NEAR ZERD
HAL T CALCULATIONS.
IF (SLUNG .ANDe SG1 .AND. SPLUDN) SENN=,TRUE,
IF («NOT.SEND) GO TC 100
DO 98 TORC=1,NSCU
DO 96 1 SPEC=1,NSPEC
NC=NCCMP(ISPEC, IORG)
DO S4 1C=1,NC
IF (YORG(ISPEC,LIC,ICRG) LGT. 1.0E-20) GC TG 100
94 CONTINUT

g€ CONTINUF

9 CONT INUE
GO 1O 130

100 CONTINUE

FOR AGFS LESS THAN 20 YEARS USE TIME STEPS DEFINFD IN TGRID ARRAY,
IF (INTERV JLE. 75) TI=TGRIN(INTERYV)
IF (INTFRV .LF. 75) T2=TGRIN(INTFFRV+1)

FOR ACFS GREATER THAN 20 USE TIMF STFPS OF 1 YEAR,
IF (INTERV «GY. 75) T1=T2
IF (INTERV «GTe 75) T2=T71 + 365,

IF T2 IS GRFATER THAN THE END TIME TEND, END CALCULATIONS.
TF (T2 «GTe TEND) GC TC 130

COMPUTE ACTIVITY IN EACH SCULRCE ORGCAN. TO IS ACE AT BEGINNING OF FXPOSUPE.
CALL STEP(T0,T1,T2,NMODE)

COMPUTF DOSE RATES TC FACH CRGAN.
IDOSE=IDOSE+1
CALL DOSACE(T2,IDOSE)

COMPUTE COMMITTED DOSF AT 12..
CALL DOSCCM(TZ)
120 CONTINUE
130 CALL OUTPUT
ICASE=1ICASE+1
IF (NCASES .GF. ICASF) GC 10 10
160 CCNTINUE
170 CALL EXTIY
STNP
END
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G e e e e e e e e e e e e et o e e e e e e e o e o e o e e e e
C
C PHYSIOLCGICAL PARAMETERS ARE SPECIFIFD FOR THE FOLLOWING 7 AGES IN MPHYS.,

CCMMON /AGE/ NPHYS(7),MAGE(7) ,NAGT P ,NACEM
DATA NAGEPRP/T7/,

k] MPHYS/ 04+ 100+2€541825+:3650,5475,7 100/
CCMMON /AGESEE/ MSEE(6) ,NSEF

DATA MSEE/0+3€E41825,3650,5475,7300/

DATA NSEE/6/

LMGIA ARFE TURNOVER RATES FOR THE 4 SEGMENTS NF THE GI TRACT FOR FACH OF
THF 7 AGFS SPECIFIED IN MPHYS,

REAL LMGTA,LMABA,LMA4A

CCMMON /GI/ LNGIA(A,7) JLMARA(12:4,7),CIFRAC(12:,4,7)

DATA LMGIA/2484+6001e¢886138,140:4244 4606 ¢1¢6846134,1,0,

3 24000609 1.84€13410092480 +604106P86134 41¢04240+60641¢846138,1.0,

L 24436001e84€124,1009240 +60+168346134,1,0/

[aXaXal

REMCVAL RATES FOR AGE ODEPENDENT BCNF MODELe.
ALAMQ DFNOTES THE AGE-DEPENDENY REMCVAL RATES FCR PATHWAY Q'
CCMMON /AGERON/ ALAMA( 7)4ALAMB(7) ALANC(7) ;ALAMD(7),ALAME(7),
E  ALAMF( 7)o ALAMY( 7)+ALANR(7),VLAMAC
DATA ALAMA/ 401024 +008224+400288,4¢001534,000504+.000521,.0000821/,
ALAMB /201024400822 ,400288+400153,,000904,.,000521,.0000821/,
ALAMC/401C24 400822,.0C288,.00181,400132,.000959,.0004893/,
ALAMD/ 60102+ ¢00827+0002884.00181,.00132,,000959,.000493/,
ALAME/ 00102+ 0082244 00288,400153,0.000904,.000521,.0000821/,
ALAMF/ 2010249 000822,600288+000181,+00132..000959,.000493/,
ALAMY/7%CoCC77/,
ALAMR/7%CoCC77/,
VLAMAC /017

[alala}

C XX N N RN

END
C

G e e o e e e e e me

SURROLTINE ZEFRO

(e o e e e e e e e e e e e e = o . = o o = 2 . St S o o e o e e o . oo o

C
C INITIALIZE DOSE ANC ACTIVITY ARRAYS TD 2EFC.
C

CCMMON /LEVEL £/ A(EGA)
CCMMON /CUMACTY/ B(E64)
CCMMON /ACTVTY/ C(36432)
CCMMON /DOSES/ F(7298)

nNO 10 I=1,8€4
A(I)=0.0
B(1)=0.0
10 CONTINUE
DO 20 I=1,729¢
F(I)=0.0
20 CONTINUE
DN 20 I=1,3€422
C(I)=0.0
30 CONTINUE
RETURN
END
C
Cowm - -
SUBROUTINE ZERORG

G e e e e e e e e e e e e

C
C INITIALIZE METABOLIC PARAMETER ARRAYS TC 2ER0O.
C

REAL LMGIA,LMAA
CCMMON /DRGDAT/ N(120),
CCMMON /GI/ LWNGIA(4,7)

A(13572)
2 GL672)




INPLT DATA FOR CURRENT RADICNULCLIDE CHAIN,.
DATA FNR EACH EXPCSURE CASE ARE INPUT IN ENTRY INCASE(ICASE).
STGNAL EXIT IF END-OF-FILE CARD IS CETECTED AY FIRST READ STATEMENT.

[aXaXalaXalal

LNGICAL LAST,CTHE XC 4 NOBCNE

DOUBLFE PRECISION NAMNUC ¢NANSOU.NANTRG ¢ NAME XC 4, NAMCOR
INTEGER TO, SOL

REAL LMGIAL,LMEDALMABA ,LMR,LBLU"

CCMMON /CASOPT/ NCASES,,LASY

CCMMON /SFACT/ S(742:12e¢1628) ¢NSAGES 3SFSURF(7+24612,2,2)
CCMMON /RADAT/ TR{12)+BRANCH(12,12),LMR(12)

CCMMON /ORGDAT/ NCOMP(12,10)+CA(12:5410,7),
$ LMANA(12,5+1047)4F2PRA(12:10+7)¢eTEA(12+54104+7).F2EXCR(12),
t F2RCYC(12,1C)

CCMMON /NAMES/ NAMNUC(12) 4NAMSCOU(10),NAMTRC(24)

CCMMON /NUMBR S/ NSPECsNSOUNTRGSNLET

CCMNON /TYME/ TG0, TEND

COMMON /GI/ LNGIA(44+7),LMABA(12,4,7),CIFRAC(12,4,7)
CCMMON /AGE/ NMPHYS(7).MAGE(7) NAGEP ,NAGEM

COMMON /SOLUB/ MCLCE,SOL(12)

CCMMON /NOUGHT/ YS0,YNPCs Y1TROsYPO,YBLUDO,YCRGO(10)
CCMMON /SURVOL/ TSURF(12)

CCMMON /BLOOD/ LBLUD(12),T18LUD(12)

CCMMON /EXCTRWM¥/ NSSEE,QTHEXC

CCMMON /780NSwT/ NCBONE

DATA NAMCOR/BKCNR BCNE /

DATA NAMEXC/8+CTH-EXCR 7/

DATA IN /S/, IN2 /71S/

C
C REALC NUMBER OF SPECIES IN CHAIN.
READ( INs 1000+ END=160) NSPEC,NLET,NCASES NSAGFS

C
C READ NAMES AND HALF—-LIVES OF AUCLIDES IN CHAIN.
DO 10 ISPEC=1,NSPEC
READ(IN,101C) NAMNUC(ISPEC) , TR ISPEC)
LMR(ISPEC)=Ce€521472/TR( [SPEC)
10 CONTINUE '
C INITIALTZE MATRIX CF BRANCHING RATICS TC 2FRN.
NO 30 ISPEC=1,NSPEC
DO 20 JSPEC=1,NSPEC
BRANCH({ ISFEC , JSPEC ) =04 C
20 CCONTINUE
30 CONTINUF

C
C REAC THE NUMBER NER CF NON-ZERC BRAMNCHING RATIOS TC FOLLOWe

READ( IN, 1000) NBR

IF (NBR .EQ. C) GC TO acC

DO 40 IBR=1,NBR

READ(IN,102C) JSPEC, I SPFC,BRANCH(ISFEC,JSPEC)
40 CONTINUE

C

C REAC THE NUMBER NSOU AND NANFS NAMSCU OF SCURCE DRGANS.
READ( IN, 1000) NSCU
READ( INs 1030) (NAMSOU(ISCU) oTSOU=1,NSCL)
NOAONE=,FAL SE.
IF (NAMSOU( 1) o«NFe NAMCCR) NCBCNFE=,TRUE,
OTHEXC=4FALSE »
IF (NAMSOU(NSCU) +EQe NAMEXC) CTHEXC=,.TRUE,
NSSEF=NSOU+ €&
IF (NOBONE) NESEF=NSOU+S
IF (DTHEXC) NSSEE=NSSEF-1

oan

REAC THE NUMARER NTRG AND NANMES NAMTEG NF TARGET ORGANS.,
REAC( IN,1000)NTRG
READ(IN, 1030) (NAMTRG(TI TRG) »I TRG=1,NTRC)

SPECIFY WHFETHER SURFACE OR VOLUME DEPOSITICN MCDEL IN BCNE IS TO BE USED.
READ(IN,1000) (TISLRF(ISPEC).ISPFC=1 4NSPEC)

SPECIFY NOes OF AGFS NAGEM FCOR WHICH METABCLIC PARAMFTFRS WILL
BE ENTEREC.,
REAC( IN, 1000) NAGEM

SPECIFY THE AGE GRID MAGE 10O BE USED WITH MFTABCLIC DATA.
THFRE ARE NAGEM ACES, WHERE NAGEM IS AT MCST 7, AGES MUST BE SELFCTED
FROM THE SEY Os 1C0Os 2€S, 1825, 3650, S475, AND 7300 DAYS.
DATA FOR ANDULTS (AGF 7300 DAYS) MLSY ALWAYS BE SPFCIFIED.
READ(IN, 1000) (MAGE(TAGE) s TAGE=1,NAGE¥)

ANNON NAOA AN
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C
C FNR FACKF AGF AND SPFCIES IN THF CHAIN, READ MEFTABCLIC DATA FOR ORGANS.
ND 80 ISPEC=1 .NSPEC
DO 70 ISOU=1.,NSCL
READ(IN,1C00) NCOMP(ISFFC,1S0U)
NCTEMP=NCCMP({ ISPEC, ISCL)
DO 60 TAGE=1.NAGEM
NN S0 JAGE=1,
IF (MAGE(TAGE) oNF e MPHYS{JAGE)) GC TC S0
READ( IN,1C40) F2PRA(ISPEC,1SQU,s JAGE)
READ( IN,1CA40) (CA(ISPEC,,IC,ISCU,JACE)

’
L ] TRBA(ISPEC,IC 4 ISCU«JAGF) s 1C=1,NCTENP)
GO TO €0
50 CONTINUE
60 CONTINUE

70 CONTINUF
80 CONTINUE

INPUT EXCRETION FRACTICN FOR EACH ALCLIDE..
READ( IN.1040) (F2EXCR(ISPEC) 1 SPFC=14NSPFC)

[aXa BN aTs]

INPUT BINLOGICAL HALF-LIFE FCR FACH RADICAUCLIDE IN BLOCD..
READ(IN,1040) (TBLUD(ISPEC),ISPEC=1,NSPEC)
D0 90 ISPEC=1 ,NSPEC
IF (TAOLUD(ISPEC) +FQe 0e40) TRLUD(ISFEC) =0.25
LBLUD(ISPFC )=0,€531472/1BLUD(TISPEC)
90 CCNTINUE

an

INPUT FRACTION OF ACTIVITY FRCM FACH ORGAN RFCYCLED 7O BLOOD..
DO SS ISPEC=1 ,NSPEC
READ(IN,104C)(F2RCYC(ISFECs ISCU) s ISCU=1+NSOU)
9 CONTINUF

[aXa]

REAC IN SEE VALUES..
IF (NSAGES «NE. €) NSAGES=1
DN 140 ISPEC=1,NSPEC
DD 130 TAGE=NSAGES,6
DC 120 ILET=1,,NLET
DO 110 ITRG=1,NTRG
RFAD( IN2,1040) (S(TAGE s ILFTL,I1SFEC, ISOU.ITRG) s ISOU=1,NSSEE)
NO 10C ITSCU=1,NSSEE
S(TAGF 4 ILET 4 TSPECLISCU,TTRG)=
| S(IAGE,,ILE TL,ISPEC,1SOU.ITRG)*S1.15
(o] CONTINUE
] CONTINUE
READ(lNc.lOAO)((SFQURF(IAfE.ILFY.ISPFC.ISHONE.ITBONE).
1SRONE=1,2), I TRCNE=1,2)
SFSURF( IAGE s TLET,ISPECs1,1)=SFSURF(TAGE,ILET, ISPEC, 14 1)%
Sl1e1%
SFSURF(IAGE.ILFT.lSPEC.lgz)-QFSURF(lACF ILEY, ISPEC, 1,2)%

Sle1€S
SFSURF(IAGE.[LFT ISPEC241)=SFSURF(TAGE,ILET, ISPEC, 2,1)*
Sle
SFSURF(IAGE-[LFT.ISDEC.E.Z)‘QFSLRF(IAGF.ILET ISPECs 2, 2)%
Slel1%
120 CONTINUF
130 CCONTINUE
140 CONTINUE

“w B A AW

END OF CASE-INDEPENDENT DATA

anon

GO 10 170
160 LAST=+TRUE .
170 RETURN

an

INPUT CASE DESCRIFTICAS FOR FACH EXFNSURE CASE.

