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ABSTRACT

This 1is a comprehensive manual describing how to compute intakes
from both in-vivo and in-vitro bioassay measurements. To date,
interpretations of intake have been inconsistent, particularly in
the early phases after an accldental intake. This manual is aimed
at completely describing a consistent approach and instructing
others on how to compute intakes and committed organ dose equiva-
lents. "Tables for the interpretation of biocassay results are
compiled for several hundred radionuclides. Measurements which
employ a whole-~body counter, a thyroid counter, a lung counter, or
measurements on excreta can be converted into estimates of intake
based on the tables presented in the appendices. The values in the
tables were determined by using lung, gastrointestinal tract and
systemic retention models published by the International Commission
on Radiological Protection (ICRP79). In a few cases, pseudo-
retention functions, organ retention functions, and excretion
functions were used to generate the tabulated values. The biologi-
cal and radiological input parameters are included in an appendix,
and a description of the mathematical approach that was used to
derive the tabulated data 1is included in the methods section.
Calculations for various particle sizes are addressed along with
methods to interpret multiple or continuous exposures. Examples of
use are based on actual biocassay measurements following accidental
intakes, including tritium, Mn-54, Co—-60, Sr-90, Nb-95, radio-
iodines, Cs—~137, Ce~141, Ce—144, U-233, U-Nat, and Am—241.
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PREFACE

The purpose of this report is to provide a practical and consistent method for
estimating intakes from bloassay measurements, and to provide guidance in
order to establish an effective internal radiation protection program. Our
procedure for estimating intakes provides a way to rapidly assess the signifi-
cance of an exposure. Users of this document will be able to demonstrate
compliance with the provisions of 10CFR Part 20, and be able to assure ade—
quate interpretation of bloassay measurements. Additionally this report may
be useful in order to (1) establish derived investigation levels in the body
or in excreta of exposed persons, (2) determine the frequency of monitoring
individuals, and (3) determine the appropriate method of monitoring. Users of
this document will be able to adjust their estimate of intake for particle
sizes between 0.2 and 10 micrometers, and be able to interpret measurements
asgociated with single, multiple or continuous intakes. Use of this report
may also lead to further refinement of models which are used to interpret
bicassay measurements.
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INTERPRETATION OF BIOASSAY MEASUREMENTS

1. INTRODUCTION

1.1 Problems Associated with Internal Dose Assessment

The estimation of internal radlation doses from radionuclides taken into the
body, either by workers or by members of the public, often depends on the
proper interpretation of bloassay measurements. Measurements of radiocactivity
in body organs or in the whole body (in vivo), or measurements in samples of
excretion (in vitro), must be interpreted first in terms of the quantity of
radiocactive material taken into the body by using dynamic mathematical models
that describe the translocation, distribution and elimination of specific
radionuclides in specified physical and chemical forms. Although area air
sampling results can provide estimates of intake for demonstrating compliance
with regulatory limits, they are unreliable and inaccurate if exposure to
concentrations vary in space and in time. In such cases, personnel monitoring
procedures such as breathing zone alr sampling and bicassay should be used for
the estimation of intakes by workers (Ca 72). After known or suspected expo-
sures have occurred or when the potential for such exposures is sufficiently
great, bloassay has been required as a final quality control procedure under
‘the provisions of 10CFR Part 20 (FR86) in order to assure adequate functioning
of the air monitoring program and other elements of the internal radiatiom
protection program.

Dose conversion factors have been calculated from ICRP Publication 30 and
other models by various authors, and these factors are available to convert
estimated or assumed intakes into 50 year committed doses to various body
organs or into the so called committed effective dose equivalent to the whole
body. However, the models of ICRP Publication 30 used in these calculations
do not provide for excretion compartments. Thus, they do not provide a direct
way to calculate intakes from excreta bioassay measurements. Intake
calculations from bioassay measurements were found to be in demand after the
Three Mile Island accldent as well as after other significant cases of human
intake of radioactive material by workers. BSuch calculations are made not
only to determine compliance with applicable regulations on intake of radio—
active material but also to provide continued refinement of estimates of
internal dose. Such dose estimates may be needed for both early emergency
medical decisions and long-term medical follow up of significantly exposed
workers.

To date, the interpretations of bioassay data in terms of intakes have been
made using various empirical models that have often produced inconsistent
estimates, particularly in the early emergency phases after an accidental
intake. The guide we have developed provides a consistent approach to cal-
culating intakes of all important radionuclides from bioassay measurements.
In this guide we describe these calculations and present tables of values for
intake retention functions, thus providing a practical and consistent way of
computing intakes from both in vivo and in vitro bioassay measurements.

For each radionuclide included in Appendix B, intake retention fractions
(IRFs) for the inhalation of ICRP Publication 30 Classes D, W, .and Y materials
are provided. Similar IRF values are given for ingestion intakes. The



tabulated values in Appendix B include the decay factor. The IRF values are
applicable to whole-body and lung measurement results as well as the results
from urine and fecal analyses. A table of IRF values for the thyroid is
provided for converting the results of thyroid measurements into estimates o
intake of iodine isotopes. Methods for extending the use of the tables to
include conditions of multiple and continuous intakes and for aerosols having
a particle size distribution other than 1l micrometer Activity Median
Aerodynamic Diameter (AMAD), as used in ICRP Publication 30, are given.

1.2 Criteria for Selecting this Approach, Literature Reviewed, Validation and
Verification Methods

The computational method used here was selected because it was recently
documented and illustrated in publications by Skrable (Sk80, Sk81, Sk83).
Methods for solving for quantities associated with compartmental models, using
microcomputers and algorithms, have also been described by Birchall (Bi86),
and he indicates a specific algorithm, using BASIC, which executes in seconds.
Skrable (Sk8l), on the other hand, has written programs using Hewlett Packard
language on the HP4ICV for solving the retention and excretion of inhaled or
ingested materials. The serial-transformation kinetics equation used by both
these authors requires that all pathways leading to a compartment of interest
be defined. Thus, many applications of the equation are needed to follow a
nuclide through the body. Without computers these computations would be
tedious. In addition, recent compilations have become available (ICRP74,
ICRP77, ICRP83), which are specific for radiation protection, for standard
radiological and physiological parameters that describe a radionuclide’'s fate
in the body of a reference adult male. Thus, the computational approach for
IRFs was selected based on the availability of current models and parameters,
plus the availability of computers.

The ease of computing intakes, on the other hand, can be improved from the
availability of tabulated values of the IRFs for both in vivo and in vitro
bloassay compartments. The data in these tables are obtained by repetitive
application of algorithms similar to those supplied by Birchall and Skrable.
In addition, tabular data giving the intake retention fractions, expected to
be present in various bioassay compartments are helpful in choosing a bioassay
procedure.

In ICRP Publication 30 (ICRP79), the whole-body systemic uptake retention
functions in many instances are expressed as a sum of exponential terms.
Because of this and because this suited our approach, the criteria used to
select an excretion or systemic uptake retention expression was that it be
expressed as an exponential or sum of exponentials. Exponential functions are
suitable for models which incorporate feedback and recycling of an element
such as those for iodine and those used in this manual for the alkaline earth
elements. In this study, we use a pseudo-retention function for plutonium
based upon an excretion function recently reported by Jones (Jo85).. Expo-
nential models were fitted to the alkaline earth metabolism described in ICRP
Publication 20 (ICRP72) based upon a model .reported by Johnson and Myers (in
Sk83), and we used these fitted functions for Ca, -Sr, Ba and Ra. These models
duplicate the ICRP Task Group's retention function (ICRP72) over the period
0.1 day to 20,000 days post intake but they are used here since they are ap-
propriate functions for the computational method developed by Skrable (Sk83).
For all other elements the whole—body systemic uptake retention functions '1'
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ICRP Publication 30 were used. We note that the iodine metabolism suggested
by Riggs (Ri52) was used here, and we caution users of ICRP Publication 30
(ICRP74) that the correct description of the Rigg's whole-body systemic uptake
retention function for iodine appears in an Addendum to ICRP Publication 30
(ICRPS81),

The Dosimetric Research Branch, Chalk River Nuclear Laboratory (CRNL), has
been monitoring employees and others for internal contamination and inter-—
preting the results in terms of dose using ICRP or other models for more than
35 years. When ICRP Publication 26 introduced the committed effective dose
equivalent and annual limits on intake in 1977, they initiated a complete
review of models and procedures for interpreting internal contamination
monitoring. Part of this review involved the development of computer codes
and data bases to carry out detailed calculations. These computer codes and
data bases contain the latest ICRP recommended models and parameters as well
as other models, as appropriate. For the most part, they contain the meta-
bolic models and parameters and dosimetric data used in ICRP Publication 30.
These facilities at CRNL were used to validate the tabulations of retention
and excretion fractions listed in this document.

Researchers at Science Applications International Corporation (SAIC) have been
involved in the development of computer programs to predict retention and
excretion from ICRP 30 metabolic models for the last three years. As part of
the quality control process used in the production of this document, selected
tabular results were validated by comparison to results predicted by SAIC
models for the same assumed set of conditions., Two SAIC programs were used in
the validation tests. These programs, which are described in Section 6.1,
were developed by different individuals and feature completely different
computational approaches. One is a Pascal=-language program which incorporates
an analytic solution algorithm much like the BNL model employed to generate
the tabular values. The other is a BASIC program which employs Runge-Kutta
numerical integration techniques.

The SAIC validation process involved comparison of inhalation and ingestion
retention results for the following radionuclides: Fe-59, Co-60, Sr-90, I-~131,
Cs-137, Ce-144, Th-232, U-235, Pu-239, and Am—24l. This process was valuable
in identifying programming or computational errors in the draft results.

After correction of identified errors, very good agreement was reached between
the tabulated results and those generated by the other programs.

Actual case studies were used to verify the models used in this report, and
these studies were presented in Appendix A. Dr. Darrell Fisher, from Battelle
Pacific Northwest Laboratories, and Dr. Joyce Landmann Lipsztein, from
Brazil's National Commission for Nuclear Energy, provided most of this work
based on their experiences. These case studies included: (1) inhalation of
Co~60, Mn-54, Sr~90, Ce-141, Ce—~144, U-233, Am-241, I-131, thorium and natural
uranium and (2) ingestion of Co-60, Nb-95, Cs-137, Ce-141l, Ce-144, Sr-90 and
I-131. Additionally, several case studies based on the experiences of staff
from Brookhaven National Laboratory were included.

1.3 Premise of the Manual

The estimate of intake of radioactive material depends on the proper interpre-—
tation of biloassay measurements, and often the method for interpretation is
poorly documented. Because the interpretation of bioassay data involves many



physical relationships between a multitude of variables, part of the problem
of interpretation involves this complexity. In some cases, refinement of the
interpretation may continue for years after the initial assessment of the
intake and dose equivalent. Thus, a proper approach to interpretation is to
establish a clear record of the methods used throughout the assessment. We .
intend this manual to provide an easy to use method, yet one that incorporates
the complexity of current mathematical models. This obviously leads to
certain limitations that must be recognized, e.g., the use of Reference Man or
other standard models for estimating the intakes by actual workers. We
provide a detalled description of the approach as well as practical examples.
When significant exposures occur, we encourage others to perform more detailed
investigations that could provide data useful in the validation or improvement
of the models and approaches used in this report.

2. DESCRIPTION OF CALCULATIONAL METHOD

2.1 Iatroduction

This section describes a way to obtain intake retention functions. These
functions give the fraction of an intake of radlioactive material expected to
be present in a bloassay compartment at any time after an acute exposure or
after onset of a continuous exposure. 7The intake is estimated from the
quotient of the quantity of a radionuclide measured in a bloassay compartment
by the intake retention fraction for that compartment. The intake can be
compared to the NRC quarterly intake limit, the ICRP Publication 30 Annual
Limit on Intake, or with other appropriate reference levels. This procedure
for estimating Intakes provides for a rapid assessment of the significance of
measured results and thus provides a way to distinguish between exposures that
require further investigation from exposures that do not. The model is based
upon Reference Man models which are summarized in ICRP Publications 23 and 30.
(ICRP74, ICRP79), but other metabolic models that fit the ICRP structure also
can be used. The biocassay compartments may represent specific physiological
entities such as the lungs or the gastrointestional tract, total body or
excreta. Intake pathways which we consider here include inhalation and inges-
tion. We discuss the estimation of intakes and internal radiation doses and
the frequency of monitoring required for detection. Our approach to obtaining
intake retention functions can be implemented into any bioassay monitoring
program that employs measurements on people or measurements of excreta.

Intake retention functions that are based upon Reference Man can be used to
make a rapid assessment of the commltted effective dose equivalent and the
committed organ or tissue dose equivalent. The quotient of the estimated
intake by the stochastic Annual Limit on Intake (ALI) value, which is given in
ICRP Publication 30, when multiplied by 0.05 Sv (5 rem), gives the committed
effective dose equivalent of an exposed worker.

One may also obtain organ or tissue dose equivalent by computing the product

of the intake and the committed dose equivalent in target organs or tissues

per intake of unit activity. A weighting factor representing the ratio of the
risk arising from irradiation of the organ or tissue to the total risk when

the whole body is irradiated uniformly may be multiplied by the committed

organ or tissue dose equivalent. The sum of the weighted commiited dose
equivalents in target organs or tissues is the committed effective dose
equivalent. The factors for dose equivalent per unit activity intake (Sv per

Bq). appear in supplements to ICRP Publication 30. Age and gender averaged .
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weighting factors appear in LCRP Publication 26 (ICRP77), but under certain
circumstances they may be modified to reflect competing causes of death or
reflect the gender of the exposed person. Thus, a more direct estimate of
weighted committed, or committed organ and tissue, dose equivalent may be made
from the estimate of intake and the Sv per Bq factors.

Nuclear facilities are designed so that combined exposures to people from
external and internal radiation sources are maintained below the ICRP and the
proposed NRC committed dose limits (See LCRP77 or NRC84). It is important that
internal dose assessment procedures, as well as investigation, action, and
recording reference levels be established with respect to these committed dose
limits. A quantity derived from these committed limits is the Annual Limit on
Intake given by ICRP. To assure that significant internal radiation exposures
are detected, properly investigated, and recorded, all internal radiation dose
assessment procedures should be designed to translate measurements into
estimated intakes. Otherwise, significant doses, for example the dose to the
lungs, may be neglected if only the systemic burden is estimated from excre-
tion biocassay measurements. Because of the direct relationship between intake
and committed dose, the use of intake provides a way to combine external and
internal doses. Thus, the total committed organ dose or the committed
effective dose equivalent to the whole body can be estimated for exposures
received by workers during each year of practice.

The detection of an intake that is significant with respect to the ALI may
require monitoring of both the working environment and the worker. Neither
biocassay nor air sampling are mutually exclusive; both may be required for an
accurate assessment of internal radiation exposures (Sk85). When bioassay
procedures do not have the required sensitivity and accuracy, then breathing
zone air—sampling should be used to estimate intakes by workers having a
potential for significant exposures. Accurate assessments of exposures often
require a proper balance between monitoring the environment and monitoring
workers. Additionally, information on the physical and blochemical
characteristics of radionuclides, which can be obtained from monitoring the
working environment, may be used with Reference Man metabolic models to
generate intake retention functions that are needed for the estimation of
intakes from bioassay data.

Intake retention functions, which give the fractions of an intake expected in
various 1in vivo and in vitro bioassay compartments at any time, provide
necessary information for a rapid and efficient determination of the signifi-
cance of bioassay results. In addition, intake retention functions can be
used in the design and operation of a bioassay program. For example, numeri-
cal values obtained for intake retention functions can be used to identify
those bioassay procedures that have sufficient sensitivity. They also can be
used to calculate derived investigation levels. Following accidents, values
for intake retention functions can be used to identify special bioassay proce—
dures that confirm and improve estimates of intake.

In the following, we discuss applications of intake retention functions,
including some of their limitations. The text includes derivations of these
functions, derivations which are made via the application of a single catenary
kinetics equation to a multicompartmental model. These derivations are based
upon models that describe the transport and retention of elements from intake
to excretion. The recursive nature of the catenary kinetics equation facili-



tates programming on calculators or computers. Details related to the
derivation of various types of intake retention functions and details related
to fitting of repetitive bloassay measurements are also provided. .

Sections 2.2 through 2.5 provide a detailed description of the calculational
procedures used to derive the tabulations of intake retention fractions for
ugse with in vivo and in vitro measurements. The main points of the
description are:

1. the tables, which are derived from the equation given in Section
2.5.1, give the fraction of intake retained, the fraction excreted in
- 24 hours, and the fraction accumulated in excreta as a function of
time post intake;

2, intakes can be estimated by dividing the measured value, for lung,
thyroid, whole-body, urine or fecal activity, by the IRF value which
is associated with the compartment of interest;

3. derived investigation levels can be set below which no action is
required, and above which further measurement to estimate committed
effective dose equivalent should be made; and

4. it is unrealistic to assume that individual results will fit model
results In most exposure cases. The magnitude of the uncertainity is
indicated in Appendix A, Example of Use Based on Experiences.

If you require a detailed description of the calculational method, please read
Sections 2.2 to 2.5, otherwise, advance to Section 3, Retention and Excretion
Fraction Tables. .

2.2 Terminology Needed for Interpretation of Bioassay Measurements

There are various quantities or terms used by health physicists for bioassay
and internal dose assessment and various retention functions have been
assoclated with these quantities. The definitions of these quantities are
important in order to understand the mathematics used in the derivation.
Terms or quantities include intake, uptake, deposition, and content:

intake = quantity of a radioelement taken into the body by
inhalation, ingestion, or wound,

uptake = quantity of a radioelement taken up by the systemic
circulation, e.ge., by injection into the blood, by
absorption from compartments in the respiratory or GI
tracts, or by absorption near the site of a wound,

deposition = quantity of a radioelement deposited, e.g., in the
respiratory tract following an acute inhalation intake or
in the stomach following an ingestion intake,
content = quantity of a radioelement present in some bioassay
compartment of the model, which may be an organ, a group
‘ of tissues, the whole body, or an excretion compartment.
fundamental

[}

rate constant the instantaneous fractional rate of removal of the

content of a compartment by blologlcal processes only.




Each type of retention function applies to the content of a particular
compartment, relative to the referenced quantity. Thus, each type of function
yields the fraction of an intake, uptake, or a deposition expected in the
compartment at some time t, post an intake, uptake, or deposition, respec-
tively. In general, upper case letters are used as symbols in equations in
order to represent quantities for stable elements while lower case letters are
used to represent quantities for radionuclides. Subscripts are used to
identify compartments.

Consider an acute inhalation intake of radiocactive aerosols in which 63% of
the inhaled activity is expected to deposit in the lungs. The initial
fraction of the intake expected to be deposited in the lungs, which is given
by the intake retention function for the lungs for t equal 0, is 0.63, while
the initial fraction of the deposition expected to be present in the lungs,
which 1is given by the deposition retention function for the lungs for t equal
0, is 1.0. The uptake retention function gives the fraction of an acute
uptake expected in some compartment at some time after an uptake. The values
of the uptake retention functions for the systemic whole body and the extra-
cellular fluid must equal 1.0 for t equal 0. The values of the uptake reten-
tion functions for peripheral tissues and organs must equal O for t equal O.

Another ilmportant term is fundamental rate constant. Removal can involve
excretion from the body or simply return to extracellular fluid. A funda-
mental rate constant can be assoclated with any organ or tissue. These
fundamental rate constants may be difficult to determine because a portion of
the deposition once removed from an organ may be returned to that organ at
some later time. Thus, a measured rate of loss from the organ would appear to
be slower than the fundamental rate of loss because small amounts of material
may be recycled back to the organ.

The uptake retention function is a mathematical construct or empirical func-—
tion that may have several exponential terms. Under certain conditions some
of these terms may be associated with physiologically identifiable compart-
ments. One term in the construct may represent the central compartment if
there 1s no significant recycling. The central compartment may be vaguely
defined as the compartment which includes blood and extracellular fluid, i.e.
material in this compartment is free-moving. The remaining terms in the
mathematical construct may be assoclated with peripheral organs, such as bone
or thyroid. Material in these compartments includes that contained in cells
plus that attached to organ surfaces. Again, this physiologic association is
purposely vague and applies only if there is no significant recycling.

If the metabolic process, which describes the removal of a radiocelement from a
compartment, is described by linear first—order kinetics, then the deposition
retention function 1s given by a single exponential term, with coefficient of
unity. This simple deposition retention function gives the fraction of
deposition expected at some later time. This type of deposition retention
function is used for the stomach for intake via ingestion as well as some
compartments within the respiratory tract.

If the retention of a systemic organ or tissue is simple, then the organ's
deposition retention function is given by a single exponential term, with a
coefficient of unity. The function represents the fraction of a single
deposition expected at some time after deposition, neglecting any recycling of



the element., However, because of recycling, such deposition retention
functions would not describe the actual content of organs or tissues.

constant, which is a term in the exponent of an organ deposition retention
function, describes the transfer of a stable element to the central
compartment. The deposition retention function of a single organ may be given
by a single exponential term, but on the other hand, the uptake retention
function for that same organ, will often be given by a sum of exponential
terms with constant coefficients. The algebraic sum of these coefficients
must equal O at t equal O. A number of peripheral organ and tissue compart-
ments could each have a simple deposition retention function described by a
single exponential term containing a characteristic fundamental rate

constant. The value of this rate constant would characterize total biological
removal to direct excretion or the central compartment.

If there is no direct excretion from an organ, the fundamental biological ra.

If significant recycling of the stable element occurs, then the uptake reten-—
tion functions for each peripheral compartment and for the central compartment
would contain the same number of exponential terms. However, rate constants
in these exponential terms would not equal the fundamental rate constants. In
the case of recycling, the uptake retention function of each compartment and
the uptake retention function of the systemic whole body would have the same
exponential terms but different coefficients, If significant recycling does
occur, the rate constants in the uptake retention function for the systemic
whole body do not describe the actual retention of a deposition within a
specific compartment. These rate constants are effective rate constants,
which account for recycling of a contaminant between the central and
peripheral compartments. In such a case, no single exponential term can in
reality be associated with a particular structured compartment (Sk80). .

If there is no significant recycling, the rate constants in the uptake
retention functions equal the fundamental rate constants. In such a case, the
stable element uptake retention function for the central compartment would be
given by a single exponential term. This central compartment term would
contain the fundamental rate constant that describes removal by all pathways.
In the case of no significant recycling, the uptake retention function for a
stable element for each peripheral organ compartment would contain two expo-
nential terms, one with the fundamental total removal rate constant for the
central compartment and one with the total biological removal rate constant
for the organ. In such a case, the individual exponential terms in the uptake
retention function for the systemic whole body could be assocliated with
specific tissues or organs.’

The description of the distribution and retention of elements in ICRP
Publication 30 (ICRP79) has descriptive simplifications that relate to
recycling. Because individual exponential terms of most retention functions
cannot be associated with specific organs, care must be exercised in using the
ICRP Publication 30 description for the development of bloassay models which
are needed to make an initlal assessment of the significance of biocassay

data. Additionally, we do not include the ICRP so called "transfer compart-—
ment” in the derivation of our intake retention function. The ICRP adds this
transfer compartment for mathematical convenience (ICRP79) while in fact the
retention of any transfer compartment must already be included in the systemic
whole body, empirical, uptake retention function. .




2.3 Linmitations Associated With The Use Of Metabolic Models

Many assumptions are required to translate bioassay data into estimates of
intakes and internal radiation doses. Such assumptions may include parameter
values for the fraction of systemic excretion passing into the bloassay excre-—
tion compartment as well as assumptions regarding uptake following deposition
of the radionuclide in the respiratory tract. Because of the physical,
chemical, and biological complexities that affect the distribution of a radio~
nuclide within the body, neither the annual nor committed effective dose
equivalent can be obtained from the whole body retention function without
making many assumptions. Assumptions that may have order of magnitude impact
apply to single excreta bloassay measurements. This uncertainty can be
reduced by collecting several samples in sequence. Although frequent and
careful excreta measurements can be used to obtain the worker's excretion
function applicable to the time over which measurements are made, many
assumptions including the physical and biochemical characteristics of the
inhaled aerosol, the uptake fraction, and the systemic excretion fraction will
be required for the estimation of intakes and internal radiation doses.

To estimate the intake and corresponding internal radiation doses, a practical
alternative is to use information on the known physical and biochemical
characteristics of inhaled radionuclides, and apply these assumptions to the
applicable metabolic model for Reference Man. This is the basis for the
practical use of intake retention functions that are based on Reference Man or
other appropriate models.

2,4 Intake Retention Functions and Their Applications

Intake retention functions can be used in the design and conduct of biocassay
programs. They can be used to generate tabular values for stable or radio-
active element intake retention fractions (IRFs) as well as derived investi-
gation levels. Such derived investigation levels can provide the operational
health physicist information on procedures which have the required sensitivity
and accuracy for the minimum amount that can be detected by a given bioassay
procedure.

When large accldental exposures occur, attempts should be made to estimate the
actual retention and dose distribution in the exposed worker rather than rely
on Reference Man models. In such cases, the uncertainties associated with
using the individual's own metabolic parameters in the estimation of the
committed doses should be evaluated carefully.

When a number of biloassay measurements are used to evaluate an incident, the
intake retention function, which is derived from Reference Man metabolic
models, can be used as a fitting function. The amount of the intake is then
estimated as that which gives the best fit of individual measurements to their
respective expectation values that are obtained from the product of the esti-
mated intake and values derived from the intake retention fitting function.
This procedure certainly is justified in most cases where limited and poor
bloassay data are available. If more extensive and accurate bioassay data are
avallable from accidental exposure cases, then the residuals obtained from the
difference between measurements and the expectation values should be examined
for any apparent structure and discrepancy assoclated with the use of an
intake retention function derived from Reference Man models. If large discre-



pancies are noted, then attempts should be made to improve the assumptions and
parameter values used to derive the intake retention function used in the fit.

of radiation doses from bioassay data, Publication 10 (ICRP68) and Publicati
10A (ICRP71). These publications are limited to the evaluation of uptakes a
opposed to intakes. Because of the delay in uptake from compartments in the
respiratory and GI tracts to the systemic organs, models that incorporate this
delay in uptake are needed. Specifically, what are needed are intake reten—
tion functions, which give the fractions of an intake expected in biocassay
compartments at various times after an intake.

Committee 4 of the ICRP has published two reports relating to the evaluation .
8

2.5 Catenary Pathways from Intake to Excretion

The metabolism of elements is described here by linear first order kinetics
which can be depicted as one way transfers between compartments; transfers
that begin with some intake compartment and end with some excretion
compartment as depicted in Figure 2.1. The term catenary refers to a one-way
chain in which material is transfered from one compartment to another. The
metabolism of all elements can be described in this way. Because the '
metabolism can be described in terms of these simple one way transfers, a
recursive catenary kinetics equation can be used to obtain the expected
content of all in vivo and in vitro bioassay compartments. Even though the
metabolism is described by these one-way tranfers, the intake retention
functions derived from this model account for recyecling within the systemic
whole body provided that an appropriate whole-body systemic uptake-retention
function is used in the derivation. An excretion compartment is simply
treated as the last compartment in each chain. Removal of a radioelement from
an excretion compartment is described entirely by its radioactive decay .

constant, while total removal from an in vivo compartment is described by the
sum of the decay constant and all applicable biological removal rate
constants. It is recognized that this model and description of the metabolism
is a gross oversimplification of the actual metabolism.

Provided that appropriate values are chosen and lacking more specific details,
the catenary model can provide reasonable values for the intake retention
fractions. On the other hand, care must be exercised in the interpretation of
the short term kinetics, especlally during the first few days following
accidental intakes.

Chains of compartments can be determined for inhalation intakes, ingestion
intakes, instantaneous uptake, or exponential uptake, for example from a
wound. If several chains lead to a particular compartment of interest, the
total retention function for that compartment is obtained by summing the
contributions from all chains. If a system of organs and tissues, such as the
systemic whole body, is modeled as if it were comprised of a number of
independent catenary compartments, the total retention function is obtained
from the sum of retention functions for the individual compartments.

There are a number of chains for each type of intake and each chain begins

with an intake compartment and ends with an excretion compartment. Chains
involving inhalation intakes, with depositions into various regions of the
respiratory tract, are shown on the upper left, and pathways involving inges-

tion intakes are shown on the right in Figure 2.1, .
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Inhalation involves eight compartments of deposition in the respiratory tract,
each of which initiates a separate catenary system. Ingestion begins with one
compartment of deposition, the stomach.

Arrows leaving a compartment show the specific removal pathways, which are
characterized by specific translocation rate constants for particular
pathways. In addition to biological removal, radioelements are removed from
each catenary compartment by radloactive decay, which is characterized by the
decay constant for the radiocelement.

Compartments associated with the respiratory tract are shown on the upper left
hand side of Figure 2.1. The arrows designated by Dypl, DygI, and Dpl
represent depositions in the three regions of the respiratory tract. - These
arrows lead into the nasal passage region (NP), tracheobronchi region (TB),
and pulmonary region (P) of the respiratory tract. The symbol I represents
the intake and Dyp, Dyg, and Dp represent the fractional depositions. The
deposition fractions for an inhalation intake of 1 micrometer AMAD aerosols
are 0.3, 0.08, and 0.25 for the NP, TB, and P regions, respectively.

Compartuments a, ¢, and e shown on the left-hand side of the respiratory tract
schematic are cleared directly to the systemic cirdulation. Compartment h
represents clearance to the lymph nodes, which are comprised of two compart—
ments 1 and j. Compartment i clears to the systemic circulation and compart-
ment j is a sink. The only removal from compartment j is by radioactive
decay. Compartments b, d, £, and g are shown on the right hand side of the
schematic and are cleared to the stomach.

The fraction of a deposition cleared by a particular pathway and the
associated clearance half-time are designated for three chemical compound
classifications: days (D), weeks (W), and years (Y), which are representative
of the clearance half-times from compartments e, g, and h in the pulmonary
lungs. These clearance half-times are 0.5, 50, and 500 days for Class D, W,
and Y compounds, respectively. However, there is no clearance for compartment
g for Class D compounds since there is no deposition in it.

i1



FIGURE 2.1
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Catenary pathways from intake to excretion. Respiratory tract
compartments are a through j. Gastrointestinal tract
compartments are 1 — 4. Rq(t) defines the stable element uptake
retention function for the systemic whole body which is expressed
by a sum of exponential terms (i = 1 to n) with constant
coefficients,
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Shown on the right-hand side of Figure 2.1 are the four segments of the gastro-
intestinal tract. An ingestion intake is first deposited in the stomach. The
intake is translocated from one segment of the gastrointestinal tract to
another and then finally to the feces, which are designated here as compartment
5. The feces are considered part of the total excretion compartment. In ICRP
Publication 30, instantaneous uniform mixing and linear first-order kinetics
are assumed to apply to each segment of the tract. These assumptions result in
an overestimate of the early fecal excretion.. The mean residence time in each
segment of the tract are l hour for the stomach, 4 hours for the small intes-—
tine, 13 hours for the upper large intestine, and 24 hours for the lower large
intestine. Partial absorption of a radioelement into the blood is assumed to
occur only in the small intestine. If the radioelement is completely absorbed,
absorption is considered to occur from the stomach, and this pathway is shown
by a broken arrow to the upper right of Figure 2.1. The translocation rate
constant that is associated with this pathway is simply set equal to 24 day-l,
which is that associated with the removal of the contents from the stomach.

The inverse of the mean residence time for the contents of each segment gives
the translocation rate constant for both the contents and contained
radionuclides.

Absorption Into the systemic circulation is shown to lead to a horizontal line
designated by U, which represents uptake. Absorption into the systemic
circulation itself is identified by the symbol S. All pathways combine at U
and then divide into n compartments. These compartments are designated by the
n exponential terms in the whole-body systemic uptake retention function Rs(t)
shown at the bottom of Figure 2.l. .

The second translocation rate constant, which describes transfer from a
compartment that feeds a systemic compartment via uptake into the systemic
circulation, is obtained by multiplying the first translocation rate constant
from the feed compartment to the systemic circulation by the coefficient C is of
the exponential term in Rg(t) that pertains to the pseudo catenary compartment
of interest. For example, consider an ingestioq intake where f1 = 1 so that
the translocation rate constant kl of 24 day describes transfer from the
stomach to the systemic circulation. To obtain the rate constant kl ig» Which
describes transfer from the stomach to the 1S compartment, the rate constant

kl is multiplied by the coefficient C g for the psuedo catenary compartment
of interest.

Each ith exponential term in Rs(t) is treated as-a deposition retention
function of a pseudo catenary compartment, and each compartment is modeled to
be cleared directly to systemic excretion E at an instantaneous fractional rate
given by the effective rate constant a; of the it exponential term. The
effective fraction of an uptake U that passes into the it pseudo catenary
compartment of the systemic whole body, as noted above, is given by the
coefficient Cig of the exponential term in Rg(t).

Because the intake retention function Rg(t) embodies, in principle, all of the
dynamlic processes that describe the metabolism of stable elements in the
systemic whole body, including the recycling of elements, the intake function
Ig(t) which 1s derived from the function Rg(t) also embodies all these meta-
bolic processes plus the metabolic processes that occur in all of the
compartments that feed the systemic circulation. It is fortunate that each
exponential term of the uptake retention function for the systemic whole body

13



can be treated as a deposition retention function for a pseudo catenary com—
partment. It greatly simplifies the derivation of intake retention functions
from the general catenary kinetics equation shown as equation 2.5.1 below.

Atoms of a radiocelement that leave one of the pseudo catenary compartments o’
the systemic whole body are shown to go directly to systemic excretion, whic

is designated here by a horizontal line identified by E in Figure 2.1. The

rate constant that describes the fractional rate of excretion from each i8S
compartment is the elgenvalue rate constant ﬁi in the exponential exp(~ait) of
the uptake retention function Rg(t). The 1*" exponential term of Rg(t) thus
represents the deposition retention function for the 15 compartment, and loss
from this compartment is shown to go directly to excretion. Because parameter
values in Rg(t) are effective values that incorporate recycling, it can be

shown that this interpretation is mathematically correct.

The line E is necessary for designating the fraction of excretion that leaves
the systeumic whole body via the fecal excretion pathway, and by all other
pathways. The fraction f.; of systemic excretion via the fecal pathway is shown
to enter feces directly. The primary pathway is probably that involving
biliary excretion, which passes into the duodenum or first part of the small
intestine. The systemic fecal excretion pathway is shown here to bypass the GI
tract. Thus, the fraction f¢ of systemic fecal excretion should be considered
an effective value.

Although this model simplifies the mathematics, it is not realistic. Because
of the lack of data for the systemic fecal excretion pathway, this simplifying
assumption seems reasonable for developing bioassay models.

2.1 to end up in the compartment that 1is designated as the total excretion
compartment. This compartment is treated as any other catenary compartment;

is the last compartment of all catenary systems. The only removal process from
this compartment is radioactive decay. Thus, the total removal rate constant

k. that describes removal from this compartment is set equal to the decay
constant ) for a radlioelement, or zero for a stable element.

All systemic excretion, as well as direct fecal excretion, is shown in Figur‘

Intake retention functions for acute inhalation can be obtained for specific
organs, organ systems, and excretion by summing the functions for the appro=-
priate compartments. This includes: (1) the nasal passages, compartments a
and b; (2) the lungs, compartments c¢ through j; (3) the GI tract, compartments
1 through 4; (4) the systemic whole body, compartments 1S through nS; (5) a
specific systemic organ x, compartments lx through nx corresponding to the
exponential terms in the stable uptake retention function R_(t) for the organ
x; (6) the accumulated total systemic excretion, compartment E; (7) the
accumulated total fecal excretion, compartment 5; (8) the accumulated urinary
excretion, which is obtained from the product of f  times the intake retention
function for compartment E if fu is constant; and %9) the total body, which is
the sum of (1) through (4) above. In the same way as above, intake retention
functions can be obtained for ingestion intakes, instantaneous uptakes, or
delayed uptakes through a wound.

To apply a general catenary kinetics equation, one must identify the appro—
priate chains of compartments, specify the translocation and total removal rate
constants within each chain, and specify the decay constant for the radio-
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element. Numerical values for the fraction of an intake expected in a compart-
ment are easily obtained because the same recursive kinetics equation 1is used
for each chain that leads to the compartment of interest.

2.5.1 Radioelement Intake Retention Function in(t) for nth Catenary
Compartment :

The concise catenary kinetics equation shown here as equation 2.5.1 can be
applied to all of those catenary pathways that lead to an nt compartment of
interest to obtain the radioelement intake retention function 1 (t) for that
compartment:

n-1 n =+
i(68) =ZIFIT ko4 [ 2 e Xt 11 2.5.1
c p=1 ? j=l n
T (k. k.)
p=1 P
p=
where:
in(t) = fraction of X single acute intake of radioelement expected at
time t in n® compartment,
C = one of the chains that leads to the nth catenary compartment
of interest,
Fo = fraction of intake deposited into the first compartment of
chain C,
kp,p+1 = rate constant that describes transfer of element from p th .
(p+1)'* compartment,
kj = total rate constant that describes total removal of the
radioelement from the jt compartment, and given by the sum of
the total bilological removal rate constant Kj and the decay
constant A of the radionuclide, and
kp = total rate constant describing removal from pth compartment.

The subscript n on 1 (t) is a general numerical index for the compartment of
interest. For a given catenary pathway that leads to an nt compartment of
interest, n could have one value. For another pathway, the particular compart-
ment of interest could then be symbolized by another value of n or perhaps the
same value. For example, consider the intake retention function i (t) for
compartment d in the TB region of the respiratory tract. Three catenary
systems contribute to the fraction of an inhalation intake that is present in
compartment d. These are direct deposition for which n=l, translocation to
compartment d from compartment f for which n=2, and translocation to compart-—
ment d from compartment g for which n=2.

In the case where two different compartments have the same value for transfer

rate constant, k , one can make k. a little different from k., and thus be
able to use equagion % 5.1. The error is the same order of magnx%ude of the

15



difference assumed between k_ and k,. Assuming a small difference, <10 E-4%,
yields accurate results for gn (Bi83). e

needed for the application of equation 2.5.1. The parameter values generall
depend on the particle size distribution and the compound classification of t
inhaled aerosol. Particles containing a radioelement and soluble materials
that are translocated from compartments f and g to compartment d are assumed to
instantaneously mix with the contents of d, which is cleared by translocation
to the stomach. The translocation to the stomach, S(1), from d is described by
a translocation rate constant k; j;, which can be obtained from the clearance
half-time of 0.2 days given in ?CRP Publication 30 for all compound classes.

The ICRP Publication 30 respiratory tract model provides the parameter valuef,

Equation 2.5.1 is summed over three separate chains C in order to obtain the
intake retention function i,(t) for compartment d in the TB region of the
lungs. The radioelement intake retention funetion iL(t) for the lungs is
obtained by repeating this procedure for the other lung compartments c, e, f,
g, hy 1, and j, all of which may or may not be applicable for each chemical
compound classification. For example, for the highly transportable compound
Class D, the clearance pathways designated by f and g are not used.

2.5.2 Inhalation Intake Retention Functions for Lungs

Figure 2.2 shows values for the stable element acute intake retention functions
I;(t) for the lungs for Class D, Class W, and Class Y compounds and for the
inhalation of 1 micrometer AMAD aerosols by Reference Man. The curves are for
an intake at time zero. The plots show that in vivo lung counting can be a
practical biocassay procedure for the highly transportable Class D compounds
only if measurements are made soon after an exposure incident. Because of t
large and early absorption into the systemic circulation, in vivo whole*body‘
counting may be used as an alternative procedure for Class D compounds. Lung
counting is applicable to Class Y compounds and practical for Class W compounds
for tens of days post intake. For Class Y compounds, compartment j is a sink
that will ultimately contain 0.00375 of an inhalation intake of a stable
element contained in 1 micrometer AMAD aerosols. Thus, the limiting value for
IL(t) is 0.00375 for stable Class Y compounds. Lung counting would not be a
practical bioassay procedure for the inhalation of non-respirable particles
having sizes above about 20 micrometers. However, GI tract counting and/or
fecal analysis could then be practical. In accidental intake cases, these
curves and a series of lung measurements can be compared in order to estimate
the compound classes and intakes.

2.5.2.1 1Inhalation Intake Retention Functions for GI Tract and Accumulated
' Feces

Figure 2.3 shows values for the acute intake retention functions for the GI
tract contents and for the accumulated feces compartment for Class D, Class W,
and Class Y compounds. The curves are for an inhalation of 1 micrometer AMAD
aerosols at a time of zero. The functions were evaluated for the case where
the fraction £, absorbed into the blood from the small intestine and the
fraction f¢ of systemic excretion via the fecal pathway are both zero.

The plots show that the Gl tract segments can contain up to 40% of an inhal~-
ation intake of 1 micrometer AMAD aerosols, during the first weeks post intab
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This fact should be taken into consideration for the proper interpretation of a
lung count or a whole body count when the GI tract contents contribute
significantly to the response of the detector.

The plots show that the accumulated fecal compartment will contain up to about
607 of an element contained in an inhalation intake of 1 micrometer AMAD
aerosols. In serious exposure cases, it 1s recommended that all of the fecal
excretion over the first five or six days be collected and analyzed. This will
make the measurements less sensitive to the model assumptions and will give a
better estimate of the respiratory tract deposition cleared to the fecal
excretion pathway.

2,5.2.2 1Inhalation Intake Retention Functions for Systemic Whole Body and
Urinary Excretion for Stable Cobalt

Figure 2.4 shows the expected systemic retention and urinary excretion after a
single inhalation intake of stable cobalt. The plots apply to Class W com~
pounds and 1l micrometer AMAD aerosols. The ICRP Publication 30 respiratory and
Gl tract models were used to obtain the values for these intake retention
functions. The systemic whole-body uptake retention function Rg(t) given in
ICRP Publication 30 was used according to the procedure outlined in Figure
2.1, The value of 0.05 was used for the fraction f; of stable cobalt absorbed
from the small intestine into the blood. The value of 0.8 was used for the
fraction f;, of systemic excretion via the urinary pathway. We note that 0.8
for £ was used based upon a better fit to the reported urine data used to
obtain the ICRP Publication 30 model for stable cobalt.

Values that are plotted for stable cobalt include: (1) the systemic whole-body
intake retention function, which glves the fraction of a single intake that is
expected to be present in the systemic whole=body at time t post the intake;
(2) the accumulated urine intake retention function, which gives the fraction
of intake expected to be present at time t in accumulated urine; (3) the 1 day
incremental urine intake retention function, which gives the fraction expected
to be present at time t in an incremental sample of urine that 1s collected
from day t-1 to t post intake; and (4) the instantaneous urine excretion rate
function, which gives the instantaneous fraction of the intake that is expected
to be excreted per day in the urine at time t post intake. When in vivo or in
vitro bloassay measurements are made at time t, the intake 1s estimated by
dividing the results corrected for decay by the value of the applicable stable
element retention or excretion functions, respectivity, evaluated at t.

It is not correct to consider an early 24 hour sample as an instantaneous daily
rate of excretion. As can be seen from Figure 2.4, the incremental function .
for cobalt exceeds the instantaneous function at early times by a factor of 2.
Only after about 10 days do values for these two functions come close to one
another. Thus, a procedure that is used for evaluating spot urine measurements
as Instantaneous rates of excretion can give high estimates of the intake and
assoclated dose equivalent.

The log-log plots of the urinary excretion of cobalt, following a single acute
inhalation intake of 1 micrometer AMAD, Class W aerosols, approximate straight
lines. One might conclude that the underlying metabolism, considering the
normal variance that is expected in bioassay measurements, is best described by
a power function in time. However, such a conclusion would be wrong because
these plots are based upon linear first order kinetics that yield a sum of
exponential terms with both positive and negative constant coefficients.
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The straightness of these excretion curves are fortuitous. In fact, these
curves embody: (1) the translocation of cobalt in and absorption of cobalt
from compartments within the respiratory and GI tracts; (2) the delay in uptake
of cobalt from these compartments; (3) the metabolism of cobalt within the
systemic whole body including the recirculation of cobalt between cells and
extracellular fluid; and (4) the final excretion of cobalt from the body,
partially within urine.

To make an initial assessment of the significance of bloassay results, we
recommend the use of intake retention functions that are based upon the ICRP or
other appropriate Reference Man metabolic models. If the metabolic models are
based upon the ICRP Publication 30 models, then the assessment will be
consistent with annual limit on intake and derived alr concentration quanti-
ties. In serious exposures, appropriate follow-up bioassay procedures should
be used, along with information on the physical and chemical forms of radio-
nuclides, in order to make a better estimate of the intake and dose and in
order to provide guidance on possible medical procedures that might be used to
reduce the committed dose. It would be difficult, in the usual case, to obtain
values of all parameters for each exposed person. For practicality and other
reasons, Reference Man metabolic models are best suited to the assessment of
the significance of the bioassay data of workers in terms of estimated intakes.
However, if suitable parameter values can be obtained for a specific
individual, then they should be used to interpret the biocassay measurements,
and these parameter values should be introduced to the available literature on
radiation protection.

3. RETENTION AND EXCRETION FRACTION TABLES

3.1 Description of Tables

In the tables in Appendix B, the intake retention fractions are for particular

in vivo and in vitro compartments of interest at various times after single

intake. The tables in Appendix B are applicable to inhalation of Class D, ;
Class W, and Class Y aerosols of 1 micrometer AMAD or to ingestion intakes. 1In
most instances, the IRFs are listed for the stable element plus common radio-
isotopes of the element. In all, tables for about 200 nuclides are included
for assessing inhalation and ingestion intakes. The IRFs which are listed for
Class D, Class W, Class Y and ingestion are in Sections 2, 3, 4 and 5 respec—-
tively. All values of IRFs are expressed in exponential notation; for example,
3.78 E-02 is 0.0378. The IRF values have three significant figures and values
were rounded originally from calculations which were done using double-
precision mathematics functions. Time after single intake is given in units of
days, and in many tables time extends to 20,000 days after a single intake. An
IRF cutoff of 1.0 E-08 was chosen as an endpoint; thus, the in vivo and in vitro

IRF values extend to all points in time that may be of practical interest.

The IRFs apply to in vivo measurements for the systemic organs, lungs, nasal
passages, gastrointestinal tract and total body. The total body IRFs are the
sum of IRFs for systemic and non-systemic compartments, and they are useful for
whole-body counting measurements when the field of view is the total body. For
example, the IRFs for imhalation of Class W lanthanum 140 for one day after
intake are 4.75 E-02 for the systemic organs, 1.39 E-0l for the lungs, 3.26 E-
02 for the nasal passages, l.75 E-0l for the gastrointestinal tract, and 3.95
E-0l1 for the total body. Thus, nearly 40%Z of an inhalation intake of 1 micro-
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meter Class W aerosols of lanthanum 140 remains in the total body at one day
after single intake; 14% of the intake is in the lungs, 187% in the gastro-
intestinal tract, 3% in the nasal passage, while only 5% has been absorbed an
retained in the systemic region of the body. Since lanthanum 140 is a gamma.
emitter, an in vivo measurement is useful to estimate intake using the IRFs.

The intake is estimated by simply dividing the measurement by the IRF.

Tables of IRFs for excretion compartments are given except for elements that are
not significantly eliminated from the whole body, for example fluorine. In many
instances, the IRFs are listed for 24-hour urine, accumulated urine, 24-hour
feces and accumulated feces. These 24=-hour IRF values are incremental values
while all other IRFs listed in all the tables are instantaneous values. In some
cases, the fractions of systemic burden excreted via the feces (fg) and the
fraction excreted via the urine pathway (fu) are unknown. Thus, elimination of
the uptake is defined as that which goes to a systemic excreta compartment.

For nuclides with undefined f¢ or f,, there i1s an estimate of the portion of the
intake that is deposited in the respiratory tract and directly eliminated via
the gastrointestinal tract into the feces. Therefore, IRFs are listed for 24-
hour feces and accumulated feces for that portion of the respiratory tract
deposit that 1s not absorbed into the systemic region of the body. In order to
obtain the total IRF for total excreta, one would add the IRF for systemic and
non-systemic excreta. For example, the total fraction of intake in a 24-hour
systemic plus non-systemic sample, which may be the total radioactivity in a
urinary plus a fecal sample, is 2.79E~02 for inhalation of Class W lanthanum 140
at one day after single intake. In thils case, virtually none of the excreted
lanthanum 140 comes from the systemic uptake; only 9.22 E-06. In cases where
the fraction via urine and the fraction via feces are not defined, it may be
prudent to examine the systemic and non-systemic IRFs which are listed for .
excreta and determine 1f measurement on feces or urine or both would provide
adequate information. In this example, measurements on a 24-hour fecal sample
would suffice for lanthanum 140.

In many instances, we provide tables which describe IRFs for stable isotopes of
the elements. These tables may be useful in determining the IRFs for a radio-
active isotope of an element, for which there 1s no tabulation. The approach is
to multiply the stable IRF by the decay factor assoclated with the radionuclide.
For example, the IRF for the total body for stable iodine for 10 days after
ingestion 1s 2.96 E-0l. If the nuclide of interest is iodine 125, then the IRF
is the product of the decay factor evaluated for 10 days of decay and the stable
iodine IRF or (2.96 E-01) x (8.91 E-01) = 2,64 E-0Q1.

3.2 Best Estimate of Intake from Several Bioassay Measurements

Following an accidental inhalation or ingestion, several in vitro or in vivo
measurements for an individual are desirable in order to reduce the propagation
.of the day-to-day variation associated with a sample measurement. A regression
should be used in order to best fit all the measurements, and the following
analytical method 1s recommended:

i IRF(1) A(4)

I= 3.2
L IrF(1)2

i ®
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where:
I = best estimate of intake with units the same as A(i),
IRF(1i) = intake retention fraction associated with the ith measurement,

A(1) = value of the ith measurement with appropriate units; for example,
Bq, uCi or ug.

A more detailed explanation and description of use of equation 3.2 may be
found in the examples which are covered in Appendix A.

4. USE OF RETENTION FRACTIONS TO CALCULATE INTERNAL DOSE

4.1 An Example of Use for Inhalation of Class D I-131

The following example illustrates how IRFs may be used to interpret bloassay
measurements. Additional examples of use of the IRF values for the evaluation
of actual exposure cases are given in Appendix A.

A radiopharmicist was measured for I-131 in the thyroid on May 5, 1986 at the
whole=body counter at a national laboratory. The measurement followed a
routine area survey which occurred two days before and which revealed loose
contamination in the radiopharmacy. The thyrold burden measurement and the
subsequent discussion with the radiopharmicist indicated to the local safety
representative and to a health physicist that an inhalation intake of 3.1 E+05
Bq (8.3 uCi) I-131 occurred on April 7, 1986, and that some additional I-131
was spattered about the work area. The thyrolid dose equivalent was initially
estimated to be 0.091 Sv (9.1 rem) and minor contamination was found on the
radiopharmicist's car on May 6 and on his clothing on May 7, 1986. The type
of whole-body counter used to measure thyrold activity was a single large Nal
crystal which viewed the upper torso in addition to the thyroid.

The estimated thyroid dose equivalent exceeded the Department of Energy
quarterly limit of 0.05 Sv (5 rem). On the other hand, it was less than the
0.5 Sv (50 rem) annual 1limit recommended by the International Commission on
Radiological Protection (ICRP), and it was not in excess of the Department of
Energy annual limit of 0.15 Sv (15 rem). However, it indicated inadequacies
in the radiation protection program.

The work was planned to occur in a fume hood. Instead, this work was done in
a laminar flow cabinet with an exhaust. The guide for laboratory workplace
standards for dispersible radionuclides indicated to the safety representative
that a more stringent workplace was required which in this case would have
been a glove box since the radiopharmicist had no previous experience with I-
131. Additionally, the April 7th work proceeded in a hurried manner and the
radiopharmicist may have opened the vial containing I-131 in the room and not
in the laminar cabinet, plus he added the wrong reagents.

The reagent error was corrected the following day but it was done by another
person, who was unfamiliar with this work and it was done using new tech-
niques, and was the likely cause of the spattered I-13l. All persons associ-
ated with this work were subsequently checked for contamination but only the
radiopharmicist was contaminated. Additionally, this work was repeated twice
on April 22, 1986 in the laminar flow cabinet and the radiopharmicist did not
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have contamination on his hands afterwards. However, all the April 22, 1986
work was performed according to written procedure and no errors were made.

interim steps be taken immediately but they were not listed in order of

The health physicist and safety representative recommended that the followin‘
importance:

® All sealed vials with MBq (mCi) amounts of I-131 are to be
refrigerated prior to opening, are to experience minimal exposure to
light, and only be opened in a fume hood. Most of the procedure is to
be performed in a fume hood and the procedure.should be performed by
trained personnel.

' The procedure should be written down, and 1f changed at a later time,
then the safety représentative should be informed. The written
procedure should be reviewed and approved.

o A thin-window pancake Gleger-Muller instrument should be purchased and
used In order to check for contamination. The radiopharmicist should
be trained to monitor hands, clothing, and the work area following
each work session. The instrument previously used was somewhat
insensitive to beta, and his monitoring technique needed improvement.

Subsequent to the initial assessment by the safety representative and the

health physicist, a formal investigation occurred. It was learned that the I-

131 compound was a fatty acld and its distribution and retention were differ-

ent from that chosen for the original dose assessment. Follow=-up counting,

with a multi-crystal whole-body counter, located 40% of the activity fixed in

the heart and lung regions. Based on the new information, the I-131 intake

was reassessed: .

Table 4.1l.1 Example of Intake Estimate for lIodine—131 Exposure

Using Two Different Measuring Devices and Thyroid IRFs

Fraction of

Time After Intake Retained  Thyroid Estimated

Accident, in Thyroid, Measurement Intake,

Days- IRF2 Bq(uCi) Bq(uCi) Comment

28 0.0138 4,3 E+03 (0.115) ' 3.1 E+05 (8.3) Single crystal
torso detector,
100% in thyroid
(assumed)

39 . 00505 1.0 E+03 (0.0270) 2.0 E+05 (5.4) Multi-crystal
whole—body

detector, 60% in
thyroid (measured)

8 Fractions obtained from interpolaﬁion of values in Appendix B, page B-103.

24



Because the intake could have occurred on April 22nd rather than April 7th, a
urinary sample was taken on the day of the second whole-body count. The ratio
of measured 24-hour urine activity to thyroid activity was 7.0 E-03. The
ratio of 24-hour urine IRF to thyroid IRF on day 39 after the accident was
6,13 E~03. The IRFs for this ratio are obtained from interpolation of the
values in Appendix B. If the accident occurred on April 22nd, the IRF ratio
would be 4.9 E~03. Thus, April 7th appeared to be the day of intake.

However, the metabolism of fatty acid I-131 has unknown impact on the IRF as
used in this case, thus the events as described by the radiopharmacist are
equally important in setting the date of exposure.

The DOE l1limit for organ dose equivalent for workers 1is in terms of quarterly
and annual dose equivalent, thus the dose conversion factors, Sv/Bq (rem/uCi)
inhaled, must be in terms of quarterly or annual dose equivalent per Bq (Ci)
inhaled. For the thyroid, the limits are 0.05 Sv (5 rem) per quarter and
0.015 Sv (15 rem) per year. However, the half-1ife of I-131 is short compared
to 13 weeks, thus the ICRP Publication 30 value for the committed thyroid dose
equivalent per unit activity inhaled may be applied in order to estimate organ
dose equivalent received in one quarter year:

2.0 E+05 Bq x 2.9 E-07 Sv  _ 5.8 E-02 Sy (5.8 rem) to thyroid
’ Bq inhaled

The remaining activity, which was in the heart and lung regions, appeared to
decay according to the 8.04 day half-life of I-131. It was assumed that this
activity was distributed over a larger mass than that associated with the
thyroid. Thus, the thyroid activity resulted in the largest organ dose equi-~
valent. By assuming a weighting factor of 0.06, a mass of 332 grams and an
estimated uptake of 1.9 E+04 Bq (0.52 ¢Ci) for the heart, a weighted committed
heart dose equivalent of 1.1 E-04 Sv (0.011 rem) is computed. Adding this
value to the weighted thyroid dose equivalent, which is 1.7 E-03 Sv (0.17 rem)
which is calculated by using a weight of 0.03 (ICRP77), yields a committed
effective dose equivalent of 1.8 E-03 Sv (0.18 rem).

5. DESIGN AND CONDUCT OF A BIOASSAY PROGRAM

5.1 Derived Investigation Levels

To demonstrate how intake retention functions can be used for the design and
conduct of a biloassay program, derived investigation levels have been cal-—
culated for 24-hour incremental urine samples. The levels were determined by
multiplying values of the incremental urine intake-retention function by an
investigation level based upon 5% ALI, or an investigation level based upon
the ICRP Publication 26 recommendation of 0.3 x £ x ALI, where f is the
fraction of the year to which the monitoring applies. Values for an inhalation
intake of Class W, 1 micrometer AMAD aerosols of _70.8 day 03-58 are summarized
in Table 5.1.1. The value for the ALI is 4 x lO?Bq (1.1x107 uCi), which is
the stochastic value given in ICRP Publication 30 based upon consideration of
limiting the risk from stochastic effects to that corresponding to a whole-
body committed effective dose equivalent of 0.05 Sv (5 rem). Thus, the 5%
ALI-based derived investigation level corresponds to a committed effective
dose equivalent of 2.5 mSv (250 mrem) to the whole body of Reference Man.
Monitoring is assumed to take place every t days post intake; thus, the
fraction f of the year is calculated here by dividing the time t in days by
365 days. The daily frequencies of monitoring associated with small values of
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t would not be realistlc. However, an investigation is normally triggered by
a single measurement and it is most appropriate to base the derived investi-
gation level on the fraction of three-tenths of the limit corresponding to the
fraction of the year to which the monitoring of an individual refers.
Numerical values are shown for the purpose of comparing these two definitio
of an investigation level. Because the ICRP Publication 26 investigation
level depends on the frequency of monitoring, the ICRP Publication 26 based
values first decrease to about 5 days but then increase over a small time
period before decreasing again. It is noted that NRC has not yet recommended
these methods of determining derived investigation levels.

Table 5.1.1 Derived Investigation Levels for Urine Samples and Time Post
Intake of Class W, 1 Micrometer AMAD Aerosols of 70.8 Day Co—58

FRACTION OF
TIME INTAKE IN DERIVED INVESTIGATION LEVELS
POST 24-HOUR URINE FOR 5% of ALI FOR 0.3xfxALI
INTAKE  SAMPLE Bq (nC1) Bq (nCi)
1 2, 56E~02 5.12E04  (1.38E03) 8.41E02  (2.27EOl)
2 1.08E-02 2,16E04  (5.84E02) 7.11E02  (1.92E01)
5 2,16E-03 4,31E03  (1.17E02) 3.55E02  (9.60E00)
7 1.56E-03 3.13E03  (8.47E01) 3.60E02  (9.74E00)
10 1.15E-03 2.31E03  (6.24E01) 3.79802  (1.03E01)
20 5.47E~04 1.10E03  (2.96E01) 3.60E02  (9.72E00)
100 7.23E~05 1.45E02  (3.91E00) 2.38E02  (6.42E00)

5.2 Frequency of Monitoring l

The minimum frequency of monitoring can be determined from the derived
investigation levels shown in Table 5.1.1. To demonstrate this applicationm,
suppose that an analytical procedure has a minimum detectable activity of 111
Bq (3 nCi). Prom values that are summarized in Table 5.1.1 for a constant
investigation level of 0.05 ALI, the minimum frequency of monitoring is
approximately every 100 days since the derived investigation level approaches
the minimum detection limit. Obviously, other factors such as the potential
for exposure and the exposure history should be considered in the establish-
ment of the bloassay monitoring frequency. If air monitoring data and the
exposure history of workers show little potential and infrequent and insig-
nificant exposures, the frequency of monitoring can be relaxed. The poten—
tially highest exposed workers can be randomly selected for bloassays as a
quality control procedure, and operational monitoring can be used to demon-—
strate the adequacy of the internal radiation protection programs.

In considering other factors, the exposure history is important since

continuous or multiple exposures to nuclides with long half-lives and long
retentions limit the usefulness of single intake IRFs for the derivation of
investigation levels. Continuous intake IRF values and corresponding derived
investigation levels could then be used. However, for most radiation workers
in nuclear medicine, in nuclear power plants, and in the national labora~-
tories, inhalation and ingestion of radioactive materials are not planned t
occur; rather, acute intake following an unplanned exposure is encountered.’
Thus, single intake IRFs are useful for the derivation of investigation leve
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Intake retention functions can be used to determine those routine bioassay
procedures that have sufficient sensitivity and accuracy for the internal
radiation protection program. Consider, for example, the appropriateness of
lung counting for Pu-239 as a routine biloassay procedure. The draft ANSI 13.30
standard, "Draft Performance Criteria for Radiobloassay,"” specifies the
acceptable minimum detectable activity as 190 Bq (5 nCi) L X~-rays per nuclear
transformation for lung counting of transuranics (ANSI86). This value is
acceptable since it represents the current state of the art. For the reported L
X-ray yield of Pu-239 of 4.2% (ICRP83), this corresponds to an acceptable
minimum detectable activity of 4.4 kBq (120 nCi). Based upon approximately 0.15
of an intake of Class W and Class Y compounds expected to be present in the
lungs at 7 days, this corresponds to a minimum detectable intake of 2.9 E+04 Bq
(790 nCi). The Class W and Class Y ALIs for Pu-239 are respectively 200 Bq (5.4
nCi) and 500 Bq (14 nCi). Thus, the minimum detectable intake corresponds to
150 ALI for Class W and 56 ALI for Class Y compounds of Pu=239 and committed
doses to bone surfaces of 73 Sv (7,300 rem) and 28 Sv (2,800 rem) respec-
tively. Although lung counting may be useful for very large accidental
exposures to Pu—239, it should not be relied upon as the primary routine
bioassay procedure. Other internal dose assessment procedures, such as fecal
monitoring, attocurie-level urine monitoring (Mo86), or the use of personal
breathing zone air samplers (Sk85) should be used for assuring adequate
protection from exposures involving Pu-239.

Urinary monitoring for Pu-239 may be a good choice if sufficient sensitivity is
available. Recent advances In radiochemical separation of Pu in urine, in the
presence of uranium, have resulted in a technique which has a minimum detectable
activity (MDA) of 90 attocuries per liter for a one day urine sample (see ANSIS86
for the MDA equations for biocassay). The new system relies on a fluence of
neutrons and the fissioning of Pu. However, even with attocurie sensitivity for
Pu~239 for urine, the estimate of intake relles on assoclating the activity in
urine with 1.0E-04 to 1.0E~07 of the activity inhaled or ingested. Thus,
several urinary measurements are needed in order to reduce the order-of=-
magnitude uncertainty associated with variation in Pu excretion due to diet. On
the other hand, recent work by Jones on a urinary excretion function for Pu
shows realistic estimates of uptake are obtained from sets of urinary
measurements when judged against autopsy data (Jo85). Better agreement of the
estimate of uptake from urinary results with autopsy results will occur if new
values for retention of Pu in bone and liver are adopted by ICRP (ICRP85).

Thus, urinary monitoring of Pu—-239 is very appropriate, provided sufficient
sensitivity is available. Because the annual limit of intake is based on the
radiotoxic effects to bone, urinary monitoring may be more appropriate than
feces monitoring, which may be assoclated mainly with the lung and gastro-
intestinal deposit of Pu-239.

