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HIGHLIGHTS

The work described in the report is basically a synthesis of two
previously existing computer codes: INREM II, developed at the Oak
Ridge National Laboratory (ORNL); and CAIRD, developed by the Environ-
mental Protection Agency (EPA). The INREM II code uses contemporary
dosimetrjc methods to estimate doses to specified reference organs due
to inhalation or ingestion of a radionuclide. The CAIRD code employs
actuarial life tables to account for competing risks in estimating
numbers of health effects resulting from exposure of a cohort to some
incremental risk. The combined computer code, referred to as RADRISK,
estimates numbers of health effects in a hypothetical cohort of 100,000
persons due to continuous lifetime inhalation or ingestion of a radio-
nuclide. Also briefly discussed in this report is a method of estimating
numbers of health effects in a hypothetical cohort due to continuous
lifetime exposure to external radiation. This method employs the CAIRD
methodology together with dose conversion factors generated by the
computer code DOSFACTER, developed at ORNL; these dose conversion factors
are used to estimate dose rates to persons due to radionuclides in the
air or on the ground surface. The combination of the 1ife table and
dosimetric methods was performed at the request of the EPA as an aid in
determining guidelines for the release of radioactive pollutants to the
atmosphere, as required by the Clean Air Act Amendments of 1977.
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1. INTRODUCTION

This report describes a methodology designed to yield estimates of
health effects to a hypothetical cohort of 100,000 persons, assuming
constant, lifetime exposure to a given radionuclide. The exposure
pathways considered are inhalation, ingestion, and external exposure.

For the cases of inhalation and ingestion, the methodology is essentially
a combination of the dosimetric methods represented by the computer code
INREM II (ref. 1), developed at the Oak Ridge National Laboratory (ORNL),
and the life table methodology represented by the computer code CAIRD
(ref. 2), developed by the Environmental Protection Agency (EPA).

Numbers of health effects from external exposure are estimated using
CAIRD together with dose rates generated by the computer code DOSFACTER
(ref. 3). The combination of the dosimetric énd 1ife table methodologies
was performed at the request of the EPA as an aid in determining guide-
lines for the release of airborne radioactive pollutants. The deter-
mination of these guidelines is required by the Clean Air Act Amendments
of 1977."%

2. AN OVERVIEW OF THE METHODOLOGY

‘The following general approach is used to estimate the number of
health effects from inhalation or ingestion of a radionuclide. It is
assumed that each member of the exposed cohort continually inhales or
ingests, over an entire lifetime, 1 pCi/year of a given parent radio-
nuclide. Dosimetric and metabolic information about the radionuclides
in the subchain beginning with thé parent nuclide is entered into a
computer code referred to as RADRISK, which is a modified version of the
INREM II computer code containing as a subroutine a suitably adapted
version of the computer code CAIRD. The RADRISK code implements contem-
porary dosimetric models to estimate the dose rates as a function of
time to specified reference organs in the body. Estimates concerning
the deposition and retention of inhaled particulates in the lung and
their absorption into the blood and clearance into the gastrointestinal
(GI) tract are made using the ICRP Task Group Lung Model.> Residence

1



times of radionuclides in the GI tract and assimilation times from that
site are estimated using a four segment model of the GI tract that
involves first-order mass transport and absorption of activity.
Retention functions for activity in other organs are approximated by
linear combinations of exponential functions. The use of dosimetric
factors (S-factors, in units of rad/uCi-day) together with estimates of
activity in the various organs permits an estimate of dose rates from
cross-irradiation when penetrating radiations are present. The RADRISK
code permits the consideration of the different absorption and retention
properties of the various radionuclides in a decay ¢hain. |

For each reference organ, the instantaneous dose rates (rad/year)
at specified times are sent by RADRISK to a subroutine which is, in
essence, the CAIRD code. This subroutine uses average yearly doses
corresponding to the transmitted dose rates to estimate the number of
incremental fatalities in the cohort due to radiation-induced cancer of
the reference organ. The calculation of the incremental fatalities is
based on estimated annual incremental risks, computed from annual doses
to the organ, together with radiation risk factors provided by the EPA.
(These risk factors are based on an average of absolute and relative
risks from the BEIR report; typical risk factors from the BEIR study?
are shown in Table 1.) An important feature of the CAIRD code is that
it employs actuarial life tables to allow for competing risks of death
in its estimate of risk due to radiation exposure.

A 1ife table is essentially a table 6f data describing age-specific
mortality rates from all causes of death for a given population. This
information is derived from data obtained on actual mortality within a
real population. The use of life tables in the study of risk due to
exposure to low-level radiation is important because of the delay
inherent in radiation risk. During or after exposure to radiation, a
potential cancer victim may experience years of life in which he/she is
continually exposed to risks of death from normal daily activities.
Hence, some fraction of the individuals who would eventually die from
radiation-induced cancer will die earlier from competing causes of death.
If the latent period (period after exposure in which there is no risk of
radiation-induced cancer death) and plateau period (period in which the



Table 1. Typical radiation risk factors as given
in the BEIR document

. Risk estimate

Absolute
Duration Duration riskb Relative
of latent of plateau (deaths/10° risk
Age at Type of period region persons per (% incr. 12
jrradiation cancer (years) (years) year/rad)® deaths/rad)
In Utero Leukemia 0 10 25 50
A1l other
cancer 0 10 25 : 50
0-9 years Leukemia 2 25 2.0 5.0
A1l other (a)30
cancer 15 (b)Life 1.0 2.0
10+ years Leukemia 2 25 1.0 2.0
A1l other - (a)30
cancer 15 (b)Life 5.0 0.2
%plateau region = interval following latent period dufing which
risk remains elevated.
bThe absolute risk for those aged 10 or more at the time of
irradiation for all cancer excluding leukemia can be broken down into
the respective sites as follows:
Type of cancer Deaths/10% persons per year/radc
Breast . 1.5% :
Lung 1.3
GI incl. stomach 1.0
Bone 0.2
A1l other cancer 1.0
Total 5.0
®Risk factors in the BEIR document are actually given in Lerms of

rem rather than rad. The risk factors given in this table apply to
low-LET radiation only.

*
: This is derived from the value of 6.0 quoted in Appendix II,
Section A 1 e (of the BEIR document) corrected for a 50% cure rate and
the inclusion of males as well as females in the population.



risk of radiation-induced cancer death persists) are known, the 1ife
tables can be used to estimate the number of individuals who will die
from radiation-induced cancer, excluding those who might have died from
radiation-induced cancer but die earlier from other causes.

Numbers of health effects from external exposure to a radionuclide
are estimated in the following general manner. It is assumed that each
member of the cohort is continually exposed to external radiation result-
ing from a specified concentration of a given radionuclide in the air
and/or a specified concentration of the same radionuclide on the ground
surface. The dose rate to the total body is calculated for a person
who is assumed to remain standing on the ground surface. These dose
rates are estimated from conversion factors generated by the methods of
Kocher,3 which employ standard formulas to convert photon and electron
radiation exposure to dose rates. The dose rates (rad/year) are entered
into the computer code CAIRD, which calculates risk to the cohort as
described earlier.

For expository purposes, we first consider the 1ife table approach
ds app11éd in the present methodology. The dosimetric approach used in
this methodology is described in a later section.

Throughout this report the term "incremental" is reserved for
reference to increased risk of dying from cancer (of a given organ)
during a specified time period, as a result of the specified exposure
to radiation. Thus, the phrase "incremental risk for the kth year" is
a short-hand way of saying "increased probability of dying, during the
kth year of life, as a result of cancer (of the given organ) induced by
the specified exposure to radiation."

3. THE LIFE TABLE APPROACH FOR ESTIMATING INCREMENTAL RISK,
AS APPLIED IN THE PRESENT METHODOLOGY

3.1 Basic Concepts of the Life Table Approach

It is assumed that each member of the hypothetical cohort is
continuously exposed to a fixed activity of a given radionuclide. The
exposure pathways considered are inhalation, ingestion, and external
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exposure. Thus it may be assumed, for example, that each member of‘the
cohort inhales 1 pCi/year of a given nuclide, or ingests 1 pCi/year of
that nuclide, or is exposed externally to air and ground surface concen-
trations of 1 pCi/cm3 and 1 pCi/cm?, respectively, of that nuclide.
The cohort consists of an initial population of 100,000 persons, all of
whom are Simu]taneous]y liveborn. The inhalation, ingestion, or external
exposure begins at birth and continues throughout the entire lifetime
of each member of the cohort.

It is assumedAthat no member of the cohort lives more than 110
years. The span from 0 to 110 years is divided into as many as nine
age intervals (usually 0-2, 2-4, 4-8, 8-16, 16-24, 24-36, 36-48, 48-64,.
64-110 years). The dose rates (rad/year) at the midpoints of the age
intervals to specified reference organs due to the continuous exposure
are estimated as discussed later. In addition, dose rates at 50 and at
70 years of age are calculated. The dose rate at the midpoint of each
age interval is used as an estimate of the average dose rate during each
year of that age interval. For a given organ, the incremental proba-
bility of death due to radiation-induced cancer is estimated for each
year using (1) risk factors described in Section 2 and (2) the estimated
doses during that year and relevant preceding years. The calculation
of these incremental probabilities of death for each year is explained
in a subsequent section. The incremental probabilities of death are
used in conjunction with actuarial 1ife tables to estimate the incre-
mental number of (radiation-induced) deaths each year. Although the
method can be used with any set of age-specific probabilities of death,
the life tables used for our calculations are those based on the 1969-71
U.S. population data, as reported by the National Center for Health
Statistics (NCHS).7 The use of 1ife tables in risk analysis provides a
reference for the risk of death from all causes for any given age and
thus allows the considération of competing risks of death.

The estimates of the number of premature deaths proceeds as follows.
At the beginning of the first year (the year following the birth of the
100,000 persons) there is a probability P(1) of dying during that year,
as calculated from the NCHS life table data, and an estimated incremental
probability R(1) of dying during that year due to radiation-induced



cancer of the given organ. The total number of deaths during the first
year is assumed to be

p(1) = {p(1) + R(1)] = 100,000 , (3.1)

and the incremental number of (radiation-induced) deaths is estimated
to be

(1) = rR(1) x 100,000 . (3.2)

The number of survivors at the heginning of the second ycar i3 calculated

1.0 he
n(2) = (1) - p(1) , (3.3)

where ¥(1) = 100,000. In general, for the Zth year, the calculations

are

p(z) = [P(2) + R(2)] x w(Z) , (3.4)

Q(Z) = Rr(¢) x N(Z) , (3.5)
and

w(z + 1) = 8(<) - p(z) , (3.6)
where

b
—~
o,
~—
0]

total number of deaths in cohort during <th year,

@(7) = incremental number of (radiation-induced) deaths during <th
year due to cancer of a given organ,

(<) = number of survivors at the beginning of the 7th year,

p(Z) = probability of death at the beginning of the 7th year taken

from 1ife table data,

E(Z) = incremental probability of death at the beginning of the

2th year due to radiation-induced cancer of a given organ.

The total number of premature deaths for the cohort is then
11
Q=2 ali), (3.7)

1=1

L]

since it is assumed that no member of the cohort Tives more than 110
years.
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In addition to providing an estimate of the incremental number of
(radiation-induced) deaths, the life table methodology can be used to
estimate the total number of years of life lost to those dying prema-
turely, the average number of years of life lost for those dying
prematurely, and the decrease in the population's 1ife expectancy. The
total number T of years of life lost to those dying prematurely is
simply the difference between the total number of years of life T, lived
by the cohort, assuming no incremental radiation risk (7; is taken from
the NCHS 1ife table) and the total number of years of life T, lived by
the same cohort assuming the incremental risk from radiation. The
average number of years of life lost to those dying prematurely is then

T/Q = (1, - T52)/Q . , (3.8)

The decrease E in the population's life expectancy can be calculated
from the formula

E=(ry - Tp) x 1075 . (3.9)

3.2 Calculation of the Annual Incremental Probability
of Death Due to Radiation Exposure

Either absolute or relative risk factors can be used with this
method. Absolute risk factors, given in terms of deaths per 10° rad-
person-years at risk (sometimes expressed as deaths/106® persons per
rad/year), are based on the assumption that there is some absolute
number of deaths in a population per unit of dose. Relative risk
factors, given in terms of a percentage increase in cancer deaths per
rad, are based on the assumptfon that the number of radiation-induced
cancer deaths associated with a given type of cancer depends on the
total number of fatal cancers of that type. Both absolute and relative
risk factors are assumed to apply uniformly during a plateau period,
beginning at the end of a latent period; this latent period follows the
beginning of exposure, and during this latent period there is assumed
to be no risk. It is often the case that different risk factors are
used for ady]t, child, and in utero exposures. (With the present treat-

ment, in utero exposures are not considered.),



The incremental probability of death due to a particular type of
radiation-induced cancer is calculated from the risk factor(s) in the
following way. We first consider absolute risk factors. Assume that
the risk factor for a child is 4, deaths/10° persons per mrad/year, with
latent and plateau periods of L; and P, years, respective]y,'and that
the risk factor for an adult is 4, deaths/10® persons per mrad/year,
with latent and plateau periods of L, and P, years, respectively.

Let year E be the ending year of the child stage (r 15 usually
taken to be 10) and assume that each individual in the cohort receives
a dose of Z(7Z) rad during the Zth year, i =1, 2, ..., 110. It follows
from the definitions of the latent and plateau periods that dose during
the child stage (years 1 through E) contributes to the incremental risk
during each of the years ; + 1, Ly + 2, ..., Ly + P, + E. Furthermore,
it can be seen that the incremental risk contributed to the Zth year,

Ly +1 << <L, +P, +E, by the dose during the jth year of the child
stage, 1 < J < E, is

z(§) = 4y x 0.5 if G=4-15p,
z(J) x 4y if {-Ly-P +1<g<i-IL,
Z(j) ® Ay x 0.5 if Jg=1 = L1 - P,

0 otherwise.

Similarly, it can be seen that the incremental risk contributed to the
ith year, Ly + E + 1 < < < 110, by the dose during the jth year of the
adult stage, £ < 4 < 110, is

z(j) x 4, x 0.5 if j=<-1,,
2(4) = Ay if L -Lp-Dp+1<g<t-1Ly.
Z(j) X AZ x 0.5 if j =17 - Lz - P2 s

0 otherwise.

The factors 0.5 in the cases j = - L, k = 1, 2, and j = 7 - Ly = Pps
k=1, 2, are reflective of the fact that times during the <Zth year are,
on the average, L, (respectively, L + Pk) years later than only half

the exposure times during the jth year.
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As an example, let L, = 2, P, = 25 (2 = 1, 2), and E = 10. Then
the incremental risk during the fourth year of life, for example, is
[z(1) x 4;] + [2(2) x 4} x 0.5] ;

the incremental risk during the fifteenth year of life is

0 12 | :
3 [2(d) x 411+ Y [2(4) x 4,1 + [2(13) x 4, x 0.5]
71 i

and the incremental risk during the thirtieth year of life is

10 27
[2(3) x 47 x 0.5] + 2 [2(4) x 4,1 + D [2(4) x 4,]
i=4 =N

+ [2(28) x 4, x 0.5] .

Calculations made for the situation in which relative risk factors
are used are analogous to the preceding calculations. The only differ-
ence is that the numbers 4, and 4, are replaced by year-specific numbers
A(Z), which are the relative risk factors multiplied by the cancer
mortality rates taken from NCHS mortality tables.

4. THE ESTIMATION OF DOSE RATES TO REFERENCE ORGANS

The calculation of dose rates to specified reference organs due to
the constant inhalation or ingestion of a given activity of a radio-
nuclide is performed by a portion of the RADRISK code which is adapted
from the INREM II code.! The dosimetric methods in RADRISK are, in most
respects, identical to those in INREM II. The principal qualitative
differences are that (1) RADRISK calculates dose rates (rad/year) to
specified organs separately for high and low linear energy transfer
(LET) radiation, whereas INREM II calculates total dose equivalent
commitments (rem) to specified organs; and (2) RADRISK calculates dose
rates to the nasal-pharynx, tracheo-bronchial tree, and pulmonary regions,
as well as to the entire lung, whereas INREM II calculates dose commit-
ment to the entire lung but not to the three subcompartments.

The description of the dosimetric portion of RADRISK which follows
applies equally well to the code INREM II except where explicitly stated
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to the contrary. In fact, the notation and equations that follow are
generally identical to those in the INREM II document,! and the descrip-
tion that follows is in many places paraphrased from the description of
INREM IT in ref. 1.

4.1 Sources of Dose to an Organ after Intake of a Radionuclide

In a1l dosimetric calculations performed with RADRISK, it is assumed
that only the first nuclide in a chain of ¥ radinactive species (¥ > 1)
is taken into the body. As described later, calculations made by the
code consider the formation and dynamics of daughters in the chain.

Throughout , Aik(t) denotes the activity (uCi) of the ith species
of the chain (1 < < < N) in an organ indexed by subscript k; the time ¢
is measured from the initial intake of species 1 into the body. The
activity Aik(t) is a measure of the energy being emitteq by the <th
species in the kth organ at time ¢. Thus, the activities in all organs
of the Zth species at time ¢ can be directly related to the dose rate
to the kth organ at time ¢£. The problem is to estimate the fraction of
the energy emitted by the decay of the <th species in each organ that
" is absorbed by the kth organ. This specific absorbed fraction is
incorporated into the calculation through the use of dosimetric
S-factors.8,9 The S-factor Si(X « Y) (rad/uCi-day) is defined, for use
in RADRISK, as the average dose rate to target organ X due to 1 uCi of
'the radionuclide species < uniformly distributed in source organ Y.
Methods for calculating S-factors are described in Section 4.4. It -
should be pointed out that the definition and use of "S-factor" here
differ S]ight]y from the definition and use for INREM II. Furthermore,
the S-factors used here are conceptually similar but numerically dis-
tinct from the SEE values used by the ICRP,!0 as noted in Section 4.4.
For use in RADRISK, S-factors do not include quality or modifying factors.
For use in INREM II, S-factors do include quality factors and are defined
in terms of average dose equivalent rates to a target organ.

The dose rate [DRi(X)](t) to target organ X at time ¢ due to
radionuclide species < in source organs Y;, Yy, ..., Y, is estimated to
be
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M

[or, (x)1(¢) Z [or,(x < ¥,)1(¢) rad/day , (4.1)
where

[DRi(X - Yk)](t) = Si(x - Yk)Aik(t) rad/day .

Recall that Aik(t) is the activity, at time ¢, of species < in source
organ Y. Implicit in the definitions is the assumption of uniform
distribution of activity of species < in each source organ (with an
exception noted below), as is the assumption of averaging of the dose
rate over the tissue of the target organ. Generally, for particle
radiations, [DRi (x « x)](¢) will contribute the principal dose to organ
X.

An exception to the assumption of uniform distribution of activity
in source organs occurs for alpha-emitting radionuclides deposited in
bone. Radionuclides may be assumed to deposit primarily on kone surfaces
(e.g., actinide elements) or to be distributed uniformly throughout the
bone volume. (e.g., 226Ra), depending on the characteristics of the par-
ticular radionuclide. The distribution of daughter isotopes produced
in bone is assumed to depend on that of the parent nuclide originally
deposited. Special absorbed fractions are calculated for irradiation
of endosteal cells and red bone marrow from activity in bone, based on

‘methods of Thornell! and the assumed deposition pattern in bone.

4,2 Retention and Trans]ocat1on of Radioactivity

The time rate of change of activity in the body is modeled by a
system of ordinary differential equations, with each differential
equation describing the rate of change of activity in a conceptual com-
partment of the body. The pathways in the body by which the activity
is assumed to move are illustrated in Fig. 1. In each compartment there
may be formation of radioactive daughters, which may have different
chemical and physical properties from those of the parent. If the
entire chain consists of ¥ species, indexed z = 1, ..., ¥, then each
species has associated with a given compartment a retention function
Ri(t)’ which is the fraclion of activity in the compartment at time zero
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that survives the compartment's removal processes and fadioactiye décay
t days later.

The activity Ai(t) of the <th species may be expressed in terms of
the retention function as follows:

) ' £ g il
Ai(t) = Ai(O) Ri(t) +/{; [pi('r) N J;] Bij Aj(-r).

x R.(t - 1) dv  wCi , | | (4.2)
where
Xi = (In-2)/1%, where 77 = radioactive half-life (days) of
species %, '
i = radioactive branching ratio from species j to species <,
Jd < T, )
p.(¢).= rate (pCi/day) at which activity of species Z enters the

compartment at time ¢.

Each retention function Rﬁ(t) is assumed to be of the form

L, e s
R, (t) = Z;] e;o expl-(37 +27)e] , (4.3)
where
Ags = rate coefficient (day~!) for biological removal of species <
from the compartment:
The coefficients e can be thought of as "pathway fractions." For

example, one retention function given for uranium in bone is

R(¢) = 0.9expl~(1n 2/20) + (1n 2/7")]

+ 0.1exp[(-1n 2/5000) + (1n 2/7)7] ,

where 7% denotes the radiological half-life.10 Thus, in this case, it
is assumed that bone consists of two compartments. Ninety percent of
the uranium in bone is assumed to clear from compartment 1 with a bio-
logical half-time of 20 days, and 10% is assumed to clear from compart-
ment 2 with a biological half-time of 5000 days. In Eq. (4.3) it is
required that
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b

1
Z; CT N (4.4)

[¥)]

" that is, Ri(O) =

4.2.1 The respiratory tract

The model used in RADRISK for particulate deposition and retention
in the respiratory tract is based on the ICRP Task Group Lung Model,"
with parameters given in ICRP Publication ]9.12 With this model (which
is shown schematically in Fig. 2) there are assumed to be four major
respiratory regions: nasal-pharynx (N-P), tracheo-bronchial tree (T-B),
pulmonary region (P), and lymphatic tissue (L). The regions N-P, T-B,
and P are assumed to receive fractions D3, Dy, and D5 of inhaled partic-
ulates, where D3 + D, + D5 < 1 (since some particulates are assumed to
be removed by prompt exhalation). The values D;, D,, and D5 depend on
the activity median aerodynamic diameter (AMAD) of the inspired particles.
A functional relationship between D3, D,, and Ds and AMAD for 0.1 um <
AMAD < 20 um suggested in ref. 13 is used in RADRISK. The Tung model
employs three clearance classes, D, W, and Y, corresponding to rapid,
intermediate, and slow clearance, respectively, of material deposited
in the respiratory passages. The clearance class depends on chemical
properties of the species.

The retention function used in RADRISK for the nasal-pharynx is

.‘)\ -t -Ab it
t) =1 e T+ Fb,ie v, (4.5)

N-P
0. (
LCl,’l, B

to blood to GI
where the first term is assigned to pathway a, that is, clearance to the
blood, and the second term is assigned to pathway b, that is, mechanical
removal to the stomach. In this equation, as in the equations which
follow, Av,i is the sum of the radiological decay constant and the
biological removal constant A i = (In 2 /TD e where TB : is the bio-
logical half-time associated w1th c]earance pathway v (= as by ..., 7
in Fig. 2). The pathway fract1ons, Fv,i’ are given in Fig. 2 for the
three clearance classes D, W, and Y.
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CLASS
COMPARTMENT D
T F T F T F
NP. al001 05 0.01 0.1 0.01 0.1
(D3=030) b|001 05 04 09 04 099
T8 c|001 095 | 001 05 | 001 o001
(D,=0.08) d{02 005 | 02 05 02 099
. e|los 08 50 015 | 500 0.05
P flna na 10 04 1.0 04
(D5 =0.25) g|na na. 50 0.4 500 04
hlos 02 50 005 | 500 0.15
L ilos 1.0 50 1.0 1000 0.9
Fig. 2.

The ICRP Task Group Lung Model for partitulates (Ref's. 5

a le b
o e h N-P —
WD ‘—d—.
‘c N T-B ,}- "(b
/
i { ’,‘_.
e B
- — DS .
P
h

and 12). The colunns labeled D, W, and Y correspond, respectively, to
rapid, intermediate, and slow clearance of the inspired material.

symbols T and F denote the biological half-time (days) and coefficient,

The

respectively, of a term in the appropriate retention function [Eq. (4.5)

through (4.9)].
median aerodynamic diameter AMAD = 1 um.
., & are (4.10) through (4.21).

ways a, b, ..

The values shown for D3, Dy, and Ds correspond to activity

Differential equations for path-

Sl
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The retention function describing activity deposited directly in
the tracheo-bronchial tree takes the form

-x .t =X

Rg_e(t) =F . %V + Fi @ d’i‘ ,
5T et o, dst .

to blood to GI

(4.6)

where the first term is assigned to pathway ¢ (clearance to the blood)
and the second term is assigned to pathway 4 (removal to Lhe stomach).
Activity in the tracheo-bronchial tree can also result from recirculation
from the pulmonary region. The clearance of the activity in transit
from the pulmonary pathways f and g to the stomach via pathways k and £,
respectively, is described by the retention function

A

(4.7)
—
to Gi

- .t
-B _ d,1
| Rg’i(t) = e

The clearance of activity from the pulmonary and respiratory lymph
regions through pathways e, f, g, h, and ¢ is represented by the

equations
. L Y -\ Lt -A, Lt
R?(t) cr e SV hp, e Tt o 9T 4 F, ;e h, 1
1 , @7 1 s g,t o Bt '
to blood to T-B to Llymph
(4.8)
and
R (z) Pt e g0 (4.9)
(t) =F. .e " + (1 -F. .)e 4.9
v L oot gL Lt —
to blood remains in Lymph
(elass Y materials)
The activities Aa g3 tees Az ; cleared by pathways a, ..., %,
respectively, are represented by the following differential equations:
-1
I = -n LA %+ \E E (4 . +a4, .)
a,t a,t a1 a, 7 't 2] 5d b,J
J=1
+ Foi Dj Hi(t) , (4.10)
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+ F

-A_ LA
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+ F
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= Mg

+ F

.+ F .
g, gs1

Dg H.(t) ,
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a,d

e,d

e,J

e,J

e,d

€sd

e,J

fsd

fsd

fod

fsd

+ A

+ A

+4 .

+ 4

g,d

g,d

gsd

g>d

(4.11)

(4.12)

(4.13)

(4.14)
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-1
A = -2 + F B B..(A. .+ 4. .)
1,7 1,7 1,1 1,7 )77 1 1,d Jsd
Jg=1
+22 .4 ' (4.18)
h,7 “h,t ’ :
-1
_ : R
R R R L P R R A 45,5
J=1
B
BRI SR B (4.19)
-1
. R B I
= - +
Ak,i Ad’i Ak,i + xi 2 Bij Ak’j xf;i Af;i . (4.20)
J=1
-1
. _ R B
Az,i = -xd’i Az’i + X E Bij Az,j + xg,i Ag,i . (4.21)

J=1
Here Hi(t) is the rate (uCi/day) at which species 7 is inhaled at time t.
It is assumed that no daughters of species < are inhaled. [The inhala-
tion of daughters of species < must be treated in a separate run of
RADRISK; however, the formation of daughters of species Z in the body
after inhalation (or ingestion) of species 7 is considered in the calcu-
lation of dose rates due to intake of species Z.] Initial conditions
for all species and compartments are zero:

A (0)=0,v=a, ..., 8y =1, ..., 0. (4.22)

v, 1
The rate of absorption of activity from the respiratory tract into

the blood is described by the equation
A= a4 2B a4 B a4 0B 4. (a.23)

LB,7 a,t “a,i e,1 e, e, 1 e,t 1,7 1,1
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., is
LB,1°
used to determine the uptake of species i by other organs. Recall that

A€ ; 1s the rate coefficient for biological removal of species 7 from

The cumulative activity of species < absorbed into the blood, 4

thé respiratory tract by pathway v.
The rate at which activity of species < is transmitted from the
respiratory tract to the GI tract is estimated from the equation

B B

B B
. = .. .+ . . . .+ .
LG, T }\b,t Ab,t Ad,z Ad,’z, )‘d,z Ak,’b Ad,t A

A 0,4 (4.24)

where ALG,i is the cumulative activity of species Z entering the GI
tract from the respiratory tract. This transmitted activity of species
7 is assumed to behave exactly as activity which reaches the GI tract
directly by ingestion. In the next section the behavior of radioactive
particles deposited in the GI tract, following either ingestion or

transmission from the respiratory tract, is discussed.

4.2.2 The gastrointestinal tract
The model used in RADRISK to describe movement of activity through
the GI tract is illustrated schematically in Fig. 3. This model, which

is equivalent to that described in ref. 14, consists of four segments:
stomach, small intestine, upper large intestine, and lower large intes-
tine. Exponential outflow of activity from each segment into the next
or out of the system is assumed. Outflow rates calculated from transit
times suggested in ref. 15 are shown in the figure. It is usually
assumed that activity is absorbed into the blood only from thevsmall
intestine; however, the user may specify absorption from any combination
of four segments. ‘

The differential equations describing the rate of change of activity
in the stomach (S), small intestine (SI), upper large intestine (ULI),
and lower larye intestine (LLI), are

1-1
. R .. .ab ' R :
, = - + AL+ . (S B W .. .+ (- .
AS’Z (AS X Asﬂ) /'S’% X E Bw 'AS,J (1 e)Gt(t)
J=1
B B B B
+ + . + A . + .
8 (2 Ab,z Ad,z Ad,z )‘a,t Ak,'l, }‘d,'z, &,1,) >
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INGESTION
RESPIRATORY S
TRACT b,d:k',
. ) /, ' ___1
ac.e,l ‘ )\;b/ l Ag = 24 day |
< S|
)\ab
Sl .
T -1
5 l )\S| = 6 day
C )
0 - — ULl
() ')\ab ‘
D uLl
- -1
l ‘ )\UU = 1.85 day
-y LLI
)\ab
Lt

— 1 -1
)\LU = 1 day

Fig. 3. Schematic representation of radivactivity movement among
respiratory tract, GI tract, and blood.
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R ab
+ A, + .
Az ASJ;z

e

) A + A, A

= -( s1,i T As4s,1

SI, % ST

=1

R
e B A | (4.26)
37 '

ab

ULL, % 4

R L
+
A ) Ayrr,i *Asr

vrr,i = ~Pyrr SI,i

-1 .

R
) ZBiJ. AULI,J' s (4.27)
J=1

R ab

+ .+ .
Nt Arpr ) A

A

e
1

= - o+ .
rrr,i - s rr1,i " Mvrr Avnr,<

——

i-
R
; (4.28)

+ A, B

i Ain,g

.,
]
—

A . = activity (uCi) of species ¢ in the segment o (= S, SI, ULI,
or LLI) of the GI tract, '
A= outflow rate coefficient (day~!) for activity in segment o
of the GI tract (calculated from transit times of Eve (see
Fig. 1.2 of ref. 13), ’ |

A§-= radioactive decay rate coefficient (day-!) for nuclide
species 7,
Ag?i = rate coefficient (day~!) for absorption of nuclide species
<+ from segment ¢ (= S, SI, ULI, or LLI) into the blood,
Bij = branching ratio of nuclide species j to species i,'
6 = 0 or 1 according as intake of the parent nuclide occurs by

ingestion or inhalation, ‘
G.(t) = ingestion rate (uCi/day) of species Z at time ¢.

A1l initial conditions are zero:

0) =0. (4.29)

Ag ;(0) = Agr ,(0) = Aprp ;(0) = 4., (C
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The coefficient Aﬁbi for the rate of absorption of species < into the

3

blood from the GI tract is derived from an absorption fraction f& : by
the equation

NI

0,1 o” a,

A0 -1 (4.30)

The equation describing the rate of absorption of species < from
the GI tract into the blood is

. ab ab ab
/ , = . .t . . . .
Aep.i = s5,¢ A5, T rer, 1 Asr, i t Aurr, s Aurrs
+ @0 4 i (4.31)

LLI,% "LLI,<

4.2.3 Other organs

For the case of ingestion, Eq. (4.31) is used to describe the
availability of the radionuclide to those organs that receive activity
only from the blood. For intake by inhalation, Eq. (4.24) is also used
to compute the availability of activity to those organs.

The activity that enters the blood is assumed to be distributed
immediately to various compartments within other specified source organs.
The distribution of activity to the source organs is specified in the
input data. The list of source organs is element-dependent, and may
include such organs as bone or liver where sufficient metabolic data are
available. This list is complemented by an additional source denoted
as "OTHER," which accounts for that activity not distributed among the
explicit source organs; uniform distribution of this remaihing activity
within "OTHER" is assumed.

