
^ & » r " 
<*> 

'*? 

j£* & 4> 

%xv« **> * T 



NUREG/CR-0114 
ORNL/NUREG/TM-84 
Dlst. Category SH 

Contract No. W-7405-eng-26 

HEALTH AND SAFETY RESEARCH DIVISION 

INREM II: A Coaputer lapleaentation of Recent Models for 
Estimating the Dose Equivalent to Organs of Man froa 

an Inhaled or Ingested Radionuclide 

G. G. Killough 
D. E. Dunning, Jr. 
J. C. Pleasant 

Manuscript Completed — February 2, 1978 

Date Published: June 1978 

NOTICE This document contains information of a 
preliminary nature. It is subject to revision or 
correction and therefore does not represent a 
final report. 

Prepared for the 
U.S. Nuclear Regulatory Commission 
Office of Nuclear Regulatory Research 

Under Interagency Agreement DOE 40-550-75 
NRC FIN No. 30183 

Prepared by the 
OAK RIDGE NATIONAL LABORATORY 
Oak Ridge, Tennetsee 37830 

operated by 
UNION CARBIDE CORPORATION 

for the 
DEPARTMENT OF ENERGY 

DISTRIBUTION OP THIS DOCUMENT IS UKUMTXED 



CONTENTS 

Page 

ABSTRACT v 

1. INTRODUCTION 1 
1.1 Internal Dosimetry 2 
1.2 Dynaaic Retention Kodels 5 

1.2.1 Particulates ic the respiratory tract: the 
ICSP Task Group Lung Model 7 

1.2.2 The gastrointestinal tract 14 
1.2.3 Other organs 18 

1.3 Solution of the Differential Equations 21 

2. THE INREM II CODE 28 
2.1 Input Data Formats and Output 28 
2.2 Logical Structure and COtMOH Data Storage of 

IHREM II 41 
2.3 Subroutines 56 

APPENDIX: Listing of the IHREM II Code 63 

iii 



ABSTRACT 

This report describes a coaputer code, INREM II, which calculates 
the internal radiation dose equivalent to organs of aan which results 
froa the Inrakr- of a radionuclide by Inhalation or ingestion. Deposi­
tion and reaoval of radioactivity froa the respiratory tract is repre­
sented by the ICRP Task Group Lung Model. A four-segaent catenary aodel 
of the GI tract is used to estimate aoveaent of radioactive aaterial 
that is ingested or swallowed after being cleared froa 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, wi*h each 
radiogufieide species in the chain having its own uptake and r*tention 
parameters, as supplied by the user. 

The dose equivalent to a target organ is coaputed as the sua of 
contributions froa each source organ in 'which radioactivity is assubad 
to be situated. This calculation utilizes a aatrix of S-factors 
(rea/pCi-day) supplied by the user for the particular choice of source 
and target organs. Output permits the evaluation of crossfire components 
of dose when penetrating radiations are present. 

INREM II is coded in FORTRAN IV and has been coapiled and executed 
on an IBM-360 coaputer. 

v 



1. INTRODUCTION 

This report describes and documents a computer code, INBEM II, 
which is designed to read dosimetric and metabolic information about the 
radionuclides in a chain and calculate the resultant dose equivalent 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 
Model1 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 
transport and absorption of activity permits calculation of residence 
times of radionuclides in the tract and the dynamics of their assimila­
ir tin from that site. Residence times of activity in other organs are 
t- «cputed from retention functions that are linear combinations of decay­
ing exponential functions. The code combines its estimates of uCi-days 
residence of activity in those source organs for which retention d~ta 
are available with dosimetric Tactors (S-factors, in units of rem/iiCi-day) 
to calculate dose equivalent to prescribed target organs, thereby per­
mitting the accounting for cross-irradiation effects when penetrating 
relations are present. Source-target dose matrices are printed to 
facilitate the assessment cf contributions of cross-irradiation to a 
target organ's total dose. 

The residence times of the radioactive daughters are calculated 
with consideration of their differential transfer among the body's com­
partments. 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 
ether organs in accordance with its own properties. 

The models are described in the text of the report, and the logic, 
dfita preparation, and operation of the computer code are discussed. A 
cr-aplete listing of the source code is included in the Appendix. 

1 
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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 (H > 1; this formulation is always intended to 
include the special case of a chain with only one radionuclide, which 
decays to a stable element). Dynamics of decay and the formation of 
radioactive daughters will be described in Sect. 1.2. 

Let A., (t) denote the activity (uCi) of the 1th 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 

T 
*ik ( T ) * / A i k ( t ) d t •'""^y 8 f 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 ki/i organ (the source organ) and (possibly) 
other organs. 

The "S-factor" S (X *• Y) (rem/yCi-day) is defined as the average 
dose equivalent rate to target organ X due to 1 uCl of the radionuclide 
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.1* have provided additional S-factors using the methods 
described in ORHL-5000 and Monte Carlo data from that report, using 
nuclear decay data prepared by Keener.5 The S-factors in both tabula­
tions are broken down into components according to emission type, viz., 
alpha, alpha recoil, electron (8 , fl", Auger, conversion), photon (gamma, 
X ray), and spontaneous fission (neutron, fission fragment, and prompt 
and delayed electron and photon). Thus the total S-factor is expressed 
as 
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S (X + Y) = V S*(X - Y) rem/pCi-day, 
6 

where the sua on the right is understood to contain nonzero terns only 
for those emission types, 6, which are present in transformations of the 
1th 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 Yj, Y2, ..., Y„, which may be assumed to parti­al 
tion all of the body's radioactivity which results from the intake. The 
average dose equivalent to target organ X due to radionuclide species i 
in these source organs is 

M 
D i ( x ) * 2 D i ( x * v r e*' ( 1 * 2 ) 

k-1 

where 

D t(X «- Y k) - S i(X <- Y k) X i k rem, (1.3) 

where A., is the pCi-days residence of species i in source organ Y, , 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 i. 
We note that the assumption of uniform distribution of activity in each 
source organ is implicit in these definitions, as is the averaging of the 
dose equivalent over the tissue of the target organ. 

In calculations involving intake of a radionuclide by inhalation, 
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 intestine, 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 
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explicit computation of the jiCi-days residences for parent and daughters 
in that organ, but seldom are such data available for more than a few 
such organs (e.g., bone, liver, and kidneys). 

In order to account for the activity not residing in specific 
source organs as indicated by explicit metabolic data, one aay conceive 
of a complementary compartment which we denote by ?__—.. I n terms of 
our previous notations, suppcse we have computed the uCi-days, A , in 
the source organs Y, , k » 1, ..., P < M, where M denotes the total 
number of organs that we distinguish (ORNL-5000 considers 22 source 
organs, of which the total body is one). The remaining organs, 
Y , ..., Y a-e considered to make up Y . The present version of P+l M OTHKR 
INREM II accords no special status to the "organ" Y , which is to 
say that it is handled the same in the calculations as the organs for 
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 Y

f t T H F R , and it is sug«es»-ed 
that the latter be calculated from the equation 

V X * YOTHER> 

M 

E "kV^v 
k-P+l 

M 

St 
k-P+l 

- 1 
rem/uCi-day , (1.4) 

where nr denotes the mass of source organ Y . With this definition, 
S.(X -«- Yg—— ) corresponds to a distribution of activity in Y which 
is uniform with respect to mass. This is activity that is not accounted 
for by the explicit metabolic information which is usually available for 
the few organs where the concentration tends to be higher Tne total 
dose to X from species 1 due to activity taken into the body is therefore 
estimated to be 

P 

E Di < X * V + ° i ( X * YOTHER> r"' <!•» 
k-1 

D ±(X) 
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1.2 Dynamic Retention Models 

Retention and translocation of radioactivity in the body are repre­
sented 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 Gl-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 tadionuclides 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. If 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, R (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 A.(t) of the radionuclides in 
* x 

terms of the functions R as follows: 

Ai(t) - A^O) Ri(t) + J 
t. 

0 

i-1 
p i ( T ) + Ai 2 Bij V T ) 

x R±(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. l . i . Schematic representation of radioactivity movement ae 
modeled by the INREM II code. 
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vhere 
X* = (In 2)/T*, where T* = radioactive half-life (days) of 

species i, 

radioai 
i < i, 

B * radioactive branching ratio from species j to species i, 

p (t) « rate (uCi/day) at which activity of species i enters the 
compartment at time t. 

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

L 

* l w 71 "is ~ v r i y"i ' "is R,(t) - V c<_ expl-(XR + xjjt] , (1.7) 
s=l 

where 
B -1 
A, * rate coefficient (day ) for biological removal of species i 

from the compartment. 

For correct interpretation of Eq. (1.6), R, should satisfy R.(0) = 1. 
Usually the coefficients c in Eq. (1.7) are positive, but on occasion 
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 retention in the respira­
tory tract, based on the ICRP Task Group Lung Model,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 
absorption, 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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MT 
CLASS 

COMPARTMEf MT D W Y MT 
T F T F T F 

IMP a 0.01 0.5 0.01 0.1 0.01 0.01 
<D 3 = 0.30) b 0.01 0.5 0.4 0.9 0.4 0.99 

T-B c 0.01 0.95 0.01 0.5 0.01 0.01 
( D 4 = 0.08) d 0.2 0.05 0.2 0.5 0.2 0.99 

e 0.5 0.8 50 0.15 500 0.05 
P f n.a. n.G. 1.0 0.4 1.0 0.4 

( D 5 = 0.25) 9 n.a. n.a. 50 0.4 500 0.4 
h 0.5 0.2 50 0.05 500 0.I5 

L i 0.5 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 function [Eqs. (1.8) through (1.12)]. The values shown for D3, Pi*, and D5 correspond 
to activity median aerodynamic diameter (AMAD) - 1 urn. Differential equations for pathways at bt . . . , I 
are (1.13) through (1.24). 
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the first three of these regions are given by the fractions D3, Dj,, and 
I>5, respectively (the SUB 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 urn) suggested to W. S. Snyder by 
P. E. Morrow and presented in graphical form in Appendix VI of the 
Reactor Safety Study7 haj 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 fask Group Report,1 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 

MP ~X 1 t ~AJ, i t 

R< (t) = F e a>X + ¥. . e ^ (1.8) 
1 • g j l J2i 1 

to blood to GI 
Tracheo-bronchial tree 

(i) activity deposited directly 

R l " i ( t ) ' F c i e ^ + ¥ d i e ' ^ ( 1' 9 ) 

to blood to GI 

(ii) activity in transit from pulmonary region (pathways / and g) 

R 2 , i ( t ) '-e . d - 1 0 ) 
to GI 

Pulmonary region 

R i ( t ) " Ye i e + F f l e + F „ l e g +*hi* <!•") 

to blood to T-B to lymph 
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Lyaphatic tissue 

x -X. t -X*t 
Rj(t) - F. e ** 1 + (1 - P. .) e 1 a.12) 

to blood remains in lymph 
(close I materials) 

R B B B B 
In these equations, X . • X. + X . , where X • (In 2)/T~ . and T . 

V | l X V | X v^X » ) * V | i 

is the biological half-tiae (Fig. 1.2) associated with clearance pathway 
v (» a, b, ..., i). The clearance class (D, W, Y) depends on cheaical 
properties of species i. The pathway fractions, F , are also shown in 
Fig. 1.2 for the three clearance classes. 

Application of Eq. (1.6) to these retention functions permits us to 
write equations for the activity of species i in these major coapartaents. 
But for various reasons, it is more pr&ctical to use Eq. (1.6) and 
Eqs. (1.8) through (1.12) to derive a str of differential equations for 
the activities A , ..., A cleared by pathways a, ..., 1, respectively. 
These equations follow: 

i-1 K < • "K * K i + F „ i xi 7. 8 1 4 (A„ . + A. .) a,i a3i a,I a,l i LJ ij a»2 t»jj 
i m l 

+ F D 3 H (t) , (1.13) 
Of X X 

i-1 
h,± ' ~Xb,l \ ± + \ ± Xl ZJ B i j ( A a , j + %i) 

j - l 

+ F f c D 3 H t (t) , (1.14) 

i -1 
K 4 " ~K 4 K 4 + F „ 4 ^ 7 . B^ (A„ 4 + A, .) 

o,i e,i c,i a,l i £j i j £ , j d,y 
J-l 

+ F D„ H l ( t ) , (1.15) 
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i - 1 

V,i - * j * A, ., + F , . A* V _ (A M + A, . ) 
4 —I " j - l 

+ F i , i "* H i ( 0 « (1.16) 

i - 1 

L 4 " ~K 4 A „ 4 + F - 4 A ? A B n (A„ - + A- . + A^ + A, . ) e , i e , i e , l e , i 1 ^ j i j ' c , j j , j g , j n , j 

(1.17) 

i - 1 

V,i * "V,i V>i + F / , i *1 S Bij (Ae,J 
j « l 

A- . + A . + A, .) 

+ F ^ ± D 5 H ± ( t ) , (1.18) 

i -1 
L * " -*» 4 A „ . + F , xj V B.. (A„ , + A» , + A„ . + A, ,) 
gA gA gA gA ± Lt i j e , j A j &,j « , j 

j - 1 

+ TgA °5 » i W . (1.19) 

i -1 

\i - -\± V + \ i xi 2 Bij <Vj + V.J + VJ + \ J } 

j - 1 

+ fhA °s Hi^> - (1.20) 

i - 1 

%A - 'HA A i , i + F i , i i x i X BIJ ( A i , j + AJ,J> 
i- i 

+ v B 
M V > . (1.21) 
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h.i - <**.!+ ( 1 - F i , i } \ i 2 Bti ( A i . j + A i > 3 ] 

+ xfc,i A M > , (1.22) 

i-1 

v - -xd,± %i+xl E •« V.J + *?.± A / , i • ( 1 - 2 3 ) 

i-l 
A. , « -*J « A, . + A? V B._ A, , + X* A . . (1.24) 
t,i d,i l,i i L( ij l,j £,i g,i 

j-l 

For an initial intake of 1 uCi, depositions of species 1 (the parent) in 
the N-P, T-B, and P regions are D 3, D^, and D 5 yCi, respectively, with 
i - D3 - Dt» - D5 uCi being exhaled. The aaount of each daughter inhaled 
is assuaed to be zero. The function H (t) is the rate (uCi/day) at which 
species i is inhaled at tiae t, and the previous reaark iaplies H (t) - 0 
when i > 1. Initial conditions for all species and coapartaents are zero: 

A (0) - 0, v « a, ..., t, i « 1, ..., H. 

To siaulate an acute intake of a radionuclide, the function H^(t) can be 
defined by the u3er to be nonzero over a brief initial interval and zero 
elsewhere. For exaaple, the 50-year dose coaaitaent froa an initial in­
take of 1 uCi can be obtained by defining 

MO - \ 1° 
uCi/day, 0 < t < 1 day 

0 uCi/day, 1 < t < 18,250 days. 

In general, H}(t) aay be defined by the user as a step function of time 
(i.e., a function which is constant on each of a set of subintervals 
which partition its doaaln of definition). User Instructions for pre­
paring data to define Hj(t) are given in Sect. 2.1. 
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The uCi-days residences in the four major respiratory compariaents 
are computed from the following equations: 

W"*«,i + * M ' (1*25) 

W - K,±+ h± *\t* Ki' ( 1- 2 6 ) 

x P t i - x

e , i + x/ , i + x g,i + ^ i » ( 1 - 2 7 ) 

where 
T 

. .i-/„ A».i( \ * ' I A.. *('> d* yCi-days, 

v - a, ..., I . (1.29) 

The interpretations of the 1CRP Task Group Lung Model expressed by 
Eqs. (1.13) through (1.28) are siailar to those adopted by Snyder, Ford, 
p.id Watson8 and implemented in the TIMED computer code by Watson.9 The 
principal difference lies in the use of the intake rate function Hj(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 is 

Nil < " X l 4 k n 4 + X l 4 \, * + X l 4 K

B 4 + X 5 4 k 4 4 » C 1' 3 0) 
Lo,i a,i a,I c,i c?,i e,i e,i t,i t,i 

where /L. > may be interpreted as the cumulative activity of species i 
(uCi) absorbed into the blood. As before, A 4 is 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 activity of species 
i is transmitted from respiratory to GI tract is 

B B B B 
^G.i " Xb,l Ab,i + X<*,i kd,i + Xd,± ^,1 + \?,1 Al,i ' l1'31* 

where *._ . is the cumulative activity of species 1 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 way of pathways b, d, k, and % 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 by 
Bernard. 1 0 It assumes exponential outflow of activity from each segment 
into the next or out of the system. Outflow rate coefficients have been 
calculated from the transit times suggested by Eve 1 1 and are shown in the 
figure. Absorption of activity into the blood is usually assumed to be 
confined to the small intestine, but INREM II permits the user to specify 
absorption from any combination of the four segments at differential 
rates. 

The differential equations for activity (yCl) and yCl-days residence 
of species i in the stomach (S), sma 1l intestine (SI), upper large 
intestine (ULI), and lower large latestine (LLI) follow: 

1-1 
AS,i " -< XS + Xi + O AS,i + XJ S B U AS,J + ( 1 " 9 ) G i ( t ) 

+ e <i v + xS,i v + x5,i A * , i + A5,i v > . "•»> 



15 

ORNL-DWG 77-2742R 

INGESTION 

RESPIRATORY 
TRACT 

ajcjV 

1 yf i — 1 

X c = 24 day - 1 

X s , = 6 d a Y - 1 

I X U L | = 1.85 day"1 

LLI - 1 day - 1 

Fig. 1.3. Schematic representation of radioactivity movement among 
respiratory tract, GI tract, and blood, as simulated by INREM II. 
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*SI, i " ~ ( X SI + X i + ^I.i* ^Sl.i + XS S . i 

i -1 

3-1 

^JLI.i ' ~<XULI + X i * NlLI.P NlLI,! + XSI ^ 1 , 1 

i -1 
+ xi S Bu VI.J • ( u 3 4 > 

*LLI,i " " ( X LLI + X i * H j J . P *LLI,i + W l ^JLI.t 

i -1 
+ x i S Bu \ u . j • ( 1 - 3 5 ) 

J-1 

where 
A . - activity (uCi) of species i in the segaent a (- S, SI, ULI, o,i 

or LLI) of the GI tract, 

A - outflow rate coefficient (day"1) for activity in segaent a 

of the GI tract (calculated froa transit tiaes of Eve; 1 1 

see Fig. 1.2), 

A. » radioactive decay rate coefficient (day*1) for nuclide 
species i, 

A a « rate coefficient (day - 1) for absorption of nuclide species i 
o,i 

froa segaent o (- S, SI, ULI, or LLI) into the blood, 
B.. - branching ratio of nuclide species j to species i, 

8 • 0 or 1 according as inrake of the parent nucli'Je occurs by 
ingestion or inhalation, 

G.(t) - ingestion rate (yCi/day) of species i at tiae t. 
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Initial conditions for the GI segments are zero: 

*s,i ( 0 ) • V ± ( 0 ) " W ( 0 ) " W ^ " °* 
The intake rate function for ingestion, G (t), is zero for i > 1. The 
user defines G}(t), by appropriate input data, as a step function of 
time. Note that when e » 1 (Inhalation), all activity enters the GI 
tract from the respiratory tract through the last term in Eq. (1.32). 
In the case of ingestion, '««n. term is zero, but G (t) has a coefficient 
of unit (6 « 0), and the Intake is determined by Gj(t). 

ab The coefficient \ . (a - S, SI, ULI, LLI) for the rate of absorp-a,i 
tion of species i Into the blood from segment a of the GI tract is 
derived from an absorption fraction f . by the equation 

fn * " Xf* f e«Pt"< X„ + X! b
1)tl dt , (1.36) 

o,i a,i Jn a o,i 

which expresses the requirement that the fraction f . of each mass unit 
o,i 

of species i entering segment o would be absorbed from that segment into 
the blood if none were lost to radioactive decay [the latter process is 
already taken into account in Eqs. (1.32) through (1.35)]. Integration ab and solution for X . give o~,i 

A a ! i < - \ > f o , I / ( 1 - f o , i > • (1.37) 

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, f g I ., is representative of the entire GI tract: 

fSI,i " fl,i» fS,i " f 01.1,1 ' fLLI,i - °* 

The notation f^ has commonly been employed in ICRP literature 1 2* 1 3 to 
denote fractional absorption of the activity of a radionuclide from the 
GI tract as a whole. 
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We note that f . - 1 is inadmissible in Eq. (1.37). The INREH II o,x 
code iaposes an upper bound of 0.95 on each of the fractions f ., sub-

o,x 
stituting this value If it is ' xeeded by the user's input. This prac­
tice, while arbitrary. Is cot tent with the premise that experimental 
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 equation 

A « X a b A + X a b A + X a b A *GB,i S,i S,i Sl,i *SI,i DLI.i *»JLI,i 

+ ^1,1 \u.l • ^ 

The rate A is used, together with A. , of Eq. (1.30) in the case of 
intake by inhalation, to compute the availability of species i to 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 co be characterized by a 
fractional retention function of the form specified by Eq. (1.7). In 
general, we assume that R.(0) » 1, I.e., that the coefficients, c. , sum 
to unity. This assumption permits us to interpret the retention function 
as representing the fractional survival of each uCi deposited in the 
organ with respect to radioactive decay and the organ's removal processes. 
The integral in Eq. (1.6) then convolutes this fractional survival with 
the rate of formation of species i from the decay of progenitors in the 
organ plus the flow of activity into the organ from other parts of the 
system. With this interpretation, there is 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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f, ., where for the tiae being we have omitted a subscript for the 
specific organ. Therefore, we may rewrite Eq. (1.6) as 

V 0 ' £ j f2,i I e ALB,i ( T ) + AGB,i< T ) 1 + Xl £ Bij A J ( T ) f 

x R±(t - T) dt yCi , (1.39) 

with A__ . and A.,, defined by Eqs. (1.30) and (1.38), respectively. LB,i GB,i 
Therefore, the quantity in brackets represents the rate at which specles-i 
activity aoves into t".«s blood froa the GI tract and (in case of intake by 

t 

inhalation, viz., 6 = 1) the lungs; the fraction f~ * of it is assumed to 
flow without delay into the organ. The initial level in the organ is set 
equal to zero. 

The differential equations corresponding to Eq. (1.39) [when R is 
given by Eq. (1.7)] are 

1-1 LJ 

(1.40) 

A i s - -U* + X\a) A i s + c i g A J £ B ± J J /-jr 

I j-1 r-1 

0* + £2,i [ e ALB,i + AGB,i|' s - 1, .... L ± , 

with initial conditions 

A ± s(0) - 0, s - 1, ..., L± . (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 Watson8 have 
proposed one possible scheme for treating this process, which is imple­
mented In the TIMED code of Watson.9 

We define a retention function, R. . (t), to represent retention 
x,ab 

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 
Y. , k - 1 , ..., P (assumed not to include respiratory or GI tract) we 
have a reccction function R (t) and a blood-to-organ transfer fraction 
t i»k 

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

R, _..<t> » £ fj.i.k R i , k ( t ) + f 2 , i , < — R< - „ « ( t > i.ab' .OTHER i,OTHER' (1.42) 
k-1 

for the fraction of activity surviving in the body t days after absorp­
tion into the blood. If R. , is available as part of the retention 

i,ab r 

data for species 1, this relation may be used to calculate the retention 
function and uptake fraction for the compartment T OTHER 

Ri,0THER ( t ) Ri,ab^ - 2 fLi, 
k-1 

k «i,k<*> 2,1,OTHER 
-1 

(1.43) 

and 

f2,i,OTHER " * -2 
k-1 

•2,i,k (1.44) 

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

F»r each radionuclide in a given chain, INREM II inputs a retention 
function R. , (t) for absorbed activity, but no use is made of it in the i,ab 
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 
common set is obtained for the entire chain. When data are lacking for 
species i In organ k, it is suggested that the retention function 
R i OTHER^' a s d e f i n e d b v fcl8- 0-43) and (1.44) be used, with the blood-
to-organ transfer fraction 
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f = = — f . (1.45) 
2 ' i ' k "OTHER 2.1.«™» 

This choice corresponds to the assumption of a uniform distribution of 
activity in Y/yroi™ 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 

^7 = CA + I(t), A(0) = 0 , (1.46) 
at 

-•• where C is a constant K x K matrix, A is a vector (or K x 1 matrix) of 
activities of the N radioactive species in the various compartments, 

- » • 

dA "* "*" 
-j— is the time derivative of A, and I(t) is a vector function of t whose 
at 
components are intake rates for the compartments. The number K of 
equations comprising the system is given by 

N P 

K « 8(12N) + 4 N + 2 2 Lii ' (1'47) 

i=l j=l 

where 
6 - 0 for intake by ingestion and 1 for intake by inhalation, 
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 0 T H E R if it is 
present), 
number of 
species i and organ j. 

L.. - number of exponential terms in the retention function for 

The quantity needed for dose estimates is 



22 

A(t) - f A(t) dt , (1.48) 

where A(t) is a K-vector whose components are time-integrated activities 
(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 computations. •* 

Solution of the system (1.46) and subsequent integration of the 
activity levels [!"-.. (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. 
Watson9 has implemented such an approach for a similar, though not 
identical, formulation and gives some discussion of the latter problem. 

The INREM II code uses an alternative approach 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) governed by the differential 
equations 

i-1 L j 
A ± k - -U* + xJk)A± k + c ± k xj J By £ A j r + P i f 

j - 1 r -1 

k - 1 L± , (1.49) 

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

L i 
i i ( t ) - S c ± k exp[-(xj + xjk)t] . (1.50) 

k-1 
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The explicit solutions, A , (t), of Eq. (1.49) are calculated by a 
subroutine, MULCOM. We express these solutions as 

Dlk + *lk «P<-*i kt> i f * - 1. 

1-1 hi 
A i k ( t ) - Y i k + H i k « p ^ i k t ) + E E Gm« «p<-v} 

if i > 1 , (1.57) 
V 

where the coefficients D„ , H_, , and G„ , may be calculated frore the 
ik ik ikj« 

following recursions: 
C l k P l / X l k l f l - l . 

»*'< 
( c i k / X i k > 

i - 1 "J 

' 2 •« 2 % + ' i 
j= l m=l 

r 
Alk<°> " D l k « i - 1. 

i f i > 1 

i - 1 L J 
H i k ^ A. . (0) - D.. - c. . X* V V ( E 4 , + B.,,H, ) i k x ' ik ik i £j £j x ijm i j jm' 

j « l B»1 

V 
* <Xik - V " ' l f * > X 

(1.52) 

(1.53) 

and 

G i k j « - c i k A<EiJB

 + B uV ( A ik- V 1 ' i > l f 

r 
where i - 1 

E B i r E Grpj» " J < i - 2 
E i jm " V " J + 1 v m l 

0 i f J - i - 1 . 

(1.54) 

(1.55) 
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Computer storage requirements are reduced by retaining only the D , 
H.., and E.. and generating the G„ . as needed. To exercise this 
option, we use the following recursion to calculate the E.. : 

0 i f 1 - 2 

E U . -< 

i -1 L r 
V . B, XR V c (E . + B .H. ) (X - X. ) - 1 , £j l i i i J ru rjm rj jm' x ru jar 

r-j+1 u«l 

for j - 1, . . . . 1-2, and 1 > 2 . (1.56) 

The order of computation is with increasing 1, and for each 1, a feas­
ible order is D._ , E ^ (if 1 > 2), and then H.. ; the G,_ . say be 

ik ijm Ik ikjm 
calculated as soon as the E are available. 

