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Preface

This 1989 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 1889, 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 1o 4 repon
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 Heaith. In some instances, the volumes report on research funded by other DOE components
or by other governmental entities under interagency agreements. Each part consists of project reports
authored by scientists from several PNL research departments, reflecting the multidisciplinary nature of
the research effon.

The parts of the 1989 Annual Report are:

Part 1: Biomedical Sciences
Program Manager: J. F. Park Park, Report Coordinator

J. F
S. A. Kremi, Editor

Part 2. Environmental Sciences
Program Manager: R, E. Wildung M. G. Hefty, Report Coordinator and Editor

Part 3: Atmospheric Sciences
FProgram Manager: C. E. Elderkin C. E. Elderkin, Report Coordinator
E. L. Owczarski, Editor

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

L.H
K. A. Parnell, Editor

Part 5: Environment, Safety, Health,
and Quality Assurance -
Program Managers: L G. Faust S. K. Ennor, Report Coordinator and Editor
P G. Doctor
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, to the editors who edited the individual project reports and assembled the
five parts, and to Ray Baalman, editor in chief, who directed the total effort.

W. J. Bair and T. 8, Tenforde

Environment, Health, and Safety
Research Program
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Foreword

This report summarizes progress on CHER human heatth, biological, general life sciences, and medicat
applications research programs conducted at PNL in FY 1989, The research develops the knowledge and
scientific principles necessary to identity, understand, and anticipate the long-term health consequences
of energy-related radiation and chemicals. Our continuing emphasis is to decrease the uncertainty of
health risk estimates from existing and developing energy-related technologies through an increased
understanding of how radiation and chemicals cause biclogical damage.

The sequence of this report of PNL research reflects the OHER programmatic structure. The first section,
on human health research, concerns statistical and epidemiological studies for assessing health risks.
The next section contains repors of biological research in faboratory animals and in vitro cell systems,
including research with radionuclides and chemicals. The general life sciences research section reports
research conducted for the OHER human genome research program, and the medical applications section
summarizes commercial radioisotope production and distribution activities at DOE facilities.

Human Heaith Research

The section on human health research reports the status of epidemiological studies, including occupa-
tional studies of radiation workers and a study of body iron stores as biological markers related to cancer
in Japanese atomic bomb survivors.

Cancer risk analyses of combined data from montality studies of workers at the Hanford Site, Oak Ridge
National Laboratory, and Rocky Flats Nuclear Weapons Plant were published in Aadiation Research.
These analyses focused on the eflects of occupational exposure to external radiation, and were the first
of several planned efforts to combine data on workers at DOE facilities and to peol analyses of data from
nuclear workers in the United States, the United Kingdom, and Canada. Al confidence limits from indi-
vidual sites and combined data included zero and were much wider than those based on atomic bomb
survivors, but upper limits based on the combined data were comparable to those based on atomic bomb
survivors, These results strengthen the hypothesis that estimates obtained through extrapolation from
high-dose data do not seriously underestimate risk estimates for low-dose exposure, but leave open the
possibility that extrapolation may overestimate the risks.

A comparison of five epidemiological studies of body iron stores and cancer risk was completed. In
studies of averall cancer risk, high body iron stores were associated with increased risk. When stomach
cancer cases were examined individually, low body iron stores were assocCiated with increased risk of
stomach cancer. Studies suggest that high body iron may play an etiological role in most types of cancer;
however, precursors of stomach cancer may lead to poor iron absorption and loss of iron from bieeding.
Studies are continuing on the possible interaction of iron stores and radiation.

Biological Research

The section on biological research repons results from experimental animal inhalation dose-effect
relationship studies with inhaied radionuclides. Lifespan studies in beagles that inhaled 2*°Pu0,,
28py0, or ***PuO(NO,), are summarized to 16, 15, and 12 years after exposure, respectively. The
primary pilutonium-exposure-related causes of death were lung cancer for inhaled 2*°Pu0,, and lung
and bone cancer for inhaled 2*®Pu0, and 2*PUO(NO,),. Other plutonium-exposure-related effects include
sclerosis of the tracheobronchial lymph nodes, ymphopenia, focal radiation pneumonitis, focal dystrophic
osteolytic lesions in bone, adenomatous hyperplasia of the liver, serum chemistry indicative of liver
damage, and intrahepatic bile duct tumors. In a new project, "National Radiobiology Archives,” information
from these lifespan studies in beagles and from beagle radiation studies from other DOE laboratories wiil
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be stored in a computerized database with selected research dozuments and tissues for future research
and analyses.

Dose-effect relationship studies on inhaled 239PuO2 in rats are in progress to obtain lung-tumor-incidence
data at lifetime Jung doses of 0,07 to 20 Gy. Thus far, the lung cancer dose-response curve is best fitted
by a quadratic function and a *practical’ threshold of >1 Gy; maximum lung cancer incidence was at 8 Gy.
Quantitative scanning electron microscopy and autoradiography indicate lung carcinoma formation was
preceded by proliferative dysplastic lesions associated with peribronchiolar plutonium aggregates. A
much higher cell turnover rate was seen in puimonary celis associated with large plutonium aggregates
than in other areas of the lung. Proliferative rates of hyperplastic, metaplastic, and neoplastic lesions,
often associated with regions of Pu aggregation, were similar to those seen in cells encompassing Pu
aggregates.

Rats exposed by inhalation to radon daughters are under study 1o determine the influence of dose, dose
rate, and cigarette smoke on lung cancer incidence. Analyses of histopathological data for 100-WL
(working-level) exposure rates showed that lung tumor incidence was elevated compared {o that of con-
trols at cumulative exposures comparable to these found in houses, that is, 40 WLM (working-level
months). Histopathological examination of sacrificed rats at 25 and 52 weeks from stan of exposure to
100 WL and 320 WLM on an initiation-promotion-initiation study :showed no lung tumors at 25 weeks. At
52 weeks, those with a 320-WLM continuous exposure had increased lung tumor incidence compared to
those with split exposure with or without cigarette smoke. A search for nonrespiratory tract neoplasms
in 1000 rats exposed to various levels of raden daughters and u-anium ore dust revealed a trend toward
excess kidney tumar neoplasms versus cumulative radon-daugtter expasure, Carcinogenesis modeling
of PNL radon-induced lung tumor data in rats within the framework of the two-mutation recessive
oncogenesis model revealed that fractionation of exposure increased the lifetime probability of tumors;
the first but not the second mutation rate was strongly deperdent on the rate of exposure to radon
daughters.

A DOE interlaboratory comparison of survival-response data on Chinese hamster ovary cells exposed to
radon and radon daughters revealed a D,, value of about a 75-cGy dose to the cell nucleus. Southern
blot analysis of raden-induced mutations at the CHO-HGPRT locus showed predominantly deletion-type
events. Chromoscme aberrations in human peripheral blood lymphocytes increased as metaphases were
collected at later time intervals after radon-daughter exposures of 6 to 17 cGy. Methods for calculating
the radiation dose to cell nuclei from raden and daughter produicts have been developed for our in vitro
cell exposures. These methods allow comparison of dose distribution and hit probability calculations for
cells of the human respiratory tract with cells grown and irradiated under laboratory conditions.

Studies 10 examine the role of oncogenes, growth factors, and their receptors in radiation-induced lung
cancer use tumor tissue from the animal studies previously descrbed. Using immunocytochemical assays
in formalin-fixed, paraffin-embedded jung tissue, we have demonstrated abnormally high expression of
epidermal growth factor receptor, epidermal growth factor, transforming growth factor-o, and bombesin
in radon-induced rat lung tumors and plutonium-induced dog lung tumors, mainly associated with epider-
moid carcinomas.

The dog N-ras DNA sequence shares homology with the human genes, 100% with the first exon and 94%
for the second exon. The comparisons of the predicted amino acid sequences show homology of 100%
and 96% for the first and second exons, respectively. Qur studies indicate that radiation and chemicals
activate the ras genes by different mechanisms. Chemical agents usually activate ras genes by causing
specific and reproducible single-point mutations in the 12th, 13th, 59th, or 61st codons. in plutonium-
induced dog lung tumors examined thus far, the N-ras second exon sequences are identical with the
normal canine sequence. In the first exon, only one tumor hac altered sequences. Radiation does not
usually cause point mutations in the ras genes, Rather, radiation appears to activate the ras genes by
causing gene rearrangements that result in overexpression of the affected genes.
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In our chemical-related biological research, we began studies to identify structural and functional changes
in chromatin associated with formation of bulky adducts during tumor initiation. Incubation of benzo[a]-
pyrene (BaP), freshly isolated rat hepatocytes, and a 3200-bp plasmid (pXP-14) fragment resulted in DNA
adduct profiles that were essentially identical to those found in mouse skin where BaP-induced tumors
are initiated. These results suggest that bultky DNA adducts can be prepared in vitro in quantities suffi-
cient that the influence of carcinogenic adducts on chromatin structure and gene expression can be
evaluated in simple in vitro systems as surrogates for in vivo systems. A new genetic system is being
used to study chemical exposure-induced mutations in synthetic DNA targets in Ames tester strain bac-
teria. Targets consisting of GCGCGC (guanine, cytosine) had a low rate of mutation when exposed to
6-aminochrysene. However, a target that was a direct repeat of this target and its flanking regions had
ahigh rate. Subseqguent analysis of the DNA sequences of these mutarnts showed that the entire repeated
insern was deteted. Targets consisting of GGGGGG were also highly mutable; mutations were either 1-bp
deletions or 14-bp insertions (a repeat of target flanking sequences).

In our fetal and juvenile radiation research, we continued to examine correlates between the physico-
chemical and biological factors that may be involved in fetopiacental radionuclide dispesition. We found
that fetoplacental radionuclide disposition displays a general refationship to values of fractional absaorption
from the gastrointestinal tract. Studies to apply newer methodological approaches to the problem of the
mechanisms by which prenatal irradiation produces teratogenesis showed that in vitro radiation exposures
below 1 Gy produced cell death, altered histology, and caused histochemical changes in embryonic limbs.

In our inhalation technelogy studies, aerosol chambers for whole-body exposure of rodents have been
modified with a recirculation system that increases the uniformity of concentration of reactive aerosols in
the chamber without substantially increasing the volume requirements for conditioned air or the mass of
aerosolized material. Theoretical studies tc evaluate the size of aerosol particies that have equivalent
mobility in gases determined that the mean velocity is defined by weighting the average molecular speeds
of the component gases in the mixture by their moie fraction rather than their average molecular weight.
We have assembled equipment and developed techniques to perform a wide variety of pulmonary function
measurements on experimental animals during exposure to estimate inhaled dose and, following expo-
sure, 10 measure acute and chronic effects. *

General Life Sciences Research

J. E. Schmaltz, a detailee to OHER's Human Genome Research program, provides computer science
expertise to the computational analysis and database components of the Human Genome Task Group.
He participates in review, coordination, and liaison of the informatics components of this multidisciplinary
program.

PNL is developing a computer information system to graphically display and manipulate the vast amounts
of information on the human genome. The user interface, named GnomeView, provides researchers with
graphical representations of chromosomes, genetic and physical maps, and DNA sequences on a SUN
workstation, It accesses database centers such as GENBANK as primary information sources, Unigue
features include the ability to provide genetic information in @asily understandable color graphics, allowing
the user to create hybrid or new maps.

PNL biomedical research is an interdisciplinary effort requiring scientific contributions from many research
departments at PNL. Personnel in the Life Sciences Center are the principal contributors to this report.

Requests for reprints from the list of publications for 1989 will be honored while supplies are available,
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Statistical Health Effects Studies

Principal Investigator: E. S. Gifbert

Other investigators: J. A. Buchanan, J. J. Fix, and N. A. Holter

The overall objective of this project is to increase understanding of health risks resuiting from low-level
chronic exposure by providing methodology and analyses for a direct assessment of these risks. Analy-
ses of data on workers exposed occupationally to low levels of radiation are a major component of this
project. Efforts in the past year have included contributing to national and international pooling of data,
improving understanding of historical external dosimetry data, participating in plans for DOE’s Compre-
hensive Epidemiologic Data Resource (CEDR}, and developing updated and more detailed data on Han-
ford workers to meet the needs of both pooled analyses and CEDR. Analyses of combined data from U.S.
studies have been published, and reports documenting historical dosimetry practices and describing a

dosimetry validation study are near completion.

Pooling of Data from U.S. Department
of Energy (DOE) Facilities

Analyses of combined data from the Hanford Site,
Oak Ridge National Laboratory (ORNL}, and Rocky
Flats Nuciear Weapons Plant have been conduc-
ted, with the results published in Radiation
Research. These analyses focus on the effects of
occupational exposure to external radiation, and
are the first of several planned efforts to combine
data on workers at DOE facilities. Analyses based
on combined data provide greater power for
detecting departures from risk estimates obtained
through extrapolation from data on populations
exposed at high doses, and provide tighter con-
fidence limits on risk estimates than those based
on data from any single study population. Also,
application of similar methodology te data from all
populations, and presentation of results in a com-
parable format, facilitate the comparison of results
from different studies.

Table 1 shows excess relative risk estimates with
confidence limits for all cancer and for Jeukemia,
based on each of the individual studies and based
on the combined data. The comparable estimates,
based on recent atomic bomb survivor data and
recently revised (DS86) dosimetry, are also given.
Because Hanford is the iargest population, the
upper confidence limits based on the Hanford
data were considerably iower than those based on
ORNL or Rocky Flats data. The upper confidence

limits based on the combined data were lower,
however, than thase obtained from the Hanford
data alone.

TABLE 1, Excess Relative Risk Estimates {per 10 mSv) with
80% Confidance Limits for All Cancer and for Leukemia‘®

All Cancer Leukamia(b)
Handord -0.9% (<0, 0.9%) <0® (<0, 4.8%)
ORNL S0.7% (<0, 3.2%) <0 (<0, 13%)
Rocky Flats  <0'® (<0, 2.8%) 4.3% (<0, 52%)

Combined - 1.0% (<0, 0.4%) <0'9 (<0, 3.4%)

Atomic b?cwb 0.47% (0.32%, 0.52%) 5.2% (3.8%, 7.1%)

survivers

{a) Based on monitered white males employed at least
6 months af the Hanford Site (WA), Cak Ridge National
Laboratory (TN}, or the Pocky Flats Nuclear Weapons
Plant (CQOJ.

{b} Excluding chronic lymphatic leukemia.

{c) Likelihood maximized at a value that would have led to
negative relative risks,

{d) As presented in Shimizu et sl (¥ Shimizu, H, Kato,
W. J. Schull, D. L. Preston, S. Fujita, and D. A. Pierce.
1987. Life Span Study Report N, Part [. Comparison of Risk
Coellicients for Site-Specific Cancer Mortality Based on
the D586 and T65D Shieided Kermas and Organ Doses.
TRA7-12, Radiation Effects Research Foundation,
Hireshima 730, Japan) for all cancer (column 1) except
laukemia, and for leukemia only {column 2).




All confidence limits based on the worker studies
included zero and were much wider than those
based on the atomic bomb survivors, but upper
limits based on the combined data were roughly
comparable to those based on the atomic bomb
survivors. A number of difficulties (such as possi-
ble lack of dosimetry comparability and bias result-
ing from unidentified confounding factors) make
this comparison imprecise. Nevertheless, these
results strengthen support for the conclusion that
estimates obtained through extrapolation from
high-dose data do not seriously underestimate
risks of low-dose exposure, but leave open the
possibility that extrapelation may overestimate
risks.

A second paper, based on the combined U.S.
data, emphasizes statistical methodology for
analyzing combined data, and is intended to
provide a model that will be useful in planning
future pooled analyses. The paper also uses data
from the three studies noted previously to evaluate
and compare results based on various levels of
aggregation of exposure data. The use of grouped
exposure data has been common practice in most
epidemiologic studies of nuclear workers, and thus
the possible loss of statistical power or precision
of estimates from this practice is of concern. On
this issue, the paper concludes that using just
three dose categories (as has been done in some
studies) is not 1o be recommended; the loss of
power resulting from this practice rather than
using ungrouped data is roughly equivalent to the
loss that would result from halving the sample
size. However, the use of 11 categories (rather
than using ungrouped data) leads to much less
loss of power, roughly equivatent to a 3% reduc-
tion in sample size.

