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PREFACE

This 1987 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 1987. The report again consists of five parts, each in a
separate volume.

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

The parts of the 1987 Annual Report are:

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

Part2: Environmental Sciences
Program Manager: R.E. Wildung 5.G. Weiss, Report Coordinator
G.P. O'Connor, Editor

Part 3: AtmosphericSaences
Program Manager: CE. Elderkin C.E. Elderkin, Report Coordinator
E.L. Owczarski, Editor

Part 4: Physical Sciences
Program Manager: L.H. Toburen L.H. Taburen, Report Coordinator
P.L. Gurwell, Editor

Part5: Environment, Safely, Health,
and Quality Assurance

Program Managers: L.G. Faust L.G. Faust and B.L. Steelman, Report Coordinators
B.L. Steelman S.K. Ennor, M.T. Upton, and J M. Gephart, Editors
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 pianning, 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 progam 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.



Members of the Scientific Advisory Committee, established in 1985, are:

Dr. Franklin |. Badgley University of Washington

Or. Leo K. Bustad Washington State University

Dr. Franklin Hutchinsan Yale University

Dr. Albert W. Johnson San Diego State University

Dr. 1. Newell Stannard University of Rochester; University of California, San Diego

W.). Bair, Manager
Environment, Health and Safety
Research Program
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FOREWORD

This report summarizes progress on OHER biomedical and health-effects research
conducted at PNL in FY 1987. The research develops the knowledge and scientific
principles necessary to identify, understand, and anticipate the long-term health
consequences of energy-related radiation and chemicals. Our continuing emphasis
is to decrease the uncertainty of health-effects risk estimates from existing and/or
developing energy-related technologies through an increased understanding of
how radiation and chemicals cause health effects.

The report is arranged to reflect PNL research relative to OHER programmatic struc-
ture. The first section, on human health effects, concerns statistical and epidemio-
logical studies for assessing health risks. The next section, which contains reports of
health-effects research in biological systems, includes research with radiation and
chemicals. The last section is retated to medical applications of nuclear technology.

Human Health Effects

The section on human heaith and risk assessments reports the status of epidemio-
logic studies, including occupational studies of the Hanford worker population and
a molecular study based on Japanese bomb survivor data; of a major database
design effort, to assess experimentally derived dose-effect data; and of an evalua-
tion of the benefit versus cost of selected OHER-funded research programs.

In these studies, analyses of causes of mortality in the Hanford worker population
were updated; the related lung-cancer study was finalized; the prevalence and case
control studies of congenital malformations in infants of occupationally exposed
parents were published; and efforts to pool data from waorker studies at several
DOE facilities were initiated. In Japanese atomic-bomb survivors, data on lung and
stomach cancer cases {and appropriate controls) and on prediagnosis levels of serum
ferritin and transferrin are being analyzed to study iron stores and risk of cancer.
High levels of iron stores are hypothesized to increase cancer risks.

An integrated database of pathological and dosimetric data from five OHER-
supported laboratories that conduct lifespan dose-effects studies in beagle dogs
was designed. The pathological observation terminology at the five laboratories
was standardized so that reporting is consistent.

In a study of the benefit versus cost of OHER-funded research for case studies of
three representative projects, investigators concluded that QHER projects have pro-
duced results beneficial to DOE, to other agencies, and to industry.

Health Effects Research in Biological Systems

The section on health effects of radiation in biological systems contains results from
experimental animal inhalation dose-effect-relationship studies with inhaled radio-
nuclides. Lifespan studies in dogs with inhaled 239PuQ3, 238PuQ3, and 239Pu({NO3)4
are summarized to 16, 13, and 10 years after exposure, respectively. The primary
plutonium-exposure-related causes of death are lung cancer with inhaled 23%Pu0;
and lung and bone cancer with inhaled 238Pu0; and 239Pu(NQ3)4. Dose-effect-
relationship studies with inhaled 239PuQ; in rats are in progress to obtain lung-



tumor-incidence data at lifetime doses of 5 to 1500 rad. Thus far, the datasuggest a
threshold dose of about 100 to 200 rad for lung-tumor induction. These lifespan
studies are also examining the influence of gender and strain on plutonium-induced
pulmonary carcinogenesis. In addition, the pathogenesis and microdosimetry of
plutonium-induced lesions are evaluated, using scanning electron microscopy auto-
radiography. Studies are also in progress in rats with inhaled radon daughters to
determine the influence of dose and dose rate on lung-tumor incidence. Ten-
working-level (WL) exposure rates show a nonsignificant increase in lung-tumor risk
over 100-WL exposure rates for 320-working-level month (WLM) exposures, sug-
gesting a tapering off of the previously observed inverse exposure rate effect at
occupational and environmental rates of radon exposure. Mechanistic studies of
radon injury are examining the role of oncogenes, epidermal growth factors and
their receptors in radon- and/or cigarette-smoke-induced puimonary carcinogene-
sis. A radon cellular-exposure system is being used for in vitro studies of DNA dam-
age and repair, and improved animal radon-exposure systems have been developed.

Studies to examine the role of oncogenes in radiation-induced lung cancer are
utilizing tumor tissue from the animal studies described above. The DNA from lung
tumors of dogs exposed to plutonium and leukemia cells from dogs exposed to
external gamma irradiation have undergone changes in known oncogene
sequences. Changes consistent with rearrangements, gene amplification, or
enhanced transcription have been found for Ki-ras, N-ras, myb fms and sis
oncogene-related sequences. The data suggest greater changes in the DNA than
those observed with chemical carcinogens.

Studies to understand the mechanisms of tumor initiation for chemicals have shown
that the tumor-initiating activity of benzo{a]pyrene {BaP} was decreased by coad-
ministration with complex organic mixtures. Furthermore, binding of 3H-BaP to epi-
dermal DNA, under conditions identical to those used for tumor initiation, resulted
in a decrease in amounts of BaP bound to the DNA. High-performance liquid chro-
matography radioactivity profiles of enzyme-hydrolyzed, adducted DNA demon-
strated that, in the presence of the mixtures, the predominant adducts were derived
from BaP-diol epoxides; however, the mixtures changed the ratios of the two com-
mon isomeric forms of BaP adducts. These data demonstrated that both DNA bind-
ing and adducts profiles are important in determining the contribution of a known
carcinogen to tumor initiation by mixtures. Efforts to prepare large (u%? quantities
of adducts for chemical characterization studies were successful when hepatocytes
were incubated with purified DNA and polycyclic aromatic hydrocarbons. The BaP
adduct profiles were identical to those obtained from mouse skin under conditions
that resulted in the appearance of tumors.

In our developmental studies, injection of neonatal, juvenile, and weanling rats
with 233U citrate decreased the growth rate of weanlings relative to that of con-
trols. These 233U exposures did not produce mortality, nor was mortality affected in
rats that were subsequently injected with another nephrotoxic agent. Based on
previously obtained data, models are being developed to estimate placental trans-
fer and fetal placental distribution of heawtI metals. In other studies, we are
attempting to determine the morphological changes :n the hypoplastic lungs of rat
fetuses; the hypoplasia was induced by treatment with complex organic mixtures.
The functional impairment observed resulted from early abnormal development of
the alveolar region, resulting in less organization in the interstitial tissue and
increased alveolar septal thickness at birth; bronchial and bronchiolar regions
appeared normal. The effects are related to the influence of the chemicals on lung
maturation and differentiation.

Vi



Our mutational research is developing a system to study molecular mechanisms that
govern genetic hotspots that have unusually high mutation rates. DNA targets in
the range of 50 to 100 base pairs have been synthesized and inserted into a target
gene of a plasmid. The plasmid is then transformed into a target cell of Sa/lmonelia
typhimurium, which has a genetic background advantageous for mutagenesis
experiments.

This health-effects research is an interdisciplinary effort requiring scientific contri-
butions from many research departments at PNL. The personnel in the Biology and
Chemistry Department and the Computational Sciences Department are the prin-
cipal contributors to this report.

Requests for reprints from the list of publications for 1987 will be honored while
supplies last.

vii
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* Statistical Health Effects Studies

Principal Investigator: E. S. Gilbert

Other Investigators: ). A Buchanan and N_ A. Holter

The purpose of this project is to provide statistical methodology for evaluating the impact of energy-
related activities on health. A major component of this study is the application of these methods to
data on the mortality of workers at the Hanford Site. In the past year, statistical methods have been
developed to more adequately handle highly skewed exposure distributions, and to account for the
dependence of health risks on factors such as age at exposure, sex, and time from exposure. These
methods have been applied 1o the Hanford monrtality data. In addition, efforts are underway to con-
duct analyses of combined data from several facilities involving low-level exposure to radiation. A
study of congenital malformations occurring in Tri-Cities hospitals has also been completed.

The most direct approach to assessing human health risks resulting from exposure to low tevels of
ionizing radiation {and other exposures involved in energy technologies) is the analysis of epi-
demiological data on human populations that have been exposed at the levels of interest. The objec-
tives of this project are 1o develop appropriate statistical methods for analyzing such data, and to
apply these methods to health effects data on workers at the Hanford site.

Hanford Worker Mortality Data

Updated analyses of the Hanford worker mor-
tality data have been completed and sub-
mitted for journal pubiication. These
results were described in the 1986 Annual
Report. Two refinements in the analysis of
these data have been recently implemented.
The first made use of a computer simulation
method, while the second provided an
approach to account for factors such as time
from exposure,

Because of the highly skewed exposure dis-
tribution in the Hanford worker study, the
usual statistical approximations used to
calculate significance levels for tests of
the null hypothesis and confidence limits
for risks estimates may be inadequate for
types of cancer with only a small number of
deaths. For this reason, a computer simula-
tion method was developed to provide a more
accurate assessment of significance levels
for diseases showing suggestive associa-
tions, and to provide more accurate confi-
dence limits for rarer diseases, including
multiple myeloma and leukemia. The applica-
tion of this simulation method to the
Hanford data indicated that Hanford multiple
myeloma risks were clearly inconsistent with
those observed in the Japanese atomic bomb
survivors. Although the Hanford-based esti-
mate for leukemia risks was negative, the
upper confidence 1imit was about two or
three times the linear-quadratic estimate
provided by the BEIR IIT Committee. This
result can be interpreted as indicating that
the Hanford data have provided direct con-
firmation, at the dose levels of interest,
that extreme departures from cCurrent
leukemia risk estimates can be excluded.

A precise comparison of Hanford-based and
atomic bomb survivor-based estimates
requires carefyl attention to factors such

as age at exposure, time from exposure, and
sex, since risks have been shown to depend
on all these factors. Although the role of
these factors cannot be assessed using
Hanford data alone, the consistency of the
data with patterns of risk that have been
observed at high levels of exposure can be
examined, and these patterns can be taken
into account in calculating risk estimates.
For example, leukemia risks have been shown
to increase, then decrease, with time from
exposure, reaching a peak at 5 to 10 years
after exposure, Thus, it may be appropriate
to weight doses received within a few years
of the time at risk more heavily than doses
received many years eartier,

Analyses accounting for the factors noted
above were conducted for leukemia, with the
objective of comparing Hanford-based esti-
mates with those based on the model provided
in the Report of the National Institutes of
Health {NIH) Ad Hoc Working Group to Develop
Radipepidemiclogical Tables. These analyses
indicated that the Hanford-based upper con-
fidence 1limit was about three times the
estimate provided by the HNIH Report and
about the same as the factor obtained from
the BEIR IIl compariscn, given eariier.
However, because of the more careful atten-
tion to time from exposure and other fac-
tors, a stronger case can be made for the
appropriateness of the latter comparison.

Pooling Department of Energy (DOEY Facil-
ities Data

Efforts to implement the pooling of data
from studies of populations at different DOE
facilities have been initiated. These
efforts have included meetings of investi-
gators conducting these studies and a pre-
liminary decision regarding who will conduct
analyses for various aspects of the pooling.
PNL will be responsible for the analysis of



external exposure data, with the first
analyses including pooled data from Hanford,
Oak Ridge National Laboratory, and Rocky
Flats. Other facilities to be added in the
future are Mound Laboratory, the Savannah
River Plant, and Los Alamos Hational
Laboratory. These pooled analyses will
apply comparable methodology to all study
populations, and are expected to provide
greater power for detecting effects and a
better understanding of differences in the
groups studied. The possibility of pooling
on an international basis has alsoc been dis-
cussed at meetings of investigators who con-
duct studies of workers in the U.S., Canada,
and Great Britain., International pooling is
expected to received further attention in
the future.

Congenital Malformation Studies

Two papers describing the results of a study
of congenital malformaticns will be pub-
lished 1in the American Journal of Epi-
demiology in February 19B8. The data for
these papers included information on cases
of congenital malformations among infants
born during the period 1957-1980 (case-
control study) and 1968-1980 (prevalence
study) in the three hospitals in Richland,
Kennewick, and Pasco, WA. The first paper
describes case-control analyses and
addresses the guestion of whether parental
occupaticnal exposure to low-level ionizing
radiation s associated with an increased
risk of congenital malformations in their
offspring. The second paper describes
prevalence-at-birth analyses and compares
rates to appropriate comparison populations.

The case-control analyses were based on 672
malformation cases and 977 matched controls,
Twelve specific malformation types were
analyzed for evidence of association with
occupational exposure to jonizing radiation.
Neural tube defects (including anencephaly
and spina bifida) showed a statistically
significant association with parental pre-
conception exposure, hut the association was
based on a small number of cases. Eleven
other defects, including Down's syndrome,
for which an association with radiation was
considered most likely, did not show evi-
dence of such association., When 311 malfor-
mations were analyzed as a group, the
relationship of parental exposure to radia-
tion hefore conception was in the positive
direction, but was not statistically signif-
icant {0.05 < P < 0.10). In view of strong

contradictory evidence, based on the lack of
demonstrated effects in genetic studies of
atomic homb survivors in Hiroshima and
Nagasaki. the observed correlations are
unlikely to have resulted from a cause-and-
effect assoclation with parental radiation
exposure,

In prevalence-at-birth analyses, 454 malfor-
mation cases were identified among 23,319
hirths, yielding a malformation rate of
about 20 per 1000 births. This rate is sim-
ilar to that reported in other studies.
Rates of specific malformations that were
ascertained during the first year of 1life
were compared with the combined rates from
the states of Washington, Oregon, and Idaho,
obtained from the Birth Defects Monitoring
Program (BOMP). Among defects that would be
expected to be comparably ascertained,
neural tube defects were found to be signif-
icantly elevated; 40 cases were observed,
compared with 23 cases expected. The cleft
1ip rate was found to be significantly lower
than the BDMP rate; 12 cases were observed
compared with 23 cases expected. Compari-
sons for other defects, including Down's
syndrome, did not provide evidence that
rates were either significantly high or low
for the Tri-Cities area.

The excess of 17 cases of neural tube
defects canmot possibly be explained by
employment of the parents at Hanford, since
in only 7 of the total of 40 cases were
parents so employed. Estimated releases of
radiation to the general public from Hanford
operations have been far too low to explain
the excess. Rates for neural tube defects
show wide geographic variation and, although
rates for this study were higher than rates
usually chserved in the western U.S5., the
rates are comparable to those observed in
the eastern U.S. The etiology of neural
tube def2cts 1is poorly understood, and
excesses have been identified in other geo-
graphical areas, without an explanation.

Overall, there are no findings in the con-
genital malformation studies that can be
appropriately interpreted as indicating that
adverse effects result from either employ-
ment at Hanford or releases from Hanford
operations. The papers describing these
studies have been reviewed by the Hanford
Health and Mortality Study Advisory Com-
mittee and many other scientists with rele-
vant expertise, including those selected by
the American Journal of Epidemiology.



¢ jron Stores and Risk of Cancer

Principal Investigator: R. G. Stevens

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

A case-contro! study of 200 stomach cancer and 85 lung cancer cases occurring between 1973 and
1985 in the Japanese atomic bomb survivor population has been undertaken. Serum samples saved
since 1970-1972 from cases and an equal number of controls have been tested for ferritin and trans-
ferrin to test the hypothesis that high levels of iron stores increase cancer risk. The data are currently

beinganalyzed.

Subject characteristics may play an impor-
tant part in modifying susceptibility to
radiation carcinogenesis. For this reason,
an active research effort at this and other
laboratories is examining nutritional anti-
oxidants as possible radioprotectors. As &
complement to this research, this project is
based on the hypothesis that elevated iron
stores may act as a radiosensitizer. Such
an epidemiological study of iron-binding
proteins and cancer risk in Japanese atomic
bomb survivors is based on the following
biological rationale.

Under conditions of low iron, transfarrin
saturation is Tlow. Less ferric iron
(Fe***) gets into the c¢ell, and the amount
of intracellular ferritin is low, as is the
amount of iron inside each ferritin mol-
ecule. Exposure to ionizing radiation
results in production of oxygen radicals.
Superoxide and hydroxyl radicals that are
produced can be reduced to hydrogen peroxide
by enzymes such as superoxide dismutase.
Hydrogen peroxide can be reduced to water by
catalase and glutathione peroxidase.

However, under conditions of high iron,
transferrin saturation is high. More ferric
iron gets into the cell, and intracellular
ferritin increases. In addition, the con-
centration of nonspecific iron chelates with
adenosine diphosphate, for example, in-
creases. Thus, after fionizing radiation
exposure, the concentration of the resulting
radicals can be further diffused because the
iron chelates have depleted the cellular
reducing equivalents., Furthermore, hydrogen
peroxide can be re-oxidized to reform
hydroxyl and superoxide radicals by iron
catalysis of these reactions. The result
may be increased damage to cellular struc-
tures such as DNA.

