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PREFACE

This 1985 annual report from Pacific Northwest Laboratory (PNL) to the Department of
Energy {DOE) describes research in environment, health, and safety conducted during fiscal
year 1985. The report again consists of five parts, each in a separate volume.,

The five parts of the report are oriented to particular segments of our program. Parts 1to 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. [n some instances, the volumes
report on research funded by other DOE components or by other governmental entities
under interagency agreements. Each part consists of project reports authored by scientists
from several PNL research departments, reflecting the multidisciplinary nature of the re-
search effort.

The parts of the 1985 Annual Report are:

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

Part 2: Environmental Sciences
Program Manager - R. E. Wildung E. Wildung, Report Coordinator

R.
C. M. Novich, Editor

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

Part 4: Physical Sciences
Program Manager - L. H. Toburen L. H. Toburen, Report Coordinator
J. E. Danko, Editor

Part 5: Overview and Assessment
Program Manager - L. . Faust L. G. Fausi, Report Coordinator
R. W. Baalman, Editor

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

Credit for this annual report goes to many scientists who performed the research and wrote
the individual project reports, to the program managers who directed the research and
coordinated the technical progress reports, to the editors who edited the individual project
reports and assembled the five parts, and to Ray Baaiman, editor in chicf, who directed the
total effort.



A highlight this past year was the appointment of a Scientific Advisory Committee.
Honoring us by accepting our invitation to serve on the committee are:

Dr. Franklin |. Badgley University of Washington
Dr. Leo K. Bustad Washington State University
Dr. Franklin Hutchinson Yale University

Dr. Albert W. Johnson San Diego State University
Dr. ). Newell Stannard University of Rochester

University of California, San Diego

W. ). Bair, Manager

S. Marks, Associate Manager
tnvironment, Health and Safety
Research Program
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FOREWORD

This report summarizes progress on OHER biomedical and health-effects research con-
ducted at PNL in FY1985 to develop information for a comprehensive understanding of the
interaction of energy-refated radiation and chemicals with man. Our continuing emphasis
on decreasing the uncertainty of health-effects risk estimates to man from existing and/or
developing energy-related technologies supports the DOE goal of increasing and diversify-
ing national energy resources and decreasing risks to human health.

The report is arranged to reflect the PNL research refative to OHER programmatic needs.
The first section concerns evaluation of possible health effects among nuclear workers. The
next two sections, which contain reports of health-effects research in biological systems,
include health effects of radiation and health effects of chemical mixtures. The last section is
related to medical applications of nuclear technology.

The section on human health effects reports progress on the analyses of data on the health
of Hanford workers as reflected in their cancer mortality and in congenital malformations
that may occur in their offspring.

The section on health effects of radiation contains results from inhalation dose-effect rela-
tionship studies with radionuclides. Studies in dogs with inhaled **Pu0,, **Pu0,, and
“*Pu(N0s)4 are summarized to 14, 11, and 8 years after exposure, respectively. Tissues from
these dogs are being used to investigate the implications of long-term retention of pluto-
nium particles in bronchial epithelium and to examine the role of oncogenes in radiation
carcinogenesis. Dose-effect relationship studies with inhaled **’Pu0;, in rats are in progress
to obtain lung tumor incidence data at lifetime doses of 5 to 1500 rad. Studies are in
progress in rats with inhaled radon daughters to determine the influence of dose and dose
rate on lung tumor incidence. As radon-daughter exposure is extended to lower levels, the
data are becoming increasingly relevant to current exposure levels for uranium miners and
to exposures of the general population. The lung tumor dose-effect relationship in rats that
inhaled U nitrate was similar to that for other inhaled actinide nitrates when adjusted for
the **U daughter-products dose contribution. This section also reports new methods of
aerosol generation for inhalation studies. It also includes results from laboratory animal
dose-effect relationship studies with fetally absorbed plutonium, americium, and uranium
and from studies concerning gastrointestinal absorption of radionuclides.

The section on health effects of chemical mixtures reports a 20-fold enhancement of muta-
genicity of 6.aminachrysene {a known mutagen) in Salmonella typhimurium when mixed
with aromatic fractions of high-boiling coal liquid. Little or no enhancement was induced by
the aliphatic fraction of the coal liquid. In contrast, mouse-skin tumor initiation/promotion
studies showed that high-boiling coal liquid distillates decreased the initiating activity of a
known carcinogen, benzolalpyrene (BaP), compared to that of lower-boiling distillates. Sub-
sequent studies showed that binding of BaP to mouse skin DNA was decreased by the
aromatic fraction of these distillates but not by the aliphatic fraction. The decrease in BaP
binding was not due to altered BaP metabolism pathways, suggesting that components of
the mixture may compete for active metabolic sites and that decreased binding of BaP to
DNA is the result. Skin-tumor latency was increased in mice exposed to high-boiling coal
liquid that had been nitrosated 1o destroy primary aromatic amines, compared with that for



mice exposed to non-nitrosated material. In other studies examining the noncarcinogenic
effects of complex mixtures, cardiovascular function was adversely affected in rats by a
high-boiling coal liquid after inhalation or dermat exposure but not after oral exposure.
Dose-related effects on survival and body weight are reported for lifespan studies with rats
and mice that inhaled high-boiling coal liquid. Analyses of data obtained from the study of
teratologic effects of coal liquids have shown that no direct causal relationship exists
between the observed maternal toxicity and specific fetal abnormalities. Studies in rats
administered aromatic hydrocarbons suggest that breath analyses may be useful to estimate
exposure to compounds containing 1-2 rings.

The research on medical applications reporis progress on development of a portable blood
irradiator for clinical trials.

The biomedical and health-effects research at PNL is an interdisciplinary effort requiring
scientific contributions from many research departments at PNL. The personnel in the
Biology and Chemistry Depariment are the principal contributors to this report. Requests
for reprints from the list of publications for 1985 will be honored white supplies last.

Vi
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¢ Statistical Health Effects Study

Principal [nvestigator: E. 5. Gilbert

Other Investigators: . A. Buchanan, S. Marks, and R. G. Stevens

The objective of this study is to provide data and statistical methodology for assessing health risks from
chronic exposures ta radiation and other potentially harmful agents or substances. The analysis of data from
an ongoing study of the mortality of Hanford workers is a major component of this study. Recently, data have
been collected and analyzed for a case<control study of congenital malformations that have occurred in

Benton and Franklin counties,

The purpose of this project is to provide
an analysis for directly evaluating human
health risks resulting from energy-related
activities. This is accomplished by de~
veloping and applying appropriate statis-
tical methods for analyzing data on human
populations that have received low-level
exposures to radiation or other agents or
substances. An important component of
this program 1s the analysis of data aon
the health of Hanford workers, as re-
flected in their mortality and in congeni-
tal malformations that may occur in their
offspring.

Efforts related to the Hanford mortality
study include updating mortality and do-
simetry data, distributing the computer
program used to analyzZe these data, re-
searching methods of guantifying risks,
performing a lung cancer case-control

study, and assessing dose measurement

error.

Mortality data, which are collected by the
Hanford Environmental Health Foundation
(HEHF), are obtained through the Saocial
Security Administration, the HNational
Death Index and, recently, through linkage
with death files in the states of Washing-
ton and California. An improved data man-
agement system at HEHF has facilitated
this process; 7t has entailed the imple-
mentation of new procedures for PNL-HEHF
communication in order to take full advan-
tage of the new system. Dosimetry data
obtained from PHNL are also being updated.

Mortality data will soon be reasonably
complete up to January 1, 1982. Prelimin-
ary analyses indicate that results will
not be greatly difterent from those re-
ported eariier. That is, there is no in-
dication of an association of radiation
exposure with overall cancer mortality or
leukemia mortality. Of 17 specific cancer
types analyzed, only multiple myeloma
shows evidence of a statistically signifi-
cant association with radiation exposure.

We have explored several methodological
issues related to quantifying risks based

on low-level exposures (such as those re-
ceived by Hanford workers). These include
the adequacy of normal approximations for
calculating confidence limits, wvarious
ways of 1Incorporating wvital statistics
into such calculations, the comparison of
relative and absolute risk models, and the
comparison of linear and log-linear mod-
els. This research indicates that confi-
dence 1imits based on the Tikelihood-ratio
statistic are more accurate than those
based on the asymptotic variance of the
estimated parameter. For risk estimates
that are based on small numbers of deaths
{leukemia, for example}, even the like-
lihood-ratic statistic wmay not provide
accurate limits; exact methods for cal-
culating such Timits are being explored.
This research also indicates that the use
of vital statistics does not substantially
increase the reliability of estimates and
may bias results if the underiying assump-
tions, upon which their use is based, are
violated. Results of earlier research in
this area have been published in The Stat-
istician, and more recent results were
presented at a symposium an epidemiology
and risk assessment in Columbia, Maryland
apd at the Joint Statistical Meetings in
Las Vegas, Nevada.

fata on smoking histories have been ex-
tracted from HEHF files for use in the
lung cancer case-control study. These
data have also been edited and coded to
provide a file suitable for analysis.
Because several questionnaires have been
used at HEHF to collect smoking data in
various years, it was necessary to develop
comparable codes to deal with these vary-
ing formats. The objectives of this study
are to examine the association of lung
cancer and radiation exposure with control
for smoking, and also to examine the asso-
ciation af smoking with variables such as
radiation exposure and job category.