Pooling of Data from the United States,
the United Kingdom, and Canada

Plans for internaticnal combined analyses of
nuclear worker studies in the United States, the
United Kingdom, and Canada are proceeding with
the International Agency for Research on Cancer
(IARC) serving as the coordinating agency. A sub-
committee of the working group (consisting of
representatives from all studies) has met twice,
with PNL providing representation for the U.S.
studies. As a result of these meetings, a protocol
for analyses of the combined international data
has been developed that sets out criteria for
selection of cohorts to be included and describes

the variables that must be provided by partici-
pants. The subcommittee also identified two topics
needing special aftention in pooled analyses;
these topics are 1) the use of job category data in
determining sociceconomi¢ status, and
2) dosimetry.

For Hanford workers, PNL and the Hanford Envi-
ronmental Health Foundation (HEHF) are explor-
ing the use of job category data as an indicator
of socioeconomic status or social class. Difficulties
in using this information are inconsistencies in
titles for similar jobs in different time periods or for
different contractors, errors in coding job tities,
and difficulties in handling workers with several
different titles during their employment. A system
to provide a measure of sociceconomic status
based on Hanford job titles has been developed.
The system is reasonably comparable to that used
in the United Kingdom for defining social class
from job tiles.

Comparatility of dosimetry in various studies was
a major focus of a second subcommittee meeting
held at IARC in April, which included dosimetry
experts with PNL representing the United States.
A questicnnaire on dosimetry practices was
requested from each of the contributing studies
(including Hanford, CRNL, and Rocky Flats in the
United States), and this information was used for
preliminary evaluation of dosimetry comparability.
An cobjective of the dosimetry evaluation is to
determine possible bias in recorded measure-
ments of external dose, at different facilities and in
different time periods, relative to the 1-cm-depth
dose in tissue. A second objective is to provide
the best feasible assessment of organ dose. Inthe
United States, the need for this information led to
the formation of a dosimetry committee for further
evaluation of dosimetry for the three U.S. studies.
The data ¢n external doses, supplied to IARC, will
consist of the doses as reported by individual
facilities, tut the outcome of the dosimetry evalu-
ation may suggest the need for adjustment factors
to be applied in some analyses.

External Dosimetry for Hanford Site
Workers

A technical report documenting historical dosim-
etry practices at the Hanford Site is near comple-
tion. The preparation of this report has included a
review of dosimetry documents and of quality
assurance studies. Overall, it has been found that



the Hanford Site dosimetry system is well docu-
mented and that good professional practices were
followed. An intercomparison study of the
response of all past Hanford beta/gamma and
neutron personnel dosimeters to several sources
of radiation has also been conducted. Based on
this study, the comparability of recorded doses
over time, and the relationship of recorded dose to
the 1-cm-depth dose, are being evaluated.

A study ot detailed dosimetry source records for
139 workers is also near completion. The objec-
tives of this investigation are 1) to assess the
extent to which dose estimates used in mortality
analyses agree with information in source records
and 2) 10 gain a better understanding of dosimetry
practices. The workers selected for this study were
chosen to provide validation of doses of leukemia
deaths, multiple myeloma deaths, and other can-
cer deaths with cumulative doses exceeding
20 rem. They were also chosen to provide informa-
tion on special groups such as workers in occupa-
tions of special interest, workers known to have a
high potential for neutron exposure, and workers
in jobs with little or no potential for exposure.

Dose estimates obtained from infc:rmr:ntio;i!z on
microfiche or microfilm source records have been
compared with dose estimates on computerized
files used in montality analyses. Because of diffi-
culties in reading some early source recordsy and
because of variation in the format of records and
in algorithms for calculating whole-body dose, this
validation has been difficult. In many instances,
dose estimates used in monality analyses could
not be verified exactly, but mast apparent discrep-
ancies led to only minor modifications in cumula-
tive dose. Discrepancies in cumulative dose were
less than 0.1 rem for 88% of the workers in this
study, never exceeded 1.5 rem, and would be un-
likely 1o distort conclusions of dose-response
analyses. Also, most discrepancies occurred in
early years of the study, especially 1944-1946, with
very few problems with dose estimates from the
1960s and 1970s.

This study also provides data on dosimetry prac-
tices, including frequency of monitoring, the
number and proporticn of dosimeters yielding
positive results, and the magnitude of doses
recorded for individual dosimeters, Information on
these variables has been tabulated by calendar
year and for various subgroups of workers.

Comprehensive Epidemiologic Data
Resource (CEDR)

PNL has participated in the DOE’s Comprehensive
Epidemiologic Data Resource (CEDR) Working
Group. The CEDR program was established to
develop a public use data set containing worker
demographics, work histories, radiation and
chemical exposures, medical information, vital
statistics, and other health-related data on workers
at DOE facilities. The program is a coordinated
effort between DOE's Office ot Health and Environ-
rmental Research, Oak Ridge Associated Universi-
ties, Los Alamos National Laboratory, PNL, and
HEHF, the major groups currently involved in epi-
demioclogic studies of DOE workers. Argonne
National Laboratory is serving as coordinator for
CEDR, and a National Academy of Sciences Advi-
sory Committee has been established to provide
guidance on the establishment and controf of data
included in CEDR.

The CEDR working group has met three times to
address questions such as what data should be
included, how to facilitate collection of data from
DOE facitities for which data are not yet available,
documentation of data, database management,
and the provision of basic information on the
nature of operations at included facilities. Parti-
cular attertion has been given t© what variables
should be included in the database, and lists of
variables that are currently available for each
facility have been assembled. The initial CEDR will
include variables specified by the IARC protacol
for the three study populations contributing to the
international combined analyses (Hanford, ORNL,
and Rocky Flats). Additional variables and data
from other tacilities will be added later.

Update of the Hanford Site Database

The database for the Hanford worker study is
being updated to include workers empioyed
between 1979 and 1983 and more recent dosim-
etry. This updating process involves linkage of
occupational histories (maintained by HEHF) and
dosimetry files {maintained by PNL’'s Health Phys-
ics Department), extensive edits of the two files
against one another and against our previous
analysis file, and resolution of identified discrep-
ancies. Additionat detail on both job histories and
dosimetry is being extracted to meet the
requirements of the IARC protocol.






Iron Stores and Risk of Cancer

Principal Investigator: A. G. Stevens

Other Investigators:

S. Akiba, M. Kabuto, K. Neriishi, and D. Stram, Radiation

Effects Research Foundation, Hiroshima, Japan; W. Blot and
C. Land, National Cancer institute, Bethesda, Maryland

This research program is studying the effect of body iron stores on the long-term risk of cancer and on
the prognosis after cancer diagnosis, and the possible modifying effect of iron stores on risk of radiation-
induced tumor formation. During this year, biclogical mechanisms whereby iron might influence risk of
radiation injury have been examined in detail. Results of our stomach cancer case-control study in a
Japanese population have been compared to previous studies of iron and cancer, and this comparison

has been presented at an international symposium,

Mechanisms

Biological mechanisms whereby iron might influ-
ence risk of radiation injury were reviewed [see
Stevens and Katkwarf, Environ. Health Perspect. 87
{in press}]. The two generai mechanisms by which
iron may increase risk of cancer or affect radiation-
induced transformation are depicted in Figure 1.
First, excess intracellular iron may increase the
ambiert concentration of oxygen radicals, leading
to depletion of cellular reserves of reducing
agents. Increased oxidative stress may thus ren-
der the cell more sensitive to the radicals pro-
duced by ionizing radiation (left side of Figure 1).
Excess intracellufar iron may also increase the
effective range of radicals produced by radiation.
Second, iron may be a limiting nutrient to the
growth and replication of a transformed cell in the
human body, and high iron stores thus may
increase the likelihood that a transformed cell will
survive to become a clinicalty apparent neoplasm
(right side of Figure 1).

If body iron stores affect sensitivity to radiation
injury, this effect has important implications for
1) second malignant neoplasms arising from radia-
tion therapy, 2) diagnestic radiation exposure,
3) occupational radiation and residential radon
exposures, and 4) exposure of astronauts and air-
line crews to cosmic radiation. In these instances,
relative capacity of the host to scavenge oxygen
radicals may influence cancer risk associated with
radiation exposure, and this capacity may be
closely related to iron metabolism, Nutritional

antioxidants have received much attention in this
regard, but the "oxidant® iron has received very
little.

Epidemiological Study Populations

A comparison of the available epidemiological
studies of iron and cancer risk was presented at
the Fourth Internaticnal Sympesiumin Hematotogy
and Oncology at the Karolinska Hospital in Stock-
holm [Stevens, Medical Oncology & Tumor Phar-
macotherapy (in  press}]. This comparison,
designed to provide perspective on our work on
the Japanese atemic bomb survivors, is summa-
rized here. Five epidemiolegical study populations
were compared:

¢ Akiba et al. (in review; Journal of the National
Cancer Institite) have completed a study of
serum femitin and transfemin and risk of
stomach cancer in Japanese atomic bomb sur-
vivors (subsequently referred to as Japan).
From 1970 to 1972, blood samples were drawn
from participants in the Adult Health Study of
atomic bomb survivors at biennial clinical
examinations at the Radiation Effects Research
Foundation in Hireshima and Nagasaki. in this
group, 233 cases of stomach cancer were diag-
nosed from 1973 to 1983, Serum ferritin and
transferrin levels in stored serum from 1970 to
1972 for the stomach cancer cases were com-
pared to levels in controls matched for age,
sex, city, and radiation exposure. Adjustment
was made for smoking. '
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FIGURE 1. Hustration of Two Possible Mechanisms by Which Iron Might Increase Cancer Risk. First {leff}, iron can catalyze the
production of oxygen radicals, which may be directly carcinogenic or may increase oxidetive stress to a cell and thersby increase
sonshivity to ionizing radiation damage. Second (right), cancer cells need iron to grow. lron may be a imiting nutrient to growth

and development of cancer cell into a clinically apparent neoplasm.

s Stevens et al. {(Am. J. Epidemiol 118:550, 1983)
studied the relaticnship of serum ferritin and
transferrin to subsequent risk of death for a
10-year period in the Solomon Islands {referred
to hereafter as Sclomons).

e« Stevens et al. (/. Natl. Cancer Inst 76:605,
1986) reported the results of a study of serum
ferritin and transferrin level in serum stored
since 1975-1978 in 192 male Chinese govern-
ment workers who developed primary hepato-
cellular carcinoma (PHC) or died of any cancer
by 1983, and in 358 age-matched control men
who had not died or developed cancer (referred
to as Taiwan).

¢ Selby and Friedman {nt. J. Cancer 41:677,
1988) reported more than 175,000 members of
a heakh maintenance plan in northern California
followed from 1964 to 1973 (referred to as
Kaiser). Each subject had a baseline medical
examination and a measurement of total iron-
binding capacity (TIBC) during this peried. The
population was followed through 1980, and inci-
dent cases of cancer recorded; TIBC was com-
pared between cases and those who did not
develop cancer over the study period.

¢ Using the existing database on the "National
Health and Nutrition Examination Survey | in
the United States, Stevens et al. (N. Engl. J.
Med. 319:1047, 1988) compared transferrin
saturation and TIBC in 14,707 subjects who
developed cancer as of 1984 to those who did
not (referred to as NHANES).

Comparison of Iron Stores

Populatioris differed for each of the iron stores
studies; measurement methods for iron status and
outcomes also differed. However, comparison of
results provided further insight into the possible
effect of iron status on cancer risk. Serum ferritin
and serum transferrin were used in the Solomons
study of general mertality, in the Taiwan study of
incidence of PHC and cancer deaths excluding
PHC, and in the Japan study of stomach cancer
incidence. The NHANES study used transferrin
saturation and TIBC, whereas the Kaiser study
used only TIBC. In general, there is a direct
correlatiori of serum ferntitin and transterrin
saturation with available body iron stores, and an
inverse correlation of serum transferrin and TIBC
with iron stores; thatis, high iron stores resutlt in



high ferritin and transferrin saturation and low
serum transferrin and TIBC.

Figure 2 qualitatively summarizes the data pre-
sented in Tables 1, 2, and 3. Table 1 shows a
comparisori of the studies that used femitin or
transferrin saturation. Serum ferritin was  signi-
ficantly higher in men in the Solomons study who
died than in those who did not die over a 10-year
period; the difference in women was not signifi-
cart. In Taiwan, men who died of cancer had
higher ferritin although not significantly so. Men
who died of or developed PHC had significantly
higher ferritin than their controls. In the NHANES
study, men who developed cancer (all types com-
bined) had significantly higher transferrin satu-
ration than comtrols, whereas women did not.
Persons with stomach cancer in the Japan study
had significartly Jower ferritin than controls.

Table 2 shows results for serum transferrin and
TIBC. Transferrin was significantly lower in those
who died than in those who did not in the Solo-
mons. Men who died of cancer had significantly
lower transferrin than those who did not in Taiwan.
wWomen with cancer in the Kaiser study, and men
with cancer in the NHANES study, had lower TIBC
than controls. In the Japan study, stomach cancer
cases had significantly higher transferrin than
controls.

The Solomons, Taiwan, and NHANES studies gave
results consistent with the hypothesis that higher
iron stores increase risk of death or of cancer in
men. The Kaiser study gave evidence for an asso-
ciation in women but not in men, The NHANES
study suggested that women with very high trans-
ferrin saturation might also be at moderately
elevated risk of cancer.

Solomons, Taiwan Kaigar NHANES Japan,

De-uélll:s PHC Other Women Men Sé:'::::‘
Ferritin * * +
Toansern . }
TiBC + +
Transferrin + *
Albumin + ‘ +
Iron Stores | 4 A 4 4 4

FIGURE 2. Qualitative Description of Rasults Presented in Tables 1, 2, and 3. Case valus &s compared to control is given for
serum fetritin, transferrin saturation, TIBC, serum transferrin, and serum albumin. Iron status in cases compared to ¢ontrols is
then irferred. Upward-pointing arrow indicates cases had higher value than contrels.




TABLE 1. Mean Serum Level of Ferrttin {ng/md) or Transferrin
Saturation (%) in Cancer Cases and Controls, A higher level
in cancer patients is consistant with the hypothesls that cases
had higher iron stores than comtrols before death or
diagnosis.

Traneferrin
Ferrltin Saturation
Cases Comtrols Casas Controls

Sclomons
Males, death 7148 518
Femeles, death 52 51

Tabwean
Males, cancer deaih(b) 1481 1427
Males, PHC 121.4®) 999

NHANES
Males, cancer incidence 33.1 (a) 0.7
Males, stomach cancer 26.4 30.7
Females, cancer incidence 28.2 27.4

Japan
Stomach cancer 49("J 69.2

() Significantly different from control. Sclomons, Solemon
Islands study; Talwan, study of Chinesa government
workers; NHANES, National Health and Nutrition
Examinetion Survey |; Japan, Japanese atomic bomb
SUrVivors,

{b) Excluding PHC, primary hepatocellular carcinoma.

in the Japan study, the association of serum ferri-
tin and transferrin is in the opposite direction:
lower iron stores are associated with increased
stomach cancer incidence. There were only
8 cases of stomach cancer in the NHANES study
and 24 in the Taiwan study. However, the male
cases in NHANES had a transferrin saturation of
26.4%, lower than controls, and TIBC of
67.0 umol/liter, higher than controls. In the Taiwan
study, persons with stomach cancer also had
lower ferritin than controls. Thus, the results of
these three studies are consistent.

In the Taiwan study, persons with liver cancer had
greatly elevated ferritin before diagnosis. The
highest ferritin values were found in those diag-
nosed less than 1 year after blood samples were
drawn, suggesting that elevated ferritin may be a
marker of early PHC.

Table 3 shows mean levels of serum albumin
before diagnosis of disease in cases and controls.
A consistent, and highly statistically significart,

negative association of serum albumin level in
men and risk of death and/or cancer was seen in
these studies. Albumin is lower in smokers than
nonsmokers, and decreases with age. However,
the negative association persisted after controlling
for these factors.

TABLE 2. Serum Levela of Transferrin (mg/dl) or Total iron
Binding Capacity (TIBC, ymol/liter} in Cases and Controls. A
lower leval in cases Is consistent with the hypothesis thet
casaes had higher iron stores than controls before death or
diagnocais.

