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CALIBRATION AND OPERATION OF CONTINUOUS AIR MONITORS FOR 
ALPHA-EMITTING RADIONUCLIDES 

Mark D. Hoover 
George J. Newton 
Inhalation Toxicology Research Institute 

Abstract 

Spectrometer-based continuous air monitors have improved our capabilities for 
detecting aerosols of alpha-emitting radionuclides. This paper describes basic 
requirements and statistical limitations in the sensitivity of alpha continuous air 
monitors, and presents a technical basis for selecting the energy window for 
detection of uranium and plutonium aerosols, correcting for interference from 
airborne dust, selecting filters with low pressure drop and good front surface 
collection characteristics, and properly using electroplated calibration sources. 
Sensitivity limits are described for detecting uranium or plutonium aerosols in the 
presence of increased concentrations of naturally occuring, alpha-emitting radon 
progeny radionuclides. Decreasing the lower energy boundary of the detection 
window from 4.3 MeV to 2.7 MeV improves by a factor of three the detection of 
plutonium in the presence of dust, while causing minimal additional interference 
from ambient radon progeny. Selection of the Millipore Fluoropore teflon membrane 
filter reduces both pressure drop and interference from ambient radon progeny by up 
to a factor of two. Field collection of ambient radon progeny can be used to verify 
the proper energy of alpha emissions from electroplated calibration sources. In the 
absence of energy verification, errors in instrument calibration may result from solid 
state diffusion of the electroplated calibration radionuclide into the substrate plate. 

Introduction 

The important features of a technically defensible air monitoring program for alpha-
emitting radionuclides are a knowledgeable and well-trained staff, appropriate use of 
engineered controls, and application of well-documented procedures and techniques. 
Operator awareness can provide a first defense against conditions that release 
airborne materials. Frequent use of alpha survey meters for hands, feet, and other 
surfaces gives early indication of poor work procedures or loss of engineered 
control. Retrospective analysis of air filter samples from fixed-location, portable, or 
personal-type sampling devices provides long-term documentation of the adequacy 
of procedures and control. Retrospective sampling also indicates where procedures 
and controls need to be improved, where respiratory protection is required, and 
where continuous air monitors (CAMs) are needed to alert workers to potential 
sudden releases. 



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



G-28 

CAMs serve the important role of alerting workers that unacceptable airborne 
concentrations are present. Because the CAM alarm only sounds after a 
radionuclide release has occurred, they are not a replacement for operator 
awareness, engineered controls, or use of good procedures. CAMs cannot prevent 
exposures; they can only minimize the magnitude of exposures by alerting workers 
to the immediate need to evacuate or obtain respiratory protection. After an alarm 
has sounded, CAMs can also provide vital information about the magnitude and 
duration of a release. This information is crucial to reestablishing control of the 
workplace. 

Application of CAMs in a total radiation protection program requires an 
understanding of basic CAM performance characteristics, and of important factors 
that can degrade or improve that performance. This paper describes the basic 
requirements and statistical limitations in the sensitivity of alpha CAMs, and 
presents a technical basis for selecting the energy window for detection of uranium 
and pfutonium aerosols, correcting for interference from airborne dust, selecting 
filters with low pressure drop and good front surface collection characteristics, and 
properly using electroplated calibration sources. Each factor contributes to the 
overall technical basis for the proper use of CAMs. 

Basic Alpha CAM Performance Criteria 

The development of a basic requirement for alpha CAM performance was the 
subject of much discussion during the initial development of DOE Order 5480.11 
(U.S. DOE, 1988) and of the DOE's Radiological Control Manual (U.S. DOE, 1992). 
The articulation of that requirement has evolved as our understanding of CAM 
performance issues has improved. The initial requirement was that CAMs should be 
capable of measuring 1 derived air concentration (1 DAC) when averaged over 8 h 
(8-DAC-h). The 8-DAC-h level is equivalent to the integrated exposure over a single 
workday at the DAC. Selection of that sensitivity requirement was based somewhat 
arbitrarily on the expectation that it was technically feasible. 