RFAD INTAKE MODF (1=TINHALATION, ?2=IAGESTICN, 3=INJECTION) AND
SOLUBILITY CLASS FCR EACH NUCLIDE TF CASE IS INHALATION.
READ( TN, 1000) MODE (SOL (I SPEC) ,ISPEC=1,NSPEC)

[a N akalatalala]
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C REAN GI-TRACT UPTAKF FRACTICNS
C USF SAME AGE DOMAIN FCR ALL SEGMENTS AND <SPECIFES
NO 210 TSPEC=1,NSPEC
DO 200 TACE=1,NAGFWM
DD 1R0 ISFG=1,4
GIFRAC(CISFECI SEGs IAGF) =040
130 CONTINUE
DO 190 JAGE=1,7
IF (MAGF( IAGF) NF, MPHYS(JAGE)) GC 70O 190
REAND( IN,1C40) (GIFRAC(TISPEC,I SEG,JAGF),I1SEG=1,4)
GO TN 2CC
190 CONTINUE
200 CONTINUF
210 CCNTINUE
C
C REAC INITIAL AGE CF INDIVIODULAL ANND TIME CF INTEGRATICN.
PEAD(INs1050) TO,LTEND
C
C RFAC INITIAL CONDITIONS FDR STCMACHs LUNGS, 8L.CCD, AND OTHER ORGANS,
READ( INs 1040) YS0 e YNPOSYITECsYPN ,YRLUDN+(YNRGO(I ) sI=1.NSOU)

RE TURN
c
1000 FNORMAT(2014)
1010 FORMAT(AB,E1042)
1020 FORMAT(214,F1C.0)
1030 FORMAT(10A8)
1040 FORMAT(BE 10.0)
1050 FORMAT(T4,E1C.0)
END
c
e o e e o i e o s e e e~ e T ——— . _——— _— ———— o — S ———_———— A — -
SUBRILTINE OUTDATY
c ——————————————————————————————————————————————————————————————————————————
c
C PRINTS OUT CASE-INDEPENDENT INFNRMATICN
c
LOGICAL OTHEXC
INTEGER QUT
REAL LMBDA,LMR
DOUBLE PRECISION NAMNUC sNANSCOU,NAMTRG ;NAME 1 s NAME2 ,BLANK ,
$ BONNEP( 2)
CCMMON /NUMBR S/ NEPEC s NSOL oNTRG \NLET
CCMMON /NAMES/ NAWNUC(12) sNAMSCU(10) 4 NANTRG(24)
COMMON /SFACT/ S(7+2512416+28) sNSAGES ¢SFSURF(742,12,242)
CCMMON /RADAT/ TR(12)+BRANCH(12,12) (LNMR(12)
CCMMON /AGE/ MPHYS(7) ¢MAGE (7) yNAGEP ¢NAGFM
CCMMON /ORGDA 1/ NCCMP(12+10) 4CA(1245+10+7) sLMBDA(12,5410,7),
$ F2PRA(12+1047)+TBA(12+5410+7) ,F2EXCR(12) ,F2RCYC(12,10)
CCMMON /RLOCD~/ LBLUD(12), TBLUDC(12)
CCMMON /SURVOL/ TSURF(12)
CCMMON /EXCTRW/ NSSEE N THE XC
DATA BONDEP/8FVOLUME ,EHSURFACE /
DATA RLANK/EH /
DATA OUT/€/
c
C PRINT NUCL IDE NAMES AND HALF-LTVES..
WRITE(QUT,200C) NAMNUCI(1)
PO 10 ISPEC=1 ,NSPEC
WRITE(OUT,2C10) NAMNUC(TSPEC) ,TR(ISPEC)
10 CCNTINUE
C
C PRINT TABLE OF BRANCHING RATICS..
IF (NSPEC +.EQe 1) GO TC 3¢
WRITE(QUT,202C)
DO 20 JSPEC=1 4NSPEC
DO 20 ISPEC=1,NSPEC
IE(BRANCH(ISPEC 4 JSPEC) +NEe N.0) WRITE (CUT.2030 INAMNUC(JSPEC),
s NAMNUC ( ISPEC) 4 ARANCH (1 SPEC, JSPEC)
20 CONTINUE
30 CONTINUE
C
C PRINT TASLE OF METARGLIC PARAMETERS FCR EACH NUCLIDE AND SOURCE CRGAN«s

WRITE(OUT,204C)
DO €0 ISOU=1,sNSCL
DO €0 ISPEC=1,NSPEC
DO 40 TAGE=1,NAGEM

NC=NCOMF(ISFEC,I SCU)
NAME 1 =N AMSOL(ISNU)
NAMEZ2=NAMNLC(ISPEC)
IF (ISPEC oNEe 1 .0Re ITAGE JNE. 1) NANFI=BLANK
IF (TAGE oNEe 1) NAME2=RLANK
WRITE(OLT.2CS0) NAME1,NANE2 ,MAGE(TIAGE),

4 F2PRA(ISPFC.ISOLs1AGFE ),
] (CACTISPFCoICs ISCULTAGE) +TBA(ISPEC, IC,s ISOU+TAGE)1C=1,NC)
40 CONT INUE

50 CCNTINUE
60 CCNTINUE
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C
C PRINY FRACTION OF ACTIVITY IN FACH (RGAN FECYCLED TC BLOODe.
WRTTE(NUT +20€C)
DN €5 ISPEC=1 ,NSPEC
WRITE(OUT+2CE€S) NAMNUC(T SPEC) « (NAMSCU(ISOU) +F2RCYC(ISPEC, ISCU),
€ ISOU=1,NSCU)
65 CONTINUE
C
C PRINY RONE DEPOSITICN ASSUMPTICNS, BLCOD HALF-TIMF, AND EXCRETICN FRACTION
C FOR FACKHF NUCLIDE.
WRITE(OUT,,207C) (NAMNUC(I SPFC) (BONDEP (ISURF(ISPEC)+1),
¢ TALUD(ISPFC)F2EXCRITSPEC),ISOFC=14,NSPFC)
C
C TABUWATE S-FACTORS FCR ALL ANUCLIDES, SCURCFES. TARGETS, AND
C AGE GROUPES.,
DO SO0 ISPEC=1,,NSPFC
DO 20 TAGF=NSAGES,6
DN 70 ILET=1,NLFT
IFIRST=1
LAST=123
IF (NSSEF «LTe LAST) LAST=NSSEF
CALL SEETAB(IAGE,ILET.IFIRSY,LAST,ISFEC)
IF (LAST .FCe. NSSFE) GC TC 70
IFIRST=14
LAST=2¢
IF (NSSFE oLTe LAST) LAST=NSSEF
CALL SEETAB(IAGE s ILET,IFIRSTLLASTLISFFC)
70 CCNTINUF
B0 CON TINUVE
90 CCNTINUE
2000 FORMAT(®1*,TE2,*ACFDOS* /! *,T63,%~~-m—-— ¢/ *,T18,'AGE-"*,

€ *DEPENDENT FESTIVATES CF DOSE RATE TC SELECTFD TARGET ORGANS?®,
S ¢ FROM INTEFRNAL RADICAUCLIDE EXPOSURES/

s TORADIONUCL IDE: *+sA8/* *,21(*'-")/°0 *sT15,'RADIOACTIVE?/

$ ' *yT164"HALF-LIFF*/* NULCLIDE'®*,T17, *(CAYS)*)

2010 FORMAT(® "L AB8.,T15,1PG10,3)
2020 FORMAT(*OPRANCHING RATICSI . T214,'FRCM*,T31,°T0*,TA1,'FRACTICN®)
2030 FORMAT(® *oT21,A€E,T31,AP,T40,1PG10.3)
2040 FORMAT(*0", T4C, *CCMPARTMENT DEPCSITINON FRACTICNS (C) AND °,
¢ 'BIOLOGICAL FALF-TIMES (TB. CAYS) v/
€ * 1,735,930 -*)/* ORGAN',4T10, *"NUCLINE?",
$ TIG9,°AGE*,T23,*F2-PNRIME *,T35, 'C1"',T45,'TB1"*,T55,9C2*,
$ TES5,'TR2%,T75,%C3°,TE5,°TR3¢,T95,%'CA4°,T105,°'TB4°',T115,
S

*CS*.T125,°18BS*/)

2050 FORMAT(® *,AB8.T10.A8,T1E,14,11(1PG10,7
2060 FORMAT(/°0°',T23,*FRACTICN OF ACTIVITY*

s *RECYCLED TC BLCOD®)
206 FORMAT(®* *sABW(* *,T15,A84T130,F10.5))
2070 FORMAT(/°0°',T33, *HALF-TIME *,TS53,*EXCRFTION*/T15, *RONE"',T33,

s *IN BLOON*, TS3, *FRACTION®*/* NULCLIDE *4T15,*NEPCSITICN®,T33,

$ "(DAY)* s TSI *FRCM BICCD*/(* *"sAB+sT1SsA83T30+F105+T50+,F1045))

)
/% NUCLIDE*.T15, *ORGAN®,T33,

RETURN

END
C
Cmm———e— e e e e e e e e e e e o e e i e e e

SURROUTINE SEETAB(TAGE,ILFT, IFIEST-LAST ISFEC)
G e e e e e e e e e e et e e e e e e e e e e e e e
C
C AFTER PRINTING A FEADING AND THF NANES COF SOURCES (IFIRST TC LAST)
C THIS SUBROUYINE PRINTS S-FACTCRS FOR ALL TARGET ORGANS FCR
€ THESE SOURCES.
C ILET INDICATES HICH CR LOW LETY RADIATION: ILET=1 DENOTES LOW LET
C RADTIATION, ILEY=2 DENCTES HIGH LFET,.
C

LOGICAL NOBONE

INTEGER DUT

DOUBLE PRECISION NAMNUC ¢ NANSDU ARAMTRG ¢NAMS (6) s NAMSUR s NAMM AR

CCMMON /NAMES/ NAMNUC(12) ,NAMSCL(10),NAMTRG(?4)

CCMMON /NUMBR S/ NEPEC +NSOUWNTRG

CCMMON /SFACT/ S(742+12416+24) NSAGES SFSURF(742,12,2,2)

COMMON /AGESEF/ MSEE(6) ¢NSEF

COMMON /AGE/ MPHYS(7)sMAGE(7) «NAGFP,NAGEM

COMMON /BONSWT/ ANCRCNE

DATA NAMS/BHL LNGS +8HSET CONT 48HSI CCNT L8HULI CONT.SHLLI CONT,

$ EHRED MAR /

DATA NAMSUR/BHBONE SUR/, NAMMAR/SHRED WMAR /

DATA QUY /6/
C

C PRINT FEADING
IF (ILEY oLEQa

1 T42000) NAWANUC(ISPEC) MSEE(IAGE)
IF (ILET JEQe 2

(0oL
F (OUT.2010) NAMNUC(ISPFC),MSEE(TAGE)
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C
C PRINT NAMES OF SOLRCES
LASTME=LAST-€
IFIRME=IFIRST~€
LASTME=LAST-S
IFIRMS=IFIRST-€
IF (NOBONE) GC 71O S
IF (IFIRST «NE. 1) WRITE(CLT,2020) (NANSCU(ISCU)» ISOU=TIFIRMG,
$ LASTMG)
IF (IFIRST +ECe 1) WRITF(CUT,2020) (NANS(IS).IS=1,6),
$  (NAWSOUCISCL)«ISOU=IFIRST,LASTVE)
GO 10O €
S ITF (IFIRST oNF. 1) WRITE(CUT,2020) (NAMSOU(ISOU),ISOU=IFIRMS,
¢t LASTMS)
IF (IFIRST +ECe 1) WRITE(CUT,2020) (NANS(IS).IS=1.,5),
$ (NAMSOU(TISOL),ISOU=IFIRSET,LASTMS)
€ CONTINUE

C
C PRINT S-FACTORS FCR TFIS SPECIES FCR SOURCE CRGANS IFIRST TO LAST
C AND FOR ALL TARGE T ORGANS
DO 10 ITRG=1,ATRG
WRITF(OUT 4 2CRO0INAMTRGITITRG) s { S{TAGE s ILET ,ISPEC,ISOU,ITRG),
$ ISOU=TF IRSTLLAST)
IF (NOBONE) GO TO 10
IF (NAMTRG(ITRG) «EQ. NANSUR) WRI TE (OUT,2040)
L ] (SFSURFUTIAGE+ILETsISPEC,ISel1),1S=1,2)
IF (NAMTRG( ITRG) .EQe NANMAR) WRITE (OUT,2040)
] (SFSURF(IAGE s ILET I SPEC,1S42)41S5=1,2)
10 CCNTINUE

2000 FORNAT(//' 9 T27, 'LOH—LET € FACTORS (FAD/MICRCCURIE-DAY) FOR t*, A8/
$ ' PJTSS5,°*AGE : ',14,*' DAYS?'/
s *OTARGET ', TES, *SCURCE CRGANS'/®* ORGAMNS?)

2010 FORMAT(//° 'pTB?.'HIGH LET S FACTORS (RAD/MICROCURIE-DAY) FOR °*,
$ A8/ * *,TS55,°AGE : ',14,.,° DAYS'/
s "OTARGET®*,T€5, *SCURCE ORGANS*/* ORGANS')

2020 FDPNAT('O'.TIE.AE.II(IX.AE))

2030 FORMAT(® *,AB,T12,1P13GS,2)

2040 FNRMAT(* (SLRFACE)'.TG6.IP?GQ.2)
RETURN
END

no

INTTTAL CALL YO ACEDEP SETS UF DEFAULTS:; SUBSEQUFENT CALLS TC ENTRY AGED
RFTURN TO STEP THE AGF-DEPFNDENT PARAMETERS FOR THE T1-T2 TIME FRAME,

INTEGER SOL

RFEAL LMGIA,LMABA .LMBDALMGI.LNAE,LMBDAB,

$ LAMDAALLAMDAR,LAMDAC s LAMDAD,LAMDAE , LAMDAF L AMDAY , LAMDAR
CCMMON /AGEME 1/ LNWGI(4),LVAB(12,4),C(12,5,10),

$ LMBDAB(12+,5+10),F2PRIN(12,10),

$ LAMDAA,LAMDAB,L AMDAC,LANDAD,
L 3
]

[alelalaXal

LAVOAE+LAMDAF ,LAMDAY ,LANVMDAR

COMMON /AGESBON/ ALAMA(7),ALAMB(7) JALANC(7) ;ALAMD(T) ALAME(T),
ALANF(7).ALANY(7)'ALANR(7)'VLAMAC

CCMMON /NUMBR £/ NSPECsNSOUNTRGNLET

CCMMON /ORGDA T/ NCOMP(12.10)4CA(12,5,10,7),

$ LMBOA(12+Ss1Ce7)eF2PRA(12,10:7)sTBA(12+5410+7)+F2EXCR(12),

t F2RCYC(12,1C)

COMMON /G1/ LNGIA(4,7) JLMABA(12,4,7).GIFRAC(12,4,7)

CCMMON /AGE/ MPHYS(7) +MAGE(7) NAGEP NAGEM

CCMMON /AGESFE/ WSFE(6) 4NSEF

COMMON /SOLUB/ MCECF,SOL(12)

CCMMON /INTRP/ SRPLAT,IPS

IF CATA FOR A PARTICULAR AGE ARE NQOT SPECIFIEN, DEFAULT
TO THF NEXT HIGHER AGE GROUP FCR WHICH CATA ARE GIVEN.

GI TD BLOND ABSORPTICON FRACTICNS.,
DO 70 ISPEC=1 ,NSPEC
DC €0 ISEG=1,.4
DC 50 IAGE=1,.7
IF (GIFRAC(ISPEC,ISEG,IAGE) «NE. 0.0) GC TO SO
DO 40 JAGE=IAGE,7
IF (GIFRAC(ISPFC,ISFG,JAGE) .EQe 0.0) GO TO 40
GIFRAC(ISPEC+ISEG,IAGF)=GIFRAC(ISPEC, ISEG, JAGF)

GO 10O €0
40 CONTINUE
50 CONT INUFE

60 CONY INUE
70 CONTINUE
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ABSORPTION RATES FRCNM GI SFGMENTS..
DO 100 ISPEC=1,NSPEC
DO SO TSEG=1.4
DN B0 TAGE=1,7
TEMP=AMINI(GIFRAC(T SPFEC,ISEG,IAC
LMABA( I SPEC , ISEG+IAGE)=LMCIA(IS
80 CONTINUE
90 CONTINUE
100 CONTINUE

20 +«99)
TIACE)*TEMP/ (1.0-TEMP)

mo
am

METAROL IC MODELS FOR EACH SOURCE CRGAN (ABSORPTION FRACTICN, F2PRA,
COMPARTMENTAL DEPCSITICN FRACTIONSs CA. AND BICLOGICAL HALF-~TIMES,TBA)..
DO 140 ISPEC=1,NSPEC
DO 130 ISOU=1.NSCU
DO 120 TACE=1,7
IF (F2PRA(ISPEC,ISOL.IAGE) «NE. 040) GO TO 120
DO 110 JAGE=IAGE ,7
IF (FZPRA(ISPEC,,I SCU, JAGE) +ECe 0.0) GC TC 110
F2PRA (ISPEC,IS0Us IAGE)=F2PRA( ISPEC , ISCU. JAGE)

GO T0O 12¢C
110 CONTINUE
120 CONTINUF
130 CONT INUE
140 CONTINUE

D0 230 ISPEC=1,NSFEC
DO 180 IORG=1,NSCU
NCA=NCOMP ( ISPEC+I0ORG)
NAO 170 IC=1,NCA
DO 160 TAGE=1,7
IF (CA(TSPECSIC+ICRG+IAGE) NfFe. 0.0) GO TO 160
0N 15C JACGE=TAGE,7
IF (CA(ISPEC.IC+TORG,+JAGE) <EC. 0.0) GO TO 150
CA{ ISPEC,1C, IORG+IAGE)=CA(I SPEC, IC, IORG, JAGE)
TBA(ISPECIIC+TORGTAGE)=TBA(ISPEC,ICsIORG, JAGE)

GO 10 1€0
150 CONTINLE
160 CONTINUE
170 CONT INUE

180 CONTINUE
230 CONTINUE

CONVERT HALF~TIMES TO CLEARANCE RATES,.
DO 27C ISPEC=1,NSPEC
DO 260 IORG=1.ASCU
NCA=NCOMP ( ISPEC, I0RG)
DO 250 IC=1.NCA
DO 240 IAGE=1,7
LMBDA(ISPEC,IC+ IORGIIAGE) =

$ 0e €SI1472/TBA(ISPEC,IC+ICRGLIAGE)
240 CONTINUE
250 CONTYINUE

260 CONTINUE
270 CONTINUE
RETURN

ENTRY POINT TO MOVE MFTABOLIC CATA FOR AGE T=TO+T1+40.5%DELT
TC COMMON /AGEMET/ FCF USE IN STEP

DETERMINF POINTER (IP) INTO METABCLIC DATA

DO 21C TAGE=1,7
IF (MPHYS(TAGFE) .GY. IFIX(T)) GO TC 320
310 CONTINUE
P=7
Go TN 330
320 IP=1AGE
330 CONTINUE

COMPUTE INTERPOLATICN FRACTIONs TRPLAT..
TRPLATY=(T - FLOAT(MPHYS(IP-1)))/
€ FLOAT(W¥PHYS(IR)-¥PHYS(IP-1))
IF (T oGEe 72C0s) TRPLAT=1,0
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C DETERMINE POINTER (IPS) FOR SEE DATA,
DO 240 TAGE=1,6
IF (MSEE( TACE) GT., IFIX(T)) GO TC 1350

340 CONTINUE

1IPS=6

GO T0 260
350 IPS=T1AGE
360 CONTINUE

ne

COMPUTE INTERPOLATICN FRACTICN, SRPLAT..
SRPLAT=(T ~ FLOAT(MSEE(IPS-1)))/
¢ FLOAT(MSEE(IPS)-NSEE(IPS—-1))
IF (Y «GEe 73CCe) SRPLAT=1,0

INTERPOLATE TO DETERMINE APPRCPRIATE PARANETER VALUES FOR AGE T

[alaXaXs!

