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PERFORMANCE OF AN ALPHA AIR MONITOR IN A DUSTY ENVIRONMENT

Abstract - The Eberline Alpha-6 Continuous Air

Monitor (CAN) was evaluated for use in detecting PRINCIPAL INVESTIGATORS

alpha radiation from 238pu and 239pu in the presence M. D. Hoover

of background aerosols of salt dust and radon pro- C. J. Newton

geny. The Alpha-6 method uses an embedded, multi- H. C. Yeh

channel analyzer and real-time computer to correct F. A. Seiler

for the presence of alpha-emitting radon progeny and B. B. Boecker

to accurately report plutonium air concentration in

dust-free environments. However, accumulation of mg1cm2 salt dust on the sample collection

filter was found to be equivalent to an infinitely thick layer. Dust loading raises the limit of

detection in proportion to the concentration of airborne salt. Proper detection of 239p is

impaired by airborne concentrations of salt greater than 2 mg1m3. Alpha spectral analysis at a

central monitoring computer is recommended to avoid detection errors at higher salt concentrations.

Monitoring for releases of alpha-emitting radionuclides such as plutonium can be a problem

because of interference from background radiation and airborne dust. Alpha emissions of naturally

occurring radon progeny can result in false alarms or prevent the system from accurately measuring

low plutonium concentrations. Accumulation of airborne dust can prevent the alpha radiation from

particles collected on a sample filter from reaching the detector, thus underreporting plutonium

concentration. Fortuitously, advances in microelectronics have enabled development of affordable

instruments that use alpha detection to measure the presence of plutonium in a background of radon

progeny. A number of commercially available systems are now on the market. Each air monitor

includes a microchip-based multichannel analyzer that distinguishes alpha radiation as a function

of alpha energy. Real-time computer programs analyze the spectrum of alpha radiation being

detected and compute the contribution arising from plutonium. In the absence of radon progeny,

the calculations would be simple: an energy window would be set around the plutonium energy peak

and any count detected would be reported (Fig. 1). In the presence of radon progeny, however, the

region of interest for 239pu (ROI-1) also accumulates counts from the collection and decay of

218po (Ra A), 212Bi (Th C), and possibly of 214po (Ra C'). Counts from the radon progeny must be

estimated and subtracted from the total counts in ROI-1 to determine the 239pu counts.

The following formula for estimating the number of counts in R-1 (the 239Pu region) that are

due to decay of 218Po and 2128i assumes that information about the 214po peak (which has minimal

overlap with R1-1, can be used to interpret the 218Po and 212Bi peak:

(ROI-1)/(ROI-2 = K - ROI-3)/(ROI-4), (1)

where K is an empirically determined constant 025). In other words, operational experience has

shown that the ratios between the high- and low-energy sides of the 218Po and 24po peaks are

related. Therefore, counts collected in R01-2,3, and 4 can be used to estimate counts collected

in ROI-1 that are due to 218Po. That estimate can be subtracted from the total ROI-1 count to get

the counts due to plutonium alone. The accuracy of this correction is dependent on a constant

ratio between the concentrations of thoron and radon progeny. Because 218Po and 212Bi have nearly

identical alpha energies, it is not possible to directly separate the contributions of these two

radionuclides.
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Although the method appears straightforward, the count rate in each of these regions is very

low under normal conditions. If each region only gets a few counts per minute (cpm), then

statistically there will be instantaneous variations in the region-to-region ratios. Over a

period of time, the average will provide a correct estimate of plutonium cpm, but on a

minute-by-minute basis the plutonium estimate may rise and fall. The range of this statistical

fluctuation sets a minimum alarm limit. A theoretical treatment of alpha detection in a dusty

environment has been presented by Seiler et al.,l and the current work was done to quantify the

effects of salt burial, determine minimum detection limits, and propose methods for avoiding

errors in detecting airborne plutonium in dusty environments. This work was undertaken in support

of the U. S. Department of Energy's Waste Isolation Pilot Plant (WIPP), but is relevant to other

operations involving the handling, clean-up, or disposal of plutonium.
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Hgure 1 . Illustration of (A) relationship of the 239Pu energy peak for region of interest-I
(ROI-1) of the Eberline Alpha-6 Continuous Air Monitor, and (B) the relationships of ROI-2 3,
and 4 to the location of the radon progeny Ra A and Th C, Ra C' , and Th C' peaks. T h i s
relationship is used to correct for radon progeny counts in the plutonium region.