5.3 Table of Derived Investigation Levels

To demonstrate how intake retention fractlons can be used for the design and
conduct of a bioassay program, derived investigation levels (DILs) have been
calculated for some in-vivo or in-vitro compartments of interest. The levels
were determined based upon the ICRP Publication 26 recommendation of 0.3 x £ x
ALI, where f is the fraction of the year to which the routine monitoring ap-—
plies, and ALI is the annual limit on intake from ICRP Publication 30. Values
for inhalation and ingestion intake of tritiated water, Co-60, I-131, Cs~137,
$r—-90, U=-238, Pu~239 and Am—-24] are summarized in Table 5.3.1.
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Table 5.3.1 Derived Investigation Levels for An Acute Intake

Time IRF In Compartment DIL In Compartment, Bq
Post _ ~ '
Intake, Total 24-Hour Total 24~Hour
days Lungs Body Urine Lungs Body Urine
Tritiated Water, Ingestion or Inhalation, ALL = 2,55 E+09 Bq
5.0 7.05E~01  2,96E-02 7.39E+06  3.10E+05
10.0 4,97E-01  2,09E-02 1.04E+07  4,38E+05
30.0 1.22E-01  5,14E-03 7.67E406  3,23E+05
100,0 9,12E~04  3.83E-05 1.91E+05  8.03E+03
365.0 - - - -
Co—60, Ingestion, ALI = 2.02E+07 Bq
1.0 7.06E-01 1.25E~02 1,17E4+04  2,08E+02
10.0 1.43E~02  4,52E-04 2,37E403  7,50E+01
30.0 8,80E~03 7.21E-05 4,38E+03  3,59E+01
100.0 5.95E-03 1.51E-05 9.88E+03  2,51E+01
365.0 3.28E~03 2,57E-06 1.99E+04 1, 56E+0.
Co—60, Class W Inhalation, ALI = 5.43E+06 Bq
1.0 2,11E-01 5,66E~01 2,59E-02 9,42E+02  2,53E4+03  1,16E+02
5.0 1.44E-01 2,06E~-01  2,26E-03 3.21E+03  4,60E+03  5.04E+01
10.0 1.32E-01 1,63E-01 1,27E-03 5.,89E+03 7.27E+03  5.67E+0l
30.0 1.01E-01 1.23E-01  4,.48BE-04 1.35E+4+04 1.65E+04  6.00E+01
100.0 4,03E-02 5,77E-02 1,85E-04 1.80E+04 2,58E+04  8,26E+01
200,0 1.07E-02  2,44E-02  6.86E-05 9,55E+03  2,18E+04  6,12E401
365.0 1,47E-03 1,16E-02 1,77E-05 2.39E+03 1.89E+04 2, 88E+01
Co—60, Class Y Inhalation, ALI = 8.47E+05 Bq
1.0 2,13E~-01 5.83E~-01 4.64E-03 1.48E+02 4,06E+02  3,23E+00
5.0 1.52E-01 1.90E~-01 8,17E-04 5,298+02  6.61E+02  2,84E+00
10.0 1.48E-01 1.57E-01  3.33E-04 1.03E+03 1.09E+03  2,32E+00
30.0 1.43E-01 1l.49E-01  6.43E-05 2,99E+03 3.11E+03 1,34E+00
100.0 1.30E-01 1.34E-01 2,60E-05 9.05E+03  9.33E+03  1,81E+00
365.0 9.08E~-02 9.37E-02 1.64E-05 2.31E404 2,38E+04  4,17E+00
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Table 5.3.1 continued

Time IRF In Compartment DIL In Compartment, Bq
Post
Intake, Total 24-Hour Total 24~Hour
days Lungs Body Urine Lungs Body Urine
Sr-90, Ingestion, ALI = 1,00E+06 Bq
1.0 7.15E~01 5.85E-02 5.88E+02  4,81E+01
5.0 1.58E-01 1. 30E~-02 6.49E+02  5.34E+01
10.0 9.90E-02 5.60E-03 8.14E+02  4,60E+01
30.0 6.04E~02  3,41E-04 1.49E+03  8,41E+00
100.0 5.11E-02  7.15E~05 4,20E+03  5,88E+00
200.0 4,44E-02  4,21E-05 7.30E403  6.92E+00
365.0 3.80E~-02  2,37E~05 -1.14E404  7,11E+00
Sr-90, Class D Inhalatiom, ALI = 7.00E+05 Bq
1.0 7.97E-02 5.05E~01  8.57E-02 4,59E+01  2,.91E+02  4,93E+0l
5.0 5.80E-04 2.67E-01  2,45E-02 1.67E+00  7,68E+02  7,05E+01
10,0 8.96E-07 1,78E-01 1, 04E-02 5.16E~-03  1.02E+03 5.98E+0l
30.0 0.00 1.06E-01  6.21E~04 0.00 1.83E+03 1.07E+0l
100.0 8.99E~-02 1.26E-04 5.17E+03  7.25E+00
200.0 7.81E-02  7.42E-05 8.99E4+03  8.54E+00
365.0 6.68E~02 4,18E~05 1.40E+04  8,78E+00
S$r-90, Class Y Inhalation, ALI = 1.00EH+05 Bq
1.0 2.13E-01 5.86E-01  1,34E-03 1.75E+01  4.8l1E+01 1.10E-0l
5.0 1.53E-01 1.85E~01  4,22E-04 6.29E+01 7.60E+01  1.73E-01
10.0 1.48E-01 1.52E-01 1. 87E~04 1.22E+02  1.25E+4+02  1.54E~01
30.0 1.45E~01 1,47E-01  2,32E-05 3.58E+02  3.62E+02 5,72E-02
100,0 1.34E-01 1.36E-01 1.55E-05 1.,10E+03 1.12E+03 1,.28E-0l
200.0 1.20E-01 1.22E-01 1, 50E-05 1.97E+403  2,01E+03  2,47E-01
365.0 1.00E~01 1.03E-01 1.47E-05 3.00E+03  3,09E+03 4,41E-01
I-131, Class D Inhalation, ALI = 1.85E+06 Bq
1.0 1.33E-01 2.74E-01  3,04E-01 2,02E+02  4,17E+02  4,62E+02
5.0 1.20E-01 1.25E-01 1,31E-03 9.12E+02  9.50E+02  9.96E+00
10.0 7.51E-02 8.00E-02 1.88E-04 1.14E+03  1.22E+03  2,86E+00
30.0 1.16E-02  1.32E~-02  6.25E-05 5.2984+02 6,02E+02  2,83E+400
100.0 1.80E~05  2.11E-05  1.24E-07 2,74E400  3,21E+00 1.89E-02
200.0 - - - hnd — -
365,0 - - - - - -
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Table 5.3.1 continued

Time IRF In Compartment DIL In Compartment, Bg
Post
Int ake, Total 24~Hour Total 24-Ho
days Lungs Body Urine Lungs Body Urine
I-131, Ingestion, ALI = 1,33E+06 Bq
1.0 2.54E-01 3.21E-01 6.43E~01 2,78E+02 3.51E4+02 7.03E402
5.0 1.88E-01 1.94E-01 1.49E-03 1.03E+03 1.06E+03 8. L4E+00
10,0 1.17E~01 1.23E-01 8.76E~04 1,28E+03 1.37E+03 9, 58E+00
30.0 1.82E-02 2.06E-02 1.16E-04 5.97E+02 6.76E+02 3. 80E+00
100.0 2.82E-05 3.29E-05 1,66E-07 3.08E+00 3. 60E+00 1,81E~02
200.0 - - - - - -
365.0 - - - - - -
Cs—137, Ingestion, ALI = 3,57E+06 Bq
1.0 9,66E~01 2.70E~-02 2,83E+03 7.92E401
5.0 8.90E-01 1.03E-02 1.31E+04 1.51E+02
10.0 8.48E-01 5.32E~-03 2.49E4+04 1.56E+02
30.0 7.44E-01 3.76E-03 6.55E+04 3. 31E+02
200.0 2.52E-01 1.27E~03 1.48E+05 7.45E+02
365.0 9.24E~-02 4,68E-04 9.90E+04 5.01E+02
Cs-137, Class D Inhalation, ALI = 5.60E+06 Bq .
1.0 7.97E-02 6,22E~-01 1.35E-02 3.67E+02 2.86E+03 6.21E+01
5.0 5.80E~-04 5.72E-01 7.16E-03 1.33E+01 1.32E+04 1,65E+02
10,0 8.96E-07 5.43E-01 3.51E-03 4,12E-02 2.50E+04 1.61E+02
100.0 - 3.05E-01 1.54E-03 - 1.40E+05 7.09E+02
200.0 - 1.61E-01 8.16E-04 - 1.48E+05 7.51E402
365.0 - 5.93E-02 3.00E~04 - 9.96E+04 5. 04E+02
U-238, Class D Inhalation, ALL = 5.01E+04 Bq
1.0 7.97E-02 4,10E~01 1.87E~01 3.28E+00 1.69E+01 7. 70E+00
5.0 5.81E~04 1.68E~01 1.31E~02 1.20E~01 3.46E+01 2, 70E+00
30.0 0. 00E+00 5.06E-02 1.71E~03 0.00E4+00 6.25E+01 2.11E+00
100,0 : 1.47E~02 1,11E~04 6. 05E+01 4,57E-01
365.0 1,11E~02 1,72E~-06 1.67E+02 2.59E~02
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Yable 5.3.1 continued

Time IRF In Comparﬁment DIL In Compartment, Bg
Post
Intake, Total 24-Hour Total 24~Hour
days Lungs Body Urine Lungs Body Urine
'U-238, Class W Inhalation, ALI = 2,52E+04 Bq
1.0 2.11E-01 5.57E~01  4,13E-02 4,3764+00 1,15E+01 8.55E~01
5.0 1.45E-01 2.03E~-01 2,69E-03 1,50E+01  2,10E+01 2,79E~Ol
30.0 1.02E-01 1.17E-01  7.28E-04 6.34E401 7.27E+01  4,52E-01
100,0 4,18E-02 4,.81E-02 2,43E-04 8,66E+01  9,96E+01  5.03E-0l
200.0 1,15E-02 1.57E~02  7.49E~05 4,76E401  6.50E+01 3.10E~-01
U-238, Class Y Inhalation, ALI = 1.51E+03 Bq
1.0 2,13E-01 5.85E~01 2,23E-03 2,64E-01 7,26E-01 2,77E-03
5.0 1.53E-01 1.83E~01 1.31E~04 9,49E-01 1.14E4+00 8.13E~04
10,0 1.48E~01 1.50E~01 8.42E-05 1.84E+00 1.86E+00 1.04E-03
30.0 1.45E~01 1.46E~01 3.27E-05 5.40E+00  5.,43E+00 1.22E-03
100,0 1.35E-01 1,35E-01 1.87E-05 1, 68E+01 1.68E+01  2,32E-~03
200.0 1.228-01 1.22E-01 1,81E-05 3.02E+01 3.03E+01  4,49E-03
365.0 1.03E~01 1.04E~01 1.82E~05 4,67E4+01  4,71E+01  8,26E-03
0-238, Ingestion, ALI = 7.33E+06 Bq
10.0 1.23E~02  2.00E-04 7.41E402  1,20E+01
30,0 5.14E~03 0,00 9.29E+02 0.00
100.0 1.50E~03 - 9,04E+02 -
200.0 1,18E-03 - 1.42E+03 -
365.0 1.14E-03 - 2.51E+03 -
Pu-239, Class W Inhalation, ALI = 2.03E+02 Bq
1.0 2.11E~01 5.96E-01 2,83E-04 3.52E~-02 9,94E-02  4,72E-05
5.0 1.45E-01 2.45E-01  5,39E-05 1.21E-01  2,04E-01  4,50E-05
10,0 1,32E-01 2,09E-01  2,54E-05 2.20E~01  3.49E~-01  4.24E-05
30,0 1,02E~01 1,86E~01 1. 76E~05 5,11E-01 9,31E-01 8,8lE~05
100.0 4,18E-02 1.42E-01 1,12E-05 - 6.97E~01 2,37E400 1.87E-04
200.0 1,15E-02 1.21E-01 7.89E~06 3.84E-01  4,04E+00 2,63E-04
365.0 1,66E-03  1.14E-01  4,96E-06 1.01E-Q01  6.94E+00 3.02E-04
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1.66E-03

Table 5.3.1 continued
Time IRF In Compartment DIL In Compartment, Bq
Post j
Intake, Total 24-Hour Total 24~-Hou
days Lungs Body Urine Lungs Body Urine
Pu—-239, Class Y Inhalation, ALIL = 5.26E+02 Bq
1.0 2.13E~-01 5.87E-01 1.55E-05 9.21E-02 2,54E-01 6,.70E-06
5.0 1.538-01 . 1.85E-01 2,87E~06 3.31E-01  4,00E-01  6.,20E-06
10.0 1.48E-01 1,53E~01 1,29E-06 6.,40E-01 6.61E~01 5,58E-06
30.0 1.45E~01 1.49E-01 8.81E~-07 1,88E+00 1,93E+00 1,14E-05
100.0 1.35E~01 1,41E-01 6.99E~07 5,84E+00 6,10E+00 3.02E-05
200.0 1.22E-01 1.29E~01 7.73E-07 1.05E+01 1.12E+01 6,68E~05
365.0 1.03E-01 1,14E~01  8.03E-07 1.63E+01 1.80E+01 1.27E-04
Pu-239, Ingestion, ALI = 2,43E+05 Bq
1.0 2,82E-01 3.31E-07 5.63E+01  6.61E~05
5.0 3.14E-02  7.42E-08 3.14E401  7.41E-05
10.0 2.20E~04  2,84E-08 4,398~01  5,67E-05
30.0 0.00E4+00 1.57E-08 0.00E+00  9.41E-05
100‘0 ot - - -
200.0 - - - -
365,0 - - - -
An-243, Ingestion, ALI = 5.00E+04 Bq ‘
1.0 7.14E-01 2,86E-01 2,93E+01 1.18E+01
5.0 1,87E~02  3,06E-02 3.84E+00 6,29E+00
10.0 5.74E~04  2,13E-04 2.36E-01  8.75E~02
100.0 4 ,49E-04 - 1.85E+00 -
365,0 4.45E~04 - 6, 68E+00 -
Am~243, Class W Inhalation, ALI = 2,00E+02 Bq
1.0 2,11E-01 5,90E-01 4,21E~-0Q2 3.47E-02 9,70E-02 = 6.92E-03
5.0 1.45E-01  2,39E-01 3.41E-02 1.,19E~01 1.96E~01  2,80E-02
10.0 1.32E-01 2.03E~01 2,07£-03 2,17E-01  3,34E-01  3,40E-03
30,0 1,02E~01 1.80E-01 9,44E-04 5.03E-01 8,88E~01  4,66E-03
100.0 4,18E~02 1.36E-01 3.58E-04 6,87E~01  2,24E+00 5.88E~03
200.0 1,158~02 1.15E~01  8.94E-(05 3.78E-01  3,78E+00  2.94E-03
- 365.0 1,09E-01 1.15E~05 9,96E-02 6,54E+00 6,90E-04
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6. GENERAL EVALUATION

6.1 Validation of Tabulated Results

This section describes the methods used in the validation of tabular values, and

. presents results of selected validation tests.
Validation was a process aimed at confirming that tabular data were correctly
presented in Appendix B. However, the validation procedure does not verify or
substantiate the correctness of model assumptions. Evidence which serves to
verify the exactness of our methods is presented in Appendix A, Example of Use
and Verification Based on Experiences. The validation study was performed by R.
Belanger of Science Applications International Corporation, San Diego,
California.

Validation was performed by comparison of selected tabular results with those
generated by other computer models using the same set of assumptions. The
programs used in the validation processes were REMedy and DOSEDAY/ DOSEYR, both
of which are proprietary programs. REMedy invokes an analytic solution
algorithm to solve the ICRP Publication 30 retention functions in a manner
similar to that used by the model which generated the tabular results in.
Appendix B. The DOSEDAY/DOSEYR program uses a Runge-Kutta integration routine
to numerically solve the rate equations presented in ICRP Publication 30.

A third computer program was used to evaluate the tables in Appendix B and the
output was similar to REMedy. However, this third validation study was
performed by J. R. Johnson of the Dosimetric Research Branch, Chalk River
Nuclear Laboratory, Canada, and Dr. Johnson validated the tables corresponding
to the stable elements. Since tables for radioisotopes differ from the table
y for the stable elements by the decay factor, it was felt that this third study
.was comprehensive. The errors discovered by this study were corrected. Since
output of Dr. Johnson's study was similar (within a few %) to REMedy output, we
felt specific details need not be reproduced here.

6.1.1 General Description of the REMedy Model

REMedy is a Pascal-language program which uses an analytic solution algorithm to
predict the fraction of an intake present in a bioassay compartment at some time
post—intake. The program is capable of calculating fraction of intake in the
whole body, lung, 24-Hr urine, cumulative urine, 24-Hr feces, cumulative feces,
and thyroid (for radioiodine) bioassay compartments as a result of ingestion or
inhalation. Both acute and chronic intake modes are evaluated and corrections
can be made for deposition as a function of particle size.

The general form equation used in REMedy to solve retention function problems is
identical to that presented as equation (1) in Section 2.5 of this report. One
notable change in the REMedy metabolic model from the BNL model, however, is
that REMedy assumes the existence of a transfer compartment as discussed in ICRP
Publication 30. For purposes of validation, the clearance halftime for the
transfer compartment was set equal to the halftime of the first exponential term
of the BNL model for the respective radionuclides. As is discussed below, this
fact may account for minor differences in calculations of retention for a few to
several days post-intake,
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The radionuclide library contents of REMedy was edited for this task to set

all assumed values equal to those contained in the Element Data Sheets of
Appendix B. For those cases in which the fractions of systemic excretion

leaving the body via urine and feces are not defined (e.g., iron), the frac-

tion assigned to urine excretion was unity. In this case, the urine retentic‘
values calculated by REMedy can be compared to the systemic excretion values

in the tables.

6.1.2 General Description of DOSEDAY and DOSEYR

DOSEDAY and DOSEYR are programs which numerically integrate the rate equations
presented in ICRP Publication 30. The numerical integration routine used is a
simple Runge-~Kutta method. Since the rate equations form a system of very
stiff differential equations, speclal attention must be paid to step size.
Step sizes are chosen on the basis of the fastest compartment clearance rate.
Compartments which contain retention fractions of less than 1.0E-6 are assumed
to equal zero, except in the cases of closely coupled flow, for example from
lung compartments f to d to the GI tract, or the case of a positive deriva-
tive. A material balance is maintained for activity present in all compart-
ments, activity lost by radiodecay, and all losses assumed equal to zero.

DOSEDAY integrates on a time scale of days. Once all lung and GI compartment
retention values reach zero, the integration is passed to the DOSEYR routine,
which integrates on a time gcale of years. Results may be printed from either
routine for fractions or multiples of days or years.

Deposition fractions, removal rate constants and compartmental fractions

assumed for the inhalation model may be changed from those specified by Figure
5.2 of ICRP Publication 30 as keyboard input. While not clearly specified b
ICRP Publication 30, for cases where f; is equal to unity, all contents of t‘
stomach are assumed to be absorbed at _a rate equal to the translocatlon rate

of stomach contents, which is 24 day .

6.1.3 Input Values for Validation Tests

The DOSEDAY/DOSEYR routines use the compartment transfer rate constants for
each radioelement given in ICRP Publication 30, as opposed to retention
functions. Where differences in rate constants for males and females are
specified, for example, for Pu and Am, the values for Reference Male were

used. The lung deposition fractions and excretion pathway fractions used were
the same as those specified in the Element Data Sheets of Appendix B. Where
systemic excretion pathway fractions were listed as not defined, it was

assumed that the fraction of systemic excretion going to urine was unity.

The physical halflives used for the radionuclides were obtained from the
Radiological Health Handbook (USDHEW70), and are as follows:

Nuclide Halflife(Year) Halflife(Day)
Co-60 5.26 E+00 1.92 E+03
1-131 2.21 E~02 8.05 E+00
U-235 7.10 E+08 2.59 E+11
Pu-239 2.40 E+04 8.78 E+06
Am~241 4,58 E+02 1,67 E+05
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Excretion compartment values are cumulative from the time of intake, so hand
calculations were necessary to estimate 24-hour incremental urine and fecal
values. The excretion compartment retention was obtained using the following
formulas

24-Hr Total = (B — A) x EXP (-lambda x T)

where: B is the stable element cumulative fraction at time T days post
intake,

A is the stable element cumulative fraction at time T ~ 1 days
post intake, and

lambda is the radiodecay constant, day-l.

This equation corrects the value calculated at 24 hours for any activity
present at the start of the 24-hour period.

6.1.4 Validation Results

The results of the validation tests are presented in Tables 6.1.1 through
6.1.4., All results generated by REMedy or DOSEDAY/DOSEYR have been rounded to
two decimal places. Wherever dashes appear in the tables, no results are
available. Values presented as 0.00E+00 represented values less than l.0E-6
for DOSEDAY/DOSEYR results, and values less than approximately 1.0E-10 for
REMedy results.

Table 6.1.1 presents the results of validation runs for excreta retention
following inhalation of particles of ! micrometer AMAD., For these cases, the
deposition values in REMedy and DOSEDAY/DOSEYR have been set to 0.31 for nasal
passages, 0.08 for the trachea and bronchial tree, and 0.249 for the pulmonary
region. The results of this test can be summarized as follows:

i, For Class D compounds, there is good agreement for Sr-90, I~131, and U-
235. There are relatively minor (<11Z) urine and fecal retention discrepancies
for Fe-59 and Cs-137 up to 10 days post-intake, and for Fe-59 cumulative feces
at 500 days.

2. For Class W compounds, there is very good agreement for Co-60, Th-232,
and U~235. There are discrepancies (<11%Z) in the case of Fe~59, Ce-l44, and
Pu-239 for urine retention at 1l day. There are also minor discrepancies (<3%)
for fecal retention for Fe—59 beyond 100 days and Co—-60 at 5 days.

3. For Class Y compounds, there is very good agreement for all four nuclides
tested. There are minor discrepancies (<10%) in each case, but these
differences may be explained by the difference in use of the transfer
compartment.

Validation results of whole body and lung retention following inhalation are
presented in Table 6.1.2. There is very close agreement between BNL and
REMedy results for all cases of Class D, Class W and Class Y nuclides except
for minor discrepancies (<5%) between the I-13l results of BNL and REMedy
compared to those predicted by DOSEDAY.

Table 6.1.3 presents validation test results for ingestion. Except for
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isolated cases, there is very close agreement between the BNL and REMedy

results. The DOSEDAY/DOSEYR routines were not used in the ingestion tests.

Whole body retention results agreed very closely in all cases. Incremental

urine retention of Am—-241 (by 6%) varies between the models for times after 5
days, and excreta retention for Cs—137 varies somewhat (<11%) for the first .
few days post-intake, after which time close agreement is reached.

Table 6.l.4 presents predicted thyroid retention following inhalation of

Class D I-131. There is a minor (<6%) discrepancy between the BNL and REMedy
results for day 1, although the BNL and DOSEDAY results for this time agree
closely. There is very good agreement between results at day 5, and there are
relatively minor (<6%) variations thereafter.

6.1.5 Conclusions Drawn from Validation Studies

Several meaningful conclusions can be drawn from the results of the validation
tests. It can be concluded that for almost all cases of in vivo retention,
the tabular results appear to accurately represent a retention value expected
on the basis of ICRP Publication 30 metabolic models. It is difficult to ex-
plain the apparent discrepancies in some cases of expected excreta retention.
These discrepancies are attributed to slightly different interpretations of
the metabolic models presented in ICRP Publication 30. In particular, two
distinct varlations of ICRP models are employed in the algorithms contained in
the programs used in the validation tests. The algorithms used in the REMedy
and DOSEDAY/DOSEYR codes include a single catenary transfer compartment as a
component of the metabolic model. An example of a lung—-to-excretion pathway
for such a model would be: Lung Compartment "a" -> Transfer Compartment —>
Systemic Compartment -> Excretion. An alternative approach is employed in the
model described in Section 2 of this report. This approach neglects the
existence of the Transfer Compartment, so the corresponding pathway would be.

", o

described by: Lung Compartment "a” —> Systemic Compartment - >Excretion.

Since the Transfer Compartment is assumed to have a relatively short clearance
half-time, 0.25 to 0.5 days, systemic retention and excretion results calcu—
lated using these alternative approaches can differ significantly for times up
to several days post—intake. Little difference would usually be exhibited
beyond this time. The use of alternative models is believed to account for
many of the discrepancies mentioned above.
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Table 6.1.1 Validation of Inhalation Results for Excreta Measurements

24~-HOUR URINE

CLASS D

ACCUMULATED URINE

NUCLIDE DAY BNL REMedy DOSEDAY BNL REMedy DOSEDAY
(CLASS)
Fe~59(D) 1 1.16E-04 7.25E-05 — 1.16E-04 7,25E~05 e
fu=1 5 1.58E-04 1,58E-04 _— 7.23E-04 6,67E~04 _—
10 1.47E~04 1,47E-04 —_— 1.40E-03 1.35E-03 —
50 7.76E-05 7.90E-05 _— 3.88E-03 3.92E~03 —
100 3.50E-05 3.63E-05 — 3.55E~03 3.66E~03 —
500 6.03E-08 7.23E-08 — 3.29E-05 3,94E~05 —
Sr-90(D) 1 8.57E-02 8,04E~02 — 8,57E-02 8, 04E~-02 e
fu=0.85 5 2.45E-02 2.60E-02 _— 2.23E-01 2,19E-01 ——
10 1.04E-02 1.11E=02 — 2,97E~-01 2.98E-01 —
50 1.94E-04 1,89E~04 _— 3.63E-01 3.63E-01 —
100 1.26E-04 1.26E~04 — 3.83E-01 3,83E-01 —
500 2.86E-05 2,93E-05 e — 3.83E~01 3,83E-01 ——
I-131(D) 1 3.13E-01 3,13E-01 — 3.13E-01 3,13E-01 3.08E-0l
fu=1 5 1.35E-03 1,34E-03 — 2.91E-01 2.91E~-01 2.87E=~01
10 1.93E-04 1,88E-04 _— 1.90E-01 1,91E-01 1.87E-01
50 1.20E-05 1,21E-05 _— 6.47E-03 6.50E-03 6.87E~03
100 1.27E-07 1.29E-07 — 9.41E-05 9,50E=05 _—
500 — — _— — ——— —
Cs-137(D) 1 1.35E-02 8,74E-03 — 1.35E=02 &, 74E—-03 _—
fu=0.8 5 7.16E-03 7,75E-03 — 5.38E~02 5.13E-02 _—
10 3.51E~03 3.63E~03 — 7.63E-02 7.51E-02 —
50 2.12E~03 2,13E-03 — 1.74E~01 1,73E-01 —_—
100 1.54E-03 1.55E-03 - 2,64E~01 2, 63E=01 —
500 1.21E-04 1,21E-04 — 4,76E~01 4,76E-01 —
U-235(D) 1 1.87E-01 1,93E-01 1.93E-01 1.87E-01 1.93E~01 1.93E~0l
fu=1 5 1.31E-02 1.32E-02 1,32E-02 3.23E-01 3.19E-01 3,19E-01
10 7.26E~03 7,49E~-03 7. 50E~03 3.67E~01 3,65E-0l 3.65E-01
50 6.67E-04 6,77E~04 _— 4,59E-01 4,60E~01 —~——
100 1.11E-04 1.13E-04 — 4.73E-01 4,74E-01 —
500 1.64E~06 1.63E~06 — 4,77E-01 4,78E-01 _—
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Table 6.1.1 (continued)

' CLASS D

24-HUUR FECES ACCUMULATED FECES
NUCLIDE DAY BNL REMedy DOSEDAY BNL REMedy DOSEDAY
(CLASS)
Fe-59(D) 1 4,01E-02 3.95E-02 —— 4,01E~02 3.95E-02 _—
fu=1 5 4,08E-03 4,18E-03 _— 1.30E-01 1,30E-01 —_—
10 2.62E-05 2,71E-05 _— 1.22E-01 1.23E-01 -
50 0.00E+00 0.00E+Q0 — 6.57E~02 6.69E-02 —
100 0.00E+00 0.00E+00 — 3.02E-02 3.13E-02 —
500 0.00E+00 0.00E+00 — 5.96E-05 7.16E-05 —
Sr-90(D) 1 4,85E-02 4,71E-02 -— 4,85E-02 4,71E-02 ——
fu=0.85 5 7.62E-03 7.97E-03 —_— 1.49E-01 1,48E-01 —_—
10 1.85E-03 1.97E-03 — 1.64E-01 1,64E~01 -—
50 3.42E-05 3.33E-05 _— 1,75E~01 1.75E-01 —_—
100 2,22E-05 2,23E-05 - 1.76E~01 1.76E-01 —_—
500 5,04E-06 5.,17E-06 — 1.75E~01 1,75E~01 —_—
1-131(D) 1 5.18E-08 —— e 5.18E-08 —— —
fu=1 5 4.86E~08 —_— — 1.02E-07 —_— _—
10 0.00E+00 — -— 6.17E-08 - ———
50 0.00E+00 —— -_— 2.13E-09 — —
100 — - e 0.00E+00 —_—
500 _— — _—
Cs~137(D) 1 3.37E-03 2,18E-03 — 3,37E~03 2.20E-03
fu=0,8 5 1.79E-03 1,94E-03 —— 1.35E-02 1.28E-02 —_—
10 8.77E-04 9,07E-04 - 1,91E-02 1,88E-02 —
50 5.30E-04 5.31E~04 —— 4,35E-02 4,33E-02 —_—
100 3,86E-04 3,86E-04 - 6.60E~02 6.59E-02 —
500 3,03E-05 3,03E-05 — 1.19E-01 1,19E-01 ——
U-235(D) 1 4,24E~02 4.18E-02 4,18E-02 4,24E-02 4,18E~02 4.18E~02
fu=l 5 4,70E-03 4,81E-03  4.80E-03 1.48E~01 1.48E-01 1.48E-01
10 3.26E~05 3,37E-05 4.00E-U4 1.51E~01 1.51E-01 1,51E-01
50 0.00E+00 0. 00E+00 _— 1.51E~01 1.51E~01 1.51E-01
100 0.00E+00 0.00E+00 - 1.51E-01 1.51E-01 1,51E-01
500 0.00E+00 0.00E+00 — 1.51E-01 1.51E-01 1,51E-01
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Table 6.1.1 (continued)

CLASS W
24-HOUR URINE ACCUMULATED URINE
NUCLIDE DAY BNL REMedy DOSEDAY BNL REMedy  DOSEDAY
(CLASS)
Fe-59(W) 1 2.87E-05 1.82E-05 —— 2.87E-05 1,82E~05  -=—
fu=1 5 3.68E-05 3.67E-05 — 1.69E-04 1.57E-=04  =———
10 3.51E-05 3.52E-05 -— 3.30E-04 3,19E-04  -—
50 2.17E-05 2.20E-05 — 9,93E-04 1.00E-03  —-
100 1.09E-05 1.13E-05 — 9.79E-04 1,01E-03  -—-
500 2.12E-08 2.54E-08 — 1.08E~05 1.29E-05  =——-
Co-60(W) 1 2,27E-02 2,17E~02  2.16E-02 2.27E-02 2,17E~02 2.16E~02
fu=0.7 5 1,98E-03 2.08E-03  2.06E-03 4,14E~02 4,03E-02 4.03E~02
10 1.11E-03 1,18E~03 —— 4,81E~02 4,74E-02 4.74E-02
50 2.72E~04 2.73E=04 — 6.59E~02 6,58E-02 6.57E~02
100 1.62E-04 1,63E-04 — 7.51E~02 7.50E-02 7.S50E-02
500 6.69E-06 6.70E-06 — 7.99E-02 7.99E~02 7.98E-02
Ce-144(W) 1 1.39E-05 9.12E-06 -— 1.39E-05 9.12E-06  —--—-
fu=1 5 1.43E~05 1.43E-05 — 7.05E-05 6.54E-05 = ——-
10 1.46E~05 1.46E-06 -— 1.42E-04 1,37E-04  -—
50 1.59E~05 1,59E~05 -— 7.17E~04 7,12E-04  —-—-
100 1.59E-05 1.59E-05 -— 1.39E~03 1.38E-03  -—-
500 — _— -— 3.13E-03 3.12E-03  —-
Th-232(W) 1 5.33E-03 5.32E-03 —~— 5.33E~03 5,32E-03 -
fu=1 5 9.04E-05 9.02E-05 — 7.41E-03 7,40E-03  —-
10 6.72E~05 6.71E-05 -— 7.76E-03 7.74E-03  -—-
50 5.52E-05 5.51E~05 — 1.02E-02 1.02E-02  —-
100 4,44E~05 4,43E-05 -— 1.27E~02 1.26E-02 ==
500 2.24E-05 2.24E-05 -— 2.43E-02 2,42E-02  -—-
U-235(w) 1 4.13E-02 4.24E~02  4.24E-02 4,13E-02 4,24E-02 4,24E-02
fu=1 5 2.69E-03 2.73E-03  2.73E-03 6.28E-02 6.20E-02 6.20E~02
10 1.75E-03 1.79E-03  1.78E~03 7.30E-02 7.25E-02 7,25E-02
50 4,80E-04 4.82E-04 — 1.06E-01 1.06E-01 1.06E-01
100 2.43E-04 2,43E-04 — 1.23E-01 1.23E-01 1.23E-01
500 2.46E~06 2.46E-06 —_— 1.43E-01 1.43E-01 1.43E~01
Pu-239(W) 1 2.83E-04 1.97E-04 — 2.83E-04 1,97E~04  =-—-
fu=0. 54 5 5.39E-05 6.14E-05 — 7.0lE~04 6.86E~04  ——-
10 2.54E~05 2.60E~05 _— 8.59E-04 8,54E~04  -—
50 1.45E=05 1,46E-05 -— 1.58E-03 1.58E-03  —-
100 1,12E-05 1,12E-05 — 2,21E-03 2,21E-03  —--
500 3.59E-06 3.60E~06 — 4,73E-03 4.71E-03  ——-
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Yable 6.1.1 (continued)

CLASS W
24~HOUR FECES ACCUMULATED FECES ,
NUCLIDE DAY BNL REMedy DOSEDAY BNL REMedy DOSED
(CLASS)
Fe—-59(W) 1 3.87E-02 —— —-— 3.87E-02 3, 80E-02 ——
fu=1 5 2.81E-02 — — 3.27E~01 3,27E~01 —
10 1.58E-03 — -— 3,30E-01 3,13E~01 -—
50 2. 96E-04 — -— 1.93E-01 1,97E-01 —
100 6.79E-05 ——— — 9,35E-02 9,70E-02 —
500 0.00E+00 —-— — 1.94E-04 2,33E-04 —_—
Co—60(W) 1 5.,04E~02 4,93E-02  4,94E-02 5.04E-02 4.93E-02 4.94E-02
fu=0.7 5 3.03E-03 3.35E-02  3.33E-02 3,90E-01 3.89E-01 3.89E-01
10 2.43E-03 2.47E-03 - 4,26E-01 4,26E-01 4.26E-~01
50 7.84E-04 7.85E~04 — 4.64E-01 4,64E-01 4,64E~01
100 3.97E-04 3.98E~04 —— 4.84E-01 4.83E-01 4.84E-01
500 3.98E-06 3.98E-06 — 4,45E~01 4,45E~01 4.45E-01
Ce-144(W) 1 4,20E-02 4.14E-02 — 4,20E-02 4.14E-02 —
fu=1 5 3.37E-02 3.42E-02 — 3.88E-01 3.87E-01 —_—
10 2.02E-03 2.03E-03 o 4,18E~01 4,18E-01  —
50 6.33E~04 6.33E-04 - 4.13E-01 4.13E~01 ——
100 2.80E-04 2,.80E-04  — 3.86E~01 3,86E~0l —
500 4,13E-07 4,12E-07 — 1.53E-01 1.53E-01
Th-232(W) 1 4,22E~02 4,15E-02 —-— 4,22E~02 4.15E-02
fu=1 5 3.42E-02 3.46E-02 — 3.93E-01 3.92E-01 S—
10 2.07E-03 2.08E-03 - 4,286~01 4,.28E-01 -
50 7.16E~-04 7.15E~04 —— 4.67E-01 4.67E-01 —
100 3.58E-04 3,58E-04 —_— 4,93E-01 4,92E-01 -—
500 1.62E-06 1.40E-06 —_— 5.18E-01 5.18E-01 _—
U-235(W) 1 4,07E-02 4.0l1E-02  4.0lE~-02 4,07E-02 4.01E-02 4.01E-02
fu=1 5 3,23E-02 3.27E-02  3.27E-03 3.73E-01 3.73E-01 3.73E-01
10 1.97E~-03 1.,97E-03  2.00E-03 4,07E-01 4.,07E-01 4,07E-01
30 6.80E~04 6,80E-04 —— 4,44E-01 4.44E~01 4,44E-01
100 3.40E~04 3.40E-04 -_— 4,68E~01 4.68E~-01 4,69E~01
500 1.33E~06 1.33E-06 — 4,92E~01 4,92E-01 4.93E-01
Pu-239(W) 1 4,24E-02 4.16E-02 — 4,24E-02 4,16E-02 -—
fu=0, 54 5 3.42E-02 3.46E-02 — 3.93E~01 3.93E-01 —_—
10 2.09E-03 2,.10E-02 — 4,29E-01 4,29E-01 ——
50 7.28E-04 7.28E-04 —— 4,68E-01 4,68E-01 —_—
100 3.67E~04 3.67E~0D4 — 4,94E-01 4, 94E-01 —
500 4.46E-06 4,47E~06 -—— 5.22E-01 5,22E-01 —_—
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Table 6.1.1 (continued)

CLASS Y
24-HOUR URINE ACCUMULATED URINE
NUCLIDE DAY BNL REMedy DOSEDAY BNL REMedy DOSEDAY
(CLASS) :
Co~60(Y) 1 4.64E-03 3.87E-03 - 4.63E-03 3,90E-03 A
fu=0.7 5 8.17E~04 7.41E-04 —— 1.386-02 1.17E-02 S
10 3.33E-04 3.14E-04 e 1.60E-02 1,38E-02 ———
50 3.52E-05 3.19E-05 e 1.95E-02 1,70E~02 e
100 2,60E-05 2,43E-05 -— 2.06E~-02 1,81E-02 -—
500 1.48E-05 1.64E-05 —- 2.45E-02 2,26E~-02 —
Th-232(Y) 1 2,95E-04 2,95E-04 — 2,95E-04 2,95E~04 -—
fu=l 5 4,22E-06 4.22E-06 ——— 4,12E-04 4,11E-04 —_—-
10 2.8lE-06 2,84E-06 -— 4,26E-04 4,26E-04 -
50 2.98E-06 3.13E-06 _— 5.42E~04 5.45E-04 —_
100 3.19E-06 3.49E-06 —— 6.97E~04 7.11E-04 ——
500 4.51E-06 5.67E-06 —— 2.26E-03 2,59E-03 —
U-235(Y) 1 2,238-03 2,29E-03 - 2.23E-03 2.29E-~03 -
fu=l 5 1.31E-04 1,34E-04 - —— 3.30E-03 3.26E-03 —
10 8.42E-05 8.66E~05 —— 3.798-03 3,77E-03 e
50 2.34E-05 2,47E-05 — 5.32E-03 5.34E-03 —
100 1.87E-05 2.11E-05 — 6.33E-03 6.45E-03 —
500 1.81E~05 2.44E-05 — 1.36E~02 1,58E-02 —
Pu=-239(Y) 1 1.55E~05 1.08E-05 - 1.55E~05 1,08E-05 -
fu=0. 54 5 2.87E-06 3,28E-06 - 3.82E-05 3.74E-05 —
10 1,298~06 1.33E-06 —— 4.63E~05 4.61E~05 -
50 7.57E-07 7.79E-07 — 8.27E-05 8.32E-05 —-
100 6.99E-07 7.47E-07 - 1.18E~04 1,21E-04 -
500 8.45E-07 1.07E-06 — 4.29E~04 4,94E-04 —_
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Table 6.1.1 (continued)

CLASS Y
24-HOUR FECES ACCUMULATED FECES.
NUCLIDE DAY BNL REMedy DOSEDAY BNL REMedy DOSEDAY
(CLASS)
Co-60(Y) 1 5.156-02 5.11E-02 —— 5.156-02 5.11E-02 ——
fu=0.7 5 3.45E-02 3.51E-02 —— 4,34E-01 4,35E-01 —_—
10 1.01E-03 1,08E-03 — 4,64E-01 4.66E-0l S
50 1.29E~-04 1.34E-04 S 4,64E-01 4.66E-01 _—
100 1.17E-04 1.,21E-04 e 4,62E-01 4.64E-01 ——
500 5.87E-05 6.,20E-05 —— 4,31E-01 4.34E-01 —
Th-232(Y) 1 5.21E-02 5.12E-02 —— 5.21E-02 5.12E-Q2 —
fu=1 5 3.64E-02 3,69E-02 — 4.51E-01 4,53E-01 —
10 9.85E-04 1.00E-03 —-—— 4,86E-01 4,86E-01 A
50 1,29E-04 1.29E-04 —_— 4,92E-01 4.92E-01 ———
100 1.21E-04 1,.21E-04 — 4,98E-01 4.98E-01 -
500 6.94E-05 6,93E-05 — 5.35E-01 5.35E-01 —
U-235(Y) 1 5.20E-02 5,12E-02 — 5.,20E-02 5.12E-02 ——
fu=l 5 3,63E-02 3,.68E-02 — 4,53E-01 4.52E-01 w——
10 9.83E-04 9,98E-04 e 4,85E-01 4.85E-01 e
50 1.,29E-04 1,29E-04 —— 4,91E-01 4,91E-01
100 1.20E-04 1.20E~04 e 4,97E~01 4.97E-01
500 6.92E-05 6.91E-05 ——— 5.34E-01 5,34E-01
Pu-239(Y) 1 5.21E-02 5.12E-02 — 5.21E-02 5.12E-02 -
fu=0, 54 5 3.64E~02 3,69E-02 — 4,54E-01 4.,53E-01 —
10 9.87E-04 1,00E-03 ——— 4,86E-01 4.86E-01 -
50 1.30E-04 1,30E-04 —— 4,92E-01 4,92E-01 —
100 1.21E-04 1,.21E-04 — 4,98E~-01 4,.98E-01 ——
500 7.02E-05 — 5.,36E~01 5.36E-01 —

7.00E~05
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Table 6.1.2 Validation of Inhalation Results for In Vivo Measurements

CLASS D
WHOLE BODY LUNGS
NUCLIDE DAY BNL REMedy DOSEDAY BNL REMedy DOSEDAY
(CLASS)
Fe-59(D) 1 5.89E-01 5.90E-01 —— 7.85E-02 7.84E-02 —_—
5 4,61E-01 4,61E-01 —— 5.37E-04 5,37E-04 —_
10 4,23-01 4,25E-01 — 7.67E-07 7,68E-07 ———
50 2,24E-01 2,28E-01 — 0.00E+00 0.00E+00 S
100 1.01E-01 1.05E-01 —— 0.00E+00 0. 0OE+00 -
500 1,74E-04 2,09E-04 - 0.00E+00 0, 00E+00 R
Sr-90(D) 1 5.05E-01 5.11E-01 — 7.97E-02 7, 96E-02 -
5 2,67E-01 2,72E-01 — 5.80E-04 6,00E-04 —
10 1.788-01 1,76E~01 - 8.96E-07 8,57E-07 -——
50 9.91E-02 9.90E-02 — 0.00E+00 0,00E+00 —
100 8.99E-02 8,98E-02 e 0.00E+00 0. 00E+00 —
500 6.07E-02 6.,03E-02 —_— 0.00E+00 0, OCE+00 —
I-131(D) 1 2.74E~01 2,74E-01 2.70E-01 7.31E-02 7.31E-02 7,34E-02
5 1,25E-01 1,25E~-01 1.23E-01 3.77E-04 3,77E-04 3,73E-04
10 8.00E-02 8.02E-02 7.94E-02 3.79E-07 3.78E-07 0.00E+00
50 2.11E~03 2,10E-03  2.49E-03 0.00E+00 0.00E+00 0,00E+00
100 e - —— 0, 00E+00 —-— —
500 -— e - —— ——— -
Cs-137(D) 1 6.22E-01 6.28E-01 -— 7.97E~02 7.96E-02 —-—
5 5.72E-01 5.75E-01 — 5.80E-04 5,.80E-04 —
10 5.43E-01 5.45E-01 —— 8.96E-07 8.95E-07 —
50 4.19E-01 4,20E-01 —_— 0.00E+00 0.00E+00 ——
100 3.05E~-01 3.06E-01 e 0.00E+00 0. 0CE+00 ——
500 2.398~02 2,40E-02 —— 0.00E+00 0,00E+00 —
U=-235(D) 1 4.10E-01 4,04E-01 - 4.05E-01 7.97E-02 7.96E-02 7,99E-02
5 1,69E~01 1,72E-01 1,72E-01 5.8lE-04 5,80E-04 5.83E-04
10 1.21E-01 1,23E-01 1.24E~01 8.96E~07 8.95E-~07 0,00E+00
30 2,96E-01 2.98E-02 2,93E~-02 0.00E+00 0,00E+00 —
100 1.47E-02 1,47E-02 1.45E-02 0.,00E+00 0, 00E+00 ——
500 1.09-02 1.09E-02 1.09E-02 0.00E+00 0. 00E+00 ——
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Table 6.1.2 (continued)

CLASS W
WHOLE BODY LUNGS ’
NUCLIDE DAY BNL REMedy DOSEDAY BNL REMedy  DOS
(CLASS)
Fe-59(W) 1 5.91E-01 5.91E-01 -— 2.07E-01 2.07E-01  -——-
5 2,64E-01 2.65E-01 — 1.34E-01 1,34E-01  ——-
10 2,17E-01 2.18E-0l -— 1.138-01 1,13E-01 ===
5  9.95E-02 1.01E-0l — 3.64E-02 3.70E-02  ——-
100 4.03E-02 4.18E~02 -— 8.81E-03 9.13E-03  -—
500 6.12E-05 7.35E-05 — 9.62E~08 1.15E~07  —-—
Co-60(W) 1 5.66E-01 5.68E-01  5.68E-01 2,11E-01 2.10E-01 2.11E-0l
5 2.06E-01 2.08E-01  2,08E-01 1.44E-01 1,44E-01 1,44E-01
10 1.63E-01 1.64E-01  1,64E-01 1.32E-01 1.32E-01 1.32E-01
50 9.78E-02 9.79E-02  9.79E-02 7.78E-02 7.78E-02 7.78E-02
100 5.77E-02 5.78E-02  5.78E-02 4,03E~02 4.03E-02 4.03E-02
500 8.49E-03 8.44E-03  8.49E-03 1.93E-04 1,.93E-04 1,93E~04
Ce~144(W) 1 5.96E-01 5.96E-01 — 2.10E-01 2.10E-01 ==
5 2.44E-01 2.44E-01 —_— 1.43E-01 1.43E-01  —-
10 2.06E-01 2,06E-01 _— 1.29E-01 1,29E-01  ——-
50 1.52E-01 1.52E-01 _— 7.02E-02 7.01E-02  ——-
100 1.13E-01 1.13E-01 — 3.27E-02 3.27E-02  ——-
500 3.27E-02 3.26E~02 —_— 6.82E-05 6.80E~05
Th-232(W) 1 5.92E-01 5.92E-01 _— 2.11E-01 2.11E-01
5 2.39E-01 2,40E-01 _— 1.45E-01 1,44E-01  —-
10 2.03E-01 2.03E-01 -— 1.32E-01 1,32E-01  —-—
50 1.62E-01 1.62E-01 —— 7.93E-02 7.92E-02  —-
100 1.34E-01 1.34E~01 — 4,18E-02 4,18E-02  —-—
500 9.68E-02 9.68E-02 -— 2.31E-04 2.31E-04  —-
U-235(W) 1 5.57E-01 5.57E-01  5.57E-01 2.11E-01 2,11E-01 2,11E-01
5 2.03E-01 2.04E~01  2.05E-0l 1.45E-01 1,44E-01 1,45E-01
10 1.598-01 1.60E-01  1.60E-01 1.32E-01 1,32E-01 1.33E-0l
50 8.95E-02 8.95E-02  8.98E-02 7.93E-02 7.92E-02 7.95E-02
100 4.81E-02 4.81E-02  4.83E-02 4,18E~02 4,18E-02 4.19E-02
500 3.54E-03 3.53E-03  3.54E-03 2.31E-04 2.31E-04 2.31E-04
Pu-239(W) 1 5.96E~01 5.97E-01 -— 2,11E-01 2,11E-01  =-—-
5 2,45E-01 2,46E-01 — 1.45E-01 1,44E-01  =——
10 2,09E-01 2.09E-01 -— 1.32E-01 1.32E-01  -—-
50 1.69E-01 1.69E-01 _— 7.93E~02 7.92E-02  —-
100 1.42E~01 1.42E-01 -— 4.18E-02 4.18E-02  -—-
500 1.12E-01 1.12E~01 _— 2.31E-04 2.31E-04  =——-
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Table 6.1.2 (continued)

CLASS Y
WHOLE BODY LUNGS
NUCLIDE DAY BNL REMedy DOSEDAY BNL REMedy DOSEDAY
(CLASS)
Am~-241(W) 1 ——— 5.91E-01 5.92E-01 - 2,11E-01 2,11E-01
5 — 2.40E-01 2,40E-01 — 1.44E-01 1,45E-01
10 —— 2.03E-01 2.04E-01 —— 1.32E~01 1.33E-01
50 ——— 1.63E-01 1.63E-01 —— 7.92E-02 7.,95E-02
100 e 1.36E-01 1.36E-01 - 4,17E-02 4.19E-02
500 — 1.08E-01 o —— 2.30E-04 e
Co-60(Y) 1 5.83E~01 5,84E-01 — 2.13E-01 2.13E-01 ——
5 1.90E-01 1,91E-01 —— 1.52E~01 1.52E-01 —
10 1.576-01 1.57E-01 —— 1.48E-01 1.47E-01 -
50 1.44E-01 1,44E-01 ——— 1.39E-01 1.39E-01 e
100 1.34E-01 1.34E-01 — 1.30E-01 1.30E-01 -
500 7.82E-02 7.,65E-02 — 7.56E~02 7,37E-02 ——
Th~232(Y) 1 5.87E~01 5,87E-01 —— 2.13E-01 2.13E-01 ——
5 1.85E-01 1.85E-0l —_— 1.53E-01 1.53E-01 ——
10 1.53E-01 1.53E-01 —— 1.48E-01 1.48E-01 —
50 1.47E-01 1,46E-01 —— 1.42E~-01 1,42E-01 ——
100 1.40E-01 1.40E-O1 —— 1.35E-01 1.35E-01 —
500 1.02E-01 1,0lE-01 —_— 9.06E-02 8,82E-02 ——
U-235(Y) 1 5.85E-01 5.86E-0l - 2.13E-01 2,13E-01 ——
5 1.83E-01 1.83E-01 — 1.53E-01 1,53E-0l —
10 1.50E-01 1.50E-0l —— 1.48E~01 1.48E-01 ——
50 1.43E-01 1.43E-01 ——— 1.42E-01 1.42E-01 —
100 1.35E~01 1.35E~01 ——— 1.35E-01 1,35E-01 ——
500 9.12E-02 8,.89E-02 —_— 9.06E-~02 8.82E-02 o
Pu-239(Y) 1 5.87E-01 5,88E-01  5,88E-01 2,13E-01 2,13E-01 2.14E-01
5 1.85E-01 1.86E-01 1.86E-01 1.53E-01 1.53E-01 1.53E-01
10 1,53E-01 1,53E-01 1.53E-01 1.48E-01 1,48E-01 1,49E-01
50 1.47E-01 1.47E-01 1.47E-01 1.42E-01 1.42E~01 1.42E-0l
100 1.41E-01 1,40E-01 1.41E-01 1.35E-01 1,35E-01 1.35E-0l
500 1.03e-01 1.03E-01 1.03E-01 9.06E-02 8.82E-02 9.09E-02
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Table 6.1.3 Validation of Ingestion Results

24-HOUR URINE WHOLE-BODY 24~HOUR FECES
NUCLIDE DAY BNL REMedy BNL REMedy BNL dy

(CLASS) “
Co~60 1 1.25E~02 1,20E-02 7.10E-01 7.11E-01 2.77E-01 2,776~
£,=0.05 5 8.50E~04 9.12E-04 3,59E-02 3.68E-02 2.,99E-02 2,99E~
10 4,54E-04 4,90E-04 1.43E-02 1.48E-02 4 ,01E-04 4,16E~
50 2.99E-05 2,99E~05 7.51E-~03 7.43E-03 0. 00E+00 1,28E~
100 1.56E-05 1.52E-05 5.95E-03 5.,96E-03 -— 6.51E~
500 2,09E-06 1,75E-06 2,72E-03 2,72E~03 — 7. 50E~
Sr-90 1 5.48E-02 5,48E-02 7.18E-01 7.22E-01 2, 27E-01 2.23E~-
£1=0.3 5 1.30E-02 1.40E-02 1.58E-01 1. 61E-01 2.26E-02 2. 33E~
10 5.60E-03 5,95E-03 9, 90E 02 9,81E-02 1,13E-03 1.20E~
50 1.10E-04 1,07E-04 5.63E-02 5.62E~-02 1.93E-05 1,88E~
100 7.15E-05 7,18E-05 5,11E-02 5.,10E-02 1.26E-05 1,27E-
500 1.62E~05 1.,67E~05 3,45E-02 3.43E-02 2, 86E-06 2, 94E—
1-131 1 6.,02E-01 5.97E-01 3.16E-01 3.21E-01 0. 00E+00 0. OVE+
£,=1.0 5 2.52E-04 2.31E-04 1.94E-01 1.95E-01 0. 00E+00 0. 00E+
10 3.09E-04 3,00E-04 1.25E-01 1.25E~-01 0. 00E+00 0. 00E+
50 1.87E-05 1.89E-05 3.30E-03 3.33E-03 0. 00E+00 0, 00E+
100 1.99E-07 2.02E-07 3.29E-05 3.34E-05 0. 00E+00 0. O0E+
Cs-137 1 2,80E-02 1,80E-02 9,65E-01 9,77E-01 6.99E-03 4, 51E—(
£1=1.0 5 1.03E-02 1,12E~-02 8.89E-01 8.95E-01 2.57E-03 ‘—(
10 5.20E=-03 5.48E-03 8.48E-01 8.50E-01 1.33E~03 -
50 3,31E-03 3.32E-03 6. 55E-01 6. 56E-01 8. 28E-04 -{
100 2.41E-03 2,41E-03 4,76E-01 4,77E-01 6.02E-04 6. 04E—(
500 1.89E~04 1.89E-04 3,74E-02 3, 74E-02 4,72E-05 4,73E~¢
U-235 1 2,34E-02 2,43E-02 7.05E-01 7.04E-01 2,72E-01 2, 72E~
£,=0.,05 5 1.15E-03 1,18E-03 3,42E-02 3.46E-02 2.96E-02 2. 96E~(
10 7.25E-04 7.49E-04 1.23E-02 1.26E~02 2,07E-04 2,07E~(
50 6.76E~05 6,86E-05 3.01E-03 3.03E-03 0. 00E+00 0. 00E+(

100 1,13E-05 1.14E-05 1.50E-03 1.50E-03 0.00E+00 —

500 1.68E-07 1,67E-07 1.11E-03 1,11E-03 -— ——
Pu-239 1 3.31E-07 2.13E-07 7.18E-01 7.18E-01 2.82E-01 2.82E-C
f,=1E~4 5 7.42E-08 8.6l1E-08 1.88E-02 1.88E~02 3. 14E-02 3. 14E=(
10 2,84E-08 2,94E-08 2, 26E-04 2,26E-04 2. 20E-04 2,20E-(
50 1.13E-08 1.14E-08 9,67E-05 9,67E-05 0. 00E+00 9, 67E~(
100 - 7.64E-09 9, 58E-05 9,58E-05 — 6.51E-C
500  — 2.70E-09 9, 25E-05 9,25E-05 - 2, 30E—C
Am-241 1 4,34E-05 4,.34E-05 7.18E-01 7.18E-01 2.82E-01 2.82E-(
f | =5E4 5 1.65E-08 1.26E-08 1.,92E-02 1.92E-02 3. 14E-02 3. 14E=C
10 1.49E-08 1,11E~08 5. 78E-04 5.78E~04 2.19E-04 2,19E-0
50 1,498-08 1.11E-08 4,49E~04 4, 54E-04 0. 00E+00 0. 00E+(C
100 1.49E-08 1.11E-08 4, 48E-04 4,49E-04 0. 00E+00 0.00E+(

500 1.46E~-08 1,08E-08 4,42E-04 4, 44E~04 0. 00E+00
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Table 6.1.4 Validation of Thyroid Retention Results

. NUCLIDE DAYS  BNL REMedy DOSEDAY
(CLASS)

I-131(p) 1 1.33E-01 1.68E-01 1.32E-01

5 1.20E-01 1,22E-01 1.23E-01

10 7.51E-02 7.72E-02 9. 77E-02

50 1.82E-03 2,06E~03 2.50E-03

100 1.80E-05 2,26E-05 ——

500 — —— ——
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6.2 Applications and Limitations of IRF Values

This manual is a compiliation of an evaluated approach for interpreting
measurements of radioactivity in body organs, in the whole body or in excreta
in terms of the quantity of radiocactive material taken into the body.
Calculations based on information in this manual provide a mechanism to
determine compliance with regulations on the intake of radioactivity and do
equivalent. Estimates of intake are needed not only to assess dose but to
determine the need for medical follow-up on significantly exposed workers.

Section 2 describes a method to obtain intake retention functions. These
functions give the fraction of intake expected to be present in a bioassay
compartment at any time after an acute exposure. Because these functions are
a relationship between biocassay measurement and intake, and because intake and
effective dose equivalent are directly related in ICRP Publication 30, this
manual provides a way to combine external and internal doses, a proposed
requirement of the NRC and a recommendation of the ICRP.

Tables of intake retention fractions (IRFs) are provided for estimating
inhalation or ingestion intakes for about 100 different nuclides. These
tables give the fraction of intake retained in the lungs, systemic region of
the body, gastrointestinal tract, nasal passages, thyroid (for iodine), the
whole body, accumulated excreta, and 24-hour collections of excreta as a func-
tion of time post intake. Intakes are easily determined by dividing the value
of the bioassay measurement by the appropriate fraction given in the tables.

This manual provides guidance for the design and conduct a bioassay program.
Examples are given for the determination of derived investigation levels above
which further measurement to estimate committed effective dose equivalent and
other appropriate investigations and actions should be made. Derived inve
gation levels are listed for several commonly used radionuclides for wvario
monitoring frequencies based on recommendations of ICRP. However, other
factors may effect one's choice for derived investigation levels and moni-
toring frequencies. These factors may be related to plant operating history,
equipment availability or specific NRC recommendations. Methods to determine
the minimum monitoring frequency are provided along with sensitivity
requirements.,

6.2.1 Pitfalls Associated with Interpreting Bioassay Measurements

On the basis of independent validation studies, it is concluded that the tabu-
lar results accurately represent retention fractions and excretion fractions
that are based on the models and calculational methods outlined in the manual.
Thus, computational errors encountered when one calculates an IRF are avoided
by use of tabulated values. Further, it is concluded that the methods of ICRP
are accurately represented by the mathematical models used here. Some care
must be exercised when excretion fractions expected at one day or less post
intake are used in order to estimate intake from alternative models that use
or don't use the ICRP transfer compartment. However, in most cases this
difference is minor and in all cases this difference does not impact the
tabulations beyond several days post intake. Because the retention of any
transfer compartment is, in fact, included in the empirical uptake retention
functions for the systemic whole body and because ICRP only included its
transfer compartment for mathematical convenience, the authors of this report
agreed to exclude it from the biocassay models presented here. .
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It is unrealistic to assume that individual results will fit model results in
most exposure cases. Verification studies indicate that a reasonably accurate
estimate of intake is derived from 3 to 10 measurements on excreta. On-the-
other~hand, an accurate estimate of intake is derived from fewer in vivo
measurements. Obtaining several measurements in sequence may identify the
need for (1) correcting intake estimates for particle size differences; (2)
adjusting intake estimates for single versus multiple or continuous intakes;
and (3) adjusting intake estimates for an accurate time post intake. These
adjustments are made by using methods given in Appendix A and Appendix B of
this manual and use of these adjustments may in some cases provide a better
fit of the bioassay measurements when compared to expectation values.
However, many assumptions are required to translate bloassay measurements into
estimates of intake and internal radiation doses. In most cases, it is
practical to assume 1 micrometer particle size and use Reference Man models
unless specific information is obtained for the exposed individual or for the
physical and biochemical characteristics of the inhaled or ingested radio-
nuclide. It is our experience that the variance associated with the stochas-
tic nature of radioactive decay is overshadowed by the variance associated
with the behavior of radioactive materials within the body. Thus, propagating
only the counting error into the estimate of intake is not recommended. It 1is
our recommendation that the best estimate of intake be made from an unweighted
and minimized value of the chi-squared statistic. Thus, equation 3.l in
section 3.1, or equation A.2.4 in Appendix A, should be used with a series of
measurements associated with exposure of an individual.

It is our experience that following an accident, a large portion of the intake
will be in the fecal and urinary excreta eliminated during the first 5 days
after an accident. The best estimate of intake may be determined by obtaining
measurements on the first 5 days of excreta, particularly fecal excreta.

Fecal sample results will help one to focus on the appropriate inhalation
class. If one misses the first 5 days of excreta, large error in estimating
the intake from excreta measurements could be encountered because one is
forced to examine only a tiny fraction of the intake which may then be elimi-~-
nated each day. Because of this the following biocassay strategy is noted.

After the first few days post intake, the behavior of radiocactive materials in
the body is described by parameters which apply over an extended period of
time. These long~term parameters dominate model results for time post intake
greater than a few days so that models are applicable over the time period
from intake to excretion. Users of ICRP models should be aware that short-
term—observations of small fractions of the intake, which may be excreted from
the body each day after the intake, may not be the optimum way to obtain
bloassay measurements. That is, after the first week passes, if radioactive
material is measured 5 times in urinary samples which are collected 5 days in
a row, and if the majority of the fraction of intake which remains in the body
is to be excreted from the body over a much longer period of time, such as
months to years, the estimate of intake may be better determined by obtaining
the 5 measurements spaced evenly over a longer duration of time. In this way,
errors due to short—term changes in metabolism are avoided, and the parameters
which are associated with the long-term portions of the metabolic model are
appropriate for the bioassay collection strategy.
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6.3 Recommendations for Further Study

Good case studies for verification of biocassay excretion models are difficult
to obtain. When accidents do occur, it is important that the maximum poss 2
information be obtained from biloassay measurements to verify and improve %
assay models.

There appears to be a paucity of evaluated bloassay data applicable to a
verification of the computational models and biokinetic parameters presented
in this report. Further study should be devoted to refinement of models and
parameters using actual bloassay results from studies involving exposure of
humans. When significant accidental intakes occur, one should immediately
collect nasal smears and urine and fecal samples, document. the times of
collection post-intake, and perform measurements on the collected samples and
the body. Such measurements should be made even when it may be known that the
exposure may be insignificant with respect to regulatory limits. To avoid
undue concern among exposed workers, it should be explained that such measure-
ments are voluntary and are being taken to improve the models.

Accidental intakes of transuranic radionuclides are usually followed by
administration of the chelating agent diethylenetriaminepentaacetic acid

(DPTA) in order to accelerate the excretion of bone-seeking radionuclides and
to prevent their deposition on bone surfaces, and the soft tissues. Models
should be developed for chelated radionuclides in order to estimate the
urinary excretion of transuranic materials following an intake. Because of

the enhanced excretion following chelation, research might be considered on
workers known to have large exposures in the past. It may be possible to
establish a relationship between chelated urinary excretion and the worker's
current burden and perhaps his original intake. .

Within the radiation worker community there is an expanding group of peopl
who produce or administer radiopharmacuetical substances and there 1s a need
to develop models for the retention and excretion of these substances.

In many instances, ICRP Publication 30 provides several values for fl’ the
fraction in the gastrointestinal tract which is absorbed into the blood. We
have chosen the values which we feel are most common for worker exposures.
Additional tabulations for different values for f, should be made.

Our tabulations apply to Reference Man and in most cases this is the appro-
priate model to use following accidental exposure. However, it is known that
retention of certain nuclides varies with organ size and body weight, most
notably iodine, cesium and strontium. Additionally, f, may vary with age of
the person and this has been observed for plutonium. Other factors such as
bone turnover rate, differences in organ uptake as a function of age, and
remaining lifespan influence either the retention or the dose assessment and
these influences may be considerable for infants and children. Methods to
interpret bioassay measurements for these circumstances should be developed.
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7. SUMMARY

Bioassay is the final measurement used to assure adequate protection of workers
from internal radiation exposure. Intake retention functions that are based
upon Reference Man metabolic models can be used in the design and conduct of a
bioassay program. Programs designed in this way will help to ensure that sig-
nificant internal exposures are detected, properly investigated, and recorded.
Intake retention functions provide a way to make a rapid initial assessment of
the significance of biocassay results in terms of an estimated intake. This
assessment is needed to identify those exposures that require further investi-
gation and action. The intake that is estimated from the quotient of the
measured content of a bioassay compartment and the value of the compartment's
intake retention function can be compared to either the current NRC quarterly
intake limit or the ICRP Publication 30 Annual Limit on Intake in order to
determine the significance of the bioassay result. The quotient of the
estimated intake of a radioelement by its respective stochastic ALI value when
meltiplied by 5 rem gives an estimate of the committed effective dose equivalent
of an exposed worker, which then can be added to the worker's external effective
dose equivalent in order to determine his total radiation exposure status. In
cases of significant exposures, follow-up bicassay procedures should be used to
confirm and make better estimates of the intake. Follow—up biocassays help Lo
improve the accuracy of dose estimates. Routine bioassays help to identify
trends Iin the internal exposure of the worker; trends that may indicate either a
need for greater control of the working environment or the need for requalifi-
cation training of individual workers.

When a number of bioassay measurements are used to evaluate an internal
radiation exposure incident, an intake retention function derived from ICRP
Publication 30 or other current metabolic models can be used as the expectation
fitting function. The amount of the intake 1s that which gives the best fit of
the individual measurements to their respective expectation values. A simple
fitting procedure, which relies on an expectation function derived from
Reference Man metabolic models, provides an estimate of the intake. Because of
the usually poor and limited bioassay data that are normally available in an
exposure incident and because of the complex pattern associated with (1) uptake
from compartments in the respiratory and GI tracts, (2) the recycling of a
radionuclide in systemic compartments, and (3) final excretion from the body,
generally it will not be possible to resolve an individual's metabolic parameter
values from the bioassay data. However, a series of bioassay measurements may
help in determining the most appropriate ICRP lung classification, as well as
the effective AMAD of inhaled aerosols, which can be used to improve the accu-
racy of the estimated intake and associated committed effective dose equivalent.
Another helpful measure in assigning the appropriate lung classification is the
fecal to urine ratio of activity, and this may be compared to the 24~hour IRFs
for feces and urine, which are listed in the tables.

In serious exposure cases, more detailed evaluations may be required. In such
cases or when exposures might provide biocassay data that can be used to validate
or improve the models used in this guide, users of this report are encouraged to
make such detalled evaluations even if the estimated doses may not warrant such
evaluations. To avoid undue concern regarding exposures, the purpose of such
evaluations and all other pertinent information should be communicated to
workers prior to the initiation of such special bioassay.
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APPENDIX A

EXAMPLE OF USE AND VERTFICATION BASED ON ACTUAL EXPERIENCES

1. INTRODUCTION

Bioassay models may be tested by comparing calculated estimates of excreted
radionuclides with bloassay measurement results obtained from actual workers
who have been accidently contaminated.

Because the excretion of radionuclides may be influenced by diet, the health
condition of the worker, age and level of physical and metabolic activity, and
voliding frequency, variation from predicted results and individual variability
should be expected.

There are other possible reasons for actual bloassay data to vary from ex~-
pected results. Several simplifying assumptions are used in bioassay models,
e.g. the lung clearance classifications (D, W, and Y) are known, and particle
size distributions have a characteristic 1.0 micrometer activity median aero-
dynamic diameter. The solubility of the inhaled radionuclide and the actual
particle size distribution are often not known. The time at which a urine or
fecal sample was obtained may not have been well—-documented. Additionaly, it
may not be known whether the sample represents a complete or partial sample.
In the general evaluation of bioassay results, assumptions regarding volume of
urine excreted per day or total mass of feces excreted per day may be
necessary due to the lack of specific detail. Using Reference Man (ICRP74)
one assumes a daily urinary excretion of l.4 L/day and a mass of fecal
excretion of 135 g/day.

Some of the examples in the following sections have been modified so that
specific persons cannot be identified with specific times or places. On the
other hand, the measurements are real and reflect the uncertainty assoclated
with the interpretation of biocassay measurements.



2, INHALATION OF CLASS D URANIUM

An accident happened and some UF; was accidentally released from Sequoyah
Fuels Corporation's Facllity at gore, Oklahoma. In order to assess the publ
health impact associated with it, urine samples were collected and analyzed
for uranium. The results showed the maximum uranium intake among on-site
workers was approximately 28 mg (AHIPHATF86), The estimated effective dose
equivalent for this worker was approximately 0.46 mSv (46 mrem). The dose to
the maximally exposed off-site individual, based on uranium bioassay measure-
ments, was calculated to be 0.014 mSv (1.4 mrem). The potential dose to a
maximally exposed off-site resident based on source term and plume modeling
calculations was 0.022 mSv (2.2 mrem). These radiological doses are insigni-
ficant compared with the background radiation of 1.06 mSv/yr (106 mrem/yr) in
the area.

The following is an example showing how to use tables presented here to assess
the intake for three people, whose urine samples were collected and measured.

From the tabulation for Class D inhalation of uranium, obtain the fractional
values of intake in accumilated urine. Decay correction is not necessary
because of the very long halflives of U-234, U~235 and U-238, Calculate the
accumilated U in urine excreta as follows:

Ati = ti - ti_l : (A.?..l)
where:
i = sequence number of sample, .
ty = time post intake for ith sampling (days)Eh
Ci = concentration of uranium in urine from 1i*" sampling (ug uranium

per liter),
AA{ = uranium in 1t urine sample (¥g uranium),
i uranium in accumulated urine up to time = t, (Ug uranium),
and 1.4 L/day is the daily urine volume for Reference Man.

o
]

The best estimate of the intake 1is:

z
1 riAi
= T (A.2.4)
i ri
where:
I = best estimate of intake in ug (or Bq for radioactivity),

Ai = sample measurement, yg (or Bq for radioactivity),
ry = fraction of intake in accumulated urine at time of 1th sampling.

Values of r;, for sampling times shown in Table A.2, were obtained from the
Table on page B-163. 'The results can be seen in Table A.2. Some sampling

times are not listed on page B-163 and values for ry were determined from
equation 2.5.1 for these times.




