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ABSTRACT Results of experimental studies in which animals inhaled ‘Pu02 or
‘9Pu02 aerosols have shown that the biokinetics and associated radiation close
patterns for these two isotopes differ significantly due to differences in i~~-vitw
solubilitv caused by the 260-fold difference in specific activity between ‘Pu02 and
?.19pu02,” We have ~daPted ;1 biokinetics and dosimetry model derived from results ‘f

the ITRI dog studies to humans and have calculated dose commitments and annual
limits on intake (ALI) for both PU isotopes. Oor results show that the ALI calculated
in this studv is one-third that for ClaSS y ~Pu from ICRp 30. and one-half or equal to
that for class Y ‘9Pu, depending on how activity in the tboracic lymph nodes is coNF_92 0501 __9
treated dosimetrically.
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lNTRODUC’HON: lnha[~ition has been shown to be the most likely route of

--

occupational exposure to plutonium. Nonoccupational inhalation exposures to Pu
aerosols have also occurred as a result of atmospheric nuclear weapons testing.
Despite these exposures, information from studies of people have not been adequate
to define the dosimetry of inhaled Pu aerosols. Consequently, data from experiments
with animals are used to augment our knowledge of 1% biokinetics and dosimetry and
to identifj important dose. and effect-modifying factors. This report summarizes
results obtained from studies at ITRI in which adult dogs inhaled monodisperse
aerosols of either ‘Pu02 or ~9Pu02 having similar aerodynamic sizes, produced in
the same way, and having the same chemical form. Therefore, the two exposure
materials differed only in specific activity.

MATERIALS AND hlETHODS: The materia]s and methods used in these studies
have been reported in detail (1,2). Briefly, adult male and female beagle dogs (15 -
41 mo of age) received a single brief pernasa] inhalation exposure to a monodisperse
aerosol of ‘Pu02 (1.7 or 2.7 pm AMAD) or ~9puc32 (1.4 or 2.9 pm AMAD). Each
aerosol was produced by heat-treating droplets of a nebulized suspension of Pu(OH)i
at 1150° C, thus forming PuOZ After exposure, each animal was maintained in a
metabolism cage for excreta collection and in a kenne] run until the dog was either
sacrificed, euthanized or died. Sacrifice times ranged from 4 hr to 4 y after exposure.
Additional data from dogs that inhaled 239pu(32 as part of a dose-response study were
also included in this analysis (3). Radiochemjcal analysis of Pu in tissue and excreta
samples provided the data for determination of the biokinetics of =Pu and ‘9Pu
following inhalation deposition of Pu in oxide form.

Fifty-year dose commitments for lung, ]iver and bone surfaces of humans were
obtained from different models for =Pu and Z39PU. In the former case, the doses
were calculated using the canine-based mode] of Mewhinney and Diel (1) that was
modified for application to man. Four changes in metabolic parameters from those
of the canine model were made: 1) The partitioning of PU that reached the blood ~
from solubihzation of the deposited PU particles was 45?k liver, 45% bone, 490 muscle ‘2
and 0.4% kidney, values which were derived from the analyses of McInroy et al. (~~~~~~~



and are similar to those suggested in ICRP 30 (5). 2) A mtio of Pu in urine 10 Pu in
feces of 1 was used based on the systemic model of Leggett (6). 3) Biological
retention half times of 40 y for liver and 100 y for skeleton, as proposed ;n ICRP 30
(5) and supported by analyses of exposed humans (7) were used. 4) The particle size
of the inhaled aerosol wns assumed to be 1.0 pm diameter.

The calculation of human dose commitments for ‘QPu was based on retention
equations obtained from the ITRI dog studies modified to include the 40-y biological
half time for liver and 10()-y half time for skeleton. These equations are:

Rkng (t)=0.18e ‘0024 +o.82e -o.o.OoMf

Rfi,(t) =0.01 Oe ‘471’0-51(1 -e ’01~

R,&l(t) =0.0017e “gx~o-’r(l -e “o’?

Rti,(t) =0.17e ‘0027’ +0.83e ‘000016’

where Ri(t) is the retention in organ i (where i = lung, liver, skeleton and thoracic =
lung + lung-associated lypmth nodes, LALN, respectively) expressed as fraction of’ the
initial lung burden, and time t is in days after exposure. For all dose calculations, the
organ masses used were those specified in ICRP 30 (5), i.e. lung = 1000 g, liver =
IS00 g, and bone surfaces = 120 g.

