
" 

• 

Pacific Northwest Laboratory 
Annual Report for 1985 to the 
DOE Office of Energy Research 

Part 1 Biomedical Sciences 
February 1986 

Prepared for the U.S. Department of Energy 
under Contract DE-AC06-76RLO 1830 

Pacific Northwest Laboratory 
Operated for the U.S. Department of Energy 
by Battelle Memorial Institute 

~~B ne11e ~,. a 

PNL-5750 Pt. 1 

UC-48 

11 



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any 
agency thereof, nor any of their employees, makes any warranty, express or 
implied, or assumes any legal liability or responsibility for the accuracy, com­
pleteness, or usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or service by 
trade name. trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof. The views and opinions of 
authors expressed herein do not necessarily state or reflect those of the United 
States Government or any agency thereof. 

PACIFIC NORTHWEST LABORATORY 
operated by 

BATTELLE 
for the 

UNITED STATES DEPARTMENT OF ENERGY 
under Contract DE-AC06-76RLO 1830 

Pnntt>d m tne Un11ed Stall'S of America 

Available from 
Na11onal Technical Information Servoce 

Unoted States Department of Commerce 
5285 Port Royal Road 

Springloeld, Virgonia 22161 

NTIS Pric<' Codes 
Microfiche A01 

Printed Copy 

Pdges 

001-025 
026·050 
051-075 
076-100 
101-125 
126·150 
151-175 
176-200 
201-225 
226·250 
251-275 
276-300 

Price 
Codes 

A02 
A03 
A04 
A05 
A06 
A07 
A08 
A09 

A010 
A011 
A012 
A013 

I 



3 3679 00058 6190 

Pacific Northwest Laboratory 
Annual Report for 1985 to the 
DOE Office of Energy Research 

Part 1 Biomedical Sciences 

j. F. Park and Staff Members 
of Pacific Northwest Laboratory 

February 1986 

Prepared for 
the U.S. Department of Energy 
under Contract DE-AC06-76RLO 1830 

Pacific Northwest Laboratory 
Richland, Washington 99352 

PNL-5750 PT 1 

UC-48 





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 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 several PNL research departments, reflecting the multidisciplinary nature of there­
search effort. 

The parts of the 1985 Annual Report are: 

Part 1: Biomedical Sciences 
Program Manager- j. F. Park 

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

Part 3: Atmospheric Sciences 
Program Manager- C. E. Elderkin 

Part 4: Physical Sciences 
Program Manager- L. H. Toburen 

Part 5: Overview and Assessment 
Program Manager- L G. Faust 

D. L. Felton, Report Coordinator and 
Editor 

R. E. Wildung, Report Coordinator 
C. M. Novich, Editor 

C. E. Elderkin, Report Coordinator 
E. L. Owczarski, Editor 

L. H. Toburen, Report Coordinator 
j. E. Danko, Editor 

L. G. Faust, 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 Baalman, editor in chief, who directed the 
total effort. 
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A highlight this past year was the appointment of a S<:ientific Advisory Committee. 
Honoring us by accepting our invitation to serve on the committee are: 

Dr. Franklin I. 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. j. Newell Stannard University of Rochester 

University of California, San Diego 

W. j. Bair, Manager 
S. Marks, Associate Manager 
Environment, 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-related 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 relative 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 mPu02, 

238Pu02, and 
mPu(N03) 4 are summarized to 14, 11, and 8 years after exposure, respec1ively. 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 21~Pu02 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 212 U nitrate was similar to that for other inhaled ac1inide nitrates when adjusted for 
the 212 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-aminochrysene (a known mutagen) in Salmonella typhimurium when mixed 
with aromatic frac1ions 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, benzo[a]pyrene (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 to destroy primary aromatic amines, compared with that for 
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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 dermal 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 reports 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 Department are the principal contributors to this report. Requests 
for reprints from the list of publications for 1985 will be honored while supplies last. 
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• Statistical Health Effects Study 

Principal Investigator: E. S. Gilbert 

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

The objective of this study is to provide data and stati~tical methodology for as~cssing health risks from 
chronic exposure~ to radiat1on and other potentially harmful agents or substance~. The analysis of data from 
an ongomg study of the mortality of Hanford workers is a major wmponent of this study. Recently. data have 
bPPn collected and analyzed for a cdse-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 
healtl1 r-isks resulting from energy-~·elated 
activities. This is accomplished by de~ 
velopin\] and applying appropriate statis­
tical methods for a11alyzin\] data on human 
populations that have received low-level 
exposures to radiation or other a\]ents or 
substances An important component of 
this p1·ogram is the analysis of data on 
the health of Hanford workers, as re­
flectf'd in their mortality and in congeni~ 
tal malformations that may occur in their 
offspri n\J. 

Uforts related to the Hanford mortality 
study include updating mortality and do­
simet!"Y data, distributing the computer 
program used to analyze these data, re­
searching methods of quantifying risks, 
performing a lung cancer case-control 
study, and assessing dose mO?asurement 
error. 

Mort a 1 i ty data, which are co 11 ected by the 
Hanford Environmental Health Foundation 
(HEHF), are obtained through the Social 
.Security Administration, the National 
Death Index and, recently, through linkage 
with death files in the states of Washin\]­
ton and Califor·nia. An improved data man­
agement system at HEHF has facilitated 
this pr·ocess, it has entailed the imple­
mentation of new procedures for PNt~HEHF 

communication in order to take full adval1-
tage of the new system. Dosimetry data 
obtai11ed from PNL are also being updated. 

Mortality data will soo11 be reasonably 
complete up to January l, 1982. Prelimil1-
ary analyses indicate that results will 
not be greatly different from those re­
ported earlier. That is, there is no in­
dication of an association of radiatio11 
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 

011 low-level exposures (such as those re­
ceived by Ha11ford workers). fhese include 
the adequacy of normal appr·oximations for 
calculating confidence limits, various 
ways of incorporatin\] vital statistics 
into such calculations, the comparison of 
relative and absolute risk models, and tile 
comparison of linear and lo\]-linear mod­
els. This research indicates that confi­
dence limits based on the likelihood-ratio 
statistic are more accurate than those 
based on the asymptotic variance of the 
estimated parameter. For risk estimates 
that at·e based on small numbers of deaths 
(leukemia, for example), even the like­
lihood-ratio statistic may 11ot provide 
accurate limits; exact methods for cal­
culating such limits are being explored. 
This research also indicates that the use 
of vital statistics does 11ot substantially 
increase the re 1 i abi 1 i ty of estimates and 
may bias results if the underlying 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 resuftS were 
presented at a symposium on epidemiology 
and risk assessment in Columbia, Maryland 
and at the Joint Statistical Meetings in 
Las Vegas, Nevada. 

Data on smoking histories have been ex~ 

tracted from HEHF tiles for use in the 
lung ca11eer case-control study. These 
data have also been edited and coded to 
provide a tile suitable for arralysis. 
Because sever'al questionnaires have been 
used at HEHf to collect smoking data in 
various year-s, 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 of smoking with variables such as 
radiation exposure and job category. 

A project. desigm;d to assess the measure­
ment errors associated wit.ll the radiation 
doses used in the Hanford mortality study 
has been initiated. This project is being 
conducted with the cooperation of PNL sci-



ent i sts who have been extensive I y i nvo I ved 
iTl the dosimetry program at Hanfor·d llie 
project will include documenting var·ioLr-. 
random and systematic erTors in the do',e 
estimation proce~s and determining how 
such errors affect analyses ot tile mortd1-
ity data. A paper on the general issue of 
dose measurement error in epidemioloqical 
studies was presented at the 1985 Cool font 
Conference OTl Statistics aTld Radiatior1 

Data from the natality study have I.JePn 
collected and analyzed "!hese data in­
clude information on conge11ital malfor­
mations, as well as on matcl1ed controls, 
of infants bor·n duriny the period 1957-

2 

19flll in Uw tl,r·r•p lwopitals in Richland, 
Kennewic~ anrl Pw,co The casE>-corltrol 
dih!lyses <J(Jdi'E'So. the qLjestion of whetlvr· 
pi!i'E'Tllal occupatiorral E'Xpo5ure to low­
levfl ionuinq r·adiatitm is a~sociatP:I 
with an lncrea~ed ri~k of conqenital mal­
fol·mations of their· otfspr·inq In tl1e 
prevalr•nce-at-birth ai>CT.Iy~es of hirtl,~ 

occur·,·inq betwren 1968 CT.nd Jgsu, ralf·~ 1or· 
several spec1fic dPfects are cornparE'd w th 
T'ales fr'orn the 8irth Defects ~~onitori~q 

Pro(J\'31~ conducted by the Birth De1ects 
BrCT.ncl of the ll ). Puhlic lieCT.Ith Se~vi(P 

Cer1te··s for· Disea•,e Control. Rat.es fn,m 
~"'"E'I'JI other studies are also lO'lSiller•ecl 
tor comparative purpo•,es. 
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• Inhaled Plutonium Oxide in Dogs 

Pnncipal lnw~tigator: j. F. Park 

Other Investigators: G. A. Apley, R. L. Buschbom, G. E. Dagle, D. R. Fisher, K. M. Gideon, E. 5. Gilbert, 
). D. Ka~hmitter, G. j. Powers, H. A. Ragan, R. E. Weller, and E. L. Wierman 

Technical Assistance:). C. Chapman, K. H. Debban, R. F. Flores, B. G. Moon', C. 0. Romsos, R. P. Schumacher, 

and D. H. Willard 

This project is concerned wtth long-term experiments to determine the lifespan dos('-{'ffect relationships of 
inhaled n 4Pu02 and 2 lUPu02 in beagles. The data will be used to estimate the health effects of inhaled 
transuranic.:;. Beagle dogs given a single exposure to mPuOl or mPuOl aerosols to obtain graded levels of initial 
lung burden~ (ILB) are being observed for lifespan dose-effect relation~hip'>. Mortality due to radiation pnue­
monitis and lung tumor increa'>ed in the four highest dose-level groups expo~ed to mPuOz during the 14-year 
po.:;texposure period. During the 11 h years after exposure to 1 J

8Pu02, mortality due to lung and/or bone 
tumors increased in the thrf'e highest dose-level groups. Chronic lymphopenia, occurring 0.5 to 2 years after 
exposure, was the earliest observed effect after inhalation of either mPu02 or H 8Pu0! in the four highest 
doSl'-level groups that had ILB of '80 nCi. Other plutonium-exposure-related effects include sclerosis of thP 
tracheobronchial lymph nodes, focal radiation pneumonitis, adenomatous hyperplasia of the liver, and 
dystropht< o~tcolyti< le~ions 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 23 ~Pu0 2 (mean AMAD, 2.3 ~m; mean 
GSD, 1.9), prepared by calcining the oxa­
late at 750°C for 2 hours; or to "' 38 Pu02 
(mean AMAO, 1.8 ~m; mean GSD, 1.9), pre­
pared by calcining the oxalate at 700°C 
and subjecting the product to H2

16 0 steam 
in argon exchange at 800°[ for 96 hours. 
This material, referred to as pure pluton­
ium oxide, is used as fuel in space-nu­
clear power systems. 

One hundred thirty dogs exposed to 239 Pu02 
in 1970 and 1971 were selected for long­
term studies; 22 will be sacrificed to ob­
tain plutonium distribution and pathology 
data; 108 were assigned to lifespan dose­
effect studies (Table 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 ( fo 11 owing the 
entire Annual Report) shows the status of 
the dogs on these experiments. 

Table 3 summarizes, by dose-level group, 
the mortality and lesions associated with 
deaths through 14 years after exposure to 
2;,9Pu02 . 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, 15 in Group 2, 17 in Dose­
Leve 1 Group l and 16 in the contra 1 group 
were euthanized when death was imminent. 
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Mean survival time was decreased in the 
three highest dose-level groups compared 
to that in the other groups. Fourteen 
dogs were sacrificed for comparison of 
plutonium tissue distribution. Table 4 
shows the primary causes of death and the 
distribution of Z39pu in the tissues of 
these animals as percent of final body 
burden. Figure l shows the plutonium tis­
sue distribution as percent of initial 
lung 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 l3 to 14 years after' expo­
sure. During the first year after expo­
sure, plutonium was translocated primarily 
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to the thoracic lymph nodes, little plu­
tonium was translocated to other tissues. 
Plutonium content of the thoracic lymph 
nodes increased to .,_67% of the final body 
burden at l3 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 burde~ 
at l3 to 14 years after exposure in the 
higher (?_75 nCi final body burden) dose­
level groups. The organ distribution of 
plutonium in the periodically sacr'ificed 
dogs was generally similar to that ot the 
hign-dose-level dogs euthanized when death 
was imminent during the first 2 years af­
ter exposure. The lower-dose-level (::_75 
nCi final body burden) dogs sacrificed or 
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euthani zed during the 4th to 14th post­
exposure years generally had a much 
smaller fraction of the final body burden 
in the liver, with a larger fraction re­
tained in the lungs and/or thoracic lymph 
nodes. About 1% of the final body burden 
was in the skeleton at 13 to 14 years af­
ter exposure. Plutonium analyses are 
still in progress on five of the dogs. 

Figure 1 shows the 239Pu tissue distribu­
tion as percent of the initial burden for 
all dogs for which tissue radiochemical 
analyses are complete. Initial lung bur­
dens for those dogs for which radiochemi­
cal analysis of excreta were not complete 
was estimated from external thorax counts 
at 14 and 30 days after exposure. For 
dogs whose analyses were complete, initial 
lung burdens were estimated from the sum­
mation of the tissue burdens of plutonium, 
plus the plutonium excreted, minus pluton­
ium excreted in the feces during the first 
3 days after exposure. The 1 atter was 
assumed to be deposited in the upper res­
piratory tract. Uptake and retention 
functions were fitted to the organ burden 
data. Based on the premise that the organ 
burdens were interrelated, the uptake and 
retention function for a 11 organs were 
fitted simultaneously instead of fitting 
i so 1 a ted functions for each organ. The 
organs were treated as compartments of a 
single system, with transfer rates speci­
fying the total amount leaving a compart­
ment per unit time and the fractional dis­
tribution of that amount among the other 
compartments. The transfer rates assumed 
that plutonium moved through the body in a 
single pass. The material initially de­
posited in the lung was either excreted or 
moved to some other organ, from which it 
was excreted. It was assumed that there 
were no feedback 1 oops in the system. 
Organ systems included lung, thoracic 
lymph nodes, liver, skeleton, and all 
other tissues. The functions were esti­
mated using weighted, nonlinear least 
squares. The weights were estimated by 
bi-weighting procedures that give the more 
extreme data values very little weight. 
The curves for liver were based on dogs 
with fi na 1 body burdens > 75 nCi because 
dogs with <75 nC i had fess p 1 utoni um 
translocated to the liver. 

The nine dogs euthanized because of radia­
tion pneumonitis during the 3-year post­
exposure period had increased respiration 
rates, and hypercapnia and hypoxemia asso­
ciated with lesions in the lungs. Inter­
mittent anorexia and body weight loss ac­
companied the respiratory i nsuffi ci ency. 
Histopathologic examination of the lungs 
showed radiation pneumonitis, character­
; zed by foca 1 interstitia 1 and subp 1 eura 1 
fibrosis, increased numbers of alveolar 
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macrophages, alveolar epithelial hyper­
plasia, and foci of squamous metaplasia. 
Autoradiographs showed activity primarily 
composed of large stars, more numerous in 
areas of interstitial and subpleural fi­
brosis. Dog 804M also had a pulmonary tu­
mor, classified as a bronchiolar-alveolar 
carci noma. 

Forty-three of the 87 exposed dogs euthan­
ized 3 to 14 years after exposure had lung 
tumors. Radiographic evidence of pulmon­
ary neoplasia frequently preceded develop­
ment of respiratory insufficiency. In 
dogs with neoplasia in the lung, respira­
tory insufficiency, when it was observed, 
was usually a late clinical finding that 
occurred shortly before euthanasia. All 
of the exposed dogs with lung tumors were 
in Dose-Level Groups 2, 3, 4, 5, and 6. 
Two dogs in Dose level 1 were euthanized 
11.7 and 12.1 years, respectively, after 
exposure : one had an osteosarcoma involv­
ing the nasa 1 cavity and maxilla; the 
other had a chondrosarcoma involving the 
nasal cavity. One dog in Dose level 2, 
euthanized 12.8 years after exposure, had 
a multil obular sarcoma of the skull. Four 
control dogs were euthanized because of 
lung tumors. Dogs 794M, 803M, 809F, 824F, 
833F, and 835F (Dose level 4), 697M, 778M, 
782M, 823M, 827F, 834F and 905F (Dose 
level 3), 748F, 754M, 769F, 776M, 780F, 
802M, 806F, 826F, 831F, 845F, 859M, 862M 
and 874M (Dose level 2), and 756M, 770F, 
788M, 807F, 825F, 847M, 853M, 870M, 875M, 
879M, 886F, 891M, 899F, 900M and 908M 
(Dose level 1) died during the 7- to 14-
year postexposure period of causes pres­
ently thought to be unrelated to plutonium 
exposure. 

In 19 of the dogs, the lung tumors were 
classified as bronchiolar-alveolar carcin­
oma; in six dogs as adenosquamous carcin­
oma; in eight dogs, adenocarcinoma; in 
four dogs , epidermoid and adenocarcinoma; 
in two dogs, epidermoid carcinoma; in one 
dog, epidermoid and bronchiolar-alveolar 
carcinoma; in one dog, adenocarcinoma and 
bronchiolar-alveolar carcinoma; in one 
dog, epidermoid carcinoma, adenocarcinoma , 
and bronchiolar-alveolar carcinoma; and in 
another dog, adenocarcinoma, adenosquamous 
carcinoma and bronchiolar-alveolar adeno­
carcinoma. The epidermoid carcinoma 
metastasized to the skeleton; the bron­
chiolar-alveolar carcinomas metastasized 
only to t he thoracic lymph nodes in eight 
dogs, and to sever a 1 organs (inc 1 udi ng 
thoracic lymph nodes, mediastinum, kidney, 
thyroid, skeleton, heart, adrenal gland, 
aorta, and axillary, prescapular, cervi­
cal, splenic and hepatic lymph nodes) in 
four other dogs. Three of the adenosquam­
ous carcinomas metastasized to thoracic 
lymph nodes, mediastinum and thoracic 



pleura, and one to the hepatic and trache­
obronchial lymph nodes: The adenocarcin­
omas metastasized to the lungs, tracheo­
bronchial lymph nodes, hepatic lymph 
nodes, splenic lymph nodes, sternal and 
axillary lymph nodes, heart, kidney and 
esophagus in three dogs. 

The lung tumors in the control dogs were 
classified as bronchiolar- alveolar adeno­
carcinomas in two dogs with metastases to 
thoracic and abdominal lymph nodes, 
trachea, esophagus and mediastinum; adeno­
carcinoma with metastases to the diaphragm 
and abdominal lymph nodes in one dog; and 
combined epidermoid and adenocarcinoma 
with metastases to the thoracic lymph 
nodes, diaphragm, liver and kidney in an­
other. 

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 debili­
tation or to lymphopenia. Livers of the 
dogs in Dose-Level Groups 4 and 5, which 
were euthanized during the 4- to 13-year 
postexposure period, showed moderate, dif­
fuse, centrilobular congestion. Liver 
cells in these areas contained fine, gran­
ular, yellow pigment resembling lipofus­
cin, and were frequently vacuolated. 
Focal aggregation of vacuolated, lipofus­
cin-containing cells in the sinusoids was 
associated with alpha stars on autoradio­
graphs. 

Lymphopenia developed after inhalation of 
239puo2 in dose-1 eve 1 groups with mean 
initial lung depositions of 79 nCi or more 
(Figure 2). Through 123 months after ~­
posure, mean lymphocyte values were sig­
nificantly lower (P < 0.05) for Dose-Level 
Groups 3 and 4 than for the control group. 
At 127 months after exposure, mean lympho­
cyte values for Dose-Level Groups 3 and 4 
were not significantly different than for 
the control groups. The reduction in lym­
phocytes was dose-related, both in time of 
appearance and magnitude. Over the course 
of this study, there has been a slight 
age- re 1 a ted decrease in mean lymphocyte 
values of control dogs. In addition, mean 
lymphocyte concentrations in Groups 3 and 
4 have tended to increase, making the dif­
ferences between contra l dogs and these 
groups less significant than previously. 
At mean lung depositions of 3. 5 and 22 
nCi, lymphocyte values were within ranges 
observed in control dogs. A reduction in 
total leukocytes was evident in the 
higher-dose groups, which were also lym-

9 

phopeni c. No effects have been observed 
on red-cell parameters following 239Pu02 
inhalation. 

Serum chemistry assays have been performed 
to detect organ-specific damage from plu­
tonium that translocated from lung to ex­
trapulmonary sites. No consistent, dose­
related alterations have occurred in serum 
constituents (glutamic pyruvic transamin­
ase [GPT], glutamic oxaloacetic transamin­
ase, alkaline phosphatase [ALP], urea ni­
trogen, and serum protein fractions) of 
dogs exposed to 239 Pu02 . 

Table 5 summarizes, by dose-level group, 
mortality and lesions associated with 
death through 11~ years after exposure to 
23SpuQ2 • During this period, all of the 
dogs in the highest-level dose group and 
in Dose-Level Group 5, nine dogs in Group 
4, eight dogs in Group 3, six dogs in 
Group 2, and six dogs in Dose-Level Group 
1 were euthanized when death was imminent. 
Seven control dogs were euthanized during 
the 11~-year postexposure period. Mean 
survival time was decreased in the two 
highest dose-level groups compared to the 
other groups. Twenty-one dogs were sac­
rificed for comparison of plutonium tissue 
distribution. Table 6 shows the primary 
causes of death and the distribution of 
23Spu in the tissues of these animals as 
percent of final body burden. Figure 3 
shows the plutonium tissue distribution as 
percent initial lung burden. 

At 10~ to 11~ years after exposure, the 
fraction of the final body burden in the 
lungs of the 238Pu-exposed dogs was about 
2%, compared to 12% in the 239 Pu-exposed 
dogs (Table 6). At that time, ~9% of the 
23Spu was in the thoracic lymph nodes, 
compared to ~60% of the 239 Pu. Livers of 
the 238 Pu-exposed dogs contained ~45% of 
the p 1 utoni urn burden, compared to 10% in 
the 1 i vers of the 239 Pu-exposed dogs. 
About 45% of the final body burden was in 
the skeletons of the 238Pu-exposed dogs, 
at that time, compared to ~2% in the 
239pu-exposed dogs. Tissue di stri but ion 
of 238pu in 1 ow-dose-1 eve 1 dogs did not 
differ from that in high-dose-level dogs. 
Plutonium analyses are still in progress 
on one dog. Figure 3 shows the 238Pu tis­
sue distribution as percent of initial 
lung burden for all dogs for which tissue 
radiochemical analyses are complete. The 
initial lung burdens and uptake and reten­
tion curves were estimated as described 
previously for 239 Pu. The uptake and re­
tention curves were based on dogs in which 
initial lung burdens were estimated from 
the final plutonium body burden, plus the 
plutonium excreted, minus that excreted in 
the feces during the first 3 days after 
exposure. 
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Table 5. Summary of Lesions in Dogs Euthanized During the 11 'lz-yr Period After Inhalation of 238Pu02. 

Number of Dogs/Group 

Number of Dead Dogs/Group 

Mean Survival Postexposure, yr 

Bone Tumor 

Lung Tumor 

Condition<al 

Bone and Lung Tumor 

Bone Tumor and Addison's Disease 

Bone and Lung Tumor and Addison's 
Disease 

Addison's Disease 

Malignant Lymphoma 

Hemangiosarcoma; Heart and Spleen 

Pituitary Tumor, Cushing's 

Urinary Bladder Tumor 

Brain and Heart Tumor 
Brain Tumor 

Parathyroid Adenoma 

Adrenal Carcinoma 

Round Cell Sarcoma; Kidney 

Adrenal and Pituitary Tumor 

Lung Tumor, Metastatic 

Pneumonia 

Radiation Pnemonitis 

Spinal Cord Degeneration 

Pyometra 

Herniated Vertebral Disk 

Anesthesia 

Liver Abscess 

6 

13 

13 

5 

2 

3 

6 

<alNumber of dogs with lesion associated with death 

Of the 62 exposed dogs euthanized, 30 were 
killed because of bone tumors, 4 because 
of lung tumors, and 1 because of radiation 
pneumonitis. Thirteen of the dogs that 
had bone tumors also had lung tumors. 
Twenty-eight of the 30 dogs with bone tu­
mors had osteosarcomas, one Dose-Level 
Group 1 dog (989F) had a fibrosarcoma in 
the ilium, and one Dose-Level Group 4 dog 
(1103F) had a fibrosarcoma in a vertebra. 
All of the exposed dogs with osteosarcomas 
and/ or 1 ung tumors were in Dose- Leve 1 
Groups 3, 4, 5, and 6. Twelve of the 28 
osteosarcomas were in vertebrae; two in 
femora; four in ribs; two in the scapulae; 
four in the pelvis; one in the tibia; one 
in the sternum; one in the sacrum; and one 

5 

20 

20 

7 

11 

4 

2 

11 

Dose Group 

4 3 

20 22 

9 8 

11 11 

2 

2 

3 

2 

21 20 

6 6 

11 11 

Control 

20 

7 

11 

3 

1 

2 

in the humerus. Dog 994F (Dose Level 6); 
dogs 1047M, 1079M, 1096M, and 1191F (Dose 
Level 5); 983M, 991F, 1030F, 1081M, and 
1166M (Dose Level 4); 960M, 1031F, 1040M, 
1043F, 1059F, and 1066M (Dose Level 3); 
971F, 1070M, 1078F, 1082M, 1188M, and 
1229M (Dose Leve 1 2); and 951M, 959M, 
1063M, 1069F, and 1106F (Dose Leve 1 1) 
died during the 11~-year postexposure pe­
riod of causes presently thought to be 
unrelated to plutonium exposure. 

The lung tumors were classified as bron­
chiolar-alveolar carcinomas in 12 dogs, 
bronchiolar-alveolar adenoma in one dog, 
adenocarcinoma in one dog, and adenosqua­
mous carcinoma in two dogs. In one dog, 



Table 6 . Tissue Distribution ot Plutonium in Beag!('~ Att~r lnh,llauon oi !l8puo
1 

Perc~;>nt ot fonal Rod~ Rurdt·n 

Dog 
Number 

1032M 

921F 

930F 

931F 

929F 

932F 

923F 

925M 

926M 

934M 

13 18M 

1319M 

1114M 

1310M 

1317M 

1315M 

1191F 

12 15M 

13 11M 

994F 

970F 

1312M 

1143.M 

1015\1 

1064'-1 

1175F 

1079M 

1096F 

I 189M 

Ill SF 

1162F 

1009\1 

974F 

1092M 

975F 

1042F 

1037M 

1027M 

1006F 

1057M 

1082M 

1081 .'-1 

Ttm~;> After 
Expo\ure 

mo 

0.25 

2 

2 

2 

3 

3 

3 

12 

12 

I) 

25 

25 

25 

35 

36 

37 

42 

48 

49 

49 

50 

51 

52 

56 

59 

60 

61 

61 

62 

64 

65 

66 

69 

69 

70 

72 

78 

80 

~tn.ll Rody 
Burdt•n. 

j.l( l 

0 ISO 

0 0044 

O.OS.? 

0 .147 

97 

93 

99 

96 

0.017 91 

0 .182 96 

0.0023 88 

0.0064 91 

0078 87 

0.<>02 92 

0.030 45 

0 077 41 

0 .014 52 

0 .026 19 

0 .041 20 

0 .047 22 

0 6S8 26 

0011 21 

0.016 13 

5.024 17 

0.002.? 20 

0.015 6.8 

h.lll II 

10.013 16 

8427 I J 

l h41 14 

2 182 9.8 

I 204 4. 1 

0.044 8.9 

I Sl4 5.0 

1661 L! 

4 lhO 15 

I 465 5.1 

I 515 1.1 

3 749 11 

1.494 4 .7 

2417 7. 1 

2 546 3.8 

2.826 7.5 

1.748 3.0 

0.0081 24 

0 361 4.6 

Thorac •c· 
Lymph 

Nodes Ia) 

0.34 

0.65 

0.63 

1 9 

7.5 

9.4 

41 

11 

4.8 

27 

26 

92 

36 

33 

31 

32 

43 

3 1 

45 

34 

29 

43 

27 

48 

31 

40 

22 

25 

32 

32 

25 

24 

26 

30 

25 

27 

15 

30 

35 

20 

15 

Alxlomm.•l 
lymph 

None~lhl 

0.20 

004 

0 .01 

0 .01 

0002 

001 

001 

0.04 

o.:n 
1 7 

0.08 

001 

0 12 

0 .08 

016 

004 

0 II 

017 

0 22 

0 .50 

0 16 

0 .26 

!0 

7 I 

1'1 

008 

4 .1 

2.7 

0 . 16 

2. 1 

) .<J 

2.4 

5 .9 

9 .1 

2.1 

2.'J 

7.8 

7.0 

l4 

22 

O. ll 

048 

'·''Includes trach(>()bronchi.11, med•a~tmal and sternal I~ mph nodt'~ 
h'lnclude~ ht>pJliC ~plt'nK and mesentenc lymph node' 

12 

l 1vt'r 

I 7 

0 18 

0 .07 

0 .05 

SkeiPton 

0 . 16 Sacrit1u:.• 

035 <;JUihCt' 

0. 36 Sau ' ICl' 

0 26 0 .58 S.JCfiiiC!;' 

0 .18 0. 39 SJCfiiiCl' 

0.0'1 0 44 SacniiCI! 

0.04 1 . .? Samt1ce 

0 65 1. I 5,1Cfll1U' 

0.45 0.95 Sacrilin• 

10 15 SamiiCe 

I I 20 Sac nile!' 

62 16 <;acnllct' 

15 28 Sac nhct• 

17 26 Sacnhc t• 

17 28 Sac nflu.• 

18 22 Pneumon1.1 

I 3 21 Sac nhcP 

21 32 Sacnfice 

18 18 Add•~on ·' ()i't'•''~' 

16 24 SJUIIICI' 

2) 35 SJcPiiCl' 

I) 22 Bone Tumor, lung Tumor 

24 23 tun!( Tumor 

11 20 BoneTumor, lungTumor 

25 26 Lung Tumor 

1 I 25 Addi,on·, 01'1'•''~' 

lo 24 Add"on·, O•w•"t' 

P 25 SaniiiCt' 

2h 33 BonP Tumor 

21 25 Bont• Tumor, Adcll\on's 01sease 

31 21 lung Tumor 

H 29 Bon~;> Tumor 

2<1 30 Bone Tumor 

28 25 Bone Tumor, Lung Tumor 

32 33 Bone Tumor Lung Tumor 

211 27 Bont• Tumor 

40 31 Bone Tumor. Lung Tumor 

2'l 26 Bone Tumor, Lung Tumor 

ll 24 Bone Tumor 

-10 34 P.ualv'" 

47 29 Hem,~ng•o,drC"oma HeJrt 



Table 6. Continued. 

Dog 
Number 

1058F 

1002M 

1109F 

1218F 

1071M 

1063M 

II &Of 

960M 

1040M 

I 140M 

989F 

I..!IIM 

1171M 

104lf 

1192f 

I 178M 

1047.'-'\ 

IIOOF 

1103F 

1188'-1 

IOf>f>M 

1069F 

I03or 

951M 

I 229M 

107..!M 

ll'i7M 

971f 

107/lf 

952F 

105'lf 

991F 

1070.\1 

1 166.'-'\ 

98JM 

1035F 

I031r 

1190F 

1062M 

I 177M 

9'i'lM 

Tim£> AttN 
Expowre, 

mo 

80 

84 

86 

86 

91 

94 

95 

95 

96 

97 

99 

99 

99 

IOJ 

109 

110 

115 

117 

118 

119 

Ill 

121 

122 

122 

Ill 

124 

124 

125 

12S 

12'i 

126 

126 

126 

128 

1.12 

112 

134 

ll4 

115 

llb 

118 

Final Body 
Burd£>n. 

,.Ci Lungs 

1.000 2.0 

1.786 2.9 

0 885 0.93 

0.678 2.7 

1.088 5.4 

0.00060 3.4 

0.956 1.6 

0.036 4.0 

0.059 3.0 

0.504 3.8 

00017 5.1 

0 895 1.3 

0.462 2.0 

0.037 3.5 

0.345 2.4 

0.594 0.86 

0.241 1.4 

00029 I J 

0.232 0.76 

00089 0.71 

0035 1.1 

00021 10 

0 .160 1.5 

0 0023 3.3 

0 0060 0.94 

0.079 0.65 

0.294 0.55 

0.0095 1.7 

0025 0.98 

0 .106 1.0 

0 050 4.2 

0 058 1.8 

0.011 1.9 

0.354 1.8 

0.274 1.5 

0.172 2.8 

0.025 1.9 

0033 0.84 

0270 0.63 

0.0025 3.4 

Percent of Final Body Burden 

Thoracic 
Lymph 

Nodes Ia I 

18 

31 

23 

23 

28 

IS 

21 

21 

17 

18 

11 

29 

33 

16 

7.3 

17 

7.8 

16 

18 

2.5 

4.4 

2.1 

IS 

8.9 

II 

4.1 

3.5 

5.5 

9.6 

4.4 

7.4 

14 

9.5 

II 

5.9 

10 

13 

4.4 

2.6 

14 

Abdominal 
Lymph 

Nodes(bl 

4.4 

2.0 

4.0 

4.1 

3.4 

1.3 

0.91 

0.49 

0.96 

7.7 

1.2 

4.7 

7.5 

0.57 

4.6 

2.0 

II 

1.8 

3.1 

0.94 

0.52 

1.6 

1.1 

0.77 

0.73 

1.6 

3.7 

0.44 

060 

2.1 

0.99 

0.81 

0.70 

1.6 

2.9 

1.9 

0.97 

1.2 

3.9 

31 

31 

34 

42 

27 

22 

43 

33 

40 

37 

22 

39 

21 

33 

36 

33 

28 

9.9 

45 

68 

57 

51 

22 

47 

35 

57 

41 

49 

46 

39 

45 

36 

51 

47 

47 

19 

17 

49 

46 

··---Processing····· 

06..! ll 

1-111ntlude' lr,1cht>obronchoal, mediastinal and sternal lymph nodes 
111 '1ndudc>s hc>f)JIIC, 'PIE'nl\ and mesentenc lymph nodes 

13 

Skeleton 

41 

28 

35 

25 

33 

43 

30 

39 

35 

30 

29 

23 

B 

42 

46 

42 

48 

57 

32 

24 

32 

33 

56 

35 

49 

.34 

44 

41 

41 

48 

39 

41 

34 

35 

17 

53 

65 

41 

44 

48 

Cause of Death 

Bone Tumor, Adrenal Tumor 

Bone Tumor, Lung Tumor 

Bone Tumor, Addison's D1sease. Lung Tumor 

Bone Tumor 

Bone Tumor, Lung Tumor 

Brdon Tumor, Heart Tumor 

Bone Tumor, Lung Tumor 

MJiignanl Lymphoma 

Parathyroid Adenoma 

Bone Tumor 

Bone Tumor (Fibrosarcoma) 

Bone Tumor 

Bont• Tumor 

Empyema. Potu1tary Tumor, Cushmg's 

Bone Tumor 

Bone Tumor, Lung Tumor 

HNn1ated Vertt>bral D1~ 

Adn•nal Carcmoma 

Bone Tumor. Lung Tumor 

Metastatic Lung Tumor 

Mdlogn,mt Lymphoma 

MJhgnJnt Lymphoma 

Pnt>umoma 

Pnt>umonia 

RJdiJtlon Pneumonitis 

Bont• Tumor 

H<•mJngio\McomJ, Spleen 

Mc>ningioma 

Bon!' Tumor 

'AJiignJnt Lymphoma 

Unnary Bladder Tumor 

Round CE'II S.1rcoma, Kidney 

Malign<~nl lymphoma 

Adrenal Tumor, P1tu1tary Tumor 

Bont> Tumor, Cu\hong's 

Pneumon1a 

lung Tumor 

Bone Tumor, Lung Tumor 

Bone Tumor 
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~hree lung-tumor types were observed: 
bronchiolar-alveolar, adenocarcinoma and 
fibrosarcoma. Metastases were observed in 
the lungs, thoracic lymph nodes, trachea, 
mediastinum, and heart of the dog with 
pu 1 monary adenocarcinoma. Bone- tumor me­
tastases were found in the lungs of six 
dogs; in three dogs, the bone tumor me­
tastasized to lungs, thoracic lymph nodes, 
liver, spleen and heart; in one dog, the 
bone tumor metastasized to the iliac lymph 
nodes; and in one dog, the bone tumor me­
tastasized to the lungs, pleura, diaphragm 
and heart. The five dogs with Addison's 
disease had adrenal cortical atrophy. 

In addition to the lesions associated with 
the cause of death, 1 es ions in the 1 ungs 
of the Dose-Level Groups 4, 5 and 6 dogs 
included focal alveolar histocytosis, al­
veolitis, alveolar epithelial cell hyper­
plasia, alveolar emphysema, pleural fibro­
sis, and interstitial fibrosis. Numerous 
alpha stars were observed, mainly in foci 
of fibrosis, and single alpha tracks were 
scattered throughout sections in foci of 
alveolar histocytosis and in alveolar 
septa . Sclerosing 1ymphadenopathy in the 
tracheobronchial and mediastinal lymph 
nodes was associated with high concentra­
tions of plutonium observed as alpha stars 
in Dose-Level Groups 3, 4, 5 and 6. Simi­
lar but less severe lesions were seen in 
the hepatic lymph nodes. In Dose-Level 
Groups 5 and 6 there were extensive alter­
ations in bone, including multiple areas 
of focal atrophy of bone; endosteal, tra­
becular and peritrabecular bone fibrosis; 
and osteolysis of cortical, endosteal, and 
trabecular bone. One dog had lesions of 
secondary hypertrophic osteoarthropathy. 
Radioactivity in the bone was present as 
single tracks, generally scattered 
throughout the bone, cartilage, and bone 
marrow. The 1 i ver contained foci of he­
patocellular fatty change, where small 
clusters of single tracks were seen. 
There was also mild, focal, nodular hyper­
plasia of hepatocytes in Dose-Level Groups 
3, 4, 5, and 6. Elevated serum GPT lev­
els, suggestive of liver damage, were ob­
served in the Dose-Level Groups 3, 4, 5 
and 6 dogs. 

Dose-related lymphopenia was observed in 
groups with mean lung 238Pu02 deposition 
of 77 nCi or more (Figure 4). The lympho­
cyte depression was more pronounced in 
magnitude and appeared earlier than in 
dogs exposed to similar doses of 239Pu02 . 
Through 126 months after exposure, mean 
lymphocyte values were significantly lower 
(P < 0.05) for Dose-Level Groups 4 and 5 
than for the control group. However, lym­
phocyte values in the 2 38Pu02 -exposed dogs 
tended to increase sooner after reaching a 
minimum than in 2 3 9 Pu02-exposed dogs, and 

15 

mean lymphocyte concentrations in Group 3 
dogs were not significantly different from 
va 1 ues of contro 1 dogs 86 to 94 months 
following exposure. As with 239 Pu, lym­
phocyte values in the two lowest exposure 
groups (2.3 and 18 nCi) were not different 
from control values. A dose- related re­
duction in total leukocytes was evident, 
primarily because of lymphopenia, except 
in Groups 5 and 6, in which neutropenia 
was a 1 so observed. Through 118 months 
after exposure, mean leukocyte and neutro­
phil values were significantly lower (P < 
0.05) for Dose-Level Group 5 than for the 
control group. No difference in monocyte 
values was seen in relation to dose lev­
els. A significant and progressive reduc­
tion in eosinophils was evident only in 
Group 6 dogs following 238Pu02 inhalation. 
No chronic effects have been observed in 
red-cell parameters. 

Lymphopenia, the earliest observed effect 
after i nha 1 at ion of either 239Pu02 or 
238Pu02 , occurred after deposition of ~so 
nCi plutonium in the lungs. On a concen­
tration basis, the 80-nCi dose level is 
about 40 times the 16-nCi maximum permis­
sible human lung deposition, based on 0.3 
rem/wk to the lung. 

In serum chemistry assays of 238 Pu02 dogs, 
performed more than 118 months fo 11 owing 
exposure, ALP and GPT values were higher 
than those of the contro 1 group only in 
Dose-Level Groups 3, 4 and 5 dogs. Eleva­
tions in GPT are consistent with liver 
histopathologic findings and radiochemical 
analyses indicating 238 Pu translocation to 
the 1 i ver. A 1 ka 1 i ne phosphatase e 1 eva­
lions occurred in some of the dogs with 
primary bone tumors and in others in which 
the increase was attributable to the liver 
(by heat inactivation of ALP) as the 
source of the largest portion of the ALP. 

Using the uptake and relent ion curves 
shown in Figures 1 and 3, cumulative ra­
diation doses to death were estimated for 
the lungs of the 239pu dogs and the lungs 
(Table 7). For the dose calculations, 
mean plutonium concentration in the entire 
lung and skeleton was used. 

Lung-tumor risk estimates based on data to 
11 years after exposure suggested that 
239puo2 was more effective than 238Pu02 in 
causing 1 ung tumors, especially at high 
cumulative lung doses (Figure 5). The 
influence of deaths due to bone tumors in 
the 238Pu02 -exposed dogs and/or other com­
peting causes of death and survival time 
after exposure were not evaluated in these 
current risk estimates. Future risk esti­
mates will consider these factors . 
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Table 7. Estimates of Cumulative Radiation Doses to Lungs (239Pu-Exposed) or Lungs and Skeletons (238Pu-Exposed) of Dogs 
with Lung and/or Bone Tumors After Inhalation Exposure. 

Dose Level Number of Dogs 

239Pu0r Lung Tumors 

238Pu02- Lung Tumors 

H8Pu0r Bone Tumors 

ta)Dose to lungs 
tbiDose to skeleton 

100 

<F. 
80 

ai 
0 c 
Q) 

~ 60 
0 

Group with Tumors 

6 

5 20 

4 14 

3 7 

2 
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Figure 5. Comparison of Lung Tumor Risk Estimates in Dogs at 11 Years After Inhalation of 239puo2 or 238Pu02 (Mean ± SD). 
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• Inhaled Plutonium Nitrate in Dogs 

Principal Investigator: G. E. Dagle 

Other Investigators: R. R. Adee, G. A. Apley, R. L Buschbom, D. R. Fisher, K. M. Gideon, E. S. Gilbert, 
j. D. Kaschmitter, G. j. Powers, H. A. Ragan, R. E. Weller, and E. L. Wierman 

Technical Assistance: j. C. Chapman, K. H. Debban, R. F. Flores, B. G. Moore, C. 0. Romsos, P. S. Ruemmler, 

R. P. Schumacher, and D. H. Willard 

The major objective of this project is to determine dose-effect relationships of inhaled plutonium nitrate in 
dogs to aid in predicting health effects of accidental exposure in man. For lifespan dose-effect studies, beagle 
dogs were given a single inhalation exposure to 239Pu(N0J)4, in 1976 and 1977. The earliest biological effect was 
on the hematopoietic system; lymphopenia and neutropenia occurred at the two highest dose levels. We have 
also observed radiation pneumonitis, lung cancer, and bone cancer at the three highest dose levels. 

The skeleton and liver are generally con­
sidered the critical tissues after inhala­
tion of "soluble" plutonium (e.g., pluton­
ium nitrate), on the assumption that the 
plutonium will be rapidly translocated 
from the 1 ung to ske 1 eton and 1 i ver. In 
sever a 1 rodent studies, however, i nha 1 a­
t ion of soluble plutonium has resulted in 
1 ung tumors as we 11 as ske 1 eta 1 tumors. 
Lifespan studies are necessary to evaluate 
the comp 1 ex interactions between tissues 
and organ systems directly or indirectly 
impaired by lower levels of exposure. 
Beagle dogs were chosen to correlate rela­
tive risks being studied with intraven­
ously injected radionuclides at the Uni­
versity of Utah; inhalation studies with 
beta-, gamma- and alpha-emitting radionu­
cl ides at the Inhalation Toxicology Re­
search Institute (Lovelace); and external 
irradiation at the University of Cali­
fornia (Davis) and Argonne National Labor­
atory. 

Six dose groups (105 dogs) were exposed, 
in 1976 and 1977, to aerosols of 
239 Pu(N03 ) 4 for lifespan observations (Ta­
ble 1). In addition, 20 dogs were exposed 
to nitric acid aerosols as vehicle con­
trols; 25 dogs were exposed to aerosols of 
239Pu(N03 ) 4 for periodic sacrifice to 
study plutonium metabolism and the patho­
genesis of developing lesions; 7 dogs were 
selected as controls for periodic sacri­
fice; and 20 dogs were se 1 ected as un­
treated contro 1 s for 1 i fespan observa­
tions. The Appendix (following the entire 
Annual Report) shows the current status of 
each dog on these experiments. 

The average amount of p 1 uton i um in the 
lung decreased to approximately 1% of the 
fi na 1 body burden in dogs surviving 5 
year~ or more (Table 2). There was early 
translocation to the liver and skeleton, 
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with only minimal amounts translocated to 
thoracic or abdominal lymph nodes. This 
was in contrast to dogs that inhaled 
239Pu02 , where a considerable amount 
translocated to the thoracic lymph nodes, 
but only small amounts translocated to 
skeleton at these time periods. In a pi­
lot study reported previously (Annual Re­
port, 1979), 238Pu(N03 ) 4 translocated more 
rapidly to liver and skeleton than did 
239Pu(N03 ) 4 , but both reached a similar 
plateau 1 year after exposure. 

Table 1. lifespan Do~e-Effect Studies with lnhaled239pu 
(N0 1l4 in Bet~gle~ . 

Number 
ot Dog~ Initial Lung Depositionlbl 

Do~!' l!'v!'l 
GrouL MJI<' female nCi(c) nCi/g Lung<cl 

Control 10 10 0 0 

V!'hiCie 10 10 0 0 

10 10 2± 2 0.02 ± O.Q2 

2 10 10 8± 4 0.06 ± 0.04 

.l 10 10 56± 17 0.5 ± 0.1 

4 10 10 295 ± 67 2 ± 0.8 

5 10 10 1709 ± 639 14 ± 6 

6 ] 2 5445 :t 1841 47 ± 17 

(a) Expo,ed in 1976 and 1977 
lhlE,tim.ll<'d from t>xtt•rnal thorac1c counts at 2 week~ po~t­

expo\ure ,1nd l'\tlmclted lung weights 10.011 x body 
Wt'l)\ht) 

(t) M(',1n ± \t,1ncf.ud cfevtJIIOn 



Table 2. Tissue Distribution of Plutonium in Beagles After lnhaldtion of ll'lPu(N03J4 • 
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The distribution of plutonium as percent 
of initial lung burden (ILB) was calcu­
lated, using nonparametric statistical 
techniques, in groups of three dogs from 
Dosage Leve 1 3, sacrificed at 3 days, 1 
month, 3 months, 1 year, or 5 years (Ta­
ble 3). A compartment model was devel­
oped, and we calculated the total amount 
leaving organ compartments per unit time 
and the fraction a 1 di stri but ion of that 
amount among the other compartments. The 
three lung compartments had fractions of 
0.30, 0.52, and 0.18, with half-times of, 
respectively, 5.3 days, 100 days, and 422 
days. 

Table 3. Nonparametrically Polished Organ Burdens as a Percent 
of Initial Lung Burden at Indicated Times After Exposure. 

Percent Initia l Lung Burden 

Time After Tota l 

Exposure Lung Liver Bone Ti s~ue 

3 Days 88 3 5 >99 

1 Month 61 11 17 93 

3 Months 43 15 22 85 

1 Year 13 24 31 72 

5 Years 29 25 58 

Radiation doses were estimated by inte­
grating the clearance curves, then mul­
tiplying by an appropriate constant to 
convert to rad dose. Some representative 
dose estimates (for a 10-kg dog with a 
100-nCi ILB) at 5 years after exposure 
are: lung, 45 rad; liver, 25 rad; skele­
ton, 14 rad, and tracheobronchi a 1 lymph 
nodes, 2300 rad. 

