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ABSTRACT

The objective of this project is to conduct confirmatory research on aerosol characteristics
and the resulting radiation dose distribution in animals after inhalation and to provide
prediction of health consequences in humans from airborne radioactivity that might be released in
normal operations or under accident conditions during production of nuclear fuel composed of mixed
oxides of wuranium and plutonium. Two research reports summarize the progress of current
research. The first paper details results from the completed radiation dose distribution studies
in which dogs, monkeys and rats were exposed to either U‘)z + Puoz treated at 750°C, (U,Pu)oz
treated at 1750°C, or 9002 treated at 850°C. This paper focuses on analysis of the data from
the last animals sacrificed in the study and updates earlier analyses of lung retention, tissue
distribution, and excretion.

The second paper details preliminary analyses of the lung retention in Fischer-344 rats
exposed to either (u,ru)o? or to Puuz at one of three levels of projected dose to lung for
each aerosol. This paper presents the methods and the application of a rigorous statistical
procedure allowing detection of similarities and differences in the lung retention of rats at
different dose levels and for different aerosols. This preliminary work is necessary before final
analyses of these data can be done when ail animals have died. The paper presents complete
development of the data to allow calculation of radiation dose to lung and other tissues for
animals in these studies ana will lead to the analysis of dose-response relationships.
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T RY

This annual progyress report, consisting of two research papers details research conducted in
the project "Radiation Dose Estimates and Hazard Evaluations for Airborne Radionuclides". The two
papers describe the status of the two major animal studies, one completed and one under way. An
attempt has been made to describe the research in substantial detail in each paper to indicate
clearly the state of the research and to provide interpretations of the results where possible.
The reader is advised that in many cases these interpretations are preliminary, and final, more
complete interpretations and comparison must await completion of the individual research studies.

The objective of this research project is to conduct confirmatory research on aerosol
characteristics that may modify the biological fate, patterns of radiation dose and predicted
health consequences of airborne radioactivity that may be released in normal operations or under
accident conditions in the nuclear fuel cycle. The project involves physical, chemical and
biological characterization of aerosols present in different segments of the nuclear fuel cycle.
Because it involves actua)l aerosols produced in industrial operations, this work provides a key
link between studies with idealized, laboratory-produced aerosols and derived radiation protection
standards and hazard analyses. Industrially-collected aerosol materials are aerosolized in the
laboratory to determine the patterns of deposition, retention, and translocation in laboratory
animals as a function of time after an inhalation exposure. The aerosols used for these studies
are characterized using a number of physical and chemical techniques tc determine possible
differences between aerosols, and the corresponding bulk material that might help to explain the
observed patterns in the animals after exposure. Multiple species (rats, dogs, and monkeys) are
being used to strengthen the eventual extrapolation to man.

The first paper describes the incorporation of data describing the retention, translocation
and excretion of the Pu component of three aerosol materials, 002 + Puoz. (U.Pu)02 and
Puoz obtained from dogs and monkeys sacrificed at up to 5.5 years after inhalation.
Incorporation of these new data, covering long times after inhalation, allowed extension of the
biomathematical model used to describe retention, distribution, and excretion of the Pu compcnent
from these aerosols with only minor changes to a few rate constants. These additional data also
allow a more rigorous statistical treatment of the pulmonary retention, hepatic and skeletal
uptake and retention to highlight similarities and differences when the aerosol form and the
species of animal are intercompared.

The second paper reports the current status of dose-response studies in which Fischer-344
rats were exposed to achieve graded levels of projected dose to lung from retention of either
(U.Pu)02 or Puoz. An analysis of lung retention data from the several groups of rats exposed
in these studies, using an F statistic to determine similarities and differences, has shown that
the form of the aerosol material may influence retention of the Pu component. The analysis showed
that the level of projected dose to lung did not influence lTung retention of Pu. This analysis,
although accomplished on incomplete data sets (73 animals remain alive), has formed the basis upon
which subsequent determination of the absorbed radiation dose to lung and other tissues will be
based upon completion of the study and incorporation of all data.



1. RETENTION AND OISTRIBUTION OF PU BY BEAGLE DOGS AND
Y YS AFTER INHALATION OF INDUSTRIAL _AER

Abstract ~— Beayle dogs and cynomolgus monkeys re-

celved inhalation expcsure to one of three aerosols PRINCIPAL INVESTIGATORS
derived from Industrial production of mixed U, Pu J. A. Mewhl!nney
oxlde nuclear fuels. Sacrifice of dogs and mon- A. F. Eidson

keys at times up to 5.5 years after inhalation have

resulted in Information on lung retention, tissue distribution, and modes of excretion at longer
times after inhalatlon. Biomathematical models developed from data up to 4 years after inhalation
have been extended to encompass these new data. That incorporatlion has not led to significant
changes in the model parameters. These new data also have allowed a more rigorous statistical
analysis to test for the potential role of aerosol form and animal specles on the retention and
distribution of Pu after Iinhalation of the three aerosols. Results of these analyses confirm
earlier concluslons about similarities and differences among the different aerosols and the
specles used in the studies, 1.e., the aerosol form does not influence lung retention of the Pu
component of these aerosols, whereas significant differences 1n lung retention do exist when dogs
are compared to monkeys.

Three completed studies provide 1information about the biological fate, associated
distribution of radiation dose to tissue, and the implications for potential health consequences
of an finhalation exposure invoiving mixed U, Pu oxide nuclear fuels. Within each study,
differentiated by different forms of aerosol used but conducted using a common protocol, Beagle
dogs and <cynomolgus monkeys 1inhaled either 750°C-treated UO?oPuOZ. 1750°C-treated (U.Pu)oz
or B50°C-treated Puoz. In the original experimental protocol, two dogs and one monkey were to
be sacrificed at each scheduled sacrifice (4 hour, 4 and 64 days, 1, 1.5, and 2 years after
inhalation). Six additional dogs and three additional monkeys inhaled identical amounts of each
of the three aerosols at the same time as all other animals in the study. These reserve animals
could then be substituted at any sacrifice time should a designated animal succumb before the
scheduled sacrifice. After the two-year sacrifice time for each study, sufficient reserve animals
were available for an additional set of sacrifices (2 dogs and 1 monkey) at 4 years after
inhalation for two of the three studies. In the study involving the B850°C-trea‘ed Puoz aerosol,
only one dog was sacrificed at 4 years (because of an error) along with one monkey.

