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ABSTRACT

Results of measurements of the sensitivities of five alpha continuous air mcmitors (CAMs) for

detectkm of airborne 239pu are presented. Four commercially available alpha CAMs (Kurz

model 8311, Merlin Gerin Edgar, RADeCO model 452, and Victoreen model 758) and a prototype

alpha CAM currently in use at Argonne National Laboratory.,West (ANL-W) were tested sampling
natural ambient air and lahc_ratory-generated atmc_sphercs laden with either blank dust ttr dust

containing nCi/g c_mcentrations of 239pu. Cumulative alpha spectra wcre storcd at 30 or (_) minutc

intervals during each sampling and were subsequently analyzed using three different commonly used

alpha spectrum analysis algorithms. The effect of airborne dust concentration and sample filter
pc_rosity on detector resolution and sensitivity ti_r airborne 239pu are described.

When airborne dust concentrations were below 0,008 pg/L and one-hour long counling intervals

were used, the ANL-W and Kurz CAMs had by far the best sensitivities litr airborne 239pu. The

. average lower limil of detccticm (LLD) concentrations for these two CAMs were 0.00045 and

0.(_)3 pCi/l_,, respectively. The best average LLDs for the Merlin Gerin, RADeCO, and Victoreen

CAMs under these same conditions were ali approximately a factor of twenty higher than the LLD

., litr the ANL-W CAM. While the LLDs of the ANL-W and Kurz CAMs were unalTected by the

choice L)t"analysis algorithm, the LLDs for the RADeCO and Victoreen CAMs showed some
dependence on which algorithm was used [i)r analysis.

The tyro-stage virtual impactor installed in the ANL-W CAM and the inertial plate impactor

ir_stalled irt lhc Kurz CAM are responsible for their remarkably low detection limits. However, in tl :

case of the Kurz CAM, which collects particulates directly on the face o['a solid-state silicon detector,
only about 18% o[" the airborne 239pu activity that entered the Kurz CAM remained fixed tct the

surface of the silicon detector ti>llowing the complcticm of sampling. The inferior particle ietcntion

efficiency of the Kurz CAM makes il a poor candidate for quantitative measurements of airborne

::_';Pu. Based on its excellent sensitivity for airborne 239pu and extensive use at ANL-W, the ANL-W

CAM is recommended ti)r monitoring air quality during future waste retrieval operations conducted

at the Idaho National Engineering l_,aboratory Radioactive Waste Management Complex.
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EXECUTIVE SUMMARY

During past years defense-related waste contaminated with transuranic (TRU) isotopes was

stored in shallow pits and trenches at the Radioactive Waste Management Complex (RWMC) at the

•, Idaho National Engineering Laboratory (INEl..). Due to concerns regarding the long-term stability

of the waste, an option currently being ccmsidcrcd is th_' retrieval and repackaging o1' the waste, lt

is anticipated that waste containers have degraded over the years and that a significant fraction of the
" backl'ill nlaterial is now contaminated with TRU isotopes. Theret_ore., during the waste retrieval

effort, the air and soil will have to be monitored continuously for alpha emitting isotopes as an aide
to controlling the spread of TRU contamination.

In order to restrict exposure of workers to TRU and organic contaminants, waste buried at the

RWMC will be exhumed and processed using robotic techniques. However, there will be occasions

when workers will be required to enter the building enclosing the excavation site to maintain and

decontaminate cquipnmnt and perform ,_thcr tasks. At these times, the airborne concentrations o1"

TRU radionuclides inside the enclosure building must bc known so that adcquale protective cMlhing
can bc selected. Also, during the retrieval operation the success ot' the contamination control

methods will need to bc continuously evaluated so that changes in operati_ms can be made in a timely

manner. An alpha continuous air monitor (CAM) will provide continuous real-time monitoring of
the concentrations of airborne TRU isotopes.

Ali alpha CAMs detect the presence of airborne alpha contamination by pulse height analysis
of the alpha activity removed from air that is sampled. A typical measurement of the concentrations

of airborne alpha-emitting radionuclides is performed by pulling a continuous sample of air through

a filter positioned close to a solid-state silicon alpha detector. The alpha-emitting radionuclides are

• attached to the aerosol particles that are trapped by the filter.

This measurement approach presents three major interactive problems. The first problem stems

from the fact thai dust is normally collected continuously and it gradually covers the activity

previously deposited on the filter. Because the range of an alpha particle in solid material is only
about 3() _m, alpha particles lost energy in passing through overlaying dust and when degraded in

energy contribute a continuum of ccmnts to the spectrum, resulting in higher backgrounds and

broader, lc.ss well defined alpha peaks. The second difficulty stems from the fact that the filter is

fixed so that the current concentration of an alpha emitting radionuclide must be calculated based

on a small change in detector count rate. The third, and perhaps the most fundamental probh.'.m, is

the presence of naturally occurring alpha-emitting isotopes in the environment. When degraded in

energy as a result of interactions with the filter medium and overlaying dust, these alpha particles

contribute a continuum of counts to the spectrum in the energy region of the z_'_Pu alpha peak.

• In the present work, the sensitivities of t'ivc alpha CAMs for detection of airborne 23'*Puwere

experimentally determined. Four commercially available alpha CAMs (the Kurz model 8311, Merlin

Gerin Edgar, RADeCO model 452, and Victoreen model 758) and a prototype CAM currently used

at Argonne National Laboratory-West (ANL-W) were tested sampling natural ambient air and

laboratory-generated atmospheres laden with either blank dust or dust spiked with nCi/g
concentrations of 2V_Pu. Two of the five CAMs that were evaluated (the Kurz model 8311 and the

ANL-W prototype CAM) were equipped with impactors that removed some fraction of the

indigenous alpha emitting activity from the sample airstream prior to the point of impaction on the



sample collection medium. The RADeCo model 452 and Merlin Gerin Edgar CAMs were equipped
with multi,vaned collimators positioned between tile sample collection filter and the solid-state silicon

alpha detector. Because alpha partk'les that leave the collection filter at oblique angles strike the

collimator, they do not reach the detector and, consequently, the resolutions of CAMs equipped with

collimators are much better than the resolutions thai can be achieved using conventional designs that

employ sample collectic_n filters. A third mechanistic approach to reducing the effect of background

alpha particles achieves the same goal as the collimator by simply eliminating the sample filter. This

approach is used in the Kurz model 8311 alpha CAM. Aerosols entrained in the sample airstream

are collect_zd direct)y on the face of the silicon alpha detector. Because the alpha particles do not

traverse an air gap, they are only degraded in energy as a result of passing through whatever layer
of dust was present prior to their emission. The fifth CAM that was evaluated, the Victoreen model

758. is representative of conventional designs, lacking impactors and collimators, that pump air

through a porous filter placed in close proximity to a solid-state silicon alpha detector.

The evaluations of the five alpha CAMs included (a) measuring the resolutions of the dominant

radon and thoron background alpha peaks as a function of air dust loading, (b) determining the count
rate in the 239pu energy region as a function of air" dust loading in the absence of 239pu,

(c) quantifying the net count rate in the e39pu energy region during samplings of ambient air and air

laden with blank and e_gPu-spiked dust using several commonly used spectrum analysis algorithms,

(d) calculating the lower limit of detection (LLD) concentration of 239pu at the 95% confidence level,

and (e) performing quantitative measurements of airborne 239pu. The equations for calculating lower
'.!mit of detection concentrations for airborne 239pu are given.

Of the spectrum analysis methods that have been developed, the most commonly used are those

that determine net counts in the 239pu peak by subtracting from the total counts in the 239pu peak

some fraction of the counts in adjacent regions of the spectrum. In each case, the expression for net

239pu counts is a linear function of counts in the 239pu and background regions of the spectrum.

Three such spectrum analysis algorithms, which are currently installed in the majority of commercially
available alpha CAMs, were evaluated.

The ANL-W, Kurz model 8311, Merlin Gcrin Edgar, RADeCO model 452, and Victoreen

model 758 alpha CAMs each had LLDs for 2XUPuthat met or exceeded the sensitivity requirement
of 8 DAC-hours specified in DOE Order 5480.11. When airborne dust concentrations were less than

0.008 gg/L and one-hour long counting intetwals were used, the ANL-W and Kurz CAMs exhibit¢..'d

by far the best sensitivities for airborne 239pu. 'The average LLDs t'or these two CAMs were 0.00I)45

and 0.003 pCi/I_, rc:_pectively. The best average LLDs for the Merlin Gerin, RADeCO, and

Victorecn CAMs wcrc _lllabout ().01 pCi/L, about a factor of twenty higher than the average LLD

for the ANL-W CAbt. While the LLDs of the ANL-W and Kurz CAMs were unaffected by the
choice of analysis alg_rithm, the LLDs for the RADeCO and Victorecn CAMs showed some

dependence c)n which algorithm was used t'c_ranalysis. In the case of the latter two CAMs, the

three-window algorithm yielded the Ic_westLLDs.

When airbornc dust concentrations were above 0.2 p ,g/L, the Kurz CAM was much more

sensitive than the RADcCO, Victorccn, or Merlin Gerin CAMs. The best average LLD l'or the Kurz
CAM was 0.001 pCi/L, for the two-window analysis algorithm, which was about a factor of 10 better

than the best average LI.Ds for the RA DeCO, Victoreen, and Merlin Gerin CAMs. For the
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samplings of acrosolized blank dust, the three-window analysis algorithm provided the best sensitivity
for the RADcCO, Victoreen, and Merlin Gerin CAMs.

The two-stage virtual impactor installed in the ANL-W CAM and the inertial plate impactor
• installed in the Kurz CAM removed the majority of the radon and thoron daughters entrained in

their sample airstrcams. The removal of these indigenous alpha emitters significantly reduced
background count rates in the 239pu region of interest (ROI). This is reflected in the remarkably low

" 239pu LLDs mcasured tbr the ANL-W and Kurz CAMs. However, in the case of the Kurz CAM,

which collects particulates directly on the face of a solid-state silicon detector, this benefit must be
weighed against thc possible dctrimcnt of discarding some fraction of the particulates in the air being
samplcd. Results of this study indicate that, on average, only about 18% of the airborne 239pu

activity that entered the Kurz CAM remained fixed tc_the surface of the silicon detector following
ti'e complctiorl c_fsampling. The inferior particle retention efficiency of the Kurz CAM and the
possibility that the retention cfficicncy might bc dependent on sampling duration and _lirbornc dust
conccntration make it a poor candidate for quantitative measurements during buried waste retrieval
operations at the RWMC.