Transferrin Ti8c
Coses Controls Cases Controls
Solemons
Males, decth 24218 2697
Femeles, cieath 2448 2702
Tatwan
Males, carcer damh(b} 283.9[3) 3077
Males, PHZ 2862 2678
Kalser
Msles, car cer incidence 5008 4951
Females, cancer incidence 47.69'9) 4837
Males, lunj cancar 40.89  49.58
Females, lung cancer 45.24(8) 4p.37
NHANES
Males, carcor incidence 61.4® g2g
Males, stomach cancer 67.0 629
Females, cancer incidence 66.4 66.5
Japan

Stomach cancer 278® 269

{a) Significartly different from control. Sclomens, Solomen
Islands study; Taiwan, study of Chinese government
workers, Kaiser, health plan members, northern
California; NHANES, National Health and Nutrltion
Examirudion Survey |; Japan, Japanese atomic bomb
SUNvivoers,

{b) Excluding PHC, primary hepatocellular carcinoma.

Discussion

Stomach cancer risk appears to be associated
with fower iron stores. A mechanism whereby pre-
cursors ¢of stomach cancer lead to lower iron
stores is a possible explanation discussed in the
paper repoerting the Japan study,

Blumberg et al. (Proc. Natl. Acad. Sci. 78:3222,
1981) stated the hypothesis that the risk of PHC in



chronic carriers of hepatitis B virus (HBV) is
increased in those with high liver iron stores.
Lustbader et al. {(Science 220:423, 1983) studied
hemodialysis patients challenged with HBV, and
found that those patients who became chronic
carriers had higher serum ferritin before chaflenge
than those who developed antibody. Evidence
from the Taiwan study further implicates iron level
in the eticlogy of HBV-induced PHC.

TABLE 3. Serum Albumin In Cases and Controls in Three
Epidemioleglcal Studies

Serum Albumin {g/lite

Cases Controis

Solomons

Males, death 39.1 4150

Females, daeth 40.1 40.6
Taiwan

Males, cancer death(b) 42.0 44000
MNHANES

Males, cancar Incidence 437 44,38

Females, cancer incidence 43,3 43.4

{a) Statietically significant difference.
() Excluding PHC, primary hepatcceliular carcinoma.

The negative association of serum albumin level
and subsequent cancer risk in men seen in these
epidemiological studies is an intriguing finding. It
may resuit simply from confounding effects of age
and cigarette smoking, although adjustment was
made for these factors in analyses. Albumin level
is used clinically to assess preotein-calorie status,
and low albumin suggests low protein intake. Pro-
tein intake, however, has been found to increase
cancer risk in experimental animals; low albumin
in cancer victims appears inconsistent with results
from animal studies. Albumin is the most abundant
serum protein and is important in maintaining
osmotic pressure of blood, and in transporting
many substances. |n particular, albumin may bind
iron to inhibit the growth of bacteria, and, by
extension, the growth of cancer cells.

The iron-cancer hypotheses have many potential
applications. Blood donors might be at reduced
risk of cancer becauss of their chrenically lowered
iron levels. Afthough asbestos is believed to be
carcinogenic in humans, particularly in conjunction
with cigarette smoking, the difference in carcino-
genicity between amphibole asbestos (high cancer
tisk and high iron content) and serpentine asbes-
tos (low cancer risk and low iron content) may be
explained by the iron content of these respective
silicates. Iron may influence cancer at some sites
and not at others, Data presented from the studies
reviewed here show evidence of increased overall
cancer risk, atthough of lower stomach cancer
risk, in those with high iron stores. It has been
argued that iron binding by phytase may account
for a reduced colon cancer risk for those
consuming a high-fiber diet.

The prominence of iron in human physiclogy, and
the high iron content of the western diet, empha-
size the importance of pursuing further research
on the possible role of iron in risk of cancer and in
risk of radiation-induced transformation.

Future Plans

Studies of smoking and serum proteins in Japa-
nese atomic bomb survivors and of iron stores
and the risk of stomach cancer in Japanese popu-
lations, described in the Pacific Northwest Labora-
tory Annual Report for 1988 to the DOE Oftice of
Energy Research, are in journal review {American
Journal of Epidemiology).

Analyses of serum albumin and cancer risk in
Japanese bomb survivors are continuing as is the
development of a research protocol for a study of
serum ferritin and transferrin and subsequent risk
of colon and bladder cancers. A new study of
hepatitis B virus and risk of liver cancer is also
planned, Possible roles of iron stores (Stevens
et al., J. Natl. Cancer Inst. 76:605, 1986) and radia-
tion in this relationship (Asano et al, J. Natl.
Cancer . Inst. 69:1221, 1982) will also be
investigated,
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Inhaled Plutonlum Oxide in Dogs

Principal investigator: J. F Park

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

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

This prolect |s concerned with long-term experiments to determine the lifespan dose-effect relationships
of inhaled 22 PuO or? PuO in beagles. The data w:ll be used to estlmate the health effects of inhated
transuranics. Beagle dogs gwen a single exposure to 2 PuO or @ PuO2 aerosols to obtain dose-level
groups with initial lung burdens (ILB} approximately 1, 8, 40, 50 700, and 2800 times the maximum per-
missible lung dose for a plutonium worker are being observed for lifespan dose-effect relationships.
Increased incidence of lung tumors was observed in the four highest dose—level groups exposed to
239Pu02 during the 16-year postexposure period. All the dogs exposed to 2 PuO are dead. During
the 15 years after exposure to 2 Pqu, increased incidence of lung and/or bone tumors was observed
in the five highest dose-level groups. Chronic lymph Eenua occurrlng 0.5 to 2 years after exposure, was
the earliest observed effect after inhalation of either **Pu0,, or 2%#Pu0, in the four highest dose-level
groups that had ILB =80 nCi. Other plutonium- exposure -related effects include sclerosis of the
tracheobronchial lymph nodes, focal radiation pneumonitis, adenomatous hyperplasia of the liver, and
dystrophic osteolytic lesions in the skeleton.

To determine the lifespan dose-effect relation- JABLE 1. LKeepan Dose-Effect Studies with Inhaled
ships of inhaled plutonium, 18- month old beagle PuC, in Beagles

dogs were exposed to asrosols of 28 PuO2 {mean Dose- Number of

AMAD, 2.3 um; mean GSD, 1.9), prepared by cal- Level Dogs Initial Lung Deposttion®)

cining the oxalat i
ein g ate at 750°C for 2 hours; or to Group Mele  Female nci©) nCi/g Lung‘®
PuO, (mean AMAD, 1.8 yum; mean GSD, 1.9),

Control 10 10 0 0
prepared by calcining the oxalate at 700°C and 1 12 12 35+1.3 0.028+0.011
subjecting the product to H,'®0 steam in argon 2 10 1 214 0.18+004
exchange at 800°C for 96 hours This material, 3 10 10 7814 0.86+0.13
referred to as pure plutonium oxide, is used as 2 " " 90062 24:04

. ’ 5 10 11 1100+170 9.3x1.4
fuel in space-nuclear-power systems. 6 3 5 580013300 50+22
68 70

One hundred thirty dogs exposed to %°Pu0, in
1970 and 1971 were selected for long-term {8) Exposed in 1570 and 1971.

studies; 14 were sacrificed to obtain plutonium {b) Estimeted from external thorax counts at 14 and 30 days
distribution and pathology data, 116 were :I‘:iar:;poeure and estimated lung weights (0.011 x bady
_?_"S1Selg1r].‘e: éggliezﬁggsizs‘:oeﬂec;StOUSI;S 1%?'2[93:]21 {c) Megn + 55% confidence intervals around means.

1974 were selected for lifespan dose-effect studies
(Table 2), and 21 additional dogs were exposed Table 3 summarizes, by dose-leve! group, the mor-
for periodic sacrifice. The Appendix (which follows tality and lesions associated wrth deaths through
Part 1 of this Annual Report) shows the status of 16 years after exposure to PuO All the dogs
the dogs in these experiments. exposed to 39Pu0 are dead. Mean survival time
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was decreased in 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
Erimary cause of death and the distribution of
%Pu in the tissues as percent of final body
burden. Figure 1 shows the plutonium tigsue distri-
bution as percent of initial lung burden (ILB).

TABLE 2. ) fespan Dose Effect Studies with Inhaled 238pu0,
in Beagles'®
Dose- Number of
Level Dogs Initiel Lung Deposition®!
Group Meale Fernale nCi(c) nCi/g Lung(c)
Corirol 10 10 0 0
1 0 10 2.3+0.8 0.016+0,007
2 11 10 183 0.15+0.03
3 12 10 71 0.56+0.07
4 10 10 350+81 26+05
5 10 10 1300270 10+1.9
6 A 5200+ 1400 4312
70 6§

(a)
(b)

Exposed in 1973 and 1974,

Eetimated from external thorax counts et 14 and 30 days
sfter exposure and estimated lung weights {0.011 x body
waight).

Mean + 95% confidence intervals around means.

{e)

Table 4 indicates that, as survival time increased,
the fraction of plutonium in the lung 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 tho-
racic lymph nodes; little plutonium was translo-
cated to other tissues. Plutonium content of the
thoracic lymph nodes increased to 719% 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 bur-
den) dose-level groups. The organ distribution of
plutonium in the periodically sacrificed dogs was
generally similar to that of the higher dose-level
dogs euthanized when death was imminent dur-
ing 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,
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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,

Figure 1 shows the 2°pu tissue distribution as
percent of the ILB for all dogs for which tissue
radiochemical analyses are complete, The ILB for
those dogs for which radiochemical analysis of
excreta were not complete were estimated from
external thorax counts at 14 and 30 days after
exposure. For dogs whose analyses were com-
plete, ILB were estimated from the summation of
the tissue burdens of plutonium, plus the piuto-
nium excreted, minus plutonium excreted in the
feces during the first 3 days after exposure. The
latter was assumed to be deposited in the upper
respiratory tract. Uptake and retention functions
were fitted to the organ burden data. Based on the
premise that the organ burdens were interrelated,
the uptake and retention function for all organs
was fittec simultaneously instead of fitting isolated
functions for each organ.

The organs were treated as compartments of a
single system, with transfer rates specifying the
total amount, leaving a compartment per unit time
and the fractional distribution of that amount
among the other compartments. The transfer rates
assumed that plutonium moved through the body
in a singlie pass. The material initially deposited in
the lung was either excreted or moved to some
other organ, from which it was excreted. It was
assumed that there were no feedback loops in the
system. (rgan systems included lung, thoracic
lymph nodes, liver, skeleton, and all other tissues.
The functions were estimated using weighted,
nonlinear least squares. The weights were esti-
mated by biweighting procedures that give the
more extreme data values very little weight. The
curves for liver were based on all dogs; dogs with
=75 nCi had less plutonium translocated to the
liver.

The nine dogs euthanized because of radiation
pneumonitis during the 3-year postexposure
period had increased respiration rates, and hyper-
capnia and hypoxemia associated with lesions in
the lungs. intermittent anorexia and body weight
loss accompanied the respiratory insufficiency.
Histopathological examination of the lungs showed
radiation pneumonitis characterized by focal



TABLE 3. Summary of Leslons in Doga Euthankzed During the 16-Year Period Afiter Inhalation of 239P|.|02

Dase Group
5 4 3 2 1 Commol

lew

Number of Doge/Group
Number of Dead Dogs/Group
Mean Survival Post Exposure, years

21 2 20 21 24 20
21 22 20 21 24 20
8 10 13 13 12 13

[V ]

Condiion(®
Radiation pneumonitie 7 1
Radiation pneumonitls, lung tumot 1
Lung tumot 6 1
HNephropathy, lung tumor
Leiomyocsarcoma, lung tumer
Lung tumor, bile duct carclnoma
Lung tumer, hepatocellular carcinoema
Urinary bladder tumey, lung tumor 1
Adrenal cortical carcinomas, lung tumor 1
Kidney tumor, lung tumer
Malignant lymphoma, lung tumer, 1
hepatocellular carcinoma
Pneumonle, lung tumer 1
Malignart lymphoma 1 4
Malignert lymphema, bile duct carcinoma
Hemangiosarcoma (heart, spleen) 2
Hemangiosarcoma (liver) 1
Bone tumor
Urinary bladder tumor 1 2
Malignant melanoma 2 1
Pituitary tumor, Cushing's 1 1
Pheochromocytoma 1
Pheochromocytoma, hepatocellular carcinoma 1
Thyrold earcinoma 1
Raticulum cell sarcoma 1
Ovarian tumor 1
Round cell sarcoma, bile duct adenoma 1
Hemangloma (spleen) 1
Neurofibrosarcoma 1
Meningioma 1
Lymphocytie leukemia ' 1
Oral tumor 1
Prneumonia 2 2 4 4
Chronic nephropeathy 1 1 1 1
Chronic nephropathy, liver 1
reticuloendothelial carcinoma
Kidney feilure 1
Nephroeclerosis 1
Glomerulosclerosis 1
Epilepsy 1 1 1
Pyometra 1 1
Thromboembolism i 1
Cardiac insufficiency 1 1
Unknown 1 1
Liver citrhosis 1
Septicemia 1
Peritonitis 1
Adrenalitis 1
Cushing’s, intestinal carcinoma 1
Luxated vertebral disc 1

- W)

-
[+ ]

{8) Number of dogs with lesions asscciated with death.
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TABLE 4. Tiesue Distribution of Plutonium In Beaglee After Inhalation of 23%Pu0,

Percent of Final Body Burden

Time After  Final Body Thoracle Abdominal
Dog Exposura, Burden, Lymph Lymph
Number _monthis 4Ci Lungs _Nodes®™ _Noges®™  Liver Skeleton Cause of Death
478M 0.25 0.293 58 0.15 o.02 .24 0.18 Sacrifice
435F 0.25 3.841 29 o 0.01 0.00 o003 Sacrifice
81eM 0.50 0.389 89 0.2 0.01 1,00 0.03 Sacrifice
g18M 1 0.074 99 0.82 0.02 0.1 0.08 Sacrifice
920F 1 0.011 94 0.47 0.03 (.08 0.61 Sacrifice
g1aM 1 4,849 98 1.1 0.00 0.03 0.05 Sacrifice
702F 5 1.682 94 57 0.00 0.01 0.09 Sacrifice
709M 5 1.726 07 2.2 0.00 (00 0.05 Sacrifice
734M 5 0.914 96 34 0.00 0.0 0.05 Sacriflce
739F 5 1.511 a5 47 0.03 .00 0.00 Sacrifice
910M 11 12.229 B4 15 0.01 0.06 0.05 Radletion pneumonitis
747F 12 5.434 il 29 0.03 0.07 0.07 Radiation pneumonitis
S0SF 12 6.154 28 12 0.00 .03 0.05 Radiation pneumonltis
B49F 13 0.0007 80 15 0.20 0.04 1.6 Sacrifice
BOEF 15 4115 a1 15 0.92 0.23 0.12 Radiation pneumonitls
817TM 21 3.7684 64 34 0.13 1.4 0.18 Radiation pneumeonitis
815M 25 0.074 64 32 - (.08 0.10 Sacrifice
829M 26 3.168 75 19 079 2 0.45 Radiation pneumonitis
760M k]| 0,978 71 23 0.57 a7 0.28 Radiation pneumnonitis
B90F 31 2012 55 28 2.2 13 0.26 Radietion pneumonitis
BO4M 37 1.101 62 29 0.19 79 0.36 Radietion pneumonitis,
lung tumeor
798F 43 0.0055 55 44 0.02 .17 0.43 Sacrifice
TIeM 53 1.821 42 22 088 - g 0.69 Lung tumor
750M 53 0.707 43 27 12 1E 0.65 Lung tumor
TS6F 55 0.671 40 k| 4.1 21 1.0 Lung tumor
783M 59 1.377 59 13 1.8 26 0.67 Lung tumor
87aM 62 1.748 45 27 6.4 1€ 0.7 Lung turmnor
753F &9 1171 as N 0.09 24 0.84 Lung tumer
761M 69 1.064 36 37 6.3 1€ 0.53 Lung tumer
72TM 72 0.585 39 24 12 a8 0.78 Lung tumor
762M T2 0.0017 51 42 0.34 [ra 0.66 Sacrifice
83a7M = 1.034 42 38 0.70 14 0.46 Lung tumer
8683F 76 0.817 3 12 1.3 47 1.4 Lung tumor
852F 77 1.067 a3 as 0.88 2€ 0.94 Lung tumer
803M 78 0.415 20 45 1" 2c 1.4 Interstitial pneumonitis
B875M 83 0.0026 24 86 0.3 c.e4 8.3 Malignant ymphoma, kidney
754M 84 0.0046 29 68 0.23 c.29 1.2 Status epllepticus
B35F 68 0.099 27 65 0.95 21 1.7 Retlculum cell sarcoma
BBOF 66 0.468 19 a 13 34 0.37 Lung tumor
769F 50 0.018 35 57 0,32 1.7 18 Ovarian tumor
888M 83 0178 32 40 10 12 21 Lung tumor
B56F o4 0.308 40 45 0.78 8.0 3.9 Lung tumor
889F B4 0.613 14 27 69 a1 8.1 Lung tumor
787M a5 0.473 24 19 12 38 27 Lung tumor
B20F 96 0.387 14 40 7.6 28 14 Lung tumor
8§34F o7 0.025 30 46 17 a5 0.91 Pyometra
752M 68 0.055 24 62 1.2 7.7 0.98 Lung tumor
864F 100 0.616 18 2 29 50 28 Lung tumor
9Q08F 1 0.0073 14 72 0.049 0.56 0.93 Linknown
778M 102 0.065 11 85 1.3 1.0 0.52 Pulmonary thrombosmbolism
B12M 103 0.288 15 35 29 16 2.2 Lung tumer

{a) Includes tracheobronchial, mediastinal, and sternal lymph nedes,
{b) Includes hepatic, splenic, and mesenterlc tymph nodes.

