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SUMMARY

Several human cases involving inhalation of plutonium oxide at Hanford
have shown clearance half-times from the lung that are much longer than .the
500-day half-time recommended for class Y plutonium in Publ-cation 30 of
the International Commission on Radiological Protection (ICRP). The more
tenaciously retained material is referred to as super class Y piutonium.
The ability to detect super class Y plutonium by current routine biocassay
measurements is shown to be poor.

Pacific Morthwest Laboratory staff involved in the Hanford Internal
Dosimetry Program investigated four methods to see if improvements in routine
monitoring of workers for fresh super class Y plutonium are feasible. The
methods were lung counting, urine sampling, fecal sampling, and use of
diethylenetriaminepentaacetate (DTPA) to enhance urinary excretion., Use of
DTPA was determined to be not feasible. Routine fecal sampling was found
to be feasible but not recommended. Recommendations were made to improve
the detection level for routine annual urinalysis and routine annual lung
counting.
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INTRODUCTION

In recent years the Hanford Internal Dosimetry Program{2) has become
increasingly aware of evidence of a class of plutonium that, when inhaled,
behaves quite a bit differently than would be predicted using the inhalatior
classes and the lung model defined in Publication 30 of the International
Commission on Radiological Protection (ICRP 1979). The plutonium is much
more tenaciously retained in the lung than normal class Y material; conse-
quently, this report refers to it as "super” class Y plutonium. The evidence
suggests that the chemical form of the plutonium is plutonium oxide. The
characteristic that sets super class Y plutonium material apart from normal
class Y material is an extremely sTow clearance rate from the lung. A more
detailed discussion of super class Y material and the evidence for it is
presented in Appendix A.

Having assumed the existence of this super class Y plutonium, program
staff determined that it was necessary to review the capability of the rou-
tine bioassay-monitoring program to detect an acute inhalation exposure to
the material. It is noted that routine bioassay monitoring is used as a
means for documenting, on an individual-specific basis, that worker doses are
Tess than some level. Routine bioassay monitoring is not a substitute for a
prospective internal exposure monitoring program in the workplace.

This study evaluated 1) the detectability of an acute intake of class Y
and super class Y plutonium through the present routine bioassay program and
2) methods to improve routine bioassay monitoring., The study did not evalu-
ate either the capability of workplace monitoring or the detectability of
chronic intakes or prolonged acute intakes (e.g., one to two weeks duration).

The ensuing sections discuss the ability of bioassay monitoring at
Hanford to detect class Y and super class Y plutonium and the need for
improved routine monitoring. The investigation of improved lung counting,

(a) The Hanford Internal Dosimetry Program is operated by Pacific Northwest
Laboratory, which is operated by Battelle Memorial Institute for the
U.S. Department of Energy under Contract DE-AC06-76RLO 1830.



urine sampling, fecal sampling, and enhancement (using diethylenetriamine-
pentaacetate [DTPA]) of urinary excretion as a routine bioassay method as
ways to improve bioassay monitoring are also discussed. Conclusions and
recommendations, based on the findings, are presented.



DETECTABILITY OF BIQASSAY MONITORING AT HANFORD FOR CLASS Y
AND SUPER CLASS Y PLUTONIUM

Presently, routine bioassay monitoring of plutonium workers at Hanford
consists of annual urinalysis and annual chest counts (1000 seconds) for
plutonium. (3} Routine detection capabilities for these measurements are
shown in Table 1. (The listed detection capabilities are based on a 5%
probability each for Type I and Type II errors. Frequently, but not always,
the substance of interest is detected at levels lower than the listed
values.) Generally the nuclide of interest for chest counting is 241am
because it can be detected at a much lower level than isotopes of plutonium.
Americium-241, in essence, is used as a tracer for plutonium.

Detectability is most useful when expressed in terms of the amount of an
intake or the dose resulting from an intake. The conversion from detect-
ability of a measurement to intake or dose depends on models. The ICRP 30
lung model and the ICRP 48 (ICRP 1986) systemic organ retention model were
used to determine organ burdens and organ and effective dose equivalents.