A project designed to assess the measure-
ment ervors associated with the radiation
doses used in the Hanford mortality study
has been initiated. This project is being
conducted with the cooperation of PNL sci-



entists who have heen extensively involved
in the dosimetry program at Hanford. Tle
project will include documenting various
random and systematic errors in the dose
estimation process and determining how
such errors affect analyses of the mortal-
ity data. A paper on the general issue of
dose measurement error in epidemiological
studies was presented at the 1985 Coolfont
Conference on Statistics and Radiation.

Data from the natality study have been
collected and analyzed. These data in-
¢lude information on congenital malfor-
mations, as well as on matched caontrols,
of dinfants bora during the periocd 31957-

1980 in the three hospitals in Richland,
Kennewick and Pasco.  The case-control
analyses address the guestion of whethaer
parental occupational exposure to  |ow-
level doniging radiation is associated
with an increased risk of congenital mal-
formations of their offspring.  In the
prevalence-at-birth analyses of bhirths
occurring between 1968 and 1980, rates for
several specific defects are compared with
rates from the Birth Defects Monitorirg
Program conducted by the Birth Defectis
Brancn aof the U 5. Public Health Service
Centers fur DBisease Control. Rates from
several other studies are alse considerad
for comparative purposes.
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* Inhaled Plutonium Oxide in Dogs

Principal Investigator: ). F. Park

Other Investigators: G, A, Apley, R. L. Buschbom, G. E. Dagle, D. R. Fisher, K. M. Gideon, E. 5. Gitben,
J. [2. Kashmitter, G. |. Powers, H. A. Ragan, R. E. Weller, and E. L. Wierman

Technical Assistance: |. C. Chapman, K. H. Debban, R. F. Flores, B. G. Moore, C. . Romsos, R. P. Schumacher,

and D. H. Willard

This project is concerned with long-term experiments to determine the lifespan dose-effect relationships of
inhaled “**Pus; and “**Pu0; in beagles. The data will be used to estimate the health effects of inhaled
transuranics. Beagle dogs given a single exposure to “*’Pu0; or **Pub; aerosols to cbtain graded levels of initial
lung burdens (ILB) are being cbserved for lifespan dose-effect relationships. Mortality due to radiation pnue-
monitis and fung tumor increased in the four highest dose-level groups exposed to **Pub, during the 14-year
postexposure period. During the 111 years after exposure to ~**Pu0z, mortality due to lung and/or bone
tumors increased in the three highest dose-level groups. Chronic lymphopenia, occurring 0.5 to 2 years after
exposure, was the earliest observed effect after inhalation of either ***Pu0; or ***Pubz in the four highest
dosc-level groups that had LB 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 skeleton.

To determine the lifespan dose-effect re-
lationships of inhaled plutonium, 18-
month-old beagle dogs were exposed to aer-
osols of 22%py0, {mean AMAD, 2.3 pm; mean
G50, 1.8), prepared by calcining the oxa-
late at 750°C for 2 hours; or to 23£puQ,
{mean AMAD, 1.8 um; mean GSO, 1.9}, pre-
pared by calcining the oxalate at 700°C
and subjecting the product to H,'®0 steam
in argon exchange at 800°C for 96 hours.
This material, referred to as pure pluton-
jum oxide, is used as fuel in space-nu-
clear power systems.

One hundred thirty dogs expesed to 2%9puQ,
in 1970 and 1971 were selected for long-
term studies; 22 will be sacrificed to ob-
tain plutonjum distribution and pathology
data; 108 were assigned to lifespan dose-
effect studies {Tabie 1). One hundred
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thirteen dogs exposed to 23%pu0, in 1973
and 1974 were selected for lifespan dose-
effect studies (Table 2). Twenty-four ad-
ditional dogs were exposed for periodic
sacrifice. The Appendix {focllowing the
entire Annual Report) shows the status of
the dogs on these experiments.

Table 3 summarizes, by dose-level group,
the mortality and Tesions associated with
deaths through 14 years after exposure to
23%puf,. During this period, all of the
dogs in the highest-level dose group and
in Dose-Level Group 5, 20 in Group 4, 14
in Group 3, 1% in Group 2, 17 in Dose-

Level Group 1 and 16 in the contral group
were euthanized when death was imminent
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three highest dose-level groups compared
to that in the other groups. Fourteen
dogs were sacrificed for comparison of
plutonium tissue distripution. Table 4
shows the primary causes of death and the
distribution of 22%Pu in the tissues of
these animals as percent of final body
burden. Figure 1 shows the plutonium tis-
sue distribution as percent of initial
tung burden.

Table 4 indicates that, as survival time
increased, the fraction of plutonium in
the lung decreased to ~18% of the final
body burden by 13 to 14 years after expo-
sure. Duripng the first year after expo-
sure, plutonium was translocated primarily

tonium was translocated to other tissues.
Plutonium content of the thoracic lymph
nodes increased to ~67% of the final body
burden at 13 to 14 years after exposure;
the abdominal lymph nodes, principally the
hepatic nodes, contained ~4%. The frac-
tion of plutonium in liver increased, ac-
counting for ~27% of the final body burden
at 13 to 14 years after exposure in the
higher {(>7% nCi final body burden) dose-
level groups. The organ distribution of
plutonium in the pericdically sacrificed
dogs was generally similar to that of the
high-dose-level dogs euthanized when death
was imminent during the first 2 years af-
ter exposure. The lower-dose-level (475
nCi final body burden) dogs sacrificed or



Table 4. Tissue Distribution af Plutonium in Beagles After Inhalation of 2¥9Pu(),,
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L e udes tracheohronchial, mediastinal and sternal ymph nodes
Mt reiees hepatic, splenic and mesertenc lvmph nades



Table 4. Continued.

Percent of Final Bady Burden

Trme After Final Body Thoracic  Abcdomimal
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* List of DOE Radioisotope Customers with Summary of Radioisotope
Shipments, FY 1584

Principal Investigator: D. A. Baker

The annual list of DOE radioisotope customers (PNL-5492) was published in August. The document contains
the various radioisotopes sold by the DOE laboratories to domestic, foreign, and other DOE facilities. A list of
suppliers is given along with the isotopes sold or transferred. Lists of customers are given, with their addresses
and the isotopes purchased. Customers are also cross-referenced by isotope and state, or country for foreign
sales, A table of isotope sales by number of shipments, quantity, and dollar value is given for each customer
type (domestic, DOE, and foreign). Total value of sales of DOE radioisotopes for FY 1984 were $8.2 million, a
decrease of 14% from fast year.
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APPENDIX

* Dose-Effect Studies with Inhaled Plutonium in Beagles

On the following pages data are presented for all dogs employed in current life-span dose effect studies with
inhaled 2*°PuQ;, #*PuQ;, and #°Pu nitrate. Information is presented on the estimated initial lung depaosition,
based on external thorax counts and on estimated lung weights (0.011 x body weight} at time of expasure,
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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INHALATION EXPOSURE

WEIGHT AGE*

{EG)

13.0
11,5
13.0
13.5

5.0

{MO)

19.5
1.3
18.5
18.2
17.4
17.9
18.2
15.9
18.1
21.3
15.9
16.5
16,0
16.9
16.0
17.4
16.0
21.13
16.8
19.1

DATE

01/19/71
2l/19/71
07/06/71
07/06/71
07 /06/71
10/07/71
11/10/71
11/10/71
06/08/71
10/07/71
11/16/71
04/26/71
11/10/71
07/06/71
11/10/71
07/06/71
11/10/71
10/07/72
07/06/71
01/1%/71

08/11/83
06/18/83
09/14/84
12/10/82
06/26/84
10/05/81

07/25/813
04a/28/76

02/23/82
02/24/85
04/08/83

11/05/82
01/22/85
11/06/81
02/18/83
01/30/85
04/18/7%
03/24/77
03/30/78
04/21/83
01/24/77
01/23/85

07/27/84
04/04/84

11/17/82
10/26/72
12/19/83

05/21/82
05/04/84
03/29/81

06/26/81
12/12/84
05/21/78
11/2%/84

months since exposure.