The resolutions of the ANL-W and Victoreen CAMs were _;omparable and much worse than
the rcsc)luticmsof the Merlin Gerin and Kurz CAMs. The rcason the ANL-W CAM had the best

sensitivity for airborne 239pu can bc attributed to its relatively good counting efficiency, the stability
of the widths of thc background alpha peaks, the high rate at which it sampled (240 L/min), and the
fact that the two-stage inertial impactor discarded better than 95% of the radon daughters present

. in the sample airstrcam.
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Sensitivities of Five Alpha Continuous Air
Monitors for Detection of Airborne 239pu

• INTRODUCTION

During the years 1950 to 1970 approximately 57,0_X)m3 of defense-related waste contaminated

" with transuranic (TRU) isotopes was buried in pits and trenches at the Radioactive Waste

Management Complex (RWMC) at the Idaho National Engineering Lab¢_ratory (INEL). The wastc

was contained in metal drums, pl2cavoodboxes, cardboard boxes, and other miscelhmcous containers.

As a demonstration project, waste in one of the pits will be retrieved and repackaged. It is

anticipated that waste containers have degraded over the years and that a significant fraction of the

backfill material has become contaminated with TRU isotopes. Therefore, during the waste retrieval

effort there will be a high probability for TRU contamination spread via direct (soil spills) and

indirect (airborne) pathways. Contamination control and health physics programs will require that

ali pathways be monitored to determine the spread of and magnitude of any TRU contamination

within the inner building, the secondary building, and the environment.

Department of Energy (DOE) Ordcr DOE 5480.111 establishes maximum permissible
concentrations (MPCs), or derived air concentrations (DACs), for airborne TRU isotopes. These

limits are established to protect a worker from undue risk from airborne radioactive contaminants.

Remote operations will be utilized during the retrieval demonstration project to restrict exposure o1"

workers to TRU and organic contaminants° However, there will be occasions when workers will be
required to enter the inner building to maintain and decontaminate equipment and perform other

tasks. At these times, the airborne concentrations of "I'RU radionuclidcs inside the primary

• containment building must be known so that adequate protective clothing can be selected. Also,

during the retrieval operation the success of the contamination control methods will need to be

monitored so that changes in opcrati¢_ns can be made in a timely manner. An alpha continuous air

monitor (CAM) will provide real-time fccdba,:k on the conditions inside the inner building.

This report describes work performed to determine the sensitivities of five alpha CAMs for

detection ot"airborne 23'_Pu. The work commenced during FY 1989 with the experimental evaluation

of the Victoreen model 758 alpha CAM. 2 During FY 1990, three additional alpha CAMs [the Kurz
model 8311, the RADeCO model 452, and a prototype alpha CAM thai has been in use at the

Argonne National Laboratory-West (ANL-W) for the past 17 years] were obtained and these three

CAMS and the Victoreen CAM were subjectcd to a more extensive series of tests :_'4to evaluate their

performance in dusty cnvironments similar to those that might be encountered during waste retrieval

opcrations. During FY 1991, a fifth alpha CAM, the French-dcsigned Edgar alpha/beta CAM that

is distributed in the U.S. by Merlin Gerin, Inc., Smyrna, Georgia, was subjected to the same types of
tests.

. Two o1"the alpha CAMs tested during FY 1990, the Kurz model 8311 and the ANL-W, are

equipped with impactors that remove alpha-emitting daughters of radon (ZZZRn) and thoron (ZZ°Rn)
from the sample airstream. A third, the RADcCO model 452, is equipped with a thin collimator

positioned over the face of the alpha detector that reduces the widths _1"alpha peaks in collected

spectra. The fourth, the Victoreen model 758, is representative of conventional designs hwking



impactors and collimators that pump air through a porous filter placed in close proximity to a
solid-state silicon alpha detector.

The Merlin Gerin Edgar alpt|a/beta CAM was selected tbr evaluation during FY 1991 because
the system has several l|niqu¢ features that might make the CAM particularly useful for the purpose
of monitoring air quality during buried waste retrieval. The design o1' the Edgar alplla/beta CAM is

novel in a number o1' respects, but from the point of view ot' sensitivity, the mc)st important design

feature is tt_e relatively thick collimator that is installed between the filter and alpha detector.

Because alpha particles that leave the collection filter at oblique angles strike the collimator, they do
not reach the detector and, consequently, the resolution ()l'the Edgar alpha CAM is much better than

can be achieved using conventional designs that enlplt)y sample collection filters.

This rc!)t)rt describes (a) the basic operating l)rinciplcs of alpha CAMs _nd the l'undamental

prol)len|s associated with performing measurements with alpha CAMs, (b) the main components (.)f

the five alpha CAMs tested and how the alpha CAMs are operated, (c) the methods used to calibrate
the st)lid-state detectors installed in the CAMs for the detcrminatit)n of the concentration of airborne

2:V_Pu,(d) the methods used to sample laboratory-generated and natural ambient atmospheres, and

(c) the mcth()ds used tc) transmit, store, and analyze spectral data. Summaries of calculated 2S'_Pu

lower limit ()t' detection (LLD) concentrations tbr each ()1"the t'ivc CAMs are presented. The data

quality objectives of the experiments perlk)rmed using the alpha CAMs were previously dcl'ined in

Test Phm for Contamimltion Cont,'ol Related E_periments "s and 7k,st Plan Jbr FY-91 Alpha CAM
Evaluation.t'
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BACKGROUND

Ali alpha CAMs detect the presence of airborne alpha contamination by pulse height analysis
of the alpha activity rerncwed from air that is sampled. A typical measurement of the concentrations

• of airborne alpha-emitting radionuclides is performed by pulling a continuous sample of ambient air
through a filter having a pore size small enough to trap aerosolized [)articles. The filter is positioned
close to an alpha detector, which is normally a solid slate silicon detector, tc) maximize counting
efficiency and minimize the loss of alpha particle energy during transit from the filter to the detector.
The alpha-emitting radionuclides are attached to the aerosol particles that are trapped by the filter.
The amount of aerosol material collected on the filler depends on it,sconcentration in the ambient
air, the sampling flow rate, and the particle collection efficiency of the CAM.

This measurement approach presents three major interactive problems. The first is that the
filter collects the normal dust present in the ambient environment. The dust is normally collected
continuously and it gradually covers the material previously deposited on the filter. Alpha particles
emitted by aerosols imbedded in the dust lose energy in passing through the dust layer. Alpha
particles that arc degraded in energy contribute a continuum of counts to the spectrum, resulting in
higher backgrounds and broader, less well defined alpha peaks. In environments where a lot of dust
is generated, airborne dust can significantly reduce the sensitivity of the CAM for airborne TRU
con tam inants.

The second difficulty stems from the fact that the filter is fixed so that the current concentvation
of an alpha emitting radionuclide must be calculated based on a change in detector count rate. 'Fhe
instrument must determine a differential wduc of the count rate to determine concentration. The

inherent problem is that the count rates that occur lhr typical concentrations of alpha..emitting TRU
contaminants are very low. For example, if air having a 239pu concentration of 1 DAC (0.002 pCi/L)
is sampled at 56.6 L/rain (2 ft3/min), after 1 hour only about 7 pCi of 239pu would be collected on the
t'iltcr. For an alpha detector having a counting efficiency of 30%, the count rate in the 239pu peak,
ignoring the background, would bc only about 5 cpm after 1 hour. Low counting rates dictate that
relatively long counting times must bc used in order to achieve statistically meaningful results.

Thc third, and perhaps the most fundamental problem, is the presence oi'naturally occurring
alpha-emitting isotopes in the environment. These background isotopes, which are present
throughout the earth's crust, are products of three natural radioactive decay chains- the 23SU,232Th,
and 235Useries. Ali three of these radioactive decay chains yield isotopes of radon, which is a noble
gas that may escape from the ground to the surrounding air. Because radon is a gas, it passes
through the sample collection filter and is not detected; however, radon decays to isotopes of
polonium, lead, and bismuth that become attached to aerosols that are trapped by the sample
collection filter. Portions of the 23XUand 23ZThdecay chains resulting in 222Rn and 22°Rn and

° daughter products are shown below. Alpha particles emitted by 21_po,214p0,212Bi, and 212p0 have
energies of 6.00, 7.69, 6.06, and 8.78 MeV, respectively. When degraded in energy as a result of

• interactions with the filter medium and overlaying dust, these alpha particles contribute a continuum
of counts to the spectrum in lhc energy region of the 239pu alpha peak, which has an energy of
5.15 MeV. Examples of alpha spectra collected using the Merlin Gcrin and Victorcen CAMs that
show the positions of the polonium and bismuth alpha peaks relative to the location of the 239pu
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alpha peak are presented in Figures 1a and lb, respectively. As evident in Figure I b, the low-energy
tails of these background peaks can contribute a significant number of counls to the region of the

239pu alpha peak.

The half-lives ot" the radon and thoron daughters are such that, under steady state conditions,

21SPo activity on the sample filter will reach equilibrium in a matter of minutes, but 214po activity will

continue to increase during the first hour or so of sampling. As shown above, the precursor ot"212Bi

and 212Po is 10.6-br 212pb. Due to the relatively long half-life of 212pb, 212Bi and 212po activities on

the sample filter will continue to increase throughout the first c'ay of sampling. Due to the fact that

_-12Pohas a half-life of only 0.3 >s, it will always be in secular equilibrium with 212Bi and because 212Bi

decays by alpha emission only 36% of the time, the number of counts conlributed by 212Bi to the

6.(10 MeV alpha peak will always be equal to about one-half the number of counts in the 212po alpha

peak.

