
Or - ITRI-139-AD-A281 0307 JANUARY 1904
E"ICATEGORY: UC140

BIENNIAL REPORT ON LONG-TERM
DOSE-RESPONSE STUDIES OF

INHALED OR INJECTED RADIONUCLIDES

1991 - 1993 ELECTE

8JUL o0I4 D1

by the Staff of the
Inhalation Toxicology Research Institute

and the Radiobiology Division,
University of Utah School of Medicine

94-20297
11,111i'M~~______ 111111111,_a? C QuUA.-Ty INSPZL~i'LD a2

INHALATION TOXICOLOGY RESEARCH INSTITUTE
LOVELACE BIOMEDICAL & ENVIRONMENTAL RESEARCH INSTITUTE
P.O. Box 5890 Albuquerque, NM 67185

94 7 1 059
PREPARED FOR THE OFFICE OF HEALTH

AND ENVIRONMENTAL RESEARCH
OF THE U.S. DEPARTMENT OF ENERGY

UNDER CONTRACT NUMBER DE-AC04-76EV01013

____ ____ ___ ____-.-.-.!



This report was prepared as an account of work sponsored by the United States
Government. Neither the United States nor the United States Department of
Energy, nor any of their employees, nor any of their contractors, subcontractors,
or their employees, makes any warranty, expressed or implied, or assumes any
legal liability or responsibility for the accuacy, completeness or usefulness of
any information, apparatus, product or process disclosed, or represents that its
use would not infringe privately owned rights.

The research described in this report involved animals maintained in animal care
facilities fully accredited by the American Association for Accreditation of
Laboratory Animal Care.

Printed in the United States of America

Available from

Natioo.l Technical Information Service
U.S. Department of Commerce

5285 Port Royal Road.
Springfield, VA 22161.



ITRI-139
January 1994

Category: UC4OS

BIENNIAL REPORT ON LONG-TERM

DOSE-RESPONSE STUDIES OF

INHALED OR INJECTED RADIONUCLIDES

OCTOBER 1, 1991 through SEPTEMBER 30,1993

by the

Staff of the

Inhalation Toxicology Research Institute

J. L Maudeuly, Director

and

Radloblology Division, University of Utah School of Medicine

R. A. Daynes, Director
Accesion For
NTIS CRA&I-

DTIC TAB
U:announced [-
JustificationEditors ......... ...................

0. B. Boecker By ................

B. A. Muggenburg Dist ibition I

S. C. Miller Availability Codes

P. L Bradley Avail ar-d-or
Dist Special

PREPARED FOR THE OFFICE OF HEALTH AND ENVIRONMENTAL RESEARCH
OF THE U.S. DEPARTMENT OF ENERGY

UNDER CONTRACT NUMBER DE-AC04-76EV01013



TABLE OF CONTENTS

FOREW ORD .................................................................... v

EXECUTIVE SUMMARY .......................................................... vi

I ITRI LIFE-SPAN STUDIES IN DOGS ............................................... I

A. SPECIFIC PROJECT OBJECTIVES .............................................. 1

B. EXPERIMENTAL APPROACHES ............................................... 2

1. General Procedures ....................................................... 2

2. Study-Specific Features .................................................... 2

a. Beta-Emitting Radionuclides Inhaled in a Relatively Soluble Form ................... 2

i. 9 . .. . ................................................................. 2

ii. 144C eC13 ............................................................. 2

"iii. "91yc13 ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

iv. 137Cs I ......................................................... 3

b. Beta-Emitting Radionuclides Inhaled in a Relatively Insoluble Form .................. 3

i. 90Y in FAP ...................................................... 3

ii. 9 1Y in FAP ...................................................... 3

iii. 144Ce in FAP ..................................................... 3

iv. 9°Sr in FAP ...................................................... 3

c. Uniformity of Pulmonary Irradiation from an Inhaled Alpha-Emitting Radionuclides ...... 5

i. 238Pu0 2 .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8
ii. 239 puO 2 .............................................................. 8

d. Effects of Age ....................................................... 9

i. 144Ce in FAP in immature dogs ........................................ 9

ii. 144Ce in FAP in aged dogs ............................................ 9

iii. 239O 2 in immature dogs ......................................... 9

iv. 2-9PuO2  in aged dogs ............................................... 9

e. Effects of Protracted Exposure ............................................ 9

i. 144Ce in FAP repeated exposures ....................................... 9

ii. 23Pu02  repeated exposures ........................................... 9

3. Additional Approaches Being Used in the Life-Span Studies ......................... 10

C. CURRENT STATUS OF ITRI STUDIES .......................................... 10

1. General Overview ....................................................... 10

2. Summary Repors for Studies with Living Dogs .................................. 12



TABLE OF CONTENTS

a. Toxicity of Inhaled 39PuO2 in Beagle Dogs. XIV: ............................. 12

i. Monodisperse 0.75pun AMAD Particles .................................. 12

ii. Monodisperse 1.5 pin AMAD Particles ................................... 12

iii. Monodisperse 3.0 pm AMAD Particles ................................... 12

b. Toxicity of 144Ce Inhaled in a Relatively Insoluble Form by Immature Beagle Dogs. XXI. . 23

c. Toxicity of 239 PuO 2 in Immature Beagle Dogs. XII ............................. 26

d. Repeated Inhalation Exposure of Beagle Dogs to 239puO 2. XVI ..................... 33

3. Annual Report References to Dog Longevity Studies in which All Dogs Have Died ......... 37

a. 9°SrCI2 Longevity and Sacrifice Studies ..................................... 37

b. 144CeC1 3 Longevity Study .............................................. 37

c. 9 1 yC!3  Longevity Study ................................................ 37

d. 13 7CsCa Longevity Study ............................................... 41

e. 9Y in FAP Longevity Study ............................................ 42

f. 9 1Y in FAP Longevity Study ............................................ 42

g. 144Ce in FAP Longevity Study ........................................... 44

h. 144Ce in FAP, Aged-Dog Longevity Study ................................... 48

i. 9Sr in FAP Longevity Study ............................................ 48

j. 23pu0 2 Monodisperse Aerosol Longevity Study - 1.5 and 3.0 um AMAD Particles ...... 48

k. 239PuO 2 Aged-Dog Longevity Study ....................................... 48

D. COMPLETION ACTIVITIES FOR THE ITRI STUDIES ............................... 54

1. Completion of Individual Studies ............................................ 54

2. D atabases ............................................................. 56

E. RECENT RESEARCH ACCOMPLISHMENTS ..................................... 57

1. Life-Span Health Effects of Relatively Soluble Forms of Internally Deposited Beta-
Emitting Radionuclides ................................................... 57

2. Bone Tumor Incidence in Beagle Dogs that Inhaled Soluble Radionuclides ............... 60

3. Primary Lung Cancer in the Longevity Study/Control Population of the ITRI Beagle
Dog Colony ........................................................... 62

4. Growth Rate Patterns of Lung Tumors in Beagle Dogs Exposed to 239PuO 2 or 238 PuO2 . . . . . . . 66

5. Prediction of Survival Times after Repeated Exposures Based on Survival Times
Following a Single Exposure of Beagle Dogs by Inhalation to 239PU02 . . . . . . .. . . . . . . . . . . . 69

II. UNIVERSITY OF UTAH LIFE-SPAN STUDIES IN DOGS 71

A. SPECIFIC PROJECT OBJECTIVES ............................................. 71

B. EXPERIMENTAL APPROACHES .............................................. 71

ii



TABLE OF CONTENTS

1. General Pmxcedu ...................................................... 71

2. Stady-Specfic Features ................................................... 72

A. 2*pm ............................................................. 72
b. ............................................................. 72

C. 2RA ......... . ....... .73.. .... 73

d. M n .. . . . .. . . . .. . ............................... .,,,.... o , o. , . , 73

e. 4& ............................................................ 73

f 241A ............................................................. n3

9. 249a ............................................................. 73

b. 213 . .............................................................. 74

j. 223Ra ............................................................. 74

k. Toxicity Studies in Immature and Aged Beagle Dogs ........................... 74

C. CURRENT STATUS OF THE UTAH STUDIES .................................... 74

General Overview .......................................................... 74

D. COMPLETION ACTIVIES FOR THE UTAH STUDIES ............................. 76

E. RECENT RESEARCH ACCOMPLISHMENTS ..................................... 81

1. Distribution of Skeletal Malignancies in Beagles Injected with 239pu -itrate .............. 81

2. Occurrence of Metastuses in Beagle Dog with Skeletal Malignancies Induced by Internal
Irradiation ............................................................. 86

3. Skeletal Malignancies among Beagle Dogs Injected with 24tAm ....................... 88

4. Thyoid Lesions Induced by 241Am in the Beagle Dog ............................. 90

5. Relationship of Leukemia and Radon or Thoron in the Body ......................... 93

6. Statistics of Noit to Bone Cell Nuclei .......................................... 95

7. Static and Dynamic Bone ysomorphomeu of -tPu-reated Dop .................... 97

I1. ARGONNE NATIONAL LABORATORY LIFE-SPAN STUDIES IN DOGS 100

A. SPECIFIC PROJECT OBJECTIVES ............................................ 101

B. CURRENT STATUS OF DOGS ............................................... 101

IV. PUBLICATIONS FROM THE LFE-SPAN STUDIES IN DOGS AT ITRI 105

A. OPEN-LrIERATURE PUBLICATIONS FROM INCEFTION OF THE ITRI STUDIES
THROUGH FY-1991 (Fotal of 342) ............................................ 105

B. OPEN-LITRATURE PUBLICATIONS OF THE ITRI STUDIES DURING FY-1992 AND
FY-1993 (rotsa of 24) ...................................................... 105

C. DOCUMENT REPORTS RESULTING FROM THE ITRI STUDIES ..................... 107

.l .



TABLE OF CONTENTS

Pm

V. PUBLICATIONS FROM LIFE-SPAN STUDIES IN DOGS AT THE UNIVERSITY OF UTAH 109

A. OPEN-LIrERATURE PUBLICATIONS FROM INCEPTION OF THE UTAH STUDIES
THROUGH FY-1991 (Trots of 395) ............................................ 109

B. OPEN-LITERATURE PUBLICATIONS OF THE UTAH STUDIES DURING FY-1992 and
FY-1993 (Total of 20) ...................................................... 109

C. DOCUMENT REPORTS RESULTING FORM THE UTAH STUDIES .................... .II

APPENDICES

A STATUS OF LONGEVITY AND SACRIFICE STUDIES IN BEAGLE DOGS AT ITRI (9/30/93) .... 113

B STATUS OF LONGEVITY AND SACRIFICE STUDIES IN BEAGLE DOGS FROM THE
UNIVERSITY OF UTAH (9/30/93) ................................................ 159

iv



FOREWORD

This is the fourth report focussed specifically on the life-span dose-response studies being conducted at
the Inhalation Toxicology Research Institute, ITRI, and the University of Utah. The first three of these reports
were annual reports covering fiscal years 1989, 1990, and 1991. The reporting period for this report is biennial,
covering fiscal years 1992 and 1993. These reports continue the tradition of presenting an historical record of
these life-span studies in annual reports.

The information in this report is current through September 30, 1993. To ensure stand-alone quality
for this report, a substantial amount of information is provided about the experimental design and methods as
well as references to past results and the presentation of recent results and current status reports.

This report contains current information on the life-span studies initiated at ITRI, University of Utah,
and Argonne National Laboratory. The inclusion of results from the Utah studies reflects the cooperative effort
among investigators at ITRI and Utah to complete the Utah studies. Included in this effort are the husbandry,
clinical care, and biomedical observations of living Utah-study dogs at ITRI. Similar care and observations are
being provided to all the living dogs in the life-span studies of Beagle dogs that were irradiated chronically with
gamma radiation from an external source at Argonne National Laboratory until being transferred to ITRI on
January 23, 1991.

Most of the studies initiated at the University of Utah or ITRI have reached the point where all dogs
on study are now dead. Thus, most of the current effort is being directed toward detailed reviews and analyses
of study materials and data followed by the publication of these results in the open scientific literature. Teams
of investigators at both institutions are conducting the necessary reviews and analyses and publishing the related
core manuscripts on each study. The results given in these basic manuscripts provide the basis for dose-response
analyses to assess the health-risk implications for possible accidental human exposure. As the results from more
studies become available, increasing effort will be devoted to health risk analyses across studies within a
laboratory and also across studies in other laboratories. An Executive Summary briefly summarizes recent
progress and accomplishments and the types and location of various data tables and charts related to these
studies.

Vderly, Director /

S.. . . . ,,. l l l l iimlii 'i 'i• i lii~ . . ... . ii -m



EXECUTIVE SUMMARY

This report describes the scientific progress in, and current status of, life-span studies of the long-term
health risks in Beagle dog of chronic irradiation from internally deposited radionuclides or from an external
sorce. The reporting period for this document is the 2-year period from October 1, 1991 through September 30,
1993. Studies that were initiated at three different laboratories (Inhalation Toxicology Research Institute, ITRI,
University of Utah, and Argonne National Laboratory, ANL) are presented here because they are being completed
at ITRI.

All living dogs in the Utah-initiated studies were transferred to the ITRI facility for the remainder of
their life-span observations and measurements in September 1987. Scientists at both institutions are working
collaboratively to ensure the oderly and thorough completion of these studies. This report is the fourth in a
series of annual or biennial reports dealing with the current status and progress of both the Utah and ITRI
studies.

Other life-span studies involving dogs exposed to gamma radiation from an external source were initiated
and conducted for many years at ANL. In 1991, the decision was made to discontinue the chronic irradiation
of the remaining living dogs and to transfer all remaining dogs to ITRI for care, clinical observations, and
pathological observations at death or euthanasia. This report provides the current status of these dogs.

Status reports on the Utah and ITRI studies comprise most of this report. The information on both sets
of studies is organized along similar lines, addressing basic research approaches, study designs, recent
accomplishments, and progress in study-completion activities.

The ITRI-related section presents brief statements of project objectives, the general procedures used in
these studies, and some study-specific features for each of the 19 studies being conducted with either beta- or
alpha-emitting radionuclides. Dose- and effect-modifying factors being addressed in these studies include total
dose, dose rate, LET, solubility, nonuniformity of dose, species, age, sex, health status, and mode of exposure.
Recent additions to experimental protocols for studies in which dogs are still alive involve the collection and
analysis of tumor tissues using currently available molecular biology techniques.

The ITRI section continues with a presentation on the current status of these studies divided into four
sections dealing with 1) studies in which dogs are alive, 2) studies in which all dogs are dead, 3) current
activities related to completion of all these studies, and 4) recent research accomplishments. On September 30,
1991, 106 dogs were alive in six studies. On September 30, 1993, the closing date for this report, the number
of living dogs was 49 in four studies. All of the remaining dogs were exposed by inhalation to monodisperse
particles of 239 PuO2 either once or repeatedly as young adult dogs or once as immature dogs. Brief clinical and
pathology summaries are given in a manner consistent with past reports for each dog that died during the
reporting period. For readers wishing to study past reports on studies in which all dogs are dead, summary
information and references are given to all previous reports on these studies in past annual reports.

Much of the current effort on the ITRI studies is directed to completion of the clinical pathology
reviews of the dogs by study, data analyses, and manuscript preparations needed to determine and present the
basic results of these studies and their implications for human health risks from inhaled radionuclides.

Five brief reports are presented as examples of efforts underway in these studies. The first of these
reports examines the long-term carcinogenic responses seen in the four studies in which dogs inhaled, or were
injected with, soluble forms of beta-emitting radionuclides. Attention was directed specifically to the primary
target organs, lung, liver, bone, and nasal mucosa. Differences in tumor incidence among these organs related
to differences in radionuclide distribution patterns among these radionuclides. Further dose-response analyses
will be conducted to provide more quantitative information on these similarities and differences.

Bone tumor incidence in all ITRI studies involving soluble or relatively soluble forms of radionuclides
(O°SrC 2, 9 1yc 3 , 144CeCI 3, 

137CsCI, and 238PuO 2) is addressed in the second report. Comparison of the number
of bone tumors observed in these studies with various beta- or alpha-emitling radionuclides suggests that the
tumors occurred primarily in studies with the longer-lived radionuclides. Significant differences were observed
in the distribution of tumors within the skeleton and the occurrence of possible bone-associated tumors. Further
analyses are in progress.
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An important aspect when analyzing the life-span incidence of lung cancer after inhalation of different
radionuclides is knowledge of the incidence, types, and times of occurrence of lung cancers in unexposed control
dogs. The third report in this section describes results seen to date in a population of 225 life-span control dogs.
As of September 30, 1992, 204 of these dogs had died or been euthanized. The observed crude incidence was
10% in female and 6% in male dogs although this gender effect was not statistically significant. The age
specific incidence increased markedly after 14 yr of age and was nearly 10% in both males and females after
16 yr. All of the tumors observed were carcinomas, most of which were papillary adenocarcinomas.

Another aspect of lung cancer, tumor growth-rate patterns, is the subject of the fourth report.
Radiographs were examined of 174 dogs that developed pulmonary neoplasms after inhalation of 238 pu0 2 or
239puO 2. From this group, 29 cases were selected for further analyses. Digital traces of tumor outlines on the
radiographs were entered into the computer and used to determine tumor volume as a function of time. The
data suggest that growth rates of Pu-induced lung tumors have doubling times between 1 and 9 mo. The dogs
generally fell in one of two groups having doubling times of either 1 to 3 mo or 6 to 9 mo. Additional
analyses are being conducted to determine an appropriate point in tumor development to use for dose
calculations.

The last report in this section discusses analyses of survival times in dogs exposed by inhalation to
239puO2 repeatedly at 6-mo intervals for 10 yr. This analysis focused on death from radiation pneumonitis and

pulmonary fibrosis. The average dose rate was found to be a useful way for predicting the response to multiple
exposures from a single exposure.

The current status and recent progress of life-span studies from the University of Utah begin the next
major section of this annual report. These studies were begun in the early 1950s for the purpose of determining
the radiotoxicity of 239 Pu relative to that of 226Ra for comparison with results obtained in humans containing
burdens of 226 Ra. A number of studies with other radionuclides, primarily alpha emitters, were added in later
years.

The specific objectives of these studies are briefly presented followed by a description of the general
procedures. The main difference between the Utah studies and the ITRI studies is the exposure route. All of
the Utah studies involve exposure by a single intravenous injection (or repeated injections for 224Ra), whereas
all the ITRI exposures, except for 137CsCI, were given by single or repeated inhalation exposures. The Utah
studies involved both life-span studies and special serial-sacrifice studies. Of primary interest at the present time
is completion of the life-span studies. Study-specific features are presented for studies of young-adult Beagles
that received intravenous injections of I of 10 different radionuclides or of immature or aged Beagle dogs
injected with 239pu or 226Ra.

Thirty-three dogs in the University of Utah-initiated studies died or were euthanized between September
30, 1991, and September 30, 1993, leaving a total of six living dogs on study. These living dogs are in the
study of 2241a in young adult dogs or -26Ra in immature dogs.

Research efforts in the Utah studies fall into three general categories: 1) continued care and observation
of the dogs still alive, 2) detailed dosimetric studies, at the organ and local levels, of these injected radionuclides
and the factors that influence these dose patterns, and 3) completion of final reviews of biological materials and
data, compilations and analyses of data, and preparation of final study reports for publication in the open,
scientific literature. Care and study of the dogs on study is continuing at the ITRI iocility.

Most of the scientific effort at the University of Utah is currently being directed to completion of major
life-span studic- and the associated dosimetry studies required to determine dose-response relationships and
estimated health risks for humans. The current focus of study completion activities is directed primarily to the
studies of young adults dogs injected intravenously with either 216Ra or 23 Pu. Milestone schedules are given
for the various segments of these studies that need to be completed prior to completion of overall summary
manuscripts on these studies. These individual milestone activities are also leading to other manuscripts that
present more detailed examinations of the various dose and effects results obtained as well as analyses that cut
across two or more studies.

Seven brief reports are given as examples of efforts underway in these studies. The first of these
reports examines the distribution of skeletal malignancies in dogs injected with 239pu citrate when they were
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younq adults. The distribution of 9 NPu-induced bone tumors was compared with the distribution of 226%

induced bone tumor. The 226% exposed dogs showed more bone tumors in the tibia, and the 239pu resulted

in more tumos in the axial skeleton. Site-specific bone turnover rate and percent of red marrow at the site

(vascularity) may have been important influencing factors in these distribution patterns.

The second report discusses the occurrence of metastases in dogs with skeletal malignancies. For most

factons studied, no significant differences were established between dogs with and without metastases. However,

larger tumor volumes at death appeared to be associated with the probability of metastasis. The fraction of dogs

with metastasis increased monotonically with increasing tumor volume at death.

Skeletal malignancies in dogs injected with 24
tAmn were examined in the third report in this section.

When all dosage groups >3 Gy were excluded from the analysis, a linear relationship of percent of dogs with

skeletal malignancy = A = 0.76 + 30D is obtained where D is the average skeletal dose to I yr before death.

The ratio of this equation to a similar one fitted to data for 226Ra-injected dogs indicates that 24tArn was about

six times more effective in producing bone cancers per unit of average bone dose than was 226Ra.

Another report on the 241 rtm life-span study in dogs involves thyroid lesions. Although only a relatively

small fraction of the injected 24 tAm was deposited in the thyroid, it resulted in high local concentrations because

of the small mass of the thyroid. Follicular atrophy and interstitial fibrosis were seen at the higher dosage

levels. However, the incidence of thyroid tumors in the Am-treated dogs was not significantly different from

the incidence seen in the control dogs.

The fifth report in this section addresses data from the University of Utah studies that may pertain to

the question of leukemia which may be caused by inhaled radon or thoron progeny. In the Utah studies, dogs

injected with 22 6Ra, 22Ra, or 228T, received chronic internal irradiation from the gaseous decay products 222n

radon, or 22°Rn, thoron. Some of these gaseous progeny might escape to the marrow cavity and irradiate the

red marrow. No strong effect of myeloid or lymphoid malignancy or of mast cell malignancy was observed in

dogs having either radon or thoron in their body as compared with control animals or with dogs injected with
other alpha-emitting radionuclides.

The sixth and seventh reports are directed to issues of skeletal dosimetry. One of these reports discusses

the statistics of hits to bone cell nuclei, and the other examines static and dynamic bone histomorphometry in
239Pu-treated dogs. In the statistical analysis, the probability of no hits to the nuclei of bone-lining cells was

examined for first and subsequent generations of bone cells in the cases of random or deterministic remodeling.

For the first generation of bone cells, age-dependent remodeling gives a higher probability of no hits than does

random remodeling. On the other hand, for subsequent generations, age-dependent remodeling gives a lower
probability of no hits than does a random one.

The histomorphometry report examines the possible effects of cage confinement on the early dosimetry

of bone-seeking, alpha-emitting radionuclides. Some differences were observed in bone mass and architecture

as well as some bone turnover rates. However, the currently available results are too limited to lead to definite

conclusions.

The third section of this document provides a brief status report on the dogs moved to ITRI from ANL

in January 1991. Seventy-three dogs were moved to ITRI. By the end of FY-1993, 43 of these dogs had died

or were euthanized. All of the surviving dogs are being followed medically, and gross and histopathology
information will be obtained at death.

The sections on the ITRI, Utah, and ANL studies are followed by two sections that provide references
to open literature and document publications produced by the ITRI and Utah efforts. Specific references to open
literature publications during the past fiscal year are included for both organizations.

This annual report concludes with publication of the annually revised appendix tables that list pertinent

experimental information for every dog assigned to either an ITRI- or Utah-initiated study. These tables are
working documents for which individual entries may change from time to time as new or revised information

becomes available. When the information in a specific table reaches the point where further changes are

unlikely, it will be so noted. None of the tables has yet reached that stage.

viii



I. ITRI LIFE-SPAN STUDIES IN DOGS



A. SPECIFIC PROJECT OBJECTIVES

The major objectives of these studies are to define the late-occuming health effects of inhaled
radionuclides, to determine appropriate dose-response functions for describing the occurrences of these effects,
to gain an understanding of the relative importance of various dose- and effect-modifying factors, and to use
these results to estimate human health risks from inhaled radionuclides. Because the information necessary to
describe these relationships is not available from human exposures to radionuclides, it is necessary to perform
studies in laboratory animals to address these issues.

The series of life-span studies conducted in Beagle dogs for this project were designed to determine the
radiotoxicity of representative radionuclides found in the inventories of various types of nuclear reactors, defense
production facilities, and associated waste products. Specific questions that are addressed in these studies are
as follows:

(1) What are the organs at risk relative to the solubility of the chemical form of the radionuclides?

(2) What is the importance of total dose and dose rate to the lung with respect to beta-emitting
radionuclides in producing biological effects?

(3) What is the importance of the uniformity oi dose to the lung from alpha-emitting radionuclides
relative to the risk of lung cancer?

(4) Does the age of the individual at the time of exposure modify dose and resulting effects?

(5) Does the protraction of dose by repeated exposures have an important effect on biological
responses?

Our major focus is on life-span studies in dogs; however, studies are also being done in rodents and
in nonhuman primates. The purpose of these latter studies is to provide information from other species that will
strengthen and improve the extrapolation of data from laboratory animals to humans.

1



B. EXPERIMENTAL APPROACHES

1. General Procedures

Each dog life-span study involves dogs that were exposed at one of 4 to 10 levels plus unexposed
control dogs. Typically, each exposure level contained 12 dogs, although in a few instances, a particular level
contained more or less than 12 dogs. All dogs used were purebred Beagles from the Institute's colony. Before
being placed on study, each dog received a complete medical evaluation to ensure its suitability for inclusion
in a life-span study. Dogs were placed on study according to a randomized block design. Two or more blocks
of dogs, at least one block of each sex, each containing one dog at each desired exposure level and a control
dog, were entered on study at a particular time. Entry of the full complement of dogs in a given study was
spread over 2 to 5 yr.

With the exception of the study in which 137CSCI was administered by intravenous injection, all
radionuclides were administered by single or repeated, brief, per-nasal inhalation exposure. Dogs were
whole-body counted immediately after exposure and periodically thereafter, to quantitate the initial body burden
of the inhaled radionuclide and its subsequent retention. Urinary and fecal excretions were collected daily in
the early post-exposure period and periodically thereafter, as another means of quantifying radionuclide retention.

All dogs on study received annual medical evaluations, as well as clinical treatment when required. The
serial blood cell counts and serum chemistry determinations and the radiographic information were compiled into
individual, lifetime medical records for each dog. At death, each dog received a complete necropsy, with gross
examination of tissues and organs and collections of specimens for histopathology and radioanalysis of
radionuclide content. Tissue specimens were examined histopathologically, and a case summary and diagnoses
were prepared. Additional dosimetry data were obtained from the serial sacrifice of dogs exposed in parallel
studies using the same radionuclides and aerosol forms as in the life-span studies. Histopathology results are
encoded according to SNODOG, a modified version of the SNOMED nomenclature system, and entered into a
FOCUS database along with major clinical results for each dog.

2. Study-Specific Features

a. Beta-Emitting Radionuclides Inhaled in a Relatively Soluble Form

The solubility of inhaled material in body fluids has a definite effect on the translocation of
radionuclides from the lung and influences which organs receive significant radiation doses. The four
radionuclide compounds chosen for these studies, 90SrCI2, 

144CeCl3, 9 1YCI3 and 13 7CsCI, provided a range of
organs at risk, including lung, liver, skeleton, and whole body. For the purposes of this report, use of the tenns
9Sr, 13 7Cs, or 14Ce refers to an equilibrium mixture of 9Sr-90Y, C37CS l37mBa, or t4Ce-1 4Pr, respectively.
Specific features of these four studies are given below.

i. 90SrC12 (Inhalation exposures performed from 1965-1967)

This study involves 48 dogs that received single inhalation exposures to graded levels of 9°Sr and 15
control dogs. The exposure aerosol was 9OSrCI2 in a nonradioactive CsCI vector. The long-term retained
burdens ranged from 0.37 to 4.44 MBq/kg body weight. Because 9°Sr is a bone-seeking radionuclide, the
skeleton was the main target organ.

ii. '44CeC1 3 (Inhalation exposures performed from 1966-1967)

This study involves 55 dogs that received single inhalation exposures to 144CeCI3 on a CsCI vector and
17 control dogs. The long-term retained burdens ranged from 0.096 to 13.3 MBq/kg body weight. The main
target organs were lung, liver, skeleton, and nasal cavity.
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iii. 91YCi3 (Inhalation exposures performed from 1966-1967)

This study involves 42 dogs that received single inhalation exposures to 9 1YCI3 on a CsCI vector and
12 control dogs. The long-term retained burdens ranged from 0.52 to 20 MBq/kg body weight. The main target
organs were similar to those for 144Ce - lung, liver, skeleton, and nasal cavity.

iv. 13 7CsC1 (Intravenous injections were done in 1968-1969)

This study involves 54 dogs that received a single intravenous injection of 13 7 CsCi and 12 control dogs.
The initial body burdens of 13 7Cs in the injected dogs ranged from 32.5 to 148 MBq/kg body weight. Because
of the soluble nature of the injected material and the fact that the distribution of cesium follows that of
potassium in the body, the resulting pattern of irradiation was generally a whole-body exposure, in contrast to
the three studies listed above where the radionuclides were preferentially deposited in only a few organs.

b. Beta-Emitting Radionuclides Inhaled in a Relatively Insoluble Form

This series of four studies was designed to investigate the carcinogenic response of the lung to similar
doses of chronic beta radiation delivered over different periods of time. To achieve this objective, four
radionuclides, with radioactive half-lives ranging from 64 h to 29 yr and each encapsulated in a common form
of vector aerosol, fused aluminosilicate particles (FAP), were studied. Specific features of these four studies are
given below.

i. 9Y in FAP (Inhalation exposures performed from 1969-1971)

This study involves 89 dogs that received single inhalation exposures to 9tY-FAP and 12 control dog.
The initial lung burdens (ILBs) ranged from 2.96 to 192 MBq/kg body weight. Because the half-life of
is relatively short, 2.6 days, and 9Y in this form is relatively insoluble, the major radiation dose was delivered
to the lung.

ii. 9 1Y in FAP (Inhalation exposures performed from 1970-1971)

This study involves 96 dogs exposed once to graded levels of 9 1Y-FAP and 12 control dogs. ILBs
ranged from 0.407 to 13.3 MBq/kg body weight. The effective half-life of 91Y is approximately 53 days in the
lung. The main target organs were the lung and tracheobronchial lymph nodes.

iii. 14 4Cc in FAP (Inhalation exposures performed from 1967-1971)

This study involves 111 dogs that received single brief exposures to 14Ce-FAP as young adults and
15 control dogs. ILBs ranged from 0.00009 to 7.77 MBq/kg. The effective half-life of 14Ce in the lung is
about 180 days. Lung and tacheobronchial lymph nodes were the main target organs.

iv. 90Sr in FAP (Inhalation exposures performed from 1970-1974)

This study involves 106 dogs that received single brief exposures to 9OSr-FAP as young adults and 18
control dogs. ILBs ranged from 0.0044 to 3.55 MBq/kg body weight. The radioactive half-life of 9OSr, about
29 yr, is the longest of the four radionuclides used in this series. When incorporated in FAP, the effective
pulmonary retention half-life is about 500 days. The main target organs were lung and tracheobronchial lymph
nodes.

Figures 1 and 2 illustrate the effect of different retention patterns in the lung for the four studies in
which young adult dogs inhaled radionuclides in FAP aerosols These differences result from effective half-lives
in lung that range from -2 days for 9Y to more than 500 days for 90Sr. In Figure 1, the expected change in
radiation dose rate as a function of time is shown for the levels of exposure selected to produce initial dose rates
of 1 Gy/day. The dose patterns in Figure 1 required assignment of similar activity levels for ILBs, because the
beta energies are similar for the four radionuclides. For the same ILB, different dose-rate patterns result in
marked differences in the long-term cumulative radiation dose to the lung. Differences in radiation dose patterns
among the different radionuclides are demonstrated in Figure 2, where cumulative dose curves resulting in infinite
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doses of 20 Gy to the lung required iR.- ranging from 48 MBq for 9Y (initial dose rate = 5.3 Gy/day) to 0.26
MBq for 9°Sr (initial dose fate = 0.57 Gy/day). Table I shows the various organs that received substantial beta
radiation doses in these studies and thus, were especially at risk for the development of long-term biological
effects.

10* FAP

soy FAP "YFAP

0 250 750 1000

DAYS AFTER INHALATION EXPOSURE

Figure 1. Calculated absorbed beta dose rate to the lung for Beagle dogs for various inhaled radionuclides
Onormalized to 1 Gy/day initial dose rate (110 g lung). FAP = fused aluminosilicate particles.

IIW

I ,-

0 250 ON 75O 1000
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Figure 2. Calculated patterns for accumulating total beta-dose to the lung in Beagle dogs of 20 Gy from

various inhaled radionuclides (110 g lung). FAP = fused aluminosilicate particles.
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Table 1

Ufe-Span Dose-Response Studies in Beagle Dogs that Received Single,
Brief Exposures by Inhalation To Beta-Emitting Radionuclides

Whole-Body Orgn Receiving Substantial Radiation Does
Aerosol Effective Age at

and Retention Inhalation Whole
Form" Half-Ufe Exposure Lung Skeleton liver Body TBLNb

137csci 30 days 13 months ++C

9 1 y(a 3  59 days 13 months ++ ++ ++

144cc(3 284 days 13 months ++ ++ +++

90SrCl 2  5-10 years 13 months ...

90Y FAPd 2.5 days 13 months ++ +
9 1Y FAP 53 days 13 months +++ ++
144Ce FAP > 200 days 13 months +++ + +

90Sr FAP > 500 days 13 months +++ + +

144Ce FAP > 200 days 3 months .+. + + ...

144Ce FAP > 200 days 8-10 years +++ + + ...

"All polydisperse aerosols, except 137 CsC which was given by intravenous injection.
bTracheobronchial lymph nodes.
cRelative magnitude of dose received.
dFused aluminosilicate particles.

c. Uniformity of Pulmonary Irradiation from an Inhaled Alpha-Emitting Radionuclide

To address the question of whether a nonuniform distribution of alpha radiation in the lung is more
carcinogenc than a uniform distribution, five life-span studies are being conducted using Beagle dogs that inhaled
either "MPu0 2 or 239pU0 2 particles of different monodisperse sizes. A schematic representation of the
experimental design for these studies is shown in Figure 3, where each cube represents one dog. Five different
aerosols have been used, each resulting in particles with different levels of alpha-emitter radioactivity. For each
aerosol, a randomized block design was used for entering dogs on study, similar to that used for the beta-gamma
dose-response studies.

Twelve blocks of dogs were exposed to each aerosol to achieve graded ILBs ranging from 0.37-21 kBq
Pu/kg body weight. Sixty control dogs were included, 12 for each aerosol. Two additional ILB levels of 93
and 8.5 Bq Pu/kg body weight were included for the studies in which young-adult dogs and immature dogs
inhaled 2-PuO2 aerosols of 1.5 ,na activity median aerodynamic diameter (AMAD). An ILB of 23pu of 8.5
Bq Pu/kg body weight in a Beagle dog is equivalent to a lung burden of 590 kBq Pu in a 70-kg human.

The information given in Figure 3 and in Table 2 was used to calculate the initial dose rate averaged
over the total lung and the local dose rate around each particle, for each particle size and activity level shown
in Figure 4. With two different radioisotopes of plutonium and three different particle sizes, the alpha activity
per particle and the corresponding, idealized local dose rate to a sphere of lung tissue with a radius of 180 'Un
(density = 0.22 g/cm3) surrounding an individual particle varied by a factor of -40,000. Also, the use of six
activity levels for each aerosol resulted in a difference of about a factor of 50 in the initial dose rate, averaged
over the entire lung. Thus, these five experiments permit comparison of the relative influences of both local
dose rates and average dose rates in producing long-term biological effects. The average dose rate to the lung
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will decrease with time after exposure, as plutonium is cleared from the lung. The local dose rate can either
increase or decrease as a result of particle movement, aggregation, dissolution, or particle breakup in the lung.

21.

10.

5.2

2.6

1.1

0.37

CONTROL

__in_ 
0.093

Figure 3. Schematic representation of the experimental design for life-span studies involving young adult dogs
exposed to different monodisperse aerosols of 23Npu (90%)P0u2 or 23NPuO 2 . Each cube represents

one dog entered into the experiment at 12-14 mo of age.

Table 2

Some Characteristics of Aerosol Particles Containing Pure Transuranic, Alpha-Emitting Radionuclides

Activity (Bq) per Particle',b
Specific
Activity AMADc = 0.75 pim AMAD = 1.5 pm AMAD = 3.0 pm

Aerosol (GBq/g) RDd = 0.18 Am RD = 0.44 pm RD = 0.96 pm

239 PO 2  2.0 0.000049 0.00074 0.0074

241Ano2 110 0.0027 0.039 0.41

238PU02 560 0.014 0.20 2.1

244CmOx 2,700 0.066 0.96 10

242CM0. 110,000 2.7 39 410

'Density of 8 was used for these calculations. This is the measured density for 239PuO 2 and 241AmO 2

particles produced by standard methods at this Institute.
bThe 238Pu used at this Institute contained 10% 239Pu by weight. This produced a specific activity of

510 GBq/g and particle activities of 0.013, 0.18, and 1.9 Bq, respectively, for 0.7 5 -/am, 1.5-pm, and
3.0-pm AMAD particles.

CAMAD=-Activity median aerodynamic diameter of monodisperse particles (geometric standard
deviation < 1.2).

dRD=-Real or geometric diameter of the particle.
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Figute 4. Calculated dose relationships for the five life-span studies involving dogs that inhaled monodisperse
aerosols of m(90%)PuO2 or 2"tPuO2. Local dose rate was computed in a sphere of lung tissue
(density = 0.22 g/cm3) having a radius of 180 Ian. The calculation of average dose rate was based
on a 110-g lung. Self-absortion of alpha energy by the particles was negligible.

Inherent in the experimental design is a difference in the number of particles associated with a given
1LB level for each aerosol. The fraction of the lung irradiated can be estimated by assuming a spherical
irradiation volume of 2.4 x 107 pm3 around each particle, and by determining how many of these volumes are
present in the volume of a 110-g lung. Results of such a theoretical calculation are presented in Figure 5.
When the number of these irradiation volumes exceeds 2.1 x 167, the calculated fraction of lung irradiated
exceeds 1.0. For values > 1.0, some or all portions of the lung would be irradiated by the alpha emissions from
more than one particle of plutonium, even if the particles are assumed to be uniformly distributed in the lung
tissue, and geometrical considerations are ignored. Our experimental evidence suggests that inhaled particles are
not uniformly distributed, but are randomly deposited in the lung. This random distribution indicates that
theoretical calculations of the fraction of lunva irradiated are slight overestimates. All of the ILB levels for the
exposures to 0.75 #im AMAD particles of 239PuO 2 and for the upper four levels for the exposures to 1.5 pm
AMAD) particles of PuO 2 gave calculated fractional irradiations > 1.0. The remaining 2'PuO 2 ILB levels
and all of the 28PuO2 exposure levels resulted in calculated values < 1.0 for fractions of lung irradiated.
Because of the overlap in fractions of lung irradiated for the several different sizes of aerosols, the effects of
local dose rcae are being studied, while the fraction of lung irradiated is held constant. To obtain more detailed
"dosimetric information, parallel studies have been conducted in dogs and rodents exposed to 239PuO2 and
MPu% aerosols and serially sacrificed at selected times after exposure. These studies have provided valuable
data on the organ and tissue distribution of plutonium with time after exposure.

The dops in the origimnly planned five studies of different-sized aerosol particles of 23PuO2 and
2 38PuO 2 have all been exposed and entered into these studies. After the exposures were completed, we found

that the "%vO 2 particles began to break up in the lung at about 100 days after exposure. This resulted in
ine dsubty and tramlocation of 23u to bone and liver. Although some 2"mPuO remained in the lung,
the dose patlerns to lumg, liver, and bone were altered from what was initially expected to occur. The 239 PuO2
paic. did "at undeqp any observable breakup, presumably because of their lower specifc activity. Although
S -PuopPPeuI P eady dissolution of the mNPOO 2 particles changed the experimental design of the original study,
port Infm rtion is being obtained on the toxicity of inhaled 2381)12. At the sme time, the

-exposed dolp are providing information relative to the original hypothesis.
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Figure 5. Calculated numbers of particles and fractions of lung irradiated based on the sphere of irradiation
associated with each particle (2.4 x 107. m3) and a determination of how many of these volumes
could be contained in the lung before overlapping occurred. Self-absorption of alpha energy by the
particles is negligible.

Specific details on these studies are given below.

i. 238puO 2 (Inhalation exposures performed from 1973-1976)

Two studies were initiated with young-adult dogs exposed once, briefly, to monodisperse particles of
238PuO 2 . These two studies used particles with aerodynamic diameters of 1.5 and 3.0 jm, respectively. Each
study was comprised of 72 23pu-exposed dogs and 12 control dogs. The ILBs ranged from 0.11 to 37 kBq/kg
body weight in the 1.5 urn study and 0.37 to 55.5 kBq/kg body weight in the 3.0 Amn study. Although the
particles of 238PuO 2 were initially quite insoluble, these particles fractured after several months in the body,
leading to decreased particle sizes and increased dissolution. Subsequent absorption of 238pu into the systemic
circulation, with translocation to other organs, resulted in the skeleton and liver becoming target organs, as well
as the lung.

ii. 23puO2 (Inhalation exposures performed from 1977-1979)

Three studies were initiated in which young-adult dogs were exposed once, briefly, to monodisperse
particles. There were 48 dogs that inhaled 0.75 um particles of 2PuO2, 96 dogs that inhaled 1.5 rm particles
of 23PuO2, and 72 dogs that inhaled 3.0aum particles of 239 puO2 . Each study had 12 control dogs. The ILBs
ranged from 0.26 to 7.4, from 0.03 to 37, and from 0.22 to 74 kBq/kg body weight for the 0.75 um, 1.0 ian,
and 3.0 /an .tudies, respectively. Because the inhaled 239PuO 2 remained in a very insoluble form in the body,
the lungs were the main target organs in these studies.
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d. Effect• of Age

To examine the possible effects of age on the dose-response relationships for both a beta- and an
alpha-emitting rdionuclide inhaled in a relatively insoluble form, additional life-span studies were conducted with
dogs that were either 3 mo or 8 to 10.5 yr old at the time of inhalation exposure. The two exposure aerosols
used, 1'Ce-FAP and NPuO2 , will facilitate comparisons of results obtained with beta- and alpha-emitting
radioniclides with emults obtained from the companion, young-adult studies listed above for the same forms.

i. l44Ce in FAP in immature dogs (Inhalation exposures performed from 1972-1976)

This study involved 49 dogs that were exposed once, briefly, to 144Ce-FAP aerosols at 90 days of age
and five control dogs. The ILB of '"Ce ranged from 0.15 to 5,180 kBq/kg body weight. The lung and
tracheobronchial lymph nodes were the main target organs.

ii. t44Ce in FAP in aged dogs (Inhalation exposures performed from 1972-1975)

This study involves 42 dogs that inhaled graded activity levels of 144Ce-FAP when they were 8 to
10.5 yr old and 12 control dogs. ILBs in these 42 dogs ranged from 88.8 to 2,780 kBq/kg body weight. The
main target organs were lung and tracheobronchial lymph nodes.

iii. 23PuO2 in immature dogs (Inhalation exposures performed from 1979-1982)

This study involves 96 dogs that inhaled graded activity levels of a 1.5 um monodisperse aerosol of
'"M2 when they were 90 days old and 12 control dogs. The ILBs ranged from 0.01 to 29 kBq/kg body
weight. Lung and tracheobronchial lymph nodes were the primary target organs.

iv. 239PuO 2 in aged dogs (Inhalation exposures performed from 1979-1982)

This study involves 48 dogs that inhaled 1.5 pm particles of 9 NPuO 2 when they were 8 to 10.5 yr old
and 12 control dogs. The ILBs ranged from 0.48 to 24 kBq/kg body weight. Lung and tracheobronchial lymph
nodes were the main target organs.

e. Effects of Protracted Exposure

Two studies were conducted to study dose protraction, one with a beta emitter, 144Ce, and one with an
alpha emitter, 23Pu.

i. '"Ce in FAP repeated exposures (Inhalation exposures performed from 1973-1975)

This study involves 27 dogs that received a brief inhalation exposure to 144Ce-FAP every 8 wk for 13
exposures, and nine control dogs. The 27 exposed dogs were divided into three groups of nine dogs, whose
lung burdens of '"Ce were (1) increased by ?2 kBq/kg with each exposure, (2) re-established at 333 kBq/kg,
or (3) re-established at 165 kBq/kg body weight. In each case, lung and tracheobronchial lymph nodes were
the main target organs.

ii. 239 PuO2 repeated exposures (Inhalation exposures pre•,rmed from 1977-1988)

This study involves 36 dogs that received a brief inhalation exposure to 239 PuO 2 every 6 mo for 20
exposures. These 36 dogs were divided into two groups, for which the exposure goals and numbers of dogs
were (1) lung burden increased 3.7 kBq every 6 mo (12 dogs) and (2) lung burden increased 0.37 kBq every
6 mo (24 dogs). Another group of 24 dogs received an ILB of about 3.7 kBq in one brief inhalation exposure.
Twelve dogs served as controls. The singly exposed dogs and the controls were sham exposed 19 times. Lung
and tracheobronchial lymph nodes were the target organs.
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3. Additional Approaches Beiniz Used in the Life-Soan Studies

Additional approaches to acquiring biological information related to the pathogenesis of alpha
radiation-induced lung disease have been implemented in animals in the ongoing studies. Spontaneous Beagle
dog lung tumors selected from dogs exposed to 23%PuO 2 through inhalation were examined for altered expression
of erbB2 (pig8efbB2) protooncogene product, and mutations in both the K-ras protooncogene and the p53 tumor
suppressor gene. Altered expression of p18 5erbB2 and p53 protein was determined by immunohistochemical
analysis of 117 tumors representing different histotypes in both exposed (n = 80) and unexposed (n = 37)
animals. Twenty-eight tumors were analyzed for specific K-ras mutations by PCR amplification and direct
sequencing. Fourteen percent (14%) (16/116) of all lung neoplasms showed elevated nuclear accumulation of
p53 protein. Adenosquamous and squamous cell histotypes were the most frequently perturbed regardless of
exposure history and comprised 94% of all tumors with p53 dysfunction. Eighteen percent (21/117) of all tumors
had evidence of p18 5 erbB2 overexpression. Intrapulmonary metastasis from primary tumors overexpressing
p185"rbB2 also showed evidence of erbB2 gene dysfunction. No differences in p 18 5erbE2 expression were noted
between spontaneous and plutonium-induced lung tumors, nor was there a relationship between total 239puO2 lung
dose (Gy) at death and altered p18 5erbB2 or p53 protein expression. K-ras mutations were not detected in codons
12, 13, or 61 of unexposed (n = 9) or plutonium-induced lung tumors (n = 19). These data indicate that p53
and especially K-ras gene dysfunction as a result of missense mutation are infrequent events in both spontaneous
and 239PuO 2-induced lung neoplasia of laboratory raised Beagle dogs and suggest that alternative mechanisms
of gene alteration are involved in canine pulmonary carcinogenesis.

C. CURRENT STATUS OF ITRI STUDIES

1. General Overview

The current status of the 19 dog longevity studies at ITRI is presented in Table 3. Overall, about 3%
of the total population of study dogs remained alive on September 30, 1993. At the beginning of this 2-yr
report period, 13 of these 19 studies had reached the point at which all dogs were dead, and two other studies
reached this same point during the report period. Current research efforts are directed at three main foci:
(1) continuation of the care and study of dogs still alive in four of these studies, (2) collection and preservation
of biological specimens obtained at necropsy for future efforts to develop early biological indicators of lung
tumor production, and (3) completion of final reviews of biological specimens and the associated dosimetry data,
compilation and analysis of data, and preparation of final study reports for publication in the open scientific
literature. When a study is fully completed and submitted for publication, the study materials (slides, tissue
blocks, etc.) records, and computer files will be transferred to the National Radiobiology Archive (NRA) at
Richland, WA.

The brief reports that follow in Section 1.C.2. give the current status of each longevity study in which
dogs remain alive. This section is followed by a compilation of pertinent references to previous annual reports
for all 11 studies in which all dogs are now dead (Section I.C.3.). These status reports are followed by a series
of progress reports that present current highlights related to the three main foci.
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Table 3

Curren Status of Life-Span Radionuclide Toxicology Studies in Beagle Dogs at the
Inhalation loxicology Research Institute

(9/30/93)

Inhalation Dogs Number Alive
Age at Radionuclide Exposure Entered

Inhalation and Form Year in Study 9/30/91 9/30/92 9/30/93

12-14 mo 9°Sra 2  1965-1967 63 0 0 0
(young adult) '44CECI3 1966-1967 72 0 0 0

9 1ya 3  1966-1967 44 0 0 0

137csa 1968-1969 66 0 0 0

90YFAP 1969-1971 101 0 0 0

91YFAP 1970-1971 108 0 0 0
144CeFAP 1967-1971 126 0 0 0

90SrFAP 1970-1974 124 0 0 0
238puo2 (1.5) 1974-1976 84 0 0 0

238puO2 (3.0) 1973-1976 84 0 0 0

239PuO 2 (0.75) 1977-1979 60 4 2 1
239puO2 (1.5) 1977-1979 108 21 10 4

239puO2 (3.0) 1977-1979 84 8 4 0

3 mo 144CeFAP 1972-1976 54 1 0 0
(immature) 23%02 1979-1982 108 66 55 43

8-10.5 yr 144CeFAP 1972-1975 54 0 0 0
(aged) 239No2 1979-1982 60 0 0 0

....... .................. ° ......°° ............... ...°.....°............... ........ .......... • .......... ..o....... . .......... .* ............ •........ o...................................... °.........

Began at 144CeFAP 1973-1975 36 0 0 0
12-14 mo Repeated

239PUO 2  1977-1988 72 6 4 1

Repeated

Total 1508 106 75 49
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2. Summary Reors for Studies with iUving Do2s

a. Toxicity of Inhaled 23 PuO 2 in Beagle Dogs. XIV:

i. Monodispersc 0.75,um AMAD Particles.

ii. Monodisperse 1.5 um AMAD Particles.

iii. Monodisperse 3.0 jum AMAD Particles.

Study Contact: F. F. Hahn

Studies of the long-term biological effects of 239 pu are being conducted because 239pu is a major
radionuclide in most nuclear fuel cycles and in the production of nuclear weapons. These studies also directly
investigate the importance of uniform vs. nonuniform alpha irradiation of the lung. Young-adult dogs of both
sexes inhaled one of three sizes of monodisperse aerosols of 23 %puO2; 0.75, 1.5, or 3.0umn AMAD. Forty-eight
dogs were exposed to 0.75/um AMAD particles; 96 were exposed to 1.5 Mm AMAD particles; 72 were exposed
to 3.0 Am AMAD particles; and 36 dogs were exposed only to the aerosol vehicle. The initial pulmonary
burdens ranged from 0.03 to 74 kBq/kg body mass. To assess the plutonium activity initially deposited in the
lung, a short-lived, gamma-emitting radionuclide, 169 Yb, was incorporated into the PuO 2 aerosol, and whole-body
counts were performed up to 120 days after exposure. A description of the 169 Yb counting technique for
estimating initial pulmonary burdens of plutonium was reported previously (1979-80 Annual Report, LMF-84,
pp. 132-140). The methods used to prepare the monodisperse aerosols and the aerosol exposure procedures were
described in the 1976-77 Annual Report, LF-58, pp. 135-138. The experimental design charts in Figures 6-8
show the present status of these studies. The dogs in these studies are being maintained to study the biological
effects that may occur throughout their lives. The procedures for health evaluations of these animals have been
described (1978-79 Annual Report, LF-69, pp. 134-140).
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Figure 6. Experimental design for dog study with 0.75 Mn AMAD monodisperse particles of 2 39 Pu0 2 (Status
as of 9-30-93).
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Descripions of the major clinical and pathology findings for each dog have been included in the annual
report for the year in which the dogs died; survival data are summarized in Figures 9-11. Exposure information

amd dosimetry results for each dog ame given in Appendix A.
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Figure 9. Survival of dogs that inhaled 0.75 ysm AMAD monodisperse particles of 239PuO 2 (Status as of
9-30-93).
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Figure 11. Survival of dogs that inhaled 3.0 um AMAD monodisperse particles of 239PuO 2 (Status as of
9-30-93).

During the past 2 yr, 28 dogs died. Eleven were dogs exposed to the 1.5-pm AMAD particles, two
were exposed to the 3.0-pm particles, and 15 were control dogs exposed to the aerosol vehicle. The major
clinical and pathological findings are summarized below. As of September 30, 1993, 213 239Pu-exposed and
34 control dogs from these three studies were dead. The major findings at death from all of these dogs are
summarized in Tables 4-6. We continue to observe the three 239pu-exposed and two control dogs that remain
alive at 15 to 17 yr after exposure.

In the study involving inhalation of monodisperse 0.7 pm AMAD aerosols of 239PuO 2 , three deaths
occurred during the past 2 y- all in control dogs that were only exposed to the aerosol vehicle.

Dog 1095T, a female control, was found dead 5553 days after exposure. She was treated for
bronchopneumonia about 3 mo before death and had recovered. At necropsy, cardiomegaly and ventricular
myocardial hypertrophy were found indicative of heart failure. Pulmonary edema was the immediate cause of
death. Several benign tumors were found, multiple uterine fibromas, mammary adenomas, a parathyroid
adenoma, and bilateral adrenal cortical adenomas.

Dog 1106A, a male control, was euthanized in renal failure 4899 days after inhalation exposure. At
necropsy the dog had marked chronic nephropathy with cortical atrophy and replacement with fibrosis; marked
anemia was present secondary to the uremia of renal disease.

Dog 1146S, a female control, was eutbanized with a fever of unknown origin 4705 days after inhalation
exposure. At necropsy, multiple sites of periarteritis and necrotizing arteritis were found affecting primarily heart,
lymph nodes, adrenals, and ovaries. The lesions were consistent with canine polyarteritis syndrome. A mild
chronic neplbroputhy and lymphocytic nephritis were present. The only neoplasm present was bilateral
adrenocortical adenoma.
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Table 4

Summary of Major Findings at Death in Dogs Exposed by Inhalation to
Aerosols of Monodispeme 0.75 gm Particles of 239PUO 2 (Status as of 9-30-93)

ILB' Survival Times Cumulative
Number (kBq 2Pu/kg (Days after Radiation Dose
of Dogs Body Weight) Exposure) to Lung (Gy)

Non-Neoplasia

Lung 7 0.7-7.4 891-4526 6.0-41

Bone Marrow 0 ..- -.

Liver 0 -- -- --

Other 1 2.0 2007 15

Neoplasia

Lung Injury with Lung Neoplasia 10 2.0-6.7 1467-2741 13-31

Lung 2 6 b'c€d 0.22-5.6 1961-4618 2.0-26

Nasal Epithelium 0 ...--.

TBLN 0 ......

Heart 0 ......

Bone 0 ......

Bone Marrow 0 ......

Liver 0 -- -- --

Other 7b'cd 0.30-5.6 1961-3970 2.8-23
Control

Non-Neoplasia

Lung 3 -- 3349-5552 --

Bone Marrow 0 ...--.

Liver 0 ...--.

Other 7 -- 1893-4977 --

Neoplasia

Lung Injury with Lung Neoplasia 0 ...--.

Lung 0 ......

Nasal Epithelium 0 ......

TBLN 0 ......

Heart 0 ......

Bone 0 ......

Bone Marrow 0 ......

Liver 0 ......

Other 1 -- 3609 --

alLB=Initial lung burden based on whole-body counting of 169Yb.
bOne dog had a lung tumor and a brain meningioma.
COne dog had a lung tumor and a fibrosarcoma in the mediastinum.
dOne dog had a lung tumor and a muscle fibrosarcoma.
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Table 5

Summary of Major Findinp at Death in Dols Exposed by Inhalation to
Aerosols of Monodispeuae 1.5 /an Paiticles of "'NO2 (Status as of 9-30-93)

ILB8  Survival Times Cumulative
Number (kBq 239Pu/kg (Days after Radiation Dose
of Dogs Body Weight) Exposure) to Lung (Gy)

Non-Neoplasia
Lung 3 5 b 0.085-37 152-5203 0.9-59

Bone Marrow 0 -- -..

Liver 0 ...--.

Other 8 d 0.089-0.74 1109-5483 0.98-7.6

Neoplasia

Lung Injury with Lung Neoplasia 19 0.63-15 1333-3945 4.9-49

Lung 21d 0.089-7.0 2340-5732 0.98-51

Nasal Epithelium 0 .-- --

TBLN 0 ......

Heart 0 ..- --

Bone 1 0.85 4860 7.1

Bone Marrow 0 -.....

Liver 1 0.48 4516 0.40

Other 11 b,c 0.067-3.7 973-5309 0.55-15

Control

Non-Neoplasia

Lung 0 .-- --

Bone Marrow 0 ...--.

Liver 1 -- 4793 --

Other 3 -- 4342-5216 --

Neoplasia

Lung Injury with Lung Neoplasia 0 ...--.

Lung 1 -- 5595 --

Nasal Epithelium 0 ...--.

TBLN 0 ......

Heart 0 ...--.

Bone 1 -- 3472 --

Bone Marrow 0 ...--.

Liver 1 -- 5270 --

Other 4 -- 4503-5428 --

'ILB=lnitial lung burden based on whole-body counting of 169Yb.
bOne dog had lung injury and a kidney carcinoma.
COne dog had lung carcinoma and laryngeal carcinoma.
d One dog had lung adenoma and kidney nephropathy.
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Table 6

Summary of Major Findings at Death in DogsExposed by Inhalation to
Aerosols of Monodisperse 3.0 pn Particles of "PuO 2 (Status as of 9-30-93)

ILBW Survival Times Cumulative
Number (kBq 239pu/kg (Days after Radiation Dose
of Dogs Body Weight) Exposure) to Lung (Gy)

239pU.Exposed

Non-Neoplasia

Lung 29 3.7-74 105-1658 24-77

Bone Marrow 0 -- - --

Liver 0 --

Other 2c 0.41,0.52 4397,5227 4.3,5.6

Neoplasia

Lung Injury with Lung Neoplasia 10 2.2-16 1355-2900 13-84

Lung 29bc 0.37-13 1108-5227 3.9-85

Nasal Epithelium 0 -. -- --

TBLN 0 ......

Heart 0 ......

Bone 0 ......

Bone Marrow 0 -- -- --

Liver Ib 0.85 4355 9.4

Other 3 0.22,1.5 2871,5052 2.5,13

Control

Non-Neoplasia

Lung 0 -- -- --

Bone Marrow 0 ......

Liver 0 ..-- -

Other 4 -- 1950-5322 --

Neoplasia

Lung Injury with Lung Neoplasia 0 ...--.

Lung 3 -- 4787-5591 --

Nasal Epithelium 0 ..-- -

TBLN 0 ......

Heart 0 ......

Bone 0 ......

Bone Marrow 0 ......

Liver 0 ...--.

Other 5 -- 4473-5609 --

aILB=Initial lung burden based on whole-body counting of t69yb.
bOne dog had lung and liver tumors.
COne dog had congestive heart failure and lung carcinoma.
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Eleven dogs that inhaled 1.5 jam AMAD particles of 239PuO 2 and six control dogs that were only
exposed to the control vehicle died during the past 2 yr.

Dog 11345, a female with an 1LB of 0.74 kfq 239pu/Ig body weight, was found dead 4732 days after
inhalation exposure. The dog had a long history of spondyloeis and osteoubrihntis. Renal insufficiency was noted
several weeks before death.

At necropsy, large renal infarcts were found as the immediate cause of death. However, the marked
renal cortical atrophy present was indicative of previous infarcts. Chronic renal insufficiency was evidenced by
pulmonary gastric and vascular metastatic calcification and bilateral parathyroid hyperplasia. Neoplasms noted
were an adenoma of the pars distalis of the pituitary, a benign mammary mixed tumor, a complex tubular
adenoma, and mammary anaplastic carcinoma that infiltrated but did not metastasize.

Dog 1112U, a female with an ILB of 0.59 kBq 2 3 Pu/kg body weight, was euthanized in a comatose
condition 5057 days after inhalation exposure. The dog had numerous clinical problems over its lifetime. Most
significant was chronic liver disease. At 4 yr of age, laparotomy was performed to reduce inspissated bile in
the gall bladder. Liver enzymes were periodically elevated throughout life. About 1 yr before death, the dog
was placed thoroughly on thyroid replacement and treated for ulcerative keratitis. The dog was subsequently
treated several times for ulcerative keratitis. In the terminal episode, the dog was found comatose with a
depressed body temperature. The dog did not respond to treatment, and euthanasia was recommended.

At necropsy, lesions found were generally not severe enough to produce clinical disease except for a
suppurative bronchopneumonia. Three neoplasms were found, bronchioloalveolar carcinoma of the lung, cortical
adenoma of the adrenal, and follicular cell adenoma of the thyroid. However, all were small and probably sub-
clinical. The liver bad focal capsular fibrosis and multiple micro granulomas but ample normal parenchyma to
sustain normal hepatic function.

Dog 1146T, a female with an ILB of 0.55 kBq 2 39Pu/kg body weight, died during anesthesia for
diagnostic radiography 5023 days after exposure. Over the yeats, the dog had numerous, minor clinical problems
including lymphopenia, patellar luxation, and tooth extractions. About 1.5 yr before death, five mammary tumors
were removed, including one noninvasive adenocarcinoma. A tumor of the lung was noted on radiographs about
6 mo before death. Seven months before death, persistent diarrhea was present. Signs of intestinal disorder
became more severe and, at 5 mo before death, an adenocarcinoma of the ileum was surgically removed. The
immediate cause of death was cardiopulmonary failure as indicated by hydrothorax, ascites, and pulmonary edema
seen at necropsy. The pulmonary tumor was a primary bronchioloalveolar carcinoma confined to the left cardiac
lobe and did not appear to contribute to the clinical disease. Other, noncontributory neoplasms found were
adenocarcinoma of the pancreas, bilateral adrenocortical adenomas, and adenoma of the pituitary. There was no
recurrence of the ileal tumor.

Dog 1153S, a female with an ILB of 0.44 kBq 239 Pu/kg body weight, was euthanized 4845 days after
inhalation exposure with a lung carcinoma. Three weeks before death, the dog was examined because of a poor
appetite. The respiratory rate was elevated. The dog had a previous history of radiation pneumonitis 7 yr before
and had been placed on special observation repeated times. During those observations, radiographic changes were
minimal or mild. Upon bronchoscopic evaluation, the airways were normal. However, bronchial lavage revealed
anaplastic epithelial cells indicative of a pulmonary carcinoma.

At necropsy, an adenocarcinoma with an alveolar pattern was found diffusely infiltrating all lung lobes.
The anaplastic cells formed numerous small foci with alveolar or papillary forms and filled alveoli in some areas
with cohesive cells. The neoplasm metastasized by the vasculature to the heart, stomach, and lymph nodes of
the thoracic cavity. Lymphoid atrophy of tracheobronchial lymph nodes and fibrosis in the alveolar septa and
pleura were also prominent.

Dog 988U, a female with an ILB of 0.26 kBq 239pu/kg body weight, was euthanized with disc disease
5483 days after inhalation exposure. At necropsy, an invasive thyroid follicular cell carcinoma was found. The
carcinoma had metastasized to the lung, larynx, and cervical lymph nodes. The cause for the terminal illness,
however, was a ruptured intervertebral disc with spinal cord compression. Numerous other benign tumors were
also present including ovarian adenoma, ovarian granulosa cell tumor, adrenocortical adenoma, and multiple
mammary adenomas.
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Dos 994B, a male with an ILB of 0.23 kfq 239u/lg body weight, died in renal failure 5732 day after
inhalation exposure. The dog had a long history of renal insufficiency.

At necropsy, a chronic interstitial nephritis and nephrosclerosis were found. A necrotizing pancreatitis
was also present that contributed significantly to the death. In addition, several significant tumors were found
that were incidental to the death. These included a papillary adenocarcinona of the lung, a follicular carcinoma
of the thyroid, an islet cell carcinoma of the pancreas, and a pheochromocytoma of the adrenal.

Dog 1100A, a male with an ILB of 0.23 kBq 23-Pu/kg body weight, was found dead 4841 days after
inhalation exposure. The major clinical observation was a recurrent history of pneumonia leading to chronic
obstructive lung disease. The dog was being treated for pneumonia when it was found dead.

At necropsy, the principal lesions were found in the adrenals and lungs. Both adrenals were completely
necrotic; adrenal failure was the cause of the death. The pulmonary lesions of chronic obliterative bronchiolitis
could have also added to the cause of death. Incidental neoplasms were a pituitary adenoma, renal fibroma and
uterine leiomyoma.

Dog 1154S, a female with an ILB of 0.13 kBq 239Pu/kg body weight, was found dead 5016 days after
exposure. At necropsy, segmental infarction of the jejunum and ileum was found as the immediate cause of
death. Bilateral pbeochromocytonms of the adrenals were present. Hypersecretion of catecholamines from these
tumors may have been the cause of the intestinal infarcts. Other lesions were minimal. The only neoplasms
noted were an adenoma of the ovary and an adenoma of the thyroid.

Dog 1149T, a female with an ILB of 0.12 kBq 239Pu/kg body weight, was found dead 4790 days after
inhalation exposure. The dog had a long history of an elevated respiratory rate (> 40/min) and erythrocytosis.
Two years before death, there was radiographic evidence of chronic heart failure (cardiomegaly and pulmonary
interstitial pattern). On the day of death, she was anesthetized for routine radiography. The recovery was
apparently normal, but she was found dead in the early morning.

At necropsy, pulmonary edema was considered the immediate cause of death. Cardiomegaly and
ventricular myocardial hypertrophy were found, indicative of cardiomyopathy. These lesions of long standing
may well have predisposed the dog to cardiopulmonary failure following anesthesia. Several neoplasms were
found, but all were incidental. There were adrenal cortical adenoma and parathyroid gland adenoma.

Dog 971C, a male with an ILB of 0.089 kBq 239Pu/kg body weight, was euthanized in renal failure
5544 days after inhalation exposure. At necropsy, a severe chronic nephropathy was found with glomerular,
tubular, and interstitial lesions that were responsible for the clinical disease and subsequent euthanasia. Marked
atrophy of the tracheobronchial lymph nodes and a papillary cystic adenoma of the lung were incidental findings.

Dog 1131B, a male with an ILB of 0.085 kBq 239Pu/kg body weight, was found dead 5203 days after
exposure. The dog had a history of heart failure. At necropsy, lesions of cardiac failure were found, ventricular
myocardial hypertropby, ventricular dilation, pulmonary edema, and hepatic congestion. Marked thyroid atrophy
was also present indicating that hypothyroidism may also have been a factor in the dog's clinical health.

Dog 960T, a female control, was euthanized 5428 days after inhalation exposure. The dog had a long
medical history of mammary tumors. Five days before death, signs of central nervous system dysfunction
developed, including inability to stand and paddling movements. The dog did not respond to treatment and
became comatose.

At necropsy, an anaplastic mammary carcinoma was found with metastasis to other mammary glands,
kidneys, and numerous local lymph nodes. The cause for the comatose condition, however, was multiple infarcts
in the cerebral cortex and left ventricular myocardium. A cause for the brain and heart lesions was not found,
but appeared not to be due to metastasis of the anaplastic mammary carcinoma. Numerous other lesions were
found but were considered lesions of aging and not contributory to the terminal condition. These lesions
included thyroid adenoma, adrenocortical adenoma and hyperplasia, nephrosclerosis, and mucocystic hyperplasia
of the gallbladder.
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Dog 998A, a male control, was euthanized with a lung carcinoma 5595 days after inhalation exposure.
The dog bad a proloaged history of minor clinical problems. In addition, prostatomegaly was firt noted about
3 yr before death. This enlargement was accompanied by a bacterial cystitis that was treated successfully.
Enlargement was noted again about 1 yr before death and was diagnosed as a bladder carcinoma. A lung tumor
was Chat noted in the left apical lobe about 16 mo before death. It increased in size until it measured 2 x 1.5
x 1.5 cm 2 mo before death.

At necropsy, a papillary adenocarcinoma was found in the left apical lobe that had metastasized to the
tracheobronehial lymph nodes. An adenocarcinoma of the prostate was also present. It had metastasized to the
iliac and colonic lymph nodes. A transitional cell carcinoma was found in the bladder but had not metastasized.
Benign neoplasms noted were a carotid body tumor, bilateral interstitial cell adenoma of the testicles, a thyroid
adenoma, and a sebaceous adenoma of the skin.

Dog 1021S, a female control, was euthanized with marked ascites 5270 days after inhalation exposure.
At necropsy, a large bepatocellular carcinoma with ascites and widespread metastasis in the peritoneal cavity and
hepatic lymph nodes was found. Other lesions in other organs were few and incidental.

Dog 11075, a female control, was euthanized in renal failure 5235 days after exposure. The dog had
a history of renal insufficiency. Terminally she developed hindlimb paralysis. At necropsy, a marked
nephrosclerosis with atrophy was present. A large thrombus was found blocking the terminal aorta and iliac
arteries. These lesions were responsible for the clinical signs leading to euthanasia. In addition, several
neoplasms were present but did not contribute to death. These included a metastasizing mammary carcinoma,
bilateral ovarian adenomas, a thyroid adenoma, a pituitary adenoma, and a granular cell tumor of the urinary
bladder.

Dog 1136S, a female control, was euthanized in hepatic failure 4793 days after inhalation exposure.
The dog had a long history of hepatic disease; increased liver-related serum enzymes were first noted 9 yr before
death. Acute hepatitis was diagnosed about 6 mo before death. Elevated serum alkaline phosphatase and
hyperbilirubinemia was noted. Severe icterus developed several days before death.

At necropsy, the principal alterations were in the liver and had both acute and chronic features. The
lesions included multiple foci of coagulative necrosis with infiltrates of neutrophils in some foci, focal biliary
duct hyperplasia with lymphocytic infiltrates, and focal vascular degeneration of hepatocytes and multiple
thrombosed veins. Lesions in other organs were minimal and insignificant. Mammary adenocarcinomas were
removed about 1% yr before death and had not recurred.

Dog 1152S, a female control, was euthanized with metastatic tumor 5252 days after exposure. About
2 yr before death, two malignant mammary tumors had been removed. About 6 mo before death, a lung density
was noted on radiographs. Shortly thereafter, malignant tumors were surgically removed from the mammary
glands. Terminally, the local mammary lymph nodes were enlarged, the lung mass was enlarging, and the distal
extremities were swelling. At necropsy, a metastatic mammary solid carcinoma was found in local lymph nodes
and lung. Other neoplasms were an adenoma of the thyroid and acinar cell adenoma of the pancreas.

In the study involving inhalation of 3.0-Mrm AMAD particles, two 29 Pu-exposed dogs and six control
dogs that were only exposed to the aerosol vehicle died during the past 2 yr.

Dog 11395, a female with an ILB of 1.4 kBq 239 Pu/kg body weight, was found dead 5080 days after
exposure. The dog had a long history of autoimmune hemolytic anemia and liver disease. About 18 mo before
death, lung tumors were noted radiographically. These slowly increased in size, resulting in the terminal episode
of pulmonary insufficiency. At necropsy, bydrothorax secondary to the lung tumors was found as the immediate
cause of death. The carcinoma of the lung was widespread through all lobes and had metastasized to the local
lymph nodes. In addition to the lung tumor, a tubular cell carcinoma of the kidney, a mammary adenoma, and
an adrenal cortical adenoma were found.

Dog 1096T, a female with an ILB of 0.70 kBq 239 PN/kg body weight, was found dead 5052 days after
inhalation exposure. About 5 mo before death, hyperadrenocorticism was diagnosed and treated with chemical
suppression therapy.
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At necropsy, a large pituitary carcinoma that compressed and invaded the brain was found. Bilateral
adrenal conical adenomas were also present. The clinical disease of hyperdrenocorticism was most likely due
to the functioning adrenal conical adenomas induced by secretion from a functional pituitary gland adenoma.
The dog also had a marked suppurative broncopneumonia that contributed to the death. Other lesions were
considered noncontributory and incidental.

Dog 988D, a male control, died 5609 days after inhalation exposure. The dog had a long history of
numerous minor clinical signs. Erythrocytosis, neutrophilia, neutropenia, cosinophilia, lymphocytosis, and
lympbopenia were all noted at one time or another. Prostamegaly and testicular atrophy both occurred about
8 yr before death and continued thereafter. Severe spondylosis and reduced weight were also noted for much
of the life span. In the terminal episode, the dog was performing the Morris water maze test for cognitive
function when it apparently inhaled some water and developed pulmonary edema. In spite of intensive treatment,
the animal died 6 h later.

At necropsy, an acute inhalation pneumonia with pulmonary edema was found as the cause of death.
The dog also had a severe focal ulcerative jejunitis that may have resulted in clinical disease. Numerous aging
incidental, nonneoplastic lesions were noted including adrenocortical hyperplasia, testicular atrophy, and interstitial
nephritis. Several incidental tumors noted were follicular thyroid carcinoma, solitary renal lymphoma, ossifying
renal fibroma, testicular interstitial cell adenoma, and melanoma of lymph node.

Dog 1033S, a female control, was euthanized 5591 days after exposure. A chest mass was noted
radiographically about 20 mo before death. This mass was monitored closely and grew slowly in size. In the
terminal illness, the dog had lameness and weakness.

At necropsy, a primary pulmonary adenocarcinoma was found that had metastasized widely throughout
the lungs and to the heart, kidneys, intestine, spleen, humerus, and local lymph nodes. Other lesions were few
and included an adenoma of the pars distalis of the pituitary gland, a thyroid adenoma, and a pheochromocytoma.

Dog I100C, a male control, was found dead 5322 days after exposure. He had a long history of renal
disease and heart valve alterations. At necropsy, findings of endocardial fibrosis and ventricular myocardial
hypertrophy were indicative of valvular insufficiency. Pulmonary edema was the immediate cause of death. The
only neoplasm found was an endocrine carcinoma of the mediastinum.

Dog 1104T, a female control, was euthanized 5543 days after exposure with a widespread mammary
carcinoma. An adenocarcinoma had been removed from the mammary gland about 18 mo before death. At
necropsy, anaplastic mammary carcinoma was found in several mammary glands and the surrounding skin, local
lymph nodes, urinary bladder, and lungs. Other lesions were minimal but included a mammary adenoma and
an adrenal cortical adenoma.

Dog 1122C, a male control, was euthanized 4787 days after inhalation exposure. A lung tumor was
diagnosed radiographically about 1 yr before death. At necropsy, a papillary adenocarcinoma of the right apical
lobe of the lung was found. Numerous incidental lesions were noted including a testicular seminoma, renal
fibroma, and mammary adenoma.

Dog 1152T, a female control, was euthanized 4953 days after inhalation exposure with a lung carcinoma.
A lung mass was first noted on radiograph about 10 mo before death and confirmed as a carcinoma with brush
biopsy. A mammary mass was noted 6 mo before death. The lung mass progressively increased in size. Facial
and sciatic nerve injury developed, resulting in the recommendation for euthanasia.

At necropsy, a large lung mass (5 x 5 x 3cm) was present in the right diaphragmatic lobe.
Histologically, this tumor was an adenosquamous carcinoma that invaded walls of bronchi, large vessels, and
lymphatics. Metastases from the carcinoma were found in the lymph nodes (tracheobronchial, sternal, and
hepatic) and skeleton (scapulae, multiple vertebra). The bone metastases stimulated new bone proliferation that
compressed on nerves and the spinal cord. The mammary gland tumor was a simple papillary cystic
adenocarcinoma that had no apparent metastases. The only other neoplasm was an adrenal cortical adenoma.
Other lesions found included nodular hyperplasia of the liver, uterine mucocystic hyperplasia, and mycloid
hyperplasia of bone marrow.
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b. Toxicity of 144(e Lahaled in a Relatively Insoluble Form by Immature Beagle Dogs. XXI.

Study Contact: B. B. Boecker

Immature Beagle dogs (3-mo-old) received single, brief inhalation exposures to 144Ce in FAP as part
of the TrI studies on the effects of age at exposure on the resulting dose-response relationships, and ame being
followed for life-span observations. The study is comprised of 49 dogs that inhaled graded levels of 1446,

resulting in li~s that ranged from 0.00015-52 MBq/kg body weight (0.004-140 Cilkg), and five control dogs
that inhaled FAP without 14Cc. The exposures took place in 1972, 1973, and 1976. Specific details on
experimental design considerations, metabolism, and dosimietry of the inhaled 14Ce, and early occurrng
biological effects were presensed in previous annual reports from this Institute, especially in LF-45 (1971-1972),
LF-46 (1972.1973), and LF-49 (1973-1974).

Annual summaries for this study have also been included in all other annual reports to the present time.
The current status of this study is shown in the experimental design chart given in Figure 12. Exposure
information and dosimetry results are given for each dog in Appendix A. Survival data for dogs in this study
are summarized graphically in Figure 13. The last living dog in this study, a 144Ce-exposed dog, died during
the 2-yr period covered by this report. Major clinical and pathology findings for this dog are summarized below.
Also, the major findings in all 49 144Ce-exposed and five control dogs in this study are summarized in Table 7.
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Figure 12. Experimental design for studying the effects of 144Ce in PAP inhaled by immature (3-mo-old)

Beagle dogs (Status as of 9.30-93).
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Figure 13. Relationships between the ILB of 144Ce and survival time for Beagle dogs that inhaled 144Ce in
FAP when they were immature (3-mo-old) (Status as of 9-30-93).

Dog 1016B, a male with a lung burden of 0.89 MBq 144Ce/kg body weight, died 5563 days after
inhalation exposure. The dog had a long history of systolic heart murmur, osteoarthritis, patellar luxation, and
spondylosis. About 1 yr before death, the dog had repeated episodes of bloat, and a 1.5 x 2 cm esophageal
mass was excised. A lung tumor was noted at about the same time. The dog was in apparent good health but
was found dead in the kennel.

At necropsy, an acute broncbopneumonia was found as the immediate cause of death. Two lung tumors
were found, the largest in the right diaphragmatic lobe. The tumors had not metastasized but probably
predisposed the dog to pneumonia. A malignant melanoma of the gingiva was also found, invading the
mandible. This tumor had not metastasized. Other tumors were ieiomyoma of the esophagus, adrenal cortical
adenoma, and perineal adenoma.

24



Table 7

Summary of Major Findings at Death in Immature (3-mo-old) Dogs
Exposed by Inhalation to 144Ce in FAP (Status as of 9-30-93)

ILDB Survival Times Cumulative
Number (MBq 144Ce/kg (Days after Radiation Dose
of Dogs Body Weight) Exposure) to Lung (Gy)

Non-Neoplasia

Lang 9 .00015-5.2 66-5338 0.017-270

Bome Marrow 0 -. --

Liver 1 .00048 4765 0.054

Other 9 .00089-1.3 1520-5802 0.11-150

Neoplasia

Lung Injury with Lung Neoplasia 0 .-- --

Lung 14b .032-2.9 618-5932 2.9-310

Nasal Epithelium 1 0.22 5387 33

TBLN 4b 0.44-1.4 1227-2813 51-180

Heart 0 ...--.

Bone 0 ......

Bone Marrow 0 ......

liver 0 .-- --

Other 12 .00022-1.8 1732-5642 0.024-220

Non-Neoplasia

Lung 0 .-- --

Bone Marrow 0 ......

Liver 0 ...--.

Other 4 -- 1378-5362 --

Neoplasia

Lung Injury with Lung Neoplasia 0 ...--.

Lang 0 ......

Nasal Epithelium 0 ......

TBLN 0 ......

Heart 0 ......

Bone 0 ...... i

Bone Marrow 0 ......--

Liver 0 ...-- .

Other 1 -- 4213 --

RILB = Initial Lung Burden
bOe dog had lung and TBLN tumors.
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c. Toxicity of 2 39PuO2 in Immature Beagle Dogs. XIII.

Study Contact: R. A. Guilmette

As part of the ITRI studies on the effects of age at exposure on the resulting dose-response
relationships, immature Beagle dogs (3-mo-old at exposure) received single, brief inhalation exposures to a
monodispesae aerosol of 23NPuO 2 (1.5 /#f AMAD) and are being followed for life-span observations. The
experimental design consists of blocks of 12 dogs, each exposed to graded activity levels of 239pu that ranged
from 20.7 to 0.0085 kBq/kg body mass; there were eight activity levels, with a total of 96 exposed dogs.
Twelve control dogs exposed only to the aerosol vehicle were also included in the experiment. Two blocks of
dogs were exposed in 1978. After a 2-yr break in exposures because of a colony outbreak of parvovinas
enteritis, exposures were resumed in 1980 and continued through 1982. Specific details on experimental design
considerations, metabolism, and dosimetry of the inhaled 239pu, and early occurring biological effects have been
presented in previous annual reports from this Institute, especially in LF-69, LMF-102, LMF-113, LMF-114, and
LMF-115. Annual summaries for this study have also been included in all other annual reports to the present
time.

The current status of this study is shown in the experimental design chart given in Figure 14. Exposure
information and dosimetry results are given for each dog in Appendix A. Survival data for dogs in this study
are summarized graphically in Figure 15. During the past 2 yr, 19 N-exposed dogs died; four control dogs
died. Summaries of the major clinical and pathological findings are presented below. As of September 30,
1993, there were 36 experimental and 7 control dogs alive on this study. A summary of the major findings in
the dogs at death is given in Table 8. We continue to observe the dogs remaining alive at 11 to 14 yr after
exposure.
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Figure 14. Experimental design for the study of dose-response relationships in immature Beagle dogs that
inhaled 1.5 pm AMAD monodisperse 239 NP02 (Status as of 9-30-93).
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Figure 15. Relationship between ILB of 23PuO 2 and survival time for immature dogs (Status as of 9-30-93).