Early efforts to meet the 8-DAC-h sensitivity under all conditions revealed two 
practical limitations: (1) naturally occuring radon and thoron progeny radionuclides 
have alpha emissions that can mask the presence of plutonium or uranium, and (2) 
the presence of airborne dust can lead to burial and underestimation of plutonium or 
uranium deposited on the sample collection filter. Recognition of these limitations 
led to a consensus that the basic sensitivity requirement should be met under 
laboratory conditions, and that actual alarm settings in the workplace should be 
documented and justified. 

At present, "laboratory conditions" are not defined, but are generally understood to 
mean a low concentration of radon progeny and a negligible concentration of 
airborne dust. The term "low" is used for radon progeny concentration, rather than 
the term "no," because a workable CAM must have some mechanism for correcting 
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radon progeny interference. The qualification of a CAM under relatively dust-free 
conditions is reasonable because most radioactive materials handling areas have low 
levels of ambient dust, and those that do not should have their dust conditions 
evaluated. 

Because an explicit definition of laboratory conditions will assist in the qualification 
process for CAMs, we propose that laboratory conditions for CAM acceptance tests 
be nominally defined as a polonium-218 concentration of at least 0.1 pCi/L, and an 
airborne dust concentration of less than 10 jjg/m3. Any CAM meeting the 8-DAC-h 
sensitivity requirement under these conditions, or conditions of higher radon progeny 
or dust concentrations would be acceptable. 

Fortunately, the commercialization of spectrometer-based alpha CAMs has put the 
8-DAC-h sensitivity level within reach, and a number of instruments appear capable 
of meeting this requirement. In addition, with a basic sensitivity of 8-DAC-h, it 
appears reasonable to expect that a statistically reliable alarm might be set in the 
workplace at a higher setting, such as 5 times that level, or approximately 40 DAC-
h. This is very desirable related to the requirement that annual worker exposures be 
less than 2000 DAC-h, because it would allow control of exposures at 40/2000 or 
2 % of the annual limit on intake. In very clean work areas, with relatively low radon 
progeny backgrounds, even lower alarm limits may be practicable. Some factors 
affecting these limits are described below. 

Statistical Limitations in CAM Sensitivity 

The basic statistical limitations of alpha CAMs arise because radioactive decay is a 
statistical process in which the fundamental unit is the rate of decay. This rate can 
be described by a Poisson distribution in which (1) the number of possible decays in 
any unit of time (the rate) is not limited to a fixed number, (2) the decays are 
independent (the number of decays in one unit does not affect the number in other 
units), and (3) the average number of decays per unit of time remains the same from 
unit to unit. 

in a simple example, assume that a CAM operates under the following conditions: 
the plutonium air concentration is 4.44 dpm/m 3 (1 DAC for soluble forms of 
plutonium-239), the flowrate is 0.0283 m 3/min (1 cfm), and the detection efficiency 
is 0.20 cpm/dpm (typical for a 2.5-cm diameter filter wi th a 2.5-cm diameter solid 
state detector). During an 8-h period with a concentration of 1 DAC, workers 
would receive an integrated exposure of 8-DAC-h. The average plutonium count 
rate seen by the CAM under these conditions would be: 

(4 .44dpm/m 3 ) * (0 .0283 m 3 /min)*(480 min)*(0.2 cpm/dpm) = 12 cpm. (1) 

By the nature of Poisson statistics, the square root of the average count rate is a 
good approximation of the standard deviation of the count rate. That is, 6 8 % of the 
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time the observed plutonium count rate, n„ will be in the range [n - n 0 5 to n + n 0 5 ] , 
and 95% of the time n( will be in the range of [n - 2 n 0 5 to n + 2n 0 5 ] . Thus, we can 
expect to detect an average of 12 cpm, with a 68% confidence range of 12 ± 3.5, 
and a 95% confidence range of 12 ± 7. Note also that the relative uncertainty can 
be reduced by extending the counting period to take advantage of the fact that the 
ratio n 0 5 /n decreases as n increases. The major improvement in uncertainty occurs 
if we extend the counting period from 1 min (12 ± 7 cpm) to 5 min (60 ± 15 
counts per 5 min, which is 12 ± 3 cpm}. Longer counting periods reduce the 
response time of the CAM without providing substantially lower uncertainty. 

