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PREFACE

This 1988 Annual Report from Pacific Northwest Laboratory (PNL) to the U.S. Department of Energy
(DOE) describes research in environment, safety and health conducted during fiscal year 1988. The
report again consists of five parts, each in a separate volume.

The five parts of the report are oriented to particular segments of the PNL program. Parts 1 to 4 report
on research performed for the DOE Office of Health and Environmental Research in the Office of Energy
Research. Part 5 reports progress on all research performed for the Assistant Secretary for Environment,
Safety and Health. In some instances, the volumes report on research funded by other DOE components
or by other governmental entities under interagency agresments. Each part consists of project reports
authored by scientists from several PNL research departments, reflecting the muitidiscipiinary nature of
the research effort.

The parts of the 1888 Annual Report are:

Part 1: Biomedical Sciences
Program Manager: J. F. Park D. L. Felton, Report Coordinator and Editor

Part 22 Environmental Sciences
Program Manager: R. E. Wildung S. G. Weiss, Report Coordinator and Editor
G. P. O'Connor, Editor

Part 3: Atmospheric Sciences
Program Manager: C. E. Elderkin . E. Elderkin, Report Coordinator

. L. Owczarski, Editor

mao

Part 4. Physical Sciences
Program Manager: L. H. Toburen H. Toburen, Report Coordinator

. A. Pamell, Editor

~r

Part 5. Environment, Safety, Health,
and Quality Assurance

Program Managers: L. G. Faust L. G. Faust and W. T. Pennell, Report Coordinators
W. T. Pennell S. K Ennor, Editor
J. M. Selby

Activities of the scientists whose work is described in this annual report are broader in scope than the
articles indicate. PNL staff have responded to numerous requests from DOE during the year for planning,
for service on various task groups, and for special assistance.

Credit for this Annual Report goes to the many scientists who performed the research and wrote the
individual project reports, to the program managers who directed the research and coordinated the
technical progress reports, 1o the editors who edited the individual project reports and assembled the five
parts, and to Ray Baalman, editor in chief, who directed the total effor.
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FOREWORD

This report summarizes progress on OHER biomedical and health-effects research conducted at PNL in
FY 1988. The research develops the knowledge and scientific principles necessary to identify, understand,
and anticipate the long-term health consequences of energy-related radiation and chemicals. Qur continu-
ing emphasis is to decrease the uncertainty of health-effects risk estimates from existing and/or develop-
ing energy-related technologies through an increased understanding of how radiation and chemicals cause
health effects.

The report is arranged to reflect PNL research relative to OHER programmatic structure. The first section,
on human health effects, concerns statistical and epidemiological studies for assessing health risks. The
next section, which contains reports of health-effects research in biological systems, includes research
with radiation and chemicals.

Human Health Effects

The section on human health and risk assessments reports the status of epidemiologic studies, includ-
ing occupational studies of radiation workers and a study of biological markers related to cancer in
Japanese atomic-bamb survivors. It also reports on a data-base design effort with a long-term end point
of standardizing laboratory animal and human infermation for use in inferring human health effects from
exposure to radiation.

An update on analyses of causes of mortality in the Hanford worker population was published, as was
a paper on methods for analysis of occupational exposure to low levels of radiation. Prevalence and
case control studies of congenital malformations were published. Lung-cancer data from the case-cohort
study were analyzed, and a paper was submitted for publication. For these and other research efforts
refated to health of workers at Hanford, an article describing monitoring programs and results was distri-
buted to all Hanford Site workers. A program has begun 1o evaluate effects of errors in dosimetry on
results of analyses. This includes general documentation of historical dosimetry practices and a detailed
evaluation of selected data, including data on workers that died of multiple myeloma or leukemia.

Data from worker studies at several DOE facilities were combined and analyzed, and papers reporting
results and methodology are being prepared. Use of combined data gives more precise risk estimates
than any individual study and ailows evaluation of exposure standards established based on higher-level
data. A protocol for international pooling of data from occupationat studies of low-level radiation is also
being prepared, with PNL serving as the coordinating organization for the United States.

in Japanese atomic-bomb survivors, stomach cancer cases had significantly lower precancer diagnosis
levels of serum ferritin and higher transferrin than controls. Another study of total serum protein showed
that cigarette smokers have lower levels than nonsmokers.

A data base was designed to allow investigators to combine experimentally derived dose-effect data for
evaluating potential effects in humans from exposure to radiation. The data base cutrently includes data
on dosimetry and histopathology from five OHER laboratories conducting lifespan health effects studies
in beagle dogs. The terminology for pathology and dosimetry at the five laboratories was standardized,
so that reporting is consistent. Data on other species, including humans, can eventually be included in
the data base.

Health Eftects Research in Biological Systems

The section on health effects research in biological systems repors results from experimental animal
inhalation dose-effect relationship studies with inhaled radionuclides. Lifespan studies in dogs that inhaled
#PuO,, **Pu0,, or **PuO(NQ,), are summarized to 16, 14, and 11 years after exposure, respectively.
The primary plutonium-exposure-related causes of death are iung cancer for inhaled 239Pan, and lung
and bone cancer for inhaled “*Pu0, and “PUO{NO,),. Dose-effect relationship studies on inhaled

PuQ, in rats are in progress to obtain lung-tumor-incidence data at lifetime doses of 5 to 1500 rad.
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Thus far, the lung cancer dose-response curve is best fitted by a quadratic function and a "practical”
threshold of >100 rad; maximum lung cancer incidence was at 800 rad. Bronchiolar alpha-star distribu-
tion, determined by quantitative scanning electron microscopy and autoradiography, indicated Iung
carcinoma formation was preceded by proliferative dysplastic lesions associated with plutonium aggre-
gates. Studies are also in progress in rats that inhaled radon daughters to determine the influence of
dose, dose rate and cigarette smoke on lung-cancer incidence. Analyses of rat histopathological data
for 10-, 100-, and 1000-working-level exposure rates confirm a previously noted trend of higher lifetime
lung cancer risks for lower exposure rates. Also noted was the tapering-off of the exposure-rate effect
at occupational and, possibly, at environmental rates of radon exposure.

Mechanistic studies of radon injury are using an in vitro radon cell-exposure system. Radon-induced
mutations at the HGPRT locus in Chinese hamster ovary cells showed a linear induction response with
induced frequency of 0.9 x 10° mutations/viable celi/centigray dose to the culture medium. Chromosome
aberrations and sister chromatid exchange {(SCE) in human peripheral blood lymphocytes were induced
in a linear fashion, with a frequency of 0.009 aberrations/metaphase/centigray dose to the medium and
0.031 SCE/metaphase/centigray dose to the medium. We are investigating the microdosimetry of cells
exposed to radon and daughters in tissue culture medium. Preliminary data show a preferential associ-
ation of radon and daughters with the cell and, therefore, a higher dose to cells than to medium.
Dosimetry models for the respiratory tract indicate that with exposures of 8.45 working level months, 70 to
90% of the basal and secretory cell nuclei were missed; most of the remainder were hit only once.
While the main, lobar, and segmented bronchi had the highest fraction of these cell nuclei irradiated,
more were irradiated in generations 14 to 16. However, they represented a smaller fraction of the cells
present in these generations.

Studies to examine the role of oncogenes, growth factors, and their receptors in radiation-induced lung
cancer are utilizing tumor tissue from the animal studies described above. Using immunocytochemical
assays for detecting epidermal growth factor receptors (EGF-R) in formalin-fixed paraffin-embedded lung
tissue, we have demonstrated abnormally high EGF-R asscciated with plutonium-induced epidermal lung
carcinoma in dogs and raden-daughter-induced epidermal iung carcinoma in rats. We have detected
activated ras oncogenes in these radiation-induced cancers and are determining whether radiation causes
specific mutations in these genes. Methods were developed for extracting DNA from formalin-fixed
paraffin-embedded tissues and amplifying it, using the polymerase chain reaction method, to detect the
presence of mutated ras sequences. We want to determine whether alpha radiation causes patterns of
genetic change that can be distinguished from those caused by chemicals.

Studies to understand the mechanisms of tumor initiation for chemicals are determining the influence of
bulky adducts on chromatin structure at the nucleosome level of organization, using the pXP-14 plasmid,
which contains the 55 rRNA gene and the SP-6 promoter. The location of the adducts relative to the
gene and the promoter and their influence on nucleosome positioning will be determined.

In our developmental studies, inhalation of ®*Kr by pregnant sheep showed that blood concentrations
rapidly reached a steady state and that kinetics in fetal and maternal compartments were similar. The
data were used to predict the fetal dosimetry of radon during inhalation exposures. These predictions
were tested by an experiment which detected neither embryofetal toxicity nor teratogenicity after 13-day
exposures of rats to radon. Cumulative radon-daughter exposures to the dams were about four orders
of magnitude higher than typical annual levels associated with indoor radon exposures. In studies to
elucidate the molecular mechanism regulating lung maturation and differentiation, EGF-R and transforming
growth factor alpha were altered, in both intensity and temporal sequence, in the hypoplastic lungs of
rat fetuses when hypoplasia was induced by treating the dams with coal-derived complex mixtures or
triamcinalone, a synthetic glucocorticoid. In other studies we are determining whether agents that alter
cytochrome P-450 expression change the animal’s susceptibility to tumor development, as indicated by
DNA adduct concentration. [Initial results indicate that neonatat exposure to diethylstilbestrol increased
hepatic cytochrome P-450 concentration for female rats and decreased the binding of aflatoxin B1 to
hepatic DNA for males.

In our mutation research a new genetic construct that allows analysis of mutations in smail synthetic
DNA targets of desired sequence in bacteria has been tested experimentally. Deletion mutations occurred
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with high frequency in a target containing two 6-base pair stretches of alternating guanine and cytosine
when the host cells were exposed to chemical mutagens. A target containing only one of the siretches
was much less mutable. These results demonstrate that mutation is dependent on the target sequence
and that the system will be useful for investigation of the relationship between DNA seguence and
mutation rate.

Research related to OHER's human genome research is developing a computer-based information systemn
containing archived information, research results, and computational capability to make information readity
available and useful to researchers. Computer graphics interfaces with this information data base are
heing developed to provide pictorial representation of chromosomes, genetic and physical maps, and
DNA sequences.

This health-effects research is an interdisciplinary effort reguiring scientific contributions from many
research departments at PNL. The personnel in the Biclogy and Chemistry Department and in the
Computaticnal Sciences Department are the principal contributors to this report.

Requests for reprints from the list of publications for 1988 will be honored while supplies last.
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Statistical Health Effects Study

Principal Investigator: E. S. Gilbert

Other Investigators: J. S. Buchanan, J. J. Fix, and N. A. Holter

The purpose of this project is to develop statistical and epidemiological methods for assessing health risks
from low-level exposures. These methods are then applied to data on relevant human populations, thus
providing a direct assessment of risk from these exposures. Chronic exposure to radiation, such as that
received occupationally, is of special concern, and an important component of this project is the analysis

of mortality data on workers at the Hanford Site.

Efforts in the past year have focused on improving

understanding of the dosimetry data that has been used in the Hanford mortality study and on pooling
data from several occupational studies. The latter efforts included combined analyses of data from three
DOE facilities, and contributing to efforis to combine data internationally.

Updated analyses of the Hanford mortality data,
including deaths through 1981, were accepted for

publication in Heaith Physics. These analyses -

included comparison of death rates with those of
the general U.S. population, comparisons of death
rates by level of radiation exposure, calculation of
risk estimates and confidence limits, analyses of
workers with internal depositions of piutonium,
and analyses of female workers. A paper describ-
ing several statistical techniques that are useful in
anatyzing health effects of occupational exposure
1o low levels of radiation was accepted by Statis-
tics in Medicine. This paper reviewed application
of the Cox model for testing the asscciation of
radiation exposure and several diseases, de-
scribed the method used to obtain risk estimates
and confidence limits, discussed the problem of
confounding related to the healthy-worker effect,
illustrated the use of computer simulation for
chtaining confidence limits, and described an
approach for taking account of factors such as
age at exposure and time since exposure.

In cooperation with the PNL Public Relations
Depariment and researchers from the Hanford
Envircnmental Health Foundation (HEHF), a non-
technical arlicle was prepared and published in
the PNL publication Profile.  Reprints of this
article were distributed to all Hanford Site workers.
The article described the Hanford mortality study,
the lung-cancer case-cchort study, two congenital
malfarmations studies {published in the February
1988 issue of the American Journal of Epidemi-
ology), and HEHF's health surveillance system.
Several presentations on these studies were made
to local groups with an interest in health effects
studies and the Hanford Site.

Additional analyses of data from the lung-cancer
case-cchorl study were conducted. First, uranium

binassay data were examined and used to ana-
lyze the possible association of lung-cancer risks
with potential exposure to uranium. No evidence
of such an association was found, but statistical
power was limited. Second, special statistical
procedures were developed and implemented to
take account of correlations introduced by the
case-cohort design. Rigorous statistical treatment
of the case-cohort design is a relatively recent
development, and this study is one of the first to
implement appropriate analyses of data collected
under this study design.

Although exposure to ionizing radiation s
probably measured more accurately than expo-
sures to other substances, virtually every
epidemiological study of health effects and
radiation exposure involves some level of dose
measurement error. In occupational studies such
as that of Hanford workers, exposure to external
radiation is measured through the use of person-
nel dosimeters. The types of dosimeters used
and the frequency of monitoring, as well as other
practices, have changed over the years as tech-
nology improved. Understanding these practices
and evaluating bias and uncertainty in annual
dose estimates are imporant for appropriate
interpretation of analyses relating health effects to
dose.