Dog 1390S, a female with a lung burden of 7.8 icBq 239Pu/kg body weight, was euthanized with a lung
carcinoma 3254 days after inhalation exposure. The dog had numerous clinical signs. About 2 yr before death,
a lymphopenia developed that persisted until death. About 1 yr before death, a thoracic mass was noted on
thoracic radiographs. Thi was diagnosed as a lung carcinoma 2 mo later. The mass remained asynrptomatic
until the dog began coughing blood, and euthanasia was recommended.

At necropsy, the lung was filled with bronchioloalveolar adenocarcinoma with the largest mass in the
left diaphragmatic lobe. Numerous metastases were present in many parts of the lung, the tracheobronchial and
mediastinal lymph nodes, and to the left adrenal. A second, incidental neoplasm was noted on the toe of the
hind limb. A squamous cell carcinoma of the skin had replaced the nail bed and extended into the bone, but
had not metastasized.

Dog 1378S, a female with an LB of 7.0 kBq 23%/kg body weight, died in cardiac arrest 3788 days
after exposure. The dog had several clinical problems, the most severe being hypothyroidism, which was treated.
In the terminal episode, the dog was examined for anorexia and incoordination. Intervertebral disc disease was

suspected. Radiographs illustrated cardiotegaly and bronchopneunronia. Shortly after, the dog died in cardiac

nu.At necropsy, a rhabdomyosarcoma was found in the left ventricular myocardium. The tumor protruded
info the left ventricle partially occluding the left atrio-ventricular valve. It also extended into the intraventricular
septum, and the right ventricular myocardium. Metastatic rbabdomyosarcoma was present in vessels of the lung.
Other neoplasms noted were an adrenal cortical adenoma, a vaginal polyp, a mixed mammnary tumor, and a
transitional cell carcinoma confined to the urinary bladder.

27



Table 8

Summary of Major Findings at Death in Dogs that Inhaled Monodispeise 1.5 JAM AMAD
Particles of 239PuO 2 when They Were Immature (Status as of 9.30-93)

ILB' Survival Times Cumulative
Number (kBq 23 Pu/kg (Days after Radiation Dose
of Dogs Body Weight) Exposure) to Lung (Gy)

239 -Exposed

Non-Neoplasia

Lung 0 ......

Bone Marrow 0 -- -- --

Liver 1 0.011 5155 0.05

Other 29 0.044-24 46-4975 0.12-8.7

Neopiasia

Lung Injury with Lung Neoplasia 5 4.4-20 1386-2218 9.4-36

Lung 3 3 b 0.021-29 1352-4410 0.05-84

Nasal Epithelium Ib 0.021 3570 0.05

TBLN 0 -- -- -

Heart 1 0.11 3788 0.31

Bone 0 -- --.

Bone Marrow 1 0.85 4922 1.50

Liver 2c 0.013-.21 3199-3877 0.03-.46

Other 9C .011-2.0 1832-4756 .026-6.6

Control

Non-Neoplasia

Lung 1 -- 250 --

Bone Marrow 0 ...--.

Liver 0 ......

Other 0 ......

Neoplasia

Lung Injury with Lung Neoplasia 0 .....

Lung 0 ......

Nasal Epithelium 0 ......

TBLN 0 ......

Heart 0 ......

Bone 0 ......

Bone Marrow 0 ......

Liver 0 ...--.

Other 4 -- 3776-4896 --

aILB = Initial lung burden based on whole-body counting of 16 9Yb.
bone dog bad nasal carcinoma and lung carcinoma.
COne dog had liver carcinoma and mammary carcinoma.
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Dog 1337T, a lemale with an ILB of 6.3 kBq 2 39Pu/kg body weight, was euthanized with pulmonary
insufficiency related to pulmonary neoplasia 4055 days after exposure. The dog had few clinical problems until
being placed in the hospital with dyspnea. Pulmonary neoplasia was suspected, but could not be visualized
radiographically.

At necropsy, a bronchioloalveolar adenocarcinoma was found filling all lobes of the lung. There were
mestatases to the thoracic lymph nodes. The only other neoplasm was a C-cell adenoma of the thyroid.

Dog 1377A, a male with a lung burden of 3.7 kBq 23P/kg body weight, was euthanized with a lung
carcinoma 3435 days after inhalation exposure. The dog had few clinical signs during its lifetime but did have
parvovirus enteritis as a puppy. About 15 mo before death, a lung mass was noted radiographically. The mass
slowly increased in size until respiratory distress became marked.

At necropsy, the principal disease was adenocarcinoma of the left apical cardiac lobe of the lung with
metastases to other lung lobes and to the tracheobronchial, sternal, mediastinal, and hepatic lymph nodes. Other
lesions were incidental. Neoplasms noted were an endochondroma of the epiglottis, seminoma and interstitial
cell adenoma of the testes, and a papillary mesothelioma.

Dog 1384B, a male with an ILB of 3.5 kBq 239 Pu/kg body weight, was euthenized because of metastatic
neoplasia 3844 days after exposure. A lung tumor in the left diaphragmatic lobe was noted 6 mo before death.
A mass over the mandible was noted 8 days before death. Because of the worsening clinical condition and
suggestion of metastasis, euthanasia was recommended.

At necropsy, the largest mass, a 3-cm diameter nodule in the left diaphragmatic lobe, was a primary
squamous cell carcinoma of the lung. This tumor metastasized to the tracheobronchial lymph nodes. Also present
in the lungs were two other, apparently separate, primary neoplasms, a papillary adenocarcinoma and a
bronchioloalveolar adenocarcinoma. Neither of these metastasized. In addition, two tumors were found in the
kidn•ys, apparently separate primary neoplasms, because they were each confined to separate kidneys. However,
each metastasized to the lungs. The only other neoplasm noted was an interstitial cell adenoma of the testicle.

Dog 13635 a female with an ILB of 2.5 kBq 239 Pu/kg body weight, was euthanized with a lung tumor
3858 days after exposure. A lung tumor was noted radiographically about 18 mo before death. The tumor
slowly grew in size until it compromised pulmonary function.

At necropsy, a 7 x 7 x 5 cm mass was found in the right diaphragmatic lobe. Smaller (I to 3 mm)
nodules were present in other lobes. Histologically, the large mass was a bronchioloalveolar adenocarcinoma
with intra-pulmonary metastases. Other lesions were few and insignificant. The only other neoplasm was an
ovarian adenoma.

Dog 1364A, a male with an ILB of 2.1 kBq 239Pu/kg body weight, was euthanized with a lung
carcinoma 3612 days after inhalation exposure. The dog had few clinical problems until the day before death
when it was presented for rapid respiration. On physical exam, the dog had a low grade fever and elevated
heart and respiratory rates. Thoracic radiographs taken on the next day showed the left apical cardiac lobe to
be filled with an apparent neoplasm. Because of the clinical condition, euthanasia was recommended.

At necropsy, a primary pulmonary adenocarcinoma was found apparently originating in the left apical
cardiac lobe with extensive intra-pulmonary metastasis, primarily to the right apical lobe. Microscopic metastases
were also present in the thoracic lymph nodes and epicard, . The unusual feature of the tumor was the varied
morphologic expression. Papillary, alveolar, squamous, d transitional patterns were present although the
papillary pattern predominated.

Dog 1222S, a female with an ILB of 2.0 kBq 23 9Pu/kg body weight, was found dead 4715 days after
inhalation exposure. The dog had a history of bloating after eating, but few other clinical problems.

At necropsy, there was marked dilation of the stomach with gas and undigested foodstuff, but no
evidence of gastric torsion. The probable cause of death was cardiopulmonary failure as a consequence of the
dilation and pressure on the great vessels. A closed suppurative endometritis was present as well as adeno-

29



cortical hyperplasia indicative of Cushing% disease. The pyometra and endocrine abnormalities may have
contributed to the clinical disease. The only neoplasm present was a simple tubular adenoma of the mammary
gland.

Dog 1382S, a female with a lung burden of 1.4 kBq 23OPu/kg body weight, was euthanized with a lung
carcinoma 3459 days after inhalation exposure. The dog had a 3.3 cm diameter mass in the right apical lobe
diagnosed 2 mo before death. Just before death, she presented with a right front leg limners, increased
respiratory rate, and severe rales.

At necropsy, primary adenocarcinoma was found in the right apical lobe with intrapulmonary metastases,
and metastases to the rib and thoracic wall mediastinum and the mediastinal, sternal, and tracheobronchial lymph
nodes. The only other neoplasm was a complex tubular adenoma of the mammary gland that was incidental.

Dog 1220D, a male with an ILB of 0.85 kBq 239 Pu/kg body weight, was euthanized 4922 days after
exposure because of a hyperviscosity syndrome secondary to a multiple mycloma. The dog had a thyroid

carcinoma removed about 3 mo before death. At that time, hyperproteinemia was noted. Three weeks before
death, a monoclonal gammopathy was documented, and a bone marrow aspirate showed numerous plasma cells
resulting in a diagnosis of plasma cell sarcoma (multiple mycloma). A week later, a large cutaneous infarct
developed in the thorax.

At necropsy, myeloma cells were found in numerous organs, marrow, liver, kidneys, and spleen. In
addition, two primary lung tumors were noted, both bronchioloalveolar carcinomas. Other neoplasms were
recurrence of the thyroidal carcinoma, testicular interstitial cell adenoma, and testicular seminoma.

Dog 1320S, a female with an ILB of 0.78 kBq 239Pu/kg body weight, was euthani-,.A because of

bronchopneumonia secondary to a lung tumor 4410 days after exposure. The dog had few minor clinical
problems before the terminal episode. A lung mass was noted radiographically 40 mo before death that
measured 1.5 x 2.0 cm. The mass changed in size and degree of consolidation over the next several years.
Two weeks before death, multiple cavitations were present. When persistent secondary pneumonia developed,
euthanasia was recommended. At necropsy, a papillary adenocarcinoma was found filling the left apical cardiac
lobe. Metastases were present in the thoracic lymph nodes. No other neoplasms were present.

Dog 1220S, a female with an ILB of 0.67 kBq 239Pu/kg body weight, was found dead 4693 days after

inhalation exposure. The dog had a long history of medical problems. Four years before death, the right thyroid
was removed because of a follicular carcinoma. In spite of the malignant nature of the tumor and obvious

invasion of vessels, no pulmonary metastases were noted during the next year when numerous thorax radiographs
were taken. In the terminal illness, pulmonary disease was suspected, but the dog died unexpectedly shortly after

initiation of treatment for pneumonia.

At necropsy, a pleural effusion was found as the immediate cause of death. A large adenosquamous

carcinoma was found as a primary tumor in the left apical cardiac lobe of the lung. The neoplasm had
metastasized to other lobes of the lung, trachea, mediastinum, and sternal and mediastinal lymph nodes.

Dog 1221T, a female with an ILB of 0.48 kBq 23 9Pu/kg body weight, died 4727 days after exposure.

The dog had a long history of minor clinical problems. About 2 yr before death, a splenectomy was performed
for a large hematoma. In the terminal episode, the dog was admitted for anorexia. On physical exam, she had
a fever and depression. Generalized alopecia and mammary tumors were noted. She had a long history of
phenobarbital therapy for seizures and, in the prior year, hepatic enzymes were mildly but persistently elevated.
The dog died that night before a further clinical examination could be performed.

At necropsy, a lymphosarcoma confined to the abdomen, except for the thoracic lymph nodes, was
considered the primary cause of death. The lymphosarcoma invaded the liver, adrenals, ovary, bone marrow,
and abdominal lymph nodes. The immediate cause of death was a suppurative meningitis. Other tumors noted
were adrenocortical carcinoma, multiple complex adenomas of the mammary gland, and multiple sebaceous

adenomas.
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Dog 1340S, a female with an IL.J of 0.21 kBq 23Pu/1g body weight, was eutbanized with an inoperable
abdominal mass 3877 days after inhalation exposure. The dog had few clinical problems until the terminal
illness. At that time, several nmmmary tumors were present.

At nectopsy, a solid mammary carcinoma was found that had metastasized to all lobes of the lungp,
liver, and lumber vertebra and local lymph nodes. The abdominal mass was a large cholangiocarcinoma that
measured 9 x 7 x 6 cm at its greatest dimension. This neoplasm had not metastasized. No other neoplasm
were encountered.

Dog 1217C, a male with an ILB of 0.044 kBq 239 pu/kg body weight, was found dead 4975 days after
exposure. The dog had an uneventful clinical history. At necropsy, a marked ventricular myocardial hypertrophy
indicative of valvular insufficiency was found. Few other lesions were present. Of particular interest were a
mastocytoma of the skin and a follicular cell carcinoma of the thyroid. Neither of these tumors was metastatic
nor invasive.

Dog 1214B, a male with an IL of 0.035 kBq 2 39 u/kg body weight, was euthanized 4756 days after
inhalation exposure with a large mass in the throat region. The dog had a number of minor clinical problems
during its life. A thyroid-stimulating hormone test about 4.5 yr before death indicated hypothyroidism. After
2 yr of treatment it was euthyroid, but hypothyroid again I yr before death. About 5 wk before death, an
invasive amelanotic melanoma was removed from the oral cavity. Euthanasia was recommended when massive
lung metastases were seen on radiography.

At necropsy, the malignant melanoma was found to have invaded the soft tissues of the neck, salivary
gland, veins, and cervical and retropharyngeal lymph nodes. The melanoma had also metastasized to the lungs,
myocardium, adrenal medulla, larynx, and tracheobronchial, sternal, mediastinal axillary, and prescapula lymph
nodes. The right thyroid was atrophic, and the left was overrun with a follicular carcinoma. Epidermal atrophy
and hyperkeratosis as well as adenexial atrophy indicated a deficiency of thyroid hormones. Other tumors
present were intratubular seminoma and esophageal leiomyofibroma.

Dog 1319S, a female with an ILB of 0.020 kBq 239 Pu/kg body weight, died shortly before surgery for
mammary neoplasms 4404 days after exposure. The dog had numerous minor clinical observations. Two slowly
growing mammary tumors were noted about 1 yr before death. They were scheduled for routine removal.
During the surgical workup examination, periosteal proliferations and osteolysis were noted on radiographs of
the sacral vertebrae. The dog was found dead in its cage on the morning of the scheduled surgery.

At necropsy, a widely metastatic mammary adenocarcinoma was found that had resulted in hydrothorax.
The metastases involved the lung, mediastinum, omentum, mesentery, diaphragm, and axillary and thoracic lymph
nodes. A myxoma was found in and around the muscles of the pelvis resulting in the radiographic bone lesions.
Several benign tumors were found, hemangiomas of the subcutis and sinus mucosa, pituitary gland adenoma, and
adrenal cortical adenoma.

Dog 1217T, a female with an ILB] of 0.011 kBq 23 9Pu/kg body weight, died in comatose condition
5155 days after exposure. The dog had a relatively uneventful medical history with minor clinical findings until
the terminal episode. The only exception was hypothyroidism diagnosed and treated about 15 mo before death.
Terminally, the dog was noted with bloody diarrhea and pale mucous membranes. The next morning, the dog
was comatose with a profound anemia, hypoproteinemia, and thrombocytopenia.

At necropsy, a marked thyroidal atrophy was noted consistent with the clinical hypothyroidism. Most
striking was an atrophy and marked hemorrhagic necrosis of the liver. Several benign neoplasms were present,
a chemodectoma of the mediastinum, an adenoma of the gallbladder, and an adenoma of the mammary gland.
A spindle cell carcinoma of the mammary gland was also noted, but it was not invasive.

Dog 1338S, a female with an ILB of 0.011 kBq 239pu/kg body weight, was euthanized with an
inoperable tumor 3973 days after inhalation exposure. The dog had a prolonged clinical history of oral problems,
including abscessed teeth, gingivitis, and epulis. The terminal episode related to a mass in the left tonsil
discovered 5 days before death. The mass caused profuse salivation and anorexia. Because of the inoperable
nature of the neoplasm, euthanasia was recommended.
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At necropsy, the mass was found to be a poorly differentiated squamous cell carcinoma of the tonsil
that extended into the adjacent salivary gland but had not metastasized. Other neoplasms noted were three
adenomnas of the mammary glands. Other lesions were minimal and incidental to the clinical disease.

Dog 1223T, a female control, was euthanized 4896 days after exposure. Several mastectomies had been
performed with diagnoses of mixed mammary tumors, adenomas, and an adenocarcinoma. She had acute
hepatitis about 6 mo before death which resolved in 3 wk. Enlarged submandibular and prescapular lymph nodes
were observed about 6 wk before death. Lymphosarcoma was diagnosed based on several lymph-node aspirates.
At necropsy, lymphosarcoma was found in most visceral and peripheral lymph nodes with infiltration of spleen,
liver, stomach, kidneys, gall bladder, uterus, and mammary glands. Massive involvement of the liver had caused
moderate hepatic necrosis. Other neoplasms noted were noncontributory and included renal fibroma, vaginal
Iliomyoma, and adrenal cortical adenoma.

Dog 1318D, a male control, was euthanized with an abdominal mass 4345 days after exposure. The
dog had few medical problems in its life span. Diarrhea was noted about 6 mo before death, but resolved in
3 days. In the terminal episode, the dog was found comatose 1 day before death. Peritonitis with ascites was
present, and a large mass was palpated in the abdomen. At necropsy, a lymphosarcoma was found greatly
expanding a portion of the jejunum and invading the anterior mesenteric lymph nodes. Lymphosarcoma
infiltrates were present in the tracheobronchial lymph nodes, but in no other place. Arterial thromboses were
present in the lung which probably contributed to the poor clinical condition. A follicular cell adenoma was
present in the thyroid.

Dog 1353A, a male control, was found dead 3776 days after exposure while on a treatment regimen
for acute liver disease. The dog had few medical problems in its lifetime. Two days before death, the dog was
examined for anorexia and rapid weight loss. Hepatitis was diagnosed and treatment initiated.

At necropsy, the dog was found to have malignant mastocytoma with massive infiltration of neoplastic
cells in the liver, spleen, and adrenals. Less severe infiltration was present in kidneys and pituitary gland. The
massive hepatic infiltrates caused an acute liver failure. Other lesions were minimal and incidental. The only
other neoplasm was hemangioma of the popliteal lymph node.

Dog 1358S, a female control, died in renal failure 3992 days after exposure. In the terminal episode,
the dog was thin and had oral ulcerations. She was treated for renal failure, but died several days later.

At necropsy, a marked nephropathy with nephrosclerosis was found. Ulceration of the gastric mucosa,
calcification of the gastric mucosa and small arteries and hyperplasia of the parathyroid glands were all
indications of renal failure and uremia. In addition, an undifferentiated sarcoma was found filling one half of
one kidney. It did not spread outside the capsule of the kidney. A pituitary adenoma was also present.
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d. Repeated Inhalation Exposure of Beagle Dogs to 213PuO 2. XVI.

Study Contact: J. H. Diel

To evaluate the role of chronic exposure to an alpha-emitting aerosol, PuO 2, compared to single acute
uptakes of the same radionuclide, adult Beagle dogs inhaled a monodisperse aerosol of 239PuO 2 (0.75 um,
AMAD) either once or once every 6 mo for 10 yr. Twenty-four singly exposed dogs received 3.7 kBq 2"Pu;
the multiply exposed dogs received either 0.37 or 3.7 kBq per exposure for a maximum of 20 exposures each.
There were 24 dogs exposed at the lower dose, and 15 dogs exposed at the upper dose. Nine additional dogs
at the upper dose were sacrificed for dosimetry. Twelve control dogs were also given repeated, semiannual sham
exposures for the 10-yr duration. These dogs are being held for life-span observations. The exposures began
in 1977; the final repeated exposures were done in 1987. Specific details of the experimental design
conaiderations, the dose-response models being tested, and the metabolism and dosimetry of the inhaled 239 PuO2
have been presented in previous annual reports, particularly in LF-58, LMF-91, and LMF-102. Annual
summaries for this study have also been included in all other annual reports to the present time.

The current status of this study is shown in the experimental design chart given in Figure 16. Exposure
information and dosimetry results are given for each dog in Appendix A. Survival data for dogs in this study
are summarized graphically in Figure 17. During the past 2 yr, two of the singly exposed dogs and three
control dogs died. The major clinical and pathological findings in these dogs are summarized below. As of
September 30, 1993, one dog remained alive in this study. A summary of the major biological effects in all
the 239Pu-exposed and control dogs in this study is given in Table 9. Observations continue on the last living
dog, which has been on study for 16 yr.
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Figure 16. Experimental design for the longevity study of Beagle dogs exposed repeatedly by inhalation to
0.75 Aan AMAD aerosols of 239PuO2 (Status as of 9-30-93).
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Table 9

Sumtaary of Major Fl~iAp at Death in Dop Repeatedly Exposed by Inhalation to 0.75 jma
Acdynamic Diameter Momodisperme Aerosols of Z3 O2 (Status as of 9-30-93)

TLD Survival Times Cumulative
Number (kBq 239 Purt (Days after Radiation Dose
of Do Body Weight) Exposure) to Lug (Oy)

Nom-Neoplasia

Lung 12 0.41-0.68 1267-4444 6.1-27

Bone Marrow 0 --...

liver Ib 0.56 3564 4.0

Other 6 0.33-0.81 364-3740 0.73-4.3

Neoplaus
Lung Injury with Lung Neoplasia 3 0.50-2.6 1829-1920 15-24

Lung 36bhc 0.26-1.4 1892-5517 1.9-31

Nasal Epithelium 0 .- --

TBLN 0 ......

Heart 0 .- --

Bone 2c 0.53,0.85 2374,4226 5.4,30

Bone Marrow 0 .-- --

Liver 0 .-...

Other 5 0.52-0.93 2450-4134 2.8-5.6

Control

Non-Neoplasia

Lung 0 .-...

Bone Marrow 0 ......

Liver 0 .-...

Other 5 -- 969-5364 --

Neoplasia

Lung Injury with Lung Neoplasia 0 ...--.

Lung 0 .....

Nasal Epithelium 0 ......

TBLN 0 .....

Heart 0 ......

Bone 0 .....

Bone Marrow 0 .....

Liver 0 .-...

Other 6 -- 3941-5660 --

aTLB=Total lung burdem based on whole-body counting of 169Yb.
bOne dog had a lung tumor and hepatic degeneration.
COne dog had lung and bone tumors.
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Dog 10678, a male with an ILB of 0.44 kBq 239Pu/kg body weight, was found dead 5517 days
after a single inhalation exposure. The dog had a long history of prostatitis, prostamegaly, and calcified
prostatic cysts. At necropsy, pulmonary edema was found to be the immediate cause of death. The
principal cause of death was a pulmonary adenocarcinoma widely disseminated through the lung with
metastasis to the local lymph nodes. Other neoplasms, which did not contribute to the clinical condition,
included a leiomyoma of the esophagus, a follicular carcinoma of the thyroid, a follicular adenoma of the
thyroid, and an adenoma of the adrenal cortex.

Dog 1050A, a male with an ILB of 0.37 kBq 23%/kg body weight, was euthanized with a lung
carcinoma 5258 days after a single initial inhalation exposure. Thirty months before death a lung carcinoma
was diagnosed during routine clinical examination. The tumor gradually enlarged, but caused no clinical
signs until 2 wk before euthanasia. At that time, hypertrophic pulmonary osteopathy was diagnosed. Shortly
later, coughing developed, and euthanasia was recommended.

At necropsy, the principal alterations were a primary bronchioloalveolar carcinoma and secondary
pulmonary hypertrophic osteopathy. In the lungs, them were one or several primaries and multiple
intrapulmonic metastases. The neoplasm had not metastasized out of the lungs but was responsible for the
osteopathy. A perifollicular cell adenoma of the thyroid was also found but was incidental.

Dog 1044T, a female control, was euthanized with a recurring subcutaneous tumor 5660 days after
exposure. The mass was first noted caudal to the shoulder 21 mo before death. The mass was surgically
removed and diagnosed as a myxosarcoma. Nine months later, it was removed a second time. Six months
before death, the myxosarcoma recurred for the third time. Because of the multiple recurrence and poor
clinical condition, the dog was euthanized.

At necropsy, the myxosarcoma was found to be extensively invasive locally but had not
metastasized. Numerous aging lesions were found that did not contribute to the clinical condition including
a parathyroid gland adenoma, a vaginal fibroma, and mammary adenoma.

Dog 1058A, a male control, was euthanized in renal failure 5364 days after initial inhalation
exposure. The dog had a long history of clinical problems, including marked spondylosis, marked
prostatomegaly with chronic prostatitis, right heart enlargement with a grade IV systolic murmur, and chronic
renal disease.

At necropsy, the principal lesions were in the kidney and included chronic nephropathy and those
of renal secondary hyperparathyroidism; bilateral parathyroid hyperplasia, fibrous osteodystrophy, and bone
marrow atrophy. Several spontaneous, incidental neoplasms were noted: parathyroid adenoma, thyroid
follicular cell adenoma, adrenocortical adenoma, sebaceous adenoma of skin, and interstitial cell adenoma
of testes.

Dog 1058S, a female control, was euthanized with metastatic carcinoma 5644 days after exposure.
The dog had a history of multiple mammary masses, cardiomegaly, and intervertebral disc disease. Five
days before euthanasia, she had peritoneal and pleural effusions and palpable abdominal mass.

At necropsy, an undifferentiated acinar cell carcinoma of the pancreas was found with widespread
metastases. Metastatic neoplasms in the liver had destroyed large areas of hepatic parenchyma. Other,
smaller, metastases were present in the mesenteries, omentum, mediastinum, lungs, and multiple lymph nodes.
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3. Annual Renort References to Doe Lmevity Studies in which All Dons Have Died

It is our custom to provide an annual status report on each dog longevity study in which dogs are still
alive. These repoft provide historical perspective on each study and on the sequence in which different events
occurred. When af dogs in a given study are dead, the scientific effort in that study is directed to final

bialopetological reviews, data analyses, dose-response modeling, and open literature publications.

Recognizin that annual progress reports for an individual study may span about 20 yr, it is desirable
to provide t interested reader with a guide to past annual repors and their contents. In the material that
follows, a graph that illustrates the relationship between long-term retained radionuclide burden, survival time,
and prominent pathological observations at death is presented for each study in which all dogs are dead. This
graph is followed by an annotated list of all annual report references for that particular study.

a. 9°SrCl2 Longevity and Sacrifice Studies

Figure 18 provides data on long-term retained burden and survival time for Beagle dogs that inhaled
9°SzrC, and Table 10 presents annual report references to these dogs.

b. 144CECC3 Longevity Study

Table 11 presents annual report references to Beagle dogs that inhaled 144CEC13, and Figure 19 provides
data on the long-term retained burden and survival time for these dogs.

c. 91YC13 Longevity Study

Figure 20 provides data on the long-term retained burden and survival time on Beagle dogs that inhaled
91ycI3 , and Table 12 presents annual report references on these dogs.
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Table 10

Annual Report References to Longevity and Sacrifice Studies
Involving Be@gle DOP that nha'ed ''.SrC-2

Report Year and
No. Document No. Pages Major Contents

1. 1966-67, LF-38 1-18 Exposure details; whole-body retention; SSr deposition
and fate; dosimetry methodology; early clinical findings,
hematology, serum chemistry, microbiology, and
pathology in early post-exposure period.

HI. 1967-68, LF-39 1-13 Whole-body retention summary; dosimetry; and clinical
observations, hematology, and pathology.

III. 1968-69, LF-41 1-7 Whole-body retention; biological effects summary; and
survival curves.

IV. 1969-70, LF-43 123-127 Annual status report.

V. 1970-71, LF-44 121-125 Annual status report.

VI. 1971-72, LF-45 129-136 Annual status rcport, comparison with 9°Sr citrate study
at the University of Utah.

VII. 1972-73, LF-46 86-90 Annual status report.

VIII. 1973,74, LF-49 89-92 Annual status report.

IX. 1974-75, LF-52 134-138 Annual status report.

X. 1975-76, LF-56 154-157 Annual status report.

XI. 1976-77, LF-58 62-65 Annual status report.

XII. 1977-78, LF-60 68-71 Annual status report.

XIII. 1978-79, LF-69 57-61 Annual status report.

XIV. 1979-80, LMF-84 48-52 Annual status report.

XV. 1980-81, LMF-91 67-72 Annual status report.

XV1. 1981-82, LMF-102 271-275 Final status report.

XVII. 1982-83, LMF-107 183-189 Bone cancer risk estimates.

XVIII. 1983-84, LMF-113 154-158 Study summary.

1984-85, LMF-114 175-180 Analysis of early hematological effects.

1984-85, LMF-114 275-279 Logistic analysis of dose-effects data.

1985-86, LMF-115 167-176 Analysis of late biological effects.

1988-89, LMF-128 63-65 Effects of route of exposure and dose rate on bone
cancers.

1990-91, LMF-135 82-84 Alpha- vs. beta-induced bone cancers.

This report 57-59 Life-span health effects.

This report 60-61 Bone tumor incidence.

This report 62-65 Lung tumors in control dogs.
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Table II

Annual Report References to the Longevity Study

Involving Beagle Dog that Inhaled 14CeOC3

Report Year and
No. Document No. Pars Major Contents

1. 1966-67, LF-38 19-39 Exposure details; whole-body retention; deposition and
fate in parallel serial sacrifice study; dosimetry
methodology; clinical findings, hematology, clinical
chemistry, microbiology, and pathology in early post-
exposure period.

II. 1967-68, LF-39 14-25 Deposition and fate in parallel serial sacrifice study;
dosimetry; and clinical findings, hematology, and
pathology.

M. 1968-69, LF-41 8-14 Whole-body retention, biological effects summary.

IV. 1969-70, LF-43 128-136 Fate and dosimetry, biological effects summary.

V. 1970-71, LF-44 126-135 Whole-body retention, tissue distribution, clinical findings
and pathology.

Vi. 1971-72, LF-45 137-139 Annual status report.

VII. 1972-73, LF-46 91-95 Dosimetry methodology, annual status report.

VIII. 1973-74, LF-49 93-97 Annual status report.

IX. 1974-75, LF-52 139-142 Annual status report.

X. 1975-76, LF-56 158-163 Annual status report.

XI. 1976-77, LF-58 69-73 Annual status report.

XII. 1977-78, LF-60 76-79 Annual status report.

XIII. 1978-79, LF-69 66-70 Annual status report.

XIV. 1979-80, LMF-84 57-61 Annual status report.

XV. 1980-81, LMF-91 79-83 Annual status report.

XVI. 1981-82, LMF-102 280-283 Annual status report.

XVII. 1982-83, LMF-107 194-197 Annual status report.

XVII. 1983-84, LMF-113 163-167 Final status report, preliminary cancer risk estimates.

1984-85, LMF-115 247-250 Nonstochastic effects; nonneoplastic liver disease and
tumors in nonirradiated organs.

1989-90, LMF-130 70-74 Biological effects summary.

1989-90, LMF-130 75-77 Hepatic tumor comparison.

This report 57-59 Ufe-span health effects.

This report 60-61 Bone tumor incidence.

This report 62-65 Lung tumors in control dogs.
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d. ' 37C&C LoAgevity Study

Table 13 presents annual report references to Beagle dogs that were injected with 137CSCI, and Figure 21
provides data on long-term retained burden and survival time for these dogs.

Table 12

Annual Report References to the Longevity Study
Involving Beagle Dop that Inhaled 91YCI 3

Report Year and
No. Document No. Pages Major Contents

I. 1966-67, LF-38 40-64 Exposure details; whole-body retention; deposition and
fate in parallel serial sacrifice study; dosimetry
methodology; and clinical observations, hematology,
clinical chemistry, microbiology, and pathology in early
post-exposure period.

II. 1967-68, LF-39 26-32 Whole-body retention; and clinical observations,
hematology, clinical chemistry and pathology.

Il1. 1968-69, LF-41 15-18 Annual status report.

IV. 1969-70, LF-43 137-139 Annual status report.

V. 1970-71, LF-44 136-138 Annual status report.

VI. 1971-72, LF-45 140-143 Annual status report.

VII. 1972-73, LF-46 96-99 Dosimetry methodology, annual status report.

VIII. 1973-74, LF-49 98-100 Annual status report.

IX. 1974-75, LF-52 143-145 Annual status report.

X. 1975-76, LF-56 164-166 Annual status report.

XI. 1976-77, LF-58 66-68 Annual status report.

XII. 1977-78, LF-60 72-75 Annual status report.

XHI. 1978-79, LF-69 62-65 Annual status report.

XIV. 1979-80, LMF-84 53-56 Annual status report.

XV. 1980-81, LMF-84 73-78 Annual status report.

XVI. 1981-82, LMF-102 276-279 Annual status report.

XVII. 1982-83, LMF-107 190-193 Annual status report.

XVII. 1983-84, LMF-113 159-162 Final status report, preliminary cancer risk estimates.

1990-91, LMF-135 65-67 Biological effects summary.

This report 57-59 Life-span health effects.

This report 60-61 Bone tumor incidence.

This report 62-65 Lung tumors in control dogs.
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e. 9Y in FAP Longevity Study

Figure 22 piovides data on the relationship between ILB and survival time for dogs that inhaled 9OY
in FAP, and Table 14 presents annual report references to these dogs.

f. 9 1Y in FAP Longevity Study

Table 15 presents annual report references to Beagle dogs that inhaled 9 1Y in FAP, and Figure 23
provides data on the long-term burden and survival time of these dogs.

Table 13

Annual Report References to Longevity and Sacrifice Studies
Involving Beagle Dogs that were Injected Intravenously with 137CsCI

Report Year and
No. Document No. Pages Major Contents

1. 1967-68, LF-39 54-75 Experimental design; injection details; whole-body
retention; urinary and fecal excretion; tissue
concentrations; dosimetry details; and early clinical
findings, hematology, serum chemistry, and pathology in
early post-exposure period.

II. 1968-69, LF-41 36-45 Whole-body retention; dosimetry; microbiology;
immunology; hematology; and clinical findings,
biochemistry, and pathology.

III. 1969-70, LF-43 140-145 Dosimetry, biological effects summary.

IV. 1970-71, LF-44 139-144 Whole-body retention, biological effects summary.

V. 1971-72, LF-45 144-146 Annual status report.

VI. 1972-73, LF-46 100-102 Annual status report.

VII. 1973-74, LF-49 101-103 Annual status report.

VIII. 1974-75, LF-52 146-149 Annual status report.

IX. 1975-76, LF-56 167-171 Annual status report.

X. 1976-77, LF-58 74-77 Annual status report.

XI. 1977-78, LF-60 80-83 Annual status report.

XII. 1978-79, LF-69 71-74 Annual status report.

XIII. 1979-80, LMF-84 62-66 Annual status report.

XIV. 1980-81, LMF-91 84-89 Annual status report.

XV. 1981-82, LMF-102 284-288 Annual status report.

XVI. 1982-83, LMF-107 198-202 Annual status report.

XVII. 1983-84, LMF-113 168-171 Annual status report.

XVIII. 1984-85, LMF-114 181-184 Final status report.

1989-90, LMF-130 66-69 Biological effects summary.

This report 57-59 Life-span health effects.

This report 60-61 Bone tumor incidence.

This report 62-65 Lung tumors in control dogs.
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g. 144Ce in FAP Longevity Study

Figure 24 provides data on the long-term burden and survival time for Beagle dogs that inhaled 144Ce

in FAP, and Table 16 presents annual report references to these dogs.

Table 14

Annual Report References to Longevity and Sacrfice Series
Involving Beagle Dop that Inhaled 1OY in FAP

Report Year and
No. Document No. Pages Major Contents

I. 1968-69, LF-41 46-58 Experimental procedures; whole-body retention;
excretion; tissue distribution; dosimetry; and clinical
observations, hematology, pulmonary function, clinical
chemistry, and pathology.

II. 1969-70, LF-43 146-162 Experimental procedures; experimental design (8 blocks);
tissue distribution; and clinical observations,
microbiology, and pathology.

In. 1970-71, LF-44 145-150 Full experimental design, dosimetry summary, and
biological effects summary.

IV. 1971-72, LF-45 147-150 Annual status report.

V. 1972-73, LF-46 103-107 Annual status report.

VI. 1973-74, LF-49 104-107 Annual status report.

VII. 1974-75, LF-52 150-153 Annual status report.

VIII. 1975-76, LF-56 172-175 Annual status report.

IX. 1976-77, LF-58 78-82 Annual status report.

X. 1977-78, LF-60 84-88 Annual status report.

XI. 1978-79, LF-69 75-78 Annual status report.

XII. 1979-80, LMF-84 67-70 Annual status report.

Xii1. 1980-81, LMF-91 90-95 Annual status report.

XIV. 1981-82, LMF-102 289-294 Annual status report.

XV. 1982-83, LMF-107 203-207 Annual status report.

XVI. 1983-84, LMF-113 172-176 Annual status report.

XVII. 1984-85, LMF-114 185-190 Annual status report.

XVIII. 1985-86, LMF-115 177-181 Annual status report.

XIX. 1986-87, LMF-120 205-208 Final status report.

1986-87, LMF-120 196-204 Preliminary lung cancer risk estimates.

1989-90, LMF-130 78-81 Beta dose-rate effects in lung.

This report 62-65 Lung tumor in control dogs.
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Table 15

Annual Report Refereces to .oagevity and Sacrifice Series
Involving Beagle Dogs that Inhaled 91Y in FAP

Report Year and
No. Document No. Pags Major Contents

1. 1969-70, LF-43 163-182 Exposure details; whole-body retention; deposition and
fate in parallel serial sacrifice study; excretion in urine
and feces; dosimetry methodology; experimental design
(4 blocks); and clinical observations, hematology,
pulmonary physiology, clinical chemistry, and pathology
in early post-exposure period.

II. 1970-71, LF-44 151-163 Full experimental design; initial deposition; whole-body
retention; tissue distribution; dosimetry; and clinical
observations; hematology, clinical chemistry, pulmonary
function, and pathology for early post-exposure period.

M11. 1971-72, LF-45 151-156 Biological effects summary.

IV. 1972-73, LF-46 108-111 Annual status report.

V. 1973-74, LF-49 108-112 Annual status report.

VI. 1974-75, LF-52 154-159 Annual status report.

VII. 1975-76, LF-56 176-179 Annual status report.

VIII. 1976-77, LF-58 83-86 Annual status report.

IX. 1977-78, LF-60 89-93 Annual status report.

X. 1978-79, LF-69 79-82 Annual status report.

XI. 1979-80, LMF-84 71-75 Annual status report.

XH. 1980-81, LMF-91 96-100 Annual status report.

XII. 1981-82, LMF-102 295-299 Annual status report.

XIV. 1982-83, LMF-107 208-212 Annual status report.

XV. 1983-84, LMF-113 177-181 Annual status report.

XVI. 1984-85, LMF-114 191-195 Annual status report.

XVII. 1985-86, LMF-115 182-186 Annual status report.

XVII. 1986-87, LMF-120 209-212 Final status report.

1986-87, LMF-120 196-204 Preliminary lung cancer risk estimates.

1989-90, LMF-130 78-81 Beta dose-rate effects in lung.

1990-91, LMF-135 61-64 Biological effects summary.

1990-91, LMF-135 79-82 Alpha- vs. beta-induced lung cancer.

This report 62-65 Lung tumors in control dogs.
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Table 16

Annual Report References to Longevity and Sacrifice Series
Involving Beagle Dogs that Inhaled 144Ce in FAP

Report Year and
No. Document No. Pages Major Contents

I. 1967-68, LF-39 33-53 Exposure details; whole-body retention; deposition and
fate in parallel serial sacrifice study and dogs dying in
early post-exposure period; and clinical observations,
hematology, pulmonary physiology, clinical chemistry, and
pathology in early post-exposure period.

II. 1968-69, LF-41 19-35 Partial experimental design; whole-body retention; tissue
distribution and retention; dosimetry; and clinical
observations, pulmonary function, clinical chemistry,
hematology, immunology and pathology.

HI. 1969-70, LF-43 183-187 Metabolism and dosimetry; and biological effects
summary.

IV. 1970-71, LF-44 164-180 Full experimental designs for Series I and II; tissue
distribution and retention; clinical observations; and
pathology.

V. 1971-72, LF-45 157-166 Annual status report.

VI. 1972-73, LF-46 112-115 Annual status report.

VII. 1973-74, LF-49 113-117 Annual status report.

VIII. 1974-75, LF-52 160-164 Annual status report.

IX. 1975-76, LF-56 180-185 Annual status report.

X. 1976-77, LF-58 87-92 Annual status report.

Xl. 1977-78, LF-60 94-98 Annual status report.

XII. 1978-79, LF-69 83-91 Annual status report.

XIII. 1979-80, LMF-84 76-81 Annual status report.

XIV. 1980-81, LMF-91 101-108 Annual status report.

XV. 1981-82, LMF-102 300-305 Annual status report.

XVI. 1982-83, LMF-107 213-219 Annual status report.

XVII. 1983-84, LMF-113 182-187 Annual status report.

XVIII. 1984-85, LMF-114 196-201 Annual status report.

XIX. 1985-86, LMF-115 187-192 Annual status report.

XX. 1986-87, LMF-120 213-216 Annual status report.

1986-87, LMF-120 196-204 Preliminary lung cancer risks.

XXI. 1987-88, LMF-121 157-163 Final status report.

1988-89, LMF-128 66-68 Age-related early health effects.

1988-90, LMF-130 78-81 Beta dose-rate effects in lung.

1990-91, LMF-135 75-78 Interspecies lung cancer risks.

1990-91, LMF-135 79-82 Alpha- vs. beta-induced lung cancer.

This report 62-65 Lung tumors in control dogs.
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h. 144Ce in FAP, Aged-Dog Longevity Study

Table 17 presents annual report references to aged Beagle dogs that inhaled t 44CC in FAP, and
Figure 25 presents data on the ILB and survival time of these dogs.

i. 9OSr in FAP Longevity Study

Figure 26 presents data on the relationship between ILB of 9°Sr and survival time for aU dogs in this
study, and Table 18 presents annual report references to this study.

j. 238pu0 2 Monodisperse Aerosol Longevity Study - 1.5 and 3.0 pm AMAD Particles

Table 19 presents annual report references to these studies involving dogs that inhaled either
monodisperse 1.5 ýan or 3.0 pm AMAD particles. Figures 27 and 28 illustrate the relationship between the ILB
of 238PuO 2 and survival time for all dogs in these two studies.

k. 239puO 2 Aged-Dog Longevity Study

Figure 29 provides data on the ILB survival time of aged Beagle dogs that inhaled 23 9PU0 2, and
Table 20 presents annual report references to these dogs.

Table 17

Annual Report References to the Longevity Study
Involving Aged Beagle Dogs that Inhaled 144Ce in FAP

Report Year and
No. Document No. Pages Major Contents

I. 1971-72, LF-45 172-176 Experimental design (6 blocks); exposure details;
dosimetry; and early biological results.

II. 1972-73, LF-46 122-127 Comparison of tissue distribution and biological effects
with those in young-adult dogs; summary of early
biological results; and annual status report.

Ill. 1973-74, LF-49 122-125 Annual status report.

IV. 1974-75, LF-52 169-172 Complete experimental design, annual status report.

V. 1975-76, LF-56 190-194 Annual status report.

VI. 1976-77, LF-58 97-101 Annual status report.

VII. 1977-78, LF-60 94-98 Annual status report.

VIII. 1978-79, LF-69 96-100 Annual status report.

IX. 1979-80, LMF-84 86-89 Annual status report.

X. 1980-81, LMF-91 113-116 Annual status report.

Xi. 1981-82, LMF-102 310-313 Annual status report.

XII. 1982-83, LMF-107 224-227 Final status report.

XIII. 1983-84, LMF-113 193-195 Study summary.

1988-89, LMF-128 66-68 Age-related early health effects.
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Table 18

Annmal Report References to Longevity and Sacrifice Series
Involving Beagle Dogs that Inhaled 9°Sr in Fused Aluminosilicate Particles

Report Year and
No. Document No. Pages Major Contents

I. 1969-70, LF-43 188-196 Experimental design, exposure details, whole-
body retention, tissue distribution, dosimetry
calculations, and early biological effects.

I. 1970-71, LF-44 181-192 Metabolism and dosimetry, excretion of 9°Sr,
clinical and pathology observations in the early
post-exposure period.

Ill. 1971-72, LF-45 177-188 Dosimetry modeling and calculations for first 12
blocks of dogs, clinical and pathology updates.

IV. 1972-73, LF-46 128-136 Dosimetry calculations, clinical and pathology
updates.

V. 1973-74, LF-49 126-129 Annual status report.

VI. 1974-75, LF-52 173-177 Annual status report, addition of six blocks at
lower levels.

VII. 1975-76, LF-56 195-199 Annual status report.

VIII. 1976-77, LF-58 102-106 Annual status report.

IX. 1977-78, LF-60 108-112 Annual status report.

X. 1978-79, LF-69 101-106 Annual status report.

Xl. 1979-80, LMF-84 90-94 Annual status report.

XII. 1980-81, LMF-91 117-121 Annual status report.

XIII. 1981-82, LMF-102 314-318 Annual status report.

XIV. 1982-83, LMF-107 228-231 Annual status report.

XV. 1983-84, LMF-113 196-200 Annual status report.

XVI. 1984-85, LMF-114 207-211 Annual status report.

XVII. 1985-86, LMF-115 198-203 Annual status report.

XVIII. 1986-87, LMF-120 222-227 Annual status report.
1986-87, LMF-120 196-204 Priliminary lung cancer risks.

XIX. 1987-88, LMF-121 184-188 Annual status report.

XX. 1988-89, LMF-128 14-17 Annual status report.

XXI. 1989-90, LMF-130 12-15 Annual status report.
1989-90, LMF-130 78-81 Beta dose-rate effects in lung.

XXII. 1990-91, LMF-135 12-15 Final status report.
1990-91, LMF-135 79-82 Alpha- vs. beta-induced lung cancer.

This report 62-65 Lung tumors in control dogs
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Table 19

Annual Report References to the Longevity Study Involving Beagle Dogs
that lIhaled Monodispeme (1.5 Am or 3.0 um AMAD) Particles of 2 3 N02

Report Year and
No. Document No. Paops Major Contents

1. 1973-74, LF-49 140-144 Experiments! -'esign, inhalation exposures, whole-body counting,

initial lung burdens and early biological effects.

H. 1974-75, LF-52 198-203 Initial lung burdens and lymphocyte responses.

In. 1975-76, LF-56 229-237 Tissue distribution, clinical results, pathology findings.

IV. 1976-77, LF-58 122-134 Metabolism, dosimetry, bematological effects, pathology
observations.

V. 1977-78, LF-60 132-144 Tissue distribution, dosimetry, hematological and pathological
effects.

VI. 1978-79, LF-69 122-133 Tissue distribution, dosimetry, biological effects and survival
patterns.

VII. 1979-80, LMF-84 118-128 Lung retention, tissue distribution and biological effects.

VIII. 1980-81, LMF-91 150-158 Simulation model for dosimetry, biological effects summary.

IX. 1981-82, LMF-102 327-335 Annual status report.

X. 1982-83, LMF-107 243-251 Annual status report.

XI. 1983-84, LMF- 113 216-224 Tissue distribution results and annual status report.

X11. 1984-85, LMF-114 226-235 Annual status report.

XIII. 1985-86, LMF-115 215-223 Annual status report.

XIV. 1986-87, LMF-120 235-247 Annual status report.

XV. 1987-88, LMF-121 196-205 Annual status report.

XVI. 198889, LMF-128 18-24 Annual status report.

XVII. 1989-90, LMF-130 16-21 Annual status report.

XVIII. 1990-91, LMF-135 12-15 Final status report.

This report 60-61 Bone tumor incidence

This report 62-65 Lung tumors in control dogs

This report 66-68 Lung tumor growth rate patterns
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Table 20

Annual Report References to the Longevity Study
Involving Aged Beagle Dogs that Inhaled "CPO2

Reporft Year andNo. Documen No. Pages Major Contents

1. 1978-79, LF-45 141-144 Experimental design; initial lung burdens.

H. 1979-80, LMF-4W 143-145 Current entries into study, early biological effects.

HI. 1980-81, LMF-91 169-173 Annual status report.

IV. 1981-82, LMF-102 347-351 Full experimental design, annual status report.
V. 1982-83, LMF-107 264-268 A10ual status report.

VL 1983-84, LMF-113 237-241 Annual status report.

V11. 1984-8, LMF-114 249-253 Annual status report.

VIII. 1985-86, LMF-115 239-242 Annual status report.

1X 1986-87, LMdF-120 266-270 Annual smtatus port.

XL 1997-88, LMF-121 157-163 Final status report.
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D. COMPLETION ACTFIVITIES FOR THE ITi STUDIES

1. Completion of Individual Studies

At the present time, thent are 15 ITRI studies in which all dogs have died. These are the studies
receivig mst of the current efforts directed to study completions. The general strategy being followed for each
study is shown in Table 21.

Table 21

General Strategy for Completion of
Individual life-Span Studies in Dogs at ITRI

"* Collect and organize materials and data

"* Conduct detailed reviews

- Dosimetry

- Clinical

- Pathology

"* Analyze results

"* Publish basic manuscripts

- Dosimetry

- Biological effects

- Dose-response modeling

"* Prepare cross-cutting risk analyses and manuscripts

- Among ITRI dog studies

- Across species including humans

- With other laboratories

"* Send materials to National Radiobiology Archives

A review of the dosimetry, clinical, and pathology materials and records for each dog is necessary to
assure uniformity in thoroughness of examination and terminology. Because each life-span study spanned nearly
2 decades, numerous veterinary clinicians and pathologists have been involved. Over such a span of time,
individuals, concepts, treatments, terminology, and completeness of diagnosis have changed. Part of the purpose
of these reviews is to establish standard terminology, diagnostic criteria, and reporting format. The general
approach is for a team comprised of one pathologist, one clinician, and a radiation biologist to review a complete
study together. Each individual reviews the appropriate material for their specialty, then all team members agree
together on the diagnoses and other findings. The information is then organized on forms and entered into the
database.

In the dosimetry portion of this effort, the radiation biologist reviews the performance of the counting
equipment, consistency of the standards, and the retention functions for the radionuclide of interest in the various
organs of concern. This ensures that the dosimetry is consistent over a study and that changes in counting
efficiencies and standards did not affect the results of these long studies. It also ensures that the methods for
dose calculations are consistent within each experiment. The dosimetry information is then entered into the
dosimetry database.
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The clinical materials being reviewed are the medical records, radiographs, hematology data, and clinical
chemistry date. The pathologist reviews the written grass necropsy report, biopsy reports, and histopathology
and final pathology reports for completeness; reviews the slides for tumors, and determines the organs of major
concern; and reviews any photographs of the organs taken at gross necropsy.The clinician and the pathologist
discuss each case to establish the following diagnoses: (1) immediate cause of death, (2) primary cause of death,
(3) major contributing diseases, and (4) incidental diseases and findings. Under each category, sufficient
supporting information is given to demonstrate the basis for the diagnmis. This information is then coded into
SNODOG (a modified version of SNOMED) and entered into the database.

Through the end of FY-1993, clinical and pathologic reviews of materials and records have been
completed on six studies-9SrCl 2 , I44CeC 3, ]3CsCI, 91yCI3, MPuO2 (1.5 14m), and 238PuO 2 (3.0 jm). These
six studies represent an important grouping within the ITRI program because they involved physical or chemical
forms that demonstrated the highest degree of in vivo radionuclide solubility in the 19 studies conducted. This
solubiity leads to a range of organs being at risk in addition to the respiratory tracL Most of the ITRI
manuscript efforts are being directed to the completion and publication of these studies. These manuscripts will
provide valuable information on cancer risks in organs and tissues such as the liver, skeleton, and nasal mucosa,
as well as the lung.

The current planned order and schedule for completion of dosimetry and medical reviews during Fiscal
Years 1994, 1995 and 1996 are given in Table 22. Because the ITRI team has responsibility for completion
of some of the studies begun at the University of Utah in addition to the ITRI studies, these studies arm also
listed in Table 22 to reflect the total effort involved. Also, with the cooperation and collaboration of scientists
from ANL, the results and materials from a life-span study of intravenously injected 137CsC! in dogs originally
conducted at ANL will be reviewed at ITRI in FY 1994. This review will follow completion of the ITRI study
with 137CsCI, both studies being based on similar experimental designs.

Table 22

Projected Order and Schedule for Completion
of Dosimetry and Medical Reviews for

Life-Span Studies in Dogs at ITRI

FY 1994
224Ra Citrate (Utah)a

1371CsC (ANL)b

144c FAP

FY 1995
239puO2 (3 sizes)

9 1y FAP

239Pu Citrate (Utah, Immature)'

FY 1996

22%6 R Citrate (Utah, Immature)'

9'Y FAP

9°Sr FAP

SThese studies, initiated at the University of Utah, will

be completed at ITRI under the collaborative agreement.
bThis study was conducted at ANL, but the reviews
and core manuscript will be done at ITRI with
collaboration from ANL staff.
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Because of the maturity of the entire series of dog life-span studies at ITRI, most of the living dogs
on study an also approaching the end of their life spans. Table 23 lists the number of dogs alive in each of
the four studies containing living dogs and the projected year in which the last dog is expected to die. These
studies will continue with the daily observation of the dogs, pathological examination of each animal when it
dies, and the collection of excreta and tissues for radiochemical analysis for dosimetry. Each study will be

integrated into the wrap-up schedule based on the projected date of death of all of the animals. In addition,
samples of all tumors of sufficient size are being collected and preserved at -70*C for use in other projects.
These samples provide valuable material for evaluating oncogenes and gene activation products present in
radiation-induced tumors. Material is also available for in situ hybridization and immunohistochemistry studies.

Table 23

Predicted Dates for the Remaining Dogs to Die in the Life-Span Radionuclide Toxicity Studies

Completion of Number of Number Projected
Inhalation Exposure Dogs Entered of Dogs Year of

Radionuclide and Form (Years) in Study Alive last Death

2N9puO 2 (0.75 /,m) 1977-1979 60 1 1994

239 PUO2 (1.5 •sm) 1977-1979 108 4 1995

239 PU02 (Immature) 1979-1982 108 43 1998

239 PUO2 (Repeated Exposures) 1977-1988 72 1 1994

2. Databases

Over the past 30 yr, a number of different database approaches have been used at ITRI for the purpose
of managing the storage and retrieval of the data and records produced in different segments of the life-span
studies program. These databases have involved a broad range of information on topics such as breeding,
inoculation, clinical observations, clinical pathology results, necropsy reports, pathologic diagnoses, radionuclide
counting data, and analytical radiochemistry results. Some of the previous databases used have been written
in-house, and others were -btained from commercial sources. A long-standing problem has been the difficulty
of retrieving and using data from several sources at the same time. Also, because of these database differences,
the results were not in appropriate formats for eventual transfer to the NRA.

A concerted effort is continuing to re-establish these major databases within a common software
framework. The FOCUS database software is being used for this purpose. Highest priority was given first to
the development of a health effects database for use in the final review of all clinical and pathologic materials

for each dog. Basic details of this database were given in the 1988-1989 annual report (LMF-128, pp. 84-85).
This database is now an important tool in our health effects evaluation process. Other databases that have been
set up in a FOCUS format include the colony management database, the clinical pathology database, the
radionuclide counting database, and the analytical chemistry database.
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E. RECENT RESEARCH ACCOMPLISHMENTS

1. Life-Sgan Health Effects of Relatively Soluble Forms of Internally Deposited Beta-Emitting
Radionuclideg

B. B. Boecker, B. A. Muggenburg, F. F. Hahn, K. J. Nikula, and W. C. Griffith

One important area addressed in the fission-product studies is the influence of in vivo solubility of the
inhaled material on the doses received by, and the effects seen in, different organs and tissues. This report
presents and compares results from three studies in which young-adult Beagle dogs inhaled 9°SraC2 or '44CeCl,

137C_or were injected with t3 7 Cl. This comparison was chosen because of known differences in the pattun of
metabolism and dosimetry among these three radionuclides, ranging from concentration mainly in one organ
(9°Sr), several organs (144Ce), and the whole body (t37Cs). Of particular interest are the relative distributions
of radiation dose and long-term biological effects among organs exposed by these three regimens.

Young-adult Beagle dogs (12-14 mo, equal number of both sexes) inhaled, on a sin e occasion, different
activity levels of either 90SrCI2, or 14Cea 3, or were injected once, intravenously, with CsCJ. The exposure
aerosols, consisting of the radionuclide plus a CsCI or CeCI3 vector, had polydisperse size distributions with
AMADs ranging from 1.5 to 2.4aum (sg = 1.6 to 2.1). Exposures were completed in less than 1 h. Each dog
was whole-body counted immediately after radionuclide exposure and at selected intervals thereafter to determine
the initial body burden and its retention as a function of time after exposure. Each dog's health status was
evaluated periodically, and illnesses considered not to be associated with the radiation exposure were treated using
standard veterinary practices. All dogs were maintained in the ITRI kennel facility until they died or were
euthanized when moribund. Complete necropsies and histopathological examinations were performed. When all
dogs in a study were dead, all clinical and histopathological results and materials were reviewed to ensure
accuracy and consistency of the diagnoses. All diseases were coded for a FOCUS database using the SNODOG
system. Absorbed beta doses were computed for individual organs or the whole body as appropriate for the
radionuclides and forms used. These dose calculations were based on the whole-body retention data from each
radionuclide-exposed dog in the longevity study and tissue distribution and retention data obtained from serially
sacrificed dogs in separate, but similar, dosimetry studies. The small photon contribution was ignored, except for
the whole-body dose from 137Cs where the photon portion contributed about one-third of the total dose.

Table 24 presents the experimental design features for the three studies compared in this report. In each
study, a range of long-term retained burdens was studied, the highest of which led to early deaths within the
first 2 yr after exposure. Most of these early deaths were from hematologic dyscrasias resulting from irradiation
of the bone marrow. Several others were due to radiation pneumonitis, pulmonary fibrosis, or hepatic
degeneration. The focus of this report is on the remaining -80% of the dogs that survived more than 2 yr after
exposure and, therefore, were at risk for the development of cancer and other later-occurring diseases.

Table 24

Experimental Design Features for Ufe-Span Studies of
Dogs Exposed to Relatively Soluble Beta-Emitting Radionuclides

Number of Dogs

aExposed ControlsLTRBaExoe_________ __

Study (MBq/kg) Total >2 yrb Total >2 yrb

9°Sr 0.10 -4.8 66 58 22 22
144Ce 0.096- 13 55 41 15 15

t37cs 28- 130 54 42 12 11

'LTPB = long-term retained burdens for exposed dogs.
bSurvived more than 2 yr after exposure.
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Cumulative absorbed dose factors (Gy per MBqag Long-Term Retained Burden) for organs in animals
exposed to these three different patterns of radionuclide distribution are given in Table 25. The organs and
tissues listed for 144Cu are the four that received the highest total beta doses. Of these four, only two, bone and
nasal mucosa, received significant doses from 90Sr. In contrast, the relatively uniform whole-body distribution
of 137Cs produced about the same total dose (beta plus gamma) in all four organs.

Table 25

Cumulative Absorbed Beta Doses to 5000 Days after Exposure of
Beagle Dogs to Radionuclides in a Relatively Soluble Form

Gy per MBq/kg LTRB'
Organ/Tissue 9°SrCl2 144CeCI 3  137CsCib

Lung ... C 24 0.15

Liver .-. C 60 0.21

Bone 220 18 0.13

Nasal Mucosa 270 92 0.18

Whole Body N/Ad N/A 0.21

aLTRB = Iong-term retained burden.
bDoses for 137Cs include gamma contribution.
c--- = Dose <0.1% of skeletal dose.
dNot applicable.

Neoplasia was a prominent, long-term finding in both the exposed and control dogs (Gillett, N. A. et
al. JNCJ 79: 35, 1987; 1989-90 Annual Report on Long-Term Dose-Response Studies of Inhaled or Injected
Radionuclides, p. 66, p. 70). Table 26 gives the number of dogs in which primary malignant or benign tumors
were found. All tumors, whether they were the primary cause of death, a major contributing disease, or an
incidental finding, are included. For this report, the controls for the three individual studies have been combined.
One can roughly compare the number of tumors across the three exposed groups and the combined controls
because the number of 2-yr survivors was about the same in each group.

The number of lung tumors was similar in all three exposed groups and the control group. These tumors
were mainly bronchioloalveolar carcinomas and adenocarcinomas in dogs that died from 10 to 16.5 yr after
exposure. The exceptions were two t4Ce-exposed dogs that died at 4.5 and 7.6 yr after exposure in which a
bronchioloalveolar adenoma and adenocarcinoma, respectively, were found. In the liver, bone, and nasal mucosa,
pronounced differences were found between the exposed dogs and the controls. No tumors were found in these
organs in the control dogs except for two bile duct adenomas in the liver. A large number of liver tumors, both
malignant (hemangiosarcoma, hepatocellular carcinoma, cholangiocarcinoma, and neurofibrosarcoma) and benign
(biliary cystadenoma and bile duct adenoma) were found in dogs exposed to t44Ce or 137CS, but not to 90Sr.
In contrast, the tumorigenic response in the 90Sr-exposed dogs was primarily the occurrence of bone tumors
(osteosarcoma, hemangiosarcoma, and fibrosarcoma). No bone tumors were seen in the other groups, except one
osteosarcoma that occurred in a 14Ce-exposed dog at 2.2 yr after exposure. Tumors in the nasal mucosa, mostly
carcinomas, occurred in all three studies, but not in the controls. The relative distribution of tumors between
the 144CeC13 and 90SrCI2 studies is consistent with the dosimetry information in Table 25. The occurrence of
tumors in the livers and nasal mucosa of 137CsCI-exposed dogs indicates that these tissues are relatively
responsive to this radiation insult.
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Table 26

Occurrence of Primary Tumors in Selected Organs of Dogs that were Exposed to
9°Sl, 144Cea 3, or BICSCI and Lived > 2 yr after Exposure or in Control Dogs

Number of Tumorsa

OrPg/Tissue 9Sr 144Ce 137Cs Controls

Long 2 ,1 b 3,1 3,0 5,0

Liver 0,1 10,11 5,5 0,2

Bone 45,1 1,0 0,0 0,0

Nasal Mucosa 3,0 5,0 4,0 0,0

Number of Dogs 58 41 42 48

"Some dogs had more than one tumor. In addition to the tumors listed, a

number of tumors were found in other organs of dogs in each of these groups;
many were incidental findings at necropsy.

bNumber malignant, number benign.

These initial analyses have been directed to organs and tissues that have been clearly identified as targets
of radiation from these and other internally deposited radionuclides. Investigations are continuing on the question
of whether additional organs or tissues may also be at risk from these different patterns of chronic beta
irradiation. These results are providing valuable in vivo information on the appropriateness of current
radiation-protection practices for internally deposited radionuclides.
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2. Bone Tumor Incidence in Beafle Dog& that Inhaled Soluble Radionuclides

B. A. Muggenburg, F. F. Hahn, B. B. Boecker, K. J. Nikula, R. A. Guilmetne, and W. C. Griffith

One purpose of these studies involving soluble forms of fission-product radionuclides was to determine
which organs would be at risk for the development of significant long-term biological effects. The skeletal
system was considered to be one of the organs at higher risk for the development of cancers because several
of these radionuclides were known to accumulate preferentially in bone.

The studies conducted with radionuclides that were relatively soluble in body fluids are listed in
Table 27. Dogs in a particular study were exposed once, by inhalation, to one of these radionuclides except
those exposed to 137CsCI, which was injected intravenously. In this list, 90Sr has the greatest affinity for bone
and deposits throughout the volume of the bone resulting in a large percentage of the dogs developing bone
tumort (Table 28). After inhalation, t44Ce and 91Y translocate from the lung primarily to liver and skeleton.
The physical half-life of '44Ce is a little over 9 mo, while that of 91Y is about 2 mo. Although nearly half
of the activity translocated from lung deposited in bone, only one bone tumor was observed in the 144Ce study,
and none was observed in the 9 'Y study. The 137CsCI injected intravenously resulted in an accumulation in soft
tissues and a general whole-body irradiation. Although tumors were observed in some organ systems, no bone
tumors were observed. The alpha-emitting radionuclide 238 Pu (inhaled as 238PuO 2), which has a radioactive half-
life of approximately 88 yr, was also a part of this series. Approximately equal fractions of the 238pu that
entered the blood from the lung were deposited in the liver and skeleton. The 238pu was deposited primarily
on bone surfaces and resulted in a large percentage of the dogs developing bone tumors.

Table 27

Studies of the Toxicity of Various Radionuclides Inhaled or Injected in Relatively
Soluble Chemical Forms and Their Distribution Characteristics in the Skeleton

Type of Radioactive Primary Tissue
Radionuclide Radiation Half-life Distribution

90Sr beta 29 yr Bone volume

144ce beta, gamma 285 days Bone surfaces and liver

91y beta, gamma 59 days Bone surfaces and liver

137cs beta, gamma 30 yr Muscle and soft tissues

238pu alpha 88 yr Bone surfaces and liver

Each study had a group of control dogs (Table 28). None of the control dogs associated with these
studies developed bone tumors. However, three bone tumors have been observed in a group of over 250 control
dogs from all longevity studies at the Institute.

Bone tumors in the exposed dogs were primarily osteosarcomas or soft tissue sarcomas primary to bone
(fibrosarcoma, hemangiosarcoma, myxosarcoma). In the 90Sr study, 36% of the bone tumors were
hemangiosarcomas or fibrosaicomas. With 23PuO2 , less than 2% of the bone tumors were soft tissue sarcomas.
The tumors within the skeleton from the 9°Sr were mainly distributed in the skull and long bones of the limbs.

Some other tumors observed in the dogs may be related to the accumulation of radioactivity in the
skeleton. Tumors of the bone marrow (leukemias and myeloproliferative disorders) were noted in several dogs
exposed to 90SrI 2 or 144CeCI 3. Both of these radionuclides are beta emitters with prolonged retention in bone.
No such tumors were seen in studies with 91YC13, 137CsCI, or 238puO 2. Tumors of the nasal and sinus mucosa
were also found in 5 to 10% of the dogs in each study with beta-emitting radionuclides. None was found in
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the dogs that inhaled 238pU0 2 . Tumors of the oral mucosa were also found in dogs ep to 9°SrCl2,
144Cea3, 137CSa, or 238PuO 2. One hypothesis for the occurrence of these oral and nasal tumors is that

radiation from the radionuclide in the bone surrounding the mouth, nasal cavity, and sinuses induced the tumors
of the epithelial lining cells. In the case of 137Cs, the soft tissue distribution of the radionuclide suggests this
may not be the mechanism for that particular radionuclide. However, the tissue distribution of 137Cs around the
nose and mouth has not been studied closely. The inability of the alpha radiation from the 2Pu in the bones
surrounding the nasal cavity and sinuses to reach the e ithelial lining cell might explain why only one tumor
was observed in these tissues in the dogs that inhaled 22Pu. No tumors of the nasal cavity have been observed
in the control dop associated with these studies or in a larger group of controls from other longevity studies.

Table 28

Number of Bone and Bone-Associated Tumors Found in
Dogs that Inhaled or Were Injected with Radionuclides

Number Dogs with Dogs with Dogs with
of Dogs Dogs with Bone- Nasal- Oral

Number Surviving Bone Marrow Mucosal Mucosal
Radionuclide of Dogs > 2 yr Tumors Tumors Tumors Tumors

9°SrC12  66 54 30 2 3 1

144Cea3 55 41 1 3 5 3

9 1YC13  42 29 0 0 3 0

137CSC! 54 41 0 0 4 3
238 puo2 144 142 90 0 0 1

Controls 85 85 0 0 0 0

Comparison of the number of bone tumors observed in dogs that inhaled or were injected with va~ious
beta-emitting or an alpha-emitting radionuclides suggests that the tumors occurred primarily in studies with the
longer-lived radionuclides. Significant differences exist in the distribution of tumors within the skeleton and the
occurrence of possible bone-associated tumors between the beta- and alpha-emitting radionuclides.

As these studies are completed through final reviews and analyses of the dosimetry, clinical, and
histopathological data and publication of core manuscripts, the bone cancer risks across these studies and those
in other DOE laboratories will be analyzed. Of particular interest will be the comparisons of bone cancer risk
factors for chronic beta and alpha irradiation and the examination of studies in which few or no bone cancers
were observed even though the skeleton was irradiated.

61



3. Primary Lane Cancer in the Lomevity Study/Control Population of the ITRI Beagle Do2 Colony

F. F. Hahn, B. A. Muggenburg, and W. C. Griffith

The incidence and types of primary lung neoplasms found in unexposed dogs are critical in determining
the long-term biological effects of inhaled radionuclides. The frequency of lung neoplasms in dog is generally
considered to be low, but incidence rate is difficult to document in pet populations. In North America and
Europe, reports of lung carcinoma occurrence range from 0.1% (Nielsen, S. E. In The Lung [A. A. Lebow and
D. E. Smith, eds.], Williams and Wilkins, Baltimore, p. 226, 1968) to 1% (Stunzi, H. PathoL Microbiol. 39: 358,
1973) for dogs that die and are necropsied. In a survey of all types of neoplasms in the pet dog population
of two counties in Northern California, the incidence rate for lung cancer, as diagnosed in dogs admitted to

veterinary clinics, was 4.2 per 10,000 dogs per year (Dorn, C. R. et al. J. NatL Cancer Inst. 40: 295, 1968).
Here, we report the incidence of primary lung neoplasms in a group of 225 Beagle dogs observed for their
normal life span.

The dog colony at ITRI, composed of purebred Beagle dogs, was initiated in 1962. The breeding
colony has been closed to the entry of new dogs since 1965. In 1968, a generation breeding program was
initiated to establish and maintain a stable gene pool (Bielfeldt, S. W. et al. Am. J. Vet. Res. 30: 2221, 1969).
The initial generation consisted of 40 female and 20 male dogs.

The longevity study control population consists of all control dogs included in life-span studies of
inhaled radionuclides conducted at ITRI and allowed to live out their normal life spans. These control dogs are
listed in the appendix tables of this report. One control group is not included: the life-span studies of aged dogs,
since the animals were selected for study at 8-10.5 yr of age.

The characteristics of the control population are noted in Table 29. The selection criteria and frequency
of clinical examinations were the same as for the exposed dogs and similar among longevity studies, although
the studies were initiated over a period of 12 yr.

Table 29

Characteristics of Longevity Control Dog Population

Number Age of Selection Criteria Frequency of

of Dogs Selection Clinical Examination

225 total 13 ± 1 mo Normal sizea Once per year on birthday
116 females (except 18 were Normal facial configuration As needed for illness
109 males 12 ± 1 wk) Normal hematologies Yearly radiographs

Normal blood chemistry
Normal radiographs
Normal EEG & EKG

'Dogs too large to fit into standard whole-body counting box and abnormally small dogs were not used.

All dogs were given a complete necropsy at death or euthanasia that included all organ systems. All
major organs, as well as lesions, were routinely sampled for histopatbologic examination.

The survival and age distribution of the population at risk and the age-specific incidence of tumors were
determined using a life-table method of analysis (Rosenblatt, L. S. et al. Health Phys. 21: 869, 1971). The
cumulative incidence of tumors is the sum of the age-specific incidence times the probability of survival to that

age (Elandt-Johnson, R. C. and N. L. Jehnson. Survival Models and Data Analysis, John Wiley and Sons, NY,

1980). The BMDPIL Life Tables and Survival Functions statistical software package was used for data analysis.
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As of Seplember 30, 1992, 204 dop (109 m,-es ad 95 femles) had died or been euthanied. The
cumulative survival is shows in Figure 30. The medisa survival time of the mulks is greater thisa the females
(14.1 yr vs. 13.7 yr); however, the survival curves are noe signifkcantly different as demomated by the
geeralized Savage, Tarone-Ware, and generalized Wilcoxon statistical tess.
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Figure 30. Longevity of control dogs and incidence of primary lung neoplasms (status as of 9/30/92).

The crude incidence of lung neoplasms was greater in females (10%) than in the males (6.4%) based
on the number of dogs ihat had lung tumors and the number dead as of September 30, 1992. However,
statistical comparison of these cumulative incidence curves shows no significant difference in the tumor incidence
in males and females. This lack of predilection is consistent with previous reports of lung tumor incidence
in pet populations (Moulton, J. E Vet. Pathol. 18: 513, 1981).

The age-specific incidence o tumors is also shown in Figure 30. The incidence markedly increases after
14 yr of age and is nearly 10% after 16 yr in both males and females. The age-dependence of lung neoplasms
has been noted anecdotally but has been quantified in only one previous publication. A report of the lung tumor
incidence in the Beagle dog colony at the University of Utah shows an increased incidence with increased age;
however, the absolute incidence is considerably lower than that reported here (Taylor, G. N. et al. Am. J. Vet.
Res. 40: 1316, 1979). For example, the age-specific incidence at 13 to 16 yr is reported to be 0.7% compared
to 4.2% for the similar interval in the ITRI longevity control colony.

This study indicates that the primary lung tumor incidence is higher in Beagle dogs than in other species
used in long-term studies, with the exception of some mouse strains. For example, in three species frequently
used in the Institute, P344 rats have a lifetime incidence of about 1%, C57BI/J mice approximately 2%, and
Syrian hamsters essentially 0%.
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Seventeen primary lung neoplasms were found in the control dogs (rable 30) The earliest occurring
Jung tumor resuled in the dog's death at 11.1 yr of age. The blest occurring was found in a 17.6-yr-old dog
that died of rveal failure.

Table 30

Summary of Primary Lung Neoplasms Detected in Control Dogs for the Longevity Studies

Age at
Dog Death Type of Primary Cause of

Number (yr) Deatha Death or Euthanasia Lung tumor Type Metastasis

Males

859C 12.7 E Lung tumor Papillary adenocarcinoma No

401A 14.0 D Lung tumor Papillary adenocarcinoma No

1122C 14.2 E Lung tumor Papillary adenocarcinoma No

378A 14.4 E Lung tumor Bronchioloalveolar carcinoma Yes

361B 14.6 D Lung tumor Bronchioloalveolar carcinoma Yes

56A 15.1 E Olfactory neuroblastoma Papillary adenocarcinoma No

998A 15.1 E Lung tumor Papillary adenocarcinoma Yes

Females

lOC 11.1 D Lung tumor Papillary adenocarcinoma No

405W 11.2 D Anesthetic death Papillary adenocarcinoma No

348S 13.6 E Renal failure Papillary adenocarcinoma No

689U 14.1 E Lung tumor Papillary adenocarcinoma No

1152T 15.0 E Lung tumor Adenosquamous carcinoma Yes

407T 15.7 E Renal failure Papillary adenocarcinoma No

61C 15.8 D Lung tumor Papillary adenocarcinoma Yes

663S 16.1 D Lung tumor Adenosquamous carcinoma No

762T 17.6 D Nephritis Papillary adenocarcinoma No

283C 17.6 D Septicemia Bronchioloalveolar carcinoma Yes

'E = Euthanized; D - Died

All of the lung tumors were carcinomas. Most (12/17) were papillary adenocarcinomas, but three were
bronchioloalveolar carcinomas, and two were adenosquamous carcinomas. The morphologic appearance of these
tumor types overlaps in some cases. However, the difference in morphologic pattern may have biologic
significance. For example, epidermal growth factor receptor expression in canine lung tumors, as determined
by immunohistochemistry, is phenotype-dependent, being predominantly seen in papillary adenocarcinomas and
squamous cell carcinomas and not in bronchioloalveolar carcinomas (Gillett, N. A. et al. Vet. Pathol. 29: 46,
1992).
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Metastasis, usually to thoracic lymph nodes and tissues only, occurred in six cases (35%). Two of three
bWouchioloalveolar carcinomas had metastases, and 4 of 12 papillary adenocarcinomas had metastases. The lung

tumor was the primary cause of death in 11 of the 17 tumor cases.

The lung tumor types reported here are similar to those in pet populations reported by others. One

group reported 74% adenocarcinomas and 20% alveolar carcinomas (bronchioloalveolar carcinomas) in 210 cases

(Ogilvie, G. K. et aL J. Am. Vet. Med. Assoc. 195: 106, 1989). Another group reported 77% adenocarcinomas

and 15% alveolar carcinomas (bronchioloalveolar carcinomas) in 171 cases from pet populations (Moulton et aL.,
1981). A review of 11 primary lung neoplasms in the University of Utah Beagle dog colony noted 10

adenocarcinomas (Taylor et aL., 1979.)

In summary, this study shows that Beagle dogs do not have a low incidence of primary lung neoplasms,
but the incidence is domLinated by a high age-specific incidence late in life.
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4. Growth Rate Patterns of Lung Tumors in Beagle Dogs Exposed to 23PuO2 or 2 MPuO 2

W. C. Griffith, J. H. Diel, B. A. Muggenburg, and S. J. Matthews

Inhalation exposure studies have been conducted in Beagle dogs to investigate the risk of lung tumor
induction by a-fadiation from relatively insoluble inhaled particles of 2 38 PuO 2 or 239puo 2 . This report
investigates the growth rate patterns for lung tumors induced in these studies. These tumor growth rate patterns
are of interest because they aid in evaluation of the dose-response relationships for inhaled Pu.

Knowledge of the tumor growth rate assists in analyzing dose-response relationships by providing a more
appropriate estimate of the dose and the tumor incidence rate. At the time of death, the size of a lung tumor
varies greatly, suggesting that lung tumors arc present for differing lengths of time before death. The tumors

may be detected before death during routine surveillance of the dogs, but their sizes at time of detection are
again highly variable. A tumor's growth rate and its size at death can be used to estimate a time when it was
a certain size, so that all dogs can be standardized to the same tumor size. A small uniform size is used so
that the estimated time is closer to when the tumor is likely to have arisen. The calculation of the tumor
incidence rate is simplified by use of a time point early in the development of the tumor when the tumor is not
likely to have affected survival. Because of the long -tention half-lives of 213pu and 238 pu in the lung, the
radiation dose is delivered over long time periods, with part of the dose delivered after a tumor is present.
Estimation of a standardized time endpoint for a tumor will eliminate variability in the dose due to the time
between when a tumor reaches a uniform size and death.

The objectives of this project were to (1) develop a method to measure pulmonary tumor dimensions
from radiographs; (2) select an appropriate method of calculating volume from two-dimensional images on a
radiograph; and (3) determine and analyze tumor growth rate and doubling time.

To estimate lung-tumor growth, radiographs of 174 dogs that developed pulmonary neoplasms were
examined. Dogs from three studies were included: single and repeated inhalation exposures to N39puO2 and

a single inhalation exposure to 238puO2. The criteria for selection in each data set were (1) a single tumor with
discrete boundaries exhibited in both dorsoventral and lateral views and (2) three or more serial radiographs
showing the tumor that were taken over at least a 1-mo period.

Some of the 174 radiographs examined exhibited clearly delineated tumors in one view only. Other
radiographs were clouded by the diffuse nature of the tumor's edges in the lung, especially those involving
bronchioloalveolar carcinomas. Twenty-nine cases met our criteria. Information pertaining to tumor
classification, exposure history, and metastasis was collected for each dog selected. Radiographic films in which
the tumors were clearly visible ranged over a period of 57 to 578 days. With the aid of a light box, both

radiographic views, dorsoventral and lateral, of the tumor perimeters were traced on paper. The cross-sectional
tumor perimeters resembled circles or ellipses. The number of tracings of each dog differed with the number
of radiographs taken between the time that the tumor was first observed to when the dog died, and ranged from
3 to 14. The tracings were digitized using a Graf/Pen data collection software program that was developed at
ITRI. The program approximated the area of each tumor by applying the trapezoidal rule.

In recent studies in dogs (Rooser, B. et al ACTA Oncology 26(3): 189, 1987; Perry, R. R. et al. Am.
J. Vet. Res. 53(10): 1740, 1992), tumor volumes have been computed by assuming the tumor configuration to
be spherical or ellipsoidal. In this project, it was assumed that tumor growth was uniform in all directions.
Geometrically similar figures (i.e., the ratio of the dimensions are the same) would then be projected in each
set of dorsoventral and lateral radiographs. Similarity of figures implies that the ratio of the volumes is
proportional to the ratio of the areas raised to the three-halves power. This relationship was the basis for

computing tumor volume. Tumor volume was plotted against days prior to death after the first noted occurrence
of the tumor in the radiographs (Fig. 31).

Linear curves were estimated by least-squares regression for transformed data points for both dorsoventral

and lateral views. The data were transformed by the natural logarithm of tumor volume as the dependent
variable which was regressed on days prior to death as the independent variable. In most cases the slopes of
the lines formed for both views appeared to be approximately the same. Single component exponential growth
rates and doubling times were computed. Many of the curves appeared to be exponential. However, the growth
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rais of individual tumor differed among dogs. The data suggst that growth mtes of Pu-induced lung tnmon
have doubling times ranging from 1 to 9 mo.
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Figure 31. Example of tumor growth showing tumor volumes estimated from radiographs of dorsoventral and
lateral views of the tumor at various times before death for dog 1072B.

Further statistical analysis indicated that tumors which had maximum final volumes between 20 cm3 and
125 cm3 fen into two distinct groups of doubling times. One group had doubling times between 1 and 3 mo.
Those for the other group ranged from 6 to 9 mo. There were no tumors with maximum volumes between

3

20 cm3 and 125 cmr that bad doubling times between 3 and 6 mo (Fig. 32).
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Figure 32. Tumor doubling times as a function of final tumor volume at death. The quadrilaterals illustrate
the magnitude of the 95% confidence intervals determined from the linear regression for the
doubling time and final tumor volume. The smaller quadrilaterals indicate that the doubling times
and final volume are known more precisely. For points without quadrilaterals, the 95% confidence
intervals were so broad in at least one direction that they did not fit onto the graph.

Tumor type, exposure history, and metastasis were factors that were considered for each dog. For the
29 cases reviewed, six of the tumors were classified as papillary adenocarcinoma, two as adenocarcinoma, one
as adenoequamous carcinoma, one as squamous carcinoma, one as bronchioloalveolar carcinoma, and 18 as
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carcinoma. Metastasis occurred in 17 cases. No relationship among doubling times and gender, histologic type,
age at death, lung burden, or metastasis was established.