RESULTS AND DISCUSSION: Model curves describing the retention of ‘Pu and
Z.Wpuin dogs exposed to PU02 aerosols are shown in Figure 1 for hmg and skeleton.

The retention of Pu in liver (not shown) was similar to that in skeleton. The
biokinetics of the two Pu isotopes were significantly different. Whereas ‘9Pu was
retained in lung and LALN for very long times, ‘Pu translocated from the lung
mainly to liver and bone at an accelerated rate beginning at about 100 days after
exposure. The accumulation of ‘Pu in liver and bone was about 200 times larger
than that seen with ‘9Pu.

The observed difference in biokinetics of inhaled ‘Pu and ‘9Pu aerosols has
been explained based on the 260-fold difference in specific activity of equivalently
sized aerosol particles. The much higher specific-activity ‘PuOZ particles incur :1
proportionately higher amount of enerk~ deposition within the particle itself,
particularly from the recoil nuclei. This energy deposition results in damage to the
crystalline structore of the PU02, presumably lattice defects that accumulate with time,
and that ultimately are expressed in an aqueous environment as fragmentation and
accelerated dissolution (8). This theory is supported by autoradiographic observation
of particle breakup (8). The dissolved ‘Pu was then available for tmnslocation to
blood and redistribution to the major deposition sites for systemic Pu, i.e., liver and
bone. In contrast, the much lower decay rate of ~9Pu has yet to provide concrete
evidence that fragmentation of these particles occurs to any significant extent, at least
throogh 3 y after exposure.

The consequences of the different radiation dose patterns found for the two
Pu isotopes are shown in Table 1 with respect to the 50-y dose commitments
predicted for man, as calculated using the ITRI models and using ICRP 30 methods
(5). It can be seen for ‘Pu that the highest dose commitments were to the bone
surfaces for both methods of calculation, the difference being in the threefold higher dose
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Figure 1: Model curves for the uptake and retention of ‘Pu and ‘9Pu in lung and
skeleton of dogs that inhaled IhI dioxide aerosols (data points for individual dogs not
shown). Retention of Pu in liver was similar to those shown for skeleton.

Table 1
Dose Commitments for Inhaled ‘Pu and “PU in Man (mSv/Bq inhaled)

=sPu 239pu

Organ This Rermrt ICRP 3(I This Report ICRP 30
Lung 0.079 --- 0.65 ---

Thoracic’ 0.085 0.32 1.75 0.32
Liver 0.50 0.18 0.024 0.21
Bone Surface 2.4 0.83 0.019 0.95

“ Includes Pu contained in lung and LALN, since ICRP 30 does not differentiate
between activity in these two organs

derived from the ITRI model. This is due to the uptake of a larger fraction of
inhaled ‘Pu that translocates to hone. For ‘9Pu, there are several significant
differences in the calculated dose commitments: 1) The dose to lung calculated with
the ITRI model is either twofold or fivefold higher than that calculated using ICRP
30, depending on whether the activities translocated to the LALN are included in the
dose calculation for the former. Although the rationale for including LALN activity
with that of the lung as seen in the dog studies is speculative, there is evidence in
human exposure cases that there is very long-term retention of insoluble Pu in the
thoracic region (-6000 days based on thoracic photon measurement (9)), and tbe
ratio of concentration of pu in lung to that in lymph nodes is significantly larger in
man than in dogs (10).

From Table 2, it is evident that tbe bigher dose to bone surfaces for ‘Pu
based on the ITRI model has resulted in a limiting ALI that is one third that of ICRP
30, i.e. 200 Bq vs. 600 Bq. For ‘9Pu, the ITRI-derived ALI is either one half or
equivalent to that of ICRP 30, depending on the manner in which the dose to lung is
calculated. In either case, however, the limiting ALI for tbe ITRI model is
determined by the stochastic ALI, of which most of the dose contribution comes from
the dose to lung. This is more consistent with current data on the biokinetics and
dosimetry of inhaled ‘9Pu02 than is the ALI based on the nonstochastic dose to bone
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ALIs in bokftype use dose commitments for lung and LANL those in
parentheses use lung only

surfaces. Whether reductions in the ALIs for Pu isotopes are warranted based on the
available experimental data is a matter for discussion.
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DISCLAIMER

This rep.m was preparedas an accountof work sponsoredby an agencyof the
UnitedStates Government.Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty. express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed,or represents
thalits use would not infringe privately owned rights. Reference herein to any spe-
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