The limitations of statistical uncertainties become more restrictive when we attempt 
to quantify concentration (DAC), rather than integrated concentration (DAC-h). 
Measuring concentration is useful when a CAM is expected to operate for more than 
an 8-h period. In such cases, the accumulation of plutonium from earlier in the 
sampling period must be subtracted from the more recent accumulation of 
plutonium. For example, the counts accumulated in sequential 20-min periods can 
be compared to estimate the air concentration in the most recent period. In 20 min, 
a 1 -DAC concentration will provide an average of 10 new counts more than in the 
previous period (an accumulation of 0.5 cpm which is 1/24 of the 12 cpm which 
would result from sampling 1 DAC for 8 h). If there was no plutonium present in 
the previous interval, then the CAM should report 10 ± 6 new counts. The 
estimate of the concentration during the previous 20-min period would therefore be 
expected to range from 0.4 DAC to 1.6 DAC (assuming that the actual 
concentration is 1 DAC). If 8-DAC-h of plutonium had accumulated up to the start 
of the new interval, then the new counts would be in addition to 240 ± 3 1 counts 
from the previously collected material (12 cpm * 20 min = 240 counts with a 95% 
confidence interval of ± 31). 

Because the statistical variation of the background is three times larger than the 
value of interest in this example, it would not be possible to detect the presence of 
the new plutonium. In fact, even with no addition of new plutonium, the statistical 
variation in the background would produce a fluctuating positive/negative report of 
the concentration. For example, if 240-31 =209 counts were reported in one 
interval and 240 + 31 =271 counts were reported in the next interval, then the 
apparent net counts in the new interval would be 62, or 6.2 DAC. During the next 
interval, it is likely that fewer than 271 counts would be reported, resulting in a 
negative concentration value. Under these conditions, only an addition of counts 
equal to several times the variation in background (perhaps 100 new counts, or 10 
DAC) would provide a reliable estimate of concentration. 

The statistical situation becomes even more difficult when the calculations are 
adjusted for the natural radon progeny background aerosol. The most troublesome 
radionuclide is 2 1 BPo, which has an alpha energy of 6.0 MeV. The thoron progeny 
radionuclide 2 1 2Bi has the same energy, but is less prevalent. The lower energy tail 
of the 2 1 8Po alpha energy distribution extends into the region of the 5.48-MeV alpha 
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from 2 3 8 Pu and the 5.15-MeV alpha from 2 3 9 P u . The 2 1 4 Po radon progeny (alpha 
energy 7.68 MeV) is also present. If 2 2 2 Rn is present at an ambient concentration of 
1 pCi/L (2220 dpm/m 3), and is in 50% equilibrium with its daughter radionuclide 
2 1 8 Po (typical for indoor conditions), then the 2 1 8 Po concentration will be 0.5 pCi/L 
(1110 dpm/m 3 ) . Since those concentrations are substantially greater than the 4.44 
dpm/m 3 DAC for 2 3 9 Pu , gross alpha counting cannot be used to reliably detect 
plutonium in the presence of ambient radon progeny. Some sort of correction 
algorithm must be used to subtract the lower energy tail of the 2 1 8 Po peak (about 
1/5 of the m P o activity) from the plutonium region of interest (ROI). 