The results of this study suggest that tumor growth rates can be used for estimation of the time at which
lung tumors are a uniform size. The standard errors for the growth rates can be reduced by observation of the
tumors over a longer period of time. The similar growth rates for both dorsoventral and lateral view data
suggest that the sample size could be increased by focusing on the lateral-view radiographs. Frequently,
observation of the dorsovental view was obscured by the position of the tumor in relation to the heart.
Relaxing the selection criteria to use these views would provide observations over longer periods of time.

The results of this study suggest estimation of the time when the lung tumors had a volume of about
I cm3 would be appropriate. This size of lung tumor is about as small as can be detected on a radiograph.
This size of tumor is close to or inside the range of the data. Thus, it would only involve a small extrapolation.
Also, the growth rate down to this size appears to be approximately exponential, so that the time estimated by
this procedure is likely to have small bias.The growth before a lung tumor reaches a volume of 1 cm 3 probably
involves a period of much more rapid growth than those observed for the majority of tumors in this study. The
slow growth rates in Figure 32 observed for many of the tumors would extrapolate back to times of origin, as
a single cell, before the dog was exposed. This suggests these tumors have a period of more rapid growth,
which is consistent with the observation in these studies that very few dogs have incidental lung tumors found
at death when the dog dies of causes other than a lung tumor.
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5. Prediction of Survival Times aikr Repeated Exposures Based on Survival Times Following a Single

Exposwe of Beagle Dogs by Inhalation to 23 U 2

J. H. Die]

Knowledge of the effects of inhalation exposure to radionuclides is highly variable depending on the
type of radiation, the species, the time sequence of exposure, and many other factors. Comsequenly, we must
find a means of using our knowledge in the areas that are reasonably well known to predict what might happen
in other situations. This paper describes an approach to predict the survival time after repeated inhalation
exposures based on a single exposure to the same material. The method is used in the context of exposures
of relatively long-lived animals where only a few animals are exposed and makes maximal use of the information
from each individual animal to obtain the best prediction.

The study that was used to evaluate this method of prediction is one in which Beagle dogs were
exposed by inhalation to aerosols of 239PuO 2, either once or repeatedly at 6-mo intervals until clinical signs of
radiation pneumonitis or pulmonary fibrosis appeared (Diel, J. H. et al. Radiat. Res. 129: 53, 1992). Survival
time was measured as the time from first or only exposure until the dogs died a natural death or were
euthanized for humane reasons.

The assumptk,;a used for the determination of the relative effectiveness of single and repeated exposures
was that the same effect is produced independent of the time sequence of radiation dose accumulation if the
same cumulative radiation dose is achieved at the same time after exposure. This assumes that the energy
deposited and the time required for the biological system to respond to that energy deposition are both important.
This is equivalent to equal effects being produced for animals having the same average dose rate at death.

Retention of Pu in the lung of a dog exposed once by inhalation to 239 PuO 2 was characterized by a
two-component, negative exponential function. Retention of Pu from repeated exposures was obtained by adding
the retention of Pu from each exposure. Half-times of retention were assumed to be the same for repeated
exposures as for single exposures, but the fraction retained depended on the number of previous exposures. Dose
rate was obtained by calculating the energy deposited per unit mass of the lung. Dose is the integral over time
of the dose rate, and average dose rate is the total dose to a given time divided by the time.

The average dose rate versus effect equation used assumes that the time to death from radiation
pneumonitis and pulmonary fibrosis was proportional to some power of the average dose rate. The variability
of the individual values about this predicted relationship was assumed to be log-normal and of equal variance
for all values of the average dose rate on a log scale.

For this model, the average dose rate and survival time of each dog exposed once and dying of radiation
pneumonitis and pulmonary fibrosis were used as individual points in fitting the data to the average dose rate
versus effect equation. The resulting measure of variability was used to predict the probability of a repeatedly
exposed dog with a given average dose rate dying of radiation pneumonitis and pulmonary fibrosis at a given
time.

Because some of the repeatedly exposed dogs died from causes other than radiation pneumonitis and
pulmonary fibrosis, comparison of the predicted survival with the measured survival required that the measured
survival time data be corrected for competing causes. Standard methods (Kaplan, E. L. and P. Meier. J. Am.
Star. Soc. 53: 457, 1958) were used for this correction.

Retention of Pu in the lungs of dogs exposed once was characterized by a two-component exponential
equation with 28% retained with a half-time of 63 days and the remaining 72% retained with a half-time of
1333 days. For the repeated exposures, the fraction retained at the shorter half-time depended on the number
of previous exposures; it varied from 28% for the first exposure to 3% for the tenth exposure.
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Dog dying of radiation pmeumonitis after a single inhalation exposure survived from 891 to 2741 days
afler exposure and died with average dose rates ranging from 1.0 to 9.2 Gy/day. The average dose rate
(ADR--Gy/day) verus survival time (T-days) was found to be:

T = 219 ADR4 474 .

The variability around this fit was relatively smail with a geometric standard deviation of 1.052. To
check the consistency of the results with the assumptions of the model, the values of the differences between
the logs of the predictions and the logs of the measured survival times for the dogs dying of radiation
pneumonitis were computed. For each average dose rate, the values were found to be consistent with the
assumption that the variability was the same for all values of the independent variable and had a normal
distribution with mean 0 (Wilk-Shapiro test, p > 0.i).

Figure 33 compares the survival prediction of the model with the Kaplan-Meier corrected survival data.
The differences between the data and predictions were not statistically significant (Kolmogorov-Smirnov test, p >
0.2).
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Figure 33. Survival predictions for dogs exposed repeatedly and dying of radiation pneumonitis (P) based on
measured survival after a single exposure compared to Kaplan-Meier (K-M) estimates of survival
of repeatedly exposed dogs dying with the effect. Standard deviation of survival (± SD) is also
based on Kaplan-Meier.

The method presented is useful for predicting average response to a different time sequence of exposure.
Average dose rate takes into account both total energy deposited and the time over which this energy is
deposited. The average dose rate is appropriate for this prediction as would be expected for this early occurring
effect that results from accumulated damage to the lung.
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II. UNIVERSITY OF UTAH LIFE-SPAN

STUDIES IN DOGS



A. SPECIFIC PROJECT OBJECTIVES

In 1950, the U.S. Atomic Energy Commission initiated a series of long-term radionuclide toxicity studies
in Beagles at the University of Utah. At that time, the use of 39Pu for weapons and as a potential source of
nuclear fuel was increasing, and plutonium production was a rapidly expanding industry. Because of the known
toxicity of radium in humans, the potential toxicity of plutonium was recognized. The original studies at the
University of Utah were designed to determine the relative toxicity of 23pu and 226R. Because some human
radium toxicity data were available, the animal studies were originally designed to reflect the human experience
with 2261Ra, providing a basis for extrapolating the long-term toxicity of other internally deposited radionuclides,
particularly plutonium from animal studies to humans. As detailed below, the life-span effects of other nuclides
were also included in this project.

The Beagle dog was selected for these studies because of concerns that erroneous predictions of human
health effects might be made if shorter-lived mammals, such as rodents, were used. These concerns included
the possibilities that the radiation-sensitive cancers would only be expressed in animals with longer life spans
and that the target organs might be different in rodents than in humans. Because skeletal tissues were recognized
as a primary target organ for radium and plutonium toxicity, further consideration was given to the Beagle
because it has skeletal characteristics similar to those of humans that rodents do not have.

The major scientific questions that have been, and continue to be, addressed in the life-span radionuclide

studies conducted at the University of Utah include:

(1) What are the biological distribution and retention patterns of these nuclides?

(2) What types of cancers are produced?

(3) What are the dose-effect relationships?

(4) Can differences in retention and distribution be used to predict biological response?

(5) Does age at exposure influence biological response?

(6) What biological factors are important in biological tissues for the expression of radiation effects?

(7) What are the target cells for cancer induction?

(8) What are the cellular and molecular mechanisms of cancer induction by internally deposited
radionuclides in different organs?

(9) Can reliable models be developed for predicting risk to humans?

B. EXPERIMENTAL APPROACHES

1. General Procedures

Two general types of studies have been conducted in dogs: life-span studies and sacrifice studies. In
life-span studies, the toxicity of selected radionuclides is being studied, and the dogs are allowed to live out their
life spans, unless sacrifice is indicated for humane reasons. In sacrifice or test studies, dogs were injected with
radionuclides to study the mechanisms of deposition, retention, and specific radionuclide-tissue interactions.

Most of the dogs in the toxicity studies received a single intravenous injection of radionuclide, usually
in citrate solution, at 16 to 18-mo old, when their skeletal maturity corresponded to that of an 18-yr old radium
dial painter or plutonium worker. In addition, some dogs were injected with 239pu or 226R& at 3 mo of age
(to represent children) or 5 yr of age (to represent middle-aged persons). The dogs were confined in metabolism
cages 1 wk before injection and 3 wk after injection (for excreta collection). Exceptions were the dogs receiving
one or a series of 10 or 50 injections of 2 4R1a starting at 21-mo old. These dogs were not confined after
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injection because the period of injections extended to about 1 yr. In addition, confinement could have interfered
with important biological functions.

Each dog in a toxicity study has been followed clinically from the time of injection to death. At death,
each dog receives a complete gross necropsy examination, including radiographs of defleshed bones to identify
possible tumor sites that are then examined histologically. Histopathological examinations are performed on both
the radiation-induced and naturally occurring lesions. These results are then analyzed with regard to the average
and local radiation doses received by the affected tissues. Various dose-response relationships are tested for their
appropriateness and usefulness in predicting the human health risks for such an exposure.

Because of the maturity of a number of these studies, current emphasis at the University of Utah is
directed to activities necessary to complete the studies and publish the results. The radiochemical, metabolic,
and dosimetric data for both completed and continuing toxicity studies are being collected, collated, and archived.
The distribution and local dosimetry of the radionuclides are being studied by using materials collected from both
the toxicity and test animals. Average retention, dose, and dose-rate functions for liver and skeleton are being
calculated and studied as functions of age at exposure, exposure level, and time after exposure. The
occurrence,type, location, and latent period of radiation-induced cancers will be studied both as functions of local
or average dose and of dose rate. Dose-response curves are being constructed to extrapolate the health effects
seen in these dogs to human health risks.

A critical aspect of this research is the preparation of a complete biological record for each dog and
assembly of the observations into a clinical and pathology data base that can be used with the detailed dosimetric
data to establish meaningful dose-response relationships for the various radionuclides that have been studied in
this program.

The final products of these efforts are publications in the peer-reviewed literature dealing with the
observed dose-response relationships and health risk estimates and with a wide range of underlying metabolic,
dosimetric, and mechanistic studies. The above efforts are divided between scientists at the University of Utah
and ITRI.

2. Study-Specific Features

This research effort addresses the completion of 14 major life-span studies of dogs given single or
multiple intravenous injections of different alpha or beta-emitting radionuclides. The studies included and the
time intervals during which dogs were entered on study are described below:

a. 239pu (Injected from 1952-1974)

Initially, the injected dosages ranged from 0.59 kBq/kg (0.016 uCi/kg) (termed "1-level") from which
no harm was predicted, up by a sequence of levels to 106 kBq/kg (2.86 uCi/kg) (termed "5-level") from which
severe injury occurred, including hematological damage, liver degeneration and neoplasia, and bone fractures and
sarcomas. However, in 1964, when an osteosarcoma occurred at the supposedly safe, 1-level, several lower
levels were introduced. The lowest level, 0.022 kBq/kg (0.0006 ACi/kg) (the 0.1-level), resulted in an average
skeletal dose of about 0.02 Gy (-1 rads) at death. Among the 28 dogs treated at the 0.1 level, one developed
a bone sarcoma and another an epidermoid carcinoma of the frontal sinus; both cancers may have been induced
by the 239Pu. The selective deposition of 239 pu on bone surfaces makes this radionuclide the most effective of
any studied at the Radiobiology Division for inducing bone sarcoma at low doses, per rad of average of skeletal
dose. 239Pu also deposits throughout the liver and induces liver cancers.

b. 226Ra (Injected from 1953-1970)

226Ra enabled the relative toxicity of 239pu vs. 226 Ra to be established in Beagle dogs, so that the

known toxicity in the U.S. radium dial painters could be used to predict the risk to humans from 239Pu-induced
bone sarcoma. 226Ra is chemically similar to calcium and deposits throughout the bone volume, especially in
regions of active growth. The average skeletal dose for each dog was based on the measured retention of 226Ra
and progeny. In Beagle dogs, 226Ra at higher dosages produced bone fractures. Bone sarcomas were induced
over a wide range of doses. These effects were also seen in the radium dial painters.
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c. 228Ra (Injected from 1954-1962)

228R& was included in these studies because it was received by many of the radium dial painters. In

terms of average skeletal dose, 228R& was about twice as effective as " 26Ra for inducing bone sarcoma. The
difference may be largely due to the fact that some 228R& progeny are likely to redeposit on bone surfaces. An
important spinoff from the study of 228R& in dogs was the discovery that the physical half-life of 228 1a is
5.77, 0.02 yr, not 6.7 yr, as was earlier reported by Lise Meitner. Correcting for the proper half-period
increased the calculated dose from 228Ra in the dial painters by about a factor of two over earlier estimates.

d. 22&Th (Injected from 1954-1963)

228 Ra decays to 2281h, and there was early concern that the intestinal absorption of the 228 Th in dial

painters might be high. Later, it was found that absorption of 228Th from the human GI tract was low, about
0.02% compared to 20% for radium. However, the 228Th toxicity data from Beagle dogs proved very useful
for evaluating the risk fror.m radionuclides in the proposed Thorium Breeder Reactor.

e. 9°Sr (Injected from 1955-1966)

9°Sr toxicity was evaluated because of worldwide concern about radioactive fallout from atmospheric
nuclear weapons testing. Few effects were observed at average skeletal doses below 50 Gy (5000 rads), but
bone sarcomas occurred frequently at higher doses. Most interesting was the relative ineffectiveness of 90Sr in
producing leukemia in adult Beagle dogs. This observation agrees with the low frequency of mycloproliferative
s~ndrome (MPS) observed in Beagle dogs at the University of California, Davis, that were injected once with

Sr as adults. However, a high incidence of MPS was observed in the Davis Beagle dogs exposed to a high
dosage of 90Sr administered by feeding from fetal age to adulthood.

f. 24 'Am (Injected from 1966-1975)

241Am was the first transplutonium radionuclide to be evaluated for toxicity in Beagle dogs at the

University of Utah. Because of strong interest in 24 1Am, especially by Charles Dunham, Head of the AEC's
Division of Biology and Medicine, the original test study was expanded into a full-scale toxicity study, with
about 12 dogs per dosage level. Control dogs concurrently assigned to the low-level studies of 239Pu and 226Ra
were considered suitable as controls for the 24 1Am studies. In 1975, the number of Beagle dogs at the 1- and
1.7-levels was increased to 26 and 24 dogs, respectively, to study the induction of liver cancer by alpha-emitters
more extensively. The liver retains more 241Am than any other monomeric radionuclide studied in Beagle dogs
at the University of Utah.

g. 249Cf (Injected from 1971-1974)

249Cf, which emits alpha-particles in 100% of its decays, was the next transplutonium radionuclide to
be investigated. Fortuitously, tracer amounts of beta-emitting 249Bk were present with the alpha-emitting 24 9Cf,
making it possible to establish that the microscopic depositions of Bk and Cf were similar.

h. 252Cf (Injected from 1971-1973)

25 2Cf releases half of its decay energy in alpha-particles and half in extremely densely ionizing fission

fragments. The 25 2Cf and 249Cf studies were run simultaneously in Beagle dogs and in mice. In the mouse
studies, the fission fragments of these radionuclides were much less effective than alpha particles per Gy of
average skeletal dose for inducing bone sarcoma. It is already obvious that the fission fragment dose is much
less effective than the alpha-particle dose for inducing bone sarcoma in Beagle dogs. This information is
significant to the astronaut who may receive appreciable radiation dose to bone from extremely densely ionizing
cosmic rays.
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i. 23Es (Injected from 1973-1974)

Einsteinium (element 99) was the highest element on the periodic chart to be investigated for
radionuclide toxicity in Beagle dogs. Einsteinium appeared to resemble Cf most closely in its excretion, retentior
and tissue distribution. No bone sarcomas occurred among the rive toxicity-study Beagle dogs infected with
253E s, excluding the one dog that subsequently received a large dose of 249Cf. This suggests that 253 Es, which
delivers its dose with a 20-day half-life, is not appreciably more toxic than the other transplutonium elements
studied.

j. 224Ra (Injected from 1977-1979)

Toxicity studies with 224Ra (T% = 3.62 days) were undertaken to understand the modifying effect of
protraction on the dose-response of 224Ra observed in German ankylosing spondylitis patients. Four graded-dose
levels were administered over three injection spans. Groups 1-2 received their 224 Ra in 50 weekly fractions to
correspond to the average injection span in German children; Groups 41-52 received a single injection, and
Groups 81-92 received 10 weekly injections to correspond to the more recent treatment used in Germany for
ankylosing spondylitis. Most of the 224Ra given the Beagle dogs was prepared by Amersham-Buchler in
Germany, which also prepared the 224Ra for the German ankylosing spondylitis patients. The studies of 224p.a
in Beagle dogs are among the most important with respect to understanding the mechanisms of
alpha-particle-induced cancer. The short half-life of 224Ra causes some of it to decay on bone surfaces and
some to decay within the bone volume, giving a local distribution of dose in bone somewhat similar to that from
23 9pu. In the Beagle dogs receiving 2.8 Gy (280 rad) fro", 224Ra injections protracted over 50 wk, the bone
sarcoma appearance times and incidences were similar to those observed front the same skeletal dose from 239 pu.

It remains to be seen, however, what the effectiveness of 224Ra will be at lower doses and shorter protraction
times. The 224Ra study, being the most recent, has the largest number of living dogs.

k. Toxicity Studies in Immature and Aged Beagle Dogs

Because of concern about the effects of radionuclides on members of the general public with widely
different ages, the studies in Beagle dogs were expanded to include administration at 3 mo of age (to represent
children) and 5 yr of age (to represent middle-aged adults). 239pu was selected as the bone-surface-seeking
radionuclide of greatest concern, while 226Ra was chosen to represent the bone-volume seeking radionuclides.
Much attention has been given to the effect of changing distribution of radioactivity with age in these dogs and
to the associated biological effects.

C. CURRENT STATUS OF THE UTAH STUDIES

General Overview

The current status of the 14 life-span radionuclide toxicity studies initiated at the University of Utah is
given in Table 31. On September 15, 1987, all living dogs in these studies, 157, were moved to the ITRI
colony for continuation of their care and biomedical evaluation for the remainder of their lives. Between
September 15, 1987 and September 30, 1991, 118 of these transferred dogs died. During the past two fiscal
years, an additional 33 dogs died, resulting in a population of 6 living dogs on September 30, 1993. These
deaths reflect the maturity of these studies and the dogs in them at the time of transfer. These living dogs are
part of the populations in two studies, the 224Ra study in young adult dogs and the study of 226Ra in immature
dogs.

The research currently devoted to the Utah efforts fall into three main areas: (1) continuation of the
care and study of dogs still alive in these six studies, (2) detailed dosimetric studies, at the organ and local
levels, of these injected radionuclides and the factors that influence these dose patterns, and (3) completion of

final reviews of biological materials and data, compilations and analysis of data, and preparation of final study
reports for publication i the open, scientific literature.
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Table 31

Curnent Status of life-Span Radionuclide Toxicology Studies in Beagle Dogs Initiated at the
University of Utah and Being Continued at the Inhalation Toxicology Research Institute

(9/30/93)

Dogs Dogs Number Alive
Age at Radionuclide Injection Entered in Transferred

Injection Injected Year Study 9/15/87 9/30/91 9/30/92 9/30/93

16-18 mo 239pu 1952-1974 286 11 0 0 0(young 
2Radult) 1953-1970 164 0 0 0 0

228Ra 1954-1962 89 0 0 0 0

"A8Tn 1954-1963 94 0 0 0 0

9Sr 1955-1966 96 0 0 0 0
241Am 1966-1975 117 8 0 0 0

249cf 1971-1974 36 5 0 0 0
252cf 1971-1973 36 3 0 0 0

253Es 1973-1974 6 0 0 0 0

224Ra 1977-1979 128 78 22 9 5

3239pu 1972-1978 75 24 9 3 0

(immature) 22Ra 1975-1978 54 24 8 5 1

239pu 1975-1978 34 3 0 0 0

(aged) 226Rs 1975-1980 34 1 0 0 0

Total 1249 157 39 17 6
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D. COMPLETION ACTIVITIES FOR THE UTAH STUDIES

Because of the joint ITRI/Utab involvement in the completion of Utah studies, lead roles have been
assigned for the various studies as shown in Table 32. In the studies in which most or all of the dogs have
already died, Utah has the lead role, whereas ITRI will assume the lead role for those studies that will be
completed later. Present wrapup emphasis is directed toward the studies in which young adult dogs were injected
with 226Ra or 239 pU. The strategy for the analysis of each study includes a thorough review of all records
including pathology, clinical, radiographic, dosimetric, radiochemical, and metabolic. For each study, a series
of milestones has been established and specific oversight assignments given to specific investigators. The
primary goal is to produce a document that summarizes all data in the study. In addition, numerous smaller,
more specific papers are being published as the work progresses.

An example of the working 'Milestone Schedule* for the Radium Young-Adult study is shown in Table
33 and its deta'led footnotes. A similar schedule has been developed for the 23 9pu study as shown in Table 34.
The appended footnotes explain some of the analyses being done for this wrap-up effort. The same types of
-ppa--ches wil! be used to the maximum extent possible within the framework of future resources available for
this work. Table 35 lists a number of projected manuscript subjects that should flow from the ITRl/Utah
collaborations.

Table 32

Currently Planned Division of Efforts to Complete and Publish the
Lifetime Toxicity Studies in Beagle Dogs from the University of Utah

Radionuclide Age Category Lead Institution

226Ra Young Adult U. of Utah

90Sr Young Adult U. of Utah

239Pu Young Adult U. of Utah

228Ra Young Adult U. of Utah
228

fT Young Adult U. of Utah

24 1Am Young Adult U. of Utah/ITRI

249Cf Young Adult U. of Utah/ITRI
252Cf Young Adult U. of Utah/ITRI

253ES Young Adult U. of Utah/ITRI

226Ra Aged U. of Utah/ITRI

239pu Aged U. of Utah/ITRI

226Ra Immature ITRI

239pu Immature ITRI
224Ra Young Adult ITRI

76



Table 33

Milestone Schedule for Completion of
Summary Report on 226Ra Young Adult Dog Longevity Study

(September 30, 1993)

Topic Status

Historical review Complete

Experimental designs Complete

Histopathology, SNOMED a Complete

Expanded controls b SNOMED Complete

Metabolism, retention
General ' Complete

Model developed from new data from individual bones and plasmad Pending

Gross dosimetry ' Complete

Survival analyses f

Low doses Complete

High doses Pending

Dose-response (bone tumor incidence) g Complete

Hematopoietic, lymphoid response

Summary of old data h Complete

Final tumor data Complete

Other soft tissues Complete

Skeletal tissues

Skeletal tumor, verification' Complete

Skeletal tumor, location Complete

Radiography k Pending

Histology, microradiography Pending

Fractures m Complete

Tooth loss Complete

Local dosimetry o Pending

Jaw syndrome n Complete

Discussion and summary P Pending

Review and submission q Pending

SNOMED:. Systemized Nomenclature of Medicine, College of American Pathologists. This is the
standardized database for all histopathology. This database is on a Digital microVAX system and is
transferred to the National Radiobiology Archive.

b Expanded controls: In addition to the control dogs assigned to this study (RO.0), controls from other studies

have been included in many of the analyses to increase the validity of comparing radiation and nonradiation
effects. These controls are included in all models and statistical comparisons.

c General metabolism: The metabolism of radium (and some other nuclides) is determined from the *test'

animals and not the "chronic toxicity* animals. There were serial sacrifice studies done for early
distribution, localization, and dosimetric studies.
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Table 33

Plasma: Results from a shorter term metabolism study are pending. These data will allow more precise

determinations of blood nuclide levels and improvemtents in present metabolic models.

Gross dosimetry: Average skeletal dose calculated for each dog.

f Survival analyses: Presently, Cox proportional hazard models are being applied for survival analyses to the
different dose groups. The statistical models are complicated by a number of factors including the need to
censor animals with epilepsy, and use of control and treated animals over 3 decades with improved life
expectancy due to improved veterinary practices. Initial analyses with low dose groups have been published.
Analyses are continuing in higher dose groups.

S Tumor incidence: Emphasis is on skeletal tumors. Only those tumors that were verified histologically are
included in these analyses. In some cases, the histological diagnosis may be disputed. The location of the
tumors is documented from clinical, necropsy and md,-ig.aphic records. The location of the tumors and the
apparent type of tissue or origin (e.g., cancellous or cortical bone) become very important parts of the
skeletal dosimetry studies.

h Old hematology data: Due to the bone-seeking nature of these isotopes, it was originally believed that

hemic tumors would be an important consequence of radionuclide exposure. This was not observed in the
human or early animal studies, and a programmatic decision was made by the A.E.C. to end the detailed
hematopoictic studies in the early 1970s. We have, and continue, to review the early records and reports
to reconstruct the data, although very limited. Little hematological information is available for the studies
after the mid-1970s.

Final hematological tumor data: The final incidence of hemic and lymphoid tumors is verified.

Other soft tissues: Although not historically emphasized in these studies, the histopathology and clinical

records have been reviewed and the data tabulated. Recently over 400 soft tissue tumors have been
evaluated and the data statistically assessed and submitted for publication.

k Radiography: Radiographic summaries are prepared on each dog and entered into the clinical record on the

database. Attempts are also being made to quantify some dose-response relationships in the radiographs.
This effort is complicated by the fact that there are substantial changes in the skeletal tissues that may be
attributable to aging seen in many, but not all dogs. Presently a descriptive summary is being prepared.

Histology and microradiography: A summary of the histology (independent of skeletal tumors) and
microradiobraphic changes is being prepared.

a Fractures: Increased fracture occurrence is a known consequence of Ra exposure. The incidence and

location of fractures has been updated and summarized.

Tooth loss and periodontal tissue changes are also known to occur with Ra exposure. The loss of teeth and
the rate of tooth loss have been determined and are correlated with increasing dosages. The changes in oral
tissues (jaw syndrome) are documented and summarized.

Local, cellular dosimetry: This productive effort involves collaboration with Dr. Erich Polig, Karlsruhe,

Germany. Dr. Polig spent about 4.5 yr in our laboratory and developed and applied an automated scanning
microphotometer system for the radium dosimetry studies. From these data and companion biology studies,
extensive cellular dose models have been constructed and published.

P Summary: The summary will be considered complete when the items identified above are finished, with

the exception of the local dosimetry program which will continue.

q Publications are submitted to peer-reviewed journals. In addition to the "Summary Paper(s)", a number of
articles dealing with specific scientific issues will continue to be published in appropriate journals.

78



Table 34

Milestone Schedule for Completion of
Summary Report on 239Pu Young Adult Dog Longevity Study

(September 30, 1993)

Topic Status

Historical review Pending
Experimental designs Complete

Histopathology, SNOMED
Clinical summaries Complete
Radiographic summaries Complete

Metabolism

General Complete

Short term studies Pending

Gross dosimetry Complete

Soft tissues - dosimetry Complete

liver, kidney, spleen Complete

Other soft tissues

Dose-response

Tumor incidence

Skeletal Complete

Soft tissue Pending

Survival analyses

Low doses Complete

Higher doses Pending

Hematology Pending

Skeletal tissues

Skeletal tumor, verification Complete

Skeletal tumor, location Complete

Radiography Pending

Histology Pending

Microradiography Pending

Autoradiography Pending

Fractures Complete

Jaw Complete

Local dosimetry Pending

Soft tissues

liver Complete

Gonad Complete

Other Complete
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Table 35

Projected Future Manuscript Subjects from the ITRI/Utab Collaborations

Radium

• Ra bone bit - local dosimetry

"• Ra dose-response - all doses with survival models

"• Ra mammary tumors (manuscript submitted)

* Ra soft tissue tumors (manuscript submitted)

"* Ra eye tumors (manuscript in press)

"• Ra daughters and leukemia (published, 1993)

"* Ra summary (pending dose-response and local dosimetry analyses)

Plutonium

"• Pu bone tumors, dose-response (published, 1993)

"• Pu toxicity ratios for bone tumors (manuscript submitted)

* Pu bone metastases (manuscript submitted)

• Pu bone tumor occurrence - specific sites (manuscript submitted)

"* Pu dose-response - all doses with survival models

"• Pu local dosimetry and metabolism

"* Pu dosimetry all tissues

"• Pu summary

Americium

"* Am dose-response

"• Am specific tumor sites

"• Am/Pu and other nuclide bone cancer induction (manuscript submitted)

"* Am and thyroid lesions (published, 1993)

"* Am local dosimetry and metabolism

"* Am summary

Cross-cutting manuscripts

"• Comparison of effectiveness for bone cancer induction, 239pu, 226Ra,
224Ra, 228Th 228Ra, 249Cf, 9Sr, 23 ES (manuscript submitted)

"* Tumor growth and metastases for all nuclides (manuscript in press)

"• Summary of liver tumors and other soft tissues

With ITRI

• Ra/Pu retention and distributions as functions of growth and skeletal
maturity, juvenile, young adult and aged animals
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E. RECENT RESEARCH ACCOMPLISHMENTS

1. Distribution of Skeletal Malignancies in Beat1es Iniected with 23 ,Pu Citrate

R. D. Uoyd, G. N. Taylor, W. Angus, S. C. Miller, F. W. Bruenger, and W. S. S. Jee

The distribution of 84 skeletal malignancies in 76 Beagle dogs injected with 23u as young adults
(Lloyd, R. D. et al. Health Phys. 64: 45, 1993) roughly seems to follow the distribution of skeletal mass and
skeletal 239pu (Table 36). These findings are similar to those we reported earlier for a group of dogs given
226Rs (Uoyd et at., 1993) . Although there were differences in tumor distribution between the animals given
226Ra and those given 23u (Table 37), most of them were not statistically significant. However, the radium

dogs seemed to show a greater sensitivity to bone tumor origin in the tibia, while there may have been a
tendency among the plutonium dogs toward increased relative sensitivity in the scapula, lumbar vertebrae, sacrum,
and ribs. In contrast, the most common site for the formation of naturally occurring bone malignancy in the
dog is the distal radius (Brody, R. S. et al. J. Am. Vet. Med. Assor. 147. 471, 1963). Perhaps there were too
few tumors and too few dogs in our study to establish statistical significance.

A correlation between tumor location and at least two anatomical-physiological factors in the skeleton
indicated that these two factors (site-specific bone turnover rate and percent of red marrow at the site, which
is correlated with vascularity) may influence the appearance of malignancies both individually and in combination.
Table 38 indicates that the sensitivity for a given skeletal location (e.g., proximal humerus or distal femur) of
bone malignancies among Beagle dogs given 239pu might be correlated with the percent of red marrow at the
site of tumor origin, which also indicates the degree of vascularization. The coefficient of determination, or
square of the correlation coefficient, "r," (Woolf, C. M. In Principles of Biometry, D. Van Nostrand Co. Inc.,
Princeton, NJ, 1968), obtained for linear regression in a comparison of percent red marrow with percent tumors
was, r = 0.56. A similar conclusion was also made independently for the occurrence of plutonium-induced
tumors in preliminary reports from this laboratory (Miller, S. C. et al. In Life-span Radiation Effects Studies in
Animals: What Can They Tell Us? [R. C. Thompson and J. A. Mahaffey, eds.], Office of Scientific and
Technical Information, Springfield, VA, p. 286, 1986; Smith, J. M. et al. Radiat. Res. 99: 324, 1984) which were
prepared a few years before the final histopathology reports were completed.

Bone turnover rates at the specific bone locations (samples were derived mainly from cancellous or

trabecular bone) appear to have a slightly less pronounced correlation with bone tumor appearance, with r2 =
0.54. The multiplicative combination of these two parameters (column 6 in Table 38) appears to be a somewhat
better predictor of sensitivity to tumor formation than either one alone (with r2 = 0.69 for the parameters
merged) and was done to indicate the combined effects of both parameters. Miller et al. (1986) investigated
parameters other than marrow type and bone turnover rate, such as trabecular bone mass, bone cell population,
bone cell activity, density of osteogenic precursor cells, plutonium uptake on bone surfaces, and bone-marrow
microvasculature. All of these except trabecular bone mass, marrow type and bone turnover rate were important
contributors to their effects on bone tumor occurrence. A strong linear relationship was nor twten trabecular
mass and tumor incidence in only the few sites reported by Miller et al., but these . , cited a more
comprehensive study (Gong, J. K. et al. Anat. Rec. 149: 325, 1964) of the same factors that did not seem to
support this relationship. The work of Gong et al. (1964) indicated that even though there was a positive
relationship between the number of bone tumors and trabecular mass, the relationship may not be linear.

Except for the femur (p = 0.038), there appeared to be no difference (p > 0.10) between the relative
distribution of skeletal malignancies of low-level (30 Bq to 2 kBq kg" injected) and high-level (3 to 122 kBq
kg"1) dogs. Distribution of bone tumors between the axial and appendicular skeleton was 50% vs. 50% for 239pu
(42 and 42), but it was 39% axial vs. 61% appendicular (22 and 35, respectively) for dogs given 226Ra.
However, this difference was not significant (p > 0.2).
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Table 36

Comparison of the Malignant Bone Tumor Distribution in the Skeletons of Beagle Dogs
Given 23p with the Distribution of Skeletal Mass or 23Pu Activity (±S.D.)

Number Percent Percent
of Percent Skeletal % Turn Skeletal % Turn,

Bone Tumors Tumors' Mass b % Mass P Activity' % Act d

Radii 1 1.19(1.18) 2.4(0.19) 0.50(0.50) 1.08(0.35) 1.10(1.15)

Ulnae 2 2.38(1.66) 2.5(0.13) 0.95(0.66) 1.01(0.32) 2.36(1.80)

lHumeri 1.1 13.1(3.68) 6.6(0.33) 1.98(0.56) >0.05 9.87(1.83) 1.33(0.45)

Scapulae 5 5.95(2.58) 3.9(0.47) 1.53(0.69) 5.20(0.68) 1.14(0.52)

Paws 1 1.19(1.18) 9.6(0.65) 0. 12(0.12) <0.05 3.76(1.13) 0.32(0.33) >0.05

Tib+Fibs 2 2.38(l.66) 5.8(0.36) 0.41(0.29) >0.05 3.52(0.75) 0.68(0.50)

Femurs 10 11.9(3.53) 6.8(0.48) 1.75(0.53) >u.05S 7.88(1.40) 1.51(0.52)

Pelvis 10 11.9(3.53) 5.1(0.42) 2.33(0.72) >0.05 7.21(0.85) 1.65(0.53) >0.05

(Appendicular
Skeleton) 42 50.0(5.46) 42.7(3.1) 1.17(0.15) 39.5(8.73) 1 27(0.31)

Skull 6 7.14(2.81) 15.6(1.6) 0.46(0.19) >0.05 8.44(2.09) 0.85(0.40)

Mandibles 3 3.57(2.02) 6.1(0.71) 0.59(0.34) >0.05 2.76(0.95) 1.29(0.8S)

Ribs 5 5.95(2.58) 9.6(0.79) 0.62(0.27) >0.05 11.6(1.56) 0.51(0.23) >0.05

Sternum 0 0.00(1.19) 2.7(0.72) 0.00 <0.05 2.93(0.96) 0.00 >0.05

Cerv V 5 5.95(2.58) 6.5(0.72) 0.92(0.41) 5.45(1.07) 1.09(0.52)

Thor V 9 10.7(3.37) 7.1(0.79) 1.51(0.50) 14.7(2.25) 0.73(0.26)

L V+Sac 14 16.7(4.07) 8.2(0.75) 2.04(0.53) >0.05 13.9(1.56) 1.20(0.32)

Tail 0 0.00(1.19) 1.3(0.36) 0.00 >0.05 0.68(0.23) 0.00

(Axial
Skeleton) 42 50.0(5.46) 57.1(8.2) 0.88(0.16) 60.5(14.0) 0.83(0.21)

Total 84 9 9 .8 b 0.1

Percent tumors in each bone of the total of 84. Uncertainties shown are the standard deviations (SDs) for the
binomial distribution (Sokal, R. R. and Rohlf, F. 1. In Biometry, W. H. Freeman and Co., San Francisco, CA, 1969).

b Data were taken from U~oyd et al. (Health Phys. 60: 435, 1991); the uncertainties are the SDs of the measurements
for the 64 dogs included in the earlier study.

CColumn 3 divided by column 4; the SDs shown were derived from the SDs of the values in columns 3 and 4 and
are undefined in the case of zero tumors.

SThe "p" values in columns 6 and 9 were taken to be: "p" < 0.05 a the ratio of % tumors and eithet % skeletal
mass or % skeletal 239Pu activity were different from 1.0 by more than * 1.96 SDs; "p" > 0.05 = ratios different
from 1.0 by -c 1.96 SD but by > SD; and (blanks) 'p" > 0.10 = the ratios were different from 1.0 by less than
* I SD.

'Data taken from page 143 of Lloyd et al. (in Radiobiotogy of Plutonium, [B. J. Stover and W. S. S. Jee, eds.],
J. W. Press, Salt Latte City, UJT, p. 141, 1972); th~e uncertainties are the Slis of the measurements for the 20 dogs
included in the earlier study.

r Column 3 divided by column 7; the SDs shown were derived from the SDs of the values in columns 3 and 7 and
are undefined in the case of zero tumors.

aTibiae pits fibulae and including patellae.
SOs penis not included (for males only).
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Table 37

Malgnat Bone Tumor Distribution in the Skeleton of Beagle Dogs
Given Either Pu or 2Ra-Citrave by Intravenous Injection. Comparisons were Done by

Odds- Ratio Chi-Square Analysis with Yates' Correction for Continuity (Sokal and Rohlf, 1969).

57 226% 84 239pu Odds Ratio 95% Confidence

Bone Dog Tumors Dog Tumors (Relative Risk) Interval "p"

Radii 2 1 3.018 0.27-23.82 0.566

Ulnac 2 2 1.491 0.18-8.12 1.000

Humeri 5 11 0.638 0.21-1.83 0.600

Scapulae 0 5 (a) 0.071

Paws 3 1 4.611 0.52-32.42 0.303

Tib+Fib+Pat. 10 2 8.723 2.05-32.96 0.004

Femurs 9 10 1.387 0.55-3.50 0.681

Pelvis 4 10 0.558 0.16-1.76 0.506

(Appendicular Skeleton) 35 42 1.591 0.85-3.00 0.245

Skull 7 6 1.820 0.60-5.56 0.460

Mandibles 4 3 2.038 0.45-7.55 0.440

Rib+Stern 0 5 (a) 0.071

Cervical Vert 4 5 1.192 0.31-4.50 1.000

Thoracic V 4 9 0.629 0.18-2.02 0.654

L V+Sac+Tail 3 14 0.278 0.07-0.93 0.076

(Axial Skeleton) 22 42 0.629 0.33-1.18 0.245

Total Skeleton 57 84

Dogs with Tumors 43 76

Dogs at Risk 120 234

a No odds ratio or 95% confidence interval can be calculated for a comparison in which one member of

the pair has zero tumors. The probability shown is that for Fishers Exact 2 tailed "p" value (Sokal and

Rohlf 1969, pp 589).
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Table 38

Comparison of Tumor Distribution in Beagle Dogs Given 23Pu (this study)
with the Occurrence of Red Marrow Sites in Bones of the Skeleton and with Bone Turnover Rates

for Cancellous or for Trabecular Bone (both taken from p. 288 of Miller ef aL., 1986).
(Not included in this table are five skeletal malignancies for which Miller et aL (1986)

did not provide data on percent red marrow or turnover rate at the specific skeletal location.I

Estimated Bone Location' (Col 4 x
Number of Percent Percent Red Turnover Rate, Col 5 x

Bone, Location Tumors Tumors Marrow Percent y-1  0.001)b

Prox Radius 1 1.3 0 127 0.0

Dist Radius 0 0.0 0 85 0.0

Prox Ulna 0 0.0 0 56 0.0

Dist Ulna 0 0.0 0 45 0.0

Prox Humerus 9 11.4 75 143 10.7

Dist Humerus 1 1.3 25 57 1.4

Scapula 5 6.3 100 97 9.7

Paws 1 1.3 0 67 0.0

Prox Tibia 2 2.5 25 112 2.8

Dist Tibia 0 0.0 25 66 1.6

Prox Femur 8 10.1 75 138 10.4

Dist Femur 2 2.5 75 122 9.2

Ischium (pelvis) 4 5.1 75 143 10.7

Ilium (pelvis) 4 5.1 75 164 12.3

Skull 6 7.6 50 65 3.24

Mandible 3 3.8 25 109 2.7

Ribs 5 6.3 75 121 9.1

Sternum 0 0.0 75 97 7.3

Cerv Vertebrae 5 6.3 100 122 12.2

Thor Vertebrae 9 11.4 100 167 16.7

Lumb Vertebrae 11 13.9 100 205 20.5

Sacrum+Tail 3 3.8 50 132 6.6

Total This Comparison 79 100.0

Applies to a specific bone location (distal radius, proximal radius, etc.) and mainly includes data derived
for cancellous or for trabecular bone at the particular site.

b Columns 4 and 5 were multiplied to yield an arbitrary parameter that would represent the effects of both

estimates, percent red marrow and bone turnover rate; multiplication by 0.001 was simply to make the
magnitude of the parameter more manageable.
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About one-third of all skeletal malignancies among the dogs in this study given 239Pu occurred in the
vertebral column, whereas less than one-fifth of the 226Ra-induced tumors originated in the vertebrae (Table 37).
Even though the significance of this difference could not be established from our data (p > 0.05), it should not

have been surprising that the first (and so far only) reported bone tumor observed among humans contaminated
above background levels with 239pu (Voelz, G. L and Lawrence, J. N. P. Health Phys. 61: 181, 1991) was in
vertebral bone (sacrum, Los Alamos National Laboratory Subject 20; United States Transuranium Registry Case

262). Jee W. S. S. et al (Strahlentherapie 80 [Suppi]:75, 1986) reported that no bone sarcomas had by then
(1984) been reported in the cervical, thoracic, or lumbar vertebrae of persons contaminated with 226Ra in spite
of the fact that these structures contain a high proportion of trabecular bone. This observation has been extended
in a more recent report (Schlenker, R. A. et al. In Risks from Radium and Thorotrast, BIR Report 21, ID. M.

Taylor et aL, eds.], British Institute of Radiology, London, p. 55, 1989) to show that only two persons in the
radium series had a skeletal malignancy in the sacrum and just one person had a malignancy involving several
vertebrae.
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2. Occurrnce of Metastases in Beaele Dogs with Skeletal Malianancies Induced by Internal Irradiation

R. D. Lloyd, W. Angus, G. N. Taylor, G. B. Thurman*, and S. C. Miller

Metastases from malignant bone tumors often are responsible for the fatal effects of these cancers.
Various characteristics of primary skeletal malignancies in a group of Beagle dogs injected with bone-seeking
radionuclides were reported in detail by Thurman, G. B. (University of Utah Report COO 119-243, 1971) and
summarized by Thurman, G. B. et al. (Growth 35: 119, 1971). Recent completion of the histopathology reports
for nearly all life-span dogs studied during the period 1952 to 1987 at the Radiobiology Laboratory, University
of Utah, made it possible for us to compare the occurrence of grossly apparent metastases from skeletal
malignancies induced by skeletal irradiation from internal emitters (226Ra, 239Pu, 221Ra, 228Th, 9°Sr) with a
number of other factors unique to each animal.

There were 212 malignant bone tumors in 186 of these dogs for which we subsequently received
information on their metastatic occurrence. These data have enabled us to correlate the parameters reported
previously with the appearance of bone tumor metastases. Data available for the animals included growth-rate
of the primary tumor, volume of the primary tumor at death, sex of the animal, growth period of the primary
tumor ("age*), degree of calcification of the primary tumor, skeletal location of the primary tumor (identity of
the bone, side of the body, location along the length of a long bone), cumulative radiation dose to the skeleton
at the estimated beginning of primary tumor growth, dose equivalent to the skeleton at the same point in time,
and year of death.

Growth period (length of time between tumor initiation and the death of the dog) and tumor volume
at death were arranged separately in order of increasing values, and each list was marked off into quartiles
(fourths). Growth periods ranged from 193 to 1990 days; the minimum tumor volume at death was 0.3 cm 3,
and the maximum was 1167 cm 3. Division into quartiles also was used for analysis of cumulative radiation dose
to the skeleton vs. frequency of metastasis and for a corresponding analysis of dose equivalent (dose multiplied
by a quality factor that allows for the differing relative sensitivity of the Beagle dog to the induction of bone
sarcoma by various radionuclides at the same average skeletal dose). The quality factors in Beagle dogs,
expressed as the effectiveness relative to 226 Ra, for the various radionuclides were taken from published reports:
Lloyd, R. D. et aL (Strahlentherapie 80: 65, 1986) for 226Ra = 1.0, 228Ra = 2.0, and 22-Th = 8.5; NCRP Report
No. 110 (1991) for 9°Sr = 0.1; and Lloyd, R. D. et al. (Heahi Phys. 64: 45, 1993) for 239pu = 16.

For any data set marked into quartiles and for which a significant difference in proportion of metastases
was found by the "t" test between subgroups, the non-parametric Kendall rank correlation test (Siegel, S.
Non-parametric Statistics, McGraw-Hill, New York, 1956) was used to determine the significance of any trend
that could be identified within the entire data set. Data sets divided into quartiles were analyzed (Sokal, R. R.
and F. J. Rohlf. In Biometry, W. H. Freeman, San Francisco, p. 70, 1969) by Odds-Ratio Chi Square methods
with Yates' correction for continuity, supplemented by Fishers Exact Test for comparisons having zeros in any
category. Proportions of tumors that metastasized from the various bones of the skeleton were compared by
means of their relative uncertainties.

Each value of number of tumors yielding metastases and total number of tumors in the same bone were
assigned an uncertainty based upon the standard deviation for the binomial distribution (Sokal and Rohlf, 1969).
For a pair of data with values within I S. D., the "p" value was taken to be > 0.10; for those outside 1.0 but
within 1.96 S. D., the "p" value was taken to be > 0.05; and for those outside of 1.96 S. D., the "p" value
was taken to be < 0.05, all compared with respect to the corresponding data for the entire skeleton. The growth
rates (mean doubling times) for various categories of primary skeletal malignancies (with or without metastases)
were compared by means of the Group Comparison ("t") Test.

Some of the animals had more than one skeletal malignancy. If these were of different cell types, the
identity of the tumor that was the origin of the metastases found in other tissues was not in doubt. Because
most of the primary tumors were classified as osteosarcomas, including multiples in the same animal, we could
not be sure which primary tumor was the origin of the metastases in dogs with more than one primary bone

*Department of Biochemistry, Vanderbilt University School of Medicine, Nashville, Tennessee
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tumor. Therefore, we analyzed the data such that we counted the growth rate of (1) only the most rapidly
growing tumor in each dog with multiple tumors, (2) only the most slowly growing tumor in animals with
multiple tumoms, (3) only the most rapidly growing tumor in the dogs with metastases and only the most slowly
growing tumor in the dogs without metastases, or (4) only the most rapidly growing tumor in the dogs without
metastases and only the most slowly growing tumor in the dogs with metastases. In addition, only those dogs
with just a single primary tumor were included in another analysis to ensure that the correct malignancy could
be identified as the source of a given metastasis. If there was a substantial difference in the probability of
metastatic development between tumors with different growth rates as reported by LaRue, S. M. et al. (In Book
of Abstracts for the 40th Annual Meeting of the Radiation Research Society, p. 112, 1992), our study would
show that either slowly growing or rapidly growing tumors could be more prone to metastasis.

For most of the comparisons, no significant differences could be established between dogs with and
without metastases. However, larger tumor volumes at death appeared to be associated with the probability of
metastasis. Only for the comparison of the quartile of the smallest tumor volumes at death with the largest was
there a significant difference in the proportion of metastasis ("p* < 0.05). There was no difference identified
between adjacent categories of tumor volume. However, the fraction of dogs with metastasis increased
monotonically with increasing tumor volume at death for all four quartiles: 1st quartile = 15 metastases in dogs
with 53 tumors = 0.208 (mean volume = 2.2 cm3); 2nd = 0.283 (19.2 cm3); 3rd = 0.340 (72 cm); and 4th =
0.472 (395 cm 3). According to the nonparametric Kendall rank correlation test, the "p" value for this outcome
is 0.042. Therefore, it appears that there is an effect of tumor volume at death on the likelihood of metastasis,
with the larger tumors having a greater probability of metastasis than smaller tumors.

Various comparisons of dogs with and without metastases as a function of tumor growth rate did not,
for the most part, yield significantly different results between these two groups. The exceptions were when only
one tumor per dog was considered for animals having multiple primary tumors (longest doubling time for dogs
with metastases and shortest doubling time for dogs without; "p" < 0.001) and when only the tumor with the
longest doubling time was included for all dogs with multiple primary tumors ("p" < 0.02). We found that this
effect was a result of only two tumors with doubling times of > 45 days. Both had been characterized by
Thurman (1971) as among the tumors with the least uncertainty in calculated doubling time. Rates of metastasis
in dogs with primary tumors in paired bones, especially the left side, were significantly higher than corresponding
values of dogs with primary tumors in unpaired bones. The occurrence of metastases in dogs with primary
tumors in the ribs appeared to be more pronounced than those in animals with primary tumors in other bones
as compared with the average for the whole skeleton.

We conclude that analysis of the association between a variety of parameters and the occurrence of
metastases from radiation-induced bone tumors serves to improve our understanding of the metastatic process.
The foregoing analyses also yielded some information about the relative importance of various factors that were
expected to influence metastasis.
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3. Skeletal Malignancies amone Beagle Does Injected with 24 'Am

R. D. Uoyd, G. N. Taylor, W. Angus, S. C. Miller, and B. B. Boecker

Seventy skeletal malignancies were identified in 44 dogs among 117 Beagle dogs injected as young
adults with graded dosages of 24 tAm ranging from about 0.07 to 104 kBq kg-t and maintained for lifetime
observation. Sixty-two of these tumors were osteosarcomas; four were fibrosarcomas of bone, and four were
chondrosarcomas of bone (Table 39). Of these 117 dogs, 114 survived beyond the minimum age for
radiation-induced bone cancer of 2.79 yr, but all are now dead.

Table 39

Dosimetry and Bone Cancer Occurrence Data
in Beagle Dogs Injected with 24 1Am Citrate

Skeletal Age, yr,
No. of Dogs with Dose * SD at Death

Dose Injected Dogs in Bone Percent 1 yr Before with Bone
Level kBq kg t  Studya Cancer b Uncertainty' Death, Gy Cancer * SD

Control Dogs

0 0132d 1 0.76 * 0.8 - 16.1

Am Dogs

0.2 0.066 * 0.002 14 0 0 - 7.1e 0.06 t 0.02

0.5 0.197 * 0.004 14 if 7.1 * 7.6 0.22 * 0.05 13.8

1.0 0.58 * 0.015 25' 3h 12.0 * 7.3 0.57 * 0.13 13.7 ± 1.4

1.7 1.75 .t 0.04 24 10i 41.7 ± 13.8 1.49 ± 0.39 11.5 ± 1.4

2.0 3.55 ± 0.06 12 10i 83.3 ± 27.5 2.52 ± 0.59 9.1 ± 1.3

3.0 11.3 ± 0.19 13 12 92.3 ± 29.0 4.57 ± 0.87 6.1 ± 0.6

4.0 33.6 ± 4.44 12 8 66.7 ± 22.0 11.2 ± 3.3 5.3 ± 0.5

5.0 104 ± 15 (2 )k 0 1.84 ± 1.01

Total (Am dogs) 1 14 ' 44m
a Number that survived at least to 2.79 yr of age, the minimum latent period for death with

radiation-induced bone tumor in our dog colony.
b All observed tumors were osteosarcomas except as noted.
c With one exception, stated uncertainties are geometric means of roughly half of the 95% confidence

intervals for the individual groups taken from Table A-5, page 125, of Lilienfeld et al. (eds.) (Cancer
Epidemiology: Methods of Study, The Johns Hopkins Press, Baltimore, MD, 1967).

d Plus one additional dog that only lived to 1.81 yr age.
C The uncertainty for a group of dogs with zero tumors was taken to be a standard deviation of +1

(Marshall, J. H., ANL-7760, Part 11, p. 18, 1970).
f One fibrosarcoma of bone plus two separate primary chondrosarcomas of bone, all in the same dog.
Z Plus one additional dog that lived to only 2.04 yr of age (232 days after injection) and had no bone

tumor.
b Including one chondrosarcoma of bone plus two fibrosarcomas of bone.

Including one chondrosarcoma of bone.
Including one fibrosarcoma of bone.

k Neither dog survived to 2.79 yr of age. Both died without bone tumors.
Plus three dogs that died before 2.79 yr of age without tumors.
Forty-four Am-injected dogs with 70 total bone tumors, eight of which were other than osteosarcomas.
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To describe the dependence of percent occurrence of bone sarcoma on skeletal radiation dose, the
expression A = 0.76 + 30D was derived where A = percent of dogs with skeletal malignancy within any dodge
group, D a average skeletal dose (Gy) at 1 yr before death (for doses < 3 Gy), and 0.76 represents the lifetime
percent malignant bone tumor response among 132 suitable control dogs in our colony not given any
radioactivity. All dosage groups with skeletal doses of > 3 Gy at a year before death were excluded from the
derivation of this expression because they exhibited close to 100% occurrence and appeared to be beyond the
region of linearity with dose. Similar analysis of corresponding data for dogs given 226R& as young adults,
excluding the two highest dosage groups in which the bone tumor response was about 100%, yielded the
expression, A = 0.76 + 4.7D (D < 20 Gy). The ratio of the coefficients in these two expressions, 6 ± 0.8,
indicates the effectiveness for bone cancer induction of 24 tAM relative to 226 Ra (Fig. 34). This compares to
the relative effectiveness obtained earlier for a 239pu to 226 Ra ratio of about 16 ± 5 (R. D. Uoyd et al. In
Annual Report on Long-Term Dose-Response Studies of Inhaled or Injected Radionuclides, LMF-130, p. 144,
1991).

5 100- 4
z
4C 80 %= 0.76 + 30D

S6 . 226 Ra -
z 60-
in t % =0.76 + 4.7D

X 40 -

20- ", Am 30 _+2.6 6 t0.8S20- -I R-a" :4.7 ±0.47

0 2 4 6 8 10 12 14 16 18 20
AVERAGE SKELETAL DOSE AT 1 YEAR BEFORE DEATH

(Gy)

Figure 34. Relative effectiveness for induction of bone malignancies in young adult dogs given either 24 1Am
or 226 Ra.
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4. Thyroid Lesions Induced by 2 4 1Am in the Bealie Do7

G. N. Taylor, R. D. Lloyd, F. W. Bruncger, and S. C. Miller

The concentration of 24tAm in the thyroid gland of Beagle dogs, after a single intravenous injection of
Am in a citric acid-sodium citrate buffer solution at pH 3.5, was found to be slightly less than the concentration
in the liver and moderately greater than in the skeleton (Uoyd, R. D. et al. Health Phys. 18: 149, 1q70)
However, since the mass of the combined thyroid tissue in these dogs was only about 600 mg, the percentage
of injected Am retained at this site was relatively low. Part of the impact of this unusually high concentration
of 24lAin in the thyroid glands of the Beagle dog, with respect to clinical, morphological, and neoplastic changes,
is presented in this summary.

All of the dogs observed were purebred Beagles, born and raised at the Radiobiology Laboratory,
University of Utah. The 24 1Am was administered in graded dosages via a single injection in the cephalic vein
at about 17 to 18 mo of age (Dougherty, T. F. et al. Radiat. Res. 17: 625, 1962). The volume of the injection
solution was approximately 8 to 10 mL. Serum thyroxine levels (T4) were determined by radioimmune assay
methods, using reagents supplied by PANTEX (Malibu, CA). Autoradiographs were prepared from acetone-fixed,
paraffin-embedded tissues. Weighted cumulative tumor rates were determined by the method of Kaplan and
Meier (J. AnL Stat. Assoc. 53: 457, 1958). Evaluation of statistical significance was by the group comparison
(Yt") test for thyroid weights, analysis of variance for T4 evaluations, and Cox Regression Analysis for thyroid
tumor rates.

The percentage of injected activity retained in the thyroid gland following a single intravenous injection
was 0.055 ± 0.00066 (mean ± SD), and the percentage remained constant for the range of injected dosages
shown in Table 40. Autoradiography indicated that most of the activity was in the basement membranes of the
follicles and in the vascular walls of the smaller arterioles. Only small amounts were present in the follicular
epithelium or the colloid. The resulting radiation doses (mean ± SD) were 1.4 ± 0.9 and 0.76 ± 0.38 times
those delivered to the skeleton and the liver, respectively.

Table 40

Incidence of Thyroid Tumors in Beagle Dogs Given a Single Intravenous Injection of 2 4 1Am

24 1Am Average Average Thyroid Bone and/or
Injected Number Agea at Dose to Tumorsb Liver Tumors

(kBq kg-') of Dogs Death (days) Thyroid (Gy) (%) (%)

101.75 2 941 ± 33 29.8 ± 1.5 0 0

33.58 12 1874 ± 285 28.4 ± 9.2 0 83

11.27 13 2239 ± 220 8.67 ± 4.8 0 92

3.55 12 3327 ± 420 4.04 ± 2.1 0 92

1.74 24 4633 ± 804 2.14 ± 1.2 13 58

0.58 22 4634 ± 804 0.61 ± 0.13 12 45

0.20 14 4906 ± 860 0.25 ± 0.06 0 21

0.07 14 4488 ±953 0.08 ± 0.02 7 0

(Control)

0 132 4749 ±1062 0 11 4

"aThe average age at injection was approximately 505 days.
bIncludes both benign and malignant tumors.
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Characterstic symptoms related to Am-induced thyroid changes, such as lethargy, obesity, epilation, or
myxedema were not observed. This was true even in those instances where marked ablation of the gland had
produced subnormal levels of serum T4. However, ablation of the thyroids was never absolute, and small islands
of follicular cells could be found even in the dogs with the most severe radiation-induced involution.

Evaluation of the average thyroxine (T74) levels in the peripheral blood at various post-injection times
indicated functional impairment of the thyroid gland at several Am dosage levels. However, the relatively wide
day-to-day variation of the T4 values in both the controls and the irradiated animals made the results of single
tests a relatively imprecise index of radiation-induced thyroid injury. The radiation-induced depression of the
serum T4 was most clearly evident in the two highest dosage levels studied: 100 and 34 kBq kg-l, which
differed significantly from each other and also from the controls (p < 0.01; Fig. 35). The T4 values for the
11 kBq kg; group were similar to those in the controls (p > 0.20), even though the radiation-induced
histological alterations were usually appreciable. The T4 values of the 3.6, 1.7, and 0.58 kBq kg- groups were
not significantly different from each other (p > 0.20) and were grouped together for statistical purposes. Dogs
in this combined group had significantly higher T4 levels than either the controls or the 11 kBq kg" group
(p < 0.01). This result is consistent with the observed hypertrophy of the follicular epithelium that occurred in
a moderate number of these lower dosage animals.

3- o[

0.58, 1.74, 3.55 kBq/kg

I-
2Z CONTROLS

uJ
C.)
0.

11.3 kBq/kg

0 20 40 60 80 100 120
POST-INJECTION TIME (MO)

Figure 35. Comparison of T4 values in Beagle dogs injected with various dosage levels of 2 4 1Am. The curves
are least-squares fits to the plotted points.

Statistically significant (p < 0.001) reductions in the thyroid weights occurred in most of the dogs
injected at the three highest levels. The most extreme atrophy occurred in the animals given 34 kBq kg"1.
Although some variation occurred, the thyroid weights measured in the five lowest dosage levels were within

normal limits.

Histologically, in the two dogs injected at the highest dosage level studied, 100 kBq kg-l, and at about
425 days post-injection, the follicular epithelium was mostly low cuboidal and became almost squamous in some
areas. Atrophy, degeneration, and necrosis of the epithelium occurred focally. Scattered foci of follicular
hyperplasia composed of small clusters of cells and some microfollicles were distributed among the follicles that
were present at time of injection. These older follicles were anatomically normal except for the very low
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cuboidal epithelium. The epithelium of these such abnormal foci usually exhibited some degree of hypertrophy,
indicating that TSH or other stimulation was extant even though much of the older epithelium was nonresponsive.
Nearly normal amounts of colloid were present, but based on the low serum T4, metabolic functions in much
of the follicular epithelium and colloid compartment were probably impaired to an even greater degree than was
suggested by the microscopic appearance. Vascular lesions, interstitial fibrosis, and leukocytic infiltrates were
not seen. The absence of extreme anatomical changes at this high dosage level was possibly related to the
relatively short survival times. The causes of death at this highest dosage level were combinations of kidney,
liver, and bone marrow failure, all sites of high radiation exposure.

Histological changes in the thyroid were most marked in the dogs given 34 kBq kg t , probably because
of the relatively high thyroid dose and the moderately long survival times after injection, averaging 1380 ± 290
days. Follicular atrophy and interstitial fibrosis were invariably present, and loss of follicles and colloid was
marked. The glands were frequently reduced to a small fibrotic mass that was sometimes difficult to find at
necropsy. Some of the few residual follicles contained hyperplastic foci that were, in some instances, suggestive
of an early adenomatous change. These clones of follicular cell hyperplasia occasionally contained microfollicles,
generally without colloid. Most of the follicular epithelium in such foci was markedly hypertrophic, suggesting
elevated levels of TSH; however, levels of this hormone were not measured in any of the dogs in this study.
Cytoplasmic PAS-positive, colloid-like inclusions were present in many of the cells ii the hyperplastic foci.
Reduced vascularity and hyalinization of some of the arterioles were seen in the most atrophic glands. Focal
lymphocytic infiltrates occurred in a few of the animals in this high dosage group but were seldom seen in the
other dosage levels.

Marked Am-induced changes also developed in the dogs injected with 11 kBq kg". However, compared
to the 34 kBq kg"1 level, fibrosis was less extreme, the extent of the hyperplasia was greater, and a larger
number of colloid-bearing follicles was present. The number of follicles and the amount of colloid appeared
adequate for normal function. Follicular hyperplasia and the presence of PAS-positive, colloid-like cytoplasmic
inclusions were the most marked of any of the levels. The lesions observed at even lower dosages were
principally hypertrophy of the follicular cells and a minor degree of interstitial fibrosis. However, such changes
were observed in only some of the animals, and hyperplasia was seldom seen.

A comparison of the incidence of thyroid tumors in the controls with those of the Am-treated dogs is
presented in Table 40. Statistical evaluation indicated that the incidence in the control and irradiated dogs was
not significantly different (p > 0.3). Based on the control population, 6.4 thyroid tumors were expected in the
irradiated animals, and seven were observed. The thyroid neoplasms developed mostly in the dogs with long
survival times, averaging 11.1 ± 1.8 yr post-injection in the controls and 12.8 ± 2.2 yr in the irradiated groups.
The incidence of thyroid tumors in the males was approximately two times that of the females, which contrasts
with the higher incidence observed in women (NCRP, Induction of Thyroid Cancer by Ionizing Radiation, NCRP,
Bethesda Maryland, p. 56, 1985).

In summary, selective deposition of Am that occurred in the thyroid glands of Beagle dogs after a single
intravenous injection produced obvious functional and anatomical changes. However, statistically significant
increases in the incidence of thyroid neoplasia did not occur.
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5. Relationshin of Lukemia and Radon or Thoron in the Body

R. D. LJoyd, G. N. Taylor and S. C. Miller

D. L Henshaw, et al. (In Indoor Radon and Lung Cancer: Reality or Myth? [F. T. Cross, ed.], Battelle
Press, Richland, WA, p. 935, 1992) reported at the Twenty-Ninth Hanford Symposium on Health dad the
Environment (Oct. 15-19, 1990) that, *... the dose to red bone marrow from radon exceeds all other sources of
background radiation ... recent epidemiological data have shown a correlation of domestic radon exposure with
several conditions, including leukemia in adults and children ... both acute mycloid and acute lymphatic leukemia
are associated with radon exposure ... * This paper was preceded by another publication on the same subject by
the same authors (Henshaw, D. L et al. The Lancer 335: 1008, 1990). Other investigators submitted papers to
the Hanford conference that seemed to confirm this concept. James, A. C. (In Indoor Radon and Lung Cancer:
Reality or Myth? [F. T. Cross, ed.], Battelle Press, Richland, WA, p. 167, 1992a) calculated the dose-rates to
bone marrow from indoor radon and thoron. Participants in the panel discussion at the conference discussed the
possibility that radon and especially thoron could be a radiation hazard to bone marrow. Several of the studies
conducted at the University of Utah provide related information on this question. Dogs injected with 226Ra,
228Ra, or 228Th were followed throughout their lifetimes. In all of these dogs, radon (222Rn = Rn) or thoron
(22°Rn = Tn) was produced continually by the radioactive decay in the skeleton of 22ARa or 224Ra (which is
a decay product of 228Th, which in turn is produced by 228 Ra). A significant fraction of both these gaseous
radionuclides (Rn and Tn) escaped their site of origin in bone, and some was eventually exhaled (Mays, C. W.
et al. Radiat. Res. 8: 480, 1958a; Mays, C. W. Radiat. Res. 9: 438, 1958b). If radon or thoron that is inhaled
by humans from ambient air reaches the bone marrow, then a certain amount of the radon or thoron produced
by radium decay in the skeleton but not retained in bone also might be expected to irradiate bone marrow.
Presuming that all of these suppositions are valid, we anticipated that the experience with regard to these
malignancies among our dog colony could confirm the ideas of Henshaw et al. (1990; 1992).

There were 205 dogs in our colony given 226Ra and 157 given either 228Ra or 228Th. In addition, we
have identified 314 suitable controls (given no radioactivity) that were entered into the experiment during the
same period as those given 226Ra, 2281a, or 228Th. Because the skeletons of the dogs with 2 26 Ra, 228Ra, or
228T1h in bone were subjected to radiation from alpha rays (228Ra itself is a beta emitter, but its radioactive

daughters, 22&Th and 224Ra, emit alpha rays), we thought that it would be appropriate to compare this experience
with that of 505 of our dogs given bone-seeking radionuclides that emit alpha rays but have no radioactive
gaseous progeny (e. g., 239pu, 241Am, 249Cf, 252Cf). Among dogs there are a number of malignant conditions
that are similar to what is called leukemia in humans and which we believe should be included as leukemia-like
diseases (Jarrett, W. F. H. and L. S. Mackey. Bull. World Health Org. 50: 21, 1974), so we also investigated
their occurrence in the four groups of dogs described above. These included (as mycloid malignancies) mycloid
sarcoma, megakaryocytic myelosis, and mycloproliferative disease as well as myelocytic leukemia, and (as
lymphoid malignancies) lymphosarcoma-including lymphoma, reticulosarcoma, and lymphocytic leukemia-
thymoma, mycosis fungoides, and plasma cell myeloma. Mast cell malignancies were also tabulated.

Table 41 gives the results of our survey. No strong effect of myeloid or lymphoid malignancy or of
mast cell malignancy associated with dogs having either radon or thoron in the body appears in these data as
compared with control animals or with dogs injected with other alpha-emitting radionuclides ("p" values from
the chi-square test were all > 0.05 except for the third line under 'C' in Table 41; when corrected for
radiation-induced liver tumors, that "p" value was also >0.05). These results do not support the concept of
Henshaw et al. (1990; 1992).

We believe that if irradiation of bone marrow by radon or thoron was an important causative agent in
leukemia induction, at least some effect would have been detected among dogs in our colony. These dogs were
irradiated 24 h each day from Rn or Tn continually produced in their skeletons, whereas humans spend only part
of their day indoors where radon and thoron concentrations in air are presumably higher than outdoors.
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Table 41

Leukemia and Leukemia-Like Diseases Among Beagles Dogs at the University of Utah Dog Colony

(Alo included with mycloid malignancies were mycloid sarcoma, megakaryocytic myelosis and
mycloproliferative disease as well as myclocytic leukemia and, with lymphoid malignancies,
lymphosarcoma-including lymphoma, reticulosarcoma and lymphocytic leukemia-, thymoma, mycosis
fuangoides and plasma cell myeloma. A tabulation of mast cell malignancies is also shown. "Dogs with Rn'
are those injected with 226Ra; "Dogs with Tn" are those injected with 228Ra or 228Th; "Others" are
radioactive dogs without Rn or Tn and are those injected with 23Jpu, 24 1Am, 249Cf. "Controls" are those dogs
not given any radioactivity.)

95% Confidence Limitsb
Dogs with

Malignancy Total Dogs Percent' Lower Upper

A. Myeloid Neoplasms

Dogs with Rn 0 205 0.00 - 1.46

Dogs with Tn 1 157 0.64 0.02 3.56

Others 3 505 0.59 0.12 1.72

Controls 1 314 0.32 0.01 1.78

B. Lymphoid Neoplasms

Dogs with Rn 11 205 5.37 2.68 9.61

Dogs with Tn 8 157 5.10 2.20 10.05

Others 19 505 3.76 2.26 5.87

Controls 16 314 5.10 2.92 8.26

C. Mast Cell Neoplasms

Dogs with Rn 5 205 2.44 0.79 5.69

Dogs with Tn 3 157 1.91 0.39 5.58

Others 12c 505 2.38 1.23 4.16

Controls 3 314 0.96 0.20 2.80

D. Non-Myeloid, Leukemia-Like Diseases (B + C, above)

Dogs with Rn 16 205 7.80 4.46 12.64

Dogs with Tn 11 157 7.01 3.50 12.55

Others 31 505 6.14 4.14 8.78

Controls 19 314 6.05 3.64 9.44
a (Dogs with malignancy divided by total dogs) x 100.
b Confidence limits on the percent (see footnote "a"); values taken from Lilienfeld, A. M. et al. (In

Cancer Epidemiology: Methods of Study, The Johns Hopkins Press, Baltimore, MD, p. 125, 1967).
c Including six dogs among those given 239Pu or 24-Am that were classified as primary liver

malignancies and were probably radiation-induced (Taylor, G. N. et al. Health Phys 61: 337, 1991).
Without these six animals, the percent and 95% confidence limits become, respectively, 1.19, 0.44, and
2.59.
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6. Statistics of Hits to Bone Cell Nuclei

1. L Knaglikov*,**, E. Polig*, and W. S. S. Jee

In this study, the statistics of hits to nuclei of bone-lining cells are being developed. The bone-lining
cell is present only during the period of quiescence of the given bone structural unit (BSU). This period of
quiescence is the time interval between two remodeling cycles of a BSU, when no cell-mediated resorption
occurs in the formation of bone. The stochastic nature of the lifetime of the BSU has been discussed previously
(Polig, E. and W. S. S. Jee. Calcif Tissue Int. 41: 130, 1987). For the following, it is assumed that the lifetime
of the bone-lining cells, p, is identical to the period of quiescence of its associated BSU. The law of
remodeling, which was defined for the replacement of BSUs, also governs the fate of the bone-lining cells:

,'X8 2!o,

where g(6) is the conditional probability that a bone-lining cell of age 6 disappears within the infinitesimal
interval (6, 6 + d6); X is a scaling factor dependent on the respective bone turnover rate; and A depends on the
time sequence of bone remodeling. Only the stationary situation is considered here, when both the bone turnover
.ate and the above law of remodeling do not change in time. In general, one can describe the hits to the nuclei
of the bone-lining cells as a Poisson process during the random period of quiescence, the distribution of which
depends on the law of remodeling.

Let the conditional probability that the number of hits to a bone cell nucleus equals v, provided the
duration of the irradiation interval is p, be <v Ip):

O(v Ip) = (ap p

where a is the mean hit rate for the given target (Polig, E. et at. Radiat. Res. 131: 133, 1992). The conditional
expectation E{v IP} is ap. The unconditional probability P' of v hits is obtained by integration over all possible
values of p. The unconditional mean number of hits ; to a bone cell nucleus is v = ap, where ý is the mean
quiescence period. Constant irradiation conditions are characterized by a constant parameter ca. It is seen that
the expectation value ; is independent of the form of the distribution of the quiescence periods. The variance
of the number of hits is Var{v} = E{v 2} - E 2{v} = ct2Var{p} + cta. The deviation from Poisson statistics
is characterized by the relative variance,

Var, -v
S- I +aRv(p)
V

where Rv(p) = Var{p}/P is the relative variance of the quiescence periods. In the low dose regime (aý << 1),
the variation of the number of hits is essentially determined by the Poisson statistics, and in the high dose
regime (aý >> 1), it is determined by the variation of the period of quiescence.

In the particular case of random remodeling (6 = 0), there is an exponential distribution of quiescence
periods p, and the above relationships yield Var{v} al[1 + a•j, and Rv(v) = I + aý. In the limiting case
of deterministic remodeling (P -D 0), the lifetime of all cells is constant (p-). Thus Var{v} = = aý, and the
relative variance is one. In the general case, the density of the quiescence period p follows a Weibull
distribution (Polig and Jee, 1987):

*Kernfonschungszentrum Karlsruhe, Institut flir Genctik und ffr Toxikologie von Spaltstoffen, Karlsruhe,
Germany

**Physical-Mathematical Laboratory, Institute of Medical Radiology, Ministry of Health of the Ukraine,

Kharkov, Ukraine
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f(p) = I(M()PjM esP (M(A4P)IjU
APp .~p

where A = Igo + 1), and r(p) is the Gamma function. One can show that in the general case, the inequalities
cA z Vart{v} z a[1 + aM], and I s R%,(v) z I + caA hold.

Up to this point, the cells irradiated over the whole quiescence period were considered. The situation
for pre-existing cells that experience an instantaneous uptake of an alpha emitter is different. These cells
represent the first generation of cells irradiated by a constant hit rate a, with irradiation starting at time t with
no previous irradiation. To describe the irradiation of these cells, the residual lifetime y, which is the interval
from t up to the end of the lifetime, is used. Let us consider the general case of age-dependent remodeling
when the quiescence periods have a Weibull distribution. In this case, the density distribution of y is

q(z) = Probfz :5 y < z+dz} I ! exp{v-lZr(M,)vl)
P P

The mean and variance of hits to the nuclei of first generation bone-lining cells are, respectively,

E('){v) = aPr(2A)r-2(u)

vart1 v} [ [(3)r'2 (2,u)r(,)-1] [Et1 f{vj]2 + E(1){v}

which yields

1 -

and

1- 1-
2!I - ) :5 Var") f{v} :9 rp (1 + arp)

Thus, even for specific values of the mean hit rate a and mean quiescence period •, the law of remodeling
significantly affects the values of the mean and variance of hits to the bone-lining cells. For constant turnover
rate (-p = constant), the mean number of hits to bone-lining cells of the first generation is two times larger for
random remodeling than for deterministic remodeling.

The probabilities of no hits, P0(P), to these cells for random and deterministic remodeling are

P01 '(f=O) = P0 1=O) - 1
1 + ap

and

PM'(fl=oo) -U i e P00G=00) =e w

ap
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respectively. The ranges of possible values of Pe)(0) and P0(p) for different ac are shown in Figure 36. For
the first generation of the bone cells, age-dependent remodeling gives a higher probability of no bits than does
random remodeling. However, for the same ap-, the difference is not more than 13.3% of the total number of
cells. The highest probability of no hits is attained in the case of deterministic remodeling. For subsequent
generations, age-dependent remodeling gives lower probability of no hits than does a random one. For the same
aý, the difference is not more than 20.4% of the total number of cells. The highest probability of no hits is
attained in the case of random remodeling.

SUBSEQUENT GENERATIONS (A) FIRST GENERATION (B)
1.0- 1.0

xI

00.8- 0.8-

0 0.6 - 40) -0.133
0.4- 0.4-

4 0.2- 0.2-

0 _0.86
M 0 t I I I I 0

0 1 2 2.51 3 4 0 1 2 3 4cqi

Figure 36. Probability of no hits to the nuclei of bone-lining cells as a function of cp for subsequent (A) and
first (B) generations of bone cells in the cases of random (P(0)) and deterministic (P(oc))
remodeling.
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7. Static and Dynamic Bone -istomombomctrv of 239Pu-treated Does

W. S. S. Jec, R. B. Setterberg, Y. F. Ma, M. Li, X. G. LIang, F. Johnson, and H. Z. Ke

The first quantitative investigation of local radiation doses and the biological activity at corresponding
specific sites of high and low tumor incidence in Beagle dogs was made by Wronski, T. J. et al. (Radiat. Res.
83: 74, 1980), who determined the micro (i.e., local) distribution of Pu on trabecular surfaces and related the
observed changes to the turnover activity at those sites. It was shown that the initial, high concentration of Pu
on trabecular surfaces of some high-tumor-incidence sites remained nearly constant for the first month after
injection, but declined rapidly between the first and second month, followed by a long period during which the
concentration of Pu declined only gradually. Changes in rates of biological activity and Pu concentrations were
thought to be caused by an early radiation damage. While this is possible, a more recent view is that the
confinement period at the time of injection and subsequent increase in physical activity might be responsible for
those changes. In view of this and other possible inconsistencies, it is advisable to compare the early
metabolism of low levels of Pu under conditions of confinement and nonconfinement. At the same time, data
should be collected on the translocation kinetics of Pu at the local level, and the observed local Pu concentrations
should be related to their concentrations in plasma and to the respective biological activities at those sites. This
information is necessary for the construction of metabolic-dosimetric models, which, together with data on the
chronic toxicity, will form the basis for future risk estimates.

The purpose of this experiment was to provide early detailed dosimetric and biological data on young
adult dogs injected with 239 pu under conditions of "Confinement" (in a metabolism cage) and "Nonconfinement"
(housed in the kennel facility). Initial gross and local deposition of Pu, its retention and local translocation, and
the corresponding biological elements that determine these parameters are being determined to construct
appropriate metabolic/dosimetric models for dogs injected with 239pu. This report deals with our progress in
providing data on the turnover of cancellous bone measured as a function of time after exposure.

Fourteen dogs were injected without prior confinement with 0.6 kBq 239pu per kg and sacrificed
sequentially at times ranging from 1 to 64 wk after injection. For comparison, 15 additional dogs were confined
for the usual 4-wk period at injection and were sacrificed sequentially in groups of three between 4 wk and 64
wk after injection. All dogs received up to three treatment regimens with fluorescent bone growth markers for
the evaluation of bone turnover rates as a function of temporary confinement and nonconfinement.

Forty-micron-thick, undecalcified, plastic-embedded ground sections of the proximal, mid-shaft, and distal
humerus, proximal ulna, and second lumbar vertebral body were processed and analyzed (Wronski et aL, 1980).
The static and dynamic histomorphometry analyses included the percentage of trabecular bone area, trabecular
width, number and separation, and bone-volume-based bone formation rate (Frost, H. M. et al. Metab. Bone Dis.
Relat. Res. 2: 285, 1981; Kimmel, B. A. and W. S. S. Jee. Anat. Rec. 203: 31, 1982; Parfitt, A. M. et aL. J.
Clin. Invest. 72: 1396, 1983; Table 42). The current report deals only with data derived from the lumbar
vertebral body, distal humerus, and proximal ulna from confined dogs sacrificed at 4, 8, 16, 32, and 64 wk after
injection of 239Pu (Table 42). We assume that during the bone labeling period, there was no net gain or loss
of bone mass (i.e., bone formation = bone resorption); thus, we used the bone-volume-based bone formation rate
as an index of bone turnover.

The data are too limited to draw any definite conclusions, but there are some interesting trends worth
mentioning. There are differences in bone mass and architecture (thickness, number, separation, and turnover)
among the three bones. The lumbar vertebral body is constructed of less and thinner trabecular bone.
Furthermore, it possesses a higher bone formation rate (turnover rate) than the other two bones. Also, in all
three bones, the turnover rates are much lower at 4 wk and sometimes at 8 wk than at other times. Again,
these data are too preliminary to discuss their significance; that will have to await collection of data from a
known site of high cancellous bone turnover (i.e., proximal humerus; Kimmel and Jee, 1982) and from the
comparison of the same bones between confined and nonconfined dogs.
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Table 42

Rone Histomorphometry of Confined Beagle Dogs

Trabecular Trabecular Trabecular Trabecular Bone Formation
Bone Arts Number Separation Separation Rate/BVb

Croup M" (%) (#/mm) (Am) (Um) (%/yr)

2nd Lumber Vertebral Body

4 wk 3 27.3 . 2.8c 100 * 12.6 2.78 a 0.23 278 * 27 118.0 * 25.3

8 wk 3 29.9 * 3.8 98 ± 9.0 3.05 * 0.26 239 * 29 126.2 * 25.7

16 wk 3 29.9 a 1.1 108 * 8.7 2.78 a 0.29 265 * 33 149.5 a 56.2

32 wk 3 30.7 a 2.9 109 a 15.9 2.86 a 0.16 248 ±13 190.1 a 54.8

64 wk 2 78.9 ± 0.1 107 * 0.7 2.71 * 0.03 273 ±13 84.8 ±2.4

Distal Humerus (DHE2)d

4 wk 3 35.1 a 4.7 139 ± 20.8 2.54 a 0.14 256 a 21 18.9 a 11.8

8 wk 3 40.6 * 4.4 184 ± 38.5 2.24 ± 0.30 268 31 102 83.3

16 wk 3 37.9 a 5.2 154 a 10.0 2.45 a 0.26 257 a 45 93.7 a 16.1*

32 wk 3 41.8 * 1.7 163 ± 11.0 2.58 ± 0.16 226 a 17 27.7 a21

64 wk 2 45.0 * 1.1' 155 ± 19.0 2.93 a0.29 189 a 15 e.g.h 55.17 ± 1.0e.,

Proximal Ulna (PUA2)d

4 wk 3 46.7 a 6.7 168 31.8 2.81 ±0.21 190 ± 20 31.5 ± 13.8

8 wk 3 54.8 a 8.6 198 ± 30.5 2.78 a 0.27 164 ± 39 49.8 a 15.2

16 wk 3 55.0 a 6.4 212 a 22.6 2.60 a 0.23 175 a 34 66.7 a 22.0

32 wk 3 51.1 a 8.4 129 * 15.8f 3.95 * 0.38e,f.g 126 a 30 44.6 a 14.4

64 wk 2 46.0 a 4.1 221 a 37.7 2.13 a 0 .5 5h 265 a 88 119.6 ± 85.7

an = number of dogs.
bBV = bone volume.
CMean SD.
dDHE2 = last 2 cm of distal humerus; PUA2 : 2 cm distal to proximal end of ulna.

