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ABSTRACT

This report aescribes a computer code, INREM II, which calculates
the internal radiaticn dose equivalent to organs of man which results
from the inizkc of a radionuclide by inhalation ur ingestion. Deposi-
tion and removal of radioactivity from the respiratory tract is repre-
sented by the ICRP Task Group Lung Modcl. A four-segment catenary model
of the GI tract is used to estimate movement of radioactive material
that is ingested or swallowed after being cleared from the respiratory
tract. Retention of radioactivity in other organs is specified by
linear combinations of decaying exponential function<. The formation
and decay of radioactive daughters is treated explicitly, with each
radiggpniide species in the chain having its own uptake and re¢tention
parameters, as supplied by the user.

The dose equivalent to a target organ is computed as the sum of
contributions from each source organ ir which radioactivity is assumad
to be situaced. This calculation utilizes a matrix of S-factors
(rem/uCi-day) supplied by the user for the parti:ular choice of source
and target organs. Output permits the evaluation of crossfire components
of dose when penetrating radiations are present.

INREM 1II is coded in FORTRAN IV and has been compiled and executed
on an IBM-360 computer. ' '



1. INTRODUCTION

This report describes and documents a computer code, INREM II,
which is designed to read dosimetric and metabolic information about the
radionuclides in a chain and calculate the resultant dose ejuivalent to
various organs of a reference adult human being following inhalation or
ingestion of the first (or parent) nuclide of the chain. Written in
FORTRAN IV for the IBM-360 or 370, INREM II implements contemporary
dynamic models for internal dose estimation. The ICRP Task Group Lung
Model! is used to estimate the deposition and retention of inhaled par-
ticulates and their absorption into the blood and clearance into the GI
tract. A four-segment model of the GI tract with first-order mass
t.;ansport and absorptior of activity permits calculation of residence
times of radionuclides in the tract and the dynamics of their assimila-
rian from that site. Residence times of activity in other organs are
c¢wputed from retention functions that are linear combinations of decay-
irz exponential functions. 7The code combines its estimates of uCi-days
tes idence of activity in those source organs for which retention d:ta
ave available with dosimetric Iactors (S—-factors, in units of rem/uCi-day)
to calculate dose equivalent to prescribed target organs, thereby per-
mii:ting the accounting for cross-i-radiation effects when penetrating
raiiations are present. Source-target dose matrices are printed to
fac?’iitate the assessment cf contributions of cross-irradiation to a
caryet organ's total dose.

The residence times of the radioactive daughters are calculated
with consideration of their differential transfer among the body's com-
rartments. This approach permits each nuclide in the chain to be cleared
from the lungs, absorbed from the GI tract, and taken up and retained by
cther organs in accordance with its own properties.

The models are described in the text of the report, and the logic,
data preparation, and operation of the computer code are discussed. A

craplete listing of the source code is included in the Appendix.
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1.1 Internal Dosimetry

In calculations performed with INREM II it is assumed that the
nuclide taken into the body (the parent) is the first in a chain of K
radioactive species (N 2 1; this formulatinn is alwvays intended to
include the special case of a chain with ouly one radioruclide, which
decays to a stable element). Dynamics of decay and the formation of
radiocactive daughters will be described in Sect. 1.2.

Let Aik(t) denote the activity (pCi) of the ith species of the
chain (1 € 1 < N) in an organ indexed by subscript k, represented as a
function of the time, t (days), since the intake of the parent species
into the body. The time integral of this activity

X T
ﬁ(T) = j; Aik(t) dt uCi-days (1.1

is fundamental to the dose estimates to be described. The integral (1.1)
is a measure of the total number of transformations of the ith species
that occur in the kth organ during the time interval 0 to T and there-
fore is a measure of the total energy emitted by transformations of that
species in the organ. The problem is to estimate the fraction of this
energy that is absorbed by the k%i7 organ (the source organ) and (possibly)
other organs.

The “"s-factor" si(x + Y) (rem/uCi-day) 1is defined as the average
dose equivalent rate to target organ X due to 1 uCi of the radiornuclide
species i uniformly distributed in source organ Y. An extensive tabula-
tion of S-factors was initiated by W. S. Snyder and his colleagues.2»3
Dunning et al." have provided additional S-factors using the methods
described {n ORNL-5000 and Monte Carlo data from that report, using
nuclear decay data prepared by Kccher.® The S-factors in both tabula-
tions are broken down into components according to emission type, viz.,
alphs, alpha recoil, electron (8%, 8~, Auger, conversion), photon (gamms,
X ray), and spontaneous fission (neutron, fission fragment, and prompt

and délayed electron' and photon). Thus the total S-factor is expressed
as



si(x +« Y) =2 si(x +«Y) rem/uCi-day,
0

wvhere the sum on the right is understood to contain nonzero terms only
for those emission types, §, which are present in transformations of the
ith species. INREM II utilizes the total S-factors, which it reads as
input data. For further information concerning the definition and com-
putation of the S-factors, the reader is referred to the previously
cited reports.

For the estimation of dose equivalent, we consider mutually
exclusive source organs Y;, Y, ..., YH’ which may be assumed to parti-
tion all of the body's radioactivity which results from the intake. The
average dose equivalent to target orgamn X due to radionuclide species i

in these source organs is

M
D, (X) = 2 D(X+Y) ren, (1.2)
k=1
where
DX+ X)) = S,(X+¥,) Kik rem, 1.3)

where kik is the uCi-days residence of species i in source organ Yk, as
defined by Eq. (1.1). The S-factor in Eq. (1.3) is the sum of the
S-factors for those emission types present in the decay of species {1.

We note that the assumption of uniform distribution of activity in each
source organ is implicit in these defianitions, as is the averaging of the
dose equivalent over the tissue of the target organ.

In calculations involving intake of a radionuclide by irnalation,
INREM II always estimates the uCi-days residence for parent and daughters
in the respiratory tract (lungs and respiratory lymph nodes) and the GI
tract (contents of stomach, small intestine, upper large ircestine, and
lower large intestine). For intake by ingestion, the uCi-days resi-
dences in the GI tract are always calculated. It is usual that uptake
and retention data for at least one other source organ will permit the



explicir computation of the uCi-days residences for parent and davghters
in that organ, but seldom are such data avajilable for more than a few
such orgens (e.g., bone, liver, and kidneys).

In order to account for the activity not residing in specific
source organs as indicated by explicit metaboli: data, one @3y conceive
of a complementary compartment which we denote by YOTHER' In terms cof
our previous notations, suppcse we have computed the uCi-days, Kik, in
the source organs Yk, k=1, ..., P < M, vhere M denntes the total
number of organs that we distinguish (ORNL-5000 considers 22 source
organs, of which the total body is one). The remaining organs,

, v-v3 Y. a-e considered to make up Y

YP+ M OTHER"®

INREM II accords no special status to the "organ” YOTHER’ which is to

say that it is handled the same in the calculations as the organs for

The present version of

which explicit uptake and retention data are available (except respira-
tory and GI tract, which are special cases). The user must supply
uptake and metabolic data and S-factors for YOTHER’ and it is sugrested

that the latter be calculated from the equation

M -1

M
S; X+ Yyrmen) = E m S, (X +Y) 2 ™ rem/uCi-day , (1.
k=P+1 k=P+1
where mk denotes the mass of source organ'Yk. With this definition,
si(x + YOTHER) corresponds to a distribution of activity in YOTHER which
is uniform with respect to mass. This is activity that is not accounted
for by the explicit metabolic information which is usuvally available for

the few orguns where the concentration tends to be higher Tne total

4)

dose to X from species i due to activity taken into the body is therefore

estimated to be
P

Di(X) = 2 Di(x +* Yk) + Di(x «Y

oTHER) T°® (1.
k=1

5)



1.2 Dynamic Retention Models

Retention and translocation of radioactivity in the body are repre-
cented by a set of conceptual compartments, which correspond to a system
of ordinary differential equations. Figure 1.1 depicts the assumed
movement of activity among the various compartments as it is carried by
various mechanical and physiological processes. More detailed views of
the respiratory and GI-tract submodels will be shown in Sects. 1.2.1 and
1.2.2. Following inhalation of a radioactive particulate, part of the
activity is absorbed into the blood from the respiratory tract. Mechan—-
ical processes move another part of the inhaled activity up from the
respiratory passages and into the GI tract, from which a further fraction
is absorbed into the blood. Ingestion bypasses the respiratory tract,
but the submodel used for the GI tract is the same.

Superimposed on the dynamics of translocation and retention is the
formation of radioactive daughters for certain 1adionuclides taken into
the body. The daughters may have different chemical and physical prop-
erties from those of the parent and therefore may behave differently in
the body. 1If one considers a chain of radionuclide species, indexed
i=1, ..., N, in a compartment of the body, we assume that each species
has associated with it a function, Ri(t), which equals the fraction of
activity in the organ at time zero that survives the organ's removal
processes and radioactive decay t days later.

We may express the activities Ai(t) of the radionuclides in

*
terms of the functions R1 as follows:

i-1
t.
R
Ai(t) = Ai(O) Ri(t) +j; pi(‘l') + Ai 2 Bij Aj(‘l')
j=1
X Ri(t-T) dr uCi , (1.6)

)
The summations in Eq. (1.6) and subsequent equations of this
report are defined as zero when the lower limit exceeds the upper limit.
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Fig. 1.1,

Schematic representation of radioactivity movement as
modeled by the INREM 11 code.



where A
x? = (1n Z)ITg, vhere T§ = radioactive half-life (days) of
species 1,
B, . = radioactive branching ratio from species j to species i,

1]
i<,

pi(t) = rate (uCi/day) at which activity of species i enters the

compartment at time t.

We assume that the retention function Ri(t) can be adequately represented
by a linear combination of decaying exponential terms:

Ly

R (1) = 2 ¢ exp[-(ll; + x‘i‘s):] , a.7m
s=1

where '
128 = rate coefficient (day-l) for biological removal of species 1
from the compartment.

For correct interpretation of Eq. (1.6), Ri should satisfy Ri(O) = 1.

Usually the coefficients c s in Eq. (1.7) are positive, but on occasion

i
better fits to data from experiments or compartmental analyses are ob-

tained by allowing mixed signs.

1.2.1 Particulates in the respiratory tract: the ICRP Task Group
Lung Model

Our submodel of particulate deposition and reteation in the respira-~
tory tract, based on the ICRP Task Group Lung Hodel,1 is shown schemat-
ically in Fig. 1.2. The clearance parameters indicated in the figure
were adopted from ICRP Publication 19 (ref. 6). The three clearance
classes, D, W, and Y, correspond to rapid, intermediate, and slow
absorpti-n, respectively, of material deposited in the respirator~
passages. The model identifies four major respiratory regions: nasal-
pharynx (N-P), tracheo-bronchial tree (T-B), pulmonary region (P), and
lymphatic tissue (L). Fractional depositions of inhaled particulates in
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N-P al001 05 001 0.1 0.01 0.01 8 I
{D;=0.30) b{0.01 05 04 09 04 099, 5 1 d |T
' D\ R
T-B cloor o095 | 001 05 0.01 0.01 o) 3 T-B,—--'l‘—— A
(D4=008) d|02 005 | 02 05 02 099 0 { =l C
‘ T
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P f{ n.a. n.G. 1.0 0.4 1.0 0.4

(Dg =0.25) g|na. na 50 0.4 500 04

h{03 02 50 0.05 500 0.15

L ilos 1.0 50 1.0 1000 0.9
Fig. 1.2. The ICRP Task Group Lung Model for particulates (refs. 1 and 6). The columns D, W, and

Y correspond, respectively, to rapid, intermediate, and slow clearance of the inspired material. The
symbols T and F denote the biological half-time (days) and coefficient, respectively, of a term in the
appropriate retention fuaction [Eqs. (1.8) through (1.12)]. The values shown for D3, D,, and Ds correspond
to activity median aerodynamic diadeter (AMAD) = 1 um. Differential equations for pathways a, b, ..., 2
are (1.13) through (1.24).



the first three of these regions are given by the fractioms D3, D,, and
D;, respectively (the sum of these is less than one, with the shortfall
accounting for prompt exhalation). These fractions are functions of the
activity median aerodynamic diameter (AMAD) of the inspired particles; a
functional relationship (for AMAD > 0.1 um) suggested to W. S. Snyder by
P. E. Murrow and presented in graphical form in Apperdix VI of the
Reactor Safety Study’ has been adopted in the INREM II calculations
(Fig. 1.2.1-2).

The schematic presentation of the Task Group Lung Model, as set
forth in the rask Group Report,l has been variously interpreted for
purposes of a mathematical formulation, particularly when radioactive
progeny are formed. The interpretation followed in INREM II is based on

retention functions for the major regions, which are defined as follows:

Nasal-pharynx

- t -2 t
N-P, . _ a,1 b,i
Ri (t) lFa,i e , + .Fb,i e | (1.8)
to blood to GI
Tracheo-bronchial tree
(1) activity deposited directly
-2 .t Y -
T-B e,1 d,1i
R, ,(t) = F e °’ + F e ' (1.9)
1,1 Vesd T d,d .,
to blood to GI
(i1) activity in transit from pulmonary region (pathways f and g)
-A t
T-B d,i .
R2,1(t) =e 7 (1.10)
to GI
Pulmonary region
-2 .t “Ap ,t -A .t =i, .t
P e,i foi gsi h,i
R,(t) = F e ’ +F e °? +F ’ +F ’ .
1(6) = Fo g L g,1 ¢ F e ;o Qe

to blood to T-B to lymph
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Lymphatic tissue
R

L A1t At
- £ -
RS (t) Fie o+ e (1.12)

to blood remains in lymph
(class Y matarials)

R B B B
In these equatioms, lv,i = Ai + Av,i’ where lv,i = (1o 2)/‘1'5’1 and Tv,:l

is the biological half-time (Pig. 1.2) associated with clearance pathway
v(=a, by ..., t). The clearance class (D, W, Y) depends on chemical
properties of species i. The pathway fractions, l’v’ 4> are also showm in
Fig. 1.2 for the three clearance classes.

Application of Eq. (1.6) to these retention functions permits us to
vrite equations for the activity of species i in these major compartments.
But for various reasons, it is more prr;ctical to use Eq. (1.6) and

Eqs. (1.8) through (1.12) to derive a se* of differemtial equations for

the activities Aa,i' ceesy Al,i

These equations follow:

cleared by pathways a, ..., %, respectively.

1-1
. R
Aa,:l. = 'Aa,i Aa,i + l?a,i. Ay 2 Bij (Aa,j + Ab,j)
j=1 '
+F, Dy H (L), (1.13)
1-1
] R
Ap1 ™ 18,0t P M 2 Byy (A5 % A, 5)
j=1
+F, DB (D), (1.14)
| 1-1
. R
A1 = o, 18,1 01 Ny 2 Byy (A, 5+ A7)
31

+ Fc,i Dy H:l(t) ’ (1.15)
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i-1
R
Bii ™ g1 8q,1 Fa M 2 B, (s ¥ 2,4
§ |
i=1
+Fg Dy B (O, (1.16)
i-1
. R
Ae,i = -Ae,i Ae,i + Fe:i Ai 2 Bij (Ae,j + Af)j * Ang + Ah:j)
=1
+ Fe,i D5 Ei(t) . (1.17)
1-1
R -
A, ==, A, .+F. A V' B (A . +A.. +A .+
f:i . f:i f:i f:i i 2 ij (e:j f:j AQ:J Ah:j)
=1
+Fe D5 B (D), (1.18)
1-1
. R
= - +
A1 = g1 80,0 Y Ty My 121 Biy (e,s ¥ 25,5 ¥ 25,5 * 20,9
+ Pg,i Dg Hi(t) . (1.19)
i-1
R
Ah,i -Ah,i Ah,i M Ph,i A1 2 Bij (Ae,j + Af:j * Ag:j * Ah.vj)
J-
+F, D5 B (D), (1.20)
i-1
. R
A1 ™ 18,1 % Ty g 2 15 (g5 * 44,5
i=1

B
MR Wi (1.21)
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1-1
A. =-2FA.  +(@-F..) AREB (A. . +A. )
Js1 i7°2,1 1,1 i 1] ] Js3
=1
+28 a (1.22)
Ayt Mryaf -22)
. i-1
A, o= =) +x"23 +28 2 (1.23)
A1 difxi1it M 15 Y3 YAt
j=1
i-1
A . =-r,. A +x323 A _+2B a (1.24)
2,1 d1te,1 M 13 8,3 % 9.1 %1
j=1

For an initfal intake of 1 uCi, depositions of species 1 (the parent) in
the N-P, T-B, and P regions are D3, D;, and Dg uCi, respectively, with

i1 - D3 -~ Dy - Ds uCi being exhaled. The amount of each daughter inhaled
is assumed to be zero. The function Hi(t) is the rate (uCi/day) at which
species i 1s inhaled at time t, and the previous remark implies Bi(t) =0
wvhen 1 > 1. Initial conditions for all species and compartments are zero:

Av,i(o) =0, v=gq, ..., 2, 1=1, ..., N,
To simulate an acute intake of a radionuclide, the function H;(t) can be
defined by the user to be nonzero over a brief initial interval and zero
elgsewhere. For example, the 50-year dose commitment from an initial in-
take of 1 yCi can be obtained by defining

1 yCi/day, 0 € t < 1 day
Hij(t) =
0 uCi/day, 1 € t < 18,250 days.

In general, H)(t) may be defined by the user as a step function of time
(1.e., a function which is constant on each of a set of subintervals
which partition its domain of definition). User instructions for pre-
paring data to define H;(t) are given in Sect. 2.1.
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The uCi-days residences in the four major respicatory compartments
are computed from the following equations:

Kepi=X s+ ks (1.25)

xl‘-B,i = 'xc,i M N xk,i + 'x,,,i ’ (1.26)

Ko%K +%, +xg,:l+xh,1 , | (1.27)

xLi = xi,i + xj,i ’ (1.28)
vhere

" T
l‘v,i -j; Av,i(t) dt uCi-days,

V'a, ssey !- . (1-29)

The interpretations of the ICRP Task Group Lung Model expressed by
Eqs. (1.13) through (1.28) are similar to those adopted by Snyder, Ford,
21d Watson® and ixplemented in the TIMED computer code by Watson.? The

principal difference lies in the use of the intake rate function H;(t)
for inhalation (and a counterpart for ingestion) rather than restriction
of the calculation to a single acute intake.

The time-varying rate of absorption of activity from the respiratory
tract into the blood is used to determine the uptake to other organs.
This rate 1is

A =B A 4B A +aB A 4B 4
B,1

a,i "a,i e,i “e,i e, i e, i 1,4 1,1 ° (1.30)

wvhere ALB 4 way be interpreted as the cumulative activity of species 1
?

(uCi) absorbed into the blood. As before, A, 1 18 the rate coefficient
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for biological removal of the material from the respiratory tract by
pathway v. The equation expressing the rate at which ectivity of species
i 1is transmitted from respiratory to GI tract is

. B B B B .
RN R RS R R R S R (1-31)

where ALG 1 is the cumulative activity of species i entering the GI tract
»

from the respiratory tract. The equation governing the subsequent trans-

fer from GI tract to blood is given in Sect. 1.2.2.

1.2.2 The gastrointestinal tract

The gastrointestinal (GI) tract is irradiated following the intake
of radioactivity either by inhalation or ingestion. In the former case,
particulate matter deposited in the respiratory tract and cleared from
there by wav of pathways b, d, k, ard % enters the GI tract, as is indi-
cated schematically in Fig. 1.3. Moreover, the dynamics of absorption
of activity from the GI tract into the blood must be examined to deter-
mine the availability to other organs.

The four-segment catenary model of the GI tract adopted for use in
these calculations (Fig. 1.3) is equivalent to the one described bv
Bernard.l0 1t assumes exponential outflow of activity from each segment
into the next or out of the syéten. Outflow rate coefficients have been
calculated from the transit times suggested by Eve!l and are shown ir the
figure. Absorption of activity into the blood is usually assumed to be
confined to the small intestine, but INREM 11 permits the user to specify
absorption from any combination of the four segments at differential
rates.

The differential equations for activity (uCi) and uCi-days residence
of species i in the stomach (S), smal'l intestine (SI), upper large
intestine (ULI), and lower large fatestine (LLI) follow:

i-1
H R F3 R
At,’,1 -(As + Ai + As,i) As’1 + 11 :E: Bij As,j + (1 - °)G1(‘)
i=1

B B B B
+0 “b,i Ab,i + xd’i Ad,i + xd,i A.k,i + Ad,i Az,i) , (1.32)
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RESPIRATORY

- -1
)\LLI = 1 day

Fig. 1.3. Schematic representation of radiocactivity movement among
respiratory tract, GI tract, and blood, as simulated by INREM II.
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. K .ab
Mgy, 1= ~Qgr ¥ 2y +hgr o) Asrs Y2585,
1-1

. | |
+ Ai 2 ‘1:] ASI,j ’ (1.33)
3=1

. R .ab
Aprg = ~Oprz ¥ 2 Y00 Aper,1 * s Bs1s

i-1
R

+ A 2 513 Am'l'j . (1.34)

i=1

R .ab
Apr,a ™ Opr Y2 *Agpre) Aer,e * 2ot Aoun,a

i-1

R
+ E nij Al.l..I,j . (1.35)

=1

where

Ao i " activity (uCi) of species i in the segment o (= S, SI, ULI,
»
or LLI) of the GI tract,

A_ = outflow rate coefficient (day !) for activity in segment ¢
of the GI tract (calculated from transit times of Eve;!!
see Fig. 1.2),

A; = radioactive decay rate coefficient (day~!) for nuclide
species 1,

2%? = rate coefficient (day~!) for absorption of nuclide species i
from segment o (= S, SI, ULI, or LLI) into the blood,

Bij = branching ratio of nuclide snecies j to species 1,

8 = 0 or 1 according as inake of the parent nucli-ie occurs by
ingestion or inhalation,

Gi(t) = ingestion rate (uCi/day) of species 1 at time t.
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Initial conditions for the GI segments are zero:

Ag 1(0) = Ag; ;(0) = Appr, 10 = Ay 40 = 0.

The intake rate function for ingestion, Gi(t)’ is zero for 1 > 1. The
user defines G;(t), by appropriate input data, as a step function of
time. HNote that when € = 1 (inhalation), all activity enters the GI
tract from the respiratory iract through the last term in Eq. (1.32).
In the case of ingestion, '‘iai term is zero, but Gi(t) has a coefficient
of unit (6 = 0), and the intake is determinred by G, (t).

The coefficient \:fi (o =S, SI, UL1, LLI) for the rate of absorp-
tion of species i into the blood from segment o of the GI tract is
derived from an absorption fractiomn fg’1 by the equation

Q ad

ab ab
£, 4 = Moy JE expl-O, + X5 )e] ae (1.36)

which expresses the requirement that the fraccion fa,i of each mass unit
of species 1 entering segment o would be .absorbed from that segment into
the blood if none were lost to radicactive decay [the latter process is
already taken into account in Eqs. (1.32) through (1.35)]. Integration

and solution for A:bi give
]

ab
Ao,i" A fF_ /(1 - fo,i) . (1.37)

o "o,1
In most calculations, absorption of activity into the blood is assumed
to be confined to the small intestine, in which case the resultant frac-
tional absorption, fSI i is representative of the entire GI tract:
’

f f f = f -f -0.

s1,1 = 1,1’ *8,1 T ‘wi,1 T “LLI,1

The notation f, has commonly been employed in ICRP literature!2+13 to
denote fractional absorption of the activity of a radionuclide from the
GI tract as a whole.
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We note that fo,i = 1 is inadmissible in Eq. (1.37). The INREM 11
code imposes an upper bound of 0.95 on each of the fractions fa,i’ sub-
stituting this value if it is - :ceeded by the user's input. This prac-
tice, while arbitrary, is cor tent with the premise that expa:imental
data may well err by five percent or more in their indication of total
absorption of an element from the GI tract.

The rate of absorption of species i from the GI tract into the
blood is given by the equatiom

ab ab ab

[ ] - +
Aem,1 = %s,1 8,1 T 21,1 Bst,e Y ronn, s M,

ab
MRS B B ? A O O (1.38)

The rate ACB 1 is used, together with ALB 1 of Eq. (1.30) in the case of
] ?
intake by inhalation, to compute the availability of species 1 tc other

organs.

