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EXECUTIVE SUMMARY

This annual progress report details the resea-ch conducted in the project, “Radiation Dose
Estimates and Hazard Evaluations for Inhaled Airborne Radionuclides.* The report is composed of a
series of four research papers, each presenting the status of specific are2s of the total research
effort. An attempt has been made to include substantial detail in each paper to indicate clearly
the state of the research and to provide interpretation 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 the completion of individual research projects.

The objective of this project is to conduct confirmatory research on aerosol characteristics
which may modify the biological fate, patterns of radiation dos> and predicted health consequences
of airborne radioactivity which may be released in normal operations or under accident conditions
in the nuclear fuel cycle. It invoives physical, chemical and biological characterization cf
aerosol actually present in different segments of the nuclear fuel cycle. Since it involves
actual 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 aeroso]l materials are reaerosolized in the laoratory 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 to determine possible differences
between the aerosol and the corresponding bulk material which might help to explain the observed
patterns seen in the animals after exposure, Multiple species (rats, dogs and monkeys) are being
used to ctrengthen the eventual extrapolation to man. Although current studies are concentrated
on the biological characterization of mixed (uoz. Puoz) fuel elements, later studies may
utilize materials from other sources of industrial operations involving the handling of nuclear
fuel material as well 3 from the pilot processes involved in fabrication or processing advanced
fuel forms.

The research rep._-ts begin with a paper, presented in three parts, which provides complete
details regarding the development of a method for determination of the specific surface area of
small samples of highly radioactive particulates., The first part of the three-part paper
describes the development of an apparatus, housed within a glove box, in which the particulate
sample is first outgassed under vacuum and heating to » 280°C to remove adsorbed water from the
surface, then 85Kr is admitted to the sample holding container and the BSK', adsorbs to the
surface of the particulates in a monolayer. The final stage in the determination is quantifying
the amount of Bsxr adsorbed on the particulates using gamma ray counting., The second part of
the three-part paper details the results of two intercomparisons; a comparison of the results
obtained using three different methods of gquantifying the amount of gas adsorbed onto particle
surfaces and a second comparison of three different particulate materials to determine their
respective suitability for use as specific surface area standards. These comparisons were made to
provide essential quality assurance information. The results of these intercomparisons clearly
indicate that while all three methods provide results differing only within experimental error,
only the 85" method provides simultaneously the ability to safely contain highly radicactive
particulate samples and to characterize reliably samples as small as » 2 mg. Comparisor of the
standard powder samples indicated that the A1203 was most suitable since the measured specific
surface area was not effected by outgassing temperatures up to 250°C. The third part of this
three-part paper describes the acquisition of specific surface area data for particles of UOZ +
Puo2 treated at 750°C, two samples of (U.Pu)oz treated at 1750°C, and “pure* l’u()2 treated at



BS0°C, These particulate samples were recovered from membrane filter samples taken during the
inhalation exposure of rats, dogs and monkeys in the radiation dose pattern or dose-response
studies conducted in this project. Replicate determinacions on each sample produced consistent
results for two of the samples; specific surface area of ~ 3 mz/gn for one (u,Pu)02 sample
and ~ 20 ni/qn for “pure" Puo?. For two other materials, U(J2 + Puoz and one (u,l’u)o2
sample, the specific surface area increased for several determinations made successively on the
same sample, Potential causes for this phencaenon are discussed.

The second paper in this report discusses the application of a biomathematical model to
describe retention, distribution and excretion of Pu, Am and U in ratc, dogs and monkeys following
inhalation of u020 Puoz. (U.Pu)o? or “pure" Puoz. The model, which uses the specific
surface area of the inhaled particulates in the formulation of a function to describe the rates of
dissolution of these elements, provides good agreement with the observed retention and
disteibution data for Pu for all thres species studied. Results of these modeling efforts
indicate that for a given element, slight differences in the retention, distribution and excretion
of that element for a given species can be accounted for by the differences in the physical
chemical characteristics of the aerosol., For a given aerosol, significant differences in
retention, distribution and excretion were noted among the three animal species, Also, for each
species, differences were found in the reiention, distribution and excretion of the elements Pu,
Am, and U (when present) for each aeroso).