Both mc.chanistic and analytical approaches have been developed to mitigate the effect of

natural background alpha radiation. One mechanistic approach to reducing natural alpha background ,,
relies on the use of inertial impactors. Results reported in the literature 7 indicate that radon and

thoron daughters, which are the main contributors to background alpha activity, are primarily
associated with small-diameter particulates. Impactors reduce alpha background by removing s_mle

fraction of the small-diameter particulates from the sample airstrcam prior to the point of particulate

collection. Plutonium bearing particles, having greater density than the smaller particles associated
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with radon daughtcr activity, pass through the impactor and are collected on a filter or other
collection medium. Two of the four CAMs that were cw_luated, the Kurz model 8311 and tile

ANL-W prototype CAM, were cquipped with impactors.

Other mcchani,'_tic approaches focus not on eliminating the background iso)topes from the sample

airstream but on reducing their effect on the quality of collected spectra. As was prcviously

mentioned, the RADcCo model 452 and Mcrlin Gerin Edgar CAMs are equippcd with multi-vaned

collimators pc)sitioncd between the sample collection filter and the solid-state silicon alpha detector.

Alpha particles emitted from the sample filter at c)bliquc angles strike thc collimator and consequently

do not reach thc silicon detector. Thus, alpha particlcs significantly degraded in energy clue to iongcr
path lengths through dust collected on the filter and through the air between the filtc_ and silicon

detector arc climinatcd from the spectrum. The result is narrower peaks that conlribute fewer counts

to the region of the 239pu alpha peak. A third nlechanistic approach tc) reducing the cffcct of

background alpha p_lrticles _lchievcs the same goal as the cc)llimator by simply eliminating the sample

filter. This approach is used in the Kurz model 8311 alpha CAM. Aerosols entraincd in the sample

airstream are cc_llcctcd directly on the face of the silicon alpha detector. Because the alpha particles

dc) not traverse an _ir g_lp, they arc only degraded in energy as a result of passing through whatevcr
layer of dust was present prior to their emission. Consequently, the widths of alpha peaks in

collected spectra arc much narmwcr than the widths that can normally be achieved using a sample
collection filter.

01"the spectrum analysis metht)cts that have bccn devclopcd, the most comnaonly used are those

that determine net counts in the 239pU peak by subtracting from the total counts in the 239pu peak

some t'ractk_n of the counts in adjacent regic_ns _1' the spectrum. In each casc, the cxpression for nct

239pu cc_unts iS a linear function of counts in the 239pu and background regions of the spectrum.

Three such spectrum an_llysis algc)rithms, which arc cux'rcntly installed in the majority of commercially
available _alpha CAMs, wcrc cvalu_tcd.



INSTRUMENTATION

Description of Alpha CAMs

" As was previously mentioned, of the five alpha CAMs tested, four were commercial units while
the fifth was a prototype currently used at ANL-W. The commercial CAMs tested were the Kurz

. model 8311, Merlin Gerin Edgar, RADeCO model 452, and the Victoreen model 758. A preliminary
evaluation of the Victoreen model 758 CAM was performed during FY 1989 (see Reference 2) and
the ANL-W, Kurz, RADeCO, and Victoreen CAMs were subjected to more rigorous tests during
FY 1990 (see References 3 and 4). The Merlin Gerin Edgar CAM was subjected to similar tests
during FY 199l.

"lhc ANL-W prototype CAM has been in use at ANL-W since 1975. 7'8'9 The femurcommercial
CAMs were chosen for testing because they were representative of state-of-the-art designs. The
ANL-W CAM was also selected for testing because it has been reported to have the capability of
detecting 1 DAC of 2V_Puin less than one-half hour in the presence of 1 pCi/L of 21gpo (see
Reference 7).

This section provides a brief description of the main components o1"the five alpha CAMs.
Information regarding the solid-state silicon detector installed in each CAM, the sample collection
filter(s) used during testing, the distance between the filter and detector, and the sampling flow rate
recommended by each manufacturer is summarized in Table 1.

ANL-W Prototype
,!

3'he ANL-W alpha (_'AM (see References 7-9) is equipped with a two-stage virtual impactor
to eliminate radon prt)geny and cc,nccntrate airborne plutonium-bearing particulates. A schematic
of a virtual impactor and cutaway view of the ANL-W CAM showing the general arrangement of the
two-stage virtual impactor and solid-state silicon detector is presented in Figure 2. Air, which is
sampled at the relatively high rate of 283.2 L/min (10 ft3/min), is drawn through a circular array ot"
inlet jets and is directed towards a complementary array of receiving tubes. A major portion of the
air leaving the jets (205.3 L/min) is drawn off laterally before the airstrcam enters the receiving tubes.

_ Small particles entering the inlet jets follow the lateral flow of air and do not enter the receiving
tubes. Large particles not able tc) l'oll¢)wthe lateral airflow enter thc receiving tubes. This

" arrangement is rcpcatcd in a second stage in the impactor, with the lateral flow in this stage being
58.4 L/rain. In principle, the mir,.or (19.5 L/rain) airflow exiting the second set of receiving tubes
contains most of the plutonium-bearing particulates that entered the impactor. This minor airflow

is directed to a sample collection filter spaced about 3 mm from a 8(X)mm2 surt'ace barrier silicon
, detector. The cut point, ¢_rsize at which 5()% ot"the particles pass through the impactor, corresponds

to an aerodynamic mean diameter (AMD) of about 1.5 p,m, which is equivalent tc) a geometric
diameter of 0.4/J,m t'¢_ra plutonium oxide particle (see Reference 7). Thus, particles larger than

, 0.4/.Lm arc collected on the sample filter with greater than 50% efficiency. Detailed descriptions of
other components of the ANL-W alpha CAM may be found in Reference 9.
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Tabte 1. Detectors and filters installed in alpha CAMs.

Detector

Filtcr-

Surl'_ice detector Rec¢_mmended

Type of Diameter area separation Type of flow rate

CAM silicon detector (mm) (nam 2) (mm) collection filter (L/min)

ANL-W Surfitce Barrier 31,9 80() 3.2 Millipore AA 0.8/zm 283.2

Kurz Diffused Junct, 25.0 490 NA None 56.6

Merlin Gcrin Ion implanted 47,0 1735 I 1,0 Millipore AW 2.0 p.m 40,0

Millipore AA 0,8/.zm

RAI)eCO Ion implanted 43.7 1500 6,4 Millipore SM 5,0/zm 56.6

Millipore AA 0.8/zm

Victoreen Ion implanted 46.5 1700 1.8 Millipore AA 0,8 .ttm 56,6

Figure 2. Schematic of a virtual impactor and cut=lway view of the ANL-W alph=; CAM showing

arrangement of the two-stage virtual impactor and s_lid-st_tc detector.



Kurz Model 8311

The Kurz model 8311 alpha CAM is manufactured by Kurz Instruments Inc., Monteray,

California. This CAM employs an inertial dichotomous impactor that dirc,cts entrained particulates

. directly onto the face of a 490 mm 2 diffused junction silicon detector. A cutaway view of the Kurz

model 8311 alpha CAM is shown in Figure 3. Air enters the CAM through a 360-degree
circumferential inlet slot with a width ordinarily set to eliminate particles larger than 20/zm from the

- inlet air stream.l° The air then passc,s through the inertial impactor, which is a plate containing two
sets of concentrically arranged holes. The effluent face of the impactor plate is pc_sitioned directly

over the silicon detector. In principle, larger particles strike and adhere to the face of the silicon

detector, while the smaller-diameter particulates remain entrained in lhe airstream and arc exhausted

from the CAM. The cut point of the model 8311 impactor has been reported by Kurz Instruments
to be about 0.7/zm AMD (see Reference 10). Because this CAM does not use a collection filter,

alpha particles do not have to traverse an air gap before striking the detector, and hence, alpha

spectra collected using the Kurz 8311 exhibit a resolution much better than that normally achieved

using conventional designs that employ filters. A detector amplil'icr/line-driver circuit allows remote

operation of the CAM sample collection head at distances up to 1200 m. A mass tlow sensor and

associated electronics that monitor sampling flow rate and cumulative air sample volume are

incorporated into the Kurz model 8311FE and 831 1FT CAMs,

Merlin Gerin Edgar

. The French-designed Edgar alpha/beta CAM is distributed in the U.S. by Merlin Gerin, Inc.,

Smyrna, Georgia. The CAM is equipped with a 1735 mm 2 ion-implanted silicon detector and a

NSCS00 microprocessor analyzer. The detector and analyzer are housed in two separate modules

. which are electrically connected via a cable. A schematic of the Edgar CAM showing the

arrangement of the sensor and electronics modules and air sampling pump is presented in Figure 4.

From the point 'ff view of sensitivity, the most important design feature of the Edgar CAM is

the collimator that is installed between tlac filter and alpha detector. The spacing between the filter

and detector is 11 mm, which is about a factor of tbur greater than the spacing used in most alpha

CAMs. (This spacing corresponds to the mean range of a 2 MeV alpha particle in air at STP,

meaning that alpha particles emitted from the sample filter with energies less than about 2 MeV will

not reach the detector.) The collimator, which is positioned directly over the face of the silicon

detector, consists of six very thin metal vanes, each about 10 mm high, that extend like spokes of a

wheel from the center of the collimator. Alpha particles emitted from the sample filter at oblique

angles strike the collimator and consequently do not reach the silicon detector. Thus, alpha particles

degraded in energy duc to longer path lengths through dust collected on the filter and through the

air between the filter and silicon detector arc eliminated from the spectrum. The result is narrower

• peaks that contribute fewer counts to the region of the 23'_pualpha peak. Merlin Gcrin, Inc., claims

that the resolution of the Edgar CAM is so good that less than 0.3% of the alpha particles emitted

by radon daughters are degraded into the energy region of the 239pu alpha peak.