To bring the studies to an orderly conclusion, the four dogs and three monkeys still alive
were sacrificed during November and December of 1982. Exact times to sacrifice for these animals
and for all others in the studies can be found in Appendix A of this report. A summary of animals
sacrificed at times equal to or greater than 4 years after inhalation is presented in Table 1-1.

Lung retention, tissue distribution, and mode of excretion of Pu have been quantified using
data obtained by radiochemical analysis of tissue and excreta samples from animals that died after
the 4-year sacrifices or from animals that were sacrificed during November and December of 1982.

This report updates an 2arlier one that described data available through 4 years after
exposure (Ref. 1). The resulting additional data describing the retention, distributior and
excretion of Py have been incorporated into the data base, and the biomathematical models have
been extended in time. The result of incorporation of these new data has been to confirm earlier

2
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Applying the generalized F test to linear models involves determining the critical F value from
standard statistical tables with (m-))p degrees of freedom in the numerator and n-mp degrees of
f~eedom in the demoninator This method is appropriate for comparisons of lung retention when
single-component exponential function is fitted to the data To apply the generalized F

the situation in which nonlinear models are used (as for the hepati« and skeletal uptake and
retention), a modified critical value must be determined (Ref. 5) The corrected critical value

is calculated as follows

'

where Fla;q,n-mp) the tabulated F statistic for a level of confidence, with q degrees

of freedom for the numerator and n-mp degrees of freedom for the

denominator

The test of the null hypsthesis that the data subsets are from a single population (and therefore
not different) s based on either a tabulated value or a corrected critical value as

appropriate At the stated level o nfidence, the null hypothesis cannot be rejected when the

calculated F value is less than the appropriate tabulated F value or the corrected critical value
RESULTS

The subsets ¢ Pu lung retention data for individual dogs exposed to one of the three

aerosols were fitted to a single-component exponential function The data for all dogs were then

and fitted to the same functior ung retention data for monkeys exposed to the same

aerosols were treated identicallly ab | presents, 1) the fitted parameters, residual sums
of squares, number of data points for eac ! fits to the subsets of data; 2) the results of
fitting the same function to the ¢ ( \ \g retention data for each species exposed to al

three aerosols; 3) the resuits of in \ combined data for both species; and, 4) the

calculated F statisitic for the data and the tat ar critical value of F for each of the combined

similar manner, the data describing uptake and retention of Pu in liver and skeleton of
dogs and monkeys were fitted D \ nal form that has provided an adequate description
241 " 241 24)
of Am hepat i« uptake andg ntio Am in dog« after inhalation of Am())

The function was

Results of the analysis to determine whether either aeroscl! or species were

uptake and retention are presented Table 1-3, and the identi | ana

v

presented in Table 4

The combined data sets for dogs and monkeys with the individual fitted functions for each

ies for lung, liver, and skeleton are illustrated in Figures 1-1, 1-2 and 1-3, respectively
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These studies were designed to determine the distribution s L0 L1155 atter
inhalation « one o three industrial 1erosol formed during fab tio 0 mixed uranium and
plutonium oxide nuclear fuel Three species laboratory animals were exposed to each aerosol
form in groups with scheduled sacrifice o Fischer-344 rats extending through two years after
exposure and sacrifices through four years after exposure for Be "]‘t‘ dogs and « ,‘T‘H'ml'";u. monkeys

For the latter two species, additiocnal reserve animals were placed on study to allow for
ubstitution into the experiment ' the event of unplanned deaths within the u\q)hdl experimental
ign After the 4 year sacr) 'S Were ompleted, the remaining reserve animals were kept on
with semiannual excreta collect btained At times ranging up to 2079 days (dogs) and
1947 days (monkeys) ifter inhalation, these reserve animals were sacrificed in the standard
manner, and analysis of tissue and excreta samp les for Pu content completed
This report includes the preliminary anaylsis of data from these studies with completed
experimental phases The information from the Fischer-344 rat portior of the studies has been
ly reported (Ref. 1) and will not nc luded herein

retention é ( { and monkeys and the fitted curves are shown in
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Abstract T™wo studlies are unde. way 1In
groups of Flscher-344 rats recelved inhalat!c PRINCIPAL INVESTICATORS

sosure to elther 1750°C-treated (U,Pu)O r 850°C J. A. Newhinnei
¥ 2 i/

treated !‘uﬂz asrosols to determine the relationship . . Eidson

of radlation dose to Plological respornse In each . F. Hahn

study, groups of rats were exposed tc achleve one

of three initial lung burdens to produce aoses of 2¢, 125, or 625 rads to lung during the medlan
life span. Additional groups of rats are belng mailntained as controls. This report provides an
updated summary of the current status of the anima.s In these studles The major focus of this
paper consists of series of evaluations designed to determine the &ipproprlateness of comblining
data describing the lung retention of the Pu component of Cthese aerosols for the animals
sacrificed at selected times after exposure with the lung retentlon measured at death in the
animals in the dose response groups. Additional evaluatlons are presented to determine Iif the
lung retention data for the three levels of projected dose to lung groups can be combined and 1f
all lung retention data for all levels of projected dose (o lung and for both aerosols may be

*omb 1 ned

The objective of this experiment is tc determine the relationship of radiation dose to
biological response after inhalation of one of two forms of aerosol produced during normal
operation of an industrial facility fabricating mixed uranium plutonium (U,Pu) nuclear fue One
aerosol onsisted of 1750°C-treated (U,Pu)0, the second asrosol consisted of B850°C-treated

Pul, The rationale leading to the design and execution f the study has been presented
previously (Ref 1)
This report presents a summary of the current status of the study and a preliminary analysis

'

of data describing the lung retention cof ihe Pu component of the two aeroso’s Specifically, a
series of evaluations are reported that assist in the determination of the anpropriateness of
combining lung retention data from the radiation dose pattern (RDP) groups of animals with the
animals that died or were euthanized in the dose-response (DR) studies Similarly, the
appropriateness of combining the lung retention data for the dose-response animals among the three

levels of initial lung burden for each aerosol and for both aerosols is evaluated