We note than the appearance of the factor (X.. - X ) - 1 in Eqs. 
(1.53) and (1.54) «cd (X - A 1 « ) _ 1 i n **• 0- 5*) requires the assumption 
that the X are distinct. In practice it is possible to separate equal 
pairs by a saall 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 subdivided into a 
number 0 of subintervals I - [t ,, t ), q • 1, ..., Q - 1, and 
I - [t ., t ], with t 0 - 0 and t. - T. Several criteria will be q q-i q " Q 
Imposed on this partition of the total interval, the first of which is 
that the intake rate function (H^t) for inhalation or Gj(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 11. U 9, • 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 ot'ier than 
respiratory or GI tract. For the Interval I , we write the differential 

M 
equations as 



25 

i - 1 L J 
A i s ' " ( > i + X J s ) A i s + c i s Xl E B i j E A j r • S " X L i • ( 1 ' 5 7 ) 

j -1 r-1 

with in i t ia l conditions 

AL<Vl> - kTs^q-l^ + c is f2,i ^,1 + 4 , 1 * ' ( 1 * 5 8 ) 

Equation (1.57) is analogous to (1.40) with the continuous inflow rate for 
the interval I replaced by an initial pul&e [Eq. (1.58)]. The number 
q-1 q 

A (̂ a.i) i s t h e activity remaining froa the previous subinterval (or 
zero if q • 1); more precisely, it is the limit of A q~ (t) as t •*• t , 

is q—1 
because of the exclusion of the right endpoint of I ,. The cumulative 
activities /3 and A|*_ may be defined AS 

4 . 1 - / t q V i ( t ) d t - ( 1 - 5 9 ) 

q-i 

A
q 

AGB 
t 

, i " ^ q V i ( t > d t • « - M > 
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: 

•* SI •* ULI • LLI 

Equation (1.57) with Initial condition (1.58) is a special case of 
the system (1.49), with all p. « 0, and therefore can be solved by sub­
routine MULCOM. 
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A second type of subsystem occurs in this solution scheae. Ve 
Illustrate by considering the coaputational counterparts of Eqs. (1.13) 
and (1.14) for pathways a and b of the H-F. The equations for interval 
I are 

i-1 
A* • -X M A q

 4 + F 4 A* V B 4 4(A q
 4 + iS 4 ) a,i a,i a.i a,i i Li ij a,j T>,j 

+ F a t D 3 H ±(t) , (1.61) 

i-1 
A*,i " "X2,,i 4,1 + F2>,i X! £ B U (Aa,J + 4.J> 

j-l 

+ Y b i D 3 H ±(t) (1.62) 

with in i t ia l conditions 

A a , i V l > - A a > q - 1 } • <*-63> 

^ . i 'V^ - AZ'i (Vl ) ' ( 1 ' 6 4 ) 

where, as before, A*j . (t 1 ) and A? .(t .) are intended to aean the 
a,i q—l 0,1 q—i 

liaits as t tends to t , froa the left, or zero if q « 1. 
q-1 

Since t , < t < t , H.(t) is constant in Eqs. (1.61) and (1.62), 
and therefore these equations are of the fora of (1.49) and can be solved 
by MDLCOM. In suaaary, MDLCOM is applied separately, on each interval I , to 
each of the following groupings of coapartaents: 



i.1 

1 N-P (a,fc) 
1 T-Bj (<?,<*) 
2 T-B 2 (k,l) 
1 P (e,f,9,h) 
2 L (£, fixed) 
3 S 
4 SI 
5 DLI 
6 LLI 
7 each of the other 

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

To save coaputer tiae, INREM II contains a aechanisa to sense a 
point in the interval of integration when (if such a point exists) (1) 
all activity in donor coapartaents has been reduced to a negligible level 
and (2) the intake rate function is zero throughout the reaainder of the 
interval of integration. These conditions are often aet in long-term 
integrations for acute exposure (e.g., a 50-year dose coamitaent follow­
ing a pulse intake at tiae zero), and in these circumstances the remain­
ing subintervals I can be treated as a single final segment, permitting 
the integration to be completed with one final round of calls to the 
subroutine MDLCOM. The criterion for a negligible level of activity in 
a 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 to have elapsed 
since the most recent replenishment. 
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2. THE INREM II CODE 

The INREM II code, defined by its source listing in the Appendix, is 
written in F0R.3AN 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 II we have made a conscious effort to keep the 
program readable, in order to facilitate its maintenance and further 
development, and to help users answer questions that might lack ade­
quate treatment in the textual documentation. A description of the 
general structure is givei. 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-OS Assembler routines, PGMMSK and 
ICOMPA, are invoked by modules of INR1M II. PGMMSK responds to underflow 
and loss-of-significance interrupts 'jy 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 Binazy Coded Decimal Interchange Code (EBCDIC) collating 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 original purpose was 
diagnostic, but which has been retained for its usefulness. This supple­
mentary output is not described in this report and may be suppressed, at 
the user's discretion, by manipulation of the job control language. 

2.1 InputsData Formats and Output 

Before examining the general logic and the numerous operational 
details of INREM II, w< call^.e reader's attention to Figs. 2.1 and 2.2. 
These printouts were produced by /» run of INREM II for the 9 9Mo - 9 9 m T c -
9 9Tc chain. Two intake cases were considered for this chain, one fcr 
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inhalation and one for ingestion. Each case has its own intake history 
and aode 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. 
Figure 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 
radioactive half-lives and branching ratios. Next is uptake and reten­
tion information for each of those source organs (other than respiratory 
and 61 tract) which are explicitly considered in the run. The "BLOOD 

f 

TRANSFER FRACTION F2-PRIME" is generally written f- in 1CRP 
publications 1 2* 1 3 and is used here to denote a fractional transfer 
coefficient. 

The coefficients labeled "COMPARTMENT DEPOSITION FRACTIONS" and the 
"COMPARTMENT BIOLOGICAL HALF-TIMES" are best illustrated by an example. 
We consider the retention model shown for 9 9Tc in the liver: 

*L IVER (t) 
0.693t 

7.77 x 10' 
0.693t 
1.6 

0.693t 
3.7 

0.76 e • 0.20 

+ 0.04 e 
0.693t 

22 

The corresponding display in the INREM II printouts has the form 

COMPARTMENT 
DEPOSITION 
FRACTION 

COMPARTMENT 
BIOLOGICAL 
HALF-TIME 
(DATS) 

0.760 
0.200 
A.0O0E-02 

1.60 
3.70 
22.0 
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».>•«'-«• • . M n - « « • .•.**«-« • . l l W - « > I . J M I H I • . a i w - * M • • a > H - * M • aaa • W f * • *.**«»-•• 
• .•ft-.-** • 

. •»»- • • • •»»**-•• 
i w i » • • } « • { • • • . W I - H •.»••<-«• • • • I K - * * ••«*•*.-«• • . I I M - 1 * « . « M r - « « 

I . J M I H I • . a i w - * M • • a > H - * M 
v ***• • I * * * • • • •.**•• ••• • • J * M - * . ( . M M - * * •.*«•*•«• «.«»«•«• • • » « l t - M • . ! • • « - • • •. »-.«•-•• • . ! • * • • • • 

H*8; • .a*m-«* » . i m < H » . » > • » - • • • . ! • *«•«• ». »••»-** l , * H | - » «.•!*<-•« I . 1 N M I a . ! ! * < - • • H*8; ••fai*— • •.•••*-•• • * *MI -«1 • . • ! • < • • • •. •••*-«» «.>r i>-«« • . 7 I I I - M i . n t c - i i • « I M f - « J *.«t*< w 
«.!»*« M H*8; I «***V**2* *.*««-•*- • r>Sir*«4 • . ! » * » - * • • . • • • ! - • • «.**>•• ••• ( . 1 r»»-»« • . • m - * f «.«ITt-«*> *.«t*< w 
«.!»*« M m m . M M — * l * . • • • * - •> • ,!»'-•« ••»*»-•*. •.«*«-*)•. •.•!»••* • . l l **7-«< • . x i r - c i a.**2t~n • . I I M - « > 

£9Si* t l l l * * l 4 • . > • • • - • . • . •u r - * *< ( . i T - u - * * . 
r » M - * * • . w i r - « t • . I I W - « * • . m i - i i ».»••»-•• • . l i f t - * ! ».»»«!-•-; ••••» •• £9Si* . m e n ••»»»*•-•« * 

. •u r - * *< ( . i T - u - * * . 
r » M - * * • . w i r - « t * . l M € - « 1 • . i » i i - » * ••/•«-•• • • I I H - « « • .T« IC-«« ••••» •• 

*» 

•.Hie** 

Fig. 2.1. Output froB INREM II subroutine OUTDAT, showing the data 
reed In for toe 99Ho - ""Tc - 9 9Tc problem. 
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s ractaas I U M I a n - a a v i »aa tc-as» 

a . i taa -aa 
s . i i s r - a * 
a .aarr -as 
a.assc-as 
a . s t a i as 
a . t r i e - a s 
a -s fs f -a * 
• • I M C - M 
a.arsc-aa 
a.aasc-aa 
I . H H - « 
s.aasr-as 
s.saac at 
rn.twm.-m* 
e.»ssa-a* 
a.sssr-
I . W H 
a . i « w - s * 
a.taac-as 
a . 2 7 M - a * 

n-a& 
a.assr-ss 
a . s t a * - a * 
a . i r s t - a s 
a . * T w - a * 
a . a a x - a * 
e.a>s>-aa 
a.a« 
a . 11 

i c a a i s i cam 
s.«»*a>a« t .s*sc-ss 
s.»i«a>a* a.s*s«-as 
s . » s > - « e .aatc-s* 
e .»»K.-a* a . i r « - s a 
• J U I I I a.s*s«-as 
m^mtt a» a.i»»a>as 
a. taaa at a-saaa at 
a.aaac-a* e .asat -s* 
e-as*c-a» a^asc-aa 
~ a . r r * r>aa 

ssrt-aa 
i . m c - M 
a . s s n - a * 
a.*sa>-a* 
« . i * *x -aa 
l . l » W - » l 
• . } > • - « • 
• • • • a t - a s •as a w j a r - a i a . i r a i - a » C i s a r - a * 

I t l W ' M 
a . u * * - a * 
e . i s * t - s « 
a . i r a * - a » 
a . s a w a a 
a . a s u - a * 
a ^ * t i - a > 
a.*««a>*a 
I . I M - M 
a.»aat at 
a .s«ar-a* 
t . i r u - a * «.»»•<• 
t . M M - S S 
a.tata>as 
a .*>st -aa 
s.aast-as 
a . a a n - a s 
a . • * « • • * 
a . i a r t - a * 
a » s * * f - M 
a » i i — -

•£&!•• 
*~""~* ' * ? * * *^ ' _ 

l i s t * 
s . a * : * - a * 
• . s i a t - a * 
a.«saa-a* 
• . M M . - * * 
a.aaai -a* 
a.s»sr-as 
a .san -a« 
• • • a a i - a i 
a. saw.-as 
a .waa-s« 
e . issa -a j 
a . iaac-a* 
a. iasc-as 

' M - a * 

a .asr«-a* 
a.>ra«-aa 
M m - « 

lip-
fc»S« t tSK 
s .a r tc -a * 
t .aaaa-a* 
a . i * u - a s 
e . is*c-a« 
t . i s a r - a f 
a. saw-as 

a . * i a » at 
I . B W at 
a.aaa*«as 
s .a iaa -a* 
a . u a « - a * 
a . i i M - a s 
a » i i M at 

s »ac»aas I W M I I L»ata»«t-a»»i «aa tc-aaa 

a .aatr -aa 
a . t a w a a 
a . j t a a at 
a.*ai*--a« 
a.a»»F-aa 
a .saw-aa 
i . i u f - « 
a . i a t r at 
I . I W - M 
a . r a w a a 
a.a»ic-a» 
a . raac-a* 
a . * s * t - a « 
a.aa»*-as 
a . ratc-aa 
- . s r s t - s * 
• . H K - S ! 
a.aaac-a* 
a . i a n - a s 

s aactaas i a f « / * i c a a c a a t t - a » i t— r c - s * 

taacs a»s i t « s ca»t St M l M . I eawt L«. 1 caas saac l t * ( a <ia«CTS taaaaia 
• . i s n - u a . s t v - a a a . a a . a a . a a . a i . a 9.9 9* a . a 
a . * « M * a * a.aaa* 9* a . a a . a a . a a . a a. a a . a a . a 
S . a a . a a.aaac-ar a . a a . a a . a ' . a a . a a . a a . a 
a . s a . a a . a s . s « u - a t a . a a. a i . a a . a a . a e . a 
%.m a . a a .a • • a a .Mtc -aa a . a i . a a . a 9.9 a . a 
a . s a . a a . a a . a a . a t . i » « - e i i . a a . a a . a a . e 
a.a iar -as a . a t a r - s * a . i a * r > a * a . *asr -a* a.assr-a* a.sa«f-aa i .a isr-ss a.atac-as s .atac-e* a .s iac-aa 
9.9 a . a a . a a . a a.a a . a a . a a . a a.a 

a.a 
9.9 a . a a . a a . a a . a • . a i . a a. a a . i * M - a i 9.9 
a . a a . a a . a a . a a . s a . a i . a a . a * w - a i 9.9 a . a 
s . a a . a a . a a . a a . s a . a i . a (.« a . a s«a 

•^ a . a a . a a . a a . i a . a i . a a. a a . a a . a 
9.9 ::: a . a a . a a . t a. a ».«*•>-as a . a • • a a . a 
9.9 ::: a . a a . a a . a a . a I . I arc-as a. a a . a a. a 
a . a 0.9 a . a a . a a . a ».» i . a a . a e r f a . a 

••• a . a a . a a . a a . a • . a i .sasr-as t . a t . a ft. a . a a . a a . a a . a a . a a . a t . a a . a ft. a . a a . a a . a a . a a . a a . a i . a a. a a . a a . a 
a . a a . a a . a a . a a.a a . a i . a a . a a .a a . a 
9.9 
a.a 

a.a 
a.a 

a.s 
a.a :.: • : : 

9.9 • . a a . a e . a t a i mm 

* raciaas lo fa /a icaacaaK-atT i ra * t c -
cc aacaas 

araaa 
t r f 
a.a 
a.a 
a.a 
a.a 
s.a 
a . a i f f - a * 
a . i m - a s 
a.a*ac-aa *.m 
••• 
a . i a r r - a s 
a . • a r t - a ) 
>.asrt-as 
e . i i i < < s i 
s . 1 a r t - a J 

Fig. 2.1 (continued) 
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tamtatisa 

•.•a i . i i w • * • : . 
Wt • • • Z a * 

i n u i . M w - a t i . a a u - a a i . M V - a r • .^aat-aa t . i i f c - a a ?.a*as-aa i . j » « t - a i • • » « - • • • . • a r r - a a i.tm-tt i .»««t-as 
• f t ITW t . f j K - a t i.%i«f - a * i . i a « - a r t . ^aw-aa i . * i a r - a a j . a a « f - a a i . i i w - a a i . i a M - a * a . a a r r - a . i . « i n - a a *.»a»«-a» 
* «« l l i . ? / 7 . - a « * . i 7 a t - e * ».»aar-a« l . U K - t ' a . » * f - a r a .aa i r -a7 r .raar-aa a.aaac-e* i . a a a t - n l . l M l - 3 * l.T—f-*% 
l l aaLL I . W H - M J . « a « - a » i . M M - a r t . a a t i - a t ? .a»r -a« I . t M f - M t . a rea -a i a . Mac-a* I . M I 5 - M a . i aa« - i a i . n « - a s 
a l l aan. z . l . n - a f t • » « - • » a- «*a* -o 7 i . 7 ? M - a * t.aa«t-aa i . i i a r - a a a .a i * t -aa i .2«af-a« a . » a c - v i a .a isc - ia s. i M f - a i 
I l l aa&t ^ - • t j f - a * i«#-a* i . a a w - c ' t . t a i r - a r t . a m r - a r • • f T a r - a ' i . a i a c - a i i . i 7 V - a * a . i r a t - M i . a * M - i > >.aiTf-as 
t M a r * - ^ M r - a * •>. . .w -ea a . i aa r -a * ••a«ac-ar H I I M I i . * a » - a * i.aa n - a > a . H M - a a a . I M C - a * i .xara-ar i . s « » - a a 
•aaca i . a . « f - 9> t . j a n - a a « . i a / f - « » a . iaar -aa • . r * » - a r I . I W - I I i . t a t c - a t J.a.ic-a>a * . * a a t - a s • . aa«r - *a a . a » f - a a 
at a a u • « i > r - » r - t7a»-aa a.5aar-aa • • • • r i - a r l . » H - « I s.a«a*-aa 7 . » a r - a * i . i a r r - M i . n a c - M • • a i a « - i « • • r i i r - a a 
m a i n t . » K - >» i i far - a * « .4Ai«-*r i . M i i - a r «.az«c-«7 > . M « r - a r l . M U - 1 1 t . * a M - a * a . H U - a * I . M t - * a 1 . W K - H 
i l r t " i * v i * t - 3 * ?. »**t-aa • . t o i t - o r a.aa?r-aa • • i t a r - a r a . n a * - a a a . s n « - a » • . • a a c - w j . n a f - a s t . a i t a - a ^ i.mt-t* 
ovaaift R .a ra -sT i . » a r f - a r i .7aaf -ar ^ •7a i r -ar i .aa i t -aa a.avac-aa I . I H f - « 1 l . H t > - « a.aaac-a* > . a i « f - i a * . S M f - a a 
raacarat • •aat r -a^ l - IOJ' -O* i.«4«c-aa • •orar -ar « . *«M-a i i . a i a r - a i I .J*«C-at j . » r c - a « • . a z i ' - M z .s jac -a * s.«r«(-aa 
a w r. ra t r -a» t . * * n . - a a i * ) i * r - a 7 ^.aaar-aa i . M » f - a r U I « - I I • . t a w - a i * .7zat -e« a . S Z K - M ) . * M - H t . < 1 K - l l 
a aa» a.aaftt-aii i . a a w - a a >.»«-«' t . *» *« -a» • . I W I 4 T i . i a a f - a * i .aaar-aa a.aaar-a* I . H I I - H l . r a i * - a a ».»»r»-a« 
V M « a . i a a i - a * i . m i - i i • • as i r -a r T.aaar-aa i . z m - a r . . . a a r - a t • .7a»r-an a.aarr-«5 a.a>*f -a» t . r r s t v * * 1 . N I I - I I 
tasa i t 7*7tic->ta • - • a j r - a a • • ) i » - a 7 * .aa*c-aa i .Mac-ar i . a i a r - a t a. } ! » < - * • a»72*r-a4 a . * i t t - a » M W - H i .*«a«-aa 
sa i f fa I . M I F - 0 5 j . » M t - a » i . a i e r - a * a. iaac-aa 2>nac-ar 7.<tac-a7 i . a i a r - a i s . i a a t - K a . u w - a i • . u a c - a a l . * I « - « a 
!€*»!% i . » * - o r 2. w n - a a • •T iar -aa z.aazr-aa r . t i r f - a a • • • • » € - • ' a .M>r -a« ».»7at-a» » .a«r t -a r • . a a « - n i . w a r - a a 
m a n 2*ar i ' -*•* i . * a a i - a « a.vaar-ra a . * i « r - a * 2-iaaf-aa t . j a a t - a a a. > i *c -a * • • • M r - a * i . i a w - a a ( . • a i t - a r j . aa r r -a« 
t wrasse r . a r j t - a a i . n M - H 7.aa2i-aa • - a i » - a a t . a i u - a a i . r * * * - a * i . i i w - a t « > a a » - a * • . » 4 f - a T « . i * n - a * ».»»Tf-a» 
«•••» » . « 7 i - o r i . i r a i - a ? t . aaa t -a t a . rasf -ar • • • • a t - a r t.rm-»t *.nv-n i .aaar-av • . a a v - a a >.••»••• >.**ac-a< 
BOW F«Ul«*LF«*l ! • * • ! 

I M U I 
LK«CS «.a«»r -os 
a n i » » i . a a i e - i ? 
» » » n • - t a w - a t 
t l I K l i . a i * r - o « 
J l l I H I * . r io>-aa 
LLf aaii . 4 *a ) * r .a« 
r aoav r.a«7f-aa 
aaaca ».*?< -o« 
at. a«Lt. • •^• l t - a * 
a i a a ( » ' • •OIC-4 J 
i l i f a I . « I « - « 
aaaai t t ] . ! • « - « • 
raaca<a% * . * r » - a « 
M W • . 2 T M - 0 1 
a Na* » . i ^ i f - n « 
T aaa «.?aar->« 
caaair I . I W - O I 
m r t i • • l a j r - aa 
f f s t r t i . a r K - a a 
i n r a i t • • i a a r - 9 « 
fnravta s .aa i t -aa 
• t i a v i t .aaar-oa 
rracfai ao» cagivairai.. 

«<-*»• ic-»» 
taass wt . i • •a c • 0 
ars t r a aa.r 1.1 l s a 
* a « n aa*« 14.4 < «a 
si aau. « t . i »!•» « WL! aaiL r r . i ».« ( . a 
111 0U.L • 9 . ^ « . * 1 v o 
f soar •a .a 10.• I 
• M f a ra.a » . a c , a 
• i aaiA •« .T is.t < • a 
aiaaf »s « « . i ' . .• < 
i iaaa • «•• • . * • v o 
• m i d •»-» IS.l < v a 
aaacarai n . i U . « < a a 
a a « •n.t ».c « «a 
a «aa n.s •••> 1 . a 
* aaa 7».» za . t i 
faaat t a t .a a . j i • a 
i n t f a •» .a • 7.J 
f f lTCf a i . i ( .7 1 •# f i m a j * a i . i l a . t '«a 
f n a a i a »a.« Jl .» i ' • a 
• t f a a t ««•» • * .a < !•• 

Fig. 2.2. Output from INREM II subroutine OUTPUT, . owing the 
results of the calculations for two cases (one inhalation, e ingestion) 
of the 99Mo - 9 9 m Tc - "Tc problem. 
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Cftff ?.* 

l.t)<rtl 9* 

•wtcsvio* t»»*^r i» rmcfiOMS i c . tvacf to atoooi 

FrSlin g 
o o « ( < M I I U « t w p . 

2.2210-Ot 
2.22 I t - 0 0 
• . tatm-as 
i.2iaw-o« 
s.004C-ao 
I .0I2T-00 
n.Fiaa-'Jo 
2.70 7F-00 
n. n a * - » 7 
• . I 3» f -T0 
2.44*1-00 
l . i aa ' -oo 
2.124X-04. 
* .o?at-«7 
I . 1*0*-04 
I . I I V C - I * 
• . t i M - l r 
I . K K - d 
l.0aaC-07 
1.424C-07 
l .oioo-or 
I . W I f - H 

* .>aaf-aa 
o . taat -a* 
i . o a n - a a 
j . i F j F - a o 
I . J I K - M 
2.14*1.-04 
2 . * l t»-0» 
>.4121-07 
0.I04F-07 
*.aa««-a7 
s.oa««-07 
l . ia2 t -04 
a . i j a r - o i 
2.»ia»-o7 
o.?ia*-07 
••9t«ff-«7 
z.aiar-aF 
t . j t t r - o r 
] . * I M > H 
I . I I H - H 
2 . 7 a 2 t - o * 

) . < J « - O J 
1.4201-07 
i . n u - t i 
i .7ioF.-on 
i . • ) * • - « ] 
1 . 1 1 M - K 
0 .1?V-aa 
l.ij*a<-a4 
2.210*-44 
2.4?If-04 
1 . I I M - H 
i . i4ar -4n 
1 . X 0 I - H 
4.114*-87 
l . H V ' H 
i . M t c - a a 
1.447V:-44 
4.4221.-47 
i . 4s i f - a7 
j . a * 4 f - a a 
n . i o n - a a 

i .7aaF-or 
i . raaF-ar 
2.4141-04 
• . * * « ( - a * 
r.ar«F-aa 
2 . 7 J I I - 0 1 
o . i a i r - a a 
I . 7 * 4 * - 4 F 
i .aa2* -»* 
i .aaiF-aa 
1.24 7F-47 
7 .*o0F-es 
i . 2«aF-aa 
2.1417-44 
t .«S2f-a» 
7.74)7F-a4 
7.2*>r-a* 
I . M O F - O * 
l.aoaF-aa 
7 .M7 f -«« 
J . i a i t - a a 
i . a r a f - a i 

2.1041-45 
2.1447.-an 
1.2111-0* 
I .222*-41 
t . *aar -as 
2 .?a ic -a i 
i . ra7*-«« 
i . i a w - a n 
I . l» t f . -a5 
2 . e o i c - a n 
i . n 2 i ( - o i 
i . a t a * - a n 
2 . a i M - a « 
l . d K - t l *. «•»-«« 
7.aa2c-an 
l .442f-43 
i . 4 t * r - en 
i . i»4«-on 
l . o r « - o n 
I.744F-04 1.4721-05 

2.a*2f-a« 
2.a*2c-a« 
l.na2F-C4 
i . j»2F-a« 
2-aaa«'-o« 
2 .2IIF-0n 
0.4017.-44 
i.o?nc-04 
1.7717-M 
i . iaac-ao 
2.2421-02 
i .aaic-an 
i.4anr.-4a 
7.naic-on 
i.aaor-ao 
i - w s ' - o o 
7.s»>F-ai 
a.n»F-en, 
I . an7 f -a i 
F . taof -o i 
i . o 4 i r - 4 i 
i . inar -41 

.a iTc-aa 

.4121-44 

. 4 2 i F - a i 

.4777-an 
• n u r - a i 
. a i a r - a a 
. t m - o i 
. o i o t - a * 
.anat-aa 
. » i 2 r -«2 
.4at«-nn 
• I M F - a i 
, a ' » f - a n 
•aaor-an 
. »>ir-on 
. 24 i t -on 
. a 4 * * - a i 
. 4 I * F - a n 
. a i i c - a * 
. * * i r - a o 
• anoc-ar 
.a«* f -o« 

i.aont-ao 
i.o«nc-oo 
7.27or-aa 
4.141C-I0 
n . a n t r - i a 
2.0n0f-10 
t .04 ic -a7 
• .7447-0* 
i . 7 » i f - t e 
« . i i 7 r - a o 
i.7n7t;-ai 
i . u i c - i a 
2 . i * a f - 4 « 
* . * a i r - a a 
i . i r i r - a o 
i.noof-ao 
2.«ai€-aa 
1.4427.-44 
» . i r o c - i i 
t . M U - M 
• . M 7 t - a « 
i . i n s f - t o 

o.aanF-a* 
* . a « 4 F - « 9 
o . n o F - a i 
4.a%af-a«. 
« .a07f -a» 
2 . 4* l»-«4 
• . 7aa r -a * 
?-F2*c-»4 
4 .444f -a3 
1.440F-O9 
o.onof-a* 
a .«>4f - *a 
7.a«aF-a«, 
i . a i a r - a a 
4.4111-44 
2.4iac-a)a 
t . « w - « 
4.454F.-04 
1.24 27-44 
• . c i w - n n 
n . n o n - 0 4 

2 .T* i f -ao 
7.r«at-aa 
i . a * t c - a s 
• • r a a f - a * 
7 . a « « - a » 
• . • 7 4 f - a j 
i . a a j f - a s 
j . H M - a a 
I . S M C - U 
2 . 2 7 l t - a l 
a .aaat -a* 
j . 4 j n - a > 
i . n r t - a i 
a .72M-a« 
i .a iac*a> 
».72»»-0« 
a . *«7f -a« 
1 . I W - I I 
n . « > « - a « 
a . i a i f - a * 

atactaf a n a laanaaicaf . . 
Tc-ia» tc-*a 

i»ast M . a •a .2 a . a 
a n i t " « . a 42.2 a . a 
\ t a l i «•• «..» a . a 
f t « U 74.a 21.2 a .o 
ml » « l l aa. i I I . » a . a 
n. f aat.1 W . l %.* 0 . 0 
r aa*T • » . * i a . 0 . 0 
•am a 7a.r 2 1 . a . a 
at aact aa.s 1 5 . a . a 
i i a a a m f . t n . o.a 
l i r t a « i . » a . a . a 
H H K I « . a i * . a . o 
aaacafas 77.1 22.0 a . a 
aaaf a2.s 2 . 7 a . a 
if aaa i * .a o . a 
T mam aa.i i» .o a . a 
caMsr 7 .a a . o 
t n i K aa.a ia .o a . a 
i n t i i a i . a a . a ».t 
ia*a<n an. 5 • a . t a . a 
faraoia H - 2 a . a 
u Flaws 00. 3 i s . r a . a 

otrifftTio* r«aicrto»ts JUM •trawottc o*f« « » o i * m i s r»na*t.c • « 
f u n f»0»» MSt«-I«M • •» *«CHl trlLlOU^M f t * l . I l ^ r t l -
rirriroi* avrrraTttM raa i » - » * • « • >iem « f f n n o « F « « re ai*t. o o r v f f o 
Pttffa m ncrtaif in* rtfticfio«t mm "<iTMf«* • • • rnr «rr»or«r* f f 
M i l rat ter ia*$. 