RADeCO Model 452

The RADcCO model 452 alpha CAM is manufactured by SAIC/RADeCO, San Diego,

Calit'ornia. The model 452 is equipped with a 1500 mm 2 ion-implanted silicon detector and a

9



Figure 3. Cutaway view of the Kurz model 8311 alpha CAM.
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Figure 4. Schematic of Merlin Gcrin Edgar alpha CAM showing arrangement ot" the solid-state

detector, sample filter, electronics, and pump.
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512-channel multi-channel analyzer, (MCA) for data accumulatit:a and storage. The detector and

analyzer are housed in two separate modules which are electrically connected via a cable that can be

as long as 60 m. A photograph of the RADeCO model 452 alpha CAM showing the electronics

module and sampling head is shown in Figure 5. Similar in design to the Merlin Gerin Edgar CAM,
•, a multi-vane collimator is installed directly over the face of the RADeCO model 452 silicon detector.

As indicated in Table 1, the filter-detector separation in the RADeCO model 452 CPM is only about

one-half the distance used in the Merlin Gerin Edgar CAM. The smaller separation is a compromise

" design that achieves a modest improvement in peak resolution with only a slight reduction in counting
efficiency.

Of the five CAMs that were tested, only the RADeCO model 452 utilizes spectrum analysis

software that continuously calculates the background counts in the 239pu alpha peak region taking

into account the contributions from each of the three major background alpha peaks not only to the
239pU alpha peak region but also to lower-energy background peals. So rather than assuming the

contributions from the background peaks to the 239pu alpha peak region are fixed fractions of the

background peak areas, the RADeCO analysis algorithm recalculates the proportionality constant for
each background peak on a continuous basis.

Victoreen Model 758

The Victoreen model 758 alpha CAM is manufactured by Victoreen, Inc., Cleveland, Ohio, and

is typical of conventional alpha CAM designs that do not employ impactors or collimators. The unit
i_, equipped with a 1700 mm 2 ion-implanted silicon detector and a 256-channel MCA for data

accumulation and storage. The detector and analyzer are housed in two separate modules which are

Figure 5. RADeCO model 452 alpha CAM.
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electrically ccmnectcd via a cable that can be as long as 60 m. A photograph of the Victoreen model

758 alpha CAM showing the electronics module, sampling head, and t'iltcr drawer is shown in

Figure 6 and a cutaway view of the sampling head shmving the arrangcrncnt ¢7tthe sample filter and
silicon detector is presented in Figure 7.

41

/ks sh_wn in Figure 7, the filter/detector m,_dule houses the silicon detector, sample collection

l]ltcr, detector pre-amplifier, and a mass ltow sensor. In the vie',,,'shown in Figure 7, air enters the

filter/detector module through the short tube on the right side of thc module, moves ct_untcrch_ckwise

inside the tnodulc, passes down through the collection filter, and then exits the module through the

cxhaust pipe at thc bc_ttom. The filter h(_ldcr, which is designed Ibr filters 47 mm in diarncter, is a

drawer that may be pulled out of the rnodule tc._allow changin, g the filter, A stainless steel ring that

is attached tC, thc drawer by li.mr magnets holds the filter against a supp¢_rting cc_urse-.mesh screen.

The drawer is scalcd by a synthetic rubber gaskel and ring. The pt_siti¢ming t_l'thc drawer is such that
the spacir:g b.ctwecn the dctcct_r and the filter is 1.8 mm.

The electronics module consists c,f an NSS-8(I_) micro-process or based 256-channel MCA litr
, t,'_ . ialpha spectral an,ll),sl,, a liquid crvs,tal display, lt numeric/function kcypad, audible and visible alarms,

and a stablc low voltage power supply li)r the solid state siliccm detector.

Figure 6. Ph_tc,graph _)1 Vict_rccn model 758 alpha CAM showing electronics rn_.dulc, sampling
head. and sample filter drawer.
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Figure 7. Cutaway view of Victorecn model 758 sampling head showing arrangement e,!'samplc filter
and solid-state detector.

SampleFilters
I

As indicated in Table 1, three dilTcrcnt samplc, collection filters were used. Merlin Gcrin
supplies Millipt)re AW 2.()ta.mfilters with the Edgar CAM and RADcCO supplies Millipore SM

,, 5.(1#m filters with the modci 452 CAM. The Merlin Gcrin CAM was testcd using Milli)orc AW
• e'_,2.0/.Lm and ht)rh 47- and 25-mm diamctcr MilliFx)rc AA 0.8 _rn filters. Thc RADcLO CAM was

tested using b(_th the filters supplied by RADcCO and Miilip(._re47-mm diameter AA (}.8,u,mfilters.
The ANL-W and Victorcen CAMS were tested using only 47-mm diameter Millipore AA 0.8 p.m
l'ilters. Specificaticms of the three Miilipore filters arc. described below.

Millipore AA 0.8

The filter is a torturous i)ath membrane filter composed of celluh_se acetate and cellulose nitrate
and has a collectitm efficiency bctter than 99.999% ['c)rpartMcs greater than (1.8,am iradiameter.
The filters used wcrc either 47 or 25 nam in diameter and were bc.twecn 120 and 15()#m thick.

Millipore AW 2.0

,, The filter consists of homogenec_us micropomus polymers ()f cellulose esters. Pore size varics
from 2.1)to 4.5/./,m from l()t to lot. The filters used were 47 mrn in diameter.

" Millipore SM 5

The filter is a tortuous path membrane filter composed of cellulose acetate and celluh)sc nitrate
anti has a ,'(Hlcctitm efficiency better than c.N.999%for particles grcater than 5 #na in diameter. The
filters used wcrc 47 mm in diameter and t'_'etv_ccn"120 and I50/.zm thick.
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Detector Calibration

The energy, calibration ot" each solid-state silicon detector was determined and intermittently

checked by measuring a filler standard that contained 23°Th, 23'_pu, and 244Cnl. ']['he three isotopes

emit alpha particles having average energies of 4.67, 5.15, and 5.80 MeV, respectively. The absolute

counting efficiency of each alpha detector was determined by measuring either the same l'ilter
standard used to perform energy calibrations or filter standards thai contained known quantities of _,

2_'_Pu. The latter stande, rds were prcparcd using membrane filters having a pore size of (}.1/.tta. The

2:_gPu activity was transferred to thc filters using a neodymium tluoride carrier in dilute perchloric

acid. The method has been shown to provide an even distribution of activity over a t'illcr surface with

minimal loss or" alpha particle encrgs,. II The surface density of the material depo:;ited on the filter

standards was ab¢)ut 5(1/a,g/cm2.
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EXPERIMENTAL TECHNIQUES

This section describes the methods used to collect and store alpha spectra, the experimental

procedures used to sample natural ambient and laboratory-generated atmospheres, and the methods

, used to analyze collected alpha spectra. Because the ANL-W CAM was needed for a separate study

being conducted at the Inhalation Toxicology Research Institute (ITRI) in Albuquerque, NM, during

this study it was tested sampling only ambient air. The remaining four CAMs were tested sampling

- ambient air, air synthetically laden with aerosolizcd blank dust, and air synthetically laden with

acrosolizcd dust that had bccn spiked with nCi/g concentrations of 239pu.

Data Acquisition Electronics

In order tt_ provide a common basis l'or comparing the performances of the CAMs and provide
a convenient m_-ans of storing spectral data, signal processing electronics and data storage devices

wcrc kept as similar as possible. The same basic signal processing electronics were used to collect

and store spectral data from the ANL-W, Kurz, Merlin Gerin, and Victorccn CAMs. In the case of

the four previously mentioned CAMs, data acquisition was controlled and cumulative spectra were

stc_rcd using a Canberra System I(X) personal computer equipped with two MCAs. The primary

components of the spectral data acquisition system used with the ANL-W, Kurz, Merlin Gerin, and

Victorecn CAMs arc identified in Figure 8. Bccausc information regarding thc pc)wet and signal

circuitry of the RADcCO model 452 CAM was not available when measurements commenced, the

electronics supplied with the mc_del 452 CAM wcrc used to process spectral data collected using the

, unit. During each sampling using the RADcCO CAM, spectral data were transferred from the

512-channel MCA to the hard disk of a personal ct)mputcr using software supplied by RADcCO.

Specific details regarding the pulse procc,,_sing clcctronics used with the ANL-W. Kurz, Merlin Gcrin,

and Victorccn CAMs arc provided below.

In the case of the ANI,-W CAM, the output o1"the Ortcc 121 preamplil'ier installed in the CAM

was connected to an Ortcc 572 shaping amplifier and then to a Canberra model 8075 analog to digital

cc)nvcrtcr (ADC') and finally to an MCA installed in the System 100. An 80-volt power supply, which

was installed in the ANL-W CAM when received, supplied detector bias voltage. Data collection was

pcrf_rmcd using a 2,l)47..channcl MCA.

The preamplifier and shaping amplifier of the Kurz model 8311 CAM arc installed inside the

CAM bc;_dyand the entire system operates on + 24 Vdc. A dc power supply was used to supply the

+ 24 Vdc required t¢_operate the Kurz CAM. The output of the Kurz shaping amplifier was routed
tc_a Canberra rnc_dcl 8()77 ADC and then to a 4,096-channel MCA in the System I{X).

"l'c_make the Merlin Gcrin Edgar CAM compatible with the Canberra System I(X), a signal cable

" equippt'd with a standard BNC connector on one end was soldered to the amplifier oulput on the
circuit b_ard inside the dctcctc)r tlousing. The amplifier output was routed tc_a Canberra 81)77 ADC

and the output of the ADC was f_:d into a 1,024-channcl MCA in the System I(X).

Because the Victorccn model 758 MCA was not used during this study, the + 8 V required to

drive thc preamplifier was supplied by a dc power supply and the detector bias voltage was supplied
using a cc_mbination of 67.5 Vdc from a battery and 60 Vdc from a second dc power supply. The
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Figure 8. Data aquisition electronics.

output of the Victoreen preamplifier was routed to an Ortec 572 shaping amplifier and then to a

Canberra modcl 8077 ADC and finally to a 2,047-channcl MCA in the System 100.