14



TABLE 4. Continued

Percent of Finel Body Burden

Time After Final Body Thoracic Abdominal
Dog Exposure, Burden, Lymph Lymph

Numbet _months 4Cl  Lungs _Nodes®  Nodes®  1iver  Skeleton Cause of Desth

B14F 104 0.054 49 33 4.1 10 1.6 Lung tumer

840F 107 0,289 17 35 5.8 ar 20 Lung tumor

777M 109 0.352 11 52 7.8 24 1.7 Lung tumor

857M 109 0.333 20 38 9.4 27 2.4 Lung tumor

8g98F 111 0.333 10 M 28 2 4 Urinary bladder tumor,
lung tumor

BOOF 113 0.0086 7.5 87 0.14 0.27 1.6 Hemangicsarcoma (hearf)

697M 114 0.141 15 64 8.1 98 1.4 Cardia¢ [naufliciency

908 115 0.444 16 46 11 25 12 Lung tumeor

824F 116 0.178 21 75 0.50 22 0.70 Pneumonla

891M 118 0.0023 11 64 0.064 0.48 15 Sapticemia

B836M 117 0.333 12 83 15 7.4 0.57 Lung tumer

B92M 120 0.348 10 47 18 20 3.7 Lung tumor

794M 120 0.397 13 33 14 31 a5 Pitultary tumer, Cushing's

781F 122 0.634 37 59 0.25 1.1 0.72 Kidney tumor, lung tumor

BOSF 123 0.120 12 36 18 28 33 Liver cimhosis,
thyroid tumor, Addlson's

B54M 124 0.435 12 66 15 38 1.3 Lung tumer

BO7F 125 0.0021 10 il 0.55 1.2 1.3 Pitultary tumor, Cushing's

810F 126 0.218 59 43 20 22 1.8 Lung tumet

500M 126 0.0016 13 &0 23 5.0 29 Round cell sarcoma,
bile duct adenoma

T48F 127 0.0015 10 50 0.87 0.33 1.2 Unknown

g60M 133 0.335 82 €8 8.0 1 25 Lung tumor

B805F 134 0.189 5.8 55 89 21 28 Esophageal lelomyoma,
lung tumor

780F 135 0.0074 28 69 0.37 002 078 Pheochromocytoma

S05F 135 0.080 13 50 10 19 1.7 Malignant kymphoma

B25F 137 0.0020 9.5 85 0.74 0.54 2.7 Hemangiosarcome, spleen

764F 135 0.081 15 75 39 49 0.73 Lung tumor

808F 139 0.206 i1 30 1.8 53 a0 Lung tumer

BOBF 140 0.010 11 78 1.8 51 23 Malignant melanoma, palate

850F 140 0.00062 12 B2 0.61 .11 20 Bone tumor

B33F 143 0157 31 40 2 31 1.1 Metritis, adrenal and
thyroid carcinoma

BE62M 145 0.0026 21 56 0.85 4.4 6.9 Paritonitie

SO4F 145 0.0013 6.9 87 0.30 0.88 1.0 Chondrosarcoma

756M 147 0.0016 15 75 1.0 1.6 4.1 Epilepey

782M 148 0.042 12 72 49 2.0 0.86 Neurdfibrosarcoma

BE6F 149 0.00085 13 5t 15 3.6 13 Meningioma

795F 152 0.030 24 26 8.3 38 1.5 Lung tumor

T7iF 153 0.018 20 71 1.0 58 1.1 Lung tumer

813F 153 0.036 22 44 4.7 &7 141 Mukilobar sarcoma, skull

a2eF 153 0.0034 8.0 88 0.38 0.62 1.2 Hemangiome, spleen

B59M 154 0.048 19 a 25 7.3 0.78 Urinary bladder tumer

870F 154 0.00062 B.2 70 4.9 96 4.8 Pneumaonia

87sM 154 0.00093 19 75 0.52 0.1 16 Hemangicsarcoma

884M 155 0.077 13 45 9.4 a0 1.6 Lung tumor

831F 155 0.0087 24 71 0.65 3.3 1.0 Pneumonia

B86sM 156 0.145 15 41 53 34 0.20 Lung tumer,
hepatoceilular carcinoma

823M 157 Q72 7.4 83 1.8 6.0 1.5 Urinery biadder tumor

{8) Includes tracheobronchiel, mediastinal, and starnal ymph nodes.
(b) Includes heapatic, aplenic, and mesarteric lymph nodes.
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TABLE 4. Contlnued

Percent of Final Body Burden

Time After Final Body Thoracic Abdominal
Dog Exposure, Burden, Lymph Lymph
Number merths pCi Lungs Nodes'® Nodea®) Liver  Skeleton Cause of Doath
83sM 157 0.044 18.0 73 0.77 54 1.4 Malignant lymphoma,
fung tumer,
hepatecellular carclnoma
788M 158 0.0022 P 70 2.0 1.8 D.11 Chronic nephropathy
B4ASF 158 0012 28 €9 025 1.5 0.63 Urinary bladder tumor
853M 158 0.0081 13 77 22 54 0.54 Bronchopneumenia
750M 161 0.071 20 51 13.0 8.5 24 Lung tumer,
malignant lymphoma
B47TM 163 D.00061 2 75 015 0.60 1.2 Kidney fallure
TIEM 163 0.0020 29 &7 0.11 1.2 1.1 Bronchepneaumonia
8ozM 164 0.018 13 45 a3 6.7 13 Pneumonla
B27F 164 0.075 4.5 49 17 Hrs 1.5 Acute pneumonia
B874M 165 0.0048 56 80 0.54 1.4 0.58 Chronic nephropathy
a42M 166 0.0054 4.7 a0 076 3.2 075 Lung tumer,
chrenic nephropathy
T70F 166 0.0023 17 ] 015 DEg 0.52 Glomerulesclerosis
Ba4qF 170 0.087 19 50 8.9 19 1.3 Nephropathy, lung tumer
B19F 170 0.085 18 42 4.2 i 3.0 Nephropathy, lung tumor
907F 174 0.00097 7.4 69 1.2 0.78 0.81 Pneumonia
BTEF 175 0.0080 10 80 1.8 6.1 0.68 Nephropathy, lung tumeor
B77F 175 0.011 13 79 2.2 38 0.70 Lung tumor
a857TM 175 0.0027 23 52 58 18 1.6 Malignart ymphoma
693M 177 0.0021 10 87 0.19 0.62 1.0 Pneumenla
839F 177 £.105 5.4 53 ih| 27 20 Lung tumeor,
bila duet carcinoma
841F 178 0.0028 68 89 0.13 2.1 0.84 Malignant lymphoma
Ba2r 178 0.0020 8.3 87 0.17 1.5 0,88 Malignant lymphome
767M 180 0.0088 a3 64 0.22 1.1 0.96 Vehwular endocardiopathy
848F 180 0.047 8.8 80 4.9 37 0.80 Acute pneumonia
a71M 181 0.0028 10 B85 0.59 1.6 1.0 Malignamt mejanoma (oral)
B51F 182 0.025 15 7 17 4.8 1.2 Thyreid carcinoma,
hypothyroidism
BESF 182 0.00062 1.0 a9 0.23 192 1.5 Acute pneumonia, fung tumor
797F 1682 0.056 1 43 1 al 1.7 Lung tumer
B81F 182 D.0066 13 B85 0.27 .33 0.75 Acute pneumonia
T786M 183 0.047 1 60 6.5 10 1.4 Adrenacortical carcinoma,
lung tumor
a5eM 183 0.00042 5.4 88 22 ' 6 0.80 Lymphocytic leukemia
757M 181 0.018 58 30 28 6.4 1.6 Leiemyosarcoma, kidney
and [ung tumer
B83M 156 0.036 " 76 az 6.0 2.0 Chrenic nephropathy

{a) Includes trachesobronehial, mediestinal, and eternal lymph nodas.

{b) Includes hepatle, splenic, and mesenteric lymph nodes.

interstitial and subpleural fibrosis, increased num-
bers of alveolar macrophages, alveolar epithelial
hyperplasia, and foci of squamous metaplasia.
Autoradiographs showed activity primarily com-
posed of large stars, more numerous in areas of
imerstitial and subpleural fibrosis. One dog
euthanized because of radiation pneurnonitis also
had a pulmonary tumor.

16

Of 116 exposed dogs euthanized 3 to 16 years
after exposure, 52 had lung tumors. Four cortrol
dogs were euthanized because of lung tumors.
Radiographic evidence of pulmonary neoplasia
frequently preceded development of respiratory
insufficiency. In dogs with neoplasia in the lung,
respiratory insufficiency, when it was observed,
was usually a late clinical finding that occurred








































































































































































































































































Appendix

Dose-Effect Studies with Inhaled Plutonium in Beagles

On the following pages (pp. 103-118), data are presented for all dogs assigned to current life-span dose-
effect studies with inhaled 2*°Pu0,, Z®Pu0,, and 2°pu nitrate. Information is presented on the estimated
initial lung deposition, based on external thorax counts and on estimated lung weights (0.011 x body
weight) at time of exposure. Information is also provided on the current interpretation of the most
prominent clinicopathological features associated with the death of animals. These data represent
information presently available, and are presented as reference material for scientists who desire to follow
in detail the progress of these experiments,
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DOSE-EFFECT STUDIES WITH INHALED FU-239 OXIDE IN BEAGLES

€01

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE
- DATE INHALATION
DOG NCI/G NCI/  WEIGHT AGEe OF  ——emeccccomo—-

DOSE GROUP IDENT NCI LUNG KG (KG) (WO) DATE DEATH 8/38/69 DEATH COMMENTS ON DEAD DOGS
CONTROL 738 F 2 2.00 .29 v8/11/63 171.6» Hemangliosarcoms, Heart
CONTROL 749 F -] 2.28 2.80 28/18/83 169.8« Malignant Lymphoms
CONTROL 749 F -} 8.80 2.80 29/14/84 1683.4« Adrenslitis
CONTROL 766 M ) 0.08 8.80 12/1e/82 182.2« Status Epilepti, Nephrosclero
CONTROL T80 MW 2 2.08 9.80 28 /28/84 180.3« Lung Tumor
CONTROL 776 F 8 0.28 .80 10/95/81 147.3#% Pulmonary Thrembosmbolism
CONTROL 706 M a 2.0 0.0 eg/82/a7 217.6« Luxated Yartabral Disc
CONTRCL 789 M & 2.80 2.98 27/26/B3 187.9% Mslignant Lymphoma
CONTROL 782 M & 9.00 2.0 24/2a/78 78.6% Oral Tumor
CONTROL o8 F ] 2.02 .20 11/17/86 204 .9+ Malignsnt Phecchromocytoma
CONTROL 01 W o .80 8.00 g2/2a/82 146.1¢ Lung Tumor
CONTROL 811 F [ 2,90 2.0 22724785 163.1» Orasl cev.: Malignant Welanoma
CONTROL 848 MW ) o.00 8.00 24/@8/83 169.8% Nephroscierosis
CONTROL 841 M - 2.20 B.o2 11/18/68 202 .8« Cushing's,Intastinal Carcinom
CONTROL e8e F 8 o.08 2.00 23/24 /87 205.44 Chronic Nephropathy
CONTROL 872 F @ 2.88 9.90 11/a@6/62 162.8+ Lung Tumor
CONTROL a7 M 8 p.02 8.00 21/22/86 177.4» Chronlc Nephropsth
CONTROL 682 M a a.0e 0.9 11/06/81 138.7» Hemangiosmrcoma, Lliver
CONTROL ee5 F 8 8.00 2.00 22/18/83 163.6+ Lung Tumor
CONTROL 983 F Q2 2.88 0.008 @1/38/86 174.8» Mal ?nlnt Lymphoma
CONTROL SACRIFICE 781 F a a.80 .99 24/1a/79 121.0% Sacrificed
CONTROL SACRIFICE 723 M 2 2.0 8,08 23/24/77 68.2« Sacrificed
CONTROL SACRIFICE 724 M & 2.89 2.008 83/38/7a 187 .9w Secrificed
-1 LOWEST 758 M 2 2.00 8.00 13.8 19.5 81/19/71 0@4/21/83 147.8 Epllepsy
-1 LOWEST 782 MW & 2.80 @.2e 11.58 18,3 @1/18/71 01/24/77 72.2 Sacritficed
-1 LOWEST B4T W ] e.ep 0.03 13.¢ 18.5 87/08/71 81/23/86 182.8 Kidney Failure
-1 LOWEST 658 M ] 2.00 2.90 13.6 18.2 @7/08/71 19/81/88 182,89 Lymphocytic Leukemia
-1 LOWEST 686 F -} a.88 B.20 8.8 17.4 o7/08/71 09/18/68 182.4 Acute Pneumonism, Lung Tumor
-1 LOWEST 679 M ] 5.08 8.00 14.6 17.9 10/067/71 @7T/27/84 153.7 Hemanglosarcoms, Liver,Spleen
-1 LOWEST Bea8 F o 0.88 9.00 18.6 16.2 11/12/71 e4/04/64 148.8 Meningloma, Hll!gnant
-1 LOWEST 087 F @ 2.00 2.80 11.6 16.9 11/18/71 @aG6/18/68 174.0 Pneumonie
-1 LOWEST 826 F 1 @.21 9.12 11.6 16.1 @8/08/71 11/17/82 137.3 Hemsngicsarcoma, Splean
-1 LOWEST 049 F 1 8.01 g.1@ 16.8 21.3 18787771 18/28/72 12.6 Sacrificed

oQDOoODOoODRDoDDD

» Indicatos sge in menths since birth, all other ages sre in months since exposurs.