Fig. 2.2 (continued) 
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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 
R (t) represents the fraction of a deposition in the liver at time 
zero which remains in the liver at subsequent time t. The product 
i 

f-, . ,. ,™.R.,. ra(t) i s interpreted as the fraction of an initial deposi-2,LIVER LIVER 
tion in the bl-ood which remains in the liver at time t. 

The S-factors tabulated in Fig. 2.1 were computed with the SFACTOR 
code of Dunning et al.** from nuclear decay data compiled by Kocher5 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-factors for this compartment satisfy Eq. (1.4). Our 
"BONE" factors combine the cortical and cancellous bone sources as 
follows: 

m S + m S 
s _ CORT CORT CANC CANC 

8 0 1 , 1 5 "" mCORT + °CANC 

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

rate has been specified as the step function 

•fi 
Jl uCi/day if 0 < t < 1 day 

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

which closely approximates an initial pulse. The resulting do3e esti­
mates may therefore be interpreted as dose commitments (rem) per uCi of 
9 9Mo inhaled (only the parent nuclide is assumed to be present in the 
Intake). 

Corresponding to an assumed AMAD of 1 Mtn for the inhaled particulate, 
supplied as input data, the program has computed and used the regional 
respiratory deposition fractions D 3, D^, and n

5 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 fj (0.95 for molybdenum and 0.8 for technetium) were adopted 
from WASH-1400 and from Killough <et al. respectively.7*11* 

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 of 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 che indicated target c^iro from 99*o and 
the 9 9 n T c and 9 9Tc daughters allocated among the source organs as pre­
dicted by the models and parameters per yCi of 9 9Mo 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 9 9Mc by 
ingestion. The intake rate function G(t) is the same as H(t) for the 
previous case, and the same gastrointestinal absorption parameters (fj) 
have been used. Since activity is assumed not to enter the lungs 
directly as a particulate (or otherwise, in this exaaple), 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 bottom of Fig. 2.2 were inserted in the input 
at the appropriate point and were printed on the output by the computer 
to aid the user in documenting the sources of information used in the 
calculation. 

The preparation 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 diagi. .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 CMMTS. 
For readers less familiar with FORTRAN input/output statements, che 
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OXML-OS* TT-mr* 

• I W U U I — — « T HAITI 

MAO i n . •tttt HT.OMMTRGIITRG • O.TMAS IITR64I. 
I T K - 1.KT] 

(FORMAT n FREVIOUSSLOCK) 

MAO U W OF FlAOttMUCUOE > K » 
M. » U » A* »C«ARACTER RAM* FOB 
EACH. AM> THE FJAOIOACnvf HALF U * f 
BAVSOFtACM. 

LCT-.T.[ . «H^MTWJ mKf„mto^,Tfy0no.ttt 
FLAG AMD M T I A W 

MTUUIZC MATRU OF SRAMCI—G RATIOS 
TDZIRO. 

turwAiCMM&AATioscAnirriF 
THtM AM MO MOMMCTIVf 
OAUGHTERS. 

MAO H U — m Of MONZERO 
SMAFICHMG RATIOS. 

MAO I M U I AM) VALUES 
OF n O » a i i o n u n c m n c 
RATIOS. 

j f r I U W C H OF SOURCE 
OftGAMIOi'MER ."HAM 
MSF1RATORVAH0G.I.>AM> 
THE SOMRACTER NAME 
AM) H A S OF EACH 

M A O m i n t ; OF TARGET 
ORGANS IOTHER *HAH 
MOTAATORY AM) C 11 AM) 
THE (CHARACTER HAI. 
ANO MAS OF EACH 

wonouiwou"! • TOTAL-

0 0 lV«C • I.NSFf C 

ooisou-ua 

MRU AMD HTRG A M THE TOTAL MUM J E M OF 
SCUKCX « W TARGET ORGANS. MJTf JTWtlT. 
- K l U O M G THE • r*M»IRATORY ' ^ 0 6.1. ORGANS. 
STOM LASVSl FOX THE TOTAL COLUMN. 

MAO in. ram Famwinrf CUOWNC 
tcioKc.ic.imv>. Tnunc.ic.aou>. 
IC- IJNP 

KJU FORMAT IE HMU2/IK t o d l 

MAD MCTAKH.IC FARAMETERS 
FOR EACH RAOMMVCLIOt SFf ClES 
ARO EACH SOURCE 04GAN OTHER 
THAU RESPIRATORY OH 6,1. 

HCOMC IOVE CMOUI • NC 

DO ITRG * I.WTRG 

NCOM? IWEC.I IOM IS THE NUMM R OF PARALLEL 
EXPONENTIAL COMPARTMENTS ITEMS n T M 
M T M T I O n FIMCTKMI FOR SFf CES BPSC HI 
SOURCE OMCARISOU. 

READ IM. KMO! WHFtC.rTAG.lSOU!. 
MOU • 1.1 

t FORMAT m M i l 

RCAO MATRIX OF SFACTORS FOR 
EACH FUONMUCUOS SFf O l t 

0 
EXCEPTIONS TO FORTRAN DEFAULT v ARlAKf TYPES. 

LOGICAL LAST 
OOUSLS FMCKNM FJAMFIUC. HAMSOU. HAMTRO f VALUES W I M W n o AS SCMARACTER STRINGS) 

Fig. 2.3. Flow-chart for initial segment of subroutine INPUT. 

http://tcioKc.ic.imv
http://Tnunc.ic.aou
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ORML-DaC 77-273* 

t u n 

OOCAK-1..4CMKS 

1 
K 

I FORMAT <A2.fi** 
I HOOfaCASB. TfaCSCAan 

MAD WMMa Of CASB TO K OOWUTEO 
roa cumeiT O M M . 

afAOCHAaAcrta C O M rw FOB IKHAIA-
TKM. tr KM aaeftnow AHO L H K T M OF 
amcaATua m avAi B M Y S roa 

U«l»tRT UTf RAL VALUt 
waogcocMaaTo 
aUMHRC COM A* FOLLOBS: 

•w-i 
V - J 

•N.rracAKjMD^tiCASLMT^ ATKM KM MTAICt-aATI 
tTfrFuacnon: HUMMRO*sua»«TER-
VAIS. AM> U F T caoraarr AM> « A T I 
x i ' i i i FOR lACHSjaamavAt. 

ai—iaoriuaaiTtavAuroaoaiauiTCAaL 

• 1 (MMALATlOai 

MAO (n. WW AMAO (KVtfil 
a** FORMAT a t aui 

MAOna.* 
I FORMAT IAH 

IO0l.flCAK.nFfa 

CORVfRT UTf RAL VALUt OF 
am. I K A K . B M O TO nuMi a c 
CODfMFOUOBM: 

t r - 2 
• v - j 
1FteiAL--4 

I. J. OBJ 

4 0FfCIALCASf> 

RtAO fla. IOW (TfUM6(ICAff .IFATH.ta>fC). 
FLUaG (KAR.lTATM.aFfa.lF'ATH- 1 JI 

» FORMAT Mf Mm 

RtAO IM. NMB F1(KAK.MFfC> 
(FORMAT m FM W0U» HOCK) 

MAO tIB. MMOMFIIICABUanaj*?f C • 1JMWO 
(FORMAT M A FBfVKM (LOCK) 

AtAO A c n v r r v Mto> *n 
AIROUiaAML W A M f l f B 
fcM FOR M H A U D Af ROKN-

M A O UTIRAL C O M TO 
•MhCATE CUARARCt 
fRorcancsoF a w t i o 

S t O A L C A K : RtAO 
URR-SUFFUfO LURG 
CUAAARCf FARABf T f R* 

•KHOGICAL HALF TBRM 
Mkpl ABO OfFOHTlOa 
FRACnOMFORTHt 
tFATHBMVSF-i 
O U F I G . 1 J . M I . 

AfAOC.1 TAACTTO 
•LoooARnamaa 
FRACTIOM 

(HO aatAiATioa CAM. 

AfAOGl TAACTTG 
•LOOOAMORFTiOa 
F*ACTlOMFOa 
•KXSTKJBCABt. 

2.4. Flow-chart for final segment of subroutine INPUT. 

http://A2.fi**
http://IO0l.flCAK.nFfa
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following outline of the Input process Indicates the approximate order 
of the data, and Fig. 2.5 Is an annotated printout of the data cards 
used for the saaple calculations with the 9 9Mo- 9 9 mTc- 9 9Tc chain. 

^ratline of input data for an INREM II problem 

1. Number NSPEC of radionuclides in chain, names, and radioactive 
half-lives; 

2. Number NBR of nonzero branching ratios, followed 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 
numbers (1-»NSPEC) corresponding to the order of nuclides in the 
chain, as established by the data of item 1; 

3. Number NS of source organs other than lungs and GI tract, and for 
each, the name and mass; 

4. Number NT of target organs other than lungs and GI tract, and for 
each, the name and mass; 

5. For each radionuclide in the chain, 
5a. blood-to-organ transfer fraction F2PRIM and retention function 

parameters for each source organ other than lungs and GI tract; 
5b. matrix of S-factors for the indicated sources and targets; 

6. Number HCASES of cases; 
7. For each case, 

7a. exposure mode (i.e., inhalation or ingestion), length of time 
interval for integration, and length of sublntervals; 

7b. data to define the intake-rate function; 
I 7c. activity median aerodynamic diameter (AMAD) of 

particles; 
7d. for each nuclide in the chain, 

7d-l. literal code to signal respiratory clearance 
properties (D, W, Y, or special case for 
which user supplies additional parameters)1; 

7d-2. GI absorption fraction for each of the four 
segments of the GI tract; 

ingestion I 7c'. GT absorption fractions for each nuclide in the 

inhalation 

[7c'. GT abs< 
chain; 
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• • t *E" t> ?-l*f*-*» * - i r *« - * * * . m c - « * * .»*»t-** a.>**«-*• * . i zw-a* * .K«f - *a a.arat-a* a.i**c a* a.s**c-a« a.aaic-ai 
fc i r u - f a a. * » • ! - • • * . ! • •« -« • * . » i r - a * •Mt - i a a. - -

t*M-a* * . *»•€-*• 
i art-a* * . * * • - - * • .a>M-a* • .war - * * a . t r * t - * * a.***f-*« *.s««f-** *.aasc-a> 

» - , . _ . ».» .aar»-*a •.*ar»-*« * . • * • * - •« a.ssaca* * . » > t - * j * . * • * •>«• a.>sn-c« a>i*at-*a a.si*t-a* * . i * i t - * * •.nil-** *.i*M-*t i . i M - n *.ratr-«* * . i * a - * a * . ! • • • - •« * . i a * i - * f *.T**r-*s * . * *« -«» * . * i t f - a * * . * • • * : -« • * . is* f - *a 
fc l*l«-as * -a iS- fs a.iaii-a? * . * • * • - * • • • M - i f * . i*«r- i> • . * i * f - *s a. i**t-*s a.a**(-*s * . M * C - * S a.*s*t-*« a . i i n - a * •••saf-a* * . * • • * > • * * . i * n - * i a . i i ta -a i • • » • • • • * * .a i« - *« a.aiic-as * . M i t - * a s. i ** t -*« a 
• . { M i - t l 1.1*8-as *Ciari-*a • *»>• - •> I . I J H - I I * 
•.*f«f-«s a.aart-a* * . n i i - * a a. iarr-ai 

i**t-*« * . i i i» - *a * . * * • < • • • a.Mia-a* 
•raf-*> • . • ! • ( - • • * . is* t - *a 

Fig. 2.5. Input data for 99Mo — 9 9 m Tc — 9 9 Tc sample problc 
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* . * * M * * * * . * • • > • • • * . * * M * * * « . » » * # - • • 
•••MJP * * • ••tAMK*** ?.**M*** • • • • * * * • • * . * * M * * * * . • * • * *M t . l l M ^ a * .*Mf*** 
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• . M M * * * ( . M M * * * * . * • • « • • • * . I X r r - * l 
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Fig. 2.5 (continued) 
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8. Comment cards to be printed on the output, terminated by a -ard 
with '$' punched in column 1. 
Some exceptions to items of the outline are discussed below. 
Relative to item 5, we note that INREM II expects the data for the 

first source organ in the sequence to correspond to total 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 a 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 nonblank character punched. A 
mnemonic 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 be 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 II 

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 structures of the following types: 
2a. Iteration (e.g., DO-loop) 
2b. Simple selection (IF-THEN-ELSE) 
2c. Linear sequence of fundamenta 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 in which the 
THEN clause consists of a single statement and the ELSE clause is n-ill. 
It Is therefore desirable to position the groups of statements tha«. 
comprise these clauses together and lake the entry and exit point of each 
obvious to the reader through the use of comments. 

The longer modules of INREM II (such as subroutine STEP) may be 
viewed as concatenated blocks of code. The beginning 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, backward-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 six 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 conversion Is done at this level. Figure 2.7 is a 
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ORNL-DWG 78-7326 

INPUT 

DRIVING PROGRAM 

OUTDAT 
PRINTS INTP 

OUTPUT 
PRINTD CMMNTS 

DOSRUN 

STEP 

MULCOM HAL GES 

n EXPFUN 

EXPF1 

Fig. 2 .6 . Hierarchical structure of INREM II . 
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REAO ANO FRMT USER COMMENTS 
FOR CURRENT PROSLEM. 

GD 
Fig. 2.7. Flow-chart for 1NKEM II driving prograa. 
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simplified flow chart of the driving program. Subroutine INPUT reads 
all data for the current problem (or returns 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 defined by the problem 
(Fig. 2.1 is output from OUTDAT). in 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 D 3, Di», and D 5 that are appropriate to the AMAD value that was 
read. Subroutine DOSRUN manages the integration oiT the differential 
equations to estimate microcurie-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 iteration. 
A call to subroutine OUTPUT causes the results of all cases within the 
current problem to be printed (Fig. 2.2 is an exanr 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 I , q • 1, ..., Q, as described in Sect. 1.3; 

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

V 
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 I 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 vay of COMMON 
block /DOSES/; 

5. to compute, for the current case, the percent contribution of each 
nuclide in the chain to the total dose to each target organ and 
pass this information to subroutine OUTPUT 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 rx\ this task in the 
following paragraphs. 

The donor compartments considered are tthise associated wii:h each of 
the respiratory pathways a, ..., i, k, I, and each of the four segments 
of the GI tract, S, SI, ULI, LLI. For each compartment we calculate 

A
v " B i n I K * + x* 1 » v - a, ..., i .«in(x* + x j ) , v«a, 

i-l,NX v , i *' 

- min (\ + A a b, + A * Y i-l.NV O 0,1 1 / A » min (A^ + A" 4 + *| ], a - S, SI, ULI, LLI, 

R 
i ' A-, • min A 

^ i-l,» 

The numbers 

T v - 8 ln(2)/Av, T a - 8 ln(2)/AQ, T R - 8 ln(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 T_._ denote the time at which intake 

INT 
ceases. We define 
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T N - P 
T T + max(T , T,) for inhalation 
0 for ingestion 

TTNT + m a x ( T
< j » TcP f o r inhalation 

0 for ingestion 

T „ t m + max(T , T~, T , T t ) for inhalation 
INT e f g n 

I 0 for Ingestion 

T. = ̂  

% 

v„ 2 

T = "\ 

T T O T , + T, + T. for inhalation INT H V 

0 for ingestion 

T-r™. + T, + T for inhalation INT h R 

I" for ingestion 

T I N T + T<f + m a x ( T f » T
f f ) f o r inhalation 

0 for ingestion 

*S + *SI + *ULI + *LLI + ""̂ N-P' W W f°r i n h a l a t l o n 

*INT + *S + *SI + *ULI + \ L I f ° r i n 8 e s t i o n 

As soon as DOSRUN has completed the integration for a subinterval 
I * [t ,,t ) , the endpoint t is compared with each of the times 
VP' VB X» TT-B2« V V V TGI» a n d w h e n \ is l a r g e r o r 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 is 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 '!'__. It is important to be aware 
of the following facts concerning T : 

* 
i. Not all subintervals I will be of the same length. They will 

1 
be adjusted by DOSRUN to align with the endpoints of sub-
intervals on which the intake rate function is constant. But 
none will exceed T

S T E p in length, 
ii. If all donor compartments are exhausted and intake ceases 

before the integration is complete, the remaining subintervals 
I are consolidated into a single final segment, the length of 
which may exceed T_T__. 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 

TSTEP * 1 8 2 5 d a y s ( 5 y e a r s ) » 

intake rate 
1 uCi/day for 0 < t < 1 day 

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, I) of the intake rate, we compute the number of 
subintervals as 
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NST - 1 + [CiiisiDx u ] = 1 

of length jljl = 1 . For the remainder of the interval, i.e., [1, 18250], 
we calculate 

» S T = 1 + [C8Io!250 0 X "\ = U i n t e ™ l s ' 
each of length |l | = 18,249/11 = 1659 days, q = 2, ..., 12. Therefore, 
the user's original specification of 10 subintervals of 1825 days each 
was modified to 12 subintervals, none exceeding 1659 days. 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 each subinterval 
I (or the consolidated 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 block. 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,IS0U), where the index values of IS0U 
have the following meanings: 

IS0U ORGAN 
1 Lungs (N-P, T-B 1 > 2, P) 
2 Respiratory lymph nodes (Li 2) 

3+6 GI tract (S, SI, ULJ, LLI) 
7 Total body 

8-+NS0U 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 
MUI.COM 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. 

Transmission of information among modules of INREM II 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 of 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. Oratory 
and 4 GI compartments). 

/CASES/ NCASES, MODE(6), TEND(6), NINT(6), T(6,30), P(6,30), 
ISOL(6,20), AMAD(6), DEFAUT(6), FLUNG(6,9,20), TBLUNG(6,9,20), 
Fl(6,20), GIFRAC(6,20,4) 
NCASES - number of cases in the current problem 
MODE(ICASE) - numerical code for exposure mode of case ICASE 

(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 started at time zero. 

http://MUI.COM
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HINT(ICASE) = number of subintervals of the integration 
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 YLth subinterval of 
the intake rate step function for case ICASE. T(ICASE.l) 
should equal zero. 

P(ICASE,K) = intake rate (yCi/day) in the Kih subinterval for 
case ICASE, i.e., for times between T(ICASE,K) and 
T(UASE.K+1), or if K - NINT(ICASE), for times between 
T(ICASE,NINT(ICASE)) and TEND(ICAb£). 

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 pertains to inhalation: 

r 
1 for class D 

f.SOL = < 
2 for class W 
3 for class Y 
4 for special case, in which user supplies 
respiratory 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 aerosol (applies to first nuclide species in the 
chain). 

DEFAUT(ICASE) is not used in the present version of INREM II. 
FLUNG(ICASE.IPATH.ISPEC), TBLUNG(ICASE,IPATH,ISPEC) • special 
respiratory local deposition (FLUNG) and clearance (TBLUNG) 
parameters supplied by the user for case ICASE. FLUNG is a 
dimenslonless fraction, and TBLUNG is a biological half-
time (days). The index IPATH refers to one of the nine 
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clearance pathways a -*• i (see Fig. 1.2). These special 
entries are read and stored by subroutine INPUT only when 
ISOLvICASE,ISPEC) « 4. 

F1(ICASE,ISPEC) - Gl-tract-to-blood transfer fraction for 
nuclide species ISPEC in case ICASE. Read and stored for 
both inhalation and ingestion cases. 

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

/TGLM/ LMA(20), LMB(20), LMC(20), LMD(20), LME(20), LMF(20), 
LMG(20), LMH(20), Lrfl(?0>, FA(20), FB(20), FC(20), FD(20), 
FE(20), FF(20), FG(20), FH(20), FI(20) 
LMA(ISPEC) -*• Ua(ISPEC) - REAL clearance rate coefficients 

(day ) 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 each inhalation case and 
placed in COMrfON 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,IS0U-6), LMBDAB(ISPEC,IC,IS0U-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 ), respectively, of term 
IC (1 <_ IC <_ NCOMP). The form is 

NCOMP(ISPEC,ISOU-6) 
7 ^ 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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F2F?Df(ISPEC,ISOU-6) * transfer fraction of nuclide species 
ISPEC from blood to source organ ISOU. 

/DOSES/ D0SE(6,27,25) 
DOSE(ICASE,ITRG,ISOU) * dose (rem) to target organ ITRG from 

activity of all nuclide species in source organ ISOU for 
case ICASE. The entries for ISOU - NSOU+1 are the target 
organ totals. 

/MASSES/ SMASS(24), THASS(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), NAMS0U(24), NAMTRG(27) 
NAMNUC(ISPEC) - DOUBLE PRECISION (IBM/360-370: 8 character) 

name of radionuclide species ISPEC (e.g., 'SR-90KW, 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) . 

NAMTRG(ITRG) - DOUBLE PRECISION name of target organ ITRG (the 
first 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(':), LM/3(20,4) 
LMGI(ISEG) • REAL mass-clearance rate coefficient (day ) for 

segment ISEG of the GI tract: 
1 for stomach (S) 
2 for small Intestine (SI) 

ISEG m I 

i 3 t o T u p p e r large intestine (ULI) 
4 for lower large intestine (LLI) 

LMAB(ISPEC,ISEG) - REAL absorption rate coefficient (day'1) of 
species ISPEC from GI segment ISEG. Computed and stored by 
subroutine DOSRUN, LMAB is defined by Eq. (1.37). 
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/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 (pm) and 
made available to subroutine STEP. 

/SPACT/ S(20,27,23) 
S(ISPEC,ITRG,ISOU) » dosimetric S-t«r.tor (rem/yCi-day) to 
convert tiCi-days residence of nuclide species ISPEC in source 
tissue ISOU 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 indicated. 

/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(l-*2), STB2(l-»-2), SGI - logical flags to 
indicate exhaustion of their respective feeder compartments: « 
N-P, T-Bi, P, Li,2, T-B2, and GI. When all feeder compart­
ments are exhausted (all flags set to .'...uE.) the integra­
tion 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), YULK20), YLLI(20), YORG(20,5,16) 
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YNP(ISPEC,IPATH) Y0RG(ISPEC.IC,ISOU-6) - microcuries in lungs 
(pathways <z, ..., I), GI tract, and other source organs. 

/CUMACT/ YNPV(20,2), Y1TBV(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), .... Y0RGW(ISPEC,IC,IS0U-6) - microcurie-days 

time-integrated activity in lungs (pathways a, ..., 1), Gl tract, 
and other source organs for the current integration subinterval. 

2.3 Subroutines 

The basic structure of the INREM II prograa 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: invoked 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 biological half-times. Also a tabulation 
of the S-factors for the specified source and target organs is 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-dices 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, D4, and D5 for a given particle size, AMAD 
(vim), for case ICASE, where intake is by inhalation. The fractions 
D3, Di,, and D5 correspond to the nasopharyngeal, tracheobronchial, and 
pulmonary regions, respectively. Functional relationships between 
particle diameter and these deposition fractions were deduced from 
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graphical information published in WASH-1400 (ref. 7, Fig. VI D-l). 
In each case the function is defined over a restricted range of AMAD: 
0.1 urn < AMAD < 20.0 ua. For particles outside this range, the boundary 
value of AMAD is substituted for the user's value, and a warning flag 
is provided to signal this condition in the output. Common blocks used 
are /RESDP/ .*£ '«1ERT/. 

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): invoked by the driving program to manage the integration 
of the differential equations used to estimate the uCi-days residence 
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 in the decay chain. The appropriate 
rate is determined by selecting the element of the intake rate P which 
corresponds to the value of T. Common blocks used are /CASES/, 
/HALGES/, and /NUMBRS/. 

GES(T,G): Invoked by STEP to define an array G of the ingestion intake 
rate for each species in the decay chain at time T, in tha Bane way as 
for HAL. Common blocks used are /CASES/, /HALGES/, and /NUMBRS/. 

MULCOMCT,N,LMR,LMB,C,NCOMP,BRANCH,P,A0,A,AW): invoked repeatedly by 
subroutine STEP to compute mlcrocuries A(I,K) and mlcrocurie-days 
AW(I,K) of the 1th radionuclide species cf a chain (1 < I < N) due to 
the Kth term of its fractional retention function. Species I is sub­
ject to radioactive decay rate LMR(I) (day - 1), and its fractional 
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retention kernel is assumed to have the form of Eq. (1.50), with the 
following notational correspondences: 

t T 

A i LMR(I) 

LMB(I.K) 

c i k C(I ,K) 

L i NCOMP(I) 

The initial content of species I in the organ and associated with the 
fith retention term is A0(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 common blocks are used. 

OUTPUT: invoked by the driving 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 fi (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 3, D 4, and D 5 ) , and the 
respiratory clearance class (D, W, or T) and Gl uptake fraction for 
each species in the chain. If special lung clearance parameters are 
specified, these will be printed next. This is followed by a tabula­
tion of the dose matrix over all source and target organs. When 
radioactive v^rgeny 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 organs. 
Common blocks are /NAMES/, /NUMBRS/, /DOSES/, and /CASES/. 

QflfflTS: 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 column 1 is encountered. 

« 
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C INREM II 
c 
C 
C PROGRAM AUTHORS.. 
c C <i. G. KILLiXIGH C HEALTH ANO SAFETY RESEARCH DIVISION C OAK RIOCE NATIONAL LABORATORY C OAK. RIDGE. TENNESSEE 37830 C C D. E. DUNNING* .*R* 
C HEALTH AND SAFETY RESEARCH D I V I S I O N 
C OAK RIOGE NATIONAL LABORATORY 
C OAK R 'OGE. TENNESSEE 3 7 6 3 0 
C 
C J . C . PLEASANT 
C DEPARTMENT OF MATHEMATICS 
C EAST TENNESSEE STATE U N I V E R S I T Y 
C JOHNSON C I T Y . TENNESSEE 3 7 6 0 1 
C c 

DOUBLE P R E C I S I O N NAMNUC.NAMSOU.XAMTRG 
LOGICAL O E F A U T . L A S T 
M E 4 . L M A . L M S . L P C . L M D . L M E . L r F . L M ^ . L M H . L M I 
COMMON / C A S t S / N C A S E S . M O D E I 6 1 . T E N D ! o ) . N I N T I 6 ) . T ( 6 . 3 0 ) . P ( 6 . 3 0 ) . 