Samplings

During the initial samplings ot"natural ambient air pcrl'ormcd during FY 1990, when the ANL-W

and Kurz t)r ANL-W and Vit:t¢)rccn CAMs wcrc operated simultaneously, cumulative spectra were

stored every 01)minutes throughout each sampling. During ali subsequent samplings pcrformcd using

the ANL-W, Kurz, Merlin Gerin, RADeCO, and Victorcen CAMs, spectra were st()rcd every 31)

minutes throughout each sampling. Following each sampling, the speclra stored on hard disk were
transferred to tlt)ppy disks. The spectra files stored on lloppy disks were later combined ()n 10
megabytc Bernoulli cartridges.

Dctailed dcscriptions oi'samplings performed using the ANL-W, Kurz, RADeCO, and Victorccn

CAMs may bc l'¢)und in Reference 3. The following scctions describe the samplings pcrl'ormed during ,"
FY 1991 using the Merlin Gerin Edgar alpha CAM.

During each sampling performed using the Merlin Gerin Edgar CAM, the sampling pump
provided with the Edgar CAM was used to maintain airflow through the CAM. Air llow rate was

monitored using a Dwyer tlowmeter and ,_hcrol't vacuum gauge. In ali cases, the sample t'iltc.r was
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weighed before and following the completioh of sampling using an electronic balance with a sensitivity
of 0.01 rag.

Natural Ambient Air

=

Seven samplings of natural ambient air were performed using the Merlin Gerin Edgar alpha
CAM. During these samplings the CAM was equipped with either a 0.8/zm, 47-mm; a 0.,8 _m,

. 25-mm; or a 2.0/xm, 47-mm diameter filter. Measurements of ambient air were made both in an

unconfined space inside a laboratory and also inside a glove box located in another laboratory.

During five samplings of room air conducted outside the glove box, the Merlin Gerin detector/filter

assembly was placed in the open, suspended about 1.5 m above the floor. During the two samplings

of room air perlbrmcd inside the glove box (June 24-26 and July 3-8, 1991), the detector/filter

assembly was positioned such that it was no closer than 30 cm from any glove-box surface. An access

door on the glove bc)x was left open during samplings of ambient air.

The durations of samplings of ambient air ranged from 49 to 118 hours at sampling flow rates

that averaged between 19 and 25 L/min. Information regarding filter pore size and diameter,

sampling duration, average flow rate at STP, total sample volume, and mass of particulate collected

on the sample filter at the end of sampling is summarized in Table 2 for each sampling of ambient

air. Also listed in Table 2 are the average airborne dust concentrations calculated by dividing the

mass of collected particulate by the total sample volume. The results indicate that during samplings
of ambient air, average dust concentrations ranged from about 0.004 to 0.03/._g/L.

, Table 2, Summary ol"sarnplings of anabicnt air performed using the Merlin Gerin Edgar alpha
CAM.

. Average Average

flow Total Sample airborned

Sampling Start Sampling rate at sample filter mass dust

Oat cs time du ration STP vol uv'ne load ing conccnt ration

(m/d/y) (h:m) (h) (I/m) (L) (rag) (_&/L)

0.8 Fm 47-mm diameter filler

07/03-08/91 10:52 117.87 18.69 132 E+05 0.57 4.31 + 0.48 E-03

06/24-26/91 10:57 49.10 19.81 5.84 E+04 0.72 1.23 __.0.14 E-02

06/18-21/91 14:04 6'7.92 19.83 8.08 E+04 1.93 2.3.9 _+..0.27 E-02

0.8 .u,m Z'i-mrn diameter filter

06/14-18/91 12:53 94.12 21.99 1.24 E+05 2.16 1.74 + 0.19 E-02

2.0/_m 47-mm diameter filter

" 06/07-10/91 09:48 70,92 24,40 1.04 i_+05 0.85 8.19 _+0.92 E-03

06/04-06/91 12:01 49.55 24.59 7.31 E+04 0.70 9.58 __ 1.07 E-03

06/11-14/91 09:28 73.82 23.57 1,04 E+05 3,39 3.25 + 0.36 E-02
,1,
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Laboratory-Generated Atmospheres

A glove box and an aerosolizcr wcrc used to generate atmospheres ot" dust-laden air. The

plastic-wailed glove box, which was about 1.2 m long, 0.9 m high, and 1.1 m deep, was equipped with
two glove ports and an access door. The acrosolizer consisted of a V-shaped Plexiglas tray measuring

about 30 cm high by 46 cm long. At thc top, the inside width of the cavity in the tray was about

20 cm. A perforated 0.95-cm diameter plastic tube was installed near the bottom inside surface of

the tray and the tube was plumbed to a plant air supply. A flow meter was installed between the

perforated tube in the aerosolizer tray and the plant air source so as to allow setting the tlow rate

of air being supplied to the acrosolizcr. About 250 g of finely sicvcd soil was placed in the
aerosolizcr tray prior to each sampling. Aerosolization of the soil was initiated by starting airllow

through thc perforated tube in the bottom of the aerosoilzer tray. During samplings, the ilow rate

through the acrosolizcr was usually maintained between 5 and 10 L/rain.

Aerosolized Blank Dust. Ninc samplings of air synthetically laden with blank dust wcrc

pcrformcd using thc Merlin Gcrin CAM. The soil uscd during the cxpcrimcnts was collected from

thc dry lakc bed southwest of thc RWMC and was sieved to 200 mesh (< 75/zm). During I'ivc of

thcsc samplings, the CAM was equipped with a 0.8 _m, 47-mm diamcter filter and during thc

remaining four samplings it was equipped with a 2.0/,m, 47-mm dianletcr filter. The detector/filter

assembly was positioned such that it was no closer than 30 cm from the acrosolizcr tray or any

giovc-box surface. An acccss door on the glove box was left partially opcn during samplings of
acrosolizcd blank dust.

t,

The durations of samplings of air synthetically laden with blank dust ranged from about 21 to

71 hours with avcragc sampling llow rates ranging between about 17 and 24 L/rain. Sampling

duration, the duration the aerosolizer was uncovered, average flow rate at STP, total sample volume,

and mass t_l"particulate collected on the sample filter at the end of sampling arc summarized in

Table 3 tbr each sampling. Also listcd in Table 3 are the averagc airborne dust concentrations

calculated by dividing the mass t)l"collected particulate by the w_lume of air sampled while the

aerosolizcr was operating and uncovered. "l'hc results indicate that during these nine samplings of

dust-laden air, average dust c_nccntrations ranged from about ().()()8 to 1).9_g/L.

As indicated in Table 3, with the exception of the sampling performed Juno 26-27, 1991, the

aerosolizcr was c_peratcd cc_ntinuously throughout each sampling. A heavy Plexiglas cover was

positi_ncd _wcr the acmst_lizcr tray when flow to the aerosolizcr was initiated and the cover was

normally kept in place 15 tc_2() minutes in order to allow the dust ck_ud inside the acrosolizer to
dissipate. When the inside of the acrosolizer cleared, the cover was gently removed and s_on

thereafter sampling and spectral data acquisition was initiatcd. In the case of the sampling pcrl'c_rmcd

Juno 26-27, sanlpling and acquisition of spcctral data commenced about 3 !:'_urs pri_r to the time the

acrosolizer was uncovered. So during this particular samplin?, for about 3 hours the ('AM sampled

normal ambient air and then for about 18 hours it sampled air having an average dust concentration
()t"1).9#_I.,.

AerosofizP, d Spiked Dust. The same soil used tbr the samplings previously described was tater

:i i:_cd with z3'_Pu. Deionizcd water was stirred into 1 kg of the soil until it became a slurry. The

2__Pu spike, which was prepared as a plutonium nitrate solution, was then stirred into the soil slurry.

Thc mixtt_:_.'was then heated on a hot plate and stirred continuously until the liquid had evaporated
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Table 3. Summary of samplings of aerosolized blank dust performed using the Merlin Gerin
Edgar alpha CAM.

Average Sample Average
Duration flow filter mass airborne

Start Sampling aerosolizer rate at Sample loading dust

Sampling dates time duration uncovered STP a volume b (rag) concentration 0zg/L)
(m/d/y) (h:m) (la) (b) (L/m) (L)

07/02-03/91 12:01 22.45 22,45 19.29 2.60 E+04 0,22 8.47 _ 0.95 E-03

06/28-07/01/91 09:48 70.67 70.67 18.60 7.89 E+04 5.93 7.52 ± 0,84 E-02

07/08-09/91 10:23 22.45 22,45 18.32 2.47 E+04 5.20 2.11 _ 0.24 E-01

07/01.-02/91 09:34 24.02 24.02 18.44 2.66 E+04 12.10 4.55 ± 0.51 E-01

06/26-27/91 13:17 20.92 17.70 17.15 1.82 E+04 16.54 9.08 ± 1,02 E-01

07/17-18/91 17:09 22.47 22.47 23.49 3,17 E+04 1.59 5.02 ± 0.56 E-02

07/10-11/91 10:00 24,00 24,00 23.09 3.33 E+04 3.39 1.02 ± 0.11 E-01

07/15-16/91 09:35 28.57 28.57 23.97 4.11 E+04 9.39 2,29 ± 0.26 E-01

07/09-10/91 09:40 23.48 23.48 20.90 2,95 E+04 24.77 8.41 ± 0.94 E.01

a, Average flow rate during the time the aerosolizer was uncovered,
b, Sample volume during the lime the aerosolizer was uncovered.

and the material hardened. The dried soil was then ground using a coffee grinder and the resulting
powder was sieved through a 100 mesh (< 150/xm) screen. Three samples of the sieved soil, eachw.

approximately 10 mg in size, were removed from different regions of the bulk sample and were

analyzed using radiochemical separation techniques and alpha spectrometry to determine the
concentration and homogeneity of 239pu in the soil. The measured concentrations of 239pu in the
three soil samples were 1.91 ___0.09, 1.71 "± 0.07, and 1.76 +__0.07 nCi/g, showing that 239pu was
homogeneously distributed throughout the soil.

Five samplings of air synthetically laden with dust spiked with 239pu were performed with the

CAM equipped with a 0.8/.Lm, 47-mm diameter filter. During measurements performed with spiked

dust, the glove box was installed inside a ventilated hood. The detector/filter assembly was positioned
inside the glove box the same way it was positioned during measurements of aerosolized blank dust.

An access door on the glove box was left partially open during the samplings of aerosolized SFiked
dust.

