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Andrew R. McFarland, Texas A&M University
Aerosol Technology Laboratory
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ABSTRACT

Alpha continuous air monitors are instruments designed to sample
aerosols which may contain alpha-emitting radionuclides and, in
near-real time, to monitor the sample for alpha emissions. Should
the level of alpha activity exceed a pre-set threshold, an alarm is
sounded. This process is subject to interference from radon decay
products whose alpha emission energies, when degraded by the
necessary air gap between sample collection substrate and detector
and by dusts collected in the sample, are identical to the somewhat
lower emission energies of the transuranics, uranium, and thorium.
The usual method for overcoming this interference is by signal
processing or data processing in such a manner as to accurately
subtract a portion of the background from the transuranic count.
While these methods are reasonably successful in low background or
short sample time contexts, there are definite statistical limits
to them. As a result, threshold adjustment to prevent excessive
false alarms are necessary, which lowers sensitivity. An
innovative alternative approach has been jointly developed in a
collaboration between Los Alamos National Laboratory and Texas A&M
University. The concept is to attempt to physically remove a
portion of the interfering radon daughters from the incoming sample
by a diffusion screen before the sample is collected. The results
of laboratory tests indicate that a very high removal efficiency
for unattached radon progeny can be obtained without excessive loss
of efficiency for collection of the contaminant aerosols of
concern.

Introduction:

Continuous monitoring of workplace air for alpha-emittinc
radionuclides is required in any facility where quantities of such
radioactive materials are present, and there exists the potential
for loss of control and confinement leading to airborne
concentrations in excess of i/I0 of a Derived Air Concentration
(DAC) (DOE, 1988). The expectation is that a continuous air
monitor (CAM) should be capable of detecting and alarming at an
integrated exposure level of 1 DAC when averaged over 8 hours (or



any equivalent integral of concentration and time equaling 8 DAC-
hrs) (DOE, 1988). However, it is recognized that while most CAM
technology available today is capable of achieving a detection and
alarm sensitivity of 8 DAC-hrs under calibration laboratory
conditions of low ambient dust loading and low radon
concentrations, in actual use in a typical facility, the threshold
for alarm must be degraded (i.e., set hi_her than would be possible
in the calibration lab) to prevent an unacceptable false alarm
rate. The false positive alarms typically arise during long-term
monitoring applications of CAMs. Dust accumulation and episodic
excursions of high radon background cause sufficient counts from
the low energy tail of the natural background alpha spectrum of
energies to shift into the transuranic region of interest, so that
the usual background compensation procedures fail, and the alarm
threshold is exceeded. The exact degree to which the sensitivity
of a facility CAM must be reduced depends on the ambient radon
daughter concentrations, the level and type of dusts, the number of
networked CAMs in operation, the period of sampling with a given
filter, and the nature of the background compensation used in the
CAM instrument. Practical alarm levels of between 24 and 200 DAC-
hrs are not uncommon (although often not well characterized).
Thus, in order to overcome the problem of excessively high false
(positive) alarms, another problem is created: the problem of
inadequate sensitivity to releases (false negative response), which
could lead to unnecessary worker internal exposures. In response
to the inherent limitations of the usual background compensation
procedures, another approach has been developed by the Los Alamos
CAM Project in collaboration with Texas A&M's Aerosol Technology
Laboratory. In this approach, direct physical separation of a
portion of the radon daughters being collected in the sample
airstream is accomplished by a specially designed screen element.
Under appropriate conditions, nearly all of the interfering radon
daughter background can be removed, thereby reducing the burden of
having to subtract a high background count from the expected very
low transuranic count corresponding to the 8 DAC-hr threshold for
alarm.

FractionatinqSamp!ing:

The concept of fractionating a CAM aerosol sample into a sub-sample
of larger size particles containing the particles of interest, and
a sub-sample containing the ultra-fine (<0.5 micrometer) size
particles is not new (although the approach of the Los Alamos CAM
Project is new). For example, inertial impactor concepts have been
applied to CAM sampler design wherein the sampled air stream is
directed through a jet-forming orifice and then onto a collection
substrate. Larger size particles cross through streamlines of the
deflected flow and impact on the sample collection substrate. The
collection substrate may contain a scintillator which is viewed by
an adjacent photomultiplier (Tait, 1956; Alexander, 1966), or may
be a solid state detector (Rusch et al., 1976). The air stream
deflected away from the collector carries with it most of the radon
daughters, except those which are attached (or become attached
during impaction) to the large size particles. An important



variation on this design theme is the use of virtual impaction to
produce the fractionation. Here, the impaction surface is replaced
by a column of air constrained within a receiver tube below the
jet. A minor flow of air carries the "impacted" inertial size
particles and a portion of the radon daughter activity through to
a filter where they are collected and counted. The major flow (80%
- 90% of the sample volume) containing the fine particles is
discharged (Yule, 1978).