For each source organ, the fraction of the initial activity of a
radionuctide which remains after time ¢ is assumed to be described by a
fractional retention function of the form of Eq. (4.3). In Eq. (4.2),
the fraction of the activity surviving at time ¢ is convoluted with the
rate of formation of species z from the decay of parent radionuclides in
the organ plus the flow of activity into the organ from other parts of
the system.

In order to remain consistent with ref. 1, we denote by fé,i the
fractional allocation of species ¢ to an organ. We note that the
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fraction f2 . often may be included 1mplicit1y within retention equations
found in the literature; this is, for example, the approach used by the
ICRP in recent publications.1? We rewrite Eq. (4.2) a

i

a,(t) = f fé,i[e/lLB,i(r) GB,, )] + AL ZBw 4J(r
0

Ri(t - 1) dr  uCi, - (4.32)

where 6 = 1 for the inhalation case and 6 = 0 for the ingestion case.
The initial level in the organ is assumed to be zero, and the fraction
fé,i of activity is assumed to flow into the organ without delay.

The differential equations corresponding to Eq. (4.32) are

. L
7-1 J
i = (AR+>\B)A. teo. (A\E B..E A.
is 7 is is ) "1 i Jir
J=1 r=1

* fé,i[eALB,i + ;]" '] ? s =‘]’ I ] L?: ’ (4.33)

with initial conditions

Ais(o) =0,s8=1, ..., L .

where the coefficients ;. are those in the expression for R, (Eq. 4.3).
It should be pointed out that this formulation does not explicitly assume
recircu1a£ion to the blood of daughters formed in organs other than .the
respiratory or GI tract.

4.3 Solution of the Differential Equations

Each of the differential equations (4.10) through (4.21), (4.25)
through (4.28), and (4.33) is a special case of the equation

i-1 Ly

J
. R
Agge = -+ X)) Age +ey 0 2 By ZAjr tpg) . (4.34)
Jg=1 r=1
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A., = activity (uCi) of species < in the organ,
1k
A= (In 2)/T§, where Tﬁ = radioactive half-life (days) of

7
species 7, A
Ag = rate coefficient (day~1) for biological removal of species <

from the compartment,
L. = number of exponential terms in the retention function for

J -
species J,
Bij = branching ratio of nuclide j to species <,
p; = inflow rate of Z<th species.

The subsystem described by each of these equations can be interpreted
as a biological compartment in which the fractional retention of species
< 1s governed by the function

L.
1 .
R.(t) = c. expl-(GE + 22 )(4)] (4.35)
7 1k’ % ik’ * :
k=1

The subscript k in Eq. (4.34) represents the kth term of the retention
function, and the coefficients ¢z can be considered as "pathway
fractions."

If the inflow rales p. in Eq. (4.34) remain constant, then the

explicit solutions A (t), of Eq. (4.34) are

k
Mt Fle exp(-A1kt) ife=1,
£-1 Lj
Agg(£) =4 Dy ¥ By expleag8) + ) Citejm (A t)
J=1 m=1
ifi>1, (4.36)
where the coefficients Dik’ Hik’ and Gikjm may be calculated from the

following recursions:

fe].k P/ ifi=1,

. L.
-1 J
Duf{ (. /a.,) [AF ) B Zp + ifi>1, (4.37)
k" "Lk 7 g gm p ? ’
J=1 m=1




(
A]k(O) - Dyg ifz=1,
-1 LJ
- R
sz _ﬁ Azk(o) - Dzk Cik )‘zZZ (ELJI” LJHJm)
Jg=1 m=1
- _1 - .
\ x (Aik Ajm) ifi>1, (4.38)
and
- R -1
Citgm = %k X5 Bygm * Byglim) O = 2g)70 2> 1, (4.39)
where
/
-1 Lr
. =( B”, Gpujm1fg<z—2
gm r=j+1 u=
k 0ifg=2-1. (4.40)
The'fol1owing recursion is used to calculate the Eijm:
(0 ifi=2
-1 Lr'
= - -1
zjm { Buﬂ >‘ eru Jm Berjm)(Aru >‘jm) ?
r=j+1 =1
Kfor i=1, ..., 1 ~-2,and 2 > 2 . (4.41)

To reduce computer storage requirements, only the Dik’ Hik’ and E, igm are
retained, and the Gikjm are generated as needed. The order of computa-
tion is with increasing <, in the order D1 Eijm’ Hipo

One obvious problem is presented in using Eq. (4.34) as a model of
the rate of change of activity of a radionuclide in a compartment: in
many cases it is unlikely that the inflow, P;s of species Z into the
compartment, especially from another compartment, would be at a constant
rate over a long period of time. The way that this problem is handled
in RADRISK is somewhat different from the way it is handled in INREM II.
In both codes, the time interval over which the dose is to be considered
(e.g., 110 years) 1is divided into relatively small subintervals (e.g.,

of length 1 year)., In INREM II, for those cases in which the inflow p;
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may be expected to- be nonconstant, p; is set equal to zero, and the
assumed continuous inflow rate over the entire subinterval is accounted
for as an initial pulse, which takes the form of an initial condition
of the differential equation on that subinterval. This approach yields
a conservative estimate of the dose commitment over the time period of
interest but cannot be used to estimate instantaneous dose rates that
result from continuous inhalation or ingestion of a radionuclide.

Since our usc of the computer code CATRD required the input of
doses numerically equivalent to dose rates at specified times after the
beginning ot the continuous inldke, it was necessary to modify the
approach used in INREM II to handle the situations where the inflow
rate, Ps coy]d be expected to be nonconstant. In RADRISK, the inflow
rate p; on each subinterval is taken to be that constant inflow rate
which would yield the total activity of the radionuclide which flows
out of the preceding compartment(s) during the same subinterval. For
example, the inflow p to the small intestine from the stomach during a
subinterval of length 365 days is taken to be ASZS/365 where Ag is the
outflow rate coefficient (day-!) from the stomach to the small intestine,
and ZS is the integrated activity of the radionuclide in the stomach
during the same time interval. (The integrated activities in the pre-
ceding compartments are computed in previous steps.) Thus, while
INREM II solves a given differential equation with different initial
conditions on each subinterval, RADRISK solves a new differential equa-
tion on each subinterval.

4.4 Calculation of the S-Factors

The dose rate to a target organ X from a source organ Y due to an
emission of type m may be calculated from the expression

S (X «Y) =511 f E o (X« ) (rad/uCi-day) , (4.42)

where
‘ 51.15 = 0.01 g-rad/erg x (3.2 x 10%) disintegrations/uCi-day
x (1.6 x 10-%) erg/MeV,
f, = intensity of decay event (number per disintegration),
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average energy of decay event (MeV),

Stﬁ
1

¢ (X « ¥) = specific absorbed fraction = fraction of emitted energy

(
m
from source organ Y absorbed by target organ X per gram

of x (g-1),

and where the summation is taken over all events of type m. In the
following sections we discuss briefly the estimation of the absorbed
fractions ¢m(X < Y) for photon emissions, beta, positron, electron, and
alpha decays. More complete descriptions can be found in refs. 8 and 9.
The SFACTOR computer code® is used to compute the S-factors for RADRISK,
excluding all quality and modifying factors.

The S-factor is similar in concept to the SEE factor (specific
effective energy) used by ICRP Committee 2 in the recent Publication 30.10
The SEE factor has units of MeV-g~!-transformation-! or MeV-g-1l-Bq-!-
sec”!l, and includes a quality factor for the radiation emitted during
the transformation. The S-factor as used in the RADRISK analysis does
not include consideration of the quality factor, and is expressed in
units of rad/uC1-day. The two quantities are related as

SEE(X <« y)m = kZ:Qmsh(X <« Y) (4.43)
where

Qm
k

"

the appropriate quality factor for the mth radiation type, and
(100 erg/g-rad) x (day/86400 sec) x (uCi/(3.7 x 10* Ba))
x (MeV/(1.6) x 10-% erg)) = 0.0196 MeV/g-Bq-sec per rad/uCi-day.

4.4,1 Photon emissions

For photon emissions, specified absorbed fractions @m(X < Y) are
interpolated from a basic set of absorbed fractions compiled in ref. 9
which were computed by Monte Carlo methods for all combinations of source
organs and target organs and 12 photon energies. The Monte Carlo method
is essentially a computerized approach to estimate the probability of a
photon interaction within organ X after emission from organ Y. This
method proceeds basically as follows. The body is represented by an
idealized phantom in which the internal organs are assigned masses,
shapes, positions, and attenuation coefficients based on their chemical
composition. A mass attenuation coefficient M, is chosen, where M, is
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greater than or equal to the mass attenuation coefficients for any
region of the body. The photon begins its course from organ Y in a
randomly chosen direction, and a potential site of an interaction is
chosen by taking the distance traveled as -1In r/uo, where r is a random
number distributed between 0 and 1. The point on the line at this dis-
tance from the photon's starting point and in the direction of the
photon's path is tested to determine the region of the body containing
this point. The computer randomly selects either a favorable or an
unfavorable outcome; the probability of a favorable outcome is “i/“o’
where My is the total mass attenuation coetticient tor the <th region.
If the outcome is unfavorable, then it is assumed that no interaction
occurs, and the photon proceeds another randomly chosen distance along
the same line of flight and the game is repeated. If the outcome is
favorable, then it is assumed that an interaction occurs. With each
interaction, an artificial "weight" of the photon (initially set at
unity) is reduced by an amount equal to the expectation of absorption
which the photon would have in the actual physical processes. The flight
of the photon is terminated (1) if it escapes the body; (2) if its
energy falls below a cutoff value--typically 4 keV; or (3) if its weight
falls below 10-°; in the latter two cases, the energy is considered to
be totally absorbed. The energy deposition for an interaction is deter-
mined according to a standard equation (see ref. 9).

4.4,2 Beta, positron, and electron decay

Beta particles, positrons, and discrete electrons are usually not
sufficiently energetic to contribute significantly to cross-irradiation
doses of targets separated from a source organ. Thus, it is generally
assumed that ° (X « X) is just the inverse of the mass of organ X, and
if source and target are separated, ° (X « ¥) = 0. Exceptions occur
when the source and target are in close proximity, which is the case,
for example, with various skeletal tissues. Absorbed fractions for cross
irradiations among skeletal tissues are computed as a function of energy,
from data of Spiers as described by Snyder et al.® This approach differs
somewhat from recently proposed methods of the ICRP,!0 where the
functional dependence of absorbed fractions on the beta energy is reduced
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to a two-stage step function for nuclides depositing on bone surfaces
and eliminated entirely for nuclides with a uniform volume deposition.
However, in our calculations to date, no distinction is made between
volume and surface deposition patterns for beta decay; all beta activity
is assumed to be uniformly distributed in the mineral bone volume. The
reader is referred to refs. 9 and 10 for further discussion of these
exceptional cases.

4.4.,3 Alpha particle decay

The energy of alpha particles and their associated recoil nuclei
is-generally assumed to be absorbed in the source organ. Therefore,
'@a (X <« x) is taken to be the inverse of the organ mass, and @a'(x < Y)
= 0 if X and Y are separated. In addition to the special cases noted
previously, special calculations are performed for red marrow and
endosteal cells in bone, based on the method of Thorne.l! The equation
for Sa is

5, (x «¥) =51.15 [(kE) + (RE)] e, (x « v) (rad/uCi-day) ,
(4.44)

where (XE) and (RE) denote the kinetic and recoil energy, respectively;
these values are given by

(k8) S2f.E, 5 . | (4.45)

(RE) = 7 ‘_‘ 4EfaEa ., (4.46)

where 4 is the mass number of the radionuclide, and the summations are
taken over all alpha particles for the given radionuclide. A more com-
plete discussion of S-Factors for alpha partic]e'decay can be found in
refs. 8 and 9.

5. THE ‘ESTIMATION OF DOSE RATES TO REFERENCE ORGANS
DUE TO EXTERNAL EXPOSURE TO A RADIONUCLIDE
IN AIR OR ON THE GROUND SURFACE

The dose rates to reference organs of an individual immersed in
contaminated air or exposed to a contaminated ground surface are esti-
mated from the equation
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R(t) = @(¢t) x D . (5.1)

Here R(t) is the dose rate at time ¢, @(t) is the radionuclide
concentration in the air or on the ground surface at time ¢, and D is a
dose rate conversion factor calculated by Kocher.3 The dose rate con-
version factor is defined as the dose rate per unit radionuclide concen-
tration and is uniquely specified by the radiation type, exposure mode,
and organ of the exposed individual. In calculations to date, only dosc
rate factors for photon radiations are utilized. Since skin is not
specified as a target tissue of concern in the present calculations, no
consideration of beta dose rate factors is required. The calculations
in ref. 3 assume that the contaminated air or ground surface is infinite
in extent and that the radionuclide concentration is uniform throughout
the medium. It is assumed that the exposed individual remains standing
on the ground surface.

The equations used by Kocher to calculate the particular dose rate
conversion factors are shown below. The derivation of each equation is
outlined in ref. 3.

The dose rate factor DY (in mi]]irad/year per uCi/cm3) for photons
(y) for the body surface of an individual immersed in contaminated air

is
- 7y L
DY 0.5(1.87 x 107) pa},;fi\f E’I:Y '(u—/—p—)— . (52)
ert a ’l:
where
P, ~ density of air in g/emd
f&Y = intensity of Zth discrete photon in number per
. disinteqration
Eiy = energy in MeV for <th photon,
uen/p = photon mass energy-absorption coefficient in cm?/g, with

subscripts t and a denoting tissue and air, respectively.

The factor 1.87 x 107 is the end product of several changes of unit:
(3.7 x 10~* dis/sec-uCi) x (0.01 g-rad/erg) x (1.60 x 10~ erg/MeV) x
(1000 millirad/rad) x (3.1536 x 107 sec/year) = 1.87 x 107 (units).
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The factor of 0.5 reflects consideration of the half space containing
no radionuclide concentration, i.e., the half space occupied by the
ground.

The dose rate factor DY (in millirad/year per uCi/cm?) for photons
for the body surface of an individual exposed to a contaminated ground

surface is
p,(2) = 0.501.87 x W0IZ5, 5, (o), | [2‘1<ua,iz>
| c .
- TB;?;%TT-exp [(Da,i _])ua,iz:]] , (5.3)
where

My g T mass attenuation coefficient in air in cm™! for the <th
discrete photon

= height -of reference position above ground surface in
centimeters (usually taken to be 100 cm).

The quantities C i and D i are functions of the photon energy — they
are the coeff1c1ents of the Berger form of the buildup factor — and the
remdining quantities arc as given earlier.

The organ dose rate factors for immersion in contaminated air are
obtained from Eq. (5.2) by multiplying the Zth term by a factor Gk(Eiy)’
which is the ratio of absorbed dose rate in body organ k to absorbed
dose rate at the body surface for the <th photon. (Electrons are not
considered in calculating dose rates to internal organs from external
exposure). More specifically,

Dk

v

photon dose-rate factor in millirads/year per pCi/cm3
for body organ k from immersion in contaminated air
(u_ /o)
en' "'t k
G(E. ) . (5.
iy Fiy (u, /00, | (Eﬁv) (5.4)

(2

5(1.87 x 107) Zf
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In a similar fashion the organ dose rate factors for exposure to a
contaminated ground surface are obtained from Eq. (5.4) by multiplying
the ith term by Gk(Eiy). Thus,

Dﬁ(z) = photon dose-rate factor in millirads/year per uCi/cm?
for body organ k from exposure at z cm to contaminated

ground surface

= 0.5(1.87 xi 107)§fiYEiY[(uen/o)t]

C
a, k
-5oh exp[(Da,i-l)ua,iz]]G (5,) - (5.5)

6. LIMITATIONS OF THE LIFE TABLE APPROACH

The 1ife table methodology, in its present form, does not consider
a real population. Rather, it considers a hypothetical population whose
probabilities of death correspond to those of the U.S. population during
the years 1969-71. The use of the 1969-71 U.S. population census has
the advantage of representing the most complete U.S. population data
available. However, there is the obvious disadvantage that mortality
rates, particularly cancer mortality rates, may change significantly
with time.

Even if present mortality rates were available in the detail .
necessdary for application of this method, the 1ife table methodology
could not be interpreted as predicting future effects in a real popula-
tion, since such effects are dependent on several unknown quantities,
including future death probabilities. The results from the 1ifle table
analysis should be viewed as if the cohort lives its entire existence
during a period when mortality rates are not changing.

The 1ife table methodology is to some extent nonlinear, in the
sense that the number of premature deaths predicted from high exposure
rates cannot be used in a linear fashion to estimate the number of pre-
mature deaths from Tower exposure rates. This nonlinearity stems from
the fact that the methods of CAIRD are based on the assumption that the
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number of incremental, radiation-induced deaths is extremely small ‘
compared with the total number of deaths (cf. Eq. 3.4). If the number
of premature deaths predicted for an inhalation rate of 100 uCi/year of
239Py were 20,000, for example, it should not be concluded that an
inhalation rate of 0.01 puCi/year would yield 2 premature deaths. This
type of extrapolation .should be made only at exposure rates low enough
that the number of premature deaths each year is very small compared
with the number of deaths from competing causes.

Recall that the methodology assumes that the cohort is exposed to
the radionuclide from birth to death, and that no added risk is considered
for dose to the fetus. Although the CAIRD code includes an option
allowing consideration of risk due to fetal dose, it was felt that large
uncertainties are associated with present dosimetric methods concerning
the fetus. In a real population, continuous ingestion or inhalation of
some radionuclides might actually result in significant doses to the
fetus; hence the cohort analysis performed here may differ from a real
population analysis in this respect. '

Additiona] problems arise in applying the CAIRD methodology to a
real population if the population is relatively small. The CAIRD -
approach is based on average mortality rates and risk factors which are
meaningful only for large numbers of persons. In addition, the code.
computes fractional numbers of deaths in the cohort each year, and while
it may not present serious difficulties to consider 10.1 deaths in a
cohort of size 100,000 to be essentially the same as 10 deaths, very
basic difficulties are encountered in the interpretation.of 0.1 death,
for example, in a cohort of size 1,000.

In the calculation of dose rates, there is assumed to be no age
dependence in the metabolism of the radionuclide. A1l dose rates are
calculated for reference organs whose weights are typical for an adult
weighing 70 kg. Since the methodology considers dose rates to indi-
viduals inhaling or ingesting a radionuclide from birth to death, the
assumption of age independence in the dosimetry methods may be undesir-
able in many respects. However, the uncertainty involved in computing
age-dependent estimates of dose at the present level of knowledge was
deemed unacceptably great.
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The largest uncertainties in estimating radiation risk using the
present methodology probably arise from uncertainties in the dosimetric
methods and in the risk factors. It should be kept in mird that esti-
mates of risk made using this methodology can be no more ré]iab]e than
the metabolic data or risk ractors used to generate the estimated risks.
The RADRISK methodology is intended only as a framework for assessing
risk from radiation; if this framework has been constructed adequately,
then the RADRISK code will produce increasingly reliable estimates of
risk as more reliable input data are incorporated.
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Output from the computer code RADRISK is illustrated in Figs. 1-1

through I-4. For this example, it is assumed that an individual inhales
-or ingests 210Pb at a constant rate of 2.74 x 10-2 uCi/day (1 pCi/year).

Dose rates to 20 reference tissues at specified times after the
beginning of continuous 219Pb inhalation are shown in Fig. I-1, along
with half-lives, gastrointestinal uptake factors, respiratory clearance
classifications, and other pertinent data for each radionuclide in the
decay chain. Dose rates resulting from chronic 210Pb ingestion are ‘
shown in Fig. I-2. Note that dose rates are given separately for high
and low linear energy transfer (LET) radiations. In addition to dose
rates used in the calculation of somatic risks to the exposed cohort,
30-year dose commitments to the testes and ovaries are calculated for
potential use in evaluating genetic risks.

Risks from cancers of specified tissues, in terms of numbers of
incremental deaths in the exposed cohort, decrease in population life
expectancy, total years of life lost to the cohort, and average years of
1ife lost to those dying prematurely, are tabulated in Figs. I-3 and I-4
for the inhalation and ingestion cases, respectively. In addition to
the risk to the cohort described above, these tables also contain other
pertinent information, such as the 70-year dose equivalent rate and
"risk equivalent factors." The risk equivalent factor is defined as the
number of premature deaths in the cohort resulting from the given
exposure (in this case, inhalation or ingestion of 210Pb at the rate of
1 pCi/year) divided by the number of deaths in the cohort which would
result from a continuous dose rate to the given organ of 1 millirad/year.
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e1-210 ®0-210 1,000

C‘SE 1es INHALATION
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TOTAL CCHOPY (1.0F+ES PERSONS) CANCER FATALITIES FROM LIFEY!ME Pe~-210 INHA._ATION
AMA

D = 1.00 ¢+ RES® CLEARANCE CLASS =W o« F1 = 0.200€E 00
FOR 14.00E 00 PCI/YR INTAKE
SUMMARY TABLE
ADULT ADULT ADULT NUMBEP OF AVERAGE TOTAL DECKE ASF 70-YEAP RIS
LATENCY PLATEAU DEATH 70-YEAR PREMATURE YEAPS OF YEARS OF IN LIFE DOSE EQUIV- EOU!VALENT
CANCER PERIOD PERIOD PRISK LET PRPATE (DTHMS/ ODOSE FATE DEATHS LIFE LOST LIFE LNST EX2ECTANCY ALENT PATE FACTOR
(YEARS) (YEARS) LtEEC/MRAT/YR) (MRADAYR) IN COHORT (YEARS) (YEAPS) (YEAPS) (MREM/YR)}
P MARPROW 2 25 AES LOW 2.300-03 5.92E-0S 1.410-95 2 «660 01 3. 750—-04 3.750~-09 3.82E-04% 2.98F-24
HIGH 4.,800-02 le6lE-0S 8320-05 2800 01 2. 330-03 24330-08
ENDOSY S5 30 AES LOW 2.000-04 l.SSE-04 3.470-26 246D 01 £455D-05 84550-10 6452E-03 2436E-03
. HIGH 2.000-03 3. 18E-04 6.910-05 2.460 01 1«700-03 1.700-08
PULMNARY 10 110 AES LOW 3.000-03 3.CLE-OS 1.830-04 2.300 01 4.,200-03 4.200-08 1.08E-02 S «S4E-03
HIGH 3.,000-02 S«25E-048 3+190-03 24300 01 7.330-02 7433D-07
BREAST 15 110 AES LOwW 2.30D-93 1. 78BE-06 S+060-07 1.980 01 1. 00D-05 1.900-10 1.48E-04 7.18F-06
HIGH 2.30N-03 7«29E-06 2.360-06 2.040 01 4.810-05 4.310-10
LIVER LS 110 AES LOw 9.000~-24 4.37E-0S 4,840-06 1970 O1L Ge 550-05 9.550-19 2458E-03 G S1E-048
HIGH 9.,000-03 1.27€-04 1 .44D0~-04 1.980 01 20 850-03 20 35D-08
ST WALL ts 110 AES LOw S«00D0-04 1.07F-06 9.02D0-08 2.13D0 Ot 1.920-06 1«320-11 1.18E-0¢€ 1 .09E-06
. . HIGH S.000-23 S5.42E-09 4 +630-09 24120 01 - S« 83D-08 9.33D0-13
OANCREAS 15 110 AES LOwW 7«000-04 1.82E-06 1.570-07 1.980 01 2.110-06 3.110-11 1+48RE-04 6.065-05
HIGH 7.000-23 T+ 29E-06 7+17D-06 24040 01 1.360-04 1+460~-09
LLT wALL [§3 110 AES LOW 4,000-94 4,04E-0S 24770-06 2.14D 01 5.930-95 S5¢23D0-10 4.56E~-05 4 .25€~-05
HIGH 4,000-23 2.60E-07 1.780-07 213D OL 3, 790-06 3+790~-11
KIDNEYS LS 119 AES LOw 2.000-04 2+435E-05 6.080-07 24000 01 1.220-05 1.220-10 2.31€-03 9.87F~048
HIGH 2.000-03 le 1 4E-OS 3.360-05 24060 01 €¢ 95D0-04 6¢350-09
BL wWALL 1S 110 AES LOwW 2.00D0-04 B.€BE-O07 2.15D-08 1.97D0 01 4.230-07 40230-12 738E-0S5 3.02F-0S5
HIGH 2.000-03 3.65E-06 1.020-06 2.04D0 O1 24 09D~ 05 2.990-10
ULI wALL 15 t10 AES LOWw 2000-)4 1.38E-05 4,730-07 2140 O1 1+010~-0S 1210-10 1.53E-05 1.44£-05
HIGH 2.,00D-03 7. T9E-08 2.660-08 2.14D 01 S« 68D0-07 Se68D-12
ST WwALL ts 110 AES Low 1.00D0-04 2.43€E-06 4.14D-08 2.130 01 £.810-07 84310-12 2.E8E-06 2 +SN0E-06
HIGH 1.00D0-93 1.24E-08 2412009 1940 oO1 4.100-08 4.,10D0-13
OVARIES 15 110 AES LOow 1.00D0-04 1.77E-06 2.190-08 1960 01 4.310-07 4.310-12 1.48E-04 6.026-05
HIGH 1.000-03 Te29E-06 1.020-06 2.04D 01 2¢ 090~-05 24990-10
TESTES 1S 110 AES LOwW 1.00D0-04 1.72E-06 2.130-08 1970 01 44190-07 4.190-12 1.48E~-04 6+01E-05
HIGH 1.000-93 7«29E-06 1.020-06 24040 OI 2¢ 090-05 24990-10
SPLEEN 1S 110 AES LOwW 1.000-04 1.69E-06 2100—08 196D 01 4.11D0-07 4.110-12 1. 75€-03 8+39E-04
HIGH 1.000-03 8.72€E-05 1 .46D-05 2.120 01 3. 090-04 34090-09
UTERUS 15 110 AES LOw 1.000-04 L.74E-06 2.15D0-08 1.970 01 3,240-97 4,240-12 1.48F-04 6.01lE~0S
HIGH 1.,000~-03 T«29€E-96 1.020-06 2.04D0 01 24 090-05 24990-10
THYMUS 15 110 AZS LOw 1.0G0D-0Ns 1.77E~06 24200-08 1 .96D 01 4.310-07 4.310-12 1.48€E-04 6 .02E-0S
HIGH 1.000-93 T«29E~06 1.020-06 2.040 O1 20 090-05 2.9090~10
THYROIO 2 as AZSS LOWw 4,000-04 1.75E-06 1«150~-07 24540 01 2.92D-06 24920-11 1.48E-04 7 «S8E~-06
HIGH 4.,000-04 7.29E~06 5+270-07 24650 01 1.390-05 1390~-10
TOTAL (SOMATIC) 3.76E-03 2430E 01 B¢ 64E~-02 BeSB4E-07 1.80E-03

30-YEAR GENETIC DOSE COMMI IMENTS (WRAD):

CLETY TESTES O MARIES AVERAGE
LOwW 3437E-0S 3«48E-05 3.43E-0S5
HIGH 1. 69E-04 1 «69E~-04 1+69E-04

Fig.

I-3.

Estimated risk due to continuous inhalation of 210pb,

A



TOTAL COHORY (1.0E+S PERSONS)

ADULTY ADULT
LATENCY PLATEAU N
CAHCER PERICD PEPIND PRISK LET

(YEARS) (YEAPS}

F VARROW 2 25 ABS  LOW
HIGH

ENDOST s 30 ABS  LOW
HIGH

FULMNARY 10 110 ABS  LOW
HIGH

EPEAST 15 110  ABS  LOW
HIGH

LIVEPR 15 110 ABS  LOW
H1GH

ST waLL 15 110 ABS  LOW
) HIGH

DANCREAS 15 110 ABS  LOW
HIGH

LLT waALL 15 110  ABS  LOW
HIGH

KIDNEYS 15 110 ABS  LOW
H1GH

BL WALL 15 110 ABS  LOW
HIGH

ULT waLL 15 110 ABS  LOW
HIGH

ST wALL s 110 AES  LOW
HIGH

OVARIES 15 110 ABS  LOW
HIGH

TESTES 15 110 ABS  LOW
HIGH

SELEEN 15 110 A8S  LOW
HIGH

UTERUS 1s 110 ABS  LOW
HIGH

THYMUS 15 110 ABS  LOW
HIGH

" IHYPOLD 2 a5 ABS  LOW
HIGH

TOVAL (SOMATIC)

ADULY
DEATH
RPATE (DTHS/
1E6/MPAD/YR)

2.30N0~-03
4.60D0-02
24000-04
2.000-03
3.000-03
0.0

1.00D~04
1.000-03
1.00D-04
1.000-03
4,000-04
4.000-04

30-YEAP GENETIC DOSE COMMITMENTS (MPAD):

LET TESTES OVARIES
LOwW 2.93E-05 3.0SE-05
HIGH 7.79E-0S 7 «7SE-05

AVEPAGE
2+99E-0S
T.79€E-05

70-YEAR
OUSE RAYE
(VP AD/YR)

S« 28E-05
1. 19€-0S

1.5S2E-06
4.,01E-06
1.53E~-06
4.01€-06

CANCEP FATALITIES FPOM LIFETINE P8-210 INGESTION
F1l 0+200E 0O
FOR 1.00E 00 PCI/YR INTAKE
SUMMARY TABLE

NUMBER OF AVERAGE TOTAL DECRE ASE T7O0—-YEA®R
PREMATURE YEARS OF YEARS OF IN LIFE DOSE EQUIV-—
DE ATHS LIFE LOSY LIFE LOST EXPECTANCY ALENT RATE
IN COHOFY  (YEARS) (YEARS) (YEARS) (MREM/YR)
1+26D0-05 2+.660 01 3+350-04 3.350-09 2490E-04
5.810-05 2.710 01 1.580-03 1.580-08
3.110-06 2470 01 1. 660—-05 T7.660-10 SeBOE-03
6.150~-0S 2+46D 01 1.510-03 1.510-08
3.590—-08 2.04D O1 7 320-07 7.320-12 9.05€-08
0.0 0e0 Qe 0.0
4.360-07 1.970 01 €e59D-06 8.590~11 8417TE-0S
1.130-06 1 .97D 01 2.24D-05 24240-10
4,330-06 1.970 0Ol €¢350-05 84550~-10 2416E-03
1.170-04 1«970 01 2¢31D-03 24310-08
Lt «6AD-08 24090 01 3.34D-07 3.440-~-12 2+04E-07
2.350-13 24150 01 Se060-12 S5.060-17
1.360-07 1970 01 2680-06 2+.680-11 B841BE-0S
3.450-06 1970 Ol €.B800-05 6.80D0~-10
1.220-06 24150 Ot 2.610-0S 2.610-10 1+78E-05
7 «34D-0% 214D 01 1457007 1.570-12
4.510-07 1970 01 €. 91D0-06 8.910-11 1.00E-03
1.210-05 1.970 0Ol 24390-04 2+ 39D-09
1.880-08 1.950 0l 3. 670-07 3.670-12 4+,09E-05S
4.93D-07 1970 O1 Se 720-06 9.72D0-11
1.290-07 2.1480 01t 24 76D-06 2.T6D—-11 2.7T4E-06
2.62D0-10 124D 01 3.260-09 326014
7 «83D~09 2.10D0 01 1.650-07 1.650~12 4+73E-07
1e76D0-12 2.150 Ol 3.790-11 3.790-16
1.930-08 1 .960 01 3. 780-07 3.780-12 8.18€E-05
4.,93D0-07 1.97D 01 Ge 720-06 Ge720~-11
1.850~08 1.960 01 3. 630-07 3463D-12 B417E-05
4,930-07 1.970 01 S« 72D-06 9«72D-11
1.81D-08 1960 01 3.55D-07 3455012 T«77E-0S
4.700-07 1.970 01 Se260~-06 9426011
1.88D0-08 1.950 01 3.670-07 34670-12 B8el7E-0S
4,930-07 1.970 01 Ge720-06 9.72D0-11
1.880-08 1.95D0 01 3.670-07 3.670-12 8.1 7E-0S
4 ,930-07 1.970 01 $Se«720-06 9¢720-11
9+590—-08 2540 01 24 530~06 2.53D0-11 8417E-0S
2.630-07 2.540 01 6.4660-06 6.66D-11
2.79E-04 2.27€ 01} €a 3SE-03 6435£-08

Fig. I-4.