AGE-DEPENDENT GI TRACY PARAVNE TERS
DD 420 ISEG=1,4
LMGI(ISEG)=LMGIA(ISEG,IP-1) +
$ TRPLAT*(LMGIA(ISEG.IP)-LMGIA(ISEG,IP-1))
DO 410 ISPEC=1,ANSPEC
LMAB(ISPECL,ISEG)=LMABA(ISPEC,ISEG,IP-1)
L +TRPLAT® (LMABA(ISPEC ,ISEGIP)~LMAPA(ISPEC,ISEG,IP-1))
410 CONT INUE
420 CONTINUE

[aTe]

AGE-DEPENDENT SYSTEMIC ORGAN WMETABOLIC FARAMETERS..
DO 450 ISPEC=1,NSPEC
DO 440 ISOU=1,NSOU
F2PRIM(ISPEC, ISOU)=F2PRA(ISPEC,ISCU,IP-
s +TRPLAT* (F2PRA(ISPEC . ISOU, IP)~F2FRA(IS
NCA=NCOMP (ISPEC,1IS0OU)
DO 430 IC=1.NCA
C(ISPEC+1IC,e ISOU)=CA(ISPEC,I
+TRPLATS(CA(ISPEC.IC,ISCL,
LMBDAB( ISPEC,IC, I SOL)=LMBDA
] +TRPLAT*(LMBDA(I SPECLIC,ISO
430 CONT INUE
440 CONTINUE
450 CONTINUE

v

EC‘ ISCU, IP-1))

lSCUoIP-l))

Cmmny

)
C.IC.ISOU.IP-I))

Mese

(2T gl

AGE-DEPENDENT PARAMETERS FCR BCNE MNDE
LAMCAA=ALAMA( IP-1) TRPLAT®(ALAMA
LAMDAB=ALAMB( IP-1) TRPLAT®( ALAMB
LAMDAC=ALAMC( IP-1) TRPLAT®({ ALAMC

L.‘
(1e) ALAMA(IP
(1P}
(1P)
L AMDAD=ALAMD( 1P-1) TRPLAY!(ALAMO:lpz
1P
(1P)
(IF)
(IP)

-1))
ALAMB(IP-1))
ALAMC(IP-1))
ALAMC(IP-1))
L AMDAE=ALAME( IP-1) TRPLAT*( ALAME -1))
LAMDAF=ALAMF( IP-1) TRPLAT®( ALAMF -1))
LAMDAY=ALAMY( IP-1) TRPLAT®( ALANY -1))
LAMDAR=ALAMR( IP-1) TRPLAT®( AL AMR 1))
460 CONTINUE
RETURN
END

ALAME(IP
ALAMF(IP
ALAMY (TP
ALAMR( IP-

trrrret e

c —————————————— - -

SUPRROUTINE STEF(TC.T1,T72,VCDE)

Cm——— = - - — - —— — ——

C
C ACVANCFS THE RESICENCE TIME INTEGRATICN FFCM TINE T1 TO T2 (DAYS).
C MODE = 1 FOR INHALATICN, = 2 FCR INGESTION, = 3 FOR INJECTION.
C
LOGICAL SNPsSTBl+SP,SL+STB2,SLUNG,SST,
$ SBLUDsSSURF ,O0THEXC ¢ NOBCNE
INTEGER NCTEMF(12),T0
REAL LMGILMABMEDAL_MEDAR,LBLLD,
$ LR(12:S)eCTEMP(12,5) PTEMP(12:5) YTENMPO(12:S)sYTEMP(12,5),
$ YTEMPW(12,E)sLMALMBLNC LMDJLME JLMF 4LMG ,LMH,LMI,L MR,
$ LAMDAALLAMDAB,LAMDAC ,LAMDADLAMDAE,LAMDAF,
$ LAMDAY,LAMDARLBNBLD s YTVCLW(12),YCVCLW(12),IFRAC, JFRAC
DOQUBLE PRECISION T,EXPFUN,EXPF1
CCMMON /SWTCHS/ SNPSTB1+sSPoSLsSTB2(2)sSLUNG,SSTSSI,SULI,
$ SLLILSGI.SBLUD+SSURF

SST»SULT«SLLI+SGI,
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CCMMON /RADAT/ TR(12),RRANCHI({12,12),L¥R(172)
COCMMON ZLEVEL S/ YNP(12+2),Y1T8(12,2),Y2TB(12.2) 4YP(12,4),YL(12,2),
$ YS(12)eYSTC12)YUWLTI(12),YLLI(12),YBLUD(12),
$ YCSUR(12)sYTSUR(12)+sYREDNM(12),YYELM({12),YCRG(12:54+10) .YEXCR{12)
CCMMON /CUMACT/ YRPW(1242),Y1TAN(12.2),Y2TBW(12,2),YPW(12,4),
] YLW(12.,2),
$ YSWO12)oYSIWN(L1Z)eYULTW(12),YLLIW(12),YALUDW(12),
$  YCSURW(12)s YISURR(12) ,YREOMW(12) YYELMW{ 12) sYORGW(12:5.10),
$ VYEXCRW(12)
CCMMON /ORGDAT/ NCOMP(12,10)4CA(12+:5,1047)
$ LMRCA(1245410+7)sF2PRA(12,1047)sTRBA(12:,5,41047),F2EXCR(12),
$ F2RCYC(12,1C)
CCMMNN /AGEME T/ LMGI(4),LVAB( }+C(12,5,10),

12,4
¢ LMBDAB(12+:5¢10).F2PRIN(12,10),
¢ LAMDAALLAMDAR,LAMDAC ,LANMCAD,
$ LAMDAELAMDAF,LAMDAY ,LAMDAR
CCMMON /AGEBON/ ALAMA(T7) ALAMB(7) JALANC(7) ;ALAMD(7),ALAME(T),
$ ALAMF( 7)), ALAMY( 7)sALANR(7), VLAMAC
CCMMON /TGLM/ LMA(12),LMB(12),LNC(12),L¥D(12) ,LNE(12),
$ LMF(12)LMG(12),LMH(12),LMI(12),
$ FA(12),FB(12),FC(12),FD(12),FE(12),FF(12),
$ FCGl12),FH(12),FI(12)
COMMON /MULDAT/ CFLY LB,CTEMP,PTEMP,YTEMDO ,
YTEMP,YTEMP % {NC TEMP
CCMMON /NUMBR S/ NSPEC,NSOULNTRGNLET
CCMMON /SURVOL/ ISURF(12)
CCMMON /BURBON/ CBURY, TERURY
CCMMON /BLOOD/ LBLUD(12), TRLUD(12)
CCMMON /INTRP/ TRPLATLIP
CCMMON /EXCTRNM/ NSSEE,C THF XC
COMMON /BONSWT/ NOBONE
IF (T1 €EQes 0.C) CRURY=C,.C
IF (T1 .EQe 0.C) TBURY=C, 0
ADULT=0.0
IF (TRPLAT .EQe 10 ¢ANDe IP FGe 6) ACULT=1.0
DELT=T72-T1
T=DBLE(0.5%(T1+72))
CML AGED(FLOAT(TO) & SAGLI(T))
C
C IF THIS CASF IS NCT INHALATION, BRANCH TO INGFSTION.
IF (SLUNG) GO TO t30
C

Cormr e v v s o e e e e - ——

C RFSPIRATORY TRACT (TASK GROLUP LUNG NODEL FCR AERNSCLS).

C——rm e ———————— —— . " e o s ] A 1 . D s

C
C NASCPHARYNGEAL RECICN (A.B)
C =emer e e —————
C IPATH=1 FOR A
C =2 FOR B

IF (SNP) GO TC 21

DO 10 ISPEC=1 ¢NSPEC

C
C INFLOW-RATE VECTOF PTEMNP,, INITIALIZE TC 2FRGC.
DO 4 IPATH=1,2
PTEMP(ISPEC.IFATH)=0.0
4 CONTINUE

C

C NUMBER OF SUBCOMPARTMENTS,.
NCTEMP(ISPEC)=2

[

C SUBCOMPARTMENT FRACTICNSee
CTYEMP(ISPEC +1)=FA(TSPEC)
CTEMP(ISPEC ,2)=FB(ISPEC)

C

C BIOLOGICAL CLEARANCE COEFFICIFNTS..
LB(ISPEC,1)=LMA(ISPEC)

LB( ISPEC, 2)=LMR(ISPEC)
C
C INITIAL CONDITIONS..
NO € IPATH=1,2
YTEMPO(ISPECIPATH)=YNP(ISPEC,TPATH)
S CONTINUE
10 CONTINUE
C
C TEST FOR EXHAUSTYICN. .

DO €10 ISPEC=1.NSPEC
DO £09 IPATE=1,2
IF (PTEMP (ISPEC+IPATH) oGTe 140E-20 +4NFRe YTEMPO(ISPEC,IPATH)
| eGTe 1.0E-20) GC TC 511
YNP(TISPEC,+ IPATH)=0,.0
YNPW(ISPEC+IPATH)=0,0
306 CONTINUE
510 CONTINUE
SNP=+.TRUE,
GO TO 21
S11 CONTINUE
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CALL MULCOM

MOVE QUTPUTS FOR A0 PATHWAYS..
DO 20 ISPEC=1 ,NSPEC
DO 15 IPATH=1,2

YNP(ISPEC 4 IPATH)=YTEMP (I SPFEC,IPATFK)
YNPW(ISPEC,IPATH)=YTEMPW(ISPEC,IPATH)

15 CONT INUE

20 CONTINUE

21 CONTINUE

TRACHEOBRONCHIAL REGICN (C,D)
IPATH=]1 FOR C
=2 FOR O
IF (STB1) GO 10 41
DO 20 ISPEC=1 ,NSPEC

INFLOW RATE VECTOR..
DC 24 IPATH=1,2
PTEMP(ISPEC,IPATH)=0,0
24 CONT INUE

NUMBER OF SUBCOMPARTMENTS. .
NCTEMP( ISPEC)=2

CCMPARTMENT FRACT IONS .0
CTEMP({ ISPEC +1)=FC(ISPEC)
CTYEMP(ISPEC +2)=FD(1ISPEC)

BIOLOGICAL CLEARANCE COEFFICIENTS..
LB ISPFC,1)=LMC(ISPEC)
LB(ISPEC,2)=LMD(ISPEC)

INITIAL CONDITIONS,.
00 25 IPATH=1,2
YTEMPO( ISPEC+ IPATH)=Y1 TB(ISPFC,IPATH)
25 CONTINUE
30 CONTINUE

TEST FOR EXHAUSTICN..
DO €20 ISPEC=1,NSPEC
00 %19 IPATE=1,2
IF (PTEMP(ISPEC,IPATH) +GTe 1.0E-20 .0OR.
s +GTe 1.0E-20) GO TC S21
YITB{ISPEC,IPATH)=0,0
YITBW(ISPEC,IPATH)=0.C
516 CONT INUE
520 CONTINWE
STBI1=«TRUE.
GO TO 41
521 CONTINUE

CALL MULCOM

MOVE OUTPUTS FOR C.D PATHWAYS..
DO 40 ISPEC=1 (NSPEC
00 2S5 IPATH=1,2

YITB(ISPEC.TPATH)=YTEMF(ISPEC,IPATH)
YITBW(ISPEC,IPATH)=YTEMPW(ISPEC.,I FATH)

35 CCNT INUE

40 CONTINUE

41 CONTINUE

SULMONARY REGION (ELF (GoH)
IPATE=1 FOR E
=2 FOR F
=3 FOR G
=4 FOR H
IF (SP) GO YO €1
DO €0 ISPEC=1 ,NSPEC

INFLOW RATE VECTYOF,..
00 44 IPATH=1,4
PTEMP(ISPEC,IPATH)=C. 0
LY CONT INUE

YTEMPO (ISPEC, IPATH)
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NUMBER OF SUBCOMPARTMENTS. .
NCTEMP( ISPEC)=4

SUBCOMPARTMENT FRACTICNSe.
CYEMP( ISPFC s 1)=FE( I SPEC)
CTEMP( ISPEC +2)=FF( ISPEC)
CTEMP( ISPEC +2)=FG(ISPEC)
CTEFMP( ISPEC s4)=FH(ISPEC)

BIOLOGICAL CLEARANCE COEFFICIENTS..
LB ISPECs 1)=LME(ISPEC)
LB ISPEC+2)=LMF(ISPFC)
LB(ISPEC,3)=LMG(ISPEC)
LBUISPEC,4)=LMH(ISPEC)

INTTIAL CONDITIONS..
CO A4S IPATH=1,4
YTEMPO(ISPECIPATH)=YC(ISPEC,TPATHK)
[ 3] CONTINUE
S0 CCNTINUE

TEST FOR EXHAUSTICN..
DO €30 ISPEC=1,NSPEC
00 €29 IPATH=1,4
IF (PTEMPUISPEC,IPATH) oGTe 1.0€E-20 «0ORe YTEMPOU(ISPEC,IPATH)
s «GTe 1.0E-20) GO TC S31
YP(ISPEC, IPATH+)=0.0
YPW(ISPEC +IPATH)=0.C
526 CONTINUE
530 CONTINUE
SP=eTRUE.
GO TO €1
S31 CCNTINUE

CALL MULCOM

MOVE OUTPUTS FOR E FeGoH PATHEAYS..
0N €0 ISPEC=1 ,NSPEC
00 £S5 IPATH=1,4

YP(ISPEC, IPATH)=YTENP(ISPEC+IPATH)
YPW(ISPECsIPATH)=YTEMFW(I SPEC,IFATH)

5% CONTINUE

60 CONTINUE

61 CONTINUE

LYMPHATIC TISSUE (1.J)
IPATH=1 FOR 1
=2 FOR J
IF (SL) GO YO €1
DO 70 ISPEC=1,.NSPEC

INFLOW RATEee. TOTAL CUTFLOW CF PATHWAY H.
DO €4 IPATH=1,2
PTEMPUISPEC.IPATH)=LMH(ISPEC) «YPW(ISPEC.A)/DELT
4 CONTINUE

NUMPER OF SUBCOMPARTMENTS..
NCTEMP( I SPEC)=2

SUBCNMPARTMENT FRACTICNSe
CTEMP(ISPEC +1)=FI(ISPEC)
CTEMP(ISPEC+2)=1.0-FI(ISPFC)