METHODS

ihe experimental design for these studies is summarized in Table 2-i Methods used in the
statistical design, inhalation exposure, aerosol! characterization, and determination of the
initial lung burdens for each exposure group have been presenied (Ref. 2) Lung content of Pu for
each animal was expressed as a p:rcentage of the initial lung burden determined from the mean lung
content of Pu for eight rats from each exposure group sacrificed at seven days after inhalation
exposure (Ref 2) Cumulative percentage of surviva! after exposure was calculated by a life
table method (Ref. 3)

The method used to evaluate the lung retention data for the several groups of animals has
been described (this report, pp to ) Briefly, the residuwal sums of squares of the

function fitted to data sets are compared using an F statistic to ‘etermine whether the two or

11




fable Experimental Design of Dose-Response Studies in Fischer-344 Rats that [nhaled

(U,Pu)0, or P

Number
Lung Dose (rad) (U,Pu)l i, (U,Pu)0,
4

L5 52
¢ ) ¢

104(+24 ROP)® 104( +24
156" 156

1

Control { 80" 80

JA(BI(T\.:‘ group 40(DR*) + 8 (7 day sacrifice) + 4 (spares)

| exposure run per aeroso

b
Animal group BO(DR) + 16 (7 day sacrifice pares) + 24 (ROP**)

¢ exposure runs per aerosol
Anima) 120(DR) + 24 (7] day sacrifice) + 12
] exposure runs per as»rosol
1
Animal group control)
eXposure runs per aerost
*DR = dose $ » animals

ARRDF radiation dose pattern animal:

more data sets are from single populatior When the calculated F value s less than the
J f

critical

value at the appropriate confidence leve) the null hypothesis cannot be rejected It is

assumed, then, that the data sets are from one population and that a fit to the combined data sets

an appropriate representation or the data when the opposite result is obtained, it indicates
that the data sets must be treated separately

Lung retention data for the RDP rat in both studies sacrificed through two years after

inhalation exposure were fitted separately and then as a combined group A two-component negative
exponential function was fitted in ea se using a nonlinear least squares routire in which the
function was constrained to pass through 100% retention at 7 days after irhalation This time
orresponds to the time of determination of the initial lung burder by measurement of the lung
content of Pu in eight animals sacrificed from each exposure group

The same function was fitted to the combined lung retention data for the RDP and DR anima
exposed to each aerosol separately and to the combined data for the two aerosols

For rats that died or were euthanized in the dose-response < udies involving exposure to one

of three levels of initial lung burden for each aerosol, similar data were fitted to a

single-component exponential function with no constraints This was because the deaths of these

animals occurred more than 150 days after inhalation At 150 days or more, the early, rapid phase

of clearance from lung measured in the sacrifice series was complete tach dose group for each

aerosol was fitted separately; then the three dose groups for 3 given aerosol were fitted as

singi= group The data for all dose groups for both aerosols were then grouped, and an overal)

was obtained

The sequence of statistical evaluations accomplished for this report were, 1) determine

whether the lung retention of the Pu component of the two aerosols was similsr or different when

only the data for animals sacrificed at preselected times was contidered: 2) determine whether the




lung retention of the Pu component of the two aerosols was similar or different when the data for

sacrificed animals was combined with data from the animals that died or were euthanized in the

dose-response studies at the projected level o 125 rad to lung; 3) determine whether the lung

retention data for the three dose levels for either aerosol could be combined into a single group
dose levels and both aerost 3 id be

1Q

and, 4) determine whether the lung retention data for all

combined

A summary of the current status the studies is

presented in Table The

results of the life table analysis o : in the st dies as of 30 June 1983 is llustrated in

Figure ¢

The values for the variables in the function fitted to the lung retention data, when only

ROP anima s were considered are given in the first portion of Table 2-3, as are the values for

the function fitted to the combined data Also shown are the calculated and critical F values

These results are presented graphically in Figure 2-2 In the second portion of Table ¢ the
fitted values obtained when the RDP and DR animals were combined for each aerosol and when both

data sets were combined are shown alona with the calculated and critical F values These results

are i1llustrated in Figure 2-3

fable 4 presents similar ] of fitting a single exponential function to the lung

retention measured in DR animals y at each of the levels of lung dose, followed by the

individua! values obtained . “n the data for the three levels are combined The first portion of

L0 \

fable 2-4 presents the results for animals exposed to the (U,Pu)0, aerosol; the second portion

gives the results for inimal

S exposed to Pul, These results are iillustrated graphically in
Figures 2-4 2-5, respectively, for the two aerosols The last portion of Table 2-4 presents

the result for all OR groups combined into a single data set The results of this overall

combination of the DR lung retention data are illustrated in Figure 2-6

Dose-Response Studies in Which Fischer-344 Rats Were Exposed to Graded

Initial Lung Burden of Either (U,Pu)0, or Pul, (as of 30 June 1983)

¢

Number of
Projected Days Animals Number
Dose to After Entered of

Number Percent

Lung (r Inhalation In Exp Deaths Surviving Survival

Control

Control

Over -exposed

Lung dose projected to 900 days after exposure




1100

Figure 2- Cumulative percentage urvival of rats exposed to graded levels of initial lung
burden; (a) inhaled material was (U,Pu)0p and (b) inhaled material was Pul)




Lung retentior P omponent of (U,Pu)0 and Pubp 1in
sacrificed at selected times from 32 to 730 days after inhalati
1

represents the result of a non-linear least squares fit of

exponential function to data for one aerosol

Analysis of Lung Retention in Dose-Response Studies in Which Fischer-344 Rats

Exposed to Graded Levels of Projected D¢ to Lung

4

Residual
Fitted Parameters Sum of Calculated
L A, Squares f
a Animals from Radiation Dose Pattern
(U,Pu)0, 146 5.96E-02 4.04
Pul., ‘ 2.86E-02 4.23

Combined | 3.64E-02 3.00

U

Animals from Radiation Dose Pattern and 12 ad Dose Response

u)0 146 6.05E-0¢ 20 ). 89E -0 e 3

16.4

9 6




Pub» in 34 s sacrificed
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the corresponding dose-response (DR)

data for RDP and DR studies for each
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Figure 2-4, Lung retention of Pu component of (U,Pu)0, aerosol in Fischer-344 rats exposed in

the DR studies at all three levels of projected dose to lung. Curves are the result
of 1independant fits of a single-component exponential function to aata for each of
the three dose levels.
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Figure 2-5. Lung retention of Pu component of Pu0 p aerosel in Fischer-344 rats exposed in the

DR studies at all three levels of projected dose to lung. Curve is the result of
fittiny a single component exponential funition to combined daia from all three
levels.
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~~ 3. 1 at all three levels of projected dose to lung in the DR studies combined with
v« P data. Curves are the result of fitting a two-component exponential function
to data for each aerosol independently.

