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PREFACE

This 1982 annual report from Pacific Northwest Laboratory (PNL) to the Department of
Energy (DOE) describes research in environment, health, and safety conducted during
fiscal year 1982. 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 per-
formed for the Office of the Assistant Secretary for Environmental Protection, Safety and
Emergency Preparedness. Each part consists of project reports authored by scientists
from several PNL research departments, reflecting the interdisciplinary nature of the
research effort.

The parts of the 1982 Annual Report are:

Part 1: Biomedical Sciences
Program Manager - H. Drucker D. L. Felton, Editor

Part 2: Environmental Sciences
Program Manager - B. E. Vaughan B. E. Vaughan, Report Coordinator
C. M. Novich, Editor

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

Part 4: Physical Sciences
Program Manager - ]J. M. Nielsen J. M. Nielsen, Report Coordinator
J. E. Danko, E. M. Toomey, Editors

Part 5: Environmental and Occupational
Protection, Assessment, and
Engineering
Program Managers - S. Marks W. J. Bair, Report Coordinator
W. A. Glass 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.

Previous reports in this series:

Annual Report for

W. ]. Bair, Manager

S. Marks, Associate Manager

Environment, Health and Safety Research

Program

1951 W-25021, HW-25709

1952 HW-27814, HW-28636

1953 HW-30437, HW-30464

1954 HW-30306, HW-33128, HW-35905, HW-35917

1955 HW-39558, HW-41315, HW-41500

1956 HW-47500

1957 HW-53500

1958 HW-59500

1959 HW-63824, HW-65500

1960 HW-69500, HW-70050

1961 HW-72500, HW-73337

1962 HW-76000, HW-77609

1963 HW-80500, HW-81746

1964 BNWL-122

1965 BNWL-280; BNWL-235, Vol. 1-4; BNWL-361

1966 BNWL-480, Vol. 1, BNWL-481, Vol. 2, Pt. 1-4

1967 BNWL-714, Vol. 1, BNWL-715, Vol. 2, Pt. 1-4

1968 BNWL-1050, Vol. 1, Pt. 1-2; BNWL-1051, Vol. 2, Pt. 1-3
1969 BNWL-1306, Vol. 1, Pt. 1-2; BNWL-1307, Vol. 2, Pt. 1-3
1970 BNWL-1550, Vol. 1, Pt. 1-2; BNWL-1551, Vol. 2, Pt. 1-2
1971 BNWL-1650, Vol. 1, Pt. 1-2; BNWL-1651, Vol. 2, Pt. 1-2
1972 BNWL-1750, Vol. 1, Pt. 1-2; BNWL-1751, Vol. 2, Pt. 1-2
1973 BNWL-1850, Pt. 1-4

1974 BNWL-1950, Pt. 1-4

1975 BNWL-2000, Pt. 1-4

1976 BNWL-2100, Pt. 1-5

1977 PNL-2500, Pt. 1-5

1978 PNL-2850, Pt. 1-5

1979 PNL-3300, Pt. 1-5

1980 PNL-3700, Pt. 1-5

1981 PNL-4100, Pt. 1-5

iv



FOREWORD

This volume describes progress on biomedical and health effects research conducted
at PNL in 1982. The contents of the volume are a reflection of our continuing empha-
sis on the evaluation of risk to man from existing and/or developing energy-related
technologies. The emphasis of the PNL program is consistent with the DOE goal of
increasing and diversifying national energy resources without increasing risks to
human health.

Most of the studies described in this report relate to activities for three major energy
technologies: nuclear fuel cycle; fossil fuel cycle (oil, gas, and coal process technolo-
gies, mining, and utilization; synfuel development), and fusion (biomagnetic effects).
The report is organized under these technologies. In addition, research reports are
included on the application of nuclear energy to biomedical problems.

Technically, the energy-related projects presented here all center around a common
research format involving multitiered toxicologic evaluation of potentially hazardous
by-products, fugitive gases and effluents from energy activities. The coal-based syn-
fuel research project, for example, is illustrative of the multitiered toxicologic con-
cept. Products and process streams are examined by an inexpensive microbial
mutagenesis assay. The results of these investigations are used to set priorities for
materials to be used in the more expensive animal carcinogenicity and teratogenicity
test systems. The initial acute animal studies, in turn, are used to identify the need for
examining noncarcinogenic effects, such as damage to respiratory, neurologic, and
immunologic systems.

The qualitative validity of applying results from animal experimentation to man is
firmly based on empirical observations. However, as indicated in reports on animal
lifespan studies associated with nuclear fuel cycles, some progress is being made in
obtaining data which will provide a more quantitative basis for the extrapolation of
animal data to man.

Major progress is being made in determining potential health effects of coal synfuels.
In particular, work in progress is leading to some understanding of the specific chem-
ical entities that might be responsible for the biological effects of the complex mix-
tures that are coal synfuels.

The biomedical and health effects program at PNL is an interdisciplinary effort requir-
ing scientific contributions from practically all research departments at PNL. The per-
sonnel in the Biology and Chemistry Department are the principal contributors to the
volume. Requests for reprints from the list of publications for 1982 on pages 145 to
149 will be honored while supplies last.
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COAL

Studies in the area of coal energy technologies are relevant to potential occupational and
environmental health concerns of coal combustion and coal synfuel processes.

In the area of coal synfuels a tiered testing approach is used, going from cellular systems to
mammalian acute and chronic toxicity assays and examining systemic/mutagenic potential
of materials that may be of occupational and/or environmental health concern.

Toxicologic studies deal with the potential hazard to miners of elements found in mine
atmospheres, and with effects of inhaled heavy metals that may be present in fly ash.






e Mutagenicity of SRC Materials

Principal Investigators: R. A. Pelroy and M. E. Frazier

Other Investigators: P. A. Lacy, J. E. Samuel, and D. L. Stewart

Two carcinogenic chemical fractions from a high-boiling coal liquid were compared in microbial and
mammalian in vitro bioassay systems for mutagenic activity. The coal liquid was the >850°F distillate
cut from a wide-boiling-range solvent refined coal (SRC) liquid. For the microbial test, reverse muta-
tion was measured in Salmonella typhimurium TA-98 (Ames test). For the mammalian test, forward
mutation was the endpoint, using cultured Chinese hamster ovary (CHO) cells. S. typhimurium
responded very strongly to primary aromatic amines (PAAs) in the nitrogen polycyclic aromatic com-
pound (NPAC) chemical fraction and much less strongly to neutral polyaromatic hydrocarbons (PAHs).
The CHO cells responded strongly to PAHs. Within NPAC, the CHO assay appeared to respond much
more strongly to azaarene components than to carbazoles or PAAs. There appeared to be a quanti-
tative correlation between mutagenic response in the CHO assay and initiation of tumorigenesis in
mouse skin for both the crude SRC-Ii distillate cuts and their PAH fractions. The PAH fraction from the
850°F distillate was more active against S. typhimurium than other, less carcinogenic, PAH fractions
from the SRC-II distillate cuts. Thus, Ames test mutagenicity of the PAH components of the SRC coal
liquids was also ranked in the same order as the carcinogenicity of these chemical fractions in the initi-

ation/promotion (1/P), mouse skin-painting assay.

The mutagenicity of two coal-derived Tig-
uids (the SRC-II 800 to 850°F and >850°F
distillates) were compared in microbial and
mammalian cellular (in vitro) bioassays.
The microbial bioassay consisted of the
standard Ames (or histidine reversion) sys-
tem using Salmoneila typhimurium TA-98.
The mammalian in vitro system was the Chin-
ese hamster ovary (CHO) forward mutation to
thioguanine resistance at the hypoxanthine
guanine phosphoribosyl transferase (HGPRT)
Tocus. Both distillates were highly car-
cinogenic to mouse skin in chronic and in-
itiation/promotion (I/P) skin-painting as-
says. Previous work showed that neutral
polyaromatic hydrocarbon (PAH) components
determined most of their carcinogenic ac-
tivity; however, the nitrogen polycyclic
aromatic compound (NPAC) constituents were
also important as carcinogens in these dis-
tillate cuts. The standard Ames test de-
tects mutagens in the PAH and NPAC frac-
tions of the two distillate cuts; however,
NPACs are much more potent than PAHs as
mutagens to S. typhimurium. Thus, the mic-
robial genetic potency of these fractions
is the reverse of their carcinogenic po-
tency as determined by mouse-skin response.

One of our major program objectives has

been to determine whether the mutagenic and
carcinogenic potency of coal-derived fuels
is correlated. In other words: Do large

numbers of induced mutants in the in vitreo
tests imply high tumor incidence in mouse
skin? This is obviously not the case for
the response of S. typhimurium TA-98 to

chemical fractions from coal liquids com-
pared with tumorigenic response in the I/P

skin-painting assays to the same fractions
(Figure 1). Conversely, the level of in-
duced mutation in CHO cells appears to be
roughly correlated with skin tumorigenesis
in the sense that chemical fractions that
contain the most active mutagens also con-
tain the most active skin carcinogens (Fig-
ure 1).

For comparisons of the specific mutagenic
activities of PAH fractions from the vari-
ous distillate cuts in the Ames and CHO as-
says, the picture changes (Figure 2). Al-
though the CHO assay is more responsive
than the Ames assay to PAH fractions (i.e.,
a higher mutation rate is correlated with
strong tumorigenesis response), the rela-
tive increase in Ames specific mutagenic
activity (small numbers) for PAH fractions
from different distillate cuts was also
nearly proportional (i.e., correlated) with
tumorigenesis. Stated in another way:
Given two PAH fractions, the relative in-
crease in specific mutagenic activity in
the Ames and CHO assays are both correlated
with the initiation of mouse-skin carcino-
genesis. However, the absolute mutagenic
response per target cell per equivalent
weight of PAH fraction (S. typhimurium
versus CHO) was clearly much greater for
the CHO than for the Ames test.

The magnitude of this differential sensi-
tivity to PAH and NPAC fractions is shown
more clearly by the data in Figure 3. 1In
these experiments, we have extended the

comparison of the mutagenicity of chemical
fractions of the >850°F cut between the S.
typhimurium TA-98 and CHO mammaiian in
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FIGURE 3. Comparison of Mutagenic Activity of Chemical Class Fractions From the SRC-II 850°F Distillate Cut in the

Standard Ames Test With S. typhimurium TA-98 and CHO Cells.

fraction, the CHO assay appears to be 100
to 1000 times more sensitive to mutagenic
insult. However, the relative increase in
mutagenic specific activity for the PAH
fractions from different distillate cuts
was similar for both assays.

In summary, both the Ames and CHO in vitro
assays detect PAH and NPAC mutagens in the
850°F SRC-II distillate cut; however, the
Ames test is more sensitive to aminopoly-
cyclic aromatic hydrocarbons within the
NPAC fraction, than to PAH. The CHO as-

say appears to detect PAH and, possibly,
azaarene constituents in the coal Tliquids
with greater sensitivity than the Ames
test. Since the PAHs and NPACs appear to
account for most of the initiation of car-
cinogenesis in mouse skin, the ability to
adequately screen for mutagens 1in these
chemical fractions is important. The dif-
ferential sensitivity of the Ames and CHO
tests to PAH and NPAC mutagens makes them
complementary for screening potentially
carcinogenic compounds in the high-boiling
coal liquids.

TABLE 1. Concentration in ppm of Selected Polycyclic
Aromatic Hydrocarbons, Azaarenes, Aminopolycyclic
Aromatic Hydrocarbons and Benzocarbazoles in LC 1 Through
LC 4 of >850°F Cut.

Compound LC1 LCc2 13 L4
Pyrene 385 253 NDW ND
Benz(a)anthracene 308 120 ND ND
Dimethylbenzanthracene (Isomers) 394 269 ND ND
Benzolapyrene 3037 3861 ND ND
Benzolg,h.iperylene/Ananthrene 2929 10.688 ND ND
Azachrysenes/Benzanthracene ND ND 1039 t(b)
Azabenzopyrenes/Azabenzo- ND ND 4431 t
fluoranthenes
Azabenzo(g h.iperylenes/ ND ND 2396 t
Azaananthrenes
Aminopyrene/Fluoranthenes ND ND t 25
Aminochrysene/Benzoanthracene ND ND t 53
Aminobenzopyrenes/Perylenes ND ND t 32
Benzocarbazoles ND ND 257 t

@ND = not detectable
(b)t = trace amounts; i.e., <1 ppm






o Solvent Refined Coal Biostudies

Principal Investigator: D. D. Mahlum

Other Investigators: M. E. Frazier, H. A. Ragan, and D. L. Springer

Technical Assistance: C. J. Gerdes, L. W. McGee, and J. E. Samuel

Coal liquids obtained from the SRC-1 and -1l processes were selectively distilled to provide cuts with
50°F boiling ranges. These cuts were studied in the Syrian hamster embryo (SHE) transformation, the
Chinese hamster ovary (CHO) mutation, and the initiation/promotion skin carcinogenesis assays. The
results from all assays showed that activity of the cuts increased as the boiling range increased. Further
fractionation of some of the higher-boiling cuts by alumina or high-pressure liquid chromatography
revealed that the highest activity was associated with the neutral polyaromatic hydrocarbon fraction,
although the nitrogen-containing polycyclic aromatic fraction also had significant activity.

Rats and mice were exposed by inhalation to
SRC-II heavy distillate (HD) aerosols
(0.70, 0.14, and 0.03 mg/L) for 6 hr/day, 5
days/wk, for 13 wk. Weight gain of the
rats was inhibited in the two highest
doses. Liver weights were increased in al}l
dose groups; thymus and ovary weights de-
creased in the mid and high dose groups.
Erythrocyte, leukocyte, and lymphocyte val-
ues all decreased in a dose-dependent man-
ner. Total serum protein decreased in the
high-level rats; serum glutamic pyruvic
transaminase (SGPT), blood urea nitrogen
(BUN), cholesterol, and triglyceride levels
increased in exposed rats.

MAMMALIAN CELL ASSAYS

As indicated in last year's Annual Report,
we have tested a number of coal-derived
liquids in mammalian-cell culture assays to
assess the potential genotoxicity of these
compiex organic mixtures in mammalian sys-
tems. The results obtained are compared
with those obtained in the Ames assay and
those obtained in whole-animal studies.
Two mammalian cell systems have been used:
the Chinese hamster ovary (CHO) forward mu-
tation and the Syrian hamster embryo (SHE)
transformation assay. In the transforma-
tion assays, SHE cells were exposed to the
test materials and monitored to determine
whether they underwent morphologic and bio-
logical changes that resulted in nonre-
strictive growth analagous to that of the
cancer cell. Chemicals capable of trans-
forming cells in this manner were consid-
ered to be candidate carcinogens. Many of
the same materials were assayed in the CHO
cell system, which measures the forward mu-
tation of the hypoxanthine guanine phospho-
ribosyl transferase (HGPRT) locus.

Results from assays of distillation cuts
prepared from an SRC-II broad-boiling-range
1iquid showed that the transformation ac-

tivity of these cuts increased dramatically
with increasing temperature range. We have
added another set of materials to the pro-
tocol to confirm these findings. Table 1
shows that, for these materials, the fre-
quency of transformation is again higher
for materials of the highest-boiling
ranges. Therefore, distillation cuts were
subjected to further fractionation to de-
termine whether the transforming activity
could be segregated according to chemical
classification. Samples of material boil-
ing from 300-700°F and from a fraction
boiling above 850°F were subjected to frac-
tionation on alumina columns. This frac-
tionation procedure yields four fractions:
A-1, enriched in aliphatics and olefins;
A-2, with neutral polycyclic aromatic hy-
drocarbons (PAHs); A-3, with nitrogen poly-
cyclic aromatic compounds (NPAC); and A-4,
in hydroxy-polyaromatic compounds (HPAC).
In some cases, the third fraction was sub-
jected to further fractionation on silicic
acid, yielding three additional groups of
materials. The first (S-1) and the third
fractions (S-3) contain carbazoles and aza-
arenes, respectively; the second fraction,
S§-2, 1is greatly enriched in aromatic
amines. These materials were assayed in
the SHE cell transformation system. The
results (Table 2) indicate that even for
the 300-700° material, there is some degree
of activity in both the neutral PAHs and
the nitrogen-containing fraction. When the
>850°F distillation cut is assayed, the ac-
tivity is much higher than for the lower-
boiling materials. Again, substantial ac-
tivity is found in the neutral PAHs and the
nitrogen-containing fractions. Subfrac-
tionation shows that $-2, containing the
aromatic amines, is the most active of the
nitrogen fractions (A-3).

The distillation cuts boiling from 800-850°
or at >850°F were also subjected to frac-
tionation, using high-pressure liquid chro-



TABLE 1. Influence of Boiling Point on the Transforming
Activity of Solvent Refined Coal Liquids as Assayed in Syrian
Hamster Embryo Cells.

Percent Transtormation

Boiling Range. °F {at 10 pg/ml)
300-700 0.2
700-750 0.3
750-800 3.7
800-850 6.8

>850 8.9
BaP 10.3

(Positive Control)

TABLE 2. Transiorming Activity of Chemical Class Fractions
Prepared From Selected Distiflation Cuts of a SRC-H Liquid as
Assayed in Syrian Hamster Embryo Cells.

Percent
Boiling Transtormation
Range. °F Fraction Chemical Class (at 10 pug/mb
300-700° - - 0.4
Aliphatics and Olefins 0
A2 Neutral Polyaromatic 0.6
Hydrocarbons
A3 Nitrogen-Polyaromatic 0.3
Compounds
A4 Hydroxy-Polyaromatic 0
Compounds
850° - 6.2
Al 0.6
A2 See Ahove 59
A3 3.0
A4 0.2
St Carbazoles 0
S2 Aromatic Amines 2.4
S3 Aza-arenes 1.6

tions prepared from the >850° cut demon-
strated that the highest activity was found
in fractions 1 and 2, which contain primar-
ily neutral PAHs. Significant but lower
activity was found in fractions 3 through
6. There was also measurable activity in a
very polar fraction, which probably con-
tained hydroxy PAHs.

matography (HPLC). When fractions were an-
alyzed in the SHE cell system, the neutral
PAHs were, again, the most active from both
boiling-point (bp) materials, with substan-
tial activity in the fraction containing
the primary aromatic amines. Thus, for two
fractionation systems, the neutral PAHs ap-
pear to be the most active of the trans-

forming principles in the distillation cuts
studied.

Several of these materials were then ana-
lyzed, using the CHO cell system. Results
(Table 3) showed that the distillation cut
boiling above 850° was more active than

that boiling from 800-850°F. Further exam-
ination of the results from the HPLC frac-

TABLE 3. Mutagenic Activity of Selected Coal Liquid Distillates
and Their High-Pressure Liquid Chromatographic Fractions in
Chinese Harnster Ovary Cells.

Boiling HPLC

Range, °F  Fraction Chemical Class Mutants/ug
800-850 - 0.45
>850 - 1.05
800-850 1 } Neutral Polyaromatic 29
2 Hydrocarbons (PAHs) 38
4 Polyaromatic Amines 0.9
(PAAS)
>850 l } Neutral PAHs )'?
2 2.5
3 Carbazoles 1.2
4 PAAS 0.4
5 } O-, S and N- 0.5
6 Containing Heterocycles 0.6
7 R 0
8 } Hydroxy PAHs 2

In summary, results obtained from both the
SHE and CHO cell systems indicate that the
higher-boiling coal 1liquids contain more
active material than those with lower
boiling points. Moreoever, the neutral
PAHs appear to account for a substantial
part of the activity found in these cuts;
however, significant activity is also found
in the nitrogen-containing fraction.

Initiation/Promotion (I/P) Studies. The
1/P studies have continued in an effort to
identify components of coal liquids respon-
sible for carcinogenesis. We have also ob-
tained data which can be compared to re-
sults from microbial and mammalian-cell mu-
tagenesis and chronic skin-painting stud-
ies.

Materials tested for initiating activity
were applied to the backs of shaved female
CD-1 mice in a volume of 50 pl. Two weeks
after initiation, the mice received twice-
weekly applications of 5 pg of phorbol my-
ristate ace:ate (PMA) in 50 pl of acetone.
Negative controls were initiated with ace-
tone; positive controls were initiated with
benzo[a]pyrene (BaP) or dimethylbenzanthra-
cene (DMBA).



The studies of 50°F bp cuts derived from a
broad bp range (300 to >850°F) of SRC-II

liquid were completed this year, substanti-
ating the results reported last year. The
700-750° and 750-800° cuts had similar in-
itiating activity. The 800-850° and the

300 to >850° liquids also had activities

similar to one another, but the activities
were significantly higher than those of the
lower bp cuts.

An experiment similar to that described
above was performed, in which 50°F bp cuts
derived from the SRC-I process were tested
for 1initiating activity. The results,
shown in Figure 1, are similar to those ob-
tained with the SRC-II materials. Although
there is some activity in fractions boiling
below 700°F, the activity increased sub-
stantially above 700° and continued to in-
crease as the bp increased.

Since the highest-initiating activity was
found in the highest-bp cuts, the 800-850°
and >850°F cuts from SRC-II material and

the 800 to >850°F cut from SRC-I process

solvent were subjected to further fraction-
ation on alumina. These fractions were ap-
plied to mouse skin in amounts equivalent
to those found in the parent material, and
the tumor response after PMA promotion was
determined relative to that produced by the
parent material. The results (Figure 2A-C)
indicate that the neutral PAH fraction con-
tains the highest activity in all three

was also found in the NPAC fraction, with
only low amounts of activity in the other
two fractions. Comparison of the three

graphs also shows that the >850°F cut from
SRC-II material has the highest activity of
the distillation cuts tested. Since the

neutral PAH fractions from all three dis-
tillation cuts contain the highest activ-
ity, they are being further fractionated by
HPLC to determine if the initiating activ-
ity can be further segregated.

INHALATION STUDIES

Exposures. A 90-day inhalation exposure to
SRC-II HD was conducted on groups of 32

Fischer rats and 15 CD-1 mice of each sex.
Ten of these animals were randomly selected
for bleeding and sacrifice after 30 days of
exposure; the remaining animals were bled
and necropsied after 90 days of exposure.

These samples were evaluated hematologic-
ally and for changes in chemical parame-

ters. Blood samples from mice were col-

lected only after 90 days of exposure and
were evaluated hematologically. Extensive
necropsies (35 tissues) were performed on
all sacrificed animals, and the weights of
major tissues were determined.

For this study, the animals were exposed 6
hr/day, 5 days/wk, for 13 wk. The animals
were continuously housed in four exposure
chambers. Aerosol was produced by a Solo-
sphere” nebulizer and the appropriate

distillation cuts. Substantial activity amount of aerosol was delivered to each
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chamber by an orifice-controlled manifold.
Mean aerosol concentrations during the 13-
wk exposure were 0.70 + 0.03, 0.14 # 0.01,
0.03 %+ 0.003, and 0.0 mg HD/L of air in the
high-, middle-, and low-exposure and con-
trol groups, respectively. The mass medium
aerodynamic diameter for the aerosol was
approximately 1.7 pm, with a geometric
standard deviation of 2; there was no sig-
nificant difference in particle sizes among
chambers.

Body and Tissue Weights. Body weights of
male rats, measured during exposure, de-
creased in a dose-dependent fashion (Fig-
ure 3A). Male rats in the high-exposure
group lost an average of 20 g each during
the first week of exposure and thereafter
fajled to gain weight. They weighed 125 g
less than controls at the end of exposure.
Male rats in the mid-exposure group consis-
tently weighed less than controls even
though they gained weight during exposure.
The average weight of animals in the low-
exposure group was not significantly dif-
ferent from that of the control group. The
pattern for body weight gain of female rats
during the exposure period was similar to
that for males, although differences be-
tween treated groups and controls were
smaller due to the slower growth rate of

significant differences in body weight be-
tween the treatment and control groups for
mice of either sex.

Mortality data for exposed rats indicated
that HD was not particularly lethal at the
doses employed. One female from the high-
exposure group died during the first week
of exposure, most probably from choking.

A11 other deaths occurred during the last 3
wk of exposure, also apparently from chok-
ing, since food was present in the esopha-
gus and back of the mouth. Although chok-
ing is not often reported in the litera-
ture, it has been observed in other inhala~
tion studies in our laboratory. The condi-
tion of the animals in the high-exposure

group, observed at the 90-day sacrifice,

suggested that many animals were nearly

ready to succumb due to treatment, and that
they probably would not have survived many
more weeks of exposure.

Evaluation of tissue data from rats exposed
for 30 or 90 days indicated that some tis-
sues were significantly affected by expo-
sure (Table 4). Mean liver weights in-

creased in a linear, dose-dependent manner
for male rats exposed for 90 days; liver
weights in all three treatment groups were
significantly above those of the control

the females (Figure 3B). There were no group. Significant increases in liver
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FIGURE 3. (A) Weight Changes in Male Rats Exposed to 0.7, 0.14 or 0.03 mg/L of SRC-1l Heavy Distillate Aerosols, (B) Weight
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weight for females were observed in the
middle and high groups. These increases
were also apparent on both an absolute and
a relative (tissue weight as percent of
body weight) basis. Similar increases were
observed for both sexes of rats after 30
days of exposure and for both sexes of mice
following 90 days of exposure.

Thymus weight for both male and female rats
decreased after 30 and 90 days of exposure.
This dose-related decrease was also appar-
ent on both an absolute and relative weight
basis. Similar reductions in the size of
thymus were observed for mice after 90 days
of exposure. Mean ovary weights, on abso-
lute and relative bases, decreased relative
to those of controls for rats and mice in
the high exposure group. Statistical an-
alysis of the data indicated that the ef-
fect was linearly related to dose.

Significant increases were observed for

heart, spleen, brain, testes, and adrenals
when calculated on relative weight bases;
however, absolute weight indicated either
no change in weight or a slight decrease
for these tissues. Thus, the apparent in-
crease in the size of these tissues on a

relative basis appears attributable to de-
creases in body weight.

HEMATOLOGY

Mean erythrocyte values are shown in Fig-
ure 4 for male and female rats following 30
or 90 days of exposure to the three levels
of SRC HD, and for the control group.
There is a dose-dependent decrease in
erythrocyte numbers for both the males and
females at 30 and 90 days of exposure.
Similar dose-related changes were also evi-
dent in other erythrocyte parameters, i.e.,
hemoglobin concentrations and volume of
packed rad blood cells.

The Tleukocyte concentrations (Figure 5)
were sex-related. The values for female
rats were generally lower than those for
males. The females showed no effect of ex-
posure to HD at 30 days of exposure; how-
ever, there was an apparent increase in
leukocytes in high-exposure-group males af-
ter 30 days. This was due to one animal
with a white cell count of 23 x 103/ml.
When this rat is eliminated from the calcu-
lations, the group mean falls within the
standard error of the other groups, i.e.,
there is no longer a statistically signifi-
cant difference between this group and the
others. After 90 days of exposure, there
was a dose-dependent reduction in leuko-
cytes in both sexes.

TABLE 4. Tissue Weight as Percent of Body Weight for Rats Sacrificied After 90 Days of Exposure to Heavy Distillate.

Treatment Croup

Tissue Sex Control Low Mid High
Heart M 0.30 % 0.004 0.31 £ 0.005 0.330) + 0.07 0.47 % 0.02(0
F 036 +0.007 0.35 =+ 0.006 037 =+ 0.0 0.44 001
Liver M 3.35 = 0.05 3.73 +0.08 228 +0.10 6.42 +0.15
F 3.54 +0.08 355 +0.08 418 +0.12 6.37 +0.11
Kidney M 0.67 + 0.009 0.69 =+ 0.01 C.73 007 1.05 +0.03
F 074 =+ 0.01 077 +0.02 0.81 *001 0.97 *0.02
Spleen M 0.20 + 0.002 0.21 =+ 0.004 021 +0.003 0.24 + 0.005
F 0.25 = 0.006 025 =+ 0.007 027 =+ 0.007 0.28 + 0.006
Thymus M 0.089 + 0.005 0.082 = 0.006 0065 =+ 0.003 0.039 + 0.004
F 013 +0.008 0.17 +0.005 009 + 0.005 0.05 =+ 0.006
Brain M 0.59 =+ 0.006 0.60 * 0.01 0.64 =+ 0.01 0.91 *0.02
F 0.99 +0.019 1.00 + 0.009 1.08 =0.02 1.15 +0.03
Gonads M 0.93 +0.010 0.95 + 0.01 1.00 001 1.24 + 0.04
F 0.038 % 0.002 0.036 + 0.001 0.937 % 0.001 0.026 = 0.002
Adrenals M 0.016 = 0.0008 0.017 * 0.001 0.018 =+ 0.0007 0.028 + 0.002
F 0.033 £ 0.001 0.034 + 0.001 0.041 + 0.002 0.038 + 0.001

(@)% + SEM

a
{b) Underlined values are significantly different from the control group using Dunnetts
{c) Significant trend with dose (P <0.05)

range test (P <0.05)
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Mean lymphocyte values did not change sig-
nificantly in any of the exposure groups
after 30 days, although there was a ten-
dency for a reduction in the females ex-
posed to the high dose (Figure 6). After
90 days of exposure, however, there was a
marked depression (P < 0.05) in lymphocyte
values for both sexes in the high-level ex-
posure groups. The reduction in lymphocyte
numbers could result from reduced lympho-
poiesis but is more 1ikely the result of
increased levels of adrenal corticoster-
oids, resulting from chronic stress. This
speculation is substantiated, to an extent,
since there is also a significant reduction
in eosinophils, another cell type very sus-
ceptible to corticosteroids.

Hematology data for mice were obtained only
after 90 days of exposure. The sex-related
difference in erythrocyte concentrations
observed in the rats was also found in the
mice, i.e., female mice of all groups had
significantly higher values than male mice.
A treatment-related reduction of erythro-
cytes (P < 0.05) was observed only in the
high-level exposure group of both sexes
Also in contrast to the findings in rats,
no significant differences or treatment-
related trends were seen in total leuko-
cyte, neutrophil, or lymphocytes as com-
pared to control rats or among the SRC ex-
posure groups.
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FIGURE 6. Effect of Inhalation Exposure to SRC-II Heavy
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Clinical Chemistry. The following tests
were performed after the rats were exposed
for 30 and 90 days: protein, albumin,
globulin, cholesterol, triglycerides, BUN,
glucose, SGPT, lactic dehydrogenase, and
total bilirubin. After 30 days of expo-
sure, only cholesterol values seemed to be
affected by the SRC exposure, i.e., mean
values were significantly higher (P < 0.05)
in the high-level group than in the con-
trols, or medium- and low-exposure groups.

After 90 days of exposure, total protein
concentrations were significantly lower (P
< 0.05) in both sexes of the high-level
group when compared to the control, low-
and medium-exposure groups. The rats ex-
posed to high Tlevels of SRC also had sig-
nificantly lower (P < 0.05) albumin and
globulin ratios, which were due primarily
to reduced albumin concentrations. The
latter may be the result of reduced hepatic
synthesis (males of the high-exposure group

14

had significantly increased SGPT values)

and/or a result of increased urinary clear-
ance, since BUN concentrations were signif-
icantly elevated (P < 0.05) in the same

group of males.

There was a sex-related, statistically sig-
nificant difference in cholesterol levels:
values were higher in female rats of the
control, low and medium groups. There was
a treatment-related increase in cholesterol
in the high-level males that made this
group significantly higher (P < 0.05) than
the other three groups. For females, only
the mid-exposure level had cholesterol val-
ues significantly higher than controls.

A significant (P < 0.05) sex-related in-
crease in triglyceride levels was seen in
male rats. In addition, the high-exposure
group of both sexes had significantly
higher (P < 0.05) triglyceride values than
their respective controls.



e Health Effects of Synthetic Fuels

Principal Investigator: R. A. Renne

Other Investigators: L. G. Smith and H. D. Tolley

Technical Assistance: S. M. Baze, J. C. Chapman, V. L. Dedmond, S. R. Eldridge, J. S. Hammack,

and B. B. Paas

The purpose of this project is to study the potential human health hazards associated with synthetic
fossil-fuel technologies. Studies in progress are investigating the carcinogenic potential of cutaneous
exposure to various chemically derived fractions or boiling-point distillates of materials and products

from the solvent-refined coal technology.

Epidermal carcinogenesis studies are in
progress on chemically derived fractions
and boiling-point distillates from the
solvent-refined coal (SRC) technology.
Exposure is complete, and histopathologic
examination is in progress of tissues from
animals exposed to the chemically derived
fraction of SRC-1I heavy distillate. Skin-
tumor incidence, based on gross observa-
tions of these animals, was reported in the
1981 Annual Report.

Studies are in progress on recombined poly-
aromatic hydrocarbons (PAH) and basic frac-
tions of SRC-II heavy distillate. Results
to date (Table 1) do not indicate syner-
gistic activity in the carcinogenic re-
sponse to these two fractions; skin-tumor
latency is similar to that observed in re-
sponse to the PAH fraction alone (Annual
Report, 1981).

Studies are also in progress on samples of
nitrosated basic tar fractions of SRC-II
heavy distillate to determine if its car-

cinogenicity is reduced by destruction of
primary aromatic amines. This study was
prompted by the observation that the muta-
genicity of aromatic amine-containing frac-
tions of SRC materials was radically de-

creased by destroying aromatic amines with
nitrosation (Pelroy, PNL Annual Report,

1980). Results to date (Table 1) indicate
that nitrosation does not decrease the car-
cinogenicity of basic tar. This suggests
that primary aromatic amines are not the
determinant class of carcinogens in this
sample.

Epidermal carcinogenesis studies are also
in progress on boiling-point distillates of
whole-boiling-range material from an SRC-II
development unit. Figures 1 and 2 present
data on the boiling-point ranges of the
samples being assayed, the doses of each
material being applied three times weekly,
and tumor incidence/latency data as of
9/30/82. These results indicate that the
carcinogenic potency of the various
boiling-point distillates of this material
varies directly with the boiling point.

TABLE 1. Incidence of Grossly Observed Skin Tumors in Mice After Exposure to Recombined or Nitrosated Chemical Fractions

of SRC-Il Heavy Distillate.