BEAGLES

MONTHS

SINCE

INHALATION

194, 4%

191, 3%

189.0%
187.7%

170.8

170.8

166,7

173.2

170.8

171.5*
169.8%
183.4%
162,2*
180.3*
147.3*

167.9*
79.5%

148.1%
183.1*
159.6*

152.8%
137,4%
138.7*
153.5*
174.6*
121.0%
96.2%
107.9*
147.0
72.2
l62.6

153.7
l148.8

137.3
12.86
145.3

126.3
153.0
112.6

115.5
158.2

2,5
166.3

Hemangiosarcoma, Heart
Malignant Lymphoma
adrenalitis

Status Epilepti, Nephroseclero
Lung Tumor

Pulmonary Thromboembolism

Malignant Lymphoma
Oral Tumor

Lung Tumor
Oral cav.: Malignant Melanoma
Nephrosclerosis

Lung Tumor

Chronic Nephropathy
Hemangiosarcoma, Liver
Lung Tumor
Malignant Lymphoma
Sacrificed
Sacrificed
Ssacrificed

Epilepsy

Sacrificed

Kidney Failure

Hemangicsarcaoma, Liver,Spleen
Meningioma, Malignant

Hemangiosarcoma, Spleen
Sacrificed
Chondrosarcoma, Nasal

Round Cell Sarcoma
Prieumonia
Hemangionsarcoma, Heart

Septicemia
Bronchopneumonia

Kidney: Malignant Lymphoma
Glomerulosclerosis
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13,5
13.5
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13,5
13.0
14.5
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10.0
12.0Q

9.0
11.5

g.0

all other ages are in

(MO}

18.7
21.3
14.9
14,6
17.7
15.9
20,2
1B.6
18.2
16.0
17.3
16.9
16.8
19.5
17.6
19.5
15.6
15.1
17.9
17.7
18.2
18.2
18.5
17.9
15.3
15.1
17.9
18.2
1.1
17.3
19.2
19.0
1%.5
18.6
1¢.8
17.7
20,2
17.8
15.0
16.8
21.3
16.0
17.8

DRTE

02/09/71
10/07/71
10/07/71
02/09/71
06/08/71
11/10/71
03/04/71
07/06/71
12/21/70
06/08/72
06/08/71
07/06/71
07/06/71
01/19/71
06/08/71
01/19/71
02/09/71
071/06/71
06/08/71
i0/07/71
01/19/71
07/06/71
12/21/70
10/07/71
03/04/71
03/04/71
10/07/71
12/21/70
t4/26/71
12/21/70
01/20/71
02/10/71
03/04/71
12/21/70
04/26/71
10/07/71
03/04/71
06/08/71
01/20/71
04/26/71
10/07/71
06/08/72
06/08/71

04/13/84
06/06/83

07/24/81

04/01/80
09/19/64
05/01/85

07/07/72
06/25/83

04/09/85
£01/10/78
08/09/84
08/19/81
08/29/74
04/17/84
05/14/84

04/08/82
04/22/84

10/29/82
12/15/83

06/23/78
12/28/84
02/20/81
11/02/83
05/27/81

02/22/7%
05/24/84

08/26/7%
07/20/84
09/06/83
05/22/72

07/06/72
07/05/79

months since exposure,

BEAGLES

MONTHS SINCE
INBALATION

167.8

171.8

177.3

170.8

167.8

177.3
167.8

167.8

174.%

167.8

167.8

COMMENTS OH DEAD DOGS

Chronic Nephropathy
Chronic Nephropathy

Pituitary Tumor, Cushing's

Unknown, Pulmon. Hyalinosis
Bronchopneumonia
Lung Tmr, Chronic Nephropathy

Bacrificed
Peritonitis

Chronic Nephropathy
Epilepsy

Urinary Bladder Tumor
Unknown Cause

Sacrificed
Hemangioma, Spleen
Pneumonia
Pheochromocytoma

Urinary Bladder Tumor

Palate: Malignant Melanoma
Miltilobular Sarcoma, Skull

Ovarian Tumar

Pneumonia

Lung Tumor, Kidney Tumor

Lung Tumor

Neurcfibrosarcoma, Brachial P

Lung Tumor, Adrenal Tumor
Orinary Bladder Tumor

Pulmonary Thromboembolism
Malignant Lymphoma, Lung Tmr
Lung Tumor

Sacrificed

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

TNITIAJ, ALVEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE
——————————————————————————————————————————————— DATE INHALATION
DOG NCI/G NCI/ WEIGHT AGE®* DF = —c-mrmmmmmmeeem
DOSE GROUP IDENT NCI LUNG KG {KG} (MO} DATE DEATH 9/30/85 DEATH COMMENTS ON DEAD DOGS
D-3 MED-LOW 747 F B5 0.70 7.73 11.0 16.4 03/04/71 174.%
D-3 MED-LOW a4 F 75 0.72 7.94 9.5 21.3 10/07/71 167.8
D-3 MED-LOW 827 F 89 0.74 8.09 11.0 16.7 04/26/7) 01/06/85 164.4 Acute Pneumonitis
D-3 MED~LOW 697 M 140 0.85 9,33 15.0 1%.5 10/30/70 05/08/80 114.3 Cardiac Valve Insufficiency
D-3 MED-LOW 750 M 118 0.93 10.26 11,5 19.6 01/20/71 0&/28/84 161.,2 Lung Tmr, Malignant Lymphoma
D-3 MED-LOW g4 123 1,12 12.30 10.¢ 17.8 10/08/71 09/12/84 155.2 ©Lung Tumor
D-3 MED-LOW 844 F 135 1,17 12.86 10,5 17.6 G6/08/71 08/08/85 170.0 Processing
D-3 MED-~LOW 205 F 127 1.38 14.94 8.5 15.9 11/10/71 @2/07/83 134.9 Maligpant Lymphoma
D-4 MEDIUM B6E M 200 1.35 14.81 13.5 17.4 07/06/71 06/27/84 155.7 Lung Tumor
D-4 MEDIUM 809 F 157 1,36 14.95 10.5 15.3 03/04/71 05/28/81 122.8 Liver Cirr, Thy T., Addison's
D-4 MEDIDUM 764 F 158 1.37 15.05 10.5 18.2 12/21/70 07/07/82 138.5 Lung Tumar
D~4 MEDIUM 835 F 182 1,48 16,30 10.0 16.4 Q4/26/71 06/25/78 86.0 Reticulum Cell Sarcoma
D-4 MEDIUM 838 F 189 1.49 16.43 11.5 16.3 04/26/71 173.2
D-4 MEDIUM Bl4 F 140 1.50 16.47 B.5 15.1 03/04/71 10/17/79 103.5 Lung Tumer, Thyroid Adenoma
D-4 MEDIUM gié M 256 1.66 18.29 14.0 17.8 06/08/71 03/16/81 117.3 Lung Tumdr
0-4 MEDIDM g8lg F 163 1,74 19.1#8 8.5 18.2 06/08/71 0B/20/85 170.4 Processing
D—~4 MEDIUM B8E W 274 1.78 19.57 14.0 17.1 10/08/7Y 07/02/79 92.8 Lung Tumor
D-4 MEDIUM 824 F 227 1.7% 19.74 11.5 18.1 06/08/71 Ql1/26/B1 115.6 Bronchopneumonia
D-4 MEDIUM 960 M 254 1.85 20.32 12.5 17.3 06/08/71 06&/24/82 132.5 Lung Tumor
D-4 MEDIUA B33 F 248 2,37 26.11 9.5 16.5 04/26/71 04/04/83 143,3 Metritis, Adrenal & Thy Tumor
D-4 MEDILM 310 F 302 2.39 26.26 11.5 15,3 03/04/71 09/09/81 126.2 Lung Tumor
P-4 MEDIUM 764 M 444 2,60 28.65 15.5 17.7 03/04/71 02/17/81 119.5 Pituitary Tumor, Cushing's
D-4 MEDIUM BS4 M 465 2,64 29.06 16.0 21.3 10/08/71 01/25/82 123.6 Lung Tumor
-4 MEDIUM 478 M 298 2.71 29.80 10,0 64.0 10/09/70 10/16/70 0.2 Sacrificed
D-4 MEDIUM ac8 F 230 2.89 31.76 8.5 14.6 02/10/71 09/09/82 138.9 Lung Tumor
D4 MEDIUM 805 F 257 3,12 34,27 7.5 18.5 06/08/71 07/22/82 133,5 Esophageal & Lung Tumoi
D-4 MEDIUM g1z M 438 3.19 35.04 12.5 17.1 04/26/71 11/12/79 102.6 Lung Tumor
D-4 MEDIUM 857 M 486 1,40 37.38 13,0 17.3 06/08/71 07/01/80 148.8 Lung Tumor
L-4 MEDIDM BS2 M 494 1,59 39.52 12.% 16.0 11/10/7) 10/26/81 119.5 Lung Tumor
D-4 MEDIUM 816 M 398 1,62 39.80 10,0 16.8 04/25/71 05/11/71 0.5 Sacrificed
D=4 MEDIUM 777 M 546 3.97 43,68 12.5 20.2 03/04/71 03/26/80 108.7 Lung Tumor
D~4 MEDIUM BO3I M 547 .32 47.5%7 11.5 1B.) 04/26/71 11/10/77 78.5 Interstitial Pneumconitis
D-5 MED-HIGH 7T M 651 4.73 52.08 12.5 19.5 03/04/71 02/08/79 5.2 Lung Tumor, Intestinal Tumor
D-5 MED-HIGH 840 F 703 4,92 54.08 13,0 17.7 06/08/71 04/25/80 106.7 Lung Tumor
-5 MED-HIGH 72T W 733 5.33 58.64 12.5 18.8 10/26/70 11/10/76 72.5 Lung Tumor
D-5 MED-HIGH 898 F 711 5.39 59,25 12.0 16.0 11/10/71 Q2/03/81 110.8 Uri Bladr & Lung & Adr Tumor
-5 MED-HIGH 856 F 818 5.72 62.92 13,0 18.2 07/07/71 05/02/79 93.8 Lung Tumor
D-5 MED-HIGH 759 M 809 6.13 67.42 12.0 18B.3 12/21/70 06/02/75 53.4 Lung Tumor
D-5 MED-RIGH 864 F 801 6.62 72.82 11,0 17.4 07/07/71 11/02/7% 9%.9 Lung Tumor
D~5 MED-HIGH 909 M 737 6,70 73.70 10,0 15.9 11/10/71 06/04/81 114.8 Lung Tumor
D-5 MED-HIGH 734 M 914 6,92 76.17 12.0 19.2 11/10/70 04/01/71 4.7 Sacrificed
-5 MEC-HIGH 837 M 1283 8.04 88.48 14.5 18.8 07/07/71 07/21/77 72.5 Lung Tumor
D~5 MED-HIGH 863 F 980 B.48 93,33 10.5 17.4 07/07/71 10/21/77 75.5 Lung Tumor