Based on this rationale, a study was
designed using data from the Japanese atomic
bomb survivors. Serum samples from approxi-

mately 7,000 Japanese bomb survivors have
been saved since 1971-1972. Two hundred
cases of stomach cancer and 85 cases of lung
cancer that have occurred since 1973 have
been matched to 285 controls with regard to
age, city of residence (Hiroshima or
Nagasaki), and sex. The saved serum samples
have been tested for nine constituents,
including the iron-binding proteins ferritin
and transferrin. The data are currently
being analyzed in collaboration with
researchers from the Radiation Effects
Research Foundation (RERF) in Hiroshima and
the National Cancer Institute in Bethesda,
MD.

Twg additional studies have also been
started in collaboration with researchers at
RERF, The purpose of these studies is to
examine possible confounding effects of
smoking on the main study, and also to exam-
ine the hypothesis in other ways.

The relationship between cigarette smoking
and serum chemistries is being examined in
the cycle 7 and 11 data bases, which have
been compiled from information obtained
during clinic visits by Japanese atomic bomb
survivors that occurred between 1968 and
1970 and between 1976 and 1978, respec-
tively. Preliminary results show that smok-
ers had lower serum albumin, total protein,
and globulin. Relationships between smoking
and levels of wuric acid, glucosze, and
cholesterol are also being examined. These
results are important because studfes of
serum markers and cancer can be seriously
confounded by an effect of smoking.

Another study has been designed to examine
serum albumin and hemoglobin in relation to
cancer. Since these determinations were
made on all subjects examined, the sample
size for the study is approximately 9,000,
thus gqiving greater power to detect real
associations {should they exist) than the
smaller case-control studies.






* Interlaboratory Toxicology Data Base

Principal Investigator: C. R. Watson

Technical Assistance: ). D. Kaschmitter, ). §. Littlefield, and R. B. White

The goal of this project is to provide investigators with the capability to assess experimentally derived
dose-effect data from many laboratories for evaluating potential insults to human health. [nitial
efforts, reported here, concentrate on the beagle dog lifespan health-effects studies supported by
DOE at five lahoratories. Significant steps include standardization of the medical observation
glossary, development of an independent offsite data tape archive, and preliminary design of a
registry to contain common-format dosimetric estimates and histopathologic observations for each

major tissue in the more than 5000 dogs under study.

Our goal is to provide investigators with
the capability to combine experimentally
derived dose-effect data from many labora-
tories for evaluating potential inmsults to
human health. A manageable subset of this
targe problem is to integrate information
from the five DOL-supported laboratories
that conduct lifespan studies of beagle dogs
exposed to variopus radiotoxic dinsults.
These laboratories, shown in Table 1 with
their experimental protocols, are: Pacific
Northwest Laboratory {PNL}; Inhalation Toxi-
cology Research Institute {ITRI}; University
of California (UC), Davis; University of
Utah (Utah}; and Argonne Mational Laboratory
(ANLY. These studies, which were designed
to complement one ancther, are nearing com-
pletion.

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

1. integration of diverse medical termin-
ology glossaries into Systematized
Homenclature of Dogs (SNODBOGY,

2. development of procedures for archiv-
ing information from each institution,
and

3. design of a database that includes
dosimetric and histopathologic obser-
vations of each major tissue of ami-
mals on study.

TABLE 1. Summary of tifespan Experiments in Beagle Dogs
Exposed to Radiotoxic Insubis a1 DOE-Supparted Laboratories.

Number

Laboratory Route Agenl of Dogs
PNL inhalation  Pu(),, PulNO,), 479
ITR] Inhalation Alpha Emitters 3499
Inhalatian Beta Emitters 916
LC, Davis Injection Hgr, 226R, 1749
Ingestion My 474
External X Ray 360
Utah Injection Alpha Emitters 1146
injection WSy 100
AMNL External X oor Gamma Rays 710
Injection Beta Emitters 268
Taotal 3438

SNODQG

Major products of the DOE long-term studies
of beagle dogs are pathologists' observa-
tions regarding tumor identification and
classification, and clinicians' findings on
morbidity and tumor development. Eventu-
ally, it will be useful to analyze these
observations by combining the results of the
various studies conducted at the five lab-
oratories. To this end, each institution
has made a commitment to encode their obser-
vations, using the American Medical Associa-
tion's hierarchical coding scheme, the Sys-
tematized Nomenclature of Medicine (SNOMED),
as augmented by the American Veterinary Med-
ical Association in the Systematized Nomen-
clature of Veterinary Medicine (SNOVET).
However, the published SNOMED/SNOVET glos-
saries are deficient in some areas. For
example, topography codes for specific mam-
mary glands or for detailed dissection of
the canine 1lung are lacking. Therefore,
each labaoratory developed variants of the
published glossaries that fit their investi-
gative philosophy. Since this was done
without coordination among laboratories, the
resulting coded observations were incompati-
ble.

To overcome this difficulty, this project
has supplied the coordinating function by:

» providing a wunified, 5000-item glos-
sary called SNODOG,

-« acting as clearinghouse for additicns
to SNODOG, and

+ providing data-entry software.

The canine-specific medical glossary,
SNODOG, derived from SHOMED and SHNOVET, has
been compiled and installed on the computer
at each of the five Tlaboratories.  SNODOG
resolves the wvarious conflicting sup-
plemental codes assigned by each laboratory.
To allow interlaboratory comparison, some
madifications in the codes used in previous
records were nacessary.

Three of the taboratories (ANL, PNL, and UC,
Davis) had developed glossaries by manually



entering codes extracted from SNOMED or
SNOVET publications as requested by investi-
gators. SNODOG represents the logical union
of these three glossariss. (The other two
Taboratories, ITRI and Utah, provided
investigators with access to the entire
SNODOG  glossary as received on computer
tape.} Table 2 shows the inconsistencies
among laboratories in choices of codes, as
well as the results after standardization in
SNCDOG.  With the concurrence of investi-

used the codes before the dintroduction of
SNODOG. Future updates of the SNODOG glos-
sary wi' 1 incorporate suggestions made by
pathologists in the various laboratories.

TABLE 2. Characterization of SNOMELYSNOVET Glossaries,
Showing Tatal Number of Lntrics by Laboratory.

Entry Purpose PHL L, Daves AML SNODOC

. Dizease 127 114 25 169
gators, infrequently used codes were com- Etinlogy 235 177 8 104
bined, and tﬁe texts of the translations Functian 514 558 102 <46
were standardized. N

Morphology 674 623 273 77
SNODOG is inclusive and permissive; codes in Procedure 196 2> 9 496
Table 3 are available for optional use. The Topographs - 1291 1469 ad 1820
center column indicates which laboratories Total 3143 3366 1038 4307
TABLE 3. Examples of SNODOG Codes and Translations,
Code Laboratories that Previously Used these Codes Translztion

MOZ0000 ANL; PHL: UC, Davis: Utah Color, Abnormal
MOA0100 UC, Davis; Utah Croen Color, Abnormal
MO40200 ANL; PNL; UC, Davis; Utah Blue Caolor, Abnormal (Cyanosis)
M040300 UC, Davis; Utah Bluish Color, Abnormal
M0O40400 UC, Davis; Utah Red Color, Abnormal
MO40500 UC, Davis; Utah Yellow Color, Abnormal
MO40900 PNL; UC, Davis; Utah Lass of Color, Abnormal (Pallor)
TOROOOO AML: PNL: UC, Davis; Llrah Lymph Node, NOS
TOBOODT PNL; UC, Davis Medulla of Lymph Node
TCBO200 PNL: LIC. Davis; Utah Sinusoid of Lymph Node
T081000 ANL; Utah Lymph Node of Head
TO81400 ANL; Utah Parotid Lymph Node
TOB1600 ANL; PNL: UC, Davis: Utah Submandibular Lymph Node
Ta81601 PNL; L, Davis Left Submandibular Lymph Node
TOB1602 PNL; UC, Davis Right Submandibular Lymph Node
TOB1603 PNL; LIC, Daviy Both Submandibular Lymph Nodes

Archive of Information

Computer-tape copies of the beagie-related
information at each institution were ob-
tained and are now stored at DOE head-
guarters. Each labgratory has developed
techniques for translating information from
its proprietary data-management systems to
machine-independent, American Standard Code
Information Interchange format flat files.
Extensive documentation of the beagle infor-
mation management system and tape back-up
process at each laboratory provides a basis
for projected annual updates of the archive.
Offsite storage of tapes and documentation
provides additional security for this exten-
sive information set.

Tissue Reqgistry

The planned tissue registry will be a data-
base containing dose information and histo-
pathology observations for each significant

tissue from the 5438 animals under long-term
study. Weetings have been conducted at each
laboratory to refine this concept. A five-
level hierarchy (Table 4), which will prob-
ably be maintained on a microcomputer, is
envisioned for the registry. The projected
rnumber of records, based on 10 tissues per
animal, is manageable.

TABLE 4. Hierarchy for Tissue Registry Database.

Number
Level 1 ltem Per  ltems Source of Information
1 Laboratory 3 Annual Reports
2 Study 48 Annual Reports
3 Cironip 357 Annual Reports
4 Log 5438 Colony Master lile in Each
Laboratory
5 Tissue 34380 SNODOG File andior
Keyboard in Lach Labaoratory
Total 6228



» Benefit-Cost Analysis of OHER Research

Principal Investigator: R. ). Nesse

Other tnvestigators: 1. M. Callaway, J. E. Englin, M. S. Klan, A. K. Nichotls, and D. E. Serot

This research was undertaken to estimate societal benefits and costs of selected past research per-
formed for OHER. Three case studies of representative OHER and DOE research were performed.
One of these, the acid rain case study, included research conducted in another office in DOE. The
other two cases were the OHER marine research program and the OHER project that developed high-
purity germanium used in radiation detectors. The acid rain case '~5tud¥I looked at research benefits

and costs of furnace sorbent injection and duct injection, technologies t

at might reduce acid deposi-

tion precursors. Both appeared to show benefits in excess of costs. We examined in detail one of the
marine research program's accomplishments, the increase in environmental information used by the
Outer Continenta! Shelf Ieasingc}::rogram to manage bidding for off-shore oil drilling. The results of

an econometric model showe

that, environmentally, marine research supported by OHER is

unequivocally linked to government and industry leasing decisions. Finally, the germanium case
study indicated that benefits of germanium radiation detectors were significant.

The specific obJectives of the research were
to: 1) estimate economic and societal bene-
fits of three representative, past research
projects supported by OMER; 2) test the use-
fulness of economic technigues for estimat-
ing socfetal berefits; and 3) document prob-
lems and uncertainties in applying the
techniques to OHER programs and recommend
ways of overcoming these prchblems.

We deliberately avoided two topics: first,
evaluating the scientific quality of the
original research, and second, evaluating
whether OQOHER properly funded or managed
these programs. Our goal was only to esti-
mate societal benefits resulting from the
programs.

Since previous broad assessments of OHER
research were available as starting points,
we selected three case studies representa-
tive of OHER research programs. One of
these, the acid rain case study, also
inctuded research conducted by another
office in DOE and by other federal agencies.
The other two case studies comprised the
development of high-purity germanium that is
used in radiation detectors, and the OHER
marine research program.

1t became apparent in the initial phases of
our research that resources and time were
insufficient to exhaustively assess each of
the case-study programs. After accomplish-
ments of each research program were
reviewed, we focused on estimating benefits
of a few accomplishments from each program.

Acid Rain Case Study

The acid rain case study looked at the bene-
fits and research cost of two technologies
that might reduce acid deposition pre-
cursors: furnace sorbent injection and duct
injection., At least three broad conclusions
were drawn, based on results of the acid
rain case study:

= Both technologies showed benefits in
excess of research costs over a wide
range of emission reductions and regu-
latory conditions.

= Net research bepefits of duct injec-
tion were substantially greater than
those for furnace sorbent injection,
This conclusion was valid for nearly
all sensitivity analyses.

« The pattern of positive net bepefits
for both technotogies 1is consistent
with a primary objective of the
National Acid Precipitation Assessment
Program to develop lower-cost atterna-
tives for meeting requirements of
acid-rain-oriented emission reduction
bills.

These conclusions should be interpreted with
appropriate regard for the uncertainties
associated with forecasting commercial
performance of these two technologies and
their future R&D costs.

DHER Marine Research Program

Dur research indicated that the OHER maripe
research has improved society's knowledge of
ocean currents and 1ts ability to predict
the movement of energy-related pollutants in
the ocean. We examined in detail one of the
contributions of OBER research: the envi-
ronmental information used by the OQuter
Continental Shelf (OCS) Tleasing program,
which manages bidding for off-shore oil
drilling. In particular, we examined the
contribution that OHER made to the 1leasing
of the Georges Bank, off the northeastern
United States. Our specific conclusions are:

« Marine envirommental research of the
type conducted by OHER has been
uneguivocally 1inked to governmental
decisions about which OCS5 areas to



offer for lease, and to industrial de-
cisions on whether to bid. For exam-
ple, we found statistical evidence
that a 1% change 1in the probability
that o1 will not reach the shore has
more effect on leasing decisions by
the U.S. Department of Interior than
does determining that the site has 31
million worth of oil.

» The societal monetary benefit of OHER
research in the Georges Bank was esti-
mated to be $2.75 million.

« The societal monetary benefit of OHER
research to the entire 0CS leasing
program was estimated to be $165
million. However, there is consider-
able uncertainty in this estimate.

» 0On the basis of our estimates for
Georges Bank and for the entire OCS
leasing program, and based on the
qualitative information on other
achievements of the OHER mwarine
rasearch program, the benefits of this
OHER research are regarded as signif-
icantly greater than the research
costs.

Germanium Research Case Study

Based on our discussions with the users of
high-purity germanium detectors, OHER's
research has supported development of an
improved radiation detector that has lead to
a number of new applications. However,
because of the lack of necessary data and
the proprietary nature of production infor-
mation, the societal benefits for the new
applications could not be estimated. These
benefits are, nopetheless, real and appear
to be large.

More specific conclusions of this research
are as follows:

* High-purity germanium detectors over-
came significant difficulties associ-
ated with their predecessors, the
1ithium-drifted detectors. In partic-
ular, the portability of the high-

purity detector and the reduced need
to constantly coo? it were c¢ited as
significant advantages.

» Germanium detectors, both high-purity
and 1ithium-drifted, represented sig-
nificant cost savings over the use of
laboratory analysis. Costs were
approximately $100 for analysis with a

ermanium detector versus 31,000 to
4,000 for laboratory analysis. We
were able to verify previous estimates
that cost savings for one application
o® germanium detectors (that in
nuclear power plants}), were approxi-
mately $200 million,

+ Advantages of the high-purity
germanium detector resulted from the
improved quality of the germanium
crystal. OHER's research was the
principal basis for these improve-
ments; thus, the benefits of the
detector were directly attributable to
OHER.

General Conclusions

On the basis of results from these three
case studies, retrospective assessments of
the societal benefits of basic and appiied
OHER research determined that the research
was cost-effective and useful. Benefits of
cur research on cost/benefit analysis
ircluded providing insights and estimating
the impact of several of OHER's major accom-
plishments, This conclusion was tempered by
the fact that 1lack of available data
restricted our ability to exhaustively
assess benefits of complete programs. How-
ever, tracing and describing accomplishments
was an important by-product of our research.
Also, cuantitative estimates of even a few
of the research accomplishments indicated
the substantial value of OHER research.

While the economic technigues were wuseful
for measuring the accomplishments of past
OHER research, we believe they would not he
especially helpful for evaluating which OHER
research project to fund or the appropriate
level of OHER funding.
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¢ Inhaled Plutonium Oxide in Dogs
Principal Investigator: ). F. Park

Other Investigators: R. L. Buschbom, G. E. Dagle, E. 5. Gilbert, ]. D. Kaschmitter, G. . Powers, H. A.
Ragan, C. O. Romsos, R. £. Weller, and E. L. Wierman

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

This project is concerned with long-term experiments to determine the lifespan dose-effect relation-
ships of inhaled 23%PuQ; or 238Pu(; in beagles. The data will be used to estimate the health effects
of inhaled transuranics. Beagle dogs given a single exposure to 239PuQ; or 238Pu0; aerosols to
obtain graded levels of initial lung burdens (ILB} are being observed for lifespan dose-effect relation-
ships. Mortality due to radiation pneumonitis and lung tumor increased in the four highest dose-
level groups exposed to 239Pu0; during the 16-year postexposure period. During the 13 years after
exposure to 238Pu07, mortality due to lung and/or bone tumors increased in the three highest dose-
level groups. Chroniclymphopenia, occurring 0.5 to 2 years after exposure, was the earliest observed
effect after inhalation of either 239PuQ; or 238PuQ; in the four highest dose-level groups that had ILB
of 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 skeletan,

To determine the lifespan dose-effect rela-
tionships of inhaled plutonium, 18-month-old
beagle dogs were exposed to aerosols of {Table 2}. Twenty-one additional dogs were
233Pu0; {mean AMAD, 2.3 uym; mean G50, 1.9), exposed for periodic sacrifice. The Appen-
prepared by calcining the oxalate at 750°C dix (following the entire Annual Report)
for 2 hours; or to Z238Pu0; (mean AMAD, 1.8 shows the status of the dogs on these exper-
um; mean GSD, 1.9), prepared by calcining iments.
the oxalate at 700°C and subjecting the

exposed to Z38Pul; in 1973 and 1974 were
selected for 1lifespan dose-effect studies

product to Hz'60 steam in argon exchange at
BOD°C for 96 hours., This material, referred
ta as pure plutonium oxide, is5 used as fuel
in space-nuclear-power systems,

TABLE 2. lifespan Dose-Effect Studies with Inhaled 238Fu0,
in Beagles. 1!