The Jones excretion model (Jones 1985) was applied to plutonium that reaches

TABLE 1. Typical Bioassay Measurement Detection Levels
for Plutonium and Americium

Minimum Detectable Activity

Measurement 238py 239py 241pm
Chest counts, nCi{a)
(100D s) 40 110 0.26
Urine, dpm/sample 0.02 0.02 0.02

(a) Based on a 3-cm chest-wall thickness. Values
will be 0.7 times lower when 2000-s counts
become routine.

(a) It is anticipated that the time for routine chest counts will be
increased to 2000 seconds by the start of calendar year 1989.



the blood to determine the urinary excretion as a function of time. For pur-
poses of modelling, super class Y plutonium is assumed to behave like normal
class Y plutonium except that, referring to Figure A.1 in Appendix A, the
clearance half-times for compartments a, ¢, e, and i were assumed to be
10,000 days. This decision was based in part on the data presented in Appen-

dix A and in part on the current thinking of the ICRP Task Group on Lung
Models. (a)

Detectability was approached as follows. First, a provisional target
level for detectability was established to be an intake or series of related
intakes that result in an annual effective dose equivalent of 100 mrem;
henceforth referred to as the target detectable (TD) intake. The TD intake
was based on expected guidance from the U.S. Department of Energy (DOE) on
internal exposure assessment. Next, the study answered two questions: "Can
the TD intake be detected by present routine bioassay measurements?" and, if
not, "What is the minimum intake that can be detected?"”

The makeup of a TD intake, in terms of activities of isotopes in a
plutonium/americium mixture, depends on the relative activities of those
isotopes and the inhalation class. Table 2 gives the intake activities for
class Y and super class Y plutonium for a mixture referred to as fresh, 6%
plutonium. "Fresh" indicates that the plutonium has been processed to remove
americium within two weeks prior to the hypothetical intake. "Six percent’
refers to the amount by weight of 240Py relative to the other isotopes of
plutonium. Most plutonium mixtures encountered in the Hanford production
facilities range from 6 to 12% 240pu, and the detectability is virtually the
same for mixtures in that range. The assumption of fresh plutonium was used
as a worst case because “01d" plutonium is easier to detect by chest counting
because of the 241Am ingrown from 241Pu. Therefore, this study deals only
with fresh, 6% plutonium.

(a) James, A. C., and A. Birchall. "Progress in Lung Modeling by the ICRP
Task Group.” In Proceedings of the Workshop on Biological Assessment
on Occupational Exposure to Actinides, May 30-June 2, 1988, Versailles,
France. To be published in Radiation Protection Dosimetry.












































































of the very rapid clearance of the DTPA. Experience has not indicated that
DTPA interferes with the analytical process for plutonium.

Some of the logistical problems could be overcome by scheduling the
bioassay to coincide with the worker's routine medical exam, which, at
Hanford, is typically performed annually. The exam would then include com-
pleting the informed consent process (required by the IND status), admin-
istering the treatment, and reminding the worker of the need to provide a
sample. As an alternative to the routine medical exam, the treatment could
be administered at the nearest Hanford first-aid station by the assigned
nurse under the direction of a physician.

For convenience, urine sample kits could be supplied to the workers by
the medical staff, immediately following the treatment, thereby eliminating
the need to deliver kits to the workers' homes. Once the sampling period was
completed, the kit could be picked up from each worker's home like any other
routine at-home urine sample. Processing the sample would be no different
than that presently performed.

The potential use of this practice was discussed with the Dr. W.C.
Milroy, manager of Occupational Medicine at the Hanford Environmental Health
Foundation (HEHF). It was thought that with modification of the IND permit,
the practice would probably not have any serious medical ramifications.
However, modification of the IND permit status would likely be a lengthy
process requiring months or years. In addition, the administration of an IND
(or, for that matter, any drug) as a required or recommended method of
bioassay monitoring would probably not be in the best ethical or legal
interests of DOE or its contractors. There also could be substantial worker
resistance to drug administration as part of a routine bioassay program.
(It's one thing to give blood or urine samples as part of routine health or
bioassay-monitoring programs; it would be quite another thing to receive a
drug as part of the same program.) A potential added complication is that
the IND status makes administration of the drug contingent upon approval by
the subject following an informed consent process. Because a worker could
not {or should not) be forced to undergo a treatment against his will,
participation in a DTPA enhancement-based bioassay program would be purely
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voluntary. From the contractor perspective, a voluntary bioassay program is
neither particularly attractive nor defensible.