Table A.2 Example of Intake Estimates Based on Measurements
of Uranium in Urine

Calculated Estimated

Time of . Congc. Of Frac. of Value of Best
Sample Uranium Intake in Uranium in Estimate

Individual Post Intake, in Urine, Accum. Accum. of Intake,

Number t; (days) C; (ug/1) VUrine, ry TUrine, A;(ug) I(ug)

1 0.20 6,100 0.0500 1,700

1 0.60 990 0.132 2,300

1 2.0 90 0.259 2,500

1 3.0 210 0.291 2,700 1.1E04

2 0.20 9,600 0.0300 2,700

2 0.40 2,600 0.0950 3,400

2 0.80 1,300 0.162 4,100

2 2.8 220 0.287 4,700 2.1E04

3 0.36 540 0,0867 270

3 0.50 310 0.114 330

3 0.65 110 0. 140 350

3 2.0 8 0.259 370

3 2.8 12 0.287 380 1.7E03

Values for the best estigate of intake were based on the minimum value of the
chi-squared statistic, X°, which is defined as the ratio of the sum of the
squares of the differences betweenzmeasured values, A4, and expectation

values, <ryI>, and the variance, 61. Thus,

2 . - 2,2
X }:(Ai <r11>) /61, and

ax® _
dI *

and for constant variance, equation A.2.4 is the result. Values measured for
individual number 2 have been plotted versus calculated values in Figure A.2.1l.
The calculated mass of natural uranium in urinary excreta was determined by
multiplying the best estimate of intake by the fraction of intake in accumulated
urine.
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FIGURE A.2.1 Calculated and Measured Values for Uranium
Excreted to Urine from Individual Number 2
Following Inhalation of Uranium Hexafluoride.




3. INHALATION OF CLASS D Cg-137 and CLASS W Co~60

Through routine whole-body counting of personnel at a national laboratory,
workers were found with detectable body burdens of both Cs~137 and Co-60.

. Monitoring was at one year intervals; thus, we assumed the intake occurred
just after the last monitoring, or one year previous to sampling.

The whole—-body monitoring results were as follows:

Case Incorporated Nuclide (Amount)
1 Cs-137 (52 Bq) ; Co-60 (192 Bq)
2 Cs-137 (133 Bq) ; Co—60 ( 48 Bq)

From the Class D and Class W tables (pages B-lll and B-212), the totaa body
retention fractions for Cs-137 and Co-60, respectively are 5.93 x 10 and
1.30 x 107“, Class W was assumed for Co-60 because the associated committed
effective dose equivalent was greater than that computed by assumming Class
Y. The retention fraction at 365 days post intake was obtained from
interpolation between the values tabulated for 300 and 400 days.

The estimated intakes are as follows:

Case Estimated Intake
. 1 ©192/(1.30 x 107%) = 14,800 Bq for Co-60
52/(5.93 x 1072) = 878 Bq for Cs-137

2 48/(1.30 x 1072) = 3,700 Bq for Co=60

2,240 Bq for Cs~137

133/(5.93 x 1072)

The stochastic ALI yalues for the inhalation of Class W Co-60 and Class D Cs—-
137 are both 6 x 10"Bq. Thus, estimates of the committed effective dose
equivalent are:

Case Estimated Committed Effective Dose Equivalent
1 ( 878 + 14,800 y X 0.05 8v = 1,3E~048v (0.013 rem)

6.0E+06 6.0E+06

2 (2,250 + 3,700 )y X 0.05 8v = 4,95E~05Sv (0.0050 rem)
6,0E+06 6.0E+06

: Because of the conservative assumptions about the time of intake, doses are
. probably less than the estimates above.
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4. RADIOIODINE INGESTION AND INHALATION

Case I: Ingestion of I-131

A known amount of I-131 was given to a patient for diagnostic purposes (Li
The patient was found to have normal thyroid function. On the 7th day after
iodine administration, bicassay was started and included in vivo measurements
and analysis of the nuclide concentration in urine samples. Experimental data
from the patient are shown in Table A.4.l1, together with the Appendix B intake
retention fractions.

Based on comparison of experimental and Appendix B IRFs, we conclude that the
iodine models for ingestion and for systemic iodine incorporation are
representative of the patient's metabolism of iodine. When monitoring is done
through urine analysis, samples have to be repeated to reduce the uncertainity
assoclated with normal fluctuations, which are expected due to daily differ-
ences in diet. Urine data were also influenced by the assumption of a 24-hour
urinary volume of l.4 liters. However, in vitro bioassay through urine
analysis is a good method of detection of abnormal situatiouns.

Table A.4.1 Comparison of Patient 's BResults with IRFs in
Appendix B (p. B-587) for Iodine-131

Time After Measured Fraction Appendix B IRFs
Intake of Ingested for I-131:
Activity In:
days Total Body 24-Hour Urine Total Body 24~Hour Uri’
7 1.8E-01 - 1.63E-01 -
8 1.5E-01 3.9E-04 1.49E-01 2,93E~04
9 - 3.6E-04 - 2.99E~-04
10 - 3.5E-04 - 2.99E-04
20 4,7E-02 1.3E-04 5.10E-02 2.00E~04
40 - 3.4E-05 - 4.32E-05
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Case II: Accldental Overexposure by Inhalation

A worker involved in I-131 labeling of radiopharmaceutical substances was
acclidentally overexposed (Li85). This was detected by abnormally high concen-
trations of I~131 in urine samples which were collected on a bi-weekly

basis. Due to a holiday, there was no work in the week when the sample was
taken, thus exposure was assumed to have occurred ten days before. The
accldent was due to a problem in the exhaust of the evaporation box, and this
was reported by the worker. Thereafter, the worker was restricted from
working in the area where I-131 labeling was performed. Daily urinary samples
were taken from day 16 to day 26 after the probable exposure. In vivo
counting of the thyrold was performed on days 18 and 20. A summary of the
results for the bioassay measurements is given in the Table A.4.2 together
with the IRFs expected in urine and in the thyroid.

Table A.4.2 Bioassay Results and IRFg for Accidental Iodine—131 Inhalation

Time After 24-Hour Urine 24-Hour Urine Thyroid Thyroid
Accident, Bioassay Result, IRF, Results, IRF,

Days Bq Appendix B Bq Appendix B
10 1440 1.88 E-04 7.51 E-=02
16 987 1,57 E-04%*
17 970 1.50 E~04*
18 419 1.42 E-04% 4,81 E+05 3.55 E-02%
19 318 1.34 E-04*
20 378 1,27 E-04 3.90 E+05 2.95 E-02
21 557 1.19 E-04%
22 543 1.11 E-04%
23 574 1.04 E-04*
24 318 9,72 E~05%
25 305 9,06 E-05%
26 311 8.43 E-05*
30 6.25 E-05 1.16 E~-02

*Values obtained by interpolation of Appendix B (p. B-103) values

A best estimate of intake based on the urine bioassay results,which is given
by equation A.2.4, yields an intake of 4.99 E+06 Bq. A best estimate of
intake based on thyroid measurements ylelds l.34 E+07 Bq. Intake based on
urinary results 18 a factor of 2.7 lower than intake based on thyrold measure-
ments. Calculated and measured values for I-131 in daily excreta are plotted
in Figure A.4.1. Calculated values were obtained by multiplying 4.99 E+06 Bq
by the IRF for 24-hour urinary excretion of I-131.

A~7



The early excreta measurement on day 10 tends to agree with intake based on
thyroid counting. Variation may be due to dietary factors, radiation damage
to the thyroid or biological variation of the individual; for example, the
person may be iodine deficient. In this situation, intake should be based
thyroid measurements since radiocactivity in the thyroid represents a 1arg‘
fraction of the intake and since thyroid dose equivalent dominates the
effective dose equivalent. Thus, the best estimate of intake is 1.34 E+07 Bq.
The committed effective dose equivalent per unit of intake, from ICRP
Publication 30, is 1.4E-08 Sv per Bq. Thus, the committed effective dose
equivalent is 1.8E-01 Sv (1.8E+0l rem). However, in the case of I-131, the
committed dose to the thyroid per unit of intake is given as 4.8E-07 Sv per Bq.
Thus, the committed thyroid dose equivalent is 6.2 Sv (620 rem). Because the
level of thyroid dose is high, medical follow-up is recommended since late
effects such as hypothyroidism, thyrold adenoma, and thyroid cancer are
possible but not highly probable 10 to 30 years after the exposure (Ad86,
NCRP85).
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FIGURE A.4.1 Calculated and Measured Values for I-13l
Activity in One Day Urine Samples for Worker
in Case 1I1. The Estimate of Intake is Based
on Urinary Measurements Only.
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Case III Unknown Day of Inhalation of I-131

In the same installation as in Case 1I, but two years later, routine bioassay
’ monitoring showed the following on two workers:.

Table A.4.3 I-131 Measurements on Two Workers

Activity in Activity in
Date of Monitoring 24-Hour Urine, Whole Body,
May Bq Bgq
Worker A
18 ' Background
22 3500 4,070
27 2,0 1,110
Worker B
15 63
22 4700 8,140
27 62 2,960
28 17

We conclude, by comparing these results with IRFs from Appendix B (p. B-10l,
103), that the probable time of the exposure of the two workers was between 1

' and 2 days prior to the May 22 whole-body count. This conclusion came from
analyses of the rate of disappearance of iodine. Results of the analyses are
shown in Table A.4.4.

Table A.4.4 Determination of Unknown Time Post Intake of Iodine 131

Agssumed

Day Post Appendix B
Intake Date of Worker A Worker B IRF

days Measurement Ratio* Ratio* Ratio**

1 May 22 8.6 E-01 5.8 E-01 1.1 E+00

2 May 22 8.6 E~01 5.9 E-01 3.3 E-01

5 May 27 1.8 E-03 2.1 E-02 l.1 E-02

6 May 27 1.8 E-03 2.1 E-02 4.1 E-03

* 24-hour urine activity
whole-body activity

%% 24-hour urine IRF

‘ whole~body IRF




The counting error relative to the net count associated with the May 27 urine
activity is greater than that associated with the May 22 measurements, thus
the May 22 ratios may be more reliable indicators of time post intake.
However, day to day variation in individual diet and urinary excretion wil
generally have greater impact on the result than does counting error.

These examples illustrate how well the IRFs from Appendix B represent iodine
incorporation and excretion; although, there are some differences according to
individual metabolism. Comparing the tables in Appendix B and the data from
the workers, we conclude that for a single intake:

(1) bioassay through urinalysis is a method that is truly capable of
detecting abnormal exposures to I-131 if it is performed promptly

after exposure since typical minimum detectable urine activity is on
the order of 2 Bq (50 pCi) per liter for I-131,

(2) in vivo monitoring is useful in order to detect exposures after a
longer period of time since typical minimum detectable thyroid
activity is on the order of 750 Bq (20 nCi) for I-131, and

(3) 1in cases where exposure is detected by chance, from routine bioassay
monitoring, it is useful to have both in vitro and in vivo results in
order to determine when exposure took place.
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5. INHALATION OF THORIUM AND URANIUM

Case I: Thorium

For thorium, the amount which is inhaled and subsequently excreted through the
gastrointestinal tract is much greater than the amount excreted through the
urine pathway. Additionally, the portion of intake that is cleared to the
gastrointestinal tract is one that results from the non-systemic deposit. The
annual limits on intake for Class W and Class Y 1 micrometer AMAD aerosols of
thorium 232 are 40 Bq and 100 Bq, respectively. Examination of the IRFs in
Appendix B provides the following insight into routine biocassay monitoring for
inhalation of 1 ALI of thorium 232:

Table A.5.1 1IRFs and Urine Activity Corresponding to 1 ALI of Thorium—232

Time After Class W Activity Class Y Activity in

Intake IRF in 24-Hour IRF 24-Hour

days 24~Hour Urine Urine, Bq 24-Hour Urine Urine, Bg
5.338-03 2,13E-01 2,85E-04 2.85E~-02
1.42E-03 5.68E~02 7.81E-05 7.81E-03
4,09E-04 1,64E-02 2,23E~-05 2,23E-03
1.54E-04 6.16E-03 7.88E-06 7.88E~04

(SR PV A

For single intake of 1  ALI of thorium 232, we conclude that bioassay through
urine analyses 1s not suitable unless one collects the urine sample immediately
following the accidental exposure. We also conclude that routine monitoring of
occupationally exposed persons is not practical if one monitors urinary
excretion of thorium since recording and investigation levels would be difficult
to detect since the typical minimum detection limits for alpha counting is 4E-03
Bq (0.1 pCi) per liter of urine.

One approach to monitoring workers on a routine basis is to examine the feces
for thorium 232, The minimum detection limit i1s on the order of 4E~03 Bq (0.1
pCi) per feces sample. An excretion corresponding to the ALI would be as
follows:

Table A.5.2 IRFs and Feces Activity Corresponding to 1 ALIL of Thorium—232

Time After Class W Activity Class ¥ Activity in
Intake IRF in 24-Hour IRF 24~-Hour
days 24-Hour Feces Feces, Bq 24-Hour Feces Feces, Bq

1 4,22E-02 1.69E+00 5,10E-02 5.10E+00

2 1.35E-01 5,40E+00 1,578~01 1.57E+01

3 1.14E-01 4,56E+00 1.28E-01 1. 28E+00

4 6.65E-02 2.66E+00 7.23E~02 7.23E+00

5 3.42E-02 1.37E+00 3.59E=-02 3. 59E+00

As an example of occupational exposure, routine monitoring of exposed persons in

a monazite plant produced the biloassay results which are in Table A.5.3.
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Table A.5.3 Thorium levels in Workers and the General Public

Exposed Group Activity in Activity in

24~Hour Feces, Bq 24-Hour Urine, Bq
Class W Exposure , : ' .
Worker #2 9.0E~01 1.3E-02

Class Y Exposure

Worker #3 3.0E~01 7.0E~03
Worker #4 4,0E-02 below detection limit

Non-Exposed People,
Sao Paulo, Brazil
Mean 5.0E~03 3.0E~03

A problem with fecal monitoring is that in order to assess exposure to thorium
232, which has an ALI based on the 0.50 sv (50 rem) committed dose equivalent
limit to bone surface, one must rely on measurements which reflect the non-
systemic burden of thorium in the lungs. Urine sample results, which are given
in the above example, are based on samples collected on the last day of the work
week. If the radiation protection program is successful, urine bioassay should
not show thorium 232 concentrations in urine significantly higher than detection
limits and different from comparison samples from non-exposed persons.

Based on the 24-hour fecal measurement, an estimate of intake and committed
effective dose equivalent can be assigned to the workers in Table A.5.3. B
on Table A.5.2, one would expect between 1.37 and 5.40 Bq in feces if a 40 Bq
intake of thorium-232 occurred between 1 and 5 days prior to sampling, for Class
W materials. Thus, worker #l inhaled as little as 14 or as much as 55 Bq. His
committed effective dose equivalent is bracketed between 0.02 Sv and 0.07 Sv.
For worker #3, his intake ranged between 1.9 and 8 Bq and his committed
effective dose equivalent ranged between 9.5E-04 Sv and 4.0E~03 Sv. Urinary
measurements yield wider ranges of estimated intake and dose equivalent by an
order of magnitude or better.

In vivo monitoring relies on measurements of nuclides at the end of the thorium
series, mainly thalium 208, thus requiring an estimate of intake of all
daughters including radon 220. Therefore, the algorithm used to interpret
results of in vivo measurements 18 complex, and variation in particle size and
the behavior of daughter nuclides would compound the uncertainties which are
assoclated with intake and dose equivalent estimates for thorium. Thus, while
fecal monitoring is not an appropriate way to estimate the thorium accumulated
in systemic organs, fecal monitoring is the acceptable option for routine
monitoring.

The gathering of data for occupationally exposed Th workers and for normal ex-
cretion was done by J. Lipsztein, C.A. Nogueira, L. Berteli, A, Fonseca, and J.
Gaburo from Comissao Nacional de Energia Nuclear, S. Paulo and rio de Janeiro.
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Case 1I: Uranium

The following discussions regarding uranium are based on the tabulated values in
Appendix B, and these data are summarized here for uranium 238:

Table A.5.4 IBFs For Uranium 238

Time Class D IRF Clagss W IRF Class Y IRF
After
Intake, Systemic 24-Hour 24-Hour 24-Hour
days Region Urine Lungs Urine Lungs Urine
1 2.22E-01 1.87E-01 2,11E-01 4,13E~-02 2.14E-01 2,28E~03
5 1.65E-01 1.31E-02 1.45E~01 2.69E-03 1.53E-01 1.28E-04
10 1.21E~-01 7.26E~03 1.32E-01 1.75E-03 1.49E-01 8.26E~05
20 7.36E-02 3.26E-03 1.16E-01 1.03E-03 1.47E~01 4,62E~05
100 1.47E-02 1.11E-04 4,18E-02 2.43E-04 1.35E-01 1.87E-05

Additionally, the ALI's for uranium 238 are 5E+04 Bq for Class D, 3E+04 for
Class W and 2E+03 for Class Y aerosols having an AMAD of 1 micrometer. The
minimum detection limit for daily urine sampling is typically 7 ug (1.7E-02
Bq), and for in vivo lung monitoring 100 Bq.

For uranium, an appropriate biloassay technique is in vivo lung monitoring for
class W and Class Y compounds, and urinary measurement, or in vivo hone
measurement, for Class D compounds. For Class W and Class Y compounds, the
IRF for the 24-hour urine compartment decreases rapidly, and low levels of
natural uranium in urine make it difficult to assess an accidental exposure.
Thus, if it is possible to perform in vivo lung monitoring, it should be
chosen for Class W and Class Y compounds.

For Class D compounds of uranium, an appropriate monitoring method is to
analyze urine samples in the first few days after an accidental intake. After
a few days, urinary excretion decreases to the extent that in vivo phoswich
detectors positioned near bone, for example the head, are practical.

In summary and in addition, when dealing with uranium it is important to know
that: 1) generally exposures are to a mixture of uranium isotopes; 2) when
dealing with class D compounds of uranium, chemical toxicity of the kidneys is
more important than radiotoxicity; 3) many bioassay methods are useful if the
accidental intake is on the order of 1 ALI and measurement occurs during the
first few days following the accident; 4) routine monitoring of urinary
samples 1is appropriate for Class D compounds and marginal for Class W
compounds of uranium; and 5) in vivo counting of the lungs is the best choice
for routine monitoring of Class Y compounds of uranium; 6) actual exposures to
uranium have often been found to be comprised of mixture of compound classes
including a large fraction of Class D compounds. When a significant fraction
of the intake is from Class D compounds, then this component can be used as a
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tracer for the estimation of the intake from all compounds. Thus, it may be
possible to use urine analysis for the estimation of intake of all compound
classes of uranium provided some Class D is present and provided the

distribution of compound classes has been determined from simulated lung
solubllity tests., .

6. TRITIUM EXPOSURE INCIDENT

A reactor at a national laboratory 1is moderated, cooled and reflected by heavy
water. Neutrons interact with the heavy water to produce tritium, thus the
coolant becomes contaminated with radicactivity. On one occasion, the coolant
purification system was being used by new employees who had limited experi-
ence. The purification system procedures, which were unwritten-at that time,
called for a hose to be attached from a light water line to the outlet side of
a resin bed and a second hose to be connected to the inlet side of the bed and
allowed to drain into a 5-gallon pail. When questioned, the operators who
were filling the resin bed remembered that they had the light water supply
connected to the bed inlet and the discharge hose leading to the pail
connected to the bed outlet, which was the reverse of the procedure. In
addition, the technician performing the throttling operation inadvertently
caused a rapid increase in pressure, which resulted in immediate ejection of
about 3 gallons of tritiated heavy water from the bed into the pail.

The person closest to the pail received the highest exposure to tritium and
the following bioassay measurements were recorded.

Time Post Urine Activity IRF, from Estimated

Incident, Concentration, Appendix B, Intake,

days uci/1 Section 6 mCi .
1 5.80 0.0392 0.15

3 5.53 : 0.0340 0,16
9 3.73 0.0224 0.17

10 4,24 0.0209 0.20

30 1.21 0.0051 0.24

The best estimate of intake in this case 1s obtained from all of the data
collectively by using equation A.2.4, which gives an intake of 8.4 MBq (0.23
mCi). This corresponds to a committed effective dose equivalent of (1.0E-04
Sv) 14 mrem based on the intake to dose conversion factor in ICRP Publication
30. Our estimate of intake is based on the assumption of a single exposure to
tritium. However, persons working at the HFBR received additional chronic
exposures to low levels of tritium in the course of routine operations, and
the measurements at 10 and 30 days post the incident are less than ideal
because they could be affected by this chronic exposure. The only way to
avoid interference would be to remove exposed persons from the working
environment until their exposures have been fully evaluated. An ideal case
history would be a single exposure starting at a known point in time.
Unfortunately, case histories with ideal characteristics do not usually occur

in practice.
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7. VERIFICATION OF INHALATION AND INGESTION MODELS FOR Mn-54, Co—60, Sr-90,
Nb-95, Cs~137, Ce-141, Ce-144, U-233 and Am—241

Actual case studies were used to verify the tabulated results from the
biocassay model. Four accidental exposure cases wWere obtained from the
personnel dosimetry files of a large government nuclear site. The four cases
represented major internal contamination incidents in which no chelating
agents were administered in order to accelerate the excretion of internally
deposited radionuclides.

Most of the measurements in this section are associated with early excretion
rates and they do not necessarily verify that the committed dose estimates,
obtained using the models, are correct. This is because the longer term
components of retention often dominate the committed dose calculation, and
these components are not evaluated in all cases. However, Mn-54 and Co-60
body~-burden measurements are evaluated over the long-term, and in the case of
Pu-239 excretion, Jones has evaluated the longer term components (Jo85).

It is noted that the total fecal excretion over the first few days is a measure
of the fraction of the inhaled activity that is deposited on the ciliated
region of the bronchial tree for "non-soluble” materials, and is essentially
independant of whether the material is Class W or Y. This integrated early
excretion is very useful for the early evaluation of the seriousness of an
inhalation exposure. The ICRP task group that is revising the lung model is
considering having early excretion as an explicit feature of the new model.

Case I: 1Inhalation of Mn~-54, Co=-60, Sr-90, Ce-141 and Ce-1l44

A 33-year old, male boilermaker with inadequate protective clothing was
performing maintenance work on a steam generator when a contamination incident
occurred involving inhalation of mixed fission and activation products.
Follow-up dosimetry evaluation included whole-body counting, urine sampling,
and fecal sampling; however, useful data were not obtained from urine
measurements. Initial intakes of radionuclides were estimated from whole—body
counting. Data were subsequently available on the amount of Co—-60, Mn-54, Sr-
90, Ce-141, and Ce-144 in feces. The inhaled radionuclides were assumed to be
Class W for Co-60, Ce-141, and Ce~144 and Class D for the Mn—-54 and Sr-90.
This exposure incident was evaluated over a period of about two weeks.

Case II: Ingestion of Co-60, Sr-90, Nb-95, Cs-137, Ce-141 and Ce-1l44

A 35-year old, male maintenance worker, was contaminated with mixed fission and
activation products during a leak of primary coolant. Internal contamination
occurred when the worker accidentally ingested an unknown quantity of
contaminated primary coolant. Dosimetry evaluation included whole-body
counting, urine sampling and fecal sampling. Inftial intakes of radionuclides
were estimated from whole-body counting. Data were subsequently obtained on.
the amounts of Co~60, Nb—~95, Cs~137, Ce—141, Ce-144 and Sr—-90 in feces, and on
Sr-90 in urine. Bioassay results were evaluated over a period of 4-6 days.

Case III: Inhalation of Highly Soluble, Class D U-233

A 43-year old, female laboratory-chemistry technician was accidentally
contaminated when a liquid solution of U~233 standard exploded and sprayed the
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vietim with a highly soluble, Class D nitrate solution. The intake of U-233
occurred primarily by inhalation. Follow-up dosimetry evaluation involved
whole-body counting and urine bioassay. Initial intakes of U-233 were
estimated from urine excretion results, and urine samples were collected ov
period of more than two months.

Case IV: Inhalation of Class W Am—-241

A 46-year old, male chemistry-process technician was accidently contaminated
with soluble Am—241 nitrate during a chemical explosion involving a resin ion-
exchange column. We assumed that the Am-241 solution behaved like a Class W
compound. This worker received a measurable intake of Am=241 by inhalation.
Follow-up internal dosimetry evaluation was based on whole-body counting, urine
sampling and fecal sampling. Initial intakes of Am~24l were estimated from
whole-body counting, and bloassay results were collected over a period of about
two weeks following the accident.

For Case Studies I through IV for Sr-90, Ce-1l41l, Ce-144 and U-233, the initial
intakes were calculated using excretion measurements and methods described in
this report. For Mn-54, Cs-137, Co-60, N6-95 and Am—-241, whole-body counting
measurements and methods described in this report were used to estimate initial
intakes. All aerosols were assumed to have a 1l micrometer AMAD. Results of
the bioassay measurements for Cases I through IV are plotted in Figures A.7.1
through A.7.15. Amounts of radionuclide in urine or feces are plotted as the
fraction of the estimated initial intake for various times post intake and are
represented by dots. Expected values from the bloassay model are plotted using
a continuous line on the same figure for comparison with the observed values.
Fractions of initial intake in excreta are given in Table A.7.l1 along with
assoclated IRFs.

Table A.7.1 Verification of Measurements in Terms of Fraction of Intake
and Time Post Intake for Cases I through IV

Case, Nuclide Measured

(Bioassay Time Post Fraction

Compartment ) Intake, days of Intake IRF*

I, Co=60 0.5 6,73E~2 1.10E~2

(feces) 1.5 4,00E~1 1.04E-1
4,5 3.18E~3 4,61E~2
20.5 1.38E~4 1.10E~3

I, Mn-54 0.5 2.45E-2 9,94E-3

(feces) 1.5 1.14E~1 6.21E~2
4,5 1,08E-3 6,78E-3
20,5 7+ 24E~5 6.06E~4

I, Sr=90 0.5 : 2.49E~2 1.89E-2

(feces) 1.5 1.11E-~1 5.83E~2
4,5 2,68E~3 1.01E~2
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Table A.7.1 Continue(

Case, Nuclide Time Post Measured
(Bioassay Intake, Fraction
Compartment ) days of Intake IRF*
I, Ce-141 0.5 2,47E-2 5.22E-3
(feces) 1.5 1.74E~1 9,78E-2
4,5 6.17E-4 4,36E-2
I, Ce-144 0.5 3082E-2 40 lOE-3
(feces) 1.5 2,72E-1 1.01E-1
II, Co-60 0.5 1.30E-1 7.26E-2
(feces) 1.5 3.35E-1 4,18E-1
205 1051E+0 2. 73E-1
II, Nb-95 0.5 8.95E-2 7.07E-2
II, Cs-137 005 20 42E-3 30 46E_3
(feces) 1.5 7.55E-3 6.13E-3
(feces) 1.5 3.14E-1 4,21E-1
2.5 \2.13E_1 2.73E-1
II, Sr-90 0.5 1.,06E-1 6.60E-2
(feces) 1.5 3.62E-1 3.16E-1
2.5 1.60E-1 1.98E-1
3.5 2.88E-3 8.70E-2
4.5 _10 13E_3 3050E_2
II Sr-90 0.5 5.23E-2 4.30E-2
(urine) 105 2. 16E-2 20 83E-2
' 2,5 1.39E-2 2.16E-2
I1 Ce-144 005 1084E_1 . 7- 17E-2
(urine) 1.5 3.45E-1 4,32E-1
2,5 2,09E-1 2.85E-2
III U-233 0.5 3.78E-1 1.14E-1
(urine ) 1.5 . 30 94E_2 1. 17E-1
15.5 1.22E-3 "4,58E-3
29.5 4,72E-4 1.76E-3
63.5 1. 40E-4 3.99E-4
IV Am-241 0.5 4,07E-3 5.25E-3
(urine) 1.5 1.15E-3 1.79E-3
205 1- 22E-3 1066E-4
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Table A.7.1 Continued

Case, Nuclide Time Post Measured
(Bioassay Intake, Fraction
Compartment ) days of Intake IRF*
3.5 6,84E-4 6.08E~5
4,5 3.53E~-4 5.31E~5
9.5 1.03E-4 5.,00E~5
10.5 3.93E-4 4,95E~5
11.5 1.75E~4 4,91E~5
12.5 1.09E-4 4,87E-5
13.5 2.63E-5 4,82E~5
(feces) 1.5 6, 55E-2 1.01E~1
2.5 9.27E-3 1,35E~-1
' 3.5 2.48E-3 8.93E~2
4,5 8.52E-4 4,80E~2
9.5 3.23E_4 2043E_3
10.5 5.56E-4 1.81E~3
11.5 2.88E-4 1,50E~3
12.5 1.56E-4 1.34E-3
13.5 6.78E-5 1.25E~3
*Values of IRF were obtained from equation 2.5.1, Section 2.5.1. .
In general, there was agreement between predicted and actual results. The

values measured for Cs=137, Ce-14l, Ce-144 and Sr-90 were closest to those
predicted. Actual measurements made at early times post-exposure typically
exceeded the values predicted by the model, which could have resulted from an
error in the estimate of initial intake. The model did not fit particularly
well for Co-60 in feces, nor for inhalation of the cerium isotopes. The model
predicts 2.5 times more than the amount of Nb~95 excreted in feces.

A weighted estimate of intake can be derived from the definition of the chi-
squared statistic given in section A.2 and by assuming the variance is that
assoclated with counting errors. Since the weight is the inverse of the
variance, and since the variance is the number of counts for radioactivity
measurements, the largest values measured will have their impact on best
estimate of intake reduced the most. Equation A.7.1 is the result of
propagating the counting error into the best estimate of intake.

z r
I = i i . A.7.1
z riZ/Ai

where:
I = best estimate of intake,

Ai = the value of the ith measui:ement, and .

Ty = the IRF associated with the ith measurement.
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If one uses all the data to obtain the best estimate of intake by using
equation A.7.1 or equation A.2.4, the value of intake should approach 1.0
since measured values in Table A.7.1 are given in terms of the fraction of
intake. That 18, we can compare intake based on whole-body counting to intake
based on excretion measurements for the same person. For example, in Case IV
for Am—241 in urine, the value of intake equaled 0.77; that is, the unweighted
estimate of intake based on ten urinary activity measurements was 77% of the
value of intake which was estimated based on whole~body counting measure-
ments. A number of samples may be useful in order to reduce the variation
associated with estimating intake from excretion measurements, which is
largely due to daily variations in diet and health, and sometimes due to
counting errors. Also, a single measurement on an aliquot of a ten sample
composit would be cost effective.

The impact of counting error on the best estimate of intake can be inferred by
comparing all the unweighted and weighted values given in Table A.7.2. The
mean and standard deviation of the unweighted values are 1.5 +/- 1.1 and for
the weighted values are 0.73 +/- 0.52. Thus, for these cases it appears that
weighted values of intake based on excreta measurements tend to underestimate
the intake. This may be due to the fact that early excretion results are
given more weight because they have more radioactivity and because IRFs

underpredict the amount of intake present in early fecal samples (see Table
A.7.1).

The large variations introduced by differences in uptake following inhalation
of radioactive materials which result from changes in chemical form and
particle size which may occur after deposition, may be reduced by collecting
urinary samples several weeks after the intake incident. Thus, in addition to
collecting early samples, one should follow~up after an appropriate interval
of time for uptake to occur, which could be several months post intake for
Class Y material. Thus, collecting and analyzing a number of urinary or fecal
samples over a period of time will help to reduce the uncertainity assoclated
with the estimate of intake from excreta measurements.

Table A.7.2 Unweighted Intake Based on Excreta Measurements Divided by
Unweighted Intake Based on Whole-Body Counting (U) and Weighted
Intake Based on Excreta Measurements Divided by Unweighted
Intake Based on Whole-Body Counting (W)

Number of Type of

Case Nuclide Samples Sample U W

1 Co~60 4 feces 3.2 0.23
I Mn~54 4 feces 1.8 0.93
II Co-60 3 feces 2,2 1.3
11 Nb~95 3 feces 0.42 0.43
11 Cs=-137 3 feces 2.1 1.4
IV Am=241 10 urine 0.77 0.78
v Am-241 10 feces 0.25 0.048
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FRACTION OF INTAKE
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FRACTION OF INTAKE (10”2)
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Direct comparison of whole body counting measurements to expectation values of
‘'The expected value of

Table A.7.3 Verification of IRFsg Using Whole-Body Counting Measurements

intake in the whole body are presented in Table A.7.3.
body burden is the product of the IRF and the best estimate of intake. The
IRFs were obtained by using equation 2.5.1.
was based on equation A.2.4 and the weighted value of intake was based on
equation A.7.1.

The unweighted value of intak

Unweighted Weighted
Measured Expectation Expectation
Day Post Body Total Value of Value of
Intake, Burden, Body Body Burden, Body Burden,
Case Nuclide days Bq IRF Bq Bq
I Co-60 1 3.4E04 5.66E-01 3.7E04 2.1E04
2 3.7E04 4,23E~01 2.7E04 1.6E04
8 2,2E03 1.71E-01 1.1E04 6.5E03
41 1.9E03 1.08E-01 6.7E03 4.1E03
80 2,0E03 7.08E-02 5.1E03 2.9E03
148 1.6E03 3.68E~02 2.4E03 1.4E03
202 1.3E03 2.40E~02 1.6E03 9.1E02
325 1.0E03 1.28E~02 8.3E02 4,8E02
667 5.6E02 6.71E-03 4.3E02 2,.5E02
1025  1.,5E02 4,30E~03 2.8E02 1.6E02
1370 1.6E02 2.82E~03 1.8802 1.1E02
1751 8.9E01 1,77E~03 1.2E02 6.7E01
I Mn~-54 1 1. 0E04 5.77E-01 99,7803 9. OEO.
2 1.2E04 4.96E-01 8.4E03 7.8E02
8 2.2E02 3.39E-01 5.7E03 5.3E02
‘ 41 5.6E01 1.57E-01 2,7E03 2.5E02
1 148 2.7E02 1.94E-02 3.3E02 3.0E01
| 325 2.1E02 6. 10E~04 1.0E01 9.6~01

data.

intake is given by Figure A.7.16.
measured values are closer to the unwelghted expectation values.

A-28

A plot of the relative residuals, which is the squared difference between
measured value and expectation value divided by expectation value, versus
expectation value, reveals no discernable pattern for unweighted or weighted
However, the residuals are smaller for the unwelghted data which
indicates to us that the unweighted estimate of intake, equation A.2.4, is
best suited for estimating intakes from several measurements.
body activity predicted by using both the welghted and unweighted estimates of
It should be noted that on the average,

A plot of total
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APPENDIX B

TABULATED DATA

1. INTRODUCTION

In order to use the following pages, information regarding their structure
is necessary. Therefore, we note the following details. The intake retention
fractions, IRFs, for a particular in vivo or in vitro bloassay compartment of
interest are tabulated for various times. They are applicable for single
inhalation intakes, see tables in Sections 2 through 4, and single ingestion
intakes, see tables in Section 5. The IRFs include the decay factor radio=-
nuclides. The element name, the mass number, the halflife, lung-clearance
classification, and particle size are printed at the beginning of each table.
If the excretion pathway has been defined, the IRFs for urine and feces are
given, otherwise the IRFs for systemic excreta and non-systemlc excreta are
given. All values of IRFs have three significant figures and are expressed in
exponential notation; for example, 3.78E-02 is 0.0378. The time post intake is
given in units of days and IRFs are listed if they are greater than 1.00E-08,
otherwise 0.00E+00 is inserted into the table. In order to facilitate locating
the table of interest, a page listing by atomic number is given in Section 1.1l
for Class D inhalation, Section 1.2 for Class W inhalation, Section 1.3 for
Class Y inhalation and Section l.4 for ingestion. The page listing for
biological and radiological parameters is given in Section 1.5. 1In the case of
I-131, I-132 and I-133, additional tables of IRFs for the thyroid are given for
inhalation and ingestion intakes. In the case of C-14 monoxide, C-14 dioxide
and tritiated water, tables of IRFs are listed separately in Section 6. The
biological and radiological parameters which were used as input for development
of IRF tables are presented in Section 7. In certain circumstances, one may
need to transform the IRF for use with a different particle size, and guidance
is given in Section 8. In some instances, one may need to interpret measure-
ments following protracted intakes, and guidance is given in Section 9. A
bibliography is included in Section 10. Finally, an alphabetical index, which
is based on element name, is given in Section 11 in order to facilitate access
to the in vivo or in vitro intake retention fraction of interest.




1.1 Class D Tables Listed by Atomic Number

ATOMEC NUMBER

11
12
13
14
15
16
17
19
22
23
2
25
26
28
29
31
32
34
35
37
38
40
42
43
44
46
47
48
49
50

ELEMENT

Fluorinesesecesssccesescecscccnnssccccsss
Sodiumes esovseosossssnssncssennsssesssse
Magnesiumsesccsccsescecnssceccssscscnsne
Aluminume ceeseccacosecensscossacossses
S1I1CONsssessssssosesvscssnsosncsnscses
PhoSpPhOYUSseeessnnessasssssonseonnssce
Sulphur..........u...............u..
Chlorine.sessscessssssssncscecsccscoce
PotassSiumMesesoscsavssoccncssesnsesccces
TitaniuUmeeevsossssessosscssossssscsnse
Vanadiumesesooeoscesssconssscccssssnesse
Chromiumessesssccessscssscconcrssessse
ManganesSeeecessscsssccscsssssssssasssce
IrONesssecosssscscsvensocnsssncssnssssne
Nickeleoseoooososnosccossscsscsssnencss
COpPeressesssessscrssssssossssossnssnse
Galliumeeceeoossecnecosssossoasssanscscee
GermaniuMecescessssssosncosssscsnssesse
SeleniuMecoececsessosscsscssccsssssccsse
BrominCecsecessescocsosacescccncocnnens
Rubidium...............n.n..........
StrontiumMecscsescocscccscscscosssccsncs

Zirconiumeceocessoscvcsvsvcscecscssanne

MOly'bdenumoosocooooooco.o»nooooaooooo&V

Technetiumeceeeceesoocccsersssosncnses

Rutheniumecsossesosocessocsssssoscsssone

Palladitumessoenecsssiecccsccscoccnsonsne
Silveressecsosecoscovssessesncnsscscnnses
CadmiuMececoossosossccsevsonsecccseaces
Indiumeceencesssesncsccccssovosssnncsns

Tin..‘..‘0.0.0.0.00'.'000.09..00.0‘000
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PAGE .

B~13
B-14
B-16
B-18
B-20
B-22
B-26
B-30
B-34
B-38
B-40
B-42
B~46
B-50
B-56
B-58
B~-60
B-62
B-64
B~66
B-70
B-72
B-78
B-80
B-82
B-84
B-86
B~-88
B-90
B~92
B-93




ATOMIC NUMBER

52
53
55
56
57
64
72
74
75
76
77
78
79
80.
81
82
83
84
85
87
89
92

ELEMENT

Telluritumescecsovssvescsccesevenssccnsce
Jodineceosssesssoscecesssssncscsnnsssess
CeBiuMeceorsovososnsscssevonssssssscaces
BaritumMeeceooscsvessssorcccsesesssscssnne
Lanthanumecsscsossssssssessastsossccoe
Gadoliniumessesssessenssvccoscrssnnnee
HafniuMe ceccoconseesssvssssscccssnscnee
Tungsten..u....uu..........n...u"
Rheniumesesecsoccesessnecsscssessssene
Osmium...u..-.-.._...o........n..u..
Iridiumecesessvscrcvssvccocssccsncesacse
PlatinuUmMecceseecscescccsosssscccscnnsee
Goldeeesssscsvscesssssscccssnssssncsoss
Mercury................n.............
ThalliumMesecocsssecscssssssoscescccosese
Leadevesesscsccvecsessscssecosssossecce
Bismuthesocoscccscessoecocsnossconcsne
Poloniumeecesoseccserscescsnsssssncces
Astatineeecsesescscssoscsevesscccvresnsns
FranciufMscecosscoessosccssenscsesscsss
Actiniumg......-u.nu.u.u...u....

UraniumMecescecsvscoscvovscvcccrccsccnns

PAGE

B-95
B-97

B-109
B-113
B-117
B-121
B-123
B-127
B-129
B-131
B-133
B-137
B-139
B-141
B-143
B-147
B-149
B-151
B-153

- B=155

B-156
B-158



1.2 (Class W Tables Listed by Atomic Number

ATOMIC NUMBER ELEMENT PAGE

4 Beryllium.u.--........u..........n. B-165

Fluorinesesseesvceceossscsscscnscnsenss B-167

12 Magnesiumeseseoesscoscessscccsacseness D168
13 Aluminumeseceseecoscssssccassssesesssss B=170
14 S111CONeacsecsvessrsarscssscscssccssess B-172
15 PhoSPhOTUSsessescevsscssssssssesscseees B-174
16 SULDhUTeessssocescsscssosnsssssasssass B-178
17 Chlorineceeescscsssseessscsssscseasesss B-182
20 CalciuMecsscceseesseseoscnssscsossesss B-186
22 TitaniumMeseeesocecocssssccasconnssseess DB-192
23 VanadiuMeeoeccosscassvsosacssesscssess B-194
24 ChromiUmececosecescosessssasssssecescaes B-196
25 Manganeseessscssesosssersccsssssssseses B-200
26 IrONecessesssesssocassscovsssscssceses B=204
27 Cobalteceeesssecrsecsosoassscnsasssase B-208

28 Nickel‘...0..'.‘......00..’..0.‘.‘0... B—zlf‘

29 COPPerescessscccesssnsssscsssssvessses B-216
31 Galliumeseoevecvceesccsceccsesscsceeee B-218
33 ArsenicCeisscecsssccsccsscsscsssesssscess B=220
34 Seleniumecececoecsssosossscassscsssess B=222
35 Brominescesssessaccecscescssccnsacsasss B=224
39 Yttriumeoesooessceecescsesccessessesse B-228
40 Zirconiumesesosceocscessccssccscsncess B-232
41 NiobiuMeeceoosaeoonsssoesscocccsssssees B-234
43 TechnetiumMesesssasssseososccssassassss B=238
44 Rutheniumeesecsesascosssscecsssesssess B=240
45 Rhodiumeeecsscsoocnncccscancsassssssss B-242
46 Palladiufeccoccocssscoossosscescesssss B-244
47 S11Verecescscssccococacsoscsssssassass B-246
48 CadmiUMesccecoscanssensscacscncsssanss B-248
49 IndiuMececsesssccacecsnsccnssccssessass B-250
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ATOMIC NUMBER

50
52
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
75
77
79
83
84
85
88
89
90
91
92
93
94
95
96

ELEMENT

D 5 I ¢
Tellurlumeesoeecccoeneoscssscnscscsssssssns
Lanthanumeeseecsccoscectocccssssesossse
Ceriumeicecssccessvcroncsssecsnsccncnse
Praseodymium......--..u.u.......n-.
Neodymiumeseososcssescssocncesscnnsose
Promethiumeesssceosocosccccccscscccces
SamariumMecscssvsvascccscsrssorcssscsssnoce
Europiumecececssvccecccsscssesosconnnnss
Gadoliniumeecesssssssseseasscrsssesanse
Terbiumesescesssocccscccessccssesscscecs
Dysprosiumeccecssscccossssssscsnsossse
Holmiumssseessvvoncocessosssscncscsnns
Erbiumeesessscessesssssossvsennscsssse
Thuliumessenescosssessssoscnnsssncsosss
Ytterbiumeseessoeossscesssssonssascsce
Lutetiumeesossvescscccossssssscncesccs
HafniuMecsoososeresnscecsssssnccsnense
TantalumMeesesoccoccssecsccrersccccccne
Rheniumescesssnsoocorerosvcessscesossce
Iridiumessceccecsoccecssscsccnsscscnsee
GOldesssssssssssssssscnsssssnsssnasnss
Bismutheceesosssoosnsssccsscnsssescnsee
Poloniumeessesecsecccccsssssccccsssces
Astatineseececesnsccccccrvsssscscconsnce
Radiumesesesesessssessosssssscssscsess
Actinlumessesesscesnrossssnseoscoscnes
Thoriumeseeesessscseccssssscscnscsncss
Protactiniumesceccssccceccsssscocnnccs
Uraniumecsseccococsossccccscvescosenss
Neptuniumessseeseessesnncccsosssecsces
PlutoniumMeeecessesccssssccccccessccens
Americlumeccecsscesvessssesccsoscoccsse

CurluMecscecccessnssscscscsscsssncsnnse
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B-251
B-253
B-255
B-259
B-265
B-267
B-269
B-271
B-275
B-281
B-283
B-285
B-287
B-289
B-291
B-293
B-295
B-297
B-301
B-305
B-309
B-313
B-315
B-317
B-319
B-321
B-325
B-327
B-335
B-337
B-343
B~345
'B-353
B-357



1.3 Class Y Tables Listed by Atomic Number

ATOMIC NUMBER ELEMENT PAGE

4 Bel‘yllium...‘...-..............-..n.. 3'360

9 Fluorineeeecesesecscecssacosssccsscsses B-362
14 S11icONessecsccsscessssssscsscnscensse B-363
2] ' ScandiumMececoscecensnsnosessoccseannes B-365
22 Titaniumecocsssosecessascccscssssceces B=367
24 Chromiumecesoesceseceoccosscsscccssces B-369
27 Cobaltecsessevecesesocsssccscssnscencss B-373
29 COpPerecescssscscsnsssnssvsssnsosesssss B-379
30 ZinCecsssvesecsvesccscscsocssesnsssesss B=381
38 Strontiumesesscecsscsvcsessscsscssssns B—385
39 Yttriumeecooeoessccnscccenoccsssnccnsse B—=391
40 ~ Zirconlumesscecscesescscocssesssescess B-393
41 Niobiumeseeceoecenscocccssoceessossscnae B-395

42 Molybdenumeseseseecssssssssosorosncsssses B-399
44 ‘ Rutheniumeeseococcessscensscsssccesess B-401
45 Rhodiumesseoesescsscsscscesssessesseene B-403
46 PalladiuMesecccscsocsssonssssencsossee B=405

47 S1lvercecesecesccsasscsosscoscssvsssnces B-407
48 Cadmiumesscecvecsecsssscacecsscessesses B-409
58 Cerlumeceescesovesscssveoscosssansnsces B-4ll
59 Praseodymiumecesssovseosncosssancensee B-417

60 Neodymium.-...oo-..................-.. B"élg

61 Promethiumesececececesossnsccsssssseses B-421
70 Ytterbiumeseeoooeosossosscescsccsscsee B-423
71 Lutetiumecoosvcosssecsssvsccosnsscesess B—425
73 TantaluMeesceessceossssrsccesssncsssses B—427
76 OsmiumMe esscesessncoseascnsssnsssscscnses B=431
77 Iridiumeceeccececenscssscncesessscenses B=433
79 Goldeseoccoosecescossconssesssanccnsss B—437
89 Actiniumesccecrvsecsscccscosscsnccsses B-439
90 ThoriumMesessecesocosssssncssssenrssssae B-44]
91 Protactiniume secesececosossssccccsssss B-449
92 Uraniumessessevocvscsoornsassnsssccsss B=451
94 Plutoniumecsssossssccosancarscsoseessses B=455
95 Americlumeseececescovcosncsccsncnsnses B-463
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1.4 Ingestion Tables Listed by Atomic Number

ATOMIC NUMBER

11
12
13
14
15
16
17
19
20
22
23
24
25
26
27
28
29
30
31
32
33
34
35
37
38
39
40
41
42
43
44
45
46

ELEMENT

BerylliumoooooooooonOOQOOQtooocoooo-oo‘

Fluorineesssecsevoescesesssosecnsscccns
Sodiumecsveveososscvscesssvcsasesonssce
MagneSiumecessesesvesscosoncscecsencces
Aluminumeeseccesescescsccenscascccacnce
$111CONseassocscenscscsesnssassnssscce
PhoSphOruBecocsssoossessscsesscscasces
SulphUresecccsscosscscencnsnssssvcoose
Chlorineecescscsncescessonvescnsosscons
PotassiumMecconscosssovcccoscconsansesnsne
CalciUmMecsccesscsccosocscrscvscesnsonrscee
Titaniumesseosvssvsccococnoscssncosnse
Vanadiumessessecssesscccscsccscssccnces
Chromiumesvecssocessaceccsocoscescsscnee
Manganese@ecesssesscssssssovescscossces
IrONeecssscsssscscsssnscsscssssssosonsscs
Cobalteessscrvesesnsacccecsnsncsosvossone
Nickeleseoosoocsssooseosccossacscnscnnas
Copper.............-..................
Z2inCececocvesossssssensescsnsvsasssnnce
GalliuMesesoseocscosavscessoscnasnsencsre
Germaniumeescessessoesscoscosssnsscena
ArseniCecscesvecesorcesssoncesosccesse
Seleniumecssscessssecsorcsncensenscncne
Brominessscescossscocesccoscsroscocene
Rubldiumeevecocesseevcscscccsssasescaen
Strontiumecscccocscssccsscoccscsncssses
Yttriumeoesosevecesoesscsnconssevecsasn
Zirconiumeseoscessonsscscsossessncasonn
NiobluMesesssceescscecsconccsvonecnene
Molybdenumeeeecsveseosescecocsovnsancee
TechnetiumMeceosecovocvececccoscossosee
RutheniuMesscsceececscenvccostscocncson
Rhodiumesesescsssoscscrscsoncssscecnnne

Palladiumeecsvesscoccesescosscsvcncons

B~7

PAGE

B-468
B-472
B-473
B~475
B-477
B~-479
B-481
B-485
B-489
B~493
B~-497
B-503
B-505
B-507
B-511
B~515
B~521
B-527
B~529
B-531
B-535
B-537
B-539
B-541
B-543
B-547
B-549
B-555
B-557
B-559
B-563
B-565
B~567
B-569
B-571



ATOMIC NUMBER

47
48
50
52
53
55
56
57
58
59
60
61
62
63
64
65
66
67
68
70
71
72
73
74

75
77
78
79
80
81
82
B84
88
89
90
91
92
93
9
95
96

ELEMENT

511veTescoescsssssrosansssnsssssssssens
Cadmiumecsecscsssossscscsccsnsssssnnsne
TiNcaseosssescsssssvsesssrsesssssscsssoce
TelluriumMeiecssosssvvoscansovsssssvsosnns
Jodinessseoeesscscosresssassasnssssnnee
CeslUMesesorosrsonccsesocnsnsascsssses

BariumMecesacsescosvescssrsnscssssssssee
Lanthanumessesoeccsosennasrssecssssnsns
CeriUmMscssacssssnssccsscscessossncnonce
Praseodymiumeccsccosscenesasssvossccnes
Neodymiumessssosesoestsasossvoconscescsss
PromethiumMeceersencscvossooscasecsssnns
Samariumescsccssenssnsssssscsnsonsenns
Europlumlescccecessacssssscesssnscoscse
GadoliniumMessessveosonoscsoscnsscanssas
Terbiumessssosssosssnscensacssncssscnse
Dysprosiumecessscesscsccsssccsennesnns
Holmiumseoeooeoooscovsoctsscnssnsssocssse
ErbiumMe sseoesscccescossssssncsosesonse
Ytterbiumessoeseeseevesrccossscecsssns
Iutetiumecsseecsssossssssessesssnsesses
Hafniumesoosseseesscssacocsssonsancnss
TantalumMesoessscocoseossssscnsnssssense
TungstenNescosccscessssessvessssosssnes

Rhenlumsscssosscesscnsssnssecssnscesss
o < B T
Platinumeessessconoscescsssosssssronsa
Goldseesssonscsssonsssrnsssssnssesssocna
MerCury.cooooo.'o.oooooooooco'ooo-.o‘o
ThalliUMeeseeoeseosssoscsnsssessasence
Leddeesessoactecocncossocrcssscocnnsonsne
PoloniuUmMesssesveeossscesscsasossonsnsne
Radium.........‘...."“.......‘.....'
ActiniuMecesvoovossocesssssccsscssncse
Thorlumessesersscesscsssssccssscsssscns
Protactiniumssecesssssessssossconnsans
Uraniumeseccosscosncssscsnesossosscsese
Neptunium.-......n.........,.u......
Plutoniumeseecesssessssnnsnsssscssssses
Americium‘......'...............'.....

Curium.............................u.

B-8

PAGE

B-573
B-575
B-577
B-579
B-581
B-590
B-594
B-598
B-602
B-608
B-610
B-612
B-614
B-618
B-624

B-626

B-628
B-630
B-632
B~634
B-636
B-638
B-642
B-646

B-648
B-652
B-656
B~658
B-660
B-662
B-666
B-668
B-670
B-674
B-676
B-684
B-686
B~-692
B-694
B-702
B-704
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1.5 Biological and Radiological Parameters Listed by Atomic Number

ATOMIC NUMBER

U-EE - N .

11
12
13
14
15
16
17
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
37
38

-39

40

ELEMENT

Hydrogeneeesscescccsscesvesvoscssssoncse
Bervlliumeeessecosssesnsesssesssenccssocs
CarbonNeeessscscsccessevessscocsscsnscss
FluorinBeceesncscesscsncssscesssonssnsesns
SodiuMecevsecsssscosccscscecencenosssne
Magnesiumesesosescosnsassscsnscsssnsnse
AlUMinUmMeeccecveroossnsosssssscsssncsns

Silicon...'.‘-...........O".;.'.Q‘...

PhOSphOI'US.ooo-onoooocoocooo.ooocoooooA

SulphUrececssesscsccnsssscsscncnonconsnsne
Chlorineescsossnesssccssscsccsnsscnsnes
PotasSiumesssesesvsveonenssssesvsearense
CalciumMecessescossncsccssnssscscensacs
ScandiuMecsecesscscccssscsscsssnsnssnes
TitaniumMessesssessccnsescsssroscscesasns
Vanadiumeseseovecssssscenencvacessnses
ChromiuMeesscocnscenscccssnscscsnsnsnce
ManganesCescecssccnsssasssssnnscssncse
1 o «
Cobalteseosescscnnsnnccensescsssssnsncsse
Nickelecesscosossssvsocsscvnconcescnne
COpPPEerecsscscscsssnsecssssessssenscsnsncs
Z2inCenesnscessesnssccscsosssscnnvsescsssnse
GalliumMenessoseonsecssessnsssscnssnssses
Germanium...r.....,.......{...........
ArseniCecesscescccenscassssvossscnsnes
SeleniumMesceesencsccnscessssssosasssnse
Bromin@esssssessssncsosnceccssscsncecss
RubidiumMeceescoosasccescnssnssnscssaes
StrontiumMecscssscseesosccsssssnccsssnsne
Yttriumececeosscccsessscssscscsnccncscone

ZirconiumMecceeseoscssssscnsccssscansasns

PAGE

B-713
B-714
B-715
B-717
B~718
B-719
B~720
B-721
B-722
B-723
B~724
B-725
B~726
B~727
B~728
B-729
B-730
B-731
B-732
B-733
B~734
B-735
B-736
B-737
B-738
B-739
B~740
B-741
B-742
B-743
B~744
B=745



ATOMIC NUMBER

41
42
43
44
45
46
47
48
49
50
51
52
53
55
56

57
58
59

60
61
62
63
64
65
66
67
68
69
70
71

72

73

74

75

ELEMENT

NiobiUMessssscsvvocoosssnosnsccssecones
Molybdenumessesessscssosnossccsacnccce
TechnetiUme ceeoeeesassooccascscssasnes
Rutheniumessesessscecovsssccsssssccsnsne
RhodiuMseecsosesvnscocvessscsssecccces
PalladiuMessscocccosnnsocascosnssssnscsse
S811lverscccccsscassssesscesssscrcssssnsns
Cadmiumeesssscscseccssncssscscscnsssses
Indiumesencooonesesssncesocscscssscsscns
5 1
ANtimonyeessssecesesssossccsncasescnns
Telluriumeececesscssscossoccesscccscnsss
Iodineceecscovocvevecsssssscscssssvces
CesluMessscssccensscscocssscsnsocsoses

BariuMesecocsssoscsosscccosossscssrsenscs

‘LanthanuMeeceesescssosssscocsoscsssscne

CeriuMeicensssccscstnncacnssscscssssscnns
Praseodymlumeeceeesscosssscccoscnssscse
Neodymiumesesssccoeossscconsescccosasnce
Promethiumeceesscscesncossoscsonsssasnse
Samariumeecsseccccecssssescssosssconsses
Europiumesescscessssesssscoccscsscvccee
Gadolinlumeessecsscessscescsercsncnnss
Terblumeescsesesrosssccccccsansescsncs
DysproSiumecsseessacessccsescosnsccsce
Holmiumessosooesoosassessscssscnncnsss
ErbiumMececsssessvscsesscsssscecasensse
Thuliumeeesscossseasssnsvccncssssonses
Ytterblumeesessesssccnnsssesasscsasnses
LutetiumMecsscccssvosscsssscccssscscnss
Hafnlumesesesosnsonnecscssvcesscsnsnne
Tantalum....;.,....;..................
TungsteNessecovscvccssssscsnsnnssccssns

Rheniumecsosooerososscccnssscccsessscne

B~10

PAGE

B-746
B-747
B-748
B-749
B-750
B-751
B-752
B-753
B~754
B-755
B-756
B~757
B-758
B-759
B~760
B~761
B-762
B-763
B-764
B-765
B-766
B-767
B-768
B~769
B-770
B-771
B-772
B-773
B-774
B-775
B-776
B-777
B-778
B-779




ATOMIC NUMBER

76
77
78
79
80
81
82
83
84
85
87
88
89
90
91
92
93
94
95
96

ELEMENT

oemium............................,.... .

Iridium...............................
Platinumessoscccccccccsccsscccscccssconcce
Goldesescosesscscsccccsccscccccccccccces
Mercury............_............;.;.....
ThalliuUMeescsocescoccsccsccccscsssccssce
Leadsececscscessscccccccccccccoscccccsee
Bismuthececoscvocccososccscccacsccssses
Poloniumesecsescoccccscesonsssscssscoscce
Astatinesecsssccccscccscsssscscsssssnnss
Francium........................;.....
Radiumesssessscoccccccccscsccsssscsces
Actiniumececocvecoscccoscscccscocncsce
Thoriumessssesscocossccocscsssccssscsns
Pro;actinium..........................
Uraniumeeceseoososesccesscscnccscsonsese
Neptuniumesecesossscssccsssccecsnscnce
PlutoniumMescooccssccssccssccscsccssnse
Americiumecescsssescscocccccscscscsces

CuriuMeccccovscccosccsscsscsccscccsccce

B-11

PAGE

B-~780
B-781
B~782
B-783
B~-784
B~785
B-786
B-787
B~-788
B~789
B-~790

- B-791

B~792
B~793
B~794
B~795
B~796
B~797
B-798
B~799



*jueTq ATTeucriusiur 1397 S8ed syyz




\I

(A8

, SI0SOHAV G SSVIO 40
NOLIVIVENI TIONIS ¥0d SNOLLOVEA NOLLIADXS ORV NOLINZLNN 40 STIAVL

o 4




l,_/

AMAD = 1 MICRON

B-13

0. 00E+00

CLASS D STABLE FLUORINE 19
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL GI TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1. 00E-01 3.91E-01 2.26E-01 3.03E~04 2.17E~-02 6.39E-01
2.00E-01 4,36E-01 2.01E-01 '2.96E-07 2.28E-03 6.39E-01
3.00E-01 4.59E-01 1. 79E-01 0. 00E+00 4. 15E-04 6. 39E-01
4,00E-01 4.79E-01 1.6C"-01 0.00E+00 1. 85E-04 6.39E-01
.5.00E-01 4.96E-01 1.43E-01 0. 00E+00 1. 21E-04 6.39E-01
6.00E-01 5.12E-01 1. 27E-01 0.00E+00 8.47E-05 6.39E-01
7.00E-01 5.26E-01 1.13E-01 0. 00E+00 5. 98E-05 6.39E-01
8.00E-01 5.38E~01 1.01E-01 0. 00E+00 4,23E-05 6.39E-01
9.00E-01 5.50E-01 8. 96E-02 0. 00E+00 2.99E-05 6.39E-01
1.00E+00 5.59E-01 7.97E-02 0.00E+00 2.12E-05 6.39E-01
2. 00E+00 6.15E-01 2.42E-02 0. 00E+00 7.04E-07 6.39E~01
3.00E+00 6.32E~-01 7.13E-03 0. 00E+00 3.82E~-08 6.39E-01
4. 00E+00 6.37E-01 2.05E-03 0. O0E+00 0.00E+00  6.39E-01
5.00E+00 6.39E-01 5.81E-04 0. 00E+00 0. GOE+00 6.39E-01
6. 00E+00 6.39E-01 1. 62E-04 0. O0E+00 0. 00E+00 6.39E-01
7.00E+00 6.39E-01 4.47E-05 0. 00E+00 0. 00E+00 6.39E-01
8.00E+00 6.39E-01 1.22E-05 0. 00E+00 0.00E+00 6.39E-01
9.00E+00 6.39E-01 3. 32E-06 0. 00E+00 0. 00E+00 6.39E-01
1. 00E+01 6.39E-01 8.96E-07 0. 00E+00 0. 00E+00 6.39E-01
2.00E+01 6.39E-01 0. 00E+00 0. 00E+00 0. 00E+00 6.39E-01
3.00E+01 6.39E-01 0. 00E+00 0.00E+00 - 0.00E+00 6.39E-01
4,00E+01 6.39E~-01 0. 00E+00 0. 00E+0Q0 0. 00E+00 6.39E-01
5.00E+01 6.39E-01 0. 00E+00 0. 00E+00 0. 00E+00 6. 39E~-01
6.00E+01 6.39E-01 0. 00E+00 0. O0OE+00 0. Q0E+00 6.39E-01
7.00E+01 6.39E-01 0. 00E+00 0. 00E+00 0. O0E+00 6.39E-01
8,00E+01 6.39E-01 0. 00E+00 0. 00E+00 0. 00E+00 6.39E-01
9.00E+01 6.39E-01 0. 00E+00 0.00E+00 -~ 0. 00E+00 6.39E~-01
1.00E+02 6.39E~01 0. 00E+00 0. 00E+00 0. O0E+00 6.39E-01
2. 00E+02 6.39E-01 0.00E+00 0. 00E+00 0. 00E+00 6.39E~-01
3.00E+02 6.39E-01 0. OCE+00 0. 00E+00 0. 00E+00 6.39E-01
4. 00E+02 6.39E~01 0. 00E+00 0. 00E+00 0. 00E+00 6.39E-01
5.00E+02 6.39E-01 0.00E+00 0. 00E+00 0. 00E+00 6.39E-01
7.00E+02 6.39E~01 0. 00E+00 0. 00E+00 0:; O0E+00 6.39E-01
8, 00E+02 6.39E-01 0. 00E+00 0. 00E+00 0. 00E+00 6.39E-01
9.00E+02 6.39E-01 0. 00E+Q00 0. 00E+00 0. 00E+00 6.39E~01
1. 00E+03 6.39E-01 0. 00E+00 0. O0E+00 0. 00E+00 6.39E-01
2,00E+03 6.39E-01 0. 00E+00 0.00E+00 0.00E+00 6.39E-01
4,00E+03 6.39E-01 0. 00E+00 0. 00E+00 0. 00E+00 6.39E-01
8.00E+03 6.39E-01 0. 00E+00 0. 00E+00 0. O0E+00 6.39E~01
1.00E+04 6.39E-01 0. 00E+00 0. 00E+00 0. 00E+00 6.39E-01
2.00E+04 6.39E-01 0, 00E+00 0. 00E+00 6. 39E-01



CLASS D AMAD = 1 MICRON STABLE SODIUM 23
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE.