Number of
One hundred thirty dogs exposed to 239PyQ; in Dose Dog nitial Lung Deposition’
1970 and 1971 were selected for long-term Level . » .
studies; 14 were sacrificed to obtain plu- Group  Male Female ndit nCifg Lung'’
tonium distribution and pathology data; 116 _
were assigned to lifespan dose-effect stud- Control 1010 0 ¢
ies (Table 1}.  One hundred sixteen dogs 1 w1 23+ 08 0016 + 0.007
2 11 10 18 =+ 3 015 + (.03
3 12 1(} 7o N 036 + 007
TABLE 1. Lifespan Dose-Effect Studies with Inhaled 239Pu0, 4 0 3 = Bl 2 + 05
i . . fal
n Beagles. 5 10 10 1300 0+ 270 19 o+ 19
Number of 6 7 b 5200 = 1400 43 + 12
Dose Dogs Initial Lung Deposition!™
Level ¥ ekl e
- ale Female “pfui Tie L i .
Groupp Male Female nCi nCifg Lung i Ixposed in 1973 and 1974,
Control 10 10 0 0 o . .
m; © 13 1 15 . 13 0029 + 0011 M pstimatled from external thorax counts at 14 and 30
N 10 ]; ,2 " 4" 0'18 i 0'04 days post-expusure and estimated lung weights
3 M0 79 0+ 14 066 £ 0.13 (DOt x body weight).
4 11 11 300 = 62 24+ 04 W Mean + 95% confidence intervals around the means.
3 Mmoo o o+ 17 93 o+ 1.4
[ 3 5 SBOO = 3300 50 + 22 .
—fuf) __—“:'O Table 3 summarizes, by dose-Tevel group, the

< Exposed in 1970 and 1971,

Ui Estimated from external thorax counts at 14 and 30
days post-exposure and estimated lung weights
.01 x body weight).

O Mean £ 95% confidence intervals around the means,

mortality and lesions associated with deaths
through 16 years after exposure to 239%Pyul;.
During this period, all of the dogs except
one in Dose-level Group 3 and one in the
control group were euthanized when death was
imminent.



TABLE 3, Summary of Lesions in Dags Euthanized During the 16 yr Period After Inhalation of 2¥Pu0,,

Dase Group

(=

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

r\.;m:n|

Condition'#

Radiation Pneumanitis
Radiation Pneumanitis and Lung Tumor 1
Lung Tumor

Lung Tumor and Bile Duct Carcinoma
Urinary Bladder Tumor, Lung Tumor
Leiomyasarcoma, Lung Tumar

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

Malignant Lymphoma and Lung Tumor
Prneumonia, Lung Tumor

Bane Tumaor

Malignant Lymphoma

Malignant Lymphoma and Bile Duct Carcinoma
Lymphocytic Leukemia
Hemangiosarcoma (Heart, Spleen, Liver
Pituitary Tumor, Cushing's

Cushing’s tntestinal Carcinoma

Thyroid Carcingoma

Reticulum Cell Sarcoma

Owarian Tumor

Oral Tumaor

Round Cell Sarcoma and Bile Duct Adenoma
Hemangioma (Spleen)

Malignant Melanoma
Pheochromocytoma

Urinary Bladder Tumor
Neurofibrosarcoma

Meningioma

Prneusmonia

Epilepsy

Thromboembolism

Pyometra

Unknown

Liver Cirrhosis

Seplicemia

Cardiac Insufficiency

Peritonitis

Adrenalitis

Kidney Failure

Nephrosclerasis

Chronic Nephropathy

Glomerulasclerosis

3 Number of dogs with lesion associated with death.

5

|
21
6

BN 1
20 21
14 21
12

Caontral
20
19
12

— b RS
C)wr\.:|‘b

-
T

P —

—
P —

Mean survival time was decreased in the
three highest dose-Tevel groups compared to
that in the other groups. Fourteen dogs
were sacrificed for comparison of plutonium
tissue distribution. Table 4 shows the pri-
mary cause of death and the distribution of
239Pu in the tissues of these animals as
percent of final body burden. Figure 1
shows the plutonium tissue distribution as
percent of initial lung burden (ILB}.

Table 4 indicates that, as survival time in-

10

creased, the fraction of plutonium in the
Tung decreased to 16% of the final body bur-
den by 15 to 16 years after exposure. Dur-
ing the first year after exposure, plutonium
was translocated primarily to the thoracic
lymph nodes; 1little plutonium was translo-
cated to other tissues. Plutonium content
of the thoracic Tymph nodes increased to 71%
of the final body burden at 15 to 16 years
after exososure; the ahdominal lymph nodes,
principally the hepatic nodes, contained ~3%.
The fraction of plutonium in Yiver in-



creased, accounting for 25% of the final
body burden in the higher {275 nCi final
body burden)-dose-level groups. The organ

distribution of plutonium in the periedic-
ally sacrificed dogs was gererally similar

to that of the higher-dose-level dogs
euthanized when death was imminent during
the first 2 years after exposure. The

lower-dose-tevel [=75 nCi final body burden)

dogs sacrificed or euthanized during the 4th
to 16th postexposure years generally had a
much smaller fraction of the fipal body bur-
den in the liver, with a Targer fraction
retained in the Tungs and/or thoracic lymph
nodes. The fraction of plutonium in these
dogs was ~7% of the fimal body burden 15 to
16 years after exposure; about 1% was in the
skeleton.

TABLE 4. Tissue Distribution of Plutonium in Beagles After Inhalation of 239pu(,.

Percent of Final Body Burden

Time Aiter  Final Body Tharacic  Abdominal
Dog Exposure, Burden. Lymph Lyrnph
Number mo uCi Lungs  Nodes™  Nodes!
476M 0.25 1.343 38 015 (1.2
435+ 0.25 3.841 99 .1 a.0ot
B16EM 4.50 1.399 94 0.1z 0.01
GTHM 1 {074 9% 0.82 .02
920F 1 0.0 Q4 Q.47 0.03
EARLYS 1 4.849 48 1.1 0.4
Foar 5 T.&H2 94 37 (.00
F08M 3 1.726 97 22 0.00
ERT AN 5 1.914 96 34 0.00
T39F 3 1.311 45 4.7 .03
910M 1 12.229 54 13 a.0]
747F 12 h.434 7 29 [ERIR]
G067 12 6.154 58 12 .00
a449f 13 (0.007 18} 15 0.20
896t 13 4115 H1 15 0.92
BITM 21 1.794 25 34 0.13
81584 25 0.074 bd 32 -
a290 26 3.198 73 1% .79
THIIN k2 1978 71 23 0.57
BOGF 11 20tz 55 28 2.1
B4M 37 1.101 f2 29 ntye
7Bk 43 0.0056 35 44 0.02
F7AM 3% 1.821 42 22 N3]
7549M 53 (0.707 43 27 12
TaaF 53 Q671 4} 1 4.1
: 54 1.477 54 1 1.4
hl 1.746 45 27 6.4
6 1171 k%) i1 .09
69 T.064 16 37 f.3
72 0.383 39 X4 12
72 omz 51 42 0.34
72 14034 42 EL) 0.70
7fr 67 33 12 1.3
77 1.067 33 13 0.88
79 0.415 20 46 11
853 00426 24 f6 .34
H54 0.0046 29 e153 .23
B6 0.099 27 65 .95
86 .468 19 k1 13
; a0 [BRNR R 36 57 (.32
B3BM 93 (1.17%9 32 40 14
B36F 44 0.306 40 43 0.78
A39F G4 0613 14 17 6.9
7H7M 45 0.473 24 19 12
B20F G (.387 14 40 7h
B34F 97 0.4025 30 46 17
TN 98 055 24 G 1.2
Bh4F 110 k16 15 22 29
GBF a1 [.0073 14 72 (1.049
77HA i 0.065 1 83 1.3
B12M 1013 0.288 15 36 29

M nrludes tracheobronchial, mediastinal and sternal lymph nodes.

B Includes hepatic. splenic and mesenteric lymph nodes.

Viver  Skeleton Cause of Death
.24 0.18 Sacrifice
0.00 .03 Sacrifice
(.00 0.3 Sacrifice
0.1 0.08 Sacriice
.08 0.61 Sacrifice
0.03 .05 Sacrifice
0.01 0.09 Sacrifice
0.00 .05 Sacrifice
0.01 0.03 Sacrifice
0.00 0.00 Sacnfice
0.06 0.405 Radiation Pnewmonitis
0.07 0.07 Radiation Pneumonitis
0.03 .05 Radiation Pneumonitis
0.04 1.6 Sacrifice
0.23 0,12 Radiation Pneumaonitis
1.4 0.19 Radiatian Pneumaonitis
008 .10 Sacrifice
4.2 (.45 Radiation Pneumonitis
3.7 0.28 Radiation Pneumonitis
13 3.26 Radiation Pneumonitiy
7.9 0.36 Radiation Pheumanitis, Lung Tumor
017 0,43 Sacrifice
29 .69 Lung Tumor
15 0.65% Lung Tumar
21 1.0 Lung Tumar
26 0.67 tung Tumer
16 0.76 Lung Tumaor
24 (.64 Lung Tumor
14 .33 Lung Tumor
23 0.78 Lung Tumar
.71 .66 Sacrifice
14 .46 Lung Tumor
47 1.4 Lung Tumaor
26 .94 Lung Tumor
20 1.4 Interstitial Preumomtis
0.64 b3 Malignant Lymphoma, Kidney
0.39 1.2 Status Epilepticus
i1 1.7 Reticulum Cell Sarcoma
R 0.37 Lurng Tumor
1.7 1.8 Owvarium Tumaor
12 21 Lung Tumer
9.0 3.4 Lung Tumor
41 §.1 Lung Tumer
39 27 Lung Tumar
29 1.4 Lung Tumor
3.3 0.9, Pyometra
7T 0.98 Lung Tumor
50 249 Lung Tumuor
0.56 0.93 Unknown
1.0 0.52 Pulmonary Thromboembolism
16 2.2 Lung Tumar
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TABLE 4. Continued.

Percent of Final Body Burden

Time After Final Body Tharacic  Abdominal
Dog Exposure, Burden, Lymph Lymph
Nurmber mo i Lungs Nodes™™  Nodes™  Liver  Skeletan Cause of Death
Blr4F 104 0.0534 449 33 4.1 1t I.& Lung tumor
840F 107 (r.389 17 i3 5.8 17 20 Lung Tumar
777M 109 00,392 11 52 7.8 24 1.7 Lung Tumor
857M 19 0.333 20 39 9.4 27 24 Lung Tumaor
498k 111 0.333 M3 14 28 21 34 Urinary Bladder Tumor, Llung Tumeor
BUGF 113 (.0066 7.5 87 0.14 0.27 1.6 Hemangiosarcoma, Veart
BOTM 114 D.141 15 64 8.1 9.9 1.4 Cardtac Insufiicicney
SI9M 115 0.444 16 46 1 25 1.2 Lung Tumor
824k 116 178 21 73 3.30 2.3 .7 Pneumania
B918 16 (10023 1 A4 .064 0.48 1.5 Septicemia
AlbM 17 0.333 12 63 13 7.4 (.97 Lung Turmer
BO2M 120 (1.348 mn 47 18 20 A7 Lung Tumaor
M 120 0.397 13 313 14 11 15 Pituitary Turnor, Cushing's
8T 122 0.034 a7 39 0.25 1.1 0,72 Kidney Tumor, Lung Tumor
AO9F 123 0.120 12 6 18 24 3.3 Liver Cirrhosis, Thyroid Tumor, Addison’s
854m 124 0.435 12 6f 15 3.4 1.3 Lung Tumeaor
BO7F 125 0.0021 0 71 335 1.2 1.3 Pituitary Tumaor, Cushing’s
810F 126 021y 5.9 43 21 22 1.8 Lung Tumor
GO0M 126 0.0k 13 &) 2.3 9.0 2.9 Round Cell Sarcoma and Bie Duet Adenoma
748F 127 0.0015 iy 50 .87 .33 1.2 Unknenvyn
BE0M 133 0.335 8.2 68 8.0 T X3 Lung Tumaor
H05F 134 0.169 5.4 35 5.9 2 2.8 Fsuphageal Leiomyoma, Lung Tunor
FEOF 133 0.0074 23 69 0.37 0.4 0.7 Pheachromocytoma
F5F 135 0.080 13 50 14} 19 1.7 Malignant Lymphoma
825F 137 (3.0020 9.5 a3 0.74 0.34 27 Hemangiosarcoma, Spleen
764F 139 0.081 15 73 39 4.9 0.73 tung Tumor
BOBF 139 (r.206 11 30 1.8 33 30 Lung Tumaor
a06af 140 0.010 H 78 1.8 5.1 2.3 Malignant Melanama, Palate
B830F 140 Q00062 12 i 0.61 o 0 Bone Tumar
B33F 143 0.157 3.1 40 22 31 i Metritis, Adrenal and Thyroid Ca cinoma
B6IM 145 .00 26 21 36 .83 4.4 6.9 Peritaniis
904F 145 0.00173 6.9 87 0.30 .88 1.0 Chondrosarcoma
THEM 147 30016 15 EE] 1.0 [ 4.1 Epilepsy
TR2ZM 144 0.043 12 7 4.9 Q.0 .86 Neuroiibirondreama
BAAF 149 (.00083 11 5l 1% RN 13 Meningioma
795F 132 0.030 4 26 8.3 38 1.3 Lung Turmor
77IE 153 [SRANRS 20 7l 1.0 3.8 1.1 Lung Tumar
#13F 153 .03k 22 44 7 27 1.1 Multilobar Sarcoma, Skt
a26f 153 0.0034 a.0 a5 0.38 0.92 1.2 Hemangioma, Spleen
B34 154 0.048 19 31 19 7.3 0.7% Urinary Bladder Tumor
B70F tad 000062 8.2 70 1.9 9.h 3.8 Preumania
B7OM 154 0.00093 19 73 (r.32 0.81 1.6 Hemangiosarcoma
384M 135 0077 13 43 9.4 an 1.6 Lung Tumer
HItF 155 0.0087 24 71 0.63 1.3 1.0 Preumonta
BRbM 136 f1.143 LE] 41 9.3 34 .20 Lung Tumor
823M 157 0.072 7.3 83 1.8 6.0 1.5 Urinary Bladder tumor
838M 157 0.044 18.0 73 Nn.77 5.4 1.4 Malignant Lymphoma. Lung Tumor
FHBM 158 00022 22 70 2.0 1.8 0.1 Chronic Nephropathy
B45F 158 0.012 28 69 .23 1.5 .63 Lrinary Bladder Tumor
B54M 158 110081 13 77 22 3.4 054 Brorchopnedmonia
7H0M 161 0.071 20 a1 13.0 9.3 14 Lunp tumor, Malignant Lympnoma
B478 o3 0.00061 22 75 .15 0.460 1.2 Kidney Failure
F7OM 163 0.0020 29 67 [LRN |.2 1.1 Bronchopneumaonia
2N 164 (Lo 13 43 33 6.7 1.3 Preumonia
B27F 164 0075 4.5 49 17 7 1.3 Acute Pneumonia
87484 163 0.0044 3.6 ar .34 1.4 {1.36 Chronic Nephropathy
84284 166 0.0054 4.7 a0 076 3.2 {1.75 Lung Tumor, Chranic Nephropatine
770F 166 0.0023 17 A0 015 169 01,52 Glomerulosclerosis
Ha4qt 170 (.0%7 19 a0 3.9 19 1.3 Nephropathy, Lung Tumeor
H1YF 170 0085 18 42 4.2 30 3.0 Nephropathy, Leng Turmar
907F 174 0.00097 74 A% 1.2 .78 .61 Preumania
876k 173 0.0080 0 Hid 1.8 [EO 0 &8 Nephropathy, Lurg Tumor

! tneludes tracheohronchial, mediastinal and sternal lymply nodes.

B pneludes hepatic, splenic and moesenteric lvmph nodes.
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TABLE 4. Continued.

Percent ot Final Body Burden

Time After Final Body Thoracic  Abdominal
Dog Exposure, Burden, Lymph Lymph
Number Mo uCi Lungs Nodes™  Nodesit'  Liver  Skeleton Cause of Death
8770 175 .o 13 79 2.2 3.8 0.70 Lung Turmor
B67M 175 0.0027 23 52 5.8 16 | 6 Malignant Lymphoma
a93M 177 0001 10 a7 .19 .63 1.0 Prneumeonia
H39F 177 0.105 f.4 33 11 7 2.0 Lung Tumor, Bile Duct Carcinoma
H41F 178 0.0028 &.8 89 0.13 241 0.84 Malignant Lyrnphoma
Bi2F 178 0.0020 #.3 a7 0.17 1.5 (158 Malignant Lymphoma
T6TM 180 0.0088 33 f4 0.22 1.1 0.96 Valvular Endocardiopathy
H4HF 180 (3.047 9.8 B0 4.9 37 0.80 Acute Pneumonia
B7 1% 181 .0024 10 86 .54 1.6 1.0 Malignant Melanoma, Oral
B31F 182 0.025 15 77 1.7 4.8 1.2 Thyroid Carcinoma, Hypothyroidism
iz 142 (.000362 7Y 849 023 (.92 1.5 Acute Pmeumaonia, Lung Tumor
747k 182 0.036 11 43 1 k] 1.7 Lung Tumar
AH1F 1582 01,0066 13 A3 127 0.33 0.73 Acule Pneumonia
oM 183 0,047 11 ] 6.5 10 1.4 Adrenocortical Carcinoma, Lung Tumar
HRHM 183 (1.00042 5.4 88 22 1.6 0.60 Lymphocytic Leukemia
FHTMA 19 0.018 ah 3n 28 6.d 1.6 Leiomyosarcoma, Kidney and Lung Tumor

" ncludes tracheohronchial, mediastinal and sternal iymph nodes,

B ncludes hepatic, splenic and mesenteric lvmph nodes.