To develop a better understanding of historical
dosimetry practices at the Hanford Site, a techni-
cal report documenting these practices is being
prepared. This report will describe the major
characteristics of dosimeters and dosimetry prac-
tices that have been in use at Hanford from 1944
to the present. Many repors that provide infor-
mation on various aspects of past dosimetry prac-
tices have been reviewed, and several past stud-
ies of dosimeter perdormance have been



evaluated; these reports and studies will provide
important input to the report under preparation.

In addition, the detailed dosimetry source records
for about 120 sefected workers are being evalu-
ated. The objectives of this investigation are:
(1) to assess the extent to which dose estimates
used in monality analyses agree with information
in original source records, and (2) to gain a better
understanding of dosimetry practices. This
investigation includes workers that died of either
leukemia or multiple myeloma, matched controls
for the leukemia and multiple myeloma deaths,
selected cancer deaths with refatively high doses
of radiation, a sample of workers in selected
occupations of special interest, and a sample of
workers known to have a high potential for neu-
tron exposure. The records being examined in-
clude results of each dosimeter for each type of
radiation measured. The data from the dosimetry
records have been entered into a database sys-
tem and will be checked for both internal con-
sistency and for agreement with data included in
mortality analysis files.

Analyses of combined data from the Hanford Site,
Qak Ridge National Laboratory, and Rocky Flats
Nuclear Weapons Plant are being conducted;
workers at all three facilities have been exposed
occupationally to external radiation.  These
analyses are part of a general cooperative effort
to evaluate combined data from several epidemi-
ological studies of workers at DOE facilities.
These analyses include calculation of summary
statistics describing the exposure and age distri-
butions, assessment of the relationship of
mortality and variables such as follow-up period
and length of employment, and assessment of the

relationship of mortality and cumulative radiation
exposure. All analyses are being conducted for
each of the studies individually, using comparable
methods for both analysis and presentation. In
addition, tests for trend and risk estimates and
confidence limits are being obtained for pooled
data from all studies. The objectives of these
analyses are to better understand differences and
similarities in the studies, and to provide tighter
confidence limits for estimated risks.

A paper describing methodology for combining
data from several studies is near completion. This
paper, which will use data from the three studies
described above for illustration, is a cooperative
effort among researchers from Qak Ridge Associ-
ated Universities, Los Alamos National Laboratory,
HEHF and PNL.

The possibility of international pooling of data
from cccupational studies of low-level radiation is
under consideration. A meeting on cancer risk
among workers in the nuclear industry was held
at the International Agency for Cancer Research
(IARC) in June 1988. This meeting, attended by
principal investigators of major epidemiological
studies in the United States (including the Hanford
study), United Kingdom, and Canada, was aimed
at discussing the feasibility and methodology for
conducting statistical analyses of combined data
from several studies on an international scale. All
investigators attending were interested in con-
ducting such anaiyses. Although no formal
commitment has yet been made, it was tentatively
agreed that IARC would serve as the coordinating
agency but analyses would be planned and re-
sults interpreted by the cooperating investigators.



Iron Stores and Risk of Cancer

Principal Investigator: R. G. Stevens

Other Investigators: S. Akiba, M. Kabuto, and K. Neriishi, Radiation Effects Research Foundation,
Hiroshima, Japan; W. Blot and C. Land, National Cancer Institute, Bethesda, Maryland

A case-control study of Japanese atomic bomb survivors showed that stomach cancer cases had signifi-
cantly fower serum ferritin and higher transferrin before diagnosis than suitably chosen controls. Another
study showed that cigarette smokers had significantly lower total serum protein than nonsmokers,

Research based on data and stored biclogical
samples from Japanese atomic bomb survivers is
helping to advance the understanding of factors
that modity the risk of cancer, particulary
radiation-induced cancer. Although nutritional
antioxidants, such as tocopherol and selenium,
have received a great deal of attention in this
regard, the "oxidant" iron has received veiy little.
Iron status is important for all people, and varia-
tions in iron stores may modity cancer risk after
exposure to radiation.

The Japanese atomic bomb survivor population
has been followed by the Radiation Effects Re-
search Foundation (RERF) in Hiroshima and
Nagasaki for nearly 40 yr. A wealth of information
and stored biological materials from the survivors
is available for analysis and is being used to
understand the relationship of modifying factors
(particularly iron status) to the risk of cancer. We
are also studying how these modifying factors
interact with known cancer risk factors, such as
radiation exposure and cigarette-smoking, in
determining cancer risk.

Ferritin, Transferrin, and Stomach Cancer

Serum ferritin and transferrin were determined in
samples stored since 1970-72 for 233 individuals
who subsequently developed stomach cancer and
84 who developed lung cancer. These serum
proteins were also determined for 385 controls
selected from the same cohort of Japanese atom-
ic bomb survivors in Hiroshima and Nagasaki.
The mean ferritin levet in the stomach cancer
cases was significantly lower and the transferrin
level was significantly higher than in the controls
(Table 1). This result was not anticipated; how-
aver, in retraspect it is consistent with findings in

previous studies in Taiwan (Stevens et al., J. Natl.
Cancer Inst. 76:605, 1986) and in the United
States (Stevens et al., N. Engl. J. Med. 319:1047,
1988). In these studies, the original hypothesis
was that evidence of large iren stores is
associated with increased cancer risk, a
relationship seen in two previous studies for
overall cancer risk.

TABLE 1. Mean (Standard Error of the Mean) Serurn Ferritin
and Transferrin Levels in Cases of Stomach Cancer, Lung
Cancer, and in Control Subjects. (Serum was stored from
1970-72.)

Stomach Lung

Cancer Cancer Controls
Number of 137 49 231
Subjects
Log Ferritin 1.69 {0.032) 1.82 {0.056) 1.84 {0.02)
{ng/mh
Transferrin 277 {3.4) 284 (5.0) 269 (2.5)
{mg/dl)

Unexpectedly, in the atomic bomb survivors we
have found evidence that low iron stores are
associated with storach cancer risk. A possible
explanation for the finding is that achlorhydria (or
low stomach acidity) leads to gastric membrane
atrophy, atrophic gastritis, and stomach cancer.
Furthermore, at this higher pH, bioavailable iran
is not as well absorbed. However, low iron stores
observed in Japanese bomb survivors may result
from some unknown condition that also greatly
increases risk of stomach cancer.

In the lung cancer cases, serum ferritin levels and
transferrin were not significantly different from
those of controls.



Cigarette-Smoking and Serum Proteins

Smoking increases cancer risk and can also affect
serum protein levels. For this project, we de-
signed a study to examine effects of smoking on
serum proteins for two reasons: (1) An effect on
a serum protein may elucidate mechanisms by
which smoking causes disease. (2) Biochemical
epidemiological studies of serum markers and
cancer risk often lack information on patients’
smoking histories, thereby seriously confounding
apparent effects and vitiating interpretation of the
findings.

Levels of serum protein and protein fractions were
compared according to smoking history in a pop-
ulation of 7753 members of the Adult Health
Study component of the Japanese atomic bomb
survivars in Hiroshima. Levels of total protein and
its constituents (albumin, alpha 1 globulin, alpha
2 globulin, beta globulin, and gamma globulin)
were measured for the period 1980-82. Smoking
information on the same individuals was obtained
from a survey taken in 1978-80. Additional data
from a survey conducted in 1964-66 were used to
estimate smoking duration.

Total protein, beta globulin, and gamma globulin
were significantly lower in current smokers than
in "never-smokers” (Table 2}; alpha 1 and alpha
2 globulin were significantly higher in smokers.
Serum albumin was lower in smokers, although
not statistically significant. Serum protein levels
in ex-smokers were not different from those of
never-smokers. All analyses were adjusted for
age, sex, and body mass index. Atomic bomb
radiation exposure was considered an additional
covariate whose effect was significant in some
comparisons, however, it was much smaller than
the smoking effect.

TABLE 2 Effect of Smoking on Serum Protein Levels.
Values, obtained from regression analysis, are differences
(standard error of difference) in g/L between smokers and
non-smokers, and between ex-smokers and non-smokers,

_Smokers Ex-Smokers
Total Protein -1.04 0.2) 0.0 (0.2)
Alburnin 0.22 (0.13) 001 {0.19)
Alpha 1 Globulin 0.15 {0.02) -0.01 {0.03)
Alpha 2 Globulin 0.25 {0.04) 0.06 {0.06)
Beta Globulin -0.21 (0.04) 0.04 (0.06)
Gamma Globulin 0.97 (0.12) .06 {0.17)

Future Studies

Serum albumin was significantly lower long before
diagnosis in individuals who subsequently devel-
oped cancer than in those who did not (Stevens
et al., 1988). Smoking did not account for this
result, which may be related to iron metabolism
and bioavailability. We have begun analyses in
the Japanese bomb survivors of the relation be-
tween serum albumin and subsequent cancer risk.
In particular, the possible interaction with radiation
exposure is being examined.

We are designing a study of the relationship of
serum ferritin and transferrin and subsequent risk
of colon cancer. Risk of colon cancer is higher
in Japanese exposed to radiation from the atomic
bomb than in those who were not exposed.
Colon cancer was also strongly related to iron
status in the National Health and Nutrition
Examination Survey (NHANES) popuiation from
the United States (Stevens et al, 1988). The
study will test the hypothesis that high iron status
increases the effect of radiation in induction of
colon cancer.



Interlaboratory Toxicology Knowledge Base

Principal Investigator: C. R. Watson

Technical Assistance: F. Carr, Jr., J. D. Kaschmitter, and J.R. Williams

The goal of this project is to provide a data base which will allow investigators to assess experimentally
derived dose-effect data from many laboratories for evaluating potential radiotoxic insufts to human health.
Initial efforts, reported here, concentrate on beagle dog lifespan health effects studies supported by DOE
at five laboratories. Significant steps toward this goal include standardization of the medical observation
glossary, development of an independent off-site data archive, and design of a registry of common-format
dosimetric estimates and histopathologic observations for each major tissue in the more than 8000 dogs
under study. In FY89, this project will be incorporated in a larger effort to archive physical specimens
and detailed records and summarize tissue information.

Our goal is to provide investigators with the
capability to combine experimentatly derived dose-
effect data from many laborataries for evaluating
potential insults to human health from exposure
to radionuclides. A manageable subset of this
large problem is to integrate information from the
five DOE-supported laboratories that conduct life-
span studies of beagle dogs exposed to various
radiotoxic insults. These laboratories, shown in
Table 1 with their study protocols, are Pacific
Northwest Laboratory; Inhalation Toxicology
Research Institute; University of California, Davis;
University of Utah; and Argonne National Labora-
1ory. This program, consisting of studies
designed to complement one another, was initi-
ated over 20 years ago and is nearing completion.

This project focuses on three steps leading
toward eventual synthesis of results:

» integration of diverse medical terminology
glossaries into SNODOG

- development of procedures for archiving
information from each institution

- design of a summary data base that includes
dosimetric and histopathologic observations
of each major tissue for all study animals.

Each of these steps is detailed below.

SNODOG. A major product of DOE's long-term
studies in beagle dogs is pathologists’ obser-
vations regarding tumcr identification and
classification and clinicians’ findings on morbidity
and tumor development. Eventually, it will be
useful to analyze these observations by combining
results of the various studies conducted at the five
laboratories. To this end, each institution has

made a commitment to encode their observations
using the American Medical Association's hier-
archical coding scheme: the Systematized
Nomenclature of Medicine (SNOMED), as aug-
mented by the American Veterinary Medical
Association in the Systematized Nomenclature of
Veterinary Medicine (SNOVET).

TABLE 1. Summary of Lifespan Experiments in Beagle Dogs
Exposed to Radiotoxic insults at DOE-Supported Laboratories.

Exposure Number of
Laboratory™ Route Agent Dogs
PNL Inhatation ;:gpuo??agpuog, 479

Pu{NQ,),

ITA! Inhalation  Alpha Emibters 593
Inhalation Beta Emitters 916
Davis Injection 80g, 226pg 379
Ingestion  ¥°gr 479
External X ray 360
Litah Injection Alpha Emitters 1148
Injection %05y 100
ANL External X or Gamma Rays 710
Injection Beta Emitters 268
Total 5438

fa) PNL = Pacific Northwest Laboratory; TRl = Inhalation
Toxicology Research Institute; Davis = University of California,
Davis; Wtah = University of Utah; ANL = Argonne National
Laboratory.

We have created z canine-specific "superset" of
the SNOVET glossary that contains well over
5000 items. This has been instalied on computers
at each laboratory and is used daily; data entry
software tor SNODOG-coded observations has



also been distributed. We act as the clearing
house for terminclogy additions and clarifications,
so that SNODOG is dynamic, The revised glos-
sary is distributed on a semiannual basis.

Archiving information. We have coordinated
transfer of computer-tape copies of the beagle-
related information at each institution to storage
at DOE Headquarters. Off-site storage of tapes
and documentation provides additional security for
this valuable information. Each laboratory has
developed techniques for translating information
from its proprietary data management system to
machine-independent, American Standard Code
information Interchange (ASCII) format flat files.
Extensive documentation of the beagle information
management system and a tape back-up process
at each laboratory are now available.