Although these methods of producing a fractionated sample have had
some success in separating radon daughter background particles from
admixtures with transuranics, there are a number of problems with
the approaches which have limited their applicability:

First, the mechanics of operation of operation of a CAM based on
impaction fractionation preclude the collection and counting of any
particles less than about 0..5 - 1.5 micrometer in size, depending
on the "cut" of the impactor design. For certain plutonium aerosol
generation mechanisms, aerosol size distributions contain a large
fraction in the size range at or below the cut-point, and thus
there would be the risk of failure to detect a substantial fraction
of the radioactive aerosol being monitored for in a plutonium
handling facility (Kirchner, 1966; Elder et al., 1974).

Second, in the case of impaction on a collection surface, there is
an inherent tendency for large particles to rebound from the
surface and be carried away in the exhaust air stream. This can
lead to remarkably low observed collection efficiency ( McIsaac et
al., 1991), and reduced sensitivity.

Third, as was previously mentioned, the separation of radon
daughters from the larger size particles may not be clean due to
the attachment and agglomeration processes, leading to the
continued collection of a certain amount of radon background which
must be compensated for.

Fourth, while the inertial impactor offers some advantages over
impactors onto surfaces, there is still a penalty in the additional
complexity of the device since typically more than one stage of
separation is needed to achieve the desired level of fractionation.
And in addition, there is the likelihood for inadvertent loss of

the large particle sample on the many surfaces of the multiple
impactor stages which reduces sampling efficiency. And, in common
with other impactor designs, the largest volume of the sample (the
fine particle fraction) is discarded without counting, which
creates a vulnerability to failure if the sample size distribution
is incompatible with the sampler cut.

In summary, while indeed there is a history of attempts to utilize
sample fractionation to achieve and enhanced signal-to-noise ratio
between transuranic and radon daughter background aerosols, there
are a number of inherent problems with these approaches which have
kept them from achieving wide-spread acceptance and application.



Diffusion Screen Fractionation:

The fractionation approach being taken by the Los Alamos and Texas
A&M team which promises to overcome many of the above noted
deficiencies in fractionating sampling is based on a well-known
property of ultra-fine (0.5 - 3 nanometer diameter) aerosols
(including the so-called "unattached fraction" of radon daughters).
That is, they exhibit a diffusion velocity which is very high
compared with the accumulation mode sizes of ambient dusts. For
example, the diffusion coefficient for a 0.5 nm particle (0.I cm-
squared/second) is an order of magnitude greater than for a i0 nm
particle. As a result, if a slowly moving airstream with a mixture
of aerosols containing both ultra-fine and larger size particles is
passed through a fine mesh ( 60 - I00 mesh) screen, the ultra-fine
particles will preferentially diffuse out of the stream and attach
to the wires (James et al., 1972; Thomas and Hinchliffe, 1972).
This phenomenon has formed the basis for the use of wire screens in
diffusion battery samplers for the separation of the unattached
fraction of radon daughters from the remainder. Recent studies
(Holub and Knudson, 1980; Ramamurthi and Hopke, 1989) have lead to
a more detailed understanding of diffusion properties of ultra-fine
particles, and an improved model of screen penetration based on
earlier model extending the theory of fibrous filtration to screens
derived by Cheng and Yeh (1980). By proper selection of number and
mesh size of screen , and of face velocity, the efficient removal
of the unattached fraction of radon daughters can efficiently occur
without excessive loss of the larger particles due to impaction on
the screen. The expected performance of a screen fractionation
system predicted by a model of diffusion and impaction removal
processes is shown in Figure I. The steeply ascending portion of
the curve on the left represents the diffusion removal action, and
the descending portion on the right is the effect of impaction. A
remarkably wide "window" of nearly 100% transmission rather well
matches the size distribution of plutonium aerosols in the
workplace.

Experimental Studies-.

A series of proof of concept studies have been performed in the
Aerosol Technology Laboratory at Texas A&M , demonstrating that the
screen concept applied to CAMs is sound (McFarland et al., 1990).
On this basis, a prototype CAM has been developed and built for
continuing full-scale investigations (Figure 2.). The CAM has a
i;adial inlet design which allows a large surface area screen with
a low face velocity to be installed in the flow path of the
incoming sample. Unattached radon daughters are stripped from the
sample as it moves through the inlet and penetrates to the filter
and detector for real time counting. The aerosol sampling
characteristics of the instrument have been investigated utilizing
both a low velocity wind tunnel and a radon chamber. The wind
tunnel used, and the experimental protocol have been previously
described (McFarland et al., 1990). Monodisperse liquid drop
aerosols of a non-volatile oil containing an analytical tracer were
used to measure the penetration of larger size particles (2 -12



micrometer aerodynamic equivalent diameter (AED)) through the CAM
inlet screen. An isokinetic probe and filter sample was used as
the reference for computing percentage penetration. As shown in
Figure 3, wherein penetration is plotted as a function of AED, the
penetration is 80% at a size of i0 micrometer AED, and a cut point
(AED for which the penetration is 50%) of 15 micrometer AED. This
is excellent performance for sampling the particle size spectrum in
which most plutonium particles are expected to be found. The
presence of the 60 mesh screen in the inlet was determined to
reduce the penetration of i0 micrometer AED particles from 88% to
80%, reflecting the expected losses due to impaction, but the level
of loss is considered to be acceptably small.