Figure 1 shows the 23%Pu tissue distributien
as percent of the ILB for 211 dogs for which
tissue radiochemical analyses are complete.
The ILB for those dogs for which radiochemi-
cal analysis of excreta were not complete
were estimated from extermal thorax counts
at 14 and 30 days after exposure. For dogs
whose analyses were complete, ILB were esti-
mated from the summation of the tissue bur-
dens of plutonium, plus the plutonium
excreted, minus plutonium excreted in the
feces during the first 3 days after expo-
sure. The latter was assumed to be depos-
ited in the upper respiratory tract. Uptake
and retention functions were fitted to the
grgan burden data. Based on the premise
that the organ burdens were interrelated,
the uptake and retention function for all
organs was fitted simultanecusly instead of
fitting isolated functions for each organ.
The orqgans were treated as compartments of a
single system, with transfer rates specify-
ing the total amount, Teaving a compartment
per unit time and the fractional distribu-
tion of that amount among the other compart-
ments. The transfer rates assumed that plu-
tonium moved through %the body in a single
pass. The material initially deposited in
the Tung 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., Organ systems
included lung, thoracic lymph nodes, liver,
skeleten, and all ather tissues. The func-
tions were estimated using weighted, non-
linear Teast squares. The weights were esti-
mated by bi-weighting procedures that give
the more extreme data wvalues very little
weight. The curves for Tiver were based on
dogs with final body burdens z75 nCi because
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dogs with <75 nCi had less plutonium trans-
located to the liver.

The nine dogs euthanized because of radia-
tion pneumonitis during the 3-year postexpo-
sure period had increased respiration rates,
and hypercapnia and hypoxemia associated
with lesions in the TJungs. Intermittent
anorexia and body weight loss accompanied
the respiratory insefficiency. Histopatho-
logic examination of the lungs showed radia-
tion pneumonitis, characterized by focal
interstitial and subpieural fibrosis, in-
creased numbers of alveolar macrophages,
alveolar epithelial hyperplasia, and foci of
squamous metaplasia. Autoradiographs showed
activity primarily composed of large stars,
more nymerous in areas of interstitial and
subpleural fibrosis. Dog 804M also had =a
pulmonary tumor, classified as a
bronchiclar-alveglar carcinoma.

Fifty-two of the 115 exposed dogs euthanized
3 to 16 years after exposure had lung
tumors. Radiographic evidence of pulmonary
neoplasia frequently preceded development of
respiratory insufficiency. In dogs with
negplasia in the Tung, respiratory insuf-
ficiency, when it was observed, was usually
a late c¢linical finding that occurred
shortly before euthanasia. Eleven of the
dogs with lung tumors were euthanized due to
other causes. Two dogs in Dose Level 1 were
euthanized 11.7 and 12.1 years, respec-
tively, after exposure: one had an osteo-
sarcoma involving the nasal cavity and
maxilla; the other had a chondrosarcoma
involving the nasal cavity. One dog in Dose
Level 2, euthanized 12.8 years after expo-
sure, had a multilobular sarcoma of the



skull, Four control dogs were euthanized
because of lung tumors. Dogs 794M, B03M,
BO9M, 824F, 833F, and B35F (Dose Llevel 4),

B37M, T78M, 7B2M, B823M, 827F, 834F, B48f,
851F, and 905F (Dose Level 3), 748F, 754M,
769F, 76/M, 776M, 780F, B802M, BOGF, B26F,
831F, 845F, BSSM, B62M, B71M, 874M, and BBIF

{Dose
B25F,

Level 23}, and 756M, 770F, 7BBM, BO/F,
832F, B41F, 847M, 853M, 858M, B67M,
B70M, B875M, B879M, B8B6F, 891M, 893M, B99F,
900M, 907F, and 908M (Dose Level 1) died
during the 7- to lb6-year postexposure period
of causes presently thought to be unrelated
to plutonium exposure.

In 23 of the dogs, the lung tumors were
classified as bronchiolar-alveolar carcin-
oma; in six dogs as adenpsquamous carcinomas;
in nine dogs, adenccarcinoma; in four dogs,
epidermoid and adenocarcinoma; in four dogs,
epidermoid carcinoma; in one dog, epidermoid
and bronchiplar-alveolar carcinoma; in three
dogs, adenocarcinoma and bronchiclar-
alveolar carcinoma; in one dog, epidermoid
carcinoma, adenocarcinoma, and bronchiolar-
alveolar carcinoma; and in another dog,
adenocarcinoma, adenosquamous carcinoma and
bronchiolar-alveolar adenocarcinoma. The
epidermoid carcinomas metastasized to the
lungs, skeletons, brains, intestines and
thoracic 1lymph nodes; the bronchiolar-
alveclar carcinomas metastasized only to the
thoracic lymph nodes in eight dogs, and to
several organs (including mediastinum; kid-
ney; thyroid; skeleton; heart; adrenal
gland; aorta; and axiilary, prescapular,
cervical, splenic, thoracic, and hepatic
1ymph nodes) in four cther dogs. Three of
the adengsquamous carcinomas metastasized to
thoracic lymph nodes, mediastinum and thor-
acic pleura, and one toc the hepatic and
trachecbronchial 1ymph nodes. The adenocar-
cinomas metastasized to the lungs; tracheo-

bronchial, hepatic, splenic, sternal and
axillary 1lymph nodes; heart, kidney, and
esophagus in five dogs.

The Tung tumors in the control dogs were

classified as bronchiclar-alveolar adenccar-
cinomas in two dogs with metastases to thor-
acic and abdominal 1ymph nodes, trachea,
esophagus and mediastinumi adenocarcinoma
with metastases to the diaphragm and abdom-
inal lymph nodes in one dog; and combined
epidermoid and adenocarcinoma with metas-
tases to the thoracic lymph nodes,
diaphragm, liver and kidney in ancther.

Three of the exposed dogs had lesions of
secondary hypertrophic osteoarthropathy.
Sclerosing lymphadenopathy was associated
with the high concentration of plutonium in
the thoracic and hepatic lymph nodes of dogs

in Dose-Level Groups 2, 3, 4, 5 and 6.
There was also a generalized lymphoid
atrophy that may be related, in the dogs

with respiratory insufficiency, to debilita-
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tion or to lymphopenia. Livers of the dogs
in Dose-lLevel Groups 4 and 5, which were
euthanized during the 4- to 13-year post-
exposure period, showed moderate, diffuse,
centrilobular congestion. Liver cells in
these areas contained fipe, granular, yellow
pigment resembling lipofuscin, and were fre-
quently vacuolated. Focal aggregation of
vacuolated, Tlipofuscin-containing cells in
the sinusoids was associated with alpha
stars on autoradiographs.

Bile-duct tumors have been reported by other
laboratories 1in beagles exposed to plu-
tonium. In our 239PuQ; study, one Dose-Level
4 dog and one control dog had a bile-duct
carcinoma as an incidental 1lesion not
related to the death of the dog. One Dose-
Level ! dog had an incidental bile-duct
adenoma. In the 238Pul; study, one Dose-
Level 4 dog also had a bile-duct carcinoma
as an incidental observation. These four
are the totat number of bile-duct tumors
observed thus far in these studies. One
control and two exposed dogs had hepatomas
unrelated to their deaths.

Lymphopenia developed after inhalation of
239py0y in dose-level groups with mean ini-
tial luag depositions of 79 nCi or more
{Figure 2}. Through 123 months after expo-
sure, mean lymphocyte values were signif-
icantly lower (P < 0.05) for Dose-Level
Groups I and 4 than for the control group.
At 127 months after exposure, mean lympho-
cyte va ues for Dose-Level Groups 3 and 4
were not significantly different from those
of the control groups. The reduction in
lymphocytes was dose-related, both in time
of appearance and magnitude. Over the course
of this study, there has been a sTight age-
related decrease in mean lymphocyte walues
of control dogs. In addition, mean Tympho-
cyte concentrations in Groups 3 and 4 have
tended to increase, making the differences
between control dogs and these groups Jless
significant than previously. At mean lung
depositions of 3.5 and 22 nCi, lymphocyte
values were within ranges observed in con-
trol dogs. A reduction in total leukocytes
was evident in the higher-dose groups, which
were also lymphopenic. Mo effects have been
observed on red-cell parameters following
239pu0; inhalation. By 176 months after
exposure, too few dogs were alive for mean-
ingful dose-group comparison.

Serum chemistry assays have been performed
to detect organ-specific damage from pluton-
ium that translocated from lung to extrapul-
monary sites. No consistent, dose-related
alterations have occurred in serum constitu-
ents (glutamic pyruvic transaminmase [GPT],
glutamic oxaloacetic transaminase, alkaline
phosphatase [ALP], urea nitrogen, and serum
protein fractions} of dogs exposed to
239py0;.

















































































































































































The DNA targets shown in figure 3 represent
a series of minus 1/plus 2 frameshift muta-
tions. A1l have been synthesized, and the
first three that contain core sequences of
Gs |GC]3 and [AT]a have been inserted into
POM  and transformed into appropriate S.
typhimyrium strains.

B’ Target a
GGATCCTTTACC [GGGGGG| CCCTAACGGATCC
CCTAGGAAATGG |CCCCCC | GGGATTGCCTAGG
3 5
5 Target Kh
GGATCCTTTACC |GCGCGC| CCCTAACGGATCC
CCTAGGAAATGG |CGCGCG| GGGATTGCCTAGE
3 5
5 Target 3’
GGATCCTTTACC |ATATAT| CCCTAACGGATCC
CCTAGGAAATGG | TATATA| GGGATTGCCTAGG
3 5
5 Target kb
GGATCCTTTACC |AAAAAA| CCCTAACGGATCC
CCTAGGAAATGG | TTTTTT | GGGATTGCCTAGG
3 5

FIGURE 3. Primary Sequences of Four DNA Targets in the
Plus 1 iMinus 21 Reading Frame Relative to the lag Z Gene,

Reverse mutations that restore the reading
frame in lac 7 can be scored directly by
growth of 5. typhimurium strains on lactose.
ONA targets that specify minus 1/plus 2
frameshift mutations in Jag 7 {(F-3) will be
reversed only by deletions of DMA resulting
in a net loss of 1 bp {or gain of Z bp)
relative to the reading frame of Jlac Z.
Comparable DHA-targets are being constructed
for plus 1/minus 2 frameshift wmutations.
Core sequences like those in F-3 are common
in genetic hotspots for bulky polycyclic
hydrocarbons that intercalate into DNA or
that form covalent adducts with ONA during
the mutagenesis process. For the synthetic
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DNA targets shown in Figure 3, we have
chosen a standard core length of 6 bp.

We needed a way of excluding second-site
mutations falling outside of the DNA-targets
but capable of correcting the reading frame
of lac Z. Because the O[ONA-targets are
located in the extreme N-terminal region of
lac I, we can exclude second-site mutations
on the left of (5-prime to)} the DNA-targets.
In order to confine mutational events to the
target sequence on the 3-prime side, we have
placed a translaticnal-step codon 3-prime to
the core sequence and an inverted-stop coden
S-prime to the left of the core seguence.
The 3-prime stop codon will erase the effect
of any second-site frameshift mutation to
the right of +the DNA-target sequences.
Moreover, the inverted-stop codon will be
read as a stop codon if the DNA-target is
inserted in the opposite cgrientation to that
shown in Figure 2. Therefore, for all DHA
targets in Figure 2, in both possible orien-
tations, a translational stop codon s 3-
prime to the core sequence and therefore
bounded to the right. As stated, the N-
terminal location of the DHNA-target bounds
the target (i.e., confines mutational event)
to theleft.

The DNA targets in Figure 3 represent a net
insertion of 25 bp into the lac 7 gene,
Since the reading frame for the genetic code
is 3 bp, the 25-bp length represents an
addition of l-bp to the natural reading
frame for Jlac Z. Accordingly, the frame-
shift mutations in the ONA-targets of F-3
can be reversed by deletion of a single bp
or addition of 2 bp (or any multiple of 3N-1
bp of DNA where N is an integer), Each of
the DNA targets in Figure 3 is therefore
functionally equivalent to a plus l/minus 2
frameshift mutation in lac 7 without an
inserted ODNA-target, Similar ODNA targets
for a minus 1/plus 2 frameshift will be syn-
thesized and inserted into lac Z in PDM,

The data in Table 1 were obtained from 20
clones of S. typhimurium SL 4213 transformed
with plasmid PDM containing DNA target (cor-
responding to plus 1/minus 2 frameshift
mutations). Most transformants formed white
colonies on agar plates containing a chemi-
cal indicator for Jlac Z formation. White
colony formation is presumptive indication
of the loss of the lac Z gene function.
Spontanecus reversion frequencies ranged
from less than 108 to 2 x 106, comparable
to a range of spontaneous mutation rates fin
bacterial and mammalian chromosome systems.
A1l white (Jlac 7Z) minus clones were incapa-
ble of growth when subcultured on lactose
minimal agar medium, showing low TJevels of
B-galactosidase activity that were cor-
related with loss of lactose utilization as
a carbon source. A1l clones probing posi-
tive for DNA targets were lac-negative,
showing that dincorporation of DNA targets
resulted in Toss of the lactose operon,




TABLE 1. Characteristics of Salmonella typhimuriurn TA98 and TAT333 Transtor ned with Plasmid PDM-Carrying DNA Targets.

Input DNA-Tarzel

Coleny Hybridization

Clone Core Sequence Probe
1-38 lgcgeec) i+1
2-38 [peacea] +
3-38 [gegepc] i+
4-33 [gcgegc) +
3-38 [pepeed) -
6-33 [Feacec] +
8-35 [grgeec] i+
9-33 [megcac] -

T0-35 [egcac] +

11-38 [atatat] [+

12-35 |atatat] +

1235 [atatat] +

13-38 [atatat] -

14-38 [atatat] +

15-35 [atatat] +

16-35 [atatat] +

17-35 |atatat]| -

18-35 [atatat] i+

19-35 |atatat] -+

20-35 [atatat] +

Mutalion
Frequency

Crowth on
Xepaltn Lactose't
o
+ - 1.3 % 1070
i+ - <1078
x 10
<1078
<108
<104
<107R
+ - 1.4 % 1070
x 10 %
— - (]O_H
i+ - 2.1 % 1078
<t 8
-+ - 7.0 % 1077
<1078
- - <1078
<1078
<10 B
<18
<1078

W Colony hybridization carried out with 32P-labeled DNA probes to the 23-bp DNA-target. There was no cross-reaction with
the plasmid PDM sequences under conditions used for the hyvbridizations. — indicates strong probing, (+) weak prohing.

and = nonprobing.

i g palactosidase formation detected by hydrolysis of the chromagenic dve X-tab on tryptosedyeast extractsodium chloride

{LB} agar medium. +, (+1, —, symbols as in (al.

o Agar minimal medium, 0.2% wiv f-lactose,

o Revertant ilactose positivel clones per viable cell on lactose minimal medium.

There were indications that individual lac-
negative clones were heterogeneous at the

malecylar level, First, 4/20 Tlactose-
negative clones failed to probe for DNA-
target sequences, indicating that lac ?

mutations were being introduced intc PDM as
a consequence of the DNA-target insertion
procedure without introduction of all or
most of the DNA target. Ancther 5/20 clones
probed weakly positive for DNA tfargets and
weakly positive for residual Xgal hydrolysis
{see below), indicating DNA target sequences
with some alterations, or single, possibly
"copy," DMA targets, The remaining 11/20
lactose-negative clones probed strongly
positive for DWNA target sequences, indicat-
ing incorporation of single copies of DNA
targets without alteration or multiple
insertions of DNA target (multiple copies).

Alterations in bp sequences within ONA tar-
gets could include partial deletions or
rearrangements of bp or multiple inserts of
DNA targets in the clones that probed posi-
tive for the parental DNA targets. In order
to provide single-copy insertions of 0NA
targets fipto PDM, it will be necessary to
distinguish single-copy from multiple-copy
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inserts and to verify by direct sequence
analysis that inserted DNA targets of the
coerrect molecular weight have not been
rearranced.

Multiple inserts have been detected in sev-
eral clones by restriction enzyme analysis

with Ban Hl. Three clones from the alter-
nating GC set of DOMA targets have produced
convincing evidence for single inserts of
the ONA targets. This evidence consists of
showing a Bam H! restriction fragment from
clones of 130 bp, which is the size of the
synthet ¢ promoter plus a single copy of the
DNA tarqet (25 bp). It also consists of a
restriction fragment pattern otherwise iden-
tical to plasmid POM without the DNA target.
Finally., the three clones prohe positive for
the DNA target and are lactose-negative, as
discussed. These clones are being subcul-
tured and will be seqguenced directly to ver-
ify thal. they have the reguired DNA targets,
i.e., the alternating GC target shown in
Figure 1. Comparable synthesis is beginning
an  DNA-targets with the <core sequences
alternating, as shown in Figure 3. The
immediate emphasis s on obtaining well-
defined single-copy inserts of the ONA tar-



gets shown in Figure 3 into PDM. We may
eventually screen some strains of S. typhim-
urium that contain multiple inserts of the
ONA targets. Generating an array of ODNA
sequences via insertion reactions may prove
to be a simple way to generate a variety of
DNA targets from a single parental target.

We have three major objectives in the near

term: 1y to determine the effect of
lengthening (or shortening) the core
sequences and/or altering the flanking
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sequences on the genetic activity of hot-
spots. 2} The second objective is to study
mutagenesis at the molecular level by direct
analysis of bp changes that are responsible
for reverse mutations in the DNA targets.
The use of computer modeling will be inves-
tigated for studying mechanisms of mutagene-
sis with these targets, 3) We will attempt
to determine if DNA targets are differen-
tially sensitive to individual mutagens and
if they can be used to detect such mutagens
in environmental mixtures through the con-
struction of mutational spectra.
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» List of DOE Radioisotope Customers with Summary of Radioisotope Shipments, FY
1986

Principal tnvestigator: D. A. Lamar

Data were collected and compiled on radicisotopes produced and sold by Department of Energy
(DOE) facilities, and on services rendered by DOE facilities. Compiled data were published and dis-
tributed in the document List of DOE Radioisotope Customers with Summary of Radioisotope
Shipments, FY 1986, PNL-6361, October 1987. The DOE facilities that supplied information for the
compilation were Argonne National Laboratory, Brookhaven National Laboratory, Hanford
Engineering Development Laboratory, I[daho National Engineering Laboratory, Los Alamos Nationa!l
Laboratory, Oak Ridge National Laboratory, Pacific Northwest Laboratory, Savannah River Plant, and
UNC Nuclear Industries, In¢c. (Hanford).