QISCUSSION

The survival of rats in the dose-response study continues to indicate that no discernible
differences exist between the experimental and control groups, with the single exception of the
*over-exposed"” group, which was replaced in the experiment. This survival pattern conforms to
that desired in the origina! design of the experiment (Ref. 4). It also appears from the survival
patterns that the study will be completed during the next fiscal year.

Lung retention of the Pu component of the two aerosols used in these dose-response studies
is being characterized in two ways. First, to provide description of the time course of lung
retention at early times after exposure, rats randomly selected from the groups exposed to each
aerosol at the 125-rad projected dose to lung level were sacrificed at times from 32 to 730 days
ifter inhalation.

The first concern stemming from the need for accurate description of the radiation dose
absorbed in lung of animals in the DR studies is to determine the extent of similaritv or
differences in lung retention when the two groups of RDP animals (one for each aeroso ) :.e
compared. Table 2-3 ‘ists the fitted parameters obtained when the lung retention data for each
group were fitted separately to a two-component exponential function. Also given in Table 2-3 are
the fitted parameters obtained when the two data sets were combined and the calculated F values
and corrected critical values used to determine whether the two data sets are from a single
population. Figure 2-2 shows the two data sets and the individual fitted curves for each.
Because the calculatad F statistic is greater than the critical value, the null hypothesis that
the two data sets are from a single population can be rejected at the 95% confidence level. Thus,
it would appear from the RDP lung retention data alone that some difference exists in the lung
retention of the two aerosols.
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The second and more nearly complete method for description of the lung retention of the Pu
component in these aerosols is to combine the data from RDP animals with the data from the animals
that died or were euthanized in the DR study at the same level of projected radiation dose to
lung. Because the ROP and DR animals were exposed simultaneously and the RDP animals were
randomly selected after the expo-ure, the combining of lung retention data for the two grougs
exposed to the identical aerosol should need no statistical confirmation. This combinatien of
data for both the RDP and DR animals provides a complete description of lung retention during the
experiment. Table 2-3 1lists the values derived from fitting the RDP plus DR data sets
individually for each aerosol and the values obtained when the RDOP + DR data sets for both
aerosols were combined. As srown in Table 2-3, the calculated value of the F statistic was
greater than the corrected critical value for this latter combination, indicating that when the
RDP + DR data sets for each aerosol were combined, the null hypothesis could be rejected at the
95% confidence level. This indicates that in the lung retention of Pu, differences do exist that
may be ascribed to the inhaled aerosol form. Therefore, Figure 2-4 shows the ROP plus DR data
sets for each aerosol and the two curves resulting from a fit to the data for each aerosol.

Another set of assessments was performed to determine if the level of projected lung dose
caused a difference in lung recention among the three levels of projected luna dose for each
aerosol. For this comparison, the lung retention data for each projected dose to lung group was
fitted separately using a single exponential function. The results are shown in Table 2-4 for the
two aerosols. Also shown are the fitted values and the calculated and critical F statistics for
the curve fit in which the data for the three projected dose groups were combined for each
aerosol. Taese results indicate tnat for the (U.Pu)oz aerosol, the different levels of
projected dose to lung led to discernable differences in lung retention. In contrast, the results
for the Puoz aerosol do not indicate that projected dose to lung influences lung retention of
the Pu component. The data sets for the DR animals exposed to the (U,Pu)02 aerosol at three
levels of projected dose to lung are shown in Figure 2-4, along with the curves representing the
fits to the data for each level of projected dose to lung. The data sets and the resultant single
cuve t1t for the Pu02 aerosol are illustrated in Figure 2-5.

Considering the above results, an assessment was made to determine if the lung retention of
the Pu component of the aerosols for the DR data was influenced by the form of the inhaled
aerosol. Thus, the data for all OR animals for both aerosols and all projected dose to lung
levels were combined, and the single component exponential function was fitted. The results are
given in Table 2-4. The calculated F statistic was greater than the critical F statistic, leading
to the conclusion that the entire data set was not from a single population. Thus, aergsol form,
as well as projected dose to lung level, may have influenced lung retention for the DR animals.

The last assessment involved the combining of the RDP and DR data at all three dose levels
for each aerosol and fitting them with a two-component exponential function. These two data sets
were then combined, and an overall fit to all lung retention data was obtained. The results are
given in Table 2-5 and illustrated in Figure 2-6. This assessment led to the conclusion that all
lung retention data for both ROP and DR animals at all levels of projected dose to lung and for
both aerosols cannot be combined into a single population of data. Therefore, the two curves
shown in Figure 2-6 represent the fit to the separate data for each aerosol.

Although it s understood that the above assessments are made with incomplete data (73
animals remain alive, Table 2-2), it is unlikely that data from the relatively few animals to be
included at termination of the experiment will have a profound influence in changing the
conclusions. However, this will be rigorously checked at the appropriate time.