No. of Days to Days to Days to
Dose. Days on Mice at Mice with First Median Final
Material mg/50 ul Study Risk(@ Tumors Tumor Tumor Tumor
SRC-1I HD: PNA L 0.10 351 47 0 --
+ Basic Fraction M 0.50 351 50 5 260 - -
H 2.50 351 49 49 143 253 325
Basic Tar + DMSO H 4.00 267 50 50 78 176 225
Nitrosated Basic Tar H 4.00 267 50 50 94 157 218

+ DMSO

(@Excludes mice that died without developing a tumor at the application site
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® Perinatal Effects of SRC

Principal Investigator: D. L. Springer
Other Investigators: R. L. Buschbom, D. D. Mahlum, and J. E. Morris

Technical Assistance: ). A. Brower, C. J. Gerdes, T. A. Graham, P. S. Lytz, L. W. McGee, and
L. F. Montgomery

Studies were conducted to determine whether exposure in utero to high-boiling coal liquids initiated
animals toward tumor development and whether the immune system, in rats, was adversely affected by
prenatal exposure to these materials. Heavy distillate (HD) is an active skin carcinogen and contains a
high percentage (40%) of polyaromatic hydrocarbons (PAH). Since in utero exposure to PAHs such as
dimethylbenzanthracene (DMBA) results in initiation of skin tumor development in the offspring, we
conducted studies to determine whether HD also acts as a cross-placental carcinogen. Pregnant mice
were gavaged with HD; after delivery, offspring were treated either with dermal applications of 12-0-
tetradecanoylphorbol-13-acetate (TPA) or intraperitoneal injections of butylated hydroxyltoluene
(BHT), both promoters. Applications of these promoters to mice exposed in utero failed to result in
significant increases in skin tumors or lung adenomas.

To evaluate the effects of the coal liquids on the immune system, 2-day-old rats were gavaged with
HD, and the responses of peripheral blood, spleen and thymus cells to mitogens were determined.
Statistical analysis of these data failed to demonstrate significant changes in the responsiveness of cellu-
far preparations to these mitogens.

Exposure of pregnant rats or mice to heavy tively, indicating that in utero exposure
distillate (HD), the high-boiling coal 1lig- to HD resulted in a mortality rate of 25%.
uid (550-850°F) from the SRC-II process, Furthermore, 2-day-old pups from HD-treated
results in cleft palate, small lungs, and dams weighed 25% less than those from the
diaphragmatic hernia in the offspring (An- control groups.
drew and Mahlum, Annual Report, 1980);
those most severely affected usually die. After 6 mo of promotion, papillomas were
In order to determine some of the potential observed on three animals that received in
consequences of prenatal exposure to HD, we utero exposure to HD; one papilloma devel-
conducted studies to determine whether HD oped on a control animal that received only
acts as a cross-placental carcinogen and TPA (Table 1). Papillomas were not ob-
whether the response of the immune system served on animals exposed to HD that did
in animals exposed in utero is altered. not receive the promoter. It therefore
appears that in utero exposure to HD is not
Skin~Tumor Experiments very effective as an initiator of skin tu-

mor development.
Pregnant CD-1 mice were treated by gavage
with 0.5 g/kg of body weight/day of HD in
milk on days 14-18 of gestation. After the

dams delivered, each litter was randomly TABLE 1. Skin Tumor Development in Mice Exposed In Utero
assigned to either the 12-0- to Heavy Distillate and Promoted With TPA.(3)
tetradecanoylphorbol-13-acetate (TPA) or

the butylated hydroxytoluene (BHT) experi- Avorage No.
ment. Pups from 4 to 5 litters were as- TUmors
signed to each experimental group to give a No.  Nou. Mice  Tumor-Bearing
total of approximately 40 pups/group. When Initiator ~ Promoter  Mice  w/Tumors Mouse
pups reached 4 wk of age they were treated —

with the potent skin tumor promoter, TPA. Control  Control 34 0

Five micrograms of TPA were applied twice B TPA 10 . |
weekly to the shaved dorsal surface, and

the animals were observed over a period of HDW) - 34 0

6 mo for the appearance of papillomas. HD TPA 40 3

At 2 days of age, the average number of () 1 ,
live pups per litter was 10.2 and 7.6 for ‘}‘)))]2-()—Tetradecanoylph()rl)ol»l%Agemtv
the control and treated groups, respec- B Heavy distillate
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Lung-Tumor Experiments

For the BHT experiment, dams were exposed
in a manner identical to those in the first
experiment. Offspring were given weekly
intraperitoneal (IP) injections of BHT in
corn oil (300 mg/kg) to promote lung tumor
development. This treatment began when
pups were 4 wk of age and continued for 18
wk. One week after the last BHT treatment,
pups were killed, and the number of ade-
nomas located on the surface of the lung
was determined. A positive control group
of adult animals was given a single IP in-
jection of urethane, followed by weekly in-
jections of BHT. Urethane was selected be-
cause it is known to initiate the develop-
ment of lung adenomas. The HD-treated dams
were also treated with BHT as an additional
positive control group, starting at 4 wk
after delivery.

The average number of live pups per litter
at 2 days of age was 18% less for animals
in the treated group when compared to the
controls. In addition, body weights for
2-day-old animals in the HD-treated group
were less than those of controls.

Examination of animals from the positive
control group indicated that 57% (8 of 14)
of the urethane-initiated mice developed
adenomas, averaging six adenomas per tumor-
bearing mouse (Table 2). Administration of
BHT alone failed to result in the appear-
ance of tumors. These data indicate that
urethane is an initiator of lung adenomas,
and that BHT promotes adenoma development.

Adult animals treated by gavage with HD
failed to develop lung adenomas. Two ani-
mals that received in utero exposure to HD
followed by BHT promotion had one adenoma
each at sacrifice; this tumor incidence was
not statistically significant. These data
suggest that in utero exposure to HD is not
very effective as an initiator of either
skin or Tung tumor development for mice.
It should be noted that this lack of initi-
ating activity occurred at HD doses that
resulted in reduced body weight of the ani-
mals at birth and caused substantial mor-
tality (20%) of the neonates.

Immunological Studies

The effects of in utero exposure to high-
boiling coal liquids on the immune system
were reported last year. Those studies

have been extended to include treatment of
neonates and observation for growth, sur-
vival, and response of the immune system to
mitogens. In addition, another group of

animals were given Aroclor-1254; this ma-
terial was chosen as a positive control

since it is known to cause changes in the
response of the immune system. Lymphocyte
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TABLE 2. Lung Tumor Development for Mice Exposed by
Gavage ot In Utero to Heavy Distillate and Promoted With
BHT.(2)

Average No.

Tumors/
No. No. Mice Tumor-Bearing
Initiator Promoter Mice w/Tumors Mouse
Urethanelb)  BHT 14 8 6
- BHT 36 0
HD!O) - 8 0
HD() BHT 6 0
HD - 40 0
HD BHT 35 2 1

{a) Butylatec hydroxytoluene

{B) Adult animals were given a single ip injection of
urethane (1 mg/g body weight) to serve as a positive
control group.

(€) Heavy distillate

tdi adult animals exposed by gavage to 0.5 g/kg/day of
HOD.

function was measured by mitogen-induced
lymphocyte activation assays (in vitro cor-
relate of cell-mediated immunity), using
cells from peripheral blood, spleen, and
thymus. Mitogens used in the study were

concanavalin-A (Con-A) and phytohemagglu-
tinin (PHA), both specific for T-cell pop-
ulations; and pokeweed mitogen (PWM), which
stimulates B-cells in addition to a small
fraction of the T-cell population. Cell

activation was measured by assessing the
incorporation of 125I.iododeoxyuridine

(1251-UdR) into newly synthesized DNA dur-
ing the final 20 hr of a 3-day culture pe-
riod. The distribution of T-lymphocytes in
spleen-ce’ 1 preparations was determined by
measuring the uptake of 3H-uridine.

Immunological measurements were conducted
on 42-day-old male rats that had been ga-
vaged with HD at 2 days of age at doses of
0.25, 0.50, 0.65, or 1.0 g/kg, or with Aro-
clor at doses of 0.5 or 1.0 g/kg. Rat pups
were randomly assigned so as to include one
pup from each litter in each treatment
group. Thay were given a single gavaged
dose of HD in approximately 0.1 ml of milk
at 2 days of age, and were observed and
weighed at 7, 14, 28, and 42 days of age.
At sacrifice, body weight and the weights
of spleen, Tung, thymus, brain, kidney, and
liver were determined.

Body weights of male rats treated with HD
(Table 3) decreased in a dose-dependent
manner. Statistically significant differ-
ences were observed between controls and
groups trected at doses of 0.5 g/kg and
greater through 14 days of age, and at sac~



TABLE 3. Body Weight and Survival of Male Rats Through 42 Days of Age After Exposure to Heavy Distillate or Aroclor at 2 Days

of Age.
Heavy Distillate Aroclor
Dose, 0 0.25 0.50 0.65 0.85 10 1.25 0.5 1.0
g/'kg Body Weight:
No. Animals 10 12 12 4 3 15 9 3 6
Dosed:
No. Days After
Dosing Body Weight, kg
2 83+02 8001 82%02 8.1+0.3 79+02 82+ 0.1 8302 82+03 81%03
7 185+03 163204 150+05b 133x050 106 104+ 0.8 9.5 18.2+04 16.1 £0.5b)
14 37.2+08 340+06 3252070 3122070 286 264+ 190 235 36109 323z100
28 992+26 91119 896x21 87625 84.1 73.0+ 7.2 627  922%6.2 83.0x3.70b
42 208 +44193 +36185 +28D 197 +92 189 166 +13.2 162 205 £38183 +59
Percent 100 100 100 100 20 20 10 100 100
Surviving
(@) x + SEM; statistically analyzed using a two-taited t-test
b)p < 0.05
rifice. Similar effects were observed for ure 1). In Aroclor-treated rats (1.0 g/
female rats exposed to HD and for males ex- kg), there was a significantly decreased

posed to 1.0 g/kg Aroclor. All animals
survived doses of 0.65 g/kg and below. At
doses of 0.85 g/kg and greater, the sur-
vival rate was 20%, indicating that the
LDsgs for the 2-day-old rat is between
these doses. Mahlum (Annual Report, 1978)
reported an adult LDgo of 3.2 g/kg for
HD; our data indicate that the neonatal
LDgy; is about one-fourth that for the
adult. Analysis of tissue weight data as
percent of body weight did not indicate any
significant changes in tissue weights at-
tributable to the treatment.

Immunological data were analyzed using a
two-tailed t-test, with independent compar-
isons of each treatment group to the con-
trol group. Using this procedure, signifi-
cant decreases in the responses of thymus
cells to PHA and PWM were observed in rats
treated with 1.0 g/kg HD (Figure 1). The
response of these cells to Con-A was not
significantly different from that of the
control group. The mitogen responses of
peripheral blood lymphocytes to Con-A and
PWM for animals in the 0.65-g/kg group were
significantly increased relative to the
control group (Figure 2). The response of
these cells to PHA also increased when com-
pared to that of controls, although this
increase was not statistically significant.
There were no significant changes in the
response of spleen cells to any of the mit-
ogens as a result of exposure to HD (Fig-
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response for thymus cells to Con-A, PHA,
and PWM; at 0.5 g/kg there were no signif-
icant changes in the response to the same
mitogens. Peripheral-blood lymphocyte re-
sponses to Con-A in rats treated with 0.5
g/kg Aroclor were significantly increased
when compared to control values. The re-
sponse to PHA for this group also increased
but not significantly.

Even though the altered mitogen responses
were observed at certain concentrations of
HD and Aroclor, these responses did not
appear to follow a dose-response relation-
ship. Statistical analysis of these data
for trends with dose confirmed that the
effects were not dose-related. Since the
observed effects were not dose-related, the
data were further analyzed using a one-way
analysis of variance. Analysis of the data
in this manner indicated that there were no
significant differences between the re-
sponses of HD and control animals to any of
the mitogens for the three tissues studied.
Similar calculations for Aroclor-treated
animals indicated that the only significant
difference was a decreased response for
thymus cells to PHA; this effect was appar-
ent for animals given 1.0 g Aroclor/kg body
weight. It therefore appears that exposure
of 2-day-old animals by gavage to HD failed
to identify any dose-related alterations in
the responsiveness of T- and B-cells in se-
lected tissues.
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FIGURE 1. Response of Mitogen-Activated Cells From Lymphoid Tissues of 42-Day-Old Rats Gavaged at 2 Days of Age With Heavy
Distiliate or Aroclor-1254. Data statistically analyzed using two-tailed t-test and ona-way analysis of variance. The t-test analyses
calculated as independent comparisons for each treatment group against the appropriate control group (* indicates P <0.05).
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e Teratology of SRC-11 Materials

Principal Investigator: P. L. Hackett

Other Investigators: M. R. Sikov and D. D. Mahlum

Technical Assistance: R. L. Music, S. A. Watson, ). A. Hastings, L. A. Shippert, and L. |. Benton

Concern over the availability of adequate sources of petroleum has led to a search for alternatives,
including development of coal liquefaction methods such as those used in the solvent-refined coal
(SRC) process. Data from survey experiments indicated that some SRC-II materials of pilot-plant origin
were embryocidal and teratogenic when administered to pregnant rats at doses approximating the
maternally toxic level. This project was initiated to quantify the developmental toxicity of these mate-
rials. The approach is to develop dose-response relationships, in rodents, to determine if levels of
materials that are subthreshold for maternal toxicity can affect intrauterine growth and survival or alter
morphogenesis so as to result in malformations or other morphologic changes. These experiments may
provide indications of the minimal toxic levels of SRC materials, since the embryo has been found to
be a sensitive indicator of the toxicity of many substances.

Initial developmental toxicology survey
studies performed with SRC-II coal-liquid
samples demonstrated that a high-boiling-
range material, designated as heavy distil-
late (HD), possessed embryotoxic and terat-
ogenic properties when administered to ro-
dents. These biological responses were
observed following exposure at midgestation
(12 to 16 days) rather than during early
organogenesis (9 to 11 days). Subsequent
studies employing midgestational exposures
of rats to HD by inhalation or by intragas-
tric (IG) intubation provided more defini-
tive information concerning the minimal
doses required to produce developmental and
maternal toxicity. The studies reported
here, utilizing the IG route of administra-
tion, were initiated to define ‘the period
of embryonic development most sensitive to
the exposure of these materials. A sepa-
rate study that seeks to relate embryotoxic
and teratogenic activities of SRC-II mater-
ials with their physicochemical properties
is also in progress. This study will util-
ize five limited-boiling-range fractions of
an SRC-II material designated as Harmar-
ville process solvent (HPS).

In general, protocols for both studies are
similar. The SRC-II materials, their

boiling-point ranges, and the administered
dose levels are shown in Table 1. Female
rats (Sprague-Dawley CD, Charles River) of
known gestational age were assigned to

treatment groups by formal randomization
based on body weight. On each dosing day,
suspensions of the HD, HPS, or HPS frac-
tions in milk were prepared immediately
prior to IG intubation of a constant-volume
dose. A1l animals were weighed at inter-
vals; at sacrifice, the gravid uterus, with
products of conception, was also weighed.
This value was subtracted from the body
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TABLE 1. Boiling-Point Ranges and Dose Levels of SRC-I!
Materials Administered in Developmental Toxicology Studies.

Administered

SRC-I Boiling-Point  Fraction Dose,
Material Range, °F -of HPS, %  g/kg/day
Heavy Distillate 550-850 - 0.37
Harmarville Process  300->850 100 0.74
Solvent (HPS)
HPS Fraction | 300-700 78.9 0.58
Il 700-750 5.5 0.041
I 750-800 7.4 0.055
% 800-850 3.5 0.026
\% >850 4.7 0.035

weight to obtain the "extragestational body
weight." The excised uterus was opened and
the contents examined for number and loca-
tion of resorptions and live and dead fe-
tuses. Mortality in utero was estimated to
have occurred during early, mid-, or late
gestation. Live fetuses were weighed and
examined for gross defects, visceral mal-
formation, and altered morphologic develop-
ment of the skeleton. Fetal lungs were

examined in situ and were then removed and
weighed.

HPS Dosing During Midgestation

Since previous developmental toxicology
studies with SRC-II materials have been
performed with HD, a direct comparison of
the effects of HPS with those of HD was
necessary. Examination of the boiling
ranges of the two materials (Table 1) sug-
gested that comparable responses for HPS
and HD could be obtained if HPS doses were
at least twice those of HD. At the same



time, studies were initiated to determine
the effect of altering the period during
which the materials were administered. For
these studies, the daily dose level of HPS
was held constant, and the animals were

dosed either on 12 through 14 days of ges-
tation (dg) or on 15 to 16 dg, so that they
vwere receiving 60% or 40%, respectively, of
the total amount of HPS delivered from 12
to 16 dg, the usual dosing interval. Re-

sults from these studies are summarized in
Tables 2 and 3.

Neither extragestational nor discrete body
weight gains were altered by HD or HPS for
any dosing regimen (Table 2). The percent-
age of resorptions, especially during mid-
gestation, appeared to be higher than con-
trol values for animals dosed with HD or
HPS between 12 and 16 dg or with HPS be-
tween 12 and 14 dg; however, differences
were not significant (Table 2). Body and
lung weights for the 20-dg fetuses tended
to be depressed in HD-dosed rats and in
rats dosed with HPS from 12 to 14 dg.
Those weights were significantly lower in
HPS animals dosed from 12 to 16 dg (Ta-
ble 3). Fetal lung-to-body-weight ratios
were significantly lower than control val-
ues in all experimental groups except that
in which rats were dosed with HPS on 15 to
16 dg.

The incidence of fetal malformations in
HPS-treated animals exposed from 15 to 16
dg was similar to that of control rats, but
malformations were commonly observed fol-
lTowing all other dosing regimens (Table 3).
The incidence of "small lungs" (less than
2% of the fetal body weight) in HD-exposed
rats was equal to that of rats exposed to
HPS from 12 to 16 dg (Table 3). Treatment
with either compound affected an average of
70% of the fetuses in all litters. Dosing
with HPS from 12 to 14 dg produced a lower

incidence of small Tungs (40% of the fe-
tuses/litter in 75% of the litters) than
did dosing between 12 and 16 dg. This ef-
fect is suggestive of a dose response.
Preliminary evaluations of fetal small-lung
incidence in males and females indicate a
possible, but not a statistically signifi-
cant, sex difference in response to HD or
HPS exposure. Following HD exposure, 65%
of both sexes had small Tungs; however, HPS
exposure produced a 70% incidence of small
lungs in females but only a 50% incidence
in males. Cleft palates occurred more fre-
quently in HPS-dosed than in HD-dosed rats
on similar regimens. The incidence of this
anomaly in rats exposed to HPS for 3 days
(12 to 14 dg) was similar to that of the
animals receiving HD for 5 days (75 and 71%
of the 1itters, respectively).

These cata indicate that exposure to HD or
HPS from 12 to 16 dg produces qualita-

tively, but not quantitatively, similar

results. These variations in response may
be due to differences in the concentration
of biologically active material in the two
SRC-II mixtures. Exposure to HPS during

the gestational interval of 12 to 14 days
produced a high incidence of fetal anoma-
lies; exposure during 15 to 16 dg caused no
apparent fetal response. Further studies
are in progress to determine whether an

acute teratogenic dose of HPS can be de-
livered without producing excessive ma-

ternal mortality, or whether teratogenicity
depends upon a gradual accumulation of met-
aboliceélly activated SRC-II materials in

the fetus.

Dosing with Boiling-Range Fractions of HPS

For studies to determine the toxicity and
teratogenicity of five boiling-range frac-
tions of HPS, pregnant rats were dosed,

betweer. 12 and 14 dg, with 0.74 g/kg body

TABLE 2. Weight Gains and Intrauterine Mortality Following Administration of Heavy Distillate (HD) or Harmarville Process

jSolvent (HPS) to Pregnant Rats.

Weight Gain, 0-20 dgl?)

Resorptions/Implants, %(@)

Dose, dg Number Body EG Body
Material g/kg/day Dosed of Rats Weight, g Weight, g(b) Early Mid Late Total
Vehicle - 12-16 6 101 £ 11 34 +8 4.8 = 3.1 0 0 4.8 £ 3.1
HD 0.37 12-16 7 94 = 7 45 £ 4 7.3 £ 25 47 3.2 26+ 1.7 145+43
HPS 0.74 12-16 12 84 + 6 37 £5 69x35 109+27 2313 201 x£53
HPS 0.74 12-14 [ 84 + 4 27 £ 3 45+20 12958 0 174 £ 5.7
HPS G.74 15-16 6 84 + > 24 + 4 41 +28 1111 27217 79+ 4.2

@ Mean + SE
(

b) Extragestational (EG) body weight = body weight — weight of
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pregnant dterus.



TABLE 3. Fetal Body and Lung Weights, and incidence of Commonly Observed Malformations, Following Exposure to Heavy

Distillate (HD) or Harmarville Process Solvent (HPS).

Incidence of Malformations(d)

Number of Body Lung Lung/Body
Dose, dg Fetuses/ Weight, Weight, Weight, Small  Cleft Syn/
Material  g/kg/day  Dosed Litters gla) mglal x 100(@) Lung Palate Ectrodactyly
Vehicle 12-16 83/7 3.3 = 0.200 110 + 6(C) 3.4 +0.19 11 0 0
HD 037 12-16 73/7 1 zorcd  spasd 17x01d 5470 05 0
HPS 0.74 12-16 127/12 2.9+ 01@ 50 + 3@ 18+ 02 9212 49/12 10/4
HPS 0.74 12-14 74/6 30+01d) 725 2302 2350 2174 0
HPS 0.74 15-16 7416 3.3+ 010 91 z 2(c} 29 +0.1© 5 0 0
@) Mean + SE
(b}

Number of affected fetuses/number of affected litters

(€. d)values that do not share a common superscript letter are significantly different (P <0.05) from one another,

weight/day of HPS or with a dose of each
boiling-point cut equivalent to its per-
centage concentration in HPS (Table 1).
The animals were sacrificed on 21 dg and
evaluated for toxicity and teratogenicity.

Preliminary results from this study are
summarized in Table 4. Increased embryo-
lethality and decreased fetal lung weights
were obtained following HPS exposure, but
no evidence for developmental toxicity or
teratogenicity was observed following dos-
ing with any one of the five boiling-range

fractions. Since suspensions of the two
higher-boiling fractions appeared to coa-
lesce rapidly or, in the case of Frac-

tion V, to be particulate in nature, work
is in progress to improve the solubility
(and thus, perhaps, the biological avail-
ability) of the dosing mixtures. Once this
is accomplished, we plan to obtain dose-

response relationships and to determine if
the biological effects are due to solubil-
ity interactions of the individual frac-

tions.

TABLE 4. intrauterine Mortality and Fetal Measures (Mean =+ SE) Following Exposure to Five Boiling-Range Fractions of

Harmarville Process Solvent {(HPS).

Number of Resorptions/implants, % Lung/Body
SRC-11 Dose, Fetuses/ Body Lung Weight Ratio
Material g/kg/day Litters Early Mid Late Total Weight, g Weight, mg x 100
Vehicle 58/5 4.4+ 1.8 0 0 44+18 4803 133 5 2.8 0.
HPS 0.74 15/2 36+29 37 119 0 40640 35=x05 67 = 16 1.8 +£0.2
HPS-1 0.58 31/3 128+68 26+ 26 0 154 +89 45x03 125+ 3 2.8 = 0.1
HPS-I| 0.041 63/5 6.2+29 0 0 6.2+29 45 =*0.1 126 £ 4 2.8 £ 0.1
HPS-1 0.055 5715 79+38 50=x 50 0 129 +7.2 44+03 124 £ 16 2.8 0.1
HPS-IV 0.026 60/5 9.2+ 14 0 0 92+ 14 45+0.2 122 £ 5 2.8 £0.1
HPS-V 0.035 13/3 7.4+7.4 0 0 74+74 4503 138+ 5 3.1+ 01
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o Effects of Pollutant Metals

Principal Investigator: H. A. Ragan

Other Investigators: G. A. Apley and B. A. Denovan

Technical Assistance: K. H. Debban, M. C. Perkins, and J. K. Sweeney

The in vitro cloning efficiency of granulocytic stem cells from mouse bone marrow was completely
inhibited or markedly reduced by lead and by materials from shale oil and coal liquefaction processes.

The emphasis on this project has been
changed from absorption of pollutant metals
by intact animals to a study of the effects
of metals and fossil-fuel materials on hem-
atopoietic stem cells.

Information regarding the hematologic ef-
fects of fossil-fuel materials is scarce.
However, it is known that the general lipid
solubility of hydrocarbon mixtures allows
them to be absorbed through respiratory
epithelium, mucous membranes, gastrointes-
tinal epithelium and epidermis. Following
these various routes of exposure, petroleum
products have been found in most tissues of
rodents, primates and man. Thus, it is
reasonable to assume that hematopoietic
tissue is at risk from exposure to fossil-
fuel products.

We have performed pilot studies investigat-
ing the potential myelotoxic effects of
synthetic fuels and metals on the hemato-
poietic stem cells in culture systems.
These pilot studies were concerned with the
growth and differentiation of granulocytic
progenitor cells from mouse bone marrow,
using modifications of a soft-agar culture
technique. The colony stimulating factor
(CSF) used in these assays was serum from
mice injected with Salmonella endotoxin,
i.e., post-endotoxin serum (PES). Each lot
of PES was assayed and added to culture
plates so that 50-75 x 103 nucleated marrow
cells would result in 25-50 colonies in
1.0-m1 cultures of marrow from control
mice. For these studies, marrow was
flushed from the femurs of several mice,
using tissue culture media devoid of mag-
nesium and calcium, to help prevent clot-
ting. Cells were pooled and counted using
a model ZH Coulter Counter. Eight cultures
per material to be tested were incubated
for 7 days at 37°C in 5% €O, and 100% hu-
midity. The numbers of colonies (>50

cells) and clusters (<50 cells) were

then determined.

A known myelotoxic pollutant (lead) was
incorporated into the culture media to
evaluate the effect on mouse marrow cells
in vitro. It has been shown that children
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intoxicated by lead have marrow concentra-
tions of lead ranging from 4-35 mg/100 g of
marrow. After determining that young adult
mice had a femoral marrow weight of about
2.1 + 0.4 mg, lead (as the acetate) was
added to mouse marrow cultures at concen-
trations equivalent to those reported in
children, i.e., 12.5, 25.0, and 50.0 mg of
lead/100 g of marrow. These concentrations
reduced granulocytic colony formation by
40, 54, and 60%, respectively, compared to
control cultures without lead.

As a continuation of these pilot studies,

the effects of various fractions and mater-
ials from shale oil and coal liquefaction
processes were determined in the marrow

culture system. Complete inhibition of

granulocytic colony formation occurred with
the following shale o0il fractions: basic
fraction at 620 mg/100 g of marrow, poly-

nuclear aromatic hydrocarbons at 1240 mg/
100 g of marrow, and the neutral fraction
at 4960 mg/100 g of marrow. Crude shale

0il at 4960 mg/100 g of marrow reduced the
number of granulocytic colonies by 60% com-
pared to control cultures of the same bone
marrow suspension. Next, fractions from

the SRC-I process were evaluated in the

culture system. The following process ma-
terials completely inhibited colony growth:
wash solvent at 4960 mg/100 g of marrow,

process solvent at 12,400 mg/100 g of mar-
row, and light oil at 12,400 mg/100 g of

marrow. The concentrations of shale oil

and SRC fractions selected were those re-

ported by investigators at this laboratory
to reduce growth 50% in VERO monkey kidney
cells in tissue culture (Frazier et al.,

Annual Report, 1979).

It should be noted that the synfuel materi-
als used in this study are of pilot-plant
origin and may not be representative of
materials that would be produced in commer-
cial facilities.

Because the fossil-fuel stock-solution
fractions used for these studies were in a
dimethylsulfoxide (DMSO) solution, it was
important to determine if DMSO might be
inhibitory to granulocytic colony formation



in vitro. The final concentration of DMSO
in the culture system, when included with
the fossil-fuel fractions, was 0.12%. To
test the effects of DMSO, mouse bone marrow
was cultured with 0.12% DMSO, along with
control cultures not containing DMSO.
There was a significant reduction in num-
bers of colonies formed in those culture
dishes containing DMSO:

Control (n = 20 cultures)
No. Colonies: 25.2 + 7.5
No. Clusters: 47.3 + 10.3

In addition to the culture of granulocyte-
macrophage precursors, techniques for clon-
ing erythrocyte and megakaryocyte progenitor
cells have now been established in our
laboratory. This will permit a comparison
of in vitro effects on hematopoietic stem
cells with those observed in intact ani-
mals.
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Recently, mice were administered 0.8 mg/kg
of heavy distillate from SRC-II process in
DMSO by intraperitoneal injection. Control
mice received DMSO only. Portions of each
group were killed 4, 10 and 19 days after
injection to examine the effects on blood,
bone marrow, and the cloning efficiency of
granulocyte, erythrocyte and megakaryocyte

precursors. In addition, syngeneic mice
DMSO (n = 16 cultures) P
No. Colonies: 14.9 + 3.1 <0.01
No. Clusters: 36.1 + 8.9 <0.001

were given 900 R total body irradiation,
then injected with bone marrow from the
SRC- or DMSO-injected mice to examine ef-
fects on the ability of the pluripotential
hematopoietic stem cell to repopulate the
spleen (colony-forming-unit-spleen assay of
Ti11l anc McCulloch). These data are pres-
ently being evaluated.









CONSERVATION

This section reports on progress made on projects concerned with potential health
effects of exposure to static and 60-Hz electric fields from high-voltage transmission
systems. They seek to determine whether such fields can produce effects in biological
systems and develop a dosimetric basis for extrapolating effects from laboratory stud-
ies on animals and cellular systems to humans.

These projects are part of the Pacific Northwest Laboratory bioelectromagnetics pro-
gram and are complemented by ongoing 60-Hz electric fields in laboratory rodents,
sponsored by the DOE Office of Electric Energy Systems, and in miniature swine,
sponsored by the Electric Power Research Institute.






® Teratology of Guinea Pigs Exposed to Electric Fields

Principal Investigator: L. B. Sasser

Technical Assistance: J. A. Cushing and T. A. Pierce

The objective of this research is to determine whether chronic exposure of two successive generations
of guinea pigs to 60-Hz electric fields will produce birth defects and/or fetal anomalies among their
offspring. Experiments will investigate development of a guinea pig model to evaluate factors involved
in producing teratogenic effects observed in swine exposed to electric fields. Currently, 144 female
guinea pigs are being exposed or sham-exposed to electric fields; the exposure will continue for 9 mo,
through two pregnancies. The female offspring of the first pregnancy will be reared in the field and
mated at 5 mo of age. Mating behavior, reproductive performance, and teratology of offspring will be
evaluated. If the model proves successful, results will be helpful in understanding the effects of electric

fields on reproduction and development.

In a previous study of swine exposed to 60-
Hz electric fields, the main effects were
an apparently increased incidence of
teratism in fetuses of the second litter of
F0 sows (conceived after 1.5 years of expo-
sure), a mating deficit in females of the
F; generation, and an increased incidence
of birth defects among the subsequent off-
spring of females of the F; generation.

It would be advantageous, from the stand-
point of cost and space requirements, to
study these phenomena in a smaller species.
The guinea pig was preferred to the rat
because it has a longer gestation period
(68 versus 20 days), is more mature at
birth, and has a longer period of tissue
differentiation during development. Also,
in the guinea pig, malformations are in-
duced by a variety of teratogens.

This study is designed to mimic conditions
in the previous swine study using an appro-
priate factor to scale physiological events
in swine to the guinea pig. Female guinea
pigs (72 exposed and 72 sham-exposed) are
currently maintained in a 60-Hz electric
field at 100 kV/m (unperturbed) for 19 hr
per day. After 40 days of exposure, fe-
males (F ) are mated with males that have
not beenoprevious1y exposed to the field.
Female offspring from this mating (F,) will
be reared in the electric field and mated
with unexposed males at 5 mo of age. The
dams (F_ ) will be bred for a second time
168 dayg after the first breeding. Mating
behavior, reproductive performance, and
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teratology of near-term fetuses will be
evaluated.

The 40-day premating exposure period is now
complete, and mating is in progress. Each
female is examined daily for evidence of
vaginal membrane opening, an event as-
sociated with estrus that lasts for 3 to 4
days of the 16-day estrus cycle. These
females are caged with males during a 5-hr,
field-of f period each day. The restricted
cohabitation period (due to exposure
requirements) results in reduced breeding
efficiency, therefore mating will continue
through at least five estrus cycles (80
days) to maximize the fraction of the
population that mate successfully.
Pregnant guinea pigs will litter early in
FY 1983; F_ females will be mated for a
second timé in mid-FY 1983. The F, females
will be mated during the second half of FY
1983 at 5 mo of age. The experiment will
probably be completed in FY 1983.

The results of this study should provide
adequate data to decide whether the guinea
pig is a good system in which to perform
in-depth studies. If the guinea pig model
is validated, it will possible to perform a
variety of experiments to evalute the fac-
tors contributing to effects and to estab-
lish a dose-response curve (i.e., relation-
ship of exposure intensity and duration to
the effect). If this species does not show
effects similar to those seen in swine, the
data may provide suggestive evidence that
the effects observed are unigue to swine
and cannot be extrapolated to other spe-
cies, including man.






o Genetic Effects of Electric Fields

Principal Investigator: G. L. Williams

Technical assistance: L. K. Fritz

Sixty-hertz electric fields at strengths up to 100 V/m have been shown to produce no detectable
mutagenic effects as measured by the classical Ames Salmonella test. Previously demonstrated effects
of electric field exposure on the spontaneous induction of lysogenic viruses are shown to result from
irreversible changes confined to the first few minutes of exposure following induction of the virus
genome, The phenomenon is due to increased production of virus particles by cells already induced
rather than to induction of additional cells. We propose an increase in the efficiency of virus DNA

replication to account for our observations.

Experimentation on other molecular proces-
ses involving genetic material suggests

that there is no generalized effect from
the 60-Hz electric field on recombination,
replication and repair of DNA. The virus-
related effects appear to be highly spe-

cific and may be related to the specific
membrane linkage of virus DNA during its
replication.