Estimated risk due to continuous ingestion of 210pb.

RISK
ECUIVALENT
FACTOR
2.17E-04
2.10E-03
5.91£-08
3.93E-06
7.79€E-04
1 .A9E-07
2.96E-05
1.76E-0S
3.63E-04
1 .483E-0S
3.71E-06
4.50E~07
2 +94E-0S
2 494E-05
2 .80E-05
2+94€E-05
2 +94E-05
4 .28E-06

1 .34E-00
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C RADRISK

0 e i . i S e o O s B > . - —— - ——

THE RADRISK CODE FOR ANALYSIS OF DOSIMETRY AND HEALTH EFFECTS
ASSOCYATED WITH INTERNALLY DEPOSITED RADIONUCLIDES IS BASICALLY A

COMPUTER PROGRAM AND THE CAIRD (EPA 520/4-78-0123 COOK EY ALe+s» 1978)
CODE DEVELOPED BY THE EPA.

RADRISK PROGRAM AUTHORSees

De Eo DUNNINGs JRes Re We LEGGETTs AND Me Ge YALCINTAS
HEALTH AND SAFETY RESEARCHK DIVISION

OAK RIDGE NATIONAL LABORATORY

OAK RIDGE, TENNESSEE 37830

INREM 11 PROGRAM AUTHORSe «

Ge Ge KILLOUGHs De Ee DUNNINGs . JRee AND Je Ce PLEASANT
HEALTH AND SAFETY RESEARCH DIVISION

OAK RIDGE NATIONAL L ABORATORY

OAK RIDGEs, TENNESSEE 37830

CAIRD PROGRAM AUTHORSe .

Je Re COOKy Be Me BUNGERs, AND M. Ko BARRICK
Ue Se ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF RADIATION PROGRAMS

CRITERIA AND STANDARDS DIVISION

WASHINGTONs De Co

NOOAANOOANOOOOOANNNNDANNNADNNNNNON

SYNTHESIS OF ORNL 'S INREM I1 (ORNL/NUREG/TM-84; KILLOUGH ET ALes» 1978)

- ——— ——— o — . ——— — = —— —— > o T .

DOUBLE PRECISION NAMNUC sNAMSOU . NAMTRG
LOGICAL DEFAUT,,LAST
REAL LMALMB, LMC LMD, LME,LMF,LMG,LMH,LMI
COMMON /CASES/ NCASES,MODE(6) +TEND(6)+NINT(6)+sT(6+30)+sP(6:+30),
$ ISOL(6;20)-AMAD(G).DEFAUT(6)-FLUNG(6;9'20)-TBLUNG(G-Q.ZO).
3 F1(6+20)+GIFRAC(6,20,4)
COMMON /RADAT/ TR(20)+ERANCH(20,20)
COMMON /NUMBRS/ NSPECsNSOUWNTRG
COMMON /TGLM/ LMA(20) +LMB(20)LMC(20)+LMD(20)sLME(20),
LMF(20)¢ LMG(20)+LMH(20) +LMI(20),
FA(20)+FB(20)+FC(20) +FD(20)+FE(20) +FF(20)FG(20)+FH(20) +FI(20)
COMMON /TGLMDF/ DLMA(B),DLMB(3).DLMC(3).DLMD(3)'DLME(3).DLMF(3).
DLMG(3)+ DLMH(3) «DLMI( 3),
DFA(3)+0FB(3)+DFC(3),DFD(3),DFE(3),OFF(31+DFG(3),
DFH(3).,OF1(3)
COMMON /ORGDAT/ NCOMP(20-16)-C(20.5.16).T8(20,5-l6)-
F2PRIM(20,16)
COMMON /LIFTBL/ INLIFE

INITIALIZE INDICATOR FOR INPUT OF REFERENCE LIFE TABLE DATA IN
SUBROUT INE RISKe
INLIFE=0

SET LAST CARD INDICATORe.
LAST=aFALSE.

USE ASSEMBLER SUBROUTINE PGMMSK TO SET PROGRAM MASK WHICH WILL
IGNORE UNDERFLOWS AND LOSS CF SIGNIFICANCE.
CALL PGMMSK(1+1+0,40)

THE FOLLOWING ITERATION (INDEX IPAPNT) (1) RPEADS DATA FOR

A PARENT RADIONUCLIDE AND ITS DAUGHTERS AND USER SPECIFICATIONS
FOR ONE OR MORE CASES (A CASE CONSISTS OF CALCULATING THE

POSES RPESULTING FROM AN INTAKE HISTORY OF THE PARENT, EITHER

BY INHALATION OR INGESTION)., (2) PRINTS OUT THE PHYSICAL AND
METABOLIC DATA, AND (3) PERFORMS THE DOSE INTEGRATION AND
PRINTS QUT THE CASE INFORMATION AND THE RESULTS.

*x%k EXIT FROM THE IPARNT LOCP OCCURS WHEN SUBROUTINE INPUT DETECTS
THE END—-OF-FILE AND RETURNS LAST=¢TRUE.

W Heu Be

DO 100 IPARNT=1.,10000

O 0OANONANNOAN ONO A” N0O0
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C CALL SUBROUTINE INPUT TO READ DATA AND CASES FQﬁ THE NEXT CHAIN.
CALL INPUT(LAST)
IF(LAST) GO TO 200 -

INVOKE SUBROUTINE OUTDAT TO PRINT PHYSICAL AND METABOLIC DATA
FOR THE CHAIN.
CALL OUTDAT

C CONVERT RADIOACTIVE HALF-LIVES TO DECAY RATE COEFFICIENTS AND
C CONVERT BIOLOGICAL HALF-TIMES TO REMOVAL COEFFICIENTS (1/DAYS)e.
DO 10 ISPEC=1,.NSPEC
IF(TR(ISPEC) oGTe 000) TRUISPEC)=0.6931472/TR(ISPEC)
NS=NSOU-6
IF(NS<EQe0) GO TO 10
DO 10 IS=1,NS
NC=NCOMP(ISPEC,I1S)}
DO_10 IC=1,NC
TEMP=TB(ISPEC,+1Cs1S)
" IF(TEMP «GTe 0e0) TB(ISPECSIC+IS)=0.6931472/TEMP
10 CONT INUVE

o 00N

C
C THE FOLLOWING LOOP HANDLES THE SEVERAL CASESe.
DO 70 ICASE=1,NCASES
[
. NE TFDMINF WHETHER THIS IS AN INHALATION CASE.
IF{MQDE(ICASE) NE, 1) GO TO 60
C
C — ——

C INHALATION CASE.
C
C THE FOLLOWING LOOP INDEXED BY ISPEC MOVES TO COMMON
C BLOCK /TGLM/ THE APPROPRIATE LUNG PARAMETERS FOP
C THE CURRENY CASE, WHERE SUBROUTINE DIFFUN WILL OBTAIN
C THEM. IN THE DEFAULT CASEs ARRAY ISOL CONTAINS
C CODES FOR THE SOLUBILITIES (DsWeY)s AND THE PARAMETERS
C WILL BE TAKEN FROM COMMON BLOCK /TGLMDF/, WHERE THEY
C WERE INITIALIZED IN A BLOCK DATA SUBROUTINE. IN THE
C NON-DEFAULT CASEs THE USER HAS SUPPLIED PARAMETERS,
C AND THESE ARE IN THE ARRAYS TBLUNG (HALF-TIMES IN DAYS)
C AND FLUNG. FIRST, HALF TIMES ARE CONVERTED,  TO REMOVAL COEFF ICIENTS.
D0 S0 ISPEC=1+NSPEC
IF(ISOL(ICASEs ISPEC) +LTe 4) GO TO 40
DO 20 IPATH=1,.,9
IF(TBLUNG(ICASE sIPATH, ISPEC) «GTs 0e0)

$ TBLUNG( ICASE + IPATH,1SPEC)=0.6931472
$ Z/TRLUNGITCASE . IPATH. I SPEC)
20 CONTINUE )
C MOVE LUNG PARAMETERS TO COMMON BLOCK /TGLM/.. ’ -

C NON-DEFAULT CASEass
LMA( ISPEC)I=TBLUNG(ICASE+1,+1SPEC)
FA(ISPEC)SFLUNG(ICASE.1.ISPEC)
LMB( ISPEC)mTBLUNG(ICASE » 2,ISPEC)
FBUISPEC)=FLUNG(ICASE .2, ISPEC)
LMC{ISPEC)=sYBLUNG(ICASE,3,I EPEC)
FCUISPEC)ISFLUNG(I1CASE.3, ISPEC)
LMD( ISPEC)I=TBLUNG(ICASE ,4,1SPEC)
FO(ISPEC)=FLUNG(ICASE,4,1ISPEC) .
LME( ISPEC)=TBLUNG(ICASE +5+1SPEC) :
FE(ISPEC)=FLUNG(IGASE«+S»ISPEC)
LMF( ISPEC)Y=TBLUNG(ICASE 6,1 SPEC)
FF(ISPEC)=FLUNG(ICASE,6+ ISPEC)
LMGL TSP EC)=TBLUNG{ICASCE + 741 S5PCC)
FG(ISPEC)=FLUNG(ICASE+7,1SPEC)
LMH( ISPEC)=TBLUNG (I CASE+8,+1 SPEC)
FH{ISPECY=FLUNG! ICASE.+8,+ ISPEC)
LMIC(ISPEC)=TBLUNG(ICASE+9,ISPEC) |
c FICISPEC)=FLUNG(ICASE+9, ISPEC) °
C BRANCH AROUND DEFAULT CASE.
GO TO 80

C
C MOVE LUNG PARAMETERS TO COMMON BLOCK /TGLM/..
C DEFAULT CASEee
40 CONTINUE
IS=I1SOL(ICASE, ISPEC)
LMA( ISPEC)=DLMA(IS)



FA(ISPEC)=DFA(IS)
LMB( ISPEC)=DLMB(I
FB(ISPEC)=DFB(I1S)
LMC( ISPEC)=DLMC(I <
FC(ISPEC)=DFC(IS)
LMD( ISPEC)=DLMD(1
FD(ISPEC)}=DFD(IS)
LME( ISPEC)=DLME(I
FE(ISPEC)=DFE(IS)
LMF( ISPEC)=DLMF (1
FF(ISPEC)=DFF(1S)
LMG( ISPEC)Y=DLMG(I
FG(ISPEC)=DFG(IS)
LMH(ISPEC)=DLMH(I S
FH{ISPEC)=DFH(IS)
LMI(ISPEC)=DLMI(I
FI(ISPEC)=DFI(IS)
S0 CONTINUE

C .

" C CALL INTERPOLATION SUBROUTINE INTP TO COMPUTE LUNG DEPOSITION
C FRACTIONS D3,04,D5 IN /RESDP/ FROM AMAD(ICASE).

85 CALL INTP(AMAD(ICASE)-ICASE)

C
C END INHALATION CASE.
C

-

60 CONTINUVE
C

C INVOKE SUBROUTINE DOSRUN TO PERFORM DOSE CALCULATIONS FOR
C THIS CASE. THE DOSE YO TARGET ORGAN ITRG FROM SOURCE ORGAN
C ISOU WILL BE STORED IN DOSE(ICASE.ITRG,ISOU) (REMS)e.
C FOR ISOU=NSQU+1, THE DOSES RESUWT FROM THE °*REST OF BOOY®*
C COMPARTMENT. DOSE(ICASE.ITRG,NSOU+2) IS THE TOTAL DOSE TO
C TARGET ITRG.

CALL DOSRUN(ICASE)

C

C END ICASE LOQOP.
70 CONTINUE

C

C USE SUBROUTINE OUTPUT TO PRINT OUT CASE INFORMATION AND
C RESULTS.

CALL OQUTPUT
C

C LOOK FOR COMMENTS AFTER NUCLIDE DATA GROUP. IF THERE
C APE ANY, PRINT THEMe A CARD WITH *3$* IN COLUMN 1 ENDS
C THE DATA GROUP PLUS COMMENTES.

CALL CMMNTS

X

C .
C COMPUTE RISK ESTIMATES WITH SUBROUTINE CAIRD.
CALL RISK
INLIFE=INLIFE + 1
C
C END OF IPARNT tLOOP.
100 CONTINUE

C—- .
C END OF INREM Ile.

C e e s e e -

200 CALL EXIT
ND
BLOCK DATA

-
C THE . FOLLOWING QUANTITIES ARE MASSES (G) OF THE
C
C SOURCE ORGANSee LUNGSs RESe LYMPH, S CONT, SI CONT,
C ULI CONTs AND LLI CONT
C
C TARGET ORGANSee LUNGSs RESe LYMPHs S WALLe SI WALL»
C ULT WALLs AND LLI WALL
C
COMMON /MASSES/ SMASS(24) ,TMASS(27)
DATA SMASS/1000e¢s 15e9s 250e+v 400es 220++ 135es 18%0.0/,
c $ TMASS/1000e¢s 1Ses 150es 640es 210es 160es 21%0,0/

C' THE NAMES OF THESE SPECIAL SOURCE AND TARGET TISSUES ARE
C INITIALIZEOD NEXTe.
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DOUBLE PRECISION NAMNUC sNAMSOU .NAMTRG
COMMON /NAMES/ NAMNUC(20)sNAMSOU(24) ,NAMTRG(27)
DATA NAMSOU/8B8HLUNGS » BHRES LYM , 8HS CONT »
8HSI CONT , B8HULI CONT, 8HLLI CONT,18%8H 7/
NAMTRG/BHLUNGS s 8HRES LYM , 8HS WALL
8HSTI WALL » 8B8HULI WALLs BHLLI WALL +21%8H /

THE FOLLOWING QUANTITIES LMGI ARE TURNOVER RATES FOR THE

e TRACT SEGMENTS S, SI, ULI, LLI. THEY ARE BASED ON

THE DOLPHIN AND EVE TRANSIT TIMES (HEALTH PHYS., 12, PP. 163-172

6)). UNITS ARE RECIPROCAL DAYS.

REAL LMGI,LMAB
COMMON /G1/ LMGI(4).LMAEB(20.4)
DATA LMGI/24¢s 6es 1.84€134, 1o/

ARE DEFAULT DATA FOR THE TASK GROUP LUNG MODEL.
QUANTITIES LMA-iLMI (RECIPROCAL DAYS) ARE CLEARANCE
FICIENTS FOR THE PATHWAYS A-l. FA-~FI ARE DEPOSITION
TIONS ASSOCIATED WITH THESE PATHWAYSe THE INDEXING
ESPONDS TO D=1s W=2, Y=3. THESE VALUES ARE USED WHEN
ULT IS SPECIFIED.

REAL LMALMB,LLMC.LMD HoLM
COMMON /TGLMOF/ LMA( )-LMO‘S).LME(3)¢LMF(3)-
(
.

E(3)+FF(3)FG(3)eFH(3) »FI(3)

LMG(3)sLMH( 3)sLMI
FA(3)FB(3)+FC(3)

DATA LMA/3%69.,31472/
FAZ0eSs Oels 001/,
LMB/69.31472s 2%1.732868/»
FB/0 eS¢ 099 0699/
LMC/3%69.31472/»
FC/0695s 0eSy 0.01/,
LMD/ 3%36465736/ »
FD/0e05s 0eSse 0699/,
LME/1.386294+ 1.386294E~2, 1.386294E-3/,
FE/Q0 By 0154 0.05/,
LMF/0e09s 2% 0,6931472/,
FF/0e00 2%0.4/
LMG/0e0s 14386294E—-2, 1.386294E-3/,
FG/70e0y 2%0e48/
LMH/ 1386294y 1438B6294E-2, 1.386294E-3/,
FH/O0 o2y 0.0Ss 0415/,
LMI/Z1.386294, 1¢386294E-2, 6.931472E-4/,
FI1/72%1e0s 09/

END

]
3
3
F

.

SUBROUTINE INPUT(LAST)

DOUBLE PRECTISTINN NAMNUC sNAMSUOU ¢NAMTRGsNTOT AL s NAMEXC

LOGICAL DEFAUTLAST+EXFLAG

DIMENSION OUMMY(3).F2PEX(20)+sCEX(20+,5) +s TBEX(204+5) +NCOEX(20)

COMMON /RADAT/ TR(20),ERANCH(20,20)

COMMON /ORGDAT/ NCOMP(20916)+C(20+5+16),TB(20+5416),
F2PRIM(20,16) ' .

COMMON /NAMES/ NAMNUC(20) +NAMSOU(24) {NAMTRG(27)

COMMON /MASSES/ SMASS(24) ,TMASS(27)

COMMON /NUMBR S/ NSPECNSOUNTRG

COMMON /SFACT/ S(2+20+24,15)

COMMOMN /LET/ MLET o

COMMON /CASES/ NCASES,MUDE(6) +TEND(6) s NINT(6) s TI6,30),H (b,
ISOL(6+20) s AMAD(6) yDEFAUT(6) +FLUNG(6+9+20) ¢ TBLUNG(6+9 +20)
F1(G6+20), CIFNAC(6,20,4)

COMMON /TYME/ TSTEP(6)

COMMON /STEPS/ NSTEPS(6)

COMMON /BONDEP/ INDBON

T CHANNEL

DATA TN /57

DATA WNIUTAL/8HTOTAL s

DATA NAMEXC/8HEXCRET. /

NUMBER OF NUCLIDES IN THE CHAINs AND FOR EACH THE NAME

PHYS ICAL HALF-LIFE (DAYS).

READ(IN,1000. END=80) NSPEC,NLET,INDBON, (NAMNUC(ISPEC) ¢TR(ISPEC),
ISPEC=1,NSPEC)

30),
’
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NLEY IS A FLAG TO INDICATE THE PRESENCE OF HIGH-LET RADIATION:
NLET +LEes 1 INDICATES ONLY LOW-LET RADIATIONS ARE PRESENT,
NLET £EQe 2 INDICATES THE FRESENCE OF HIGH-LET.

IF (NLET oLTa 1) NLET=1

INDBON IS AN INDICATOR AS TO WHETHER THE NUCLIDE IS A SURFACE

OR VOLUME DEPOSITOR IN BONE (USED FOR HIGH-LET DOSES ONLY)e
INDBON = 2 INDICATES SURFACE DEPOSITION;

INDBON = 0 INDICATES VOLUME DEPOSI TION.

INITIALIZE MATRIX OF BRANCHING RATIOS TO ZERO.

DO 10 [SPEC=1,NSPEC
DO 10 JSPEC=1+NSPEC
BRANCH( ISPEC, JSPEC)=0.0
10 CONTINUE
IF(NSPEC «EQe 1) GO TO 20

READ THE NUMBER NBR OF NON-ZERO BRANCHING RATIOS TO FOLLOW.
READ(IN,1010) NBR
DO 1S K=1,NBR
READ(IN,s1020) JSPEC, ISPEC+BRANCH(ISPEC,JSPEC)
15 CONTINUE

READ NUMBER NS OF SOURCE ORCANS OTHER THAN LUNGS, RESe. LYMPH,
S CONT, SI CONT, ULI CONT, AND LLI CONTe. TOTAL BODY (ABSQORBED) MUST
BE THE FIRST OF THESE AND OTHER MUST BE THE LAST.
THEN READ THE NAMES AND MASSES (G) OF EACH.
THE CHARACTERS IN CARD COLUMNS 11-22 ARE READ INTO THE ARRAY
DUMMY o IF THESE ARE NON—-BL ANK, A PROMPT EXCRETION FUNCTION
IS ASSUMED TO BE INCLUDED FCR EACH SPECIES BUT NOT COUNTED IN THE
INDICATED NUMBER OF SOURCE CRGANS.
20 CONTINUE
READ (IN,1030) NS,DUMMY, (NAMSOU(ISOU+6) » SMASS(ISOU+6) ISOU=14NS)
EXFLAG=+FALSE.
IF(1COMPA(DUMMY,12H 212) oNEe 0) EXFLAG=+TPUE.

READ NUMBER NT OF TARGET ORGANS OTHER THAN LUNGSs RESe LYMPH,

S WALL, ST WALL. ULI WALLs AND LLI WALLe. TOTAL BODY MUST BE

THE FIRST OF THESE. THEN READ THE NAMES AND MASSES (G).
READ(INs1030) NT,DUMMY, (NAMTRG(ITRG#+6)+TMASS(ITRG+6)+ITRG=1,4NT)
NSQU=NS+6
NTRG=NT+6
NSOU 1=NSOU+1
NAMSQU (NSOU1)=NTOTAL

FOR EACH SPECIES IN THE CHAIN, PEAD S-FACTORS AND METABOL IC
DATA FOR ORGANS OTHER THAN FRESPIRATORY.
DO 40 ISPEC=1,NSPEC

FOR EACH SOURCE ORGAN (OTHER THAN RESPIRATORY OR Ge 1+ TRACT)
READ (1) FRACTIONAL TRANSFEF F2-PRIME FROM BLOODO TO THE ORGAN, AND
(2) NUMBER OF EXPONENTIAL CCMPARTMENTSsy AND FOR EACH A
?gACg;ONAL DEPOSITION COEFFICIENT AND A BIOLOGICAL HALF-TIME
AYS)e
DO 30 ISOU=14NS )
READ(INs 1050) F2PRIM(ISPEC, ISOU) ¢NCo(C(ISPEC, 1C,IS0U),
$ TBOISPECs IC» ISOU) 21 C=14NC)
NCOMP( ISPEC, ISOU)=NC
IF(ISOU «EQe 1 «ANDe EXFLAG)
READ(IN+1050) F2PEX(ISPEC) +sNC+ (CEX{ISPEC+IC)»
$ TBEX( ISPECs IC)» IC=1,NC)
IF(ISOU .EQe 1 «ANDe EXFLAG) NCOEX(ISPEC)=
THE TwU PRECEEDING STATEMENTS READ DATA FOR PROMPT EXCRET ION FUNCTIONS
WHEN THESE ARE PRESENT. SUCH DATA ARE INSERTED IN THE DECK
IMMEDIATELY AFTER THE TOTAL BODY (ABSORBED) RETENTION FUNCTIONS
IN THE SAME FORMAT. -
30 CONTINUE

READ MATRIX OF S—-FACTORS FOR THE CURRENT SOURCES AND TARGETSe.
REQU IRED INDEX ING FOR SPECIAL ORGANS IS SHOWN BELOWe.

INDEX SOURCE INDEX TARGET
1 LUNGS 1 LUNGS
2 RES LYM 2 RES LYM
3 S CONT 3 € WALL
4 SI CONT 4 SI WALL
S ULTI CONT S ULT WALL
6 LLI CONT 6 LLI WALL
7 TOT B80O0Y 7 TO0T B8ODY

NSOU+1 OTHER
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D0 36 ILET=1.NLET
DO 35 ITRG=1,NTRG
READ(IN.IO40)(S(ILET-ISPEC.ITRG.ISOU)-ISOU 1. NSOU)
3S CONT INUE
36 CONT INUVE

END OF ISPEC LOOP.
40 CONTINUE
IF( «.NOTs EXFLAG) GO TO €200

THE FOLLOWING BLOCK OF STAEMENTS (WITH NUMBERS IN 5000S) IS
EXECUTED IF AND ONLY IF PROMPT EXCRETION DATA HAVE BEEN READ IN.
THESE :STATEMENTS REARRANGE THE ARRAYS SO THAT THE EXCRETION
FUNCTIONS WILL BE DISPLAYED BEFORE THE ORGAN RETENTION FUNCTIONS
(SOURCE INDEX 8). S-FACTORS FOR TOTAL BODY AS SOURCE ARE USED
FOR THESE EXCRETION FUNCTIONS.
NAMSOU (NSOU+2 )=NAMSOU(NSOU+1)
IF(NS oEQ. 1) GO TO S03¢
DO 5030 1S=2.NS
K=NS—-1S+2
NAMSOU(K+7)=NAMSOU{K+¢) B
SMASS(K+7)=SMASS(K+6) -
DO S020 ISPEC=1sNSPEC
F2PRIM(ISPECK+1)=F2PRIM(ISPEC,K)
HCOMP{ ISPEG,K+1)=NCCMP(ISPRC,; ¥)
NC=NCOMP( ISPEC (K)
DO 5015 I1C=1,NC
C(ISPEC+sICsK#1)=C(ISPEC, IC,K)
TB(ISPEC-IC.K*1)=T B(ISPEC,IC,K)
5015 CONTINUE
5020 CONT INUE
%030 CONTINUE .
5035 CONTINUE
D0 S061 ILET=14NLET
DO S060 IS=8,NSOU
K=NSOU-15+8 )
DO S050 ISPEC=1+NSPEC
DO 5040 ITRG=1,,NTRG
S(ILET+ ISPEC,ITRG 4K+1)= S(!LET.ISPEC.ITRG.K)
5040 CONTINUE
5050 CONT INUE
S060 CONTINUE
5061 CONTINUE
NAMSOU(8)=NAMEXC
DO S100 ISPEC=1,.NSPEC
F2PR IM(ISPEC, 2)=F2PEX (I SPEC)
NCOMP(ISPEC+2)=NCOEX( ISPEC)
NC=NCOMP (ISPEC, 2)
DO S070 IC=1,MNC
C(ISPEC,1C,2)=CEX(ISPEC,IC)
TBULISHEC, IC+2)=TBEX{IS3PEC,: IC)
S070 CONTINUE
DO 6081 ILET=I»N¥2£
DO S080 ITRG=1.N
SCUILET+ ISPECy ITRG+8)=S(ILET,ISPEC+ITRG,7)
5080 CONT INUE
5081 CONTINUE
5100 CONTINUE
NS=NS+1
NSOU=NSOU+1
NSNUI=NSOUL +1

END OF SPECIAL SECTION FOR FRUMPT EXCRETION.

C- —— - ——
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§200 CONTINUE

READ CONTROL INFORMATION. FIRST THE NUMBER OF CASES. THEN FOR
EACH CASE (1) THE EXPOSURE MODE (G FOR INGESTIONs, H FOR INHALATION),
(2) THE TIME (DAYS) FOR END ING INTEGRATION, (3) THE INTAKE RATE
FUNCTIUN (MICHUGURIES ZOAT)s AND (4) OTHER INFORMATION SPECTFIC YO
THE MODE OF INTAKED,
READ(IN,1010) NCASES
DO 70 ICASE=1,NCASES
PEAD(IN+1080) MODE(ICASE),TEND(ICASE) +TSTEP(ICASE) +NSTEPS( ICASE)
IF(TSTEP(ICASE) +EQe 000) TSTEP(ICASE)=365.0
IF(NSTEPS(ICASE) +EQe. O) NSTEPS(ICASE)=50
IF¢ICOMPA(MODE( FCASE) s1HHs1) EQe 0) GO TO 41
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MODE(ICASE)=2
GO TO a2
41 MODE( ICASE) =1
42 CONT INUE

READ NUMBER OF TIME INTERVALS FOR INTAKE FUNCTION. THEN FOR
EACH INTERVAL READ THE LEFTY ENDPOINT (DAYS) AND THE INTAKE
RATE (MICROCURIES/DAY) DURING THAT INTERVALe. THE FIRST TIME
SHOULD BE ZERO. THE ENDPOINT OF THE LAST INTERVAL IS THE
END 'OF THE INTYEGRATION INTERVAL.
READ( IN» 1090) NIs(T(ICASE+INT)+P(ICASESsINT) +INT=1,NI)
NINT(ICASE)=NI

IF EXPOSURE MODE IS INGESTICN, BRANCH AROUND LUNG PARAMETER
INPUTS.
IF (MODE( ICASE) +EQe 2) GO TO 66

INPUT INHALATION PARAMETERS ee

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

DETERMINATION OF LUNG CLEARANCE PARAMETERS AND Ge I+ UPTAKE
FRACTIONS. FOR EACH SPECIESs A LITERAL FLAG IS READ INTO
ISOL. IF IT IS *D*y *W', OR 'Y!', THE APPROPRIATE DEFAULT
LUNG PARAMETERS ARE USED FOR THE SPECIES. OTHERWISE, SPECIAL
PARAMETERS FOP THE LUNG ARPE READ. THE FLAG VALUES ARE STORED
IN ARRAY ISOL AS FOLLOWS..

ISOLCICASE.ISPEC) = 1 FOR °*O°*
=2 FOR 'w!*
= 3 FOR ‘'Y°*
= 4 FOR ‘*'SPECIAL CASE®*

DO 60 I1SPEC=1.,NSPEC
READ(IN,1080) ISOL(ICASE,sISPEC)

CONVERT LITERAL TO NUMERIC CODE.
IF(ICOMPA(ISOL(ICASE+ISPEC)+1HD,+1) <EQs 0)

$ GO TO 45
IF(ICOMPA{ ISOLCICASEZISPEC) +s1HWel) <EQe 0)
$ GO TO 46
IF(ICOMPA(ISOL( ICASEsISPEC) +1HY 1) +EQe 0)
$ GO TO a7
OTHERWISE« .
GO .TO 48
45 ~1SOL(ICASE, ISPEC) =1
- GO TO 50
46 ISOL(ICASEs ISPEC) =2
60 TO SO
47 ISOL(ICASE, ISPEC) =3
GO TO SO
48 ISOL(ICASEs ISPEC) =4
50 CONTINUVE

IF- SPECIAL LUNG PARAMETERS ARE TO BE READs READ THEM,
IF(ISOL(ICASEZISPEC) «LTe 4) GO TO S5
READ(IN,1040)( TBLUNG(ICASE, IPATH,ISPEC),
$ FLUNG(ICASE, IPATHsISPEC) + IPATH=1,9)

READ Ge 'Ie UPTAKE FRACTION Fle
55 CONTINVE

READ(IN,1040) F1(ICASE,ISPEC) +(GIFRAC(ICASE,ISPEC, ISEG),

$ ISEG=1, 4) )
D0 56 ISEG=1,4
IF(GIFRAC({ICASE+ISPEC.ISEG}) «NE« 0.0) GO TO 60
56 CONTINUE
GIFRAC { ICASE, ISPEC, Z)=F1( ICASE, ISPEC)
60  CONTINUE ,

END OF INPUT FOR INHALATION CASEe. BRANCH AROUND
INGESTION—-CASE INPUTS, TO END OQF ICASE LOOP.
GO YO 70

READ Ge 1o UPTAKE FRACTIONS F1 FOR INGESTION CASE.
66 DO 69 ISPEC=1.NSPEC

READ(IN,1040) F1(ICASE,ISPEC) s (GIFRAC(ICASE+ISPECsISEG).



ann 00

(2Y s

67
69

END
70

ISEG=1,4)
DO 67 ISEG=1.,4
IF(GIFRAC(ICASE+ISPEC+ISEG) «NEe 0.0) 60 TO 69
CONTINUE
GIFRAC(ICASE.ISPEC'Z)—FI(!CASE'ISPEC)
CONT INUE

OF ICASE LOOP.
CONT INVE
RETURN

SIGNAL EXIT IN CASE END-OF-FILE CARD IS DETECTED BY FIRST PEAD
STATEMENT .

80

LAST=+.TRUE.
RETURN

FORMAT STATEMENTS..