1.2.3 Other organs

The dynamics of activity of a radionuclide species in an organ other
than the respiratory or GI tract are assumed ¢o be characterized by a
fractional retention function of the form specified by Eq. (1.7). Im
general, we assume that Ri(O) =1, 1.e., that the coefficients, Cigs Sum
to unity. This assumption permits us to interpret the retention function
as reprusenting the fractional survival of each uCi deposited in the
organ with respect to rad:oactive decay and the organ's removal processes.
The integral in Eq. (1.6) then couvolutes this fractional survival with
the rate of formation of species 1 from the decay of progenitors in the
organ plus rthe flow of activity into the organ from other parts of the
system. With this interpretation, there 18 no sojourn of activity in an
explicit blood compartment; rather, each uCi entering the blood from
respiratory or GI tract is immediately allocated among several competing
organs, with the remainder assigned to OTHER if the user supplies data
for such a compartment. The fractional allocation to an organ is denoted
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]
f2,1’
specific organ. Therefore, we may rewrite Eq. (1.6) as

where for the time being we have omitted a subscript for the

i-1
t
1) - - . R
Ai(t) -j(; fz,il_eALB,i(t) +AGB,1(-:)] + 11 2 Bij Aj(-r)
j=1
x Ri(t - 1) dt uCi, (1.39)

with ALB,i and ACB,i defined by Eqs. (1.30) and (1.38), respectively.

Therefore, the quantity in brackets represents the rate at which species-i

activity moves into t.= blood from the GI tract and (in case of intake by
1 ]

2.4 of it 1s assumed to
»

flow without delay into the organ. The initial level in the corgan is set
-

inbalaticn, viz., 6 = 1) the lungs; the fraction f

equal to zero.

The differential equations corresponding to Eq. (1.39) [when R, is

b §
given by Eq. (1.7)] are
1-1 Ly
H R B R
A:I.s N -(li + l:I.s) A:I.s t ¢y }:l 2 B:lj 2 i’jr
j=1 r=1
' [ d [ ]
o + f2,1[eALB,1 + AGB,il y =1, ..., Li , (1.40)
with initial conditions
Ais(O) =0, =1, ..., L1 . (1.41)

This formulation does not attempt to deal explicitly with recircula-
tion to the blood of daughters formed in the organ and redistribution of
the effluents among the competing organs. Snyder, Ford, and Watson® have
proposed one possible scheme for treating this proceas, which is imple-
mented in the TIMED code of Watson.?

We define a retention fu@ction, Ri,ab(t)’ to represent retention
in the body of all radioactivity of species i that is absorbed into the
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blood from the respiratory and GI tracts. If for each of the organs
Yk’

have a retertion function Ri k(t) and a blood-to-organ traunsfer fraction
1 ]

f , then we may write the equation
2,i,k

k=1, ..., P (assumed not to include respiratory or GI tract) we

P

' '
Ri,ap(®) = 2 f2,4,k Bk ® * £5 5 ommer *y,omm () (1.42)
k=1

for the fraction of activity surviving in the body t days after absorp-

tior into the blood. If R1 ab is available as part of the retention
»
data for species i, this relation may be used to calculate the retention
function and uptake fraction for the compartment YOTBER:
P ) [] -1
Ry, omaer(t) = | Ry ap(t7 - 2 £2,1,k R,k [f2,1,0mHER (1.43)
k=1
and
P
] L
f),1,0mHER = 1 ° E RN (1.44)
k=1

It is important that relations (1.42) and (1.44) be kept in mind when
retention data are organized for the calculation.

Fer each radionuclide in a given chain, INREM II inputs a retention
function Ri,ab(t) for absorbed activitv, but no use is made of it in the
calculation.

It sometimes happens that the set of organs for which retention
data are available is not the same for all nuclides in a chain. " In such
cases, the set of organs for each species must be enlarged so that a
comnon set is ootained for the entire chain. When data are lacking for
species 1 in organ k, it is suggested that the retention function

Ri OTHER(t)’ as defined by Eqs. (1.43) and (1.44) be used, with the blood-
?
to-organ transfer fraction
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' ‘lk '

- . 1.45
£2,1,k B THER fy,1,0THER (1.45)

This choice corresponds to the assumption of a uniform distribhution of

activity in YOTHER with respect to mass. It is appropriate only if
higher concentrations of species i are accounted for by the explicit

retention data assumed to be available for some organs.

1.3 Solution of the Differential Equations

The differential equations (1.13) through (1.24), (1.32) through
(1.35), and (1.40) may be viewed as a single linear system with constant

coefficients and expressed in matrix form as

-»> -»> > -»>
= CA + I(t), A(0) =0, (1.46)

S8

where C 1s a constant K x K matrix, K is a vector (or K x 1 matrix) of

activities of the N radioactive species in the various compartments,
-

+ >
%%-is the time derivative of A, and I(t) is a vector function of t whose
components are intake rates for the compartments. The number K of

equations comprising the system is given by

N P
K = 9(12N) + 4N + Z 2 Ly s (1.47)
i=1 j=1

where
@ = 0 for intake by ingestion and 1 for intake by inhaiation,
N = number of radionuclides in the chain,
P = number of organs in addition to lungs and GI tract that are

considered in the calculation (including Y if ic is

OTHER
present),

Lij = number of exponential terms in the retention function for
species 1 and organ j.

The quantity needed for dose estimates is
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v t
<> -»>
A(t) -f a(r) dt , (1.48)
0
3
where A(t) is a K-vector whose cowponents are time-integrated uctivities

(uCi-days) of each of the N species in all compartments. Various sums
of these components, as indicated in Sects. 1.2.1, 1.2.2, and 1.2.3, are

then used in the dose computatioms.

-

Solution of the system (1.46) and subsequent integration of the

activity levels [T;. (1.48)] can be accomplished in various ways.

Numerical integration by a discrete-variable method is possible but not
entirely straightforward in practice because of the size of the system
for certain calculations and the "stiffness" property of the differen-
tial equations for some sets of time constants that are encountered.
Watson? has implemented such an approach for a similar, though not
identical, formulation and gives some discussion of the latter problem.
The INREM 1I code uses an alternative approacn based on solving

parts of the system in closed form. and approximating certain continuous

transfers of activity by discrete counterparts. We give some general

indications of this approach in the following paragraphs.

We consider a subsystem of (1.46) govermed by the differential
equations

1-1 Ly
A --(AR+AB)A + AZB +
1k 17 A8 e 13 EAjr Py,
=1 r=1
k=1, ..., L, (1.49)

with arbitrary initial conditions. The inflow rates P4 are constants.
The subsystem described by these equations can be interpreted as a
biological compartment in which the fractional retention of species 1 1s
governed by tﬁf function

i

R (D) = 2 ¢gp IO + 28 yel (1.50)
=1
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The explicit solucions, Aik(t)’ of Eq. (1.49) are calculated by a

subroutine, HIIL%OH We express these solutions as

where the coefficients Di

A ()

=Dy +

\

D K + ulk exp(-llkt) ifi=1,

-1 Ly

By exp(=A,0) + 2 E Cikjm Pyt
3=1 w=1

ifi>1, (1.51)

K’ Hik’ and Gikj- may be calculated from the

fullowing recursions:

flk /Ay, ifi=1,
D, =%
1k
(cik/xik) A 2 nij 2 1)jlll +p, if1>1, (1.52)
i= o=l
Y
A (0) - D) 1f 1 =1,
1-1
Hyp =544, (0) - VR E 2 Eggm * Byylyy)
j=1 e=1
. x (g - xjm)'l 1£1>1, (1.53)
and
R -
Ciigm ™ Cakc My Bygq + BB Oy -7 151, (1.54)
where ri.-l
2 irzcruj 1f <4 -2
Elgm =Y+l w7l
o1f3=1-1. (1.55)
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Computer storage requirements are reduced by retaining only the Dik’
nik’ and Bij and generating the c1kj as needed. To exercise this
optiin, we use the following recursion to calcuiate the E . :

ijm’
(0 1£ 1 =2
1-1 Ly
Eiym = 2 B, A ¢y Crgm* BegBid Oy, - 2070
r=j+1 p=1
Lforj =1, coop i-2, and 1 > 2 . (1.56)

The order of computation is with increasing i, and for each {, a feas-
> .

ible order 1is Dik’ Eij- (1f 1 > 2), and then nik’ the G

calculated as soon as the E are available.

ijm
We note than the appearance of the factor (A

ikjm may be

" xj_)‘l in Egs.
(1.53) and (1.54) s>d (Aru - xj_)‘l in Eq. (1.54) requires the assumption
that the Aik are distinct. 1In practice it is possible to ceparate equal
pairs by a small percentage of their common values; this expedient is
usually preferable to attempting to derive and implement general ex-
pressions that allow for all possible degeneracies.

The total interval of integration [0, T] is s1bdivided into a
number Q of subintervals Iq = [tq-l’ tq), q=1, ..., Q -1, and
IQ - [tq—l’ tq], with ty = 0 and tQ = T, Several criteria will be
imposed on this partition of the total interval, the first of which is
that the intake rate function [H;(t) for inhalation or G,(t) for
ingestion] is constant on each subinterval. A second criterion is that
the user choose the number of subintervals to satisfy himself that their
lengths |Iq|, q=1, ..., Q, permit continuous flows of activity from
donor to receptor compartments to be approximated satisfactorily by
pulses.

We illustrate this second point by considering an organ oter than

respiratory or GI tract. For the interval Iq, we write the differential
equations as )



&

25
1-1 Ly
24 . _R . 3By R 2 E q -
Al = -05 + 2 A +c ) L Ay »s=L -eea Ly, (15D
j=1 r=1
with initial conditions
q - aq-1 ! q q
Afa(tq-1) = Agg (b)) * o4 fp 5 [BApp 5 + Agy 4] - (1.58)

Equation (1.57) is analogous to (1.40) with the continuous inflow rate for
the interval Iq replaced by an initial pulsze [Eq. (1.58)]. The number
Ai;l(tq_l) is the activity remaining from the previous subinterval (or
zero if q = 1); more precisely, it is the limit of Aggl(t) as t » t;-l

because of the exclusion of the right endpoint of I _ The cumulative

q-1°
q q
activities ALB,i and ACB,i may be defined as
q tq H
ALB,i = j; ALB,:I.(t) dt , (1.59)
q-1
q tq M
Ads.1 -j; hog 4 (8) dt , - (1.60)
q-1 ~

where the integrands are given by Eqs. (1.30) and (1.38), respectively.
Other transfers that are represented in an analogous fashion are depicted

schematically as follows:

b+S
d+s
f+k+S >+ SI+ULL » LLI
g-+L-+8
h-+L1J

Equation (1.57) with initial condition (1.58) is a special case of
the system (1.49), with all Py " 0, and therefore can be solved by sub-
routine MULCOM.
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A second type of subsystem occurs in this solution scheme. We

illustrate by considering the computational counterparts of Eqs. (1.13)
and (1.14) for pathways a and b of the N-P. The equations for interval

I are
q
1-1
Al .- q q
Aa i 1a,i. Aa, a.i 1 2 Bi.j(Aa.j Ab j)
j=1
+ Pa,i D3 Hi(t) .
1-1
.q q
Ap,i ™ "bi‘bi*’bi*i 2 13 (a,j Ay 5
i=1

+ Pb’i D3 H (¢)
with initial conditions

q q-1
Aa,i(tq-l) A (t 1) ’

q q-1
Ay 1(tq-1) = By 5(tq 1) »

q-1 q-1
where, as before, Aa,i(tq-l) and Ab,i(tq-l) are intended to mean the
limits as t tends to tq from the left, or zero if q = 1.
Since t
q-

(1.61)

(1.62)

(1.63)

(1.64)

-1 <t < t R B (t) is constant in Eqs. (1.61) and (1.62),

and theréfore these equations are of the form of (1.49) and can be solved

by MULCOM.

In summary, MULCOM is applied4separate1y, on each interval Iq, to

each of the following groupings of compartments:
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1 N-P (a,b)

1 T-B, (c,d)

2 T-B> (k,2)

1 P (e, f,g,h)

2 L (7, fixed)

3 S

4 SI

5 ULI

6 LLI

7 each of the other organs

The italic numerals indicate an order ranking for the use of MULCOM;
solution of groups of lower number must precede those of higher number.
The order is based on the movement of activity.

To save computer time, INREM 1I contains a sechanism to sense a
point in the interval of integration when (if such a point exists) (1)
all activity in donor compartments has been reduced to a negligible level
and (2) the intake rate function 18 zero throughout the remainder of the
interval of integration. These conditions are often met in long-term
integrations for acute exposure (e.g., a 50-year dose commitment follow-
ing a pulse intake at time zero), and in these circumstances the remsain-
ing subintervals Iq can be treated as a single final segment, permitting
the integration to be completed with one final round of calls to the
subroutine MULCOM. The criterion for a negligible level of activity in
8 compartment which corresponds to a single exponential term of a reten-
tion function is for at least eight effective half-times of the species
with the longest effective half-time for that compartment o have elapsed
since the most recent replenishment.
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2, THE INREM II CCYE

The INREM 1I code, defined by its source listing in the A»pendix, is
written in FOR.AN IV. It has been compiled with the IBM FORTRAN Level H
compiler and executed on the IBM/360 Models 75 and 91. '

In coding INREM Il we have made a conscious effort to keep the

-progra- readable, in order to facilitate its maintenance and further

development, and to help users answer questions that might lack ade-
quate trestmeat in the textual cdocumentation. A description of the
general structure is giver in Sect. 2.2, and the source code contains
numerous comment statements. We have attempted to avoid IBM or local
enhancements of FORTRAN IV, but it has not been possible to test the code
on a non—-IBM system. Two IBM/360-0S Assembler routines, PGMMSK and
ICOMPA, are invoked by modules of INREM II. PGMMSK resnonds to underflow
and loss—of-significance interrupts vy setting the number in question to
zero and allowing the calculation to proceed. ICOMPA permits comparisons
of character strings with respect to their relative placement in the
Extended Binary Coded Decimal Interchange Code (EBCLIC) rollating sequence.
These routines would need to be rewritten in the assembly language of the
local hardware and operating system, or their functions substituted or
avoided by reprogramming. Listings of these routines are included in
the Appendix.

The code utilizes input unit 5 for data and unit 6 for the line
printer output described and illustrated in Sect. 2.1. Unit 16 is used
for additional line printer output, for which the origxinal purpose was
diagnostic, but which has been retained for its usefulness. This supple-
mentary output is not described in this report and may be suppresced, at
the user's discretion, by manipulation of the job control language.

2.1 Inpus{Data Formats and Qutput

Befor2 examining the general logic and the numerous operational
details of INREM II, ws ca%l‘;he reader's attention to Figs. 2.1 and 2.2.
These printouts were produced by A run of INREM II for the 99Mo -99WTc -

997¢ chain. Two intake cases were considered for this chain, one fcr
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inhalation and one for ingestion. Each case has its owa intake history
and mode and data related to absorption and uptake of the parent and
daughter radionuclides; but all cases share the same physical data and
retention functions. The version of the code described in this report
permits up to six cases for each radionuclide chain. Figure 2.1 shows
tabulations of those input data that are applicable to both cases.
Pigure 2.2 exhibits the individual cases, with input data specific to
each and the resulting dose matrix for each case.

Shown first in Fig. 2.1 are physical data for the chain, namely
radiocactive half-iives and branching ratios. Next is uptake and reten-
tion information for each of those source organs (other than respiratory
and GI tract) which are explicitly considered in the run. The "BLOOD
TRANSFER FRACTION F2-PRIME" is generally written f; in ICRP
publicationslz'13 and is used here to denote a fractional transfer
coefficient.

The coefficients labeled "COMPARTMENT DEPOSITION FRACTIONS" and the
"COMPARTMENT BIOLOGICAL HALP-TIMES" are best illustrated by an example.

We consider the retention model shown for 29Tc in the liver:

_ 0,693t _ 0.6%93t _ 0.693t
" 1.6 3.7
R = 70 "1 lo.76 e +0.20
_0.693t
+0.06e 22 |,

The corresponding display in the INREM I printouts has the form

COMPARTMENT COMPARTMENT
DEPOSITION BIOLOGICAL
FRACTION HALP-TIME
(DAYS)
6.760 1.60
0.200 3.70

4.000E~02 22.0
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The exponential factor outside the brackets corresponds to radioactive
decay of the radioisotope; the inner terms account for material in the
liver that would survive metabolic removal in the absence of radioactive
decay. Notice that the sum of the coefficients is unity. Thus

(t) represents the fraction of a deposition in the liver at time

RI.IVER
zero which remains in the liver at subsequent time t. The product

1 ]
£, LIVER\LIVER
tion in the blood which remains in the liver at time t.

The S-factors tabulated in Fig. 2.1 were computed with the SFACTOR

(t) is interpreted as the fraction of an initial deposi-

code of Dunning et al." from nuclear decay data compiled by Kocher® and
specific absorbed fractions for photon emissions from ORNL-5000 (ref. 2).
The compartment labeled "OTHER" is complementary to the source organs
listed, and the S-factcrs for this compartment satisfy Eq. (1.4). Our
"BONE" factors combine the cortical and cancellous bone sources as

follows:

S S

cort T "canc’canc
Beort T ®canc

s _ "CORT
BONE

where m denotes the mass of the indicated source.
The £irst case (Fig. 2.2) assumes intake by inhalation. The intake

rate has been specified as the step function

1 uCi/day if 0 € t < 1 day
H(t) = 0 uCi/day if 1 € t < 18,250 days (50 years),

which closely approximates an initial pulse. The resulting dose esti-
mates may therefore be interpreted as dose commitments (rem) per uCi of
9%o inhaled (only the parent nuclide is assumed to be present in the
intake).

Corresponding to an assumed AMAD of 1 um for the inhaled particulate,
supplied as input data, the program has computed and used the regional
respiratory deposition fractions D3, D,, and Ng shown in Fig. 2.2. These
values are derived by subroutine INTP from graphical information in
Appendix D of WASH-1400, Appendix VI (ref. 7). The same document suggests
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lung clearance class D for molybdates and for compounds of technetium
other than the oxides and hydroxides. The gastrointestinal absorption
fractions f; (0.95 for molybdenum and 0.8 for technetium) were adopted
from WASH-1400 and from Killough et al. respectively.”»1%

The matrix of dose-equivalent estimates (rem), shown for those
source- and target-organ combinations prescribed in the data, is of
interest primarily in judging the relative importance cf cross irradia-
tions when penetrating components (photon or neutron) are present. The
entries in the "TOTAL" column, for the example at hand, represent esti-
mates of dose equivalent to cthe indicated target crezias from %m0 and
the 99™1c and 29Tc daughters allocated among the soutce organs as pre-
dicted by the models and parameters per uCi of 990 taken into the body
by inhalation. For every target, the total is the sum of all entries
in the corresponding row.

The second case shown in Fig. 2.2 represents intake of EE by
ingestion. The intake rate function G(t) is the same as H(t) for the
previous case, and the same gastrointestinal absorption parameters (f;)
have been used. Since activity is assumed not to enter the lungs
directly as a particulate (or otherwise, in this example), no respiratory
parameters are used for an ingestion case. The dose matrix now excludes
the columns corresponding to respiratory sources; otherwise it is
interpreted as in the previous case.

The comments at the bottem of Fig. 2.2 were inserted in the input
at the appropriate point and were printed on the cutput by the computer
to aid the user in documenting the sources of information used in the
calculation.

The prevaration of data for input to INREM IT is rather tedious,
and we offer alternative descriptions. One is provided by the flow
charts of Figs. 2.3 and 2.4, which diagc. 1 the logic of subroutine INPUT
and show all READ and FORMAT statements (an exception is noted below,
and some liberties have been taken with FORTRAN syntax in operations
other than input). Subroutine INPUT reads all data for INREM II except
the user’'s comments, which are read and printed by subroutine CMMIS.

For readers less familiar with FORTRAN input/outpuf statements, che
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SUBROUTINE BEPUT ALAST)
BUTIAL SEQUENT

READ (0. 1000 €0 = 808 NSPEC, IMAMNUCHSPEC),

TRUSPEC) ISPEC ~ LSEC)
W0 FORMAT (12/1AS, 2X, E .00

rua) ¥ END-OF FILE CAND & SENSEO
- WHEN READ § ATTEMPTED, SET
FLAG ARD RETURN.

BUTIALIZE MATRIL OF SRANCHING RATIOS
TO Zy 80,

SKIP BRANCIING-RATIO SEGVENT IF
THERE ARE WO RADIOACTIVE
OAUGHTERS.

5

READ NUMBE R OF NON.ZE RO
BRANCIHING RATIOR.

DOK =1 MSR

MEAD WODIES AND YALLES

OF NOR-ZERG BRANDWG
RATIOS.

L READ 1T, 103G; TPEC."SPECBRANCIISPEC SEC)
Y00 FORMAT (212 € 10.00

3E.L WUMBER OF ZOUNCE
DAGANE 10 MER AN
RESPIRATOAY AND G.1.} AND
THE G-CHARACTEN NAME
AND MASE OF EACH.

1030 FORMAT { 12/:4A8.2X £ 10 OV)

L READ WUlwan " OF TARGET
READ (1. " X300 NT (RANTRGITAG + §), TMASE (HTRGR, ORGANS IOTHER "HAR
TRG = L.AT} RESPIRATORY AND C 1.} AND
(FORMAY 1IN PREVIOUS SLOCK} TrE SCHARACTER NA'2.,
1 AND MASE OF EACH.

NIOU-NS+§ NSOU ARD NTRG ARE THE TOTAL NUNMJIERS OF
WIRG-NT 8 SCURCE AKD TARGET ORGANS, RESPE TIVELY,
TICLUDING THE § “SOMMATORY #:¢0 G.1. GRGANS.

NAMIDUHNSOU*1) = TOTAL' STORE LABEL FON THE TOTAL COLUNN.

DO 13-4C = 1 NSPEC

DO ISQU = I.NS
READ (I, 1OBO) F2PRIMMISPEC IS0U) NC, READ METABOLIC PARAMETERS
ICIISPECIC. ISOU). TBIISPEC,IC. IS0V, FOR EACH RADIONUCLIDE SPECIES
IC = 1. N0} ARND EACH SOURCE OYGAN OTHEA
[0S0 FORMAT (£ 10.0.72/80€ 10.00) THAN RESPIRATONY OA G.).
NOOMP (TSPEC, 300 1S THE NUMBER OF PARALLEL
NCOMP (ISPEC, ISOU) = NC EXPONENTIAL COMPARTIMENTS (TEAME 1 THE

RETENTION FURCTION) FOR SPEC.ES ISPEC N
SOURCE ONGAN 190U.

DO ITRG ~ I NTAG

READ (0 10000 (SIIPEC.ITAGISOUY, | g 00 AT AIX OF 5. FACTORS SO
00U = 1. NSOU) EACH RADIONUCLIDE SPECIES.
1000 FORMAT 3¢ 1080

©

EXCEPTIING TO FORTAAN DEFAULT v AMIASLE TYPES.