These preliminary results indicate that the level of projected dose to lung may have
influenced lung retention of the Pu component of the two aerosols. Also, the aerosol form may
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Table 2-5. Analysis of Lung Retention in Dose-Response Studies in which Fischer-344 Rats Were
Exposed to Graded Levels of Projected Dose to Lung

Residual
Fitted Parameters Sum of Calculated Critical
Data set A‘ L A2 \2 Squares N F Value
Al RDP + DR Animals A1l Dose Levels
(U.Pu)oz 149 -L.556-02 5.7 -6.54E-04 44.19 240
Puo2 117 -2.83E-02 4.2 -5.41&-04 55..8 224
Combined 126 -3.98e-02 5.0 -6.23e-04 101.5 464 2.65 i .02

have an influence on lung retention, as noted when only the ROP data are compared, when only the
DR data are compared, and when the RDP and DR data are combined. In view of these results, and
subject to reanalysis when the studies are completed, it appears that separate retention functions
will be required to provide an accurate description of the lung retention data for each aerosol.

p—)
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APPENDIX A
Statys of Inhalation Studies

Status of Inhalation Studies of Aerosols of Puoz Heat-treated at 750°C
Mixed with uo2 and Ball Milled at HEDL in Beagle Dogs, Monkeys
and Fischer-344 Rats . . . . . .
Status of Inhalation Studies of 1750°C Heat-treated (U.Pu)o"gs Aerosols
from the Pellet Grinding Operation at HEDL in the Beagle Dogs,
Monkeys and Fischer-344 Rats . .
Status of Inhalation Studies of 850°C Heat-treated Puoz Aeroscls from the
V-Blending Operation at Babcock and Wilcox in Beajle Dogs, Monkeys
and Fischer-344 Rats . . . . . .
Status of Inhalation Studies of B50°C Heat-treated Puoz. Mixed with 002 and
Organic Binders (pellet pressing at Babcock and Wilcox) in Fischer-344

Rats (Pilot Study)
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SPECIES

TTOO RADIO SEX

FISCHER-344 RATS
FISCHER-344 RATS
FISCHER-344 RATS
FISCHER-344 RATS
FISCHER-344 RATS
FISCHER-344 RATS
FISCHER-344 RATS
FISCHER-344 RATS
FISCHER-J44 RATS
FISCHER-344 RATS
FISCHER-344 RATS

FISCHER-344 RATS

STATUS OF INMALATION STUDIES OF AEROSOLS OF PUD2 HEAT-TREATED AT 750°C. MIXED WITH
UO2 AND BALL MILLED AT HEDL IN BEAGLF DOGS., MONKEYS AND FISCHER-344 RATS (CONTINUED)

NUMBER

2086-16
2086-17
2086-18
208619
2086-20
2086-21
2086-22
2086-23
2086-24
2086-2%
2086-26
208627
2086-28
2086-29
2086-30
2086-31
2086-32
2086-33
2086-24
2086-33
2086-36
20846-37
2086-37
20846-36
2086-40

MAMANIANINNINANANANINNINANNNII

EXPOSURE
AGE wT
DATE (DAYS) ("G

77042 FWKS
77042 PUKS
77042 TS
77042 FUMS
77042 FWKS
77042 FunS
77042 FWKS
77042 FWKS
77042 TN S
77042 FURS
77042 FWRS
77042 FHKS
77042 FWKS
77042 FWKS
77042 FHKS
77042 FHKS
77042 PWKS
77042 PSS
77042 FUNRS
77042 FURS
77042 FUKS
77042 RS
77042 FURS
77042 FURS
77042 PSS

EXP  AEROSOL PROV.

:

tum)

NRNNNNNRUNNUNNNURONRRNNNNNRNNNN
G R R R

77
77
77
ad
7”7

8% g, 33

£

77 730

B-PRIMATE CAUGHT IN THE WILD, AGE ESTIMATED FROM BODY WEIGHT AT EXPOSURE

D-SPONTANEDUS DEATH
E-EUTHANI ZED
S~SACRIFICED

LTR-LONG TERM RESERVE

DEATH
DATE

77046
77048
77109
78304
7710%
78223
79043
77042
77326
772%
78174
78044
78230
78219
79043
78340
78176
78223
768119
77042
78044
77103
77108
79023
79043