The earliest observed biological effect 
was on the hematopoietic system: lympho­
penia occurred at the two highest dose 
levels at 4 weeks after exposure to 
239pu(N03 ) 4 • The results of continuing 
evaluations are shown in Figure 1. Total 
leukocyte concentrations were reduced sig­
nificantly in the two highest dose groups, 
i.e., Group 5 (mean initial lung deposi­
tion, ~1700 nCi), and Group 6 (~5500 nCi). 
The reduction in white cells in Groups 5 
and 6 is due to the effect of plutonium on 
most leukocyte types (neutrophils, lympho­
cytes, monocytes and eosinophil s). This 
is in contrast to the effects of both 
239 puo2 and 238 Pu02 , which significantly 
depressed lymphocyte concentrations by 21 
months after exposure to ILBs of ~so nCi 
or more. The lymphocytopenia at 1 ower 
dose levels of plutonium oxides may be 
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re 1 a ted to the more-extensive trans 1 oca­
tion of plutonium oxide to the tracheo­
bronchial lymph nodes and subsequent 
higher dosage levels to lymphocytes circu­
lating through those lymph nodes. 

Serum enzyme assays have been performed 
throughout the postexposure period in an 
attempt to diagnose specific damage to 
liver and/or bone by plutonium translo­
cated from the lung. Prior evaluations 
revealed periodic elevations in mean val­
ues for glutamic pyruvic transaminase 
(GPT), glutamic oxaloacetic transaminase, 
and a 1 ka 1 i ne phosphatase (ALP); however, 
there were no consistent dose-related ele­
vations in these values. Currently (more 
than 8 years following exposure), GPT and 
ALP values in Dose-Level Groups 3, 4 and 5 
are significantly (P < 0.05) higher than 
those for the control group. 

Table 4 summarizes, by dose-level group, 
the mortality and lesions associated with 
deaths through 8 years after exposure to 
239Pu(N03 ) 4 • All five dogs at the highest 
dose level and two of 20 dogs in Dose-Lev­
el Group 5 died from radiation pneumonitis 
14 to 51 months after exposure. Histo­
pathologic examination of these dogs' 
lungs revealed interstitial fibrosis, al­
veolar epithelial hyperplasia, increased 
numbers of a 1 veo 1 ar macrophages, occa­
sional small emphysematous cavities and, 
at times, very small nodules of squamous 
me tap 1 asia at the termini of respiratory 
bronchioles. 

Osteosarcomas were the pri nci pa 1 reason 
for euthanizing dogs more than 51 months 
after plutonium exposure. Osteosarcomas 
were present in 19 dogs euthanized 42 to 
92 month after exposure: 17 dogs from the 
Group 5 dose 1 eve 1 and two dogs at the 
Group 4 dose level. The sites of osteo­
sarcomas, with several dogs having more 
than one site, were lumbar vertebrae (five 
dogs), thoracic vertebrae (two dogs), cer­
vical vertebrae (four dogs), humerus (four 
dogs), sacrum (one dog), pelvis (three 
dogs), facial bones (two dogs), ribs (two 
dogs), femur (one dog), and nasal turbin­
ates (one dog). Metastases to distal 
sites occurred in eight dogs. These dogs 
also had radiation osteosis, generally 
characterized by peritrabecular fibrosis. 

Large lung tumors were the cause of death 
in one dog in Dose-Level Group 4, and in 
two dogs in Dose-Level Group 5. The lung 
tumors were of multiple histologic types, 
including bronchioalveolar carcinoma, pap­
illary adenocarcinoma, and combined epi­
dermoid and adenocarcinomas. Systemic 
metastases occurred in two dogs, and one 
dog had a bone tumor. 
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Table 4. Le>1ons in Bt>agll' Dog' 8 Ye.m Aiter Inhalation of 11'~Pu(-.;Q 3)4• 

Number of Dogs/Group 
Number of Dead Dogs/Group 

Cond1tionlal 

Radiation Pneumomlls 
Radiation Pneumonitis and lung Tumor 
Bone Tumor 
Bone and lung Tumor 
Lung Tumor 
Pneumonia or Pleuntis 
Lymphoma 
Thyroid Tumor 
Meningeal Tumor 
Status Epilepticus 

6 

5 
5 

4 

Lung tumors occurred in two dogs with 
radiation pneumonitis and in eight addi­
tion a 1 dogs euthani zed because of osteo­
sarcomas. Typically, these arose in sub­
pleural areas in proximity to areas of 
interstitial fibrosis or small cavities 
communicating with bronchioles. They con­
sisted of bronchioloalveolar carcinomas in 
five dogs; papillary adenocarcinomas in 
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three dogs; both bronchi o 1 oa 1 veo 1 ar car­
cinoma and papillary adenocarcinoma in one 
dog; and bronchioloalveolar carcinoma, 
papillary adenocarcinoma, and a mixed lung 
tumor in one dog. No 1 ung tumor metas­
tases or invasions of nonpulmonary paren­
chyma were observed in dogs euthani zed 
because of radiation pneumonitis or bone 
tumors. 





• Oncogenes in Radiation Carcinogenesis 

Principal Investigator: M. E. Frazier 

Other Investigators: D. Moeller and L. Scott 

Technical Assistance: R. J. Rausch and K. Upton 

This research examines the role of known oncogenes in lung tumors induced in beagles by the internally 
deposited radionuclides 218Pu and 239Pu. We have detected dominant-acting transforming genes in seven of 
seven plutonium-induced lung tumors. In addition, when DNA from tumor and " normal" tissues from the 
same dogs was cut with the restriction endonucleases Bam H1, Hind Ill, or Eco R1 and probed with viral 
oncogenes, novel (tumor-specific) restriction fragments were detected in some plutonium-induced tumors. 
These findings are consistent with mutational changes which alter restriction cleavage sites as well as amplifi­
cation and/or rearrangement of the affected genes. 

The object of thi s research is to examine 
t he role of oncogenes in lung tumors in­
duced in beagle dogs by the internally 
deposited radionucl ides 238Pu and 239Pu. 
The current research emphasizes three 
areas: 1) detection, isolation and char­
acterization of dominant-acting oncogenes 
present in the plutonium-induced lung tu­
mors from beagle dogs and comparison with 
t he proto-oncogene present in normal ca­
nine DNA; 2) examination of DNA from radi­
ation-induced tumors and accompanying co­
hort cells to detect novel restriction 
fragments present in plutonium-induced 
t umors; and 3) analyzing RNA from tumor 
and cohort cells for evidence of altered 
or enhanced oncogene transcription. 

Cellul ar DNA can be efficiently taken up 
and integrated into the chromosomal DNA of 
certain cultured cell lines in a process 
called transfection. If the DNA contains 
an active oncogene, the recipient cells 
wi 11 convert to neop 1 ast i c phenotypes. 
Between 10 and 20% of naturally occurring 
human tumors have been found to contain an 
acti ve oncogene by thi s assay. 

We have used high-molecular-weight (HMW) 
DNA i n the NIH 3T3 cell transfection assay 
t o detect dominant-acting tranforming 
genes . The assay consists of exposing 
cells to 20 ~g/well of either purified 
tumor or cohort DNA. Sixteen wells were 
assayed for each dog in an experiment, and 
the DNA was precipitated into the cells by 
the presence of calcium (0.125 M). The 
cultures were incubated at 37°C for 4 
hours, treated with 7. 5% glycero 1 for 5 
minutes, washed, fed, and re-incubated for 
~15 days until foci developed. 

In our initial studies, using HMW DNA in 
the NIH 3T3 trans feet ion assay, we de­
tected dominant-acting tranformi ng genes 
in seven out of seven plutonium-induced 
lung tumors (Table 1). None of the cohort 
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or control DNA caused tranformation. A 
secondary trans feet ion with one of the 
c loned transformants gave an enhanced 
transformation frequency. In an analysis 
of four transformed c lones , three of the 
four contained intense bands of Ki-ras in 
their DNA, as indicated by the banding in 
Southern (DNA hybridization) analysis. 
These hybridizations were conducted under 
conditions that detect dog Ki-ras DNA se­
quence but not murine Ki-ra~eriments 
are underway to isolate and characterize 
these tranforming genes . 

Table 1. Tran~formmg Acti,•ty oi H•gh-\1ole<:ular-Weight 
0:--.r\ irom Plutonium·[\JKN'<I Be.1gle Dog~. 

D'-A Source tru.~~o:·~• 

Dog 1\.o. 

77 2 LT'11• 0.025 
880 LT-1 0 075 
llllO LT-1° Tran-,form.mt 0.25 
880 LT-2 005 
llllO Spleen-"'ormal <0.003 
889 LT I 0.07 
889 LT-2 0.041 
889 Spleen-;\;orm.ll <0.()()3 
1640-LT 0.12 
1640 Rhdbdo,arcom,l 0.09 
1640-I\.L10 <0003 
1655-LT 0.075 
1655 '-JL <0.003 
1831-NL <0.003 

Control~ 

NIH3T3 Cellular DN1\ <0.003 
PT24 Cloned Oncogene "-100 
LLCI<I. 0.06 
p~RS.lc Cloned Oncogent• ll 

1•11foci-iorming unit' rn1<rogram oi D:-.:A 
h L T - lung tumor 
' N l 'lormal lung 

PoSIII\ e ,\~~dy~/ 

Total A,\,1Y' 

I i i 
4/4 
I ll 
3/3 
lib 
2/2 
2."1 
0/2 
JIJ 
JIJ 
0/3 
1/1 
0/1 
0/3 

2/1 4 
14114 
4'6 
6'6 

d'LLC = lewi~ lung c.m tnorn.l < t>llu iM DNA 



In a second aspect of our study, we are 
examining the DNA from these radiation-in­
duced tumors and accompanying cohort cell s 
to see if tumor-specific lesions (detected 
as novel restriction fragments) can be 
seen in plutonium-induced tumors. This 
technique i nvo 1 ves i so 1 at ion of HMW DNA 
from tumor tissues and cohort tissues as 
well as control tissues. The DNA is then 
completely digested with specific restr ic­
tion endonucleases, separately electro­
phoresed on agarose gels, then examined by 
Southern hybridization analyses, us i ng 
various oncogenes as molecular probes. 
The restriction enzymes used in this study 
were Bam Hl, Eco Rl, and Hind III, all of 
which have recognition sequences that are 
six nucleotides in length. 

Proto-oncogenes have been detected in nor­
mal canine DNA with >85% homology to viral 
probes against Ha-ras, Ki-ras, N-ras, ~. 
src, erb B and sis. A number of the 
beagl eproto-oncogenes were found to be 
heterozygous and, as a result, restr ic­
tion-fragment-length polymorphisms (RF LP) 
were observed in them. These studies 
pointed out the need for comparisons be­
tween cohort (or normal) DNA and tumor DNA 
from the same animals in order to detect 
tumor-specific changes in oncogenes. When 
DNA from tumor and "normal" tissues from 
the same dog were cut with the restriction 
endonucleases Bam Hl, Hind III, or Eco Rl 
and probed with viral oncogene prob~ 
number of novel restriction fragments were 
detected in plutonium-induced lung tumors. 
When ~ was used as the probe there was 
very little gene heterozygosity, and only 
one tumor-specific RFLP was observed (Ta­
ble 2). Similar studies with Ha-ras de­
tected lung-tumor-specific RFLP~ne of 

Table 2. Restriction-rr,tgnwnt·LPngth Polymorph i~m' ot tht> 
:ill: Oncogene in Plutoniurn-lndun·d Lung Tumor' from 
Beagle Dogs. 

RP,IrtCIIon Endonuclea~eldl 

Dog :--:o. Bam HI EcoRI 

727 5 55, 3 6 

777 5 5.5, 3.6 
17, 10, 5.5. 3.611" 

796 5 5. 5, 3.6 

880 5 5 s. !.'> 

ld'fragment ~1ze exprt:"ed a' k1lo b,N:> pai r~ 
lb1Lung-tumor-spec1fic pJttt•rn 

H1nd Ill 

10 

10 

10 

10 

26 

seven dogs, and with ~. in one of ni ne 
dogs (data not shown) . 

With Ki-ras, there were considerable di f­
ferences in restriction fragment size from 
one dog to another (Table 3). In addi­
tion, five of seven dogs examined had po­
tential tumor-speci fie lesions or unique 
restriction fragments in lung-tumor DNA . 
These findings are consistent with muta­
tional changes that alter restriction 
cleavage sites, or with amplification and/ 
or rearrangement of the affected genes. 
Further studies are underway to charact er­
ize each specific mutation. 

In the third aspect of this research, we 
have just begun to measure oncogene me s­
senger-RNA in lung-tumor cells for evi­
dence of a 1 tered or enhanced oncogene 
transcription. These studies will help us 
to identify those oncogenes that have been 
a l tered by radiation and to character ize 
the lesions (e.g . , deletions, transl oca­
tions , etc.) that are present in oncogenes 
assoc iated with plutonium-induced cancers 
of beagles. 

Table 3. Re~tnc ti on-h,tgnwnt L1•ngth Polymorphi ' m' of t lw 
f,1 -r<1' O ncogent> in Plutonium ln ci~I C('(l Lung Tumors trom 
Be<~gle Dog,, 

Dog :'\o B.tm HI LcoRI 

783 71 7 I 
92,7 1,;211 " !';,;, 13, 7.1'1, 

796 4.5 4.2 

880 H 6 2, 1 
'l.4. 8 4, 4.8. 4 .. Vh· 

889 9.4 10, ! 
9.5, b.6 .,, 

H91 58 . 10..1 6.2. 5.8 
9.8, 3.8'"' 

1640 h.2. 1 

10 3. 6.2 )'hi 

1655 6.2. J 

·' f ragmt>nt "ze e\prt'S'I'd ,h k1lo b.he pair' 
1"Lung-tumor-,pt>tliic patlt•rn 

Hmd Ill 

121bl 

:; 7 
5,)bl 



• Cigarette Smoke and Plutonium 

Principal Investigator: R. E. Filipy 

Other Investigators: W. j. Bair and R. L. Buschbom 

Technical Assistance: K. E. Lauhala 

Autoradiographic techniques with cellulose nitrate track-etch film are being used to investigate the spatial 
distribution of inhaled plutonium in the lungs of beagle dogs exposed to cigarette smoke or to a plutonium 
aerosol only. Much more plutonium than expected was detected on the inner surfaces of bronchi of dogs 
exposed to low levels of plutonium several years ago. Differences were demonstrated in the distribution of 
plutonium in upper pulmonary airways, depending on the chemical and isotopic form inhaled. 

The major objective of this project is to 
obtain experimental data on whether ciga­
rette smokers are at greater risk than 
nonsmokers to potential health effects of 
inhaled plutonium. Track-etch film auto­
radiography of internal bronchial sur­
faces, a technique deve 1 oped as part of 
this project, showed much more plutonium 
present in bronchi of beagle dogs 400 days 
after inhalation of approximately 1 ~Ci of 
239puo2 than was expected (Annual Report, 
1984). Because of that discovery, we de­
cided to apply the technique to bronchi of 
dogs that were exposed to relatively low 
levels of 239Pu(N03 ) 4 , 238puo2 ,and 239Pu02 
as part of other projects at this labora­
tory. Although this represented a devia­
t i on from the original objectives, it was 
done because information regarding the 
spatial distribution of plutonium in lungs 
several years after inhalation exposure 
mi ght contribute to understanding of the 
mechanisms of plutonium carcinogenesis. 

An exploratory application of the autora­
di ographi c technique was performed with 
lungs from the six dogs listed in Table 1. 
The primary objective of the work was to 
determine if the method was sufficiently 
sensitive to detect plutonium at low ini­
tial lung burdens (ILB) and long postexpo­
sure times. A single lung lobe (right 
apical lobe) was resected at necropsy and 
fixed by immersion in 10% neutral buffered 
formalin. The bronchial airways were iso­
lated from the parenchyma to approximately 
the level of the tertiary bronchi, then 
split and pressed to a small (approxi­
mately 2- x 3-cm) piece of film with the 
mucosa in contact with the film. Portions 
of liver and salivary gland were also 
fixed by immersion in formalin and, after 
fixation, were recut so that freshly cut 
surfaces were pressed to the film. After 
7 to 9 weeks of exposure, the films were 
etched in 4N NaOH at 60°C for 2 hours. 

Although no attempt was made to collect 
quantitative data from the initial prepar-
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at ions, several interesting observations 
were made. These are discussed below ac­
cording to the chemical form of plutonium 
inhaled and are illustrated by a series of 
photomicrographs. The magni fi cation for 
a 11 the photomicrographs was the same; 
each represents an area of tissue approxi­
mately 1 x 1.5 mm. 

Plutonium-239 Nitrate 

Very high concentrations of plutonium were 
detected in the bronchi of Dog #1655 at 88 
months after exposure (Figure 1A). All 
alpha "tracks" were single tracks as would 
be expected, s i nee p 1 utoni um nitrate is 
considered the most soluble of the chemi­
cal forms listed in Table 1. Frequently, 
the tracks were arranged in rows rather 
than randomly distributed. This phenom­
enon is discussed 1 ater in this report. 
The concentration of tracks was very simi­
lar throughout all areas of the bronchial 
tree. 

Table 1. Expo~ure D<1 t.1 irom Be.1gle Dogs from which 
St'lt>< ted Ti~~ut'> \\Nt· t\utor.1diographed with Cellulo 'l' 
~.trate Film. 

Plutonoum 

lnotoallun~ Tome Aller 
Oo~ Cht•mo<.JI Burdo•n. h po,ure. 

Number b otopc ~ SAC• mo 

1655 H9p11 N itr,lt(' 1094 88 Lu 

1>2 1 219pu NllrdH' 20'i 107 LJ SG 

10'i1 !l8pu O"dt• 141! 141 Lu 

1177 nsp0 OXJd<' .!b! B6 Lu 

844 lNp0 (hodt' lH 170 Lu Lo. SG 

Ill<) ~1'1pu 0\ldt• 1h1 170 Lu Lo. SG 

'·'llu = lung: l o= 1l\Pr and ~c-~.oll\ .lrY gl.J nd 



To rule out the possibility that all tis­
sues of the body might contain enough plu­
tonium to produce similar autoradiographs, 
autoradiographic films were made of slices 
from the liver and parotid salivary gland 
of Dog #1521, which was a 1 so exposed to 
239 Pu(N03 ) 4 , but at one-fifth the ILB of 
Dog #1655. This form of plutonium is 
known to accumulate in the liver (30% of 
the ILB after 3 years); very 1 ittle has 
been previously noted in salivary glands. 
As expected, the liver produced a dense 
concentration of tracks, which were quite 
randomly distributed (Figure 18); the sal­
ivary gland produced almost none. 

Plutonium-238 Oxide 

Most of the tracks on autoradi ographi c 
films from Dogs #1053 and #1177 were pre­
sent as individual tracks (Figure 1C) like 
those for plutonium nitrate; however, oc­
casional alpha "stars" were seen at the 
rate of 1 to 2 stars/cm2. The arrangement 
of tracks in rows was also noted in the 
bronchi of these dogs, although not to the 
extent seen in Dog #1655 (plutonium ni­
trate). 

In general, the density of tracks in films 
from Dog #1177 was greater than in films 
from Dog #1053. The method is, therefore, 
sensitive enough to detect the expected 
twofold difference in lung content (based 
on the ILB value and similar postexposure 
times). The higher concentration of plu­
tonium was in the 1 arger, main bronchi 
instead of in secondary and tertiary bron­
chi, as reported previously (Annual Re­
port, 1984). Probable reasons for this 
are discussed later in this report. 

An extraordinarily dense accumulation of 
alpha tracks was observed on an autoradio­
graph of a bronchus from Dog #1177 (Fig­
ure 1D) at the approximate location of a 
bronchial bifurcation. In over 100 auto­
radiographs examined, this was the first 
such observation. 

Plutonium-239 Oxide 

In contrast to the dogs that had inhaled 
238Pu02 , autoradiographs of the bronchi of 
Dogs #819 and #844 contained primarily 
alpha stars (Figure 1E). Frequently, how­
ever, the stars were arranged in rows 
(Figure 1F) like the single tracks in the 
other dogs. The plutonium particles were 
apparently at varying distances from the 
film during autoradiographic exposure: 
alpha penetration from some plutonium par­
ticles was very dense, but others only 
partially penetrated the film (Figures 1E 
and 1F). Because the film was in contact 
with the epithelial surface, the distance 
between the particle and film could only 
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have been greater if the particle was be­
neath or within the epithelium. liquid 
photographic ernul s ion autoradi ographs of 
bronchial cross sections have been used to 
show plutonium particles beneath the mu­
cosa (Annual Report, 1984). 

In general, plutonium particles were more 
numerous in the secondary and tertiary 
bronchi of these dogs compared with obser­
vations in dogs with 238Pu02 lung burdens, 
where particles were more numerous in main 
bronchi. However, dogs from previous 
studies (Annual Report, 1984), which had 
inhaled nearly seven times as much 
239 Pu02 , also had more numerous particles 
in secondary and tertiary bronchi. 

A considerable amount of 239 Pu02 was de­
tected in slices of liver; the concentra­
tions of alpha stars were equivalent to 
those seen in the bronchial preparation 
(Figure 1F). Only single isolated par ti­
cles, detected as stars, were present in 
the salivary glands. 

One of the questions raised as a result of 
these observations concerns the arrange­
ment of plutonium in rows within the bron­
chi. There are several possible explana­
tions, including: 1) the plutonium was 
incorporated in mucus, which then 
"streams" on its way out of the bronchus; 
2) folds are formed in the mucosa during 
preparation of the autoradi ographs. The 
former is unlikely because of the amount 
of postexposure time involved. The lat ter 
is un 1 ike ly because preparation i nvo 1 ves 
flattening a concave surface to compress 
it on to the film, which probably 
stretches the mucosa rather than causing 
folds. A more probable explanation for 
particle arrangement in rows is that the 
plutonium was initially carried into lym­
phatic vessels within the lamina propri<1 
and remained in association with those 
vessels, either because lymphatic drai nage 
ceased when lymph nodes became fibroti c or 
because the plutonium penetrated the ves­
sel wall during the time between initial 
pulmonary clearance and the death of the 
animal. In that case, the dense accumula­
tion of particles in the bronchus of Dog 
#1177 (Figure 1D) might have been because 
the autoradiograph was of lymphatic tissue 
associ a ted with the bronchus rather than 
of bronchi a 1 mucosa. The tortuous path!:. 
of the lymph vessels could account for the 
difference in depth of particles with re­
spect to the film, seen in Figures 1E and 
1F. 

This hypothesis might also explain the 
distributional differences between 238puo2 
and 239puo2 • The 238Pu02 , being slightly 
more so 1 ub 1 e, may have been carried, by 
lymphatic vessels, farther from its orig-



inal deposition site in the lung before 
its progress was halted. 

Future research effort will involve an 
electron microscopic search for plutonium 

particles within bronchial walls. If 
found, two questions may be answered: 
1) Are the particles still contained with­
in macrophages? 2) Are the particles as­
sociated with lymphatic vessels? 

Figure 1. Photomtuographs of Cellulose Nitrate Track-Etch Autoradiogr,lphs. Magnification is the Same in all Photos. 
lA) Bronchus or H 9 Pu(N01)4-Exposed Dog at 88 mo After Expo.,ure; (8) Liver of H'lPu(NO } 4-Exposed Dog at 107 mo After 
lxpo..ure; (() Bronchus of 216Pu02-Exposed Dog at 143 mo After Exposure; (D) Bronchus of 238Pu02-Exposed Dog at 136 mo 
All<'f hpo,urP; (E) Bronchus of 239PuOrExposed Dog at 170 mo Altt>r Exposure: (F) Bronchus of Same Dog as in "E", 
Showtng P,1rtitles Ananged in Rows. 
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A continued effort is underway to deter­
mine the quantity of plutonium present in 
bronchi, based on track-etch autoradio­
grams. This involves collecting plutonium 
aerosols on a series of Nuclepore filters, 
nondestructive analysis of each filter for 
plutonium content, and preparation of 
track-etch autoradiographs of each filter. 
The resulting films would serve as stan­
dards with which to compare bronchial au­
toradiographs. An image-analyzing com-
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puter recently obtai ned wi 11 be used to 
make these comparisons. Information con­
cerning the quantity of plutonium present 
in airways versus that in the parenchyma 
of the lung would be useful in determining 
the proportion of radiation dose delivered 
to dividing basal cells in airway epithe­
lia. Based on preliminary, nonquantita­
tive data, indications are that doses lo 
those cells are greater than previously 
thought. 



• Low-Level 239Pu02 Ufespan Studies 

Principal Investigator: C. L Sanders 

Other Investigator: K. E. McDonald 

This project will produce data to generate a dose-response curve for lung-tumor incidence in rats following 
inhalation of 239Pu02 at levels producing lifetime radiation doses to the lung of <5 rad to >2,000 rad. A total of 
1727 of 2134 exposed and 869 of 1058 sham-exposed lifespan rats have died. Histopathological evaluations 
have been completed on 418 of the exposed and 194 of the sham-exposed rats. The incidence of primary lung 
tumors (mostly squamous cell carcinoma, adenocarcinoma and hemangiosarcoma, in order of decreasing 
abundance) was 84% at 1500 rad, 67% at 750 rad, 18% at 350 rad, 15% at 200 rad, 0.0% at 83 rad, 2.3% at 44 rad, 
0.0% at 23 and 10 rad, 1.4% at 5.5 rad and 0.0% for sham-exposed rats. Overall, only two primary lung tumors 
have been found in 2 of 449 rats with lung doses· 100 rad, while 84 lung tumors have been found in 66 of 163 
rats with lung doses >100 rad, indicating a clear threshold dose for lung-tumor induction from inhaled 
239Pu02. 

This project was designed to provide data 
for estimating the dose-response relation­
ships of lung-tumor incidence in rats ex­
posed by inhalation to 239Pu02 . The in­
itial alveolar depositions (lAD) were de­
termined by whole-body counting for 169Yb 
calci ned with 239Pu02 particles. The num­
ber of rats in each exposure group were 
determined by statistical analysis of pre­
vi ous higher-dose studies and by the his­
torical frequency of primary lung tumors 
in untreated, female, Wistar rats. Radia­
tion dose calculations to lung are deter­
mined to day of death by a formula that 
incorporates a master lung-clearance curve 
and lAD determinations, using l69yb whole­
body counting data (Annual Reports, 1981-
1984). Dead rats were distributed among 
radiation dose cohort groups in the fol­
lowing dose ranges: >1,000 rad, 500-1,000 
rad, 250-500 rad, 125-250 rad, 63-125 rad, 
32- 63 rad, 16-32 rad, 8-16 rad, <8 rad and 
0 rad. Mean ± standard deviation (SO) 
1 ung dose groups for this report are: 
1500 ± 360, 750 ± 140, 350 ± 73, 200 ± 39, 
83 ± 15, 44 ± 8.9, 23 ± 4.1, 10 ± 2.2, 5.5 
± 1. 4 and 0 rad. 

The status of the 1 i fespan study, as of 
October 1985, is shown in Tab 1 e 1. A 
total of 1,727 of 2,134 exposed rats and 
869 of 1,058 sham-exposed rats have died. 
Histopathological evaluations have been 
completed on 418 exposed and 194 sham-ex­
posed rats. Only the highest deposition 
level (150 nCi) exhibited substantially 
decreased survival due to radiation pneu­
monitis. This group had a median survival 
time of 568 days; median survival times in 
a 11 other groups ranged from 682 to 843 
days. 

The presence and degree of severity of 
pulmonary fibrosis was significantly in­
creased only at the two highest dose lev-
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Table 1. Statu~ of the Lifespan Study a~ of October 1985. 

Number oi Rat-. 

Me<~n lAD'·' , nCi Al iVE.' D(',ld Total Control Cohort 

0 189 869 1058 
O.bO 279 720 9Y9 498 
0.98 113 4.!5 5l8 269 
.!4 10 195 .!05 103 
~ ., 
> I .! 94 % 44 
7'i ')!) f>O .l'l 

17 51l r,q .l'l 

l.! 0 60 bO 28 
ll.! 1 'ill 59 29 

1)0 0 'ill 58 2'1 

Tot.ll, j9f> 2'i% 1 I'll 10;8 

els (750 and 1500 rad). Nonsignificant 
increases in pulmonary fibrosis were also 
seen at 200 and 350 rad doses. There was 
a dose-related increase in both squamous 
cell metaplasia and adenomatous metaplasia 
and in the severity of me tap 1 ast i c in­
volvement in the lung with increasing ra­
diation dose, starting at about 100 rad 
(Table 2). 

The incidence of primary lung tumors at 
the highest dose 1 eve 1 s continue to be 
similar to what has previously been re­
ported for i nha 1 ed high-fired 239Pu02 in 
female, Wistar rats (C. L. Sanders et al., 
1976, Radiat. Res. 68: 349-360; C. L. San­
ders and J. A-Mahaffey, 1981, He a 1 th 
Phys. 41: 629-644). However, fewer than 
expected adenocarcinomas were seen at mod­
erate to low radiation doses. The total 
incidences of lung tumors were 84% at 1500 
rad, 67% at 750 rad, 18% at 350 rad, 15% 
at 200 rad, 0.0% at 83 rad, 2.3% at 44 



Table 2. lnc1dcnces and Grade of Pulmonary l"ibrosis and 
Epithelial Metaplasias 1n the Lung as a Funct1on of 
Radiation Do~e (1'. = Number of An1malsl 

Ml'an Gr.1de1•l 

Do>e to Pulmonary Ep1thl'li.11 Pt>r~ent W1th \1l'tdpi.N,J 
Lun..: r,1d 1' robro'" \1etapld"·' S<1uamou' \dt'nOmdtOU' 

0 1'14 02.1 0.01 1.5 2.1 
1.3 i}. 0.25 0.05 2.8 2.8 

10 )A 0.10 0.0 00 0.0 
23 61 0.1A 0.0 0.0 0.0 
44 4l 0.?1 0.0 0.0 00 
83 ll 0.26 0.05 0.0 6.5 

200 20 0.70 0 12 5.0 10 
l';O lA 087 0.12 26 13 
750 II 2.15 0.74 24 58 

1)00 62 2.89 1.75 68 82 

(,JJ 0 = norm.1l , 1 ~ \t'r\' 'loght, 2 = ,loght. J = modt•rdte. 
4 = "'e\ t-n.\ 5 = e\trt•mt' 

rad, 0.0% at 23 and 10 rad, 1.4% at 5. 5 
rad and 0.0% at 0 rad (Table 3). No pri­
mary 1 ung tumors have been seen in 194 
sham-exposed control rats. A total of 86 
primary lung tumors have been found in 68 
rats; 16 rats had two different primary 
tumors, and 1 rat had three different pri­
mary tumors. 

Table 3. Incidences of Primary Lung Tumor~ ,1., a Functior 
of Radiation Dose ("' l'o.;umber of Animals!. 

Percent ot Lung Tumor' 

Do~e To 
lung Squamou., Cell ,\de no· HemangtO· 

rad ['.; Carcinoma carcinoma ~arcoma Total 

0 194 0.0 0.0 0.0 0.0 
5.5 72 00 1.4 00 1.4 

10 58 00 0.0 0.0 0 .0 

23 61 00 0.0 0.0 0 .0 
44 43 0.0 0.0 0.0 2.3 

83 11 0.0 0.0 0.0 00 
200 20 10 '> 0.0 15 

350 38 2.6 11 00 18 

750 33 42 15 6. 1 67 

1500 62 52 18 <)i' 84 

Only one pulmonary adenocarc i noma has been 
s een in 449 rats with lung doses <100 rad; 
78 primary lung tumors (squamous cell car­
cinoma, adenocarcinoma, hemangiosarcoma) 
have been seen i n 163 rats with lung doses 
>100 rad (Figure 1). An additional seven 
primary fibrosarcomas, mesotheliomas and 
carcinomas were seen in the lung; six were 
in animals that received doses >100 rad . 
To date, our data on primary l ung tumors 
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indicate that a clear threshold exists for 
induction of lung tumors by inhaled 
2 3 9 Pu02 • This dose, about 100 rad, ap-
pears to be a threshold level not only for 
primary lung tumors but also for pulmonary 
fibrosis and for epithelial metaplasias i n 
the lung. Future pulmonary autoradio­
graphi c studies should indicate whether 
100 rad is also the thresho 1 d dose fo r 
subpleural and peribronchiolar aggrega­
tions of inhaled 239 Pu02 particles. 
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Figure 1. Cumulati\e Pt•rcent and Incidence ot Primary 
l ung Tumor' (Adenoc.uc•noma, Squamous Ct>l l Carcinoma. 
Hemangio<>,trcoma) as a Function of Radiation Dose. lla t,l 
Me from 612 rals with rompleted h"topathology, 61 of 
\\hich had 79 lung tumor' of type' Indicated. 

Pr imary lung tumors were mostiy i nvasi ve 
in the thoracic cavity and often multicen­
tric and metastatic in thoracic lymph 
nodes. Severa 1 pulmonary squamous ce 11 
carcinomas were metastatic to the kidney; 
otherwise, none of the pul mcnary carci n-



omas or hemangiosarcomas metastasized to 
other organs. lung tumors were the cause 
of death in most rats with these tumors. 

Other than the lung tumors in the 750- and 
1500-rad groups, the most preva l ent tumor 
si tes i n all groups are uterus, and pitui­
tary and mammary glands; both uterine and 
pitui tary tumors are common probable 
causes of death. Although the incidences 
of these tumors do not appear to be re­
l at ed to lung dose (Table 4); several 
other extrapulmonary tumor types may be. 
Two fibrosarcomas of thoracic lymph nodes 
were seen at 762 and 1309 rad, and a sin­
gle hepatocellular carcinoma was seen at 
313 rad. Thyroid tumors were more preva­
l ent i n high-dose groups: 5 adenomas, 2 
carci nomas and 1 hemangiosarcoma were 
found in 163 rats with 1 ung doses > 100 
rad; only 2 adenomas were found in 449 
rats with lung doses <100 rad . 
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Table 4 . lnndt•ll(('' ot E\tr,Jpulmonary Tumor~ a~ a 
I uncuon of Radit~tton Do'e to th<' Lung 1'-' = :-:umber oi 
l\nun,ll'l. 

Per< t•nt btr.tpulmon.uv Tumors In 

D< "" To PtiUIIJrY \lammdry 

Lung. r.HI :--; lllt•ru' ·" Gland'h• Gland 0 

0 1'14 37 46 
) , ) 72 2l ~5 

10 )I! I(, 36 
2l hi 2~ 49 
4·1 41 2h 2h 
8\ II ';ll 48 

200 .!0 ) " _, 10 
\iO \ll • 24 47 
7~0 l\ ~ () 24 

1)00 h2 1l 24 

'·" l l'tomyom.t. lt•tomyo,,m o m.1, 'tromal 'arcoma. 
'qU.IIliCHI' ( t•ll ( ,lf(lllOfll,\ ,tdl'llO< .HCinOfl1,1. 

lwm.l ng1 o'.tr< on1.1 . <'otrl i no,.Hc u nM 
'" Adl'norn.t ,Jdl'llOlM< tnom,t 
' I lthro,tdl'nom.t ,HIPnoc.nc inomd 
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21 
11 
28 
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19 
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• Inhalation Hazards to Uranium Miners 

Principal Investigator: F. T. Cross 

Other Investigators: R. L. Buschbom, G. E. Dagle, and R. A. Gles 

Technical Assistance: R. M. Briones and C. R. Petty 

This project is investigating levels of uranium mine air contaminants, using both large and small experimental 
animals to model human respiratory system disease. Lung cancer and deaths by degenerative lung disease 
have reached epidemic proportions among uranium miners, but the cause-effect relationships for these 
diseases are based on inadequate epidemiological data. This project identifies uranium mine air agents or 
combinations of agents (both chemical and radiological), and their exposure levels, that produce respiratory 
tract lesions, including respiratory epithelial carcinoma, pneumoconiosis, and emphysema. Histopathologic 
data from serially sacrificed rats are reported for approximately 20- to 640- working-level-month (WLM) radon­
daughter exposures delivered at one-tenth the rate of previous exposures. Exposure of male rats to radon 
daughters and uranium ore dust continues, along with exposure of male and female beagle dogs to uranium 
ore dust alone. 

Small-Animal Studies 

Approximately 700 male, specific-pathogen­
free, Wistar rats are currently on study. 
The 6000 and 7000 Series experiments (Ta­
ble 1) are designed to develop the rela­
tionships between response and exposure to 
radon daughters (at two rates of exposure) 
and carnotite uranium ore dust. The 8000 
Series experiments (Table 2) are designed 
to extend the exposure-response relation­
ships to 1 eve 1 s appropriate to current 
conditions in the mines and to lifetime 
environmental exposures. The 9000 Series 
experiments (Table 3) continue the "low­
dose" studies at exposure rates comparable 
to former occupational working levels (10 
WL). They will help to further evaluate 
the hypothesis that the tumor probability 
per working-level-month (WLM) exposure 
increases with decrease in exposure and 
exposure rate. In addition, concurrent 
exposure to varying levels of uranium ore 
dust tests the hypothesis that irritants 
(both specific and nonspecific) act syner­
gistically with radiation exposures, the 
synergism increasing with decrease in ra­
diation exposure level. The exposures of 
9000 Series animals are currently in pro­
gress; the exposures of 6000, 7000 and 
8000 Series animals are completed; some of 
the 8000 Series animals are still living. 

We have concluded that the most signifi­
cant lesions related to radon-daughter and 
carnotite-ore-dust exposures in the 6000 
Series experiments are neoplastic and non­
neoplastic lesions of the respiratory 
tract. Histopathologic data for these 
lesions in serially sacrificed animals 
(six animals from each group at 6, 12 and 
18 months following completion of expo­
sures) were shown in the 1983 Annual Re-
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port. These data indicated that the ear­
liest lung cancers generally occurred ap­
proximately 1 year following completion of 
exposures. At exposure levels less than 
1280 WLM, no lung cancers were observed 
earlier than 18 months after exposure. 

Table 1. Exp<>-un.•·Re,pon<.e Relationship Study ior Radon­
Daughter Carcinogene'i' in Rah !6000 and 7000 Series 
bpt'rtmenhl. 

TotJI 
1\;umbt·r ot bpO'>Url', 
,\nml,ll,(,ll E\po,ure Reg,menfb.c) \\'LM(di 

12 1000 \VL R.Hion Daughter'> 
I 'i mglm 1 Ur.HlJUm Ore ou,t 

10.240 

12 1000 Wl R<1don O,lUghtN'> 
I 'i mg/m 1 Ur,1n1um Ore Du'>t 

5120 

12 1000 WL R,1don D<~ughter' 
15 mg/m 1 Ur<1n1um Ore Du~t 

2560 

12 1000 Wl R.1don Daughters 1280 
I) mg/m I Uran1um Ore Oust 

64 1000 \VL RJdon Daughters 
1 ') mg/m 1 l.Jran1um Ore Du~t 

640 

128 1000 WL Radon Daughters 
15 mglm 1 Urdntum Ore Du't 

320 

64 Control' 

(d) ~umht•r oi .m1m.11' 1< <ult1nent to detect the predicted 
mndt•nce of l11ng tumor< at the 0.05 to 0.1 le\el oi 
"gn,fic.lnct• ·l"umin~t ltneanty oi re,pon'e hel\,een 
0 and 9200 \\'LM ('ee tootnote dJ. and 0.13'%. ... pon­
tant·ou< 1nuden< e. 

H>l [,posurt• rate, 'JO hr \\ k. planned pen odic '-<lCritice 
(c) :-.rudy \\111 bt> ll'p~·att•d @ 100 \\'L rille (\\lthout 

J)('nod,(' 'ilUihte) to augml'nt pre\IOU., lim1ted e,po,un•· 
rate data (7000 'ene~ expenmt!nb) 

((1)\'Vorken~t lt'\CI (\'VLJ i' defmed a~ any combinatiOn ot 
tht• ~hort-11\t'd r.1don d.Ju~thtcr' in I liter oi air thilt \\Ill 
rt•,ult m thP ultim,1te emi"1on ot 1. 3 x 10> MeV 01 
polt'n1i,JI <Nml'r):y Work1ng level month (\'VLMl '" an 
t''pmurt• t·qu1v,1lent to I 70 hr at J 1-Wl concentrat1on 
Pnov1ou' 1'\pmun• ,ll 900 Wl tor 84 hrlwk to 9200 
\\'l.M produ( !'d ,1r1 80':-:. in<ldl'nce ot carcinom<~. 



Table 2. Low Exposure-Response Relationship Study for 
Radon Daughter Carcinogenesis in Rats (8000 Series 
Experiments). 

Tot.11 
r\umber or E\1x>-ure, 
Anim.ll~(a) Expo,ur<• Reg1menlbl WLM(c) 

64 100 W l R,1don Daughters 64oldl 

15 mg/m l Ur,1n1um Ore Dust 

64 100 W L Radon D.1ughters 320((1) 

15 mglm 1 Ur,mium Ore Dust 

160 100 WL Radon Daughter~ 160 
15 mglm~ Uramum Ore Dust 

352 100 WL RJdon Daughters 80 
15 mglm l Ur.1n1um O re Du't 

448 100 WL Radon Daughters 40 
15 mglm l Ur.1n1um Ore Dust 

512 100 W L R.1don D,JUghters :w 
15 mg/m 1 Uramum Ore Dust 

192 Controls 

(d) Number of animals i~ suffiCient to detect lung tumor' at thl.' 
0.05 to 0. 1 level of sign1ficancl.', assuming lm('.Hity of 
response between 0 and 640 W LM (see footnote c) 
and 0. 13°io spontaneou' incidence. 

lblExposure rate. 90 hr'wk; planned periodic 'acrihct•. 
lciRt.>cent exposures indicate a tumor tncidence ot 16'%. at 

640 WL\.1. Working Le\el (\\ 'L) ts defined a\ any com­
bination 01 the short-h\t'd radon daughters m 1 l1te>r 01 

,m that w ill result in the ultimate em1ssion of 1.3 x 105 

MeV or potential a-energy. Working Level Month 
(W LM) is an exposure ('qu1val1.'nt to 170 hr at a 
1-WL concentration. 

(dlRepe,lt exposure is for normc1lization with Table 1 dat.l. 

In the 1984 Annual Report, we summarized 
the incidence of tumors primary to the 
lung in the remaining rats in the 6000 
Series experiments. Hi stopatho 1 ogi ca 1 
data for the 7000 Series experiments have 
not yet been developed for comparison with 
the 10-fold higher exposure rate data of 
the 6000 Series experiments. 

Similar serial sacrifice data for the 8000 
Series experiments revea 1 ed no ma 1 i gnant 
lung tumors in the 20- to 640-WLM exposure 
range, 6 to 18 months following completion 
of exposures. Because the ore dust was 
used as the carrier aerosol for the radon 
daughters, a change in WLM exposure al so 
produced a proportional change in cumula­
tive ore-dust exposures. A descriptive 
summary follows of the lesions for animals 
sacrificed in each exposure level in the 
8000 Series. 

The lungs from rats at all exposure levels 
had foca 1 aggregates of a 1 veo 1 ar macro­
phages containing uranium ore dust, with 
the average severity increasing with in­
creased time and exposure level. Averages 
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of exposure-group focal interstitial reac­
tion were somewhat increased over those of 
control rats in the two highest exposu re 
groups (320 and 640 WLM). The focal in­
terstitial reaction was generally associ­
ated with aggregates of a 1 veo 1 ar macro­
phages and included thickened alveol ar 
septa, prominent alveolar epithelial ce lls 
and, occasionally, evidence of early in­
terstitial fibrosis. Bronchiolarization, 
composed of very few or few columnar epi­
thelia 1 ce 11 s, apparently extending from 
terminal bronchioles into adjacent al veo­
lar ducts, also occurred in the two high­
est exposure groups. A low incidence of 
vesicular emphysema, possibly related t o 
exposure, occurred at 640-WLM exposures . 
Additional changes in lungs did not appear 
to be re 1 a ted to exposure 1 eve l . They 
included peri bronchiolar lymphocytic eel 1-
ular infiltration, increased numbers of 
alveolar macrophages that did not contain 
uranium ore dust, focal cellular infiltra­
tion, very few granulomas, adenomatos is. a 
very sma 11 papi 11 ary adenoma, foca 1 ca -
cification, osseous metaplasia, and nodu­
lar f i brosis. 

Table 3. Ultralow Expo:.ure R<~te Study for Radon-D,JUghter 
Carcmogenesis in Rats (9000 Senes Experiments). 

'lot~l 

'-Jurnh,•r 01 hpo'>urt•, 
,, n i rn,1 l 'I ,l) Expowrt• Rt•g•menlbl W tMic) 

(,.J I 0 \\'L R,lCion D.wghter' 320 
15 mg'm 1 Ur,lmum Ore Du't 

(,4 10 WL R.1don D.wghter' 320 
~ mgfml Ur.1n1um Ore Du'>l 

l- ' 1~ 10 V\'L RJdon l),llJghters 80 
15 mg/m 1 Ur,111ium Ore Dust 

j- I 

'~ 10 \VL RJclon D.lllgh ter~ 80 
J m~lm' Ur.1n1um Ore Duo,t 

)12 10 \\ l Radon D.lUghters .!0 
15 m~ ml Ur,lnium Ore Du't 

'i1 ! 10 \VL R.1don Daughtero; .w 
3 mgl m 1 Ur,1n1um Ore Duo,t 

l 'l2 Contro l' 

(,lJ :-.:umber 01 am mal' j, ,ufllc•t•nt to detect lung tumor~ c~t the 
0 01 to 0.1 leH•I oi '>igmfi< an< f'. "''uming hne.mt~ of 
n•,ponw between 0 ,1nd o-tO W L \-1 !lumor mnclt•n• t• i\ 
,lpproximately 1o% at f>40 \VLM). and 0.13% 'pon 
t.lm•ouo; incidence. 

ihlF\p<Nm' rdte 90 hr\~k ; pl.1nned periodic 'acnfitt' 
lclworl..ing level (\Vll is ddim·d ,,., any combmat1on ot 

tht• short-li\ ed daughter' in 1 liter of air that "111 rt•,ult 
m tlw ultimate emt'>sion ot 1.3' 105 .\!leV oi pot<·ntt,ll 
<l'·l'nt·rgy. Working le,el month (\\'L\-1) ,., an l'\fl<ISU'l' 

Pquiv.llt•nt to 170 hr at ,, 1-W L toncentrat1on 



Mediastinal lymph nodes in rats from each 
exposure group had aggregrates of macro­
phages laden with uranium ore dust. The 
average severity was progressively higher 
with increase in exposure level. Reactive 
hyperplasia, associated with the dust dep­
osition, was increased over levels found 
in contro 1 rats at a 11 exposure 1 eve 1 s 
except the very lowest. At the higher 
exposure levels, the mediastinal lymph 
nodes became quite large. Nodular fibro­
sis was present in sever a 1 rats at the 
320- and 640-WLM exposure levels. Cystic 
degeneration occurred occasionally without 
relationship to exposure level. 
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There were no changes clearly related to 
exposure in the larynx, trachea, nose, or 
other organs. 

Large-Animal Studies 

Fifteen (seven exposed and eight controls) 
of 35 beagle dogs remain on study to de­
termine the pathogenic ro 1 e of carnotite 
uranium ore dust in inhalation exposure. 

The anima 1 s, to date, have received 8~ 
years of exposure (20 hours/week) to 15 
mgfm3 uranium ore dust concentrations. 





• Toxicity of Thorium Cycle Nuclides 

Principallnvesttgator: j. E. Ballou 

Other Investigators: R. L. Buschbom, A. C. Case, G. E. Dagle, R. A. Gies, and J. L. Ryan 

The purpose of this project is to investigate the biological hazards associated with uranium-thorium 
breeder fuels and fuel recycle process solutions. Initial studies emphasize the metabolism and long­
term biological effects of inhaled 233U-232U nitrate and oxide fuel materials and of 231 Pa, a major, long­
lived, radioactive waste product. 

Male Wistar rats exposed to graded doses 
of 233U02( N03)2 and 232U02(N03)2 aerosols 
(0.6 to 53 nCi initial lung burden) have 
been observed for their 1 i fe span. Re­
tention kinetics in major tissues and met­
abolic data have been presented in previ­
ous Annual Reports (1975-1984). Dose-re­
sponse relationships for malignant lung­
tumor and bone-tumor induction after 
232 U02(N03)2 inhalation are discussed be­
low. 

Cumulative radiation dose to lung and 
skeleton, the tissues most affected by 
232U inhalation, was calculated from the 
quantity of 232U and 228Th measured in the 
lung and skeleton at death. Generalized 
retention curves (Figures 1 and 2) were 
constructed for the two radi onuc 1 ides, 
using the pooled data for the three 
graded-dose groups. Retention curves were 
derived by fitting multiexponential func­
tions to data for individual rats that 
died and were analyzed during the lifespan 
study. Estimated lung and skeleton doses 
were divided into dose ranges (Table 1), 

arbitrarily selected for the purpose of 
plotting the data. 