S I S O L < 6 * 2 0 ) . A M A 0 < 6 ) . C E F A U T ( 6 ) . F L U N G ! 6 . 9 . 2 4 ) . T B L U N G I 6 . 9 . 2 ? ) . 
? . ~ U 6 « 2 < > ) . G I F R A C ( e , 2 0 * * > 

CUMMCN / R A O A T / T R ( 2 0 I , d R A N C H < 2 J , 2 0 1 
COMMON / N U M 6 R S / N S P E C . N S O U . N T R G 
COMMON / T G L M / L M A I 2 C ) . L M E I 2 0 ) »LMC( *1C I »LMO< 20 I * L * M 2 0 1 . 

» L 4 F ( 2 0 > . L M G ( 2 0 ) * L M t ' , ( 2 0 t . L M I < 2 3 ) . 
% F A t 2 0 ) . F B ( 2 3 I . F C I 2 0 ) . F D t 2 i > > . F £ ( 2 0 I . F F ( 2 0 > . F G ( 2 0 ) . F H ' 2 3 1 . F t < 2 0 » 

COMMON / T G L N O F / - O L M A O >.DLM!3 ( 3> . DLMCI 3 I . D L M D I 3 > .DLME t 3» . D L M F < 3 » . 
S 0 L M G ( J ) . D L M I - ( 3 > , D L M I < 3 ) . 
5 O F A ( 2 I . O F 8 ( 3 > . U F C ( 3 ) , D F D ( 3 ) , 0 F E < 3> . D F F I 3 1 , D F G ( 3 ) , 
* O F H I 3 I . O F H 3 1 

COMWON / O R G O A T / NCOMP(.->9 . 1 6 1 »CI 2 0 . 5 . 1 6 1 . T 3 C 2 0 . 5 . 16> , 
S F 2 P R I M « 2 0 , I 6 ) 
COMMON / D O S E S / D O S E ! 6 . 2 7 . 2 5 I 

C 
C SET LAST CARC I N D I C A T O R . 

L A S T = . F A L S E . 
C 
C CALL SU&ROUTINE SUWMRY TO P R I N T OUT A RESUME OF METHODS 
C AND ASSUMPTIONS. TOGETHER W I T H O t F A U L T PARAMETER VALUES 
C FOR THE LUNSS ANO C . I . TRACT* 

CALL SLMMNY 
C 
C USE ASSEMdLcfc SUBROUTINE PGMMSK TO SET PROGRAM MASK WHICH WILL 
C IGNORE UNDERFLOWS ANO LCSS OF S I G N I F I C A N C E * 

CALL PCMMSKt I t 1 * 0 . 0 ) 
C 
C THE FOLLOWING I T E R A T I O N ( I N D E X I P A R N T ) < I I READS DATA FOR 
C A PARENT R A D I O N U C L I D E AND I T S DAUGHTERS AND USER S P E C I F I C A T I O N S 
C FOR ONE OR MORE CASES ( A CASE C O N S I S T S OF C A L C U L A T I N G THE 
C DOSES RESULTING FRCM AN I N T A K E H I S T O R Y OF THE P A R E N T . E I T H E R 
C UY I N H A L A T I O N OR I N G E S T I O N ) . ( 2 ) Q U I N T S OUT THE P H Y S I C A L AND 
C ^ T A d O L I C CATA, AISC ( 3 ) PERFORMS THE DOSE I N T E G R A T I O N AND 
C P R I N T S OUT THE CASE I N F O R M A T I O N ANO I'HE R E S U L T S . 
c 
C * * * E X I T FROM THE IPARNT LOOP OCCURS WHEN SUBROUTINE INPUT DETECTS 
C THE E N C - O F - F I L E AND RETURNS L A S T * . T R U E . 
C 

DO IOC I P A H N T * ! . 1 0 0 0 0 c C CALL SUUROLTINE INPUT TC RE*B CATA ANO CASES FOR THE NEXT CHAIN. CALL INPUT(LAST) IF(LAST) GO TO 200 C C INVOKE SUBROUTINE CUTOAT TC PRINT PHYSICAL ANO METABOLIC OATA C FOR ThE CHAIN. CALL OUTDAT C 
C CONVERT R A C I O A C T I V E H A L F - L I V E S TO DECAY RATE C O E F F I C I E N T S ANO 
C CONVERT B I O L O G I C A L t - A L F - T l M E S TO REMOVAL C C E F F I C I E N T S ( l / O A Y S ) . . 

0 0 I C I S P E C ' l . N S P E C 
I F I T W I I S P E O . G T . f . 5 ) T R l J S P E C ) = 0 . 6 9 3 1 * 7 2 / T R < I SPEC) 
N S » N S 0 U - 6 
IFINS.EO.9) GO TC 10 
00 10 IS*I .NS 

N C « N C O M P < I S P E C , I S ) 
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CO 10 I C = I . N C 
T E M P = T E t I S P £ C * t C . I S l 
IFCTEMP , G T . 3 . 0 ) T 8 U S P E C . I C . I S ) = . J . 6 9 3 1 4 7 2 / T E M P 

10 C O N T I N U E 
C 
C THE F . .LLCWING LOOP HAf.OLES Tt-E SEVERAL C A S E S . 

OO 7C I C A S E ^ l . N C A S E S 
C 
C D E T E R M I N E HHETHER T M S I S AN I N H A L A T I O N C A S E . 

I F ( N O O E ( I C A S E ) . N E . 1 ) GC TO 6 0 

C I N H A L A T I O N C A S E . 

C 
C THE FOLLOWING LOOP INDEXEC BY ISPEC MOVES TO COMMON 
C BLOCK / T C L M / THE APPROPRIATE LUNG PARAMETERS FOR 
C THE CURRENT C A S E . •MERE SUBROUTINE O I F F U N W I L L O B T A I N 
C T H E M . I N THE DEFAULT C A S E . ARRAY I SOL C O N T A I N S 
C COJES FOR THE S O L U B I L I T I E S ( D . W . Y ) . ANO THE PARAMETERS 
C M I L L OB TAKEN FROM COMMON BLCCK / T G L M O F / . WHERE THEY 
C »ERE I N I T I A L I Z E D I N A BLOCK DATA S U B R O U T I N E . I N THE 
C NON-DEFAULT C A S E . THE USER HAS S U P P L I E D PARAMETERS. 
C ANO THESE M E I N THE ARRAYS TBLONG ( H A L F - T I M E S I N DAYS) 
C ANO F L U N G . F I R S T . HALF T I M E S ARE CONVERTED TO REMOVAL C O E F F I C I E N T S . 

DO 5 0 I S P E C - l . N S P E C 
I F t I S O L I I C A S E . I S P E C ) . L T . A ) GO TO 4 0 
CO 2 0 I P A T H s l . 9 

IFCT8LUNGC I C A S E . I P A T » - . ISPEC ) . G T . 0 . 0 ) 
i T B L U f t G t I C A S E . I P A T H . I S P E C > = 0 . 6 9 3 1 4 7 2 
S / T 8 L U N G ( I C A S E . I P A T H . I SPEC) 

2 ) CONTINUE 
C MOVE LUNG PARAMETERS TO COMMON bLOCK / T G L M / . . 
C NON-DEFAULT C A S E . . 

LMA( I S P E C >=TBLUKG( I C A S E . 1 . I SPEC) 
F A ( I S P E C ) = F L U N G ( I C A S E . 1 . I S P E C ) 
L M e ( I S P E C > = T B L U N G ( ICASE . 2 . I SPEC) 
F 3 < I S P E C ) - F L U N G ( I C A S E . 2 . I S P E C ) 
L M C ( I S P E C ) s T B L U N G ( I C A S E . 3 . I S P E C ) 
F C C I S P E C > - F L U N G ( I C A S E . 3 . I SPEC) 
L M D I I S P E C > = T B L U N G ( I C A S E . 4 . I SPEC) 
F D ( I S P E C ) = F L U N G ( I C A S E . 4 . I S P E C ) 
L M E < I S P £ C ) = T B L U N G < I C A S E . S . t S P E C ) 
F E ( I S P E C ) - F L U N G ( I C A S E . 5 . I S P E C ) 
LMF( I S P E C ) = T B L U N G I I C A S E . 6 . 1 SPEC) 
F F < I S P E C ) = F L U N 6 ( I C A S E . £ • I S P E C ) 
LMG« I S P E O s T B L U N G t I C A S E . 7 . I SPEC) 
F G ( I S P E C ) = F L U N G ( I C A S E . 7 . I S P E C ) 
L M H ( I S P E C ) s T B L U N C ( I C A S E . 8 . I SPEC) 
F H ( I S P E C ) = F L U N G ( I C A S E . 8 . I S P E C ) 
L M K I S P E C ) = T B L U N G ( I C A S E . 9 . I S P E C ) 
F I ( I S P E C ) * F L U K G < I C A S E . 9 . I S P E C ) 

C 
C BRANCH AROUND DEFAULT C A S E . 

GC TO SO 
C 
C MOVE LUNG PARAMETERS T O COMMON BLOC* / T G L M / . . 
C DEFAULT C A S E . . 

4 0 C O M INUE 
1 S = 1 S D L ( I C A S E . I S P E C ) 
L M A ( I S P E C ) * D L M A ( I S ) 
F A C I S P E C ) » D F A ( I S ) 
LM8< ISPEC)=Ol . l »B ( I S ) 
F B I I S P E O x O F Q t I S ) 
L M C ( I S P E C ) = O L M C ( I S ) 
F C ( I S P E C ) » D F C ( I S ) 
L' O I I S P E C ) * O L M O ( I S ) 
F l ( ' S P E C » * D F D < I S ) 
LMfc< ISPEC)~DLME< I S ) 
F £ ( I S P E C ) * 9 F E ( I S ) 
LMF<ISPEO°OLNF( I S ) 
F F ( I S P E C ) * O F F ( I S ) 
LMG( ISPEC>«DLMG(:S> 
FG(ISPEC)«OFG<IS) 
L M ^ ( I S P E O « D L M H < I S ) 
F*< I S P E C ) * O F H U S > 
L M I ( I S P E C I ' O C M I ( I S ) 
F I { I S P E C ) * D F I ( I S ) 

SO CO NT INUE 
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c 
C CALL INTERPOLATION SUBROUTINE INTP TO COMPUTE LUNG DEPOSITION 
C FRACTIONS C3 .D4 .0S IN /RESOP/ FROM AMAO(ICASE). 

55 CALL INTPIAMAOtICASE».ICASE> 
c 
C END INHALATION CASE. -

69 COM INUE C 
C INVOKE SUBROUTINE COSRUN TC PERFORM OOSE CALCULATIONS FOR 
C T H l i CASE. THE OOSE TO TARGET ORGAN ITRC FROM SOURCE ORGAN 
C ISOU MILL EE STORED IN DOSECICASE.ITRG.I SOLI (REMSI . 
C FOR ISOU=NSOU+l. THE DOSES RESULT F3QM THE 'REST OF BODY* 
C COMPARTMENT. DOSE(ICASE.ITRG.KSCU*2) I S THE TOTAL DGSc TO 
C TARGET ITRG. 

CALL DOSftUN!ICASE) 
C 
C END ICASE LOOP. 

70 CONTINUE 
C 
C USE SUBROUTINE OUTAJ." TC PRINT OUT CASE INFORMATION A NO 
C RESULTS. 

CALL OUTPUT 
C 
C LOOK FOR COMMENTS AFTER NUCLIDE DATA GROUP. I F THERE 
C ARE ANT. PRINT T H E * . A CARO WITH '*• IN COLUMN 1 ENDS 
C THE DATA C k J i r n . J S COMMENTS. 

CALL CMMNTS 
C C END OF IPARNT LOOP. 100 CONTINUE 
C END OF INREM II. 

200 STOP 
END 
BLOCK CATA C C THE FOLLOWING QUANTITIES ARE MASSES ^Gl OF THE 

c 
C SOURCE ORGANS.. LUNGS. RES. LYMPH, S CONT. SI CONT. C ULI CONT. AND LLI CONT C C TARGET ORGANS.. LUNGS. RES. LYMPH, S WALL. SI WALL* C ULI WALL. AND LLI WALL C 

COMMON /MASSES/ SMASSI24) .TMASSI27I 
OATA SMASS/1000 . . 1 3 . * 2 5 0 . . 4 0 0 . . 2 2 0 . . 1 3 5 . . 1 8 * 0 . 0 / . 

* TMASS/1000 . . I S . . I S O . , 6 4 0 . . 2 1 0 . . 1 6 0 . . 2 1 * 0 . 0 / 
C 
C THE NAMES OF THESE SPECIAL SOURCE AND TARGET TISSUES ARE 
C I N I T I A L I Z E D <4EXT. 
C 

DOUBLE PRECISION NAMNU..NAMSOU.NAMTRG 
COMMON /NAMES/ NAMNUC ( 2 0 ) .NAMSOUI 2 4 ) ,NAMTRG« 2 7 ) 
DATA NAMSOU/8HLUNGS » 6HRES LYM , 8HS CONT . 

% SHSI CONT , 8HULI CONT. eHLLI CONT,18*8H / . 
S NANTRG/SHLUNGS . 8HRES LYM . 8HS WALL • 
* SHSI WALL * SHULI WALL, eHLLI WALL.21 « H / 

c 
C THE FOLLOWING QUANTITIES LMGI ARE TURNOVER RATES FOR THE 
C G. I . TRACT SEGMENTS S . S I . U L I . L L I . THEY ARE BASED ON 
C THE DOLPHIN AND EVE TRANSIT TIMES (HEALTH PHYS. 1 2 * P P . 163 -172 
C 1 1 9 6 6 ) ) . IN ITS ARE RECIPROCAL DAYS, 
C 

REAL LMGI.LMAB 
COMMON / G I / L M G I ( 4 ) . L M A B f 2 0 . 4 ) 
DATA L M G I / 2 4 . . 6 . , 1 . 8 4 6 1 3 4 . ! • / 

C 
C NEXT ARE CEFAULT OATA FOR THE TASK GROUP LUNG MODEL. 
C THE QUANTITIES LMA-CMI (RECIPROCAL DAYS) ARE CLEARANCE 
C COEFFICIENTS FOR THE PATHWAYS A - I . F A - F I ARE DEPOSITION 
C FRACTIONS ASSOCIATED WITH THESE PATHWAYS. THE INDEXING 
C CORRESPONDS TO 0 * 1 • W»2» Y « 3 . THESE VALUES ARE USED WHEN 
C DEFAULT I S SPECIF IEO. 
C 

REAL LMA.LMB.LMC.LMO.LMC.LMF.LMG.LMH.LMI 
COMMON /TGLMDF/ LMA<3> ,LMB(3 ).LMC( 3 ) .LMO( 3 ) .LME( 3 ) . L M F O ) . 

* LM«<3).LMH(3).LMI(3). 
* F A ( 3 ) . F B ( 3 ) . F C ( 3 ) . F D ( 3 ) . F E ( 3 ) . F F ( 3 ) . F C ( 3 ) . F H ( 3 ) . F I ( 3 ) 
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OAT'- „_*A. '3*69. 2 1 * 7 2 / . 
F A / C . S . 0 . 1 . 0 . 0 1 / . 
L M S / 6 9 . 3 1 4 7 2 . 2 * 1 . 7 3 2 6 e E / . 
F 1 / 0 . 5 . 0 . 9 . 0 . 9 9 / . 
L«C/3*<>9. 3 1 4 7 2 / . 
F C / 0 . 9 5 . 0 . 5 . 3 . 0 1 / . 
L M D / 2 * 3 . 4 6 5 7 2 6 / . 
F O / O . J 3 . 0 . 5 . 3 . 9 9 / . 
L M E / 1 . 3 8 6 2 9 * . 1 . 3 8 6 2 9 * E - 2 . 1 . 3 S 6 2 9 4 E - 3 / . 
F f c / 0 . 8 . J . 1 5 . 0 . 0 5 / . 
UMF/O.O. 2 * 3 . 6 9 3 1 * 7 2 / . 
F F / O . J . 2 * 0 . 4 / . 
L M O / 0 . 3 . 1 . 3 e t 2 9 * E - 2 . 1 . 3 4 6 2 9 * E - 3 / . 
F G / 0 . 3 . 2 * 0 . 4 / . 
1 .MH/1 .386294 . 1 . 3 6 6 2 9 4 E - 2 . 1 . 3 8 6 2 9 4 E - 3 / . 
F H / 0 . 2 . 0 . O S . 0 . 1 5 / . 
L M 1 / 1 . 3 8 6 2 9 4 . 1 . 3 B 6 2 9 4 E - 2 . 6 . 9 3 1 4 T 2 E - 4 / . 
F I / 2 * 1 . 0 . 0 . 9 / 

ENO 

SUBROUTINE SUMMRV 
MRITECe.lOC) 

ICO FOrtMATI*1*. 'SUBROUTINE SLMMRY I DUMMY VERSION)* ) 
AETURN 
ENO 

SUBROUTINE INPUT(LAST) 
OOUaLE PRECISION NAMNUC.KAMSOU.NAMTRS.NTOTAL.NAMExC 
LOGICAL CEFAUT.LAST.EXFLAG 
OIMENSIOK 0 U M N V < 3 ) . F 2 P E X ( 2 0 > . C E X t 2 0 . 5 ) . T B E X I 2 0 .S) .NCOEXC20) 
COMMON /RADAT/ TR1201.BRANCH!20.2?) 
COMMON /ORGOAT/ N C O M P f 2 0 . 1 < » . C I 2 0 . S . 1 6 1 * T 8 C 2 0 . S . 1 6 ) • 

i F2PRIMC20 .16 ) 
COMMON /NAMES/ NAMNUCI20 > *NAMSOU< 24 ) .NAMTRGI27) 
COMMCN /MASSES/ SMASS124).TNASSf27) 
COMMON /NUMBRS/ NSPEC.NSCU.NTRC 
COMMON / S F A C T / S C 2 0 . 2 7 . 2 3 ) 
COMMON /CASES/ N C A S E S . M O D E ! 6 ) . T E N D I 6 ) . N I N T I 6 ) . T | 6 . 3 0 I .PC 6 . 3 0 ) . 

I I S O L ( 6 . 2 0 ) . A M A D t 6 ) . D E F A U T ( 6 ) . F L U N G < 6 . 9 . 2 0 ) . T B L U N G f 6 . 9 . 2 0 ) . 
5 F 1 ( 6 * 2 0 ) . G I F R A C < 6 . 2 0 . 4 ) 
COMMON /TVME/ TSTEPI6 I 

c INPUT CHANNEL 
OATA lt>. / 5 / 
CATA NTOTAL/8I-TOTAL / 
OATA NAMEXC/8HEXCRET. / 

C READ NUMBER OF NUCLIDES IN ThE CHAIN. AND FOR EACH THE NAME 
C AND PHYSICAL HALF-LIFE CDAVS). 

HEAOCIK.lOOO.EfcDzSO) NSPEC.tNAMNUCIISPEC).TRCISPEC)• 
S ISPEC* l .NSPEC) 

C I N I T I A L I Z E MATRIX CF BRANCHING RATIOS TO ZERO. 
DO 10 ISPEC' l .NSPEC 

OO 10 JSPEC*l.NSPEC 
BRANCH! I SPEC. JSPEC)* C O 

10 CONTINUE 
1FINSPEC * E 0 . 1) GO TO 20 

C 
C READ THE NUMBER NBR OF NON-ZERO BRANCHING RATIOS TO FOLLOW. 

REAOON. 1010) KBR 
DO 15 K*1.NBR 

R E A C I I N . 1 0 2 0 ) JSPEC. ISPEC. BRANCH! I SPEC* JSPEC) 
15 CONTINUE 

C 
C READ NUMBER NS OF SOURCE ORGANS OTHER THAN LUNGS* RES* LYMPH* 
C S CONT. S I CONT. ULI CONT. AKO L L l CONT* TOTAL BODY fABSORBED) MUST 
C BE THE FIRST OF THESE AND OTHER MUST BE THE LAST. 
C THEN REAO THE NAMES AND MASSES ( C) OF EACH. 
C THE CHARACTERS I N CARO COLUMNS 11 -22 ARE READ INTO THE ARRAY 
C DUMMY. I F THESE ARE NON-BLANK. A PROMPT EXCRETION FUNCTION 
C IS ASSUMED TO BE INCLUOED FOR EACH SPECtES BUT NOT COUNTEO I N THE 
C INOICATEO NUMBER OF SOURCE ORGANS. 

20 CONTINUE 
READ* IN*1030) NS.DUMMY.INANSOU!ISOU+6).SMASSfISOU+6). ISOU-1*NS> 
EXFLAG*.FALSE* 
IF<ICOMPAfOUMMV,12H . 1 2 ) *NE* 0 1 EXFLAG*.TRUC* 

C 
C ME SO NUMBER NT OF TARGET ORGANS OTHER THAN LUNGS* RES. LYMPH* 
C S * A L L . Si MALL* UL I MALL* AHO L L l WALL. TOTAL BODY MUST BC 
C THE FIRST OF THESE. THEN REAO THE NAMES AND MASSES ! G > . 

R E A D ! I N . 1 0 3 0 ) * T , D U M M Y . ! N A M T R G ! I T R G * 6 ) . T M A S S I I T R G * 6 ) • I T R 6 * I . N T ) 
NSOU*N*>6 



69 

N T R G = N T » 6 
NSOU1=NSOU»1 
KAMSOUCNSOU1>=NTOTAL 

C 
C FOR EACH S P E C I E S I N THE C H A I N . READ S-FACTORS ASJ METABOLIC 
C DATA FOR ORGANS OTHER THAN R E S P I R A T O R Y . 

OO 4 0 I S P E C = 1 . N S P E C 
C 
C FOR EACH SCURCE ORGAN (OTHER Tl-AN RESPIRATORY OR G . I . TRACT* 
C READ 1 1 1 F R A C T I O N A L TRANSFER F 2 - P R I M E FROM B L 3 0 0 TO T H t 2RGAF'. AND 
C ( 2 1 NUMBER OF E X P O N E N T I A L COMPARTMENTS. AND FCR EACH A 
C FRACTIONAL D E P O S I T I O N C O E F F I C I E N T ANO A t i l U L O G I C A L H A L F - T I M E 
C ( O A Y S ) . 

OO 30 ISOUsl.NS 
REACH I N , 1 3 5 3 ) F 2 P R I M ( I SPEC . I S O U ) . N C . ( C ( I SPEC . I C . I S O O I . 

S T S d S P E C . I C . I S O U l . I C * 1 . N C ) 
N C C M P ( I S P E C . I S C U I ' N C 

I F ( I SOU . E O . 1 . A N O . E X F L A G I 
* R E A O d N . I C S O I F 2 P E X ( I SPEC) . N C . ( C E X ( I S P E C . I C 1 . 
S T d E X d S P E C . I C i . I C = l . N C ) 

I F ( I SOU . E Q . I . A N D . E X F L A G I NCOEXI I S P E C »*NC 
C THE T B O PRECEEOING STATEMENTS READ DATA FOR PROMPT E X C R E T I O N F U N C T I O N S 
C WHEN THESE ARE P R E S E N T . SUCH DATA ARE I N S E R T E D I N THE DECK 
C I M M E D I A T E L Y AFTER THE TOTAL BODY (ABSORBED) R E T E N T I O N F U N C T I O N S 
C I N T h E SAME FORMAT. 

JO CUNT INUE 
C 
C READ M A T R I X OF S - F A C T O R S FOR THE CURRENT SOURCES ANO T A R G E T S . 
C REQUIRED I N D E X I N G FOR S P E C I A L ORGANS I S SHOMN B E L O M . . 
C 
C INDEX SCURCE INDEX TARGET 
C 1 LUNGS I LUNGS 
C 2 RES LYM 2 RES LYM 
C 3 S COMT 3 S WALL 
C 4 S I CONT A S I »ALL 
C 5 U L I CONT 5 U L I MALL 
C 6 L L I CONT 6 L L I BALL 
C 7 TCT BODY 7 TCT BODY 
C NSOU+1 OTHER 

DO 3 5 I T R G * 1 . N 1 R G 
REAO( I N . 1 0 4 0 M S I I S P E C . I T R G . I SOUI . I S O U = I . N S O U ) 

3 5 CONTINUE 
C 
C END OF I S P E C L O O P . 

4 0 CONTINUE 
I F I . N C T . E X F L A G ) GO TO 52CC 

C 
C THE FOLLOWING BLOCK OF STAEMENTS ( W I T H NUMBERS ( N S 0 9 0 S I I S 
C EXECUTED I F ANO ONLY I F PROMPT EXCRETION DATA HAVE BEEN READ I N . 
C THESE STATEMENTS REARRANGE THE ARRAYS SO THAT THE E X C R E T I O N 
C FUNCTIONS H I L L BE C I S P L A Y E D BEFORE THE ORGAN R E T E N T I O N FUNCTIONS 
C (SOURCE INDEX 8 ) . S - F A C T O R S FOR TOTAL BOOY AS SOURCE ARE USED 
C FOR THESE EXCRETION F U N C T I O N S . 

K V . 3 0 U ( N S O U * 2 ) * N A M S C U ( N S C U * l I 
I F ( N S . E O . 1 ) CO TO 5 0 3 5 
DO S 0 3 C I S * 2 . N S 

K * N S - ( S * 2 
NAMSCJ < K * 7 ) » K A M S 0 U ( K » 6 ) 
S < 4 A S S ( K * 7 » s S I ' A S S ( K > 6 I 
0 0 5 0 2 0 I S P E C * ! . N S P E C 

F 2 P R I M ( I S P E C . K « I » « F 2 P R I M ( I S P E C * K I 
N C C M F ( I S P E C . K * l ) s N C O M P ( I S P E C . K ) 
N C * N C C M P ( I S P E C . K ) 
DO 5 0 I S I C * 1 . N C 

C ( I S P E C . I C . K * 1 ) = C ( I S P E C . I C . K ) 
T 8 ( I S P E C * I C . K + 1 I « T B ( I S P E C . I C . K ) 

5 0 1 5 C O N T I N U E 
5 0 2 0 COKT INUE 
5 0 3 0 CONTINUE 
5 0 3 5 CONTINUE 

DO 5 0 6 0 I S * S . N S 0 U 
X * N S C U - I S * 8 
0 0 5 0 5 0 I S P E C * ! . N S P E C 

0 0 5 4 4 0 I T R G « l . N T R G 
S ( I S P £ C » I T R G » K * I ) * S ( I S P E C . I T R G . K ) 

5 0 4 0 CONTINUE 
5 0 5 0 CONTINUE 
5 0 6 0 CONTINUE 

KAMSOU(S)«NAMEXC 
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OO 5110 ISPEC=1.NSPEC 
F«iPR IM<ISPEC. i )=F2PEX( I "-''EC) 
NCCMFI I SPEC.2) = NCCEX< ISPEC) 
N C = N O ) « P ( I S P E C 2 ) 
DO 5070 I C = I . N C 

C ( I S P E C . I C . 2 ) = C E X ( I S P E C . I C > 
TBUSPEC. I C . 2 ) = T 6 E * ( I S P E C , I C ) 

5070 CONT INUE 
00 5040 ITHG*1.NTRG 

S ( I S P e C . I T H G . 3 l = S ( I S P E C . I T R G . 7 l 
5080 CONTINUE 
S1C0 CONTINUE 

NS=NS+I 
NSOU-NSOU*! 
NSOUlsNSOUl+1 

c 
C END OF SPECIAL SECTION FOR PROMPT EXCRETION. 