Tissue Registry. The tissue reqgistry data base
will contain dose information and histopathology
observations for each significant tissue from dogs
under long-term study. Information for these
lifespan observation animals is supplemented by
data from ancillary, shorter-duration studies. For
example, initial estimation of dose distribution
patterns was obtained by serial sacrilice of
animals exposed to the same agent as the life-
span dogs. These ancillary animals will be
included in the tissue archive; therefore, the total
number of animals in the data base will be

approximately 8000. Meetings have been con-
ducted at each laboratory to refine this concept.
A five-level hierarchy (Table 2}, which will probably
be maintained on a microcomputer, is envisioned
for the reqistry.

TABLE 2 Hierarchy for Tissue Registry Data Base.

One Record MNumber of

Level Per Records Source of Information
1 Laboratory 5 Annual Reports
2  Study 48 Annual Reports
3  Group 57 Annual Reports
4 Dog 8,000 Colony Master File in
Each Laboratory
5 Tissue 80,000  SNODOG File and/or
Manual Entry in Each
Laboratory
Total 88,410

A workshop, attended by the information manage-
ment specialist from each laboratory, produced
detailed specilications for the fields in this data
base. A prototype of the tissue registry data base
is being developed on a microcomputer, using
ORACLE. This will draw heavily on the exper-
ience of our colleagues at Argonne, who use
ORACLE with their beaglte information.
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inhaled Plutonium Oxide in Dogs

Principal Investigator: J. F. Park

Other Investigators: R. L. Buschbom, G. E. Dagle, K. M. Gidecon, E. S. Gilbert, G. J. Powers,
H. A. Ragan, C. O. Romsos, R. E. Weller, E. L. Wierman, and J. R. Williams

Technical Assistance: K. H. Debban, R. F. Flores, B. B. Kimsey, B. G. Moorg, R. P. Schumacher,
M. J. Steele, and N. B. Valentine

This prolect is concerned with long-term experiments to determine the Hespan dose-effect relationships
of inhaled **Pu0, or ®**PuQ, in beagles. The data will be used to estimate the health effects of inhaled
transuranics. Beagle dogs glven a single expasure to PuO ar ”PUO aerosols to obtain graded
levels of initial lung burdens (ILB) are being observed for Irfespan dose- effect relationships. Mortality due
to radiation pneumnonitis and lung tumor increased in the four highest dose-level groups sxposed to

**PuQ, during the 16-year postexposure period. All of the dogs exposed to #*Pu0, are dead. During
the 14 years after exposure to **PuQ,, mortality due to lung and/or bone tumors rncreased in the three
highest dose-level groups. Chronic lymph 2_genla occurring 0.5 to 2 years after exposure, was the earliest
observed effect after inhaiation of either ““PuO, or PuO in the four highest dose-level groups that
had ILB of >80 nCi. Other plutonium-exposure-related eﬂects include sclerosis of the tracheobronchial
lymph nodes, focal madiation pneumonitis, adenomatous hyperplasia of the liver, and dystrophic osteolytic

{esions in the skeleton.

To determine the fifespan dose-effect relationships
of inhaled plutonium, 18-month-old beagle dogs
were exposed to aerosols of “*PuO, (mean
AMAD, 2.3 um; mean GSD, 1.9), prepared by
calclnlng the oxalate at 750°C for 2 hours; or to

*PuQ, (mean AMAD, 1.8 um; mean GSD, 1.9),
prepared by calcining the oxalate at 700°C and
subjecting the product to H,'°0 steam in argon
exchange at 800°C for 96 hours This material,
referred to as pure plutonium oxide, is used as
fuel in space-nuciear-power systems.

One hundred thirty dogs exposed to *°PuQ, in
1970 and 1971 were selected for fong-term
studies; 14 were sacrificed to obtain plutonium
distribution and pathology data, 116 were
assigned to litespan dose-effect studies (Table 1).
One hundred sixteen dogs exposed to “*PuC,
in 1973 and 1974 were selected for Ilfespan
dose-effect studies (Table 2). Twenty-one
additional dogs were exposed for periodic
sacrifice.  The Appendix {following the entire
Annual Reporl) shows the status of the dogs on
these experiments.

Table 3 summarizes, by dose-level group, the
mortality and lesions associated with deaths
through 16 years after exposure to “°Pu0,. Al
of the dogs exposed to “"PuQ, are dead. Mean
survival time was decreased |n the three highest
dose-level groups compared to that in the other
groups.  Fourteen dogs were sacrificed for
comparison of plutonium tissue distribution.

Table 4 shows the 2gnmary cause of death and
the distribution of ““Pu In the tissues of these
animals as percent of final body burden. Figure 1
shows the plutonium tissue distribution as percent
of initial lung burden (ILB).

TABLE 1. Lifespan Dose-Effect Studies with Inhaled 239F'uO
in Beagles.®

Dose Number of - iy
Level Dogs Initial Lung Deposition
Group Male Female nGif? nCiig Lung’
Contral 10 10 0 0
1 12 12 35+ 13 0029+ 0011
2 10 11 22 + 4 018 = 004
3 10 10 79 + 14 066 = 013
4 11 11 300 + &2 24 % 04
5 10 1 1100 * 170 93 + 14
g 3 5 5800 3300 50 + 22
66 70

{a) Exposed in 1970 and 1971.

(bj Estimated from external thorax counts at 14 and 30 days
after exposure and estimated lung weights (0.011 x body
weight).

{c} Mean + 95% confidence intervals around the means.

Table 4 indicates that, as survival time increased,
the fraction of plutonium in the jung decreased to
16% of the final body burden by 15 to 16 years
after exposure.  During the first year after



exposure, plutonium was translocated primarily to
the thoracic lymph nodes; little plutonlum was
translocated to other tissues. Plutonium content
ot the thoracic lymph nodes increased to 71% of
the final body burden at 15 to 16 years after
exposure; the abdominal lymph nodes, principally
the hepatic nodes, contained ~3%. The fraction
of plutonium in liver increased, accounting for
25% of the final body burden in the higher-
(>75 nCi final body burden) dose-level groups.
The organ distribution of phutonium in the
periodically sacrificed dogs was generally simllar
to that of the higher-dose-level dogs euthanized
when death was Imminent during the first 2 years
after exposure. The lower-dose-level (<75 nCi
final body burden) dogs sacrificed or euthanized
during the 4th to 16th postexposure years
generally had a much smaller fraction of the final
body burden in the liver, with a larger fraction
retained in the lungs and/or thoracic lymph
nodes. The fraction of plutonium in the livers of
these dogs was ~7% of the final body burden

15 to 16 years after exposure; about 1% was in
the skeleton.

TABLE 2. Litespan Doss-Effect Studies with Inhaled **Pu0,
in Baaglas.”
Dose Number of
Level Dogs Initial Lung Depasition!™?
Group Male Female nGi®! nCig Lung®®
Contrel 10 10 0 o]
1 10 10 23+ 08 0016+ 0007
2 11 10 B + 3 015 + 003
3 12 10 7o+ 1N 056 + 0.07
4 10 10 350 + B1 286 £ 05
L) 10 10 12300 £ 270 10 + 19
& 7 8 5200 1400 43 +12
70 &6

{a) Exposed in 1973 and 1974

(b} Estimated from external thorax counts at 14 and 30 days
efter exposure and estimated lung weights {0.011 x body
weight}.

{¢) Mean t 95% confidance intervals arcund the means,

TABLE 3. Summary of Lesions in Dogs Euthanized During the 16-yr Period After Inhalation of ***PuQ,

Number of Dogs/Group
Number of Dead Dogs/Group
Mean Survival Postexposure, yr

Condition™®

Radiation Pneumonitis

Radiation Pneumonitis and Lung Tumor
Lung Tumor

Lung Tumor and Bile Duct Carcinoma
Urinary Bladder Tumor, Lung Tumor
Leiomyosarcoma, Lung Tumor

Adrenal Corical Carcinoma, Lung Tumor
Kidney Tumor, Lung Tumor
Nephropathy and Lung Tumor

Malignant Lymphoma and Lung Tumor
Prneumonia, Lung Tumor

Bone Tumor

Malignant Lymphoma

Malignant Lymphoma and Bile Duct Carcinoma
Lymphocylic Leukemia
Hemangiosarcoma {Heart, Spleen, Liver)
Pituitary Tumor, Cushing's

Cushing's intestinal Carcinoma

Thyroid Carcinoma

Reticulum Cell Sarcoma

Ovarian Tumor

QOral Tumor

Round Cell Sarcoma and Bile Duct Adenoma
Hemangioma (Spleen)

Malignant Melanoma
Pheochromocytoma

“INumber of dogs with lesion associated with death.

8

Dose Group
6 5 4 3 2 1 Control
8 21 22 20 21 24 20
8 2% 22 20 21 24 20
2 6 10 13 13 12 13
7 1
1
19 13 6 2 4
1
1
1 1
1
1
1 1 1
1
1
1 2
1 4 2
3
1
3 2
1 1
1
4
1
1
1
1
1
2 1
1 1



TABLE 3. Continued

Dose Group
6 5 4 3 2 1 Control
Number of Dogs/Group 8 20 22 20 21 24 20
Number of Dead Dogs/Group 8 21 22 20 21 24 20
Mean Survival Postexposure, yr 2 6 10 13 13 12 13
Condition®
Urinary Bladder Tumor 1 2
Neurofibrosarcoma 1
Meningioma 1
Pneumonia 2 2 4 4
Epilepsy LI 1
Thromboembolism 1 L
Pyometra 1 1
Unknown 1 1
Liver Cirrhosis 1
Septicemia 1
Cardiac Insufficiency 1 1
Peritonitis 1
Adrenalitis i
Kidney Failure 1
Nephrosclerosis 1
Chronic Nephropathy 1 1 1 2
Giomeruloscierosis 1
Luxated Vertebral Disc 1
#INumber of dogs with lesion associated with death.
TABLE 4. Tissue Distribution of Plutonium in Beagles After Inhalation of ***Pu0,.
Percent of Final Body Burden
Time After Final Body Thoracic Abdominal
Dog Exposure,  Burden, Lymph Lymph
Number mo pCi Lungs Nodes® Nodes® Liver Skeleton Cause of Death
478M 0.25 0.293 98 0.15 0.02 0.24 0.18 Sacrifice
43sF 0.25 3841 99 0.11 0.01 0.00 0.03 Sacrifice
816M 0.50 0.399 99 0.12 o 0.00 0.03 Sacrifice
918M 1 0.074 99 082 002 011 0.08 Sacrifice
920F 1 0.011 94 047 0.03 0.08 061 Sacrifice
913M 1 4.849 98 11 0.00 0.03 0.05 Sacrifice
702F 5 1.682 94 57 0.00 0.01 0.09 Sacrifice
709M 5 1.726 97 22 0.00 0.00 0.05 Sacrifice
734M 5 0914 96 34 0.00 0.01 0.05 Sacrifice
739F 5 1.511 95 47 0.03 0.00 0.00 Sacrifice
S10M 11 12.229 84 15 0.01 0.06 0.05 Radiation Pneumonitis
747F 12 5434 71 29 0.03 0.07 0.07 Radiation Pneurmonitis
906F 12 6.154 88 12 0.00 0.03 0.08 Radiation Pneumonitis
849F 13 0.0007 80 15 0.20 0.04 18 Sacrifice
896F 15 4115 81 15 0.92 0.23 0.12 Radiation Pneumonitis
a17M 21 374 64 34 0.13 1.4 0.19 Radiation Pneumonitis
B15M 25 0.074 64 32 --- 0.08 010 Sacrifice
820M 26 3.198 75 19 0.79 4.2 0.45 Radiation Pneumonitis

{@Nncudes tracheobronchial, mediastinal and sternal lymph nodes.
®hacudes hepatic, splenic and mesenteric lymph nodes.



TABLE 4.