IANIGIY WE3IL ONOT-HLT

A3014180VvE-S

TIZINVHLNZ-3

HiV3d SNO3INVINOLS-O

IWNGOdX3 LV LHOTIM AGDE WONMS QIAWWILET 50V Q1M ML NI LHONYD 3ivkidd-8

ONNT D¥VD TI3D NOS-Q s (9Z8¢L et €z SWns S60LL 4 cL1-0012 AVE wYC-M3IMOS1S
-8 L 4 6808L ¥ i1 €z Sune e60LL 4 91-0012 AVY »YE-M3IMOSI 4
ONNT ON3aV-a iz anes Lt €z SWHe €L0LL 4 C1-001Z AVE ¥YE-¥3IMOST1 Y
-8 eFC CC08L 69F [ €z Swhe €604 4 ¥1-001Z AVYE YE-N3IMOSI1 4
-a 80¢ 8s18L ot €e SWMé S80LL 4 E£1-001Z AVH ¥YE-H3HOS1 4
-8 ECe 8C06L OEL it L SWMs €C0LL 4 Zr-0012 AVH ¥YE-¥3IHOST Y
-8 e LETBL LS A | €e SHMb €CoLL 4 11-0012 AVY PC-HINOSIA
-8 v &L0LL ¥ ) €z SWHe £C0LL W O1-OOTZ AVY PYE-¥IMOSI S
-8 o £L0LL O it €z SWMé €C0LL 4 &0-0012 AVH PRC-NIHOST S
-8 L a4 e11LL W9 i €z SHME CE0LL 4 B80-001Z AVE ¥PE-¥IMOGI A
-8 c9C SCO6L C5C Lt ce gwMe  CC0LL 4 LO-OO01Z AN ¥YE-EIMOST 4
-8 e 611LL 9 it €T SWMe §C0LL W 90-001Z Lvd PYC-M3NOST A
-8 s9c SC0BL 69C ' €z EWMe €C0LL 4 SO-001Z AVY w9E-N3IMOSI S
-8 Lod &11LL w9 Lt ce SWMs €C0LL 4 v0-0012 AVE ¥PC-¥3IMOS1 A
-8 €ee 8C06L 0OEL ) €z Swne €C0LL 4 €0-001Z AVH ¥YC-¥IMOST A
-8 o sCoLL o e 2 Swhe €60LL 4 ZTO-00tZ AVH ¥YE-¥3IMOS1 4
-8 s LEZBL (Y6 it €z SWMG €60 4 10-001Z AVHE PPE-¥IMOSI A
-8 8Cs1 ogEZ8  T6eT Lt ez Ly B-SHAL-C BEZLL W VO-BGZZ W AIWNOM SN0 TOMONAD
-8 9csT arezse  2co! Lt vz 8 € @-SHAG-C BE2LL W CO-86ZZ 1€ AFWNOK SNOTOWONAD
-8 agel sSeZi8 291 Lt sz 8 € 6-SHAG-E BEZLL W ZO-8CZT € AFWNOK SNOYOMONAD
-8 L ZvZLL v a8t €z 0L B-SHAL-C BEZLL W 10-8CZZ v1s AIWNOK SNS3IHN
-8 zeL SETHL OEL A vz 2 € F-SHAG-C LETLL W 9O-LE2Z BE AF¥YNOK SNOTIOKONAD
-8 e €C06L (¥S & rz 1 € U-SHAG-C LEZLL W EO-LEZZ 6C ATWNOM SNOIOWONAD
-8 L o4 10ELL 9 L% ez L € B-SHAG-E LEZLL MW ZTO-LSZZ ¢C AIWNOK SNOIOWONAD
-8 o LEeeLL o Lt €z € L B-SHAL-S LEZLL W 10-LEZZ 006 AIWNOK SNEIHY
-8 <o SEreL 69C L & | 02 €€ B-SUAG-€ PETLL W 10-9€2Z %€ AIWNOW  SNOTIOWONAD
¥iv-a i6L E916L 43 6z ze "o 960LL 4 vO-¥ZTIZ 5668 0040 3N0vae
-8 691 ootie  Z9v! el 92 *s zzot 960LL 4 €0-#Z1Z SECO08 80a 370vae
-8 Ycoz P0€ET8 0C0Z | az o0 88 960LL W ZTO-¥TIZ DE98 00a INovae
¥iv-a Vv LO0Z8L 6t &6z s 00e 960LL 4 10-921Z LECE 00a 3T0V3E
-8 1€ 2606L OEL a1 6z s 0201 16042 4 20-€T1Z NZ08 000 370V3iE
-8 z9v1 6018 ZT9WL | vz € & €901 16044 W 10-ETIZ ViaL 004 30vae
-8 ive TLEBL LV 9t *e 98 yeo1 060LL 3 EO-ZZIT 1B&L 0040 JV0v3e
-8 s9c 0608L &9E 9t Lz €8 seot 060LL 4 2TO-TZIZ BLb6L 00a 3"ovae
-8 6ZL 6B0&6L 0EL a1 1€ ozt ze 060LL W 10-ZZ1Z 8196 004 3vovae
¥i-3 S061 L9128 A yz 86 €9¢ B880LL W EO-OZIZT JEB8 00a 3Vovae
-8 s oLTBL (vC it €T € 0t 6901 BBOLL W 20-0Z1Z VeSL 00a 3Tovae
-8 eoc 8808, (9E 1 yz L8 zort 8804L W 10-0Z1Z WE8L 20a 3T0OVIE
-8 €9 Loree  »9 91 e 0 01 LEOY ¥YB0LL 3 EO-411Z 6964 000 370v3as
-8 v 88oLsL v it €1t v 11 oLt ¥BOLL 34 ZTO-611Z SIS 20a 3VOV3IE
-8 o *80LL O 1 zz € 01 S 28 PB0LL 4 10-411Z SO¥9 o0a 3Novie
-8 L ad ivtee 9 1 e s 91 EB0LL W EO-B11Z Quil 000 3T0vas
-8 v BOLL ¥ et *z 86 ezt EB0LL W Z0-B811Z vEN9 00a 3T0v3e
-8 o €804 O y 2z L A oct 1901 C80LL W 10-811Z weE9 000 370vae
ANII0D £6-0C-9 3da (Wny (o) (SAWG) 3ivd x38 Oldwve 0011
340 340 Jiva ws viols  avay im 30v LELL L §310346
EL g HiV3a rosd WS0N3IV 43 JNNS0dX 3

SiVH PPE-NIIOSI 4 ONV SAIWNOMW ‘SO0G INOVIE NI W3IH LY NOTLVHILO ONIONINO 137734
IHL MON4 SIOSONIV 96 10(Nd'N) QILYINLI-IVIH 2,0641 40 SI1ANLS NOLLYIVMNT 30 SNUVLS