The data provided were reported in several different ways: 1) a list of radioisotopes and services pro-
vided by each facility; 2) a list of radioisotope customers, the supplying DOE facility, and the radio-
isotope or service provided to each customer; and 3) a list of the quantity and value of each
radicisotope or service sold by each DOE facility. The sales information covered foreign customers,
domestic private customers, and domestic DOE customers.
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APPENDIX

* Dose-Effect Studies with Inhaled Plutonium in Beagles

On the following pages data are presented for all dogs assigned to current life-span dose effect studies
with inhaled 23“I’Puoz, 2BpyQ,, and 2°Pu nitrate. Information is presented on the estimated initial lung
deposition, based on external thorax counts and on estimated lung weights (0.071 x body weight) at
time of exposure. Information is also provided on the current interpretation of the most prominent
clinical-pathological 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 PU-239 OXIDE IN BEAGLES

INITIAL ALVEOLAR DEPOSITION INHALATION EXFOSURE MONTHS SINCE
----------------------------------------------- LATE IMNHALATION
DOoG NCI/G NCI/ WEIGHT AGE« OF mmemmmeee
DOSE GROUP IGENT MNCT L UNG KG (KG) (MO} DATE DEATH 9/30/87 DEATH COWMENTS ON DEAD DOGS
CONTROL 73ig F =] a.08 2.2 v8/11/83 171 .5« Hemangiosarcoma, Heart
CONTROL 740 F 2 a.989 2.2 o0&/18/83 16% .8« Malignant Lymphoma
CONTROL 749 F 5] 2.08 2.8a A9/14/84 183 . 4% Adrenalitis
CONTROL JEE M 2 0.aad a.29 lz2/1a/872 162.2+ Status Epilepti, Nephrosclere
CONTROL 766 M & a.aa a.ee D5 /26/84 1@ .3+ Lung Tumer
CONTROL 7765 F & 2.0a Q.02 190/P5/81 147 .3« Pulmenary Thromboemboelism
CONTROL 785 M 2 2.8 a.ee @s/o2/87 217 .5 Processing
CONTROL 789 M 51 2.89 2.20 07 /25/83 167 .9« Malignant Lymphoma
CONTROL 792 M 2 8.00 2.0 P4,/28/78 79.5« Oral Tumor
CONTROL 08 F 2 0.@0 2.a8 11/17 /788 2@4 9« Malignant Pheochromocytoma
CONTROL a1 M a a.ee e.0s @z2/23/82 148.1« Lung Tumer
COMTROL g11 F 2 2.2 2.008 B2/24/85 183.1% Oral cav.: Malignant Malanoma
CONTROL 848 M 5] [>J%]%] 2.00 @d /087683 159.6s Maphrosclercosis
CONTRQL 881 MW @ @.9e 2.a8 11/18/86 202 .8« Cushing’s, Intestinal Carc
CONTROL 863 F a &.2 2.08 D3/24/87 205 . 4% Chronic Mephropathy
CONTROL. B7? F aQ 2.0 2,00 11/85/82 152.8« Lung Tumar
CONTROL B78 M ] .08 a.0e 21/22/485 177.4s Chrenic Nephropathy
CONTROL 882 M a a.08 2.a2 11/96/81 138.7+ Hemangiosarcoma, Liver
CONTROL 885 F ] [ 1%] 2.99 @a2/18/83 163.5« Lung Tumer
CONTROL @3 F a .22 2,00 21/39/86 174 .69 Matignant Lymphoma
CONTROL SACRIFICE 791 F 2 2.00 2,0 04/18/79 121.8« Sacrificed
CONTROL SACRIFICE 783 M Q @, 00 0.00 R3/24/77 96.2+« Sacrificed
CONTROL SACRIFICE 724 W [5] @.00 0.00 P3/39/78 107 .9+ Sacrificed
0-1 LOWEST 756 M [5] &.90 B.00 13.8 19.5 91/18/71 B4/21/83 147 .8 Epilepsy
B-1 LOWEST FE2 M a a.90 2.0 11.5 19.3 @1/19/71 ©1/724/77 72.2 Sacrificed
D-1 LOWEST 847 M 4] 2.90 2,92 13.@¢ 18.5 @7/08/71 ©1/23/85 162.8 HKidney Failure
D-1 LDWEST BEB M 5] Q.00 2.00 13.5 18.2 @7/@8/71 18/81/88 182.9 Lymphocytic Leukemia
D-1 LOWEST B6S F 5] 2.a¢ 2.20 5.8 17.4 @7/86/71 @9/18/86 182.4 Acute Fneumenia, Lung Tumor
-1 LOWEST B79 M 2 Q.ad 2.2 14.5 17.9 19/07/71 ©7/27/84 1563.7 Hemangiosarcoma, Liver,Splesn
0-1 LOWEST 888 F 5] Q.98 2.00 18.5 18.2 11/1@/71 p@4/04/84 148.8 Meningioma, MWaligrnant
D-1 LOWEST say F & [0 ) 2,02 11.5 1.5 11/1@/71 @&5/18/88 174.8 Pneumonia
D-1 LOWEST B2s F 1 2.a1 @.12 11.5 1B.1 @6/@8/71 11717782 137.3 Hemangiocsarcoma, Spleen
D-1 LOWEST 849 F 1 g.al &.1@ 12.@ 21,3 1@/@7/71 18/2e/72 12.8 Sacrificed
D-1 LOWEST 904 F 1 0.a1 @.a7 9.5 16.9 11/18/71 12719783 145.3 <{hondresarcoma, MNasal
O-1 LOWEST 832 F 2 @.a2 8.2z 9.8 16.5 Q4/28/71 @A3/03/88 178.2 Malignant Lymphoma
b-1 LOWEST 990 M 3 2.92 ®.,22 13.8 1&6.@ 11/1@/71 @5/21/82 126.3 Ffound Cell Sarcoma
b-1 LOWEST 8782 F 4 2.83 2.3z 12.@ 16.5 @7/@6/71 @L5/34/84 154.9 Preumonia
0-1 LOWEST 899 F 4 2.03 2.31 11.5 16.@ 11/1@/71 @3/29/781 112.8 Hemzngiosarcoma, Heart
0-1 LOWEST 86T M 5 2.24 @.41 11.5 17.4 87/@6/71 @2/07/88 175.1 Malignant Lymphoma
0-1 LOWEST 891 M 6 2.04 2.41 14.0 18.2 11/18/71 @6/26/81 115.5 Septicemia
D-1 LOWEST 853 M 8 2.95 .51 15.8 21.3 1@/@7/71 12/712/584 158.2 Bronchopraumenta
D-1 LOWEST 875 M 8 2.5 &.54 14.2 16.8 @7/@6/71 @L5/21/778 82.5 Kidney: Malignant Lymphoma
D-1 LOWEST 778 F g8 2.06 @.63 9.5 19.1 21/19/71 11/29/84 168.3 Glomerulosclercsis

» Indicates age in months since birth, ail other ages are in menths since exposure.



(8

[vivivivivivivivivicieolulsiolivlialolsiuiojuliolelaleelvlvieofolvivivieivivioielele}lwlsle]
|
WWW W WWWWWWWw WK MNRNER MRS R R RIR R R RN = e e e

DOSE GROUP

LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOw

LOw

LOw

LOw

LOw

LOw

LOw

LOw

LOw

LOw

LOwW

LOw

LOw

LOw

LOw

LOw

LOW

LOW

LDw

LOw

LOWw

LOwW

LOW
MED-LOW
MED-LO¥W
MED-LOW
MED-L 0%
MED-LOW
MED-LOW
MED-LOW
MED-LOW
MED-LO¥
MED-LOW
MED-LOW
MED-LOW
MED-LOW
MED-LOW

1

1

1

Indicates age

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

INITIAL ALVEOLAR DEPODSITIDN INHALATION EXPOSURE MONTHS SINCE

———————————————————————————————————————————————— DATE INHALATION
CoG NCT/G NCI/ WEIGHT AGE= OF = =ececemmmae———
IDENT NCI LUNG KG (K33 (MO} CATE DEATH 9/38/87 DEATH
768 M 8 2.4d8 Q.82 13.¢ 18B.8 82710771 ©04/13/84 168.1
BE@ F 3 2.08 Q.83 8.8 21.3 18/07/71 ©B/D6/83 la@.d
BS32 M 9 o.086 .61 14.@ 14.9 19/07/71 @7/01/86 176.8
BO7 F 8 .87 a.73 11.8 14,6 02/16/71 @7/24/81 125.4
841 F 8 d.a7 Q.75 8.8 17.7 P6/08/71 @4/21/88 177.8
938 M ] .37 e.77 11.2 1%5.9 11/18/71 Q4/01/82 10@.7
778 M 12 .87 a.74 12.5 20.2 ©3/@4/71 ©39/19/84 162.8
Ba2 M 18 a.e7 a.77 13.5 18.8 @7/@6771 ©5/81/85 165.8
78T MW 12 2.88 .83 12.8 18.2 12/21/78@ 12/09/B% 179.86
920 M 11 0.28 3.92 12.0 16.0 O6/08/72 @7/87772 1.0
882 M 13 2.88 1.9 13.8 17.3 @6/08B/71 ©6/25/83 144 .8
B71 M 13 2.9 2.98 13.6 16.9 @7/08/71 ©7/24/88 180.8
874 M 18 2.11 1.24 13.8 18.8 B7/D8/71 ©@4709/85 165.1
754 M 22 ?.i5 1.69 13.0 19.5 @1/1%/71 81/1@/78 83.7
g45 F 19 2.15 1.63 11.5 17.6 @26/03/71 ©O8/25/84 1568.1
748 F 14 2.18 1.75 8.2 19.5 @21/13/71 @8/19/81 127.@
798 F 16 2.18 1.78 2.8 15.7 @2/10/71 @8/29/74 42 .6
B28 F 18 .17 1.58 19.0 19.1 @7/@6/71 @4/17/84 183.4
g31 F 21 2.18 2.00 18.5 17.3 DE/O0E/T71 @5/14/B4 186.2
g8gl1 F 19 2,19 2.a9 9.8 17.7 18/87/71 12/20/86 182 .4
7E@ F 24 @.22 2.48 14.@ 18.2 91/19/71 w@4/08/8B2 134 .8
BEQ M as g.22 2.41 14.5 18.2 B7/0E/71 @4/22/84 153.8
FET M 36 B3 2.5 14.¢ 18.5 1z2/2177iw 11f26746 1¥l.%
B76 F 19 g.24 2.69 7.8 17.8 18/07/71 @5/85/88 174.9
Bee F 26 .25 2.74 9.5 15.3 @3/04/71 18/23/82 139.9
813 F 32 2,29 3.2a 1.8 15.1 @3/04/71 12/15/B3 153.4
B77 F 34 B.29 3.24 1@.5 17.9 1@/@7/71 @5/08/86 174.9
769 F 28 2.32 3.50 £.0 18.2 12/21/7@ @6/23/78 9@.1
802 M 40 @.33 3.84 11.0 18.1 ©4/268/71 12/2B/84 164 .1
781 F 48 2,38 4,17 11.5 17.3 12721770 @©2/20/8B1 122.0
771 F 44 2.40 4,40 190.0 15.2 @1/20/71 11/82/B3 153.4
TE2 W 62 D.42 4,58 13.5 13.0 B2/19/71 @5/27/83 147 .5
786 MW 62 2.42 4.5%9 13.5 19.5 B3/04/71 DE/23/86 i82.8
752 M 62 2.43 4,77 13.@ 18.8 12/21/70 ©02/22/79 98 .1
823 M 85 D44 4.81 13.5 16.8 ©94/28/71 ©5/24/84 156.9
883 M 63 B.44 4 HE 13.¢ 17.7 1a/@7;/71 191.8
TI8 W T4 @.45 5.18 14.5 20.2 03/94/71 @B/268/79 121.7
g38 M 5-] &.48 5.09 11.@ 17.8 @6/@8/71 @7/28/84 157 .4
795 F 54 D.49 5.40 lg.¢ 1:5.8@ @1/208/7) Q@9/05/B3 151.%
815 M 68 2.82 5.87 12.80 16.8 @4/26/71 @5/22/73 24.9
851 F £3 B.54 &.89 9.8 21.3 18/07/71 12/87/86 182.@
918 M 74 @.58 8.43 11.5 16.8 @B/GE/T2 @7/06/72 ®.9
834 F 87 @ .68 7.44 9.9 17.8 B6/D8/71 ©7/85/79 96 .9

‘n months since birth, all ether ages are in months s.ince exposure.

Chronic MNephropathy

Boene Tmr, Chronic MNephropathy
Ppeumocnia

Pituitary Tumor, Cushing’s
Malignant Lymphoma

Unknown, Pulmen. Hyalinosis
Bronchepneumcnia

Lung Tmr, Chronic Nephropathy
Valvular Endocardiopathy
Sacrificed

Paritonitis

Malignant Melanoma, Oral
Chrenic Mephropathy

Epilapsy

Urinary Bladder Tumor

Unknown Cause

Sacrificed

Hemangioma, Spleen

Pneumonia

Acute Pneumcnia
Phecchromocytoma

Urinary Bladder Tumeor
Leiomyosarcema,Kidney ,Lung Tm
Nephropathy ,Lung Tumor
Palate: Malignant Melanoma
Multilobular Sarcoma, Skull
Lung Tumar

Ovarian Tumor

Preumonia

Kidney Tumor, Lung Tumor

Lung Tumor

Neurofibrosarcoma, Brachial P
Adrenccortical Carc, Lung Tmr
Lung Tumor, Adrenal Tumer
Urinary Bladder Tumor

Pulmonary Thromboembo!ism
Malignant Lymphoma, Lung Tmr
Lung Tumor

Sacrificed

Thyroid Care, Hypothyroidism
Sacrificed

Fyomatra
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DOSE-EFFECT STURIES WITH INMALED PU-239% OXIDE IN BEAGLES

INITIAL ALYEOLAR DEPOSITIGON INHALATION EXPOSURE MONTHS SIHCE
"""""""""""""""""" Mmoo - o= ———— oo DATE INHALATION
DoG NCI/G NCT/ WEIGHT AGEs OF mmemm
LOZE GROUP IDENT NCI LUNG kG (KGY (M7 DATE DEATH /38787 DEATH COMMENTS ON DEAD DOGS