Results from some experiments at this labo-
ratory indicate that electric fields may
act synergistically with mutagenic chemi-
cals as a result of an effect on specific
cellular DNA repair systems (recombination
repair). More data are required, however,
to support this speculation.

Single-burst experiments were conducted to
determine the number of viable virus parti-
cles produced by induction of integrated
lambda virus in exposed and sham-exposed
Escherichia coli cells. The following re-
sults were obtained:

Exposed: 289 # 17 viruses produced
by single induced cell

+ Sham-exposed: 124 % 21 viruses pro-
duced by single induced cell.

This difference accounts fully for the ob-
served increase in production of viable
virus particles which we reported last
year. No evidence for induction of addi-
tional cells above the spontaneous Tevel
was observed for electric-field-exposed
cells. The effect is due entirely to in-
creased productivity of cells already in-
duced. The previously observed substrain
specificity of the effect (Figure 1) and
the absolute upper 1imit (Figure 2) of a
threefold increase in virus yield are con-
sistent with such a process.

Large numbers of cells are synchronously
induced by ultraviolet (UV) exposure. By
exposing UV-induced cells (at various times
and durations prior to, during and after
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the UV exposure) to electric fields and

comparing the increase in virus yield, we
determined that only electric field expo-
sure during the first 2 min following in-
duction produced the characteristic observ-
able effect (Table 1).

At a molecular level, the only events oc-
curring in this time interval are: 1) the
induction event itself, and 2) the onset of
replication of virus DNA. The latter re-
quires a specific, stable association of
viral DNA with the cell membrane. Progeny
of field-exposed bursts are identical to
progeny of sham-exposed bursts (Table 2).

TABLE 1. Induced PFU/ml Following 20-sec UV Irradiation.
Samples were exposed to inducing effects of short-wave UV for
20 sec at t = 0 min, and exposed to electric field (60 Hz,
120 V/m). See test for details.

Duration of
Electric Field PFU/mI
Sample Exposure, (@) min  (Phage produced)
Control None 436 + 25x10°
Pre-exposed -5 to 0 479 + 61x 108
Induction-Exposed Oto + 2 975 + 118x 106
Postexposed +2to +10 487 £ 35x 100
Continuous -5t0 +10 1122 = 87x10°

@induction by UV light occurred in all cases at t = 0 min

TABLE 2. Infectivity of Phage Progeny From Electric-Field-
Exposed Cells. Phage derived from exposed or sham-
exposed 8177 cells were tested for lytic infectivity in 6340
cells and for lysogenic infectivity in K12 cells.

Test Strain Burst Size

Exposed Parental Host 6340 162 + 27
K12 96 + 18

Sham-Exposed Parental Host 6340 154 + 35
K12 110 £ 21
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Lysogenic viruses in Bacillus subtilis,

which replicate DNA independently of the
cell membrane, were not noticeably affected
by electric field exposure. Phage phi 105,
and SPD1 were tested in appropriate host
strains.

Other 0ONA-related molecular events that
showed no detectable field-associated ef-
fects were:

UVR excision repair (error-free) in
E. coli

S0OS DNA repair (error-prone) in E.
coli

Uptake and expression of homologous
transforming DNA (in B. subtilis).

Experiments were inconclusive in the fol-
lowing areas:

- Postreplication (recombination) re-
pair in E. coli

Integration of transforming DNA (gen-
etic recombination) in B. subtilis

- Synergistic effects in E. coli (sim-
ultaneous exposure to chemical muta-
gers and the electric field).

In this respect, it is interesting that

recombination repair, but not excision re-
pair or SIS repair, involve obligatory as-
sociation with the cell membrane, as does
the integration of transforming DNA. These
associations are structurally analogous to
the membrane association of replicating

lambda virus. Synergistic effects on muta-
genicity, if they exist, might be explained
mechanistically by effects on postreplica-
tion or by some other DNA repair system.



e Electric Field Dosimetry: Characteristics of the Fields Induced in a Human Phantom

Exposed to 60-Hz Electric Fields

Principal Investigator: W. T. Kaune

Technical Assistance: W. C. Forsythe

Data on electric fields and current densities inside the bodies of animals and humans are needed to
relate electric-field exposures in laboratory experimental animals to those experienced by humans in
the vicinity of electric-power generation, transmission, and distribution systems. We report here exten-
sive data on current densities induced in models of humans exposed to 60-Hz electric fields.

A number of projects are underway to inves-
tigate whether electric fields can produce
biological effects in laboratory animals.

However, before data from these projects

can be used for the assessment of possible
risks to humans exposed to power-frequency
electric fields, dosimetric characteriza-
tion for humans and animals is needed. The
purpose of this project is to determine the
electric fields and current densities in-

duced inside the bodies of humans and ani-
mals exposed to such electric fields.

Preliminary measurements in human, pig, and
rat phantoms were given in the 1981 Annual
Report. In this report we give a summary
of our experimental technique and present
the results of a detailed characterization
of the induced fields in human phantoms.

Conducting Models

Conducting models were made by filling hol-
low, styrofoam molds {which do not signifi-
cantly perturb an applied electric field)
with saline solution. The styrofoam molds
are prepared in halves, corresponding to
the two halves of a human body divided
along the frontal plane, or to the two
halves of a rat or pig, divided along a
sagittal plane. A field probe was posi-
tioned inside the mold, and the two halves
were reassembled, using paraffin as a glue/
sealant. Stainless steel pads, attached to
the bottom of each foot, were instrumented
so that the current passing through each
foot could be measured and controlled.

Electric-Field Measurement System

Electric-field measurements in grounded
saline models were made using probes that
sensed, by conductive coupling, the volt-
ages at three points forming an equilateral
right triangle (Figure 1). Wires from the
probe were routed vertically down through
the feet of the model and to a remote,

lock-in amplifier, which was used to mea-
sure the magnitude and phase of the differ-
ential voltages between the probe tips.

With this system we have measured induced
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vertical and horizontal electric fields in
hemispherical, hemispheroidal, and cylin-
drical saline models; for these models,

measured electric fields agree with theo-
retical calculations to within 5%, proving,
experimentally, the accuracy of the mea-

surement technique.

Induced-Current Measurements

Our data are presented in terms of induced
current density, rather than induced elec-
tric field strength, because current dens-
ity is independent of the particular con-

ductivity of the saline-filled model (typ-
ically, 0.01 S/m for our model). Current
density can, therefore, be more easily ex-
trapolated to other models or to live ani-
mals. (Current density is the current

crossing a unit area, oriented perpendicu-
larly to the direction of current flow.)

Electric field strength can be obtained by
dividing the current density by the conduc-
tivity of the body.

Vertical and horizontal current densities
measured in the neck and upper torso of the
human body exposed to a 10-kV/m electric
field are given in Figures 2-4. Data were
taken with the body grounded equally
through both feet and also grounded through
only one foot. Induced current densities
for these two grounding configurations were
almost equal; only the data with both feet
grounded are given in the figures. Very
substantial enhancements in the horizontal
current density were observed in the axil-
lae.

Figures 5-8 give vertical and horizontal

current densities induced in the lower tor-
sos of the human body exposed to a 10-kV/m
electric field. Since that region of the
body is closer to the legs, whether the

body is grounded through one or two feet is
significant. This is most clearly illus-
trated in Figures 7 and 8. With both feet
grounded (Figure 7), the horizontal induced
current density in the Tower pelvic area is
almost zero, as would be expected on the
basis of symmetry considerations. However,
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System for the Measurement of Electric Fields Induced in Saline Models Exposed to External 60-Hz Electric Fields.

A lock-in amplifier was recently added to the system to enable us to measure the phase of the induced electric field, as well as its

magnitude, and to give better rejection of noise signals.
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FIGURE 2. Measured Current Densities (nA/cm?)in the
Midline Frontal Plane of a Conducting Model of a Human Neck
Exposed to a 10-kV/m, 60-Hz Electric Field. Both feet of the
model were grounded so that equal currents passed through
them.

with only one foot grounded, the value
rises to 770 nA/cm2. It is noteworthy that
this value is the largest value observed in
the torso!

Discussion and Future Plans

Typical tissue conductivities in the human
body are about 0.1 S/m. Thus, current den-
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FIGURE 3. Measured Current Densities (nA/cm?) in the
Midline Fronte! Plane of a Conducting Model of a Human
Chest Exposed to a 10-kv/m, 60-Hz Electric Field. Both feet of

the model were grounded so that €qual currents passed
through them.

sities obssrved in the torso of the human
model (100-800 nA/cm2) exposed to a 10-kV/m
electric field correspond to induced elec-
tric fields in the approximate range of

0.01 to 0.08 nA/cm2.

Initial mezsurements in rat and pig phan-
toms were presented in the 1981 Annual Re-
port. Comparison of these data to the hu-
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FIGURE 4. Measured Current Densities (nA/cm?) in the
Midline Frontal Plane of a Conducting Model of a Human
Torso Exposed to a 10-kV/m, 60-Hz Electric Field. Both feet of
the model were grounded so that equal currents passed GROUNDED

through them. FOOT \
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FIGURE 6. Measured Current Densities (nA/cm?) in the
Midline Frontal Plane of a Conducting Model of a Superior
Human Pelvis Exposed to a 10-kV/m, 60-Hz Electric Field.
Only one foot was grounded.
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FIGURE 5. Measured Current Densities (nA/cm?) in the

Midline Frontal Plane of a Conducting Model of a Superior

Human Pelvis Exposed to a 10-kv/m, 60-Hz Electric Field.

Both feet of the mode! were grounded so that equal currents

passed through them.
FIGURE 7. Measured Current Densities (nA/cm?) in the
Midline Frontal Plane of a Conducting Model of an Inferior
Human Pelvis Exposed to a 10-kV/m, 60-Hz Electric Field.
Both feet of the model were grounded so that equal currents
passed through them.
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FIGURE 8. Measured Current Densities (nAlcm?) in the
Midline Frontal Plane of a Conducting Model of an Inferior
Human Pelvis Exposed to a 10-kV/m, 60-Hz Electric Field.
Only one foot was grounded.
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man data given here demonstrate that in-
duced currents in the human are much

duced currents in rats and pigs exposed to
the same external field.

In the next year, we plan to characterize
the “ields in rats and pigs to a level of
detail comparable to that given here for
the human body. With these data, quanti-
tative dosimetric comparisons between ani-
mals and humans can be made. In addition,
we plan to begin measurements in Tive rats
to determine the effect of varying tissue
impedances on the distribution of induced
currents.









TABLE 1. Effect of 60-Hz ac Electric Field on the Absolute

Cloning Efficiency of Chinese Hamster Ovary (CHO-K1) Cells.

Electric field fixed (3.5 V/m) and exposure time variable.

Absolute Plating Efficiency(@)

(+S.E)
Exposure Electric Field Sham-
Duration, hr Exposed Exposed pb)
0 (48)c) 500 + 1.7 480 + 1.4
1 66.4 + 1.3 69.2 + 1.6 NS
1 594 + 19 637+ 1.4 0.05
8 75316 813+ 14 0.001
8 599+ 14 758 £ 15 0.001
16 534 +1.2 583 1.1 0.001
24 43.1£1.2 522 +1.4 0.001
24 61.7 £ 1.1 73413 0.001
24 739+ 1.5 841+ 1.3 0.001
24 742+ 2.5 98020 0.001
48 58.4 + 2.1 720+ 18 0.001
48 69.2 + 2.1 738 £ 2.3 0.05

(@) Number of clones formed/100 cells seeded
)Significant difference between exposed and sham-
exposed, using a two-tailed, unpaired t-test. Values
obtained were from published tables of the distribution
of t.

(A Cells in exposure chambers for 48 hr, but magnet
was not turned on and there was no measurable
electric current in either the “‘electric-field-exposed” or
the “sham-exposed’’ culture chambers.

() Not significant at 0.05 tevel

at 0.15 V/m (Table 2). In three of four

experiments at 0.7 V/m, significant differ-
ences in cell cloning efficiency were ap-

parent. It is possible that ~0.7 V/m is

near the minimum field strength necessary
to decrease cloning efficiency.

Finally, mutation frequencies of CHO cells
exposed to 60-Hz electric fields were mea-
sured, using the HGPRT locus. Exposed

cells did not exhibit increased mutation
frequencies relative to control or sham-
exposed cells (Table 3). In fact, part of
the data indicate that exposure may reduce
the spontaneous mutation frequency.

Research 1is in progress to explain the

mechanism by which 60-Hz electric fields
reduce cell survival (as measured by clon-
ing efficiency) and to determine whether a
dose-response relationship can be estab-
lished.
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TABLE 2. Effect of 60-Hz ac Electric Field on the Absolute
Cloning Efficiency of Chinese Hamster Ovary (CHO-K1) Cells.
Exposure Duration Fixed (24 hr) and Electric Field Strength
Variable.

Absolute Plating Efficiency!®@)

(+SE)

Exposure Electric Field Sham-

Level, V/m Exposed Exposed p(b)
0.15 80.4 + 1.4 788 15 N.S.{)
0.15 66.7 = 1.3 65.1 % 1.4 N.S
0.7 684+ 1.4 71.0+ 1.7 N.S.
0.7 51.8 + 1.2 549 + 1.2 0.05
0.7 656 + 1.5 792 £ 1.5 0.001
0.7 625+ 2.6 772+ 1.4 0.001
1.4 60.7 + 1.2 654 + 2.2 0.001
1.4 56.8 + 2.2 68.7 £ 1.5 0.001
3.5 43.1 £ 1.2 5322+14 0.001
3.5 61.7 £ 1.1 73.4 + 1.3 0.001
3.5 74.2 £ 2.5 98.0 £ 2.0 0.001
3.5 739 £ 15 841+ 13 0.001
10.5 87.7 = 1.1 101.7 £ 1.3 0.001

10.5 69.5+ 13 769 x 1.1 0.001
10.5 64.6 = 2.1 76 =19 0.001
10.5 858 £ 1.7 97.6 = 1.4 0.001
10.5 69.5 + 2.2 94.2 + 2.1 0.001
10.5 63.2+1.7 98 1.9 0.001

ta) Number of clones formed/100 cells seeded.

(b)Significant difference between exposed and sham-
exposed, using a two-tailed, unpaired t-test. Values
obtained were from published tables of the distribution
of t.

{€) Not significant at 0.05 level

TABLE 3. Effect of 60-Hz ac Electric Fields on Mutation
Frequency of Chinese Hamster Ovary (CHO-K1)
Cells.

Mutation Frequency/10°

Viable Cells
Exposure Electric Field
Duration, hr Exposed Control P
3.5 vim 24 7.8 6.2  NSW

24 2.1 2.3 N.S.

24 38 3.2 N.S.

24 0.87 0.93 N.S.

48 10.3 11.3 N.S.
10.5 V/im 24 0 11.2 0.001 ()
- 24 1.0 155 0.001 ()
24 17.8 23.6 0.05 ()

24 2.5 2.3 N.S.

24 2.8 3.0 N.S.

24 35 3.1 N.S.

(@)Not significant at 0.05 level












FISSION

Biomedical studies in the fission energy technology area are, for the most part,
directed toward evaluation of long-term effects from internal exposure to radio-
nuclides. These include studies in progress for many years in dogs that have inhaled
various plutonium compounds. The inhalation toxicity of a wider variety of actinide
compounds is being studied in rodents, including an attempt to evaluate the carcino-
genicity of inhaled plutonium at life-span radiation doses to the lung as low as 2 to 10
rad. Both dogs and rodents are employed in continuing studies of the effects of

- chronic exposure to simulated uranium mine atmospheres.

Studies in rats and dogs have shown that cigarette smoke enhances retention of
inhaled plutonium in the lung, and are being extended to investigate the mechanism
of these effects. The toxicity of sodium or lithium that might be accidently released,
from a liquid metal fast breeder reactor or from a fusion reactor, and the toxicity of
chronically inhaled krypton-85 which may be released in small amounts from nuclear
reactors are being studied, as are the biological behavior and carcinogenicity of high-
specific-activity uranium and protactinium isotopes that might be released from reac-
tors employing a thorium fuel cycle.

Studies related to the exposure of the general public include those concerned with
the effects of age on the toxicity of incorporated radionuclides, and the effect of age,
and other factors, on the gastrointestinal absorption of radionuclides. In the medical
area, a device developed to irradiate the blood, which may be a useful treatment for
leukemia or for the prevention of transplant rejection, will soon be ready for clinical
trials.

In all of these areas, the development of new experimental techniques plays an
important role. This has included major efforts in aerosol generation and exposure
technology.












clone is unaffected by inducing an electro-
static charge on an aerosol, but perform-
ance of the nylon cyclone is affected.

TABLE 1. Comparison of Body Burdens After Nose-Only
Exposure by Three Methods (N = 350).

Number of Rats Having Burdens
Within Stated Range of Target Value

Percent of Target

Values: 1o 200 30 40 50
Method

Ideal 109 202 269 312 334

Twac) 92 166 232 289 324

Test Aerosol 49 109 162 215 299

(@) Time-weighted average concentration

To measure cyclone charging, the cyclone
was moved directly to a Faraday-cage
charge-measurement apparatus without touch-
ing anything that could influence its
charge. The aerosol was sampled with a
nylon cyclone that was either initially
charged or uncharged. The conducting cy-
clone was grounded and remained uncharged
throughout the test. In the tests, initial
charges on the nylon cyclones were on the
order of 10-8 coulomb.

Either charged or uncharged aerosols of
2-um polystyrene latex (PSL) and volcanic
ash, were used in the experiment. Penetra-
tions of the cyclones by the aerosols are
listed in Table 2. The extreme case of a
charged nylon cyclone sampling charged aer-
osol shows the most dramatic effect of
electrostatic charge; however, the
graphite-filled nylon cyclone is essen-
tially unaffected by electrostatic charge
conditions. Future tests will further
characterize the performance of the con-
ducting cyclone.

PAM P
SENSING -
CANBERRA GP 1/O
T
UNI MoD 1775 [P i
NUCLEAR INPUT
COUNTER
MPLE (PAM) ¢
SA > SAMPLE
INLET l VALVE
HEWLETT-PACKARD
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COMPUTER
MANUALLY 110 VAC
OPERATED | RELAY
SWITCH
110 VAC 1 npP
GP 110
110 VAC #2
MANUALLY RELAY OUTPUT
OPERATED
SWITCH
SAFETY
SWITCH

COMPRESSED AIR

|
{ | GENERATOR
AIR VALVE
AEROSOL
GENERATOR

FIGURE 2. Control System for Nose-Only, Rat Exposures.
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TABLE 2. Measurements of Penetration of Cyclones by
Charged and Uncharged Aerosols.

Aerosol
Aerosol (Volcanic Ash,
PsL®) 2 ym) D=2 um, GSD=2)
Cyclone Charged Uncharged Charged Uncharged
Nylon
Charged'@ 0.72 0.81 0.34 0.67
0.55 0.25 0.61
Nyion
Uncharged@  0.99 0.93 0.59 0.78
0.95 0.57 0.66
0.96
Graphite
Uncharged@®  0.95 0.96 0.69 0.70
0.74 0.71
(@} At start

(b) Polystyrene latex

1

Particle Size Analysis Development

We have continued our study of estimating
particle-size-distribution parameters from
cascade impactor data. A commonly used

method minimizes the sum of squared differ-
ences between observed and expected mass

fractions on cascade impactor stages. This
method is sometimes improved by weighting
the least squares, either with the variance
in mass fraction estimated or by introduc-
ing total mass as an additional parameter
in the sum of squares. However, solution
of the weighted, least-squares problem is
complex. We have demonstrated that appli-
cation of the maximum likelihood method can
transform the weighted, least-squares prob-
lem into the simpler, unweighted, linear

least-squares problem, allowing use of

widely available computer software and com-
puters of smaller memory capabilities to
obtain the same results.

We have in:orporated the technology into a
computer program which assumes infinitely
sharp collection efficiency curves for im-
pactor stages (the effective cut-off diam-
eter method) and are presently applying it
to a program which takes into account the
actual collection efficency curves of the
impactor.

Surface-Area Measurement Development

We have refined our ability to measure the
specific surface area and density of pow-
dered materials. The basic technique in-
volves gas adsorption according to Brun-
auer, Emmet and Teller (commonly called the
BET method). A microbalance measures the
mass of nitrogen adsorbed onto the surface
of a powder sample maintained at various
nitrogen pressures. The change in mass of
adsorbed nitrogen for each pressure deter-
mines the sample surface area. Measuring
sample wa2ight reductions due to buoyancy
from argcn gas determines density.

This year, the reproducibility of the den-
sity experiments was significantly in-
creased py measuring the buoyancy due to
argon at pressures below half an atmo-
sphere. The reproducibility of the surface
area measurements was increased by outgas-
sing the volcanic ash sample at 300°C or
higher temperatures. Outgassing times,
determined by the stability of the sample
mass, ranged from 1 to 64 hr. Samples of
Mount St. Helens volcanic ash were measured
following these procedural changes (Ta-
ble 3). Density measurements have standard
deviations within 5%; specific surface mea-
surements have standard deviations 1less
than 3%.

TABLE 3. Revised Specific Surface and Area Density of Mount St. Helens Ast.

Specific Surface

Area Measurements

Density Measurements

Ash Size
Collection Fraction, 55A, (D)

Site um m2/g
Compositel® < 3.5 9.8 =+ 0.1
Missoula, MT < 3.5 89 +0.2
Missoula, MT >20° 1.52 4 0.01
Spokane, WA - < 35 9.5 +£0.3
Yakima, WA < 3.5 134 +0.2
Yakima, WA <20 9.8 +0.1
Yakima, WA >20 1.43 £ 0.02

(@) Mixed samples from Yakima, Ritzville and Spokane, WA
(b)Specific surface area

Sahpie S ze, , Sample Size,

mg glcm3 mg
48.1 2.81 +0.09 47.6
23.5 2.78 + 0.06 226

187.7 2.56 = 0.01 187.7
21.8 2.79 = 0.07 21.5
15.0 3.02 £0.18 14.2
30.1

310.1 2.75 £ 0.01 310.1



¢ Inhaled Plutonium Oxide in Dogs

Principal Investigator: J. F. Park

Other Investigators: G. A. Apley, F. G. Burton, A. C. Case, G. E. Dagle, T. C. Kinnas, H. A. Ragan,
S. E. Rowe, R. E. Schirmer, D. L. Stevens, C. R. Watson, R. E. Weller, and E. L. Wierman

Technical Assistance: J. C. Chapman, K. H. Debban, R. F. Flores, D. H. Hunter, A J. Kopriva,
B. G. Moore, C. L. Park, M. C. Perkins, L. R. Peters, and C. A. Pierce

This project is concerned with long-term experiments to determine the lifespan dose-effect relation-
ships of inhaled 29PuQ; and 238PuQ; in beagles. The data will be used to estimate the health effects of

inhaled transuranics.

Beagle dogs given a single exposure to
239py0, or 238py0, aerosols to obtain
graded levels of initial lung burdens are
being observed for Tlifespan dose-effect
relationships. Increased mortality due to
radiation pnuemonitis and lung tumor was
observed in the three highest dose-level
groups exposed to 239Pu0, during the 11-yr
postexposure period. During the 8% yr af-
ter exposure to 228Pu0,, increased mortal-
ity due to Tung and/or bone tumors was ob-
served in the two highest dose-level
groups. Chronic lymphopenia was the ear-
liest observed effect after inhalation of
239pyp, or 238puQ,, occurring 0.5 to 2 yr
after exposure, in the four highest dose-
level groups with an initial lung burden
280 nCi.

To determine the lifespan dose-effect rela-
tionships of inhaled plutonium, 18-mo-old
beagle dogs were exposed to aerosols of
239py0, (mean AMAD, 2.3 um; mean GSD, 1.9),
prepared by calcining the oxalate at 750°C
for 2 hr; or to 238Pu0, (mean AMAD, 1.8
pm; mean GSD, 1.9), prepared by calcining
the oxalate at 700°C and subjecting the
product to H,'®0 steam in argon exchange
at 800°C for 96 hr. This material, re-
ferred to as pure plutonium oxide, is used
as fuel in space-nuclear power systems.

One hundred thirty dogs exposed to 23°Pu0,
in 1970 and 1971 were selected for Tong-

term studies; 22 will be sacrificed to ob-
tain plutonium distribution and pathology
data, and 108 were assigned to lifespan

dose-effect studies (Table 1). One hundred
thirteen dogs exposed to 238Pu0, 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 (following 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 11 yr after exposure to
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TABLE 1. Lifespan Dose-Effect Studies with Inhaled 23°PuO,’
in Beagles.(@)

Number of
Dose Dogs Initial Alveolar Dv;)()\iti(m(h’
Level
Group  Male Female nCile) nCilg Lung!¢!
Control 10 10 0 0
{ 10 0 35 % 1.3 0.029 = 0.011
2 10 10 22 0+ 4 .18 = 0.04
3 10 10 79 + 14 0.66 = 0.13
4 1€ 10 300 £ 62 24 = 04
5 10 10 1100 = 170 9.3 + 1.4
6 3 3 5800 = 3300 50 + 22
63 63
@) Exposed in 1970 and 1971
) Estimated from external thorax counts at 14 and 30 days
postexposure and estimated lung weights (0.011 x body
weight)
€I Mean = 95% confidence intervals around the means
239pu0,. During the first 11 yr following

exposure, all of the dogs in the highest-
level dose group and in Dose Level Group 5,

fifteen in Group 4, five in Group 3, three
in Group 2, six in Dose Level Group 1 and

four in the control group were euthanized
when death was imminent. Fourteen dogs

were sacrificed for comparison of plutonium
tissue distribution. Table 4 and Figure 1
show the primary causes of death and the
distribution of 23°Py in the tissues of

these animals.

As survival time increased, the fraction of
plutonium in the lung decreased to ~10% of
the final body burden by 10 to 11 yr after
exposure. During the first postexposure
year, plutonium was translocated primarily
to the thoracic lymph nodes, with Tlittle

plutonium translocated to other tissues.



TABLE 2. Lifespan Dose-Effect Studies with [nhaled 238Pu0O,
in Beagles.(@)

Number of :
Dose Dogs Initial Alveolar Deposilion“”
Level
Group  Male Female nCit® nCilg Lung!c)
Control 10 10 [¢] 0
[ 10 10 23 % 0.8 0.016 £ 0.007
2 10 10 18 = 3 0.15 = 0.03
3 10 10 77 % 11 0.56 = 007
4 10 10 350 = 81 26 + 05
3 10 10 1300 = 270 10 + 19
6 7 6 5200 =+ 1400 43 + 12
67 66
() Exposed in 1973 and 1974
b Estimated from external thorax counts at 14 and 30 days
postexposure and estimated lung weights (0.011 x body

weight)
I Mean + 95% confidence intervals around the means

Plutonium content of the thoracic lymph
nodes was ~50% of the final body burden at
10-11 yr after exposure; the abdominal

lymph nodes, principally the hepatic nodes,
contained ~15%. The fraction of plutonium
in liver increased, accounting for ~20% of

burden) sacrificed or euthanized during the
4th to 11th postexposure years had a much
smaller fraction of the final body burden
in the livar, with a larger fraction re-
tained in the lungs and/or thoracic lymph
nodes. About 2% of the final body burden
was in the skeleton at 10 to 11 yr after
exposure.

The dogs euthanized because of respiratory
insufficiency during the 3-yr postexposure
period had increased respiration rates, and
hypercapnia and hypoxemia associated with
lesions in the lungs. Intermittent ano-
rexia and body weight loss accompanied the
respiratory insufficiency. Histopathologic
examinatior of the lungs showed radiation
pneumonitis characterized by focal inter-
stitial and subpleural fibrosis, increased
numbers of alveolar macrophages, alveolar
epithelial hyperplasia, and foci of squa-
mous metaplasia. Autoradiographs showed
activity primarily composed of large stars,
more numerous in areas of interstitial and
subpleural fibrosis. Dog 804M alsc had a
pulmonary tumor, classified as a
bronchiolar-alveolar carcinoma.

Thirty-three of the 50 exposed dogs =uthan-
ized 3 to 11 yr after exposure had lung
tumors. Radiographic evidence of pulmonary

TABLE 3. Summary of Lesions in Dogs Euthanized During the 11-yr Period After Inhalation of 239Pu0,.

Number of Dogs/Lesion Assoc ated with Death

<
£ -
¢ T g
Z 5 s 20 S
No. c'g g e E .% E . :\
No. Dead £ g ~ 2 g < —3 E 5
T 3 ap .20 Q = o QO =
Dose Dogs/ Dogs/ =g ¥ g £ =29 3
Group Group Group & 3 32 T =& &
6 8 8 7 1
5 21 21 1 20
4 22 15 10 i 1
3 20 5 2
2 2] 3
1 24 6 1 1 1
Control 20 4 1 1

Cushing’s

Ovarian Tumor

£
D2
2 R
N
s = I Qo £ 9
@ = £ @ Rt c
E O Sz = (o] IS © s S
5 < ) = e) > = w oo 3
£ £ [} v @ T 59 B
-2 = £ 9] o € De £
® 3 S D o e 5 2 5 ©S x
= o« = 2 < T a > ©° 2 €
O xXx&n o ] — vy [inn a WLt DO
2 1

the final body burden at 10 to 11 yr after
exposure in the higher (0.1- to 0.4-pCi
body burden) dose-level groups. The organ
distribution of plutonium in the periodic-
ally sacrificed dogs was generally similar
to that of the high-dose-level dogs euthan-
ized when death was imminent during the
first 2 yr after exposure. The lTower-dose-
level dogs (0.001- to 0.1-pCi final body
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neoplasia was observed before respiratory
insufficiency developed. However, respir-
atory incufficiency was frequently observed
prior to euthanasia due to neoplasia in the
lung. A1l of the exposed dogs with lung
tumors ware in Dose Level Groups 3, 4, 5,
and 6. (One control dog was euthanized due
to a lung tumor. Dogs 794M, 803M, 809F,
824F, and 835F (Dose Level 4), 697M, 778M,



TABLE 4. Tissue Distribution of Plutonium in Beagles After Inhalation of 239Pu0O,.

Percent of Final Body Burden

Time After Final Body Thoracic  Abdominal
Dog Exposure, Burden, Lymph Lymph
Number mo uCi Lungs Nodes®  Nodes®®  Liver Skeleton Cause of Death
478M 0.25 0.293 98 0.15 0.02 0.24 0.18 Sacrifice
435F 0.25 3.841 99 0.1 0.01 0.00 0.03 Sacrifice
816M 0.50 0.399 99 0.12 0.01 0.00 0.03 Sacrifice
918M 1 0.074 99 0.82 0.02 0.1 0.08 Sacrifice
920F 1 0.011 94 0.47 0.03 0.08 0.61 Sacrifice
913M 1 4.849 98 1.1 0.00 0.03 0.05 Sacrifice
702F 5 1.682 94 5.7 0.00 0.01 0.09 Sacrifice
709M 5 1.726 97 2.2 0.00 0.00 0.05 Sacrifice
734M 5 0914 96 34 0.00 0.01 0.05 Sacrifice
739F 5 1.511 95 4.7 0.03 0.00 0.00 Sacrifice
910M 1 12.229 84 15 0.01 0.06 0.05 Radiation Pneumonitis
747F 12 5.434 71 29 0.03 0.07 0.07 Radiation Pneumonitis
906F 12 6.154 88 12 0.00 0.03 0.05 Radiation Pneumonitis
849F 13 0.0007 80 15 0.20 0.04 1.6 Sacrifice
896F 15 4.115 81 15 0.92 0.23 0.12 Radiation Pneumonitis
817M 21 3.794 64 34 0.13 1.4 0.19 Radiation Pneumonitis
815M 25 0.074 64 32 - 0.08 0.10 Sacrifice
829M 26 3.198 75 19 0.79 4.2 0.45 Radiation Pneumonitis
760M N 0.978 71 23 0.57 3.7 0.28 Radiation Pneumonitis
890F 3 2.012 55 28 2.2 13 0.26 Radiation Pneumonitis
804M 37 1101 62 29 0.19 79 0.36 Radiation Pneumonitis, Lung Tumor
798F 43 0.0056 55 44 0.02 017 0.43 Sacrifice
772M 53 1.821 42 22 0.88 29 0.69 Lung Tumor
759M 53 0.707 43 27 12 15 0.65 Lung Tumor
796F 55 0.671 40 31 4.1 21 1.0 Lung Tumor
783M 59 1.377 59 1 1.8 26 0.67 Lung Tumor
873M 62 1.746 45 27 6.4 16 0.76 Lung Tumor
753F 69 1.171 35 31 0.09 24 0.64 Lung Tumor
761TM 69 1.064 36 37 6.3 19 0.53 Lung Tumor
727M 72 0.585 39 24 12 23 0.78 Lung Tumor
762M 72 0.0017 51 42 0.34 071 0.66 Sacrifice
837M 72 1.034 42 38 0.70 14 0.46 Lung Tumor
863F 76 0.617 33 12 1.3 47 1.4 Lung Tumor
852F 77 1.067 33 35 0.88 26 0.94 Lung Tumor
803M 79 0.415 20 46 1 20 1.4 tnterstitial Pneumonitis
875M 83 0.0026 24 66 0.34 0.64 6.3 Malignant Lymphoma, Kidney
754M 84 0.0046 29 66 0.23 0.39 1.2 Status Epilepticus
835F 86 0.099 27 65 0.95 31 1.7 Reticulum Cell Sarcoma
880F 86 0.468 19 31 13 34 0.37 Lung Tumor
769F 90 0.019 36 57 0.32 1.7 1.8 Ovarium Tumor
888M 93 0.179 32 40 10 12 2.1 Lung Tumor
856F 94 0.306 40 45 0.78 9.0 3.9 Lung Tumor
889F 94 0.613 14 27 6.9 41 8.1 Lung Tumor
787M 95 0.473 24 19 12 39 2.7 Lung Tumor
820F 96 0.387 14 40 7.6 29 1.4 Lung Tumor
834F 97 0.025 30 46 17 35 0.9 Pyometra
752M 98 0.055 24 62 1.2 7.7 0.98 Lung Tumor
864F 100 0.616 18 22 29 50 2.9 Lung Tumor
908F 101 0.0073 14 72 0.049 0.56 0.93 Unknown
778M 102 0.065 1 85 1.3 1.0 0.52 Pulmonary Thromboembolism
812M 103 0.288 15 36 29 16 2.2 Lung Tumor
814F 104 0.054 49 33 4.1 10 1.6 Lung Tumor
840F 107 0.389 17 35 5.8 37 2.0 Lung Tumor
777M 109 0.392 1 52 7.8 24 1.7 Lung Tumor
857M 109 0.333 20 39 9.4 27 2.4 Lung Tumor
898F m 0.333 10 34 28 21 3.4 Lung Tumor
899F 113 0.0066 7.5 87 0.14 0.27 1.6 Hemangiosarcoma, Heart
697M 114 0.141 15 64 8.1 9.9 1.4 Cardiac Insufficiency
909M 115 0.444 16 46 N 25 1.2 Lung Tumor
824F 116 0.178 21 75 0.50 2.3 0.70 Pneumonia
891M 116 0.0023 " 84 0.064 0.48 1.5 Septicemia
836M 17 0.333 12 63 15 7.4 0.97 Lung Tumor
892M 120 0.348 10 47 18 20 37 Lung Tumor
794M 120 0.397 13 33 14 31 3.5 Pituitary Tumor, Cushing’s
781F 122 0.034 37 59 0.25 1.1 Q.72 Lung Tumor, Kidney Tumor
809F 123 0.120 12 36 18 28 33 Liver Cirrhosis, Thyroid Tumor
854M 124 0.435 12 66 15 38 1.3 Lung Tumor
807F 125 0.0021 10 71 0.55 1.2 1.3 Pituitary Tumor, Cushing's
810F 126 0.219 5.9 43 20 22 1.8 Lung Tumor
900M 126 0.0016 13 60 2.3 9.0 2.9 Round Cell Sarcoma
748F 127 0.0015 10 50 0.87 0.33 1.2 Unknown
860M 133 0.335 8.2 68 8.0 1 2.5 Lung Tumor

(a) Includes tracheobronchial, mediastinal and sternal lymph nodes
) includes hepatic, splenic and mesenteric lymph nodes
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MONTHS AFTER EXPOSURE

FIGURE 1. Plutonium in Tissues of Dogs After Inhalation of PuO,.

and 834F (Dose Level 3), 748F, 754M and

769F (Dose Level 2), and 807F, 875M, 891M,

899F, 900M and 908M (Dose Level 1) died

during the 7- to 1l-yr postexposure period,
of causes presently thought to be unrelated
to plutonium exposure.