SYSTEMIC NASAL GI TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 3.89E-01 2, 26E~01 3.03E-04 2.17E-02 6.37E-01
2. 00E-01 4.,31E-01 2,01E-01 2.96E-07 2.28E-03 6. 34E-01
3.00E-01 4,51E-01 1.79E-01 0. 00E+00 4. 15E-04 6.31E-01
4.00E-01 4,68E-01 1.60E-01 0. 00E+00 1. 85E-04 6.28E-01
5.00E-01 4,82E-01 1.43E-01 0. 00E+00 1.21E-04 6.25E-01
6.00E-01 4,94E-01 1.27E~01 0. 00E+00 8.47E-05 6.21E-01
7.00E-01 5.05E-01 1.13E-01 0. 00E+00 5.98E-05 6.18E-01
8.00E-01 5.14E-01 1.01E-01 0. 00E+00 4,23E-05 6.14E-01
9.00E-01 5.21E-01 8.96E-02 0. 00E+00 2.99E-05 6.11E~01
1. 00E+00 5.28E-01 7.97E-02 0. 00E+00 2,12E-05 6.07E-01
2.00E+00 5.46E=01 2.42E-02 0.00E+00 7.04E~-07 5.70E-01
3. 00E+00 5.26E~01 7.13E-03 0. 00E+00 3.82E-08 5.33E-01
4. 00E+00 4,95E-01 2.05E-03 0.00E+00 0. 00E+00 4.97E-01
5. 00E+00 4.64E-01 5. 81E-04 0. 00E+00 0. 00E+00 4.64E-01
6. 00E+00 4.33E-01 1.62E-04 0.00E+00 0. 00E+Q0 4,33E-01
7.00E+00 4. 04E-01 4,47E-05 0. 00E+00 0. 00E+00 4.04E-01
8. 00E+00 3.78E-01 1.22E-05 0. 00E+00 0. 00E+00 3.78E-01
9.00E+00 3.52E-01 3.32E-06 0. 00E+00 0. 00E+00 3.52E-01
1.00E+01 3.29E-01 8.96E-07 0. 00E+00 0. O0E+00 3.29E-01
2,00E+01 1.65E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.65E-01
3.00E+01 8.36E~02 0. 00E+00 0.00E+00 0. 00E+00 8.36E-02
4,00E+01 4,27E-02 0. 00E+00 0. 00E+00 0. OCE+00 4,27E-02
5.00E+01 2, 22E-02 0. 00E+00 0. 00E+00 0. OCE+00 2.22E-02
6.00E+01 1.20E-02 0.00E+00 0. 00E+00 0. OCE+00 1.20E-02
7.00E+01 6.86E-03 0. 00E+Q0 0. 00E+00 0. O0E+00 6.86E-03
8., 00E+01 4.27E-03 0.00E+00 0. 00E+Q0 0.00E+00 4.,27E-03
1. 00E+02 2,31E-03 0. 00E+00 0. 00E+00 0.00E+00 2.31E-03
2.00E+02 1.45E-03 0. 00E+00 0.00E+00 0. O0E+00 1.45E-03
3.00E+02 1.27E-03 0. OOE+00 0. 00E+00 0. 00E+00 1.27E-03
4,00E+02 1.10E-03 0. 00E+Q00 0. 00E+00 0. 00E+00 1.10E-03
5.00E+02 9,59E-04 0. 00E+00 0. 00E+00 0. 00E+00 9.59E-04
6.00E+02 8.35E-04 0. 00E+00 0.00E+00 0. O0E+00 8.35E-04
7.00E+02 7.27E~04 0. O0E+00 0. 00E+00 0. 00E+00 7.27E-04
8. 00E+02 “6.33E-04 0. 00E+00 0. 00E+00 0. 00E+00 6.33E~-04
9.00E+02 5.51E~04 0. 00E+00 0. 00E+00 0. 00E+00 5.51E-04
1.00E+03 4.80E-04 0.00E+00 0.00E+00 0.00E+00 4, 80E-04
2.00E+03 1.20E-04 0.00E+00 0. 00E+00 0. 00E+00 1.20E-04
3. 00E+03 3. 00E-05 0.00E+00 0.00E+00 0. O0E+00 3.00E-05
4.00E+03 7+50E-06 0. 00E+00 0. 00E+00 0. 00E+00 7.50E-06
5.00E+03 1.87E-06 0. 00E+00 0.00E+00 0. 00E+00 1.87E-06
6.00E+03 4,63E-07 0.00E+00 0.00E+00 0. 00E+00 4.63E-07
7.00E+03 1.10E~07 0. O0E+00 0. 00E+00 0. 00E+00 1. 10E~-07
8.00E+03 2.13E-08 0. 00E+00 0. O0E+00 0. 00E+00 2.13E-08

B-14
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CLASS D  AMAD = 1 MICRON STABLE SODIUM 23
TIME AFTER FRACTION OF INITIAIL INTAKE IN:
SINGLE INTAKE

24-HOUR ACCUMULATED 24=HOUR ACCUMULATED
DAYS URINE URINE FECES FECES
1.00E-01 1. 99E-03 1. 99E-05
2.00E-01 4,85E-03 4.85E-05
3.00E-01 7.90E~03 7.90E-05
4.00E-01 1.11E-02 1. 11E-04
5.00E-01 1. 44E=-02 1. 44E~04
60 OQE"OI 10 77E-02 10 ??E—Ol&
7.00E-01 2.12E-02 2.12E~04
8.00E-01 2.47E~02 2.47E=04
9, 00E-01 2.83E-02° 2.83E-04
1, 00E+00 3.19E-02 3.19E-02 3.19E~04 3. 19E-04
2, 00E+00 3. 74E-02 6. 93E-02 3. 74E-04 6. 93E~04
3. 00E+00 3.71E~02 1.06E-01 3.71E-04 1.06E-03
4, 00E+00 3.53E-02 1.42E-01 3.53E-04 1.42E-03
5.00E+00 3.31E-02 1.75E-01 3.31E-04 1. 75E~03
6. 00E+00 3.09E-02 2.06E-01 3. 09E~04 2.06E-03
7. 00E+00 2. 89E=02 2.35E-01 2.89E-04 2.35E-03
8.00E+00 2. 70E-02 2. 62E-01 2.70E-04 2.62E-03
9.00E+00 2.52E-02 2. 87E-01 2.52E-04 2.87E-03
1. 00E+01 2.35E-02 3. 10E~01 2. 35E-04 3. 10E-03
2.00E+01 1.17E-02 4,74E-01 1.17E-04 4.74E-03
3. 00E+01 5.87E-03 5. 56E=-01 5.87E-05 5.56E-03
4,00E+01 2.94E-03 5.96E-01 2.94E-05 5.96E-03
5. 00E+01 1.47E-03 6. 17E=01 1.47E-05 6.17E~-03
6.00E+01 7.36E-04 6.27E-01 7.36E-06 6.27E-03
7.00E+01 3.69E-04 6. 32E-01 3. 69E-06 6. 32E-03
8. 00E+01 1.86E-04 6. 35E-01 1.86E~06 6.35E-03
9. 00E+01 9.41E-05 6. 36E~01 9,41E-07 6.36E-03
1.00E+02 4,82E-05 6.37E-01 4.82E~07 6.37E~-03
2.00E+02 2., 06E-06 6. 38E=01 2. 06E~08 6. 38E-03
3.00E+02 1.76E-06 6.38E-01 1.76E-08 6.38E-03
4. 00E+02 1. 53E~06 6.38E~01 1. 53E-08 6. 38E-03
5.00E+02 1. 33E-06 6.38E-01 1.33E-08 6.38E-03
6. 00E+02 1.16E-06 6. 38E-01 1.16E~08 6. 38E~03
7 .00E+02 1.01E~-06 6. 38E=01 1.01E-08 6.38E~03
8.00E+02 8.78E-07 6.38E-01 0. 00E+00 6.39E~03
9,00E+02 7+ 64E~07 6.39E~01 0. 00E+00 6.39E-03
1.00E+03 6. 65E~07 6.39E-01 0. 00E+00 6.39E-03
2,00E+03 1. 66E=-07 6.39E-01 0.00E+00 6.39E-03
3. 00E+03 4.15E~08 -6+ 39E~01 0. 00E+00 6. 39E-03
4,00E+03 1.03E~-08 6.39E-01 0. 00E+00 6.39E-03
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CLASS D AMAD = 1 MICRON STABLE MAGNESIUM 24
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE '

SYSTEMIC NASAL GI TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1. 00E-01 2. 78E-01 2.26E-01 3.03E-04 1. 24E-01 6.28E-01
2.00E-01 3.19-01 2.01E-01 2. 96E~07 9, 44E~02 6.14E-01
3. 00E~01 3.39E-01 1. 79E~01 0. 00E+00 8. 22E-02 6. 01E-01
4, 00E~01 3.52E-01 1. 60E=01 0. 00E+00 7.67E~02 5.89E-01
5.00E~01 3,61E~01 1.43E-01 0. 00E+00 7.29E-02 5.77E=01
6.00E-01 3.70E-01 1.27E~01 0. 00E+00 6.93E-02 5.66E~01
7.00E-01 3,77E-01 1.13E~-01 0. 00E+00 6.57E-02 5.56E-01
8.00E~01 3.84E-01 1.01E~-01 0.00E+00 6.20E-02 5.46E~01
9. 00E-01 3,90E-01 8.96E~02 0. 00E+00 5.,82E-02 5.38E-01
1. 00E+00 3.95E-01 7.97E-02 0. 00E+00 5. 44E=02 5.30E-01
2. 00E+00 4,27E-01 2.42E-02 0. 00E+00 2. 42E-02 4,76E-01
3. 00E+00 4,35E-01 7.13E-03 0. 00E+00 9,57E~03 4.52E-01
4. 00E+00 4,35E-01 2.05E-03 0. 00E+00 3.63E-03 4.41E~01
5. 00E+00 4,33E~-01 5.81E-04 0. 00E+00 1.35E~03 4,35E=01
6. 00E+00 4,31E-01 1. 62E-04 0. 00E+00 4.99E-04 4,31E-01
7.00E+00 4,28E~01 4,47E~05 0. 00E+00 1. 84E~04 4,28E-01
8. 00E+00 4.25E-01 1. 22E=05 0. 00E+00 6. 78E-05 4.25E-01
9, 00E+00 4,22E~-01 3.32E-06 0. 00E+00 2. 50E-05 4,22E-01
1. 00E+01 4.19E-01 8.96E~07 0.00E+00 9.18E-06  4.19E-01
2.00E+01 3.91E~01 0. 00E+00 0. 00E+00 0. 00E+00 3.91E-01
4.00E+01 3.40E-01 0. 00E+00 0. 00E+00 0. 00E+00 3. 40E~-01
5.00E+01 3.18E~-01 0. 00E+00 0. 00E+00 0. 00E+00 3.18E~01
6. 00E+01 2.96E-01 0. 00E+00 0.00E+00 0. 00E+00 2.96E~01
7.00E+01 2. 76E~01 0. 00E+00 0. 00E+00 0.00E+00 2.76E-01
8.00E+01 2, 58E-01 0. 00E+00 0. 00E+00 0. 00E+00 2.58E-01
9.00E+01 2.41E~01 0. 00E+00 0. 00E+00 0. 00E+00 2.41E-01
1.00E+02 2.25E-01 0. 00E+00 0. 00E+00 0. 00E+00 2.25E-01
2. 00E+02 1.12E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.12E-01
3, 00E+02 5.,61E~02 0.00E+00 0. 00E+00 0. 00E+00 5.61E~02
4,00E+02 2.81E-02 0.00E+00 0. 00E+00 0. 00E+00 2.81E-02
5.00E+02 1.40E~02 0. 00E+00 0. 00E+00 0. 00E+00 1.40E~02
6. 00E+02 7.02E-03 0. 00E+00 0. 00E+00 0. 00E+00 7.02E~03
7.00E+02 3.51E~03 0. 00E+00 0.00E+00 0.00E+00 3.51E-03
8, 00E+02 1. 76E~03 0. 00E+00 0. 00E+00 0. 00E+00 1. 76E~03
9. 00E+02 8. 78E~04 0. 00E+00 0.00E+00 0. 00E+00 8.78E-04
1.00E+03 4.39E~04 0.00E+00 0. 00E+00 0. 00E+00 44 39E~04
2. 00E+03 4,28E-07 0. 00E+00 0. 00E+00 0. 00E+00 4.28E~07
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CLASS D  AMAD = 1 MICRON STABLE MAGNESIUM 24
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NON~SYSTEMIC

24-HOUR ACCUMULATED 24~HOUR ACCUMULATED
DAYS EXCRETA EXCRETA FECES FECES
1.00E~01 1.11E-02 5.47E-05
2.00E~01 2.41E~02 6. 0SE-04
3.00E-01 3. 60E-02 1.99E-03
4,00E-01 4, 64E~02 4,16E-03
5. 00E-01 5. 53E-02 6.97E-03
6.00E-01 6. 30E-02 1.02E-02
7.00E-01 6.96E~02 1.38E-02
8.00E-01 7.53E-02 1. 75E=02
9. 00E-01 8.02E-02 2.13E-02
1. 00E+00 8.45E-02 8.45E-02 2.51E-02 2.51E-02
2. 00E+00 2.38E-02 1.08E-01 3.02E-02 5. 53E-02
3.00E+00 9.04E-03 1.17E-01 1.46E-02 6. 99E-02
4. 00E+00 4.82E-03 1.22E-01 5« 95E-03 7. 59E~02
5. 00E+00 3.54E-03 1.26E-01 2. 28E-03 7.81E-02
6. 00E+00 3.15E-03 1.29E-01 8.51E-04 7.90E=02
7.00E+00 3.02E-03 1. 32E-01 3.15E-04 7.93E-02
8.00E+00 2.97E-03 1.35E-01 1.16E-04 7. 94E-02
9. 00E+00 2.94E-03 1.38E-01 4,29E-05 7.95E-02
1. 00E+01 2.91E-03 1.41E-01 1.58E~-05 7.95E-02
2. 00E+01 2.72E-03 1.69E=01 0.00E+00 7.95E~02
3. 00E+01 2.54E-03 1.95E-01 0.00E+00 7.95E-02
4,00E+01 2.37E-03 2.19E-01 0. 00E+00 7.95E-02
5. 00E+01 2.21E-03 2, 42E-01 0. 00E+00 7. 95E=02
6.00E+01 2,06E-03 2. 63E-01 0. 00E+00 7.95E-02
7.00E+01 1.92E~03 2. 83E-01 0. 00E+00 7. 95E-02
8.00E+01 1.79E-03 3.02E-01 0. 00E+00 7.95E-02
9.00E+0] 1.67E~03 3.19E-01 0.00E+00 7.95E-02
1. 00E+02 1.56E-03 3.35E-01 0. 00E+00 7.95E-02
2. 00E+02 7.81E-04 4,47E-01 0. 00E+00 7.95E-02
3. 00E+02 3. 90E-04 5.03E-01 0. 00E+00 7.95E=02
4, 00E+02 1.95E~04 5. 32E-01 0. 00E+00 7.95E-02
5.00E+02 9.76E~05 5. 46E-01 0.00E+00 7.95E=02
6. 00E+02 4,88E-05 S« 53E=01 0.00E+00 7.95E-02
7.00E+02 2.44E-05 5.56E-01 0.00E+00 7.95E-02
8. 00E+02 1. 22E-05 5. S8E~01 0. 00E+00 7.95E-02
9.00E+02 6.11E-06 5.59E-01 0.00E+00 7.95E-02
1. 00E+03 3.05E-06 5.59E-01 0. 00E+00 7.95E=02

B-17



CLASS D AMAD = 1 MICRON STABLE ALUMINUM 27
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL GI TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-0O1 2.57E~01 2.26E-01 3.03E-04 1.56E-01 6.39E~01
2.00E~01 2.81E-01 2,01E-01 2.96E-07 1. 55E-01 6.38E-01
3.00E-01 3.03E-01 1.79E~01 0.00E+00 1. 54E-01 6.36E-01
4.00E~-01 3.22E-01 1.60E~01 0. 00E+00 1.51E-01 6.32E~01
5.00E-01 3.39E-01 1.43E~01 0.00E+00 1.46E-01 6.28E-01
6.00E-01 3.54E~01 1. 27E-01 0.00E+00 1. 41E-01 6.22E~01
7.00E-01 3.67E-01 1.13E-01 0. 00E+00 1.35E~-01 6. 15E-01
8.00E-01 3. 80E-01 1.01E~01 0. 00E+00 1.28E~01 6. 08E~01
9.00E-01 3.90E-01 8.96E-02 0. 00E+00 1.21E-01 6.01E-01
1. 00E+00 4.,00E~-01 7.97E-02 0. 00E+00 1.14E-01 5.93E-01
2.00E+00 4.52E-01 2.42E-02 0.00E+00 5.19E-02 5.28E-01
3. 00E+00 4.66E-01 7.13E-03 0.00E+00 2,07E~-02 4.94E~01
4, 00E+00 4.,68E~01 2.05E-03 0.00E+00 7. 86E~03 4.78E-01
5.00E+00 4.66E-01 5.81E-04 0. 00E+00 2.93E-03 4.70E-01
6. 00E+00 4. 63E-01 1.62E-04 0. 00E+00 1.09E-03 4.65E~-01
7. 00E+00 4.,60E-01 4,47E-05 0. 00E+00 4, 00E-04 4.61E-01
8.00E+00 4.57E-01 1.22E-05 0. 00E+00 1.47E-04 4.57E-01
9, 00E+00 4.54E-01 3.32E~06 0.00E+00 5.42E-05 4. 54E-01
1. 00E+01 4.51E~01 8. 96E-07 0. 00E+00 2. 00E-05 4.51E~01
2.00E+01 4.21E-01 0. 00E+00 0.00E+00 0. 00E+00 4.21E-01
3.00E+01 3.93E-01 0.00E+00 0.00E+00 0. 00E+00 3.93E-01
4.00E+01 3.66E-01 0. 0OE+00 0. 00E+00 0.00E+00 3.66E-01
5.00E+01 3.42E-01 0.00E+00 0.00E+00 0. 00E+00 3. 42E-01
6.00E+01 3.19E~01 0. 0CE+Q0 0. 00E+00 0. 0CE+00 3.19E-01
7.00E+01 2.98E~-01 0. 00E+00 0. 0CE+00 0. 00E+00 2.98E~-01
8.00E+01 2.78E-01 0. 0CE+00 0. 00E+00 0. 00E+Q0 2.78E-01
9.00E+01 2.59E-01 0.00E+00 0. 00E+00 0. 00E+00 2. 59E-01
1. 00E+02 2.42E~-01 0. 00E+00 0.00E+00 0.00E+00 2.42E-01
2. 00E+02 1.21E-01 0. 00E+00 0.00E+00 0. 00E+00 1.21E-01
3.00E+02 6.04E-02 0. 00E+00 0.00E+00 0. 00E+00 6.04E~02
4.00E+02 3.02E-02 0. 00E+00 0. 00E+00 0. O0OE+00 3.02E-02
5.00E+02 1.51E-02 0. 00E+00 0. 00E+00 0.00E+00 1.51E~02
6.00E+02 7.56E-03 0. 00E+00 0.00E+00 0. 00E+00 7.56E-03
7.00E+02 3.78E-03 0. 00E+00 0. 00E+00 0. 00E+00 3.78E-03
8.00E+02 1.89E-03 0. 00E+0Q0 0. 00E+00 0. 00E+00 1.89E-03
9.00E+02 9. 45E-04 0. 00E+00 0. 00E+00 0. 00E+00 9.45E~04
1. 00E+03 4,73E-04 0.00E+00 0. 00E+00 0. 00E+00 4,73E-04
2.00E+03 4. 60E-07 0.00E+00 0. 00E+00 0. 00E~+00 4.60E-07
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CLASS D AMAD = 1 MICRON STABLE ALUMINUM 27
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NON-SYSTEMIC

24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS EXCRETA EXCRETA FECES FECES
1.00E-01 1. 46E-04 6. 07E-05
2.00E-01 3.33E-04 7.40E-04
3.00E-01 5.36E-04 2.64E-03
4.00E-01 7.52E-04 5.91E~03
5.00E-01 9,81E-04 1.04E-02
6.00E-01 1.22E-03 1. 60E-02
7.00E-01 1.47E-03 2.24E-02
8.00E~01 1.73E-03 2.92E-02
9.00E-01 2.00E-03 3.64E-02
1. 00E+00 2.27E-03 2,27E-03 4.37E-02 4, 37E-02
2. 00E+00 2.99E-03 5.26E-03 6.18E-02 1. 06E-01
3.00E+00 3.19E-03 8.45E-03 3.12E-02 1.37E-01
4, 00E+00 34 24E-03 1.17E-02 1.28E-02 1. 50E-01
5. 00E+00 3.24E-03 1.49E-02 4.93E-03 1. 54E-01
6. 00E+00 3.22E-03 1.82E-02 1.85E-03 1. 56E-01
7.00E+00 3.20E-03 2.14E-02 6. 85E-04 1.57E-01
8.00E+00 3.18E-03 2.45E-02 2. 53E-04 1.57E-01
9.00E+00 3.16E-03 2.77E-02 9.31E-05 1. 57E-01
1. 00E+01 3. 14E-03 3.08E-02 3.43E-05 1.57E-01
2.00E+01 2.93E-03 6.10E-02 0. 00E+00 1.57E-01
3, 00E+01 2,73E-03 8.92E-02 0. 00E+00 1.57E-01
4.00E+01 2.55E-03 1. 15E-01 0.00E+00 1, 57E~01
5.00E+01 2.38E-03 1.40E-01 0.00E+00 1.57E-01
6.00E+01 2,22E-03 1.63E-01 0. 00E+00 1.57E-01
7.00E+01 2.07E-03 1.84E-01 0.00E+00 1. 57E-01
8.00E+01 1.93E-03 2.04E-01 0.00E+00 1.57E-01
9.00E+01 1.80E-03 2,23E-01 0. 00E+00 1.57E-01
1. 00E+02 1.68E-03 2,40E-01 0.00E+00 1.57E-01
2. 00E+02 B8< 40E-04 3.61E-01 0. O0E+00 1.57E-01
3.00E+02 4,20E-04 4,21E-01 0.00E+00 1.57E-01
4.00E+02 2. 10E-04 4,52E-01 0. 00E+00 1.57E-01
5.00E+02 1.05E-04 4.,67E~01 0.00E+00 1.57E-01
6. 00E+02 5.26E-05 4, 74E~01 0. 00E+00 1.57E-01
7.00E+02 2.63E-05 4,78E-01 0. 00E+00 1.57E-01
8.00E+02 1.31E-05 4. 80E-01 0. 00E+00 1.57E-01
9.00E+02 6.57E-06 4.81E~01 0. 00E+00 1. 57E-01
1. 00E+03 3.29E-06 4,81E-01 0. O0E+00 1.57E-01

B-19



CLASS D AMAD = 1 MICRON STABLE SILICON 28
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE :

SYSTEMIC NASAL GI TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 2,56E-01 2,26E-01 3.03E-04 1.56E-01 6.38E-01
2.00E-01 2.79E-01 2.01E-01 2,96E-07 1. 55E-01 6.36E-01
3.00E-01 2.99E-01 1,79E-01 0.00E+00 1. 54E-01 6.32E-01
4,00E-01 3.16E-01 1. 60E-01 0.00E+00 1.51E-01 6.27E-01
5.00E-01 3.32E-01 1.43E-01 0.00E+00 1, 46E-01 6.20E-01
6.00E-01 3.45E-01 1. 27E-01 0.00E+00 1. 41E-01 6.13E-01
7.00E-01 3.57E-01 1.13E-01 0.00E+00 1.35E-01 6.05E-01
8.00E-01 3.67E-01 1. 01E-01 0.00E+00 1.28E-01 5.96E-01
9.00E-01 3.76E-01 8.96E-02 0.00E+00 1.21E-01 5.86E-01
1.00E+00 3.84E-01 7.97E-02 0. 00E+00 1. 14E-01 5.77E-01
2.00E+00 4,17E-01 2,42E-02 0.00E+00 5.19E-02 4.93E-01
3. 00E+00 4,13E-01 7.13E-03 0.00E+00 2.07E-02 4,40E-01
4. 00E+00 3.98E-01 2.05E-03 0. 00E+00 7.86E-03 4.08E-01
5.00E+00 3.83E-01 5.81E-04 0.00E+00 2.93E-03 3.86E-01
6.00E+00 3.68E-01 1. 62E-04 0.00E+00 1.09E-03 3.69E-01
7.00E+00 3. 54E-01 4,47E-05 0.00E+00 4, 00E-04 3.55E-01
8. 00E+00 3.42E-01 1.22E-05 0.00E+00 1.47E-04 3.42E-01
9.00E+00 3.32E-01 3. 32E-06 0.00E+00 5.42E-05 3.32E-01
1.00E+01 3.22E-01 8.96E-07 0.00E+00 2. 00E-05 3.22E-01
2.00E+01 2.65E-01 0. 00E+00 0.00E+00 0.00E+00 2,65E-01
3. 00E+01 2.39E-01 0. 00E+00 0.00E+00 0. 00E+00 2.39E-01
4.00E+01 2.21E-01 0. 00E+00 0.00E+00 0. 00E+00 2,21E-01
5.00E+01 2.05E-01 0. O0E+00 0.00E+00 0. 00E+00 2,05E-01
6.00E+01 1.91E-01 0. 0O0E+00 0.00E+00 0. 00E+00 1.91E-01
7.00E+01 1.79E-01 0. 00E+00 0.00E+00 0. 00E+00 1. 79E-01
8.00E+01 1. 67E-01 0. 00E+00 0. 00E+00 0.00E+00 1. 67E~01
9.00E+01 1.55E-01 0. O0E+00 0. O0E+00 0. 00E+00 1. 55E-01
1.00E+02 1.45E-01 0. 00E+00 0.00E+00 0.00E+00 1. 45E-01
2.00E+02 7.+25E-02 0. 00E+00 0. 00OE+00 0. 00E+00 7.25E-02
3. 00E+02 3.63E-02 0. 00E+00 0.00E+00 0. 00E+00 3.,63E-02
4, 00E+02 1.81E-02 0. 00E+00 0. 00E+00 0. 00E+00 1. 81E-02
5.00E+02 9.07E-03 0. 00E+00 0. 00E+00 0.00E+00 9.07E-03
6.00E+02 4.53E-03 0. 00E+00 0. 00E+00 0. 00E+00 4.53E-03
7.00E+02 2.27E-03 0. 00E+00 0.00E+00 0. 00E+00 2,27E-03
8.00E+02 1.13E-03 0. 00E+00 0. 00E+00 0. 00E+00 1.13E-03
9. 00E+02 5., 67E-04 0. 00E+00 0. 00E+00 0. 00E+00 5.67E-04
1. 00E+03 2. 84E-04 0. 00E+00 0. 00E+00 0. 00E+00 2. 84E~04
2.00E+03 2.75E-07 0. 00E+00 0.00E+00 0. 00E+00 2. 75E-07
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CLASS D AMAD = 1 MICRON STABLE SILICON 28

TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NON-SYSTEMIC

24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS EXCRETA EXCRETA FECES FECES
1. 00E-01 1.25E-03 6.07E-05
2.,00E-01 2,84E-03 7.40E-04
3.00E-01 4.54E-03 2.64E-03
4.00E-01 6. 34E-03 5.91E-03
6.00E-01 1.02E-02 1.60E-02
7.00E-01 1.22E-02 24 24E-02
8.00E-01 1.43E-02 2.92E-02
9.00E-01 1. 64E-02 3. 64E-02
1. 00E+00 1.85E-02 1.85E-02 4,37E-02 4,37E~-02
2. 00E+00 2.22E-02 4.,07E-02 6. 18E~02 -1.06E~01
3.00E+00 2,13E-02 6.21E~-02 3.12E-02 1.37E-01
4.00E+00 1.93E-02 8.14E-02 1.28E~02 1. 50E-01
5.00E+00 1.72E-02 9.86E-02 4.93E-03 1. 54E-01
6. 00E+00 1,53E~02 1.14E-01 1.85E~03 1.56E~01
7.00E+00 1.36E~02 1.27E-01 6. 85E-04 1.57E-01
8.00E+00 1.20E-02 1.40E-01 2. 53E~04 1.57E-01
9. 00E+00 1.07E-02 1.50E-01 9.31E-05 1.57E-01
1. 00E+01 9.55E-03 1,60E-01 3.43E-05 1.57E-01
2.00E+01 3.67E~03 2,16E~-01 0. 00E+00 1.57E-01
3.00E+01 2,11E-03 2.43E-01 0. 00E+00 1.57E-01
4,00E+01 1.65E-03 2.61E-01 0, 00E+00 1.57E-01
5.00E+01 1.46E~-03 2.76E-01 0. 00E+00 1.57E-01
6.00E+01 1.34E-03 2.90E-01 0.00E+00 1.57E-01
7.00E+01 1, 24E-03 3.03E-01 0. 00E+00 1.57E-01
8.00E+01 1.16E-03 3.15E-01 0. 00E+00 1.57E-01
9.00E+01 1.08E-03 3.26E-01 0. 00E+00 1.57E-01
1.00E+02 1.01E-03 3.37E-01 0.00E+00 1.57E-01
2.00E+02 5.04E-04 4,09E-01 0. 00E+00 1.57E~01
3. 00E+02 2.52E-04 4.45E-01 0. 00E+00 1.57E-01
4., 00E+02 1.26E-04 4,64E-01 0. 00E+00 1.57E-01
5.00E+02 6.31E-05 4,73E-01 0. 00E+00 1.57E-01
6. 00E+02 3.15E-05 4,77E-01 0. 00E+00 1. 57E-01
7.00E+02 1.58E-05 4.79E-01 0. 00E+00 1.57E-01
8.00E+02 7.89E~06 4,81E-01 0. 00E+00 1.57E-01
9.00E+02 3.94E~06 4,81E-01 0.00E+00 1.57E-01
1.00E+03 1.97E-06 4.81E-01 0. 00E+00 1.57E~01
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CLASS D AMAD = 1 MICRON STABLE PHOSPHORUS 31

TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL GI TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 3.32E-01 2.26E~01 3.03E-04 7.41E-02 6.33E-01
2.00E-01 3.85E-01 2.01E-01 2, 96E-07 3. 72E~02 6. 23E-01
3. 00E-01 4.02E-01 1.79E-01 0. 00E+00 3. 14E=02 6. 13E-01
4,00E-01 4,14E-01 1.60E-01 0. 00E+00 2.98E-02 6.03E-01
5. 00E-01 4,23E-01 1.43E-01 0. 00E+00 2. 85E-02 5. 94E-01
6.00E-01 4,30E-01 1.27E-01 0. 00E+00 2, 71E-02 5.84E-01
7. 00E=-01 4,36E-01 1.13E-01 0. 00E+00 2.56E-02 5.75E~01
8.00E-01 4,41E~01 1.01E-01 0. 00E+00 2.41E-02 5.66E-01
9.00E-01 4, 46E-01 8.96E-02 0. 00E+00 2, 25E-02 5. 58E-01
1. 00E+00 4,49E-01 7.97E-02 0. 00E+00 2. 10E-02 5,50E-01
2. 00E+00 4,53E~01 2. 42E-02 0. 00E+00 9, 24E-03 4, 87E-01
3. 00E+00 4,38E~01 7.13E-03 0.00E+00 3.64E-03 4.49E-01
4, 00E+00 4,21E-01 2.05E-03 0. 00E+00 1.38E-03 4,25E-01
5.00E+00 4,06E-01 5.81E~04 0. 00E+00 5+12E~04 4.07E-01
6.+ O0E+00 3. 93E-01 1.62E-04 0. 00E+00 1.89E-04 3. 94E-01
7. 00E+00 3.82E~01 4, 4TE=05 0. 00E+00 6.98E-05 3.82E~01
8.00E+00 3.72E-01 1.22E~05 0. 00E+00 2.57E-05 3.72E-01
9, 00E+00 3.64E-01 3. 32E~06 0. 00E+00 9,47E-06 3. 64E=01
1. 00E+01 3. 56E-01 8.96E-07 0. 00E+00 3. 48E-06 3.56E-01
2. 00E+01 2.99E-01 0. ODE+00 0. O0E+00 0. 00E+00 2.99E~01
3, 00E+01 2, 62E~01 0. 00E+00 0. 00E+00 0. 00E+00 2,62E-01
4,00E+01 2, 36E-01 0. 00E+00 0. 00E+00 0. 00E+00 2.36E-01
5.00E+01 2.18E~01 0. 00E+00 0. 00E+00 0. 00E+00 2.18E-01
6.00E+01 2.05E~-01 0. 00E+00 0. 00E+00 0. 00E+00 2.05E=01
7.00E+01 1.96E-01 0. 00E+00 0. 00E+00 0. 00E+00 1. 96E-01
8.00E+01 1.89E-01 0. 00E+00 0. 00E+00 0.00E+00 1.89E-01
9.00E+01 1.84E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.84E-01
1. 00E+02 1.80E-01 0. 00E+00 0. 00E+00 0. 00E+00 1. 80E~01
2.00E+02 1.66E-01 0. 00E+00 0. 00E+00 0. 00E+00 1, 66E~01
3. 00E+02 1.59E~01 0.00E+00 0. 00E+00 0.00E+00 1.59E-01
4, 00E+02 1.51E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.51E-01
5.00E+02 1.45E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.45E=01
6. 00E+02 1.38E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.38E-01
7.00E+02 1,32E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.32E-01
8. 00E+02 1.26E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.26E-01
9, 00E+02 1.20E-01 0. 00E+00 0. 00E+00 0. 00E+00 1. 20E~01
1.00E+03 1.15E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.15E-01
2. 00E+03 7.23E~02 0. 00E+00 0. 00E+00 0.00E+00  7.23E-02
4, 00E+03 2,87E-02 0. 00E+00 0. 00E+00 0., 00E+00 2,87E~02
8.00E+03 4, 52E-03 0. 00E+00 0. 00E+00 0. 00E+00 4,52E-03
1. 00E+04 1.79E-03 0. 00E+00 0. 00E+00 0. 00E+00 1.79E-03
2, 00E+04 4,12E~06 0.00E+00 0. 00E+00 0. 00E+00 4.12E-06
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CLASS D AMAD = 1 MICRON STABLE PHOSPHORUS 31
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS URINE URINE FECES FECES
1. 00E-01 5.80E-03 6.86E-04
2.00E-01 1.40E-02 1.93E~03
3.00E-01 2.23E-02 3.57E~-03
4,00E-01 3.02E-02 5.48E-03
5.00E-01 3.79E-02 7.57E-03
6.00E~01 4.51E-02 9.77E-03
7.00E-01 5.21E-02 1.20E~02
8.00E-01 5.87E-02 1.43E-02
9.00E-01 6. 50E-02 1. 65E-02
1. 00E+00 7.09E-02 7.09E-02 1.87E~02 1.87E-02
2. 00E+00 4.59E-02 1.17E~01 1.69E~02 3.55E-02
3. 00E+00 2,89E-02 1.46E-01 8.81E-03 4,44E-02
4, 00E+00 1.99E-02 1. 66E~01 4,47E-03 4.88E-02
5.00E+00 1.49E~-02 1,81E-01 2.52E-03 5.14E~02
6. 00E+00 1.20E-02 1.93E-01 1. 66E~03 5.30E-02
7.00E+00 1.01E-02 2.03E-01 1.24E-03 5.43E-02
8.00E+00 8.77E-03 2.11E-01 1.02E-03 5.53E-02
9.00E+00 7.79E-03 2.19E-01 8.82E-04 5.62E-02
1.00E+01 7.05E-03 2. 26E-01 7.90E-04 5.69E-02
2.00E+01 4.09E-03 2.77E-01 4. 54E-04 6.26E~-02
3.00E+01 2.83E-03 3.11E-01 3.15E-04 6.63E-02
4.00E+01 1.99E-03 3¢34E-01 2.21E~04 6.89E-02
5. 00E+01 1.40E-03 3.51E-01 1. 56E-04 7.07E-02
6.00E+01 9.97E-04 3.62E-01 1. 11E~04 7.20E-02
7. 00E+01 7.15E-04 3.71E-01 7.94E-05 7.30E-02
8.00E+01 5. 18E~04 3.77E-01 5.76E-05 7.36E-02
9. 00E+01 3.82E-04 3.81E-01 4. 24E-05 7.41E-02
1.00E+02 2,87E-04 3.84E-01 3.19E-05 7.45E-02
2. 00E+Q2 7. 46E-05 3.97E-01 8. 30E-06 7.59E-02
3.00E+02 6. 60E-05 4.04E-01 7.35E-06 7.67E-02
4, 00E+02 6.28E-05 4,10E-01 7.00E-06 7. 74E-02
5.00E+02 5.99E-05 4,16E-01 6. 68E-06 7.81E~02
6.00E+02 5.72E~-05 4,22E-01 6.38E~06 7.87E-02
7. 00E+02 5.45E-05 4,28E-01 6.09E~06 7.93E-02
8.00E+02 5.20E-05 4,33E-01 5.82E-06 7.99E-02
9.00E+02 4.96E~05 4,38E~01 5.56E-06 8.05E-02
1.00E+03 4.73E-05 4,43E-01 5.31E~06 8.10E-02
2.00E+03 2.92E~-05 4.81E-01 3. 34E-06 8.53E-02
4,00E+03 1.01E-05 5.21E~01 1.33E-06 8.97E-02
5.00E+03 5. 24E-06 5. 30E-01 8.36E-07 9.07E~02
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CLASS D  AMAD = 1 MICRON HALFLIFE= 1.43E+01 DAYS PHOSPHORUS 32
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC ‘ NASAL GI TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E~01 3.31E-01 2.25E-01  3,01E-04 7.38E-02 6.30E-01
2.00E-01 3.81E-01 1.99E-01 2.93E-07 3. 68E-02 6. 17E-01
3. 00E-01 3.97E-01 1.77E-01 0. 00E+00 3.09E~02 6+ 04E-01
4 ,00E~01 4,06E-01 1. 57E~01 0. 00E+00 2.92E-02 . 5.92E-01
5. 00E-01 4,13E-01 1.39E-01 0.00E+00 2. 78E~02 5.79E~01
6.00E-01 4,18E~01 1.23E-01 0. 00E+00 2.63E-02 5.67E~01
7.00E~01 4.22E-01 1.09E-01 0.00E+00 2.47E~02 5. 56E-01
8.00E-01 4. 25E-01 9, 68E-02 0. 00E+00 2.31E~02 5.45E-01
9.00E-01 4,27E-01 8. S8E-02 0. 00E+00 2.16E-02 5.34E-01
1. 00E+00 4,28E-01 7.59E~02 0.00E+00 2.00E=-02 5.23E-01
2. 00E+00 4,11E-01 2,20E-02 0. 00E+00 8.39E-03 4,42E-01
3.00E+00 3.79E~01 6.17E-03 0. 00E+00 3. 15E-03 3.88E-01
4, 00E+00 3.47E-01 1.69E-03 0. 00E+00 1. 13E-03 3. S0E~01
5. 00E+00 3.19E-01 4, S6E~04 0. 00E+00 4,02E-04 3.19E-01
6.00E+00 2.94E-01 1.21E-04 0. 00E+00 1. 42E-04 2. 94E-01
7.00E+00 2.72E-01 3.18E-05 0. 00E+00 4, 97E-05 2.72E-01
8. 00E+00 2.53E~01 8.30E-06 0.00E+00 1. 74E-05 2.53E-01
9.00E+00 2.35E~01 2. 15E-06 0. 00E+00 6. 12E-06 2.35E-01
1.00E+01 2.19E-01 5.52E~07 0. 00E+00 2. 14E-06 2.19E-01
2.00E+01 1. 14E~01 0. 00E+00 0. 00E+00 0.00E+00 1. 14E-01
3. 00E+01 6.12E-02 0. 00E+00 0. 00E+00 0. 00E+00 6.12E-02
4. 00E+01 3.39E-02 0. 00E+00 0. 00E+00 0. 00E+00 3.39E-0
5. 00E+01 1.93E~02 0. 00E+00 0. 00E+00 0. 00E+00 1.93E-02
6.00E+01 1.12E-02 0. 00E+00 0. 00E+00 0.00E+00 1. 12E-02
7 .00E+01 6. 56E~03 0. 00E+00 0. 00E+00 0.00E+00 6. 56E~03
8.00E+01 3.90E~-03 0. 00E+00 0. 00E+00 0. Q0E+00 3.90E-03
9.00E+01 2. 34E-03 0. 00E+00 0.COE+00 0. 00E+00 2.34E~03
1.00E+02 1.41E-03 0. 00E+00 0. 00E+00 0. 00E+00 1.41E~03
2.00E+02 1.02E-05 0. 00E+00 0. 00E+00 0. 00E+00 1.02E-05
3. 00E+02 7.60E~-08 0. 00E+00 0. 00E+00 0. 00E+00 7.60E-08
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CLASS D AMAD = 1 MICRON HALFLIFE= 1.43E+01 DAYS PHOSPHORUS 32
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS URINE URINE FECES FECES
1.00E-01 5.77E-03 6. 83E-04
2.00E-01 1.39E-02 1.92E~03
3.00E-01 2,19E-02 3.52E-03
4.00E-01 2.96E-02 5.38E-03
5.00E~01 3.69E~-02 7.39E~03
6.00E-01 4,38E~-02 9.49E-03
7.,00E-01 5, 03E-02 1.16E~02
8.00E-01 5.,64E-02 1. 37E-02
9.00E-01 6. 22E-02 , 1. 58E~02
1. 00E+00 6. 76E-02 6.76E~-02 1.78E~02 1.78E~-02
2. 00E+00 4,17E-02 1.06E-01 1.53E~02 3. 23E-02
3.00E+00 2., 50E-02 1.26E-01 7.62E~03 3. 83E~02
4. 00E+00 1.64E~02 1.36E-01 3.68E~03 4.,02E-02
5.00E+00 1.17E-02 1.42E-01 1.98E~03 4,03E-02
6. 00E+00 8.98E~-03 1. 44E~01 1.24E-03 3.96E-02
7.00E+00 7.19E-03 1.44E~-01 8.84E-04 3.86E~02
8. 00E+00 5.95E-03 1. 43E-01 6. 91E-04 3. 75E~-02
9.00E+00 5.04E~-03 1.42E-01 - 5.70E-04 3.63E-02
1. 00E+01 4.34E~03 1.39E-01 4, 86E~04 3.51E-02
2.00E+01 1.55E~03 1.05E-01 1.72E-04 2.37E-02
3.00E+01 6. 61E-04 7.25E-02 7+35E-05 1.55E-02
4.00E+01 '2.86E-04 4.80E-02 3.18E-05 9.90E~-03
5.00E+01 1. 24E-04 3.10E-02 1. 38E-05 6.26E-03
6. 00E+01 5. 43E-05 1.97E-02 6.03E~06 3.92E-03
7.00E+01 2. 40E-05 1,24E~02 2. 66E~06 2.45E-03
8.00E+01 1.07E-05 7.77E-03 1.19E-06 1.52E~03
9.00E+01 4. 85E-06 4,84E~03 5. 39E-07 9.42E-04
1.00E+02 2.25E~-06 3.01E-03 2. 50E~07 5.83E~04

B-25



CLASS D AMAD = 1 MICRON STABLE SULPHUR 32
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL GI TOTAL -
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 2.90E~-01 2.26E~01 3.03E-04 7.41E~02 5.90E-01
2, 00E~01 2.90E~-01 2.01E-01 2. 96E-07 3. 72E-02 5.29E~01
3.00E-01 2.63E~01 1.79E-01 0. 00E+00 3. 14E-02 4.74E~01
4,00E-01 2.38E-01 1. 60E~01 0. 00E+00 2.98E-02 4,27E-01
5.00E~01 2,17E-01 1.43E~Q1 0. 0CE+00 2,85E-02 3. 88E~01
6.00E~01 2.01E-01 1.27E=-01 0. 00E+00 2.71E~-02 3. 55E~01
7.00E~01 1.87E~01 1.13E-01 0.00E+00 2.56E-02 3.26E-01
8.00E-01 1.76E-01 1.01E~01 0. 00E+00 2.41E~02 3.01E~01
9.00E-01 1.67E~01 8.96E~-02 0.00E+00 2, 25E-02 2, 80E-01
1.00E+00 1. 60E-01 7.97E-02 0. 00E+00 2.10E-02 2.61E-01
2. 00E+00 1.27E-01 2,42E~02 0. 00E+00 9,24E-03 1.60E~01
3. 00E+00 1.17E-01 7.13E-03 0. 00E+00 3.64E-03 1.27E~01
4, O0E+00 1,12E~01 2.05E-03 0. 00E+00 1.38E~-03 1. 15E-01
5. 00E+00 1.08E~01 5.81E-04 0. 00E+0Q0 5. 12E~04 1.09E-01
6. 00E+00 1.05E~01 1.62E-04 0. 00E+00 1.89E-04 1., 06E-01
7.00E+00 1.03E-01 4.47E-05 0. 00E+00 6.98E~05 1.03E-01
8, 00E+00 1.00E~-01 1.22E-05 0. 00E+00 2.57E-05 1. 00E~01
9, 00E+00 9,79E-02 3.32E-06 0. 00E+00 9,47E-06 9,79E-02
1.00E+01 9, 56E-02 8.96E~07 0. 00E+00 3.48E~06 9, 56E-02
2.00E+01 7.63E~02 0.00E+00 0. 00E+00 0. 00E+00 7.63E~02
3.00E+01 6.27E~02 0. 00E+00 0. O0E+00 0. 00E+00 6.27E-02
4,00E+01 5.30E~02 0. OCE+00 0. 00E+00 0. 00E+00 5.30E-02
5. 00E+01 4.62E-02 0. 00E+00 0. O0E+00 0. 00E+00 4,62E~02
6.00E+01 4,13E-02 0.00E+00 0. 00E+Q0 0. 00E+00 4,13E-02
7.00E+01 3.78E-02 0. 00E+00 0. 00E+00 0. 00E+00 3.78E~02
8.00E+01 3.53E~02 0. 00E+00 0. 00E+00 0. O0E+0Q0 3.53E-02
9, 00E+01 3.35E-02 0, 00E+00 0. 00E+00 0. 00E+00 3.35E-02
1.00E+02 3.22E-02 0. 00E+00 0. 00E+00 0. 00E+00 3.22E-02
2.00E+02 2. 84E-02 0. 00E+00 0. 00E+00 0.00E+00 2.84E~-02
3.00E+02 2. 74E~02 0.00E+00 0.00E+00 0.00E+00 24 74E~02
4,00E+02 2.64E~-02 0. 00E+00 0. 00E+00 0. 00E+00 2. 64E-02
5.00E+02 2.55E-02 0. 00E+00 0. 00E+00 0. 00E+00 2. 55E~-02
6. 00E+02 2.47E-02 0. 00E+00 0. 00E+00 0.00E+00 2. 47E-02
7.00E+02 2.38E~02 0.00E+00 0. 00E+00 0. 00E+00 2.38E~02
8.00E+02 2,30E-02 0. 00E+00 0. 00E+00 0.00E+00 2.30E~02
9. 00E+02 2,22E-02 0.00E+00 0. 00E+00 0.00E+00 2,22E~02
1. 00E+03 2. 15E-02 0.00E+00 0. 00E+00 0. 00E+00 2. 15E-02
2.00E+03 1. 52E-02 0. 00E+00 0.00E+00 0.00E+00 1.52E-02
4, 00E+03 7.+ 59E~-03 0.00E+00 0. 00E+00 0. 00E+00 7.59E-03
8.00E+03 1.90E-03 0.00E+00 0. 00E+00 0. 00E+00 1.90E-03
1.00E+04 9, 50E-04 0. 00E+00 0. 00E+00 0. 00E+00 9, 50E-04
2.00E+04 2.97E-05 0.00E+00 0. 00E+00 0.00E+00 2.97E~05
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CLASS D AMAD = 1 MICRON STABLE SULPHUR 32

TIME AFTER FRACTION OF INITIAL INTAKE IN:

SINGLE INTAKE

24-HOUR ACCUMULATED 24-HOUR ACCUMULATED

DAYS URINE URINE FECES FECES
1.00E~01 4,39E-02 4,92E-03
2.00E~01 9.91E-02 1.14E-02
3. 00E-01 1. 48E~01 1.75E-02
4,00E-01 1. 89E-01 2,31E-02
5. 00E-0O1 2,23E-01 2.81E-02
6. 00E-01 2,52E-01 3.27E-02
7.00E-01 2.76E-01 3.69E-02
8.00E-01 2,97E-01 4.08E-02
9.00E-01 3.15E-01 4,43E-02
1. 00E+00 3.31E-01 3.31E-01 4,75E-02 4,75E-02
2, 00E+00 7.99E-02 4,11E-01 2,07E-02 6.82E-02
3.00E+00 2.45E-02 4,35E-01 8.33E-03 7.65E~02
4. 00E+00 9.06E-03 4.44E-01 3.27E~-03 7.98E-02
5.00E+00 4,38E-03 4.49E-01 1.35E-03 8.11E-02
6. 00E+00 2.94E-03 4,52E~-01 6. 50E-04 8.18E-02
7.00E+00 2,46E~03 4,54E-01 3.93E~04 8.22E-02
8.00E+00 2.27E-03 44 56E-01 2.97E-04 8.25E-02
9.00E+00 2.17E-03 4.59E~-01 2.57E-04 8.27E-02
1. 00E+01 2,08E-03 4.61E-01 2,38E-04 8.30E-02
2,00E+01 1.47E-03 4,78E-01 1.64E-04 8.49E-02
4.00E+01 7.42E-04 4.99E-01 8.24E-05 8.72E-02
5.00E+01 5.27E~-04 5.05E~-01 5. 86E-05 8.79E-02
» 6.00E+01 3., 76E-04 5.,09E-01 44.17E-05 8.84E-02
7.00E+01 2.68E-04 5.13E-01 2.98E-05 8.87E-02
8.00E+01 1.92E-04 5.15E~01 2.14E-05 8.90E-02
9.00E+01 1.39E-04 5.16E~01 1.54E~05 8.92E~-02
‘1. 00E+02 1.01E-04 5.18E~01 1.12E-05 8.93E-02
2, 00E+02 1.17E~05 5.21E-01 1.30E-06 8.97E-02
3.00E+02 8. 63E-06 5.22E-01 9.59E-07 8.98E-02
4,00E+02 8.25E-06 5.23E-01 9.17E-07 8.99E-02
5.00E+02 7.97E-06 5.24E-01 8.85E-07 9.00E-02
6. 00E+02 7.70E-06 5.24E-01 8.55E~07 9.01E-02
7.00E+02 7.43E-06 5.25E-01 8.26E-07 9.01E-02
8.00E+02 7.18E-06 5.26E-01 7.98E-07 9,02E~-02
9.00E+02 6. 94E-06 5.27E~01 7.71E-07 9.03E-02
’ 1.00E+03 6.70E~06 5.27E-01 7. 44E~07 9.04E-02
"""" 2.00E+03 4, 74E-06 5.33E-01 5.26E-07 9.10E-02
4,00E+03 2.37E-06 5.40E-01 2. 63E-07 9.18E-02
8.00E+03 6. 01E-07 5.45E~01 6. 58E~08 9.23E-02
1. 00E+04 3.07E-07 5.46E~01 3.29E-08 9.24E-02
2.00E+04 3. 00E-08 5.47E~01 0.00E+00 = 9,25E-02
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CLASS D AMAD = 1 MICRON BALFLIFE= 8.74E+01 DAYS SULPHUR 35
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL GI TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 2.90E~-01 2.26E-01 3.02E-04 7.41E-02 5.90E~-01
2.00E-01 2,90E-01 2.01E-01 2, 95E-07 3.71E-02 5.28E-01
3.00E-01 2.62E-01 1.79E-01 0.00E+00 3.13E-02 4,73E-01
4.00E-01 2.37E-01 1.59E~01 0. 00E+00 2.97E-02 4,26E-01
5.00E-01 2.16E~01 1.42E-01 0. OCE+00 2.84E-02 3. 87E-01
6.00E-01 2.00E-01 1.26E-01 0. O0E+00 2. 69E-02 3.53E-01
7.00E-01 1.86E-01 1.12E-01 0. 00E+00 2, 54E~02 3.24E-01
8.00E-01 1. 75E-01 1.00E-01 0. 00E+00 2.39E-02 2.99E-01
9.00E-01 1. 66E-01 8.89E-02 0. 00E+Q0 2.24E-02 2.78E-01
1.00E+00 1.59E-01 7.91E-02 0. 00E+00 2.09E-02 2. 59E-01
2.00E+00 1.25E-01 2.38E-02 0. 00E+00 9.10E-03 1.58E-01
3. 00E+00 1. 14E-01 6. 96E-03 0.00E+00 3.55E-03 1.24E-01
4, 00E+00 1.08E~01 1., 99E~-03 0. 00E+00 1.33E-03 1.11E~01
5.00E+00 1.04E-01 5.58E-04 0.00E+00 4.93E~-04 1.05E-01
6. 00E+00 1.00E-01 1.54E-04 0. 00E+00 1.81E-04 1.01E-01
7.00E+00 9.72E-02 4,23E-05 0. 00E+00 6.61E-05 9.73E-02
8.00E+00 9.41E-02 1. 15E-05 0.00E+00 2.41E-05 9.41E-02
9.00E+00 9.11E-02 3.09E-06 0. 00E+00 8.81E-06 9.11E~02
1. 00E+01 8.83E-02 8.28E-07 0. 00E+00 3.22E~06 8.83E~02
2,00E+01 6.51E-02 0. 00E+00 0. 00E+00 0. 00E+00 6. 51E~02
3.00E+01 4494E-02 0.00E+00 0. 00E+00 0. 00E+Q0 4.94E-02
4.00E+01 3.86E-02 0. 00E+00 0. 00E+00 0.00E+00 3.86E-02
5.00E+01 3.11E~-02 0.00E+00 0. 00E+00 0. 00E+00 3.11E-02
6.00E+01 2, 57E-02 0. 00E+00 0. 00E+00 0.00E+00 2.57E~02
7.00E+01 2.17E-02 0. 00E+00 0. 00E+00 0. 00E+00 2.17E-02
8.00E+01 1.87E~02 0. 00E+00 0. 00E+00 0. 00E+00 1.87E-02
9.00E+01 1.64E-02 0. 00E+00 0. 00E+00 0. 00E+00 1. 64E-02
1. 00E+02 1.46E-02 0.00E+00 0. 00E+00 0. 00E+00 1.46E-02
2.00E+02 5.82E~03 0. 00E+00 0. 00E+00 0. 00E+00 5.82E-03
3.00E+02 2. 54E-03 0.00E+00 0.00E+00 0.00E+Q0 2.54E-03
4.00E+02 1.11E-03 0.00E+00 0. 00E+00 0. 00E+00 1.11E~03
5.00E+02 4. 85E-04 0. 00E+00 0.00E+00 0. 00E+00 4. 85E-04
6.00E+02 2.12E-04 0.00E+00 0. 00E+00 0. 00E+00 2.12E-04
7.00E+02 %.27E-05 0.00E+00 0. 00E+00 0.00E+00 9,27E-05
8.00E+02 4,05E-05 0. 00E+00 0.00E+00 0. 00E+00 4.05E-05
9.00E+02 1.77E-05 0.00E+00 0. 00E+00 0. 00E+00 1.77E-05
1.00E+03 7.75E~06 0. 00E+00 0. 00E+00 0. 00E+00 7. 75E-06
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B-29

CLASS D AMAD = ] MICRON BALFLIFE= 8.74E+01 DAYS SULPHUR 35
TIME AFIER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE
24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS URINE URINE FECES FECES
1.00E-01 4,39E-02 4.92E-03
2.00E-01 9,89E-02 1. 14E~-02
3.00E-01 1.47E-01 1.75E-02
4.00E-01 1.88E-01 2.30E-02
5.00E-01 2,22E-01 2, 80E~02
6.00E~Q1 2,51E~01 3.26E-02
7.00E-01 2,75E-01 3.67E-02
8.00E-01 2,95E-01 44 05E~02
9.00E-01 3.13E-01 4.40E-02
1.00E+00 3.28E~01 3.28E-01 4,72E~02 4,72E~02
2,00E+00 7.87E-02 4.04E-01 2.03E-02 6.71E~02
3. 00E+00 2. 40E-02 4,25E-01 8.13E~03 7.47E-02
4, 00E+00 8.78E-03 4.30E-01 3.17E-03 7.73E-02
5.00E+00 4,21E-03 4,31E-01 1.30E-03 7.80E-02
6. 00E+00 2.80E-03 4,31E-01 6.19E-04 7.80E~02
7. 00E+00 2,33E-03 4,30E-01 3. 72E-04 7.77E-02
8., 00E+00 2, 13E-03 4,28E-01 2.79E~04 7.74E-02
9.00E+00 2.02E-03 - 4,27E-01 2.39E-04 7.70E-02
1. 00E+01 1.93E-03 4,25E-01 2. 20E-04 7.66E-02
2.,00E+01 1.26E-03 4,08E-01 1. 40E-04 7.24E-02
3.00E+01 8. 24E-04 3.86E-01 9.16E~-05 6. 80E-02
| 4,00E+01 5. 40E-04 3.63E~01 6. 00E~-05 6.35E-02
: 5. 00E+01 3. 55E-04 3.40E-01 3+ 94E-05 5.91E-02
6. 00E+01 2.33E-04 3.17E-01 24 59E-05 5.49E-02
7. 00E+01 1. 54E-04 2. 94E-01 1,71E-05 5.10E-02
8.00E+01 1. 02E-04 2.,73E-01 1.13E-05 4,72E-02
9.00E+01 6.80E-05 2. 53E-01 7+ 55E-06 4,37E-02
2.00E+02 2.40E-06 1.07E-01 2, 66E-07 1.84E-02
3, 00E+02 8.00E-07 4,84E-02 8.89E-08 8.33E-03
4,00E+02 3.46E-07 2.19E-02 3.85E-08 3.77E-03
5.00E+02 1.51E-07 9.95E-03 1,68E-08 1.71E-03
6. 00E+02 6.62E-08 4.51E~03 0. 00E+00 7+ T4E-04
7 . 00E+02 2. 89E-08 2.04E-03 0. 00E+00 3.51E-04
8. 00E+02 1.26E-08 9.26E-04 0. 00E+00 1. 59E~04



CLASS D AMAD = 1 MICRON STABLE CHLORINE 35
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL GI TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1. 00E-01 3.89E-01 2.26E-01 3.03E~-04 2.17E-02 6.37E-01
2.00E-01 4.31E-01 2.01E-01 2.96E-07 2.28E-03 6.34E-01
3.00E-01 4,51E-01 1.79E-01 0.00E+00 4, 15E-04 6.31E-01
4.00E-01 4.68E-01 1. 60E-01 0.00E+00 1. 85E-04 6.28E-01
5.00E-01 4.82E-01 1.43E-01 0. 00E+00 1.21E-04 6.25E-01
6.00E~-01 4,94E-01 1.27E-01 0. 00E+00 8.47E-05 6.21E-01
7.00E-01 5.05E-01 1.13E-01 0. 00E+00 5.98E-05 6.18E-01
8.00E-01 5.14E-01 1.01E-01 0. 00E+00 4,23E-05 6.14E-01
9.00E-01 5.21E-01 8.96E-02 0. 00E+00 2.99E-05 6.11E-01
1.00E+00 5.27E-01 7.97E~-02 0. 0O0E+00 2.12E-05 6.07E-01
2. 00E+00 5.45E-01 2.42E-02 0. 00E+00 7. 04E-07 5.70E-01
3. 00E+00 5.25E-01 7.13E-03 0. 00E+00 3.82E-08 - 5.32E-01
4.00E+00 4.95E-01 2.05E-03 0. 00E+00 0. 00E+00 4.97E-01
5.00E+00 4.63E-01 5.81E-04 0. 00E+00 0.00E+00 4,64E-01
6. 00E+00 4,33E-01 1.62E~-04 0. 00E+00 0. 00E+00 4.33E-01
7.00E+00 4.04E-01 4,47E-05 0. 00E+00 0.00E+00 4.04E-01
8. 00E+00 3.77E-01 1.22E-05 0. 00E+00 0.00E+00 3.77E-01
9.00E+00 3.52E-01 3.32E-06 0. 00E+00 0.00E+00 3.52E~01
1. 00E+01 3.28E-01 8. 96E-07 0. 00E+00 0. 00E+0Q0 3.28E-01
2.00E+01 1.64E-01 0.00E+00 0.00E+00 0.00E+00 1. 64E-01
3.00E+01 8.20E-02 0.00E+00 0.00E+00 0. 00E+00 8.20E~02
4.00E+01 4,10E-02 0.00E+00 0.00E+00 0. 00E+00 4.10E-02
5.00E+01 2.05E-02 0. 00E+00 0. 00E+00 0. 00E+00 2.05E-02
6.00E+01 1.03E-02 0. 00E+00 0.00E+00 0.00E+00 1.03E-02
7.00E+01 5.13E-03 0. 00E+00 0. 00E+00 0. 00E+00 5.13E-03
8.00E+01 2.57E-03 0. 00E+00 0.00E+00 0. 00E+00 2.57E~03
9. 00E+01 1,28E-03 0.00E+00 0.00E+00 0. 00E+00 1.28E-03
1.00E+02 6.41E-04 0. 00E+00 0. 00E+00 0. 00E+00 6.41E-04
2. 00E+02 6, 27E-07 0.00E+00 0. 00E+00 0. 00E+00 6.27E-07
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CLASS D AMAD = 1 MICRON STABLE CHLORINE 35

TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NON-SYSTEMIC

24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS EXCRETA EXCRETA FECES FECES
1.00E-01 1.99E-03 4, 54E-10
2.00E-01 4,86E-03 2.79E-09
3.00E~-01 7.,92E-03 6. 98E-09
4,00E-01 1.11E-02 1.25E-08
5.00E-01 1.44E-02 1.90E-08
6.00E-01 1. 78E~-02 2,62E-08
7.00E-01 2.12E-02 3.36E-08
8.00E-01 2.48E-02 4.13E-08
9.00E-01 2. 84E-02 4,89E-08
1. 00E+00. - 3.20E-02 3., 20E-02 5.64E-08 5. 64E-08
2. 00E+00 3.75E~02 6. 95E-02 5.77E-08 1. 14E-07
3.00E+00 3.72E-02 1.07E-01 2,72E-08 1.41E~07
4.00E+00 3. 54E~02 1.42E-01 1.10E-08 1. 52E-07
5.00E+00 3.32E-02 1.75E-01 0.00E+00 1.57E~07
6.00E+00 3.10E-02 2,06E-01 0. O0E+00 1.58E-07
7.00E+00 2.90E-02 2.35E-01 0. 00E+00 1. 59E-07
8.00E+00 2.70E-02 2.62E-01 0. O0E+00 1. 59E-07
9.00E+00 2452E-02 2.88E-01 0. 00E+00 1. 59E-07
1. 00E+01 2.35E-02 3.11E-01 0. 00E+00 1. 59-07
2,.00E+0! 1. 18E-02 4,75E-01 0. 00E+00 1. 59E-07
3.00E+01 5.89E-03 5.57E~01 0. O0E+00 1. 59E-07
4.00E+0! 2,94E-03 5.98E-01 0. 00E+00 1. 59E-07
5.00E+01 1.47E-03 6. 19E-01 0. 00E+00 1. 59E-07
6.,00E+01 7.36E~04 6.29E-01 0. 00E+00 1. 59E-07
7.00E+01 3.68E-04 6. 34E-01 0. 00E+00 1.59E-07
8.00E+01 1.84E-04 6.37E-01 0. 00E+00 1. 59E-07
9.00E+01 9.21E~05 6.38E-01 0.00E+00 1. 59E-07
1. 00E+02 4,60E~05 6. 38E-01 0.00E+00 1. 59E-07
2.00E+02 4,50E~08 6.39E-01 0. 00E+00 1.59E-07
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CLASS D AMAD = 1 MICRON HALFLIFE= 1,10E+08 DAYS CHLORINE 36
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL GI TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 3.89E~01 2.26E-01 3.03E-04 2,17E-02 6.37E-01
2.00E-01 4.31E-01 2.01E-01 2.96E-07 2.28E~03 6.34E-01
3. 00E-01 4,51E-01 1.79E-01 0. O0E+00 4. 15E-04 6.31E-01
4,00E-01 4,68E-01 1. 60E-01 0. 00E+00 1. 85E-04 6.28E-01
5.00E-01 4,82E-01 1.43E-01 0.00E+00 1.21E-04 6.25E-01
6.00E-01 4,94E-01 1.27E-01 0. 00E+00 8.47E-05 6.21E-01
7.00E-01 5.05E-01 1.13E-01 0. 00E+00 5.98E-05 6.18E-01
8.00E~01 5.14E-01 1.01E-01 0. 00E+00 4,23E-05 6. 14E-01
9.00E-01 5.21E-01 8.96E-02 0. 00E+00 2.99E-05 6.11E-01
1. 00E+00 5.27E-01 7.97E-02 0. 00E+00 2.12E-05 6.07E-01
2. 00E+00 5.45E-01 2.42E-02 0. OOE+00 7. 04E-07 5.70E-01
3. 00E+00 5.25E-01 7.13E-03 0. 00E+00 3. 82E~08 5.32E-01
4, 00E+00 4,95E-01 2.05E-03 0. 00E+00 0. OOE+00 4.97E-01
5. 00E+00 4,63E-01 5.81E--04 0. 00E+00 0. 00E+00 4.64E-01
6. 00E+00 4,33E-01 1. 62E-04 0. 00E+00 0. OOE+00 4,33E-01
7. 00E+00 4,04E-01 4.47E-05 0.00E+00 0. 00E+00 4,04E-01
8. 00E+00 3.77E~01 1.22E-05 0. 00E+00 0. Q0E+00 3.77E-01
9.00E+00 3.52E-01 '3.32E-06 0. 00E+00 0. COE+Q0 3.52E-01
1. 00E+01 3.,28E~01 8. 96E-07 0. 00E+00 0. 00E+00 3.28E~-01
2. 00E+01 1. 64E-01 0. 00E+00 0. 00E+00 0. 00E+00 1. 64E-01
3. 00E+01 8.20E-02 0. 00E+00 0. 00E+00 0. GOE+0Q0 8.20E-02
4,00E+01 4.10E-02 0. 00E+00 0. 00E+00 0. 00E+00 4,10E-02
5. 00E+01 2,05E-02 0. O0E+00 0. 00E+00 0. O0E+00 2.05E-02
6.00E+01 1.03E-02 0. 00E+00 0. 00E+00 0. 00E+00 1. 03E-02
7. 00E+01 5.13E-03 0. 00E+00 0. 00E+00 0. OCE+00 5.13E-03
8.00E+01 2.57E~03 0. OOE+00 0. 00E+00 0. O0E+00 2.57E-03
9.00E+01 1,28E-03 0. 00E+00 0. 00E+00 0. 00E+00 1.28E~03
1. 00E+02 6.41E-04 0. O0E+00 0. 00E+00 0. 00E+00 6.41E-04
2.00E+02 6.27E-07 0. 00E+00 0. 00E+00 0. 00E+00 6.27E-07
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B-33

CLASS D AMAD = 1 MICRON HALFLIFE= 1.10E+08 DAYS CHLORINE 36
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE
SYSTEMIC NON-SYSTEMIC
24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS EXCRETA EXCRETA FECES FECES
1.00E-01 1.99E-03 4.54E~10
2,00E-01 4.86E~03 2.79E-09
3.00E-01 7.92E-03 6. 98E-09
4,00E-01 - 1.11E-02 1.25E-08
5.00E-01 1.44E-02 1. 90E-08
6.00E-01 1.78E-02 2.62E-08
7.00E-01 2.12E~02 3.36E-08
8.00E-01 2.48E-02 4.13E-08
9.00E-01 2.84E-02 4.89E~08
1. 00E+00 3.20E-02 3.20E-02 5. 64E~08 5.64E-08
2. 00E+00 3.75E-02 6.95E-02 5. 77E-08 1. 14E~07
3.00E+00 3.72E~02 1.07E-01 2.72E-08 1. 41E-07
4,00E+00 3.54E-02 1.42E~-01 1.10E-08 1. 52E~-07
5.00E+00 3.32E-02 1. 75E-01 0. 00E+00 1.57E-07
6. 00E+00 3.10E-02 2.06E-01 0.00E+00 1. 58E-07
7. 00E+00 2.90E-02 2.35E-01 0.00E+00 1. 59E~07
- 8. 00E+00 2.70E-02 2.62E-01 0. 00E+00 1.59E-07
9.00E+00 2.52E-02 2.88E-01 0. 00E+00 1. 59E-07
1. 00E+01 2.35E-02 3.11E-01 . 0. 00E+00 1. 59E-07
2.00E+01 1.18E~02 4.75E-01 0. 00E+00 1.59E-07
3. 00E+01 5.89E-03 5.57E-01 0. 00E+00 1.59E~-07
4,00E+01 2.94E~03 5.98E~-01 0. 00E+00 1.59E-07
5.00E+01 1.47E-03 6.19E-01 0. 00E+00 1. 59E-07
6.00E+01 7.36E-04 6.29E~01 0. 00E+00 1. 59E~07
7. 00E+01 3.68E~04 6.34E-01 0. 00E+C0 1.59E-07
8.00E+01 1.84E~04 6.37E-01 0. 00E+00 1.59E-07
9.00E+01 9.21E~05 6.38E-01 0. 00E+00 1.59E-07
1.00E+02 4. 60E~-05 6.38E-01 0.00E+00 1. 59E-07
2.00E+02 4,50E-08 6.39E-01 0. O0E+00 1. 59E~-07



CLASS D AMAD = 1 MICRON STABLE POTASSIUM 39

TIME AFTER FRACTION OF INITIAL INTAKE IN:

SINGLE INTAKE

SYSTEMIC NASAL GI TOTAL

DAYS ORGANS LUNGS PASSAGES TRACT BODY

1.00E-01 3.91E-01 2.26E-01 3.03E-04 2,17E-02 6.38E-01
2.,00E-01 4,34E-01 2,01E-01 2. 96E-07 2.28E-03 6.38E-01
3.00E-01 4.57E-01 1.79E-01 0.00E+00 4.15E-04 6.36E-01
4.00E-01 4.75E-01 1. 60E-01 0. 00E+00 1.85E-04 6.35E-01
5.00E-01 4.92E-01 1.43E-01 0.00E+00 1.21E-04 6.34E-01
6.,00E-01 5.06E-01 1.27E-Q1 0. 00E+00 8.47E-05 6.33E-01
7.00E-01 5.19E-01 1.13E-01 0.00E+00 5.98E-05 6.32E-01
8.00E-01 5.30E-01 1. 01E-01 0. 00E+00 4,23E~-05 6.31E~01
9.00E~-01 5.40E-01 8.96E-02 0.00E+00 2.99E~05 6.30E-01
1.00E+00 5.49E-01 7.97E-02 0.00E+00 2.12E-05 6.28E-01
2, 00E+00 5.91E-01 2.42E-02 0. 00E+00 7.04E-07 6.15E-01
3.00E+00 5.94E-01 7.13E-03 0. 00E+00 3.82E-08 6.01E-01
4. 00E+00 35.86E-01 2.05E-03 0. 00E+00 0. 00E+00 5.88E-01
5.00E+00 5.74E-01 5.81E~04 0. 00E+00 0. 00E+00 5.74E-01
6. 00E+00 5.61E~01 1.62E-04 0.00E+00 0. 00E+00 5.61E-01
7.00E+00 5.49E~01 4,47E-05 0. OOE+00 0. 00E+00 5.49E~01
8. 00E+00 5.36E~01 1.22E-05 0.00E+00 0. 00E+00 5.36E-01
9.00E+00 5.24E~01 3.32E-06 0. 00E+00 0.00E+00 5¢24E-01
1. 00E+01 5.12E-01 8.96E-07 0. 00E+00 0.00E+00 5.12E-01
2.00E+01 4.07E-01 0. 00E+00 0.00E+00 0. 00E+00 4.07E-01
3.00E+01 3.23E-01 0. 00E+00 0.00E+00 0. 00E+00 3.23E-01
4.00E+01 2.57E=01 0.00E+00 0. 00E+00 0.00E+00 2,57E-01
5.00E+01 2, 04E-01 0. 00E+00 0.00E+00 0.00E+00 2,04E~-01
6.00E+01 1.62E-01 0. 00E+00 0.00E+00 0.00E+00 1.62E~01
7.00E+01 1.29E-01 0.00E+00 0.00E+00 0. 00E+00 1.29E-01
8.00E+01 1.02E-01 0. 00E+00 0.00E+00 0.00E+00 1.02E~01
9.00E+01 8.13E-02 0.00E+00 0.00E+00 0. 00E+00 8.13E-02
1.00E+02 6.46E~02 0. 00E+00 0. 00E+00 0. 00E+00 6.46E~02
2, 00E+02 6.48E-03 0.00E+00 0. 00E+00 0. 00E+00 6.48E-03
3.00E+02 6. 50E~04 0. O0OE+00 0. 00E+00 0.00E+00 6.50E-04
4.00E+02 6.51E-05 0. 00E+00 0. 00E+00 0. 00E+0Q0 6.51E-05
5.00E+02 6.53E~06 0.00E+00 0. O0E+00 0.00E+00 6.53E-06
6.00E+02 6. 54E~07 0.00E+00 0.00E+00 0.00E+00 6.54E~07
7.00E+02 6.49E-08 0. 00E+00 0.00E+00 0. 00E+00 6.,49E-08
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CLASS D AMAD = 1 MICRON STABLE POTASSIUM 39
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NON-SYSTEMIC