LOGICAL LAST
OOUBLE PRECIIION NAMNUC, NAMBOU, RAMTAG IVALUES INTERPRETEN AS BCHARACTER STRINGS)

T C—

Fig. 2.3. Flow-chart for initial segment of subroutine INPUT.
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SUSROUTIE PUT 1LaST)
[Tep—_—
CASE wPORIATION
AEAD OR, W% NCASES READ SUMBER OF CASES TO B COMHITED
1918 FORMAT iy . FOR CLRAENT OuAm.
0O ICASE - 1, 40a3ES
READ CHARACTER COOE £ FOR IHALA-
READWN, 1AM MOOK CASE). TENCICARE) TIOR, " FOR INGESTION) ARD LENGTH OF
[-nmtu\znu_ I WTEGRATION ITERVAL IDATS) FOR
I CURRERT CASE,
CONVERT LITERAL VALUE
OF MODE BCARE} TO
SRASEIRC COOE AS FOLLOWS:
‘ Wt
w2
READ SIFORBATION FOR INTAKE-RATE
s . fracASE T STEP FUNCTION: IUMBER OF SUBWATER-

VALS, ARD LEFT ERDPOINT AND RATL
(Cidoy) FOR EACH SURNTERVAL

BEGIN WINALATION CASE
READ ACTIVITY MED* AN
AERQOYNAMIC OMMETER
{omi FOR INMALED AEROBOL
AEAD LITERAL CODE TO
MEAD (W, Y085} ISO0L. (ICASE ISPEC) WDICATE CLEARANCE
958 FORMAT (AN PROPENTIES OF SIMALED
AEROSOL FROM RESPIRA.
| TORY TRACT.
CONVINT LITERAL VALUE OF
ISOL (ICASE. (SPEC) TO MUMERIC
CODE A3 FOLLOWS:
-1
w2
Y3
TIOAL ~4

woLncass, N 712002

(=72
SPECIAL CASE: READ
USER-SUPPLIED LUNG
= 4 BPECIAL CASH) CLEARANCE PARANETERS
AEAD (W, 10008 (TBLUNGIICASE, PATH SSPEC), e berouimiom
FLUNG (ICASE IPATH SPEC) IPATH= 199 TN FOR Tt
1000 FORMAT 88 10.00 SPATHIIAYS o—i
SEE FIG. 125.9),
READ (W9, 10401 £ 1{ICASE. SBPEC) READ G.1-TRACT-T0-
(FORMAT 1 PREVIOUS SLOCK} I $L000 ASSORPTION
FRACTIONS.
_l - — — — ——— —
I |
END MMALATION CASE.
READ G.1. TRACT-TG
WEAD (M0, 10S0MF 1{ICASE 1SPEC) SPEC « 1,M0PEC) BLOOD ABSORPTON
(FORMAT 14 A PREVIOUS SLOCK} FRACTIONS FOR
WGESTION CASE.
B
T
0

Fig. 2.4. Flow-chart for final segment of subroutine INPUT.
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following outline of the input process indicates the approximate order

of the data, and Fig. 2.5 1s an annotated printout of the data cards
used for the saxple calculaticns with the INgp-9%mTc-99T¢ chain.

-%gatline of input data for an INREM II problem

1.

2.

4.,

5.

inhalation

Number NSPEC of radionuclides in chain, names, and radioactive
half-lives;
Number NBR of nonzero branching ratios, folloued.by NBR cards, each
of which contains information of the form I, J, BRANCH(J,I) =
fraction of nuclide I decaying to nuclide J; I and J are index
pumbers (1+NSPEC) corresponding to the order of nuclides in the
chain, as established by the data of item 1;
Number NS of source organs other than lungs and GI tract, and for
each, the name and mass;
Number KT of target organs other than lungs and GI tract, and for
each, the names and mass;
For each radionuclide in the chain,
Sa. blood-to-organ transfer fraction F2PRIM and retention function
parameters for each source organ other than lungs and GI tract;
Sb. matrix of S-factors for the indicated sources and targets;
Number NCASES of cases;
For each case,
7Ja. exposure mode (i.e., inhalation or ingestion), length of time
interval for integration, and length of subintervals;
7b. data to define the intake-rate function;
r_’7c. activity median aerodynamic diameter (AMAD) of
particles;
7d. for each nuclide in the chain,
7d-1. 1literal code to signal respiratory clearance
properties (D, W, Y, or special case for
which user supplies additional parameters);
7d-2. GI absorption fraction for each of the four

segments of the GI tract;

ingestion [?c'. GT absorption fractions for each nuclide in the

chain;
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8. Comment cards to be printed on the output, terminated by a card
with '$' punched in column 1.
Some exceptions to items of the outline are discussed below.
Relative to item 5, we note that INREM 1I expects the data for the
first source organ in the sequence to correspond to totsl body, by which
we mean material that has been absorbed from the respiratory or GI tract.
Uptake and retention data for this source organ are printed by subroutine
OUTDAT, but they are not used in the calculation.
For some radionuclides, it is useful to include a compartment for
prompt excretion, as if it were » source organ. To exercise this option,

the user must modify the foregoing outline of data preparation as follows:

a. In step 3, columns 11-23 of the card containing the number of
source organs must have some ncnblank character punched. A
memonic message, such as 'PLUS EXCRET.' is suggested. The
excretion compartment is not included in the count of source
organs.

b. In step 5a, the data for the excretion compartment is inserted
immediately after the corresponding block of data for total
body. The S-factors provided by the user for the total body
source (and which must always be present) are transferred by
subroutine INPUT to be used to calculate dose due to activity

in the excretion compartment.

The modifications a and b shown above have been omitted from the flow
charts of Figs. 2.3 and 2.4,

The outline given above describes the data preparation for a single
problem (i.e., a single chain). Multiple problems may bz processed in
a single job, with the data for the last problem being terminated with
the delimiter /* (for the IBM Operating System).

2.2 Logical Structure and COMMON Data Storage of INREM I1

An effort has been made to keep INREM II well structured in the

following sense:
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1. The driving program and all subprograms form a hierarchy (see
Fig. 2.6).

2. Each module (i.e., driving program or subprogram) is a linear
sequence of ctructures of the following types:
2a. Iteration (e.g., DO-loop)
2b. Simple selection (IF-THFN-ELSE)
2c. Linear sejuence of fundament:: operations (input/output,

arithmetic statement, subprogram invocation).

These structures may, of course, be nested. For example, the scope of
an iteration may be a linear sequence of structures of type 2a, 2b, and
2c. The IF-THEN-ELSE logic of a selection structure may not be imple-
mented literally in FORTRAN IV, except in the simple case inr which the
THEN clause consists of a single statement and the ELSE clause is nill.
It is therefore desirable to position the groups of statements tha‘
comprise these clauses together and rweke the entry and exit point of each
obvious to the reader thrcugh the use of comments.

The longer modules of INREM II (such as subroutine STEP) may be
viewed as concatenated blocks of code. The begianing and end of a block
are plainly marked by comments, and the block is entered only at the
beginning (generally at a CONTINUE statement). There are no transfers
from one block into the interior of another. Thus, revision of code
within a block is less likely to have unanticipated ramifications else-
where. Generally, btackward-pointing GO TO statements have been avoided
(there are perhaps two exceptions).

First let us summarize the highest level of the hierarchy shown in
Fig. 2.6. As in Sect. 2.1, we consider problem to be the INREM II
data for a single radionuclide chain consisting of one or more radioactive
species. A problem may contain one to s8ix cases, such as were described
and illustrated in Sect. 2.1. The input deck to INREM II may then be
regarded as a sequence of one or more problems.

Most of the driving program is an iterative structure. Each itera-
tion processes a single problem: input, computation, and output. Many
of the statements in the scope of the iteration are subroutine calls,

although some data ccnversion is done at this level. Figure 2.7 is a
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ORNL-OWG 78-7326

DRIVING PROGRAM

NpuT | | QUTDAT INTP GRIFUT | | cMmNTs
DOSRUN
STEP
MULCOM HAL || GES
[{EXPFUN

EXPF{

Pig. 2.6. Hierarchical structure of INREM II.
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PRINT A SUMMARY OF MODELS AND
ASRAIPTIONS 9% IORED N

WASK INTERRUPTS DUE TO UNDER-
(LIAR FLOW ASID LOBE OF SIGMWEICANCE

<
m BUTIALIZE END-OF FILE FLAG
FOR BPUT.
caLL
Kewmny
ALy
PGRmgK

READ DATA FOR CURRENT PRODLERE.

PRINT DATA COMMON
TO ALL CASES.
CINVERT RADIOACTIVE
HALF-LIVES TO DECAY
RATE COEFFICIENTS
DO ICASE - 1, NCASES —
= 2 (INGESTION)
o 1 (OMALATION)
CORVERT BIOLOGICAL MALF
TINES TO REMOVAL RATE
COEFFICIENTS. MNVE PARAM-
ETERS FOR CURRENT CASE TO
A SPECIAL COMMON BLOCK
WHERE COMPUTATIONAL
ROUTINES MAY HAVE
ACCESS TO THEM
COMPUTE AND STORE RESPIRATORY
[CAU- jadid u-mm)d AEGIONAL OEPOSITION FRACTIONS
03, D4, 06
NTEGRATE DIFFERENTIAL EQUA-
CALL DOSAYN {1C. TIONS TO OBTAM SHCAOCUNIE-
Ls icist) J OAYS I SOURCE COMPARTMENTS.
'u FROM THESE, COMPUTE ANO
K | STORE COSE MATRIX.
cALL PRINT DATA ANO QUTIUT FOR
ddandd ALL CASES.
‘ READ AND PRINT USER COMMENTS
CALL FOR CURRENT PROSLEM.
TS

Fig. 2.7. Flow-chart for iNREM 11 driving program,
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simplified flow chart of the driving program. Subroutine INPUT reads
all data for the cutrent problem (or returas an end-of-file flag if
there are no more problems in the input deck). Subroutine OUTDAT prints
that segment of data that is common to all cases Jefined by the problem
(Fig. 2.1 is output from OUTDAT). fn inner iteration performs computa-
tions for each case and stores the results. In the event of an inhala-
tion case, subroutine INTP calculates the respiratory regional deposition
fractions D3, Dy, and D5 that are appropriate to the AMAD value that was
read. Subroutine DOSRUN manages the integration o. the differential
equations to estimate microcvrie-days residence of activity in each
compartment and combines these quantities with the S-factors to compute
a dose matrix for the case. The call to DOSRUN ends the case iteratiom.
A call to subroutine OUTPUT causes the results of all cases within the
current problem to be printed (Fig. 2.2 is an exam~le of the work of
OUTPUT). Finally, subroutine CMMNTS reads and prints any comments or
footnotes the user might have inserted in the input stream at the end of
the problem. The comments must be followed by a card with the character
'$' punched in column 1. There is no limit to the number of comment
cards that may be inserted, but if there are none, the terminating card
with the '$' punch still must be placed after the data for the problem
(see Fig. 2.5 for a listing of a sample data deck which includes such
comment cards).

At the first subordinate level of the hierarchy of Fig. 2.6 is
subroutine DOSRUN, which manages the computations for a given case. The
principal tasks of DOSRUN are '

1. to compute the partition of the interval of integration [0, T] into
subintervals Iq’ q=1, ..., Q, as described in Sect. 1.3;

2. to invoke subroutine STEP for each integration over a subinterval
Iq;

3. to determine a stage at which accivity levels of all species in all
donor compartments may be considered negligible, ani if no further
intake can occur, to combine the remaining subintervals Iq into a

single final segment which can be covered by a single call to STEP;
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4. to compute the entries in the source-target dose matrix for the
current case and pass them to subroutine OUTPUT by way of COMMON
block /DOSES/;

5. to compute, for the current case, the perceant contribution of each
nuclide in the chain to the total dose to each target organ and
pass this information to subroutine QUTPUT through COMMON block
/PERCNT/.

Task 3 adds considerable code to the subroutine and tends to obscure the
general logic. But the computing time saved by its inclusion has made
the additional complication worthwhile. We comment e~ this task in the
following paragraphs.

The donor compartments considered are thuse associated with each of
the respiratory pathways a, ..., ©, k, £, and each of the four segments

of the GI tract, S, SI, ULI, LLI. For each compartment we calculate

A-nin(x31+xii‘), Ve, eeey i, .
=1 N\ V5
A =min (A +2%® +®), 5 =5, s1, ULI, LLI
1 01 1 ’ 1] }
i=1,N ,
AR = min A: .
i=1,N
The anumbers

-~ -~ ~

T, = 8 1n(2)/Av, 'l'c = 8 1n(2)/A°, Tpg = 8 1n(2)/AR

represent eight effective half-times of the longest-retained species in
each compartment (the species achieving the maximum may vary from one
compartment to another) and eight radioactive half-lives of the longest-

lived species, respectively. Let TINT denote the time at which intake
ceases, We define
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- TINT + max(Ta, Tb) for inhalation
Typ ™
0 for ingestion
- o
- _ TINT + max(Tc, po for inhalation
=B 0 for ingestion

»
»
>

~

. ITINT + mx(Te’ Tf9 Tg- Th) for inhalation

P lO for ingestion

for inhalation

- it t 7
Ly 0 for ingestion
{ + T, + T for inhalation

T = { INT R R
L
2 0 for ingestion
- } TINT + Td + max(Tf, Tg) for inhalation
T-B, 0 for ingestion
+
X TS + TSI + TULI TLLI + max(TN_P, TT-Bl’ TT—BZ) for inhalation
TGI = 3. - - - -
T + T, + T, + T +T for ingestion

INT S SI ULI LLI

As soor, as DOSRUN has completed the integration for a subinterval

Iq = [tq_l,tq), the endpoint tq is compared with each of tne times
TN-P’ TT—BI’ TT-Bz’ TP’ TLI, TLZ’ TGI’ and when tq is larger or equal,

the corresponding compartment is considered devoid of activity of all
species of the chain; a flag is set and the variables which represent the
levels are set equal to zero. After all donor compartments are exhausted,
the integration 1s completed in one last call to subroutine STEP for the
final receptor compartments, i.e., the organs other than respiratory or
GI tract.
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Some comment on task 1 of DOSRUN might be helpful. The user
specifies, for each case in a problem, what he judges to be a suitable
length for the subintervals of the integration interval. For a given

case, let us denote this number by T It is important to be aware

STEP’®

of the followirg facts concerning TSTEP:

7 »

i. Not all subintervals Iq will be of the same length. They will
be adjusted by DOSRUN to align with the endpoints of sub-
intervals on which the intake rate function is constant. But
none will exceed TSTEP in length.

ii. If all donor compartments are exhausted and intake ceases
before the integration is complete, the remaining subintervals
Iq are consclidated into a single final segment, the length of
which may exceed TSTEP' But this consolidation does not
represent an approximation: it is equivalent to continuing
the integration individually over each of the component

subintervals.

As an example, consider

T = 1825 days (5 years) ,

STEP

1 uCi/day for 0 € t < 1 day
intake rate =
0 uCi/day for 1 < t < 18,250 days (50 years) .

If the intervals defined by the intake rate function are not considered,

we calculate as a first approximation to the number of steps
NSTEPS = 1 + (18,250/1825] = 11,

where the brackets denote the largest integer which does not exceed the
enclosed quotient (if the division were not exact, the remainder would
be lost, and the number of steps is increased by one to compensate).
For the interval [0, 1) of the intake rate, we compute the number of

subintervals as
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1-0\_ ..
NST = 1 + [(18’250)x ;]‘;! =1

of length |{I;| = 1. For the remsinder of the interval, i.e., {1, 18250],

we calculate

NST = 1 + [§%§i§§g§§—l> x 1%] = 11 intervals,
:

each of length IIqI = 18,249/11 = 1659 days, q = 2, ..., 12. Therefore,
the user's original specification of 10 subintervals ~f 1825 days each
was modified to 12 subintervals, none exceeding 1659 davs. Moreover, if
all donor compartments are exhausted, say, in 10 years (3650 days),
DOSRUN will consolidate all subintervals after the fourth:

1+ 1659 + 1659 = 3319 < 3650 < 1 + 3 x 1659 = 4978

The result is that only five subintervals, in effect, are used. The
user's specification should be made with a view of controlling the
spacing of the pulse trains of activity entering the receptor compart-
ments while the donor compartments still contain material.

Subroutine STEP, which is invoked by DOSRUN for eaci subinterval
Iq (or the consolidaied final segment), carries the integration forward
for that interval. It takes the initial levels for the interval from
COMMON block /LEVELS/ and returns the updated values to this hlock. The
time-integrated activities (uCi-days) for the subinterval are returned
to COMMON block /CUMACT/. Subroutine DOSRUN keeps a cumulative total of
these in the array AWIGL (ISPEC,ISOU), where the index values of ISOU

have the following meanings:

150U ORGAN

1 Lungs (N-P, T-Bl,z, P)

2 Respiratory lymph nodes (L1,2)
K2g) GI tract (S, SI, UL¥, LLI)

7 Total body

8+NSOU Other source organs
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Th: segments of STEP are clearly marked by comments in the source code
and are principally devoted to organizing data for calls to subroutine
MULCOM and moving that subroutine's output to appropriate arrays.

The intake rate vector is evaluated by subroutine HAL or GES for
inhalation or ingestion, respectively. While INREM II accounts for the
formation of daughter nuclides in the body, intakes are limited to the
first species of the chain, and accordingly, a call to HAL(T,H) or
GES(T,G) returns a vector H or G whose first component is the intake
rate at time T of the first species and whose other components are zero.

Transrission of information among modules of INREM I1 occurs pri-
marily through COMMON storage. A list of the COMMON blocks, together

with an explanation of the variables assigned to each, follows.

/RADAT/ TR(20), BRANCH(20,20)
TR{ISPEC) = radioactive half-life of nuclide species ISPEC
(days).
BRANCH(ISPEC, JSPEC) = branching ratio oi species JSPEC to
ISPEC (JSPEC < ISPEC).

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

NSOU = total number of source organs (including 2 respiratory
and contents of 4 GI compartments).

NTRG = total number of target tissues (including 2 re. »iratory
and 4 GI compartments).

/CASES/ NCASES, MODE(6), TEND(6), NINT(6), T(6,30), P(6,30),
1S0L(6,20), AMAD(6), DEFAUT(6), FLUNG(6,9,20), TBLUNG(6,9,20),
F1(6,20), GIFRAC(6,20,4)

NCASES = number of cases in the current problenm

MODE (ICASE) = numerical code for exposure mode of case ICA3E
(1 = inhalation, 2 = ingestion); first read in by subroutine
INPUT as literal code ('H' = inhalation, 'G' = ingestion)
and converted immediately to numeric.

TEND(ICASE) = end of integration interval (days) for case

ICASE. Integration is always start~»d at time zero.
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JINT(ICASE) = number of subintervals of the integraticn
interval needed to define the intake rate step function
for case ICASE. In the present implementation, NINT(ICASE)
must be <30.

T(ICASE,K) = left endpoint (days) of the Kth subinterval of
the intake rate step function for case ICASE. T(ICASE,1l)
should equal zero.

P(ICASE,K) = intake ratc (uCi/day) in the Kth subinterval for
case ICASE, i.e., for times between T (ICASE,K) and
T(i ASE.K+1), or if K = NINT(ICASE), for times between
T(ICASE,NINT(ICASE)) and TEND(ICASE).

Note. Figure 2.8 shows an example illustrating the relation-
ship of TEND, NINT, T, and P.

ISOL (ICASE,ISPEC) = numeric code indicating respiratory
clearance class (D, W, Y, or special case) of species ISPEC
if case ICASE pertainc to inhalation:

4

1 for class D

2 for crass W

+50L = 9 3 for class Y

4 for speclal case, in which user supplies
L respiracory clearance parameters

Values of ISOL are read by subroutine INPUT as literal data
and converted immediately to numeric.

AMAD(ICASE) = activity median aerodynamic diameter (um) of
inhaled aerosdl (applies to first nuclide species in the
chain).

DEFAUT(ICASE) 1is not used in the present version of INREM 1I.

FLUNG(ICASE,IPATH,ISPEC), TBLUNG(ICASE,IPATH,ISPEC) = special
respiratory local deposition (FLUNG) and clearance (TBLUNRG)
parameters supplied by the user for case ICASE. FLUNG is a
dimensionless fraction, and TBLUNG is a biological half-
time (days). The index IPATH refers to one of the nine



ORNL-DWG 77-2739

P(IC,2)
P(IC,1)
| P(IC,3)
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L I P(IC,4)
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=0.0
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INTEGRATION INTERVAL

IC = CASE INDEX
NINT (IC) = 4
P= INTAKE RATE (nCi/day)
T, TEND = TIME (days)

Fig. 2.8. Intake rate function (uCi/day) for INREM II.
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clearance pathways a + 1 (see Fig. 1.2). These special
entries are read and stored by subroutine INPUT only when
ISOL{ICASE,ISPEC) = 4.

F1(ICASE,ISPEC) = GI-tract-to-blood transfer fractiom for
nuclide species 1SPEC in case ICASE. Read and stored for
both inhaliation and ingestion cases.

GIFRAC(ICASE,ISPEC,ISEG) = GI-tract-to-blood transfer
fraction for nuclide species ISPEC in case ICASE for the
segment ISEG of the GI tract.

/TGIM/ LMA(20), LMB(20), LMC(20), LMD(20), LME(20), LMF(20),
LMG(20), LMH(20), L~XI{?0}, FA(20), FB(20), FC(20), FD(20),
FE(20), FF(20), FG(20), FH(20), FI(20)

LMA(ISPEC) -+ LMI(ISPEC) = REAL clearance rate coefficients
(day-l) for respiratory pathways a + i, respectively;

FA(ISPEC) » FI(ISPEC) = corresponding local deposition
fractions. These quantities are computed in the driving
program at the beginning of eact inhalation case and
placed in COMMON block /TGLM/ as a means of transmitting
them to subroutine DIFFUN.

/ORGDAT/ NCOMP(20,16), C(20,5,16), LMBDAB(20,5,16), F2PRIM(20,16)
NCOMP (ISPEC,ISOU-6), C(ISPEC,IC,ISOU-6), LMBDAB(ISPEC,IC,ISOU-6)

= parameters specifying the fractional retention function
for nuclide species ISPEC in source organ ISOU (index
values 1 + 6 are preempted for respiratory and GI sources).
NCOMP is the number of terms in the retention function, and
C and LMBDAB (REAL) are the coefficient and biological
removal rate constant (day-l), respectively, of term

IC (1 < IC < NCOMP). The form is

NCOMP (ISPEC,ISOU-6)
; C(ISPEC,IC,ISOU-6)*EXP (-LMBDAB(ISPEC,IC,ISOU~-6)*T)
IC=1
The function shown has not been corrected for radioactive

decay.
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F2FRIM(ISPEC,ISOU-6) = transfer fraction of nuclide species
ISPEC from blood to source organ ISOU.

/DOSES/ DOSE(6,27,25)

DOSE(ICASE,ITRG,ISOU) = dose (rem) to target organ ITRG from
activiry of all nuclide species in source organ ISOU for
case ICASE. The entries for ISQU = NSOIH1 are the target
organ totals.

/MASSES/ SMASS(24), TMASS(27)
SMASS(ISOU) = mass (g) of source tissue ISOU. These are not
used in the current version of INREM II.
TMASS(ITRG) = mass (g) of target tissue ITRG. These are not
used in the current version of INREM II.

/NAMES/ NAMNUC(20), NAMSOU(24), NAMTRG(27)

NAMNUC(ISPEC) = DOUBLE PRECISION (IBM/360-370: 8 character)
name of radionuclide species ISPEC (e.g., ‘SR-90¥¥¥', where
¥ = blank).

NAMSOU(ISOU) = DOUBLE PRECISION name of source organ ISOU (the
first six source names are always the same and are initial-
ized in the BLOCK DATA subroutine).

NAMIRG(ITRG) = DOUBLE PRECISION name of target organ ITRG (the
firs. six target names are always the same and are initial-
ized in the BLOCK DATA subroutine).

Note. Total body as a source and target must always be present
and correspond to index values ISOU = ITRG = 7,

/GI/ LMGI(%), LM21(20,4)
LMGI(ISEG) = REAL mass-clearance rate coefficient (day-l) for
segment ISEG of the GI tract:

1 for stomach (S)
2 for small intestine (SI)
ISEC =13 for upper large intestine (ULI)

‘lo for lower large intestine (LLI)

1MAB(ISPEC, ISEG) = REAL absorption rate coefficient (day ') of
species ISPEC from GI gegment ISEG. Computed and stored by
subroutine DOSRUN, LMAB is defined by Eq. (1.37).



55

/RESDP/ DD3, DD4, DD5

DD3, DD4, DD5 = respiratory regional deposition fractions
(nasopharyngeal, tracheo-bronchial, and pulmonary regions,
respectively) that are computed by subroutine INTP as func-
tions of the activity median aerodynamic diameter (um) and
made available to sutroutine STEP.

/SFACT/ S(20,27,23)

S(ISPEC,ITRG,ISOU) = dosimetric S-tactor (rem/uCi-day) to
convert HCi-days residence of nuclide species ISPEC in source
tissue ISOV into a dose contribution (rem) to target tissue
ITRG.

/HALGES/ JCASE

JCASE = value of ICASE for the current case.

Note. This COMMON block permits communication of the case
index from subroutine DOSRUN to subroutines HAL and GES.

/ALERT/ ERFLAG(6)

ERFLAG(ICASE) = LOGICAL flag to indicate input of median
particle diameter [AMAD(ICASE)] that is outside the range to
which the deposition model applies. The values of ERFLAG
are set by subroutine INTP and transmitted to subroutine
OUTPUT, which prints warnings when indicaced.