Based on the foregoing considerations, incorporating the administration
of DTPA into a routine bioassay-monitoring program for plutonium is not a
recomnended approach for improving bioassay-monitoring sensitivity.
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CONCLUSIONS AND RECOMMENDATIONS

This study investigated four major pathways for improved routine bio-
assay monitoring of workers for a possible intake of plutonium, which the
authors believe cover all of the reasonable avenues available now and in the
near future. All but one of these pathways are in common use in some form at
most of the DOE facilities that handle plutonium.

LUNG COUNTING

Increasing the count time for the annual routine chest count to
4D00 seconds is now a readily available option for the number of workers
potentially exposed to class Y or super class Y plutonium. There would be
essentially no additional cost to the contractor, either in direct dollars
to support the counting facility or in the time the worker would be away
from the workplace. The factor of 2 increase in sensitivity is important.
This change should be implemented as soon as possibie.

Additional sensitivity by a factor of 1.4 would be obtainable with the
expenditure of about $80K to increase the number of detectors in the chest
counting array from 6 to 12. This is worthwhile because of the difficulty
in determining lung dose from urinary excretion, and because it would also
enhance the capability to measure uranium in the lung {which is important for
a different set of workers).

If an intake of class Y or super class Y plutonium with 1ittie americium
is confirmed by other bioassay sampling, the use of bimonthly chest counting
and computer spectra summing is recommended. This is expected to be used
only rarely but is a valuable aid for evaluating known intakes.

URTNE SAMPLING

Probably the best and most worthwhile improvement available is in the
area of urinalysis for plutonium, specifically 239Pu. Fission track analysis
of 24-hour urine samples improves the sensitivity of detection of super
class Y plutonium from about 47 times the TD intake to Tess than the TD
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intake based on annual urine sampling. The cost would be comparable to the
combined cost of quarterly fecal analyses and annual urinalysis. However,
long-term reliance on sending samples to Brookhaven may not be reliable.
Mass spectrometry can be done locally and has a better chance of being
adopted for use by the analytical services laboratory than the fission track
method. The detection 1imit for plutonium in urine by mass spectrometry has
yet to be determined but will certainly be less than the detection limit by
radiochemical analysis.

Urine sampling has higher worker acceptance than fecal sampling; daily
variability in urinary excretion is probably much less than for fecal excre-
tion; there is no interference from ingestion; and the urinary excretion
model is based on human data and is widely accepted.

FECAL SAMPLING

Review of literature and personal interviews with practicing plutonium
dosimetrists failed to surface a fecal-excretion model based on controlled
experiments. Dog data from inhalation of plutonium oxide revealed a sub-
stantially different excretion pattern than that predicted by existing human
models, which led the authors to conclude that an accurate fecal-excretion
model for determination of intakes at long times post intake is not presently
available. Fecal sampling also suffers from large person-to-person and day-
to-day variability, which would complicate interpretation of data even if a
valid excretion model existed. The problem of getting an ingestion-free
sample is also a disadvantage. Lastly, worker acceptance is not good.

Fecal sampling, especially within the first 10 days of an intake, is a
valuable tool for case evaluation; however, routine fecal sampling for dis-
covery of an intake at long times post intake is not recommended.

USE OF A DRUG TO ENHANCE URINARY EXCRETION

The routine use of DTPA to enhance urinary excretion of systemic pluton-
ium, thereby effectively increasing the detection capability, was found to
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be fraught with administrative, legal, and ethical problems and is not
recommended.

These conclusions are summarized in Table 6. The table also gives a
ranking of the options from 1 (most preferred) to 5 (least preferred).

RECOMMENDATIONS

The following improvements are recommended for enhanced intake monitor-
ing for workers exposed to freshly separated, class Y or super class Y plu-
tonium {listed in order of importance for implementation):

1) annual urine sampling and fission track analysis for 239Pu. The
combined 239Pu plus 240py value would be determined as 1.23 times
the 239Pu result. Brookhaven would have to perform the analyses at
least for the first year. The cost would be in the range of $1100/
sample. Brookhaven is working on improvements to the method that
they believe will reduce the cost nearly in half.