5200 CONTINUE 
C 
C READ COvTRCL INFORMATION. FIRST THE NUMBER OF CASES. THEN FOR 
C EACH CASE ( I I THE EXPOSURE MCOE (G FOR INGESTION. H FOR INHALATICNI . 
C ( 2 ) THE TIME (OAYSI FOR ENDING INTEGRATION. ( 3 1 THE INTAKE RATE 
C FUNCTION (MICROCURIES/OAVI. AND ( 4 1 OTHER INFORMATION SPECIF IC TC 
C IHE MODE OF INTAKE. 

REACdN, 1C10I NCASES 
OO 70 ICASE=1.NCASES 

R 6 A 0 C I N . 1 0 6 0 ) MOCE(ICASE),TENO(ICASE».TSTEPCICASEI 
IF (TSTEP((CASE) . E O . 0 . 0 ) T S T E P f I C A S E ) = l 8 2 5 . 0 
I F ( IC0MPA(MOCE( ICASE) . I H H . 1 ) . E O . 0 ) GO TO 41 

MOCE(ICASE1=2 
GO TO 42 

41 MO0£( ICAS£>-1 
42 CONTINUE 

c 
C READ NUMBER UF TIME INTERVALS FOR INTAKE FUNCTION. THEN FOR 
C EACH INTERVAL READ THE LEFT ENDPOINT (DAYS) AND THE INTAKE 
C RATE (MICROCURIES/CAY) DURING THAT INTERVAL. THE FIRST TIME 
C SHOULD BE ZERO. THE ENOPOINT OF THE LAST INTERVAL I S THE 
C END OF THE INTEGRATION INTERVAL. 

REACH [ H . 1 0 9 0 I N I . ( T ( I C A S E . I N T ) . P C ( C A S E . I N T I . I N T = 1 . N I > 
N I N T ( I C A S E ) = N I 

C C IF EXPOSURE MODE IS INGESTION. BRANCH AROUND LUNG PARAMETER C INPUTS. IF(MC0E(ICASE) .EO. 2) CO TO 66 C 
C INPUT INHALATION PARAMETERS.. 
C 
C READ PARTICLE SIZE (MICROMETERS). 

R E A O f I N . 1 0 4 0 ) AMAC(ICASE) 
C 
C DETERMINATION OF LUNG CLEARANCE PARAMETERS AND G. I . UPTAKE 
C FRACTIONS. FOR EACH SPECIES. A LITERAL FLAG I S READ INTO 
C 1SOL. I F IT IS * D « . • • • • OR ' V , THE APPROPRIATE DEFAULT 
C LUNG PARAMETERS ARE USED FOR THE SPECIES. OTHERWISE, SPECIAL 
C PARAMETERS FJR THE LUNG ARE REAO. THE FLAG VALUES ARE STORED 
C IN ARRAY I SOL AS FOLLOWS.. 
C 
C I S O L d C A S E . ISPEC) s 1 FOR *0 • 
C s 2 FOR • » • 
C = 3 FOR «V» 
C ~ 4 FOR 'SPECIAL CASE' 
C 

DO 60 ISPECM.NSPEC 
KEAO(IN. lOaO) I SOL(I CASE.ISPEC) 

c 
C CONVERT LITERAL TO NUMERIC CCDE. 

IF< IC0MPA< ISOL( I C A S E . I S P E C ) . I : 0 . t > . E O . 0 ) 
S GO TO 45 

I F ( I C 0 M P A ( I S O L ( I C A S E . I S P E C ) . I H » . l ) . E O . 0 ) 
* GO TO 46 

I F ( I C 0 M P A ( I S O L ( I C A S E . I S P E C ) . I H Y . I ) . E O . 01 
S GO TO 47 

C OTHERWISE.. 
60 TO 4 8 

45 ISOLdCASE. I SPEC)* 1 
CO TO 5 0 

46 I S O L ( I C A S E . I S P E C ) - 2 
GO TO 5 0 

47 I S O L d C A S E . I S P £ C ) * 3 
CO TO SO 
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A 3 ISOL( I C A S E . ( S P E C > = 4 
SC C O N T I N U E 

C 
C I F S P E C I A L LUNG PARAMETERS ARE TCI Be R E A D * READ T H E M . 

I F ( I S O L < I C A S E . I S P E C ) . L T . A ) GO TO 5 5 
K E A O ( I N . 1 0 4 0 I ( T B L U K G ( I C A S E . I P A T H . I S P E C I . 

» F L U N G ( r C A S E * I P A T H . I S P E C ) * I P A T H = l * 9 l 
C 
C REAO G . I . UPTAKE F R A C T I O N F t . 

5 5 COM- I N U E 
R E A D ! I N . 1 0 4 0 1 F t ( I C A S E . I S P E C ) . ( G I F R A C I I C A S E . I S P E C . I S E G I . 

S I S E G = 1 . 4 ) 
OO S 6 I S E G * 1 . 4 

I F I G I F R A C d C A S E . I S P E C . I S E G ) . N £ . 0 . 0 1 GO TO 6 0 
5 6 C O N T I N U E 

C I F R A C I I C A S E . I S P E C . 2 ) = F I ( I C A S E . I S P E C ) 
6 4 C O N T I N U E 

C 
C ENO OF INPUT FOR I N H A L A T I O N C A S E . BRANCH AROUND 
C INGEST I O N - C A S E I N P U T S . TO ENC CF I C A S E L O O P . 

GO TO 7 0 
C 
C REAO G . I . UPTAKE F R A C T I O N S F l FCR I N G E S T I O N C A S E . 

6 6 DO 6 9 I S P E C = l . N S P E C 
R E A D ! I N . 1 0 4 0 1 F I ( I C A S E . I S P E C I . ( G I F R A C I I C A S E . I S P E C . I S E G I . 

S I S E G * I . 4 > 
OO 6 7 I S E G ^ l . 4 IF(GIFRACIICASE.ISPEC.ISEGI .NE. O.O) GO TO 69 

6 7 C O N T I N U E 
G I F R A C M C A S E . ( S P E C . 2 > = F 1 ( I C A S E . I S P E C I 

6 9 C O N T I N U E 
C 
C ENO OF (CASE L O O P . 

7 0 CONTINUE 
RETURN 

C 
C S I G N A L E X I T I N CASE E N D - O F - F I L E CARD I S OETECTEO BY F I R S T REAO 
C S T A T E M E N T . BO LASTs.TRUE. RETURN C C FORMAT STATEMENTS.. 1000 FORMAT(I2/(AS.2X*E10.0II 

1 0 1 0 F O R N A T U 2 I 
1 0 2 0 F O R M A T I 2 I 2 . E 1 0 . 0 I 
1 0 3 0 F O R M A T ( I 2 . 0 X . 3 A 4 / ( 4 ( A S . 2 X . E 1 0 . 0 ) > ) 
1 0 4 0 F O R M A T ( S E I O . O ) 
1 0 5 0 F O R N A T ( E 1 0 . 0 . I 2 / ( 8 E 1 0 . C I I 
lOBO F O R M A T ( A 2 . 2 E 1 0 . 0 1 
1 0 9 0 F O R M A T ( I 2 / ( S E 1 0 . 0 t l 
1 1 0 0 F O R M A T I 2 0 A 2 I 

ENO 

S U B R O U T I N E OUTCAT 
C P R I N T S THE FOLLOWING I N P U T O A T A : 
C ( 1 ) P H Y S I C A L ANO METABOLIC PARAMETERS FOR D O S I M E T R I C A L L Y S I G N I F I C A N T 
C PROGENY FOR THE G I V E N N U C L I D E 
C ( 2 1 S FACTORS FOR ALL SOURCE AND TARGET ORGANS FOR EACH S P E C I E S I N 
C THE N U C L I D E C H A I N 

INTEGER OUT 
DOUBLE P R E C I S I O N NAMNUC.N4MS0U.NAMTRG 
COMMON / R A O A T / T R ( 2 0 1 . B R A N C H ( 2 0 . 2 0 1 
COMMON / O R G O A T / N C O N P I 2 0 . 1 E ) . C ( 2 0 . S . 1 6 ) . T C ( 2 0 . 5 . 1 6 ) . 

S F 2 P R I M I 2 0 . 1 6 ) 
COMMON / N A M E S / N A M N U C I 2 0 I . N A M S O U I 2 4 1 , N A M T R G ( 2 7 ) 
COMMON / NUMBRS/ N S P E C . N S O U . N T R G 
COMMON / S F A C T / S ( 2 0 . 2 7 . 2 2 ) 

C OUTPUT CHANNEL 
DATA OCT / 6 / 

C 
C P R I N T H E A O I N G 

• R I T E ( O U T . 2 0 0 0 I N A N N U C I 1 ) 
C FOR EACH N U C L I O C I N THE C H A I N . P R I N T I T S NAME ANO R A D I O A C T I V E H L F -
C L I F E 

OO 1 0 0 I S P E C - l . N S P E C 
190 W R I T * ( O U T . 2 0 1 0 ) N A M N U C I ( S P E C ) . T R ( I S P E C ) 

I F ( N S P E C . E O . l ) GO TO 1 1 0 
C 
C P R I N T HEAOING FOR BRANCHING R A T I O S 

• R I T E ( O U T . 2 0 2 0 ) 
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c 
C PRINT NONZERO BRANCHING RATICS 

DO 110 JSPEC-l .NSPFC 
DO 110 ISPECsl.NSPEC 
IF <ERANCH< I S P E C . J S P E O . K E . O . J I 

2 WRITE ( O U T , 2 0 3 0 ) NAMNUC( JSPEC) .NANNUCdSPECI . 
S ERANCHdSFEC.JSPECt 

110 CONTINUE 
c 
C PRINT HEAOING FOR BLOOD TRANSFER FRACTIONS. COMPARTMENT DEPOSIT1CN 
C FRACTIONS. ANO COMPARTMENT BIOLOGICAL HALF-TIMES. 

•R ITE (OUT.20401 
C 
C FOR EACH SOURCE ORGAN AND FOR EACH NUCLIDE IN THE CHAIN . 
C PRINT BLOOC TRANSFER FRACTIONS. COWPARTMENTAL DEPOSITION FRACTIONS, 
C ANO CCMPAKTMENTAL eiOLOGICAL HALF-TIMES. 

NS=NS0U-6 
OC 120 I S O V 1 . K S 
•K ITE O U T . 2 0 S 0 ) NAMSOUf I S Q U « 6 ) . N A N N U C ( D . F 2 P R I M ! ! • i S O U l • 

S CI 1 . 1 . ISOUI .TB! 1 . 1 . IS0l<» 
NCOMsNCOMP!I•ISOUI 
IF ( K C C M . E Q . l l GO TO 121 
DO 122 I C 2 . N C C M 

122 WRITE (OUT .2060* C C I . I C . I S C U 1 . T B I 1 . 1 C . I S O U l 
121 I f f N S P E C . E O . i l GO TO 120 

DO 123 ISPEC2.NSPEC 
•R ITE COUT.20701 NAMNOCIISPECI.F2PRIMCI S P E C . I S O U l . 

S C ( I S P C C . I . I S C U ) . T B ( I S P E C . l . I S O U ) 
NCOMPAxNCOMPIISPEC.ISCUI 
I F (NCOMPA.EQ. i l GO TO 123 
DO 124 ICOM*2.NCOMPA 

124 «RITE COUT.2080) C I I S P E C . I C O N . I S O U ) . T B I ISPEC. ICON. ISOUl 
123 CONTINUE 
120 CONTINUE 

c 
C PRINT S FACTORS FOR ALL SOURCES. TARGETS. AND NUCLIDES I N THE CHAIN 
C 

00 130 ISPEC' l .NSPEC 
IF IRST«1 
L A S T ' I I 
IF INSCU . L T . LAST I LA ST-NSOU 
ISPECl^ISPEC 
CALL PRINTS! IF IRST .LAST. ISPEC1» 
IF (LAST . E O . NSOU) GO TO 130 
IF IRST=12 
LAST*21 
I F (NSOU . L T . LAST1 LAST*NS0U 
CALL P R I N T S ! I F I R S T . L A S T . I S P E C I I 
IF (LAST . E O . NSOUI GO TO 130 
IFIt4ST«22 
LAST«24 
IF (NSOU . L T . LAST! LAST'NSOU 
CALL P R I N T S ! I F I R S T . L A S T . I S P E C I > 

130 CONTINUE 
C 

RETURN 
C rORMAT STATEMENTS 
C 

2000 FORMAT ( • |R 4010NUCL IDE: ' . A 8 / * * . 1 3 0 ! * - * I / * PHYSICAL ANO NETABOLI*. 
V *C PARAMETERS FOR DOSIMETRICALLY SIGNIFICANT PROGENY: • / / • * . 
t T 1 5 . ' R A D I O A C T I V E * / * • . T i t . ' H A L F - L I F E * / • N U C L I D E * . T I T . 
% * ( C A Y S » * I 

2010 FORMATI* * . A S . T 1 S . 1 P G 1 0 . 4 » 
2020 FORMAT I'OBRANCKING R A T I O S : * . T 2 1 . * r R O N * » T 3 I » * T O * , T 4 1 • 

% 'FRACTION' ) 
2030 FORMAT ( • • . T 2 1 . A C T 3 1 . A 8 . T 4 0 . 1PG10.4) 
2040 F 0 R M * T ( ' 0 ' . T 2 5 . ' B ' . 0 0 0 ' . T S 9 . ' C 0 M P A R r M £ N T ' / ' * .T2S . 'TRANSFER• . 

S T » l , ' C O M P A R T M E N T ' , T S 9 . ' B I 0 L 0 C I C A L ' / ' • . T 2 5 . ' F R A C T I O N ' . 
% T 4 1 . ' D E P O S I T I O N * . T 5 9 . * H A L F - T I M E * / * ORGAN* .T14 . 'NUCLIOE* • 
S T 2 5 . ' F 2 - P R I M E ' . T 4 1 . ' F R A C T I O N ' . T 6 0 . ' ( 0 A V S I ' 1 

2050 FORMAT!' • . A 8 . T 1 4 . A 8 . T 2 5 . 1 P G 9 . 3 . T 4 1 . 1 P G 1 0 . 3 . T 6 0 . I P G 9 . 3 I 
2060 FORMAT!' • . T 4 1 . 1 P G 1 0 . 3 . T « 0 . 1 P G 9 . 3 > 
2070 FORMAT!' • , T 1 4 . A 8 . T 2 5 , 1 P C 9 . 3 . T 4 1 . 1 P G 1 0 . 3 . T A 0 . 1 P G 9 . 3 > 
2000 FORMAT!' ' . T 4 I . 1 P G 1 0 . 3 . T 6 0 . 1 P C 9 . 3 ) 

ENO 

http://fNSPEC.EO.il
http://NCOMPA.EQ.il
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SUBROUTINE P R I N T S ! I F I R S T . L A S T . I S P E C I 
C AFTER PRINTING A READING ANO THE NAMES OF SOURCES ( I F I R S T TO LAST) 
C THIS SUBROUTINE PRINTS S-FACTORS FOR ALL TARGET ORGANS FOR 
C THESE SOURCES. 
C 

INTEGER OUT 
OOU3LE PRECISION NAMNUC.KAMSOU.NAMTRG 
COMMON /NAMES/ NAMNUCI20).NAMSOU»^4).NAMTRGI27) 
COMMON /NUM6RS/ NSPEC.NSOU.NTRG 
COMMON / 5 F A C T / S ( 2 0 . 2 7 . 2 3 I 

C OUTPUT CHANNEL 
DATA OUT / 6 / 

C PRINT HEACMG 
• R I T E (OUT.1000 I NAMNUCt ISPEC) 

C 
C PRINT NAMES OF SOURCES 

I F ! I F I R S T . E O . I I GC TO 1 1 0 
«N1TE(CUT.10101 (NAMSCUl ISOU)• ISOU=tFIRST.LAST I 

C 
C PRINT S-FACTORS FOR THIS SPECIES FCrt SOURCE ORGANS IF IRST TO LAST 
C ANO FOR ALL TARGET ORGANS 

0 0 100 ITRG=1.NTRG 
• R I T E I O U T . 1 0 2 0 ) N A M T R G ! I T R G ) . ( S t I S P E C . I T R G . I S O U ) . I S O U = I F I R S T . 

I LAST I 
109 CONTINUE 

GO . 0 120 
110 WRITE!OUT.1010) (NAMSOUt ISOUI • ISOU=l .61 . (NA«SOU( ISOUI • ISOU=8 ,LASTI 

00 120 ITRG*1.NTRG 
• R I T E t O U T . 1 0 2 0 I N A M T R G t I T M G 1 . ( S t I S P E C . I T R G , I S O U ) . I S O U d . 6 ) . 

S ( S U S P E C . I T R G . I S O U ) , I S O U = 8 . L A S T ) 
123 CONTINUE 

c 
RETURN 

C 
C FORMAT STATEMENTS 
C 

1009 FORMAT!/ /" ' . T A l . ' S FACTORS fREM/MICROCURIE-DAY) FOR ' . A 8 / 
S 'OTARGET'.TSS.'SOURCE CRGANS' / ' ORGANS') 

1010 F O R M A T t ' O ' . T l 4 . A 8 . 9 ( 3 X . A e ) ) 
1020 FORMAT!' ' . A 8 . T 1 3 . E 1 0 . 3 . 9 ( X . £ 1 0 . 3 > ) 

C 
END 

SUBROUTINE INTPtAMAO.ICASE) 
C 
C COMPUTES LUNG DEPOSITION FRACTIONS D 3 . DA. ANO OS AS A FUNCTION 
C OF AMAO (ACTIVITY MEDIAN AERCOYNAMIC DIAMETER11MICRONS)* 
C THE FUNCTIONS EXPRESSING THE RELATIONSHIPS BETWEEN THE LUNG 
C FRACTIONS ANC AMAC VALUES ARE THOSE PRESENTED IN WASH-1400. 
C 

LOGICAL FLAG 
COMMON /RESDP/ 0 3 . 0 4 . 0 5 
COMMON / A L E R T / FLAG!6) 
P I T ) * ) . J - 0 . 5 * ! I I I 0 . 0 1 9 S 2 7 * T + . 4 e 0 3 4 * ) * T + . l t S 1 9 4 ) « T + . l 9 6 3 S 4 ) « T 

* • 1 . 0 ) « * l - 4 ) 
P P T ( W ) « - ( W - ( ( . 0 1 1 3 2 8 * • » . 8 0 2 6 5 3 > * W * 2 . 5 1 5 5 1 7 ) / < ( ( . 0 0 1 308«W 

t • . 1 8 9 2 6 9 ) * » « 1 . 4 3 2 7 0 e > * W M . O ) ) 
WWtX)*SQRT( -2 .0«ALCGtX) ) 
DO 1 J * l . 6 

1 FLAG! J ) " . F A L S E . 
C FLAG IS A WARNING INDICATOR TO SIGNAL THAT THE GIVEN VALUE OF 
C AMAD EXCEEDS THE RANGE FOR WHICH THE FUNCTIONAL RELATIONSHIP I S KNOWN. 
C IN SUCH A CASE. THE BOUNOASV VALUE I S SUBSTITUTED FOR THE GIVEN 
C AMAD. 

IFIAMAC . G T . 0 . 0 ) GO TC 2 
0 3 * 0 . 0 2 
0 4 * 9 . 0 4 
0 5 * 9 . 9 4 
RETURN 

2 00 100 1*1 .3 
I F ! I . G T . I I GO TO 15 

C NASAL-PHARYNX 
IF(AMAO . L T . 0 . 2 ) GO TO 5 
GO TO 10 

5 U 0 * - 0 . 6 9 8 9 7 0 
U I * - l . 9 0 O 
T 0 * P P T ! * w ! 0 . 0 5 > ) 
T 1 * P P T ( » W < 0 . 1 0 ) ) 
IFtAWAC .GC. 9 , 1 » GO TC SO 
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A M A O s . 1 
FL AG ( ICA SE ) = . TRUE . 
GO TO SO 

10 U O * - 0 . C 9 e 9 7 3 
U 1 * 0 . 3 0 1 0 3 0 
T 0 * P P T C « » < « ) . 0 S ) ) 
T l s P P T l N M C O . S O ) ) 
I F f A M A C . L E . 2 0 . 0 ) GO TO SO 
A M A O * 2 C . O 
F L A G ( I C A S E ) = . T R U E . 
GC TO t) 

15 CONTINUE 
I F ( I . C T . 2 ) GC TO 3 5 

C TRACHEO-ef tONCHIAL REGION 
I F I A M A C . L T . 0 . 2 ) GO TO 20 
I F f A M A O . G T . I C O ) GO TO 3 3 
D 4 = 0 . 0 6 
GO TO 130 

2 0 U O > - C . 6 V 6 9 7 0 
U l * ~ 1 . 0 
T O s P P T ( w a ( 0 . 0 8 ) ) 
T1=PPT(«M|0.I7>) 
I F f A M A C . G £ . 0 . 1 ) GO TO SC 
AMAOsO.1 
F L A G ! I C A S E ) - . T R U E . 
GO TO £0 

30 U O ^ l . O 
U l * 1 . 3 0 1 3 0 
T 9 = ? P T ( * « < 0 . 0 8 ) ) 
T l = c p p T ( H « ( 0 . O 3 > > 
I F t A M A C . L E . 2 0 . 0 ) GO TO 5 0 
AMAQS2C. 0 
F L A G ! I C A S E 1 - . T R U E . 
GO TO SO 

3 5 CONTINUE 
C PULMONARY REGION 

I F I A M A C . L T . 1 0 . ) GO TO 4 0 
GO TC 4 5 

4 0 U O s l . O 
U l = - 0 . 6 9 8 9 7 0 
T < } 3 P P T ( « « < 0 . O S ) ) 
T l s P P T l M t f f O . S ) ) 
I F f A M A C . G E . 0 . 1 ) GO TO SO 
A M A O s O . l 
F L A G ( I C A S E ) * . T R U E . 
GO TO SO 

4 5 U C = 1 . 0 
U I « 1 . 3 0 1 0 3 0 
T 0 = * > P T C M « ( 0 . 0 S ) ) 
T l * P P T ( « a < 0 . 0 2 ) ) 
I F I A M A C . L E . 2 0 . 0 ) GO TO 5 0 
A M A O * 2 0 . 0 
F L A G ! I C A S E I s . T R U E . 

5 0 T = T 0 * I T l - T 0 ) / I U l - o 0 ) * ( A L 0 G I 0 < A M A O J - U 0 ) 
I F ( T . C E . 0 . 0 ) X s P I T ) 
I F ( T . L T . 0 . 0 ) X = l . 0 - P ( - T ) 
I F ( I . E U . 1 ) 0 3 = X 
I F ( I . S O . 2 ) C 4 * X 
I H I . E O . 3 ) OS=X 

100 CONTINUE 
RETURN 
t N O 

SUBROUTINE O O S R U N f I C A S E ) 
OOUdLE P R E C I S I O N NAMNUC.NAMSOU.NAMTRG 
MEAL A a I G L ( 2 0 . 2 7 ) , L W R 
REAL I . M A . L M 8 » L V C » L M 0 * L * i E * L * I F v L M G * L M H . L H I 
REAL L M L U N G . L M G I .LMAB.LMBOAB 

C * * « * * * * « * * * * » • « * * * • * • * * * • * • • * * • * * * * * * * « * * * * * • * • * * * * • * * * * • * • • * * * * * * * • * • » 
REAL A » < 2 0 . 1 2 ) 

C • * • * • • • • • * • • * • • * * • * • * * * • * * * • • • * * • * • • • * » • * * » • • * • • • * • • * • * • * • • * • * • * * • • * • • * 
L O G I C A L OEFAUT 
L O G I C A L S N P . S T e t . S P . S L . S T 8 2 . S G I » S E N D 
COMMON / P E R C N T / P C T O O S f 6 . 2 7 , 2 0 ) 
COMMON / T J L M / L M A ( 2 0 ) * L M B ( 20 ) . L M C ( 2 0 ) . L « O f 2 0 ) . L M E I 2 0 > . 

S L M F < 2 3 » . L M G ( 2 0 ) * L M N < 2 0 ) » L M K 2 0 ) • 
5 F A I 2 0 ) . F B I 2 0 ) * F C ( 2 0 ) . F O C 2 0 ) . F E I 2 0 ) . F F I 2 0 ) . F G I 2 0 ) . 
J F H f 2 0 ) . F I ( 2 0 ) COMMON /RAOAT/ LMR(20).BRANCH!20*20) COMMON /SVirCH/ SNP.STB1.SF.SL(2).ST82(2).S6I 
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COfc*ON / L E V E L S / Y N P C 2 C . 2 ) , Y 1 T B C 2 0 , 2 » . Y 2 T B I 2 0 . 2 ) . 
* Y P ( 2 0 . « ) . Y L ( 2 0 . 2 ) . Y S ( 2 0 ) . Y S I ( 2 C ) . Y U L I < 2 0 ) . 
« Y L L I ( 2 0 ) . Y O R G ( 2 a . S . I 6 > 

COMMON /CUMACT/ Y N P a t 2 0 . 2 I . Y l T B W t 2 0 . 2 1 . Y 2 T U « ( 2 0 . 2 1 . 
S Y P « ( 2 a , « ) . V L « ( 2 O . 2 ) . V S a < 2 O ) . V S I » ( 2 0 ) . Y U L I * ( ? e > . 
S V L L I M 2 0 I . Y Q R G W ( 2 0 . 5 . 1 6 ) 

COMMON /NUM8RS/ NSPEC.NSOU.NTRG 
COMMON /NAMES/ NAMNUCI2C).NAMS0U(24).NAMTRGC27> 
COMMON /CASES/ N C A S E S . M 0 0 E ( 6 I . T c N O f 6 » . N I N T I 6 ) . T I ( 6 . 3 0 ) . 

£ P I 6 . 3 0 ) . I S O L C 6 . 2 0 ) . « M A D C e ) . O E F A U T I 6 » . F L U N G I 6 . 9 , 2 0 > . 
S L N L U N S ( 6 . 9 . 2 0 ) . F l < o . 2 0 I . G f F R A C < 6 . 2 < > . * l 

COMMON / T Y M E / TSTEPI6) 
COMMON /t -ALGES/ JCASE 
COMMON /ORGDAT/ N C O M P I 2 0 . 1 6 ) . C C 2 0 . 5 . 1 6 ) . L M B O A B < 2 0 . 5 . 1 6 ) . 

« F 2 P R I M I 2 0 . 1 6 ) 
COMMON /OOSES/ OOSEC6.27.2S) 
COMMON / S F A C T / S I 2 0 . 2 7 . 2 2 ) 
COMMON / G I / L M C I I 4 ) » L M A B ( 2 0 . A ) 

C 
C NOTIFY SUBROUTINES HAL ANC GES »HICM CASE IS CURRENT 
C THROUGH COMtON BLCCK /HALGES/ (HAL RETURNS THE INTAKE 
C RATE BY INHALATION. GES bY INGESTION) . 

JCASE*ICAS6 
c 
C COMPUTE NUMBERQF TIME STEPS (NSTEPS) INTO WHICH THE INTEGRATION 
C INTERVAL I S TO 8E SUBDIVIDED. 

NSTEPS* I * IF IX«TEND! ICASEI /TSTEPCICASc I ) 
C 
C INITIAL. CONDITIONS. . SET TC ZEHC ALL ARRAYS I N / L E V E L S / 
C BLOCK AND M I G I . . 