< 0.05 vs. 4 wk value.

p< 0.05 vs. 16 wk value.
< 0.05 vs. 8 wk value.
< 0.05 vs. 32 wk value.
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III. ARGONNE NATIONAL LABORATORY

LIFE-SPAN STUDIES IN DOGS



A. SPECIFIC PROJECT OBJECTIVES

Studies have been in progress at the Argonne National Laboratory for many years to study the long-term
biological effects of protracted 6Co irradiation in laboratory dogs. Because the dog has a much longer fife-span
than rodents, results from the dog are providing a bridge for extrapolating results between rodent data and what
would be projected for people irradiated under similar conditions. The previously stated objectives of these
studies were to (1) determine the relative influence of daily exposure rate and total accumulated dose, (2) provide
data for estimates of radiation-specific excess mortality rates in the dog to enable interspecies comparisons with
existing rodent data, and (3) study the radiation damage related to life shortening and death, particularly leukemia
and other pathology of the blood-forming system. The radiation-exposed dogs in these studies received protracted
whole-body 60Co irradiation for 22 h/day, 7 days/wk, at various dose rates down to those allowing a nearly
normal life-span. Other dogs that were housed under the same conditions but were not exposed to the 60Co
radiation served as controls.

The basic studies initiated at the Argonne National Laboratory to study the effects of protracted whole-
body irradiation of dogs have been primarily of two types: life-span and terminated. In the life-span studies,
Beagle dogs were entered on study as young adults and irradiated chronically 22 h/day, 7 days/wk, at different
dose rates (0.3, 0.75, or 1.9 cGy per day) over their remaining life span. In the terminated-type of study, dogs
were chronically exposed under a similar regimen at dose rates of 3.8, 7.5, 12.8, or 26.3 cGy per day until
predetermined total doses of 450, 1050, 1500, or 3000 cGy were accumulated. The irradiation of these dogs
has been completed or stopped, and most of the dogs are now dead.

B. CURRENT STATUS OF DOGS

The study population alive in January 1991 comprised colony controls, study dogs that were being
exposed at the 0.3 cGy per day level and the associated controls. In addition, other dogs were on long-term
study of the hematopoictic effects of different regimens of protracted irradiation from an external 60Co source.
At that time, a decision was made to discontinue the chronic imdiation of the remaining dogs on study and to
transfer all remaining dogs to ITRI for care, clinical observations, and pathological evaluations at death or
euthanasia. A total of 73 dogs were transferred to the ITRI colony on January 23, 1991, and are receiving
appropriate life-span followup observations (Table 43).

From October 1, 1991, to January 10, 1994, 16 dogs died or were euthanized in the study, Protracted
Whole-Body 6°Co Irradiation. All of the dogs in this study are now dead. Twelve of the 32 dogs transferred
to ITRI in this study died with neoplastic disease, a prevalence similar to that of control dogs in the ITRI
colony. No clear pattern of site or tumor type emerges from these data. Four dogs died in the Colony Control
group. One of these dogs died with neoplastic disease. Four dogs in the other studies died. All of the
surviving dogs continue to be followed medically, and gross and histopathology information will be obtained at
death.
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Table 43

States of Dop Transferred from Argonne National Laboratory to ITRI on January 23, 1991

Birth Death Death
Study Name Tattoo Sex Date Dote Age Gross Findings

Proftacted 3020 F 75046 91075 5873 Acute Hepatitis, Nodular Hyperplasia-
Whole-Body Liver
60 Co Irdiation 3234 F 76105 91094 5468 Glomerulonephritis, Severe Chronic
0.3 c~y/day

3244 F 76114 91059 5424 Mammary Carcinoma with Metastasis

3247 M 76114 91104 5469 Congestive Heart Failure, Secondary
to Myocardial Degeneration

3262 M 76119 92365 6090 Perianal Adenocarcinoma,
Pyelonephritis, Valvular Insufficiency

3287 M 76132 91245 5592 Kidney Carcinoma, Metastasis to
Adrenal, Thyroid, L. Node

3300 M 76173 91283 5589 Nasal Tumor, Lip Fibrosarcoma

3309 M 76174 91309 5614 Kidney Carcinoma, Pyelonephritis,
Cystitis, Disseminated Intravascular
Coagulation

3363 M 76292 91350 5537 Chronic Renal Failure, Chronic Heart
Failure

3364 M 76292 91276 5463 Osteosarcoma, Ileum and Leiomyoma
Esophagus

3368 F 76293 92358 5907 Renal Atrophy, Liver Atrophy

3374 M 76293 93195 6112 Congestive Heart Failure, Renal
Insufficiency, Carcinoma Pancreas

3377 M 76302 91077 5254 Lung-Necrosis, Seizures

3378 F 76302 91283 5461 Pyelonephritis, Liver Degeneration

3385 M 76302 93337 6245 Cervical Disc Protrusion

3410 M 76306 92003 5541 Thyroid Carcinoma, with Metastasis

3418 M 76308 93126 6028 Intervertebral Disc Protrusion and
Spinal Cord Compression

3432 F 76325 91225 5379 Disc Degeneration, Pyelonephritis,
liver Degeneration

3433 F 76325 93070 5955 Intervertebral Protrusion and Spinal
Cord Compression

3447 F 76331 91192 5340 Diverse Clinical and Gross Findings,
No PCOD Yet

3456 M 76334 92104 5614 Hydrocephalus, Pheochromocytoma

3543 M 77164 91303 5252 Intestinal Malabsorption,
Neuromuscular Disease
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Table 43

Status of Dogs Tumnfenrd from Argomne National Laboratory to ITRI on January 23, 1991

Birth Death Death
Study Noa Tattoo Sex Date Dae Age Gross Findinp

Protracled 3544 M 77164 93274 5924 Congestive Heart Failure, Pulmonary
Wbole-Body Edema
0.Co Ildation 3549 M 77172 91157 5098 Right Heart Failure, Uver Chronic
0.3 cGy/dae Passive Congestion, Seizures
(Concluded)

3552 F 77180 92169 5467 LAng - Adenocarcinma

3555 F 77180 92199 5497 Renal Cortical Atrophy, Pneumonia

3571 F 77195 91319 5237 Osteoarcoma, Right Femur, Mammary
Gland Adenocarcinoma

3572 F 77195 91073 4991 Mammary Neoplasia with Metastasis

3575 F 77195 91204 5122 Myocardial Infarction

3576 M 77195 91135 5053 Chronic Pyelonephritis

3590 F 77238 91317 5192 Adenocarcinoma Jejunum

3602 F 77270 91207 5050 Adrenal Cortical Carcinoma

Hematologic A4171 F 84220
Changes in 4173 M 84220 92087 2789 Squamous Cell Carcinoma Oral Cavity
Radiation-
Induced A4178 M 84223
Leukemia A4230 M 86034

A4231 M 86034

A4236 M 86081

A4238 M 86081

A4239 M 86081

A4319 F 86305

A4446 M 88044

A4449 M 88045

A4512 M 89137

A4518 M 89138

A4524 M 89144

A4525 M 89144

A4532 M 89148

A4535 M 89148

A4541 M 89148

A4549 M 89187

9001 F 81008 92301 4310 Pulmonary Thrombosis, Hepatic
Tumor
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Table 43

Status of Dop Transferred from Argoane National Laboratory to ITRI on January 23, 1991

Bitb Death Death
Study Name Tattoo Sex Date Date Age Gross Findings

Fractionated A4358 M 87129
Weekly DosesfromW Do A4349 M 87123

External A4405 M 87207
Irradiation

4427 M 87343 92129 1612 Bone Marrow Atrophy, Valvular
Endocarditis, Embolic Nephritis

Continuous 3055 F 75118 92020 6111 Renal Atrophy
Irrdition A4147 F 83308
in Ulter

A4148 F 83308

A4150 F 83308

Cadmium A3917 F 81112 92020 6111 Renal Atrophy
Metabolism
in Dogs A9009 F 83185

Colony A3542 M 77164
Controls A3591 M 77238

3618 M 77341 91214 4986 Ruptured Disk, Cord Compression

3695 F 78171 91144 4721 Ovary-Tumor, liver-Fibrosarcoma

3752 M 78179 93210 5510 Pyelonephritis, Renal Atrophy

3784 M 79127 94003 5355 CNS Disease, Cause Undetermined

3835 M 79267 92222 4703 Disseminated Malignant Melanoma

3909 M 81111 92280 4186 Lymphangiotasia Oral Cavity

A3936 M 81175

A3991 M 82005

A4161 F 84003
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IV. PUBLICATIONS FROM THE LIFE-SPAN
STUDIES IN DOGS AT ITRI

S.. . .. . • -• ' i •i .. .. . • . . . . . . . .. . . . . .... . ..



A. O -EN-rIfERATURE PUBLICATIONS FROM INCEPTION OF THE ITRI STUDIES
THROUGH FiY-191 (Total of 342)

Full references to these publications are given in: Annual Report on Long-Term Dose-Response Studies
of IMkid or Injected Radionuclides; 1988-1989, pp. 129-150, Report LMF-128 (1990), 1989-1990, pp. 157-159,
Report LMF-130 (1991), and 1990-1991, pp. 121-123, Report LMF-135 (1992).

B. OPEN-LfrERATURE PUBLICATIONS OF THE ITRI STUDIES DURING FY-1992 AND
FY-lM (Teoid of 24)

Boecker, B. B., B. A. Muggenburg, F. F. Hahn, K. J. Nikula and W. C. Griffith: Life-Span Health Effects of
Relatively Soluble Forms of Internally Deposited Beta-Emitting Radionuclides. In Proceedings of the
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C. DOCUMENT REPORTS RESULTING FROM THE ITRI STUDIES
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No. Date Title
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LF-33 Nov 1966 Selective Summary of Studies on the Fission
Product Inhalation Program
from July 1965 through June 1966

LF-38 Nov 1967 Fission Product Inhalation Program
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LF-41 Nov 1969 Fission Product Inhalation Program
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LF-44 Nov 1971 Fission Product Inhalation Program
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LF-52 Dec 1975 Inhalation Toxicology Research Institute
Annual Report, 1974-1975
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No. Date Title
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Studies of Inhaled or Injected Radionuclides,
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V. PUBLICATIONS FROM LIFE-SPAN STUDIES IN

DOGS AT THE UNIVERSITY OF UTAH
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B. OPEN-LITERATURE PUBLICATIONS OF THE UTAH STUDIES DURING FY-19"2 and
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for Bone Cancer Induction of 23 Pu and Some Other Internal Emitters. (submitted).

Lloyd, R. D., G. N. Taylor, W. Angus, S. C. Miller, F. W. Bnrenger and W. S. S. Jee: Distribution of Skeletal
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C. DOCUMENT REPORTS RESULTING FORM THE UTAH STUDIES

Report
No. Date Title

TID-7639 Jun 1954 Consultants Meeting

AECU-3418 Mar 1955 Annual Report

AECU-3109 Sep 1955 Semi-Annual Report

TID-16458 Mar 1956 Annual Report

TID-16459 Sep 1956 Semi-Annual Report

AECU-3522 Mar 1957 Annual Report

AECU-3583 Sep 1957 Semi-Annual Report

COO-215 Mar 1958 Annual Report

COO-216 Mar 1958 Escape of Radon and Thoron

COO-217 Sep 1958 Semi-Annual Report

AECU-4112 Feb 1959 Radioactive Fallout

COO-218 Mar 1959 Annual Report

COO-219 Sep 1959 Semi-Annual Report

COO-220 Mar 1960 Research in Radiobiology

COO-221 Aug 1960 Interim Report of 9°Sr

COO-222 Sep 1960 Research in Radiobiology

COO-223 Mar 1961 Research in Radiobiology

COO-224 Sep 1961 Research in Radiobiology

COO-225 Mar 1962 Research in Radiobiology

COO-226 Sep 1962 Research in Radiobiology

COO-227 Mar 1963 Research in Radiobiology

COO-228 Sep 1963 Research in Radiobiology

COO-119-229 Mar 1964 Research in Radiobiology

COO-119-230 Jul 1964 (Superseded by COO-119-245)

COO-119-231 Sep 1964 Research in Radiobiology

COO-119-232 Mar 1965 Research in Radiobiology

COO-119-233 Sep 1965 Research in Radiobiology

COO-119-234 Mar 1966 Research in Radiobiology

COO-119-235 Sep 1966 Research in Radiobiology

COO-119-236 Mar 1967 Research in Radiobiology

COO-119-237 Mar 1968 Research in Radiobiology

COO-119-238 Aug 1968 Rb in RBC, Plasma, and Urine

COO-119-239 Dec 1968 Cs, Rb, and K Metabolism

COO-119-240 Mar 1969 Research in Radiobiology
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No. Date Title

COO-119-241 Mar 1970 Retention and Dosimetry

COO-119-242 Jan 1971 Research in Radiobiology

COO-119-243 Jan 1971 Osteosarcoma Growth Dynamics

COO-119-244 Mar 1971 Research in Radiobiology

COO-119-245 May 1971 (Superseded by COO-119-255)

COO-119-246 Mar 1972 Research in Radiobiology

COO-119-247 Oct 1972 Rb and Cs Metabolism

COO-119-248 Mar 1973 Research in Radiobiology

COO-119-249 Mar 1975 Research in Radiobiology

COO-119-250 Mar 1975 Research in Radiobiology

COO-119-251 Mar 1976 Research in Radiobiology

COO-119-252 Mar 1977 Research in Radiobiology

COO-119-253 Mar 1978 Research in Radiobiology

COO-119-254 Mar 1979 Research in Radiobiology

COO-119-255 Jan 1980 Radiobiology Safety Manual

COO-119-256 Mar 1980 Research in Radiobiology

COO-119-257 Mar 1982 Research in Radiobiology

COO-119-258 Mar 1983 Research in Radiobiology

COO-119-259 Dec 1984 Research in Radiobiology

COO-119-261 Dec 1985 Research in Radiobiology

COO-119-262 Dec 1986 Research in Radiobiology

COO-119-263 Dec 1987 Research in Radiobiology

COO-119-264 Dec 1988 Research in Radiobiology

LMF-121 Dec 1988 ITRI Annual Report

LMF-128 Aug 1990 Annual Report on Long-Term Dose-
Response Studies of Inhaled or Injected
Radionuclides, 1988-1989

LMF-130 Mar 1991 Annual Report on Long-Term Dose-
Response Studies of Inhaled or Injected
Radionuclides, 1989-1990

LMAF-135 Mar 1991 Annual Report on Long-Term Dose-
Response Studies of Inhaled or Injected
Radionuclides, 1990-1991

ITRI-139 Jan 1994 Biennial Report pn Long-Term Dose-
Response Studies of Inhaled or Injected
Radionuclides, 1991-1993 (this report)
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APPENDIX A: STATUS OF LONGEVITY AND
SACRIFICE STUDIES IN BEAGLE DOGS AT ITRI

(9/30/93)



Data in this appendix are preliminary estimates through September 30, 1993, of (1) total body or organ
contents and (2) the resultant radiation dose received by individual dogs that have been assigned to longevity
or sacrifice studies. These estimates are provided as an information source for scientists in this laboratory and
others who desire to follow the progress of these studies. It must be emphasized that these data are preliminary
and based on results that may be inaccurate or incomplete at the time these tables were prepared. Although the
data represent the best information currently available, it must be noted that, with time, certain values and
diagnomes will be modified and updated as new and better information becomes available. This information has
not, as yet, received the overall vigorous review and analysis by the respective investigators that is required
before these data can be used in subsequent analyses. Readers are cautioned against using these data for
independent dose-response modeling or other analytical efforts by other scientists until the principal ITRI
investigators have had the opportunity to perform the necessary basic data reviews and analyses and publish
reports on these studies.

An expedited effort is underway to complete these reviews and publications. When the reviews have
been completed and the basic results published in the peer-reviewed literature, the investigators will be very
interested in exploring collaborative efforts of mutual interest with other investigators to maximize the ways in
which these valuable data are ultimately used.

RADIOACTIVITY CONTENT

Initial body burden (IBB) is defined as the best current estimate of the total radionuclide content within
the body immediately after an inhalation exposure or intravenous injection.

Long-term retained burden (LTRB) is defined as the best current estimate of the amount of radionuclide
remaining in the body after early clearance of the nasopharyngeal and tracheobronchial regions via the
gastrointestinal tract. The term is used in these tables to describe the type of body burden resulting from
inhalation of a radionuclide in a relatively soluble form. It is related to the amount of radionuclide deposited
in the entire respiratory tract, and not just to the fraction deposited in the pulmonary region.

Initial lung burden (ILB) is defined as the long-term retained burden associated with the inhalation of
relatively insoluble particles. In this case, essentially all of the bdy burden remaining after early clearance of
the nasopharyngeal and tracheobronchial regions is in the pulmonary region.

CLINICOPATHOLOGICAL FEATURES

Comments are tabulated for the current interpretation of the most prominent clinicopathological features
associated with the death of animals. It should be recognized that many animals have multiple tumors or other
lesions, not all of which can be listed in a summary table. Diagnoses are discussed in greater detail in the text
of this and preceding reports, and in open literature publications.

RADIATION DOSE CALCULATIONS

The methods used in establishing the radiation dose parameters presented have been described in the
text of the report or referenced to previous reports. A key consideration in these calculations is tissue weight,
because absorbed dose is inversely proportional to tissue weight. Tissue weights used for the calculated dose
values reported in Appendix A have changed over the years; it is important that the reader be aware of these
changes and the rationale behind them.

Lung weights used in the earliest reported dose calculations (1966-67 Annual Report, LF-38, pp. 19-64
and 1967-68 Annual Report, LF-39, pp. 14-75) were based on a (lung weight)/(body weight) radio of 0.0075
determined from tissue weights from exsanguinated dogs. This ratio was changed to 0.014 in the 1968-69
Annual Report (LF-41, pp. 27-28), based on calculations of the estimated weight of lung with its normal
complement of blood in the living dog. Subsequent experimental evidence reported in the 1971-72 Annual
Report, (LF-45, pp. 119-128) indicated that this value was too high. Based on these results, our best estimate
of the (lung weight (with blood))/(body weight) ratio is 0.011. This value has been used for all dose calculations
for dog lungs in all annual report appendices, beginning with those in 1972-73 Annual Report, LF-46.
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Liver weights used in early reporls were calculated using a (liver weiglm)/(body weight) ratio of 0.027,
which was based on tissue weights from exsanguinated dogs. The ratio was used for dose calculations in all
repors through the 1971-72 Annual Report, LF-45. Based on experimental data presented on LF-45, the best
estimate for the (liver weight (with blood))/(body weight) ratio is Q0.M5. This value has been used for all dose
calculations for dog liver beginning with the 1972-73 Annual Report, LF-46.

Skeleton weights have always been calculated on the basis of a (skeleton weigbt)/(body weight) ratio
of Q.10.

Tracheobronchial lymph node weights are based on a (tracheobroncbial lymph node weight)/(body
weight) ratio of 0,05.
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A.I "SrCI 2 , Luagevity Study
ETA RADIATION DOSE TO SIELET

.o..................o.................... ...

INlALATION EMP. DOSE RATE (GY/DAY)
0Do IDENTIFICATION ------------------ .... B. L.T.R.S. ............................... .......
.................. AGE T -------------------. ------------------ 730 POTENT.AT AT 730
TATTOO MN-EXPT SEX DATE DAYS KG RANK NHlG/KG NlG RANK UCI/KG NHQ/KG INITIAL DAYS 5000 DAYS DEATH DAYS

157E 01-416 F 67115 431 9.7 01 10. 100. 01 120. 4.4 .55 .21 .070 .21 180.
164A 02-419 N 67124 387 9.0 09 7.8 70. 02 120. 4.4 .54 .013 .24
ISME 02-416 F 67115 429 10.2 06 8.9 89. 03 120. 4.4 .54 .16 .053 .15 140.
19MC 03-456 F 6?275 397 9.3 03 10. 93. 04 110. 4.1 .48 .30
1955 02-456 N 6?275 397 10.1 04 9.6 96. 05 100. 3.7 .48 .34
162F 01-419 F 67124 436 11.2 02 10. 110. 06 100. 3.7 .47 .21 .037 .20 180.
1SSS 03-416 N 67115 429 9.3 05 8.9 61. 07 100. 3.7 .47 .36
1593 02-417 F 67117 430 9.8 08 8.1 78. 08 9. 3.6 .45 .29
1680 02-418 N 67122 435 9.5 07 8.5 81. 09 97. 3.6 .44 .18 .062 .17 150.
23C 01-261 N 65229 408 9.1 11 5.9 56. 10 83. 3.1 .37 .15 .057 .14 130.
159A 01-417 N 67117 430 11.3 10 6.7 74. 11 74. 2.7 .34 .25
160C 03-417 F 67117 430 10.4 12 5.9 59. 12 69. 2.6 .31 .075 .032 .068 70.
238 02-256 N 65208 387 8.0 17 4.1 33. 13 59. 2.2 .27 .081 .023 .059 76.
26F 03-263 F 65231 384 7.8 15 4.4 34. 14 52. 1.9 .24 .090 .037 .064 89.
13A 02-228 N 65123 381 8.3 19 3.7 30. 15 51. 1.9 .23 .066 .019 .054 64.
12F 01-228 F 65123 402 8.1 18 4.1 34. 16 50. 1.9 .26 .086 .045 .080 79.
162A 01-418 N 67122 434 11.9 13 4.8 56. 17 50. 1.9 .23 .095 .023 .060 U.
221 02-257 F 65209 396 6.7 21 3.4 23. 18 44. 1.6 .20 .047 .015 .024 47.
26A 01-262 N 65230 383 7.8 14 4.4 35. 19 41. 1.5 .19 .064 .024 .053 64.
193 01-252 N 65201 404 6.4 23 3.1 20. 20 40. 1.5 .18 .038 .013 .021 39.
22F 01-256 F 65208 395 8.8 16 4.4 37. 21 34. 1.3 .16 .062 .026 .051 59.
19C 02-252 F 65201 404 7.8 22 3.2 25. 22 28. 1.0 .13 .033 .014 .019 33.
22A 02-253 N 65202 389 10.5 20 3.6 37. 23 28. 1.0 .12 .061 .015 .035 61.
190 01-253 F 65202 405 8.7 24 2.6 23. 24 27. 1.0 .12 .034 .013 .021 35.
40E 03-283 F 65301 383 6.3 28 1.0 6.3 25 9.6 0.36 .04 .015 .0061 .0068 15.
28C 02-271 N 65256 406 7.6 26 1.1 8.5 26 9.3 0.34 .043 .014 .0056 .0084 15.
39C 02-283 F 65301 385 8.7 29 1.0 8.5 27 9.1 0.34 .042 .042 .0035 .0035 11.
38E 01-283 F 65301 391 6.5 27 1.1 7.0 28 8.9 0.33 .040 .0081 .0025 .0025 8.4
30C 02-272 N 65257 395 8.5 32 0.70 5.9 29 8.3 0.31 .037 .011 .0033 .0040 12.
305 01-272 H 65257 395 8.2 35 0.63 5.2 30 7.9 0.29 .036 .0090 .0030 .0032 9.5
420 01-284 F 65302 377 7.8 30 0.93 7.0 31 7.7 0.28 .036 .011 .0030 .0030 11.
285 01-271 N 65256 406 7.2 25 1.2 6.5 32 7.1 0.26 .032 .010 .0030 .0050 11.
220 01-257 N 65209 396 9.1 36 0.59 5.2 33 6.8 0.25 .031 .0088 .0031 .0031 9.3
300 03-272 N 65257 395 8.9 31 0.85 7.4 34 6.6 0.24 .030 .0091 .0028 .0039 9.3
42E 02-284 F 65302 377 8.7 33 0.70 6.3 35 6.1 0.23 .028 .0083 .0028 .0033 8.3
42F 03-254 F 65302 377 7.3 34 0.63 4.8 36 5.7 0.21 .026 .0059 .0019 .0020 6.7
26( 01-266 N 65238 391 9.0 37 0.24 2.2 37 3.2 0.12 .015 .0041 .00077 .00090 4.1
35E 02-277 F 65271 380 7.5 38 0.20 1.5 38 2.3 0.085 .010 .0033 .0016 .0017 3.5
35G 01-277 F 65271 409 7.0 39 0.17 1.2 39 2.2 0.081 .010 .0037 .0012 .0013 3.8
27) 02-267 F 65239 390 10.6 41 0.15 1.6 40 2.2 0.081 .0096 .0019 .00035 .00039 1.9
27A 03-266 N 65238 389 9.1 43 0.15 1.3 41 1.9 0.070 .0087 .0018 .00047 .00070 1.8
266 02-266 F 65238 391 7.0 46 0.12 0.81 42 1.9 0.070 .0086 .0019 .00035 .00040 1.8
23E 01-265 N 65237 416 7.8 45 0.12 0.93 43 1.7 0.063 .0079 .0029 .00057 .0016 2.7
248 03-265 N 65237 397 8.2 42 0.15 1.2 44 1.6 0.059 .0055 .0024 .00074 .00074 2.2
37F 01-282 F 65300 400 8.1 44 0.12 1.0 45 1.1 0.041 .0048 .0019 .00058 .00070 1.9
24A 02-265 N 65237 397 8.0 40 0.16 1.3 46 1.0 0.037 .0047 .0017 .00038 1.7
30E 01-276 N 65270 408 8.1 47 0.10 0.81 47 1.0 0.037 .0046 .0017 .00033 .00035 1.8
30F 02-276 F 65270 408 10.4 48 0.10 1.0 48 0.97 0.036 .0043 .0013 .00031 .00036 1.4



ETA RADIATION DOME TO SKELETON
....... *... .................... o..............

--T- (6Y/DAT) OJIULATIVE (GY)
.......Q.e.. ........ .......................

10 POTT.AT AT 730 POTENT.TO TO DEATN DAYS TO
IS 5000 DAYS DATH DAYS 50 DAYS KATN DATE DEATN CONIENTS

.070 .21 180. 730. # 190. 69143 759 E- FIIOARCmN, PELVIS

.013 .24 520. * 170. 683" 585 0-EPILEPTIC SEIZURES

.053 .15 140. 550. + 170. 69311 927 E-HEIW0M0 CA,SITE UHDETEEIN
.30 8.1 67296 21 O-HEMATOLOGICAL DYSCRASIA
.34 11. 67303 28 D-HEMATOLOGICAL DYSCRASIA

.037 .20 180. 610. + 220. W9279 886 E-OSTEOSARCWA, ILIU
.36 13. 67146 31 E-NEVATOLO6ICAL DYSCRASIA
.29 6.6 67135 18 E-NEBATOLOGICAL DYSCRASIA

.062 .17 150. 620. + 170. 69255 86 E-FIUROSAR.,RIUSN;WS IO8AR .,SCAPULAElg

.057 .14 130. 540. * 180. 68233 1099 E-OSTEOSARCONA,RIU
.25 8.5 67146 29 D"-ENATOLOICAL DYSCRASIA

1 .032 .006 70. 230. + 99. 70163 1142 E-NEINANGIOSARCOWA,NUNBUS
I .023 .059 76. 270. + 150. 70169 1787 E-OSTEOSARCIONANUIMRUS
- .037 .064 89. 330. + 180. 70343 1936 E-OST-SARC.,WRT.;H-SAC.,RII AM SI.
1 .019 .054 64. 220. * 100. 69023 1361 D-CEREtELLA HENORRNAGE
1 .045 .030 79. 350. + 100. 68074 1046 E-"HEMNGIOSARCOM,ILIUR
1 .023 .060 88. 320. + 170. 71363 1702 E-OSTEOSARCINA,HAXILLA
! .015 .024 47. 160. + 130. 74044 3122 E-OSTEOSARCNA,.VERTEMAE

.024 .OS3 64. 230. * 100. 69173 1404 D-OSTEOSARCONASACRUM
1 .013 .021 39. 140. + 100. 73243 2964 D-OSTEOSARCOANAXILLA

.026 .051 59. 230. + 100. 69287 1540 E-OSTEOARCOMMNAXILLA
1 .014 .019 33. 120. + 95. 74151 3237 D-OSTEOSARCOMA,NANDISLE
1 .015 .035 61. 200. * 130. 71258 2247 E-NE'ANGIOSARCOMA,RII

.013 .021 35. 120. + 85. 72279 2633 E-OSTEOSARCONASKJLL
S .0061 .006 15. 56. 4 49. 76278 3994 E-NEPATITIS

.0056 .0064 15. 51. + 33. 72136 2436 D-NYELONONOCYTIC LEUKENIA
2 .0035 .0035 11. 37. 37. 80084 5261 E-IESOTNELIONA, PLEURA
51 .0025 .0 8.4 28. 28. 81135 5678 E-OSTECARTNRITIS
I .0033 .0040 12. 39. * 38. 77327 4653 E-LYNPHOSARCONA
P0 .0030 .0032 9.5 32. 32. 78304 4795 D-ADENOCARCINONALURG
I .0030 .0030 11. 37. 37. 80263 5439 E-NEPHROSCLEROIS
3 .0030 .0050 11. 35. * 28 74046 3077 E-NYXOSARCONANAXILLA
* .0031 .0031 9.3 31. 31. 60171 5440 O-CONGESTIVE NEART FAILURE
P1 .0028 .0039 9.3 32. + '9. 76114 3874 E-"ENANGIOSARCONA,NEART
13 .0028 .0033 8.3 30. + 27. 76211 3926 D-NALA3S0RPTION SYNDROME
59 .0019 .0020 6.7 21. 21. 79253 5064 D-HEPATIC DEGENERATION
61 .00077 .00090 4.1 13. 13. 79095 4970 E-TRANSITIONAiL CELL CARCINWISLADOER
53 .0016 .0017 3.5 13. * 12. 78107 4584 D-CONGESTIVE HEART FAILURE
57 .0012 .0013 3.8 13. 13. 79085 4927 E-ADENOCARCINOMA, NASAL CAVITY
19 .00035 .00039 1.9 5.7+ 5.6 78235 4744 E-EPENDYNOMA,BRAIN
18 .00047 .00070 1.8 6.0+ 5.3 75248 3662 E-PERITONITIS
19 .00035 .00040 1.8 5.8 5.8 79204 5079 E-ADENOCARCINOM, MISY GLANS
?9 .00057 .0016 2.7 8.9. 6.1 71293 2247 D-ACCIDENTAL DEATH
14 .00074 .00074 2.2 8.3 8.3 80255 5496 E-NEPHROSCLEROSIS
19 .00058 .00070 1.9 6.6. 6.0 77034 4117 E-BROMCNIOLOALVEOLAR CARCINOMA
17 .00038 1.7 5.4 5.4 81341 5948 E-NEPNROSCLEROSIS
17 .00033 .00035 1.8 5.3. 4.3 74016 3033 D-TRANSITIONAL CELL CARCINA,SLADODER
13 .00031 .00036 1.4 4.3. 4.2 76228 4706 E-ADENOCARCINHMAMAKWRY GLAND
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A.1 "SrCI, Longevity Study (ontinued)
ETA RADIATION DOSE TO

... °......... ......... ..... ....... ....

INHALATION EXP. DOSE RATE (GY/DAY)
DON IDENTIFICATION ---------------- I.5.3. L.T.R.S. --..... ... ....... ..

.................. AGE T.................. ------------------ 730 POTENT.AT AT
TATTOO AN-EXPT SEX DATE OAYS KS RANK NI/KG US RANK UCI/KG US/KS INITIAL DAYS 5000 DAYS DEATH
°...... * ° °... .... ... ...... .... ..... °. * 0 0° 0*....* ...... ° ..... . .... ...... ..... -- - - - - - -- - - -- - - -

19A 01-254 N 65203 406 8.7 C C
21C 02-254 F 65203 396 8.5 C C
24E 01-264 F 65232 392 8.6 C C
26E 02-264 F 65232 385 6.9 C C
28A 01-273 N 65258 408 9.1 C C
30A 03-273 N 65258 396 9.5 C C
31A 01-278 N 65272 400 9.1 C C
32A 02-27S N 65272 394 8.9 C C
338 03-278 N 65272 388 8.9 C C
35F 01-285 F 65305 414 8.1 C C
400 02-285 F 65305 387 9.4 C C
42C 03-285 F 65305 380 10.3 C C
158A 01-420 N 67115 429 10.2 C C
160A 02-420 N 67117 430 9.9 C C
162E 03-420 F 67122 434 10.2 C C

UCI/KG REPRESENTS NICROCURIES OF RADIONUCLIDE PER KILOGRAN OF TOTAL BODY WEIGHT.
NIB/KG REPRESENTS NEGABEOUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
DOSE RATE AND CUNULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TINE IN DAYS AFTER INHALATION EXPOSURE.
+ INDICATES THE DOG DIED EFORE IT RECEIVED ITS POTENTIAL INFINITE DOSE.
COINIENT: 0, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED, RESPECTIVELY. PRONINENT FINDINGS ARE I0



IIATIU DONE TO KEULETON
.....-.............................
VAY) CUIULATI W (6Y)
I...... .......................
IT.AT AT 730 POTEIT.To TO DEATH DAYS TODAYS DEATH DAYS SO00 DAYS DEATN DATE DEATN CONMEUTS

..... ~...... ..... ......... ..... ..... ....... .............................................
73021 2740 D-SEPTICENIA
73057 4602 D-CONGESTIVE IEART FAILURE
7735? 4506 E-CAtCAIONATNYUOID
80157 5403 D-AIRATIOl PUEUOIIA
80205 5505 D-CONGESTIVE IEART FAILURE
73045 3439 E-EPIDENAL CYSTShhJLL74008 3023 D"AItTERIOSCLERMSIS;NYPOTNYROIDISN
77125 4236 E-LmYNPOSANCO
79262 5103 D-LYNPNOSARClW
74030 3012 D-ACCIDENTAL DEATH
75307 3654 D-ADEHOCARCIOIA.WMNARY GLAND
79328 5136 D'HEPHNOSCLEOSIS
81009 5006 E-SMUOUS CELL CAMCINONA,TOUSIL
82120 5482 E-SOUMWIUS CELL CARCINOMA, TONSIL
80141 4767 E-PITUITAUY ADENONA-CUSINuGfS DISEASE

ENT FINDINGS ARE INCLUDED.
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A.2 9 rCI2 , Sacrific Study
META RADIATION DOSE TO SIELETON

.... ............... ...... .°............. .. o..°

INHALATION EXP. DOSE RATE (GY/DAY) CUM.AT
DOG ID ENT IF ICA T ION --- ------- ------ .3 .3. L .T .R .S . - --- ------ ---------------------. ...........

A.................. AGE WT ............... .................. 730 POTENT.AT AT 730 POTEN
TATTOO MN-EXPT SEX DATE DAYS KG RANK NH/KG Mi0 RANK UCI/KG MiS/KG INITIAL DAYS 5000 DAYS DEATH DAYS 5000

71B 01-212 N 65081 407 7.6 03 4.8 37 01 67 2.5 .29 .14 .030 .13 120 1.
4C 02-183 64325 405 7.4 02 4.8 36 02 65 2.4 .30 .23
10A 02-215 N 65068 394 10.0 06 3.7 37 03 55 2.0 .22 .10 .022 .066 90 31
BA 02-212 N 65081 402 7.9 01 5.5 44 04 51 1.9 .23 .10 .029 .064 90
90 01-215 F 65084 396 8.9 04 4.8 4 05 47 1.7 .20 .095 .026 .080 64 31
111 02-216 F 65085 389 9.7 09 3.4 33 06 47 1.7 .25 .17
23 01-183 N 64325 411 7.8 06 4.4 33 07 46 1.7 .21 .00001 .063
10B 01-216 F 65085 395 7.9 10 3.2 26 06 8 1.6 .20 .071 .017 .046 63 2
93 01-214 N 65063 397 9.6 17 2.6 26 09 39 1.4 .18 .00 .0067 .038 48 1
9C 02-214 F 65083 397 10.1 15 3.0 30 10 37 1.4 .17 .071 .010 .054 67 2
12E 02-230 F 65125 404 8.4 18 2.6 21 11 36 1.3 .16 .060 .020 .039 56 2
66 01-207 N 65054 414 7.6 20 2.3 17 12 36 1.3 .13 .044 .019 .021 1 1
SA 02-184 N 64326 391 9.2 07 4.1 37 13 35 1.3 .16 .00029 .072
8B 01-213 N 65082 403 8.5 16 2.9 25 14 34 1.3 .16 .051 .017 .034 46 1
40 01-164 N 64328 408 9.2 11 3.1 29 15 31 1.1 .14 .11
123 01-229 F 65124 403 11.0 21 2.2 24 16 30 1.1 .13 .041 .012 .022 39 1
60 03-207 F 65054 414 7.4 13 3.0 22 17 29 1.1 .14 .043 .014 .024 43 1
12D 01-230 F 65125 404 7.6 14 3.0 23 18 28 1.0 .13 .0034 .054 1
6C 02-207 F 65054 414 8.2 19 2.4 20 19 24 0.89 .11 .040 .012 .017 38 1
9A 02-213 N 65082 396 10.7 22 1.8 19 20 20 0.74 .093 .037 .014 .019 35 1
411 01-185 N 64329 409 8.8 23 1.7 15 21 16 0.59 .071 .029 .015 .019 28 1
12C 02-229 F 65124 403 9.6 24 1.6 16 22 15 0.55 .068 .023 .0085 .0099 22
2A 02-162 N 64324 410 6.8 05 4.4 30 23 .33 .27
4A 01-182 N 64324 404 9.6 12 3.4 33 24 .13
Sc 03-182 F 64324 387 5.7 C C
29 03-184 F 64328 414 9.9 C C
4E 03-183 F 64328 408 7.8 C C
6A 04-207 M 65054 414 12.0 C C
91 01-217 F 65063 397 8.2 C C
IOC 02-217 F 65085 395 8.9 C C
12A 01-231 N 65124 403 10.3 C C
138 02-231 N 65124 382 9.6 C C
13C 03-231 N 65124 382 8.7 C C
13D 04-231 F 65124 382 6.5 C C

UCI/KG REPRESENTS NICROCURIES OF RADIONUCLIDE PER KILOGRM OF TOTAL BODY WEIGHT.
MI/KOG REPRESENTS NEGAUEGUERELS OF RADIONUCLIDE PER KILOGRAN OF TOTAL BODY WEIGHT.
DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
+ INDICATES THE DOG DIED BEFORE IT RECEIVED ITS POTENTIAL INFINITE DOSE.
COIUIENT: D, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDINGS ARE' INCLU



IATION DOGE TO ICELETOS.
,.....................................

JDAY) CUMJLATIVE (GY)
...... •.... .......................

.AT AT 730 POTENT.TO TO DEATH DAYS TO

DAYS DEATH DAYS 5000 DAYS DEATH DATE DEATH CUENT

.13 120 430. 150. 67279 928 E-HEMANGISAMRSCAPtXA

.23 7.3 64353 28 s-

.086 90 310+ 130. 68157 1168 E-NENAEGIOSMCONA,SCAFULA

.064 90 3404 150. 68348 1362 E-OSTEOSACOMA,VERTEBRA,SCAPULA

.060 84 310+ 130. 68305 1316 E-MHEMINOS6ARCNATNOAX; UIERIUS

.17 6.0 65116 31 E-NENATOLOGIC DYSCRASIA
.063 72+ 39. 65340 381 S-
.046 63 220+ 140. 70293 2034 D-OSTEOSARC.,SCAPULA & RIB;IEMNIGIOSRC.,RIB
.038 48 150. 76. 68355 1367 E-FIBROStCOMSAUSKAL
.054 67 200+ 100. 68306 1318 E-OSTEOSANC.,TIlIA;NHESMGIOSAR...SITE IllS.
.039 56 210+ 140. 71314 2380 E-OSTEOSAMCOIA,RIl. ILIIU
.021 44 160+ 130. 75140 3738 E-SMUAMOUS CELL CARCINOOM, NASAL CAVITY
.072 96+ 36. 65341 379 S-
.04 46 180+ 110. 71155 2264 E-OSTEOSARCONA, TIBIA
.11 3.5 64357 29 s-
.022 39 140+ 100. 72336 2768 E-OSTEOSARCOMA,ILIUN
.024 43 150+ 110. 72260 2782 E-OSTEOSARCOMANANDIBLE
.054 120+ 40. 66345 585 D-NYELOMONOCYTIC LEUKEMIA

2 .017 38 130. 110. 74239 3472 E-OSTEOSARCIA,NAND5IDBLE
.019 35 130. 99. 74028 3233 E-OSTEOSARCGMA,.NAIILE
.019 28 110+ 71. 72035 2628 D-SASOSW.MJOU% CARCINONA,TEIWORAL REGION
.0099 22 80. 72. 76329 4222 E-SQWNOUS CELL CARCINONA, SINUS CAVITY
.27 1.5 64329 5 S-
.13 0.77 64329 5 S-

64330 6 s-
65342 380 S-
64352 24 s-
78044 4738 E-CARCINONA,THYROID
72165 2638 E-FI1OSARCGMATHORACIC UALL
75103 3670 D-ADENOCARCINOMA, LUNG
78162 4786 D-CONGESTIVE HEART FAILURE; NEPNROSCLEROSIS
72183 2615 D-AUTOIJHUNE HENOLYTIC ANENIA
74147 3310 D-RENAL AMYLOIDOSIS
79068 5057 E-ADEN0CARCINOMNA, MWARY GLAND

I INSENT FINDINGS ME INCLUDED.
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A.3 z CeCI3 , Loievity Study

ETA RADIATION DOSE 7
.. ............. .... ........ ... °..°.1.

LUNG LIVER
INNALATION EXP. CUIILATIVC (GY) CUISLATIVE (

DOG IDENTIFICATION ............... 1.8.8. L.T.R. .- .................. . ..............
.................. AGE UT ........................................ 365 730 TO 365 730
TATTOO AN-EXPT SEX DATE DAYS KG WQ/KG RANK UCI/KG UCI MUG/KG MNG DAYS DAYS DEATN DAYS DAYS ,...... ....... ... ..... .... .... ...... .... *...... .... ...... .* ... . ... --- - -- .. .. *... ..... .... .- -

152C 02-407 F 67094 428 8.3 27. 01 360. 2900 13. 110. 210. 2
1568 03-408 N 67096 418 8.6 19. 02 320. 2800 12. 100. 74.
1511 01-407 N 67094 431 9.8 17. 03 270. 2700 10. 100. 76.
150 01-406 F 67096 418 10.0 16. 04 210. 2100 7.8 78. 48.
196E 01-457 F 67278 392 8.7 15. 05 210. 1800 7.8 67. 170. 170. 280.
ISIC 03-407 F 67094 431 10.0 14. 06 190. 1900 7.0 70. 52.
1970 02-458 F 67279 393 9.0 13. 07 190. 1700 7.0 63. 52.
199A 02-462 N 67285 397 8.5 13. 08 190. 1600 7.0 59. 64.
2016 02-463 F 67290 385 8.3 11. 09 170. 1400 6.3 52. 44.
153A 02-408 N 67096 430 10.3 10. 10 150. 1500 5.5 56. 86.
195A 01-458 N 67279 401 10.0 8.9 11 150. 1500 5.5 56. 120. 1
198A 01-462 N 67285 399 8.5 11. 12 140. 1200 5.2 44. 110. 120. 120. 180. 260. 2
203F 03-463 F 67290 377 6.3 13. 13 140. 870 5.2 32. 42.
197C 03-462 N 67285 399 8.3 9.6 14 130. 1100 4.8 41. 98. 1
200A 02-460 N 67283 390 10.2 7.0 15 120. 1300 4.4 48. 95. 100. 160. 1
199E 01-460 F 67283 395 7.5 12. 16 110. 810 4.1 30. 87. 97. 99. 150. 200. 2
62F 02-322 F 66082 388 9.6 7.4 17 100. 960 3.7 36. 79. 88. 88. 130. 190.
201C 03-460 N 67283 378 8.8 10. 18 94. 830 3.5 31. 74. 83. 85. 120. 170. 2
64A 01-326 N 66096 391 9.0 8.1 19 74. 660 2.7 24. 58. 65. 67. 98. 140. 1
600 01-320 F 66075 402 8.6 4.8 20 69. 590 2.6 22. 55. 61. 62. 91. 130. 1
200E 01-463 F 67290 397 8.3 9.3 21 68. 560 2.5 21. 54. 60. 61. 90. 130. 1
62E 01-322 N 66082 388 8.1 4.8 22 67. 540 2.5 20. 53. 59. 60. 88. 120. 1
64C 03-323 F 66084 379 9.3 5.2 23 55. 520 2.0 19. 43. 48. 50. 73. 100. 1
62B 02-321 N 66080 386 9.9 4.1 24 51. 500 1.9 19. 40. 45. 46. 67. 94. 1
63C 02-323 F 66084 383 6.8 6.3 25 44. 300 1.6 11 35. 39. 39. 58. 81.
668 03-326 N 66096 385 8.8 4.4 26 43. 380 1.6 14. 34. 39. 39. 57. 80. q
656 02-326 N 66096 386 10.9 4.1 27 39. 430 1.4 16. 31. 34. 35. 51. 72.
613 01-321 N 66080 396 9.5 2.5 28 31. 300 1.1 11. 24. 27. 28. 41. 57.
60C 02-320 F 66075 402 10.2 4.8 29 28. 280 1.0 10. 22. 25. 25. 37. 52. 4
638 01-323 N 66084 383 8.1 4.8 30 26. 210 0.96 7.8 21. 23. 23. 34. 48. 5
54A 01-305 N 66027 407 10.2 1.6 31 25. 250 0.93 9.3 20. 22. 23. 33. 46. 5
548 02-305 F 66027 407 11.6 1.6 32 24. 280 0.89 10. 19. 21. 22. 32. 44. 5
520 01-302 F 66025 410 7.7 1.6 33 21. 170 0.78 6.3 17. 18. 19. 28. 39. 4
55D 02-306 F 66028 407 8.7 1.7 34 17. 150 0.63 5.5 13. 15. 15. 22. 31. 1
600 03-320 F 66075 402 8.8 5.5 35 16. 140 0.59 5.2 13. 14. 14. 21. 30. 3
57A 02-308 N 66034 392 8.2 1.3 36 15. 130 0.55 4.8 12. 13. 14. 20. 28. 1
535 02-301 F 66024 409 11.0 1.6 37 14. 150 0.52 5.5 11. 12. 1.3. 18. 26. 3
53C 02-302 F 66025 410 9.0 1.6 38 14. 130 0.52 4.8 11. 12. 13. 19. 26. 3
566 01-308 N 66034 402 10.9 1.3 39 14. 150 0.52 5.5 11. 12. 13. 19. 26. 3
52C 01-301 F 66024 409 9.0 1.6 40 13. 120 0.48 4.4 10. 11. 12. 17. 24. 2
55A 01-306 N 66028 407 10.8 1.2 41 12. 130 0.44 4.8 9.5 11. 11. 16. 22. 1
57C 02-309 N 66035 393 8.2 0.89 42 12. 95 0.44 3.5 9.5 11. 11. 16. 22. 1
513 01-299 N 66021 408 8.4 0.52 43 8.1 68 0.30 2.5 6.4 7.1 7.3 11. 15. 1
578 01-309 N 66035 393 9.3 1.1 44 6.9 64 0.26 2.4 5.5 6.1 6.2 9.1 13. 1
50E 03-297 F 66018 411 8.1 0.44 45 6.3 51 0.23 1.9 5.0 5.5 5.7 8.3 12. 1
SOA 01-297 N 66018 411 8.0 0.48 46 6.2 50 0.23 1.9 4.9 5.5 5.6 8.2 12. 1
49A 01-294 N 66013 407 9.9 0.41 47 5.5 55 0.20 2.0 4.3 4.8 5.0 7.3 10. 1
52B 02-299 N 66021 406 10.9 0.37 48 5.2 56 0.19 2.1 4.1 4.6 4.7 6.9 9.6 1
49B 02-294 N 66013 407 8.8 0.48 49 4.9 43 0.18 1.6 3.9 4.3 4.4 6.5 9.1 1
490 01-295 F 66014 408 10.9 0.41 50 4.7 52 0.17 1.9 3.7 4.1 4.2 6.2 8.7 1

p
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TA RADIATION DOSE TO TISSUE

LIVER SKELETON
CLUSJLATIW (GY) CUIULATIV (BY)

O 365 730 TO 365 730 TO DEATH DAYS TO
TN DAYS DAYS DEATH DAYS DAYS DEATH DATE DEATH COMMENT

. 240. 70. 67238 144 D-PULMONARY INJURY
, 32. 9.6 67117 21 E-HEMATOLOGICAL DYSCRASIA
. 41. 12. 67125 31 E-NENATOLOGICAL DYSCRASIA
. 21. 6.1 67118 22 E- ENMATOLOGICAL DYSCRASIA
h 280. 280. 82. 84. 66288 375 D-PULMONARY FIPROSIS
. 30. 8.6 67125 31 E-NENATOLOGICAL DYSCRASIA
. 30. 8.6 67311 32 D-HNEMATOLOGICAL DYSCRASIA
. 44. 13. 67329 44 D-NEIMTOLOSICAL DYSCRASIA
. 22. 6.5 67317 27 D-HEMATOLOEICAL DYSCRASIA
. 96. 29. 67234 138 D-PULJINMARY INJURY
. 1". 56. 68250 336 D-HEPATIC INJURY
. 180. 260. 270. 55. 78. 81. 69353 799 E-OSTEOSARCOMAVERTEBRA
. 25. 7.4 67326 36 D-HENATOLOGICAL DYSCRASIA
. 160. 46. 68229 309 D-NEPATIC INJURY

160. 19". 49. 58. 69062 510 D-MARROW APLASIA
150. 200. 24. 43. 62. 74. 7226S 106 D--NEMANGIOSARCONALIVER;NEPATIC DEGENERATION
130. 190. 200. 39. 56. 60. 66226 874 D-HEPATIC INJURY
120. 170. 210. 37. 53. 63. 72216 1759 E-NEDANGIOSARCONA,LIVER;NEPATIC DEGENERATION
98. 140. 164. 29. 41. 50. 72069 2164 E-SGIAMOUS CELL CARCINONA,NASAI. CAVITY
91. 130. 151. 27. 39. 46. 70246 1632 E-SOUAM.CELL CARC.,NASAL CAVITY;ADENOMA,LURG
"90. 130. 150. 27. 38. 46. 72247 1783 D-HEMANGIOSARCONA,LIVER;NEPATIC DEGENERATION
88. 120. 150. 26. 38. 45. 70356 1735 D-HEMANGIOSARCOMA,LIVER;NEPATIC FIBRONA
73. 100. 120. 21. 31. 37. 71064 1806 E-MYELOGENOUS LEUKEMIA
67. 94. 110. 20. 29. 34. 72356 2467 D-NEMANGIOSARCONA,LIVER;NEPATIC DEGENERATION
58. 81. 97. 17. 29. 29. 78041 4340 E-DILE DUCT CYSTADENONA,NULTIPLE;NEPATIC DEGEN.
57. 80. 95. 17. 29. 29. 73312 2M77 E-SGUAM.CELL CARC.,NASAL CAVITY;CARCINONA,LUNG
51. 72. 86. 15. 22. 26. 73151 2612 E-HENANGIOSARCONA,NASAL CAVITY
41. 57. 60. 12. 21. 21. 75287 3494 D-SQUAMOUS CELL CARCINOMA,NASAL CAVITY
37. 52. 62. 11. 19. 19. 75093 3305 E-NALIGNANT NELANONA,EAR CANAL; EPENDYNONA
34. 48. 57. 10. 17. 17. 78326 4625 E-SQ. CELL CARC.,MNOUTH;BILE DUCT CYSTADENOMAS,MULT.
33. 46. 5S. 9.8 17. 17. 78354 4710 E-NEPHRITIS, SILIARY CYSTSNULT.;CARC.,PROSTATE
32. 44. 53. 9.4 16. 16. 76351 3976 E-CARCIO)NA,MAMIARY GLAND;NODULAR HYPERPLASIA LIVER
28. 39. 46. 8.2 14. 14. 80051 5139 E -CARCI NOMA, SLADDER; CARC., LUNG; CARC., THYROID
22. 31. 37. 6.6 11. 11. 77062 4052 E-DISC DISEASE;CARC.,THYR. AND ADREN.;BILIARY CYSTS
21. 30. 35. 6.2 11. 11. 77251 4194 E-HENANGIOSAR.,LIV.;BILIARY CYSTS,IJLT.;ADENONAPIT.
20. 28. 33. 5.9 8.4 10. 71034 1826 E-MYELOPROLIFERATIVE DISORDER
18. 26. 31. 5.5 9.4 9.4 77064 4058 D-CONGESTIVE HEART FAILURE
19. 26. 31. 5.5 7.8 9.4 78116 4474 E-CARC.,MAM.GLAND;9ILE DUCT CYSTADENOMA;HEP. DEGEN.
19. 26. 31. 5.5 7.8 9.4 71019 1811 D-NYELOGENOUS LEUKEMIA
17. 24. 29. 5.1 7.3 8.7 75298 3561 D-ADENOCARC.,MAM.GLAND;SOUA.CELL CARC.,MASAL CAVITY

1. 16. 22. 26. 4.7 6.7 8.0 76070 3694 E-ADENOCARC.,BRONCHOGENIC-LUlG;BILIARY CYSTA).,MULT.
1. 16. 22. 26. 4.7 6.7 8.0 77102 4085 E-SOUAM.CELL CARC.,NASAL CAVITY
7.3 11. 15. 18. 3.2 4.5 5.4 81027 5485 E-CARCINOMA,LIVER-HEPATOCELLULAR
.2 9.1 13. 15. 2.7 3.9 4.6 80059 5137 D-CARCINOMAUILE DUCT

7 8.3 12. 14. 2.5 3.5 4.2 74213 3117 D-HEPATIC LIPIDOSIS & DEGENERATION

.6 8.2 12. 14. 2.4 3.5 4.2 74031 2935 D-EPENOYMONA, CENTRAL NERVOUS SYSTEM
5.0 7.3 10. 1?. 2.2 3.1 3.7 78012 4382 0-MALIGNANT NELANONA,SOFT PALATE

"4.7 6.9 9.6 11. 2.0 2.9 3.5 78279 4641 E-ADENOCARCINOMA, PERIANAL GLAND65 9.1 11. 1.9 2.7 3.3 60020 5120 D-HEPAT. NOD.NHYPERPLASIA;CARC., THYR. ;ASPi RAT ION PNEU.

6.2 8.7 10. 1.8 2.6 3.1 79144 4878 E-NEMANGIOSAR.,LIVER;CARC.ADREN.;NULT. BILIARY CYSTS
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A.3 144CeC 3, LongeVity Study (continued)

BETA RADIATION DOE TO TI
...... o.o.... ................... o°°°.... ..

LUNG LIVER
INHALATION EXP. CLUIWLATIVE (GY) CIWULATIVE (BY)

O IDENTIFICATION ---------------.... . L.TR.S. .....................................
.................. AGE VT ......................................... 365 730 TO 365 730 TO
TATTOO AN-EXPT SEX DATE DAYS KG Wla/KG RANK UCI/KG UCI NH/KG M1UG DAYS DAYS DEATH DAYS DAYS DEATH
°..... .. ..... . ... o..... .... .... ...... ..... ...... .... ...... . ...... ..- o... -- -. - - -..... ---- °. - .....

SOF 01-296 F 66020 413 8.3 0.48 51 4.2 35 0.16 1.3 3.3 3.7 3.8 5.5 7.8 9.2
49E 02-295 F 66014 408 9.1 0.37 52 3.9 36 0.14 1.3 3.1 3.4 3.5 5.2 7.2 8.6
S5A 02-296 N 66020 407 11.1 0.32 53 3.6 40 0.13 1.5 2.8 3.2 3.2 4.8 6.7 7.9
SOD 02-297 F 66016 411 6.9 0.48 54 2.9 20 0.11 0.74 2.3 2.6 2.6 3.8 5.4 6.4
496 01-296 F 66017 411 8.4 0.28 55 2.6 22 0.096 0.81 2.1 2.3 2.3 3.4 4.8 5.
49C 01-300 N 66013 407 8.7 C
50C 02-300 F 66017 410 9.1 C
SIC 03-300 H 66021 408 10.4 C
SlE 04-300 F 66021 408 8.4 C
52A 05-300 N 66021 406 8.5 C
53A 01-310 F 66024 609 9.3 C
530 02-310 F 66024 409 8.1 C
54C 03-310 F 66027 407 9.2 C
56A 04-310 M 66034 402 11.8 C
60A 01-327 H 66075 402 10.1 C
61C 02-327 F 66080 396 10.0 C
62A 03-327 N 66080 386 13.2 C
1530 01-412 F 67096 428 9.3 C
156E 02-412 F 67094 416 6.7 C
1978 01-465 H 67289 403 9.0 C
198C 02-465 F 67289 403 9.9 C
201A 03-465 N 67289 384 12.6 C

UCI/KG REPRESENTS NICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
MBQ/KG REPRESENTS NEGABEGUERELS OF RADIONUCLIDE PER KILOGRAN OF TOTAL BODY WEIGHT.
DOSE RATE AND CU14ULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
* INDICATES THE DOG DIED BEFORE IT RECEIVED ITS POTENTIAL INFINITE DOSE.
COIMENT: D, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED, RESPECTIVELY. PRONINENT FINDINGS ARE INCL,



RATION MRE To TISSUE

LIVER SIELETON
MINILATIvE (BY) CORUATIVE COT)

365 730 TO 345 73 TO DEATH DAYS TO
DAYS DAYS DEATH DAYS DAYS DEATH DATE DEAT CMISIENT

5.5 7.8 9.2 1.6 2.4 2.6 74036 2940 D-HYELONALACIA
5.2 7.2 5.6 1.5 2.2 2.6 7313 31.86 D-PULNONARY EDENA;NOSULA NYERIPLASIA*LIVER
4.8 6.? 7.9 1.4 2.0 2.4 74309 3211 D-CONGESTIVE HEART FAILIME;NEPATIC DEOENERATION
3.6 5.4 6.4 1.1 1.6 1.9 76356 399 D-CONO.UART FAILUE;Cr 1NIC NEPIIITIS;ADENONA*NN.
3.4 4.8 S.? 1.0 1.5 1.7 81036 5496 D-CAAtCIUONA.PAISCUEAS;CARCINOIMt NANRY

74156 3065 D-ASPIRATION PNEIMIhIfIA,EPILEMS
81273 5735 E-RENAL CORTICAL ATROPHY
76103 3734 0-ANESTHETIC DEATH;HEPATIC DEGEHERATION
79337 5064 E-CARICINCA,HAIIAR;NEU*OUIUROLARCONAUI5OJIS
76169 3820 D-RENAL ANTLOIDOSIS; URENIA
79019 4743 E-CARCINONA.TKYROJD;OVARIAN TWINOR
781073 4432 E-HYELWALACIA
80106 5192 E-CARCIHONA.AMMEAL
80037 5116 E -CARC,LWIG; OLF. NEUROULASTONA;S0. CELL CARC,SAL .GLANO
8220 5974 D-RENAL ATROPH AND FlPROSIS1
80333 5366 D-ASPIR.PNEWIN.;ADEHOCARtC. .LUNG;CARtC.THY. ;CAR.HIAY
73068 2545 E-CARCINONA.TNMRID
67243 149 S-
67243 149 S-
64096 6016 0-VALVULAR INSUFFICIENCTHEART
79044 4138 E-HAST CELL T1UNORIUSCIITIS
82314 5504 E-INTERSTITIAL HEPNRITIS

FINDINGS ARE INCLURE.
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A.4 91YCI3, Lmngevty Study

BETA RADIATION DOSE TOS............. . .......................

LUNG LIVER
INHALATION EXP. LINLATIVE (GY) COURLATIVE (GY)

D O G ID E N T IF ICA T I O N - - - - - - - - - - - - - - - - 1 .8 . . L .T .R . . ". . . . . . . . . . . . . . . . . . . . .. . .. . . . . . . . .
---.-...--.----. AGE WT ------------------------------------------ 365 730 TO 365 730 TO

TATTOO AN-EXPT SEX DATE DAYS KG NP,/KG RANK UCI/KG UCI ISQ/KG MNI DAYS DAYS DEATH DAYS DAYS DEATH
----- .------ -- ---- ---- ---- ------ --- .... ... --- ------ ---- ----.. --- -----.. . . . .... .... .....

118E 02-380 F 66320 413 9.3 48. 01 540 5100 20. 190. 43. 3.4
122C 01-383 N 66333 410 9.8 28. 02 300 3000 11. 110. 28. 3.0
118F 01-382 F 66326 419 8.0 29. 03 290 2300 11. 85. 25. 2.5
119C 01-384 F 66335 423 8.2 20. 04 250 2100 9.3 78. 24. 2.7
1648 01-423 N 67146 409 9.5 16. 05 250 2300 9.3 85. 24. 2.7
1190 02-382 F 66326 414 6.5 27. 06 240 1600 8.9 59. 25. 3.2
123A 02-383 N 66333 409 11.0 33. 07 240 2600 8.9 96. 23. 2.5
118A 01-381 N 66322 415 8.1 20. 08 220 1800 8.1 67. 24. 30. 33. 3.1 8.1 10.
119A 03-381 N 66322 410 8.3 20. 09 220 1800 8.1 67. 24. 30. 33. 3.1 8.1 10.
1180 02-381 F 66322 415 8.6 19. 10 200 1800 7.4 67. 22. 28. 31. 2.8 7.0 9.7
120C 03-384 F 66335 420 9.3 23. 11 200 1900 7.4 70. 20. 2.3
164F 02-423 F 67146 409 9.0 17. 12 200 1800 7.4 67. 20. 2.3
165A 01-426 N 67153 392 11.0 20. 13 160 1700 5.9 63. 18. 23. 24. 2.3 5.9 7.6
171F 02-434 F 67163 391 6.3 26. 14 160 1000 5.9 37. 18. 23. 24. 2.3 5.9 7.6
169C 01-434 N 67163 397 8.7 17. 15 150 1300 5.5 48. 17. 22. 23. 2.1 5.4 7.0
1188 01-380 N 66320 413 7.9 13. 16 140 1100 5.2 41. 15. 19. 20. 1.9 5.1 6.5
120A 02-384 N 66335 420 10.6 20. 17 130 1400 4.8 52. 14. 18. 20. 1.8 4.7 5.9
164C 03-422 N 67144 407 9.3 10. 18 110 1100 4.1 41. 12. 15. 17. 1.6 4.0 5.2
1690 01-432 F 67159 393 5.9 5.2 19 100 610 3.7 23. 11. 14. 15. 1.4 3.6 4.8
164G 01-425 F 67151 414 7.7 6.3 20 94 730 3.5 27. 10. 13. 14. 1.3 3.4 4.5
174A 01-438 M 67172 385 9.6 7.0 21 92 880 3.4 33. 10. 13. 14. 1.3 3.3 4.4
1716 02-435 N 67166 394 9.0 8.5 22 90 820 3.3 30. 9.8 13. 14. 1.2 3.2 4.3
165F 03-426 F 67153 392 9.2 8.1 23 82 750 3.0 28. 9.0 11. 12. 1.1 3.0 3.9
166E 02-426 F 67153 390 11.1 15. 24 73 820 2.7 30. 8.0 10. 11. 1.0 2.6 3.5
172A 03-435 N 67166 385 8.8 6.7 25 68 600 2.5 22. 7.4 9.5 10. 0.97 2.5 3.5
134C 02-385 F 66354 408 9.9 8.5 26 66 650 2.4 24. 7.2 9.3 10. 0.92 2.4 3.1
134A 01-385 N 66354 408 9.7 8.5 27 62 600 2.3 22. 6.7 8.6 9.4 0.86 2.3 3.0
1760 03-438 F 67172 384 9.2 9.3 28 60 550 2.2 20. 6.6 8.4 9.1 0.86 2.2 2.9
169A 01-435 N 67166 400 10.3 8.9 29 58 600 2.1 22. 6.4 8.1 8.9 0.81 2.1 2.8
172C 01-433 F 67160 379 7.1 4.4 30 53 380 2.0 14. 5.8 7.4 8.1 0.76 1.9 2.5
173G 02-433 F 67160 376 7.2 4.8 31 52 370 1.9 14. 5.7 7.2 7.9 0.76 1.9 2.5
174E 02-438 F 67172 385 8.7 7.4 32 51 450 1.9 17. 5.6 7.1 7.7 0.70 1.8 2.4
167B 01-431 N 67158 394 10.5 4.8 33 51 540 1.9 20. 5.6 7.1 7.7 0.70 1.8 2 4
171E 03-429 F 67156 384 6.4 5.2 34 48 310 1.8 11. 5.2 6.7 7.4 0.65 1.7 2:3
165G 02-422 F 67144 383 8.2 3.4 35 46 380 1.7 14. 5.1 6.5 7.0 0.65 1.7 0.20
1698 01-429 N 67156 390 9.9 3.0 36 44 440 1.6 16. 4.8 6.1 6.7 0.59 1.6 2.1
1640 01-422 N 67144 407 9.3 4.8 37 43 400 1.6 15. 4.7 6.0 6.6 0.59 1.6 2.1
176E 01-437 F 67170 382 6.8 5.5 38 41 280 1.5 10. 4.4 5.7 6.2 0.59 1.5 1.9
171A 02-429 N 67156 384 8.2 3.5 39 40 320 1.5 12. 4.3 5.6 6.1 0.54 1.5 1.9
166C 02-425 N 67151 388 11.0 2.4 40 31 350 1.1 13. 3.4 4.3 4.7 0.44 1.1 1.5
174F 02-437 F 67170 383 6.2 3.1 41 16 97 0.59 3.6 1.8 2.3 2.4 0.23 0.59 0.76
167C 04-426 N 67153 389 9.9 2.4 42 14 140 0.52 5.2 1.5 1.9 2.2 0.19 0.51 0.65
118C 01-386 F 66320 413 10.2 C
119B 02-386 N 66322 410 9.4 C
121A 04-386 N 66335 416 9.4 C
164E 01-430 F 67151 414 8.8 C
165D 02-430 N 67151 390 11.4 C
165E 03-430 F 67151 390 9.0 C
1668 04-430 M 67153 390 10.3 C
167A 01-441 M 67156 392 10.3 C
167E 02-441 F 67156 392 10.3 C
171D 03-441 F 67163 391 7.8 C
1740 04-441 F 67166 379 13.1 C
1768 05-441 N 67195 407 10.4 C

UCI/KG REPRESENTS 1ICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
MINIKG REPRESENTS MEGADEGUERELS OF RADIOMNCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
DOSE RATE AND CIJULMATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TINE IN DAYS AFTER INHALATION EXPOSURE.
+ INDICATES THE DOG DIED BEFORE IT RECEIVED ITS POTENTIAL INFINITE DOSE.
COMIENT: 0, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDINGS ARE IN



NDIATION DOSE TO TISSUE

LIVER SKELETON
CNUIUATIVE (GY) CRUILATIVE (GY)

.. *............... ..... o....... .....

365 730 TO 365 730 TO DEATH DAYS TO
DAYS DAYS DEATH DAYS DAYS DEATH DATE DEATH CONSENT
.. .. .. . .o . . * .... ..... ---- -- -..--..... - - - - ... ............ ..... ........ .......... .... ...... .......

3.4 9.1 66332 12 D-HENATOLOGICAL DYSCRASIA
3.0 8.0 66353 20 D-HEMATOLOGICAL DYSCRASIA
2.5 6.7 66343 17 E-HEMATOLOGICAL DYSCRASIA
2.7 7.3 66357 22 D-HENATOLOGICAL DYSCRASIA
2.7 7.3 67168 22 D-NEMATOLOGICAL DYSCRASIA
3.2 8.6 66354 28 0-HEMATOLOGICAL DYSCRASIA
2.5 6.7 66354 21 D-NENATOLOGICAL DYSCRASIA

3.1 8.1 10. 8.4 21. 29. 72143 2012 E-SOUAMUS CELL CARCINONA, NASAL CAVITY
3.1 8.1 10. 8.4 21. 29. 79137 4563 E-HEPATIC FIBROSIS
2.8 7.0 9.7 7.6 19. 26. 79097 4523 D-CARCINIAM,NNMIARY GLAND

2.3 6.0 66358 23 E-NENATOLOGICAL DYSCRASIA
2.3 6.2 67168 22 D-NEAMTOLOGICAL DYSCRASIA

2.3 5.9 7.6 6.1 15. 21. 79074 4304 D-CONGESTIVE HEART FAILURE
2.3 5.9 7.6 6.1 15. 21. 74163 2557 E-SQIMNOUS CELL CARCINONA, NASAL CAVITY
2.1 5.4 7.0 5.7 14. 20. 77202 3692 E-LYMPNCM, VISCERA
1.9 5.1 6.5 5.3 13. 18. 78261 4324 E-RIGNT HEART FAILURE
1.8 4.7 5.9 4.9 12. 17. 78038 4086 E-NEPNROSCLERIOSIS
1.6 4.0 5.2 4.2 11. 14. 68252 473 D-EPILEPTIC SEIZURE
1.4 3.6 4.8 3.8 9.6 13. 80344 4933 E-CONGESTIVE HEART FAILURE
1.3 3.4 4.5 3.6 9.0 12. 73217 2258 D-SARCOMA, MAST CELL
1.3 3.3 4.4 3.5 8.8 12. 79061 4272 O-CARCIMMA.LUNG
1.2 3.2 4.3 3.4 8.6 12. 79114 4331 E-URENIA
1.1 3.0 3.9 3.1 7.9 11. 80032 4627 O-NENMNGIOSARCONA,LIVER
1.0 2.6 3.5 2.8 7.0 9.5 81065 5026 0-DISSEMINATED CARCINOMA
0.97 2.5 3.5 2.6 6.5 8.8 82085 5398 E-PROSTATITIS
0.92 2.4 3.1 2.5 6.3 8.6 76054 3352 E-SQ.CELL CARC,NASAL CAV.;NEN.SARC.,UNDET.SITE
0.86 2.3 3.0 2.4 6.0 8.1 81007 5132 D-CONGESTIVE HEART FAILURE
0.86 2.2 2.9 2.3 5.8 7.8 79356 4567 D-PULNONARY INFARCTION
0.81 2.1 2.8 2.2 5.6 7.5 68165 364 D-EPILEPTIC SEIZURE
0.76 1.9 2.5 2.0 5.1 6.9 78257 4115 E-CHENODECTONA
0.76 1.9 2.5 2.0 5.0 6.8 80134 4722 E-CARCINONA,MHAMARY GLAND
0.70 1.8 2.4 1.9 4.9 6.6 81175 5117 D-RENAL FAILURE
0.70 1.8 2.4 1.9 4.9 6.6 83066 5752 E-CARCINOMA,ORAL CAVITY
0.65 1.7 2.3 1.8 4.6 6.2 77117 3614 D-DISSEMINATED CARCINGNA,NNSIARY GLAND
0.65 1.7 0.20 1.7 4.4 6.0 78223 4097 E-AMELOANOTIC HELANOSARCONA, NOUTH
0.59 1.6 2.1 1.7 4.2 5.7 78025 3887 D-AUTOIWMNE NENOLYTIC ANEMIA
0.59 1.6 2.1 1.6 4.1 5.6 82300 5635 D-ENTERITIS
0.59 1.5 1.9 1.6 3.9 5.3 80288 4866 E-LEIONYOMA, VAGINA
0.54 1.5 1.9 1.5 3.8 5.2 79165 4392 E-RENAL FAILURE
0.44 1.1 1.5 1.2 3.0 4.0 79172 4404 D-CELLULITIS
0.23 0.59 0.76 0.61 1.5 2.1 74276 2663 D-GLONERULONEPNRITIS; RENAL FAILURE
0.19 0.51 0.65 0.53 1.3 1.8 81160 5121 D-SROHCHOPNEUIMONIA

81296 5455 E-ADENOCARCINONA,HNAISIRY GLAND
80024 4815 E-CARCINONA,THYROID
81132 5276 E-OSTEOARTHRITIS
77203 3705 E-DISSEMINATED CARCINONA,NSIARY GLAND
79134 4366 E-HEMANGIOSARCMAA.LIVER
78279 4146 D-HEPATIC DEGENERATION
81195 5156 E-HEMNWGIOSARCCMAPERITONEUM
73205 2241 0-SUPPURATIVE PLEURITIS
81226 5184 E-CARCINOMASTONACN
78187 4042 D-CONGESTIVE HEART FAILURE
78107 3959 E-GASTROENTERITIS
81190 5109 D-INTERSTITIAL NEPHRITIS

T FINDINGS ARE INCLUDED.
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A.S "YCI, Scifice Shady

ETA I40IATION OM TO TISM
...........................................

LUNG LIVE
INNALATION EXP. CUNILATIVE (6Y) USILATIVE (6?) €I

006 IDENTIFICATION -------- I.R.S. I.L.I. --------- .-------- .
. . T!FAT...........AM UT.. ----- .................................... 30 120 TO 30120 TO
TATTOO M-EXPT SEX DATE DAYS KG NS/KG RANK UCI/KG UCI NB/IKG Nil DAYS DAYS M9ATH DAYS DAYS OATHN

173F 02-442 F 6717395 9.1 9.6 01 220 1000 8.1 37 24 30 33 5.7 15 19. 1.
1723 01442 671793967.2 19. 02 220 1600 8.1 23 5.3
176C 01-443 F 67160 392 8.3 14. 03 170 1500 6.3 56 19 19 4.4 4.6 6.
174C 02-443 N 67180 393 7.9 11. 04 120 970 4.4 36 13 17 16 3.1 8 11. 4.

UCI/KG REPRESENTS NICROCfLIES OF RIDIOlIUCLIOE PER KILOGRAN OF TOTAL BODY WEIGNT.
NU/KG REPRESENTS NEGAIEOUERELS OF RADIOMCLIDE PER KILOGRIN OF TOTAL ODY WEIGHT.
DOSE RATE AND CUUILATIVE DOSE ARE PRESENTED AS UINCTIONS OF TINE IN DAYS AFTER INHALATION EXPOSIME.
+ INDICATES THE DOG DIED BEFORE IT RECEIVED ITS POTENTIAL INFINITE DOSE.
CONiENT: 0, E, OR S INDICATE THE DOG DIED, WMS EUTNANIZED OR WAS SACRIFICED, RESPECTIVELY. PRONiHENT FINDINGS ME 10_



IN ow TO TintU*

LATIr (6Y) CUNULATIN (MY)

me To 30 120 TO DEAT DAYS TO
mNY NATO DAYS OATS NATN DATE ODATHN CUNT

.149. I. 21 29. ?3096 2109 DIAN 9PIOLALVWOLM CARCIINM;CAICIUNM,WIU Y
5.3 7.5 67206 27 D-NUATOL06ICAL DYICIASIA
4.8 6.5 6.5 67213 33 D-MIATOLOGICAL DYSCIASIA

11. 4.6 12 16. 81021 4955 E-ENCEPIIALOPATNT

_IDIS An IMLUMU.
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A.6 137CsCI, LeaglIty Study

RDIATION DOSE TO LIMS..... .. o.......... ... o ................ ..

INJECTION EXPOSUWE DOSE RATE (GY/DAY)
0O0 ID ENT IF ICA T IO N . ..................... i. S.3 . . ....................................
.................. AGE T ..........---------------------- 30 180 365 AT
TATTOO NM-EXPT SEX KOCK DATE DAYS KG NK UCI/KOG UCI NBICKG N4o INITIAL DAYS DAYS DAYS DEATN
o...... ...... o ... ..... ..... .. o.. .... ........ o.. ..... . ...... * .. ... . ... o ... .---- ----- -- -- -------..

2710 12-558 F F 68330 421 7.2 01 4000 29000 150 1100 .72 .31
2448 06-522 N A 68164 402 8.8 02 3900 34000 140 1300 .72 .31 .30
241F 06-523 F 366165 419 8.2 03 3900 32000 140 1200 .71 .38
273A 11-558 N E 68330 405 9.4 04 3600 36000 140 1300 .69 .43
249D 06-540 N D 68215 422 10.1 05 3600 36000 130 1300 .68 .35
253C 06-539 F C 68214 393 9.5 06 3500 33000 130 1200 .65 .38
277F 09-560 F N 68354 392 7.1 07 3000 21000 110 780 .54 .19 .0020 .00002
2843 09-562 N 1 69028 394 8.5 08 2900 25000 110 930 .52 .18 .0020 .00001
282C 10-562 F J 69028 402 7.6 09 2900 22000 110 810 .53 .25 .0059 .00020
280C 09-567 F L 69052 429 7.9 10 2900 23000 110 850 .53 .32
292A 10-567 N K 69052 379 8.5 11 2900 25000 110 930 .52 .17 .0030 .00003
2416 05-523 F 1 68165 419 8.6 12 2800 24000 100 890 .51 .27
247E 05-539 F C 68214 428 7.9 13 2800 22000 100 610 .51 .27
266C 09-558 N E 68330 435 7.4 14 2800 21000 100 780 .50 .23 .0025 .00005
273E 10-568 F F 68330 405 8.3 15 2800 23000 100 850 .51 .26 .0075 .00030
2455 05-522 N A 68164 392 9.1 16 2700 25000 100 930 .51 .18 .051
2790 10-560 N G 68354 383 8.1 17 2700 22000 100 810 .48 .22 .0050 .00010
248A 05-540 N D 68215 428 9.6 18 2600 25000 96 930 .48 .23 .0030 .00003
244E 04-523 F 3 68165 403 7.5 19 2100 16000 78 590 .37 .16 .0035 .00004
2660 08-558 F F 68330 435 7.8 20 2100 16000 78 590 .37 .15 .0020 .00005
2793 07-560 N G 68354 383 9.9 21 2000 20000 74 740 .36 .19 .0060 .00020
2751 08-560 F N 68354 410 7.8 22 2000 16000 74 590 .37 .15 .0020 .00003
2830 08-562 F J 69028 395 8.8 23 2000 18000 74 670 .37 .13 .0025 .00004
292C 08-567 F L 69052 379 9.0 24 1900 17000 70 630 .36 .14 .0040 .00008
241A 04-522 N A 66164 418 10.0 25 1900 19000 70 700 .36 .18 .090
271A 07-558 N E 68330 421 9.8 26 1900 19000 70 700 .35 .19 .0040 .00010 .000003
283A 07-562 N 1 69028 395 11.2 27 1900 21000 70 780 .35 .14 .0030 .00005
291A 07-567 N K 69052 382 10.8 28 1900 21000 70 780 .35 .12 .0028 .00003
253B 04-539 F C 68214 393 9.7 29 1800 17000 67 630 .34 .15 .0040 .00006
247A 04-540 N 0 68215 429 9.8 30 1800 18000 67 670 .34 .17 .0060 .00010
244C 03-522 N A 68164 402 6.7 31 1600 11000 59 410 .28 .090 .0013 .00001
2800 06-562 F J 69028 405 6.8 32 1600 11000 59 410 .28 .096 .0025 .00003
279A 05-560 N G 68354 383 9.5 33 1500 14000 56 520 .27 .11 .0011 .00002
278F 06-560 F H 68354 391 8.4 34 1500 13000 56 480 .26 .13 .0030 .00010
286D 05-567 F L 69052 417 8.8 35 1500 13000 56 480 .27 .10 .0022 .00004
241E 03-523 F 8 68165 419 9.4 36 1400 13000 52 480 .26 .14 .0050 .00015
267A 05-558 N E 68330 435 11.2 37 1400 16000 52 590 .26 .15 .0060 .00020
268C 06-558 F F 68330 433 11.0 38 1400 15000 52 560 .26 .17 .014 .00060
2890 05-562 N 1 69028 376 9.7 39 1400 14000 52 520 .26 .099 .0030 .00005
247C 03-540 N D 68215 429 8.8 40 1300 11000 48 410 .25 .12 .0018 .00003
291C 06-567 N K 69052 382 7.7 41 1200 9200 44 340 .22 .11 .0041 .00005
252C 03-539 F C 68214 407 9.3 42 1200 11000 44 410 .21 .12 .0025 .00005
244F 02-523 F 8 68165 403 5.8 43 1100 6400 41 240 .20 .072 .00083 .00001
2788 04-560 N G 68354 391 9.5 44 1100 10000 41 370 .21 .10 .0020 .00003
2418 02-522 N A 68164 418 9.8 45 1000 9800 37 360 .19 .079 .0013 .00001
273F 04-558 F F 68330 405 8.4 46 1000 8400 37 310 .19 .10 .0045 .00040
278D 03-560 F H 68354 391 10.3 47 1000 10000 37 370 .19 .084 .0013 .00004
281C 04-562 F J 69028 404 8.4 48 1000 8400 37 310 .19 .065 .0015 .00006
2815 03-567 F L 69052 428 9.8 49 940 9200 35 340 .17 .081 .0030 .00008
285A 03-562 N 1 69028 393 10.5 50 920 9700 34 360 .17 .063 .0020 .00002
287A 04-567 N K 69052 410 10.2 51 900 9200 33 340 .17 .080 .0028 .00007



RADIATION DOSE TO WNOLE MOY
....... **..............o...... ............. *....

E (GY/DAY) CUMA.ATIVE (G6)
.................. •.. .......................