BIOLOGICAL CLEARANCE CCEFFICIEANTS..
LB ISPEC.1)=LMI(ISPEC)
LPR( ISPEC,2)=1.GCFE~-06
(THFE J SUBCOMPARTMENT IS SURJECT ONLY TO RACICACTIVE DECAY IN THE TGL M,
HOWEVER, YO AVOID CCWPUTATIONAL DIFFICULTIES, A CLEARANCFEF RATE OF 1.90F-6
PFR DAY(CORRFSPONDING YO A 1000 YEAR HALF-TIME) IS ARRITRARILY ASSIGNED,)

INTTIAL CONDITIONSa.
DC €S IPATH=1,2
YTEMPO( ISFEC,IPATH) =YL(ISPEC,IPATH)
6S CONTINUE
7C CONTINUE
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TESYT FCR EXHAUSTICN. »
NO €40 ISPEC=1,NSFEC
00 %29 IPATE=1,2
IF (PTYEMP(ISPECSIPATH) «GTe 140E-20 .0Re YTEMPO(ISPEC,IPATH)
E eGTe 1.0E-20) GC TC 541
YL{ISPEC, IPATF)=0.0
YLW( ISPEC +IPATH)=0.C
53 CONT INUF
540 CCONTINUE
SL=eTRUE,
GO TO 81
S41 CONTINUE

CALL MULCOM

MOVE OUTPUTS FOR (I,J) PATHRWAYS,.
DO 80 ISPEC=1 ,NSPEC
DO 7% IPATH=1,2
YL(ISPEC,, IPATH)=YTENP(ISPEC,IPATH)
YLW( ISPEC o IPATH)=YTEMPR(I SPEC.IPATH)
75 CONTINUF
80 CONTINUE
81 CONTINUF

TRACHENPRRONCHIAL FEEDPACK (K,tL)
THIS wILL REQUIRE TWwC CALLS TO MULCCM..
(1) INPUT FROV¥ F, CUTPUT K
(2) INPUT FROM Gy OUTPUT L
PATHWAYS K AND L ARE INDFPENDENT SUBCCMFARTMENTS,

PATHWAY K
IF (STB2(1)) GO IC 10S
D0 S0 ISPEC=1 NSPEC

INFLOW RATEese DUTFLOW OF PATHWAY F,
PYEMP(ISPEC o1 )=LMNF(ISPEC)*YPW(TISPEC +2)/DELT

NUMPER OF SUBCOMPARTMENTSee.
NCTEMP (ISPEC)=1

SURBCOMPARTMENT FRACTICNS..
CYTEMP({ISPEC,1)=1,0

ATIOLOGICAL CLEARANCE COEFFICIENTS..
LB ISPEC, t)=LMD(ISPEC)

INTTIAL CONDITIONS..
YTEMPO(ISPEC+1)=Y2TB(ISPEC,1)
90 CONTINUE

TEST FOR EXHAUSTICN. o
DO S5 ISPFC=1 NSPEC
IF (PTEMP(I SPEC 1) oeGTe 160E—-20 «CRe YTEWNMFO(ISPEC,1)
«GTe 1.0E—-20) GO TC 100
Y2TA(ISPEC,1)=0.C
Y2TBW(ISPEC+1)=C.0
9% CONTINUE
STB2(1)=eTRUE «
GO 7O 105
100 CONTINUE

CALL MULCOM

MOVE NUTPUTS FOR K PATHWAY..

NO 102 ISPEC=1yNSPEC
Y2TB(ISPEC, 1)=YTEMP(I SPEC,1)
Y2TAW(ISPEC +1)=YTEMPR(I SPEC,.1)

105 CONTINUE

PATHWAY L

IF (STB2(2)) GO TC 125
DO 110 ISPEC=1,NSPEC

INFLOW RATE.s OUTFLCW OF PATHWAY G,
PTEMP{ISPEC ¢1)=LNMG(ISFEC)*YPW(ISPEC,3)/DELT

NCTEMP, CTEMP, ANC LE ARE AS FCR PATHWAY K..
NCTEMP (I SPEC)=1
CTEMP(ISPEC ,41)=140
LB(ISPEC.1)=LMD(ISPEC)
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C INTYIAL CONDITIONS,.o
YTEMPO( ISPEC.1)=Y2TB(ISPEC,2)
110 CONTINUE

oan

TESY FOR EXHAUSTICN. o
PO 11T ISPEC=1.NSFEC
IF (PTEMP(ISPECs1) eGTe 1460E-20 oCRe YTEMFO(ISPEC.1)
s eGTe 1.0E-20) GC TC 120
Y2YB(ISPEC+2)=0.0
Y2TBW(ISPEC ¢2)=0.0
115 CONTINUE
STB2( 2)=«TRUE «
GO YO 125
120 CONTINUE

CALL MWULCOM

MOVE OQUTPUTS FOR PATHRAY Lee.

DO 12% ISPEC=14sNSFEC
Y2TB(ISPEC+Z)=YTEMP( I ESPEC,1)
Y2TBW( ISPEC +2)=YTEMPW(I SPEC,1)

12% CONTINUE

C
C TEST FOR EXHAUSTICN OF ALL LUANG CCMPARTMENTS..
IF (SNP .AND. STHB1 .AND. STR2(1) +AND. STHB2(2) .AND. SP <AND.
$ SL) SLUNG=.TRUE.

C——— ————————— -— - - ———————————

C END OF RESPIRATORY SEGMENT
€ om o e e e e e i e o . e e % e e e e
130 CONTINUE
IF (SGI) GO TC 22¢

Com e e v . e e s i e s . . e o e e — - - ————— . ——— v — i

C Ge Ie TRACT

Cr—mm e e - - -——— - e e . o . e i

an

C
C STOMACH (S)

Cc - ———

IF (SE€T) GO TC 1€C
D0 140 ISPEC=1,NSPEC

0on

INFLOW RATE VECTORae.
IF (MODE .EQe. 2) FTEMP(ISPEC.+1)=0.0
IF (MODE .EQe 1) FYEMP(ISPEC,1)=(LMB(ISPEC)*YNPW(ISPEC,2) +
$ LMD(ISPEC) * Y1TBW(ISPEC,,2) +
€ LMD(ISPEC) * (Y2TBW(ISPEC.1) + Y2TBWw(ISPEC,2)))/DELT

NUMBFR OF SUBCOMPARTMENTS, COEFFICIENTS, AND BIOLOGICAL REMOVAL

COEFFICIENTS,
NCTEMP ( ISPEC)=
CTEMP(ISPEC 1)
LB(ISPEC,1)=LM

INITTIAL CONDITIONS,..
YTEMPO( ISPEC+1)=YS(ISPEC)
140 CONTINUE

TEST FOR EXHAUSTICNe o
DO €70 ISPEC=1,NSPEC
IF (PTEMP (I SPECs1) oGTe 160E~-20 +CRe YTEMPO(ISPEC,1)
«GTe 1eCE-20) GO TC S71
YS(ISPEC)=0.0
YEW( ISPEC)=C.0
570 CONTINUE
SST=+eTRUE .
GO TO 1S5S0
571 CONTINUE

CALL MULCOM

MOVE OUTPUTS FOR S..
00 150 ISPEC=1.NSPEC
YS(ISPEC)=YTEMFE(ISPEC,1)
YEW( ISPEC)I=YTEMPW(ISPEC,1)
150 CONTINUE

[aXalXs}

1
=1e0
GI(1)+LNMAB(ISPEC,1)

0o

Nne

an



aO.

AN 0O OO

oanN

ann 0N

[alala]

an No

an

an

113

SMALL INTESTINE (SI)
IF (SS€I) GO T7C 17¢C
DO 160 ISPEC=1.NSPEC

NUMBER OF SUBCOMPARTMENTS, COEFFICIENTS, ANC BICLOGICAL REMOV AL
COFFFICIENTS (ABSCRPTICN PLUS EMPTYING) ae

NCTEMP(ISPEC)=1

CTEMP( ISPEC +1)=1.0

LB(ISPEC,1)=LMAB(ISPEC,2)+LNMGI(2)

INFLOW RATE VECTOFese OCUTFLCW FROM STOMACH,
PTEMP(ISPEC +1)=LMGI(1)*YSW(ISPEC) /DELT

INTTIAL CONDITIONS,..
YTEMPO(ISPEC,1)=YSI(I SPEC)
160 CCNTINUE

TEST FOR EXHAUSTICN. .
DO S8C ISPEC=1sNSFEC
IF (PTEMP(ISPEC+1) +oGTae 1,0E—20 CRe YTEMFO(ISPEC,1)
t eGTs 1.06-20) GO TC 581
YSI(ISPEC)=C.0
YEIR(ISPEC)=0.0
580 CCNTINUE
SSI=.TRUE,
GO 70 170
S81 CONTINUE

CALL MULCOM

MOVE OUTPUTS FOR €le..

DO 17C ISPEC=14NSFEC
YESI(ISPEC)=YTEMF(ISPEC,1)
YEIN(ISPEC)=YTEMPW(ISPEC,1)

170 CONTINUE

UPPER LARGE INTESTINE (uULD)
IF (SULT) GO 70O 1S¢
N0 18C ISPEC=1,NSPEC

NUMBER OF SUBCOMPARTMENTS., COEFFICIENTS, AND BICLOGICAL REMOV AL
COEFF ICIENTS (ABSCRPTION PLUS EMPTYING) ee

NCTEMP( ISPEC)=1

CTEMP(ISPECs1)=140

LB(ISPEC+1)=LMAB(ISPEC,3)+LMGI(3)

INFLOW VECTORee CUTFLCW FRCM SMALL INTESTINE.
PTEMP( ISPEC s 1 )=LMGI(2)*YSIW(ISPEC)/CELT

INITIAL CONDITIONS,.
YTEMPO(ISPEC.1)=YULI(ISPEC)
180 CONTINUE

TEST FOR EXHAUSTICN. o
DO €90 ISPEC=1.NSPEC
IF (PTEMP(ISPECs1) «GTe 1.0F=20 .CRe YTEMPO(ISPEC,.1)
$ eGTe 140E-2C) GC TC 591
YUWI(ISPEC)=0.C
YW IW(ISPEC )=0.C
590 CONTINUE
SUL I=«TRUF .
GO TO0 190
S91 CAONTINUE

CALL NMULCOM

MAOVE ULT OUTPUTS.
DO 190 ISPEC=1NSPEC
YW I(ISPEC)=YTEMP(I SPEC,1)
YUL IWC ISPEC )=YTEMPW( I SPEC,1)
190 CONTINUE
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LOWFR LARGE INTESTINE (LLTI)

IF (SLLI) GO 1O Z10
DO 230 ISPEC=1.NSPEC

AN

[a]a]

NUMBER OF SUBCOMPARTMENTS, COEFFICIENTS, AND AIOLOGICAL REMOVAL
COEFF ICIENTS (ABSCRPTICN PLUS EMPTYING) o0

NCTEMP(ISPEC)=1

CTEMP{ISPEC,,1)=1,0

LB(ISPEC,1)=LMGI(4)+LMAB(ISPEC,A)

INFLOW VECTORee OUTFLOW FRCOM LUPPER LARGE INTESTINE.
PTEMP{ISPFEC 4 1)=LMGI(3)*YULIW(ISPEC) /DFLT

(alalENals!

INTYIAL CONDITIONSe..
YTEMPO(ISPEC,1)=YLLI(ISPEC)
200 CONTINUE

0an

TESYT FNR EXHAUSTICN. .
| DO €0C ISPEC=1.NSFEC
| IF (PTEMP(ISPEC+1) «GVTe 1.0E-20 +CR. YTEMPO(ISPEC,1)
eGTe 1.CE-20) GC TG 601
YLLI(ISPEC)=0.C
YLL IW(ISPEC )=0.0
600 CONTYINUE
SLL I= . TRUE .
GO 10 210
601 CONTINUE

CALL MULCOM

an

MOVE OUTPUTS FOR LLIe.
DO 210 ISPEC=1,NSFEC
YLLI(ISPEC)=YTENMP(ISPEC,1)
YLL IW( ISPEC )=YTEMPW( [ SPEC,1)
210 CONTINUE

TEST FOR EXMAUSTICN CF ALL GI COMPARTMEARTS..
IF (SST <ANDe SSI oAND. SULT <ANDe SLLI) SGI=.TRUE.
‘ 220 CONTINUE

C
C

Comm o — — ——e— e ——————————————

‘ C END OF Gele TRACT CALCULATICN.

. C TRANSFER COMPARTMENT(BLUD)

Com—— - e — _—

IF (SBLUD) GO YO 210
D0 200 ISPEC=1,NSPFC

NUMBER OF SUBCOMPARTMENTS, COEFFICIENTS, AND

BIOLOGICAL REMOVAL RATFS—--—--INCLUDES REMOVAL DUE TO UPTAKE FROM
ALNCDO BY SOURCE ORGANS AS WELL AS REMOVAL OUE TC EXCRETION.

BOTF RFMOVAL PROCESSFS ARE ASSUMED TO HMAVE SAME REMOVAL CONSTANT:
LRALUD=LBLUD®(SUM CF F2PRIMES)+LBLUD*(1-SUM CF F2PRIMES)

ANAANOND

| NCTEMP(ISPEC)=1
CYEMP( ISPEC,1)=1.0
LB(ISPEC,1)=LRLLD(ISPEC)

INFLOW VECTOR. EITHER FROM Ge. I. FEEDS(S,
(NP ,TB,PsL) AND G1 TRACT FEEDS AND RECYCLI

PTEMP({ISPEC o1 )=(LMAB(ISPEC,1)#4YSW(TS

st +LLI) OR LUNG
NG
PE
+LHAB(ISPEC-Z)tYSlI(ISPEé)
C
€C
«

M BONE AND SYSTEMIC ORGANS.

[aXaXela]
£ v

+LMAR(ISPEC ,3)&YULIW(ISF
+LMAB(ISPEC »4) *YLLIW(ISF
IF (MODE +EQGe 1) PTENMP(ISPEC.1)=PTEMNP
+(LMA(ISPEC) *YNPR(ISPEC 41)
+LMC(ISPFC) *Y1 TBW(ISPEC 1)
+LME(ISPEC) *YPW(ISPEC,.1)
+LMTI(ISPEC) *YLW(TISPEC,1))/DELT
e 0e0) GO TC 250
ISPEC) «€EQe 1) PYEMF(ISPEC,1)=PTFMP(ISPEC,»1) ¢
TSPEC s 1) XLAMDAYSYYELMW(ISFEC) +
1
1

LY X X I X X J

SPEC o 2) *LAMDAR*YREDOMY (ISFEC) ) /DELT
INITAL=1
- IF (ISURF{ISPEC) +EQe 1) INITAL=3
00 250 IORG=INITAL,NSCU
NC=NCOMP{ ISPEC,I0RG)
DO 240 IC=1,NC
PTEMP (I SPEC+1)=PTEMP(ISPEC,1) + F2RCYC(ISPEC, IORG)*
t YORGW(ISPEC,IC, IORG) *LMADAB (I SPFC, IC, IORG)/DELT
240 CONT INUF
250 CONTINUE
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C INITIAL CONDITIONS,
YTEMPO(ISPEC+1)=YBLUD(T SPEC)
300 CONTINUE

a0

TEST FNR EXHAUSTICN. o
D3 610 ISPEC=1,NEFFEC
IF (PTEMP(ISPFC+s1) «GTe 1s0E-20 +OR, YTEMPO(ISPEC,1)
] «GTe 140E-20) GO TC 611
YBLUD( ISPEC )=0.C
YL UDW( ISPEC)=0.0
610 CONTINUE
SBLUD= «TRUE «
G0 YO 310
611 CONTINUE

CALL MWL COM

(a¥a]

MOVE OUTPUTS FROM BLGCCD.
DO 210 ISPEC=1.NSPEC
YBLUD( ISPEC )=YTEMP(I SPEC,1
YEBL UDW( ISPEC)=YTEMPW( I SPEC
310 CONTINUE

C END OF TRANSFER CCMPAFRTMENT

Cmm e e e e e -———— ——————————

IF (NCBONE) GC TO 4SO
IFRAC=1.0
JFRAC=1.0

CORTICAL BONE SURFACE

———— —— -

DO 40C ISPEC=1,NSPEC

NUMBER OF SUBCCMPARTMENTS, COEFFICIFNTS, AND BIOLOGICAL REMOV AL
COEFF ICIENTS.