The most widely used algorithm for radon progeny background subtraction counts 
the decays in each of four energy ROIs and relates them by the following equation: 

Pu counts = ROI, - k * R 0 l 2 * R 0 l 3 / R 0 l 4 , (2) 

where ROI, covers the energy range for the plutonium isotopes, ROI 2 covers the 
upper tail of the 2 1 8 Po peak, ROIs-3 and 4 cover the lower and upper tails of the 
2 , 4 Po peak, and k is an empirically determined factor based on the ratio of counts in 
the four ROIs when no plutonium is present. 

In the absence of plutonium, the four-region algorithm nominally reports a plutonium 
accumulation of 0 ± 5 cpm (0 ± 3 DAC-h), when a 1-min averaging period is used, 
and when the ambient radon concentration is around 1 pCi/L. The uncertainty 
becomes greater at higher radon progeny concentrations. 

To more fully estimate the statistical limitations of all the factors described above, 
we used a PC-based Monte Carlo forecasting program called Crystal Ball 
(Decisioneering, Inc., Boulder, CO). Crystal Ball runs within the Microsoft Excel 
spreadsheet in the Microsoft Windows environment. Assuming Poisson statistics, 
we selected a number of plutonium and radon progeny concentration conditions that 
might be encountered in the workplace, and used Crystal Ball to simulate how the 
CAM might handle them. We provided the mean decay rate for each plutonium and 
radon concentration. Crystal Ball then selected a random value from each Poisson 
distribution in the calculation, and calculated the plutonium cpm result for that trial. 
This Monte Carlo approach produced minute-by-minute reports typical of those 
expected from a CAM sampling under the given conditions. Long simulations (an 
accumulation of 10,000 trials, for example) provided the average statistical 
uncertainty for the reported plutonium concentration under the selected conditions. 

Table 1 summarizes the statistical uncertainties for various radon and plutonium 
concentrations of interest in the workplace. Figures 1 a and b illustrate the individual 
forecasts produced by Crystal Ball. This approach should be useful for 
understanding the limitations of CAMs and planning for their appropriate use. Note 
that other uncertainties related to sampling flowrate, sample collection efficiency, 
uniformity of collection on the filter, and detection efficiency will further contribute 
to the overall uncertainty in CAM performance. 
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Influence of Salt Dust on Alpha Energy Spectra and Detection Efficiency 

Accumulation of dust on the collection filter of an alpha CAM reduces the energy of 
alpha radiation reaching the detector and may result in underestimation of the 
amount of plutonium on the filter. Interference from dust is not a concern for 
detection of sudden, large releases of plutonium because an alarm will occur before 
burial becomes significant. Concern is for the slow release of plutonium over a long 
period of time in a dusty environment. Hoover and Newton (1991a) demonstrated 
that the Eberline Alpha-6 CAM (Eberline Instrument Corporation, Santa Fe, NM) can 
measure 1 DAC of plutonium under laboratory conditions (low radon, thoron, and 
dust conditions) when integrated over 8 h (8 DAC-h). In subsequent work, Hoover 
and Newton (1992a) evaluated whether performance could be improved by 
decreasing the lower energy boundary of the plutonium ROI (ROD; measured the 
detection efficiency of the Alpha-6 as a function of ROI setting for a range of salt 
and mylar burial conditions; and tested the ability of the Alpha-6 to provide a 
predictable alarm response to slow releases of plutonium in the presence of salt 
dust. Salt was used in this work to provide an improved technical basis for the use 
of CAMs at the DOE Waste Isolation Pilot Plant (WIPP) near Carlsbad, NM. 