When the data are adjusted for the 232U 
daughter-product dose contributions, the 
lung-tumor response to inhaled 232U ni­
trate is in close agreement to results we 
have observed in similar studies with 
other inhaled actinide nitrates. Peak 
lung tumor incidence (70%) for 232 U was 
observed in the seven rats that sustained 
a cumulative lung radiation dose of >1000 
rad; pulmonary adenocarcinoma was the pri­
mary malignant lesion induced by the 232U 
decay-chain nuclides. 

Malignant bone-tumor incidence, also shown 
in Table 1, was of minor significance com­
pared to the incidence of lung tumors. 
However, this is not necessarily the case 
in a species that 1 i ves 1 anger than the 
rat. Uranium-232 daughter-product accre­
tion and the corresponding increase in 
cumulative radiation dose to skeleton ap­
peared to be an ongoing process throughout 
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Figur<.' 1. Rl't(•ntion ol lllU ,.111d W1Th in Rat Lung ,1nd Corr<''>pondmg Cumul,liJVP R.tdi,ttion Do~c E~timates. 
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the rats' life span (Figure 2). The radi­
ation dose to lung, on the other hand, was 
essentially constant after about 1 year 
(Figure 1). 

The dose contribution from 232U decay 
products (Figures 1 and 2) was estimated 
from the amount of 228Th found in tissues 
when the rat died. The dose calculation 
assumed that all 232U decay-chain nuclides 
were in equilibrium with 228Th. This as­
sumption was required since our analytical 
capabilities were limited to 232U and 
228Th analyses, and no measurements were 
available for subsequent decay products. 

Results now available from other ongoing 
studies, in which 23 2U, 228Th, 224 Ra , 
212Pb, 212Bi and zosTl are measured, sug­
gest that dose estimates assuming daughter 
equilibrium with 228Th tend to overest i­
mate the cumulative dose because no allow­
ance has been made for loss of 220 Rn and 
subsequent decay products. The effect of 
22oRn loss on lung dose would be the 
greatest, s i nee up to 10% of the 220Rn 
formed in lung may be lost through respi r ­
ation. The dose to bone is probably l ess 
affected because of the low diffusion rat e 
and resulting greater retention of 220 Rn 
in compact bone. 

Total Cumulat ive Dose • 

I -·-~ -· . A.- • .-• ---· ------
• .-..U ---. ---·-·- --------~-

u 101 a::.-6 --- -~ .b,.:·-· ----•----- 232u Daughter Dose 
,--~----- ' c 
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Q) 
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::J 

co 

232u Retention 
y = 9 _3e- 0.00056t 
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~ 
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.:.!. 
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Figure 2. Retention of 232U and 228Th in Rat Skeleton and Corresponding Cumulati ve Radiation Dose Estimates. 

Table 1. Cumulati ve Radiation Dose and Incidence of Malignant Lung and Bone Tumors in Rats Exposed to Inhaled 
1nuo1 (N03)1 Aerosols. 

Number of Malignant 
Tumor-;/Number of Rats Incidence, % 

Do'l' Range. rad1
·" Lung Skeleton Lung 

<10 1/39 (767)1hl 0/65 (719) 2.6 

10-100 2/57 1674) 1/60 (676) 3.5 

100-500 25/59 (654) 2/56 (643) 42.4 

)00-1000 13/20 (699) 0/4 (814) 65 

1000-5000 7/10 (729) 70 

Treated Control 0/63 (746) 0 0 

Shelf Control 2/44 (663)'t 0 4.5 

'·"The dose due to 2l2U wa; multiplied by 2.8 for lung and by 5 for skeleton to compensate for the ingrowth 
oi daughter products (see Figures 1 and 2.) 

II" Mean -.urviva l time (days) in pdrentheses 

'' Lung tumors: a squamous cell carcinoma and an osteosarcoma 
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• Aerosol Technology Development 

Principal Investigator: W. C. Cannon 

Technical Assistance: M. L. Clark, B. j. Greenspan, B. W. Killand, and 0. R. Moss 

In this project we have developed apparatus for aerosol generation, characterization and delivery of aerosols 
for studies of biological effects of inhaled air pollutants. In this report we discuss development of a special 
electrical aerosol generator and improvements on a standard compressed-air aerosol generator. 

Development of~ Electric Field Nebulizer 

A liquid nebulizer is being developed that 
disperses the liquid into fine droplets by 
means of an electric field rather than by 
using the high-speed air jets in the stan­
dard nebulizer. This new type of nebu­
lizer can produce submicron-size droplets 
that are all the same size (monodisperse). 
Since the nebulizer output is independent 
of air flow, it can produce a denser aero­
sol than most compressed-air types. The 
droplets have a very high electric charge, 
which may be useful in contro 11 i ng the 
transport of aerosols that may have to be 
neutralized before use. We will use the 
nebulizer to generate monodi sperse aero­
sols for instrument and filter testing as 
well as for inhalation toxicology experi­
ments. 

Ammeter 

Voltmeter 

DC 
Power 
Supply 

Syringe Pump 

Figure 1. Schematic Diagram of Electric Field Nebulizer. 
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The electric-field nebulizer has a liquid 
reservoir connected to a small capillary, 
from which the particles are ejected (Fig­
ure 1). The positive terminal of a high­
voltage power supply is connected either 
to the capillary, if it is made of elec­
trically conductive material, or to an 
electrode in contact with the liquid in 
the reservoir. In these experiments, the 
negative termi na 1 is usually connected to 
a collecting cup or to a metal grid to at­
tract the charged part i c 1 es. We found 
that we could achieve some charge neutral­
ization by means of the corona discharge 
from a sharp-pointed, negatively charged 
probe located 1 or 2 em from the capil­
lary. 

To generate the desired submicron-size 
monodi sperse aero so 1 , we found that the 



charging voltage must be between 5 and 10 
kV. At voltages outside this range, the 
nebulizer produced po lydi sperse aerosols 
with large particles. We also determined 
the upper and lower limits on the liquid 
feed rate to the capillary that were re­
quired to produce the monodisperse aero­
sols. For example, a 0.203-mm-i.d. capil­
lary produced monodisperse water droplets 
at feed rates from 9 to 13 ~1/min, using a 
syringe pump to control the flow. Outside 
this range the generation became unstable, 
and the aerosols were polydisperse. In 
these experiments the monodi spers i ty of 
the aerosols was inferred from observing 
higher-order Tyndall spectra (HOTS) when 
white light was used to illuminate a cloud 
of droplets (Figure 1). A special nebu­
lizer with nine capillaries, fed by a sin­
gle syringe pump, increased the output 
approximately ninefold (Figure 2). 

Figure 2. Syringe "ilh Sine Capillaries ior lncrea~ing 
Output ot the Electric Field Nehuli1er. 

Water, alcohols and ketones are generally 
the liquids best suited for use with the 
electric-field nebulizer. Other materials 
can be generated when dissolved in these 
liquids provided that the solution proper­
ties remain in the following ranges: con­
ductivity, 10-5 to 10-9 /ohm-cm; dielectric 
constant, 6 to 80; surface tension, 73 
dynes/em or less; and viscosity, 2 to 1000 
millipoise. Only very pure water could be 
generated. We also found that dimethyl­
sulfoxide (DMSO) aerosols could easily be 
generated by the electric-field nebulizer. 
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Since DMSO can act as a vehicle for trans­
port of dissolved materials through cell 
membranes, aerosolized DMSO solutions may 
have interesting applications in i nha l a­
t ion toxicology. 

Solid-particle aerosols were produced w~en 
solutions of materials such as NaCl and 
polystyrene were nebulized, and the sol­
vents were evaporated. Figure 3 is a 
scanning electron micrograph of polysty­
rene particles (filter pore size, 0.2 ~m) 
formed after evaporation of the methyl­
ethyl ketone solvent from electric-field­
nebulized droplets. 

To develop a generator capable of deliver­
ing very small clouds or puffs of den!.e 
aerosol, an additional positively charged 
electrode was used to focus the normally 
fan-shaped spray emitted from the nebu­
lizer capillary into a narrow stream. 
This electrode could also be used to 
switch the genera tor on and off by in­
creasing the voltage variations. 

In future studies, we will seek a broader 
range of generator materials, methods for 
pulsed operation of the nebulizer, e 1 ec­
tric control of charged particles and more 
effective neutralization of part icl e 
charge. 

Figure 3. Electron \1icrogr.lph ot Poly~tyrene Particltki on 
0.2- J.-11'1-Pore Filtt'r. Mt•thyl Ethyl Ketone Solvent wJ~ 
Evaporated trom Electm:-ru.•ld-Nebulized Droplets to Produce 
the So'id-Particle Acro~ol. 



Stable Compressed-Air Aerosol Generator 
Development 

Stable operation of compressed-air nebu­
lizers has been achieved for soluble mate­
ria 1 s over periods of severa 1 hours by 
using a special reservoir that maintains a 
constant generator solution concentration. 
This stability has been hard to achieve 
with insoluble materials because, even 
with constant stirring, generator suspen­
sions tend to lose particles that attach 
to reservoir walls. We used the theory of 
a rotating drum, which usually applies to 
the case of an aerosol in a large rotating 

cylinder, and modified it to apply to a 
liquid suspension of particles in a small 
rotating cylinder. This analysis showed 
that stable generator suspensions could be 
maintained for up to 5 days in a 1-in.-di­
ameter tube. A preliminary design was 
developed for a horizontal rotating 
syringe that would slowly feed a particle 
suspension to a nebulizer at a replacement 
rate. Severa 1 rotating syringe design 
concepts have been studied, including the 
one shown in Figure 4, which uses pressur­
ized air to compress the syringe plunger 
and rotates the pressure vessel containing 
the syringe on a set of powered rollers. 

End View 

Rollers 

Figure 4. Con<:eptu.1l Dc~tgn of Rotating Syringe to Achteve Stable Gt>nerc1tor Su,pen~10n~ for Up To 5 Days. 
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• Fetal and Juvenile Radiotoxicity 

Principal Investigator: M. R. Sikov 

Other Investigators: R. L. Buschbom, D. B. Carr, G. E. Dagle, P. L. Hackett, B. J. Kelman, D. D. Mahlum, 
B. J. McClanahan, D. N. Rommereim, and L. B. Sasser 

Technical Assistance: M. 0. Carey, j. A. Cushing, J, J. Evanoff, R. L. Rommereim, and T. T. Sherer 

This project is directed at obtaining detailed comparative information on the deposition, distribution, reten­
tion, and toxicity of radionuclides in prenatal and juvenile mammals. Because quantitative data cannot nece~ 
sarily be extrapolated to man, emphasis is also directed toward establishing patterns, phenomenologic 
interactions, and relationships which will be useful in determining appropriate exposure levels for rapidly 
growing infants or children and for pregnant women. It has been confirmed that prenatal exposure to 239Pu • 
increases the incidence of bone tumors in the offspring of treated rats. The overall incidence was not 
markedly affected by foster-rearing by an unexposed dam, even though the offspring received a lower 
radiation dose to the skeleton. Comparative studies in rats and guinea pigs demonstrated that the placental 
transfer of 241Am was lower than that of mPu, and the selective incorporation in the fetal membranes was not 
as pronounced. Further studie~ with prenatal exposure to mu have confirmed its embryotoxicity and have 
shown dose-<lependent effects on malformation incidence as well as on prenatal mortality, fetal weight, and 
placental weight. 

In previous Annual Reports (1981, 1982), 
we presented the rationale and protocol 
for an experiment to study the influence 
of foster-rearing on bone-tumor incidence 
and other postnata 1 effects produced by 
prenatal 239 Pu exposure in rats. 

Some results relating to postnatal growth 
and longevity and the radionuclide distri­
bution patterns associated with the vari­
ous combinations of prenatal and postnatal 
exposure to plutonium have also been de­
scribed (Annual Reports, 1983, 1984). In 
these studies, pregnant rats at 19 days of 
gestation (dg) were injected intravenously 
with 60 nCi/g of a citrated (70-fold molar 
excess) 239Pu solution or with a citrate 
solution. The offspring from some litters 
were fostered to other dams at 1 day of 

age to form the six experi menta 1 groups 
indicated in Table 1. Tentative radiation 
doses to skeletal components have now been 
calculated; these results are consistent 
with the patterns we reported previously 
and were similar in all prenatally exposed 
groups. Radiation doses to the liver of 
exposed offspring fostered to control 
mothers was less than those of pups nursed 
by exposed animals. In all cases, rats 
that were exposed only postnatally re­
ceived extremely low radiation doses rela­
tive to those exposed prenatally. 

In contrast to the results of our earlier 
studies that led to this experiment, the 
incidence of bone tumors was elevated in 
all three groups that were exposed to plu­
tonium prenatally, but the incidence was 

Table 1. Interaction' BPt\\t'l'n Prenatal 23"Pu b.po,un! .mel :-.;ponat.JI fo,tenng on Rad1ation Do'l" .1nd Tumor lncodence' 

Prt.'natal Expowre 
ot OHspring: 

b.po~ure ot 
I mter Mother: Expmed 

Cumulative Doses. rad , Dunn1-1 FiN Y(•ar After Expo,un• 

Femur 45 45 
Mand1ble R9 99 
Ll\t.'r R4 R2 

Percent oi Anim.1!, Dl'\elopml:l Tumor,!h 

Bone 19 14 
\.tlmmary, Female' b.! 50 
'v1ammary, Male~ 0 8 

1d1 Not to~tered 

ihl Cllculatecl on ha~i~ ot numlw r ot rat<. at 6 mo ot agP 

45 

Control 

5 

0 
h4 

E\powd 

Control 

4! 
92 
/1 

15 
10 

1 

Control 

Control 

0 
(>) 

0 

Control 

NF 

3 
85 

5 
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not influenced by exposure of the animals 
that reared the offspring. However, these 
data have not yet been adjusted for the 
observed among-group differences in 1 on­
gevity, and there will be small adjust­
ments in values. Mammary tumor incidences 
were unaffected by prenatal exposure to 
plutonium, or by the postnatal rearing of 
the animals. 

In previous Annual Reports (1983, 1984), 
we described the design and presented em­
bryotoxicity results from an experiment 
that contemporaneously compared the dosim­
etry and toxicity of 241Am and 239 Pu ad­
ministered to pregnant animals. 

The effects of 239Pu were substantially 
greater than those of 241 Am relative to 
administered dose. The partition of the 
two nuclides among the components of the 
fetoplacental unit was markedly different 
(Figure 1), confirming preliminary results 
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from previous experiments. The concentra­
tions are expressed as percent dose/kg to 
allow for combining and comparing the dif­
ferent exposure-dose groups; absolute val­
ues cannot be compared directly across 
gestational stages because of the differ­
ing weight of the pregnant animals and the 
components of the fetoplacental uni t. 
There were quantitative differences be­
tween stages at exposure and an effect of 
the interval between injection and evalua­
tion. However, the concentration of 239pu 
was consistently higher in the placenta 
than in the embryo or fetus, and was still 
higher in the fetal membranes. A similar 
pattern was found after injection with 
241 Am at 9 dg, although there was a 
smaller difference between the concentra­
tions in the placenta and membranes. When 
2 41 Am was injected later in gestation, the 
concentration in the placenta was higher 
than that in the membranes. 

~ 
Guinea Pig 

200t-

150 P--

100 1-

9 to 12 dg 9 to 20 dg 1 5 to 1 6 dg 1 5 to 20 dg 1 9 to 20 dg 60 to 61 dg 

Figurl.' 1. Pl.tt Pnt,ll T r.tnster <~nd IPtoplacental Di~tribut1on ot ,\nwri<ium ,tnd Plutonium in Rat~ and Guinea Pig~ at 
Reprewnt.ltlvl' 'il,lfW'> ot Gest.1t1on. 
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As part of our continuing effort to obtain 
comparative data on relative actinide dis­
tribution in the fetoplacental unit, preg­
nant guinea pigs were injected with 239 Pu 
or 24 1Am at 60 dg and killed 24 hours 
later (61 dg). This is the stage used for 
measurements of clearance in our in situ 
p 1 acenta 1 perfusion studies (Annua 1 Re­
ports, 1982, 1983) and is generally com­
parable to 19 to 20 dg in rats, although 
the guinea pigs are at a more advanced 
stage of gestation. In agreement with the 
cl earance values, the fetal concentration 
of 241 Am was less than that of 239 Pu. 
Moreover, 239 Pu concentration in the em­
bryo, p 1 acenta, and membranes progres­
sively increased while the concentration 
of 241Am in the fetal membranes was less 
than in the placenta. 

Because of the marked stage dependence in 
maternal distribution of 239Pu relative to 
s tage of gestation in rabbits (Annual Re­
port, 1984), we examined partition of plu­
toni um and americi um at 1 day after expo­
sure in rats and guinea pigs at comparable 
stages of gestation (Table 2) . No detect­
ab 1 e effect of injected dose or gesta­
tional stage was seen in the concentration 
of plutonium in the maternal rat femur at 
24 hours after administration. The con­
centration of 239pu in the femur was about 
twice that of 241Am after injection at 15 
dg, and 1.5 times at 19 dg. As previously 
reported in the literature, the 241Am con­
centration in maternal liver was more than 
twofold higher than with plutonium at both 
stages of gestation. Again, there was no 
s i gnificant dose effect with either radio­
nuclide, although hepatic concentration 
was slightly greater after injection at 15 
than at 19 dg with both nuclides. This is 
generally consistent with the difference 
in body mass at injection and does not 
suggest a marked stage-dependent differ­
ence such as that seen in the rabbit. 

In the guinea pig, however, the concentra­
tions of 241Am and 239Pu in the liver were 
essentially identical. In the pregnant 
guinea pig, on the other hand, the concen­
tration of ameri ci urn in the femur was 
about six times that of plutonium. This 
surprising result is not completely in 
accord with the genera 1 1 i terature, but 
group sizes were so small that this may be 
a spurious result, although it certainly 
warrants further examination . 

As indicated in last year's Annual Report 
(1984), a pilot experiment with 233U was 
conducted concurrently with the embryotox­
icity and distribution studies performed 
with 241Am and 239Pu. Although group 
sizes were small, embryotoxicity was 
clear. A similar experiment has been com­
p 1 eted using a wider range of i ntraven­
ously administered doses, including a dose 
intermediate between the two used previ­
ously and one that was about half of the 
lower dose (Table 3) . The highest dose 
was clearly toxic to the adult animals . 
There was a statistically significant 
trend toward increased prenatal mortality 
with dose at both gestational stages stud­
ied, but the incidence was significantly 
different from that in the control group 
only at the highest dose. When injected 
at 9 dg, there was a significant decrease 
in fetal weight only at the highest dose . 
A more marked effect was produced by in­
jection at 15 dg. Placenta weights showed 
a significant trend toward decreasing with 
dose at 9 dg, and all weights at higher 
doses were significantly different from 
those of controls; exposure at 15 dg pro­
duced an irregular, although significant, 
effect. Cleft palate was found only in 
the highest dose group at 9 dg. Exposure 
at 9 (but not at 15 dg) affected rib 
morphology; incidence increased with dose. 
The two higher dose levels resulted in 
edema when animals were injected at 15 dg. 

Table 2. Effect of Dose and Stage of Gestation on Concentrations <Percent Dose per kg ± SEI in Femurs and Livers of Pregnant 
Rats and Guinea Pigs at 1 Day after Intravenous InJeCtion with 241Am or 239Pu. 

Do~e. ~C i : 

Femur 119Pu 

241Am 

Ll\er 119Pu 

!4t Am 

Days ot Ge~t.ltlon. dg. Spec1es and Injected Dose, pCi/kg 

15· to 16-dg Rat 

10 30 90 

1.94 ± 0 09 1.60 ± 0.28 

0 .96 ± 0.05 0.76 ± 0.04 

1.80±0. 10 2.53±0.29 

4.80 ± 0.10 4.50 + 0 25 
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19· to 20-dg Rat 

10 30 

1.65 ± 0.24 1.42 ± 0. 11 

90 

60· to 61-dg 
Guinea Pig 

30 

0.1 4 ± 0.04 

1.14 ± 0 .16 0.99 ± 0.06 0.83 ± 0.31 

0.92 ± 0.1 3 1.43 ± 0.22 

3.81 ± 0.02 3.33 ± 0.31 

3.38 ± 0.33 

3.02 ± 0.18 



Table 3. Maternal Toxicity m Rats Exposed to 133U at 9 or 15 Days of Ge~t<~tion (dg) and Effect\ on Oev<'lopmental 
Mea~ures Evaluated at 20 dg. 

9·dg Exposures 

Dose, ~Ci/kg Body Weight: 0 1.8 333 5 75 10.0 

Number of Pregnant Rats Expowd 19 20 20 20 21 

Number Dead at 20 dg 0 0 2 6 12 

Number Aborted at 20 dg 0 0 0 0 

Number of L1tters Evaluated 19 20 18 14 10 

lmplant-1l1tter 14.1 ± 1 5 13 .3 ± 1.6 117 ± 2.5 14.4 ± 1.7 14 0 ± 2.6 

Death,/L1tter 0.6 ± 0.8 1.3 ± 1.2 I .? ±1.2 1.3 ± 1.4 2.7 ± 1.9 

Fetal Weight, g 2.9 ± 0.2 2.9 ± 0.2 .!9 ± 0.4 2.7 :t 0.5 2.1 ± 0 .7 

Placent.JI Weight, g 0.45 ± 0.06 0.42 ± 0.05 0.41 ± 0.04 0 .36 ± 0.05 0.30 ± 0 .05 

Number of Skeletons Examml'd 254 263 206 17.2 10 .1 

Cleft P.JI,He1•'1 0 0 0 0 9/3 

Edema'"' 0 0 0 0 0 

\\.'a\ y, Bt>nt. Knobby RtbsW 7/2 20'6 6'4 30.7 50/b 

15·dS Exposures 

Dose, 1.1Ci/kg Body Weight: 0 18 3.3l 5.75 10.0 

~umber ot Pregnant Rats Expowd 15 !3 II 12 13 

"umtx·r Dead at 20 dg 0 0 I 0 0 

" umber Aborted at 20 dg 0 0 0 0 0 

'lumber ot Litters Evaluatt-d 15 13 10 12 13 

1mplants/LitiN 14.8 ± 1.4 15 2 ± 2.6 I 1.0 ± 3.9 13.6 ± 2.6 150 + 1.9 

Deaths/Utter 1.3 ± 1.2 1.5 ± 11 1. 1 ± 1.0 1.2 ± 1.2 2.8 ± 3.7 

Fetal We1ght g 3.0 ± 0 2 2.8 ± 0.4 2.5 ± 0.7 2.3 ± 0.7 1.9 ± 0.7 

Placental Wl•lght, g 0.42 ± 0.04 0. 38 ± 0.05 0 .40 ± 0.06 0 .38 ± 0.05 0 .34 ± 0.0 ) 

!\umber ot Skeletons Examim•d 201 164 110 137 148 

Cleft Po~latt-1•11 0 0 0 0 0 

Edema1•1 0 0 0 8/2 5/2 

Wavy, Bent, Knobby Rib~1•11 6/4 1/1 0 211 2/2 

l.l l Number of fetuses/number ol litters affected 
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• Gut-Related Studies of Radionudide Toxicity 

Principal Investigator: M. F. Sullivan 

Other Investigators: P. S. Ruemmler, j. L. Ryan, R. P. Schneider, and R. C. Thompson 

This project is concerned with the behavior of radioactive materials that may be ingested as a consequence of 
a reactor accident, unavoidable occupational exposure, or after release to the environment and incorporation 
into the food chain. Current emphasis is on evaluating hazards from ingested actinides as a function of animal 
age, species, nutrition, and diet, or chemicophysical state of the actinide. We are also concerned with the 
behavior of actinides that are inhaled and pass through the gastrointestinal tract after clearance from the 
lungs. 

Research in this field has been conducted, 
during the past 5 years, in a few labora­
tories in the U.S., and in laboratories in 
England, France, Japan, and Germany. To 
evaluate the current state of knowledge, 
avoid duplication of effort, identify re­
search needs, and to coordinate future 
efforts, we conducted an i nternat ion a 1 
workshop, "Gastrointestinal Absorption of 
Actinides and Other Metals," at the Bat­
te 11 e Seat t 1 e Research Center in June 
1985. Arrangements for the meeting, de­
velopment of the agenda, invitation of 
participants and publication of the pro­
ceedings were funded by this project. 
Metals included in the agenda were those 
similar to the actinides in their behavior 
in the intestine or those that influence 
actinide absorption from the gastrointes­
tinal tract. Topics discussed included: 
mechanism studies with in vitro prepara­
tions; animal experiments with rodents or 
baboons; and with humans; radiation dosim­
etry; radiological protection; and the 
long-range purposes of the research. 
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At the conclusion of the workshop an ef­
fort was made to identify critical areas 
in which further research is needed to 
protect workers in the nuclear industry or 
the genera 1 pub 1 i c. Areas i dent ifi ed in­
cluded: human data; basic studies that 
provide an understanding of mechanisms of 
absorption; and animal experiments that 
can be related to human studies. The pro­
ceedings of the workshop will be published 
in 1986. 

Considering these recommendations, s tudies 
in this project at the Pacific Northwest 
Laboratory should address fundamental 
mechanisms of absorption. In vitro or in 
situ preparations of small-animal intes­
tines will be used to elucidate mechanisms 
of uptake in order to pro vi de a better 
understanding of the effect of such fac­
tors as redox chemicals, iron deficiency, 
calcium, vitamin 0, fat, chelating agents 
or fasting on actinide transport. 

• 
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• Mutagenicity of Complex Mixtures 

Principal Investigator: R. A. Pelroy 

Other Investigators: D. L. Stewart and E. l. Sass 

The aromatic fractions of high-boiling complex chemical mixtures from a coal liquid (Cl) enhanced the 
mutagenicity of 0-aminochrysene (6AQ for inducing both frameshift and point mutations in both adenine/ 
thymine (Nl) and guaninecytosine (G/Q DNA targets in Salmonella typhimunum. The strongest effects were 
observed for the tester strains that detect frameshift mutagens and point mutagens active at G/C DNA targets. 
little or no enhancement of genetic activity was induced by the aliphatic fractions of the Cl. 

Previous work demonstrated that the appar­
ent microbial mutagenicity of amino poly­
cyclic aromatic hydrocarbons (amino-PAH), 
notably 6-aminochrysene (6-AC) and 2-amin­
oanthracene (2-AA), was enhanced by mixing 
the amines into chemically complex coal 
liquids (CL) prior to exposure of target 
organisms of Salmonella typhimurium. In 
the present work, high-boiling CL, known 
to strongly enhance the mutagenicity of 
ami no PAH, were fraction a ted by a 1 umi na 
column chromatography into four major 
chemical classes, i.e., aliphatic (A 1 ), 

neutral PAH (A2 ), nitrogen-containing PAH 
(A3 ) and hydroxy-PAH (A4 ). The resulting 
fractions, representing the major chemical 
classes in CL, were then tested for their 
ability to enhance the mutagenicity of 
ami no PAH. In a 11 cases, on 1 y the aro­
matic fractions enhanced the mutagenicity 
of the amino PAH; the A1 components were 
of marginal or no effectiveness in alter­
ing the potency of the amino PAH. 

Four S. typhimurium mutagen tester 
strainS':"" representing both guani ne/cyto­
sine (G/C} and adenine/thymine (A/T) tar­
gets and frameshift and point mutations, 
were used to measure the mutagenicity of 
amino-PAH alone, of the A fractions (or 
crude CL) alone, and of mixtures of amino­
PAH and A fractions (or crude CL). 

As shown by the data in Figures 1 and 2, 
the A fractions and the unfractionated CL 
were without activity, or showed marginal 
genetic activity, in the Salmonella/micro­
somal bioassay system. At the levels of 
6-AC used in these experiments (0.02 ~g/­
plate), 1 ittle or no frameshift mutation 
(TA98 and TA97) was induced. Slightly 
higher rates of mutagenic response ap­
peared to be induced in the point mutants 
(TAlOO and TA102). However, only in the 
case of TA102 (an excision-repair-compe­
tent mutagen tester strain carrying an A/T 
point mutation in the his ~ gene) was a 
significant level of mutagenicity induced 
by 6-AC. 

51 

~ 
ro 
a: 
;;; 
ll. 

"' 2000 c 
~ 
;;; 
> 1600 Q) 

a: 

1200 

800 

400 

(Bl 

TA100 

6AC or Fractton 

N M 'It Q) 
<{ <{ <{ <{ '0 

.. + + + 2 
u 
+ 

6AC Plus Fra<.;toon 

Figure 1. Mutageniuty of 6-Ammo(hry~t·rw (6:\C) for 
S. lmonella typhimurium Tr\98 (AI and TA 100 (81. 111 the 
Prl''l'nce ,md Ab~entt ol Chemit,ll era~' fraction' I rom a 
Hogh-Boiling Coal Liquod (Cl). Aliphatic lrt~ct10n (A 1l, 
nputral polycyrlic arum ll•c hydro< .ubon WAHl iract1on 
(A2l. nitrogen-containmg PAH fr.Ktlon !A1l, hydrm.y PAH 
fr,Ktion (A4). unfractionated CL (uude). Rt>,pon~e v,tlucs 
on ordinate .trl' in rl'wrtant colonies per pl.1te obtclmed at 
0.02 !AI\ 6:\C and/or 5 lA~ iraction (or crudt• CL) per plate. 
P ~ 0.05 re,ponse md1cated on the ordinatPs is b.N•d on 
twofold intr('<N~ in re,ponse ovN background, from 
h -loncal control data. 
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Figure 2. ~1utagenitrt~· ot 6-Amino( hry,ene (6 \() for 
'i,11mont•ll,1 tvphimunurn T.-\91 (Al and Tr\ 102 fBI rn the 
Pre~enct• and Abwnn• or Chemrcal Cl.r" Fr.Jctron' irorn <1 

Hrgh Burling Coal Lrqurcf Symbol' .rncf rt''>pon't' \,ll ll t'' 
'ame .,, tor Figure I . 

Mixtures of 6-AC plus A1 had essent i ally 
t he same mut agenicity as the corresponding 
level of 6-AC alone . The aromatic chemi ­
cal class fractions (A2 , A3 , and A4 ), how­
ever, induced increases in mutageni c re­
sponse that were much greater than the sum 
of responses for 6- AC alone and for t~ 
fraction a 1 one . In r e 1 at i ve terms , the 
effect was parti cularly strong for the 
frameshift mutant TA98, showing increases 
of around 20-fold in response. The other 
three tester strains all showed approxi­
mately similar responses to the mixture of 
6-AC and A fractions, with apparent in­
creases of two- to fourfold . Therefore, 
it appears that only the aromatic frac­
tions of the CL increase the mutagenicity 
of 6-AC . 

Simi lar studies have shown that other am­
ino-PAH are similarly affected by the aro­
matic A fractions, although these effects 
were most pronounced on the amino PAH with 
the ami no group beta (i.e. , one carbon 
removed) from a fused ring or nonsubs t i tut-
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able carbon atom. This suggests that am­
i no-PAH that demonstrate a s trong "para" 
effect, or increased mutagenicity due t o 
resonance stabilization of the positively 
charged metabolite formed from P450 metab­
oli sm, are part icul ar ly susceptibl e t o 
syner gi s tic interactions wi th components 
in the aromatic A fractions. 

Data bear i ng on thi s point (Figure 3) s how 
that the A fract ions and crude CL had l it­
t l e or no effect on the apparent mutagen­
icity of 2-aminofluorene (2-AF), a com­
pound which should demonstrate much less 
resonance stabilization ( i. e . , para e f­
fec t ) af t e r metabolic ac t i vation than 
6-AC. For al l fo ur tester s t rai ns , the 
mutageni c ities of 2-AF alone and 2- AF pl us 
an A fraction were approximately equal . 

1000 

800 

600 

400 

Q) 200 ; 
a: 
Q; 

0 (l_ 

"' c 1000 ro 

Q) 

> 
Q) 800 a: 

600 

400 

200 

0 

(A) 