DOSE-EFFECT STUDIES WITH INHALED PU-239% OXIDE IN BEAGLES

rol

INITIAL ALYEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE
DATE INHALATION
DoG NCI/G NCI/ WEIGHT AGEs OF  cccmmemcem——e ;

DOSE GROUP IDENT NCI LUNG KG (KG) (MO} DATE DEATH 9/30/89 DEATH COMMENTS ON DEAD DOGS
D-1 LOWEST 04 F 1 #.81 a.a7 8.6 165.9 11/1@/71 12/19/83 146.3 Chondrosarcoma, Nasal
D-1 LOWEST 8az F 2 9.02 a.22 9.0 18.6 04/28/71 ©3/03/86 178.2 MWellignent Lymphoma
D-1 LOWEST 008 M 3 2.92 8.22 i3.8 18,8 11/12/71 @6/21/82 126.3 Round Cel! Sarcoma
D~-1 LOWEST e7e F 4 @.93 ¢.32 12.8 18.9 07/88/71 ©b/B34/84 164.8 Pneumonis
D-1 LOWEST 899 F 4 2.3 2.31 11.6 18,90 11/18/71 ©@37/206/81 112.8 Hemangiosarcoms, Heart
D-1 LOWEST 867 M B 8.04 2.41 11.5 17.4 ©7/26/71 @2/087/88 176.1 Malignant Lymphoma
D-1 LOWEST 891 M 8 9.04 2.41 14.0 18.9 11/18/T1 ©28s28/81 116.6 Septicemia
D-1 LOWEST 853 N € 9.06 2.El 16.8 21.3 18/07/71 12712784 158.2 Bronchopneumonia
D-1 LOWEST are M -] 9.86 9.54 14,2 l8.8 27/08/71 @E6/21/78B 82.6 Kidney; Malignant Lymphoma
D-1 LOWEST T8 F 8 2.08 9.83 0.6 19.1 21/19/71 11/29/84 188.3 Glomerulosclerosis
D-1 LOWEST 768 M -] 2.e8 8.82 13.2 16.8 82/718/71 @4/13/84 168.1 Chronic Nephropath
D~1 LOWEST a68 F & 2.08 g.83 8.2 21.3 18/87/71 28/88/83 142.2 Bone Tor, Chronic ﬂephropnthy
D-1 LOWEST 893 N » 2,08 8.81 14.8 14.9 18/87/71 ©7/81/88 176.8 Pneumenia
D-1 LOWEST 887 F -] e.07 2.73 11.90 14.8 82/10/71 ©71/24/61 126.4 Pituitary Tumor, Cushing's
D-1 LOWEST 841 F 8 2.07 e.76 8.2 17.7 O8/08/71 ©O4/91/88 177.8 Malignant Lymphoma
D-1 LOWEST pE8 W -] .97 2.77 11.9 15.9 11/10/71 84/01/808 108.7 Unknown, Puimon., Hyalinosis
D-2 LOW 770 M 18 8.07 .74 13.5 28.2 83/24/71 00/10/84 182.8 Bronchepnsumonia
D-2 LOW 42 M 1@ #.a7 0.77 13.6 18.6 o87/08/71 Q5/31/856 1856.8 Lung Tmr, Chronic Nephropsthy
D-2 LOW 787 MW 18 9.28 2.83 12.8 19.2 12/21/780 12/09/86 179.8 Valvular Endocardicpathy
D-2 LOW 0Z8 M 11 8.28 9.92 12.8 16.9 es/es8/12 PT/0T/72 1.8 Secrificed
D-2 LOW gozZ M 13 a.99 1.88 13.¢ 17,32 o8/@8/71 ©8/26/83 144.8 Paritonitis
D-2 LOW 871 M 13 2.89 2.98 13.6 18.9 27/98/71 ©7/24/88 180.8 Waiignant Melsnoms, Oral
D-2 LOW 074 M 18 2.11 1.24 13.2 18.p P7/08/71 ©D4;09/86 186.1 Chronic Nephropsthy
D-2 LOW 754 M 22 9.15 1.6890 13,8 16.6 01719771 ©1718/78 83.7 Epilepsy
D-2 LOW 046 F 19 2.15 1.83 11.6 17.8 08/88/71 ©8/09/84 166.1 Urinary Bladder Tumor
0-2 LOW 748 F 14 @.18 1.76 e.8 19.6 21/18/7%1 @8/19/81 127.8 Unknown Cause
D-2 LOW 798 F 18 8.18 1.78 9.8 1537 02/19/71 26 /20/74 42.8 Sucrificed
D-2 LOW 828 F 19 2.17 1.60 10.8 19.1 A7/08/71 @4/17/B4 153.4 Hemangioms, Splesn
D-2 LOW 831 F 21 @.18 2.00 12.6 17.9 @868/08/71 QE6/14/84 165.2 Pneumonia
D-2 LO¥W 881 F 19 2.19 2.0 9.2 17.7 18/07/71 12/20/88 182.4 Acutes Pneumcnia
D-2 LOW 780 F 24 8,22 2.49 19.8 16.2 01/19/71 94/08/682 134.8 Pheochromocytoma
D-2 LOW 860 M k1 8.22 2.41 14.6 19.2 97/08/71 D4/22/684 163.8 Urinary Bladder Tumor
D-2 LOW IET M a8 .23 2.67 14,2 16,6 12/21/78 11/28/88 191.2 Leiomyosarcoma,Kidney,Lung Tm

» Indicates age in months since birth, all other ages are in montha since exposure.
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DOSE-EFFECT STUDIES WITH INHALED PU-239 OXIDE IN BEAGLES

INITIAL ALYEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE
= e e ——————— DATE INHALATION

DOG NCI/G NCI/ WEIGHT AGEws OF  s;cceccemeee-
IDENT NCI LUNG KG (KG) (MO} DATE DEATH ©/30/60 DEATH COMMENTS OMN DEAD DOGS
878 F 19 2.24 2.89 7.6 17.9 12/07/71 @5/06/88 174.9 HNephropathy,Lung Tumor
8p8 F 268 2.25 2.74 9.6 15.3 P3/04/71 10/208/82 139.9 FPalats: Halignnnt Malanoma
813 F a2 2.29 3.20 18.8 15.1 #3/904/71 12/16/83 168.4 Multilobular Sarcoms, Skull
BT7T F 14 2.29 3.24 18.6 17.9 1¢/87/71 @o5/08/B8 174.9 Lung Tumor
789 F 29 2.32 3.50 8.0 18.2 12/21/78@ B8/23/19 98.1 Ovarlan Tumor
BP2 M 48 2.33 3.64 11.8 18.1 04/28/71 12/28/84 184.1 Fneumonis
781 F 48 .38 4.17 11.6 17.3 12/21/78 @&2/28/81 122.8 Kidnay Tumor, Lung Tumor
771 F 44 B.42 4,48 2.9 19.2 @1/20/71 11/02/83 163.4 Lung *umor
782 M a2 D.42 4.569 13.6 19.8 82/19/71 ©@5/27/823 147.5 HNeurofibrosarcoma,Brach.Pl.
768 M a2 J.42 4,69 13.6 19.5 23/94/71 ©6/29/B8 162.8 Adrenccortical Carc, Lung Tmr
762 M a2 2.43 4.77 13.0 18.8 12/21/70 ©2/22/710 98.1 Lung Tumor, Adrenal| Tumor
B23 M 86 0.44 4,081 13.5 16.8 24/28/71 ©6/24/84 168.9 Urinary Bladder Tumor
BR3 M 83 B.44 4,86 13.8 17.7 10/07/71 ©O1/26/88 196.8 Chronic Nephropathy
778 M 74 2.48 5.1¢ 14.6 20.2 93/94/71 ©B/28/79 121.7 Puimonary Thromboembolism
836 M b8 @.48 5.89 11.8 17.8 d8/28/71 ©OT/20/84 167.4 Malignant Lymphoma, Lung Tmr
796 F 54 2.49 5.40 14.8 16.92 d1/20/71 @9/96/83 161.6 Lung Tumor
B16 M 88 #.62 5.87 12.8 168.8 94/28/71 ©E6/22/73 24,9 Sacrificed
651 F E3 9.64 E.B89 9.8 21.3 10/87/71 12/@7/08 182.¢ Thyrold Carc, Hypothyroidiem
918 M T4 2.568 6.43 11.6 18.0 #8/88/72 @7/08/72 2.9 Sacrificed
834 F a7 a.88 T.44 9.8 17.0 28/08/71 BT/OB/T9 98.9 Pyometra
797 F 19 e.78 7.73 11.8 18.4 @3/04/71 ©E/18/886 182.4 Lung Tumor
848 F 76 .72 7.04 9.6 21.8 18/07/71 10/82/88 179.8 Acute Pneumonia
827 F 89 B.74 B.@9 11.8 168.7 84/28/71 B1/88/86 184.4 Acute Pneumonitia
897 M 140 B.85 9,33 15.# 19.6 18/88/7T¢ BE5/08/8@ 114.3 Cardiac Yalve Insufficiency
768 M 119 8.93 12.28 11.6 19.8 #1/20/71 28/28/84 161.2 Lung Tmr, Malignant Lymphoma
BBa MW 123 1.12 12.38 1.8 17.8 18/88/7T1 #96/12/84 166.2 Lung Tumor
Bg44 F 136 1.17 12.88 18,65 17.8 ©8/@8/7T1 ©8/08/86 178.& Nephropathy,Lung Tumor
996 F 127 1.88 14 .04 8.6 16.9 11/198/71 @2/871/83 134.9 \Mslignant {ynphomt
Baa M 208 1.36 14,681 13.6 17.4 @7/88}71 D8/27/04 166.7 Lung Tumor
829 F 167 1.38 14 .06 14.6 15.3 23/84/7T1 o6/28/81 122.4 Liver Cirr,Thy Tm,Addison’s
7684 F 168 1.37 15.96 1.5 18.2 12/21/76 O7/987/92 138.6 Lung Tumor
836 F 183 1.40 18.38 15.8 16.4 24/28/7T1 ©O8/26/78 8.3 Retlculum Cell Sarcoms
838 F 189 1.49 18,43 11.5 18.3 84/28/71 ©2/03/88 177.83 Lung Tumor,Bile Duct Carcinom

¢ Indicates nge in months since birth, all other ages are in months since exposure.
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DOSE-EFFECT STUDIES WITH INHALED PU-239 OXIDE IN BEAGLES

+ Indicates age in months since birth, all other ages are in

DOG NCI/G NCI/

DOSE GROUP IDENT NCI LUNG KG
D-4 NEDIUN 814 F 140 1.60  18.47
D-4 MEDIUM 8328 W 268 1.88  18.29
D-4 MEDIUN 819 F 162 1.74 10.18
D-4 MEDIUN 2688 M 274 1.76 19.57
D-4 MEDIUM 824 F 227 1.79 10.74
D-4 MEDIUN 888 M 254 1.86  20.32
D-4 MEDIUN 833 F 248 2.37 28.11
D-4 MEDIUM 810 F 302 2.8 26,28
D-4 NEDIUM 704 M 444 2.86  28.65
D-4 MEDIUM B64 N 486 2.84  29.88
D-4 MEDIUN 478 M 208 2.71 29.80
D-4 MEDIUN 808 F 278 2.89  81.78
D-4 MEDIUN 805 F 257 8.12 34.27
D-4 MEDIUM 812 M 488 3.19  35.04
D-4 MEDIUM 85T M 466 .48 27.38
D-4 MEDIUM 892 M 494 3.59  39.62
D-4 MEDIUM B16 M 3se 3.82  39.80
D-4 MEDIUN 177 M 548 3.97 43.88
D-4 MEDIUN 608 N 647 4.32  47.57
D-5 MED~HIGH 787 N 851 4.73  52.06
D-5 MED-HIGH 848 F 703 4.92 64.08
D-5 MED-HIGH 727 M 7323 5.33 58.84
D-6 MED-HIGH 898 F 711 .30  52.25
D-E MED-HIGH 8668 F 818 E.72  62.92
D-6 MED-HIGH 759 M as 8.13  67.42
D-6 MED-HIGH 664 F 801 8.82  72.82
D-5 MED-HIGH 930 N 737 8.7¢  73.78
D-6 MED-HIGH 734 M 914 8.02  76.17
D-5 MED-HIGH 837 N 1283 6.04 86.48
b-5 MED-HIGH 883 F 968 8.48  ©3.33
D-5 MED-HIGH 8206 F 047 6.58  §4.11
D-5 MED-HIGH 862 F 1167 9.368 103,22
D-6 MED-HIGH 88a F 240 9.65 185.80

(KG)
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INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE
WEIGHT

MONTHS SINCE

----- DATE INHALATION

AGEs OF  commcccmome—e
(MO)  DATE DEATH  9/38/69 DEATH
16.1 83/84/71 18/17/19 103.6
17.8 28/288/71 03718781 117.3
18.2 08/08/71 ©6/20/86 178.4
17.1 18/08/71 ©7/02/79 92.8
10.1 @8/@8/71 e@1/26/81 115.8
17.2 98/08/71 ©6/24/82 132.8
16.5 94/268/71 ©4/04/63 143.3
16.8 93/84/71 e@9/890/61 126.2
17.7 93/04/71 ©2/17/61 119.6
21.8 18/06/71 ©1/26/62 123.8
64.¢ 18/00/70 10/18/70 9.2
14.6 02/10/71 99/069/82 138.9
10.6 28/08/71 @7/22/62 133.6
17.1 84/28/71 11712/79 182.8
17.3 Pa/88/71 B7/01/68 198.9
18.6 11/18/71 18/28/81 119.5
18.8 ©4/26/71 #6/11/71 2.6
28.2 03/04/71 ©3/28/80 108.7
18.1 @4/28/71 11/18/77 78.%
10.6 83/04/71 ©82/08/79 96.2
17.7 96/88/71 ©4/20/80 106.7
10.8 10/28/78 11/1@/76 72.5
16.8 11/18/71 ©92/03/61 110.8
16.2 87/87/71 @6/02/79 93.9
18.3 12/2177¢ @6/02/76 53.4
17.4 87/87/71 11/02/79 99.9
16.9 11718771 @6/84/61 114.8
10.2 11/10/78 24781771 4.7
16.8 87/81/11 81/21/17 72.5
17.4 97/07/71 10/21/77 76.5
18.2 28/06/71 ©6/81/79 5.8
21.3 18/88/71 82/22/76 76.5
17.6 10/28/71 12/04/18 85.9

months since axposure,

COMMENTS ON DEAD DOGS

Lung Tumor, Thyroid Adenoms

LunE Tumor
Nephr
Lung Tumor

opathy,Lung Tumor

Bronchopneumonia

Lung Tumer

Metritiz,Adrenn] & Thyr Tumr

Lung Tumor

Pituitary Tumer, Cushing’s

Lung Tumor
Sacrificed
Lung Tumor
Emophageal
Lung Tumor
Lung Tumor
Lung Tumor
Sacrificed
Lung Tumor

& Lung Tumor

Interstitial Pneumonitie

Lung Tumer, Intestinal Tumor

Lung Tumor
Lung Tumor

Uri Bisdr & Lung & Adr Tumor

Lung Tumor
Lung Tumor
Lung Tumor
Lung Tumor
Sacrificed
Lung Tumeor
Lung Tumor
Lung Tumor
Lung Tumor
Lung Tumeor
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DOSE GROUP

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

INITIAL ALYEDLAR DEPDSITION INHALATIDN EXPOSURE

MONTHS SINCE

]

HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH

UOUOUODUOU?UUOUUOOUUO
OO

s Indicates mge in months since birth, all other ages are in

monthe slince exposurs.