/PERCNT/ PCTDOS(6,27,20)

PCTDOS (ICASE,ITRG,ISPEC) = percent contribution of species ISPEC

to the total dose equivalent to target ITRG for case ICASE.
/SWITCH/ SNP, STB1, SP, SL(2), STB2(2), SGI

SNP, STB1, SP, SL(1+2), STB2(1+2), SGI = logical flags to
indicate exhaustion of their respective feeder compartments:
N-P, T-By, P, L;,2, T-B2, and GI. When 211 feeder compart-
ments are exhausted (all flags set to ... E.) the integra-
+ion is completed in one final step.

/TYME/ TSTEP(6)
TSTEP(ICASE) = user-chosen time step (days) for the integration.
/LEVELS/ YNP(20,2), Y1TB(20,2), Y2TB(20,2), YP(20,4), YL(20,2), YS(20),
YSI(20), YULI(20), YLLI(20), YORG(20,5,16)
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YNP (ISPEC, IPATH), ..., YORG(ISPEC.IC,ISOU-6) = microcuries in lungs

(pathways a, ..., 1), GI tract, and other source organs.

/CUMACT/ YNPW(20,2), Y1TBW(20,2), Y2TBW(20,2), YPW(20,4), YLW(20,2),
YSW(20), YS1w(20), YULIW(20), YLLIW(20), YORGW(20,5,16)
YNPW(ISPEC,IPATH), ..., YORGW(ISPEC,IC,1S0U'-6) = microcurie-dayvs

time-integrated activity in lungs (pathways a, ..., t), GI tract,

and other source organs for the current integration subinterval.

2.3 Subroutines

The basic structure of the INREM II program has been described and
shown schematically in Fig. 2.6. Subroutine INPUT has been described
in Sect. 2.1 and outlined in Figs. 2.3 and 2.4. Descriptions of the

remaining subroutines are included below.

OUTDAT: 1invoked by the driving program to print the physical and meta-
bolic parameters for the given parent nuclide and its progeny. The
following information is printed for each species of the chain: name,
radioactive half-life, branching ratio, blood transfer fraction,
retention coefficients, and bioiogical half-times. Also a tabulation
of the S-factors for the specified source and target organs 1is printed
for each species in the decay chain. Figure 2.1 shows an example of
the output produced by this subroutine. Common blocks used by OUTDAT
are /RADAT/, /ORGDAT/, /NAMES/, /NUMBRS/, and /SFACT/.

PRINTS (IFIRST,LAST,ISPEC): called by OUTDAT to print a table of the
S-factors for source organs with f-iices IFIRST through LAST for all
targets for the current species, ISPEC, in the nuclide chain. Common
blocks used are /NAMES/, /NUMBRS/, and /SFACT/.

INTP (AMAD,ICASE): ca. :d by the driving program to compute the lung
deposition fractions D3, Dy, and D5 for a given particle size, AHAD:
(um), for case ICASE, where intake is by inhalation. The fractions
D3, Dy, and Dg correspond to the nasopharyngeal, tracheobronchial, aﬁd
pulmonary regions, respectively. Functional relationships between

particle diamcter and these deposition fractions were deduced from
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graphical information published in WASH-1400 (ref. 7, Fig. VI D-1).

In each case the function is defined over a restricted range of AMAD:
0.1 um < AMAD < 20.0 ym. For particles outside this range, the boundary
value of AMAD is substituted for the user's value, and a warning flag

is provided to sigral this condition in the output. Common blocks used
are /RESDP/  nd (i ERT/.

SUMMARY: called by the driving program to print a summary of the methods

and assumptions employed in INREM II and a listing of the default values
for lung and GI tract parameters. In the present version of the code,

this subroutine is replaced by a dummy.

DOSRUH(ICASE): 1invoked by the driving program to manage the integration

of the differential equations used to estimate the uCi-days r=sidence
in each compartment, and to calculate the dose matrix. This routine
is discussed in Sect. 2.1. Common blocks used are /NAMES/, /NUMBRS/,
/RADAT/, /ORGDAT/, /SFACT/, /DOSES/, /CASES/, /GI/, /HALGES/, /SOURCE/,
/PERCNT/, /TGLM/, /SWITCH/, /LEVELS/, /CUMACT/, and /TYME/.

STEP(T1,T2,MODE): Invoked by DOSRUN to advance the integration of the
differential equations from time Tl to 12. The variable MODE = 1 for
inhalation and 2 for ingestion. Common blocks used are /SWITCH/,
/LEVELS/, /CUMACT/, /ORGDAT/, /NUMBRS/, /GI/, /TGLM/, /RADAT/, /RESDP/.

HAL(T,H): invoked by step to define an array H of the inhalation intake
rate at time T for each species ir the decay chain. The appropriate
rate is determined by selecting the element of the intake rate P which
corresponds to the vzlue of T. Common blocks used are /CASES/,
/HALGES/, and /NUMBRS/.

GES(T,G): 1invoked by STEP to define an array G of the ingestion intake

rate for each species in the decay rhain at time T, in the same way as
for HAL. Common blocks used are /CASES/, /HALGES/, and /NUMBRS/.

MULCOM(T,N,LMR,LMB,C,NCOMP ,BRANCH,P,AQ,A,AW): 1invoked repeatedly by

subroutine STEP to compute microcuries A(I,K) and microcurie-days
AW(I,K) of the Ith radionuclide species cf a chain (1 € I € N) due to
the Kth term of 1ts fractional retention function. Species I is sub-

ject to radioactive decay rate LMR(I) (day'l), and ite fractional
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retention kernel is assumed to have the form of Eq. (1.50), with the

following notational correspondences:

t T

x‘i‘ LMR(T)

T

xik LMB(I,K)
Cox C(1,K)
L1 NCOMP (1)

The initial conient of species I in the organ and associated with the
Kth retention term is AO(I,K), the constant uptake rate is P(I)
(uCi/day), and BRANCH(1,J) is the fraction of species J which disinte-
grates to species I (J < I). Some details of the equations are given
in Sect. 1.3. No commor. blocks are used.

OUTPUT: invoked by the <riving program to print the case-specific infor-

mation for each of the cases in the current problem. Figure 2.2
illustrates the text produced by this routine. For an ingestion case,
the information includes the intake rate function and the ingestion
transfer fraction f]; (GI to blood) for each nuclide in the chain,
followed by the dose matrix of all source and target organs. The dose
from the respiratory source tissues is zero in this case and is not
included in the dose matrix tabulation. When the intake mode for the
current case is inhalation, output consists of the intake rate func-
tion, AMAD and lung deposition fractions (D;, D,, and Dg), and the
respiratory clearance class (D, W, or Y) and GI uptake fraction for
each species in the chain. If special lung clearance parameters are
specified, these will be printed next. This 18 followed by a tabula-
tion of the dose matrix over all source and target organs. When
radioactive progeny are present, a table detailing the percentage of
the total dose equivalent to each target organ contributed by each

species of the decay chain is included. Common blocks are /NAMES/,
/NUMBRS/, /CASES/, /RESDP/, and /ALERT/.
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PRINTD(IFIRST,LAST): called by OUTPUT to tabulate the dose matrix for
source organs with indices IFIRST through LAST for all target organms.
Common blocks are /NAMES/, /NUMBRS/, /DOSES/, and /CASES/.

CMMNTS: called by the driving program to print out comment cards, if
any, which have been included in the input stream. Cards following
the last numerical data of the input file will be printed with the

program output until a card with '$' in colummn 1 is encountered.
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APPENDIX

LISTING OF INREM II CODE
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C INREM 11

£ e e e e B m— - ———— = ——— = " = > Ve o 4 P e A M > > B > A

PROGRAM AUTHORS.»

Ge Go KILLOUGH

HEALTH ANO SAFETY RESTARCH OLIVISION
OAX RICGE NATIONAL L ABORATQORY

OAF. RIDGE, TENNESSEE 3783C

De Eo DUMIINGs .'Re

HEALTH AND SAFETY RESEARCH D1VISION
QAKX RIDGE NATIONAL LABORATCRY

OAK RIOGE., TENNESSEE 37830

Je Ce PLEASANT

DEPARTMENY OF MATHEMAYICS

EAST TENNESSEE STATE UNIVERSITY
JOHMNSON (1 TY, TENNESSEE 37601

DOUBLE PRECISICN NAMNUC, NAMSOU,NAMTYRG

LOGICAL DEFAUT LAST

HEAL LMA L MBoLNCoLMDJLME L WF oL MG oL NH,LM]

COMMON /CASES/ NCASESMODE(6) 2TEND(O) e NINT(6)sTIE«I0)sP{6,30)

¢ ISOL(6620) ¢ AMAO(G) ¢ CEFAUT(E) sFLUNG(699+22) s TBLUNG(667:2%)»

S TL(6420)eGIFRAC(E420¢43

CUMMCN /GADAT/ TR(20):8RANCH( 23,200

COMMON /NUMBRS/ NSPEC,NSIUSNTRG

COMMON /TGLM/ LMACZ2CI LME(20) 4L MC(2C) +LMOC2C)sLPFEC(20),

3 LAF(20) L MGEZOdolMC(203,LME(27),

$ FAL20)FB(2I)eFLU20)eFDI203FZ(203sFF(20)4FG(20)FH 23} oFi(20)

COMMON 7TGLMDF/ OLNA{I)eDLPI(3),0LMC{3) OLMD(3)OLME(3),OLMF(3S,

$ DAMGIIIeDLMKF{3)OLMI(3),

S DFACT)LOFB( 2)eDFC(I)DFD(I)OFE(3)DFFL3),DFG(I),
$ DFR{3V.OFI(2)
-

[a¥alaYaT YalaYalaYaY YaYalala¥aYaYaly

CONMON /ORGDAT/ NCOMP (20 ¢16)sCI20:50163 sTI(20+5+16)
F2PRIM {2041 €)
COMMON /D0SES/ DOSE(Ee27,25)

SET LAST CARC INCICATOR,
LAST=oFAL_SE.

CALL SUBROUTINE SUMPMRY YO PRINT OULT A RESUME OF METHODS
AND ASSUMPTIONS, TOGETHER WITH DEFAULT PARAMETER VALUES
FOR THE LUNGS AND Ge [s TRACT,

CALL SuMMRY

USE ASSEMILER SUBRACUTINE PGMMSK TO SET PROGRAM MASK wHiCH witdl
IGNURE JNDERFLONS AANO LLSS NF SIGNIFICANCES
CALL PMINSK(141,0,0)

THE FOLLUWING ITERATION { INDEX IPARNT) (1} READS OATA FOR

A PAKENT RADJONUCLIDE AND 1ITS DALGHTERS AND USER SOECIFJCATIONS
FUR CNE OKR MORE CASES (A CASE CINSISTS OF CALCULATING THE

DOSES RATSULT ING FRCM AN INTAKE HISTURY OF THE PARENY , EITHER

8BY INHALATION OR INGESTION), (2) 2RINYS OUT THE PHYSICAL AND
METABOLIC CATA, ANC (2) PERFORFS THE DOSE INTEGRATION AND
PRINTS QUT THE CASE INFORWMAT ION AND ViHE RESW TS,

%% EXIT FROM THE [PARNT LGOQP CCCURS WHEN SIHRIUTINE INPUT DETECTS
THE ENC-OF=-FILE AND RETURNS LAST=,TRUE,

DU 10C JPARNT=1,10000

CALL SUBROLT INE EINPUT TC REAL CATA AND CASES FOR THE NEXT CHAIN.
CALL INPUT(LAST)
1F(LAST) GO TO 209

INVOKE SUBROUTINE CUTOAT TC PRINT PHYSICAL AND METABOLIC OATA
FOR THE CHAIN,
CALL JUTDAY

CONVERT RACIOACT IVE MALF-LIVES YO OECAY RATYE COEFFICIENTS ANO
CONVERY BIOLUOGICAL FALF-TIMES TD REMOVAL CCEFFICIENTS (L/0AYS)..
03 16 ISPEC=) ,NSPEC

IFITRC(ISPEC) oGTe (o3) TRU;SPECI=ZNEH9ITAT2/TRIISPEC)

NSaENSOU=-6

IF(NSE0.D) GO TC 310

00 19 IS=[ NS

ANCaNCOMP(ISPEC, IS)

OO ANANNDDNANAKR[D ANRA ANKNH O

Nnne NHo
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CO 10 IC=1.NC
TEMP=TE(ISPECIC,»IS)
IF(TERP +GTe J40) TBUISPECHICsIS)I=0.69314T7T2/TENP
19 CONT INUE

C
C THE F.LLOWING LOOP HAMDLES TFHE SEVERAL CASES.
D3 7€ ICASE=1.NCASES

C

C DETERMINE WHETHER ThIS IS AN IANHALATION CASE.
IF(MGOE( ICASE) .NE. 1) GC VO 60

C

o s e m cm o - - —————— - - - -

C INMALATICN CASE.

c’----‘-----....ﬁ------ - ——— - A D e A D A D A AN gy Sl A T e

THE FOLLOwING LOOP INCEXEC bBY [ISPEC MOVES TO COMHON

BLOCK 7TGLMW THE APPROPRIATE LUNG PARAMETERS FOR

THE CURRENT CASEes WHERE SLURCGUTINE OIFFUN WILL OBTAIN

THEM. IN THE DcFAWLT CASEs ARRAY [ISOL CONTAINS

COVES FOR THE SOLUBILITIES (DeWsV¥)s AND THE PARAMETERS

witL HBE TAKEN FROM COMMUN BLCCK /TGLMDF/, WHERE THEY

wERE INITIAIZED IN A BLOCK DATA SU3ROUTINE. IN THE

NON-DEFAULT CASE, THE USER HAS SUPPLIED PARAMETERS,

ANDO THESE ARE IN TRE ARRAYS TBLUNG (HALF-TIMES IN DAYS)

AND FLUNG. FIRST, HALF TIMES ARE CONVERTEDO TO REMOVAL COEFFICIENTS.

DO 50 ISPEC=]14NSPEC
IF(ISOL( ICASELISPEC) .LT. &) GO TO 40
CO 20 IPATH=1,9
IF(TBLUNG( ICASE, IPATH, ISPEC) +GT. 0,.,9)
s TBLUNG( ICASE o IPATHL,ISPEC)=0.6931472
s /TBLUNG( ICASE» IPATH, I SPEC)

22 CONT INUE

MOVE LUNG FARAMETEERS TO COMMON bLOCK /TGLMW e

NON-DEFAULT CASE. .
LMA(ISPEC)ISTBLUNG(ICASE.1,1SPEC)
FACISPEC)=FLUNG( ICASEes1.+ISPEC)
LME(ISPECI=TBLUNG( ICASE» 2+ ISPEC)
FO(ISPEC)I=FLUNG( ICASE 24 ISPEC)
LMCUISPEC)=TBLUNG(ICASE 23, I SPEC)
FCOISPEC )=FLUNG(ICASE,s 3, ISPEC)
LMO( ISPEC)=TBLUNG( ICASE +8, I SPEC)
FOUISPEC)ISFLUNG( 1CASE, 44 ISPEC)
LMECISPEC)=TBLUNG( ICASE+S, ISPEC)
FE(ISPEC)=FLUNG(ICASE+S¢ISPEC)
LMF( [SPEC)=TBLUNG(ICASE 96+ I SPEC)
FFUISPEC )=FLUNG( ICASE, £+ I SPEC)
LMGC ISP EC)STBLUNGL ICASES 7, I SPEC)
FGUISPEC)I=FLUNG(ICASE, 7. ISPEC)
LMH(ISPEC)=TBLUNC( ICASE 8, I SPEC)
FHUISPEC)=FLUNG(ICASE,B,ISPEC)
LMICISPEC)=TBLUNG(ICASE 9y I SPEC)
FICISPEC)=FLUNGL ICASE»S+ISPEC)

BRANCH ARQUND DEFAWT CASE.
GG 70 SO

[aYaYalalaTaXalaYoYalsl

(X a]

MOVE LUNG FARAMETERS TO COMMCN 81L0CK /TGLM/e.
OEFAWLT CASE e
40 CONT INUE

IS=ISOL{ICASE,ISPEC)
LRACISPEC)=DLNMA(ILS)
FA(ISPEC)I=DFA(IS)
LMB( ISPEC)=DIL.MB(1S)
FB(ISPEC)=DFDL1S)
LMC(ISPEC)=0LMC(IS)
FCC(ISPEC )=DFC(IS)

LI 'DEISPEC)=OLMD(]S)
(" SPECI=DFD(IS)
LMEC ISPEC)=DLME( IS)
FE(ISPEC)=DFE(IS)
LMF(ISPEC)DLMF(IS)
FF(ISPEC)I®DFF(1S)
LMG{ ISPEC))=DLNG(’S)
FG(ISPEC)SDFG(IS)
Ltr{ ISPEC)=DLMH( IS )
FROISPECI=SOFN(IS)
LRICISPECI=DLMI(IS)
FI{ISPEC)=DF I(1S)

50 CONT INVE

[alaYa 3K 2T s}
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CALL INTERPOLATION SUSROUTINE INTP TO COMPUTE LUNG DEPOSITION
FRACT IONS C3,04.05 IN /7RESDP/ FROM AMAD(ICASE) .
SS CALL lNTP(AIAD(lClSE)-lCASEI

ONO AN NONND AN AN HCDNRANND OND DNAN

- - v ————— - - - — -

END INHALATION CASE. -

- - - — -

60 CONT INVE

INVOKE SUBROUT INE COSRUN TC PERFORM DIOSE CALCULATIONS FQOR
THIS CAS€E. THE DOSE TO TARGET ORGAN 1TRG FROM SOURCE ORGAN
ISOU wilL EE STORED IN DOSE( ICASE,ITRGeI1SOU) (REMS).
FOR ISOU=NSJU+l., TFE DOSES RESULT FROM THE °*REST OF BODY*
COMPARTMENT. DOSECICASE» ITRG/,ASCU+2) IS THE TOVAL 0GSc 70
TARGET ITRG.

CALL DOSRUN(ICASE)

END ICASE LOOP.
70 CONT INUE

USE SUBROUTINE 0QUTSUT TG PRINT OUT CASE INFORMATION AND
RESULTS.
CaLL OUuTPUT

LOOK FOR CCMMENTS AFTER NUCLIDE DATA GROUP. [F THERE
ARE ANY, PRINT THEW, A CARD WITh °$* IN COLUMN L& ENDS
THE DATA Griwr riJdS COMMENTS.

CALL CMMNTS

END OF [PARNT LOOP.
100 CONT INUZ

o — - ———— — ——— -

END OF INREM I1.
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200 STOP
END

BLOCK CAaTa

THE FOLLOWING QUANTITIES ARE MASSES ‘G) OF THE

SOURCE ORGANS+s LUNGSs KRESe. LYMPH, S CONT, SI CONT,
ULT CONT, AMND LLI CONT

TARGET ORGANS.. LUNGSy RES. LYMPH, S wAlLL, SI WALL,
ULT WALL s AND LLI WALL

COMMON /7MASSES/ SMASS(24),TMASS(27)
OATA SMASS/1000.¢ 15See 2%0ee 400ss 22040 13509 18%0,0/,
$ TMASS/10000e9s 15e9 15069 640cs 21069 16000 21%0.0/

THE NAMES OF THESE SPECIAL SCURCE AND TARGET TISSUES ARE
INITIALIZEC NEXT,

DOUBLE PRECISICON NANNU .¢NANSQOU oNAMTRG
COMMON / NBAMES/ NAMNUC (10) sNAMSOU( 24 ) .NAMTRG( 27)
DATA NAMSOU/BHLUNGS o EHRES LYW , 8MS CONT

$ BMSI CONV », BHUALT CONT, CHLLI CONT,18%8H &)
s NAMTRG/B8HILLUNGS o BHRES LYM o 8MS WALL
$ 8HS] WALL s BSHULI VALL, BMLLEI WALL,2168H /7

THE FOLLOWING GUANTITIES LMGI ARE TURNOVER RATES FOR THE

Ge lo TRACT SEGMENTS Se SlIs LLIe LLI., THEY ARE BASED ON

THE DOLPHIN AND EVE TRANSIT TIMES (HEALTH PHYS, 129 PP. 163-172
(1966)). (NITS ARE RECIPROCAL DAYS,

REAL LMGI.LMAB
COMMON /G177 LMGI(4),LMAB(2C4)
DATA iMGL1/2800 6oy 1:846138, Lo/

NEXT ARE CEFAWLT DATA FOR THE TASK GROUP LUNG MODEL.

THE QUANTITIES LMA-LMI (RECIPROCAL DAYS) ARE CLEARANCE
COEFFICIENTS FOR THE PATHWAYS A~1, FA~-Fl ARE DEPOSITION
PRACTIONS ASSOCIATED WITH THESE PATHWAYS, THE [NDEXING
CORRESPONDS TO D=1, =2, ¥Y=3, THESE VALUES ARE USED WHEN
OEFAWT IS SPECIFIED,

REAL LMAJLMNBLMC L MO LME JLMF,LMGoLMH,LM]

COMMON /TGLNDF/ LMA(3) oL MO(3)eLMCE3),LMOC3)oLME(3) oLMF(3),
$ LMG(I)LMH(II L MIC(3),
$ FA(3).FO(3..'C(J,O'D(J,OFE(3)'FF‘3) oFG(3)sFHI3)eFI(I)
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DAT 2  waA."3869. 21472/,
FA/C «S5¢ Vels 0,01/,
ILMB/76931472s 281.7320¢E€/,
Fr3/0e5¢ 009¢ 099/,
LUC/ 3309318727,
FC,°.95| 0050 0-0!/-
LMD/ 28 3.465726/,
F.‘)IO «dde \)-5' 0.99/.
LME/ 14.3862948 s 1, 3362G4E-2, 1.386294E~-3/,
FE/QeBs Je1S5Ss 005/
LMF/0¢Je 280069314727,
FF/0ed9 290448/,
LMG/O0eds 103CE294E-2, 1.3362940€E~-3/,
FG/0eds 200448/,
LMH/ 13862980 10 306294E-2, 1.386294E~-Y/
FH/0e2¢ 0¢05s 0:15/
LMI/Z1.3852980 103062S54E-2, 6.931872E-8/,
Zl/z‘l.o. 0eS/
EN

WA WA AR IR AIA A RNIN AN N

SUPROUTINE SUMMRY
WRITE(E,10C)
1€V FORMAT (*1°, *SUEROUT INE SLMNRY (DUMMY VERSION)?®)
RETURN
END

SUBROUTIAE INPUT(LAST)
DOV E PRECIS ION NAMNUC { NAMSOUsNAMTR S sNTOTAL s NAMEXC
LOGICAL CEFAUT JLASTEXFLAG
DIMENS IOA DUMMY(3) o F2PEX(20) oCEX(20+5)+TBEX(20e5) « NCOEX(29)
COMMON /RADAT/ TR(20) ¢ BRANCHI 20+29)
COMMON /ORGDAT/ NCOMP(204+1€) ¢C(20:5416)TB(20+5+16)»
¢ F2PRIM(20.,16)
COMMON /NAMES/ NAMNUC(20) oNAMSOU( 24) ¢NAMTRG(27)
COMMCN /MASSES/ SMASS{24), TRASS(27)
COMMON /NUMBRS/ NSPEC +NSCUNTRC
COMMON /SFACT/ S5(206274213)
COMMON / CASES/ NCASES oMODE(G6) s TEND(G) s NINT(6) eT(6+30),P(6430),
®  ISOL(620) s AMADI G ) eDEFAUT(6) sFLUNG(6+9020) s TBLUNG(6,:9,20)
8 F1(56620)eGIFRAC(£+2044)
COMMON /TYME/ TSTEP(6)
INPUT CHANNMEL
DATA IN /S/
CATA NTOTAL/8FTOTAL 4
DATA NAMEXC/BHEXCRET. 7
READ NUMBER OF NUCLIDES IN TrHE CHAINo, AND FOR EACH THE NAME
AND PHYSICAL HALF-LIFE (DAYS).
READ(INe 1000+ERD=80) NSPEC, (NAMNUC( ISPEC) + TRIISPEC) o
$ ISPEC=1.NSPEC)
INITIALIZE MATRIX CF BRANCHING RATIOS TO ZERO.
DC 10 ISPEC=] .NSPEC
00 10 JSPEC=1,NSPEC
BRANCH( ISPEC,JSPEC)=(.0
10 CONT INUE
1FINSPEC +EQ. 1) GO TO 20

READ THE NUMBER NBR OF NON—-ZEROQO BRANCHING RATIOS TO FOLLOV.
READCIN, 1010) NBR
DO 15 K=]1,NBR
REAC(ING1020) JSPEC, ISPEC.BRANCH(ISPEC, JSPEC)
15 CONTINUE

READ NUMBER NS OF SOURCE ORGANS OTHER THAN LUNGS. RES, LYNPH
S CONTe SI CONT,s ULI CONT, AND LLE CONT., TOTAL 80DY (A.MED) wsY
BE THE FIRST OF THESE AND OTMER MUST BE THE LAST,
THEN READ THE NAMES ANO MASSES (G) OF EACH,.
THE CHARACTERS IN CARD COLUMNS 11-22 ARE READ INTO THE Aﬂﬂl'
DUMMY, [IF THESE ARE NON-B1.ANK, A PROMPT EXCRETION FUNCTION
IS ASSUMED TO BE INCLUDED FOR EACH SPECIES BUT NOT COUNTED IN THE
INOICATED MUMBER OF SOURCE ORGANS.
20 CONTINUE
READCING 1030) NS, DUMMY ¢ (NANSQU( I1SOU+6) «SHASS(ISOU6) »SSOUS] o, NS)
EXFLAGE,FALSE »
IF( ICOPPA(DUMNY 1204 012) oNEe 0) EXFLAG=.TRUE.