24



3ANIGIN WEIL ONO-MLT

A3214180vS-8

A3IZINVHING-3

HIVIQ SNOINVINOGS-C

IWNSOAXI LV INOIIM AGDE WONS GILVWILGE 30V ‘GVIM 3ML NI LHONYD FUAVHING-E

-8 i LETBL (6 L ce SwMe £C0LL W Ov-0OIZ AVY Y¥C-uIOBI1 4
ONNT JMYD 113D NOS-a oz¢ orzas L €ce SHMe CC0LL W s€-0O1Z AVH YYE-¥IMOST 4
ONNT D¥VD T3 nes-a Lne L028L [ 3 ] SwMs €C0LL W BE-0012 AVH YYE-MIMOST 4
-8 v &C0LL ¥ 4°'% €z SwMs CC0LL W LE-0OI1Z AVE w¥E-¥3MOSI 4
ONNT D¥YD T30 nes-a [249 L1Z8L it c€e Swme CL0LL W 9FE-001Z AVH YYE-¥INOST 4
-8 v 680LL v L1 €z SWMé CEOLL W SE-OO1Z AVE yPC-NIMOSI 4
-8 Lo &11LL  ¥9 Lt €z SWne CC0LL W vE-OOIZ AVY »PC-¥IMOS1 4
-8 ivs LETBL L¥6 | cez SnMe CC0LL W EC-001Z2 AVY YYE-NIMOS1 4
ONMT ON3av-Q Sie coree it cEez SHMe €04z W ZE-0O1Z AVE ¥PE-HINOST
-8 (= '3 8S06L OEL i I SwMé SC0LL W 1E-0012 AVH ¥YE-NIMOSI S
-8 L4 6R0LL ¥ it cez Swns CC0Le 4 o€-0012 AVE YC-¥EMOB1 4
39NS04X3 ON1MNG-Q 0 ec0LL L €z Swne CC0LL W s2-0012 AVE ¥YC-NINOST S
JWNS04XT ONI1¥NA-a o €C0LL L8 €T SwMe CL0LL W 8Z-0012 AVE PYE-MIMOST 4
ONNT JHVD T30 Nes-a 09 L6T8BL i cez SHMe CE0LL W LZ-0012 AVH SYE-UOST 4
-8 ] SS0LL 0O it £z Swns CC0LL W Sz-0012 AVE ¥YE-¥MOST S
-8 o €304 0O g €e Swne SC0LL W gZ-001Z AVE *YC-4IMOST 4
-8 o eSS0 0 et €z Swne €C0LL W wZ-0012 AVE »YC-43MOS1 4
VINIWNIT HdWA-a ol ¥oZ8L Lt €z Swne SC0LL W E£T-0012 AVE YPE-MINOSI 4
-8 <oc £C08L g9C i ce Swns CC0LL W zZz-0012 Ave wYC-¥IMOSI1 4
-8 e S11LL 9 L €T SwMe S60LL W 1Z-DO1Z AVY YPC-¥IHISB1 4
ONNT DNV TM3D Nes-a i8S LeZBL ot £z Swme €L0Lz 3 or-0012 AVE ¥YE-¥3MOS1 4
-8 €Ee 86064 0OFL Lt £z SwMe €C0LL 4 &1-0012 AVY e¥C-¥IMIS1 4
-8 0 §€0cc o e €z SwMs §C0Le 4 B1-0012 AVHE »oC-u3MOS1 4
ANFW0D €£8-0c-9 340 (W) oW (SAVQ) 3iva X3S O0I1Qvy 004l
340 340 va Ovs YWo1ls Gvuv im 30v LEL D §313348
IAlw A4.430 rONd F0S0¥IV  Jdx3 38NS04x3

CAINNTINOD) SIVH $PC-HIHOSTIS ONY SAIWNOW ‘SOOC 310W3E NI WI3IM IV NOTIVHILO ONIONINO
137734 3HL WON4 STOSOHIV 96 10(Nd'N) GILVINL-LVIM 2,0641 40 SITANIS NOTLVIWMNI 40 SNIVLS



IAN3IEIN WHIL ONDT-NLT

G321 4180¥S-§

A3 INVHLNI-3

HiV3Q SNO3NVINOGS-T

IWNSOXI LV IHOIIM AGOE WONS GIUYWILSI 3ov '07IM 3HL NI LIHONVD 3ivVuINd-8

‘ON3aY * ¥) T30 Nes-a ze9 iS16e oe ze SwmMe SolLL MW o Lr-giIEE SiVY YPE-NIHOS]1 S
3NNS04X3 ONINNG-Q o SH1LL oz zez GWME  S6TLL W FiI-L1ZZ SAVH YPC-NIHOST S
ONNT DY) T30 NOS-a 1ic 19E8L oz 3 SWMe  Sel1LL M S1-L1ZZ SiVY PYC-¥IMOSI S
ONNT JHYD T30 Nes-a 00¢L e916s oz ce SWMS S61LL W wiI-gLNZE SiVY YrE-HIMOSIS
-8 L9 T9TLL VO oz ze SWMe  S61LL W ET-LIZE SiVH ¥YC-H3IMOSI S
-8 e9c C618L €9C oz L SWMe  CeTLL W Zi-LiZE Sive ¥ E-MIOISIA
-8 © So1LL O oz e Swhe S6TLL W TT-glZE SivE ¥eC-¥IHOSI S
-8 v b&1LL ¥ oz ze SWME SelLL W Ot-L1ZT SiVYN ¥YE-¥IHOSIS
-8 e TITLL ¥ oz ez WM SATLL M s0-L122 BAVH ¥PC-N3IHOSIS
-8 ose C106L LS oz ze SHMé S61LL W BO-L12Z2 SivH YPE-MIHOSTS
-8 o S418L €9€ oz ee SWMe  SATLL W LO-L12Z SiVE PYE-¥IMOSIS
-8 0ss C106L 496 oz ze Swne S61LL W SO-L122 SivY *PC-¥IMOSIS
-8 v 661LL ¥ oz et Swhs S61LL W CO-L1ZE2 SiVHE ¥HPE-HIMOS1 4
vHO T dvd 173D NS-a 8z¢ 8sEBL oe ze SWMe S61LL W yO-L1ZE SAVY ¥PC-HIMOST S
-8 L9 Z9TLL 9 oz zz SWMe C6lLL W EO-LIZE SiVE *YC-H3IHOSI S
.. o S61LL O oz zz SWM6e  S6l1LL W ZO-L1ZZ SiVH ¥YC-¥IMOSI S
ONNT J¥vD T30 Nes-a B86¢ €9064 oz ez SWMe  S6TLL W TO0-L1ZZ SivY PYC-MINOSI S
-8 L4 ZYeLL ¥ L oz v v B-SHAL-C BEZLL MW 10-C9ZZ w8 ATWNOM SNSIHY
LT | Le8t L8228 ) zez 6 € B-SHAG-E 9ETLL W TO-CLZZ OC AIWNOM SNOI0WON 4D
-8 I L) 9cE28  ZCH1 a1 €z 1 ¢ B-SHAL-C CEZLL W v0-9CZZ C¥ ATWNOW SN I0MONAD
-8 woC SEZBL 9 61 sz L € B-SHAG-C CEZLL W EO-#CZZ 1v ASWNOW SN0 I0MONA D
-8 Lad 66TLL W9 L) 22 92 G-SHAY-Z CEZLL W TO-¥EZT €€ ATWNOM SNCIOWONAD
-8 o SEZLL O e P2 €8 B-SHAL-C CEZLL W 10-9CZZ 168 AFWNOM SNSIHY
-8 ocL YEZTHL OEL L 1Z 8 € P-SHAC-C PESLL MW EO-€CZZ O AFWNOM SN0 TOMONAD
-8 o9 cEzZI8  Z9v! at LI 6 € B-SMAG-E ¥EZLL W ZO-ECZT LE ATWNOW SNOIOMONAD
-8 06s »R06L L¥S Lt oz 2L 8-SMAL-S YEZLL W 10-E£6ZT €88 AFWNOW SNS3IHY
-8 v 90TLL ¥ et L v 11 (22 ] 20ZLL MW EO-92ZZ vie8 00a 3Ovie
¥i-a et 06Z08 61 €e s o0 c8s 2024L 4 20-9Z2ZE MLSE 500 3T0V3E
-8 o 2o2LL © 81 LI ? 01 L2991 ZOZLL W 10-9ZET 869 200G 370V3E
-8 [0 LZEZB  TSe0 81 vz LY o119 10244 4 EO-EZTE Avie 200 3M0V3E
-8 oLE 90Z8L <9C 8t zge &9 L1071 1024L 4 ZO-ETZE STE8 200 3V0vae
-8 0EL 10264 OEL et EE v €91t 10244 W TO-EZZT websl 200 3NOV3E
#i0-a vEOL 6€108 Lt oz zo Lie 00Z4L 4 EO-ZTZZT L1086 0040 3N0V3E
-8 ivs LI06L LS 8 zez o¢t a9l 00Z4LL W ZO-ZZTZ BZHL 000 370vae
-8 ivs L1064 496 et ze e 1901 0084L 4 10-TZZZ NivE 004 370v3e
-8 z9v1 L6118 Z9v1 L €2 vzt 9L P61LL W EO-IZZZ VZI6 000 30V3E
-8 ES6T czeza  ocet 8 1z 1 6 or1l 96144 W 20-1ZZZ 8008 200 3I0V3E
-5 L o0zLL ¥ 81 e 901 1901 9614L 4 10-1222 SeE8 00Q 30Vie
-8 L 44 &RZLL ¥ 81 oeT zt Lt CalLL W EO-OZZT D6BL o0a I0Ovie
-8 624 6164 OEL 81 L - L6 sso1 CatLL 4 20-OZZZ LEVE 00a 3M0V3ie
-8 o S61LL O it o2z L6 6801 S61LL 4 10-02ZZ SL€8 250G 30v3E
¥iv-a e 961LL A | 1z 98 ecor v61LL 4 10-612Z Se€8 00Q 30V3IE
-8 e LSTLL 9 81 v &4 209 €ColiL 4 EO-BIZZ Wis 204 3T0via
-8 ESs1 ozZET8  Zs6! 61 A 68 908 E61LL W TO-BIZZ YZO& 00a 370v3ie
-8 c9c Es18L C9C 61 »e ze 9911 E61LL W 10-8122 QT6L 200 3M0OV3E
ANZMOD E8-0E-9 34Q (N  (9W)  (Savd) 3uvad X3S 0Olgve 001l
340 340 Juva WS WO 1S vy in oV HIEWON §31534S
nlw HiV3Q rONd MWSO¥3IV X3 38N504x 3