1000
1010
1020
1030
1040
1050
1080
1090
1100

O 0o (3] [sXaXalalsl

o0 0N
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FORMAT (3I2/(A8+2X+sE10.0))
FORMAT(12)

060,

SUBROUT INE OUTDAT

PRINTS THE FOLLOWING INPUT DATA:

1)
(2)

$

PHYSICAL AND METABOLIC PARAMETERS FOR DOSIMETRICALLY SIGNIFICANT

PROGENY FOR THE GIVEN NUCLIDE

S FACTORS FOR ALL SOURCE AND TARGET ORGANS FOR EACH SPECIES IN

THE NUCLIDE CHAIN

INTEGER QUT,DUT3

DOUBLE PRECISION NAMNUC ¢NAMSOU . NAMTRG

COMMON /RADAT/ TR(20) +BRANCH(20,20)

COMMON /ORGDAT/ NCOMP(20+16)5C(20+5+16),TB(205,5,16),
F2PRIM(20416)

COMMON /NAMES/ NAMNUC(20) +NAMSOU( 24) 4 NAMTRG(27)

COMMON / NUMBRS/ NSPECs NSOUSNTRG

COMMON /SFACT/ S(2+20+24,+15)

COMMON /LETZ/Z NLET

OUTPUT CHANNEL

DATA OQUT r/6/
DATA 0OUT3/ L8/

PRINT HEADING

FQOR

LIFE

100

WRITE (OUT,2000) NAMNUC( 1)
EACH NUCLIDE IN THE CHAIN, PRINT ITS NAME AND RADIOACTIVE HALF-

DO 100 ISPEC=1,NSPEC
WRITE (OUT. 2010) NAMMUC (I SPEC) , TRIUISPREC)
IF (NSPEC4EQ.1) GO TO 110

PRINT HEADING FOR BRANCHING RATIOS

WRITE (0OUT,2020)

PRINT NONZERO BRANCHING RATIOS

$

110

D0 110 JSPEC=1,NSPEC
DO 110 ISPEC=1.NSPEC
IF (BRANCH{ ISPEC,JSPEC) +NEs040)
WRITE (OUT,2030) NAMNUC(JSPEC) s NAMNUC(ISPEC) »
BRANCH( ISPEC 4+ JSPEC)
CONT INUE

PRINT HEADING FOR BLOOD TRANSFER FRACTIONS, COMPARTMENT DEPOSITION
FRACTIONS, AND COMPARTMENT EBIOLOGICAL HALF-TIMES,

FOR

WRITE (0UT3.,2040)
EACH SOQURCE ORGAN AND FOR EACH NUCLIDE IN THE CHAIN,

PRINT BLOOD TRANSFER FRACTICNSs COMPARTMENTAL DEPOSITION FRACTIONS,

AND

COMPARTMENTAL BIOLOGICAL HALF~-TIMES.

NS=NSOU-6

DO 120 ISOU=1,NS

WRITE (0OUT3,2050) NAMSOUL(ISOU+6) +NAMNUC(1)+F2PRIM(1,1S0U),



55

$ C(1s41,IS0U),TB(1,1,1ISCU)
NCOM=NCOMP (1, ISOU)
. IF (NCOM.EQ.1) GO TO 121
DO 122 1C=2,NCOM
122 WRITE (0OUT3,2060) C(1+ICeISOU)sTB(1+1Cy»ISOU)
121 IF (NSPEC.EQ.1) GO TO 120
DO 123 ISPEC=2+NSPEC
WRITE (0OUT3,2070) NAMNUC(ISPEC)cFZPRlM(ISPEC.ISOU)O
$ C(ISPEC,1,1S0QU), TB(ISPECs1,1IS0U)
NCOMPA=NCOMP( ISPEC, I SOU)
IF (NCOMPA.EQe.l1) GO TO 123
DO 124 ICOM=2,NCOMPA
124 WRITE (0UT3,2080) C(ISPEC.ICDM.ISOU)oTB(ISPECoICUM-ISUU)
123 CONTINUE
120 CONT INUE

C
C PRINT S FACTORS FOR ALL SOURCES,s TARGETSs AND NUCLIDES IN THE CHAIN
C
D0 131 ISPEC=1,NSPEC’
DO 130 ILET=1.NLET
IFIRST=1
LAST=11
IF (NSQU .LT. LAST) LAST=NSOU
ISPECLI=ISPEC
CALL PRXNTS(ILET-lFIPST.LASToISPECl)
IF (LAST .EQe NSOU) GO TO 130
IFIRST=12
LAST=21
IF (NSOU «LTe LAST) LAST=NSOU
CALL PRINTS{ILET,IFIRST W AST,ISPEC1)
IF (LAST EQ. NSOU) GO TO 130
IFIRST=22
LAST=24
IF (NSOU +LTe LAST) LAST=NSOU
CALL PRINTS(ILET, IFIRST ,LAST,ISPEC1)
130 CONTINUVE
131 CONTINUE
C

RETURN
C FORMAT STATEMENTS

C

2000 FORMAT (*1RADIONUCLIDE: ',A8/' *,130(*-')/" PHYSICAL AND METABOLI®,
s 'C PARAMETERS FOR DOSIMETRICALLY SIGNIFICANT PPOGENY: '//°' 9,
$ T1S,'RADIOACTIVE®'/' ',T16,*HALF-LIFE*/®' NUCLIDE',T17, .
$ *(DAYS)')

2010 FORMAT(® *,A84+T1S5+1PG10+4)

2020 FORMAT ( *OBRANCHING RAT :
$ *FRACTION')

4

1Ccs

2030 FORMAT(* '.T21.A8.T3l-A$
*

L]

PeT21+°FROM®* 4 T314+°'TO"+T41
¢ T40,1PG10.4)
2040 FORMAT('0',T25, 'BLLOOD *+ T59, *COMPARTMENT */ ' ¢ ,T25, *TRANSFER",
$ Ta4al,'COMPARTMENT!,T59,*BIOLOGICAL*/*' *',T25,4*'FRACTION',
$ T41, *DEPOSITION',TS9,'HALF-TIME®*/* ORGAN'.T14, *"NUCLIDE"*,
$ T25,'F2-PRIME'+T41, 'FRACTION®+T60,*(DAYS) ')
2050 FORMAT(® ' ,AB8+T145A8,T2ES51PG9¢3:T41,+1PG103+T60+41PG963)
2060 FORMAT(' *',T41,1PG10e3+76051PG93)
2070 FORMAT(' *,T144A8+T2541PG9¢3+T4151PG1043+T6051PG9.3)
2080 FORMAT("' *,T41,1PG10+3+T60+,1PG9.3)
END

SUBROUT INE PRINTS(ILET.IFIRST.LAST.!SPEC)
AFTER PRINTING A HEADING ANC THE NAMES OF SOURCES (IFIRST TO LAST)
THIS SUBROUTINE PRINTS S~FACTORS FOR ALL TARGET ORGANS FOR
THESE SOURCES.

ILET INDICATES HIGH OR LOW LET RADIATION: !LET#I DENOTES LOW LET
RADIATION, ILET=2 DENOTES HIGH LET.

AAcANAD AN

INTEGER OUT,0UT3
DOUBLE PRECISION NAMNUC sNAMSOU,NAMTR
COMMON /NAMES/ NAMNUC(ZO)oNAMSOU(24).NAMTRG(27)
COMMON /NUMBRS/ NSPECsNSOUNTRG
COMMON /SFACT/ S(2,20+24,15)
C OQUTPUT CHANNEL
DATA QUTY /6/
DATA 0OUT3/16/
C PRINT HEADING
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IF (ILEY .EQ. 1) WRITE (OUT3,1000) NAMNUC(ISPEC)
IF (ILET EQ. 2) WRITE (OUT3,1001) NAMNUC(ISPEC)

PRINT NAMES OF SOURCES
IF(IFIRSY «EQe 1) GO TO 110
WRITE(OUT3,1010) (NAMSOU(ISOU) »ISOU=IFIRST,LLAST)

PRINT S-FACTORS FOR THIS SPECIES FOR SOUPCE ORGANS IFIRST TO LAST
AND FOR ALL TARGET ORGANS
D0 100 ITRG=1+NTRG
WDIIE%?UTB.IOZO)NAMTPG(ITPG).(S(ILET.ISPEC.ITPG.!SOU).ISDU=IFIPST-
$ L
100 CONT INUE
GO TO 120
110 WRITE(OUT3,1010)(NAMSOU(I1S0OU)+»ISO0U=1+6) +{ NAMSOU({1S0U)+ISOU=8,LAST)
DO 120 ITRG=1,.NTRG
WRITE(OUT3,+1020) NAMTRG(ITRG) s (SCILET+ISPECs ITRGs ISOU) s ISOU=1+6)»
$ (SCILET,ISPECsITRG,ISCU),ISOU=8,LAST)
120 CONTINUE

RETURN
FORMAT STATEMENTS

1000 FORMAT(/I' * 2oT37 'LOW-LET S FACTORS (RAD/MICROCURIE=DAY) FOR ', A0/
OTARGET?,T55,"SOURCE URGANS"/* URGARNAY)
1001 FURMA1(/I' P o T37s '"HIGH=LFET 3 FFACTORS (NAD/MICROCURIE=DAY) FOR .,
E 3 AB/'OTARGET*, TS5, 'SOURCE ORGANS'/' ORGANS?')
1010 FORMAT(*0°',T14,A8,9(3X,yA8))
1020 FORMAT(* *,AB+sT13+E10349(XsE1063))

.END

SqBROUTINE INTP(AMAD , ICASE)

COMPUTES LUNG DEPOSITION FRACTIONS D3s Da, AND DS AS A FUNCTION
QF AMAD (ACTIVITY MEDIAN AERODYNAMIC DIAMETER)(MICRONS).

THE FUNCTIONS EXPRESSING THE RELATIONSHIPS BETWEEN THE LUNG
FRACTIONS AND AMAD VALUES ARE THOSE PRESENTED IN WASH-1400.

LOGICAL FLAG
COMMON /RESDP/ D3,D4,D5
COMMON /ALERT/ FLAG(6)
P(T)~l;0—? s§( (((0e01S527%T+.000344)4T+.115194)*T+,196854)%T
s +10)%%(-4
PPT(W)--(W—((.010328#w+.802853)#w+2.515517)/(((.001308tw
$ +4189269)%W+1.,432788) #W+1.0))
ww(x)=sopT( ~2 JO0%ALOG( X))
DO 1 J=1,
1 FLAG(J}= .FALS
FLAG IS A WARNING INDICATDR TO SIGNAL THAT THE GIVEN VALUE OF
AMAD EXCEEDS THE RANGE FOR WHICH THE FUNCTIONAL RELATIONSHIP 15 KNUWNe
IN SUCH A CASE, THE BOUNDARY VALUE IS SUBSTITUTED FOR THE GIVEN
AMAD .
IF(AMAD «GTe 040) GO TO 2
D3=0.02
D4=0.0Q04
DS=0.94
RETURN
2 DO 100 1=1,3
IF(I <GTe 1) GO TO 15
NASAL—PHARYNX
IF(AMAD «LTe 0.2) GO TO S
30 TO 10
S U0=-0,698970
Ul==1.000
TO=PPT(WW(0.05))
T1=PPT(WW(0.10))
IF{AMAD .GEe 0s1) GO TO SO
AMAD=¢1
FLAG(ICASE)=eTRUE .
GO TO SO
10 U0==0,€98970
U1=0.301030-
TO=PPT(WW(005))



15
C TRAC

20

30

35
C PULM

40

45

S0

100
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T1=PPT(WW(0.50))

IF(AMAD +LEe 20.0) GO TC 50
AMAD=20.0 ’
FLAG( ICASE )=« TRUE,

GO YO SO

CONT INUE

IF(Y «GTe 2) GO TO 35S
HEQ—-BRONCHI AL REGION
IF(AMAD .LTe 0e2) GO TO 20
IF(AMAD .GT. 10.0) GO TC 30
D4=0.08

GO TO 100

U0==0.698970

Ul=—1.0

TO=PPT(WW(0.08))
T1=PPT(WW(0.17))

IF(AMAD +GEe« 0Oe.t) GO TO S50
AMAD=0.1
FLAG(ICASE )=« TRUE .

GO TO So

Uo=1.0

Ul1=1.30130
TO=PPT(WW(0.08))
T1=PPT(WW(0.03))

IF(AMAD +LEe 20.0) GO TO SO
AMAD=20.0
FLAG(ICASE)=«TRUE «

GO TQ SO

CONT INUE

ONARY REGION

IF(AMAD +LTe. 10.) GO TO 40
GO TO &S

Uo=1.0

Ule-046968970
TO=PPT(WW(0.05))
T1=PPT(WW( 0.5))

IF(AMAD «GEe« 0e41) GO TO S0
AMAD=0.1 ’
FLAG(ICASE )=+ TRUE.

GO TO SO

Uo=1.,0

Ul1=1.301030
TO=PPT(WW(0.05))
T1=PPT(WW(0.02))

IF(AMAD .LE« 20.0) GO TC SO
AMAD=20.0
FLAG(ICASE)=«TRUE .

T=T0+(T1-T0) A (UL~ UO)*(ALOG!O(AMAD)-UO)
IF(T «GEe 040} X=P(T)

IF(T .LT. 0«0) X—l.O—P(-T)

IF(I «EQe. 1) D3=X

IF(1 «EQe 2) DA=X

IF(I <EQe 3) D0S=X

CONTINUE

RETURN

END

" SUBROUTINE DOSRUN(ICASE)

Ch &k &k

Crxke

$

DOUBLE PRECISION NAMNUC ¢NAMSOU s NAMTRG

REAL AHIGL(20-27)oALthL(dO.Z?)-LMR.TIME(II)oREGMAS(3)

REAL LMALMBe LMColL MDyLMEyLMF 4LMG,ILMH,LMI

REAL LMLUNGsLMGIsLMAB,LVMBDAB

REAL LUNDOS

REAL AGENET(20,27)
*#*#*****##**t****#*####***###*###t#*##*****t*#t#*t**t*******#*t*t

REAL AW(20.,12)
AR E R REERX KL ERERREER R SRR RA SR G R E Rk Rk x ok ko Rk ol ol ok hkkodedk k&
LOGICAL DEFAUT

LOGICAL SNP +STB1,ySPsSL+STB2+SGI »SEND.STEADY

COMMON /GENETC/ DOSTES( 2+6) +DOSOVR(2+6) sDOSGON(2,6)
o27-l3)-PCTDRT(Z.6.2791?%

COMMON /PERCNT/ PCTDOS¢Z+6

COMMON /TGLM/ LMA(ZO)-LMB(ZO)-LMC(ZO)'LMD(ZO).LME 0)»
LMF{20)sLMG(20)sLMH(2C) +LMI(20),

$ FA(ZO)-FB(ZO)cFC(ZO)'FD(20)'FE(ZO)-FF(ZO)yFG(gO)

3

FH{20).F1(20)



COMMON /RADAT/ LMR(20) ¢+ ERANCH( 20,20}

COMMON /SWITCH/ SNP,STB1sSP+SL(2) +STB2(2) +SG1

COMMON /LEVELS/Z YNP(20+2),Y17B(20+2).Y2TB(20+2),
S YP(2044)sYL(2042)sYS(20)+sYSI(20)sYULI(20),

$ YLLI(20),YORG(20,5,16) )

COMMON /CUMACT/ YNPW(20+2)sYITBW(20:2)Y2TBW(20+2),

S YPW(20,4),YLW(20,2)sYSW(20)YSIW(20),YULIW(20),

$ YLLIW(20) +YORGW(20,5,16)

COMMON /NUMBR S/ NSPEC+NSOUWNTRG

COMMON /NAMES/ NAMNUC(20) s NAMSOU(24) +NAMTRG(27)
COMMON /CASES/ NCASESsMODE(6) s TEND(6) s NINT(6),TI(6+30),
$ P(6+30), ISOL(6+20) ¢ AMAD(6) DEFAUT(6) +FLUNG(6+9+20)
5 LMLUNG(6+9+20)sF1(6+42C) +sGIFRAC(6+20,+4)

COMMON /TYME/ TSTEP(6)

COMMON /HALGES/ JCASE

COMMON /ORGDAT/ NCOMP(2Cs16)+C(20+5516) +t MBDAB(20+5+16),

$ F2PRIM(20,16)

COMMON /DOSES/ DOSE(2+¢6+244+15)+DOSRAT(2411+64+27)+D0STIM(11)
COMMON /SFAET/ S(2+204+24,415)

COMMON /LET/ NLET

COMMON /NUMTIM/Z NTIMFS

COMMON - /STEPS/A NSTEPS(6')

COMMON /GI v/ LMGI(A),LMAEB(20,4)

COMMON /LUNGRG/ LUNDOS(2,64+3) .

DATA TIME/365¢041095:04219060+438B0.0:7300.0,1095003515330,0,
$ 1825000 2V38UeU +25550e0¢3173%.0/

DATA REGMAS/32.044040:570.0/

NOTIFY SUBROUTINES HAL AND GES WHICH CASE IS CURRENT
THROUGH COMMON BLOCK /HALGE S/ (HAL RETURNS THE INTAKE
RATE BY INHALATION, GES BY INGESTION).

JCASE=1CASE

COMPUTE NUMBEROF TIME STEPS (NSTEPS) INTO WHICH THE INTEGRATION
INTERVAL I$ TO BE SUBDIVIDED.

NUMBER OF STEPS IS FIXED FOR THIS VERSION OF DOSRUN (EPA) BY TFE
VARIABLE NSTEPS(ICASE).

NTIMES IS THE NUMBER OF TIMES FOR WHICH DOSE RATES ARE YO BE -
GOMPUTEDes THE TIMES ARE SPECIFIED IN THE ARRAY TIME(NTIMES).
THE EPA CAIRD PROGRAM ACCEPTS A MAXIMUM OF 9 DOSE RATES. IN
ADDITION TO THE 9 DOSE RATES SELECTED FOR USE IN THAT PROGRAM,
WE WILL CALCULATE THE DOSE RATES AT 60 AND 70 YEARS.

NTIMES=11

INITIAL CONDITIONS.e SET TC ZERO ALL ARRAYS IN /LEVELS/
BLOCK AND AWIGL .
NS=NSOQU - 6
NSS5=NSOU + 5
NS3=NSOU + 3 o
DO 30 ISPEC=1,NSPEC
YS{ISPEC)=0.0
YSICISPEC)= 0.0
YULI(ISPEC)=0.0
YLLICISPEC)=0.0
DO 5 J=1,2
YNP(ISPEC+J)=0e.0
Y1TBUISPEC+J)=0e0
Y2TB(ISPEC+J)=0.0
YLUISPEC, JY=0.0
5 CONT INUE
00 10 J=1,4
YPCISPEC»J)=0.0
10 CONTINUE
DO 15 J=1,NS3
AW IGL( ISPEC+J)=0.0
15 CONTINUE
DO 17 J=1.,NS3
A.EVFL (TSPECs J)=0.0
AGENEICISPECsd)=0e0
17 CONT INUE :
CREREERREBEXKAREKEEER ERRK KK KGR EEE KRR AR CR AR R KRR EE KRR RR R RE RE T kkrk Rkt
DO 16 J=1,12
AW (I SPEC»s J)=0.0
16 CONT INUE
ChREREEEEERREERKREE R SRXRREERER AR ABX kR RAREERERRE R X RS AR AR R Kk kR ARk kk khkk gk
DO 2S5 K=1,NS .

OAN 0NN OANON 0000
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NC=NCOMP ( 1SPEC,K)
D0 20 J=1sNC
YORG(ISPECs JeK)=0.0
20 CONTINUE
2S5 CONTINUE
30 CONTINUE

SWITCHES SNPseses SGI INDICATE EXHAUSTION OF THEIR RESPECTIVE
COMPARTMENTS, SEND INDICATES FINAL EXHAUSTION OF ALL FEEOER
COMPARTMENTS AND HENCE THE INTEGRATION FOR OTHER ORGANS MAY
BE COMPLETED IN ONE FINAL SYEP., SET ALL OF THESE SWITCHES
INITIALLY TO 4FALSE.e
SNP=eFALSE .
ST31=0FALSE.
SP=4FALSE.
SL{(1)=eFALSE.
SL(2)=«FALSE.
STB2(1)=«FALSE.
STB3(2)=.FALSE.
IF(MONE(ICASE) .EQ. 1) GO TO 31
SNP= ¢ TRUE o
STB1=,TRUE,.
SP=eTRUE o
SL(1)=eTRUE .
SL{2)=eTRUE «
STB2(1)=«TRUE.
STB2(2)=«TRUE.
31 SGI=+FALSE. .
SEND=.FALSE.

SET Gele ABSORPTION RATE PARAMETER LMAB..
DO 35 ISPEC=1,NSPEC
DG 35 ISEG=1,4

TEMP=AMIN1({ 0.95.GIFRAC(I

LMAB(ISPEC, ISEG)=LMGI (IS

3S CONTINUE

INDEX=1

NSTPS=NSTEPS(ICASE)

D0 75 INTERV=1,NSTPS
T1=FLOAT( INTERV—-1)*TSTEP( ICASE)
T2=FLOAT(INTERV)*TSTEP(ICASE)
IF(SEND) T2=TEND(ICASE)

CASE , ISPEC+ISEG))
EG) *TEMP/(1.0-TEMP)

C
C

C

- . Cm——— ———

INVOKE STEP TO ADVANCE THE INTEGRATION FROM T1 TO T2.

CALL STEP(T1,T2,MODE(ICASE))}

C
C

—— i — - - — . — —— — —

ACCUMULATE CUMULATIVE ACTIVITY AWIGL IN SOURCE TISSUESe

nn 0N

an

DO 70 ISPEC=1.NSPEC

OMIT RESPIRATORY CONTRIBUTICNS IF THIS IS AN INGESTION CASE.
IF(MODE(ICASE) «NEe. 1) GO TO 5SS

‘MICROCURIE-DAYS IN LUNGS (NP + TB + Plee

AWIGL(ISPECs1)=AWIGL(ISPEC,1)+YNPW(ISPEC,1)+YNPW(ISPEC,2)

$ +Y1TBW(ISPEC+1)4Y1TBW(ISPEC+2)
$ +Y2TBW(ISPEC+1)4Y2TBW( ISPEC,2) .
$ +YPW( ISPEC+1)+YPW(ISPEC,2)+YPW(ISPEC,3)

+YPW( ISPEC,4)

N!CPOCUPIES IN LUNGS (NP + TB + Plae

ALEVCL ( ISPCCs1)=YNP(ISPEC+1)+YNP(ISPEC,2)

$ +Y1TB(ISPECs1)+Y1TB(1ISPEC+2)

$ +Y2TB(ISPEC, 1)+ Y2TB(ISPEC .2}

-8 +YP(ISPEC+1)+YP(ISPEC,2)+YP(ISPEC.3)
$ +YP(ISPEC,4)

MICROCURIE-DAYS IN NP, TBs AND P REGIONS..
AWIGL(ISPEC+NSOU+1)I=AWIGL(ISPEC, NSOU+1) + YNPW(ISPEC,1) +
$ YNPW{ ISPEC.2)
AWIGL(ISPEC‘NSOU+2) AWIGL(ISPEC,NSOU+2) + Y1TBW(ISPEC,1) +
Y1TBW(ISPEC+2)+Y2TBW(ISPEC,1) +Y2TBW(ISPEC,2)
AWIGL(ISPEC9NSOU+3) AWICL(ISPEC'NSOU+1I + YPW(ISPEC.1) +
PEC+2)+YPW(ISPEC+3)+YPW (ISPEC,4)
MICPOCUPIES IN NP+ TB. AND

wW(IS

P REGIONSe.
ALEVEL(LSPEC-NSOU+1)’YNP(}

T8

SPECe1) + YNP(ISPEC,2)
ALEVEL({ISPEC, NSOU+2)2Y1 ISPEC.1) + YITB(ISPEC.2) +
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$ Y2TB(ISPEC,s1) + Y2TB(ISPEC.2)
ALEVEL (TSPEC.NSOQU+3)=YP(ISPEC,1) + YP(ISPEC.2) + YP(ISPEC,3) +
$ YP (I SPEC:4)

MICRODURIE-DAYS IN LYMPH (L )eo
AWIGL(ISPEC2)=AWIGL(ISPEC+2)+YLW(ISPECs1)+YLW(ISPEC,2)
MICROCURIES IN LYMPH (L)e..
ALEVEL ( ISPEC+2)=YL({ISPEC,1)+YL(ISPEC,2)
§S CONTINUE ' '

an

an

MICROCURTIE—-DAYS IN Gele SEGMENTS (SesSILULIsLLI)We
AWIGL (ISPEC ¢ 3)=AWIGL(ISPEC+3)+YSW(ISPEC
AWIGL(ISPEC+4)=AWIGL(ISPEC+4) +YSIW(ISPE
AWIGL (I SPEC +S)=AWIGL(ISPEC,S)+YULIW(ISP
AWIGL(ISPEC+6)=AWIGL(ISPEC+6)+YLLIW(ISP

C MICROCURIES IN Gele SEGMENTSE (SsSI+ULIJLLI)eo

ALEVEL( ISPEC,3)=YS(ISPEC)

ALEVEL(ISPEC,4)=YEI (ISPEC)

ALEVEL ( ISPEC,S)=YUI(ISPEC)

ALEVEL( ISPEC+6)=YLLI(ISPEC)

MICROCURIE-DAYS IN OTHER SOURCE ORGANS..
DO 65 ISOU=T.NSOU
NC=NCOMP( ISPEC, ISOU-6)
DO 63 IC=1.NC .
AWIGL{ISPEC ISOU)=AWIGL(ISPEC,ISOU)
$ *YORGW(ISPEC:ICsISOU-C)
63 CONTINUE
65 CONT INUE
C MICROCURIES IN OTHER SOURCE ORGANSee
DO 67 ISOU=7,NSOU
ALEVEL(ISPEC,1SCU)=0.0
NC=NCOMP¢ ISPEC, ISOU~6)
DO 66 IC=1,NC -
ALEVEL( ISPEC, ISOU)=ALEVEL(ISPEC,1ISO0OU)

0o

$ +YORG(ISPEC, IC,1S0U~6)
66 CONTINUE
67 CONTINVE

Cole oo etk oo e e ool ok ok ook ool e e e ke kool o o Ak ok ko ok dolokok ok ok ok o kol ook ok ok ok dkokokokok ok
C ACCUMULATED ACTIVITY FOR PATHWAYS A THROUGH Lee
IF(MODE(ICASE) «NE. 1) GO YO 71
AW (I SPECs 1)=AW( ISPEC, 1)+YNPW(ISPEC,1)
AW(ISPEC,2)=AW(ISPEC, 2)+YNPW(ISPEC,2)
ISPEC+ 3)=AW( ISPEC, 2)+Y1 TBW(ISPEC,1
SPEC+4)=AW( ISPEC,4)+Y1TBW(ISPEC,2
SPEC+S)=AW( ISPEC,£) +YPW(ISPEC,1)
SPEC +6 ) =AW( ISPEC, €) +YPW( ISPEC,2)
SPEC+7)=AW(1SPEC,7)+YPW( ISPEC,3)
SPEC+8)=AW( ISPEC, 8) +YPW(ISPEC,4)
SPEC+9)=AW( ISPEC, S} +YLW(ISPEC,1)
SPEC+ 10 )=AW( ISPEC s10)+YLW(ISPEC,+2)
seec,}é}:Aw(ISPEC.ll)+Y2TBthSPEC.l)
. ISPEC 12)=AW(TSPEC 12)14Y2TBWLLISPEC2)
71 CONT INUE
CRAxe Eh Rk dd gk Sk R ook Kt ook ook ok ok ok kool Rk koK fok ook ok ok ke ek
C

C IF T2 1S 30 YEARSy STORE ACCUMULATED ACTIVITIES FOR CALCULATION OF
C GENETIC DOSE COMMITMENTe e .
IF (T2 «NE. 10950.) GO TO 70
DO 68 ISOU=1,NSOU
AGENET(ISPEC.I1SOU)=AWIGL(ISPEC,IS0OU)
68 CONT INUE
70 CONTINUE

)
)
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C

C DETCRMINE IF T2 I8 OME OF THE SELFECTFN TIMFS AT WHICH DOSE
C RATES SHOULD BE CALCULATED. IF SO+ COMPUTE A MATRIX OF DOSE
C RATES TO ALL TARGET ORGANS AT T2.

IF (T2 <NEe« TIME(INDEX)) GO YO 75
00 78 ITRG=1:NTRG
DOSRATC¢1+ INDEXs ICASE, ITRG)=0.0
DOSRAT(2, INDEXs ICASE,s ITRG)=0.0
D0 77 ISPEC=1.NSPEC
DO 76 1ISOU=1.NSOU
IF (ISOU «EQe 7) GO TO 76
DOSRAT( 1, INDEXs ICASE+ITRG)=DOSRAT(1 + INDEX,s ICASE, ITRG)+
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$ S({1+ISPECsITRG+ISOU)*ALEVEL(ISPEC,IS0OU)
IF (NLET <EQe
’ $ DOSRAT(2+ INDEX s ICASEs ITRG)I=DOSRAT (2,4, INDEX + ICASE+ ITRG)+
$ S(2+ ISPEC+ITRG» ISOUI*ALEVEL(ISPEC,ISOU)
- 76 CONTINUE '

77 CONT INUE
DOSRAT(1 s INDEX, ICASEs ITRG)=DOSRAT(1+INDEXs ICASEs ITRPG)*3,65E+05
DOSRAT(ZolNDEX'ICASE.ITRG) DOSRAT(2,INDEXs ICASE» ITRG) *3,65E+0S
78 CONTINUE

C COMPUTE DOSE RATES FOR REGIGCNS OF THE RESPIRATORY TRACT.
C

IF (MODE(ICASE) «NEe 1) GO TO 81
DO 81 ILET=1.NLET
00 80 IREG=1,23
. NTRGP=NTRG + IREG
NSQUP=NSOU + IREG
DOSRAT(ILET » INDEXs ICASE sNTRGP)}=0.0
DO 79 ISPEC=1,NSPEC
DOSRAT (ILET, INDEXs ICASEs NTRGP)=DOSRPAT(ILET,INDEXs ICASEsNTRGP)
$ +ALEVEL( ISPECsNSOUP)I*S(ILET, ISPEC»1+1)%1000.0/REGMAS(IREG)
IF (IREG «NEe 3) GO TO 79
DOSRAT (ILET+INDEX s ICASEsNTRGP)=DOSRAT(ILET+INDEXs ICASEsNTRGP)
$ + ALEVEL(ISPEC2)*S(ILET+ISPECs1+2)%1000+0/RPEGMAS(IREG)
D0 82 1S0U=3,NSOU
IF (I1SOU «.EQe 7). GC TO 82
. DOSRAT(ILET, INDEX.ICASE.NTPGP)—DOSRAT(ILET.INDEX.ICASE.NTRGP)
$ + ALEVEL(ISPEC,ISOU)IAS(ILET»ISPECs1,IS0U)
82 CONTINUE
79 CONT INUE
DOSRAT(ILET.INDEX.ICA‘E.NTRGP)—DOSPAT(ILET’INDEX'ICASE-NTPGP)
$ *3 ,65E+0S5
80 CONTINVE
81 CONTINUE
c DOSTIM(INDEX)=T2/365.
C IF NSPEC > 1, COMPUTE PERCENT OF TOTAL DOSE RATE IN THE 70TH YEAR
C T0 EACH ORGAN DUE TO EACH SPECIES IN THE CHAIN.