N0 365 AT 30 180 365 AT DEATH DAYS TO
VS DAYS DEATH DAYS DAYS DAYS OEAYT DATE DEATH COMENT

.31 11. 68356 26 D-NENATOLOGICA. DYSCRASIA

.30 13. 14. 68197 33 D-MENATOLOGICAL DYSCRASIA

.38 10. 66167 22 D-NENATOLOGICAL DYSCRASIA

.43 9.5 66349 19 D-HENATOLOGICAL DYSCRASIA

.35 13. 68242 27 D-HENATOLOGICAL DYSCRASIA

.38 9.7 68236 22 D-NENATOLOGICAL OYSCRASIA
20 .00002 9.2 15. 15. 15. 80094 4123 E-REUAL INFARCTION
20 .00001 9.0 15. 15. 15. 61182 4537 D-CARCIMiAM,PRSTATE
59 .00020 10. 20. 20. 20. 73271 1704 E-ARTNRITIS;PNEUNONIA

.32 9.1 69076 24 E-NENATOLOGICAL DYSCRASIA
30 .00003 7.9 15. 15. 15. 81146 4477 E-CARC.,NASAL CAVITY;CARC.,INTESTINE

.27 8.6 68190 25 0-HENATOLOGICAL DYSCRASIA

.27 9.1 68241 27 D-NENATOLOGICAL OYSCRASIA
25 .00005 9.5 17. 17. 17. 73097 1594 D-PEIUO•OIA;PNARYNGITIS
75 .00030 10. 22. 22. 22. 77343 3301 E-SUPPURATIVE EIDWOETRITIS

.051 8.6 14. 68245 81 D-HENATOLOGICAL DYSCRASIA
so .00010 9.5 18. 18. 18. 76139 2707 E-SARCONA. MAST CELL
30 .00003 10. 19. 19. 19. 77313 3386 E-SOUAN. CELL CARCINONA,SINUS CAVITY
35 .00004 7.0 15. 15. 15. 80022 4240 E-NEPIROSCLEROSIS;CARCIOIMN, LUNG
20 .00005 6.7 12. 12. 12. 77204 3162 D-CONGESTIVE NEART FAILURE
60 .00020 7.8 15. 15. 15. 79262 3926 E-TUNOR, PERIPHERAL NERVE
20 .00003 7.0 12. 12. 12. 83013 5138 D-*HADARY ADENOCARCINONA
25 .00004 6.4 11. 11. 11. 80322 4311 D-HENATONASPLEEN
40 .00006 6.7 12. 12. 12. 77277 3147 D-NHEMAGIOSARCONAHEART

.090 7.1 13. 68241 77 D-HENATOLOGICAL DYSCRASIA
40 .00010 .000003 7.3 15. 15. 15. 70292 693 O-SHOCK
30 .00005 7.3 12. 12. 12. 80286 4275 D-NHENNGIOSARCONA,SPLEEN
2B .00003 6.3 10. 10. 10. 80077 4042 E-LEUKOENCEPHALONALACIA
"40 .00006 6.5 13. 13. 13. 80265 4434 D-CARCIONAHNMARY GLAND
"60 .00010 7.2 15. 15. 15. 80280 4448 D-HEPATIC DEGENERATION
13 .00001 4.3 7.7 7.7 7.7 82091 5041 D-HEPATIC ATROPHY
25 .00003 5.0 8.4 8.5 8.5 80128 4117 E-CARCINO•ANAMHARY GLAND
11 .00002 4.7 8.3 8.4 8.4 74310 214.8 D-RENAL ANYLOIDOSIS
"50 .00010 5.6 10. 10. 10. 83173 5298 D-INTERSTITIAL NEPHRITIS
22 .00004 4.8 8.2 8.3 8.3 79184 3784 D-PYONETRA
so .00015 5.5 12. 12. 12. 82195 5144 D-HEMANGIOSARCONA,LIVER
60 .00020 5.8 13. 13. 13. 78206 3529 E-BRAIN EDEMA,UNDETERNINED CAUSE
k .00060 6.3 15. 15. 15. 81334 4753 D-HEPATIC ATROPHY
so .00005 4.8 8.7 8.8 8.8 79312 3936 E-CARCINONANASAL CAVITY
18 .00003 4.7 9.8 9.9 9.9 81327 4861 D-CARCINONASTONACH
61 .00005 5.2 9.7 9.9 9.9 83090 5151 E-REMAL CORTICAL FIBROSIS
15 .00005 4.8 9.5 9.7 9.7 80072 4241 E-SARCONANMA4ARY GLAND
M3 .00001 3.4 5.9 5.9 5.9 80120 4338 D-RENAL ANYLOIDOSIS
t0 .00003 4.4 8.1 8.2 8.2 79269 3933 E-TUMOR, LIVER
13 .00001 3.3 6.4 6.5 6.5 83027 5342 E-PYELONEPHRITIS
6 .00040 4.2 8.8 9.1 9.1 81266 4685 E-CARCIHGNAANSIARY GLAND
13 .00004 3.5 6.4 6.5 6.5 82217 4977 E-NEDIASTINAL TUMOR
15 .00006 3.2 5.6 5.7 5.7 81282 4637 D-CNS DISTURBANCE
10 .00008 3.5 6.9 7.1 7.1 80046 4011 D-CARCINONANAISAY;TUHOR, NASAL CAVITY
10 .00002 3.1 5.4 5.5 5.5 82028 4748 E-CARCINNM,.BLADOER
Is .00007 3.6 6.7 6.9 6.9 75332 2471 E-NEUROFIBROSARCONALIVER
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A.6 13CsCI, Loangeity Study (cmutlnu)

RIOIATION DOSE TO WIOLE

INJECTION EXPOSURE DOSE RATE (GY/DAY)
DOG IDENTIFICATION ---------------------- I... .. 1

................. AGET MY ................................ 30 160 365 AT 30
TATTOO AN-EXPT SEX BLOCK DATE DAYS KC RANK UCIIO UCI ,IKG U INITIAL DAYS DAYS DAYS DEATH DAY

249C 02-540 N D 68215 422 8.8 52 900 7900 33 290 .17 .086 .0022 .00002 3.
266A 03-558 N E 68330 435 9.1 53 890 8100 33 300 .16 .079 .0015 .00004 3.
248C 02-539 F C 68214 427 8.3 54 M8 7300 33 270 .16 .076 .0011 .00002 3.
241C 01-522 N A 68164 418 9.7 C
2440 01-523 F B 68165 403 7.2 C
251D 01-539 F C 68214 408 6.8 C
2471 01-540 N 0 68215 429 9.4 C
2670 02-558 F F 68330 435 7.4 C
2706 01-558 N E 68330 423 8.4 C
274E 01-560 F N 68354 419 7.1 C
277A 02-560 N G 68354 392 9.4 C
282A 01-562 N 1 69028 402 8.6 C
283C 02-562 F J 69028 395 8.8 C
282D 02-567 F L 69052 426 6.9 C
286C 01-567 N K 69052 417 8.4 C

UCI/KG REPRESENTS NICROCURIES OF RADIONUCLIDE PER KILOGRAN OF TOTAL BODY WEIGHT.
MEG/KG REPRESENTS NEGABEQUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BOOY WEIGHT.
DOSE RATE AND CUJMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TINE IN DAYS AFTER INHALATION EXPOSURE.
o INDICATES THE DOG DIED BEFORE IT RECEIVED ITS POTENTIAL INFINITE DOSE.
COISENT: D, E. OR S INDICATE THE DOG DIED. WAS EUTHANIZED OR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDINGS ARE INCLU-



'iam DowE To wIoLE soy

'DAY) CORILATIVE (GY)

345 AT 30 160 365 AT DEATH DAYS TO
DAYS DEATN DAYS DAYS DAYS DEATH DATE DEATN CONNNT
...... ....... .... .... .... ..... ..... ....... ............................................

00002 3.4 7.0 7.1 7.1 61015 4549 E-CARCIUOM.UAD0ER
00004 3.3 6.3 6.4 6.4 61056 4475 E-UNMAISBI06CWASPLEEN
00002 3.3 6.1 6.1 6.1 60316 4487 E-LIVEI DlEAE.;CARC.,LIWER;CARC.,LWSG

6233 5263 E-IMTERSTITIAI. hEPURITIS
701061 647 0-NENOLYTIC ANENIA;EIIDOCARDITIS
630M 5319 E-INTERSTITIAL NEPMRITIS
64233 5862 E-PTELONEPHRITIS
79225 3913 D-EMOONETVITIS; PERITONITIS
83364 5513 D-AOENOCAXCINONA,PMOSTATE
7754 3066 D-CARCINOMNANUMRY GLAND
75239 2442 D-REMAL NPIYLOIDOSIS
34130 5580 E-TNOWIO$ISAORtTA
65199 6015 D-SlOUCH WLOALVEOLR CARC. ,LUIIG
7803 3265 E-REEAL FAILURE;LMENIA
62011 4707 E-PYELOUEPVRITIS

T FINDINGS ARE INCLUDED.
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A.7 *Y in Fused Alumlnoallicate Particles, Longevity Study

BETA RADIATION DOM T
INHALATION f .........................

DOG IDENTIFICATION ------- .-.-.-. I.L.B. RATE (GY/MIN) COUNIAS......... * ' ' - G T °.... °..... .AG WT............-- - - - - - - - - - - - - --............... .°° * ° ........ . .

TATTOO Ai-EXPT SEX BLOCK DATE DAYS KG NSA/KG KG RANK IUCI/KG UCI NBQ/KG N0 INITIAL AT DEATH INFIN.
....... o ...... .. .... - - - - -- - - - --...... - - - - - - - - - - - - - --..... .... . . . . . . . . . . . . . . . . . . . ........ . .....

333A 02-661 N A 69266 415 10.3 230. 2300 01 5200 53000 190. 2000 .15 .030 810#
333T 01-661 F I 69266 415 8.6 180. 1600 02 3600 31000 130. 1100 .10 .005 570+
3475 02-684 F 0 69322 379 9.8 130. 1300 03 2800 27000 100. 1000 .080 440
340C 03-684 N C 69322 419 10.6 130. 1400 04 2600 28000 96. 1000 .076 410
332V 01-662 F 8 69267 418 5.5 150. 850 05 2400 13000 89. 480 .060 370
339A 04-684 N C 69322 422 9.8 89. 850 06 1900 19000 70. 700 .056 300
335S 03-661 F 5 69266 399 9.7 96. 930 07 1900 18000 70. 670 .055 290
334A 04-661 N A 69266 406 11.4 85. 960 08 1700 19000 63. 700 .048 270
341T 03-685 F D 69323 417 9.0 93. 810 09 1700 15000 63. 560 .048 270
340U 01-684 F D 69322 419 9.8 170. 1700 10 1600 16000 59. 590 .048 250
341C 02-685 N C 69323 417 10.1 67. 670 11 1500 15000 56. 560 .0" 240
3403 05-685 N C 69323 420 10.6 63. 670 12 1400 15000 52. 560 .042 230
3348 02-662 N A 69267 407 10.6 70. 740 13 1400 15000 52. 560 .041 230
332T 04-662 F B 69267 418 8.0 70. 560 14 1400 11000 52. 410 .041 220
347B 04-685N C 69323 380 8.5 56. 480 15 1300 11000 48. 410 .038 200
335A 03-662 K A 69267 400 9.6 59. 560 16 1100 11000 41. 410 .032 180
343V 01-685 F D 69323 395 7.1 96. 670 17 1100 7500 41. 280 .030 170
406U 04-820 F H 70258 409 8.4 52. 440 18 1100 8800 41. 330 .030 170
3395 05-662 F o 69267 367 7.7 67. 520 19 1000 7800 37. 290 .029 170
406A 03-820 N G 70258 409 12.0 56. 670 20 980 12000 36. 440 .027 150
44M) 02-874 F L 71089 411 8.4 67. 560 21 900 7600 33. 280 .027 140
439A 03-863 N 1 71053 402 13.1 48. 630 22 850 11000 31. 410 .024 140
343C 03-686 N C 69325 397 9.3 32. 300 23 760 7100 28. 260 .022 120
437T 01-863 F J 71053 406 7.6 30. 230 24 740 5600 27. 210 .022 120
3803 01-746 N E 70124 394 9.0 36. 320 25 730 6600 27. 240 .022 120
4510 04-874 N K 71089 401 9.5 41. 370 26 730 6900 27. 260 .U22 120
403T 02-820 F H 70258 416 6.9 34. 230 27 710 4900 26. 180 .020 110
"449U 01-874 F L 71089 408 5.9 44. 260 28 710 4200 26. 160 .020 110
4523 03-874 N K 71089 401 9.8 41. 410 29 700 6900 26. 260 .020 110
341S 02-686 F D 69325 419 9.8 35. 340 30 690 6800 26. 250 .020 110
413A 01-821 N G 70259 383 11.2 29. 320 31 680 7600 25. 280 .020 110
3336 06-662 N A 69267 416 11.9 36. 440 32 680 8000 25. 300 .019 110
4488 04-863 N 1 71053 375 9.8 31. 310 33 670 6600 25. 240 .019 100
402C 01-820 N G 70258 417 7.0 29. 200 34 660 4700 24. 170 .019 100
404U 03-821 F N 70259 416 5.9 32. 190 35 640 3700 24. 140 .019 100
434T 02-863 F J 71053 415 7.3 30. 220 36 640 4700 24. 170 .019 100
446C 03-864 M 1 71054 380 11.2 25. 280 37 600 6700 22. 250 .018 95
436J 01-864 F J 71054 412 9.1 34. 310 38 590 5300 22. 200 .018 93
371S 03-746 F F 70124 423 7.8 25. 190 39 590 4600 22. 170 .018 93
400T 04-821 F H 70259 426 6.5 21. 130 40 500 3300 1W. 120 .015 79
3786 04-746 N E 70124 410 10.3 26. 260 41 490 5100 18. 190 .014 77
3335 02-663 F B 69268 417 7.6 22. 160 42 460 3500 17. 130 .014 72
450B 03-875 N K 71090 406 9.4 21. 200 43 450 4200 17. 160 .013 71
"446S 04-864 F J 71054 380 8.1 21. 170 44 420 3400 16. 130 .012 66
332C 01-663 M A 69268 419 8.5 19. 160 45 410 3500 15. 130 .012 65
"449S 04-875 F L 71090 409 7.9 21. 160 46 400 3200 15. 120 .012 64
400U 01-817 F H 70251 418 7.6 20. 150 47 400 3000 15. 110 .012 62
411C 02-821 N G 70259 394 9.2 21. 190 48 380 3500 14. 130 .011 60
439C 02-864 N 1 71054 403 9.7 26. 250 49 380 3700 14. 140 .011 60
411D 04-817 M G 70251 386 9.8 16. 150 50 380 3700 14. 140 .011 60
452A 01-875 N K 71090 402 9.6 20. 190 51 380 3600 14. 130 .011 60
"449T 02-875 F L 71090 409 8.2 20. 160 52 380 3100 14. 110 .011 60



BETA RADIATION DOE TO LUNG
o... *...*.......... ..... ............

•. RATE (GY/MIN) CUMJLATIVE (GY)
............... ............................... -DEATH DAYS TO
I NM/KB E0 INITIAL AT [dEATN INFIN. TO DEATH DATE DEATH CUOMENT
.o .~.. o. * .... ~o.. ...... o . . ....... . .... L. . ....... ...... °... . .......... ..... .......-- - - - - - - - - - - - - - - - - - - - - -

190. 2000 .15 .030 810+ 700 69273 7 D-PULMNARY INJURY
130. 1100 .10 .005 570+ 550 69276 12 D-PULNONARY INJURY
100. 1000 .080 440 440 70004 47 0-PULMONARY INJURY
96. 1000 .076 410 410 69353 31 D-PULMONARY INJURY
69. 480 .060 370 370 69342 75 D-PULMONARY INJURY
70. 700 .056 300 300 70021 U 0-PULMONARY INJURY
70. 670 .055 290 290 69336 70 D PULMONARY INJURY
63. 700 .048 270 270 69304 38 E-PULMONARY INJURY
63. 560 .048 270 270 70033 75 0 -PUJLNARY INJURY
59. 590 .048 250 250 70045 88 D-PUUIAONRY INJURY
56. 560 .044 240 240 70i43 85 0-PULMONARY INJURY
52. 560 .042 230 230 70048 90 D-PUJMONARY INJURY
52. 560 .041 230 230 69290 23 D-PULMONAY INJURY
52. 410 .041 220 220 69356 89 E-PULNONARY INJURY
48. 410 .038 200 200 70033 75 D-PULMONARY INJURY
41. 410 .032 180 180 69358 91 0-PULMONARY INJURY
41. 280 .030 170 170 70050 92 D-PULMONARY INJURY
41. 330 .030 170 170 70349 91 D-PULMNOIARY INJURY
37. 290 .029 170 170 69349 82 0-PULM.NARY INJURY
36. 440 .027 150 150 71001 108 D-PULMONARY INJURY
33. 280 .027 140 140 71230 141 D-PULMONARY INJURY
31. 410 .024 140 140 71158 105 D-PULMNUARY INJURY

00 28. 260 .022 120 120 70077 117 D-PULMONARY INJURY
27. 210 .022 120 120 71175 122 D-PULMONARY INJURY
27. 240 .022 120 120 70323 199 0-PULMONARY INJURY
27. 260 .022 120 120 71232 143 D-PULMONARY INJURY
26. 180 .020 110 110 71028 135 D-PULMONARY INJURY
26. 160 .020 110 110 73261 903 0-PULMONARY FIBNOSIS;ADENONALUNG
"26. 260 .020 110 110 71210 121 D-PULMONARY INJURY
26. 250 .020 110 110 70123 163 E-PULMONARY INJURY
25. 280 .020 110 110 71108 214 D-PULMONARY INJURY
25. 300 .019 110 110 70028 126 D-PULMONARY INJURY
25. 240 .019 100 100 77139 2278 E-FIBROSARCONALUNG;OSTEOPATHY
24. 170 .019 100 100 71356 463 D-PULNONARY INJURY
24. 140 .019 100 100 71114 220 D-PULMONARY INJURY
24. 170 .019 100 100 71176 123 D-PULMONARY INJURY
22. 250 .018 95 95 71291 237 D-PULMONARY INJURY
22. 200 .018 93 93 71259 205 D-PULMONARY INJURY
22. 170 .018 93 93 70306 182 0-PULMONARY INJURY
19. 120 .015 79 79 79172 3200 D-CONGESTIVE HEART FAILURE

00 18. 190 .014 77 77 77194 2627 E-BRONC.ALV.CARC.;OSTEOSARC.,VERT.
00 17. 130 .014 72 72 75327 2250 D-BRONCHIOLOALVEOLAR CARCINOMA

17. 160 .013 71 71 80131 3328 D-CARCINOMA,LUNG
16. 130 .012 66 66 77239 2377 E-CARCINOMA;SITE UNDETERMINED
15. 130 .012 65 65 78013 3032 E-SQUAMOUS CELL CARCINOMA,LUNG
15. 120 .012 64 64 84295 4953 D-CONGESTIVE HEART FAILURE
15. 110 .012 62 62 83010 4507 E-ADENOCARCINOMA,MAIUARY
14. 130 .011 60 60 80118 3511 D-HEART FAILURE
14. 140 .011 60 60 80178 3411 E-HEART FAILURE
14. 140 .011 60 60 81247 4014 D-LYMPHOSARCONA,LIVER

00 14. 130 .011 60 60 82146 4074 E-ORAL MELAMOSARCOMA
00 14. 110 .011 60 60 82036 3964 E-MAMMARY CARCINOMA
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A.7 "Y in Fused Aluninoilicate Particles, Longevity Study (continued)

BETA RADIATION DOSE TO LU-
INHALATION EXPOSURE ..............................

DOG IDENTIFICATION ----------------------. I.$.. I.L.B. RATE (GY/NIN) CUMULATIVES.................. AGE WT ............ .... .... ... .... ... .... .. . .... ........ ........... -
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG MUG/KG MUG RANK UCI/IG UCI ISO/KG NI0 INITIAL AT DEATH INFIN. TO 0
-- -- -- --.- .... . ..... .. .. .... ........ ---- --.-- ------. -- - ------ .. .. ... . --- -- -- -- -....... . .. .. .... - -

374T 02-766 F F 70124 414 8.0 17. 140 53 370 3000 14. 110 .011 58
348C 04-686 M C 69325 376 8.7 25. 210 54 360 3200 13. 120 .011 57
343T 01-686 F D 69325 397 8.5 16. 140 55 360 3100 13. 110 .011 57
434S 01-867 F J 71055 417 9.4 16. 150 56 340 3200 13. 120 .0096 53
407S 02-817 F N 70251 402 7.2 16. 120 57 320 2300 12. 85 .0093 51
380) 01-747 M E 70125 395 9.4 15. 140 58 300 2900 11. 110 .0090 48
4066 03-817 N 6 70251 402 12.1 18. 210 59 300 3600 11. 130 .0088 48
4460 04-867 M I 71055 381 11.4 17. 190 60 300 3400 11. 130 .OO8 48
3754 02-747 F F 70125 415 7.6 14. 110 61 290 2200 11. 81 .0088 48
437S 03-867 F J 71055 408 8.4 16. 130 62 280 2300 10. 85 .o0o0 44
"441A 02-867 M I 71055 399 9.0 13. 110 63 270 2400 10. 89 .0079 43
399A 02-818 M 6 70252 422 9.0 10. 93 64 260 2300 9.6 85 .0075 41
3773 03-747 M E 70125 412 9.0 13. 110 65 250 2300 9.3 85 .0072 39
450C 01-876 14 K 71091 407 10.4 10. 100 66 250 2600 9.3 96 .0072 39
339J 04-687 F 0 69328 428 7.2 12. 85 67 240 1700 8.9 63 .0069 38
372S 04-747 F F 70125 423 9.6 12. 110 68 230 2200 8.5 81 .0069 36
3398 01-687 M C 69328 428 9.1 8.5 78 69 230 2100 8.5 78 .0065 36
332S 03-663 F 3 69268 419 8.6 10. 89 70 220 1900 8.1 70 .0065 36
"4MTU 04-876 F L 71091 414 6.6 10. 67 71 220 1500 8.1 56 .0065 34
3353 04-663 14 A 69268 401 9.8 10. 100 72 190 1900 7.0 70 .0056 30
408U 01-818 F H 70252 395 9.0 9.6 89 73 190 1700 7.0 63 .0056 30
438S 01-868 F J 71056 405 9.1 16. 150 74 190 1800 7.0 67 .0055 30
"447B 03-868 1 71056 379 7.3 11. 78 75 180 1300 6.7 48 .0052 28
377S 01-748 F F 70126 413 9.9 7.0 70 76 150 1500 5.5 56 .0043 24
380C 03-748 M E 70126 396 10.2 6.7 70 77 140 1500 5.2 56 .0043 23
339T 02-665 F B 69269 369 6.4 7.0 44 78 130 830 4.8 31 .0038 20
4073 03-818 14 G 70252 403 10.6 7.0 74 79 130 1300 4.8 48 .0037 20
450E 03-876 M K 71091 407 10.2 6.3 63 80 130 1300 4.8 48 .0037 20
"4481 02-876 F L 71091 413 8.3 5.2 44 81 120 960 4.4 36 .0033 19
3434 03-687 N C 69328 400 9.3 4.4 41 82 110 1000 4.1 37 .0033 18
405U 04-818 F H 70252 403 6.8 5.5 37 83 110 720 4.1 27 .0030 17
334C 01-665 M A 69269 409 8.3 5.2 44 84 100 850 3.7 31 .0030 17
436V 04-868 F J 71056 414 7.4 6.7 48 85 100 750 3.7 28 .0029 15
4386 02-868 M 71056 405 8.6 5.5 48 86 98 840 3.6 31 .0028 15
3796 02-748 H E 70126 402 10.7 4.1 44 87 90 960 3.3 36 .0027 14
372T 04-748 F F 70126 424 10.4 3.4 36 88 83 860 3.1 32 .0023 13
340T 02-687 F 0 69328 425 10.2 3.7 41 89 80 810 3.0 30 .0023 13
333E 01-660 M A 69265 414 9.5 C
334T 02-660 F B 69265 405 8.5 C
348S 02-683 F D 69321 372 9.0 C
3496 01-683 H C 69321 372 12.2 C
378A 01-745 M E 70121 407 11.6 C
383U 02-745 F F 70121 375 6.0 C
401A 02-812 H G 70247 413 9.2 C
407T 01-812 F H 70247 398 8.0 C
438U 02-862 F J 71050 399 7.8 C
"4419 01-862 N I 71050 394 8.6 C
"44N' 02-873 F L 71085 408 6.6 C
448A 01-873 M K 71085 407 10.0 C

UCI/KG REPRESENTS MICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
UGC/KG REPRESENTS MEGASERUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.

DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
+ INDICATES THE DOG DIED BEFORE IT RECEIVED ITS POTENTIAL INFINITE DOSE.
COMMENT: 0, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDINGS ARE INCLUI



ETA IRDIATION DOSE TO LUNG
........ o.. .... ....................

RATE (GY/NIN) CUMSLATIVE (GY)S................ ............... DEATH DAYS TO
INITIAL AT DEATH INFIN. TO DEATH DATE DEATH COIENT
........ o ....... ...... ........ ..... ....... ... .......... ...... ** .*.... ..... ..... .... *.....

.011 56 56 81195 4089 0-PULMNNARY F 11R IS; CARCINA, LUNiG

.011 57 ST 84213 5366 E-SRONCNIOLOALVEOLAR CARCINMNA,LUNG

.011 57 57 80231 3923 D-HENOLYTIC ANENIA

.0096 53 53 U2295 4258 D-CONGESTIVE HEART FAILURE

.0093 51 51 83062 4559 E-INTERSTITIAL PNEUIONIA

.0090 48 48 79189 3351 D-UIENIA

.0068 48 48 60197 3596 D-INTERSTITIAL PNEUNONIA

.0086 48 48 81124 3722 E-LYNPNOSARCONAfLIVER

.00D6 48 48 83341 4964 E-ADENOCARCINONANANNARY LAND

.0080 4 44 64221 4914 E-ADEHOCARCI NONA, NASAL

.0079 43 43 86013 5437 E-CARCINONA, LUNG

.0075 41 41 81290 4056 0-RENAL TUIORS

.0072 39 39 85254 5608 E-*NEANGAIOSARCONA,*SUSCLE

.0072 39 39 84164 4821 D-SOUANOUS CELL CARCINONATONSIL

.0069 38 38 80325 4014 E-ADENOCARCINOMA,NAARY GLAND

.0069 36 36 83084 4707 D-ADENOCARCINONAJEJUNUM

.0065 36 36 81263 4318 D-RENAL ANYLOIDOSIS

.0065 36 36 85069 5665 E-CARCINOMA,LUNG

.0065 34 34 82209 4136 D-EPILEPSY

.0056 30 30 80293 4042 D-MENINGIOMA

.0056 30 30 82105 4236 E-PITUITARY TUMOR

.0055 30 30 82134 4096 E-LYMPHOSARCOMA

.0052 28 28 82348 4310 D-HISTIOCYTIC LYNPHOSARCONALIVER

.0043 24 24 85019 5372 E-CARCINOMA,NADUARY GLAND

.0043 23 23 79058 3219 D-ENCEPNALITIS

.0038 20 20 61189 4303 E-THROPMOEPNSOLISM

.0037 20 20 86086 5678 E-DEGENERATIVE DISC DISEASE

.0037 20 20 87006 5759 E-LYMPHOSARCOMASKIN

.0033 19 19 81230 3792 D-ENOHDETRITIS;CARCINONA,LUNG

.0033 18 18 64349 5499 D-CONGESTIVE HEART FAILURE

.0030 17 17 83266 4762 O-ENTERITIS

.0030 17 17 82018 4497 E-DISC PROTRUSION

.0029 15 15 84122 4814 E-CARCINOMA,MANHARY GLAND

.0028 15 15 82288 4250 D-HISTIOCYTIC LYNPHOSARCONA,SPLEEN

.0027 14 14 61042 3934 D-PROSTATITIS;CARCIMNMA,SALIVARY

.0023 13 13 81285 4177 D-HEPATIC DEGENERATION

.0023 13 13 82208 4628 D-PANCREATIC ISLET CELL CARCINOMA
82084 4567 E-REHAL ATROPHY
81005 4123 E-NECROTIZING ARTERITIS
82174 4601 E-CARCINOMA,LUNG
85265 5788 D-CONGESTIVE HEART FAILURE
83223 4850 E-CARCIHNOA,LUNG
85154 5512 E-NEPHROSCLEROSIS
83179 4680 D-CARCINOMA,LUNG
85114 5346 E-CARCINONA,LUMG
86041 5470 D-THROMSOSIS,LUNG
83067 "400 E-OSTEOSARCONA, SACRUN; CARCINOMA, PROSTATE
81090 3658 D-ACCIDENTAL DEATH
84080 4743 D-NEPHRITIS,CNRONIC

M EXPOSURE.

LY. PROMINENT FINDINGS ARE INCLUDED.
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A.8 91Y In Fused Aluminosilicate Ptrtic.s, Longevity Study

INHALATION EXPOSURE DOSE RATE (CG
DOG IDENTIFICATION .---- -. ,.,. I.L.U. ....................
... o.. 0.. ......... AGE WT ............. ............................---- 60 120

TATTOO AN-EXPT SEX BLOCK DATE DAYS KG MNG/KG MUG RANK UCI/KG UCI NMG/KG NW INITIAL DAYS DAYS
-- - - - -- - - -- - - - - - - - -.. .... -- - ----... .. . -- -- ----- -- -- . .. ... .. . .. . . ... .. .. . ... .. .. . .. .. . .. ...--

386T 04-759 F D 70154 400 13.5 37. 520. 01 360 4900 13. 180. 9.9 4.4
375A 01-722 N A 70079 369 10.4 32. 330. 02 320 3300 12. 120. 8.8 3.6 1.5
384A 02-758 N C 70153 404 12.0 28. 340. 03 300 3600 11. 130. 8.3 3.9 1.8
383S 01-760 F B 70155 409 11.0 31. 340. 04 300 3300 11. 120. 8.3 3.6 1.5
384S 02-759 F B 70154 405 10.9 26. 280. 05 300 3300 11. 120. 8.2 3.6 1.6
372A 03-724 N A 70062 380 11.2 25. 280. 06 270 3100 10. 110. 7.5 3.2 1.3
3848 03-758 N C 70153 404 10.2 24. 240. 07 260 2700 9.6 100. 7.2 3.2 1.4
392U 01-761 F D 70156 368 9.4 17. 160. 08 260 2400 9.6 89. 7.1 3.2 1.4
385A 03-759 N C 70154 401 11.0 13. 140. 09 230 2600 8.5 96. 6.4 2.8 1.2
393S 01-758 F B 70153 362 10.8 14. 160. 10 210 2300 7.8 85. 5.7 2.5 1.1
374A 03-722 N A 70079 369 10.8 11. 110. 11 200 2100 7.4 78. 5.3 2.4 1.1
387V 02-760 F 0 70155 399 7.1 15. 100. 12 190 1300 7.0 48. 5.2 2.3 1.0
489C 01-951 N K 71257 383 7.6 13. 100. 13 190 1500 7.0 56. 5.2 2.2 0.96
484E 01-953 N K 71259 398 9.1 11. 100. 14 180 1700 6.7 63. 5.1 2.1 0.90
423C 03-835 N E 70342 391 8.9 8.5 74. 15 170 1500 6.3 56. 4.6 2.0 0.86
426S 04-834 F F 70341 386 7.9 12. 96. 16 170 1300 6.3 48. 4.3 1.9 0.81
491A 04-952 N 1 71258 369 9.8 14. 140. 17 170 1700 6.3 63. 4.7 2.0 0.84
483T 04-951 F L 71257 396 6.4 10. 63. 18 170 1100 6.3 41. 4.5 2.0 0.88
484S 03-952 F J 71258 397 7.2 14. 96. 19 170 1200 6.3 44. 4.5 1.9 0.82
3743 01-724 N A 70082 372 9.4 12. 110. 20 160 1500 5.9 56. 4.3 1.9 0.82
3850 01-759 N C 70154 401 9.4 13. 120. 21 160 1500 5.9 56. 4.3 1.9 0.84
385s 04-758 F B 70153 400 8.8 17. 150. 22 150 1300 5.5 48. 4.0 1.8 0.78
420C 01-834 N G 70341 401 10.9 13. 140. 23 150 1700 5.5 63. 4.2 1.9 0.84
419V 04-835 F H 70342 415 7.1 6.3 44. 24 150 1100 5.5 41. 4.2 1.8 0.79
4915 01-952 N 1 71258 369 9.0 7.4 67. 25 150 1300 5.5 48. 4.1 1.7 0.72
390V 02-761 F D 70156 376 7.6 17. 130. 26 140 1100 5.2 41. 3.8 1.7 0.77
492A 03-956 N I 71264 374 11.3 11. 120. 27 140 1500 5.2 56. 3.7 1.5 0.60
422C 02-834 N E 70341 397 10.8 7.4 81. 28 130 1400 4.8 52. 3.7 1.6 0.69
485U 02-951 F J 71257 395 6.2 8.1 52. 29 130 830 4.8 31. 3.6 1.5 0.65 .
489B 01-954 N K 71260 386 10.0 8.9 89. 30 130 1300 4.8 48. 3.6 1.5 0.64 .
420U 01-836 F F 70343 403 7.3 9.3 67. 31 120 880 4.4 33. 3.3 1.5 0.66
4208 01-837 N G 70344 404 10.4 7.8 81. 32 120 1300 4.4 48. 3.3 1.5 0.64
422S 02-835 F H 70342 398 11.3 10. 120. 33 120 1400 4.4 52. 3.3 1.4 0.58
490T 02-952 F J 71258 370 7.9 5.2 41. 34 120 920 4.4 34. 3.2 1.4 0.62 .
430A 01-835 N E 70342 372 11.6 21. 240. 35 110 1200 4.1 44. 3.0 1.3 0.60
425T 03-834 F F 70341 387 8.2 13. 110. 36 110 940 4.1 35. 3.3 1.4 0.61 .
484V 04-953 F L 71259 398 6.0 6.7 41. 37 110 680 4.1 25. 3.0 1.3 0.56 .
3768 02-724 N A 70082 370 8.4 10. 85. 38 110 900 4.1 33. 3.0 1.3 0.56 .
4228 03-838 M E 70348 404 11.4 5.9 67. 39 110 1200 4.1 44. 2.9 1.3 0.56 .
428A 02-841 M G 70351 393 9.4 7.4 70. 40 110 1100 4.1 41. 3.1 1.3 0.57 .
4848 03-951 N 1 71257 396 8.6 6.3 56. 41 110 930 4.1 34. 2.9 1.2 0.52 .
489S 02-956 F J 71264 390 8.1 6.7 52. 42 110 890 4.1 33. 3.0 1.3 0.52 .
387S 01-767 F 0 70162 406 7.7 12. 96. 43 100 800 3.7 30. 2.8 1.2 0.51
419T 02-838 F F 70348 421 7.8 9.3 70. 44 100 800 3.7 30. 2.8 1.2 0.54
490S 03-954 F L 71260 372 8.1 7.0 56. 45 100 850 3.7 31. 2.9 1.2 0.51
390T 04-766 F B 70161 381 8.6 7.4 63. 46 97 830 3.6 31. 2.6 1.2 0.51
4830 02-953 N 1 71259 398 7.7 5.2 41. 47 94 720 3.5 27. 2.5 1.1 0.48 .
490A 02-954 M K 71260 372 9.2 5.5 52. 48 92 840 3.4 31. 2.5 1.1 0.45
492S 04-956 F 1 71264 374 8.0 10. 85. 49 90 720 3.3 27. 2.5 0.94 0.36 .
428S 03-837 F H 70344 386 7.1 7.8 56. 50 89 640 3.3 24. 2.5 1.1 0.51 .
4840 01-956 M 1 71264 403 7.7 6.3 48. 51 88 670 3.3 25. 2.4 1.0 0.44
48W 03-953 F L 71259 389 8.5 4.4 41. 52 87 740 3.2 27. 2.4 1.0 0.45 -

420A 04-841 N E 70351 411 12.4 7.8 96. 53 82 1000 3.0 37. 2.2 1.1 0.51
383C 01-766 N C 70161 415 10.1 5.9 59. 54 80 820 3.0 30. 2.2 0.95 0.41 .
432A 04-838 N E 70348 367 9.7 4.8 44. 55 80 780 3.0 29. 2.2 0.99 0.44 .0



ETA RADIATION DOSE TO LUNG
u,........ o....o... ..... ........ ........ ..... .... *... ...........

DOW RATE (GY/DAY) CUNULATIVE (GY)
w........... ...... o...... ..... ........... ..... .................

60 120 365 AT 60 120 365 POTENT. TO DEATH DAYS TO
DAYS DAYS DAYS DEATN DAYS DAYS DAYS INFIN. DEATH DATE DEATH COIMENT

4.4 2.1 410 730. 570 70267 113 D-PUSMONARY INJUY
3.6 1.5 1.1 350 490 590+ 510 70219 140 D-PULMRY INJURY
3.9 1.8 0.69 350 510 650+ 600 70347 194 0-PULMOSNAY INJRU Y
3.6 1.5 0.85 340 480 590. 530 70317 162 0-PULMONARY INJURY
3.6 1.6 0.51 340 480 600+ 560 70356 202 D-PULMONARY INJURY
3.2 1.3 0.53 30 430 520. 490 70267 185 D-PULIONARY INJURY
3.2 1.4 0.30 300 430 530. 510 71024 236 D-PULNONARY INJURY
3.2 1.4 0.91 290 420 530+ 460 70309 153 D-PUILMONARY INJURY
2.8 1.2 0.59 260 380 460. 420 70327 173 D-PULJONARY INJURY
2.5 1.1 0.48 230 330 410. 370 70330 177 D-PUUIONARY INJURY
2.4 1.1 0.75 220 320 400+ 340 70226 147 -PULMONARY INJURY
2.3 1.0 0.96 210 300 380+ 310 70278 123 D-PULMONARY INJURY
2.2 0.96 0.078 210 300 370 370 72190 296 D-PULMONARY INJURY
2.1 0.90 0.24 200 290 350. 340 72107 213 D-PULMONARY INJURY
2.0 0.86 0.49 190 270 330+ 290 71137 160 D-PULHONAMY INJURY
1.9 0.81 0.28 180 250 310+ 290 71172 196 0-PULMONARY INJURY
2.0 0.84 0.29 190 270 330. 310 72069 196 D-PULMONARY INJURY
2.0 0.88 0.041 180 270 330 330 72238 346 D-PULNONARY INJURY
1.9 0.82 0.39 180 260 320+ 290 72065 172 D-PULMONARY INJURY
1.9 0.82 0.64 180 250 310. 260 70219 137 D-PULMOINARY INJURY
1.9 0.84 0.36 180 260 320+ 290 70335 181 D-PULMONARY INJURY
1.8 0.78 0.097 160 240 290 290 71062 274 D-PULMONARY INJURY
1.9 0.84 0.55 170 250 310+ 270 71128 152 D-PULMONARY INJURY
1.8 0.79 0.50 170 240 300+ 270 71130 153 0-PULMONARY INJURY
1.7 0.72 0.30 160 230 280. 260 72074 181 E-PULONOARY INJURY
1.7 0.77 0.13 160 230 290+ 280 71043 252 E-PULNONARY INJURY
1.5 0.60 0.14 140 200 240. 230 72115 216 0-PUULoNARY INJURY
1.6 0.69 0.30 150 210 260+ 240 71155 179 0-PULMONARY INJURY
1.5 0.65 .019 150 210 250 250 250 74276 1115 D-SONCHIOLDALVEOLAR CARCINOMA
1.5 0.64 .019 140 200 250 250 250 75234 1435 E-HEMANGIOSARCONA,T7LN; *.A.CARCINONA
1.5 0.66 0.42 140 200 250. 220 71137 159 E-PULNONARY INJURY
1.5 0.64 0.30 140 200 240+ 220 71153 174 O-PULMONARY INJURY
1.4 0.58 0.27 130 190 230+ 210 71150 173 D-PULMONARY INJURY
1.4 0.62 .022 130 190 230 230 230 76293 1661 0-NRONCHIOLOALVEOLAR CARCINOMA
1.3 0.60 0.059 120 180 220 220 71272 295 E-PULMOMNAY INJURY
1.4 0.61 .020 130 190 230 230 230 74268 1388 D-ADENOCARCINONA,BRONCHOGENIC
1.3 0.56 .015 120 180 210 210 210 75178 1380 E-COMSINED SQUNA.CELL-B.A.CARC.
1.3 0.56 .018 0.00004 120 170 210 210 210 72162 810 0-PULMONARY INJURY
1.3 0.56 .020 120 170 210 210 210 73263 1011 D-PULMONARTY INJURY
1.3 0.57 .018 0.00016 130 180 220 220 220 72325 704 D-PULNONARY INJURY
1.2 0.52 .015 120 170 200 200 200 75136 1342 D-iRONCHIOLOALVEOLAR CARCINOMA
1.3 0.52 .015 120 170 200 210 210 76321 1883 E-BRONCHIOLOALVEOLAR CARCINOMA
1.2 0.51 .016 110 160 200 200 200 77119 2514 D-BRONCHIOLOALVEOLAR CARCINOMA
1.2 0.54 0.35 110 170 200+ 180 71135 152 D-PULMONARY INJURY
1.2 0.51 0.15 110 160 200+ 190 72101 206 D-PULMONARY VASCULAR INJURY
1.2 0.51 .018 110 160 190 190 190 76307 2337 E-BRONCHIOLOALVEOLAR CARCINOMA
1.1 0.48 .016 100 150 180 180 180 79319 2982 E-CARCINONA,LUNG
1.1 0.45 0.43 100 140 180. 150 72019 124 D-PULMONARY VASCULAR INJURY
0.94 0.36 .0070 95 130 150 150 150 81035 3424 D-CARCIlONA,LUNG
1.1 0.51 .020 100 150 190 190 190 77163 2376 0-SQUNMOUS CELL CARCINONA,LUNG
1.0 0.4" .014 96 140 170 170 170 80207 3230 D-CARCINONA,LUNG
1.0 0.45 .013 97 140 170 170 170 77356 2289 D-SQUAMOUS CELL CARCINOMA, LUNG
1.1 0.51 .024 0.011 95 140 180 180 180 72047 426 0-PULMONARY INJURY
0.95 0.41 .013 90 130 160 160 160 77353 2749 E-SQUAMOUS CELL CARC. AND OSTEOSARC.,LUNG
0.99 0."4 .017 90 130 160 160 160 80198 3502 E-CARCINOMA,LUNG
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A.8 *1V in Fused Aluminosilicate Particles, Longevity Study (continued)

BETAS.................. .. °.°... ..

INHALATION EXPOSURE DOSE RATE (GY/DAY)

DOG IDENTIFICATION --------------------- I... .L.. ...........................
.................. AGE WT -------------................................ 60 120 365

TATTOO AN-EXPT SEX BLOCK DATE DAYS KG MBO/KG MOO RANK UCI/KG UCI MIUI/KG MO INITIAL DAYS DAYS DAYS
S.--.-----.-----.----.----.------------ - ---- ------ ----- ------- ----- -------- ......... ..

426A 01-838 N G 70348 393 11.5 5.9 70. 56 79 910 2.9 34. 2.2 0.96 0.42 .015

485W 04-954 F 1 71260 398 6.6 4.8 32. 57 76 500 2.8 19. 2.1 0.96 0.46 .021

422T 03-841 F F 70351 407 9.9 8.5 85. 58 75 740 2.8 27. 2.0 0.93 0.42 .017

425S 04-837 F H 703"4 390 10.5 10. 100. 59 73 760 2.7 28. 2.0 0.88 0.39 .014

491S 02-958 F J 71265 376 8.1 4.1 33. 60 69 560 2.6 21. 1.9 0.75 0.30 .0075

426T 02-837 F F 70344 389 7.4 7.4 56. 61 67 490 2.5 18. 1.8 0.79 0.34 .012

487B 01-958 N K 71265 396 7.2 5.2 37. 62 59 430 2.2 16. 1.6 0.72 0.32 .012

391T 02-766 F D 70161 375 8.4 7.0 59. 63 59 500 2.2 19. 1.6 0.70 0.31 .010

3829 03-766 M C 70161 417 6.8 4.4 31. 64 57 390 2.1 14. 1.6 0.69 0.30 .011

431A 01-839 N E 70349 376 10.1 3.7 37. 65 49 500 1.8 19. 1.3 0.59 0.26 .0089

492C 03-958 N I 71265 375 7.2 3.4 24. 66 47 340 1.7 13. 1.3 0.54 0.23

421T 02-836 F F 70343 402 9.6 4.4 41. 67 45 430 1.7 16. 1.2 0.54 0.24 .0091

489T 04-958 F L 71265 391 7.7 3.6 28. 68 44 340 1.6 13. 1.2 0.50 0.21 .0060

396X 03-767 F 8 70162 363 7.9 7.4 59. 69 44 340 1.6 13. 1.2 0.57 0.27 .012

430C 04-836 M G 70343 373 7.9 3.3 26. 70 42 340 1.6 13. 1.1 0.48 0.20 .0058

428T 02-840 F H 70350 392 5.7 4.1 23. 71 41 230 1.5 8.5 1.1 0.49 0.22 .0076

4888 04-959 N I 71266 396 8.1 2.1 17. 72 39 310 1.4 11. 1.0 0.47 0.21 .0078

3725 02-722 N A 70079 377 11.6 10. 110. 73 35 400 1.3 15. 0.93 0.38 0.15 .0037

387U 02-767 F S 70162 406 7.8 3.4 27. 74 34 260 1.3 9.6 0.91 0.39 0.17 .0059

396S 04-767 F D 70162 363 8.8 2.9 26. 75 33 300 1.2 11. 0.93 0.42 0.19 .0075

4890 02-959 M K 71266 392 9.6 2.4 23. 76 33 320 1.2 12. 0.91 0.37 0.15 .0041

424S 03-839 F H 70349 398 9.3 1.4 13. 77 31 290 1.1 11. 0.85 0.37 0.16 .0058

488S 01-960 F J 71267 397 7.3 2.8 21. 78 31 230 1.1 8.5 0.85 0.37 0.16 .0050

386A 03-763 N C 70159 405 11.0 1.4 16. 79 30 330 1.1 12. 0.83 0.37 0.17 .0063

376A 03-725 N A 70084 372 8.4 1.5 13. 80 29 240 1.1 8.9 0.80 0.34 0.15 .0055

4200 03-836 N E 70343 403 9.3 4.1 37. 81 27 250 1.0 9.3 0.72 0.32 0.15 .0055

429S 04-839 F F 70349 382 10.2 3.2 33. 82 27 270 1.0 10. 0.72 0.32 0.14 .0048

484T 03-960 F L 71267 406 6.3 2.5 16. 83 27 180 1.0 6.7 0.73 0.30 0.12 .0030

383V 04-763 F D 70159 413 7.3 1.9 14. 84 23 170 0.85 6.3 0.64 0.27 0.11 .0036

422A 02-839 N G 70349 405 11.6 1.4 16. 85 19 230 0.70 8.5 0.53 0.23 0.096 .0029

425A 01-840 N G 70350 396 9.1 2.1 19. 86 19 180 0.70 6.7 0.52 0.23 0.10 .0039

487S 04-960 F J 71267 398 6.6 1.7 11. 87 19 130 0.70 4.8 0.52 0.23 0.099 .0042

420S 04-840 F H 70350 410 7.6 1.6 12. 88 18 140 0.67 5.2 0.50 0.23 0.11 .0045

382C 02-763 N C 70159 415 7.4 1.0 7.4 89 18 130 0.67 4.8 0.49 0.21 0.091 .0037

487A 03-959 M I 71266 397 8.1 1.1 8.9 90 16 130 0.59 4.8 0.42 0.19 0.083 .0030

4928 02-960 M K 71267 377 8.9 1.1 10. 91 16 140 0.59 5.2 0.43 0.18 0).078 .0023

485T 01-959 F L 71266 404 7.4 1.0 7.4 92 16 120 0.59 4.4 0.41 0.19 0.086 .0035

373A 02-725 N A 70084 378 9.0 1.4 12. 93 15 140 0.55 5.2 0.42 0.18 0.074 .0027

383W 01-763 F B 70159 413 7.8 1.6 13. 94 14 110 0.52 4.1 0.39 0.16 0.066 .0028

423U 03-840 F F 70350 399 8.3 1.3 8.1 95 13 110 0.48 4.1 0.35 0.15 0.066 .0022

4329 01-841 N E 70351 370 8.1 0.93 7.8 96 11 92 0.41 3.4 0.31 0.14 0.065 .0026

370A 01-725 N A 70084 393 9.6 C
3813 03-755 N C 70147 414 11.2 C
385T 01-755 F B 70147 394 8.1 C
389W 02-755 F D 70147 381 8.4 C
420T 01-833 F H 70338 398 8.7 C
424A 02-833 M E 70338 387 9.8 C
428U 04-833 F F 70338 380 6.3 C
4318 03-833 M G 70338 365 9.2 C
483A 02-950 M K 71256 395 9.1 C
485S 03-950 F 1 71256 394 8.3 C
488C 04-950 M 1 71256 386 8.2 C
488T 01-950 F L 71256 386 8.6 C
**K REPRESENTS *t OF R U PER KLR OF T BD Y WEIGHT

JCI/KG REPRESENTS MICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
NBQ/KG REPRESENTS NEGABEQUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BGOY WEIGHT.

DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TINE IN DAYS AFTER INHALATION EXPOSURE.
+ INDICATES THE DOG DIED BEFORE IT RECEIVED ITS POTENTIAL INFINITE DOSE.
COMMENT: D, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDINGS ARE INCLU



ETA RADIATION DONE TO LUNG
FRA-M'.... oC **...........e .... o....... ooo.LA''V o..o. ('" e........RATE COT/SAT) CUSI.ATIVE C6Y)

120 365 AT 60 120 365 POTENT. TO DEATH DAYS TO
DAYS SAYS DEATH SAYS DAYS DAYS 1iNFI. DEATH DATE DEATH COMEINT

0.42 .015 89 130 160 160 160 75135 1613 D-COUINED SQUMOUS CELL-N-A-CAMCINlNA
0.46 .021 W 130 160 170 170 792 290 D-PULOARY INJURY
0.42 .017 85 120 150 160 160 73212 2783 D-5*A-CARCIDl AM OSTEOS6ARC ,LUNS
0.39 .014 81 120 140 150 150 76263 2841 E-S.•MUM CELL-S-A-CARCINON, LUNiG
0.30 .0075 74 100 120 120 120 60356 3380 E-CAtCINOAM, LUNO
0.34 .012 74 110 130 130 130 80340 3648 E-CAMCIONA,NMUA1WY;:CARCINHALUNG
0.32 .012 67 97 120 120 120 64206 4699 E-MUIICNIOLOALVEOLAR CARCIUOMLUNG
0.31 .010 65 94 120 120 120 81169 4026 E-CARCINMMADEDAL CORTEX
0.30 .011 64 92 110 110 110 60155 3646 D-CARCIOM.,LUNG
0.26 .0069 55 79 97 97 97 76005 1647 E-HNENIGIOSARC00A*SPLEEN
0.23 0.093 52 74 90. 83 72063 183 D-PULNONARY VASCULAR lJURY
0.24 .0091 50 72 90 91 91 84019 4789 E-FIERMSAVAGINA
0.21 .0060 47 67 81 82 82 86055 5269 E-VERTEURAIL FRACTUIE
0.27 .012 51 75 95 96 96 79021 3146 E-HNi[WGIOSMACONA.HEART
0.20 .0058 46 65 78 79 79 82337 4377 D-CARCINHWM,COLON
0.22 .0076 45 65 81 61 81 84284 5047 E-ADENOCARCINONANIMMARY GLAND
0.21 .0078 43 62 77 78 78 86359 5572 D-CARCINM,LLWI
0.15 .0037 37 52 61 62 62 60270 3843 0-GRNIALONATOUS INFECTION
0.17 .0059 37 53 64 64 64 61182 4038 E-CARCI NONAIMRY GLAND
0.19 .0075 38 56 70 70 70 83165 4751 D-CARCINONA,LUiG
0.15 .0041 36 51 61 61 61 84344 4826 D-CONGESTIWE FAILURE,*EART
0.16 .0058 35 50 62 62 62 82307 4341 E-CARCINONALUNG
0.16 .OSO 34 49 60 60 60 86294 5506 D-SEPTICEMIA
0.17 .0063 34 49 61 62 62 83124 4713 E-CARCINONA,LUNG
0.15 .0055 32 46 56 56 56 79187 3390 E-TUMOR, NASAL CAVITY
0.15 .0055 30 43 54 54 54 86220 5721 E-NEART FAILURE
0.14 .0048 30 42 52 53 53 864047 4811 E-BIOMCNIOLAL.VEOLAR CARCINONALUNG
0.12 .0030 29 40 48 48 48 83105 4221 O-RCtMlONA,LUIG
0.11 .0036 26 36 aw 44 83221 4810 E-ADElOCARCIN0NA•N, NARY
0.096 .0029 21 31 37 37 37 86129 5624 E-CARCINONALtMG
0.10 .0039 21 31 39 39 39 79125 3062 E-TiMOR, PITUITARY
0.099 .0042 21 30 38 38 38 83270 4386 E-CARCINONALUiG
0.11 .0045 21 31 39 39 39 82177 4210 D-CARCIHNOA.LADOER
0.091 .0037 20 28 35 35 35 84182 5136 E-ADEVOCARCINM,LUNG
0.083 .0030 17 25 31 31 31 83115 4232 E-CARCINOMALUNG
M.078 .0023 17 25 30 30 30 84117 4596 E-ADENOCARCINWOA,PERIANAL GLAND

0.086 .0035 17 25 31 31 31 85204 5052 D-ADEHOCARCIHONANAISARY GLAND
0.074 .0027 17 24 29 29 29 84043 5072 0-HEART FAILURE
0.066 .0028 16 22 26 26 26 84103 5057 E-PYONETRA
0.066 .0022 14 20 25 25 25 64138 4901 E-NEPHRITIS,CHROHIC
0.065 .0026 13 19 24 24 24 83040 437 E-CHOLANGIO HEPATITIS

82091 4390 E-ACCIDENTAL DEATH
86245 5942 E-ADEHGNAPITUITARY
83178 4779 E-ADENOCARCIHNAM,WN WRY
82171 4407 D-PYOIETRA
85165 5306 E-INTERSTITIAL HEPHRITIS
85079 5220 E-PROLAPSED DISC
85017 5158 E-NALIGNANT MELANOMA*OUTH
79060 3029 D-UNDETERNINED
65312 5170 E-NEPHROSCLEROSIS
82001 3763 D-LYMPHADENOPATHY
661" 5367 D-RENAL CALCULI
60332 3363 D-CARCINNA.lLADDER

INGS ARE INCLUDED.
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A.9 144Ce In Fused AMunfdnellcte Partices, Longevity Study (Seie I)

BETA tAD

IIINALATION EXPOSURE DOSE RATE (GY/DAY)
DO6 IDENTIFICATION -------.--.-. I.L.U. ...........................
.................. AGE WT .............-------------------------------- 60 120 365
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG Nl/KG MIO RANIK UCI/KG UCI MUQ/KG IS0 INITIAL DAYS DAYS DAYS IN
... 0... .. 0..... 0... ..... ..... .... ..... -- -- ----- .--- ...... .. -- - ------ -- -. ..... . ... .. . . . ... . ... .

2288 02-490 N C 68029 372 8.4 20. 170. 01 210 1700 7.8 63. 13. 8.8 7.2 7
2105 01-474 N A 67348 419 7.9 16. 130. 02 190 1500 7.0 56. 11. 8.6 6.7 5.
2095 02-474 N A 67348 421 9.1 11. 100. 03 190 1700 7.0 63. 10. 7.7 6.1 4.
2083 01-478 F S 67355 432 11.0 17. 190. 04 180 2000 6.7 74. 10. 8.4 6.7 5
211G 02-478 F I 67355 424 7.5 10. 74. 05 120 890 4.4 33. 6.9 5.3 4.2 3.
226C 01-490 N C 68029 374 7.8 11. 89. 06 96 740 3.6 27. 5.5 4.2 3.2 2
217A 01-491 N C 68030 407 8.8 4.8 41. 07 68 600 2.5 22. 3.8 2.9 2.2 1
211A 03-473 N A 67347 416 8.1 3.7 30. 08 66 540 2.4 20. 3.8 2.9 2.3 1
211E 03-477 F I 67354 423 8.6 4.4 41. 09 51 440 1.9 16. 2.9 2.2 1.7 .66 0
228A 02-491 N C 68030 373 9.9 2.5 25. 10 34 330 1.3 12. 1.9 1.4 1.1 .42 0
211D 02-473 N A 67347 416 7.1 2.0 14. 11 27 190 1.0 7.0 1.5 1.0 0.74 .24 0O
211F 02-477 F 3 67354 423 8.7 1.4 12. 12 19 170 0.70 6.3 1.1 0.79 0.60 .23
223A 03-491 N C 68030 382 9.8 1.3 12. 13 15 150 0.55 5.5 0.89 0.60 0.44 .16
2080 01-477 F I 67354 431 5.9 0.96 5.5 14 15 91 0.55 3.4 0.89 0.68 0.53 .20
209C 01-473 N A 67347 420 9.0 1.0 8.9 15 11 100 0.41 3.7 0.64 0.49 0.38 .15
208A 01-476 N A 67353 430 8.9 C
209D 02-476 F B 67353 426 7.9 C
220C 01-492 N C 68032 391 10.2 C

UCI/KG REPRESENTS NICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
Nil/KG REPRESENTS NEGABEQUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
DOSE RATE AND CUMUJLATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TINE IN DAYS AFTER INHALATION EXPOSURE.

INDICATES THE DOG DIED BEFORE IT RECEIVED ITS POTENTIAL INFINITE DOSE.
COSUENT: 0, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED, RESPECTIVELY. PRONINENT FINDINGS ARE INCLUI4



META LMIATIOH OW To LuIm
I.................... ... °.... ... ... .. °.... ......... .... °...

K RATE (GY/DAy) CWIULATIVE DOSE (GY)

"60 120 365 AT 60 120 365 POTENT. TO DEATN DAYS TOSAYS DAYS DAYS DEATH DAYS DAYS DAYS INFIM. DEATH JATE DEATH CMUENT....... ......... .... ..... .... ....... ..... . .. ...... ...................................

1.8 7.2 7.0 640 1100 6700. 1300 65172 143 D-PuULyImAY INiURY1.6 6.7 5.3 Sao 1000 2700. 1400 66156 173 D-JUMONARY INJURYF.7 6.1 4.7 530 940 2400. 1300 68164 181 D-PULNOIMA ItNJURY1.4 6.7 5.5 560 1000 2900. 1400 68172 182 D-PULmNY itjURY5.3 4.2 3.4 370 650 1700. 840 68161 171 D-IUUIONAY INJURYb.2 3.2 2.4 290 510 1200. 700 68218 189 E-PULNONAMY INJURY1.9 2.2 1.7 200 360 830# 480 61216 166 O-PULMONARY IAJUIY1.9 2.3 1.2 200 360 880+ Sao 68239 257 D-PuIJIONmY INJURYt.2 1.7 .66 0.57 150 270 530 720. 560 69033 410 D-PULMONMY INJURY1.4 1.1 .42 0.015 96 170 340 460 460 71252 1318 E-SIEImiOSARCONALUNG1.0 0.74 .24 0.012 76 130 230 300+ 290 71071 1185 D-HNONBGIOSACOM, LUNG1.79 0.60 .23 56 97 190 250 250 76317 3250 E-OSTEOgSACWALUNG).60 0.44 .16 4 75 140 190 190 74309 2471 E-HNEMIgMODARcNjA,bOiE).68 0.53 .20 47 83 170 220 220 74193 2396 D-NENAGIOMSAONA*SLN.).49 0.38 .15 34 60 120 160 160 79143 4179 E-LYNPNCNA,VISCERAL
82328 5454 D-RENAL ATROPMY
80183 4578 D-RENAL ANYLOIDOSIS
81042 4759 E-SQUMNOUS CELL CARCINONATONSIL

FNDINIGS ARE INCLUID.
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A.1O 144Ce in Fused Aluminosilicate Partices, Longevity Study (Series EiD

INKALAT ION EXPOSURE DOSE
DOG IDENTIFICATION --------------------- I.8.B. I.L.I. .............
.................. AGE WT ................-------------------------------------------- 60
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG NM/KG M0 RANK UCI/KG UCI NBQ/KG nMU INITIAL DAYS. . . . .... ........... .... ..... -- - -----.. . . . .. . . . . . . . . . .. . . . .--- -- - - - - -..- - - - - - - - - - - - - - - - - - - - - - - - . ....

315V 02-595 F D 69149 398 7.2 6.3 44. 01 66. 470. 2.4 17. 3.7 2.7
2968 02-586 N A 69121 399 9.1 4.8 44. 02 65. 590. 2.4 22. 3.7 2.9
327A 01-642 N E 69213 387 9.4 4.4 41. 03 56. 520. 2.1 19. 3.2 2.4
479U 04-947 F L 71225 379 6.8 6.7 44. 04 54. 360. 2.0 13. 3.2 1.9
330S 02-642 F F 69213 374 8.3 4.1 34. 05 53. 440. 2.0 16. 3.0 2.3
297S 03-586 F 1 69121 402 10.4 6.3 67. 06 46. 470. 1.7 17. 2.7 2.0
470A 03-947 M K 71225 397 11.0 2.5 27. 07 44. 480. 1.6 18. 2.7 2.0
"4658 03-918 F J 71176 382 7.9 3.7 30. 08 41. 330. 1.5 12. 2.4 1.8
"465A 04-918 N 1 71176 382 11.4 2.3 26. 09 41. 460. 1.5 17. 2.3 1.8
330U 03-641 F F 69212 373 6.0 3.1 19. 10 37. 220. 1.4 8.1 2.2 1.5
315A 01-595 N C 69149 398 10.9 4.8 15. 11 35. 380. 1.3 14. 2.0 1.3
3306 04-641 N E 69212 373 6.3 2.7 17. 12 34. 220. 1.3 8.1 2.0 1.4
303A 01-586 N A 69121 391 9.5 2.8 27. 13 33. 320. 1.2 12. 1.9 1.4
454A 03-883 N G 71106 402 8.8 2.5 22. 14 32. 280. 1.2 10. 1.9 1.4
453S 04-883 F H 71106 408 8.0 1.4 11. 15 29. 230. 1.1 8.5 1.7 1.3
4648 01-918 N 1 71176 385 9.4 1.7 16. 16 27. 250. 1.0 9.3 1.6 1.1
310T 02-594 F D 69148 402 8.9 4.8 41. 17 26. 230. 0.96 8.5 1.5 1.1
460S 02-918 F J 71176 419 7.9 3.0 23. 18 24. 190. 0.89 7.0 1.5 0.971
480S 02-947 F L 71225 373 8.3 1.9 16. 19 24. 200. 0.89 7.4 1.5 1.0
3128 03-594 N C 69148 399 9.0 1.8 16. 20 24. 210. 0.89 7.8 1.4 1 0
298S 03-585 F 8 69120 398 10.4 2.3 24. 21 23. 240. 0.85 8.9 1.3 0:971
4558 01-883 N G 71106 402 11.7 2.2 26. 22 19. 220. 0.70 8.1 1.1 0.831
471A 01-947 H K 71225 397 7.5 1.3 9.6 23 19. 150. 0.70 5.5 1.2 0.801
453T 02-883 F H 71106 408 6.4 1.7 11. 24 18. 110. 0.67 4.1 1.0 0.751
315U 01-594 F D 69148 397 8.3 1.9 16. 25 18. 150. 0.67 5.5 1.0 0. 771
304S 01-585 F B 69120 386 7.4 1.3 9.6 26 17. 120. 0.63 4.4 0.98 0.72
311B 03-593 N C 69147 400 9.3 0.74 7.0 27 14. 130. 0.52 4.8 0.79 0.57
328T 02-641 F F 69212 385 10.6 0.96 10. 28 13. 140. 0.48 5.2 0.76 0.55
467A 03-916 N I 71175 373 12.2 0.96 11. 29 13. 160. 0.48 5.9 0.77 0.55
467T 04-946 F L 71224 422 6.4 0.67 4.4 30 13. 81. 0.48 3.0 0.78 0.55
2973 02-585 N A 69120 401 9.6 1.9 18. 31 12. 110. 0.44 4.1 0.68 0.45
326C 01-641 N E 69212 391 9.4 0.67 6.3 32 12. 110. 0.44 4.1 0.70 0.51
463A 02-916 N 1 71175 411 10.9 0.74 8.1 33 12. 130. 0.44 4.8 0.74 0.50
4808 03-946 N K 71224 372 8.2 0.74 6.3 34 11. 91. 0.41 3.4 0.68 0.46
454S 04-882 F H 71105 401 9.6 1.5 14. 35 10. 95. 0.37 3.5 0.60 0.4
454E 03-882 M G 71105 401 8.9 0.78 7.0 36 9.8 87. 0.36 3.2 0.60 0.42
305V 02-584 F B 69119 382 6.9 0.67 4.4 37 9.8 67. 0.36 2.5 0.57 0.37
460T 04-916 F J 71175 418 7.4 1.1 12. 38 9.5 70. 0.35 2.6 0.56 0.42
3273 01-640 M E 69211 385 9.0 0.59 5.2 39 8.0 72. 0.30 2.7 0.46 0.32
323V 02-640 F F 69211 408 7.8 0.44 3.4 40 7.8 60. 0.29 2.2 0.45 0.33
3038 03-584 M A 69119 389 6.7 0.63 4.4 41 7.6 51. 0.28 1.9 0.44 0.34
310S 02-593 F D 69147 401 9.1 0.35 3.2 42 6.3 57. 0.23 2.1 0.36 0.26
469S 02-946 F L 71224 397 7.2 0.48 3.4 43 5.8 42. 0.21 1.6 0.35 0.26
4788 01-946 N K 71224 379 9.6 0.37 3.7 44 5.7 54. 0.21 2.0 0.33 0.26
3088 01-593 N C 69147 402 10.3 0.27 2.8 45 5.4 55. 0.20 2.0 0.31 0.23
454C 01-882 M G 71105 401 9.5 0.52 4.8 46 5.4 51. 0.20 1.9 0.32 0.24
464T 01-916 F J 71175 384 7.4 0.44 3.2 47 5.0 37. 0.19 1.4 0.29 0.21
455T 02-882 F H 71105 401 10.4 0.59 6.3 48 4.9 51. 0.18 1.9 0.30 0.21
313S 01-598 F D 69160 411 7.9 0.30 2.4 49 2.4 19. 0.089 0.70 0.14 0.094
2968 01-592 N A 69135 418 10.0 0.14 1.4 50 2.1 21. 0.078 0.78 0.12 0
313C 02-598 M C 69160 411 9.6 0.14 1.4 52 1.8 17. 0.067 0.63 0.10 0

304T 02-592 F 3 69135 401 7.8 0.093 0.70 53 1.6 12. 0.059 0.44 0.092 0.064
324V 03-638 F F 69210 402 7.2 0.14 1.0 54 1.5 11. 0.056 0.41 0.083 0.06•
331A 04-638 N E 69210 370 9.0 0.081 0.74 55 1.3 11. 0.048 0.41 0.073 0.051



ETA RADIATION DOS TO LUNG
-.. **..........o.....o .... o..o.... ....... ..- o ...... ..... ...... ... o. ......

DOSE RATE (GY/DAY) CUNLATIVE DOSE (BY)
.°o... ..... ................. *.** .... ............. ................ .....

60 365 AT 60 365 POTENT. TO DEATH DAYS TO
L DAYS DAYS DEATH DAYS DAYS INFIN. DEATH DA-- DEATH COMMENT
o . . . . ...... .... ............ ...... ..... -------- -- - - ---- --- ------ .. ..... ----------------------------------------.

2.7 1.3 190. 890. + 530. 70030 246 D-PULNJONAY INJURY
2.9 1.5 200. 1000. + 570. 69355 234 D-PULMONARY INJURY
2.4 0.99 170. 840. + SO0. 70121 273 D-PULNONARY INJURY
1.9 .57 0.12 140. 470. 620. + 590. 73204 790 E-HENANGIOSARCONA, LUNG
2.3 0.91 150. 710. + 500. 70127 279 D-PULMONARY INJURY
2.0 .60 0.15 140. 500. 660. + 610. 71141 750 E-NEMANGIOSARC. AMD FIUROSARC.,LUNG
2.0 0.69 140. 530. + 410. 72135 275 D-PULMONARY INJURY
1.8 0.91 120. 460. + 2. 71361 185 O-PUlMONARY INJURY
1.8 0.66 120. 570. + 410. 72122 311 D-PULMONARY INJURY
1.5 .43 0.032 110. 360. 470. + 460. 72194 1077 E-NENANGIOSARCON.,LUNG
1.3 .43 0.060 95. 330. 460. + 430. 71335 916 D-NF.ANGIOSARC. AND S-A-CARCINONA, LUNG
1.4 .38 100. 340. "o. 440. 75334 2313 D-NEN-SARC.,SITE UND.;I-A-CAC., LUNiG
1.4 0.74 96. 390. * 240. 69314 193 D-PULMUONARY VASCULAR INJURY
1.4 .31 0.012 96. 310. 380. 380. 74238 1228 0-PUMIONARY TNRONMOSIS;ANYLOIDOSIS
1.3 .41 0.018 89. 330. 440. + 430. 74236 1226 D-NEN-SARC. -S-A-CARC. -IRONCNO.CA., LUNG
1.1 .29 0.0030 80. 260. 330. 330. 75236 1523 D-ERONCHIOLDALVEOLAR CARCINOMA
1.1 .33 0.079 77. 270. 360. + 340. 71183 765 E-HENANGIOSARCONA,LUNE
0.97 .27 72. 230. 300. 300. 76160 1810 D-NIXED TUORLUNG;S-A-CARCINOMA
1.0 .29 0.0091 73. 250. 320. 320. 75017 1253 E-SQUJAMOUS CELL CARCINONANASAL CAVITY
1.0 .31 0.0015 72. 250. 340. 340. 74217 1895 D-HEMANGIOSARCOMA,SPLEEN
0.97 .29 68. 230. 320. 320. 77199 3001 E-NIXED TUNOR,LUNG; OSTEOSARCOMA, LUNG
0.83 .23 58. 200. 260. 260. 77093 2179 D-EPILEPSY
0.80 .22 57. 190. 250. 250. 77216 2183 E-NHEMNGIOSARCOMA,NKNE
0.75 .20 53. 180. 230. 230. 78277 2728 E- .EMANGIOSARCONA, SPLEEN
0.77 .21 54. 180. 240. 240. 80092 3961 D-ADENOCARCINMA,*LUNG
0.72 .21 0.00018 50. 170. 230. 230. 75256 2327 O*-EMANGIOSARCOMA,LIVER
0.57 .16 0.00060 40. 140. 180. 180. 74295 1974 E-NENANGIOSARCOMA,UOTN HUMERI
0.55 .15 39. 130. 170. 170. 79365 3805 E-GASTROENTEROPATMY
0.55 .14 39. 13. 160. 160. 76112 1763 D-HNEIWGI0SARCOMATSLN
0.55 .17 39. 140. 180. 180. 76147 1749 9-ACCIDENTAL DEATH
0.45 .14 33. 110. 150. 150. 76065 2501 D-PLEURITIS (NOCARDIA SP.)
0.51 .14 36. 120. 160. 160. 78205 3280 E-HEMANGIOSARCOMATIIL
0.50 .14 36. 120. 150. 150. 79102 2849 D-NEMANGIOSARCOMA,*EART
0.46 .14 33. 110. 150. 150. 82125 3919 E-HEMANGIOSARC., TBLN;CARCINOMA, LUNG
0.44 .12 0.0013 31. 100. 130. 130. 75171 1527 D-HENANGIOSARCOMA,HEART
0.42 .12 30. 100. 130. 130. 77278 2365 E-HEMANGIOSARCOMA,DERMIS
0.37 .10 46. 120. 120. 120. 85021 5746 D-CARCINONA,SKIM
0.42 .12 29. 100. 130. 130. 80189 3301 E-CHRONIC TRACHEITIS
0.32 .097 23. 78. 110. 110. 82316 4853 E-CARCINOMA,LUNG
0.33 .0 0.00010 23. 79. 100. 100. 75127 2107 D-NEMXTGIOSARCOMA*TBLN
0.34 .12 23. 86. 120. 12, 76133 2570 E-HEMANGIOSARCOMA, LIVER
0.26 .077 18. 63. 85. 8%. 81049 4285 E-CARCIHOMA,LUNG
0.26 .080 18. 64. 86. 86. 83235 4394 E-INTERSTITIAL HEPHRITIS;LUNG CAIC.
0.26 .083 18. 64. 87. 87. 78169 2502 D-HEMANGIOSARCOMA,TSLN
0.23 .00028 16. 57. 77. 77. 82342 4943 D-MYOCARDIAL DEGENERATION;LUNG TUIO
0.24 .067 17. 57. 78. 78. 78301 2753 E-HEMANGIOSARCOMA,DISSEMINATED
0.21 .053 15. 48. 62. 62. 82112 3955 D-PYONETRA AND HEMANGIONA,TiLN
0.21 .050 15. 47. 60. 60. 76072 1793 E-HEMANGIOSARCOMA,SITE UNDETERMINED
0.098 .029 7.0 24. 32. 32. 79257 3749 D-HEMANGIOSARCOMATSLN
0.089 .028 6.2 22. 30. 30. 81162 4410 D-CONGEST. HEART FAIL.;CARCINOMA,LUIG
0.086 .025 5.9 21. 27. 27. 85238 5178 E-ADE#OCARCINONAMAISARY GLAIN
0.079 .025 5.4 19. 26. 26. 76083 2479 D-PERITONITIS (NOCARDIA SP.)
0.068 .022 4.7 17. 23. 23. 79324 3841 E-ADENOCARCINONA ,SLADDER
0.067 .021 4.5 17. 22. 22. 82160 4698 E-CARCIOINA,LUNG
0.059 .019 3.9 15. 20. 20. 79132 3574 D-UNDETERMINED
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A.1O 144Ce In Fused Aluminaslicate Particles, Longevity Study (Series I1) (continued)

INHALATION EXPOSURE DOSE RATE (G
DOG IDENTIFICATION --------------------- 1.3.3. I.L.U. -------------- -------

-.. -. ---. --------. AGE WT ................ ........................................... 60
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG NO/KG NOO RANK UCI/KG UCI NQ/KG Nol INITIAL DAYS 0
... .. . o... ......... .... .---- -- - ----. .. .. .--- -- -- -.......- - - -- - - ---........ o ....o . ... ..... .. .. . ....... ...

4618 03-915 N I 71174 417 11.1 0.11 1.2 56 1.2 13. 0.04" 0.48 0.071 0.052 .01
4671) 04-945 F L 71223 421 6.6 0.10 0.67 57 1.2 7.5 0.044 0.28 0.067 0.050 .01
477A 03-945 N K 71223 380 11.0 0.067 1.1 58 1.1 12. 0.041 0.44 0.066 0.050 .01
329C 03-642 N E 69213 386 8.3 0.044 0.37 59 0.71 5.9 0.026 0.22 0.041 0.030 .00
4538 03-881 N G 71104 406 8.1 0.052 0.4" 60 0.63 5.1 0.023 0.19 0.037 0.028 .00
463S 02-915 F J 71174 410 10.4 0.028 0.30 61 0.53 5.5 0.020 0.20 0.037 0.023 .00
452U 04-881 F N 71104 416 8.2 0.17 1.4 62 0.52 4.2 0.019 0.16 0.040 0.024 .00
314S 04-597 F D 69157 407 9.7 0.030 0.29 63 0.45 4.4 0.017 0.16 0.026 0.018 .00
296U 02-591 F 3 69134 417 8.4 0.030 0.25 64 0.44 3.7 0.016 0.14 0.024 0.018 .00
3135 03-597 N C 69157 408 10.1 0.041 0.41 65 0.37 3.7 0.014 0.14 0.021 0.015 .O0
461A 01-915 N I 71174 417 12.0 0.018 0.22 66 0.35 4.3 0.013 0.16 0.022 0.015 .00
322V 02-638 F F 69210 409 6.4 0.026 0.16 67 0.32 2.0 0.012 0.074 0.019 0.014 .00
476C 01-945 N K 71223 387 9.0 0.021 0.19 68 0.30 2.7 0.011 0.10 0.018 0.014 .00
471$ 02-945 F L 71223 395 6.3 0.033 0.21 69 0.25 1.6 0.0093 0.059 0.014 0.011 .00
297A 01-591 N A 69134 415 11.0 0.014 0.16 70 0.18 2.0 0.0067 0.074 0.011 0.0080 .00
453U 02-881 F N 71104 406 5.8 0.016 0.089 71 0.18 1.1 0.0067 0.041 0.011 0.0087 .00
4571 01-881 N G 71104 374 8.3 0.014 0.11 72 0.17 1.4 0.0063 0.052 0.011 0.0078 .00
472W 02-942 F L 71222 390 8.0 0.013 0.11 73 0.16 1.3 0.0059 0.048 0.0095 0.0074 .00
29U 02-590 F 3 69129 407 9.4 0.013 0.13 74 0.12 1.2 0.0044 0.044 0.0071 0.0056 .00
462C 02-914 N i 71173 409 9.0 0.0059 0.052 75 0.083 0.75 0.0031 0.028 0.0049 0.003B .00
4768 01-942 N K 71222 386 8.5 0.0041 0.036 76 0.079 0.67 0.0029 0.025 0.0047 0.0037 .00
303S 02-589 F 8 69128 398 8.9 0.0085 0.078 77 0.077 0.68 0.0028 0.025 0.0046 0.0036 .00
308U 01-597 F D 69157 412 10.1 0.0048 0.048 78 0.076 0.77 0.0028 0.028 0.0045 0.0035 .00
464S 01-914 F 1 71173 382 8.1 0.004 0.037 79 0.062 0.50 0.0023 0.019 0.0037 0.0029 .00
451T 04-880 F H 71103 415 8.0 0.0033 0.026 80 0.057 0.45 0.0021 0.017 0.0034 0.0026 .00
310A 02-597 N C 69157 411 11.5 0.0078 0.089 81 0.051 0.59 0.0019 0.022 0.0030 0.0024 .00
304A 01-590 N A 69129 395 11.3 0.0056 0.063 82 0.0" 0.50 0.0016 0.019 0.0026 0.0020 .00
310U 03-596 F D 69156 410 8.0 0.011 0.089 83 0.041 0.33 0.0015 0.012 0.0024 0.0019 .00
323T 05-636 F F 69209 406 8.4 0.0056 0.044 84 0.039 0.33 0.0014 0.012 0.0023 0.0018 .00
306A 01-589 N A 69128 389 9.5 0.0070 0.063 85 0.033 0.31 0.0012 0.011 0.0020 0.0015 .00
312A 04-596 N C 69156 407 11.0 0.0018 0.020 86 0.025 0.27 0.00092 0.010 0.0015 0.0012 .00
472U 02-941 F L 71221 389 8.5 0.0013 0.011 87 0.020 0.17 0.00074 0.0063 0.0012 0.00093 .00
4655 01-912 N 1 71172 378 11.2 0.0015 0.017 88 0.018 0.20 0.00067 0.0074 0.0011 0.00083
4500 03-880 N G 71103 419 11.1 0.0025 0.027 89 0.018 0.20 0.00067 0.0074 0.0011 0.00083
3271) 06-636 N E 69209 383 8.7 0.0029 0.025 90 0.016 0.14 0.00059 0.0052 0.00095 0.00074 .0
462S 02-912 F J 71172 408 8.1 0.0015 0.012 91 0.014 0.11 0.00052 0.0041 0.00083 0.00065 .
327C 03-636 N E 69209 383 9.4 0.0023 0.021 92 0.0096 0.090 0.00036 0.0033 0.00057 0.00044 .0
478C 01-941 N K 71221 376 8.9 0.00092 0.0081 93 0.0092 0.081 0.00034 0.0030 0.00054 0.00043 .0
324T 04-636 F F 69209 401 10.8 0.0020 0.021 94 0.0063 0.068 0.00023 0.0025 0.00037 0.00029 .
453A 01-880 N G 71103 405 9.0 0.00019 0.0017 95 0.0030 0.027 0.00011 0.0010 0.00018 0.00014 .0
452T 02-880 F H 71103 415 9.4 0.00007 0.0067 96 0.0024 0.023 0.000089 0.00085 0.00014 0.00011
303V 01-588 F B 69127 397 7.5 C
3060 02-588 N A 69127 388 9.4 C
308T 02-596 F D 69156 411 9.3 C
3108 01-596 N C 69156 410 11.0 C
322U 02-636 F F 69209 408 6.8 C
324B 01-636 N E 69209 401 8.8 C
450A 01-878 N G 71099 415 11.8 C
452S 02-878 F H 71099 411 10.2 C
464JU 02-911 F J 71169 378 8.9 C
4675 01-911 N 1 71169 367 6.9 C
4771 01-940 N K 71218 375 8.7 C
479T 02-940 F L 71218 372 8.0 C

UCIKG REPRESENTS NICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
MI9/KG REPRESENTS NEGAEQUIERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TINE IN DAYS AFTER INHALATION EXPOSURE.
* INDICATES THE DOG DIED BEFORE IT RECEIVED ITS POTENTIAL INFINITE DOSE.
C MNNENT: 0, E, OR S INDICATE THE DOG DIED, WAS EUTNANIZED OR WAS SACRIFICED, RESPECTIVELY. PRONINENT FINDINGS ARE INCLUDED.



SETA RADIATION DOS TO LUNG
,*o-o. -* *. o .. . ooo.. oo... .......... o * o.o.. o ........ .o.. *oo. o...o-....

OSE RATE (GY/DAY) CUMULATIVE DOSE (GY)
So*.... .... o.. ...... ... ... ... . ..... .................o o............