The radon daughter penetration studies were conducted in a radon
chamber (Figure 4), which allowed the creation of controlled radon
daughter concentration conditions. The results of tests of the CAM
screen removal performance are summarized in Table i. Only 1% of
the unattached Polonium-218 (RaA) aerosol penetrates the screen at
sampler flow rates of both 28 and 57 liters/minute. However, in
tests in which radon daughter attachment to ambient condensation
nuclei aerosols in high concentrations (I00,000 condensation nuclei
per liter) was allowed to proceed, the penetration is high for the
attached radon daughters (> 80% for RaC-C'). Clearly the greatest
benefit of the screen fractionating system described here will be
in clean indoor air environments such as the HEPA filtered air of

plutonium processing and handling facilities. However, it should
be noted that even relatively small reductions in background
interference (especially from RaA) are expected to result in
enhancement of CAM sensitivity.

Discussion:

A new approach to improving the performance of alpha CAMs by
reducing background interference from radon daughters
simultaneously being collected along with the sample of interest
has been developed. It is based on fractionating the sample into
a highly mobile fraction which is removed by diffusion onto
screens, and a larger size fraction which moves through the screens
and is collected in its entirety for counting. The entire sample
is processed, with excellent penetration for all but the very large
particles in the sample. We have recommended that the cut point
performance criterion to be applied to any CAM sampler, including
this one, be set at i0 micrometers AED, since particles of this
size or larger can easily be generated under most accident release
conditions (Elder et al., 1974), and will contribute substantially
to the count rate when collected and enhance alarm functionality.
This performance criterion requiring penetration of at least 50% of
i0 micrometer AED particles to the collection filter was first
proposed in the context of the evaluation of the WIPP stack
monitoring system (Rodgers, 1987), and was later incorporated into
the Los Alamos CAM specifications.

The high removal efficiency of the screen for unattached radon
daughters (99%) means that considerably enhanced detection of



transuranic aerosols can be expected in atmospheres where the
unattached fraction is elevated. But when the condensation nuclei
count is high, such as a room ventilated with unfiltered outside
air, the background reduction effect will be minimal. In spite of
this limitation, it is anticipated that a large number of alpha CAM
applications will benefit from the incorporation of this new
fractionating CAM technology. The addition of HEPA filtration to
incoming ventilation air of a facility not already having such
provisions is a consideration as part of an overall facility
monitoring upgrade.

It should be noted that the prototype CAM under development at Los
Alamos and Texas A&M University is being commercialized by an
industrial partner (Canberra Instruments) under a Cooperative
Research and Development Agreement (CRADA) with Los Alamos National
Laboratory. This commercial instrument will incorporate many
innovative features developed by the Los Alamos CAM Project in
collaboration with the CRADA partner and Texas A&M University,
including not only the screened inlet, but also improved MCA and
data processing electronics and a sophisticated background
compensation data processing algorithm. The alpha spectroscopy
based algorithm will provide as accurate a measure of the plutonium
activity on the CAM filter as possible, based on the statistics of
the count in the plutonium channels and in the radon daughter
portion of the spectrum. If the screen removal effect is large (or
the radon daughter background is already low), a low-level
detection response is possible; if not, the statistics of detection
may be worse and a higher threshold for reliable alarm will result.
The point is, regardless of the sampling environment, the most
reliable detection and alarm at the most sensitive threshold

possible will result from the technological advances being
incorpo_:ated in this new CAM.
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Table 1. Penetration of Unattached and Attached

Radon Daughters through Screened Inlet. Screen
Mesh Size = 60 mesh.

218po 214po

CAM Conden- (RaA) (RaC' )

F 1ow Radon sat ion Pene- Pene-

CAM Rate, Daughter Nuclei, trat ion, trat ion,
Inlet L min- * Form L- * Percent Percent

360 ° 57 Unattached 1400 1.0 ± 0.3

In-line 57 Unatvnched 1.2 ± 0.3

O

360 28 Unattached 2700 1.5 ± 0.9

360 ° 57 Attached 8x105 19.4 ± 3.4 83 ± 8

360 ° 28 Attached 2x105 12.0 ± 1.8 82 ± 8

./
/
,



FIGURE I. Model predicted aerosol penetration through two
layers of a screen
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