D-3 WMED-LGOW 797 F 85 @.70 7.73 11.0 16.4 @3/94/71 O5/16/86 182.4 Lung Tumor
0-3 MED-LOW E48 F 75 a.72 7.94 9.5 £1.3 1&/97/71 1o/02/88 179.8 Acuote Phneumonia
D-3 MED-LOW BZ2Y7 F 89 B.74 B.89 11.& 16.7 Q4/26/71 @1/06/85 164 .4 Acute Prneumonitis
D-3 MED-LOW 697 W 148 085 9.33 15.8 19.5 1@/30/78 ©5/08/80 114.3 Cardiac ¥Yalve Insufficiency
D-3 MED-LOW 758 W 118 2.53 12 .26 11.5 19.6 @1/20/71 ®6/28/84 161.2 Lung Tmr, Malignant Lymphoma
0-3 MED-LOW 884 M 123 1.12 12.32 1.2 17.8 10/08/71 ©9/12/B4 1556.2 Lung Tumsor
0-3 MED-LOW 844 F 135 1.17 12 .88 1@.5 17.6 @5/0B/71 DB/OB/BE 17@2.@ MNephropathy,lLung Tumor
0-3 MED-LOW 595 F 127 1.38 14.34 8.5 15.9 11/1&/71 @2/87/83 134.9 Malignant Lymphoma
D-4 MEDIUM &8 M 200 1.35 14 .81 13.5 17.4 @7/@6/71 @E/27/B4 185.7 Lung Tumeor
-4 MEDIUM 809 F 157 1.38 14 .85 18.5 15.3 @3/04/71 ©OL/ZB/B1l 122.8 Liver Cirr, Thy T., Addison’s
D-4 MEDIUM 764 F 168 1.37 15 .85 18.% 18.2 12/21/7@ @v/8v/82 138.5 Lung Tumor
D-4 MEDIUM 835 F 163 1.48 16,38 18.8 16.4 DAJEE/71 OBJZE/TE BE.®@ FReticulum Cell Sarcoma
D-4 WMEDIUM 839 F 189 1.43 16 .43 11.5 16.3 @4/26/71 B2/03/86 177.3 Lung Tumor,Bile Duct Carcinoem
D-4 WMEDIUM 814 F 143 1.58 18 .47 8.5 15.1 @3/@4/71 18/17/79 183.5 Lung Tumcr, Thyroid Adenoma
D-4 MEDIUM 838 M 258 1.88 18 .29 4.8 17.8 @8/88/71 @83/18/B1 117.3 Lung Tumer
D-4 MEDTIUM 819 F 163 1.74 13.18 8.5 18.2 2E/P8/71 ©OB/Z2Q/E85 17@.4 HNephropathy,Lung Tumor
D-4 MEDIUM g88 M 274 1.78 13.57 14.8 17.1 18/88/71 ©7/02/79 92.8 Lung Tumor
D-4 WEDIUMW 824 F 227 1.79 19.74 11.5 18.1 @6/08/71 81/26/81 115.8 EBronchopneumonia
D-4 MEDIUM 60 M 254 1.85 2a.32 12.5 17.3 @6/@8/7T1 Q6724782 132.5 Lung Tumor
D-4 MEDIUM 833 F 248 2.37 268.11 5.5 16.5 @4/26/71 @4/24/83 143.3 Metritis, Adrenal & Thy Tumor
D-4 NEDIUM Bl1@ F 382 2.39 2d8.248 11.5 15.3 @83/04/71 @9/99/81 128.2 Lung Tumor
D-4 WEDIUM 794 M 444 2.60 28,65 15.6 17.7 ©3/84/71 @2/17/81 119.5 Pituitary Tumor, Cushing’s
0-4 WEDIUM Ab4 M 465 2.64 29.96 16.0 21.3 18/08/71 @1/25/82 123.6 Lung Tumor
D-4 NECDIUM 478 M 298 2.71 29.8@ 18.8 64.9 190/@3/78 18/16/70 P.2 Sacrificed
D-4 NECTUM B@s F 278 2.89 il1.76 8.6 14.8 82/1@/71 @9/09/82 138.9 Lung Tumor
D-4 WEDIUM ges F 257 3.12 34.27 7.5 18.5 B6/88/71 @7/22/82 133.5 Esophageal & Lung Tumor
C-4 WEDIUM 312 M 438 3.19 35.04 12,5 17.1 @4/26/71 11/12/79 182.8 Lung Tumor
b-4 WEDIUM 857 M 488 3.48@ 317,38 13.@ 17.3 @8/08/71 @7/81/80 188.8 Lung Tumaor
D-4 MEDIUM 892 M 494 3,59 29.52 12.5 16.8 11/1@/71 18/28/81 119.5 Lung Tumor
-4 WEDIUM gl8 M 398 3.62 39.80 l@.@ 16.8 @a4/25/71 @5/11/71 8.5 Sacrificed
C-4 WEDIUM 777 M 548 3.87 43.68 12,5 20.2 @3/@4/71 03/26/82 128.7 Lung Tumor
D-4 WEDIUM 83 M 547 4.32 47 .57 11.5 18.1 24/26/71 11/18/77 78.5 Interstitial Preumonitis
0-5 WED-HIGH 787 M 851 4.73 £2.28 12.5 19.5 @3/04/71 Q27087793 95.2 Lung Tumor, Intestinal Tumor
D-5 WED-HIGH 840 F 793 4.92 54.08 13.@ 17.7 98/@8/71 @4/29/80 186.7 Lung Tumor
D-5 MED-HIGH 727 M 733 5.33 5B.64 12.5 18.8 18/26/7@ 11/18/76 72.5 Lung Tumor
D-5 MED-HIGH as8 F 711 5.39 £59.25 12,8 168.9 11/1&/71 @2/83/81 118.8 Uri Bladr & Lung & Adr Tumgr
C-5 MWED-HIGH A58 F g18 5.72 62.92 13.90 18.2 @7/07/71 ©5/@2/79 93.8 Lung Tumar
C-5 MWED-HIGH 759 M £89 6.132 67.42 12.@  18.3 12/21/79 Q802775 3.4 Lung Tumar
D-5 WED-HIGH 864 F 881 8.62 72.82 11.@ 17.4 @7/87/71 11/02/79 §9.9 Lung Tumor
0-5 MED-HIGH g9 M 737 6.70 73.70 12,0 15.9 11/1@/71 @&/94/81 114.8 Lung Tumor
0-5 MED-HIGH 734 M 914 6.92 78.17 12.¢ 19.2 11/1&/7@  @4/81/71 4.7 Sacrificed
D-5 MED~HIGH 837 M 1283 8.24 88.48 14.5 18.8 @7/07/71 @7721/777 72.8 Lung Tumor
[-5 MED-HIGH 363 F 982 6.48 93 .33 1@.5 17.4 Q7/@07/71 16721777 ¥$.5 Lung Tumor

+ Indicates age in menths since birth, all other ages are in months since exposure.
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DOSE GROUP

MED-HIGH
MED-HIGH
MED-HIGH
WMED-HIGH
MED-HIGH
MED-HIGH
MED-HIGH
MED-HIGH
MED-HIGH
MED-HIGH
MED-HIGH
MED-HIGH
MED-HIGH
MED-HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH

t

TTTMMETNTMETrMTMMEEETECTTEII NN

INITIAL ALVEOLAR DEPOSITION

NCI

B47
1187
g4
1089
1334
1344
1787
1378
1318
1460
1726
1896
1682
1511
2448
3164
3515
3o
3840
4900
6632
5515
7478
14287

DOSE-EFFECT STUDIES WITH INHALED PU-239 OXIDE

NCL/G
LUNG

183

.56
.38
.BBE
.99
.14

.18

.71
. B9
.41
a7
.55

.99
.29
.17
.43
.87
.58
.32
.28
.64
.48
.85
.99
.78

94 .
123.
125,
128.
111,
112.
117.
119.
125 .
132.
138.
164 .
1€8.
188,
257.
263.
272,
344,
365,
392.
698.
735,

1P9€8.

1141

.38

INHALATION EXPDSURE

WEIGHT AGEx
(KG)

12.

PR NEER RGN NRNOE RN S @S

(M0}

1g.
21.
17.
16,
19.
28.
18.
19.
15.
149.
19.
13.
13.
18,
18.
19.
19.
16.
75.
17.

15

16,
19.
15.

Lalie B e IR SR SR T I e RN R [, O PO Y

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

P8/08/71
18/08/71
19/88/71
11/18/71
az2/10/71
27/07/71
87/87/71
o1/28/71
@z/1e/71
01/20/71
11/10/70
92718771
11718778
11/12/70
12/21/70
@7/07/71
87/07/71
11/18/71
11/05/70
27/19/72
11/09/71
11/1@/71
21/20/71
11/18/71

06/01/79
02/22778
12/04/78
@c/2@/79
12/@3/75
BB/1B/74
BI/D3/T6
P8/15/73
@9/17/75
11/82/76
03731771
06 /26775
83731771
04/81771
10/@2/78
B3/26/13
P9/13/73
@6/13/74
11/12/7@
P8/18/72
11722772
@2/12/73
B1/13772
18712772

Since exposure.

IN BEAGLES

MONTHS SINCE

INHALATION

95 .
7B,
85.
94 .
57.
3ar7.
61.
3.
55.
69,

52.

59.
28.
28 .
31.

12.
15,
il.
11.

HOROENHWRE RO RN OW R WO 0

COMMENTS ON DEAD DOGS

Lung Tumor

Lung Tumor

Lung Tumer

Lung Tumor, Ostamsarthropathy
Lung Tumeor

Lung Tumor, Rad. Pneumcnitis
Lung Tumar

Radiation Pneumonitis

tung Tumor, Ostecarthropathy
Lung Tumor

Sacrificed

Lung Tumor, Ostecarthropathy
Sacrificed

Sacrificed

Lung Tumer

Radiation Pneumonitis
fadiation Pneumenitis
Radiation Pneumonitis
Sacrificed

Sacrificed

Radiation Pneumonitis
Radiation Fneumonitis
Radiation Pneumeonitis
Radiation FPneumanitis
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DOSE-EFFECT STUDIES WITH IWNHALED PU-238 OXIDE IN BEAGLES

INITIAL ALVEOLAR DEFQSITION INHALATION EXPOSURE MONTHS SINCE
——————————————————————————————————————————————— DATE INHALATION
DoG NCI/G NCI/ WEIGHT AGE= CF  ————————-

DOSE GROUP IDENT NCI LUNG KG (KG)  (MO) DATE DEATH 9/32/87 DEATH COMMENTS OM DEAD DOGS
CONTROL 939 MW ] 2.80 a.ea 1B3/01/82 136.94 Urinary Bladder Tumor
CONTROL 949 F & 2.08 a.aa 1l0/30/84 161 .7+ Malignant Lymphoma
CONTROL 978 M a2 2.0 Q.02 195 .5+
CONTROL 950 F 2 2.09 a.aa ar/es/79 37 .4% Pyometra
CONTROL 996 F %] @2.00 2.00 87 /06 /84 157.2% Malignant Lymphoma
CONTROL 1885 M ) 0.8 2.00 O2/24/87 188.8» Processing
COWNTROL le@7 F 2 0.00 a.ea 195.9=
CONTROL 1824 M 2 2.0 a.o2 B7/13/87 192.94 Processing
CONTRGL 1238 W & 2.a8 @.aa 12/18/86 183.94 Processing
CONTROL 1245 MW 2 2.98 @.aa P8/P8 /86 177.6+ Processing
CONTROL 1854 F 5] 2.0 2.e2 193.14
CONTROL 18681 F 5] 0,0d 0.0 Br/e7/Bl 118.2+ Malignant Lymphoms
CONTROL 1093 M 2 2.02 Q.80 11/84/83 142.42 Pituitary Tumer, Cushing's
CONTROL 1@97 F 2 2.20 2.0 1EE . B»

CONTROL 1112 M ) 0.00 2.e2 12/02/86 178.44 Processing

CONTROL 1118 F 2 2.90 2.aa 1688.1=

CONTROL 1188 F ] 0,00 0,08 BT /26/8B5% 155.3% Urinary Bladder Tumeor
COWNTROL 1197 MW 2 2.20 d.0e 1681 .0«

CONTROL 1229 W ] 2.0 2.0a 182 . 7w

CONTROL 1225 F a2 2.08 2.aa 175 8«

CONTROL SACRIFICE 3268 M 2 2.e92 Q.20 Q4/3a/77 71.6» Sacrificed

CONTROL SACRIFICE 1911 F 5] 2.00 a.0a p5/01/78 83.94 Sacrificed

CONTROL SACRIFICE 1913 F ] 2.0 2.0a O05/2%/79 95 .8+ Sacrificed

CONTROL SACRIFICE 10987 M 2 2.28 2.22 12/14/78 60.0% Sacrificed

CONTROL SACRIFICE 1118 M %] 2.00 Q.00 21/13/76 47.5» Sacrificed

CONTROL SACRIFICE 1223 M e 2.00 2.0a B5/15/75 31.94 Sacrificed

CONTROL SACRIFICE 1227 M 4] J.00 0.eo0 12/81/76 49 .94+ Sacrificed

CONTROL SACRIFICE 1228 M 2 2.2 2.22 18/31/78 72.9% Sacrificed
D-1 LOWEST 958 M ] 2.00 2.20 10.5 19.8 @1/18/73 @4/11/86 158.7 Processing
0-1 LOWEST 10903 MW a2 2,00 2.00 14.8 1%.8 @21/18/73 @4/01/87 179.4 FProcessing
D-1 LOWEST 1823 F 5} 2.00 2.02 12.5 19.2 @1/18/73 176 .4
D-1 LOWEST 1839 W a2 Q.88 @.a0 11.8 17.@ @81718/731 97/@4/86 161.5 Precessing
bD-1 LOWEST 1944 F ] 2.0 2.2a 11.5 17.@ @1/18/73 176.4
D-1 LOWEST 1855 M ] 2.20 a.e0 13.2 16.8 @1/18/73 @8/84/87 172.5 Processing
D-1 LOWEST 12683 M %] 2,00 2.20 14.5 16.7 21/18/72 11/11/8@ 93.8 Brain Tumor, Heart Tumor
O-1 LOWEST 11856 F e 0.00 2.00 10.8 16.4 @5/31/73 @Z/088/85 149.3 Malignant Lymphoma
D-1 LOWEST 1194 F o o.00 0.e9 13.5 19.8 P4/18/74 12/0%/86 139.5 Malignant Lymphoma
D-1 LOWEST 1215 M 5] 2.0 a.ee 15.5 19.3 B4/18/74 D4/268/77 36.3 Sacrificed
D-1 LOWEST 1238 M 2 2.88 a.8a 12.5 18.4 24/18/74 0©%/33/886 149.4 Hemangiesarcoma, Liver
D-1 LOWEST 951 M 2 2.1 .14 14.8 19.3 12/19/72 @2/14/83 121.9 Anesthetic Death
G-1 LOWEST 1888 M 2 2.21 2.1% 13.5 19.8 @1/18/73 l1@;/24/85 153.2 Fibrosarcoma, Spleen
D-1 LOWEST 1193 F 2 0.01 a.16 12.5 19.8 @4/18/74 @1/22/86 141.2 Immune Hemalytic Anemia
b-1 LOWEST Q53 M 3 2.92 B.22 13.5 19.2 12/15/72 @6&/22/784 138.1 Liver Abcess

+ Indicates age in months since birth, all other ages are in months since exposure.
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DOSE GROUP

LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOW
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LOW
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LOw

LOW

LOw

LOw

LOW

LOw

LOw

LOwW

LOw

LOw

LOw

LOw

LOw

LOw

LOw

LOw

LOw
MED-LOW
MED—-LDOW
MED-LOW
MED-LOwW
MEC-LOW
MED-LOW
WED-LOW
WED - OW
MED- L OW
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» Indicates age
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in months since birth, all

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

INITIAL ALVEOLAR DEPOSITION

NCI/G NCI/

NCI LUNG KG
2 8.02 Q.24
2 8.02 2.19
3 .03 P.31
k! 2.83 d.356
3 2.83 .32
Y 3.24 .40
@ 0.04 9.43
5] a.05 @#.55
8 2.8% .68
) 2.85 a8.52
& 2.95 a.82
11 .98 A.68
11 2.0& 2.71
13 @2.a7 @.78
i@ a.98 @.83
15 @2.18 1.87
13 2.11 1.24
11 8.11 1.1
16 d.11 1.19
22 .12 1.33
17 9.12 1.38
17 .14 1.65
L v, 14 i.bb
18 B9.14 1.52
23 @.18 1.77
22 2.18 Z.00
e 9.21 2.31
27 @.22 2.45%
22 8.22 2.44
29 2.22 2.42
22 A.24 2.59
28 @.25 2.8P
3B 8.28 2.81
38 Q.27 2.92
54 @.31 3.38
40 ?.33 3.684
41 2. 34 3.73
B4 .34 3.72
58 2.34 3.74
54 2.36 4.90d
4d Q.49 4 .38
72 a.4] 4 .50
73 A.43 4.71

INHALATION EXPOSURE

WEIGHT AGEw
(KG)

18.

9.
12.
14,
11.
12.
1a.
1@,
16.
15.
17.
12.
14,
18.

9.
13.
18.
12.
11.
ii.
19.
13,
11.
13.
1l.

9.
1z.

8.
2.
13.
13.
18.
11.
1.
14,
15.
13.
18.
18.
15.

RN NN AN AR RN NN N EEANERAR AR MO A @ NG

(w0}

18,
16,
19.
19.
18.
19.
17.
19.
18.
16.
18,
18,
18.
17.
Iv.
19,
19,
18.
18.
18.
19.
19.
ia.
18.
19.
17.
13.
18.
18,
18.
17.
17.
2.
19.
18.
19,
17,
18.
18.
18.
19.
18.
ir.

HERORARNNEBOER A -EROWRN RO OSNRNR WO AR RWREDORN GO DD

other ages are in months

85/31/73
@5/31/73
11730772
11730/72
12/18/72
11/38/72
02/26/74
12719772
12/19/72
25/31/73
B5/31/73
@5/31/73
02/26/74
P5/31/73
95/31/73
34/18/74
12/18/72
12718772
22/26/74
@5/31/73
24/18/74
12/19/72
B2 227753
02/22/73
B4/18774
02/22/73
12/19/72
B2/22/73
@2/22/73
25/31/73
22/28/74
22/26/74
04/18/74
11738772
25/31/73
12719772
25/31/73
03/84/75
03/04/75
P3/94/75
04/18/74
P3/04/75
11/08/73

08/24/53
28/12/87
12/27/72
@1/268/73
03/05/81
02/27/73

O1/04/77
97/01/88
P3/14/83
04/18/86
12/04/79
01/15/84

B5/18/87
23/19/86
@5/04/83
gl/31/88
@5/25/84
12/13/83
P5/12/75
@1/27/87
12717765
25/06/87
04/22/87
12/21/84

@5/14/86
11/89/83

D4/25/79
12/28/72
86/21/83
B3/04/86

P4/01/77
23/26/7%
P24/63/78
12/05/86
24/01/77

since axposurse.

MWONTHS STIHCE
INHALATION

1683,

172.0

177.
175.

163,
163.

166 .

1

R L

162,
117,
154,

78.
118.

167 .
143,
124.
157.
122.
1286,
12.
169.
14,
170.
156.
141,

158.
125,

6a.

128.
158.