"60 365 AT 60 365 POTENT. TO DEATH DAYS TO
DAYS DAYS DEATH DAYS DAYS INFIN. DEATH DATE DEATH COSMENT

.** . * . o ~ . . o oo......* .... o.....o o .o ......... ....... .------- .... o....... --- -- ..... --- -- -- - -- - -- - -- - -- - -- - -- - -- -

1.052 .016 3.6 13. 17. 17. 80291 3404 E-LYNPNOSARCONA,DISSENINATED
1.050 .014 3.5 12. 16. 16. 66261 5517 E-PYELONEPRITIS
).050 .013 3.4 12. 15. 15. 87114 5735 E-NEPNRITISKIDlMY
1.030 .0096 2.1 7.5 10. 10. 61096 4266 E-HENANGIOSARCONA, SPLEEN
).028 .0014 1.9 6.8 9.1 9.1 82265 4199 E-CARCINONATNYROID
1.023 .0068 1.6 5.6 7.4 7.4 66095 5400 D-CARCI!ONA,NAIMARY
1.024 .0072 1.7 5.9 7.7 7.7 6"201 4845 E-ADENOCARCINGNA,NAMNARY GLAND
1.018 .0051 1.3 4.3 5.7 5.7 84226 5547 E-ADENOCARCINOUA,MAY GLAND
1.018 .0049 1.2 4.2 5.5 5.5 76260 2682 D-TRANSITIONAL CELL CARCINONAILADOER
1.015 .0012 1.1 3.6 4.7 4.7 81127 4353 E-CAR., KID.; LYNPNOSAR, SPt.EEN; CAR., LUNG
1.015 .0048 1.1 3.8 5.0 5.0 81215 3694 E-PERIMEAL HERNIA
).014 .0041 0.96 3.4 4.7 4.7 83210 5113 D-HENMGBIOSARCONASPLEEN
1.014 .0047 0.94 3.5 4.8 4.6 86030 5286 D-SRONCNIOLITIS
1.011 .0034 0.74 2.7 3.6 3.6 64154 1679 D-SPONDYLITISACUTE
1.0060 .0023 0.57 1.9 2.5 2.5 82071 4685 E-NECROTIZING PNEUMONIA
1.0087 .0030 0.58 2.2 3.1 3.1 83113 4392 E-CARCINOMA,MA/MARY GLAND
1.0078 .0026 0.52 2.0 2.7 2.7 83187 4166 E-PITUITARY TUWOC
1.0074 .0021 0.50 1.8 2.3 2.3 68150 6137 D-NUSCLE ABSCESSATION
1.0056 .0016 0.38 1.3 1.7 1.7 81083 4337 E-NECROTIZING HEPATITIS;CARC.,LUNG
1.0038 .0011 0.26 0.93 1.2 1.2 82096 3941 E-ADENOCARCINONAPROSTATE
1.0037 .0011 0.25 0.88 1.1 1.1 85110 5002 D-ENTERITIS
1.0036 .0010 0.24 0.86 1.1 1.1 7905. 3578 E-PERIPHERAL NERVE TUMOR
1.0035 .0010 0.24 0.85 1.1 1.1 79323 3818 E-CARCINOMA,NAMMARY GLAND
1.0029 .00083 0.19 0.69 0.90 0.90 80252 3366 D-PYOHETRA
1.0026 .00076 0.18 0.64 0.82 0.82 86041 5417 D-BROUCHOPEEUMONIA
1.0024 .00068 0.16 0.57 0.74 0.74 84227 5548 E-NEPHRITISCHRONIC
1.0020 .00059 0.14 0.49 0.64 0.61 85093 5808 E-INTERSTITIAL NEPHRITIS
1.0019 .00055 0.13 0.46 0.59 0.59 86152 6205 D-EPILEPSY
1.0018 .00052 0.12 0.", 0.56 0.56 83100 5004 D-CARCINOMA,LUNG
1.0015 .00044 0.10 0.37 0.48 0.48 84054 5404 E-NENINGIONA,*RAIN
1.0012 .00033 0.079 0.28 0.36 0.36 85149 5837 E-INTERSTITIAL NEPHRITIS
1.00093 .00027 0.063 0.22 0.29 0.29 78276 2612 0-ACCIDENTAL DEATH
1.00083 .00024 0.057 0.20 0.26 0.26 86189 5496 E-DISC PROTRUSION
1.00083 .00024 0.057 0.20 0.26 0.26 83110 4390 E-CARCINONATONSIL
1.00074 .00021 0.050 0.18 0.23 0.23 60279 4087 D-CONGESTIVE HEART FAILURE
1.00065 .00019 0.044 0.16 0.20 0.20 83007 4218 E-PITUITARY TUMOR
1.0004 .00013 0.030 0.11 0.14 0.14 83215 5119 O-HEPATIC DEGENERATION
1.00043 .00012 0.029 0.10 0.13 0.13 82353 4150 D-CHRONIC ENTERITIS
1.00029 .000084 0.020 0.071 0.091 0.091 84355 5624 E-CONGESTIVE HEART FAILURE
1.00014 .000040 0.0094 0.034 0.043 0.043 85253 5264 E-INTERSTITIAL NEPHRITIS
1.00011 .000032 0.0075 0.027 0.035 0.035 86154 5530 D-PULNONARY FIBROSIS

80261 4151 D-HEMOLYTIC ANEMIA
83247 5233 O-CHRONIC PANCREATITIS
80323 4164 D-MAST CELL TUMOR,SPLEEN
82025 4617 D-HYPERIRENOCORTICISM
83299 5203 D-TRANSITIONAL CELL CARC.,BLADOER
84100 5369 E-NEPNRITISCHRONIC
85042 5057 E-ANKYLOSING SPONDYLITIS
82276 4195 D-ADENOCARCI ONA, STOMACH
83180 4394 E-CARCINOMA,LUNG
83062 4296 E-LYNPHOSARCONAGENERALIZED
86020 5281 E-HEARTCHRONIC INFARCTION
64122 1652 E-ASTROCYTONA,BRAIN

LUDED.
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A.11 1"Ce in Fused Ahmb sluicate Partiies, Sacrifice Study (Suits U1, 111, IV)

ETA RDW

INNALATIOM EXPOSURE DOSE RATE (GY/DAY)
DOG IDENTIFICATION ------------------- I.I.5. I.L. . -- . ...........................
----.--.--------.. AGE WT ............ .......... .... ...... 60 120 65
TATTOO M-EXPT SEX SEE DATE DAYS KG NQ/KG M RANK UCI/KG UCR NUG/KG MUG INITIAL DAYS DAYS DAYS 04
.... . .. ....... ... °.. o. ° ... ..... ..... .... ------ -- - ..... ... ... .. . ...... ... °.. . .... .. -- - - - - - ,-

541S 01-999 F 11 72103 395 7.9 5.2 41. 01 71 560 2.6 21. 4.1 3.1 2.3 2
520A 02-996 N If 72102 427 11.0 4.8 52. 02 66 720 2.4 27. 3.7 2.8 2.1 1
530C 04-1007 N 11 72115 417 9.2 5.2 48. 03 64 590 2.4 22. 3.7 2.6 2.1 1
5306 01-1002 N 11 72109 411 9.5 3.4 32. 04 60 560 2.2 21. 3.4 2.2 1
525M 01-1004 F 11 72111 428 7.3 4.1 30. 05 58 420 2.1 16. 3.4 2.5 1.9 1
527A 03-1007 N I1 72115 418 9.2 2.9 27. 06 54 500 2.0 19. 3.1 2.1 1.6 0
521T 03-998 F RI 72102 426 8.7 3.4 30. 07 52 450 1.9 17. 3.1 2.4 1.8 1
526A 01-1001 N 11 72106 416 7.5 3.6 27. 08 52 390 1.9 14. 3.0 2.0 1
5266 02-1000 N 11 72104 412 5.8 4.4 25. 09 52 300 1.9 11. 3.1 2.2 1.6 1
5265 01-1007 F 1I 72115 423 6.6 3.7 25. 10 51 330 1.9 12. 2.9 2.1 1
525T 02-1003 F I1 72110 427 8.8 4.1 37. 11 48 420 1.8 16. 2.9 2.1 1.6 1
522T 03-1003 F It 72110 432 8.0 5.2 41. 12 48 380 1.8 14. 2.9 2.1 1.6 0l
52511J 02-1004 F It 72111 428 9.1 3.3 30. 13 46 420 1.7 16. 2.8 1.9 1.4 .53 0,
539A 03-997 N !! 72101 394 9.3 4.4 41. 14 41 380 1.5 14. 2.4 1.8 1.3 .48 O0
530A 04-998 N II 72102 404 11.5 3.1 35. 15 39 450 1.4 17. 2.3 1.8 1.3 0
541U 01-1000 F 11 72104 396 7.9 2.3 18. 16 35 280 1.3 10. 2.1 1.4 1.1 .40 0
535C 03-1000 N It 72104 399 7.7 2.6 20. 17 34 260 1.3 9.6 2.0 1.4 1.1 .44 0
5390 04-1000 N 11 72104 397 7.9 1.9 15. 18 33 260 1.2 9.6 1.9 1.4 1.0 .39 0
522U 01-996 F If 72102 424 7.8 3.4 27. 19 33 250 1.2 9.3 1.9 1.4 0.99 0
526C 02-997 N 11 72101 409 6.9 2.5 17. 20 33 230 1.2 8.5 1.9 1.3 0.96 .35 0
519S 04-1004 F 1I 72111 439 8.3 2.7 23. 21 32 270 1.2 10. 1.9 1.4 1.0 .38 0O
524S 02-1001 F 11 72108 425 6.7 2.0 14. 22 32 210 1.2 7.8 1.9 1.3 1.0 .42 0
522S 04-997 F II 72101 423 8.7 2.9 25. 23 31 270 1.1 10. 1.8 1.4 1.1 0
5273 02-1002 N I1 72109 412 9.3 2.1 19. 24 31 290 1.1 11. 1.8 1.3 0.95 .33 0.
532U 02-1007 F IR 72115 413 7.8 1.6 12. 25 31 240 1.1 8.9 1.8 1.3 0.98 .36
521B 03-999 N 1I 72103 427 7.6 3.1 24. 26 30 230 1.1 8.5 1.7 1.3 1.0 .39 0
536T 03-1001 F 1R 72108 403 7.6 2.4 19. 27 29 220 1.1 8.1 1.7 1.2 0.88 0
519T 03-1004 F 11 72111 439 8.7 3.4 29. 28 28 240 1.0 8.9 1.7 1.2 0
5271) 01-997 N 1I 72101 404 7.9 1.7 14. 29 27 220 1.0 8.1 1.6 1.2 0.90 .36 0
519A 03-1002 N 1I 72109 437 8.6 4.1 35. 30 27 230 1.0 8.5 1.6 1.2 0.87 .33 0:
5206 04-1003 N 1I 72110 435 11.9 6.7 78. 31 26 310 0.96 11. 1.6 1.2 0.85 .29 0
523T 02-1008 F 1I 72116 435 6.0 1.7 10. 32 26 150 0.96 5.5 1.5 0.99 0.73 .29 0.
543C 04-1004 N 1I 72109 399 7.6 1.6 12. 33 26 190 0.96 7.0 1.5 1.1 0.84 .34
520S 01-1003 F 11 72110 435 6.7 2.5 17. 34 24 160 0.89 5.9 1.5 1.1 0.82 .31 0
5260 02-999 N lI 72103 411 5.5 1.9 10. 35 16 86 0.59 3.2 0.94 0.68 0.51 .20 0.
541A 05-1000 N RI 72104 396 8.3 1.0 8.5 36 16 140 0.59 5.2 0.92 0.67 0.51 .19 0
538S 04-1001 F 1I 72108 402 6.7 0.89 5.9 37 14 95 0.52 3.5 0.83 0.57 0.42 .16
533T 01-1008 F RI 72116 413 5.9 0.74 4.4 38 14 81 0.52 3.0 0.79 0.56 0.41 .16
523S 01-995 F R1 72097 416 8.8 C
533A 03-995 N RI 72097 394 8.3 C
5386 02-995 N 11 72097 391 9.3 C
540T 05-995 F RI 72097 389 5.7 C
542A 06-995 N 11 72097 388 9.1 C
542S 04-995 F !I 72097 388 8.2 C
521S 06-996 F RI 72098 422 8.6 C
522A 03-996 N !I 72098 420 8.7 C
522V 01-996 F 11 72098 420 7.8 C
530S 05-996 F 11 72096 400 8.6 C
5408 04-996 N 1I 72096 390 8.0 C
547B 02-996 H RI 72098 378 10.4 C



ETA RADIATION DO1 TO LUNG

DOSE RATE (GY/DAY) CWIULATIVE DOSE (GY)
o.. . . o.o....o.... .. o~..... .... .. --------------------------------.

60 120 365 AT 60 120 365 POTENT. TO DEATH DAYS TO
IAL DAYS DAYS DAYS DEATH DAYS DAYS DAYS INFIN. DEATH DATE DEATH C0ISEMT

oo- ---- .... .-- - -- - - .... . o. .... .... . ...... ..... .-- -.. ......- .. °.......... ...... o.....o.............o....

3.1 2.3 2.2 210 370 850+ 390 T723I 128 S-PULUONARY INJURY
2.8 2.1 1.5 190 340 770+ 450 72283 181 S-PULHONARY iNJURY
2.6 2.1 1.3 190 330 990+ 550 73005 256 S-PULMONARY INJURY
2.2 1.9 170 870+ 210 72189 80 S-PULNOKARY INJURY
2.5 1.9 1.4 180 310 700+ 400 72290 179 S-PU.OINARY INJURY
2.1 1.6 0.99 150 260 750+ 420 73003 254 E-PULMONARY INJURY
2.4 1.8 1.7 160 290 680+ 300 72230 128 S-PULMONARY INJURY
2.0 1.7 150 750+ 190 72189 81 S-PULMONARY INJURY
2.2 1.6 1.1 160 270 550+ 350 72284 180 S-PULNONARY INJURY
2.1 1.9 150 740+ 190 72196 81 S-PULMN=ARY INJURY
2.1 1.6 1.5 150 260 580. 280 72241 131 S-PJLOAY INJURY
2.1 1.6 0.99 150 260 760. 430 73002 258 S-PULMONARY INJURY
1.9 1.4 .53 0.27 140 240 450 610+ 530 73316 571 E-PULMONARY INJURY
1.8 1.3 .48 0.28 120 220 410 560+ 470 73249 514 S-PULNONARY INJURY
1.8 1.3 0.62 120 220 510+ 370 73025 289 D-PULMONARY INJURY
1.4 1.1 .40 0.026 100 180 340 450 450 75101 1093 S-PUtLONARY INJURY
1.4 1.1 ."4 0.14 99 170 340 470. 430 74056 683 0-PULMOINARY INJURY
1.4 1.0 .39 0.099 96 170 330 430 410 74113 740 S-PULMONARY INJURY
1.4 0.99 0.94 96 170 350+ 170 72230 128 S-PULH*NARY INJURY
1.3 0.96 .35 0.19 94 160 310 400+ 350 73250 515 S-PULMONARY INJURY
1.4 1.0 .38 0.025 98 170 330 430 430 75106 1091 S-PUUMONARY INJURY
1.3 1.0 .42 0.059 93 160 330 450+ 430 74294 917 S-PULMONARY INJURY
1.4 1.1 0.57 95 170 400+ 280 72357 256 S-PULMONARY INJURY
1.3 0.95 .33 0.0046 92 160 300 390 390 76153 1505 P -HENANG I OSARCONA, LUNG
1.3 0.98 .36 91 160 310 410 410 78145 2222 E-HEMANGIOSARCOMANEART
1.3 1.0 .39 0.028 92 160 320 430 430 75106 1099 S-HEMANGIOSARC0ONA, LUNG
1.2 0.88 0.50 86 150 390+ 240 73002 260 S-PULMONARY INJURY
1.2 0.86 86 330+ 160 72241 130 S-PULMONARY INJURY
1.2 0.90 .36 0.22 84 150 290 410+ 330 73257 522 D-PULMONARY INJURY
1.2 0.87 .33 0.042 81 140 280 370+ 350 74295 917 S-PULMONARY INJURY
1.2 0.85 .29 0.054 82 140 270 360+ 340 74267 888 D-PULMONARY INJURY
0.99 0.73 .29 0.17 73 120 240 320+ 270 73264 514 S-PULMONARY INJURY
1.1 0.84 .34 78 140 270 360 360 801"4 2957 E-HENANGIOSARCOVA, LUNG
1.1 0.82 .31 0.073 76 130 260 340+ 320 74114 735 S-PULMONARY INJURY
0.68 0.51 .20 0.052 48 83 160 220+ 200 74114 742 S-PULMONARY INJURY
0.67 0.51 .19 0.052 47 82 160 220+ 200 74113 740 S-PULMONARY INJURY
0.57 0.42 .16 41 71 140 180 180 84350 4625 D-CARCINOMA.LUNG
0.56 0.41 .16 40 69 130 180 180 82303 3840 D-INTERSTITIAL PNEUIONIA

72354 257 S-NORMAL
72224 127 S-NORMAL
86171 5188 E-ENTERITIS
83298 4219 D-PULMONARY THRONMOSIS
74108 742 S-NORMAL
85316 4968 E-NEPHROSCLEROSIS
86122 5138 E-LYMPHOSARCOMA, GENERALIZED
79104 2563 D-KYOCARDIAL INFARCT
75104 1102 S-NORMAL
75014 1012 S-NORMAL
74108 741 S-NORMAL
85031 4682 E-ADENOCARCI NWN, PROSTATE
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All 144Ce in Fused Ahuninosilicate Partcies, Sacrifice Study (Series 1i, 111, IV) (continued)

SETS............... 0...0...0.

INHALATION EXPOSURE DOSE RATE (GY/OA
DOG IDENTIFICATION ---------------- - [.e.g. I.L.. ------------------ ------
.................. AGE WT ............. .................... ------------- 60 120 365
TATTOO AN-EXPT SEX SER DATE DAYS KG NBQ/KG MN RANK UCI/KG UCI NlQ/KG Nil INITIAL DAYS DAYS DAY

538A 03-1016 N III 72137 428 9.1 3.5 32. 01 69 630 2.6 23. 3.8 2.9 2.2
540U 01-1013 F 111 72132 424 6.6 5.5 37. 02 59 390 2.2 14. 3.4 2.6 1.9
535T 01-1015 F i11 72136 431 6.3 9.3 59. 03 50 320 1.9 12. 2.6 1.8 1.3
5358 03-1019 M i11 72144 438 7.8 5.2 41. 04 50 390 1.9 14. 2.9 2.2 1.7
540S 04-1019 F 111 72144 435 6.5 8.1 52. 05 50 320 1.9 12. 2.7 2.1 1.6
5393 02-1014 14 111 72133 426 8.6 3.5 30. 06 48 410 1.8 15. 2.7 2.0 1.5
542C 03-1014 N 1172133 424 7.8 4.8 37. 07 48 380 1.8 14. 2.2 1.5 1.1 .3
547C 02-1015 N 111 72136 416 9.9 2.8 28. 08 25 340 0.93 13. 2.0 1.4 1.1 .4
535A 01-1019 N 111 72144 438 7.9 3.7 30. 09 34 270 1.3 10. 1.9 1.4 1.0
547T 04-1014 F 111 72133 413 7.1 3.1 22. 10 32 230 1.2 8.5 1.8 1.2 0.93 .3
544T 02-1019 F 111 72144 432 7.4 3.7 28. 11 32 230 1.2 8.5 1.8 1.3 0.95
530T 04-1016 F 111 72137 439 10.2 2.7 27. 12 29 300 1.1 11. 1.6 1.2 0.92 M
527C 06-1017 M 11 72140 443 10.2 C
541W 04-1017 F il1 72140 432 8.7 C
544U 05-1017 F I11 72140 429 7.0 C
5470 01-1017 M 111 72140 420 7.3 C
539C 01-1018 M 111 72143 436 8.5 C
541T 02-1018 F 111 72143 435 8.4 C
539T 03-1013 F IV 72132 425 8.6 4.4 37. 01 41 350 1.5 13. 2.2 1.8 1.4 .5
543A 04-1013 N IV 72132 422 10.8 3.1 34. 02 33 250 1.2 9.3 1.9 1.4 M.1 .3
541V 02-1016 F IV 72137 429 7.8 2.6 20. 03 33 260 1.2 9.6 1.9 1.3 1.0 .41
5423 01-1016 N IV 72137 428 9.7 4.1 41. 04 32 320 1.2 12. 1.9 1.2 0.83 .3
543B 01-1014 N IV 72133 423 9.2 1.6 15. 05 31 290 1.1 11. 1.8 1.3 0.94 .33
543S 02-1013 F IV 72132 422 9.2 3.7 35. 06 29 270 1.1 10. 1.5 1.1 0.87
530U 03-1017 F IV 72140 442 8.5 C
538C 07-1017 M IV 72140 434 7.5 C
539S 02-1017 F IV 72140 433 7.6 C

UCIKG REPRESENTS NICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
Ni/KG REPRESENTS NEGABEQUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
+ INDICATES THE DOG DIED BEFORE IT RECEIVED ITS POTENTIAL INFINITE DOSE.
COMMENT: D, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDINGS ARE I



BETA RADIATION DOSE TO LUNG
......... °.......... ....... .... ...... °... ...... ..................

DOSE RATE (GY/DAY) CUU.ATIVE DOSE (GY)
...... °..... .... ....... o..... . . .............. o°....... ....... ...

60 120 365 AT 60 120 365 POTENT. TO DEATH DAYS TO
DAYS DAYS DAYS DEATH DAYS DAYS DAYS INFIN. DEATH DATE DEATH COSSIENT

. .... . .... .. . ....... . ... ... . °..... . ... ... . . .... ..... --- -- ........................................

2.9 2.2 1.4 200 350 820+ 520 72350 213 S-PULMONmRY INJURY
2.6 1.9 1.3 180 310 720. 430 72329 197' D-PUUMNARY INJURY
1.8 1.3 0.65 130 220 620+ 410 73069 319 S-PULMONARY INJURY
2.2 1.7 1.6 150 270 670+ 310 72286 142 S-PULMONARY INJURY
2.1 1.6 1.4 140 250 600. 290 72286 142 S-PULMONARY INJURY
2.0 1.5 0.51 140 250 590+ 460 73124 357 S-PULMONARY INJURY
1.5 1.1 .39 0.042 110 180 350 450 450 75012 975 O-PUL.ONARY INJURY
1.4 1.1 .42 0.039 99 170 340 0 440 75035 995 E-PULMONARY INJURY
1.4 1.0 0.92 97 170 380. 190 72287 143 S-PULMONARY INJURY
1.2 0.93 .37 90 150 300 400 400 76334 1662 D-PULMONARY INJURY
1.3 0.95 0.84 92 160 340. 180 72287 143 S-PuLMO Y INJURY
1.2 0.92 .38 0.17 84 150 290 410. 360 74018 612 S-PULMONARY INJURY

76345 1666 S-HEPATIC ATROPHY AND FIBROSIS
72350 210 S-NORMAL
75043 999 S-NORNAL
73127 353 S-NORMAL
72292 149 S-NORMAL
72290 147 S-NORMAL

1.8 1.4 .57 0.56 120 210 "0 590+ 440 73133 367 0-PULMARY INJURY
1.4 1.1 .39 0.065 98 170 330 450. 420 74297 896 E-PULMONARY INJURY
1.3 1.0 .41 0.016 94 160 320 40. 430 75316 1275 D-PUUMNARY INJURY
1.2 0.83 .32 88 150 280 360 360 81068 3219 E-CARCINOHA,LUNG
1.3 0.94 .33 91 160 300 390 390 78096 2155 0-PULMONARY INJURY
1.1 0.87 .34 0.016 80 140 280 370 370 75226 1190 E-PULMONARY INJURY

87224 5563 E-CHRONIC RENAL DISEASE; B.A. CARC.,LUNG
86248 5222 E-NEPiUOSCLEROSIS
76122 1443 E-ASPIRATION PNEUMONIA

PENT FINDINGS ARE INCLUDED.
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A.12 144Ce in Fued Aluminosilcate Particls, Immature Longevity Study

INHALATION EXPOSURE DOSE RA
DOG IDENTIFICATION --------------------- 1.8.B. I.L.8. "...............
----------.----... AGE WT ----------------- ---------------------------------------- 60
TATTOO AM-EXPT SEX BLOCK DATE DAYS KG NM/QKG NMO RANK UCI/KG UCI NMQ/KG NMo INITIAL DAYS

---- -------. --.. --. --. ---. -. ---. ---- .--------. ------ ... ... ....... .. ........ ........ ..... ... ------- ....... I

1022U 03-1922 F D 76239 94 3.5 13. 44. 01 140. 480. 5.2 18. 6.1 2.3
675S 02-1136 F B 73033 92 2.5 11. 28. 02 120. 310. 4.4 11. 5.2 2.2
671C 03-1132 N C 73030 95 3.8 7.0 27. 03 84. 320. 3.1 12. 3.6 1.6
10275 02-1925 F D 76247 86 2.9 11. 32. 04 79. 230. 2.9 8.5 3.4 1.1
10240 01-1922 N E 76239 86 3.7 5.5 20. 05 74. 270. 2.7 10. 3.2 1.0
6730 03-1136 N C 73033 95 2.2 10. 21. 06 73. 160. 2.7 5.9 3.2 0.86
673C 01-1136 N C 73033 95 2.1 7.0 14. 07 70. 140. 2.6 5.2 3.0 0.80
672S 01-1133 F B 73031 94 3.6 7.4 26. 08 64. 230. 2.4 8.5 2.8 0.96
1026A 01-1925 N E 76247 88 3.4 8.1 27. 09 53. 180. 2.0 6.7 2.3 0.84
6728 03-1133 N C 73031 94 3.4 9.6 33. 10 52. 180. 1.9 6.7 2.3 0.76
672C 02-1133 N C 73031 94 3.2 5.5 18. 11 48. 150. 1.8 5.5 2.1 0.69
629A 01-1055 N A 72221 92 2.8 10. 28. 12 38. 100. 1.4 3.7 1.6 0.63
1019A 02-1921 N E 76232 91 3.5 7.8 27. 13 38. 130. 1.4 4.8 1.6 0.56
1033T 02-1927 F D 76267 89 2.6 4.4 11. 14 37. 95. 1.4 3.5 1.5 0.51
1022S 02-1919 F 0 76231 86 3.2 3.0 9.3 15 34. 110. 1.3 4.1 1.6 0.56
675T 02-1137 F B 73036 95 3.4 5.9 20. 16 28. 92. 1.0 3.4 1.2 0.43
627B 03-1054 N A 72220 94 3.5 2.0 7.0 17 24. 85. 0.89 3.1 1.0 0.50
6735 01-1135 F 8 73032 94 2.1 1.9 3.7 18 21. 42. 0.78 1.6 0.91 0.28
1021V 01-1921 F D 76232 88 3.3 1.3 4.4 19 18. 58. 0.67 2.1 0.78 0.25
673A 02-1132 N C 73030 92 2.9 6.3 17. 20 16. 44. 0.59 1.6 0.69 0.19
672A 01-1132 N C 73030 93 3.5 1.9 6.7 21 12. 41. 0.44 1.5 0.52 0.17
10338 01-1927 N E 76267 89 3.0 1.1 3.4 22 12. 35. 0.44 1.3 0.52 0.18
671S 02-1131 F U 73029 94 2.8 1.3 3.7 23 11. 30. 0.41 1.1 0.48 0.14
6306 02-1054 N A 72220 88 2.8 2.6 7.4 24 9.3 26. 0.34 0.96 0.40 0.16
10235 03-1919 F D 76231 86 2.4 0.44 1.0 25 6.7 16. 0.25 0.59 0.29 0.094
630A 01-1054 N A 72220 88 3.8 0.55 2.1 26 6.0 23. 0.22 0.85 0.26 0.12
6758 04-1131 N C 73029 88 2.7 0.67 1.8 27 5.0 13. 0.19 0.48 0.22 0.060
10166 01-1919 N E 76231 97 3.3 0.89 2.9 28 4.9 16. 0.18 0.59 0.21 0.078
673T 03-1131 F B 73029 91 1.7 0.70 1.2 29 3.2 5.4 0.12 0.20 0.14 0.033
6240 04-1048 N A 72209 90 2.7 0.31 0.81 30 3.1 8.1 0.11 0.30 0.13 0.051
671B 03-1130 N C 73026 91 3.0 0.14 0.52 31 1.6 5.9 0.059 0.22 0.069 0.023
10173 04-1918 N E 76230 95 4.0 0.16 0.63 32 1.4 5.4 0.052 0.20 0.061 0.022
1018U 03-1918 F D 76230 95 4.0 0.067 0.27 33 1.0 4.1 0.037 0.15 0.043 0.020
674T 01-1131 F B 73029 88 2.1 0.17 0.35 34 0.87 1.8 0.032 0.067 0.038 0.0087
1021T 02-1918 F 0 76230 86 3.0 0.056 0.17 35 0.71 2.1 0.026 0.078 0.031 0.0091
623A 03-1048 N A 72209 91 4.0 0.063 0.24 36 0.28 1.1 0.010 0.041 0.012 0.0063
10188 01-1918 N E 76230 95 3.8 0.0078 0.034 37 0.19 0.72 0.0070 0.027 0.0082 0.0027
669U 03-1125 F 9 73019 84 3.0 0.056 0.16 38 0.17 0.50 0.0063 0.019 0.0074 0.0023
668A 02-1125 N C 73019 93 3.2 0.052 0.16 39 0.14 0.43 0.0052 0.016 0.0061 0.0019
1017S 01-1915 F D 76229 94 3.2 0.011 0.035 40 0.12 0.38 0.0044 0.014 0.0052 0.0016
671A 02-1130 N C 73026 91 2.7 0.036 0.096 41 0.089 0.24 0.0033 0.0089 0.0039 0.0012
624C 02-1048 N A 72209 90 2.9 0.048 0.14 42 0.061 0.18 0.0023 0.0067 0.0027 0.00084
1021A 03-1921 N E 76232 88 3.9 0.018 0.070 43 0.051 0.20 0.0019 0.0074 0.0022 0.00069
670S 01-1125 F a 73019 89 1.7 0.048 0.081 44 0.024 0.040 0.00089 0.0015 0.0010 0.00033
624A 01-1048 N A 72209 90 4.0 0.031 0.12 45 0.013 0.050 0.00048 0.0018 0.00055 0.00017
1033A 02-1926 N E 76266 88 2.9 0.017 0.0048 46 0.011 0.032 0.00041 0.0012 0.00048 0.00015
1034U 01-1926 F D 76266 85 2.8 0.0022 0.0059 47 0.0090 0.024 0.00032 0.00090 0.00038 0.00012
671D 01-1130 N C 73026 91 2.9 0.024 0.067 48 0.0060 0.016 0.00022 0.00060 0.00026 0.000070
669V 03-1124 F B 73018 90 2.6 0.032 0.081 49 0.0040 0.010 0.00015 0.00040 0.00017 0.000050
6238 01-1046 N A 72208 90 3.5 C
6688 01-1124 N C 73018 92 3.1 C
669S 02-1124 F B 73018 90 3.4 C
1013S 02-1913 F D 76223 96 2.7 C
1016A 01-1913 N E 76223 89 3.4 C

UCI/G REPRESENTS NICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
NMU/KG REPRESENTS NEGABEOUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
+ INDICATES THE DOG DIED BEFORE IT RECEIVED ITS POTENTIAL INFINITE DOSE.
COMM4ENT: D, E, OR S INDICATE THE DOG DIED, WAS EUTNANIZED OR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDINGS ARE INCLUDEJ



META RADIATION DOSE TO LUNG
o....o ............ o...........o............... ooo.......... ..........

DOSE RATE (GY/DAY) C(lJlLATIVE DOSE (GY)
o------ o--------------.-------- ....... .. o.............. ............

60 365 AT 60 365 POTENT. TO DEATH DAYS TO
IAL DAYS DAYS DEATH DAYS DAYS INFIN. DEATH DATE DEATH COMMENT
... .. o.... o * .... . ....... -- - ------- .. o.. ... ....-- .o..... .. o ... . ...... . ---.........----........---... .......----...

2.3 1.6 210. 550. + 270. 76330 91 0-PULMONARY INJURY
2.2 1.4 190. 800. + 250. 73128 95 D-PULMONARY INJUMY; CONG.NEART FAIL.
1.6 1.3 140. 490. * 210. 73151 121 D-PUUIOIARY INJURY; CONG.MEART FAIL.
1.1 .23 0.053 110. 260. 320. * 300. 7?254 738 D-NEMANGIOSARCOIA,LUNG
1.0 .27 0.073 100. 260. 330. + 310. 76208 700 E-NEMANGIOSARCOMA,LUNG
0.86 0.78 100. 150. + 110. 73099 66 D-PULNONARY INJURY; CONG.NMET FAIL.
0.80 .21 0.13 92. 210. 270. + 240. 74179 511 D-PULMONARY INJURY
0.96 .26 0.090 a8. 250. 310. + 290. 74355 689 E-NENANGIOSARCONA,LUNG
0.84 .16 82. 190. 230. 230. 80100 1314 E-#NEANGIOSARCIAMLUNG
0.76 .21 0.081 78. 200. 250. + 230. 74284 618 E-NENANGIOSARCOMA,LUNG
0.69 .18 0.004 72. 180. 220. 220. 71302 1732 D-NEMANGIOSARCONA,SPLEEN
0.63 .11 59. 130. 160. 160. 79330 2666 E-HEMANGIOSARCO•A,MUSCLE
0.56 .14 50. 130. 180. 180. 80184 1413 D-NEMANGIOSARCONA,TULN
0.51 .10 50. 120. 140. 140. 86266 3652 E-CARCINOMA, LUNG; MENANGIOSARCONA, LUNG
0.56 .10 55. 120. 150. 150. 84196 2887 D-PLEURITIS,NOCARDIA
0.43 .13 0.0052 40. 110. 150. 150. 76168 1227, E-NEMANGIOSARCOM, TBLN.
0.50 .095 46. 110. 130. 130. 79004 2341 E-NEMANGIOSANCONAoDISSEMINATED
0.28 .072 30. 72. 91. 91. 86125 4841 E-CARCINOMA,ARAL SAC
0.25 .051 25. 58. 71. 71. 84123 2813 E-HEMANGIOSARCONA,TBLN;B.A. CARC.,LUlG
0.19 .055 21. 53. 67. 67. 82069 3326 E-LYNPNOSARC.,GENERAL;ADENDOCARC.,LUNG
0.17 .047 0.0025 17. 45. 57. 57. 77089 1520 D-EPILEPSY; HYPOTNRYROIDISN
0.18 .037 17. 41. 51. 51. 84117 2772 E-NEMANGIOSARCONA,TILN
0.14 .038 14. 36. 46. 46. 84278 4266 E-CARCINONA,LUNG
0.16 .025 15. 33. 40. 40. 85145 ,674 D-CARCIOMNALUNG
0.094 .019 9.0 21. 27. 27. 86175 3597 E-CARCINOMA,LUNG
0.12 .024 11. 27. 33. 33. 87128 5387 E-CARCINONA,MASAL
0.060 .015 7.0 15. 19. 19. 83212 3835 D-PANCREATIC ATROPHY
0.078 .014 6.9 17. 20. 20. 91315 5563 D-CARCINOIM,LUNG
0.033 .0087 3.3 8.1 11. 11. 85361 4715 0-INTERSTITIAL PNEUMONIA
0.051 .0089 4.7 11. 13. 13. 87026 5296 E-MELANOMA,ORAL
0.023 .0065 2.5 6.3 8.0 8.0 89114 5932 E-MESOTHEL IOMA, PULONARY CARCINOMA

1 0.022 .0054 1.9 5.2 6.6 6.6 90141 5025 E-TRANSITIONAL CELL CARCINOMA,PSOSTATE
S0.020 .0049 1.7 4.5 6.5 6.5 91141 5390 D-INTERSTITIAL NEPHRITIS
B 0.0087 .0023 1.0 2.4 2.9 2.9 $9090 5905 E-PAPILLARY ADENOCARCINOMADLUNG
1 0.0091 .0020 0.89 2.1 2.7 2.7 89095 4614 E-MAMMARY COMPLEX ADENOCARCINOM

0.0063 .0011 0.50 1.3 1.6 1.6 88007 5642 E-NEART BASE TUMORHEART
0.0027 .00090 0.23 0.67 0.98 0.98 84313 3005 D-FOCAL PNEUMONIA

4 0.0023 .00058 0.24 0.58 0.74 0.74 84291 4289 E-LYMPHOSARCOMA,VISCERAL
1 0.0019 .00046 0.19 0.46 0.59 0.59 88343 5802 E-CORONARY, PULMONARY THROMBOSES
22 0.0016 .00040 0.17 0.40 0.51 0.14 88243 4397 E-DEGENERATIVE MYOPATHYESOPHAGUS
99 0.0012 .00030 0.13 0.30 0.38 0.38 84163 4154 D-IMPACTIONGALL BLADDER
7 0.00084 .00021 0.088 U.21 0.27 0.27 81191 3270 E-POLIOENCEPHALOMALACIA, SPINAL CORD

0.00069 .00017 0.072 0.17 0.22 0.22 86244 3665 D-LEIOMYOSARCOHA, INTESTINE
00 0.00033 .000082 0.034 0.083 0.11 0.11 87012 5106 E-CHRONIC INTERSTITIAL NEPHRITIS

5 0.00017 .000042 0.018 0.043 0.054 0.054 85225 4765 E-CIRRHOSISLIVER
0.00015 .000037 0.015 0.044 0.047 0.047 86283 3670 D-PNEUMONIA

38 0.00012 .000029 0.012 0.029 0.037 0.037 90233 5081 E-ADENOCARCINOM, MAWMARY GLAND
26 0.000070 .000019 0.0080 0.019 0.024 0.024 88061 5513 E-KALIGNANT NELANOMAORAL CAVITY
17 0.000050 .000013 0.0060 0.013 0.017 0.017 87242 5338 D-PNEUMONIA

84027 4202 E-HEART FAILURE
87267 5362 D-HEART FAILURE
84214 4213 E-LYMPNOSARCONA,GENERALiZED
87220 4015 D-ENDOCARDITIS
80140 1378 E-VERTEBRAL DISC RUPTURE

0 ARE INCLUDED.
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A.13 144Ce In Fused unlminosllcale Partidki, Immature Sacrifice Study

ETA EDIATI
.. ................................

INHALATION EXPOSURE DOSE RATE (GY/DAY)
006 IDENTIFICATION ------------------- 1.l.B. I.L.O. ...............................
----....-.--.-.--- AGE WT -------------- ........................ 60 120 365 AT
TATTOO AN-EXPT SEX DATE DAYS KG MIS/KG NOM UCI/KG UCI NM KG MIS INITIAL DAYS DAYS DAYS DEATH
- - -...... ... --- ---- . . . ... . ... . . . ... ------ ----- -----..... ... ..--- . .... . ... .... .... .....---

672T 04-1132 F 73030 93 3.0 5.2 15. 46 140 1.7 5.2 2.2 .63 .39 .15 .084
6298 03-1055 N 72221 92 2.7 10. 27. 43 120 1.6 4.4 1.7 .88 .46 .42
673U. 01-1137 F 73036 96 1.7 5.2 8.9 37 62 1.4 2.3 1.2 .42 .29
631S 03-1063 F 72228 91 1.8 1.4 2.4 11 19 0.41 0.7 0.48 .17 .10 .035

UCI/KG REPRESENTS NICROCJRIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
MUQ/KG REPRESENTS NEGASEQUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL SODY WEIGHT.
DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
+ INDICATES THE DOG DIED BEFORE IT RECEIVED ITS POTENTIAL INFINITE DOSE.
COMENT: 0, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDINGS ARE I



META EMIATION DOSE TO LUNG

DOS RATE (GY/DAY) CMJNLATIVE DOSE (CY)
j............................. ................................

60 120 365 AT 60 120 365 POTENT. TO DEATN DAYS TO
TIAL DAYS DAYS DAYS DEATN DAYS DAYS DAYS INFIN. DEATH DATE DEATH CWEINT

S.63 .39 .15 .064 69 96 160 200+ 170 74179 514 S-PULNMONARY INJURY
7 .6 .46 .42 75 110 160# 120 T235 129 S-
S.42 .29 44 130+ 51 73117 o1 S-
"A8 .17 .10 .035 16 24 38 36 36 622 3241 S-

IION EXPOSUE.

VEWLY. PROMINENT FINDINGS ARE IKLUDED.
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A.14 144Ce in Fused Alumilnosicate Particls, Aged Longevity Study

BETAS............. ..... o........

INHALATION EXPOSURE DOSE RATE (GY/DAV
DOG IDENTIFICATION --------------------- 1.3.3. I.L..- .........................
------. --.-.-.------ AGE WT. ............. ............................... 60 120 365
TATTOO AN-EXPT SEX BI.OCK DATE DAYS KG N0S/KG NOI RANK UCI/KG UCI M@Q/KG UN INITIAL DAYS DAYS DAY3
oo . ....... ------ . .. ..... ..... .... .. .. o ... ... . ... . ... ... ... ... ... .. . . ... - - - -... .. . .. ... .. .o.

FD-49 02-962 F 1 72040 3748 9.5 5.5 52. 01 75. 710 2.8 26. 4.4 3.0 2.2
FD-40 02-991 F E 72055 3565 12.0 6.3 74. 02 67. 800 2.5 30. 4.0 3.2 2.5
FO-96 01-987 F C 72046 3686 10.9 3.7 41. 03 56. 610 2.1 23. 3.3 2.5 2.0
FD-106 03-967 F D 72046 3537 11.7 5.9 70. 04 51. 600 1.9 22. 3.0 2.3 1.8
FO-118 01-990 F F 72054 3318 6.7 7.0 44. 05 50. 330 1.9 12. 3.0 2.2 1.7
FO-145 03-962 F A 72040 3840 10.5 2.7 28. 06 40. 420 1.5 16. 2.4 1.8 1.4
736 01-1685 N N 75252 3814 11.5 5.9 70. 07 37. 420 1.4 16. 2.1 1.6 1.2 .43
176A 02-1609 N K 75258 3392 11.9 2.3 28. 08 35. 410 1.3 15. 2.0 1.5 1.2 .45
211C 03-1690 N L 75259 3250 11.3 2.5 28. 09 33. 370 1.2 14. 1.9 1.5 1.2 .45
105A 03-1687 N 1 75254 3677 13.2 2.3 30. 10 32. 420 1.2 16. 1.8 1.4 1.1 .41
151A 03-1686 N J 75255 3514 13.6 4.4 59. 11 27. 370 1.0 14. 1.5 1.2 0.96 .39
FO-12 02-967 F C 72046 3714 14.5 4.4 67. 12 27. 400 1.0 15. 1.6 1.1 0.83
71A 02-1686 N N 75253 3819 13.0 2.6 33. 13 25. 320 0.93 12. 1.4 1.1 0.86
FD-7 01-991 F E 72055 3511 10.2 4.4 48. 14 25. 250 0.93 9.3 1.5 1.1 0.84
FP-100 01-983 F 3 72041 3841 8.8 3.0 26. 15 23. 200 0.85 7.4 1.4 1.0 0.78
FP-121 02-990 F F 72054 3119 16.0 3.3 52. 16 23. 360 0.85 13. 1.4 1.0 0.78
FD-94 03-990 F D 72054 3461 6.7 2.3 15. 17 22. 150 0.81 5.5 1.3 0.96 0.75 .28
F0-31 04-982 F A 72040 3859 10.7 1.4 14. 18 22. 230 0.81 8.5 1.3 0.95 0.72
FD-103 01-982 F B 72040 3705 9.4 1.0 9.3 19 20. 190 0.74 7.0 1.2 0.88 0.70
166A 03-1689 N K 75258 3417 12.2 1.4 16. 20 17. 210 0.63 7.8 0.97 0.75 0.59 .22
1168 02-1688 N J 75255 3638 10.7 1.4 15. 21 16. 170 0.59 6.3 0.91 0.70 0.55 .21
2140 01-1690 N L 75259 3218 10.1 1.3 13. 22 16. 170 0.59 6.3 0.91 0.70 0.55 .21
FD-32 03-984 F D 72045 3542 7.8 1.4 11. 23 14. 110 0.52 4.1 0.83 0.64 0.50 .20
FD-47 02-984 F C 72045 3585 8.4 1.0 8.9 24 14. 120 0.52 4.4 0.83 0.58 0.44
FD-190 01-1376 N G 74036 3844 9.7 1.5 14. 25 14. 130 0.52 4.8 0.83 0.58 0.46 .17
FD-15 01-989 F F 72053 3273 12.3 2.6 31. 26 13. 160 0.48 5.9 0.77 0.57 0.44 .15
FD-30 02-983 F A 72041 3877 11.4 1.9 21. 27 13. 150 0.48 5.5 0.77 0.62 0.49 .19
23A 03-1374 N G 74035 3501 14.1 1.9 26. 28 12. 170 0.44 6.3 0.71 0.55 0.44
F0-185 02-1374 14 G 74035 3864 11.2 5.5 63. 29 12. 140 0.44 5.2 0.71 0.50 0.36 .12
FD-153 02-989 F E 72053 3320 8.6 1.7 15. 30 11. 96 0.41 3.6 0.65 0.49 0.38 .15
FD-154 04-989 F F 72053 3313 11.4 1.0 11. 31 9.0 100 0.33 3.7 0.53 0.38 0.29 .11
FD-95 01-984 F C 72045 3563 7.4 0.67 4.8 32 8.5 62 0.31 2.3 0.50 0.37 0.28 .11
116A 01-1688 N J 75255 3638 11.9 0.63 7.4 33 8.4 100 0.31 3.7 0.48 0.38 0.30 .11
1093 02-1687 M 1 75254 3671 10.9 0.70 7.8 34 8.3 90 0.31 3.3 0.47 0.35 0.26 .079
F0-131 01-1374 N G 74035 3889 10.6 0.55 5.9 35 8.3 88 0.31 3.3 0.49 0.37 0.29 .11
1655 01-1689 M K 75258 3419 14.0 0.81 11. 36 8.0 110 0.30 4.1 0.46 0.36 0.28 .11
FD-48 04-984 F 0 72045 3544 12.2 1.3 15. 37 7.7 94 0.28 3.5 0.46 0.3' 0.27 .10
FD-38 03-983 F B 72041 3326 8.7 0.85 7.4 38 7.4 64 0.27 2.4 0.44 0.34 0.27 .11
FD-104 04-983 F A 72041 3931 12.3 0.89 11. 39 6.4 79 0.24 2.9 0.38 0.27 0.21 .081
ai1C 02-1690 N L 75259 3362 10.2 1.6 16. 40 5.9 60 0.22 2.2 0.34 0.26 0.21 .078

FD-150 03-989 F E 72053 3320 9.9 0.89 8.5 41 5.5 54 0.20 2.0 0.33 0.25 0.20 .076&
FD-307 01-1686 M H 75253 3752 12.9 0.12 1.6 42 2.4 31 0.089 1.1 0.14 0.11 0.087 .033
FD-101 05-981 F A 72039 3842 9.9 C
FD-117 01-981 F C 72039 3679 6.2 C
FD-147 02-981 F D 72039 3525 8.9 C
FD-149 04-981 F F 72039 3261 8.2 C
FD-4 03-981 F E 72039 3499 14.7 C
FD-6 06-981 F B 72039 3815 10.6 C
2C 01-1379 M G 74038 3777 12.0 C
111A 05-1684 N 1 75248 3655 9.8 C
1140 01-1684 N J 75248 3634 12.1 C
178A 04-1684 M K 75248 3380 9.6 C
225B 02-1684 M L 75248 3153 12.2 C
59C 03-1684 M H 75248 3865 14.9 C

UCI/KG REPRESENTS NICROCURIES OP RADIONUCLIDE PER KILOGRAM OP TOTAL BODY WEIGHT.
US!/KG REPRESENTS NEGAOEQUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
+ INDICATES THE DOG DIED BEFORE IT RECEIVED ITS POTENTIAL INFINITE DOSE.
COMMENT: D, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDINGS ARE INCLUO



ETA RADIATION DOE TO LUNG
.............................................................

ONE RATE (ST/DAY) CIU.SATIW OMe (OY)
......................... .................................

60 120 345 AT 60 120 345 POTENT. TO DEATi DAYS TO
LAi DAYS DAYS DEATS DAYS DAYS DAYS INFIN. DEATH DATE DEATH COMENT
--. -..... .... ....... .... o .... -..-. ....... .....- -- o - - - - -..... ---..- -..... - o o*-....... . . .. . . .. . . .. . . .. . .

.0 2.2 1.4 210. 370 760. 500 72237 197 D-PUUINOARY INJUY

.2 2.5 1.2 210. 310 1100. 740 73009 320 D-PUNM' Y INJURY
!.S 2.0 1.2 170. 310 840. 530 72307 261 D-PUINONARY INJURY
!.3 1.8 1.1 160. 290 710. 460 72279 233 E-PULNONARY lINUY
!.2 1.7 0.87 150. 260 650. 450 72327 273 E-PUUIOIMRY INJURY
.8 1.4 0.99 130. 220 560. 330 72249 209 0-PULONARY INJURY
.6 1.2 .43 0.23 110. 200 380 480+ 430 77024 503 E-PUONimARY FIBROSIS
".5 1.2 .45 110. 190 370 490 490 79078 1281 D-CARCIUONMLUSG
.5 1.2 .45 0.066 100. 180 370 480. 460 76013 850 E-PULRONAIY INlJY
.4 1.1 .41 0.20 95. 170 340 440. 390 77068 545 D-PULUNA0MY INRY
.2 0.96 .39 0.37 80. 140 300 400. 300 76264 374 E-PULIONARY INJURY; CONG.NEART FAIL.
.1 0.83 0.52 79. 140 300. 200 72260 214 0-PULMONARY INURY
.1 0.88 0.50 75. 130 360+ 230 76152 264 D-PUUI iNY INJURY
1 0.84 0.49 74. 130 830. 220 72305 250 D-PULNONARY INJURY; CONG.HEART FAIL.

.0 0.78 0.037 71. 120 240 320+ 310 74253 943 D-PULNMONMARY INJURY

.0 0.78 0.45 68. 120 310. 200 72309 255 D-PUUIONARY INJURY
1.96 0.75 .28 0.017 68. 120 230 310 310 75165 1207 0-PULMONARY INJURY
1.95 0.72 0.34 66. 120 270. 200 72320 280 D-PUUONMARY INJURY; CONG.NEAUT FAIL.
1.88 0.70 0.25 60. 110 220 290. 220 73064 390 O-PULMONARY INJURY
1.75 0.59 .22 52. 92 180 240 240 82110 2409 E-ADENOCARtCIlONNASAL;CARCINOA, LUNG
1.70 0.55 .21 49. 86 170 230 230 78325 1166 D-HEMORRHAGIC ENTERITIS
i.70 0.55 .21 49. 86 170 230 230 82211 2509 E-GUANULONATOUS PNELONIA;NENINGIOMA
i.64 0.50 .20 46. 78 160 220 220 77067 1849 D-LEIOMYONAILAD[ER;PULMNAiY INJURY
i.58 0.4" 0.19 41. 71 180+ 130 73009 330 D-ADENOCARCINOMA,MWMNARY GLAND
i.58 0.46 .17 0.00090 41' 72 140 190 190 786 1694 E-NEPNROSCLEROSI S;CARCI NONA, PANCREAS
1.57 0.4" .15 0.12 40. 70 130 170. 140 73106 419 0-CONGESTIVE HEART FAILURE
1.62 0.49 .19 0.17 42. 75 150 200+ 150 73058 383 D-CONGESTIVE HEART FAILURE
i.55 0.44 0.066 37. 67 180. 120 74355 320 O-PUINMNARY INJURY; HYPOTHYROID
).50 0.36 .12 0.0027 35. 61 120 160 160 77322 1383 0-PULMONARY THNROMSIS
i.49 0.38 .15 0.0038 34. 59 120 150 150 75295 1338 D-CONGESTIVE HEART FAILURE
1.38 0.29 .11 0.038 27. 47 92 120. 110 73356 669 D-PULMONARY INJURY
1.37 0.28 .11 25. 45 88 120 120 M7256 2038 E-CNRONIC PYELONEPlRITIS
1.38 0.30 .11 26. 46 93 120 120 80036 1607 E-MALIGNANT MELANOMA, MOUTH
1.35 0.26 .079 24. 43 86 110 110 79016 1223 E-LYMPHONAVISCERAL
'.37 0.29 .11 0.00060 25. 45 90 120 120 78265 1691 E-SENIHAM;BRONCHIOLOALVEOLAR CARCINOMA
'.36 0.28 .11 25. 46 89 110 110 81225 2159 E-CARIAC INSUFFICIENCY
.3/ 0.27 .10 0.012 23. 42 83 110 110 74218 904 D-ADENOCARCINOMA,MIAWARY GLAND
1.34 0.27 .11 0.0018 23. 41 85 120 120 76079 1499 E-ADElOPA,ADRENAL;OROUCHIOLOALV. CARC.
.27 0.21 .081 0.00008 19. 33 67 87 87 77281 2067 E-NEPNRITIS;CONGESTIVE HEART FAILURE

-.26 0.21 .078 18. 32 64 84 84 82286 2584 E-SWEAT GLAND ADEHOCARCINOMA
.25 0.20 .076 0.00003 17. 30 61 80 80 78236 2375 E-SQUAM. CELL CARC.,ORAL;B-A-CARCINOMA
.11 0.087 .033 7.5 13 26 36 36 79110 1318 E-DISC PROTRUSION

74342 1034 D-BILATERAL ADRENAL HYPERPLASIA
77363 2151 D-PYELONEPHRITIS
74151 843 D-PYONETRA
75114 1171 0-ADENOCARCINOMA,MAMARY GLAND
77195 1983 E- F IUROBLASTIC OSTEOSARCONA,UONE
73265 592 0-ADENOCARCINOMA.MNIARY GLAND
77033 1091 D-BRONCHIOLOALVEOLAR CARCINOMA
79358 1571 D-RENAL FIBROSIS
82043 2352 E-DISC PROLAPSE;CARCINOMA,LUNG
83052 2726 E-CONGESTIVE NEART FAILURE
79302 1515 D-PLEURITIS (NOCARDIA SP.)
76275 392 D-LOBAR PNEUEONIA

DINA• ARE INCLUDED.
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A.15 "Sr in Fused Ahuninuilicate Particles, Longevity Study

INNALATION EXPOSURE DOSE
DOG IDENTIFICATION ............ .3.S. I.L.U."........

0 IETIIETO --------- --------------------------------------------------6---S.................. AGE WT .............. ..................................... 60
TATTOO AN-EXPT SEX SLOCK DATE DAYS KG NK/KG PMG RANK UCI/KG UCI KEQ/KG M INITIAL DAYS
...... ..... °°.. . . .. ... -- - .... ... ---- ----. .. ----- ------ ----. ------.. . . .. .-- - - -- --....-- -- -- -

417?A 04-828 N N 70283 379 10.6 9.3 100. 001 96. 1014. 3.6 36. 5.0 4.5
41ST 01-828 F 1 70288 396 9.2 4.4 41. 002 90. 832. 3.3 31. 4.8 3.9
435A 01-856 N J 71032 391 11.5 5.2 63. 003 77. 885. 2.8 33. 4.1 3.3
393A 01-792 N C 70218 427 10.3 3.7 37. 004 74. 763. 2.7 28. 3.9 3.3
4168 02-828 N H 70288 382 11.6 7.8 89. 005 74. 855. 2.7 32. 3.9 3.5
403A 03-809 N E 70238 396 7.0 5.2 36. 006 74. 515. 2.7 19. 3.9 3.1
397T 04-792 F D 70218 409 8.6 5.5 48. 007 73. 629. 2.7 23. 3.9 3.0
5003 04-964 N L 71300 369 8.6 5.5 48. 008 71. 608. 2.6 22. 3.7 2.8
417T 03-828 F i 70288 379 9.5 11. 100. 009 70. 661. 2.6 24. 3.7 2.9
4035 04-809 F F 70238 396 7.0 5.2 36. 010 68. 468. 2.5 17. 3.6 2.4
403U 01-809 F F 70238 396 6.8 5.5 37. 011 67. 454. 2.5 17. 3.5 2.8
39IU 02-792 F D 70218 393 6.9 3.5 24. 012 66. 452. 2.4 17. 3.5 2,8
432T 01-855 F K 71029 413 8.2 7.0 59. 013 65. 530. 2.4 20. 3.4 2.7
433A 02-854 N J 71028 411 11.0 4.1 48. 014 65. 710. 2.4 26. 3.4 2.7
405X 01-824 F G 70266 417 8.6 4.8 41. 015 63. 541. 2.3 20. 3.3 2.8
355S 01-703 F 9 70036 424 8.6 5.5 48. 016 62. 536. 2.3 20. 3.3 2.6
355B 02-703 M A 70036 424 9.4 3.7 35. 017 58. 544. 2.1 20. 3.0 2.5
398A 03-792 N C 70218 393 11.4 3.0 34. 018 57. 652. 2.1 24. 3.0 2.5
408T 02-824 F G 70266 409 8.6 3.7 33. 019 55. 473. 2.0 18. 2.9 2.5
361T 03-701 F 3 70034 415 8.4 3.3 28. 020 53. 444. 2.0 16. 2.8 2.4
4020 02-809 N E 70238 397 6.7 7.0 48. 021 53. 354. 2.0 13. 2.8 2.4
357A 01-702 N A 70035 421 9.8 5.5 52. 022 53. 515. 2.0 19. 2.8 2.3
418S 03-827 F 1 70286 365 10.0 3.3 33. 023 51. 514. 1.9 19. 2.7 2.4
4370 03-855 N J 71029 382 8.3 3.7 32. 024 51. 423. 1.9 16. 2.7 2.0
494A 03-964 N L 71300 404 9.4 3.7 36. 025 50. 474. 1.9 18. 2.7 1.9
411A 01-827 N N 70286 421 14.2 9.6 130. 026 49. 699. 1.8 26. 2.6 2.4
431U 02-855 F K 71029 421 7.2 8.9 67. 027 48. 348. 1.8 13. 2.5 2.2
402A 01-808 N E 70237 396 9.5 2.1 20. 028 42. 402. 1.6 15. 2.2 1.9
400S 04-806 F F 70237 404 9.1 3.1 28. 029 41. 370. 1.5 14. 2.1 1.7
433S 04-854 F K 71028 411 9.0 2.3 21. 030 38. 339. 1.4 13. 2.0 1 7
411T 03-824 F G 70266 401 7.6 2.6 20. 031 37. 284. 1.4 11. 2.0 1:8
4973 02-964 K L 71300 375 8.8 1.8 16. 032 35. 308. 1.3 11. 1.8 1.4
396T 03-790 F D 70216 417 8.6 3.0 25. 033 33. 282. 1.2 10. 1.7 1.3
3980 02-790 N C 70216 391 9.5 1.9 18. 034 32. 305. 1.2 11. 1.7 1.4
751A 03-1581 N 0 74338 429 10.0 1.7 17. 035 31. 309. 1.1 11. 1.6 1.4
3541W 02-702 F B 70035 425 7.5 2.3 17. 036 30. 224. 1.1 8.3 1.6 1.3
355A 04-701 N A 70034 422 10.6 3.6 37. 037 24. 257. 0.89 9.5 1.3 1.1
433C 01-854 N J 71028 411 9.8 1.1 10. 038 24. 234. 0.89 8.7 1.3 1.1
748S 01-1580 F N 74337 446 7.6 1.5 11. 039 23. 171. 0.85 6.3 1.2 1.0
414T 04-827 F 1 70286 397 7.0 2.0 14. 040 21. 150. 0.78 5.5 1.1 0.97
416C 02-827 M H 70286 380 10.7 1.6 17. 041 21. 223. 0.78 8.3 1.1 0.92
759S 03-1586 F P 74347 415 10.0 1.7 17. 042 21. 208. 0.78 7.7 1.1 0.91
430S 03-854 F K 71028 4?3 7.7 1.1 8.5 043 21. 160. 0.78 5.9 1.1 0.90
399U 03-808 F F 70237 407 7.2 2.0 14. 044 19. 137. 0.70 5.1 1.0 0.86
401B 02-808 N E 70237 403 9.0 1.9 17. 045 19. 169. 0.70 6.3 0.98 0.85
3988 01-790 N C 70216 391 11.2 1.0 12. 046 18. 204. 0.67 7.5 0.96 0.82
404S 01-823 F G 70265 422 8.6 0.89 7.4 047 17. 150. 0.63 5.5 0.92 0.77
748A 02-1581 N H 74338 447 8.2 0.93 7.4 048 16. 134. 0.59 5.0 0.86 0.78
354" 01-701 m A 70034 424 10.4 1.8 19. 049 15. 161. 0.55 6.0 0.81 0.70
495C 01-964 N L 71300 385 8.0 0.89 7.0 050 15. 119. 0.55 4.4 0.78 0.65
3627 02-701 F 3 70034 413 6.8 1.3 8.9 051 15. 101. 0.55 3.7 0.78 0.68
397S 04-790 F D 70216 407 8.3 0.96 8.1 052 15. 121. 0.55 4.5 0.76 0.65
4133 02-826 N H 70285 409 10.9 0.85 9.3 053 14. 148. 0.52 5.5 0.71 0.60
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BETA RADIATION DOSE TO LUNG
... .. .. .. ............ - ..... - - - - .... .....- - .. o......... ...... o.. ....... ......

DOSE RATV (iY/OAY) CUISULATIVE DOSE (GY)
,.......... o... o............... . o. . o ------------ ------------ ------------

60 120 365 AT 60 120 365 POTENTIAL TO DEATH DAYS TO
OAYS OAYS DAYS DEATN DAYS DAYS DAYS SO00 DAYS DEATH DATE DEATH COMMENT

1.5 4.3 4.2 280. 550. 11000. * 870. 71118 195 D-PUUmONmRY INJURY
1.9 3.4 3.1 260. 470. 13000. + 790. 71143 220 D-PuloNmARY INJURY
1.3 3.0 2.7 220. 410. 11000. + 720. 71263 231 E-PULMONAY INJURY
1.3 2.5 2.5 220. 400. 1400. + 500. 71012 159 D-PUUoMRY INJURY
1.5 3.2 3.0 210. 420. 3400. + 620. 71107 184 D-PULMONARY INJURY
1.1 2.7 2.1 2.1 210. 380. 940. 4700. * 990. 71259 386 D-PULMNiARY INJURY
1.0 2.6 2.3 200. 360. 9600. + 600. 71071 218 O-PUuLOImtY INJURY
!.a 2.4 2.1 190. 350. 8900. + 640. 72190 255 D-PUJLONARY INJURY
!.9 2.6 2.4 200. 360. 10000. + 730. 71190 267 E-PUt.ONARY INJURY
!.4 2.2 1.8 150. 290. 17W0. + 510. 71105 232 D-PUmONARY iNJURIY
t.6 2.5 2.2 190. 350. 4700. + 670. 71131 258 D-PULMONARY IJURY
!.8 2.6 2.0 180. 340. 2500. + 820. 71182 329 D-PUUmONARY INJURY
!.7 2.3 1.9 180. 330. 5800. + 640. 71297 268 D-PULMONARY INJURY
!.7 2.5 2.3 180. 340. 10000. + 650. 71280 252 E-PULONAK Y INJURY
!.8 3.4 2.1 180. 340. 870. + 610. 71144 243 D-PUMONRY INJURY
!.6 2.3 1.9 180. 320. 4500. + 780. 71013 342 D-PULNONARY INJURY
.. 5 2.2 1.8 1.8 170. 310. 780. 7800. + 00. 71044 373 D-PUMOAY INJURY
!.5 2.2 2.1 160. 300. 7800. + 640. 71135 282 O-PULNONARY INJURY
!.5 2.2 2.0 160. 300. 8300. * 540. 71139 238 D-PULNONARY INJURY
!.4 2.2 1.9 150. 290. 3000. + 590. 70299 265 D-PUUNAXY INJURY
!.4 2.1 1.7 150. 290. 3700. + 620. 71173 300 0-PULMNOARY INJURY
!.3 2.0 1.6 150. 280. 6900. + 670. 71011 341 D-PULNomARY INJURY
!.4 2.1 1.7 150. 290. 1200. * 440. 71122 201 O-PULNomARY INJURY
!.0 1.7 1.2 1.2 140. 250. 600. 1600. + 620. 72040 376 E-PULmONARY INJURY
1.9 1.4 0.67 140. 240. 750. + 420. 72245 310 0-PUULONARY INJURY
!.4 2.2 2.0 150. 290. 1800. * 450. 71122 201 0-PLULMARY INJURY
!.2 1.9 1.7 140. 260. 6900. + 450. 71255 226 0-PUMMY INJURY
1.9 1.6 1.3 120. 220. 5400. * 530. 71212 340 D-PULNONARY INJURY
1.7 1.5 1.3 110. 210. 3700. + 430. 71158 286 0-PULMONARY INJURY
1.7 1.5 1.3 110. 200. 3500. + 420. 71307 279 0-PULMONARY INJURY
1.8 1.6 1.2 110. 210. 1000. + 400. 71160 259 D-PULMONARY INJURY
1.4 1.2 0.76 0.51 96. 170. 390. 1200. + 660. 73357 788 D-HEMANGIOSARCOMA,LUNG
1.3 1.2 0.81 0.52 90. 160. 400. 1000. + 630. 72204 718 D-HEMANGIOSARCOM, LUNG
ý.4 1.2 0.89 0.70 93. 170. 420. 1500. + 650. 72130 644 E-HENANGIOSARCOHA,LUNG
1.4 1.2 0.93 0.67 89. 170. 420. 1500. + 720. 76355 747 E-HEMANGIOSARCOMALUNG
.3 1.1 0.86 0.80 85. 160. 400. 1700. + 490. 71147 477 D-PULMONARY INJURY.1 0.98 0.65 0.44 71. 130. 330. 1000. + 520. 72019 715 D-HEMANGIOSARCONA,LUNG
1.1 1.0 0.78 0.58 71. 140. 350. 1200. + 570. 72356 693 E-HEMANGIOSARCOMALUNG
1.0 0.91 0.69 0.44 65. 120. 310. 1000. + 580. 77084 843 E-HEMAMGIOSARCOMA,LUNG
1.97 0.86 0.60 0.38 63. 120. 290. 1000. + 540. 73064 874 D-fEMANGIOSARCOMALUNG
1.92 0.79 0.50 0.24 60. 110. 260. 840. + 530. 73318 1128 E-EPIDERHOIO CARC.;HEMANGIOSARC.,LUNG
1.91 0.78 0.54 0.37 60. 110. 270. 1100. + 500. 77133 882 E-HEMANGIOSARCOMA,LUNG
1.90 0.79 0.59 0.41 59. 110. 270. 970. + 490. 73106 809 E-HEMANGIOSARCOMA,LUNG
1.86 0.74 0.50 0.27 56. 100. 250. 930. + 540. 73311 1170 E-HEMANGIOSARCOMALUNG
1.85 0.78 0.60 0.30 55. 100. 270. 850. + 560. 73166 1025 D-HEMANGIOSARCONA,LUNG
1.82 0.73 0.54 0.29 53. 99. 250. 820. + 520. 73153 1033 E-HEMANGIOSARC. AND B.A.CARC.,LUNG
1.77 0.66 0.45 0.087 50. 93. 230. 660. + 580. 76042 1968 D-HEMANGIOSARCONA,HEART
1.78 0.71 0.50 0.15 49. 94. 240. 870. + 660. 80078 1931 D-PULMONARY INJURY
1.70 0.61 0.40 0.18 45. 84. 200. 660. + 430. 73152 1214 E-HEMANG.,LUNG;SQUAM-CELL CARC,LUNG
1.65 0.55 0.36 0.11 43. 78. 190. 600. + 480. 76295 1821 E-HERANGIOSARC.,SPLEEN; B.A.CARCINO(A
1.68 0.60 0.41 0.18 44. 82. 200. 600. + 430. 73123 1185 D-HEMANGIOSARCOMA,LUNG
1.65 0.56 0.38 0.064 42. 78. 190. 600. + 540. 77032 2373 0-PULMONARY INJURY
1.60 0.51 0.30 0.15 39. 72. 170. 630. + 340. 74037 1213 D-HEMANGIOSARCOMA,LUNG

138

...... .....



A.15 W in Fused Ahninulsicate Partides, Longevity Study (continued)

S..... ...............

INHALATION EXPOSUME DOSE RATEDOGIDENTIFICATION ........... 1.8.8. I.L.B. ..........
---------- -..................................................... ... 1

TATTOO M-EXPT SEX BLOCK DATE DAYS KG WGKG P RANK UCI/KG UCI I/KG U INITIAL DAYS DA
----- ------- --- ---- ---.- -.... ...... ... * o . .. . .o- o o... ...... ....... ......- - *. .......- - - - .o..**...- -

415V 01-826 F I 70285 393 7.5 0.85 6.7 054 13. 99. 0.48 3.7 0.70 0.59 0.5
405A 02-806 N E 70236 367 9.7 0.78 7.8 055 9.4 92. 0.35 3.4 0.50 0.41 0.
438A 04-853 N J 71027 376 9.9 0.74 7.4 056 9.2 91. 0.34 3.4 0.48 0.39 0.
3581 01-704 F 8 70037 420 9.0 0.89 7.8 057 9.1 82. 0.34 3.0 0.48 0.44 0.4
411S 03-823 F G 70265 400 8.1 0.85 7.0 058 8.6 70. 0.32 2.6 0.45 0.41 0.
413C 03-826 N H 70285 409 12.2 0.44 5.2 059 8.5 103. 0.31 3.8 0.45 0.38 0.
393C 02-789 N C 70215 424 8.2 0.41 3.4 060 7.9 65. 0.29 2.4 0.42 0.37 0.
393T 03-789 F D 70215 424 6.6 0.55 3.2 061 7.9 52. 0.29 1.9 0.42 0.34 0.
3997 01-806 F F 70236 406 8.0 0.48 4.1 062 7.7 61. 0.28 2.3 0.40 0.36 0.
3678 04-700 N A 70033 385 9.6 1.0 8.5 063 7.6 73. 0.28 2.7 0.40 0.36 0.
754T 02-1580 F N 74337 410 7.0 0.41 2.7 064 7.4 52. 0.27 1.9 0.39 0.34 0.
4940 01-963 N L 71299 403 8.0 0.44 3.6 065 6.8 55. 0.25 2.0 0.36 0.33 0.3
430V 02-853 F K 71027 422 7.2 0.81 5.9 066 6.6 48. 0.24 1.8 0.35 0.31 0.
413S 04-826 F 1 70285 409 10.4 0.59 6.3 067 6.6 69. 0.24 2.6 0.35 0.29 0.
405S 02-823 F G 70265 416 9.9 0.52 5.2 068 5.7 57. 0.21 2.1 0.30 0.27 0.
759C 01-1586 P 0 74347 415 10.9 0.36 4.1 069 5.7 62. 0.21 2.3 0.30 0.26 0.
3520 02-704 N A 70037 433 7.9 0.31 2.5 070 5.4 43. 0.20 1.6 0.28 0.25 0.
755A 01-1581 N 0 74338 409 7.1 0.25 1.8 071 5.3 38. 0.20 1.4 0.28 0.24 0.
7548 03-1580 N N 74337 410 8.1 0.34 2.7 072 5.2 42. 0.19 1.6 0.27 0.25 0.2
431T 01-853 F K 71027 419 6.6 0.37 2.4 073 4.9 33. 0.18 1.2 0.26 0.22 0.2
4948 02-963 N L 71299 403 9.4 0.41 3.7 074 4.9 46. 0.18 1.7 0.26 0.21 0.1
360T 02-700 F 8 70033 414 7.9 0.93 7.4 075 4.5 35. 0.17 1.3 0.23 0.19 0.1
399S 04-806 F F 70236 406 9.7 0.31 3.1 076 4.3 41. 0.16 1.5 0.22 0.20 0.1
398S 04-789 F D 70215 390 9.6 0.36 3.4 077 4.2 40. 0.16 1.5 0.22 0.19 0.1
435C 03-853 N J 71027 386 9.0 0.25 2.3 078 4.1 37. 0.15 1.4 0.21 0.18 0.1
393D 01-789 N C 70215 424 10.5 0.27 2.9 079 4.1 43. 0.15 1.6 0.21 0.19 0.1
4038 03-806 N E 70236 394 7.3 0.26 1.9 080 3.9 28. 0.14 1.0 0.20 0.18 0.1
75&U 04-1586 F P 74347 417 7.0 0.48 3.3 081 3.5 24. 0.13 0.89 0.18 0.15 0.1
755U 02-1586 F R 74347 418 6.2 0.48 3.1 082 2.6 16. 0.096 0.59 0.14 0.12 0.1
7623 01-1583 N Q 74344 407 6.7 0.14 0.93 083 1.6 11. 0.059 0.41 0.085 0.074 0.
756C 02-1584 N 0 74345 416 11.0 0.085 0.96 084 1.5 17. 0.056 0.63 0.081 0.073 0.
751U 03-1583 F P 74344 435 10.2 0.089 0.89 085 1.5 16. 0.056 0.59 0.0 0.068 0.
749S 02-1577 F N 74330 430 8.2 0.093 0.74 086 1.5 12. 0.056 0.44 0.079 0.071 P
749B 03-1579 N N 74336 436 8.8 0.093 0.81 087 1.5 13. 0.056 0.48 0.076 0.064 0.
762U 01-1584 F R 74345 408 6.9 0.11 0.81 088 1.2 8.5 0.044 0.31 0.065 0.058 0.
7566 04-1578 N 0 74331 402 10.6 0.085 0.93 089 1.0 11. 0.037 0.41 0.054 0.048 0.
7488 02-1579 N 0 74336 445 8.7 0.074 0.63 090 0.98 8.5 0.036 0.31 0.051 0.047 0.
755S 04-1584 F R 74345 416 10.0 0.10 1.0 091 0.90 9.0 0.033 0.33 0.047 0.044 0.
754S 04-1585 F P 74346 419 8.3 0.15 1.2 092 0.80 6.6 0.030 0.24 0.042 0.038 0.0
752A 03-1578 M N 74331 414 6.7 0.056 0.37 093 0.80 5.3 0.030 0.20 0.042 0.039 0.00
751T 03-1577 F N 74330 421 9.3 0.085 0.78 094 0.62 5.8 0.023 0.21 0.033 0.029 0.0
754A 01-1579 N N 74336 409 9.7 0.024 0.23 095 0.32 3.1 0.012 0.11 0.017 0.016 0.0
751V 04-1583 F R 74344 435 8.4 0.031 0.26 096 0.31 2.6 0.011 0.096 0.016 0.015 0.0
7590 01-1585 N 0 74346 414 9.1 0.033 0.30 097 0.29 2.7 0.011 0.10 0.015 0.014 0.01

762V 03-1584 F R 74345 408 6.3 0.067 0.41 098 0.27 1.7 0.010 0.063 0.014 0.013 0.0
758T 03-1585 F P 74346 416 7.0 0.017 0.12 099 0.26 1.8 0.0096 0.067 0.014 0.013 0.0
748T 04-1579 F N 74336 445 5.8 0.026 0.15 100 0.25 1.5 0.0093 0.056 0.013 0.012 0.01
763A 02-1585 N a 74346 408 9.9 0.024 0.24 101 0.22 2.2 0.0081 0.081 0.011 0.011 0.
750A 01-1577 N N 74330 428 10.5 0.022 0.23 102 0.18 1.8 0.0067 0.067 0.0092 0.0085 0.
763S 02-1583 F P 74344 406 8.2 0.033 0.27 103 0.15 1.2 0.0056 0.044 0.0078 0.0072 0.
758C 01-1578 N 0 74331 401 7.7 0.021 0.17 104 0.15 1.1 0.0056 0.041 0.0077 0.0072 0.
756A 02-1578 N 0 74331 402 10.2 0.024 0.24 105 0.12 1.3 0.0044 0.048 0.0065 0.0060 0.
749T 04-1577 F N 74330 430 7.9 0.027 0.21 106 0.12 0.94 0.0044 0.035 0.0062 0.0059 0.



F

ETA RADIATION DOSE TO LUNG
,.................... ............... ......................... .... .....-

M-E RATE CGY/DAY) CUWSLATIVE DOE (BY)
............................ .......................................

1 120 365 AT 60 120 365 POTENTIAL TO DEATN DAYS TO
FS DAYS DAYS DEATH DAYS DAYS DAYS 5000 DAYS OEATN DATE DEATH COSENT
,.. ...... ...... ....... ...... ...... ----- ......... .o.... ..... .... *... .............................. ....... ...

0 0.51 0.33 0.11 39. 72. 170. 500. + 380. 74283 1461 D-iUMIAGIOSRCONAM*EART
I 0.34 0.20 0.035 27. SO. 110. 330. + 290. 76358 2313 E-HWNSGIOIMCNA,EMART
P 0.33 0.23 0.035 26. 47. 110. 400. * 360. 71223 2753 E-NIWSSIOMRC.,RIi;i-A-CMCINONA
6 0.41 0.32 0.049 28. 53. 140. 490. + 440. 76275 242 D-IUN6IOLSARC0A,NEMT;5-A-CA¢IHINA
I 0.38 0.27 0.016 26. 50. 130. 340. * 320. 7r704 259M D-PUL Y IlJURY;MNSlED CARC.,LUIG
1 0.34 0.23 0.029 25. 46. 110. 340. + 310. 72 2496 E-SEWUNS CELL CARCINONA,NASAL CAVITY
F 0.33 0.24 0.083 24. 45. 110. 410. + 310. 75072 1613 E-IENANGIOSMCONA,SITE UNDETERMINED
6 0.30 0.19 0.010 23. 42. 100. 290. + 210. 79M34 3306 D-NElNI6IOSARNCNA,NEAAT
1 0.32 0.23 0.077 23. 43. 110. 400. + 310. 75217 1807 D-NMNGIOLMRCNATKN
1 0.33 0.23 0.030 23. 43. 110. 340. + 310. 77091 2615 D-ASPIRATIOi PEUJNONIA;l-A-CARCIIONA,
1 0.30 0.22 0.093 22. 41. 100. 410. + 290. 79104 1593 D-NENANiIOSARNA,,EART
1 0.31 0.25 0.063 21. 40. 110. 400. * 310. 76176 1703 D-1ENAN6IOSARCENA,IEMT
I 0.28 0.20 0.043 20. 37. 95. 340. + 290. 77140 2305 E-IEIWMIOSARCONA,lEART
P 0.26 0.18 0.027 19. 36. 87. 280. * 250. 77171 2443 D-NEWO6IO6ARCONANEART
F 0.25 0.17 0.0063 17. 33. 84. 220. * 210. 81014 3767 E-HENIANGIOSARCONADISSENIIATED
1 0.23 0.16 0.043 17. 32. 80. 290. + 230. 80260 2104 E-HENAiGIOSUACONA,LUNG
1 0.23 0.17 0.023 16. 3.0 79. 290. + 260. 77310 2830 D-S0.CELL CARC,LUNG;NENANGIOSMC.,TBLN
. 0.20 0.14 0.022 16. 29. 72. 230. + 220. 84163 3477 D-HENANGIOSARCONA,UDWET.;PUL. ADEHONA
1 0.22 0.17 0.059 15. 30. 78. 320. * 240. 80109 1963 E-HNENiGIOSARCONA,NJSCLE
1 0.21 0.17 0.047 14. 27. 74. 300. + 240. 76295 2094 D-'ENANGIOSARCOINA.JAT
I 0.18 0.12 0.020 14. 25. 60. 200. + 180. 78329 2587 D-HENAIGIOSARCOATSLN
P 0.16 0.10 0.0040 13. 23. 53. 150. + 140. 79158 3412 D-ULCEUTIV PKARYNGITIS

0.18 0.13 0.035 13. 24. 62. 230. + 190. 76201 2156 D-NEXANGIOSARCONA, WEAT
P 0.17 0.12 0.020 12. 23. 57. 200. + 170. 77223 2565 E'-IEMANGIOSARCONA, LUNG
1 0.16 0.12 0.038 12. 22. 55. 240. + 190. 77076 2241 E-HENANGIOSARCONA,HEART
P 0.17 0.12 0.013 12. 23. 57. 200. + 190. 79173 3245 E-NENANGIOSARCONAHEAMT
I 0.17 0.12 0.020 12. 22. 56. 200. * 180. 77315 2636 E-NENANGIOSANC.,SITE UMD.;S-A-CARCIONM
1 0.14 0.11 0.029 10. 19. 48. 180. + 150. 80186 2030 E-NENANGIOStCOMNASPLEEN
S0.11 0.079 0.019 7.7 15. 37. 130. * 110. 81091 2301 E-HENAMIIOSARCONA, LIVER
F4 0.066 0.049 0.0070 4.8 9.0 23. 88. + 86. 86161 4200 E-NHEANGIOSARCONAT8LN
F3 0.067 0.048 0.0090 4.6 8.8 23. 84. + 80. 85256 3929 E-HENMNGIOSARCONA,TSLl
18 0.059 0.040 0.0070 4.4 8.2 20. 70. + 61. 84024 3332 E-ANGIOSARCOMA,JTLN
!1 0.065 0.050 0.010 4.5 8.5 22. 90. + 85. 84272 3594 E- HENANGIOSARCONA, HEART
"54 0.057 0.042 0.0060 4.2 7.8 20. 73. * 72. 89153 5296 D-PUL. FIBROSIS, PUt. ADENOCARCIHONA
18 0.053 0.039 0.0050 3.7 7.0 18. 66. + 64. 86234 4274 E-HENANGIOSARCONATBLN;CAACINMA,LUNG
68 0.044 0.031 0.0077 3.1 5.8 15. 48. + 39. 80045 1905 E-HENANGIOSARCONA,TBLH
67 0.046 0.036 0.0040 3.0 5.8 16. 71. + 73. 88047 4824 E-MESOTHELIOMA, PLEURAL
64 0.041 0.032 0.0040 2.7 5.3 14. 55. + 49. 83213 3155 E-HENANGIOSARCONA,SPLEEN
-8 0.035 0.028 0.0040 2.4 4.6 12. 45. + "4. 84314 3620 E-CARCINONA,LUNG
59 0.036 0.028 0.0050 2.4 4.7 12. 52. + 48. 85345 4032 E-HENANGIOSARCONA,TBLU
r9 0.026 0.019 0.0048 1.8 3.5 8.8 31. * 26. 80196 2057 E-"iENANGIOSARCONA,TBLN
16 0.015 0.012 0.0012 0.99 1.9 5.2 23. + 22. 86365 4412 0-CARDIONYCOPATNY,HEART
15 0.013 0.0093 0.00080 0.93 1.8 4.5 17. + 16. 86199 4238 E-CARCINONA,4AJI4ARY GLAND
14 0.013 0.010 0.0010 0.89 1.7 4.6 17. + 16. 86323 4774 E-CHOLANGIOCARCIONA, LIVER
13 0.011 0.0069 0.00070 0.81 1.5 3.7 10. + 8.8 82188 2765 E-HENMNGIOSARCONA,TBLN
13 0.012 0.0087 0.00060 0.79 1.5 4.0 11. + 10. 82351 2927 D-PULIMONARY THROMBOSIS
12 0.011 0.0079 0.00030 0.76 1.5 3.8 9.7. 9.5 86143 4190 D-HEART FAILURE
il 0.0099 0.0075 0.00080 0.66 1.3 3.4 15. * 14. 88041 4808 E-HENANGIOSARCOKA, SPLEEN
285 0.0079 0.0058 0.00080 0.53 1.0 2.7 11. + 9.5 85172 3860 E-LYNPHOSARCOMA,LIVER
272 0.0067 0.0048 0.00020 0.45 0.87 2.3 5.8. 5.7 87182 4591 E-LYMPiOSARCONA,BRAIN
)72 0.0068 0.0054 0.00070 0.45 0.87 2.4 7.9* 7.7 84093 3414 E-HENANGIOSARCONA,TBLN
)60 0.0056 0.0040 0.00020 0.38 0.72 1.9 6.6. 6.2 88176 4958 E-PYELONEPHRITIS
,59 0.0055 0.0042 0.00045 0.36 0.70 1.9 5.74 5.5 82075 2667 E-HENANGIOSARCONA,LIVER
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A.15 t•Sr in Funed Aluminosilicate Particles, Lmigevity Study (continued)

INIALATION EXPOSURE DOSE RATE (
DOG IDENTIFICATION ---------------------- 1.3.B. I.L.. -----------------------
.................. AGE TI .............. .---------------------.--------------- 60 120
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG NSA/KG 0MG RANK UCI/KG UCI NMQ/KG MN INITIAL DAYS DAYS
- - ------ . . . .. . . . . ..... .... ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... .