The third paper in this report summarizes the biological effects (response) observed in rats,
dogs and monkeys held for long periods after inhalation exposure to Uo2 + Puoz. (U.Pu)Oz or
“pure" Pu, These effects include lung tumors induced in both rats and dogs experiencing lung
doses from 190 to 16,000 rads in rats and from 2,500 to 4,800 rads in dogs. None of the three
monkeys sacrificed at four years after inhalation had developed tumors with lung doses ranging
from 2,500 to 4,700 rads. A full discussion of the tumor types observed in rats and dogs is
presented,

The fourth paper in this report provides an interim report on tre dose-response studies being
conducted in Fischer-344 rats exposed to aerosols of (U.Pu)o2 or ‘“pure" Puoz. In these
ongoing studies, groups of rats were exposed to three graded levels of initial lung burden to
achieve total doses to lung of 25, 125 and 625 rads to 950 days after exposure., Relatively few
rats have suzcumbed to radiation related lesions to date as expected. A few pulmonary tumors have
been observed in the high dose groups. Data on the retention and distribution of these materials
through 1.5 years are presented as a summary of the histopathological responses seen to date,



1. SURFACE AREA MEASUREMENTS

PART A, MEASUREMENT OF SPECIFIC SURFACE AREAS OF SMALL POMWDER
SAMPLES USING Okr AS ADSORBATE

Abstract — An apparatus 1s described which has

been successfully employed for measurement of PRINCIPAL INVESTIGATORS
the specific surface area of particulate samples S. J. Rothenberg
weighing between 20 and 50 mg. Comparison of D. K. Flynn

data obtained for 50 mg samples by the new A. F, Eidson

method with data obtained for the same samples by G. J. Newton

other methods 1is made in Part B. A ratio test J. A, Mewhinngy

was employed to demonstrate that the method gives

seif-consistent data for samples less than 10 mg. The blank correction 1s 20 cmzz 10 cnz,
the uncertainty in weighing samples is ¢+ 0,05 mg. Sample tubes are suitable for containment of
radioactive material, Application of the methods to 2.0 and 10 mg mixed Puoz/uoz samples
obtained from gloveboxes in a nuclear fuel fabrication facility is presented in Part C.

Important factors determining the rate of dissolution of a particle deposited in the lung are
the chemical composition of the particle, the crystalline structure and the amount of surface
interacting with body fluids., This paper describes work designed to allow measurements of
specific surface area for extremely small samples of radioactive particles. Several commercial
methods are available for determination of specific surface area of particles, but these ace
limited to sample sizes exceeding 10 mg (Ref. 1). Particulate samples from filters, cascade
impactors or the Lovelace Aerosol Particle Separator (LAPS) (Ref, 2) are normally available in
quantities between 0.1 mg and 10 mg, and thus development of a method suitable for such small
samples was necessary.

This paper describes the adaptation of a method for measurement cf the specific surface area
described by Chenebault and Schurenkamper (Ref. 3) for powder samples. Comparison of the method
with other methods of measuremrent of specific surface area is described in Part B, and application
of this new method to measurement cf specific surface area of particulates of mixed U and Pu
oxides of industrial origin is described in Part C.