RE A0 NUMBER NT OF TARGET ORGANS OTHER THAN LUNGS. RES, LYMWPH.

S wALLs S) WALL, ULT WALL, AND LLT WALLe TOTAL 8BODY Wll’ ot

THE FIARST OF THMESE. THEN READ THE NAMES AND MASSES (G
ngao« l;;gOSOD NToDUMNY o (NANTRGIITRG*6 ) o THASS( lfﬂﬂ‘) oITRG=|, NT)
NSOQUsN
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NTRG=NT+6
NSOULI=hS0U]
MAMSOU (NSOUL ) =KTOTAL

FOR EACH SPECIES IN THE CHAINe READ S—FACYORS AN) METABW 1T
DATA FOR ORGANS OTHER THAN RESPIRATORY,
DO 49 ISPEC=1.NSPEC

FOR EACH SOURCE ORGAN (OTHER TrAN RESPIRATORY OR Ge Ie TRAZTH)
READ (1) FRACTIONAL TRANSFER F2-PRINE FROM 3LJ00 TO THE CRGAMs, AND
(2) NUMSER OF EXPGNENTIAL COMPARTMENTS, AND FCR EACH A
:QACTIMM. DEPOSITION COEFFICIENT AND A UvIOLOGICAL RALF-TIME
DAYS) .
00 30 IS0U=] NS

READ(IN:19%0) F2PRIM(ISPEC,ISOUINC(CIISPECIC.ISOU) .

TB(ISPECICe ISOU). IC=1eNC)

NCOMP(ISPEC. ISCUI=NC
IF(ISOU EQ. 1 AND. EXFLAG)
RE MD(ING 1C50) F2PEX( ISPEC) eNCH»(CEX{ISPEC.IC)»
TAEX(ISPEC ICise IC=1.NC)

IF(ISOU +EQe I «ANDe EXFLAG) NCOEX(ISPEC )=NC

[

THE TwO PRECEEOING STATEMENTS READ DATA FOR PROMPY EXCRETION FUNCTIONS
WHEN THESE ARE PRESENT. SUCH DATA ARE INSERTED IN THE DECK
IMBEDIATELY AFTER THE TOTAL BODY (AASORBED) RETENTION FUNCTIONS
IN TRE SSHME FORMAT.
30 CONT INUE
REAU MATRIX OF S~FACTORS FOR THE CURRENT SOURCES AND TARGETS.
REQUIRED INOEXING FOR SPECIAL ORGANS [S SHMOWN OELOW. .
INDEX SCURCE INDEX TARGET

1 LUNGS 1 LUNGS

2 RES Lym e RES LwM

3 S COuT 3 S WALL

4 S1 CONT 4 SI WALL

S ULI CONT S ULI WALL

-] LLI CONTY 6 LLl wALL

7 TCY B8GOoY 7 TCT BOOY

NSQue¢l OTHER

DO 3% ITRG=1,NIRG
READ( INs 1080)(SIUISPEC, ITRGesISOU)» ISOU=1,NSQU)
35 CONT INVE

c
C END OF 1SPEC LOOP.

4

40 CONTINUZ

1F( .NCT, EXFL AG) GO T¥O 52CC
TME FOLLOWING 8LOCK OF STAEMENTS (wITH NUMBERS IN S5000S) IS
EXECUTED 1F AND ONLY IF PRCMPT EXCRETION DATA HAVE BEEN READ IN.
THESE STATEMENTS REARRANGE TrE ARRAYS SO THAT THE EXCRETION
FUNCT IONS WILL BE CISPLAYED BEFORE THE ORGAN RETENTION FUNCTIONS
(SOURCE INCEX 8), S—FACTORS FOR TOTAL BUDY AS SOURCE ARE USED
FOR THESE EXCRETION FUNCTIONS,

MA2S0U INSOUS2)ENAMSOU(NSCUSL )

IFINS +EQ+s 1) CO TO S0235

DO 503C IS=2,NS

KNS~ 5+2

NAMS LU (K+7 ) =AAMSOU(K+6)

SMASS(K+7 IxSWASS (K¢ &)

00 5029 [ISPEC=]+NSPEC
F2ZPRIM(ISPEC, K¢ 1)2F2PRIM(ISPEC,K)
NCOMIFP(ISPECK+1)=NCOMPLISPECIK)

NC=NCCHP( ISPEC,K)

DO 35015 1C=1,NC
COISPECsI1CoK#1)=2C(ISPEC,ICoK)
TBC(ISPECIC o K41 DIxTO( ISPEC,IC,K)

5015 CONT INUE
5020 CONT INVE
5030 CONTINUE
35035 CONT INVE
DD 5060 1S=8,NSOU

KSsNSCU~-]S5+8

DO 5050 ISPEC=1,NSPEC
DO 5J40 ITRG=1,NTRG

S(ISPEC» ITRG 4K+ 1)=S( ISPEC, ITRG X))
5040 CONT INVE
5050 CONT INUE
5060 CONTINULE
MMSOU (S ) =NAME XC
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DG S130 ISPEC=1eNSPEC
FRPR IN({SSPEC,2)=F2PEX( ] " EC)
NCCME( ISPEC ¢ 2)=NCCEX( I SPEC)
NC=ENCOIMP (ISPEC,2)
J0 5973 IC=1eNC
CCISPEC, ICe2)=CEX(ISPEC.IC)
TB(ISPECs ICe2)=TBEX( ISPEC,IC)
SI70 CONY INUE
DI S030 1ITRG=1.NTRG
SCISPEC+ITRGe3)=S(ISPEC,ITRG,7)
50802 CONT INUE
5100 CONT INUE
NS=NS+ 1
NSQU=NSOU+1
NSUULI=RSOUL+]

GF SPECIAL SECTION FOR PROMPT EXCRETION.

- —— - . B e — —— - - - - -

g

»
3
e

CONT INLE

READ CCNTRCL INFORMATION. FIRSY THE NUMBER OF CASES., THEN FOR
EACH CASE (1) THE EXPOSURE MCDE (G FOR INGESTIONe H FOR INMALATICN),
(2) ThE TIME (DAYS) FOR ENCING INVTEGRATION., (3) THE INTAKE RATE
FUNCTION (PICROCURIES/UAY)s AND (4) OTHER INFORMATION SPECIFIC TC
HE MODE OF INTAKE.
REAC(IN, 1C10) NCASES
00 70 ICASE=1,NCASES
READ(ING1980) MOCE( ICASE)STENO(ICASE ) o TSYEP(ICASE)
IFCTSTEP{ ICASE) oEQe¢ Q.0) TSTEP(ICASEI=1825,.0
IFCIQMPA(MOCE( ICASE) s 1HH, 1) <EQe 0) GO TO &)
MOCE( ICASE )=2
GO TO a2
&1 MODE (1 CASEY =1
2 CONT INVE

READ NUMBER UF TIWME INTERVALS FOR INTAKE FUNCTION. THEN FOR
EACH INTERVAL READ THE LEFT ENDPOINT (DAYS) AND THE INTAKE
RATE (MICROCURIES/CAY) DURING THAY INTERVAL. THE FIRST TIME
SHOULD HE ZERO. THE ENDPOINT OF THE LAST INTERVAL IS THE
END OF THE INTEGRATIUN INTERVAL,
READ(ING 1090) NIJ(T(ICASEJINT) oPUICASELINTI oINT=1,NI)
NINT(ICASE)=NI

[a1A1alalalel

IF EXPOSUKE MODE 1S INGESTION: BRANCH ARGUND LUNG PARAMETER
INPUTS
IF(MCOE(ICASE) .EQ. 2) GO TO 66

INPUT INMHALATION PARAMETERSe o

READ PARTICLE SIZE (MICROMETERS).
READ(IN,1040) AMAC(ICASE)

DETERMINAT ION OF LUNG CLEARANCE PARAMETERS AND Ge e UPTAKE
FRACTIONSe. FOR EACH SPECIESs A LITERAL FLAG IS READ INTO
$SOL. 1IF IV IS *0°, *w’, OR *Y', THE APPROPRIATE DEFAULLT
LUNG PARAMETERS ARE USED FOR THE SPECIES., OTHERWISE, SPECIAL
PARAMETERS FIR THE LUNG ARE READ. THE FLAG VALUES ARE STORED
IN ARRAY [30L AS FOLLOWS..

ISOLCICASE«ISPEC) 1 FOR °D°
2 FOR ‘w?
3 FCR 'y
4 FOR *SPECIAL CASE®*

DO 6C ISPECx].NSPEC
READ(IN,1030) ISOL(ICASE.ISPEC)

CONVERT LITERAL TO NUMERIC CCULE.
. lFééCglP:(lSOL(!CASE-ISPECI-I:Dol) +EQs O)

0 45

IFCICOMPACISOLC ICASESISPEC) s 1HW.1) +EQe O)
GO TO 46

IFCICOMPACISOLIICASESISPEC)o1HY 1) +EQe 0)
GO YO A7

E ]
OTHERWISE e o

tau

an

GO TO 48

43 ISOLCICASE, ISPEC)=]
¢ TO 50

46 ISOLCICASE, ISPEC)=2
GO TO 50

47 ISOLC(ICASE, ISFEC)I=]
GO To 50
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45 ISOL(ICASE.ISPEC) =4
SC CONT INVE

IF SPECIAL LUNG PAQRAMETERS ARE T0O BE READ, READ THEM,
IF(ISGLEICASE, ISPEC) .LT. 4) GO TO 5SS
READ(ING1040)(TOLUAG(ICASE IPATH,ISPEC) »

3 FLUNG( FCASE s IPATH ISPEC) o IPATH=1,9)
READ Ge 1o UPTAKE FRACTION F].
$S CONT INUE
READ( IN,1040) FI(ICASELISPEC) o (GIFRAC(ICASESISPECLISEG),
$ ISEG=1.4)

DO S6 ISEG=1.4
IF(GIFRAC(ICASE, ISPEC, ISEG) +NE. %.7) GO TO 60
56 CONT INUE
CIFRACIICASEJISFEC+2)=F 1 (ICASEsISPEC)
69 CONT INUE

END OF INPUT FOR INHALATION CASE. 3IRANCH AROUND
INGESYION—CASE7INPUTS- TO ENC CF [ICASE LOOP,
GO YO 70

READ Go lo UPTAKE FRACTIONS F1 FCR INGESTION CASE.
66 DO 69 1SPEC=1.NSPEC

READ(IN,1940) FI(ICASELISPEC)+(GIFRAC(ICASE:ISPEC.ISEG) .

s 1SEG=1.4)
DO 67 [SEG=1l.4
IF(GIFRACIUICASE ¢« ISPEC, ISEG) «NE. 0.J) GO TO 69

.34 CONT INVE

GIFRACCICASE, ISPECs2)=F1(ICASE.ISPEC)
69 CONTIME

END OF [CASE LOOP.
70 CONTINLE
RETURN

SIGNAL EXIT IN CASE END-OF-FILE CARD IS DETECTED B7 FIRST READ
STATEMENT »
80 LAST=.TRUE.

RETURN

FORMAT STATEMENTS..

1000 FORMAT(I 2/(AB8,2X¢E10.0))
10t0 FORMAT(I Z)
1020 FORMAT(252,E10.0)

1030 FORMAT (I 28X e3A8/(4(AB2X4sE10.,0)))

1040 FORMAT (8E10.0)

1050 FCRMAT(E10.0,12/(8E10.C))
1080 FORMAT(AZ+2E10.0)

1090 FORMAT (1 2/(B8E10.0))

1100 E%IATCZOAZJ

(aYeYaY 1ol
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SUBROUTINE OUTCAT
PRINTS THE FOLLOVWING INPUT DATA:
(1) PHYSICAL AND METABOLIC PARAMETERS FOR OOSIMETRICALLY SIGNIFICANT
PROGENY FOR THE GIVEN MNUCL IDE
(2) S FACTORS FOR ALL SOURCE AND TARGET ORGANS FOR EACH SPECIES IN
THE NUQ. IDE CHAIN
INTEGEF QUT
OOUBL.E PRECISION NAMNUCe NANSOUNAMTRG
COMMON /RADAT/ TR(20) +BRANCH(20+20)
couuou /ORGDAT/ NCOMP(20¢1€)¢C(2065:16)¢TC(20:5016)
F2PRIN(20,616)
CWON /NANES/ NAMNUC(20 ) +NANSOU( 24) o NAMTRG(27)
CONNMON /7 MMIBRS/ NSPECINSOUNTRG
COMMON /7 SFACT/ S(20027022)
QUTPUT CHANNEL
DATA OLT /6/

PRINT HEACING
WRITE(OUT 22000) NAMNUC(1)
FOR EACH NUCLIDE IN THE CHAIN, PRINT ITS NAME AND RADIOACTIVE P ALF-~

LIFE
DO 100 ISPEC=] NSPEC
190 'Rl?& (OUT42010) NAMNUC( ISPEC) »TR(ISPEC)
IF (NSPEC.EQ.1) GO TO 110

PRINT HEADING FOR BRANCHING RATIOS
WRITE (OUT,2020)
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C

C
C

PRINT NUNZERD BRANCHING RATICS
00 110 JSPEC=1.NSPEC
D0 110 ISPEC=1.NSPEC
IF (ERANCH( ISPEC s JSPEC)aNE«00ID)
WRITE (OUT,202)) NAFNUC(JSPEC) s NAMNUC(ISPEC) .,
ERANCH{ ISFEC+JSPEC)
119 CONT INUE

PRINT HEADING FOR BLOOU TRANSFER FRACTIONS, COMPARTMENT DEPOSITICN
FRACTIONSe ANO COMPARTMENT O IOLOGICAL NALF-TINMES.
wRITE (QUT,2048)

FOR EACM SOURCE ORGAN AND FOR EACH NUCLIDE IN THE CHAIN,
PRINT B1LOOC TRANSFER FRACTIONS s COVMPARTMENTAL DEPOSITION FRACTIOANS,
AND COMPARTHMENTAL 2I0OLOGICAL HALF-TIMES,

AS=NSQU-6

DC 120 ISOUE] NS

WRITE (JUT22050) KAMSOUIISUEE) NANNUCL 1) o F2PRINC(1 4iSOU) o

$ Cllel1¢ISOU)TB(1+1,1IS0U)

NCOM=NCONP (], ISOU)

IF (NCEM.EQ.1) GO TO 121

DO 122 ICx=2,NCCHM
122 WRITE (OUT 02060) C(1+1C+1ISCU)+TA(1:.1CeISOV)
121 1¥ (NSPEC.E0.1) GO TO 120

V0 123 ISPEC=24NSPEC

WRITE (OUT2970) NAMNLUC( ISPEC) F2PRIM( I SPEC.ISOU)»

$ COISPECe14ISCU)s TB(ISPEC,141IS0V)

NCOMPAZNCOMP( ISPEC, ISCV)

IF (NCOMPA.EG.1) GO TO 123

DO 126 1C0M=2 ,NCOMPA
128 WRITE (JUTL2080) CUISPEC,ICOMLISOU),TB(ISPEC ¢« ICOM, [ SOU)
123 CONT INUE
120 CONT INUE

PRINT S FACTORS FOR ALL SOURCESe TARGETS, AND NUCLIDES IN THE CHAIN

DC 130 ISPEC=1.,NSPEC

IFIRST=1

LAST=11

IF (NSCU +LTe LAST) LASTaNSOU

ISPECI=ISPEC

CALL PRINTSUIFIRSTJLAST,ISPEC])

IF (LAST .EQ. NS50U) GO TO 130

IFIRST=12

LAST=21]

IF (NSOU oLTe LAST) LAST=NSOU

CALL PRINTS(IFIRSTSLASTLISPECL)

IF (LAST .EQ. NSOU) GO TO 130

IFIRST=22

LAST=24

IF (NSOU oLTs LAST) LAST=ENSQU

CALL PRINTS(IFIRSTLAST,ISPEC])
130 CONT INUVE

RETURN
FORMAT STATEMENTS

2006 FORMAT(*IRADIONUCLIDE: *oA8/® 9, 130(°=7)/° PHYSICAL AND METABSOLLS®,
3 °C PARAMETERS FOR DOSINMETRICALLY SIGNIF ICANT PROGENY: o//7° ¢,
T T1Se*RIDIOACTIVE®/® *oT1€o*HALF-LIFE*/* NUCLIDE®T17,
$ °*(CAYS)*)
2010 FORMAT(® °*,AB8,T15,1PG10.4)
2020 FORMAT (*O0BRANCRING RATIOS:®eT21e°F ROM® 4T31°TO,Tal,
$ °*FRACTION')
2030 FORMAT (* *oT21eAL2,T31,A8,T4041PG10.4)
2040 FORMAT (0%, 72506000/ o TEO sCOMPARTMENT /¢ ¢ , T8, TRANSFER?,
$ Teloe®COMPARTHNENT?® ;T59°BI0LOGICALY/® *oT25,°FRACTION',
S Tale "DEPOSITION?® TSS9 "HALF-TIME®/®* ORGAN® o T14 ¢*NUCLIDE"®,
8 T25.°F2-PRINE® o TAlo *FRACTION® :T60+°(DAYS)*)
2050 FORMAT(® *,AB8:T14:4A89T23¢1P69039T4161PG10.3+T60:1PC9.3)
2060 FORMAT(® *,T41,1PG10:s3¢760,1PG9.3)
2070 FORMAT (* *,T14,A8:T2501PG9e39T74]191PG10:3¢T60+1PGC9.3)
2080 :%“IT(' *eT41e1PG10:3¢T60+1PGC9.3)


http://fNSPEC.EO.il
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C

SJUBROUTINE PRINTS(IFIRST JLAST,ISPES)
C AFTER PRINTING A FEADING AND TFZ NAMES OF SOURCES (IFIRST TO LAST)
C THIS SUBROLTINE PRINTS S=FACTORS FOR ALL TARGET ORGANS FOR
2 THESE SOURCES.

INTEGER OUT

DOUILE PRECIS ICN NANNUC s NANSOQUNAMTRG

COMMAON /NAMES/ NAMNUC (20) « NABSCU L 24) sNAMTRG(27)

COMMON /NUBBRS/ NSPEC JNSOUWNTRG

COMMON /SFACT/ S(20e27+22)
C OUTPUT CHAMNEL

DATA OUT so&/
C PRINT KMEACING
c WRITE (OUT,100C) NAWNUC( ISPEC)
C PRINT NANMES COF SOURCES

IF(IFIRSTY .EQ. 1) GO TO 110
c WRITE(CUT 41010) (ANANMSCUC ISOU) s I1SOU=IFIRST oLAST)
C PRINT S~FACTORS FOR THIS SPECIES FCR SOURCE ORGANS IFIRST TO LAST
C ANO FOR ALL TARGET ORGANS

0G 190 1TRG=1.,KRTRG

IRITE%OUT.IOZO) NAMTRGUITRG) o (S(ISPEC,ITRG.ISOU) s I1SOU=IFIRST,

$ LAST)

100 CONT INUE
60 vO 120
110 WRITE(OUT,1010) (NAMSOU(ISOU) I150U=1:6) o{ NAMSOU(ISOU) ¢ ISOU=8,L AST)

D0 120 ITRG=1NTRG

WRITE(QUT, 1020 ) NAMTRG(UITHG) s(S(ISPECITRGISOU) ¢ ISOUE146)s

$ (S(ISPECsITRGsISOU)+1SOU=8,LAST)
c 320 CONT INUE

RETURN
C
g FORMAY STATEMENTS

1000 FORMAT(//7° *4TA&1:°S FACTCRS (REM/MICROCURIE~DAY) FOR °*,A8/
S "OTARGET®*»T55+:°SOURCE CRGANS®/® ORGANS®)

1010 FORMAT(°0°,T14:48:9(3XsA8))

1020 FORMAT(® *,AB,T13sE10.,299(XeE10.3))

[
END

SUBROUTINE INTP(AMAD, ICASE)

COMPUTES LUNG DEPOSITICN FRACTIONS O3+ D4s AND 0S5 AS A FUNCTION
OF AMAD (ACTIVITY MEDIAN AERCOYNAMIC DIAMETER)(MICRONS) .

THE FUNCTIONS EXPRESSING THE RELATIONSHIPS BETWEEN THE LUNG
FRACTIONS ANC AMAC VALUES ARE THCSE PRESENTED IN wASH-1400.

LOGICAL FLAG
COMMON /RESOP/ D3+D4,05
COMMON ZALERT/ FLAG(G)
9(','%;3-005:‘ (£€(00019%5278T¢,3C034a)8T+,115194)8T+,196854) T
3 *3e S8(=6
PPT (W)= (W=((,01732080¢,802853)8W42.515517)/(((.001308%w
$ ¢0]86269)88¢1,432788)8w41.0))
WH(X)=SORT(-2.08ALLCG( X))
D0 1 Jz1 4,6
1 FLAG(J)= ,FALSE.
FLAG IS A WARNING INDICATOR TO SIGNAL THAT THE GIVEN VALUE OF
AMAD EXCEEDS THE RANGE FOR wiriCH THE FUNCTIONAL RELATIONSHIP IS KNOWN.
::‘gUCH A CASE, Trt BOUNDARY VALUE IS SUBSTITUTED FOR THE GIVEN
[
IF(AMAC ,GTs 0.0) GO TC 2
0320,02
D4=9,04
0S=0.94
RETURN
2 00 100 1=1,3
I1F(1 «GT+ 1) GO TO 1%
C NASAL-PHARWNX
IFCAMAD +LTs 0.2) GO TO S
G0 70 10
S UOs-0.£698970
Vis=1.070
TO=PPT(ww(0.05))
TisPPT (ww(0.10))
IF(A!AC o“. ool

[aYalaYa¥aTal

ancto

' GO TC %0
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AMAD=o 1
FLAG(ICASE)=eTRUE,.

G0 YO0 =0

VO==0,€98970
Ul=C.2C1030
TO=PPT(Ww(V.0%))
T1=PPT (WW(Q+50))
IFUAMALC J.E. 20.0) GO TO SO
ARAD=2C. 0
FLAG(ICASE)=.TRUE.

GC 10 &

CONT INUE

IF(] «CTo 2) GC TO 2S5

C TRACHEO-EBRONCHIAL REGIOM

29

35

IF(AMAL «LTe 0.2) GO TO 20
IF(AMAD .GT. 1C.0) GO TO 35
Da=0,0E&

60 TO0 130

Uo=-Ce8Y8970

Ul=-1.0

TOo=oPT (W (0.08))

T1=PPT (Ww(0.17))

IF(AMAC +GEs 008) GO TO =C
AMAD=0 41
FLAG(ICASE)=eTRUE,

GO TO =0

uG=1,90

Ul=1,301230
TO=PPT(4wW(0.08))

T1=PPT (Ww(0.03))

IF(AMAC .LE. 20C+0) GO YO SC
AMAD=2Ce D

FLAG( SCASE)=eTRUE.