354S 02-699 F S 70027 417 7.8 C
3618 01-699 N A 70027 408 12.0 C
397U 01-718 F D 70212 403 7.5 C
399B 02-788 N C 70212 382 10.9 C
401S 01-811 F F 70240 406 8.5 C
4023 02-811 N E 70240 399 11.1 C
405W 01-816 F G 70247 39 6.8 C
413U 01-830 F 1 70289 413 9.4 C
418C 02-830 N H 70289 368 11.4 C
431S 02-851 F K 71025 417 7.4 C
437A 01-851 N J 71025 378 10.9 C
497A 01-962 N L 71299 374 11.1 C
751S 03-1576 F N 74329 420 11.6 C
7154C 01-1576 N N 74329 402 6.7 C
758A 02-1576 N 0 74329 399 11.2 C
7580 03-1582 M 0 74343 413 10.4 C
761S 01-1582 F R 74343 407 9.8 C
762T 02-1582 F P 74343 406 7.2 C

UCI/IG REPRESENTS NICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
NSA/KG REPRESENTS NEGABEQUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
DOSE RATE AND CUIULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
+ INDICATES THE DOG DIED BEFORE IT RECEIVED ITS POTENTIAL INFINITE DOSE.
CO MM4ENT: D, E, OR S INDICATE THE DOG DIED, WAS EUT MANIZED OR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDINGS ARE INCLUDED.

F]



BETA RADIATION DOSE TO LUNG
-.. .................................................................. 

...

DOSE RATE (GY/DAY) CUIULATIVE DOSE (GY)
...... .... .... ................. .................................... ...

60 120 365 AT 60 120 365 POTENTIAL TO DEATH DAYS TO
DAYS DAYS DAYS DEATH DAYS DAYS DAYS 5000 DAYS DEATH DATE DEATH CONIENT

.. .. . . . . . ...... .. -- -- - - -- ... .. .. . . . . . . ... . .... .... ... .. -- - - - ....... . . . . . . ....... -- - - - - - - - - - - - - - - - ------ -----

81196 4189 E-ADENOCARCINONA. NAWARY GLAND
83211 4932 D-CARCINONA,LUNG
85273 5540 E-PYELONEPHRITISKIDNEY
"84073 4974 E-ADENOCARCI MONA, PROSTATE
85106 5345 E-ADEN0CARCINGIA,HNAHNAMY GLAND
85133 5372 D-SRONCHOPNEUIHONIA, LUNG
80275 3680 D-CARCINONA, LUNG
83244 4703 E-CARCINONA,BLADDER
85067 5257 E-1ALIGNANT NELANKA.A.•.L
82244 4237 E-TRANSITIONAL CELL CARCINMNA,SLAD)OR
85318 5407 D-LYNPHOSARCOMA,GENERALIZED
82140 3859 E-CARCINONA,HEPATOCELLULAR
86200 4254 D-FIBRONA,VAGINA
86022 4076 D-HENANGIOSARCOK4A,HEART
84211 3534 E-ADENOCARCINONA,PANCREAS
86335 4375 D-BRONCHIOLITIS,LUNG
81344 2558 D-ACCIDENTAL DEATH
91159 6025 D-PYELONEPHRITIS;CARCINONA,LUNG

ME INCLUDED.
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A.16 lOCe in Fused Aluminosilicate Particles, Repeated Exposure Study

BETA RADIATION DOSE TO LUNG

DOSE RATE (GY/DAY) OJUMAIIVE DOSE (GY)
I N I T I A L E X P O S U R E F I N A L E X P O S U R E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

DOG IDENTIFICATION .................-----------------. AFTER AFTER
-..----..----.--.-. AGE UT AGE WT INITIAL FINAL AT 365 730 POTENT. TO
TATTOO AN-EXPT SEX GROUP DATE DAYS KG DATE DAYS KG EXP. EXP. DEATH DAYS DAYS INFIN. DEATH
- - - ------ --.. .. . . - . ... . ----- .. .... ..... .... ....---- ....... ..... ....... .... .... ....... .....---

"645C 01-1294 N 1 73340 518 8.3 75286 1195 9.5 .18 .75 .0028 130 370 520 520
"648U 02-1294 F 1 73340 513 6.5 75288 1191 7.1 .18 .64 130 350 480 480
664C 03-1294 N 1 73340 452 9.6 75288 1130 11.7 .20 .65 .0038 130 370 500 500
"641T 04-1294 F 1 73340 526 8.9 75288 1204 11.5 .19 .60 .0017 110 310 440 440
644T 05-1294 F 1 73340 518 7.1 75288 1195 8.3 .14 .64 .065 120 350 480. 460
6465 01-1295 F 1 73341 518 7.1 75289 1196 9.0 .15 .48 100 260 360 360
654T 02-1295 F 1 73341 495 7.6 75289 1173 8.5 .17 .72 .0011 130 350 500 500
"645S 03-1295 F 1 73341 519 9.0 75289 1197 12.5 .24 .55 .00044 110 300 4 i0 410
"641C 04-1295 N 1 73341 527 9.3 75289 1205 11.3 .23 .71 .0012 150 380 520 520
662U 01-1292 F II 73338 458 6.2 75286 1136 7.2 .58 .46 170 340 430 430
6548 02-1292 N II 73338 492 6.3 75286 1170 7.2 .54 .54 160 340 450 450
"645A 03-1292 N 1! 73338 516 10.7 75286 1194 12.1 .74 .55 .00085 180 360 470 470
651S 04-1292 F 11 73338 500 8.4 75286 1178 9.4 .62 .57 170 360 470 470
665B 05-1292 N I1 73338 434 8.8 75286 1112 10.2 .67 .53 .00052 180 350 460 460
654A 01-1293 N I1 73339 493 10.6 75287 1171 11.6 .56 .53 .0022 180 380 490 490
"6416 02-1293 N 11 73339 525 10.9 75287 1203 12.5 .55 .46 .00056 170 340 430 430
"6486 03-1293 N II 73339 512 8.6 75287 1220 9.0 .55 .58 .0054 170 370 480 480
648S 04-1293 F II 73339 512 7.5 75287 1220 8.2 .66 .65 .020 190 390 520 520
649U 01-1290 F ii1 73333 502 9.2 75282 1180 9.2 .30 .28 .0036 87 180 230 230
650U 02-1290 F 111 73333 501 8.5 75282 1178 10.0 .26 .32 91 200 260 260
649V 03-1290 F I11 73333 502 7.8 75282 1180 8.9 .33 .29 .00056 93 190 250 250
6508 04-1290 M II 73333 501 9.8 75282 1178 11.3 .30 .34 93 200 270 270
"641A 05-1290 N III 73333 519 13.5 75282 1178 13.2 .34 .24 .00072 87 180 230 230
662S 01-1291 F ItI 73334 454 10.8 75283 1133 11.5 .31 .19 .00019 85 210 250 250
655U 02-1291 F II 73334 486 8.2 75283 1165 10.4 .28 .25 .0028 78 160 210 210
644S 03-1291 F 111 73334 512 10.5 75283 1191 11.6 .33 .23 84 170 210 210
665A 04-1291 N 111 73334 430 10.4 75283 1109 10.9 .39 .25 .17 94 190 240+ 190
6648 01-1288 N C 73331 443 11.3 75273 1115 11.8
664A 02-1288 N C 73331 443 11.9 75273 1115 11.9
648T 03-1288 F C 73331 504 7.9 75273 1076 8.9
663S 04-1288 F C 73331 451 9.5 75273 1123 11.2
6466 05-1288 N C 73331 508 8.2 75050 957 9.8
648A 01-1289 N C 73332 505 8.4 75274 1178 9.1
6493 02-1289 M C 73332 501 10.9 75274 1174 11.4
662T 03-1289 F C 73332 452 9.8 75274 1124 9.7
657A 04-1289 M C 73332 477 9.6 75274 1150 10.6

EXPOSURE GROUPS:
GROUP I - LUNG BURDEN INCREASED BY .093 MBQ (2.5 UCI) 144-CE/KG BODY WEIGHT EVERY 56 DAYS FOR 13 EXPOSURES.
GROUP II - LUNG BURDEN RE-ESTABLISHED AT .33 HBO (9.0 UCI) 144-CE/KG BODY WEIGHT EVERY 56 DAYS FOR 13 EXPOSURES.
GROUP III - LUNG BURDEN RE-ESTABLISHED AT .17 M60 (4.5 UCI) 144-CE/KG BODY WEIGHT EVERY 56 DAYS FOR 13 EXPOSURES.

UCI/KG REPRESENTS MICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
MBQ/KG REPRESENTS MEGASEQUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
+ INDICATES THE DOG DIED BEFORE IT RECEIVED ITS POTENTIAL INFINITE DOSE.
COMMENT: D, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDINGS ARE INCLUD4



TO LUNG

TIVE DOSE (GY)
.................... DAYS FRON

FIRST
7350 POTENT. TO DEATH INWALATION

DAYS INFIN. DEATH DATE TO DEATH COIMMENT
_ .... o ...... . ...* . ----- . .. .. -- - -- - .....................------- ..........------------------

370 520 520 79240 2091 DM-YELOMALACIA;HENANGIOSARCONA, LUNG
350 480 480 80275 2491 D-FIURINOUS PNEUMONIA
370 500 500 79124 1975 D-NENARGIOSARC.,SPLEEN;SQUAM.CELL CARC.,LUNG
310 440 440 79315 2166 D-PULMONARY INJURY
350 480+ 460 77135 1256 D-PUItoNARY INJURY
260 360 360 85117 4159 D-INTERSTITIAL PNEUIONIA
350 500 500 80094 2309 D-HENANGIOSARCOKMA HEART
300 410 410 80263 2478 E-CARCIMNMATNYROID
380 520 520 80074 2289 O-CARCINOMA,LUNG
340 430 430 81254 2838 E-HENANGIOSARCOMATBLN;CARCINOMALUNG
340 450 450 83019 3333 E-HENANGIOSARCOMASPLEEN
360 470 470 80092 2310 D-CARCINOIM,LUNG
360 470 470 82292 3241 E-CARCINOMA,LUNG;HENAINGIOSARCOA,.TBLN
350 460 460 80211 2429 D-A)ENOCARCINOMA, LUNG
380 490 490 79215 2067 D-PISEUMONITIS AND FIBROSIS;U-A-CARCINONA
340 430 430 80151 2368 D-CARCINOMALUNG
370 480 480 79008 1860 D-PNEUN. AND FIBROSIS;B-A-CARC.;HEMANGIOSARC.,TSLN
390 520 520 78071 1558 D-HENOLYTIC ANEMIA
180 230 230 78279 1772 E-PAROVIRUS INFECTION
200 260 260 81202 2791 E-NEMANGIOSARCONASPLEEN
190 250 250 80032 2255 E-TUMOR,BRAIN
200 270 270 84200 3884 E-COMSINED CARCINOMALUNG;CARCINOSARCOMALUNG
180 230 230 79292 2150 E-NEMANGIOSARCOA, LIVER
210 250 250 80199 2421 D-NENANGIOSARCOMA,TBLN
160 210 210 78312 1804 E-NEMANGIOSARCONA,TBLN
170 210 210 83139 3457 D-RADIATION PNEWJONITIS AND PULMONARY FIUOSIS
190 240+ 190 76010 771 O-SOME MARiRO APLASIA

83356 3677 E-THYROID CARCINOMA
86004 4421 D-"ENANGIOSARCONA,KIDNEY
76288 1052 D-AUTONEMOLYTIC ANEMIA
88273 5420 D-CARCINOMA,LUNG
75067 466 D-ACCIDENTAL DEATH AFTER NINTH EXPOSURE
88133 5279 E-LYMPNOSARCONA,LIVER
83166 3486 D-TRANSITIONAL CELL CARCINOMABLADOER
86209 4625 E-FIBROSARCOMA,ORAL CAVITY
85249 4300 D-PROSTATITIS

13 EXPOSURES.
FOR 13 EXPOSURES.
FOR 13 EXPOSURES.

NT FINDINGS ARE INCLUDED.
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A.17 2MM02 Monodisperse Aerosol (1.5 pin AMAD), Longevity Study

CUMULATIVE 4PARDAI

S......... .........,• • .... ........................ ...... .- , € • - ,INHALATION EXPOSUIRE DOSE TO DEATH (GY)
DOG IDENTIFICATION--------------------------- ILS (USC) 116 (R) ----------------
.A...................GE WT--------------------------------.-------.FROM .LB (USC) FROM IL
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG RANK UCI/KG UCI KBD/KG KBO KB0 LUN1G LIVER BOME LUNG LI;

701A 02-144 N C 74122 430 9.4 01 1.0 9.3 37. 340. 300 59. 20. 9.6 51. 17.
857V 01-1742 F 1 75343 395 9.8 02 1.0 9.3 37. 340. 440 57. 15. 7.1 74. 19.
7466 02-1548 N G 74253 3" 10.3 03 0.87 9.3 32. 340. 280 66. 8.9 4.2 52. 7.
7I8U 01-1484 F F 74169 406 7.5 04 0.87 6.1 32. 230. 280 48. 15. 7.4 54. 17.
726A 02-1490 N E 74171 378 11.5 05 0.80 9.3 30. 340. 260 62. 13. 6.1 47. 9.1
690S 02-1358 F 8 74029 400 8.0 06 0.80 6.1 30. 230. 210 46. 16. 7.5 41. 14.
684A 01-1362 N A 74031 417 10.5 07 0.55 5.8 20. 210. 190 33. 13. 6.1 28. 11.1
877C 02-1832 N K 76078 414 13.1 08 0.52 6.7 19. 250. "0 32. 2.6 1.2 55. 4.-
747S 03-1552 F H 74255 366 7.8 09 0.49 3.8 18. 140. 130 29. 11. 5.3 27. 10.!
726T 03-1484 F F 74169 376 10.0 10 0." 4.3 16. 160. 150 26. 11. 5.3 26. 11.
746T 01-1552 F H 74255 366 9.6 11 0.41 3.9 15. 140. 110 24. 8.2 4.0 19. 6.
708T 02-"lAO F D 74120 406 7.3 12 0.39 2.8 14. 100. 160 23. 6.0 2.9 35. 9.
745A 03-1548 M G 74253 368 7.9 13 0.37 2.9 14. 110. 110 22. 9.0 4.4 22. 9.
7077 03-1444 F D 74122 412 8.6 14 0.33 2.8 12. 100. 93 20. 8.6 4.2 18. 7.
723C 01-1490 N E 74171 383 8.7 15 0.32 2.8 12. 100. 100 19. 7.5 3.7 22. 8.
8586 02-1746 N 1 75345 395 10.6 16 0.30 3.1 11. 110. 140 17. 5.3 2.6 20. 5.
737A 02-1552 N G 74255 418 10.3 17 0.29 3.0 11. 110. 89 18. 7.7 3.7 14. 5.
861S 02-1742 F J 75343 380 8.0 18 0.29 2.3 11. 85. 130 17. 4.8 2.3 25. 6.
877T 02-1828 F L 76077 413 9.8 19 0.27 2.6 10. 96. 200 16. 6.0 3.0 31. 12.
858T 02-174 F J 75344 394 9.5 20 0.27 2.5 10. 93. 24 16. 16. 7.6 4.3 4.•
7059 01-1444 N C 74122 416 8.0 21 0.26 2.1 9.6 78. 67 16. 7.8 3.7 14. 6.1
88OT 01-1828 F L 76076 401 7.6 22 0.25 1.9 9.3 70. 120 15. 5.7 2.8 25. 9.4
6938 03-1362 N A 74031 383 9.7 23 0.23 2.3 8.5 85. 85 14. 6.6 3.2 14. 6.4
862A 01-1746 N I 75345 380 8.3 24 0.23 1.9 8.5 70. 96 14. 4.9 2.4 18. 6.4
860a 03-1746 N 1 75345 384 11.0 25 0.21 2.3 7.8 85. 120 13. 5.6 2.7 16. 7.1
7258 02-1492 N E 74172 379 11.3 26 0.20 2.2 7.4 81. 96 12. 6.6 3.2 13. 6.9
699A 01-1"0 N C 74120 434 8.3 27 0.19 1.5 7.0 56. 81 11. 4.7 2.3 15. 6.A
685A 03-1358 N A 74029 415 10.0 28 0.19 1.9 7.0 70. 70 12. 5.9 2.9 12. 6.3
692S 01-1358 F B 74029 384 8.3 29 0.18 1.5 6.7 56. 52 11. 6.4 3.1 11. 6.4
691S 03-1360 F I 74030 399 13.0 30 0.17 1.7 6.3 63. 63 8.1 4.9 2.4 8.6 5.2
715C 02-1484 N E 74169 422 9.6 31 0.15 1.4 5.6 52. 100 9.0 5.1 2.4 18. 10
725T 02-1486 F F 74170 377 11.2 32 0.15 1.7 5.6 63. 74 9.3 4.7 2.3 11. 5.5
876A 03-1828 N K 76077 421 11.7 33 0.13 1.5 4.8 56. 100 7.7 2.8 1.4 13. 4.4
704U 03-1440 F D 74120 415 8.8 34 0.12 1.1 4.4 41. 78 7.5 2.6 1.3 14. 4.1
875A 03-1832 N K 76078 427 13.2 35 0.11 1.5 4.1 56. 85 6.9 2.9 1.4 8.7 3.7
745T 01-1554 F H 74256 371 9.1 36 0.10 0.87 3.7 32. 44 9.7 8.0 4.0 7.7 6.4
746A 01-1550 N G 74254 365 8.7 37 0.090 0.80 3.3 30. 41 5.7 4.2 2.0 7.8 5.9
875S 01-1832 F L 76078 427 10.7 38 0.090 1.0 3.3 37. 85 5.7 2.5 1.2 12. 5.3
692U 02-1362 F B 74031 386 6.3 39 0.090 0.53 3.3 20. 31 5.3 4.1 2.0 5.3 4.1
877B 03-1834 N K 76079 415 11.4 40 0.090 1.0 3.3 37. 59 5.4 2.7 1.3 11. 5.4
718V 03-1490 F F 74171 408 7.9 41 0.080 0.63 3.0 23. 41 4.9 3.4 1.6 7.8 6.2
879S 01-1830 F L 76C77 405 9.7 42 0.070 0.73 2.6 27. 48 4.6 1.8 0.90 8.1 3.2
6859 03-1364 N A 74032 418 9.4 43 0.070 0.67 2.6 25. 33 4.5 3.3 1.6 4.9 3.6
738A 03-1550 N G 74254 410 10.4 44 0.070 0.73 2.6 27. 31 4.4 2.1 1.3 4.5 3.4
8606 03-1744 M 1 75344 383 10.7 45 0.060 0.61 2.2 23. 31 3.6 2.7 1.3 5.3 3.9
708U3 02-1446 F 0 74123 409 7.4 46 0.060 0.42 2.2 16. 30 3.6 3.8 1.8 8.0 8.9
744U 01-1548 F N 74253 376 7.8 47 0.060 0.44 2.2 16. 23 3.5 1.8 0.90 7.9 4.1
857X 01-1748 F J 75346 398 9.3 48 0.060 0.51 2.2 19. 41 3.2 2.4 1.1 7.3 5.7
8748 03-1830 N K 76077 428 12.3 49 0.050 0.59 1.9 22. 37 3.0 2.0 1.0 5.0 3.5
704T 01-1446 F 0 74123 418 9.5 50 0.050 0.45 1.9 17. 26 2.9 1.8 0.90 3.2 2.0
705A 01-1442 N C 74121 415 10.5 51 0.050 0.49 1.9 18. 37 2.9 2.2 1.0 5.3 4.6



Ut.ATIVE ALPHA RADIATION
.. o.... ... o............. .....

DOSE TO DEATH (GY)
--- *------------------------. ---

8 (lC) FROM ILB (REC.) DEATH DAYS TO
I BONE LUNG LIVER BONE DATE DEATH COSUENT

...... ............... .... ...................................................

9.6 51. 17. 8.3 78012 1351 E-OSTEOSARCOMA,HWUEU
7.1 74. 19. 9.2 78346 1097 O-PNEUMNNITIS AND PULMNEARY FIUROSIS
4.2 52. 7.1 3.4 76315 792 D-PHEIJNONITIS AND PULMONARY FISROSIS
7.4 54. 17. 8.3 77355 1282 E-OSTEOSARC.,LUIM. VERT.;CARCINOA•,LUNG
6.1 47. 9.6 4.7 77182 1107 E-PNEUN. AND PUL. FI8ROS.;CARC.,LUNG(I)
7.5 41. 14. 6.8 113 1380 E-OSTEOSARCONA,TNOR. AND UW.VERT.
6.1 28. 11. 5.1 78073 1503 E-OSTEOSARC.,TNHON.VEET.;SARC.,LUNG(I)

.6 1.2 S5. 4.5 2.1 77248 536 D-PIEUNONITIS AND PULMONARY FIBROSIS
5.3 27. 10. 4.9 78275 1481 D-CARCINOMA,LWUG
5.3 26. 11. 5.3 79023 1680 E-OSTEOSARC.,TNOR.;CARC.LUNG(i)

. 4.0 19. 6.3 3.1 78171 1377 E-OSTEOSARCONA,NUNEEUS

.0 2.9 35. 9.2 4.4 77128 1104 D-IM.HEN.ANENIA;PNEUN. AND PUL. FIIROS.

.0 4.4 22. 9.0 4.4 79045 1618 E-OSTEOSARCONAFEMUJR AND STERNUM

.6 4.2 18. 7.6 3.8 79039 1743 E-OSTEOSARCOMA, NUEUS

.S 3.7 22. 8.5 4.2 78263 1553 E-OSTEOSARCOMA,ILIUM
.3 2.6 20. 5.9 2.9 79129 1245 E-OSTEOSARCOA, SACUM; CARCINOMA, LUNG(C)
.7 3.7 14. 5.9 2.9 79178 1749 E-OSTEOSARC.,HUN.,LLUN.VRT. AND ISCNIUM
.8 2.3 25. 6.9 3.3 79047 1165 E-OSTEOSARCOHA,LUMAR VERTEBURAE
0 3.0 31. 12. 5.8 80133 1517 E-BONE TUNOR,T3

7.6 4.3 4.3 2.0 87016 4055 E-SARCONA, SITE UNDETERMINED
.8 3.7 14. 6.7 3.2 79255 1959 E-OSTEOSARCOMA, THOR. VERT. AND HUNERUS
.7 2.8 25. 9.6 4.7 80129 1514 E-UONE TUNORT2
.6 3.2 14. 6.6 3.2 79038 1833 E-OSTEOSARCOMA,HUNERUS
.9 2.4 18. 6.4 3.1 79306 1422 D-OSTEOSARCOMA,CSL2
.6 2.7 16. 7.1 3.5 80304 1785 E-OSTEOSARCONAIUERIUS
.6 3.2 13. 6.9 3.3 80276 2295 E-OSTEOSARCOMAIIUMERU
.7 2.3 15. 6.6 3.2 79010 1716 D-OSTEOSARCONASCApIULA
.9 2.9 12. 6.2 3.0 79281 2078 E-OSTEOSARCOMA,T5;CMCIHOGA, LUNG
.4 3.1 11. 6.0 2.9 80254 2416 E- FISROSARCOMA, LIVER
.9 2.4 8.6 5.2 2.5 81019 2546 E-OSTEOSARCOMATIBIA
.1 2.4 18. 10. 3.9 80324 2346 E-OSTEOSARCOMA,HIUNEJIS AND SKULL
.7 2.3 11. 5.5 2.7 80028 2049 E-BONE TUIMOR,HUMERUS
.8 1.4 13. 4.6 2.3 80060 1444 E-BONE TUMOR,T12
.6 1.3 14. 4.8 2.3 78072 1413 E-DISC PROTRUS.;CARCINOMALUiG(CI)
.9 1.4 8.7 3.7 1.8 80305 1688 E-OSTEOSARCOMA,VERT. TIO
.0 4.0 7.7 6.4 3.2 84116 3512 E-OSTEOSARCOMAILIUM
.2 2.0 7.8 5.9 2.8 83098 3131 D-MAST CELL TUMOE
.5 1.2 12. 5.3 2.6 81016 1765 E-OSTEOSARCOMA,ILIUI
.1 2.0 5.3 4.1 2.2 83087 3343 E-OSTEOSARCOMA,LLIUAR VERT. L7
.7 1.3 11. 5.4 2.1 81302 2050 E-OSTEOSARCOMA,PELVIS
.4 1.6 7.8 6.2 3.1 82183 2934 E-OSTEOSARCOMA,SACRUN
.8 0.90 8.1 3.2 1.4 80204 1588 E-BONE TLUMOR,T8
.3 1.6 4.9 3.6 1.7 82278 3168 E-OSTEOSARC., TNOR.T2 AND LLIAU VERT.L4.1 1.3 4.5 3.4 1.6 82098 2766 E-OSTEOSARCMA,.VERTEBRAET12,L1
.7 1.3 5.3 3.9 1.8 84235 3178 E"FIBROSARC.,LIVER;SWMNM. CARC.,GINGIVA
.8 1.8 8.0 8.9 4.0 86043 4303 E-OSTEOSARCONA,DONE;CARCINOMA, LUNG
.8 0.90 7.9 4.1 2.0 80184 2122 E*ULCERATIVE ILEITIS
.4 1.1 7.3 5.7 2.7 84289 3230 E -OSTEOSARCOMA, PAR I ETAL; CARC I NONA, LUNG
0 1.0 5.0 3.5 1.7 84002 2847 E-OSTEOSAtCONA,HUMERUS

.8 0.90 3.2 2.0 0.9 81163 2597 D-ACCIDENTAL DEATH
2 1.0 5.3 4.6 2.2 83010 3176 E-OSTEOSARCOMA,TNOR. VERT. Tl1

JI
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A.17 23MPuO 2 Monodisperse Aerosol (1.5 pm AMAD), Longevity Study (continued)

CUNULATIVE ALPHA RADIATION

INHALATION EXPOSURE DOSE TO DEATH (GY)
DOG IDENTIFICATION ---------------------- ILB (CW C) ILB (R) -------------------------------- ------
---.-.-----------.-. AGE WT -------------------------------.------- FROM ILl (WC) FROM IL (REC.
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG RANK UCI/KG UCI KID/KG KBD KIl LUNG LIVER SOME LUNG LIVER

694A 02-1360 N A 74030 370 11.8 52 0.050 0.53 1.9 20. 41 2.8 2.3 1.1 5.3 5.0 2.
862T 03-1742 F J 75343 378 6.8 53 0.040 0.28 1.5 10. 26 2.3 3.1 1.4 6.5 7.6 3.
746S 02-1554 F H 74256 367 10.9 54 0.040 0.42 1.5 16. 32 2.5 2.1 1.1 4.9 4.6 2.
723A 01-1486 N E 74170 382 11.2 55 0.030 0.39 1.1 14. 31 2.2 1.5 0.70 4.3 3.5 1.
694S 02-1364 F 3 74032 372 9.7 56 0.030 0.33 1.1 12. 32 2.2 2.8 1.3 5.7 7.3 3.
859D 03-1748 N 1 75346 387 10.7 57 0.030 0.27 1.1 10. 27 1.6 1.9 0.90 4.4 5.4 2.
872V 01-1834 F L 76079 443 8.9 58 0.020 0.19 0.74 7.0 18 1.3 1.0 0.5 3.5 2.6 1.
7265 03-1492 F F 74172 379 8.5 59 0.020 0.17 0.74 6.3 20 1.3 1.4 0.70 4.1 4.5 2.1
858A 01-1744 N 1 75344 394 10.2 60 0.020 0.19 0.74 7.0 1.2 2.0 0.90
7038 02-1"42 N C 74121 421 9.6 61 0.020 0.19 0.74 7.0 24 1.3 1.6 0.70 4.4 5.6 2.684S 01-1360 F B 7,4030 416 10.1 62 0.020 0.17, 0.74 6.3 23 1.1 1.2 0.60 3.8 4.6 2.1
724S 01-1492 F F 74172 380 9.1 63 0.020 0.15 0.74 5.6 24 1.1 1.2 0.60 4.4 5.1 2.
877S 02-1830 F L 76077 413 10.7 64 0.010 0.15 0.37 5.6 23 0.90 0.90 0.40 3.6 3.6 1.
725A 03-1486 H E 74170 377 10.6 65 0.010 0.14 0.37 5.2 26 0.80 1.1 0.50 4.2 5.7 2.
685C 01-1364 N A 74032 418 9.6 66 0.010 0.19 0.37 7.0 17 1.3 1.2 0.60 2.9 3.0 1.48605 02-17,48 F J1 75346 385 10.2 67, 0.010 0.11 0.37, 4.1 25 0.70 0.70 0.30 4.1 4.3 2I

747A 02-1550 N G 74254 365 8.3 68 0.010 0.070 0.37 2.6 18 0.60 0.60 0.30 3.7 4.0 1
701C 03-1446 N C 74123 431 8.8 69 0.010 0.070 0.37 2.6 21 0.50 0.80 0.40 4.1 6.8 3.
708V 03-1"2 F D 74121 407 8.2 70 0.010 0.050 0.37 1.9 22 0.40 0.60 0.30 4.7 7.3 3.4
744T 03-1554 F H 74256 379 7.4 71 0.010 0.040 0.37 1.5 0.30 0.30 0.10
875B 02-1834 N K 76079 428 11.4 72 0.003 0.030 0.11 1.1 14 0.20 0.30 0.10 2.1 2.9 1.4
689U 02-1378 F 3 74038 415 9.1 C
694C 01-1378 N A 74038 378 7.9 C
704A 02-1432 N C 74113 408 10.2 C
705S 01-1432 F D 74113 407 5.5 C
721A 01-1488 N E 74170 384 13.0 C
725S 02-1488 F F 74170 377 10.1 C
738C 01-1556 N G 74263 419 9.6 C
745S 02-1556 F H 74263 378 9.6 C
859C 02-1754 N I 7534 385 11.3 c
860T 01-1754 F i 75344 383 9.2 C
874U 01-1835 F L 76078 429 9.4 C
87681 02-1835 N K 76078 422 11.4 C

UCIIKG REPRESENTS MICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
KBQ/KG REPRESENTS KILOBEGUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
DOSE RATE AND CUIMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
COIMMENT: D, E, OR S INDICATE THE DOG DIED, MAS EUTHANIZED OR WAS SACRIFICED RESPECTIVELY. PROMINENT FINDINGS ARE INCLUDEO

(I) SIGNIFIES AN INCIDENTAL FINDING WHICH WAS NOT IMMEDIATELY LIFE-THREATENING.
CAUTION: THE RECONSTRUCTED INITIAL LUNG BURDENS, DENOTED BY (R) AND (REC) IN THIS TABLE NAY BE TOO HIGH BECAUSE OF CURRENI

ANALYTICAL RADIOCHEMICAL PROBLEMS. THIS NAY LEAD TO CALCULATED ORGAN DOSES THAT ARE TOO HIGH. THIS PROBLEM IS ESP
IMPORTANT FOR DOGS IN THE LOWER EXPOSURE LEVELS.



TIVE ALPM RADIATION
....... ..... ....... ........

- TO DEATN (01)
............. ** .... ........

IC) FROK |LB (REC.) DEATH DAYS TO

IONE LUNG LIVER BONE DATE DEATN COMSENT
..... .... ..... ...* ----.... .. o. .. .. ...................................... .... .... o

1.1 5.3 5.0 2.2 83270 3527 D-UWETERNINED
1.4 6.5 7.6 3.6 68216 4623 E-CNOND6OSAC.,1LIVER;OSTEOMCRNA.SCAPXA
1.1 4.9 4.6 2.1 85043 3805 E-OSTEOSVACCA,FEUM;PFIMOSMC•A,CLIVER
0.70 4.3 3.5 1.6 62260 3012 E-OSTEOSAMM,5 SCAIJLA
1.3 5.7 7.3 3.3 87086 4802 E-LIVER NEPATOCELLULAR CARCINOIA
0.90 4.4 5.4 2.5 88356 4760 f-PYELONEPWITIS
0.So 3.5 2.6 1.2 84276 3iii E-"STEOSARCIMw SACRIU; FPMOSAR.•, LIVER
0.70 4.1 4.5 2.1 86168 4379 E-OSTEOSARCONIANE;CARCINi , LUNG
0.90 91089 5589 E-NYELOP. LIFERATIVE DISEASE
0.70 4.4 5.6 2.5 87134 4761 E-FIBROSARCONA,OMNE
0.60 3.8 4.6 2.1 86183 4536 DO*RONCNOPWEUIONIA
0.60 4.4 5.1 2.3 86204 4415 E"CICINNALUNG
0.40 3.6 3.6 1.7 87054 3995 E-OSTEOSARCOMUClE
O.SO 4.2 5.7 2.7 $8099 5042 E-CARCINOMA.LIVER;CARCINONA,LUNG
0.60 2.9 3.0 1.4 85130 4116 E-NELANOMA,NOUTH
0.30 4.1 4.3 2.0 87128 4164 E-OSTEOSARCONAUONE
0.30 3.7 4.0 1.8 86093 4222 D-CARCINCNA, INTESTINE
0.40 4.1 6.8 3,1 8M3 5694 E-NENARGIOSARCCOA, SUBOJTIS
0.30 4.7 7.3 3.4 89100 5458 E-DEGENERATIVW JOINT DISEASE;B.A. CARC.
0.10 84296 3694 E-NAST CELL TUDNO0UTl
0.10 2.1 2.9 1.4 9008 5123 E-CNHONIC NEPUITIS

87036 4746 E-CARCIMONA,LUNG
90073 5879 E-ADENOMA, PITUITARY
87254 4889 E-NAST CELL TUIMOR DISSEMINATED
"77241 1224 E-PALABSORPT ION SYNDRIME
76260 820 -LEUCOECEPNALONALACIA
87015 4593 D*CARCIONA,*BLADOER
89329 5546 E-CHRONIC NEPHRITIS
89038 5254 E-CNRONIC INTERSTITIAL NEPHEITIS
87196 4235 E-CARCINONALUNG
87315 4354 E-ADENOMA, PI TUI TARY;iRONCNOPNEUNON IA, LUNG
86241 3816 E-CIRRHOSIS,LIVER
90080 5116 0-ANESTHETIC DEATH

RE.
WENT FINDINGS ARE INCLUDED.

DO NIGH BECAUSE OF CURRENT
NIGN. TNIS PROSLEN IS ESPECIALLY
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I

A.I8 2PuO2 Monodisperue Aerool (3.0 pm AMAD), Longevity Study

CUIMU.ATIVE ALPHA RADIATI•S....... ....................... ..

INHALATION EXPOSURE DOSE TO DEATH (GY)
DOG IDENTIFICATION ...................... ILS (WBC) ILl (R) ---------------------------------
---.--------.----... AGE UT ...................................... FROM ILB (WK) FROM ILB
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG RANK UCI/KG UCI KDQIKG KB I K30 LUNG LIVER ONIE LUNG kl
.. . ....... .. .-- - - ---. . . .----.- -----. .. .. --- ----. --- -- -- ------.... ......--.... .- - - - - - - - - .... ... !

"667T 01-1306 F 1 73347 433 7.1 01 1.50 11. 56. 400. 310. 120. 28. 13. 92. 22.
710C 02-1460 N E 74143 427 8.7 02 1.30 11. 48. 420. 360. 86. 9.6 4.8 70. 7.
736A 02-1540 N G 74249 414 10.1 03 0.93 9.3 34. 340. 380. 48. 17. 8.0 53. 18.
"667S 03-1306 F B 73347 431 10.3 04 0.93 9.3 34. 340. 260. 48. 21. 9.8 37. 16.
674B 03-1302 N A 73345 403 9.4 05 0.80 7.3 30. 270. 220. 42. 21. 10. 35. 17.
866A 02-1814 N K 76062 441 12.3 06 0.80 9.5 30. 350. 510. 41. 16. 7.6 58. 23.
696A 03-1428 N C 74113 433 10.8 07 0.73 8.0 27. 300. 240. 40. 18. 8.7 31. 14.
8495 02-1720 F J 75324 424 8.2 08 0.65 5.3 24. 200. 200. 34. 12. 5.3 33. 11.
731S 01-1540 F H 74249 437 6.5 09 0.60 3.9 22. 140. 140. 32. 11. 5.1 32. 11.
711S 01-1456 F F 74141 423 7.2 10 0.58 4.2 21. 160. 160. 31. 15. 6.9 31. 14.
"703S 01-1436 F D 74115 415 7.5 11 0.53 3.9 20. 140. 93. 28. 13. 6.3 17. 8.
736S 03-1538 F H 74247 412 7.9 12 0.52 4.1 19. 150. 300. 39. 7.3 3.5 74. 14.
696S 03-1436 F 0 74115 435 5.4 13 0.44 2.4 16. 89. 78. 24. 12. 5.5 21. 10.
682V 02-1302 F 5 73345 373 8.3 14 0.41 3.4 15. 130. 130. 22. 10. 4.9 21. 9.s
8521 01-1720 N 1 75324 409 10.3 15 0.41 4.1 15. 150. 160. 21. 11. 5.3 17. 8.
716T 02-1456 F F 74141 393 8.8 16 0.41 3.6 15. 130. 140. 22. 9.2 4.4 23. 9.
674A 01-1302 N A 73345 404 10.6 17 0.39 4.2 14. 160. 140. 21. 9.8 4.7 19. 8.
6808 02-1306 N A 73347 393 10.0 18 0.39 3.9 14. 140. 89. 22. 13. 6.5 13. 7.
695A 01-1428 N C 74113 442 12.4 19 0.38 4.7 14. 170. 130. 21. 12. 5.7 16. 9.
865S 01-1814 F L 76062 442 7.2 20 0.38 2.7 14. 100. 130. 20. 10. 4.8 30. 15.
6978 02-1436 N C 74115 430 12.7 21 0.34 4.3 13. 160. 110. 18. 5.1 2.5 12. 3.
708A 03-1456 N E 74141 427 11.0 22 0.32 3.5 12. 130. 130. 17. 7.1 3.4 18. 7.
867A 01-1818 N K 76064 432 12.4 23 0.31 3.9 11. 140. 170. 17. 8.0 3.8 20. 9.
846 03-1720 N 1 75324 431 12.7 24 0.29 3.6 11. 130. 130. 15. 6.2 2.9 11. 4.6
7153 03-1460 N E 74143 396 9.8 25 0.23 2.2 8.5 81. 89. 2.1 6.1 3.0 13. 6.4
730S 01-1542 F H 74252 442 10.6 26 0.21 2.3 7.8 85. 85. 17. 6.9 3.3 18. 7.2
870V 03-1814 F L 76062 426 11.7 27 0.21 2.5 7.8 93. 140. 12. 6.0 2.9 20. 11.
733A 04-1538 N G 74247 431 9.9 28 0.18 1.8 6.7 67. 110. 9.5 3.3 1.6 16. 5.5
736E 02-1538 N G 74247 412 9.4 29 0.17 1.9 6.3 70. 130. 11. 3.5 2.6 19. 6.0
8466 02-1716 N 1 75322 429 9.6 30 0.17 1.7 6.3 63. 70. 9.6 5.1 2.5 7.9 4.2
715A 02-1462 N E 74144 397 8.8 31 0.17 1.5 6.3 56. 56. 9.5 5.8 2.9 8.8 5.4
678T 01-1304 F 1 73346 398 8.1 32 0.17 1.4 6.3 52. 48. 9.6 7.3 3.5 10. 7.8
848S 01-1722 F J 75325 427 9.6 33 0.16 1.5 5.9 56. 28. 8.9 8.1 3.8 4.5 4.0
869T 03-1818 F L 76064 431 7.5 34 0.13 1.0 4.8 37. 63. 7.2 4.1 2.0 13. 7.3
6960 01-1438 H C 74116 436 6.7 35 0.13 0.93 4.8 34. 41. 7.8 6.0 2.9 9.2 7.5
714U 01-1460 F F 74143 402 6.6 36 0.11 0.67 4.1 25. 41. 5.9 5.5 2.7 9.5 8.5
674C 02-1308 N A M348 407 10.1 37 0.090 1.0 3.3 37. 44. 5.7 5.5 2.6 6.8 6.8
680A 03-1308 H A 73348 394 11.5 38 0.090 1.1 3.3 41. 44. 5.3 3.6 1.7 5.3 3.6
848T 01-1716 F j 75322 424 7.7 39 0.090 0.73 3.3 27. 41. 5.4 4.8 2.3 8.1 7.1
8650 02-1818 N K 76064 444 10.2 40 0.090 0.87 3.3 32. 52. 4.8 3.5 1.7 8.7 5.4
874A 02-1820 N K 76065 416 13.3 41 0.070 1.0 2.6 37. 59. 4.7 3.2 1.6 9.2 7.1
702S 03-1434 F D 74114 415 8.1 42 0.070 0.60 2.6 22. 37. 4.2 4.0 1.9 5.7 5.4
846C 03-1718 N 1 75323 431 9.2 43 0.070 0.73 2.6 27. 41. 4.5 4.5 1.8 6.8 6.2
711T 01-1458 F F 74142 424 6.5 44 0.070 0.49 2.6 18. 35. 4.4 4.6 2.3 8.5 8.9
733S 02-1542 F H 74252 436 8.8 45 0.070 0.67 2.6 25. 37. 4.4 4.9 2.3 6.6 6.9
8548 01-1718 N I 75323 396 7.6 46 0.070 0.51 2.6 19. 33. 3.9 4.0 1.8 6.6 6.2
856T 03-1716 F J 75322 378 5.8 47 0.070 0.40 2.6 15. 30. 3.9 4.0 1.8 8.0 7.5
869U 02-1816 F L 76063 430 8.4 48 0.060 0.52 2.2 19. 37. 3.3 1.9 1.5 6.2 3.5
735C 04-1540 M G 74249 424 10.5 49 0.060 0.58 2.2 21. 35. 3.2 3.6 1.7 5.2 5.6
732A 01-1538 N G 74247 434 11.0 50 0.060 0.61 2.2 23. 48. 3.1 2.1 1.0 6.6 4.2
697A 03-1438 m C 74116 431 10.4 51 0.050 0.55 1.9 20. 37. 3.1 3.8 1.7 5.6 6.0



CULSATIVE ALPHA RADIATION
................................. .... ...

DOSE TO DEATN (bY)

FIOSN ILI (BC) FROM Il. (REC.) DEATN DAYS TO
S LUNG LIVER BONE LU11 LIVER DONE DATE DEATN COIgENT

-- * .. .* . ...* . .... ..... .o... .. .. .. . *.... --- -- - ------------ *--- ------------------- **-------------

. 120. 26. 13. 92. 22. 11. T7099 1213 D-PIIEUNONITIS AND PULMOINAY FISIOSIS
, 86. 9.6 4.8 70. 7.8 3.9 76044 631 E-PUEUIONITIS AND PUWAOITY FIROSIS
. 48. 17. 8.0 53. 18. 8.8 77334 1181 I-OSTEOIN.,LUN. VERT.; CARCINO NALUlNG
* 48. 21. 9.8 37. 16. 7.6 77318 1432 E-OSTEOSARC.,CERV. VEIIT.;CARC..LUiG(I)
. 42. 21. 10. 35. 17. 8.3 76202 1683 D-PUEIM. AID PUL. FINOS.;CARC.,LUIU(I)
. 41. 16. 7.6 58. 23. 11. 79285 1319 E-CARCINONA,LULG
* 40. 18. 8.7 31. 14. 6.7 76180 1528 E-OSTEOSARCONA,N IEU AND PALATINE

34. 12. 5.3 33. 11. 5.1 79047 1184 E-OSTEOSARCOA,TNON. VENT. AND SACIMN
32. 11. 5.1 32. 11. 5.1 77314 1161 E-OSTEOSARCONA,TJIIA AND FEMIE
31. 15. 6.9 31. 14. 6.8 78223 1543 E-OSTEOSARCONA,ILI9U
28. 13. 6.3 17. 6.1 3.9 78222 1566 E-OSTEOSAtCONA,LUNAI VERTEBRAE
39. 7.3 3.5 74. 14. 6.7 77117 966 D-PNEIM. AND PUt.. FIEOS.;CARC.,LUNG(I)
24. 12. 5.5 21. 10. 4.8 75264 1610 E-OSTEOSARCONA,NtNIERU
22. 10. 4.9 21. 9.9 4.7 78069 1550 E-OSTEOSARCONALLWAR VERTEBRAE
21. 11. 5.3 17. 8.8 4.3 80205 1707 E-SONE TWbORS,T8 AM C7
22. 9.2 4.4 23. 9.7 4.7 78096 1416 E-OSTEOSARCONA,ISCNIUN AM ILIUN
21. 9.8 4.7 19. 8.7 4.2 78075 1556 E-OSTEOSARC., CERV.ET., SCAP.; CARC., LUNG
22. 13. 6.5 13. 7.8 3.9 79299 2143 O-CARCINONALUNG
21. 12. 5.7 16. 9.3 4.5 7905 1918 D-OSTEOSAICONA,IHUERI
20. 10. 4.8 30. 15. 7.2 80273 1672 E-SONE TLUORS, L4, I L IIN, SCAP.; CARC., LUNG
18. 5.1 2.5 12. 3.5 1.7 77144 1125 E-OSTEOSARCONACERVICAL VERTEBRAE
17. 7.1 3.4 18. 7.3 3.5 78089 1409 E-OSTEOSARCONATNORACIC VERTEBRAE
17. 8.0 3.8 20. 9.2 4.4 80191 1588 E-iONE TWIORS,IUNERI
15. 6.2 2.9 11. 4.6 2.2 79235 1372 E-OSTEOSARCONATNORACIC VERTEBRAE
2.1 6.1 3.0 13. 6.4 3.1 79016 1699 E-OSTEOSARCONA,UINERUS

17. 6.9 3.3 18. 7.2 3.4 80038 1977 D-PNEUIIIONTIS
12. 6.0 2.9 20. 11. 5.0 80330 1729 E-OSTEOSARCONA.FEISJR;CARCINONA,LUNG
9.5 3.3 1.6 16. 5.5 2.7 77353 1202 E-OSTEOSARCONASACRUNSTERIIM AM FEIIR
11. 3.5 2.6 19. 6.0 4.5 79101 1680 E-OSTEOSARCONAHUMEMU
9.6 5.1 2.5 7.9 4.2 2.0 80274 1778 E-IONE TUNORSHUWER
9.5 5.8 2.9 8.8 5.4 2.7 80129 2176 E-iONE TWIOENURUS
9.6 7.3 3.5 10. 7.8 3.6 81161 2737 O-OSTEOSARC. UMERIT6-T12;CARC. ,LUNG
8.9 8.1 3.8 4.5 4.0 1.9 85123 3451 E-OSTEOSARCONAFBIM;CARCINONA,LUNG
7.2 4.1 2.0 13. 7.3 3.6 81210 1973 E-OSTEOSARCONA,VERT. L2
7.8 6.0 2.9 9.2 7.5 3.6 82152 2958 E-OSTEOSARCONA,FRONTAL DONE
5.9 5.5 2.7 9.5 8.5 4.1 84023 3532 E-OSTEOSARC.,SCAP.,HUNER.;B.A.CARC.,LUNG
5.7 5.5 2.6 6.8 6.8 3.1 84072 3741 E-OSTEOSARCONAHNERUS
5.3 3.6 1.7 5.3 3.6 1.7 80177 2385 E - OSTEOSARCONA, L6; CARCINONA, LUNG
5.4 4.8 2.3 8.1 7.1 3.4 85022 3353 E-OSTEOSARCONA,RIB
4.8 3.5 1.7 8.7 5.4 2.6 83131 2624 E-KIDNEY ATROPHY
4.7 3.2 1.6 9.2 7.1 3.4 83343 2835 E-OSTEOSARC.,VERT. L6;ADENOCANC..LUNG
4.2 4.0 1.9 5.7 5.4 2.6 84074 3612 E-OSTEOSARCONASCAPtUA
4.5 4.5 1.8 6.8 6.2 3.0 85290 3620 O-NYOCARDIAL DEGENERATIONNEART
4.4 4.6 2.3 8.5 8.9 4.2 85166 4042 O-CARCINONA,LUNG
4.4 4.9 2.3 6.6 6.9 3.3 85288 4054 E-CARCINONA,LUNG
3.9 4.0 1.8 6.6 6.2 3.1 86136 3831 E-OSTEOSARCOM,3OiE
3.9 4.0 1.8 8.0 7.5 3.8 86108 3804 E-OSTEOSARCONA,UONE
3.3 1.9 1.5 6.2 3.5 2.9 81138 1902 D-EPILEPSY
3.2 3.6 1.7 5.2 5.6 1.9 86100 4234 E-CARC|NONALUNG
3.1 2.1 1.0 6.6 4.2 2.0 81103 2413 E-OSTEOSARCONA,VERT. L5 AND Si
3.1 3.8 1.7 5.6 6.0 3.1 86119 4386 E-DOSC PIOTXUSION;CARCINOA.,LUNG

144



A.18 238PuO 2 Monodisperse Aerosol (3.0 jun AMAD), Longevity Study (continued)

CUUJLATIVE ALPHA RADIATIONS...... .. .... .°......... ...... ........

INHALATION EXPOSURE DOWE TO DEATH (GY)
DOG IDENTIFICATION ---------------------- ILl (L ( C) ILS (R) . ...................................S................... AGE WT ......................................- FRM ILl (iI C) FRON ILI (RE
TATTOO AM-EXPT SEX ILOCK DATE DAYS KG RANK UCI/KG UCI KBQ/KG KEG K90 LING LIVER BONE LUNG LIVERS...... ....... ... ..... ..... .... .... .... ...... . ...... ...... ..... ..... ...... .. .. .----- .... .--- - --

680T 03-1304 F 3 73346 392 6.7 52 0.050 0.31 1.9 11. 24. 2.7 2.8 1.4 3.6 4.3
705C 03-1458 N E 74142 436 9.3 53 0.040 0.40 1.5 15. 26. 2.4 2.0 0.90 4.0 3.2
872S 01-1820 F L 76065 429 11.3 54 0.040 0.46 1.5 17. 35. 2.3 2.1 1.0 4.7 4.2
697S 02-1434 F D 74114 429 8.0 55 0.040 0.31 1.5 11. 21. 2.2 1.9 0.90 3.2 2.7
715S 01-1462 F F 74144 397 7.2 56 0.040 0.26 1.5 9.6 27. 2.1 2.9 1.4 5.8 8.1
704S 02-1428 F D 74113 408 9.5 57 0.040 0.34 1.5 13. 26. 2.1 1.9 0.90 4.0 3.8
857S 02-1722 F J 75325 377 11.8 58 0.030 0.40 1.1 15. 21. 1.8 0.80 0.40 2.5 1.1
714S 03-1462 F F 74144 403 8.4 59 0.030 0.25 1.1 9.3 21. 1.7 1.8 0.80 3.9 3.7
734S 03-1542 F Of 74252 435 9.8 60 0.030 0.26 1.1 9.6 23. 1.6 1.6 0.70 3.6 3.8
8713 01-1816 N K 76063 427 12.1 61 0.020 0.26 0.74 9.6 28. 1.2 1.7 0.80 3.6 5.0
6790 01-1308 N A 73348 396 9.2 62 0.020 0.18 0.74 6.7 25. 1.1 1.4 0.60 4.3 5.6
8656 03-1816 N K 76063 443 12.4 63 0.020 0.22 0.74 8.1 27. 1.0 1.4 0.60 3.4 4.5
849C 02-1718 N 1 75323 424 9.9 64 0.020 0.17 0.74 6.3 17. 1.0 0.80 0.40 2.6 2.0
856S 03-1722 F J 75325 381 8.9 65 0.020 0.15 0.74 5.6 15. 1.0 1.4 0.60 2.6 3.7
7325 04-1542 N G 74252 439 11.2 66 0.020 0.19 0.74 7.0 20. 0.90 0.50 0.30 2.6 1.5
6805 02-1304 F B 73346 392 7.9 67 0.020 0.13 0.74 4.8 21. 0.90 1.4 0.60 4.3 6.1
6995 02-1438 F D 74116 430 9.1 68 0.020 0.14 0.74 5.2 24. 0.90 1.2 0.60 4.1 5.8
734T 03-1540 F H 74249 432 9.4 69 0.010 0.13 0.37 4.8 20. 0.80 0.90 0.40 3.4 3.6
870T 03-1820 F L 76065 429 9.2 70 0.010 0.11 0.37 4.1 9.3 0.70 0.50 0.20 1.5 1.0
6970 01-1434 N C 74114 429 10.2 71 0.010 0.080 0.37 3.0 18. 0.50 0.50 0.20 2.8 3.0
708C 02-1458 N E 74142 428 7.8 72 0.010 0.040 0.37 1.5 22. 0.30 0.60 0.20 4.5 8.9
679• 02-1309 F B 73348 396 7.4 C
681E 01-1309 N A 73348 381 9.5 C
696C 01-1430 N C 74113 433 8.3 C
702U 02-1430 F D 74113 414 8.9 C
710A 02-1472 N E 74150 434 11.4 C
71ST 01-1472 F F 74150 387 7.4 C
7366 01-1536 N G 74241 407 10.5 C
733T 02-1536 F H 74242 426 7.5 C
848A 02-1724 N I 75329 431 8.8 C
857U 01-1724 F 1 75329 381 9.4 C
870U 01-1823 F L 76063 400 10.0 C
871A 02-1823 N K 76063 400 10.0 C

UCI/KG REPRESENTS NICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
KUC/KG REPRESENTS KILOSEQUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
COMMENT: 0, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED RESPECTIVELY. PROMINENT FINDINGS ARE INCL

(I) SIGNIFIES AN INCIDENTAL FINDING WHICH WAS NOT IMMEDIATELY LIFE-THREATENING.
CAUTION: THE RECONSTRUCTED INITIAL LUNG BURDENS, DENOTED BY (R) AND (REC) IN THIS TABLE MAY BE TOO HIGH BECAUSE OF CURRE

ANALYTICAL RADIOCHEMICAL PROBLEMS. THIS MAY LEAD TO CALCULATED ORGAN DOSES THAT ARE TOO HIGH. THIS PROBLEM IS E
IMPORTANT FOR DOGS IN THE LOWER EXPOSURE LEVELS.

L.



VA, RADATION

ATN (S?)

FRO ILI (CEC.) DEATH DAYS TO
LIMB LIVER RMEu DATE DEATH COMENET

3.6 4.3 1.9 mm06 4123 9-am1TbosARCONA.&ACIN
4.0 3.2 1.5 62266 3046 D*LY14114IOSMACOMA*YISCERAL
4.7 4.2 2.0 85214 3437 E.-CONRMROASAUA
3.2 2.? 1.5 6309 3222 E-PAHCUEATITIS
5.8 6.1 3.6 87211 4815 E-OSTE0SAECON4,110UE
4.0 3.6 1.6 am02 3566 E-UWiIFF. SARC.,R!U;NUELOFIIRUARC.,LIV.
2.5 1.1 0.5 6002 1525 0-EPILEPSY
3.9 3.7 1.9 65005 3879 E-O6TEOSARCONA,WERTEBU;CAICINWA, LUNG
3.6 3.6 1.? 65065 3631 E-O6TE06ARCWAVERTEKA
3d. 5.0 2.3 89040 4726 E-CIIROUIC INTER. NEPIIRITIS;AORT. THEWSI.
4.3 5.6 2.4 65310 4.345 E-OSTEOSARCOIMA0NHE
3.4 4.5 2.0 6625 4577 E-ADEM0CARCIaNAIRECTtM;NEPNuoPATNY
2.6 2.0 1.0 614079 3043 E-NELNIONA,SKIN
2.6 3.7 1.7 86326 4749 E-CIIWDRO. OSTfOSARCIU.U.;PAP. ADCA.,L=H
2.6 1.5 0.7 60015 19S4 0-GASTRIC FOREIGN BODY
4.3 6.1 2.9 67163 4950 E-CAACINONA,NAIMRY;CAMCIHNWA.LUNG
4.1 5.6 2.7 67216 4848 D-PUEWINONIA
3.4 3.6 1.9 816346 4480 E-CARCIHNOALINB
1.5 1.0 0.5 63162 2654 0-PYONETRA
2.6 3.0 1.4 65149 4053 0-THROGMOIS,AORTA
4.5 6.9 3.9 90086 578 E-ANHCLOSJUG SPONDTLO6IS;ADENOCARC!NOSMA LIMB

66127 4527 E-CARCINWIA,NAJIARY
888 S410 D-IHTERVERT. DISC DISEASE;UROKNCNOEUM.

67100 4735 E-PYELONEPJUITIS
8906 5453 E-CNOUANGIONEPATITIS
66335 4566 0-ACUTE NEPMROSIS
8823 5194 E-CARCIHNOA,NAMNARY GLAND
671 19 4626 0-PULNKONARY EDEMA
82223 2903 E-LYMPNOSARCOHASKIV
870617 4141 b-NENWSGIOSARCOMA* HEART
80030 1527 D-EPILEPSY
65063 3286 0-PYOMETRA
67187 4142 E-ADEHONAPITUITARY

DINGS AME INCLUDED.

BECAUSE OF CURRENT
HIS PROBLEM IS ESPECIALLY
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A.19 2"PuO2 Moanoclsprse Aerosol (0.75 pan AMAD), Longevity Study

CUWNLATIVE ALPHA RADIATION DOSE (GY

INHALATION EXPOSURE TO DEATH
ON6 IDENTIFICATION ...................... ILB (CBC) ILI (CR) ------------------------
--------...----.---. AGE UT ......................................... C KREC.

TATTOO AN-EXPT SEX BLOCK DATE DAYS KG RANK UCI/KG UCI KEI/KG KBE KEG LUNG LUNG
...... --- -- ---.. . .. .---- ---- ----. . .. . .. . .-- - - -- - - -- - - - -- - - -- - - ...... .. ..

1134C 01-2686 N K 78325 385 8.9 01 0.20 1.8 7.4 67. 100 41
1142V 01-2730 F L 79052 421 9.1 02 0.19 1.7 7.0 63. 63 29
11093 01-2560 N 1 78165 367 10.6 03 0.18 1.9 6.7 70. 63 30
1136A 03-2690 N K 78326 368 10.4 04 0.17 1.8 6.3 67. 63 31
992B 01-2106 N C 77069 399 10.8 05 0.16 1.7 5.9 63. 67 24
10925 01-2528 F N 781"4 411 9.5 06 0.16 1.5 5.9 56. 59 29
10271U 01-2236 F F 77216 421 10.3 07 0.15 1.5 5.6 56. 31 21
1125S 01-2610 F J 78248 374 8.2 08 0.15 1.2 5.6 44. 41 23
1122T 03-2612 F J 78244 388 7.6 09 0.11 0.87 4.1 32. 33 22
1107A 03-2562 N 1 78166 375 U2.4 10 0.10 1.2 3.7 44. 56 25
1028U 03-2238 F F 77217 421 8.7 11 0.10 0.87 3.7 32. 17 14
1097E 01-2534 N G 78150 396 8.9 12 0.10 0.87 3.7 32. 23.
960T 03-2082 F B 77035 410 9.7 13 0.096 0.93 3.6 34. 44 23
10068 01-2148 N E 77118 373 8.5 14 0.079 0.67 2.9 25. 30 21
1096C 03-2536 N G 78151 391 8.6 15 0.073 0.63 2.7 23. 34 24
996U 02-2174 F D 77140 446 7.1 16 0.073 0.52 2.7 19. 19 18
963E 02-1954 N A 77007 439 11.5 17 0.063 0.73 2.3 27. 15.
999S 01-2172 F D 77139 423 8.2 18 0.062 0.51 2.3 19. 30 26
1005C 03-2150 N E 77119 377 10.3 19 0.062 0.64 2.3 24. 37 22
1001T 01-2174 F D 77140 409 10.6 20 0.059 0.63 2.2 23. 31 18
990C 02-2108 N C 77070 410 9.3 21 0.055 0.51 2.0 19. 23 15
1023V 02-2238 F F 77217 438 9.4 22 0.054 0.51 2.0 19. 18 13
11306 02-2690 N K 78326 403 10.5 23 0.051 0.54 1.9 20. 14.
1145T 03-2732 F L 79053 414 9.8 24 0.049 0.48 1.8 18. 24 17
990A 01-2108 N C 77070 410 9.5 25 0.047 0.45 1.7 17. 81 47
1006A 01-2150 N E 77119 374 6.5 26 0.046 0.39 1.7 14. 21 18
1096S 03-2532 F H 78145 395 8.6 27 0.043 0.37 1.6 14. 12.
1143T 02-2732 F L 79053 418 8.9 28 0.042 0.37 1.6 14. 11.
963F 01-1954 N A 77007 439 11.4 29 0.041 0.47 1.5 17. 22 14
1097C 02-2536 N G 78151 397 9.0 30 0.041 0.37 1.5 14. 9.9
11348 01-2690 N K 78326 386 10.0 31 0.040 0.40 1.5 15. 11.
1121S 02-2612 F J 78244 401 8.5 32 0.039 0.33 1.4 12. 23 19
11006 02-2562 N 1 78166 399 9.5 33 0.028 0.27 1.0 10. 8.0
9700 01-1952 N A 77006 424 10.4 34 0.026 0.27 0.96 10. 7.6
1096U 02-2532 F H 78145 395 8.2 35 0.024 0.20 0.89 7.4 7.0
969A 03-1954 N A 77007 426 10.1 36 0.023 0.23 0.85 8.5 6.8
982T 02-2082 F B 77035 404 9.9 37 0.021 0.21 0.78 7.8 6.2
11113 01-2562 M 1 78166 365 9.7 38 0.021 0.20 0.78 7.4 5.8
1125T 01-2612 F J 78244 370 8.1 39 0.021 0.17 0.78 6.3 6.0
976T 01-2080 F B 77034 431 10.3 40 0.019 0.20 0.70 7.4 6.0
977S 01-2082 F B 77035 430 7.4 41 0.018 0.13 0.67 4.8 5.4
10050 02-2150 N E 77119 377 9.6 42 0.015 0.14 0.55 5.2 3.8
1143S 01-2732 F L 79053 418 11.0 43 0.014 0.15 0.52 5.6 4.0
1094T 01-2532 F H 78145 401 10.6 44 0.010 0.11 0.37 4.1 3.0
1028S 01-2238 F F 77217 421 9.4 45 0.010 0.090 0.37 3.3 2.9
988C 03-2108 N C 77070 425 9.3 46 0.010 0.090 0.37 3.3 2.8
996T 03-2174 F D 77140 446 8.8 47 0.0080 0.070 0.30 2.6 2.4
1096A 01-2536 N G 78151 401 10.8 48 0.0060 0.070 0.22 2.6 2.0



ATION DOSE (6?)

iTN DAYS

REC. DEATH TO 9-30 TO

LLIG DATE 1993 DEATN C01I-UNT

41 81120 891 E-PtIELINONITIS AND PULIMNARY FIBROSIS
29 82137 1181 E-PNEUINONITIS AND PULMONARY FIBROSIS
30 8224 1520 D-RAD.PNBM.;PtX.FII.;PUUIONAY CAIC.
31 52332 1467 D-PNEtM. AND PUA. FIMMOIS;PUL. CARC.
24 80009 1035 D-PMtXEIONITIS
29 8205 1371 E-PNELJIONITIS AND PULMONARY FIBROSIS
21 85073 2779 E-NEMNIGIONA, BRAIN; CARCINOMA, LUNG
23 8207 1280 E-PNiEIEIONITIS AND PULMONARY FIBROSIS
22 82306 1525 E-PNEUN. AND PtlL. FIBROSIS;PUL. CARC.
25 83097 1757 E-PNEUN. AND PUL. FISROIS;PUL. CARC.
14 85037 2742 E-CARCINOMA AND FIBROSARCONA,LUWIG

84240 2281 E-FIBROSARC.,NEDIAST.;I.A. CARC.,LUJNG
23 81153 1579 E-PNEUN. AND PIJL. FIMMO.;CARC.,LUNG
21 8223 1961 E -FI MOSARCONA, M=SLE; PUL -CARC INONA
24 83356 2031 E-PNEUNMNITIS;S.A. CARCIMNOALU)NG
18 84030 2446 E-BRONCHIOLOALVEOLAR CARCINOMALUJNG

82357 2176 E-PNEUM. AND PUlL. FIBROSIS;PUL. CARC.
26 85103 2886 D-BRONCHIOLOALVEOUAR CARCINONA.LUJNG
22 83013 2085 0-PULMONARY CARCIMONA;PUL. FIBROSIS
1s 83030 2081 E-PULMONARY CARCINGNA;PX. FIBROSIS
15 82251 2007 D-HEMORRHAGIC ENTERITIS
13 85036 2741 D-PNEUM. AND PUL. FIBROSIS;CARC., LUING

87132 309 E-CARCINOMA9 LUNG
17 8609 2563 E- CARCINOMALUNG
47 81327 1718 E-PNEIJIOMITIS AND PULMONARY FIBROSIS
18 86202 3370 D-CARCINOMA,LUNG

8638 3115 E-CARCINOMA,LUNG
8708 2951 D-CARCIN0OMA,LUNG

14 86022 3302 E-CARCINO4A* LUNG
84303 2343 E-ADENOCARCIOMA,PANCREAS
87133 3094 E-CARCINMA,LUNG

19 86074 2752 E-CARCINCKA,LUNG
87306 3429 E-CARCI MOMLUNG
87251 3897 E-CARCINOM4A, LUNG
88154 3661 E-CARCINOMA~ LUING
88152 4162 E-CARCINCIA*LUNIG
87151 3768 0-CARCINONA,LUNG
8M56 3375 E-CARCINOMA,LUNG
8803 3461 0-HEMANGIOSARCONA,KIDNEY
89177 4526 0-EXUDATIVE PNEUIONIA,LLNG
89270 4618 E-PAPILLARY ADENOCARCINOMA,LtNG
88273 4171 E-CARCINOMA,LUING
90005 3970 E-ADENOCARCINONA1MAIUARY GLAND
8808 3589 D-CARCINONA,LUNG
88357 4157 0-PAPILLARY ADENOCARCINOMA, LUNG
87044 3626 E-MALIGNANT MELANONA.MOUTM
8902 4275 E-PAPILLARY ADENOCARCINOM4A,LUNG
90256 4488 D-BRONCHIOLOALVEOLAR CARC NONA, LUNG
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A.19 391PuO 2 Monodisperse Aerosol (0.75 pm AMAD), Longevity Study (continued)

CUMULATIVE ALPHA RADIATION DOSE (GY)

INHALATION EXPOSURE TO DEATH
DOG IDENTIFICATION ------------------------- ILl (SC) ILB (R) -------------------------
--..--.--..---.---.. AGE WT ----------------------------------------- - C REC.
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG RANK UCI/KG UCI K9Q/KG KBQ KBQ LUNG LUNGS...... ....... ... ..... ..... ...---- . ... . .... ...... ..... ....... ..... ...--........-

961A 03-1956 N A 77007 448 11.0 C
980S 02-2084 F B 77035 410 8.4 C
"992A 02-2116 N C 77080 406 10.0 C
1007C 02-2146 H E 77117 371 9.5 1
999U 02-2168 F D 77130 414 10.3 C
1022W 02-2240 F F 77231 423 7.2 C
109I T 01-2530 F H 78145 400 10.6 C
1096A 01-2535 N G 78150 390 9.9 C
1106A 01-2564 H 1 78165 382 9.8 C
1121T 02-2614 F 1 78244 405 9.6 C
11310 01-2688 H K 78325 392 6.8 C
1146S 01-2733 F L 79052 408 11.0 C

UCI IG REPRESENTS MICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
KBQI/KG REPRESENTS KILOSEQUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
COMMENT: D, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED RESPECTIVELY. PROMINENT FINDINGS ARE INCLUL
CAUTION: THE RECONSTRUCTED INITIAL LUNG BURDENS, DENOTED BY (R) AND (REC) IN THIS TABLE MAY BE TOO HIGH BECAUSE OF CURRE

ANALYTICAL RADIOCHENICAL PROBLEMS. THIS HAY LEAD TO CALCULATED ORGAN DOSES THAT ARE TOO HIGH. THIS PROBLEM IS E
IMPORTANT FOR DOGS IN THE LOWER EXPOSURE LEVELS.

4..-



IATION DOME (GY)
..................

DIEATH DAYS
......... °.... .°............

REC. DEATN TO 9-30 TO
LUNG DATE 1993 DEATN COMMENT
----.. . . ... . . .. .. ........ . . . .--- -- .. . ...... -- -- -- -- - -- -- -- - -- -- -- -- - -- -- -- -

90243 4977 D-NYPERADRENOCORTIC ISN
86357 3609 D-NAST CELL SARCUNA

6037
82184 1893 D-EPILEPSY
85214 3006 D-PERITONITIS
90094 4611 E-PROLAPSE,INTERVEETEIIUA DISCS
93218 5552 D-PNUEWOIALUNG
89156 4024 E-PROSTATITISRENAL FAILURE
91317 4899 E-NEPROWPATHY,KIDUEY
87306 3349 D-TNROPMOSIS,LUNG
90317 4375 E-MRONCNOPEWUNDNIA
92009 4705 E-P.LYARTERITIS

FINDINGS ARE INCLUDED.
IGH BECAUSE OF CURRENT

THIS PRUBLEN IS ESPECIALLY
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A.20 mPU0 2 Monodisperse Aerosol (1.5 pm AMAD), Longevity Study

CUMULATIVE ALPHA RADIATIONS............................ .

INHALATION EXPOSUE TO 9-30-93 TO DEA
DOG IDENTIFICATION ----------------------- ILB (BC) ILI (R) .......... ..........
................... AGE W T----------------------------------- ---------. C BC
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG RANK UCIIKG UCI KIQ/KG KiG K11 LUNG LUNG
- - -...... .. ... . . ...... . ... ... .... --- ---- . .... ... ... .. ----- -----...........

11551 03-2744 F L 79067 390 7.7 01 1.0 8.0 37. 300. 270.
1110U 02-2592 F N 78206 410 6.7 02 1.0 6.7 37. 250. 190.
1137S 02-2726 F J 79047 448 10.2 03 0.91 9.3 34. 340. 470.
1OIS 01-2592 F N 78208 438 10.1 04 0.86 8.7 32. 320. 96.
964S 01-1962 F 8 77013 44 8.9 05 0.85 7.6 31. 280. 330.
990U 01-2114 F D 77076 416 8.5 06 0.79 6.7 29. 250. 210.
11173 02-2604 N 1 78215 393 9.9 07 0.78 7.7 29. 280. 270.
972A 02-1972 N A 77020 436 10.0 08 0.57 5.7 21. 210. 150.
10975 04-2514 N G 78117 363 9.7 09 0.57 5.5 21. 200. 190.
1155T 02-2744 F L 79067 390 6.7 10 0.51 3.4 19. 130. 170.
996A 01-2132 N C 77111 417 10.6 11 0.48 5.1 18. 190. 170.
10153 01-2196 N E 77160 394 8.9 12 0.46 4.1 17. 150. 180.
1027A 03-2196 N E 77160 365 10.9 13 0.45 4.9 17. 180. 160.
10993 03-2602 N I 78214 451 10.5 14 0.44 4.6 16. 170. 190.
11108 01-2604 N 1 76215 417 7.7 15 0.44 3.4 16. 130. 140.
995C 03-2132 N C 77111 433 9.9 16 0.40 4.0 15. 150. 110.
1096C 03-2514 N G 78117 367 9.8 17 0.38 3.7 14. 140. 130.
1141U 03-2724 F J 79046 429 6.7 18 0.33 2.2 12. 81. 93.
9773 03-1972 N A 77020 415 11.6 19 0.31 3.6 11. 130. 130.
10923 02-2514 N G 78116 384 9.9 20 0.30 3.0 11. 110. 130.
1023X 01-2210 F F 77174 395 8.5 21 0.29 2.5 11. 93. 96.
994S 02-2114 F 0 77076 401 9.3 22 0.29 2.7 11. 100. 61.
1099V 02-2590 F H 78207 414 8.9 23 0.24 2.1 8.9 78. 59.
997C 02-2132 N C 77111 416 10.3 24 0.23 2.4 8.5 89. 81.
11340 03-2684 N K 78321 381 10.5 25 0.19 2.0 7.0 74. 70.
1141S 01-2726 F 1 79047 430 10.0 26 0.19 1.9 7.0 70. 190.
1095S 03-2588 F N 78206 462 10.1 27 0.19 1.9 7.0 70. 64.
1099T 02-2588 F N 78206 443 8.5 28 0.19 1.6 7.0 59. 76.
989T 03-2114 F 0 77076 425 6.7 29 0.19 1.3 7.0 48. 45.
1148.U 01-2744 F L 79067 414 6.7 30 0.19 1.3 7.0 48. 43.
965S 02-1962 F 1 77013 4,4 10.0 31 0.17 1.7 6.3 63. 44.
964T 03-1962 F B 77013 444 7.7 32 0.17 1.3 6.3 48. 37.
1009T 01-2208 F F 77173 421 10.8 33 0.16 1.7 5.9 63. 39.
1023B 02-2196 N E 77160 381 10.0 34 0.15 1.5 5.6 56. 37.
970A 01-1972 N A 77020 438 10.3 35 0.15 1.5 5.6 56. 36.
976A 01-1970 N A 77019 419 12.6 36 0.14 1.8 5.2 67. 44.
1020T 02-2210 F F 77174 399 9.2 37 0.14 1.3 5.2 48. 41.
1160T 03-2742 F L 79066 368 8.3 38 0.13 1.1 4.8 41. 29.
994T 03-2112 F D 77075 400 8.8 39 0.13 1.1 4.8 41. 33.
995A 03-2130 N C 77110 432 10.4 40 0.12 1.2 4.4 44. 35.
1008S 03-2210 F F 77174 425 9.9 41 0.11 1.1 4.1 41. 31.
1120A 02-2602 N 1 78214 382 9.3 42 0.11 1.0 4.1 37. 25.
1112W 03-2590 F H 78207 402 8.2 43 0.11 0.93 4.1 34. 63.
1130A 03-2682 M K 78320 397 10.5 44 0.10 1.1 3.7 41. 26.
1130T 01-2696 F J 78334 411 8.3 45 0.10 0.87 3.7 32. 25.
1139U 01-2724 F J 79046 441 8.9 46 0.098 0.87 3.6 32. 24.
966T 03-1960 F B 77012 439 10.3 47 0.097 1.0 3.6 37. 24.
1007A 01-2194 N E 77159 413 9.4 48 0.071 0.67 2.6 25. 18.
1129A 02-2682 M K 78320 398 8.8 49 0.069 0.61 2.6 23. 24.
1132C 01-2684 N K 78321 394 11.3 50 0.065 0.73 2.4 27. 150.
1099C 01-2602 M 1 78214 451 10.5 51 0.060 0.63 2.2 23. 14.
1153T 02-2742 F L 79066 395 8.3 52 0.057 0.47 2.1 17. 19.
11293 02-2684 M K 78321 398 10.7 53 0.056 0.60 2.1 22. 100.
999A 02-2130 M C 77110 394 7.8 54 0.051 0.40 1.9 15. 19.

____..... -



ATIWE ALPHA RADIATION DOSE (61)

S9-30-93 TO DEATH DAYS

WC WK MEC. DEATH To 9-30 To
LUNG LIRG LUNG DATE 1993 DEATH COMMENT

40. M792? 210 D-PNELIMONITIS
31. 7901.9 206 D-PNEUNONITIS
60. 79296 249 D-PNEUNONITIS
17. 79190 347 E-PNEUWIOITIS
63. 7739 336 D-PNEUOMNITIS
59. 73196 487 D-PtIEUMONITIS
32. 7907 221 D-PNEIDIONITIS
41. 75216 561 E-PNWEIONITIS
2S. 7903 278 E-PNELUMONITIS
66. 80224 522 E-PNEUMONITIS
45. 7839 593 E-PWEUNONITIS
40. 78194 399 O-PNEUMONITIS
56. 79282 852 D-PNEUMONITIS
34. 79236 387 E-PNEWINONITIS
36. 79262 412 D-PNEWIONITIS
59. 8039 1333 D-PNEUN. AND PUL. FIBR0SIS;CARC., LUNG
54. 80291 904 0-PNEUMONITIS AND PULVMONAY FIBROSIS
50. 81106 793 D-PUEWIHONITIS
27. 78158 503 D-PNEUNONITIS
47. 80123 737 E-PIIEUMONITIS
35. 79096 652 E-PNEUMONITIS
30. 79074 728 D-PNEWIONITIS
2V. 81058 947 E-PNEUMNONITIS AND PULMONARY FIBROSIS
40. 80282 1266 D-PNEUIMNITIS AND PULMONARY FIBROSIS
5.6 79108 152 E-PNEUMONITIS

32. 8007 345 O-PHEUMONITIS
6.87123 3204 D-CARCINON,LUNG

P6. 5546
4S. 81299 1681. D-PNEWI.AND PUL.FIB.;PUL. CARCINOMA
43. 83146 1540 E-PNiEUMONITIS AND PULMONARY FIBROSIS

U. 2168 1961 E-PNEWI.AND PUJL.FIS.;PIJL.CARCINOMA
27. 80295 1377 E-PNUMIGNITIS AND PULMONARY FIBROSIS

39. 82277 1930 E-PUL. CARCINOMAS;PUL. FIBROSIS
37. 82121 1787 D-PNEUH.AND PUL.FIB.;PUL.CARCINMA
36. 82003 1809 D-PUjL.CARCINOMA;PNEIM.AND PUL.MI.

20. 80362 1438 O-PHEUM. AND PUL.FIBROSIS;CARC.,LUING
2D. 80213 1134 D-PNEINIONITIS

29. 83133 1528 E-PNEUM. AND PUL. FIBROSIS;PUL. CARC.
33. 82262 2013 0-PULMONARY CARCINMA;PUL.FIBROSIS
35. 84220 2666 E-BRONCHIOLOALVEOLAR CARCINOMALUNGO
31. 83252 2269 E-PUiL.CARCINOMAS;PU)L. FIBROSIS
25. 83101 1713 E-PNEUM. AND PUL. FIBROSIS;PUL. CARC.

36. 81197 1086 E-PNEUMONITIS AND PULMONMARY FIBROSIS
11. 81197 973 D-CARC.,KIDMEY;PNEUM4. AND PUL. FIB.

25. 83287 1779 E-PNEUMONITIS;BRONCHIOLOALVEOLAR CARC.
24. 83350 1765 E-PNEUMONITIS AND PULMONARY FIBROSIS
24. 81353 1802 D-PNEUM.AND PUL.FIB.;PUL.CARCINOM
i8. 82274 1941 E-PNEUN. AND PUL. FIBROSIS;PUL. CAIC.
24. 87085 3052 E-CARCINONA,LUNG

43. 80296 705 D-PNEUMIONITIS AND PULMONARY FIBROSIS
14. 83123 1735 0-PwE.Rq. AND PUL. FIBROSIS;PUL. CARC.
19. 88145 3366 E-CARCINOHALUSIG

37. 81087 862 0-PHEWIONITIS AND PULMIONARY FIBROSIS
19. 88358 4265 E-MALIGNANT MELANOMA,ORAL
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A.20 2'PuO2 Monodspee Arol (1.5 pm AMAD), Logevity Study (continued)

CUMWLATIVE ALPHA RADIATION DOSE
- ------- .... . . . . . . .......

INHALATION EXPOSURE TO 9-30-93 TO DEATH
DOG IDENTIFICATION ------------------------------- ILB (CIC) IL- --)--.............
.................... AGE WIT.---------------------------------------------- -I IC EC,
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG RANK UCI/KG UCI KBQ/KG K30 KNO LUNG LUNG LUl
.... sos 0........ ... ..... . .. .... ... ....o . .o .... o . .......o 0 ° - °.....- . .... -----... ..