The durations of samplings of air synthetically laden with spiked dust ranged from about 12 to

,, 39 hours with average sampling tlow rates ranging between about 17 and 20 L/rain. Sampling
duration, the duration the aerosolizer was uncovered, average flow rate at STP, total sample volume,
and mass of particulate collected on the sample filter at the end of sampling are summarized in

- Table 4 for each sampling. Also listed in Table 4 are the average airborne dust concentrations
calculated by dividing the mass of collected particulate by the volume of air sampled while the

aerosolizer was operating and uncovered. The results indicate that during these five samplings,
average airborne dust concentrations ranged from about 0.2 to 2.0/xg/L.
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Table 4. Summary of samplings o1' aerosolized spiked dust performed using the Merlin Gerin

Edgar alpha CAM,

Average Sample Average
l)uration Ilow fillcr nirhornc

Sampling Slarl Snmpling nerosolizcr rale at Sample mass dusl

dates lime ' duratiun uncovered S'I'i 'a wflumc Ionding c'tmccnlrmion

(m/d/y) (h:m) (h) (h) (! ,/m.) (! .) (rag) (/xg/I ,)

07/24/91 1)7:(1(1 12,22 7.63 20,00 9.16I'_+(13 2.(19 2.28+ (1.25I(411

07/30-()8/01/_)1 18:42 38.78 8.77 18.94 9.97 i(+(13 6.78 6.80 +_0.76 [ '1
07/24-25/')1 2(1:18 18.37 7.(,2 18.94 8.(,(, I-+(13 (,.48 7.48 + (I.84 1(411

07/25-26/¢,_1 15:58 23.98 (,.10 18.')4 6.')3 li+(13 8.2(, 1.1't _+ (I.13 I,;+110

07/2,_-3(1/'Jl 13:36 28.()7 8.67 17.40 9.05 i:,+03 18.47 2.(14 + 0.23 I.',+(1t1

a. Average flow rate during lhc time lhc aerosolizer was uncovered.
b. Sm'hplc volume dtlring the time the aerosolizcr wns unc(wered.

As indicated in Table 4, the acrosolizer was operated lhr only between about 6 and 9 h_,urs

during any given sampling. The CAM was allowed Losample ambient air for between about 5 and

3()ht_urs belore the ae,'osolizer was turned on in order tC,allow the radon progeny being deposited

on the filters to come into equilibrium. As usual, the aerosolizer tray was covered when Ilow thr¢,ugh
the aerostflizer was started and it remained covered for 15 to 20 minutes to alk.,w lhc initial dust

cloud to dissipate. The removal of the acrosolizer cover was always coordinated with the spectrum

accumulation cycle so that the cover was removed at the beginning of a new 30-minute counting

interval. With the exceptk_n of the sampling performed July 3()-August 1, 1991, once aerosolization

was started it was continued until sampling was tcrminated. During the July 3(l-August 1, 1991

sampling, beginning about 14 h¢_urs into the sampling, thc acrosolizcr was operated for about 9 hours,

but rather than terminating sampling whcn thc aerosolizcr was shut off, sampling was continued for

another 16 hours. One other pcrturbatitm should bc mcntioncd. When thc acrosolizcr was

uncovered during the July ,.')9-.,,,,a'_1991 sampling, the aerosolizer tray was intentionally tapped several

times in order to generate a dust cloud. The tapping was repeated about 4 hours later at the

beginning of a spectrum accumulation cycle. The purpose was to determine whether or m,t the CAM
was capable of detecting momentary increases in airborne zJ'_Pu activity.

Alpha Spectrum Analysis Methods

Tlirec different spectrum analysis algorithms were used to analyze cach alpha Sl)cctrum thai was

: c,_llcctcd during samplings pcrf(_rmcd using the t'ivc alpha CAMs. These mathcnaatical algc,rithms

dctcr:ninc net ct_unts in the :"3"Pu peak by subtracting fn,m lhc total counts in the 2:V'Pu peak stmle

fraction of the c(_unts in adjacent background regions ¢_t'the spectrum. These regit_ns, or energy

windrows, arc c_mm_mly referred lc_ as regions ot" interest (ROls). "Flat"three alg_)rithms cmph_y _me

R()I that enctulll)asscs the energy region ()t"the 23Upupeak and either one, lwr) t)rthree backgrt,und

ROIs. t lento, they arc c¢',nlm()nly referred tr) as lilt; Iw()-, three- and f¢)ur-window spectrum analysis

alg¢_rithrns. "l'tac k_cations of the ROts used in the two- and three-window analysis alg¢_rithms arc o

shown in l::igurc 9a, where rcgitms I and 2 ct_rrespcmd, respectively, to the 23'_pu and backgro_nd

ROls used in the two-window alg_rithm and regions 3, 4, and 5 c¢_rrcsp_nd tr) the lower I',ackgrt_und,

" vu, and upper backgrt)und ROls used in the three-window algorithm. 'l'hc h,catitms t,t the RC)Is
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• Figure 9a. ROIs used to analyze spectra using the two- and three-window analysis algorithms.
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Figure 9b. ROIs used to analyze spectra using the four-window analysis algorithm.
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used in the four.window algorithm arc indicated as regions 6 through 9 in Figure 9b, where region 6

is the 23'_pu ROI and regions '7, 8, and 9 arc background ROls.

As shown in Figt, rc 9a, the background ROI used in the two-window algorithm is located .just

above the 239pu ROI and encompasses the 6.00 MeV 21_Po/ZlZBialpha peak. The two background

ROls used in the three-window algorithm are below and above the 23_'JPuROI and are both adjacent
to it. In this case, the background ROI above the 239pu ROI encompasses the low-energy tail of the

6.(t0 MeV 21_Po/elZBi alpha peak. The three background ROIs used in the four-window analysis

algorithm encompass the high-energy side of the 6.(_)MeV 218po/212Bi peak and the low- and
high-energy sides of the 7.69 MeV 214po alpha peak. In the case of the four-window algorithm, the

basic assumpti(m is that in the absence _)t'2Z';Pu the ratio of counts in the low-energy side o1"a

background peak t() the counts in the high-energy sMc ()1'the same peak shouM bc proportional to

the same ratio determined for othcr background peaks. When 239pu is present in the sample

airstrcam, it contributes counts t() the low-energy tail of the 6.(R) MeV :"lSPo/em"3i peak and these
counts must be subtracted from the ROI in :order for the equality tc) remain true.

For ali three algorithms, the number of net counts in the 23'_pu peak is expressed as a simple

linear equation involving a single c()cfficicnt whose value must bc experimentally determined. The

value of the coefficient determines what fracti()n c)f the counts in the background ROI(s) must bc

subtracted from the counts in the 239pu ROI in order to yield zero net counts in the absence ()f 239pu.

The three equations for net counts in the 239pu ROI are:

Two-window algorithm"

Ceu = C 1 - ktC 2 (1)

Three-window algorithm:

Cpu = C4-k2(C 3 + Cs) (2)

Four-window algorithm:

{CvC_}

Cpu --C.- k_ C,, (3)

where C 1, C._, and C. are the total number of counts in the 23'_pu ROI and C 2, (.23,C s, C 7, Cs, and
C,) arc the total number of counts in the corresponding background ROIs. The energy ranges of the

z3'_Pu and background ROls used for analysis arc given in Table A-I in Appendix A.
qlP

Spectra collected during each sampling of ambient air and air synthetically laden with blank dust

were analyzed to determine the value and standard deviation of each of the coefficients in Equations

(1), (2), and (3). The equations used to calculate the coefficients kI, ke, and k3 arc derived in
Appendix A. The initial step in the analysis tri"each alpha spectrum was the determination of the

gross number _)t'counts in each t_t' the 9 ROIs previously defined. (For the purpose of monitoring
their relative activities as a function ot' sampling time, the gross number of counts in each of the three

majc)r background alpha peaks wcrc also determined for each spectrum.) Spectra wcrc analyzed and
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the coefficients were calculated using a spectrum analysis program that was written and compiled in

C and installed on a VAX 3200 computer. Values of the coefficients were initially determined using
spectral data for two consecutive counting intervals, meaning that the coefficients were deterrnined

at 30 or 60 minute intervals throughout each sampling depending on which data acquisition cycle time

was used. As was previously mentioned, the initial samplings of ambient air performed using the

ANL-W, Kurz, and Victoreen CAMs were performed using a one-hour counting interval, but ali

subsequent samplings were done using a 30-minute counting interval. For selected samplings where

" a 30-minute counting interval was used, the values of the coefficients were also determined using data

for every other spectrum. This allowed determing the coefficients during these samplings based on
an hour counting interval. The average value and standard deviation of each of the three coefficients

were determined for each sampling of ambient air and aerosolized blank dust. '

Having determined average values of the coefficients in Equations (1), (2), and (3), the

concentration of airborne 239pu during any given counting interval was calculated as:

(Xpu)n= (Cpu)n- (Cl,u)n_j (4)
2.22eY[F(n-j AT][jaTI

where

, (Xpu)n = the concentration of airborne 239pu during counting interval n (pCi/L)

(C_,u)n and (Cpu)n.j = the number of background-corrected counts in the 239pu ROI at the
end of counting intervals n and n-j

2.22 - the number of disintegrations per minute (dpm) per pCi

= the absolute counting efficiency of the alpha detector (counts per
disintegration)

Y = the 239pu collection efficiency of the CAM

F = the sampling tlow rate (L/min)

kT = the length of the counting interval used during sampling (min)

j = an integer. (When j is set equal to 1, data from consecutive spectra

• are used and when j is set equal to 2, data from every other spectrum

are used.)

23



The lower limit of detection (LLD) concentration for airbt_rnc z3'_pu during any givcn counting

interval was calculatcd at the 95% confidence Icy,::t _:,ing the methods described by Curric. 12 LLDs
werc calculated as:

4.653 (Obgd)n
(xd) -- (5)

2.22 Y I FjaWiijtffl
2

whcrc

(Xd) n -" the LLD concentration of airborne 23';pu during counting interval n (pCi/l_,)

(Obgd)n = thc standard deviation in thc dil't'crcncc bctwccn the 23';pu ROI background
counts in thcn th and (n-j) th spectra.