60 TO S0

CONT INUE

C FULMONARY REGION

40

45

59

100

Co888585888853 0808800888888 00008880888080080888808888805888388388805003508
COSS55885588 5088888888008 0888888858080888888008080880080808088880888888080380898

IF(AMAD +LTs 10e) GO TO 40
GO TG 45

Uu=l.0

Ul==0.698970
T7Q=PPT (4w (0 .05))
T1zPPT(ww(0.5))

IF(AMAC oGEes 0.1) GO YO SO
AMAD=Q o1
FLAG(ICASE)=oTRUE .

66U TO 0

UC=140

Ul=1,201030
T0=PPT(Ww(0.05))
TI=PPT(Ww(0.02))

IF(AMAC J.LEe 20.0) GO TO S50
AMAD=20.0
FLAG(ICASE)=+ TRUE,

T=T0¢(T1-T0)/(ULl=LO)S(ALOGIO(ANAD)I-UD)

EF(T «GEe 0.0) X2P(T)

IF(T olT e 0640) X=10-P(-T)
IF(l «€EQe. 1) 03=X

IF(I +%Qs 2) Co=X

IF(I +EQe 3) DOE=X

SUBROUTINE DOSRUN{ ICASE)

OQU3LE PRECISIUN NAMNUC:NAMSOUNAMTRG

REAL AWIGL(20627)sLWMR

REAL L.MA oLMB oLFCoLMDs LME L MFoLMGoLMHoLMI

REAL LMLUNG+LMNGI ,LMAB,LNBDAB
REAL AW(20,12)
LOGICAL OEFAUT

LOGICAL SNPoSTE1+5P+SLsSTB2,5G1+SEND

COMMON /FSRCNT/ PCTD0S(6027,20)

COMMON /7 3LM/ LMAL20) oL MB( 20)+LMCI20)+LMD(20)+LME(20),
$ LMF(2).LMG(20)LMNC20)oLNI(20),
$ FAC20) oFBL20)sFCL20) sFD(20) oFE(ZD) oFF(20) oFG(20)

3 FH(20).,F1(2J)

COMMON /RADAT/ LMR(20)sBRANCH(23+,20)
COMMON /SWITCH/ SNPSTB1.:SFeSL(2)+STB2(2),561



75

COMMON /ZLEVELSs YNP(

< 2YATB(2062) e Y2TB(20:2),
Y“(ZO-CD-YL(ZO;Z).Y?
2

2)
0)+¥SI(2C)YULI(20),
2)

»

(LR ]

YLLIC20)YORG(2IeZ,
CUMMON / CUMACT/ YNPw( oV 1TBW( 2062) o Y2TBW (20520 6
S YPW(20.,4).YLU(20,2), (20D« YSIN(20)eYULLIW(2C) ,
$ YLLIWM20)YORGW(2De561¢)

COMMON /NUMBR S/ NSPEC sNSOQU «NTRG

COMMUN /NAMES/ NAMNUC(20 )+ NAMSOU(24) s NAMTRG(27)

COMMON /CASESZ” NCASESMODE(6) s TEND(G) oNINT(6)eTI(6630)»
P 6330 ) e ISOL(6020) s AMAD( €) »DEFAUT(S6) o FLUNG(6¢94520) s
LMLUNG(6:¢9020)eFl{0s20):GIFRAC(G:20+4)

COMMON /TYME/ TSTEP(G)

COMMON 7/ FFALGES/ JCASE

COMMON ZORGDAT/ NCOMP (20 416) ¢C(2005+16) L MBOAB(20:5,:16)

$ F2PRIMN(20.16)

COMMON /DOSES/ DOSE(6,2742%)

COMMON /SFACT/ S(2G¢27:22)

COMMON /GI/7 LMCI(A),LNAB(20C,4)

NOT IFY SUBROUTINES HAL ANC GES whICH CASE IS CURRENT
THROULUGH COMMON BLCCK /HALGES/ (HAL RETURNS THE [INTAKE
RATE B8Y INFALATION, GES BY IMGESTION).

JCASEx= ICASE

COMPUTE NUMBEROF TIME STEPS (NSTEPS) INTO WHICH THE INTEGRATION
INTERVAL 1S TO B8E SUBDIVIDED.
NSTEPS=1+IFIX(TEND( ICASE)/TSTEP(ICASCE))

"o

INITIAL CONOITIONS.. SET YO ZERC ALL ARRAYS [N /LEVELS/
BLOCK AND MIGI e
AS=NSCU - 6
NS2ENSOS ¢ 2
00 30 ISPEC=1.ASPEC
YS(ISP eCI=0 .0
YSI(ISPEC)=0.0
YULI (! SPEC)=040
YLLI(ISFEC)=C.0
D0 S J=i.2
YNP(ISPEC +J)=0 40
Y1VB(ISPEC.J)=0 <0
Y2TB(ISPECsJI)=0.0
YL(I SPEC+ J)=0.0
5  CONT INVE
D0 10 J=le4
YP(ISPEC ¢ J)=0 .C
10  CONTINUE
00 1= J=14NS2
AWIGL(ISPEC.J)=C.0
15  CONTINUE
Co088 0888808088888 800808880808088088008 0850858888880 880088888588884888888¢
00 16 Sx5e12
AS(ISPEC,J)3Ce0
16 CONT INUE
Co98880855088888888088888800888880880088088800008888008580888883%58880888088088
DO 25 K=} NS
NCaNCOMP ( [SPEC ¢K)
DO 20 J=1,NC
YORG(ISPECsJeK)x0A0
20 CUNT INVE
25  CONT INUE
30 CONT INUE

SWITCHES SNP sesesSGI INDICATE EXHAUSTION OF THEIR RESPECTIVE
COMPARTMENTS, SEND INDICATES TINAL EXHAUSTION OF ALL FEED:R
COMPAL . 4ENTS AND HENCE THE INTEGRATION FOR OTHER GRGANS MAY
BE COMPLETED IN ONE FINAL STEP., SET ALL OF THESE SWITCHES
INITIALLY TO +FALSEe.
SNPs F A_SE.
STBI=.FALSE.
SP=,F/LSE.
SLIL)I=JFALSE.
SL{2)=,FALSE,
STB2(1)=,FALSE.
STB2(2)=FALSE .
IF(MODE( ICASE) .£Q0. 1) GO TO 3}
SNP= ,TRUE o
STB1I=,TRUE,
$P= o, TRUE»
SL{l)=s,.TRUE,
SL(20= ,TRUE,
ST82(1 )=, TRUE,
ST82(2 )=, TRUE.

NON OO0 ANKN

ann6nn
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31 SGI=FALSE.
SEND=.FALSE.

SET Gele ARSORPTION RATE PARAMETER LMAB. .«
DO 35 ISPEC=1,,ASPEC
0O 35 [ISEG=1,4
TEMP=AMINL(Q 95+GIFRAC( ICASE.»1 SPEC.1ISEG))
LMAB(I SPEC, ISEG)=LMGII ISEGISTEMP /(L. O~-TEMP)
35 CONTINUE

COMPUTE MAXIMUM TINE TO EXHALSTION (=8 TIMES THE LONGEST EFFECTIVE
HALF-TIME) FOR EACK FEEDER CCMPARTMENT: TAs,.0eTIl ARE TIMES FOR
THE RESPECTIVE RESPIRATCRY PATHBAYSe AND TSeeeeaeTLLEI ARE FOR
THC Gel. TRACT. TR IS THE TIME 70 EXHAUSTION OUF THE LONGEST-LIVED
NUCLIDE IN THE CHAIN, INITIALIZE THESE TIMES WITH AN ARBITRARY,
LARGE VALUE.
YR=1,ES0
IF(MOCE{ ICASE) «Nf. 1) GC YO 3¢
TA=1.E10
TE=1.E1)Q
TC=1.E1)
TC=14E10
TE=1.510
TF=] .E1C
TG=1+E10
Tis=21 4E1D
TII=]14E10
30 CONTINUE
1S5=1.E1)
TS1=1.€10
TULI=1.E10
TLLI=1,.EL10
DO 38 ISPEC=].NSPEC
IF(MODEC ICASE) «NE. 1) GO TO 37
TA=AMINL(TALMA( ISPEC)+LLMR( ISPE
TA=APINI( TB.LMB( ISPEC) +LMR{ ISPE
TC=APINL(TCoLMC( ISPEC) LM (ISPE
TO=ANINICTCLMOC( ISPEC) LR (ISP
TE=AMINI(TEJLYE(ISPECI+LMR(I
TF=APINI(TE LVF L ISPEC)#LMR( ]
TG ANMINICTGoLMG( ISPEC)*LIMR{ISP
THSAMINL(THLMHL ISPECILMR( ISP
TII=AMINI(TII.LMI(ISPEC)*LMR(I
IFILMFLISPEC) EQ. 0.C) TF=1.E
IF(LMGCISPEC) EQ. 0.0) TG=1.E
37 C:INT INUE
TS=AMINIC(TSoLNGI(1)*LMNAB(ISPECs 1)¢LMR(]ISPEC))
TSI=AMINL(TSI.LMGI(2)4LMAB(ISPECo2)¢LMR( [ SPEC))
TULISAMINL(TULISLMGI(3)eLMABLISPEC«3)+LMR(ISPEC))
TLLIZAMINL(TLLISLPGI(4)oLMAB(ISPEC,S) HLMR( ISPEC))
TRZAMINLI{TRLMR( ISPEC))
33 CONTINUE
TA=8e080,693/TA
THE8.08),693/T7TE
TC=83.0%0.693/7C
TO=3.C 90 ,693/70
TE=8.,090693/TE
TH=Ba090+,693/TF
TG=3.000,693/7G
TH=3 4080 +693/TH
TII28.080.693/T11
NI=NINT({ [CASE)
IF(PUICASEJNTI) +EQe 0 eQ) TINT=TI( ICASELNI)
IFC(PUICASEINI) oNEes 00! TINT=TEND(ICASE)
TNP =0 ,0
JIF{MODE( ICASE) +EQ¢ 1) TNP2TINT+AMAX]I(TA,TB)
T7T81=0Q 0
#:(;OgE(ICASE) ¢€Q¢ 1) TTBIXTINTHAMAXLI(TC,TD)
Bl e
;F(!OD%(ICASE) e€Qe 1) TPETINTIAMAXL(TE oTF oTGoeTH)
LI=0,
IF(MODE( ICASE) +€EQ¢ 1) TLISTINT+TH*TII
T .2=20,0
IF(MODE(ICASE) <EQes 1) TL2ETINT¢THITR
17T82=0.0
IF(MODE( ICASE) +EQs [) TTO2uTINTHTLSAMAXLI(TF,TG)
TGI=TSeTSIeTULISTLLIE
IF(MODE( JICASE) <EQ¢ 1) TGI=TGIGAMAXI (TNPLTYD] ,TTB2)
IF(MODE{ SCASE)Y +€EQs 1) TGISTGISTINT

mmmMmm
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CVEX ArPROXIMATELY NSTEPS SUEINTERVALS OF THE INTEGRATIGN INVERVAL,
APPLY SUBRQUTINE STEP TC ADVANCE THI CALCULATION.
NI=NINT( ICASE)
00 30 1I=1.N1
IFC(LII L Te NI) GU TO 40

nan

IF INTAKE NAS CEASED AND ALL FEZDER COMPARTMENTS AKE € XHMAUSTED.
SET SEND=«TRUE.
JF(PURCASENL) EQe Cel . NDe SNP AND. STEl JAND.
k3 SO JANDe SL(1) AND, 53T22(1) <AND., STB2(2) AND. SGI)
s 3END= o TRUE
TFIRST=TI( ICASE.NI1)
TLAST=TENIJ(ICASE)
NST= ¢ IFIX((TLASTY-TF IRSTDI/TLAST SFLOAF (NSTEPS))
GO 10 S50
4 TRIRST=TIC(ICASEII1)
TLAST=TI(ICASE,11¢1)
NST=J+IFIXC(TLAST-TFIRST I/VENDU(ICASE) SFLOATINSTERPS))
59 DT=( TWLAST=-TF IRSY)/FLOAT(NST)
DI 75 IST=1,NST
TI=TFIRSTHFLUATIIST-1)e0DT
T2=TF IRSTeFLOAT(]IST) O
IF(SEND) TZ=TEND( ICASE)

(aXala}

INVOKE STEF TO ADVANCE THE INTLEGRATION TROM T1 VO T2.
CALL STEP(T1+T2.MGCECICASE))

ACCUMULATE CUMUWATIVE ACTIVITY AwlGL IN SOURCE TISSUES.
CO 70 ISPEC=1.NSPEC

OMIT RESPIRATORY CONTRIDUTIONS IF THIS IS AN INGESTION CASE.
IF(MODE(ICASE) .NEe 1) GO TO 5%

At AD AR HN

MICROCURLE=-DAYS IN LUNGS (NP ¢ TE ¢ Plee
AW IGLC ISPEC s 1 )=AWIGL (I SPECs1 )+ YNPW( ISPEC o1 )Y NP SPZC 42)
SYITBRW( ISPEC, 1)+Y1Tda(I1SPEC.2)
SY2TBW(ISPEC 1)+Y2TOW(ISPEC,2)
SYPU( ISPEC, 1) +YPW(ISPEC+2) ¢+ YPW(ISPEC3)
+YPu( ISPEC,8)

PELELN A

MICRODUR IE~DAYS IN LYMPH (L),
M IGLOISPECZ)=AWIGLIESPEC2)*YLW(ISPEC,1)¢YLBIISPEC.2)

55 CONTINUE

MICROCURIE-DAYS IN Gele SEGMENTS (SeSIeULI LI
A IGL( ISPEC 2 )=AwIGL{ISPEC+3)¢YSW(ISPEC)
AWIGL( ISPEC +4 )=AnIGL(ISPEC+4)¢YSIW(ISPEC)
M JGLLISFEC,S)=ANWIGLI(ISPEC S)¢YULIW(ISPEC)
AW IGL(ISPEC.SI=AWIGL(ISPEC+6)+YLLIW(ISPEC)

nn

nn

no

MICROCUR IE=DAYS IN GTHER SQURCE GRGANS..
CO 65 ISCUu=7,NSCU
NC=NCOMP( ISPEC ,150U-€)
DO 63 IC=1.NC
AW IGLISPEC, ISGUI=AWIGLI ISPEC,IS50V)

3 *YORGu(1SPECsI e 150U-6)
63 CONT INUE
65 CONT INUE

COSSS0090S0308 0008085508880 88808308888800088388888000858%58088838830803889

C ACCUMULATED ACTIVITY FOR PATFRAYSE A THRO'IGH Leo
IF(MCOE(JCASE) NE. 1) GC 1O 79
AW( ISP EC 1 )=AW(ISPEC,1)sYNPWI{ISPEC,]
AW ISPEC2)=AW( ISPEC,2)¢YNPW(ISPEC,2
AW(ISPEC3)=AW( ISPEC+3)¢V1TBW(ISPEC,
AW(ISPEC4)=AW( ISPEC 44 )4V TBW( ISPEC»
Ad( ISPEC+sS)=MW{ISPECSI+YPRW(ISPECi
AS(ISPECs6)=AW(ISPEC+H )+ YPW(ISPEC2)
Ad(ISPECo7TI=AW( ISPEC o7 )+ YPW(ISPEC3)
ASCISP ECeB)=AW( ISPEC+8)¢VYPu(ISPECs&)
AS(ISPECs P )= AR( ISPEC D)+ YLWIISPEC,1)
AWC(ISPECe10)=AW(ISPEC,10)¢YLW(ISPEC42)
AW(ISPECo11)=AW{ISPEC,11)eY2TOW(ISPEC,1)
AWML ISP ECo12)=AW( ISPEC12)¢Y2TBW( ISPEC,2)

)
)
1)
2)

COSOROSSOCESEP IS8R 888800 8050000008088 08888885808885008088888838888888880888

70 CONT INVE

C
C EXIT INTEGRATION LCOP [IF INEGRATION IS UONE.
IF(SEND) GC TO &0
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[
C TEST FEECER COMPARTMENTS FCR EXNAUSTION.
IF(MODECICASE) .EQ. 2) GU TO 920
IF(SNPI O TO B10
IF(T2 +LT., TNP) GO TO 814
SNP= .TRUE .
DO 800 ISPEC=] NSPEC
YNP el ISPEC»1)=%0,0
YNPW( ISPEC 2)=0.0
a0% CONTINUE
aiv CONTINUZ
IF(STB1)Y O TO &I
IF(T2 AT, TT81) GC TO 83C
STel= . TRUE .
00 A;C ISPEC=] yNSPEC
Y. TBW(ISPECs1)=0 . C
YiTBW(I SPEC+2)=0,0
820 CONTINUE
83y CONT INVUE
IF{SPY GO TO 850
IF(T2 LT, TP) GO TQ 852
SPx= o, TRUE »
DO 840 ISPEC=1/NSPEC
YPe( ISPEC,1)=C .0
YPuwl ISPECy2)=0.,0
YPW( ISPEC, 2)=0 .0
YPu(ISPEC, A )=0.0
840 CONTINUE
859 CONT INUE
IF(S (1)) GO TO 870
IFLT2 A Te. TL1) GO TO 270
SL{1)=s TRUE .
DO 860 ISPEC=] (NSPEC
YLW( ISPEC,1)=0,0
YL ISPEC+10=0e0
862 CONTINLE
87¢ CONT [NUE
IFESL(2)) GO TO €7z
IF(T2 J.AT, TL2) GO TO 872
SLE2 )=, TRUE »
DO 871 ISPEC=1.,NSPEC
YLW{ ISPECs2)=0.0
871 CONTINUE
872 CONTINVE
IF(STB2(1)) GC TC ES¢C
IF(T2 LT, TINTSTF +TD) GO TO 890
STE2(1)=TRUE,
DO 880 ISPEC=]1.NSPEC
Y2TBR(ISPEC,1)=0,0
880 CONTINUE
899 CONT INVE
IF(STB2(2)) CC TO 910
IF(T2 oLTe TINT+TG+TD) GO TO 910
$TB2(2)=.TRUE,
DO 900 ISPEC=1,NSPEC
Y2TEHBWILISPEC.2)=0,2

900 CONT INUVE
91¢ CONT INVE

C
92n COANT INUVE

IF(SG1) GO TO <S40
IF(T2 LT« TGI) GO T(O G40
SGI=,TRUE,
00 930 LISPEC=] (NSPEC
YSw(l SPEC)=0.0
YSIW(ISPEC)=C. 0
YULIW( ISPEC)=0,)
YLLIW( ISPEC)=D,0
930 CONT INVE
940 CONTINUE
75 CONT INUE
c 80 CONTINULE
C COMPUTE THE TARGET-SOQURCE DDSE MATRIX FOR THE CURPENT CASE.
NG 106 ISOU=1,NSOU
DO 9% [TRG=1,NTRG
DOSE( ICASE ¢ ITRG.ISOVI=C. 0
00 90 1SPEC=1,NSPEC
BOSE(ICASEs 1TRG ¢« ISQU)I=DO0SE ( ICASE » ITRG, I S0U)
L ) +S5(1SPECHITRGISOUISAWIGLIISPEC o1S50V)
$9 CONT INUE




35 CINT INVE
390 CONTINUE
<

Cormrm e e e — e —— e — - .- ———————————————— —— —— - —— = =

[
C COMPUTE TOTAL DOSE TO EACH TARGET JRGAN.
NSOU1=ASOUS L
00 380 I1TRG=1+NTRG
DOSE(ICASE s ITRGyNSOUL)Z04)
02 375 ISOU=1.nN53Y
IFLISOU «.£Ce 7) GO YO 275
ONSEC ICASE, ITRGWASCU1)=D0SE(ICASE + I TRGeNSOUL)
] +D0SE( [CASELITRG, ISTU)
37s CINT INUE
380 CCNT InuE
COS88080858008808880888800800808888 53008008080 088888280800808808800888080050808
€ IF NSPEC IS GREATER THAN 1. COMPUTE PERCENT OF TOTAL DOSE YO EACH
C TARGEY ORCAN DUE TC EACK SPECIES CF THE CHAIN,
IF(NSPEC .EQ. 1) GO TO 210
DC 209% I TRG=1+NTRG
D0 200 [ISPECS=1 oNSPEC
PCTCOSC ICASE S ITRGLWISFEC)=0.0
DO 291 1S0U=1.NhSOU
IF{ISIVU +EQe. 7) GO TQ av1
PCTDOSL ICASE, ITRG ISPECI=PCTO0S ICASE« ITRG,ISPEC) ¢

s c S:IlSPECoIYRG-ISOMDOAUH’L(lSPE.oISWD
201 ON
PCTDOS(ICASEGITRGISPEC)I=PCTOIS(ICASE«I TRGe ISPEC) 8100,/
$ DASE( ICASE, ITRG.NSOUL)

200 CONT INUVE
C2688388088 0888888808 58880800880808808080088805880888830800580888888808880888
216 WRITE (16:,9991) NAMNUCIL1 )¢ ICASE, TSTEPf ICASE)
IFINSOU .6Te 12) GO TC 9002
WRITE(16:9992) (NAMSOUIT ) ol=] oNSOU)
DO 9001 ISPEC=1NSPEC
9001 WRITE(16:9993) NAMNLC(ISFEC) o {AWIGL( ISPEC ,{) o I=] NSOU)
60 TO $00S
9002 WRITE(10:9992) (NAMSOU(I Del=ml,el2)
DO 9003 ISPECs=] yNSPEC
9003 WRITE(16:9993) NAMNLC(ISPEC) o (AWIGL(ISPECs 1),y Ix1,12)
WRITE(16.9992) (NA"SOU(I).I'I3.NS°U’
00 9004 ISPEC=1 ¢NSPEC
9008 WRITE(16+9993) NAMNUC(ISPEC) ¢ (AWIGL(ISPEC o1 )oIx]13.,NSOV)
9005 WRITE(16,9994)
00 9006 ISPEC=].N3PEC
90C6 WRITE(1599993) NAMNUC(ISPEC) o (AW(ISPECeI)oI=1,12)
9991 FORMAT 1M0e//eC0XsAB, /50X +*'MICROCURIE=DAYS FIR CASE *,[2¢/0+85X,
S C(TIME STEP FOR INTEGRATION =°,F8eCe®* OAYS)*)
9992 FORMAT (190, °NUCLICE 2912(A8e2X))
9993 FORMAT(IH (A8,1X:1P12€E10.3)
9994 FORMAT (1HO0, 39X o* ACCUMULATED ACTIVITY FOR TGLM PATHWAYS A ¢,
S *THROUGH L°//7¢12Xe% A% SXe%2% X 0?C®% 09X0%0% eOXoE* 49X *F*9X0?5°%,
IR H® oKX o I® oK' J? Q% 'K?e9X,s L")
CP008000880080 8008000885888 848080¢8088080830888888088808030887 808858808887 805888
430 RETURN

C
2 END OF OOSRUM
ENO

- -y - - - - - e > - e - —— - -

SUBROUTINME STEP(T1,T2,MF00DE)

C
C ADVANCES THE NESIOENCE TINE INTEGRATION FROM TIiME T1 TO T2 (DAYS).
C MODE = 1 FOR INMALATION, = 2 FOR INGESTION,
INTEGER NCTEMP(20)
REAL LMGI(A)LMABI2004)¢LMR(20)sDRANCH(20,20)
REAL G(20,oM(2
REAL LMNBOAB
LOGICAL SNP,STEL1,5P,SL.STB2,561
COMMON 7SUITCH/ SNPeSTB1oSP,SL(2)1.2TB2(2)+561
COMMON /LEVELS/ YNP(2002)0eY1TP{20+2) sY2TB(2062)
S YPI(20+4)+sYL(20:2),Y5(20),751(20),YUL1L1(20),
S VLLIC(20)oYORG(20+5,16)
COMMON ZCUMACT/ YNPW( 20020 oY1TBYW(20,2)eY2TBW(20+2)
S YPUW(20 o4) +YLW(2062)oYSW(20),YSIW(20) YU IW(20)»
$ YLLIW(20) ¢YORGW(20,5,168)
COMMON /ORGDAT/ NCOMP(20016)+C(2005¢16) oLMBOAB(2005,16),
s F2PRIN(20+16)
REAL LEB(2005)sCTEMI'(20¢5)¢PTEMP(20) oYTENPO(20¢5) o YTENP(20+5) »
s YTEMNPW(20,5)
REAL LMALMBLPCLMOILME oL MFoLNGoLMMHLNI

]
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DOUSLE PRECISION T

CUMMUN /NUNBR S/ NSPEC NSCUNTARG

CCMYON /GI/ LMCl.LMAB

CIOMMON /RADAT/ LMR,ERANCH

CUMMON /TGLM/ LMA(Z2C) +LMEB(20),LYC(20) L. MD(20) oL ME(2D) 4L WF(2)D),
T LMGU22 2L (20),LM1(20),

x FA:ZO) oFBL20)eFCL20)2FD(20)FE(20)FF(20)sFG(20) oFH(2D),
* Fl{20)

CIHMTN SRESSP/ O2.D8440%

oL T=T2~-T1

T=DWE(O.50(T1¢72))

IF THIS CASE IS NOT INMZLATION, ERANCH TU INGESTION.
IF(YODE .NE. 1) GO TO 13C

RESPIRATORY TRACT (TASK GROUP LUAG MODEL FOR AEROSOLS)

[alalaTa BN aYo!