2) annual 4000-second chest counts. These could be impiemented with
only minor administrative changes. Time and equipment are avail-
able to count at least 100 workers per year. There would be essen-
tially no cost to the contractor.

3) development of urinalysis by mass spectrometry. This method may
prove to be almost as sensitive as fission track analysis and can
be done locally. Development should take only about a year or
less. Ultimate transfer of the technology to the analytical ser-
vices laboratory should be easier and cheaper than for fission
track analysis but would still be expensive. Pursuit of mass
spectrometry capability would be a business decision made by the
analytical services laboratory. Development cost is estimated at
$50K in FY 1989.

4) a 12-detector array for chest counting. Although when recommenda-
tion 1) is implemented urine sampling will be much more sensitive
for quantification of an intake, large uncertainty is introduced
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TABLE 6. Summary of Findings
Method Lead Time Advantages Disadvantages Estimated Costs Rating

Annual 4000-s Days Doubles sensitivity Slight inconvenience Essentially no addi- 1
chest counts of chest counting for worker. tional.

for americium.
Annual urine Months 100 x improved sen- Cost including First year: 1
sampling with sitivity. Can follow-ups slightly $1100/sample.
fission track detect TD intake. greater than present Longer term:
analysis Eliminates routine program. Stow turn- $500-800/sample.

fecal sampling. around times at

High worker accept- first. Technology

ance. Cost pro- transfer very

jected to decrease. expensive.
Annual urine Months to 10-50 x improved Needs development $50K to prove tech- 2
sampling with a year sensitivity. Can work. May not be nology and determine
analysis by be done locally. able to detect TD detection level.
mass spec- Should be easier intake. Additional costs to
trometry to transfer the transfer technology.

technology than $1000/sample analyzed

fission track by PNL. Ultimate

analtysis sample cost unknown.
12-detector Months 1.4 x sensitivity. Cost. $80K 3

array for
chest counting

Gives direct lung
burden compared to

estimated burden from

excreta sampling.
Will apply to all
plutonium workers.
Will also improve

counting for uranium.

No inconvenience to
worker. No addi-
tional manpower.
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TABLE 6.
Method Lead Time Advantages
Bimonthly Days Better than double
chest counts the sensitivity
with computer compared to annual
summing 4000-s counts.
Quarterly None Ongoing program.

fecal sampling

DTPA
enhancement
of urinary
excretion

It is highly unlikely that this method could get the necessary approvals.

(contd)

Disadvantages

Estimated Costs

Rating

About 3 x greater
loss of production
hours per year.
Best for confirmed
intake cases.

Data difficult to
interpret. Pcor
worker acceptance.
Sensitivity not as
good as urine sam-
pling with fission
track analysis.

No additional.

$1000/yr/person.

4 for
routine
use.



when urinary excretion is used to determine lung dose. Any reason-
able improvements in chest counting for 241Am should be pursued.
This improvement would also enhance chest counting for uranium,
which is also in dire need of improvement.

Although this report addresses only improvements in routine bioassay
measurements, prompt detection of an intake followed by fecal sampling in the
first five days after the intake will enhance confirmation of an intake, even
for plutonium oxide. Follow-up urinalysis and chest measurements using
recommendations 2) and 1) or 3) could then be used to establish the internal
dose. Prompt workplace detection, then, is a very important part of the
overall internal intake monitoring program. A review of intake-detection
capabilities based on workplace surveying and air sampling should be per-
formed as a companion to this document.
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APPENDIX A

A CASE FOR SUPER CLASS Y PLUTONIUM
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TABLE A.1. Description of Human Cases

Approximate Percent of Confirmed
Clearance Initial by Bioassay When Could
Case Intake Chemical Half-time, Pulmonar at Time Have Been
Namber Date Form days Deposit(a of Intake? Confirmed(b) Facility
HAN1 5.23-78 oxide 6,000 100% yes 234-5 2

HANZ

HAN3

HANA

Discussion: Extensive contamination spread; 10,000 dpm alpha
was given five times in first 10 days. Even so, only 0.003 nC
First-day and all subsequent chest counts have been positive.
occurring on the first day post intake. Three fecal samples t
with very long clearance half-time. Estimated initial pulmona