* Indicates age in months since birth, all other ages are in months since exposure.
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DOSE-EFFECT STUDIES WITH INHALED PU-23% OXIDE IN BEAGLES

INITIAL AIVEOLAR DEPOSITION INHMALATION EXPOSURE MONTHS SINCE
----------------------------------------------- DATE INHALATION
DOG NCI/G NCT/ WEIGHT AGE* OF = —=—mmemmm———
DOSE GROUP IDENT KCI LUNG KG [KG) (MO} DATE DEATH 9/30/85 DEATH COMMENTS CK DEAD DOGS
-5 MED-HIGH 820 F B47 8,56 54,11 4.0 18.2 06/0B/71 Q6/01/79 %5.8 Lung Tumotr
D-5 MED-HIGH 852 F 1187 g9.38 103.22 11.5 21,3 10/08/7) 0Q2/22/78 76,5 Lung Tumor
D-5 MED-HIGH 880 F 840 9.5% 105,00 8.0 17,8 10/08/71 12/04/78 85.% Lung Tumar
D-5 MED-HIGH BB9 F 1089 ¢.80 108.30 10,0 16.0 11/10/71 09/20/79 94.3 Lung Tumor, Ostecarthropathy
D-5 MED-HIGH 783 M 1394 10,14 111.562 12.% 18.9 02/09/71 12/03/75 57.8B Lung Tumor
D-5 MED-HIGH BD4 M 1344 10.18 112.00 12.0 20,5 07/07/71 O0B/18/74 37.4 Lung Tumor, Rad. Pneumonitis
D-% MED-HIGH 473 M 1767 140.71 117.80 15.0 1.8 07/07/71 09/03/7%8 61.% Lung Tumor
D-5 MED-HIGH FE0 M 1378 10.89 119.83 11.5 19,3 01/20/71 08/15/73 3.8 Radiation Prneumonitis
D-5 MED-HIGH 796 F 1318 11.41 125.52 10.5 15.6 02/09/71 09/17/75 55.2 Lung Tumor, Ostecarthropathy
D=5 MED-HIGH 761 M 1460 12.07 132.73 11,0 19.3 01/20/71 11/02/76 69.4 Lung Tumor
D-5 MED-HIGH T09 M 1726 12.5% 138.08 12.5 18.6 11/10/70 03/31/71 4.6 Sacrificed
b-5 MED-HIGH 772 M 1894 14.99 164.87 11.5 19.8 Q2/09/71 06/26/75 52,% Lung Tumor, Ostecarthropathy
D-5% MED-HIGH 702 F 1e@2 15,29 168,20 1¢.0 19.8 11/10/70 03/31/71 4.6 Sacrificed
D-5 MED-HIGH 739 F 1511 17.17 188.88 8.0 18.5 11/10/70 04/01/71 4.7 Sacrificed
D-6 HIGH 753 F 2448 23.43 257.68 9.5 18.5 12/21/70 10/02/76 69.4 Lung Tumor
D-6 HIGH B8l7 M Jl64 23.97 263.67 12.0 19.2 07/07/71 D03/26/73 20,6 Radiation Pneumonitis
D-6 HIGH 829 M 3515 24.58 270,38 12,0 19.1 D7/07/71 08/13/73 26.3 Radiation Pneumonitis
D-6 HIGH 850 F 3101 31.32 344,56 9.0 16.0 11/10/71 06/13/74 31.1 Radiation Pneumonitis
D-§ BIGH 435 F IB40 33,25 365.71 10.5 75,5 11/05/70 11/12/70 0.2 Sacrificed
b-6 HIGH 9i3 m 4900 35.64 392,00 12.5 17.4 07/19/72 (8/18/72 1.0 Bacrificed
b~6 HIGH %06 F 6632 63.46 698,11 9.5 15.9 11/09/71 11/22/72 12.5% Radiation Pneumonitis
b-6 HIGH 896 F 5515 66,85 735.33 7.5 1.0 11/10/71 02/12/73 15.1 Radiation Ppneumonitis
D-§ HIGH 747 F 7476 57.09 1068.00 7.0 1%.6 Q1/20/71 01/13/72 11.8 Radlation Pneumonitis
D-6 HIGH 910 M 14267 103,76 1141.36 12,5 15.9 11716771 10/12/72 11.1 Radiation Pneumonitis

* Indicates age in months since birth, all other ages are in months since exposure.
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LOWESBT
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
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DOSE-EFFECT STUDIES WITH INHALED PU-238 OKIDE

INITIAL ALVEOLAR

WML MODOOMTOoOOoOCOooO0ODOoDoOoODDDoOOooOOoCOoOoOoOODDoooDoe0D

0,00

DEPOSITION

0.00
6.00
0.00
0.00
0.00
6.00
0.00
0.00
0.00
0.00
0.00
6,00
0.00
0.00
0.00
0.00
g.0Q
g.00
0,00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
¢.00
0,00
a.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.14
0.15
0.16
0.22

INHALATION EXPOSURE

WEIGHT
{KG)

10.5
14.0
12.5
11.0
11.5
13,0
14.5
0.0
10.5
15.5
12.5
14.0
13.5
12.5
13,5

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

BGE*
{MO)

1%9.6
15.6
19.2
17.0
17.0
16.8
16.7
16.4
i9.8
19.3
18.4
15.3
19.6
19.8
19.2

DATE

01/18/73
01/18/73
01/18/73
01/18/73
01/18/73
01/18/73
01/18/73
05/31/73
04/18/74
04/18/74
04/18/74
12/19/72
61/18/73
04/18/74
12/19/72

10/01/82
10/30/84

07/08/79
07/06/84

07/07/81
11/04/83

07/26/85

04/30/77
06/01/78
05/29/79
12/14/76
01/13/76
05/15/75
12/01/76
10/31/78

11/11/80
02/08/85

04/26/77
02/14/83

06/22/84

months since exposure.

IN

BEAGLES
MONTHRS SINCE
INHALATION
9/30/85 DEATH
136.9*%
161.7%
172.6*%
97.4*
157.2*
172.0%
172.0%*
171.5*
169.4%*
16%.4*
1689.1%*
118,2*
142.4%*
164,6%*
164,4*
l64.1*
155.3%*
187.0*
156,.7%
155.9%*
71.6%
83.9*
95.8%*
60.0*
47 .5%
31.9*
49.9+*
72,9*
152.4
152.4
152.4
152.4
152.4
152.4
53.8
140,3
137.4
36,3
137.4
121.9
152.4
137.4
13e.1

Urinary Bladder Tumor
Malignant Lymphoma

Pyometra
Malignant Lymphoma

Malignant Lymphoma
Pituitary Tumocr, Cushing's

Urinary Bladder Tumor

Sacrificed
Sacrificed
Lacrificed
Sacrificed
Sacrificed
Sacrificed
Sacrificed
Sacrificed

Brain Tumor, Heart Tumor
Processing

Sacrificed

Enesthetic Death

Liver Abcess
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* Indicates age in months since birth, all other ages are in

LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LCWEST
LOWEST
LOWEST
LOWEST
LOWEST
LCW