In 17 of the dogs, the lung tumors were
classified as bronchiolar-alveolar carcin-
oma; in six dogs as adenosquamous carcin-
oma; in seven dogs, adenocarcinoma; in one
dog, epidermoid carcinoma; in one dog, epi-
dermoid and bronchiolar-alveolar carcinoma;
and in another dog, adenocarcinoma, adeno-
squamous carcinoma and bronchiolar-alveolar
adenocarcinoma. The epidermoid carcinoma
metastasized to the skeleton; the
bronchiolar-alveolar carcinomas metasta-
sized only to the thoracic lymph nodes in
eight dogs, and to several organs (includ-
ing thoracic lymph nodes, mediastinum, kid-
ney, thyroid, skeleton, heart, adrenal
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gland, aorta, and axillary, prescapular,

cervical, splenic and hepatic lymph nodes)
in four other dogs. Three of the adeno-

squamous carcinomas metastasized to thor-
acic 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 1ymph nodes, hepatic lymph nodes,
heart and esophagus in one dog. The lung
tumor in the control dog was classified as
a bronchiolar-alveolar adenocarcinoma with
metastases to thoracic and abdominal lymph
nodes, trachea, esophagus and mediastinum.

Three of the 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 3, 4, 5 and 6. There was
also a gJeneralized lymphoid atrophy that
may be related to debilitation in the dogs



with respiratory insufficiency, or to
lymphocytopenia. Livers of the dogs in
Dose Level Groups 4 and 5, which were eu-
thanized during the 4- to 1ll-yr postexpo-
sure period, showed moderate, diffuse, cen-
trilobular congestion. Liver cells in
these areas contained fine, granular, yel-
low pigment resembling lipofuscin, and were
frequently vacuolated. Focal aggregation
of vacuolated, lipofuscin-containing cells
in the sinusoids was associated with alpha
stars on autoradiographs.

Lymphopenia developed after inhalation of
239py0, in dose level groups with mean
initial alveolar depositions of 79 nCi or
more (Figure 2). Through 123 mo after ex-
posure, mean lymphocyte values were signif-
icantly Jower (P < 0.05) for Dose Level
Groups 3 and 4 than for the control group.
At 127 mo after exposure, mean lymphocyte
values for Dose Level Groups 3 and 4 were
not significantly different than for the
control groups. The reduction in lympho-
cytes was dose-related, both in time of
appearance and magnitude. Over the course
of this study, there has been a slight age-
related decrease in mean lymphocyte values
of control dogs. In addition, mean lympho-
cyte concentrations in Groups 3 and 4 have
tended to increase, making the differences
between control dogs and these groups less
significant than previously. At mean alve-
olar depositions of 3.5 and 22 nCi, lympho-
cyte values were within ranges observed in
control dogs. A reduction in total leuko-
cytes was evident in the higher dose
groups, which were also lymphopenic. No ef-
fects have been observed on red-cell param-
eters following 23°Pu0, 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 transaminase
[GPT], glutamic oxaloacetic transaminase,
alkaline phosphatase [ALP], urea nitrogen,
and serum protein fractions) of dogs ex-
posed to 239puQ,.

Table 5 summarizes, by dose-level group,
mortality and lesions associated with death
through 8% yr after exposure to 238puQ,.
During the first 8% yr following exposure,
all of the dogs in the highest-level dose
group, fifteen dogs in Dose Level Group 5,
one dog in Group 4, three dogs in Group 3,
one dog in Group 2, and two dogs in Dose
Level Group 1 were euthanized when death
was imminent. Two control dogs were eu-
thanized during the 8%-yr postexposure per-
iod. Twenty-one dogs were sacrificed for
comparison of plutonium tissue distribu-
tion. Table 6 and Figure 1 show the causes
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of death and the distribution of 238pPy in
the tissues of these animals.

0f the 35 exposed dogs euthanized, 21 were
killed due to bone tumors (osteosarcoma), 3
due to lung tumors, and 3 due to Addison's
disease. Ten of the dogs euthanized due to
osteosarcoma also had lung tumors; two also
had Addison's disease. A1l of the exposed
dogs with osteosarcomas, lung tumors and

Addison's disease were in Dose Level Groups
5 and 6. One Dose Level Group 1 dog (989F)
had a fibrosarcoma in the ilium. Ten of

the 21 osteosarcomas were in vertebrae; 2
in femora, 3 in ribs, 2 in the scapulae, 2
in the pelvis, 1 in the tibia and 1 in the
humerus. Dog 1191F (Dose Level 5) 1081M

(Dose Level 4), 960M, 1040M and 1043F (Dose
Level 3) 1082M (Dose Level 2) and 1063M

(Dose Level 1) died during the 3- to 8%-yr
postexposure period, of causes presently

thought to be unrelated to plutonium expo-
sure.

The Tlung tumors were classified as
bronchiolar-alveolar carcinomas in nine
dogs, bronchiolar-alveolar adenoma in one
dog, and adenosquamous carcinoma in two
dogs. In one dog, three lung tumor types
were observed: bronchiolar-alveolar, ad-
enocarcinoma and fibrosarcoma. Lung tumor
metastases were not observed. Bone tumor
metastases were found in the lungs of six
dogs; and in three dogs, the bone tumor me-
tastasized to lungs, thoracic lymph nodes,
liver, spleen and heart. The five dogs
with Addison's disease had adrenal cortical
atrophy.

In addition to the lesions associated with
the cause of death, lesions in the lungs of
the Dose Level Groups 5 and 6 dogs included
focal alveolar histocytosis, alveolitis,
alveolar epithelial cell hyperplasia, alve-
olar emphysema, pleural fibrosis, and in-
terstitial 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. The
tracheobronchial and mediastinal 1lymph
nodes were completely obliterated by ne-
crosis and scarring, associated with high
concentrations of plutonium observed as
alpha stars. Similar but less severe le-
sions were seen in the hepatic lymph nodes.
There were extensive alterations in bone,
including multiple areas of focal atrophy
of bone; endosteal, trabecular and peri-
trabecular bone fibrosis; and osteolysis of
cortical, endosteal, and trabecular bone.
One dog had Tlesions of secondary hyper-
trophic osteoarthropathy. Radioactivity in
the bone was present as single tracks, gen-
erally scattered throughout the bone, car-
tilage, and bone marrow. The liver con-
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TABLE 5. Summary of Lesions in Dogs Euthanized During the 8.5-yr Period After Inhalation of 238PuQ,.

Number of Dogs/Lesion Associated with Death

=
3
33
3 23 <
5 & 55 50 3
No. £ E EE Ex E
No. Dead e FoEe l—-§ =
Dose Dogs/  Dogs/ = 2 g gg Gc;
Croup  Group Group 2 8 &3 82 2
[ 13 13 3 2 6 1
5 20 15 8 3 1
4 20 1
3 22 3
2 21 1
1 20 2 1
Control 20 2

Disease & Lung Tumor

o= lAddison’s Disease

< <

. £ £

< 1S o

IS < c
o s a ]
o O £ 2 o8
E 3 2 I 585 56
3 & - ° S g 2= o
(P - 5 ES 837 o c
> ob oD o] 5 3,__ (W = o]
[ c = [ £
s & T o < = - = €
= = =S = ct ®u £ S
5% Ewm = T =8 £c® 5 2
235 9o < = cov 7Y 3 c
f0 IIL = a oI wio & o

tained foci of hepatocellular fatty change,
where small clusters of single tracks were
seen. There was also mild, focal, nodular
hyperplasia of hepatocytes. Elevated serum
GPT levels, suggestive of Tliver damage,
were observed in the Dose Level Groups 5
and 6 dogs.

Dose-related lymphopenia was observed in

groups with mean alveolar 238py0, deposi-
tion of 77 nCi or more (Figure 3). The

lymphocyte depression was more pronounced,
both in magnitude and earlier appearance,
than in dogs exposed to similar doses of

239pu0,. Through 98 mo after exposure,

mean lymphocyte values were significantly
lTower (P < 0.05) for Dose Level Groups 3, 4
and 5 than for the control group. However,
lymphocyte values in the 238py0,-exposed

dogs tended to increase sooner after reach-
ing a minimum than in 23%Pu0,-exposed

dogs and mean lymphocyte concentrations in
Group 3 dogs were not significantly differ-
ent from values of control dogs 86 to 94 mo
following exposure. As with 23%Pu, lympho-
cyte values in the two lowest exposure

groups (2.3 and 18 nCi) were not different
from control values. A dose-related reduc-
tion in total leukocytes was evident, pri-
marily due to lymphopenia, except in Groups
5 and 6, in which neutropenia was also ob-
served. Through 98 mo after exposure, mean
leukocyte and neutrophil values were sig-
nificantly 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 levels. A significant and
progressive reduction in eosinophils was
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evident only in Group 6 dogs following
238py0, inhalation. No chronic effects
have been observed in red-cell parameters.

Lymphopenia was the earliest observed ef-
fect after inhalation of either 23°py0,

or 238py0,, occurring after deposition of
~80 nCi plutonium in the lungs. On a con-
centration basis, the 80-nCi dose level is
about 40 times the 16-nCi maximum permissi-
ble human lung deposition, based on 0.3

rem/wk to the lung.

In serum chemistry assays of 238Pu0, dogs,
ALP and GPT values were higher than those
of the control group only in Dose Level
Groups 4 and 5 dogs more than 90 mo follow-
ing exposure. Elevations in GPT are con-
sistent with liver histopathologic findings
and radiochemical analyses indicating 238Pu
translocation to the 1iver. Alkaline phos-
phatase was elevated in some of the dogs
with primary bone tumors. Several dogs
have also had elevated ALP attributable (by
heat inactivation of ALP) to the Tiver as
the source of the largest portion of the
ALP.

At 7% to 8% yr after exposure, the fraction
of the final body burden in the lungs of
the 238py-exposed dogs was about 3%, com-
pared to 22% in the 23°Pu-exposed dogs

(Figure 1). At that time, ~21% of the

238py was in the thoracic lymph nodes, com-
pared to ~46% of the 23%Pu, Livers of the
238py-exposed dogs contained ~32% of the
plutonium burden, compared to 28% in the
livers of the 239Pu-exposed dogs. About



TABLE 6. Tissue Distribution of Plutonium in Beagles After Inhalation of 238PuQ,.

Time After Final Body

Percent of Final Body Burden

Thoracic Abdominal

Dog  Exposure, Burden, Lymph Lymph
Number mo uCi Lungs Nodes(@) Nodes®)  Liver Skeleton Cause of Death
1032M 0.25 0.150 97 0.34 0.20 1.7 0.16  Sacritice

921F 1 0.0044 93 0.65 0.04 0.38 2.1 Sacri‘ice

930F 1 0.052 99 0.63 0.01 0.07  0.35 Sacriiice

931F 1 0.347 96 1.9 0.01 0.05 0.36 Sacrifice

929F 2 0.017 91 7.5 0.002 0.26  0.58 Sacrifice

932F 2 0.382 96 2.5 0.01 0.18  0.39 Sacrifice

923F 2 0.0023 88 9.4 0.03 0.09  0.44 Sacrifice

925M 3 0.0064 91 4.1 0.04 0.04 1.2 Sacrfice

926M 3 0.078 87 A 0.23 0.65 1.1 Sacr fice

934M 3 0.902 92 4.8 1.7 0.45  0.95 Sacrfice
1318M 12 0.030 45 27 0.08 10 15 Sacrifice

1319M 12 0.077 41 26 0.03 11 20 Sacrifice
1214M 13 0.014 52 9.2 0.32 6.2 16 Sacrifice

1310M 25 0.026 19 36 0.08 15 28 Sacrifice

1317M 25 0.041 20 33 0.t6 17 26 Sactifice

1315M 25 0.047 22 31 0.04 17 28 Sacrifice

1191F 35 0.658 26 32 0.13 18 22 Pneumonia

1215M 36 0.011 21 43 0.17 13 21 Sacifice

1311M 37 0.036 13 3i 0.22 21 32 Sac-ifice

994F 42 5.024 17 45 0.50 18 18 Addison’s Disease

970F 48 0.0022 20 34 0.36 16 24 Sacrifice

1312M 49 0.035 6.8 29 0.26 25 35 Sacrifice

1143M 49 6.331 11 43 2.0 15 22 Bone Tumor, Lung Tumor
1025M 50 10.033 16 27 7.1 24 23 Lung Tumor

1064M 51 8.427 13 48 19 15 20 Boe Tumor, Lung Tumor
1175F 52 3.641 14 31 0.08 25 26 Lung Tumor
1079M 56 2.182 9.8 40 4.3 13 25 Addison’s Disease
1096F 59 1.204 4.3 22 2.7 36 24 Addison’s Disease
1189M 60 0.044 8.9 25 0.16 37 25 Sacrifice
1115F 61 1.534 5.0 32 23 26 33 Bone Tumor
1162F 61 3.663 12 32 5.9 21 25 Bone Tumor, Addison’s Disease
1009M 62 4.360 15 25 2.4 31 23 Lung Tumor

974F 64 1.465 5.1 24 5.9 33 29 Bcne Tumor
1092M 65 1.515 2.1 26 9.1 29 30 Bane Tumor

975F 66 3.749 11 30 2.1 28 25 Boune Tumor, Lung Tumor
1042F 69 1.494 4.7 25 29 32 33 Bone Tumor, Lung Tumor
1037M 69 2.417 7.1 27 7.8 28 27 Bone Tumor
1027M 70 2.546 38 15 7.0 40 31 Bone Tumor, Lung Tumor
1006F 72 2.826 7.5 30 3.4 29 26 Bone Tumor, Lung Tumor
1057M 72 1.748 3.0 35 2.2 33 24 Bone Tumor
1082M 78 0.0083 2.4 20 0.31 40 34 Paralysis
1081M 80 0.361 4.6 15 0.48 47 29 Hemangiosarcoma, Heart
1058F 80 1.000 2.0 18 4.4 31 41 Bone Tumor, Adrenal Tumor
1002M 84 1.786 2.9 31 2.0 31 28 Bone Tumor, Lung Tumor
1109F 86 0.885 093 23 4.0 34 35 Bone Tumor, Addison’s Disease, Lung Tumor
1218F 86 0.678 2.7 23 4.1 42 25 Bone Tumor

1071TM 91 1.088 5.4 28 3.4 27 33 Bone Tumor, Lung Tumor
1063M 94 0.00060 3.4 15 1.3 22 43 Eone Tumor, Heart Tumor
1160F 95 0.956 1.6 21 0.91 43 30 Eone Tumor, Lung Tumor

960M 95 0.036 4.0 21 0.49 33 39 Malignant Lymphoma
1040M 96 0.059 3.0 17 0.96 40 35 Parathyroid Adenoma
1140M 97 0.504 3.8 18 7.7 37 30 Bone Tumor

989F 99 0.0017 5.1 1 1.2 22 29 Bone Tumor (Fibrosarcoma)
1211M 99 0.895 1.3 29 4.7 39 23 Bone Tumor
1173M 99 0.462 2.0 33 7.5 21 33 Bone Tumor
104 3F 103 0.037 3.5 16 0.57 33 42 2ituitary Tumor, Cushing’s

(@) includes tracheobronchial, mediastinal and sternal lymph nodes
(b)includes hepatic, splenic and mesenteric lymph nodes
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FIGURE 3. Mean Leukocyte, Neutrophil and Lymphocyte Values in Dogs After Inhalation of 238Pu0,,
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33% of the final body burden was in the 239py-exposed dogs. Tissue distribution of
skeletons of the 238py-exposed dogs, at 238py in low-dose-level dogs did not differ

that time, compared to less than 3% in the from that in high-dose-level dogs.
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¢ Inhaled Plutonium Nitrate in Dogs

Principal Investigator: G. E. Dagle

Other Investigators: R. R. Adee, G. A. Apley, A. C. Case, }. F. McShane, G. ). Powers, H. A. Ragan,
S. E. Rowe, R. E. Schirmer, D. L. Stevens, R. E. Weller, and E. L. Wierman

Technical Assistance: W. ). Chandon, J. C. Chapman, K. H. Debban, R. F. Flores, A. J. Kopriva,
K. M. McCarty, B. G. Moore, C. L. Park, M. C. Perkins, and L. R. Peters

The major objective of this project is to determine dose-effect relationships of inhated 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 2%Pu(NQOs)4, in 1976 and 1977.
The earliest biological effect was on the hematopoietic system; as described in previous Annual
Reports, lymphopenia and neutropenia occurred at the two highest dose levels. We have also
observed radiation pneumonitis, lung cancer, and bone cancer at the highest dose levels.

The skeleton and liver are generally con-
sidered the critical tissues after inhala-
tion of "soluble" plutonium (e.q., pluton-
ium nitrate), on the assumption that the
plutonium will be rapidly translocated from
the Tung to skeleton and liver. In several
rodent studies, however, inhalation of
"soluble" plutonium has resulted in lung
tumors as well as skeletal tumors. Life-
span studies are necessary to evaluate the
complex interactions between tissues and
organ systems directly or indirectly im-
paired by lower levels of exposure. Beagle
dogs were chosen to correlate relative
risks, determined in other studies, with
different forms and routes of exposure to
plutonium.

Six dose groups (105 dogs) were exposed, in
1976 and 1977, to aerosols of 239Pu(N0j),
for Tifespan observations (Table 1). 1In

addition, 20 dogs were exposed to nitric

acid aerosols as vehicle controls, 25 dogs
were exposed to aerosols of 239Py(NO;), for
periodic sacrifice to study plutonium me-

tabolism and the pathogenesis of developing
lesions; seven dogs were selected as con-

trols for periodic sacrifice; and 20 dogs

were selected as untreated controls for

lifespan observations. The dogs were ex-

posed in aerosol chambers, using techniques
described in previous reports. The Ap-

pendix (following the entire Annual Report)
shows the current status of each dog on

these experiments.

The initial deposition and early clearance
of inhaled 23°Pu(N03), aerosols were dis-
cussed in previous Annual Reports. The
fraction of plutonium in the Tung decreased
to less than 5% of the final body burden in
dogs surviving 4 yr or more (Table 2).
There was early translocation to the liver
and skeleton, with an average of 35% and
52%, respectively, of final body burden
present in these tissues in dogs surviving
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TABLE 1. Lifespan Dose-Effect Studies With Inhaled
239Pu(NO;), in Beagles.(@

Number of Dogs tnitial Alveolar Depositiont¢)
Dose Level
Group Male Female nCifc! nCifg Lung!<!
Control 10 10 0 0
Vehicle 10 0 0 0
1 10 10 2 2 0.02 = 0.02
2 10 H) 8 * + 0.06 = 0.04
3 1€ 1) 56 b7 05 = 0.2
4 10 10 295 £ 67 2 + 0.8
5 10 10 1709 = 639 14 )
6 3 2 5445 = 1841 a7 + 17

@) Exposed in 1976 and 1977

biEgtimated from external thoracic counts at 2 weeks
exposure and estimated lung weights (0.011 x body
weight)

() Mean = standard deviation

post-

4 yr or more. Only minimal amounts were
translocated to thoracic or abdominal lymph
nodes. This was in contrast to dogs that
inhaled 23%Pu0,, in which a considerable
amount translocated to the thoracic lymph
nodes, but only minimal amounts translo-
cated to liver or skeleton at these time
periods.

The earliest observed biological effect was
on the hematopoietic system: lymphopenia
occurred at the two highest dose levels at
4 wk after exposure to 23%Pu(N03)4. The

results of these continuing evaluations are
shown in Figure 1. Total leukocyte concen-
trations were reduced significantly in the
two highest dose groups, i.e., Group 5

(mean initial alveolar deposition, ~1700
nCi), and Group 6 (~5500 nCi). The reduc-
tion in white cells in Groups 5 and 6 is

due to an effect on most leukocyte types



TABLE 2. Tissue Distribution of Plutonium in Beagles After Iinhalation of 239Pu{NO4),.

Percent of Final Body Burden

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

Number mo uCi Lungs  Nodes'd) Nodes(b) Liver  Skeleton Cause of Death

1359M 0.1 0.080 90.50 0.15 0.06 2.46 3.20 Sacrifice

1375F 0.1 0.073 89.61 0.14 0.01 0.97 4.68 Sacrifice

1407F 0.1 0.092 51.87 0.41 0.13 10.99 18.70 Sacrifice

1389M 0.5 0.053 24.07 0.38 0.08 41.28 26.21 Sacrifice

1390M 0.5 0.051 24.62 0.32 0.1 20.05 44.45 Sacrifice

1445F 0.5 0.057 26.42 0.32 0.11 21.28 44.73 Sacrifice

1329F 1 0.485 70.05 0.16 0.04 8.28 18.79 Sacrifice

1346M 1 0.902 76.81 0.32 0.03 10.45 10.30 Sacrifice

1347F 1 0.699 71.71 0.36 0.08 9.33 14.09 Sacrifice

1336M 1 0.032 71.38 0.22 0.05 5.72 19.73 Sacrifice

1341F 1 0.022 64.43 0.29 0.10 12.92 18.63 Sacrifice

1344F i 0.052 58.68 0.25 0.04 21.87 16.09 Sacrifice

1335M 1 0.003 19.52 0.07 0.06 6.68 25.04 Sacrifice

1339F 1 0.001 19.08 0.13 0.08 20.92 45.47 Sacrifice

1351M 1 0.002 40.68 1.22 0.09 17.09 28.89 Sacrifice

1522F 3 0.059 54.68 0.57 0.10 11.52 28.24 Sacrifice

1529F 3 0.049 51.68 0.40 0.07 18.48 23.74 Sacrifice

1539M 3 0.072 52.45 0.31 0.05 18.38 25.03 Sacrifice

1564F 12 0.037 18.00 1.27 0.1 33.53 42.63 Sacrifice

1571F 12 0.053 22.37 1.47 0.11 28.76 429 Sacrifice

1588M 12 0.053 13.14 0.40 0.12 35.85 46.18 Sacrifice

1424M 14 4.625 33.10 1.43 0.16 26.49 36.88 Radiation Pneumonitis

1517F 16 4.025 18.99 0.94 0.18 2951 47.88 Radiation Pneumonitis

1510F 17 4.048 22.00 1.15 0.05 20.71 52.00 Radiation Pneumonitis

1420M 25 1.616 16.51 0.86 0.20 T77 70.06 Radiation Pneumonitis

1471M 34 1.375 9.25 0.73 0.12 2692 58.34 Radiation Pneumonitis

1518M 42 1.880 6.87 0.24 0.07 21.34 67.51 Radiation Pneumonitis
+ Lung Tumor

1512M 42 2.136 431 0.60 0.08 49.9: 42.66 Bone Tumaor

1508M 43 1.730 3.24 0.62 0.08 41.5% 52.70 Bone Tumor

1459F 51 1.567 4.40 0.15 0.12 30.86 61.41 Radiation Pneuronitis
+ Lung Tumor

1492F 52 1.202 2.81 0.20 0.17 27.02 66.38 Bone Tumor

1502F 54 3.113 0.80 0.39 0.09 33.33 6251 Bone Tumor, Lung Tumor

1485F 55 1.052 0.82 0.35 0.07 31.13 63.94 Bone Tumor

1387F 55 0.167 1.41 0.22 0.12 45.43 49.10 Bone Tumor

1429M 59 1.159 413 0.35 0.10 37.05 54.70 Bone Tumor, Lung Tumor

1598F 60 0.058 0.90 0.14 0.17 24.44 31.62 Sacrifice

1576M 60 0.065 1.54 0.36 0.13 46.23 39.15 Sacrifice

1605F 60 0.025 1.87 0.11 0.12 52.32 39.37 Sacrifice

1498F 69 0.845 0.59 0.29 0.13 26.€5 53.40 Bone Tumor, Lung Tumor

@) ncludes tracheobronchial, mediastinal and sternal lymph nodes

®)includes hepatic, splenic and mesenteric lymph nodes

(neutrophils, lymphocytes, monocytes and
eosinophils). This is in contrast to the
effects of both 23%Pu0, and 238Pu0,,

which significantly depressed lymphocyte
concentrations by 21 mo after exposure to
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initial lung burdens of ~80 nCi or more.
The lymphocytopenia at lower dose levels of
plutonium oxides may be related to the
more-extensive translocation of plutonium
oxide to the tracheobronchial lymph nodes.
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A1l five dogs at the highest dose level and
two of 20 dogs at the medium-high dose lev-
el died from radiation pneumonitis 14 to 51
mo after exposure. Histopathologic examin-
ation of these dogs' lungs revealed inter-
stitial fibrosis, alveolar epithelial hy-

perplasia, increased numbers of alveolar

macrophages, occasional small emphysematous
cavities and, at times, very small nodules
of squamous metaplasia at the termini of

respiratory bronchioles.

Small, multiple, bronchioloalveolar carcin-
omas occurred in two dogs with radiation
pneumonitis and in three additional dogs
euthanized because of osteosarcomas. Typ-
ically, these arose in subpleural areas in
proximity to areas of interstitial fibrosis
or small cavities communicating with bron-
chioles. They were composed of irregular
proliferations of cuboidal epithelial
cells, forming aggregates of epithelial
cells extending into adjacent alveoli. A
similar small, solitary lung tumor was ob-
served in a dog from the Group 3 dose level
sacrificed 62 mo after exposure. No metas-
tases or invasions of nonpulmonary paren-
chyma were observed.

Osteosarcomas were present in eight dogs
euthanized 42 to 69 mo after exposure:

seven dogs from the Group 5 dose level and
one dog at the Group 4 dose level. The

osteosarcomas occurred singly, in humerus,
pelvis, sacrum, cranium, and in cervical,
thoracic, and lumbar vertebrae. These dogs
also had radiation pneumonitis, as de-

scribed previously, as well as radiation
osteosis. The osteosis was generally char-
acterized by peritrabecular fibrosis, com-
posed of relatively hypocellular collagen
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fibers, and was observed partially sur-
rounding trabeculae in vertebrae, femora,
and ribs.

Autoradiographs of liver sections from dogs
euthanized 3 to 5 yr after inhalation expo-
sure to the higher dose levels of
23%py(N03), were compared with Tiver
sections from dogs exposed to levels of
239py0, that yielded similar concentra-
tions of plutonium in the liver at similar
intervals after exposure. The auteradio-
graphs showed that the nitrate-exposed dogs
had >99% o® plutonium activity in diffusely
distributed single tracks (only rarely in
alpha sta~s), whereas the oxide-exposed
dogs had >99% of the plutonium activity
concentrated in alpha stars (only rarely in
single tracks). The difference in micro-
distribution and character of the alpha
activity probably influenced the biclogical
effect.

Serum enzyme assays have been performed
throughout. the postexposure period in an
attempt to diagnose specific damage to
1iver and/or bone by plutonium translocated
by the lung. Although periodic elevations
occurred in mean values for glutamic pyru-
vic transaminase, glutamic oxaloacetic
transaminase, and alkaline phosphatase,
there were no dose-related or dose-
consisten: elevations in these values. The
periodic excursions in mean values were
usually because of high values in one or
two dogs at a particular sampling period,
and occurred in all treatment groups, in-
cluding controls.

These studies will continue in the future.



e Inhaled Transuranics in Rodents

Principal Investigator: C. L. Sanders

Other Investigators: J. Mahaffey, J. M. Morris, and K. Rhoads

This project examines the interactions of external and internal radiation from mixtures of radionuclides
present within the nuclear fuel inventory. The objective of the project is to evaluate the effects of
mixed radiation insults, using “key” radiation sources as indicative of overall processes that may occur
following release of nuclear fuel into the air. Previously initiated studies of immunological effects of
plutonium inhalation are also being completed as part of this project.

The Titerature was reviewed, and considera-
tion was given to technical aspects of ad-
ministering mixed radiation insults in
order to develop the experimental design.
Animals will be exposed to three inhaled
beta/gamma emitters of differing energies,
or to two inhaled alpha emitters (one that
is insoluble in the lung and one that is
soluble), in a regimen that will result in
approximately uniform, whole-body exposure.
The regimens are:

External whole-body exposure to ©9Co
gamma rays

Internal, nearly whole-body exposure
to a low-energy beta ray given as
tritiated water

85,905y as a high-fired oxide, by
inhalation

144Ce as a high-fired oxide, by inha-
lation

239py as a high-fired oxide by inha-
lation

244Cm as a high-fired oxide by inha-
lation.

This mixture of radionuclides will provide
differing radiation doses in space and time
and differing energies and LETs. Emphasis
is on tumor formation in the lung, liver,
bone and bone marrow following mixed radia-
tion insults.

The first phase of the study determined the
LDso, 30y dose following acute, whole-body
expogur to gamma rays from %°Co (Fig-
ure 1). The dose was found to be 800 rad.
In future studies, Wistar rats will be ex-
posed to external gamma irradiation so as
to receive one-half the LD50(30) dose.

In the second phase of the study we ex-

amined the influence of mixed radiation
exposures on the metabolic fate of individ-
ual radionuclides. In the first experi-
ment, two groups of 35 female Wistar rats

65

0.01 O O—
0.1[—
0.05 |—
1 —
s 5
>
; 10 —
o
S5 20—
[7,]
2 B
3 40—
g -
Z 60}
2 0
< N
(@] 80 —
[
Z 90—
[&]
EJ 95 |—
98|
99 [—
998}
99.9 |—
99.99 | | |
600 800 1000

RADIATION EXPOSURE, rad

FIGURE 1. LDy 3, Curve for Wistar Rats Exposed to ®0Co
Gamma Radiation.

that were previously unexposed or had re-
ceived a whole-body gamma dose of 400 rad/
day previously were exposed by inhalation
to a high-fired aerosol of 23%puQ,
(tagged with 169Yh to facilitate external
counting). A second study was identical to
the first except rats were exposed to an
aerosol of high-fired 244Cm0,.

In a third study of this phase, two groups
of 35 rats each were given a single inhala-
tion exposure to a mixture of 23%py0, and
2440m0,, calcined together in a ratio of
1:1 by activity, with no 16°Yb-tagged
239py,  For each study group, five rats



were whole-body-counted and killed at O,
3, 7, 14, 35, 70 and 120 days after inhala-
tion. Animals were also killed for tissue
analysis of radionuclide content.

Body. burdens at 7 days after inhalation
were 37 nCi for plutonium only, 39 nCi for
plutonium + external gamma, 68 nCi for cur-
ium only, 71 nCi for curium + external gam-
ma and 43 nCi for plutonium + curium. By
120 days after exposure, the body burdens
had decreased to 18, 26, 43, 45 and 43%,
respectively, of the 7-day body burdens.
Based only on whole-body-counting data, it
appeared that external whole-body gamma
irradiation resulted in a higher retention
of plutonium (Figure 2). However, whole-
body gamma irradiation did not appear to
significantly alter the whole-body clear-
ance of the much more soluble transuranic,
curium (Figure 3). The clearance of curium
from the 1lung following inhalation of
curium-plutonium particles was similar to
the clearance of curium inhaled alone (Fig-
ure 4), indicating that the curium sepa-
rated from plutonium, bebhaving in the lung
as if the plutonium were not present.
Scintillation counts of curium and pluton-
ium levels in tissues are not yet avail-
able.
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In the immunology studies, cell-mediated
immunity and distribution of T-Tymphocytes
were measured in rats after exposure to
high-fired 239pu0,. Cellular immunity
was measured with mitogen-induced lympho-
cyte activation assays, using cells from
peripheral blood and spleen stimulated with
T- or B-cell-specific mitogens. The mito-
gens used were concanavalin-A (Con-A) and
phytohemagglutinin (PHA), T-cell-specific
plant Tectins; pokeweed mitogen (PWM),
mainly B-cell-specific; and bacterial 1ipo-
polysaccharide (LPS), a B-cell-specific
agent. The distribution of T-lymphocytes
in spleen-cell preparations of control and
exposed animals was based on the uptake of
3H-uridine.