CALL HAML(ToH)
IF(5NP) GO TO 21

NASOPHARYNGEA REGION (A.B)
IPATH=]1 FOWR A
=2 FOR B8
DO 10 ISPEC=] 4ASPEC

INFLOw=RATE VECTOR PTEMPss INITIALIZE TO ZERO.
PYEME(ISPEC)=V.0

NUMHBER OF SUBCOMPARTMENTS..,
NCTEMO(ISPECI=2

AN N0 N0 A0ONN

SUSCOMPARTIFENT FRACTIONS <.
CTEMF(ISPEC,1)=FA(ISPEC)
CTEMP( ISPEC.+2)=FB(ISHECQ)

BIOLOGICAL CLEARANCE COEFFIC IENTS..
L3(ISPEC 1 )3UMA( ISPEC)
LB(ISPEC.2)=LMB( ISPEC)

INITIAL CONODITIONS.o
DJ S IPATH=1,2
YTEMPO ( ISPEC o IPATH)=YNF( ISPEC,; IPATH)
S CONT INUE
13 CONTINUE

FIRSY COMPONENT OF INTAKE VECTOR,.
PTEMP{ 1)203¢H( 1)

(ALL CTHER COMPONENTS OF h ARE ZERD).
CrLL MULCOM(DELToNSPECILMR oLB+CTEMP NCTEMP sBRANCH,
¢t PTEMP,YTEMPO.YTEMP.YTEMPY)

MOVE OUTPUTS FOR A,8 PATHWAY S,
DO 20 ISPEC=]1 ¢NSPEC
DO 1% IPATH=],2
YNP{ ISPEC s IPATH)=YTEMP (I SPEC + IPATH)
YNPU( ISPEC,: IPATH)aYTEMPRW(ISPEC, IPATH)
15 CONT INUE
20 CONTINAE
2% CONTINUE
IF(STB1) GO TO &1

TRACHEOBRONCHIAL REGION (C,D)
IPATHR]1 FOR C
=2 FOR D
DO 30 [ISPEC=] (NSPEC

INFLOW RATE VECTOR.e
PTEME( ISPEC)=0."

COMPARTMENT FRACTIONS .o
CTEMP( ISPEC 1) =FC(]1ISPEC)
CTEMP( ISPEC »2)=FD(1SPEC)

BIOLOGICAL CLEARANCE COEFFICIENTS..
LB(ISPECsL)aLM( ISPEC)
LA(ISPEC,2)=LND( ISPEC)

0 NN on (a1 a)

[aTa}

a0 06 O0ALN

nhH
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(a]a)

[ a B oY s BN aYa BN alaYal Yol Tl ne

(a1a] (aY ] (ala)

(2] 4]

(2L AT BN oYY alaTy])

INIVIAL CONDITIONS..
DO 25 IPATH=1.,2
YVEMPO(ISPECIPATH)=Y1Tu(ISPECIPATH)
25 CONT INVUE
360 CONTINUE

FLasT CIMPONENT UF INTAKE VECTOR..
PTEMP(1)=Dasr(]l) .
CALL MWL COM{CELTNSPECLMRLBCTEMP NCTEMP s3RANCH,
f PTEMPYTEMPI YTEMP,YTEMPR)

. MOVE CUTPUTYS FOR C+D PATHWAY S, .

DO 40 ISPEC=]NSPEC
00 35 IPATH=1.2
YIVB(ISPECIPATH)=YTEMP | ISPECIFATH)
YATIm( ISPECO IPATH)I=YTEVrPu(ISPEC,IPATH)
35 CONT INUE
N CONTINLE
41 CONTINUE
IF(SP) GO TO 61

PULMONZRY REGION (EoFoGoeH)

IPATH=1 FOR €
=2 FOR F
=3 FOR G
=4 FOR H
D0 50 ISPEC=31sNSPEC

INFLQO® RATE VECTOR.o.
PTEMF{ISPEC)=0.0

NUMBER 3F SUBCOMPARTMENTS..
NCTEMP( ISPEC )=6

SUSCOMPARTMENT FRACTIONS. o
CTEMP('SPEC.1)=FE( 1SPEC)
CTEMP(ISPEC+»2)=FF(1SPEC)
CTEMP( ISPEC,2)=FG(.SPEC)
CTEMP{ ISPEC +4)=FH(ISPEC)

BIOLOGICAL CLEARANCE CUEFFICIEANTS,.
LA(ISPEC,1)=LME(ISPEC)
LO( ASPEC.2)=LMF ( ISPEC)
LA(ISFEC o 3)=LMG(ISPEC)
LBUISP EC o8 )=LMHI ISPEC)

INITIAL CONOITIONS..
D2 4% IPATH=]1,4
YTEMPO( ISPECIIPATRH)I=YP(ISPEC:IPATH)
45 CONT INUE
S5C CONT INGE

FIRST COMPONENT OF INFLOW VECTOR..
PTEMP( 1)=D58H(1)
CALL MULCOM{DELToNSPECILMRLEICTEMP NCTEMP ¢BRANCH,
$ PTEMPYTEMPOYTEMP,YTENPY)

MOVE OUTPUTS FOR EosFeGeH PATHUAYS,,
D0 60 ISPEC=1,NSPEC
DU 55 IPATH=]1,4
YP(ISPEC: IPATH )asYVEMF( ISPEC, IPATH)
YPW(ISPEC, IPATH)ZYTEMPR{ ISPEC, IPATH)
55 CONT INVE
60 CONT INGE
61 CONTINUVE
IF(SLC1) +ANDe SL(2)) GO TC &}

LYMPHATIC TISSUE (1.J)

—eecoceoes ooeepoe eceooma

IPATH=] FOR 1
=2 FOR J
00 70 ISPEC=3 ,NSPEC

INFLOW RATE..
PTEMP( ISPEC) =04

NUMBER OF SUACOMPARTMENTS .0
NCTEM~( ISPE/ )=2
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SUBCOMPARTEENRT FRACTIONS. o
CYEMP( ISPEC))=F 1(] SPEC)
CTEMF( ISPECs2)=1 «3~-FI(ISPEL?

BIM UGICAL CLEARANCE COEFFICIENTS.s
LBUISPEC. R )=l ISPEC)
LB(ISPEC,2)30.)
(Yre J SUBCOMPARTMENTY IS SUAJECT ONMLY TO RADIOACTIVE DECAY).

INITIAL CCMOITIONS < ADD TOTAL OUTFLOW OF PATHWAY M.
DI 65 IPATH=1,2
YTEAPO( ISPEC, IPATH =YL (ISPEC,IPATH)

3 WMH(ISPEC)SsYPU( ISPEC:A)SCTENP( ISPEC,,IPATH)

55 CONT INUE

70 CONT INVE
CALL VUL COMCDEL ToNSFECILMR oLB3+sCTENP, NCTERP,BRANCH,

2  FPTEMP, YTEMPIJYTEMP, YTENPY)

MOVE OGUTPUTS FOR (Te¢J) PATHWUAYS..
D0 B0 ISPEC=]1,NSPEC
DO 7S IPATH=1,2
YLUISPEC s IPATH)I=YTEMP( ISPEC, IPATH)
YLW( ISPEC,: IPATHI=YTEMP w( ISPEC,IPATH)
75 CIONT INVE
80 CONTINLE
81 CONTIENLE
IF(SY82€¢1)) GO YO 01

TRACFEOBRONCHIAL FECOBACK (Ko )
TlS #ILL REQUIRE TwO CALLS TO MULCOM. .
€1} INPUT FROM F,s OULTPLY K
€2) INPUT FROM Gs OQUTPLT L
PATHRAYS K AND L ARE INDEPENDENT SUBCOMPARTMENTS.

PATHEAY K

OC 70 1SPEC=]NSPEC

INFLGw VECTOR..
PTEMP(ISPEC)=0 40

NUMBEFR OF SUBCOMPARTMENTS o
NCTEMP C(1SPEC) =]

SUBCOMPARTMENT FRACTIONS (UM TY)eo®
CTEMR( ISPEC,1)=1.0

BIOLOGICAL CLEARANCE COEFFICIENTS..
LIC(ISPEC, 1 )=LMOD( ISPEC)
(REMOVAL IS REGULATED BY TKACHEOERONCHIAL CLEARANCE 70 Gols)de

INITIAL COMDITIONSee ACD OUTFLOW OF PATHWAY F.
YTEMPO (1SF ECe 1 )=Y2TBC(ISPEC,1 )eLMF(ISPEC)SYPW(ISPEC2)
99 CONT INUE
CALL MULCOM(DELT NSPECLMR oL 8+CTEMP ¢ NCTEMP :8RANCH
3 PTEMP,; YTEMPOYTEMP, YTEVP W)

MOVE OUTPUT FOR K PAThWAY 4.
D0 100 ISP C=1eNSPEC
Y2TB(I SPEC 1 )aYTEMP( ISPEC 1)
v2T7BW( ISPEC, I1)=YTEMF(ISPEC,1)
100 CONT INUVE
101 CONT INUE
IF(STB2(2)) G3 Y0 130

PATHYAY L

DO 110 ISPEC=1eNSPEC

INFLOw VECTOR.se ZERO AS BEFCRE.
PTISHP(ISPECIS=0.0

NCTEMP, CTEMPy, ANC LBso.
NCTEMP(ISPEC )= 1
CTEMP( ISPECs1)=1,0
LBOI1SPEC1)=LMC(ISPEC)

INITIAL CO(DITIONS+s ADD TOTAL OUTFLOW FROM PATHUAY G.
110 CoY;%lz(lSPECol)lvaBHSPEC 02)*LNG(ISPEC) SYPW(ISPEC, J)
1 NT IN



oan

CALL MU COMUDELY JNSPECLPR (L I+CTEMP (NCTEMP o BRANCH,
$ PTERMP, YTEAPO.YTENP,YTEMPR)

MUVE GUTPUT FOR L PATHWAY..

00 120 ISPEC=1,NSPEC
YZTBUISPEC o 2)xYTEMP{ISPEC,s])
Y2TBW( ISPEC,2)=YTEMPuUl ISPEC,1)

120 CONT INUE

nnn

END OF RESPIRATORY SEGMENT

————— - ———— - - - -

130 CONTINLE
IF(SGI) GO TO 220

AONOAN

[aYaXa N oY o]

an a0 OO0 00 AN/ an no

an AdAn 00N

Ge 1o TRACT

STOMACH (S)
IF(MODE .EQ. 2) CALL GES(T,G)
00 140 1SPEC=] (NSPEC

INFLOW RATE VECTOR ..
IF(MODE ENe 2) PTEMP( ISPEC)=GIISPEC)

NUMHBER OF SUBCOMPARTMENTS, COEFFICIENTS, AND BIOLOGICAL REMOVAL
COEFF ICIENTS,.

NCTEMP(ISPEC )=}

CTEMP( ISPEC,1)=1.,0

LBUISPEC.L)=LMGI( 1)L MAB(ISPEC.1)

INITIAL COMNMOITIONS e
YTEMPO ( ISPEC,1)=YS{ ISPEC)
IF(MCDE +EQe¢ 1) YTEMPO(ISPEC,1)=YTENPO(1SPEC.])
s MBI ISPEC)YNPUIISPEC 2)¢LMO(ISPEC) S(Y1TBW( ISPEC,2)
*Y2TBUWL ISPEC:1) ¢Y2TBW( ISPEC,.2))
140 CONT INUE
CALL MULCOM{DELT ¢NSPECLMRLEBCTEMPNCTEMP ¢ BRANCH,
$ PTEMP«VYTEMPOYTENP,YTENP )

MOVE CUTPUTS FOR See
DO 150 ISPEC=|,NSPEC
YSOUISPEC)=Y TEMP( ISPEC, 1)
YSWL ISPEC)=YTEMP u( I SPEC. 1)
150 CONT INUE

SHMALL INTESTINE (S1)

DO 160 ISPEC=],NSPEC

INFLOW RATE VECTOR..
PTEMF( I SPEC)=0.0

NCTEMP ANC CTEMP ARE AS FOR THE STOMACH.

BIOLOGICAL REMOYVAL RATES (ABSORPTION PLUS EMPTYING)..
LB(ISPECs1)LMHAB(ISPEC 22)4LMGI(2)

INITIAL CONOITIONS.»
YTEMPO( ISPEC1)=2YSI(ISPEC) LMGI(2)sYSW(ISPEC)
160 CONT INUE
CALL ME COM(OELTINSPECILMRLBICTEVPNCTEMP , BRANCH,
$ PTEMP: YTEMPO ,YTEMP, YTEMPE)

MOVE OUTPUTS FOR Slee
00 170 ISPEC=1 NSPEC
YSI(ISPEC)=VTENMP(ISPEC 1)
VSIW(ISPEC)I=YTEMPR( ISPEC,1)
170 CONT INUE

UPPER LARGE INTESTINE (ULL)

00 180 [SPEC=] NSPEC
INFLOW VECTORe.e ZERO AL BEFORE.

NCTCMP AND CTEMP APE AS FOR Si, EMPTYING RATES..
LB(ISPEC,L)=LMGI(3)+LMAB(ISPEC,3)

INITIAL COMDITIONS o0
YTENPOCISPEC o1 )nYUL I(ISPEC HeLMGi (2)sYSIW(ISPEC)
150 CONTINVE
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54

CALL M COM{DELTsNSPECoLMR sLECTENP, NCTEMP , BRANCH,
€ PTEMP,YTEMPQO . YTEMP,YTEMPE)

(ol 2l

MOVE ULl OLTPUTS. .
00 190 { SPEC=1NSPEC
YA I(ISPEC)=YTEMP(ISPEC. 1)
YUL Iu( ESPEC )=YTSuPH( ISPEC, 1)
130 CONTINUE

LOWER LARGE INTESTYINE (LLI?
00 290 13PEC=]1: !SPEC
INFLOW VECTOR.. 2EPD AS BEFCRE.

NCTEME ANC CTEMP AKE AS FOR ULI. EMPTYING RATE..
LI(ISPEC:1)=LMGI(4)+LMABIISPEC,s)

NN OAAN 00N

INFETIAL COMDITIONS..
YTENPO( ISPEC 1 )=YLLICISPECIMLMGI(3I)oYW 1u( ISPECH
20C CONT INUE
CALL ML COM(DELT JNSPEC LR oLBCTEMP, NCTEMP ; BRANCH
¢ PTEMP, YTENPO,YTENP,YTEMNY)

MOVE OUTPUTS FOR LL:Ies
00 210 1SPEC=]1.NSPEC
YLLI(ISPEC)=YTEMP(ISPEC.!"
YLLIW( ISPEC )=YTEMPU(ISPE _o1)
210 CONTINUE

(a] )

- - ——- -

229 CONTINUE

g END OF Gele TRACT CALCULATION.

C
€ OGTHER ORGANS

Cram=e -— — ———————
NORGENSOU-6
OC 250 ICRG=1.+n0RG
DU 23X ISPEC=L.NSPEC

INFLOW RATE VECTOR = ZERO.e
PTEMP(ISPEC)=0,,0

NUMBER OF SUBCOMPARTMENTSe COEFFICIENTS, REMOVAL RATES, AND
INITIAL CONDITIONS..

NCTEMP( ISPEC)=NCOMF( 1SPEC, IORG)

NC=NCOMP( ISPEC, I0RG)

CO 225 IC=]1NC

CTEMPL ISPEC, IC)=C( ISPEC+IC+IORG)

LBCISPEC, IC)=LMEDAR( ISPEC, IC+I0RG)

YTEMPO( ISPEC IC I=YCRG( ISPEC»1C + I0RG )

IF (MODE +EQe 1) YTEMPO(ISPEC,IC)I=YTEMPO( ISPEL +1C)
+(LMACISPEC)SYNPW( ISPEC,1 ) oL MC(ISPEC)SYL1TBW(LLPEC, 1)
SLME( ISPEC)ISYPU! ISPEC,1)+LMNI(ISPEC)SYLW(ISPEC,1))
SCTEMP{ ISPEC, I~ 19F2PRIM{ I SPEC, IORG)

YTEMPO( ISPEC, IC)aVYTEMPO( ISPEC,ICHH(LMABIISPEC.1)
sYSW( ISPEC)H. MAB(ISPEC,2)9YSIW( ISPEC)

*LMAB( ISPEC+3)0YULIW(]SPEC)
SLMABI ISPEC +4 )SYLLIW(ISPEC))
SCTEMP(ISPEC,IC) SF2PRIMN(ISPEC,I10RG)
225 CONT INVE
230 CONT INUE
CALL MULCOM(DELT yNSPECLMRoLB.CTEMP JNCTEMP BRANCH o
3 PTEMPYTEMPO s YTEMP ¢ YTEMPY)

" QUTPUTS FROM CRGAN I0RG..
DO 240 ISPEC=21,NSPEC
NCaNCOMNP( ISPEC , IORG)
DO 235 1C=31,NC
YORG(ISPEC+ 1Cy IORG)I=YTEMP( 1SPEC,1C)
YORGW ( I SPEC, 1Cs IORG)I=YTEMPU( ISPEC#IC)
235 CONT INUE
c 2800 CONT INUE
C ENO OF IORG LOOP .o
250 CONT INUVE

(aXaTa BN oY o)

NRAN NAe

no
3
<

r

Corwmm= -——

C END OF OTHER ORGANS

Cmemcncaes ———- - —
RE TURN
END
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SUBROUTINE MULCGM(ToNLMRJLME,CoNCOMP BRANCH,P.,AQsA sAN)
REAL ToiMR(20)eLMBI20:5)+C(20:5)BRANCHIZ20,20),P(20),
A0(20:5)9A{ 295 0Am (20 +5)
DOUBLE PRECISION TALTA2,TAW],,TAW2 ,TERN
INTEGESR NCOMP (2G)
OJUILE PRECISICN £(S5C)eHIZ20:5):0(20:5)06
DOUSLE PRECISION LM(2D+5).L2(100)
DOUAML € PRECISIGN EXPFUNJEXPF 1,EL XEEXILE,
$ TEMP,TEMD]
C THE FOLLCWING INTEGER-VALUEL STATEMENTY FUNCTION COMPUTES THE INDEX
C OF THE (leJoeM)=TH ENTRY IN THE AARAY E,
INOXE( JoJoM)z I (I~-1)8([=2)/72¢(M=-] FINN2
NN2=NS (N-1)/2
IF(Y +GTe 0.0) GO TO ZC
00 10 I=1.N
NCI=NCOMP(])
DO S Mx=],.NCI
Al JFoM)ISAO(I M)
Aw( 1sM)=0,0
S CONT INVE
10 CONT INUE
Gl TC 200
20 CONTINLE

CCMPUTE TUTAL LAMBCAS ANMU STCRE IN LINEAR ARRAY LX FOR SEPARATION.
KOUNT=(Q
00 49 [=1.N
NCI=NCOK2(T)
DO 30 m=1,HC1
KOUNT=XOUANT 41
LX(KCUNT)I=AMR(I)eLMB (I o¥M)
39 CJUNT INUE
A% CONT INUE

IF TwO LX(1I) ARE NEARLY ECGUAL, SEPARATE THEN.

(a]a)

SKIP SEPARAT ION ROLUTINE IF Nzl
IF(N «.£Qe. 1) GO TO 65

BEGINNING OF SEPARATION ROUTINE., KIUNT=NQ, ELEMENTS IN LX.
KOUNT 1=K OUNT- 1
KODE 1S A SWITIH FOR WHICH THE VALUE 1 MEANS ANOTHER
PASS SHIWLC EE MADE,
KCDE=1

45 IFI(KODE NE, 1) GN TO €S

XODE =0
BEGIN PASS.

00 66 K=1,KOUNT1

Kl=x ol
DC 595 L=K] ¢KOQUNT
C IF LX(L) AND LX(K) ARE NEARLY EQUAL+ SEPARATE THEM.
IFC(OABSELX(L)/LXI{X)=1,000) <GEe 1400~-6) GO TO 55
LX(L)=LX(K)#1.00001D0
XODE= 1}

58 CONT INVE
6 CONT INVE
RETURN FOR (POSS!BLY! ANQTHER PASS HY MEANS OF BACKNWARD-POINTING
GO TO STATEMEN

G0 10 s
END OF SEPARATION ROUT INE .
65 CONTINUE

MOVE SEPARATED RATE COEFFICIENTS FRCM LX TO LM,
KOUNT=Q
CO 80 I=]1.N
NCIsSNCOMP(I )
DO 70 M=}l,NCI
KOUNTSKOUNTS]
LM(I oM )=LX (KOUNT )
7y CONT INUE
80 CONTINLE

BEGIN MAIN CALCULATION. I=]1 IS MANDLED AS A SPECIAL CASE.
i=}

NCIZSNCCMP( )
DO 90 K= 1,NC]
0(1l.K)=DBLE
rH{l.xX)=DBLE

0on A0 anAN

A O AN” o)

an

o X
Le
oK)4M(] sXK ISEXPFUN(=DBLE(T)ISLM(I,X)))
ToK)SDBLE(T)*MIT oKISEXPFIILM(L oK) o
L DBLE(T)))
90 CONT INUE
IFC(I +EQ¢ N) GO TO 300



eeaee g

00 200 !=2,N
It=l~1}
NCI=nCOMP (1)
00 113 K=]1.NCI
TEMP=0,003
CG 93 J=1.11
TEMP 120,000
ACI=NCOMP(J)
£O0 91 W=]1,NCJ
TERPL1=TENP ] D(Jo M)
-2 CIONT INVE
TEMP=TEMP+OBLE(BRANCH( T J) )BTENP]
93 CONT INVE
ClIeXK)ZOBLE(C( 1K )IDI/ZLM(I «K)S(DBLE(LMR(I))ISTENPOP(L))
TEPP=0,000
112 CONT INVE
00 120 J=lell
NC =NCONP(J)
CO 140 Mx].,NCJ
IJN= INDXE( [oJeM)
E(IJM)=0,000
IF(J +GT, 1-2) GO 10 140
Ji=Jel
00 130 IR=J1,11
TEMP1=0,5D0
NCIRSNCOMP(IR)
VO 120 MU= +NCIR
IRJMZIHOXE( IRe Jo M)
TEMPI=TEMP I ¢DBLE(C(IRMU)SLMR(IR) I/ (LM(IRsMU)I-LM(JI M)})

s S(E(IRJIM) ¢OBLE(BRANCH( IR J) ISH(JIoM))
120 CONT INUE
ECIJMI=SCE(IJM)+CELE(BRANCH( L+ IR) ISTEMP]
130 CONTINUE
140 CONT INVE

15C CONT INUE

C
C COMPUTE H{IsK)y K=1looeoeasNCOMP(1),
DD 180 K=1.AC!
TEMP=0.000
D0 175 J=1.,11
NCI=NCOMB( )
CO 170 M=[4NCJ
IIJM=INCXE(1leJ M)
TEMP=TEMP+DBLE(LMR(1))/(LM(I+K)=LM(IoM))

S(E(IJM)+OBLE(BRANCH(TI s S DB JeMm)?
170 CONTINUC
175 CONT INVE

HOIseKIZOBLE(AJ(IsK))I=D(1eK)-OBLE(C(IoK))ISTENP
182 CUNT INVE
207 CONTINLE
2 ENO OF CALCULATION OF D(leK)e H(IeK)s EClodeM),