LOW

LOw

LOW

LOWw

LW

LW

LOW

LOW

LOwW

LOW

LOW

Law

LOw

LOwW

LOW

LOw

LOW

Low

LOwW

LOW

LOw

LW

LOW
MED-LOW
MED-LOW
MED-LOW
MED-LOW
MED-LOW
MED-LOW
MED-LOW
MED-LOW
MED-LOW

AT IIETNMOEIITNMAOMIETNIMITIII TN EIMITI LMD IMIEE T IO oM

INITIAL

DOSE-EFFECT STUDIES WITH INHRLED PU-238 OXIDE IN

ALVEOLAR CDEPQOSITION

0.04
0.05
0.05
0.05
0.05
0,06
0.06
49.07
0.08
0.10Q
0.11
0.11
0.11
0.12
0.12
0,12
0.14
0.14
0.16
0.18
0.21
0,22
0,22
0.22
0,24
0.25
0.26
0.27
0.31
0.33
D.34
0.34
0.34
0.36
0.40
0.41
0.43

0.24
0.19
0,31
0.35
0.3z
0.40
0.43
0.55
0.50
0.50
0.60
0.69
0.71
0.76
0.83
1.07
1.24
1.16
1.19
1.33
1.36
1,55
1.55
1.52
1.77
2.00
2.31
2.45
2.44
2.42
2.59
2.80
2,81
2.92
3.38
3.64
3.73
3.72
3.74
4.00
4.38
4.50
4.71

INHALATION EXPOSURE

WEIGHT AGE*

(KG)

[N e ft ot
[l SR R =~ N B 7 )
s e e h o w e

COOQUWLOWN W

-
o

(MO}

18.1
16.6
19.5
19.5
18.8
18.5
17.7
19.2
18.8
16,4
1B.3
18.0
18.4
17.5
17,3
18.0
19.2
18.7
l6.8B
18.1
19.3
16,2
159.1
1lg.2
19.3
17.8
19.0
1g.1
1g.1
18.0
17.6
17.9
20.0
15,2
18.3
15.2
17.3
18.5
18.5
18.5
19.0
18.1
17.7

DATE

05/31/73
05/31/73
11/30/72
11/30/72
12/19/72
11730772
02/26/74
12/19/72
12/19/72
05/31/71
05/31/73
05/31/73
02/26/74
05/31/73
05/31/723
04/18/74
12/19/72
12/1%/72
02/26/74
05/31/73
04/18/74
12/19/72
02/22/73
n2/22/73
04/18/74
02/22/73
12/18/72
02/22/73
02/22/73
05/31/73
62/26/74
02/26/74
04/18/74
11/30/72
05/31/73
12/18/72
05/31/73
03/04/75%
03/04/75
03/04/75
04/18/74
03/04/75%
11/06/72

G6/24/82
12/27/72
01/26/73
03/05/81
02/27/73
01/04/77
03/14/83

12/04/7%
01/1%/84

05/04/83
05/25/84

12/13/82
05/12/75

12/21/84

11/09/83

04/25/79
12/28/72
06/21/83

04/01/77
03/26/7%
04/03/78

04/01/77

months since exposure,

BEAGLES

MONTHS SINCE
INHALATION

13%.1
153,4
148.0
148.0
148.0
137.4

153.4

153.4
15}1.2
151.2
137.4

153.4
151.2
181.2

138.1
135.1

153.4
148.0

137.4
142.8

124.5
122.9

126.4
12.8

141.%

24.9
48.7
37.0

24.9

COMMENTS ON DERD DOGS

Malignant Lymphoma
Bacrificed

Bacrificed

Bone Tumor, Fibrosarcoma
Sacrificed

Bacrificed
Osteoarthropathy

Paralysis, Spinal Cord Degen,
Metastatic Lng Tmr, Prim. Unk

Hemangiosarcoma, Spleen
Pneumonia, Thyreid Tumor

Round Cell Sarcoma: Kidney
Sacrificed

Processing

Meningioma, Malignant

Sacrificed
Sacrificed
Malignant Lymphoma

Sacrificed
Sacrificed
Sacrificed

Sacrificed
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DOSE GROUP

MED-LOW
MED-LOW
MED-LOW
MED-LOW
HED-LOW
MED-LOW
MED-LOW
MED-LOW
MED-L{W
MED-LOW
MED-LOW
MED-LOW
MED-LOW
MED-LOW
MED-LOW
MED-LOW
MED-LCW
MED-LOW
MED-LOW
MED-LOW
MED-LOW
MED-LCW
MEDIUM
MEDIUM
MEDIUM
MEDIUM
MEDIUM
MEDIUM
MEDIDM
MEDITUM
MEDIUM
MEDIUM
MEDIUM
MEDIUM
MEDIUM
MEDIUM
MEDIUM
MEDIUM
MEDIUM
MEDIUM
MEDIUM
MEDIUM
MEDIUM
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INITIAL ALVEODLAR DEPOSITIGN

76
60
67
41
84
68
98
71
75
90
76
84
71
99
84
70
97
116
118
98
76
111
129
124
228
167
r4g
2013
194
262
216
260
271
28%
243
430
435
454
541
340
539
165
673

DOSE-EFFECT STUDIES WITH INHALED PU-238 OXIDE IN

1.238

3.69
4.08

4.75
4.80
4.96
5.47
5,79
5,91
5.94
5.92
6.00
6,00
6,33
6,72
7.10
7.33
7.64
7.8
7.76
8.00
8.5%
9.80
10,13
13.06
9.56
12.40
15.20
15.43
15.58
17.65
19.40
19.41
19.64
20,80
24.64
26.27
28.59
29.66
32,22
33.63
33.8l
35.79
38.50
40,56
44.87

INHALATION EXPOSURE

WEIGHT AGE*

{KG)

16.0
12.5
13.5

7.5
14.5
1.5
le.5
12.0
12,5
15.0
12.0

e
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(MO}

17.3
18.5
18.1
18.2
18.1
19.2
18.1
18.1
19.5
18.1
19.0
18.2
17.8
18.1
16.4
18,7
17.9
19.86
19.2
1.1
19.1
17.6
15.5
15.0
18.1
16.3
17.9
19.6
18.8
16.6
1%.1
16,5
19.2
15.1
17.3
16.4
17.8
18.1
18,0
19.1
17.9
19.2
17.3

11/06/73
03/04/75
03/04/75
11/30/72
03/04/75
12/1%/72
05/31/73
02/26/74
11/30/72
03/04/75
12/1%/72
02/22/73
02/22/73
03/04/75
05/31/73
12/19/72
02/22/73
01/18/73
01/18/73
02/22/73
02/22/73
D2/26/74
10/06/73
04/18/74
02/26/74
11/30/72
02/22/73
01/18/73
12/19/72
11/06/73
11/30/72
05/31/72
12/18/72
11/30/72
05/31/73
05/31/73
02/22/73
11/30/72
05/31/73
02/22/73
02/26/74
12/1%/72
11/06/73

DATE

03/08/76
01/25/73

11/07/80
09/22/83
05/09/85
02/28/73
03/31/77

03/04/81
0B/08/83
03/0%/76

0%/21/81
05/04/84

12/08/72
02/02/85

06/20/8B3
03/12/85
01/25/73
04/08/83
10/08/84
12/28/72

04/23/85
05/310/84
03/01/73
01/18/80
04/14/83

06/03/83
06/23/84

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

BEAGLES

KONTHS SINCE
INHALATION

142.8
126.9

126.9

153.4

148.0
153.4
151.2
152.4
152.4

139.1
143.8
137.4
13%.1

152.4

148.0

139.1

102,89
134.23

121.7

125.4
127.5

COMMENTS ON DEAD DOGS

i ——————— =

Sacrificed
Sacrificed

Malignant Lymphoma

Delayed Radiation Pneumonitis
Lung Tumor

Sacrificed

Sacrificed

Parathyroid Adenoma
Malignant Lymphoma
Sacrificed

Empyema, Pituit.T., Cushing's
Pneumonia

Sacrificed
Processing

Urinary Bladder & Ovarian Tmr
Bone Tumor

Sacrificed

Bone Tumor, Lung Tumor

Bone Tumor

Sacrificed

Processing

Bone Tumor, Lung Tumotr
Sacrificed

Hemangiosarcoma, Heart
Pneumcnia, Rad, Pneumonitis

Bone Tumor
Malignant Lymphoma
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DOSE GROUP

MEDICM
MEDIUM
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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INITIAL ALVEOLAR DEPOQSITION

NCI

518

555

617

591

700

571

754
1014
1269
1023
112%

908
1119
1344
1764
1476
1710
1848
2148
1885
1718
2620
1807
2907
1116
3630
285%
3453
3810
3568
4854
7691
B479
9453
£959
6201

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

HCI/G
LUNG

4.28
4.39
4,67
4.48
4.71
5. 46
6.53
6,58
6£.79
7.75
g8.52
§.61
.85
10.18
11.06
12.20
12,95
13.44
13,95
14,90
15,62
15.88
16.51
18.88
20,98
26.40
28.32
31.39
31.49
36,07
44,13
53.78
57.10
61,66
70.29
75.186