MATERIALS

Samples of titanium dioxide and aluminum oxide of uniform composition and known specific
surface area were obtained from Duke Standards Co., Palo Alto, California, Nominal specific
surface areas of each batch, as supplied, were checked using a vacuum micro-balance for
gravimetric determination of adsorption of nitrogen, and the method of calculation of Brunauer,
Emmett and Teller (six-point B.E.T. plot) (Ref, 4)., The gravimetric method has been discussed
elsewhere (Ref. 5) and the apparatus descrited in detail (Ref. 6). Uranium dioxide (Merck
analytical standard) was used without further purification. Fused aluminosilicate particles (FAP)
were produced from montmorillonite clay (Ref. 7) and separuted into size-selected samples using a
Lovelace Aerosol Particle Separator (LAPS). Samples of mixed oxides of U and Pu were obtained
from two different fuel fabrication facilities (Ref. 8, 9, 10).

The apparatus consisted of a vacuum manifold to whicii adsorption cells and a reservoir of
”xr were attached and a pumping assembly capabie of prooucing a vacuum of !.)’6 Terr. A
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S‘H‘ Mean Net Counts,
= (Eq. 1-1)

Souo Mean Net Cmmtso

where S5, and @) are the specific surface area and weight of the sample, S0 and “0 the
specific surface area and weight of the standard. Net Counts, and Net Countso are the counts
obtained for sample and standard. Correction was made for both detector background and blank cell
counts, and care taken to ensure that reproducible counting geometry was obtained.

The same procedures were foilowed in a cross-check on the method using the vacuum
micro-balance, The specific surface area of each sample was first determined on the vacuum
microbalance by aravimetric methods (Ref. 6) and the sample then transferred from the vacuum
micro-balance pan tc the weighed sample tube. Depleted uranium dioxide was used in these studies,
as the vacuum microbalance was not modified for containment of radiocactive samples. This
crosi-check employed large samples (50 mg) to obtain reliable results by the gravimetric method.

To ensure that a single sample gave consistent risults after repeated outgassing periods,
three repeated measurements were made on monodisperse fused aluminosilicate particulates (FAP), a
material known to be heat stable at 250°C. This test procedure was repeated at intervals,

In a further cross-check on the 8SKr method, sampie and standard cells were filled with
different weights of titanium dioxide taken from the same batch. Except that both cells contained
samples of the same kind, the procedures followed were identical to those used for mixed oxide
determinations,

RESULTS

Comparisons of sample weight ratios to 85l(v- gamma-count ratios for Tio2 samples are shown

in Table 1-1. Comparison of specific surface areas obtained using the vacuum micro-balance and by
asxr adsorption for uranium dioxide samples are shown in Table 1-2. The specific surface areas
for twc cifferent particle sized monodisperse samples of FAP after three successive outgassing
periods are shown in Table 1-3,

DISCUSSION

If the samples obtained from Duke Standards are homogenous with respect to surface area, then
equation (1-1) reduces to:

Hl Counts]
" : Tounts, (q. 1-2)

Two pairs of 1102 samples were compared: (1) 50 mg and 25 mg samples (Pair A) and (2) 10 mg
and 5 mg samples (Pair B). [If the correction for adsorption by the sample tubes (blank
correction) is omitted, then the weight ratios and gamma-count ratios agree to within 10% for
Pairs A and B. Wren blank corrections are included in the calculation, agreement to within 5% is
obtained, which is within the expected precision of the method.(Ref. 1,5) As discussed by Lowell
et al., (Ref. 13) who examined the minimum sample size for the “lowing gas method, an apparatus
which gives self-consistent data for large samples may show a systematic trend in data as sample
size is reduced., The data in Table 1-1 demonstrate that, provided the blank correction is
applied, the BSKr method is self-consistent for Tioz samples as small as 5 mg. Additional
measurements of U and Pu oxides demonstrated that the method was satisfactory for samples as smal)
as v 2 mg (this report, pp. 16 to 20).
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route. Thus, lung retention halftimes for the Pu component from the aeroscls is species dependent
and is largely controlled by different rates of mechanical clearance. These differences are in
accord with observations previously reported for dogs and rats for several inhaled, relatively
insoiuble materials (Ref, 9-10). Differences among these three species for liver retention of
alpha emitting radicactive materials have also been previously reported (Ref. 9-10).