3-5-79 oxide =20,000 100%

Discussion: General contamination spread and high airborne di
fecal samples. MNext-day chest count indicated nothing detecta

two years later. Nothing in early urine nor in any urine' samp
deposit: 3.3 nCi 239pu plus 238Bpu. Potential missed dose(c):

3-26-64 or oxide >10,000 100%
6-8-64

Discussion: Both dates involved incidents with oxide. Second
>3000-dpm nasal smears. MNothing was detected in urine samples
avajlable in 1964. Worker left plutonium work in 1967. First

on hand; nasal smears to 300 dpm alpha. ODTPA
i total urinary excretion in first 10 days.
Early fecal clearance was only 3 nCi with 99%
aken after the period of early clearance agree
ry deposit: 12 nCi of 239pu.

no 1yr 325

scovered after the fact. No nasal smears nor

ble. Intake confirmed by routine chest count

le since then. Estimated initial pulmonary
about 200 rem.

no 1.5 yr 234-5 1
date most likely for intake because of

after either incident. Chest counts not
chest counts, in 1987, revealed about 0.9 nCi

of 241an, Estimated initial lung deposit 5.4 nCi of 239pu. Potential missed dose: about 300 rem.

8-11-70 oxide 13,000 100%

Oiscussion: HNasal contamination about 70 dpm alpha., Intake c
two of eight follow-up urine samples had detectable activity.

ciearance. Three fecal samples taken after the period of ear]
half-time. Estimated initial pulmonary deposit: 4.6 nCi of 2

yes 231-2

onfirmed by chest count on day of intake. Only
Only 0.2 nCi of plutonium alpha in early fecal
xgclearance agree with very long clearance

Pu.



by

TABLE A.1. (contd)

Approximate Percent of Confirmed

Clearance Initial by Bioassay When Could
Case Intake Chemical Half-time, Pulmonar at Time Have Been
Number Date Form days Deposit(a of Intake? Confirmed(b) Facility
HANS 3-6-70 oxide 6,000 100% no 1 yr 308

Discussion: Facial contamination around mouth to 1500 dpm alpha, but nasal smears were negative. HNo fecal
samples. All urine samples have been negative, but first sample was taken six days post intake so very small
early clearance might have been missed. Confirmed three years later by chest count. Estimated initial
pulmonary deposit: 5.6 nCi 239pu. Potential missed dose: about 300 rem.

HANG 3-7-66 oxide 50 20%
5,000 B0% no same day 234-5 7

Discussion: Intake date is the most likely of several possibilities, all in the 1960s. Facial contamination
to 1000 dpm alpha, and nasal smears to 48 dpm alpha. Retrospective evaluation revealed some early clearance
in urine that was not confirmed at the time., WNo urine samples from 1977-1986. Present urine samples show
barely detectable levels. First chest count, in 1987, confirmed the intake. No fecal samples. Estimated
initial pulmonary deposit (both components) 3.8 nCi 239pu, Potential missed dose: about 100 rem,

HAN? 5-2-69 oxide 30,000 100% no 9 yr 308
Discussion: MNasal smears were negative. HNothing detected in early urine nor in any urine sample since then.
First confirmed by chest counts in 1984 after detection capability was improved. No fecal samples.

Estimated initial lung deposit: 1.1 nCi of 23%u. Potential missed dose: about 50 rem.

HANS 5-22-10 oxide >10,000 99% no 308

Discussion: Discovered by high air sample. No nasal smears taken. One positive urine sample at four days

post intake. No other positive urine samples since then. Intake not confirmed at time. Confirmed two years
later by first chest count. HNo fecal data.
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TABLE A.1. (contd)

Approximate Percent of Confirmed
Clearance Initial by Bioassay When Could
Case Intake Chemical Half-time, Pulmonar at Time Have Been
Number Date Form days Deposit(a of Intake? Confirmed (k) Facility
HAN9 3-5-79 oxide »20,000 100% no 7 yr 325

Discussion: Same incident as HANZ. No nasal smears nor fecal samples. Nothing detected in early urine,
nor in any urine samples since then. HNothing detected in next-day chest count nor in annual chest counts
until 1986, Estimated initial pulmonary deposit: 1 nCi of 239py plus 238pu, Potential missed dose: about
14 rem,
HAN1O 7-18-69 or oxide <1 1-2%
8-14-69 >»10,000 98-99% no 17 yr 308
Discussion: 7-18-69 incident more likely. Nasal smears measured about 100 dpm alpha. One fecal sample at
two days post intake contained .25 nCi plutonium alpha. Chest count on second day post intake was negative,
and nine subsequent chest counts from 1973 to 1985 were also negative. First detected by 1986 chest count,
All uripe_samples since two days post intake have been negative. Estimated initial pulmonary deposit:
0.6 nCi 239Pu, Potential missed dose: 30 rem.