47.09
48.26
51.42
4%.25
51,85
60.11
71.81
72.43
74.65
85.25
93,75
94,74
87.30
112,00
121.66
134,18
142.50
147.84
153.43
163.91
171.80
174.67
181,62
207.64
230.81
290.40
311.47
345.30
346.36
396,80
485,40
551,62
§28.07
700.22
773.22
826.80

INHALATION EXPOSURE

———————————————————— DATE
WEIGHT AGE* OF
(KG) (MO} DATE DEATH
11,0 19.0 04/18/74
11,5 18.8 12/19/72 07/26/84
12.0 19.0 12/19/72 12/29/83
12.0 1%.8 04/18/74 03/21/77
13.5 17.7 11/06/73 03/02/84
3.5 18.2 02/22/73 03/04/84
10.5 18.1 02/26/74 03/29/83
14.0 18.2 11/06/73 12/14/81
17,0 18,1 05/31/73 01/09/81
12.0 17.3 11/06/73 02/09/82
12.0 16.6 11/06/73 01/06/83
9.5 18.1 02/22/73 10/05/82
11.5 16,4 05/31/73 0B/06/80
12,0 17,3 11/06/73 D%/22/81
14.5 17,6 02/26/74 05/17/82
11.0 16.6 05/31/73 05/08/78
12.0 17.3 02/26/74 04/24/81
12.5 17,3 05/31/73 10/23/78
14.0 19.2 01/18/73 12/01/78
11.5 16.1 05/31/73 0Q7/11/78
10.0 20.2 01/18/73 05/24/78
15.0 18.0 05/31/73 02/12/78
le.5 17,8 02/22/%3 11/01/79
14.0 1%.8 01/18/73 Q1/21/80
13,5 17.9% 02/22/13 03/07/79
12.5 1%.6 01/18/73 04/01/78
.5 18.1 02/22/73 11/10/78
10.0 19.6 01/1B/73 Q7/04/76
11,0 18.6 01/18/73 01/18/79
10.0 20.2 Q1/18/73 07/25/78
10,0 18.2 02/22/73 11/21/78
13.0 18.2 11/06/73 12/05/77
13,5 18,2 01/18/73 03/171/77
13.5 16.7 01/18/73 04/14/77
9.0 17.3 11/06/73 12/19/78
7.5 16.6 11/06/73 02/24/78

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

MONTHS SINCE
INHALATION

139.2
132.3
i5.1
123.8
132.3
109.¢
97.2
91.13
99.1
110,0
115.4
86,2
54.5
98.6
58.2
85.9
64.8
70.4
61,3
64.1
56.4
80,3
84.1
72.4
62,4
6B.6
41,5
72.0
66,2
68.9
45.0
49.9
50,8
61.4
51,6

COMMENTS ON DEAD DOGS

Bone Tumor

Adrenal & Pituitary Tumor B
Interstitial Pneumonitis
Bone Tumcr
Bone Tumor,
Bone Tumor
PBone Tumor
Bone Tumor,
Bone Tumor
Bone Tomer, Lung Tumor
Vertebral Disk Herniation
Bone & Lung Tumor, Addison's
Bone Tumor, Lung Tumor

Bone Tumor

addison's Disease

Bone Tumer
Eone Tumor
Bone Tumor,
Bone Tumor
Bone Tumor
&ddison's Disease, G.I. Tumor
Bone Tumor, Adrenal Tumor
Bone Tumor, Lung Tumor

Bone Tumor

Lung Tumer, COsteoarthropathy
Bone Tumor, Lung Tumor
Addison's Disease

Bone Tumor, Lung Tumor

Bone Tumor, Lung Tumor

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

Cushing's Disease

Lung Tumor

Lung Tumor

Lung Tumor

Lung Tumor
addison's Disease
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INHALED FLUTONIUM NITRATE IN DOGS

IRITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE
—————————————————————————————————————————— e——— DATE INBALATION
DoG NCI/G NCI/ WEIGHT AGE* OF = ——remmmmecee—
DOSE GROUP IDERT NCI LUKNG KG (KGY (MO} DATE DEATH 9/30/85 DEATH COMMENTS ON DEADR DOGS
CONTROL 1356 M o 0.00 0.00 136.7*%
CONTROL 1365 M o 0.00 0.00 136,6%
CONTROL 1376 F 0 0.00 0.00 05/11/80 70.8* Pneumonia
CONTEROL 1388 M ¢ g.00 0.00 038/11/81 86.7* Sacrificed
CONTROL 1393 M ] 0.00 0,00 135.3*
CONTROL 1405 # a 0.00 0,00 08/13/84 121.3*% Heart Base Tumor
CONTROL 1409 M 0 0.00 ¢.00 134.8*
CONTROL 1418 M 0 0.00 0,00 134,5%
CONTROL 1425 M o 0.00 0.00 08/02/82 96.5*% Status Epilepticus
CONTROL 1450 F bl 0,00 6.00 11/04/81 87.4*% Sacrificed
CONTROL 1455 F 0 0.00 06.00 133.8%
CONTROL 1483 F 0 0.00 0,00 132,9%
CONTROL 1509 M 0 0,00 0,00 132.1*
CONTROL 1516 F ] 0.00 0.00 131.8%
CONTROL 1525 M 0 0.00 0.00 131.6*
CONTROL, 1526 M 0 0.00 0.00 131.6*
CONTROL 1528 F 0 0,00 0,00 131.1*
CONTRCL 1543 M ] 0.00 0,00 130.9*
CONTROL 1563 F o 0.00 .00 120.8*
CONTROL 1572 P 0 ¢.00 0.00 120.7%
CONTROL 1577 M o o.00 0.0 120.7*
CONTROL 1584 F o 0.00 .00 120.6*
CONTROL 1594 F g .00 ¢.00 120,6%
CONTROL 1608 M 0 0,00 0.00 120,3*
CONTROL 1633 F 0 0,00 0.00 113.6*
CONTROT, 1638 P ¢ n.o0 0.00 113.3*
VEHICLE 1361 M v 5.00 0,00 8.5 21.0 02/13/76 115.5
VEHICLE 1381 F 0 0.00 0.00 B.5 19.8 02/13/76 115.5
VERICLE 1392 M o 0.00 0.00 13,0 22.0 04/22/76 113,12
VEHICLE 1406 M 0 0,00 0.00 13.% 21.6 04/22/76 113.3
VERICLE 1412 F ] 0.00 0.00 9.0 19.0 02/13/76 115.5
VERICLE 1421 M 0 0.00 0.00 13,0 23.3 06/23/76 111,2
VEHICLE 1457 F 0 0.00 0.00 12.0 20.6 04/22/76 113,3
VEHICLE 1491 F 0 0.00 0.00 B.0 21.6 06/23/76 111.2
VEHICLE 1504 F o 0.00 0,00 10,0 20.% 06/23/76 111.2
VEHICLE 1514 M 0 0.00 0,00 14.0 20.9 06/23/76 08/06/82 71.4 Malignant Lymphoma
VEHICLE 1524 M 0 0,00 0.00 12.0 21,5 07/27/76 110.1
VEHICLE 1531 F ] 0.00 0.00 9.0 20.9 07/27/76 110.1
VEHICLE 1542 M o ¢.00 0.00 12,0 20.8 07/27/76 110.1
VEHICLE 1566 M 0 0,00 0.00 14.0 18.3 03/15/77 102.5
VEHICLE 1578 M 0 0.00 0.00 10,5 18.2 03/15/77 1g2.5
YEHICLE 1593 F 0 0,00 .00 11.0 18.0 03/15/77 102.5
VEHICLE 1601 F it 6.00 0.00 8.5 18.0 03/15/77 102.5

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

VEHICLE
YEHICLE
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* Indicates age in months since birth, all other ages are in

VEHICLE

LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
L{MWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LOWEST
LW
LW
LOwW
LOw
LW
LOW
LOW
LW
LW
LOW
LW
LOW
LOW
LOw
LOW
LOW
LOW
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INITIAL ALVEOLAR DEFPOSITION

NCI

b
WOOMAROMAWN S DL a i na bloaMNRMNMMNME OSSOSO O

11
11
10
1D

9
15

INHALED PLUTONIUM WITRATE IN DOGS

HCI/G
LUNG

0.00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0,00
0,01
0.01
0.02
0.02
g0.02
0.03
0.03
0.03
0.03
0.03
0.04
G.04
0.04
0.06
0.06
0.00
0.01
0.02
0.02
0.03
0.04
0.05
0.05
0.086
.07
0.07
0.07
0.08
0.08
0.09
0,09
0.09

0.00Q
0.00
0.00
0.00
0,00
0.0D
0.00
0.00
0.00
0.00
a.00
0.11
0.12
a,22
0.18
0,18
0.35
0.29
0.32
Q.25
0,35
0,42
Q.46
0.40
0.61
0.67
0.00Q
0.12
0.20
0.1%
0,37
0,42
0.59
0,51
0.68
0.77
0,82
0.76
0.89
0.87
1,01
1,03
1.03