Continued

Time Afer Final Body

Percent of Final Body Burden

Thoracic Abdominal

Dog  Exposure, Burden, Lymph Lymph

Number  mo pGi Lungs Nodes™ Nodes®™ Liver Skeleton Cause of Death
760M 31 0.978 71 23 0.57 3.7 0.28 Radiation Pneumanitis
asor N 2.012 55 28 2.2 13 0.26 Radiation Pneumonitis
BO4M a7 1.101 62 29 0.19 7.9 0.26 Radiation Pneumonitis, Lung Turnor
798F 43 0.0056 55 44 0.02 0.17 0.43 Sacrifice
772M 53 1.821 42 22 0388 29 2.69 Lung Tumor
759M 53 0.707 43 27 12 15 0.65 Lung Tumor
796F 55 0.671 40 Y| 41 21 1.0 Lung Tumor
783M 59 1.377 59 i1 1.8 26 267 Lung Tumor
B73M 62 1.746 45 27 6.4 16 276 Lung Tumor
753F 69 1.171 a5 at 00 24 0.64 Lung Tumor
761M 69 1.064 36 av 6.3 19 .53 Lung Tumor
727M 72 0585 39 24 12 23 n.78 Lung Tumor
762M 72 0.0017 51 42 0.34 0.71 Q.66 Sacrifice
Ba7M 72 1.034 42 38 0.70 14 Q.46 Lung Tumeor
863F 76 0617 33 12 13 47 14 Lung Tumor
B52F 77 1.087 a3 a5 088 28 094 Lung Tumor
BO3IM 79 0.415 20 46 1 20 1.4 Interstitial Pneumonitis
875M B3 0.0028 24 66 0.34 0.64 5.3 Malignant Lymphoma, Kidney
754M 84 0.0046 29 66 023 039 1.2 Status Epilepticus
835F 86 0.099 27 65 0.95 a 1.7 Reticulum Cell Sarcoma
880OF 86 0.468 19 R 13 34 0.37 Lung Tumor
789F 30 0013 s 57 032 1.7 (] Ovarian Tumar
B88M 93 01738 a2 40 10 12 21 Lung Tumor
B5SBF 94 0.306 40 45 0.78 90 39 Lung Tumor
g89F 94 0613 14 27 6.9 41 8.1 Lung Tumaor
787M 95 0.473 24 19 12 a9 2.7 tung Tumer
820F 96 0.387 14 40 7.6 29 1.4 Lung Tumor
834F 97 0.025 30 46 17 as 0.91 Pyometra
752M 98 0.055 24 62 1.2 7.7 0.98 Lung Tumor
B&4F 100 0616 18 22 29 50 28 Lung Tumor
a08F 101 Q.0073 14 72 0.049 056 0.93 Unknown
778M 102 0.065 11 85 1.3 1.0 0.52 Pulmonary Thromboembalism
B12M 103 0.288 15 36 29 16 2.2 Lung Tumor
B14F 104 0.054 49 33 4.1 10 ‘8 Lung Tumor
B40F 107 0.389 17 35 58 a7 20 Lung Tumar
FTTM 103 0.392 11 52 7.8 24 1.7 Lung Tumor
B57M 109 0.333 20 33 9.4 27 24 Lung Tumor
B98F 111 0.333 10 34 28 21 3.4 Urinary Bladder Tumaor, Lung Tumor
899F 113 0.0066 7.5 a7 0.14 027 16 Hemangiosarcoma, Heart
897M 114 0.141 15 64 8.1 99 14 Cardiac Insufficiency
905M 115 0.444 16 46 11 25 1.2 Lung Tumor
B24F 116 0.178 21 75 0.50 23 Q.70 Prneumonia
BS1M 116 0.0023 11 84 0064 048 15 Septicemia
836M 117 0.333 12 63 15 7.4 0.97 Lung Tumor
BazM 120 0.348 10 47 18 20 a3y Lung Tumor
704M 120 0.397 13 33 14 11 35 Pituitary Tumor, Cushing's
781F 122 0034 37 59 0.25 1.1 072 Kidney Tumor, Lung Tumor
BO9F 123 0.120 12 38 18 28 3.3 Liver Cirrhosis, Thyroid Tumor, Addison's
B54M 124 0.435 12 ] 15 as 13 Lung Tumor
BOVF 125 0.0021 10 71 0.55 1.2 13 Pituitary Tumor, Cushing’s
B10F 126 0.219 59 43 20 22 1.8 Lung Tumor

{@hncludes tracheobronchial, mediastinal and sternal lymph nodes.
®hncludes hepatic, splenic and mesenieric lymph nodes.
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Medical Applications
Of Nuclear Technology




Radioisotope Customer List

Principal Investigator: D. A. Lamar

Other Investigators: R. A. Peloguin and N. C. Van Houten

This project has continued to provide technical assistance to the DOE Office of Energy Research, Office
of Health and Environmental Research by preparing the annual DOE radioisotope customer list. The
report decribes radioisctope distribution from DOE facilities to private firms, both domestic and foreign,

and to other DOE facilities.

Information summarizing the FY 1987 commercial
radioisotope production and distribution activities
at DOE facilities was compited using a computer
database management system to aid in tracking
the quantities and subsequent revenues generated
from the sale of radioisotopes praduced at DOE
facilities. A total of 1264 shipments of radio-
isotopes was distributed from DOE facilities during
FY 1987, with a value of $10 M. This information
was summarized in the document entitled List of
DOE Radioisotope Customers with Summary of
Radioactive Shipments, FY 1987. The document

B9

contains information on isotope suppliers, cus-
tomers (domestic and foreign private firms), as
well as other DOE facilities, geographic locations
of customers, isotopes purchased, sold and trans-
ferred. DOE facilities included in the report are
Argonne National Laboratory, Brookhaven National
Laboratory, Idaho National Engineering Labora-
tory, Los Alamos National Laboratory, Cak Ridge
National Laboratory, Pacific Northwest Laboratory,
Savannah River Operations Office, and Westing-
house Hanford Company.
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2.80
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.00
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B.00
2.8
&.00
2.02

?.922
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#.e0
2.8
2.0
2.00
2.29
2.09
2.91
2.91
#.81
e.82
a.92
@.23
2.93
2.04
2.04
2.06
2,86
P.28

0.29
2.900
B2.00
2.0
.09
2.84
2.9
.22
2.12
2.19
2.a7
@.22
B.22
8.32
#.31
9.41
2.41
2.61
.54
2.83

INITIAL ALYEOLAR DEPOSITION INHALATION EXPOSURE

e e e o e

WEIGHT AGEs

(KG)

13,2
11.6
11.0
13.6

9.2
14.5
18.5
11.5
11.6
12,8

9.6

9.9
13.2
12.8
11,6
11.6
14.2
16.9
14.8

.6

(M9)

19.6
19.23
1B.6
18.2
17.4
17.¢
18.2
16.9
18.1
21.3
16.9
18.56
18.2
18.9
16.0
17 .4
18.2
21.3
18.8
19.1

DATE

21/19/71
21719771
7786771
21/28/71
B7/86/71
19787/71
11/16/71
11718/71
26/88/71
18/87/71
11718771
B4/26/71
11/18/71
B7/26771
11716771
e7/26/71
11/18/71
18/87/71
a7/86/71
81/18/71

#8/11/82
86/18/82
29/14 /84
12/187/82
28/268/64
19/05/61
99/02/87
87/26783
P4/28/78
11717788
#2/23782
02/24 /66
24/00/83
11/18/86
83724767
11/96/62
$1/22/86
11/26/61
82/18/83
21/30/85

04/18/79
23724717
23/30/78

04/21/83
21/24777
61723786
10/81/88
29/16/86
87727704
B4/84/04
P5/10/86
11717782
10728772
12/19/63
03703 /88
25/21 782
B5/04/84
83/29/81
82/07 /86
£6/28781
12/12/64
25/21/76
11/29/84

menthas since exposure.

MONTHS SINCE
INHALATION

9/38/88 DEATH

COMMENTS ON DEAD DOGS

171.6»
189,06
183.4»
182.2»
1B9. 3
147 .3»
217.6»
187 .9

79,6
204 .9
148.1»
163.1»
169 .8
282 .8
206 . 4»
162.8»
177 .49
1368.7«
163.6»
174.6»

121 .0
98.2«
107 .9

147 .8
72.2
182.8
182.9
1682.4
163.7
148.8
174.0
137.3
12.8
146.3
178.2
128.3
154.9
112.8
176.1
116.6
168.2
82.6
188.2

- e e e

Hemangiosarcoma, Heart
Malignant Lymphoma
Adrenslitia

Status Epilepti, Nephrosclero
Lung Tumor

Pulmonary Thromboambolism
Luxasted Vertebral Disc
Majignent Lymphoma

Oral Tumor

Malignent Pheochromocytoma
Lung Tumor

OrnT cav.: Mslignant Melanoma
Nephrosclerosis
Cushing’s,Intestinal Carcinom
Chronic Nephropathy

Lung Tumor

Chronic Nephropathy
Hamangicaarcoma, Liver

Lung umor

Ma|gnent Lymphoma

Sacrificad
Sacrificed
Sacrificed

Epilepsy

SacrifTiced

Kidney Failure

Lymphoeytic Leukemia

Acute Pneumonia, Lung Tumor
Hemangiosarcoms, Liver,Spleen
Meningioma, Malignant
Pneumonia

Hemangicaarcema, Spleen
Secrificed

Chondrosarcoms, MNassl
Malignant Lymphoma

Round Call! Sarcoma
Prneumonia

Hemangioasrcoms, Heart
Malignent Lymphoms
Septicemia
Bronchopneumonis

Kidney: Malignent Lymphoma
Glomeruioscleroais
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INITIAL ALYEOLAR DEPOSITION INHALATION EXPOSURE

(MO)  DATE

DATE
OF
DEATH

18.8 92/10/71
21.2 18/07/71
14.9 18/07/11
14.8 92/10/71
17.7 e8/08/71
16.9 11/18/71

20.2 B3/84/71
18.6 B7/08/71
18.2 12721778
18.0 06/08/72
17.3 @8/98/71
18.9 07/06/71
18.8 @7/08/71
19.6 01/19/71
17.8 88/08/71
19.6 21/19/71
16.7 @82/18/71
19.1 87/08/71
17.9 ©868/08/71
17.7 18/87/71
16.2 81/19/71
16.2 B7/08/71
18.5 12/21/79
17.9 10/67/71
16.3 @3/04/71
16.1 P3/84/71
17.9 10/87/71
18.2 12/21/78
18.1 24/28/71

17.3 12/21/7@
19.2 B1/28/71
19.0 ©2/18/71
16.5 83/04/71
18.8 12/21/70
18.8 04/20/T1
17.7 1@/87/71
20.2 83/04/71
17.8 26/08/71
16.2 21/20/71
16.8 84/26/T1
21.3 18/07/11
18.0 06/98/72
17.8 98/08/71

04/13/84
08/06,/83
27/81/88
27/24/81
24 /01/88
94/01/60

£9/19/984
96/91/86
12/89/86
87/07/72
96 /26782
87/24768
04 /09/86
21,18/78
B8/089/94
28/19/81
88/28/74
84/17 /64
05/14/84
12720788
84 /08792
04/22/84
11/28/86
86 /6 /68
18729782
12716783
05 /26 /86
06/23/78
12/28/84

#2/28/81
11/92/83
85727 /83
@5 /28/86
82/22/79
B5/24 /84
91/26/88
@B/26/79
B7/20/84
29/08/83
86 /22/73
12/87/88
27706/72
87/06/79

months =ince sxposures.

MONTHS SINCE
INHALATION

—— e e e o

———— . ——

1s8.1
149.0
176.8
126.4
177.8
129.7

1g2.8
186.8
179.8

1.2
144 .8
1685.8
166.1
B3.7
168.1
127.@
42.8
163.4
166.2
182.4
134.8
163.8
181.2
174.9
139.9
163.4
174.9
9.1
1684.1

122.9
163.4
147.6
igz2.g
98.1
168.9
196.8
i21.7
157 .4
151.5
24.9
182.2

2.9
98,9

COMMENTS ON DEAD DOGS

Chronic Nephropathy

Bone Tmr, Chronic Nephropathy
Prieumonis

Pituitary Tumor, Cushing's
Malignant Lymphoma

Unknown, Puimon. Hyalinosis

Bronchopneumonina

Lung Tmr, Chronic Nephropathy
¥alvular Endocardiopathy
Sacrificed

Feritonitis

Valignant Melsnoma, Oral
Chronic Nephropathy
Epilepay

Urinary Bisdder Tumor
Unknown Cuuse

Sacrificed

Hemangioms, Spleen
Pneumonia

Acute Pneumonia
Pheochromacytoms

Urinery Blasdder Tumor
Leiomycssrcoma,Kidnay,Lung Tm
Nephropathy,Lung Tumor
Palate: Walignant Melmnoma
Multilobulsr Sarcoma, Skul!
Lung Tumor

Ovarisn Tumoer

Pneumonis

Kidney Tumor, Lung Tumor
Lung Tumor
Neurcofibrosarcoms,Brach.Pl.
Adrenocorticel Cerc, Lung Tmr
Lung Tumor, Adrenal Tumor
Urinery Bladder Tumor
Chronic Nephropathy
Pulmonary Thromboembe!liam
Malignant Lymphoma, Lung Tmr
Lung Tumor

Sacrificed

Thyroid Carc, Hypothyroidism
Sacrificed

Fyomatra
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DDSE~EFFECT STUDIES WITH INHALED PU-239 OXIDE IN BEAGLES