24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS EXCRETA EXCRETA FECES FECES
1. 00E-01 6. 63E~04 4,54E-10
2.00E-01 1. 62E-03 2.79E-09
3. 00E-01 2. 65E-03 6. 98E-09
4,00E-01 3.72E-03 1. 25E-08
5.00E-01 4.83E-03 1.90E-08
6.00E-01 5. 98E~03 2.62E-08
7.00E-01 7. 16E-03 3.36E-08
8.00E-01 8.36E-03 4,13E-08
9.00E-01 9.59E~03 4,89E-08
1. 00E+00 1.08E-02 1.08E-02 5.64E-08 5.64E-08
2. 00E+00 1.32E-02 2.41E-02 5.77E-08 1.14E-07
3. 00E+00 1. 37E-02 3.77E~02 2,72E-08 1. 41E-07
4, 00E+00 1.36E-02 5. 13E-02 1. 10E-08 1. 52E-07
5.00E+00 1.33E-02 6. 47E-02 0. 00E+00 1.57E-07
6. 00E+00 1,31E-02 7. 77E-02 0. O0E+00 1. 58E-07
7+ 00E+00 1.28E~02 9, 05E-02 0. 00E+00 1. 59E-07
8. 00E+00 1.25E-02 1.03E-01 0.00E+00 1.59E-07
9.00E+00 1.22E-02 1. 15E-01 0. 00E+00 1.59E-07
1. 00E+01 1.19E-02 1.27E-01 0. 00E+Q0 1. 59E-07
2.00E+01 9.47E-03 2,32E-01 0. 00E+00 1. 59E-07
3. 00E+01 7+52E-03 3.16E-01 0. O0E+00 1. 59E-07
4,00E+01 5.98E-03 3.82E-01 0. 00E+00 1, 59E-07
5.00E+01 4,75E-03 4,35E-01 0. 00E+00 1. 59E-07
6.00E+01 3.77E-03 4,77E-01 0. 00E+00 1. 59E-07
7. 00E+01 3.00E~-03 5. 10E-01 0. 00E+00 1. 59E-07
8.00E+01 2.38E-03 5.37E-01 0.00E+00 1.59E-07
9. 00E+01 1.89E-03 5. 58E-01 0. 00E+00 1. 59E-07
1.00E+02 1.50E-03 5.75E-01 0. 00E+00 1. 59E-07
2. 00E+02 1.51E-04 6.33E-01 0. Q0E+00 1.59E-07
3.00E+02 1.51E-05 6. 38E~-01 0.00E+00 1. 59E-07
4,00E+02 1.52E-06 6.39E~01 0. 00E+00 1. 59E-07
5.00E+02 1.52E-07 6.39E-01 0.00E+00 1.59E-07
6. 00E+02 1.52E-08 6. 39E~-01 0. O0E+00 1. 59E-07
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CLASS D ~ AMAD = 1 MICRON HALFLIFE= 4.67E+11 DAYS POTASSIUM 40

TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL GI TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 3.91E-01 2.26E-01 3.03E-04 2.17E-02  6.38E-0l
2.00E-01 4.34E-01 2.01E-01 2,96E-07 2.28E-03 6.38E-01
3.00E-01 4.57E-01 1.79E-01 0. 00E+00 4. 15E-04 6.36E-01
4.00E~01 4.75E-01 1. 60E-01 0. 00E+00 1. 85E-04 6.35E-01
5.00E~01 4,92E-01 1.43E-01 0. 00E+00 1. 21E-04 6.34E-01
6.00E-01 5.06E-01 1.27E-01 0. 00E+00 8.47E~05 6.33E-01
7.00E-01 5.19E-01 1.13E-01 0. 00E+00 5.98E-05 6.32E-01
8.00E-01 5.30E-01 1.01E-01 0. 00E+00 4,23E-05 6.31E-01
9.00E-01 5.40E-01 8.96E-02 0. 00E+00 2,99E-05  6.30E-01
1.00E+00 5.49E-01 7.97E-02 0. 00E+00 2.12E-05 6. 28E-01
2. 00E+00 5.91E-01 2,42E-02 0.00E+00 7+ 04E-07 6.15E-01
3.00E+00 5.94E-01 7.13E-03 0.00E+00 3.82E-08 6.01E-01
4. 00E+00 5.86E-01 2.05E-03 0. 00E+00 0. 00E+00 5. 88E~01
5.00E+00 5.74E-01 5.81E-04 0. 00E+00 0.00E+00 5.74E-01
6. 00E+00 5.61E-01 1.62E-04 0. 00E+00 0.00E+00 5.61E-01
7.00E+00 5.49E-01 4,47E-05 0. 00E+00 0. 00E+00 5.49E-01
8. 00E+00 5.36E-01 1.22E-05 0. 00E+00 0. 00E+00 5.36E-01
9. 00E+00 5.24E-01 3.32E-06 0. 00E+00 0.00E+00 5.24E-01
1.00E+01 5.12E-01 8.96E-07 0.00E+00 0. 00E+00 5.12E-01
2, 00E+01 4.07E-01 0. 00E+00 0. 00E+00 0. 00E+00 4,07E-01
3.00E+01 3.23E-01 0.00E+00 0.00E+00 0. 00E+00 3.23E~01
4.00E+01 2.57E-01 0. 00E+00 0. 00E+00 0. 00E+00 2.57E-01
5.00E+01 2.04E-01 0. 00E+00 0. 00E+00 0. 00E+00 2. 04E-01
6.00E+01 1.62E-01 0.00E+00 0. 00E+00 0. 00E+00 l. 62E~-01
7.00E+01 1.29E-01 0.00E+00 0. 00E+00 0. 00E+00 1.29E-01
8.00E+01 1.02E-01 0.00E+00 0. 00E+00 0.00E+00 1. 02E-01
9. 00E+01 8.13E-02 0.00E+00 0, 00E+00 0. 00E+00 8.13E-02
1. 00E+02 6.46E-02 0.00E+00 0. 00E+00 0. 00E+00 6.46E-02
2.00E+02 6.48E-03 0.00E+00 0. 00E+00 0. 00E+00 6. 48E~03
3.00E+02 6.50E-04 0.00E+00 0. 00E+00 0.00E+00 6. 50E-04
4, 00E+02 6.51E~05 0.00E+00 0. 00E+00 0.00E+00 6.51E-05
5.00E+02 6.53E~06 0. 00E+00 0. 00E+00 0.00E+00 6. 53E~06
6. 00E+02 6. 54E~-07 0.00E+00 0,00E+00 0. 00E+00 6+ 54E-07
7.00E+02 6.49E-08 0. 00E+00 0. 00E+00 0. O0E+00 6.49E-08
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CLASS D AMAD = 1 MICRON BALFLIFE= 4.67E+11 DAYS POTASSIUM 40
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NON~SYSTEMIC

24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS EXCRETA EXCRETA FECES FECES
1.00E-01 6.63E-04 4.54E-10
2.00E-01 1.62E-03 2. 79E-09
3.00E-01 2, 65E~03 6.98E-09
4.00E-01 3.72E-03 1.25E-08
5.00E-01 4,83E-03 1. 90E-08
6.00E-01 5.98E~03 2.62E-08
7.00E~01 7.16E-03 3.36E-08
8.00E-01 8.36E-03 4.13E-08
9.00E~01 9.59E-03 4.89E-08
1.00E+00 1.08E-02 1,08E~02 5.64E-08 5.64E-08
2.,00E+00 1.32E-02 2.41E-02 5.77E-08 1. 14E-07
3.00E+00 1.37E-02 3.77E-02 2.72E-08 1. 41E-07
4.00E+00 1.36E-02 5.13E-02 1.10E-08 1.52E-07
5.00E+00 1,33E-02 6.47E-02 0.00E+00 1. 57E-07
6.00E+00 1.31E-02 7.77E-02 0.00E+00 1. 58E-07
7.00E+00 1.28E-02 9.05E-02 0.00E+00 1.59E-07
8.00E+00 1.25E-02 1.03E-01 0.00E+00 1.59E-07
9.00E+00 1.22E-02 1.15E-01 0. 00E+00 1.59E-07
1.00E+01 1.19E-02 1,27E-01 0. 00E+00 1. 59E-07
2.00E+01 9.47E-03 2.32E-01 0.00E+00 1. 59E-07
3.00E+01 7.52E-03 3.16E-01 0.00E+00 1.59E-07
4.00E+01 5.98E~03 3.82E-01 0. 00E+00 1. 59E-07
5.00E+01 4,75E-03 4.35E-01 0. 00E+00 1.59E-07
6.00E+01 3.77E~03 4,77E-01 0. 00E+00 1. 59E-07
7.00E+01 3.00E-03 5. 10E-01 0. 00E+00 1.59E-07
8.00E+01 2.38E-03. 5.37E-01 0. 00E+00 1. 59E~07
9,00E+01 1.89E-03 5.58E~01 0. 00E+0Q0 1. 59E~07
1.00E+02 1.50E~03 5.75E-01 0.00E+00 1.59E-07
2, 00E+02 1. 51E-04 6.33E-01 0. 00E+00 1.59E-07
3.00E+02 1.51E-05 6.38E-01 0. 00E+00 1. 59E-07
4.00E+02 1.52E-06 6.39E-01 0. 00E+00 1.59E-07
5.00E+02 1.52E-07 6.39E-01 0.00E+00 1.59E-07
6.00E+02 1.52E-08 6.39E-01 0., 00E+00 1.59E-07
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CLASS D AMAD = ] MICRON STABLE TITANLIUM 48

TIME AFTER FRACTION OF INITIAL INTAKE IN:

SINGLE INTAKE

SYSTEMIC NASAL Gl TOTAL

DAYS ORGANS LUNGS PASSAGES TRACT BODY

1.00E-01 2,57E-01 2.26E-01 3.03E-04 1.56E-01 6.39E-01
2,00E-01 2.,82E-01 2.01E-01 2.96E-07 1.55E-01 6.38E-01
4,00E-01 3.22E-01 1.60E-01 0. 00E+00 1.51E~01 6.33E-01
5.00E~01 3.40E-01 1.43E-01 0. 00E+00 1.46E-~01 6.29E-01
6.00E-01 3.55E-01 1. 27E-01 0. 00E+00 1.41E-01 6.23E-~01
7.00E-01 3.69E-01 1.13E-01 = 0.00E+00 '1+35E-01 6.17E-01
8.00E-01 3.81E-01 1.01E-01 0. 00E+Q0 1.28E~-01 6.10E-01
9.00E~01 3.92E~01 8.96E-02 0. 00E+00 1.21E-01 6.02E-01
1. 00E+00 4.02E-01 7.97E~-02 0. 00E+00 1.14E-01 5.95E-01
2, 00E+00 4.57E-01 2.42E-02 0. 0CE+00 5.19E-02 5.33E-01
3. 00E+00 4,73E-01 7.13E-03 0. 0OE+00 2.07E-02 5.01E~01
4.00E+00 4,78E~01 2.05E-03 0. 00E+00 7.86E-03 4,88E-01
5. 00E+00 4.79E-01 5.81E-04 0. 00E+00 2.93E-03 4.82E-01
6.00E+00 4,78E~01 1.62E-04 0. 00E+00 1.09E-03 4,80E-01
7.00E+00 4.,78E-01 4.47E-05 0. 00E+00 4.00E-04 4.78E-01
8. 00E+00 4,78E-01 1.22E-05 0. 00E+00 1.47E-04 4,78E~01
9. 00E+00 4,77E-01 3.32E-06 0. 00E+00 5.42E-05 4.77E-01
1,00E+01 4.76E-01 8. 96E-07 0. 00E+00 2.00E-05 4.76E-01
2.00E+01 4.,71E-01 0. 00E+00 0. 00E+00 0. 00E+00 4.71E-01
3.00E+01 4, 66E-01 0. 00E+00 0.00E+00 0. 00E+00 4,66E-01
4.00E+01 4. 60E-01 0. GOE+00 0. 00E+00 0.00E+00 4.60E-01
5.00E+01 4, 55E-01 0.00E+00 0. 00E+00 0. 00E+00 4,55E~01
6.00E+01 4. 50E-01 0.00E+00 0. COE+00 0. 00E+00 4.50E-01
7. 00E+01 4,45E-01 0.00E+00 0. 00E+00 0. 00E+00 4. 45E-01
8.00E+01 4,39E-01 0. 00E+00 0. 00E+00 0.00E+00 4,39E-01
9.00E+01 4,34E-01 0.00E+00 0. 00E+00 0.00E+00 4,34E-01
1. 00E+02 4,29E-01 0. 00E+00 0. 00E+00 0.00E+00 4.29E-01
2. 00E+02 3.83E-01 0.00E+00 0. 00E+00 0. 00E+00 3.83E-01
3. 00E+02 3.41E-01 0. 00E+00 0. 00E+00 0. 00E+00 3.41E-01
4.00E+02 3.04E-01 0.00E+00 0. 00E+00 0.00E+00 3.04E-01
5.00E+02 2.71E-01 0.00E+00 0. 00E+00 0. 00E+00 2,71E-01
6.00E+02 2.41E-01 0.00E+00 0. 00E+00 0.00E+00 2.41E-01
7.00E+02 2.15E-01 0. 00E+00 0. 0OE+00 0.00E+00 2.15E-01
8.00E+02 1.91E-01 0.00E+00 0. O0E+00 0.00E+00 1.91E-01
9.00E+02 1.70E~-01 0. 00E+00 0. 00E+00 0.00E+00 1. 70E~-01
1.00E+03 1. 52E-01 0.00E+00 0. 00E+00 0. 00E+00 1.52E-01
2.00E+03 4, 78E-02 0. 00E+00 0. COE+00 0.00E+00 4,78E-02
4.00E+03 4.75E-03 0. 00E+00 0. 00E+00 0.00E+00 4,75E-03
8.00E+03 4. 68E-05 0. O0E+00 0. 00E+00 0. 00E+00 4, 68E-05
1.00E+04 44 63E-06 0. 00E+00 0. 00E+00 0.00E+00 4+.63E-06

B-38




CLASS D AMAD = 1 MICRON STABLE TITANIUM 48

TIME AFTER FRACTION OF INITIAL INTAKE IN:

SINGLE INTAKE

SYSTEMIC NON-SYSTEMIC
24-HOUR ACCUMULATED 24-HOUR ACCUMULATED

DAYS EXCRETA EXCRETA FECES FECES

1.00E-01 2.44E-05 6.07E-05
2,00E-01 5.56E-05 7+ 40E-04
3.00E-01 8. 94E-05 2. 64E-03
4.00E-01 1. 26E~04 5.91E-03
5.00E-01 1. 64E~-04 1. 04E-02
6.00E~01 2. 04E-04 1. 60E-02
7.00E-01 2.46E-04 2.24E-02
8.00E-01 2,89E-04 2. 92E-02
1. 00E+00 3.79E-04 3.79E-04 4.37E-02 4,37E-02
2.00E+00 5, 02E-04 8.81E-04 6, 18E~-02 1.06E~01
3. 00E+00 5.39E-04 1.42E~03 3.12E~02 1.37E-01
4.00E+00 5.50E-04 1.97E-03 1.28E-02 1. 50E-01
5.00E+00 5. 52E-04 2.52E-03 4.93E-03 1. 54E-01
6. 00E+00 5.53E-04 3.08E-03 1.85E-03 1.56E-01
7.00E+00 5.52E~-04 3.63E-03 6.85E-04 1.57E-01
8. 00E+Q0 5.52E-04 4,18E~03 2. 53E-04 1.57E-01
9.00E+00 5.51E-04 4,73E-03 9.,31E-05 1. 57E-01
1.00E+C1 5.51E-04 5.28E-03 3.43E-05 1.57E-01
2. 00E+01 5.44E-04 1.08E~-02 0. 00E+00 1.57E-01
3. 00E+01 5.38E-04 1.62E-02 0. 00E+00 1.57E-01
4.,00E+01 5.32E-04 2.15E-02 0. 0O0E+00 1. 57E-01
5.00E+01 5.26E-04 2.68E-02 0. 00E+00 1.57E-01
6.00E+01 5.20E-04 3.20E~-02 0. G0E+00 1. 57E~01
7.00E+01 5. 14E-04 3.72E-02 0. 00E+00 1.57E-01
8.00E+01 5.08E-04 4,23E-02 0. 00E+00 1. 57E=01
9.00E+01 5.02E-04 4,73E-02 0. 00E+00 1. 57E-01
1.00E+02 4,96E-04 5.23E-02 0. 00E+00 1. 57E-01
2.00E+02 4.42E-04 9.92E~-02 0. 00E+00 1.57E-01
3.00E+02 3.94E-04 1.41E-01 0. 00E+00 1.57E-01
4,00E+02 3.51E-04 1.78E-01 0. GOE+0Q0 1. 57E-01
5. 00E+02 3.13E-04 2.11E-01 . 0. 00E+00 1. 57E-01
6. 00E+02 2.79E-04 2.41E-01 0. 00E+00 1.57E-01
7. 00E+02 2,48E-04 2.67E-01 0. 00E+00 1. 57E~01
8.00E+02 2.21E-04 2,90E-01 0. 00E+00 1.57E~01
9.00E+02 1.97E-04 3.11E-01 0. 00E+00 1. 57€-01
1. 00E+03 1.75E-04 3.30E-01 0. 00E+00 1.57E~01
2.00E+03 5.53E~05 4o 34E-01 0. 00E+00 1. 57E-01
4,00E+03 5.49E-06 4.77E-01 0. O0E+00 1.57E-01
8.00E+03 5.41E-08 4,82E~-01 0. O0E+00 1.57E-01
9.00E+03 1.70E~08 4,82E-01 0. 00E+00 1. 57E~01
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CLASS D AMAD = 1 MICRON HALFLIFE= 3,30E+02 DAYS VANADIUM 49
TIME AFTER FRACTION OF INITIAL INTAKE 1IN:
SINGLE INTAKE

SYSTEMIC NASAL GIL TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 2.21E-01 2.26E-01 3.03E-04 1. 56E=01 6.03E-01
2.00E-01 2.08E-01 2.01E-01  2,95E-07 1.55E=01 5. 65E-01
3.00E-01 1.98E-01 1.79E-01 0.00E+00 1. 54E~01 5.31E-01
4,00E-01 1.89E-01 1. 60E-01 0. 00E+00 1.51E=01 5.00E-01
5.00E-01 1.83E-01 1.42E-01 0.00E+00 1.46E~01 4.71E-01
6.00E-01 1.77E-01 1.27E~01 0. 00E+00 1.41E-01 4.45E~01
7.00E-01 1.72E-01 1.13E-01 0. 00E+00 1. 35E~01 4,20E-01
8.00E-01 1.69E-01 1. 00E-01 0. 00E+00 1.28E-01 3. 97E-01
9, 00E-01 1.65E~01 8. 94E-02 0. 00E+00 1.21E-01 3. 75E-01
1.00E+00 1.63E-01 7.95E-02 0. 00E+00 1.13E-01 3. 56E-01
2.00E+00 1.49E-01 2.41E-02 0. 00E+00 5.17E-02 2.25E-01
3. 00E+00 1.45E-01 7.09E-03 0. 00E+00 2. 06E-02 1.73E~01
4, 00E+00 1. 44E-01 2.04E-03 0. 00E+00 7.80E~03 1. 54E-01
5.00E+00 1.43E-01 5.75E~04  0.00E+00 2.90E-03 1.47E~01
6. 00E+00 1.43E-01 1. 60E-04 0. O0E+00 1.07E~03 1.44E-01
7. 00E+00 1.42E-01 4,41E-05 0. 00E+00 3.94E~04 1.43E-01
8. 00E+00 1.42E-01 1, 20E-05 0. 00E+00 1.45E-04 1.42E-01
9.00E+00 1.42E-01 3. 26E-06 0. 00E+00 5.32E-05 1.42E-01
1. 00E+01 1.41E-01 8. 78E-07 0.00E+00 1.95E-05 1.41E-01
2.00E+01 1.38E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.38E-01
3.00E+01 1.35E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.35E-01
4. 00E+01 1.33E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.33E-0
5.00E+01 1.30E-01 0. 00E+00 0.00E+00 0. 00E+00 1. 30E-0
6.00E+01 1.27E-01 0. 00E+00 0. OOE+00 0. 00E+00 1. 27E-01
7. 00E+01 1.24E-01 0. 00E+00 0. 00E+00 0. 00E+00 1. 24E-01
8.00E+01 1.21E-01 0. 00E+00 0. 00E+00 0. 0OE+00 1.21E~01
9, 00E+01 1.19E~01 0. 00E+00 0.00E+00 0. 00E+00 1.19E-01
1.00E+02 1.16E-01 0.00E+00 0.00E+00 0. 00E+00 1, 16E~01
2. 00E+02 9.36E-02 0.00E+00 0. 00E+00 0. O0E+00 9.36E~02
3.00E+02 7 « 54E~02 0.00E+00 0. 00E+00 0.00E+00 7.54E-02
4 . 00E+02 6.07E-02 0.00E+00 0. 00E+00 0. O0E-+00 6.07E~02
5.00E+02 4.88E-02 - 0.00E+00 0.00E+00 0. 00E+00 4.88E-02
6. 00E+02 3.93E-02 0. 00E+00 0. 00E+00 0. 00E+00 3.93E~-02
7. 00E+02 3.16E-02 0. 00E+00 0. 00E+00 0. 00E+00 3. 16E-02
8. 00E+02 2.55E~02 0. 00E+00 0. 00E+00 0. 00E+00 2.55E-02
9,00E+02 2.05E-02 0.00E+00 0. 00E+00 0. 00E+00 2.05E-02
1,00E+03 1.65E~02 0. 00E+00 0. 00E+00 0. 00E+00 1,65E~02
2.00E+03 1.89E-03 0. 00E+00 0.00E+00 0. 00E+00 1.89E=-03
3.00E+03 2.15E~04 0. 00E+00 0.00E+00 0. 00E+00 2.15E~04
4. 00E+03 2. 46E-05 0.00E+00 0.00E+00 0. 00E+00 2. 46E=~05
5. 00E+03 2.81E-06 0.00E+00 0. 00E+00 0.00E+00 2.81E-06
6.00E+03 3.21E~07 0. 00E+00 0. 00E+00 0. 00E+00 3. 21E~07
7 . 00E+03 3.66E-08 0. 00E+00 0. 00E+00 0.00E+00  3.66E-08
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CLASS D AMAD = 1 MICRON RALFLIFE= 3.30E+02 DAYS VANADIUM 49

TIME AFTER FRACTION OF INITIAL INTAKE IN:

SINGLE INTAKE

. SYSTEMIC

NON-SYSTEMIC

24-HOUR ACCUMULATED 24-HOUR ACCUMULATED

DAYS EXCRETA EXCRETA FECES FECES
1.00E~01 3. 64E-02 6.07E-05
2.00E-01 7.34E-02 7. 40E-04
3.00E-01 1.05E-01 2.63E-03
4,00E-01 1.33E-01 5.90E-03
5.00E~-01 1.57E-01 1.04E-02
6.00E-01 1.78E-01 1.60E-02
7.00E-01 1.96E-01 2,23E-02
8.00E-01 2.12E-01 2.92E-02
9.00E-01 2.26E-01 3.63E-02
1.00E+00 2.39E-01 2.39E-01 4.36E-02 4,36E-02
2, 00E+00 6.80E-02 3.06E-01 6. 15E-02 1.05E-01
3.00E+00 2,08E~02 3.26E-01 3. 10E-02 1.36E-01
4.00E+00 6.27E-03 3. 32E-01 1.27E-02 1.48E-01
5.00E+00 1. 85E~03 3.33E-01 4.88E-03 1. 53E-01
6.00E+00 5.39E~04 3.33E-01 1.82E~03 1.54E-01
7.00E+00 1.59E~04 3.32E~01 6. 75E~04 1. 55E-01
8.00E+00 5.15E-05 3.32E-01 '2.49E-04 1.55E-01
9.00E+00 2,13E-05 3.31E-01 9. 14E-05 1. 54E-01
1.00E+01 1.29E-05 3.30E-01 3. 36E-05 1. 54E-01
2.00E+01 9.59E-~06 3.24E~01 0. 00E+00 1.51E-01
3.00E+01 9, 38E-06 3.17E-01 0. 00E+00 1.48E-01
4.00E+01 9.18E-06 3.10E-01 0. 00E+00 1. 45E-01
5.00E+01 8.99E-06 3.04E-01 0. 00E+00 1.42E-01
6. 00E+01 8.79E-06 2,98E-01 0. 00E+00 1.39E-01
7.00E+01 8.60E-06 2,92E-01 0. 00E+00 1.36E-01
8.00E+01 8.42E-06 2.86E-01 0. 00E+00 1.33E-01
9. 00E+01 8. 24E-06 2,.80E-01 0. 00E+00 1.30E-01
1. 00E+02 8.06E~-06 2.74E~01 0. 00E+00 1.28E-01
2, 00E+02 6. 49E-06 2,23E-01 0. 00E+00 1,03E-01
3.00E+02 5.22E-06 1.81E-01 0. 00E+00 8,38E-02
4. 00E+02 4,21E~06 1.47E-01 0. 00E+00 6.79E~02
5.00E+02 3.38E-06 1. 20E-01 0. 00E+00 5.51E-02
7.00E+02 2,19E-06 7.91E~02 0. 00E+00 3.62E-02
8.00E+02 1.77E-06 6. 43E-02 0. 00E+00 2,93E-02
9.00E+02 1.42E-06 5,22E-02 0. 00E+00 2, 38E-02
" 1. 00E+03 1.14E~06 4.25E~02 0. 00E+00 1.93E~02
2. 00E+03 1.31E-07 5.33E-03 0. 00E+00 2,36E-03
3.00E+03 1.49E-08 6.68E-04 0. 00E+00 2,89E-04

B-41



CLASS D  AMAD = 1 MICRON HALFLIFE= 2,77E+01 DAYS CHROMIUM 51
TIME AFTER FRACTION OF INLTIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL GI TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1. 00E-01 2.51E-01 2.25E-01 3.02E-04 1.51E-01 6.28E-01
2.00E-01 2.69E-01 2. 00E~01 2.94E-07 1.46E-01 6. 15E-01
3.00E~01 2.81E-01 1.78E-01 0. 00E+00 1. 42E-01 6.01E~01
4,00E-01 2.90E-01 1. 58E-01 0. 00E+00 1.37E-01 5.86E~01
5.00E~01 2.97E-01 1.41E-01 0. OOE+00 1. 32E-01 5.70E-01
6.00E-01 3.02E-01 1.25E-01 0. 00E+00 1.26E-01 5. 54E-01
7.00E~01 3.06E-01 1.11E-01 0. 00E+00 1. 20E-01 5.37E-01
8.00E-01 3. 09E-01 9,87E-02 0. 00E+00 1.13E-01 5.21E=01
9.00E~01 3.11E-01 8.76E-02 0. 00E+00 1.07E-01 5.05E-01
1.00E+00 3.12E-01 7.77E-02 0. 00E+00 9, 98E-02 4, 89E-01
2.00E+00 2.99E~01 2.30E-02 0. 00E+00 4, 42E~02 3. 66E~01
3, 00E+00 2.75E~01 6.62E-03 0. 00E+00 1.72E~02 2. 98E-01
4, 00E+00 2.51E-01 1,86E-03 0. 00E+00 6. 36E-03 2.60E-01
5.00E+00 2.31E-01 5.12E-04 0. 00E+00 2.31E-03  -2.34E-01
6.00E+00 2.13E-01 1.39E-04 0. 00E+00 8. 34E~04 2.14E-01
7. 00E+00 1.97E~01 3. 75E-05 0. 00E+00 3.00E~04 1.98E-01
8.00E+00 1.83E~01 1. 00E-05 0.00E+00 1.08E-04 1.83E-01
9,00E+00 1.71E-01 2.65E-06 0. 00E+00 3. 87E~05 1. 71E~01
1.00E+01 1.59E-01 6.98E-07 0. 00E+00 1. 39E-05 1. 59E-01
2.00E+01 9, 08E~02 0.00E+00 0. 00E+00 0. 00E+00 9,08E-02
3. 00E+01 5.98E-02 0. 00E+00 0. 00E+00 0. 00E+00 5. 98E~02
4.00E+01 4. 20E-02 0. 00E+00 0. 00E+00 0. 00E+00 4, ZOE—O.
5.00E+01 3.02E~02 0. 00E+00 0.00E+00 0. O0E+00 3.02E-02
6. 00E+01 2.19E-02 0. 00E+00 0. 00E+00 0. 00E+00 2. 19E-02
7. 00E+01 1. 59E~02 0.00E+00 0.00E+00 0. 00E+00 1.59E~-02
8.00E+01 1. 16E~02 0. 00E+00 0. 00E+00 0. 00E+00 1. 16E~02
9,00E+01 8.46E-03 0.00E+00 0. 00E+00 0. O0E+00 8.46E-03
1. 00E+02 6.19E-03 0.00E+00 0. 00E+00 0. 00E+00 6.19E-03
2.00E+02 2.93E~04 0. 00E+00 0. 00E+00 0.00E+00 2.93E-04
3.00E+02 1. 62E-05 0. 00E+00 0. 00E+00 0. 00E+00 1.62E~05
4. 00E+02 1.02E-06 0.00E+00 0.00E+00 0. 00E+00 1.02E~06
5.00E+02 7.08E~08 0. 00E+00 0. 00E+00 0. 00E+00 7.08E~-08




CLASS D AMAD = 1 MICRON HALFLIFE= 2.77E+01 DAYS CHROMIUM 51

TIME AFTER FRACTION OF INITIAL INTAKE IN:

SINGLE INTAKE

SYSTEMIC NON-SYSTEMIC
24-HOUR ACCUMULATED 24-HOUR ACCUMULATED

DAYS EXCRETA EXCRETA FECES FECES

1., 00E-01 9.33E-03 5.99E-05
2.00E~01 2.02E-02 7.21E-04
3. 00E-01 3. 10E~-02 2.53E-03
4,00E-01 4,14E-02 5.62E-03
5. 00E-01 5. 14E-02 9.83E-03
6.00E-01 6. 10E~02 1.49E-02
7+ 00E-01 7.01E-02 2.07E-02
8.00E~01 7.88E-02 2. 69E-02
9.00E-01 8.69E-02 3.32E~02
1. 00E+00 9,46E-02 9.46E-02 3.97E-02 3.97E-02
2. 00E+00 5. 76E-02 1.50E-01 5.32E-02 9, 19E-02
3, 00E+00 3.28E-02 1.79E-01 2.60E-02 1. 16E-01
4.00E+00 2, 10E-02 1,96E-01 1. 04E~02 1.23E-01
5. 00E+00 1.55E-02 2.06E-01 3.89E-03 1. 24E~01
6. 00E+00 1.26E~-02 2.14E-01 1.42E-03 1.22E-01
7. 00E+00 1.07E-02 2.19E-01 5.13E-04 1.20E~01
8, 00E+00 9.25E-03 2, 23E~01 1.85E-04 1.17E-01
9.00E+00 8.08E-03 2,25E-01 6.64E-05 1. 14E-01
1. 00E+01 7.09E~03 2.27E-01 2.38E-05 1.11E-01
2.00E+01 2.10E-03 . 2.10E-01 0. 00E+00 8.68E~02
3. 00E+01 7.77E-04 1.74E-01 0. 00E+00 6. 76E~02
4. 00E+01 3.79E-04 1.40E-01 0. 00E+00 5. 26E~02
5.00E+01 2.28E-04 1.12E-01 0. O0E+00 4.10E-02
6.00E+01 1. 53E-04 8.87E-02 0. 00E+00 3.19E-02
7. 00E+01 1.07E-04 7.02E-02 0. 00E+00 2.48E-02
8.00E+01 7.57E-05 5¢54E-02 0. 00E+00 1, 93E~02
9.00E+01 5.40E-05 4,37E-02 0. 00E+00 1.51E-02
2.00E+02 1.38E-06 3.04E-03 0. 00E+00 9. 60E-04
3. 00E+02 5.18E-08 2.57E-04 0.00E+00 7.87E-05
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B-44

CLASS D AMAD = 1 MICRON STABLE CHROMIUM 52
TIME AFTER FRACTION OF INITIAL INTAKE IN:

SINGLE INTAKE

SYSTEMIC NASAL GL TOTAL

DAYS ORGANS LUNGS PASSAGES TRACT BODY

1, 00E-01 2.52E~01 2,26E-01 3.03E-04 1.52E-01 6.30E-01
2.00E-01 2.70E-01 2.01E-01 2, 96E-07 1.47E~-01 6.18E-01
3.00E-01 2.83E-01 1.79E-01 0.00E+00 1.43E~-01 6.05E-01
4.00E-01 2.93E-01 1. 60E~-01 0. 00E+00 1.38E-01 5.92E-01
5.00E-01 3.01E~01 1,43E-01 0.00E+00 1.33E-01 5.77E-01
6.00E-01 3.07E-01 1.27E-01 0. 00E+00 1.28E-01 5.62E-01
7.00E-01 3.12E~01 1.13E~01 0. 00E+00 1.22E-01 5.47E-01
8.00E-01 3.15E-01 1.01E-01 0. 00E+00 1.16E-01 5.31E~01
9.00E-01 3.18E-01 8.96E-02 0. 00E+00 1.09E-01 5.16E-01
1. 00E+00 3.19E-01 7.97E-02 0. 00E+00 1.02E~-01 5.01E-01
2. 00E+00 3.14E-01 2,42E-02 0.00E+00 4.65E-02 3.85E-01
3.00E+00 2.96E-01 7.13E-03 0. 00E+00 1.85E~02 3.22E-01
4.00E+00 2.,78E~01 2.05E-03 0.00E+00 7.03E-03 2,87E-01
5.00E+00 2.62E-01 5.81E-04 0. O0E+00 2.62E~03 2,65E-01
6.00E+00 2.48E-01 1.62E-04 0. 00E+00 9. 69E-04 2.49E-01
7.00E+00 2,35E-01 4.47E-05 0.00E+00 3.57E-04 2.35E-01
8.00E+00 2,24E-01 1, 22E-05 0. 00E+00 1. 32E~-04 2.24E~01
9.00E+00 2.14E-01 3.32E-06 0. 00E+00 4, 84E-05 2.14E-01
1. 00E+01 2.05E-01 8.96E-07 0. 00E+00 1,78E-05 2,05E-01
2.00E+01 1.50E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.50E-01
3.00E+01 1. 27E-01 0. 00E+Q0 0. 00E+00 0. 00E+00 1.27E-01
5.00E+01 1.05E-01 0.00E+00 0.00E+00 0. 00E+00 1.05E-01
6.00E+01 9.80E-02 0.00E+00 0. 00E+00 0. 00E+00 9.80E~02
7.00E+01 9.16E-02 0. 00E+00 0. 00E+00 0. 00E+00 9.16E-02
8.00E+01 8.58E-02 0. 00E+00 0. 00E+00 0. 00E+00 8.58E-02
9.00E+01 8.04E~-02 0. 00E+00 0.00E+00 0. 0OE+00 8.04E-02
1.00E+02 7.55E~02 0.00E+00 0.00E+00 0. 00E+00 7. 55E~02
2.00E+02 4.36E-02 0. 00E+00 0.00E+00 0. 00E+00 4,36E-02
3, 00E+02 2.94E-02 0. 00E+00 0. 00E+00 0. 00E+00 2. 94E-02
4.00E+02 2.27E-02 0. 00E+00 0. 00E+00 0.00E+00 2, 27E-02
5.00E+02 1.92E-02 0. 00E+00 0. 00E+00 0. 00E+00 1.92E-02
6.00E+02 1.71E-02 0.00E+00 0.00E+00 0. 00E+00 1. 71E-02
7.00E+02 1. 56E-02 0.00E+00 0.00E+00 0. 00E+00 1. 56E-02
8.00E+02 1. 44E-02 0. 00E+00 0.00E+00 0.00E+00 1.44E~02
9.00E+02 1.33E-02 0. 00E+00 0. 00E+00 0. 00E+00 1.33E-02
1.00E+03 1.24E-02 0. 00E+00 0. 00E+00 0. 00E+00 1.24E-02
2. 00E+03 6. 20E-03 0. 00E+00 0.00E+00 0. 00E+00 6.20E-03
4.00E+03 1.55E-03 0. 00E+00 0. 00E+00 0. 00E+00 1.55E-03
8.00E+03 8.62E-05 0. 00E+00 0. 00E+00 0. 00E+00 8.62E-05
1.00E+04 1.07E-05 0.00E+00 0.00E+00 0. 00E+00 1.07E-05



B-45

CLASS D AMAD = 1 MICRON STABLE CHROMIUM 52
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE
‘ SYSTEMIC ' NON-SYSTEMIC
24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS EXCRETA EXCRETA FECES FECES
1.00E-01 9.36E-03 6.00E-05
2.00E-01 2.03E-02 7+ 24E~04
3.00E-01 3.12E-02 2.55E-03
4,00E-01 4,18E-02 5.67E~03
5.00E~01 5.21E-02 9.95E-03
6.00E-01 6.19E~02 1.52E-02
7.00E-01 7.14E-02 2.11E-02
8.00E-01 8.04E-02 2. 74E-02
9.00E-01 8.89E-02 3.40E~02
1. 00E+00 9.70E-02 9.70E-02 4.07E-02 4.07E-02
2.00E+00 6.05E-02 1.58E-01 5.59E-02 9.66E-02
3.00E+00 3.53E-02 1.93E~01 2.80E-02 1.25E-01
4,00E+00 2,32E~-02 2.16E-01 1.15E-02 1. 36E-01
6. 00E+00 1.46E-02 2.48E-01 1. 65E~03 1.42E~01
7.00E+00 1.27E~02 2.61E~01 6. 12E-04 1.43E-01
8.00E+00 1.13E-02 2.,72E-01 2. 26E-04 1.43E-01
9.00E+00 1.01E-02 2.82E-01 8.32E-05 1.43E-01
1.00E+01 9.11E-03 2.91E-01 3.06E-05 1.43E-01
2,00E+01 3.46E~03 3.46E-01 0. 00E+00 1.43E-01
3. 00E+01 1.65E-03 3.69E-01 0. 00E+00 1.43E-01
4,00E+01 1.03E-03 3.82E-01 0. 0OE+00 1.43E-01
5.00E+01 7.97E-04 3.91E~-01 0. 00E+00 1.43E-01
6.00E+01 6.85E-04 3.98E~01 0. 00E+00 1.43E-01
7.00E+01 6. 15E-04 4,04E-01 0. O0E+00 1.43E~01
8.00E+01 5.60E-04 4.10E-01 0. 00E+00 1.43E-01
9.00E+01 5.13E-04 4.16E-01 0. 00E+00 1.43E-01
1.00E+02 4.72E-04 4,21E-01 0.00E+00 1.43E-01
2,00E+02 2.06E-04 4,52E-01 0. 00E+00 1.43E-01
3. 00E+02 9.43E-05 4,67E~01 0.00E+00 1.43E-01
4. 00E+02 4,65E-05 4.73E-01 0. 00E+00 1. 43E-01
5.007.+02 2.59E-05 4.77E-01 0. 00E+00 1.43E-01
6.00E+02 1.67E-05 4,79E-01 0. O0E+00 1.43E-01
7.00E+02 1.24E~05 4.80E-01 0. 00E+00 1.43E-01
8.00E+02 1.01E~05 4,82E~01 0. 00E+00 1.43E-01
9.00E+02 8.75E~06 4.83E-01 0.00E+00 1.43E-01
1.00E+03 7. 77E~06 4.84E-01 0. 00E+00 1.43E-01
2,00E+03 2,27E~06 4,90E-01 0. 00E+00 1.43E-01



CLASS D AMAD = 1 MICRON STABLE MANGANESE 55
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL GL TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 2.60E~01 2.26E-01 3.03E-04 1. 52E~01 6.38E-01
2.00E~01 2.87E-01 2.01E-01 2.96E-07 1.47E-01 6.35E-01
3. 00E-01 3.10E~-01 1.79E-01 0. 00E+00 1.43E~-01 6.32E-01
5.00E-01 3.44E-01 1.43E-01 0. 00E+00 1.33E-01 6.20E-01
6. 00E-01 3.58E-01 1. 27E-01 0. 00E+00 1. 28E~01 6.13E-01
7. 00E-01 3.70E-01 1,13E-01 0. 00E+00 1.22E~01 6.05E-01
8.00E-01 3.80E-01 1. 01E-01 0. 00E+00 1.16E-01 5.96E-01
9.00E-01 3.88E~01 8. 96E-02 0. 00E+00 1.09E-01 5.87E-01
1.00E+00 3.96E-01 7.97E-02 0. 00E+00 1.02E-01 5.78E-01
2. 00E+00 4,27E-01 2.42E-02 0. 00E+00 4, 65E-02 4,98E-01
3. 00E+00 4,21E-01 7.13E-03 0. 00E+00 1.85E~02 4,47E-01
4, 00E+00 4.06E-01 2.05E-03 0. 00E+00 7.03E-03 4,15E-01
5.00E+00 3.89E-01 5.81E-04 0.00E+00 2+,62E-03 -3.92E-01
6. 00E+00 3.73E-01 1.62E-04 0. 00E+00 9.69E-04 3.74E-01
7.00E+00 3.58E-01 44 47E-05 0. 00E+00 3. 57E-04 3.59E-01
8. 00E+00 3.45E-01 1.22E-05 0.00E+00 1. 32E-04 3.45E-01
9.00E+00 3.34E-01 3. 32E-06 0. 00E+00 4.84E-05 3.34E-01
1. 00E+01 3.23E-01 8.96E-07 0.00E+00 1. 78E-05 3.23E-01
2., 00E+01 2.53E-01 0. 00E+00 0. O0E+00 0.00E+00 2.53E-01
3.00E+01 2.09E-01 0. 00E+00 0. 00E+00 0. O0E+00 2.,09E-01
4.00E+01 1,75E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.75E-01
5.00E+01 1.47E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.47E-01
6.00E+01 1.24E~01 0. 00E+00 0.00E+00 0. 00E+00 1,24E-01
7.00E+01 1,04E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.04E-01
8.,00E+01 8.75E-02 0.00E+00 0. 00E+00 0. 00E+00 8.75E~02
9.00E+01 7.36E~02 0.00E+00 0.00E+00 0. G0E+00 7.36E-02
1. 00E+02 6.19E~-02 0. 00E+00 0. 00E+00 0. 00E+00 6., 19E-02
2. 00E+02 1.09E~-02 0. 00E+00 0. 00E+00 0. 00E+00 1.09E-02
3.00E+02 1.94E-03 0. 00E+00 0. 00E+00 0. 00E+00 1.94E-03
4,00E+02 3.42E-04 0. 00E+00 0.00E+00 0. 00E+00 3.42E-04
5. 00E+02 6.05E-05 0. 00E+00 0. 00E+00 0.00E+00 6.05E-05
6. 00E+02 1.07E-05 0. 00E+00 0. 00E+00 0. OOE+00 1.07E-05
7.00E+02 1.89E-06 0. 00E+00 0. 00E+00 0. 00E+00 1.89E-06
8. 00E+02 3434E-07 0.00E+00 0.00E+00 0. 00E+00 3.34E~07
9.00E+02 5.83E-08 0. 00E+00 0. 00E+Q0 0. 00E+00 5.83E-08

B-46




CLASS D AMAD = 1 MICRON STABLE MANGARESE 55

B-47

TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE
SYSTEMIC NON-SYSTEMIC
24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS EXCRETA EXCRETA FECES FECES
1.00E-01 1.35E-03 6.00E-05
2.00E-01 3.09E-03 7.24E-04
3,00E-01 4,.97E-03 2.55E-03
. 4,00E-01 6.97E-03 5.67E-03
5.00E-01 9.06E-03 9,95E-03
6.00E-01 1.12E=-02 1. 52E-02
7.00E-01 1.35E=-02 2.11E-02
8.00E-01 1.57E-02 2.74E-02
9, 00E-01 1.81E-02 3.40E-02
1. 00E+00 2.04E-02 2.04E-02 4,07E~02 4,07E=02
2.00E+00 2.42E-02 4.46E-02 5.59E-02 9,66E-02
3.00E+00 2. 30E-02 6. 77E-02 2.80E~02 1.25E-01
4, 00E+00 2.08E-02 8.84E~02" 1.15E-02 1.36E-01
5.00E+00 1.84E-02 1.07E-01 4.41E~03 1.40E-01
6. 00E+00 1. 63E~-02 1.23E-01 1. 65E-03 1.42E-01
7 . 00E+00 1.45E-02 1.38E~01 6. 12E-04 1.43E-01
8. 00E+00 1. 30E-02 1.51E-01 2.26E-04 1.43E-01
9,00E+00 1.17E-02 1.62E-01 8.32E-05 1. 43E-01
1. 00E+01 1.06E-02 1.73E-01 3.06E-05 1.43E-01
2.00E+01 5.29E-03 2.43E-01 0. 00E+00 1.43E-01
3. 00E+01 3.81E-03 2.87E-01 0. 00E+00 1.43E-01
4.00E+01 3.09E-03 3.21E-01 0. 00E+00 1.43E~01
5.00E+01 2.58E-03 3.49E-01 0. 00E+00 1.43E-01
6. 00E+01 2.16E-03 3.72E-01 0. 00E+00 1.43E-01
7.00E+01 1.82E-03 3.92E-01 0. 00E+00 1.43E-01
8.00E+01 1. 53E-03 4.09E-01 0.00E+00 1.43E-01
9, 00E+01 1.29E-03 4,22E-01 0. 00E+00 1.43E-01
1. 00E+02 1.08E~03 4.34E-01 0.00E+00 1.43E~01
2,00E+02 1.91E-04 4.85E-01 0.00E+00 1.43E~01
3.00E+02 3.38E-05 4.94E-01 0. 00E+00 1. 43E-01
4,00E+02 5. 98E-06 4.96E-01 0. 00E+00 1.43E-01
5.00E+02 1.06E-06 4.96E~01 0. 00E+00 1.43E~01
6. 00E+02 1.87E-07 4,96E-01 0. 00E+00 1.43E~01
7. 00E+02 3.31E-08 4.96E-01 0. 00E+00 1.43E~01



CLASS D AMAD = 1 MICRON HALFLIFE= 3.13E+02 DAYS MANGANESE 54
TIME AFTER FRACTION OF INITIAL INTAKE IN: -
SINGLE INTAKE .

SYSTEMIC NASAL GL TOTAL .
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 2.60E-01 2.26E~01 3.03E-04 1.52E-01 6.38E-01
2.00E-~01 2,87E-01 2.01E-01 2. 95E-07 1.47E-01 6.35E-01
3.00E-01 3.09E-01 1.79E-01 0. 00E+00 1.42E-01 6.31E-01
4.00E-01 3.28E-01 1. 60E-01 0. 00E+00 1.38E-01 6.26E-01
5.00E-01 3.44E-01 1.42E-01 0. 00E+00 1.33E-01 6.19E-01
6.00E~-01 3.57E~01 1. 27E~01 0.00E+00 1.28E-01 6.12E-01
7.00E-01 3.69E-01 1.13E-01 0.00E+00 1.22E-01 6. 04E-01
8.00E-01 3.79E-01 1.00E-01 0. COE+00 1.15E-01 5.95E-01
9.00E-01 3.88E-01 8. 94E~02 0. 00E+00 1. 09E-01 5.86E~01
1.00E+00 3.95E~-01 7.95E-02 0. 00E+00 1.02E~01 5.77E-01
2.00E+00 4.25E-01 2.41E-02 0. 00E+00 4. 63E-02 4.96E-01
3.00E+00 4,18E-01 7.08E~03 0. 00E+00 1.84E-02 4. 44E-01
4.00E+00 4.02E~01 2.03E-03 0. OCE+00 6.96E~03 4,11E-01
5.00E+00 3.84E-01 5. 74E~04 0. 00E+00 2.59E-03 3.88E-01
6. 00E+00 3.68E-01 1. 60E-04 0. 00E+00 9.56E-04 3.69E-01
7. 00E+00 3.53E-01 4.40E-05 0. 00E+00 3. 52E~04 3. 53E~01
8.00E+00 3.39E-01 1.20E~05 0. O0OE+00 1.29E-04 3.39E-01
9.00E+00 3.27E-01 3.26E-06 0. 00E+00 4,75E-05 3.27E-01
1. 00E+01 3.16E~01 8.77E-07 0. 00E+00 1.74E-05 3.16E-01
2.00E+01 2.42E-01 0. 00E+00 0. 00E+00 0.00E+00 2.42E-01
3.00E+01 1.96E-01 0. 00E+00 0. O0E+00 0. 00E+00 1.96E-01
4.00E+01 1. 60E~01 0.00E+00 0. 00E+00 0. 00E+00 1. 60E-01
5. 00E+01 1.32E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.32E-01
6.00E+01 1.08E-01 0.00E+00 0. 00E+00 0. 00E+00 1. 08E~01
7.00E+01 8.91E-02 0. 00E+00 0.00E+00 0. 00E+00 8. 91E~02
8.00E+01 7.33E~-02 0.00E+00 0. 00E+00 0. 00E+00 7.33E~02
9.00E+01 6.03E-02 0.00E+00 0. 00E+00 0. O0E+00 6.03E-02
1.00E+02 4.96E-02 0. 00E+00 0. 00E+00 0. 00E+00 4.96E-02
2. 00E+02 7.02E-03 0. 00E+00 0. O0E+00 0. 00E+00 7.02E-03
3. 00E+02 9.95E~04 0. 00E+00 0. COE+00 0. 00E+00 9.95E-04
4,00E+02 1.41E-04 0. 00E+00 0.00E+00 - 0.00E+00 1.41E-04
5.00E+02 2.00E-05 0.00E+00 0. 00E+00 0.00E+00 2. 00E-05
6.00E+02 2.83E-06 0. 00E+00 0. 00E+00 ‘0. 00E+00 2. 83E~-06
7.00E+02 4.01E~07 0. 00E+00 0. 00E+00 0. 00E+00 4,01E~Q7
8. 00E+02 5.66E~08 0. 00E+00 0.00E+00 0. 00E+00 5. 66E~08

B-48




CLASS D AMAD = 1 MICRON HALFLIFE= 3,13E+02 DAYS MANGANESE 54

B-49

TIME AFTER FRACTION OF INLTIAL INTAKE IN:
SINGLE INTAKE

. SYSTEMIC NON-SYSTEMIC

24-HOUR ACCUMULATED 24-HOUR ACCUMULATED

DAYS EXCRETA EXCRETA FECES FECES
1.00E-01 1.35E-03 6. 00E~05
2.00E-01 3.09E-03 7. 24E~04
3.00E-01 4,97E-03 24 55E~03
4.00E-01 6.96E-03 5.67E~03
5.00E=-01 9.05E-03 9.94E-03
6.00E-01 1.12E-02 1. 51E-02
7.00E-01 1.34E~02 2.10E~-02
8.00E-01 1.57E-02 2. 74E=-02
9,00E-01 1. 80E-02 3.39E-02
1. 00E+00 2.04E~02 2.04E-02 4, 06E~02 4o 06E~02
2.00E+00 2.41E-02 4 44E~02 5.57E-02 9,62E-02
3. 00E+00 2.29E-02 6.72E-02 2.78E-02 1.24E-01
4, O0E+00 2.06E-02 8, 76E-02 1. 14E--02 1.35E-01
5.00E+00 1.82E-02 1, 06E~01 4,36E-03 1.39E-01
6. O0E+00 1.61E=02 1.22E-01 1.63E-03 1.40E-01
7.00E+00 1.43E-02 1.36E-01 6.02E-04 1.41E-01
8.00E+00 1.28E~02 1.48E-01 2.22E-04 1.40E-01
9. 00E+00 1.15E-02 1. 59E~01 8.15E-05 1.40E-01
1.00E+01 1.03E-02 1.69E-01 2.99E~-05 1. 40E~01

. 2.00E+01 5.06E-03 2.33E-01 0.00E+00 1.37E-01
3. 00E+01 3.56E-03 2. 69E-01 0. 00E+00 1.34E-01
4.00E+01 2.83E-03 2.94E-01 0. 00E+00 1.31E-01
5. 00E+01 2.31E-03 3.12E-01 0. 00E+00 1.28E-01
6. 00E+01 1.89E=-03 3.26E=-01 0. 00E+00 1.25E-01
7. 00E+01 1.56E~03 3.36E-01 0. ODE+00 1.23E-01
8.00E+01 1.28E~03 3.42E-01 0. 00E+00 1.20E~01
9.00E+01 1.05E-03 3.46E-01 0. 00E+00 1.17E-01
1. 00E+02 8.66E-04 3.48E-01 0. 00E+00 1.15E-01
2. 00E+02 1.23E-04 3.11E-01 0. 00E+00 9.18E-02
3.00E+02 1.74E-05 2.54E-01 0. 00E+00 7.36E-02
4, 00E+02 2.46E-06 2. 04E~01 0. 00E+00 5.89E-02
5. 00E+02 3.49E~07 1.64E-01 0. 00E+00 4.72E-02
6. 00E+02 4.94E-08 1.31E-01 0. 00E+00 3. 78E-02



CLASS D AMAD = 1 MICRON HALFLIFE= 9.86E+02 DAYS IRON 55
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL GI TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 2.61E-01 2.26E-01 3.03E~-04 1.52E-01 6.39E-01
2.00E~01 2.90E-01 2,01E-01 2,96E-07 1. 47E-01 6. 38E-01
3.00E-01 3.14E-01 1.79E-01 0. 00E+00 1.43E-01 6+ 36E-01
4.00E-01 3.35E-01 1. 60E-01 0. 00E+00 1.38E-01 6+ 33E-01
5.00E-01 3.53E-01 1.43E-01 0. 00E+00 1.33E-01 6.29E-01
6.00E-01 3.69E-01 1. 27E-01 0. 00E+00 1.28E-01 6.24E-01
7.00E-01 3.83E-01 1.13E-01 0. 00E+00 1.22E-01 6.18E-01
8.00E-01 3.95E-01 1.01E~01 0. 00E+00 1,16E-01 6.11E-01
9,00E-01 4.06E-01 8.95E-02 0. 00E+00 1.09E-01 6.05E~-01
1. 00E+00 4.16E-01 7+96E-02 0. O0E+00 1. 02E-01 5.98E-01
2. 00E+00 4,71E~01 2, 42E-02 0.00E+00 4,64E-02  5.41E-~0l
3.00E+00 4.87E-01 7.12E~03 0. 00E+00 1.85E-02 5.13E-01
4.00E+00 4.92E-01 2.05E-03 0.00E+00 7.01E-03 5.01E-01
5.00E+00 4.93E-01 5.79E-04 0. OOE+00 2,61E-03 4,96E-01
6.00E+00 4.93E-01 1.61E-04 0. 00E+00 9.65E-~04 4,94E-01
7.00E+00 4.92E-01 44 45E~05 0. 00E+00 3.56E-04 4,93E-01
8.00E+00 4.92E-01 1.22E-05 0. 00E+00 1.31E-04 4.,92E-01
9.00E+00 4.91E-01 3. 30E-06 0. 00E+00 4.81E-05 4.91E~01
1.00E+01 4.91E-01 8.90E-07 0.00E+00 1.77E-05 4,91E-01
2,00E+01 4.86E-01 0.00E+00 0. O0E+00 0. 00E+00 4,86E-01
3.00E+01 4.81E-01 0.00E+00 0. 00E+00 0. 00E+00 4.81E~01
4.00E+01 4,76E~-01 0. O0E+00 0. 00E+00 0.00E+00 4,76E-01
5. 00E+01 4,71E-01 0. 00E+00 0. 00E+00 0. 00E+00 4,71E-01
6. 00E+01 4.66E~-01 0. 00E+00 0. 00E+00 0.00E+00 4,66E-01
7.00E+01 4.,61E~01 0. 00E+00 0.00E+00 0. 00E+00 4,61E~01
8.00E+01 4.56E-01 0. 00E+00 0. 00E+00 0.00E+00 4,56E-01
9.00E+01 4.51E-01 0.00E+00 0. 00E+00 0. 00E+00 4,51E-01
1. 00E+02 4.47E-01 0. 00E+00 0. 00E+00 0.00E+00 4,47E-01
2. 00E+02 4.02E-01 0.00E+00 0. 00E+00 0. O0E+00 4,02E-01
3.00E+02 3.62E-01 0.00E+00 0. 0OE+00 0.00E+00 3.62E-01
4,00E+02 3.26E-01 0.00E+00 0. 00E+00 0. O0E+00 3.26E-01
5.00E+02 2.94E-01 0. 00E+00 0. 00E+00 0. OCE+00 2. 94E-01
6.00E+02 2.64E-01 0.00E+00 0. 00E+00 0.00E+00 2. 64E-01
7.00E+02 2.38E-01 0. 00E+00 0. 00E+00 0. 00E+00 2.38E-01
8.00E+02 2. 14E-01 0.00E+00 0. 00E+00 0.00E+00 2. 14E-01
9.,00E+02 1.93E-01 0. O0E+00 0. 00E+00 0. 0CE+00 1.93E~-01
1. 00E+03 1.74E-01 0. 00E+00 0. 00E+00 0. 00E+00 1. 74E-01
2.00E+03 6.08E~-02 0. 00E+00 0. 00E+00 0.00E+00 6.08E-02
3.00E+03 2.13E-02 0. 00E+00 0. 00E+00 0. 00E+00 2.13E~02
4.00E+03 7.44E-03 0. 00E+00 0.00E+00 0.00E+00 7.44E-03
5.00E+03 2.61E~03 0. 00E+00 0.00E+00 0.00E+00 2.61E~03
6.00E+03 9.12E-04 0.00E+00 0.00E+00 0. 00E+00 9.12E-04
7.00E+03 3.19E-04 0.00E+00 0.00E+00 0. 00E+00 3.19E-04
8.00E+03 1.12E~04 0. 00E+00 0. 00E+00 0. 00E+00 1. 12E-04
9.00E+03 3.91E-05 0.00E+00 0.00E+00 0. 00E+00 3.91E~05
1. 00E+04 1.37E-05 0. 00E+00 0. 00E+00 0.00E+00 1.37E-05
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CLASS D AMAD = 1 MICRON HALFLIFE= 9.86E+02 DAYS IRON 55

TIME AFTER FRACTION OF INITIAL INTAKE IN:

SINGLE INTAKE

SYSTEMIC NON-SYSTEMIC
24-HOUR ACCUMULATED 24-HOUR ACCUMULATED

DAYS EXCRETA EXCRETA . FECES FECES

1.00E-01 7.36E-06 6.00E-05
2.00E-01 1. 69E-05 7. 24E-04
3.00E-01 2.74E-05 2.55E-03
4.00E-01 3.87E-05 5.67E-03
5.00E-01 5.06E-05 9.95E-03
6.00E~01 6.31E~05 1.52E-02
7.00E-01 . 7.61E-05 2.108-02
8.00E-01 8.96E-05 2,74E-02
9.00E-01 1.03E-04 3.40E-02
1. 00E+00 1.18E-04 1.18E-04 4,07E-02 4.07E~02
2. 00E+00 1.55E-04 2.73E~04 5.58E~02 9.65E-02
3. 00E+00 1.67E-04 4,.39E-04 2, 79E-02 1. 24E-01
4.00E+00 1.70E-04 - 6.09E-04 1.14E-02 1.36E-01
5.00E+00 1.71E-04 7.79E-04 4.39E-03 1.40E-01
6.00E+00 1.71E-04 9.49E-04 1.64E-03 1.42E-01
7.00E+00 1. 71E-04 1.12E~03 6.09E-04 1.42E-01
8. 00E+00 1.70E-04 1.29E-03 2.25E-04 1.42E-01
9.00E+00 1.70E-04 1.46E~03 8.26E-05 1.42E-01
1.00E+01 1. 70E-04 1.63E-03 3.04E-05 1.42E-01
2.00E+01 1. 68E-04 3.30E-03 0.00E+00 1.41E-01
3.00E+01 1.67E-04 4.95E-03 0. 00E+00 1.40E-01
4,00E+01 1.65E-04 6.56E-03 0. 00E+00 1.39E-01
5. 00E+01 1.63E-04 8. 15E-03 0. 00E+00 1.38E~01
6.00E+01 1.61E-04 9.71E-03 0.00E+00 1.37E-01
7.00E+01 1.60E-04 1. 12E-02 0. 00E+00 1.36E-01
8.00E+01 1. 58E-04 1.27E-02 0. 00E+00 1.35E~01
9.00E+01 1.56E-04 1.42E-02 0.00E+00 1.34E-01
1.00E+02 1.55E~04 1.57E-02 0.00E+00 1.33E-01
2.00E+02 1.39E-04 2. 88E-02 0. 00E+00 1.24E-01
3.00E+02 1. 25E-04 3.96E-02 0.00E+00 1.16E-01
4,00E+02 1.13E-04 4, 84E-02 0.00E+00 1.08E-01
5.00E+02 1.02E-04 5. 55E~02 0. 00E+00 1.01E-01
6. 00E+02 9.16E-05 6. 10E-02 0. 00E+00 9.38E-02
7.00E+02 8.25E~05 6. 53E-02 0.00E+00 8.75E-02
8, 00E+02 7.42E-05 6.84E-02 0. 00E+00 8.15E-02
9.00E+02 6.68E-05 7.05E~02 0. 00E+00 7.60E-02
1.00E+03 6.02E-05 7.19E-02 0.00E+00 7.08E-02
2.00E+03 2.11E~05 6.07E-02 0. 00E+00 3.51E-02
3.00E+03 7.37E-06 3.89E-02 0.00E+00 1.73E-02
4,00E+03 2.58E-06 2,23E-02 0. 00E+00 8.59E-03
5.00E+03 9.03E-07 1.21E~-02 0. OOE+00 4,25E-03
7.00E+03 1.11E-07 3.29-03 0.00E+00 1. 04E-03
8.00E+03 3.87E-08 1.67E-03 0. 00E+00 5.15E-04
9.00E+03 1.35E-08 8.45E-04 0. 00E+00 2.55E-04
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CLASS D AMAD = 1 MICRON STABLE IRON 56

TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL Gl TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 2.61E-01 2.26E-01 3.03E-04 1.52E-01 6.39E-01
2.00E-01 2.90E-01 2.01E-01 2. 96E-07 1.47E-01 6.38E~01
3.00E-01 3.14E-01 1.79E-01 0.00E+00 1.43E-01 6.37E-01
4.00E-01 3.35E-01 1. 60E-01 0.00E+00 1.38E-01 6.33E-01
5.00E-01 3.53E-01 1.43E-01 0. 00E+00 1.33E-01 6.29E-01
6.00E-01 3.69E-01 1.27E-01 0. 00E+00 1.28E-01 6+ 24E-01
7. 00E-01 3.83E-01 1.13E~01 0.00E+00 1.22E-01 6.18E-01
8.00E-01 3.95E-01 1.01E-01 0. 00E+00 1.16E-01 6.12E-01
9.00E-01 4.06E-01 = 8.96E-02 0. 00E+00 1.09E-01 6.05E-01
1. 00E+00 4.16E-01 7.97E-02 0. 00E+00 1.02E-01 5.98E-01
2. 00E+00 4,72E-01 2.42E-02 0. 00E+00 4. 65E-02 5.42E-01
3. 00E+00 4,88E-01 7.13E-03 0. 00E+00 1. 85E-02 5.14E-01
4. 00E+00 4.93E-01 2.05E-03 0. 00E+00 7.03E~03 5.02E-01
5.00E+00 4.95E-01 5.81E-04 0. 00E+00 2,62E-03 4.98E-01
6. 00E+00 4.,95E-01 1.62E-04 0. 00E+Q0 9.69E-04 4,96E-01
7.00E+00 4.95E-01 4,47E-05 0. 00E+00 3.57E-04 4,95E-01
8. 00E+00 4.95E-01 1.22E-05 0. 00E+00 1.32E-04 4.95E-01
9.00E+00 4.95E-01 3.32E-06 0. 00E+00 4,.84E-05 4,95E-01
1., 00E+01 4.94E-01 8.96E-07 0.00E+00 1.78E-05 4.94E-01
2.00E+01 4,93E-01 0. 00E+00 0. 00E+00 0.00E+00 4.93E-01
3. 00E+01 4,91E-01 0.00E+00 0. 00E+00 0. 00E+00 4.,91E-01
4,00E+01 4.89E-01 0. 0O0E+00 0. 00E+Q0 0. 00E+Q0 4.89E-01
5.00E+01 4.88E-01 0.00E+00 0. 00E+00 0. COE+00 4,88E-01
6.00E+01 4.86E-01 0. 00E+00 0. 00E+00 0. 00E+00 4.86E-01
7.00E+01 4,84E-01 0.00E+00 0. 00E+00 0. 00E+00 4,84E-01
8.00E+01 4.83E-01 0. 00E+00 0. 00E+00 0. 00E+Q0 4,83E-01
9.00E+01 4,81E-01 0.00E+00 0.00E+00 0. 00E+00 4.81E-01
1. 00E+02 4.79E-01 0. 00E+00 0. 00E+00 0. O0E+00 4,79E-01
2. 00E+02 4.63E~01 0. 00E+00 0.00E+00 0. 00E+00 4.63E-01
3.00E+02 4,47E-01 0. 00E+00 0. 00E+00 0. 00E+00 4,47E-01
4.00E+02 4.32E-01 0. O0E+00 0. 00E+00 0. 00E+00 4,32E-01
5.00E+02 4,17E-01 0. 00E+00 0. 00E+00 0. 00E+00 4,17E~01
6.00E+02 4,03E-01 0.00E+00 0. 0CE+00 0. O0E+00 4.03E-01
7.00E+02 3.89E~01 0.00E+00 0.00E+00 0.00E+00 3.89E~01
8. 00E+02 3.76E-01 0. 00E+00 0.00E+00 0. 00E+00 3.76E-01
9.00E+02 3.63E-01 0. 00E+00 0. 00E+00 0.00E+00 3.63E-01
1.00E+03 3.51E-01 0.00E+00 0. 00E+00 0.00E+00 3.51E-01
2.00E+03 2.48E~-01 0.00E+00 0. 00E+00 0. 00E+00 2,48E-01
4.00E+03 1.24E-01 0. 00E+00 0. 00E+00 0. 60E+00 1.24E-01
8.00E+03 3.10E-02 0. 00E+00 0.00E+00 0. 0CE+00 3. 10E-02
1. 00E+04 1.55E-02 0.00E+00 0. O0E+00 0.00E+00 1.55E-02
2. 00E+04 4. 85E-04 0. 00E+00 0. 00E+00 0. 00E+00 4. 85E-04
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CLASS D  AMAD = 1 MICRON STABLE IRON 56
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NON-SYSTEMIC