-—— - DATE INHALATION

poa NCI/G NCI/ WEIGHT AGEx OF  mmmcmmmee————

IDENT KCI LUNG KG (KG) (MO} DATE DEATH 8/30/89 DEATH COMMENTS ON DEAD DOGS
MED-HIGH 889 F 1249 9.08 129 .94 18.9 18.8 11/718/71 @o@8/20/7T0 94.3 Lung Tumor, Ostecarthropsthy
MED-HIGH T3 W 1394 18.14 111.62 12.5 19.9 @82/718/71 12/83/76 E7.7 Lung Tumor
MWEO-HIGH 804 W 1344 18.18 112.08 12.8 28.5 @7/87/71 ©@8/18/74 37.4 Lung Tumor, Rad. Pneumonlitis
MEO-HIGH 873 W 1787 18.71 117.882 16.0 14.8 &7/07T/7T1 09/83;78 81.8 Lung Tumor
MED-HIGH 780 M 1378 10.809 119.83 11.5 19.3 @81/28/71 @8/16/73 28.80 Radlation Pneumonitis
MED-HIGH 798 F 1318 11.41 126.62 18,6 16.7 @2/18/71 @8/171/75 6.2 Lung Tumor, Osteocarthropsthy
MED-HIGH 761 W 14809 12.87 132.73 11.8 19.3 81/20/71 11/82/78 9.4 Lung Tumor
MED-HIGH 709 MW 1728 12.65 138.08 12.6 19.8 11/18/78 ©3;31/71 4.8 Sacrificed
MED-HIGH 772 M 1608 14,99  184.87 11.6 19.8 92/19/71 28/28/76 2.6 Lung Tumor, Osteoarthropathy
MED-HIGH 702 F 1682 16.28 188.20 1.8 19.8 11/18/78 83731/71 4.8 Sacrificed
MED-HIGH 730 F 1611 17.17 le68.86848 8.8 18B.6 11/19/78 04/01/71 4.7 Sacrificed

763 F 2448 23.43 267.68AR 8.6 18.56 12/21/18 10/02/78 89.4 Lung Tumor

817 M 3184 23.97 263 .87 12.8 19.2 @7/87/71 ©3/28/713 28.8 Radiation Pneumonlitia

a29 M 3616 24 .68 270.38 13.8 19.1 @7/@7/71 ©98/13/73 26.3 Radiation Pnaumonitis

890 F el 31.32 344.68 9.0 168.2 11/18/71 ©8/13/74 31.1 Radistion Pneumonitie

436 F ag4e 33.26 386.71 18.6 75.5 11/85/70 11/12/78 2.2 Sacrificed

913 M 4000 36.84 392.00 12.6 17.4 @7/19/72 wo8/18/72 1.8 Sacrificed

988 F 8832 83.48 6%68.11 9.6 16.8 11/89/71 11/22/72 12.5 Radiation Pneumonitia

898 F 5616 88.856 736.33 7.5 18.8 11/1@/71 ©2/12/7) 16.1 Radiation Preumcnitls

747 F 7478 87.89 18808,88 7.8 19.8 21/20/7T1 @1/13/72 11.8 Radiation Pneumonitie

218 M 14287 193.78 1141.38 12.6 16.9 11/1@8/7T1 18712772 11.1 Radiation Pnesumonitis
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DOSE-EFFECT STUDIES WITH INHALED PU-238 OXIDE IN BEAGLES

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE
----- — - DATE INHALATION
DoG NCI/G NCI/ WEIGHT AGEwe OF  cccccccdecaaa
DOSE GROUP IDENT NCI LUNG K& (KG) (MO} DATE DEATH  9/309/89 DEATH COMMENTS ON DEAD DOGS
CONTROL 938 M -] o.o0 8.08 18/01/82 136.9+ Urinary Bladder Tumor
CONTROL 849 F o 0.80 0.08 18/30/84 181.7+ Mslignant Lymphoma
CONTROL 878 M Q 9.08 Q.90 24/07/88 202.8% Proceasing
CONTROL 802 F [ 2.8 8.00 87/08/79 87 .4+« Pyometra
CONTROL 898 F -] ?.00 f.08 p7/08/84 167.2« Malignant Lymphoma
CONTROL 1806 M 2 9.00 8.00 82/24/87 188.8+ Lung Tumor
CONTROL 1807 F g 0.02 9.o2 @3/29/88 2@1.9» Processin
CONTROL 1924 MW a2 9.00 0.o8 @7/13787 192.9» Trans. Cell Carc. Ureathras
CONTROL 1038 N [ o.08 0.0 12/18/88 183.8» Hamnngiosarcom.! Spleen
CONTROL 1845 K 2 .98 .08 26/08/86 177.6+ Renal Amyloidoais,Spl Hemang!
CONTROL 1264 F -] 9.08 o.02 12/06/88 287.3% Processing
CONTROL 1081 F ) 2.08 .20 ar/ar/el 118.2» Malignant Lymphoms
CONTROL 1993 N -] 0.80 Q.02 11/94/83 142 4« Pituitary Tumor, Cushing’s
CONTROL 1897 F ) o.00 .00 P9/16/688 200.1% Procassing
CONTROL 1112 W ] 0.0 a.oR 12/@2/88 178.4% Mmlignant Lymphoma
CONTRODL 1118 F -] p.og 0.2 d4/01/80 208 .3% Processin
CONTROL 1188 F -] 9.08 9.00 27/28/8% 166.3« Urinary B?ldd.r Tumor
CONTROL 1187 M [ o.o0 2.20 04/26/89 189.8» Processing
CONTROL 1209 M -] 0.89 B.02 12/27 /88 195.8s Pulmonary Interstiml Flbrosis
CONTROL 1226 F -] 9.08 0.0 18/19/87 1680.2» Pituitary Adenoma
" CONTROL SACRIFICE 9868 M 2 2.08 0.008 04/30/717 71.8+« Sacrificed
CONTROL SACRIFICE 1211 F " 0.08 9.0 es/a1/78 Ba.G» Sacrificed
CONTROL SACRIFICE 1213 F -] 9.08 9.208 #6/29/79 96.8+ Smcrificed
CONTROL SACRIFICE 1@87 M " D.o8 p.eg . l2/14/78 82 .0» Sacrificed
CONTROL SACRIFICE 1118 M @ 0.80 9.08 @1/18/78 47 .6» Sacrificed
CONTROL SACRIFICE 1223 M - a.00 0.0 #6/16/76 31.9% Sacrificed
CONTROL SACRIFICE 1227 M 2 8.00 0.0 12/e1/78 49 .9« Sacrificed
CONTROL SACRIFICE 1228 M @ 9.20 9.08 18/31/78 72.9» Sacrificed
D-1 LOWEST 288 M 2 g.08 0.e0 18.6 19.8 21/18/73 @24/11/86 168.7 Lung Tumor
D-1 LOWEST 1093 M o 2.08 9.0 14,0 19.8 21/18/73 04/01787 178.4 Transitional Cerc, Uri Bladr
D-1 LOWEST 1923 F - 0.280 9.00 12.5 10.2 @1/18/73 oaj27/88 182,2 Processin
D-1 LOWEST 1238 N ) P.08 9.00 11.¢ 17.9 21/718/73 21/84/88 161.6 Henrt Failure
D-1 LOWEST 1944 F 2 8.20 8.00 11.6 17.9 P1/18/73 @8/31/88 187.4 Processing

¢ Indicates sge in months since blrth, all other ages are in months since exposure,
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DOSE-EFFECT STUDIES WITH INHALED PU-238 OXIDE IN BEAGLES

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE HONTHS SINCE
e ————— e ——————— e DATE INHALATION
boqg NCI/G NCI/ WEIGHT AGE»s OF  ~———————waaa-
DOSE GROUP IDENT NCI LUNG KG {KG) (MO) DATE DEATH 9/30/88 DEATH COMMENTS DN DEAD DOGS
D-1 LOWEST 1966 M [} 2.00 2.00 13.8 18.8 @1/18/73 8/04/87 172.56 Mallgnant Melisncoms, Oral
D-1 LOWEST 1083 M a 2.00 2.89 14.5 18,7 21/18/73 11/11/80 93,8 Brain Tumor, Hesrt Tumor
D-1 LOWEST 1105 F a 2.00 9.00 19.8 18.4 @€65/31/73 @2/88/86 143.3 Msllignent Lymphoms
D-1 LOWEST 1194 F -] 2.00 a.99 18.5 19.8 24/18/74 12783786 139.56 Ma!lgnant Lymphoma
D-1 LOWEST 1215 M -] 9.00 2.0 16.5 19.3 @4/18/74 024/28/77 38.3 Sacrlficed
D=1 LOWEST 1232 M ] 2.0 9.00 12.6 18.4 04/18/74 09/30/88 149.4 Hemangiosarcoms, Liver
D=1 LOWEST 961 M 2 a.81 a.14 14.8 19.3 12/18/72 ©2/14/83 121.8 Anesthstic Death
D-1 LOWEST 1908 M 2 2.091 2.156 13.5 19.8 81/18/73 1d/24/8b 163.2 Fibrosarcoma, Spleen
D-1 LOWESY 1193 F 2 2.91 2.18 12,5 19.8 @4/18/74 oO1/22/a8 141.2 Imune Hemoliytle Ansmia
D-1 LOWEST 969 M 3 2.92 9.22 13.6 18.2 12/7189/72 08/22/84 138.1 Liver Abcess
D=1 LOWEST 1088 F 2 2.02 a.24 6.6 19,1 85/31/73 ©6/24/83 128.8 Me!ignant Lymphoma
D-1 LOWEST 19096 F 2 a.82 2,19 18.5 16.8 O6/31/73 08/12/87 170.4 Chronle Hephropathy
D=1 LOWEST 821 F 3 2.93 8.31 19.0 19.5 11/39/72 12/27/72 2.9 Sacrificed
D-1 LDWEST P23 F 3 2.83 8,36 8.6 19.6 11/38/72 ©1/28/73 1.8 Sacrificed
D-1 LOWEST 989 F 3 2.83 6.32 9.6 18.8 12/18/72 @3/065/81 98.5 Bone Tumor, Fibrosarcoma
D-1 LOWEST 926 M ] 0.04 2.49 12.6 19.6 11/38/72 02727773 2,8 Sacrificed
D-1 LOWEST 1204 W 8 2.04 9.43 14.9 17.7 @2728/7T4 @2/28/8% 179.9 Trans. Cel! Carc, Urethra
D-1 LOWEST oToa F A 2.96 2.56b6 11.8 19.2 12/19/72 01784777 48.6 Sacrificed
D-1 LOWEST 993 F a 3.86 a.60 12.¢ 1.8 12/719/72 0A7/B1/86 162.4 Malignant Lymphoma
D-1 LOWEST 1188 F ] .06 9.602 18.@ 18.4 26/31/73 ©D3/14/88 117.4 Adrenal Tmr ,Dstecarthropathy
D-2 LOW 1886 F 8 2.96 9.88@ 18.0 18.3 @6/31/73 @4/10/068 164.3 Mali?nant Lyn?homa, Lung Tmr
D~-2 LOW 1982 M 11 2.08 2.89 186.0 16.9 O6/31/73 12/04/79 78.1 PFaraiysis, Spinal Cord Degen.
b-2 LOW 1168 M 11 2.08 8.71 16.6 18.4 £2/28/74 @1/16/04 118.8 Metastatic Lag Tmr, Prim. Unk
D-2 LOW 1084 M 13 2.07 a.7e 17.8 17.6 #6/31/73 e8/19/09 194.8 Processin
D-2 LOW 1080 F 19 2.88 2.83 12.¢ 17.3 @6/31/73 @6/18/07 187.3 Heart Fallure
D=2 LOW 1222 M 156 @.19 1.07 14,8 19.0 @4/18/74 23/10/a8 143.80 Malign (mediast) Mescthelioms
D-2 LOW Tl F 13 a.11 1.24 18.F 18.2 12/19/72 ab6j@4/03 124.5 Hemangiosarcoms, Spleen
D-2 LOW 998 F 11 2.11 1.18 8.6 18.7 12/19/72 a1/31/88 167.4 Nesal Sarcoma, Lung Tumor
D-2 LOW 1229 M 18 @.11 1.1¢ 13.5 16.8 92/28/74 o26/26/64 122.9 Pneumonia, Thyroid Tumor
D-2 LDW 1278 M 22 2.12 1,33 18.6 19.1 @6/31/73 12/13/03 128.4 Round Coli Sarcoma; Kidney
D-2 LOW 1214 M 17 2.12 1.38 12.6 19.3 04/18/74 ©86/12/76 12.9 Secrificed
D-2 LOW 956 M 17 8.14 1.66 11.0 19.2 12/19/72 @1/21/87 1890.3 Lng Tumor, Bile Duct Adenoms
D-2 LOW 1833 M 17 2.14 1.66 11.8 19.1 8272273 12/17/86 163.8 Lung Tumor

% Indicates age in months since birth, all other ages are in months since exposurse.
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D-2 LOW
D-2 LOW
D-2 LOW
D-2 LOW
D-2 LOW
D-2 LOW
D-2 LOW
D-2 LOW
0-2 LOW
D-2 LOW
LOW
MED-LOW
MED-LOW
MED-LOW
WED-LOW
MED-LOW
MED-{ OW
MED-L.OW
MED-LOW
MED-LOW
MED-LOW
MED-LOW
MED-LOW
MED-LOW
WED-LOW
MED-LOW
MED-LOW
WED-LOW
MED-LOW
MED-LOW
MED-LOW
MED-LOW
MED-LOW

230
1268

eT2
1209
1318
1312
1311
1219
1317
1168
1186
1389
1318

029
1318

e8n
1972
1160

928
1316

982
1248
1069

ML NMEEE MECEEETMEEE MTMEEETTMMELME™N

INITIAL ALVYEOLAR DEPOSITIOMN

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

NCI

NCI/G
LUNG

2.14
8.18
2.18
g.21
a.22
9.22
.22
B.24
8.26
9.28
2.27
2.31
2.33
2.84
8.34
9.84
9.38
0.48
.41
2.43
@.43
0.44
@.45
2.60
2,53
2.64
Q.64
2,64
9.66
8.566
9.60
8,81
.86

NCI/
KG

1.62
1.77
2.08
2.1
2.4
2.44
2.42
2.69
2.00
2.01
2.92
3.38
3.64
3.73
a.72
3.74
4.0
4,329
4.60
4,71
4.76
1,09
468
5.47
6.78
6.81
b.94
.92
&.98
8.0
8.33
a.72
7.182

WEIGHT AGEw

e

-
R

OO RREONO @RS
asosanaosicaaoEom

Pt Pt Pt el ol Pt

(M0)

18.1

DATE

02/22/78
P4/18/74
02/22/73
12/19/72
02722773
02/227173
85/31/73
02/28/74
22/28/74
24/18/74
11/38/72
25/31/73
12719772
85731773
63/84/76
03/84/76
03/84/76
04/16/74
£3/04/76
11708773
11708772
03/84/765
©3/84/76
11738772
23/04/76
12/19/72
25/31773
82/28774
11/38/72
83704 /76
12/19/72
92/22/73
92722773

DATE
oF
DEATH

05/08/07
24/22/87
12/21/84
21/12/8%
12/16/87
26/14/88
11/09/83
pa/11/08
12/28/86
B4/26/79
12/20/72
98/21/83
Q3704708
28/21/68
84/01/17
03/268/79
84/03/78
12/86/66
P4/01/77
06/16/88
87/21/66
84/22/07
23/00/78
91/26/73
12713788
11/07/80
#9/22/83
o5/29/66
92/28/73
P3/31777
21/29/86
P3/84/01
28/08/83

#« Indicates age in monthas since birth, all other ages are in monthe since exposure.

MONTHS SINCE
INHALATION

178.4
158.1
141.9
192.8
177.7
168.7
125.3
173.6
178.9
8a.2
2.9
120.7
168.56
182.7
24.9
48.7
ar.8
151.6
24,9
176.3
152.4
145.8
12,2

185.4
04.8
123.7
134.4
3.9
24.9
167.3
98.3
126.6

COMMENTS ON DEAD DOGS

Me | ignant Melanoms, Oral
Malignant Lymphoms
Phreumonis

Processing

Lung Tumor

Lung Tumor

Mentngioma, Mulipnant
Hernlated Yert Dlasc
Salivery Squam., Carc, Lng Tmr
Sacrificed

Sacrificed

Mslignant Lymphoma
Allerglc Bronchlitis
Processin

Sacrifice

Sacrificed

Sacrificed

Chronic Nephropathy
Sacrificed

Nasal! Carcinoma

Acute Pneumoniem
Hamangiosarcoma, Livaer
Secrificed

Sacrificed

Posterior Paralysls
Malignant Lymphoma
Delayed Rld{ation Preumonitis
Lung Tumor

Sacrificed

Secrificed

Pneumonis, Thyroid Carcinoma
P.rathyro‘d Adenoma
Malignant Lymphoma
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DOSE GROUP IDENT
MED-LOW 1319 N
MED-L OW 1198 F
MED-LOW 1028 F
MED-LOW 196€ N
MED-LOW 12204 W
MED-LOW 1228 M
MED-LOW 1043 F
MED-LOW 1231 F
MED-LOW 1212 F
MED IUM 1176 MW
MED TUM 1221 F
MEDJUM 1166 W
MED TUM 1232 M
MED TUM 1263 F
MED IUM 997 M
MED TUN o8l F
MED TUM 1177 M
MEDTUM 932 F
MEDIUM 1103 F
MED TUM 873 F
MED TUM 931 F
MED TUM 1991 F
MEDIUM 1114 W
MED TUM 1962 M
MED TUM 034 M
MED IUM i@81 W
MEDIUM 1239 F
MEDIUM 1188 M
MEDTUM 862 F
MEDIUM 1188 M
MEDIUM 1220 F
MEDIUM 882 F
MED TUM 983 M

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

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE

NCI

T

84

70

07
118
118

T

78
111
129
124
228
182
148
203
164
262
218
200
27
289
243
4230
436
464
541
348
539
ae6
a13
5189
555
817

NCI/G_

=Dt acas

S e e omowom
O =D (0~~~
B3R D D G 4D

[y
-G
@@ w

naom»ag
o €0 1D @ O ~J

NCI/
KG

7.33
7.684
7.78
T.76
8.00
8.68
.80
18.13
12.93
9.50
12.40
16.20
15.43
15.68
17.85
19,49
16.41
19.64
20.80
24 .64
28.27
29.59
29.68
32.22
33.63
a3.sl
36.79
ag.6@
49 .58
44,87
47.09
48,28
61.42

WEIGHT AGE«

(KG}

19.9
11.9

(M0}

18.1
16.4
18.7
17.9
1v.8
19.2
18.1
16.1
17.8
16.8
15.9
18,1
18.3
17.9
15.8
18.8
18.8
19.1
18.6
19.2
18.1
17.3
18.4
17.8
18.1
18.9
15.1
17.9
18.2
17.3
10.9
18.8
19.0

CATE

83 /04 /16
86/31/73
12716772
02722773
B17168/73
P1/18/13
02/22/73
02/22/73
B2/28/74
11/06/13
@4/18/74
02/26/74
11738/72
02/22/13
91/18/73
12/19/72
11/06/73
11738772
96/31/73
12719712
11738/72
96/31/13
25/31/73
02/22/13
11738/72
065/31/13
82/22/73
92/26/74
12/18/72
11768713
A4/18/74
12719772
12/19/72

MONTHS SINCE

DATE INHALATION
OF  ——evsmmmem—--
DEATH  §/38/88 DEATH
83/089/76 12.2
o1/14/67 163.6
12782787 179.4
86/17/86 169.8
04730707 171.3
11713786 163.8
89721701 182.9
06 /84704 134.3
06/24/08 171.9
12712786 146.2
89/30/08 172.4
27/20/87 161.8
12/08/12 8.3
92/¢2/05 142.3
06/08/66 169.8
08/20/03 126.0
93/12766 138.1
91/25/78 1.8
24/08/03 118.2
10708764 141.8
12728772 8.9
11718766 161.3
24722786 142.8
O5/30,/84 135.2

93/01/73 )
v1/18760 79.8
B4/14/83 121.7
#5/14/88 169.6
26703783 125.4
26/23/64 127.6
12/089/86 161.7
@7/26784 129,2
12/29/83 132.3

o Indicates age in months since birth, all other sges sre in moaths since sxposure.