Rats were divided into three groups: 1) un-
exposed controls; 2) low-dose 232Py inhala-
tion; and 3) high-dose 23°py inhalation
groups (Table 1). Measurements were made
at 28 days, 105 days and 253 days after
exposure. The initial alveolar deposition
and the calculated rad dose to lungs (based
on 189Yb whole-body counts) and 23°Pu lung
counts for each group of animals are shown
in Table 1. At 30 days, no significant
changes in exposed rats, when compared to
controls, were seen in: body or spleen

weights, mitogen responses of spleen or
peripheral-blood lymphocytes, or in uptake
of 3H-uridine by spleen-cell preparations.
At 105 days, a statistically significant
reduction in responses of spleen cells to
PWM and LPS were observed in both exposed
groups. Also, the uptake of 3H-uridine by
spleen-cell preparations from the high-dose
group was significantly reduced when com-
pared to controls. The peripheral-blood
lymphocyte responses of both exposure
groups to PHA and PWM was significantly
increased when compared to control values.
At 253 days after exposure, we continue to
observe a statistically significant reduc-
tion in the response of spleen cells to PWM
and LPS. However, the response of
peripheral-blood lymphocytes from exposed
animals was not significantly different
from values observed for controls.

These observations are consistent with a
direct effect on the humoral immunity of
plutonium-exposed animals that would lead
to a reduced capacity for antibody respon-
siveness to new antigenic challenges. At
none of the exposure periods was lympho-
penia observed in exposed rats, nor were
there any significant differences in body
or spleen weights for the exposed groups
when compared to controls.

TABLE 1. Immunological Effects of Inhaled 239Pu0, in Rats.

Statistically Significant Immunological Changes
in Lymphocytes

Initial
Alveolar Time of Sacrifice  Rad Dose to Lung Spleen Cell Peripheral Blood
Deposition, After Exposure, on Day of Mitogen Response,  Mitogen Response,  T-Lymphocyte

N nCi days Sacrifice %(a,b) 9,(,b) Levels

10 28 0 0 0

11 110+t 6.8 28 262 £ 15.7 0 0 0

8 126.5 + 36.6 28 287.3 £ 79.8 0 0 0

10 - 105 0 0 0

11 99+ 58 105 487 + 287 PWM () 2 PHA 4(C) 44 0
LPS A\ 26 PWM 4 11 0

8 125.6 £ 33.5 105 609.9 = 163.7 PWM 4 23 PHA ¢ 16 Q
LPS + 27 PWM ¢ 74 0

10 - 253 0 0 0

10 58 3.7 253 427 + 274 PWM ¢ 26 0 0
LPS ¥ 15 0 0

9 145.6 = 30.6 253 833.0 £ 125.1 PWM ¢ 26 0 0
LPS ¥ 29

(@) percent change from control
b)p<0.05
(©) Arrows indicate direction of change






® Low-Level 2°PuQ; Lifespan Studies

Principal Investigator: C. L. Sanders

Other Investigators: J. A. Mahaffey and K. E. McDonald

The overall purpose of this project is to determine the dose-response curve for lung-tumor incidence
in rats following inhalation of 29Pu0, at levels producing a lifespan radiation dose of from about 1 to
over 1000 rad. About 40% of all lifespan exposed and sham-exposed rats are now on experiment. We
have demonstrated the usefulness of 19Yb as a tag to estimate initial alveolar deposition of 23%Pu at all

dose levels in the lifespan portion of the study.

A master 239Pu0, lung clearance curve is
being constructed to calculate radiation
dose to the lung at death for individual
rats. This curve is based on initial al-
veolar depositions as measured by 169Yb
counts at 7 and 14 days after exposure.
For this metabolism study, a group of 70
rats was exposed to an aerosol of 169Yb-
239py0,, resulting in a mean initial alveo-
lar deposition of about 10 nCi 239py.
Groups of five rats were killed at inter-
vals for up to 1 yr after exposure. Whole-
body counts for 189Yb were performed peri-
odically, and all excreta and tissues were
analyzed for 16%yb and 239py contents.

A preliminary analysis of these data shows
that 16%Yb whole-body counting is a good
indicator of 239Pu contents in the lung up
to about 15 days after exposure; after this
period it appears that 169Yp is retained in
the body to a greater degree than is 239py
(Figure 1). Even so, statistical correla-
tions of 169Yb whole-body counts and actual
239py found in the lung using liquid scin-
tillation counting indicate continuing sig-
nificant correlations up to 64 days after
exposure,

Nearly 40% of all 1lifespan-exposed and
sham-exposed rats have been placed on the
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FIGURE 1. Lung Clearance of Inhaled '09Yb-239PuQ, by Rats Given a Single, 30-min Exposure Resuiting in an Initial Alveolar
Deposition of About 10 nCi 239Pu. Actual 239Pu levels in the lung from periodic sacrifices are shown in the bottom curve
(n = 5). Estimated 23%Pu levels in the lung from whole-body counts of 109Yb are shown on the top curve (n = 25 to 65);

bars represent standard errors around the mean.
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study as of October 1982 (Table 1). A1l
rats given target initial alveolar deposi-
tions of 2, 4, 8, 16, 32, 64 or 128 nCi
239py are on study; about one-third of the
1-nCi 239Py group has also been exposed.

Only four exposed rats and one control rat
have died; three deaths, at the highest
exposure level, were due to radiation pneu-
monitis.

TABLE 1. Protocol for Low-Level 239Pu0, Study.

Initial Afveolar No. Rats on Lifespan Study

No. Rats as Controls No. Exposed Rats(@)

Deposition, nCi

Killed at 14 Days

239py Projected  Current  Dead Projected  Curent  Dead After Exposure
0.5 1020 - - 510 - - 170
1 510 180 0 255 90 0 85
2 210 210 0 105 105 0 34
4 100 100 0 45 45 0 15
8 60 60 0 30 30 0 10
16 60 60 1 30 30 0 10
32 60 60 0 30 30 0 10
64 60 60 0 30 30 0 9
128 60 60 3 30 30 1 8

(a) About 5 rats are routinely killed at 14 days after exposure in each group of 35 exjosed rats; the 239Pu contents of the lung as
measured by liquid scintillation are compared with estimated 239Pu contents based upon whole-body counts for 69Yb,
providing a continuing check of the accuracy of our estimation procedures for 239Pu initial alveolar deposition.
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o Inhalation Hazards to Uranium Miners

Principal Investigator: F. T. Cross

Other Investigators: R. L. Buschbom, G. E. Dagle, R. E. Filipy, P. O. Jackson, S. M. Loscutoff, and

R. F. Paimer

Technical Assistance: G. Brodaczynski, C. R. Petty, and W. L. Skinner

This project is investigating levels of uranium mine air contaminants, using both large and small exper-
imental 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 relation-
ships for these diseases are based on inadequate epidemiological data. This project identifies agents or
combinations of agents (both chemical and radiological), and their exposure levels, that produce respi-
ratory tract lesions, including respiratory epithelial carcinoma, pneumoconiosis, and emphysema.

Small-Animal Studies

Approximately 2000 male, specific-pathogen-
free Wistar rats are currently on study;

the 4000 and 5000 Series experiments (Ta-

bles 1 and 2) are designed to clarify the

roles of unattached RaA daughters, and the
degree of radon daughter disequilibrium, in
the development of respiratory system dis-
ease. The 6000 and 7000 Series experiments
(Table 3) 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 4) are designed
to extend the exposure-response relation-
ships to levels appropriate to current ex-
posure conditions in the mines and to 1ife-
time environmental exposures. The expo-

TABLE 1. Radon-Daughter Unattachment Fraction Study in
Rats (4000 Series experiments).

Total

Exposure Regimen(‘“ Exposure, wimib)

500 WL Radon Daughters
Low RaA Unattachment (~2%)
~13 mg/m? Uranium Ore Dust

500 WL Radon Daughters 5120
Intermediate RaA Unattachment {(~10%)

~0.7 mg/m? Uranium Ore Dust

500 WL Radon Daughters 5120

High RaA Unattachment (~24%)
~0.4 mg/m? Uranium Ore Dust

Controls

()32 animals in each group, exposed 90 hr/wk

(b)Working level (WL is defined as any combination of the
short-lived radon daughters in 1 liter of air that will result
in the utlimate emission of 1.3 x 10°> MeV of potential
a-energy. Working Level Month (WLM) is an exposure
equivalent to 170 hr at a 1-WL concentration,
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TABLE 2. Radon-Daughter Disequilibrium Study in Rats
(5000 Series experiments).

Total

Exposure Regimen(®
Exposure, wimb)

Daughter Equilibrium Ratios

Rn RaA RaB RaC-C’

1 0.9 0.4 0.2 5120
1 0.5 0.07 0.01 5120
Controls

(@32 animals in each group, exposed 90 hr/wk at 500 WL
and 15 mg/m?3 uranium ore dust

(b)Working Level (WL) is defined as any combination of
the short-lived radon daughters in 1 liter of air that will
result in the ultimate emission of 1.3 x 10° MeV of
potential a-energy. Working Level Month (WLM) is an
exposure equivalent to 170 hr at a 1-WL concentration.

sures of 7000 and 8000 Series animals are
currently in progress; the exposures of
4000, 5000 and 6000 Series animals are com-
pleted; a few of the 6000 Series animals
are still 1iving.

We have concluded that the most significant
lesions related to radon daughter and carn-
otite ore-dust exposures in the 4000 and
5000 Series experiments are neoplastic and
non-neoplastic lesions of the respiratory
tract. Histopathologic data for these Te-
sions and survival times are shown in Ta-
ble 5.

The data in Table 5 suggest that high dis-
equilibrium of radon daughters (column 5)
is associated with a higher risk than mod-
erate disequilibrium (column 2). Further-
more, the risk increases with RaA unattach-
ment level (columns 2 and 3) but appears to



TABLE 3. Exposure-Response Relationship Study for
Radon-Daughter Carcinogenesis in Rats (6000 Series
experiments).

Number of Total
Animals(a) Exposure Regimentb.c) Exposure, WiMId)
32 1000 WL Radon Daughters 10,240
15 mg/m3 Uranium Qre Dust
32 1000 WL Radon Daughters 5120
15 mg/m? Uranium Ore Dust
32 1000 WL Radon Daughters 2560
15 mg/m? Uranium Ore Dust
32 1000 WL Radon Daughters 1280
15 mg/m3 Uranium Ore Dust
64 1000 WL Radon Daughters 640
15 mg/m? Uranium Ore Dust
128 1000 WL Radon Daughters 320
15 mg/m3 Uranium Ore Dust
32 Controls

(@) Number of animals is sufficient to detect the predicted incidence
of lung tumors at the 0.05 to 0.1 fevel of significance,
assuming linearity of response between 0 and 9200 WLM
(see footnote d), and 0.13% spontaneous incidence.

(b) Exposure rate, 90 hriwk: planned periodic sacrifice.

(€} Study will be repeated @ 100 WL rate {without periodic
sacrifice) to augment previous limited exposure-rate data
(7000 series experiments).

(d)Working Level (WL) is defined as any combination of the
short-lived radon daughters in 1 titer of air that will result
in the ultimate emission of 1.3 x 10° MeV of potential
a-energy. Working Level Month (WLM) is an exposure
equivalent to 170 hr at a 1-WL concentration. Previous
exposure at 900 WL for 84 hr/wk to 9200 WLM produced
a 60% incidence of carcinoma.

decrease at the highest RaA unattachment
level (column 4). In view of the signifi-
cant decrease 1in survival time, the de-

crease at the highest RaA unattachment lev-
el may be more apparent than real. The

high incidence of non-neoplastic lesions in
this group of animals is supportive evi-

dence that a competing risk analysis should
be performed on the data.

Large-Animal Studies

Thirty-five beagle dogs are currently on
study to determine the pathogenic role of
inhalation exposure to carnotite uranium
ore dust. We are particularly interested
in clarifying the role of the ore dust in
the production of the massive pulmonary

fibrosis observed in an earlier study, in
which beagle dogs were exposed to radon

daughters and mixtures of uranium ore dust
and cigarette smoke. The present study

(chronic, head-only exposures) began when
the dogs were about 2% yr old. Along with
routine physical examinations and periodic
hematologic and clinical chemistry measure-
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TABLE 4. Low Exposure-Response Relationship Study for
Radon-Dat ghter Carcinogenesis in Rats.

Number of Total
Animals'a) Exposure Regimen(D) Exposure, Wim{C)
64 100 WL Radon Daughters p40(d)
15 mg/m? Uranium QOre Dust

64 100 WL Radon Daughters 320(d)
15 mg/m* Uranium Ore Dust

160 100 WL Radon Daughters 160

15 mg/m?® Uranium Ore Dust

35. 100 WL Radon Daughters 80
15 mg/m* Uranium Ore Dust

448 100 WL Radon Daughters 40
15 mg/m? Uranium Ore Dust
512 100 WL Radon Daughters 20

15 mg/m* Uranium Ore Dust

160 Controls

(@) Number of inimals is sufficient to detect lung tumors at the 0.05 to
0.1 level of signiticance, assuming linearnty of response
between 0 and 640 WILM (see footnote ¢), and 0.13%
spontaneot s incidence.

DlExposure rcte, 90 hriwk; planned periodic sacrifice of 32
animals from group

{CiRecent expasures indicate a tumor incidence of 16% at 640
WLM. Warking Level (WL) is defined as any combination of
the short-lived radon daughters in 1 liter of air that will result
in the ultimate emission of 1.3x 10> MeV of potential
a-energy. \Working Level Month (WLM) is an exposure
equivalent to 170 hr at a 1-WL concentration.

(d)Repeat exposure is tor normalization with Table 3 data.

ments, histopathologic, radiometric, morph-
ometric and pulmonary function evaluations
were conducted on these dogs.

The only significant pulmonary-function
change atiributed to carnotite uranium-ore-
dust exposure (at ~15 mg/m3, for 4 hr/day,
5 days/wk) is an increased slope of the
single-breath N, washout curve, suggesting
an uneven distribution of ventilation.
This change was observed in dogs exposed
for less than 1 yr and continued without
increase through 5 yr of exposure. Mea-
surements of pulmonary resistance, made
through 5 yr exposure, showed slight age-
related changes and increasing difference
between control and exposed animals with
duration of exposure. These two changes
are suggestive of bronchitis, similar to
the "industrial" bronchitis of mine work-
ers. Along with a change in the dynamic
pulmonary :ompliance values, these findings
indicate changes in the distal airways of
the dogs' 'ungs.

The most nctable pulmonary lesions observed
in dogs exposed for up to 4 yr are vesicu-
lar emphysema, peribronchiolitis and focal



TABLE 5. Summary of Respiratory Tract Lesions and Survival Times (4000 & 5000 Series experiments).

RaA Unattachment Groups

High
Neoplastic Lesions 2% 10% 24% Disequi?ibrium Controls
Lung
Epidermoid Carcinoma 9 7 2 7 0
Adenocarcinoma 8 17 5 17 1
Adenosquamous Carcinoma 0 2 0 4 0
Mesothelioma 1 1 0 0 0
Adenoma 1 2 1 2 0
Total Number of Rats 16/32 25/32 8/32 22/32 1/64
with Lung Tumors
Nose
Nasal Carcinoma 1 4 2 0 0
Total Number of Rats with 17/32 25/32 9/32 22/32 1/64
Respiratory Tract Tumors
Non-Neoplastic Lesions
Lung
Adenomatous Hyperplasia 20 21 12 28 2
Squamous Metaplasia 1/32 4/32 4/32 3/32 0/64
Nose
Adenomatous Hyperplasia 0 1 0 0 0
Squamous Metaplasia 9/26 15/30 20/29 11/31 4/60
Survival Time (days) 451 = 210 524 + 148 355 + 186 526 + 160 671 £ 178
pneumoconiosis. These lesions, described permissible air concentrations. Because

in the 1981 Annual Report (PNL-4100, PT 1),
were contrasted with the lesions observed
in the earlier study, in which beagle dogs
were exposed to mixtures of radon daugh-
ters, uranium ore dust and cigarette smoke.
No animals were killed following 5 yr of
exposure to determine any further progres-
sion of pulmonary lesions.

Radiometric analyses of lung tissues were
performed on two of three animals killed
each year (through 4 yr) following the
start of uranium-ore-dust exposures. Prev-
ious inhalation studies in our laboratory
involving three species of animals (rat,
hamster and beagle dog) and two varieties
of uranium ore dust in secular equilibrium
(carnotite and pitchblende) revealed con-
sistent separation of uranium and thorium
isotopes in tissues of animals at necropsy.
The pattern of higher retention of thorium
than uranium was noted shortly after expo-
sures began and suggested that uranium ore,
when present as an airborne contaminant,
should be regulated on the basis of its
constituent radionuclides, making the 23°Th
level the determining factor in maximum
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the carnotite ore experiments were con-

founded by the presence of other air con-
taminants, such as radon daughters, diesel
engine exhaust fumes and cigarette smoke,
and because subsequent measurements of min-
ers' lungs at the University of Utah re-
vealed that uranium and thorium isotopes

remain in near-equilibrium, it was decided
to repeat some of these measurements in the
lungs of beagle dogs exposed to carnotite
ore dust alone. The data are shown in Ta-
ble 6.

The current data are qualitatively consis-
tent with the previous data but show even
higher disequilibrium of uranium and thor-
jum isotopes. Approximately 80 g of Tung
tissue were randomly selected for radio-

metric analyses. The spread in data with
each exposure period may reflect individual
animal differences as well as differences
in the distribution of the isotopes in the
lungs. The previous data showed disequi-
1ibrium ratios of 23°Th to 238U ranging

from 5.6 to 7.4 in the lungs of beagle dogs
exposed 4 hr/day, 5 days/wk for about 4 yr.

Similar exposure protocols to carnotite ore



TABLE 6. Uranium and Thorium lsotope Concentrations and Ratios in Beagle Dogs’ Lungs Following Exposure to Carnotite
Uranium Ore Dust.

Wet Tissue Weight, nCi’kg

Dog Duration of
Number Exposure, yr 238 2340 230Th 2387234y 230Th/238Y 230Th/234y

1675 1 4.57T %012 4.27 = 0.11 316 £ 038 1.06 7.00 7.39
1679 1 6.25 = 0.10 6.42 + 0.10 39.2 £ 038 0.97 6.28 6.11
1462 2 4.26 = 0.05 05 25.4 £ 0.6 0.97 5.97 5.80
1469 2 8.26 + 0.14 + 730+ 1.4 0.97 8.84 8.56
1468 3 5.22 £ 0.09 5.40 £ 0.09 24.8 = 0.7 0.97 4.74 4.59
1499 3 7.49 £ 0.10 7.70 £ 0.10 112.6 £ 3.1 0.97 15.0 14.6
1473 7.95 £ 0.19 8.26 + 0.19 106.4 = 1.9 0.96 13.4 12.9
1481 833 +£0.23 8.63 £ 0.23 1794 + 3.8 0.97 21.5 20.8

dust alone resulted in a ratio ranging from
about 5 to 22, steadily increasing with
Subsequent analyses

duration of exposure.

of lungs of sacrificed animals will reveal
whether this disequilibrium continues to

increase
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® Toxicology of Krypton-85

Principal Investigator: J. E. Ballou

Other Investigators: G. E. Dagle, H. S. DeFord, D. W. Murphy, M. R. Sikov, H. D. Tolley, and

D. H. willard

Technical Assistance: A. W. Endres

The purpose of this research is to obtain biological data to supplement earlier evaluations of the
hazards of 8Kr exposure. The studies include both short-term and chronic exposures of rats, dogs and
sheep to determine tissue distribution and retention kinetics for metabolic modeling. We have also
included dose-effect studies in rats exposed acutely as newborns or chronically for most of their life
span to identify tissues at risk and determine tumorigenic potency.

This report presents progress in two on-

going dose-effect studies employing mate

and female Wistar rats exposed to graded

dose levels of 85Kr. The first study in-

volves adult rats exposed continuously (24
hr/day, 7 days/wk) for 808 days to 35Kr

atmospheres equivalent to 102, 103 or 104

times the maximum permissible concentration
(MPC) in air. (MPC_ = 3 x 10-7 pCi 85Kr/

ml for areas of uncofitrolled access or res-
idential areas.) In the second study, new-
born rats were exposed to 8%Kr <48 hr after
birth to investigate the tumorigenic effect
of skin-surface doses of approximately 958,
2328 or 4738 rad. Effects on life span,

weight gain and other preliminary observa-
tions of toxicity, including tumorigenesis,
were presented for both studies in Annual

Reports for 1975 through 1981.

In the chronic study, 35Kr exposures were
discontinued after 808 days when approxi-
mately 90% of the original 400 rats (100
rats per group, including a group of room-
air controls) were dead. The surviving
rats were transferred from the exposure
chambers to standard animal quarters, where
they were weighed each month, radiographed,
necropsied, and otherwise processed in the
same manner as during the exposure period.
Malignant lesions observed in tissues are
summarized in Table 1.

The incidence of malignant lesions was not
treatment-related in tissues receiving the
greatest radiation dose (skin > lung > ad-
renal > gonads), nor in the other organ
systems where they were found. The chi-
square test for homogeneity, which compared
tumor incidence in &5Kr-exposed groups and
controls, was not significant at P > 0.1.
Nor were differences in tumor incidence
among 85Kr-exposed groups significant at P
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> 0.1. The results demonstrate that con-
tinuous exposure of rats to 8%Kr concentra-
tions equivalent to 100 to 10,000 times the
MPC_ for the general population did not
siggificantly affect 1ife span or malignant
tumor incidence. Although the skin dose
was reduced by ~50% from the theoretical
infinite beta cloud dose because of cage
shielding, the beta dose to other organs
and tissues should be relatively unaf-
fected. The relative ineffectiveness of
85Kr exposure therefore supports the con-
servatism of the established 1imits for oc-
cupational and population exposure to 35Kr.

Newborn rats were exposed to #%Kr in two
replicate studies, 1 yr apart. Since the
dose groups for the two studies were quite
similar (skin dose was estimated by thermo-
luminescent dosimetry), the results were

combined for presentation in Table 2. The
data suggest a clear association between

85Kr exposure and skin cancer. Malignant
lesions of the epidermis appear to be a

specific result of 85Kr radiation, as would
be expected from the range of the 0.67-MeV
beta emission and the proximity of the tar-
get cells, presumably located in the basal-
cell layer. In our study, a dose of about
1000 rad produced four basal cell carcin-
omas, a lesion which is extremely rare in
the Wistar rat. (None were found in the

399 rats examined in the chronic exposure
study.)

Benign lesions, e.g., skin papillomas, tri-
choepitheliomas (involving the hair folli-
cles) and calcifying epitheliomas, also ap-
pear to be dose-related. They were found
in six rats from the high dose group, three
rats from the intermediate dose group, and
one rat in the low dose group. None of

these lesions were observed in the control
rats. '



TABLE 1. Cumulative Radiation Dose and Malignant Tumor Response in Targat Organs of Rats Exposed Chronically to
85Kr Atmospheres.

Number of Tumors

Chamber Concentration, uCi/ml 3x 107 3x104 3x10° Control
Skin (1465)(@) (141) (18) ©.11)
Squamous Cell Carcinoma 2 0 0 1
Neurofibrosarcoma 1 0 0 1
Lung (28) (3) 0.3) -
Adenocarcinoma 0 1 0 0
Malignant Mesothelioma 0 1 0 0
Malignant Histiocytoma 1 0 1 1
Malignant Lymphoma 1 1 0 0
Adrenal (2.3) 0.2 (0.02) --

Adenocarcinoma 0 0 0
Cortical Carcinoma 1 2 1
Malignant Pheochromocytoma 0 1 2

Gonads (1.0) ©.1) 0.01) -
Ovarian Carcinoma 1 0 0 0

() Cumulative radiation dose in radfyr

TABLE 2. Malignant Tumors in Rats Exposed for 6 hr as Newborns to 85Kr Atmospheres.
Numker of Rats with Skin Carcinoma
Mean Skin Mean Exposure Number
Dose, rad + SD Conc., uCi/ml + SD of Rats Basal Celi Sguamous Sebaceous Undifferentiated

958 + 100 5.2 £ 0.5 32 4 0 0 0

2328 + 240 12.7 £ 1.3 33 14 3 6 0

4738 = 490 25927 25 15 5 2 2
Control - 33 0 0 0 0
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® Toxicity of Thorium Cycle Nuclides

Principal Investigator: . E. Ballou

Other Investigators: A. C. Case, G. E. Dagle, D. L. Haggard, D. W. Murphy, J. L. Ryan, and H. D. Tolley

Technical Assistance: R. A. Gies

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 223U-22U nitrate and oxide fuel materials and of 2'Pa, a major, long-

lived, radioactive waste product.

This report presents progress in two ongo-
ing studies, also discussed in previous
Annual Reports, entitled "Disposition and
Late Effects of Inhaled 223y0,(NO,),
and 2320,(N0O,), 1in Rats" and "Early
Disposition of Inhaled 231Pa Citrate."

Long-term retention of graded doses of in-
haled 233Y0, (NO;), and 232U0,(N0;), was de-
termined in male Wistar rats to estimate

radiation-dose/biological-effect relation-

shown 1in Figure 1 for the highest-dose

group for both isotopes, i.e., 35.9 and 53
nCi initial lung burden (ILB) for 233y and
232y, respectively. Uranium-232 results
for liver are not yet complete. Results

are shown for rats sacrificed in groups of
five each at 7, 30, 60, 100, 150 and 200

days after exposure and for individual rats
that died during the lifespan study of bio-
Togical effects. Parameters of retention
determined from these curves are shown in

ships. Retention in liver and kidney is Table 1.
10
E
N
101 N\
E 232y KIDNEY
@
2 232y LIVER
Q
2
D
- S
g 01 --------—-_ -
E T ——-—a
z -
% 233y KIDNEY
Q
0@
i
a
0.01 233y | |veR
| SACRIFICED RATS DYING ON LONG-TERM BIOLOGICAL
RATS EFFECTS STUDY
0.001 i 1 1 l l ] I 1 l
0 200 400 600 800 1000

DAYS AFTER INHALATION

FIGURE 1. Retention of Inhaled Uranyl Nitrate (233U and 232U) in Rat Kidney and Liver.
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TABLE 1. Retention Parameters and Estimated Radiation
Dose for 233U and 232U in Rat Kidney and Liver.(@)

Retention interval, days(b)

0-200 200 - 1000

Cumulative Dose
Ty/2. days % ILB Tq;5. days % ILB (rad) for 750 Days

233y 38 1.5 520 0.2 5 (130; 17)(©)

32y 39 3.9 320 07 23 (440; 50)(
Liver

233y 68 0.02 3800  0.01 0.04

32y NAW) NAld 215 1.0 2@

@) values are for the high-level (35.9 and 53 nCi ILB) 233U and 232U
exposure groups, respectively.

{b) Retention parameters were determined from single expo-
nentials fit to data collected between 0-200 days and
200-1000 days.

(&) Values in parentheses are the corresponding dose estimates
for lung and skeleton, respectively.

(d)Data not yet available.

(&) The radiation dose estimate included only the 200- to
1000-day retention component. The total dose is expected
to be ~twofold greater.

Proportionately greater amounts of 232U

were deposited in kidney and liver compared
to 233U, Retention kinetics in kidney were
fairly similar for the two isotopes; how-
ever, in liver, differences in amount de-
posited and kinetics of retention were more
marked. Similar differences in the rates
of clearance from lung and retention in

skeleton were reported in an earlier Annual
Report, i.e., 232U appears to be cleared

more rapidly from lung and retained more

tenaciously in skeleton than 233U. It is
probable that these differences in metabo-
lism are related to the ~2000-fold differ-
ence in uranium mass presented by 233U and
232 or to the larger aerosol particle size
observed with 233U. Precautions were taken
to assure that the chemical/physical forms
of the 233y-232y yranyl nitrate solutions
were identical, but the aerosol generator
solutions were more highly concentrated and
more viscous with 233U.

Retention in liver and kidney could be de-
scribed by two exponential functions; one
with half-1ife ranging from 40 to 70 days,
the other with half-1life >200 days (Fig-
ure 1). The cumulative radiation dose (ur-
anium parent dose only) calculated from
these parameters and survival over the av-
erage life span (~750 days) are also shown
in Table 1, along with comparable values
for Tung and skeleton. It is apparent that
lung and skeleton received the greatest
radiation dose and, as shown in the Annual
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Report for 1980, also exhibited a dose-

related tumor response. Tumor incidences
in lung, skeleton, kidney and liver were,
for 233U, 22, 1.6, 1.6 and 3.1%; for 232y,
58, 3.3, 3.3 and 3.3%. These lesions were
absent from control animals, except for

lung (4£.5%) and kidney (2.6%). The results
clearly indicate that the lung is the major
target organ for inhaled 233U and 232U ur-
anyl nitrate tumorigenicity.

Male Wistar rats exposed to graded doses of
231pa c¢itrate aerosols (1, 17 or 56 nCi

ILB) have been observed for ~950 days after
exposure. Retention in the lungs of rats
exposed to the high-dose level (56 nCi ILB)
is shown in Figure 2. The curve was con-
structed using data from both sacrificed
rats and long-term rats, as described above
for uranium retention. The means and stan-
dard deviations are shown for the serially
sacrificed rats (five/group) at the indi-
cated time intervals. The data could be

described by two exponential functions with
half-1ives of 30 and 513 days, accounting
for 92 and 8%, respectively, of the initial
amount of 23!Pa deposited in the lung. The
short-tlived lung clearance component usu-
ally associated with absorption and muco-
ciliary processes was not readily extrapo-
lated from these data.

Cumulative radiation dose to the lung was
calculatad assuming clearance according to
the equat.ion:

-0.023x

v =91.95 -0.00135x

+8.1le

and summing over 663 days (the average life
span of this exposure group). The esti-

mated Tung dose was 430 rad, well within
the carcinogenic range, and delivered about
equally by the intermediate-lived and long-
lived components. Approximately one-half
the dose was delivered during the initial

75 days aiter exposure. Retention data for
other tissues and for other dose groups are
not yet available, and the pathologic exam-
ination or tissues is still in progress.

An analytical method specific for 231P3 in
the preserice of its decay products has been
developed and tested (Table 2). The method
employs dry ashing of biological samples,
solubilizetion of the ash in HC1, anion-
exchange separation to remove iron and se-
lected 23'Pa decay products, and com-
bined Al'quat-336 extraction/terphenyl
scintillator-counting to further separate
231pa from residual daughter (227Th) activ-
ity. Recovery of a known amount of 231Pa
from a var ety of biological samples ranged
from 84 tc 96%, with an average value of
92% for the 40 samples analyzed. The meth-
od is being used to analyze 231Pa in sam-
ples from rats exposed to inhaled 231Pa
citrate aerosols.
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TABLE 2. 23'Pa Recovery in Spiked Tissue Samples.

Recovered

Sampleld) Activity, dpm % sp!b 9% Recovery!C)
Pelt 10,931 = 57 958 = 5.5
Lung 10,474 = 695 91.8 £ 6.4
Liver 10,552 = 871 925 +79
Kidney 10,703 = 741 938 £ 6.8
Skeleton 11,004 = 314 96.4 £ 3.6
Tissue Residue 9593 + 341 84.1 £ 3.6
Urine 9832 + 926 86.2 £ 8.4
Feces 10,967 + 657 96.1 £ 6.2
(@) Five replicates of each sample were spiked with 2*!Pa

in HC! solution, ashed at ~500°C and solubilized in
HCI = HF.

th Samples were analyzed by scintillation counting after
separafion of iron on a Dowex-1 anion exchange
column. The counting cocktail contained Aliquat-336
extractant and terphenyl scintillator in a toluene
solution.

) percent recovery was based on a spike value of
11,409 = 265 dpm 2*1Pa determined by gamma
spectrometry using an intrinsic germanium detector.
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® Modifying Radionuclide Effects

Principal Investigator: L. B. Sasser
Contributor: D. D. Mahium
Technical Assistance: R. L. Music

This project involves a study of the relationship of physiological and environmental factors to the metabo-
lism and effects of radionuclides. We have studied placental transfer and suckling as pathways of americium
entry into the newborn or juvenile rat. Rats were injected intravenously with 5 uCi of 21Am while nullipar-
ous (30 days prior to mating), pregnant (day 19 of gestation), or lactating (1 day after parturition), and subse-
quent litters were killed to determine 2Am retention. A deficit in reproductive performance was observed
in the group injected before mating, as evidenced by reduced number and weight of offspring.

In past studies, we have observed, in fe- 1 day postpartum (lactating). An addi-

male rats injected intravenously with mono-
meric 23%9Pu, that the incidence of mammary
tumors was higher and the latency period
shorter than those in control animais. To
determine if these tumors were a direct

result of 239Py deposition in the giland,

the relationship between tumor incidence
and plutonium deposition was investigated.

It soon became clear that the amount of

plutonium deposited in the mammary gland
and uterus could be influenced by pregnancy
and tactation. Data reported previously
(Annual Reports, 1979, 1980) demonstrated
that the relative amounts of plutonium

reaching the offspring via the placenta and
by nursing was a function of the temporal
relationship between plutonium administra-
tion and pregnancy.

We have observed, in other experiments,

that americium is deposited in the liver
and other soft tissues of the nonpregnant
rat and that only a small percentage is

retained by bone, whereas pliutonium is de-
posited to a greater extent in bone, where
its retention is prolonged. Because of

these differences, it seems 1ikely that

americium may also behave differently from
plutonium under physiological stresses,

such as pregnancy and lactation. There-

fore, the objective of this study is to

determine the effect of pregnancy and lac-
tation on the transfer of 241Am to the off-
spring of the rat. The experiment was de-
signed so that female rats were dosed while
nulliparous (30 days prior to mating),

pregnant (day 19 of gestation), or lactat-
ing (1 day after parturtion); the subse-

quent transfer of 2%1Am to the offspring
was then measured as a function of their
age.