IF {DOSTIM(INDEX) oNEo 70.0) GO TO So08
IF (NSPEC -.EQ. 1) GO YO 508
DO 504 ITRG=1«NTRG
' DO S03 ISPEC=1.NSPEC
DO -S02 ILET=1.NLET
PCTORT( ILET+ICASE +ITRGs ISPEC)=0.0
DO 501 1SOU=1,NSOU
. IF (ISOU «EQe 7) GO TO S0O1
PCTDRT(ILET,ICASEs ITRGs ISPEC)=PCTDRT(ILET ICASEs ITRGs ISPEC)
” $ ’ + S(ILET,ISPEC,ITRG,ISOU)*ALEVEL(ISPEC, ISOU)
€01 - CONT INUE
IF (DOSRAT(ILET.INDEXsICASE+ITRG) +EQe 0.0)
$ PCTORT(ILET, ICASELITRG,ISPEC)=0.0
. IF (DOSRAT(ILET.INDEX+sICASEL+ITRG) «EQe 040) GO TO 502
PCTORT( ILET s ICASE »ITRG+ISPEC)=PCTORT(ILET+ICASE,ITRG, ISPEC)
$ %100+ 0/DOSRAT(ILET +INDEXsICASE+ITRG)*3+65E405 °
€02 CONTINUE
S03 CONTINUE
€04 CONTINUE :
C PERCENT DOSE RATE TO NP, TBs AND PULMONARY REGIONS..
IF (MODE(ICASE) «NEs 1) GO TO S08
0N S08 IREG=1,3
NTRGP=NTRG + IREG
NSOQUP=NSQU + IREG
DO 507 ISPEC=1,NSPEC .
DO 506 ILET=1,NLET
PCTDRT( ILET 4 ICASE sNTRGP, ISPEC) =(ALEVEL (ISPEC,NSOUP)
#S(ILET+ISPEC+1+1)%1000. 0/REGMAS(IREG)) * 100,.,0
/DOSRAT(ILET +» INCEXsICASE+NTRGP) %3 .65E+0S
IF (IPEG «NEe. 3) GU TO 506
PCTDRT (ILET ICASE s NTRGPs ISPEC) =PCTORT(ILETsICASE«NTRGP+ISPEC)
$ +ALEVEL (ISPECs2)*S(ILET,s ISPEC+1+2)%1000.0/REGMAS( IREG)
$ %#100.0/DOSRAT( ILE T+ INDEX+ ICASE+NTRGP)*3.65E+05
00 508 IS0U=3,NSOU
IF (ISOU «EQ. 7) GO TO S0S
PCTDRT( ILET» ICASE \NTRGP, ISPEC)=
PCTORT ILETs ICASE ,NTRGP+ISPEC) + ALEVEL(ISPEC.ISOU)
#SCILET,ISPEC+1+I1SOUI%100.0/DOSRAT(ILET+INDEX s ICASE+NTRGP)
%3 «65E+0S

“ 8

He
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S0S CONTINUE

506 CONTINUE

€07 CONTINUE

S08 CONT INVE
C*#t************t*********#‘**"*******#*t#***#*####****#***‘#***#*#t*#*
C OUTPUT ACTIVITIES IN ALL SOURPCE COMPARTMENTS TO PERMIT FUTURE MANUAL
C ACE-DEPENDENT CALCULATIONS . (BY VARYING THE S—-FACTOR!) IF DESIRED..
CEEREARAXERREXEERR KK FRKKERL AR R BERERKR KRS RE K KRR RE KRR R R KRR KR KR RR X KkEK KRRk Kk K

WRITE(17:310) NAMNUC(1) DOSTIM(INDEX) . ICASE,s TSTEP (1 CASE)
IF (NSOU «GTe 12) GO TO 302
WRITE(17.320) (NAMSOU(ISOU),IS0OU=1,NSOU)
DO 301 ISPEC=1+.NSPEC
WRITE(17,330) NAMNUC(ISPEC)o(ALEVEL(ISPECoISOU)'ISOU'I.NSUU)
3201 CONT INUE
GO TO 304
302 WRITE(17,320) (NAMSOUIISOU)sISOU=1,12)
DO 303 ISPEC=1.NSPEC
WRITE(17+330) NAMNUC(ISPEC)o(ALEVEL(!SPEC.ISOU).ISOU=1.12)
303 CONTY INUE
WRITE(17,320) (NAMSOU(I‘OU);ISOU'!3-NSOU)
D0 304 ISPEC=1,.NSPEC
WRITE(17+330) NAMNUC( ISPEC) + (ALEVEL(ISPEC, ISOU) + ISOCU=13+NSOUV)
304 COMYINUE
IF (MODE(ICASE) sNEs 1) GO TO 308
WRITE(17,340)
NSOU1=NSOU + 1
NSOU3=NSOU + 3
DO 305 ISPEC=1sNSPE
WPITE(I7.330)NAMNUC(ISPEC)'(ALEVEL(ISPEC.JSOU).JSOU—NSOUI'NSOUB)
20S CONT INUE
310 FORMAT ('0' ¢ 60XeAB4 /446X +*"MICROCURIES AT?!*,FA44.0s"' YEARS FOR *,
$ 'CASE"v12,/+51X,*(TIME STEP =*,F6.0,°* DAYS)") .

320 FORMAT(*0°, *NUCLIDE *+12(A8.,2X))

330 FORMAT(* *',AB8,1Xs1P12E10.3)

340 FORMAT(®*0°, *NUCLIDE'+3Xs'N=P?,7X, 'T=B*y7X, '"PULMNARY *)
CERRRRREEAKKRRKERRE KRR KKK KK R B KKK RX IR KRG RRKRREREEREXREX R KERKERE RRTRE KKK
C .

INDEX=INDEX+1
75 CONT INUE
C .

c -
C CALCULATE THE ACCUMULATED DCSE TO TESTES AND OVARIES TO AGE 30
C FOR GENETIC CALCULATIONS.. .
C== -
D0 155 ILET=1.NLET
DOSTES(ILET+ICA3E)=040
DOSOVR(UILET,ICASE)=0.0
DO 154 1S0U=1,NSQU
IF (ISOU <.EQe 7) GO 7O 154
DO 153 I6MPEC=1,NEPEC
DOSTES(ILET L ICASE )=DOSTES(ILET.ICASE) +
S{ILET«1SFECeZ1 9 15UU) X Atht‘(letL-lbUU)
DOSOVR(ILET,ICASE )=DOSOVR(ILET,ICAS
S{ILET.1SPEC,13,150V) % AGENET(iSﬁEC.ISUU)

$
153 CONTINUE
154 CONT INUE
DOSTES(ILET ,ICASE)=DOSTES(ILET+ICASE) * 1.0E+03
DOSOVR(ILET,ICASE)=D0SOVR(ILET, ICASE) * 1.0E+03 ’
DOSGON(ILET,ICASE)= (DOSTES(!LEToICASE) + DOSOVR(ILET-ICASE))/Z.O
1SS CONTINVE

FOR EPA CALCULATIONS, THE ACCUMULATED DOSE IS NOT OF INTEREST SINCE
WE ARE CONCERNED WITH THE DCSE RATES AT VARIOUS TIMES. THEREFORE,
WE WILL BYPASS THIS CALCULATION FORP THIS APPLICATION.

-

——

GQ TO 410

COMPUTE THE TARGET~SOURCE DCSE MATRIX FOR THE CURRENT CASE,

DO 100 ILET=1.NLET
DO 95 1ISOU=1,NSQU
. DO 90 ITRG6=1+NTRG
DOSE¢ ILET + ICASE, ITRGs ISOU)=0.0
D0 89 ISPEC=1.NSPEC
DOSE( ILEY s ICASE +1TRGs I1SOU)=DOSE(ILET+ICASEs ITRG,ISOU)

nnnn'nnnh?n
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$ +SUILET S ISPEC I TRG»ISOUI*AWIGL(ISPEC,ISOU)
89 CONT INUE
90 CONT INUE
95 CONTINUE
- 100 CONT INUE
C .00SE TO INDIVIDUAL REGIONS OF THE LUNGos
IF (MODE(ICASE) «NEe 1) GO TO 103
D0 103 ILET=1.NLET
DO 102 IREG=1,+3
NSOUP=NSOU + IREG
LUNDOSC¢ ILET, ICASEsIREG)=0.0
DO 101 ISPEC=1.NSPEC
LUNDOS( ILET+ ICASE sIREG)=LUNDOS(ILEY,ICASE,IREG) +
$ . AWIGL(ISPEC-NSOUP)#S(ILET-ISPEC.!,l)*IOOO-OlREGMAS(IREG)
IF (IPREG oNEe 3) CO TO 101
LUNDOS( ILET 2 ICASE 4IREG) =LUNDOS(ILET s ICASE,IREG) +
$ AWIGL(ISPEC.z)*‘(ILET.ISPEC.l-Z)thO0.0/PEGMAS(IPEG)
DO 105 ISOU=3,NSOU
IF (ISOU «EQe 7) GO TO 105
LUNDOS(ILET,s ICASE, IREG)=LUNDOS( ILET, ICASE,IREG) +

$ AWIGL(ISPECs I SOUIXS(ILET,ISPECs1,1S0U)
10S CONT INUE
101 CONTINUE

102 CONTINUE
103 CONT!NUE

C COMPUTE TOTAL DOSE TO EACH 1APGET ORGAN.

C~=a—
NSOU1=NSOU+1-
DO 380 ILET=1,NLET
DO 374 ITRG=1,NTRG
DOSE(ILET ¢ ICASE+ I TRGs NSOU1)=0.0
DO 375 _ISOU=1,NSOU
IF(1S0U .EQ. 7) GC TO 375
DOSE( ILET, ICASE o ITRG,NS0U1) =DOSE( ILET, ICASE» I TRGsNSOU1)
: $ +DOSE (ILET, ICASE, [TRG, ISOU)
. 275 CONTINUE
374 CONT INUE

g

380 CONTINUE

C
C IF NSPEC IS GREATER THAN 1, COMPUTE PERCENT OF TOTAL DOSE TO EACH
C TARGET ORGAN DUE TO EACH SPECIES OF THE CHAIN.

. R JF{NSPEC «.EQe. 1) GO TO 210
-- DO 203 ITRG=1.NTRG
: DO 202 ISPEC=1.NSPEC
00 201 ILET=1,.,NLEY
PCTDOS(ILET:ICASE'ITRGoISPEC) 0.0

D0 200 IS0OU=1.NSOU

IF(ISOU .EQe 7) GO TO 200

PCTDOS( ILET,ICASEsITRGISPEC)=PCTDOS({ILET,ICASE»ITRGs ISPEC)+

$ SCILET+ ISPEC,ITRG .1 SOU) *AWIGL(ISPEC, ISOU)
200 CONTINUE
IF (DOSE( ILET+ICASE I TRGyNSOU1) <EQe 040)
$ PCTDOS( HLET ICASE +I TRGy I SPEC) =040

IF (DOSE( ILET ,ICASE+ITRG,NSOU1) .EQe 0.0) GO TO 201
PCTDOS(ILET-ICASE ITRG,ISPEC)=PCTDOS(ILET,ICASE,I1TRG, ISPEC)
$ #100.0/DOSE(ILET 4 ICASEsITRGsNSOU1)
201 CONT INUE
202 CONTINUE
203 CONTINUE
C PERCENT LUSE 11U NP. TBs AND PULMONARY REGIONSs+s
IF (MODE(ICASE) «NE. 1) GO TO 206
DO 206 IREG=1.3
NTRGP=NTRG + IREG
NSOUP=NSOU + IREG
DO 20S ISPEC=1,NSPEC
DO 204 ILET=1.NLET
PCTDOS( ILET s ICASE yNTRGP, ISPEC)=(AWIGL(TSPEC «NSOUP)

$ *S(ILET,»ISPEC.14+1)%*1000+0/REGMAS(I REG)) %* 100.0
$ /LUNDOS(ILETY » ICASEZIREG)
IF (IREG .NEe« 3) GC TO 204
PCTDOS(C ILET, ICASE+NTRGP, ISPEC)=PCTDOS(1 ET'ICASE.NTR Py ISPEC)
$ +AWIGL (ISPEC, 2)*S(ILET,ISPEC+1+2)%1000.0/PEGMAS( IRE G)
$ %100+ 0/LUNDOSCILET » ICASE, IREG)

DO 207 1IS0U=3,NSOV
IF (IS0OU EQe () GU TO 207
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PCTDOS(ILET ICASEsNTRGPL,ISPEC)=
$ PCTDOS({ILET s ICASE+NTRGPsISPEC) + AWIGL(ISPEC,ISOU)
$ *S{ILET. ISPEC. 1, ISOU)*100.0/LUNDOS(ILET, ICASEs IREG)
207 CONTINUE
204 CONTINUE
205 CONT INUE
206 CONT INUE
CRBEEEREKXRERNEEEKEXRRKKR AR KK IR EBRERERERE R KA RS KRR REEE kKRR Rk ook ke gk
C QUTPUT ACCUMULATED ACTIVITIES ON UNIT 16 FOR LATER REFERENCE.
C*#******t“#‘**‘t#*#****#**#‘**‘****#*****##t*****************‘*##****#
210 WRITE (16+9991) NAMNUC(1) +ICASE, TSTEP(ICASE)
IF(NSOU «GTe 12) GO TO S002
WRITE(1649992) (NAMSOU(1I),I=1,NSOY)
DO 9001 ISPEC=14NSPEC
9001 WRITE(16,9993) NAMNUC(I SPEC)  (AWIGL(ISPEC,,1),I=14NS0OU)
GO TO 9005
9002 WRITE(16,9992) (NAMSOU(1),I=1,12)
DO 9003 ISPEC=1,.NSPEC
9003 WRITE(16,9993) NAMNUC(I SPEC) s (AWIGL(ISPEC,+1),1=1,12)
WRITE(16+9992) (NAMSOU( I) +1I=13,NS0U)
DO 9004 ISPEC=1,NSPEC
9004 WRITE(16+9993) NAMNUC(ISPEC) s (AWIGL(ISPEC+I) 41I=13,NS0OU)
9005 WRITE(16,9994)
.D0 9006 TSNPEC=1.NSPECG
2006 WRITE(16,9993) NAMMUC(ISPEC) s (AW(ISPEC ;I):1—1,12)
9991 FORMAT(1HO+// +60X9ABs /9 SOXs "MICRODCURIE-DAYS FOR CASE '4124/+45X,
$ '({TIME STEP FOR INTEGRATIUN = F60s* DAYS)?)
9992 FORMAT (1HO s *NUCLIDE *312(A8+2X))
9993 FORMAT(1H ,AB8,.,1X,1P13E1Q.3) :
9994 FORPMAT(1HO 39X 'ACCUMULATED ACTIVITY FOR TGLM PATHWAYS A *,
$ *THROUGH L%//¢12Xs A" s9X0'B®* 99X +s?C?'3s9X s "D sIX+s"E* 99X "'F ' 99X 'G"»
S OXe"H'4OXe"I'9eOXs*J?sGSXs*K®* 99X, 'L ")
C % % ok Ao o oo ol e e e ool o K ok ook Bk ook ok ok ok ek s e o ok ko ok ok gk ok g ok o o e o ok ook ook ok dedke koK ool kR ik ke ok ok ke
410 RETURN

C—-- —— ———— e

C END OF DOSRUN

C—— _

e e END

SUBROUTINE STEP(T1,T2,MCDE)

C
C ADVANCES THE RESIDENCE TIME INTEGRATION FROM TIME T1 TO T2 (DAYS).
C MODE = 1 FOR INHALATIONs, = 2 FOR INGESTION.
' INTEGER NCTEMP(20)
REAL LMGI(4).,LMAB(20,4) LMR(20)+BRANCH(20+20)
REAL G(20).H( 20)
REAL LMBDAB
REAL LB(ZO'S)QCTEMP(ZO'S)'PTEMP(ZO'S)'YTEMPO(20-5)0YTEMP(2°05)-
$ YTEMPW(20+5)
RPEAL LMAJLMByLMCoLMDLMEs LMFoLMGsLMH,LMI
DDUBLE PRECISION T
LOGICAL SNP:STB1s SPsSLeSTB2,+SGI
COMMON /SWITCH/ SHNP.STD1,SP,EL(R).ETB2(2),5G]
COMMON /ZLEVELS/Z YNP(20+2)4+Y1TB(204+2).Y2T8(20+2)
$ YP(2044),YL(2042)+sYS(Z20)+YSI(20)+sYULI(20)
$ YLLI(20),:YORG(20+5,16)
COMMON /CUMACT/. YNPW(20,2)+sY1TBW(20,2),Y2TBW(20+2)»
S YPW(20448)sYLW(20,2)+:YSW(20) s YSIW(20) 4 YULIW(20),
$ YLLIW(20)+sYORGW(20+54 16)
COMMON /0RGDAT/ NCOMP(2Ce16):C(20+5+16) +LMBDAB(20+5+16),
& F2PNIM(20,16) L .
COMMON /NUMBR S/ NSPECNSOUNTRG
COMMON /GI/ LMGI.LMAB
COMMON /NADAT/ LMR,BRANCH
COMMON /TGLM/ LMAC20),LMB(20)+LMC(20)+LMD(20)+LMEC(20) LMF(20),
$ LMG(20),LMH(20) 4LMI(20),
$ ;?{gg;.FB(ZO)vFC(zo)oFD(ZO)|FE(20)pFF(ZO’.FG(ZO)-FH(ZO)o
$
COMMON /RESDP/ D3:D4 DS
DELT=T2-T1
T=DBLE(0.5%(T14T2))

C - .

C IF THIS CASE IS NOT INHALATION, BRANCH TO INGESTION.
IF(MODE .NE. 1) GO TO 120 ‘

c .

Cmmm _— _— e

C RESPIRATORY TRACT (TASK GROLP LUNG MODEL FOR AEROSOLS)

CALL HAL(T,H)
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IF(SNP) 60 TO 21
NASOPHAR YN GEAL REGION (A+8)

IPATH=1 FOR A
=2 'FOR B
DO 10 ISPEC=1,NSPEC

INFLOW-RATE VECTOR PTEMP.,. INITIALIZE TO ZERO.
DO 4 IPATH=1.2
PTEMP( ISPEC, IPATH)=0.0
4 CONT INUE ‘

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

SUBCOMPARTMENT FRACTIONS..
CTEMP(ISPEC,1)=FA(ISPEC)
CTEMP( ISPEC,»2)=FB(ISPEC)

BIOLOGICAL CLEARANCE COEFFICIENTS..
LB(ISPEC+1)=LMA(ISPEC)
LB( ISPEC,2)=LMB(ISPEC)

INITIAL CONDITIONS..
DO S IPATH=1.2
YTEMPO(ISPEC-IPATH)—YNP(ISPEC.IPATH)
S CONT INUVE .
10 CONTINUE

FIRST COMPONENT OF INTAKE VECTORe.
DO 14 IPATH=1,2
PTEMP(1.IPATH)=D3%H(1]}
14 CONT INUE
(ALL OTHER COMPONENTS OF H ARE ZERO).
CALL MULCOM(DELTsNSPEC: LMR+LB+CTEMPNCTEMP, BRANCH,
$ PTEMP,YTEMPO:YTEMP,YTEMPW)

MOVE OUTPUTS FOR AsB PATHWAYSe.
DO 20 ISPEC=1 +NSPEC
DO 15 IPATH=1,2
YNP(ISPEC » IPATH)=YTEMP(ISPEC+ IPATH)
YNPW(ISPECs IPATH)I=Y TEMPW( I SPEC, IPATH)
15  CONTINUE
20 CONTINUE
21 CONTINUE ,
IF(STB1) GO TO a1

TRACHEOBRONCHIAL REGION (C,D)

IPATH=1 FOR C
=2 FOR D
D0 30 ISPEC= l-NSPEC

INFLOW RATE '"VECTORs
24 IPATH=1,2
PTEMP(ISPEC.IPATH) Ce O
24 CONT INVUE

COMPARTMENT FRACTIONS..
CTEMP(ISPEC1)=FC({ISPEC)
CTEMP{ISPEC,2)=FD(ISPEC)

BIOLOGICAL CLEARANCE COEFF!CIENTS..
LB(ISPEC+1)=LMC(ISPEC)
LB(ISPEC,+2)=LMD(ISPEC)

INITIAL CONDITIONSe.
DO 25 IPATH=142
YTEMPO ( ISPEC, IPATH) =Y1TB(ISPEC,IPATH)
25  CONTINUE
30 CONTINUE

FIRST COMPONENT OF INTAKE VECTORe.
D0 34 IPATH=1.2
PTEMP(1, IPATH)=DA%*H(])
34 CONTINUE
CALL MULCOM(DELT-NSPEC-LMRoLBoCTEMPoNCTEMP.BRANCHv
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$ PTEMP,YTEMPO,YTEMP,YTEMPW)

MOVE OQUTPUTS FOR CsD PATHWAYS..
DO 40 ISPEC=1+NSPEC
DO 35 IPATH=1,2
Y1TB(ISPEC, IPATH)=Y TEMP(I SPEC +,IPATH)
Y1TBW( ISPEC, IPATH)=YTEMPW( I SPEC,IPATH)
38 CONT INUE
40 CONTINUE
41 CONTINUE
IF(SP)}) GO TO €1

PULMONARY REGION (E+F +GoH)
IPATH=1 FORP E
=2 FOR F
=3 FOR G
=4 FOR H
DO SO ISPEC=1+NSPEC

INFLOW RATE VECTORe.e.
DO 44 IPATH=1,4
PTEMP({ ISPEC, IPATH)=C.0
44 CONT INUE

NUMBER OF SUBCOMPARTMENTS.. .
NCTEMP(1SPEC)=4

SUBCOMPARTMENT FRACTIONS

LR
CTEMP({ ISPEC+1)=FE(ISPEC)
CTEMP(ISPEC+2)=FF(1SPEC)
CTEMP(ISPEC+3)=FG(ISPEC)
.CTEMP(ISPEC+4)=FH(ISPEC)
EIOLOGICAL CLEARANCE COEFFICIENTS..
LBC(ISPEC.1)=LME(ISPEC)
LB(ISPEC,2)=LMF(ISPEC)
LB(ISPEC,3¥=LMG(ISPEC)

LBCISPEC,48)=LMHM{ISPEC)

INITIAL CONDITIONS..
DO 4SS IPATH=1,4
YTEMPO( ISPEC, IPATH)Y=YP(ISPEC,IPATH)
4S5 CONT INUE
50 CONTINUE

FIRST COMPONENT OF INFLOW VECTOR.. .
DO S4 TPATH=1,4
PTEMP(1,IPATH)=DS*H(1)
S4 CONT INUE
CALL MULCOM(DELT,NSPECs+LMRsLBsCTEMP s NCTEMP, BRANCH »
$ PTEMP,YTENPO,YTEMP ,YTEMPW)

MOVC OUTPUTE FOR E»FysG,H PATHUWAYS. .
DO 60 [ISPEC=1 +NSPEC
VU 88 IBPATHal.&
YP({ISPEC: IPATHI=YTENP(ISPEC.IPATH)
YPWCISPEC s IPATH)=YTEMPW(I SPEC,IPATH)
55 CONT INUE
60 CONTINUE
61 ?QNT! o
F{ SL(l, «ANDUe SL(2)) GC TO 81

LYMPHATIC TTISIUC (1.d)

IPATH=1 FOR 1
=2 FOR J
DO 70 ISPEC=1.NSPEC

INFLOW RATE.. TOTAL QUTFLOW OF PATHWAY H.
DO 64 IPATH=1,2
PTEMR( ISPF(C.IPATH)=LMH(ISPEC) *YPW(ISPEC+4)/DELT
64 CONTINUE

NUMBER OF SUBCOMPARTMENTS..
NCTEMP(ISPEC)=2

SUBCOMPARTMENT FRACTIONS..
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CTEMP(ISPEC+1)=FI(ISPEC)
CTEMP(ISPEC+2)=140-FI (I SPEC)

BIOLOGICAL CLEARANCE COEFFICIENTSee.
LB(ISPEC,1)=LMI(ISPEC)
LB(ISPEC,+2)=0.0
(THE J SYBCOMPARTMENT IS SUBJECT ONLY TO RADIOACTIVE DECAY).

INITIAL CONDITIONSse ) .
D0 6S IPATH=1,2
: YTEMPO(ISPEC'IPATH)‘YL(ISPEC.IPATH)
65 CONT INUE
70 CONTINUE
CALL MULCOM(DELT.NSPEC.LMRoLBnCTEMP.NCTEMPoBPANCHo
$ PTEMPJ.YTEMPO.YTEMP,YTEMP W)

MOVE OUTPUTS FOR (1sJ) PATHSAYS..
DO 80 ISPEC=1.NSPEC
DO 75 IPATH=1,2
YL ISPEC, IPATH)SYTEMP (I1SPEC,IPATH)
YLW(ISPEC,: IPATH)=YTEMPW(I SPEC,IPATH)
75 CONT INUE
80 CONTINUE
81 CONTINUE
IF(sTB2(1)) GO 70 101

TRACHEOBRONCHI AL FEEDBACK (KoL)

THIS WILL PEQUIPE TUO CALLS TO MULCOM..
(1) INPUT FROM Fe QUTPUT K
(2) INPUT FROM Gs OUTPUT L
PATHWAYS K AND L ARE INDEPENDENT SUBCOMPARTMENTS.

PATHWAY K

DO 90 ISPEC=1,.,NSPEC

INFLOW VECTORe s OUTFLOW OF PATHWAY Fo
PTEMP(ISPEC,1)=LMF(ISPEC) *YPW({ISPEC,2)/DELT

NUMBER OF SUBCOMPARTMENTS..
NCTEMP(ISPEC)=1

SUBCOMPARTMENT FRACTIONS (=UNITY).e
CTEMP(ISPEC+1)=1.0

BIOLOGICAL CLEARANCE COEFFICIENTSe s
‘LB(ISPEC,1)=LMD(ISPEC) ) !
(REMOVAL IS REGULATED BY TRACHEOBRONCHI AL CLEARANCE TO Gele)e

INITIAL CONDITIONS..
YTEMPO(ISPEC:1)=Y2TB(ISPEC,1)"
90 CONTINUE
CALL MULCOM(DELTINSPEC+LMRsLBsCTEMP s NCTEMP+sBRANCH »
$ PTEMP, YTEMPO.YTENP-YTEMPI)

MOVE OQUTPUT FOR K PATHUAY..
DO 100 ISPEC=1+NSPEC
Y2TBCISPEC+ 1)=YTEMP(I SPECs1)
Y2TBWIISPEC.1)=YTEMPW(ISPEC,1)
100 CONTINUE
101 CONTINUE
IF(STB2(2)) GO TO 130

PATHWAY L

—— - -

‘DO 110 ISPEC=1,NSPEC

INFLOW VECTORee OQUTFLOW FRCM PATHWAY Ge
PTEMP( ISPECe1 )SLMGUISPEC) *YPW( ISPEC+3)/DELT

NCTEMP, CTEMP, AND LB..
NCTEMP(ISPEC) =1
CTEMP( ISPECs1)=1.0
LB(ISPECs1)=LMD(ISPEC)

INITIAL CONDITIUNSe.
YTEMPO(ISPEC,1)=Y2TB( ISPEC,»2)
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110 CONTINUE
CALL MULCOM(DELT+sNSPECsLMR+LBesCTEMP sNCTEMP s BRANCH 4
$ PTEMP,YTEMPO.YTEMP,YTEMPW)

C
C MOVE OUTPUT FOR L PATHWAY..
DO 120 ISPEC=1+NSPEC
Y2TB(ISPEC 2)=YTEMP(I SPEC,1)
Y2TBW(ISPEC,+2)=YTEMPW(ISPEC,1)
c 120 CONTINUE .
g END OF RESPIRATORY SEGMENT

130 CONTINUE
IF(SGI) GO TO 220

c- — e —

C Ge 1o TRACT ’ T

c

C STOMACH (S)

C ———— e ———
IF(MODE .EQe 2) CALL GES(T,G)
DO 140 ISPEC=1,NSPEC

INFLOV RATE VECTORee
IF(MODE +EQe« 2) PTEMP(ISPEC.!)-G(!SPEC)
IF(MODE «EQe¢ 1) PTEMP(ISPEC,1)=(LMB(ISPEC)*YNPW(ISPEC,2) +
* LMD(ISPCC)I+(YLTBW(ISOFC .21+ Y2TEBW(ISPEC,+1)+Y2TBW(ISPEC,+2)))/DELT

NUMBER OF SUBCOMPARTMENTS. COEFFICIENTS. AND BIOLOGICAL REMOVAL
COEFFICIENTS. : .
NCTEMP( ISPEC)=1
CTEMP(ISPEC+1)=14.0 .
LBUISPEC+1)=LMGI(1)+LNMAB(ISPEC,1)

INITIAL CONDITIONS..
YTEMPO(ISPECs1)=YS(ISFEC)
140 CONT INUE
CALL MULCOM(DELT¢NSPEC+LMR+LB+CTEMP+NCTEMP + BRANCH +
$ PTEMP,YTEMPO.YTEMP,YTEMPW)

MOVE QUTPUTS FOR Ses. .
DO 150 ISPEC=1.NSPEC
" YSCISPEC)=YTEMP({ISPEC,1)
YSW{ISPEC)=YTEMPW(ISPEC.1)
150 CONTINUE

aon S0N0 an

0o

SMALL INTESTINE (;t)

DO 160 ISPEC=1,NSPEC

BIOLbGICAL REMOVAL RATES (AESORPTION PLUS EMPTYYING)ee
LB(ISPEC, 1)}=LMABIISPEC,2)+LMGI(2)

INFLOW RATE VECTORes ' OUTFLEW FROM STOMACH
PTEMP(ISPEC+1)=LMGI(1 )xYSW(ISPEC)/DELT

NCTEMP AND CTEMP ARE AS FOR THE STOMACH.

INITIAL CONDITIONSe. -
YTEMPO(ISPEC,1)=YSI(1SPEC)
160 CONTINUE
CALL MULCOM(DELT+NSPECsLMR+LB,CTEMP , NCTEMP ,BRANCH
$ PTEMP,YTEMPQ,YTEMP,YTEMPW)

MOVE OUTPUTS FOR Slee
DO 170 ISPFC=1.NSPEC
YSTI(ISPEC)Y=YTEMPEISPEC, l)
YSIW(ISPEC)=YTEMPW(ISPEC,1)
170 CONTINUE

NN A0 00 ANA

on
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UPPER LARGE INTESTINE (ULID)

— ————— ——

DO 180 ISPEC=1.NSPEC

BIOLOGICAL REMOVAL RATES (ABSORPTION PLUS EMPTYING)ee
LB(ISPEC,1)=LMAB(ISPEC,3)+LMGI(3) '

INFLOW VECTORe.e OUTFLOW FRCM. SMALL INTESTINE.
PTEMP(ISPEC,1)=LMGI(2)*YSIW(ISPEC)/DELT

NCTEMP AND CTEMP ARE AS FOR SlI« EMPTYING RATES..

INITIAL CONDITIONSe.
YTEMPO(ISPEC,1)=YULI( ISPEC)
180 CONTINUE
CALL MULCOM(DELT+NSPEC, LMR+LB+CTEMP NCTEMP 4 BRANCH »
$ PTEMP,YTEMPO.YTEMP ,YTEMPW)

0Oo0n0 N0 00 00

an

MOVE ULI OUTPUTSe.