The Eberline model Alpha-6 CAM was used in this work. Briefly, the Alpha-6 
consists of a collection filter, a solid-state detector that faces the filter, and a 256-
channel analyzer that records the energy of alpha particles that reach the detector. 
The lower energy discriminator of the multichannel analyzer is normally set to 
accept alpha emissions wi th energy greater than 2.7 MeV (emissions in channel 50 
and above). Decreasing the lower energy discriminator below 2.7 MeV is possible, 
but interference from detector noise can become a problem at lower energies. The 
design of the Alpha-6 CAM allows the user to select an appropriate energy ROI for 
detecting alpha-emitting radionuclides of interest. The ROI originally recommended 
by the manufacturer for 2 3 9 Pu (5.16 and 5.11 MeV alpha energy) covered 4.2 to 5.3 
MeV (channels 90 to 117). The ROI presently used at WIPP for monitoring 2 3 9 Pu 
and 2 3 8 Pu (5.50 and 5.46 MeV alpha energy) covers 4.3 to 5.6 MeV (channels 92 to 
126). That window was selected because calibration tests with National Institute of 
Standards and Technology (NIST)-traceable plutonium sources (Hoover et a/., 1990) 
showed that those channels captured 95% of the alpha emissions of 2 3 9 Pu and 
2 3 8 Pu . Recognizing that channels 92 to 126 were selected for conditions without 
salt attenuation, we evaluated the advantages of decreasing the lower energy 
boundary of the plutonium ROI so that alpha emissions attenuated by salt can still 
be detected. 

We compared the standard plutonium ROI (channels of 92 to 126) to windows 
covering either channels 50 to 126 (2.7 to 5.6 MeV), or channels 65 to 126 (3.3 to 
5.6 MeV). We determined the detection performance of the alternate ROIs by 
placing plutonium-239-laden filters (either 2.5-cm or 4.2-cm diameter collection 
area) in a standard Alpha-6 with a 2.5-cm diameter detector. Initial counting 
efficiencies were determined, and the changes in efficiencies were measured as 
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known amounts of salt aerosol were collected on the filters. In addition, NIST-
traceable " 9 Pu sources (2.5-cm and 4.2-cm diameter active areas) were layered 
with Mylar film (E.I. du Pont de Nemours & Co, Wilmington, DL), 0.22 mg/cm2 per 
layer, to confirm the general influence of mass loading on the detection efficiency 
for the alternate windows. Detection efficiency by the ZnS(Ag) counting method 
was also determined as a function of salt or Mylar loading. 

Figures 2a and b illustrate how detection efficiency is reduced by the successive 
addition of energy-absorbing layers to 2.5-cm or 4.2-cm diameter plutonium 
samples. Taking into account density effects for alpha attenuation, one layer of 
Mylar corresponds to 0.36 mg/cm2 salt. ZnS(Ag) counting had the highest overall 
detection efficiency because the scintillating material directly contacts the filter. 
Efficiency began at approximately 50% (nearly 100% of 2 Pi geometry) for 
unattenuated plutonium and decreased to a few percent for plutonium that had been 
covered by about 5.5 mg/cm2 salt. Channels 50 to 126 provided the best 
performance of the Alpha-6 options. Channels 65 to 126 perform nearly as well, 
but was less efficient at higher mass loadings. Channels 92 to 126 performed 
substantially poorer, especially at high mass loadings. For channels 50 to 126, 
plutonium detection remained significant until salt accumulation was greater than 
3.6 mg/cm2 (more than 10 Mylar layers), a factor of two improvement over 
detection in channels 92 to 126, which dropped to zero after accumulation of only 
1.8 mg/cm2 salt (five layers of Mylar). Note that a salt loading of 1.8 mg/cm 2 will 
accumulate on a 2.5-cm diameter filter which samples an airborne salt concentration 
of 0.7 mg/m 3 at 28.3 L/min for 8 h. It was for that reason that WIPP established an 
operational limit of 0.2 mg/m 3 salt for CAM operation (Steinbruegge, 1991) to 
ensure that plutonium attenuation would be negligible due to burial. 