INITIAL ALYEOLAR DEPOSITION INHALATIOM EXPOSURE MONTHS SINCE
——————————————————————————————————————————————— DATE INHALATION
DoOG NCI/G NCI/ WEIGHT AGEw» OF = =cc—mmmee—eae
DOSE GROUP IDENT NCI LUNG KG (KG) (WD) DATE DEATH 9/38/688 DEATH COMMENTS ON DEAD DOGS
D-3 MED-LOW 787 F 86 B.70 7.73 11.0 16.4 P3/e4/7T1 OE/18/8B8 182.4 Lung Tumor
D-3 WED-LOW 648 F 186 9.72 7.94 9.6 21.3 18/07/71 18/82/88 179.8 Acute Pneumonia
D-3 MED-LOW 827 F 89 B.74 B.09 11.8 18,7 &4/28/71 @1/088/86 184 .4 Acute Pneumonitis
D-3 MED-LDW 497 M 149 8.85 ©9.33 16.8 19.6 18/38/78 o5/08/60 114.3 Cardiac Yalve Insufficiency
D-3 WED-LOW 760 M 118 2.93 19.28 11.6 1.8 @1/20/71 oOB/268/04 181.2 Lung Tmr, Malignant Lymphoma
D-3 WED-LOW 684 M 123 1,12 12,349 1.8 17.8 10/68/71 P9/l2/84 166.2 Lung Tumar
D-3 MED-LOW Bdd F 136 1.17 12,80 18.6 17.8 e8/08/71 @8/08/8B6 17¢.8 Nephropathy,Lung Tumor
D-3 MED-LOW 986 F 127 1.38 14.94 B.6 15.9 11/18/71 o2/87/83 134.9 Malignent Lymphoms
D-4 MEDIUM 886 M 200 1,36 14,81 13.5 17.4 P7/08/7T1 08/27/84 166.7 Lung Tumeor
D~4 MEDIUM 809 F 167 1.38 14.96 18,5 15.3 23/04/71 ©P6/28/81 122.8 Liver Cirr,Thy Tm,Addiscn’s
D-4 MEDIUM 784 F 158 1.37 16,26 19.6 18.2 12/21/79 @7/087/82 138.56 Lung Tumor
D~-4 WEDIUM 836 F 1683 1.48 18.39 10.0 18.4 24/28/71 06/26/78 88.2 Reticulum Cell Sercoma
D-4 MEDIUM B39 F 189 1.49 18 .43 11.6 16.3 94/28/71 @2/83/88 177.3 Lung Tumor,Bila Duct Carcinem
D~-4 MEDIUMW 814 F 140 1.68 16.47 B.65 15.1 ©3/04/71 1@717/7%9 103.5 Lung Tumor, Thyroid Adenoms
D~-4 MEDIUM 838 M 258 1.88 18.28 14,0 17.8 98/98/71 @3/18/81 117.3 Lung Tumer
D-4 WMEDIUM Al8 F 183 1.74 19.18 B.6 18.2 P8/08/71 ©B/29/BE 173.4 Nephropathy,Lung Tumor
D-4 WEDIUM BAB M 274 1.78 19,67 14.2 17.1 1o/08/71 B7/82/79 82.8 Lung Tumor
D-4 MEDIUM B24 F 227 1.79 19.74 11.6 18.1 @8/@8/71 ©1/28/81 116.8 Bronchopneumonis
D-4 MEDIUM o W 264 1.86 209.32 12,6 17.3 o8/eB/71 06/24/82 132.6 Lung Tumor
D-4 MEDIUM 833 F 248 2.37 26.11 2.6 18.6 P4/268/71 @4/04/82 143.3 Metritis,Adrenal & Thyr Tumr
D-~4 MEDIUM Blad F gz 2,39 28 .28 11.5 16.3 23/34/71 99/09/81 128.2 Lung Tumor
D-4 WEDIUM 794 M 444 2.680 28.86 16.6 17.7 83/04/71 @2/11/81 119.6 Pituitary Tumor, Cushing’s
D-4 MEDIUM 854 M 485 2,64 29.08 18.¢ 21.3 10/@8/71 ©1/25/82 123.8 Lung Tumor
D-4 MEDIUM 478 M 298 2.71 29.88 19.2 B4.0 18/89/780 10/18/70 9.2 Sacrificed
D-4 MEDIUM BQB F 270 2.89 31.76 B.6 14.8 92/10/71 @9/09/82 138.9 Lung Tumor
D-4 WEDIUM 806 F 257 3.12 34 .27 7.6 18.6 @8/88/71 @7/22/82 133.5 Escphageal & Lung Tumor
D-4 MEDIUM g12 M 438 3.19 36.94 12.6 17.1 ©4/268/71 11/12/7% 192.8 Lung Tumeor
D-4 MEDIUM 867 M 488 3,40 37.38 13.0 17.3 es8/o8/71 @v/01/80 128.8 Lung Tumer
D-4 MEDIUM 892 MW 494 3.6% 39,62 12.6 16.92 11/18/71 18/26/81 118.6 Leng Tumor
D-4 MEDIUM 818 M 3g8 3.82 a9.80 19.9 16.8 P4/26/71 @6/11/71 @.6 Suerificed
D-4 MEDIUM 7T M B4¢ 3.67 43 .88 12,5 29.2 93/24/71 @3/28/80@ 128.7 Lung Tumor
D-4 MEDIUM 803 MW 647 4.32 47 .67 11.6 1B.1 24/28/7T1 11/18/77 78.6 Interstitial Pneumonitia
D=6 MED-HIGH 787 M 861 4,73 52.08 12.6 19.6 ©3/94/71 02/08/79 86.2 Lung Tumor, Intestina! Tumor
D~-5 MED~HIGH 840 F 783 4,82 64 .98 13.9 17.7 Pe/e8/71 B4/29/82 128.7 Lung Tumor
D-6 MED-HIGH 727 M 733 5.33 EP .84 12.6 148.8 18/26/78 11/18/78 72.68 Lung Tumor
D-6 MED-HIGH 898 F 711 .39 £9.25 12,0 18.90 11/18/71 ©2/83/81 11#.8 Uri Bladr & Lung A Adr Tumor
D-6 MED-HIGH 868 F g1e B.72 82.92 13.80 18.2 97/87/71 06/02/1% 83.8 Lung Tumor
0-6 WMED-HIGH 769 M 809 6.13 67 .42 12.9 18.3 12/21/790 eB/@2/76 63.4 Lung Tumor
D~5 MED=-HIGH B84 F g1 a.62 72.82 11.9 17.4 27/97/71 11/02/79 89.2 Lung Tumor
D-6 MED-HIGH 909 M 737 8.70 73.70 19,8 15.9 11/10/71 @6/24/81 114.8 Lung Tumor
D-6 WED-HIGH T4 ¥ 014 8.92 78.17 12.0 19.2 11/18/7@ ©4/81/71 4.7 Sacrificed
D-5 WED-HIGH 837 W 1283 B.o4 BB .48 14.5 18.8 @7/07/71 07/21/77 72.6 Lung Tumor
D-5 WED-HIGH 863 F 9849 a.48 93.33 18.6 17.4 B7/07/7) 18/21/17 76.6 Lung Tumor

» Indicetes age in months since birth, all cther ages are in months since exposurs,.
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DDSE-EFFECT STUDIES WITH INHALED PU-239 DXIDE IN BEAGLES

INITIAL ALVEDLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE
---------- - S DATE INHALATION
ooG NCI/G NCI/  WEIGHT AGE» OF mmeeeemmeeee
DOSE GROUP IDENT NCI LUNG Ka (KG) (MO) DATE DEATH  9/30/88 DEATH COMMENTS ON DEAD DOGS

D-6 MED-HIGH 820 F 847 8.E8 94 .11 9.0 18.2 98/00/71 D8/01/79 86.8 Lung Tumor

0-6 MED-HIGH 862 F 1187 9.30 193.22 11.6 21.3 1p/08/T1 ©@2/22/78 786.6 Lung Tumor

D=5 MED-HIGH 882 F e4a 9.66 105 .00 B.8 17.9 18/08/71 12/04/78 BE.® Lung Tumor

D-6 MED-HIGH 889 F 1889 9.9¢ 148,90 i¢.0 18.@8 11/18/71 @9;728/79 94.3 Lung Tumor, Dstecarthropathy
D-6 MED-HIGH 783 M 1394 10.14 111.62 12.6 19.0 982/18/71 12/23/76 §7.7 Lung Tumor

0-6 MED~-HIGH 804 M 1344 12,18 112.00 12.0 20.5 87/87/T1 99/18/74 37.4 Lung Tumor, Rad. Pneumonitis
D-E MEC-HIGH 873 M 1787 19.71 117 .89 16.9¢ 18.8 ©27/07/11 ©9/03/718 81.9 Lung Tumar

D-6 MED-HIGH 7680 W 1378 1@.89 119.83 11.6 19.3 @41/28/71 ©B/16/73 32.8 Rediation Preumonitia

D-6 WMED-HIGH 798 F 1318 11.41 126.52 12.6 16.7 B2/18/71 P8/17/76 E6.2 Lung Tumer, Ostecarthropathy
D-6 MEC-HIGH 781 MW 1460 12.07 132.73 11.0 19.3 #1/286/7T1 11/02/76 88.4 Lung Tumor

D-E MED-HIGH 709 MW 1728 12.EBB 138.08 12.6 198.8 11/13/79 83;731/71 4.8 Sacrificed

D-B MED-HIGH 772 M 1898 14,89 184 .B7 11.E 19.8 @2/18/71 88/28/76 52.6 Lung Tumcr, Ostecarthropathy
D-6 MED-HIGH 7092 F 1882 16.29 188.20 1.2 18.8 11718/7@ @3/31/T1 4.8 Sacrificed

D~-6 MED-HIGH 739 F 1511 17.17 188.88 B.2 18.5 11/19/78 ©@4/81/71 4.7 Sacrificed

D-8 HIGH 783 F 2448 23.43 267.68 8.5 18.5 12/21/7@ 18/02/78 89.4 Lung Tumeor

D-8 HIGH 817 M 1184 23.97 263 .87 12.8 19.2 27/@7/71 Q3/28/73 22.6 Radistion Pneumonitis

D-8 HIGH B29 M 3616 24 .68 270,38 13.2 19.1 AT/B7/71 ©9/13/73 28.3 Radistion Pneumonitim

D~8 HIGH 898 F 31y 21.32 144 .EA 9.8 18.9 11/10/71 28/13/74 31.1 Radistion Pneumonitis

b-8 HIGH 436 F 3940 33.26 366.71 18.6 76.6 11/05/78 11/12/70 8.2 Secrificed

D-8 HIGH 13 M 4532 35.84 392.00 12,6 17.4 O7/19/72 ©8B/18/7T2 1.8 Sacrificed

b-8 BIGH o998 F 8832 A3.48 6988.11 9.6 15.9 11/@9/71 11/22/72 12.6 Radiation Pneumonitias

D-8 HIGH 898 F 6616 88.86 736.33 7.6 18.¢ 11/18/71 P2/12/73 16.1 Radistion Pneumonitis

D-8 HIGH 74T F T4T8 97.99 1088.08 7.8 19.8 21/28/71 @1/13/72 11.8 Rediation Pneumonitia

D-8 HIGH 012 M 14287 123.76 1141.38 12.6 16.9 11/198/71 18/12/72 11.1 Radiation Pneumonitis

¢ Indicates mge in monthe since birth, all cther agea are in months since sxposure.
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DDSE GROUP

o s - ——

CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL

CONTROL SACRIFICE
CONTROL SACRIFICE
CONTROL SACRIFICE
CONTROL SACRIFICE
CONTROL SACRIFICE
CONTROL SACRIFICE
CONTROL SACRIFICE
CONTROL SACRIFICE

LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST

OOUUUUU?UUUUUUD
P e g e e B e o e ek

DOSE-EFFECT STUDIES WITH INHALED PU-238 OXIDE IN BEAGLES

INITIAL ALVEOLAR DEPOSITION INMWALATION EXPOSURE MONTHS SINCE
————————————————————————————————— DATE INHALATION
poc NCI/G NCI/ WEIGHT AGEs 1]
IDENT NCI LUNG KG (KG) (MD) DATE DEATH 9/36/86 DEATH
939 M . 0.00 9.00 18/81/82 138.0s
949 F 2 2.00 0.00 10/30/84 181.7%
978 W P 2.20 9.0 B4/07/88 202,84
990 F @ 2.00 2,00 27/00/79 97,4
998 F 2 2.00 9.00 07/06/64 167.2»
1286 M 2 0.0¢ 2,00 02/24/87 188,68+
1607 F 2 2.00 0.0 23/20/88 201,89
1824 W 2 2.08 2.80 B7/13/87 192.9+
1238 M 8 2.00 2.00 12/16/88 183.8»
1245 M e 2.00 2.00 08/98/98 177.69
1264 F 2 2.29 2.0 205, 1«
1061 F 2 @.00 2.00 27/07/81 118,2a
1993 M @ 2.09 2.9% 11,/04/93 142 .49
1297 F 2 2,00 2.0 29/16/86 208.1
1112 M 2 a.00 0.00 12/02/88 178.40
1118 F 2 2.28 2.00 200, 1
1188 F 2 2.00 2.00 @7/28/85 165,3n
1197 M 2 2.2¢ 2.0 193 .0
1209 M 0 2.00 2.0 192, 7«

1226 F 2 2.00 2.00 18/18/87 180.2e
vea M 2 2.00 ?.00 B4/38/17 71.89
1811 F 2 2,00 2.00 P87/01/78 93,94
1213 F ] 9.00 0.08 06/29/78 55,8
1287 M 2 2.00 2.a0 12/14778 6@.0s
1118 M ] 2.00 2.008 P1/13/78 AT .Bw
1223 M 2 2,08 0.00 P6/15/76 31.9«
1227 W & 2.00 2.08 12/@1/78 49,0
1228 M 2 2.00 2.00 16/31/78 72.84
598 M 2 2.00 a.00 186.6 16.8 @1/18/73 ©4/11/88 158.7
1803 M 2 2,00 2.00 14.8 19.8 01/18/73 ©4/01/87 178, 4
1823 F & 2.09 2.00 12.5 19.2 B1718/73 93/27/88 182.2
1039 M e 9.00 2.00 11.8 17.8 21/18/73 @7/04/86 181.6
1044 F 2 2.00 9.00 11.6 17.¢ @1/18/73 ©8/31/886 1687.4
1066 M e 2.00 2.00 13.¢ 18.8 @1/18/73 @6/84/87 172.5
1263 M e 0.00 2.00 14.5 18.7 01718773 11/11/80 93.8
1106 F @ 2.2¢ 2.00 18.2 16.4 06/31/73 ©2/08/66 142.3
1194 F 2 2.00 2.00 18.5 19.8 B4/1B/74 12/03/66 139.5
1216 M 2 G.00 2,00 16.5 19.3 @4/1B/74 ©04/28/77 38.3
1238 M 2 2.00 2.00 12.5 18.4 @4/1B/74 ©9/36/88 149 .4
861 M 2 2.01 2.14 14.8 19,3 12/19/72 ©92/14/B3 121.9
1208 M 2 @.91 2.16 13.6 18.8 @1/18/73 18/24 /85 163.2
1193 F 2 8.081 2.18 12.5 19.8 04/18/74 D1/22/96 141.2
059 M 3 2.02 2,22 13.5 19.2 12/19/72 ©8/22/94 138.1

* Indicetes mge in months aince birth, al! other ages sre in months since exposure.