C BEGIN CUMPLTATION OF A(leK)s AN(1,K)
DO 25G 1=2¢N
11=1~-]
NCI=aNCOMP( 1)
D) 248 K=]l,ynC]
EXLI=EXPFUN(-LM(I+K)SDBLE(T))
EXIL I2EXPF 1(LM(]IK)+CELE(T))
TA1=0900
TA2=0,000
TAwWl=0.000
TAW230.000
00 240 J=1,11
NCJI=ENCOMF(J)
DO 235 M=]1,NCJ
IJN= INOXE( IeJdo M)
GuOBLE(C(I,K) )20BLE(LMR(I) I/ (LML ,K)=LM(JeM))
s S(ECIIM) ¢CBLE(ERANCHIT 4 J) ) SH( JeM) )
- TERMEGS(EXPFUNI(-=LM(JIMISDBLE(T) )-EXLTI)
IF(TERAM .GEe« 0,000) TAIsTAl¢TERM
IF(TERM LT, 04000) TA2sTA2+TERM
TERNBGS(EXPF 1 (LM(JS M) DBLE(T ) )-EXILI}
IF(TERM ,GEes 0+0C0) TANISTAW]¢TERM
IF(TERV oLTe CoeOCO) TANZ=RTAWR¢TERM
235 CONTINVE
249 CONT INUE
TERMSLM( I »K)SO(IoKISEXILIFOBLE(AI(IK))ISEXL]
IF(TERM oGEe 0,000) TAI=TALI+TERM
IF(TERM oLTs Ce0DO) TAaTA2¢TERM
A(I+K)IRSNGL(TAL¢TA2)
TFLABS(A(IIK)) JLEe 1.E~158SNGL(TAL-TA2)) A(l1,K)=0,0
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TERN=DI{1+K)SI(OBLE(T)-TXILE)+DELECAO(]I X)) SEXILI

IF(TERM oGEe. 0.000) TAR]I=TAW]4TERW

IF(TERM oLT, Ce%DC) TAWZ=TAW24¢TERM

AW (] s K)=SAGLITAWLS¢TAM2)

IF(ABSIAW{ 1eK) ) oLEe 1E-158SNGL(TAWL-TAW2)) AW([.X)=0,)
245 CONT INVE
252 CONT INUE
Y RETURN

END

0o

OCUILE PRECISICN FUNCTION EXPFUN(T)
DOUBLE PRECISICN T
EXPFUN=) 4000
[F(T.LTY.~-18%.0C0) GG TO 10
EXPFN=0EXP(T)
10 RETURN
END

0on

DOUBLE PRECISICN FUNCTION EXPFI(LM,T)
ODOUBLE PRECISITN LMo T LMTL,EXPFUN
LYT=L T
IFCLNT L T.0,03C0) GO TO 10
GO 70 2
10 EXPFI=TS((((((LMT/7.0D00~-1.000). MT/6.000¢1,000)
3 SLMT/5.000-1.000)8LMT/4,000¢]1.0D00)8LMTY/3,300~1.000)
S SLMY/2.00041.000)
G0 TO X
20 EXPFI=(]1.C00~EXPFUN(-LNT)) LM
30 :E;URN
N

SUBROUTINE HAL(TIME.H)
C
€ CALCULATES ThHE INTAKE RATE BY INMALATION
C

OQUBLE PRECISICN TIMNE

LOGLICAL DEFAUT

DIMENS ION M(20)

COMMON /CASES/ NCASES ;MCOE(6)eTENO(GE) oNINT(5) sT(64301P(6430),
$ ISOL (6+20) ¢ AMAD(6) 2 DEFAUT(G6)sFLUNG(6+9920) o TALUNG(6+9020)
S Fl1(6+20)+GIFRAC(6+2048)

COMMON /HALGES/ ICASE

COMMON /NUNBRS/ NSPEC ¢ASCUSNTRG

00 10 [ISPEC=} ¢NSPEC

MOISPEC)=060
10 CONT IMUE

IF (MODE( ICASE).NE.1) GO TO AQ

N11=NINT( JCASE)-1

IF (NI1.EQ.0) GO YO 30
00 20 I=1,N11

IF (SNGL(TIME).GE-T(ICASE,I+1)) GO VYO 20
Mi1)=P( JCASE,1)

20 CONT INUE
30 H(L)I=P(ICASE,NIL*1)
40 RETURN

ENO

c SUBROUTINE GES(TIME.G)
C CALCULATES THE INTAKE RATE BY INGESTION
C

DOUBLE PRECISICON TIME
LOGiCAL OEFAUT
OIMCNS ION 6(20)
COMMON /CASES/ NCASES sMODE(G6) s TEND(G6) oNINT(6) 270 6:30)2(6:430),
$ JISOL(6+20)9 AMAD(6) ¢ OEFAUT(6) sFLUNG(6:9+20) s TBLUNG(659+20),
3 FLl(6:20)GIFRAC(6,20,4)
COMMON /MALGES/ 1CASE
COMMON /NUMBRS/ NSPEC,NSOUNTRG
DO 10 ISPEC31.NSPEC
G(ISPECIn0,0
10 CONTINUE

“~e



1F (M3CS(ICASEINE W2) GO TC &)
NII=NINT (I CASE )=
IF (NI1.EQ.Q) GC TO 3¢
OC 20 I=1.N1I1
IF (SNGLUTIME)GE.T{ICASELI+1)) GO TO 27
GU1)=2(ICASS .1}
GO TC &0
2% CUNTINLC
Zu G(1)=P(ICASELNILeL)
40 RETURN
END

SUBICUTINE OUTPULT

C
C P INTS SPECIFICAT ION INFOAMATICN AND OQUTOUT FOR EACH
C CF ThE (ASES.

O0UdLE PRECISION NAMNUC s AANSCUNAMTRG NAMTOT .Gl SEG

LCGICAL JEFAUT JERFLAG

INTEGESR OUT

CIMENSTIN FOUT(S)sTCUTII) e Sl SEG(S)

COAMi /PERCNT/Z PCTC0S5(6427.23)

COMMIN /NAMES/Z NAMNUC(20 D)o MANMSCOU(24) ,NAMTRG(27)

COMMON /NUMPBRS/ NSPEC «NSGU sNTRG

COMMCA /D0S9ES/ DOSE{(6e272%)

COMAON 7CASES/ NCASESMODE(G)+TEND(G6) oNINT(S) o T(6+30),

T P(6e3))¢ISOL(Ge20) ¢ AMAD(E) ¢DEFAUT(6) ¢ FLUNG(6+¢94+20)

T O TALUNG(6699200eF1(%5020)eGIFRAC(602048)

COMMON /RESOP/ D3eDaA,DS

COMMNDN ZALERT/ ERFLAG(E)

OATA GISEG/7BHSTOMACHKF 8HS INT »8HU L INT 8ML L INT /

DATA GUT/ZG/

DATA NAYMTOT/SHTOT AL /

DATA CLIT WL ITYLIT,STAR/4HD saHD s SHY o 8HSE /
C STOURE MEADING FOR °TOTAL® COLUMN OF DOSE MATRIX.

NAMSUUL(NSOU+L )=NAMTOT

C
C FU EACH OF THE SEVERAL CASESs PRINT OUTPUT,.
DO 75 ICASE=1sNCASES

C
C DETERMINE EXPOSURE MODE FOR THE CURRENT CASE.
IF (MOCZ{ICASE).cQ,.,1) GO TC 20

- - - - — - — - - —— -

NI=NINT( ICASE )
WRITE(CUTL1000) ICASE
INT=NI #1
TCICASE, INT)=TEND( ICASE)
WRITE(OUT o 1010 )(T( ICASE.INT) o T(ICASESINT#1)eP(ICASEIINTI
1 INT=1,N1)
NS=NSPEC
IFINSPECGTe12) Mo=12
WRITE(GUT.1020)
WRITE(OUT +1020) (NAWNUC(ISPEC) I SPEC=],4NS)
00 S ISEG=]1.4
S WKITE(OUT«1080) GISEG(ISEG)+(GIFRAC(IICASE . ISPEC,ISEG),
$ [ISPEC=1eNS)
LFINS.EQ.NSPEC) GO TO 10
NS1I=N3¢1
WRITE(OUT1030) (NAMNUC( ISPEC) ¢ ISPEC=NS] oNSPEC)
DO 6 ISEG=1e4
6 WRITE(OUT »10489) GISEG( ISEG) o ({ GIFRACITCASELISPEC,ISEG).
s ISPEC=14NS)
19 CJINT INVE

C
C BRANCH TO SEGMENT wHICH PRINTS DOSE MATRIX.
G) TC 64

Coormrncmccccccvccsmrecrccee—e—eae ————

C END OF CASE INFORMATION FOR INGESTION.

Coecorcccccm—— - ———— ——— cea=

30 CONT INUVE

c---—- — - - —— - - - - —— - - —— -
g INHALATION CASE,
HIZNINT(ICASE)
WRITE(OUT+1050)ICASE
INT=N[ ¢1
T(ICASE, INT)=STEND( I CASE)
’IR=T$(?U;;=060)(T(l(ASEolNI)-T(ICASE.leOI).P(lCASEolNT)o
NT=1,
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C CHICK FOR #ARNING CGNOITICN FROM SUHGRCUTINZ INTP,
IF (ERFLAGCICASE)) wRITE(DLT»11%F)
WRITE(GIT1073) AMAD(ICASE) oC3e04405
C
C NSC COUNTS SPECIES FJIR wNHICH SFECIAL LUNLG PARAMETERS
C HAVE BEEN ENTERED FUOR TrE CURRENT CASE.
c NSC=0
C PRINY A TABLE OF SCLUBILITY CLASSES AND Ge le UPTAKE
C FRACTIUNS Fle. [IF ThE USER HAS PROVIOED SPECIAL LUNG
C PARAMETERS, THIS IS INDICATEL BY AN ASTERISK.
WRITE(OUT,1075)
DO a4 ISPEC=1.NSPEC
IFCISOLCICASELISPEC) «EQs 1) GO TO 3)
IFCISOLCICASE, ISPEC) +ECe ¢Z) GO TO 32
IFCISOLC ICASE,, ISPEL) «ECe 3) GO YO 33
GO YO 3a
31 FLAG=DLIT
GO TC 35
32 FLAG=WLIT
GO TC 35
33 FLAG=YLIY
GJd TC 25
34 FLAG=STANM
NSC=ASC+1
35 BRITE(QOUT 21020) NAMNUC(ISPEC) oFLAGe (GIFRACCICASE ¢« ISPEC+ISEG),
+ ISEG=1,68)
c 49 CONT INUE
C IF TRERE ARC NO SPECIAL LUNG PARAMETENS, PROCEED TO SEGMENY
C WHICKH PRINTS DGSE WATRIX.
IFINSC «CUe 0) GO TO €6
C
C OfHERWISE.: WRITE OUT SPECIAL LUNG PARAMETERS,

SRITE(CUTL1085)
DO 50 ISPEC=1,ASPEC
IFCISOLUICASECISPEC) »LT. 4) GO TO S9
00 4% [PATH=1.9
FOLT (IPATHISFLUNGU ICASE 4 IPATHL ISPEC)
TOUT (IPATH)=TBLUNG(ICASE + IPATH ] SPEC)
IF(YOUT( IPATH) +GTe 0.0) TOUTC(IPATHI=0.6931472
3 /TQUT( 1PATH)
a5 CINT INVE
WRITE(OUT41C3C) NAMNLC(ISPEC) ¢FOUT ,,TOUT
59 CONT INUE

e et a e et o m m e - ———————_——— > -

g PRINT DOSE MATRIX
64 CONT INUE
C IF INGESTICN CASE, DOSE FRCM LULNGS AND RcSe LYMPH IS ZERO AND IS
C NOT PRINTEC,.
C BRANCKH TO INGESTION CASE IN THIS EVENT,
IF (MOUCECICASE).E£EQ.2) GO TC €5

Cmmm e e e e e — e e 2 o o e e

C INHALATICN CASE

o mr e mr e e o — - = —————————— e P P > > - ———
IFIRST=1
NSQU2=AS0U+1
ILAST=N30U+1
IF (NSGU2.6T.12) ILAST=12
CALL PRINTODCIFIRSTLILASTLICASE)
IF ( ILAST.EQ.NSOU2) GC TC 79
IFIRST=13
ILAST=A50U2
IF (NSOU2+6T4e22) ILAST=22
CALL FRINTOCIFIRST, ILAST.ICASE)
IF ( ILAST.EQ.NSOU2) GO TC 7C
IFIRST=24a
ILAST=ASQUZ2
CALL PRINTOCIFIRST, ILAST,,ICASE)
60 7O 70

Crovormoonverrvosmm e cmm e ————————————

C INGZSTION CASE
65 [FIRSTs3
NSQU 22A50U+1 .
ILAST=ASOU+] -
IF (NSCU2,GT.14) LLAST=14
CALL §PRINTOCIF IRST, ILAST 4ICASE)
IF (1LAST.EQ.NSO0U2) GO TC 71
IFIRSTal S
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ILAST=A50U2
IF (NSCUZGTez4) ILASTZ24
CALL PRINTOL IFIRST 4 ILAST 4ICASE)

C
C PUNCH UJSES ON CARCS FOR LATER TABULATIONS.
c—------- ------- - - - - - ——— - — - - o - - -
71 wRITE(7,2302) NA“NUC(]).IC‘SE.”QOE(lCASE"Fl(lCASEOI).
8 (DOSECICASEsJTARGeNSCUZ) 2 JTARG=14NTRG)
2002 FURMAT (A3.18e18418X35E13037 TELJe3e9%Xe%2%/ TEL10349X9°3°/ 4E1043¢
T 39X, °)
GO 7O 72
70 WRITE(7.2000) NAMNUCT 1) ICASEoMIDE(ICASE) s ISOL(ICASEel).
$ AMAD(ICASE ),
¢ FLUICASE,1)+(DNSE(ICASE, JTARGNSNUZ) s JJTARG=]1eNTRG)
2000 FORMAT(ASs (418,180 +6E13e3/7 7E1063s9Xs%2°/ TE10e3e9R¢?3°/ 4EL1 062,
$ 39X, ")
72 CONTINLE
c--------—- ------ - —— - ————— —— - - -
C IF NSPEC IS GREATEN THAN 1, PQINT TABLE CONTAINING PERCENT OF TOTAL
C DOSE TO EACH TARGET ORGAN DUE TO EACH SPECIES OF TiHE CHAIN.

Comamrmme cm o o e o o e 2 e o o e o o e —— e cc—e——

IF(NSPEC «€EQ e« [) GO TC 8¢C
wRITE(OUT.100)
WHRITE(GIT171) (NAMNUCC(ISPEC) s ISPEC=]1«NSPEC)
WRITE(OUT.102)
DO 30 1TRG=1.NTRG
WRITE(OUT+103) NAMTRG(ITRG) s (PCTDOS(ICASEsITRGISPEC),
3 ([SPEC=1.NSPEC)
89 CONT INLE
75 CONTINWE
RETURN
C
C FUORMAT STATEMENTS
100 FORMAT (* OPERCENT DOSc EQUIVALENT..*)
101 FORMAT(®* ONUCLICE® sT13,14884A7)
102 FORMAT(*OTARGET®)
1)3 FORMAT(® °*,AB8,T12014(FS5.143X)eF5.1)
1000 FORMAT (/7% CASE®,12,%ee INGESTION®/® 0,19(*-*))
101) FORMAT (/ * INGESTION INTAKE RATE FUNCTION (MICROCURIES/DAY) */
$ ¢ *,Toe® FRCW (DAYS)*9T20+s°TO (DAYS)?* eT3I3.'RATEY/
13 (* *,1P3G13.,3))
1020 FORMAT(//* INGESTION THRANSFER FRACTIONS (Ge 1o TRACT TO 8LCOD)
s °)
1030 FURMAT(/* *,T79,12(2xeAB))
1049 FORAAT(® *,AB,T10:,1P12G10.2)
INSY FORMAT(/ /' CASE®e12+°% 00 INHALATION®/® *,20(°~°))
1063 FORMAT(/* INFALATIUN IATAKE RATE FUNCTION (MICROCURIES/DAY)*/
? P ,TH9'FROM (DAYS)*sT20+°TC (DAYS)*eT3I3,°RATE"/
(* *,1P3G13,3))
10790 FORMAT(*0 AMAML (MICRON)eso "01PG9¢3¢5X9°03 =9,G9.3,
SXs'Ch = 9690395Xe°0% =7 4GGed)
1€C75 FORMAT(®0%T340%Gels UPTAKE FRACTIONS®/® *,T13,°SOLUBILITY?®, T26,
37(0=*)/° ?,T15e%°CLASS*3T2E+°STOMACH®*,T36,°S INT?,
TaG6,y'U L INT*,TS6,°L L INT?/)
1080 FOCRMAT(® ', A8,T174sA1,T2541F4G10.3)
1085 FORMAT(?OSSPECIAL LUNG CLEARANCE PARAMETERS. T=HALF-TIME (DAYS),
SF=DEPOSITIN FRACTION,*//"* CLEARANCE/? PATHWAY oo’
f T16e°A .71 260%8%9T360°C%4T064°'D°%9T509°E*+sT66°F*9T760°G°%
$ TOLe'M'e196s°1°'/)
1099 FORMAY(® * ABe2Xe*F?49(1Xs1PG942)/° *eT12+°T?*,:9(1Xs1PG92))
1199 FORMAT(* OWARNING: AMAD EXCEEODS THE RANGE OF AVAILABLE DATA *,
¢ *FQR D3,04 AND DS FUNCTICNS?)
END

'U‘h

" »

SUBROUT NE PRINTO(IFIRST,ILAST+JCASE)

PRINTS A& HEADING AND THEN PRINTS COLUMNS IFIRST THROUGH ILAST OF THE DOSE
MATHIX wHENM CALLEC B8Y THE CUTELT SUBROUTINE
DOUJLE PRECISICN NAMNUC, NAMSOU, NAMTRG
INTEGER OUT
COMMON / NAMES/ NAMNUC(20) s NAMSOU(Z4) s NAMTRG(27)
COMMON /7 NUMHBRS / NSPEC ¢NSOU «NTRG
COMMON Z00SES/ DOSE(692702%)
COMMNIN ZCASES/ NCASES ¢MODE(G6)sTEND(6) ¢NINT(6) sT(5430) sPI64,3IN),
8 ISLL(5¢20)sAVAD(6) sOEFAUT(E)+FLUNG(6+9+20) o TBLUNG(699920)
S F1(6420)eGIFRAC(6920048)
DATA OUT/6/
C PR INT HEADING
WRITE(CUT,100)
C PRINT NAMES CF SOURCES
IF(LIFIRST .LTe 7) GO TC 20

(oY aYa]
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MRITE(OUTe 110) INAMSGU(ISCU) » ESOUSTF IRSTLILAST)
C 2RINT LAREL
WRITE(UT,120)
C PRINT NAMES OF TARGETS AND DCSES
DO 19 ITRG=1+NTRG
WRITE(QUT,130) NAMTRG( ITRG )4 (VOSE(JCASE s ITRG+1S0VY) «1IS0OU=
b 3 IF IRST+ILAST)
10 CONT INLE
GO TO0 X
20 BRITE(CUT, 140) (NAMSOU(ISOL) ISOU=IFIRST(5) o (NAMSQU( ISTUDeI50U=8,
€ JLAST)
WRITE(OUT120)
DO 39 ITRG=1+NTRG
PRITE(OUTe130) NAMTRGI ITRG o (DOSE(JCASE oI TRG, ISAQUI o ISOU=IFIRST 46,
S (VO0SE(JCASES IT2G,150U) »150U=8,1ILAST)
2) CONTINUE

KETURN

C FORMAT STATEMENTS
10) FURMAT(*0D0SE EQUIVALENT (REW)?®)
{10 FORMAT(*USOURCE"+T123,11(A8,2X))
120 FGRYAT (*OTARGEY®)
132 EOSMAT(' *eAR ,T12,11(1PG106241X))
N

SUBRQOUTINE CMMNTS
INTEGERSa LINE(20),IN,QUTCOLLAR
DATA QUT/67s IN/S/
DATA COLLAR/'S®/
READ THE NEXT CARO. IF TRE FIRST CHARACTER 1S *s°*, RETURN,
OTrERWISE PRINT THE CARC AND REPEAT.
19 READ(IN,AOI10,END=20) LINE
4012 FORMAT (20 AS)
IFCICOVMPA(LINE¢CULLAR 1) ,ECe0) RETURN
WRITE(OUT.4020) LINE
4027 FORMAT(* *,20A4)
GO TO 10
20 STuLP
END

cn
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TITLE *SUBROUTINE PGMMSK (LeJdeKel?! == TC SEV FROGRAR NASK®
PHOGRAM MASK SEYTING RCQUTINE

ACCEPTS CALLAING SEQUENCE
CALL PGUMMSK (IFXWTQ.IDECR¢IEXPUALISIC)

A 2500 VALLE FOR ANY ARGUMENT SIS*BLES THE CORRESPONDING
INTERUPT
AOR~ ZEKI VALUES ALLOB THE INTERUST TO OCCUR.

IFXPTO — FIXED~POINT CVERFLCu,

I0ECO -- CECINAL GVERFLOw.

IEXPY == EXPONERT UNDERFLCE o

ISIG -~ LCSS OF SIGNIFICANCE. (ZERO FRACTION IN A FLOATING
POINT NUMBER)

FOR EXAMPLE,

CAL:L FGMMSK (1,10000)
CAMISES UNDERFLOWS AND LOSS OF SIGNIFICANCE TO BE [GNOREC
AMD FIXED AND OECINA. OVERFALOW TO BE HANDLED AS USUAL.

FROGRANM AUTHOR ~-- Re. Ko GRYDER
COMPUT ING TECHMOLOGY CENTER
OAK RIDGE. TENNESSEE

PCMNSKRG CSECY

13

ENTRY PGMMSK

USING $,1S
PGMMSK SAVE (14412),p8

SR 099

L. Se8.6(1)

L 3¢=K*C800C0C0°

SR (XX}

cL 0s0( 0,5}

BE 11

LR 83

SRA 3.3

cL 0D (0.6)

213 12

oR 83

SRA 3.1

cL Ce0(0.7)

BE I3

OR 83

SRA 301

cL 0+C(048)

aE ie

oRr 8e2

SPM .

(€2

RETURN (148,12),7
END

PGMN0S20




oy

ICOMPARE START
1CONPA

¢ BY

com

8E OONE
* PREVIOUS LA SET Xx0=e}
B8R 14

MONE
OONE 1
DONE

RPR o
S

ENTRY
EQU
USING
JuLY
T

L

L

LA

SR

- 24

L)
STC
L

L

cLc

L

aL

LNR
BR
L
SR

B8R
® THIS SECTICN
L)} L

conl

SAVE

L
1c
3TC
cLl
L

oL
8E

aR
0s
END

93

(o] ICOMPARE (STRASTRBeNs =0 IF NoLE.D
1COMPA THIS AN ENTRY FOR FIN 1V

L] THIS AN ENTRY FOR FTN {V

.15 (IN=-1) MGDWLO 256) ¢+ 1 FOR N.GT.256

18 1566,

2+SAVE

2¢8(2.1) X2 = A(N)

200(0.2) X Z=N

Oel X0=+1

240 X2=Nh-1

N1 BRANCH TO N1 IF N=)

DONE 1 RETURN 2 IN A.LE.C

2.COMe STORE N-1 IN COMel (COMPARE N CHAR.)
204(0.1) X2=A{STR3)

140(9%,1) X1=A(STRA)

0€(0.1),0(2) CCHPARE N CHARe OF STRA wiTh STRB

20+ SAVE THIS LCAD OOES NOT EFFECT THE CONDITIUN CODE

MONME
X0=#41 STRA.GY.STRS

0.0 XC==1 STRAAT.STRB

14

20 SAVE

?;0 X0=0 STRA-EQ.STRB

IS FCR N=}

2¢48(3,1) X2xA( STR8)

1+0(Q,1) X1=ALSTRA)

2¢0(0,2) X2=F1IRST CHAR OF STR3

2.COMIe] STORE FIRST CHAR OF STRE8 I[N COM1
041)eX°00° CCMPARE 1 CHAR

2 ¢SAVE

MONE

DONE

14
F

X0=¢]1 STRA.GT.STHRO

-85
o7
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