Knowing the general influence of salt loading and ROI selection on plutonium 
detection, we challenged the Alpha-6 with a series of low-level plutonium and salt 
aerosols to confirm the adequacy of the WIPP operating requirement that salt 
concentrations be maintained below 0.2 mg/m3 during plutonium-handling 
operations. Homogeneous mixtures of known plutonium and salt concentration 
were nebulized and dried to provide the Alpha-6 with challenge aerosols simulating 
the accumulation of 8 DAC-h of plutonium in the presence of salt concentrations 
ranging from 0.1 to 0.6 mg/m3. The mass of salt collected was determined 
gravimetrically. The amount of plutonium collected during the test was confirmed 
by the ZnS(Ag) method. Expected and actual plutonium reports were compared for 
the alternate ROIs. Salt concentrations equivalent to 0.2 mg/m 3 for an 8-h period 
resulted in negligible attenuation of the collected plutonium alpha radiation. The 
estimated and reported plutonium counts varied somewhat due to Poisson counting 
statistics. Underreporting of the collected plutonium increased with increasing salt 
concentration, and could be predicted based on the accumulation of salt on the 
filter. As shown in Figure 3a for a test that simulated 14 DAC-h of plutonium in the 
presence of 0.6 mg/m3 salt, the plutonium count per minute (cpm) reported in the 
original plutonium ROI was 60% low and would not have triggered the alarm 
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setpoint of 8 DAC-h (five sequential reports above 12 cpm), even when the 
plutonium accumulation was more than twice the 8-DAC-h limit. Reporting in the 
ROI covering channels 50 to 126 (Figure 3b) was accurate and would have triggered 
an alarm. 

We have recommended that the expanded plutonium ROI be implemented at WIPP, 
and considered for use at other dusty locations, such as facilities involved in 
decontamination and decommissioning or environmental restoration. Site-specific 
evaluations of interference for the different types of dusts may be needed. Use of 
the altered ROI will require a recalculation and minor adjustment to the CAM's 
calculation algorithm (k-factor), but the adjustment should be small because radon 
progeny interference is at higher energy, and radon progeny interference is negligible 
in the expanded ROI. We also recommend a combination of filter weighing and 
ZnS(Ag) counting as a simple method to retrospectively confirm the plutonium 
content of filter samples collected in the CAMs. Real-time pressure drop 
measurements for the collection filter may also be a means of monitoring the 
severity of any dust burial. We further recommend that the expanded ROI be used 
as a prudent measure even in areas where dust interference is not expected. It will 
provide an added safety factor at a negligible cost. 

Selection and Use of Filter Media in CAMS 

Hoover and Newton (1991b) have described acceptable performance criteria for 
filters to be used in CAMs for alpha-emitting radionuclides, and we evaluated 
candidate filters. We concluded that a fiber-supported, teflon membrane filter (such 
as the Fluoropore filter from Millipore Corporation, Bedford, MA) would be the best 
choice for use in alpha CAMs if a distinctive colored backing could be developed for 
the support side. A clearly visible difference between the smooth collection side 
and the fibrous support side is needed because collection of alpha-emitting particles 
on the fiber side leads to loss of resolution due to unacceptably broad energy 
spectra. We also noted that it would be useful to have an acceptable alternative 
filter that could be dissolved for chemical analyses. In a subsequent report, Hoover 
and Newton (1992b) reported that a suitable black-fiber backing has been developed 
for the Fluoropore filter and that the Millipore AW-19 membrane filter has been 
identified as an acceptable alternative when a dissolvable filter is needed. Some 
tradeoffs in making these selections are described below. 