Urinery Bladder Tumor
Mulignant Lymphoma
Proceasing

Pyometra

Wa!ignant Lymphomn
Processing

Processing

Processing

Hemangiosarcema, Spleen
Rena| Amyloid,Sp! Hemangioms

Malignant Lymphoma
Pituitery Tumor, Cushing’s
Processing

Malignant Lymphoma

Urinsry Bladder Tumor

Pituitery Adenoma

Sacrificed
Sucrificed
Smcrificed
Sacrificed
Sacriticed
Sacrificed
Sacrificed
Sucrificed

Lung Tumor

Proecessing

Processin

Heart Fli?uro
Processing

Proceasing

Brain Tumor, Heart Tumor
Malignant Lymphoms
Malignant Lymphoms
Sacrificed
Hemangiossrcoms, Liver
Anessthetic Death
Fibrosarcoma, Splesn
Immune Hemolytic Aneminm
Livaer Abcess
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DOSE GROUP

LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST

LOW
LOw
LOW
LOw
LOw
LOwW
LOw
LOW
LOw
LOW
LDW
LOw
LOW
LOW
LOw
LOw
Low
LOW
LOw
LOW
LowW
LOwW
LOW
LOw

I e ek e ek 3 b 3
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MED-L OW
MED-LOW
MED-LOW
MED-LOW
MED~LOW
WED-LOW
MED-LOW
MED-LOW
MED-LOW
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DOSE-EFFECT STUDIES WITH INHALED PU-238 DXIDE INM

INITIAL ALYEOLAR DEPOSITION INHALATION EXPOSURE

DOG NC1/G
IDENT NCI LUNG
1889 F 2 9.92
1896 F 2 8.82
821 F 3 2.93
823 F a 8.93
989 F a 2.83
926 W B 9.04
1204 W 8 2.04
978 F e 2.06
993 F 8 8.06
1108 F 5 2.66
1085 F 8 8.95
1292 M 1 2.06
1188 M 11 2.06
1984 M 13 2.87
1999 F 10 9.98
1222 W 16 2.1a
971 F 13 2,11
899 F 11 8.11
1229 M 18 8.11
1878 M 22 2.12
1214 M 17 2.12
958 M 17 2.14
1033 N 17 9.14
1838 F 18 B.14
1218 W 23 2.18
1068 F 22 a.18
881 M T 8.21
1046 M 27 8.22
1950 F 22 8.22
1878 F 29 #.22
12087 F 22 0.24
1198 F 28 .26
1189 M g 6.28
838 M ag 8.27
1886 M 54 ?.31
972 F 42 8.33
1089 F a B.34
1318 M B4 2.34
1312 M 59 2,34
1311 N 64 .38
1219 F 48 0.49
1317 M 72 6.41
1168 M 73 9.43

1.18
1.19
1.33
1.38
1.66
1.656
1.62
1.77
2.0
2,31
2.4B
2,44
2.42
2.69
2.80
2.91
2.92

3.38
3.64
3.73
3.72
3.74
4.0
4.38
4 .62
4.71

P

- e

AGEa
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» Indicates mge in months aince birth, a!l othar sges sre in

18.1 85/31/73
16.8 06/31/7T3
19.5 11/30/72
19.5 11/38/72
18.8 12/19/72
19.6 11/38/72
17.7 82/28/74
19.2 12/19/72
10.6 12/19/72
16.4 85/31/73

18.3 96/31/73
18.9 B6/31/73
19.4 22/26/74
17.5 86/31/73
17.3 25/31/73
16.0 84/18/74
19.2 12/19/72
18.7 12/187/72
16.8 82/26/74
18.1 ©6/31/73
19.3 94/18/74
19.2 12/18/72
19.1 §2/22/73
18.2 ©2/22/73
19.3 84/18/74
i7.6 @2/22/173
19.8 12/198/72
18.1 82722773
18.1 82/22/73
18.8 P5/31/73
17.6 ©2/28/74
17.9 02/28/74
20.¢ 24/18/74
19,2 11/38/72

18.3 86/31/73
19.2 12/19/72
17.3 05/31/73
18.6 B3/04/76
18.6 @3/84/76
18.5 P3/P4/15
18.0 04/18/74
18.1 @3/84/75
17.7 11/086/73

BEAGLES
MONTHS SINCE

DA;E INHALATION
OF «corccmmaa——a
DEATH 9/38/88 DEATH
08/24/93 120.8
®8/12/8T 170. 4
12/21/72 2.9
81/26/713 1.9
@3/86/81 98.6
32/27/73 2.9
175.1
01/04/17 48.5
27/01/08 162.4
93/14/83 117.4
24/10/88 164 .3
12/84/79 78.1
21/15/B4 118.8
184.8
26/109/87 187.3
P3sf1p/88 143.8
@6/84 /93 124.6
21/31/88 167 .4
25/26/84 122.9
12/13/83 1268, 4
B85/12/786 12.8
21/27/87 149.3
12/17/86 163.8
PE/B6/87 170.4
p4/22/87 156.1
12/21/04 i41.9
189.4
12/16/87 177.7
96/14/886 168.7
i11/89/83 126.3
P8/11/88 173.6
175.1
B4/26/19 80.2
12/20/72 2.9
o8/21/83 12¢.7
93/04/88 158.5
@e/21/88 182.7
P4/01/77 24.9
B3/26/79 438.7
P4/p3/78 7.8
12/96/86 161.8
R4/01/77 24.9
#8/18/88 175.3

months since expowurs.

COMWENTS ON DEAD DOGS

—_—

Ma{ignant Lymphoma
Procersing

Sacrijficed

Secrificed

Bone Tumor, Fibrosarcoms
Sacrificed

Secrificed
Malignent Lymphoma
Adrenal Tme,Dstecarthropathy

Hlli?nlnt Lymphoma, Lung Tmr
FPerelysis, Spinal Cord Degen.
Metastatic Lng Tmr, Prim. Unk

Heart Failure

Malign (madiast) Mescthelioms
Hemangiomarcomn, Splaen
Nasa| Sarcoms, Lung Tumor
Pneumonia, Thyreid Tumor
Round C.li Sarcoms: Kidney
Sacrificed

Proceasing

Lung Tumor

Proceasing

Mulignant Lymphoma
Prneumonia

Froecessing
Lung Tumor
Meningioma, Walignent
Processing

Sacrificed
Sacrificed

Malignent Lymphoma
Allergic Bronchitis
Processing
Secrificed
Sscrificed
Sacrificed

Chronic Nephropathy
Sacrificed
Processing
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MED-LOW
MED-LOW
MED-LOW
MED-LOW
MED-LOW
WED-LOW
WED-LOW
WED-LOW
MED-LOW
MED-LOW
MED-LOW
MED-LDW
MED-LOW
MED-L OW
MED~-LOW
MED-L.OW
WED-LOW
MED-LOW
MED-LOW
MED-LOW
MED-LOW
MED-LOW

MEDIUM
MEDIUM
MED TUM
MEDIUM
MEDIUM
MEDIUM
MEDTUM
MEDTUM
MED TUM
MEDTIUM
MEDIUM
WEDTUM
MEDTIUM
MED JUM
MEDIUM
WEDTUM
MEDTUM
WEDTUM
MEDIUM
MEDIUM
MEDIUM
WEDTIUMW
WEDTUM
MEDTIUM
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* Indicates age in months since birth, wll other sges are in

231
1991
1114
1982

834
1e81
1230
1i98

g62
11686
1220

992

983

ETMTAETENTEIZIZINTTAMAINETIETNE MATMEIEIEMTETNELT I NETINMELSL

NCI

76
89
87
41
84
ae
o8
71
75
99
78
84
Ti
99
g4
70
97
118
118
28
78
111

128
124
228
182
148
203
194
262
214
280
271
289
243
439
436
454
b4l
42
6Bag
386
873
618
11
817

DOSE-EFFECT STUDIES WITH INHALED PU-238 DXIDE IN BEAGLES
INITIAL ALYEOLAR DEPOSITION

e e

NCI/G
LUNG

2.43
2.44
2.46
9.6@
2.63
&.54
9.64
2.64
2.66
#.56
2.68
2.81
@.86
2.687
#.69
9.71
28.71
2.73
2.78
#.89
&.92
1.12

.87
1.13
1.38
1.42
1.42
1.89
1.78
1.78
1.78
1.89
2.24
2.39
2.89
2.70
2.92
3.98
.97
3.25
3.5@
3.689
4 o8
4.28
4.39
4.87

5.91
.94
6.92
8.4a0
6.0
8.33
8.72
7.1
7.33
7.64
7.78
T.78
6.00
g8.69
9.80
12.13
12.33

9.68
12.40
16.29
16.43
15.568
17.86
19.48
19.41
19.64
20 .80
24 .84
28,27
28.69
29.868
32.22
33.82
33.81
36.79
3g.68
42 .68
44 .87
47 .29
48,28
51.42

INHALATION EXPOSURE

WEIGHT AGE«

(KG)

e N L
WOEDaEMB WO w0~
e e a e e

aEmmoamnsam [~ 74]

[y
[y
m&

11.9@
11.9

8.5
14.6
13.6
13.6
18.9

9.5
14.9

9.8
15.8
11.9
il.6
12.9

(M0)

18.1
19.@
18.2
17.8
18.1
18 .4
18.7
17.9
19.8
19.2
18.1
19.1
17.8

18.8
19.9
16.1
16.3
17.9
19.8
18.8
18.8
19.1
18.56
18.2
18.1
17.3
18.4
17.8
19.1
18.9
19.1
17.9
19.2
17.3
19.0
1g.8
15.@

DATE

11/88/73
93/04/75
83/04/75
11738772
B3/84/76
12/197/72
@6/31/73
82/28/74
11/30/72
@3/047/76
12/18/72
92/22/73
92722773
03/04/76
@6/31/73
12/18/72
82/22/73
91/18773
01/18773
82/22/73
82/22/73
82726774

11/08/73
B4/18/74
02/28/74
11738772
82/22/73
81/18/73
12/19/72
11/06/73
11/36/72
85/31/73
12/19/72
11/38/72
#5/31/73
P5/31/73
82/22/73
11/38/72
85731/73
82/22/73
82/26/74
12/19/72
11/06/73
84718/74
12/19/72
12/18/72

#7/21/96
04/22/87
63/08/78
31726713

11/07/88
#9/22/63
05 /09/86
927268773
23731777
?1729/88
93/04/81
¥8/08/83
03/09/78
21,14/87
12/@82/87
p8/17/86
04/30/787
11/13/86
99/21/61
25 /04/04
28/24/88

12/12/86
99/38/80
27/20/07
12/@8/72
#2/62/86
05/08/86
98/20/03
#3/12/85
@1/25/73
84/88/63
18/00/84
12728712
11/18/68
24/23/85
$6/30/04
#3/81/73
01718788
#4/14/63
09/14/88
28/03/83
#6/23/84
12 /09788
B7/26/84
12/29/83

monthe since sxposure.

MONTHS SINCE

INHALATION

182.9

152.4
146.6
12.2
1.8

94.8
123.7
134.4

3.2

24.9
167.3

98.3
126.5

12,2
183.6
179.4
1689.8
171.3
163.8
182.9
134.3
171.9

145.2
173.4
181.@

2.3
143.3
169.86
128.0
138.1

118.2
141.8

2.9
181.3
142.8
136.2

3.0
79.86
121.7
168.8
126. 4
127.6
161.7
139.2
132.13

COMMENTS ON DEAD DOGS

—— e e e e e e e

Acyte Pneumonia
Hemangiosmrcoms, Liver
Sacrificed

Sacrificed

Walignant Lymphoms

Delsyed Radistion Pneumenitis
Lung Tumor

Sacrificed

Sacrificed

Fneumonia, Thyroid Carcinoma
Parathyroid Adenoma

Malignant Lymphoma

Sacrificed

Pesterior Parmlynin
Procassing

Pneumonia, Thyroid Cercincma
Proceasing

Hepatic Displanis

Empyema, Pituit.T., Cushing’s
Prneumon s

Procesaing

Hemangioma, Spleen

Procesasing

Chron Nephr,Bile Duct Adenoma
Sacrificed

Cushing’s Dissase

Lung Tumor

Urinary Biadder & Overian Tmr
Bone Tumor

Sacrificed

Bone Tumor, Lung Tumor

Bona Tumor

Sacrificed

Thyroid Carcinoma

Bone Tumor,Bile Duct Carcinom
Bone Tumer, Lung Tumer
Secrificed

Hemangiosarcoms, Heart
Prneumonia, Rad. Pneumonities
Acute Pneumonia, Lung Tumor
Bone Tumor

Malignant Lymphoma

Walignant Lymphoma, Addiszon’s
Bone Tumor

Adrenal & Pituitary Tumer
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00SE GROUP

WED-HIGH
WED-HIGH
MED-HIGH
MED-HIGH
MED-HIGH
MED-~HIGH
MED-HIGH
MED~HIGH
MED-HIGH
MED-HIGH
MED~HIGH
MED-HIGH
MED -HIGH
MED~HIGH
MED-HIGH
MED~HIGH
MED -HI GH
MED ~-HIGH
MED-HIGH
MED-HIGH

HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH

L I I T T I O I I I I I |

1

) I I e T e e R e |
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MENMMAELTMENMTMEELEEITNET