Three-month-old, pregnant, Sprague-Dawiey
rats were divided into two groups of 23

each and intravenously dosed with 5 uCi of
241pm on day 19 of gestation (pregnant) or
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tional 30 females were similarly dosed 30
days prior to conception (nulliparous).
Females, and their progeny, from the preg-
nant and lactating groups were killed at 1,
4, 9, 14, or 21 days after injection. The
nulliparous group, which were not bred un-
til 30 days after injection, were killed
when their progeny were -2, 1, 6, 11, or 18
days of age. Samples of liver, kidney,
femur, spleen, mammary gland, and uterus
were analyzed for 24'Am by gamma counting.
Tissues with Tow concentrations of 241Am
(blood, nidation sites, milk, and fetuses)
were ashed for analysis by liquid scintil-
lating counting.

Approximately one-half of the 24lAm was
found in the 1iver of the pregnant and lac-
tating groups 1 day after injection. Re-
tention by the liver appeared to be
slightly greater in the lactating group
than in the pregnant group at all times
measured, but preliminary analyses (t-test)
do not show statistical differences. The
half-time of americium in the liver was
approximately 22 days in both groups,
nearly twice as great as previously ob-
served in nonpregnant rats. Differences
between the two groups are not apparent for
other tissues measured to date.

An unexpected result of this experiment was
a deficit in reproductive performance in
the group injected while nulliparous. The
weight of the offspring of the nuliiparous
and pregnant groups, at various ages, is
shown in Table 1. Litter weights appeared
less in the nuliiparous group at all ages,
although statistical evaluation (t-test)
reveaied that differences were significant
only at -2, 11, and 18 days of age.

Approximately 40% (12 of 30) of the nullip-
arous group had small litters (P < 0.01),
averaging only 2.6 fetuses per litter (Ta-



TABLE 1. The Weight of Offspring of Rats Injected With
241Am When Nulliparous (30 Days Prior to Mating) or
Pregnant (19 Days of Gestation).

Age of Weight of Offspring, gl@
Offspring,

days Nulliparous Group  Pregnant Group P
-2 293 o1 (5B 393 017 (5) <0.01

1 6.64 0.21 (5) 6.83 0.18 (3) NS

6 i1.4 0.6 (5 12.8 04 (5) NS
11 203 1.0 (5 240 05 (5 <0.02
18 376 0.2 (5 437 1.3 (5 <0.05

(@) Mean + SE
(b)The number of litters is shown in parentheses.

ble 2). They were therefore arbitrarily
divided into two subgroups based on litter
size; i.e., normal or a reduced number
(five or less per litter). A marked reduc-
tion (P < 0.01) in the number of nidation
sites was also observed, but the number of
corpora lutea were only slightly fewer than
in the normal subgroup. These results im-
ply that a significant number of preimplan-
tation deaths occurred in a large fraction
of the nulliparous group. No evidence of
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TABLE 2. Reproductive Performance of Rats Producing
Either Normal or Small Litters After Being Injected With 241Am
While Nulliparous.(@

Total No. No. No.
Size of  No. of  Fetuses Nidation Corpora
Litter Litters per Litter Sites Lutea
Normal 18 >8 10.6 £ 0.4 13.6 £ 0.8
Small® 12 26206 35+06 108+ 1.1
P <0.01 <0.01 NS
(@) Mean = SE

b Litters having five or less pups were arbitrarily classified
as small litters.

a similar effect was found in the pregnant
or lactating groups.

Preliminary estimates indicated that the
dose to the ovary, the reproductive organ
having t.he greatest americium concentration,
was approximately 1.5 rad per day. Further
studies will be required to verify these
findings and to accurately determine the
dose received by reproductive organs.



® Fetal and Juvenile Radiotoxicity

Principal Investigator: M. R. Sikov

Other Investigators: W. C. Cannon, D. B. Carr, G. E. Dagle, P. L. Hackett, B. J. Kelman, D. D. Mahlum,
B. ). McClanahan, and D. N. Rommereim

Technical Assistance: ]. A. Cushing, P. S. Lytz, B. Hogberg, E. K. Lakey, R. L. Music, T. A. Pierce, and
S. A. Watson

This project is directed at obtaining detailed comparative information on the deposition, distribution,
retention, and toxicity of radionuclides in the prenatal and juvenile mammal. Because quantitative data
cannot necessarily be extrapolated to man, our emphasis is directed toward establishing patterns,
phenomenologic interactions, and relationships which will be useful in determining appropriate expo-
sure levels for the rapidly growing infant or chiid and for pregnant women.

Recent results have shown that injection of pregnant rats with 239Pu increases the incidence and sever-
ity of adenomatous hyperplasia of the liver in the offspring; the magnitude of these effects is related to
dose and prenatal age at exposure. Analysis of combined data from several experiments leads to the
conclusion that perinatal rats are more sensitive to bone tumor induction by 22%Pu alpha-particle irradi-
ation than are adults. Further histopathologic evaluations of material from earlier experiments have
demonstrated that most of the increased incidence of thyroid tumors following 'l exposure is attribu-
table to follicular tumors. An analysis of the literature led to the conclusion that prenatal irradiation
can lead to an increased or decreased incidence of tumors, depending on the specific details of the

experimental design and system.

The protocol for an experiment to examine
the role of stage of gestation in late ef-
fects produced by prenatal exposure to

239p, was described in a previous Annual

Report (1978). 1In this experiment, preg-
nant rats were intravenously exposed to 0,
0.3, 3, or 30 nCi/g body weight of heavily
citrated 239y at 9, 15, or 19 days of ges-
tation (dg). The offspring were periodic-
ally evaluated and necropsied at death or
at 30 mo of age. As described in last

year's Annual Report (1981), longevity of
the offspring was decreased most markedly
in those exposed at 19 dg, less at 15 dg,
and least at 9 dg. Histopathological eval-
uation of tissues has been completed, and
data analyses are nearing completion. Bone
tumor incidence was increased by the high-
est dose, 30 nCi/g, and was higher in those
exposed at 19 dg than in those exposed ear-
lier in gestation. Since there was a sig-
nificant interaction between age at expo-
sure and survival, these data are being

adjusted to account for differences in sur-
vival time. Another particularly interest-
ing finding was an interaction between age
at exposure to 23°Pu, dose, and the incid-
ences of adenomatous hyperplasia and tumors
of the liver; these also require survival

data adjustment for full interpretation

since the former is a lesion associated

with older age and is thought by many to be
an early stage of hepatic tumor develop-

ment. To better examine this relationship,
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liver sections from rats which survived to
or beyond 800 days of age were graded for
adenomatous hyperplasia, using a scale of 0
to 5, in which a tumor was assigned the
maximum grade (Table 1). There was a clear
increase in the percent of animais with
liver hyperplasia, and a trend toward in-
creasing severity, with increasing dose.
The latter was even more pronounced in the
individual age groups; it was most pro-
nounced in the rats exposed at 19 dg.

The bone tumor incidences in the groups

exposed at 19 dg were combined with incid-
ences from an earlier study in which rats
were exposed to an overlapping dose range
at the same stage of gestation. A signifi-
cant linear relationship between incidence
and radiation dose to the femur was found,
although incidence in the highest group (60
nCi/g) was affected by maternally mediated
effects (Annual Report, 1981). This rela-
tionship and estimates of response from the
earlier study (Annual Report, 1977), in

which newborn, weanling, and adult rats

were also exposed, allowed us to analyze
bone tumor susceptibility as a function of
age. The radiation dose to the femur re-
guired to increase bone tumor incidence by
10% above the control level in the pre-

natally exposed rats was estimated from the
regression of tumor incidence on radiation
dose. Straight lines were force-fit to the
incidences for the lower dose range for the



TABLE 1. Incidence and Median Grade of Adenomatous Hyperplasia in Rats Surviving to or Beyond 800 Days of Age After
Intravenous Injection of Their Dams With Citrated 239Pu at 9, 15, or 19 Days of Gestation (dg).

Median Grade of Hyperplasia
Exposure Dose, No. Hyperplastic,
nCilg Survivors i M;t_\ (i_dg Ldg Ldg
0 75 8 1 1
0.3 70 29 1 ] | i
3.0 74 35 ' ! I 1
30.0 56 46 2 1 2 3
postnatal animals; the corresponding doses adults. Since this difference agrees with
to the femur for a 10% increase were esti- resulte from experiments wusing X-
mated and are shown in Table 2. irradiation, we have concluded that the
perinatal rat is more sensitive to bone

TABLE 2. Estimation of Average Radiation Doses (rad) to the
Skeleton Required to Produce Bone Tumor Incidences 10%
Above Control Incidence (A 10% Dose) in Rats Exposed to
239py as Fetuses, Newborns, Weanlings, and Adults.

Age at Injection

19-dg

Fetus Newborn Weanling  Adult
A 10% Dose to 29 57 157 305
Femur
Conversion Factor: 1.5 1.5 0.7 0.9
Femur Dose to
Skeletal Dose
A 10% Dose to 43 86 110 275

Skeleton

As described in last year's Annual Report,
distribution and dosimetric data from our
ongoing studies have been used to explain
age-related differences in the anatomic

sites at which bone tumors develop. These
data are currently being used to estimate
the average skeletal radiation doses which
result from 239Py administration at various
times of Tife, and to calculate conversion
factors by which skeletal dose estimates

can be obtained by extrapolating from prev-
iously calculated femur doses. These ten-
tative conversion factors have been used to
obtain estimates of the average skeletal

doses required to increase bone tumor in-

cidence by an increment of 10% (Table 2).

Although the values are linearly related to
age at injection, adequate measures of the
error of estimation are not available. It
is not clear whether the calculated value
of 43 rad in the prenatal groups is signif-
icantly different from the corresponding 86
and 110 rad in the newborn and weanling

groups, but it is likely that all are lower
than the calculated value of 275 rad in

S0

tumor dinduction by 23°Py alpha-particle
irradiation than is the adult.

An ongoing experiment to evaluate the ef-
fects 3f foster-rearing of neonatal rats
and the influence of maternal debilitation
on 239Fy bone tumor induction was described
in the 1981 Annual Report. The growth
curves through 9 wk of age were depressed
in all groups of offspring nursed by ex-
posed dams, but the curves for prenatally
exposed offspring reared by control dams
were s milar to those of control offspring
reared by their own or control foster dams.
It was concluded that exposed dams had a
reduced ability to rear offspring. Or-
thogonal polyomial equations have been fit
to the weight curves for the period between
9 wk and 1 yr of age, and pairwise t-tests
at the 0.003 level of significance were
perforned for the 15 possible comparisons
(Figure 1). The body weights of control
offspring fostered to a control dam (C-C)
or of exposed offspring fostered to exposed
dams (X-X) continue to be the same as for
those reared by their own dams (C and X,
respec:ively). Although the curves for the
two cross-fostered groups (C-X and X-C)
were not significantly different with this
conservative analysis, each continued to
reflec:. its postnatal rearing more than its
prenatal exposure.

Several years ago we reported the overall
results of a study in which graded doses of
1317 were administered to prenatal, neo-
natal, weanling, and adult rats on five
successive days, and thyroid tumor inci-
dence was evaluated in skip-serial sections
of the thyroid gland (Annual Report, 1972).
During subsequent categorization of tumors
by histologic type, we found inconsis-
tencies in interpretation and in the clas-
sification system used by the various path-
ologists who had evaluated the microscopic
slides. After several unsuccessful at-
tempts to reconcile these inconsistencies,
all material was re-evaluated by one path-









changes between the two dose levels until
the study is complete and the data are
fully analyzed. In order to differentiate
between blood-flow effects and specific
effects on transport of materials across
the placenta, experiments are underway
which will allow us to develop a means of
examining specific transport processes in
the placenta. One of the most readily
available systems for investigation is the
neutral amino acid transport system, which
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can be examined by measuring the transport
of a-aminoisobutyric acid (AIB, a nonmetab-
olized amino acid). We have now shown that
AIB clearance from dam to fetus is the
same, both qualitatively and quantita-
tively, as reported in the literature. 1In
addition, we were able to quantitate a
large diffusional component of the clear-
ance (not previously measured), which is
present in addition to the active transport
mechanism.






® Gut-Related Studies of Radionuclide Toxicity

Principal Investigator: M. F. Sultivan
Other Investigators: B. M. Miller and ). L. Ryan
Technical Assistance: K. D. Fisk, P. S. Ruemmler, and V. D. Tyler

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 (Gl) tract after clearance from the lungs.

Recent experiments showed that adult swine absorbed more 238Pu nitrate than had previously been
indicated in studies with 23%Pu nitrate, three times more than is absorbed by rats. Absorption of 228Pu by
rats on a vitamin-D-deficient diet was about 10 times higher than absorption by rats on a balanced diet.
Studies on the effect of chemical form on actinide absorption showed that the citrate forms of 238Pu,
241Am and 24Cm were transported in higher quantities than the nitrate forms across the intestine.
Citrate had no effect on the 23?’Np transport, but the mass of isotope administered was found to be
important. Absorption by neonates was inversely related to the mass of neptunium gavaged, in
constrast to the effect of mass on neptunium absorption by adult rats. Organic binding of 28Pu in liver
tissue, in situ, resulted in decreased absorption by adult or neonatal rats.

These results demonstrate that animal age, species and nutritional state are important factors in
determining Gl absorption of actinide compounds. Chemical form and oxidation state also influence
transport. These effects vary with animal age and with the actinide in question.

Absorption of Plutonium from the Gastroin- TABLE 1. Retention of Plutonium by Adult Swine That Were
testinal (GI) Tract of Adult Swine After Gavaged With 238Py Nitrate in Either a Fed or Fasted State
Gavage with 238Py Nitrate and Killed a Week Later.(@)

Studies reported from this laboratory about

i Jod 238 ‘
25 years ago indicated that 0.0022% of ga- Percent of Gavaged PPu + SEM

vaged 23°Py nitrate was absorbed from the Tissue Fasted Unfasted
GI tract of swine. A similar study, a few

years later (Annual Report HW-59500 for Skeleton 0.012 0.009
1957), indicated that the 30-day retention Muscle 0.02 0.02

value was 0.02%, 10 times higher than that

reported earlier, with 72% of that quantity Liver b 0-006 0-006

retained in bone. Recently, we gavaged Total Retained(®! 0.038 + 0.01 0.036 + 0.004

four adult male swine with 10 ml of a ni-

tric acid solution containing 500 pCi of (@) Two swine per group. See text for details.

238py nitrate. Two of the animals were (bl includes all soft tissues except pelt

fasted for 24 hr before gavage; the other

two were allowed food ad libitum until they

were gavaged. Both groups were fed there-

after. They were maintained in individual

metabolism cages for 1 wk, then killed and of the retained plutonium also differed.

analyzed for retained 238Py. Results ob- In the older study, the skeleton contained

tained after measuring the radioactivity in 70% of the total 23°Py retained, whereas,

the autoclaved carcasses and in the livers in this study, only 30% was in the skele-

are shown in Table 1. ton, with twice as much present in the
skeletal muscle. Urine was collected daily

The data do not indicate a difference in as a measure of excreted 238pPy, but the

retention due to the feeding regime. The probability of contamination from fecal

total amount of 238Py retained (0.037% of material was high. Quantities of 233Py in

the gavaged dose) is higher than either of urine averaged 0.004 % 0.002% of the ga-

the values obtained previously, after 239py vaged dose for the first few days, suggest-

nitrate administration. The distribution ing that contamination had occurred.
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The Effect of Dietary Deficiency in Vitamin

D or Zinc on Plutonium Absorption from the
GI Tract

Previously (Annual Report, 1981), we re-

ported that a deficiency in dietary calcium
resulted in an increase in 238Py absorption
from the GI tract. Since vitamin D is in-

volved in calcium absorption and metabolism
it seemed likely that it might also influ-
ence plutonium absorption. Zinc is known

to influence the intestinal transport of

many metals because of competition for a

common carrier system. Data on the effect
of these metabolites could provide informa-
tion about the mechanism of plutonium ab-

sorption and about factors that may influ-

ence GI absorption. To test these hypoth-

eses, we performed the experiment described
below.

Groups of rats were placed on balanced di-
ets, or diets deficient in either vitamin D
or zinc, for 2 wk. They were then gavaged
with 238py nitrate and continued on the
same diets until they were killed 1 wk
later. The results (Table 2) indicate
that the absence of vitamin D in the diet
caused a 10-fold increase in the quantity
of 238py absorbed and retained. A defic-
iency in dietary zinc resulted in a three-
fold increase.

TABLE 2. Gastrointestinal Absorption of Plutonium by Rats
Maintained on a Vitamin-D- or Zinc-Deficient Diet for 2 Weeks
Before Gavage With 238Py Nitrate.

Percent of Gavaged 238Pu + SEM

Vitamin-D- Zinc-
Tissue Control (8){@) Deficient (10) Deficient (8)
Carcass 0.007 0.07 0.017
Liver 0.001 0.01 0.002
Urine 0.006 0.007 0.01
Total Absorbed 0.01 £ 0.001 0.1 £ 0.01  0.03 £ 0.004

(@) Number of rats shown in parentheses. See text for details.

The Effect of Organic Binding of Plutonium
on Absorption from the GI Tract

Our earlier studies (Annual Reports, 1975
and 1976) indicated that plutonium incor-
porated in either animal or plant tissue

consumed by rats or guinea pigs was ab-

sorbed in greater quantities than when ga-
vaged in a nitric acid (pH 2) solution. To
learn more about the effect of biological
jncorporation, 10 uCi of 238Py citrate

(4.5% citrate solution) was mixed with 50
mg of phytic acid, pH 7, and gavaged in a
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2-m1 volume. To obtain plutonium incor-
porated in animal tissue, adult rats were
injectad intravenously with 238pPy citrate
and killed 24 hr later; their livers were
lyophilized and ground in a mortar; the
result'ng powder contained 35 pCi of
238py/( tissue; 300 mg of this powder, con-
taining 10 pCi of 238Pu, was mixed with 2
ml of 5% Na citrate for gavage. Prepara-
tions »>f nonradioactive powdered liver,
mixed with 10 pCi of 238Py, and a 5% sodium
citrate solution containing 10 pCi of 238py
with nc liver powder were administered by
gavage to control animals. Results of
these experiments (Table 3) indicate that
neither the phytate nor the nonradioactive
liver tissue influenced 232Pu absorption.
Biological incorporation of 238Pu in liver
did, however, result in about a twofold
reduced retention in both liver and bone.

TABLE 3. Efect of Organic Binding on the Gastrointestinal
Absorption of Plutonium-238 Administered to Adult Rats by
Gavage.'®

Percent of Gavaged 238Pu + SEM

Liver-
Incorporated Liver Citrate

Tissue Phytate Pu Contro: Control
Skeleton 0.26 0.13 0.27 0.28
Liver 0.04 0.02 0.05 0.05
Urine 0.01 0.01
Total 030005 0.15x002 0.32+0.04 033008
Retained

fa) Six rats per group. See text for details.

The Effect. of Garlic Extract on the Absorp-
tion of “’8Pu from the GI Tract of Rats

Because Kvolic is reported to bind heavy
metals and promote excretion, adult rats
were intragastrically administered 1.0 m]
of a proprietary garlic extract, Kyolic,
followed by 1 m1 of a nitric acid solution,
pH 2, of 238py, Measurements of retention
and urinary excretion, made a week after
gavage (Table 4), show a fourfold increase
in retention over the nitrate-gavaged con-
trol group

The Effect of Organic Binding on the Ab-
sorption o7 ?3%Py from the GI Tract of Neo-
natal Rats

Groups of 7-day-old rats were gavaged with
either 238>y citrate, 238Pu citrate and
nonradioactive lyophilized Tiver, or 233py
that was biologically incorporated in the



TABLE 4. The Effect of Kyolic™ on the Absorption of
Plutonium From the Gastrointestinal Tract of Rats Gavaged
With 238py Nitrate.

Percent of Gavaged 238pPu + SEM

Tissue Control (4)(b) Kyolic(a) (5
Carcass 0.004 0.016
Liver 0.0005 0.003
Total Retained 0.005 + 0.0002 0.02 + 0.005
Urine 0.004 0.004
Total Absorbed 0.009 + 0.01 0.025 + 0.005

(@) Garlic Extract
(b) Number of rats shown in parentheses.

livers (preparation described above). The
results of analyses made a week after ga-
vage (Table 5) show that biological incor-
poration resulted in slightly decreased
retention. The 7-day-old control group
given 238py citrate retained 10 times as
much 238py as the adult control group given
238py citrate (Table 3). The neonatal
group given biologically incorporated 238py
retained 13 times more than the comparable
adult group (Table 3).

TABLE 5. Gastrointestinal Absorption of Organically Bound
Plutonium-238 Administered by Gavage to 7-Day-Old Rats
That were Kilied a Week Later.(@)

Percent of Gavaged 23Pu + SEM

Citrate Liver-
Citrate + Liver Incorporated.
Tissue Control Control 238py
Carcass 2.9 2.1 1.8
Liver 0.3 0.2 0.2
Total Retained 33 +03 24 %02 2.0 x0.1

(@) Six rats per group. See text for details.

The Effect of Citrate on the Absorption of
the Trivalent Actinides Americium and Cur-
ium from the GI Tract of Adult or Neonatal
Rats

It is well known that the citrate forms of
some actinide elements (e.g., plutonium)

are absorbed from the GI tract in greater
quantities than the nitrate forms (compare
control groups in Tables 2-4), presumably
because of the tendency of nitrate forms to
polymerize. To determine the influence of
citrate on 241Ap and 2%4Cm absorption,

groups of rats were gavaged with either a
nitric acid solution (pH 2) or solutions of
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the nitrate that were brought to incipient
dryness, then diluted with 5% sodium ci-

trate to a concentration of 10 uCi/ml, pH
6. Data obtained from animals gavaged with
nitrate or citrate solutions of 24!Am and
244Cy (Table 6) indicate that, compared

with controls, retention and urinary excre-
tion increased to the same extent for both
trivalent actinides. Absorption by adult
rats that received both radionuclides in

citrate form increased about fivefold over
that of controls.

TABLE 6. Influence of Solubility of the Absorption of 24TAm
and 244Cm From the Gastrointestinal Tract of Rats.(d)

Percent of Gavaged Dose = SEM

24 Am 2HCm

Tissue Nitrate Citrate Nitrate Citrate
Carcass 0.004 0.037 0.006 0.03
Liver 0.001 0.02 0.002 0.02
Totai 0.006 0.05 0.008 0.05
Retention(b}
Urine 0.006 0.01 (.008 0.01
Total 0.012£0.001 0.0620.02 0.016 £0.002 0.06 +£0.01
Absorption
(@) six rats per group. See text for details.

) Includes muscle and lung

In neonatal rats gavaged at 2 days after
birth (Table 7), there was no difference
between GI absorption of 2%1Am and 2%4Cm
citrate and that of 241Am and 244Cm ni-
trate; retention of both trivalent actin-
ides increased over that observed in
adults. For 241Am, the increase was about
1000-fold; for 244Cm, 400-fold. For the
citrate, comparable increases were 100-fold
for 241Am and about half that for 244Cm.
These results indicate that animal age and
solubility are important factors for pre-
dicting absorption from the GI tract.

TABLE 7. Retention of Americium and Curium by Neonatal
Rats Gavaged With Nitrate or Citrate Solutions at 2 Days After
Birth and Killed a Week Later.(@)

Percent of Gavaged Dose + SEM

2414 m 240
Tissue Nitrate (9@ Citrate (8) Nitrate (6) Citrate (8)
Carcass 5.1 52 27 2.5
Liver 0.6 0.6 0.2 0.2
Total Retention 58 +06 59+05 3.0=x03 2801
Gl Tract 3.3 3.3 2.7 3.2

(a) Number of rats shown in parentheses. See text for details.



Effect of Oxidation State and Solubility on
the Absorption of Neptunium

Adult rats were gavaged with either nitrate
or citrate solutions of 237Np(V) or
237Np(VI). Results (Table 8) indicate that
citrate had no appreciable effect on ab-
sorption of either the pentavalent or hexa-
valent oxidation states of neptunium.

TABLE 8. The Effect of Oxidation State and Solubility on the
Retention of 237Np in Adult Rats Gavaged With 13.7 mg/kg
and Killed a Week Later.(@

Percent of Gavaged Dose + SEM

27Np (V) 237Np (V1)
Tissue Nitrate Citrate Nitrate Citrate
Carcass 0.19 0.18 0.18 0.16
Liver 0.01 0.01 0.01 0.01

Total Retained 0.2 = 0.04 0.2 £ 0.004 0.2 £ 0.06 0.18 £ 0.04

(@) Six rats per group. See text for details.

The Effect of Mass on the Absorption of
Neptunium from the GI Tracts of Adult or
Neonatal Rats

Our earlier results (Annual Report, 1981)
indicated that the long-lived isotope 237Np
(T, = 2.1 x 10% yr) is absorbed by rats in
higher quantities (>1.0% of the gavaged
dose) than the higher-specific-activity
isotopes 235Np (T, = 396 days) and 23°Np
(T, = 2.3 days). Hhe latter were absorbed
in®quantities between 25 and 50 times less
(0.05%) when a similar amount of radioac-
tivity, but not mass, was administered. To
determine if this "mass effect" on GI ab-
sorption occurred with 237Np, groups of
rats were gavaged with various doses and
killed a week later for analysis. The re-
sults (Table 9) demonstrate that at 24 mg/
kg, absorption was 17 times higher than

when the dose was one-fifth as high. It
appears from the data that the major effect
of dose occurs between 10 and 24 mg/kg.
Our ea-~lier results (Annual Report, 1981)
showed that, at more than 43 mg/kg, absorp-
tion was 60% higher than at the highest
dose (24 mg/kg) used in the present study.
The effect of neptunium mass on absorption
may be due to: 1) an effect of the GI
tract contents on the absorption character-
istics of neptunium (oxidation state) or
2) an increased permeability of the intes-
tinal mucosa resulting from damaging ef-
fects of the high neptunium dose.

To determine if mass of neptunium adminis-
tered had a similar effect on newborn or
juvenile rats, litters of 1-, 2- and 9-day-
old rats were gavaged with either 237Np,
235Np or 239Np. The percentage retained
(Table 10) in the 1- and 2-day-old rats was
inversely related to the mass: more 235Np
was retained than 23%Np, probably because

TABLE 9. Effect of Mass on Absorption of 237Np From the
Gastrointestial Tract of Adult Rats Administered the Nitrate
(pH 1.5) by Javage.

Dose, uCi'kg: 17 7.1 3.6
Dose, mg kg: 24 10 5
Number of Rats: 6 6 6

Tissue Percent of Gavaged Dose * SEM
Skeleton(@' 0.87 £ 0.16 0.09 +0.01 004 001
Liver 0.12 £0.02 0.01 £ 0.004 0.005 = 0.001
Urine 0.7 +006 0.09 x0.02 0.05 = 0.007
Total Retention 1.0 £0.2 0.1 +0.02 0.05 =+ 0.006

(minus skin and

urine)

Total Absorpticn 1.7 0.2
(minus skir)

0.2 £003 0.1 001

(@ Calculated according to the formula, femur x 24 = skeletal
237Np. The ‘actor of 24 is based on prior total skeleton
measurements, divided by the radioactivity of the femur.

TABLE 10. Effect of Mass on Retention by Neonatal Rats Gavaged With 237Np or 237Np Nitrate (pH 2).

Isotope: 237Np 235Np 239Np

Dose, uCifkg: 118 185 100

Dose, ug/kg: 1.68 x 10° 3.5 x 102 8 x 10 4.3 x 104

Number of Animals: 6 9 11

Age at Gavage, days: i 2 . 9

Age at Necropsy, days: 8 6 13
Tissue Percent of Gavagec Dose + SEM

Carcass 0.43 £ 0.07 34 +0.2 1.24 £ 0.01 0.87 +0.09

Liver 0.03 + 0.003 0.09 £ 0.006 0.03 £ 0.003 0.026 £ 0.002

Total GI Tract 6.1 73 +8 596 £13

Total {(minus skin 0.43 35 1.27 0.90

and Gl tract)(@)

(@ Total retention includes lung, liver and carcass.



of the 1-day age difference. The 9-day-old
rats retained less 239Np than the 2-day-old
animals, in contrast to our results for
237Np (Annual Report, 1975). Much more
radioactivity was measured in the GI tract
after 235Np and 23°Np administration than
after 237Np. This finding is consistent
with the effect of mass found for plutonium
retention (Annual Report, 1976) in the neo-
natal rat intestine.

The Influence of Mass on GI Absorption of
233

Absorption of uranium by humans in indus-
trial contamination accidents has been re-
ported to be as high as 10%. However, our
data with 233U- and 2?32U-gavaged rats indi-
cated a much lower value of ~0.01% (Annual
Report, 1974). We hypothesized that the
difference between the human and animal
absorption factors might be due to an ef-
fect of dose; and that, like neptunium,
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uranium GI absorption is directly related
to dose. To test this hypothesis, we ga-
vaged rats with various doses of uranium.
Results (Table 11) over a fivefold range of
doses are in reasonable agreement with our
previous results, and show no marked mass
effect.

TABLE 11. The Effect of Mass on Absorption From the Gastro-
intestinal Tract of Rats Gavaged With 233U Nitrate.

Dose, uCilkg: 48 120 240

Dose, mg/kg: 5.1 12.6 25.3
Tissue Percent of Gavaged Dose + SEM

Skeleton 0.01 0.01 0.02

Liver 0.0003 0.0003 0.0001

Kidneys 0.002 0.009 0.005

Total Retained 0.013 £ 0.003 0.013 + 0.003 0.02 + 0.004

(@) Five rats per group. See text for details.


















e Statistical Health-Effects Study

Principal Investigator: E.S. Gilbert and L. E. Sever

Other Investigators: J. A. Buchanan, S. Marks, and H. D. Tolley

A principal objective of this program is to determine if there are demonstrable effects of radiation
exposure to the Hanford worker by analyzing mortality records of this population. A secondary pur-
pose is to improve methodology for assessing health effects of chronic low-level exposure to harmful
agents or substances, particularly in an occupational setting. In the past year we have updated our
analyses and initiated new areas of analysis. Complete documentation was provided for our computer
program for the mortality study, and a user’s manual is under development. A case-control study of

birth defects was started in FY 1982.

Statistical Health-Effects Study

The primary objective of this program is to
analyze the mortality of Hanford workers
and, particularly, to assess whether there
are demonstrable effects of radiation ex-
posure in this population. An analysis of
the newly updated mortality file has not
been completed as yet. Results of that an-
alysis, when complete, will be published in
the journal Radiation Research, where our
principal report of the study and an update
were published previously.

In addition to the update of the mortality
analysis, the following analyses of the
data were undertaken:

1. Examination of the effects of con-
founding factors on the analysis of
the relationship of radiation to mor-
tality

2. Investigation of the impact that a
suspected change in the Social Secur-
ity Administration's (SSA) reporting
system might have on the Hanford ex-
perience

3. Examination of possible lung cancer
risk for workers exposed to over 2
rem of cumulative dose.

Task 1 was motivated by an interest in de-
termining if employment cohort and year of
death were possible confounding factors in
determining an effect due to radiation.
The results for this year examined mortal-
ity due to all cancers collectively as the
outcome variable. In this analysis, which
will appear in the Proceedings of the SIAM
Institute for Mathematics and Society Con-
ference, the conclusions were that these
factors did have a confounding influence on
measured radiation effects.

Task 2 was undertaken because of an appar-
ent decrease in reported noncancer deaths
by SSA. There is no reason to believe that
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the SSA system of reporting mortality is

biased in favor of death by cancer. Upon
closer examination, we discovered a de-

crease in the deaths reported by SSA from
what we expected, actuarially, for the

latter part of 1977 and 1978. This reduc-
tion was offset for reported cancer deaths
by an increase in cancer mortality rates in
our cohort. (This increase is similar to
that observed in the U.S. population be-

tween 1966 and 1978.) The cause and po-

tential impact of the apparent temporary
decrease in SSA ascertainment of death are
not yet apparent. When the resources of

the National Death Index are made available
to Hanford Environmental Health Foundation,
that source will be used for death ascer-
tainment for deaths dating from 1979.

Task 3, that of investigating lung cancer
risks, is still under way. Since smoking
history is generally unavailable, the co-
horts have been classified into four broad
occupational categories. The results of
this comparison will be used in support of
a case-control study of lung cancer in
which smoking history and other confounding
risk factors will be investigated.

In response to a need in the Department of
Energy research community for a comprehen-
sive data analysis tool to use in large oc-
cupational cohort studies, a generalized
version of the primary computer program
used in this project has been developed.
The program, MOX (Mortality and Occupa-
tional Exposure Analysis), uses a dynamic,
internal-population-based methodology to
analyze the relationships between chronic
environmental exposure and mortality, tabu-
lated by specific causes of death. (Envi-
ronmental exposure refers here to exposure
to radiation, chemical substances or other
quantifiable, potentially  hazardous
agents.) Documentation of the program has
been developed, and a detailed user's man-
uval should be completed early in 1983. The
program and manual will be made available
to other research investigators.



During FY 1982, a case-control study of
birth defects was started. Cases of birth
defects in babies born in the three hos-
pitals in the Tri-Cities area are being
identified through hospital records, birth
and death certificates. We plan to develop
information on the prevalence at birth of
selected malformations for the period 1956-
1980. In addition, two controls are being
selected for each case. We will compare
cases and controls on the basis of history
of employment at Hanford, occupational rad-
jation exposure, and exposure to other haz-
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ardous substances. Colliection of case and
control data is currently under way.