COMMENTS ON DEAD DOGS

Secrificed

Posteriocr Paralysis
Transitional Carc, Uri Bladr
Pneumonia, Thyroid Cercinoma
Mallg Lymphe, Lng Tmr, Cholan
Hepatic D apialia

Empyema, Pitult.T., Cushing’s
Pnoumonil
Hepatocelluler Carcinoms
Hemangioma, Spleen

Mallig Lym ho Cholangiosarcom
Chron Nep r,éll. Duct Adenoma
Secrificed

Cushing’e Disease

Lung Tumor

Urinary Bladder & Ovarlan Tmr
Bone Tumor

Sacrificed

Bone Tumor, Lung Tumor

Bone Tumor

Sacrificed

Thyreid Carcinoma

Bone Tumor ,Bile Duct Carclnom
Bone Tumor, Lung Tumor
Sacrificed

Hemangicsarcoma, Heart
Pneumonis, Rad. Phneumonitla
Acute Preumonis, Lung Tumor
Bone Tumor

Mal ignant Lymphoma

Walignant Lymphoma, Addison’s
Bone Tumor

Adrenal & Pitultary Tumor
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DoG

DOSE GROUP IDENT
D-5 MED-HIGH 1181 F
D-6 MED-HIGH 1167 M
D-6 MED-HIGH 1936 F
D-6 WED-HIGH 1192 F
D-6 MED-HIGH 1142 M
D~E MED-HIGH 1271 MW
D-6 MED-HIGH 1173 M
D-5 MED-HIGH 1176 M
D-5 MED-HIGH 1847 MW
D-6 MED-HIGH 1108 F
D-6 MED-HIGH 1188 F
D-B MED-HIGH 121 M
-5 MED-HIGH 1398 F
D-6 MED-HIGH 1218 F
D-6 MED-HIGH 1892 N
D-6 MED-HIGH 1827 M
D-5 MED-HIGH 1116 F
D-6 MED-HIGH 974 F
D-6 MED-HIGH 1070 M
D-6 MED-HIGH 1968 F
D-6 HIGH 1982 M
D-& HIGH 1967 M
D-8 HIGH 1999 M
D-8 HIGH 1942 F
D-8 HIGH 994 F
D-8 HIGH 1228 F
D-8 HIGH 976 F
D-8 HIGH 1037 M
D-6 HIGH 1143 M
D-6 HIGH 1026 M
D-& HIGH 19684 M
D-& HIGH 1182 F
D-8 HIGH 1176 F

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

NCI

591

708

671

764
1014
1289
1923
1126

o0o
1118
1344
17684
1478
1710
1848
2148
1885
1718
2828
1997
2907
3118
aean
29689
3458
3e19
agas
4854
7801
0479
9453
8968
8201

NCI/G NCI/  WEIGHT AGEs
LUNG KG (KG) (MO) DATE
4.48  49.26 12,8 19.8 04/18/74
4.71  61.66 13.5 17.7 11/86/73
6.48  60.11 9.6 18.2 82/22/73
8.563  71.81 18.5 18.1 ©2/28/74
6.68  72.43 14.0 18.2 11/086/73
8.79  74.85 17.8 18.1 85731773
7.76  85.26 12.¢ 17.3 11/86/73
8.52 93.76 12.¢ 16.8 11/06/73
8.81 94.74 9.5 18.1 92/22/73
8.86  97.30 11.6 168.4 85/31/73
19.18  112.08 12.@ 17.3 11/086/73
11.68 121.86 14.5 17.8 82/28/74
12.28  134.18 11.8 16.8 85/31/73
12.95 142.5@ 12.0 17.3 82/28/74
18,44  147.84 12.5 17.3 86/31/73
13,96 163,43 14.@ 19.2 @1718/73
14.99  183.61 11.6 168.1 86731773
16.82 171.80 19.¢ 28,2 @1/18/73
16.88 174.67 16.¢ 18.0 ©5/31/73
18,61 181.82 19.5 17.8 92/22/73
18.88  207.64 14.¢ 19.6 21/18/73
29.08 239.81 13.6 17.9 @2/22/73
28.40  200.40 12.6 19,8 91/18/73
28.82 311.47 9.6 18.1 92/22/73
31,99 B46.30 18.6 19.8 81/18/73
31.49 348.38 11.8 19.8 91/18/73
38.07 308.90 1.8 28.2 91/18/73
44,13 486,40 1.8 18.2 92/22/73
53.78 691.82 13.9 18.2 11/88/73
57.1¢ 828.07 18.6 19.2 91/18/73
83.86 7@8.22 18.6 18.7 ©1/18/73
70.29 773.22 9.8 17.8 11/08/73
76.18 828.80 7.5 18.8 11/08/73

MONTHS SINCE

Da;E INHALATION

DEATH 9/30 /68 DEATH COMMENTS ON DEAD DOGS

03 21717 35.1 Interstitinl Pneumonitis
B3/02/B4 123.8 Bone Tumor
83/04/84 132.3 Bone Tumor, Cushing’s Disense
©3/29/83 129.8 Bone Tumor

12/14/81 87.2 Bone Tumeor
81/89/81 91.3 Bone Tumor, Lung Tumor
v2/08/82 #9.1 Bones Tumeor
B1/06/83 110.8 Bone Tumor, Lung Tumor
18705782 115.4 Vertsbral Disk Herniation
vs/08/80 §8.2 Bons & Lung Tumor, Addison's
#9722/81 94.5 Bene Tumor, Lung Tumor
B6/17/82 98.8 Bone Tumer
oE/08/78 69.2 Addison’s Disesae

Q4724781 05.9 Bons Tumer

18723778 84.8 Bone Tumor

12/01/78 78.4 Bone Tumor, Lung Tumor
oT/11/78 81.3 Bone Tumor
P6/24/78 84.1 Bone Tumor
v2/12/78 68.4 Addison’e Disease, G.I. Tumor
11/81/19 8.3 Bone Tumor, Adrens| Tumor
P1/21/80 B4.1 Bone Tumer, Lung Tumor
23/87/70 72.4 Bone Tumer
P4/01/78 82.4 Lung Tumer, Ostecerthropathy
11/18/78 68.8 Bone Tumer, Lung Tumor
eT/e4/18 41.5 Addison’s Disease
e1/18/79 72.0 Bone Tumor, Lung Tumor
ot /26/78 88.2 Bone Tumor, Lung Tumor
11/21/78 88.9 Bone Tumor

12/08/17 49.9 BDone Tumor, Lung Tumor
0317 /77 48.9 Lung Tumer
04/14/77 E2.8 Bone Tumor, Lung Tumor
12/719/78 81.4 Bone Tumer, Addison’s Dissase
P2/24/78 1.8 Lung Tumer

s Indicetes age in monthe since birth, ail other ages ars in montha since sxposure,



INHALED PLUTONIUM NITRATE IN DOGS

ELL

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE HWONTHS SINCE
—_—— DATE INHALATION
DOG NCI/G NCI/ WEIGHT AGEe OF  —c——cm—vnem———

DOSE GROUP IDENT NCI LUNG KO (KG} (u0) DATE DEATH 8/38/8% DEATH COMMENTS ON DEAD DDGS
CONTROL 1368 M a 2.08 2.00 24781 /87 154,59« Adrens! Tumor
CONTROL 1386 M e 0.8 0.90 87/18/88 170.1s Processing
CONTROL 1378 F ] 2.00 2.0 #6/11/80 78,8+« Pnaumonia
CONTROL 1368 M -] 2.9 2.98 29/11/81 B6.7« Sacrificed
CONTROL 1393 M "] 9.8 2,00 e8/19/87 165.9+ Pnaumonie
CONTROL 1405 M a .20 ©.08 BB/13/84 121.3% Secrificed, Henrt Base Tumor
CONTROL 1400 M ) 2.9 2,00 o7/11/89 180.3« Processing
CONTROL 141 M ) 9.99 o.90 ge/28/88 181.4% Processin
CONTROL 1428 MW 2 0.00 9.00 fe/ez2/82 968.56s Status Ep?l.pticus
CONTROL 1468 F [ 2.008 8.082 11/84/81 87 .4+ Sacrificed
CONTROL 1465 F ] 2.09 a.00 28/20/87 168.56» Pyometra
CONTROL 1483 F a 2,00 2.08 163, 9
CONTROL 16@9 M ] @.0@ 2,08 18/3ac/68 146.1e Secrificed
CONTROL 1618 F 2 8.9¢ o.80 176.68a
CONTROL 1626 M a 2.00 9.90 11/14/87 167.1» Prostate Tumeor
CONTROL 128 W ] 2.008 2.0 178.8x4
CONTROL 1628 F - 9.0@ 2.20a 24 /98 /87 149.2« Corebral hemcrrhage
CONTROL 16423 & -] 2.00 2,00 p8f12/68 141.3» Vertebral Olec
CONTROL 1663 F -] 2,00 2.08 1688.0»

CONTROL 1672 F ] P.80 2,08 1668.7»

CONTROL 1677 W 2 9.99 .08 : 168.7»

CONTRDL 1684 F 2 2.00 9.00 11/29/88 168.8% Thyroid Tumor
CONTROL 1694 F B 2.02 8,84 1868 .89

CONTROL 1803 M -] 2.0@ 2.8 180,83«

CONTROL 1833 F -] 2.00 2.0 11/18/88 126.8+ Thyroid Tumeor
CONTROL 1438 F a 9.80 3.00 a9/88/87 138.6% Sacrificed
YEHICLE 1381 M a a.28 B.04 8.6 21.0 92/13/768 @Q4/04/89 167.7 Processing
YEHICLE 1381 F "] 2.94d 2.9 8.6 18.8 ©2/13/78 163.6

VEHICLE 1262 W ] 2.20 g.82 13.0 22.0 47227718 181,32

YEHICLE 1408 W "] 2,00 8.0@ 18.6 21.8 94/22/78 @1/21/88 141.,8 Mslignant Lymphoma
YEHICLE 1412 F -] .20 g.02 9.0 19.8 @2/13;76 @a7/88/89 182.7 Proceasing
YEHICLE 1421 o 2] g.90 2.8 13.8 23.3 P8/23/78 @2j28/88 148,1 Hastocytoma
YEHICLE 1487 F -] a.9¢ Q.09 12.8 20.8 24/22/718 181.3

¢+ Indicates age in months since birth, all cther ages ars in months since exposure.



vl

DoG
DOSE GROUP IDENT
YEHICLE 1491 F
YEHICLE 1624 F
YEHICLE 1614 M
YEHICLE 1624 MW
VEHICLE 1631 F
YEHICLE 1642 M
VEHICLE 1668 W
YEMICLE 1678 M
YEHICLE 1593 F
YEHICLE 1881 F
VE4ICLE 1820 M
VEHICLE 16384 F
YEHICLE 1861 F
D-1 LOWEST 1418 M
D-1 LOWEST 1488 F
D-1 LOWEST 1489 F
D-1 LOWEST 1681 M
D-1 LOWEST 1616 M
D-1 LOWEST 1673 M
D-1 LOWEST 16681 M
D-1 LOWEST 15698 M
D-1 LOWEST 18808 F
D-1 LOWEST 1823 M
D-1 LOWEST 1339 F
0-1 LOWEST 1610 M
D-1 LOWEST 1678 F
D-1 LOWEST 1446 F
D-1 LOWEST 1478 F
D-1 LOWEST 1607 W
D-1 LOWEST 1692 F
D-1 LOWEST 1887 M
D-1 LOWEST 1336 W
D-1 LOWEST 1487 F

¢ Indicates age in months mince birth, sll other mges mre in

INHALED PLUTONIUM NITRATE IN DOGS
INITIAL ALYEOLAR DEPOSITION INHALATION EXPOSURE

CAMALWANNRNNHSGEOALASAGRAS GO AARAQAREEDN

NCI/G
LUNG

SutnanoasonAansLseananamn

O G O G G N R B bt

L1
K. ]
-

NCI/
KG

9.2
9.08

.............
NeC2323383383233833:8R

2.1
2.18
#.36
9.29
@8.32
8.29
@8.36
0.42
g.48

WEIGHT

(KG)

AGEe
(M)

DATE

14.8
13.5
11.6
18.6
14.9
11.9
14.9

9.0
i2.6
18.0
12.@
18.6
14.2
13.5
13.2
11.6
13.@

21.8
20.9
w.9
21.6
0.9
20.8
18.2
18.2
18.0
18.0
21.1
19.8
19.2
22.1
21.6
20.5
20.4
19.8
19.4
19.3
19.2
10.2
1.2
17.6
19.6
19.4
21.a@
21.8
16.8
19.2
16.08
19.9
28.6

06/23/768
28722776
28/238/78
07/21/18
@7/21/18
27/21/78
@3/16/77
83/15/17
83/16/17
83/16/77
12/81717
12781717
12/81777
05/28/76
P6/20/78
0E/208/78
BE/206/78
26/208/78
04/10/77
04719777
B4/18/77
84/19/77
24/10/77
18718776
85 /20776
B4/190/77
05/20/76
25/28/78
¢5/208/78
84719/77
04/10/77
19/18/76
05/28/76

05 /10/89
82/22/80
26 /86 /02
83/27/08

26 /01/89

21/08/87

29/21/60
98/04 /84
21/03/84

#7/31/88

11/13/76

28/10/87
26718789
04 /00784
P8/87/88

@7/28/88
11713778

months since exposure.