NCTEMP(ISPEC)=1

CTEMP{ISPEC.1)=1.0

LB(ISPEC, 1)=VLAVAC

IF (ISURF(ISPEC) .EQ. 1) LB(ISPEC,1)=LAMCAA + LAMDAB

IF (ISURF(ISPEC) «FQes 1 oANDe ADULT +EQe. 1.0) LB(ISPEC, 1)=

$ O« S®L AMDAA + LAMDAR

(alala BN aTala)

C
C INFLOW VECTOR.. INPUT FROM BLCOD AND LCCAL REDEPOSITION FROM MARROW.
PTEMP(ISPEC »1)=F2PRIM(I SPEC,1) *LBLUC(ISPEC) %
< YBLUDW( ISPEC) /OELT
IF (ISURF(ISPEC) +EQe 1) PTEMP(ISPEC.1)=F2PRIM(ISPEC,1)x
] LBLUDCISPEC)»YBLUDW(I SPEC)/DELT +
$ (1.0-IFRAC)SLAMDAYSYYELMW(ISPEC)/CELY

anN

INITIAL CCNDITIONS..
YTEMPO(ISPEC.1)=YCSUR(I SPEC)
400 CONTINUE

CALL MuLCOM

(aYa]

MOVF OUTPUT FROM CORTICAL SURFACES..
DD 404 ISPEC=1.NSPEC
YCSUR( ISPEC )=YTEMP (I SPEC,1)
YCSURW( ISPEC)=YTEMPW( ISPEC,1)
404 CONTINUE

TRABECULAR BONE SULRFACE

DO 405 ISPEC=1,NSPEC

[aXalal

NUMBER OF SUBCOMPARTMENTS, COEFFICIENTS, AND BICLOGICAL REMOVAL
COEFFICIENTS,

NCTEMP( ISPEC)=1

CYE"p(ISPEC'l)=l-°

LBC(ISPEC, 1)=VLAWVAC

IF CISURF(ISPEC) oEQ. 1) LB(ISPEC,1)=LAMCAC + LAMDAD

IF (ISURFUTISPEC) «FQe 1| o+ANDe ADULT +EQe 1.0) LB(ISPECy 1)=

E § O¢ ZXLAMDAC + LAMDAD

(alala!
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N3 440 ISPEC=1.NSFEC

NUMBER OF SURCOMPARTMENTS, INTAKE RATFS, CCEFFICIENTS, REMOVAL RATES,
AND INITIAL CONDITICNS,e

(aXalala}

NCTEMP( ISPEC)=NCOMP( 1 SPEC.2)
NC=NCTEMP(I SPEC)
DO 435 IC=1,.NC
CTEMP( ISPEC, IC)=C(ISPEC.IC,2)
LB(ISPEC, IC)=ULMBOAB(ISPEC.IC,2)
IF (ISURF(ISPEC) «EQs 1) LEB(ISPEC ,IC)=FLAMDA
PTEMP(ISPEC+IC)=YTSURW(ISPEC) *VLANAC/DELY
‘ IF (ISURF (ISPEC) +ECe 1) PTEMP(ISPEC,IC)=YTSURW(ISPEC)*
$ LAMDAC/DELY
IF ( ISURF (ISPEC) «EQe 1 «ANCa ADULT <EQe 1.0)
) ] PTEMP (I SPEC+IC)=YTSURW(ISPEC) %0 . S*LAMDAC/DELT
YTEMPO( ISFEC,IC)=YORG(ISPEC,1C,2)
435 CONTINUE
440 CONTINUE

C
‘ CALL MULCOM

C
| C MOVE OQUTPUTS FROM TRABECULAR BCNEF VOLUME, .
DO A4S0 ISPEC=1,NSFEC
NC=NCOMP(ISFPEC,2)
YTIVOLW(ISPEC)=0.0
DO 445 IC=1.NC
YORG(ISPEC.IC+2)=YTEMP(ISPEC,1C)
YORGW(TISPEC.IC+2)=YTEMPW({ISPEC,IC)
YTVOLW( ISPEC)=YTVOLW(TISPEC) 4+ YCRGW(ISPEC,IC,2)
44% CONT INUE
A4S0 CONTINUE

OMIT MARRQOW CALCULATICNS FOR VOLUME DEPCSITICN.
IF (SSURF) GO TO 4SO

TRABE (ULAR (RED) PONE MARRGCH
FOR DOSIMETRIC PURPOSES THIS wILL BE IDENTIFIED WITH RED MARROW.
HOWEVER s WE MAKE LSE OF THE FACT THAT THIS COMPARTMENT ALSO
CONTAINS A SIGNIF ICANT AMOUNY CF INACTIVE (YELLCwW) MARROW.

DO 460 ISPEC=1,NSPEC

NUMEER OF SUBCOMPARTMENTS..
NCTEMP (ISPEC)=1

SUBCOMPARTMENY FRACTICN..
CTEMP(ISPEC +s1)=1.0

BIOCLOGICAL REMOVAL RATF..
LB ISPEC.1)=LAMCAR

AN AN AN OO0 ANANAN NN

INFLOW VECTOR..
PTEMP( ISPEC +1)=Cs0
IF (ISURF(ISPEC) EQ. 1) PTEMP(ISPEC,1
$ YTSURN(ISPEC)+FLANMDAXYTVCLW(ISPEC)

INITIAL CONDITION..
YTEMPO( ISPEC+1)=YREDOM (I SPEC)
460 COCNTINUE

CALL MULCOM

) =(LAMDAD*
}»/7CELY

(aTa)

(ala)

MOVE OUTPLUTS FROM RED MARRCWe e
DO 470 ISPEC=1,NSPEC
YREDM( I SPEC)=YTEMP(ISPEC,1)
YREDMW( ISFEC)=YTEMPR(I SPEC,1)
465 CONTINVE
470 CONTINUE
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C CORTICAL (YELLnU) BCNF MARRCW
C
C TrIS 1S USUALLY IDENTIFIED WITH YELLOW MARROW,. HCWEVER, AT EARLY
C AGES THIS COMPARTWMENT CONTAINS A SICNIFICANT ANCUNT OF ACTIVE
C (REC) MARRGCW.
DO 480 ISPEC=1,NSFEC
C
C NCTEMP AND CTEMP ARE A3 FOR TRABECULAR MAFRRCW.
C

C BICLOGICAL REMOVAL RATE..
LB(ISPEC,1)=LAMCAY

C
C INFLOW VECTOR..

PTEMP{ISPEC 41)=C40
1F (ISURF(ISPEC) «EQe 1) PTEMP(ISPEC,1)=(LAMDABS®
$ YCSURW( ISPEC)+ELAMDAXYCVCLW(ISPEC))/DELT

C
C INITIAL CONDITICNee
YTEMPO(ISPEC,,1)=YYELM(] SPEC)
480 CCNTINUE

CALL NULCOM

C
C MOVE OQUTPUTS FROM CORTICAL FMARROWe.
DO 49C ISPEC=1,NSFEC
YYELM(ISPEC )=YTEMP( I SPEC.1)
YYFLMW(ISPEC)=YTEMPW(ISPEC,1)
430 CCNTINUE

Cm—m—m e e e - —— —— — - ———— e . 2 e e . e e

C END OF SKELETAL TISSUE CALCULATICNS,
C _

c —_—— - ——— ————— e ————— ———

C OTKEER ORGANS

C OTHER SYSTEMIC CRGANS SUCH AS LIVER, KICNEY, ETC., FOLLCWED BY
C *CTHER® IN WHICH THE REMAINING FRACTICN OF ACTIVITY IN THE BODY
C
C
C

IS UNTFORMLY DISTRIBUTED, AND A ‘CELAYED-EXCRETICN® CCMPARTMENT
IF APPROPRIATE,

Ksou=23

IF¥ (NOBONE) K<Ou=1

DO 250 I0RG=K SOU,NSOU
DO 230 ISPEC=1,NSPEC

NUMBER OF SUBCOMPARTMENTS, TINTAKE RATE, CCEFFICIENTS, REMOVAL RATES,
ANC INTTIAL CONDITICAS..

[aXaXaTe)

NCTEMP(TSPEC)=NCOMP(I SFEC,ICRG)
NC=NCOMP( ISPEC,I0RG)
D0 325 IC=1,NC
CTEMP( T SPEC+IC)=C(ISPEC,IC,IQRG)
LB ISPEC,IC)=LMBDAB(ISPEC,1C,ICKG)
PTEMP (T SPECSIC)=(LBLULD(ISPEC) *YELUNDW(ISPEC) %
k] F2PRINM(ISFEC.ICRG) )/DELT
YTEMPO( ISPEC+1C) =YORG(ISPFC,IC, ICRG)
J2<€ CONTINVUE
330 CONTYINUF
CALL MULCOM

C MOVF OQUTPUTS FRCM ORGAN T0RGee
NO 340 ISPEC=1.NSPEC

NC=NCOMP( ISPEC,I0RG)

DO 335 IC=1.NC
YORG(ISPECIC,INRG)=YTEMP(I SPEC ,IC)
YORGW( I SPEC+ICs ICRG)SYTEMPW(ISPEC,IC)

33% CONTINUE
340 CONTINUE

C
C END OF IORG LOOP..
350 CONTINUE
Cme —_——— -— —_—— -
C END NF GTHER ORGANS

Commrr e e e e —— - - — - o -

c
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C_ ———————————————————————————————————————————————————————————————————
C EXCRETION COMPARTNMENT
00 36C ISPEC=1,NSFEC
NCTEMP(ISPEC)=1
LB(ISPEC.1)=1.0E~06
CTEMP( ISPEC,1)=1.0
PTEMP(ISPEC »1)=LBLUD(ISPEC) *YELUDW( ISFEC )#*F2FXCR( ISPEC) /DELT
I (OTHEXC) PTEMP(ISPEC,1)=PTEMP(ISFEC,1) +
(LMBDAB(ISPEC 41 4NSOL) *YORGW(ISPEC 41 ¢NSCU) +
LMBDAB(ISFEC,2,NSOU)*YCRGW( ISPEC, 2,NSCU) +
LMBOAB( ISPEC+24NSOU)*YCRGW(TSPEC,2,NSOU) +
LMBDAB(ISFEC,4,NSOU)*YCRGW(ISPEC,4,NSOU) +
LMBDAB(ISPEC»sSoeNSOU)* YCRGW(ISPEC, S «NSOU)) /DELT
YTEMPO(ISPEC,,1)=YEXCP(ISPEC)
360 CONTINWE
CALL MULCOM
DO 270 ISPEC=1,NSFEC
YEXCR{ISPEC })=YTEMP (I SPEC,1)
YEXCRW(ISPEC)=YEXCRW( ISFEC)+YTENMPU( ISPEC ,1)
370 CONTINUE

C END OF EXCRETICN CCMPARTMENTY

Cam e o e ot cm et e o o - e e . A o i e . i ki . e o e o ———— . i e e e e i

®
L ¥ X X

RE TURN
END
C
Cmmmm — -— —————— e ——— —_———————— e
SUBROUTINE MULCCM
e e o o e e e e e e e e e e e e e e e e e e e e e e
C

C COMPUTES ACTIVITIES A(I,K) AND CUMULATEC ACTIVITIES AW(I.,K) OF THE I-TH
C RADIONUCL TOE SPECTES OF A CHATIN DUE TO THE K-TH TERM OF ITS FRACTIONAL
C RETENTION FUNCTION, AS DIRECTED BY SUBRCUTINE STEP,

C

REAL ToLMRILME(12+5)+C(12:5)5P(12:5)4R20(12,:5) 4A(12,5),AW(12,5)
DOUBLE PRECISION TAL1.TA2,TAW1 ,TAW2, TFERM
INTEGER NCOMP (12)
DOUBLF PRECISION E(950)H(12,5).:D(12,5),6
DOUBLE PRECISION LM(12,5),LX{(6C)
» NOUBLE PRECISION EXPFUNEXPF1 sEXLTEXILI,
$ TEMP,TEMP 1
CCMMON /MULDAT/ T,LMBsCoPsAOsAsAW,NCCHNF
CCMMON /RADAT/ TR(12)+BRANCH(12,12) ,L¥R(12)
CCMMON /NUMBR S/ N NSOUSNTRGNLET

THE FOLLOWING INTEGER-VALUED STATEMENT FUNCTION CCMPUTES THE INDEX
OF THE (l+JesM)~TH ENTRY IN THE ARRAY E,
INOXE( I9JaM)=J4(1-1)%(1-2)/2+(M=1) £NN2

(2l aYaYal

NN2=N*(N-1) /2
IF(T 4GTse 0.0) GC TO 30
D0 20 I=1.N
NCI=NCOMP (1)
DO 10 M=1.NCI
A(ToM)I=AO(T 4™)
AWN{( I M)=0,0

10 CONTINUE
20 CON T INUE
GO Y0 300

30 CONTINUE

C
C COMPUTE TOTAL LAMPDAS AND STORE IN LINEFAR ARRAY LX FOR SEPARATION.
KOUNT=0
DO SO0 I=1,N
NCI=NCOMP( 1)
DO 40 M=1,NCI
KOUNT=KOUMNT+1
LX(KOUNT)=LMR(I)+LMB(T ,M)
40 CCN T INUE
50 CONTINUE
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IF TwO LX(I) ARE MEARLY EQUALs SEPARATE TFEM,

SK TP SEPARATION RCUTIAE IF A=1.
IF(N .EQ. 1) €O TC 90

BEG INNING OF SEPARATICN ROUTINE, KCUNT=NC. ELENENTS IN LXe.
K OUNT 1=KOQUNT- 1
KODE IS A SWITCH FCOR WHICH THE VALUE 1 WEANS ANCTHER
PASES SHOULD BE MACE.
KODE=1
60 IF(KODE .NE. 1) GC YD 9¢
KODE=0
BEGIN PASS,
DO 80 K=1,KCUNT]
Ki1=K4+1
DQ 70 L=K1,KOUNT
IF LX(L) AND LX{(K) ARE NEARLY EQUAL, SEPARATE THEM,
IFI(DABRS(LX(L)/LX(K)-1+.0D0) «GEs 1.0D-6) GO TO 70
LX(L)=LXx(K)*1,00CC1D0
KODE=1
70 CONTINUF
80 CONTINUE
RETURN FOR (POSSIBLY) ANOTHER PASS BY MEAMNS OF EACKWARD~-PCINT ING
GO 10 STATEMENT,
GC 70 60
END OF SEPARATION ROUTINE,
90 CONTINUE

MOVE SFPARATED RATE CCEFFICIENTS FRCM LX 10 LM.
KOUNT=0
NO 110 I=1,N
NCI=NCOMP (1)
DO 100 M=1,NCI
KCUNT=KOQUANT+1
LM{TIsM)=L X(KCUNT)
100 CCONTY INUE
110 CONTINUE

BFGIN MAIN CALCULATICON. TI=1 IS HANDLED AS A SPECIAL CASE.
I=1
NCI=NCOMP(T)
DO 120 K=1,NC1

OD(TsK)I=DBLE(C({ I +K)EP( I,K))/LM(T,K)
H(I+K)=DBLE(AO(T,K))-C(1,K)
A(ToK)=SNGL(D(I +KI+H{ T K)*EXPFUN(-DELE(T )SLM(TI.K)))
ANC T 4K )=SNGL(D(1.K)*DBLE(T)+H(I ,K)*EXPF] (LM(I,.K),

€ DBLE(T)))
120 CONTINUE
IF(T +€EQe N) €GO TC 300
DO 230 I=2,N
11=1-1
NCI=NCOMP(T)
D0 150 K=1,NACI
TEMP=C,C0DC
DO 140 J=1,I1
TEMP 1=0.0D0
NC J=NCCWF;P(J)
DO 130 w=1,ACY
TEMP 1 =TEMP14+D( 4,¥)

130 CONTINUE
TEMP=TENP+CBLE(BRANCH(I ,J)) *TEMF]
140 CONTINUE

DUI+K)I=DBLE(C(I+sK))I/AM(TI+K) #*(DBLE (LMR(T))STEMP+P(T,K) )
TEMP=C.0DC
150 CONT INUE
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DO 190 J=1,11
NCJ=NCOMP (J)
DO 180 M=1,NCJ
" TJM=IND XE (1 +JsM)
E(IJM)I=C.0DC
IF(J .GT. 1-2) GO TC 180
J1=J+1
DO 170 IR=J1,.11
TEMP1=C.0D0
NC IR=NCOMP(IR)
- DO 16C MU=1,NCIR
IRJW=TNDXE(TRsJo¥)
TEMFI=TEMP1+DBLE (C{TR MUY L MR(TR) )/ (LM( IR MU =L M(JsM)})

*(E(IRJIM)+DBLE(BRANCH(IR, J))2H(J,yN))
160 CONTINUE
) E(TIMI=E(TIM) +DBLE(BRANCH(T,IR))*TENMP1
| 170 CONTINUE
a 180 CCNTINUE
190 CONTINUE
c
C COMPUTE H(IsK)y K=1seeeos NCCHP(]).
DO 220 K=1sMCI
TEMP=0,0D0C
00 210 J=1,11
NC J=NCOWFP(J)
00 200 WM=1,NCJ
TJM=INDXE(T1sJ,M)
TEMP=TEMP4DOBLE(LMR(I) ) /(LM(I,K)~-LN(J,M))
$ *(E(IUM)FDBLE(BRANCH(TI,J))%FK(J.M))
200 CONTINUF
210 CONTINUE

H{T+sK)=DBLE(AC(I+K))I-D(I+K)-DBLE(C(I+K))I®TENP
220 CONT INUE
230 CONTINUE
C END OF CALCULATION OF D(IeK)y H{TosK)e E(I gJeM).