2AF or Fractron 

N ("") "¢ Q) 
~~~~"0 
+ + + + 2 

u 
+ 

2AF Plus Frac tron 

Figure 3. \luta~enrcrt\ or 1- \mrnofluorene (2AfJ tor 
T,\98 (Al ,md TAlOO (Ill . in the Prewn<t .1nd AIJ,t>n<P ot 
Chemic.1l Cl.h' Fraction' from a I lt).\h Rorl rng Co,JI l rqurcf 
Re-,pon,t· v.llu!'' on ordinate ior TA<Jil ,w· in rt:\l'rt.Hll 
colonie' rx•r plate oht.Jrnl'd at 0.2 ~~ 2Af andio r '; ll!: 
traction (or nude CL ) per plate. Rl' porN' 'a!ut>' on 
ordrnatt• lor T ·\ 100 .trt' n ll'\Crt,mt < olontl"' per pl.ltP 
ohtarned .It 1.0 Jlg 21\1 .111clior 5 ~g tr.~etio n (or uudl' CL) 
per pi.Jtt'. P < o.o:; rt·,pon,p i nd~t Jtt·d on the ordrn.lle' 
h b,1,t:d on t\\Oiold rncrC'.hP rn re'Jli"''P O\ er 1>.1< kgrouncf 
irom hr,tonc.JI data 



• Complex Mixtures Biostudies 

Principal Investigator: D. L. Springer 

Other Investigators: R. M. Bean, R. L. Buschbom, D. A. Dankovic, M. E. Frazier, K. M. Gideon, P. L. Hackett, D. 
D. Mahlum, R. A. Miller, L. B. Sasser, and B. L. Thomas 

Technical Assistance: T. A. Breier, R. A. Clark, J. A. Cushing, J. J. Evanoff, K. l. Hopkins, and R. C. Zanger 

The objective of this project is to identify toxic responses associated with potential human exposures to 
complex organic mixtures derived from energy-related industries. Mouse-skin initiation/promotion data 
showed that although distillates boiling from 300 to 7000F did not alter the initiating activity of benzo[a]pyrene 
(BaP), distillates boiling above 7000F effectively decreased activity. Subsequent studies have shown that binding 
of radiolabeled BaP to mouse skin DNA decreased as the dose of complex mixtures increased; at the initiating 
dose, binding was very low. In addition, binding decreased substantially when BaP was coadministered with 
classes of compounds containing fused aromatic rings. Since similar effects on BaP binding to DNA were 
observed in an in vitro assay system, metabolism studies were conducted under similar conditions. Even 
though the quantity of metabolites produced decreased significantly, the metabolite profiles were similar, 
indicating that in the presence of the mixture, BaP was metabolized by the same pathway. These data suggest 
that the components of the mixtures compete for active sites on mixed-function oxidase enzymes and that 
decreased binding of the marker compound to DNA is the result. Studies to confirm previous results 
demonstrated that inhalation exposure to a high-boiling complex mixture resulted in a transient elevation of 
blood pressure and heart rate and changes in other cardiovascular parameters. These effects were also 
observed after dermal treatment but were absent following oral exposure to the test material. The inhalation 
study, in which rats and mice were exposed to solvent refined coal (SRC)-11 heavy distillate (HD) for either 1, 4 
or 12 weeks, has been completed except for evaluation of tissues. Results from this study demonstrated a 
dose-time relationship for body weight gain and survival for both rats and mice. 

Initiation/Promotion (1/P) Studies 

Past experiments have shown that mouse­
skin tumor-initiating activity of known 
carcinogens is not fully expressed when 
the carcinogen is present in a complex 
mixture derived from coal. Direct evi­
dence for inhibition of benzo[a]pyrene 
(BaP) initiating activity by a broad-boil­
ing-range coal liquid was obtained by in­
itiating mouse skin with BaP in acetone or 
in a 300 to >850°F coal liquid. The ac­
tivity of BaP applied in acetone was sub­
stantially higher than that administered 
in the coal liquid. We are interested in 
identifying the components responsible for 
this inhibition. As a first step in this 
process, we tested the effect of distil­
lates with discrete boiling ranges on BaP 
initiating activity. 

Twenty-five-~g doses of BaP in methylene 
chloride or in methylene chloride contain­
ing 5 mg of coal liquid distillates were 
applied to the dorsal surface of female 
CO-l mice. The distillates had boiling 
ranges (°F) of: a) 300 to 700; b) 700 to 
800; c) 750 to 800; d) 800 to 850; and 
e) >850. Beginning 2 weeks after initia­
tion, mice were promoted twice weekly with 
5 ~g of 12-0-tetradecanoylphorbol-13-ace­
tate for 24 weeks. 
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Table 1 shows that applying BaP in the 
presence of 5 mg of the 300 to 700°F dis­
till ate did not affect tumor response, 
whether measured by incidence or the num­
ber of tumors per group of 30 mice. The 
response was, however, decreased by a 11 
the other distillates. These data confirm 
and extend our observations with other 
coal-derived liquids. We will next exam­
ine the effect of chemical class fractions 
prepared from one of the dis t i 11 ates on 
BaP expression in an attempt to determine 
which components are responsible for sup­
pressing initiating activity. 

Several studies have shown that the car­
cinogenicity of coal liquids lies primar­
ily in materials boiling above 700°F, and 
that the neutral polycyclic aromatic hy­
drocarbons (PAH) are the primary contribu­
tors to mouse-skin tumorigenicity. Less 
is known about the carcinogenic components 
of shale oil; therefore, we decided to 
determine if the carcinogenicity of shale 
oil can be segregated into the higher­
boiling components. Paraho shale oil was 
distilled into components having boiling 
ranges of 0 to 650, 650 to 700, 700 to 
750, and >750°F. These distillates were 
tested for tumor-initiating activity by 
applying 25-mg doses to female CO-l mice, 



and then promoting as described above. 
The results (Table 2) indicate that none 
of the di stillates had as much activity as 
the crude shale oil. However, the >750°F 
di s t i 11 ate was s 1 i ght ly more active than 
lower-boi li ng ones. 

Table 1. Elll'tt of Solwnt RetinPd Coal-11 Dr,lillatc~ on 
Bl rl!o(.l)pyn•rw (BaP) .\1cJU,e-Skin Tumor-lnrtMirng Ar ti vr ty. 

i'wn' l>l'r ot 
Percent Tumor,no 

lnrt r,llor lntidenn• lv1i<.e 

8,1f' 12> j.jgl 100 21') 
HO-i'()(Y'f Dr,till.ue 15 mgl >-_, 16 
700-7'i0°F Di,ll lldte (5 nlg) 33 17 

710-800''f Oi,tdlate (5 mgl 43 19 

800-8 )(, 'F Dr,llll.lle l'i mgl 76 45 
>B~n·r Dr, tdl,ltl' !5 mgl 97 1-l& 
B,rf' 125 j.j~ .. l00-70C~1f 100 .?1-l 
01'111'.ltP 15 mgl 
BJP 125 j.jgl +- 700-7'i0"F 97 1.18 
D" ti llatc !5mgl 
B.1P (25 j.j~ t - 50-800"f 90 ()7 

Di,trl ,Ill' 5 mgl 
BaP 125 j.jgJ + 800-850'f 90 9& 
Dr,ti ll,lle () rngl 

BaP 123 j.j!U + >85CY'f 9;' .!07 
Dr,t riiJt!' (5 mg) 

Table 2. Skm-Tumor-lnrtr,lll ng A<t r\rty 0 1 Shale Orl 
Dr,ll ll,lles RPI.llr\ e to Tempe r.Jturt• of Dr, tr ll,l tion. 

Pern'nt :Sumlx>r oi 
Treatml·nt Incidence T umor~/30 ,\.1ice 

Ml'thylene Chloride l l 4 
Crudr Shale Orl 4l 22 
0-65a•F 20 8 
650 700<'F 20 6 
""01-7 50"F 2.3 8 
>7sc~·r ~0 1l 

We then fractionated Paraho sha 1 e oil , 
using high-performance 1 iquid chromatog­
raphy (HPLC), into four fractions: 
1) primarily aliphatic hydrocarbons and 
one- to two-ring aromatics; 2) three- to 
six-ring aromatics and alkylated species; 
3) moderately polar (nitrogen compounds); 
and 4) polar compounds (phenols and ere­
sols). We evaluated these fractions for 
skin-tumor-initiating activity by applying 
them to mouse skin in the amounts that 
were present in 25 mg of the crude. We 
compared the response to the fractions to 
that obtai ned with a 25-mg dose of the 
crude. Since we had previously found that 
fractionation of a dose of co a 1 1 i quid 
resulted in a higher response, we al so 
tes ted the response when a 25-mg dose was 
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applied in five increments of 5 mg each to 
determine if a simi 1 ar effect occurred 
with a very different materia 1. The re­
sults from this experiment showed that 
Fraction 2 had the highest activity, even 
greater than on the group initiated with 
the crude shale oil (Table 3). We also 
found that fractionating the dose resulted 
i n about three times as many tumors as 
when a single dose of 25 mg was used. 
These results indicat e that the neutral 
PAH are the most active carcinogens in 
shale oil as well as in coal liquids. We 
are presently attempting to better def i ne 
the components responsible for the carcin­
ogenic activity. We are also attempting 
to define the factors involved in the en­
hanced activity seen when the dose is di­
vided into several smaller doses . 

Table 3. Skin-Tumor-l n1 tiJting Art rvi ty oi Sh.lle Oil .Jnd 
II p;ll·Pt·rtormance Liquid Chromatography IHPLC) Fra1 tions. 

Percent Number of 
ln,llator lncrdenct: Tumor•/30 Mice 

V('hi< le Control 10 
BaP 125 j.jg) 100 1911 

Crud· · Shale ()II 43 1'i 
1 ' l'i mgt 

Crud • Shale Oil 70 50 
!5 ' i mg) 
HPl( #1 23 'I 

HPLC #2 50 22 
1-WLC #3 23 10 

HPLC #4 17 7 

Metabolism and DNA Binding 

As shown above, the skin-tumor-initiating 
activity of individual carcinogens of BaP 
was suppressed when it was coadministered 
with a complex organic mixture. A previ­
ous study showed that mice treated with 
the >850°F distillate developed 2.5 times 
as many tumors as those initiated with the 
800 to 850°F distillate, even though both 
mixtures contained equal amounts of BaP. 
These data demonstrate that the initi ating 
acti vity of BaP was suppressed when i t was 
presented to the animal in a complex chem­
ical matrix. To extend these studies, in 
vivo experiments were conducted to deter­
mine the extent of DNA binding of BaP 
alone or in the presence of complex o~­

ganic mixtures. 

Resu l ts from studies conducted in FY 1984 
demonstrated that, relative to the binding 
of BaP alone, BaP binding decreased by 
approximately 98% when it was coadmi nis­
tered with initiating doses (25 mg) of 
either the 800 to 850 or >850°F disti -



late. In addition, when BaP was coadmin­
istered with smaller doses of the distil­
lates (500 ~g/mouse), binding decreased by 
approximately 50% relative to that of BaP 
alone. These data demonstrated that the 
binding of a marker carcinogen (BaP) in­
creased as the dose of comp 1 ex mixture 
decreased, and that the binding of a known 
carcinogen was low relative to the amount 
bound for the individual compound. 

In subsequent studies , we determined the 
effect of chemical class fractions on the 
bind i ng of 3H-BaP to DNA. For these stud­
ies , the >850°F distillate was fraction­
ated by alumina column chromatography into 
ali phatics, neutral PAH, nitrogen-contain­
ing polycyl ic aromatic compounds (NPAC) 
and hydroxylated PAH. The BaP (50 ~g) was 
coadministered with each of these chemical 
cl ass fractions to determine which frac­
t i ens were respons i b 1 e for the observed 
inhibition of BaP binding to DNA. For 
these studies, 3 H-BaP, 3 H-BaP coadmi ni s­
tered with 500 ~g of the >850°F distil­
late, or 3 H-BaP coadministered with chemi­
cal class fractions derived from >850°F 
di stillate, were applied in dichlorometh­
ane t o the s~aved backs of CO-l mice. In 
all cases, 3 H-BaP (375 ~Ci/mouse) was ap­
plied at 50 ~g/dose; chemical class frac­
tions were applied at doses proportional 
to their concentration in the starting 
material. Twenty-four hours after dosing, 
the treated area of the skin was removed, 
and the tissue was digested with protein­
ase K. The DNA was extracted once with 
phenol-chloroform-isoamyl alcohol and 
twice with chloroform-isoamyl alcohol. 
After precipitation with ethanol, the DNA 
was resuspended in buffer, and the amount 
of DNA was estimated, using the absorbance 
at 260 nm. The ratio of absorbance at 260 
to 280 nm was used as an estimate of pur­
ity. After this purification, background 
1 eve 1 s were 1 to 2 dpm/~g DNA, and the 
ratios of absorbance at 260 to 280 nm were 
1. 8 to 1. 9. 

Data for binding of 3H-BaP in the presence 
of these fractions are shown in Table 4. 
When BaP (50 ~g) was coadministered with 
the >850°F distillate (500 ~g; 1:10, BaP 
to di st i 11 ate), BaP binding decreased by 
approximately 67%. Coadministration of 
the same amount of BaP with the aliphatic 
fraction did not result in a significant 
effect on binding. In the presence of the 
other three chromatographic fractions, 
binding decreased to 47, 55 and 66% of 
that for BaP alone for the PAH, NPAC and 
hydroxy-PAH fractions, respectively. These 
data indicate that the most effective in­
hibitors of binding were the fractions 
with aromatic nuclei. Furthermore, the 
degree of inhibition increased as the mass 
of the fract i ens increased, suggesting 
that the major effect was mass action. 
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Table 4. In V ivo Binding of l H·Benzo[a)pyrene (BaP) to 
Mouse Skin DNA in the Presence of the > 850°F Coal 
Liqurd D isti lla te and its Chemical Class Fract ions. 

Dow, ~g 

Class pmol BoP 
Tt•'t 'v1ateroal BaP Fraction Bound/m!:! D~A 

Ba P 50 21.8 ± 2.9 1 

BaP + 850"F 50 500 7 1 ± 0.93 

B,1 P + 1\liphati< 50 8 11l.9 • 3 16 

B,1P + PAH1·'1 50 215 10.2 :!:: 2.01 

BaP + NPAC
1
"' 50 171 12.0 :i 2.49 

BaP + HPAH1• 50 104 14.4 :!:: 2.06 

'·"Polycyclic arom<~ ti c hydrot.~rbon 
'"'"-itrogen·contarmng pOI\'(yclic arom,ltic compound 
1''Hydro\ylated PAH 

Because of these resu 1 ts, another study 
was conducted to determine whether this 
influence of complex mixtures also oc­
curred in vitro. For this study, 3H-BaP 
(1.6 ~g) or lH-BaP coadministered with a 
complex mixture (100 ~g) were incubated 
together with rat 1 i ver $9, ca 1 f thymus 
DNA and appropriate cofactors. After 30 
minutes of incubation, the DNA was isol­
ated, purified, and radioactivity associ­
ated with the DNA was determined. In the 
presence of either mixture (ratio 1:62, 
BaP to distillate), binding decreased by 
90%, indicating that inhibition of binding 
can be produced in vitro and that, under 
these conditions, the magnitude of inhibi­
tion was similar to that for mouse-skin 
DNA. 

Since metabolism studies are readily con­
ducted in an in vitro system, an experi­
ment was performed to determine the in­
fl uence of the comp 1 ex mixtures on BaP 
metabolism. Reaction conditions were sim­
i 1 ar to those used for binding studies 
except that the reaction was run at opti­
mal conditions (i.e., 80 ~M BaP). The 
reaction was initiated with 3H-BaP or lH­
BaP plus 850°F distillate, terminated by 
addition of 0. SN NaOH/80% ethane 1 , and 
extracted with ethyl acetate to remove un­
metabolized BaP and metabolites. The sol­
vent was then evaporated under a stream of 
nitrogen, the metabolite redissolved into 
methanol, and applied to a C-18 reverse­
phase HPLC column. Metabolites were 
eluted with a methanol-water gradient, and 
fractions were collected at 30-sec inter-



vals. Metabolite standards, obtained from 
the National Cancer Institute repository, 
were used as reference materials, and ra­
dioactivity eluting in regions of the 
chromatogram associated with the classes 
of metabolites was summed to give an esti­
mate of the extent and metabolism pathway 
of the marker compound. 

Results suggested that the general pathway 
for the metabolism of BaP was unaltered by 
the complex mixture (Figure 1), but that 
the metabolism of the marker compound was 
decreased by about 65% relative to that of 
BaP alone (Table 5). These results tend 
to confirm the hypothesis that the primary 
mode of action of the mixture was to de­
crease the overall rates of conversion of 
BaP to metabolites, and that reduced bind­
ing to DNA is the result of these changes 
in the conversion of BaP to reactive in­
termediates. 

20,000 3H _ BaP 

15,000 

E .g 10,000 

5000 

20,000 

15.000 

E .g 10,000 

11 21 31 41 51 61 71 81 91 

3H - BaP + >850°F Distillate 1 

11 21 31 41 51 61 71 81 91 
Fraction Number 

Figure 1. Radioactivity A~~ociated with Radiolabeled 
Benzo[a)-pyrl·m~ (SaP) Metabolite~ Produced b~ In Vitro 
Incubation of Rat Liver 59 .1nd 1H BaP or JH·BJP 
Coadmmisterl·d with a Comple" Organ1c \<lixture. 
Separ,ltion by High Pressure liquid Chromatography. 

Cardiovascular Studies 

We have previously observed elevated blood 
pressures in rats after exposure to high 
concentrations of a high-boiling coal liq­
uid (solvent refined coal [SRC]-11 heavy 
distillate [HD]). The number of animals 
used in that study was small, only a sin­
gle high concentration of HD was used 
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(0.68 mg/L), and the recovery period be­
tween exposure and cardiovascular evalua­
tion was short. Therefore, a second study 
was conducted to investigate the dose-re­
sponse relationship for this effect and to 
determine whether HD causes permanent or 
reversible changes in cardiovascular func­
tion. 

Nine-week-old, male Fischer rats were ex­
posed to 0, 0.24, or 0.70 mg/L HD via in­
halation for 6 weeks (6 hours/day, 5 days/ 
week). Half the groups were evaluated 10 
to 15 days after completion of exposure, 
whereas the remainder were evaluated after 
a 6-week recovery period. Direct arterial 
blood pressure was measured through a can­
nula surgically implanted in the femoral 
artery following sodium pentobarbital an­
esthesia. Heart rate and electrocardio­
gram readings were simultaneously re­
corded, and blood was collected for 
determining plasma electrolytes, aldoster­
one and angiotensin concentrati ons. 
Plasma vo 1 ume was measured by dye dil u­
ti on, and blood pH and partial pressures 
of 02 and C02 were determined. 

Blood pressure and heart rate of rats ~rom 
both the low and high exposure groups were 
significantly elevated compared to those 
of controls (Figure 2), confirming and 
extending the results of the previous 
study. Plasma and blood volumes were also 
elevated in a dose-related fashion. After 
a 6-week recovery period, neither the 
b 1 ood pressure nor the heart rate of 
either exposure group was different from 
control values. 

Plasma angiotensin levels were signifi­
cantly (P < 0.01) depressed in a dose-re­
lated manner, but aldosterone levels were 
not affected (Figure 3). The reason for 
this unexpected decline in angiotensin is 
unclear; correlations between angiotensin 
and blood pressure are usually positive. 
These data suggest that the elevation in 
blood pressure was not induced by angio­
tensin; rather, that elevated blood pres­
sure was res pons i b 1 e for the depressed 
angiotensin concentrations. 

Two weeks after the end of exposure, blood 
P02 was s 1 i ght ly decreased in the high 
dose group only; otherwise, b 1 ood gases 
were not altered by HD exposure. Blood pH 
was slighly depressed in the high dose 
group 2 weeks after exposure. Potassium, 
the only plasma cation altered by expo­
sure, was also significanly elevated n 
the plasma of the high dose group at that 
time, but not afte~ the 6-we~k recovery 
period. Plasma Na and Mg2 , cations 
known to be involved in the elevation of 
blood pressure, were not affected. 



Table 5. Ratio (%) of Classe~ of Metabolites to the Total Quantity of Met,1bolitc' for Rad1olabeled Benzo{a)pyrene (SaP) in 
the Presence of Two Complex Organic Mixtures. 

Sub~trall' 

BaP 

B.JP 

SaP + 800·85QOF 

SaP + 800·850"F 

SaP + >850"F 

BaP + >850''f 

en 
:r 
E 
E 

120 

110 

T1me, mm Tnol' 

5 

30 

5 

30 

5 

30 

(i]) 

CJ 
~ 

Control 

M1ddle 

High 

Blood Pressure 

+ Tetrol, 

17 

13 

16 

16 

15 

14 

D1h\drod1ol' QUinone' \.lono·l iydrox) 

23 .!2 22 

21 )" 
-·~ 24 

23 28 lb 
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.?3 n 12 

21 29 20 

Heart Rate 

% B.tP .\.1et,tholized 

25 

37 

9 

12 

9 

12 
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:§ 

320 "' 
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Figure 2. Blood Pressure and Heart Rates of Rah, Mea<;ured Approximatrly 2 or 6 Wk Atter a 6-Wk Inhalation Exposure to 
Solvent Refined Coal-11 Heavy 01stillate 
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Figure 3. Pl,hma Angiotensin clnd Aldost<•rone lev('l., of 
R<~ts 2 Wk Aftrr a 6-Wk Inhalation Exposure to SRC.II 
Ht·avy DistiiJ.,.te 

In another preliminary study, we deter­
mined b 1 cod-pressure response after ex­
posure by alternative routes to determine 
if the effect was associated only with 
inhalation exposure. For this study, rats 
were exposed to HD by gavage (300 mg/kg) 
or dermal application (500 mg/kg) 5 days 
week for 6 weeks. The blood pressure of 
the derma lly exposed group was s i gnifi­
cantly increased compared to that of the 
control group and was similar to that ob­
served in rats after inhalation exposure, 
but was not affected by oral exposure. 

In summary, HD produced a significant ele­
vation in blood pressure and altered sev­
eral other measurements related to cardio­
vascular function in the rat 10 to 15 days 
after a 6-week i nha 1 at ion exposure. The 
elevated blood pressure may have resulted 
from volume loading of the vascular sys­
tem, but further studies are needed to 
identify the mechanisms and chemical com­
ponents involved in producing this effect. 
These changes in cardiovascular function 
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appear to be transient because most param­
eters measured were normal after a 6-week 
recovery period. Dermal application of HD 
was also effective in elevating the blood 
pressure of rats, providing evidence that 
HD does not act directly on the pulmonary 
system in producing this effect. These 
data suggest that the cardiovascular sys­
tem may be at risk from long-term exposure 
to high-boiling complex mixtures due di­
rectly to high blood pressure or to cardi­
ovascular diseases associ a ted with pro­
longed high blood pressure. 

Inhalation Studies 

Animals on lifespan studies after exposure 
to SRC-II HD have died or were sacrificed. 
These studies were conducted to determi ne 
whether short- to moderate-term exposure 
to a high-boiling coal liquid resulted in 
shorter than normal lifespans, tumor de­
velopment and/or other undesirable ef­
fects. 

Animals (40 rats of each sex and 30 female 
mice in each treatment group) were exposed 
6 hours/day, 5 days/week for either 1, 4, 
or 12 weeks at aerosol concentrations of 
0.68 ± 0.03, 0.14 ± 0.01, 0.03 ± 0.003, 
and 0.0 mg HD/L of air for the high , mid­
dle, low and control groups, respectively. 
Particle sizes were 1. 7 to 1.8 IJm mass 
median aerodynamic diameter, with geo­
metric standard deviations of 2.0 to 2.3. 
After exposure, animals were observed 
daily, weighed weekly for several weeks, 
then monthly for the remainder of their 
lives. Animals found dead were necropsied 
immediately. When two-thirds of the ani­
mals in each treatment group had died, the 
remaining animals in the group were sacri­
ficed. Currently, all rats and mice have 
died or were sacrificed. 

Survival curves for each treatment group 
were determined and the equality of curves 
between groups was tested. The survival 
distributions were estimated by the prod­
uct-limit method and the Breslow statistic 
was used to test the equality of survi1al 
curves. Mean survival times are given i n 
Table 6 for each species/sex/dose group 

Comparison of survi va 1 curves for mice 
indicates that there were no statistically 
significant (P < 0.05) differences among 
dose levels for the 1-week exposure group. 
For the 4-week exposure group, the high­
dose survival curve is significantly lower 
than those for control, low and middle 
dose groups. For 12-week exposed mice, 
survival rates for low, middle and high 
dose groups were signficantly l ower than 
for controls. 

For rats, survival curves show no signifi­
cant differences for 1- or 4-week expo-



Table 6. Mean Survival Time from Start of Exposure. Days (X ± SEMJ of Mice Exposed by Inhalation to Solvent Refined 
Coal·ll Heavy Di~tillate. 

Length of 
Group Expo-.ure. wk Control 

Milt' (Female~) 645 ± 28 

M 1ce (Femalr.,l 4 623 ± 30 

,\lllct' (Female~) 12 682 ± 27 

R.lt- ('l-1ales) 730 :t 29 

Rah (Males) 4 753 ± 24 

Rat~ C'l-1ale~) 12 735 ± 18 

Rat~ (Female.,) 792 ± 24 

Rat~ •Female~) 4 811 ± 33 

Rah (Females) 12 772 :t. 19 

1•"5t ,ltl~tically d11!Nent from control group (P < 0 05) 

lh1St,111Stlcally dJffNent from low dose group (P < 0 05) 

lciStatistically diticrcnt trom middle do.,e group (P < 0.05) 

sures for either sex. However, for 12-
week-exposed rats, the survival rate for 
the high dose group was significantly 
lower than that of the low dose group for 
both males and females. Also, the high­
dose survival rate was significantly lower 
than that of the middle dose group for 
females. Results indicate differences 
between survival curves for the high dose 
groups and controls for males and females, 
and a difference between high and middle 
dose groups for females; probabilities 
were 0.086, 0.12 and 0.11, respectively. 

Body-weight data were analyzed by a ran­
domization test to determine the equality 
of growth curves between dose groups for a 
given species/sex/dose-group combination. 
Growth curves for rats and mice after 12 
weeks of exposure are shown in Figure 4. 
Comparison of these curves for female mice 
exposed for 1 week indicate that growth 
curves for control, middle and high dose 
groups were not significantly different, 
but that the low dose group curve was sig­
nificantly (P < 0.05) lower than that of 
the other three groups. For female mice 
exposed for 4 weeks, growth curves were 
not significantly different from each 

Low Middle High 

641 ± 29 595 ± 24 551 ± 26 

652 ± 15 593 ± 20 471 ± 331·•1 

540 ± 26'a) 576 ± 20'd) 437 ± 28'a~ 

769 ± 14 777 ± 18 751 ±22 

758 ± 24 746 ± 22 74 1 ± 28 

813 ± 21 776 ± 32 585 ± 46ib~ 

704 ± 38 7'>8 ± 30 752 ± 34 

846 ± 20 860 ± 21 810 ± 35 

839 ± 24 788 ± 22 621 ± 4)1b.cl 
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other. Female mice exposed for 12 weeks 
showed an unusual growth pattern: the 
growth curve for the high dose group was 
significantly different from that of the 
low and middle dose groups but not differ­
ent from that of the control group. 
Growth curves for female rats exposed for 
1 week were not significantly different 
from each other. Similar curves for 4-
week-exposed female rats indicated that 
high-dose animals lost weight during the 
first week of the exposure, failed to gain 
weight during the exposure and, even 
though they never returned to control lev­
els, gained weight at a rate similar to 
that for controls. Similar results were 
observed for female rats exposed for 12 
weeks, although the magnitude of the ef­
fect was greater than for 4-week- exposed 
animals. 

Results for male rats were similar to 
those for female rats: growth curves for 
the high dose groups were significantly 
lower than those of controls for 4- and 
12-week exposure groups. In addition, the 
magnitude of the difference for ma 1 es 
tended to be greater than for females be­
cause of the more rapid growth of males. 
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• Teratology of Complex Mixtures 

Principal Investigator: P. L. Hackett 

Other Investigator: R. L. Rommereim 

Correlations between maternal indices of toxic effects and fetal indicators of retarded development and 
teratogenicity in rats exposed to Harmarville process solvent (HPS) during gestation suggest that no direct 
causal relationship exists between the observed maternal toxicity and specific fetal abnormalities. 

Previous studies to define the effects of 
intrauterine exposure to complex mixtures 
in rats have indicated that certain ma­
ternal and fetal indices are consistently 
altered. Maternal toxicity, observed fol­
lowing exposure to complex mixtures such 
as Harmarville process solvent (HPS), is 
manifested as depressed body weight gains 
and decreased thymus weights. In litters 
of these dams, decreased fetal body and 
lung weights, reduced skeletal ossifica­
tion and increased incidences of anomalies 
are observed. These changes in fetal pa­
rameters are often attributed to maternal 
toxicity or related to maternal stress, 
altered metabolism or organ dysfunction. 
In an i nitial study to examine the hypoth­
es is that the observed fetal effects may 
be mediated by alteration of maternal or­
gan systems, we reported that administra­
tion of a corticosteroid, triamcinolone 
acetate, to rats during gestation produced 
fetal effects consistent with those ob­
served following exposure to HPS. Subse­
quentl y , data from a number of studies in 
which HPS was administered to pregnant 
rats were examined to determine if changes 
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in maternal and fetal indices of effects 
were directly related to one another. 

Suspensions of HPS (boiling range: 300 to 
>850°F) were prepared in milk immediately 
prior to an intragastric (IG) intubation 
of a constant-volume dose. Female rats 
(Sprague-Dawley CD; Charles River labora­
tories) received either the diluent or 
1.85 g/kg of HPS on 11, 12, 13, or 14 days 
of gestation (dg). Maternal animals were 
weighed at intervals and sacrificed on 20 
dg to evaluate external, visceral and 
skeletal effects. 

Frequency distributions for consistent 
indices of maternal toxicity (extragesta­
tional gain and thymus weights) are shown 
in Figures lA and lB. Median values for 
each of these parameters were lower than 
those of control dams. Frequency distri­
butions for fetal parameters utilized as 
indicators of retarded development or ter­
atogenicity are shown in Figures 2A 
through 20. Fetal indices of effect (de­
creased feta 1 body and 1 ung weights and 
increased incidence of fetal anomalies and 
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reduced skeletal ossification) were en­
countered more frequently in HPS-treated 
litters than in control litters. 

When data for maternal body weight gains 
during gestation were compared with fetal 
body weight, lung weight and reduced ossi­
fication, no significant differences in 
these parameters were found in litters of 
control or HPS-treated dams that showed 
either minimal or maximal weight gains 
(Table 1). Similarly, no correlations 
were observed for fetal lung weights and 
anomalies, or for maternal thymus weights 
(Table 2). 

Furthermore, values for fetuses exposed to 
HPS were different from those of control 
fetuses even when maternal gains or thymus 
weights were similar. These results sug­
gest that these overt fetal abnormalities 
may not be directly related to toxic signs 
observed in the dam at necropsy and that 
more sensitive indicators of abnormal de­
velopment should be determined at earlier 
stages of gestation. 
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• Perinatal Effects of Complex Mixtures 

Principal Investigator: D. l. Springer 

Other Investigators: R. l. Buschbom, D. A. Haugen*, D. D. Mahlum, C. Peramo*, and C. A. Reilly, Jr.* 

Technical Assistance: T. A. Breier, R. A. Clark, D. G. Jones, and R. C. Zanger 

This report describes the results of a study to determme whether the tumor-initiating activities of mdividual 
carcinogens are decreased when they are applied simultaneously with complex coal-derived organic mixtures. 
In the present study, the number of altered hepatocyte foci which stained for gamma glutamyl transpeptidase 
were determined in rats that were initiated neonatally and promoted with dietary phenobarbital for 8 wk after 
weaning. The initiating activities of the complex coal-derived mixtures were evaluated relative to either 
benzo[a]pyrene (SaP) or diethylnitrosamine (DEN). Although the complex organic mixtures contained known 
carcinogens, their initiating activitic~ were low at the doses used. Coadministration of complex, coal-derived 
mixtures with BaP or DEN decreased the response to both carcinogens. Promotion of preneoplastic hepatic 
foci was also observed in rats neonatally initiated with a single intraperitoneal InJection of BaP or DEN and 
exposed after weaning to repeated dermal applications of complex organic mixtures. Like the data from 
previous studies with the skin initiation/promotion (1/P) model, the results suggest that inhibition of initiating 
activity of known carcinogens in complex m1xtures is a general phenomenon. This was a cooperative study 
between PNL and Argonne National Laboratory. 

Severa 1 reports have indicated that the 
dermal carcinogenic activities of benzo­
[a]pyrene (BaP) and other pure carcinogens 
are a 1 tered when they are simultaneously 
administered with a complex mixture. For 
example, it has been shown that the skin­
tumor-initiating activities of coal liq­
uids and their polycyclic aromatic hydro­
carbon (PAH) fractions were less than 
predicted from the carcinogenic PAH con­
tent of these mixtures. Liver tumors have 
been induced in rats by the intraperiton­
eal administration of an initiating dose 
of BaP or diethylnitrosamine (DEN) to neo­
natal animals, followed by promotion with 
dietary phenobarbital upon weaning. Fur­
thermore, it has been demonstrated that 
the appearance of tumors is preceded by 
the presence of altered foci, which can be 
detected by a variety of histochemical 
assays, including a stain for gamma gluta­
myl transpeptidase (GGT) activity. The 
invariable appearance of such foci prior 
to tumor formation in carcinogen-treated 
rats suggests that the foci are useful 
early indicators of incipient neoplasia. 
We used the hepatic initiation/promotion 
(1/P) system to determine: 1) the initi­
ating activities of complex organic mix­
tures containing known carcinogens; 
2) whether the presence of the camp lex 
mixtures decreased the initiating activi­
ties of individual carcinogens (BaP or 
DEN); and 3) whether dermal application of 

*Division of Biological Research, Argonne 
National Laboratory, Argonne, IL 
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these comp 1 ex mixtures promoted preneo­
plastic changes in initiated liver cells. 

The two complex mixtures used in this 
study were obtained from the solvent-re­
fined-coal (SRC)-11 process. These dis­
tillates, with boiling-point cuts of 800-
8500F and >850°F, were fractionated by 
a 1 umi na co 1 umn chro11atography to obtain 
PAH and nitrogen-containing polycyclic 
aromatic compound (NPAC) fractions. The 
coal gas ifi cation tar was a by-product 
formed during gasification of lignite coal 
in a s lagging fixed-bed gasifier. The 
chemical composition of the gasifier tar 
was qualitatively similar to that of the 
coal liquids except that co.ponents of the 
gasifier tar tended to be less alkylated 
than were those from the SRC materials. 

Solutions of BaP (15 mg/ml), DEN (1.5 mg/ 
ml), 800-850°F distillate (45 mg/11l), and 
PAH and NPAC fractions ( 45 mg/111) were 
prepared in sesame seed oil. Solutions 
(45 mg/ml) of gasifier tar and the >850°F 
distillate were prepared in sesame seed 
oil:dichloromethane (9:1 v/v) because they 
were not completely soluble in sesame seed 
oil. 

One-day old female pups (approximately 20/ 
treatment group) were injected intraperi­
toneally with 0.01 ml/g body weight. Pups 
were weaned at 21 days of age, ear-tagged, 
segregated into treatment groups, and 
placed on a 30% casein diet containing 
0.05% phenobarbital. Other animals, fed 



the same diet without phenobarbital, were 
treated topically twice weekly with either 
SRC-11 heavy distillate (HD; 550-850°F) or 
gasifer tar at doses of 0.8 mg/g body 
weight. Animals were housed in solid-bot­
tom cages (six/cage) and had water and 
food available ad libitum. 

Animals were observed daily for mortality 
and weighed at 1, 3, and 11 weeks of age. 
Data for body weights, incidence of foci, 
foci per section and foci per cm3 of liver 
were statistically analyzed using Duncan's 
multiple range test. Data for mortality 
were evaluated by chi-square comparison to 
appropriate control groups. 

After 8 weeks of promotion, animals were 
sacrificed and their livers were removed. 
A cylindrical plug, 1.6 em in diameter, 
was removed from the 1 eft 1 obe of the 
liver, frozen on dry ice, placed i n air­
tight plastic bags and stored at -80°C. 
The GGT activity was assayed on 15-~m 
frozen sections from each plug. The num­
ber of foci per section was determined by 
direct microscopic examination, and the 
number of foci per cm3 of liver was esti­
mated by quantitative stereology. 

Results from this study indicated that 
initiation with BaP resulted in the ap­
pearance of numerous foci, and that 16 of 
18 animals injected exhibited a positive 
response for GGT activity (Table 1). Al­
though 100% of the animals initiated with 
DEN developed foci, the mean number of 
foci per section was slightly lower than 
for the SaP-initiated group. 

The initiating ac tivity of the di stil­
lates, PAH fractions and NPAC frac ti ons 
was evident from the observation that the 
incidence of rats with foc i in t hese 
groups ranged from 24 to 50%. However, 
the small number of foci per liver i~ the 
responding rats indicated that the ini ti­
ating potency of these mixtures was weak 
relative to that of BaP or DEN ( ranging 
from 2.2 to 6.1% of the number i nitiated 
by BaP). Although the concentrations of 
carcinogens were greater in the chromato­
graphic fractions than in the distil l ates, 
none of the fractions was significantly 
mor e active than the distillate from which 
they were derived. Administration of gas­
if i er tar did not result in an increase, 
re l ative to controls, in the incidence of 
an imals with foci. 

The effects of coadministration of complex 
mixtures containing known care i nogens on 
the initiating potential of the pure car­
cinogens, BaP and DEN, are illustrated in 
Table 2. The responses to both BaP and 
DEN were significantly decreased (P < 
0.05) when coadministered with each of the 
three complex organic mixtures relati~e to 
the responses for the individual carcino­
gens. In addition, when the data wel'e 
evaluated as foci/cm3 , the response for 
the group coadministered BaP and the 800-
8500F distillate was significantly less 
than for those coadmi ni stered BaP and 
either the >850°F distillate or gasi f ier 
t ar (P > 0.05). Conversely, respor ses 
after coadministration of the dist i l l ates 
with DEN suggested (P > 0.078) that the 
>850°F distillate was the most effec t ive 
i nhibitor. 

Table 1. lnr1i.11ing Pol<>nlral of Complex Coai-DPri\ed O rg.rnrc M 1>.1Ures and Therr Chrom,Hographi( Fraction' <X ± SfMl. 

lntll,ll<>r [)o,e ~-~~~~ Body \\'eight 

Se'>.JnlP Seed Oil 

Se,.lmP Seed Oil. 

D ichlorometh.l ne (9.1 1 

BaP ISO 

DE 'I 15 

800-8'>0"f Ot,till<~te 430 
PAH Fraction 4'i0 
NPAC Fr<~C tton 450 

>850"F Drst1ll ,1te 450 
PAl I Fraction 450 
"'PAC Fraction 450 

G.l~i t i (•r Tar ·l50 

1•11Number of an1mal' w1th fon 'numbPr ot Jmm.JI' 1n group 
•h'Stall,tically diiterent irom control group P < 0.051 

lnridPncel·· 

0/20 

0121 

16t lll1bl 

17/ 171hl 

bll <) b· 
7f161bi 
8/ 19'hl 

bf171hi 
7/ 14'bl 
.HI i' b) 

1/21 
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:-.;o. I oct/St!cllon No. Foul em l Lt\ er 

0 0 

0 0 

17.b ± l<J 230 ± 37 

14.8 ± 2 I 18(> ± 23 

Ob ± 0 . .! 9 ± 4 
06 ± O. l 1:.! ± 5 
08 ± 0 .2 14 ::1: 4 

04 ± () 2 5 ± 2 
O<J ~ 0.-1 !4 ± 8 
04 ± 0.2 5 ± .3 

0.05 ± 0.05 ::1: 1 



Table 2. Effect of Coadm1n1~tration of Complex Coal-Derived Organic Mixtures on the Initiation oi Gamm,1 Glutamyl 
Transpeptidasc !GGT) Foci by Benzo(a)pyrene (BaP) and D1cthylnitro>am1ne (DEN; >: ± SEM). 

:-..o. o{ '-o. Foc11 Rl',ponse, '-o Foci/ Respon~e. 

Group Initiator t\n1mals SC'ction 'l'o oi B,1P or DE:-.: em 1 l1\·er % oi BaP or DEN 

Se~ame Seed Oil 20 0 0 

2 Se,anw Seed Oil: 21 0 0 
DKhloromethant• (9:1) 

J BaP Ill 17.() ± 2.9 100 230 ± l7 100 

4 BaP t 800-850''F t4 7.1 ± l.l·" 40 86 ± J31d bl 37 
D1st1'l,ne 

'i BaP + >BSO"F u IO.l ± 2.4'·'' 'jC) 145 ± 171
•
11 63 

Di'>tillat!c' 

6 BaP + Ga;iiier T.Jr 21 10.0 z I Jl.ll 1i 143 ± 171d 62 

7 DEN 17 14.8 ± 2.1 100 186 ± n 100 

8 DEl\. '+- 800-850"F 18 10.4 ± 1.-11.1) iO 120 ± 161•11 65 
Distill,lle 

9 DEN + >850°F 14 h) ± 1.4'·'' -1-1 80 ± 151·' ll 43 
Di'>till.ll!c' 

10 DE:-. + Gasiii!c'r T .u 20 'I.-I ± 1 01
" 6-1 117 ± 1 ) 1•1 63 

1·'
11n ,111 ca'!c'' the respomt'' ior tht· < c>.1dmini.,Hat1on group' !group' 4-h ,tnci ll·l 01 \\W<' o;ignlllt.tnt ly less th.1n for the 
r<''IWCtl\e group' recel\ tng mdlvtdu,tl r.unnogc•n, '!\roup' I .1nd - P < 0.051 

' 1>~The respon,p tor group 4 ,,.,, 'ilgmlic,mtly le" th,ln th.1t tor group':; .md 6 tP < 0.051 
'''P = 0.078 whl'n group' 8 and 9 \\t'rP 'tati,tlt,llly comp.Hl'd 

The coal-derived materials, when applied 
to the skin of BaP- or DEN-initiated rats, 
also promoted the appearance of hepatic 
foci, although to a smaller degree than 
did dietary phenobarbital (Table 3). In 

all cases, promotion involved increases in 
both the numbers and sizes of the foci. 
The observation that promotion was ob­
tained with all the 1/P combinations used 
in this study indicates the general re-

Table 3. Effect of Dermal Treatment ''1th Comple\ Coal-Derived Oq~.m1c \li\tUrt'> on the Appe.uance ot lll'patic Foci 
1\ f SE.'v1l. 

Group ln1tiator Promoter No. Rat'> 1\:o. ~od Per St•ction No. Foci pt•r cm3 LiH't 

VPhicle \'ehicll' 18 () () 

2 Vt>hicle Phcnob.Hhital 20 0 0 

3 \'l'hlcle G,,,uil'r T.1• 18 0.05 z 0.0'> I ± 

4 Vehicle Hca'y D"tillate 1-1 0 0 

5 B.1P \'ch,cle 16 07 ± 0.2 14 ± 5 

6 R,tP Phenob.~rllllal 16 19.8 ± 2.8 259 ± l6 

i B.tP Ga<iiier l.Jr 16 ; -1 ± O.'l Il-l± IS 

8 B,1P Hea' y lJ"Iillate 15 10.1 ± 1.8 155 .t )" 
~-~ 

q DLI\. \'ehic It• 17 011 ± 0.-1 14 ±. 6 

10 DE'\ Phenoh-ubual li 14.8 ± 2. 1 186 ... 23 

II lJEN Ga~ifier T.H 17 !\.2 ± 1.2 123 + 18 

I.! Dl'- Hea'' Q,,tillate I-I i I z 1.4 10! ± 16 
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sponsivness of this experimental system to 
liP stimuli, regardless of their struc­
tural and metabolic diversity. 

With regard to the mechanism by which the 
topically applied mixtures promoted hepa­
tocyte foci, we suggest that the hepatic 
response was produced by components that 
were absorbed and subsequently transported 
to the liver. This interpretation is sup­
ported by studies documenting the percu­
taneous absorption of topically applied 
co a 1 tar and its canst i tuents, and the 
subsequent rapid induction of hepatic en-
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• 
zymes, including microsomal mono-oxygen­
ases and ornithine decarboxylase. 

Analysis of the complex mixtures used in 
these studies shows that a number of car­
cinogenic and cocarcinogenic components 
are present in the mixtures. Moreover, 
other studies have shown that these mix­
tures were effective initiators of skin 
tumorigenesis. However, the data in this 
report indicate that, relative to BaP and 
DEN, the camp 1 ex organic mixtures were 
only minimally effective as initiators of 
GGT-positive foci. 



• Health Effects of Complex Mixtures 

Principal Investigator: R. A. Renne 

Other Investigators: R. L. Buschbom, M. E. Frazier, and C. W. Wright 

Technical Assistance: S.M. Baze, P. T. Hackett, and V. L. Madden 

The purpose of this project is to study the potential human health hazards associated with exposure to 
complex hydrocarbon mixtures. Studies in progress are investigating the carcinogenic potential of cutaneous 
exposure to various chemical class fractions of complex hydrocarbon materials and products from the solvent­
refined-<oal technology. An in vitro system using cultured mouse skin is being developed in an attempt to 
correlate primary DNA damage induced in vitro by complex hydrocarbon mixtures with carcinogenic effects 
observed in vivo. 

Epidermal carcinogenesis studies in mice 
were completed on selected complex organic 
hydrocarbon mixtures from the solvent-re­
fined-coal (SRC) technology. Samples of 
the 750 to 800°F distillate cut of Harmar­
vil 1 e process so 1 vent (HPS) were nitro­
sated to destroy primary aromatic amines 
(PAA); additional samples of this distil­
late cut were fractionated by adsorption 
column chromatography to obtain discrete 
polycyclic aromatic hydrocarbon (PAH) and 
nitrogen-containing polycyclic aromatic 
compound (NPAC) chemical class fractions 
(Annual Report, 1984). Skin-tumor inci­
dence and latency data from these studies 
were analyzed statistically using the non­
parametric product-limit method of Kaplan 
and Meier to estimate cumulative skin­
tumor-free survival (Figures 1 and 2). An 
adaptation of the Weibull analysis was 
utilized to compare epidermal carcinogenic 
potency of the test materials to that of 
benzo[a]pyrene (SaP; Table 1). 

Skin-tumor latency was significantly (P = 
0. 01) increased in mice exposed to the 
nitrostated 750 to 800°F boiling-point 
(bp) cut compared with that for animals 
exposed to the non-nitrosated bp cut (Fig­
ure 1). This statistical difference was 
due to a decrease in tumor latency in fe­
male mice exposed to the non-nitrosated 
material. Weibull analysis (Table 1) in­
dicated that the non-nitrosated material 
was slightly more potent than the nitro­
sated bp cut when data from both sexes 
were pooled. Skin-tumor incidence and 
latency data from studies of the alumina­
derived fractions of the 750 800°F bp cut 
(Figure 2) indicated that both PAH and 
NPAC fractions were carcinogenic for mouse 
skin; Weibull analysis (Table 1) of these 
data indicated that both fractions were 
comparable in potency to the crude bp cut. 

Data from the nitrosation study suggest 
that PAA, which are destroyed by nitrosa­
tion, do not play a major role in the der-
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mal carcinogenicity of these complex or­
ganic mixtures. However, results from the 
studies of the alumina-derived fractions 
of the 750 to 800°F bp cut indicate that 
the NPAC fraction, which contains the PAA, 
is as potent a dermal carcinogen as the 
PAH fraction, when the data are compared 
using the Weibull analysis. This suggests 
that the majority of the dermal carcino­
genicity of the NPAC alumina fraction is 
due not to PAA but to some other component 
of the fraction. The other major chemical 
groups present in a 1 umi na-deri ved NPAC 
fractions of SRC-II materials are carba­
zoles and aza-arenes; certain members of 
both these chemical groups have been shown 
to be carcinogenic for mouse skin. 
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Figure 1. Proportion of Group Surviving Without a Skin 
Tumor in \11< c Expo,t•d Three T1mes Weekly to the 750-
800"F Boiling-Point Oi .. ullate Cut of SRC-11 HPS. or to a 
Nitrmated S,Hnple of th1s Boiling-Point Cut. Pooled datil 
irom both se,es· Kaplan-.\l\e1er estimate,. 
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Figure 2 . Proportion oi Group Survi\lng \\'ithout ,, 51-.ln 
Tumo r in Min• Exposed Three Tim€'~ Wet>kh to the 7i0-
800''F Boiling-Point D1still.-ne Cut 01 SRC-11 HPS or to 
Alumina·DNivt•d Fr,ICtion' of thi' Di,ll lidte Cut K.lpi,Jn­
MeiN e'timate,. 

Table 1. Carcinogenic Pott•ncy o t 750-800"F bp Cut ot 
H.Hmar\ 1lle Proce~s 5o1H·nt ttP51 and ib ,\lumma 
Frat tiOn'>, Relat1ve to Be n.ro[a)pyrem•. 

BaP 

SRC-11 750-SQO<'F bp Cut 

SRC-11 ~50-80<Y'F bp Cut m 0'-1'>0 

Nitroo;alt'd SRC II 750-800"F bp Cut 
10 DMSO 

PAll Alumina Fraction ot 750-800"F 
bp Cut 

'sP-\C Alumin,l Fraction oT 750-8000~ 
bp Cut 

Potency 
\'er'u' BJP 

% R,ltio 

100.00 1/1.0 

0.32 1/!12 

O.H 1/435 

0 . .!0 1/500 

0.27 11370 

0.29 IH45 

A 1 though present in 1 ower concentration 
than PAH, NPAC are major components of SRC 
materials and are responsible for most of 
the microbial mutagenicity of these com­
plex mixtures . Data from dermal initia­
tion/promotion studies, in mice, of the 
800 to 850 and 850°F+ bp cuts of HPS ind i­
cate that the NPAC a 1 umi na fractions of 
these bp cuts, a 1 though 1 ess active as 
initiators than the corresponding PAH 
fractions, are capable of initiating skin 
tumors in mice. Skin-painting studies are 
currently in progress to determine the 
carcinogenic response in mouse skin to 
repeated exposure to the PAH and NPAC 
alumina fractions of the 800 to 850°F bp 
cut of HPS . 

In an attempt to devise an in vitro assay 
that was predictive of skin-painting stud­
ies, we investigated the induction of si s-
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ter chromatid exchange (SCE), using cul­
tur es of embryonic mouse skin . Cultur es 
of primary embryonic mouse-skin cell s were 
prepared and , a fter two or t hree passages, 
were subcultured with 10 ~g/ml of bromode­
oxyuri dine for 24 hours before cha 11 enge 
with test chemicals . No exogenous mi cro­
soma 1 preparati ons were added. For com­
par ison, s imilar studies wer e performed 
using Chinese hamster ovary (CHO) cells 
and activating enzymes , cons i sting of Aro­
clor-induced rat liver 59 preparations in 
the pr esence of an NADPH regenerating sys­
tem. 

Our i nitial re sults are shown in Tabl e 2. 
The data i ndicate that mouse-skin cells 
are capable of metabolically activating 
carcinogens (e.g., BaP) . However, cu l t u"­
ing embryonic mouse-skin cells is diff ;­
cult and time- consuming, and they do not 
appear to be significantly more sensitive 
to SCE than CHO cell s with added acti vat­
ing enzymes . Even CHO cells do not appear 
to be very useful as a quantitative assay 
for screening these complex mixtures. 
Good dose-response relationships were not 
observed with the mixtures, nor did we see 
high l evel s of activity relative to our 
posi tive controls. Based on these data , 
SCE does not appear to be a good in vi tro 
screening assay for these comp l ex organic 
mixtures. 

Table 2 . Sl'>ter Chrom.llid Exch.1nge' tndun•d in Chllll''l' 
H,H'"ter (har~ 1CHO and Emhr\·onit \\ou'l 51-.ln Cell, 
by 1-- nO\\ n Carunog<'n' and Com p ie' Org,u11c M"tur<'' 
in tht• Pre,t•nn• oi Activating En. \me' 

5"-t< r Chromatid 
Exthang<·~/Chromo,ome 

Test Do~<' Mouse Sk1n 
'1.1,1len,ll ~ CHO (I'll~ Cell' 

Ethylmethyl-.u lrona tt• 100 0.85(,)) ~T'"' 

\1atomynn C 2 1.68 1.02 l) 

O.h 0.87'·" 

BenlO[J)p~rent• 3 0.( (,U 0.69 l 

10 0.671·11 NT1111 

6·Ammot hry~ent• 60 OAO NT''" 

2-Amino.Jnthr,ll <'nt• 20 0.49 '\T(b> 

50 0.62'·'1 NT'h' 

SR< II lit'·''\ o,,tillatt> 3 0.41 ~Tibl 

10 0.601·'1 0 50 
30 0.54 1"\T bl 

Harman 1ile Proce.,, 3 0.51 NTih 

SoiH•nt 10 0651·' 0.61 I) 

30 0.54 NT1h 

Control 10'-150 Solwnt1 0.38 0.44 

•1 ~1g0111l ,Jn tly d1ii<'rPnt I rom control ,11 P "" 0.05 
1" ~ot tt•,lf'd 



• 1issue Dose in Complex Mixture Exposures 

Principal Investigator: W. C. Weimer 

Other Investigator: D. L Springer 

Technical Assistance: E. M. Crow, B. K. Hayden, D. L. Widrig, and R. C. Zanger 

In studies designed to examine the disposition of complex-mixture components in experimental animals as a 
function of several variables, the elimination of several individual marker compounds by exhalation was 
examined. One-, tw~, and three-ring aromatic hydrocarbons and substituted hydrocarbons were evaluated 
during 24-hr experiments to examine the time course of blood and breath concentrations. Breath exhalation 
was a major clearance route for the nonpolar, one-ring compounds, benzene and toluene; up to 40% of the 
total dose was eliminated by exhalation. For the polar compound, phenol, and the tw~ and three- ring 
compounds, naphthalene and phenanthrene, less than 2% of the total amount administered was eliminated 
by exhalation. 

The disposition of complex-mixture com­
ponents administered to rats (female, 
Sprague-Dawley CD, Charles River) is being 
investigated as a function of individual 
compound, time after exposure, presence or 
absence in a complex-mixture carrier ma­
trix, route of exposure, and the temporal 
pattern of dosing. The time course of 
blood and breath levels of specific marker 
compounds (benzene, toluene, phenol, naph­
thalene, and phenanthrene) was followed 
during the 24-hour time period after dos­
ing . The purpose of this work is to de­
velop a predictive capability to estimate 
levels of complex-mixture components in 
target organs as they relate to varying 
exposure regimes and, ultimately, to link 
these pharmacokinetic data with toxico­
logic data from other programs in order to 
model toxicity resulting from particular 
levels and patterns of exposure. 

Components of complex mixtures were tagged 
with 14C and doses (10 ~Ci) were adminis­
tered to rats by i ntraperi tonea l i njec­
tion. Individual rats were placed in a 
glass metabo 1 ism cage, and all exhaled 
vapors were collected and passed over 
Tenax to trap the parent compound and 
through solutions of phenethyl amine to 
collect carbon dioxide. Ten concurrent 
samples of blood and exhaled vapors were 
collected during the 24-hour period fol­
lowing dosing. The concentrations of ra­
diotracer were determined in each of these 
samples, and the breath/blood partition 
coefficient (exhaled air concentration/ 
blood concentration) was calculated for 
each set of breath and b 1 ood samp 1 es. 
Each marker compound was evaluated indi­
vidually in four to seven animals. 

Figure 1 displays the time course of the 
radiotracer blood levels for each of the 
compounds tested. Each time point is the 
mean value of data for all animals tested 

69 

with a specific compound. For all com­
pounds except to 1 uene the maxi mum b 1 ood 
concentration was reached within 1 to 2 
hours after injection. Blood concentra­
tions for toluene reached maximum immedi­
ately and decreased steadily with time, as 
did all of the other materials. Since 
these data represent the total radiotracer 
concentrations in the blood, some meta­
bolic products may be included as well as 
parent compounds. The breath/blood parti­
tion coefficients calculated for these 
time points (Figure 2) were constant for 
approximately 10 hours except that for 