METHODS

The Eberline Model Alpha-6 (Eberline Instrument Corporation, Santa Fe, NM)2 was selected for

evaluation in this study. Current versions of the Alpha-6 were obtained from the manufacturer.

Two units were used above ground at WIPP to evaluate on-site performance in the presence of radon

progeny, but in the absence of plutonium; two units were used underground at WIPP to evaluate

on-site performance in the presence of radon progeny and aerosols of salt and diesel, but in the

absence of plutonium; and, two units were used at the Inhalation Toxicology Research Institute

(ITRI) to evaluate instrument performance in a range of conditions involving radon progeny, salt

aerosols, and plutonium.

All units were calibrated before use by placing a certified National Bureau of Standards

(NBS)-traceable standard source of 239pu in the sampling head and adjusting the detector voltage

until the plutonium peak was centered in channel 115 (as recommended by the manufacturer). The

linearity of the calibration was confirmed by observing the peak channel locations for 218Po and

212Bi, 214po, and 212po (ThC'), as collected during actual operation, as well as for 239pu, 238pu,

24lAm, and 252Cf from NBS-traceable standard sources. Operation of the CAMs at the WIPP site

began in early July 1988 and continued through August 1988, except for periods when WIPP site-

construction or electrical modifications prevented their operation. The concentrations of

background aerosol (mg/m3) at the two aboveground and two underground locations were measured by
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weighing the sample collection filters before and after sample collection to determine the

collected mass (mg), and then dividing by the total volume of air sampled during each collection

period (m3 . Weighing was done on a Cahn Model 26 microbalance (Cahn Instruments, El Cerrito,

CA). which was calibrated before each use with standard weights. The f i lters used in these and

all other Phase I tests were Millipore-type SMWP membrane filters (5.0 Jim pore size; Millipore

Corp., Bedford, MA), as recommended by Eberline. The filters were desiccated for a minimum of 12

h before weighing to eliminate errors from moisture collection on the filters. The sampling flow

rate was adjusted to 28.3 L/min at the start of each 12-h sampling period, and the end flow was

noted at the end of each sampling period. These values were compared to the integrated flow

recorded by the internal mass flow meter of the Alpha-6.

At each sample change, the full alpha energy spectrum was printed for each unit, and the

hourly summaries of plutonium counts per minute, counts, and plutonium concentration (pCi/L) were

printed. The energy spectra were evaluated to determine the baseline presence of radon progeny,

and to determine any energy shift in the radon peaks from the presence of background salt

aerosols. The hourly summaries of plutonium cpm were plotted to determine if the Alpha-6 would

report an average plutonium count rate of zero cpm when no plutonium was present. The cumulative

probability distribution functions were also established for the reported plutonium cpm to

determine the statistical fluctuation. These distributions were used to estimate the probability

of false alarm that would be associated with setting an alarm at a given cpm.

Tests were conducted at ITRI to determine if the Alpha-6 would properly report plutonium

concentration when both plutonium and radon progeny were present. Tests were initiated by

collecting particles of 239 PuO2 on the CAM sample filter and observing the counts per minute with

no air flow to confirm the actual activity on the filter. This allowed verification that the CAM

was correctly reporting the plutonium cpm. The particle size distribution of the 239PuO2

particles was lognormal, with an activity median aerodynamic diameter (AMAD) of 1 Vm and a

geometric standard deviation of 16.

After the initial Alpha-6 response to plutonium alone had been established, the flow of

plutonium-free air with background concentrations of radon progeny was initiated. The reported

plutonium cpm values were tracked for three replicate runs of periods of up to 72 h to determine

if any reporting errors developed as radon progeny were accumulated. The influence of salt

loading on plutonium detection was determined by two methods: (1) burying a known amount of 238pu

or 239Pu by salt and 2 by collection of a homogeneous aerosol of salt and either 238Pu or 239pu.

RESULTS

The calibration results for alpha energies, channel locations, and full-width--at-half-maximum

height (FWHM) values are tabulated in Table 1. The channel location and peak characteristics for

218Po and 212Bi are listed as identical because individual contributions from these radionuclides

cannot be separated by the multichannel analyzer. Energy spectra were typified by the example

shown in Figure IA for 239Pu and in Figure 1B for radon progeny. The mean concentration of

background aerosol above ground at WIPP was 007 g/m3 with a standard error of 0.01 mg/m3. The

range was 0.01 to 06 mg/m3, with 95% of the concentration measurements falling below 0.1 mg/m3.