Table 2 summarizes our evaluations of filters for use in solid-state 
detector/multichannel analyzer CAMs to determine the alpha energy spectrum from 
particles collected on a filter. Tradeoffs can be seen in three areas: (1) sharpness 
of the alpha energy spectrum so that alpha disintegrations of plutonium or uranium 
can be distinguished from the higher-energy disintegrations of naturally occuring 
radon progeny such as 2 1 8 Po, (2) high efficiency for particle collection so that the 
results are not biased by sample losses, and (3) low pressure drop so that samples 
can be collected at reasonably high flowrates of 25 to 60 L/min (1 to 2 cfm). 
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Radon progeny collection results are normalized to those of the Millipore SMWP, 5-
/im pore size, mixed cellulose ester filter, because the good front-surface collection 
characteristics of the SMWP made it the early filter of choice for use in alpha CAMs. 
Collection efficiency for the SMWP over the size range 0.035 ^m to 1.0 //m 
aerodynamic diameter is 98.1 % to greater than 99.99% (Liu et at., 1983). In light 
of the demonstrated equivalence or superiority of the more rugged alternatives, the 
fragile SMWP is no longer recommended for use in alpha CAMs. Particle collection 
efficiency and gravimetric confirmation of particle mass collected with the SMWP 
filter are unreliable because of breakage of the SMWP filter under field conditions. 

CAM users can to select from a number of suitable filters, as long as the 
instruments are calibrated with the selected filter. Filters other than those we 
evaluated may also be selected if they are suitably rugged, and provide good 
spectral quality, efficiency, and pressure drop. The Versapor-3000 (an acrylic 
copolymer on a non-woven nylon fiber support, Gelman Sciences, Ann Arbor, Ml) 
provides a lower pressure drop and has a performance similar to that of the Millipore 
SMWP. The Durapore 5-fjm pore size polyvinylidene fluoride membrane filter from 
Millipore can also be considered, although it provides a poorer spectral quality. All 
types of fiber filters are unacceptable due to poor spectral quality from burial of 
particles in the fiber bed. Small-pore filters are unacceptable because of their high 
pressure drop. 

The best overall performance is from the teflon membrane filters such as the 
Fluoropore filter (polytetrafluoroethylene membrane with a polypropylene fiber 
backing). Spectral performance of the 3-^m pore size Fluoropore filter is slightly 
better than that of the 5-//m pore size Fluoropore filter, but the larger pore size 
version was selected for use with the high contrast backing because it provides a 
significantly lower pressure drop (less than half) with only a third less spectral 
quality. It is important to note that filters are not sieves, and that particles much 
smaller than the pore size are collected by diffusion and impaction mechanisms. 
Investigators such as Lindeken et a/. (1964) have demonstrated that, compared to 
filters with submicrometer pore size, large-pore membrane filters show no serious 
sacrifice in collection efficiency until the pore diameters exceed 5 jjm. Thus, larger 
pore filters are preferred in many applications because they retain good particle 
collection efficiency with a lower pressure drop, which allows longer sampling times 
before the sampling rate is degraded by pressure buildup across the filter (Liu et a/., 
1983). 

To confirm the particle collection efficiency of the Fluoropore filter with the black-
colored backing, we arranged with Dr. B.Y.H. Liu (University of Minnesota, 
Minneapolis, MN) for penetration tests to be conducted using the method in Liu et 
al. (1983). He reported collection efficiency for the 5-jt/m pore-size filter to be 
98.3% to greater than 99.99% over the size range 0.03 ^m to 1.0 jjm diameter 
(Liu, 1992). He also confirmed the collection efficiency for the standard 3-j/m pore-
size Fluoropore filter to be 99.90% to greater than 99.99% over that same size 
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range. In addition, we used a plutonium dioxide aerosol at ITRI to conduct five 
aerosol penetration tests of 2.5-cm diameter Fluoropore filters operated at 28.3 
L/min. The radioactivity of plutonium dioxide aerosol (physical diameter 0.3 /ym, 
aerodynamic diameter 1.0 jum, geometric standard deviation 1.6) collected on a 
each filter was compared to the radioactivity that penetrated to a backup filter. 
Efficiency was 99.94% ± 0.03%, which confirms the excellent performance of the 
new filter. 