24,
48.
37.
151.
24,
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COMMENTS ON DEAD DOGS

Malignant Lympbhoma
Processing

Sacrificed

Sacrificed

Bone Tumor, Fibrosarcoma
Sacrificed

Sacrificed
Processing
Adrenal Tmr,Dstecarthropathy

Malignant Lymphema, Lung Tmr
Faralysis, Spinal Cord Degen.
Metastatic Lng Tmr, Prim. Unk

Processing

Malig (mediast) Mesothelioma
Hemangiosarcoma, Spleen
Frocessing
Prneumonia,
Round Call
Sacrificed
Frocessing
Lung ltumor
Frocessing
Malignant Lymphoma
Preumonia

Thyroid Tumor
Sarcoma: Kidney

Processing

Heningioma, Malignant

Sacrificaed
Sacrificed
Malignant Lymphoma
Frocessing

Sacrificed
Sacrificed
Sacrificed
Chrenic Nephropathy
Sacrificed
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DOSE-EFFECT STUDIES WITH INHALED FPU-238 OXIDE IN BEAGLES

INITIAL ALVEOLAR DEFQSITION INHALATION EXPOSURE MONTHS S5INCE
_______________________________________________ DATE INHALATION
oea NCI/G MNCI/ WEIGHT AGE= OF memmmmmmmmme -
DOSE GROUP IDENT NCI LUNG KG (KGY (MDD DATE DEATH 9/3@/87 DEATH COMMENTS OW DEAD DOGS
D-3 MED-LOW 1185 W 76 2.43 4.75 6.0 17.3 11/08/73 B7/21/88 162.4 Acute FPreumonia
D-3 MED-LOW 1309 M ga D.44 4.88 12.5 18.5 @3/@4/75 ©4/22/87 145.6 Hemangiosarcoma, Liver
D-3 MED-LOW 1318 M B7 2.45 4.96 13,5 18.1 83/@4/75 @3/@88/76 12.2 Sacrificed
D-3 MEC-LOW 823 F 41 2.52 5.47 7.5 19.2 11/30/72 @1/25/73 1.8 5Sacrificed
D-3 WED-LOW 1318 W 84 3.53 5.79 14.5 18B.1 @3/04/75 150.9
D-3 MED-LOW 968 M ge 2.54 6.91 11.5 19.2 12719772 11/07/80 94.6 Malignant Lymphoma
D-3 MED-LOw 1872 M 48 2.54 5.94 18.5 18.1 85/31/73 @9/22/83 123.7 Delayed Radiation Prneumonitis
D-3 MED-LOW 1198 F 71 @.54 5.92 12.8 18.1 82/26/74 ©5/@9/85 134.4 Lung Tumor
D-3 WMED-LOW 528 M 75 0.85 6.2 12.5 19.5 11/38/72 @2/28/73 3.2 Sacrificed
D-3 MED-LOW 1315 M 9@ 8.85 5.0 16.8 18.1 @3/04/75 d3/31/77 4.9 Sacrificed
D-3 MED-LOW 982 M 78 2.58 6.33 12.@ 15.@ 12719772 @1/29/88 167.3 Processing
b-3 WMED-LOW 1242 W B84 g.81 &.72 12.5 18.2 @2/82/73 03784781 96,3 Parathyroid Adanoma
D-3 MED-LOW 1@59 F 71 2.65 7.18 8.8 17.8 02/22/73 @B8/08/83 125.5 Malignant Lymphoma
D-3 MED-LOW 1319 M 99 2.67 7.33 13.5 18.1 @3/04/75 ©3/09/78 12.2 Sacrificed
D-3 MED-LOW 1108 F B4 2.89 7.64 11.8 18.4 85/31/73 ©1/14/87 163.6 Processing
D-3 MED-LOW 1808 F @ 2.71 7.78 9.@ 18.7 12/19/72 177.3
b-3 MED-LOW 1856 M 97 2.71 ¥.78 12.5 17.9 02/22/73 @8/717/86 159.8 Processing
D-3 MED-LOW 1d4 M 118 2.73 g8.00 14.5 19.8 @1/18/73 @4/38/87 171.3 Processing
D-3 MED-LOW 1028 M 118 e.78 g.59 12.5 19.2 @1/18/73 11/13/85 163.8 Hepatic Displasia
D-3 WMED-LOW 1043 F 98 @.B9 9.80 19.@ 18.1 ©2/22/73 ©09/21/81 182.9 Empyema, Pituit.T., Cushing’s
D-3 MED-LOW 1831 F 76 2.92 1@.13 7.5 19.1 @2/22/73 ©5/04/84 134.3 Preumonia
D-3 MED-LOW 1212 F mm 1.12 12,33 g¢.@ 17.8 92/28/74 163.1
D-4 MEDIUM 1178 M 129 e.87 9.86 12,6 18.8 11/@8/73 12/12/85 145.2 Hemangioma, Spleen
D-4 MWEDIUM 1221 F 124 1.13 12 .42 12.@0 19.2 @4/18/74 181 .4
D-4 WMEDIUM 1195 M 228 1.238 15.20 15.@ 18.1 22/26/74 ©T/29/87 161.8 Processing
D-4 MEDIUM 1832 M 182 1.42 15.43 1.5 16.3 11/38/72 12/@8/72 .3 Sacrificed
D-4 MWMEDIUM 1253 F 148 1.42 15.E8 ¢.5 17.% @2/22/73 @2/02/85 143.3 Cushing’s Disesase
O-4 MEDIUM 997 M 203 1.6@ 17 .85 11.5 19.8 @1/18/73 O5/88/86 189.8 Processing
D-4 MEDIUM 981l F 194 1.78 19.42 19.@ 1B.B 12/19/72 @8/28/83 126.@ Urinary Bladder & Ovariarn Tmr
D-4 MEDIUM 1177 M 262 1.76 19.41 13.5 16.6 11/06/73 ©3/12/85 136.1 Bone Tumor
D-4 WMEDIUM 932 F 218 1.78 19.64 11.8 19.1 11/38/72 @1/26/73 1.8 Sacrificed
D-4 MEDIUM 1103 F 260 1.8% 20.80 12.5 18.5 85/31/73 @4/08/83 118.2 Bone Tumor, Lung Tumor
D-4 MWEDIUM 973 F 271 2.24 24 .84 11.@ 1%.2 12/158/72 12/08/84 141.8 Bone Tumor
D-4 MWEDIUM 931 F 289 2.39 28.27 11.@ 18.1 11/3@/72 12/28/72 2.9 Sacrificed
D-4 MWMEDIUM 1981 F 243 2.8 2B8.59 8.5 17.3 @5/31/73 11/18/88 161.3 Procassing
D-4 WEDTIUM 1114 M 430 2.7 29.88 14.5 16.4 ©@5/31/73 @4/23/85 142.8 Bone Tumeor,Bile Duct Carcinom
D-4 WMEDIUM 1962 MW 435 2.93 iz2.22 13.5 17.8 Q2/22/%3 @5/30/84 135.2 Bone Tumor, Lung Tumor
D-4 MWEDIUM 934 M 454 3.06 33.63 13.6 19.1 11/730/72 ©3/81/73 3.8 Sacrificed
D-4 MWMEDIUM 1281 M 541 3.87 33.8B1 1.2 1B.@ @5/31/73 ©1/18/8Q 79.8 Hemangicosarcoma, Heart
D-4 MWMEDIUM 1838 F 340 a,z2s 35.79 2.5 19.1 @02/22/73 @4714/83 121.7 Pneumonia, Rad. Pneumanitis
D-4 WEDIUM 1198 MW B39 a.5@ ig.se 14.8 17.9 @2/28/74 @5/14/88 15@.6 Acute Pneumonia, Lung Tumor
D-4 MEDTIUM 952 F 365 2.89 40 .56 8.8 15.2 12/19/72 @6/83/83 125.4 Hone Tumor
D-4 MEDIUM 1188 W 673 4.88 44 .87 15.8 17.3 11/@6/73 @6/23/84 127.5 Malignant Lymphoma

«» Indicates age in menths since birth, all other ages are in months since exposure.
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DOSE GROUP

MED IUM
MED IUM
MEDIUM
MED-HIGH
MED-HIGH
MED-~-HIGH
MED-HIGH
MED-HIGH
MED-HIGH
MED-HIGH
MED-HIGH
MED-HIGH
MED-HIGH
MED-HIGH
MED-HIGH
MED-HIGH
MED~HIGH
MED-HIGH
MED-HIGH
MED-HIGH
MED-HIGH
MED-HIGH
MED-HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
HIGH
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* Indicates age

1228
992
983

1151

1157

1035

1132

1142

1871

1173

1178

1047

1129

1169

1211

1996

1218

19092

1027

11156
T4

1879

1858

1882

1957

1889

1942
94

19086
87s

1837

1143

182S

1064

1162

1175
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INITIAL ALVEOLAR DEFOSITION

NCT

518

555

617

E91

709

571

754
1814
1263
1223
112%

S0
1119
1344
1784
1478
1718
1848
2148
1885
1718
2620
1927
2907
3118
383@
2959
3453
3g1e
3988
4854
7691
8473
9453
59569
8201

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

NCI/G
LUNG

.28
.39
BT
.43
.71
.48
.53
-3
.79
.75
B2
.61
.85
.18
.08
.22
.96
.44
.86
.98
.62
.88
.51
.88
.98
.48
.32
.39
4G
.e7
.13
.78
1@
N-1-]
.29
.18
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in months since birth, all

NCI/ WEIGHT AGEs
(MDY

97,30
112. 00
121 .66
134 .18
142 .50
147 .B4
153 .43
163,91
171.80
174 .87
181.862
287 .64
230.81
29@ .49
311.47
345 .30
348 .38
396.8@
435 .40
£E91.62
828.07
o0 .22
173.22
826.84

ether ages are

(KG)

11.
11.
12,
1z.
13.

9.
1.
14,
17.
12,
12.

9.
1l.
12,
14.
11.
12,
12.
14.
11.
la.
156,
1@.
14.
13.
12.

9.
1a.
11.
19,
18.
13.
13.
13.

9.

7.

NMEOEERRREREOONENIEROGEEANEANERERSI OGRS

13.
18.
19.
19,
17.
18.
18.
18.
18,
17.
16.
18.
18.
17.
17.
18.
17.
17.
19.
18,
2@,
18.
17.
19.
17.
19.
18.
19.
19.
29.
18,
18.
19.
18.
17,
16.

DW-MNMNMRORNOD- RO NRRNENWORRWE S DO MNEN-DT @

in months

INHALATION EXFOSURE

D4/18/74
12/19/72
12/19/72
@4/18/74
11/26/73
0222473
B2/26/74
11/06/73
05/31/73
11/86/73
11/06/73
02722773
o5/31/73
11/08/73
02/28/74
05/31/73
02/26/74
@5/31/73
©1/18/73
B5/31/73
@1/18/73
B5/31/73
22/22/73
@1/18/73
02/22/73
21/18/73
@2/22/73
01/18/73
21718773
91/18/73
02/22/73
11/@8/73
01/18/73
01/18/73
11/86/73
11/08/73

12/89/86
B7/28/84
12/29/83
23721777
23702784
03/84/84
23/29/83
12/14/81
P1/89/81
02/09/82
@1/e6/83
18/05/82
08/08/80
29/22/81
@5/17/82
B5/08/78
24724781
1e/23/78
12/81/78
a7/11/78
P5/24/78
02/12/78
11/@1/79
P1/21/80
03/87/79
@4/01/78
11/18/78
87/04/78
@1/18/79
B7/25/78
11/21/78
12/85777
@3/17/77
@4/14/77
12/19/78
p2/24/78

SiNCce eiposure,

MONTHS SINCE
INHALATION

151.
139.
132.
35,
123.
132.
129,
7.
91,
9.
112,
116.

86

94.
98.
59.
BS.
64,
7@.
61,
54,
56.
80 .
B4,
72.
82.
EB.
41.
72,

86

&8.
49,
49,

B

51.
51.

DLW/ OROCODRADE b WA WA DODNAMA S WR WD W R -

COMMENTS ON DEAD DOGS

Maiignant Lymphoma, Addison’s
Bane Tumor

Adrenal & Pituitary Tumer
Interstitial Prneumonitis

Bonea Tumeor

Bone Tumer, Cushing's Disezse
Bone Tumor

Bone Tumor

Borne Tumor, Lung Tumor

Bone Tumor

Bone Tumor, Lung Tumer
¥ertebral Disk Herniation
Bone & Lung Tumor, Addison’s
Bone Tumor, Lung Tumor

Bane Tumor

Addison’s Disease

Bone Tumor

Boene Tumer

Bone Tumor, Lung Tumor

Bone Tumor

Bone Tumor

Addisor’s Disease, G.I. Tumor
Bone Tumor, Adrenal Tumer
Bone Tumor, Lung Tumor

Bone Tumor

Lung Tumer, Ostecarthropathy
Bone Tumor, Lung Tumer
Addison’s Disease

Bone Tumor, Lung Tumor

Bene Tumor, Lung Tumar

Bone Tumer

Bone Tumer, Lung Tumor

Lung Tumor

Bone Tumor, Lung Tumor

Bone Tumor, Addison’s Disease
Lung Tumor
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INHALED PLUTONIUM NITRATE IN DOGS

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE
----------------------------------------------- DATE INHALATION
poG NCI/G WCT/ WEIGHT AGEw OF e

DOSE GROUP IDENT NCI LUNG KG (KG) (WO} DATE DEATH 9/30/87 DEATH COMWENTS ON DEAD DOGS
CONTROL 1356 M [ 2.02 2,00 B4 /07/87 154 .9+ Processing
CONTROL 1365 M [ @.02 ] 169 .8+
CONTROL 1378 F 2 2.e9 Q.20 B5/11/88@ 7@.8« Pneumonia
CONTROL 1388 M 2 2.0 Q.00 B9/11/781 86.7+ Sacrificed
CONTROL 1393 W ] 0.00 2.0 B&/18/87 155.9« Processing
CONTROL 1405 M 2 2.008 0.0 28/13/84 121.3#+ Sacrificed, Heart Basa Tumor
CONTROL 1499 MW %] 2.00 0.2 158.B»
CONTROL 1418 M 4] @.02 2.2 158 .5
COWNTROL 1425 W 2 @,00 3.08 BH/BZ/82 96.5« Status Epilepticus
CONTROL 145@ F 2 a.00 2.8 11/04/81 B7 .4« Sacrificed
CONTROL 1456 F ] 2.00 2.00 Pa/20/87 158.5« Processing
CONTROL 1483 F %] 2.2g 2.aa 156 .9«
CONTROL 1589 W 2 o.02 @, e 13/3@ /86 145 .1+ Processing
CONTROL 1518 F 2 a.00 g.08 155 . B»
CONTROL 1525 MW ] 2.9a 2.ee 155 .8
CONTROL 1528 M [ ©.02 2.09 155 .64
CONTROL 1528 F ] 2.0 0.09 Q4 /06 /87 149 .2+ Processing
CONTROL 1543 MW ] 2.2 2.ee Q@e/12/88 14% .3+ Processing
CONTROL 1583 F 5] a.e¢ 2.ee 144 B
CONTROL 1672 F [ 2.0 @.ee 144 . 7w
CONTROL 1677 M %] 2.0 @.0e 144 .7
CONTROL 1584 F <] 2.0 @.00 144 . 6%
CONTROL 1564 F ] 2.ee 2.ee 144 . 6w
CONTROL 1628 M %] 2 .08 2.oe 144 3»
CONTROL 1833 F %] 2.02 @.ee 11/18/88 128.9% Thyroid Tumor
CONTROL 1638 F @ &.ae @.00 29 /@E /87 138.5» Processing
VYEHICLE 1381 M <] 2.0¢ 0.2e B.6 21.0 @22/13/78 139.5
YEHICLE 1381 F <] 2.2@ 2.2ae B.E 13.8B @2/13/76 139.5
YEHICLE 1392 M 2 a.ae 2.0 13.90 22.@ @4/22/76 137.3
YEHICLE 1408 W %] 2.0 @.0e 13.5 21.8 Q4722778 137.3
YEHICLE 1412 F 2 2.9e @.20 8.8 19.¢ 02/13/78 139.5
YEHICLE 1421 M %] 2 .28 2.2 13.9 23.3 88/23/78 135.2
YEHICLE 1467 F 2 2.ae @.ae 12.8 20.8 @4/22/76 137.3
YEHICLE 1491 F %] 2.00 ?.08 B.@ 21.8 @6/23/7¢6 135.2
YEHICLE 1584 F %] @.ee D.o0 12.@ 20.9 @6/23/76 135.2
YEHICLE 1514 M <] @.ee 2.29 14.0 2¢.9 96/23/78 @8/@E/82 73.4 Malignant Lymphoma
WYEHICLE 1524 M %] .80 2. 12.8 21.5 &7/27/78 1341
YEHICLE 1531 F %] g.ae 8.0 3.8 20.9 @¥/27/76 134.1
YEHICLE 1542 M 2 2.a2 Q.80 12.@ 2@.8 Q7/27/76 134.1
YEHICLE 1666 M ] &.ee 8.2 14.9 18.3 93/15/77 1Z6.5
YEHICLE 1578 M ] 2.0 2.ee 18,5 18.2 D3a/15/77 126 .5
YEHICLE 1583 F a .02 8.0 11.8 18.8 83/15/77 126.5
YEHICLE 1601 F [+] g.082 2.00 8.5 18B.@ @3/15/77 126.56

# Indicates age in months since birth, all other ages are in months since expcsure.
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DOSE GROWP

VEHICLE
VEHICLE
YEHICLE
-1 LOWEST
-1 LOWEST
-1 LOWEST
-1 LOWEST
-1 LOWEST
-1 LOWEST
-1 LOWEST
-1 LOWEST
-1 LOWEST
-1 LOWEST
-1 LOWEST
-1 LOWEST
-1 LOWEST
-1 LOWEST
-1 LOWEST
-1 LOWEST
-1 LOWEST
-1 LOWEST
-1 LOWEST
-1 LOWEST
-1 LOWEST
-1 LOWEST
-1 LOWEST
-2 LOW
-2 LOW
-2 LOW
-2 LOwW
-2 LOW
-2 LOW
-2 LOw
-2 LOW
-2 LOW
-2 LOW
-2 LOW
-2 LOw
-2 LDw
-2 LOw
-2 LOW
-2 LOW
-2 LOw

v Rwiviviviviviviviviviciviaialnivieclelelullelvivlyivioleielvivlalele kel el

» Indicates age

INITIAL ALVEOLAR DEPOSITION

IDENT NCI

—
LA
(1]
Loy}
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e e
CEEDHHODODETAAOR RO AT PR ARNNNRR OO REREDRONRGE

15

in months since birth,

INHALED PLUTONIUM NITRATE IN DDGS

INHALATION EXPOSURE

NCI/G NCI/
LUNG KG

2,08 .00
a.ae a.29
2.0a 2.0
2.aa g.00
Q.ee g.90
2.0 2.98
2.9 a.94a
@.99 2.0
2.99 Q.ap
a.ee g.00
2.0 e.aa
.91 2.11
2.a1 B.12
a.a2 a2.22
0,02 a.18
g.02 a.l1le
2.83 a.3as
B.93 @.23
8.03 @. 3z
2.a3 a.29
2.83 @.35
@.04 0.42
g.04 .45
2,24 .42
@.98 .81
a.es @.87
2.08 Q.03
g.a1 a.12
g.82 B.2e
B.92 g.1¢9
2.23 a.37
2.04 .42
2.a5 &.59
@.85 2.51
@.08 a.£8
a.a7 @.82
@.07 a.7e
2.08 @.89
D.08 2.87
g.98 2.83
g.89 1.81
3.9 1.03
@.a9 1.83
all other ages are

(KG)

11,
1e,
11.
12,
18.