Americium, The modeling of retention, distribution and excretion of the Am component of these
aerosols in each species proceeded by the same methods as for Pu. A self-imposed restriction for
modeling the Am component was to use the identical expressions for the time-varying rate of
mechanical clearance for each species as had been found satisfactory for the Pu component. This
restriction was imposed simply due to the fact that the Am present was due to decay of 2“Pu
present in the particles rather than the presence of separate particles of Am0,. Just as for
Pu, the rate constants for all compartments communicating with blood were taken from an identical
mode! used in describing the retention, distribution and excretion of 2“Am following inhalation
of 241am, (Ref. 6).

The simulation modeling accomplished for the Am component of these aerosol: did not result in
completely satisfactory description of the data for the three species. In 211 cases the model
slightly overpredicts lung retention., Repeated attempts to improve the description of lung
retention were unsuccessful within the constraint mentioned above and of tota)l materials balance.
In depth analyses of the cause for this discrepancy indicated that it may be related to a
phenomenon of early, relatively rapid, dissolution of Am present on the surface of particles
followed by much slower dissolution of Am from particles as the predominant elemental composition
and chemical form of the particle matrix dissolves at a slower rate. This is a consistent
explanation that is supported by the in vitro solubility studies (Ref. 3) which show that at times
greater than a few days after immersion in solvent the Am component of the particules dissolves
'9) 2“l\m()z particles (k = 1.5 x 10'6).

As can be seen in Figures 2-6, 2-7 and 2-8 the lung retention is overestimated. However,

tissue distribution and excretion rates are relatively well described. Thus, while the Am model
did not provide completely adequate descriptions the fact tnat the Am content of these
particulates is relatively small, and contribute relatively small increments of radiation dose to
tissue, use of these predictions would lead to only a slight over-estimate of total radiation dose
to lung.
Uranium. The lung retention of U for dogs and monkey exposed to the UO2 + Pu()2 and the (U,
Pu)02 aerosols was medeled using the same time varying rate of mechanical clearance (M(t)) as
was used for the fy and Am components of these materials for these two species, As may be seen in
Figure 2-10 (dogs) and Figure 2-11 (monkeys), the model prediction for the UO2 + Pu02 aerosol
agrees with the data. For the (U, Pu)o2 aerosol, however, lung retention is overestimated
substantially by the model., It appears that the U component of the (U, Pu)oz aerosol is more
soluble in dogs and monkeys than would be expected from in vitro solubility studies using the SUF
solvent, This is in contradiction to the results for the Pu and Am components of this aercsol,

much slower (k >~ 1 x 10 than for

CONCLUSIONS

The results of these modeling efforts indicate that the Pu component of these materials can be
adequately described using the theory of Mercer to describe the rate of dissolution, Physical
chemical determinations of specific surface area, density, particle size and size distribution and
the rate of dissolution of the particulates were used in the equations of Mercer to show that for
a single species of animal, the lung retention of the Pu component was not different for the three
aerosols studied.
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Table 3-1 (Continued)

Cumulative
Lung Dose
Animal Exposure Survival ILs2 To Death
Number Aerosol jj?i)b {nCi) (rads) Significant Lesions
2217 15 = 511 f - Squamous cell carcinoma, lung;
adenocarcinoma, lung
2217 18 » 692 f - Squamous cell carcinoma, lung;
adenocarcinoma, lung
2217 29 " 395 f - Hemangiosarcoma, lung
2217 30 - 589 f - Hemangiosarcoma, lung
2217 3) . 522 f - Hemangiosarcoma, pleura
2217 39 ' 597 f - Squamous cell carcinoma, lung
2217 49 . 404 ¥ - Fibrosarcoma, pleura

3nitial lung burden of Pu and Am combined, calculated for each animal using sacrifice lung burden
and standard retention curve for each radionuclide.

boays after exposure.