The aboveground, background aerosols are windblown dust and room dust. The mean concentration of

background aerosol underground at WIPP was 9 g/m3 with a standard error of 0 I g/m3. The

range was 002 to 340 mg/m3, with about 75% of the concentration measurements falling below I

mg/m3, and nearly 90% of the concentration measurements falling below 2 mg/m3. The results at

stations BI and B2 were similar. This aerosol is primarily salt, with some diesel exhaust. The

extent of salt loading has a relatively minor influence on the shape of the radon progeny spectra.
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Table 

Energy Calibration Results Obtained for the Alpha-6

Continuous Air Monitor for Standard Sources and Radon Progeny

Alpha Energy Peak Energy Peak

Energy Alpha-6 FWHM FWHM

,Radionuclide- (MeV) CAM Channel (Channels) (MeV)

239pu 5.16 (88%) 113 10 0.39

5.11 (11%)

238pu 5.50 (72%) 122 8 0.34

5.46 (28%)

241Am 5.49 (85%) 122 9 0.33

5.44 (13%)

252Cf 6.12 (82%) 137 10 0.38

6.08 (15%)

218po (Ra A) 6.00 (100%) 135 15 0.60

212Bi (Th Q 6.05 (36%)a 135 15 0.60

214po (Ra V) 7.68 (100%) 178 15 0.60

212po (Th C) 8.78 (64%)a 206 15 0.54

aPercentages here are the branching ratio for 212Bi.

When the CAMs were operated in the laboratory and above ground and underground at WIPP, the

presence of radon progeny did not prevent the CAMs from correctly reporting that no plutonium was

present. The cpm values reported for 239Pu had an average value of zero. and f luctuated

statistically above and below zero as small numbers of alpha counts were accumulated from radon

progeny. Less than 5% of the cpm values were less than 7 or greater than 7 cpm.

The accumulation of radon progeny on filters laden with 239Pu aerosol did not cause the CAM to

alter its average estimate of the plutonium aerosol counts per minute. For example, when the

average 239pu cpm reported by the CAM was 4 cpm before the addition of radon progeny, this

count rate did not change with time as radon progeny were collected. As expected, there was a

statistical fluctuation in the reported 239pu cpm as low numbers of radon progeny counts

accumulated, but the average reported cpm remained fixed.

Salt was found to reduce the energy of alpha radiation reaching the detector by moving the

location of the plutonium alphas out of the plutonium window, causing an underestimation of

plutonium concentration. Figure 2A illustrates the reduction in count rate as the plutonium is

buried by salt. Energy degradation and count loss begin immediately as salt is accumulated on the

sample collection filter. Plutonium-239 alpha radiation is not able to penetrate a salt layer

thickness of 49 ± .5 mg/cm2 (equivalent to a collection of about 25 mg on the standard Alpha-6

filter with a surface area of 507 cm2). The corresponding thickness for 100% burial of 238p is

5.3 ± 06 mg/cm2 (slightly thicker because of the higher alpha energy of the 238Pu alpha). Figure

2B illustrates the development of an "infinitely thick" salt layer, as salt plus plutonium are

collected until the count rate reaches equilibrium.

DISCUSSION

Information from the plutonium cpm distributions when no plutonium is present can be used to

predict the number of false alarms that will occur if the alarm level is set at 5 cpm (a MPC-h;

or 4 h at the maximum permissible concentration for airborne plutonium) when 239pu is present at

various concentrations. If the minute-by-minute reports of plutonium cpm range from -8 to when
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Figure 2 Example of the dependence of 239pu counts per minute detected by the Alpha-6 CAM on the
presence of salt dust (A) during burial of 239pu on the sample collection filter, and (B) during
collection of a homogeneous aerosol of salt and 239pu. In (B) the count rate reaches an
equilibrium even though plutonium continues to be added. Similar results were obtained for 238pu.

no plutonium is present, then the average may correctly read 0, but the instrument would

occasionally think that it was seeing concentrations as high as 8 cpm 4 MPC-h). If the true

plutonium cpm were zero, an alarm at 15 cpm would almost never be in a false alarm state.