1130C 01-2682 N K 78320 397 9.0 55 0.048 0.43 1.8 16. 17.
972S 02-1960 F B 77012 428 8.2 56 0.046 0.38 1.7 14. 13.
1022T 02-2208 F F 77173 394 9.5 57 0.045 0.43 1.7 16. 16.
992T 01-2112 F D 77075 405 7.0 58 0.043 0.30 1.6 11. 14.
11105 01-2590 F H 78207 409 9.0 59 0.040 0.36 1.5 13. 12.
10250 02-2194 N E 77159 367 10.7 60 0.039 0.42 1.4 16. 11.
10073 03-2194 N E 77159 413 11.3 61 0.035 0.40 1.3 15. 13.
9785 02-1970 N A 77019 406 8.6 62 0.028 0.24 1.0 8.9 10.
10948 01-2514 N G 78116 372 12.3 63 0.027 0.33 1.0 12. 6.2
1113A 03-2600 N 1 78213 408 9.5 64 0.026 0.25 0.96 9.3 9.8
1017A 02-2192 N E 77158 389 9.0 65 0.023 0.21 0.85 7.8 9.1
10960 02-2512 N G 78116 366 10.5 66 0.021 0.22 0.78 8.1 6.0
1134S 02-2694 F J 78333 393 8.2 67 0.020 0.16 0.74 5.9 7.6
970F 03-1970 N A 77019 437 8.8 68 0.017 0.15 0.63 5.6 6.2
9923 01-2130 N C 77110 440 10.4 69 0.017 0.18 0.63 6.7 4.9
1112U 01-2588 F H 78206 401 9.1 70 0.016 0.15 0.59 5.6 6.5
969U 02-1958 F B 77012 431 9.7 71 0.015 0.15 0.55 5.6 5.5
1146T 02-2724 F J 79046 402 8.8 72 0.015 0.13 0.55 4.8 5.8
1014C 01-2192 N E 77158 397 8.5 73 0.014 0.12 0.52 4.4 5.5
1lOOT 03-2208 F F 77173 418 10.0 74 0.014 0.14 0.52 5.2 4.8 2.3
1153s 01-2742 F L 79066 395 8.9 75 0.012 0.11 0.44 4.1 4.8
1092C 01-2512 N G 78116 382 9.7 76 0.011 0.11 0.41 4.1 4.1
9868 02-2112 F D 77075 431 8.1 77 0.011 0.087 0.41 3.2 3.9
960U 01-1960 F B 77012 446 9.1 78 0.010 0.093 0.37 3.4 3.9
11I1A 02-2600 N I 78213 415 8.4 79 0.0095 0.080 0.35 3.0 3.6
970S 01-1958 F B 77012 430 9.6 80 0.0076 0.073 0.28 2.7 2.9
98U 02-2110 F D 77074 429 8.9 81 0.0070 0.062 0.26 2.3 2.8
9948 02-2128 14 C 77109 434 10.0 82 0.0063 0.063 0.23 2.3 2.6
1100A 01-2600 M 1 78213 446 9.6 83 0.0061 0.059 0.23 2.2 2.4
1097A 02-2508 N G 78115 361 9.0 84 0.0061 0.055 0.23 2.0 2.4
11320 02-2680 M K 78319 392 9.7 85 0.0060 0.058 0.22 2.1 2.4
1010W 02-2206 F F 77172 417 10.4 86 0.0043 0.045 0.16 1.7 1.8
1130S 01-2694 F J 78333 410 8.3 87 0.0040 0.033 0.15 1.2 1.5
972D 02-1968 M A 77018 434 8.5 88 0.0040 0.034 0.15 1.3 1.6
1154S 02-2740 F L 79065 388 9.0 89 0.0034 0.031 0.13 1.1 1.4
1149T 01-2740 F L 79065 411 7.5 90 0.0033 0.025 0.12 0.92 1.3
971C 01-1968 M A 77018 435 8.2 91 0.0024 0.020 0.089 0.74 0.98
11316 01-2680 M K 78319 395 11.0 92 0.0023 0.025 0.085 0.92 0.90
988S 01-2110 F D 77074 429 9.5 93 0.0022 0.021 0.081 0.78 0.81
997A 01-2128 M C 77109 414 10.6 94 0.0018 0.019 0.067 0.70 0.70
1095A 01-2508 M G 78115 371 11.2 95 0.0013 0.015 0.048 0.55 0.51
1022V 01-2206 F F 77172 393 9.6 96 0.0007 0.007 0.026 0.26 0.29
960T 02-1956 F B 77007 441 9.4 C
977A 01-1974 1 A 77024 415 11.7 C
982S 03-2116 F D 77080 446 10.0 C
998A 01-2146 N C 77117 416 10.5 C
lO1OA 01-2198 N E 77160 405 12.4 C
1021S 01-2212 F F 77174 396 9.3 C
10938 01-2510 N G 78115 375 7.9 C
1107S 01-2594 F H 78208 417 9.0 C
1109A 01-2605 M 1 78215 417 11.8 C
1131A 01-2681 M K 78319 395 12.2 C
1136s 01-2695 F J 78333 375 9.0 C
1152S 01-2746 F L 79065 396 9.2 C

UCI/KG REPRESENTS NICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
KBU/KG REPRESENTS KILOCEUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TINE IN DAYS AFTER INHALATION EXPOSURE.
COMIMENT: D, E, ON S INDICATE THE DOG DIED, WAS EUTNANIZED OR WAS SACRIFICED RESPECTIVELY. PROMINENT FINDINGS ARE INCL
CAUTION: THE RECONSTRUCTED INITIAL LUNG BURDENS, DENOTED BY (R) AND (REC) IN THIS TABLE NAY BE TOO HIGH BECAUSE OF CURRE

ANALYTICAL RADIOCNEMICAL PROBLEMS. THIS NAY LEAD TO CALCULATED ORGAN DOSES THAT ARE TOO HIGH. THIS PROBLEM IS E
IMPORTANT FOR DOGS IN THE LOWER EXPOSURE LEVELS.

-t.



1A RADIATION DOW (01)

TO OWAN DAYS

iffc EEC. DEATH TO 9-30 TO
LUNG LUIG DATE 19M DEATH COMMENT

17. aw30 3633 E-PAPILLART ADENOCARCIUUMA.LUNG
13. 82334 2145 b-PNEUM. AM PUL. FIMMOIS;PtUL. CARC.
16. 6806 3535 E-CARCIUU.LWSLUG
14. 65221 3068 E-PWEUMUNITIS AM PUJLMNAIRY FIN1081
12. 6W03 2310 D-PIIEuM. AS PUL. P!UIOSIS;PUL. CARC.
11. 66017 2414 E-ADMEH0ARCRUMONLUNG
13. 6721 3776 E-CARCINONA.LUSG
10. a602 4019 E-CARCIUONALLUN6
6.2 6230 1647 E-PNEU. AND PUlL. FIW=CIS;PUL. CARC.
9.6 90059 4229 E-PAPILLARY ADENOICARCINONALUNG
9.1 90270 4660 E-CSTE05MACUA,STERNUN
6.0 64265 2340 I-JULTIPLE CANCINOVAS,LUNG
7.6 91317 4732 0-KIDIET INFANCTION
6.2 87312 3945 D-PNELIIONITIS, FIBROUS ADENWA,.LWG;
4.9 a3234 2315 D-JEJUEEU, S=NOT MUCLE TUNDR
6.S 92150 5057 I-CMRCINWA,LUIG
5.5 86356 3633 E-NENOLYTIC ANEMIA
5.8 92321 502 D-CAACINQNALUMG
5.5 90115 4705 E-TRANSITIOUAL CELL CARCINONAALIAD0ER

2.3 60167 1109 0-NECROTIC PHIARYNSITII
4.8 92163 6645 E-CARCINOMA LUNG
4.1 8903 3935 I-PAPILLARY RDENOCARCIUWIA, LUNG
3.9 87206 3783 D-CARCINGNA*LUNG
3.9 690l 6412 E-ADENOCARCI NOHA,OSTEOSARCOMA,LUNG
3.6 90120 4290 E-LTNPNOSARCOMA
2.9 69159 4530 I-PAPILLARY ADENOCARC..NAN. GLAND
2.8 92079 566 E-CARCINOIIATNYROID
2.6 92363 5732 D-CARCINONA, LUNG
2.4 91306 641t D-NECROSISADRENAI.
2.4 91010 643 643 E -CACINOA, LUNIG

5945
1.5 91015 4430 D-PLEUWOPEUEWONIA
1.6 91214 5309 D-CARCINONA. LUNG;CARCI NONA. LARYNX
1.4 92333 5016 0-PIIEOCNRONOCYTOVA*ADRtENAL
1.3 92107 4790 D-NYOPATNT,NEART
0.96 92064 5564 E-NEPNROPATNY. KIDNEY; ADEUONALUNG
0.90 93043 5203 D-TNROIUOSIS,LUNG
0.61 386012 3955 0-TRANSITIONAL CARCINONASLADOEE
0.70 90262 4901 E-RENAL CELL CARCINOHAKIDMEY
0.51 90248 4516 E-HEPATOCELLULAR CARCINOMA.LIVER
0.29 91027 4968 0-CAXCINOMAA9 NAIART GLAND

91322 5428 E-CARCINONANAIUIARY GLAND
88349 4342 I-CHRONIC INTERSTITIAL NEPhEITIS
89m0 4503 I-MALIGNANT NELAIUOMA,ORAL
92234 5595 E-CARCIUWA,LUNG
91263 5216 E-ASTROCYTONA
91331 5270 E-CARCINONA.LIVER
90173 4641 0-RENAL ANYLOIDOSIS
92330 557 5235 E-CARCINONAMANAUARY GLAND

88139 3472 E-OSTEOSARCONA*UONE
9213 4793 E-NECROSIS,LIVER
9323 5252 E-CAACINOMA,MAMMARY GLAND

ING$ ARE INCLUDED.
CAUEOF CUROIRENT

IS PROBEM 1S ESPECIALLY
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A.21 2"PUK2 Monedislene Aerosol (3.0 pgm AMAD), Longevity Study

OWUJLATIVE ALPHA RADIATION
.°.. .........................

INHALATION EXPOSLRE TO DEATH
DOG IDENTIFICATION ---------------------- ILB (WC ) ILB (R) --------------- -------

---------- AGE WT-------------------------------- -------------------- ic EC
TATTOO AM-EXPT SEX BLOCK DATE DAYS KG RANK UCI/KG UCI KIO/KG KSO K3O LUNG LE
.. . ° °....... . ..... 0 °.... . .... . ... . 0.... --- -- - ......-- -- ..... . .... . ...... .... --

11223 03-2620 N K 78251 395 8.5 01 2.0 17. 74. 620. 540 38
904A 02-2104 N C 77068 426 11.3 02 1.4 15. 52. 570. 480 28
1069A 03-2396 N 6 78016 431 11.6 03 1.4 16. 52. 590. 490 63
1004S 03-2170 F D 77133 395 8.9 04 1.3 11. 48. 420. 390 53
1152V 03-2738 F L 79061 392 9.7 05 1.2 12. 44. 440. 330 71
961T 03-2078 F B 77033 403 11.1 06 1.1 13. 41. 470. 420 Si
1138T 03-2722 F J 79039 440 6.7 07 0.88 5.9 33. 220. 110 48
9970 03-214" N E 77117 f22 8.4 06 0.77 6.5 28. 240. 240 76
lOOlA 02-2144 N E 77117 389 10.4 09 0.70 7.3 26. 270. 110 31
11000 03-2554 N I 78159 392 10.7 10 0.68 7.3 25. 270. 250 S4
1069B 02-2396 N G 78018 431 11.3 11 0.58 6.5 21. 240. 220 68
11170 02-2620 N K 78251 429 9.2 12 0.58 5.3 21. 200. 280 79
10343 03-2234 F F 77215 401 7.7 13 0.56 4.3 21. 160. 220 69
1099A 02-2554 N 1 78159 396 11.2 14 0.56 6.3 21. 230. 93 38
11248 01-2620 N K 78251 382 11.2 15 0.56 6.3 21. 230. 240 49
11O1U 03-2552 F N 76158 388 10.5 16 0.55 5.8 20. 210. 200 64
977M 02-2078 F 3 77033 428 7.9 17 0.52 4.1 19. 150. 100 35
9806 01-2104 N C 77066 443 10.5 18 0.51 5.4 19. 200. 200 59
977U 01-2076 F 3 77033 428 10.5 19 0.47 4.9 17. 180. 140 40
11491 02-2738 F L 79061 407 8.8 20 0.42 3.7 16. 140. 85.
964A 01-1950 N A 77005 436 9.9 21 0.39 3.9 14. 140. 160 53
1137U 02-2722 F J 79039 440 10.4 22 0.36 3.7 13. 140. 160 65
10003 01-2144 N E 77117 459 10.9 23 0.35 3.8 13. 140. 190 86
1OST 02-2552 F N 78158 377 10.1 24 0.35 3.5 13. 130. 100 45
10073 01-2170 F D 77133 387 7.5 25 0.33 2.5 12. 93. 78 36
1071A 01-2398 N G 76016 427 10.4 26 0.30 3.1 11. 110. 62.
1029S 01-2234 F F 77215 417 10.5 27 0.28 2.9 10. 110. 93 30
969A 03-2104 1 C 77068 417 9.9 28 0.28 2.8 10. 100. 62.
980V 01-2076 F B 77032 407 9.0 29 0.27 2.4 10. 89. 81 32
IOSA 01-2554 N 1 78159 378 10.3 30 0.25 2.6 9.3 96. 100 43
1IOT 01-2552 F H 76158 388 8.4 31 0.25 2.1 9.3 78. 74 39
1137T 01-2722 F J 79039 440 10.0 32 0.24 2.4 8.9 89. 50.
1147U 01-2738 F L 79061 409 9.3 33 0.24 2.2 8.9 81. 45.
1005S 02-2170 F D 77133 391 8.8 34 0.24 2.1 8.9 78. 59.
1117C 03-2618 N K 78250 428 11.0 35 0.16 1.8 5.9 67. 42.
1070A 03-2396 N G 78017 427 10.5 36 0.16 1.7 5.9 63. 37.
1023U 02-2234 F F 77215 436 7.9 37 0.14 1.1 5.2 41. 36.
1OOST 01-2166 F D 77132 383 7.9 38 0.12 0.93 4.4 34. 38.
963A 02-1950 N A 77005 437 12.1 39 0.12 1.4 4.4 52. 27.
1152U 03-2736 F L 79060 391 9.4 40 0.11 1.0 4.1 37. 33.
1139T 03-2720 F J 79038 433 9.8 41 0.11 1.1 4.1 41. 25.
1104A 02-2556 N 1 78160 381 11.0 42 0.11 1.2 4.1 44. 29.
1005B 03-2142 N E 77118 376 8.9 43 0.10 0.93 3.7 34. 39.
10970 03-2556 H 1 78160 406 9.9 44 0.10 1.0 3.7 37. 23.
10701 02-2396 N G 78017 427 11.5 45 0.096 1.1 3.6 41. 32.
11213 02-2618 N K 78250 407 9.2 46 0.087 0.80 3.2 30. 26.
1023V 03-2232 F F 77214 435 8.7 47 0.084 0.73 3.1 27. 25.
986, 01-2102 N C 77067 423 10.8 48 0.074 0.80 2.7 30. 22.
1106S 03-2550 F N 78157 374 10.2 49 0.072 0.73 2.7 27. 21.
9993 02-2142 N E 77116 400 9.2 50 0.062 0.57 2.3 21. 23.



ALPNA RANIATION DOM (BY)

TO DEATH

K EC. DEATH DAYS TO
11 LUNG DATE DEATN COIUET

36 7536 105 E-PNOAuITIS
as 7784 116 D-PNEtJNIOTIS
63 783M 288 D-PIIE OITIS
53 773m 230 D-PIIEWOIMI
71 60123 427 E-PNUEWOUITIS
S1 7723 2S6 D-PNOWIONITIS
48 6030 631 E-1 LDOITIS AND PULNONAR F10110hIS
76 7530 554 D-PUEIJIOUITIS
31 790m 636 E-PWUBONITIS
54 79265 471 D-PNEIUNWITIS

6680042 754 O-PUEWIOUITIS
79 60046 525 E-P EJOITIS
69 78356 506 D-PEUEWOUITIS
38 61161 1096 E-PNEUNONITIS AN PULMONY PIIOSIS
49 79340 454 E-PUEWIOITIS

64 0155 727 E-PNEINONITIS
35 76257, Sag E-PNEUNONITIS
59 79004 666 D-PNEMOITIS
40 7828 616 E-PNOUNONITIS

82320 1355 E-PHEUN. AND PUL. FIUIOSIS;PtL. CAIC.
53 78342 702 E-PNEUNOrNTIS
65 81313 1005 E-PEUNGINITIS AND PULMOAY FIROSIS
a6 60130 1106 E-CARCI NONA, LUNG
45 81077 1015 E-PNEUNONITIS AND PULMONAY FIEUOIIS
36 79184 781 D-PNEIIONITIS

61356 11.34 I-PULMONARY FIEOSIS;PULCACINWI
30 792S 733 D-PWEIJSONITIS

81132 152 I-PIEI. AND PKt. f IvOI S;CARtC., LUNG
32 79178 876 D-PMEtNIONITIS
43 81116 1055 E-PIEU1NONITIS AND PULMONAY FISRO0SIS
39 81105 1043 E-PNEUNONITIS AND PULMONAY FIIROSIS

82365 1422 0-PHEtJN. AND PUL. FIUROSIS;PUL. CARC.
822m 1257 E-PWEWIONITIS AND PULMONAY FI31061
82151 1844 D-PNEWMAND PUL.FIS.;PUI..CARCINMI
8339 1925 E-ADEVOCARCINOVALWB
8220 1648 E-PNEUN.AIID PUL.FIS.;PUL.CARCINONA
83011 1987 E-PULNJONARY FIUROSIS;PUIL. CARCINOMA
85110 2900 D-PNUNI. AND PUL. FINRO6IS;CARC.,LUNB
81160 1636 D-PNEUN. AND PLL. FIIROS1S;CARC.,LUN
86301 2796 E-CARCINONA,LUNB
83138 1561 E-PNEIM. AND PKt. FIIROIS;PUL. CARC.
84065 2096 E-BROMCNIOLOALVEOLtA CARCINONA
86328 3497 E-CARCINONALUNB
82357 1658 E-PNWEMOITIS AND PULNMNARY FIBROSIS

820 3185 E-CARCINOM* LUNG
85143 2450 E-CARtCINOM*,LUNG
84109 2451 E-ADENOCARCINONA,LUNB
84038 2527 E-I.A. CONINED CARCINONASLUNG
84353 2387 E-CARCINGRALWI=
8822 4129 E-MALIGNANT NIXED TIIIO,LUNG
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A.21 "Pu0 2 Monodloper. A osol (3.0 pm AMAD), Longevity Study (continued)

CUMULATIVE ALPHA RADIATION 006E (GY)

INHALATION EXPOSURE TO DEATH
DOG IDENTIFICATION ...................... ILB (CC) ILl (N) .........................
... AGE t................................................. AC REC.
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG RANK UCI/KG UCI KOO/KG K3O KIO LUNG LUNG
...... ...... . ... ..... D..... .... .0.. o. ... ..... . 0. 0 -- - - .oo.. .... ---- -----.......-

966" 02-1948 N A 77004 431 11.1 51 0.058 0.64 2.1 24. 13.
1160V 02-2736 F L 79060 365 9.8 52 0.054 0.53 2.0 20. 17.
1160S 01-2736 F L 79060 365 9.3 53 0.053 0.49 2.0 18. 16.
99U 03-2076 F I 77032 408 11.9 54 0.040 0.47 1.5 17. 13.
11391 02-2720 F J 79036 433 10.6 55 0.038 0.40 1.4 15. 15.
9885 03-2102 N C 77067 422 12.5 56 0.038 0.47 1.4 17. 13.
9811 02-2076 F 3 77032 403 10.2 57 0.038 0.39 1.4 14. 15.
10726 01-2396 N G 78017 425 11.4 58 0.034 0.39 1.3 14. 12.
1101A 01-2556 N I 78160 390 10.6 59 0.030 0.32 1.1 12. 10.
1005U 03-2166 F D 77132 390 9.3 60 0.029 0.27 1.1 10. 9.2
10991 02-2550 F N 78157 394 7.8 61 0.029 0.23 1.1 8.5 8.6
965A 03-1950 N A 77005 436 12.3 62 0.029 0.36 1.1 13. 11.
1121C 01-2618 N K 76250 401 10.4 63 0.026 0.27 0.96 10. 9.5
960A 03-1968 N A 77004 438 10.0 64 0.025 0.25 0.92 9.3 9.0
1034T 01-2232 F F 77214 400 6.4 65 0.023 0.15 0.85 5.6 8.8
1096T 01-2550 F H 78157 407 9.8 66 0.019 0.19 0.70 7.0 7.6
962A 02-2102 N C 77067 437 10.5 67 0.018 0.19 0.67 7.0 6.7
11381 01-2720 F J 79038 439 7.6 68 0.014 0.11 0.52 4.1 5.6
9940 01-2142 N E 77116 441 10.9 69 0.012 0.13 0.44 4.8 4.8
9638 01-1948 N A 77004 436 11.9 70 0.011 0.13 0.41 4.8 4.3
1009S 02-2166 F 0 77132 380 10.6 71 0.010 0.11 0.37 4.1 3.7
1033U 02-2232 F F 77214 403 8.5 72 0.0060 0.053 0.22 2.0 2.4
9610 01-1956 N A 77007 448 11.6 C
975S 01-2064 F 3 77035 433 7.4 C
980 01-2116 N C 77080 435 10.0 C
994C 03-2146 N E 77117 442 12.7 C
999T 01-2168 F 0 77130 414 8.4 C
1033S 01-2240 F F 77231 419 9.6 C
1072C 01-2400 N G 78019 427 10.5 C
1104T 01-2558 F H 78157 378 7.0 C
1OOC 01-2559 N 1 78158 391 10.6 C
1122C 01-2622 N K 786251 395 9.7 C
1128U 01-2547 F J 78352 407 8.7 C
1152T 01-2739 F L 79060 391 10.0 C

UCI/KG REPRESENTS NICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
KBQ/KG REPRESENTS KILOSEQUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY iEIGHT.
DOSE RATE AND CUMULATIVE DOSE ME PRESENTED AS FUNCTIONS OF TINE IN DAYS AFTER INHALATION EXPOSURE.
CMsIENT: D, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED RESPECTIVELY. PROMINENT FINDINGS ARE INCLUDED.
CAUTION: THE RECONSTRUCTED INITIAL LUNG BURDENS, DENOTED BY (R) AND (REC) IN THIS TABLE NAY BE TOO HIGH BECAUSE OF CURRENT

ANALYTICAL RADIOCHENICAL PROSLENS. THIS NAY LEAD TO CALCULATED ORGAN DOSES THAT ME TOO HIGH. THIS PROBLEN IS ESPEC
IMPORTANT FOR DOGS IN THE LOWER EXPOSURE LEVELS.



k RADIATION DOOR (61)

REC. DEATH DAYS TO
LUNG DATE DEATH COISUNT

31121 1578 E-PNEUN. AM PUL. FIMM0IS;CMC.,LWIG
87093 2955 D-CMCIDMALUNG
83063 3290 E-CMRCIUWALIIG
843%7 2871 E-SSMIWUS CELL CARCINMMfNDT
93004 506 D-CMCIUOWA.LIUG
87041 3626 E-CARCINUIA.UNG
8911 4161 E-ADEUOSWMNOS CARCINOM.LUNG
8706 3354 E-CARtCINaM.LMs
87194 3321 E-CARCIHIM. LUNG
85030 2820 E-CACINOI.LWSG
8502 2429 D-CARCINWIA.LUNG
90046 1.73 E-PAPILLART ADENOCARCIHUIALUMG
89194 3962 E-PAPILLARY ADENOCARCINMANAWG
37118 3766 E-CARCINOMLUNG
89166 4355 E-HUWIGIOSARCONA,LIWER; CARtC.,LUNG
92096 5052 D-CMRCINONAPITWITARY
88195 4145 E-CARCINONA.LUNG
91052 4397 E-CONGESTIVE HEART FAILURE
89143 4410 E-PAPILLARY ADENOCARCIHUMALUNG
91118 5227 D-CONIESTIVE HEART FAI LURE;CARCIUWIA 9 LUNG
67140 3660 E-CARCINOMAULNSG
90002 4536 D-MEJIOCARCIONUA.PANCREAS
8907 4473 E-SKVWIOUS CELL CARCIUONAJaNSIL
89219 4567 E-TRANSITIOUAL CELL CARCIMON,sLADDER
92211 5609 D-ULCERATIWE INFLMUIATIONJEJWP.U
89321 4587 E-NEPIIROSLASTONA, KIDNIEY
90353 4971 D-NELANWN,EYE
92344 5591 E-CARCJNMMLUNG
83143 1950 D-rmNGESTIVE HEART FAILURE
93221 5543 E-CARCIHN01A.NANIY GLAND
93001 5322 D-CANMIONYOPATHT,HEART
91290 4787 E-CARtCIHN0A.LUNG
8818 3481 E-OSTEOARtTHRITISSON
92265 4953 E-CARCIHN01A,LUNG

WDINGS ARE INCLUNDW.
UECAUSE OF CURRENT

INIS PROBLER IS ESPECIALLY
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A-22 PuO Monodisprse Aerosol (1.5 pm AMAD), Immature Longevity Study

CUMULATIVE ALPHA RADIATE

INHALATION EXPOSURE TO 9-30-93 TO
DOG IDENTIFICATION. ................ . I ( I)..................LC) IL R)S................... AGE WT ---------------------------------------. ....... WBC WBC

TATTOO MN-EXPT SEX BLOCK DATE DAYS KG RANK UCI/KG UCI KIO/KG K3Q KIM LUNG LUNG
- -- -------.. .-- ---- .. . ... .. --- .. . . . . 00 ° . ° ° .... .. -- .... .. --- --- ----.... .---

1350A 01-3204 N E 81296 104 2.4 01 0.79 1.9 29. 70. 21.
1380V 03-3408 F L 82266 96 3.9 02 0.74 2.9 27. 110. 130.
1379A 01-3406 N I 82266 96 4.8 03 0.69 3.3 26. 120. 56.
1331S 02-3122 F D 81225 97 2.8 04 0.64 1.8 24. 67. 12.
1379T 02-3408 F J 82266 96 4.7 05 0.57 2.7 21. 100. 84.
1389A 01-3454 N K 63060 80 3.9 06 0.54 2.1 20. 78. 33.
1367S 01-3314 F N 82091 89 3.3 07 0.55 1.8 20. 67. 30.
1366C 01-3312 N G 82090 89 3.1 08 0.55 1.7 20. 63. 63.
1331A 01-3122 N C 81225 97 4.1 09 0.51 2.1 19. 78. 34.
1340T 01-3140 F F 81246 84 2.9 10 0.32 0.90 12. 33. 25.
137MT 03-3396 F J 82244 100 3.6 11 0.28 0.99 10. 37. 27.
1365S. 01-3310 F N 82089 90 3.5 12 0.28 0.96 10. 36. 26.
1351S 01-3216 F F 81321 95 2.6 13 0.28 0.74 10. 27. 23.
1362A 01-3300 N G 82082 99 4.5 14 0.27 0.12 10. 4.4 3.5
1350C 02-3204 N E 81296 104 2.5 15 0.24 0.59 8.9 22. 14.
12175 02-2856 F S 79228 101 3.9 16 0.22 0.86 8.1 32. 41.
1331U 01-3124 F D 81226 98 2.8 17 0.21 0.60 7.8 22. 19.
1390S 02-3454 F L 83060 80 3.1 18 0.21 0.66 7.8 24. 18.
13788 04-3396 N 1 82244 97 4.4 19 0.19 0.83 7.0 31. 24.
1337T 01-3130 F D 81238 88 3.3 20 0.17 0.56 6.3 21. 18.
13360 03-3130 N E 81238 8 3.6 21 0.17 0.60 6.3 22. 19.
1215A 01-2842 N A 79220 100 5.2 22 0.16 0.82 5.9 30. 32.
1366A 02-3310 N G 82089 88 3.9 23 0.16 0.61 5.9 23. 15.
1337U 02-3130 F F 81238 8 3.0 24 0.16 0.46 5.9 17. 17.
12206 02-2844 N A 79221 84 2.4 25 0.16 0.39 5.9 14. 10.
13645 01-3304 F H 82084 99 4.5 26 0.13 0.59 4.8 22. 14.
1387B 01-3442 N K 82351 88 3.9 27 0.13 0.51 4.8 19. 12.
1365A 02-3304 M G 82084 85 3.7 28 0.13 0.49 4.8 18. 11.
1377S 01-3390 F J 82224 80 3.3 29 0.12 0.38 4.4 14. 9.4
1377A 02-3390 N 1 82224 80 3.4 30 0.10 0.35 3.7 13. 8.2
13848 01-3418 N K 82287 83 3.5 31 0.094 0.33 3.5 12. 8.7
1384S 02-3418 F L 82287 83 2.8 32 0.089 0.25 3.3 9.3 6.6
1222T 02-2852 F S 79227 79 1.9 33 0.079 0.15 2.9 5.6 16.
1376A 01-3386 M 1 82223 87 2.2 34 0.074 0.16 2.7 5.9 5.8
1339A 01-3132 N E 81239 82 3.6 35 0.072 0.26 2.7 9.6 6.3
1324T 01-3098 F D 81174 98 5.3 36 0.069 0.39 2.6 14. 9.5
1376T 02-3386 F J 82223 87 2.2 37 0.068 0.15 2.5 5.6 6.3
1363S 02-3302 F H 82083 100 3.3 38 0.067 0.22 2.5 8.1 7.1
1220T 01-2856 F B 79228 91 2.5 39 0.065 0.16 2.4 5.9 5.4
1364A 01-3302 N G 82083 98 3.9 40 0.056 0.22 2.1 8.1 6.3
13340 02-3126 N E 81231 95 2.2 41 0.056 0.12 2.1 4.4 3.6
1222S 03-2852 F B 79227 79 1.6 42 0.054 0.083 2.0 3.1 2.9
1217A 01-2844 N A 79221 94 4.8 43 0.052 0.25 1.9 9.3 6.1
1387A 02-3442 N K 82351 88 4.5 44 0.053 0.24 2.0 8.9 5.2
1387S 03-3442 F L 82351 88 3.0 45 0.047 0.14 1.7 5.2 4.3
1384A 02-3416 N K 82286 82 3.7 46 0.043 0.16 1.6 5.9 4.6
1382S 01-3416 F L 82286 92 4.1 47 0.039 0.16 1.4 5.9 4.9
1338T 02-3132 F F 81239 84 2.5 48 0.039 0.095 1.4 3.5 3.4
1334B 01-3126 M C 81231 95 3.1 49 0.035 0.11 1.3 4.1 2.7
13675 01-3320 N 1 82097 95 4.7 50 0.030 0.14 1.1 5.2 3.5
1368T 02-3320 F J 82097 88 2.7 51 0.026 0.070 0.96 2.6 2.2
12158 03-2842 N A 79220 100 4.6 52 0.024 0.11 0.89 4.1 11.
1331C 02-3124 N C 81226 98 4.0 53 0.024 0.093 0.89 3.4 12.
•I41S 02-3140 F F 81246 84 2.6 54 0.024 0.062 0.89 2.3 2.4



CIJLATIVE ALPHA RADIATION DOSE (GY)
....................................

TO 9-30-93 TO DEATN DAYS
.......... .. o.........I... ..... o.....o...

K mc REC. DEATN TO 9-30 TO
LUNG LUNG LUNG DATE 1993 DEATH COINENT

12. 87014 1909 E-CARCINONA,LUNG
84. M8012 1937 E-CARCINOMA,LUNG
24. 87103 1663 O-CAKCINMLUNG
0.62 81271 46 D-PA0VIES INFECTION

36. 86311 1506 E-CARCINOM,LUNG
18. 86316 1352 D-CARCINOM, LUNG
16. 86210 150 E-CARCINOM, LUNG
36. 66031 1422 D-PNiEUNONITIS; CARCINONA.LUNG
16. 86010 1611 D-PNEIJRONITIS; CARCINONALUNG

25. 4410
15. 86169 1386 E-PIEUNONITIS; CAMCINOILUNG
15. 87210 1947 E-CARCINONA,LUNG
15. 87055 1925 E-CARCINONA, LUNG

3.5 4209
8.6 86322 1852 E-ACCIDENTAL DEATH

22. 84102 1700 E-RAD. PIEUN.;@.A. CARCINONALUNG
19. 88166 2496 E-CARCINONALUNG
18. 92027 3254 E-CARCINONALUNG

7.0 84253 739 0-HEMORRHAGIC ENTERITIS
18. 92276 4055 E-CARCINONA,LUNG

19. 4416
17. 85354 2326 E-CARCINONALUNG

15. 89249 2717 E-PUINONARY CARCINONA,NULTIPLE
17. 91235 3649 f-CARCINONA,LUNG
10. 87316 3017 6-CARCINONA,LUNG
14. 87239 1961 E-CARCIHONA,LUNG
12. 89088 2294 -ADENOSQUAMNOUS CARCINONALUNG
11. a82m 2307 E-CARCINONALUNG
9.4 88251 2218 D-PNEUNONITIS/FIEROSIS; CARC.,LUNG
8.2 92007 3435 E-CARCINONALUNG
8.7 93113 3844 E-CARCINONALUNG
6.6 88286 2190 E-ASTROCYTONA, RAIN

10. 87078 2773 E-CARCINONA,LUNG
5.8 4068
6.3 4417

9.5 91036 3514 E-CARCINONALUNG
6.3 4068

7.1 92289 3858 E-CARCINONALUNG
5.4 87301 2995 E-CARCINONALUNG
6.3 92043 3612 E-CARCIN•,LUNG

3.6 4425
2.9 92194 4715 D-ACUTE DILATIONSTONACH
6.1 91023 4185 D-CARCINONA,LUNG
5.2 90058 2629 E-ADENOCARCIHNA LUNG

4.3 3940
4.6 4005

4.9 92093 3459 E-CARCIHCNA,LUNG
3.4 4417
2.7 4425
3.5 4194

2.2 90277 3102 D-CONGESTIVE HEART FAILURE
4.9 83317 1558 D-HENORRHAGIC ENTERITIS
4.2 83246 750 0-HENOLYTIC ANENIA

2.4 4410
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A.22 29 PuO2 Monodisperse Aerosol (1.5 pm AMAD), Immature Longevity Study (continued)

CUIMULATIVE ALPHA RADIATION

INHALATION EXPOSURE TO 9-30-93 TO DiAT
DOG IDENTIFICATION ----------------------- ILS (WC) ILl (k) .......... ...........
--.--.---- ... AGE -----• -WT. . . . ..--------------------------------------------.C - -
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG RANK UCI/KG UCI KBQ/KG KIQ KBO LUNG LUNG LS. . . . . . ....... ....... ...... ..................... ......... - - -- - - - - -- - - - -- - - - - .. ...... ..... .-- --

12200 02-2842 h A 79220 83 2.2 55 0.023 0.050 0.85 1.9 1.5
1320S 01-3068 F D 81128 90 3.8 56 0.021 0.080 0.78 3.0 2.5
1320A 01-3066 N C 81127 89 4.6 57 0.020 0.093 0.74 3.4 43.
1320C 02-3066 N C 81127 89 4.1 58 0.020 0.080 0.74 3.0 1.7
1220S 02-2848 F S 79226 89 3.4 59 0.018 0.059 0.67 2.2 1.9
1362S 02-3300 F H 82082 99 3.8 60 0.017 0.063 0.63 2.3 2.0
13816 03-3414 N K 82288 99 5.3 61 0.015 0.078 0.55 2.9 1.9
1381T 04-3414 F L 82288 99 4.4 62 0.015 0.065 0.55 2.4 1.7
1373U 03-3384 F J 82222 100 4.0 63 0.014 0.054 0.52 2.0 1.5
1374A 02-3384 N 1 82222 94 3.0 64 0.014 0.043 0.52 1.6 1.1
1340A 01-3138 N E 81245 83 3.8 65 0.013 0.049 0.48 1.8 1.2
1221T 01-2864 F B 79234 95 1.8 66 0.013 0.023 0.48 0.85 0.88
1373T 01-3384 F H 82222 100 4.2 67 0.012 0.051 0.44 1.9 1.5
1335A 01-3128 N C 81232 83 3.4 68 0.0094 0.032 0.35 1.2 0.83
13186 01-3054 M C 81100 96 3.5 69 0.0064 0.022 0.24 0.81 0.60
1352C 01-3222 N G 81338 97 4.0 70 0.0063 0.025 0.23 0.92 0.62
1340S 02-3138 F F 81245 83 2.6 71 0.0058 0.015 0.21 0.55 0.46
1221C 03-2840 N A 79219 80 2.4 72 0.0054 0.013 0.20 0.48 5.2 2
1334S 03-3126 F F 81231 92 3.7 73 0.0049 0.018 0.18 0.67 0.66
13773 01-3398 N I 82244 100 4.4 74 0.0045 0.020 0.17 0.74 0.52
1357S 02-3228 F H 82008 96 3.2 75 0.0034 0.011 0.13 0.41 0.12
1378S 02-3398 F J 82244 97 4.2 76 0.0029 0.012 0.11 0.44 0.31
1386A 01-3432 N K 82323 94 4.3 77 0.0026 0.011 0.096 0.41 0.30
1386S 02-3432 F L 82323 94 3.5 78 0.0025 0.0088 0.093 0.33 0.32
13578 01-3228 14 G 82008 96 4.4 79 0.0025 0.011 0.093 0.41 0.32
1342A 01-3160 N E 81265 97 3.3 80 0.0021 0.0070 0.078 0.26 0.21
1223S 03-2848 F B 79226 78 2.7 81 0.0021 0.0057 0.078 0.21 0.14
1217C 02-2840 M A 79219 92 4.4 82 0.0012 0.0051 0.044 0.19 0.14
12146 01-2840 M A 79219 100 6.0 83 0.00095 0.0057 0.035 0.21 0.11
13351 02-3128 F D 81232 83 2.9 84 0.00093 0.0027 ).034 0.10 0.079
1381S 02-3414 F L 82288 99 3.9 85 0.00082 0.0032 0.030 0.12 0.088
1381A 01-3414 N K 82288 99 5.7 86 0.00060 0.0034 0.022 0.13 0.077
13396 01-3134 N E 81243 86 3.0 87 0.00058 0.0017 0.021 0.063 0.046
1317U 02-3052 F D 81099 99 3.6 88 0.00056 0.0020 0.021 0.074 0.058
1319S 03-3052 F D 81009 94 4.1 89 0.00054 0.0022 0.020 0.081 0.063
1355A 01-3224 M G 81356 91 5.0 90 0.00040 0.0020 0.015 0.074 0.048
1317A 01-3052 N C 81099 98 3.9 91 0.00036 0.0014 0.013 0.052 0.030
1367A 01-3316 N I 82092 90 4.8 92 0.00035 0.0017 0.013 0.063 0.038
1355T 02-3224 F H 81356 91 4.1 93 0.00032 0.0013 0.012 0.048 0.032
1338S 02-3134 F F 81243 88 2.8 94 0.00031 0.00085 0.011 0.031 0.026
12171 01-2848 F B 79226 99 5.0 95 0.00030 0.0015 0.011 0.056 0.051
1368S 02-3316 F J 82092 83 3.0 96 0.00025 0.00076 0.0093 0.028 0.024
12168 02-2857 M A 79228 108 5.2 C
1223T 01-2875 F 8 79240 92 2.8 C
1317S 01-3055 F D 81100 99 3.3 C
13180 02-3055 M C 81100 96 4.2 C
1342T 01-3162 F F 81268 100 3.1 C
1345A 01-3163 M E 81272 83 3.5 C
1353A 01-3223 M G 81342 97 2.5 C
1358S 01-3264 F H 82020 101 3.5 C
13688 01-3318 M 1 82097 88 3.7 C
1376U 01-3388 F J 82225 89 2.7 C
1380W 02-3410 F L 82267 97 3.8 C
13868 01-3433 M K 82326 97 4.1 C

UCIKG REPRESENTS MICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
KEG/KG REPRESENTS KILOBEQUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
DOSE RATE AND CUMULATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXP E.
COMMENT: D, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED RESPECTIVELY. PROMINENT FINDINGS ARE INCLUD
CAUTION: THE RECONSTRUCTED INITIAL LUNG BURDENS, DENOTED BY (R) AND (REC) IN THIS TABLE MAY BE TOO HIGH BECAUSE OF CURRE

ANALYTICAL RADIOCHENICAL PROBLEMS. THIS NAY LEAD TO CALCULATED ORGAN DOSES THAT ARE TOO HIGH. THIS PROBLEM IS E
IMPORTANT FOR DOGS IN THE LOWER EXPOSURE LEVELS.



ALPHA RADIATION DOSE (GY)
.-•....°..............°....

93 TO DEATH OAYS
... .... .° . .° ... .°.............

C RsEC. DEATH TO 9-30 TO
LUNG LUG DATE 1993 DEATH COMIENT

.. °.... ..... .•.... ....... ..... .... °...............................°.. ... ....

1.5 93028 4922 E-MULTIPLE MYELONA
2.5 93155 4410 E-CARCICM,AUALG

23. 86135 1834 E-CARCIOALWUING
1.7 87209 2273 E-CARCIDINM,LWUG
1.9 92171 4693 D-CARCI IINALUNG; CARCIN IM, TNUTROIO

4209
4003
4003

1.5 90159 2859 D-NISTIOCYTIC SARCOMA; ADENOCARCINIWA, LUNG
4O69
""44

0.88 92213 4727 D-LYNPIIO8ARCOA
4069
"4424
4556
4318

0.46 92105 3877 E-CARCIUUMolMAMMRY GLAND; CMRCINONA,LIVER
2.1 81332 844 O-EPILEPSY

"44252 4047
0.12 83131 488 E-UNDETERNIINED
0.31 93014 3788 0-RHAIDONYOSARCONA,HEART

3968
3968
4283

1 4391
4 5161

0.14 93080 4975 D-FIlROSIS,NEART
0.11 92227 4756 E-MALIGNAMT MELANOMA,MOUTH

79 4424
4003

77 4003
"4413

0.058 91017 3570 E-CARCINOMAAMSAL CAVITY;CARCINONA,LUUG
0.063 93120 4404 D-CARCINOMA,MAMIMRY GLAND

4300
0.030 86105 1832 E-NEUROFIBROSARCOMA,PERITONEUE
0.038 91004 3199 E-FIBROSARCOMA.LIVER

2 4300
0.026 92199 3973 E-CARCINOMATONSIL
0.051 93267 5155 D-NECROSIS,LIVER
"--4 4199

80113 250 O-ACUTE PULMONARY EDEMA
93022 4896 E-LYMPHOSARCOMA

4556
93062 4345 -L YMPfOS0UtCQM

4388
4384

92101 3776 D-MAST CELL SARCOMA
92360 3992 D-SARCOMA,KIDNEY

4194
4066
4024
3965

FINDINGS ARE INCLUDED.
IGJN ECAUSE OF CURRENT

THIS PROULEM IS ESPECIALLY
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A.23 Mp 2 Monodisperse Aerosol (1.5 pm AMAD), Aged Longevity Study

CLMNLATIVE ALPHA RADIATION

INNALATION EXPOSURE TO DEATH
DOG IDENTIFICATION ....................... ILB (UC) ILI (R) ......

AGE VT..'............................................. ..... .. aC RE
TATTOO AN-EXPT SEX BLOCK DATE DAYS KG RANK UCI/KG UCI IBQ/KG 130 IB0 LUNG LUl
.o. °. .. °. ------- ..-.---- ..--- - ..--- .-.-.-- .-.--- .-.----- .-- ---. .---- ..... .... ...

412C 02-2754 N C 79101 3520 10.8 01 0.66 7.1 24. 260. 35.
503A 01-2878 N E 79282 3256 12.9 02 0.53 6.9 20. 260. 280 23.
482S 02-2878 F N 79282 3352 9.5 03 0.57 5.4 21. 200. 220 51.
606T 01-2954 F L 80176 3068 9.8 04 0.52 5.1 19. 190. 96 7.
385B 01-2760 N A 79115 3649 11.7 05 0.39 4.6 14. 170. 33.
637T 02-2954 F L 80176 2942 9.8 06 0.40 3.9 15. 140. 120 35.
450S 04-2812 F F 79144 3382 10.9 07 0.34 3.7 13. 140. 230 29.
637A 02-3344 N 1 82169 3666 11.7 08 0.32 3.8 12. 140. 340 24.
363T 01-2754 F D 79101 3760 9.7 09 0.29 2.8 11. 100. 110 12.
351C 03-2752 N C 79100 3784 10.4 10 0.26 2.7 9.6 100. 93 26.
7290 01-3348 N K 82182 3304 8.8 11 0.24 2.1 8.9 78. 250 28.
519U 02-2928 F J 80045 3295 11.0 12 0.23 2.5 8.5 93. 93 26.
693A 01-3344 N G 82169 3443 10.8 13 0.23 2.5 8.5 93. 260 20.
492T 01-2880 F N 79283 3315 9.8 14 0.22 2.3 8.1 85. 74 20.
389A 02-2812 N A 79144 3665 12.9 15 0.19 2.4 7.0 89. 120 21.
360U 03-2812 F 3 79144 3812 9.9 16 0.17 1.7 6.3 63. 4.6
590S 01-2928 F J 80045 3022 8.1 17 0.1; 1.4 6.3 52. 41 18.
365S 03-2756 F D 79102 3757 10.6 18 0.16 1.7 5.9 63. 100 21.
424T 01-2812 F F 79144 3480 11.2 19 0.15 1.7 5.6 63. 100 23.
483S 03-2880 F H 79283 3344 11.9 20 0.14 1.7 5.2 63. 13.
378S 03-2758 F B 79114 3687 12.1 21 0.13 1.6 4.8 59. 63 19.
343U 02-2756 F D 79102 3826 11.6 22 0.13 1.5 4.8 56. 7.6
7238 01-3342 N G 82167 3301 9.9 23 0.12 1.2 4.4 44. 160 32.
638A 03-3342 N K 82167 3661 9.5 24 0.12 1.1 4.4 41. 200 23..
6828 02-3342 N i 82167 3482 11.0 25 0.10 1.1 3.7 41. 170 14.
480T 02-2814 F F 79145 3215 8.8 26 0.11 0.98 4.1 36. 56 21.
503B 03-2878 N E 79282 3256 12.9 27 0.10 1.3 3.7 48. 59 16.
346S 02-2758 F B 79114 3829 11.7 28 0.10 1.2 3.7 44. 52 16.
627S 01-2956 F L 80177 2973 8.8 29 0.10 0.87 3.7 32. 17.
466A 02-2880 N E 79283 3411 10.4 30 0.092 0.96 3.4 36. 36 15.
3590 02-2752 N C 79100 3768 7.8 31 0.083 0.65 3.1 24. 28 17.
3878 03-2814 N A 79145 3676 11.6 32 0.075 0.87 2.8 32. 56 18.
375T 01-2756 F D 79102 3679 10.6 33 0.073 0.78 2.7 29. 37 12.
595T 01-2930 F J 80042 3154 9.9 34 0.066 0.65 2.4 24. 32 13.
6928 03-3340 N K 82166 3,43 8.2 35 0.068 0.56 2.5 21. 41 23.
7858 02-3340 M 1 82166 2986 9.1 36 0.066 0.60 2.4 22. 41 22.
681D 01-3340 N G 82166 3486 10.1 37 0.062 0.63 2.3 23. 110 24.
378C 01-2752 M C 79100 3673 10.8 38 0.047 0.51 1.7 19. 27 14.
370S 01-2758 F B 79114 3710 8.1 39 0.048 0.39 1.8 14. 7.0
639S 02-2956 F L 80177 2935 13.4 40 0.032 0.43 1.2 16. 7.6
536S 02-2930 F J 80046 3263 11.7 41 0.034 0.40 1.3 15. 21 84
719A 04-3342 N K 82137 3321 12.5 42 0.027 0.34 1.0 13. 31 13.
467S 01-2814 F F 79145 3265 12.3 43 0.024 0.30 0.89 11. 35 16.
484A 01-2882 N E 79284 3345 11.5 44 0.026 0.30 0.96 11. 29 14.
719B 01-3338 N G 82162 3316 10.5 45 0.022 0.23 0.81 8.5 27 10..
3466 01-2762 N A 79116 3831 12.7 46 0.024 0.31 0.89 11. 19 1.1
477S 02-2882 F H 79284 3363 12.0 47 0.023 0.28 0.85 10. 4.5
731B 02-3338 N 1 82162 3272 6.7 48 0.013 0.09 0.48 3.3 2.9

. -• • . . .. .. .. . .. . . . . . .. ..~~~~~~.. t, . . . .. -. ....= .• . . ... • • * • , ~ ,u ,, ..



IV ALPHA RADIATION DOSE (GY)
•......o*.................. ....

TO DEATH
... o........ ............ o

UK REC. DEATH DAYS TO
LUNG LUNG DATE DEATH COMMENT

35. 60033 297 D-PNEUMONITIS
23. 80121 204 D-PLEURITIS (NOCARDIA SP.)
51. 81057 506 E-PNEuWONITIS AND PULMONARY FIBROSIS
7.5 80317 141 E-CARCINOMA, NAIBURY GLAND

33. 80270 520 D-PNEUNONITIS
35. 82126 681 E-PNEUNONITIS AND PULMONARY FIBROSIS
29. 80059 280 E-PNIIEUONITIS
24. 82321 1S2 D-PNEUMONITIS AND PULMONARY FIBROSIS
12. 79309 208 D-P PEUNON ITIS
26. 61100 731 D-PULOMOARY FIUROSIS
28. 83007 190 E-LYMPHOSARCONA-LIVEW
26. 82116 802 E-PNEUMONITIS AND PULMONARY FIEROSIS
20. 82316 147 E-PEUMOINiTIS AND PULMONARY FINROSIS
20. 81199 647 D-PNEURIONITIS AND PULMONARY FIBROSIS
2j. 60273 494 E-PNEUMONITIS

4.6 79273 129 D-PNfEUMONITIS
18. 82322 1008 E-PNENGONITIS AND PUL.NONARY FIBROSIS
21. 80234 497 O-PNEUWONITIS
23. 60358 579 E-PtIEUIONITIS AND PULMONARY FIBROSIS

13. 81153 601 E-PNEUNONITIS AND PULMONARY FIBROSIS

19. 82012 994 D-PERITONITIS
7.6 60070 333 D-PNEUIONITIS

32. 83259 457 E-PNEUMONITIS AND PULMONARY FIBROSIS
23. 83014 212 D-PtEUNONITIS AND PULONAMRY FIBROSIS
14. 82334 167 D-PNEDUMONITIS AND PULMONARY FIBROSIS
21. 81350 936 D-LYMPHOSARCOMA-DUODENLU
16. 82113 927 E-PNEUNONITIS AND PULMONARY FIBROSIS
16. 81361 978 D-PNE'MONITIS AID PULMONARY FIBROSIS

17. 64125 1409 E-PNEUMONITIS AND PULMONARY FIBROSIS
15. 83080 1258 E-PNEUMONITIS AND PULMONARY FIBROSIS
17. 83105 1466 E-PNEUWONITIS AND PULMONARY FIBROSIS
18. 82061 1012 D-CARDIAC FAILURE
12. 81249 878 E-PNEUMONITIS AND PULMONARY FIBROSIS
13. 83067 1117 E-PNEUMONITIS AND PULMONARY FIBROSIS
23. 86184 1479 O-ISLET CELL CARCINOMA,PANCREAS
22. 86286 1581 E-PNEUM. AND PUL. FIBROSIS;PUL. CARC.
24. 83291 490 E-PNEUNONITIS AND PULMONARY FIBROSIS
14. 84166 1892 E-PNEUM. AND PUL. FIBROSIS;PUL. CARC.

7.0 82123 1105 D-ACCIDENTAL DEATH
7.6 88096 2841 E-CARCINOMALUNG

8.2 83290 1340 E-CARCINOMA,TONSIL
13. 87149 1808 E-PNEUM. AND PUL. FIBROSIS;PUL. CARC.
16. 64316 1997 D-THRM BOSISo LUNG
14. 85061 1969 E-PNEUM. AND PUL. FIBROSIS;PUL. CARC.
10. 85179 1113 E-LIVERDEGENERATION
1.9 60004 253 E-MALIGNANT MELANOMA

4.5 84279 1821 E-PNEMONVITIS AND PULMONARY FIBROSIS
2.9 88153 2182 E-VISCERAL LYMPHOSARCOMA
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A.23 2" M 2 Monodisperse Aerosol (1.5 pm AMAD), Aged Longevity Study (continued)

CUMULATIVE ALPHA RADIATIONDMS............ .. ............. °°

INHALATIOk EXPOSURE TO DEATH
DOG IDENTIFICATION ........................ . IL8 (CBC) ILl (R) ------------------------
-----...--...-----.. AGE WT .................................. ........ uc REC.
TATTOO AR-EXPT SEX BLOCK DATE DAYS KG RANK UCI/KG UCI KGQ/KG K10 KIM LUNG LUNG
.. . . . . . . . . . . . ....... . ... .... .. . .... . ..... .... . ... -- - - - - - - - - - - - - - - -- -.......

361S 02-2764 F 0 79103 3771 12.7 C
367A 01-2764 N C 79103 3742 11.9 C
3735S 01-2757 F B 79113 3694 7.5 C
398C 02-2757 N A 79113 3575 12.6 C
459U 01-2815 F F 79149 3319 10.5 C
495S 02-2883 F H 79285 3292 10.1 C
510A 01-2883 N E 79285 3208 9.5 C
564T 01-2932 F J 80046 3154 9.9 C
625S 01-2952 F L 80177 2977 9.9 C
6556 02-3346 N I 82168 3621 8.9 C
713A 01-3346 M G 82168 3370 10.4 C
785A 03-3346 N K 82168 3002 8.3 C

UCI/KG REPRESENTS NICROCURIES OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
KBQ/KG REPRESENTS KILOBEQUERELS OF RADIONUCLIDE PER KILOGRAM OF TOTAL BODY WEIGHT.
DOSE RATE AND CUMIJLATIVE DOSE ARE PRESENTED AS FUNCTIONS OF TIME IN DAYS AFTER INHALATION EXPOSURE.
COMNENT: D, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED RESPECTIVELY. PROMINENT FINDINGS ARE INCLUDI
CAUTION: THE RECONSTRUCTED INITIAL LUNG BURDENS, DENOTED BY (R) AND (REC) IN THIS TABLE HAY BE TOO HIGH BECAUSE OF CURREN

ANALYTICAL RADIOCHENICAL PROBLEMS. THIS MAY LEAD TO CALCULATED ORGAN DOSES THAT ARE TOO HIGH. THIS PROBLEN IS El
IMPORTANT FOR DOGS IN THE LOWER EXPOSURE LEVELS.



ALPAM RADIATION DOME (IY)
.*................o.......

TO DEATH

REC. DEATH DAYS TO
N LUNG DATE DEATH CMENT

16087 2176 E-CARCIM.ONANOUTN
85358 2447 E-ADEUOCARCINONALUNG
63327 1675 E-ADENOCARCINIM, MmMY
83031 1379 E-TONSIL SWUlOUS CELL CARCINONA
82342 1289 D-CARCIKOMRKIDiEY
61139 585 D-ACCIDElTAL DEATN
85225 2132 D-MMWNWHO UBU IA, LUNG
65141 1922 E-NELAI.NiNOUTi
86352 2369 D-CONGESTIVE HEART FAILURE
85012 926 D-CNENGDECTGIANALIGNlIIT
87051 1695 E-NEPNRITIS,KIDNEY
W8090 2099 E-CARCINGNABLADOER

INGiNlGS ARE INCLUDED.

"BECAUSE OF CURRENT
THIS PRIOLEN IS ESPECIALLY
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A.24 "PiuO 2 Monodisperse Aerool (0.75,um AMAD), Repeated Exposure Study

INHALATION FIRST EXPOSURE N4AXIMUN ALPHA
DOG IDENTIFICATION EXPOSURE ................. L (C) ALPHA DOSE TO
................................ AGE WT ............................ M NUMBER OF DOSE RATE --------

TATTOO AN-EXPT SEX GROUP BLOCK DATE DAYS KG MCI/KG MCI KIM/KG KU EXPOSURES GY/DAY TO
-- -- ...... ... o . .. ...- -- -..... .. .. . ... . .... . ..... ..... . ....... .. . ......... ......... ...

1028A 01-224 N I A 77229 433 11.1 14 150 0.52 5.6 1 .0032
1036A 02-224 N I C 77229 406 11.7 7 80 0.26 3.0 1 .0016
1025A 03-224 N I C 77229 437 12.0 16 190 0.59 7.0 1 .0038
1028 04-22 N4 I A 77229 433 9.0 9 80 0.33 3.0 1 .0021
1044U 01-2266 F I 7B7243 379 7.7 12 90 0.44 3.3 1 .0028
10503 02-2266 N I E 77243 368 10.8 17 180 0.63 6.7 1 .0040
1040S 03-2266 F I I 77243 395 8.8 10 90 0.37 3.3 1 .0025
1050A 04-2266 N I E 77243 368 11.2 10 110 0.37 4.1 1 .0024
1055V 01-2292 F I D 77271 387 8.1 19 150 0.70 5.6 1 .004
1050S 02-2292 F I D 77271 396 9.4 15 140 0.56 5.2 1 .0036
10513 03-2292 N I G 77271 395 11.3 13 150 0.48 5.6 1 .0032
10588 04-2292 N I G 77271 369 10.0 15 150 0.56 5.6 1 .0036
1061A 01-2318 N I I 77291 371 10.3 20 210 0.74 7.8 1 .0049
1060S 02-2318 F I F 77291 384 10.3 17 170 0.63 6.3 1 .0040
1055T 03-2318 F I F 77291 407 9.9 17 170 0.63 6.3 1 .0041
10608 04-2318N 1 1 77291 384 9.9 13 130 0.48 4.8 1 .0031
1063C 01-2348 N I K 77312 390 9.1 12 110 0.44 4.1 1 .0029
10678 02-2348 14 1 K 77312 371 8.4 12 100 0.4 3.7 1 .0029
1061T 03-2348 F I H 77312 392 8.5 25 210 0.93 7.8 1 .0059
10625 04-2348 F I H 77312 391 8.9 19 170 0.70 6.3 1 .0046
1077J 01-2388 F I L 78010 405 7.9 33 260 1.2 9.6 1 .0079 1
1077V 02-2388 F I J 78010 405 8.0 26 210 0.96 7.8 1 .0063 1
1073T 03-2388 F I L 78010 417 8.4 70 590 2.6 22. 1 .017 1
1077S 04-2388 F I J 78010 405 8.4 25 210 0.93 7.8 1 .0060
1027C 03-2246 H II A 77230 435 12.4 130 1500 5.0 54. 10 .018
1040C 04-2246 N I1 C 77230 382 10.1 120 1300 4.4 47. 9 .018 1
1036S 01-2268 F II a 77244 421 9.6 120 1200 4.3 46. 9 .016 1
10450 02-2268 N 11 E 77244 379 10.6 140 1500 5.0 55. 10 .018
1055U 01-2294 F II D 77272 388 8.6 130 1200 4.7 43. 10 .018
10510 03-2294 N II G 77272 396 10.7 120 1200 4.3 46. 9 .017
10623 01-2320 H iI 1 77292 371 12.3 150 2000 5.6 75. 10 .021 2
1049S 03-2320 F It F 77292 419 9.8 110 1200 4.1 45. 8 .017 1
1061S 01-2350 F II H 77313 393 8.4 180 1600 6.8 58. 9 .027 26
1064A 02-2350 N II K 77313 391 10.3 150 1500 5.4 54. 9 .021 24
1070S 01-2390 F if L 78011 421 8.2 140 1300 5.3 49. 10 .023 30
1069S 04-2390 F II J 78011 424 10.2 180 1800 6.7 67. 9 .028 31
10378 01-2248 N III C 77231 397 9.7 23 240 0.85 8.9 20 .0027 7
10258 02-2248 N III A 77231 439 10.7 21 220 0.78 8.3 18 .0024 6
10278 03-2248 N III A 77231 436 10.9 13 160 0.48 6.0 12 .0017 2
1035A 04-2248 N III C 77231 410 8.5 24 210 0.89 7.9 19 .0026 a
10411 01-2272 N III E 77245 384 9.6 24 240 0.89 8.9 19 .0026 6
10468 02-2272 N III E 77245 378 7.2 25 200 0.93 7.5 16 .0027 6
1035U 03-2272 F III B 77245 424 7.4 24 180 0.89 6.8 16 .0029 8
1029U 04-2272 F III B 77245 "46 8.4 27 220 1.0 8.1 18 .0030 7
1054B 01-2296 N III G 77273 392 9.6 24 260 0.89 9.6 17 .0026 6
1057A 02-2296 N III G 77273 371 10.1 30 330 1.1 12. 20 .0030 11
1046T 03-2296 F III D 77273 406 7.3 11 85 0.41 3.1 2 .0024 0
1051S 04-2296 F III D 77273 397 9.0 34 330 1.3 12. 19 .0035 10
1051A 01-2322 N III 1 77293 417 11.7 26 300 0.96 11. 18 .0027 8
1057S 02-2322 F III F 77293 391 8.5 24 210 0.89 7.9 18 .0027 6
1057T 03-2322 F III F 77293 391 9.4 26 230 0.96 8.3 20 .0029 a
1058C 04-2322 N 11 1 77293 391 10.3 19 210 0.70 7.8 20 .0021 6



CWRILT IVE
MAXIMU ALPHA RADIATION DAYS FROM FIRST

ALPHA DOSE To LUNG (IV) EXPOSURE TO
F DOSE RATE --------- DEATH --------
8 ST/DAY TO DEATH DATE 9-30-93 DEATH COISINT

...................... ....... ................. ..... ................

.0032 5.9 8626 4072 E-DISSENMIATED SARCOMA
.0016 2.9 u806 3871 E-PAPILLARY ADENOCARtCINOMALUNG
.0036 6.3 87189 3612 E-tARCINONALUNG
.0021 3.6 87317 3740 D-CONGESTIVE FAILURENEART
.0028 5.6 90290 479 E-CARClN0NA,LUN6
.0040 8.1 90351 4856 E-AUTIPLE CARCINGNA*LUNG
.0025 2.5 82068 1651 0-IEUSE HEMOLYTIC ANEMIA
.0024 5.0 92023 5258 E-CARCINMA,LUNG
.0044 9.1 91137 4979 E-CARCIMNOA.ULWG
.0036 5.9 87163 3564 D-NEPATIC DE6ENERATICN;CARC1NMALUNG
.0032 5.5 86063 3809 D-PAPILLARY ADENOCARCINGNA, LUNG
.0036 6.8 69236 4348 E-ADENOSSMNOU CARCINOMALUNG
.0049 7.6 66343 3339 E-CARCIOMA,LUNG
.0040 6.4 67105 3466 E-ADEMOCARCINCNA,MAIWRY GUAND
.0041 6.6 87197 3558 E-CARCIMMN,LUING
.0031 4.4 65064 2715 E-CARCINOMALUMG
.0029 5.1 8619 390 0-MALIGNANT NIXED TIUIOR.LUNG
.0029 6.3 92351 5517 D-CARCINOMA,LUNG
.0059 9.6 67125 3465 E-CARtCINOMALUNG
.0046 3.5 60247 1030 E-VERTEURAI DISC HERNIATION
.0079 16. 90338 4711 E-CARCINOMA*LUNG
.0063 11. 6"06 4097 E-PAPILLARY ADENOCARCINMA,LINIG
.017 15. 83104 1920 E-PNEUNMOITIS AND PU.. FIBROSIS;PtX. CARC.
.0060 9.3 86304 3216 D-CARCINOMA*LUNG
.018 23. 8307 2006 E-PWEIJIOWITIS AND PULMONARY FIBROSIS
.018 17. 82088 1684 E-PNEUMONITIS AND PULMONARY FISROSIS
.016 16. 6204 1623 E-PNEIJIONITIS AND PULMONARY FIBROSIS
.016 22. 62326 1906 D-PNEUMONITIS AND PUL. FIIROSIS;PUL.. CARC.
.018 20. 63025 1944 E-PNEIJ6OMITIS AND PULMONARY FIBROSIS
.017 20. 8234 1695 E-PNELUINITIS AND PUMONARY FIBROSIS
.021 27. 83114 2013 D-PHEUMONITIS AND PULMOPNARY FIBROSIS
.017 14. 81293 1462 E-PNKtJIOITIS AND PULMONARY FIBROSIS
.027 26. 62116 1631 E-PNEIDIOWITIS AND PULMONARY FIBROSIS
.021 24. 62316 162 E-PNEtlNONITIS AND PUL. FIBROSIS;PUL. CARC.
.023 30. 84194 2374 D-B.A. CARC..LUNG;OSTEOSARCOMA,NMANILE
.028 31. 83077 1692 0-PULMONARY CARCINOMA
.0027 7.1 67222 3643 E-CARCINMA,LUNG
.0024 6.3 67292 3713 E-SQUAMOUS CARCINOMA,LUNG
.0017 2.5 83165 2125 0-RUPTURED GALL BLADDER
.0026 6.1 69220 4372 E-PAPILLARY ADENOCARCINMA,LUNIG
.0026 6.4 66335 3377 E-CARCIOMA,LUNG
.0027 6.1 65356 3033 D-CARCINOMA,PITUITARY
.0029 6.0 86362 4134 E-TRANSITIONAL CELL CARCINOSIA,BLADOER
.0030 7.4 87164 3571 E-CARCINOKALUNG
.0026 6.5 66191 3205 E-ADENOCANCINOM4A,LUNG
.0030 11. 89030 4140 E-PAPILLARY ADENOCARCINOMA, LUNG
.0024 0.66 78272 364 D-ACCIDENTAL DEATH
.0035 10. 67238 3617 E-CARCINOMALUMNG
.0027 6.0 6723 3589 E-CARCINOMA.LUNG
.0027 6.6 67104 3463 E-CARCINOMA. LUNG
.0029 6.9 6954 4444 D-BRONCHONEUMOMIA
.0021 6.2 89163 4253 0-PAPILLARY ADENOCARCINONALUNG
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A.24 "PUO 2 Monmdispe Aerosol (0.75 'm AMAD), Repeated Exposure Study (couidnued)

CtIUMATIVE
INHALATION FIRST EXPOSURE MAXIUM ALPHA RADIATI

DOG IDENTIFICATION EXPOSURE ................. TLB (UMC) ALPHA DOSE TO LUIN G
...............................- AGE WT ----------------------------- NUMBER OF DOSE RATE ..............
TATTOO AN-EXPT SEX GROW BLOCK DATE DAYS KG MCI/KG MI 130/KG K10 EXPOSURES GY/DAY TO DEATH
...... ------- . ... ..... ..... . ---- ---- ----- ---- .. .. .. .. .. .. .. -- - - --------- .................-

1055S 01-2352 F III N 77314 430 8.9 38 350 1.4 13. 19 .0037 11.
1066A 02-2352 N III K 77314 378 9.0 32 290 1.2 11. 20 .0031 11.
10653 03-2352 III K 7314 391 10.1 26 270 0.96 10. 19 .0026 8.2
1067T 04-2352 F III N 77314 373 8.9 32 300 1.2 11. 20 .0031 11.
1071S 01-2392 F III J 78012 421 8.6 23 210 0.85 7.9 19 .0026 7.8
10701 02-2392 F III J 78012 422 9.7 17 170 0.63 6.4 14 .0022 3.8
1073U 03-2392 F III L 78012 419 6.5 22 210 0.81 7.6 12 .0029 4.2
10786 04-2392 F III L 78012 401 10.2 20 220 0.74 8.0 20 .0024 6.2
1037A 01-2246N S C 77230 400 10.3 160 1700 6.1 62. a .025 22.
1041A 02-2246N S A 77230 369 10.0 54 580 2.0 21. 4 .010 4.1
1037T 03-2268F S B 7724 414 8.5 170 1500 6.4 S4. 10 .022 26.
1040D 04-2268 S E 7244 396 10.3 23 250 0.85 9.3 2 .0051 1.1
10540 02-2294 N S G 77272 391 7.9 200 1700 7.3 61. 10 .027 31.
1049T 04-2294F S D 77272 399 9.7 28 280 1.0 10. 2 .0056 1.5
1054C 02-2320N S I 77292 411 7.0 180 1300 6.5 47. 9 .02S 29.
1049V 04-2320F S F 77292 419 9.3 160 1500 5.9 57. 7 .028 17.
1065T 03-2350 F S N 77313 390 7.9 W1 640 3.0 24. 4 .016 6.0
1064C 04-2350 N S K 77313 391 8.5 46 410 1.7 15. 2 .0066 2.5
1067U 02-2390 F S J 78011 435 6.9 88 700 3.3 26. 9 .015 13.
1078T 03-2390 F S L 78011 400 10.2 41 470 1.5 17. 4 .0075 3.2
1037E 01-2249 N C A 77231 401 10.0
1040A 02-2249 N C C 77-31 383 13.5
1044T 01-2270 F C B 77244 380 7.1
1043A 02-2270 N C E 77244 382 10.8
1058A 01-2293 N C G 77271 369 10.0
1051T 02-2293 F C D 77271 395 7.5
1058S 01-2324 F C F 77305 403 10.5
1062A 02-2324 N C I 77305 384 11.2
1066T 01-2347 F C N 77312 376 7.0
1062C 02-2347 N C K 77312 391 11.5
1077I 01-2394 F C L 78045 440 8.8
1068V 02-2394 F C J 78045 464 9.5

EXPOSURE GROUPS:
GROUP I: SINGLE EXPOSURE TO O.1UCI; THEM SHAM EXPOSURE EVERY 182 DAYS.
GROUP It: LUNG BURDEN INCREASED 0.1UCI EVERY 182 DAYS.
GROUP III: LUNG BURDEN INCREASED O.O1UCI EVERY 182 DAYS.
GROUP S: SACRIFICE SERIES; EXPOSURES AS FOR GROUP I1.
GROUP C: CONTROLS; SHAN EXPOSURE EVERY 182 DAYS.

NOTES:
TL3 (CWC) TOTAL PLUTONIUN ACTIVITY INHALED BASED ON WHOLE BODY COUNTS OF 169YB TAG.
DOSE AND DOSE RATE ARE FOR LUNG AND INCLUDE ACTIVITY IN TRACHEOBRONCHIAL LYMPH NODES.
D, E, OR S INDICATE THE DOG DIED, WAS EUTHANIZED OR WAS SACRIFICED, RESPECTIVELY. PROMINENT FINDINGS ARE INCLUDED.



CUJLATIVE
NIUAlNU ALPHM RADIATION DAYS FROM FIRST

*LPI DOSE TO LUNG (CS) XPOSURE TO
DOOR RATE ----------------- DEATH ---------------

SY/AY TO DEATH DATE 9-30-93 DEATH CONIENT

.0037 11. 57195 3533 E-CARCINMA.LUIG

.0031 11. 39225 4294 D-PAPILLARY ADENOCARCINONA. LUNG

.0026 8.2 SI224 3927 E-PAPILLARY WENOCARCINONA.LUNG

.0031 11. 89213 4232 D-PAPILLARY ADENOCARCINOlA,LUNGO

.0026 7.8 39220 4226 E-lEHIIGIOSARCOM.RVEITEURA

.0022 3.8 64271 2450 E-NELANONAIOROPNAMYNX

.0029 4.2 83118 1933 D-ACCIDENTAL DEATN

.0024 6.2 37349 3624 E-PAPILLARY ADENOCARCININALUNG

.025 22. 81299 1530 E-PUEUNONITIS AND PULMONARY FIUMOSIS

.010 4.1 79223 728 S-SACRIFICED

.022 26. 62116 1696 D-PU IOHITIS AND PUUIONAMY FIIROSIS

.0051 1.1 78243 364 S-SACRIFICED

.027 31. 82264 1638 S-SACRIFICED

.0056 1.5 78276 369 S-SACRIFICED

.025 29. 82296 1832 S-SACRIFICED

.026 17. 61096 1267 E-PNEUNONITIS AND PUYMNARY FIBIOSIS

.016 6.0 79311 728 S-SACRIFICED

.0088 2.5 78312 364 S-SACRIFICED

.015 13. 62299 1749 S-SACRIFICED

.0075 3.2 60015 734 S-SACRIFICED
91196 5060 E-NELAIIMONA.OUTN
83290 2250 D-ACCIDENTAL DEATH
93060 5660 E -NYXOSARCONASU1CUTIS
88168 3941 E-CARCINOMAPERIANAL GLAND
92157 5364 E-HEPNROPATNY,KIDNEY
"69096 4208 D-CONGESTIVW HEART FAILURE
93105 5644 E-CARCIMONPANCREAS
80179 969 D-STRANGULATED HERNIA

5805
91249 5050 D-BRONi•NOPNEUEOIA
91029 4732 E-CARCINONAPITUITARY
90045 4383 E-ADENOCARCINONAMWARY GLAND

FINDINGS ARE INCLUDED.
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APPENDIX B: STATUS OF LONGEVITY AND
SACRIFICE STUDIES IN BEAGLE DOGS

FROM THE UNIVERSITY OF UTAH
(9/30/93)



This appendix contains detailed tabular information through September 30, 1993, on all dogs in the
life-span studies and many related sacrifice series associated with these studies that have been initiated at the
University of Utah over the past 35 years. All of the dogs remaining alive in the life-span studies at the
University of Utah were transferred to the Lovelace ITrI colony on September 15, 1987, where they are being
maintained and studied for the remainder of their life spans. Responsibility for managing the completion of the
Utah life-span studies has been assigned to ITRI, with input from a small team of investigators at the University
of Utah and investigators at ITRI.

Appendix tables of this kind have been an important part of the annual reports from the Utah studies,
and they will be continued as part of future ITRl annual reports. For consistency, the format of the Utah tables
is similar to that used in past reports.

The following tables detailed information on the toxicity and test animals, respectively. Toxicity animals
are those animals that were usually maintained until sacrifice became a clinical necessity; test animals were
sacrificed as needed for special studies.

Dogs were put into the toxicity study at graded injection levels. Al each level, about half the dogs were
male and half female. Litter mates were used whenever possible. Abnormal dogs were excluded. Each animal
received the designated quantity of one radionuclide in a single intravenous injection of 0.08 molar citrate
solution at pH 3.5. Unless otherwise specified, the radionuclides were monomeric (either ionic or complexed
with citrate).

The five injection levels designated by integers are those specified at the early meetings of the
consultants; those designated by nonintegers have been added by the laboratory staff. Since those injection levels
were originally specified in "retained" activities, the actual injections were four times the desired "retained"
,PCi/kg for 90 Sr 20pb, 224R, 226R, and 22 8R, and 1.11 times the desired "retained" uCi/kg for 22MTh
241Am, 243f244cm, 249/252Cf, and 253Es.

Level 1 = 10 x 0.1 1ACi 2NRa = 0.0143 retained ACi/kg
70 kg man

The desired "retained" activities were the same for all the radionuclides except 9OSr, in which case they were
greater by a factor of 10. Injection level 1 was the basis of the scheme, and was 10 times the maximum
permissible concentration of 226Ra in man.

Since radioactive decay and excretion occur continuously, the term "total body retention" is meaningless
unless the time after injection is specified. Our present measurements indicate that the effective retention of
alkaline earth elements and 21Opb decrease to about 25% of that injected by the following times after injection:

Element Time (days)

90Sr 134

210pb 98

224Rat 5

226Ra 271

228R• 214
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Retntion of actinide elements decrqeased to about 90% at post-injection times shown below:

n~n 6

P 6
241AM 6

4324m 1

25 3E1

All other injection levels were simple multiples of level 1, as shown below.

Level 0.1 is 1/27 of level 1

Level 0.2 is 1/9 of level 1

Level 0.5 is 1/3 of level 1

Level 0.7 is 2/3 of level 1

Level 1.5 is 2 times level 1

Level 1.7 is 3 times level 1

Level 2 is 6 times level 1

Level 3 is 18 times level 1

Level 4 is 54 times level 1

Level 4.5 is 94 times level 1

Level 5 is 162 times level 1.

The numbering system for the dog was built around the injection program and serves as a code to
describe each dogs place in the experiment. The first letter tells the sex of toxicity animals (M = male; F =
female). When the flrst letter is T, the dog is a test animal. M, F, or T is followed by a number which
denotes chronological order of the individual test dogs, or of groups, in the case of toxicity dogs.

C243/244C E25 252f -249C. 85O~

Next comes a code letter for the radionuclide: C--. Cm; E= Es; F= Cf G=_Cf J=S
K=237.41pu L 2 10p =228 p 224 226w 2 22 2 3 24s : . -2 b p = t ; = 4 ; z z s g~ rT = 22 % h; U - 3 2 3 U ; wý = 4 A m ;
A=acillary (nonradioactive).

"A' following the regular dog number measn that the dog is a replacement; "H' following the regular
dog number means that the dog received more than one injection. "B1, "C" or *D" denotes an intended special
assignment, but most of these dogs have been redesignated for life-span toxicity studies. "E" in the final position
is used to denote that the dog listed is a St. Bernard. "P* in the final position indicates that the nuclide was
polymeric (injected in a particulate form). "Y" in the final position indicates that the animal was injected as
a juvenile. "N" in the final position indicates that the animal was injected as a neonate. A plus (+) in the final
position denotes that the animal was "old" when injected. Letters denoting a radionuclide may follow the final
number, in which case the letter indicates that two uadionuclides were given. The injection level refers to the
radionucdide appearing first in the identifying code.

160



Example: MIRS is a male animal in the first madim group at the highest injection level.

Although MI,5, M1R4, M1R3, M1RZ MIRI, and MIRO constitute a group and were injected at the
same time, the tables are arranged according to injection level to facilitate comparison of all the R5 animals,
all the R4 animals, etc.

The conditions listed in the status tables under 'Comments on Dead Dogs' give the cancers and the
lesions that bad the most apparent effect on the clinical status of the animal. These comments should sot be
considered as confirmed pathology. For example, multiple rib fractures, which seldom produce symptoms, ane
not listed, even though their incidence was usually much higher than the crippling fractures involving the limb
bones or mandible. The hematological changes have been omitted unless they were extreme. Increased rate of
tooth loss, hepatic changes, eye lesions, and many other factors in the various syndromes have not been included
because of space limitations. Over the years many soft tissue tumors have been removed surgically. In many
instances, the conditions that have been listd were the reasons for sacrifice of the animal but they were not the
immediate cause of death. Most of the animals were euthanized when death appeared imminent or when life
could so longer be prolonged humanely.

The tables include the calculated average dose in Gy to the skeleton at death. 9OSr, 226 Ra, 22SRa,
241Am, 249a, and 22Cf doses are calculated for each dog. using its individually observed retention values:
239Pu, 228Th, and 224Ra doses are based on the average retention equations. For the young adult Beagle dogs
injected at about 17 mo of age, the following equations were used for the EFFECTIVE skeletal retention at (t)
days after injection to account for both radioactive decay and biological elimination. These equations do Wo
apply to St. Bernards (E) or to Beagles injected as neonates (N), young juveniles (Y), old dogs (+), or to dogs
receiving polymeric plutonium (P) or chelation therapy.

Detailed retention data and dosimetric analyses were presented or referenced in the 1984 annual report
(COO-119-259, December 1984). The skeletal doses are based upon a wet skeleton which is 10% of the body
weight at the time of injection (COO-119-257, pp. 89-92, 1982).

228Ra and 2 2 6R& doses deserve special comment. The dose from *pure" 228R& and its in vivo produced

daughters is based on our best evaluation of 5.77 0.02 yr for the 228R& half-period. The tabulated total doses
include the contributions from 228Th contamination in the injection solutions. For example, 228 PTh contaminations
of 0.6%, 3% and 15%, respectively, account for 3%, 13% and 42% of the total dose in rads at 1000 days. If
injected 228Th is four times more toxic rad-for-rad than is in ,ivo produced 228nh, these injected 228Th
contamination would account for 10%, 37% and 74% of the total biological damage at 1000 days. Therefore,
it may be desirable to use only results from the slightly contaminated (0.6% 228Th) dogs in evaluation of 228Ra
toxicity. The contribution from injected 2 10Pb which occurs in the 226Ra injection solution as a result of 226R&
decay has been included in skeleton dose calculations for 226R& dogs. This can account for between about 1%
and 30% of the total:

226ft (adults, dose level 5) = O.2Oe"O0"0088t + 0.29e"0.00099t

2 2 6Ra (adults, lower levels) = 0.21e"0"0155T + 0.18e"00204 + 0.150"000150,

222Rn/2 26Ra (adults, all levels) = 0.075 (1-e" 18 1') tO.158

239pu (dose level 5) = 0.07e"0"0 11 + 0.43

239pu (dose level 4) = 0.11e0"0011' + 0.39

23pu (dose level 3) = 0.15e00" 11 + 0.34

23pu (lower levels) = 0.29e"0-0011t + 0.21
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22a (all levels) - 0.21e"-'O16 + 0.17 7 €"°'°2M + 0.15e-"mo° (pure at t = 0)

with 84% reteation of in vivo produced daughters of 228Th.

226n (all levels) = 0.68e"°-0°l7'
with ratios of 224R&, 22O0p, 216 po, 2 12pb, 2 12Bi to 226n as a function of ime after injection

and of dose level as given in Radios. Res. 98: 614-628, 1984.

2 4 1Am (dose level 5) = 0.359 + 0.157 (l-e-0065)

24 1Am (dose level 4) = 0.359 + 0.141 (1-e-•0'09)

24lAw (dose level 3) = 0.359 + 0.076 (1-e-0 12')

24 1Am (lower levels) = 0.359 + 0.015 (1-e0.00 14'

249Cf (all levels) = 0.498e"000 '94

252Cf (all levels) = 0.498e"O.OO0lt

224R- (all levels) = 0.528e"0.2 14* - 0.228e-9olt

with the effective retention of 224Ra daughters for all levels of:

22°Rn and 216po = 0.486e-0.2141 - 0.276e"4 65t

212pb = 0.447e"0-214t - 0.336e-2.40t

2121i = 212po + 208T 1 = 0.391e- 214t _ 0.350e 4-- 3s

For the calculation of radiation dose for dogs that had received particulate plutonium, measured skeletal
weights were used. The following skeletal Pu-retentions (RSke) were applied:

1. Dogs that received no further treatment: Rs% = 60(1 - 0.914e0"00Mte-0"000237t.

2. Dogs thbt received 30 mole CaDTPAlkg once weekly: Rs1.1 = 6.7% constant average retention.

3. Dogs that received 30 mole ZnDTPA/kg daily: Rsk, = 2.8% constant average retention.
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