CPuQy heat-treated at 850°C before mixing with UDp and organic binder material, powder obtained
from the pellet processing operation at the Babcocx and Wilcox plant,

dPuOg calcined at 750°C before mixing with UQy, powder obtained from the ball milling operation at
the Hanford Engineering and Development Laboratory.

€U0, and Puly heat-treated at 1750°C in a reducing atmosphere to produce substoichiometric solid
solution, powder obtained from the centerless grinding operation at the Hanford Engineering and
Development Laboratory,

fpetermination of retention functions not completed for determination of initial lung burdens or
radiation dose.

9Pulp heat-treated at 850°C, powder obtained from the V-blending process operation at the Babcock
and Wilcox plant.













prominent. Around some scars, alveolar lining ceils were hypertrophic. In two sections, there
were small {about 5 wm diameter) foci where there was dysplasia of the hypertrophic cells, There
was a disparity of cell size and maturation and mitoses were frequent. Although they were small
foci, the cells filled the alveoli and encroached on surrounding tissues giving the appearance of

a pulmonary adenocarcinoma, Metastasis was not found,

Dog 8287 was euthanized with severe dysprea. The lung was small and contracted due to
fibrosis. Five small nodules 0.5 to | cm in diameter were palpated in the lung. Histologically
these were small adenocarcinomas of the lung, bronchioloalveolar pattern, that were associated wih
pulmonary scars; no metastasis was found.

The lung tumors seen in these dogs were similar to those seen in dogs exposed to 238Pu02
or %0, (Ref. 5).

NOo monkeys have died due to radiation related causes in these studies. Animals sacrificed at
times greater than 18 months after exposure were examined for histologic lesions. Table 3-3 shows
the radiation doses and lesions found in these monkeys, Focal alveolar sental fibrosis was found
in most, This ranged in severity and extent from barely perceptible to many small, 1-mm diameter
scars. Some alveolar macrophages were associated with the scarc but there was no significant
inflammatory reaction, In only one instance were alveolar epithelial lining cells hyperplastic.
This occurred in one focus over alveolar septa greatly thicked with fibrous tissue.

A comparison of the biologic responses in monkeys and dogs is of interest. Figure 3-1
illustrates the relative lack of response in monkeys compared to dogs. The three monkeys
sacrificed at about 1,470 days after exposure had alveolar septal fibrosis that was severe in one
case, In contrast, three dogs with survival times and lung doses that bracketed those of the
monkeys died with radiation pneumonitis and pulmonary fibrosis, In addition, these three dogs had
lung tumors. These findings seem to indicate that monkeys are less sensitive than dogs to inhaled

mixed oxides.
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Figure 3-1, Comparison of dogs that died of radiation pneumonitis and pulmonary fibrosis and
monkeys sacrificed after inhalation of mixed oxide aerosols. Symbols are M = monkey
sacrificed, D = dog died.
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Table 4-5. Summary of Histopathologic Findings in Rats Exposed to Aerosols
of Mixed Oxides and Dying Beforz April 1, 1982

Exper iment Animal Death Pu ILB ()eathb

No, No. Date org? (nCi) Type Comment -

2978 031 82033 504 1.38 D Nephrosis; Testes- interstitial
cell tumor

2978 051 82052 523 1.38 D Lost to followup

2979 094 82086 556 0.302 D Uremia - nephrosis; Testes -
interstitial cell tumor

2980 118 82003 473 1.21 D Pituitary - adenoma

2980 120 81233 338 1.21 D Lost to followup

2980 122 81329 434 1.21 D Mammary gland - adenocarcinoma

2980 140 81312 417 1.21 D Liver degeneration; Pituitary-
adenoma

2981 204 82053 522 0.587 E Nephrosis; Pituitary - adenoma

2982 267 82076 545 1.29 D Mononuclear cell leukemia

2983 293 81136 239 19.9 D No lung sample, cannibalized

2983 326 82083 551 19.9 D Cannibalized

2983 327 82061 529 19.9 D Radiation pneumonitis and
fibrosis; Lung - adenocarcinoma