In addition to the above cases, there are nine cases that have very slowly clearing material in the lung probably
resulting from an intake of super class Y material. But they are not listed because they involve multiple intakes
or unknown intake dates and the amount of early clearance or a 500-day-type clearance is not known.

(a} In other words, was there another component clearing out of the pulmonary in addition to the one listed?
In many of the cases this is a bit misleading because a component clearing to the GI tract with a
half-time of days or tens of days would have been missed.

(b; Detectability based on an MDA of 0.26 nCi of 24lAm in chest counts.

The 50-year committed dose to the Tung that would not have been reported if the intake had not been
discovered by chest counts some time after the intake.



» Slow clearance to the GI tract. In only two of the cases (HAN1 and
HAN4) were fecal samples obtained in the time period post intake
that would confirm or deny the existence of a 500-day half-time
clearance to the GI tract. From HAN1, one sample was collected at
280 days post intake and one at 609 days post intake. Neither
sample had anywhere near enough plutonium to indicate a 500-day
clearance half-time. Three samples were obtained from HAN4 at
about 120 days post intake. These samples contained the amount of
plutonium expected from the 13,000-day half-time obtained from
chest counting, not a 500-day half-time.

In these same two cases enough 241am was present at intake to track
the entire course of the lung deposition and clearance. In both
cases the chest-count data indicated only a single component clear-
ance rate, which was very long. So, both the limited fecal data
and the chest count data rule out the presence of a component that
cleared to the GI tract with a half-time in the hundreds of days.

Although there are holes in the data, the existing data point to a
material that has little or no rapid clearance, especially to blood and
perhaps to the GI tract, and only one other clearance component that is
extremely slow, ranging from half-times of 5000 days to infinity. Whether
the 1ittle clearance that may exist is to the blood, GI tract, or both is
undetermined at present; however, in the one case where there is pretty good
data on fecal excretion, all of the removal from the lung appears to be going
to the blood not to the GI tract, at least at long times post intake.

Corroborating Data

A search of the literature did not reveal any other evidence of such
extremely long retention half-times in the lung. On the other hand, dog
studies of 238pu oxide do indicate longer retention half-times than the
500-day half-time of ICRP 30 (1979), especially when retention in thoracic
lymph nodes is included.

Guilmette et al. (1984) gave beagle dogs pernasal inhalation exposures
to monodisperse plutonium oxide particles that had been oxidized at 1150°C.
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Three particle sizes were used (0.72-, 1.4-, and 2.8-um AMAD). For dogs
studied through about 800 days, lung retention (in terms of the percentage of
the pulmonary burden at 4 days post intake) was described by two-component
exponential decay with half-times in the tens of days and between 1000 to
2000 days, depending on particle size. The retention in the thoracic lymph
nodes, however, was described by an increasing power function. When added
together, the retention was essentially stable from about 500 to 800 days
post intake at 64% of the initial long-term pulmonary burden.

Park (1987) gave 130 beagle dogs inhalation exposure to poly-disperse
(2.3-um mean AMAD) 239Pu calcined at 750°C. These dogs were allowed to live
out their normal lifetimes, which in some cases extended to 15 years. The
lung retention in terms of the percentage of the lung burden at 14 and
30 days post intake was described by a single exponential decay with a half-
time of 1100 days. The thoracic lymph node retention grew rapidly for
roughly the first 1000 days then approached 39% asymptotically. The Park
data indicate a combined lung/thoracic lymph node retention of about 75% at
800 days post intake, which, when the different starting points of 14/30 days
post intake (Park) and 4 days post intake (Guilmette) are accounted for,
agree well with the Guilmette data.