In addition to the above, the paper titled,
"Some Confounding Factors in the Study of
Mortality and Occupational Exposure,” by E.
S. Gilbe~t, was published in the July 1982
issue of the American Journal of Epidemiol-
ogy. A cecond paper by E. S. Gilbert, "An
Evaluation of Several Methods for Assessing
the Effects of Occupational Exposure to

Radiation," is "in press" in the journal

Biometrics.




e Radioisotope Customer List

Principal Investigator: J. S. Burlison

The purpose of this program is to prepare
and distribute the annual document entitled
List of DOE Radioisotope Customers with
Summary of Radioisotope Shipments. This
document lists the FY-1981 commercial rad-
joisotope production and distribution ac-
tivities of DOE facilities at Argonne Na-
tional Laboratory, Pacific Northwest Labo-
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ratory, Brookhaven National Laboratory,

Hanford Engineering Development Laboratory,
Idaho Operations Office, Los Alamos Scien-
tific Laboratory, Oak Ridge National Labo-
ratory, Savannah River Plant, and UNC Nuc-
lear Industries. The report (PNL-4177) was
published in September 1982.












FUSION

Environmental, health and safety problems associated with the fusion technology
cannot be precisely identified because of the early stage of development of this tech-
nology. Of probable major concern are problems associated with high-strength mag-
netic fields, with tritium and tritium-breeding materials, with heat transfer materials,
with energetic neutrons and the radioactive activation products resulting from inter-
actions with these neutrons. Some of these problems are common to fission as well as
fusion technologies and we have considered, in the Fission section, our studies involv-
ing the toxicology of sodium and lithium, which may serve as heat transfer and breed-
ing materials in a fusion reactor. In this section, we consider only studies relating to
magnetic-field effects.






¢ Biological Effects of Magnetic Fields

Principal Investigator: B. ). Kelman

Other Investigators: C. S. Abernethy, D. W. Carlile, . R. Decker, Jr., D. R. Kalkwarf, E. G. Kuffel,

D. D. Mahlum, J. R. Skalski, and J. A. Strand

Technical Assistance: L. W. McGee and T. A. Pierce

The objective of this project is to evaluate the effects of magnetic fields on a variety of biological sys-
tems. In the past year, these systems have included dominant lethal studies in mice, prenatal develop-
ment in rats, fertilization and embryonic development in trout, synthetic membranes, and long-term
exposure of mice. Although reports continue to appear in the literature describing biological effects of
magnetic fields, the current data base is extremely weak. A major weakness in much of the work
reported in the literature is the lack of appropriate controls; this is especially true of whole-animal
studies. We have therefore constructed a facility which permits exposure and sham exposure of anim-
als under nearly identical conditions. In addition to studies on the effects of magnetic fields on whole-
animal systems, another phase of this project has been the investigation of possible mechanisms by
which magnetic fields couple to biological systems.

Facilities

As previously reported, a 1200-ft? metal
building has been renovated to house two
identical beam-bending magnets (Type
18036), which were obtained on loan from
the Stanford Linear Accelerator Center
(SLAC). These magnets, which we previously
used at SLAC, have poles that measure 45.7
x 91.4 cm, with a gap of 17.8 cm. This
provides a relatively large cavity with a
uniform vertical field. 1In addition, the
space on either side of the poles can be
used for exposure to gradient fields.

An environmentally controlled unit, de-
scribed in a previous Annual Report (1980),
is placed in each magnet to house the ani-

mals. The environmental units are matched
in size, lighting, temperature and humid-
ity. The mode of operation is such that

one magnet is energized (to provide the

exposure field) while the other is not.

This permits control animals to be main-
tained under conditions which are as sim-
ilar as possible to those encountered by
the exposed groups. Either magnet can be
energized, thereby allowing the locations
of control and exposed groups to be ex-
changed between magnets, minimizing poten-
tial differences between units.

Trout Egg Fertilization

Studies conducted in FY 1981 and reported
in last year's Annual Report have shown

that exposure of rainbow trout ova and

sperm to a magnetic field strength of 1.0
Tesla (T) for 1 hr prior to fertilization
resulted in enchanced fertilization when
compared to sham-exposed and combined with
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nonexposed gametes. An effect was observed
on both egg and sperm. The mechanism in-
volved is unknown at this time.

During the past year, we have concentrated
our efforts on using this sensitive system
to evaluate the effects of exposure dura-
tion and field strength on the fertiliza-
tion process. Ova and sperm from rainbow
trout were exposed in a beam-bending magnet
(Type 18D36). Four field strengths (0.0,
0.1, 0.5, or 1.0 T) at four durations (5,

15, 30, or 60 min) were used to determine

if there was a dose-time response. Because
of the large number of ova needed (over

2000/group), and time constraints, a ran-
domized, incomplete, block experimental

design was used. In this design, eggs and
sperm were extruded from mature rainbow

trout. Each group of gametes was divided
into four equal aliquots, then sequentially
exposed to 4 of the 16 possible treatment
that comprise a complete block. After ex-
posure, the eggs and sperm were mixed, in-
cubated for 7 days, preserved, and scored
in the blind as either fertile or infert-
ile. Four of these exposure series com-

plete one block of data. Three complete

blocks are needed for statistical evalua-
tion.

Data presented in Table 1 show the results
of the first completed block. Although no
statistical evaluation can be made until

the last two blocks have been completed,

there is a possible trend toward higher

fertilization in groups exposed to the

higher field strengths, increasing with

length of exposure.



TABLE 1. Effect of Field Strength and Exposure Duration on
the Fertilization Success (%) of Rainbow Trout Gamates.

Fertility, %

Strength of Field (Tesla)

Duration of Mean of
Exposure, min 0 01T 05T 1.0T Duration
5 87.90 85.21 90.91 80.02 88.01
15 86.51 89.53 89.16 90.64 88.96
30 84.62 91.67 88.80 91.44 89.13
60 93.02 87.80 90.30 93.36 91.12
Mean Exposure 88.01 88.55 89.79 90.87

Strength

Prenatal Development

We previously exposed pregnant mice to mag-
netic fields to study the effects on devel-
opment; no adverse effects were found.
Since different species of mammals may re-
act differently to an agent, we have ex-
tended our studies to include rats.

Charles River CD female rats were caged
nightly with males of the same strain. The
presence of sperm in vaginal lavages on the
following morning was taken as evidence
that copulation had occurred. The morning
that sperm were found was designated as 0
day of gestation (dg). Pregnant rats were
randomized and assigned to one of three
groups. Group I was exposed to a 1-T,
static, homogenous field and Group II was
exposed to a 2-T/m, static gradient field.
Group III was placed in a nonenergized mag-
net and served as the control. From 0 to
20 dg, all groups were maintained under
conditions previously described (Annual
Report, 1981).

The rats were killed with CO, at 20 dg,
and necropsied. Liver, lungs, and kidneys
from all animals were weighed; ovaries,
uterus, Tiver, 1lungs, and kidneys from
about one-fourth of the pregnant animals,
selected at random from each experimental
group, were examined microscopically. The
uterus, with ovaries, was removed from each
animal immediately at sacrifice. The total
number of implantation sites and corpora
lutea, living and dead fetuses, and resorp-
tion sites were counted. The fetuses and
placentas were removed, blotted, and
weighed; crown-rump lengths were measured.
Each fetus was examined under an illumin-
ated magnifier for gross external abnormal-
ities and assigned, randomly, into one of
two groups for more detailed teratologic
examination.
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In one group, the heads were removed and
fixed in Bouin's fluid for subsequent exam-
ination of thin, serial, razor-blade-cut
sections. Fetuses were then dissected and
examined for internal abnormalities.
Slightly more than one-half of the fetuses
were examined in this manner since we es-
tablished a requirement that a minimum of
two fetises/horn and four fetuses/litter
would be examined, except when fewer fe-
tuses were present. The fetuses of the
second group were eviscerated and, together
with the decapitated carcasses, were fixed
in alcohol, stained with Alizarin red S,
and examined for skeletal defects under
low-powe!r magnification.

Maternal weight gain during pregnancy, and
fetal and placental weights, are shown in
Table 2. No significant effects of mag-
netic field exposure were found, although
there is a suggestion of enhanced weight
gain in the dams exposed to the homogenous
field.

TABLE 2. Effact of Magnetic Field Exposure on Maternal
Weight Gain and on Fetal and Placental Weights in Rats.

Placental
Weights, g

Maternal Fetal

Grou» Weight Gain, g Weights, g

Sham-Exposed  80.1 £ 17.4  3.14 £ 0.36 0.44 £ 0.07
Homogerous 94.5 £ 21.1 3.30 £0.32 0.45 +£0.06
Gradient 80.8 £ 149 325+ 0.38 0.45 + 0.08
Table 2 shows the effect of magnetic field

exposure on the average number of fetuses/
litter and on the incidence of fetal
deaths. Litter size was unaffected by
treatment; however, there was an increased
incidence of fetal deaths in the group ex-
posed to the gradient field. Teratologic
evaluation did not show any effect of mag-
netic fie d exposure on the incidence of
malformations.

Dominant Lethal Effects

In an earlier experiment, we obtained evi-
dence that the dominant lethal effects of a
300-mg/kg dose of ethylmethane sulfonate
(EMS) in male mice were mitigated by expo-
sure of tre mice to a 1-T, static, homog-
enous magnetic field. Since the number of
male mice studied in that experiment was
small, we repeated the experiment using
larger numbers.

Charles River CD-1 male mice were injected
i.p. with 0, 200, or 300 mg/kg of EMS.
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FIGURE 3. Substrate Specificity of Purified Ribonucleases. Ribonuclease from N-, C-, and P-starved cultures (A, B, and C,
respectively) were reacted with polyguanylic acid (O), and polycytidylic acid (@), and acid-soluble products were read at A,qq.

Uptake of Zinc by N. crassa

Previous studies (Annual Report, 1981) have
shown that the measurable ability of N.

crassa to take up zinc from the medium is

dependent on prior deprivation for the met-
al. The data imply that the starvation for
zinc derepresses the synthesis of a zinc-
specific uptake system. The time course of
uptake is biphasic, with an initial rapid
rate of about 1 min duration, followed by a
longer (>10-min) phase with a rate about
40% that of the first.

Studies this year have characterized the
uptake system 1in cells that have been
starved for zinc for 4 hr. The dependence
of uptake rate on zinc concentration is
hyperbolic, typical of the dependence of
reaction rate of enzymes on substrate con-
centration (Figure 4). Throughout the
range of zinc concentrations used, the rate
of the slow phase is about 40% that of the
fast phase. This suggests that the bi-
phasic nature of the uptake is not the re-
sult of initial loading of a compartment
and subsequent rate-1imiting transfer from
this compartment. The concentration of
zinc that supports the one-half-maximal
rate is about 1 uM. However, the uptake
experiments are conducted in 8 mM citrate,
which complexes (chelates) 99.9% of the
zinc. If the substrate for uptake is zinc
citrate, the K of the system for this com-
plex is about™1 uM; if free zinc is the
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FIGURE 4. Rate of Uptake of Zinc-65 by Zn-Stained
Neurospora as a Function of Zn Concentration.



substrate, the K_is about 1 nM. Experi-
ments have shown™that !4C-citrate is not

taken up in amounts equivalent to that of
zinc, thus zinc-citrate complex is not

transported. Furthermore, increasing the
concentration of citrate reduces 65Zn up-
take. This also suggests that the zinc-

citrate is not the substrate, because addi-
tional citrate would not substantially af-
fect the concentration of zinc-citrate but
would reduce the concentration of free

zinc. Zinc-65 uptake,is noi inhibited by
concentrations of FeZ2 , Ca? or Mg?2 100-
fold higher than that of zinc, demonstrat-
ing that it is specific for zinc.

The uptake system is inhibited by low con-
centrations of EDTA (1 x 10-¢ M). Inhibi-
tion is time-dependent (half-time, 20 min)
and is irreversible. Addition of an inhib-
itor of protein synthesis prevents recovery
from inhibition. These data suggest that
EDTA causes the release of an exterior pro-
tein required for zinc transport, possibly
the zinc-binding protein. However, at-

tempts to isolate an extracellular zinc-

binding protein from EDTA-exposed cultures
have not been successful.

One would expect the activity of the zinc
uptake system to be closely regulated be-
cause zinc is a nutrient, however, high
concentrations are toxic. When dere-
pressed, the system must be negatively reg-
ulated to avoid the accumulation of toxic
cellular concentrations of the metal. 1In
order to investigate negative control of
the uptake system, zinc-starved cells were
split into three subcultures: 1in one (con-
trol), the medium contained no zinc; in
another, the medium contained an inhibitor
of protein synthesis (cycloheximide) and no
zinc; in the third the medium contained 10
UM zinc. At appropriate times, samples of
the cultures were removed, washed and as-
sayed for their ability to transport zinc.
The culture incubated in the absence of
zinc continued to synthesize the uptake
system, as expected (Figure 5). The uptake
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rate of the cells incubated with cyclohexi-
mide remained about constant for 4.5 hr,
showing that the system does not turn over
at a high rate. The cells incubated with
zinc, however, lost the ability to take up
zinc with a half-1ife of about 10 min. The
data suggest that the transport system of
zinc is specifically inactivated, possibly
by a protease, in response to adequate
extra- or intracellular levels of zinc.
Substrate-specific degradation of uptake
systems and enzymes is an unusual and in-
teresting form of regulation.

During tha next year we will examine uptake
of toxic trace metals by zinc-depressed N.
crassa and ascertain whether other metals
cause the same loss of the uptake system as
zinc.



® Alveolar Clearance of Inhaled Metal Oxides

Principal Investigator: C. L. Sanders

Technical Assistance: K. Rhoads

Metal oxides produced during the combustion of fossil fuels constitute a potential hazard to man. The
objectives of this project are to determine the fate of metals and ash deposited in the lung and their

acute and chronic toxicity.

Carcinogenicity of Single and Multiple In-
tratracheal Instillations of Cadmium Oxide

in the Rat

One hundred and ninety male, Fischer-344
rats were divided into four groups: Group
1 (46 rats) received an instillation of

saline; group 2 (48 rats) received an in-
stillation of 25 pg cadmium oxide (CdO) in
saline at 70 days of age; group 3 (46 rats)
received an instillation of 25 ug Cd0 at 70
and 100 days of age; and group 4 (50 rats)
received an instillation of 25 pg CdO at

70, 100 and 130 days of age. Animals were
held for lifespan study.

No difference in survival time was noted
between control and any CdO-treated group
(Figure 1). There was a marginal increase
in mammary tumors; otherwise, instilled CdO
did not result in increased incidence of
tumors in the lung, testis, liver, kidney
or prostate gland (Table 1). There was,

however, a significant difference (P <

0.05) when all but Leydig cell tumors in
the testis were included in the analysis.
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FIGURE 1. Mortality Curves for F-344 Rats Given Single or Multiple Intratracheal Instillations of Cadmium Oxide in Doses of
25 ug.
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TABLE 1. Number (Percent) of Lesions, by Exposure Group, in Rats Given Intratracheal Instillations of Cadmium Oxide.

Exposed

Lesion Location/Type Control 25 ug 50 ug 75 ug
Number of Rats at Risk 45 44 41 48
Abdomen/Stomach
Tumors'@ T 2% 2 (5% 3 (7%) 3 (6.%)
Adrenal Glands

Pheochromocytoma 4 (9%) 1 (2%) 2 (5%) 5 (10%)
Blood

Leukemia 17 (38%) 14 (32%) 15 (37 %) 18 (38%)
Lung
Metaplastic Lesions!D) 1 (2%) e (29 2 (4%)
Adenocarcinoma 0 20 (59) 0
Mammary Glands

Fibroadenoma 3 (7%} 7 (16%) 5 (12%) 11 (23%)
Skin

Fibroma 3 (7 %) 4 (9%} 3 (7%} 5 (10%)
Malignant Tumors@ 2 (4%) 0 4 (8%)
Spleen

Tumors(€) T (2%) 0 0 1 (2%)
Testes

Leydig Cell Tumor 31 (69%) 37 (84%) 34 (83%) 38 (79%)
All Tissues

Lesions(!) 38 (84%) 420 (95%) 3818 193%) 46 (962%)
a) Fibrosarcoma (1), lipoma (1), mesothelioma (3), leiomyoma (2), undifferentiated sarcoma (1), undifferentiated carcinoma (1)
b) Adenomatosis (3), sqguamous metaplasia (1)

€ One rat had both an adenocarcinoma and a squamous metaplasia.

g)Melanoma (1), squamous carcinoma (4), endothelioma (1)

) Hemangioendothelioma (1), hemangiosarcoma (1)

(
(
(
(
(
(
(
(
(

i) Each rat with multiple iesions counted only once.

Includes undifferentiated sarcoma (1} of unknown tissue origin
8 Includes squamous cell carcinoma (1} of unknown tissue origin
P} includes undifferentiated sarcoma (1) and lymphoma (2) of unknown tissue origin

The number of tumors per rat (excluding
Leydig cell tumors) was 0.69, 0.66, 0.76
and 1.0 for 0, 25, 50 and 75 pg €CdO groups,
respectively. The 75~ug Cd0 group had sig-
nificantly greater numbers of tumors than
controls.

We concluded that single or multiple sub-
acute exposures of the lung to cadmium did
not significantly increase tumor formation
at any anatomical site except, possibly,
the male mammary gland. Overall, Cd0 had
no significant impact on survival of rats.
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Long-Term Reactivity of Lung and Media-~

stinal Lymph Nodes Following Intratracheal
Instiliation of Sandy Loam Soil or Mount
St. Helen's Volcanic Ash

Eighty-two female, Fischer-344 rats were
instilled with either saline, or a
respirable~sized sandy loam soil (Ritzville
sandy 1oam obtained from the Hanford Reser-
vation in Washington), or with a
respirable-sized volcanic ash sample ob-
tained from Puliman, Washington. Rats were
given eitler two or seven consecutive,



weekly instillations of 11 mg soil or ash monary lipoproteinosis and fibrosis, and

suspended in saline per instillation for incidence of bronchiolar hyperplasia, in
tgta] doses of 22 mg or 77 mg, respec- ash-exposed rats (Tables 2 and 3).

tively. Rats were killed at about 400 days

after initial instillation. Lymph nodes of ash-exposed rats were 8-18
L times larger than in soil-exposed rats due
Significantly elevated levels of 1ipid- to an abundant cellular microgranuloma for-
phosphorus and of protein were found in mation and an early fibrosis in nodes of
lung layages of rats given ash compared to ash-exposed rats (Table 4). Mount St. Hel-
leve1s'1n thosg giyen soil particles. Mic- ens volcanic ash is apparently more bio-
roscopic examination revealed a signifi- logically reactive than soil particles com-
cantly (P < 0.05) greater degree of pul- monly found in eastern Washington.

TABLE 2. Pathological Response of Lung and Mediastinal Lymph Nodes to Intratracheally Instilled Soil or Ash Particles.

Pulmonary Pathology'?)

Litespan, dayst)

No. Lipo- Bronchiolar
Treatment Rats Median Mean proteinosis Fibrosis Hyperplasia, %
Control (X 7)) 20 532 533 £ 11 0.0 £ 0.0 0.0 0.0
Soil X 2) 6 398 398 + | 1.7 £05 0.0-1.0 0.0
Ash X2 4 407 407 = 1 28+1.0 1.0-2.0 75
Soil X7 21 425 398 * 67 20+ 06 0.0-1.0 95
Ash X 7) 14 400 396 + 15 3.4 + 0.7 1.0-2.0 43
Ash X 7) 17 408 396 + 62 2.7 £07 1.0-2.0 53

(@) Lipoproteinosis and fibrosis of lung sections are graded on a scale of increasing severity from 0 - 5; bronchiolar hyperplasia values
are incidences.

{b) After first intratracheal instiliation

(€ () = number of intratracheal instillations of 11 mg/instillation for soil- or ash-treated animals.

(Al but this group underwent lung lavage.

TABLE 3. Amount of Protein, Lipid-Phosphorus and Nucleated Cells in Lung Lavages Following Intratracheal Instillation of
Soil or Ash Particles.

Lipid-Phosphorus, Nucleated Cells,
Treatment Protein, ug/ml ug/ml x 103/ml

Controt (X 714 270 £ 120 Q0) 56+ 1.3 (20) 780 £ 300 (12)
Soil X 2 520 + 210 (&) 16 +22 ()M 1500 £ 500 (6]
Ash X 2 530+ 35 (@b 16 =33 (@b 1000 £ 240 (4
Soil X 7) 190 + 130 (17)) 18 =42 (nib 930 + 190  (9)
Ash X 7) 860 + 140 (14)b.0) 22 =31 (aba 1100 = 360 (6)
Q) () = number of intratracheal instillations of 11 mg/instillation for soil- or ash-treated animals.

(b)Significame greater than control group at P <0.001
O Significantly greater than soit (X 7) group at P<0.03
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TABLE 4. Reactivity of Mediastinal Lymph Nodes Following
Intratracheal Instillation of Soil or Ash Particles.

Mass of Largest Lymph

Treatment Node. mg
Control (X 7@ 6.4+ 41 (15D
Soil X 2) 13 = 52 (6
Ash (X 2) 240 == 82 (4)
Soil (X 7) 31 =15 (17)
Ash (X 7) 240 =77 (13)
{a) () = number of intratracheal instillations of 11 mg/

instillation for soil- or ash-treated animals.
(b) Number of rats examined
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APPENDIX

e 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 stud-
ies with inhaled 23%PuQ,, 28PuQ,, and 23%Pu nitrate. Information is presented on the estimated initial
alveolar 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 fol-
low 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 NC1/ WEIGHT AGE* OF = =r-eremececnone
DOSE GROUP NUMBER SEX NCI LUNG KG (KG) (MO) DATE DEATH 9/30/82 DEATH COMMENTS ON DEAD DOGS

CONTROL 738 F 0 0.00 0.00 161,.2*

CONTROL 740 F 0 0.00 0.00 161.2*

CONTROL 749 F 0 0.00 0.00 159.9*

CONTROL 755 M 0 0.00 0.00 159.8*

CONTROL 766 M 0 0.00 0.00 159.5*

CONTROL 775 F 0 0.00 0.00 10/05/81 147.3* Pul. Thromboembolism
CONTROL 785 M 0 0.00 0.00 158.4*

CONTROL 789 M 0 0.00 0.00 158.1*

CONTROL 792 M 0 0.00 0.00 04/28/76 79.5* Oral Tumor

CONTROL 800 F 0 0.00 0.00 155.3*

CONTROL 801 M 0 0.00 0.00 02/23/82 148.1* Lung Tumor

CONTROL 811 F 0 0.00 0.00 154,2*

CONTROL 846 M 0 0.00 0.00 153,.4%*

CONTROL 861 M 0 0.00 0.00 153.0*

CONTROL 868 F 0 0.00 0.00 151.7*

CONTROL 872 F 0 0.00 0.00 151.6*

CONTROL 878 M 0 0.00 0.00 149.7*

CONTROL 882 M 0 0.00 0.00 11/06/81 138.7* Hemangiosarcoma, Liver
CONTROL 885 F 0 0.00 0.00 148,9*

CONTROL - 903 F 0 0.00 0.00 146.6*

CONTROL SACRIFICE 701 F 0 0.00 0.00 04/18/79 121.0* Sacrificed

CONTROL SACRIFICE 703 M 0 0.00 0.00 03/24/77 96 .2* Sacrificed

CONTROL SACRIFICE 724 M 0 0.00 0.00 03/30/78 107.9* Sacrificed
D~1 LOWEST 756 M 0 0.00 0.00 13.0 19.5 01/19/71 140.4
D-1 LOWEST 762 M 0 0.00 0.00 11.5 19.3 01/19/71 01/24/77 72.2 Sacrificed
D-1 LOWEST 847 M 0 0.00 0.00 13,0 18.5 07/06/71 134.8
D-1 LOWEST 858 M 0 0.00 0.00 13.5 18.2 07/06/71 134.8
D~1 LOWEST 865 F 0 0.00 0.00 9.0 17.4 07/06/71 134.8

D-1 LOWEST 879 M 0 0.00 0.00 14.5 17.9 10/07/71 131.8

D-1 LOWEST 886 F 0 0.00 0.00 10.5 18.2 11/10/71 130.7

D~1 LOWEST 907 F 0 0.00 0.00 11.5 15.9 11/10/71 130.7

D-1 LOWEST 825 F 1 0.01 0.12 11.5 18.1 06/08/71 135.8

D-1 LOWEST 849 F 1 0.01 0.10 10,0 21.3 10/07/71 10/26/72 12.6 Sacrificed

D-1 LOWEST 904 F 1 0.01 0.07 10.0 15.9 11/10/71 130.7

D-1 LOWEST 832 F 2 0.02 0.22 9.0 16.5 04/26/71 137.2

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 07/06/71 134.8

D-1 LOWEST 899 F 4 0.03 0.31 11.5 16.0 11/10/71 03/29/81 112.6 Hemangiosarcoma, Heart
D-1 LOWEST 867 M 5 0.04 0.41 11.5 17.4 07/06/71 134.8

D-1 LOWEST 891 M 6 0.04 0.41 14,0 16.0 11/10/71 06/26/81 115.5 Septicemia

D-1 LOWEST 850 F 5 0.05 0.59 8.5 21.3 10/07/71 131.8

D-1 LOWEST 853 M 8 0.05 0.51 15.0 21.3 10/07/71 131.8

D-1 LOWEST 875 M 8 0.05 0.54 14.0 16.8 07/06/71 05/21/78 82,5 Kidney:Malignant Lymphoma

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

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

NCI/G
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0.29
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0.46
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1.00
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1.69
1.63
1.75
1.78
1.90
2.00
2.09
2.40
2.41
2.57
2.69
2.74
3.20
3.24
3.50
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13.0

19.1
18.7
14.9
14.6
17.7
15.9
20,2
18.6
18.2
16.0
17.3
16.9
16.8
19.5
17.6
19.5
15.6
19.1
17.9
17.7
18.2
18.2
18.5
17.9
15.3
15.1
17.9
18.2
18.1
17.3
19.2
19.0
19.5
18.6
16.8
17.7
20.2
17.8
15.0
16.8
21.3
16.0
17.8

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

07/24/81
04/01/80

07/07/72

01/10/78

08/19/81
08/29/74

04/08/82

06/23/78

02/20/81

02/22/79

08/26/79

05/22/73

07/06/72
07/05/79

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

MONTHS SINCE
INHALATION

COMMENTS ON DEAD DOGS

140.4
139.7
131.8

135.8
138.9
134.8
141.3
135.8
134.8
134.8

135.8

125.4

100.7

83.7

127.0
42.6

134.6

90.1

122.0

98.1

101.7

Putitary Tumor, Cushing's

Unknown, Pul. Hyalinosis

Sacrificed

Status Epilepticus

Unknown Cause
Sacrificed

Processing

Ovarian Tumor

Lung Tumor, Kidney Tumor

Lung Tumor, Adrenal Tumor

Pul. Thromboembolism

Sacrificed

Sacrificed
Pyometra
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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* OF = —emememeeee

DOSE GROUP NUMBER SEX NCI LUNG KG (KG) (MO) DATE DEATH 9/30/82 DEATH COMMENTS ON DEAD DOGS
D~-3 MED-LOW 797 F 85 0.70 7.73 11.0 16.4 03/04/71 138.9
D-3 MED-LOW 848 F 75 0.72 7.94 9.5 21.3 10/07/71 131.8
D~3 MED-LOW 827 F 89 0.74 8.09 11.0 16.7 04/26/71 137.2
D-3 MED-LOW 697 M 140 0.85 9.33 15.0 19.5 10/30/70 05/08/80 114.3 Card. Valve insufficiency
D-3 MED-LOW 750 M 118 0.93 10.26 11.5 19.6 01/20/71 140.3
D~3 MED-LOW 884 M 123 1.12 12.30 10.0 17.8 10/08/71 131.7
D-3 MED-LOW 844 F 135 1.17 12.86 10.5 17.6 06/08/71 135.8
D-3 MED-LOW 905 F 127 1.36 14.94 8.5 15.9 11/10/71 130.7
D~4 MEDIUM 866 M 200 1.35 14.81 13.5 17.4 07/06/71 134.8
D-4 MEDIUM 809 F 157 1.36 14.95 10.5 15.3 03/04/71 05/28/81 122.,8 Livr Cirrhosis, Thyrd Tmr
D-4 MEDIUM 764 F 158 1.37 15.05 10.5 18.2 12/21/70 07/07/82 138.5 Processing
D-4 MEDIUM 835 F 163 1.48 16.30 10.0 16.4 04/26/71 06/25/78 86.0 Reticulum Cell Sarcoma
D-4 MEDIUM 839 F 189 1.49 16.43 11.5 16.3 04/26/71 137.2
D-4 MEDIUM 814 F 140 1.50 16.47 8.5 15.1 03/04/71 10/17/79 103.5 Lng Tmr, Thyroid Adenoma
D-4 MEDIUM 836 M 256 1.66 18.29 14.0 17.8 06/08/71 03/16/81 117.3 Lung Tumor
D-4 MEDIUM 819 F 163 1.74 19,18 8.5 18.2 06/08/71 135.8
D~4 MEDIUM 888 M 274 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 01/26/81 115.6 Bronchopneumonia
D-4 MEDIUM 860 M 254 1.85 20.32 12.5 17.3 06/08/71 06/24/82 132.5 Lung Tumor
D~4 MEDIUM 833 F 248 2.37 26.11 9.5 16.5 04/26/71 137.2
D~4 MEDIUM 810 F 302 2.39 26.26 11.5 15.3 03/04/71 09/09/81 126.2 Lung Tumor
D-4 MEDIUM 794 M 444 2.60 28.65 15.5 17.7 03/04/71 02/17/81 119.5 Pituitary Tmr, bad adrenl
D-4 MEDIUM 854 M 465 2.64 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 09/09/82 139.0 Processing
D-4 MEDIUM 805 F 257 3.12 34.27 7.5 18.5 06/08/71 07/22/82 133.5 Processing
D-4 MEDIUM 812 M 438 3.19 35,04 12,5 17.1 04/26/71 11/12/79 102.6 Lung Tumor
D-4 MEDIUM 857 M 486 3.40 37.38 13.0 17.3 06/08/71 07/01/80 108.8 Lung Tumor
D~4 MEDIUM 892 M 494 3.59 39.52 12.5 16.0 11/106/71 10/26/81 119.5 Lung Tumor
D-4 MEDIUM 816 M 398 3.62 39.80 10.0 16.8 04/26/71 05/11/71 0.5 Sacrificed
D-4 MEDIUM 777 M 546 3.97 43.68 12.5 20.2 03/04/71 03/26/80 108.7 Lung Tumor
D-4 MEDIUM 803 M 547 4.32 47.57 11.5 18.1 04/26/71 11/10/77 78.5 Interstitial Pneumonitis
D-5 MED~HIGH 787 M 651 4.73 52.08 12.5 19.5 03/04/71 02/08/79 95.2 Lung Tmr, Intestinal Tmr
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 12,0 16.0 11/106/71 02/03/81 110.8 Uri Bladr & Lng & Adr Tmr
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 737 6.70 73.70 10.0 15.9 11/10/71 06/04/81 114.8 Lung Tumor
D-5 MED-HIGH 734 M 914 6.92 76.17 12.0 19.2 11/10/70 04/01/71 4.7 Sacrificed
D-5 MED-HIGH 837 M 1283 8.04 88.48 14.5 18.8 07/07/71 07/21/77 72.5 Lung Tumor
D-5 MED-HIGH 863 F 980 8.48 93.33 16.5 17.4 07/07/71 10/21/77 75.5 Lung Tumor

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

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE
——————————————————————————————————————————————— DATE INHALATION
. DOG NCI/G NCI/ WEIGHT AGE* OF ==-o-seommmen-

DOSE GROUP NUMBER SEX NCI LUNG KG (KG) (MO) DATE DEATH 9/30/82 DEATH COMMENTS ON DEAD DOGS
D-5 MED-HIGH 820 F 847 8.56 94.11 9.0 18.2 06/08/71 06/01/79 95.8 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 .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 Lng Tmr, Osteocarthropathy
D-5 MED-HIGH 783 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. Pneum,
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-HIGE 760 M 1378 10.89 119.83 11.5 19.3 01/20/71 08/15/73 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 Lng Tmr, 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 12.5 19.6 11/10/70 03/31/71 4.6 Sacrificed
D-5 MED~-HIGH 772 M 1896 14.99 164.87 11.5 19.8 02/09/71 06/26/75 52.5 Lng Tmr, Osteocarthropathy
D-5 MED-HIGH 702 F 1682 15.29 168.20 10.0 19.8 11/10/70 03/31/71 4.6 Sacrificed
D-5 MED-HIGH 739 F 1511 17.17 188.88 8.0 18.5 11/10/70 04/01/71 4.7 Sacrificed
D-6 HIGH 753 F 2448 23.43 257.68 9.5 18.5 12/21/70 10/02/76 69.4 Lung Tumor
D~6 HIGH 817 M 3164 23.97 263.67 12.0 19.2 07/07/71 03/26/73 20.6 Radiation Pneumonitis
D-6 HIGH 829 M 3515 24,58 270.38 13.0 19.1 07/07/71 09/13/73 26.3 Radiation Pneumonitis
D-6 HIGH 890 F 3101 31.32 344.56 9.0 16.0 11/10/71 06/13/74 31.1 Radiation Pneumonitis
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 11/10/71 11/22/72 12.4 Radiation Pneumonitis
D~6 HIGH 896 F 5515 66.85 735.33 7.5 16.0 11/10/71 02/12/73 15.1 Radiation Pneumonitis
D-6 HIGH 747 F 7476 97.09 1068.00 7.0 19.6 01/20/71 01/13/72 11.8 Radiation Pneumonitis
D-6 HIGH 910 M 14267 103.76 1141.36 12.5 15.9 11/10/71 106/12/72 11.1 Radiation Pneumonitis

* Indicates ade in months since birth, all other ages are in months since exposure.
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DOSE~-EFFECT STUDIES WITH INHALED PU-238 OXIDE IN BEAGLES

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE
——————————————————————————————————————————————— DATE INHALATION
DOG NCI/G NCI/ WEIGHT AGE* OF = ==-ememremee—
DOSE GROUP NUMBER SEX NCI LUNG KG (KG) (MO) DATE DEATH 9/30/82 DEATH COMMENTS ON DEAD DOGS

CONTROL 939 M 0 0.00 0.00 136.9*

CONTROL 949 F 0 0.00 0.00 . : 136.7*

CONTROL 978 M 0 0.00 0.00 136.5*

CONTROL 990 F 0 0.00 0.00 07/08/79 97.4* Pyometra
CONTROL 996 F 0 0.00 0.00 136.0*