2984 010 81157 262 SHAM D Nephrosclerosis, severe; Testes -
interstitial cell tumor

2984 852 81320 423 SHAM E Mammary gland - squamous cell
carc inoma

2984 862 82001 469 SHAM D No significant lesion

2985 821 81261 364 SHAM E No significant lesion

3006 404 82082 s 2.52 ) No lung tumor

3008 498 81275 338 1.21 D Fibrous, histiocytomas -
mediastinum






Table 4.5,

Summary of Histopathologic Findings in Rats Exposed to Aerosols
of Mixed Oxides and Dying Before April 1, 1982 (Continued)

Experiment  Animal  Death Pu ILB Death®
NoO. No. Date opg? (nCi) Type Comment

3009 047 81172 235 158.5 D Radiation pneumonitis and
fibrosis

3009 048 81028 9] 158.5 D Radiation pneumonitis and
fibrosis; nephrosis

3009 051 81031 94 158.5 D Radiation pneumonitis and
fibrosis

3009 052 81030 93 158.5 D Radiation pneumonitis and
fibrosis

3009 531 81297 360 158.5 D Radiation pneumonitis and fibro-
sis; Lung - squamous cell
carcinoma

3009 537 81197 260 158.5 D Radiation pneumonitis and fibro-
sis

3009 535 81245 308 158.5 D Radiation pneumonitis and fibro-
sis

3009 539 81201 264 158.5 D Radiation pneumonitis and fibro-
sis

3009 546 81338 401 158.5 E Pulmonary fibrosis

3009 556 81297 3€0 158.5 D Radiation pneumonitis and fibro-
sis; Lung - squamous cel)
carcinoma

3010 688 81352 412 10.0 D Lost to followup

0N 722 82020 446 6.94 D Radiation pneumonitis

3on 135 82060 486 6.94 D Adren2! - ganglioneuroma

jon 761 82042 468 6.94 D Lung - adenocarcinoma

30pE = Days Past Exposure
| ®) « Died E = Euthanized
|
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DISCUSSION

The distrioution of Pu in tissues of animals sacrificed at times through 1.5 years after
exposure clearly indicate the insoluble nature of these two aerosols, Only very small guantities
of Pu have solubulized in lung and transport to liver or skeleton., Preliminary fitting of the
lung retention data for Pu using two component sums of negative exponentials did not indicate a
significant difference between the two aerosols. There is an indication that mechanical clearance
from the respiratory tract, as estimated by comparing the lung retention half time estimated by
the first component of the retention equation, may occur more rapidly in these rats than for
comparable groups in the radiation dose pattern studies (this report pp. 33-40). This could be
due to the somewhat larger particle size measured during inhalation exposure in these studies,
leading to more rapid clearance rates, More definitive comparisons using the biomathematical
mode] (this report pp. 21-32) will be made when radiochemical analysis of excreta samples are
complete,

Survival percentages for all experimental groups are not different from the control (sham
exposed) groups through 1.5 years after inhalation exposure (Table 4-4 and Fig. 4-2) with the
exception noted below. The survival data indicate that the experimental design criteria are being
met, since at the levels of dose-to-lung used in these studies, no early mortality due to
radiation pneumonitis and pulmonary fibrosis was expected. In the single group of animals which
inadvertantly received an inhalation exposure to ‘“pure" Pu02 much greater than planned,
significant early mortality has been observed. This over-exposed group has since been replaced by
a properly exposed group., The primary cause of death in the over-exposed group (projected lung
dose of 5000 rads at 900 days after inhalation) has been radiation pneumonitis and pulmonary
fibrosis.

Histopathologica! evaluations are complete on all animals dying or sacrificed before April 1,
1982, In the sacrificed animals, no lesions attributable to absorbed radiation dose were observed.