benzene, which showed a continual decrease 
throughout the 24 hours. This apparent 
decrease is likely due to the rapid build­
up of radiolabeled metabolic products in 
the blood during this time and the method 
of calculating the partition coefficient. 

The values for the average partition coef­
ficients for each of these marker com­
pounds are given in Table 1. For these 
representative complex mixture components, 
the partition coefficients range from 1.4 
x 10- 1 for benzene to approximately 10-6 

for phenanthrene. Also 1 isted in this 
table are the vapor pressures calculated 
at 20°C for these compounds. A simple 
linear regression plot of the breath/blood 
partition coefficient versus the vapor 
pressure demonstrates a very strong corre­
lation between these two variables. The 
ability of a compound to be transferred 
from the blood across the alveolar capil-
1 ary membranes into the exhaled air is 
directly related to the vapor pressure of 
the material. 

The relationship between the breath/blood 
partition coefficients and the clearance 
of these compounds from the animal is 
shown by the data presented in Tab 1 e 2. 
The fraction of the tota 1 dose that was 
collected from the exhaled air ranged from 





Table 1. Relationship of Partition Coefficient and Vapor 
Pressure of Comrlex·Mixture Compounds Administered 
to Rats.'·'' Exhaled vapors were collected and breath/blood 
partition coeltic1ent was calculated for e,1ch ~et of sample~ . 

Vapor Pressure 
A\l~rage Partition C1lculated ior 20''C, 

Compound Coefficient Torr 

Benzene 1.44x w- 1 57.7975 
Toluene 5.35x w- 2 21.0919 
Phenol 6.27.x w-s 0.4475 
i"aphthalene 6.25 x w-> 0.1726 
Phenanthren(• J.04 x w-b 0.0023 

lal linear Regre~sion of Partition Coefficient vs Vapor Pressure 
r2 = 0 .99989 
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Table 2. Percent of Dose Collected from Air Exhaled by 
Rats Administered Complex·Mixture Components. 

Percent of Dose Collected 

Compound On Tenax As Co2 

Benzene 33 8.1 

Toluene 21 0.72 

Phenol 0.15 0.02 

"<aphthalene 1.2 0.01 

Phenanthrene 0.39 <0.01 
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• Blood Irradiator Development 

Principal Investigators: F. P. Hungate and R. E. Weller 

Other Investigators: L. R. Bunnell, W. F. Riemath, and P. Roberson 

The fully portable blood irradiator developed to provide continuous mtracorporeal irradiation of circulating 
blood has been evaluated for external radiation doses in anticipation of clinical trials. A computer code was 
developed to describe the external radiation field, and a design for an irradiator to be used for humans was 
prepared that provided for suitable shielding. Using this design, a lead working model was constructed and 
used to measure the isodose distribution. These data have been submitted for evaluation by the University of 
Washington Radiation Safety Committee in preparation for clinical trials. Despite concerted efforts to locate 
dogs with blood diseases so that we might evaluate their response to blood irradiator treatment, no animals 

have been obtained during the year. 

In anticipation of using the blood irradi­
ator in clinical trials, radiation doses 
to the patient and to attending personnel 
must be evaluated. On the basis of mea­
sured doses escaping from the units with 
their existing shielding, a computer code 
was developed to establish isodose curves 
and to optimize the disposition of shield­
; ng. 

With guidance from the computer code, 
which provided isodose curves for the ir­
radiator, a shield design was developed 
(Figure 1) and a 960-g lead shield piece 
was constructed. Ultimately, shields will 
be made of tungsten (or hevimet) for im­
proved shielding efficiency and greater 
durability; this initial model was made of 
lead because it is easily machined. In 
this mode 1 , no at tempt was made to re­
strict radiation streaming at the juncture 
of the two halves of the shield. 

Confirmatory dosimetry with the initial 
model was achieved using a hyper-pure in­
trinsic germanium detector with a beryl­
lium window, two thicknesses of LiF therm­
oluminescent dosimeters and an ionization 
chamber. Exposure rates measured by the 
ionization chamber were used to relate the 
thermo 1 umi nescent dosimeter measurements 
to the dose in air. Figure 2 gives the 
observed isodose distribution curves. 

Although not shown in the figure, a rapid 
increase in dose rate occurs at the sur­
face of the shield. We therefore plan to 
provide for a 2. 5-cm separation between 
the shield and the skin of the limb on 
which the device will be worn. With this 
separation, the ratio of dose to limb rel­
ative to dose to blood would be 8.3 x 
10-4 , i.e., a dose of 90,000 rad to blood 
would give a maximum dose to the 1 imb of 
75 rad (the annual occupat i ona 1 exposure 
limit for a limb). 

t---------12.065----------o~ Section A·A 

1.27 

Figure 1. Blood Irradiator Sh1t.>lding. 
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Parallel Axis, em 

Figure 2. Isodose Di~tribution Near the Blood l rrc~d i ator. 
Values are in units of mrad/hr fo r an irradiator wi th an 
average transit dose rat<' to blood of 140 rad (,w,uming a 
ilow rate of 100 m l/min). 

Two follow-on steps are in progress. 
First, a new shield piece, to be made of 
tungsten (hevimet), is being designed. 
This unit will have the same physical di­
mensions as the lead shield and will have 
approximately three times the shielding 
capability of the lead mode 1 because of 
its increased density. Thus, the ratio of 
the maximum dose to the limb relative to 
the dose to blood will be 2.8 x 10-4 . 

Second, we have approached the Radiation 
Safety Committee at the University of 
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Washington to determine if the data now 
avai l able are sufficient for them to ac­
cept this device for clinical trials. (We 
expect an answer in 1986.) If the re­
sponse is favorable, we will be able t o 
approach the institutional review commi t ­
tees for permission to conduct clinical 
trial s when that becomes appropriate. 

We have anticipated testing the efficacy 
of the blood irradiator on dogs affected 
by blood diseases, such as chronic lympho­
cytic leukemia. Thus far, we have been 
unable to obtain such dogs despite t he 
assistance of the Fred Hutchinson Cancer 
Center in Seattle, contacts with several 
dog oncology reference centers and pub­
lished memoranda in several professional 
newsletters. Animals from the Pacific 
Northwest Laboratories beagle colony may 
occasionally be available for treatment 
when such treatment does not interfer e 
with the protocol of other ongoing experi ­
ments. 

Additional design modif i cations for the 
tubing connectors are in progress to 
shorten the overall length of the irradia­
tor and thus minimize shield weight. The 
new connector will be tested for possible 
thrombus formation when prototype uni t s 
are available. 

We have recently acquired severa 1 mono­
clonal cell 1 ines and test sera that will 
permit identification of subpopulations of 
T-cell lymphocytes. This will permit a 
more complete description of precisely 
which T-cells are most affected by blood 
irradiation. We may then be able to ex­
trapolate results obtained with dogs to 
those expected in clinical applications. 



• Ust of DOE Radioisotope Customers with Summary of Radioisotope 
Shipments, FY 1984 

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 last 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 239Pu02, 231lPu0l, and 239Pu nitrate. Information is presented on the estimated initial lung deposition, 
based on external thorax counts and on estimated lung weights (0.011 x body weight) at time of exposure. 
Information is also provided on the current interpretation of the most prominent 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 EXPOSURE MONTHS SINCE 

--------------------------- -------------------- DATE INHALATION 
DOG NCI/G NCI/ WEIGHT AGE* DF -------------

DOSE GROUP I DENT NCI LUNG 'G (KG) (MO) DATE DEATH 9/30/85 DEATH COMMENTS ON DEAD DOGS 

--------------- ------ ---- ----- ---- ----- ---- -------- -------- ------- ----- ------------------------------
CONTROL 738 F 0 o.oo o.oo 08/11/8 3 171,5* Hemangiosarcoma, Heart 

CONTROL 740 F 0 o.oo 0,00 06/18/83 169.8* Malignant Lymphoma 
CONTROL 749 F 0 o.oo 0. 00 09/14/84 183,4* Adrena1itis 
CONTROL 755 M 0 o.oo 0.00 12/10/82 162,2* status Epilepti, Nephrosclero 
CONTROL 766 M 0 0. 00 0. 00 06/26/84 180,3* Lung Tumor 
CONTROL 775 F 0 0.00 0,00 10/05/81 147,3* Pulmonary Thromboembolism 
CONTROL 785 H 0 o.oo 0.00 194.4* 
CONTROL 78 9 M 0 0. 00 0. 00 07/25/83 167,9* Malignant Lymphoma 
CONTROL 792 M 0 0.00 0.00 04/28/76 79.5* Oral Tumor 
CONTROL 800 F 0 o.oo o .ao 191.3* 
CONTROL 801 M 0 0. 00 0. oo 02/23/82 148.1* Lung Tumor 
CONTROL 811 F 0 o.oo o.oa 02/24/85 183.1* Oral cav.: Malignant Melanoma 
CONTROL 8 46 M 0 o.oo o.oo 04/08/83 159.6* Nephrosclerosis 
CONTROL 861 M 0 o.oo o. 00 189.0* 
CONTROL 868 F 0 0 .oo 0.00 187. 7* 
CONTROL 872 F 0 o.oo 0.00 11/05/82 152.8* Lung Tumor 
CONTROL 878 M 0 o. 00 0. oo 01/22/85 177,4* Chronic Nephropathy 
CONTROL 882 M 0 0. 00 0.00 11/06/81 138.7* Hemangiosarcoma, Liver 
CONTROL 885 F 0 o.oo o.oo 02/18/83 153.5* Lung Tumor 

~ CONTROL 903 F 0 0.00 0. oo 01/30/85 174.6* Malignant Lymphoma 
00 

CONTROL SACRIFICE 701 ' 0 0 .oo 0.00 04/18/79 121,0* Sacrificed 
CONTROL SACRIFICE 703 M 0 o.oo o.oo 03/24/77 96,2* Sacrificed 
CONTROL SACRIFICE 724 M 0 0. 00 0. oo 03/30/78 107.9* Sacrificed 

0-1 LOWEST 756 M 0 o.oo 0.00 13.0 19,5 01/19/71 04/21/83 147.0 Epilepsy 
D-1 LOWEST 762 M 0 o.oo o. oo 11. 5 19.3 01/19/71 01/24/77 77. 2 Sacrificed 
D-I LOWEST 847 M 0 0. 00 0. oo 13,0 18. 5 07/06/71 01/23/85 162.6 Kidney F<u1ure 
D-1 LOWEST 858 M 0 0. 00 o.oo 13.5 18.2 07/06/71 170,8 
D-l LOWEST 865 F 0 0,00 0. oo 9. 0 17.4 07/06/71 170.8 
D-1 LOWEST 879 M 0 0. 00 o.oo 14. 5 17.9 10/07/71 07/27/84 153.7 Hemangiosarcoma, Liver,Spleen 
D-l LOWEST 886 f 0 0. 00 o.oo 10.5 18.2 11/10/71 04/04/84 148.8 Meningioma, Malignant 
D-1 LOWEST 907 F 0 0.00 o. 00 11.5 15.9 11/10/71 166.7 
D-l LOWEST 825 F I 0,01 0.12 11.5 18.1 06/08/71 11/17/82 13 7. 3 Hemangiosarcoma, Spleen 
0-1 LOWEST 849 F I 0. 01 0.10 10.0 21.3 10/07/71 10/26/72 12. 6 Sac(ificed 
o-r LOWEST 904 F I 0. 01 0,07 9.5 15.9 11/10/71 12/19/83 145.3 Chondrosarcoma, Nasal 
D-1 LOWEST 832 F 2 0. 02 o. 22 9.0 16,5 04/26/71 173.2 
D-1 LOWEST 900 M 3 0. 02 0. 22 13.0 16,0 11/10/71 05/21/82 126. 3 Round Cell sarcoma 
D-1 LOWEST 870 F 4 0. 03 0. 32 12.0 16.9 07/06/71 05/04/84 154 .o Pneumonia 
D-l LOWEST 899 F 4 0. 03 0. 31 11. 5 16.0 11/10/71 03/29/81 112.6 Hemangiosarcoma, Heart 
D-I LOWEST 867 M 5 0. 04 0.41 11.5 17,4 07/06/71 no .a 
D-1 LOWEST 891 M 6 0. 04 o. 41 14 .o 16.0 11/10/71 06/26/81 115.5 Septicemia 
D-1 LOWEST 8 53 M 8 o. 05 0. 51 15.0 21.3 10/07/71 12/12/84 158.2 Btonchopneumonia 
o-r LOWEST 875 M 8 0. 05 0,54 14.0 16,8 07/06/71 05/21/78 82.5 Kidney: Malignant Lymphoma 
D-1 LOWEST 770 F 6 0,0 6 0. 63 9. 5 19.1 01/19/71 11/29/84 166.3 Glomerulosclerosis 

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



DOSF:-EFFECT S1'\JDH:S WITH INHALED PU-239 OXIDE IN BEAGLES 

INITIAL ALVEOLAR DEPOSITION INilALATION EXPOSURE MONTHS SINCE 
-------------------------- -------------------- DATE INHALATION 

DOG NCI/G NCI/ W!::IGHT AGE* oe -------------
DOSE GROUP IDE NT NO LUNG <G (KG) (110) DATE DEATH 9/30/85 DEATH COMMENTS ON DEAD DOGS 

--------------- ------ ---- ----- ---- ----- ---- -------- -------- ------- ----- ------------------------------
D-1 LOWEST 788 M 8 0.06 0. 62 13.0 18. 7 02/09/71 04/13/84 158.1 Chronic Nephropathy 
D-1 LOWEST 850 F 5 0.06 0. 63 8. 0 21.3 10/07/71 06/06/83 140,0 Chronic Nephropathy 
D-1 LOWEST 8'13 M 9 0.06 0. 61 l4. 0 14.9 10/07/71 167.8 
D-1 LOWEST 807 F 8 0. 07 0.73 11.0 14.6 02/09/71 07/24/81 125. 4 Pituitary Tumor, Cushing's 
0-1 LOWEST 841 F 6 0.07 0. 75 8. 0 17.7 06/08/71 171.8 
D-1 LOWEST 908 M 9 0. 07 0. 77 11.0 15.9 11/10/71 04/01/80 100.7 Unknown, Pulmon. Hyalinosis 
D-2 LOW 776 M 10 0.07 0. 74 13.5 20.2 03/04/71 09/19/84 162.6 Bronchopneumonia 
D-2 LOW 842 M 10 0.07 0.77 13.5 18.6 07/06/71 05/01/85 165.8 Lung Tmr, Chronic Nephropathy 
D-2 LOW 767 M 10 0,08 0. 8 3 12.0 18.2 12/21/70 177. 3 
D-2 LOW 920 M 11 0.08 0.92 12.0 16.0 06/08/72 07/07/72 1.0 Sacrificed 
D-2 LOW 862 M 1) 0. 0'1 1. 00 13.0 17.3 06/08/71 06/25/83 144.6 Peritonitis 
D-2 LOW 871 M 13 0. 09 0.96 13,5 16.9 07/06/71 170.8 
D-2 LOW 874 M 16 0.11 1. 24 13.0 16.8 07/06/71 04/09/85 16 5.1 Chronic Nephropathy 
D-2 LOW 754 M 22 0,15 1. 69 13.0 19.5 01/19/71 01/10/78 8 3. 7 Epilepsy 
D-2 LOW 8 45 F 19 0.15 1. 63 11,5 17.6 06/08/71 08/09/84 158.1 urinary Bladder Tumor 
D-2 LOW 748 F 14 0.16 1. 7 5 8. 0 19.5 01/19/71 08/19/81 127.0 Unknown Cause 
D-2 LOW 798 F 16 0.16 l. 78 9.0 15.6 02/09/71 08/29/74 42,6 Sacrificed 
P-2 LOW 826 F' 19 0.17 l. 90 10.0 19.1 07/06/71 04/17/84 153.4 Hemangioma, Spleen 
D-2 LOW 8 31 F 21 0.18 2,00 10.5 17.9 06/08/71 05/14/84 155.2 Pneumonia 

~ 
D-2 LOW 881 F' 19 0.19 2.09 9. 0 17.7 10/07/71 167. 8 

~ D-2 LOW 780 F' 24 0. 22 2. 40 10 .o 18.2 01/19/71 04/08/82 134.6 Pheochromocytoma 
D-2 LOW 859 M 35 0, 22 2.41 14.5 18.2 07/06/71 04/22/84 153.6 urinary Bladder Tumor 
D-2 LOW 757 M 36 0. 23 2,57 14,0 18.5 12/21/70 177. 3 
D-2 LOW 876 F 19 0. 24 2.69 7 .o 17.9 10/07/71 167,8 
D-2 LOW 806 r 26 0. 25 2. 74 9.5 15.3 03/04/71 10/29/82 139. 9 Palate: Malignant Melanoma 
D-2 LOW 813 r 32 0,29 3. 20 10.0 15.1 03/04/71 12/15/83 153.4 Multilobular Sarcoma, Skull 
D-2 LOW 877 F 34 0.29 3.24 10,5 17.9 10/07/71 167,8 
D-2 LOW 769 F 28 0. 32 3.50 8. 0 18.2 12/21/70 06/23/78 90.1 Ovarian Tumor 
D-2 LOW 802 M 40 0. 33 3. 64 11.0 18.1 04/26/71 12/28/84 164.1 Pneumonia 
D-3 MED-LOW 781 f' ., 0.38 4,17 u.s 17.3 12/21/70 02/20/81 122.0 Lung Tumor, Kidney Tumor 
D-3 MED-LOW 771 F 44 0. 40 4.40 10.0 19.2 01/20/71 11/02/83 153.4 Lung Tumor 
D-3 MED-LOW 782 M 62 0.42 4. 59 13.5 19.0 02/10/71 05/27/83 147. 5 Neurofibrosarcoma, Brachial P 
D-3 MED-LOW 786 M 62 0. 42 4. 59 l3. 5 19.5 03/04/71 174.9 
D-3 MED-LOW 752 M 62 0. 43 4. 77 13.0 18.6 12/21/10 02/22/79 98 .1 Lung Tumor, Adrenal Tumor 
D-3 MED-LOW 8 23 M 65 0.44 4.81 13, 5 16.8 04/26/71 05/24/84 156. 9 Urinary Bladder Tumor 
D-3 MED-LOW 883 M 6) 0.44 4.8 5 13.0 17,7 10/07/71 167.8 
D-3 MED-LOW 778 M 74 0.46 5.10 14.5 20,2 03/04/71 08/26/79 101.7 Pulmonary Thromboembolism 
D-3 MED-LOW 838 M 56 0. 46 5. 09 11.0 17.8 06/08/71 07/20/84 157.4 Malignant Lymphoma, Lung Tmr 
D-3 MED-LOW 795 F' 54 0.49 5. 40 10. 0 15.0 01/20/71 09/06/83 151. 5 Lung Tumor 
D-3 MED-LOW 815 M 68 0.52 5. 67 12.0 16.8 04/26/71 05/22/73 24.9 Sacrificed 
D-3 MED-LOW 851 F 53 0.54 5.89 9. 0 21.3 10/07/71 167.8 
D-3 MED-LOW 918 M 74 0.58 6. 43 11.5 16.0 06/08/72 07/06/72 0. 9 Sacrificed 
D-3 MED-LOW 8 34 f' 67 0. 68 7.44 9.0 17.8 06/08/71 07/05/79 96.9 Pyometra 

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



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

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE 

--------------------------- -------------------- DATE INHALATION 
DOG NCI/G NCl/ WEIGHT AGE* DF -------------

DOSE GROUP I DENT NC! LUNG 'G (KG) (MO) DATE DEATH 9/30/85 DEATH COMMENTS ON DEAD DOGS 
--------------- ------ ---- ----- ---- ----- ---- -------- -------- ------- ----- ------------------------------
D-3 MED-LOW 797 F s; 0. 70 7. 73 11.0 l6. 4 03/04/71 174.9 

D-3 MED-LOW 8 48 F , 0. 72 7,94 9.5 21.3 10/07/71 16 7. 8 
D-3 MED-LOW 827 F 89 0. 7 4 8.09 11.0 16.7 04/26/71 01/06/85 164.4 Acute Pneumonitis 
D-3 MED-LOW 697 M 140 0. 8 5 9. 33 15.0 19.5 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 06/28/84 161.2 Lung Trnr, Malignant Lymphoma 
D-3 MED-LOW 884 M 123 1.12 12,30 10,0 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 06/08/71 08/08/85 170 .o Processing 

D-3 MED-LOW 905 F 127 1- 36 14.94 8. 5 15.9 11/10/71 02/07/83 134.9 Malignant Lymphoma 
D-4 MEDIUM 866 M 200 1. 35 14.81 13.5 17.4 07/06/71 06/27/84 155.7 Lung Tumor 
D-4 MEDIUM 809 I' !57 1. 36 14.95 10.5 15.3 03/04/71 05/28/81 122,8 Liver Cirr, Thy T., Addison's 

D-4 MEDHJM 764 F 158 1. 37 15.05 10.5 18.2 12/21/70 07/07/82 138. 5 Lung Tumor 
D-4 MEDIUM 835 F 163 1. 48 16,30 10.0 16.4 04/26/71 06/25/78 66,0 Reticulum Cell Sarcoma 
D-4 MEDHJM 839 F 189 1. 49 16.43 ll. 5 16.3 04/26/71 l 73.2 
D-4 MEDIUM 814 F 140 1.50 16. 47 8. 5 15.1 03/04/71 10/17/79 103.5 Lung Tumor, Thyroid Adenoma 
D-4 MEDIUM 836 M 256 1-66 18.29 14.0 l 7. 8 06/08/71 03/16/81 117. 3 Lung Tumor 
D-4 MEDIUM 819 F 163 1. 74 19.18 8.5 18.2 06/08/71 08/20/85 l 70.4 Processing 
D-4 MEDIUM 888 M "' 1. 78 19. 57 14.0 17.1 10/08/71 07/02/79 92.8 Lung Tumor 
D-4 MEDIUM 824 F 227 1-79 19.74 11. 5 18.1 06/08/71 01/26/61 115.6 Bronchopneumonia 
0-4 MEDI!:M 860 M 25. 1.85 20.32 12.5 17,3 06/08/71 06/24/82 132.5 Lung Tumor 

ro D-4 MEDIUM 8 33 F 2<8 2. 37 26.11 9.5 16.5 04/26/71 04/04/83 143,3 Metritis, Adrenal & Thy Tumor 
0 D-4 MEDit:M 810 I' 302 2. 39 26.26 11, 5 15,3 03/04/71 09/09/81 126.2 Lung Tumor 

D-4 MEDIUM 794 M ... 2. 60 28.65 15.5 17.7 03/04/71 02/17/81 119.5 Pituitary Tumor, Cllshing's 

D-4 MEDIUM 854 M m 2,6 4 29.06 16.0 21,3 10/08/71 01/25/82 123,6 Lung Tumor 
D-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 808 F 270 2.89 31.76 8.5 14.6 02/10/71 09/09/82 138-9 Lung Tumor 
D-4 MEDIUM 805 F 257 3,12 34.27 7.5 18.5 06/08/71 07/22/82 133,5 Esophageal & L~ng Tumor 
D-4 MEDIUM 812 M "" 3.19 35.04 12.5 17.1 04/26/71 11/12/79 102.6 Lung Tumor 
D-4 MEDIUM 857 M .86 3,40 37.38 13.0 17.3 06/08/71 07/01/80 108.8 Lung Tumor 
D-4 MEDIUM 892 M "' 3. 59 39.52 12.5 16,0 11/10/71 10/26/81 119.5 Lllng Tumor 
D-4 MEDIUM 816 M 398 3,62 39,80 10.0 16,8 04/25/71 05/11/71 0.5 Sacrificed 
D-4 MEDIUM 777 M 5<6 3,97 43,68 12.5 20.2 03/04/71 03/26/80 lOB, 7 Lung Tumor 
D-4 MEDIUM 803 M 5<7 4 .. 32 47.57 ll,5 18.1 04/26/71 11/10/77 78.5 Interstitial Pneumonitis 
0-5 MED-HIGH 787 M 6 51 4. 7 3 52.08 12.5 19.5 03/04/71 02/08/79 95.2 Lung Tumor, Intestinal Tumor 
D-5 MED-HIGH 840 F 703 4,92 54.08 13.0 17.7 06/08/71 04/29/80 106.7 Lung Tumor 
D-5 MED-HIGH 727 M 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 .o 16,0 ll/10/71 02/03/81 110.8 Uri B1adr & Lung & Adr Tumor 
D-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 18.3 12/21/70 06/02/75 53,4 Lung Tumor 
D-5 MED-HIGH 864 F 801 6.62 72,82 11.0 17.4 07/07/71 11/02/79 99.9 Lung Tumor 
D-5 MED-HIGH 909 M 7 37 6,70 73.70 10.0 15,9 11/10/71 06/04/81 114.8 Lung Tumor 
D-5 MED-HIGH 734 M 91< 6,92 76.17 12.0 19.2 ll/10/70 04/01/71 •. 7 Sacrificed 
D-5 MED-HIGH 837 "'- 1283 8,04 88.48 14.5 18.8 07/07/71 07/21/77 72.5 Lung Tumor 
D-5 MED-HIGH 86 3 I' 980 8. 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 e~posure. 



DOSE-EFfECT STUDIES WITH INHALED PU-239 OXIDE JN BEAGLES 

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE 
--------------------------- -------------------- DA'J'f, INHALATION 

DOG NCI/G NCI/ WEIGHT AGE* oe -------------
DOSE GROUP I DENT 1\Cl LUNG 'G (KG) (MO) DATE DEATH 9/30/85 DEATH COMMENTS ON DEAD DOGS 

--------------- ------ ---- ----- ---- ----- ---- -------- -------- ------- ----- ------------------------------
D-5 MED-HIGH 820 F 80 8. 56 94.11 9.0 18.2 06/08/71 06/01/79 95 .B Lung Tumor 
D-5 MED-HIGH 852 F 1187 9.38 103.22 11.5 21.3 10/08/71 02/22(78 76,5 Lung Tumor 
D-5 MED-HIGH 880 F 840 9. 55 105.00 8. 0 17.8 10/08/71 12/04/78 85.9 Lung Tumor 
D-5 MED-HIGH 889 F 1089 9.90 108.90 10,0 16.0 11/10/71 09/20/79 94. 3 Lung Tumor, Osteoarthropathy 
D-5 MED-HIGH 78 3 M 1394 10 .14 111.52 12. 5 18.9 02/09/71 12/03/75 57.8 Lung Tumor 
D-5 MED-HIGH 804 M 1344 10.18 112.00 12.0 20,5 07/07/71 08/18/74 37.4 Lung Tumor, Rad, Pneumonitis 
D-5 MED-HIGH 873 M 1767 10.71 117.80 15.0 16.8 07/07/71 09/03/76 61.9 Lung Tumor 
D-5 MED-HIGH 760 M 1378 10.8 9 119.83 11.5 19.3 01/20/71 08/15/7 3 30.8 Radiation Pneumonitis 
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, Osteoarthropathy 
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 709 M 1726 12.55 138-08 l2. 5 19.6 11/10/70 03/31/71 •• 6 Sacrificed 
D-5 MED-HIGH 772 M 1896 14.99 164.87 11. 5 19-8 02/09/71 06/26/75 52.5 Lung Tumor, Osteoarthropathy 
D-5 MED-HIGH 702 F 1682 15,29 168.20 10.0 19.8 11/10/70 03/31/71 •. 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 817 M 3164 23.97 263.67 12.0 19-2 07/07/71 03/26/73 20,6 Radiation Pneumon t s 
D-6 HlGH 8 29 M 3 515 24.58 270.38 13 .o 19.1 07/07/71 09/13/73 26.3 Radiation Pneumon t s 
D-6 HIGH 890 F 3101 31.32 344.56 9. 0 16.0 11/10/71 06/13/74 31.1 Radiation Pneumon t s 

"' 
D-6 HIGH 435 F 3840 33-25 365.71 10.5 75.5 11/05/70 11/12/70 0. 2 Sacrificed 
D-6 HIGH 913 M 4900 35.64 392.00 12.5 17.4 07/19/72 08/18/72 1.0 sacrificed 
D-6 HIGH 906 F 6632 63. 46 698.11 9. 5 15.9 11/09/71 11/22/72 12.5 Radiation Pneumon t s 
0-6 HIGH 8 96 F' 5515 66,85 735,33 7. 5 16.0 11/10/71 02/1217 3 15-1 Radiation Pneumon t s 
D-6 HIGH 747 F 7 476 97,09 1068.00 7.0 19.6 01/20/71 01/13/72 11.8 Radiation Pneumon t s 
D-6 HIGH 910 M 14267 103,76 1141.36 12.5 15.9 11/1fl/71 10/12/72 11.1 Radiation Pneumon t s 

• Indicates age in months since birth, all other ages are in months since e~posure. 
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DOSE-EFFECT STUDIES WITH INHALED PU-238 OXIDE IN BEAGLES 

DOSE GROUP 

CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL 
CONTROL SACRIFICE 
CONTROL SACRIFICE 
CONTROL SACRIFICE 
CONTROL SACRIFICE 
CONTROL SACRIFICE 
CONTROL SACRIFTC'P. 
CONTROL SACRIFICE 
CONTROL SACRIFICE 

D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 
D-1 LOWEST 

DOG 
IDENT 

939 M 
949 F 
978 M 
990 F 
996 f' 

1005 M 
1007 F 
1024 M 
1038 M 
1045 M 
1054 F 
1061 F 
1093 M 
1097 F 
1112 M 
1116 F 
1186 F 
1197 M 
1209 M 
1225 F 

966 M 
lOll F 
1013 F 
1087 M 
1118 M 
l 2;13 M 
1227 M 
1228 M 

998 M 
1003 M 
1023 F 
1039 M 
1044 F 
1055 M 
1063 M 
nos r 
1194 F 
1215 M 
1230 M 

951 M 
1008 M 
1193 F 

959 M 

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE 

"' 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
[ 

0 
0 
0 
0 
2 
2 
2 
3 

NCI/G 
LUNG 

0.00 
0.00 
0. 00 
0 .oo 
0 .oo 
0.00 
o.oo 
o.oo 
o.oo 
0.00 
0. 00 
0.00 
0. 00 
0. 00 
o.oo 
0.00 
0.00 
0. 00 
0. 00 
o.oo 
0.00 
o. 00 
0. 00 
0. 00 
0.00 
0.00 
0. 00 
0.00 
0.00 
o.oo 
0. 00 
0. 00 
0.00 
o.oo 
o.oo 
0.00 
0. 00 
0. 00 
0.00 
0. 01 
0. 01 
0.01 
0.02 

NCI/ 
KG 

o.oo 
o.oo 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.00 
0 .oo 
o.oo 
0.00 
0.00 
0 .oo 
0.00 
0. 00 
0.00 
0.00 
o.oo 
0,00 
0,00 
0.00 
0 .oo 
0.00 
0. 00 
0. 00 
0 .00 
0 .oo 
0. 00 
0. 00 
0 ,00 
0.00 
0. 00 
0. 00 
0. 00 
0 .00 
0.00 
o.oo 
0. 00 
0. 00 
0.14 
0.15 
0 .16 
0. 22 

WEIGHT AGE• 
(I<G) (MO) 

10.5 
14.0 
12. 5 
11.0 
11.5 
13.0 
14.5 
10.0 
10.5 
15.5 
12.5 
14.0 
13.5 
12.5 
13. 5 

19.6 
19.6 
19.2 
17.0 
17.0 
16.8 
16.7 
16. 4 
19.8 
19.3 
18. 4 
19. 3 
B.6 
19.8 
19.2 

DATE 

01/18/7 3 
01/18/73 
01/111/73 
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 
01/18/73 
04/18/74 
12/19/72 

DATE 
De 

DEATH 

10/01/82 
10/30/84 

07/08/79 
07/06/84 

07/07/81 
ll/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/ll/80 
02/08/85 

04/26/77 

02/14/83 

06/22/84 

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

MONTHS SINCE 
INHALATION 

9/30/85 DEATH COMMENTS ON DEAD DOGS 

172 .6* 

172.0* 
172 .0* 
171.5* 
169.4* 
169.4* 
169.1* 

164,6* 
164, 4* 
164.1* 

157.0* 
156. 7* 
155.9* 

152.4 
152.4 
152.4 
152,4 
152.4 
152.4 

137.4 

137.4 

152.4 
137.4 

136.9* Urinary Bladder Tumor 
161,7* Malignant Lymphoma 

97, 4* Pyometra 
157.2* Malignant Lymphoma 

118.2* Malignant Lymphoma 
142.4* Pituitary Tumor, cushing's 

155.3* Urinary Bladder Tumor 

71.6* Sacrificed 
83.9* sacrificed 
95.8* Sacrificed 
60,0* Sacrificed 
47.5* sacrificed 
31.9* Sacrificed 
49.9* sacrificed 
72,9* Sacrificed 

93.8 Brain Tumor, Heart Tumor 
140.3 PrOcessing 

36,3 Sacrificed 

121.9 Anesthetic Death 

138.1 Liver Abcess 



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

INITIAL ALVEOLAR DEPOSITION IKHALATION EXPOSURE MONTHS SINCE 
--------------------------- -------------------- DATE INHALATION 

DOG NCI/G NCl/ WEIGHT AGE* oc -------------
DOSE GROUP IDE NT NO LUNG KG (KG I (MOl DATE DEATH 9/30/85 DEATH COMMENTS ON DEAD DOGS 

--------------- ------ ---- ----- ---- ----- ---- -------- -------- ------- ----- ------------------------------
D-1 LOWEST 1069 F 2 0. 02 0. 24 8. 5 18.1 05/31/73 06/24/83 120.8 Malignant Lymphoma 
D-1 LOWEST 1095 F 2 0.02 0.19 10.5 16.6 05/31/73 148 -0 
0-1 LOWEST 921 F 3 0,03 0. 31 10.0 19.5 11/30/72 12/27/72 0. 9 Sacrificed 
D-1 LOWEST 923 F 3 o. 03 0.35 8.5 19.5 11/30/72 01/26/73 1.9 Sacrificed 
D-1 LOWEST 989 F 3 0,03 0. 32 9.5 18.8 12/19/72 03/05/81 98. 5 Bone Tumor, Fibrosarcoma 
D-1 LOWEST 925 M 5 0. 04 0. 40 12.5 1'1.5 11/30/72 02/27/7 3 2.9 Sacrificed 
D-1 LOWEST 1204 M 6 0. 04 0,43 14.0 17.7 02/26/74 139.1 
D-1 LOWEST 970 F 6 0.05 0.55 11.0 19.2 12/19/72 01/04/77 48.5 Sacrificed 
D-1 LOWEST 993 F 6 0.05 0.50 12.0 18.8 12/19/72 153. 4 
D-1 LOWEST 1106 F 5 0 .05 0. 50 10.0 16.4 05/31/73 03/14/83 117.4 Osteoarthropathy 
D-2 LOW 1065 F 6 0. 05 0. 60 10.0 18.3 05/31/73 148.0 
D-2 LOW 1082 M 11 0. 06 0,69 16.0 18.0 05/31/73 12/04/79 78.1 Paralysis, Spinal Cord Degen. 
D- 2 LOW 1188 M 11 0.06 0.71 15.5 18.4 02/26/74 01/15/84 118.6 Metastatic Lng Tmr, Prim. Unk 
D-2 LO\;' lOB 4 M 13 0.07 0.76 l7 .o 17.5 05/31/73 148.0 
D-2 LO\;' 1090 F 10 0 ,08 0. 8 3 12.0 17,3 05/31/73 148 .o 
D-2 LOW 1222 M 15 0 ,10 1.07 14.0 19.0 04/18/74 137.4 
D-2 LOW 971 F 13 0.11 1. 24 10.5 19.2 12/19/72 05/04/83 124. 5 Hemang io sarcoma, Spleen 
D-2 LOW 999 F 11 0.11 1.16 9. 5 18.7 12/19/72 l 53. 4 
D-2 LOW 1229 M H 0.11 1.19 13,5 16.8 02/26174 05/25/84 122.9 Pneumonia, Thyroid Tumor 
D-2 LOW 1070 M 22 0 .12 l. 33 16.5 18 .1 05/31/73 12/13/83 126.4 Round Cell sarcoma: Kidney 

~ 0-2 LOW 1214 M 17 0 .12 1. 36 12.5 19.3 04/18/74 05/12/75 12. B Sacrificed w 
o-2 cow 955 M 17 0 ,14 1. 55 11.0 19.2 12/19/72 153.4 
D- 2 !.0\~ 1033 M 17 0.14 1. 55 11.0 19.1 02/22/73 151.2 
D-2 LO\V 10 36 F 16 0.14 l. 52 10.5 18.2 02/22/73 151. 2 
D-2 LOW 1216 M 23 0.16 1.77 13.0 19.3 04/18/74 137.4 
D-2 LOW 1060 F 22 0.18 2. 00 11. 0 17,8 02/22/73 12/21/84 l 41.9 Processing 
D-2 LOW 981 ~. 30 0. 21 2. 31 13.0 19.0 12/19/72 153.4 
D-2 LOI'< 10 46 M 27 0.22 2. 45 11.0 18 .1 02/22/73 151.2 
D-2 LOW 1050 F 22 0.22 2. 44 9. 0 18.1 02/22/73 151.2 
D-2 LOIV 1078 r 29 0. 22 2.42 l 2. 0 18.0 05/31/73 11/09/83 125. 3 Meningioma, Malignant 
D-2 LOW 1207 F 22 0. 24 2.59 8. 5 17.6 02/26174 139.1 
D-2 LOW 1196 F 28 0. 25 2.80 I 0 .0 17,9 02/26/74 139 .l 
D-2 LOW 1189 M 38 0.26 2.81 13.5 20.0 04/18/74 04/25/79 60.2 S01cr if iced 
D-2 LOW 930 M 38 0.27 2. 92 13.0 19.2 11/30/72 12/28/72 0. 9 Sacrificed 
D-3 MED-LOW 1066 '~ 54 0. 31 3.38 16.0 18.3 05/31/73 06/21/83 120.7 Malignant Lymphoma 
D-3 MED-LOW 972 F 40 0. 33 3. 64 11.0 19.2 12/19/72 1 53.4 
D-3 MED-LOW 1089 F 41 0. 3 4 3. 73 11.0 17.3 05/31/73 148-0 
D-3 MED-LOW 1310 M 54 0.34 3. 72 14.5 18.5 03/04/75 04/01/77 24-9 Sacrificed 
D-3 MED-LOW 1312 M 58 0. 34 3. 74 1 5. 5 18.5 03/04/75 03/26/79 48.7 Sacrificed 
D-3 MED-LOW 1311 M 54 0.36 4.00 13.5 18.5 03/04/75 04/03/78 37.0 Sacrificed 
D-3 MEO-LOW 1219 F 46 0. 40 4. 38 10.5 19.0 04/18/74 137.4 
D-3 MED-LOW 1317 M 72 0.41 4. 50 16.0 18.1 03/04/75 04/01/77 24.9 Sacrificed 
D-3 MED-LOW 1158 !'. 73 0.43 4. 71 15.5 17.7 11/06/7 3 142.8 

• Indicates age in months since birth, all other ages are in months since el<posure. 



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

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE 

--------------------------- -------------------- DATE INHALATION 
OOG NCI/G NCI/ WEIGHT AGE* " -------------

DOSE GROUP IDE NT ,c; LUNG " (KG) (MDI DATE DEATH 9/30/fl5 DEATH COMMENTS ON DEAD DOGS 

--------------- ------ ---- ----- ---- ----- ---- -------- -------- ------- ----- ------------------------------
D-3 MED-LOW 1165 M 76 0.43 4. 75 16.0 17.3 11/06/73 142.8 
D-3 MED-LOW 1309 M 60 0 .44 4.80 12.5 18.5 03/04/75 126.9 
D-3 MED-LOW 1318 M 67 0.45 4.96 13.5 18.1 03/04/75 03/08/76 12.2 sacrificecl 
0-3 MED-LOW 929 F 41 o.so 5.47 7. 5 19.2 11/30/72 01/25/73 1.8 SaCrificed 
D-3 MED-LOW 1316 M 84 0. 53 5. 79 14. 5 18.1 03/04/75 126.9 
D-3 MED-LOW 960M 68 0. 54 5. 91 11. 5 19.2 12/19/72 11/07/80 94.6 Malignant Lymphoma 
D-3 MED-LOW 1072 M 98 0.54 5.94 16.5 18.1 05/31/73 09/22/83 123.7 Delayed Radiation Pneumonitis 
D-3 MED-LOW 1190 F 71 0. 54 5. 92 12.0 18.1 02/26/74 05/09/85 134.4 Lung Tumor 
D-3 MED-LOW 926 M 75 0. 55 6. 00 12. 5 19.5 11/30/72 02/28/73 3.0 sacrificed 
D-3 MED-LOW 1315 M 90 0,55 6.00 15.0 18.1 03/04/75 03/31/77 24.9 sacrifice<'l 
D-3 MED-LOW 982 M 76 0. 58 6, 33 12.0 19.0 12/19/72 153.4 
D-3 MED-LOW 1040 M 84 0.61 6. 72 l2. 5 18.2 02/22/73 03/04/81 96.3 Parathyroi<'l A<'lenoma 
D-3 MED-LOW 1059 F 71 0. 65 7.10 10 .o 11 .a 02/22/7 3 08/08/83 125.5 Malignant Lymphoma 
D-3 MED-LOW 1319 M 99 0.67 7. 33 13.5 18.1 03/04/75 03/09/76 12. 2 Sacrificecl 
D-3 MED-LOH 1108 F 84 0.69 7.64 11.0 16.4 05/31/73 148.0 
D-3 MED-LOW 1000 I' 70 0.71 7.78 9.0 18.7 12/19/72 153.4 
D-3 MED-LOW 1056 M 97 0. 71 7. 76 12.5 17.9 02/22/73 151.2 
D-3 MED-LOI>' 1004 M 116 0. 7 3 8.00 14.5 19.6 01/18/73 152.4 
D-3 MED-LOW 1026 M 116 0. 78 8. 59 13.5 19.2 01/18/73 152. 4 

w D-3 MED-LOW 1043 F 98 0.89 9. 80 10.0 18.1 02/22/73 09/21/81 102.9 Empyema, Pituit.T., Cushing's 

' D-3 MEO-LOW 1031 F 76 0. 92 10.13 7. 5 19.1 02/22/73 05/04/84 134.3 Pneumonia 
D-3 MED-LOW 1212 F Ill 1.19 13.06 9.0 17.6 02/26/74 139.1 
D-4 MEDIUM 1176 M 129 0,87 9.56 13. 5 15.5 10/06/73 143.8 
D-4 MEDIUM 1221 F 12< 1.13 12.40 10.0 19.0 04/18/74 137 ,4 
D-4 MEDIUM 1195 M 228 l. 38 15.20 15.0 18.1 02/26/74 139.1 
D-4 MEDIUM 1032 M 16~ 1. 40 15.43 10.5 16.3 ll/30/72 12/08/72 0.3 Sacrificed 
D-4 MEDIUM 1053 r 148 1.42 15.58 9.5 17.9 02/22/73 02/02/85 143. 3 P(ocessing 
D-4 MEDIUM 997 M 203 l. 60 17.65 11.5 19.6 01/18/73 152.4 
D-4 MEDIUM 991 ' 194 l. 76 19.40 10.0 18.8 12/19/72 06/20/83 126.0 Urinary Bla<'lder ~ Ov~rian Tmr 
D-4 MEDIUM 1177 M 262 ]. 76 19.41 13. 5 16.6 11/06/73 03/12/85 136.1 Bone Tumor 
D-4 MEDIUM 932 F 216 1. 79 19.64 11.0 19.1 11/30/72 01/25/73 1.8 sacrificed 
D-4 MEDIUM 1103 F 260 1.89 20.80 12.5 16,5 05/31/73 0 4/08/83 118.2 Bone Tumor, Lung Tumor 
D-4 MEDIVM 973 F 271 2. 24 24.64 11.0 19.2 12/19/72 10/08/84 141.6 Bone Tumor 
P-4 MEDIUM 931 F 289 2. 39 26.27 11.0 19.1 11/30/72 12/28/72 0.9 sacrificecl 
D-4 MEDIUM 10 91 ' "' 2.60 28.59 8.5 17.3 05/31/73 148.0 
D-4 MEDIUM 1114 M 430 2. 70 29.66 14.5 16.4 05/31/73 04/23/85 142.8 Processing 
D-4 MEDIUM 1062 M <35 2. 93 32.22 13.5 17.8 02/22/7 3 05/30/84 135.2 Bone Tumor, Lung Tumor 
D-4 MEDIUM 934 M 454 3.06 33.63 13. 5 19.1 11/30/72 03/01/73 3. 0 sacrificecl 
D-4 MEDil:M 1081 M 541 ).07 33.81 16.0 18.0 05/31/73 01/18/80 79.6 Hemangiosarcoma, Heart 
0-4 MEDIUM 1030 F 340 3.25 35.79 9. 5 19.1 02/22/73 04/14/83 121.7 Pneumonia, Ra<:l, Pneumonitis 
D-4 MEDIUM 1198 M 539 ).50 38 .50 14 .o 17.9 02/26/74 139.1 
D-4 MEDIUM 952 F 365 3. 69 40.56 9.0 19.2 12/19/72 06/03/83 125.4 Bone Tumor 
D-4 MEDIUM 1166 M 673 4.08 44.87 15.0 17.3 11/06/73 06/23/84 127. 5 Malignant Lymphoma 

* Indicates age in months sine~ birth, all other ages are in months since e~posure. 



DOSE-EFFECT STUDIES WITH INHALED PU-2.38 OXIDE IN BEAGLES 

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE 

--------------------------- -------------------- DATE INHALATION 
DOG NCI/G NCI/ WEIGHT AGE~ oe -------------

DOSE GROUP !DENT NO LUNG KG (KG) (MOl DATE DEATH 9/30/85 DEATH COMMENTS ON DEAD DOGS 
--------------- ------ ---- ----- ---- ----- ---- -------- -------- ------- ----- ------------------------------
D-4 MEDICM 1220 F m 4. 28 47.09 11. 0 19.0 04/18/74 137. 4 
D-4 MEDIUM 992 F 555 4. 39 48.26 11.5 18.8 12/19/72 07/26/84 139.2 Bone Tumor 
D-4 MEDIUM 983 M m 4 .~7 51.42 12.0 19.0 12/19/72 12/29/83 132. 3 Adrenal & Pituitary Tumor B 
D-5 MED-HIGII 1191 F 591 4. 48 49.25 12 .o 19.8 04/18/74 03/21/77 35.1 Interstitial Pneumonitis 
D-5 MED-HIGH 1157 M "' 4. 71 51.85 13.5 17.7 11/06/73 03/02/84 12 3. 8 Bone Tumor 
D-5 MED-HIGH 10 35 F 571 5. 46 60 .ll 9. 5 18.2 02/22/73 03/04/84 132. 3 Bone Tumor, Cushing's Disease 
D-5 MED-HIG\1 1192 F 754 6. 53 71.81 10.5 18.1 02/26/74 03/29/83 109.0 Bone Tumor 
D-5 MED-HIGH 1140 M 1014 6.58 72. 43 14 .o 18.2 11/06/73 12/14/81 97.2 Bone Tumor 
D-5 MED-HIGH 1071 M 1269 6.79 74.65 17.0 18.1 05/31/73 01/09/81 91.3 Bone Tumor, Lung Tumor 
D-5 MED-HIG\1 1173 M 1023 7. 75 85.25 12.0 17.3 11/06/73 02/09/82 99.1 Bone Tumor 
D-5 MED-HIGH 1178 M 1125 8. 52 93.75 12,0 16.6 11/06/73 01/06/83 110 .o Bone Tumor, Lung Tumor 
D-5 MED-HIGH 1047 M 900 8.61 94.74 9. 5 18.1 02/22/73 10/05/82 115.4 Vertebral Disk Herniation 
D-5 MED-HIGH 1109 F 1119 8.85 97.30 11.5 16.4 05/31/73 08/06/80 86.2 Bone & Lung Tumor, Addison's 
D-5 MED-HIGH 1160 F 1344 10.18 112.00 12.0 17.3 11/06/73 09/22/81 94. 5 Bone Tumor, Lung Tumor 
D-5 MED-HIGH 1211 M 1764 11.06 121.66 14.5 17.6 02/26/74 05/17/82 98.6 Bone Tumor 
D-5 MED-HIGH 1096 F 1476 12.20 134.18 11.0 16.6 05/31/73 05/08/78 59.2 Addison's Disease 
D-5 MED-HIGH 1218 F 1710 12.95 142.50 12.0 17.3 02/26/74 04/24/81 85.9 Bone Tumor 
D-5 MED-HIG\1 1092 M 1848 13.44 147.84 12. 5 17,3 05/31/73 10/23/78 64.8 Bone Tumor 
D-5 MED-HIGH 1027 M 2148 13.95 153.43 14.0 19.2 01/18/73 12/01/78 70.4 Bone Tumor, Lung Tumor 

ro 0-5 MED-HIGH 1115 F 188 5 14.90 163.91 11. 5 16.1 05/31/73 07/11/78 61. 3 Bone Tumor 
m D-5 MED-HIGH 97 4 F 1718 15.62 171.80 10.0 20,2 01/18/73 05/24/78 64.1 Bone Tumor 

D-5 MED-HIGH 1079 M 2620 15.88 174.67 15.0 18.0 05/31/73 02/12/78 56.4 Addison's Disease, G.I. Tumor 
D-5 MED-HIGH 1058 r 1907 16.51 181.62 10.5 17,8 02/22/73 11/01/79 80,3 Bone Tumor, Adrenal Tumor 
D-6 HIGH 1002. M 2907 18.88 207.64 14.0 19.6 01/18/73 01/21/80 8 4.1 Bone Tumor, Lung Tumor 
D-6 HIGH 1057 M 3116 20.98 230.81 13.5 17.9 02/22/73 03/07/79 72.4 Bone Tumor 
0-6 HIGH 1009 M 3630 26.40 290.40 12.5 19.6 01/18/73 04/01/78 62.4 Lung Tumor, Osteoarthropathy 
D-6 HIGH 1042 F 2959 28.32 311.47 9. 5 18.1 02/22/73 11/10/78 68.6 Bone Tumor, Lung Tumor 
D-6 HIGH 994 F 3453 31.39 345.30 10.0 19.6 01/18/73 07/04/76 41.5 Addison's Disease 
D-6 HIGH 1006 F 3810 31.49 346.36 ll. 0 19.6 01/18/73 01/18/79 72.0 Bone Tumor, Lung Tumor 
D-6 HIGH 97 5 F 3968 36 ,07 396.80 10 .o 20,2 01/18/73 07/25/78 66.2 Bone Tumor, Lung Tumor 
D-6 HIGH 1037 M 4854 44.13 485.40 10 .o 18.2 02/22/7 3 11/21/78 68.9 Bone Tumor 
D-6 HIGH 1143 M 7691 53.78 591.62 13.0 18,2 11/06/73 12/05/77 49.0 Bone Tumor, Lung Tumor 
D-6 HIGH 1025 M B 479 57 .10 628.07 13.5 19.2 01/18/73 03/17/77 49-9 Lung Tumor 
D-6 HIGH 1064 M 9453 63,66 700.22 13,5 16,7 01/18/73 04/14/77 50.8 Bone Tumor, Lung Tumor 
D-6 HIGH 1162 F 6959 70,29 773.22 9.0 17.3 11/06/73 12/19/78 61.4 Bone Tumor, Addison's Disease 
D-6 HIGH 1175 F 6 201 75.16 826.80 7.5 16.6 11/06/73 02/24/78 51.6 Lung Tumor 

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



INHALED PLUTONIUM NITRATE IN DOGS 

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE 

--------------------------- -------------------- DATE INHALATION 
DOG NCI/G NCI/ WEIGHT AGE* OB -------------

DOSE GROUP IDENT NO LUNG KG (KG) (MO) DATE DEATH 9/30/85 DEATH COMMENTS ON DEAD DOGS 

--------------- ------ ---- ----- ---- ----- ---- -------- -------- ------- ----- ------------------------------
CONTROL 1356 M D 0,00 0 .oo 136.7* 

CONTROL 1365 M D 0.00 0.00 136.6* 
CONTROL 1376 F D 0,00 0 .oo 05/11/80 70,8* Pneumonia 
CONTROL 1388 M D 0 ,00 0 .00 09/11/81 86,7* Sacrificed 
CONTROL 1393 M D 0. 00 0.00 135.3* 
CONTROL 1405 M D 0.00 0 .oo 08/13/84 121.3* Heart Base Tumor 
CONTROL 1409 M D 0.00 0.00 134. B * 
CONTROL 1418 M D 0. 00 0 .oo 134.5* 
CONTROL 1425 M D 0.00 0 .oo 08/02/82 96.5* Status Epi1epticus 
CONTROL 1450 F D o.oo 0 .oo 11/04/81 87,4* Sacrificed 
CONTROL 1455 F D o.oo 0 .oo 133.8* 
CONTROL 1483 F D 0.00 0. 00 132. 9* 
CONTROL 1509 M D 0. 00 0 ,00 132.1* 
CONTROL 1516 F D 0 .oo 0 .00 131.8 * 
CONTROL 1525 M D 0 .oo o.oo 131.6" 
CONTROL 1526 M D 0,00 0 .oo 131.6* 
CONTROL 1528 F D o.oo 0. 00 131.1 * 
CONTROL 1543 M D 0. 00 o.oo 130.9* 
CONTROL 1563 F D 0.00 0.00 120.8* 

00 CONTROL 1572 F D o.oo 0 .oo 120.7* 
m CONTROL 1577 M D 0. 00 0 .00 120.7* 

CONTROL 1584 F D 0 .oo 0.00 120.6 * 
CONTROL 1594 F D 0.00 0 .oo 120,6" 
CONTROL 1608 M D 0,00 0 .00 120.3* 
CONTROL 1633 F D 0,00 o.oo 113.6* 
CONTROL 16 38 F D 0. 00 o.oo 113.3* 
VEHICLE 1361 M D 0,00 0 .oo B. 5 21.0 02/13/76 liS. 5 
VEHICLE 1381 F D o.oo 0 .00 8.5 19.8 02/13/76 115. 5 
VEHICLE 1392 M 0 0 ,00 0 .00 13,0 22.0 04/22/76 113.3 
VEHICLE 1406 M D 0 .oo o.oo 13.5 21.6 04/22/76 113. 3 
VEHICLE 1412 F D 0 .oo o.oo 9. 0 19.0 02/13/76 115.5 

VEHICLE 1421 M 0 0.00 0 .oo 13,0 23.3 06/23/76 111.2 
VEHICLE 1457 F 0 0.00 o.oo 12.0 20.6 04/22/76 113. 3 
VEHICLE 1491 ' D 0 .oo 0. 00 B. 0 21.6 06/23/76 111.2 
VEHICLE 1504 F 0 0.00 0. 00 10 .o 20.9 06/23/76 lll. 2 
VEHICLE 1514 M 0 o.oo 0. 00 14.0 20.9 06/23/76 08/06/82 7 3. 4 Malignant Lymphoma 
VEHICLE 1524 M D 0. 00 0.00 12.0 21.5 07/27/76 110 ,1 
VEHICLE 1531 F D 0.00 o.oo 9. 0 20.9 07/27/76 110,1 
VEHICLE 1542 M 0 0.00 0. 00 12 .o 20.8 07/27/76 110,1 
VEfliCLE 1566 M 0 0,00 o.oo 14.0 18.3 03/15/77 102.5 
VEHICLE 1578 M D 0. oo o.oo 10.5 18.2 03/15/77 102.5 
VEHICLE 1593 F D 0. oo 0.00 11.0 18.0 03/15/77 102. 5 
VEHICLE 1601 F D 0.00 o.oo B. 5 18.0 03/15/77 102.5 

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



INHALED PLUTONIUM NITRATE IN DOGS 

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE 

--------------------------- -------------------- DATE INHALATION 
OOG NCI/G NCI/ WEIGHT AGE* De -------------

DOSE GROUP I DENT NCI WNG SG {!':G) {MOl DATE DEATH 9/30/85 DEATH COMMENTS ON DEAD DOGS 

--------------- ------ ---- ----- ---- ----- ---- -------- -------- ------- ----- ------------------------------
VEHICLE 1620 M 0 0 .oo 0 .oo 11.0 21.1 12/01/77 94.0 
VEHICLE 1634 F 0 0.00 0.00 10.5 19.6 12/01/71 94 .o 
VEHICLE 1651 F 0 o.oo o.oo 11. 0 19.2 12/01/77 94.0 

D-1 LOWEST 1416 M 0 0 .oo 0 .oo 12.0 22.1 05/20/76 112.4 
D-1 LOWEST 1458 F 0 o.oo o.oo 10.5 21.5 05/20/76 112.4 
0-1 LOWEST 1489 F 0 0. oo 0. 00 8.0 20.5 05/20/76 08/04/84 98.5 Esophageal Tumor 
D-1 LOWEST 1501 M 0 0.00 0.00 14.0 20.4 05/20/76 01/03/84 91.5 Thyroid Tumor 
D-1 LOWEST 1515 M 0 0.00 0.00 13.5 19.8 05/20/76 112.4 
D-1 LOWEST 1573 M 0 0 .oo 0.00 11. 5 19.4 04/19/77 101.4 
D-1 LOWEST 1581 M 0 0.00 0.00 16.5 19.3 04/19/77 101.4 
D-1 LOWEST 1596 M 0 0 .oo 0,00 14.0 19.2 04/19/17 101,4 
D-1 LOWEST 1600 F 1 0 .01 0 .ll 11.0 19.2 04/19/77 101,4 
D-1 LOWEST 1603 M 2 0.01 0.12 14.0 19.2 04/19/77 101.4 
D-1 LOWEST 1339 F 2 0.02 0,22 9.0 17.5 10/16/75 11/13/75 0.9 Sacrificed 
D-1 LOWEST 1519 M 2 0.02 0 .18 12.5 19.5 05/20/76 112.4 
0-1 LOWEST 1570 F 2 0 .02 0.18 10.0 19.4 04/19/77 101.4 
D-1 LOWEST 1465 F • 0 .o 3 0.35 12.0 21.0 05/20/76 112.4 
D-1 LOWEST l 470 F 3 0 .o 3 0. 29 10.5 21.0 05/20/76 04/09/84 94.7 Meningioma 
D-1 LOWEST 1507 M ' 0 .03 0.32 14.0 19.8 05/20/76 112.4 

w o-1 LOWEST 1592 r • 0. 0 3 0.29 13.5 19.2 04/19/77 101,4 
~ D-1 LOWEST 1607 M 0 0 .o 3 0,35 13.0 19.0 04/19/77 101.4 

D-1 LOWEST 1335 M 0 0 .04 0.42 11.5 18.0 10/16/75 11/13/75 0. 9 Sacrificed 
0-1 LOWEST 1487 r 6 0.0 4 0.46 13.0 20.5 05/20/76 112.4 
D-1 LOWEST 1583 F • 0.04 0.40 9. 5 19-2 04/19/77 101.4 
D-1 LOWEST 1351 M 7 0.06 0. 61 11.0 17.2 10/16/75 11/13/75 0.9 Sacrificed 
0-1 LOWEST 1565 r 8 0,()6 0,67 ll. 5 19.4 04/19/77 09/28/85 101.3 Processing 
D-2 LOW 1513 M 0 o.oo o.oo 11.5 19 .a 05/20/76 112.4 
D-2 LOW 1520 M 1 0.01 0.12 10.5 19.5 05/20/76 112.4 
D-2 LOW 1415 M 2 0 .02 0.20 11.5 22.2 05/20/76 112.4 
D-2 LOW 157 5 M 3 0.02 0.19 14.0 19-4 04/19/77 101,4 
D-2 LOW 1466 F 5 0.03 0.37 14.0 21.0 05/20/76 112.4 
D-2 LOW 1606 r 5 0 .0 4 0. 42 l2. 5 19.0 04/19/77 101.4 
D-2 LOW 1579 M 8 0.05 0.59 14.0 19.3 04/19/77 101.4 
D-2 LOW 1590 F 6 0.05 0,51 12.0 19.2 04/19/77 101.4 
D-2 LOW 1585 r 8 0.06 0.68 12.0 19.2 04/19/77 101.4 
D-2 LOW 1567 M 10 0.07 0. 77 12.0 19.4 04/19/77 101.4 
D-2 LOW 1580 F 9 0.07 0.82 11.0 19.3 04/19/77 101.4 
0-2 LOW 15'H M 11 0.07 0.76 15 .o 19-2 04/19/77 101.4 
D-2 LOW 1417 M 11 0.08 0,8 9 12.0 22.1 05/20/76 112.4 
D-2 LOW 1423 M 10 0.08 0.87 11.0 22.1 05/20/76 112.4 
D-2 LOW 14 72 F 10 0.09 1. 01 10.0 21,0 05/20/76 112.4 
D-2 LOW 1503 r 9 0 ,09 1.03 8.5 19.8 05/20/76 12/13/84 102.8 Thyroid Tumor 
D-2 LOW 1602 M " o.o 9 1.03 14.5 19.2 04/19/77 101.4 

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



INHALED PLUTONIUM NITRATE IN DOGS 

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE 

--------------------------- -------------------- DATE INHALATION 
DDG NCl/G NCI/ WEIGHT AGE* oe -------------

DOSE GROUP I DENT NC1 LUNG KG (KG) (MOl DATE DEATH 9/30/85 DEATH COMMENTS ON DEAD DOGS 

--------------- ------ --- ----- ---- ----- ---- -------- -------- ------- ----- ------------------------------
D-2 LOW 1484 F 11 0.10 1. 08 10.0 20.5 05/20/76 112.4 
0-2 LOW 1599 F 10 0.10 1.14 9.0 19.2 04/19/77 101.4 
D-2 LOW 1490 F 16 0.15 1.65 9. 5 20.5 05/20/76 112 .4 
D-3 MED-LOW 1336 M 21 0.14 l. 52 13.5 18.0 10/16/75 11/13/75 0.9 Sacrificed 
D-3 MED-LOW 1341 F 19 0.16 l. 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 34 0.21 2.36 14. 5 22.0 04/20/76 113.3 
D-3 MED-LOW 1389 M 27 0.23 2,54 10.5 21.9 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 l 09.3 Malignant Lymphoma 
D-3 MED-LOW 1445 F 34 0. 24 2. 60 13.0 21.0 04/20/76 05/05/76 0.5 Sacrificecl 

D-3 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 05/04/76 0.5 sacrificed 
D-3 MED-LOW 1391 M 54 0.30 3,26 16.5 21.9 04/20/76 07/22/85 111.0 Processing 
D-3 MED-LOW 1587 M 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 Ol/23/76 0.1 sacrificed 

D-3 MED-LOW 1540 M 54 0. 32 3, 51 15.5 20.7 07/22/76 110.3 
D-3 MED-LOW 1344 F 41 0. 33 3.60 11.5 17.2 10/16/75 11/14/75 l.O Sacrificed 
D-3 MED-LOW 1589 F 41 0-34 3.75 11.0 18.0 03/15/77 06/08/82 62.8 Sacrificed, Lung Tumor 

w 
D-3 MED-LOW 1588 M 50 0.36 3.98 12.5 18.1 03/15/77 03/22/78 12.2 Sacrificed w 
D-3 MED-LOW 1529 F 43 0.37 4.08 10.5 20.8 07/22/76 10/19/76 2.9 Sacrificed 
D-3 MED-LOW 1574 M 46 0.38 4.21 11.0 18.2 03/15/77 102.5 
D-3 MED-LOW 1375 F 50 0 .40 4 .35 11 .5 19-1 01/20/16 01/23/76 0 .1 Sacrificed 
D-3 MED-LOW 1564 F 40 0. 40 4. 44 9.0 18.3 03/15/77 03/20/78 12.2 sacrificed 
D-3 MED-LOW 1444 F 49 0,41 4.50 11.0 21.0 04/20/76 113.3 
D-3 MED-LOW 1439 F 53 o. 42 4. 61 11.5 21.0 04/20/76 113.3 
D-3 MED-LOW 1523 F 55 0,42 4. 60 12.0 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 5.06 12.5 19.1 01/20/76 116.3 
D-3 MED-LOW 1407 F 50 0,51 5.56 9.0 18.5 01/20/76 01/23/76 0 .1 Sacrificed 
D-3 MED-LOW 1569 F 58 0. 53 5.82 10.0 18.2 03/15/77 102.5 
D-3 MED-LOW 1576 M 70 0.53 5.86 12.0 18.2 03/15/77 03/17/82 6 0.1 sacrificed 
D-3 MED-LOW 1582 F 57 0 ,54 5.96 9. 5 18.1 03/15/77 102.5 
D-3 MED-LOW 1571 F 68 0. 57 6.22 11.0 18.2 03/15/77 03/21/78 12.2 Sacrificed 
D-3 ME:D-LOW 1427 F 68 0.62 6.81 10.0 21.1 04/20/76 113.3 
D-3 ME:D-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 85 0-74 8. 09 10.5 20.2 01/20/76 116.3 
D-3 MED-LOW 1604 M. 85 o. 74 8.10 10.5 18.0 03/15/77 102.5 
D-3 MED-LOW 1530 F 72 0.76 8.41 8.5 20.8 07/22/76 110.3 
D-3 MED-LOW 1456 F 61 0-79 8.68 7.0 20,5 04/20/76 113 .3 
D-3 MED-LOW 1598 F 93 1.06 11.65 8. 0 18.0 03/15/77 03/10/82 59.8 Sacrificed 
D-3 MED-LOW 1422 F 99 1.12 12.35 8.0 18,1 01/20/76 116.3 
D-4 MEDIUM 1637 M 192 l. 45 15.99 12.0 18.9 11/07/77 94-8 

* Indicates age in months since birth, ~11 other ages are in months since exposure. 



INH~LED PLUTONIUM NITRATE IN DOGS 

INITIAl, ALV£0LAR D£POSITION INHALATION EXPOSURE MONTHS SINCE 

--------------------------- -------------------- DATE INHALATION 
DOC NCI/G NCI/ WEIGHT AGE* oe -------------

DOSE GROUP I DENT "'' LUNG '" (KG) (MOl DATE DEATH 9/30/85 DEATH COMMENTS ON DEAD DOGS 

--------------- ------ ---- ----- ---- ----- ---- -------- -------- ------- ----- ------------------------------
D-4 MEDIUM 1404 M 260 1. 48 16.25 16.0 21.5 04/20/76 02/03/84 93.5 Pleuritis 
D-4 MEDIUM 1521 F 205 l. 49 16.37 12.5 21.3 07/22/76 06/07/B5 106,5 Bone Tumor, Lung Tumor 
D-4 MEDIUM 1656 M 211 1. 54 16. 90 12. 5 18.4 11/07/77 94.8 
D-4 MEDIUM 1379 M 278 l. 74 19.16 14.5 19.1 01/20/76 116.3 
D-4 MEDIUM 1362 M 267 1.87 20.54 13.0 20.2 01/20/76 116.3 
D-4 MEDIUM 1639 F 248 2. 05 22.57 11.0 18.5 11/07/77 94.8 
P-4 MEDillM 1647 ...: 294 2,05 22.58 13.0 18.5 11/07/77 94.8 
D-4 MEDIUM 1640 M 307 2.06 22.71 13.5 18.5 11/07/77 03/20/84 76.4 Lung Tumor 
D-4 MEDIUM 1645 F 257 2.13 23. 39 11.0 18.5 11/07/77 94-B 
D-4 MEDIUM 1534 M 295 2.14 23.57 12.5 20.8 07/22/76 05/26/85 106.1 Congestive Heart Failure 
D-4 MEDIUM 1414 F 233 2.35 25.86 9.0 18.2 01/20(76 116.3 
D-4 MEDIUM 1618 F 277 2.40 26.36 10.5 20.3 11/07/77 94.8 
D-4 MEDIUM 1385 M 373 2.42 26.63 14.0 19.0 01/20/76 07/12/84 101.7 Bone Tumor, Lung Tumor 
D-4 MEDIUM 1408 F 331 2.62 28.77 11.5 18.5 01/20/76 10/12/83 92.7 Bone Tumor 
D-4 MEDIUM 142B F 378 3.12 34.36 11.0 21.1 04/20/76 113.3 
D-4 MEDIUM 1535 F 345 3.13 34.48 10.0 20.7 07/22/76 110.3 
D-4 MEDIUM 1446 F 354 3.22 35.40 10 .o 21.0 04/20/76 113. 3 
0-4 MEDIUM 1364 M 463 3.24 35.65 13.0 20.2 01/20/76 08/02/84 102.4 Lung Tumor 
D-4 MEDIUM 1387 F 345 4.48 49.30 7. 0 19.0 01/20/76 08/13/80 54.8 Bone Tumor 

w 0-5 MED-HIGH 1329 F 363 3. 30 36.27 10 .o 18.0 10/16/75 11/14/75 1.0 Sacrificed ~ 

D-5 MED-HIGH 1346 M 656 4.42 48.59 13.5 17.2 10/16/75 11/14/75 1.0 Sacrificed 
D-5 MEO-HIGH 1648 M Bli 5,90 64.90 12.5 18.5 11/07/77 07/11/85 92.1 Processing 
D-5 MED-HIGH 1347 F 688 6. 95 76.47 9.0 17.2 10/16/75 11/14/75 1.0 Sacrificed 
D-5 MEO-HIGH 1659 F 990 7,32 80.51 12.3 18.3 11/07/77 08/19/83 69.4 Bone Tumor 
D-5 MED-HIGH 1636 M 1212 8.48 93.25 13.0 18.9 11/07/77 05/03/83 65.8 Bone Tumor 
D-5 MED-HIGH 1621 M 1334 8,66 95.26 14.0 20.3 11/07/77 11/19/84 84. 4 Bone Tumor, Lung Tumor 
D-5 MED-HIGH 1646 F 1061 8.77 96.45 11.0 18.5 11/07/77 11/11/82 60.1 Bone Tumor 
D-5 MED-HIGH 1429 M 1376 9,62 105.85 13.0 23.2 06/23/76 05/29/81 59.2 Bone Tumor, Lung Tumor 
D-5 MED-HIGH 1641 M 127 5 9.66 106.24 12.0 18.5 11/07/77 06/28/85 91.7 Lung Tumor 
D-5 MED-HIGH 1660 M 1518 10.22 112.41 13.5 18.3 11/07(77 09/05/84 81.9 Bone Tumor, Lung Tumor 
D-5 MED-HIGH 1508 M 1716 10.76 118.37 14.5 20.9 06/23/76 01/24/80 43.0 Bone Tumor 
D-5 MED-HIGH 1655 M 1094 11. OS 121.56 9.0 18.4 11/07/77 03/18/BS 88.3 Bone Tumor, Lung Tumor 
D-5 MED-HIGH 1652 F 1320 12.00 131.95 10.0 18.4 11/07/77 07/20/83 68.4 Bone Tumor, Lung Tumor 
D-5 MED-HIGH 1619 F 1490 12.32 135.50 11.0 20.3 11/07/77 01/21/83 62.5 Bone Tumor 
D-5 MED-HIGH 1512 M 2411 14.61 160.71 15.0 20.9 06/23/76 12/23/79 42 .o Bone Tumor 
D-5 MED-HIGH 1419 M 1559 14.92 164.11 9.5 23.3 06/23/76 10/22/82 76.0 Bone Tumor, Lung Tumor 
D-5 MED-HIGH 1498 F 2018 16.68 183.45 11.0 21.5 06/23/76 04/09/82 69.5 Bone Tumor, Lung Tumor 
D-5 MED-HIGH 1502 F 3008 20.25 222.80 13.5 20.9 06/23/76 01/21/81 55.0 Bone Tumor, Lung Tumor 
D-5 MEO-HIGH 14B5 F 2330 21.18 233.00 10 .o 21.7 06/23/76 12/30/80 54.2 Bone Tumor 
D-5 MED-HIGH 1471 F 2508 21.71 238.82 10,5 22.1 06/23/76 05/01/79 34.2 Radiation Pneumonitis 
D-5 MED-HIGH 1492 F 247 3 24.98 274.82 9.0 21.6 06/23/76 10/16/80 51.8 Bone Tumor 
D-5 MED-HIGH 1459 F 2645 26.72 293.89 9.0 22.6 06/23/76 09/25/80 51.1 Rad, Pneumonitis, Lung Tumor 
D-6 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 e~posure • 
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INHALED PI,UTONIUM NITRATE IN DOGS 

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE 
--------------------------- -------------------- DATE 

DOC NCI/G NCI/ WEIGHT AGE* OF 
DOSE GROUP !DENT Nn LUNG " (!<GI (MO) DATE DEATH 

--------------- ------ ---- ----- ---- ----- ---- -------- --------
D-6 HIGH 1420 M 3840 30.36 333.91 ll,S 23.3 06/23/76 07/12/78 
D-6 HIGH 1517 F 5185 49.62 545.79 9.5 20.6 06/23/76 ll/02/77 
D-6 HIGH 1510 F 696 9 55.09 605.02 ll.5 20,9 06/23/76 ll/09/77 
D-6 HIGH 1424 M 7681 6 9.83 768.12 10 .o 23.2 06/23/76 08/31/77 

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

MONTHS SINCE 
INHALATION 

-------------
9/30/85 DEATH COMMENTS ON DEAD DOGS 
------- ----- ------------------------------

24.6 Rad at on Pneumon t s 
16.3 Rad at on Pneumon t s 
16.6 Rad at on Pneumon t s 
14.3 Rad at on Pneumon t s 



~ 

~~·Publications 
~~·and 
C) Presentations 
~ 



PUBLICATIONS 

Anderson, l. E., E. K. Chess, and B. W. 
Wilson. "Alterations in Pineal Serotonin 
Metabolism in Rats Exposed to 60-Hz Elec­
tric Fields." Neuroendocrinology (In 
press). 

Baker, 0. A. ODE Radioisotope Customers 
with Summary of Radioisotope Shipments, 
PNL-5492, Pacific Northwest Laboratory, 
Richland, Washington. National Technical 
Information Service, Springfield, Vir­
ginia. 

Ballou, J. E. and A. C. Case. "In Vivo 
Parent/Daughter Relationships in the 232U 
Decay Series." Health Phys. (In press). 

Ballou, J. E., R. A. Gies, A. C. Case, D. 
L. Haggard, R. L. Buschbom, and R. L. 
Ryan. "Deposition and Early Disposition 
of Inhaled 232UQ 2 (N0 3 ) 2 and 232U0z(N03h 
in the Rat." Health~ (In press). 

Bean, R. M., D. 0. Dauble, B. L. Thomas, 
R. W. Hanf, and £. K. Chess. "Factors 
Affecting Bioabsorption, Metabolism and 
Storage of Organic Compounds by Aquatic 
Biota." In Health and Environmental Re­
search on Complex Organic Mixtures, R. H. 
Gray, E. K. Chess, P. J. Mellinger, R. G. 
Riley, and D. L. Springer, eds., 24th Han­
ford Life Sciences Symposium, October 21-
24, 1985, Richland, Washington. National 
Technical Information Service, Spring­
field, Virginia (In press). 

Braby, L. A. "A Portable Dose Equivalent 
Meter Based on Microdosimetry." Nucl. 
Instrum. Meth. ~ Res. B10/ll: 910-914. 

Braby, L. A., C. A. Ratcliffe, and N. F. 
Metting. 1985. "A Portable Microdosim­
etry System." In Radiation Protection, H. 
Schraube, G. Burger, and J. Booz, eds., 
pp. 321-329. Commission of the European 
Communities, Brussels. 

Braby, L. A., C. A. Ratcliffe, and N. F. 
Metting. 1984. "Evaluation of a Portable 
Microdosimetry System." Radiat. Protect. 
Dosim. ~: 219-221. 

Briant, J. K. and C. L. Sanders. "Inhala­
tion Deposition and Retention Patterns of 
A U-Pu Chain Aggregate Aerosol." Health 
~(In press). 

Camaioni, D. M. and D. W. Later. "Deter­
mination of Radical Initiating and Hydro­
gen Donating Properties of Coal Liquefac­
tion Process Solvents by Reaction with 
Fluorenone." In Proceedings, 1985 Inter­
national Conference on Coal Science, Octo-

91 

ber 28-November 1, 1985, Sidney, Aus­
tralia. Pergamon Press, Inc., Elmsford, 
NY (In press). 

Cataldo, D. A. and R. M. Bean. "Uptake 
and Fate of Phenol, Anil1ne and Quinoline 
in Terrestrial Plants." In Health and 
Environmental Research on Comp~ganfc 
Mixtures, R. H. Gray, E. K. Chess, P. J. 
Mellinger, R. G. Riley, and D. L. Sprin­
ger, eds., 24th Hanford Life Sciences Sym­
posium, October 21-24, 1985, Richland, 
Washington. National Technical Informa­
tion Service, Springfield, Virginia (In 
press). 

Chess, E. K. and D. W. Later. "Identifi­
cation and Determination of 2,3-0ihydro-
1H-Phenalene in Catalytically Hydrogenated 
cOal Oils." Fuel (In press). 

Chess, E. K. and R. D. Smith. Development 
and Evaluation of Supercritical Fluid 
Chromatography/Mass Spectrometry for Polar 
and High-Molecular-Weight Coal Components, 
Quarterly Technical Report, PNL-5214-3, 
Pacific Northwest Laboratory, Richland, 
Washington. Morgantown Energy Technology 
Center, Morgantown, Pennsylvania. 

Chess, E. K. and R. D. Smith. Development 
and Evaluation of Supercritical Fluid 
Chromatography/Mass Spectrometry for Polar 
and High-Molecular-Weight Coal Components, 
Quarterly Technical Report, PNL 5214 4, 
Pacific Northwest Laboratory, Richland, 
Washington. Morgantown Energy Technology 
Center, Morgantown, Pennsylvania. 

Chess, E. K. and R. D. Smith. Development 
and Evaluation of Supercritical Fluid 
Chromatography/Mass Spectrometry for Polar 
and High-Molecular Weight Coal Components, 
Quarterly Technical Report, PNL 5214 5, 
Pacific Northwest Laboratory, Richland, 
Washington. Morgantown Energy Technology 
Center, Morgantown, Pennsylvania. 

Cope, v. w. '"' D. R Ka 1 kwarf. "The 
Ozone Photooxidation of Polycyclic Aro-
matic Hydrocarbons ood of Pyrene Quin-
ones. " Environ. Sci. Technol. (In press). 

Cross, F. T., N. H. Harley, and W. Hof­
mann. "Health Effects and Risks from 
222Rn in Drinking Water." Health ~ 
48: 649-670. 

DuBois, R. D. "Ionization and Charge 
Transfer in He 2 + - Rare Gas Collisions." 
P~ ~(In press). 



DuBois, R. D. 1985. "Charge Transfer and 
Ionization of Lithium by Protons and He­
lium Ions." ~Rev.~ 32: 3319. 

DuBois, R. D. 1985. "Coincidence Tech­
niques to Study Electron Emission in Ion­
Atom Collisions." Nucl. Instrum. Meth. 
Bl0/11: 120. 

DuBois, R. D. 1985. "Cross Sections f<jlr 
Ionization of Gases by 10-2000 keV He 
Ions and for +Electron Capture and Loss by 
5-350 keV He Ions." ~ Rev. ~ 32: 
829. 

DuBois, R. D. 1985. "Electron Capture by 
Protons and Helium Ions from Lithium, So­
dium and Magnesium." ~ Rev. ~ 32: 
3319. 

DuBois, R. D. and L. H. Toburen. 1985. 
"Cross Sections for Ionization of Water 
Vapor by 7-4DDD keV Protons." Phys. Rev. 
A 31: 492-494. 

Fisher, D. R., M. E. Frazier, and T. K. 
Andrews, Jr. "Dose Distribution and the 
Relative Biological Effectiveness of In­
ternal Alpha Emitters." Radiat. Protect. 
Dosim. (In press). 

Fitzner, R. E., R. A. Miller, C. A. 
Pierce, and S. E. Rowe. 1985. "Avian Pox 
in a Red-Tailed Hawk (Buteo jamaicensis)." 
J. Wildlife Dis. 21: 298-3Dl. 

Frazier, M. E. and R. A. Lindberg. "Onco­
gen Involvement in Plutonium-Induced Car­
cinogenesis. Int. l.:._ Radiat. Biol. (In 
press). 

Frazier, M. E. and J. E. Samuel. 1985. 
Genotoxicity of Complex Mixtures: CHO 