CONTROL 1005 M 0 0.00 0.00 136.0*

CONTROL 1007 F 0 0.00 0.00 136.0*

CONTROL 1024 M 0 0.00 0.00 135,5*

CONTROL 1038 M 0 0.00 0.00 133.4*

CONTROL 1045 M 0 0.00 0.00 133.4*

CONTROL 1054 F 0 0.00 0.00 133.1*

CONTROL 1061 F 0 0.00 0.00 07/07/81 118.2* Malignant Lymphoma
CONTROL 1093 M 0 0.00 0.00 129,3+*

CONTROL 1097 F 0 0.00 0.00 128.6*

CONTROL 1112 M 0 0.00 0.00 128.4~*

CONTROL 1116 F 0 0.00 0.00 128.1+*

CONTROL 1186 F 0 0.00 0.00 121.5*

CONTROL 1197 M 0 0.00 0.00 121.0*

CONTROL 1209 M 0 0.00 0.00 120.7*

CONTROL 1225 F 0 0.00 0.00 119.9*

CONTROL SACRIFICE 966 M 0 0.00 0.00 04/30/77 71.6* Sacrificed
CONTROL SACRIFICE 1011 F 0 0.00 0.00 06/01/78 83.9* Sacrificed
CONTROL SACRIFICE 1013 F 0 0.00 0.00 05/29/79 95.8* Sacrificed
CONTROL SACRIFICE 1087 M 0 0.00 0.00 12/14/76 60.0* Sacrificed
CONTROL SACRIFICE 1118 M 0 0.00 0.00 01/13/76 47 .5* Sacrificed
CONTROL SACRIFICE 1223 M 0 0.00 0.00 05/15/75 31.9* sacrificed
CONTROL SACRIFICE 1227 M 0 0.00 0.00 12/01/76 49 .9* Sacrificed
CONTROL SACRIFICE 1228 M 0 0.00 0.00 10/31/78 72.9* Sacrificed
D-1 LOWEST 998 M 0 0.00 0.00 10.5 19.6 01/18/73 116.4
D-1 LOWEST 1003 M 0 0.00 0.00 14.0 19.6 01/18/73 116.4
D-1 LOWEST 1023 F 0 0.00 0.00 12.5 19.2 01/18/73 116.4
D-1 LOWEST 1039 M 0 0.00 0.00 11.0 17.0 01/18/73 116.4
D~1 LOWEST 1044 F 0 0.00 0.00 11.5 17.0 01/18/73 116.4
D-1 LOWEST 1055 M 0 0.00 0.00 13.0 16.8 01/18/73 116.4

D~-1 LOWEST 1063 M 0 0.00 0.00 14.5 16.7 01/18/73 11/11/80 93.8 Brain Tumor, Heart Tumor
D-1 LOWEST 1105 F 0 0.00 0.00 10.0 16.4 05/31/73 112.0

D-1 LOWEST 1194 F 0 0.00 0.00 10.5 19.8 04/18/74 101.4

D-1 LOWEST 1215 M 0 0.00 0.00 15.5 19.3 04/18/74 04/26/77 36.3 Sacrificed
D-1 LOWEST 1230 M 0 0.00 0.00 12.5 18.4 04/18/74 101.4

D-1 LOWEST 951 M 2 0,01 0.14 14.0 19.3 12/19/72 117.4

D-1 LOWEST 1008 M 2 0.01 0.15 13.5 19.6 01/18/73 116.4

D-1 LOWEST 1193 F 2 0.01 0.16 12.5 19.8 04/18/74 101.4

D-1 LOWEST 959 M 3 0.02 0.22 13,5 19.2 12/19/72 117.4

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

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE
——————————————————————————————————————————————— DATE INBALATION
DOG NCI/G NCI/ WEIGHT AGE* OF = ~——mmmmmmmee—

DOSE GROUP NUMBER SEX NCI LUNG KG (KG) (MO) DATE DEATH 9/30/82 DEATH COMMENTS ON DEAD DOGS
D-1 LOWEST 1069 F 2 0.02 0.24 8.5 18.1 05/31/73 112.0
D-1 LOWEST 1095 F 2 0.02 0.19 10.5 16.6 05/31/73 112.0
D-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 0.03 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 19.5 11/30/72 02/27/73 2.9 sacrificed
D-1 LOWEST 1204 M 6 0.04 0.43 14.0 17.7 02/26/74 103.1
D-1 LOWEST 970 F [3 0.05 0.55 11.0 19.2 12/19/72 01/04/77 48.5 sSacrificed
D-1 LOWEST 993 F 6 0.05 0.50 12,0 18.8 12/19/72 117.4
D-1 LOWEST 1106 F 5 0.05 0.50 10.0 16.4 05/31/73 112.0
D-2 LOW 1065 F 6 0.05 0.60 10.0 18.3 05/31/73 112.0
D-2 LOW 1082 M 11 0.06 0.69 16.0 18.0 05/31/73 12/04/79 78.1 Paralysis, Spinal Crd Deg
D-2 LOW 1188 M 11 0.06 0.71 15.5 18.4 02/26/74 103.1
D-2 LOW 1084 M 13 0.07 0.76 17.0 17.5 05/31/73 112.0
D-2 LOW 1090 F 10 0.08 0.83 12.0 17.3 05/31/73 112.0
D-2 LOW 1222 M 15 0.10 1.11 13.5 19.0 04/18/74 101.4
D-2 LOW 971 F 13 0.11 1.24 10.5 19.2 12/19/72 117.4
D-2 LOW 999 F 11 0.11 1.16 9.5 18.7 12/19/72 117.4
D-2 LOW 1229 M 16 0.11 1.19 13.5 16.8 02/26/74 103.1
D-2 LOW 1070 M 22 0.12 1.33 16.5 18.1 05/31/73 112.0
D-2 LOW 1214 M 17 0.12 1.36 12.5 19.3 04/18/74 05/12/75 12.8 Sacrificed
D-2 LOW 955 M 17 0.14 1.55 11.0 19.2 12/19/72 117.4
D-2 LOW 1033 M 17 0.14 1.55 11.0 19.1 02/22/73 115.2
D-2 LOW 1036 F 16 0.14 1.52 10.5 18.2 02/22/73 115.2
D-2 LOW 1216 M 23 0.16 1.77 13.0 19.3 04/18/74 101.4
D-2 LOW 1060 F 22 0.18 2.00 11.0 17.8 02/22/73 115.2
D-2 LOW 981 M 30 0.21 2.31 13.0 19.0 12/19/72 117.4
D-2 LOW 1046 M 27 0.22 2.45 11.0 18,1 02/22/73 115.2
D-2 LOW 1050 F 22 0.22 2.44 9.0 18.1 02/22/73 115.2
D-2 LOW 1078 v 22 0.22 2.42 12.0 18.0 05/31/73 112.0
D-2 LOW 1207 F 22 0.24 2.59 8.5 17.6 02/26//4 103.1
D-2 LOW 1196 F 28 0.25 2.80 10.0 17.9 02/26/74 103.1
D-2 LOW 1189 M 38 0.26 2.81 13.5 20.0 04/18/74 04/25/79 60.2 Sacrificed
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 M 54 0.31 3.38 16.0 18.3 05/31/73 112.0
D-3 MED-LOW 1089 F 41 0.31 3.42 12.0 17.3 05/31/73 112.0
D-3 MED-LOW 972 F 40 0.33 3.64 11.0 19.2 12/19/72 117.4
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 15.5 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 MED-LOW 1219 F 46 0.40 4.38 10.5 19.0 04/18/74 101.4
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 M 73 0.43 4.71 15.5 17.7 11/06/73 106.8

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

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE
——————————————————————————————————————————————— DATE INHALATION
DOG NCI/G NCI/ WEIGHT AGE* OF  r~r=—memememce——
DOSE GROUP NUMBER SEX NCI LUNG KG (KG) (MO) DATE DEATH 9/30/82 DEATH COMMENTS ON DEAD DOGS
D~3 MED-LOW 1165 M 76 0.43 4.75 16.0 17.3 11/06/73 106.8
D-3 MED-LOW 1309 M 60 0.44 4,80 12.5 18.5 03/04/75 90.9
D-3 MED-LOW 1318 M 67 0.45 4.96 13.5 18.1 03/04/75 03/08/76 12.2 sSacrificed
D-3 MED-LOW 929 P 41 0.50 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 90.9
D-3 MED-LOW 960 M 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 05/31/73 112.0
D-3 MED-LOW 1190 P 71 0.54 5.92 12,0 18.1 02/26/74 103.1
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 Sacrificed
D-3 MED-LOW 982 M 76 0.58 6.33 12.0 19.0 12/19/72 117.4
D~3 MED-LOW 1040 M 84 0.61 6.72 12.5 18.2 02/22/73 03/04/81 96.3 Parathyroid Adenoma
D~3 MED-LOW 1059 F 71 0.65 7.10 10.0 17.8 02/22/73 115.2
D-3 MED-LOW 1319 M 99 0.67 7.33 13.5 18.1 03/04/75 03/09/76 12.2 Sacrificed
D-3 MED-LOW 1108 F 84 0.69 7.64 11.0 16.4 05/31/73 112.0
D~3 MED-LOW 1000 P 70 0.71 7.78 9.0 18.7 12/19/72 117.4
D-3 MED-LOW 1056 M 97 0.71 7.76 12.5 17.9 02/22/73 115.2
D-3 MED-LOW 1004 M 116 0.73 8.00 14.5 19.6 01/18/73 116.4
D-3 MED-LOW 1026 M 116 0.78 8.59 13.5 19.2 01/18/73 116.4
D-3 MED~LOW 1043 F 98 0.89 9.80 10.0 18.1 02/22/73 09/21/81 102.9 Putitary Tumor, Cushing's
D-3 MED-LOW 1031 F 76 0.92 10.13 7.5 19.1 02/22/73 115.2
D-3 MED-LOW 1212 F 111 1.19 13.06 8.5 17.6 02/26/74 103.1
D-4 MEDIUM 1176 M 129 0.87 9.56 13.5 15.5 10/06/73 107.8
D-4 MEDIUM 1221 F 124 1.13 12.40 10.0 19.0 04/18/74 101.4
D-4 MEDIUM 1195 M 228 1.38 15.20 15.0 18.1 02/26/74 103.1
D-4 MEDIUM 1032 M 162 1.40 15.43 10.5 16.3 11/30/72 12/08/72 0.3 Sacrificed
D-4 MEDIUM 1053 F 148 1.42 15.58 9.5 17.9 02/22/73 115.2
D-4 MEDIUM 997 M 203 1.60 17.65 11.5 19.6 01/18/73 116.4
D~4 MEDIUM 991 F 194 1.76 19.40 10.0 18.8 12/19/72 117.4
D-4 MEDIUM 1177 M 262 1.76 19.41 13.5 16.6 11/06/73 106.8
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 05/31/73 112.0
D-4 MEDIUM 973 F 271 2.24 24,64 11,0 19.2 12/19/72 117.4
D-4 MEDIUM 931 F 289 2.39 26.27 11.0 19.1 11/30/72 12/28/72 0.9 Sacrificed
D-4 MEDIUM 1091 F 243 2,60 28,59 8.5 17,3 05/31/73 112.0
D-4 MEDIUM 1114 M 430 2.70 29.66 14.5 16.4 05/31/73 112.0
D-4 MEDIUM 1062 M 435 2,93 32.22 13.5 17.8 02/22/73 115.2
D-4 MEDIUM 934 M 454 3.06 33.63 13.5 19.1 11/30/72 03/01/73 3.0 Sacrificed
D-4 MEDIUM 1081 M 541 3.07 33.81 16.0 18.0 05/31/73 01/18/80 79.6 Hemangiosarcoma, Heart
D-4 MEDIUM 1030 F 340 3.25 35.79 9.5 19.1 02/22/73 115.2
D-4 MEDIUM 1198 M 539 3.50 38.50 14,0 17.9 02/26/74 103.1
D~-4 MEDIUM 952 F 365 3.69 40.56 9.0 19.2 12/19/72 117.4
D~4 MEDIUM 1166 M 673 4.08 44.87 15,0 17.3 11/06/73 106.8

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

1

1

1

DOG

NUMBER SEX

1220
992
983

1191

1157

1035

1192

1140

1071

1173

1178

1047

1109

1160

1211

1096

1218

1092

1027

1115
974

1079

1058

1002

1057

1009

1042
994

1006
975

1037

1143

1025

1064

1162
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INITIAL ALVEOLAR DEPOSITION

NCI/G

NCI

518

555

617

591

700

571

754
1014
1269
1023
1125

900
1119
1344
1764
1476
1710
1848
2148
1885
1718
2620
1907
2907
3116
3630
2959
3453
3810
3565
4854
7691
8479
9453
6959
6201

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

LUNG

4.28
4.39
4.67
4.48
4.71
5.46
6.53
6.58
6.79
7.75
8.52
8.61
8.85
10.18
11.06
12.20
12.95
13.44
13.95
14.90
15.62
15.88
16.51
18.88
20.98
26.40
28.32
31.39
31.49
36.07
44.13
53.78
57.10
63.66
70.29
75.16

NCI/
KG

47.09
48,26
51.42
49.25
51.85
60.11
71.81
72.43
74.65
85.25
93.75
94.74
97.30
112.00
121.66
134.18
142.50
147.84
153.43
163.91
171.80
174.67
181.62
207.64
230.81
290.40
311.47
345.30
346.36
356.80
485.40
591.62
628.07
700.22
773.22
826 .80

INHALATION EXPOSURE

WEIGHT AGE*

(KG)

(MO)

11.0
11.5
12.0
12.0
13.5

9.5
10.5
14.0
17.0
12.0
12.0

9.5
11.5
12.0
14.5
11.0
12.0
12.5
14.0
11.5
10.0
15.0
10.5
14.0
13.5
12.5

9.5
10.0
11.0

in . n

avew

10.0
13.0
13.5
13.5
9.0
7.5

19.0
18.8
19.0
19.8
17.7
18.2
18.1
18.2
18.1
17.3
16.6
18.1
16.4
17.3
17.6
16.6
17.3
17.3
19.2
16.1
20.2
18.0
17.8
19.6
17.9
19.6
18.1
19.6

19.6
20.2

18.2
18.2
19.2
16.7
17.3
16.6

04/18/74
12/19/72
12/19/72
04/18/74
11/06/73
02/22/173
02/26/74
11/06/73
05/31/73
11/06/73
11/06/73
02/22/73
05/31/73
11/06/73
02/26/74
05/31/73
02/26/74
05/31/73
01/18/73
05/31/73
01/18/73
05/31/73
02/22/73
01/18/73
02/22/73
01/18/73
02/22/73
01/18/73
01/18/73
01/18/7%
02/22/73
11/06/73
01/18/73
01/18/73
11/06/73
11/06/73

03/21/77

12/14/81
01/09/81
02/09/82

08/06/80
09/22/81
05/17/82
05/08/78
04/24/81
10/23/78
12/01/78
07/11/78
05/24/78
02/12/78
11/01/79
01/21/80
03/07/79
04/01/78
11/10/78
07/04/76
01/18/79
07/75/78
11/21/78
12/05/77
03/17/77
04/14/77
12/19/78
02/24/78

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

MONTHS SINCE
INHALATION

101.4

117.4

117.4
35.1

106.8

115.2

103.1
97.2
91.3
99.1

106.8

115.2
86.2
94.5
98.6
59.2
85.9
64.8
70.4
61.3
64.1
56.4
80.3
84.1
72.4
62.4
68.6
41.5
72.0
66.2
68.9
49.0
49.9
50.8
61.4
51.6

Interstitial Pneumonitis

Bone Tumor
Bone Tumor,
Bone Tumor

Lung Tumor

Bone & Lng Tmr, Addison's
Bone Tumor, Lung Tumor
Bone Tumor

Addison's Disease

Bone Tumor
Bone Tumor
Bone Tumor,
Bone Tumor
Bone Tumor
Addison's,
Bone Tumor,
Bone Tumor,
Bone Tumor
Lng Tmr, Osteoarthropathy
Bone Tumor, Lung Tumor
Addison's Disease

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

Lung Tumor

G.I. Tumor
Adrenal Tumor
Lung Tumor

Lung Tumor

Lung Tumor
Addison's
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INHALED PLUTONIUM NITRATE IN DOGS

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE
----------------------------------------------- DATE INHALATION
DOG NCI/G NCI/ WEIGHT AGE* OF ===
DOSE GROUP NUMBER SEX NCI LUNG KG (KG) (MO) DATE DEATH 9/30/82 DEATH COMMENTS ON DEAD DOGS

CONTROL 1356 M 0 0.00 0.00 100.7*

CONTROL 1365 M 0 0.00 0.00 100.6*

CONTROL 1376 F 0 0.00 0.00 05/11/80 70.8* Pneumonia
CONTROL 1388 M 0 0.00 0.00 09/11/81 86.7* Sacrificed
CONTROL 1393 M 0 0.00 0.00 99.3*

CONTROL 1405 M 0 0.00 0.00 98,9*

CONTROL 1409 M 0 0.00 0.00 98.8*

CONTROL 1418 M 0 0.00 0.00 98.5*

CONTROL 1425 M 0 0.00 0.00 08/02/82 96 ..5* Status Epilepticus
CONTROL 1450 F 0 0.00 0.00 11/04/81 87.4* Sacrificed
CONTROL 1455 F 0 0.00 0.00 97.8*

CONTROL 1483 F 0 0.00 0.00 96.,9*

CONTROL 1509 M 0 0.00 0.00 96.1*

CONTROL 1516 F 0 0.00 0.00 95,8*

CONTROL 1525 M 0 0.00 0.00 95.6*

CONTROL 1526 M 0 0.00 0.00 95.6*

CONTROL 1528 F 0 0.00 0.00 95.0*

CONTROL 1543 M 0 0.00 0.00 94.9*

CONTROL 1563 F 0 0.00 0.00 84.8*

CONTROL 1572 F 0 0.00 0.00 84,7*

CONTROL 1577 M 0 0.00 0.00 84.7*

CONTROL 1584 F 0 0.00 0.00 84.6*

CONTROL 1594 F 0 0,00 0.00 84.6*

CONTROL 1608 M 0 0.00 0.00 84.3*

CONTROL 1633 F 0 0.00 0.00 77.6*

CONTROL 1638 F 0 0.00 0.00 77.3*

VEHICLE 1361 M 0 0.00 0.00 8.5 21.0 02/13/76 79.5

VEHICLE 1381 F 0 0.00 0.00 9.5 19.8 02/13/76 79.5

VEHICLE 1392 M 0 0.00 0.00 13.0 22.0 04/22/76 77.3

VEHICLE 1406 M 0 0.00 0.00 13,5 21.6 04/22/76 77.3

VEHICLE 1412 F 0 0.00 0.00 9.0 19.0 02/13/76 79.5

VEHICLE 1421 M 0 0.00 0.00 13.0 23.3 06/23/76 75.2

VEHICLE 1457 F 0 0.00 0.00 12.0 20.6 04/22/76 77.3

VEHICLE 1491 F 0 0.00 0.00 8.0 21.6 06/23/76 75.2

VEHICLE 1504 F 0 0.00 0.00 10.0 20.9 06/23/76 75.2

VEHICLE 1514 M 0 0.00 0.00 14.0 20.9 06/23/76 08/06/82 73.4 Malignant Lymphoma
VEHICLE 1524 M 0 0.00 0.00 12.0 21.5 07/27/76 74.1

VEHICLE 1531 F 0 0.00 0.00 9.0 20.9 07/27/76 74.1

VEHICLE 1542 M 0 0.00 0.00 12.0 20.8 07/27/76 74.1

VEHICLE 1566 M 0 0,00 0.00 14.0 18.3 03/15/77 66.5

VEHICLE 1578 M 0 0.00 0.00 10.5 18.2 03/15/77 66.5

VEHICLE 1593 F 0 0.00 0.00 11.0 18,0 03/15/77 66.5

VEHICLE 1601 F 0 0.00 0.00 8.5 18.0 03/15/77 66.5

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

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE
——————————————————————————————————————————————— DATE INHALATION
DOG NCI/G NCI/ WEIGHT AGE* OF = =--ommomom——
DOSE GROUP NUMBER SEX NCI LUNG KG (KG) (MO) DATE DEATH 9/30/82 DEATH COMMENTS ON DEAD DOGS

VEHICLE 1620 M 0 0.00 0.00 12.0 21.1 12/01/77 58.0

VEHICLE 1634 F 0 0.00 0.00 10.5 19.6 12/01/77 58.0

VEHICLE 1651 F 0 0.00 0.00 11.0 19.2 12/01/77 58.0

D-1 LOWEST 1416 M 0 0.00 0.00 12.0 22.1 05/20/76 76.4

D-1 LOWEST 1458 F 0 0.00 0.00 10.5 21.5 05/20/76 76.4

D-1 LOWEST 1489 F 0 0.00 0.00 8.5 20.5 05/20/76 76.4

D-1 LOWEST 1501 M 0 0.00 0.00 14.0 20.4 05/20/76 76.4

D-1 LOWEST 1515 M 0 0.00 0.00 13.5 19.8 05/20/76 76.4

D-1 LOWEST 1573 M 0 0.00 0.00 11.5 19.4 04/19/77 65.4

D-1 LOWEST 1581 M 0 0.00 0.00 16.5 19.3 04/19/77 65.4

D-1 LOWEST 1596 M 0 0.00 0.00 14,0 19.2 04/19/77 65.4

D-1 LOWEST 1600 F 1 0.01 0.11 11.0 19.2 04/19/77 65.4

D-1 LOWEST 1603 M 2 0.01 0.12 14.0 19.2 04/19/77 65.4

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 76.4

D-1 LOWEST 1570 F 2 0.02 0.17 10.5 19.4 04/19/77 65.4

D~-1 LOWEST 1465 F 4 0.03 0.35 12.0 21.0 05/20/76 76.4

D-1 LOWEST 1470 F 3 0.03 0.29 10.5 21.0 05/20/76 76 .4

D-1 LOWEST 1507 M 4 0.03 0.32 14.0 19.8 05/20/76 76.4

D~1 LOWEST 1592 F 4 0.03 0.29 13.5 19.2 04/19/77 65.4

D~1 LOWEST 1607 M 5 0.03 0.35 13.0 19.0 04/19/77 65.4

D~-1 LOWEST 1335 M 5 0.04 0.42 11.5 18.0 10/16/75 11/13/75 0.9 Sacrificed
D-1 LOWEST 1487 F 6 0.04 0.46 13,0 20.5 05/20/76 ’ 76.4

D-1 LOWEST 1583 F 4 0.04 0.40 9.5 19.2 04/19/77 65.4

D-1 LOWEST 1351 M 7 0.06 0.61 11.0 17.2 10/16/75 11/13/75 0.9 Sacrificed
D-1 LOWEST 1565 F 8 0.06 0.67 11.5 19.4 04/19/77 65.4
D-2 LOW 1513 M 0 0.00 0.00 11.5 19.8 05/20/76 76.4

D-2 LOW 1520 M 1 0.01 0.12 10.5 19.5 05/20/76 76.4

D~2 LOW 1415 M 2 0.02 0.20 11.5 22.2 05/20/76 76.4

D-2 LOW 1575 M 3 u.uz V.19 14,0 15.4 04/15/77 65.4

D-2 LOW 1466 F 5 0.03 0.37 14.0 21.0 05/20/76 76.4

D-2 LOW 1606 F 5 0.04 0.42 12.5 19.0 04/19/77 65.4
D-2 LOW 1579 M 8 0.05 0.59 14.0 19.3 04/19/77 65.4

D-2 LOW 1590 F 6 0.05 0.51 12.0 19.2 04/19/77 65.4
D-2 LOW 1585 F 8 0.06 0.68 12.0 19.2 04/19/77 65.4

D-2 LOW 1580 F 9 0.07 0.82 11.0 19.3 04/19/77 65.4

D-2 LOW 1591 M 11 0.07 0.76 15.0 19.2 04/19/77 65.4

D-2 LOW 1417 M 11 0.08 0.89 12.0 22.1 05/20/76 76.4

D-2 LOW 1423 M 10 0.08 0.87 11.0 22.1 05/20/76 76.4

D-2 LOW 1567 M 10 0.08 0.83 12.0 19.4 04/19/77 65.4

D-2 LOW 1472 F 10 0.09 1.01 10.0 21.0 05/20/76 76.4
D~2 LOW 1503 F 9 0.09 0.97 9.0 19.8 05/20/76 76.4
D-2 LOW 1602 M 15 0.09 1.03 14.5 19.2 04/19/77 65.4

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

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE
——————————————————————————————————————————————— DATE INHALATION
DOG NCI/G NCI/ WEIGHT AGE* OF  =—mmmmemmeeeen
DOSE GROUP NUMBER SEX NCI LUNG KG (KG) (MO)  DATE DEATH 9/30/82 DEATH COMMENTS ON DEAD DOGS

D-2 LOW 1484 F 11 0.10 1.08 10.0 20.5 05/20/76 76.4

D-2 LOW 1599 F 10 0.10 1.14 9.0 19.2 04/18%/77 65.4

D-2 LOW 1450 F 16 0.15 1.65 9.5 20.5 05/20/76 76.4

D-3 MED-LOW 1336 M 21 0.14 1.52 13.5 18.0 10/16/75 11/13/75 0.9 sacrificed
D-3 MED-LOW 1341 F 19 0.16 1.78 10.5 17.2 10/16/75 11/13/75 0.9 Sacrificed
D-3 MED-LOW 1605 F 25 0.20 2,19 11.5 17.8 03/15/77 03/24/82 60.3 Sacrificed
D-3 MED-LOW 1386 M 34 0.21 2.36 14.5 22.0 04/20/76 77.3

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 80.3

D-3 MED-LOW 1445 F 34 0.24 2.60 13.0 21.0 04/20/76 05/05/76 0.5 Sacrificed
D-3 MED-LOW 1568 M 46 0.29 3.17 14.5 18.3 03/15/77 66.5

D-3 MED-LOW 1595 M 50 0.29 3.23 15.5 18.0 03/15/77 66.5

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 77.3

D-3 MED-LOW 1587 M 53 0.31 3.40 15.5 18.1 03/15/77 66.5

D-3 MED-LOW 1359 M 50 0.32 3.57 14.0 20.2 01/20/76 01/23/76 i 0.1 Sacrificed
D~3 MED-LOW 1540 M 54 0.32 3.51 15.5 20.7 07/22/76 74.3

D-3 MED-LOW 1344 F 41 0.33 3.60 11.5 17.2 10/16/75 11/14/75 1.0 Sacrificed
D-3 MED-LOW 1589 F 41 0.34 3.75 11.0 18.0 03/15/77 06/08/82 62.8 Sacrificed, Lung Tumor
D-3 MED-LOW 1588 M 50 0.36 3.98 12.5 18.1 03/15/77 03/22/78 12.2 sacrificed
D-3 MED-LOW 1529 F 43 0.37 4.08 10.5 20.8 07/22/76 10/19/76 2.9 Sacrificed
D~3 MED-LOW 1574 M 46 0.38 4.21 11.0 18.2 03/15/77 66.5

D-3 MED-LOW 1375 F 50 0.40 4.35 11.5 19.1 01/20/76 01/23/76 0.1 sacrificed
D-3 MED-LOW 1564 F 40 0.40 4.44 9.0 18,3 03/15/77 03/20/78 12.2 Sacrificed
D~-3 MED-LOW 1444 F 49 0.41 4.50 11.0 21.0 04/20/76 77.3

D-3 MED-LOW 1439 F 53 0.42 4.61 11.5 21.0 04/20/76 77.3

D-3 MED-LOW 1523 F 55 0.42 4.60 12.0 21.3 07/22/76 74.3

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 80.3

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 66.5

D-3 MED-LOW 1576 M 70 0.53 5.86 12.0 18.2 03/15/77 03/17/82 60.1 Sacrificed
D-3 MED-LOW 1582 F 57 0.54 5.96 9.5 18.1 03/15/77 66.5

D-3 MED-LOW 1571 F 68 0.57 6.22 11.0 18.2 03/15/77 03/21/78 12.2 Ssacrificed
D-3 MED-LOW 1427 F 68 0.62 6.81 10.0 21.1 04/20/76 77.3

D-3 MED-LOW 1522 F 78 0.71 7.78 10.0 21.3 07/22/76 10/18/76 2,9 Sacrificed
D-3 MED-LOW 1363 M 85 0.74 8.09 10.5 20.2 01/20/76 80.3

D-3 MED-LOW 1604 M 85 0.74 8.10 10.5 18.0 03/15/77 66.5

D-3 MED-LOW 1530 F 72 0.76 8.41 8.5 20.8 07/22/76 74.3

D-3 MED-LOW 1456 F 61 0.79 8.68 7.0 20.5 04/20/76 77.3

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 80.3

D~-4 MEDIUM 1637 M 192 1.45 15.99 12.0 18.9 11/07/77 58.7

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

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE MONTHS SINCE
----------------------------------------------- DATE INHALATION
DOG NCI/G NCI/ WEIGHT AGE* OF = =

DOSE GROUP NUMBER SEX NCI LUNG KG {KG) {MO) DATE DEATH 9/30/82 DEATH COMMENTS ON DEAD DOGS
D~4 MEDIUM 1404 M 260 1.48 16.25 16.0 21.5 04/20/76 77.3
D-4 MEDIUM 1521 F 205 1.49 16.37 12,5 21.3 07/22/76 74.3
D-4 MEDIUM 1656 M 211 1.54 16.90 12.5 18.4 11/07/77 58.7
D-4 MEDIUM 1379 M 278 1.74 19.16 14.5 19.1 01/20/76 80.3
D~4 MEDIUM 1362 M 267 1.87 20,54 13.0 20.2 01/20/76 80.3
D~4 MEDIUM 1639 F 248 2,05 22.57 11.0 18.5 11/07/77 58.7
D-4 MEDIUM 1647 M 294 2.05 22.58 13.0 18.5 11/07/77 58.7
D~-4 MEDIUM 1640 M 307 2.06 22.71 13.5 18.5 11/07/77 58.7
D-4 MEDIUM 1645 F 257 2,13 23.39 11.0 18.5 11/07/77 58.7
D-4 MEDIUM 1534 M 295 2.14 23.57 12.5 20.8 07/22/76 74.3
D-4 MEDIUM 1414 F 233 2,35 25.86 9.0 18.2 01/20/76 80.3
D-4 MEDIUM 1618 F 277 2.40 26.36 10.5 20.3 11/07/77 58.7
D-4 MEDIUM 1385 M 373 2,42 26.63 14.0 19.0 01/20/76 80.3
D-4 MEDIUM 1408 F 331 2.62 28.77 11.5 18.5 01/20/76 80.3
D~4 MEDIUM 1428 F 378 3.12 34.36 11.0 21.1 04/20/76 77.3
D-4 MEDIUM 1535 F 345 3.13 34.48 10.0 20.7 07/22/76 74.3
D-4 MEDIUM 1446 F 354 3.22 35.40 10.0 21.0 04/20/76 77.3
D-4 MEDIUM 1364 M 463 3.24 35.65 13.0 20.2 01/20/76 80.3
D-4 MEDIUM 1387 F 345 4,48 49.30 7.0 19.0 01/20/76 08/13/80 54.8 Bone Tumor
D~-5 MED-HIGH 1329 F 363 3.30 36.27 10.0 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 MED-HIGH 1648 M 811 5.90 64.90 12.5 18.5 11/07/77 58.7
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 MED-HIGH 1659 F 990 7.20 79.22 12.5 18.3 11/07/77 58.7
D~5 MED-HIGH 1636 M 1212 8.48 93.25 13.0 18.9 11/07/77 58.7
D~5 MED-HIGH 1621 M 1334 8.66 95.26 14.0 20.3 11/07/77 58.7
D-5 MED~-HIGH 1646 F 1061 8.77 96.45 11.0 18.5 11/07/77 58.7
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 1275 9.66 106.24 12.0 18.5 11/07/77 58.7
D-5 MED-HIGH 1660 M 1518 10.22 112.41 13.5 18.3 11/07/77 58.7
D-5 MED-HIGH 1508 M 1714 10 7€ 112,27 14,5 20.5 06/23/76 01/24/80 43,0 Bone Tumor
D-5 MED-HIGH 1655 M 1094 11.05 121.56 9.0 18.4 11/07/77 58.7
D-5 MED~HIGH 1652 F 1320 12.00 131.95 10.0 18.4 11/07/77 58.7
D~5 MED-HIGH 1619 F 1490 12.32 135.50 11.0 20.3 11/07/77 58.7
D-5 MED-HIGH 1512 M 2411 14.61 160.71 15.0 20.9 06/23/76 12/23/79 42,0 Bone Tumor
D-5 MED~HIGH 1419 M 1559 14.92 164.11 9.5 23.3 06/23/76 75.2
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 MED~HIGH 1485 F 2330 21.18 233.00 10.0 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 2473 24.98 274.82 9.0 21.6 06/23/76 10/16/80 51.8 Bone Tumor
D~5 MED-HIGH 1459 F 26 45 26.72 293.89 9.0 22.6 06/23/76 09/25/80 51.1 Rad. Pneumonitis, Lng Tmr
D-6 HIGH 1518 M 3565 29.46 324,09 11.0 20.6 06/23/76 12/18/79 41.8 Rad. Pneumonitis, Lng Tmr

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

INITIAL ALVEOLAR DEPOSITION INHALATION EXPOSURE

——————————————————————————————————————————————— DATE

DOG NC1/G NC1/ WEIGHT AGE* OF

DOSE GROUP NUMBER SEX NCI LUNG KG (KG) (MO)  DATE DEATH
D-6 HIGH 1420 M 3840 30.36 333,91 11.5 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 11/02/77
D-6 HIGH 1510 F 6969 55.09  606.02 11.5 20.9 06/23/76 11/09/77
D-6 HIGH 1424 M 7681 69.83  768.12 10.0 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

24.6 Radiation Pneumonitis
16.3 Radiation Pneumonitis
16.6 Radiation Pneumonitis
14.3 Radiation Pneumonitis
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