However, the frequency of false alarms would increase as the concentration of plutonium in the air

increased, and an occasional false alarm at 15 cpm might be expected when the instrument has

collected a sample equivalent to only 4 MPC-h (about 8 cpm on the filter).

The frequency of these false alarms can be estimated as follows. The probability of the 239pu

cpm being reported above ground as 7 cpm or less, when they are really zero, is 0982. Therefore,

the probability of reporting the cpm as or more is 0.018 when there is no plutonium present.

This is equivalent to reporting 15 cpm when there are only 7 cpm present. If three sequential

reports above 15 are required for an alarm, then the probability of a false alarm when the actual

condition is really only 4 MPC-h is

(0.018) - (0.018) * (0.018) = 5.8 x 10-6. (2)

Each 3-min interval during the day provides a separate opportunity for alarm. Thus, an alarm

could occur in the minute interval [1,2,3]. or in the interval (2,3,4]. or in the interval

[3.4,5]. and so on. If we take into account the number of 3-min intervals per day 1440), which

is the number of opportunities each day for an alarm to be initiated, then the probability per day

of a false alarm is

(5.8 x 10-6) 1440 = 84 x 10-3 per day. (3)

Thus, the false alarm rate for a single CAM would be every 119 days. If 20 CAMs were in

operation, there would be false alarm every 6 days. Similar false alarm rates can be expected

underground. Fortunately, this errs on the side of safety if the occasional false alarm can be

verified quickly (preferably from a remote central monitoring station), so that evacuation and

exhaust filtration can be used judiciously. This simple model assumes that counting fluctuation

events are independent, and that there are no other sources of high cpm reports (unusual radon

progeny concentrations, electronic failures, overheating or unusual cooling of the electronics, or

excursions in sample flow rate, for example).

The problem during dust loading is that the CAMs may not report the real concentration of

plutonium at the required sensitivity, due to burial of plutonium by salt. Figure 3A illustrates
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Figure 3 Illustration of the possible effect of salt burial on the increase of count rate with
time for sampling of workplace air at several values of the maximum permissible concentration
(MPC) of plutonium in air. The background salt concentration is assumed to be 2 mg/m3 in (A) and
5 mg/m3 in (), and the amount of salt required to bury the plutonium is assumed to be 25 mg on
the filter.

how the time-to-alarm might be altered for a continuous air monitor that samples plutonium-laden

air in the presence of salt dust at a concentration of 2 mg/m3 0002 mg/L). If the sample flow

rate is 28.3 L/min, then salt will accumulate on the filter at a rate of

(0.002 mg/L) * 28.3 L/min) * 60 min/h = 34 mg/h. (4)

Based on the results of the salt burial tests, an accumulation of 25 mg on the filter will

totally block the alpha radiation at the filter surface from reaching the detector; an equilibrium

condition is reached after about 74 h of sample collection. Addition of new plutonium is offset

by burial of previously collected plutonium. Thus, if the air concentration were not high enough

to cause the alarm within the first 74 h, it would never cause an alarm. There would be no alarm

problems at air concentrations of 2 MPC or more, but the alarm limit of MPC-h would not be

reached at any time unless the air concentration were slightly more than I MPC. Thus, the

expected area of concern is for slow releases of plutonium at concentrations around MPC. No

problem would be expected for any larger release that might occur as a result of a fire or other

disruptive event, but special steps might be needed to monitor effectively for the marginal

release.

The model presented in the above example is crude, and neglects any effects of radon progeny

or details of how the plutonium alpha energies are degraded. However, it illustrates the general

nature of the salt burial problem. Figure 3B illustrates how errors in detecting low-level

releases can apply to higher plutonium concentrations, at higher salt concentrations.

The most effective steps to avoid detection errors would be to transmit the real-time alpha

energy spectra to a central monitoring station where an operator could watch for the tell-tale

signs of spectral degradation associated with plutonium burial. Computer monitoring of lower

energy "guard" regions could help alert the operator to plutonium burial. These special

monitoring steps would be especially important when high concentrations of airborne salt are

present.

REFERENCES

1. Seiler, F. A., G. J. Newton, and R. A. Guilmette. Continuous Monitoring for Airborne Alpha
Emitters in a Dusty Environment, Health Phys. 54: 503-515, 1988.

2. Eberline Instruments Corporation. Alpha-6 Operators Manual, Ref. No. 1758/MI1758/July 1988,
Eberline Instrument Corp., Santa Fe, NM, 1988.

34