EXFOSURE

INHALATION
WEIGHT AGE*
{RG) (MO}
1.0 21.1
10.5 1%.6
11,0 19,2
12.0 22,1
0.5 21.5
8.0 20.5
14.0 20,4
13.5 19.8
11.5 19.4
16.5 19.3
14.0 18.2
11.0 1¢.2
14.0 19.2
§.0 17.5
12.5 19.5
10.0 15.4
12.6 21,0
10,5 21.0
14.0 16,8
13.5 1%8.2
13,0 1%.0
11.5% 18,0
13,0 20.5
9.5 19.2
11.0 17.2
11,5 15.4
11,5 19.8
10,5 19.5
11.5 22,2
14,0 19.4
14.0 21.0
12.5 1%.0
4.0 19.3
12.0 19.2
12,0 19.2
12.0 19.4
11,0 19.3
15.0 19.2
12,0 22.1
11.0 22.1
10,0 21,0
8.5 1%.8
14.5 19.2

DATE

12/01/77
12/01/77
12/01/77
05/20/76
05/20/76
05/20/76
05/20/76
a5/20/76
04/19/77
04/19/17%
04/19/77
04/19/77
04/19/77
10/16/75
05/20/78
04/19/77
05/20/76
05/20/76
05/20/76
04/19/77
04/19/17
10/16/75
05/20/76
04/19/77
10/16/75
04/19/77
05/20/76
05/20/76
05/20/76
04/19/77
05/20/76
04/19/77
04/19/77
04/19/77
04/18/77
04/18/77
04/19/77
04/19/77
05/20/76
05/20/76
05/20/76
05/20/76
04/18/77

DATE
OF
DEATH

08/04/84

01/03/84

11/13/75

04/09/84

11/13/75

11/13/75
09/28/85

12/13/84

months since exposure.

MONTHS SIKCE
IHHALARTION

SB.5

lo02.8

COMMENTS ON DERD DOGS

Esophageal Tumor

Thyroid Tumor

Sacrificed

Keningioma

Sacrificed

Bacrificed
Processing

Thyroid Tumor
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INHALED PLUTONIUM NITRATE IN DOGS

INITIRL ALVECLAR DEPOSITION INHALATION EXPOSURE MONTHE SIRCE
--------------------------------------------- DATE INHALATION
DOG HC1/6G RCI/ WEIGHT AGE* QF mree——mmee———
LOSE GROUP IDENT NCI LUNG KG (EG] (MO) DATE DEATH 9/30/85 DEATH COMMENTS CMW DERD DOGS

0-2 LOW 1484 F 11 0,10 1.08 10.0 20.5 05/20/76 112.4
D=2 LOW 1598 F 10 0,10 1,14 5.0 19.2 04/15/77 101, 4
D~2 LOW 1490 F 16 G.15 1.65 9.5 20.5 05/20/76 112.4
D~3 MED-LOW 1336 M 21 0.14 1.52 13.5 18.0 10/16/75 11/13/75 0.9 Sacrificed
0-3 MED-LOW 1341 F 19 0.16 1.78 10,5 17.2 10/16/75 11/13/75 0.9 Sacrificed
D-3 MED-LOW 1605 F 25 0.20 2.19 11,5 17.8 03/15/77 03/24/82 60,3 Sacrificed
D=3 MED-LOW 1386 M 14 0.21 2.38 14.5 22.0 04/20/76 113.3
D-3 MED-LOW 1389 M 27 0,23 2,54 10.5 2.% 04/20/76 05/04/76 0,5 Sacrificed
D-3 MED-LOW 1413 F 29 0.24 2.68 11,0 18.2 01/20/76 03/01/85 109.3 Malignant Lymphoma
D-3 MED-LOW 1445 F 34 0.24 2.60 13.0 21.0 04/20/76 GS5/05/76 0,5 Sacrificed
D-31 MED-LOW 1568 M 46 0.29 3.17 14.5 18.3 03/15/77 102.,5
D-3 MED-LOW 1595 M 50 0.29 3,23 15.5 18,0 03/15/77 102.5
D=3 MED~LOW 1390 M 43 0,30 3.29 13,0 21,9 04/20/76 0Q5/04/76 0.5 Sacrificed
D-3 MED~LOW 1391 M 54 D.30 3.26 16.5 21,9 (4/20/76 07/22/85 111.0 Processing
D-3 MED-LOW 15687 MW 53 0.31 3.40 15.5 18.1 03/15/77 102.5
D-3 MED-LOW 1359 m 50 0.32 3.57 14.0 20.2 01/20/76 O01/23/76 0.1 Sacrificed
D-3 MED-LOW 1540 M R4 0,32 3.51 15.5 20.7 07/22/76 110,13
D-3 MED-LOW 1344 F 41 0,33 3.60 11.5 17.2 10/16/75 11/14/75 1,0 Sacrificed
D-3 MED~LOW 1589 F 41 0.34 3,75 11,0 18.0 03/15/77 06/08/8B2 62,8 Bacrificed, Lung Tumor
-3 MED-LOW 1588 M 50 0.36 3.98 12.5 18.1 03/15/77 03/22/78 12.2 Sacrificed
D=3 MED-LOW 1529 F 43 0,37 4,08 10.5 20.8 07/22/76 10/19/76 2,% BSacrificed
D-3 MED-LOW 1574 M (133 0.38 4.21 11.0 18.2 Q3/1s5/77 102.5
D-3 MED-LOW 1375 F 50 0,40 4,35 11.5 19.1 01/20/76 01/23/76 0.1 Sacrificed
D-3 MED-LOW 1564 F 40 0.40 4,44 9,0 18.3 03/15/7%7 03/20/78 12.2 Sacrificed
D-3 MED-LOW 1444 F 44 0.41 4,50 11.0 2.0 04/20/76 113.3
D-3 MED-LOW 1433 F 53 0,42 4.61 11,5 21.0 04/20/76 112.3
D-3 MED-L{W 1523 F 55 0.42 4.60 12.@ 21,3 07/22/76 110.3
D-3 MED-LOW 1539 M 65 0.45 4.99 13,0 20.7 07/22/76 10/20/76 3.0 Sacrificed
D=3 MED-LOW 1380 M 63 0,46 5.086 12.5 19.1 01/20/76 116.3
D-3 MED-LOW 1407 F 50 0.51 5.56 g.0 18.5 01/20/7¢6¢ 01/23/76 0.1 Sacrificed
D-~3 MED-~-LOW 1569 F 5B 0.53 5.82 10.0 18.2 03/15/317 102.5
D=3 MED-LOW 1576 M 70 0.53 5.86 12,0 18.2 03/15/77 03/17/82 60.1 Sacrificed
D=3 MED-LOW 1582 F 57 0,54 5.94 9.5 1B.1 03/15/77 102.5
D-3 MED-LOW 1571 F 68 0.57 6.22 11.0 18.32 03/15/737 03/21/78 12.2 Bacrificed
D-3 MED-LOW 1427 F 64 0.62 6.81 10.0 21.1 04/20/76 113.3
D-3 MED-LOW 1522 F 78 0.71 7.78 10.0 21.3 07/22/76 10/18/76 2.9 Sacrificed
D-3 MED-LOW 1363 M B5 0.74 B.0% 10.5% 20.2 01/20/76 116.3
D-3 MED-LOW 1604 M B85 0.74 8.10 10,5 18.0 03/15/77 102.5
0-3 MED-LOW 1530 F 72 0.76 8.41 8.5 20.8 07/22/76 110.3
D-3 MED~LOW 14%6 F 61 0.79 B.68 7.0 20.5 04/20/76 113,3
D=3 MED-LOW 1598 F 93 1.08 11.65 g.0 18.0 03/15/77 03/10/82 59.8 ©Sacrificed
D-3 MED-LOW 1422 F 99 1.12 12,35 §.0 18,1 Q1/20/76 116.3
D~4 MEDIUM 1637 M le2 1.45 15.46% 12.0 18.9 11/07/77 94.8

* Tndicates age in months since birth, &ll other ages are in months since exposure.
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INHALED PLUTONIUM MITRATE IN DOGS