Equations (4) and (5) arc dcrivcd in Appendix A. Also provided in Appcndix A arc the assumptions
used to dcrivc them. Notc that the ctmstant 2.71 normally added to the numerator ¢_1'Equation (51)

is absent. The constant was always much smaller than thc product 4._553 (ol,gd) n, so LLD
concentrations wcrc calculated omitting the constant.

The statistical uncertainty in the change in 23';pu ROI backgrtmnd counts was calculated for

each counting interval using thc following three ti_rmulas:

q

Two-window algorithm:

2 2

.(O_,gd)n = {k t (Nl_)n + (NI0 n (o k )2}1/2 (6) .1
i

Three-window algt_rithm:

2 ' 2 I/2
Nl_)n (o } (7)(Obg,),,= {k2 + ( @2

Four-window algorithm:

"1 " 2

(Obgd) n = {k:2(Nl_,)n + (NB)n,.iO.k3) }1/2 (N)

where

(Nl_) n = the change in gross counts in the backgrtmnd ROl(s) during
cc_unting interval n

(okj), (Ok,e), and (ok:_) = thc standard deviations of k 1, k2, and k3, respectively.

Equatit_n (5 I)shows that lhc sensitivity of any (;AM is determined by a number t_l'intcrrclatcd

t'actc)rs. Fc)r example, a coilimat_r like those installed on the RADcCO and Merlin Gerin CAMs will
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improve peak resolution and reduce background count rates and thus serve to minimize (O0,gd).
However, a deleterious effect of a collimator is that it reduces counting efficiency (_). Because the

LLD is proportional to (Ot,g,t) but inversely proportional to counting efficiency (_), a collimator may
only modestly improve sensitivity. The same type of argument holds for a CAM such as the Kurz that
does not use a sample collection filter. The improved resolution of such a CAM results in lower

background count rates, but because entrained particles must stick to the face of the silicon detector

to be detected, the activity collection cMciency (Y) may be significantly lower than the collection

eMciencies achieved using conventional sample collection filters. So again, a benefit may be offset

by a drawback in the design era CAM. A final point, as shown by Equation (5), the LLD is inversely

proportional to sample flow rate. In the absence of an inertial impactor, increasing the sampling llow

rate would result in a proportkmatc increase in background count rates and would thus not result in

a lower LLD. However, sampling at very high flow rates may bc practical ii"the CAM is equipped

with an inertial impactor that keeps background count rates in check.

Equations (6), (7), and (8) show that the LLD is a function o1" the count rate(s) in the

background ROI(s) but is also a function o1"the standard deviation of the coefficient used for

background subtraction. Equations (6), (7), and (8) can each be rewritten as:

1 (9)
• 4.

g,gd= k (Nl ) (NI3)
p

For Nl_ >> 1,

i

t°bgd = 1_ • I(X)

(lr

Obg,j = ok.(NI3 ) . (11)

Equations (10) and (1 l) show that tbr cases where background count rates are not negligible, the

LLD will be proportional to the product of the standard deviation elk and the change in the number

of counts in the background ROl(s) during a given counting interval. The relati_mship between O_,gd

and k, o k, and NI_ is shown in Figure 10 where, O_,gd is plotted as a function of the standard deviation
. of k, expressed in %, for k equal to 0.05 or 0.5 and Ni3 equal to 500, I,(X)0, or 2,0(X) counts. By

Equation (10), the slope of each line is equal to (k.N_)/100, which is simply the change in the
number of background counts contributed to the 23'_Pu ROI divided by I(_). The results plotted in

Figure 10 show that ii" the average value o1"thc coefficient k is small, as would be the case with a

CAM having gtx_d peak resolution, andA)r thc background count ratc is not too high, as would bc

the case with a CAM equipped with an effective inertial impactor, then the uncertainty in k is

relatively unimportant insofar as the LLD is concerned. If, on the other hand, k is large, as would

bc the case with a CAM having poor peak resolution, and/or the backgr¢_und count ratc is large,
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which wcmid he the case with a hi,,:h-vcAume CAM not equipped with an impactor, :hen the LLD of

the CAM increases rapidly as the uncertainty in k increases. Airborne dust is one cause o1' po¢_r

peak resolution. When airborne dust conccntr_tions are elevated, background alpha peaks arc much

broader arid background count rates in the 2WPu ROI are much higher than when the air being

sampled is rclati`.'ely free of dust. Unde[ these conditions, the cocfficic.nt k increases, and by

l!_quati_m (li_) the, increase in k with increasing dust ccmcentration results in higher I, LDs.

ANL.-W. Kurz Instruments, and Merlin Gerin, lnc., currently use the two-window algorithm to

anl tlvze alpha .,,pcctra. Victorecn _riginally equipped the model 758 alpha CAM with the

ft_ur-_,ind_ _,,_,alg_ril hre. i_ut recently changed tc) the three-.wind, w,, algorithm, l?/berline currently uses

the limr-wind_v, alg_rithm ira the Ebcrlinc Alpha 6 CAM. In the case c)l the RADcCO modcl 452

(r'A.!I_¢'I, ;.t I]'Iuch []'l()['t._ st)phisticatcd metht)d is used tc)estimate background counts in the e3'q:h.J ROI.

q'hc RADcCO spectrum analysis algorithn_ employs one 23')pu ROI and three background ROIs and

determines nu_r¢ than one c_cfl'icicnt for each background ROI since it e`.,'aluates the c(mtribution

_)1 highcr..cncrgy backgrc)und peaks to h_wcr.encrgy background peaks. These coefficients arc not

c_nsidcrcd c_.nstants but arc frequently r'ccvaluated during CAM c_pcration. M(_re del.ailed

inti_rrnatit_n regarding the RAI)cC() spectrum analysis technique cannot be prcscrlted hcrc because

the mcth_d is prc_prictary. 'l'hc RADc('O analysis mcthc'_d was not evaluated in this study; only the

three relatively simple analysis atg_nithms prcvk)usly described were used I() analyze spectra collected

using the live CAMs that ,,,,'cvc tested.
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In addition to the spectrum analyses previously described, the centroids and resolutions of the

21_po/zlZBi, 214Po, and 212po alpha peaks were measured as a function of time during a number of

samplings performed using the ANL-W, Kurz, Merlin Gerin, and Victoreen alpha CAMs. Similar

measurements of these peaks in spectra collected using the RADeCO CAM were not perRmned

, because these spectra were stored in a R_rmat that made these types o1"analyses quite d!l'ficult. The
ccntroids and resolutions of peaks in spectra collected using the four previously mentioned CAMs

wcrc determined using a Canberra System 100 analysis routine. For each peak, the ccntroid, full

- width at half maximum (FWHM) and full width at tenth maximum (FWTM) were determined,, The

System 100 calculated the centmid of each peak using a center of mass method and it calculated the

FWHM and FW'FM, respectively, by determining the peak width at heights corresponding to one-half

and one-tenth the maximum number of counts in the peak. These values were calculated in channel_

and wcrc later ccmvcrtcd to energies using measured energy calibration functicms.
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EXPERIMENTAL RESULTS

This section presents experimentally determined values for the main f)aramctcrs that affect

CAM pcrfornmnce. Those parameters include absolute counting elTicicncy, activity collecti_m

eMciency, hackgnmnd count rate, peak resolution, and the c()elticicnts used for background

subtracti(m. LI,Ds for airborne 2_Pu are presented for each CAM for (.'ach of the three spectrum

analysis algorithms that were ,:valuated. Finally, the results of quantitative measurements o1' airborne
23')Pu are presented.

Counting Efficiency

Because spectra wc|'c t()hc analyzed using thrcc ditTcrcnt spectrum analysis algorithms that

cmplt)yed different ROIs f()r the :':_')Pualpha peak, the absolute counting efficiency (>1each detector

for 2:_'_l.)u,expressed as counts pcr disintegratkm (c/d), was normally determined for thrc¢ different
cncrgy windc)ws. The results arc prcscnlcd in Tahlc 5. The three 2:Wpu ROIs t)vcr which counts

were integrated li)r each detector are given in Table 5, A_sshown in "l'ablc 5, the highest dctectt)r

cfficicncics wcrc measured when the ZWPu ROI cncompasscd a larger portion ()1'the k)w energy tail
()1 the :z_'JPupeak.

C¢)unling efficiencies for :'V)Pu ranged tr¢.mla low c)l'about 3% li)r the Merlin Gerin (.:AM tc)

a high (._fab_)t)t 42% for the Kurz CAM. Tiac vcry k)w cc)unting efficiency t)f the Merlin Gcrin ('AM

may be attributed tc_.the thick collimator installed (wer ttac face of the alpha detector and lhc large

spacing between the filter and detcctt)r, whilc tht r relatively high c_)unting efficiency nleasured ti)r the

Kurz C'AM is duc t_ thc fact that entrained aerosols adhere directly to lhc face ()1"the detector. In

thc case of the Kurz (:,,kM, alpha particles emittcd fr_)m aeros()ls c_llectcd ,_n the face of lhc detector

have about a 5():5{)chance of striking the detector and they I_)scenergy in transit lt) the dcteclt_r _)nly

through intcractit_ns with ael'c_sols previously collected. The collimator and 6.4 mn1 filter-dctcctt)r

scparali_n arc rcslx_nsihle for the st)nlcwhat lower c_)unting cl'ficicncy t)l' the RAI)c('O (,AM

Table 5. Summary _)1tictect_)r abst)lutc cc_unting cfficiencies for 23')Pu for the :"WPuROls used with

the two-, three-, ;l)att lour-willtl,w_' analysis algt)rithms [cc)unts pcr disintegration (ckl)].

'l"_,'t_-wi)ltlt_w "l'hrec-window F()ur-willtl()w

alg_)rithm algorithm algorillam

:_"Pu R()I I:_1t'. 2VJPu ROI l:ilL ;__'_PuROI I-ff.