DO 190 ISPEC-I.NSPEC
YULI(ISPEC)=YTEMP(ISPEC+1)
YULIW(ISPEC )=YTEMRW(ISPEC+.1)

190 CONTINUE

LOWER LARGE INTESTINE (LLI)

.00 200 ISPEC‘I.NSPEC

BIOLOGICAL REMOVAL RATES (AESORPTION PLUS EMPTYING).-
LB(ISPEC'l)=LMGl(4)#LMAB(ISPECo4)

INFLOW VECTORe e OUTFLOW FRCM UPPER LARGE INTESTINE.
PTEMP(ISPEC+1)=LMGI(3 I*YULIW(ISPEC)/DELT

NCTEMP AND CTEMP ARE AS FOR ULI.

aA0ONn AN 00 A0A

INITIAL CONDITIONS..
YTEMPO(ISPEC,1)=YLLI( ISPEC)
200 CONTINUE
CALL MULCOM(DELTsNSPEC+IMRLB+CTEMP+NCTEMP,BRANCH,
$ PTEMP.YTEMPO.YTEMPoYTEMPW)

‘an

MOVE OUTPUTS FOR LLIes
DO 210 ISPEC=1,NSPEC
YLLICISPEC)=YTEMP(ISPEC.+1)
YLLIW(ISPEC )=YTEMPW(I SPEC,1)
210 CONTINUE

C
C END OF Gele TRACT CALCULATICN.

c- -
220 CONT INUE

Cc- ——

C OTHER ORGANS

Ce——— ———— —————

NORG=NSOU-6
DO 2SO0 IORG-I.NORG
DO 230 ISPEC=1.NSPEC

C ' :
C NUMBER OF SUBCOMPARTMENTS, INTAKE RATE. COEFFICIENTSs REMQVAL RATES,
C AND INITIAL CONDITIONSee.
NCTEMP (1 SPEC)=NCOMP (I SPEC, I0RG)
+NC=NCOMP( ISPCCs IORG)
DO 225 IC=1,NC
CTEMP( ISPEC »IC)=C(ISPEC,+1C, IORG)
LB(ISPECs IC)=LMBDAB(ISPEC.ICs IORG)
PTEMP(ISPEC,IC)=( (LMAB(ISPEC,1)
2YSW( ISPEC)+LMAB(ISPEC +2) %YSIW(ISPEC)
+LMAB(ISPEC3)*YULIW(ISPEC)
-#LMAB(ISPEC.4 )Y*YLLIW(ISPEC))
*F2PR IM{ISPEC, 10RG))/DELT
IF(MODE .EQ. 1) PTEMP(ISPEC.IC)—PTEMP(ISPEC-IC)
+C(LMA(ISPEC) SYNPWI{ISPEC+1)+LMC(ISPEC)*Y1 TBW(ISPEC,1)
+LME( ISPEC)SYPW(ISPEC,, 1 )4LMI(ISPEC)*YLW(ISPEC,1))
%F2PR IMUISPEC,» IORG))/DELT
YTEMPO( ISPEC,.IC)= YORG(ISPEC.IC.IORG)
225 CONTINUE
230 CONTINUE
CALL MULCOM(DELTINSPEC+LMR+LB+CTEMPs NCTEMP, BRANCH,

HRe Bouee
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s PTEMP, YTEMPO, YTEMP, YTEMPW)
c
C MOVE OUTPUTS FROM. ORGAN IORCee.
DO 240 ISPEC=1,NSPEC
NC=NCOMP( ISPEC, IORG)
DO 235 IC=1,NC
YORG( ISPEC, IC, IORG)=YTEMP(ISPEC, IC)
YORGW( ISPEC+ IC+10RG)=YTEMPW(ISPEC,1C)
23s CONTINUE
240 CONT INVE
C
C END OF IORG LOOP.. .
c 250 CONTINUE
C END OF OTHER ORGANS
C

RETURN
—END
SUBROUTINE MULCOM(T

sNsLM 4LMB,Co NCOMP,BRANCH sP,ADsA»AW)
REAL TsLMR(20),LMB(20,+5)+CE20:5)+BRANCH(20+20)+P(205)s
$ A0(20+5)9A(20:¢5)sAW(20+5)
DOURLE PRECISION TA1,TAZ, TAW1,TAW2, TERM

INTEGER NCOMP {20)
DQUBLE PRECISION E(950) sH(20+5)+:D(20+5)+6
DOUBLE PRECISIUON LM(20+%) +LX(100)
DOUBLE PRECISIUN EXPFUNJEXPPL sELXIsCEXILI,
s TEMP;TEMP1 )
C THE FOLLOWING INTEGER-VALUEC STATEMENT FUNCTION COMPUTES THE INDEX
C OF THE (1+JsM)=TH ENTRY IN THE ARRAY E.
INDXE( 1eJoe MI=J4(I=1)%(1-2)/24(M=-1)%NN2 .
NN2=N*{(N-1)/2
IF(T «GTe 0.0) GO TO 20
DO 10 I=1,N
NCI=NCOMP (1)
DD 5 M=1,NC1
A(TI+M)=A0(T ¢M)
AW(IoM)=0.0

s CONTINUE
10 CONT INUE
GO TO 300
20 CONT INUE
C
C CCMPUTE TOTAL LAMBDAS AND STORE IN LINEAR ARRAY LX FOR SEPARATION.
KOUNT=0
DO 40 I=1,N
NCI=NCOMP(I)
DO 30 M=1,NCI
KOUNT=KOUNT+1
LX{KOQUNT )=LMR(I)+LMECI M)
. IF (I ¢EQe 1 oANDe LX{(KOUNT) oLTe 6+93E-07)
% LX(KOUNT)=6.93E-07
30 CONY INUE
.40 CONTENUE
o
C IF TWO LX(I) ARE NEARLY FNIIAl » SEPARATE THEM.
C
C SKIP SEPARATION ROUTINE IF N=1.
IF(N +EQe 1) GO TO 65
C
C BEGINNING OF SEPARATION ROUTINE. KOUNT=NDe. ELEMENTS IN'LXe
KOUNT1=KOUNT-1
C KODE IS A SWITCH FOR WHICH THE VALUE 1 MEANS ANOTHER
C MASS SHOULD BE MADE.
KODE=1
45 IF(KODE «NEe. 1) GO TO 6% :
KODE=0 : .-
C BEGIN PASS. ’ :
DO 60 K=1,KOUNT1
K1=K+1
D0 55 L=R1,RUUNI
C TF LX(LY AND LX(K) ARE NEARLY EQUAL, SEPARATE THEMe.

IP(DABS{LXIL)/LA(KI=1.0D0) .GE:i 1.00-¢) GO TO B6
LX(L)—LX(K)*I-OOOOIDO
KODE=1
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S5 CONTINUE
60 CONT INUV
RETURN FOR (POSSIBLY) ANOTHER PASS BY MEANS OF BACKNARD—PO!NTING
GO TO STATEMENT.
GO TO 4S
END OF SEPARATION ROUTINE.
65 CONTINUE

MOVE SEPARATED RATE COEFFICIENTS FROM LX TO LM.
KOQUNT=0
00O 80 I=1.,N
‘NCI=NCOMP(1)
00 70 M=1,NCI
KOUNT=KOUNT+1
LM(I+M)=LX(KOUNT)
70 CONT INUE
80 CONTINUE

BEGIN MAIN CALCULATION- I=1 IS HANDLED AS A SPECIAL CASE.
I=1

NCI=NCOMP(I)
D0 90 K=1sNCI

D(I,K)=DBLE(C(IK)%P(I,K})I/LM(IK)
H(I+sK)=OBLE(AQ(I+K))=D(I4K) :

“TA(TI o KI=SNGL(D(I oK) +H( Is KIXEXPFUN(-DBLE(T)*LM(1I,K)))
AW(I.K)=SNGL(D(I.K)*DELE(T)+H(I.K)*EXPFI(LM(I-K)-

$ DBLE(T)))
90 CONTINUE
IF(I «EGe N) GO TO 300
DO 200 I=2.N
o I1=1-1
NCI=NCOMP(1)
DO 110 K=1,NCI
TEMP=0.0D 0
DO 93 J=1,.,11
TEMP 1=0.000
NCJI=NCOMP(J)
DO 91 M=1,NCJ
TEMP1=TEMP 14D (J ¢M)

91 CONT INUVE
TEMP=TEMP+DBLE (BRANCH(I+J))*TEMP1

93 CONTINUE
. D(I1+K)=DBLE(C(IsK))AM(I+K)®(DBLE(LMR (I))*TEMP+P(I,K))
TEMP=0400D 0
110  CONTINUE
DO 150 J=1,11
NC J=NCOMP (J)
DO 140 M=1,NCJ
TJM=INDXE(I¢JsM)
E(I1JM)=0.000
IF(J «GT. I-2) GO TO 140
J1=J+1
DO 130 IR=J1,11
TEMP1=0,000
NC IR=NCOMP( IR
DO 120 MU=1,NCIR
IRJM=INDXE (IR +J +M)
TEMP1=TEMP1+DELE(C(IR,MU)*LMR(IR) )}/ (LM IR, MU =LM(JsM))

$ *(E(IRJIM)+DELE(BRANCH(IR,J)) xH(JoM)})
120 CONTINUE
E(IJMISE(IJM) +DBLE(BRANCH(I+IR))*TEMP1
130 CONTINUE
140 CONTINUE

160 CONT INUE

COMPUTE H(I1sK)y K=
D0 180 K=1.N
TEMP=0,000

O

D0 170 M=1.NCJ
! © IJM=INOXE(IeJsM)}
- TEMP=TEMP+4DBLE (LMR(I))
8 *(E(IJM)I+DBLE (BRANCH
170 CANT IMUE
175 CONTINUE
H{T+K)=DBLE(AO(I+K) )-D(I+K)-DBLE(C(1,4+K))XTEMP
180 CONTINUVE

M{IsK)=LM(J,M))
J)YEH (. 2y M) )

“A
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200 CONTINUE
C END OF CALCULATION OF D(I.K)y H(I+K)s E(I,J,M),

C
C BEGIN COMPUTATION OF A(I+K)s AW(I.K)
DO 250 I=2,N

I11=1-1

NCI=NCOMP(I)

DO 24S K=14NCI
EXLI=SEXPFUN(-LM{I.,K)*DBLE(T)
EX1LI=EXPF1(LM(I,K) DBLE(T))
TA1=0.000
TA2=0.000
TAW1=0,0D0
TAW2=0.,000

)

DO 240 J=1,11

NCJ=NCOMP(J)

DO 235 M=1,NCJ .
TIJM=INDXE(IoeJ M)
G=DBLE(C(I+K))*DBLE(LMR(I))/(LM(IK)—=LM(I M))

$ 2(E(IJM)I+DBLE (BRANCH (I, J) )2*H(J,M))

TERM=G*{EXPFUN(-LM(J+M)*DBLE(T))~-EXLI)
IF(TERM «GEe 040DO0) TALI=TAL+TERM
IF(TERM +LTe 0.0D00) TAZ2=TA2+TERM
TERM=G®(EXPF1 (L M(J,M) ;DBLE(T))I-EX1ILI)
IF(TERM +GEe 0.0D0) TAWLI=TAWL+TERM
IF{TERM alTe 0.000) TAW2=TAW2+TERM
CONTTNUE
CONTINUE
TERM=LM(I +K)%*D(I +K)*EXILI4DBLE(AO(TI oK) I*EXLI
IF(TERM +GEes 0.000) TAI=TAL1+TERM
IF(TERM oLTe 0.000) TA2=TA2+TERM
A(TI+K)=SNGL(TA14TA2)
IFC(ABSEA(TIsK) ) oLEe 1.E-15*SNGL(TA1-TA2)) A(I,.,K)=0.0
TERM=D(I»K)*(DBLE(T )-EXILI)+DBLE(AO(I,K))}%*EX1LI
IF(TERM +GEe 0.0D0) TAWI=TAWI+TERM
IF(TERM +LT. 0.0D0) TAW2=TAW2+TERM
AW(IK)I=SNGL( TAWL1+TAW2)
IF(ABS(AW(IsK)) olLEe 1E~-1SkSNGL(TAWL1-TAW2)) AW(1,K)=0,0
24S CONT INUE :
250 CONT INUE
300 RETURN

[=Xi}

NN
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END
C
C ' : ’
DOUBLE PRECTSION FUNCTION EXPFUN(T)
DOUBLE PRECISIGN T
EXPFUN=0.0D0
IF(TeLTe—-180.0D0) GO TO 10 L.
EXPFUN=DEXP(T)
10 NETURN
END
C
C

DOUBLE PRECISION FUNCTICN EXPF1(LM,T)
DUOUBLE PRECISIOM LM.T. LMV ,EXPFUN
LMT=LM*T
IF(LMT.i.T.0,0300) GO TO 10
GO TO 20 _ )
10 EXPF1=T#({( (((LMT/740D0-1.0D0) %L MT/6.0D0+1.0D0)
s +LMT!59000-l.ODggtLMTldiODO+l-ODO)*LMT/3.000~1-ODO)
$ 2LMT/2.0D0+¢1.0D .
GO 11U 30
20 EXPF1=(1.0DO-EXPFUN(-LMT)) /LM
30 RETURN
END

- SUBROUTINE HAL(TIME,H)
C
C CALCULATES THE INTAKE RATE EBY INHALATION
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DOUBLE PRECISION TIME

LOGICAL DEFAUT .

DIMENSION H(20)

COMMON /CASES/ NCASES.MODE(ﬁ)tTEND(G)oN‘NT(G)QT(603O)up(6.30"
$ ISOL(6+20) s AMAD(6) s DEFAUT(6) sFLUNG(6+9+20) « TBLUNG(6:9420),
$ F1(6420)+GIFRAC(6+204)

COMMON /HALGES/ ICASE

COMMON /NUMBRS/ NSPEC+NSOUNTRG

DO 10 ISPEC=1+NSPEC

H{ ISPEC)=0.0
10 CONTINUE

IF (MODE(ICASE)«NE.1) GO TO 40

NI1=NINT(ICASE)-1

IF (NI1.EQe0) GO TO 30

DO 20 I=1,NIt .

IF ¢SNGL{TIME)«GET(ICASE,I+1)) GO 7O 20
H(1)=P(ICASE,I)
GO TGO a0
20 CONYINUE
30 H{1)=P(ICASE+NI1+41)
40 RETURN
END

"SUBROUTINE GES(TIME,G)
C .
C CALCULATES THE INTAKE RATE EY INGESTION
¢ b

'DOUBLE PRECISION TIME

LOGI CAL DEFAUTY

QIMENS ION G(20)

COMMON /CASES/ NCASES sMODE(6) s TEND( 6) s NINT(6)
$ ISOL(6+20)sAMAD(6) sDEFAUT(6) sFLUNG(64¢9+20)
$ F1(6+20)+GIFRAC(6+20,4)

COMMON /HALGES/ ICASE

COMMON /NUMBRS/ NSPEC sNSOU,NTRG

DO 10 ISPEC=1,NSPEC

G( ISPEC)=040
10 CONT INUE

IF (MODE(ICASE).NE.2)} GC TO &40

NI1=NINT(ICASE)~-1 ,

IF (NI1.EQe0) GO TO 30

DO 20 I=1,NI1

IF (SNGL{TIME).GE-T(ICASE.I+1)) GO TO 20
G(1)=P(ICASE,I)
GO TO 40
20 CONTINUE
30 G(1)=P(ICASE.NI1+1)
40 RETURN
END

-Io
rA
z.
ow

SUBROUT INE OQUTPUT |

C

C PRINTS SPECIFICATION INFORMATION AND GUTPUT FOR EACH

C OF THE CASES.

R DOUBLE PRECISION NAMNUC-NAMSOU.NAMTRG‘NAMTOT GISEGs NAMSEC

LOGICAL DEFAUTLERFLAG
INTEGER OUT-OUTZ.OUT3.NDICAT(2)
PEAL LUNDOSs CLASS(4)NMLET(2)
DIMENS [ON FOUT(9) + TOUT(S) +GISEG(4) 4 NAMSEC (3)
COMMON /GENETC/ DOUSTES(2+6)+sDOSOVR(2.6) sDOSGON(2
COMMON /PERCNTZ PCTDOS(2:16427413) +PCTORT(2,6 427,

vw

COMMON /NAMES/.NAMNUC(ZO)-NAMSOU(ZA).NAMTRG(27)

COMMON /NUMBR S/ NSPEC.NSOU,.NTRG

COMMON /DOSES/ DOSE(2+6+24+15)+sDOSRAT(24+11+6+27)+00STIM(11)
COMMON /CASES/ NCASES+MODE(6) + TEND(6) +NINT(6)+T(6+30),
$ P(6-30)oISOL(6.20)oAMAD(G)-DEFAUT(6)oFLUNG(6u9-20)|

$ TBLUNG(6+9+20)92F1(6+20) +GIFRAC(6,20+4)
COMMON /RESDP/ D3.D4,+DS

COMMON /ALERT/ ERFLAG(6)

COMMON /LET/ NLET

COMMAON /NUMTIM/ NTIMES

COMMON /LUNGRG/ LUNDOS( 2, 6,3}

DATA NMLET/SHLOW ,4HHIGH/
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DATA GISEG/8B8HSTOMACH ,8HS INT +8HU L INT L,8HL L INT /
DATA 0OUT/6/
DATA QUT2/6/ .
DATA 0QUT3/ 16/
DATA NAMTOT/B8HTOTAL /
DATA DLITeWLIT.YLIT,STAR/4HD ' &HW 214HY s4H% /
DATA NAMSEC/8HEN-Px% s EH*T-Bx%x + BHXPUL* /
DATA NDICAT/3.2/
' DATA CLASS/4HD » AHW » 4HY /
C STORE HEADING FOR *TOTAL* CCLUMN OF DOSE MATRIX.
NAMSQU (NSOU+1 )=NAMTOT
C STORE HEADINGS FOR RESPIFATORY TRACT SECTIONS
NAMTRG (NTRG+1 )=NAMSEC(1)
NAMTRG (NTRG+2 )=NAMSEC(2)
NAMTRG(NTRG+3)=NAMSEC(3)

FOR EACH OF THE SEVERAL CASESs PRINT QUTPUT,
D0 75 ICASE=1.NCASES

DETERMINE EXPOSUPé MODE FOR THE CURRENT CASE.
IF (MODE(ICASE).EQe.1) GC TO 30 .

Cm——— o i bl SGiS Al n VD08 WP S P P e e o e i St . LS A3 T 7T Y TR Y i S e o A S S D S A S

% INGESTIQN CASE

NI=NINT(ICASE)
WRITE(OUT,1000) ICASE
INT=NI+1
T(ICASE+INT)=TEND(ICASE)
WRITE(OUTs1010)(T(ICASE JINT) ¢ T(ICASE INT+1)+sP(ICASE,INT),
$ INT=1,NI1)
NS=NSPEC
IF(NSPECGT«12) NS=12
WRITE(OUT,102 8) :
WRITE(OUT.loa ) (NAMNUC (I SPEC) + I SPEC=1,NS)
DO 5 ISEG=1,4 . .
S WRITE(QUT,1040) GISEG(ISEG) (GIFRAC(ICASE s ISPEC, ISEG)
$ ISPEC=14NS) ’
IF{NS.FQaNSPEC) GO TQ 1¢
NS1=NS+1
WRITE(OUT,1030) (NAMNUC(ISPEC)ISPEC=NS1,NSPEC)
DO 6 ISEG=1,4
6 WRITE(DUT,1040) GISEG(ISEG) »(GIFRAC(ICASE, ISPEC+ISEG),
s ISPEC=1,NS})
10 CONT INUE

C
C BRANCH TO SEGMENYT WHICH PRINTS DOSE MATRIXe.
GO TO 64

asan - — o

[ —

C END OF CASE INFORMATION FOR INGESTION.
C
30 CONT INVE

——— . ST ——— i g 4n T

C
C INHALATION CASE.

- - -

NI=NINT(ICASE)

WRITE(OUT, 1050) ICASE

INT=NI+1

T(ICASE, INT)=TEND(ICASE)
WRITE(OUT.=060)(T(ICA$E-INT)-T(!CASE.XNT+1).P(ICASE-!NT)-
$ INT=1,NI

C CHECK FOR WARNING CONDITION FROM SUBROUTINE INTP,
IF (ERFLAG(ICASE)) WRITE(OUT,1100)
WRI TE(OUT, 1070} AMAD(ICASE),D3,D4.D8

C
C NSC COUNTS SPECIES FOR WHICH SPECIAL LUNG PARAMETERS
.C HAVE BEEN ENTERED FOR THE CUPRENT CASE.

NSC=0

c A
C PRINT A TABLE OF SOLUBILITY CLASSES AND Ge I. UPTAKE
C FRACTIONS Fle. IF THE USER HAS PROVIDED SPECIAL LUNG
T PARAMETERS, THIS IS INDICATED RY AN ASTERISK,.
WRITE(OUT,1075)
DO 40 ISPEC=1,NSPEC :
IF(ISOL(ICASE, ISPEC) .EQ. 1) GO TO 31
F(ISOL(ICASE, ISPEC) .EQ. 2) GO TO 32
F(ISOL{ ICASE,ISPEC) «EQs 3) GO YO 33
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GO TO 34
31 FLAG=DLIT
GO TO 35
32 FLAG=WLIT
GO TO 35
33 FLAG=YLITY
GO 70 3S
34 FLAG=STAR
NSC=NSC+1 :
35 WRITE(OUT-;OBO) NAMNUC( I SPEC) +FLAG (GIFRAC(ICASE, ISPEC,s ISEG),
ISEG=1,4

40 CONTINUE

C IF THERE ARE NO SPECIAL LUNG PARAMETERSs PROCEED TO SEGMENT
C WHICH PRINTS DOSE MATRIX.
IF(NSC «.EQ. 0) GO TO 64

C .
C OTHERWISE, WRITE OUT SPECIAL LUNG PARAMETERS.
WRITE(OUT, 1085)
DO S0 ISPEC=1,NSPEC
IF(ISOL{ICASE+ISPEC) +Te 4) GO TO SO
DO 4S5 IPATH=1,9
FOUT(IPATH)=FLUNG(ICASE,IPATH,ISPEC)
TOUT(IPATHI=TBLUNG(ICASE s IPATH, ISPEC)
IF(TOUT(IPATH) oGTe 0.0) TOUT(IPATH)=0,6931472
$ /TOUT(IPATH)
as CONTINUE
WRITE(OUT ,1090) NAMBUC(ISPEC).FOUT.TUUT
S0 CONTINUE

c- ———— : —

C PRINT DOSE MATRIX

C-— -_—
64 CONTINUE

C

(o R R S AR R RS AR AS SR ARSI AN A sssasans s X L L L S e S S S S S
C FOR EPA CALCULATIONSs THE ACCUMULATED DOSE IS NOY OF INTEREST SINCE
C WE ARE CONCERNED WITH THE DOSE RATES AT VARIOUS TIMES. THEREFORE,

C WE WILL BYPASS THIS QUTPUT FOR THIS APPLICATION.
o R e R B R L e O s s o T o TSI ST ooy

GO TO 81

IF INGESTION CASEs DOSE FROMN LUNGS AND RES. LYMPH IS ZERQ AND IS

NOT PRINTEOD.
ERANCH TO INGESTION CASE IN THIS EVENT.
IF (MODE(ICASE)+EQe2) GC .TO 65 -

C INFALATION CASE

NnoNNA N

R -—

DO 63 ILET=1,NLET
IFIRST=1
NSOU2=NSQU+1
ILAST=NSOU+1 :
IF (NSOU2.GTe+12) ILAST=12
CALL PRINTO(ILET+IFIRST+ILAST, ICASE)
IF (ILAST.EQ.NSOU2) GO TO 62
IFIRST=13 ,
ILAST=NSOU2 r
IF (NSOU2.GT»23) ILAST=23
CALL PRINTO(ILET, IFIRST,ILAST,ICASE)
IF (ILAST.EQeNSOU?) GN TO 62
IFIRST=24
ILAST=NSOU?2
CALL PRINTD(ILET.IFIRST,ILASTICASE)

62 IF (ILET +EQe 1) WRITE(CUT,.1200)
IF (ILET +EQe 2) WRITE(CUT,1201) .
WRITE(OUT,1210) (NAMSEC (J) s LUNDOS(ILET+ICASEsJ)sJ=1,3)

63 CONTINUE
GO YO 70

C- — -— ——

C INGESTION CASE
AS DO 66 ILET=1,NLET
IFIRST=3
NSOU2=NSOU+1
ILAST=NSOU+]
IF (NSOU2.GT.14) ILAST=14
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CALL PRINTD(ILET, IFIRST ILAST,ICASE)
IF (ILAST<EQeNSOU2) GO TO 66
IFIRST=1S
ILAST=NSOU2 :
IF (NSOU2.GT«24) ILAST=24
CALL PRINTD(ILET, IFIRST sILAST,ICASE)
66 CONTINUE
Cc- —_—
C PUNCH DOSES ON CARDS FOR LATER TABULATIONS.
C- ———
71 WRITE(7+2002) NAMNUC(1) 4ICASE +MODE(ICASE)F1(ICASEs1),
$ (DOSE(NLETyICASE+JTARG)NSOU2) + JTARG=1+NTRG) .
2002 FD;MAT(AS;I4-l4o14X.SEIO-3/ TE10e3+9X9 2%/ TEL10e3+9Xe*3'/ 4EL103»
$ IXe *4°*
GO TO 72
70 WRITE(7,2000
$ AMAD(ICASE
$ F1(ICASEs1
2000 FORMAT(A8.14
$ 39X.'4')
72 CONTINUE .

—

NAMNUC( 1) +ICASE s MODE(ICASE) s ISOL(ICASE,1),

DOSE(NLE Ty ICASE+JTARG«NSQU2) 4+ JTARG=1 +NTRG)

)
)i
oi4'1406510-3/ TE10e3+9X0%'2%/ TE10e399X9'3%'/ 4E10.3,

C IF NSPEC 1S GREATER THAN 1s PRINT TABLE CONTAINING PERCENT OF TOTAL
C DOSE TO EACH TARGET ORGAN DUE TO EACH SPECIES OF THE CHAIN,

S99 CONT INUE
IF(NSPEC .EQ. 1) GO TO €1
NTRGP=NTRG
IF (MODE(ICASE) «EQe 1) NTRGP=NTRG + 3
DO 81 ILET=1,NLET i
IF(ILET «EQe 1) WRITE(OUT+100)
IFC(ILET EQe. 2) WRITE(OUT,104)
WRITE(OUT,101} (NAMNUC(ISPEC) I SPEC=1+NSPEC)
WRITE(OUT,102)
DO 80 ITRG=1,NTRGP
WRITE(OUT,103) NAMTRG(ITRG) (PCTDOS(ILETsICASEsITRGsISPEC),
$ ISPEC=1 +NSPEC)
80 CONT INUVE
81 CONTINUE
C4###4++++§0#+++++##+#+++++#++++++++++*+++4++++++#§#+++++++++#++++#

C PRINT MATRIX OF DOSE RATES
C00+++++§¥++#§+++++4++++¢++++++++#++##+++++++++++++++++++++*+#++++#
DO 91 ILET=1.NLET
C PRINT HEADING
IF (ILET <EQe 1) WRITE(CUT2s200)
IF ([ ILET +EQe 2) WRITE(CUT2,210)
WRITE(OUT2,220) (DOSTIM{l),I=1,NTIMES)
WRITE(OUT2,230) :
NTRGP=NTRG .
IF (MODECICASE) +EQe 1) NTRGP=NTRG+3
00 90 ITRG=3,NTRGP
IF (ITRG +EQa. 7 «URe ITRG ¢EQs 8 «ORe ITRG +EQs 15 +0R.
: ITRG «EQe 17 +ORe ITRG +EQ. 19) GU TO 99
WRITE(OUTE, 240) NAHTRG(ITDF\-(DHQRAT(ILETyITIME.ICASE.ITRG).

$ ITIME=1.NTIMES)

90 CONT INUE
IF (MODE(ICASE). +EQe 2)WRITE(OUT2,245)(DOSRAT(ILET, ITIMEs ICASEs1),
$ ITIME=1,NTIMES)
C*0+#00§++§+#++++00000#++§§004####0#0+§#f++##+#+0++++++++++#§+0++++
C IF NSPEC > 1, PRINT PERCENT DOSE RATE TABLE.
CHEL4E 444403354444 4444443 440 H41 2444414 334422444444 H 1 E 42 2 E 4 S 4 40 4
IF{INSPEC .EQe 1) GO TO SI
NTRGP=NTRG
IF (MODE(ICASE) «EQe 1) NTRGP=NTRG + 3
IPCILET +CQ. 1} WRITE(OUT3,.?270)
IF(ILET .EQ. 2) WRITE(OUT3,280)
WRITE(OUT3, 101) (NAMNUC(ISPEC),ISPEC=1,NSPEC)
WRITE(OUT3, 102)

DO 94 ITRG=1,NTRGP
!F (!TPG QEOQ 7 Oopo ITPG .EQ. 8 .OP. !TPGQQEQO 15 .OP.'

: ITRG <FQs 17 +ORe ITRG &EGQ. 19) 60 TO ]
WRITE(OUT3,103) NAMTRG(ITRG) « (PCTORT(ILET,ICASE,ITRG, ISPEC),
$ ‘TSPEC= loNSpE c) :
94 CONT INUE ’ '
91 CONTINUE
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CHAEL I T4 4034444402040 5 1 4024780 4444444414144 4 2 14441 22 T4 44444 4 44
C QUTPUT 30-YEAR GENETIC DOSE COMMI TMENTS FOR TESTES., OVARIES, AND
C AN AVERAGE.
C§0§++§++0++++++++++f++++++446++++++++++++++++++++++0++++++++++++++++++

WRITE(OUT2,105)

DO 96 ILET=1.NLEY
WRITE(QUT 2+ 106) NMLET(ILET) s DOSTES(ILET s ICASE)s

$ DOSOVR(ILET, ICASE) sDOSGON(ILET,ICASE}

96 CONTINUE
C++++++++++++0+++++++++++++++0+++++++++++++++++++++++++++++++++++++++++
C OQUTPUT DOSE RATES TO PUNCHEL CARDS FOR LATER REFERENCE.

CHERFF 4434427 243933944440 24420 23042 4444212441 P4 441 2 444 44244 4 4
IF (MODE(ICASE) <EQe 1) WRITE(27,250) NAMNUC(1)+MODE(ICASE),
$ ISOL(ICASE+1),AMAD(ICASE)s FL(ICASE+1)+NLET4NTIMES
IF (MODE(ICASE) «EQe 2) WRITE(27,255) NAMNUC(1) sMODE( ICASE},
$ F1(ICASE.1)NLET.NTIMES
NTRGP=NTRG
IF (MODE(ICASE) «EQe 1) NTRGP=NTRG + 3
DO 93 ITRG=1.+NTRGP
DO 92 ILET=1.NLET
WRITE(27+,260) NAMTRG( ITRG) ¢+ (DOSRAT(ILET,ITIME,ICASE,ITRG),
s’ ITIME=1,NTIMES)
92 CONTINUE
93 CONTINUE
WRITE(27+290) (DOSTES(ILET,ICASE) yDOSOVR(ILET, ICASE),
$ DOSGON( ILET+ICASE) + ILET=1,NLET)
C+i+++#++§+++++++++¢+++f++++++++++0+++++++4+++++++¢++++++++++++§+++++++
C UNFORMATTED OUTPUT TO DISK FOR USE IN DARTAB PROGRAM.
CHEILF4F4F 4343434230244 444047 4434447 44344 4P 1444 P 4117 444 4 444394444 444

c DUMMY=0.0
C NUMTRG=NT RG

C IF (MODE(ICASE) .EQe 1) NUMTRG=NTRG+3

C DO 95 ITIME=1,NTIMES

c IF (MODE(ICASE) .EQe 1) WRITE(25) NAMNUC(1) .AMAD(ICASE),

C $ CLASSCISOL(ICASE+1)) o (GIFRACUICASEs13s1)4I=144)+DOSTIM(ITIME),
c s NDICAT(MODE( ICASE) )

c IF (MODE(ICASE) «.EQe 2) WRITE(25) NAMNUC(1) sDUMMY » DUMMY ,

c s (GIFRAC(ICASE.1+1)+1=194)D0STIM(ITIME) (NDICAT (MODE(ICASE))

C WRITE(25) NUMTRGsNLE T, (NAMTRG(ITRG) + ITRG=1» NUMTRG)

C WRITE(25) ((DOSRAT(ILET.ITIME,ICASE,ITRG) »ILET=1,NLET),

c $ ITRG=1.NUMTRG) ‘

C 95 CONTINUE

75 CONTINUE
RETURN

FORMAT STATEMENTS

100 FORMAT(*OPERCENY DOSE (LOW=LET)ee *)

104 FORMAT ( *OPERCENT DOSE (HKIGH-LET)es?')

101 FORMAT(*ONUCLIDE®+T13514A84A7) ’

102 FORMAT(*OTARGET"*)

103 FORMAT (* * ,AB+T12414(FS4l »3X)sFSel)

105 FORMAT(//' 30-YEAR GENETIC DOSE COMMITMENT (MRAD)«e'/'0LET',T11,
$ *TESTES®+T26+»*OVARIES® +T41 4 'AVERAGE*)

106 FORMAT(* *9sA4+T1091PE9a2:T254s1PEF2+T40,1PE9.2)

200 FORMAT( *OLOW-LET DOSE RATE (MRAD/YEAR) ')

210 FORMAT('OHIGH-LET DOSE RATE (MRAD/YEAR)?!)

220 FORMAT('OTIME (YEARS) 'y 11 (FS«0+5X))

230 FORMAT(*OTARGET*)

240 FORMAT(* *+A8+T12+,11(1PE9.2+1X))

245 FORMAT( ' *PUL*',T12,11( 1PE9.2,1X))

250 FORMAT(AB8,214+4Xs2E103+214)

255 FORMAT(AR.TA, 18X+E10.3,+ 31 4)

260 FORMAT( AB,7E10+3/8E10.23) ’
270 FORMAT('OPERCENYT DOSE RATE IN THE 70TH YEAR (LOW-LET)..')

280 FORMAT ( *OPERCENT DOSE RATE IN THE 70TH YEAR (HIGH~-LET)ee')
290 FORMAT(*TESTES *yEL10¢3+"OVARIES *+E10.3+ ' AVERAGE *'+E10.3)
. 1000 FORMAT(//' CASE's12s'ce INGESTION'/* *,19('-*))
1010 FDRMAT(/' INGESTION INTAKE RATE FUNCTION (MICROCURIES/DAY) '/
’ $ ¢ »' FRCM (DAYS) *sT20,°'TO (DAYS) *eT33,*RATE Y/
P3G133))
7 INGESTION TRANSFER FRACTIONS (Ges ‘1. TRACT TO BLOOD)

(' :
1020 FOR?AT
T

T
*
(
1030 FORMAT (
1040 FORMAT( *eA84+T10+1P12G1043)
(/7% CASE'9+124'4e INHALATION®/* *,20(°-"))
{7 INHALATION INTAKE RATE FUNCTION (MICROCURIES/DAY)*/
T

«*FROM (DAYS) 2, T204'TO (DAYS3)*4T3II,'RATE/

1050 FORMAT
1960 FORMAT

6
1
/
{' *+T9+12(2X»A8))
7
$ f

‘
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$ (' ,1P36G13.3)) o

1070 FORMAT('0 AMAD (MICRON)eo '+iPG9e3+5Xe'03 =9,G943,
$ 5Xs'08 =',G9e3¢5Xs *D5 =1,G943)

1075 FORMAT(®0°*,T34,%Gele UPTAKE FRACTIONS®/*' ¢,T13,°SOLUBILITY',T26,
$ 37('—9)/*% 9,T15,°CLASS®,T26+ 'STOMACH®*,T36, 'S INT', -

"% Ta6,'U L INT',TS6,°'L L INTI/)

1080 FORMAT(® ¢,AB+T17,A1,T25, 1P4G10.3)

1085 FORMAT( '0#SPECIAL LUNG CLEARANCE PARAMETERS. T=HALF-TIME (DAYS),
SF=DEPOSITION FRACTION.*//* CLEARANCE*/ ¢ - BDATHWAY oo ! .
S T160¢'A' T26+'B%4T36+7C?oTa6+ D" sT56,4E*+T664'F* TT76:°G*, A
$ TB86,'H',T964°1%7)

1090 FORMAT(® *,AB8,2Xe 'F*'49( IX+1PGOe2)/% *3T12,+°T*,9(1X,1PG9e2))

1100 FORMAT (*OWARNING: AMAD EXCEEDS THE RANGE OF AVAILABLE DATA !,

‘FOR D3,D4 AND DS FUNCTIONS')

1200 FORMAT('0', 'LOW-LET. RESPIRATORY DOSE DISTRIBUTION (RAD)*/

*  (CROSS IRRADIATION CONSIDERED FOR PULMONARY REGION ONLY)*/

'OREGION®,T14,°DOSE*/)

1201 FORMAT('0', 'HIGH-LET RESPIRATORY DOSE DISTRIBUTION (RAD)*'/

o LCROSS IRRADIATION CONSIDERED FOR PULMONARY REGION ONLY)®/

'OREGION®,T14,*DOSE'/) .