C
C BEGIN COMPUTATION OF A(I.K)e AR(I.K)
DO 270 I=2.N
» I11=1-1
NCI=NCOMP(T)
DO 260 K=1,AC1
EXLI=EXPFIN(-LM(I, K)*DBLE(
EXILI=EXPFLILM(TI +K) OBLE(T
TYA1=0.000
TA2=0.,0D0
» TAW1=0,0DC
TAW2=0,0DC

)
))

DO 250 J=1,11
NCJ=NCONMP(J)
DO 240 WM=1,NCJ
TIM=TRNOXE(ToJoM)
G=DBLE(C( I,K))+DBLE(LMR(I) ) /Z/(LM(T +K)-LM(J,M))
$ S(E(IJM)+DBLE(BRANCH(T,J) )*F(J.M))
TERM=C*(EXPFUN(-LNM(JM)NBLE(T))I-EXLI)

IF( TERM ,GEe 0.0D0C) TALI=TAL+TERM
IF(TERM o+LTe 0,0D0) TA2=TA2+TERM
TERM=CH#(EXPF1(LNM(JeM) +DELE(T) )-EXILI)
IF(TERM ,GE. 0.0D0) TAWI=TAW] +TERM
IF(TERM oL Te 0.000) TAW2=TAW2 +TERM
240 CONTINUE
250 CONTINUE
TERM=LM(I oK) #D(I K)SEXILI+DBLE(AO (I,K) ) *EXLI
IF(TERM L,CGEe Co0D0) TAI=TALI+TERM
IF(TERM oLTe 0s0D0) TAZ=TA2+TERM
A(TsK)=SNGL(TA1+TA2)
IF(ABS(A( I4K)) oLEs 1.E-1S54SENGL(TA1-TA2)) A(1,K)=0.0
TERM=D( 1 K )*(DBLE(T)-EXILI)+DBLE( A0(T,K))*EXILI
TF(TERM o+CEe CaODO) TAWI=TAWLI+TERWN
IF(TERM LT. Ca0DO) TAW=TAW2+TERWM
AN(T 4 K)I=SAGL(TAWI+TAWZ)
IF(ABS(AW(IsK)) oLEe 1.E-1S5&SNGLITAWI-TAW2)) AW(I+K)=0.0
260 CONT INUE
270 CCONTINUE
300 RETURN
END




C COMPUTFS EXP(T).
C

DOUBLE PRECISION T
3 EXPFUN=0.0D0
TF(TeLTo-180.C00) GO TO 10
EXPFUN=DEXP (T )
10 RETURN
END

C

C
DOUBLFE PRECISTICN FUNCTICN EXPF1(LWV,T)

C———_-——-_——.— ————————————————— —— v e

C

C

C

COMPUTES (140 — EXP(—-LM % T)) /LM.

NDOUALE PRECTSION LM, T,L¥T,EXPFUN
LMT=LM%T
; TIF(LMT.LT+0.0200) GO TO 10
| GO 10 20
10 EXPFI=T#{(((((LMT/7.,0D0~1.0D0)*LMT/6, 0DO0+1 +0D0 )
t SLMT/S5.0D0-1.00C)#LMT/4.0D0+1.000)*LN¥T/3,0D0-1.000)
$ *LMT/2.0D00+1.00C)
GO 10 30
20 EXPF1I=(1.0D0-EXPFUN(=LNT)) /LM
30 RETWRN
END

C

c_-—_—_—_—— —— ———— v — ——

SUBROUTINE DO SAGE(T,INDEX)

[ T _ -

C

C COMPUTE DOSE RATE MATRIX FROM ACTIVITIES CALCULATED 8Y SUBROUTINE STEP
C FOR TIME T,
C

LOGICAL OTHEXC,NOBONE

REAL LMBDA,SFoACTIV(12,16) 4LBLUD,ATCT(12)

DOUBLE PRECTISION NAMNUC sNANMSQOU. NAMTRG sNAMT OT s NAMEX 1 o NAMEX 2,
€ NAMMOD( 3) s NAMSURNAMMAR

INTEGER T0,SOL

LOGICAL SNP,STB1+STB2+SPeSLsSLUNG¢SST oSST»SULT 4SLLT .
$ SGI»SBLUD,S<SURF

CCMMON /SWTCHS/ SAP¢STB14SFoSLySTB2(2) ¢SLUNC,SST+SS 1T,
$ SULTWSLLI«SGI,SBLUD, SSURF

CCMMON /NUMBR S/ NSPEC,NSOU NTRG NLET

CCMMON /NAMES/ NANNUC(12) AAMSOU(10), NAMTRG(24)

CCMMON /ORGDATY/ NCOMP(12510)4sCA(12+5s10+7) oLMBDA(12:51067)s

$ F2PRA(12,10:7)4TBA(12,5+1047) F2EXCR(12) .F2RCYC(12,10)

CCMMON /LEVEL S/ YNP(12,42) 4Y1TB(12+2),Y2TB(1242),YP(12,4),YL(12,2).
$ YS(12),YSI(12)eYULI(12),YLLI(12),YBLUD(12),

¥ YCSUR(12),YTSUR(12).YREDM(12) ,YYELM(12),YORG(12,5+10),YEXCR(12)
CCMMON /CUMACT/ YNPW(12:2)sY1TBR(12:2),Y2TBW(12,2).YPW(12.4),

S YLW(12:2)4YSW(12)»YSIW(12),YULIW(12),YLLIW(12),

$ YALUDW(12)e, YCSURW(12).YTSURW(12),YREDMW(12),

T YYELMW(12): YORGR(124541C)eYEXCRW(12)

CCMMON /ACTVTY/ ACT(12+150520) ,AWIGL(12+16) ,AW(12,20)

COMMON /DOSES/ DOSRAT(24+15C+24) ,DOSTIM(150) oDOSE(2,24)

CCMMON /SFACT/ S(7+2e120164+24),NSAGES +SFSURF (702412622}

CCMMON /CASE/ KASE

CCMMON /TYME/ TO,TEND

CCMMON /INTRP/ TRFLAT,IP

COMMON /SOLUB/ MCCE,SOL(12)

CCMMON /SURVOL/ TSURF(12)

COMMON /BLOOD/ LBLUD(12),TBLUD(12)

COMMON /EXCTRM/ NESSEE .0 THE XC

COMMON /BONSw 1/ NCBONE

DATA NAMMOD /8K INHALA,B8H INGFS 8 H INJEC /

DATA NAMTOT/8HTOT BOOY/+ NAMEX1 /S8HEXCFRET 7+ NAMEX2/BHBOOY+EXC/
DATA NAMSUR/BFEPONE SUR/, NAMMAR/SHRED NAR /
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C COMPUTE MATRIX OF DOSE RATFS TC ALL TAQGET ORGANS AT TIME T.
NO 130 ILET=1,NLEY
DO 120 ITRG=1.NTRG
4 DOSRAT(ILET.INDEX, ITRG)=0.1
DO 110 ISFEC=1,NSPEC
DO 100 IS0U=1.NSSEE
SF=S{ IP1, ILET,ISPEC,ISCUsTTRG) + TRPLAT

| (S(IP ILETJISPEC,ISCULITRG)-S(IP1,ILET,ISPEC, ISOU, ITRG))
DOSRAT(ILET,INDEX, ITRG)=DOSRAT(ILET,INDEX,ITRG) +
L 4 SF # ACTIV(ISPEC.,ISCU)
a 100 CONTINUE
IF (OTHEXC) DOSRAT(ILET,INDEX+TTRG)=DCSRAT(ILET,INDEX, ITRG)
1 + SF * ACTYIV(ISPECNS)
C
C FOR RED MARROW AND BONE SURFACE DOSE RATES, INCLUDE CONTRIBUT [CN FROM
C SURFACE-DEPOSITED ACTIVITY.
IF (NOBCNF) GO TC 110
IF (NAMTRG{ITRG) .NE. NAMSUR) GC TO 105
SFCEND=SFSURF(IP] (ILET,ISPFC,1,1) + TRPLAT =
3 ( SFSURF(IPLILET,ISPECe1 41 )-SFSURF(IP1,ILET, ISPECs1s1))
SFTEND=SFSURF (IP1 sILET,ISPEC,2+s1) + TRPLAT *
] (SFSURF(IP 4 ILET,ISPECs241 )-SFSURF(IP1,ILET,ISPECs+2,1))
DOSRAT(ILETL,INDEX, ITRG)=D0SRATIILETLINDEX,ITRG) +
b SFCENDSYCSUR(ISPEC) + SFTERNNXYTSUR(ISPEC)
10S IF (NAMTIRG(ITRG) oNEe. NAMMAR) GC 7O 110
SFCRM=SFSLRF(IP1.ILET,ISPEC,1,+2) + TRPLAT *
b (SFSURF(IPLILETLISPEC,1,42)-SFSURF(IP1,ILET,.ISPEC,1,2))
SFTRM=SFSLURF(IP1,ILET,ISPEC,:2+2) ¢+ TRPLAT *
1 (SFSURF(IPILET,ISPEC+242)-SFSURF(IP1,ILET,ISPEC,2,2))
DOSRAT(ILET,INDEX, ITRG)=DOSRAT(ILET,INDEX,ITRG) +
SFCRMEYCSUR(ISPEC) & SFTRNIYTSUR(ISPEC)
110 CONTINUF
120 CCNTINUE
130 CONTINUE
C
C STORF ACTIVITIES IN ARRAY ACT FOR OUTPUT.

DO 150 ISPEC=1.NSFEC
ACT(ISPEC +INDEX1)=ACTIV(ISPEC,1)
ACT( ISPEC,INDEX,2)=YS(I SPEC)
ACT(ISPEC s INDEX43)=YSI(ISPEC)
ACT( ISPEC s INDEX,4)=YULI ( ISPEC)
ACT( ISPECINDEX+S)=YLLI (ISPEC)
ACT( ISPEC INDEX ,6)=YBLUD (I SPEC)

IF (NOBONE) GO TO 145

ACT( ISPEC+INDEX,7)=YCEU

R(ISPEC)
ACT(ISPEC,,INDEX,E)=YTSUR

(

(

SPEC)

PECes1 1)+ YORG(ISPEC,2,1)

PEC+4 41 )+ YCRGUISPECSe1)

SPEC+1+2) 4YCRG(ISPEC+2,2)

I

1
ACT(ISPEC,INDEX +S)=YPRG(IS
S
1
ISPEC+8,2) +YORG(ISPEC+542)
(
(
A
I
1
1

(
(
I
$ +YORG(ISPECs241)+YORG (I
ACT(ISPEC, INDEX410)=YCRG(

+YORG( ISPECe24+2)+YCRG(
ACT(ISPEC, INDEXe11)=YREDM
v
(
(
(

1 SPEC)

1 SPEC)

CT(ISPEC, TNDEX »1) +ACT(ISPEC,INDEX,2)
SPFC+ INDE X ,4) ¢ ACT (ISPEC, INDEX,S)
SPEC.INDE X,7)+ ACT(ISPEC, INDEX+8)
SPEC.INDEX+10) 4ACT(ISPECL,INDEX,11)

ACT(ISPEC s INDEX o 12)=YYEL
ACT( ISPEC o INDEXsNSOU+11)
+ACT( ISPEC +INDEXs3)+ACT
+ACT(ISPEC +INDEX46)+ACT
4ACT( ISPEC +INDEX,9)+ACT
+ACT( ISPEC + INDFX,12)
DO 140 [S=3,NSCU
ACT(ISPEC s INDEXsIS+10)=YORG(ISPEC +1+1S)+YORG(ISPEC,2+1IS)
+YORG( I SPEC ¢34 IS) +YCRG(ISFEC 4+ IS)+YCRG(ISPEC,5415)
ACTC ISPEC o INDEX+NSOU+11)=ACT(ISPEC,INDEX,NSCU+11) +
s ACT(ISPEC,INDEX,15410)
140 CONTINUE
ATOT(ISPEC)=ACT(ISPEC 4IADEX NSOU+11 )+YEXCR(ISPEC)
GO T0O 150
185 ACT(ISPFC, INDEX,NEOU+7) =ACT(ISPEC,INDEX 1) +ACT(ISPEC,INDEX,2)+
$ ACT(ISPEC.INDFX,3)4ACT(ISPEC, INDEX,A)+ACT(ISPEC,INDEX,5)+
$ ACT(ISPEC,INDEX,.€)
DO 146 1S0U=1 .NSOL
ACT(ISPEC s INDEX . ISOU+E)=YORG(ISPEC, 1, ISOCU)+YORG(ISPEC+2, ISOU) +

L X R )

s YORG( ISPEC+ 7, I1SOU) + YORG(I SPEC ¢4 o 1SOU) + YGRG(ISPEC,S+ ISOU)
‘ ACT( ISPEC + INDEX yNSOU+ 7) =ACT(TSPFC oI ADEX , NSOU+7)
‘ s ACT( ISPEC « INDEX,ISCU+€)

146 CCNTINUE
ATNT(ISPEC)I=ACT(I SPEC+ INDEX,NSOU+7) +YEXCR( ISPEC)
150 CONTINUE
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DNSTIM(INDEX) =¥

NS=NSOU+6

IF (NOBONE) NS=NSCU+S

NSOUL=NSQU+ 1 »
NSOU2=NSOU+2

NSOU3I=NSOU+ 3

NES1=NS+1

NS2=NS+2

NESI=NE+3

NAMSOU(NSOU1 )=NANMTOTY

NAMSOU(NSOU2) =NANE X1 N
NAMSEQU(NSOU3) =NANEX2

IPI=1IP~1

STORE ACTIVITIES IN ARRAY ACTIV

[aTaYaYal

INTYIALIZE ARRAY
DO 20 [ISPEC=1 4NSPFC
DO 10 ISOU=1.NS
ACTIV(ISPEC,ISCU)=0.0
10 CON T INUE
20 CONTINUE

N0 90 ISPFC=1,NSPEC

an

RESPIRATORY TRACTY
ACTIV(ISPEC »1)=YNP(I SPEC,1) + YNP(ISPFC,2) +
] YITB(ISPEC.1) ¢+ Y1 78(ISPEC,2) +
s Y2TB(ISPEC.1) + Y2TB(ISPEC,2) +
$ YO(ISPEC,s 1) + YP(ISPEC,2) ¢+ YP(ISPEC.3) + YP(ISPEC,4) +
% YL(ISPEC,1) + YL(ISPEC,2)

an

GI TRACY
ACTIVUISPEC 42)=YS(1

SPEC)
ACTIVIISPEC »3)=YSI(T<P
(1¢s
(1s

EC)
PEC)
PEC)