Cell Mutagenicity Assay, A Status Report, 
PNL -5337, Pacific Northwest Laboratory, 
Richland, Washington. National Technical 
Information Service, Springfield, Vir­
ginia. 

Frazier, M. E., J. E. Samuel, and W. T. 
Kaune. "Viabilities and Mutation Frequen­
cies of CHO K1 Cells Following Exposure to 
60-Hz Electric Fields." In Interaction of 
Biological Systems with Static and ELF 
Electric and Magnetic Fields, L. E. Ander­
son, B. J. Kelman, and R. J Weigel, eds., 
23rd Hanford Life Sciences Symposium, Oc­
tober 2-4, 1984, Richland, washington. 
National Technical Information Service, 
Springfield, Virginia (In press). 

Frye, S. L., C. R. Yonker, D. R. Kalkwarf, 
and R. D. Smith. "Supercritical Fluid 
Solvent Properties as a Function of !em­
perature and Density, Measured by the Sol­
vatochromic Method." In Chemistry and 
Processing Supercritical f..!_uids, American 

91 

Chemical Society, Washington, DC (In 
press). 

Gies, R. A., F. T. Cross, and G. E. Dagle. 
"The Protective Role of Cigarette Smoking 
During Exposure to Pollutants." Health 
~ 49: 122 (abstract). 

Gray, R. H. "Coal Liquefaction Process 
Development: Solving Potential Health and 
Environmental Problems." In Conference on 
Newer Coal Technologies, Implications fo!: 
Energy and Development Policies in Asia 
and the Pacific, East-West Center, April 
17-24, 1985, Honolulu, Hawaii (In press). 

Gray, R. H. "Applied Fish Behavior Stud­
ies: Assessing Environmental Effects of 
Energy-Related Activities." In Proceed·· 
ings, Fifth Congress of European Ichthyol­
ogists, Swedish Museum of Natural History, 
August 12-16, 1985, Stockholm, Sweden (In 
press). 

Haugen, 0. A., C. A. Reilly, C. Peraino. 
C. W. Wright, D. D. Mahlum, and D. L. 
Springer. "Tumor-Promoting Activity of 
Coal-Conversion Materials." In Abstracts, 
Chemical Basis for Toxicological Respons!!_ 
in Synthetic Fuel Liquids, American Chemi­
cal Society, New York, New York (In 
press) 

Haugen, D. A., M. S. Swanson, F. R. Kirch­
ner, C. A. Reilly, D. D. Mahlum, and D. L. 
Springer. "Interactions in Complex Mix­
tures as Detected in Initiation Promotion 
Assays." In Health and Environmental Re­
search on Complex Organic Mixtures, R. H. 
Gray, E-:-K. Chess, P. J. Mellinger, R. G. 
Riley, and D. L. Springer, eds., 24th Han­
ford Life Sciences Symposium, October 21-
24, 1985, Richland, Washington. National 
Technical Information Service, Spring­
field, Virginia (In press). 

Kalkwarf, D. R., P. 0. Jackson, and J. C. 
Kutt. "Emanation Coefficients for Rn in 
Sized Coal Fly Ash." Health ~ 48: 
429-436. 

Kaune, W. T. and W. C. Forsythe. "Current 
Densities Measured in Human Models Exposed 
to 60-Hl Electric Fields." Bioelectromag­
netics 6: 13-32. 

Kaune, W. T., L. M. Kistler, and M. C. 
Miller. "Comparison of the Coupling of 
Grounded and Ungrounded Humans to Vertical 
60-Hl Electric Fields." In Interaction of 
Biological System~ with Static and ELF 
Electri~ and Magnetic Fields, L. E. Ander­
son, B. J. Kelman, and R. J. Weigel, eds., 
23rd Hanford Life Sciences Symposium, Oc­
tober 2-4, 1984, Richland, washington. 
National T echni ca 1 Information Service, 
Springfield, Virginia (In press). 



Kaune W. T. and F. A. McCreary. "Numeri­
cal Calculation and Measurement of 60-Hz 
Current Densities Induced in an Upright 
Grounded Cylinder." Bioelectromagnetics 
{In press). 

Kaune, W. T. and R. D. Phillips. 1985. 
"Dosimetry for Extremely Low-Frequency 
Electric Fields." In Biological Effects 
and Dosimetry of Nonionizing Radiation: 
Static and ELF Electromagnetic Fields, M. 
Grandalfo and S. M. Michaelson, eds. 
Plenum Press, New 'lork, New 'lork (In 
press). 

Kelman, B. J., R. A. Pappas and M. R. 
Sikov. "Effe"cts of Ultrasound on Placen-
tal Function." IEEE Trans. Sanies 
Ultrason. (In press_)_._ 

Later, D. W. 1985. Two-Stage Coal Lique­
faction Process Materials from the Wilson­
ville Facility Operated in the-No~ 
grated and Integrated Modes: Chemical 
Analysis and Biological Testing, PNL-5215, 
Pacific Northwest Laboratory, Rich 1 and, 
Washington. National Technical Informa­
tion Service, Springfield, Virginia, 126 
p; Appendices. 

Later, D. W., R. B. Lucke, E. K. Chess, 
and J. A. Franz. "Separation and Identi­
fication of Carbazole, Benz(e)indole and 
Benz(g)indole in Coal-Derived Materials." 
Fuel (In press). 

Later, D. W., R. B. Lucke, E. K. Chess, 
and J. A. Franz. "Structural Identifica­
tion of Carbazole Isomers in a Coal Liq­
uid." In Abstracts, 36th Pittsburgh Con­
ference and Exposition on Analytical Chem­
istry and Applied Spectroscopy, February 
25-March 1, 1985, New Orleans, Louisiana. 
Pittsburgh Spectroscopy and Analytical 
Chemists Societies, Pittsburgh, Pennsyl­
vania (In press). 

Later, D. W., 0. 0. Mahlum, and B. W. Wil­
son. "Effects of Process Hydrogenation on 
the Chemical Composition and Biological 
Properties of Direct Coal Liquefaction 
Materials." In Abstracts, Division of 
Fuel ChemistrY, American Chemical Society, 
New 'lork, New 'lork (In press). 

Later, D. W. and B. W. Wilson. "Standard­
ization of Alumina and Silica Adsorbents 
Used for Chemical Class Separations of 
Polycylic Aromatic Compounds." Anal. 
Chern. (In press). 

Later, D. W. and B. W. Wilson. 1985. 
Preliminary Chemical Analysis and Biologi­
~ Testing Q! Materials ~the HRI Cat­
alytic Two-Stage Liquefaction (CTSL) Pro­
cess, PNL-5274, Pacific Northwest labora­
tory, Richland, Washington. National 

93 

Technical Information 
field, Virginia, 40 p., 

Service, Spring­
Appendices. 

Later, D. W., T. J. Wozniak, R. B. Lucke, 
R. A. Pelroy, D. D. Mahlum, and R. A. 
Hites. "Hydrogenated Polycyclic Aromatic 
Hydrocarbons in Coal Liquefaction Materi­
als: Analytical Chemistry and Biological 
Activity." In Proceedings, Ninth Interna­
tional Symposium on Polynuclear Aromatic 
Hydrocarbons, M. W. Cooke and A. J. Den­
nis, eds., October 30-November l, 1984, 
Columbus, Ohio. Battelle Press, Columbus, 
Ohio (In press). 

later, D. W. and C. W. Wright. "Syste­
matic Nomenclature of the Nitrogen, Oxy­
gen, and Sulfur Functional Polycyclic Aro­
matic Hydrocarbons." In Proceedings, 
Ninth International Symposium on~­
clear Aromatic Hydrocarbons, M. W. Cooke 
and A. J. Dennis, eds. , October 30-Novem­
ber 1, 1984, Columbus, Ohio. Battelle 
Press, Columbus, Ohio (In press). 

Lucke, R. B., 0. W. Later, and E. K. 
Chess. "Separation and Determination of 
Hydroxy-Functional Polycyclic Aromatic 
Hydrocarbons in Coa 1 Liquefaction Mate­
ria.ls." In Proceedings, Ninth Interna­
tional Symposium on Polynuclear Aromatic 
Hydrocarbons, M. W. Cooke and A. J. Den­
nis, eds., October 3D-November 1, 1984, 
Columbus, Ohio. Battelle Press, Columbus, 
Ohio (In press). 

Lucke, R. B., D. W. Later, C. W. Wright, 
E. K. Chess, and W. C. Weimer. 1985. 
"Integrated, Multiple-Stage Chromato­
graphic Method for the Separation and 
Identification of Polycyclic Aromatic Hy­
drocarbons in Complex Coal Liquids." 
Anal. Chern. 57: 633-639. 

Mahlum, 0. D. "An Approach to Complex 
Mixture Toxicology." In Health and Envi­
ronmental Research on Com~rgan"ic Mix­
tures, R. H. Gray, E. K. Chess, P. J. Mel­
linger, R. G. Riley, and D. L. Springer, 
eds., 24th Hanford Life Sciences Sympos­
ium, October 21-24, 1985, Richland, Wash­
ington. National Technical Information 
Service, Springfield, Virginia (In press). 

Mahlum, D. D., C. A. Reilly, D. A. Haugen, 
C. A. Peraino, and D. L. Springer. "Com­
parison of Dermal and Hepatic Response to 
Complex Mixtures." In Health and Environ­
mental Research on Complex Organic Mix­
tures, R. H. Gray, E. K. Chess, P. J. Mel­
linger, R. G. Riley, and D. L. Springer, 
eds., 24th Hanford Life Sciences Sympos­
ium, October 21-24, 1985, Richland, Wash­
ington. National Technical Information 
Service, Springfield, Virginia (In press). 



Mahlum, D. D. and D. L. Springer. "Effect 
of Tumor Promotion Modifiers on Skin Car­
cinogenesis by a Complex Mixture." In 
Proceedings, Ninth International Symposium 
on Polynuclear Aromatic HYdrocarbons, M. 
W. Cooke and A. J. Dennis, eds., October 
3D-November 1, 1984, Columbus, Ohio. Bat­
telle Press, Columbus, Ohio (In press). 

Mahlum, D. 0., 0. L. Springer, C. A. 
Reilly, C. Peraino, and D. A. Haugen. 
1985. "Promotion of Preneoplastic Changes 
in Liver by Coal-Derived Organic Mixtures 
Applied to Skin." Cancer Lett. 28: 121-
125. 

Mahlum, 0. 0., T. J. Wozniak, R. A. Hites, 
and D. W. Later. "Hydrogenated Benzo[a]­
pyrene Oeri vat ives and Skin Tumori gene­
sis." In Abstracts, Society of Toxicology 
Annual Meeting, March 18-22, 1985, San 
Diego, California. Society of Toxicology, 
San Diego, California (In press). 

Mahlum, D. D., C. W. Wright, E. K. Chess, 
R. B. Lucke, and B. W. Wilson. "Effect of 
Matrix Composition on Expression of Car­
cinogenicity Activity of Coal Liquids." 
In Proceedings, 19B4 International Chem­
ical Congress of Pacific Basin Societies, 
December 16-22, 1984, Honolulu, Hawaii (In 
press). 

Mahlum, D. D., C. W. Wright, D. W. Later, 
and B. W. Wilson. 1985. "Factors Influ­
encing Skin Tumor Initiating Activity of 
Complex Mixtures." In Health and Envi­
ronmental Research of C~ ""ChemiCal 
Mixtures, pp. 71-74, Proceedings of the 
First Annual DOE Contractors Meeting, June 
17-18, 1985, Chicago, Illinois. National 
Technical Information Service, Spring­
field, Virginia. 

Manson, S. T. and J. H. Miller. "Electron 
Ejection in Ion-Atom Collisions: Bethe­
Born Theory for Structured Ions." In 
Electron and Atomic Collisions, Abstracts 
of Papers, M. J. Coggiola, D. L. Huestis, 
and R. P. Saxon, eds., p. 408 (In press). 

Mellinger, P. J. "Health Risks Resulting 
from Coal Liquefaction Industry Atmo­
spheric Discharges." In Health and Envi­
ronmenta 1 Research on Compre"XOrgani c Mix­
tures, R. H. Gray, E. K. Chess, P. J. Mel­
linger, R. G. Riley, and D. L. Springer, 
eds., 24th Hanford Life Sciences Sympos­
ium, October 21-24, 1985, Richland, Wash­
ington. National Technical Information 
Service, Springfield, Virginia (In press). 

Metting, N. F., L. A. Braby, W C. Roesch, 
and J. M. Nelson. 1985. "Dose-Rate Evi­
dence for Two Kinds of Radiation Damage in 
Stationary-Phase Mammalian Cells." 
Radiat. Res. 103: 204-218. 

94 

Miller, J. H. and W. E. Wilson. "Semiem­
pirical Model for the Spectrum of Secon­
dary Electrons Ejected by High Velocity 
Ions." In Proceedings, Ninth Symposium on 
Microdosimetry, May 20-24, 1985, Toulousf~. 

France (abstract; In press). 

Miller, J. H., W. E. Wilson, and S. T. 
Manson. "Secondary Electron Emission. A 
Semiempirical Model." Radiat. Protect. 
Dosim. (In press). 

Nelson, J. M. and N. F. Metting. "Re­
Entry into the Cell Cycle by Fed and 
Starved Plateau-Phase Chinese Hamster 
Ovary Cells: A Flow Cytometric Study." 
Cell Tiss. Kinetics (In press). 

Nelson, J. M., J. F. Metting, and L. A. 
Braby. "Evidence for the Production of 
Both Sublethal and Potentially Lethal Dam~ 

age in Plateau Phase CHO Cells.'' Radiat 
Res. (In press). ----

Newman, C. N. and J. H. Miller. 1985. 
"Mechanism of UV-Induced Deoxynucl eos ide 
Triphosphate Pool Imbalance in CHO-Kl 
Cells." Mutat. Res. 145: 95-101. 

Newman, C. N. and J. H. Miller. "Response 
of CHO Cell DNA Polymerase Alpha to dCTP 
and dTTP Pool Imbalance: Relation to DNA 
Synthesis Inhibition, Survival and Muta­
tion." In Genetic Consequences of Nucleo­
tide Pool Imbalance, F. J. de Serres, ed 
Plenum?ress, New York, New York (In 
press). 

Newman, C. N. and J. H. Miller. "Effect 
of Medium Replenishment or Composition on 
(3H)Thymidine Incorporation in UV-Irradi­
ated CHO-Kl Cells." Biochem. Biophys. 
Res. £_ommun. (In press). 

Olsen, K. B., D. R. Kalkwarf, and C. Vev­
erka, Jr. 1985. "Analysis and Collection 
of PAHs in the Flue Gas of Energy Conver­
sion Facilities." In Polynuclear Aromati~ 
Hydrocarbons: Mechanisms, Methods and 
Metabolism, M. Cooke, A. J. Dennis, and G. 
L. Fisher, eds., pp. 973-985. Battelle 
Press, Columbus, Ohio. 

Park, J. F. 1985. Pacific Northwest Lab­
oratory Annua 1 Report for 1984 to the ODE 
Office of~ Research, Part 1, Biomed­
ical Sciences, PNL-5500. National Techni­
cal Information Service, Springfield, Vir­
ginia. 

Pel roy, R. A., M. E. Frazier, D. W. Later, 
C. W. Wright, and B. W. Wilson. 1985. 
"Effect of Process Distillation on Muta­
genicity and Cell-Transformation Activity 
of Solvent, Refined-Coal-Derived Liquids." 
Fuel 64: 639-643. 



Pel roy, R. A., D. L. Stewart, and E. K. 
Chess. 1985. "Evidence that High Boiling 
Coal liquids Enhance the Mutagenicity of 
Aromatic Amines." In Health and Environ­
mental Research of Complex Chemical Mix­
tures, pp. 25-32, Proceedings of the First 
Annual DOE Contractors Meeting, June 17-
18, 1985, Chicago, Illinois. National 
Techni ca 1 Informal ion Service, Spring­
field, Virginia. 

Reilly, C. A., C. Peraino, D. A. Haugen, 
0. 0. Mahlum, and D. L. Springer. 1985. 
"Promotion of Preneoplastic Changes in 
Liver by Coal-Derived Organic Mixtures " 
In Health and Environmental Research of 
Complex Chemical Mixtures, pp. 79-82, Pro­
ceedings of the First Annual ODE Contrac­
tors Meeting, June 17-18, 1985, Chicago, 
Illinois. National Technical Information 
Service, Springfield, Virginia. 

Reilly, C. A. and R. A. Renne. "Toxico­
logical Effects of Coal-Based Synfuels." 
In Engineering, Chemical and Toxicological 
Aspects of Coal Conversion Processing. 
John Wiley and Sons, Wiley Interscience, 
New York, New York (In press). 

Renne, R. A. and R. L. Buschbom. 1985. 
"Health Effects of Complex Mixtures." In 
Health and Environmental Research of Com­
~ Chemical Mixtures, pp. 63-65-;-Pro­
ceedings of the First Annual ODE Con­
tractors Meeting, June 17-18, 1985, Chi­
cago, Illinois. National Technical Infor­
mation Service, Springfield, Virginia. 

Renne, R. A., L. G. Smith, and R. L. 
Buschbom. "Epidermal Carcinogenesis Stud­
ies of Synthetic Fossil Fuel Materials in 
Mice." Toxicology {In press). 

Roesch, W. C. 1985. "Moments of Micro­
dosimetric Quantities for Particulate 
Sources. Radial. Res. 102: 392-398. 

Roesch, W. C. 
Critical Depth 
press). 

"Problems 
of Skin." 

Re 1 a ted to the 
Radial. Res. (In 

Sanders, C. L. Toxicology Aspects of En­
~ Production. Battelle Press, Colum­
bus, Ohio (In press). 

Sasser, L. B., B. J. Kelman, A. A. Levin, 
and R. K. Miller. "The Influence of Ma­
ternal Cadmium Exposure of Fetal Cadmium 
Injection on Hepatic Metallothionein Lev­
els in the Fetal Rat." Toxicol. ~ 
Pharmacal. (In press). 

Sasser, L. B., D. L. Lundstrom, 0. L. 
Springer, and 0. 0. Mahlum. 1985. "Blood 
Pressure in Rats Exposed to So 1 vent Re­
fined Coal-Il (SRC-II) Heavy Distillate. 
The Toxicologist~: 93 (abstract). 

95 

Schirmer, R. E., L. J. Felice, 0. L. 
Springer, and C. V. Veverka. "The Deter­
mination of Polycyclic Aromatic Amines in 
Skin by Liquid Chromatography with Elec­
trochemical Detection." J. Chromatogr. 
(In press). 

Schirmer, R. E , D. L. Springer, 0. W. 
Phelps, R. A. Pelroy, and 0. D. Mahlum. 
1985. "Variation of Composition with Par­
ticle Size in Coal liquid Aerosols Gen­
erated for Inhalation Toxicology Studies." 
~Ind. !:i:i.£L Assoc. ~ 46· ZB-33. 

Schneider, R. 
Daughtry, and 
by Neurospora 
(In press). 

P., R. A. Lindberg, L. E. 
M. W Franco. "Zinc Uptake 
Crassa. J. Gen. Microbial. 

Shillingstad, R. B. and H A. Ragan. 
"Cellulase Slide Pl'eparation of Methycell­
ulose Cultures of Hemopoietic Cells." 
~ Hematol. (In press). 

Smith, R. D., E. G. Chapman, and 
Wright. "Pressure Programming in 
critical Flu\d Chromatography." 
Chern (In press). 

B. W. 
Super­
Anal. 

Smith, R. D., C. R. Yonker, H. T. Kalin­
oski, E. K. Chess, H. R. Udseth, S. L. 
Frye, and B. W. Wright. "Supercritical 
Methods for the Analysis of Complex Fuel 
and Environmental Samples." In Health and 
Environmental Research on Complex Organic 
Mixtures, R. H. Gray, E. K. Chess, P. J. 
Mellinger, R G. Riley, and D. L. Sprin­
ger, eds., 24th Hanford Life Sciences Sym­
posium, October 21-24, 1985, Richland, 
Washington. National Technical Informa­
tion Service, Springfield, Virginia (In 
press). 

Springer, 0. L., D. A. Dankovic, 8. E. 
lhomas, K. E. Hopkins, and R. E. Bean. 
"Metabolism and DNA Binding of BaP in the 
Presence of Complex Organic Mixtures." In 
Health and Environmental Research on Com­
~ Organic Mixtures, R. H. Gray,-E:--K". 
Chess, P. J. Mellinger, R. G. Riley, and 
D. L. Springer, eds., 24th Hanford Life 
Sciences Symposium, October 21-24, 1985, 
Richland, Washington. National Technical 
Information Service, Springfield, Virginia 
(In press). 

Springer, D. L., M. E. Frazier, K. L. Hop­
kins, and D. D. Mahlum. 1985. "DNA Bind­
ing of Benzo[a]pyrene in the Presence of 
Complex Mixtures." The Toxicologist 5: 
206. 

Springer, D. L., P. L. Hackett, R. A. Mil­
ler, and R. L. Buschbom. "Lung Develop­
ment and Postnatal Survival for Rats Ex­
posed in Utero to A High-Boiling Coal Liq­
uid." 2.:_~ Toxicol. (In press). 



Springer, D. l., D. D. Mahlum, D. W. 
Later, C. A. Reilly, C. Peraino, and D. A. 
Haugen. "Inhibition by Complex Organic 
Mixtures of Benzo(a)pyrene- and Diethyl­
nitrosamine Initiation of Preneoplastic 
Changes in Rat Liver." Carcinogenesis (In 
press). 

Springer, D. L., D. D. Mahlum, R. B. Wes­
terberg, K. L. Hopkins, M. E. Frazier, D. 
W. Later, and W. C. Weimer. "Carcinogene­
sis, Metabolism, and DNA Binding Studies 
of Complex Organic Mixtures." In Proceed­
ings, Ninth International Symposium on 
Polynuclear Aromatic Hydrocarbons, M. W. 
Cooke and A. J. Dennis, eds., October 3D­
November 1, 1984, Columbus, Ohio. Bat­
telle Press, Columbus, Ohio (In press). 

Springer, D. L., R. A. Miller, W. C. Wei­
mer, H. A. Ragan, R. L. Buschbom, and D. 
D. Mahl urn. "Effect of Subchronic Inhala­
tion Exposure of Rats to a High-Boiling 
(500-850>°F) Coal Liquid." Toxicol. ~ 
Pharmacal. (In press). 

Springer, D. L., L. B. Sasser, R. C. Zan­
ger, and D. D. Mahlum. 1985. "Effects of 
Inhalation Exposure to SRC-II Heavy Dis­
tillate." In Health and Environmental 
Research of Complex Chemical Mixtures, pp. 
57-58, Proceedings of the First Annual DOE 
Contractors Meeting, June 17-18, 1985, 
Chicago, Illinois. National Technical 
Information Service, Springfield, Vir­
ginia. 

Springer, 0. L., B. W. Wilson, R. E. 
Schirmer, D. W. Later, and D. D. Mahlum. 
1985. "Metabolism and DNA Binding of SaP 
in the Presence of Complex Mixtures." In 
Health and Environmental Research of Com­
~ Chemical Mixtures, pp. 97-98-;-Pro­
ceedings of the First Annual ODE Contrac­
tors Meeting, June 17-18, 1985, Chicago, 
Illinois. National Technical Information 
Service, Springfield, Virginia. 

Sullivan, M. F., 8. M. Miller, and V. D. 
Tyler. "Gastrointestinal Absorption of 
Plutonium-238 Nitrate by Swine." Health 
~(In press). 

Sullivan, M. F. and P. S. Ruemmler. "Nep­
tunium-237 Inhalation." Health ~ (In 
press). 

Sullivan, M. F. and P. S. Ruemmler. "In­
fluence of Excess Dietary Iron on Cadmium 
or Lead Absorption by Adult or Neonatal 
Rats " Toxicol. ~ Pharmacal. (In 
press). 

Sullivan, M. F. and P. S. Ruemmler. "Ef­
fectiveness of DTPA Therapy when Adminis­
tered Intragastrically or Intraperiton­
eally to Remove Plutonium from Adult or 
Neonatal Rats." Health~ (In press). 

96 

Sullivan, M. F., P. S. Ruemmler, J. L 
Ryan, and R. L. Buschbom. "Influence of 
Oxidizing or Reducing Agents on Gastroin­
testinal Absorption of Uranium, Plutonium, 
Americium, Curium and Promethium by Rats." 
Health~ (In press). 

Toste, A. P. and R. B. Myers. "The Rela­
tive Contributions of Natural and Waste­
Derived Organics to the Subsurface Trans­
port of Radionuclides." In Proceedings of 
the OECD/NEA Workshop on the Effects of 
Natural Organic Compounds and of Micro­
organisms of Radi onucl ide Transport, June 
11, 1985, Paris, France (In press). 

Toste, A. P., R. B. Myers, T. R. Pahl, and 
T. B. Lucke. "Analysis of Complex Organic 
Mixtures in Nuclear Wastes." In Health 

Research on Complex Or­
H. Gray, E. K. Chess. 

G. Riley, and 0. L. 
Springer, eds., Hanford Life Sciences 
Symposium, October 1985, Richland, 
Washington. Nat i anal Techni ca 1 Informa­
tion Service, Springfield, Virginia (In 
press) 

Weimer, W. C. and D. L. Springer. "Breath 
Analys·ls as A Technique for Complex Mix­
ture Dosimetry Measurements." In Health 
and Environmental Research on Complex Or­
ganic Mixtures, R. H. Gray, E. K. Chess, 
P. J. Mellinger, R. G. Riley, and D. L. 
Springer, eds., 24th Hanford Life Sciences 
Symposium, October 21-24, 1985, Richland, 
Washington. Nat i anal Techni ca 1 Informa­
tion Service, Springfield, Virginia (In 
press). 

Weimer, W. C. and C. W. Wright. 1985. 
Decommissioning Samples for the~ Lewis, 
Washington, Solvent Refined Coal Pilot 
Plant: Chemical Analysis and Biological 
Testing, PNL-5556, Pacific Northwest Lab­
oratory, Richland, Washington. National 
Technical Information Service, Spring­
field, Virginia. 

Weller, R. E. "Section IX: Hemolymphatic 
System." In The Handbook of Small Animal 
Practice (In press). 

Weller, R. E. 1985. "Cancer-Associated 
Hypoglycemia in Companion Anima 1 s." 
Compend. Cantin. Educ. Pract. Vet. 5: 437-
448. 

Weller, R. E. 1985. "Paraneoplastic Dis­
orders in Dogs with Hematopoietic Tumors." 
Vet. Clin . .!:!.:_ ~ 15: 805-816. 

We 11 er, 
Perry. 
in Two 
press). 

R. E., G. E. Dagle, and R. L. 
"A Comparison of Thyroid Carcinoma 
Dogs." Mod. Vet. Pract. (In 



Weller, R. E. and R. Nachreiner. 
"Free T3 and T4 Concentrations in 
roid, Hypothyroid and Aged Dogs. 
Anim. Sci. 35: 539 (abstract). 

1985. 
Euthy­

Lab. 

Wilson, B. W., E. K. Chess, and L E An­
derson. "60-Hz Electric Field Effects on 
Pineal Melatonin: Time Course for Onset 
and Recovery. Bioelectromagnetics (In 
press). 

Wilson, B. W , J. C. 
and R. L. Buschbom. 

Craun, f. P. Fillo, 
"Distillation Param-

eters as Predictors for Carcinogenic Ac­
tivity in Direct Coal Liquefaction Materi­
als." Fuel (In press). 

Wilson, B. W., D. W. Later, and D. A. 
Haugen. "Chemistry of Coal Conversion 
Materials." In Engineering, Chemical and 
Toxicological Aspects of Coal Conversion 
Processing. John Wiley and Sons, Wiley­
lnterscience, New York, New York (In 
press). 

Wilson, B. W., D. W. Later, C. W. Wright, 
and D. L. Stewart. 1985. Chemical Analy­
~ and Mutational Assay of Fractionally 
Distilled Oils from the H-Coal Direct h.!._g­
uefaction Process: !'>_ Status Report, PNL-
5288, Pacific Northwest Laboratory, Rlch­
land, Washington. National Technical In­
formation Service, Springfield, Virginia, 
30 p., Appendices. 

Wilson, B. W., C. W. Wright, E. K. Chess, 
D. W. Later, and R. M. Bean. 1985 
"Preparatlon of Specific Chemical Class 
Fractions and Analytical Support for Toxi­
cologic Studies of Energy Related Complex 
Mi )(tures." In Health and Envi ronmenta 1 
Research of Complex Chemical Mixtures, pp. 
109-114, Proceedings of the First Annual 
DOE Contractors Meeting, June 17-18, 1985, 
Chicago, Illinois. National Technical 
Information Service, Springfield, Vir­
ginia. 

Wilson, W. E. "Calculation of Distribu­
tions for Energy Imparted and Ionization 
by Protons in Nanometer Sites." Radiat. 
Res. (In press). 

Wright, B. W., E. K. Chess, C. R. Yonker, 
and R. D. Smith. "Analysis of Semi-Vola­
tile Organic Compounds Using Supercritical 
Fluid Methodologies." In Proceedings, 
Fifth National Symposium on Recent Ad 
vances in Pollutant Monitoring of Ambient 
Air and Stationary Sources, CITY, STATE 
(In press). 

Wright, B. W., D. R. Kalkwarf, R. 0. 
Smith, D. R. Hardy, and R. N. Hazlett. 
1985. "Storage Stability of Diesel Fuel 
Marine: Relation to ESR Measurements." 
Fuel 64: 591-593. 

97 

Wright, C. W., E. K. Chess, R. B. Lucke, 
W. C. Weimer, D. L. Stewart, D. W. Later, 
and B. W. Wilson. "Methodologies for the 
Separation of Chemical Classes from Coal 
Liquefaction Materials." In Health and 
Environmental Research on Comp~ganTc 
Mixtures, R. H. Gray, E. K. Chess, P. J. 
Mellinger, R. G. Riley, and D. L. Sprin~ 
ger, eds., 24th Hanford Life Sciences Sym­
posium, October 21-24, 1985, Richland, 
Washington. National Technical Informa­
tion Service, Springfield, Virginia (In 
press). 

Wright, C. W., E. K. Chess, D. L. Stewart, 
and W. C. Weimer. 1985. "Fate of Nitro~ 
gen-Containing Polycylic Aromatic Com­
pounds and Microbial Mutagenicity in SRC­
Il Products Upon Storage." Fuel 64: 443-
448. 

Wright, C. W. and D. W. Later. 1985. HRI 
Catalytic Two-Stage Liquefaction (CTSI) 
Process Materials Chemical Analysis and 
Biological Testing, PNL 56D5, Pacific 
Northwest Laboratory, Richland, Washing­
ton. National Technical Information Ser­
vice, Springfield, Vi,·ginia_ 

Wright, C. W., D. W. Later, D. D. Dauble, 
and B. W. Wilson. 1985. Chemical Analy­
~ and Biological Testing Qf Fractionally 
Distilled SRC-I-II EDS, H-Coal and ITSL 
~ ~ Liquefaction ~ss Materi-
2.1.2: !'>_ Comparative Summary, PNL -5528, 
Pacific Northwest Laboratory, Rich 1 and, 
Washington. Nation a 1 Techni ca 1 Informa­
tion Service, Springfield, Virginia. 

Wright, C. W., D. W. Later, R. A. Pel roy, 
D. D. Mahlum, and B. W. Wilson. 1985. 
"Comparative Chemical and Biological An­
alysis of Coal Tar-Based Therapeutic 
Agents to Other Coal-Derived Materials." 
~ ~ Toxicol. 5· 80-88. 

Wright, C. W., D. W. Later, and B. W. Wil­
son. 1985. "Comparative Chemical Analy­
sis of Commercial Creosotes to Solvent 
Refined Coal~II MateT'ials by High Resolu­
tion Gas Chromatography " HRC&C _§_: 283-
289. 

Wright, C. W., D. L. Stewart, D. D. Mah­
lum, E. K. Chess, W. C. Weimer, R. B. 
Lucke, D. W. Later, R. A. Pel roy, and B. 
W. Wilson "Comparative Biology and Chem­
istry of Boiling Point Fractions from Dif­
ferent Coal L i quef action Processes." In 
Health and Environmental Research on Com­
~ Organic Mixtures, R. H. Gray,-E.K 
Chess, P. J. Mellinger, R. G. Riley, and 
D. L. Springer, eds., 24th Hanford Life 
Sciences Symposium, October 21-24, 1985, 
Richland, Washlngton. National Technical 
Information Service, Springfield, Virginia 
On press). 



Yonker, C. R.' S. L. Frye, D. R. Kal kwarf, YonkE-r, C. R , B. w. Wright, R C. PetE-r-

'"' R. D. Smith. "Solvatochromic Investi- ~en, '"' R. D. Smith. "Temperature Depen-
gat ion of Supercri t i ca 1 Fluids. " ,L Am. dence of Retention lo Supercritical Fluid 
Chem. Soc. ------ (In press). Chromatography. " ~Chern. (lo press) 

98 



PRESENTATIONS 

Ballou, J. E. and A. C. Case. "In Vivo 
Parent/Daughter Relationships in the z32U 
Decay Series." Presented at the Health 
Physics Society Annual Meeting, May 26-31, 
1985, Chicago, Illinois. 

Bean, R. M., D. D. Dauble, B. L. Thomas, 
R. W. Hanf, and E. K. Chess. "Factors 
Affecting Bioabsorption, Metabolism and 
Storage of Organic Compounds by Aquatic 
Biota." Presented at the 24th Hanford 
Life Sciences Symposium, October 21-24, 
1985, Richland, Washington. 

Braby, L. A. "A Portable Dose Equivalent 
Meter Based on Microdosimetry." Presented 
at the Eighth Conference on the Applica­
tion of Accelerators in Research and In­
dustry, November 12-14, 1984, Denton, 
Texas. 

Braby, L. A., N. F. Metting, and J. M. 
Nelson. "Unrepaired Damage in Plateau 
Phase CHO Cells: Potentially Lethal or 
Sublethal." Presented at the 34th Annual 
Meeting of the Radiation Research Society, 
Radiation Physics, April 13-17,1985, Las 
Vegas, Nevada. 

Braby, L. A., J. M. Nelson, N. F. Metting, 
and W. C. Roesch. "Differences in the 
Repair of Oxygen-Dependent and -Indepen­
dent Radiation Damage " Presented at the 
33rd Annual Meeting of the Radiation Re­
search Society, May 4-9, 1985, Los Ange­
les, California. 

Braby, L. A., C. A. Ratcliffe, and N. F. 
Metting. "A Portable Microdosimetry Sys­
tem." Presented at the Fifth Sympos i urn on 
Neutron Dosimetry, September 17-21, 1984, 
Munich, West Germany. 

Bra by, L. A., C. A. Ratcliffe, and N. F 
Metting. "An Automated Dosimeter for Com­
plex Radiation Fields." Presented at the 
Health Physics Society Annual Meeting, May 
26-31, 1985, Chicago, Illinois. 

Braby, L. A., C. A. Ratcliffe, and N. F. 
Metting. "Evaluation of a Portable Micro­
dosimetry System." Presented at the Work­
shop on Practical Implementation of Micro­
dosimetric Counters in Radiation Protec­
tiol1, Europea11 Radiation Dosimetry Group, 
United Kingdom and Universitat Des Saar­
landes, West Germany, May 15-17, 1984, 
Homburg/Saar, West Germa11y. 

Burditt, A. K., H. R Moffitt, and F. P. 
Hungate. "Effects of Gamma Radiatiol1 as a 
Quarantine Treatment 011 Development of 
Codling Moth Larvae." Presented at the 

99 

International Symposium on 
tio11 Processing, FAO/IAEA, 
Rosslyn, Virginia. 

Food Irradia­
March 1985, 

Cannon W. C., 0. R. Moss, M. L. Clark, B. 
J Greenspan, and B. W. Killand. "Elec­
tric Field Nebulization." Prese11ted at 
the 17th Aerosol Technology Meeting, Aug­
ust 25-28, 1985, Columbus, Ohio. 

Chess, E. K., B. W. Wright, and R. D 
Smith. "Applications of Capillary Super­
cri ti ca 1 Fluid Chromatography-Mass Spec­
trometry Using a Mag11etic Sector Mass 
Spectrometer." Presented at the 33rd An­
nual Conference 011 Mass Spectrometry and 
Allied Topics, May 26-31, 1985, San Diego, 
Ca 1 iforni a. 

Cope, V. W. and D. R Kalkwarf. "The 
Ozone Photooxi dati on of Polycyclic Aro­
matic Hydrocarbons and of Pyrene Quil1-
ones." Presented at the 27th Rocky Moun­
tain Conference, Society for Applied Spec­
troscopy, July 14-18, 1985, De11ver, Colo­
rado. 

Creim, J. A., R. H. Lovely, W. T. Kaune, 
M. C. Miller, and L. E. A11derson. "60-Hz 
Magnetic Fields: Do Rats Avoid Exposure"? 
Presented at the Seventh Annual Meeting of 
the Bioelectromag11etics Society, June 16-
20, 1985, San Fra11cisco, California. 

Dagle, G E ''To:dcology of Inhaled 
Transurani c Radi onuc l ides." Presented at 
the Washington Society of Radiologic Tech­
nologists, Annual Meeting, April 13, 1985, 
Pasco, Washington. 

Dagle, G E., J. F Park, R. E. Weller, 
and R. R. Adee. "Amyloidosis in Pulmonary 
Arteries of Beagles." Presented at the 
Annual Meeting of the Pulmonary Pathology 
Speciality Group, American College of Vet­
erinary Pathologists, December 10, 1985, 
Denver, Color·ado 

DuBois, R. D. "Coincidence Techniques to 
Study Electron Emission in Io11-Atom Col­
lisions." Presented at the Eighth Confer­
ence on the Applicatio11 of Accelerators in 
Research and Industry, November 12-14, 
1984, Denton, Texas. 

• DuBois, R. D. "Electron Ejection in He 
He Collisions: Experiment and Theory." 
Presented at the 14th International Con­
ference on the Physics of Electron and 
Atomic Collisions (ICPE:.AC), July 24-30, 
1985, Palo Alto, California. 



DuBois, R. D. "Double Target Ionization 
R_pult-.._~q from Single Charge Transfer in 
H , He - Neon, Sodium, and Magnesium 
Collisions." Presented at the 14th Inter­
national Conference on the Physics of 
Electron and Atomic Collisions (lCPEAC), 
July 24-30, 1985, Palo Alto, California. 

DuBois, R D. and L. H. Toburen. "Charge 
Transfer and Ionization in Helium Ion­
Alkali Atom Collisions." Presented at the 
Atomic Processing in High Temperature 
Plasmas, February 25-28, 1985, Pacific 
Grove, California. 

DuBois, R. D. and L. H. Toburen. "Mea­
surement of Doubly Differential Cross Sec­
tions for Electron Emission from Colli­
sions of 1.3 to 4 MeV Oxygen Ions Incident 
on Water Vapor." Presented at the 34th 
Annual Meeting of the Radiation Research 
Society, Radiation Physics, April 13-17, 
1985, Las Vegas, Nevada. 

DuBois, R. D. and L. ft· Toburen. "Projec­
tile Ionization in He - H20 Collisions." 
Presented at the 34th Annual Meeting of 
the Radiation Research Society, Radiation 
Physics, April 13-17, 1985, Las Vegas, 
Nevada. 

Fisher, D. R., M. E. Frazier, and T. K. 
Andrews, Jr. "Dose Distribution and the 
Relative Biological Effectiveness of In­
ternal Alpha Emitters." Presented at the 
Ninth Symposium on Microdosimetry, May 23, 
1985, Toulouse, France. 

Frazier, M. E. "Oncogenes and Radiation 
Induced Lung Cancer." Seminar presented 
at ITRI and University of New Mexico, 
March 27-28, 1985, Albuquerque, New Mex­
ico. 

Frazier, M. E. and R. A. Lindberg. "Onco­
gen Involvement in Plutonium-Induced Car-
cinogenesis." Presented at the Cell 
Transformation in Radiobiology Workshop, 
September 9-11, 1985, Oxford, United King­
dom. 

Frazier, M. E., J. E. Morris, J. A. Reese, 
and W. T. Kaune. "Cellular and Molecular 
Models for Measuring Effects of 60-Hz ac 
Electromagnetic Fields." Presented at the 
DOE!EPRI/NYS Contractors Review, November 
3-8, 1985, Alexandria, Virginia. 

Frazier, M. E., J. E. Samuel, and W. T. 
Kaune. "Viabilities and Mutation Frequen­
cies of CHO K1 Cells Following Exposure to 
60-Hz Electric Fields." Presented at the 
23rd Hanford Life Sciences Symposium, Oc­
tober 2-4, 1984, Richland, Washington. 

Frye, S. L., C. R. 
and R. D. Smith. 

Yonker, D. R. Kalkwarf, 
"Supercritical Fluid 

100 

Solvent Properties as a Function of Tem­
perature and Density, Measured by the Sol­
vatochromic Method." Presented at the 
190th National Meeting of the American 
Chemical Society, Division of Fuel Chemis­
try, September 8-13, 1985, Chicago, Ill·in­
oi s. 

Gideon, K. M. "Different Effects of Euth­
anasia on Animal Tissues. Presented at 
the National Society for Histotechnology 
Symposi urn/Convention, October 20-25, 1985, 
Crystal City, Virginia. 

Gies, R. A., F. T. Cross, and G. E. Dagle. 
"The Protective Role of Cigarette Smoking 
During Exposure to Pollutants." Presented 
at the Health Physics Society Annual Meet­
ing, May 26-31, 1985, Chicago, Illinois. 

Gilbert, E. S. "Approaches to the Quanti­
tative Expression of Dose Response." Pre­
sented at the Epidemiology and Health Risk 
Assessment Symposium, May 14-16, 1985, 
Columbia, Maryland. 

Gilbert, E. S. "Dose Measurement Error 
and Its Impact on Analysis of Epidemio­
logic Studies of Radiation Effects." Pre­
sented at the Radiation and Health Confer­
ence, American Statistical Association, 
July 8-12, 1985, Berkeley Springs, West 
Virg;nia. 

Gilbert, E. S. "Quantifying Risks Experi­
enced by Populations Exposed to Low Levels 
of Environmental Contaminants." Presented 
at the Annual Meeting of the American Sta­
tistical Association, August 5-8, 198~, 
Las Vegas, Nevada. 

Gray, R. H. "Applied Fish Behavior Stud­
ies: Assessing Environmental Effects of 
Energy-Related Activities." Presented at 
the f'ifth Congress of European Ichthyol­
ogists Symposium, Swedish Museum of Nat­
ural History, August 12-16, 1985, Stock­
holm, Sweden. 

Gray, R. H. "Coal Liquefaction Process 
Development: Solving Potential Health and 
Environmental Problems." Presented at the 
Conference on Newer Coal Technologies, 
Imp 1 i cations for Energy and Development 
Policies in Asia and the Pacific, East­
West Center, April 17-24, 1985, Honolulu, 
Hawaii. 

Hungate, F. P. "Food Irradiation: Pand­
cea or Problem"? Presented at the Wash­
ington State Grape Growers Association, 
Annua I Meeting, January 30, 1985, Pasco, 
Washington. 

Kalinoski, H. T., H. R. Udseth, B. W. 
Wright, and R. D. Smith. "Applications of 
Rapid Capillary SFC and SFC-MS Analysis." 



Presented at the 33rd Annual Conference on 
Mass Spectrometry and Allied Topics, May 
26-31, 1985, San Diego, California. 

Kaune, 'W. T. "Electric and Magnetic Field 
Dosimetry." Presented at the DOEIEPRI/NYS 
Contractors Review Meeting, November 3-8, 
1985, Alexandria, Virginia. 

Kaune, W. T., l. M. Kistler, and M. C. 
Miller. "Comparison of the Coupling of 
Grounded and Ungrounded Humans to Vertical 
60-Hz Electric Fields." Presented at the 
23rd Hanford Life Sciences Symposium, Oc­
tober 2-4, 1984, Richland, Washington. 

Kelman B. J. and R. E. Weller "Electro­
cardiographic Changes in the Geriatric 
CO-l Mouse." Presented at the Sixth Meet­
ing of the Federation of American Socie­
ties for Experimental Biology, April 21-
26, 1985, Anaheim, California. 

Later D. W. and 0. M. Camaioni. "Deter­
mination of Hydrogen Donating Properties 
of Coal Liquefaction Process So 1 vent." 
Presented at the American Chemical Society 
Spring Meeting, April 28-May 3, 1985, Mi­
ami Beach, Florida. 

Later, 0. W., 0. D. Mahlum, and B. W. Wil­
son. "Effects of Process Hydrogenation on 
the Chemical Composition and Biological 
Properties of Direct Coal Liquefaction 
Materials." Presented at the 190th Na­
tional Meeting of the American Chemical 
Society, Division of Fuel Chemistry, Sep­
tember 8-13, 1985, Chicago, Illinois. 

Lovely, R. H., J. A. Creim, and L. E. An­
derson. "The Role of Ears, Vibrissae and 
Other Body Hair in the Rats Aversion to 
Intense 60-Hz Electric Fields." Presented 
at the Seventh Annual Meeting of the Bio­
electromagnetics Society, June 16-20, 
1985, San francisco, California. 

Lovely, R. H., J. A. Creim, and L. E. An­
derson. "Studies in the Behavioral Toxi­
cology of 60-Hz Electric Fields." Pre­
sented at the OOE/EPRI/NYS Contractors 
Review Meeting, November 3-8, 1985, Alex­
andria, Virginia. 

Lucke, R. B., D. W. Later and E. K. Chess. 
"Separation and Determination of Hydroxy­
Functional Polycyclic Aromatic Hydrocar­
bons in Coal Liquefaction Materials." 
Presented at the Ninth International Sym­
posium on Polynuclear Aromatic Hydrocar­
bons, October 3D-November 1, 1984, Col urn­
bus, Ohio. 

Mahlum, D. D. "An Approach to Complex 
Mixture Toxicology." Presented at the 
24th Hanford Life Sciences Symposium, Oc­
tober 21-24, 1985, Richland, Washington. 

101 

Mahlum, 0. D., C. A. Reilly, D. A. Haugen, 
C. A. Peraino, and 0. L. Springer. "Com­
parison of Dermal and Hepatic Response to 
Complex Mixtures." Presented at the 24th 
Hanford Life Sciences Symposium, October 
21-24, 1985, Richland, Washington. 

Mahlum, 0. 0., C. W. Wright, E. K. Chess, 
R. B. Lucke, and B. W. Wilson. "Effect of 
Matrix Composition on Expression of Car­
cinogenicity Activity of Coal Liquids." 
Presented at the 1984 International Chemi­
cal Congress of Pacific Basin Societies, 
December 16-21, 1984, Honolulu, Hawaii. 

Manson, S. T. and J. H. Miller. "Electron 
Ejection in Ion-Atom Collisions: Bethe­
Born Theory for Structured Ions." Pre­
sented at the 14th International Confer­
ence on the Physics of Electron and Atomic 
Collisions (ICPEAC), July 24-30, 1985, 
Palo Alto, California. 

Metting, N. F., L. A. Braby, W. C. Roesch, 
and J. M. Nelson. "Dose-Rate Evidence for 
Two Kinds of Radiation Damage in Station­
ary-Phase Mammalian Cells." Presented at 
the 33rd Annual Meeting of the Radiation 
Research Society, May 4-9, 1985, Los An­
geles, California. 

Miller, J. H. "Differential Cross Sec­
tions for Ionization of Water by Fast 
Electrons." Presented at the 16th Annual 
Meeting of the Division of Electron and 
Atomic Physics, May 29-31, 1985, Norman, 
Oklahoma. 

Miller, J. H. "Models for the Transport 
of Low Energy Electrons in Water and the 
Yield of Hydrated Electrons at Early 
Times." Presented at the 33rd Annual 
Meeting of the Radiation Research Society, 
May 4-9, 1985, Los Angeles, California. 

Miller, J. H. and W. E Wilson. "Semiem­
pirical Model for the Spectrum of Secon­
dary Electrons Ejected by High Velocity 
Ions." Presented at the Ninth Symposium 
on Microdosimetry, May 20-24, 1985, Tou­
louse, France. 

Miller, J. H. and W. E. Wilson. "Secon­
dary Electron Spectra for Ionization of 
Water by High Energy Electrons." Pre­
sented at the 33rd Annua 1 Meeting of the 
Radiation Research Society, May 4-9, 1985, 
Los Angeles, California. 

Morris, J. E. "Immune System Responses 
and 60-Hz Electric Fields." Presented at 
the Seventh Annual Meeting of the Bioelec­
tromagnetics Society, June 16-20, 1985, 
San Francisco, California. 

Nelson, J. M., L. A. 
and C. A. Ratcliffe. 

Braby, M. L. Lien, 
"Computer Recogni-



tion of Mammalian Clones." Presented at 
the 1985 Joint Meeting of the Cell Kinet­
ics Society and the International Cell 
Cycle Society, March 5-9, 1985, Denver, 
Colorado. 

Nelson, J. M., J. F. Metting, and L. A. 
Braby. "Evidence for the Production of 
Both Sublethal and Potentially Lethal Dam­
age in Plateau Phase CHD Cells." Pre­
sented at the 33rd Annual Meeting of the 
Radiation Research Society, May 4-9, 1985, 
Los Angeles, California. 

Newman, C. N. and J. H. Miller. "UV-ln­
duced Mutagenesis in CHO-Kl Cells is Modu­
lated by Growth in Presence of Oeoxycyti­
dine." Presented at the 33rd Annual Meet­
ing of the Radiation Research Society, May 
4-9, 1985, Los Angeles, California. 

Newman, C. N. and J. H. Miller. "UV-In­
duced Deoxynucl eos ide Triphosphate Poo 1 
Imbalance and the Mutation Response in 
CHO-Kl Cells." Presented at the Confer­
ence on Mechanisms of DNA Damage and Re­
pair, June 3-7, 1985, Gaithersburg, Mary-
1 and. 

Park, J. F., D. R. Fisher, R. E. Weller, 
and G. E. Dagle. "Estimation of Lung Can­
cer Risk from Inhaled 239pu0 2 in Beagle 
Dogs." Presented at the He a 1 th Ph.Ys i cs 
Society Annual Meeting, May 26-31, 1985, 
Chicago, Illinois. 

Rhoads, K., J.P. Geraci, B. W. Killand, 
C. L. Sanders, and J. A. Mahaffey. "Ef­
fect of External Irradiation on the Clear­
ance and Fate of Transuranic Oxides Depos­
ited in Rat Lung." Presented at the Sec­
ond International Workshop on Lung Dosim­
etry in Conjunction with the Sixth Inter­
national Symposium on Inhaled Particles, 
September 5, 1985, Cambridge, England. 

Roesch, W. C. "Modeling Dose-Rate and 
Fractionation Effects with Accumulation 
Models." Presented at the 33rd Annual 
Meeting of the Radiation Research Society, 
May 4-9, 1985, Los Angeles, California. 

Roesch, W. C. "Problems Related to the 
Critical Depth of Skin." Presented at the 
Workshop on Dosimetry of Beta Particles 
and Low Energy X-Rays, Commission of Eu­
ropean Communities, Commisariat a l'Ener­
gie Atomique and DOE, October 7, 1985, 
Saclay, France. 

Rommereim, D. N., R. L. Buschbom and M. R. 
Sikov. "Comparison of Embryotox.ic Effects 
of Intravenously Administered 239pu and 
241 Am in Rats. Presented at the Health 
Physics Society Annual Meeting, May 26-31, 
1985, Chicago, Illinois. 

102 

Sanders, C. L. and R. R. Adee. "Phagocy­
tosis of Pulmonary Deposited Particle<, by 
Typ1~ I Alveolar Epithelium. Presentee! at 
the Pacific Northwest Association of Toxi­
cologists Fall Meeting, October 4-5, 1985, 
Newport, Oregon. 

Sasser, L. B., D. L. Springer, R. C Zan­
ger, C. A. Bolt, and D. D. Mahlum. "Ef­
fects of Complex. Mixtures of Liquid Conl 
on Cardiovascular Function in the Rat." 
Presented at the 24th Hanford Life S( i­
erlces Symposium, October 21-24, I985, 
Richland, Washington. 

Smith R. D., E. K. Chess, and H R Ud­
seth. "Improved Methods for Direct Su­
percritical Fluid Injection-Mass Spectrom­
etry. Presented at the lOth I nternat i ona 1 
Mass Spectrometry Conference, September 
8-13, 1985, Swansea, United Kingdom. 

Smith R. D., S. L. Frye, H. R. Udseth, and 
C. R. Yonker. "Solubilities in Supercrit­
ical Fluids and Fluid Mixtures. Presented 
at the Symposium on Separation Science a1d 
Technology for Energy Applications, Octo­
ber 20-24, 1985, Knoxville, Tennessee. 

Smith R. D., H. T. Kalinoski, and B. W. 
Wright. "Analysis of Labile and Nonvo a­
tile Compounds with Capillary Supercriti­
cal Fluid Chromatography-Mass Spectrom­
etry." Presented at the lOth Internd­
tional Mass Spectrometry Conference, Sep­
tembPr 8-13, 1985, Swansea, United King­
dom. 

Smith, R. D., H. R. Udseth, C. W. Wright, 
H. T. Kalinoski, B. W. Wright and C. R. 
Yonker. "Application of SFC-MS to Envi­
ronmental Analysis." Presented at the 
33rd Annual Conference on Mass Spectrom­
etry and Allied Topics, May 26-31, 1985, 
San Diego, California. 

Smith, R. D., B. W. Wright, H. T. Kalin­
oski, and H R. Udseth. "Capillary Super­
cri t i ca 1 Fluid Chromatography-Mass Spec­
trometry." Presented at the Pacific Con­
ference on Analytical & Applied Spectro­
scopy, American Chemica 1 Society, October 
9-11, 1985, San Francisco, California. 

Smith, R. D., B. W. Wright, and C. R. Yon­
ker. "Programming Methods for Capillar·y 
Supercritical Fluid Chromatography of LJ.­
bi 1 e and High Mo 1 ecular Weight Compounds." 
Presented at the 190th National Meeting of 
the American Chemical Society, Division of 
Fuel Chemistry, September 8-13, 1985, Chi­
cago, Illinois. 

Smith, R. 0., C. R. Yonker, H. T. Kalin­
oski, E. K. Chess, and S. L. Frye. "Sup­
ercritical Fluid Methods for the Analysis 
of Complex Fuel and Environmental Samples. 



Presented at the 24th Hanford Life Sci­
ences Symposium, October 21-24, 1985, 
Richland, Washington. 

Springer, D. L., D. A. Dankovic, B. E. 
Thomas, K. E. Hopkins, and R. M. Bean. 
"Metabolism and DNA Binding of BaP in the 
Presence of Complex Organic Mixtures." 
Presented at the 24th Hanford Life Sci­
ences Sympos i urn, October 21-24, 1985, 
Richland, Washington. 

Springer, D. L., R. E. Schirmer, D. W. 
Later, R. B. Lucke, and 0. 0. Mahlum. 
"Metabolism and DNA Binding of BaP in the 
Presence of a Complex Mixture." Presented 
at the 24th Hanford Life Sciences Sympos­
ium, October 21-24, 1985, Richland, Wash­
ington. 

Sullivan, M. F. and P. S Ruemmler. "Ef­
fect of Iron on Plutonium Absorption by 
the Adult or Neonatal Rat." Presented at 
the 33rd Annual Meeting of the Radiation 
Research Society, May 4-9, 1985, Los An­
geles, California. 

Toburen, L. H. "Electron+Emission Result­
ing from Collisions of C Ions with Gas 
Targets." Presented at the 16th Annual 
Meeting of the Division of Electron and 
Atomic Physics, May 29-31, 1985, Norman, 
Oklahoma. 

Toburen, L. H "Electron Emission in Col­
lisions of C+. Ions with Atomic and Molecu­
lar Targets." Presented at the 14th In­
ternational Conference on the Physics of 
Electron and Atomic Collisions (lCPEAC), 
July 24-30, 1985, Palo Alto, California. 

Toste, A. P. "Analysis of Organic Chelat­
ing Agents in Nuclear Wastes and Their 
Aqueous Leachates." Presented at the De­
partment of Environmental Engineering, 
University of Washington, May 17, 1985, 
Seattle, Washington. 

Toste, A. P., L. J. Kirby, T. R. Pahl, and 
R. B. Myers. "The Relative Contributions 
of Natural and Waste-Derived Organics to 
the Subsurface Transport of Radionu­
clides." Presented at the OECD/NEA Work­
shop on the Effects of Natural Organic 
Compounds and of Microorganisms of Radio­
nuclide Transport, June 11, 1985, Paris, 
France. 

Toste, A. P., R. B. Myers, and R. B. 
Lucke. "Analysis of Organics and Organ­
oradionuclides in Nuclear Wastes and Their 
Envi ronmenta I Leachates." Presented at 
the 31st Annual Conference on Bioassay, 
Analytical and Environmental Chemistry, 
Chalk River Laboratories, Deep River, Can­
ada. 

103 

Toste A P., R. B. Myers, and T. R. Pahl. 
"Analysis of Organic Chelating Agents in 
Nuclear Wastes and their Aqueous Leach­
ates." Presented at the I984 Interna­
tional Chemical Congress of Pacific Basin 
Societies, December 16-21, 1984, Honolulu, 
Hawaii 

Toste, A. P., R. B. Myers, I. R. Pahl, and 
R. B. Lucke. "Chromatographic and Spec­
troscopic Techniques Applied to the Or­
ganic Analysis of Nuclear Wastes." Pre­
sented at the 27th Rocky Mountain Confer­
ence, Society for Applied Spectroscopy, 
July 14-18, 1985, Denver, Colorado. 

Toste, A. P., R. B. Myers, T. R. Pahl, and 
T. B. Lucke. "Analysis of Complex Organic 
Mixtures in Nuclear Wastes. Presented at 
the 24th Hanford Life Sciences Symposium, 
October 21-24, 1985, Richland, Washington. 

Toste, A. P., T. R. Pahl, R. B. Myers, and 
R. B. Lucke. "Characterization of Organ­
ics in Nuclear Wastes." Presented at the 
Karlsruhe International Conference on Ana­
lytical Chemistry in Nuclear Technology, 
June 3-6, 1985, Karlsruhe, West Germany. 

Weimer, W. C. and D. L. Springer. "Breath 
Analysis as a Technique for Complex Mix­
ture Dosimetry Measurements." Presented 
at the 24th Hanford Life Sciences Sympos­
ium, October 21-24, 1985, Richland, Wash­
ington. 

Weller, R. E. "Problems in Medicine: 
Hypercalcemia." Presented at the American 
College of Veterinary Internal Medicine 
Meeting, June I-4, 1985, San Diego, Cali­
fornia. 

Weller, R. E., G. E. Dagle, and J. F. 
Park. "Skeletal Location of Radiation­
Induced and Naturally Occurring Osteosar­
comas in the Dog." Presented at the Vet­
erinary Cancer Society Scientific Forum, 
May 4-8, 1985, Purdue University, Indiana. 

We1ler, R. E. and R. Nachreiner. "Free T3 
and T4 Concentrations in Euthyroid, Hypo­
thyroid and Aged Dogs." Presented at the 
American Co 11 ege of Veterinary Interna 1 
Medicine Scientific Meeting, June 1-4, 
1985, San Diego, Ca 1 i forni a. 

Weller, R. E. and R. Nachreiner. "Free T3 

and T4 Concentrations in Euthyroid, Hypo­
thyroid and Aged Colony-Reared Beagles." 
Presented at the American Association for 
Laboratory Animal Science, November 3-8, 
1985, Baltimore, Maryland 

Wilson, B. W., R. M. Bean, D. L. Stewart, 
J. W. Pyne, S. Li, and E. J Lewis. "Mi­
crobial Alteration of Coal and Coal Liq­
uids." Presented at the DOE/FE Direct 



Coal Liquefaction Contractor's Review 
Meeting, November 19-21, 1985, Pittsburgh, 
Pennsylvania 

Wilson, B. W., E. K. Chess, and L. E. An­
derson. "Alterations in Pineal Tryptophan 
Metabolism in Rats Exposed to 60-Hz Elec­
tric Fields." Presented at the Seventh 
Annual Meeting of the Bioelectromagnetics 
Society, June 16-20, 1985, San Francisco, 
California. 

Wilson, B. W., E. K. Chess, and L. E. An­
derson. "Influence of 60-Hz Electric 
Fields on Neurochemical Functions in the 
Rat." Presented at the DOE/EPRl/NYS Con­
tractors Review Meeting, November 3-8, 
1985, Alexandria, Virginia. 

Wilson, W. E. "Calculation of Distribu­
tions for Energy Imparted and Ionization 
by Protons in Nanometer Sites." Presented 
at the 33rd Annual Meeting of the Radia­
tion Research Society, May 4-9, 1985, Los 
Angeles, California. 

Wright, B. W., H. T. Kalinoski, H. R. Ud­
seth, and R. D. Smith. "Capillary Super­
critical Fluid Chromatography. Current 
Practice and Future Directions." Pre­
sented at the 190th National Meeting of 
the American Chemical Society, Division of 
Fuel Chemistry, September 8-13, 1985, Chi­
cago, Illinois. 

Wright, B. W. and R. D. Smith. "Rapid 
Analysis using Capillary Supercritical 
Fluid Chromatography." Presented at the 
Sixth International Symposium on Capillary 
Chromatography, May 16-18, 1985, Riva del 
Garda, Italy. 

Wright, B. W. and R. D. Smith. "An Over­
view of Capillary Supercritical Fluid 
Chromatography." Presented at the 40th 
Northwest Regional American Chemical Soci­
ety Meeting, June 20, 1985, Sun Valley, 
Idaho. 

104 

Wright, C. W., E. K. Chess, R. B. Luckl!, 
W. C. Weimer, 0. L. Stewart, D. W. Later, 
and B. W. Wilson. "Methodologies for the 
Separation of Chemical Classes from Coal 
Liquefaction Materials." Presented at the 
24th Hanford Life Sciences Symposium, Oc­
tober 21-24, 1985, Richland, Washington. 

Wright, C. W., D. D. Mahlum, D. L. Stew­
art, and E. K. Chess. "Analysis of Catn­
lytic-Catalytic Two-Stage Direct Coal Liq­
uefaction Process Materials." Presented 
at the DOE/FE Direct Coal L i quefact i 0'1 
Contractor's Review Meeting, November 19-
21, 1985, Pittsburgh, Pennsylvania. 

Wright, C. W., D. L. Stewart, D. D. Mah­
lum, E. K. Chess, W. C. Weimer, R. B 
Lucke, D. W. Later, R. A. Pelroy, and B. 
W. Wilson. "Comparative Biology and Chem­
istry of Boiling Point Fractions from Dif­
ferent Coal Liquefaction Processes." Pre­
sented at the 24th Hanford Life Sciences 
Symposium, October 21-24, 1985, Richland, 
Washington. 

Yonker, C. R., S. L. Frye, R. D. Smith, H. 
R. Udseth, and B. W. Wright. "Mechanism 
of Solute Retention in Capillary Super­
critical Fluid Chromatography." Presente>d 
at the 190th National Meeting of the Amer­
ican Chemical Society, Division of Fuel 
Chemistry, September 8-13, 1985, Chicago, 
I 11 i noi s. 

Yonker, C. R., B. W. Wright, and R. D. 
Smith. "Mechanism of Solute Retention i1 
Supercritical Fluid Chromatography." Pre­
sented at the 190th National Meeting of 
the American Chemical Society, Division of 
Fuel Chemistry, September 8-13, 1985, Chi­
cago, Illinois. 

Zanger, R. C., L. B. Sasser, D. L. Sprin­
ger, and D. D. Mahlum. "Cardiovascular 
Toxicity of Inhaled Coal Liquids in Rats." 
Presented at the Pacific Northwest Associ­
ation of Toxicologists Fall Meeting, Octo­
ber 4-5, 1985, Newport, Oregon. 



• C. .. • Author 
C. .. • Index c.• 



Adee, R. R.; 19 
Apley, G. A.; 3, 19 

Baker, D. A.; 75 
Ballou, j. E.; 39 
Bean, R. M.; 53 
Buchanan,). A.; 1 
Bunnell, l. R.; 73 
Buschbom, R. l.; 3, 19, 35, 39, 

45, 53, 63, 67 

Carr, D. B.; 45 
Case, A. C.; 39 
Cannon, W. C.; 41 
Cross, F. T.; 35 

Dagle, G. E.; 3, 19, 35, 39, 45 
Dankovic, D. A.; 53 

Filipy, R. E.; 27 
Fisher, D. R.; 3,19 
Frazier, M. E.; 25,53,67 

Gideon, K. M.; 3, 19, 53 
Gies, R. A.; 35, 39 
Gilbert, E. S.; 1, 3,19 

AUTHOR INDEX 

Hackett, P. L; 45,53,61 
Haugen, D. A.; 63 
Hungate, F. P.; 73 

Kashmitter, j. D.; 3,19 
Kelman, B. j.; 45 

Mahlum, D. D.; 45, 53 
Marks, 5.; 1 
McClanahan, B. j.; 45 
McDonald, K. E.; 31 
Miller, R. A.; 53 
Moeller, D.; 25 

Park, j. F.; 3 
Pel roy, R. A.; 51 
Peraino, C.; 63 
Powers, G. j.; 3,19 

Ragan, H. A.; 3,19 
Reilly, C. A., Jr.; 63 
Renne, R. A.; 67 
Riemath, W. F.; 73 
Roberson, P.; 73 
Rommereim, D. N.; 45 
Rommereim, R. L.; 61 

105 

Ruemmler, P. S.; 49 
Ryan, j. l.; 39,49 

Sanders, C. L; 31 
Sass, E. L.; 51 
Sasser, l. B.; 45, 53 
Schneider, R. P.; 49 
Scott, L; 25 
Sikov, M. R.; 45 
Springer, D. l.; 53, 63,69 
Stevens, R. G.; 1 
Stewart, D. L; 51 
Sullivan, M. F.; 49 

Thomas, B. l.; 53 
Thompson, R. C.; 49 

Weimer, W. C.; 69 
Weller, R. E.; 3, 19 
Wierman, E. L; 3,19 
Wright, C. W.; 67 



~ 

:~:Organization Charts 
-~· Distribution 
~ 



r ' ' ' ' ' ' ' ' ' c ' ' ' ' J ' ' ' L ' ' ' ' ' ' ' >-' ' ' • ' ' ' ' ' L ,-----
,---

,-----
-

Ui 
~g 

"~ 
~
:
 

., 
,, 

g 
t• 

~~ 
~
g
 

"'.-
'--r 

'-r-

,-----
c:o-

r;:-
,----

~ 
~ 

!~ 
0 

~~ 

i! 
1'1 ~ ~ 

r
;
­

~ ~: 
~~~ 