UUUUUUUUUUUUUU?UUUUUUUUUUUUU

INITIAL ALVEOLAR DEPOSITICON INHALATION EXPOSURE MONTHS SINCE
--------------------------------------- ————— DATE INHALATION
DOG HCI/G NCI/ WEIGHT AGE* QF smmm—vem—emee
DOSE GRQUP IDENT NCI LUNG EG [(KG) (MO DATE DEATH 9/30/8% DEATH COMMENTS ON DEAD DOGS
~4 MEDIUM 1404 M 260 1,48 16,25 1.0 21.5 04/20/76 02/03/84 93.5 Pleuritis
-4 MEDIUM 1521 F 208 1,49 16,37 12.5 21.3 07/22/76 0&/07/8B5 106.5 Bone Tumor, Lung Tumor
-4 MEDIUM 1656 M 211 1.54 16,90 12.5 18.4 11/07/77 94.8
~4 MEDIUM 1379 M 278 1.74 19.1¢6 14.5 19.1 01/20/76 116.3
~4 MEDIDM 1362 M 267 1.87 20.54 13.0 20,2 01/20/76 116.3
-4 MEDIUM 1639 P 248 2,05 22.57 11.0 18.5 11/07/77 94.8
-4 MEDIUM 1647 M 294 2.05 22.58 13.0 1B.5 11/07/77 94.8
~4 MEDTIUM 1640 M k1t 2.06 22.71 13,5 18.5 11/07/77 ©3/20/84 76.4 Lung Tumor
-4 MEDIUM 1645 F 257 2,13 23,39 11.0 18.5 11/07/77 54.8
-4 MEDIUM 1534 M 295 2.14 23,57 12.% 20.8 07/22/76 (05/26/8B5 106.1 Congestive Heart Failure
~4 MEDIUM 1414 F 231 2,35 25,86 9.0 18.2 Q1/20/76 116.3
~4 MEDIUM 1618 F 2717 2.40 26.36 10.5% 20,3 11/0?/77 94.8
~4 MEDIUM 1385 M 373 2,42 26,63 14.0 19.0 01/20/76 07/12/B4 101.7 Bone Tumcr, Lung Tumor
4 MEDIUM 1408 F 331 2.62 28.77 11.5 18.5 01/20/76 10/12/83 $2.7 PBone Tumor
~4 MEDIUM 1428 F 378 3.12 34,36 11.0 21,1 04/20/76 113.3
~4 MEDIUM 1535 F 345 3.13 14.48 10.0 20,7 07/22/76 110,3
~4 MEDIUM 1446 F in4 3,22 35.40 16,0 21.0 04/20/76 113,3
~4 MEDIUM 1364 M 463 3.24 35.65 13,0 20.2 01l/20/76 (08/02/84 102,4 Lung Tumor
~4 MEDIOM 1387 F 345 4,48 49,30 7.0 19.0 01/20/7¢ OB/13/80 54.8 Bone Tumor
~5 MED~HIGH 1329 F 163 3.30 36.27 lo,0 18.¢0 10/16/75 11/14/75 1.0 Sacrificed
~5 MED-HIGH 1346 M 656 4.42 48 .59 13.5% 17.2 10/16/75 11/14/75 1.0 Sacrificed
~5 MED-HIGH 1648 M 811 5,50 64,90 12.5 18.5 11/07/77 07/11/8S% 52,1 Processing
-5 MED-HIGH 1347 F 688 6.95 To .47 9.0 17,2 1D/26/75 11/14/75 1.0 Sacrificed
~5 MED-HIGH 165% F 9490 7.32 80,51 12.3 18.3 11/07/77 08/19/83 69.4 Bone Tumor
~5 MED-HIGH 1636 M 1212 8.4B 93.25 13,0 18.9 11/07/77 0O5/03/8B3 65.8 PRone Tumor
~5% MED-HIGH 1621 M 1334 8,66 85.26 14.0 20,3 11/07/77 11/19/84 84.4 Bone Tumeor, Lung Tumor
~5 MED-HIGH 1646 F 1061 B,77 96 .45 11,0 18.5 11/07/77 11/11/82 60.1 Bone Tumor
~5 MED-HIGH 1429 M 1376 9,62 105.85 13.0 23,2 06/23/76 05/29/81 4.2 Bone Tumcr, Lung Tumor
~5 MED-HIGH 1641 ™ 1275 9.66 106,24 12.0 18.5 11/07/77 06/2B/85 %1,7 Lung Tumor
~5 MED-HIGH 1660 M 1518 10,22 112,41 13,% 1B.,3 11/07/77 09/05/84 81.9 BPBone Tumor, Lung Tumor
~% MED-HIGH 1508 M 1716 10.76 118.37 14.5 20.% 06/23/76 01/24/80 43.0 Bone Tumor
~5 MED-HIGH 1655 M 1094 11.05 121.56 9.0 18.4 11/07/77 O03/18/BS 88.3 PBone Tumor, Lung Tumor
~5 MED-HIGH 1652 F 13290 12,00 131,55 10.0 1B.4 11/07/77 07/20/83 68.4 Bone Tumor, Lung Tumor
~5 MED-HIGH 1619 F 1490 12,32 135.50 11.0 20,3 11/07/77 01/21/83 62,5 Bone Tumor
~5 MED-HIGH 1512 M 2411 14.561 160.71 15.0 20.9 D6/23/7¢ 12/23/79 42.0 Bone Tumor
~% MED-RIGH 1419 M 155% 14.92 164,11 9.5 23.3 06/23/76 10/22/82 76.0 Bone Tumor, Lung Tumor
~5 MED-HIGH 1498 F 2018 16,68 183,45 11,0 21.5 06/23/76 Q4/0G9/82 6§9.5 Bone Tumor, Lung Tumer
~5 MEUD-HIGH 1502 F 3008 20,25 222,890 13.5% 20,9 06/23/76 01/21/91 55.0 Bone Tumeor, Lung Tumar
~5 MED-HIGH 1485 F 2330 21.18 233.00 10,0 21.7% 06/23/76 12/30/80 54.2 Bone Tumor
~5 MED-HIGH 1471 F 2508 21.71 235.82 10,5 22.1 06/23/76 05/01/79 34.2 Radiation Pneumonitis
~5 MED-HIGH 1482 F 2473 24,98 274,82 9.0 21.6 06/23/76 10/16/8BD 51.8 Bone Tumor
~% MED-HIGH 1459 F 2645 26.72 293,89 5.0 22.6 06/23/76 09/25/80 51.1 Rad. Pneumonitis, Lung Tumor
~& HIGH 1518 M 3565 29,46 324.09 11,0 20.6 06/23/76 12/18/79 41.8 Rad., Pneumonitis, Lung Tumor

* Indicates age in months since birth, all other ages are in months since exposure,
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INHALED FPLUTONIUM NITRATE IN DOGS

INITIAL ALVEQLAR DEFOSITION INHALATION EXPOSURE MONTHS SIKCE
----------------------------------------------- DATE INHALATION
DOG NC1/G KCI/ WEIGHT AGE* OF = =~r---=meeo——-

DOSE GROUP IDENT NCI LURG kG {KG)  (MD) DATE DEATH 9/30/8% DEATH COMMENTSE ON DEAD DOGS
D-& HIGH 1420 M 3840 30.36 333.91 11.5 23.3 06/23/7¢ 07/12/78 24.6 Radiation Pneumonitis
0-6 HIGH 1517 F 5185 49.62 545.78% 9.5 20.6 06/23/76 11/02/77 16.3 Radiation Pneumonitis
D-§ HIGH 1510 F 6965 55.09 €06.02 11,5 20.9 06/23/76 11/09/77 16.6 Radiation Pneumecnitis
D-6 HICH 1424 M 7681 69.83 768.12 10.0 23,2 06/23/76 Q8/31/77 14.3 Radiation Pneumonitis

* Indicates age in months since birth, a&ll other ages are in months since exposure.
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Creim
Cross
Dagle
Dankovic
Davidson
Decker
DeFord
Denovan
Dragnich
DuBois
Elderkin
Evanoff
Felton
Filipy
Fisher
Forsythe
Frazier
Fritz
Fuguay
Gelman
Gibsan
Gideon
Gies
Gilbert
Gillis
Glass
Glover
Gray
Greenspan
Hackett
Hargrow
Hays
Heid
Horstman
Hungate
Jarrell
Kalkwarf
Karagianes
Kaschmitter
Kaune
Kelman
Killand
Kuffel
Larson
Lien
Liikala
Madden
Mahaffey
Mah1um
Marks
Marshall
McCarty
McClanahan
Mclbonald
McKenney
Mericka
Metting
Miller
Miller
Miller
Minar
Moss
Morris
Mueller
Nelson
Nelsan
Nielsen
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Newman
0'Dannell
Pahl

Park (150)
Paraino
Perkins
Pierce
Platt
Powers
Rader
Ragan
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Reese
Renne
Richmond
Raoberson
Roesch
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Rossigno)
Rowe
Ruemmler
Ryan

FOOE OO0 oI ODCOrmM;,

e e - Nl e el ol e Wl N - N Bl - - Nl o

Sanders
Sass
Sasser
Schiefelbein
Schmid
Schneider
Scott
Sikoy
Simpson
Simpson
Slavich
Smith
Springer
Stevens
Stevens
Stewart
Sullivan
Swannack
Swinth
Templeton
Thomas
Thompson
Toburen
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Traub

Trumbie

Tyler

Unruh
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Watson

wWehner

Weige]

Weimer

wWeller

West

Westerberg

Wierman {2)

Wildung

Wiley

Williams

wWilson

Wilson

wistisco

. W. Wright

Life Sciences Library (2)
Technical Information Files {5)
Publishing Coordination (2}
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