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OBSERVATIONS OF THE DISTRIBUTION AND THE NATURE OF ALPHA-ACTIVE
PARTICULATE MATERIAL IN A HEPA FILTER USED FOR PLUTONIUM~CONTAINING DUST

M. T. Ryan*
W. J. McDowell
G. N. Case

ABSTRACT

Autoradiography has been used to determine the distribu-
tion and the nature of plutonium particulate material on a
high~efficiency particulate air (HEPA) filter used to filter
239Pu—containing dust. Higher concentrations of alpha-active
material on upstream and downstream folds of the filter indi-
" cate uneven airflow through the filter. Observations of
aggregate recoil particles on the downstream face of the
filter suggest that aggregate recoil transfer, a mechanism
which may reduce long~term HEPA filter efficiency, may be

occurring. Amounts of alpha activity found on downstream

filters confirm this supposition.

1. INTRODUCTION

1,2 , .
is a phenomenon specific to surfaces

Aggregate recoil transfer
of alpha-emitting radioactive material where, due to the kinetic energy
made available by alpha decay, clusters of atoms are ejected into the
surrounding medium. Such atom clusters, known as aggregate recoil
particles,3 may contain up to 106 atoms. Particles of alpha-emitting
material, which are collected in normal HEPA filter operation4-6 with

near 1007 efficiency, may be sources of aggregate recoll particles.

Aggregate recoil particles produced from a larger collected particle may



undergo re-entrainment in the moving airstream and subsequent redeposi-
tion downstream in the filter. If an alpha decay event occurs within
this particle again, re~entrainment and redeposition may occur. This
process leads to a net transfer of radioactive material in the downstream
direction.

It is possible to identify aggregate recoil particles by auto-
radiography. The image characteristics in an autoradiograph of
aggregate recoil particles are different from those of larger alpha-

emitting particulate matter.'’

of 212Pb in transient equilibrium with 212Pb daughter products and a

Examples of aggregate recoil particles

dust particle with adhering 2]'sz and daughter species are shown in
Figs. 1 and 2, respectively.* The aggregate-recoil-particle "star"
consists of tracks moving radially outward from a central point, while
the tracks from the dust particle emanate in all directions thereby
defining the size and shape of the particle.

In general, the images produced in autoradiographic emulsions by
larger particulate matter are asymmetric in shape and correspond to the
shape of the particulate matter, whereas aggregate-recoil-particle stars
appear as uniform circles, 1If intimate contact of the particle with
the film is not achieved, the aggregate star may look like the one in
Fig. 3. This aggregate recoil particle of 212Pb in transient equilibrium
with its daughter products was collected on a Gelman Glass Fiber (Type A)
filter medium and is interpreted as being on a subsurface fiber; hence,
the particle did not make intimate contact with the autoradiographic

emulsion,

*
Used by permission of G. E. Chabot, University of Lowell, Lowell, Mass.
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Fig. 1. Examples of "star" track pattern produced by aggregate
recoil particles'(ZIZPb daughters).
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Fig. 2. Autoradiograph of alpha-active material on dust particle.



Fig. 3. Alpha tracks from an aggregate recoil particle not
intimate contact with the photographic emulsion.




2. EXPYRIMENTAL PROCEDURE

The HEPA filter examined was the first in a plenum of four in
series and received prefiltered air from glove boxes. Since this
plenum was used to filter the glove-~box exit air where an 8~ by 8-in.
HEPA filter was used at each glove box, the first plenum filter was
actually the second filter downstream of the challenging aerosol.
Samples of this filter material were placed in intimate contact with
Kodak Type A Personal Neutron Monitoring Film for periods of 1 hr and
24 hr each. Calculations indicate that an exposure of 24 hr should be
sufficiently long to ensure that the larger (lOé-atom) aggregate recoil
particles can be visualized., Autoradiographs of both the upstream and
downstream sides of the filter material were taken. The film was
developed according to the procedure outlined by the Eastman Kodak

Company.
3. RESULTS AND DISCUSSION

3.1 Evidence for Recoil Particle Penetration
A photomicrograph of an autoradiograph of the upstream side of the
first filter is shown in Fig. 4. A dense distribution of tracks with
particles visible as completely black areas is seen. The more asymmetric
spots are probably small particles (0.2 to 0.4 ) that penetrated the
glove~box filters. Stars are also present, indicating that much smaller
particles may be buried below the surface of the filter, Very slight

normal penetration by such small particles would be expected.