MONTHS SINCE
INHALATION

9/30/89 DEATH

159.1

163.5
168.%
160.6
169.6

142.0

142.9
18@.4

180.4
149.4

140.4
149.4
149.4

1€0.4

149.4

188.4

164.5
162.8

7.4
149.9

162.1

199.2

160.1
98.5
01.5

111.4

2.9

122.0
166.8

94.7
144.8

136.2
0.9

Processing
Procesaing
Melignant Lymphoms
Yertabral Disc

Processing

Yertebral Disc

Procos-inT
Escphagesl Tumor
Thyrcid Tumor

Hemangiosarcoma

Sacrificed

Stomach tumor
Processing
Meningioms
Processing

Liver Tumor
Secrificed

CONMENTS ON DEAD DOGS
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INHALED PLUTONIUM NITRATE IN DOGS

MONTHS SINCE

.............. DATE INHALATION
DOG NCI/G NCI/  WEIGHT AGEs OF  —mmm=mc—=aee-
DOSE GROUP IDENT NCT LUNG KaQ (KG) (MO)  DATE DEATH  9/36/69 DEATH COMMENTS ON DEAD DOGS
D-1 LOWEST 1663 F 4 .84 .40 9.5 190.2 84/19/77 149.4
D-1 LOWEST 1351 7 .08 8.61 11.4 17.2 16/18/76 11/13/76 8.9 Sacrificed
D-1 LOWEST 1665 F g 9.08 2.67 11.6 10.4 94/19/77 ©9/28/85 101.3 Hemangicsarcoma
D-2 LOw 1613 W 2 9,00 P.P9 11.5 19.8 @#5/28/78 180.4
D-2 LOW 1520 M 1 2.61 8.12 18.56 19.5 95/20/78 180.4
D-2 LOW 14156 M 2 P.92 9.208 11.6 22.2 86/26/78 188.4
D-2 LOW 1676 W 2 .02 9.19 14.8  10.4 84/19/77 12/28/87 126.3 Prostate Tumor
D-2 LOW 1488 F [ 4.03 2.37 14.9 21.02 @5/28/78 180.4
D-2 LOW 1608 F 5 9.04 B.42 12.5 10.8 84/19/77 149.4
D-2 LOW 1579 M 8 .95 8.59 14,8 10.3 84/19/77 149.4
D-2 LOW 1698 F 8 .05 9.61 12.8 19.2 94/19/77 ©3/18/87 118.9 MWammary Tumor
D-2 LOW 1686 F g .08 0.58 12.8 19.2 94/19/77 98/31/89 148.4 Processing
D~-2 LOW 1560 F 9 .07 .82 11.8 19.3 94/19/77 149.4
0-2 LOW 1691 M 11 8.07 8.76 15.8 19.2 94/19/77 #8/16/89 147.9 Processing
D~2 LOW 1417 M 11 9.28 2.89 12.0 22.1 @6/28/18 188.4
D-2 LOW 1423 M 10 9.98 8.87 11.2 22.1 €5/20/78 ©6/21/89 167.2 Processing
D-2 LOW 1587 N 12 .08 .93 12.0 19.4 04/10/77 149.4
D-2 LOW 1472 F 10 .00 1.81 16.8 21.0@ 95/20/76 180.4
0-2 LOW 1585 F 9 .00 1.83 8.6 19.9 ©5/28/76 12/13/84 162.8 Thyroid Tumor
D~2 LOW 1882 M 15 2.09 1.3 14.5 190.2 94/19/77 ©8/10/88 111.7 Epllepay
D-2 LOW 1494 F 11 9.10 1.08 18.0 20.5 25/28/78 188.4
D-2 LOW 1599 F 10 2,10 1.14 9.9 10.2 84/10/77 ©3/12/686 108.7 Adrenal Tumer
D-2 LOW 1498 F 18 8.15 1.85 9.6 20.5 95/26/78 16/19/08 149.0 Processin
0-3 MED-LOW 1338 W 21 .14 1.62 13.6 18.8 18/16/76 11/18/76 2.9 Sscrifice
D-3 MED-LOW 1341 F 19 8.18 1.78 18.5 17.2 18/16/76 11/13/76 8.9 Sacrificad
D-3 MED-LOW 1805 F 26 9.20 2.19 11.6 17.8 @3/16/77 ©3/24/82 86.3 Sacrificed
D-3 MED-LOW 1398 M 34 9.21 2.38 14.6 22.8 ©4/208/76 ©#1/84/68 116.6 Hemangiomarcoms
D-3 MED-LOW 1389 M 27 .23 2.64 16.6 21.0 04/20/78 ©6/84/76 8.6 Secriliced
D-3 MED-LOW 1413 F 29 .24 2.89 11.8 18.2 61/20/76 @3/61/86 100.3 MNallignant Lymphoma
D~3 MED-LOW 1446 F 34 .24 2.80 13.8 21.8 4/20/76 ©5/85/76 @.5 Sacrificed
D-3 MED-LOW 1688 M 48 .29 3.17 14.5 18.3 83/15/77 12/02/08 116.8 Paeumonia
D-3 MED-LOW 1696 M 68 .29 3.23 15.5 18.8 @3/156/77 168.6
D-3 MED-LOW 13908 M 43 8.39 3.29 13.8 21.9 84/20/78 @5/84/76 8.5 Smerificed

» Indicates age in months aince birth, all other sges are in

months since sxposure.
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DOG

DOSE GROUP IDENT
D-3 MED-LOW 1391 M
D-3 MED-LOW 1687 W
D-3 WED-LOW 1869 M
D-3 MED-LOW 1649 W
D-3 MED-LOW 1344 F
D-3 MED-LOW 16689 F
D-3 MED-LOW 1588 M
D-3 MED-LOW 1629 F
D-3 MED-LOW 1674 M
D-3 MED-LOW 1376 F
D-3 MED-LOW 1664 F
D-3 MED-LOW 1444 F
D-3 MED-LOW 1429 F
D-3 MED-LOW 1623 F
D-3 MED-LOW 1639 W
D-8 MED-LOW 1380 W
D-3 MED-LOW 1407 F
D-3 MED-LOW 1689 F
D-3 MED-LOW 1678 M
D-3 MED-LOW 1582 F
D-3 MED-LOW 1671 F
0-3 MED-LOW 1427 F
D-3 MED-LOW 1622 F
D-3 WED-LOW 1383 W
D-3 MED-LOW 1804 MW
D-3 MED-LOW 1630 F
D-3 MED-LOW 1468 F
D-3 WED-LOW 1698 F
D-3 MED-LOW 1422 F
D-4 MEDIUM 1637 M
D-4 MEDIUM 1494 W
D-4 MEDIUM 1621 F
D-4 |

MED IUM

1468

INHALED PLUTONIUM NITRATE IN DOGS
INITIAL ALVEOLAR DEFOSITION INHALATION EXPDSURE

DATE
NCI/G NCI/  WEIGHT AGEs OF
LUNG KG (KG) (MO} DATE DEATH
8.38 3.26 16.6 21.9 94/20/768 ©7/22/86
8.31 3.40 16.§ 1B.1 23/16/77 ©1/14/88
9.32 a.67 14.8 28.2 01/20/16 @17/23/76
2.32 3.61 16.6 20.7 07/22/76 11725788
2.33 3.68 11.6  17.2 10/18/76 11/14/75
2.34 3.75 11.8 18.0 ©3/16/77 @8/88/62
8.36 3.98 12.6 18.1 93/16/77 ©3/22/78
9.37 4.08 18.5 20.8 97/22/78 10/16/76
2.38 4,21 11.8 18.2 93/16/17
8.42 4.35 11.5  19.1 P1/28/78 ©1/23/78
8.40 4.44 9.8 10.3 @3715/77 ©3720/70
5.41 4.50 11.8 21.8 04/29/76
9.42 4.81 11.6 21.9 84/20/76 ©3/30/88
9.42 4.80 12.9 21.3 87/22778
8.46 4.99 13.8 28.7 97/22/78 10/20/76
8.48 5.08 12.5 19.1 81728776 96/24/37
8.51 5.58 9.8 18.5 91/28/78 ©1/23/76
©.53 5.82 10.¢ 18.2 P3/16/77 @9727/87
9.53 5.88 12.8 18.2 93/16/77 ©3717/82
9.54 5.98 9.6 18.1 @3/16/77 ©8/12/88
8.67 6.22 11.8 18.2 P3/16/77 83/21/798
2.82 8.01 18.8 21.1 £4/20/18 ©B/23/89
8.71 7.79 19.@ 21.3 97/22/78 18/18/76
0.74 8.09 10.6 20.2 21/28/78 96/12/687
9.74 8.10 16.6 18.@ @37/16/77
2.78 8.41 8.5 20.8 ®7/22/78 ©9/17/88
8.79 8.80 1.0 28.6 04/20/78 ©84/21/87
1.88  11.86 8.8 18.8 93/16/77 ©3/19/82
1.12  12.35 8.0 18.1 91/28/76
1.45 16.99 12.8 18.9 11/07/77 11/28/88
1.48 18.26 168.¢ 21.6 04/20/78 ©2/03/94
1.4  18.37 12.6 21.3 #7/22/78 ©6/07/86
1.64 16.50 12.5 18.4 11/87/77

» Indicates age In months since blirth, all other ages are in months since sxposure.

MONTHS

SINCE

INHALATION

9/30/8% DEATH

162.6

181.3
168.3

160.E

184.3

142.8

COMMENTS ON DEAD DOGS
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Thyrold Tumer, Lung Tumor
Hemangicsarcoma, Lung Tumor
Sacrificed

Lung tumor

Sacrificed

Smerificed, Lung Tumor
Sacrificed

Sacriflced

Sacrificed
Sacrificed

Malignant Lymphoma

Sacrificed

Pneumonin

Sacrificed

Lung tumor

Sacrificed

Mammary Tumor,Liver Tumor
Secrifliced

Processin

Sacrifice

Pneumonis, Adrenml/Liver Tmre

Bone Tumor, Lung Tumor
Pneumonin
Sacrifliced

Lung Tumor
Pleuritls
Bone Tumoer, Lung Tumor
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INHALED PLUTDNIUM NITRATE IN DOGS

INITIAL ALYEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE
- - DATE INHALATION
DOG NCI/G NCI/ WEIGHT AGEs OF  ====ceeo———ae
DOSE GROUP IDENT NCI LUNG KG (KG) (MO) DATE DEATH 9/38709 DEATH COMMENTS OM DEAD DODGS
D-4 MEDIUM 1379 M 2718 1.74 19.18 14,5 19.1 ©1/28/76 ©@1/20/88 144.8 Liver, Lung, & Bone Tumors
D-4 WEDIUM 1382 M 287 1.87 28.54 13.0 28.2 @1/20/716 12/28/88 156.8 Processing
D-4 MEDIUM 1838 F 248 2.6 22.67 11.2 18.6 11/27/7T7 142.8
D-4 MEDIUM 1847 M 294 2.06 22.568 13.@0 19.6 11/07/77 142.8
D-4 MEDIUM 1840 M 7 2.98 22.71 13.5 18.6 11/87/77 ©3/20/84 76.4 Lung Tumeor
D-4 MEDTIUM 1845 F 267 2.12 23.38 11.¢ 18.5 11/07/17 ©98/87/886 186.@ Lung Tumeor
D-4 MEDIUM 1634 W 286 2.14 23.87 12.6 20.8 87/22/786 ©O6/28/86 198.1 Congestive Heart Failure
D~-4 MEDIUM 1414 F 223 2.36 26.608 9.8 18.2 #1/28/78 ©08/14/88 126.8 Bone, Lung, and Liver tumore
D-4 MEDIUM 1818 F 277 2.49 28.38 1.6 28,3 11/07/77 ©7/12/99 148.1 @Bone Tumor
D-4 MEDIUM 1386 W 373 2.42 28.83 14,0 10.2 91/20/78 OT/12/84 121.7 Bone Tumor, Lung Tumor
D-4 MEDTILM 1498 F a3l 2.82 28.77 11.6 18.5 01/20/78 1@8/12/83 92.7 DBone Tumor
D-4 MEDILM 1428 F ara a.12 34 .38 11.8 21.1 24/20/78 18/28/86 114.3 Bone Tumor, Lung Tumer
D-4 WEDIUM 1536 F 3456 3.13 34.49 16.8 20.7 87/22/76 19/08/88 122.6 Bone and lung tumors
D-4 WEDIUM 1448 F 364 3.22 a6 .49 19.0 21.0 P4/20/78 90/10/08 123.7 Pyometras, Liver tumor
D-4 MEDTIUM 19684 M 483 3.24  35.86 13.0 20.2 81720778 ©8/02/04 162.4 Lung Tumor
D-4 MEDIUM 1387 F 346 4,48 49,38 7.8 10.8 @1/20/78 @28/713/00 E4.8 Bone Tumor
D-6 MWED-HIGH 1329 F 383 3.3@ 38.27 18.8 18.8 18/18/76 11/14/76 1.8 Sacrificed
D-6 WED-HIGH 1348 M 1.1 4.42 48.69 13.6 17.2 19/18/76 11/14/76 1.0 Sacrificed
D-6 MED-HIGH 1848 M 811 6.90@ 84 .90 12.6 18.6 11/87/717 ©7/11/86 92.1 Bone Tumor, Lung Tumeor
D=6 WED-HIGH 1247 F [-1:1:] 8.96 T76.47 9.8 17.2 10/18/75 11/14/76 1.8 Secrificed
D-B WED-HIGH 1856¢ F 992 7.32 80.51 12.3 18.3 11/@7/77 08/1%/83 89.4 Bone Tumor
D-5 MED-HIGH 1838 M 1212 8.48 83.26 13.8 10.90 11/07/7TT ©O6/83/83 86.8 Bone Tumor
D~-6 MED-HIGH 1621 M 1334 g.88 $6.28 14.8 28.3 11/87/77 11/19/64 84.4 Bone Tumer, Lung Tumor
D-5 MED-HIGH 1848 F 1881 a.77 968.45 11.8 18,6 11/37/77 11/11/82 84,1 Bone Tumor
D-6 MED-HIGH 1429 M 1378 9.82 186.86 13.8 23.2 28/23/78 06/29/61 59.2 Bone Tumor, Lung Tumer
D-&6 MED-HIGH 1841 M 1276 9.88 108 .24 12.¢ 18.5 11/a7/77 ©6/28/86 1.7 Lung Tumeor
0-6 MED-HIGH 1880 M 1618 19.22 112,41 13.6 18,8 11/01/77 ©9/065/84 81.8 Bone Tumor, Lung Tumor
D-& MED-HIGH 1698 M 1718 18.78 118.37 14.6 20.9 P8/23/78 @1/24/80 43.¢ Bone Tumor
D=6 MED-HIGH 1866 M 1994 11.08% 121.68 g.8 18.4 11/87/77 @3/19/86 88.3 Bone Tumor, Lung Tumor
D-5 MED-HIGH 1862 F 1324 12.98 131.96 16.0 18.4 11/07/17 @71/28/83 88.4 Bone Tumor, Lung Tumor
D-6 MED-HIGH 1619 F 1450 12.32 136.6@ 11.8 28.3 11/87/77 ©1721/83 82.6 Bone Tumor
D=5 WED-HIGH 1612 W 2411 14.81 18@.71 16.8 20.9 @8/23/78 12/28/79 42.8 Bone Tumor
D-5 MED-~HIGH 1419 W 1669 14 .92 164,11 9.6 23.2 28/23/78 18/22/82 76.8 Bona Tumer, Lung Tumor

» Indicates age in months slnce birth, sll othar ages sre in monthe since exposure.



:184

INHALED PLUTONIUM NITRATE IN DOGS
INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE

MONTHS SINCE

DATE INHALATION
DoG NCI/G NCI/ WEIGHT AQEw OF  semrcmmmeme-
DOSE GROUP IDENT NCI LUNG KG (KG) (MO} DATE DEATH 9/30/80 DEATH COMMENTS ON DEAD DOGS

D-6 MED-HIGH 14908 F 20818 16.88 183,46 11.9 21.6 88/23/78 B4/89/82 80.5 Bone Tumor, Lung Tumor
D-6 MED-HIGH 1682 F oo 24,26 222,89 13.6 20.0 06/23/76 01/21/81 66.9 Bone Tumor, Lung Tumor
D-6 MED-HIGH 1486 F 23390 21.18 233,80 i2.@ 21.7 28/23/78 12/2@/88 64.2 BHone Tumor
D-5 MED-HIGH 1471 F 2508 21.71 238.82 10.6 22.1 ©6/23/76 ©6/01/70 34.2 Radistion Pneumonitis
D-6 MED-HIGH 1492 F 2473 24,98 274.82 9.8 21.68 95/23/76 18/18/00 51.8 0Bone Tumor
D-6 MED-HIGH 1469 F 26846 26.72 292.89 9.8 22.6 86/23/768 9/26/60 61.1 ARad. Pneumonitis, Lung Tumor
D=8 HIGH 1618 M k1.1 20.48 324 .89 11.8 22.8 88/23/78 12/18/79 41.8 Rad. Pneumonitis, Lung Tumeor
D=8 HIGH 1420 M 3040 30.38 B33.91 11.5 23.3 98/23/78 97712778 24.8 Radliation Pneumonitia
D-8 HIGH 1617 F 31:1 49.82 646.79 9.5 20.8 @6/23/76 11/02/77 186.3 Radiation Pneumonitis
D-8 HIGH 1618 F a9a8g9 656.00 696.92 11.6 28.0 86/23/76 11/@0/77 16.8 Radiation Pneumonitis
D-€ HIGH 1424 N 7881 69.83 T88.12 12.8 23.2 98/23/78 @8/31/77 14,3 Radlatlon Pneumonitis

» Indicates sge in months slnce birth, all other mges ars In

months since exposuras.
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