H&*NSCU - 6 
KS2~NSOJ • 2 
DO 30 ISPEC*1.KSPEC 

YS<ISP£C)«O.0 
V S I ( I S P E C > * 0 . 0 
T U L M t SPEO = 0 . 0 
V L L I f I S P E O ' 0 . 0 
DO 5 J * 1 . 2 

Y N P ( I S P E C , J ) = 0 . 0 
Y 1 T B ( I S P E C . J ) 3 0 . 0 
V2TBI I SPEC.J 1^0.0 
Y L € I S P E C . J ) = 0 . 0 

S CONTINUE 
DO 10 J = I . A 

V P I I S P E C . J ) « C . C 
10 CONTINUE 

0 0 i s J S I . N S 2 
A M I G L ( I S P E C . J ) « C 0 

1 5 CONTINUE 
C***************************************************************** ****** 

DO 16 J * 1 . 1 2 
A « ( I S P E C . J ) * C 0 

16 CONTINUE 
C******»**************************************************************** 

DO 25 K*1.NS 
NC-NCOMPI I S P E C K ) 
DO 2 0 J»1 .NC 

YORG( ISPEC.J«K) *0 .0 
20 CUNTINUE 
2 5 CONTINUE 
3 0 CONTINUE 

C 
C SWITCHES S N P . . . . . S G I INDICATE EXHAUSTION OF THEIR RESPECTIVE 
C COMPARTMENTS. SEND INDICATES TtNAL EXHAUSTION OF ALL FEED2R 
C COMPAQ.4ENTS ANO HENCE THE INTEGRATION FOR OTHER ORGANS MAY 
C BE COMPLETEO IN ONE FINAL STEP. SET ALL OF THESE SNITCHES 
C I N I T I A L L Y TO . F A L S E * . 

SNPs.FALSE. 
STB1* .FALSE. 
S P * . F ' . L S E . 
S L ( l t » . F A L S E . 
S L < 2 ) - . F A L S E . 
STB2<1)> .FALSE. 
S T 0 2 ( 2 ) « . FALSE. 
IF INOOEf ICASE) . E O . 1 ) GO TO 31 

SNP-.TRUC. 
STB1«.TRUE. 
SP- .TRUE. 
S L U M . T R U E . 
S L C 2 M . T R U E . 
STB2 I1 ) "«TRUE. 
S T B 2 ( 2 ) * . T R U E . 
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31 S G I " . FALSE. 
SEND*.FALSE. 

C 
C SET G . I . ABSOMPTIOfc DATE PARAMETER LMAB. . 

OO 35 ISPEC=t.KSPEC 
OO JS ISEG=1.« 

T6MP=AMINM0.9S.GtFRACf ICASE. I SPEC.I SEC)) 
L - A B U SPEC. ISEG)*LMGU ISEG l«TEMP/C t .O-TEMP) 

3b CJNTINliE 
c 
C COMPJTE MAXIMUM T I»E TO E»HAUSTION ( = 6 TIMES THE LONGEST EFFECTIVE 
C H A L f - T l M E l FOR EAC* FEEDER CCMPAXTMENT. T A . . . . . T I I ARE TIMES FOB 
C THE RESPECTIVE RESPIRATCRV PATr-fcAYS. AND TS TLLI ARE FOR 
C THC G . I . TRACT. T*» I S THE TIME TO EXHAUSTION OF THE LONGEST-I. IV ED 
C NUCLIDE IN THE CHAIN. I N I T I A L I Z E THESE TIMES WITH AN ARBITRAMY. 
C LAttGE VALUE. 

TR = I .E50 
IF(MOCE(ICASE) . N F . 1 I GC TO 36 
T A = l . E I O 
T & s l . E l O 
TC= l .E13 
T C = l . E l O 
T £ = l . E I O 
TF*1 .E IP 
TG^ I .E IO 
T W U E P 
T I I M . E l O 

30 CONTINUE 
TS=1 .E IJ 
T S I = l . E I O 
T U L I - I . E 1 0 
T L L I s l . E l O 
DO 38 ISPEC=I.NSPEC 

IF<M03E< ICASE) . N E . 1) GO TO 3 7 
TA=AMIN1(TA.LMA< I SPEC > •L»R< I SPEC)) 
T e z A C I M I T B . L M B t I S P E O ^ L M R I ISPECI ) 
TC=A»IN1<TC.LMC< I SPEC)•LNHCISPEC)I 
TO=A» IM(TC*LMOI I SPEC ) * L » R i ISPEC) ) 
TE=AMIN1(TE. IME( ISP£C>*L«R<ISPEC) ) 
TF=AVINl<TF.Lt 'F ( I S P E C ) • L K R I I SPEC)) 
TG=AdINl(TG*LMG<ISPEC>*L»R<ISPEC)) 
T H = A H N U TH.LMHI ISPEC)H.MR( ISPEC)) 
T I I s A M l N l ( T I I * L M I ( I S P £ C ) * L M R ( I S P E C ) ) 
I F t L K F I I S P E C ) . E O . O.C) T F s l . E l O 
IF (LMG( ISPEC) . E Q . 0 . 0 ) T G ' l . E l C 

37 CONTINUE 
Ti=AMI NIC TS.LMGI < l ) *LMAB( ISPEC * 1 ) *LMR(ISPEC) ) 
TSl = A M I N l ( T S I . L M G I ( 2 ) . L M A e < ISPEC.2>*LMR( ISPEC) I 
TULI*AMIN1< TULI*LMGI(3)*LMAtl< ISPEC.3)«LMR< ISPEC) ) 
T L L I * A M I N l f T L L I . L » G I C 4 ) * L M * B < I S P E C » * ) « L N R f I S P E C ) ) 
TMzAMINMTR.LMRI ISPEC) ) 

33 CONTINUE 
TA=B.O«0 .693 /TA 
T b * 8 . 0 * » . 6 9 3 / T e 
T C - d . 0 * 0 . 6 9 3 /TC 
T O = 6 . C « 0 . 6 9 3 / T O 
T E = 8 . O * 0 . 6 9 3 / T E 
T r - * 8 . 0 » 0 . 6 9 3 / T F 
T G * d . 0 » 0 . 6 9 3 / T G 
T H ^ S . 0 * 0 . 6 9 3 / T H 
T I I * 8 . 0 * 0 . 6 9 3 / T U 
N I ^ N I N T I I C A S E ) 
I F t P ( I C A S E . N l ) . E Q . 0 . 0 ) T I N T » T U ICASE.N I ) 
I F < o | I C A S E . N I ) . N E . O.Of T INT'TENOfICASE) 
TNP>0.0 
IFfMOOE((CASE) . E O . I ) TNP*TINT»AMAXl<TA.T8I 
TTB1«0«0 IF(MOOEI ICASE) .EQ. 11 TTB l«TINT*AMAX1(TC.TO) TP-0.0 
IF< <40DE< ICASE) . E O . 1 ) TP«TINT*AMAX1 ( TE.TP .TG.TH) 
T L l s o . O 
IF(M0OE(ICASE> . E O . 1 ) T L 1 « T I N T * T H * T I I 
T L 2 - 0 . 0 
IF (M0OE( ICASE) . E O . 1 ) TL2 -T INT*TH*TR 
TTB2«0.0 
IF (MODE! ICASE) . E O . 1 ) TTB2»TINr*TP*AMAXM TF.TG) 
T G I * T S « T S I * T U L I * T L H 
IFIMOOEIICASE) . E O . 1 ) T6I»TGI«AMAX1<TNP.TTB1.TTB2) 
IF(MOOEt ICASE) . E O . ) > TCI«TGI»TINT 
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c 
C CVE=1 A K P R O X I M A T E L Y NSTEPS S u e i N T E R V A L S OF THE I N T H G R A T I & N I N T E R V A L . 
C APPLY SUBROUTINE STEP TC ADVANCE I H ; C A L C U L A T I O N . 

N I = N I N T f I C A S E 1 
OO 3 0 1 1 = 1 . N I 

I F f l l . L I . N i l CO TO « 0 
C 
C IF INTAKE HAS CEASED ANO ALL FEEDER COMPARTMENTS ARE E X H A U S T E D . 
C SET S E N O = . T W U E . 

I F C P f I C A S E . N I ) . E G . C .C . \ V > . SNP . A N O . STB1 . A N D . 
S S ° . A N D . S L I D . A N O . i T 6 2 ( l ) . A N O . S T 6 2 C 2 I . A N O . S O U 
S 3 C N D = . T R U E . 

T F W S T = T I < I C A S E . N I I 
T L A S T = T E N 3 I I C A S E J 
N S T = " . » I F I X ( ( T L A S T - T F I « S T I / ' T L A S T * F L O A T l N S T E » » S > > 
GO TO S3 

*>> T F I R S T = T I f I C A S E . I l l 
T L A S t = T I ( I C A S E . 1 1 * 1 ) 
N S T = 1 * I F I X I ( T L A S T - T F I H S T I / T F N 0 < I C A S E 1 « F L O A T I N S T E P S I ) 

SO O T = C T L A S T - T F IRST l / F L O A T I KST I 
DO 7 5 I S T = 1 . N S T 

T 1 « T F I R S T * F L U A T C I S T - 1 1 « 0 T 
T 2 = T F I M S T » F L O A T C I ST» »CT 
I F C S E N O I T c = T E N O < I C A S E I 

c 
C INVOKE STEP TO ADVANCE THE I N T E G R A T I O N ."RON T t TO T 2 . 

CALL S T E P ( T l . T 2 . M C C E t I C A S E ) ) 
C 
C ACCUMULATE CUMULATIVE A C T I V I T Y AfctGL I N SOURCE T I S S U E S . 

CO 7 0 I S P E C = I . N S P E C 
c 
C OMIT I N S P I R A T O R Y C C N T H I H U T I O N S I F T H I S I S AN I N G E S T I O N C A S E . 

I F ( M O D E ( I C A S E ! . N £ . 11 GO TO 5S 
c 
C M1CR0CUWIE-OAYS I N LUNGS (NP • T e • P > . . 

AWIGLl I S P E C , 1 ) = A W I G L < I SPEC . 1 ) * V N P w f I a P E C . l ) » Y N P w ( I S P £ C . 2 ) 
* • Y I T B w i I S P E C . l > » Y l T B a < I S P E C . 2 ) 
1 » Y 2 T B W < I S P E C . l l » Y 2 T d w f I S P E C . 2 1 
« *VPWI I S P E C . D + Y P W f I S P E C « 2 ) » Y P W f I S P E C . 3 1 
S • Y P w ! I S P E C . • ) 

c 
C M t C R O 0 U * I E - 0 A Y S I N LYMPH ( L I . . 

AW I G L f I S P E C . 2 ) = A * I G L < i S P E C . 2 ) » V L W l I S P E C , l ) * Y L W ( I S P E C , a I 
5 5 CONTINUE 

C 
C M I CROCUS I E - D A Y S I N G . I . SEGMENTS ( S . S I . U L l . L L I I . . 

to I G L ( I S P E C , 2 > = A « I G L ( I S P E C . 3 ) + Y S W ( I S P E C > 
A W I G L I I S P E C . * > = A * I G L < I S P E C . * ) * V S t W < I S P t C > 
tm I G L I I S P E C . 5 1 = AMI GLI I SPEC . 5 1 • YUL IWC I SPEC! 
A W I G L ( I S P E C . £ ) = A f c I G L < I S P E C . 6 > » Y L L l W f I S P E C ) 

C 
C M I C R O C U R I E - O A Y S I N OTHER SOURCE C R G A N S . . 

CO 6 5 I S C U = 7 , N S C U 
N C = N C O M P ( I S P E C , I S O U - t l 
OO 6 3 I C s l . N C 

A W I G L < I S P E C . I S G U I = A W I G L < I S P E C , I S O U I 
» » Y O R G w ( I S P E C , I < . . I S O U - 6 ) 

6 3 CONTINUE 
6 5 CONTINUE 

C * # « « * * « « « * * * « • • • * • * * • • • • • * * • * * • • • • * • * * • • • • • • • * • * • » • • • • • • • « * * • * * • • • • * • • • 
C ACCUMULATED A C T I V I T Y FOR PATHWAYS A THRO'lGH L . « 

I F f M C O E I I C A S E I . N E . I I GC TO 7 0 
AW( I S P E C , 1 ) = A W C I S P E C . l ) » V N P W ( I SP EC . 1 I 
AWC ISP E C , 2 I = A W ( I S P E C . 2 ) * V N P w < I S P E C . 2 1 
A « C I S P E C . 3 > = * W I I S P E C . 3 ) * Y 1 T B W ( I SPEC * 1 I 
A W C I S P £ C . * ) = A W < I S P E C . A I + Y 1 T B W I I S P E C , 2 ) 
A W ( 1 S P E C . 5 | 3 # W ( I S P E C . S I * Y P » ( I S P E C , 1 « 
A « C I S P E C , 6 ) * A W C I S P E C . 6 ) * V P W ( I S P E C , 2 I 
AWC I S P E C , 7 > = AW( I S P E C , 7 i* VPWf I S P E C , J I 
AW ( I S P E C S I - A a ( I S P E C . 8 > » V P a ( I S P E C . 4 ) 
A w f I S P E C , 9 | 3 A w ( I S P E C . 9 ) * Y L W < I S P E C , 1 I 
A W < I S P E C . 1 0 ) = A » ( I S P E C , 1 0 ) * Y L W < I S P E C . 2 1 
««< I S P E C , 1 1 ) = Aw<I S P E C , I I ) » V 2 T d * < I S P E C , I I 
AWC I S P E C , 1 2 ) ~ A W t I S P E C , 1 2 > » V 2 T B W < I S P E C . 2 I 

c * * * * * * * * # * • • * * • * • * • * * • * • * • • * « * * • * * • « « • * * * • * • * • * • • • • * * • • • • * • • • • • • « • • • • • • 
7 0 CONT1NUE 

c C EXIT INTEGRATION LCOP IF INTEGRATION IS DONE-IF(SENO) GC TO eO 
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c 
C TEST FEECER COMPARTMENTS FOR E X H A U S T I O N . 

I F t M O O E t I C A S E I . E G . 2> ( O TO 9 2 0 
I F I S M P I to TO aio 

I F C T 2 . L T . T N P | GO TO S I C 
S N P * . T R U £ . 

DO 8 0 0 I S P £ C * 1 .NSPEC 
V N P « ( 1 S P E C . 1 ) * 0 . 0 
V N P W I I S P E C * 2 > « 0 . 0 

8 0 5 C O N T I N U E 
811> CONTINUE 

1 F C S T 8 1 I r-0 TO 6 3 0 
I F ( T 2 . L T . T T 8 1 ) GC TO 83C 

S T b l * < . - R U E . 
o o * ; e I S P E C * I . N S P E C 

r ; r e a d S P E C . i ) « o c 
r i r B a c i S P E C . 2 1 = 0 . 0 

8 2 0 CONTINUE 
8 3 0 CONTINUE 

I F ( S P » GO TO 8 5 0 
I F < T 2 . L T . T P ) GO TO 8 5 4 

SPs . TRUE . 
OO 8 * 0 I S P E C = 1 . N S P E C 

V P » I I S P E C . l ) * C . O 
V P * « I S P E C , 2 1 = 0 . 0 
V P « ( I S P E C . J t * 0 . 0 
Y P « < I S P E C . 4 I » 0 . 0 

8 4 0 C O N T I N U E 
8 5 3 CONTINUE 

1 F ( 9 I D ) GO TO 8 7 0 
I F I T 2 . L T . T H I GO TO 8 7 0 

S L ( I I s . T R U E . 
DO 8 6 0 I S P E C * I . N S P E C 

Y L W d S P E C * 1 1 * 0 . 0 
V L ( I S P E C . l ) = C . O 

8 6 0 CONTINUE 
87C CONT|NUE 

I F < S L < 2 > ) GO TO e 7 2 
I F I T 2 . L T . T L 2 I GO TO 8 7 2 

S L ( 2 ) s . T R U E . 
DO 8 7 1 I S P E C = 1 . N S P E C 

Y L W { I S P E C . 2 > ' 0 . 0 
8 7 1 C O N T I N U E 
8 7 2 CONTINUE 

I F ( S T B 2 < ! > > GC TC E9C 
I F C T 2 . L T . T I N T * T F * T D > GO TO 8 9 0 

S T C 2 ( 1 ) * . T R U E . 
DO 8 6 0 i S P E C « l . N S P E C 

Y 2 T B K I S P E C . 1» = 0 . 0 
8 8 0 C O N T I N U E 
6 9 0 CONTINUE 

I F ( S T B 2 ( 2 > » CO TO 9 1 0 
I F I T 2 . L T . T I N T * T G * T D ) GO TO 9 1 0 

S T B 2 { 2 ) = . T R U E . 
0 0 9 0 0 I S P E C * 1 . M S P E C 

V 2 T B H I 1 S P E C « 2 ) * 0 . 0 
9 0 0 CONTINUE 
91C CONTINUE 

c 
9 2 0 CONTINUE 

I F ( S G I ) GO TO 9 4 0 
I F ( T 2 . L T . T G I ) GO TCJ 9 4 0 

S C I * . T R U E . 
OO 9 3 0 I S P E C * I . N 5 P E C 

Y S « ( t S P E C ) * 0 . 0 
V S I « ( I S P E C I - O . C 
Y U L l W t I S P E C I * 0 . 0 
Y L L l M l I S P E O O . O 

9 3 0 C O N T I N U E 
9 4 0 CONTINUE 

7 5 CONTINUE 
8 0 CONTINUE 

C COMPUTE THE TARGET-SOURCE DOSE MATRIX FOR THE CURRENT C A S E . 
0 0 IOC I S C K P M . N S O U 

0 0 9 5 I T R G * 1 * N T R G 
DOSE! I C A S E . f T R G . I S O U I ' C . O 
OO 9 0 I S P E C * ! , N S P E C 

UOSElICAS£.I T A G . I S O U J » O O S £ ( I C A S E . I T R G . I S O U ! 
« * S < I S P E C . 1 T R G . 1 S O U ) * A « I G M I S P E C . 1 SOU) 

<,0 CONTINUE 
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9 5 CONTINUE 
;oo CONTINUE 

c 
c 
C COMPUTE TOTAL DOSE TO EACH TARGET ORGAN. 

N S O U l = N S O U * l 
0 0 J 8 0 I T R G = 1 * N T R G 

D O S E ( I C A S E . I T R G . N 3 O U 1 ) * 0 . 0 
On 3 7 5 I S 0 V = 1 . N > £ U 

I F ( I SOU . IEC* 7 ) CO TO 2 7 5 
CO SEC I C A S E . I T R G . N S C U 1 ) ^ D 0 S E < I C A S E . I T R G . N S O U 1 ) 

% • O O S E C I C 4 S E . I T R G . I S 0 U ) 
3 7 5 CONTINUE 
3 8 0 CONTINUE 

C * 4 « * 4 * « * * « * * 4 • • • • • * • • * • « • • • • • • • • * » * • « • * * * * • • • • • • * • • • • • • • • • • * * • • * • * * • * • • 
C I F NSPEC I S GREATER T t A N 1 . COMPUTE PERCENT OF TOTAL DOSE TO EACH 
C TARGET ORCAN OUE TC EACH S P E C I E S CF THE C H A I N . 

I F (NSPEC . E O . t l GO TO 2 10 
DC 2 0 3 I T R G = 1 . N T R C 
0 0 2 0 0 I S P E C = 1 * N S P E C 

P C T C O S f I C A S E . I T R G . I S F E C ) * 0 . 0 
DO 2 4 1 I S O U M . N S O U 
I F ( I SOU . E O . 7 1 GO TO i O l 
P C T D O S I I C A S E . I T R G . I S P E C I * P C T D O S < ICASE . I T R G . I SPEC) • 

S SC I S P E C . I T R G . I S O t < ) * A * I G L ( I S P E C * I S O U ) 
2 0 1 CONTINUE 

P C T D O S I I C A S E * I T R G . l S P E C ) * P C T D 3 S t I C A S E . I T R G . I S P E C I 4 1 0 9 . 9 / 
S OOSEI I C A S E . I T R G . N S O U 1 1 

2 0 0 CONTINUE 
C « * * « * • * • • • • • • • • • • * • • • • • • « * • • • • • • • • • • • • • * * • • • • * * • • • * • • • • • • * • • * • • • • • • • • • • 

2 I C WRITE ( 1 6 . 9 9 9 1 1 N A N N U C ! I > • I C A S E . T S T E P ' I C A S E I 
1F1NSOU . G T . 1 2 ) GO TC 9 0 0 2 
W R I T E ! 1 6 * 9 9 9 2 ) ( N A M S O U l I » • I « I . N S O U ) 
DO 9 0 0 1 I S P E C - 1 . N S P E C 

9 0 0 1 W R I T E ! 1 6 . 9 9 9 3 ) NAMNLCC I S t - £ C ) • ( AW I G L I ISPEC . i ) • I « l . N S O U ) 
GO TO 9 0 0 5 

9 0 0 2 W R I T E ! 1 6 . 9 9 9 2 ) I NAMSOUd I . I « l . 1 2 ) 
DO 9 0 4 3 I S P E C - 1 . N S P E C 

9 0 0 3 W R I T E ! 1 6 . 9 9 9 3 ) N A M N i X t I S P E C ) • ( A W I G L ( I S P E C . I ) • I » l , 1 2 I 
W R I T E ! 1 6 . 9 9 9 2 ) ( N A M S O U l I ) . I * 1 3 . N S O U ) 
0 0 9 0 0 4 I S P E C s 1 . N S P E C 

9 0 0 4 W R I T E ! 1 6 . 9 9 9 3 > N A M N U C ! I S P E C ) . I A W I G L I I S P E C . I > . 1 * 1 3 . N S O U ) 
9 0 0 5 W R I T E ( 1 6 . 9 9 9 4 ) 

0 0 9 0 0 6 I S P E C * 1 .NSPEC 
9 0 C 6 W R I T E I 1 6 . 9 9 9 3 ) N A M N U C I I S P C C ) . ( A W C I S P E C . I ) • I » l . 1 2 1 
9 9 9 1 F O R M A T ? l H O . / / . e O X . A S . / . 5 0 X , « M ! C R O C U R I E - O A Y S FDR CASE ( . I 2 . / . 4 S X . 

S » ( T | M E STEP FOR I N T E G R A T I O N * * . F 6 . C * D A T S ) ' ) 
9 9 9 2 F 0 R M A T ( 1 K ) . » N U C L I C E a . 1 2 ( « 6 . 2 X ) ) 
9 9 9 3 F 0 R M A T I 1 H • A S . I X . I P 1 2 E 1 0 . 3 ) 
9 9 9 4 FORMAT U H 0 . 3 9 X * * ACCUMULATED A C T I V I T Y FOR TGLM PATHWAYS A • . 

S • THROUGH L * / / . 1 2 X . * A * * 9 X . ( £ • » 9 X . * C * » 9 X . » 0 * » 9 X . «E • • 9 X . * F * . 9 X . « V . 
% 9 X . * H * . 9 X . « I * . 9 X . * J « . 9 X , * K ' . 9 X . * L t ) T 

C « « * * * « * * « * « * * * • * • • • • * • * * • * • * * • « • * • • • * • • • • • • » * • • • • • • * * * « * * * • * • • • * • < • • • • • 
4 1 0 RETURN 

C ENO OF OOSRUM ) 
C 

ENO 

S u e R O U T l N E S T E P I T l * T 2 * » O O C ) 
C 
C ADVANCES THE R E S I O E N C E T I M E I N T E G R A T I O N FROM TMME T l TO T 2 ( D A Y S ) . 
C MODE » 1 FOR I N H A L A T I O N * • 2 FOR I N G E S T I O N . 

INTEGER N C T E M P I 2 0 ) 
REAL L M G I I * I . L M A B I 2 0 * 4 ) . L M R ( 2 0 ) . B R A N C H ( 2 0 . 2 0 ) 
REAL G ( 2 0 > * H ( 2 0 ) 
REAL LMBOAB 
LOGICAL S N P . S r e i . S P . S L . S T B 2 . S G I 
COMMON / S W I T C H / S N P * S T B 1 * S P » S L < 2 ) . « T 8 2 ( 2 ) * S G I 
COMMON / L E V E L S / V N P 1 2 0 . 2 ) . Y l T f » ; 2 0 . 2 ) . V 2 T B ! 2 0 . 2 ) • 

% V P ( 2 0 . 4 ) . Y L ( 2 0 . 2 ) . Y S ( 2 0 ) . r * I ( 2 0 ) . V U L I I 2 0 ) . 
S Y L L I ( 2 0 ) * Y O R G ( 2 0 . 5 . 1 6 ) 

COMMON / C U M A C T / V N P W I 2 0 . 2 ) . V 1 T B W ( 2 0 . 2 ) . V 2 T B W ( 2 0 . 2 ) • 
S Y P W ! 2 0 . 4 ) . Y L W ( 2 0 * 2 ) . V S » ( 2 0 ) . V S I W ( 2 0 ) . Y U L I « < 2 0 > . 
* Y L L I W I 2 0 ) * Y O R C W ( 2 0 . 5 . 1 6 ) 

COMMON / O R G O A T / N C 0 M P I 2 0 * 1 6 ) . C ( 2 0 * 5 * 1 6 > » L M B O A B ( 2 0 . S » 1 6 ) * 
* F 2 P R I M ( 2 0 . 1 6 I 

REAL L e ( 2 0 . 5 ) . C T e M » ( 2 0 . 5 ) . P T £ M P ( 2 0 ) , Y T E M P O ( 2 0 . 5 ) . Y T E M P ( 2 0 . 5 ) • 
* Y T E M P W ( 2 0 * 5 > 

REAL L M A * L M B « L P C . L M D * L M E * L M F * L M G * L M H * L M I 
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OOUdLE PRECISION T 
COMMON /NUM8RS/ NSPEC.NSCU.NTRG 
CCMMON / G I / LMCI.LMA8 
COMMON /RAOAT/ LMR.E-RANC** 
COMMON / T G L N / L M A ( 2 C > . L * e ( 2 O ) . L M C ( 2 0 ) . L N D < 2 0 > . L M E ( ? 0 > . L M F ( 2 0 ) , 

• L M G ( 2 9 I . L M H ( 2 0 ) . L M I ( 2 O ) . 
X F A ( 2 0 1 . F O ( 2 0 11FC(20 I . F 0 ( 2 0 1 . F = ( 2 0 1 . F F ( 2 0 1 . F G < 2 0 1 * F H ( 2 0 ) . 
: F K 2 0 ) 

COMMON /RESOP/ 3 3 . 0 * . 0 5 
OfcLT^Ta-Tl 
T s L > l L E < 0 . S * ( T | * T 2 ) > 

c 
C IF THIS CASE IS NOT I N H ' L A T I C N . BRANCH TO INGESTION. 

IMMODE . N E . I I GO TO I3C 
C 
c RESPIRATORY TRACT (TASK GROUP LU*G MODEL FOR AEROSOL SI 
c —* 

CALL H « L ( T . H ) 
I M 5NPI GO TO i I 

c 
c NASOPHARYNGEAL REGION J A . B J 
C IPATHs1 ?0R A 
c * J FOR e 

DO 10 ISPEC*1.NSPEC 
c 
C INFLOW-SATE VECTOR PTEMP. . I N I T I A L I Z E TO ZERO* 

PTEMP( ISPEC»-0 .0 
c 
C MOMHER OF SU8C0MPACTMFNTS.. 

NCTE»W»( ISPEC 1*2 
C 
C SUbCOMPARTVrNT FRACTIONS. . 

C T E N F ( I S P E C . 1 ) - F A ( I S P E C I 
CTtMPCISPEC.2>-Fe( ISPEC) 

C 
C BIOLOGICAL CLEARANCE COEFFICIENTS. . 

L3 ( ISPEC.1 }3LMA( I SPEC) 
L 3 ( I SPEC.2)*LMH( ISPEC I 

C 
C I N I T I A L CONDITIONS. . 