Fig. 4. Autoradiograph of the upstream surface of HEPA filter material.



Figures 5, 6, and 7 are photomicrographs of the downstream side of
24~-hr autoradiographs. All three show evidence suggesting aggregate-
recoil-particle migration. Figure 5 contains several starlike arrange-—
ments of tracks that appear to be aggregate recoil particles which under-
went transfer through nearly the entire filter thickness. Figure 6 shows
another star in a field of much shorter tracks., These shorter tracks
result when an alpha particle enters the emulsion at an angle near 90°
and indicate that most of the material was collected near the upstream
side of the filter. Yet the aggregate recoil particle shown did penetrate
the filter. As Fig. 7 suggests, varying degrees of penetration by
aggregate recoil particles are possible. The rate of penetration of
aggregate recoil particles through a HEPA filter is related to the
specific activity of the alpha-emitting material and the particle size.

The number of particles initially generated by the source is directly
related to the amount of activity present and the probability of a
particle migrating is then proportional to the probability of an alpha
decay within an individual particle multiplied by the number of particles

present.

3.2 Activity Distribution on the Filter
Some observations have been made concerning the gross distribution
of activity on this HEPA filter. Figure 8 shows a schematic view of a
HEPA filter. An analysis of specific sections of the filter showed that
the activity was distributed nonuniformly. The highest level of activity
was found on the upstream folds, followed by the quantities found on the

downstream folds and the filter faces.



S
S

o

Fig. 5. Photomicrograph of autoradiograph of the downstream side
of the filter material.

The star-shaped alpha-track patterns are in
the range of 100 to 200 u in diameter.
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Y-140433

Fig. 6. Aggregate recoil particle tracks (center, approximately
50 Y in diameter) contrasted with alpha particle penetration from
deeper in the filter; photomicrograph of autoradiograph of downstream
side of HEPA filter material.
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If unity is assumed for the amount of activity found on the upstream
folds, the relative amounts on the downstream folds and faces are 0.65
and 0.53, respectively, This distribution of activity roughly corresponds
to the amounts of dust observed on each section. An autoradiograph of
this filter (Fig. 9) also shows that the aluminum support sheets inhibit
flow along the lines where they are in contact with the filter,

These results indicate that deposition is not uniform over the
entire area of the filter. This implies that linear flow through the

filter may not be uniform.

3.3 Distribution of Activity to Downstream Filters
The supposition of aggregate recoil migrﬁtion derived from the auto-
radiographs is strongly supported by the activity analyses of the down-
stream filters of this set and of those of a companion set. These

10,11 will be

analyses, which were done by liquid scintillation methods,
described more fully in a separate report. The activity found and the
decontamination factors (DFs) calculated for the filters are summarized
in Table 1. If normal retention of aerosols is assumed, then the amount
of material should decrease by a factor of v 103 from filter to filter.
This is not the case; in fact, the DFs observed for the last filters are
very low. The pattern of activity found on these filters is similar

to that found on the filters in the laboratory experiments made to

. " ' . 2
investigate aggregate recoil phenomena.
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PHOTO 0517-77

Fig. 9. Autoradiograph of the upstream side of HEPA filter material
showing interference in airflow by corrugated aluminum dividers.



Table 1. Distribution of activity on HEPA filters used for plutonium~containing dust

Filter Number of Activity level Std 8% std b
No. Determinations (counts min~1l in.,=2) deviation deviation DF
Set No. 1: In use 35 months
1 72 552,000 88 0.016 5 x 10°
2 3 0.89 0.015 1.7 4,2
3 4 0.154 0.0032 2.1 2.2
4 5 0.126 0.0024 1.9
Set No. 2: In use 27 months
1 66 22,949 19 0.08 4 x lO4
2 3 0.549 0,005 0.9 30
3 3 0.0144 0.0003 1.9 4,3
4 3 0.0044 0.00016 3.7

<1

a \
Calculated from total counts collected, total background, and total counting times.

bCalculated by assuming that the total activity found on downstream filters escaped the
preceding filter.
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