24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS EXCRETA EXCRETA FECES FECES
1. 00E-01 7.36E~06 6. 00E-05
2.00E-01 1. 69E-05 7.+ 24E~04
3.00E-01 2.74E-05 2.55E-03
4,00E-01 3. 87E-05 5.67E-03
5. 00E~01 5.06E-05 9.95E~03
6.00E-01 6.31E-05 1.52E-02
7. 00E-01 7.62E-05 2.11E=02
8,00E-01 8.97E-05 2.74E=-02
9.00E-01 1. 04E-04 3.40E-02
1. 00E+00 1.18E-04 1. 18E-04 4,07E~02 4.07E-02
2. 00E+00 1. 56E=04 2. 73E-04 5. 59E-02 9.66E~02
3.00E+00 1.67E~04 4, 40E~04 2. 80E-02 1.25E-01
4. 00E+00 1. 70E-04 6. 11E~04 1.15E-02 1.36E-01
5.00E+00 1. 71E-04 7.82E-04 4.41E~03 1.40E-01
6. 00E+00 1. 71E-04 9, 53E~04 1. 65E-03 1.42E-01
7. 00E+00 1.71E=04 1.12E-03 6. 12E=04 1.43E-01
8. 00E+00 1.71E-04 1.30E-03 2.26E-04 1.43E-01
9, 00E+00 1. 71E-04 1.47E-03 8.32E-05 1.43E-01
1. 00E+01 1.71E-04 1. 64E-03 3.06E-05 1.43E-01
2.00E+01 1.71E-04 3.35E-03 0. 00E+00 1.43E-01
3. 00E+01 1.70E~04 5.05E~03 0. 00E+00 1.43E-01
4,00E+01 1.70E-04 6.75E-03 0.00E+00 1.43E-01
5.00E+01 1.69E-04 8. 44E-03 0. 00E+00 1.43E-01
6. 00E+01 1. 68E-04 1, 01E-02 0. 00E+00 1.43E-01
7. 00E+01 1.68E-04 1.18E-02 0. O0E+00 1.43E-01
8.00E+01 1.67E-04 1.35E-02 0.00E+00 1.43E=01
9,00E+01 1.67E-04 1.52E-02 0. 00E+00 1.43E-01
1. 00E+02 1. 66E=04 1.68E-02 0. 00E+00 1.43E-01
2.00E+02 1. 60E=04 3,31E-02 0. 00E+00 1.43E-01
3.00E+02 1.55E-04 4,89E-02 0. 00E+00 1.43E-01
4, 00E+02 1. 50E~04 6.41E~02 0. 00E+00 1.43E-01
5. 00E+02 1.45E-04 7.88E-02 0. 00E+00 1.43E-01
6. 00E+02 1.40E-04 9, 30E-02 0. 00E+00 1.43E-01
7.00E+02 1.35E-04 1.07E~01 0. 00E+00 1.43E-01
8.00E+02 1. 30E~04 1. 20E~01 0. 00E+00 1.43E-01
9,00E+02 1. 26E-04 1.33E~01 0.00E+00 1.43E~01
1. 00E+03 1.22E-04 1.45E-01 0. 00E+00 1. 43E-01
2.00E+03 8.60E-05 2.48E-01 0. 00E+00 1.43E-01
4, 00E+03 4,30E-05 3.72E-01 0. 00E+00 1.43E-01
8.00E+03 1. 08E~05 4,65E-01 0. 00E+00 1.43E-01
1. O0E+04 5.38E~06 4.81E-01 0. 00E+00 1.43E~01
2.00E+04 1.68E-07 4.96E-01 0. 00E+00 1.43E~01
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CLASS D AMAD = 1 MICRON HALFLIFE= 4.45E+01 DAYS IRON 59
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL Gl TOTAL .
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 2.61E-01 2.25E-01 3.02E-04 1.52E-01 6.38E-01
2.00E-01 2. 89E-01 2.01E-01 2. 95E-07 1. 46E-01 6.36E-01
3.00E-01 3.13E-01 1. 79E-01 0. 00E+00 1.42E-01 6.34E~01
4,00E-01 3.33E-01 1. 59E=01 0. 00E+00 1.37E-01 6.29E-01
5.00E-01 3.50E-01 1.41E-01 0. 00E+00 1. 32E=01 6.24E-01
6. 00E-01 3.66E-01 1.26E~01 0. 00E+00 1.27E-01 6. 18E-01
7. 00E-01 3.79E-01 1.12E-01 0. 00E+00 1.21E-01 6.11E-01
8.00E-01 3.90E-01 9.94E-02 0. 00E+00 1.14E-01 6.04E-01
9.00E-01 4,01E-01 8.83E-02 0.00E+00 1.07E-01 5.97E-01
1. 00E+00 4.10E-01 7.85E-02 0. 00E+00 1.01E-01 5.89E-01
2. 00E+00 4,57E-01 2. 35E-02 0. 00E+00 4,51E-02 5.26E-01
3. 00E+00 4,66E-01 6.81E-03 0. 00E+00 1.77E-02 4.91E-01
4, 00E+00 4,64E~01 1.93E-03 0. 00E+00 6.60E~03 4,72E-01
5. 00E+00 4,58E~01 5.,37E=04 0. 0QE+00 2.42E-03 4,61E-01
6. 00E+00 4,51E-01 1.48E-04 0. 00E+00 8.83E-04 4.52E-01
7. 00E+00 4, 44E=01 4.01E-05 0. 00E+00 3. 20E-04 4,44E-01
8.00E+00 4,37E~01 1.08E-05 0. 00E+00 1.16E=04 4,37E-01
9, 00E+00 4,30E-01 2.89E-06 0. 00E+00 4,21E-~05 4.30E-01
1. 00E+01 4.23E~01 7.67E=07 0. 00E+00 1.53E~05 4,23E-01
2. 00E+01 3.61E~01 0. 00E+00 0. 00E+00 0. 00E+00 3, 61E=-01
3. 00E+01 3,08E-01 0. 00E+00 0. 00E+00 0.00E+00 3.08E~01
4,00E+01 2.63E=01 0. 00E+00 0. 00E+00 0. 00E+00 2.63E-01 .
5.00E+01 2.24E-01 0.00E+00 0.00E+00 0.00E+00 2.24E-01
6. 00E+01 1.91E~01 0. 00E+00 0. 00E+00 0.00E+00 1.91E-01
7. 00E+01 1.63E~01 0. 00E+00 0. 00E+00 0.00E+00 1.63E-01
8.00E+01 1.39E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.39E-01
9, 00E+01 1.18E-01 0.00E+00 0. 00E+00 0. 00E+00 1.18E-01
1. 00E+02 1.01E~-01 0.00E+00 .  0.00E+00 0. 00E+00 1.01E-01
2. 00E+02 2.06E-02 0.00E+00 0. 00E+00 0. 00E+00 2.06E~02
3. 00E+02 4,19E~03 0. 00E+00 0. 00E+00 0.00E+00 4.19E~03
4, 00E+02 8.54E-04 0.00E+00 0.00E+00 0. 00E+00 8.54E~04
5.00E+02 1. 74E-04 0. 00E+00 0. 00E+00 0. 00E+00 1. 74E-04
6. 00E+02 3. 54E~05 0.00E+00 0. 00E+00 0.00E+00 3. 54E~05
7. 00E+02 7.21E~06 0. 00E+00 0. 00E+00 0.00E+00 7.21E-06
8. 00E+02 1.47E-06 0.00E+00 0.00E+00 0. 00E+00 1.47E-06
9, 00E+02 2, 99E-07 0. 00E+00 0. 00E+00 0. 00E+00 2.99E~07
1.00E+03 6.09E-08 0.00E+00 0. 00E+00 0.00E+00 6.09E~08
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CLASS D AMAD = 1 MICRON HALFLIFE= 4.45E+01 DAYS IRON 59

TIME AFTER
SINGLE INTAKE

FRACTION OF INITIAL INTAKE IN:

SYSTEMIC NON-SYSTEMIC
24-HOUR ACCUMULATED 24-HOUR ACCUMULATED

DAYS EXCRETA EXCRETA FECES FECES

1. 00E-01 7+35E-06 5.99E-05
2.00E-01 1.69E-05 7.22E-04
3. 00E-01 2,73E-05 2.54E-03
40 OOE-O 1 30 84E-05 50 64E-03
5. 00E-01 5.02E-05 9.88E-03
6. 00E-01 6.25E-05 1.50E-02
7.00E-01 7.53E-05 2,08E-02
8.00E~-01 8.85E~05 2,71E~02
9, 00E-01 1.02E-04 3.35E~02
1. 00E+00 1. 16E-04 1.16E-04 4,01E-02 4,01E-02
2, 00E+00 1.51E-04 2,65E~04 5.42E-02 9.36E-02
3. 00E+00 1.59E~-04 4,20E-04 2.67E-02 1.19E-01
4, QOE+00 1.60E-04 5. 74E-04 1. 08E-02 1.28E-01
5. 00E+00 1.58E-04 7.23E-04 4,08E-03 1.30E-01
6. 00E+00 1.56E-04 8.68E-04 1. 50E-03 1.29E-01
7. 00E+00 1.54E-04 " 1,01E-03 5.49E-04 1.28E-01
8. 00E+00 1.51E-04 1.14E-03 1.99E-04 1.26E-01
9.00E+00 1.49E-04 1,28E-03 7.23E-05 1.24E-01
1. 00E+01 1.47E-04 1.40E-03 2.62E-05 1.22E~01
2. 00E+01 1. 25E-04 2.45E-03 0.00E+00 1. 05E-01
3. 00E+01 1.07E-04 3.17E-03 0. 00E+00 8.97E-02
4,00E+01 9.10E-05 3.62E~-03 0.00E+00 7.68E-02
5.00E+01 7.76E-05 3.88E~03 0. 00E+00 6.57E-02
6. 00E+01 6.62E~05 3.98E-03 0. 00E+00 5.62E-02
7. 00E+01 5.64E-05 3.97E-03 0. 00E+00 4,.81E-02
8.00E+01 4,81E-05 3.88E-03 0. 00E+00 4,12E-02
9. 00E+01 4,11E-05 3.73E-03 0. 00E+00 3.53E~02
1., 00E+02 3.50E-05 3.55E-03 0.00E+00 3.02E-02
2. 00E+02 7.13E-06 1.47E-03 0. 00E+00 6.36E~-03
3.00E+02 1. 45E-06 4,58E-04 0.00E+00 1.34E-03
4, 00E~+02 2,96E-07 1.27E-04 0.00E+00 2,83E-04
5.00E+02 6.03E-08 3.29E-05 0. O0E+00 5.96E~05
6. 00E+02 1.23E-08 8.18E-06 0. 00E+00 1.26E~05
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CLASS D AMAD = 1 MICRON STABLE NICKEL 58
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL GI TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-~01 2.22E-01 2.26E-01 3.03E-04 1. 54E-01 6.02E-01
2.00E-01 2,11E-01 2,01E~-01 2. 96E-07 1.52E-01 5.64E-01
3.00E-01 2,01E-01 1.79E-01 0.00E+00 1.49E-01 5.30E-01
4.,00E-01 1,93E-01 1. 60E-01 0. 00E+00 1.45E-01 4,98E~-01
5.00E-01 1.86E-01 1,43E-01 0. 00E+00 1.41E-01 4,69E-01
6.00E-01 1.80E-01 1. 27E-01 0. O0E+00 1.35E-01 4.42E-01
7.00E-01 1.75E-01 1.13E-01 0. 00E+00 1.29E-01 4,17E-01
8.00E-01 1.71E-01 1.01E-01 0. 00E+00 1.22E-01 3. 94E~-01
9.00E-01 1.68E-01 8.,96E-02 0.00E+00 1,16E-01 3.73E-01
1. 00E+00 1.65E-01 7.97E-02 0. 00E+00 1.09E-01 3.53E-01
2. 00E+00 1.52E~-01 2.42E-02 0. 00E+00 4,95E-02 2,25E-01
3. 00E+00 1.48E-01 7.13E-03 0.00E+00  1.97E-02 1, 75E-01
4, 00E+00 1.47E-01 2.05E-03 0. 00E+00 7.+ 49E-03 1.56E-01
5.00E+00 1.46E-01 5.81E-04 0. 00E+00 2.79E~-03 1.50E-01
6. 00E+00 1. 46E~01 1. 62E-04 0. 00E+00 1. 03E-03 1.47E-01
7.00E+00 1.46E-01 4. 47E-05 0. 00E+00 3.81E-04 1.46E-01
8. 00E+00 1.46E-01 1. 22E-05 0. 00E+00 1.40E-04 1.46E-01
9.00E+00 1.46E-01 3. 32E-06 0. O0E+00 5.16E-05 1.46E-01
1. 00E+01 1.46E-01 8.96E-07 0.00E+00 1.90E-05 1.46E-01
2.00E+01 1.45E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.45E-01
3. 00E+01 1. 44E-01 0. 00E+00 0. O0E+00 0. 00E+00 1. 44E-01
4,00E+01 1.43E-01 0. 00E+00 0. 00E+00 0.00E+00 1. 43E-01.
5. 00E+01 1,42E-01 0.00E+00 0. O0E+00 0. 00E+00 1.42E-01
6. 00E+01 1.41E-01 0. 00E+00 0. GOE+00 0. 00E+00 1.41E-01
7.+ 00E+01 1.41E-01 0. 00E+00 0.00E+00 0. OOE+00 1.41E-01
8.00E+01 1.40E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.40E-01
9.00E+01 1.39E-01 0. O0E+00 0.00E+00 0. 0OE+00 1.39E-01
1. 00E+02 1.38E-01 ‘0. 00E+00 0. 00E+00 0. 00E+00 1.38E-01
2.00E+02 1,30E-01 0. 00E+00 0.00E+00 0. 00E+00 1. 30E-01
3.00E+02 1.23E-01 0. 00E+00 0. O0E+00 0. COE+00 1.23E-01
4, 00E+02 1.16E-01 0. 00E+Q0 0. 00E+00 0. 00E+00 1.16E-01
5.00E+02 1.10E-01 0. 0CE+00 0. OOE+00 0. 00E+00 1.10E-01
6. 00E+02 1.04E-01 0. 00E+00 0.00E+00 0. 00E+00 1. 04E-01
7.00E+02 9.78E-02 0. 00E+00 0. 00E+00 0, O0E+00 9.,78E-02
8.00E+02 9.23E~02 0. 00E+00 0.00E+00 0. 00E+00 9,23E-02
9.00E+02 8.71E-02 0. 00E+00 0. 00E+00 0. 00E+00 8.71E-02
1. 00E+03 8.22E~-02 0. 00E+00 0.00E+00 0. 00E+00 8.22E-02
2.00E+03 4,61E-02 0. O0E+00 0.00E+00 0. 00E+00 4,61E~02
4,00E+03 1.45E~02 0. 00E+00 0.00E+00 0. 00E+00 1.45E-02
8.00E+03 1.44E-03 0. 00E+00 0.00E+00 0. O0E+00 1.44E-03
1. 00E+04 4.55E-04 0. 00E+00 0. 00E+00 0. 00E+00 4, 55E~04
2.00E+04 1.42E-06 0. 00E+00 0. 00E+00 0. 00E+00 1. 42E~06
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CLASS D AMAD = 1 MICRON STABLE NICKEL 58
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NON-SYSTEMIC

24~HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS EXCRETA EXCRETA FECES FECES
1. 00E-01 3.67E-02 6. 04E-05
2.00E-01 7.43E-02 7.33E-04
3.00E-01 1.07E-01 2.60E-03
5.00E-01 1,60E-01 1. 02E-02
6.00E-01 1.81E-01 1.56E-02
7.00E-01 2.00E-01 2.18E-02
8.00E-01 2,16E-01 2. 84E-02
9.00E-01 2.31E-01 3.54E-02
1. 00E+00 2.43E-01 2.43E-01 4, 24E-02 44 24E-02
2. 00E+00 6.87E-02 3.12E-01 5.92E-02 1.02E-01
3. 00E+00 2.09E-02 3.33E-01 2.98E-02 1. 31E-01
4.00E+00 6.37E-03 3.39E-01 1. 22E~02 1. 44E-01
5.00E+00 1.94E-03 3.41E~01 4,70E-03 1. 48E-01
6. 00E+00 6.18E-04 3.42E-01 1. 76E-03 1.50E-01
7.00E+00 2. 35E-04 3.42E-01 6. 52E-04 1.51E~01
8. 00E+00 1.26E-04 3.42E~01 2.41E~04 1.51E~01
9,00E+00 9, 58E-05 3.42E-01 8.87E~05 1.51E~01
1. 00E+01 8,73E-05 3.42E-01 3.26E-05 1.51E-01
2. 00E+01 8.36E-05 3.43E-01 0. 00E+00 1.51E-01
3.00E+01 8.32E-05 3. 44E-01 0. 00E+00 1.51E-01
4,00E+01 8.27E-05 3.45E-01 0. 00E+00 1.51E~01
5. 00E+01 8,22E-05 3.46E-01 0. 00E+00 1.51E-01
6.00E+01 8., I7E-05 3.47E~01 0.00E+00 1. 51E~01
7. 00E+01 8.13E-05 3.47E-01 0. 00E+00 1.51E~01
8.00E+01 8.08E-05 3.48E-01 0.00E+00 1. 51E-01
9.00E+01 8.03E-05 3.49E-01 0. 00E+00 1.51E-01
1.00E+02 7+99E-05 3.50E-01 0. 00E+00 1, 51E-01
2.00E+02 7+ 54E-05 3. 58E-01 0. 00E+00 1.51E-01
3.00E+02 7.11E~05 3.65E-01 0.00E+00 1.51E-01
4,00E+02 6.72E-05 3.72E-01 0. 00E+Q0 1.51E~01
5+00E+02 6.34E-05 3.78E-01 0. 00E+00 1.51E-01
6. 00E+02 5.98E~05 3.85E~01 0.00E+00 1.51E-01
7.00E+02 5.65E-05 3.90E-01 0.00E+00 1.51E~01
8.00E+02 5.33E-05 3.96E-01 0.00E+00 1.51E~01
9.00E+02 5.03E-05 4,01E-01 0. 00E+00 1.51E-01
1.00E+03 4. 75E-05 4, 06E~01 0. 00E+00 1.51E-01
2. 00E+03 2.67E-05 4,42E-01 0. 00E+00 1. 51E~01
4.00E+03 8. 40E-06 4.74E-01 0.00E+00 1.51E-01
8.00E+03 8. 42E-07 4,87E-01 0. 00E+00 1.51E~01
1.00E+04 2.73E-07 4,88E-01 0. 00E+00 1. 51E-01
2., 00E+04 2.09E-08 4,.88E-01 0. 00E+00 1.51E~01
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CLASS D AMAD = 1 MICRON STABLE - COPPER. 63
TIME AFIER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL GI _TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 2.89E-01 2.26E-01 3.03E~-04  1,24E~01 6.39E-01
2.,00E-01 3.42E-01 2,01E-01 2. 96E-07 9.44E-02 6.38E-01
3.00E-01 3.74E-01 1. 79E-01 0. 00E+00 8. 22E-02 6.36E-01
4.00E-01 3.96E-01 1. 60E-01 0. 00E+00 7.67E-02 6.33E-01
5.00E-01 4.14E-01 1.43E-01 0.00E+00 7.29E-02 6.29E-01
6.00E-01 4.29E-01 1.27E~01 0. OCE+00 6.93E-02 6.25E-01
7.00E~01 4,42E-01 1.13E-01 0.00E+00 6.57E-02 6.21E-01
8.00E-01 4.54E-01 1.01E-01 0.00E+00 - 6.20E-02 6., 16E-01
9.00E-01 44 64E-01 8. 96E~-02 0. 00E+00 5.82E-02 6.12E-01
1.00E+00 4.73E-01 7.97E-02 0.00E+00 5.44E-02 6.07E-01
2.00E+00 5. 20E-01 2.42E-02 0. 00E+00 2.42E-02 5. 68E-01
3. 00E+00 5.28E-01 7.13E-03 0. 00E+00 9.57E-03 5.45E-01
4,00E+00 5.24E-01 2.05E-03 0.00E+00 3.63E-03 5.30E-01
5.00E+00. 5.16E-01 5.81E-04 0.00E+00 1.35E-03 5.18E-01
6. 00E+00 5.08E-01 1. 62E-04 0.00E+00 4, 99E-04 5.09E-01
7.00E+00 4,99E-01 4. 47E-05 0. 00E+00 1. 84E-04 4. 99E-01
9. 00E+00 4,82E-01 ©  3.32E-06 0.00E+00 2. 50E-05 4. 82E-01
1.00E+01 4,74E-01 8.96E-07 0. 00E+00 9.18E-06 4. 74E-01
2.00E+01 3.99E-01 -0. 00E+00 0. O0E+00 0. 00E+00 3.99E~-01
3.00E401 3.35E-01 0. 00E+00 0.00E+00 0.00E+00 3.35E-01
4,00E+01 2.82E-01 0. 00E+00 0. 00E+00 0. 00E+00 2, 82E-01.
5.00E+01 2,37E-01 0. 00E+Q0 0.00E+00 0. 00E+00 2,37E-01
6. 00E+01 1.99E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.99E-01
7.00E+01 1.68E~01 0. 00E+00 0.00E+00 0. 00E+00 1. 68E~01
8.00E+01 1.41E-01 0. 00E+00 0. 00E+00 0. 00E+Q0 1. 41E-01
9.00E+01 1.19E-01 0. 00E+00 0. 00E+00 0.00E+00 = 1.19E-01
1. 00E+02 9.97E-02 0. O0E+00 0. 00E+00 0.00E+00 9.97E-02
2.00E+02 1. 76E~02 0. 0CE+00 0. 00E+00 0.00E+00 1. 76E-02
3.00E+02 3.12E-03 0. 00E+00 0.00E+00 0.00E+00 3.12E-03
4, 00E+02 " 5.51E-04 0. 00E+00 0.00E+00 0. 00E+00 S.51E-04
5.00E+02 9.75E-05 0. 00E+00 0.00E+00 0. 00E+Q0 9.75E-05
6.00E+02 1.72E-05 0. 00E+00 0.00E+00 0. 00E+00 1. 72E-05
7.00E+02 3.05E~-06 0. 00E+00 0. 00E+00 0. 00E+00 3.05E-06
8. 00E+02 5.38E~07 0, 00E+00 0.00E+00 0. 0OE+00 5. 38E-07
9.00E+02 9.45E-08 0. 00E+00 0. OOE+00 0. 00E+00 9.45E-08
}.00E+03 1.59E-08 0. 00E+00 0.00E+00 0.00E+Q0 1.59E~-08
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CLASS D AMAD = 1 MICRON STABLE COPPER 63
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NON-SYSTEMIC

24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS EXCRETA EXCRETA FECES FECES
1.00E-01 3.86E-04 5.47E-05
2.00E-01 9.36E-04 6.05E-04
3.00E-01 1. 56E-03 1.99E-03
4,00E-01 2.23E-03 4. 16E-03
5.00E-01 2.93E-03 6.97E-03
6. 00E-01 3.66E-03 1.02E-02
7.00E-01 4,41E-03 1. 38E-02
8.00E-01 5.19E-03 1.75E-02
9.00E-01 5.99E-03 2.13E-02
1. 00E+00 6.80E-03 6. 80E-03 2.51E-02 = 2.51E-02
2.00E+00 8.69E~-03 1.55E-02 3.02E~02 5.53E-02
3.00E+00 9.11E-03 2.46E-02 1.46E-02 6.99E-02
4.00E+00 9.,12E-03 3.37E-02 5, 95E-03 7.59E-02
5.00E+00 9.01E-03 4,27E-02 2,28E-03 7.81E-02
6. 00E+00 8.87E-03 5.16E-02 8.51E-04 7.90E-02
7+ 00E+00 8.72E-03 6.03E-02 3. 15E-04 7.93E-02
8.00E+00 8.58E-03 6. 89E-02 1. 16E-04 7. 94E-02
9.00E+00 8.43E-03 7.73E~-02 4, 29E-05 7.95E~02
1. 00E+01 8.28E-03 8. 56E-02 1. 58E-05 7+.95E-02
2.00E+01 6.97E~03 1.61E-01 0. 00E+00 7.95E-02
3. 00E+01 5. 86E-03 2.24E-01 0. 00E+00 7.95E-02
4.00E+01 4.93E-03 2,78E-01 0.00E+00 7.95E-02
5. 00E+01 4,14E-03 3.23E-01 0. OOE+00 7.95E-02
6.00E+01 3.48E-03 3.60E-01 0.00E+00 7.95E-02
7. 00E+01 2.93E-03 3.92E-01 0.00E+00 7.95E-02
8.00E+01 2. 46E-03 4.19E-01 0. 00E+00 7.95E-02
9.00E+01 2.07E-03 4.41E-01 0.00E+00 7.95E-02
1. 00E+02 1.74E-03 4,60E-01 0. 00E+00 7.95E-02
2, 00E+02 3.08E-04 5.42E-01 0. 00E+00 7.95E-02
3. 00E+02 5.45E-05 5.57E-01 0.00E+00 7.95E-02
4, 00E+02 9.63E-06 5.59E-~01 0. 00E+00 7.95E-02
5.00E+02 1.70E-06 5.60E-01 0.00E+00 7.95E-02
6.00E+02 3.01E-07 5. 60E-01 0. 00E+00 7.95E-02
7 . 00E+02 5.33E-08 5.60E-01 0.00E+00 7.95E-02

B-59



CLASS D AMAD = 1 MICRON STARLE GALLIUM 69
TIME AFTER FRACTION OF INITIAL INTAKE IN: ,
SINGLE INTAKE

SYSTEMIC NASAL G1 TOTAL .
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1. 00E-01 2.53E-01 2.26E-01 3.03E-04 1. 56E~01 6. 35E-01
2.00E-01 2.71E-01 2.01E-01 2. 96E-07 1.56E-01 6.29E-01
3.00E-01 2.87E-01 1.79E-01 0.00E+00 1. 55E~01 6.21E~01
4.00E-01 3.00E-01 1. 60E-01 0. 00E+00 1. 52E-01 6.12E-01
5.00E-01 3.12E~-01 1.43E-01 0. 00E+00 1.48E--01 6.02E~01
6.00E-01 3.22E-01 1,27E-01 0.00E+00 1.42E-01 5.91E-01
7.00E-01 3.30E-01 1.13E-01 0. 00E+00 1. 36E-01 5.79E-01
8.00E-01 3.37E-01 1.01E-01 0. 00E+00 1.29E-01 5.67E-01
9.00E~01 3.42E-01 8.96E~-02 0.00E+00 1.22E-01 5.54E-01
1. 00E+00 3.47E-01 7.97E-02 0. 00E+00 1.15E-01 5.41E=01
2.00E+00 3.58E-01 2.42E-02 0. 00E+00 5.24E-02 4.35E-01
3.00E+00 3.46E-01 7.13E-03 0. 00E+00 2.09E-02 3.74E~01
4.00E+00 3.33E-01 2.05E-03 0. 00E+00 7+ 95E-03 3.43E-01
5.00E+00 . 3.23E-01 5.81E-04 0. 00E+00 2.96E-03 3. 26E-01
6. 00E+00 3.15E-01 1.62E-04 0.00E+00 1., 10E-03 3.16E-01
7.00E+00 3.09E~01 44 47E-05 0. 00E+00 4.05E-04 3.09E~01
8. 00E+00 3.04E-01 1.22E~05 0. 00E+00 1.49E-04 3.04E-01
9.00E+00 2.99E-01 3.32E-06 0. 0O0E+00 5.48E-05 2.99E-01
1.00E+01 2.95E-01 8.96E-07 0.00E+00 2.02E-05 2.93E-01
2.00E+01 2.56E-01 0.00E+00 0.00E+00 0. 00E+00 2. 56E~01
3.00E+01 2.,23E-01 0.00E+00 0.00E+00 0. O0E+00 2.23E-0L
4.00E+01 1.94E-01 0. 00E+00 0. QCE+00 0. 00E+00 1. 94E-0’
5.00E+01 1.69E~01 0.00E+00 0.00E+00 0. 00E+00 1. 69E-01
6.00E+01 1.47E~01 0. 00E+00 0. 00E+00 0. 00E+00 1.47E-01
7.00E+01 1.28E-01 0.00E+00 0.00E+00 0.00E+00 1.28E-01
8.00E+01 1.12E~-01 0. 00E+00 0. 00E+00 0. 00E+00 1.12E-01
9.00E+01 9.72E-02  0,00E+00 0. 00E+00 0. 00E+00 9. 72E-02
1.00E+02 8.46E~02 0. 00E+00 0. 00E+00 0. 0OE+00 8.46E-02
2.00E+02 2.12E~02 0. 00E+00 0. 00E+00 0. 00E+Q0 2.12E-02
3.00E+02 5.29E~03 0. 00E+00 0. 00E+00 0. 00E+00 5.29E~03
4.00E+02 1.32E-03 0. 00E+00 0.00E+00 0. 00E+00 1.32E-03
5.00E+02 3.31E-04 0. 00E+00 0. 00E+00 0. 00E+00 3.31E-04
6. 00E+02 8.28E~-05 0.00E+00 0. 00E+00 0. 00E+00 8.28E-05
7.00E+02 2.07E~05 0. 00E+00 0. 00E+00 0.00E+00 2,07E-05
8. 00E+02 5.17E~06 0.00E+00 0.00E+00 0. 00E+00 5. 17E-06
9.00E+02 1.29E-06 0. 00E+00 0.00E+00 0. 00E+00 1.29E-06
1.00E+03 3.22E-07 0.00E+00 0. 00E+00 0. 00E+00 3.22E-07

B-60



B-61

CLASS D  AMAD = 1 MICRON STABLE GALLIUM 69
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE
SYSTEMIC NON-SYSTEMIC
24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
- DAYS EXCRETA EXCRETA FECES FECES
1+ 00E-01 4.46E-03 6. 07E-05
2.00E-01 9.85E-03 7.42E-04
3.00E-01 1. 54E-02 2.64E-03
4.00E-01 2. 10E-02 5.93E-03
5. 00E-01 2. 66E-02 1.05E-02
6. 00E=01 3.22E-02 1.61E-02
7.00E-01 3,77E-02 2.25E-02
8.00E~01 4.32E-02 2. 94E-02
9, 00E-01 4. 86E-02 3. 66E-02
1. 00E+00 5.39E-02 5.39E-02 4.40E-02 4. 40E-02
2. 00E+00 4y 43E-02 9.81E-02 6.24E-02  1.06E-01
3. 00E+00 2.90E-02 1.27E-01 3.15E-02  1.38E-01l
4. OOE+00 1.81E-02 1.45E-01 1.30E-02  1.51E-01
5. 00E+00 1. 17E-02 1.57E-01 4,98E-03  1.56E-01
6. 00E+00 8.09E-03 1.65E-01 1.87E-03  1.58E-01
7.00E+00 6. 19E-03 1. 71E-01 6.92E-04  1.58E-01
8. 00E+00 5.19E-03 1.76E-01 2.56E-04  1.59E-01
9.00E+00 4.65E-03 1.81E-01 9.41E-05  1.59E-01
1. 00E+01 4.35E-03 1.85E-01 3.47E-05  1.59E-01
2. 00E+01 3.58E-03 2.24E-01 0.00E+00  1.59E-01
3. 00E+01 3.12E-03 2.57E-01 0.00E+00  1.59E-01
44 00E+01 2.71E-03 2. 86E-01 0.00E+00  1.59E-01
5. 00E+01 2.36E-03 3. 11E-01 0.00E+00  1.59E-01
6.00E+01 2.06E-03 3.33E-01 0.00E+00  1,59E-01
7.00E+01 1.79E-03 3. 52E-01 0.00E+00  1.59E-01
8.00E+01 1.56E-03 3, 69E-01 0.00E+00  1.59E-01
9.00E+01 1.36E-03 3.83E~01 0.00E+00  1.59E-01
1.00E+02 1.18E-03 3. 96E-01 0.00E+00  1.59E-01
2. 00E+02 2.95E~04 4.59E-01 0.00E+00  1.59E-01
3, 00E+02 7.39E-05 4y 75E~01 0.00E+00  1.59E-01
4. O0E+02 1.85E-05 4.79E-01 0.00E+00  1.59E-01
5. 00E+02 4+ 62E~-06 4. 80E-01 0.00E+00  1.59E-01
6+ 00E-+02 1. 15E-06 4. 80E-01 0.00E+00  l.59E-01
7.00E+02 2, 89E-07 4. 80E-01 0.00E+00  1.59E-01
8. 00E+02 7.21E-08 4.80E-01 0.00E+00  1,59E-0l
9.00E+02 1. 79E-08 44 80E~01 0.00E+00  1.59E-01



CLASS D AMAD = ] MICRON STABLE GERMANIUM 73
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL GI TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1. 00E~-01 3.46E-01 2,26E-01 3.03E-04 2.,17E-02 3. 94E-01
2.00E-01 3.35E-01 2.01E-01 2. 96E-07 2.28E-03 5.38E-01
3.00E-01 3.10E-01 1,79E-01 0. 00E+00 4, 15E-04 4,89E-01
4,00E-01 2.87E-01 1. 60E-01 0. OCE+00 1.85E-04 4.47E-01
5.00E-01 2,67E-01 1.43E-01 0.00E+00 1.21E-04 4,09E-01
6.00E-01 2. 49E-01 1. 27E-01 0. 00E+00 8.47E-05 3.76E-01
7.00E~01 2.33E-01 1. 13E-01 0.00E+00 5.98E-05 .3.46E-01
8.00E-01 2.19E-01 1.01E~01 0. 00E+00 44 23E-05 3.19E-01
9.00E-01 2.06E-01 8+ 96E-02 0. 00E+00 2.99E-05 2.95E-01
1.00E+00 1.94E-01 7+97E-02 0. 00E+00 2.12E-05 2.73E-01
2.00E+00 1.07E-01 2.42E-02 0.00E+00 7.04E-07 1.31E-01
3.00E+00 5.73E-02 7.13E-03 0. 00E+00 3.82E-08 6. 44E-02
4, 00E+00 2.98E-02 2.05E-03 0. 00E+00 0. O0E+00 3.18E-02
5.00E+00 1.52E-02 5.81E-04 0. 00E+00 0.00E+00 1.58E-02
6. 00E+00 7.69E-03 1. 62E-04 0. O0E+00 0. O0E+00 7.86E-03
7+ 00E+00 3.87E-03 4.47E~-05 0. 00E+00 0. 00E+00 3.92E-03
8.00E+00 1. 94E-03 1.22E-05 0. 00E+00 0. 00E+00 1.96E-03
9.00E+00 9.73E-04 3.32E-06 0. 00E+00 0. 00E+00 9. 77E-04
1.00E+01 4,87E~-04 8.96E-07 0. 00E+00 0. 00E+00 4,88E-04
2.00E+01 4.77E-07 0. 00E+00 0. 00E+00 0. 00E+00 4.77E-07

B-62




CLASS D AMAD = 1 MICRON STARLE GERMANIUM 73

TIME AFTER
SINGLE INTAKE

FRACTION OF ENITIAL INTAKE IN:

SYSTEMIC NON-S5YSTEMIC
24-HOUR ACCUMULATED 24-HOUR ACCUMULATED

DAYS EXCRETA EXCRETA FECES FECES

1.00E-01 4. 55E-02 4,.54E-10
2.00E-01 1.01E-01 2.79E-09
3. 00E-01 1. 50E-01 6.98E-09
4.00E-01 1.92E-01 1.25E-08
5.00E-01 2.30E-01 1.90E-08
6.00E-01 2.63E-01 2,62E-08
7.00E-01 2.93E-01 3.36E-08
8.00E-01 3.20E-01 4,13E-08
9. 00E~-01 3.44E-01 4,89E-08
1.00E+00 3.66E-01 3.66E-01 5.64E~-08 5.64E-08
2, 00E+00 1.42E-01 5.08E~-01 5.77E-08 1. 14E-07
3. 00E+00 6. 68E-02 5.75E-01 2.72E-08 1.41E-07
4, 00E+00 3.26E-02 6.07E-01 1.10E-08 1.52E-07
5. 00E+00 1.60E-02 6.23E-01 0.00E+00 1. 57E-07
6. 00E+00 7.93E-03 6.31E-01 0. 00E+00 1. 58E-07
7.00E+00 3.94E-03 6.35E-01 0. 00E+00 1. 59E-07
8.00E+00 1.96E-03 6.37E-01 0. O0E+0Q0 1. 59E-07
9.00E+00 9.78E-04 6.38E-01 0. O0E+00 1.59E-07
1. 00E+01 4.89E-04 6.39E-01 0. 00E+00 1. 59E-07
2. 00E+01 4.77E-07 6.39E-01 0.00E+00 1. 59E-07

B-63



CLASS D AMAD = 1 MICRON STABLE SELENIUM 78
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE .

SYSTEMIC NASAL GI TOTAL
DAYS ORGANS LUNGS PASBAGES TRACT BODY
1.00E-01 3.38E-01 2.26E-01 3.03E~04 7.41E-02 6.38E-01
2.,00E-01 3.98E-01 2.01E-01 2. 96E~07 3. 72E-02 6.37E~01
3.00E~01 4,24E-01 1. 79E-01 0. O0E+00 3.14E-02 6.35E-01
4,00E~-01 4,42E-01 1. 60E-01 0. 00E+00 2, 98E~02 6. 32E~01
5.00E-01 4.58E-01 1.43E-01 0. 00E+00 2. 85E-02 6.29E~-01
6.00E-01 4,72E-01 1.27E-01 0. 00E+00 2.71E~02 6.26E-01
7.00E~01 4,85E-01 1.13E~-01 0. 00E+00 2.56E-Q2 6.23E-01
8.00E-01 4,96E-01 1.01E~01 0. 00E+00 2,41E-02 6. 20E~01
9.00E-01 5.05E-01 8.96E-02 0.00E+00 2+ 25E-02 6.17E-01
1. 00E+00 5.13E-01 7.97E-02 0.00E+00 2, 10E~02 6. 14E-01
2., 00E+00 5.53E-01 2.42E-02 0.00E+00 9.24E-03 5.86E-01
3.00E+00 5,55E-01 7.13E-03 0. 00E+00 3. 64E-03 5.66E-01
4, 00E+00 5.47E-01 2,05E~03 0.00E+00 1.38E-03 5.50E~-01
5. 00E+00 5.36E-01 5. 81E-04 0. O0E+00 5. 12E-04 5.37E-01
6. 00E+00 5.26E-01 1. 62E-04 0. 00E+00 1. 89E-04 5.26E~01
7. 00E+00 5.16E-01 44 47E-05 0. 00E+00 6. 98E-05 5. 16E-01
8. 00E+00 5.07E-01 1., 22E-05 0. 00E+00 2.57E-05 5.08E-01
9.00E+00 4,99E-01 3. 32E-06 0. 00E+00 9.47E~06 4,99E-01
1. 00E+01 4,92E-01 8.96E-07 0.00E+00 3. 48E~06 4,92E-01
2.00E+01 4,32E-01 0. 00E+00 0. 0OE+00 0. 00E+00 4,32E-01
3.00E+01 3.87E~01 0. 00E+00 0. 00E+00 0. O0E+00 3.87E~01
4,00E+01 3.50E-01 0. O0E+00 0.00E+00 0. 00E+00 3, S50E~01
5. 00E+01 3.19E-01 0. 00E+00 0. 00E+00 0. OCE+00 3.19E~01
6.00E+01 2.92E-01 0. O0E+00 0. O0E+00 0, O0E+00 2.92E-01
7. 00E+01 2.69E~01 0. 00E+00 0.00E+00 0. 00E+00 2.69E-01
8.00E+01 2.49E-01 0. O0E+00 0. 0OE+00 0. 00E+00 2, 49E-01
9.00E+01 2,31E-01 0.00E+00 0.00E+00 0. 00E+00 2.31E-01
1. 00E+02 2.16E~01 0. 00E+00 0.00E+00 0. 00E+00 2,16E-01
2,00E+02 1.23E-01 0. O0E+00 0. 00E+00 0. 00E+00 1.23E-01
3.00E+02 7.63E-02 0. O0E+00 0. 00E+00 0. OCE+00 7.63E~02
4.00E+02 4.80E-02 0.00E+00 0.00E+00 0, O0E+00 4, 80E-02
6.00E+02 1.90E~-02 0.00E+00 0. 00E+00 0. GOE+00 1.90E-02
7.00E+02 1.20E~02 0.+ 00E+00 0. 00E+00 0. 00E+00 1. 20E~-02
8.00E+02 7+ 55E-03 0. O0E+00 0.00E+00 0. 00E+00 7+ 55E-03
9.00E+02 4.76E-03 0. O0E+00 0.00E+00 0. 00E+00 4,76E-03
1. 00E+03 3.00E-03 0. 00E+00 0. 00E+00 0.00E+00 3.00E-03
2.00E+03 2.95E-05 0. 00E+00 0. 00E+00 0. 00E+00 2. 95E-05
3.00E+03 2. 88E~07 0. 00E+00 0. 00E+Q0 0. O0E+00 2. 88E~07

B-64




CLASS D AMAD = 1 MICRON STABLE SELENIUM 78

TIME AFIER FRACTION OF INITIAL INTAKE IN:

SINGLE INTAKE

SYSTEMIC NON-SYSTEMIC
24-HOUR ACCUMULATED 24~-HOUR ACCUMULATED

DAYS EXCRETA EXCRETA FECES FECES

1. 00E-01 8+ 45E-04 4.16E-05
2.00E-01 2.12E-03 3. 80E-04
3.00E-01 3.51E-03 1.10E-03
4,00E-01 4.96E-03 2.12E~-03
5.00E-01 6.45E-03 3.37E-03
6.00E~01 7.98E-03 4.75E-03
7. 00E-01 9.53E-03 6. 23E-03
8.00E-01 1.11E-02 7.75E-03
9.00E-01 1.27E-02 9.27E-03
1. 00E+00 1.43E-02 1.43E-02 1.08E-02 1. 0BE-02
2.00E+00 1. 60E-02 3.03E-02 1.18E-02 2.26E-02
3.00E+00 1. 49E-02 4,52E-02 5.60E-03 2. 82E-02
4,00E+00 1. 34E-02 5.86E-02 2.26E-03 3. 04E-02
50 00E+00 - 1 1] 1 9E“02 ?a OSE-OZ 80 64E-04 3. 1 3E-02
6+ O0E+00 1.07E-02 8.12E-02 3.23E-04 3.16E-02
7. 00E+00 9,70E-03 9.09E-02 1. 20E-04 3.17E-02
8.00E+00 8.87E-03 9.98E-02 4,41E-05 3.18E-02
9.00E+00 8.19E-03 1.08E-01 1.63E-05 3.18E-02
1.00E+01 7.63E-03 1.16E-01 5. 98E~-06 3.18E-02
2,00E+01 5.07E-03 1.75E-01 0. 00E+00 3.18E-02
3.00E+01 4,11E-03 2.20E-01 0. 00E+00 3.18E-02
4,00E+01 3.45E-03 2, 57E-01 0. 00E+00 3.18E-02
5. 00E+01 2,92E-03 2.89E-01 0. 00E+00 3.18E-02
6.00E+01 2.50E-03 3.15E~01 0. 00E+00 3.18E-02
7.00E+01 2.16E-03 3.39E-01 0. 00E+0Q0 3.18E-02
8.00E+01 1.88E-03 3.59E-01 0. 00E+00 3.18E-02
9.00E+01 1.65E-03 3.76E-01 0. 00E+00 3.18E-02
1. 00E+02 1.46E-03 3.91E-01 0. 00E+00 3. 18E~02
2.00E+02 6. 16E-04 4,84E-01 0. 00E+00 3.18E-02
3.00E+02 3. 58E-04 5.31E-01 0. 00E+00 3. 18E-02
5.00E+02 1. 40E-04 5.77E-01 0. 00E+00 3.18E-02
6.00E+02 8.81E-05 5.88E-01 0. 00E+00 3.18E-02
7.00E+02 5.55E-05 5.95E~01 0. 00E+00 3. 18E-02
8.00E+02 3.50E-05 6.00E-01 0. O0E+00 3. 18E-02
9.00E+02 2. 20E-05 6.03E-01 0. 00E+00 3.18E-02
1. 00E+03 1.39E-05 6.04E-01 0. 00E+00 3.18E-02
2,00E+03 1.37E-07 6.07E-01 0. 00E+00 3. 18E-02

B-65



CLASS D AMAD = 1 MICRON STABLE BROMINE 79
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL GIL TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 3.89E-01 2.26E-01 3.03E~04 2.17E-02 6.37E~01
2.00E-01 4,31E~01 2.01E-01 2.96E-07 2.28E-03 6+ 34E-01
3, 00E~01 4,51E-01 1.79E-01 0.00E+00 4, 15E=04 6. 31E-01
4,00E-01 4,68E-01 1. 60E=01 0.00E+00 1.85E-04 6.28E-01
5.00E~-01 4, 82E-01 1.43E~-01 0. 00E+00 1.21E~04 6.25E-01
6.00E-01 4,94E~01 1.27E-01 0. 00E+00 8.47E~05 6.21E-01
7.00E~01 5.,05E~01 1.13E-01 0. 00E+00 5. 98E~-05 6.18E-01
8.00E-01 5.14E-01 1.01E~01 0. 00E+00 4,23E-05 6.14E~01
9,00E-01 5.21E-01 8. 96E~02 0.00E+00 2.99E-05 6.11E~01
1.00E+00 5.27E-01 7.97E-02 0. 00E+00 2. 12E-05 6.07E~01
2. 00E+00 5.45E~01 2.42E~02 0.00E+00 7.04E-07 5.70E-01
3.00E+00 5.25E~01 7.13E-03 0. 00E+00 3.82E-08 5.32E~01
4,00E+00 4,95E-01 2.05E~03 0.00E+00 0. 00E+00 4,97E-01
5.00E+00 4.63E-01 5.81E-04 0. 00E+00 0. 00E+00 4, 64E=01
6. 00E+00 4,33E-01 1.62E~04 0.00E+00 0. 00E+00 4,33E-01
7.00E+00 4,04E~01 4,47E=05 0. 00E+00 0. 00E+00 4,04E-01
8.00E+00 3.77E-01 1.22E-05 0.00E+00 0. 00E+00 3.77E-01
9.00E+00 3. 52E~01 3.32E-06 0. 00E+00 0. 00E+00 3.52E~01
1. 00E+01 3.28E-01 8.96E-07 0.00E+00 0. 00E+00 3. 28E-01
2.00E+01 1.64E-01 0. 00E+00 0.00E+00 0. 00E+00 1.64E-01
3.00E+01 8.20E~02 0. 00E+00 0.00E+00 0. OOE+00 8.20E-02
4,00E+01 4.10E-02 0. 00E+00 0. 00E+00 0. 00E+00 4,10E-02
5. 00E+01 2.05E-02 0.00E+00  0.00E+00 0.00E+00 2.05E-02
6.00E+01 1.03E=02 0. 00E+00 0.00E+00 0. 00E+00 1. 03E~02
7.00E+01 5.13E~03 0. 00E+00 0. 00E+00 0. 00E+00 5.13E~03
8.00E+01 2,57E-03 0. 00E+00 0. 00E+00 0. 00E+00 2.57E-03
9,00E+01 1.28E~-03 0. O0E+00 0. 00E+00 0. 0OE+00 1.28E-03
1.00E+02 6.41E~04 0. 00E+00 0. 00E+00 0. 00E+00 6+ 41E~04
2.00E+02 6.27E-07 0. 00E+00 0.00E+00 0. 00E+00 6.27E~07
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CLASS D AMAD = 1 MICRON STABLE BROMINE 79
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NON~SYSTEMIC

24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS EXCRETA EXCRETA FECES FECES
1.00E-01 1. 99E-03 4,54E~10
2.00E-01 4,86E-03 2.79E-09
3.00E-01 7.92E-03 6. 98E-09
4.,00E-01 1.11E-02 1. 25E~08
5. 00E~-01 1.44E-02 1.90E-08
6.00E-01 1.78E-02 2,62E-08
7.00E-01 2.12E-02 3.36E-08
8.00E-01 2.48E-02 4,13E~08
9.00E~01 2.84E-02 4,89E-08
1.00E+00 3.20E-02 3.20E-02 5.64E-08 5.64E-08
2. 00E+00 3.75E-02 6.95E-02 5.77E-08 1+ 14E-07
3.00E+00 3.72E-02 1. 07E~01 2.72E~08 1.41E-07
4,00E+00 3. 54E-02 1.42E-01 1.10E-08 1.52E-07
5.00E+00 3.32E-02 1. 75E-01 0. 00E+00 1,57E-07
6. 00E+00 3.10E-02 2,06E-01 0. 00E+00 1.58E-07
7.00E+00 2.90E-02 2.35E-01 0. 00E+00 1. 59E-07
8. 00E+00 2,70E-02 2.62E-01 0. O0E+00 1. 59E-07
9.00E+00 2,52E-02 2.88E~01 0. 00E+00 1. 59E-07
1. 00E+01 2.35E-02 3.11E~01 0. O0E+00 1.59E-07
2.00E+01 1.18E-02 4.75E-01 0. 00E+00 1. 59E-07
3.00E+01 5.89E~03 5.57E~01 0. 00E+00 1.59E-07
4,00E+01 2,94E-03 5.98E-01 0. 00E+00 1. 59E-07
5. 00E+01 1.47E-03 6.19E-01 0. O0E+00 1.59E-07
6.00E+01 7.36E-04 6. 29E-01 0. 00E+00 1.59E-07
7. 00E+01 3.68E-04 6. 34E-01 0. 00E+00 1.59E-07
8.00E+01 1. 84E-04 6.37E-01 0. 00E+00 1. 59E-07
9.00E+01 9.21E-05 6.38E-01 0.00E+00 1.59E-07
1. 00E+02 4.60E-05 6.38E-01 0. 00E+00 1. 59E-07
2. 00E+02 4+50E~08 6.39E-01 0.00E+00 1.59E-07
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B~68

CLASS D  AMAD = 1 MICRON HALFLIFE= 1,47E+00 DAYS BROMINE 82
TIME AFTER FRACTION OF INITIAL INTAKE IN:
 SINGLE INTAKE
SYSTEMIC NASAL GI TOTAL

DAYS ORGANS LUNGS PASSAGES TRACT BODY

1., 00E-01 3.71E-01 2.15E-01 2.89E-04 2.07E-02 6. 08E-01
2.00E-01 3. 92E-01 1.83E=01 2. 69E-07 2.08E-03 5.77E-01
3.00E-01 3.92E-01 1.56E=01 0.00E+00 3. 61E-04 5.48E-01
4,00E-01 3.87E-01 1,32E-01 0. 00E+00 1.53E-04 5.20E-01
5.00E-01 3.81E-01  1.13E-01 0.00E+00 9, 55E-05 4,94E~-01
6.00E-01 3. 72E-01 9,57E-02 0. 00E+00 6.38E~05 4,68E-01
7.00E-01 3.63E-01 8.13E-02 0. 00E+00 4, 30E-05 4, 44E~01
8.00E-01 3. 52E-01 6. 90E~02 0. 00E+00 2. 90E-05 4.21E~01
9.00E-01 3.41E-01 5.86E-02 0. 00E+00 1. 96E~05 4,00E-01
1. 00E+00 3.29E-01 4. 97E-02 0. 00E+00 1.32E-05 3, 79E~01
2.00E+00 2.12E-01 9,43E-03 0. 00E+00 2. T4E-07 2.22E-01
3. 00E+00 1.28E-01 1.73E-03 0. 00E+00 0. 00E+00 1.29E-01
4, 00E+00 7.51E=02 3.11E~04 0.00E+00 0.00E+00 7.54E=02
5.00E+00 4,38E~02 5. 50E-05 0. 00E+00 0. 00E+00 4.39E-02
6. 00E+00 2. 56E~02 9,57E~06 0.00E+00 0. 00E+00 2. 56E=02
7. 00E+00 1.49E-02 1.65E-06 0. 00E+00 0. 00E+00 1.49E-02
8.00E+00 8.67E-03 2.81E-07 0. 00E+00 0. 00E+00 8.67E-03
9.00E+00 5.05E~03 4,77E-08 0. 00E+00 0. 00E+00 5.05E-03
1. 00E+01 2.94E-03 0. 00E+00 0. 00E+00 0.00E+00 2.94E=03
2. 00E+01 1.32E-05 0. 00E+00 0. 00E+00 0. 00E+00 1.32E=05
3. 00E+01 5.90E-08 0. 00E+00 0. 00E+00 0. 00E+00

5.90E-08 .




CLASS D  AMAD = 1 MICRON HALFLIFE= 1.47E+00 DAYS BROMINE 82
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NON-SYSTEMIC

24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS EXCRETA EXCRETA FECES FECES
1.00E-01 1.90E-03 4.33E-10
2.00E-01 4.42E-03 2.54E-09
3.00E-01 6. 88E-03 6. 06E-09
4.00E-01 9.,20E-03 1.04E-08
5., 00E-01 1.14E-02 1. 50E-08
6.00E-01 1. 34E-02 1. 97E-08
7.00E-01 1.53E-02 2,42E-08
8.00E-01 1. 70E-02 2,83E-08
9, 00E-~01 1.86E-02 3.20E-08
1.00E+00 2, 00E-02 2.00E-02 3.52E-08 3. 52E-08
2.00E+00 1.46E-02 2.71E-02 2, 25E-08 4, 45E-08
3.00E+00 9.04E-03 2,59E-02 0. 00E+00 3. 44E-08
4,00E+00 5.36E-03 2., 16E-02 0. 00E+00 2.31E-08
5. 00E+00 3. 14E-03 1.66E-02 0.00E+00 1. 48E-08
6. 00E+00 1.83E-03 1.22E-02 0. 00E+00 9.34E-09
7. 00E+00 1.07E-03 8.67E-03 0. 00E+00 5. 85E-09
8. 00E+00 6.22E-04 6.03E-03 0. 00E+00 3.65E-09
9.00E+00 3. 62E-04 4,13E-03 0.00E+00 2.28E-09
1.00E+01 2.11E-04 2.79E-03 0. 00E+00 1.42E-09
2.00E+01 9.44E~07 3. 81E-05 0. 00E+00 1.28E-11

B-69



RUBIDIUM 85

R

CLASS D AMAD = 1 MICRON STABLE
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL GI TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1. 00E-01 3.91E-01 2.26E-01 3.03E-04 2.17E-02 6.+ 39E~01
2.00E-01 4,34E-01 2. 01E-01 2. 96E-07 2.28E=03 6.38E-01
3. 00E=-01 4.57E-01 1.79E-01 0.00E+00 4, 15E~04 6.37E-01
4,00E=01 4,76E=01 1, 60E=01 0. O0E+00 1. 85E=04 6.37E=01
5. 00E~01 4.93E-01 1.43E-01 0. 00E+00 1.21E-04 6.36E~01
6.00E-01 5.08E-01 1,27E-01 0. 00E+00 8.47E-05 6+ 35E-01
8.00E-01 5.33E-01 1.01E~01 0. 00E+00 4,23E-05 6.33E-01
9,00E-01 5.43E-01 8. 96E~02 0. 00E+00 2.99E-05 6.33E-01
1. 00E+00 5.52E-01 7.97E-02 0. 00E+00 2.12E-05 6.32E-01
2.00E+00 5.98E-01 2.42E=02 0.00E+00 7.04E-07 6.23E-01
4,00E+00 6. 01E~01 2.05E-03 0. 00E+00 0.00E+00 6.04E-01
5.00E+00 5.94E~01 5.81E-04 0. 00E+00 0.00E+00 5.94E-01
6. 00E+00 5.85E-01 1.62E-04 0.00E+00 0.00E+00 5.85E=01
7. 00E+00 5.76E-01 4, 47E~05 0. 00E+00 0. 00E+00 5.76E-01
8. 00E+00 5.67E-01 1.22E-05 0.00E+00 0. O0E+00 5.67E=01
9, 00E+00 5.58E-01 3.32E-06 0. 00E+00 0.00E+00 5. 58E-01
1. 00E+01 5.49E-01 8.96E-07 0. 00E+00 0.00E+00 5.49E-01
2.00E+01 4.69E-01 0. 00E+00 0. 00E+00 0. 00E+00 4, 69E-01
3.00E+01 4,01E-01 0. 00E+00 0. 00E+00 0.00E+00 4,01E~01
4,00E+01 3.42E=01 0. 00E+00 0.00E+00 0. 00E+00 3. 42E-01
5. 00E+01 2.92E~01 0. 00E+00 0.00E+00 0. 00E+00 2.92E-01
6. 00E+01 2. 50E~01 0. 00E+00 0. 00E+00 0. 00E+00 2. 50E~01
7. 00E+01 2.13E~01 0. 00E+00 0. 00E+00 0. 00E+00 2.13E-01
8.U0E+01 1.82E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.82E-01
9,00E+01 1. 56E-01 0. 00E+00 0. 00E+00 0.00E+00 1. 56E~01
1. 00E+02 1.33E~01 0. 00E+00 0. 00E+00 0. 00E+00 1.33E~01
2.00E+02 2.75E-02 0. 00E+00 0.00E+00 0. 00E+00 2.75E-02
3. 00E+02 5.70E=03 0. 00E+00 0. 00E+00 0.00E+00 5. 70E~03
4, 00E+02 1.18E~03 0. 00E+00 0. 00E+00 0. 00E+00 1.18E~03
5.00E+02 2. 44E-04 0. 00E+00 0. 00E+00 0. 00E+00 2. 44E-04
6. 00E+02 5.06E-05 0.00E+00 0.00E+00 0.00E+00 5.06E~05
7 .00E+02 1.05E-05 0. 00E+00 0.00E+00 0.00E+00 1.05E-05
8. 00E+02 2.17E-06 0.00E+00 0. 00E+00 0. 00E+00 2.17E-06
9,00E+02 4, 48E~07 0. 00E+00 0. 00E+00 0.00E+00 4, 48E~07
1.00E+03 9,19E~08 0. 00E+00 0.00E+00 0. 00E+00 9,19E-08
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CLASS D AMAD = 1 MICRON STABLE RUBIDIUM 85
TIME. AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS URINE URINE FECES FECES
1.00E-01 3.40E-04 1.13E-04
2,00E-01 8.32E-04 2.77E-04
3.00E-01 1.36E-03 4.53E-04
4.,00E-01 1.91E-03 6.37E-04
5. 00E-01 2.48E-03 8. 28E-04
6.00E-01 3.08E-03 1.03E-03
7.00E-01 3.68E-03 1.23E-03
8.00E-01 4,31E-03 1. 44E-03
9.00E-01 4.94E-03 1.65E-03
1. 00E+00 5. 59E-03 5.598-03 1.86E-03 1.86E-03
2.00E+00 6.86E-03 1. 24E-02 2.29E-03 4.15E-03
3.00E+00 7.13E-03 1.96E-02 2.38E-03 6. 53E-03
4,00E+00 7.14E-03 2.67E~02 2.38E-03 8.90E-03
5.00E+00 7.06E-03 3.38E~02 2.35E-03 1. 13E-02
6. 00E+00 6.96E-03 4,07E-02 2.32E-03 1.36E-02
7.00E+00 6.85E-03 4, 76E-02 2,28E-03 1.59E-02
8. 00E+00 6. 75E-03 5.43E-02 2.25E-03 1.81E-02
9.00E+00 6. 64E-03 6.10E-02 2.21E-03 2.03E~-02
1.00E+01 6. 54E-03 6.75E-02 2.18E-03 2,25E-02
2.00E+01 5. 59E-03 1.28E-01 1.86E-03 4,25E-02
3.00E+01 4.77E-03 1.79E-01 1.59E-03 5.96E-02
4.00E+01 4.08E-03 2,23E-01 1.36E-03 7+42E-02
5.00E+01 3.48E-03 2. 60E-01 1.16E-03 8.67E-02
6.00E+01 2.97E-03 2.92E-01 9.92E-04 9.73E-02
7.00E+01 2. 54E-03 3.19E-01 8.47E~04 1. 06E-01
8.00E+01 2.17E-03 3.43E-01 7.24E-04 1. 14E-01
9.00E+01 1.85E-03 3.63E-01 6. 18E~04 1.21E-01
1. 00E+02 1. 58E-03 3.80E-01 5.28E-04 1.27E-01
2.00E+02 3.28E-04 4.59E-01 1.09E~04 1.53E~01
3.00E+02 6.79E-05 4.75E-01 2. 26E~05 1.58E~01
4.00E+02 1.41E-05 4.78E-01 4, 68E-06 1. 59E~-01
5.00E+02 2.91E-06 4.79E-01 9. 70E-07 1. 60E-01
6. 00E+02 6.,02E-07 4,79E-01 2.01E-07 1. 60E-01
7.00E+02 1. 25E~-07 4.79E-01 4,16E-08 1. 60E-01
8. 00E+02 2.58E-08 4.79E-01 0. 00E+00 1.60E~01
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"CLASS D AMAD = 1 MICRON HALFLIFE= 6.48E+01 DAYS STRONTIUM 85

TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL Gl TOTAL .
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 2.40E-01 2.26E-01 3.02E-04 1.41E-01 6. 06E-01
2,00E-01 2.68E~01 2.01E-01 2. 95E-07 1. 24E~01 5.92E-01
3.00E-01 2.88E-01 1.79E-01 0. 00E+00 1.14E~01 5.81E-01
4.00E-01 3.03E-01 1.59E-01 0. 00E+00 1.08E-01 5.70E-01
5.00E-01 3.14E-01 1.42E-01 0. 00E+00 1, 03E-01 5.59E-01
6.00E~01 3.23E-01 1. 26E-01 0.00E+00 9.80E-02 5.47E-01
7.00E~01 3.30E-01 1.12E-01 0. 00E+00 9.29E-02 5.35E-01
8.00E-01 3.36E-01 9.98E-02 0. O0E+00 8.77E~02 5.23E-01
9.00E~01 3.40E-01 8.87E-02 0. 00E+00 8.24E-02 5.11E-01
1. 00E+00 3,44E-01 7.88E-02 0. 00E+00 7.71E-02 5.00E-01
2.00E+00 " 3.41E-01 2,37E-02 0.00E+00 3.43E-02 3.99E-01
3.00E+00 3.12E-01 6.91E-03 0. 00E+00 1. 34E-02 3.32E-01
4.00E+00 2.80E-01 1.97E-03 0. 00E+00 5.04E-03 2.87E-01
5.00E+00 2.51E-01 5.50E-04 0. 00E+00 1.86E-03 2.53E-01
6. 00E+00 2.26E-01 1.52E~04 0. 00E+00 6. 80E-04 2,27E-01
7. 00E+00 2.05E-01 4. 15E-05 0. 00E+00 2. 48E-04 2.05E-01
8.00E+00 1.87E-01 1.12E-05 0.00E+00 9. 04E~-05 1. 88E-01
9.00E+00 1.72E-01 3.02E-06 0. 00E+00 3.29E-05 1. 72E-01
1.00E+01 1.60E-01 8.06E-07 0.00E+00 1.20E-05 1.60E-01
2.00E+01 9.71E-02 0. 00E+00 0. 00E+00 0. 00E+00 9.71E-02
3.00E+01 7. 74E-02 0.00E+00 0. 00E+00 0. 00E+00 7. 74E~02
4,00E+01 6.66E-02 0.00E+00 0. 00E+00 0.00E+00 6. 66E-02
5.00E+01 5.83E-02 0. 00E+00 0.00E+00 0. 00E+00 5.83E~02
6.00E+01 5.13E-02 0. 00E+00 0. O0E+00 0. 00E+00 5.13E-02
7.00E+01 4,52E-02 0. 00E+00 0. 00E+00 0. 00E+00 4,52E-02
8.00E+01 3.98E-02 0.00E+00 0. 00E+00 0.00E+00 3. 98E~02
9.00E+01 3.52E-02 0. 00E+00 0.00E+00 0. 00E+00 3.52E-02
1.00E+02 3.11E-02 0.00E+00 0.00E+00 0. 00E+00 3.11E-02
2.00E+02 9.33E-03 0.00E+00 0. 00E+00 0.00E+00 9.33E-03
3.00E+02 2.91E-03 0.00E+00 0. O0E+00 0. 00E+00 2.91E-03
4.,00E+02 9.26E-04 0. 00E+00 0.00E+00 0.00E+00 9.26E-04
5.00E+02 - 2.99E-04 0. 00E+00 0.00E+00 0.00E+00 2.99E-04
6. 00E+02 9.77E-05 0.00E+00 0. 00E+00 0. 00E+00 9.77E-05
7.00E+02 3.21E-05 0.00E+00 0.00E+00 0.00E+00 3.21E~05
8.00E+02 1.06E-05 0. 00E+00 0. 00E+00 0., 00E+00 1. 06E-05
9.00E+02 3.53E-06 0.00E+00 0. 00E+00 0. 00E+00 3.53E-06
1.00E+03 1.18E-06 0.00E+00 0. 00E+00 0.00E+00 1.18E-06
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CLASS D AMAD = 1 MICRON HBALFLIFE= 6.48E+01 DAYS STRONTIUM 85
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS URINE URINE FECES FECES
1.00E-01 2,74E-02 4.90E-03
2.00E-01 3.80E-02 7.39E-03
3.00E-01 44 54E-02 1.03E-02
4,00E-01 5.18E-02 1.42E-02
5.00E-01 5.78E-02 1.88E-02
6.00E-01 6.36E-02 2.41E-02
7.00E-01 6.91E-02 2.98E-02
8.00E-01 7.45E-02 3. 58E-02
9.00E-01 7.97E-02 4.19E-02
1. 00E+00 8.48E~02 8.48E-02 4., 80E-02 4.B80E-02
2.00E+00 4,53E~02 1.29E-01 5. 00E~-02 9.75E-02
3. 00E+00 3. 57E-02 1.64E-01 2.68E-02 1.23E-01
4.00E+00 2.86E-02 1,90E-01 1.33E-02 1.35E-01
5.00E+00 2,32E-02 2.12E-01 7.23E-03 1.41E-01
6.00E+00 1.91E-02 2.28E-01 4.53E-03 1.44E-01
7.00E+00 1. 58E~02 2,42E-01 3.22E~03 1. 46E-01
8.00E+00 1.32E-02 2,53E-01 2.49E~-03 1.47E-01
9.00E+00 1. 11E-02 2,61E-01 2.01E-03 1. 47E-01
1.00E+01 9.33E-03 2.68E-01 1. 67E-03 1.47E-01
2.00E+01 1.83E~03 2.80E-01 3.23E-04 1.39E-01
3.00E+01 4.52E-04 2.60E-01 7.97E~05 1.27E-01
4,00E+01 1. 80E-04 2.36E~01 3.17E-~05 1. 14E-01
5.00E+01 1. 14E-04 2.,13E-01 2.01E-05 1.03E-01
6.00E+01 8.88E-05 1.93E-01 1.57E-05 9.26E-02
7.00E+01 7+ 32E-05 1. 74E-01 1.29E-05 8. 33E-02
8.00E+01 6. 13E-05 1.57E-01 1. 08E-05 7.50E-02
9.00E+01 5.16E-05 1.42E-01 9. 11E-06 6. 75E-02
1.00E+02 4.35E-05 1.28E-01 7.68E-06 6.07E-02
2.00E+02 8.87E-06 4.50E-02 1. 56E-06 2,11E-02
3.00E+02 2, 08E~-06 1.57E-02 3.67E-07 7.27E-03
4.00E+02 5.29E-07 5.45E-03 9.33E~08 2. 51E-03
5.00E+02 1. 41E-07 1.89E-03 2.49E-08 8. 64E-04
6. 00E+02 3.87E-08 6.52E-04 0. 00E+00 2, 97E-04
7.00E+02 1.09E-08 2.25E-04 0.00E+00 1.02E-04
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CLASS D AMAD = ]| MICRON STABLE STRONTIUM 88
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE .
SYSTEMIC NASAL GIL TOTAL .
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 2.40E-01 2,26E-01 3.03E-04 1.41E-01 6.07E-01
2.00E~01 2.68E-01 2.01E-01 2. 96E-07 1.24E-01 5.94E-01
3.00E-01 2,89E-01 1.79E-01 0. 00E+00 1.15E-01 5.83E-01
4.00E-01 3.04E-01 1. 60E-01 0. 00E+00 1.08E-01 5.73E-01
5.00E-01 3.16E-01 1.43E-01 0.00E+00 1.03E-01 5.62E-01
6.00E-01 3.25E-01 1.27E-01 0. 00E+00 9.86E-02 5.51E-01
7.00E~-01 3.33E-01 1.13E-01 0.00E+00 9.36E-02 5.39E-01
8.00E-01 3.39E-01 1.01E-01 0. 00E+00 8. 84E-02 5.28E-01
9.00E-01 3. 44E-01 8.96E-02 0. 00E+00 8.32E-02 5. 16E-01
1.00E+00 3.47E-01 7.97E-02 0. 00E+00 7.79E-02 5.05E-01
2.00E+00 3.48E-01 2,42E-02 0.00E+00 3. 50E-02 4,08E-01
3.00E+00 3.22E-01 7.13E-03 0. 00E+00 1.39E-02 3.43E-01
4. 00E+00 2.92E-01 2.05E-03 0.00E+00 5.26E-03 2.99E-01
5.00E+00 2. 65E-01 5.81E-04 0.00E+00 1. 96E-03 2.67E~01
6.00E+00 2.41E-01 1.62E-04 0. 00E+00 7.25E-04 2.42E-01
7.00E+00 2.21E-01 . 4.47E-05 0. 00E+00 2.67E~04 2.21E-01
8.00E+00 2.04E-01 1.22E-05 0. 00E+00 9.85E-05 2.04E-01
9.00E+00 1.90E-01 3.32E-06 0.00E+00 3.63E-05 1. 90E-01
1.00E+01 1. 78E-01 8.96E-07 0.00E+00 1. 33E-05 1. 78E-01
2.00E+01 1.20E-01 0. 00E+00 0. 00E+00 0. 00E+00 1. 20E-01
3.00E+01 1.07E-01 0. 00E+0Q0 0. 00E+00 0. 00E+00 1.07E-01
4.00E+01 1.02E-01 0. 00E+00 0. 00E+00 0. O0E+00 1. 02E-01.
5.,00E+01 9.94E~-02 0.00E+00 0. 00E+00 0. 00E+00 9.94E-02
6.00E+01 9.73E~02 0. 00E+00 0. 00E+00 0. 00E+00 9.73E-02
7.00E+01 9.55E-02 0.00E+00 0. 00E+00 0. O0E+Q0 9.55E-02
8.00E+01 9.37E-02 0. 00E+00 0.00E+00 -0. 00E+00 9.37E-02
9.00E+01 9.21E-02 0. 00E+00 0.00E+00 0. 00E+00 9.21E-02
1. 00E+02 9.05E-02 0. 00E+00 0.00E+00 0. 00E+00 9, 05E-02
2. 00E+02 7.91E-02 0. 00E+00 0.00E+00 0. 00E+00 7.91E~02
3.00E+02 7.18E~-02 0. 00E+00 0. 00E+00 0. OOE+00 7. 18E-02
4, 00E+02 6. 67E-02 0.00E+0Q0 0.00E+00 0. 00E+00 6. 67E-02
5.00E+02 6.27E-02 0. 00E+00 0. 00E+00 0. 00E+00 6. 27E-02
6. 00E+02 5.96E~02 0.00E+00 0.00E+00 0. 00E+00 5.96E-02
7.00E+02 5.71E-02 0. 00E+00 0.00E+00 0. 00E+00 5.71E~02
8.00E+02 5. 50E-02 0.00E+0Q0 0. 00E+00 0. 00E+00 5.50E-02
9.00E+02 5.32E-02 0. 00E+Q0 0. 00E+00 0. 00E+00 5.32E-02
1. 00E+03 5.17E~02 0.00E+00 0.00E+00 0. 00E+00 5.17E-02
2.00E+03 4,15E-02 0. 00E+00 0.00E+Q0 0. 00E+00 4.15E-02
4. 00E+03 2,96E-02 0. 00E+00 0.00E+00 0. O0E+00 2.96E-02
8.00E+03 1.78E~02 0. 00E+00 0. 00E+00 0. 00E+00 1. 78E-02
1.00E+04 1.44E-02 0.00E+00 0.00E+00 0. 00E+00 1.44E-02
2. 00E+04 5.91E-03 0. 00E+00 0. 00E+00 0. 00E+00 5.91E-03
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CLASS D AMAD = 1 MICRON STABLE STRONTIUM 88
TIME AFTER FRAGTION OF INITIAL INTAKE IN:
SINGLE INTAKE