~p 

-n~ 
w

 
,,. 

~
 

.
-<' ~~ ' 

~~ 
g
~
 

'-r-

-
-

,-----
,-

-
-

ih 
Hi 

~~ 
~~~ 

g 
i ~ ~ 

~~ 
Ho 

"" ~ 

--,---
'-,---

'--r 
--,---

-

107 

,---;-
,_

! 

!1 

,-----
c
--

~~~ 
~~ 

P
•
 

1~ 
~f~ 

'<
 

' 
'-,---

"-.-

H
 

~~ 

g! l ~ 

--,-

H
 

.. 
,, j~ 

H
 

~
 

'-
,-

,-----
~2 >

 
P

<
 

Hi p 

'-,---

'i:­
~!i 
s?~ 
~~ ~ 
1, 





OFF SITE 

G. E. Adams 
Director 
Medical Research Council 
Radiobiology Unit 
Harwell, Didcot 
Oxon OXll ORO 
ENGLAND 

Agricultural Research Council 
Radiobiological Laboratory 
Letcombe Regis, Wantage 
Berkshire 
ENGLAND 

W. R. Albers 
EH-12, GTN 
Department of Energy 
Washington, DC 20545 

R. E. Albert 
Institute of Environmental 
Medicine 

New York University Medical 
Center 

550 First Avenue 
New York, NY 10016 

R. Alexander 
ORPBR, NL 
Nuclear Regulatory Commission 
Washington, DC 20545 

E. L. Alpen 
Donner Laboratory 
University of California 
Berkeley, CA 94720 

T. W. Ambrose, Vice President 
Multicomponent Operations 
Battelle Memorial Institute 
505 King Avenue 
Columbus, OH 43201 

M. Anderson 
Library 
Department of National Health 

& Welfare 
Ottawa, Ontario 
CANADA 

Raymond K. Appleyard, Director 
Biology 
European Atomic Energy 

Community, EURATOM 
Brusse 1 s 
BELGIUM 

V. E. Archer 
Rocky Mountain Center for 
Occupational & Environmental 
Health 

Building 112 
University of Utah 
Salt Lake City, UT 84112 

DISTRIBUTION 

Oscar Auerbach 
VA Hospital 
East Orange, NJ 97919 

J. A. Auxier 
Applied Science Laboratory 
1550 Bear Creek Road 
Box 549 
Oak Ridge, TN 37831 

R. E. Baker 
Directorate of Regulatory 
Standards 

Nuclear Regulatory Commission 
Washington, DC 20555 

D. S. Ballantine 
ER-74, GTN 
Department of Energy 
Washington, DC 20545 

Ralph M. Baltz:o 
Radiological Safety Division 
University of Washington 
Seattle, WA 98105 

R. W. Barber 
EH-131, GTN 
Department of Energy 
Washington, DC 20545 

G. W. Barendsen 
Radiobiological Institute 
Organization for Health 

Research TNO 
151 Lange Kleiweg 
Rijswijk (Z.H.) 
THE NETHERLANDS 

Anna D. Barker 
Battelle, Columbus 

Laboratories 
505 King Avenue 
Columbus, OH 43201 

John R. Barker 
Office of Environmental Audit 

and Compliance 
Department of Energy 
Washington, DC 2D545 

R. F. Barker, Chief 
Products Standards Branch 
Directorate of Regulatory 
Standards 

Nuclear Regulatory Commission 
Washington, DC 20555 

W. W. Barker, Chairman 
Department of Biology 
Central Washington University 
Ellensburg, WA 98926 

Distr-1 

N. F. Barr 
ER-73, GTN 

PNL-5750 PTl 
UC-48 

Department of Energy 
Washington, DC 20545 

J. K. Sasson, Vice-President 
Raad Op Atomic 
Atoomkrag Energy Board 
Privaatsk X 256 
Pretoria 0001 
REPUBLIC OF SOUTH AFRICA 

J. R. Beall 
ER-72, GTN 
Department of Energy 
Washington, DC 20545 

E. W. Bean 
Rocky Flats Area Office 
Albuquerque Operations Office 
Department of Energy 
P. 0. Box 928 
Golden, CO 80401 

A. M. Beau, Librarian 
D€partement de la Protection 
Sanitaire 

Commissariat a l'Energie 
Atomique 

B.P. No. 6 
92250 Fontenay-aux-Roses 
FRANCE 

Gunnar Bengtsson 
Director-Genera 1 
Statens Stralskyddsinstitut 
Box 50204 
S-104 01 Stockholm 
SWEDEN 

0. J. Beninson 
Gerencia de ProteccioO 
Radiol6gica y Seguridad 

Comisi6n Nacional de 
Energia At6mica 

Avenida del Libertador 8250 
1429 Buenos Aires 
ARGENTINA 

G. L. Bennett 
NE-55, GTN 
Department of Energy 
Washington, DC 20545 

St ig 0. W. Bergstrom 
Health and Safety Section 
Aktiebolaget Atomienergi 
Studsvik Energiteknik AB 
S-61182 Nykopi ng 
SWEDEN 



S. R. Bernard 
Martin Marietta 
Oak Ridge National Laboratory 
P.O.BoxX 
Oak Ridge, TN 37830 

M. H. Bhattacharyya 
BIM Oiv., Bldg. 202 
Argonne National Laboratory 
9700 South Cass Avenue 
Argonne, IL 60439 

Andrea Bianco 
C. N. E. N. 
Laboratorio Fisica Sanitaria 
V. Maz.z.ini 2 
40138 Bologna 
ITALY 

W. R. Bibb 
Energy Programs & Support 
Division 

Department of Energy 
P.O.BoxB 
Oak Ridge, TN 38731 

J. H. Birely 
Los Alamos National Laboratory 
P. 0. Box 1663 
Los Alamos, NM 87545 

R. W. Bistline 
International Division 
Rockwell International 
Rocky Flats Plant 
P. D. Box 464 
Golden, CO 80401 

R. P. Blaunstein 
EH-132, GTN 
Department of Energy 
Washington, DC 20545 

Bruce B. Boecker 
Inhalation Toxicology Research 
Institute 

The Lovelace Foundation for 
Medical Education & Research 

P. 0. Box 5890 
Albuquerque, NM 87108 

V. P. Bond 
Life Sciences, Chemistry and 
Safety 

Brookhaven National Laboratory 
Bldg 460 
Upton, Long Island, NY 11973 

J. Booz 
KFA JUlich Institute of 
Medicine 

D-5170 JUlich 1 
Postfach 1913 
517 JUl i ch 
FEDERAL REPUBLIC OF GERMANY 

Joseph D. Brain 
Professor of Physiology 
Director, Harvard Pulmonary 
Specialized Center of 
Research 