OJ 5 I P A T H 3 | , 2 
VTEMPO( ISPEC.IPATH)sVNF< ISPEC.IPATH) 

5 CONTINUE 
10 CONTINUE 

C 
C FIRST COMPONENT OF INTAKE VECTOR.. 

PTEMPt l | s 0 3 * H ( I I 
C (ALL CTHER COMPONEKTS OF h ARE ZERO). 

CALL MULCOM(DELT.NSPEC*LMR.L8.CTEMP.NCTEMP.BRANCH. 
« PTEMP.VTEMPO.VTEMP.YTEMP*) 

C 
C MOVE OUTPUTS FOR A,B PATHWAYS.. 

DO 20 ISPECM .NSPEC 
DO I S I P A T H * 1 . 2 

YNP( ISPEC• IPATH)*YTEMP( I SPEC•IPATH) 
VNPV( ISPEC. IPATH)*VTEMP«( ISPEC»IPATH) 

I S CONTINUE 
20 CONTINl£ 
21 CONTINUE 

! F ( S T 8 1 ) GO TO 41 
C 
C TRACHEOBRONCHIAL REGION I C O ) 
C IPATHsl FOR C 
C »2 FOR 0 

OO 30 ISPEC*l.NSPEC 
C 
C INFLOW RATE VECTOR.. 

PT£NP( I S P E C ) * 0 . ? 
C 
C COMPARTMENT FRACTIONS. . 

CTEMPI ISPEC. 1)*FC<I SPEC) 
CTEMPf ISPEC*2)*FD<I SPEC) 

C 
C BIOLOGICAL CLEARANCE COEFFICIENTS. . 

L B ( ! S P E C . i > * L M C < i s p e c ) 
L 8 ( I S P E C . 2 ) « L M D ( I S P E C ) 
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c 
C I N I T I A L CONDITIONS. . 

DO 25 |PATM=1.2 
YTEMPOI ISPCC. IPATH)=YlTo<ISPEC. IPATHI 

25 CONTINUE 
3T CONTINUE 

C 
C F I « s T COMPONENT OF INTAKE VECTOR.. 

P T E M P C 1 I - 0 4 * H ( I I . 
CALL MULCOMfCELT.NSPEC.LMH.LB.CTEMP.NCTEMP.BRANCH. 

% PTEMP.YTEMPJ.YTEMP.VTEMPWI 
C 
C MOVE OUTPUTS FOR C O PATHWAYS.. 

DO «0 ISPEC=1.KSPEC 
00 3E IPATH=1.2 

r lTB I ISPEC. IPATH1=YTENP; I SPEC. IP.»T« I 
Y l T d M I S P E C . I P A T H I = Y T E f P » ( I S P E C . I P A T H ) 

35 CONTINUE 
• 0 CONTINUE 
• I CONTINUE 

I F ( S P ) GO TO 61 
C 
C PULMON/RY REGION ( E . F . G . H I 
c 
C IPATH=1 FOR E 
C -Z FOR F 
C - 3 FOR G 
C = * FOR H 

DO 50 ISPEC=1.NSPEC 
C 
C INFLOW RATE VECTOR.. 

PTENFI ISPEC)=0 .0 
C 
C NUMBER JF SUBCOMPARTMENTS.. 

NCTEMPIISPEC ) = • 
c 
C SU=»CCM*»ARTMENT FRACTIONS. . 

CTEMPC !SPEC. I I=FE< ISPECI 
CTEMPfISPEC.2>=FF<ISPEC) 
CTEMPfISPEC.2)=FG< iSPECI 
CTEMPI ISPEC.*>=FHf ISPEC) 

C 
C BIOLOGICAL CLEARANCE COEFFIC IENTS. . 

L3CI SPEC.1l -LMCfISPEC I 
Ldl )iSPEC.2)=LWF( ISPEC) 
LdCIS feC .3 )=LMG( ISPEC) 
LSI ISP EC «4)=LMHCI SPEC I 

c 
C I N I T I A L COSOITIONS. . 

DO • * IPATH=1.« 
YTEWPOII SPEC. IPATH)=VP<I SPEC.IPATHI 

* 5 CONT INUE 
50 CONTINUE 

C 
C FIRST COMPONENT OF INFLOW VECTOR.. 

PTEMPI 1 ) *DS«U(1 ) 
CALL MULCOMIDELT.NSPECtLMR.LE.CTEMP.NCTEMP.BRANCH, 

f PTEMP.VTEMPO.YTEMP.VTEPPW) 
C 
C MOVE OUTPUTS FOR E . F . G . H PATHWAYS.. 

DO 60 ISPEC*I .KSP£C 
DO 55 I P A T H * I . 4 

VP U SPEC. IPATH ) *VVFMMISPEC. IPATH) 
YPWdSPEC. IPATHI»VTSMP»I ISPEC. IPATH) 

55 CONTINUE 
60 CONTINUE 
61 CONTINUE IFCSLfl) .AND. SL(2I) GO TC ei C C LYMPHATIC TISSUE I I.J) 

C IPATH"I FOR I 
C * 2 FOR J 

00 70 ISPEC*I.NSPEC 
C 
C INFLOW RATE. . 

PTEMPIISPEC 1 * 0 . 3 
C 
C NUMBER OF SUBCOMPARTMCNTS.. 

NCTEMW I SPEC, 1-2 
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c 
C SUBCONPARTM£NT FRACTIONS. . 

CTEMPI ISPEC. 1>=F I d SPEC) 
CTENFI ISPfcC.2)= I .O -F IUSPECS 

C 
C BIOLOGICAL CLEARANCE COEFFICIENTS. . 

L « ( l SPEC. I I ' L M M I SPEC I 
L a ( I S P E C . 2 l 3 0 . 3 

C ( T h t J SU6COMPARTMENT IS SUBJECT ONLY TO RADIOACTIVE DECAY! . 
C 
C I N I T I A L C C N O I I I O N S . . ADO TOTAL OUTFLOW OF PATHWAY H . 

DO 65 I P A T H z t . 2 
VTEHPOI ISPEC. IPATH|~VLCISPEC. IPATHI 

% «LNH( ISPEC) *VP* ( ISPEC.A I*CTEMPI ISPEC, IPATHI 
64 CO NT INUE 
70 CONTINUE 

CALL »ULC0M< OELT.NSFEC.LMR .LB.CTEMP.NCTEMP. BRANCH, 
t PTEMP.YTEMPa.VTEMP.YTEMPW) 

C 
C MOVE OUTPUTS FOR ( I . J I PATHWAYS.. 

OO 80 ISPECsI.NSPEC 
DO 75 I P A T H = I , 2 

Y L d S P E C . IPATHt-YTEMPI ISPEC. IPATHI 
YLW( ISPEC. IPATM)*VTEMPM( ISPEC. IPATHI 

7a C3NTINUE 
bO CONTINLE 
8 I CONTINUE 

IF (STB2<1») GO TO 101 
C 
C TRACI-E08RONCHIAL FEEDBACK (K .L> 
C 
C THIS « ILL HEOUIRE TWO CALLS TO WULCOM.. 
C i l l INPUT FROM F. OLTPLT K 
C ( 2 1 INPUT FROM C. OUTPUT L 
C PATHWAYS K AND L ARE INDEPENDENT SU8COMPARTMENTS. 
C 
C PATHWAY K 
c 

UO 90 ISPEC=1,NSPEC 
c-
C INFLOW VECTOR.. 

PTEMP( ISPEC)=0 .0 
c 
C NJMBEH OF SUttCOMPARTMENTS.. 

NCTEHP(ISPEC)*t 
C 
C SUtfCOMPARTWENT FRACTIONS ( = U M T V ) . . 

CTEMPI ISPEC. I M l . O 
C 
C BIOLOGICAL CLEARANCE COEFFICIENTS. . 

Ld( ISPEC. 1 )sLHO( ISPEC) 
C (REMOVAL IS REGULATED BY TRACHEOBRONCHIAL CLEARANCE TO G . I . I . 
C 
C I N I T I A L CONDIT IONS. . ACO OUTFLO* OF PATHWAY F . 

YTEMPO(ISC E C . 1 ) ' Y 2 T S ( I SPEC.1>*LMF < I SPEC)»YPW(I SPEC.2) 
90 CONTINUE 

CALL MULCONf DELT.NSPEC.LMR.LB.CTEMP.NCTEMP.BRANCH. 
> PTEMP,YTEMPO.YTEMP.YTECPW) 

C 
C MOVE OUTPUT FOR K PATHWAY•• 

OO 100 I S * C- l .NSPEC 
Y 2 T B ( I S P E C . l » * V T E M P < I ^ P E C . l t 
V2T9WI ISPEC. l )»VTEMPw( ISPEC.1 ) 

100 CONTINUE 101 CONTINUE IF(STf)2(2H GO TO 130 
C 
C PATHWAY L C 

UO 110 ISPEC' l .NSPEC 
c 
C INFLOW VECTOR.. ZERO AS BEFCRE. 

PTEMPdSPECMO.O 
C 
C NCTEMP, CTEMP. AND L B . . 

NCTEMP(ISPEC)«I 
C T C M P ( I S P E C . l ) s 1 . 0 
LB( ISPEC.1»*LMC( ISPEC) 

C 
C I N I T I A L C O O I T I O N S . . AOD TOTAL OUTFLOW FROM PATHWAY G. 

YTEMPO (ISPEC . 1 ) - Y2TB( I SPEC .2)4-LMG( ISPEC ) «YPW( I SPEC. 3) 
110 CONTINUE 
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CALL MtLCOMf 0ELT.NSPEC.LMR.L3.CTEMP.NCTENP.8RANCH. 
S PTEMP. YTEJPO.VTEMP.YTEMPw) 

C 
C MUYE OUTPUT FOR L PATHWAY.. 

DO 120 !SPEC*1.NSPEC 
Y 2 T B I I SPEC.2 l *VTcMPt ISPEC . 1 ) 
Y2TB«(ISPEC.2>=VTEMPa( ISPEC.1» 

120 CONTINUE 

C ENO OF RESPIRATORY SEGMENT 

130 CONTINUE 
1 F I S C I I CO TO 220 

C 6 . I . TRACT 

C 
C STOMACH <S> 

IFIMOOE .EQ. 2 1 CALL GESfT.G) 
OO 140 ISPEC*! .NSPEC 

C 
C IHFLOM *ATE VECTOR.. 

IFtMOOE . C O . 2 1 PTEMPI ISPECl * t i ( ISPEC) 
C 
C NUMBER OF SUBCOMPAKTMENTS. COEFFICIENTS. AND BIOLOGICAL REMOVAL 
C COEFFICIENTS. 

NCTEMPfISPEC1*1 
CTEMPI ISPEC.11=1 .0 
L3< I S P E C . 1 ) * L M G I ( 1 ) * L N A B U S P E C . l t 

c 
C I N I T I A L CON) IT I O N S . . 

YTENPOfISPEC.11=YS<ISPECI 
IF(MCOE . E O . 1 ) VTENP0( ISPEC.11*VTEMP0( ISPEC.1> 

S «LMB« ISPEC)*YNP*< I SPEC . 2 1 •LMOi I SPEC) * ( Yl TB«( ISPEC. 21 
S •V2TB«« I S P E C . I I » Y 2 T 8 M I S P E C . 2 ) 1 

1*0 CONTINUE 
CALL NU.COM(DELT.NSPEC.LMR.LB.CTEMP.NCTEMP.BRANCH. 

$ PTEMP.YTEMPO.VTEMP.VTEMP»> 
C 
C MOVE OUTPUTS FOR S . . 

OO 150 I S ° E C * t . N S P E C 
V S ( I S P E C l * V T E M P I I S P E C . 1 ) 
YSIM ISPEC1*VTEMP»( ISPEC. 1) 

ISO CONTINUE 
C 
C SMALL INTS.3TINE ( S I ) C 

OO 160 I SPEC*1.NSPEC c 
C INFLOW RATE VECTOR.. 

PTEMFf I SPEC 1 * 0 . 0 
C 
C NCTEMP ANC CTEMP ARE AS FOR THE STOMACH. 
C 
C BIOLOGICAL REMOVAL RATES (ABSORPTION PLUS EMPTYING) . . 

LB ( I SPEC. 1 ) * L M A B ( I S P £ C * 2 ) * L M G I ( 2 ) 
C 
C I N I T I A L CONDIT IONS. . 

YTEMP0(I SPEC.1>*YSI (1SP£C)«LMGI (1 ) *YSN< ISPEC) 
160 CONTINUE 

CALL MULCOMIOELT.NSPEC»LMR,LB.CTEPP.NCTEMP.BRANCH. 
S PTEMP,YTEMPO.VTE«P.VTEMP») 

C MOVE OUTPUTS FOR S I . . 
OO 170 I SPEC*1.NSPEC 

YSI ( ISPEC)*VTEMPi ISPEC .1> 
YSI« ( ISPEC)*YTEMP>( I SPEC. 1 I 

170 CONTINUE 
C 
C UPPER LARGE INTESTINE ( U L I ) 

DO 180 I S P E O I . N S P E C 
C 
C INFLOW VECTOR.. ZERO AS BEFORE. 
C 
C NCTCNP ANO CTEMP APE AS FOR S I . EMPTYING RATES. . 

L 8 ( I S P C C . t » * L M G I ( 3 ) » L M A B ( I S P E C . 3 > 
C 
C I N I T I A L CONDIT IONS. . 

YTEMPOI ISPEC•1 l *VUL1( I S P E C ) * L M G i ( 2 l » Y S I • ( I S P E C I 
ISO CONTINUE 
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CALL MULCON(OELT.NSPEC*LNR*Le.CTEMP.NCTEMP.BRANCH. 
« PTE«iP. YTEMPO.VTENP.VTEPP»I 

C 
C MOtfC ULI OUTPUTS.. 

OO 190 ISPEC*I .NSP£C 
Y'JLI ft SPEC) "YTEMPI ISPEC* I I 
VULI'<( ISPEC l=VTSMP*l ISPEC. I I 

l * J CONTINUE 
C 
C LOaER LARGE INTESTINE ( L L I ! 
C 

OO 200 I « P E C * l ! iSPEC 
C 
C INH.OV VECTOR.. 16^0 AS BEFORE. 
c 
C NCTEW ANC CTEMP ARE AS FOR U L I . EMPTYING RATE* . 

L J I t S P E C , l l * L M G I ( * l * L M A B ( I S P E C . • ! 
C 
C I N I T I A L CGKOITIONS.. 

YTENPOf ISPEC. 1 I = V L L I < I S P E C ) * L M G M 3 » * V U L I « I I SPEC • 
ZCC CONTINUE 

CALL MU.COM(OELT*NSPEC*LWR*LB.CTEPP.NCTEMP.BRANCH. 
S PTEMP,VTEMPO.VTEMP.VTEMP*) 

C 
C MOVE OUTPUTS FOR L L I . . 

OO 2 1 0 ISPEC»1*NSPEC 
YLL I ( ISPEC»»VTEMP( ISPEC* • ' 
YLLI tr l I S P E C M Y T E N P V C I S P E - . i l 

210 CONTINUE 
C ENO OF G . I . TRACT CALCULATION. 
C 

220 CONTINUE 

C OTHER ORGANS 

NO«G*NSOU-6 
OC 250 ICRG*l*nORG 

OO 230 ISPECM.NSPEC 
C 
C INFLOW RATE VECTOR * ZERO. . 

PTEMP( ISPECI *0 .0 
C 
C NUMBER OF SUBCOMPARTMENTS* COEFFICIENTS* REMOVAL RATES* AND 
C I N I T I A L CONDITIONS. . 

NC TEMPIISPEC)*NCOMP<ISPEC*IORGI 
NC»NCOWP(ISPEC.IORGI 
CO 2 25 IC*1*NC 

C T E M P I I S P E C . I C I - C I I S P E C . I C . t O R G I 
L S I I S P E C . I C ) - L M e O A e ( I S P E C * I C . I O R G ) 
YTEMPOI I S P E C . I C l « V C R G I I S P E C • I C • I O « C I 
IF(MODE . E O . I I YTEMPOI ISPEC. ICI 'VTEMPOI ISPEC* IC> 

% * ILMAI ISPECI *VNP«( ISPEC. t1 *LMC<ISPECI«Y1TSUI I t P E C . 1 1 
« •LMEI ISPECKYPVr ISPEC. l l« -LMI f I S P E C I » V L » I I S P E C . 1 1 1 
t *CTEMP< ISPEC. r ' :>*F2PRIM(ISPEC.IORG> 

YTEMPOI ISPEC* ICI 'YTEMPOI ISPEC. IC » • ! LMABII SPEC. 1J 
S •YSKt ISPECIH-MA6I I S P E C . 2 I * Y S I W I ISPECI 
t •LMABI ISPEC,3 I *VULIWI ISPECI 
S * L N A 8 t I S P E C , 4 l * Y L L l V f I S P E C I ) 
* •CTEMPI ISPEC* !C) *F2PRIMI ISPEC* IORG) 

225 CONT INUE 
230 CONTINUE 

CALL NULCOMICELT,NSPEC.LMR.LB.CTEMP.MCTEMP,BRANCH. 
• PTEMP*YTEMPO*YTEMP*VTEMPW) 

C 
C MOVv OUTPUTS FROM CRGAN IORG** 

OO 240 ISPEC»1*NSPEC 
NC*NCOMPCISPEC.IORG) 
00 2 3 5 I C * 1 . N C 

VORGCISPEC*IC. IORGI-VTEMPI ISPEC. ICI 
VORGVf ISPEC. IC . IORG)*YTEMP«f ISPEC* IC) 

235 CONTINUE 
2A0 CONT INUE 

C 
C ENO OF IORC LOOP.* 

250 CONTINUE 

C ENO OF OTHER ORGANS 

RETURN 
ENO 
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SUBROUTINE MULCGMIT.N.LMH.LME.C.NCOMP.BRANCH.P.AO.A.A*) 
REAL T « . M K ( 2 3 I . L N e t 2 0 . S I * C < 2 0 . S I . B R A N C H < 2 0 . 2 0 I . P < 2 0 l . 

S A O ( 2 0 . 3 > . A ( 2 3 . S I . A a < 2 0 . 3 j 
DOUBLE PRECISION TAI .TA2.TAMI .TAW2.TERM 
INTEGER NCOMPI2G) 
0OU3LE PRECISION E I « 5 C > . H I 2 0 . 5 ) . D < 2 0 . 5 1 . G 
OOUrtLE PRECISION LM{ 2 0 . 5 I . L A O 0 3 ) 
OOUdLE PRECISION EXPFUN.EXPFI.EL X I . E X I L I . 

• TENP.TEM-M 
C THE FOLLOWING INTEGER-VALUEC STATEMENT FUNCTION COMPUTES THE INDEX 
C OF THE i l . J . M l - T M ENTS* I N THE ArtRAY E . 

INOXEC I . J . M I * J « ( I - l l * f I ~ 2 > / 2 » < N - t r « N N 2 
N N 2 = N » I N - l > / 2 
I F I T . C T . 0 . 0 ) GO TO 2C 

OO 10 1=1 .N 
KCtsNCOMPf I I 
00 5 M x t . N C I 

AI l . M l x A O l I . M l 
AMI I . M » - n . O 

5 CONTINUE 
1 0 CONT INUE 

Gd TC 300 
20 CONTINUE 

C 
C COMPUTE TOTAL LAMBCAS ANir STCRE IN LINEAR ARRAY LX FOR SEPARATION. 

KOUNTzO 
OO 4 1 1 = 1 . N 

NC I=KC0K?( I ) 
OO 30 M=1.MCI 

KOLNTzKOUNT*! 
LX(KCIMT)=LNR{ I 1+LMBC I . * > 

30 CONTINUE 
AC CONTINUE 

C 
C I F TftO LXf I I ARE NEARLY ECUAL. SEPARATE THEK. 
c 
C SKIP SEPARATION ROUTINE I F N* 1 . 

I F ( N . E O . 1) GO TO 65 
C 
C BEGINNING OF SEPARATION ROUTINE. K3LNT=NO. ELEMENTS I N L X . 

KOUNTlsftOUNT- 1 
C KOOE I S A StflTCH FOR • HICH Tt-E VALUE 1 MEANS ANOTHER 
C PASS SH3ULC EE MADE. 

KCDc=l 
• 5 IFIXODE . N E . 1 ) GO TO «5 

KOOE*0 
C BEGIN PASS. 

OO 60 K* l .KOUNTl 
K1*K*1 
DC 55 L«K1.KOUNT 

C IF L X ( L ) AND LXCKI ARE NEARLY EOLAL. SEPARATE THEM. 
I F I O A S S f L X I L I / L X I K I - 1 . 0 0 0 I . G E . 1 . 0 0 - 6 1 GO TO 5S 

L X ( L ) ~ L X ( K 1 * 1 . 0 0 0 0 1 0 0 
KOOE-1 

55 CONTINUE 
6 4 CONTINUE 

C RETURN FOR < POSSIBLY I ANOTHER PASS HY MEANS OF dACKWARD-POINTlNG 
C GO TO STATEMENT. 

GO TO 45 
C END OF SEPARATION ROUTINE. 

6 5 CONTINUE 
C 
C MOVE SEPARATED RATE COEFFICIENTS FROM LX TO LM. 

KOUNT«0 
OO 30 I - l . N 

NCI*NCOMP(I I 
00 70 Mml.NCI 

KOUNT*KOUNT*I 
L M I I . M I s L X l K O U N T I 

70 CONTINUE 
BO CONT1NLE 

C 
C BEGIN MAIN CALCULATION. 1-1 I S tiANOLEO AS A SPECIAL CASE. 

1*1 
N C I ' N C C M P f I ) 
OO 90 K s l . N C I 

O ( I . K | < 0 e L E < C t I . K I ' P I I l l / L M I I . K ) 
HI I . K ) * O B L E ( M f I . K I 1-DC I .K ) 
A I I . K I - S N G L f O f I . K ) * H ( I , K ) » E X P F U N I - 0 6 L E < T ) « L N < I . K ) I I 
Atf< I . K I * S N G L { D I I . K I * D 8 L E « T I » H ! I . K I * E X P M < L M ( 1 . M . 

« O B L E I T I I I 
9 0 CONTINUE 

I F ! I . E O . Nl GO TO 3 0 0 
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0 0 ? 0 0 J = 2 . N 

NCI=NCJMP{ I I 
00 110 K z l . N C I 

TEMP=0.003 
CC 93 J = 1 . I 1 

TEMP 1 « 0 . 0O0 
NO~NC0MPt. i l 
CO 91 M*1.NCJ 

TEMPI->TENP1*0< J . M l 
91 CONTINUE 

TcMP=TEMP*DeLEI8frANCH|I .JI IVTEMP1 
9J COKTINUE 

CI I . iClxOBLEICI I . K I I / L M I I .K>*(DOLE<LMR( 111 «TENP*P( t i l 
TEMPsO.OOO 

119 COKTINUE 
00 I SO J * I • 11 

NCj=NCOMPI J I 
CO 140 Msl .NCJ 

IJM*IN0XE< I . J . M l 
E(IJMIsO.OOO 
IF I J . G T . 1 - 2 ) GO TO 1*0 
J I = J * 1 
CO 130 I R ~ J 1 . I 1 

TEMPI » C > DO 
NCIRsNCOMPIIAI 
OO 120 MU=1.NCIR 

I R J M c I H D X E l I N . J » M | 
T E M P l = T E M P l + D B L E < C ( I R . M U > * L M R t I H ) ) / ( L M ( I R . M U ) - L M ( J . M | ) 

S * ( E ( IR jM)»OBLEI t *RANCH( IR ,J | |«H{ J . M l I 
120 CONTINUE 

EC IJM|zc(UM|<»TELE(BHANCH{ I . I R I ) * T E M P 1 
130 CONTINUE 
140 CONTINUE 
15C CONTINUE 

C 
C COMPUTE H l l . K l . K=l N C O M P I I ) . 

00 180 K=1-NCI 
TEMP=0.0O0 
OO 175 J-I. 11 

KCJzNCOMPI J l 
CO 170 M=1.NCJ 

I J M s I N C X E l l . J . M I 
T£MP=TEMP*DeLE<LMft(I | ) / ( L M ( I . K I - L M I J . M I ) 

« » ! £ ( I J M I * 0 & L E ( B R A N C H ! I . J | | « H ( J . M 1 » 
170 CONTINUE 
175 CONTINUE 

H( I , K I * 0 U L E t A 0 < I . K l l - O I I . K I - O S L E I C I I . K I » » T E M P 
180 CONTINUE 
20C C&NTINLE 

C ENO OF CALCULATION OF O I I . K I . HI I .K) . E d . J . N ) . 
C 
C BEGIN Cl'MPLTATION OF A ( I . i C ) . A k ( t . K ) 

00 250 I » 2 . N 
I l - I - l 
NCI«NCOMP(I I 
0 1 245 K M .NCI 

£XLIs£XPFUN(-LMt I . K I 4 0 B L E I T ) I 
E X l L I ' E X P F l l L M d . K I . C e L E I T I I 
TA 1=0 .000 
TA2S0.0O0 
T A H I * 0 . 0 0 0 
TA»2-*0. 0O0 
0 0 240 J = l . l l 

KCJ*NCOMF(J) 
00 235 M- l .NCJ 

IJNsINOXEl I . J . M l 
G * D B L E ( C < I . K ) ) * O B L E I L M R < I I ) / ( L M ( I , K ) - L M ( J . M I » 

» * < E I I J N ) » C B L E ( E R A N C M C I . J ) ) * H C J . M I I 
T E R M * G * ( E X P F U N ( - L M ( J . M ) « D B L E ( T ) I - E X L I I 
IFITERM . G E . 0 . 0 0 0 1 T A I * T A I * T £ « M 
IFITERM . L T . 0 . 0 0 0 ) TA2«TA2*TERM 
T £ R M * G * { £ X P F l l L M t J , M ) . O B L E { T ) > - e x i L I ? 
IFITERM . G E . 0 .0COI TA»1*TA»1*TEAM 
IFITERP . L T . COCO) TA»2*TAV2*TERM 

235 CONTINUE 
249 CONTINUE 

T £ R M * L M { 1 , K ) * D ( I * K l * E X 1 L I * 0 B L £ < A 0 ( I . K I l * £ X L I 
IFITERM . G E . 0 . 0 0 0 ) TA1*TA1»TERM 
IFITERM . L T . C.0O0) TA2»TA2*TERM 
A< l . K ) * S N G L I T A I > T A 2 l 
? F ( A B S I A ( I . K I ) . L E . l . £ - 1 5 * S N G L ( T A l - T A 2 > ) A ( I . K I « « . 0 
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T6R*=D( I . K I M O S L E C T I - I X I L I )*Dt!LE(AO(I , f c ) ) » E X I L I 
IF (TERM . G E . O.ODO) TA»1=TAM1+TEK» 
IFITERM . L T . C.CDCI TA»2=TA«2*TE.«M 
A»<l ,K)=SNCL(TAWl»TA»2> 
1F(ABS(AV( I . K ) I . L E . 1 . £ - 1 S » S N G L ( T A « - T A « » » A«M I . * ) = © . ! 