1210 FORMAT(* *,A8+T12+1PG10.3)

END

e @

X

TTTTSUBROUTINC PRIMTOLILET, IFTRST.TI AST.JCASE)

PRINTS A HEADING AND THEN PRINTS COLUMNS IFIRSY THROUGH ILAST OF THE DOSE
MATRIX WHEN CALLED BY THE OUTPUT SUBROUTINE
DOUBLE PRECISION NAMNUC., NAMSOU, NAMTRG
INTEGER OUT
COMMON /NAMES/ NAMNUC(20) +NAMSOU(24) 4 NAMYRG(27)
COMMON . /NUMBR S/ NSPEC.NSOUNTRG
COMMON /DOSES/ DOSE(2+6+24915) +DOSRAT(2+11+6+27)DOSTIM(11)
COMMON /CASES/ NCASES+MODE(G) +TEND(6) ¢ NINTI6)+T(6+30) 4P(6+30),
$ ISOL(G-ZO)-AMAD(&).DEFAUT(6)-FLUNG(6-9.20):TBLUNG(6.9'20)
$ F1(6+20)+GIFRAC(6520,4)
DATA 0QUT/6/
PRINT HEADING
IF (ILET <EQe 1) WRITE(CUT+100)
IF ( ILET «.EQ. 2) WRITE(CUT,101) -
PRINT NAMES OF SOURCES
IF(IFIRST +LTe 7) GO TO 20 .
WR!TE(OUT-llO)(NAMSOU(ISOU)-ISOU-IFIRST.ILAST) -
PRINT LABEL
WRITE(OUT,120) :
PRINT NAMES OF TARGETS AND DOSES
DO 10 ITRG=1,NTR
WRITE(OUT.130) NAMTRG(ITRG)-(DOSE(ILET.JCASE.ITRG-ISOU)oISOU-
IFIRST,, ILAST)
10 CONTINUE
- GO 10 230
20 UR&TE(O?T.IlO) (NAMSOU( 1SUU) » ISOU=IPIRST+6) s (NAMSOU( ISOU ), ISOU=A,
$ LA
WRITE(QUT, 120)
DO 30 I1TRG=1,NTRG
WRITE(OUT, 130) NAMTRG(ITRG)+(DOSE(ILET,JCASE,ITRG,IS0UV),
$ lSOU-IFIRST.6)o(DOSE(ILEToJCASE-ITRG-ISOU)-ISOU 84+ILAST)
30 CONTINUE

RETURN

FORMAT STATEMENTS

100 FORMAT( *OLOW-LEY DOSE EQUIVALENT (RAD)')
101 FORMAT(*OHIGH-L.ET DQSE 7201VALENT (RAD) *)}
110 FORMAT ( *OSOURCE ', T13, 11 (A8 ,3X)

120 FORMAT(*OTARGET'*)

130 ESSMAT(! *9AB85T12,11(1PG10351X))

"SUBROUTINE RISK

DOUBLE PRECISION NAMNUCoNAMSOU.NAMTRG.TITLEl(3)¢TIT
$ TITLE3(3)+REFTBLsCANCER(20)+sDEAD(2042) yAYEARS(20,2
$ DECRLE(20+2)4DRATE(20+2) «NAMLET(2) ¢ NAMPUL ¢ NAMBON,
$ NAMGEN(3)

LE2(2) »
)+ TYEAR S(20.2)o
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LOGICAL DEFAUT

REAL DOSE(Q)-NAMCLS(Q)-EASORG(ZO)'HELFAC(ZO)-NMRISK(3$¢
$ Q(2),REMDOS(20)+ TDEAD(20)+NMLET (2}, N AC+DEAD2(204+2) +TYRS2(20+2)
INTEGER SWITCH(7) 4 INDTRG(20)+ NDICAT(2+3) 4+ IPLATO(20) +LATNCY(20),

$ SWTCH3(20)+SW3, INDEX1(2)

COMMON /LIFTBL/ INLIFE

COMMON /REFLIF/ REFTBL(111+3,3)

COMMON /D0OSES/ DOSCOM(2+6324415) 4DOSRAT(2,11+6+27),D0OSTIM(11)
COMMON /GENETYC/ DOSTES(2|6).DOSOVR(206)'DOSGON(2.6)

COMMON /NAMES/ NAMNUC(20) sNAMSQU(24) « NAMTRG(27) -

COMMON /NUMBR S/ NSPECNSOUWNTRG

COMMON - Z/LET/ NLET

COMMON /CASES/ NCASES.MCDE(6)OTEND(G"NINT(6)'T(6'30’.p(6'3°)'
S ISOL(6¢20) ¢ AMAD(6) DEFAUTI(6) sFLUNG(6+9+20) ¢+ TBLUNG(6+9+20), "
$ F1(6+20)+sGIFRAC(6+20,4)

COMMON /NUMTIM/ NTYIMES

DATA SWITCH/3+2+42+1+4,1,9/

DATA SWTCH3/720%2/

DATA TITLE1/8H . MALE »EH FEMALE +8H TOTAL 7/

DATA TITLE2/8H INHALA+8H  INGES/

DATA TITLE3/8H NO + EHABSOLUTE +8HRELATIVE/

DATA NMRISK/4HKNO ¢«AHAB S +4HREL /

DATA CANCER/BHR MARROW, EHENDOST +» BHPULMNARY  BHBPEAST ’

$ 8HLIVER + EHST WALL +8HPANCREASBHLLI WALL»
$ BHKIDNEYS +8HBL WALL +8HULI WALL.8HSI WALL
$ 8HOVARIES +BHTESTES 2BHSPLEEN +8BHUTERUS .
$ B8HTHYMUS + EHTHYROID +2%8H /

DATA BLANK/AH /

DATA NAMCLS/4HD * 4HW »&HY s AH* /

DATA NAMLET/8H LOW LET,8HHIGH LET/
DATA NMLET/AHLOW J4HHIGH/
DATA NAMPUL/BHPULMNARY/
DATA NAMBON/8B8HBONE . /
DATA NAMGEN/BHTESTES + EBHOVARIES +8HAVERAGE /
DATA Q/1.0+,20.0/
DATA INDTRG/16918'2701201l|3v14v6|l0.90594-13021'20024'22'230101/j
DATA NDICAT/13,12,423+22+0,0/
DATA INDEX1/3,2/
DATA NUMCAN/18/
DATA BASORG/3¢26E=014 3¢ CBE~02 36¢ 0BE—01 43¢99E~014+1+56E-01+8+.68E-02,
$ 1021E=014+6e94E~02+3+47E=024 3¢4T7E—-02+3¢47E~0291e74E—~024s1¢74E~02,
$ 16 74E~02¢1 e 74E~0291 e T4E—02¢ 1 ¢ 74E—02¢8447E-02+42 ¢ 09E+00s+1 40/
" C READ REFERENCE LIFE TABLE DATA IF THIS IS THE FIRST CALL TO RISKee
IF (INLIFE +EQe 0)
$ READ(SO‘OO)(((REFTBL(IAGEQIREF IPOP)LIREF=143)y1AGE=1,111),
$ IPOP=1+3)
C INITIALIZE PARAMETEPRS ..
RISTIM=110.0
NUMCN1=NUMCAN + 1
ONE=140
00 40 ICASE=1,NCASES
RADINT=P( ICASE.1)%1.0E+06%365.0
HELFAC(NUMCN1)=0.0
TDEAD (NUMCN1)= 0-0
TOTYRS=0.0
D0 9 ILET*!.NLET
DEAD(NUMCN1,ILET)=0.0D0
TYEARS(NUMCN1, ILET)=0.0D0
DECRLE(NUMCN1,ILET)=0.000
9 CONTINUE
C COMPUTE RISK FOR EACH CANCEFRee
D0 20 KAN=1y,NUMCAN
HELFACIKAN)=0.0
TODEAD(KAN)=0e0
REMDOS(KAN)=0.0
SW3=SWTCHI( KAN)
DO 15 ILET=1,NLET
ACTIVT=0.0
DRATE(KANLILET)=0.0D0
DEAD(KAN, ILET)=0.0D0
DEADZ2(KAN,ILET)=0.0
AYEARS(KAN, ILET)=0.0CDO
TYEARS(KAN, ILET)=0,0D0
TYRS2{KANLILEYT)=0,0
DECRLE(KAN, ILET)=0.000
C DEFINE DOSE RATE FOR EACH CASEe+ ORGAN.: AND TIME.s
INDEX= IND TRG{ KAN)
IF (MODE( ICASE) <EQe. 2 «ANDe CANCER(KAN) .EQs NAMPUL) INDEX=1
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DO 10 ITIME=1,7
DOSE(ITIME)=DOSRAT(ILET, ITIME,ICASE,INDEX)
10 CONTINUVE
DOSE(8)=DOSRAT(ILET +9+ICASE,INDEX)
DOSE(9 )=DOSRAT(ILET+11,ICASE.INDEX)
C CONVERT TO MRAD/YReo
00 16 ITIME=1,9
DOSECITIME)=DOSE(ITIME) #* 1.0
16 CONTINUE
C COMPUTE DOSE EQUIVALENT IN THE 70TH YEAR FOR PEFEPENCE TABULATION. «
NFAC=1.0
IF (ILET «EQe 2 «AND. CANCER(KAN) .EQ. NAMBON) NFAC=1.0
RDOS=DOSRAT(ILETes10¢ ICASE s INDEX)
REMDOS(KAN)=REMDOS({KAN) 4+ RDOS * QCILET) #* NFAC % 1.0

: IF (DOSE(1) «EQe 0e.C) GO TO 15
C ADJUST DOSE RATE TO FALL WITHIN CAIRD'S LINEAR RANGEe o
CTIVT-RADINT
CONV=1,0
SMALL= DOSE(I)
BIG=D0OSE(9) '
14 IF (SMALL «LTe 1.0E-10) CONV=CONV*1,0E+06
IF (SMALL oLTs 1s0C~10) SMALL=SMALLX1.0E+06
IF (BIG «GTe 140E+03) CONV=CONV%1,0E-06
IF (BIG eGT e 140E+03) BIG=BIG*140E-06
IF (SMALL oLTe 1e0E-10 +AND. BIG +GTe 1.0E+03) GO YO 18
IF (SMALL -1 Te 1a0E—-1¢ ¢ORe BIG 4GTs 1.0E+03) GO TN 14
17 ITIME=1.,9
DOSE(ITIME)=DOSE(ITIME) * CONV
17 CONT INUE
ACTIVT=ACTIVT = CONV
C QUTPUT TITLE FORP CURRENT CAIRPD CAL

C

L..
18 WRITE(26,200) TITLEL (SWITCH(1)) +sCANCER(KAN) s NAMNUC(1),
$ TITLE2(MODE(ICASE)) , TITLE3(SW3)
IF (MODE( ICASE) +EQe 1) WRITE(26+210) AMAD(ICASE),
$ NAMCLS( ISOLC ICASE +1))F1(ICASE+1 Y+ NAMLET(ILET)sACTIVT

IF (MODE( ICASE) +EQ. 2) WRITE(26,220) F1(ICASEsl),
s NAMLET(ILET),ACTIVT
C INVOKE SUBRQUT INE CAIRD TO COMPUTE RISKee
ICAN=KAN
CALL CAIRD(DOSE,s ILET,ICAN«:SW3,IPLATO(ICAN),
$ LATNCY( ICAN) ,ORATE(ICANILET) ,DEAD{ICAN, ILET)
$ AYEARS( ICANILET) +TYEARS{ICANLILET) +DECRLE( ICANJILET))
DE AD(K AN, ILETY=DEAD(KAN,ILET) / CONV
DEAD2(KAN, ILET)=SNGL(DEAD(KANILET))
TYEARS(KANCILET)I=TYEARS(KANJILET) / CONV
TYRS2(KAN ILET)=SNGL{TYEARS(KAN, ILET))
DECRLE(KAN, ILET)=0ECRLE(KAN.ILET)Y / CONV
DEAD(NUMCNL, ILET )=DEAD(NUMCN1 4ILET) + DEADUICAN, ILET)
TYEARS (NJMCN1 s ILET)I=TYEARS(NUMCN1,ILET) + TYEARS(ICAN, ILET)
DECRLE ( NUMCN1 » ILEY) =DECRLE (NUMCN1 +ILET) +DECRPLE(ICAN, ILET)
TDEAD({ KAN )=TOEAD(KAN) + DEAD(KAN,ILET)
TDCAD(NUMGML)=TDEAD(NMIIMCNL) + DEAD(KAN,ILET)
TUTYRS=TOTYRS + TYEARS(KAN,ILET
IF (ACTIVTY oNEe RADINT) WRITE(26.225)RADINT.DEAD(KAN.thT).
$ " TYEARS(KAN.ILET) yCECRLE(KANLILET)
15 CONTY INUE
C COMPUTE RISK EQUIVALENT FACTOR FOR ORGAN KANe e
HELFAC(KAN)=TDEAD(KAN) /7 BASORG(KAN)
20 CONT INUE
C COMPUTE TOTAL RISK EQUIVALENT FACTO
HELFAC(NUMCN1)=TDEAD ( NUMCN1) 7" BASORG(NUMCNI)
¢ PRINT SUMMARY TABLE FOR THE CURRENT CASEe.
WRITE(G,230) I1ITLELCSGTTCI(1)) . NAMNUC(1 ) ,TTTLF2 (MODE( ICASE))
IF (MODE( ICASE) +EQe 1) WRITE(6.211) AMADUIUASE),
$  NAMCLS(ISOL(ICASE+1))sF1{ICASEs1)+RADINT
IF (MODE(ICASE) «EQes 2) WRITE(6+221) F1(ICASE,.1),RADINT
WRITE(6,290)
WRITE(6,235)
DO 30 IKAMN=1.,NUMCAN
INDE X=INDTRG(KAN) _
1® (MODE( ICASE s E
SW3=SWTCH3( KAN

D

2 -ANDs CANCER{KAN) <EQe NAMPUL )INDEX=1

RADDOS=DOSRAT(1+10+sICASE, INDEX) * 140

WRITE(6+240) CANCER(KAN) s LATNCY(KAN) s IPLATO(KAN),
NMRISK{(SW3) s NMLET (1) DRATE(KAN+1) ¢ RADDOS+DEAD(KANs 1),
AYEARS(KAN+1) s TYEARS{KANs 1) +DECRLE(KAN1) +REMDOS(KAN),
HELFAC(KAN?Y

L XX
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RADDOS=DOSRAT(2+10sICASE.INDEX) * 1.0
IF (NLET +EQe 2) WRITE(6+,245) NMLET(2) sDRATE(KAN,2),RADDOS,
$ DEAD(KAN+2) s AYEARS(KAN+2) s TYEARS(KAN+2) s DECRLE(KAN,2)
30 CONTINVUE .
s ’ TOTAYR=TOTYRS / TDEAD{(NUMCN1)
DECRES=TOTYRS / 100Q00.
WRITE(6+250) TOEAD(NUMCN1) +»TOTAYRs TOTYRS+DECRES s HELFAC (NUMCN1)
C OUTPUT GENETIC 30-YEAR DOSE COMMITMENTS..
WRITE(6,255)
" DO 31 ILET=1.NLET
WRITE(6+256) NMLET(ILET),DOSTES(ILET,ICASE)+»DOSOVR(ILET +1CASE),
$ DOSGON(ILET.ICASE)
31 CONTINUE
WRITE(6+,257)

C
C OUTPUT TO CARDS FOR LATER REFERENCE..
IF (MODE( ICASE) +EQe 1) WRITE(37:,260) NAMNUC(1) 4MODE( ICASE),
$ ISOL(ICASE+1)+s AMAD(ICASE)sF1(I1CASE.1) ¢ PADINT, NUMCAN, ILET
IF (MODE( ICASEY) +EQ. 2) WRITE(37,270) NAMNUC(1) ,MODE( ICASE),
$ F1(ICASEs 1)+RADINT+NUMCANLJILET
DO 36 ILET=1.NLET
DO 35 KAN=1,NUMCAN
INDEX=INDTRG(KAN) .
IF (MODE( ICASE) <EQe 2 +ANDe CANCER(KAN) .EGe NAMPUL) INDEX=1
RADDOS=DOSRAT(ILET10+,ICASE+INDEX) * 1.Q
WRITE(37,280) CANCER(KAN)+LATNCY(KAN) +IPLATO(KAN) »
$ DRATE(KAN. ILET )+ RADDCS s DEAD(KANS ILET) s AYEARS(KANSILET),
$ TYEARS(KAN ILET) HELFAC(KAN)
35 CONTINUE
36 CONTINUE
WRITE(37,285) (DOSTES(ILET ,ICASE) , DOSOVR(ILET,1CASE),
$ DOSGON(ILET » ICASE) + ILET=1,NLET)

C
C UNFORMATTED OQUTPUT TO DISK FOR USE BY -DARTAB PROGRAM.-
DUNMMY=0.0
C  +eDOSE RATESe e
’ NUMTRG=NTRG .
. IF (MODE(ICASE) <EQe 1) NUMTRG=NTRG + 3
- C*¥ NMTRGI=NUMTRG + 1
DO 37 ITIME=1.NTIMES ) .
IF (MODE(ICASE) «EQe 1) WRITE(2S) NAMNUC(1),AMAD( ICASE),
$ NAMCLS(ISOL(ICASE+1)).(GIFRAC(ICASEs+1+¢1),15144),
$ DOSTIM(ITIME).INDEX1{MODE(ICASE))
IF (MODE(ICASE) +EQe 2) WRITE(25) NAMNUC{1) +DUMMY + BLANK,
- $ (GIFRAC(ICASEs1+1)s1=144)yDOSTIM(ITIME) .INDEX1(MODE(ICASE))
LI WRITE(25) NUMTRGsNLET (NAMTRG( ITRG) +ITRG=1.NUMTRG)
. WRITE(2S) ((DOSRAT(ILETITIMEJICASE+ITRG)+ILET=1,NLET),
. $ ITRG=1+NUMTRG)
W 37 CONT INUE
it C  «¢GENETIC DOSEee
THIRTY=30.
ITHREE=3 '
IF (MODE(ICASE) <EQe 1) INDEXG=98
IF (MODE(ICASE) «.EQe 2) INDEXG=99
IF (MODE(ICASE) .EQ. 1) WRITE(25) NAMNUC(1),AMAD( ICASE),
-8 NAMCLS(ISOL(ICASE+1)) +(GIFRAC(IICASE+1+1).1=1,4),
$ THIRTY,INDEXG
IF (MODE(ICASE) +EQe 2) WRITE(2S5) NAMNUC(1),DUMMY . DUMMY ,
$ (GIFRAC(ICASE«1+1)s1I=1+,4)+THIRTY,INDEXG
WRITE(2S) ITHREE.NLET (NAMGEN( IGEN) + IGEN=1,3)
WRITE(ZS) (DOSTES(ILET s ICASE) ¢ ILET=1+NLET) » (DOSOVR{ILEY s ICASE),
ILETS14NLET) +(DOSGON{ILET ICASE) s ILET=1,NLET)
Cc ooRISK ESTIMATES <o
IRISK=SWITCH(3) - 1
IF (MODE(ICASE) +EQa 1) WRITE(2S) NAMNUC(1),AMAD( ICASE),
$ NAMCLS(ISOL(YCASE+1)) o(GIFRAC(ICASE,1+1)+1=144),RISTIM,
$ N?!CAT(MODE(ICASE)-IRISK)
IF (MODE(ICASE) «EQe 2) WRITE(25) NAMNUC(1),DUMMY sDUMMY o
$ (GIFRAC(ICASE191)+I=1:4)sRISTIMJNDICAT (MODE(ICASE),(IRISK)
WRITE(25) NUMCANJNLETs (CANCER(JCAN) s JCAN=1,sNUMCAN)
WRITE(2S5) ((DEAD2(JCANWJLET) s JLET=1+NLET) 4 JCAN=1, NUMCAN)
WRITE(2S5) ((TYRS2(JCAN: JLET) » JLET=1 4NLET) » JCAN=1 4 NUMCAN)
WRITE(2S) (HELFAC(JCAN)'JCAN—I.NUMCNI)
40 CUNT INUE

100 FORMAT(3F20.10)
200 FORMAT(®1*,. T2, |~-—-——-v— - -,
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g - .
s {20/ ¢ 2,72, |2, T133,"| %,/
B¢ 1,T2,"|*,T15,A8, *COHORT (1.oe+5 PERSONS) 4 A8,
$' FATALITIES FROM LIFETIME '42A8,°TION: *,A8,* RPISK®,,T133,°]|")
210 FORMAT(® *',T2,'|*,T40, * AMAD =!,F5.24% » RESP CLEARANCE CLASS =°,
Ag,* =V E10e3,T1334°[0/7¢ *,T2,°(*sT133,% [/ ¢,T2,°]|",
s1PE9.2,"' PCI/YR INTAKE',T133,°}°*)

*oT404 *AMAD ='4FSe2,°* ESP CLEARANCE CLASS =',
e3,T132, 0|0/ ¢, T2, 33.'|'/! T2, ],
PE9+2+* PCI/YR INTA

TS59,'F1 ='4E10e3s7T1

8,' : ',1PE9.2+,°' PC

TS9e*F1 =*4,E10e3,T1

vy 54,°FCR *,T58,1PEQ.

225 FORMAT('0°* LIZATICN TO *,1PE9.2 PCI/YR YIELDS:

' PREMATURE DEATHS'/* *,T44,1PE9.2,' YEARS OF LIFE LO
T44,1PE9.2, * YEARS DECREASE IN LIFE EXPECTANCY')
230 fORMAT('l'.Tz.'I - - - ——:
$V—mm ——————— _ -
$ e e/ 0 0, *eT133, 0|/
¢ 1, To,v ), T PERSONS) CANCER FATALITIES ',
SFROM LIFET D)
235 FORMAT(®* *¢,T2 |",762, *SUMMARY TABLE®,
T133,9]|*/* T2,'{"4T14, 'ADULT*,T22, *ADULT ",
T41, 'ADULT?®, AVERAGE® ,T87,*TOTAL® ,T98,
* DECREASE*»T1 RISK®4T133,%]1/" ¢,T2,'[*,T14,
VLATENCY® .T22, LATEAg-,Iol. EATH®,T54,'70-YEAR' ,T65,
*PREMATURE® ¢+ T76 4+ 'YEARS OF Vs T 87, "YEAKRS UF',TUB8,'IN LIFEY,

T110,'00SE EQUIV—-%,T122, "EQUIVALENT *5T133,*{%/¢ 1,
T2,9]*,¥5,*CANCER® 4 T14, *PERIOD*,T22, *PERIOD® T30, *"RISK",

T36, 'LET*4,TA1,'RATE (CTHS/?,

"T54,'00SE RATE®+T6S,s "DEATHS * 4 T76,+ *LIFE LOST*.T874 *LIFE LOST',
T98, EXPECTANCY ',
T110,'ALENT RATE?
* (YEARS) ' 4T 22, *(
SIN COHORT® 4T764
' (MREM/YR) '+ T133

240 FORMAT(® °*,T2,"

TS3,1PE9.2, T6
1PE9.2,T121,1

245 FORMAT(' *,T2,°*

T75:1PE9.2,T8

250 FORMAT(' *,T2,*
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221 FORMAT ’
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S

(X

LN

'FACTOR®4T133, |/ *,T2,°|',T14,

2T41 4, "1E6/MRAD/YR) * 4,TS4, * (MRAD/YR) ', T6S,
87+ *(YEARS) * 4 TO8, " (YEARS)*,T110,
tfr,T133,¢|").
T23+14,T304A43T369A4,TA41,1PEQ.2,
De2+s TB6+1PE9e2:T97+1PED2+sT109,

*
€
PEQe2+TS3+1PEQe2+sTEA,4 1PEGe2
59.2.7133. K3
272,193, TS, *TOTAL (SOMATIC)®*,T64
02+ TO79s1PE9¢2+T121 s1PE9«2,T133,° "
‘.TZ.'I'.TIBB.'I'/' *aT2, |,

OMMITMENTS (MRAD):',T133,°'| v/ 1,

s TS+ LET*,T1S,'"TESTES '+ T30, 'OVARIES"',
T4S. *AVERAGE*

256 FORMAT(®* *,T72,°* 3 TS sA84T18,1PEGe2+T2941PEG2+T44,1PES.2,T133,°* ' ")
257 FURMAT(' T2, 2 T133,
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260 FORMAT(AB8,214+4X3+3E10+3+214)
270 FORMAT(A8,14,18X+,2E103,214)
280 FORMAT(AB8,214+4X,6E10.3)
285 FORMAT(6E10.3)

290$FQ?MAT(' T2+ |9sT133, /% *,T2,|=~—mm ', .
) _—— - — .
$ [ PO, — ——————— e ————————————— 19
RETURN
END

SUBROUT INE CATRD(DOSEsILET+CANSISW3, IPLATOLLATNCY ,DRATE,
§ AUUEAUSAVGYLL:YLLSDLE)

*%% COHORT ANALYSIS FOR INCREASED RISK OF DEATH *%x%

FOR USE IN RADRISK, THE CAIRD CODE HAS BEEN ADAPTED 10U SUBROUTINE FORMe
YE NOTE THAT CAIRO HAS FRNVISIONS FOR PRODUCING A VARIETY OF OUTPUT
TABLES, WHICH APE NUT UttUL IN THIS APPLICATIONs SWITCH BEITINGS ARE
FIXED IN THE ®*SWITCH' DATA STATEMENY TO PRINTY ONLY THE TABLES OF
INTEREST. THIS APPROACH HAS BEEN DEEMED PREFERABLE TO THAT OF
ELIMINATING ALL NONFUNCTIONAL (IN THE PRESENT APPLICATION) SECTIONS

OF THE CODEe. AND SHOULD FACILITATE LATER EXPANSION OF THE
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RADRISK CODE. IN THE PRESENT APPLICATION SUBROUT INES LTHEAD., STHEAD,
AND CTHEAD ARE NOT USEDe.

ALSOs IN THIS APPLICATICN THE CAIRD ROUTINE TREAYS ONLY A SINGLE CANCER
TYPE AT A TIME AS IT IS CALLED BY SUBROUTINE RISKs SUCH THAT *NOCAN®
ALWAYS EQUALS 1: THIS ALSO RESULTS IN A DIFFERENT INTERPRETATION

OF THE VARIABLE *CAN®' THAN THAT OF THE ORIGINAL CCAIRD CODE.

SIMILARLY, ACCIDENTAL (NON-RADIATION) RISKS ARE NOT ROUTINELY CONSIDERED
IN THE RADRISK CODE, SO THAT SUBROUTINE ACCRSK IS NQOYT USEDe.

ee eDECLARATION, DIMENSICN AND INITIALIZATION OF SCALARS AND ARPRAYS

REAL#%*8 REFTBL(111+3+3)sMIRT(2243+11)/726%000/4ALLCAN :
1(111+,4,11)/74884%0D00/+,GLTABL(111¢9)/999%0D0/»ARCO(111)A111%00D0/,
2NOARCO(111)/111%0D0/» TDEAD(111)/111%0D0/+FETAL(111)/111%0D0/»
3CHILDO(111)/111%0D0/sADULT(111)/111%0D00/,MORTAL(22),
ACANMOR(111,10)/1110%1.0/,FDEATH(2)sCDEATH(2042)+ADEATH(20+2),
SINCMOR s REF MOR

REAL *8 LSW1(3)/ MALE® , * FEMALE * ¢+ *GENERAL*/ +LSW2(2)/*'DISK®*, *CARDS*/,
ILSW3(3)/*NONE*, *ABSOLUTE® s "RELATIVE*/+sLSWa(4:S)/*NONE"*,* *,' ¢,
2% ¢, YACCIDENT *s* (SINGLE®'+*)"s* *,*ACCIDENT®*s' MULTIP®,'LE)*,"* ',
3°CANCER C®, *OMMITTME *» *NT (SING®*s 'LE)'e *CANCER C*,*OMMITTME®,
G'NT (MULT ', *IPLE) */sLSWS(2+4)/°'NONE®*s* ', *STAGES®*s"' ',*CANCERS?,

5¢ 0 ,STAGES £%9' CANCERS'/:LSWE6(3+4)/*NONE*s* *,* ¢ ,*'LIFE TAB'
6o'LE's ' *y "COMPONEN"®,'T ANALYS*,*IS','LIFE TAB*»'LE & ANA’',
TLYSIS'/sLSW7{10)/°NONE *s *ONE*« 'TWO"*, 'THREE'-'FOUR' *FIVE®.*'SIX"',
8*'SEVEN' 'EIGHT®*s *NINE '/

REAL*4 TITLE(20)+CANCER(3,20) +DOSE(9)

INTEGER*4 INTAGE(110+2)+BEGAGE (9)+ENDAGE(9)+sSTRTAG(9) yCLTNCY(20),
1CPLATO(20) s ALTNCY(20) sAFLATO(20)+»KIDEXP(9) s ADEXP(9) + SWITCH(7),
2AGE s CAN+POPsREF 4STG+SEPAGE +STATRF + TOTCANs CANNDO +BEGSTG+B8EGCAN,
3SW1oSW2.5W3 SN, SWE, SWE +SW7,CASRPEPsCANREP »SWZ,FLTNCY

EQUIVALENCE (SW1l,SWITCH(1))s(SW2+SWITCH(2)),(SW3,SWITCH(3) g
1(SWALSWITCH(A4)) s(SWS, SWITCH(S)) s (SW6,SWITCH(6) )+ (SW7,SWITCH

COMMON /REFLIF/ REFTBL(111:+3,3)
COMMON /BONDEP/ INDBON

DATA SEPAGE/10/
DATA NORMAG/O/
DATA BEGAGE/092+4:¢8¢16+24+:36+48,64/
DATA ENDAGE/2+4+8416428 ¢36,484,64,110/
DATA NOCAN/1/
DATA CANNO/1/
DATA FLTNCY/0/
ODATA FPLATO/0/
DATA FDEATH/0.0,0.0/
DATA CLTNCYA2,5+10+14%15,2/
DATA CPLATO/25+30,15%11Cs45/
DATA CDEATH/2e3E-03¢2+0E-0433.0E-03+2e3E-03+9.0E~04+5.0E-04,
$ T7eOE—044,4e0E~0442¢0E=04,2¢0E~04:+2e0E~04+6%160E=-04+460E-04:+2%0+0,
$  A46E-02¢42e0E-03933e0E-C2+2¢3E-03+19¢0E-03:50E—-03+7+.0E-03
$ A4¢0E-0342e0E—03¢2¢0E~0332s0E~03+6%1,0E-0394.0E-04,2%0.0/
DATA ALTNCY/2,5+10414%1E,2/
DATA APLATO0/25+30415%11C,45/
DATA ADEATH/203E‘°3Q2005-04’30°E-03.2-3E'03|9005-04.5.05-040
7 e0E=04848e0FE~04432.0E~08¢2¢0E~04¢2e0E-04+6%1,0E—041:84.0E-04¢2%0+0»
4 46E—02¢2¢0E-03¢3e0E=C2+2¢3E-0349,0E-03+5¢0E—-03+7.0F-0N3,
4 q0E-03y 2¢0E-0R42.0E=C3+2¢0E-03s8#%iU0E-03+4¢0E—-04+2%0.0/
DATA MORTAL/1 eS6E=692¢84E=793¢81E~T +15e96E~7+9¢S1E-73911E~-7,
1061E=6+2¢16E~6+8¢ 14E-6+9e45E-6+1e69E~-512e89E-543+83E+545415E=-5,
6 e08E—=546e6SE-5¢6¢ B3IE~-S5+7e14E=5,:7.14E- —S 74 14E~S5 37e14E~-547e14E~-5/
DATA SNITCH/3.2'201141109/
DATA JCAN/1/
DATA CANCER/4HRED +4HMARR,4HOW , 4HENDO+4HSTEA,4HL »

)
(7))

CoC XX

$ 4HPUL M, 4HONAR ¢ 4HY » AHBREA 4 HST X ds!