Twenty-seven rats died or were euthanized in the dose response studies, Three sham exposed,
control rats died, one with a squamous cell carcinoma of the mammary gland and two with no
significant gross or microscopic lesions in the major organ systems. At 364-469 days after
exposure to either (U, Pu)02 or “pure" Puoz, three animals were lost to followup because of
autolysis or cannibalism,

Seven rats from the over-exposed group with a mean lung burden of 158 nCi of Pu died due to
radiation pneumonitis and pulmonary fibrosis, as did one rat with 19.9 uCi ILB. They died from
260 to 529 days after exposure., Four of these eight rats also had Jung tumors, two squamous cell
carcinomas, one adenosquamous carcinoma and one squamous cell adenoma. One other lung tumor was
found, an adenocarcinoma, in a rat with 6,94 nCi ILB, The four carcinomas were malignant by
histologic criteria, but there were no distant metastases. The squamous cell adenoma was a large
tumor that was space-occupying but was histologically benign with a large keratinized cystic
center,

The other lesions found could not be directly related to radiation injury. Pituitary
adenomas, testicular interstitial cell tumors, mononuclear cell leukemia, nephrosis, liver
degeneration and biliary hyperplasia are all common aging lesions in Fischer-344 rats (Refs. 8,9).

Three tumors noted are unusual but cannot be directly related to radiation injury. Fibrous
histiocytomas have been reported in Fischer-344 rats but never from the mediastinum (Ref, 10).
Ganglioneuromas of the adrenals are rare tumors (Ref. 11) as are oligodendrogliomas (Ref. 12).

These preliminary results and analyses indicated that these studies are progressing according
to the initial experimental design. Mortality has been low in the experimental groups as
expected, Critical information to assess the potential risk due to inhalation of (U.Pu)t)2 and
“pure" Puoz compared to pure forms of actinide elements should become available during the next

year.
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APPENDIX A

Status of Inhalation Studies

Status ~f Inhalation Studies of Aerosols of PuO2 Heat-treated at 750°C Mixed
with UO2 and Ball Milled at HEDL in Beagle Dogs, Monkeys and Fischer-344
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Status of Inhalation Studies of 1750°C Heat-treated (U.Pu)OL96 Aerosols from
the Pellet Grinding Operation at HEDL in the Beagle Dogs, Monkeys and
FPISCRBPEIIR MRS . oo v s conss s sssiamsinsshomes s ansnan s s v sabynssmssvpissresse s ses snrie

Status of Inhalation Studies of 850°C Heat-treated Puo2 Aerosols from the V-
Blending Operation at Babcock and Wilcox in Beagle Dogs, Monkeys and
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Status of Inhalation Studies of 850°C Heat-treated Puoz. Mixed with 002 and
Organic Binders (pellet pressing at Babcock and Wilcox) in Fischer-344
RALS (PIIOC SBUAN). civiossivisnsnecssnvnvsinsosnsminmaeinyssbenednesssanssnnssseissvess
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STATUS OF INHALATION STUDTES OF AFROSOLS OF PUN2 MEAT-TREATED AT 750 C. MIXED
WITH UD2 AND SALL MTLLED AT MEDL IN BrAGLY COGSe MONKEYS AND F ISCMER- 544 RATS
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STATUS OF INMALATION STUDIES OF AL 0OSOLS OF PUD? MEAT-TREATED AY 7° Coe MINEN MITH
V02 AND BALL MILLED AT MEDL IN REAGLE GSe MONKEYS AND FISCHFR-344 RATS (CONTINUED)
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SPECIES

BTAGLE DOG
BEAGLE D06
BEAGLE D06
REAGRLE D06
BEAGLE D06
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BEAGLE D06
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STATUS OF INMALATION STUDIES OF 1750 € HEAT-TREATED (UPUIDLL96 ATROSOLS FROM THF
COGSe MONKTYS AND FISCHER-348 RPATS
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