The dog data indicate then that when thoracic lymph nodes are included
the lung retention appears to become quite stable at a significant fraction
of the initial long-term pulmonary burden. The difference between the dog
data and the human data is that the human data do not demonstrate the
exponential clearance from the lung during the first 500 days or so before

the buildup in the Tymph nodes affects the shape of the combined retention
curve.

Human data on monodisperse fused aluminosilicate particles (FAPs), which
have been used as surrogates for other very insoluble particles such as
plutonium oxide, do not agree well with the dog data or with the Hanford case
studies. Bailey, Fry, and James (1985) found a two-component exponential
clearance in terms of the initial long-term pulmonary burden, with retention
half-times of about 50 days (20%) and about 700 days (80%). Because these
data were obtained by external counting of 85Sr and 88Y labeled FAP, the data
would reflect thoracic lymph node retention as well as lung retention.
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APPENDIX B

STUDIES OF FECAL EXCRETION BY BEAGLE DOGS

Studies of beagle dogs exposed to plutonium oxide aerosols have also
found an early clearance phase followed by long-term retention in the lung.
Guilmette et al. (1984) observed short-term clearance half-times of 3.85,
85.6, and 31.5 days in beagles exposed to 0.72-, 1.4-, and 2.8-um particles
that had been calcined at 1150°C. Long-term clearance in the same dogs was
noted to be 693 days, 1386 days, and 1824 days for the 0.72-, 1.4-, and
2.8-um aerosols, respectively. Park (1987) estimated a 1100-day half-time
for pulmonary clearance in beagles exposed to a plutonium-oxide aerosol
fired at 750°C with a mean AMAD of 2.3 um and a geometric standard deviation
of 1.9. These numbers represent total clearance rates from the lung not
necessarily fecal-excretion rates. Guilmette defined the initial pulmonary
burden as the amount of plutonium measured in the tissues of each dog at
sacrifice plus the activity measured or estimated in the feces, urine, and
cage wash samples from the fifth day after exposure until the day of
sacrifice. Park defined the initial pulmonary burden based on external
thorax counts at 14 and 30 days after exposure.

The Guilmette study also measured the actual fecal excretion from the
dogs. Equations (1), (2) and (3), shown below, describe the fecal activity
as a percentage of the initial pulmonary burden for the three particle sizes
in the Guilmette study.

F(.72) = 2.6exp-0.17t + 0.18exp-0.21t + 0.047exp-0.0011t (1)
F(1.4) = 2.0exp-0.17t + 0.15exp-0.064t + 0.10exp-0.0033t {2)
F(2.8) = 3.7exp-0.23t + 0.16exp-0.025t + 0.050exp-0.0027t (3)

Equation (2) normalized to a TD intake is included in Figure 8. None of
the curves fit well with the GENMOD and Leggett/Eckerman curve {Johnson and
Carver 1981; Leggett 1985; Leggett and Eckerman).

Fecal excrement from many of the dogs in the Park study was collected
and analyzed, but the data have not been evaluated and published. An
analysis of the data from two of the dogs was performed as part of this
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investigation. Both dogs were given larger intakes than would apply to
worker monitoring, but one dog received a much larger intake (initial
pulmonary burden about 2400 nCi) than the other (initial pulmonary burden
about 76 nCi). The fecal activity from the low-dose dog (normalized to a

TD intake) is plotted in Figure 8. The pattern seems to follow the GENMOD
and Leggett/Eckerman curve at early times post intake and is similar to the
GuiTmette curve at long times post intake. The pattern also shows the
tremendous day-to-day variability associated with fecal sampling. The
excretion during the first 12 days after intake was described well by both

a power function (y = 14.5 t-2.59, RZ = 0.86) and an exponential function

(y = 6.89exp-0.55t, RZ = 0.84) for the low-dose dog. The data out to

5258 days did not fit either an exponential or a power function very well.
The data for the high-dose dog fit a power curve (y = 15.1t-1.49, RZ = 0.92)
better than an exponential curve (y = 0.35exp-0.01t, RZ = 0.59) out to

898 days post intake. However, because all of these equations are based on
only two dogs and the functioning of the lung of the high-dose dog may have
been impaired, little credence should be attributed to the equations. It
would be interesting to see, when or if all of the fecal excretion data from
the Park study is analyzed, if the data more closely relate to the Guilmette
data or to the human models based on the ICRP 30 lung model.
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