IF (NOBONE) GO 10 60 ¢

ACTIVIISPEC 44)=YULI
ACTIV( ISPFC 4S)=YLLI

RED MARROW
ACTIV(ISPEC +€)=YREDM( ISPEC)

CORTICAL AND TRABECULAR BONE,
ACTIV(ISPEC +7)=YYELM(ISPEC)
NC=NCOMP(ISFEC,1) ]
NO S0 IC=1+NC
ACTIVUISPEC,7)=ACTIV(ISPEC,+7) ¢+ YCRG(ISPEC,IC,y1)
S0 CCN TINUE
ACTIV(ISPEC +8)=0.0
NC=NCOMP( ISFEC,2)
DO €0 IC=1,NAC
ACTIVUISPEC:8)=ACTIV(ISPEC,8B) + YCRG(ISPEC,IC,2)
60 CONT INVUE

[alaliNaValiNe]

[aTa}

OTHER SOURCE ORGANS
ACTIV({ISPEC oNS1)=ACTIV +ACTIV(ISPEC,2)+ACTIV(ISPEC.3)+

$ ACTIV(ISPEC,4)+ACTIYV

(t ACTIV(ISPEC«NS1)+ACTIV(ISPEC,6)+

Iv

YCSUR(ISPEC)+YTSUR(ISPEC)

IF («NOT.NOBONE) ACTIV
$ ACTIV(ISPEC.7)+ACY
KS=§
IF (NOBONE) KS=¢€
JS=¢€
IF (NOBONE) JS=¢
DO B0 ISOU=KS,NS
NC=NCOMP( ISPEC,ISOU-JS)
NN 70 IC=1,NC
ACTIV(TSPECSISOU)=ACTIV(ISPEC,I SCU) + YCRG(ISPEC,1C, ISOU-JS)
70 CONTINVUE
IF (ISOU .FQs NS) ACTIV(ISPFC,ISOL)=ACTIV(ISPEC,ISOU) +
s YBLUD( I SPEC)
ACTIV(ISPEC yNS1)=ACTIV(ISPECINS1)+ACTIV(ISPEC,ISOU)
80 CONTYINUE
G0 CCNTINUE

*H
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C
C OUTPUTY ACTIVITIES IN EACH SCURCE ORGAN TO AUXILLARY OQUTPUT UNIT
IF (T «EQe OoaC) WRITE(1€+,2001)INAMNUC( 1) 4KASF, NAMNOD(MODE),TO
s IF (NOBONE) GC TC 17S
WRITE(1642000) THo,(NAMSOL(TISOU) ,ISOU=L 43)
DO 16C [SPEC=1,NSFEC
WRITF( 16+ 2010) NAMNUC(I SPEC) , (ACT(I SPEC, INDEX,ISOU), ISOU=1,13)
160 CONTINUE
WRITE(1642020) (NAMSOU(ISCL) oI SPU=4 NSCU3)
NS11=NSOU+11
P} DO 170 TISPFC=1,NSPFC
WRITE( 16, 20 10)NAMNUC(ISPEC) s (ACT(ISPECIINDEXISOU )+ ISOU=14,NS11))
] » YEXCR( ISFEC) +ATOT(ISPEC)
170 CONTINUE
GO 10 177
17 WRITE(1642030) T,Ho(NAMSOU(ISOU) ,ISOU=1 NSOU2)
NSOU7=NSQU+ 7
D0 17€ TISPEFC=1,NSFEC
WRITE(16,2010) NAMNUC(ISPEC) ,(ACT(I SPEC, INDEX,ISOU),
] ISOU=1,NSOL7) s YEXCR(I SPEC) JATOT(ISPEC)
176 CONTINUE
177 IF (SLUNG) GO TO 180
WRITE (16,208(C)
DO 18C ISPEC=1,NSPEC
WRITE(1€,2060) NAMNUC(T SPEC) YNP(ISPECs1 ) YNP(ISPECs2),

s Y1TBUISPEC 1) o YITB(ISPEC+2)»YP(ISPEC,1),
$ YP(ISPEC+Z)s YP(ISPECs2)s YP(ISPEC,4),YL(ISPEC,1),
] YL(ISPECs2)s Y2TB(ISPFECs1), Y2TB(ISPEC,2)

180 CONTINUE

C
2001 FORMAT(®1°,AR:2Xe *CASE*,12,"* ( *sAB,+°* ), REGINNING ¢,
*AGE =%,14/7"* *,130("*-*))
2000 FORMAT(*O00ORGAN ACTIVITIES (MICROCURIES) AT *,1PE10.3+s°* DAYS:'/
Q0 NUCL IDE*,
T18, LUNGS® 4T23,4°*'ST CCNT®*,T732,°ST CCNT*,T41,°'ULTI CONT*, TS0,
"LLTI CONT'*,T%9, 'BLOOD C SURF T SURF *+2(A8,1X),
'RED MAR YEL MAR ' 9AB8)
» 2010 FORMAT(* " 3AB8,1P13EG,2)
2020 FORMAT(°0°',T14,13(A8,1X))
2030 FORMAT(*O0ORGAN ACTIVITIES (MICRCCURIES) AT *,1PF10.3,* DAYS:t'/
E 0 NUCLIDE®*sT1484s °LUNGS*¢T23,°*ST CCAT®*,T32,°ST CCNT*,Tal,
$ *ULT CONT*,TE0,°LLT CCNT*,T59, *BLOCD *s7(AB,1X))
2080 FORMAT('OLUNG PATHWAYS:¢®/Q NUCLIDE *oT14,°A*,T23,'B',T32,°C*,
$ TR1 o "D s TS0 E* TS *F 3 TE84°G*sT77 2*H' s T86+*1°,7T95,°J°,T 104,
: 'K, T113,°L ")

’ 2090 FORMAT(* * sAB84,1P13E9.2)
RETURN
END
C
C-——.—_. - —— - - ——— e o  — . — —— o —— T — i~ ————
SUBROUTINE DO SCCM(T)

Cmmmm e e - e e

C
C COMPUTE DOSE COMMITMEAT TO ALL TARGET ORGANS AT TIME Teo.
C

LOGICAL OTHE XCoNOECNE

REAL LMBDA,SF,.LBLUD

DOUBLE PRECISION NAMNUC NA¥SOU.AAMTRG +NAMSUR, NAMMAR , NAMMOD( 3),
€ NAMEXC 4 NAMTCTY

INTEGER YO0, SOL

CCMMON /NUMBR S/ NSPEC.NSOUNTRGWNLET

CCMMON /NAMES/ NAWMNUC(12) s NAMSOU(10), NAMTRG(24)

CCMMON /ORGDAT/ NCOMP(12+10)sCA(12+5210,7) +LMBOA(12,+5510,7),

$ F2PRA(12,10+7) 4TBA(12:5+1047)F2EXCR(12) +F2RCYC(12,10)
CCMMON /CUMACT/ YRPHM(1242)oY1TRR(12+2),Y2TBW(12,2),YPW(12,4),
S YLW(1262)oYSW(12),YSTW(12),YULIW(12),YLLIW(12),

$ YBLUDW(12),YCSURW(12),YTSURW(12) ,YREDOMW(12),

S YYELMW(12), YORGU(12:54+10)y YEXCRW(12)

CCMMON ZACTVTY/ ACT(12+150+20),AWIGL(12,16) ,AW(12,20)

COMMON /DOSES/ DCSRAT(24150,24) ,DOSTIN(150) .NOSE(2,24)

CCMMAON /SFACT/ S(792012¢16+248) +NSAGES ¢ySFSURF(72+12,2,2)

CCMMON /CASE/ KASE
CCMMON /TYME/ TO.TEND
COMMON Z/INTRP/ TRPLAT,.IP
CCMMON /SOLUB/ MODE,SOL(12)

v . CCMMON /SURVOL/ ISURF(12)
CCMMON /8L00D/ LBLUD(12),.TBLUD(12)
CCMMON 7/EXCTRW/ NSSEE,OTHEXC
CCMMON /BONS® T/ NCBONE
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NDATA NAMMOD 78HINHAL . +BHINGE S, +BHINJEC. 7/
DATA NAMSUR/BFBONE SUR/e+ NAMMAR/AHRED NAR /
OATA NAMTOT/8+TOTAL /

DATA NAMEXC /B8HEXCRET, /

NSOQU2=NSQU+?2

NAMSOUL(NSOU+1 )=NANMTOT

NAMSOU(NSOU2) =NANE XC

NS=NSQU+6

IF (NOBONE) NE=NSCU+S

IP1=1IP-1

STORE ACTIVITIES IN ARRAY AwWIGL..

COMPUTE ACTIVITIES..
DO 90 ISPEC=1.NSPEC

RESPIRATORY TRACTY

AWIGL{ ISPEC +1)=YNPW( I SPFC.1) + YNFW(ISPEC,.,2) +
€ YITBW(ISPEC,1) + YITBR(ISPEC,2) +
] Y2TBW(ISPEC,1) + Y2TBW(ISPEC,2) +
< YPW( ISPEC,1) + YPW(ISPEC,2) + YFW(ISPEC,3) +
€ YPW(ISPEC+4) & YLW(ISPEC,1) ¢ YLW(ISPEC,2)
Gl TRACY

AWIGL(ISPEC 42)=YSW(ISPEC)

AWIGL ISPEC 43)=YSIW(I SPEC)
ARICL(ISPEC »4)=YULIW(ISPEC)
AWIGL ISPFC oE)=YLLIW(ISPEC)

IF (NOBONE) GO TC 60

RED MARROW.
ANIGL(ISPEC «6)=YREDMW (I SFEC)

CORTICAL AND TRABECULAR BONE.
AWIGL{ ISPEC ¢ 7)=YYELMW(I SPEC)
NC=NCOMP{ ISFEC,1)
DO €0 IC=1+NC
AWIGL(TSPEC,7)=AWIGL(ISPEC,7) + YCRGW(ISPEC,I1C,s1)
S0 CONTINUE
AWIGL(ISPEC ,8)=C.0
NC=NCOMP( I SPEC,2)
DO €0 IC=14NC
AWIGL(ISPFC+B)=AWIGL(ISPEC+8) + YCRGW(ISPEC,I1C,2)
60 CONT INUE

OTFHER SOURCE ORGANS
K€=9
IF (NOBONE) KS=¢€
JS=¢€
IF (NOBONE) Js=¢
DO 80 ISOU=KS.NS
AwIGL(ISPEC,150U)=0.0
IF (ISOU +.EQe NS) AWIGL(ISPEC,ISCL)=YBLUDW(ISPEC)
NC=NCOMP( ISPEC,ISOU-JE)
DO 70 IC=1.NC
AWIGL( T SPEC,ISOU) =AWIGL(TI SPEC,ISCU)+YCRGW(ISPEC, IC, ISOU-JS)
70 CONTINUE
80 CONTINUE
90 CONTINUE

COMPUTE MATRIX OF DOSE COMMITNMENTS TO ALL TARGET ORGANS AT TIME T.
DO 130 ILET=1,NLET
DO 120 ITRG=1,MNTRG
DO 110 ISPEC=1.NSPEC
DO 100 ISOU=1,NSSEE
SF=S({ IP1 ILET,ISPEC:ISOU, ITRG )+TRPLAT %

] (SCIPLILET L ISPECISOUITRG)-S(IP1.ILET, ISPEC, ISQU, ITRG))
DOSE( ILETITRG)=DCSE(ILET,ITRG) +
] SF ¢ ARIGL(ISPEC.ISOU)
100 CONTINUE
IF (OTHEXC) DOSE(ILET,ITRG)=DCSE(ILET,ITRG) +
$ SFEAM IGL( ISPEC +NS)
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C FOR RED MARROW AND BCONE SURFACE DOSE RATES, INCLUDE CONTRIBUTION FROM
C SURFACF-DEPOSITED ACTIVITY,
IF (NOBCNE) GC TC 110
3 IF (NAMTRG(ITRG) oNE. NANMSUR) GC TO 10S
SFCEND=CSFSURF (IP] ,ILET,ISFEC,1+1) ¢+ TRPLAT %
s CSFSURF(IPJILET,ISPEC.1,1)-SESURF(IPL1,L,ILET, ISPEC.1+1))
SFTEND=SFSURF(IP1 ,ILET,ISPEC.2,1) ¢ TFRPLAT x
$ (SFSURF(IPJILET.ISPECs241 )-SFSURF(IPL1L,ILET,ISPEC+s2.1))
DOSE( ILET,ITRG)=DCSE(ILET,.ITRG) +
L SFCEND®YCSURW( ISPEC) + SFTENDXYTSURW(ISPEC)
. 108 IF (NAMTRG(ITRG) oNF. NAMNAR) GC TO 110
SFCRM=SFSURF(IP1,ILETL,ISPFCs1+2) ¢ TRPLAT %
] (SFSURF(IPLILET,ISPEC,1+2)-SFSURF(IP1,ILET.ISPEC,1,2))
SFTRM=SFSURF(IP]1,ILET,ISPECe2+2) ¢ TRPLAT =%
s ( SFSURF(IPJILET,ISPEC+24+2)-SFSURF(IP1+ILET,ISPEC,»2,2))
DOSE( ILET,ITRG)=DCSE(ILETLITRG) +
s SFCRVW*YCSURW(ISPEC) + SFTRM&Y TSURW(ISPEC)
110 CONTINUE
120 CONTINUE
130 CONTINUE

0an

STORE ACCUMULATED ACTIVITIES IN ARRAY AW FCR QUTPUT.