In addition to completing our evaluation of the high contrast Fluoropore filter, we 
continued to evaluate other filters for use in CAMs. In some applications, it is 
useful to be able to dissolve the filter and its collected particles in order to do 
elemental or radiochemical analyses. The Millipore AW-19 has a spectral quality 
similar to the Fluoropore filters and is an excellent choice in such cases. It is an 
inexpensive, rugged filter which consists of homogeneous microporous cellulose 
ester polymers formed around a cellulose web. It readily dissolves in nitric acid. Its 
drawback is that its pressure drop is approximately four times higher than that of 
the 5-//m pore size Fluoropore filter. The high-contrast backed Fluoropore filter 
remains the best overall choice for general use. 

Use of Electroplated Calibration Sources 

Primary energy calibration of alpha CAMs should be based on locating the alpha 
energy peaks from a filter through which naturally occurring, radon or thoron 
progeny, such as 2 1 8Po and 2 1 4Po have been drawn, and locating the alpha energy 
peaks in the appropriate channels. This method is preferred over using electroplated 
sources, because almost every electroplated source may have a one- or two-channel 
offset (caused by loss of alpha energy) from the different heating regimens used in 
preparing the source. When a sample of an alpha-emitting radionuclide is 
electrodeposited onto a metallic substrate, the radioactivity is loosely bound to the 
substrate and is easily removed by very slight mechanical actions such as touching 
or rubbing the source. Source vendors stabilize or ruggedize the electroplated 
sources by subjecting them to an annealing or heating regime. Typically, the source 
is passed through a Bunsen burner. The heat accelerates solid state diffusion of the 
surface-attached layer of the radionuclide, and the material diffuses into the source 
substrate. This solid state diffusion also occurs at room temperatures but is much 
slower; however, over several years it is possible that enough solid state diffusion 
has occurred so that the source no longer emits alpha particles of the energy 
originally seen. 

In many cases it is useful to have well-characterized electroplated sources which 
can be quickly used to calibrate or verify the calibration on a CAM. Because of the 
solid state diffusion problems noted above, we recommend that users periodically 
verify the status of alpha-emitting calibration sources if they are used to establish an 
alpha energy calibration. Collecting radon progeny from a nondusty environment on 
a membrane filter obtains the cleanest possible alpha energy response as to channel 
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number versus energy. The user should determine the peak (channels) offset for 
each electroplated alpha energy source by using an alpha pulse height spectrometer 
which has been calibrated with the radon progeny sample. This information should 
become part of the permanent log that will accompany the sources. 

Spatial effects of the homogeneity of the electroplated sources can also influence an 
accurate determination of CAM counting efficiency. Geometry factors for CAM 
solid state detector arrangements range from a 30% counting efficiency at the 
center of a collection filter, in the Pu ROI to less than 0.01 % at the edge of a 4.2-
cm diameter collection area of a CAM filter being counted by a 2.5-cm diameter 
detector. Because the collection of particles on the CAM filter is assumed to be 
uniform, the homogeneity of the radioactivity across the electroplated calibration 
sources must also be uniform. Additional details on the qualification and 
documentation of electroplated sources, including suggested requirements for spatial 
homogeneity of electroplated sources, are given by Newton and Hoover (1991). 

Conclusion 

This paper has discussed a number of important issues related to the calibration and 
operation of alpha CAMs. A technical basis has been provided for applying CAMs 
within their statistical limitations, and for making decisions related to selecting 
appropriate energy windows for the detection of uranium and plutonium aerosols, 
correcting for interference from airborne dust, selecting filters with low pressure 
drop and good front surface collection characteristics, and properly using 
electroplated calibration sources. Radiation protection professionals should be 
knowledgeable about these issues so that they can use CAMs appropriately within 
their site-specific programs. Many decisions related to CAM use are a matter of 
judgement and personal preference. It is not necessary that every facility select the 
same equipment, supplies, or operating procedures, but each decision should be 
justified, and the overall quality of CAM results should be understood. 
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