Harvard University School of 
Public Health 

665 Huntington Avenue 
Boston, MA 02115 

L. C. Brazley, Jr 
NE-22, GTN 
Department of Energy 
Washington, DC 20545 

J. S. Brightwell 
Batte 11 e, Geneva Research 
Centre 

7, Route de Drize 
1227 Carouge 
Geneva 
SWITZERLAND 

A. Brink 
SASOL-One Limited 
P.O.Boxl 
Sasolburg 9570 
REPUBLIC OF SOUTH AFRICA 

F. W. Bruenger 
Division of Radiobiology 
Bldg. 351 
University of Utah 
Salt lake City, UT 84112 

Pat Buhl 
FE-34, GTN 
Department of Energy 
Washington, DC 20545 

D. Buhler 
Department of Agricultural 
Chemistry 

Oregon State University 
Corvallis, OR 97331 

G. Burley 
Environmental Protection 
Agency 

Washington, DC 20460 

W. W. Burr 
Oak Ridge Associated Univer­
sities 

P.O.BoxE 
Oak Ridge, TN 37830 

L. K. Bustad 
College of Veterinary Medicine 
Washington State University 
Pullman, WA 99163 

Cao Shu-yuan, Deputy Head 
Laboratory of Radiation 
Medicine 

North China Institute of 
Radiation Protection 

Taiyuan, Shanxi 
THE PEOPLE'S REPUBLIC OF CHINA 

Distr-2 

C. E. Carter 
National Institute of environ­
mental and Health Sci<'nces 

P 0. Box 12233 
Research Triangle Park, 

NC 27709 

G. W. Casarett 
Radiation Biology and Bio­
physics and Radiology 

University of Rochester 
School of Medicine and 
Dentistry 

Rochester, NY 14620 

H. W. Casey, Chairman 
Department of Veterinary 

Patho 1 ogy 
Louisiana State University 
Baton Rouge, LA 70803 

Chairman, Biology Department 
Central Washington University 
Ellensburg, WA 98926 

M. W. Charles 
Central Electricity Gem~rating 

Board 
Berkeley Nuclear Lab 
Berkeley, Gloucestershir·e 
GL 13 9PB 
ENGLAND 

Chen Xing~an, M.D. 
laboratory of Industrial 

Hygiene 
Ministry of Public Health 
2 Xinkang Street 
Oeshangmanwai, Beijing 
THE PEOPLE'S REPUBLIC OF CHINA 

G. F. Clemente, Director 
Radiation Toxicology 
Laboratory 

Casaccia Centre for Nuclear 
Studies {CSN) 

National Committee of Nuclear 
Energy {CNEN) 

Casella Postale 2400 
00100 Roma 
I1ALY 

Yvonne Cocking, Librarian 
Medica 1 Research Counci 1 
Radiobiology Unit 
Harwell, Didcot 
Dxon OXll ORO 
ENGLAND 

N. Cohen 
New York University Medical 
Center 

Tuxedo, NY 10987 

D. W. Cole, Jr. 
ER-73, GTN 
Department of Energy 
Washington, DC 20545 



Commission of the European 
Communities 

DG XII - Library SDMB R1 
Rue de la Loi, 200 
B-1049 Brussels 
BELGIUM 

W. Cool 
Nuclear Regulatory Commission 
Washington, DC 20545 

Hans Cottier 
Institute of Pathology 
University of Bern 
Junkerngasse 25 
CH 3011 Bern 
SWITZERLAND 

Council on Environmental 
Quality 

72 Jackson Place, NW 
Washington, DC 20006 

K. Cowser 
The Maxima Corporation 
107 Union Valley Road 
Oak Ridge, TN 37830 

D. K. Craig 
7584 Westlake Terrace 
Bethesda, MD 2DD34 

E. P. Cronkite 
Medical Department 
Brookhaven National Laboratory 
Upton, Long Island, NY 11973 

H. T. Daw, Director 
International Atomic Energy 
Agency 

Kaerntner ring 11 
Al010 Vienna 1 
AUSTRIA 

F. G. Dawson 
Battelle Memorial Institute 
505 King Avenue 
Columbus, OH 43201 

L. J. Deal 
EH-132, GTN 
Department of Energy 
Washington, DC 20545 

Wu De-Chang 
Institute of Radiation Medi­
cine 

11# Tai Ping Road 
Beijing 
THE PEOPLE'S REPUBLIC OF CHINA 

Benjamin de la Cruz, Head 
Biomedical Department 
Republic of the Philippines 
National Science Development 
Board 

Philippine Atomic Energy 
Commission 

P. 0. Box 932 
Manila 
THE PHILIPPINES 

C. P. Delisi 
ER-70, GTN 
Department of Energy 
Germantown, MD 20545 

Deng Zhicheng 
North China Institute of 

Radiation Protection 
Taiyuan, Shanxi 
THE PEOPLE'S REPUBLIC OF CHINA 

Director 
Commissariat a l'Energie 

Atomique 
Centre d'Etudes Nucleaires 
Fontenay-aux-Roses (Seine) 
FRANCE 

Director 
Commonwealth Scientific 

and Industrial Research 
Organization 

Aspenda 1 , Victoria 
AUSTRALIA 

Director 
Laboratorio di Radiobiologia 
Ani male 

Centro di Studi Nucleari Della 
Casaccia 

Comitate Nazionale per 
l'Energia Nucleare 

Casella Postale 2400 
00100 Roma 
ITALY 

G. P. Dix 
26619 Haney Avenue 
Damascus, MD 20750 

Dusan Djuric 
Institute of Occupational and 
Radiological Health 

11000 Beograd 
Del igradoka 29 
YUGOSLAVIA 

T. J. Dobry 
DP-226.3, GTN 
Department of Energy 
Washington, DC 20545 

DOE Technical Information 
Center (27) 

M. Dousset 
Departement de la Protection 
Sanitaire 

Commissariat a l'Energie 
Atomique 

B.P. No. 6 
92260 Fontenay-aux-Roses 
FRANCE 

B. Drozdowicz 
International Coal Refining Co. 
P. 0. Box 2752 
Allentown, PA 18001 

Distr-3 

H. Drucker 
Argonne National Laboratory 
9700 South Cass Avenue 
Argonne, IL 60439 

R. Ducousso 
Section de Pathologie et de 
Toxicologie Experimentale 

Departement de la Protection 
Sanitaire 

Commissariat a l'Energie 
Atomique 

B.P. No. 6 
92260 Fontenay-aux-Roses 
FRANCE 

G. D. Duda 
ER-72, GTN 
Department of Energy 
Washington, DC 20545 

A. P. Duhamel 
ER-74, GTN 
Department of Energy 
Washington, DC 20545 

Donald Dungworth 
Associate Dean of Research 

and Professor & Chairman 
Department of Veterinary 

Pathology 
School of Veterinary Medicine 
University of California 
Davis, CA 95616 

H. J. Dunster 
National Radiological 

Protection Board 
Harwell, Didcot 
Oxon OXll ORQ 
ENGLAND 

Jacob Eapen 
Staff Quarters 
I.C.T.A.N. 
Sawarkar Marg 
Dadar, Bombay 400028 
INDIA 

Keith Eckerman 
Health Studies Section 
Health and Safety Research 
Division 

Oak Ridge National Laboratory 
P.O.BoxX 
Oak Ridge, TN 37830 

C. W. Edington 
Radiation Effects Research 
Foundation 

5-2 Hijiyama Park 
Minami - Ward 
Hiroshima 732 
JAPAN 

Merril Eisenbud 
New York University Medical 

Center 
Tuxedo, NY 10987 



W. H. Ellett 
BEIR IV-Alpha 
National Academy of Sciences, 

JH 554 
2101 Constitution Avenue 
Washington, DC 20418 

Employment Medical Advisory 
Service 

Deputy Director, Medical 
Services (Scientific Policy) 

Health and Safety Executive 
25 Chapel Street 
London NWl SOT 
ENGLAND 

B. M. Erickson 
DOE - Schenectady Naval 

Reactors Office 
P. 0. Box 1059 
Schenectady, NY 12301 

EstaCo Agron6mica Nacional 
Biblioteca 
2780 Oeiras 
PORTUGAL 

R. D. Evans 
4621 East Crystal Lane 
Scottsdale, AZ 85252 

N. B. Everett 
Department of Biological 
Structure 

University of Washington 
School of Medicine 
Seattle, WA 98105 

S. J. Farmer 
Battelle- Seattle 
4000 NE 41st Street 
Seattle, WA 98105 

S. L. Fawcett 
Battelle Memorial Institute 
505 King Avenue 
Columbus, OH 43201 

L. Feinendegen, Director 
InstitUt fUr Medezin 
Kernsforschungs sanlage JUlich 
Postfach 1913 
D-5170 Ji.ll ich 
FEDERAL REPUBLIC OF GERMANY 

T. M. Fliedner 
Abeteilung fUr Klinische 
Physiologie 

Universitat Ulm 
Parkstrasse 10/ll 
79 Ulm (Donau) 
FEDERAL REPUBLIC OF GERMANY 

Judith D. Foulke 
Nuclear Regulatory Commission 
Washington, DC 20555 

L. Friberg 
The Karolinska Institute 
Stockholm 
SWEDEN 

Hymer L. Friedell 
School of Medicine 
Room W144 
2119 Abington Road 
Case-Western Reserve 
University 

Cleveland, OH 44106 

R. M. Fry, Head 
Health Physics Research 
Section 

Australian Atomic Energy 
Commission 

Private Mail Bag 
Sutherland, N.S.W. 
AUSTRALIA 

Minoru Fujita 
Principal Scientist 
Japan Atomic Energy Research 
Institute 

Tokai Research Establishment 
Tokai-Mura, Naka-Gun, 

Ibaraki-Ken 
JAPAN 

D. E. Gardner 
Northop Environmental 

Sciences 
P. 0. Box 12313 
Research Triangle Park, 

NC 27709 

R. Garner 
Environmental Protection 
Agency 

Research Triangle Park, 
NC 27711 

G. B. Gerber 
Radiobiology Department 
Commission of the European 

Communities 
Rue de la Loi 
Brussels 
BELGIUM 

Tarroni Giuseppe 
ENEA-PAS-FIBI-AEROSDL 
Via Mazzini 2 
40138 Bo 1 ogna 
ITALY 

H. L. Gjdrup, Head 
Health Physics Department 
Atomic Energy Commission 
Research Establishment 
Risi!l, Roskilde 
DENMARK 

Dis tr-4 

Marvin Goldman 
Laboratory for Energy-Related 

Health Research 
University of California 
Davis, CA 95616 

R. Goldsmith 
ER-73, GTN 
Department of Energy 
Washington, DC 20545 

G. Goldstein 
ER-74, GTN 
Department of Energy 
Washington, DC 20545 

A. R. Gopal-Ayengar 
c/o P. K. Dayanidhi 
15-D Gulmarg, Anushaktinagar 
Bombay 400094 
INDIA 

Judy Graham 
Environmental Protection 
Agency 

Mail Drop 82 
Research Triangle Park, 

NC 27711 

D. Grahn 
Argonne National Laboratory 
9700 South Cass Avenue 
Argonne, IL 60439 

Richard A. Griesemer 
Biology Divis1on 
Oak Ridge National Laboratory 
P.O.BoxX 
Oak Ridge, TN 37830 

G. H. Gronhovd 
Grand Forks Energy Research 
Center 

Department of Energy 
Box 8213, University Station 
Grand Forks, ND 58202 

J. G. Hadley 
Owens Corning Fiberglas 

Corporation 
Technical Center 
P. 0. Box 415 
Granville, OH 42023 

F. F. Hahn 
Lovelace Inhalation Toxicology 
Research Institute 

P. 0. Box 5890 
Albuquerque, NM 87115 

Robert Hamlin 
Dept. of Veterinary Physiology 
The Ohio State University 
1900 Coffey Road 
Columbus, OH 43201 



J. W. Healy 
51 Grand Canyon 
White Rock, NM 

C. H. Hobbs 

Drive 
87544 

Inhalation Toxicology Research 
Institute 

P. 0. Box 589D 
Albuquerque, NM 87115 

L. M. Ho 11 and 
Los Alamos National Laboratory 
P. D. Box 1663 
Los Alamos, NM 87545 

Xiuzhen Hu 
North China Institute of 

Radiation Protection 
P. 0. Box 120 
Taiyuan, Shanxi 
THE PEOPLE'S REPUBLIC OF CHINA 

D. S. Ingle 
Dayton Area Office 
DOE - Albuquerque Operations 
Office 

P. 0. Box 66 
Miamisburg, DH 45342 

International Atomic Energy 
Agency 

Documents library 
Attn: Mrs. Javor 
Vienna 1, Kaerntnerring 11 
AUSTRIA 

Emilio lranzo 
Jefe, DivisiOn Protecci6n 
Radiol6gica 

Ciudad Universitaria 
Madrid 3 
SPAIN 

H. Ishikawa, General Manager 
Nuclear Safety Research 
Association 

P. 0. Box 1307 
Falls Church, VA 22041 

M. lzawa 
National Institute of 
Radiological Sciences 

9-l, 4-Chome, Anagawa 
Chiba-shi, Chiba 260 
JAPAN 

K. L. Jackson, Chairman 
Radiological Sciences 
D-218 Health Sciences 
University of Washington 
Seattle, WA 98195 

W. Jacobi 
InstitUt fUr Strahlenschutz 
lngolstadter Landstrasse 1 
D-8042 Neuherberg 
FEDERAL REPUBLIC OF GERMANY 

A. C. James 
National Radiological 
Protection Board 

Headquarters & Southern Centre 
Building 5651 
Harwell, Didcot 
Oxon OXll DRQ 
ENGLAND 

Henri Jammet 
Departement de la Protection 
Sanitaire 

Centre d'Etudes Nucleaires 
B.P. No. 6 
92260 Fontenay-aux-Roses 
FRANCE 

W. S. S. Jee 
Division of Radiobiology 
Bldg. 351 
University of Utah 
Salt Lake City, UT 84112 

R. M. Jefferson 
Sandia Laboratories 
P. D. Box 5800 
Albuquerque, NM 87187 

K. E. Lennart Johansson 
National Defense Research 
Institute 

FDA 45 1 
S-901-82, Umea 
SWEDEN 

J. F. Johnson 
Kenworth Truck Co. 
30 Vreeland Road 
Florham Park, NJ 07932 

R. K. Jones 
The Lovelace Foundation for 

Medical Education & Research 
Building 920D, Area Y 
Sandia Base 
Albuquerque, NM 871D8 

G. Y. Jordy, Director 
ER-3D, GTN 
Department of Energy 
Washington, DC 20545 

V. A. Kamath 
Scientific Information Officer 
Library & Information Service 
Atomic Energy Establishment 
Trombay 

Apollo Pier Road 
Bombay-1 
INDIA 

Eberhard Karbe 
c/o Centre d'Elevage et de 
Recherche 

Avetonou, B. P. 27 
Agou Gare, Togo 
REPUBLIC OF SOUTH AFRICA 

Distr-5 

Masatoshi Kashima 
National Institute of 

Radiological Sciences 
Toyotanakita 
Nerima-ku, Tokyo 176 
JAPAN 

Prof. A. M. Kellerer 
InstitUt fUr Medezin 
Strahlenkunde 

Versbacher Str. 5 
8700 Wllrzburg 
FEDERAL REPUBLIC OF GERMANY 

C. M. Kelly 
Air Products and Chemicals, 

Inc. 
Corporate Research and 
Development 

P. 0. Box 538 
Allentown, PA 181D5 

Ann R. Kennedy 
Department of Physiology 
Harvard School of Public 

Health 
665 Huntington Avenue 
Boston, MA 02115 

Dr. rer. nat. Hans-Joachim 
Klimisch 

BASF Aktiengesellschaft 
Abteilung Toxikologie 
6700 Ludwigshafen 
FEDERAL REPUBLIC OF GERMANY 

H. E. Knoell 
8attelle-Institut e.V. 
Am Romerhof 35 
Postfach 90015D 
6DOD Frankfurt/Main 90 
FEDERAL REPUBLIC OF GERMANY 

H. A. Kornberg 
4011 Wauna Vista 
Vancouver, WA 98661 

R. T. Kratzke 
EH-131, GTN 
Department of Energy 
Washington, DC 20545 

Hermann Kraybi 11 
National Cancer Institute 
Landau Building, Room C-337 
Bethesda, MD 20014 

T. Kumatori, Director 
National Institute of 
Radiological Sciences 

9-1, 4-Chome, Anagawa 
Chiba-shi, Chiba 260 
JAPAN 



Dr. J. Lafuma 
Departement de la Protection 
Sanitaire 

Commissariat a l'Energie 
Atomique 

B.P. No. 6 
92260 Fontenay-aux-Roses 
FRANCE 

R. P. Larsen 
Center for Human Radiobiology, 

Radiological & Environmental 
Research Division 

Argonne National Laboratory 
9700 South Cass Avenue 
Argonne, IL 60439 

Wayne Lauder 
Office of Health and Environ­

mental Research 
Office of Energy Research 
Department of Energy 
Germantown, MD 20545 

J. L. Lebel 
Department of Radiology and 

Radiation Biology 
Colorado State University 
Fort Collins, CO 80521 

Librarian 
Alberta Environmental Center 
Bag 4000 
Vegreuille, Alberta 
CANADA TOB4LO 

Librarian, Building 465 
Atomic Energy Research 

Establishment 
Harwell, Oidcot 
Oxon OXll ORO 
ENGLAND 

Librarian 
Battelle Memorial Institute 
Columbus Laboratories 
505 King Avenue 
Columbus, OH 43201 

Librarian 
Brookhaven National Laboratory 
Research Library, Reference 
Upton, Long Island, NY 11973 

Librarian 
Centre d' Etudes 
Nucleaires de Saclay 
P. 0. Box 2, Saclay 
Fig-sur-Yvette (S&O) 
FRANCE 

Librarian 
Colorado State University 
Serials Section 
Ft. Collins, CO 80521 

Librarian 
Commonwealth Scientific 

and Industrial Research 
Organization 

314 Albert Street 
P. 0. Box 89 
East Melbourne, Victoria 
AUSTRALIA 

Librarian 
CSIRO 
Rangelands Research Centre 
Private Mail Bag, P.O. 
DENILIQUIN, N.S.W. 2710 
AUSTRALIA 

Librarian 
ENEA (DECO) Health and Safety 
Office 

3B, Blvd. Suchet 
Paris 
FRANCE 

librarian 
HCS/EHE 
World Health Organization 
1211 Geneva 27 
SWITZERLAND 

Librarian 
Health Sciences Library 
SB-55 
University of Washington 
Seattle, WA 98195 

Librarian 
Kernforschungzentrum Karlsruhe 
InstitUt fUr Strahlenbiologie 
75 Karlsruhe 1 
Postfach 3640 
FEDERAL REPUBLIC OF GERMANY 

Librarian 
Lawrence Radiation Laboratory 
University of California 
Technical Information Dept. 
L -3 
P. 0. Box 808 
Livermore, CA 94500 

Librarian 
Los Alamos National Laboratory 
P. 0. Box 1663 
Los Alamos, NM 87545 

Librarian 
Max-Planck-InstitUt fUr 

Biophysics 
Forstkasstrasse 
Frankfurt/Mal n 
FEDERAL REPUBLIC OF GERMANY 

Librarian 
Ministry of Agriculture, Fish­
eries and Food 

Fisheries Laboratory 
Lowestoft, Suffolk NR33 OHT 
UNITED KINGDOM 

Distr-6 

Librarian 
Oregon Regional Primate 

Research Center 
505 NW 185th Avenue 
Beaverton, OR 97005 

Librarian 
Tri-Cities University Center' 
100 Sprout Road 
Richland, WA 99352 

Library 
Atomic Energy Commission 
Ristl, Roskilde 
DENMARK 

Library 
Atomic Energy Commission of 
Canada, Ltd. 

Whiteshell Nuclear Research 
Establishment 

Pinawa, Manitoba 
CANADA 

Li De-ping 
Professor and Director o·· 

North China Institute of Ra­
diation Protection, NMI 

Tai-yuan, Shan-xi 
THE PEOPLE'S REPUBLIC OF CHINA 

B. Lindell, Director 
National Institute of 
Radiation Protection 

Fack S-104 01 
Stockholm 50 
SWEDEN 

I. R. Linger 
ER-63, GTN 
Department of Energy 
Washington, DC 20545 

John 8. Little 
Department of Physiology 
Harvard School of Public 

Health 
665 Huntington Avenue 
Boston, MA 02115 

Shu-Zheng Liu, M.D. 
Department of Radiation 

Biology 
Bethune Medical University 
7 Xinmin Street 
Chagchun, Jilin 
THE PEOPLE'S REPUBLIC OF CHINA 

J. L. L\verman 
Litton Bionetics 
5516 Nicholson Lane 
Kensington, MD 20895 

John F. Lout it 
Medical Research Council 
Radiobiological Research Unit 
Atomic Energy Research 

Estab 1 i shment 
Harwell, Didcot 
Oxon OXll ORO 
ENGLAND 



0. R. Lunt 
Laboratory of Nuclear Medicine 
and Radiation Biology 

University of California 
900 Veteran Avenue 
West Los Angeles, CA 90024 

C. C. Lushbaugh 
Medical Division 
Oak Ridge Associated 
Universities 

P. 0. Box 117 
Oak Ridge, TN 37830 

Wei Luxin 
Laboratory of Industrial 

Hygiene 
Ministry of Public Health 
2 Xi nkang Street 
Oeshangmanwai, Beijing 
THE PEOPLE'S REPUBLIC OF CHINA 

J. N. Maddox 
ER-73, GTN 
Department of Energy 
Washington, DC 20545 

J. R. Maher 
E.R-65, GTN 
Department of Energy 
Washington, DC 20545 

T. D. Mahony, M. D. 
75D Swift Boulevard 
Richland, WA 99352 

J. R. Maisin 
Radiobiology Department 
C.E.N. S.C.K. 
Mol 
BELGIUM 

C. R. Mandelbaum 
ER-32, GTN 
Department of Energy 
Washington, DC 20545 

A. M. Marko, Director 
Atomic Energy Commission of 

Canada, Ltd. 
Biology and Health Physics 
Division 

Chalk River Nuclear 
Laboratories 

P. 0. Box 62 
Chalk River, Ontario KOJ IJO 
CANADA 

Robert Martin 
Environmental Protection 

Branch 
Mail Stop G-108 
Department of Energy 
P.O.BoxE 
Oak Ridge, TN 37830 

D. R. Mason 
Nuclear Safety Branch 
Department of Energy 
P.O.BoxA 
Aiken, SC 29801 

R. Masse 
Commissariat a l' Energie 

Atomique 
Laboratoire de Toxicologie 

Experimentale 
B. P. No. 561 
92542 Montrouge Cedex 
FRANCE 

W. H. Matchett 
Graduate School 
New Mexico State University 
Box 3G 
Las Cruces, NM 88003 

Osamu Matsuoka, Director 
Division of Comparative Radio­
toxicology 

National Institute of 
Radiological Sciences 

9-1 Anagawa, 4-Chome 
Chiba-shi 260 
JAPAN 

Naonori Matsusaka 
Department of Veterinary 

Pharmacology 
Faculty of Agriculture 
lwate University 
Ueda, Morioka, Iwate 260 
JAPAN 

D. D. Mayhew 
ER-63, GTN 
Department of Energy 
Washington, DC 20545 

C. W. Mays 
Division of Radiobiology 
Bldg. 351 
University of Utah 
Salt Lake City, UT 84112 

H. M. McCammon 
ER-75, GTN 
Department of Energy 
Washington, DC 2D545 

R. 0. McClellan 
Inhalation Toxicology Research 
Institute 

Lovelace Foundation for 
Medical Education & Research 

P. 0. Box 5890 
Albuquerque, NM 87115 

T. F. McCraw 
EH~ 132, GTN 
Department of Energy 
Washington, DC 20545 

Distr-7 

G. V. McGurl 
Department of Energy 
Pittsburgh Energy Technology 
Center 

P. 0. Box 10940 
Pittsburgh, PA 15236 

Fl orenci o~ I sagani S. Medina 
Cytogenetics Laboratory 
Biomedical Research Division 
A. R. C. 
Philippine Atomic Energy 

Commission 
P.O. Box 932 
Man i 1 a 
THE PHILIPPINES 

C. B. Meinhold 
Instrumentation and Health 

Physics Department 
Brookhaven National Laboratory 
Upton, Long Lsland, NY 11973 

M. L. Mendelsohn 
Biomedical and Environmental 

Research Program 
Lawrence Livermore National 
Laboratory, L -523 

University of California 
P. 0. Box 808 
Livermore, CA 94550 

Harold Menkes 
Assistant Professor of Medi­

cine & Environmental Medicine 
The John Hopkins University 
Baltimore, MD 21205 

D. B. Menzel 
Associate Professor of 
Medicine and Pharmacology 

Division of Environmental 
Medicine 

Duke University Medical Center 
Durham, NC 27706 

Pietro Meta 11 i 
Laboratorio di Radiopatologia 
National Committee of Nuclear 
Energy {CNEN) 

Casaccia Centre for Nuclear 
Studies {CSN) 

Casella Postale 2400 
00100 Roma 
ITALY 

Henri Metivier 
Centre d'Etudes de Bruyeres-

1 e-Chate l 
Laboratoire de Toxicologie 

Experimentale 
B.P. No 561 
92542 Montrouge Cedex 
FRANCE 

S. Michaelson 
University of Rochester 

Medical Center 
Rochester, NY 14642 



W. A. Mills 
Committee on Interagency Radi­
ation Research & Policy 
Cordination (CIRRPC) 

1346 Connecticut Avenue, NW 
Suite 530 
Washington, DC 20036 

M. L Minthorn, Jr. 
ER-72, GTN 
Department of Energy 
Washington, DC 20545 

R. H. Mole 
Medical Research Council 
Radiobiological Research Unit 
Harwell, Didcot 
Oxon OXll ORO 
ENGLAND 

D. R. Monti 
ER-14, GTN 
Department of Energy 
Washington, DC 20545 

A. Morgan 
Inhalation Toxicology Group 
Envirommental and Medical 
Sciences Division 

Atomic Energy Research 
Establishment, Bldg. 551 

Harwell, Oidcot 
Oxon OXll ORA 
ENGLAND 

B. Morgan 
Safety Division 
DOE - Savannah River 

Operations Office 
P.O.BoxA 
Aiken, SC 29801 

K. Z. Morgan 
1984 Castleway Drive 
Atlanta, GA 30345 

P. E. Morrow 
University of 
Rochester, NY 

Y. I. Moskalev 

Rochester 
14642 

Institute of Biophysics 
Ministry of Public Health 
Zhi vopi snaya 46 
Moscow 
USSR 

W. E. Matt 
EH12, GTN 
Department of Energy 
Washington, DC 20545 

J. Muller 
Special Studies and Services 

Branch 
8th Floor 
400 University Avenue 
Toronto, Ontario M7A 1T7 
CANADA 

David K. Myers, Head 
Radiation Biology Branch 
Atomic Energy Commission of 

Canada, Ltd. 
Chalk River, Ontario 
CANADA 

D. S. Nachtwey 
NASA-Johnson Space Center 
Mai 1 Code SD-5 
Houston, TX 77058 

Dorris B. Nash 
Editorial Assistant 
Department of Radiation 

Biology and Biophysics 
University of Rochester 
School of Medicine and 
Dentistry 

260 Crittenden Boulevard 
Rochester, NY 14620 

National Library of Medicine 
TSD-Serials 
8600 Rockville Pike 
Bethesda, MD 20014 

S. M. Nealey 
Battelle- Seattle 
4000 NE 41st Street 
Seattle, WA 98105 

N. Nelson 
Environmental Protection 
Agency 

Washington, DC 20460 

J. C. Nenot, Deputy Director 
Departement de Protection 
Centre d' Etudes Nucleaire 
B.P. No. 6 
92260 Fontenay-Aux-Roses 
FRANCE 

Paul Nettesheim 
National Institutes of Envi­

ronmental Health Sciences 
Research Triangle Park, 

NC 27711 

W. R. Ney, Executive Director 
National Council on Radiation 
Protection and Measurement 

7910 Woodmont Avenue 
Suite 1016 
Washington, DC 20014 

S. W. Nielsen 
Department of Pathology 
New York State Veterinary 
College 

Cornell University 
Ithaca, NY 14850 

R. A. Nilan 
Division of Sciences 
Washington State University 
Pullman, WA 99164 

Dis tr-8 

Nuclear Regulatory Commission 
Advisory Committee on Reactor 

Safeguards 
Washington, DC 20555 

G. Oertel, Deputy Assistant 
Secretary for Safety, Health 
and Quality Assurance 

Department of Energy 
Germantown, MD 20545 

D. E. Olesen 
Battelle Memorial Institute 
505 King Avenue 
Columbus, OH 53201 

J. P. Oliver 
ENEA (OECD) Health and Safety 
Office 

38, Blvd. Suchet 
Paris 
FRANCE 

Thomas B. Owen 
Project Officer 
Smoking and Health Program 
National Cancer Institute 
Bethesda, MD 20014 

Dr. Jerzy Pacha 
Silesian University 
Department of Microbiology 
40-032 Katowice, UL. JA 

Giellonska 28 
POLAND 

Claire C. Palmiter 
714 University Boulevard West 
Silver Springs, MD 20901 

J. L. Palotay 
Oregon Regional Primate Center 
505 NW 185th Avenue 
Beaverton, OR 97005 

G. Patrick 
Medical Research Council 
Radiobiological Research Unit 
Harwell, Oidcot 
Oxon OXll ORO 
ENGLAND 

R. S. Paul 
Battelle, Columbus 

Laboratories 
505 King Avenue 
Columbus, OH 43201 

R. A. Pelroy 
ER-72, GTN 
Department of Energy 
Washington, DC 20545 

R. Perraud 
Commissariat a l'Energie 

Atomique 
B.P. No. 1 
87640 Razes 
FRANCE 



E. B. Perrin 
Battelle - Seattle 
4000 NE 41st Street 
Seattle, WA 98115 

0. F. Petersen 
los Alamos National laboratory 
P. 0. Box 1663 
los A 1 amos, NM 87545 

He 1 en Pfuderer 
Oak Ridge National laboratory 
P.O.BoxX 
Oak Ridge, TN 37830 

Sir Edward Pochin 
National Radiological 

Protection Board 
Chilton, NR. Didcot 
Oxon OXll ORQ 
ENGLAND 

Carlo Polvani, Head 
Division of Radiation 
Protection 

Comitate Nazionale per 
l'Energia Nucleare 

Vi ale Regina Margherita 125 
00198 Roma 
ITALY 

Vittorio Prodi 
Department of Physics 
University of Bologna 
Via lrnerio 46 
40126 Bologna 
ITALY 

0. G. Raabe 
Laboratory for Energy-Related 
Health Research 

University of California 
Davis, CA 95616 

D. P. Rall, Director 
NIEHS 
P. 0. Box 12233 
Research Triangle Park, 

NC 27709 

Or. J. Rasey 
Division of Radiation Oncology 
University of Wash1ngton 
Medical School 

Seattle, WA 98195 

0. Ravera 
Biology Service 
Euratom Joint Research Center 
Ispra (Varese) 
ITALY 

E. J. Reagan 
Monsanto Research Corp. 
Mound laboratory 
P. 0. Box 32 
Miamisburg, OH 45342 

D. V. Rebollo 
Junta de Energia Nuclear 
Secci6n de Isotopos 
Calle de Serrano, 121 
Madrid 6 
SPAIN 

C. A. Reilly, Jr. 
Argonne National laboratory 
Division of Biology and 
Medical Research 

9700 South Cass Avenue 
Argonne, IL 60439 

REP Institutes TNO 
TNO Division of Health 

Research library 
P. 0. Box 5815 
2280HV Rijswijk 
THE NETHERLANDS 

C. R. Richmond 
Oak Ridge National laboratory 
P. 0. Box X 
Oak Ridge, TN 37830 

J. S. Robertson 
ER-73, GTO 
Department of Energy 
Washington, DC 20545 

J. R. Roeder 
Environment, Safety & Health 
Division 

P. 0. Box 5400 
Albuquerque, NM 87115 

P. J. A. Rombout 
Inhalation Toxicology 

Depa1·tment 
National Institute of Public 
Health and Environmental 
Hygiene 

P. 0. Box 1, 3720 BA Bi lthoven 
THE NETHERLANDS 

S. l. Rose 
ER-73, GTN 
Department of Energy 
Washington, DC 20545 

M. Rzekiecki 
Commissariat a l'Energie 

Atomique 
Centre d' Etudes 
Nucleaires de Cadarache 
BP No. 13-St. Paul 
Les Durance 
FRANCE 

Gena Saccomanno 
Pathologist and Director of 

Laboratories 
St. Marys and V. A. Hospitals 
Grand Junction, CO 81501 

Distr-9 

Umberto Saffiotti 
laboratory of Experimental 
Pathology, DCCP 

National Cancer Institute 
Bldg. 560, Rm. 32-60 
Frederick, MD 21701 

R. A. Scarano 
Nuclear Regulatory Commission 
Mill licensing Section 
Washington, DC 20545 

R. A. Schlenker 
Center for Human Radiobiology 
Argonne National laboratory 
9700 South Cass Avenue 
Argonne, Il 60439 

D. K. Schmalzer 
The Pittsburg & Midway Coal 

Mining Co. 
1730 S. Bellaire 
Denver, CO 80222 

E. Schmetz 
FE-34, GTN 
Department of Energy 
Washington, DC 20545 

C. R. Schuller 
Battelle- Seattle 
4000 NE 41st Street 
Seattle, WA 98105 

M. Schulman 
ER-70, GTN 
Department of Energy 
Washington, DC 20545 

James Seamans 
Hydrocarbon Research, Inc. 
P. 0. Box 6047 
Lawrenceville, NJ 08648 

T. M. Seed 
BIM 202 
Argonne National laboratory 
9700 South Cass Avenue 
Argonne, I L 60439 

W. Seelentag 
Chief Medical Officer 
Radiation Health Unit 
World Health Organization 
1211 Geneva 27 
SWITZERLAND 

R. Shikiar 
Battelle - Seattle 
4000 NE 41st Street 
Seattle, WA 98105 

Morris l. Shore 
Food and Drug Administration 
5600 Fishers Lane HFX-100 
Rockville, MD 20857 



T. Sibley 
Fisheries - WH-10 
University of Washington 
Seattle, WA 98195 

G. Si 1 i ni 
Secretary of UNSCEAR 
Vienna International Center 
P. 0. Box 500 
A-1400 Vienna 
AUSTRIA 

W. K. Sinclair, President 
NCRP 
7910 Woodmont Avenue 
Suite 1016 
Bethesda, MD 20814 

C. S. Sims 
Oak Ridge National Laboratory 
X-10, Building 7710, Room 101 
Oak Ridge, TN 37830 

Ruth Skarin, Chief Librarian 
Library, Department of Met. 
University of Stockholm 
Arrhenius Laboratory 
S106 91 Stockholm 
SWEDEN 

D. H. Slade 
ER-74, GTN 
Department of Energy 
Washington, DC 20545 

D. A. Smith 
ER-72, GTN 
Department of Energy 
Washington, DC 20545 

H. Smith, Head 
Biology Department 
National Radiological 

Protection Board 
Chilton, Didcot 
Oxon OXll ORQ 
ENGLAND 

J. M. Smith 
NIOSH 
4676 Columbia Parkway 
Cincinnati, OH 45226 

K. A. Smith 
Sandia Laboratories 
P. 0. Box 5800 
Albuquerque, NM 87187 

J. N. Stannard 
17441 Plaza Animado #132 
San Diego, CA 92128 

G. E. Stapleton 
ER-72, GTN 
Department of Energy 
Washington, DC 20545 

Jerry Stara 
Environmental Protection 
Agency 

Health Effects Research 
Laboratory 

26 West St. Clair 
Cincinnati, OH 45268 

John W. Stather 
National Radiological 
Protection Board 

Building 383 
Harwell, Oidcot 
Oxon oxn ORQ 
ENGLAND 

R. J. Stern 
EH-10, FORS 
Department of Energy 
Washington, DC 20585 

Alice M. Stewart, M. D. 
Cancer Epidemiology Research 

Unit 
University of Birmingham 
Edgbaston, B-15 2TT 
Birmingham 
ENGLAND 

C. G. Stewart 
P. 0. Box 62 
Chalk River, Ontario KOJ IJO 
CANADA 

E. T. St i 11 
Kerr-McGee Corporation 
P. 0. Box 25861 
Oklahoma City, OK 73125 

J. Storer 
Biology Division 
Oak Ridge National Laboratory 
P. 0. Box X 
Oak Ridge, TN 37830 

Betsy Stover 
Department of Pha-rmacology 
109 Swing Building 
School of Medicine 
University of North Carolina 
Chapel Hill, NC 27514 

S. Stryker 
Battelle, Washington 
Operations 

2030 M Street, NW 
Washington, DC 20036 

Sun Shi-quan, Head 
Radiation-Medicine Department 
North China Institute of 
Radiation Protection 

Taiyuan, Shanxi 
THE PEOPLE'S REPUBLIC OF CHINA 

Distr-10 

K. Sundaram 
Medical Division 
Bhabha Atomic Research Center 
Modular Laboratories 
Trombay 
Bombay 74 
INDIA 

Frank Swanberg 
Nuclear Regulatory Commi~sion 
washington, DC 20545 

D. Swanger 
Biology Depar-tment 
Easter·n Oregon State College 
La Grande, DR 97850 

J. Swi neb road 
PE-24, GTN 
Department of Energy 
Washington, DC 20545 

John Tao 
International Coal Refiring Co 
P. 0. Box 2752 
A 11 entown, PA 10001 

D. M. Taylor 
Kernforschungzentrum Karlsruhe 
InstitUt fUr Strahlenbiologie 
75 Karlsruhe 1 
Postfach 3640 
FEDERAL REPUBLIC OF GERMANY 

G. N. Taylor 
Division of Radiobiology 
Bldg. 351 
University of Utah 
Salt Lake City, UT 84112 

Technical Information Service 
Savannah River Laboratory 
Room 773A 
E. I. duPont de Nemours 
& Company 

Aiken, SC 29801 

K. H. Tempel 
Instit"Cit fUr Pharmakologie, 
Toxikologie und Pharmazie 

Fachbereich Tiermedizin 
der Universitat Munchen 

Veterinarstrasse 13 
8 Munchen 22 
FEDERAL REPUBLIC OF GERMANY 

J. W. Thiessen 
ER-71, GTN 
Department of Energy 
Washington, DC 20545 

H. E. Thomas 
FE-33, GTN 
Department of Ener·gy 
washington, DC 20545 



R. G. Thomas 
ER-72, GTN 
Department of Energy 
Washington, DC 2D545 

Michael Thorne 
International Commission on 
Radiological Protection 

Clifton Avenue 
Sutton, Surrey 
ENGLAND 

P. W. Todd 
793 Westerly Parkway 
State College, PA 16801 

R. E. Toohey 
Division of Biological and 

Medical Research 
Argonne National Laboratory 
97DD South Cass Avenue 
Argonne, I L 60439 

A. Trivelpiece, Director 
ER-1, FORS 
Department of Energy 
Washington, DC 20585 

United Nations Scientific 
Committee on the Effects of 
Atomic Radiation 

Vienna International Center 
P. 0. Box 500 
1400 Vienna 
AUSTRIA 

U.S. Department of Energy 
Environment, Safety and Health 

Division 
P. 0. Box 5400 
Albuquerque, NM 87115 

A. C. Upton 
New York University Medical 

Center 
Institute of Environmenal 
Medicine 

A. J. Lanza 
Long Meadow 
Tuxedo, NY 

Laboratory 
Road 
10987 

E. J. Vallario 
EH-13, GTN 
Department of Energy 
Washington, DC 2D545 

R. L. Van Citters, Dean 
Research and Graduate Programs 
University of Washington 
Seattle, WA 98105 

John Van der Watt 
Director of life Sciences 
Division of the Atomic 

Energy Board 
National Nuclear Research 
Center 

Privaatsk X 256 
Pre tori a OOD1 
REPUBLIC OF SOUTH AFRICA 

l. M. Van Putten 
Radiobiological Institute TNO 
P. 0. Box 5815 
151 Lange Kleiweg 
2280HV Rijswijk 
THE NETHERLANDS 

Dame Janet Vaughan 
1 Fairlawn End 
First Turn 
Wolvercote 
Oxon OX2 BAR 
ENGLAND 

J. Vennart 
Bardon, Ickleton Road, Wantage 
Oxon DX12 90A 
ENGLAND 

C. R. Vest 
Battelle Memorial Institute 
Washington Operations 
2030 M Street, NW 
Washington, DC 20036 

G. K. Vick 
Exxon Research and Engineering 
Co. 

Clinton Township, Route 22E 
Annandale, NJ 08801 

G. L. Voelz 
Los Alamos National Laboratory 
P. 0. Box 1663 
Los Alamos, NM 87545 

H. L. Volchok 
Environmental Measurements 

Laboratory 
Department of Energy 
375 Hudson Street 
New York, NY 10014 

Vladimir Volf 
Kernforschungzentrum Karlsruhe 
InstitUt fUr Strahlenbiologie 
Postfach 3640 
75 Karlsruhe 1 
FEDERAL REPUBLIC OF GERMANY 

B. W. Wachholz 
Low level Radiation Effects 
Branch 

National Cancer Institute 
Landow Bldg., Room 8C09 
Rockville Pike 
Bethesda, MD 20205 

N. Wald 
School of Public Health 
University of Pittsburgh 
Pittsburgh, PA 15213 

Gunnar Walinder 
Unit of Radiological Oncology 
University of Stockholm 
Enk0pingsv3gen 126 
S-172 46 Sundbyberg 
SWEDEN 

Dis tr-11 

M. L. Walker 
EH-1, FORS 
Department of Energy 
Washington, DC 20585 

Wang Hengde 
North China Institute of 

Radiation Protection 
P. 0. Box 120 
Taiyuan, Shanxi 
THE PEOPLE'S REPUBLIC OF CHINA 

Wang Ruifa, Associate Director 
Laboratory of Industrial 
Hygiene 

Ministry of Public Health 
2 Xinkang Street 
Deshangmanwai , Beijing 
THE PEOPLE'S REPUBLIC OF CHINA 

Yibing Wang 
North China Institute of 

Radiation Protection 
P. 0. Box 12D 
Taiyuan, Shanxi 
THE PEOPLE'S REPUBLIC OF CHINA 

R. Watters 
Los Alamos National Laboratory 
P. D. Box 5400 
Albuquerque, NM 87115 

R. L. Watters 
ER-75, GTN 
Department of Energy 
Washington, DC 20545 

M. E. Weaver 
Professor of Anatomy 
University of Oregon Health 

Science Center 
School of Dentistry 
Portland, OR 97201 

Maurice H. Weeks 
U.S. AEHA, Bldg. 2100 
Edgewood Arsenal 
Aberdeen Proving Ground, 

MD 21D14 

Or. John Wells 
Radiobiology Laboratory 
Health Physics Research 
Technology Planning and 

Research Division 
Central Electricity Generating 
Board 

Berkeley Nuclear Laboratories 
Berkeley, GL 13 9PB 
ENGLAND 

C. G. We1ty, Jr. 
EH-123, GTN 
Department of Energy 
Washington, DC 20545 



I. Wender 
Department of Chemical 
Engineering 

1249 Brenedum Hall 
University of Pittsburgh 
Pittsburgh, PA 15261 

W. W. Weyzen 
Electric Power 
Institute 

3412 Hillview 
Palo Alto, CA 

Research 

Avenue 
92665 

M. M. Williamson 
DOE - Idaho Operations 
Commission 

550 Second Street 
Idaho Falls, ID 83401 

David L. Willis 
Department of General Science 
Oregon State University 
Corvallis, OR 97331 

Ken Wilzbach 
Argonne Nat i ona 1 Laboratory 
9700 South Cass Avenue 
Argonne, IL 60439 

B. C. Winkler, Director 
Licensing 
Raad Op Atoomkrag 
Privaatsk X 256 
Pretoria 0001 
REPUBLIC OF SOUTH AFRICA 

M. T. wood 
Battelle- Seattle 
4000 NE 41st Street 
Seattle, WA 98105 

R. W. Wood 
ER-74, GTN 
Department of Energy 
Washington, DC 20545 

McDonald E. Wrenn 
College of Medicine 
Department of Pharmacology 
Division of Radiobiology 
University of Utah 
Salt Lake City, UT 84112 

R. E. Yoder 
Rockwell International 
P. 0. Box 464 
Golden, CO 80401 

Kenjiro Yokoro, M.D. 
Professor, Department 
of Patho 1 ogy 

Director, Research Institute 
for Nuclear Medicine and 
Biology 

Hiroshima University 
Kasumi l-2-3, Minami-ku 
Hiroshima 734 
JAPAN 

Zhu Zhixian 
Laboratory for Energy-Related 
Health Research 

University of California 
Davis, CA 95616 

DOE Richland Operations 
Office (7) 

K. R. Absher 
P. K. Clark 
E. L. Nilson 
D. R. Elle 
J. L. Rhoades 
A. J. Rizzo 
J.J. Sutey 

Tri-Cities University Center 

Director 

Hanford Environmental 
Health (4) 

D. B. Breitenstein 
S. E. Dietert 
J. F. Fulton 
R. D. Gilmore 

U. S. Testing 

V. H. Pettey 

Westinghouse Hanford Co. 

R. 0. Budd 

Pacific Northwest 
Laboratory (375) 

R. R. Adee 
L. E. Anderson 
G. A. Apley 
R. W. Baalman (5) 
J. F. Bagley 
W. J. Bair (50) 
D. A. Baker 
J. E. Ballou 
R. M. Bean 
E. F. Blanton 
L. A. Braby 
M. G. Brown 
J. A. Buchanan 
R. H. Busch 
R. L. Buschbom 
B. A. Bushaw 
W. C. Cannon 
D. B. Carr 
A. C. case 
D. B. Cearlock 
E. K. Chess 
T. D. Chikalla 
M. L. Clark 
J. P. Corley 

Distr-12 

J. A. Creim 
F. T. 
G. E. 
D. A. 
J. M. 
J. R. 
H. S. 
B. A. 
D. W. 
R. D. 
C. E. 
J. J. 
D. 

Cross 
Dagle 
Dankovic 
Davidson 
Decker 
Deford 
Denovan 
Dragnich 
DuBois 
Elderkin 
Evanoff 
Felton 

R. E. Filipy 
D. R. Fisher 
W. C. 
M. E. 
L. K. 
J. J. 
R. A. 
C. I. 
K. M. 
R. A. 
E.. s. 
M. F. 
W. A. 
D. W. 
R. H. 
B. J. 
p. L. 
L. A. 
I. D. 
K. 
V. G. 
F. p. 
A. E. 

Forsythe 
Frazier 
Fritz 
Fuquay 
Gelman 
Gibson 
Gideon 
Gies 
Gilbert 
Gi 11 is 
Glass 
Glover 
Gray 
Greenspan 
Hackett 
Hargrow 
Hays 
Heid 
Horstman 
Hungate 
Jarre 11 

D. R. Kalkwarf 
M T. Karagianes 

Kaschmitter J. D. 
W. T. 
B. J. 
B. W. 
E. G. 

Kaune 
Kelman 
Kill and 
Kuffe 1 

H. V. Larson 
M. K. Lien 
R. C. Liikala 
V. L. Madden 

Mahaffey 
Mah l urn 

J. A. 
D. D. 
S. 
R. P. 
K. M. 
B. J. 
K. E. 
L. N. 
M. E. 
N. F. 
J. H. 
M. C. 
R. A. 
J. E. 
0. R. 
J. E 
D. A. 
D. A. 
J. M. 
J. M. 

Marks 
Marshall 
McCarty 
McClanahan 
McDonald 
McKenney 
Meri cka 
Metting 
Miller 
Mi 11 er 
Miller 
Minor 
Moss 
Morris 
Mueller 
Ne 1 son 
Nelson 
Nielsen 



C. N. Newman c. L. Sanders R. J. Traub 
R. P. O'Donnell E. L. Sass w. R. Trumble 
T. R. Pahl L. B. Sasser v. D. Tyler 
J. F. Park (150) G. F. Schiefelbein C. M. Unruh 
C. E. Peraino L. C. Schmid B. E. Vaughan (7) 
R. w. Perkins R. P. Schneider c. R. Watson 
c. A. Pierce L. L. Scott A. P. Wehner 
A. M. Platt M. R. Si kov R. J. Weigel 
G. J. Powers C. L. Simpson w. C. Weimer 
L. L. Rader J. c. Simpson R. E. Weller 
H. A. Ragan A. L. Slavich J. w. West 
C. A. Ratcliffe L. G. Smith R. B. Westerberg 
J. Reese 0. L. Springer E. L. Wierman (2) 
R. A. Renne D. L. Stevens R. E. Wildung 
W. D. Richmond R. G. Stevens w. R. Wiley 
P. Roberson D. L. Stewart L. D. Williams 
w. C. Roesch M. F. Sullivan B. W. Wilson 
D. N. Rommereim R. 0. Swannack w. E. Wi 1 son 
R. L. Rommereim K. L. Swinth R. M. Wistisco 
E. J. Rossignol w. L. Templeton c. W. Wright 
s. E. Rowe B. L. Thomas Life Sciences Library (2) 
P. S. Ruemmler R. c. Thompson Technical Information Files (S l 
J. L. Ryan L. H. Toburen Publishing Coordination (2) 

Distr-13 