TMTAEEXEMTMMMELE

INITIAL ALVEOLAR DEFOSITION

DOSE-EFFECT STUDIES WITH INHALED PU-238 OXIDE IN BEAGLES
INHALATION EXPOSURE

NCI

5g1

709

571

764
1214
128¢
1923
1126

209
111¢
1344
1784
1478
1710
1848
2148
19856
1718
2820
1807

2987
3118
3639
2959
3463
381@
3088
4864
7891
8470
0463
8969
aza1

"NCI/G
LUNG

4.48
4,71
5.46
.63
B8.E68
8.79
7.76
B.62
8,81
8.86
19.18
11.98
12.29
12.96
13.44
13.96
14.09
16.82
15.98
18 .51

i8.88
2@.98
28 .49
28.32
31.3¢9
31.49
36.07
44.13
£3.78
67.1@
83.68
70.29
76.16

NCI/
KG

49,26
61.86
62,11
71.81
72.43
T4 .86
B6.26
93.76
94.74
97.30
112.0@
121.68
134.18
142,50
147 .84
163.43
183.91
171 .89
174 .87
181.82

207 .84
239.891
2909.40@
al11.47
346.30
348,38
396 .80
486 .40
691.82
828.87
700.22
773.22
B28.80@

WEIGHT
(KG)

» Indicates sage in months since birth, all other ages are in

AGEs
(M0)  DATE
19.8 04/18/74

17.7 11/86/73
18.2 ©2/22/73
18.1 ©2/268/14
18.2 11/86/73
18.1 9§/31/73
17.3 11706/73
18.8 11/28/73
18.1 82/22/73
18.4 P5/31/73
17.3 11/06/73
17.6 ©2728/74
16.8 @6/31/73
17.3 92726774
17.3 @5/31/73
19.2 @1/18/73
18.1 @5/31/73
20.2 81718773
18.98 @5/31/73
17.8 22/22/73

19.8 91/18/73
17.9 92/22/73
19.8 @1/18/73
18.1 02/22/73
19.8 #1/18/73
19.8 21/18/73
28,2 @1/18/73
18.2 @2/22/73
18.2 11/06/73
19.2 91718773
16.7 @1/18/73
17.3 11/08/73
16.8 11/06/73

DATE

83/21/77
83/02/84
B3/04/94
23/29/83
12/14/81
&1 /29/981
a2/99/02
P1/08/93
18/85/82
ag /06 /82
89/22/81
@6/17 /982
oE/98/78
Q4/24/81
16/23/78
1z2/@1/78
B7/11/78
#6/24/78
e2/12/78
11/91/79

#1/21/88
23/07/79
@4/01778
11/10/78
B7/04/76
21/18/79
87/25/18
11721778
12/96/77
@3/17/77
B4/14777
12719/78
82/24/78

months since exposure.

MONTHS SIMCE
INHALATIDN

9/38/99 DEATH

COMMENTS DN DEAD DOGS

as.1
123.8
132.3
199.0@
7.2
91.3
99.1
110.2
116.4
88.2
84.56
98.8
59.2
86.9
84.8
70.4
81.3
84.1
8.4
80.3

84.1
72.4
62.4
89.8
41.5
72.@
68.2
ag.9
49.0
49.9
6@0.8
al.4
61.8

Interstitial Pneumonitis

Bone Tumor

Bone Tumor, Cushing’s Disesns

Bone Tumer
Bone Tumor
Bons Tumor, Lung Tumor
Bone Tumor
Bone Tumor, Lung Tumor

Yortebral Disk Hernimtion
Bone B Lung Tumor, Addison’sa

Bone Tumor, Lung Tumor
Bone Tumor

Addimen’s Divense

Bone Tumor

Bone Tumer

Bona Tumeor, Lung Tumor
Bone Tumor

Bone Tumer

Addison’s Disaase, G.I. Tumor
Bone Tumor, Adrenal Tumor

Bone Tumor, Lung Tumor
Bone Tumor

Lung Tumor, Dstecsrthropathy

Bone Tumor, Lung Tumeor
Addison's Diseunse

Bone Tumor, Lung Tumor
Bone Tumor, Lung Tumor
Bons Tumeor

Bone Tumor, Lung Tumor
Lung Tumer

Bons Tumor, Lung Tumor

Bone Tumor, Addison’s Diseane

Lung Tumor
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CONTROL
CONTROL
CONTROL
CONTROL
CDNTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL

YEHICLE
YEHICLE
YEHICLE
YEHICLE
YEHICLE
YEHICLE
YEHICLE
YEHICLE
YEHICLE
YEHICLE
YEHICLE
VEHICLE
YEHICLE
YEHICLE
YEHICLE
YEHICLE
YEHICLE
YEHICLE
YEHICLE
YEHICLE

4 Indicates age in months since birth, ail othar ages are in
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INHALED PLUTONIUM NITRATE IN DOGS
INITIAL ALYEQLAR DEPOSITION INHALATION EXPOSURE

NCI/G
LUNG

neS aaa&&aaauhbggaaanaeagbnna

uaaaaaaaa&nmuagnaa GERAGDIRERRE S

COLOESENEEEE®

)

SHECLOQERNATEHSUTNE ALV CASAR[RSVADDVABRSTNAR

oS
& &
L. -

MONTHS SINCE
INHALATION

---------- DATE
NCI/ WEIGHT AGEs (] ————
KG (XG) (MO)  DATE DEATH

p.09 24,/07/87

2.00 87/16/68

o.08 P6/11/88

0.9 29/11781

8.00 28/19/87

8.00 28/13/84

2.08 1708.8e
2.08 178.5%
2.00 28,02 /82

0.90 11/@04/81

0.00 98/20/87

2.00 168.9
2.80 16/38/88

8.00 167. 94
2.00 11/14/87

8.00 187.8e
2.08 84 /00 /87

2.08 28/12/86

9.00 166.Be
2.080 168.74
2.00 166, 7«
0.00 166.6x
2.00 168 .84
2.00 166,44
2.0 11/10/86

2.09 #9/08/87

2.00 8.6 21.0 82/13/76 161.8
8.00 8.5 19.8 £2/13/78 161.8
8.0 13.0 22.08 @4/22/78 149.3
8.00 13,5 21.8 @4/22/76 ©1/21/88

0.00 9.0 19.@ 82/13/78 161.8
8.00 13.0 23.3 26/23/78 ©2/26/88

0.80 12.8 20.8 D4/22/76 149.3
0.00 8.8 21.8 @8/23/76 147.3
8.09 19.86 20.9 #6/23/76 147.3
8.00 14.8 20.9 @8/23/78 ©8/88/82

8.20 12.8 21.5 87/27/76 @3/27/88

8.28 9.8 28.9 87/27/78 148.1
0.00 12.0 28.8 87/27/78 148.1
8.29 14.8 18,3 @3/16/77 138.6
2.8 18.6 1B.2 @3/15/77 138.5
8.00 11.8 18.2 @3/15/77 138.8
2.08 8.5 18.8 £3/1%5/77 138.6
0.00 1.8 21.1 12/81/77 @1/e8/87

0.00 10.6 19.8 12/81/77 132.0
2.0 11.8  19.2 12/01/77 132.8

months since sxposure.

164 .9
179.1»
70 .8e
B8 ,7n
166.9»
121.3»

88 .6+
BT . 4»
168 .6»
146,1w
167.1»

149,24«
141.3»

128.9%
138.6«

141.9
142.1

73.4
142 .0

109.2

Processing
Processing
Pneumonia
Sacrificed
Procemsing
Sacrificed, Haart Base Tumor

Status Epilepticus
Sacrificed
Processing
Sacrificed
Proceassing

Carabral hemorrhage
Yertebral Disc

Thyroid Tumer
Processing

Procemsing

Processing

Malignant Lymphoma
Processing

Yartebral Disc



INHALED PLUTONIUM NITRATE IN DOGS

0ol

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE
——————————————————————————————————————————————— DATE INHALATION
DoG NCI/G NCI/ WEIGHT AGEe OF  meme—— o
DOSE GROUP IOENT NCI LUNG KG (KG) (M0} DATE DEATH 2/30/88 DEATH COMMENTS ON DEAD DOGS
D-1 LOWEST 1418 W o 2.00 9.00 12.8 22.1 P6/20/786 149.4
D-1 LDWEST 1458 F ? 2.00 0.9¢ 10.5 21.6 25/20/718 148.4
D-1 LOWEST 1489 F e 9.00 8.090 8.0 20.6 05/20/76 06/04/94 98.5 Esophages| Tumor
D-1 LOWEST 1601 M 2 9.00 9.00 14.8 20.4 96/20/76 ©1/03/84 91.5 Thyroid Tumor
D-1 LOWEST 1616 N ) 0.00 ?.00 13.6 19.8 86/20/78 148.4
D-1 LOWEST 1673 M ] 8.00 .00 11.6 19.4 94/19/77 137.4
D-1 LOWEST 1681 M ] 2.20 2.00 18.5 19.3 24/19/77 @7/317e8 111.4 Hemangiosarcoms
D-1 LOWEST 1688 M 2 2.09 0.0 14.9 19.2 @4/19/17 137.4
D-1 LOWEST 1883 F 1 8.01 8.11 11.0 19.2 04/18/77 137.4
D-1 LOWEST 1603 M 2 8.91 B.12 14.0 19.2 84/18/77 137.4
D-1 LOWEST 1339 F 2 8.02 2,22 9.0 17.5 10/18/76 11/13776 3.9 Secrificed
D-1 LOWEST 1619 N 2 8.02 2.18 12.5 19.6 065/28/76 148.4
0-1 LOWEST 1678 F 2 2.82 9.18 18.8 19.4 04/19/77 06/19/67 122.6 Stomach tumor
D-1 LOWEST 1485 F 4 8.03 .35 12.8 21.9 85/28/76 148 .4
D-1 LDWEST 1478 F a $.23 2.29 19.5 21.8 95/28/78 ©4/09/94 94.7 Meningioms
D-1 LOWEST 1607 M 4 8.03 8.32 14.8 19.8 25/28/16 ©8/07/88 144 .8 Procesaing
D-1 LOWEST 1692 F 4 2.03 8.29 13.5 18.2 B4/19/77 137.4
D-1 LOWEST 1607 N 5 0.03 9.36 13.0 19.0 84/18/77 ©87/268/88 135.2 Processing
D-1 LOWEST 1336 W 5 2.04 0,42 11.5 168.9 18/18/76 11/13/76 8.9 Sacrificed
D-1 LOWEST 1487 F 8 5.04 8.48 13.@ 20.5 ¢6/20/78 148.4
D-1 LOWEST 1683 F 4 2.04 8.40 9.6 19.2 24/16/77 137.4
D-1 LOWEST 1361 M 7 2.98 2.81 11.8 17.2 18/18/76 11/13/76 9.9 Sacrificed
D-1 LOWEST 1565 F 8 8.98 5.67 11.6 19.4 04/19/77 28/23/8% 191,3 Hemangiocearcoms
D-2 LOW 1613 W L 0.99 0.9¢ 11.6 19.8 26/2a/78 148.4
D-2 LOw 1520 M 1 2.01 9.12 19.6 19.5 ©65/28/76 148.4
D-2 LOW 1415 MW 2 2.2 8.2¢ 11.5 22.2 @5/28/76 1484
D-2 LOW 1676 W 3 0.082 8.19 14.0 19.4 94/19/77 12/28/87 128.2 Prostate Tumor
D-2 LOW 1466 F 5 2.03 e.37 14.8 21.8 @5/208/76 148.4
D-2 LOW 1808 F 6 ?.04 8.42 12.6 19.9 84/18/77 137.4
D-2 LOW 1679 M 8 2.25 9.69 14.8 19.3 24719777 137.4
D-2 LOW 1690 F 8 2.25 2.51 12.8 19.2 24/19/77 ©3/18/97 118.9 Memmary Tumor
D-2 LOW 1686 F 8 8.28 3.58 12.0 19.2 @4/19/77 137.4
D-2 LOW 1686 F 8 8.97 9.82 11.8 19.3 @4/19/77 137.4
D-2 LOW 1591 M 11 2.07 0.76 16.9 19.2 04/18/77 137.4
D-2 LOW 1417 M 11 0.28 2.89 12.8 22.1 25/28/78 149.4
D-2 LOW 1423 M 18 8.0 9.67 11.8 22.1 25/28/76 148.4
0-2 LOW 1687 M 10 8.28 #.03 12.8 19.4 24/19/77 137.4
D-2 LOW 1472 F 19 8.09 1.81 16.8 21.0 @5/28/18 148.4
D-2 LOW 1503 F 9 2.89 1.23 8.6 19.8 ©6/20/78 12/13/e4 162.8 Thyrold Tumer
0-2 LOW 1802 N 16 2.29 1.03 14.5 19.2 04/19/77 08/18/68 111.7 Epilepay
D-2 LOW 1484 F 11 9.12 1.98 12.0 20.6 965/20/78 148 .4
D-2 LOW 1699 F 10 9.10 1.14 9.0 19.2 84/10/77 B3/12/68 106.7 Adrenal Tumor
D-2 LOW 1490 F 18 2.16 1.86 9.5 20.6 85/20/76 148 .4

» Indicsteas sge in monthe aince birth, al! other ages are in months since exposure.
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INHALED PLUTONIUM WITRATE IN DOGS

INITIAL ALYEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE
——————————— - ————— e ———————— - DATE INHALATION
DOG NCI/G NCI/ WEIGHT AGEws OF  ==ecee—e———w-
DDSE GROUP IDENT NCT LUNG KG (KG) (MO) DATE DEATH 9/38/88 DEATH COMMENTS ON DEAD DOGS