3 DO 150 ISPEC=1.NSPFEC

AW( ISPEC, 1)=AW(ISPEC,1) ¢+ YNPR(ISPEC,1) + YKNPW(ISPEC.2) +
YITBW(ISPEC.1) ¢+ Y1TBW(ISPEC,2) +
YZTBW(ISPECes1) ¢+ Y2TBR(ISPEC,2) +
YPW(ISPEC.1) + YPW(ISPEC,2) + YPW(ISPEC,3) +
YPW( ISPEC ¢4) ¢+ YLW(ISPEC,1) + YLW(ISPEC,2)

AW( ISPEC, 2)=AW(TISPEC.2) ¢ YSW(ISPEC)

AW( ISPEC,J)=AW(ISPEC,3) + YSIW(ISPEC)

AM( ISPEC+4)=AW( ISPEC,4) + YULIW(ISPEC)

AWN( ISPEC+5)=AW(ISPEC.+5) ¢ YLLIW(ISPEC)

AW({ ISPEC,6)=AW(ISPEC,€) + YBLUDW(ISFECQC)

IF (NOBONE) GO TC 145

AW( ISPEC+7)=AW(ISPEC.7) ¢ YCSURW(ISPEC)
AN ISPEC+8)=AW(ISPEC,€) + YTSLRW(ISPE(C)
AW( ISPEC s 9) =AW({ ISPEC 4 5) + YORGW(ISPEC ¢1+1) +YORGW(ISPEC+2s1)
s +YORGUW( ISPEC 341 )4+ YCRGW(TISPEC 4441 )4YORCW(ISPECsSs1)
AW( ISPECo 10 )=AN(ISPEC+10)+YORGW(ISPEC,1 +2)+YORGW( ISPEC, 2,2)
s +YORGW( I SPEC ¢3¢2)¢ YORGW( I SPEC 442 )+YORGW(ISPEC+5.2)
AW ISPECo 11 )=AW(ISPEC,11)¢+YRFOMR(ISPEC)
AN( ISPEC,12)=AR(TISPEC,12)¢+YYELMW(TISPEC)
AM( ISPEC yNSCU+11)=AW{ ISPEC,1)+AW(ISFEC,2)
SAR(ISPEC s 2)+AW(ISPEC,4)+AW(ISPEC, <)
4AR(ISPEC, EV+AW(ISPEC, 7)+AW(ISPEC,8)
SAN(ISPEC,S)+ARN(ISPEC.10)+AW(ISPEC,11)
HAW(ISPEC, 12)
DC 140 IS=3,NSOU
AW(ISPEC, IS+10)=AW(ISPEC: IS+10)+YCRGW(ISPEC,1+1IS)+
YORGW( I SPEC 42+ IS) +YCRGW(ISPEC+3 +IS)+YCRGW(ISPEC.+4,1S)+
YORGW( I SPEC +5,1S
)=
)

Y X

LY X X )

)
AW(ISPEC,NSOU+11 AR( ISPEC,NSOU+11) +
S AW(ISPEC,IS+10
140 CONTINUVE
GO 10 150
145 AW(ISPEC (NSOU47)=Au(ISPEC 1) +AW(ISPEC +2)+AW(ISPEC,3)+AW(ISPEC.4)+
$ AW(ISPEC,S) +AW(ISPEC,€)
DO 14€ ISOU=1.NSCU
AW( ISPEC, ISCU+E)=AW(I SPEC, [ SOU+6 ) +YORGW(ISPEC,1,ISQU)+
$ YORGUW( ISPEC+ 2+ [SOU)I+YCRGW(I SPEC+3 4 IS0V ) +YORGW(ISPEC.4,1S0VU)+
< YORGW(ISPEC,.S5,1S0U)
AN( ISPEC ¢ NSCU+7 )=AW(TISPECsNSCU+7I+AN(ISPEC, ISOU+6)
146 CONTINWE
150 CONTINUE

(aYa]

QUTPUT ACTIVITIES IN EACH SCURCE CRGAN TO AUXILLARY OQUTPUT UNIT
IF (T «EQe 0oCCl) WRITE(17,2001)NAMNUC(1) s KASE+NAMMOD(MODE).TO
IF (NOBONE) GC TC 17S
WRITE(1742000) To(NAMSCU(I SOU) »1S0U=1 +3)
DO 160 ISPEC=1.NSPEC
WRITE(1742010) NKAMNUCITI SPEC) s (AW(ISFEC,ISOU).ISOU=1,13)
160 CCNTINUE
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WRITE(17,201%) (NAMSOU(ISCU) I SCU=4,NSOU2)
NS11=NSOU+11

NN 170 ISPEC=1.NSPEC
WRITE( 17420 1CINAMNUC(ISPEC) s (AW(ISPECLISCU) ,ISOU=14,NS11),
g YEXCRW( ISFEC)
CONTINUE
GO Y0 177
WRITE(17+2100) TLo(NAMSOU(TISOU),ISOU=1,NS0U2)

NSOU7=NSOU+7?
DO 17€ ISPEC=1,NSPEC
WRITE( 17+ 2010INAMNUC(ISPEC) s (AW(ISPEC,ISOU),,ISOU=1,NSOU7),
s YEXCRW{ ISFEC)
CONTINUE
CONTINUE

PUT COMMITTED DOSE AT TIME T TO AUXTILL ARY OLTPUT UNITY

IF (T +EQe O0CC1IMRITE(18,2020)INAMNUC (1) +KASE +NAMMOD(MODE )}» TO
LAST=13

IF (NTRG oL Te 12) LAST=NTRG

WRITE(18,2020) T

WRITE(18+2040) (NAMTRG(ITRG) s I TRG=1 4L AST)

WRITE(18+,20%50) (DCSE(1+1TRG) +1TRG=1,LAST)

IF (NLET .EQe 2) WRITE(18,2060) (DOSE(2+ITRG)ITRG=1+LAST)
IF (LAST EQe NTRG) GO TO 135S

WRITE(18,2040) (NAMTRG(ITRG) ¢ 1 TRG=14,MNTRG)

WRITE(18,2050) (DCSE(1+ITRG) sITRG=14,RTRG)

IF (NLET ,FQ. 2) WRITE(18,2060) (DOSE(2,1TRG) +ITRG=144+NTRG)
CONTINUE

FORMAT(®1°,A84+2Xs *CASE *o12,° ( ‘sABL"* ), BEGINNING °*,
*AGE =',T74/"* *,130(*-"))

"

FORMAT('OACCUNULATED ACTIVITIES (MICRCCURIE-DAYS) AT *,1PE10.3,

®* DAYS:*/*'Q NLCLIDE ",

T14,'LUNGS® 4T23,°*ST CCNT*,T32,°SI CCNT'.TQI-'ULI CCNT *, TS50,
'LLT CONT?*,TEg9, °'BLOOD C SURF T SURF *+2(ABs1X),
*RED MAR YEL MAR *»A8)

LXK X J

FORMAT(*OACCUMULATED ACTIVITIES (MICRCCURTE-DAYS) AT *,1PE10.3s
* DAYS:*/°%0 NUCLIDE *s 714, *LUNGS®5T23,*ST CONT*,T32,*'SI CONT?*,

TA41,°ULT CONT*,TE0,°LLI CONT*,T59, °*ALOOD *97(AB,1X))
FORMAT(® P eAR,1P13EG.2)
FORMAT(*0°,T14,13(AB.,1X
FORMAT(* *,A8+2Xs *CASE"*
$ C*AGE =',T4/"' *,130(°*-
FORMAT(/* COMVITTED DOS

)

» »? ( *eAB,* ), BEGINNING ¢,

.

13
FORMAT(/® *oT11+12(A8.1X

E

E

)
12
»)
(RAD) AT *,1FF10.3,* DAYS:"*)

)

FORMAT(* LOW-LET *,1P13E9.2)

FORMAT(®* HIGH-LET*,1P13EG.2)

RETURN

END

SLBROUTINE OU1PL1

C
C
C TAR
C

ULATE RESULTS CF DCSE RATE CALCULATICNS.

INTEGER OUT,SCL,LTC

REAL LMGI A,LMABARAMCLS(4),CLASS(12)

DOUBLE PRECISION RAMLET(2) oNAMALC,NAMSQUNANMTRG+»NAME, BL ANK,
€ NMSACT(12).,AAMTCT

COMMON /NUMBR S/ NESPEC,NSOUSNTRGNLET

CCMMON /NAMES/ NAWNUC(12) NAMSOU(10),NAMTRG(24)

CGMMON /GI/ LWGTA(4.7) sLMAEA(12+4+7)+GIFRAC(1244,7)

CCMMON /AGE/ WPHYS(7) 4 MAGE (7 ) « NAGEP ,NAGEM

CCMMON /STEPS/ NTIMES

COMMON /NOUGHT/ YSO0,YNPC,Y1TBO,YPO,YBLUDO,,YCRGO(10)

CCMMON /CASE/ KASE

COMMON /SOLUB/ MOCE,SOL(12)

CCMMON /TYME/ TO0,TEND

CCMMON ZACTVTY/ ACT(12,15C +20) +AWIGL(12:,16),
COMMON /DOSES/ DOSRAT(2,150+24),DOSTIN(150),
DATA BLANK/2H /

DATA NAMLET/E8HLOW-LET ,EBHHIGH-LET/

DATA NAMCLS/4H D v4H W vdH Y JA4H ®* /
DATA NMSACT/AFLUNGS +BHET CCNT o8HST CONT ,8HULI CCNT,
¥ BH.LI CONT, EHBLCOD +BHCOR SUR +BHTRA SUR BHCOR VOL .
$ AHTRA VOL , EFRED MAR ,,8HYEL MAR /

DATA NAMTOT/8+TOTAL /

DATA CUT/6/
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WRITE(OQUT,200C)

(aTa]

PRINT INITIAL CONCITICNS FOR THIS CASE..
WRITE(DUT,201C) YS0,YNPQO,Y1TBO,YPO,YBLUNN, (NANSOUCT ).,YORGO(TI),
$ I=1.NSOU)
WRITE(QUT,207C) TC
DO 10 ISPEC=1 +NSPEC
ICLS=SOL( ISFEC)
CLASS(ISPEC )y=NAMCLS(ICLS)
10 CONTINUE
IF (MODE <FQe 1) WRITE(OUT ,2080) (NAMNLC({ISPEC),CLASS(ISPEC),
< ISPEC=1,NSPEC)

an

PRINY TABLE OF GI ABSCRPTICN FRACTICNS..
WRITE(OUT,209C)
DO 20 ISPEC=1 +NSPFC
DO 20 TAGE=14NACEM
NAME =NAMNLC (I SPEC)
IF (TAGE oNE. 1) NAME=PLAMNK
WRITE(OUT+210C) NAME NAGE(TAGE) s ( CIFRAC(ISPEC,ISEG, IAGE),
] ISEG=1,4)
20 CONT INUE
30 CCNTINUE

C
C PRINT MATRIX OF DCSE RATESee.

DO 40 ILET=1,ALEY
WRITE(OUT,2110) NAMLET(ILET)
IFIRST=1
LAST=NTIMES
IF (NTIMES .GT. 11) LAST=11
CALL DOSTAB(ILETLIFIRST,LAST)
IF (LASYT +.ECe NTIMES) GC TO 40
IFIRST=12
LAST=NTIMES
IF (NTIMES «GTe 22) LAST=22
CALL DOSTAB(ILET.IFIRSTL,LAST)
IF (LAST +.EQ. NTIMES) GC TC 40
IFIRST=23
LAST=NTIMES
IF (NTIMES .GV, 33) LAST=33
CALL DOSTAB(ILET,IFIRST,LAST)
IF (LASYT EG. NTIMES) GC TO 40
IFIRST=34
LAST=NTIMES
IF (NTIMES .GT. 44) LAST=44
CALL DOSTAB(ILETLIFIRSTLLAST)
IF (LAST .EC. NTIMES) GC TC 40
IFIRST=45
LAST=NTIMES

IF (NTIMES «GT. <= LAST=5S

)
CALL DOSTAB(ILET,IFIRST,LLAST)
IF (LAST .EQe NTIMES) GC TC 40
IFIRST=56
LAST=NTIMES

IF (NTIMES .GTe €6) LAST=66
CALL DOSTAB(ILET,IFIRST,LAST)
IF (LAST .EQ. NTIMES) GC TC 40
IFIRST=67

LAST=NTINES

IF (NTIMES «GTe. 77) LAST=77
CALL DOSTABU(ILETLIFIRST,L,LAST)
IF (LAST .EC. NTIMES) GC 7O 40
IFIRST=78

LAST=NTIMES

IF (NTIMES .GT. 88) LAST=88
CALL DOSTABUILETYIFIRST,LAST)
IF (LAST <ECe NTIMES) GC TC 40
IFIRST=A9

LAST=NTINES

IF (NTIMES .GTe $9) LAST=99
CALL DOSTAB(ILETLIFIRST,,LAST)
IF (LAST .ECe NTIMES) GC TC 40
IFIRST=100

LAST=NTIMES

IF (NTIMES «.GTe. 110) LAST=110
CALL DOSTAB(ILET.IFIRSTLLAST)
IF (LAST .ECe. NTIMES) GC TC 40
IFIRST=111

LAST=NTIMES

IF (NTIMES .GT. 121) LAST=121
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CALL DOSTAB(ILETL,IFIRST,LLAST)
IF (LAST .EQ. NTIMES) GC TO 40
IFIRST=122 2
LAST=NTIMFES
IF (NTIMES LGTe. 132) LAST=132
CALL DOSTAB(ILET,IFIRSTLLAST)
IF (LAST .EC. NTIMES) GC TO 40
IFIRST=133
LAST=NTIMES
IF (NTIMES .GY. 143) LAST=143 [
CALL DOSTAB(ILETY,IFIRSTLLAST)
IF (LAST ,ECe NTIMES) GC YO 40
IFIRST=144
LAST=NTIMES
IF (NTIMES .GT. 154) LAST=1S4
CALL DOSTAB(ILET,,IFIRSTLLAST) -
40 CCNTINUE

PRINT TABLE OF COWMMITTED DOSF 10 ALL TARGEY ORGANSe .
WRITE(OUT+212C) DOSTIM(ATINES)
DN €0 ITRG=1,ATRG
WRITE(OUT, 2130) NAMTRG(ITRG) ¢ (DOSE( ILET 4 ITRG)+ILET=1,NLET)
S0 CCNTINWE

OUTPUT DOSE RATES TO DISK FILE FCR LATFR REFERFNCE.e
IRITE(Z?.BOOO)NANKUC(I)-NCDE.SGL([)-GIFRAC(l-2c7)-T0-NTRGcNLET.
$ NTIMES.(DOSTIMUITIM),ITINM=],NTIMES)

DO 70 ITRG=1,MTRG
DO €0 TLET=1,NLET
'RlTE(Z?.ZOlO)NAMTRG(ITRG).YLFT.(CCSRAT(ILET-!TINE.!TRG)-
3 ITIME=1,ATIVES)
60 CONTINUF
70 CONTINUF

OUTPUT ACTIVITIES TO DISK FILE FCR LATER REFFERENCE.e
NSTI=NSOU+11
WRITE( 254 3000 INAMNUC(1) 4MCDE ,SOL(1) ,
$ NTIMES.(DOSTIM{ITIM) 4ITIN=L ,NTIMES
DO 10C ISPEC=14,NSPEC
DO 80 1ISQU=1,12
WRITE(2S, 2020) AMSACTITI SCU) o (ACT(ISFECSITIME,ISOU),ITIMF=1,
] NTIMES)
80 CONTINUE
DO 90 ISOU=3,NSOU
WRITE( 25, 3020) RAMSOU(I SCU) o (ACT(ISPECS, ITIME,ISOU+10) sITIME=1, 1
] NTIMES)
30 CONYINUE
WRITE(25,3020) NAVMTOT s (ACT(ISPEC,ITIME,NSOU+1 1), ITIME=1,NTIMES)
100 CONYINUE

GIFRAC(14247)sT0sNS11,NSPFEC,
)

2000 FORMAT(//*0EXPOSURE CASE:*/* ",14(%-0)/)

2010 FORMAT{(*OINITIAL ACTIVITY IN BOCY CRGANS (UCI):*,
$ TS50, 'STOMACKH ', T€0,1P’(Ge2/% *,T50, 'N-F*,T60,1PGIe2/
T ' TS0+ *T-B*4T€0s1PGSa2/° *,T50, *PULVONARY * 4, T60 ¢ 1 PG 2/ !
$ ' ',T50+'BLCOD®*+sTH041PGGe2/(" TS50 ,A8,T60,1PGI2))
2070 FORMAT(® BEGINNING AGE = °*,I4,°' DAYS'/)
2080 FORMAT(/*ONUCLIDE *4T15, *SCLUBILITY CLASS'/ /(' ¢,A8,T22,A4))
2090 FORMAT('0*¢T34,°GI UPTAKE FRACTIONS®/* *,726,37(*—*)/* NUCLIDE®,
$ V718, *AGE*,T2€, "STCMACH*4T38, 'S INT*,T46,°U L INT',TS6,°L L INT®/)

2100 FORMAT(® *,AL,T17,14,T25,1P4G10,2)

2110 FORMAT(/*0°*,AE,* DOSE RATES (RAD/DAY) : /% ¢ _3o9(9~v))

2120 FORMAT(///°*0CCMMITTED DCSE AT *,1PGSe2,* DAYS:t/¢ *e33(0-10)y/
s *OTARGET* 4T 14, °LOW LET®, 7126, *HIGH LFET*/)

2130 FORMAT(® *,AB,T12,1PEG«2,T25,1PEG,.2)

3000 FORMAT(AB,21444X4E10.3.,414/(1P8E10.4))

3010 FORMAT(AB.T4,EX,1FEE10.47(1PBELOL4))

2020 FORMAT(AB,2X, IP7E10.4/( 1PEE10.4))

302S FORMAT(8E10.4)
RETURN
FND
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