$ AHLIVE,4HR v AH + 8HSTOM, AHACH .4HWALL.

$ 4AHPANC s AHRE AS + 4H +»AHLLI +4HWALL ,4H

$ 4HKIDN+AHEY S 44H +4HBLAD,4HDER .4HWALL.

$ AHULT +4HWALL »4H +»4HSI W.aHALL »4H .

$ 4HOVARL,AHIES +4H -9 4HTEST 44 HES »4H ’

$ 4 HSPLE,,4HEN s 4H +» AHUTER+4 HUS 24H .

$ AHTHYM,4HUS s 4H vAHTHYRs4HOID 44H XA H /
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DETERMINE CORRECT RISK ESTIMATOR FOR HIGH-LET IN BONEe.e.

IF (INDBON +LEe 1) CDEATH(4,2)=4.0E-03
IF (INDBON +LEe 1) ADEATH(4+2)1=4.,0E~-03

REDEF INE PARAMETERS AS bECElVED FROM SUBROUTINE RISKeoe

€S

20

55 .

75

es

S5

30

40

€0

[ R )

SWITCH(3)=1SwW3
SW3=1Sw3
IPLATO=APLATO(CAN)
LATNCY=ALTNCY(CAN)
DRATE=ADEATH(CAN, ILET)
TOTCAN = NOCAN + 1
IF(SW3.NE.3)GO TO S5

se sEXPAND ABRIDGED CANCER MORTALITY DATA TO LIFE TABLE FORMAT

D0 20 L=1,22
AGE = S % (L-1) + 1
CANMOR(AGE» JCAN) = NMORTAL(L)
IF (AGE «EQ«S*L)GO TO 20
AGE = AGE +
GO TO 6S

CONT INUE

ee e CALCULATE RADIATION FISK DISTRIBUTIUN FOR ALL CASE DOSFS

Do 3? Je1l,507
BEGAGE(J)eNE.~1)GO YO 75
CALL FETRSK(SH!TCH!J)-FLTNCY-FFLATO'DHGF(l).FDEATH(!LET)-FETAL)
GO 70 30
IF(BEGAGE (J).LT.SEPAGE)GO TO 85
STRTAG(J) = BEGAGE( J)
ADEXP(J) = ENDAGE(J)} — STRTAG(J)
CALL CARSK(SW!TCH(3)oSTRTAG(J)-ADEXP(J).OOSE(J)oALTNCY(CAN)-
APLATO(CAN) . ADEATH(CANJILET),ADULT)
GO TO 30
IF(ENDAGE(J)+LE.SEPAGE)GO TO 95
KIDEXP(J) = SEPAGE - BEGAGE(J)
CALL. CARSK(SWITCH(3),BEGAGE(J)+KIDEXP(J)s DOSE(J) +CLTNCY(CAN),
CPLATO(CAN) «COEATH(GAN,ILET),CHILD)
STRTAG(J) = SEPAGE
ADEXP(J) = ENDAGE(J) — SEPAGE
CALL CARSK(SWITCH(3)ySTRTAG(J)ADEXP(J)sDOSE(J) +ALTNCY{(CAN),
APLATO(CAN) JADEATH(CANLILET), ADULT)
GO YO 30 .
KIDEXP(J) = ENDAGE( J) — BEGAGE(J)
CALL CARSK(SWITCH(3),BEGAGE(J)+KIDEXP(J)e DOSE(J) + CLTNCY(CAN),
CPLATO(CAN) +COEATHUCANLJILET) s CHILD)
CONT INUC

ee «STORE FETALs, CHILDs ADULT AND SUMMED RISKS FOR ALL AGES
= CALCULATE RADIATION MORTALITY FOR RELATIVE RISK CASES

DO 40 AGE=1,110

ALLCAN(AGEs 15 JCAN) = ALLCAN(AGEs1+JCAN) + FETAL(AGE) =
CANMOR (AGE, JCAN) |

ALLCAN(AGE+2+4 JCAN) = ALLCAN(AGE 2+ JCAN) + CHILD(AGE) *
CANMOR ¢ AGE+JCAN)

ALLCAN(AGE,3,JCAN) = ALLCAN(AGE+3,JCAN) 4+ ADULT(AGE) =*

CANMOR ( AGE, JCAN)
ALLCAN(AGE+4:JCAN) = ALLCAN(AGE+4,4JCAN) (FETAL(AGE) +
CHILD(AGE) + ADULT(AGE)) = CANMOR(AGE.JCAN)

o..STORE TOTAL RAOIATION RIEK FOR ALL AGES

DD SO STG=1.,4
ALLCAN( AGE s STGy, TOTCAN) = ALLCAN(AGE+STG,TOTCAN) +
ALLCAN{ AGE ¢ STG+JCAN)
CONTINUE
CONT INVE

eee INITIALIZE STAGE VECTORS FUR NEXT CAMNGEPR

DO 60 AGE=1,111
CANMOR { AGEs JCAN)= loC
FETAL(AGE) .
CHILD(AGE) 0.0
ADULT(AGE) 0.0
CONT INUE
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10 CONTINUE

<+ +DETERMINE TYPE AND FORMAT OF ADDITIONAL RISK
45 GO TO(105.,115:115,125,125) 4SWé
ee«INPUT NON-RADIATION RISK VALUES - THESE RISKS ARE NOT SUBJECT
MORTALITY CONVERSION
115 CALL ACCRSK{SW4,BEGAGE(1) ENDAGE(1)+»CASREP,NOARCO)
GO TO 105
ee s INPUT NON~RADIATION FISK VALUES ~ THESE RISKS ARE SUBJECT TO
-1~ MORTALITY CONVERSION
125 CALL ACCRSK(SW4,BEGAGE(1) +ENDAGE(1)+CASREP,ARCO)
ee+GENERATE L IFE TABLE

105 STATRF = NORMAG + 1

GLTABL(STATRF+4) = REFTEL (STATRF+2,SW1)

ADDEAD = 0.0

00 70 AGE=STATRF,110
INTAGE(AGE.2) = AGE
INTAGE(AGEs+1) = INTAGE(AGE.2) - 1
REFMOR = REFTBL(AGE+s1+SW1) / (10-0.5%REFTBL(AGE»1,SW1))
GLTABL(AGEs+2) = ARCO(AGE)
GLTABL(AGE+2) = GLTABL(AGE+2) / (1.0-0.5%GLTABL(AGE2))
INCMOR = GLTABL(AGEs2) + ALLCAN(AGE+&4+sTOTCAN) + NOARCO(AGE)
GLTAEBL(AGE, 1) REFMOFR / (1+040.5*(REFMOR + INCMOR))
GLTABL(AGE, 2) INCMOR 7 (1 .0+0.5S%(REFMOR + INCMOR))

GLTABL(AGE+3) = GLTABL(AGE+1) + GLTABL(AGE,.2)
GLTABL(AGE+S) = GLTABL(AGE+3) * GLTABL(AGE 4)
GLTABL(AGE+1+4) = GLTABL(AGE+4) =~ GLTABL(AGE,(S)
GLTABL(AGE+6) = (GLTABL(AGE.4)+GLTABL(AGE+1.,4)) / 2.
GLTABL(AGE+9) = GLTABL(AGE.2) * GLTABL(AGE,4)

ADDEAD = ADDEAD + GLTABL(AGE,9)
70 CONTINUE : ’ :
ADDEAD = ADDEAD * (100000.0/REFTBL(STATRF,2,SW1))

AGE = 110
GLTABL(AGE.7) = GLTABL{(AGE,6) + PEFTBL(111,3,SW1)
GLTABL(AGE+8) = GLTABL(AGE.7) 7/ GLTABL(AGE4)

135 AGE = AGE - 1
GLTABL(AGE+7) GLTABL( AGE+6) + GLTABL(AGE+1,7)
GLTABL (AGE, 8) GLTABL( AGE«7) / GLTABL(AGE.4)
IF(AGE«GT.STATRF)IGO TO 135

e e e DETERMINE TYPE OF ADDITIONAL ANALYSIS AND ASSIGN ORGAN AND STAG

GO TO(1454,15541654175) 4 WS
1S5 BEGCAN = TOTCAN

BEGSTG = 1

GO TO 14S
165 - BEGCAN = 1t

BEGSTG = 4

GO TO 145
175 BEGCAN = 1

BEGSTG = 1

ee e CALCULATE FRACTION OF TOTAL DEATHS FOR ALL AGES
145 DO 80 AGE=STATRF.111

IF(GLTABL(AGE;9)+EQ«040)GO TO 80
GO TO(185¢165+195+205+205)SWa

185 TDEAD (AGE) = GLTABL(AGE,9)
GO TU 215 :
165 NOUOARCO(AGE) = NOARCO(AGE) %* GLTABL (AGE,4%)

NOARCO(111) = NOARCO(111) 4+ NOARCO(AGE)}
TDEAD(AGE) = GLTABL(AGE +»9) - NOARCO(AGE)
GO TO 21S
205 ARCO(AGE). = (ARCO(AGE )*GLTABL(AGE+9)) / (ALLCAN(AGE+4+TOTCAN)+
1 ARCO(AGE))
ARCO(111) = ARCO(111) + ARCO(AGE)
TODEAD(AGE) = GLTABL(ACE.9) ~ ARCO(AGE)

ee o CALCULATE AND STORE FRACTION OF TOTAL DEATHS FOR EACH CANCER
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96

120
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IF(SW3.EQ.1)GO TO 80
DO 90 KCAN=BEGCAN.TOTCAN

e e+ CALCULATE AND STORE FRACTION OF TOTAL DEATHS FOR EACH STAGE

DO 100 STG=BEGSTG+4
ALLCAN(AGE+STG+sKCAN) = (ALLCAN(AGE,STG+KCAN)*TDEAD(AGE) /

1 ALLCAN( AGE+ 4, TOTCAN))

. ALLCAN( 111 +,STG+KCAN) = ALLCAN(111,STG,KCAN) +
1 ALLCAN( AGE s STG+KCAN) . :

CONTINUE

CONTINUE

CONT INVE

ee «CALCULATE YEARS OF LIFE LOST AND DECREASE IN LIFE EXPECTANCY
YLL = (REFTBL(STATRF ¢3,SW1)-GLTABL(STATRF+7)) * (100000.,0/
IREFTBL(STATRF42,SW1))

AVGYLL = YLL / ADDEAD

DLE = YLL 7/ 100000.0

« s CONTINUE QUTPUT OF INCIVIDUAL CANCER RISK TABLE FROM SUBROUTINE RISK
WRITE(2€,16)

FORMAT(1IH +T24*|*»T133, '{)

WRITE(26,36)L SW1(SW1)

FORMAT{1H +12+°|'sT94, *POPULATION AT RISK: ?,A8,T133.%|")
WRITE(26:46)L SW7(SW7+1) 4L SW2(SW2)

FORMAT(1H +T2+*|*sT74+'NUMBER OF DOSE RATES: %3A8:,T79, 'REFERENCE ',
1*TABLE INPUT SOURCE: *,A8,T133,°'| ") .
WRITE(26+56 JLSW3(SW3) o (LSWS(L +SWS)sL=1,2)

FORMAT(1H +T2,*{*sT7,'RADIATION RISK MODEL: *,AB.T88.'ADDITION®,
1°AL ANALYSIS: 9,2A8,T133,°}")
WRITE(26,66)ILSWALLsSWA)sL=1+4)+(LSWE(L+SW6) ,L=1,3)

FORMAT(1H +T24+*|",T12, *ADDITIONAL RISK: *,4A8,T90,+"'ADDITIONAL *,
1'0UTPUT: ¢ ,3A8,T133,°*|")

WRITE(26,16)

WRITE(26,6)

FORMAT(1H ,T2,°*| - -- —-—— -—,
1° -— - - L

2 f*)

WRITE(26+386)

FORMAT(1H +T2,*(*,T674* |t ,T133,'| ")

WRITE(26,76)

FORMAT(LIH T2+ +T23 4" #%% INPUT DATA *KED sTETo*] *4TOO, *x%k%9,
1 OUTPUT DATA Bk, 1133, ")

WRITE(26+386)

e sOUTPUT CASE VARIABLES AND STATISTICS ~

WRITE(ZGQBG)
FORMAT (1H g% l sT13+ *00SE (MRAD/YR) *4T464+ 'AGE INTERVAL'* .
1T674+']',171 LD |
D0 120 M=1,SwW?
WRITE(26, 96 )DOSE(M) ,BEGAGE(M) JENDAGE (M)
FORMAT(‘H o T2 | '4T1243E1043sTA7413,TS51,°-¢,7T53,13,767," j*oT133,
)

CONTINUE

WRITE(26.106)SEPAGE.ADDEAD

FORMAT(1H +T724°|*9T11s°CHILD AGE INTERVAL =',T49,'0 ='yTS3,13,T67,
1¢]*,T71,'NUMBER OF PREMATURE DEATHS = *,T1214E103,T133,°| ")
WRITE(26.116)SEPAGE-DLE

FORMAT( o T2, |*eT11, *ADULT AGE INTERVAL =',T47,13,' - 110"

1

L
1T67,° |i.{7l"DECREASE IN POPULATION LIFE EXPECTANCY =',T121,E10.3,
27133,

WRITE( £Gs1026)NORMAG, YLL

FORMAT (1IH ,T2,* |'.T11.-GUTPUT DATA BASED ON AGE INTERVAL =v,147,
113,* — 110°* .T67.'|'.T71.'TOTAL YEARS OF LIFE LOSY TO PREMATUPRE ',
2'DFATHS = 11.3.7133. [*)

wRITE(26.136)lV ’

FORMAT ( 1H .Tz.'l'.T67. * 3 T71 4 *AVERAGE YEARS OF LIFE LOST PER',
1* PREMATURE DEATH = ¢ ,E1143,T133,1]7)

WRITE(2€+146)

FORMAT(1IH o T2+ |*,T67,*{',T133,°*[ ")

WRITE(26,6)

WRITE(26416)

IF(SW3.EQ.1)G0O TO 485
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ee «OUTPUT CANCER VARIABLES
WRITE(26,416)

WRITE(26,156)

FORMAT(IH sT2+°|*sT9s *CANCER *",T42, FETAL * 4 T7S,'CHILD'*»T108,
1°ADULT*,T133,*|*)

WRITE(264+166) .

FORMAT (1H vTZo"'oT3l *LATENCY PLATEAU DEATH RATE®* 764, *LATENCY'
1,° PLATEAU DEATH RATE'-TQ7.'LATENCY PLATEAU DEATH RATE®*,T133,
2%/ ¢, T2, *,T31, *(YEARS) ( YEARS) (DTHS/1EG6/* »T64+* (YEARS) ', -
3 (YEARS) (DTHS/Z1E6/°* +T97s *( YEARS) (YEARS) (DTHS/1E6/ ',
4T133,%] /% 4,72, |*sTS50,*"MRAD/YR) *4sT83, *MRAD/YR)*,T116, *MRAD/YR) ",
ST133,°*1")

WRITE(264+16)

WRITE(26+176) (CANCER(K» CAN)sK=1+3) sFLTNCY ,FPLATO,FDEATH(ILET),
1CLTNCY (CAN) 4CPLATO(CAN) +CDEATH(CAN, ILET )+ ALTNCY(CAN) s APLATO(CAN),
2 ADEATH(CAN-ILET)

FORMAT(1H T2, * .T9p3A4'T31'I5.T400[5-T46.F10.30T54-15'T73!!50
1 T794E13e3eT97:15:,T108,15:,T114,E11.3, Tl33' 19

WRITE(26+16)
WRITE(26+6)
WRITE(26+16)

...0UTPUT CANCER DEATHS FOR ALL STAGES

wPITE(26-186)
FORMAT(IH .TZ.'l'.TZ?.'CANCER'.T54.'FETAL'.T69.'CHILD'-T84-
1*ADULT*sT104, *TOTAL*,T133,°| ")

WRITE(26416)

GO TO(885:535,255+265), SWS

IF(SWSNE.1)GO TO 255

€3S CONTINUE

196
206

2€S
216
226
2€S
236

246
24S

ann

485
256

285

2985

WRITE(264196) (CANCER(K, CAN) 4K=1,3)
FORMAT(1H oT2,4°]*,T27,3A4,T133,°'| ")
WRITE(26,206) (ALLCAN(111,STG, TOTCAN) 4STG= 1.4)

FORMAT(1H Y1 eT274 ' TOTAL s TS2+F5.24T67+sF5e2+TB2,F5.2:T102,
1FS«2,T133,°*
GO TO 245
IF(SWSeNEe
WRITE(2642
FORMAT (1H
WRITE(26,2
FORMAT (1H
GO TO 24S

CONT INUE
WRITE(2€+23
FORMAT(1H

N
.
?AN(IIL.Q.TOTCAN)

*

)

8} 265 ' i

(¢ CER(K+sCAN)sK=1+3)s ALLCAN(111,4, CAN)
*

Al

[} oT27¢'TOTAL® s T102+F542+T133.°|*)

T2
|
) T
6) (CA
T2e*|*9T27¢3A4,T102:FSe2,T133,°]*)
6) ALL
T2

2)G
16)
T2
26)
o T2

2T27 ¢3R4, TS24E10e3+T673E1043,TB82+E103+T7102s

LLCAN(111,STGs TOTCAN) sSTG=14+4)
| *eT27¢ " TOTAL® s TS24E10e3+T67+sE1063+T82+,E1043,T102,

??CER(K.CAN)'K=IWB)o(ALLCAN(llloIoJCAN)-l=l'4)
*)

ce «OUTPUT ADDITIONAL RISK

GO TO(295,275+275+285+285) ,S¥Wa4
WRITE(26+4256)NOARCO(111)

FORMAT (1Hs T2,'|*4T27, *NUMBER OF DEATHS CAUSED BY *, .
INNON—-RADIATION RISKE*,T104:F11:5:T133,°(°%)
WRITE(26+16)

WRITE(26+6)

WRITE(26,16)

GO TO 295

WRITE(Z&.ZSG)ARCO(I!I)

WRITE(26+16)

.WRITE(26+6)

WRITE(26.,16)

.o-OUTPUT TOTAL NUMBER OF INCREMENTAL ODOEATHS

thTE(ae.zee)AoDEAo
FORMAT (1H .TZ.'I'.TZ?-'TOTAL NUMBER OF INCREMENTAL DEATHS®,T104,
1510.3.7133.'|')

WRITE(26416)

WRITE(2646)

-
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88

e e dOUTPUT GENERATED LIFE TABLE

GO T0(345,505+4515+:505), SW6
CALL LTHEAD(SW1)
INTBLK = (STATRF 4+ 4) / S
DO 170 AGE=STATRF,110
WRITE(26+276) (INTAGE( AGE ¢J) s J=1+2) s (GLTABL(AGEsN) 4N=1,9)
FORMAT(IH -TZ-'I'-TQ.}3.'-'-!3.' | *sF12.104* | *4F12410,° | v,
1 F12.10,¢ | 3F11.4,¢ | 1.F0la% | +.F10.400 | *oFi2east | o
2 F9¢69" | '4.FB8.4,T133,%] )
LINE = MOD(AGE=-1,5) + 1
IF(LINE.EQ.S)GO TO 31%
CONTINUE
GO TO 328
WRITE(26+286)
FORMAT(1H +T2,°
179+ *eT111,°]
NOWBLK = (AGE +
IF(NOWBLK~ INTBLK
GO YO 170
CALL LTHEAD(SW1)
INIBLK = NOWBLK + 1
GO TO 170
WRITE(26,6)
WRITE(26,6)

e« +DETERMINE TYPE OF ADDITIONAL OUTPUT
GO TO( 345+ 345+355+365+3€E5),5W6
e e sQUTPUT STAGE TABLE

CALL STHEAD
STATRF = 1 ;
INTBLK = (STATRF+4) / S
DO 190 AGE=STATRF,110
WRITE(26+33€)(INTAGE(AGE +J) 2 J=142)»
1 (ALLCAN(AGE-STG-TOTCAN).STG 1+4)
FORMAT(IH ,T28,°'}" .136.13.'—'.13.750.'1'.Tss.Fs 2:T63:°|*+T66
1 FSe2eT739% | *sT77sF5¢2+TB6+"|*+TO3FS5:2,T105,'] ")
LINE = MOD(AGE=-1,5) + 1
IF(LINE.EQeS) GO YO 375
CONT INUE
GO TO 40S
WRITE(26+316)
FORMAT(IH +sT284%| *sT504 %] *oT63¢7 | 2eTT34 | *,TB6+°]'eT1054"]")
NOWOLK = (AGE+4) ~/ &
IF(NOWBLK-INTELK«EQe7) GO TO 39S
GO TO 190
CALL STHEAD ’
INTBLK = NOWBLK + 1
INTBLK = MOWELK + 1
GO 'O 190 .
WRITE(26€6,306)
FORMAT(1H »T28,°'] 1) -ty
19~—— -—

WRITE(26+306)
e e s OUTPUT CANCER TABLE

IF(SWS«EQe3)G0O0 TO 345
CALL CTHEAD(CANCER)}
STATRF = 1
INTBLK = (STATRF+4) / S .
DO.%?? AGE=STATRF,»110 .
WRITE(26+346JUINTAGE( AGE3J) 3 J=l v£) yALLCAMN(AGE 4 ; TOTCAN),
1 (ALLCAN(AGE+4+ ICAN) + I CAN=1 4NOCAN)

lZ-'l'-TZ?-'! oTA24+ | ¢ TST7e*|*eT71,°|*,T83,°}",

.
ga.' *5T133,9]
«7)GC TO 335 :

*
FORMAT(LIH o T2, {9, T74I3,%=*,13,T123,"]" oT1250F5¢21T133g' feeT18,

1 *|*.TR3,F6. 3.733.1|9,11R.F5.2.T48-'|' T53 FS.Z.T63.'I'.T68.F5.2-
2 T?8.'|'.T83-F5-2.T93." 2+ TO8+FSe 20T105 oTll3oFbod)

LINE = MND(AGE-1.,6) + 1

IF(LINE.EQ.S) GO TO QIS

CONT INUE

GO TO 425

WRITE(26+366) ) :
FORMAT(1IH sT2+"' | *oT184 % 1" sT33,°(*3sTA8+'| s T63+° | eT78,*|*sTO93,*|",
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220
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25
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17T108,°1°*,T1 3-'1'.T133.'|')

NOWBLK = (AG /s S
IF(NOWBLK - lNTBLK.EOo?) GO TO 435
GO TO 200

CALL CTHEAD(CANCER)
INTBLK = NOWBLK + 1
GO0 TO 200
WRITE(26,366)
WRITE(26,6)
WRITE(26+366)

wnxretze.ase)ALLCAN(111.4.TOTCAN).(ALLCA~(111.4.1).
FORMAT(LIH oT24'|*sT7 s *TCTAL s T125.F7.2,T133,'|°,T18
1T33.'|',T38.F6.2.T48.'I'.T53.F6.2.T63.'|'.T68. F6e2,
2F6e2:T93,' | ', TO8:F662+sT108+°| *sT1134F6e2,T123,{?)

WRITE(264+366)
WRITE(2646)
WRITE(26,6)

ee e INTIALIZE MATRICES FCR NEXT CASE

CONT INUE
DO 210 AGE=1,111
TDEAD(AGE) = 0.0
ARCO(AGE) = 0.0
NOARCO(AGE) = 040
DO 220 N=1.9
GLTABL(AGEJN) = 0e0
DO 230 STG=1,4
ALLCAN(AGEsSTGsN) = 040
. CONTINUE
CONT INUE
CONT INUE
RETURN

END

ok NON-RADIATION RISK SUBROUTINE xk%
SUBROUTINE ACCRSK(SW4 sBEGAGE sENDAGE» CASREP+ ADDRSK)
REAL*8 ADDRSK (1) SINRSK
INTEGER SW4,AGE+BEGAGE + ENDAGE s CASREP
GO TO(S+15+26015425) s SWA
READ(S,7)CASREP, SINRPSK
FORMAT(IS+F 10.9)
DO 10 AGE=BEGAGE,ENDAGE

ADDRSK(AGE) SINRSK
CONT INUE
GO T0 S
READ(S+17)CASREPs (ADDRSK( AGE) +AGE=1,110)
FORMAT('1IS/714(8F10.9/))
RETURN
END

ok FETAL RPADIATION RISK SUBROUTINE
SUBRQUTINE FETRSK(SW3+FLTNCY ,FPLATO+DOSEsDEATHS,IXR)
REAL*8 IXR(1).,DEATHS

INTEGER SW3+START.END FLTNCY FPLATO

IF(SW3.,EQ. 3)G0 TO S

*xk

RISK = DOSE * (DEATHS/1000000.0)
GO TO 15

RPISK = DOSE * DEATHS

START = FLTNCY + 1

END = FLTNCY + FPLATO

00 10 I=STARTLEND

IXR(I) = RISK

CONT INUVE

RETURN

END

23.F642y
*T83,
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k% CHILD & ADULT RADIATION RISK SUBROUTINE %R

SUBROUTINE(C?RSK(SU3.BEGAGE.YRSEXP.DOSE'LATNCY,PLATOE.DEATHS.IXR)
RPEAL%*8 IXP(1 .
INTEGER BEGAGE, YRSEXP,PLATOE ¢+ SW3+YR sAGE +BEGHLF + STRTAG»ENDAG
GO TO (5¢5,15)+S¥W3
RISK = DOSE * (DEATHS/1C00000.0)
GO TO 25
RISK = DOSE * DEATHS
BEGHLF = BEGAGE + LATNCY + 1
DO 10 YR=1,YRSEXP - .
IXR(BEGHLF) = IXR(BEGHFLF) + 0.5 * RISK
STRTAG = BEGHLF + 1 : :
ENDAG = BEGHLF -+ PLATOE - 1
IF(ENDAG.LE.110)GDO TO 35
IF(ENDAG-PLATOE«GE«11C)GO TO 45
ENDAG = 110
DO 20 AGE=STRTAG.ENDAG
IXR(AGE) = IXR(AGE) + RISK
CONT INUE )
BEGHLF = BEGHLF + 1 ,
IF(ENDAG.EQ+110)GO TO 10
IXR{ENDAG+1) = TXR(ENDAG+1) + 0.5 * RISK
CONT INUE
00 30 AGE=1,110
IXR(111) = IXR{(i11) + IXR(AGE)
CONT INUE :
RETURN
END

*kx LIFE TABLE HEADING SUBROUTINE L2 2]

SUBROUT INE LTHEAD(SWL1)
INTEGER SW1 -
WRITE(26,63)
FORMAT(1H1,' ¢)
WRITE(26+61 .
IF(SW1.EQe 1 TO 125
IF(SW1.EQe2 TD 135
WRITE( 26,83 .

', |*+T27, "GENERATED LIFE TABLE FOR THE GENERAL?',

4] NITED STATESs 1969-71',T133,°']|"*)

0

L ]

FORMAT (¢
1' POPULATI
GO TO 145
WRITE(26,6 :
FORMAT(¢ ¢ |*+T36,*GENERATED LIFE TABLE FOR MALES: UNITED *,
1*'STATES 196 *.T133,° (")

GO TO 14S :

WRITE(26.,84) . .

FORMAT(® *".¥2,|% T35, 'GENERATED LIFE TABLE FOR FEMALES: UNITED®,
1' STATES 1969-71°,T133, '] *)

WRITE(264+61) :

FORMAT (! *,T2,*] _— Y,

10— ——— it

C

)
T2,
9-71

1200 ' aT270 0 [ *4TA2,° | * s TS7+*|*eT71,%)7,T83,
'-T123"|'-T)33-'|')

X TO X4T 1°,T18,'TQAX*,T
s VL TEI W 'LXR s TTL,0| ",
ZQ'TXR'oTlll!.I'uTll !

-
- (B
-2
L]
-
P

L ST12 30 *oTE7y ' | *oT42, 0] ¢, TE7 V|, T71,
2T123 %] *T133,%}]1)

[
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SUBROUTINE STHEAD
WRITE(26+6)
6 FORMAT(1HL,* *)
WRITE(26,16) . .
16 FORMAT(1H ,T28,°'|-—- i) - - ——t,
: l | P - - ——— — —— ]
WRITE(26,26)
26 FORMAT(IH ,T28,']*,T33, 'AGE DISTRIBUTION OF RADIATION °*,
1' DEATHS BY STAGE FOR ALL CANCERS COMBINED',T10S,°|*)
WRITE(26+16)
WRITE(26,36)

36 FORMAT(1IH »T28+* | *9TS0s "] *4T63,0] 1, T73,7|¢,TB6,+*!',T105,°]")
WRITE(26,46)
46 FORMAT(1IH . oT28,°] *4sT38, 'AGES*+TS0,°*|*+TSS5+"FETAL® sT63,°|*+T66,
1'cuxLo-.r73.-|-.T77.'ADULT'.786.'i'.T93.-TOTAL'.Txos.'I')
WRITE(26+36)
WRITE(26416)
WRITE(26+36)
PETURN
END
c ‘
C Rk CANCER TABLE HEAD ING SUBROUTINE xRk
¢ .

SUBROUTINE CTHEAD(CANCER)
REAL*4 CANCER(3,10)
INTEGER CAN -
WRITE(26,6)
.6 FORMAT(1H1.* °*)
WRITE(26+16) E
l6’l€OPMAT(lH T2, - '
_—— —— - e o — .
2V ———— : 1)
WRITE(26+26) . Lo .
26 FORMAT(LH +T2,%]|*"T37+'AGE DISTRIBUTION OF RADIAT ION*,

1* DEATHS BY CANCER TYPE FOR ALL STAGES COMBINED®,T133,°|*)
WRITE(26+16) :
WRITE(26,36

36 FORMAT(1H
1T108,{|°*,T
WRITE(26+4
46 FORMAT(1H

‘l'|'0T939'

23A4,TS0,3A
WRITE(26+3

3

=133)9sCAN=1,7)
185 *]*sT33,°}*,T48,"]*4T63.°] 778,
| 2T126+ *TOTAL 'y T133,°]|*eT20:,3A4.T3S,
95+3A4,T110,3A4)
WRITE(26+1
WRITE(26,
- RETURN
END

COOD oo e

SUBROUTINE CMMNTS
INTEGER%4 LINE(20)+IN,OLT,,DOLLAR
DATA QUT/6/., IN/S/
OATA DOLLAR/T $'/ .
C ' READ THE NEXT CARD. IF THE FIRST CHARACTER IS *s$*', RETURN.
C OTHERWISE PRINT THE CARD ANC REPEAT.
10 READ(IN,A4010+s END=20) LINE
4010 FORMAY (20A4) i
IF(ICOMPA(LINEDOLLAR1)eEQe0) RETURN
WRITE(OUT,4020) LINE
4020 - FORMAT(®* *',20A4)
GO TO 10 -
20 sSTOP
END
44
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