-3 MED-LOW 1338 M 21 g.14 1.62 15.6 18,9 18/18/76 11/13/76 2.9 Secrificed
D-3 MED-LOW 1341 F 10 2.18 1.78 1.5 17.2 18/18/76 11/13/76 2.9 Smcrificed
D=3 MWED-LOW 1806 F 25 2.20 2.19 11.5 17.8 P3/16/77 P3/24/82 80.3 Sacrificed
D-3 MED-LOW 13686 W 24 9.21 2.38 14.5 22.0 9AJ2B/78 #1/84/88 118.5 Hemsngiosarcoms
D-3 MED-LOW 1380 W 27 9,23 2.64 10.6 21.9 24/20/78 ©OG/P4/76 @.6 Sscrificed
D-3 MED-LOW 1413 F 29 D.24 2.88 11.2 18,2 @1/20/78 ©3/81/856 169.3 Malignent Lymphoms
D-3 MED-LOW 14486 F 34 9.24 2.8P 13.9 21.9 P4/20/78 P6/@5/78 2.6 Sacrificed
D~3 MED-LOW 1568 MW 48 9.29 3.17 14.5 18.3 P3/16/77 12/92/88 118.6 Pneumchina
D-3 MED-LOW 1696 M Ga Q.29 3,23 16.6 18.8 #3/16/77 138.6
D=3 MED-LOW 1390 M 43 T 3.29 13,8 21.9 P4/20/76 P5/04/76 B.6 Secrificed
D-3 MED-LOW 1391 M 64 Z.30 3.28 18.6 21.9 @4/2B/786 OT/22/86 111.8 Thyroid Tumor, Lung Tumor
D=3 MED-LDW 1587 M 53 2.31 3.49 16.6 18.1 P3/15/77 Pl/14/88 128,# Hemangiosarcoma, Lung Tumor
D-3 MED-LOW 1369 M Y-} @.32 3,67 4.9 20,2 81/28/78 B1/23/78 9.1 Sscrificed
D-3 MED-LOW 1548 MW G4 B.32 3.61 16.6 28.7 @7/22/74 11/26/88 124.1 Lung tumor
D-3 MWMED-LOW 1344 F 41 2.33 3.e0 11.6 17.2 18/18/76 11/14/76 1.2 Sacrificed
D-3 MED-LOW 1689 F 41 2.34 3.78 11.2¢ 18.9 @3/16/77 0@8/0B/82 82.8 Sacrificed, Lung Tumer
D-3 WMED-LOW 1688 W 5@ .36 3,98 12.5 18.1 B3/15/17 B3/22/78 12.2 Sacrificed
D=3 MED-LOW 1629 F 43 &.37 4.08 18.6 20.8 @7/22;/718 18/19/78 2.9 Sacrificed
D-3 MED-LOW 1674 W 48 2.38 4,21 11.8 18.2 @3/1B/77 138.6
D-3 MED-LDW 1378 F 1] 2.40 4 .36 11.5 19.1 @1/28/78 @1/23/78 2.1 Sacrificed
D=3 MED-LOW 1684 F 40 ?.49 4. 44 9.0 18.3 #3/16/77 @3/20/78 12.2 Swecrificed
D-3 MED-LOW 1444 F 49 2.41 4.58 11.8 21.0 94/20/78 149.4
D-3 MEO-LOW 1439 F B2 0.42 4.81 11.6 21.8 P4/20/76 ©3/38/88 143.3 Processing
D=3 MED-LOW 1623 F 66 .42 4.80 12.@ 21.3 B7/22/78 148.3
D-3 NMED-LOW 1539 M 8k 2.456 4.99 13.0 20,7 01/22/76 1&/20/76 3.2 Sacrificed
D-3 WED-LOW 1380 M 83 .46 E.@86 12,56 19.1 #1/28/78 B6/24/87 138.1 Procesaing
D=3 MED-LOW 1487 F 1) 2.51 .58 9.6 18.6 91/20/76 @1/23/78 2.1 Sacrificed
D~-3 MED-LOW 1689 F Ge @.63 5.82 19.4 18.2 93/16/77 B9/27/87 126.4 Lung tumor
D-3 MED-LOW 1576 MW 70 9.63 6.86 12.9 18,2 @3/16/77 ®@3/17/82 68.1 Sacrificed
D-3 MED-LOW 1682 F 67 B.54 6.98 ¢.5 18.1 P3/16/717 PB/12/88 138.9 Procesaing
D-3 MED-LOW 1E71 F a8 9,67 8.22 11.8 18.2 B3/16/77 B3/21/78 12.2 Sascrificed
D-3 MED-LOW 1427 F 68 2.82 6.81 18.8 21.1 d4/20/78 149 .4
D-3 MED-LOW 1622 F 78 9.71 7.78 1#.@ 21.3 PT/22/78 1@/18/78 2.9 Sacrificed
D-3 MED-LOW 1383 M -1 0.74 8.99 1.6 20.2 P1/20/76 ©6/12/87 136.7 Proceasing
D-3 MED-LOW 18904 W 8E B.74 8.10 12.5 18.9 @3/16/77 138.5
-3 WED-LOW 1B38 F 72 &.78 8,41 8.6 20.8 @7/22;/786 @9/11/86 121,98 Bone Tumor, Lung Tumor
D-3 MED-LOW 1468 F a1 9.79 8.a8e 7.8 20.5 P4/25/78 PAJ21/87 132.2 Pneumonia
D-3 MED-LOW 1698 F 93 1.06 11.66 8.2 18.8 B3/16/717 B3/18/82 69.8 Sacrificed
D-3 MED-LOW 1422 F 29 1.12 12.36 8.8 18.1 Pl1/283/76 162.3

s Indicetes age in months mince birth, all other ages are in monthe since expoaure.
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MWED IUM
MED IUM
WEDIUM
MEDIUM
MEDIUM
MED IUM
MED TUM
WEDIUM
MED IUM
MEDTUM
MED IUw
MED IUM
WED TUM
MEDTIUM
MED IUM
MEDIUM
MEDIUM
MED IUM
MEDIUM
MED IUM

WED-HIGH
WED-HICH
MED-HIGH
MED-HIGH
WED=-HIGH
MED-HIGH
MED-HIGH
MED-HIGH
MED-HIGH
WMED-HIGH
MED-HIGH
MED-HIGH
WMED-HIGH
MED-HIGH
MED-HIGH
WED-HIGH
MED-HIGH
MED-HIGH
MED-HIGH
MED=-HIGH
MED-HIGH
WMED-HIGH
MED-HIGH

INHALED PLUTONIUM NITRATE IN DOGS
INITIAL ALYEODLAR DEPDSITION INHALATION EXPOSURE

DOG NCI/G NCI/
IDENT NCI LUNG KG
1837 M 192 1.486 16.99
1404 M 280 1.48 18.26
1621 F 206 1.49 18.a37
1868 M 211 1.54 18,892
137¢ M 278 1.74 19.1¢
13682 M 267 1.7 20.54
1gag F 248 2.96 22.67
1847 M 294 2.96 22.68
1849 M a7 2.88 22.71
16456 F 267 2.13 23.39
1634 M 296 2.14 23.67
1414 F 233 2.35 25.88
1818 F 277 2.40 28.38
1386 M 373 2,42 24 .83
1408 F 321 2.82 28.77
1428 F 378 a.12 34 .38
1636 F 346 3.13 34.48
1448 F 364 3,22 36.49
1384 M 483 3.24 35.0856
1387 F a4k 4.48 49.30
1329 F 383 3.30 as .27
1346 M ag8 4.42 48.58
1048 M 811 6.98 84 .60
1347 F 688 6.96 TQ.AT
1869 F 999 7.32 8e.51
1638 M 1212 B.4Y 23.26
1821 MW 1334 8.88 85.28
1848 F 1881 8.77 08 .45
1429 M 1374 9.82 106.86
1841 M 1276 .88 198,24
1880 M 1618 18.22 112,41
1508 M 1718 18.78 118.37
1856 M 1094 11.86 121.66
1862 F 1320 12.00 131,96
1819 F 1490 12.232 135.60
1612 M 2411 14.61 1809.71
1419 M 1669 14,82 164,11
1408 F 2018 16.88 1B3.4E
1602 F aeo8 28.26 222.89
1485 F 2339 21.14 233.00
1471 F 2508 21.71 2385.82
1492 F 2473 24 .98 274 .82
1489 F 2845 26.72 283.88

MONTHS SINCE

-------------------- DATE INHALATION
WEIGHT AGEes OF  ——mmmmmmeia
(KG} (MO) DATE DEATH §/32/08 DEATH
12.86 18.9 11787/17 130.8
16,0 21.5 04/20/76 ©2/83/84 93.5
12.6 21.3 87/22/78 @8/07/85 108.5
12.6 18.4 11/07/77 130.8
14.6 19.1 91728/76 ©1/26/99 144.9
13.8 20.2 21720776 162.3
11.9 18.6 11/87/77 130.8
13.8 18.5 11787/77 120.8
13.6 18.5 117287/77 ©3/20/94 76.4
11.8 18.5 11/87/77 ©8/87/88 106.8
12.6 20.8 87/22/76 ©5/28/BE 108.1
9.8 18.2 91/20/76 PB/14/88 128.8
19.6 20.3 11/087/77 130.8
14.8 15.0 ©1/20/78 @7/12/84 191.7
11.6 16.6 81/20/76 16/12/83 92.7
11.8 21.1 B4/20/76 10/28/95 114.3
16.0 20.7 81722/78 18/08/86 122.6
10.0 21.0 24/20/78 p@8/18/88 123.7
13.2 20.2 01/20/76 ©6/P2/94 102.4
7.6 15.@ 81/20/78 08713782 64.8
10.2 18.2 18/18/76 11/14/75 1.0
13.6 17.2 18/18/75 11/14/76 1.9
12.6 18.6 11/87/77 ©7/11/86 52.1
©.8 17.2 18/18/76 11714776 1.0
12.3 18,3 11/87/77 98/19/83 89.4
13.@ 18.9 11/87/77 P5/83/83 86.8
14.8 20.3 11787/77 11719704 84.4
11.8 18.5 11/87/77 11711782 82.1
13.@ 23,2 08/23/78 ©5/29/81 59.2
12.6 18.6 11/87/77 ©8/28/8S 91.7
13,6 18.3 11/87/77 ©0/05/84 81.9
14.6 20.9 08/23/76 91724799 43,8
9.0 18.4 11/@7/77 ©3/18/86 88.3
10.8 18.4 11/87/77 ©7/20/83 88.4
11.8 20,3 11/87/77 ©£1/21/83 82.5
16.8 20.8 @6/23/78 12/23/19 42.8
2.6 23.3 98/23/76 10/22/82 76.9
11.0 21.5 P6/23/768 £4/89/82 89.5
13.5 208.9 #8/23/78 @1/21/81 65.8
18,8 21.7 08/23/78 12/30/88 4.2
19.5 22.1 @8/23/78 ©6/@1/79 34.2
p.9 21.8 P8/23/78 18/18/80 51.8
9.2 22.8 96/23/76 ©9/25/80 51.1

* Indicates age in monthe since birth, all other ages are in months since exposure.

COMMENTS ON DEAD DOGS

Plauritis
Bone Tumor, Lung Tumor

Processing

Lung Tumor

Lung Tumor

Congestive Heart Feilure
Bone, Lung, and Liver tumors

Bone Tumor, Lung Tumar
Bone Tumor

Bone Tumor, Lung Tumer
Bons und {ung tumoras
Pyometra, Liver tumor
Lung Tumor

Bone Tumor

Sacrificed

Sacrificed

Bone Tumor, Lung Tumor
Sacrificed

Bone Tumor

Bone Tumor

Bone Tumor, Lung Tumor
Bone Tumor

Bone Tumor, Lung Tumor
Lung Tumor

Bone Tumor, Lung Tumor
Bone Tumor

Bone Tumor, Lung Tumor
Bene Tumor, Lung Tumor
Bone Tumor

Bone Tumor

Bone Tumor, Lung Tumor
Bone Tumor, Lung Tumer
Bone Tumor, Lung Tumor
Bona Tumor

Radiation Pneumonitis
Bone Tumor

Red. Prneumonitie, Lung Tumor
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DDG
DOSE GROUP IDENT NCI
D-8 HIGH 1616 M 3686
D-8 HIGH 1428 M 3849
D-8 HIGH 1617 F 5186
D-6 HIGH i51@ F 8989
D-8 HIGH 1424 M 7881

INHALED PLUTDNIUM NITRATE IN DOGS
INITIAL ALVEOLAR DEPOSITIDON INHALATION EXPOSURE

NCI/G
LUNG

29.48
32.38
4%.82
56.90
89.81

324 .09
333,901
546.70
ags . &2
788,12

————

. ot e

WEIGHT AGEs
(KG) (MD)  DATE

11.
11.

8.
11.
14.

» Indicutens nge in montha since birth, all other ages mre

208.6 @6/23/78
23.3 68723/78
20.8 p6/23/78
26.9 P6/23/78
23.2 P8/23778

SO

DATE
oF

DEATH
12/18/79
87/12/78
11/82/77
11709/77
28731/77

in monthe since exposurs.

WONTHS SINCE
INHALATION

———— e ———————

41.8
24 .8
18.3
18.8
14.3

Rad. Prneumcnitis, Lung Tumer
Radistion Pneumenitis
Radistion Pneumonitia
Radiation Pneumonitis
Radiation Prneumenitia
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