SIVH PPE-HIHOIST4 GNV SAIWNOW 'SOOC 370v3E NI XOD1IM ONV XO0DEVE LV NOIIVHILO
ONIONIE-A 3HL WO¥S SI0SOHIV Z0Nd TILVINL-LVYIH 3,068 40 SITONLS NOILYIVHNI 40 SNUVIS

26



L2

SPECIES

FISCHER-D44
FISCHER-344
FISCHER-344
FISCHER-D44
FISCHER-D44
FISCHER-344
FISCHER-344
FISCHER- 344
FISCHER-344
FISCHER-344
FISCHER-344
FISCHER-344
FISCHER-J344
FISCHER-J44
FISCHER-344
FISCHER-344
FISCHER-344
FISCHER-344
FISCHER-344
FISCHER-344
FISCHER-J44
FISCHER-D44
FISCHER-344
FISCHER-344
FISCHER-344

B-PRIMATE CAUGHYT IN THE WILD. AGE

STATUS OF INMALATION STUDIES OF 850°C MEAT-TREATED PUD2 AEROSOLS FROM THE V-BLENDING OPERATION
AT BABCOCK AND WILCOUX IN BEAGLE DOGS. MONKEYS AND FISCHER-344 RATS (CONTINUED)

RATS
RATS
RATS
RATS
RATS
RATS
RATS
RATS
RATS
RATS

TYO0O RADIO SEX DATE

2217-18
2217-19
2217-20
2217-21
2217-22
2217-23
2217-24
2217-2%
2WL7-26
W77
2217-28
2WL7-29
2217-30
2W17-Nn
2W17-32
2217-33
2217-34
2W217-3%
2217-36
2217-37
2217-38
2217-39
2217-40
221746
221749

D-SPONTANEDUS DEATH

E-EUTHANI ZED
S~SARCIFICED

LTR-LONG TERM RESERVE

EXPOSURE

ESTIMATED FROM BODY WEIQMT

n 77193 FUnS 2
" 77193 FunS 2
" 77195 FWRS -
F 77193 MRS 2
F 77198 FuRS 2.
F 77193 PSS 2
F 77193 S 2
F 77195 FWKS 2
F 719 PR S 2
F 719 G S 2
F 77198 Fuks -
F 77193 FUKS 2
F 719 PHRS 2
F 77195 S 2
F 77193 FUKSG 2
F 77198 FUKS @
F 77198 FWKE 2
F 77198 IS 2
F 77195 Funs 2
F 77195 FWKS 2
F 77193 P 2
F 77193 WS 2
F 77193 FnS 2
F 77193 IS 2
F 7193 TS 2

EXP  AEROSOL
AGE w7 ARAD
(DAYS) (KQ) (uMm)

RNRNNRNRUNUNRUNNNUNRNUNNRNNNRNRNRRR
NNNRNNUNUURNUNRNRNRNUNNNNDNNNNDN
CO0O00O000000000000O0000000

AT EXPOSURE

PROJ

B2.28%8 £ 3%

$dd..

DEATH
DATE

79158
79019
7719%
7895
79015
79197
77262
77193
77262
78193
77199
78223
79054
78332
7719%
77199
79197
79197
79015
78195
79197
79062
79199
77199
78234

673
5%0
o
365
550
732
&7
o
&7
365
L]
35
389
S22
(]

4
732
732
330
365
732
597
4

o
404

AL IVE
DPL

&-30-83 COMMENT
D-57U CELL CARC LUNG
&~
D-DURING EXPOSURE
s-
s-
s-
8-
S~
8-
8-
8-

D-F IBROSARC  PLEURA
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