245 CONTINUE 
250 CONTINUE 
X'J RETURN 

ENO 

C 
c 0CU3LE PRECISION FUNCTION EXPFUN(T) 

OOUdLE PRECISION T 
£XPFUN*0.ODO 
I F ( T . L T . - 1 B 0 . O C O > CO TO 10 

EXPFLN=OEXP(T) 
10 RETURN 

ENO 

C 
c 

DOUdLE PRECISION FUNCTIOK EXPFI tLM.T ) 
DOUBLE PRECISION LM.T.LMT.EXPFUN 
LfT=LM#T 
I F I L » T . L T . 0 . O 3 C 0 > GO TO 10 
CO TO 2) 

10 E X P F | z T « ( ( ( ( { ( L M T / 7 . 0 0 0 - 1 . 0 D 0 ) « L M T / 6 . OOO+l . 0 0 0 ) 
S * L M T / S . 0 0 0 - 1 . 0 D 0 ) * L M T / 4 . 0 U 0 » 1 . 0 O 0 ) * L M T / 3 * 0 O 0 - l . 0 0 0 1 
S * L M T / 2 . 0 0 0 * 1 . 0 0 0 ) 

CO TO 20 
20 EXPF1« (1 .C00 -EXPFUN( -LMT) I /LM 
30 RETURN 

ENO 

SUBROUTINE H A L f T I M E . H I 
C 
C CALCULATES THE INTAKE RATE Ot INHALATION 
C 

DOUBLE PRECISION TIME 
LOGICAL OEFAUT 
DIMENSION H I 2 0 I 
COMMON /CASES/ N C A S E S . M G D E ( 6 ) * T £ N O ( 6 » . N I N T ( 6 ) . T ( 6 . 3 0 ) . P ( 6 » 3 0 > . 

* IS0L(6 .20>«AMAO(6>»OEFAUT(6)«FLUNG(6«9*20 l *TBLUN6<6»9*20>* 
S F 1 ( 6 . 2 0 > * G I F R A C ( 6 * 2 0 . 4 ) 

COMMON /HALGES/ XCASE 
COMMON /NUMBRS/ NSPEC*NSCU«NTRC 
DO 10 ISPEC*I*NSPEC 

H I I SPEC 1 * 0 * 0 
13 CONTINUE 

IF (NOO£( I C A S E I . N E . U GO TO 40 
N U * N I * T ( I C A S E 1 - 1 
IF ( N U . E O . O ) CO TO 30 
00 20 U U N I I 

I F ( S N G L ( U N E ) . G E . T ( ! C A S E . I - r l > ) CO TO 20 
M ( l ) - P ( I C A S E . I ) 
CO TO 40 

20 CONTINUE 
30 H « l ) « P « I C A S E . N I l » l ) 
40 RETURN 

ENO 

SUBROUTINE CeS(T IME .G) 
C 
C CALCULATES THE INTAKE RATE 8V INGESTION 
C 

DOUBLE. PRECISION TIME 
LOGICAL OEFAUT 
OIMCNSION 6 ( 2 0 ) 
COMMON /CASES/ N C A S E S . M O D E ( 6 ) . T E N O ( 6 ) . N l N T ( 6 ) . T < 6 . 3 0 ) . « » ( 6 . 3 0 ) . 

• I SOL ( 6 . 2 0 ) , AMAO(6)«0EFAUT<6»»FLUhG(6.9.20>*TBLUNG<6*<*«20»* 
« F l ( 6 ? 2 0 I . C I F R A C ( 6 . 2 0 . 4 ) 

COMMON /HALGES/ I CASE 
COMMON /NUMBRS/ NSPCC,NSOU»NTRG 
00 10 ISPECM.NSPCC 

G ( t S P £ C » * 0 . 0 
10 CONTINUE 
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IF (MOCe( ICASE) .NE.2> GO TC O 
M l = NIfwTCICAS£)-I 
IF ( M l . fcO.O) GC TO _JC 
OC ^0 1= I . N I t 

IF ( S N G L C T I M E ) . G E . T ( I C A S £ . I * 1 > > GO TO 2? 
Of l ) = ° ( I C A S S . I ) 
GO TC 40 

2^ CUNTIM.I 
3k> (.1 l ) = P f I C A S E . N l l » l I 
•D fccTURN 

fcSO 

Sua-JCITINC OUTPUT 
c 
C PxINTS SPECIFICATION INFORMATION AND OUTOUT FOR EACH 
C CF THE C»SES. 

DCHJrtLt ^KECISION N AMNUC . NAMSCU .NAMTR,i .NAM TOT . GI SEG 
LCGICAL OCFAUT.ERFLAC 
INTLGEK OUT 
U|M£NSI1N F 0 U T C 0 l . T C U T t 9 l . 0 t S E G I A I 
CO-I^.IN Z^ERCNT/ PCTCOSC6.27.20) 
CJMMJN /NAMES/ NAMNUC(20).NA»SGU(24) .NAMTRGC27) 
COMMON /NUMBRS/ NSWEC.NSCU.NTHG 
COMMON /OOSES/ 0OSEC6.27 .2St 
C0M40N /CASES/ N C A S E S . M O D E ( 6 ) . T E N O ( 6 > . N I N T C 6 ) . T < 6 . 3 0 > . 

1 P ( 6 . 3 3 > . I S O L I 6 . 2 4 > . A M A O C 6 ) . 0 E F A U T C 6 ) . F L U N G ! 6 . 9 . 2 0 ) • 
* T 4 L U N ( » ( 6 . 9 . 2 0 ) . F U 6 . 2 0 ) . G I F R A C ( 6 . 2 t > . « > 

COMMON /RESDP/ 0 3 . D A . 0 5 
COMMON / A L E 3 T / EMFLAG(c) 
DATA GISEG/8HST0MAC*- .8HS INT .8HU L INT .ttML L I NT / 
DATA GUT/O/ 
DATA NAMTOT/3MTOTAU • 
DATA C L I T . W L I T . V L I T . S T A R / 4 H O , * H I .AMY ,«H« / 

C STUfct HEADING FOR "TOTAL* COLUMN OF OOSE MATRIX. 
KA*Si}U(NSOU*l MNAMTOT 

C 
C FU-* EACH OF THE SEVERAL CASES. PRINT OUTPUT. 

DO 75 ICASE=1.KCASES 
c 
C DETERMINE EXPOSURE MOOE FOR THE CURRENT CASE. 

IF ( M O C Z d C A S E I . c O . i l GO TC 20 
c 
c , 
C INGESTION CASE 
C 

N I z S I N T I ICASE I 
•R ITECCUT.10001 ICASE 
1NT=NIM 
T ( ICASE.1NT)=TEN0( ICASE) 
• R ITECOUT.1010HTC I C A S E . I N T ) . T ( I C A S E . I N T * 1 ) *P f ICASE . I N T ) , 

t I N T = 1 . N I I 
NS=NSPEC 
IFCNSPEC.GT.12k Na«12 
MRITECGUT.1020) 
MRITE IOUT.1030 ) CNAPNUCC I S P E O . I SPEC*!.NS> 
OO 5 I S E G s l . 4 

5 aMTE.COUT.10A0) GISEGC ISEG).CGIFRACt ICASE. I SPEC, ISEG) . 
* ISPEC=1.NS> 

IF(NS.EO.NSPEC) GO TO 10 
NS1=KS+1 
• - e I T t ( O U T . 1 0 3 0 ) INAMNUCC I SPEC) . ISPEC=NS1.NSPEC) 
00 6 I S E G ^ I . 4 

6 WRITEC0UT.104Q) GISEGC ISEG) . ( G IFRACCICASE. ISPEC. ISEG) . 
S I S P E C * I . N S ) 

10 CONTINUE 
C 
C BRANCH TO SEGMENT HHICH PRINTS OOSE MATRIX. 

GO TC 6 * 
C ENO OF CASE INFORMATION FOR INGESTION. 
c _ . 

30 CONTINUE 
C INHALATION CASE. 
c . . _ 

N I * N I N T ( I C A S E ) •RITE(OUT.1050)ICASE !NT=Ni*l TC ICASE.INT )«TEN0CICASE) 
N R I T E C O U T . 1 0 6 0 ) ( T ( I C A S E . I N T ) . T ( I C A S E . I N T * I > . P < I C A S E . I N T ) , 

* I N T * 1 . N I » 

http://F0UTC0l.TCUTt9l.0t
http://0OSEC6.27.2St
http://MOCZdCASEI.cO.il
http://IFCNSPEC.GT.12k
http://aMTE.COUT.10A0
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C CHECK FOR EARNING CGNOIT ICN FROM SU-JRGUTINE! I N T P . 
IF (ERFLAGC I CASE I ) »R I TE (OLT .1 1 *? > 
fcRITEIGUT,1070) AMAOI ICASE1 , C J . J 4 . 0 5 

C 
C NSC COUNTS SPECIES FJR BHICH SPECIAL L W b P/WWETESS 
C HAVE BEEN ENTERED FOR THE CURRENT CASE. 

NSC=0 
C 
C PRINT A TABLE OF SCCUblLITV CLASSES AND vi. I . UPTAKE 
C FRACTIONS F l . IF THE USER HAS PR0V10E0 SPECIAL LUNG 
C PARAMETERS. THIS IS INDICATED BY AN ASTERISK. 

• RITECOUT,10751 
00 *C ISPEC=l.KSPEC 

IFCIS3LCICASE. ISPEC) »EQ. I ) GO TO 31 
IFC ISOLI ICASE.ISPfcC1 . E O . <;) GO TO 32 
IFC 1SOLC ICASE. ISPEC) . E C . 31 GO TO 33 
GO TO 3 * 

31 FLAG=OLlT 
GO TC 35 

32 FLAG=WLlT 
GO TC 35 

33 FLA&sVLIT 
GJ TC 35 

34 FLAG=STAK 
NSC = KSCM 

35 • R I T E I O U T . 1 Jf?0) NAMNUC ( I SPEC 1 .FL AG. < GIFR AC( ICASE . ISPEC . I SE GI . 
* I S E G - l . A ) 

A3 CONTINUE 
C C IF THERE ARd NO SPECIAL LUNG PARAMETERS. PROCEED TO SEGMENT C »HICH PRINTS DOSE MATRIX. IFCNSC .cQ. 0) GO TO 64 C 
C OTHERWISE. # R I T E OUT SPECIAL LLNQ PARAMETERS. 

•R ITeCGUT.10851 
DO 50 ISPEC=l,NSPEC 

IFC ISOLC ICASE. ISPEC) . L T . 4) GO TO 50 
DO 45 IPATH=1,9 

FOLTIIPATH>=FLUNGC ICASE . IPATH. I SPEC! 
T0UT(IPATH>=T8LUNGCICASE.IPATH.I SPEC) 
IFITOUTCIPATH) , G T . O.C) TOUTCIPATH)=0.6931*72 

» /TOUTCIPATM) 
• 5 CONTINUE 

•RITECOUT.1C90) NAMNLCCISPEC).FOOT.TOUT 
50 CONTINUE 

c 

C PRINT OOSS MATRIX 
c 

64 CONT INUE 
C IF INGEST ICN CASE. OOSE FRCP LLNGS AND R e S . LYMPH IS ZERO AND I S 
C NOT ->RHTEC. 
C BRANCH TO INGESTION CASE IK THIS EVENT. 

IF IM0CECICASE>.e0 .2 ) GO TC £5 
C 
C INHALATION CASE 
C 

I F I R S T - 1 
NS0U2-KS0U+1 
ILAST=NSOU*l 
IF CNSCU2.GT.12) I L A S T d 2 
CALL PRINTOI IF IRST . ILAST. ICASE) 
IF C ILAST.EO.NSOU2) GC TC 70 
IF IRST=13 
ILAST=KS0U2 
IF CNS0iJ2.GT.23) ILAST=22 
CALL F M N T O C I F I R S T . I L A S T . I C A S E ) 
IF ( ILAST.EO.NSOU2) GO TC 7C 
I F I R S T * 2 4 
ILASTzNS0U2 
CALL PRINTOCIF IRST. ILAST. ICASE) 
GO TO 70 

C 
C INGESTION CASE 
C 

65 I F I « S T » 3 
NS0U2*SS0U*1 , ILAST'NSOU+I 
IF ((VSCU2.GT. 14) !LAST=14 
CALL fPRINTDC I F I R S T . ILAST, ICASE) 
IF I1LAST.EO.NSOU2) GO TC 71 
I F I R S T a l £ 

http://CNS0iJ2.GT.23
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lLAST=NjOU2 
IF ( N S C U i . G T . 2 4 ) ILAST=24 
CALL PRINTD! I F I R S T , I L A S T , I C A S E ) 

c 
C PUNCH UOSES ON CARCS FOR LATER TABULATIONS. 71 • K I T E ! 7 . 2 3 0 2 1 NAMNUC!1» • ICASE.MOOEI ICASEI .F I ( ICASE.11 . 

S (OOSE(ICASE.JTARG.NSCUc).JTARG=1.NTRG) 
2002 F O R M A T ( A 3 . I * . I 4 . 1 4 X . S E 1 3 . 3 / 7 E 1 3 . 3 . 9 X . ' 2 ' / 7 E 1 0 . 3 . 9 X , ' 3 * / A E 1 0 . 3 . 

S 3 9 X . * 4 ' ) 
GO TO 72 

70 WRITE! 7 . 2 0 0 0 ) NANNUC!1) . ICASE.M30E! I C A S E ) • I SOLI I C A S E . 1 ) . 
4 AMAD(ICASE). 
t F l ! IC*SE. l> . (OOSE! ICASE.JTARG.NSQU2) ,JTARG=1 .NTRG) 

2003 F O R M A T f A d . I * . 1 4 . 1 4 , 6 E 1 0 . 3 / 7 E 1 0 . 3 . 9 X . » 2 ' / 7 E 1 0 . 3 . 9 X . ' 3 ' / * E 1 O . J . 
% 3 9 X . * 4 ' ) 

72 CONTINUE 

C I F NSPEC IS GREATER THAN 1 . PRINT TABLE CONTAINING PEMCENT OF TOTAL 
C DOSE TO EACH TAf;GtT ORGAN DUE TO EACH SPECIES OF THE CHAIN. 
C 

IF(NSPEC . E O . 1) GO TO SC 
w R I T E I O U T . 1 0 0 ) 
M R I T E ( O J T . l C l ) !NAMNUCit SPEC). ISP£C = 1.NSPEC) 
• R I T E I C U T . 1 0 2 ) 
00 40 ITRG=1.NTRG 
M R I T E ( 0 U T . 1 0 3 ) NAMTRGIITRG I .CPCTDOS! I C A S E . I T R G . I S P E C I . 

1 ISPEC=1.NSPEC> 
80 CONTINUE 
75 CONTINUE 

RETURN 
C 
C FORMAT STATEMENTS 

100 FORMAT (• OPERCENT DOSE EQUIVALENT. . * ) 
i n i FORMAT!*0NUCLICE* ,T13 ,14«e*A7) 
102 FORMAT!*OTARGET*) 
1 ) 3 FORMAT!* ' . A 8 . T 1 2 . 1 4 ! F 5 . 1 . 3 X > , F 5 . 1 ) 

1000 FORMAT! / / * CASE*. 1 2 . * . . INGESTION* / * * . 1 9 ( * - * ) ) 
1011 FORMAT</• INGESTION INTAKE HATE FUNCTION (MICROCURIES/OAY) • / 

% • ' . T 6 . * F R O ! 0 A Y S ) ' . T 2 0 . * T 0 (DAYS) • . T 3 3 . ' R A T E * / 
i ( • * . 1 P 3 G 1 3 . 3 ) > 

1020 FORMAT! / / * INGESTION TRANSFER FRACTIONS ! G . I« TRACT TO 8LC0D) 
* • ) 

1030 FORMAT!/* • . T 9 . 1 2 I 2 X . * 6 > I 
1040 F0K4AT!* • . A 8 . T 1 0 . 1 P 1 2 G 1 0 . 2 ) 
1«50 FORMAT! / / * C A S E * . 1 2 . * . . INHALATION*/* * . 2 0 ! * - * ) ) 
1063 FORMAT!/• INFALATIUN INTAKE RATE FUNCTION (NICROCUfiIES/OAY ) • / 

* • * .T6.*FR0»» ! O A V S ) * . T 2 0 . * T O ! DAYS) * . T33 . 'RATE • / 
* i * * . 1 P 3 G 1 3 . 3 ) > 

1070 FORMAT!*0 AM»C ( M I C R O N ) . . * . 1 P G 9 . 3 . 5 X , *03 = ' . G 9 . 3 . 
t S X . ' C * = • • . G 9 . J . S X , * D 5 = * . G 9 . 3 > 

1C7S F O R M A T ! ' 0 * . T 3 4 . ' G . I . UPTAKE F R A C T I O N S ' / ' * . T l 3 . • S O L U B I L I T Y • . T 2 6 . 
«. 3 7 1 * - * ) / * • , T l i . ' C L A S S ' , T 2 E . ' S T O M A C H ' , T 3 6 . • S I N T ' , 
* T 4 6 . * U L I N T ' , T 5 6 . * L L I N T ' / ) 

1080 FORMAT!* • . A S . T 1 7 . A 1 . T 2 S . 1 F 4 G 1 0 . 3 ) 
1065 FORMAT!'0»SPECIAL LUNG CLEARANCE PARAMETERS. TsHALF-TIME (OAYS) . 

*F=OEPOSITKJN F R A C T I O N . * / / * CLEARANCE*/* PATHWAY..* . 
* T 1 6 , ' A * ,1 2 6 . ' b * . T 3 6 . * C ' . T 4 6 . * D * « T 5 6 , * E * , T 6 6 • * F « , T 7 6 » ' G • , 
S T 3 C , * H * , 1 9 6 . ' I ' / > 

1093 FORMAT!* *. A S . 2 X , • F * . 9 ! 1 X . 1 P G 9 . 2 » / • • . T 1 2 • * T ' . 9 ! I X . 1 P G 9 . 2 ) ) 
1104 FORMAT!'OMARNlNG: AMAO EXCEEOS THE RANGE OF AVAILABLE DATA * . 

« 'FOR 3 3 , 0 4 ANO OS FUNCTIONS') 
END 

SUO^OUTTNE PRINTO! IF IRST . ILAST .JCASE) 
C 
C POINTS A HEADING AND THEN PRINTS COLUMNS IF IRST THROUGH ILAST OF THE DOSE 
C MATNIX KHEN CALLED BY THE OUTPUT SUBROUTINE 

OOUdLE PRECISION NAMNUC. NAMSOU. NAMTRG 
INTEGER OUT 
COMMON /NAMES/ NAMNUC!20).NAMSOU!24).NAMTRG! 2 7 ) 
COMMON /NUMtMS/ NSPEC .NSOU ,N TRG 
COMMON /DOSES/ D O S E ! 6 . 2 7 . 2 1 ) 
COMMON /CASES/ NCASES .MODE (6 ) , T£ND( 6 ) .MINT( 6 ) .T( 6 . 3 0 ) .P( 6,3"> ) , 

* I S U u ( 6 . 2 0 ) * A « > A O i 6 > . D £ F A u T ! 6 > . F L U N G i 6 . 9 . 2 0 ) .TBLUNG! 6 . 9 . 2 0 ) . 
< F l ( 6 . 2 3 > . G I F R A C ( 6 . 2 0 . 4 ) 

DATA O U T / 6 / 
C PRINT HEADING 

HRITE(CUT.100> 
C PRINT NAMES CF SOURCES 

I F ! I F IPST , L T . 7 ) GO TC 20 

http://NSCUi.GT.24
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W«ITE<OUT.110)CNAMSOU( I5CU) . ISQU=I? I3ST. ILAST) 
C ^ I N I LABEL 

•RITECCVJT.120) 
C PRINT NAMES OF TARGETS AND DCSES 

DO 10 IT-IG=l,NTwG 
W R I T E I O U T . l 3 0 ) NAMTRGI ITRG >.(OOSEC JCASfc . ITRG. ISOU) . ISOU = 

* I F W 5 T . I L A S T I 
10 CONTINUE 

GO TO 30 
2 0 » r t ITE(CjT»110> <NAMSOU< I SOL » . I SOU= IF I RST . 6 > .(NAMSOUI I S I U ) . I SOU =« . 

S ILAST) 
MHITECOUT.120) 
DO 30 IT^G=l .NTPG 
• RITE(OUT.1JO) NAMTUGI I T f i G ) • ( O O S E I J C A S E . 1 T R G . I S O U ! . I S U U = I F I « S T . 6 ) . 

t (JOSEIJCASE.IT->G.ISOOI . ISOU-8 . ILAST> 
23 CONTINUE 

C 
RETURN 

c 
C FORMAT STATEMENTS 

103 FORMAT <*0DOSE EOUIVALENT <&£•»>•> 
H O FORMATC^SOURCE' .T IS. 1 1 ( A 8 . 3 X ) ) 
120 FORMAT I•0TARGET* ) 
13"» FORMATI" * . A 9 . T 1 2 . 1 K 1PG10.3 .1X) > 

END 

SUBROUTINE CMMNTS 
INTEGER** L INEC20) . IN,OUT.COLLAR 
DATA O U T / 6 / . I N / 5 / 
DATA C C L L A H / ' S ' / 

C READ THE NEXT CARO. IF ThE FIRST CHARACTER I S • « • . RETURN. 
C OTHERWISE PHINT THE CARC AND REPEAT. 

10 RfcAOIIN,»0 10,EKD=20I LINE 
A01? FORMAT(2CA4) 

IF< I CO»PA< LINE.COLLAR. 1 ) . E C O ) RETURN 
MRITE(0UT .«020 ) L INE 

4023 FORMAT!* « ,20A4) 
GO TO 10 

20 STOP 
END 
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PGMM TITLE •SUBROUTINE PGMNSK l l . J . K . L ' — TC SET PROGRAM MASK* PGMMOCIO 
PKOGRAM MASK SETTING ROUTINE PGMM0C20 

PGMMO030 
ACCEPTS CALLING SEQUENCE PGMNCOAT 

PGMNOOSO 
CALL PGMMSK CIFM>TO.IOEC0.1EXPU<>ISIGI PGNNC06O 

PCMNOOTQ 
A ZE*0 VALUE FOR ANY ARGUMENT DIS 'BLES THE CORRESPONDING PGMMOOBO 

INTERUPT. PGMM0040 
KOfc-ZEfO VALUES ALLOk THE INTERUPT TO OCCUR. PGMMOIOO 

PGMMOIIO 
IFXPTO — FIXEO-POJM" CVECFLCa. PCMM012C 
I DECJ — DECIMAL OVERFLOW. PGNM0I30 
IEXPU — cXPON^r.T UNOERFLCa. PGMM01A0 
ISIG — LCSS OF SIGNIFICANCE. IZERO FRACTION IN A FLOATING PGMMC15T 

"OINT NUMBER) PGMMC160 
PGMM0170 

FOR EXAMPLE* PGMMC.9C 
CALL PGMMSK ( l . l . O . O ) PGMM0190 

C M S E S UNDERFLOWS ANO LOSS OF SIGNIFICANCE TO BC IGNOREC PGMM0200 
AM> FIXED ANO OECIMAL OVERFLOW TO BE HANOLEO AS USUAL. PGMM021O 

PGMM0220 
PROGRAM AUTHOR — R. K. GRVOER P6HMC23C 

COMPUTING TECHNOLOGY CENTER PGMM0240 
OAK RIOGE* TENNESSEE PGMM02SO 

PGMMC26C 
PGMM0270 
OGMMO20C 
PGMMC29C 
r*GMM0300 
PGMM0310 
PGMM0320 
PGMM0330 
PGMM03A0 
PGMM03S0 
PGMM0360 
PGMM0370 
PGMM638* 
PGMM0390 
PGMMOAOO 
PGMM0A10 
PGMM0420 
PGMMQA30 
PGMMOAAO 
PGMM04SO 
PGMMOA60 
PGMN0A70 
PGMM0A80 
PGMM0490 
PGMM0500 
PGMMOSIO 
PGMM0S20 

PGMMSKRG CSECT 
ENTRY PGMMSK 
USING *.15 

PGMMSK SAVE (14.121..* 
SR 0.0 
LP S.B.C(l) 
L 3*aX*C800C000« 

•>* SR *.A 
CL 0.0(0.511 
BE 11 
LR A.3 

11 SRA 3.1 
CL 0.0(0.6) 
BE 12 
OR A.3 

12 SRA 3.1 
CL 0.0(0.7) 
BE 13 
OR A.3 

13 SRA 3.1 
CL 0.0(0.8) 
BE IA 
OR A.3 

IA SPM A 
NETURN <14.I2).T 
END 
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ICOMPARE START A 
ENTRY ICOMPA T H l 

ICOMPA EOU * TMl 
U S I N G • . I S <<N 

• BY RPR • JULY I S . 1 5 6 6 . 
ST 2 . S A V E 
L 2 . 9 0 . 1 ) 
L 2 . 0 ( 0 . 2 1 
LA 0 . 1 
SR 2 . 0 
dZ N l 
em DONE I 
STC 2 » C O M « l 
L 2 . 4 ( 0 . 1 1 
L 1 . 0 ( 0 . 1 1 

COM CLC 0 C 0 . 1 1 . 0 I 2 I 
L 2 . S A V E T H l : 
BL NONE 
SE DONE 

• P R E V I O U S LA SET X 0 * M 
BR 1 * 

NONE LNR 0 . 0 
8R 1 4 

OONE1 L 2 . S A V E 
DONE SR 0 * 0 

BR 1 * 
• T H I S S E C T I CM I S FOR N = l 
N l L 2 . 4 ( 0 . 1 1 

L 1 . 0 ( 0 . 1 ) 
I C 2 * 0 ( 0 . 2 1 
STC 2 . C 0 M 1 + 1 S 

com C L I 0 < 1 > . X * 0 0 « 
L 2 . S A V E 
d L NONE 

• HE DONE • 
dR 14 

SAVE OS 
END 

F 

I C O M P A R E ( S T R A . S T R B . N « -0 I F N . L E . O 
S AN EKTRV FOR F T N I V 
S AN ENTRY FOR F T N I V 
- 1 ) MODULO 2 5 6 1 • 1 FOR N . G T . 2 S 6 

X2 = A(NI 
X2=K 
X 0 - * 1 
X2=N-1 
BRANCH TO N l I F N = l 
RETURN 0 I N K . L E . r 
STORE N - 1 I N COM*l (COMPARE N C H A R . ) 
X 2 = A ( S T R 3 ) 
X l s A ( S T R A ) 
COMPARE N CHAR. OF STRA H I T H STRB 
LCAO DOES NOT EFFECT THE C O N D I T I O N CODE 

X 0 - « 1 S T R A . G T . S T R B 

X C = - l S T » ) A . L T . S T R 8 

X O * 0 S T R A . E O . S T R B 

X 2 * A ( S T R B > 
X l s A ( £ T R A ) 
X 2 = F I R S T CHAR OF S T R 3 

TORE F I R S T CHAR OF STRB I N COM1 
CCMPARE 1 CHAR 

X O s » l S r f t A . G T . S T K 8 

. 8 5 

. 7 

ICOMP 1C 
ICOMP 2 0 
ICOMP 30 
ICOMP 4C 
ICOMP 5 0 
ICOMP 6 0 
ICOMP TO 
ICOMP so 
ICOMP 9<* 
ICON 1 0 0 
ICON 1 1 0 
ICON 12C 
ICON | 3 0 
ICOM 1 4 0 
ICON ISC 
ICOM 1 6 0 
ICOM 1 7 0 
ICOM ISO 
ICOM 1 9 0 
ICON 2CC 
ICOM 2 1 0 
ICOM 2 2 0 
ICOM 2 3 0 
ICOM 2 4 0 
ICON 2 5 0 
ICOM 2 6 0 
ICOM Z*v 

ICOM - . 8 * 
ICOr 2 9 0 
IC3M 3 0 0 
IC3M 3 I C 
ICON 3 2 0 
MOM 3 3 0 
MOM 3 4 0 
1(011 3 5 0 
( C M 3 6 0 
I CO.* 3 7 0 
ICCM 3 8 0 
ICOM 3 9 0 

http://SrftA.GT.STK8