8.
la.
13.
11.
1a.
14,
11.
14,

9.
12.
1@.
1z,
1ia.
14.
13.
13,
11.
13.

9.
11.
11.
11.

18

11.
14.
14,
12.
14.
12.
12,
11.
15.
12.
11.
12,
1a.

8.
14,

MOGEEERAESAERNGEAOANNEBEOMaNIERNDNGAERENEREROOOERESN SRS

WEIGHT AGE=

(MD)

21.
13.
19.
22.
21.
2é.
2@.
19,
19.
1z,
18.
19.
19,
17.
19.
19.
21.
21.
19.
15.
19.
18,
Z@.
19.
17.
13.
13,
19.
22.
19,
21.
19.
19.
19.
13.
19.
18.
22.
22.
19.
21.
19.
19.

MO AFENMONNWER LN TDAMNMURAMNOREENPORNKMN W EDLE AR O

in months

DATE

12/01/77
12/01/77
12/01/77
05/20/76
05/28/78
P5/28/76
05/28/76
@5/208/76
D4/19/77
B4/18/77
24/19/77
04/19/77
P4/19/77
18/18/75
P5/20/76
04/18/77
85/20/78
e5/2@/7¢
@5/20/76
@4/19/77
04719777
18/16/75
@5/28/76
04/19/77
18/16/75
04/19/77
05/208/76
DE/R2B/76
05/28/76
@4/19/77
05/28/78
B4/18/77
B4/19/77
©4/19/77
04/19/77
04/19/77
04/19/77
D5 /20776
B5/20/78
B4/19/77
85/28/76
B5/28/7€
@4/19/77

B1/06 /87

28/04 /84

21/03/84

#7/31/88

11/13/75

26/19/87

24/05 /84

11/13/75

11/13/75
@9/28/BE

ea/sla/B?

12/13/84
QB/18/86

Since Bxposure.

MONTHS SINCE
INHALATION

117.
117.
136.
136.

136.

25.

126,
125.
125.

136.
136

138,
125,
125,

126.
125.

136.
138.
136.
125.
136,
126.
126.

125,
125,
1258,
136.
136.
125.
136.

o W Q@

B b

Al o A %]

P PN S L A

[TE R O PNV SN

8.
g1.

111.

122.

34.

1o1.

118.

1ez.
111,

e tn

Vertebral Disc

Esophageal Tumar

Thyroid Tumor

Hemangiosarcoma

Sacrificaed

Processing

Meningioma

Sacrificed

Sacrificed
Hemangiosarcoma

Mammary Tumor

Thyroid Tumor
Epilepsy
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INHALED FPLUTONIUM NITRATE IM DOGS

IMITIAL ALYEOLAR DEFOSITION IWNHALATION EXPOSURE MONTHS SINCE
——————————————————————————————————————————— DATE INHALATION
DaG NCI/fG NCI/ WEIGHT AGEa 0OF e
DOSE GROUF IDENT NCT LUNG KG (KG) (MG DATE DEATH §/30/87 DEATH COMMENTS ON DEAD DOGS
D-2 LOW 1484 F il a.14 1.08 1@.@ 2.5 @5/208/78 136.13
D-2 LOW 1595 F e Q.19 1.14 9.8 19.2 04/13/77 @3/12/88 198.7 Adrenal Tumor
0-2 LOW 1498 F 18 a.15 1.65 9.5 20.5 @5/28/78 138.3
D-3 MED-LOw 1338 M 21 2.14 1.52 13.5 1B.@ 18/16/76 11/13/75 2.9 Sacrificed
D-3 MED-LOwW 1341 F 19 2.16 1.78 18.5 17.2 18716778 11/13/76 2.9 Sacrificed
D-3 MED-LOW 1685 F 25 Q.20 2.19 11.5 17.8 @3/15/77 @3/24/82 6@.3 Sacrificed
0-3 MED-LOW 1388 M 34 0.21 2.38 la.5 22.0 @4/20/76 ©01/04/86 118.5 Hemangiosarcoma
D-3 MED-LOW 1389 M 27 0.23 2.54 1.5 21.9 84/20/76 @5/84/76 2.5 Sacrificed
D-3 MED-LOW 1413 F 23 9.24 2.68 11.2 18.2 @1/20/78 @3/81/85 1805.32 Malignant Lymphoma
D-3 MED-LOW 1446 F 34 .24 2.60 13.8 21.9 Q4/28/78 @L/05/78 .5 Sacrificad
D-3 MED-LOW 1568 M 46 B.23 3.17 14.5 18.3 @3/715/77 12/@2/86 116.68 Freumonia
D~-3 MED-LOW 1535 M Ed 2,29 3.23 15.5 18.8 @3/15/37 128 .5
D-3 MED-LOW 1390 M 43 0.30 3.29 13.8 21.3 @4/20/78 @5/04/76 @.5 Sacrificed
D-3 WMED-LOW 12391 M 54 2.30 3.268 18.5 21.3 24/20/76 ©@7/22/85 111.@ Thyreid Tumer, Lung Tumer
D=3 MED-LOW 1687 M 53 2.31 31.49 15.5 1.1 @3/15/77 @1/14/86 186.8 Hemangiosarcema, Lung Tumor
D-3 MED-LOW 1359 M EQ B.32 3.57 14.8 20.2 P1/28/78 @1723/78 @.1 Sacrificed
D~-3 MED-LOW 1540 M 54 a.32 3.51 1.5 20.7 @7/22/78 11/25/88 124.1 Processing
D-3 MED-LOW 1344 F 41 0.33 3.6 11.6 17.2 18/18/75 11/14/75 1.8 Sacrificed
0-3 MWED-LOW 1589 F 41 g.34 3.75 11.8 18.8 ©3/15/77 @B8/8B/82 62.8 Sacrificed, Lung Tumor
D-3 MED-LOW 1588 M so .35 3.98 12.5 1B.1 B3/15/77 @3/22/78 12.2 Sacrificed
D-3 MED-LOW 1529 F 43 2.37 4 .08 1@.5 20.8 @7/22/76 18/19/76 2.9 Sacrificed
D-3 MED-LDW 1574 M 48 a.38 4.21 11.8 18B.2 83/15/77 126.5
D=3 MED-LOW 1375 F 50 2,49 4,35 11.5 19.1 @21/28/76 @1723/778 2.1 Sacrificed
D-3 MED-LOW 1564 F 49 2.40 4.44 9.8 18.3 23/15/77 @3,/20/78 12.2 Sacrificed
D-3 WED-LOW 1444 F 43 g.41 4. L@ 11.8 21.0 Da/20/78 137.3
D-3 MED-LOW 1438 F 53 .42 4.61 11.5 21.2 @24/29/78 137.3
-3 MED-LOW 1523 F 5L .42 4.860 12.8 21.3 @7/22/78 134.3
D-3 MED-LOW 1539 M 65 .45 4.99 13.@ 28.7 BT/22/76 18/20/78 3.0 Sacrificed
D-3 MED-LOW 1388 M 613 Q.48 5.08 12.5 19.1 @1/28/78 @5/24/87 136.1
D-3 WMED-LOW id@7 F 1Y) .51 5.66 9.8 18.5 @81/20/76 ©01/23/76 B.1 Sacrificed
D-3 MED-LOW 15689 F 5B a.53 5.82 18.8 18.2 @83/15/77 @9/27/87 126.4 Processing
D-3 MED-LOW 1578 M Ta @a,53 5.88 12.8 1B.2 @3/15/77 @3/17/82 E€0.1 Sacrificed
D-3 MED-LOW 1582 F 57 ?.64 5.98 9.5 18.1 @3/15/%7 126.5
D-3 MED-LOW 1571 F 58 2.57 8.22 11.8 18.2 ©3/158/77 @3721/78 12.2 Sacrificed
D-3 MED-LOW 1427 F 68 .62 8.81 lo.@ 21.1 @4/20/76 137.3
D-3 MED-LOW 1622 F ¥B g.71 7.78 18.8 21.3 a7/22/76 18/18B/78 2.9 Sacrificed
D-3 MED-LOW 1383 M 856 2.74 B.09 18.5 2@.2 @1/20/76 O5/12/87 135.7
D-3 MED-LOW 1624 M 85 a.74 8.10 18.5 1B.@ @3/15/77 126.56
b-3 MED-LOW 153a F 72 2.76 8.41 8.5 2Z0.8 @v/22/76 ©89/17/BE 121.9 Processing
D-3 MED-LOW 1456 F 61 a.79 g.68 7.8 20.5 @a/28/78 Q4721787 132.@
D-3 MED-LOW 1698 F 93 1.8 11.65 B.8 18.8 @3/15/77 @3/18/82 59.8 Sacrificed
D-3 MED-LOW 1422 F 99 1.12 12.35 B.& 18.1 a1/2@/78 149.3
D=4 WEODIUM 1637 MW 192 1.45 15.3%9 12.@ 1B.9 11/@7/77 118.7

= Indicates age in months since birth, all cther ages are in meonths since exposura.
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INHALED PLUTONIUM WITRATE IN DOGS

INITIAL ALYEOLAR DEPOSITION INHALATION EXPDSURE MONTHS SINCE
----------------------------------------------- DATE INHALATION
CoG NCI/G NCI/ WEIGHT AGEw OF = ==-=mmmmmmmm-
DOSE GROUP IDENT NCI LUNG KG (KG) (MO) DATE DEATH 9/3@/87 DEATH COMMENTS ON DEAD DOGS

D-4 MEDIUM 1494 M 2€a 1.48 16.25 18.& 21.5 P4/28/76 ©22/83/84 93.5 Pleuritis
D-4 MEDIUM 1621 F 285 1.49 18 .37 12.5 21.3 @7/22/76 @6/a7/85 126.5 8one Tumor, Lung Tumor
D-4 MEDIUM 1656 MW 211 1.54 18.9@ 12.5 18.4 11/87/77 118.7
D-4 WMEDIUM 1379 MW 278 1.74 19.16 14.6 19.1 @1/20/78 148.3
D-4 MEDTUMW 1382 M 267 1.87 28 .54 13.@8 20.2 91/20/76 14@.3
D-4 MEDIUM 1839 F 248 2.85 22 .57 11.@ 18.5 11/@7/77 118.7
D-4 MEDIUM 16847 M 294 2.0% 22 .58 13.8 18.5 11/07/77 118.7
D-4 MEDIUM 1640 M ap7 2.88 22.71 13.5 18.5 11/@7/77 83/28/84 76.4 Lung Tumer
D-4 MEDIUM 1845 F 257 2.13 23.39 11.@ 18.5 11/7a7/77! e8/01/88 185.& Lung Tumor
D-4 MEDIUM 1534 M 298 2.14 23.57 1l2.5 28.8 @7/22/78 @5/26/85 186.1 Congestive Heart Failure
D-4 MEDIUM 1414 F 233 2.35 25 .88 9.8 18.2 a1/28/78 @8/14/86 126.8 Processing
D-4 WMEDIUM 1618 F 277 2.42 28 .38 18.5 28.3 11/a7/77 118.7
D-4 WMEDIUM 1385 MW 373 2.42 26 .63 14.2 15.@ 91/28/75 07712784 121.7 Bone Tumor, Lung Tumor
D-4 MEDTUMW 1498 F 331 2.8z 28.77 11.5 1B.5 @1/20/78 18/12/8B3 92.7 Bona Tumor
D-4 MEDIUM 1428 F 378 3.12 34 .38 11.@ 21.1 @4/28/78 18/2B/8B6 114.3 Bone Tumor, Lung Tumor
D-4 MEDIUM 1635 F 345 3.13 34 .48 18.@ 28.7 87/22/78 19/06/88 122.5 Processing
D-4 WMEDTUM 1448 £ 354 3.22 35 .49 18.8 21.8 @4/20/78 @8/10/HE 123.7 Processing
D-4 MEDIUM 1384 MW 483 3.24 35.85 12.8 28.2 91/28/78 DOB/0Z2/84 122.4 Lung Tumor
D-4 MEDIUM 1387 F 345 4.48 49 .38 7.6 19.@ e1/20/7¢ 98/13/80 54.8 Bone Tumor
D-5 MED-HIGH 1329 F 363 3.3@ 38.27 19.@ 18.8 1@/18/75 11/14/75 1.8 Sacrificed
D-BE MED-HIGH 1348 MW 668 4. 42 48 .59 13.6 17.2 1@/16/7E 11/14/75 1.8 Sacrificed
D-5 MED-HIGH 1848 MW 811 5.9@ g4 .90 12.6 18.5 11/87/77 @7/11/E5 92.1 Bone Tumor, Lung Tumer
O~5 MED-HIGH 1347 F 55 5.58 76.47 $.86 17.2 18716775 11/14/75 1.&@ 3Sacriliced
D-& MED-HIGH 1659 F 990 7.32 8@.61 12.3 18.3 11/07/77 ©8/19/83 69.4 Bone Tumor
D-5 MED-HIGH 1838 MW 1212 8.48 93.256 13.8 18.9 11/87/77 ©@5/83/83 85.8 Bone Tumor
D-5 MED-HIGH 1821 M 1334 8.68 95 .28 14.@8 2863 11/a7/77 11/19/84 84.4 Bone Tumor, Lung Tumor
D-5 MED-HIGH 1648 F 1261 §.77 98 .46 11.9 18.6 11/@7/77 11/11/82 E@.1 Bone Tumor
D-5 MED-HIGH 1429 M 1378 49.62 1@5.85 12.@ 23.2 @B/23/76 B5/29/81 E9.2 Bone Tumor, Lung Tumor
D-5 MED-HIGH 1841 M 1276 9.88 128 .24 12.4 18.5 11/@7/77 @8/28/85 91.7 Lung Tumer
D-5 MED-HIGH 1660 M 1518 18.22 112.41 13.6 18.3 11/@7/77 @9/85/84 81.9 Bone Tumor, Lung Tumor
D-5 MED-HIGH 1598 M 1718 18.76 118.37 14.5 2.9 @06/23/76 ©O1/24/8D 43.9¢ Bone Tumor
D-E MED-HIGH 1656 M 12354 11.85 121.568 9.8 18.4 11/87/77 ©3/18B/85 8.3 PBone Tumor, Lung Tumor
D-5 MED-HIGH 1852 F 1328 12.98a 131.556 1@.8 18.4 11/837/77 @7/20/83 8.4 Bone Tumor, Lung Tumor
D-5 MED-HIGH 1819 F 1439@ 12.32 136.5@ 11.9 28.3 11/@7/77 @1/21/83 2.5 Bone Tumor
D-5 MED-HIGH 1512 M 2411 14.61 188.71 15.8 28.9 QB/23/76 12/23/79 42 .2 Bone Tumor
D-E MED-HIGH 1419 M 1558 14,92 164,11 9.5 23.3 @6/23/76 18/22/82 76.8 Bone Tumer, Lung Tumor
D-6 MWED-HIGH 1498 F 2218 16.58 183.45 1.2 21.5 @6/23/78 24/89/82 £9.5 Bone Tumor, Lung Tumar
D-5 MED-HIGH 1502 F 3098 28,25 222.80 13.5 2@.9 05/23/76 @1/21/81 £5.8 Bone Tumor, Lung Tumor
D-5 MED-HIGH 1485 F 2330 21.18 233.02 8.8 21.7 @6/23/76 12/30/E@ 54.%2 Bone Tumer
D-5 WED-HIGH 1471 F 2508 21.71 238.82 18.5 22.1 @B/237768 85/01/79 34.2 Radiation Praumonitis
D-5 MED-HIGH 1452 F 2473 24.98 274 _B2 9.8 Z21.B DB/23776 1@/18/88 51.8 Bons Tumor
D-5 MED~HIGH 1459 F 2645 26.72 293.89 9.8 22.8B DB/23776 @9/25/88 51.1 Rad. Pneumonitis, Lung Tumor
D-8 HIGH 1618 M 3565 29.48 324 .49 11.@ 2@.8 Q5723778 12/18B/79 41.8 Rad. Pneumonitis, Lung Tumor

+ Indicates age in months since birth, 21l other ages are in months since axposure.
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INHALED PLUTONIUM NITRATE IN DOGS

INITIAL ALVEOLAR DEPOSITION INHALATION EXFOSURE MONTHS SINCE
_______________________________________________ DATE INHALATION
DOG NCI/G NCI/  WEIGHT AGEs OF  —mmmmmmmmmmmm
DOSE GROUP IDEMNT MNCI LUNG KG (KG) {MO) DATE DEATH 9/30/87 DEATH COMMENTS ON DEAD DOGS
D-8 HIGH 1429 MW 3849 38.38 333.91 11.5 23.3 @8/23/78 ©O7T/12/718 24.8 Radiaticon Pneumcnitis
0-8 HIGH 1617 F BE1BBE 49.82 646 .70 9.6 20.8 @8/23/78 11/82/77 15.3 Radietion Fpeumeonitis
D-8 HIGH 151 F §389 65 .28 @8 .2 11.65 28.%2 28/23/76 11;/89/77 18.8 Radiation Pneumonitis
D-8 HIGH 1424 M 7881 89.83 7848.12 12.@0 23.2 @8/23/76 @8/31/77 14.3 Radiation Pneumconitis

* Indicates ags in months since birth, ali othar ages are in months since expesure.
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