24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS URINE URINE FECES FECES
1. 00E-01 2. 75E-02 4.91E-03
2.00E-01 3.81E-02 7.41E-03
3.00E-01 4, 55E-02 1.04E-02
4.00E~01 5.21E-02 1. 42E-02
5.00E-01 5.82E-02 1.89E-02
6.00E-01 6.40E-02 2,43E-02
7.00E-01 6.96E-02 3.00E-02
8.00E-01 7.51E-02 3.61E-02
9.00E-01 8.05E-02 4,23E-02
1.00E+00 8.57E-02 8.57E-02 4, 85E-02 4,85E-02
2, 00E+00 4.63E-02 1.32E-01 5.11E-02 9.96E-02
3. 00E+00 3.69E-02 1. 69E~01 2.76E-02 1.27E-01
4, 00E+00 2,98E-02 1.99E-01 1.39E-02 1.41E-01
5.00E+00 2.45E-02 2. 23E-01 7.63E-03 1. 49E-01
6. 00E+00 2, 04E-02 2.44E-01 4,83E-03 1.54E-01
7.00E+00 1. 71E~-02 2,61E-01 3.47E-03 . 1.57E-01
8.00E+00 1.44E-02 2.75E-01 2.71E-03 1.60E-01
9.00E+00 1.22E-02 2.87E-01 2,22E-03 1.62E-01
1.00E+01 1.04E-02 2.98E-01 1.86E~-03 1.64E-01
2.00E+01 2.27E-03 3.46E-01 4. 00E~-04 1.72E-01
3. 00E+01 6. 22E-04 3.58E-01 1. 10E-04 1.74E-01
4,00E+01 2.76E-04 3.62E-01 4.87E-05 1.75E-01
5. 00E+01 1.95E-04 3.64E-01 3.43E-05 1. 76E-01
6.00E+01 1. 69E-04 3.66E-01 2,98E-05 1.76E-01
7.00E+01 1. 55E-04 3.68E-01 2.73E-05 1. 76E-01
9.00E+01 1, 35E-04 3.70E-01 2.38E-05 1.77E-01
1.00E+02 1.27E-04 3.72E-01 24 24E-05 1.77E-01
2.00E+02 7. 52E-05 3.81E-01 1. 33E-05 1.79E-01
3. 00E+02 5. 14E-05 3.88E-01 9.06E-06 1.80E-01
4, 00E+02 3780E-05 3.92E-01 6.71E-06 1. 80E-01
5.00E+02 2.95E-05 3.95E-01 5.21E~06 1.81E~01
6.00E+02 2.36E-05 3. 98E-01 4.17E-06 1.82E-01
7. 00E+02 1.94E-05 4,00E-01 3.43E-06 1. 82E-01
8, 00E+02 1. 64E-05 4.02E-01 2.89E~06 1.82E-01
9.00E+02 1.41E-05 4.,03E-~01 2.49E-06 1.82E-01
1.00E+03 1. 24E-05 4,05E-01 2.19E-06 1.83E-01
2,00E+03 6. 66E-06 4,13E-01 1. 18E-06 1.84E-01
4,00E+03 3.81E-06 4.23E-01 6, 73E-07 1.86E~01
8.00E+03 1. 66E-06 4,34E-01 2. 92E-07 1.88E~01
1. O0E+04 1, 22E~-06 4,36E~01 2.15E-~07 1.88E-01
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CLASS D AMAD = | MICROR HALFLIFE= 1.06E+04 DAYS STRONTIUM 90

TIME AFTER
SINGLE INTAKE

FRACTION OF INITIAL INTAKE IN:

SYSTEMIC NASAL GI TOTAL

DAYS ORGANS LUNGS PASSAGES TRACT BODY

1. 00E-01 2.40E-01 2.26E-01 3.03E~-04 1.41E-01 6.07E~01
2.00E-01 2.68E-01 2.01E-01 2. 96E-07 1.24E-01 5.94E-01
3.00E-01 2,89E-01 1., 79E~01 0. 00E+00 1.15E-01 5.83E-01
4.00E-01 3.04E~01 1. 60E~01 0. 00E+00 1.08E~01 5.73E-01
5.00E-01 3.16E-01 1.43E~01 0.00E+00 1.03E-01 5.62E-01
6.00E-01 3.25E-01 1.27E-01 0. O0E+00 9.86E-02 5.51E~01
7.00E-01 3.33E-01 1.13E~01 0. 00E+00 9.36E-02 5.39E-01
8.00E-01 3.39E-01 1,01E-01 0. 00E+00 8.84E-02 5.28E-01
9.00E-01 3.44E-01 8.96E-02 0.00E+00 8.32E~-02 5.16E-01
1. 00E+00 3.47E~01 7.97E-02 0. 00E+00 7.79E-02 5.05E-01
2. 00E+00 3.48E-01 2.42E-02 0.00E+00 3.50E-02 4,07E-01
3.00E+00 3.22E-01 7.13E-03 0. 00E+00 1,39E-02 3.43E-01
4, 00E+00 2.92E-01 2.05E-03 0.00E+00 5.26E-03 2,99E-01
5. 00E+00 2.65E-01 5.80E-04 0. 00E+00 1. 96E-03 2,67E-01
6. 00E+00 2,41E-01 1. 62E-04 0. 00E+00 7. 25E-04 2.42E~01
7.00E+00 2.21E-01 4,47E-05 0. 00E+00 2.67E-04 2,21E~01
8.00E+00 2.04E-~01 1.22E-05 0.00E+00 9.85E-05 2,04E-01
9,00E+00 1.90E~01 3.32E-06 0. 00E+00 3. 62E-05 1.90E-01
1.00E+01 1.78E-01 8. 96E-07 0.00E+00 1.33E-05 1. 78E~-01
2.00E+01 1.20E-01 0.00E+00 0. 00E+00 0. 00E+00 1.20E-01
3. 00E+01 1.06E~01 0.00E+00 0. 00E+00 0. 00E+00 1.06E-01
4.00E+01 1.02E-01 0.00E+00  0.00E+00 0. 00E+00 1.02E-01
5.00E+01 9.91E-02 0.00E+00 0. 00E+00 0. OOE+00 9.91E~02
6.00E+01 9.70E-02 0.00E+00 0. 00E+00 0. 00E+00 9.70E-02
7.00E+01 9.50E-02 0., 00E+00 0. 00E+00 0. O0E+00 9.50E~02
8.00E+01 9.32E-02 0. 00E+00 0.00E+00 0. O0E+00 9.32E-02
9.00E+01 9.15E~-02 0.00E+00 0.00E+00 0. 00E+00 9.15E-02
1. 00E+02 8.99E-02 0. 00E+00 0. 00E+00 0. 00E+00 8.99E-02
2.00E+02 7.81E-02 0. 00E+00 0.00E+00 0. 00E+00 7.81E-02
3.00E+02 7.04E-02 0. 00E+00 0. 00E+00 0.00E+00 7.04E-02
4,00E+02 6. 49E-02 0. 00E+00 0. 00E+00 0. 00E+00 6.49E-02
5.00E+02 6.,07E-02 0. 00E+00 0. 00E+00 0. O0E+00 6.07E-02
6.00E+02 5.73E-02 0. 00E+00 0. 00E+00 0. 00E+00 5.73E-02
7. 00E+02 5.45E~-02 0.00E+00 0. 00E+00 0. 00E+00 5.45E-02
8.00E+02 5.22E~02 0.00E+00 0. 00E+00 0. 00E+00 5.22E-02
9.00E+02 5.02E-02 0. 00E+00 0. 00E+00 0. 00E+Q0 5.02E-02
1.00E+03 4.84E-02 0. 00E+00 0.00E+00 0. 00E+00 4,84E-02
2.,00E+03 3.64E-02 0.00E+00 0. 00E+00 0. 00E+00 3, 64E-02
4,00E+03 2.28E-02 0. 00E+00 0. 00E+00 0. OOE+00 2,28E-02
8.00E+03 1.05E-02 0.00E+00 0.00E+00 0. OOE+00 1.05E-02
1. 00E+04 7.51E-03 0.0CE+00 0.00E+00 0. 00E+00 7.51E-03
2.00E+04 1.60E-03 0.00E+00 0. 00E+00 0. 00E+00 1.60E-03

B-76 .




CLASS D AMAD = 1 MICRON HALFLIFE= 1.06E+04 DAYS STRONTIUM 90
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS URINE URINE FECES FECES
1.00E-01 2, 75E-02 4,90E-03
2.00E-01 3.81E-02 7.41E-03
3.00E-01 4. 55E-02 1.04E-02
4.00E-01 5.21E-02 1.42E-02
5.00E-01 5. 82E-02 1.89E~02
6.00E-01 6. 40E-02 2.43E-02
7.00E-01 6. 96E-02 3. 00E-02
8.00E~01 7.51E-02 3.61E-02
9.00E~01 8.05E-02 4.23E-02
1. 00E+00 8.57E-02 8.57E-02 4. 85E-02 4,85E-02
2.00E+00 4,63E-02 1.32E-01 5.11E-02 9.96E-02
3.00E+00 3.69E-02 1. 69E-01 2,76E-02 1.27E-01
4.,00E+00 2.98E-02 1.99E-01 1.39E-02 1.41E-01
5.00E+00 2.45E-02 2,23E~-01 7.62E-03 1.49E-01
6. 00E+00 2,03E-02 2. 44E-01 4.83E-03 1. 53E~01
7.00E+Q00 1.71E-02 2. 61E-01 3.47E-03 1.57E-01
8. 00E+00 1.44E-02 2.75E~01 2.71E-03 1.60E-01
9.00E+00 1.22E-02 2,87E-01 2,22E-03 1.62E-01
1. 00E+01 1. 04E-02 2.97E-01 1.85E-03 1.64E-01
2, 00E+01 2.26E-03 3.46E-01 3.99E-04 1. 72E-01
3. 00E+01 6.21E-04 3.57E-01 1. 10E-04 1.74E-01
4,00E+01 2.75E-04 3.61E-01 4.85E-05 1. 75E~01
5.00E+01 1.94E-04 3. 63E-01 3.42E-05 1.75E-01
6., 00E+01 1.68E-04 3. 64E-01 2. 96E-05 1.75E-01
7.00E+01 1.54E-04 - 3. 66E~01 2.72E-05 1.75E-01
8.00E+01 1.43E-04 3. 67E-01 2.53E-05 1. 75E-01
9.00E+01 1.34E-04 3. 68E-01 2,37E-05 1.,76E-01
1. 00E+02 1.26E~04 3.69E-01 2, 22E-05 1. 76E-01
2.00E+02 7.42E-05 3.76E-01 1.31E-05 1.76E-01
3.00E+02 5.04E-05 3.80E-01 8.89E-06 1. 76E-01
4.00E+02 3.71E-05 3, 82E~01 6. 54E-06 1.76E-01
5.00E+02 2.86E-05 3. 83E-01 5.04E-06 1.75E-01
6. 00E+02 2.27E-05 3.83E-01 4.01E-06 1.75E-01
7.00E+02 1.86E-05 3.82E-01 3. 28E-06 1.74E-01
8. 00E+02 1.55E~05 3.81E-01 2.74E-06 1.73E-01
9, 00E+02 1.33E-05 3. 80E-01 2. 35E-06 1.72E-01
1. 00E+03 1.16E-05 3,79E-01 2. 05E-06 1. 71E-01
2.00E+03 5.85E~06 3. 63E-01 1. 03E-06 1. 62E-01
4,00E+03 2.94E~06 3.26E-01 5.18E-07 1.43E-01
8.00E+03 9.81E-07 2, 57E-01 1.73E-07 1.11E-01
1. 00E+04 6+33E-07 2,27E-01 1.12E-07 9.79E~-02
2, 00E+04 1.16E-07 1.20E-01 2,04E-08 5.13E~-02
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CLASS D  AMAD = 1 MICRON _STABLE ZIRCONIUM 91
TIME AFIER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL GI TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E~01 2, 56E-01 2.26E-01 3,03E-04 1. 56E-01 6.38E-01
2, 00E-01 2.79E~01 2,01E~01 2.96E~07 1.56E-01 6+ 36E-01
3.00E~-01 2.99E-01 1. 79E-01 0. 00E+00 1. 55E~01 6.33E-01
4,00E-01 3.16E-01 1. 60E~01 0. 00E+00 1.52E-01 6.28E~01
5.00E~01 3.32E-01 1.43E-01 0. 00E+00 1. 48E~01 6.22E-01
6.00E-01 3.45E-01 1,27E-01  0.00E+00 1.42E-01 6.15E-01
7.00E-01 3.58E-01 1.13E-01 0. 00E+00 1.36E-01 6.06E-01
8.00E-01 3.68E-01 1.01E-01 0. 00E+00 1.29E-01 5,98E~01
9,00E-01 3.77E-01 8.96E-02 0. 00E+00 1.22E-01 5.89E=01
1. 00E+00 3.85E-01 7.97E-02 0. 00E+00 1. 15E-01 5.80E-01
2. 00E+00 4,22E-01 2, 42E-02 0. 00E+00 5. 24E~02 4,98E-01
3. 00E+00 4,20E-01 7.13E-03 0.00E+00 2.09E-02  4.48E-01
4 , 00E+00 4,08E-01 2,05E-03 0. 00E+00 7.94E-03 4,18E-01
5.00E+00 3.93E-01 5.81E~04 0. 00E+00 2.96E~03 3.97E-01
6. 00E+00 3.79E~01 1. 62E~04 0. 00E+00 1. 10E~03 3.80E~01
7.00E+00 3.66E-01 4,47E-05 0. 00E+00 4,04E-04 3.67E-01
8.00E+00 3. 54E-01 1.22E~-05 0. 00E+00 1.49E-04 3.54E-01
9. 00E+00 3.43E-01 3. 32E~06 0. 00E+00 5,48E~05 3.44E-01
1.00E+01 3.34E-01 8.96E-07 0. 00E+00 2.02E-05 3.34E-01
2.00E+01 2. 75E~01 0. 00E+00 0. 00E+00 0. 00E+00 2. 75E-01
3. 00E+01 2.53E~01 0. 00E+00 0. 00E+00 0. O0E+00 2.53E-01
4,00E+01 2.44E~01 0. 00E+00 0. 00E+00 0. 00E+00 2.44E-01
5.00E+01 2.41E-01 0. 00E+00 0.00E+00 0. O0E+00 2.41E-01
7.00E+01 2.39E-01 0.00E+00 0. 00E+00 0. 00E+00 2.39E-01
8.00E+01 2.39E-01 0. 00E+00 0. 00E+00 0. 00E+00 2.39E-01
9. 00E+01 2.38E-01 0. 00E+00 0. 00E+00 0. 00E+00 2,38E-01
1.00E+02 2.38E~01 0. 00E+00 0.00E+00 0. 00E+00 2.38E-01
2.00E+02 2.36E~01 0. 00E+00 0.00E+00 0. 00E+00 2.36E-01
3.00E+02 2.34E-01 0. 00E+00 0. 00E+00 0. 00E+00 2.34E-01
4, 00E+02 2.32E-01 0. 00E+00 0.00E+00 0. 00E+00 2.32E-01
5, 00E+02 2.30E-01 0. 00E+00 0. 00E+00 0. 00E+00 2.30E-01
6. 00E+02 2,28E-01 0. 00E+00 0.00E+00 0. 00E+00 2. 28E-01
7.00E+02 2.26E-01 0. 00E+00 0. 00E+00 0.00E+00 2.26E~01
8.00E+02 2.24E-01 0. 00E+00 0. 00E+00 0. 00E+00 2.24E-01
9,00E+02 2.22E-01 0. 00E+00 0. 00E+00 0.00E+00 2.22E~01
1.00E+03 2. 20E-01 0.00E+00 0. 00E+00 0. 00E+00 2.20E-01
2.00E+03 2.02E-01 0. 00E+00 0. 00E+00 0.00E+00 2.02E-01
4,00E+03 1.70E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.70E-01
8.00E+03 1.20E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.20E-~01
1. 00E+04 1.01E-01 0. 00E+00 0.00E+00 0. O0E+00 1.01E-01
2. 00E+04 4,25E-02 0. 00E+00 0. 00E+00 0. 00E+00 4.25E-02
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CLASS D AMAD = 1 MICRON STABLE ZIRCONIUM 91

TIME AFTER FRACTION OF INITIAL INTAKE IN:

SINGLE INTAKE

SYSTEMIC NON-SYSTEMIC
24-HOUR ACCUMULATED 24-HOUR ACCUMULATED

DAYS EXCRETA EXCRETA FECES FECES

1.00E~01 1.04E-03 6.07E~05
2.00E~01 2,36E~03 7. 42E~04
3.00E-01 3.77E-03 2.,64E-03
4.00E-01 5.28E-03 5.93E-03
5.00E-01 6.85E-03 1.05E-02
6.00E-01 8.49E-03 1. 61E-02
7.00E-01 1.02E-02 2.25E-02
8.00E-01 1.19E-02 2.94E-02
9.00E-01 1.37E-02 3.66E-02
1.00E+00 1.55E-02 1.55E-02 4. 40E-02 4.40E-02
2. 00E+00 1.90E-02 3. 46E-02 6., 23E~02 1.06E-01
3. 00E+00 1. 88E-02 5.33E-02 3.15E-02 1.38E-01
4, 00E+00 1.75E-02 7.08E-02 1.29E-02 1.51E-01
5,00E+00 1. 59E-02 8.67E-02 4,98E-03 1.56E-01
6. GOE+00 1. 45E-02 1.01E~-01 1.87E-03 1. 58E-01
7.00E+00 1.31E-02 1.14E-01 6. 92E-04 1. 58E-01
8. 00E+00 1.19E~02 1.26E-01 2. 55E-04 1. 59E~01
9.00E+00 1.,08E-02 1.37E-01 9.40E-05 1. 59E-01
1.00E+01 9.77E-03 1.47E-01 3. 46E-05 1.59E-01
2,00E+01 3. 64E-03 2.06E-01 0. 00E+00 1.59E-01
3.00E+01 1,37E-03 2,28E-01 0. 00E+00 1.59E-01
4.00E+01 5.21E-04 2.36E-01 0.00E+00 1.59E-01
5.00E+01 2.07E-04 2.39E-01 0. 00E+00 1. 59E-01
6. 00E+01 8. 97E-05 2.41E-01 0. 00E+00 1. 59E-01
7.00E+01 4.63E~05 2,41E-01 0.00E+00 1.59E-01
8.00E+01 3.02E-05 2,42E-01 0.00E+00 1. 59E-01
9.00E+01 2.42E-05 2.42E-01 0. 00E+00 1.59E-01
1. 00E+02 2.19E-05 2.42E~01 0. 00E+00 1.59E-01
2.00E+02 2. 05E-05 2., 44E-01 0.00E+00 1.59E-01
3.00E+02 2.03E-05 2,46E-01 0. 00E+00 1. 59E-01
4. 00E+02 2.01E-05 2.48E-01 0. 00E+00 1.59E-01
5.00E+02 1.99E-05 2,50E-01 0.00E+00 1. 59E~01
6.00E+02 1.98E-05 2.52E-01 0. 00E+00 1.59E-01
7.,00E+02 1.96E-05 2.54E-01 0. 00E+00 1.59E~01
8.00E+02 1.94E-05 2.56E-01 0. 00E+00 1. 59E-01
9.00E+02 1.93E-05 2.58E-01 0. 00E+00 1.59E-01
1. 00E+03 1.91E-05 2.60E-01 0.00E+00 1.59E-01
2.00E+03 1.75E-05 2., 78E~01 0. 00E+00 1. 59E-01
4,00E+03 1.47E-05 3.11E-01 0.00E+00 1. 59E-01
8.00E+03 1. 04E-05 3.60E-01 0.00E+00 1.59E-01
1. 00E+04 8.75E~06 3.79E-01 0. 00E+00 1.59E~01
2. 00E+04 3.68E-06 4.38E-01 0.00E+00 1. 59E-01

B-79



STABLE

CLASS D AMAD = 1 MICRON MOLYBDENUM 96
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL GI TOTAL .
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 3.37E-01 2.26E-01 3.03E-04 7.41E-02 6.37E-01
2.00E~01 3.95E-01 2.01E-01 2.96E-07 3.72E-02 6.34E-01
3.00E-01 4.19E-01 1.79E-01 0. 00E+00 3.14E-02 6. 30E-01
4,00E-01 4.36E-01 1. 60E-01 0. 00E+00 2.98E-02 6.26E-01
5.00E-01 4,51E~01 1.43E-01 0.00E+00 2. 85E-02 6,22E-01
6.00E-01 4.63E-01 1.27E-01 0. 00E+00 2.71E-02  6,17E-01
7.00E-01 4,74E-01 1.13E-01 0. 00E+00 2.56E~02 6.13E-01
8.00E-01 4,84E-01 1.01E-01 0. 00E+00 2.41E-02 6.09E-01
9.00E-01 4,92E-01 8.96E-02 0. 00E+00 2. 25E~02 6,04E-01
1.00E+00 4,99E-01 7.97E-02 0. 00E+00 2.10E-02 6.00E-01
2.00E+00 5.31E-01 2.42E-02 0. O0E+00 9.24E-03 5.65E-01
3.00E+00 5.31E-01 7.13E~03 0. 00E+00 3.64E-03 5.42E-01
4, 00E+00 5.24E-01 2.05E-03 0. 00E+00 1.38E~-03 5.27E-01
5.00E+00 5.15E-01 5.81E-04 0. 00E+00 5.12E~-04 5.16E-01
6.00E+00 - 5.07E-01 1.62E-04 0.00E+00 1.89E~04 5.07E-01
7 . 00E+00 4.99E-01 4.47E-05 0. 00E+00 6.98E-05 5.00E-01
8. 00E+00 4.92E~-01 1.22E-05 0.00E+00 2.57E~05 4.92E-01
9.00E+00 4.85E-01 3.32E-06 0. 00E+00 9.47E-06 4,85E-01
1. 00E+01 4. 78E~-01 8.96E-07 0. 00E+00 3.48E-06 4.78E-01
2.00E+01 4.16E-01 0.00E+00 0. 00E+00 0. 00E+00 4.16E-01
3.00E+01 3.63E-01 0. 00E+00 0.00E+00 0. 00E+00 3.63E-01
4.00E+01 3.16E-01 0.00E+Q00 0. 00E+00 0. 00E+00 3.16E-01
5.00E+01 2.75E-01 0.00E+00 0. 00E+00 0. 00E+00 2.75E-01
6.00E+01 2.39E-01 0.00E+00 0. 00E+00 0. 00E+00 2.39E-01
7. 00E+01 2.08E-01 0.CO0E+00 0.00E+0Q0 0. 00E+00 2.08E-01
8.00E+01 1.81E-01 0.00E+00 0. 00E+00 0. 00E+00 1.81E-01
9.00E+01 1.58E-01 0.00E+00 0. 00E+00 0.00E+00 1.58E~01
1.00E+02 1,37E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.37E-01
2,00E+02 3.44E-02 ‘0. 00E+00 0.00E+00 0.00E+00 3.44E~-02
3.00E+02 8.59E-03 0.00E+00 0. 00E+00 0. 00E+00 8.59E-03
4, 00E+02 2.15E-03 0., 00E+00 0. 00E+00 0. 00E+00 2.15E-03
5.00E+02 5.37E-04 0. 00E+00 0. O0E+00 0. 00E+00 5.37E-04
6.00E+02 1.34E-04 0.00E+00 0. 00E+00 0. O0E+00 1.34E-04
7.00E+02 3.36E-05 0. 00E+00 0. 00E+00 0. O0E+00 3.36E-05
8.00E+02 8.40E-06 0.00E+00 0. 00E+00 0. 00E+00 8.40E-06
9.00E+02 2.10E-06 0.00E+00 0. 00E+00 0. 00E+00 2.10E-06
1.00E+03 5.25E-07 0.00E+00 0.00E+00 0. 00E+00 5.25E-07

B-80




CLASS D AMAD = ] MICRON STABLE MOLYBDENUM 96
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NON-SYSTEMIC

24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS EXCRETA EXCRETA FECES FECES
1.00E-01 1.96E-03 4,16E-05
2.00E-01 4,83E~03 3. 80E-04
3.00E-01 7.85E-03 1.10E-03
4,00E-01 1.09E-02 2.12E-03
5.00E-01 1.39E-02 3.37E-03
6.00E-01 1.69E-02 4,75E-03
7.00E-01 1.98E-02 6.23E-03
8.00E~-01 2,27E-02 7.75E-03
9,00E-01 2. 55E-02 9.27E~-03
1.00E+00 2.83E-02 2.83E-02 1.08E-02 1.08E-02
2,00E+00 2.37E-02 5.19E-02 1.18E-02 2.26E-02
3.00E+00 1.71E-02 6. 90E-02 5.,60E-03 2.82E-02
4, 00E+00 1, 26E-02 8,17E-02 2. 26E-03 3. 04E-02
5.00E+00 9.99E-03 9.17E-02 8.64E~04 3.13E-02
6. 00E+00 8.52E-03 1.00E-01 3.23E-04 3.16E-02
7 . O0E+00 7.70E-03 1.08E~01 1. 20E-04 3.17E-02
8.00E+00 7+ 24E~03 1.15E-01 4,41E-05 3. 18E-02
9.00E+00 6+ 96E~03 1.22E-01 1.63E-05 3, 18E-02
1. 00E+01 6.77E~03 1.29E-01 5.98E-06 3.18E~02
2,00E+01 5.81E-03 1.91E~-01 0.00E+00 3. 18E-02
3.00E+01 5.06E-03 2.45E-01 0.00E+00 3.18E~02
4,00E+01 4.,41E-03 2.92E-01 0.00E+00 3. 18E~02
5.00E+01 3.84E-03 3.33E-01 0.00E+00 3. 18E-02
6.00E+01 3.34E-03 3.68E-01 0. 00E+00 3. 18E-02
7. 00E+01 2.91E-03 3.99E-01 0.00E+00 3.18E-02
8.00E+01 2,53E~03 4,26E-01 0. 00E+00 3.18E-02
9,00E+01 2. 20E-03 4,49E-01 0. 00E+00 3.18E-02
1.00E+02 1.92E-03 4.70E~01 0. 00E+00 3. 18E-02
2.00E+02 4,80E-04 5.73E-01 0. O0E+00 3. 18E-02
3.00E+02 1. 20E-04 5.99E~01 0. 00E+00 3, 18E-02
4.00E+02 3.00E-05 6.05E-01 0.00E+00 3.18E-02
5.00E+02 7.50E~-06 6.,07E~01 0.00E+00 3.18E-02
6. 00E+02 1.88E-06 6.07E-01 0. 00E+00 3.18E~02
7 .00E+02 4.69E-07 6.07E-01 0. 00E+00 3.18E~02
8.00E+02 1.17E-07 6.07E-01 0. 00E+00 3.18E-02
9.00E+02 2,93E-08 6. 07E~-01 0. 00E+00 3. 18E-02

B-81



CLASS D AMAD = 1 MICRON HALFLIFE= 1.53E+09 DAYS TECHNETIUM 98
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

' SYSTEMIC NASAL GI TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1. 00E~01 3.29E-01 2.26E-01 3.03E-04 7.41E~02 6.29E=01
2.00E-01 3. 76E~01 2.01E-01 2. 96E-07 3,72E~02 6. 15E-01
3.00E-01 3.88E-01 1.79E-01 0. 00E+00 3. 14E-02 5. 99E-01
4,00E~01 3.93E-01 1. 60E-01 0. 00E+00 2.98E~02 5.83E-01
5.00E-01 3.95E-01 1.43E-01 0. 00E+00 2.85E-02 5.66E-01
6.00E-01 3.96E-01 1,27E-01 0. 00E+00 2. 71E-02 5. 50E-01
7.00E-01 3. 94E-01 1.13E~01 0. 00E+00 2.56E~02 5+33E-01
8.00E-01 3.92E-01 1.01E-01 0. 00E+00 2.41E~02 5.17E=01
9.00E-01 3.89E-01 8.96E-02 0. 00E+00 2.25E-02 5.01E-01
1.00E+00 3.84E-01 7.97E-02 0. 00E+00 2. 10E-02 4,85E~01
2.00E+00 3.14E-01 2.42E-02 0.00E+00 9.24E-03 3.48E-01
3.00E+00 2.39E-01 7.13E~03 0. 00E+00 3. 64E~03 2. SOE=01
4, 00E+00 1.80E-01 2.05E-03 0.00E+00 1. 38E-03 1. 84E-01
5.00E+00 1.37E-01 5.81E~04 0. 00E+00 5.12E-04 1.38E~01
6. 00E+00 1.06E-01 1.62E-04 0. 00E+00 1. 89E~04 1.06E-01
7..00E+00 8.41E-02 44 47E~05 0. 00E+00 6.98E-05 8.42E-02
8. 00E+00 6. 83E-02 1.22E-05 0. 00E+00 2.57E~05 6.83E-02
9.,00E+00 5.68E=02 3. 32E-06 0. 00E+00 9.47E~06 5.68E=02
1. 00E+01 4,82E-02 8.96E-07 0. 00E+00 3.48E-06 4,82E=02
2.00E+01 1.88E~02 0. 00E+00 0.00E+00 0. 00E+00 1.88E-02
3. 00E+01 1.19E-02 0. 00E+00 0.00E+00 0.00E+00 1.,19E-02
4.00E+01 8.44E~03 0. 00E+00 0. 00E+00 0. 00E+00 8.44E-03
5.00E+01 6.12E-03 0.00E+00 0. 00E+00 0. 00E+00 6.12E=-03
6.00E+01 4,46E-03 0.00E+00 0. 00E+00 0. 00E+00 4.46E~03
7 . 00E+01 3.25E-03 0. 00E+00 0. 00E+00 0. 00E+00 3.25E-03
8.00E+01 2.37E-03 0.00E+00 0. 00E+00 0. 00E+00 2.37E-03
9,00E+01 1. 73E-03 0.00E+00 0.00E+00 0. 00E+00 1.73E=03
1.00E+02 1.26E~03 0. 00E+00 0. 00E+00 0.00E+00 1.26E~03
2. 00E+02 5.42E-05 0. 00E+00 0.00E+00 0. 00E+00 5.42E~05
3.00E+02 2.27E-06 0. 00E+00 0. 00E+00 0. 00E+00 2.27E-06
4.00E+02 2.67E-08 0. 00E+00 0.00E+00 0. 00E+00 2.67E-08

B-82




CLASS D AMAD = ] MICRON HALFLIFE= 1.53E+09 DAYS TECHNETIUM 98

TIME AFTER
SINGLE INTAKE

FRACTION OF INITIAL INTAKE IN:

SYSTEMIC NON-SYSTEMIC
24-HOUR ACCUMULATED 24-HOUR ACCUMULATED

DAYS EXCRETA EXCRETA FECES FECES

1. 00E-01 9. 72E-03 44 16E-05
2.00E-01 2. 40E~02 3.80E-04
3.00E-01 3.91E-02 1.10E-03
4.,00E-01 5.44E-02 2,12E-03
5.00E-01 6. 96E-02 3.37E~03
6.00E-01 8.48E-02 4.75E-03
7.00E-01 9. 98E-02 6.23E-03
8.00E-01 1.15E-01 7.75E-03
9.00E-01 1.29E-01 9.27E-03
1.00E+00 1.44E-01 1.44E-01 1.08E-02 1.08E-02
2. 00E+00 1,25E-01 2, 69E-01 1.18E-02 2.26E-02
3.00E+00 9.18E-02 3.61E-01 5.60E-03 2,82E-02
5.00E+00 4,47E-02 4,70E-01 8.64E-04 3.13E-02
6. 00E+00 3.12E-02 5.01E-01 3.23E-04 3. 16E-02
7.00E+00 2.21E-02 5.23E-01 1. 20E~04 3.17E-02
8.00E+00 1.58E~02 5.39E-01 4,41E-05 3.18E-02
9.00E+00 1.16E-02 5.51E-01 1.63E-05 3.18E-02
1.00E+01 8,60E-03 5.59E-01 5.98E-06 3.18E-02
2.00E+01 1.17E-03 5.89E-01 0. 00E+00 3.18E-02
3.00E+01 4. 62E-04 5.95E-01 0.00E+00 3.18E-02
4,00E+01 2.82E-04 5.,99E-01 0.00E+00 3.18E-02
5.00E+01 1.98E-04 6.01E-01 0. 00E+00 3.18E-02
6.00E+01 1. 43E-04 6.03E-01 0.00E+00 3. 18E-02
7+ 00E+01 1.04E-04 6. 04E-01 0., 00E+00 3.18E-02
8.00E+01 7. 60E-05 6.05E~01 0.00E+00 3. 18E-02
9.00E+01 5+ 54E~05 6.06E-01 0.00E+00 3.18E-02
1.00E+02 4.05E~-05 6.06E~01 0. 00E+00 3. 18E-02
2.00E+02 1.71E-06 6.,07E-01 0.00E+00 3.18E-02
3.00E+02 3.37E~08 6.07E-01 0.00E+GQ0 3. 18E-02

B~83



CLASS D AMAD = 1 MICRON STABLE RUTHENIUM 101
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE :

SYSTEMIC NASAL GI TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 2.52E-01 2.26E-01 3.03E-04 1. 54E=01 6.32E-01
2.00E-01 2.70E-01 2.01E-01 2. 96E-07 1.52E-01 6.23E-01
3.00E-01 2.85E-01 1. 79E-01 0. 00E+00 1.49E-01 6.14E=01
4,00E~01 2.98E-01 1. 60E~01 0. 00E+00 1.45E=01 6.04E~01
5. 00E-01 3.10E-01 1.43E-01 0. 00E+00 1.41E-01 5. 93E-01
6.00E-01 3.19E-01 1. 27E-01 0. 00E+00 1. 35E-01 5.82E=01
7.00E-01 3.28E-01 1.13E-01 0. 00E+00 1.29E-01 5.70E-01
8.00E-01 3.35E-01 1.01E-01 0. 00E+00 1.22E-01 5.58E-01
9.00E-01 3.42E-01 8.96E~02 0.00E+00 1.16E~01 5.47E=01
1. 00E+00 3.47E-01 - 7.97E-02 0.00E+00 1.09E~01 5.36E~01
2.00E+00 3.72E-01 2.42E-02 0. 00E+00 4.95E-02 4.45E-01
3, 00E+00 3.69E-01 7.13E-03 0.00E+00 1. 97E-02 3.96E-01
4, 00E+00 3.58E-01 2.05E-03 0.00E+00 7.49E-03 3.68E~01
5. 00E+00 3.46E-01 5.81E-04 0. 00E+00 2.79E-03 3.50E-01
6. 00E+00 3.34E-01 1. 62E-04 0. 00E+00 1.03E-03 3.35E-01
7 .00E+00 3.23E-01 4o 4TE-05 0. 00E+00 3.81E-04 3.23E-01
8. 00E+00 3.12E-01 1.22E~-05 0.00E+00 1.40E-04 3.12E-01
9, 00E+00 3.02E-01 3.32E-06 0. 00E+00 5.16E-05 3.02E-01
1. 00E+01 2.93E-01 8.96E-07 0.00E+00 1. 90E~05 2.93E-01
2.00E+01 2.27E-01 0. 00E+00 0. 00E+00 0. 00E+00 2.27E-01
3.00E+01 1.90E-01 0.00E+00 0. 00E+00 0. 00E+00 1. 90E-01
4.00E+01 1.67E~01 0. 00E+00 0. 00E+00 0. 00E+00 1, 67E=01
5.00E+01 1.52E-01 0. 00E+00 0.00E+00 0. 00E+00 1. 52E-01
6. 00E+01 1. 40E~01 0.00E+00 0.00E+00 0. 00E+00 1.40E=01
7. 00E+01 1.30E-01 0. 00E+00 0.00E+00 0. 00E+00 1.30E-01
8.00E+01 1.23E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.23E-01
9.00E+01 1.17E-01 0. 00E+00 0.00E+00 0.00E+00 1.17E=01
1. 00E+02 1.12E~01 0. 00E+00 0.00E+00 0. 00E+00 1.12E-01
2.00E+02 8.78E-02 0. 00E+00 0.00E+00 0. 00E+00 8.78E-02
3.00E+02 7.97E-02 0. 00E+00 0.00E+00 0. 00E+00 7.97E-02
4, 00E+02 7<41E-02 0. 00E+00 0.00E+00 0. 00E+00 7.41E-02
5.00E+02 6.91E=-02 0. 00E+00 0. 00E#+00 0. 00E+00 6.91E~02
6.00E+02 6+ 44E~02 0. 00E+00 0.00E+00 0.00E+00 6. 44E-02
7. 00E+02 6.01E-02 0. 00E+00 0. 00E+00 0. 00E+00 6.01E-02
8.00E+02 5.61E=02 0. 00E+00 0. 00E+00 0.00E+00 5. 61E=02
9, 00E+02 5.23E-02 0. 00E+00 0. 00E+00 0. 00E+00 5.23E~02
1. 00E+03 4,88E-02 0.00E+00 0.00E+00 0. 00E+00 4,88E-02
2. 00E+03 2. 44E-02 0. 00E+00 0. 00E+00 0. 00E+00 2. 44E=-02
4, 00E+03 6. 11E-03 0. 00E+00 0. 00E+00 0. 00E+00 6.11E-03
8.00E+03 3.82E-04 0. 00E+00 0. 00E+00 0. 00E+00 3.82E-04
1.00E+04 9,.55E-05 0. 00E+00 0.00E+00 0. 00E+00 9,55E-05
2, 00E+04 8.09E~08 0. 00E+00 0. 00E+00 0. 00E+00 8.09E-08

B~84




CLASS D AMAD = 1 MICRON STABLE RUTHENIUM 101

TIME AFTER FRACTION OF INITIAL INTAKE IN:

SINGLE INTAKE

SYSTEMIC NON-SYSTEMIC
24-HOUR ACCUMULATED 24~-HOUR ACCUMULATED

DAYS EXCRETA EXCRETA FECES FECES

1.00E-01 7.42E-03 6.04E-05
2.00E-01 1.55E-02 7.33E-04
3.00E-01 2.29E-02 2.60E-03
4,00E-01 2,98E-02 5.81E-03
5.00E-01 3.61E-02 1.02E-02
6.00E-01 4.19E-02 1. 56E-02
7.00E-01 4,73E-02 2.18E-02
8.00E-01 5.22E-02 2.84E-02
9.00E-01 5.68E-02 3.54E-02
1.00E+00 6.11E-02 6.11E-02 4, 24E-02 4.24E-02
2.00E+00 3.10E-02 9.22E-02 5.92E~02 1.02E-01
3.00E+00 1.99E-02 1.12E-01 2.98E-02 1. 31E-01
4.00E+00 1. 56E-02 1.28E-01 1.22E-02 1.44E-01
5.00E+00 1.36E-02 1.41E-01 4.,70E-03 1.48E-01
6.00E+00 1.24E-02 1.54E-01 1.76E-03 1. 50E-01
7.00E+00 1. 15E-02 1.65E-01 6.52E-04 1.51E-01
8.00E+00 1.07E-02 1.76E-01 2.41E-04 1.51E-01
9.00E+00 9.93E-03 1.86E-01 8.87E-05 1.51E-01
1., 00E+01 9.27E-03 1.95E-01 3.26E-05 1.51E-01
2.00E+01 4,90E-03 2.61E~01 0. 00E+00 1.51E-01
3.00E+01 2.90E-03 2,98E-01 0. 00E+00 1.51E-01
4,00E+01 1.91E-03 3.21E-01 0. 00E+00 1.51E-01
5.00E+01 1.38E-03 3.37E-01 0. 00E+00 1.51E-01
6.00E+01 1. 05E-03 3.48E-01 0.00E+00 1.51E-01
7.00E+01 8.41E-04 3.58E-01 0.00E+00 1.51E-01
8.00E+01 6.86E—-04 3.65E-01 0. 00E+00 1.51E-01
9.00E+01 5.68E-04 3.71E-01 0.00E+00 1.51E-01
1. 00E+02 4. 74E-04 3.77E-01 0.00E+00 1.51E-01
2, 00E+02 1.15E-04 4.00E-01 0.00E+00 1.51E-01
3.00E+02 6.28E-05 4,08E-01 0. 00E+00 1.51E-01
4.,00E+02 5.24E-05 4,14E-01 0. 00E+00 1.51E-01
5.00E+02 4.80E~-05 4.19E-01 0.00E+00 1.51E-01
6.00E+02 4,47E-05 4,24E-01 0.00E+00 1.51E-01
7.00E+02 4.,17E-05 4.28E-01 0.00E+00 1.51E-01
8. 00E+02 3.89E-05 4,32E-01 0.00E+00 1.51E-01
9,.00E+02 3.63E~-05 4.36E-01 0.00E+00 1.51E-01
1.00E+03 3.39E-05 4,39E-01 0.00E+00 1.51E-01
2.00E+03 1.69E~05 4.64E-01 0.00E+00 1. 51E-01
4,00E+03 4,23E-06 4,82E-01 0. 00E+00 1.51E-01
8.00E+03 - 2.67E-07 4.88E-01 0. 00E+00 1.51E-01
1, 00E+04 6.87E~08 4.88E-01 0. 00E+00 1.51E-01

B-85



CLASS D  AMAD = 1 MICRON STABLE PALLADIUM 106
TIME AFTER FRACTION OF INLTIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL GIL TOTAL .
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 2.41E-01 2, 26E-01 3.03E-04 1.56E-01 6.23E-01
2.00E-01 2.48E-01 2.01E-01 2.96E~-07 1.56E-01 6+ 05E-01
3.00E-01 2.55E~01 1. 79E-01 0. 00E+00 1. 54E-01 5.89E-01
4,00E-01 2.61E-01 1.60E-01 0. 00E+00 1.51E-01 5.73E-01
5.00E~01 2.67E-01 1.43E-01 0.00E+00 1.47E-01 5.57E~01
6.00E-01 2.73E-01 1.27E=01 0. 00E+00 1.42E-01 5.41E-01
7.00E=01 2.77E-01 1.13E-01 0.00E+00 1.35E~01 5.26E~01
8.00E-01 2.82E-01 1.01E-01 0. 00E+00 1. 29E~01 5.11E-01
9, 00E-01 2.85E-01 8.96E~02 0.00E+00 1.21E-01 4,97E-01
1.00E+00 2.89E-01 7.97E-02 0. 00E+00 1. 14E-01 4,83E-01
2.00E+00 3.02E-01 2.42E-02 0.00E+00 5.22E~02 3.78E-01
3.00E+00 2.96E-01 7.13E-03 0. 00E+00 2. 08E-02 3. 24E-01
4, 00E+00 2,85E-01 2.05E-03 0. 00E+00 7.91E-03 2.95E-01
5.00E+00 2.73E-01 5.81E~04 0. 00E+00 2.95E-03 2. 76E-01
6. 00E+00 2.61E-01 1.62E~04 0.00E+00 1.09E~03 2.62E~01
7. 00E+00 2.49E-01 4 4TE-05 0. 00E+00 4.03E-04 2.49E-01
8.00E+00 2.38E-01 1.22E-05 0.00E+00 1. 48E~04 2.38E-01
9, 00E+00 2.27E-01 3.32E-06 0. 00E+00 5. 46E~05 2.27E-01
1.00E+01 2.17E~01 8.96E~07 0.00E+00 2.01E~05 2,17E-01
2.00E+01 1.37E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.37E-01
3.00E+01 8.60E-02 0. 00E+00 0.00E+00 0. 00E+00 8.60E~0
4,00E+01 5.42E-02 0. 00E+00 0. 00E+00 0. 00E+00 5. 42E-0’
5.00E+01 3.41E-02 0. 00E+00 0. 00E+00 0.+ O0E+00 3.41E=0
6.00E+01 2. 15E~02 0. 00E+00 0. 00E+00 0.00E+00  2,15E=~02
7. 00E+01 1.36E-02 0.00E+00 0. 00E+00 0. 00E+00 1.36E-02
8.00E+01 8.54E~03 0.00E+00 0. 00E+00 0. 00E+00 8.54E-03
9, 00E+01 5.38E-03 0. 00E+00 0. 00E+00 0. 00E+00 5. 38E-03
1. 00E+02 3.39E~03 0. 00E+00 0. 00E+00 0. 00E+00 3.39E~03
2.00E+02 3.34E-05 0. O0E+00 0. 00E+00 0. 00E+00 3.34E~05
3.00E+02 3.29E-07 0. 00E+00 0. 00E+00 0. 00E+00 3.29E~07

B-86




CLASS D AMAD = 1 MICRON STABLE PALLADIUM 106

TIME AFTER FRACTION OF INITIAL INTAKE IN:

SINGLE INTAKE

SYSTEMIC NON-SYSTEMIC
24-HOUR ACCUMULATED 24-HOUR ACCUMULATED

DAYS EXCRETA EXCRETA FECES FECES

1.00E-01 1.63E-02 6.07E-05
2.00E-01 3.30E-02 7.41E-04
3.00E-01 4,76E-02 2.64E-03
4.00E-01 6.04E-02 5.92E-03
5.00E-01 7.17E-02 1.05E~-02
6.00E-01 8.17E-02 1.61E-02
7.00E-01 9.07E-02 2,24E-02
8.00E-01 9.88E-02 2.93E-02
9.00E-01 1.06E-01 3.65E-02
1.00E+00 1.13E-01 1.13E-01 4.39E-02 4.39E-02
2. 00E+00 4,25E-02 1.55E~01 6.21E-02 1.06E-01
3. 00E+00 2.26E-02 1.78E-01 3.14E-02 1.37E-01
4, 00E+00 1.61E~02 1.94E-01 1.29E-02 1.50E-01
5.00E+00 1.37E-02 2.08E-01 4.96E-03 1. 55E-01
6. 00E+00 1.25E-02 2.20E-01 1.86E-03 1.57E-01
7.00E+00 1.18E-02 2.32E-01 6.89E-04 1. 58E-01
8. 00E+00 1.13E-02 2.43E-01 2. 54E-04 1.58E-01
9.00E+00 1.07E-02 2.54E-01 9.37E-05 1.58E-01
1. 00E+01 1.02E-02 2.64E~01 3.45E-05 1.58E-01
2., 00E+01 6.46E-03 3.44E~01 0.00E+00 1.58E-01
3, 00E+01 4.07E-03 3.95E-01 0. 00E+00 1.58E-01
4.00E+01 2.56E-03 4,27E-01 0. 00E+00 1. 58E-01
5. 00E+01 1.61E-03 4,47E-01 0. 00E+00 1.58E-01
6.00E+01 1.02E-03 4.59E-01 0. 00E+00 1.58E-01
7. 00E+01 6.41E-04 4,67E~01 0. O0E+00 1.58E-01
8. 00E+01 4.,04E-04 4,72E~01 0.00E+00 1. 58E-01
9.00E+01 2.54E-04 4.76E~-01 0. 00E+00 1.58E-01
1.00E+02 1. 60E-04 4.78E-01 0. 00E+00 1.58E-01
2. 00E+02 1.58E-06 4,81E-01 0. 00E+00 1.58E-01
3.00E+02 1.57E~08 4.81E-01 0. 00E+00 1. 58E-01
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CLASS D

AMAD = 1 MICRON

STABLE

SILVER 108

TIME AFTER
SINGLE INTAKE

FRACTION OF INITIAL INTAKE IN:

SYSTEMIC NASAL GL TOTAL

DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E=01 2.58E-01  2.26E-01  3.03E-04  1.54E-01  6.38E-0l
2. 00E-01 2.84E-01  2.01E-01  2,96E-07  1.52E-01  6,37E~01
3. 00E~01 3.06E-01  1.79E-01  0.00E+00  1.49E-01  6.34E~0l
4.00E-01 3.256-01  1.60E-01  0.00E+00  1.45E-01  6.30E~01
5. 00E~01 3.41E-01  1.43E-01  0.00E+00  1.41E-O1  6.24E-Ol
6. 00E-01 3.56E-01  1.27E-01  0.00E+00  1.35E-01 6. 18E-01
7.00E~01 3.68E-01 1.13E~01 0. 00E+00 1.29E-01 6.11E~-01
8.00E~01 3.80E-01  1.01E-01  O0.00E+00  1.22E-01  6.03E-0l
9. 00E—01 3.90E-01  8.96E-02  0.00E+00  1.16E-01  5.95E-0l
1. 00E+00 3.985-01  7.97E-02  0.00E+00  1.09E-01  5.87E-01
2. 0OE+00 4.41E-01  2.42E-02  0.00E+00  4.95E-02  5.15E-01
3. 00E+00 4.47E-01  7.13E-03  0.00E+00  1.97E-02  &.73E-01
4. 00E+00 4.41E-01  2.05E-03  0.00E+00  7.49E-03  4.50E-OL
5. 00E+00 4.32E-01  5.81E-04  0.00E400  2.79E-03  4.35E-01
6. 00E+00 4.23E-01  1.62E-04  0.00E+00  1.03E-03  4.24E~0l
7. 00E+00 4.15E-01  4.47E-05  0.00E+00  3.81E-04  &.15E-01
8. 00E+00 4.07E-01  1.22E-05  0.00E+00  1.40E-04  4.07E-O1
9. 00E+00 3.99E-01  3.32E-06  0.00E+00  5.16E-05  3.99E-01
1. 00E+01 3.92E-01  B8.96E-07  0.00E+00  1.90E-05  3.92E-0l
2. 00E+01 3.36E-01  0.00E+00  0.00E+00  0.00E+00  3.36E-01
3. 00E+01 2.92E-01  0.00E+00  0.00E+00  0.00E+00  2.92E-Ol
4. 00E+01 2.54E-01  0.00E+00  0.00E400  0.00E+00 2. 54E-01.
5. 0OE+01 2.21E-01  0.00E+00  0.00E+00  0.O0E+00  2.21E-01
6. 00E+01 1.92E-01  0.00E+00  0.00E+00  0.00E+00  l.92E-0l
7. 00E+01 1.68E-01  0.00E+00  0.00E+00  0.00E+00  l.68E-OL
8.00E+01 1.46E~01 0. 00E+00 0.00E+00 0., 00E+00 1.46E-01
9. 00E+01 1.27E-01  0.00E+00  0.00E+00  O0.00E+00  1.27E-0l
1. 00E+02 1.11E-01  0.00E+00  0.00E+00  0.00E+00  1.11E-O1
2.00E+02 2.76E-02 0. 00E+00 0. 00E+Q0 0. 00E+00 2. 76E~02
3.00E+02 6.91E~03 0.00E+00 0. 00E+00 0. 00E+00 6.91E~03
4. 00E+02 1.73E-03  0.00E+00  0.00E+00  0.00E+00  1.73E-03
5. 00E+02 4.32E-04  0.00E+00  0.00E+00  0.00E+00  4.32E-04
6. 00E+02 1. 08E~04 0.00E+00 0.00E+4+00 0. 00E+00 1.08E-04
7.00E+02 2.70E-05  0.00E+00  0.00E+00  0.00E+00  2.70E-05
8. 00E+02 6.76E-06  0.00E+00  0.00E+00  0.O0E+00  6.76E~06
9. 00E+02 1.69E~06  0.00E+00  0.00E+00  0.00E+00  L.69E-06
1.00E+03 44, 22E~07 0. 00E+00 0.00E+00 0.00E+00 4,22E-07
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CLASS D AMAD = 1 MICRON STABLE SILVER 108

TIME AFTER FRACTION OF INITIAL INTAKE IN:

SINGLE INTAKE

SYSTEMIC NON~SYSTEMIC
24-HOUR ACCUMULATED 24-HOUR ACCUMULATED

DAYS EXCRETA EXCRETA FECES FECES

1.00E-01 6.80E-04 6.04E-05
2.00E-01 1.55E-03 7.33E-04
3.00E-01 2.48E-03 2.60E-03
4,00E-01 3.47E-03 5.81E-03
5.00E~01 4.51E-03 1.02E-02
6.00E-01 5.59E-03 1.56E-02
7.00E-01 6. 70E-03 2.18E-02
8.00E-01 7.84E~03 2.84E-02
1.00E+00 1.02E-02 1.02E-02 4,24E-02 4,24E-02
2.00E+00 1.23E-02 2.25E-02 5.92E~-02 1.02E-01
3.00E+00 1.19E-02 3. 44E-02 2.98E-02 1.31E-01
4. 00E+00 1.10E~02 4,54E-02 1.22E-~02 1. 44E-01
5.00E+00 1.01E-02 5. 56E-02 4,70E-03 1.48E-01
6.00E+00 9,27E-03 6. 48E-02 1.76E-03 1. 50E-01
7 . 00E+00 8.55E-03 7.34E-02 6. 52E~04 1.51E-01
8.00E+00 7.95E-03 8.13E~-02 2+ 41E~04 1.51E-01
9, 00E+00 7.44E-03 8.88E-02 8.87E-05 1.51E~01
1.00E+01 7.00E-03 9, 58E-02 3.26E-05 1.51E-01
2.00E+01 4.90E-03 1.52E~01 0. 00E+00 1.51E-01
3. 00E+01 4,10E-03 1.96E-01 0.00E+00 1.51E-01
4,00E+01 3. 55E-03 2.34E-01 0. 00E+00 1.51E-01
5. 00E+01 3.09E-03 2.67E~01 0. 00E+00 1.51E-01
6.00E+01 2.69E~03 2.96E~-01 0. 00E+00 1.51E=01
7. 00E+01 2.34E-03 3.21E-01 0. 00E+00 1.51E-01
8.00E+01 2.04E-03 3.42E-01 0. 00E+00 1.51E-01
9,00E+01 1.77E~03 3.61E-01 0. 00E+00 1.51E~01
1. 00E+02 1. 54E-03 3. 78E-01 0. 00E+00 1.51E-01
2.00E+02 3.86E-04 4,60E-01 0. 00E+00 1.51E-01
3.00E+02 9,65E-05 4.81E-01 0. 00E+00 1.51E-01
4. 00E+02 2.41E-05 4,86E-01 0. 00E+00 1.51E-01
5.00E+02 6.03E-06 4, 88E-01 0. 00E+00 1.51E-01
6. 00E+02 1.51E-06 4,88E~01 0. 00E+00 1.51E~-01
7+ 00E+02 3.77E-07 4,88E~01 0. 00E+00 1.51E-01
8.00E+02 9.43E-08 4, 88E~01 0. 00E+00 1.51E-01
9, 00E+02 2.36E-08 4.88E-01 0. 00E+00 1.51E-01

B-89



CLASS D  AMAD = 1 MICRON STABLE CADMIUM 112
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE ,

SYSTEMIC NASAL GI TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 2.59E-01 . 2,26E-01 3.03E~04 1.54E-01 6.39E-01
2.00E-01 2.85E-01 2,01E-01 2, 96E-07 1. 52E-01 6. 38E-01
3.00E-01 3, 08E-01 1. 79E-01 0. 00E+00 1. 49E-01 6.37E-01
4,00E-01 3.28E-01 1, 60E-01 0. 00E+00 1.45E-01 6+ 33E-01
5. 00E-01 3.46E=01 1.43E-01 0. 00E+00 1.41E-01 6.29E-01
6.00E~01 3. 61E~01 1.27E-01 0. 00E+00 1.35E-01 6.23E-01
7.00E-01 3.75E-01 1.13E-01 0.00E+00 1.29E~01 6.17E-01
8. 00E-01 3.88E~01 1. 01E-01 0. 00E+00 1.22E-01 6.11E-01
9, 00E-01 3.99E-01 8.96E-02 0.00E+00 1, 16E-01 6+ 04E~01
1. 00E+00 4,08E-~01 7.97E-02 0. 00E+00 1.09E-01 5.97E-01
2, 00E+00 4.64E~01 2.42E-02 0. 00E+00 4,95E-02 5.37E~01
3. 00E+00 4,81E-01 7. 13E-03 0. 00E+00 1.97E-02 5., 08E~01
4, O0E+00 4, 86E-01 2.,05E-03 0. 00E+00 7.49E-03 4,95E-01
5. 00E+00 4,87E-01 5.81E-04 0. 00E+00 2. 79E-03 4,91E-01
6. 00E+00 4, 88E-01 1. 62E-04 0. 00E+00 1.03E-03 4,89E-01
7 . GOE+00 4,88E-01 4,47E-05 0. 00E+00 3.81E-04 4,88E-01
8. 00E+00 4,88E-01 1.22E-05 0. 00E+00 1. 40E-04 4,88E-01
9, 00E+00 4.88E-01 3.32E~06 0. 00E+00 5.16E-05 4.88E-01
1.00E+01 4,88E-01 8.96E-07 0. 00E+00 1. 90E-05 4,88E-01
2.00E+01 4,87E-01 0. 00E+00 0. 00E+00 0. 00E+00 4, 87E-01
3. 00E+01 4,87E-01 0. 00E+00 0. 00E+00 0. 00E+00 4,87E-01
4, 00E+01 4,87E-01 0. 00E+00 0. 0OE+00 0. 00E+00 4.87E-01
5.00E+01 4.86E-01 0. 00E+00 0. 0QE+00 0. 00E+00 4.86E-01
6. 00E+01 4,86E-01 0. 00E+00 0. 00E+00 0. 00E+00 4, 86E~01
7. 00E+01 4.86E-01 0. 00E+00 0.00E+00 0. 00E+00 4,86E-01
8.00E+01 4.85E~01 0. 00E+00 0. 0O0E+00 0. 00E+00 4,85E-01
9, 00E+01 4,85E-01 0. 00E+00 0. 00E+00 0. O0E+00 4, 85E~01
1. 00E+02 4,84E~-01 0. 00E+00 0. 00E+00 0. 00E+00 4,84E-01
2. 00E+02 4,81E~01 0. 00E+00 0. 00E+00 0. O0E+00 4,81E-01
3. 00E+02 4,77E-01 0. 00E+00 0. 00E+00 0. 00E+00 4,77E-01
4. 00E+02 4,73E-01 0. 00E+00 0. 00E+00 0. O0E+00 4.73E-01
5. 00E+02 4,70E-01 0. 00E+00 0. 00E+00 0. 00E+00 4, 70E-01
6. 00E+02 4, 66E-01 0. 00E+00 0. 00E+00 0. 00E+00 4, 66E-01
7 .00E+02 4,63E-01 0. 00E+00 0. O0E+00 0. 00E+00 4, 63E~01
8. 00E+02 4, 59E~01 0. 00E+00 0. 00E+00 0. O0E+00 4.59E-01
9,00E+02 4,56E-01 0. O0E+00 0. 00E+00 0.00E+00 4,56E~01
,1.00E+03 4,52E~01 0. 00E+00 0. 00E+00 0. 00E+00 4.52E-01
2.00E+03 4,19E-01  0.00E400 0. 00E+00 0. 00E+00 4, 19E-01
4, 00E+03 3. 60E-01 0. 00E+00 0. 00E+00 0. 00E+00 3. 60E=01
8.00E+03 2.66E-01 0. 00E+00 0. 00E+00 0. 00E+00 2. 66E~01
1. OOE+04 2.28E-01 0. O0E+00 0. 00E+00 0. 00E+00 2.28E-01
2.00E+04 1,07E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.07E-01
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AMAD = 1 MICRON STABLE

CLASS D CADMIUM 112
TIME AFTER FRACTLION OF INITIAL INTAKE IN:
SINGLE INTAKE
. SYSTEMIC NON-SYSTEMIC
24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS - EXCRETA EXCRETA FECES FECES
. 1. 00E~01 1.61E-06 6.04E-05
2. 00E-01 3. 68E~06 7.33E-04
3. 00E-01 5.93E-06 2.60E-03
5. 00E-01 1.09E-05 1.02E-02
6.00E-01 1.36E=05 1. 56E=02
7. 00E~01 1. 64E~05 2.18E-02
9.00E-01 2.23E~-05 3.54E~02
1. 00E+00 2. 53E-05 2. 53E-05 b4y 24E~02 4, 24E-02
2. 00E+00 3.35E-05 5.89E~-05 5.92E-02 1.02E-01
3. 00E+00 3. 60E~05 9,49E-05 2. 98E~02 1.31E-01
4, 00E+00 3.68E-05 1.32E-04 1.22E-02 1. 44E-01
5.00E+00 3. 70E-05 1.69E-04 4, 70E-03 1.48E-01
6. 00E+00 3.70E-05 2. 06E-04 l. 76E-03 1. 50E~01
7 . O0E+00 3, 70E-05 2.43E-04 6+ 52E-04 1.51E-01
8. 00E+00 3. 70E~05 2. 80E-04 2.41E-04 1.51E-01
9, 00E+00 3.70E-05 3. 17E~04 8.87E-05 1.51E-01
1.00E+01 3, 70E-05 3.54E-04 3. 26E-05 1.51E-01
. 2. 00E+01 3. 70E-05 7 24E~04 0. 00E+00 1.51E-01
3. 00E+01 3. 70E-05 1. 09E-03 0. 00E+00 1.51E-01
4,00E+01 3. 70E=05 1.46E-03 0. 00E+00 1. 51E=01
5, 00E+01 3.69E-05 1.83E-03 0. 00E+00 1.51E-01
6.00E+01 3. 69E~05 2.20E-03 0. 00E+00 1.51E=01
7. 00E+01 3. 69E-05 2.57E-03 0. O0E+00 1.51E-01
8.00E+01 3. 68E-05 2.94E-03 0. 00E+00 1.51E-01
9, 00E+01 3. 68E~05 3.31E-03 0. 00E+00 1.51E=01
1. 00E+02 3. 68E-05 - 3,68E~03 0. 00E+00 1.51E~01
2.00E+02 3. 65E-05 7.34E-03 0. 00E+00 1.51E-01
3. 00E+02 3.62E-05 1.10E-02 0. 00E+00 1.51E~01
5. 00E+02 3. 57E~05 1.82E-02 0. 00E+00 1.51E-01
6. 00E+02 3. 54E-05 2.17E-02 0. 00E+00 1.51E-01
7. 00E+02 3. 52E-05 2.53E-02 0.00E+00 1.51E-01
8.00E+02 3.49E-05 2. 88E-02 0. O0E+00 1.51E-01
9,00E+02 3.46E~05 3.22E-02 0. 00E+00 1.51E=01
1. 00E+03 3. 44E-05 3. 57E-02 0. 00E+00 1.51E~01
2.00E+03 3. 18E-05 6.88E-02 0. 00E+00 1.51E=01
4,00E+03 2. 74E-05 1.28E~01 0. 00E+00 1.51E~01
8.00E+03 2.02E-05 2.22E~01 0. 00E+00 1.51E-01
1. 00E+04 1.73E-05 2. 60E~01 0.00E+00 1. 51E~01
2, 00E+04 8.12E-06 3.81E~01 0. 00E+00 1.51E~01
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CLASS D AMAD = 1 MICRON HALFLIFE= 1.86E+18 DAYS INDIUM 115
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL GI TOTAL .
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 2.58E-01 2,26E-01 3.03E-04 1.55E-01 6. 39E-01
2.00E-01 2.83E-01 2.01E-01 2.96E-07 = 1.54E-01 6.38E-01
3.00E-01 3.04E-01 1.79E-01 0. 00E+00 1. 53E-01 6.36E-01
4.00E-01 3.24E-01 1. 60E~-01 0. 00E+00 1.49E-01 6. 33E-01
5.00E-01 3.41E-01 1.43E-01 0.00E+00 1.45E-01 6.29E-01
6.00E-01 3.57E-01 1.27E-01 0. 00E+00 1.40E-01 6.23E-01
7.00E~01 3,71E-01 1.13E-01 0. 00E+00 1.33E-01 6.17E-01
8.00E-01 3.83E~01 1.01E-01 0. 00E+00 1.27E-01 6. 10E-01
9.00E-01 3.94E-01 8. 96E-02 0.00E-+00 1.20E-01 6.03E-01
1.00E+00 4.,04E-01 7. 97E~02 0. 00E+00 1.12E-01 5.96E-01
2.00E+00 4459E-01 2.42E~02 0.00E+00 5.13E-02 5.35E-01
3. 00E+00 4,76E-01 7.13E-03 0. 00E+00 2. 04E-02 5.04E-01
4, 00E+00 4.81E-01 2.05E-03 0.00E+00 7.77E-03 4,91E-01
5.00E+00 4.,83E-01 5.81E-04 0. 00E+00 2.90E-03 4. 86E-01
6. 00E+00 4.83E-01 1.62E-04 0.00E+00 1.07E-03 4,84E-01
7.00E+00 4.83E-01 4.47E-05 0. 00E+00 3. 95E-04 4,84E-01
8.00E+00 4.83E-01 1.22E-05 0.00E+00 1. 46E~04 4,83E-01
9.00E+00 4,83E-01 3.32E-06 0.00E+00 5. 36E-05 4.83E-01
1.00E+01 4,83E-01 8.96E-07 0.00E+00 1.97E~05 4.83E-01
2.00E+01 4.83E-01 0. OCE+00 0. 00E+00 0. O0E+00 4.83E-01
3.00E+01 4.83E-01 0. 00E+00 0.00E+00 0. 00E+00 4,83E-01
4.,00E+01 4.83E-01 0. OCE+00 0. O0OE+00 0. 00E+00 4, 83E-0l.
5.00E+01 4.83E-01 0.00E+00 0. 00E+00 0. 00E+00 4,83E-01
6. 00E+01 4.83E-01 0. 00E+00 0.00E+00 0.00E+00 4.83E-01
7.00E+01 4,83E-01 0. 00E+00 0. 00E+00 0. 0CE+00 4.83E-01
8.00E+01 4.83E-01 0.00E+00 0. 00E+00 0. 00E-+00 4.83E-01
9.00E+01 4.83E-01 0.00E+00 0.00E+00 0. O0E+00 4.83E-01
1. 00E+02 4,83E-01 0. 0CE+00 0. 00E+00 0. 00E+00 4.83E-01
2. 00E+02 4.83E-01 0. 00E+00 0.00E+00 0. 00E+00 4,83E-01
3.00E+02 4.83E~01 0. 00E+00 0. 00E+00 0. 00E+00 4,83E-01
4. 00E+02 4.83E-01 0.00E+00 0.00E+00 0.00E+00 4.83E-01
5.00E+02 4.83E-01 0. 00E+00 0. 00E+00 0. OOE+00 4.83E-01
6. 00E+02 4,83E-01 0. 00E+00 0.00E+00 0.00E+00 4,83E-01
7.00E+02 4.83E-01 0.00E+00 0. 00E+00 0. 00E+00 4,83E-01
8.00E+02 4.83E-01 0.00E+00 0. 00E+00 0. 00E+00 4.83E-01
9.00E+02 4.83E~01 0.00E+00 0. 00E+00 ‘0. 00E+00 4,83E~01
1, 00E+03 4.,83E-01 0. 00E+00 0.00E+00 0. 00E+00 4,83E~-01
2., 00E+03 4.83E-01 0. 00E+00 0.00E+00 0. 00E+00 4,83E~-01
4,00E+03 4.83E-01 0.00E+00 0.00E+00 0.00E-+00 4,83E-01
8.00E+03 4.83E-01 0.00E+Q0 0.00E+00 0. 00E+00 4,83E-01
1., 00E+04 4.83E~-01 0.00E+00 0.00E+00 0. 00E+00 4.83E-01
2.00E+04 4,83E~01 0.00E+00 0. O0E+00 0. 00E+00 4,83E-01



CLASS D  AMAD = 1 MICRON STABLE TIN 119
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL GIL TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 2.31E-01 2.26E~01 3.03E-04 1.55E-01 6.13E-01
2.00E-01 2.29E-01 2.01E-01 2. 96E~07 1. 54E-01 5.85E-01
3.00E-01 2.28E-01 1.79E-01 0.00E+00 1.53E-01 5.60E=01
4,00E-01 2. 26E~01 1. 60E-01 0.00E+00 1.49E~01 5.36E-01
5.00E-01 2.26E-01 1.43E-01 0.00E+00 1.45E=-01 5.13E-01
6.00E-01 2, 26E-01 1.27E-01 0. 00E+00 1.40E-01 4,92E-01
7.00E-01 2.26E~01 1.13E-01 0.00E+00 1.33E-01 4,72E-01
8.00E-01 2.26E-01 1.01E-01 0. 00E+00 1.27E-01 4,53E-01
9.00E~01 2.26E-01 8.96E-02 0. 00E+00 1.20E-01 4.35E-01
1. 00E+00 2,26E-01 7.97E-02 0. 00E+00 1.12E-01 4,18E-01
2.00E+00 2.25E-01 2.42E-02 0. 00E+00 5.13E-02 3.00E-01
3.00E+00 2.20E-01 7.13E-03 0. 00E+00 2. 04E~-02 2.47E-01
4, 00E+00 2.14E~01 2.05E~03 0.00E+00 7.77E-03 2.24E~01
5. 00E+00 2.09E-01 5.81E-04 0. 00E+00 2.90E-03 2.12E-01
6. 00E+00 2. 04E~01 1. 62E-04 0. 00E+00 1.07E-03 2.05E-01
7 . 00E+00 1.99E-01 4o 47E-05 0. 00E+00 3.95E-04 2.00E-01
8. 00E+00 1.96E-01 1. 22E-05 0. 00E+00 1. 46E-04 1.96E-01
9.00E+00 1,92E-01 3. 32E-06 0.00E+00 5.36E-05 1.92E-01
1.00E+01 1.89E-01 8.96E~07 0. 00E+00 1.97E~05 1. 89E-01
2.00E+01 1. 70E-01 0. 00E+00 0.00E+00 0. 00E+00 1. 70E-01
3.00E+01 1. 59E-01 0. 00E+00 0.00E+00 0. 00E+00 1.59E~01
4,00E+01 1.52E-01 0.00E+00 0. 00E+00 0. 00E+00 1.52E-01
5.00E+01 1.45E-01 0.00E+00 0. 00E+00 0. 00E+00 1.45E-01
6.00E+01 1.40E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.40E-01
7.00E+01 1.36E-01 0. 00E+00 0.00E+00 0. 00E+00 1.36E~01
8,00E+01 1.32E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.32E-01
9.00E+01 1.28E-01 0. 00E+00 0.00E+00 0.00E+00 1.28E-01
1.00E+02 1.25E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.25E~01
2.00E+02 1.03E-01 0.00E+00 0.00E+00 0. 00E+00 1.03E-01
3.00E+02 8.63E~02 0. 00E+00 0. 00E+00 0. 00E+00 8.63E-02
44 00E+02 7..26E-02 0. 00E+00 0. 00E+00 0. 00E+00 7. 26E~02
5.00E+02 6.10E~02 0.00E+00 0.00E+00 0.00E+00 6.10E-02
6. 00E+02 5. 13E~02 0. 00E+00 0. 00E+00 0.00E+00 5.13E-02
7.00E+02 4, 32E-02 0. 00E+00 0.00E+00 0. 00E+00 4.32E-02
8.00E+02 3. 63E-02 0. 00E+00 0.00E+00 0. 00E+00 3.63E-02
9,00E+02 3.05E-02 0. 00E+00 0. 00E+00 0. 00E+00 3. 05E-02
1.00E+03 2.57E-02 0. 00E+00 0.00E+00 0. 00E+00 2.57E~02
2.00E+03 4.54E-03 0. 00E+00 0. 00E+00 0. 00E+00 4,54E-03
4.00E+03 1.42E-04 0.00E+00 0.00E+00 0. 00E+00 1.42E-04
7.00E+03 7.85E=07 0. 00E+00 0. 00E+00 0. 00E+00 7.85E-07
8.00E+03 1.39E~07 0.00E+00 0.00E+00 0. 00E+00 1.39E-07
9.00E+03 2. 44E-08 0. 00E+00 0. 00E+00 0. 00E+00 2. 44E-08
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CLASS D AMAD = ] MICRON STABLE TIN 119

B-94

TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE .

SYSTEMIC NON-SYSTEMIC

24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS EXCRETA EXCRETA FECES FECES
1.00E-01 2.65E-02 6.06E-05
2.00E-01 5.35E-02 7.39E-04
3.00E-01 7.70E-02 2.63E-03
4.00E-01 9.74E-02 5.88E-03
5.00E-01 1.15E-01 1.04E-02
6.00E-01 1.31E-01 1.59E-02
7.00E-01 1.45E-01 2.22E-02
8.00E-01 1.57E-01 2.90E-02
9.00E-01 1.68E-01 3.6lE~02
1. 00E+00 1. 78E-01 1.78E-01 4,34E-02 4.34E-02
2.00E+00 5.64E-02 2.34E-01 6.11E-02 1.05E-01
3. 00E+00 2.21E-02 2.56E~01 3.08E-02 1.35E-01
4.00E+00 1.09E-02 2.67E-01 1.27E-02 1.48E~01
5. 00E+00 6. 95E-03 2,74E-01 4.,87E-03 1.53E-01
6.00E+00 5.32E-03 2.79E-01 1.83E~-03 1. 55E-01
7.00E+00 4.46E-03 2.84E-01 6.77E-04 1.55E-01
8. 00E+00 3. 88E-03 2.88E~01 2,50E-04 1.56E~-01
9.00E+Q0 3.43E-03 2.91E-01 9.20E-05 1.56E~01
1.00E+01 3.06E-03 2.94E-01 3.39E-05 1. 56E~01
2. 00E+01 1.35E-03 3.13E-01 0. 00E+00 1.56E-01
3. 00E+01 8.,93E-04 3.24E-01 0. 00E+00 1. 56E~-01
4.00E+01 6. 99E-04 3.32E-01 0.00E+00 1.56E-01
5. 00E+01 5. 77E-04 3.38E-01 0. 00E+00 1.56E-01
€.00E+01 4,88E-04 3.43E-01 0.00E+00 1. 56E-01
7.00E+01 4,21E-04 3.48E~01 0. 00E+00 1.56E-01
8.00E+01 3.69E-04 3.52E-01 0. 00E+00 1.56E-01
9.00E+01 3.29E-04 3.55E-01 0. O0E+00 1.56E~01
1.00E+02 2.98E-04 3. 58E-01 0. 00E+00 1.56E-01
2.00E+02 1.83E-04 3.81E-01 0. O0E+00 1. 56E-01
3. 00E+02 1. 50E-04 3.97E-01 0. 00E+00 1. 56E-01
4,00E+02 1.26E-04 4,11E-01 0. 00E+00 1.56E-01
5. 00E+02 1.06E-04 4,22E-01 0.00E+00 1. 56E-01
6. 00E+02 8.90E-05 4,32E-01 0. 00E+00 1. 56E~01
7.+ 00E+02 7.48E-05 4,40E-01 0.00E+00 1.56E-01
-8.00E+02 6.29E-05 4,47E~01 0.00E+00 1. 56E-01
9.00E+02 5.29E-05 4.53E-01 0.00E+00 1.56E-01
1.00E+03 4.45E-05 4.58E-01 - 0. 00E+00 1. 56E-01
2.00E+03 7.87E~06 4.,79E-01 0.00E+00 1. 56E~01
4,00E+03 2.49E-07 4.83E-01 0. 00E+00 1.56E-01
6.00E+03 1. 19E-08 4,83E-01 0. 00E+00 1.56E~01




B-95

CLASS D AMAD = 1 MICRON STABLE TELLURIUM 128
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

‘ SYSTEMIC NASAL GIL TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E~01 2,57E-01 2.26E-01 3.03E~-04 1.47E-01 6.30E-01
2.00E-01 2.80E-01 2,01E~01 2.96E-07 1.36E-01 6.18E-01
3.00E-01 2. 96E-01 1.79E-01 0.« OOE4+00 1. 29E-01 6.05E-01
4. 00E-01 3.06E-01 1. 60E-01 0. 00E+00 1, 24E-01 5.90E-01
5.00E-01 3.13E-01 1,43E-01 0. 00E+00 1.19E-01 5. 74E-01
6.00E-01 3.18E-01 1.27E-01 0. 00E+00 1.13E-01 5.58E-01
7.00E-01 3.21E~01 1.13E-01 0. 00E+00 1.08E-01 5.41E-01
8.00E~-01 3.22E-01 1.01E-01 0. 00E+00 1. 02E~01 5.25E-01
9.00E-01 3.23E~01 8.96E-02 0.00E+00 9.60E-02 5.08E-01
1.00E+00 3.23E-01 7.97E~02 0. 00E+00 9.00E-02 4,92E-01
2.00E+00 3.00E-01 2.42E-02 0.00E+00 4, 06E-02 3.65E-01
3.00E+00 2,73E~01 7.13E-03 0. 00E+00 1.61E-02 2.97E-01
4+ 00E+00 2,55E-01 2.05E-03 0.00E+00 6.13E-03 2.63E-01
5.00E+00 2., 44E-01 5.81E-04 0. 00E+00 2,28E-03 2,47E-01
6.00E+00 2.36E-01 1. 62E-04 0. 00E+00 8.45E-04 2,37E-01
7. 00E+00 2.31E-01 4,47E-05 0. 00E+00 3.12E-04 2.31E-01
8. 00E+00 2.27E-01 1.22E-05 0.00E+00 1.15E-04 2,27E-01
9.00E+00 2.23E-01 3.32E-06 0. O0E+00 4,22E-05 2, 23E-01
1. 00E+01 2.20E-01 8.96E-07 0.00E+00 1. 55E-05 2,20E-01
2.00E+01 1.93E-01 0. 00E+00 0. 00E+00 0.00E+00 1. 93E-01
3. 00E+01 1.73E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.73E~01
4.00E+01 1.60E-01 0. 00E+00 0. 00E+00 0. 00E+00 1. 60E-01
5. 00E+01 1.50E-01 0. 00E+00 0. 00E+00 0. 00E+00 1. 50E-01
6.00E+01 1.43E-01 0. 00E+00 0.00E+00 0. 00E+00 1.43E-01
7. 00E+01 1.38E-01 0. 00E+00 0.00E+00 0. 00E+00 1.38E-01
8.00E+01 1. 35E-01 0.00E+00 0. 00E+00 0. 00E+00 1.35E-01
9.00E+01 1.32E-01 0. 00E+00 0. 00E+00 0.00E+00 1.32E-01
1. 00E+02 1.,30E~-01 0. 00E+00 0. 00E+00 - 0.00E+00 1.30E-01
2. 00E+02 1.25E~-01 0.00E+00 0. O0E+00 0. 00E+00 1.25E-01
3. 00E+02 1.23E-01 0.00E+00 0. 00E+00 0. 00E+00 1.23E-01
44 00E+02 1,21E-01 0. 00E+00 0. 00E+00 0.00E+00 1.21E-01
5.00E+02 1.19E-01 0. 00E+00 0. O0E+00 0. 00E+00 1.19E-01
6.00E+02 1.18E-01 0.00E+00 0. 00E+Q0 0.00E+00 1.18E~01
7+ 00E+02 1.16E-01 0. 00E+00 0. 00E+00 0. 00E+00 1. 16E~01
8.00E+02 1.15E-01 0.00E+00 0. 00E+00 0. 00E+00 1.15E-01
9,00E+02 1.13E-01 0. 00E+00 0. Q0E+00 0. 00E+00 1.13E-01
1. 00E+03 1.11E~01 0. 00E+00 0.00E+00 0. 00E+00 1.11E-01
2.00E+03 9.70E-02 0.00E+00 0.00E+00 0. 00E+00 9.70E-02
4.00E+03 7+ 35E~02 0. 00E+00 0.00E+00 0. O0E+00 7+35E-02
8.,00E+03 4.22E-02 0. 00E+00 0. 00E+00 0. 00E+00 4,22E-02
1.00E+04 3.20E-02 0. 00E+00 0. 00E+00 0.00E+00 3. 20E-02
2. 00E+04 8.00E-03 0.00E+00 0. 00E+00 0. 00E+00 8, 00E~03



B-96

CLASS D AMAD = 1 MICRON STABLE TELLURIUM 128
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

24-HOUR ACCUMULATED 24~HOUR ACCUMULATED .
DAYS URINE URINE FECES FECES
1.00E-01 6. 85E~03 2.34E-03
2.00E-01 1. 53E-02 5.81E-03
3.00E-01 2.41E-02 1.05E-02
4.00E-01 3.29E-02 1. 64E-02
5.00E-01 4.17E-02 2,32E-02
6.00E-01 5.03E-02 3.09E-02
7.00E-01 5.87E-02 3.90E-02
8.00E-01 6. 68E-02 4,75E-02
9.00E-01 7. 46E-02 5.60E-02
1. 00E+00 8.22E-02 8.22E-02 6.45E-02 6.45E-02
2.00E+00 5.85E-02 1. 41E-01 6.89E~02 1.33E-01
3.00E+00 3.29E~02 1. 74E-01 3.55E~02 1.69E-01
4, 00E+00 1. 75E-02 1.91E-01 1.59E-02 1.85E-01
5. 00E+00 9.60E-03 2.01E-01 7.04E-03 1.92E-01
6. 00E+00 5.79E-03 2.07E-01 3.37E-03 1.95E-01
7. 00E+00 4,01E~03 2.11E-01 1.87E~03 1.97E-01
8, 00E+00 3.18E-03 2. 14E-01 1.26E~03 1. 98E-01
9.00E+00 2.77E-03 2.17E-01 9, 96E-04 1.99E-01
1. 00E+01 24 55E-03 2.19E-01 8. 75E-04 2.00E-01
2.00E+01 1.73E-03 2.39E-01 5.77E-04 2,07E-01
3.00E+01 1.23E-03 2. 54E-01 4. 10E-04 2,12E-01
5.00E+01 6.21E-04 2, 71E~01 2,07E-04 2.18E-01
6.00E+01 4,43E~04 2.77E-01 1.48E-04  2,19E-01
7.00E+01 3.17E-04 2. 80E-01 1. 06E-04 2.21E-01
8.00E+01 2,28E-04 2.83E-01 7.60E-05 2,21E-01
9.00E+01 1.65E-04 2.85E-01 5.51E-05 2.22E-01
1. 00E+02 1.21E=-04 2. 86E-01 4.02E-05 2.23E-01
2. 00E+02 1.63E-05 2.90E-01 5.43E-06 2,24E-01
3. 00E+02 1.29E-05 2,92E-01 4, 29E~06 2,24E~01
4, 00E+02 1.26E-05 2,93E-01 4,20E-06 2.25E-01
5.00E+02 1.24E-05 2. 94E-01 4,14E-06 2,25E-01
6. 00E+02 1.22E-05 2. 96E-01 4,08E-06 2,26E-01
7. 00E+02 1.21E-05 2,97E-01 4,03E-06 2,26E-01
8.00E+02 1.19E-05 2,98E-01 3.97E-06 2.27E-01
9.00E+02 1.17E-05 2.99E-01 3.92E-06 2,27E-01
1.00E+03 1.16E-05 3. 00E-01 3. 86E-06 2,27E-01
2.00E+03 1.01E-05 3, 11E-01 3.36E-06 2.31E-01
4.00E+03 7.64E-06 3.29E-01 2, 55E-06 2.37E~01
8.00E+03 4,39E-06 3.52E~01 1. 46E-06 2,45E-01
1.00E+04 3.32E-06 3.60E-01 1.11E-06 2.47E-01
2.00E+04 8.23E-07 3. 78E-01 2,77E~07 2,53E-01




CLASS D AMAD = 1 MICRON STABLE IODINE 127
TIME AFTER "FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE »
SYSTEMIC NASAL Gl TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E~-01 3.41E-01 2,26E-01 3.03E-04 2.17E-02 5. 89E~-01
2.00E-01 3.27E-01 2. 01E-01 2. 96E-07 2.28E-03 5.30E-01
3, 00E-01 3.01E-01 1.79E-01 0. 00E+00 4. 15E-04 4.81E-01
4,00E-01 2.79E-01 1. 60E~01 0.00E+00 1. 85E-04 4.39E-01
5.00E-01 2.62E-01 1.43E-01 0. 00E+00 1. 21E-04 4,05E-01
6.00E-01 2.49E-01 1.27E-01 0. 00E+00 8. 47E-05 3.76E-01
7.00E-01 2.39E-01 1.13E-01 0. 00E+00 5.98E-05 3.52E-01
8.00E~01 2. 30E-01 1.01E-01 0. 00E+00 4, 23E-05 3.31E-01
9.00E-01 2. 24E-01 8.96E-02 0., 00E+00 2, 99E-05 3.13E-01
1.00E+00 2, 19E-01 7.97E-02 0. 00E+00 2., 12E-05 2. 98E~01
2.00E+00 1.98E~-01 2,42E-02 0. 00E+00 7.04E-07 2,22E~01
3.00E+00 1.93E-01 7.13E-03 0. 00E+00 3.82E-08 2.01E-01
4,00E+00 1.92E-01 2.05E-03 0.00E+00 0. 00E+00 1. 94E-01
5.00E+00 1.91E-01 5.81E-04 0., 00E+00 0. 00E+00 1. 92E-01
6. 00E+00 1.91E-01 1. 62E-04 0. 00E+00 0. 00E+00 1.91E-01
7.00E+00 1.91E-01 4.47E-05 0. 00E+00 0.00E+00 1.91E-01
8. 00E+Q0 1.90E-01 1. 22E-05 0.00E+G0 0. 00E+00 1. 90E-01
9.00E-+00 1.90E-01 3.32E-06 0. 00E+00 0.00E+00 1.90E-01
1.00E+01 1.89E-01 8.96E-07 0. C0E+00 0. 00E+00 1.89E-01
2.00E+01 1.83E-01 0. 00E+00 0.00E+00 0.00E+00 1.83E-01
3.00E+01 1.75E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.75E-01
4.00E+01 1. 66E-01 0. 00E+00 0.00E+00 0.00E+00 1. 66E-01
5.00E+01 1.57E~-01 0. 00E+00 0. 00E+00 0. O0E+00 1.57E-01
6.00E+01 1.49E~01 0. 00E+00 0. 00E+00 0. 00E+00 1. 49E-01
7. 00E+01 1, 40E-01 0. 00E+00 0.00E+00 0. QCE+00 1.40E~-01
8.00E+01 1.32E-01 0. 00E+00 0. 00E+00 0. 00E+00 1.32E-01
9.00E+01 1.24E-01 0.00E+00 0.00E+00 0. 00E+00 1.24E-01
1. 00E+02 1.17E-01 0. 00E+Q0 0.00E+00 0. O0E+00 1.17E-01
2, 00E+02 6.39E-02 0. 0CE+00 0. 00E+00 0. O0E+00 6.39E~02
3.00E+02 3.49E-02 0. 00E+00 0.00E+00 0. 00E+00 3.49E-02
4.00E+02 1.91E-02 0.00E+00 0, 00E+Q0 0. O0E+00 1.91E~-02
5.00E+02 1.04E-02 0. 00E+00 0. 00E+00 0. 00E+00 1. 04E-02
6.00E+02 5.68E~-03 0..00E+00 0. 00E+00 0. 00E+00 5.68E-03
7.00E+02 3.10E-03 0. 00E+00 0. 00E+00 0.00E+00 3. 10E-03
8.00E+02 1. 70E~03 0.00E+00 0.00E+00 0.00E+00 1.70E-03
9.00E+02 9.26E-04 0. 00E+00 0. 00E+00 0. 00E+00 9.26E-04
1.00E+03 5.05E-04 0.00E+00 0.00E+00 0. 00E+00 5.05E-04
2.00E+03 1.19E-06 0. 0CE+00 0. 00E+00 0. 00E+00 1. 19E-06
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CLASS D AMAD = 1 MICRON STABLE IODINE 127
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE
SYSTEMIC NON-SYSTEMIC .

- 24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS EXCRETA EXCRETA FECES FECES
1. 00E-01 5.01E-02 0.00E+00
2.00E-01 1.09E-01 0. 00E+Q00
3.00E-01 1.58E-01 0.00E+Q0
4.00E-01 2,00E-01 0.00E+00
5.00E-01 2.34E-01 0.00E+00
6.00E-01 2.63E-01 0. 00E+00
7.00E-01 2.87E-01 0.00E+00
8.00E~01 3.08E-01 0. 00E+00
9. 00E-01 3.26E-01 0. 00E+00
1. 00E+00 3.41E-01 3.41E-01 0. O0E+00 0.00E+00
2. 00E+00 7.63E-02 4.17E-01 0.00E+00 0. 00E+00
3. 00E+00 2, 15E-02 4.39E-01 0.00E+00 0. 00E+00
4, 00E+00 6.51E-03 4,45E-01 0.00E+00 0. 00E+00
5.00E+00 2.08E-03 4,47E-01 0. 00E+00 0. 00E+00
6. 00E+00 8.09E-04 4,48E-01 0.00E+00 0.00E+00
7.00E+00 4.75E-04 4.48E-01 0.00E+00 0. 00E+00
8.00E+00 4,12E-04 4,49E-01 0. 00E+00 0. 00E+00
9.00E+00 4,25E-04. 4,49E-01 0.00E+00 0.00E+00
1. 00E+01 4.57E-04 4.50E-01 0. 00E+00 0. 00E+00
2.00E+01 7.31E~04 4,56E-01 0.00E+00 0. 00E+00
3. 00E+01 8.54E~04 4, 64E-01 0.00E+00 0. 00E+00
4,00E+01 8. 95E-04 4,73E-01 0. 00E+00 0. 00E+00
5.00E+01 8.92E-04 4,82E-01 0. 00E+0Q0 0. 00E+00
6.00E+01 8.67E-04 4.91E-01 0.00E+00 0. 00E+00
7. 00E+01 8.31E-04 4.99E-01 0. 00E+00 0. 00E+00
8.00E+01 7.90E-04 5.07E-01 0. 00E+00 0. 00E+00
9.00E+01 7. 48E-04 5.15E-01 0. 00E+00 0. 00E+00
1. 00E+02 7.07E-04 5.22E-01 0.00E+00 0. 00E+00
2. 00E+02 3.88E-04 5.75E-01 0.C00E+00 0. 00E+00
3.00E+02 2,12E-04 6. 04E-01 0. 00E+00 0. 00E+G0O -
4.00E+02 1.16E-04 6.20E-01 0. 00E+00 0.00E+00
5.00E+02 6.32E-05 6.29E-01 0.00E+00 0. 00E+00
6. 00E+02 3.45E-05 6.33E-01 0.00E+00 0. O0E+00
7.00E+02 1.88E-05 6.36E~01 0.00E+00 0.00E+00
8.00E+02 1.03E-05 6.37E-01 0.00E+00 0. 00E+00
9.00E+02 5.62E-06 6.38E-01 0.00E+00 0. 00E+00
1. 00E+03 3.07E~06 6, 39E-01 0. 00E+00 0.00E+00
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CLASS D AMAD = 1 MICRON HALFLIFE= 5.73E+09 DAYS IODINE 129
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE -

SYSTEMIC NASAL GI TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 3.41E-01 2.26E-01 3.03E-04 2.17E-02 5.89E-0l
2.00E-01 3.27E-01 2.01E-01 2, 96E~07 2,28E-03 5.30E-01
3.00E-01 3.01E-01 1.79E-01 0. 00E+00 4, 15E-04 4.81E-01
4.00E-01 2.79E-01 1. 60E-01 0.00E+00 1.85E-04 4.39E-01
5.00E-01 2,62E-01 1.43E-01 0.00E+00 1.21E-04 4.05E-01
6.00E-01 2.49E-01 1. 27E-01 0.00E+00 8.47E-05 3.76E-01
7.00E-01 2.39E-01 1.13E-01 0. 00E+00 ¢ 98E-05 3.52E-01
8.00E-01 2.30E-01 1.01E-01 0. O0E+00 4.23E-05 3.31E-01
9.00E-01 24 24E-01 8.96E-02 0.00E+00 2,99E-05 3.13E-01
1.00E+00 2.19E-01 7.97E-02 0. 00E+00 2,12E-05 2.98E~01
2. 00E+00 1.98E-01 2.42E-02 0. 00E+00 7. 04E-07 2,22E-01
3.00E+00 1.93E-01 7.13E-03 0. 00E+00 3.82E-08 2.01E-01
4, 00E+00 1.92E-01 2.05E-03 0. 00E+00 0. 00E+00 1.94E-01
5.00E+00 1.91E-01 5.81E-04 0. 00E+00 0. 00E+00 1.92E-01
6. 00E+00 1.91E-01 1.62E-04 0. 00E+00 0. 00E+00 1.91E-01
7 .00E+00 1.91E-01 4,47E~05 0. 00E+00 0. 00E+00 1.91E-01
8. 00E+00 1. 90E~01 1.22E-05 0. 00E+00 0. 00E+00 1.90E-01
9.00E+00 1. 90E-01 3.32E-06 0. O0E+00 0. 00E+00 1.90E-01
1.00E+01 1.89E-01 8. 96E-07 0.00E+00 0.00E+00 1.89E-01
2.00E+01 1.83E-01 0.00E+00 0. 00E+00 0. 00E+00 1.83E-01
3. 00E+01 1.75E-01 0.00E+00 0. 00E+00 0. 0OE+00 1.75E-01
4.00E+01 1. 66E-01 0.00E+00 0. 00E+00 0.00E+00 1.66E-01
5.00E+01 1.57E-01 0.00E+00 0. 00E+00 0. 00E+00 1.57E-01
6.00E+01 1.49E-01 0.00E+00 0.00E+00 0. 00E+00 1.49E-01
7.00E+01 1.40E-01 0. 00E+00 0.00E+00 0. 00E+00 1.40E-01
8.00E+01 1.32E-01 0.00E+00 0.00E+00 0. C0E+00 1.32E~01
9.00E+01 1.24E~01 0.00E+00 0.00E+00 0.00E+00 1,24E-01
1. 00E+02 1.17E-01 0.00E+00 0. 00E+00 0. 00E+00 1.17E~01
2.00E+02 6. 39E-02 0.00E+00 0.00E+00 0.00E+00 6.39E-02
3.00E+02 3.49E-02 0.00E+00 0. 00E+00 0. 00E+00 3.49E-02
4.00E+02 1.91E~02 0.00E+00 0. 00E+00 0.00E+00 1.91E-02
5.00E+02 1.04E-02 0.00E+00 0. 00E+00 0.00E+00 1.04E-02
6.00E+02 5.68E~03 0.00E+00 0. 00E+00 0. 00E+00 5.68E~03
7.00E+02 3.10E-03 0. 00E+00 0. 00E+00 0.00E+00 3.10E-03
8.00E+02 1.70E-03 0.00E+00 0. 00E+00 0. 00E+00 1. 70E-03
9, 00E+02 9.26E~04 0. 00E+00 0. QOE+Q0 0. O0E+00 9.26E-04
1, 00E+03 5.05E~04 0.00E+00 0.00E+00 0.00E+00 5.05E-04
2.00E+03 1. 19E-06 0.00E+00 0. 00E+00 0. 00E+00 1. 19E~06
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CLASS D AMAD = 1 MICRON HALFLIFE= 5.73E+09 DAYS IODINE 129
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NON-SYSTEMIC ‘

24~-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS EXCRETA EXCRETA FECES FECES
1.00E-01 5.01E-02 0.00E+00
2.00E-01 1.09E-01 0. 00E+00
3.00E-01 1. 58E-01 0.00E+00
4,00E-01 2.00E-01 0.00E+00
5.00E-01 2. 34E-01 0.00E+00
6. 00E-01 2.,63E-01 0. 00E+00
7. 00E-01 2.87E-01 0.00E+00
8.00E-01 3.08E-01 0. 00E+00
9.00E-01 - 3.26E-01 0. 00E+00
1. 00E+00 3.41E-01 3,41E-01 0. 00E+00 0. 00E+00
2.00E+00 7.63E-02 4.17E-01 0.00E+00 0.00E+00
3.00E+00 2.15E-02 4. 39E-01 0. 00E+00 0. 00E+00
4, 00E+00 6.51E-03 4,45E-01 0.00E+00 0. 00E+00
5.00E+00 2.08E~03 4,47E-01 0. 00E+00 0. 00E+00
6. 00E+00 8. 09E-04 4.48BE-01 0. 00E+00 0.00E+00
7. 00E+00 4, 75E-04 4,48E-01 0. 00E+00 0. 00E+00
8.00E+00 4, 12E-04 4.49E-01 0.00E+00 0.00E+00
9.00E+00 4.25E-04 4,49E-01 0. 00E+00 0. 00E+00
1.00E+01 4. 57E-04 4.50E-01 0. O0E+00 0.00E+00
2.00E+01 7.31E-04 4,56E-01 0.00E+00 0. 00E+00
3.00E+01 8.54E-04 4.64E-01 0.00E+00 0.00E+00
4.00E+01 8.95E-04 4,73E-01 0. 00E+00 0.00E+00
5.00E+01 8.92E~-04 4, 82E-01 0. 00E+00 0.00E+00
6.00E+01 8.67E-04 4.91E-01 0.00E+00 0. 00E+00
7. 00E+01 8.31E-04 4+99E-01 0. O0E+00 0.00E+Q00
8. 00E+01 7+.90E~04 5.07E-01 0.00E+00 0. 00E+00
9.00E+01 7.48E~-04 5.15E-01 0. 00E+00 0.00E+00
1.00E+02 7.07E-04 5.22E-01 0. 00E+00 0. 00E+00
2. 00E+02 3. 88E-04 5. 75E~01 0.00E+00 0.00E+00
3. 00E+02 2.12E-04 6. 04E-01 0. 00E+00 0.00E+00
4, 00E+02 1.16E-04 6.20E-01 0. 00E+00 0.00E+00
5.00E+02 6.32E-05 6.29E-01 0. 00E+00 0.00E+00
6. 00E+02 3.45E-05 6.33E-01 0. OOE+00 0. 00E+00
7.00E+02 1.88E-05 6.36E-01 0. 00E+00 0.00E+00
8. 00E+02 1.03E~-05 6.37E-01 0. O0E+00 0.00E+00
9.00E+02 5.62E-06 6.38E-01 0. 00E+00 0. 00E+00
1. 00E+03 3.07E-06 6.39E-01 0. 00E+00 0.00E+00
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CLASS D AMAD = 1 MICRON HALFLIFE= 8.04E+00 DAYS IODINE 131
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL Gl TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 3.38E-01 2. 24E=-01 3. 00E-04 2.15E-02 5.84E~01
2.00E-01 3.,21E-01 1.98E~-01 2.,91E-07 2.24E~03 5.21E-01
3.00E-01 2.93E-01 1. 75E~01 0. 00E+00 4,05E~-04 4.68E-01
4,00E=01 2.70E-01 1. 55E~01 0. 00E+00 1. 79E-04 4,25E-01
5.00E-01 2.51E-01 1.37E-01 0. 00E+00 1. 16E-04 3. 88E-01
6.00E-01 2.37E-01 1.21E-01 0. 00E+00 8.04E-05 3.57E-01
7.00E-01 2.25E-01 1.06E~01 0. 00E+00 5.63E-05 3.31E-01
8.00E-01 2.15E-01 9.40E-02 0. 00E+00 3.95E~05 3.09E-01
9. 00E-01 2.07E-01 8.29E-02 0. 00E+00 2.77E-05 2.90E-01
1.00E+00 2.01E~01 7.31E-02 0.00E+00 1. 94E~05 2.74E~01
2.00E+00 1.67E-01 2. 04E-02 0.00E+00 5.93E-07 1,87E-01
3.00E+00 1.49E-01 5.51E-03 0. 00E+00 2.95E-08 1.55E=01
4. 00E+00 1.36E=01 1.45E~-03 0.00E+00 0. 00E+00 1.37E-01
5+ 00E+00 1. 24E-01 3.77E-04 0. 00E+00 0. 00E+00 1.25E-Q1
6. 00E+00 1.14E-01 9.66E-05 0.00E+00 0. O0E+00 1.14E-01
7.00E+00 1.04E-01 2.45E-05 0.00E+00 0. 00E+00 1.04E-01
8. 00E+00 9, 55E-02 6. 14E-06 0. 00E+00 0. 00E+00 9.55E-02
9.00E+00 8.74E-02 1. 53E-06 0. 00E+00 0. 00E+00 8. 74E~02
1.00E+01 8.00E=-02 3, 79E-07 0. 00E+00 0.00E+00 8.00E-02
2.00E+01 3.27E-02 0. 00E+00 0. 00E+00 0. 00E+00 3.27E-02
3.00E+01 1.32E-02 0. 00E+00 0. 00E+00 0. 00E+00 1.32E-02
4,00E+01 5.29E-03 0. 00E+00 0. 00E+00 0. 00E+00 5.29E-03
5. 00E+01 2,11E-03 0. 00E+00 0. 00E+00 0. 00E+00 2.11E-03
6.00E+01 8.42E-04 0. 00E+00 0. 00E+00 0.00E+00 8.42E~04
7 . 00E+01 3.35E-04 0. 00E+00 0. 00E+00 0. 00E+00 3.35E-04
8.00E+01 1.33E~04 0.00E+00 0. 00E+00 0. 00E+00 1.33E=-04
9.00E+01 5.30E-05 0. 00E+00 0. 00E+00 0. 00E+00 5.30E-05
1. 00E+02 2.11E-05 0. 00E+00 0. 00E+00 0.00E+00 2.11E-05
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CLASS D AMAD = 1 MICRON HALFLIFE= 8.04E+00 DAYS IODINE 131
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NON-SYSTEMIC .

24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS EXCRETA EXCRETA FECES FECES
1. 00E-01 4.96E-02 0. 0O0E+00
2.00E-01 1.07E-01 0.00E+00
3.00E-01 1.54E-01 0.00E+00
4,00E-01 1. 93E-01 - 0.00E+00
5.00E-01 2.24E-01 0.00E+00
6.00E-01 2, 50E-01 0.00E+00
7.00E-01 2.70E-01 0. 00E+00
8.00E-01 2.87E-01 0.00E+00
9.00E-01 3.01E-01 0.00E+00
1.00E+00 3.13E-01 3.13E-01 0.00E+00 0.00E+00
2.00E+00 6.42E~02 3.51E-01 0, OCE+G0 0.00E+00
3.00E+00 1.66E-02 3.39E-01 0. 00E+00 0. 00E+00
4.00E+00 4,61E-03 3.15E-01 0. 00E+00 0. COE+00
5.00E+00 1.35E-03 2.91E-01 0.00E+00 0. 00E+00
6.00E+00 4,83E-04 2.67E-01 0. 0OE+00 0. COE+00
7.00E+00 2. 60E-04 2. 45E~01 0. 00E+00 0.00E+00
8. 00E+00 2,07E-04 2.25E-01 0.00E+00 0.00E+00
9.00E+00 1.96E-04 2,07E-01 0.00E+00 0.00E+00
1. 00E+01 1.93E-04 1.90E-01 0.00E+00 0.00E+00
2.00E+01 1. 30E-04 8.13E-02 0. 00E+00 0.00E+00
3.008+01 6.43E~05 3.49E~02 0. O0E+00 0.00E+00
4.00E+01 2, 84E-05 1., 50E-02 0.00E+00 0.00E+00
5.00E+01 1.20E~05 6.47E~03 0. 00E+00 0.00E+00
6.00E+01 4,91E-06 2.78E~-03 0.00E+00 0. O0OE+00
7.00E+01 1.,99E-06 1.19E-03 0.00E+00 0.00E+00
8.00E+01 7.99E-07 5.13E-04 0.00E+00 0. 00E+00
9.00E+01 3, 19E-07 2. 20E~-04 0.00E+00 0.00E+00
1.00E+02 1.27E~07 9.41E-05 0.00E+00 0. O0E+00
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CLASS D AMAD = 1 MICRON HALFLIFE= 8.04E+00 DAYS IODINE 131
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

24-HOUR ACCUMULATED ACCUMULATED
DAYS THYROID URINE URINE FECES
1.00E-01 2.13E-02 4, 83E~02 1.30E-03
2.00E-01 4.58E-02 1.04E-01 3.00E-03
3.00E-01 6.61E-02 1.50E-01 4.00E-03
4.00E-01 8.25E-02 1.88E-01 5.00E-03
5.00E-01 9.59E-02 2.18E-01 6.00E-03
6.00E-01 1.07E-01 2.43E-01 7.,00E-03
7.00E-01 1.16E-01 2.63E-01 7.00E~-03
8.00E-C1 1.23E-01 2.79E-01 8.00E~03
9.00E-01 1.29E-01 2.93E-01 8.00E-03
1.00E+00 1.33E-01 3.04E-01 3.04E~01 9.00E-03
2. 00E+00 1.49E-01 6. 24E-02 3.41E-01 1.00E-02
3.00E+00 1.42E-01 1.62E-02 3.29E-01 1.00E-02
4, 00E+00 1.31E-01 4,47E~03 3.06E-01 9.00E-03
5.00E+00 1.20E-01 1.31E-03 2,83E-01 8.00E-03
6., 00E+00 1.09E-01 3.29E-04 2.60E-01 7.00E-03
7.00E+00 9.95E-02 2. 53E-04 2.38E-01 7.00E-03
8.00E+00 9.06E-02 2.01E-04 2.19E~01 6.00E-03
9.00E+00 8.25E-02 1.90E-04 2.01E-01 6.00E-03
1. 00E+01 7.51E-02 1. 88E-04 1. 84E-01 6. 00E~-03
2.00E+01 2.95E-02 1.27E-04 7.90E~02 2.30E-03
3.00E+01 1.16E-02 6.25E-05 3.39E-02 1.00E-03
4.00E+01 4.60E-03 2.77E-05 1.46E~02 4.00E-04
5.00E+01 1.82E-03 1.16E~05 6.28E-03 1. 90E-04
6.00E+01 7. 24E-04 4,78E-06 2.70E-03 8.00E-05
7.00E+01 2.87E~04 1. 93E-06 1.16E-03 3. 00E-05
8.00E+01 1. 14E-04 7.76E~-07 4.98E-04 1. 50E-05
9.00E+01 44 54E~05 3.11E-07 2.14E-04 6. 00E-06
1.00E+02 1.80E-05 1. 24E-07 9.14E-05 2. 70E-06

B-103



CLASS D AMAD = 1 MICRON HALFLIFE= 9.5BE~02 DAYS IODINE 132
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL GI TOTAL ‘
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 1. 66E-01 1.10E-01 1. 47E-04 1. 05E-02 2.86E-01
2.00E-01 7.69E-02 4,74E~-02 6. 96E~-08 5.37E-04 1.25E-01
3.00E-01 3. 44E-02 2.05E-02 0.00E+00 4, 74E-05 5.49E-02
4.00E-01 1.55E-02 8.86E~03 0. 00E+00 1. 02E-05 2.43E-02
5.00E~01 7.05E~03 3.83E-03 0. 00E+00 3. 25E~-06 1. 09E-02
6.00E-01 3.25E~-03 1.66E-03 0. O0E+00 1. 10E-06 4.91E-03
7.00E-01 1.51E-03 7.15E-04 0. 00E+00 3. 78E~07 2. 23E-03
8.00E~01 7.07E-04 3.09E-04 0. OOE+00 1. 30E-07 1. 02E-03
9.00E~01 3.33E~-04 1.33E-04 0. 00E+00 4, 46E-08 4, 67E-04
1.00E+00 1. 58E~04 5. 76E-05 0. 00E+00 1. 53E-08 2. 15E-04
2.00E+00 1.03E~-07 1,26E-08 0. O0E+00 0. 00E+00 1. 16E-07
CLASS D AMAD = 1 MICRON HALFLIFE= 9.58E-02 DAYS IODINE 132
TIME AFTER FRACTION OF INITIAL INTAKE IN:

SINGLE INTAKE

SYSTEMIC NON-SYSTEMIC

24~-HOUR ACCUMULATED 24-HOUR ACCUMULATE
DAYS EXCRETA EXCRETA FECES FECES .
1. 00E-01 2.43E~02 0. 00E~00
2.00E-01 2.56E-02 0. 00E~00
3.00E-01 1.81E-02 0.00E-00
4.00E-01 1.11E-02 0.00E~-00
5.00E~01 6.29E-03 0.00E~00
6.00E-01 3.43E-03 0.00E-00
7.00E-01 1.82E-03 0.00E-00
8.00E-01 9.45E-04 0.00E-00
9.00E~01 4.85E~04 0.00E~00
1.00E+00 2.46E-04 2.46E~04 0. 00E+00 0.00E~00
2.00E+00 3.98E~08 2.18E-07 0. 00E+00 0.00E~-00
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CLASS D  AMAD = 1 MICRON HALFLIFE= 9.58E—-02 DAYS IODINE 132
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

24~HOUR ACCUMULATED ACCUMULATED
DAYS THYROID URINE URINE FECES
1. 00E-01 9.99E~03 2. 26E-02 6. 10E~04
2.00E~01 1.01E-02 2. 29E~02 6. 60E~04
3.00E~01 6.82E-03 1. 55E~02 4.12E~04
4.00E~01 3.99E~03 9.09E-03 2. 42E-04
5. 00E~01 2.17E-03 4. 94E~03 1. 36E~04
6.00E~01 1. 14E-03 2.58E~03 7. 44E~05
7.00E-01 5. 78E~04 1.31E~03 3. 49E~05
8. 00E-01 2. 88E~04 6. 52E-04 1.87E~05
9.00E~01 1. 41E~04 A ' 3.21E-04 8. 77E~06
1. O0E+00 6. 84E~05 1. 56E-04 1. 56E~04 4. 63E-06
2. 00E+00 3. 94E~08 1.65E-08 9. 02E~08 2. 64E~09
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B~106

CLASS D AMAD = 1 MICRON HALFLIFE= 8.67E-~01 DAYS IODINE 133
“TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL GI - TOTAL .
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1. 00E-01 3.15E-01 2.08E-01 2.79E-04 2.00E-02 5.44E-01
2.00E-01 2.79E-01 1. 72E~01 2.52E~07 1.95E-03 4.52E-01
3. 00E~01 2.37E-01 1.41E-01 0. 00E+00 3. 27E-04 3.78E-01
4.00E-01 2.03E-01 1.16E-01 0. 00E+00 1. 34E-04 3.19E-01
5.00E-01 1. 76E-01 9.56E-02 0. O0E+00 8. 11E-05 2.72E-01
6.00E-0O1 1. 54E-01 7.86E-02 0. 00E+00 5. 24E-05 2.33E~01
7.00E-01 1.36E~01 6.46E~-02 0.00E+Q0 3.42E-05 2.01E-01
8.00E-01 1.22E~01  5.31E-02 0.00E+00 2,23E-05 1.75E-01
9.00E-01 1.09E-01 4.36E-02 0. 00E+00 1. 46E-05 1. 53E-01
1. 00E+00 9.83E~02 3.58E-02 0. 00E+00 9.53E~06 1.34E-01
2. 00E+00 4.00E-02 4,89E~03 0. 00E+00 1.42E-07 4.49E-02
3.00E+00 1. 76E~02 6.48E-04 0.00E+00 0. 00E+00 1.82E~02
4,00E+00 7.84E-03 8.38E-05 0. 00E+00 0. 00E+00 7.93E-03
5.00E+00 3.51E~03 1.07E-05 0.00E+00 0. OOE+00 3.52E-03
6. 00E+00 1. 58E-03 1.34E-06 0.00E+00 0. O0OE+00 1. 58E-03
7.00E+00 7.07E-04 1. 66E-07 0. 00E+00 0. 00E+00 7.08E~04
8. 00E+00 3.17E-04 2.04E~-08 0.00E+00 0. O0E+00 3.17E-04
9.00E+00 1.42E-04 0.00E+00 0. 0O0E+00 0. 00E+00 1. 42E-04
1. 00E+01 6. 39E-05 0. 00E+00 0. 00E+00 0. 00E+00 6. 39E-05
2. 00E+02 2.08E-08 0. 00E+00 0. O0E+00 0. 00E+00 2.08E-08




CLASS D AMAD = 1 MICRON HALFLIFE= 8.67E-0l1 DAYS TODINE 133
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE .

SYSTEMIC NON-SYSTEMIC

24-HOUR ACCUMULATED 24-HOUR ACCUMULATED
DAYS EXCRETA EXCRETA FECES FECES
1.00E-01 4,61E-02 0. O0E+00
2. 00E-01 9.26E-02 0. 00E+00
3. 00E-01 1.25E-01 0. 00E+00
4.00E-01 1. 45E-01 0. 00E+00
5. 00E-01 1.57E~-01 0.00E+00
6.00E-01 1. 63E-01 0. 00E+00
7.00E-01 1. 64E-01 0.00E+00
8.00E-01 1. 62E-01 0. 00E+00
9. 00E-01 1.59E-01 0. 00E+00
1. 00E+00 1. 53E~-01 1. 53E-01 0. 00E+00 0. 00E+00
2. 00E+00 1. 54E~02 8.43E~02 0. 00E+00 0. 00E+00
4. 00E+00 2. 66E-04 1.82E-02 0. O0E+00 0. 00E+00
5.00E+00 3.82E-05 8.21E-03 0. O0E+00 0. 00E+00
6. 00E+00 6. 68E~06 - 3.70E-03 0. 00E+00 0.00E+00
7.00E+00 1.76E-06 1.66E-03 0. 00E+00 0.00E+00 -
8. 00E+00 6. 88E-07 7.49E-04 0. 00E+00 0. 00E+00
9.00E+00 3.1%E~07 3.37E-04 0. 00E+00 0.00E+00
1. 00E+01 1. 54E~07 1.52E-04 0. 00E+00 0. 00E+00
2. 00E+01 0. 00E+00 5.19E-08 0.00E+00 0. 00E+00
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CLASS D AMAD = 1 MICRON HALFLIFE= 8.67E-01 DAYS IODINE 133
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

24-HOUR ACCUMULATED ACCUMULATED
DAYS THYROID URINE URINE FECES
1.00E-01 1.98E-02 4. 50E-02 1.20E~03
2.00E-01 3.97E-02 9.01E-02 2.60E-03
3.00E-01 5.34E-02 1.21E-02 3. 20E-03
4.00E-01 6.20E-02 1.41E-01 3.70E-03
5. 00E-01 © 6.71E-02 1.53E-01 4, 20E~03
6.00E-01 6. 97E-02 1.58E-01 4.50E-03
7.00E-01 7.04E-02 1.59E-01 4.50E-03
8.00E-01 6.95E-02 1.58E-01 4, 50E-03
9.00E-01 6.79E-02 1. 54E-01 4.40E-03
1. 00E+00 6. 52E-02 1.49E-01 1.49E-01 4.40E-03
2. 00E+00 3. 58E-02 1. 50E-02 8. 50E-02 2.40E-03
3. 00E+00 1.67E~02 1.90E-03 3.86E-02 1.20E-03
4, 00E+00 7.55E-03 2, 58E~04 1.76E-02 5.20E-04
5.00E+00 3.39E-03 3.71E-05 7.98E~03 2.30E-04
6. 00E+00 1.51E-03 4.55E-06 3.60E-03 9.70E~05
7.00E+00 6. 75E-04 1. 76E-06 1. 62E-03 4,80E-05
8.00E+00 3.01E-04 6. 69E-07 7.29E-04 2.00E-05
9.00E+00 1. 34E-04 3.10E-07 3.28E~04 9.80E-06
1. 00E+01 6. 00E-05 1. 50E-07 1. 47E-04 4, 80E~-06
2.00E+01 1.88E-08 0.00E+00 5.04E~08 0. 00E+00
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CLASS D AMAD = 1 MICRON STABLE CESIUM 133
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL GI TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 3.90E-01 2.26E-01 3.03E-04 2.17E-02 6.38E-01
2.00E-01 4,33E-01 2.01E-01 2.96E-07 2.28E-03 6.36E-01
3.00E-01 4.55E-01 1.79E-01 0.00E+00 4.15E-04 6.35E-01
4,00E-01 4.73E-01 1. 60E-01 0.00E+00 1. 85E-04 6.33E-01
5.00E-01 4.88E-01 1.43E-01 0.00E+00 1.21E-04 6.31E-01
6.00E-01 5.02E-01 1.27E-01 0.00E+00 8.47E-05 6.29E-01
7.00E-01 5.14E-01 1.13E-01 0.00E+00 5.98E-05 6.28E-01
8.00E-01 5.25E-01 1.01E-01 0. 00E+00 4,23E-05 6.26E-01
9.00E-01 5.34E-01 8.96E-02 0.00E+00 2.99E-05 6.24E-01
1., 00E+00 5.43E-01 7.97E-02 0.00E+00 2.12E-05 6.22E-01
2,00E+00 5.81E-01 2, 42E-02 0.00E+00 7.04E-07 6.06E-01
3.00E+00 5.85E-01 7.13E-03 0.00E+00 3.82E-08 5.92E-01
4,00E+00 5.79E-01 2.05E-03 0.00E+00 0. 00E+00 5.81E-01
5.00E+00 5.71E-01 5.81E-04 0.00E+00 0.00E+00 5.72E-01
6. 00E+00 5.64E-01 1.62E-04 0.00E+00 0. 00E+00 5.64E-01
7.00E+00 5.58E-01 4,47E-05 0.00E+00 0. 00E+00 5.58E-01
8. 00E+00 5.53E-01 1,22E-05 0. 00E+00 0.00E+00 5.53E-01
9.00E+00 5.48E-01 3.32E-06 0. 00E+00 0.00E+00 5.48E-01
1. 00E+01 5.44E-01 8.96E-07 0.00E+00 0. 00E+00 5.44E-01
2.00E+01 5.08E-01 0. 00E+00 0.00E+00 0. 00E+00 5.08E-01
3.00E+01 4,77E-01 0.00E+00 0. 00E+00 0. 00E+00 4,77E-01
4,00E+01 4,48E-01 0. 00E+00 0. 00E+00 0. 00E+00 4,48E-01
5.00E+01 4.21E-01 0.00E+00 0. 00E+00 0. 0O0E+00 4,21E-01
6.00E+01 3.95E-01 0.00E+00 0.00E+00 0.00E+00 3.95E-01
7.00E+01 3.71E-01 0.00E+00 0. 00E+0Q0 0. 00E+00 3.71E-01
8.00E+01 3.48E-01 0.00E+00 0. 00E+00 0. O0E+00 3.,48E-01
9.00E+01 3.27E-01 0.00E+00 0.00E+00 0.00E+00 3.27E-01
1.00E+02 3.07E-01 0. 00E+00 0.00E+00 0. 00E+00 3.,07E-01
2,00E+02 1.64E-01 0.00E+00 0.00E+00 0. 00E+00 1.64E-01
3.00E+02 8.71E-02 0.00E+00 0.00E+00 0.00E+00 8.71E-02
4.00E+02 4,64E-02 0.00E+00 0.00E+00 0. 00E+00 4,64E-02
5.00E+02 2,47E-02 0.00E+00 0. 00E+00 0.00E+00 2,47E-02
6. 00E+02 1,32E-02 0.00E+00 - 0.00E+00 0. 00E+00 1.32E-02
7.00E+02 7.01E-03 0.00E+00 0.00E+00 0. 00E+00 7.01E-03
8. 00E+02 3.73E-03 0. 00E+00 0.00E+00 0. 00E+00 3.73E-03
9.00E+02 1.99E-03 0.00E+00 0. 00E+00 0. 00E+00 1.99E-03
1.00E+03 1.06E-03 0.00E+00 0.00E+00 0. 00E+00 1. 06E-03
2.00E+03 1.94E-06 0.00E+00 0.00E+00 0.00E+00 1. 94E-06
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CLASS D AMAD = ] MICRON STABLE CESIUM 133
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

24-HOUR ACCUMULATED 24-HOUR ACCUMULATED .
DAYS URINE URINE FECES FECES
1.00E-01 9. 20E-04 2.30E~-04
2,00E-01 2.22E-03 5. 55E~04
3.00E-01 3.58E-03 8.95E-04
4.,00E-01 4.97E-03 1.24E-03
5. 00E-01 6.38E-03 1. 59E-03
6.00E-01 7.80E-03 1.95E-03
7.00E-01 9.22E-03 2.31E-03
8.00E-01 1. 06E-02 2.66E-03
9.00E-01 1. 21E-02 3.02E-03
1, 0CE+00 1.35E-02 1. 35E~02 3.37E-03 3.37E-03
2, 00E+00 1.33E-02 2.68E-02 3.32E-03 6.69E~03
3. 00E+00 1,10E-02 3.78E~02 2. 76E~03 9.45E-03
4, 00E+00 ~8.87E-03 4,67E-02 2.22E~03 1.17E-02
5.00E+00 7.16E~03 5.38E-02 1.79E-03 1. 35E~02
6. 00E+00 5.89E-03 5.97E-02 1.47E~-03 1.49E-02
7.00E+00 4.,98E-03 6.47E-02 1. 24E~03 1. 62E~02
8. 00E+00 4,32E-03 6.90E-02 1.08E-03 1.73E~02
9.00E+00 3.85E-03 7.29E-02 9.62E~-04 1. 82E-02
1. 00E+01 3.51E-03 7.64E-02 8.78E-04 1.91E-02
2. 00E+01 2.59E-03 1.05E~01 6.48E-04 2.62E~02
3.00E+01 2.41E-03 1.30E-01 6. 03E-04 3.24E~02
4,00E+01 2.27E-03 1.53E-01 3. 66E~04 3.82E-02
5.00E+01 2.13E~03 1.75E-01 5.32E~04 4.37E-02 .
6.00E+01 2,00E-03 1.95E~01 4,99E~-04 4, 88E~02
7.00E+01 1.88E-03 2.15E-01 4, 69E-04 5. 36E~-02
8.00E+01 1.76E-03 2.33E-01 4, 40E-04 5.82E-02
9.00E+01 1.65E-03 2.50E-01 4.13E-04 6. 24E-02
1. 00E+02 1.55E-03 2.66E-01 3.88E-04 6.64E~02
2.00E+02 8.27E-04 3.80E-01 2.07E~04 9.51E-02
3.00E+02 4.40E-04 4.42E-01 1.10E~04 1.10E-01
4. 00E+02 2,35E-04 4,74E-01 5.86E~05 1.19E~01
5.00E+02 1,25E~04 4,92E-01 3.12E~05 1.23E-01
6. 00E+02 6+65E-05 5.01E-01 1. 66E~05 1.25E-01
7.00E+02 3. 54E-05 5.06E~01 8.86E~-06 1.26E-01
8.00E+02 1.89E-05 5.08E-01 4.72E-06 1.27E~01
9.00E+02 1.00E-05 5.10E-01 2.51E-06 1.27E-01
1.00E+03 5435E-06 5.10E-01 1.34E-06 1.28E-01
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B-111

CLASS D AMAD = 1 MICRON BALFLIFE= 1.10E+04 DAYS CESIUM 137
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE
SYSTEMIC NASAL GI TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 3.90E~-01 2.26E-01 3.03E-04 2.17E-02 6.38E-01
2.00E-01 4.33E-01 2.01E-01 2, 96E-07 2.28E-03 6. 36E-01
3.00E-01 4,55E-01 1.79E-01 0. 00E+00 4, 15E~04 6.35E-01
4.00E~-01 4,73E-01 1. 60E-01 0. 00E+00 1. 85E-04 6.33E-01
5.00E-01 4.88E-01 1.43E-01 0.00E+00 1.21E-04 6.31E-01
. 6.00E-01 5.02E-01 1. 27E-01 0. 00E+00 8.47E-05 6.29E-01
7.00E-01 5.14E-01 1.13E-01 0. 00E+00 5.98E-05 6.28E-01
8.00E-01 5.25E-01 1,01E-01 0. 00E+00 4,23E-05 6.26E-01
9.00E-01 5¢34E-01 8.96E-02 0. 00E+00 2.99E-05 6.24E-01
1. 00E+00 5.43E-01 7.97E-02 0. 00E+00 2.,12E-05 6.22E-01
2. 00E+00 5.81E-01 2.42E-02 0.00E+00 7s04E-07 6. 06E-01
3. 00E+00 5.85E-01 7.13E-03 0.00E+00 3.82E-08 5.92E-01
4.00E+00 5.79E-01 2.,05E-03 0.00E+00 0.00E+00 - 5.81E-01
5.00E+00 5.71E-01 5. 80E-04 0.00E+00 0. 00E+00 5.72E-01
6.+ 00E+00 5.64E-01 1. 62E-04 0.00E+00 0. 0OE+00 5.64E~-01
7. 00E+00 5.58E-01 4,47E-05 0.00E+00 0. 00E+00 5.58E-01
8. 00E+00 5.53E-01 1.22E-05 0. 00E+00 0.00E+00 5.53E-01
9.00E+Q0 5.48E-01 3.32E-06 0. 00E+00 0.00E+00 5.48E-01
1.00E+01 5.43E-01 8.96E-07 0.00E+00 0.00E+00 5.43E-01
2.00E+01" 5.08E-01 0.00E+00 0.00E+00 0. O0E+00 5.08E-01
3.00E+01 4,76E-01 0.00E+00 0. 00E+00 0. 00E+0Q0 4,76E-01
4,00E+01 4,47E-01 0. 00E+00 0. 00E+00 0. 00E+00 4,47E-01
5.00E+01 4,19E-01 0. 00E+00 0.00E+00 0. O0E+00 4.19E-01
6.00E+01 3.94E~-01 0. 00E+00 0.00E+00 0. 00E+00 3.94E-01
7.00E+01 3.69E-01 0.00E+00 0. 00E+00 0.00E+00 3.69E-01
8.00E+01 3.47E-01 0. 00E+00 0.00E+00 0. 00E+00 3.47E-01
9.00E+01 3.25E-01 0. 00E+00 0. 00E+00 0. 00E+00 3.25E-01
1.00E+02 3.05E-01 0. 00E+00 0. 00E+00 0. 00E+00 3.05E-01
2.00E+02 1.61E-01 0. O0E+00 0. 00E+00 0. 00E+00 1.61E-01
3.00E+02 8.55E-02 0. 00E+00 0. 00E+00 0. 00E+00 8.55E-02
4,00E+02 4.52E-02 0.00E+00 0.00E+00 0.00E+00 4.52E-02
5.00E+02 2.39E-02 0. OOE+00 0. 00E+00 0. 00E+00 2.39E-02
6. 00E+02 1.27E-02 0. 00E+00 0. 00E+00 0. 00E+00 1.27E-02
7.00E+02 6.70E-03 0. 00E+00 0.00E+00 0. 00E+00 6.70E-03
8.00E+02 3.55E-03 0.00E+00 0.00E+00 0. 00E+00 3.55E-03
9.00E+02 1.88E-03 0. 00E+00 0.00E+00 0. 00E+00 1.88E-03
1.00E+03 9.94E-04 0.00E+00 0.00E+00 0. 00E+00 9.94E-04
2.00E+03 1.71E-06 0.00E+00 0.00E+00  0.00E+00 1. 71E-06



CLASS D AMAD = ] MICRON HALFLIFE= 1.10E+04 DAYS CESIUM 137
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE ——

24-HOUR ACCUMULATED 24~-HOUR ACCUMULATED .
DAYS URINE URINE FECES FECES
1.00E-01 9.20E-04 2. 30E-04
2.00E-01 2.22E-03 5. 55E-04
3.00E-01 3.58E-03 8. 95E~-04
4,00E-01 4.97E-03 1.24E-03
5.00E-01 6. 38E~03 1. 59E-03
6.00E-01 7.80E-03 1.95E-03
7.00E-01 9.22E-03 2.31E~-03
8.00E-01 1.06E-02 2., 66E~03
9.00E-01 1.21E-02 3.02E-03
1. 00E+00 1.35E-02 1.35E-02 3.37E-03 3.37E-03
2.00E+00 1.33E-02 2.68E-02 3.32E-03 6.69E-03
3. 00E+00 1. 10E-02 3.78E~-02 2.76E-03 9.45E-03
4. 00E+00 8.87E~03 4,67E-02 2.22E-03 1.17E-02
5.00E+00 7.16E-03 5.38E-02 1. 79E-03 1.35E-02
6.00E+00 5.89E-03 5.97E-02 1.47E-03 1.49E-02
7.00E+00 4.97E-03 6.47E~-02 1. 24E-03 1. 62E-02
8. 00E+00 4.32E-03 6.90E-02 1.08E-03 1.72E-02
9.00E+00 3.85E-03 7.28E-02 9.62E-04 1.82E-02
1. 00E+01 3.51E-03 7.63E~02 8. 77E-04 1.91E-02
2.00E+01 2.59E-03 1.04E~01 6. 48E-04 2, 61E-02
3. 00E+01 2,41E-03 1.29E-01 6. 02E-04 3.23E-02
4,00E+01 2.26E-03 1.52E-01 5. 65E-04 3.81E-02
5.00E+01 2.12E-03 1.74E-01 5.30E-04 4,35E-02
6.00E+01 1.99E-03 1.95E~01 4.97E-04 4.86E~02
7.00E+01 1.87E-03 2.14E-01 4, 67E-04 5¢34E~02
8.00E+01 1.75E~-03 2.32E-01 4, 38E-04 5.79E-02
9, 00E+01 1.64E~03 2.48E-01 4,11E~-04 6.21E-02
1.00E+02 1.54E-03 2.64E-01 3, 86E-04 6.60E-02
2. 00E+02 8.16E-04 3.76E-~01 2. 04E-04 9.39E-02
3.00E+02 4,32E-04 4.33E-01 1. 0BE-04 1. 08E~01
4. 00E+02 2.29E-04 4.62E-01 5.72E~05 1.16E-01
5.00E+02 1.21E-04 4.76E~-01 3.03E~05 1.19E~01
6. 00E+02 6.40E-05 4.82E-01 1, 60E~05 1.21E-01
7.00E+02 3.39E~-05 4.84E-01 8.47E-06 1. 21E-01
8.00E+02 1.79E-05 4,83E~01 4. 48E-06 1.21E-01
9.00E+02 9.49E~-06 4.81E-01 2.37E-06 1. 20E-01
1. 00E+03 5.02E-06 4.79E-01 1.26E~-06 1.20E-01
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CLASS D AMAD = 1 MICRON STABLE BARIUM 137
TIME AFTER FRACTION OF INITIAL INTAKE IN:
SINGLE INTAKE

SYSTEMIC NASAL GI TOTAL
DAYS ORGANS LUNGS PASSAGES TRACT BODY
1.00E-01 1.16E-01 2.26E-01 3.03E-04 1. 52E-01 4,93E-01
2.00E-01 1. 21E-01 2,01E-01 2,96E-07 1.47E-01 4,69E-01
3.00E-01 1. 26E-01 1. 79E-01 0.00E+00 1.43E-01 4,48E-01
4,00E-01 1. 30E-01 1. 60E-