('AM (MEV) (c/d) (MEV) (c/d) (MEV) (c/d)

ANI.-W 3.1)()-5.29 ().335 4.13-5.29 ().332 4.11)-5.18 ().291

Kurz 5.1M)-5.25 ().3(),_ 4.()9--5.25 1).423 4.()9-5.21 ().415

Merlin 3.1)3-5.19 ().()33 4.15-5.19 (1.()33 4.14-5.19 (1.()37,
Gerin

RAI)c('() 2._)-5.27 (). 185 4.13-5.27 (i. 183 4.11-5.21 ().101

Victorccn 3.(_t)-5.29 ().273 4. !3-5.29 (1.264 4. ! 1-5.17 ().2:_2
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comparcd to the counting cfficicncics of thc ANL-W and Victorccn CAMs. Counting ctTicicncics
tbr the RADcCO CAM ranged from 16% to 19% while similar values for the ANL-W and Victorccn

CAMs ranged from 29% to 34% and from 23% to 27%, respectively.

• Activity Collection Efficiency

Measurements performed during FY 1990 (see Reference 3) determined the 23'_pucollection

- clTicicncics o1"the Kurz, RADcCO, and Victorecn alpha CAMs. Following sanlplings o1"acrosolizcd

23'_Pu-spikcd dust, 239pu activities deposited on the sample collection filter and on a filter installed

in thc air stream exiting cach CAM wcrc mcasurcd using radiochcmical scparation tcchniqucs and

high-resolution alpha spcctromctry. For each sampling, thc 239pIj collcction efficiency o1' each CAM

was dctcrmincd by dividing thc activity on the sample collection filtcr by thc sum of the activities

collcctcd on the sample and effluent air stream t'iltcrs. The results showed that the average 239pu

collcction cMcicncics ot" the RADcCO and Victorccn CAMs wcrc ().97 4- ().01 and I).973 .-4-().(X)3,

rcspcctivcly. The avcragc 2:_gPucollection efficiency of the Kurz CAM was significantly lower, being

0.18 + 0.03. Thc activity collection eMcicncy of the Kurz CAM rangcd from 12.8% to 27.5%. The

relatively widc rangc of 23_pu collection cfficicncics dctcrmincd for the Kurz CAM may bc duc to

the fact that 239pu was removed from the face of the detector using cotton swabs wcttcd in lanolin.

In cleaning the outer cdgc of the detector, 239ptl activity may have inadvertently been collected from

the surfaces of the metal support ring that enclosed the detcctor.

An aerosol study recently conducted at ITRI experimentally dctcrmincd the particle collection

efficiency of the Kurz 8311 alpha CAM. Newton" reported that the face of the detector in the Kurz

CAM retained only about 5% of the 10 _m particles entrained in the sample air stream. The
acrosols used in the study wcrc spherical latex particles. Apparcntly, larger particles simply recoil

• from the surface of the detector and arc swept away in the cMucnt airflow. The ITRI results help

explain thc low activity collection cMcicncics measured Ibr thc Kurz model 8311 CAM during the
cc_ursc of this study.

Radon Daughter Removal Efficiency of Inertial Impactors

The grc;:ss number of counts in the three major background alpha peaks (21_po/212Bi at

6.(1_)MeV, 2U4po at 7.69 MeV, and 212po at 8.78 MeV) were measured for each spectrum that was
collected. Incremental ct_unt ratcs in each c_l"the three peaks were calculated as a function of tinlc

during samplings of ambicnt air pcrfc_rmcd when the ANL-W and Kurz or ANL-W and Victorccn

CAMs wcrc Ol_cratcd simultaneously. Bccausc thc sampling flow rates of the CAMs wcrc dil'l'crcnt,

in c_rdcr t_ ,:_mparc the cfficicncics with which thc impactors installcd c_rl the AN L-W and Kurz

CAMs removed rad_n pmgcny from thc sample air stream, count rates in the three !'_ackground alpha

peaks wcrc divided by sampling flow rate to obtain counts pcr liter of air sampled. Valucs of lhc

" ratic_ ¢_1"counts pcr liter for the ANL-W and Victorccn CAMs showed that the two-stage virtual

impactor install,,.:d in the ANL-W CAM rcmov_-d, on avcragc, greater than 95% of the radon

, daughter activity from the sample air stream during samplings of ambient air. In thc casc of the Kurz

a. Private communication, G. Newton, I.xwclacc Inhalation "l'oxicc_iogy Research Institute,

Albuquerque, NM, May 1992.
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CAM, the results sh_wed lhat, on average, the plate impactor removed about 4(.)% of the 218po and
"_1"-" 2 212p090% or more of tile " "Br, Iapo, and from the sample air stream during samplings o1' ambient

air.

Resolution

Avcragc full widths of tile 21_po/212Bi and 214po alpha peaks at one-half and onc-tcnth their

maximum heights with the baselines rem_wcd arc prcscntcd in Table 6 for selected samplings

performed using the Merlin Gcrin alpha CAM. Results presented in Table 6 arc average values of

the FWHM and t:WTM between 14 and 24 hours following the initiation o1"sampling. Also given

in Tablc 6 arc the avcragc airborne dust concentration and type of I'iltcr used during each sampling.

Similar rcsults for the ANL-W, Kurz, and Victoreen CAMs arc presented in Tablcs B-I, B-2,

and B-3, rcspcclivcly, in Appendix B. Results prcscntcd in the latter tablcs arc avcragc values for

Table 6. Average FWHM and FWTM of 21"_Po/'212Biand 214Po alpha peaks Ibr selected samplings
pcrformcd using the Merlin Gcrin alpha CAM (14-24 ht).

21_'Po/21"Bi 21_Po

Sampling Average dust FWH M FWTH FW11M FWTM

date(s) concentration

(m/d/y) (,u.g/L) (keV) (keV) (keV) (keV)

0.8/zm, 47-mm filter

07/()3-()8/91 4.31 +__0.48 E-()3 210 +_.ii) 546 + 3 195 +_ 1 475 -± 13
a

06/28-(17/()!/91 7.52 + ().84 E-()2 185 _+.12 086 ± 22 232 -_._:7 708 + 19

()7/01-()2/91 4.55 + I).51 E-()I 144 + 3 476 +__38 28() + 3 887 -4._15

()7/3()-()8/()1/91 6.8{) + 0.76 E-()I 2(16 _+ 3 549 _+ 4 2()5 + 4 513 + 24

()7/24-25/91 7.48 -± ().84 E-01 173 + 3 440 + 26 197 _+4 516 + 1

I)6/26-27/91 9.()8 _+.1.1)2E.()I 177 + 26 487 + 34 228 + 2 650 _+_30

()7/25-26/91 1.19 + ().13 E+()() 186 .+_i 51X__+ 24 2()5 & 1 5()7 -± 9

()7/29-31)/91 2.()4 +__11.23 E+(]_) 194 + 1 477 ___3 199 +_2 487 .._+.1()

0.8/zm, 25-mm liltcr

()6/14-18i91 1.74 _+ t).19 E-i)2 189 _+.21 511 + 36 22() + 3 59'7 + 12

2.0/zm, 47-mm filler

(R'_/()4-()6/91 9.58 +_ 1.07 |!:'-03 198 ___5 538 + 17 178, + 2 414 _+.5
J

06/11-14/91 3.25 +__().36 E-i)2 16() +_5 523 +__22 176 _+_3 447 -± 19

()7/15-16/91 2.29 + 0.26 E-()I 167 +_ 14 529 + 55 2'22 +: 3 8_)7 -± 7

()7/()9-11)/91 8.41 + 0.9,:1E-()I 119 + 7 396 + 27 303 + 2 915 + 2
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three dit'fcrcnt time intervals, generally 4 to 12 hours, 14 tc) 24 hours, and 26 to 48 hours after the

beginning of sampling.

In the case of samplings performed with the Merlin Gerin CAM, the average FWHM of the

21SFo/al?Bi and 214po peaks between 14 and 24 hours following the initiation of sampling ranged from

119 to 210 keV and from 176 to 303 keV, respectively. The FWTM ranged from 396 to 686 keV and

from 414 to 915 keV for the two respective peaks. So, the average values of the FWHM and F_

. of these two background peaks both varied by about a factor of two) for samplings performed using
the Merlin Gcrin CAM.

The FWHM and FWTM of the 6.rX) MeV ZlSPo/ZlZBi peak during four samplings of ambient

air pert'ormcd using the Merlin Gcrin CAM when the CAM was equipped with either a 0.8/zm,

47-mm; a 0.8/zm, 25-.rnm; or a 2.0/zm, 47-mm diameter filter are plotted as a function of sampling

time in Figures 11 and 12, respectively. Similar results for thc 7.69 MeV 214po peak for the same

four samplings arc plotted in Figures 13 and 14, respectively. Figures 11 through 14 show that the

resolution of the 6.(X) MeV peak behaved differently than the resolution of the 7.69 MeV peak.

They also show that filter pore size and diameter affected peak resolution. For ali three filters, the

width of the 6.(_) MeV peak generally increased rapidly during the first 20 hours of sampling.

Thereafter, it remained relatively stable in the case of the 0.8/zm filters but continued to increase

in the case of the two samplings performed using a 2.0 ;tm, 47-mm diameter filter. ,,ks shown in

Figures 13 and 14, the resolution of the 7.69 MeV peak decreased monotonically throughout both

samplings pertormed using 0.8 /zm filters but continued to increase at relatively constant rates

throughout the samplings perlbrmcd using the 2.0 _m, 47-mm diameter filter.

The resolutions of the 6.00 and 7.69 MeV peaks behaved differently as a function of sampling

, time, in part, clue to the differences in half-lives of 218po and the precursors of Zl/Bi and Z14Po. As

was previously discussed, 3.1-minute 2XSpo is the direct offspring of ZZZRn, so 21_Po activity on the

filter very quickly rcachcs an equilibrium value and because its half-life is so short it never becomes

covered by aerosols collected at later times. However, because the half-life of 212Pb is 10.6 hours and

that of its daughter 2X2Bi is 61 minutes, 212Bi activity continues to build up on the sample filter

throughout thc first 24 hours of sampling. During this timc, the average thickness of the particulate

layer on the collection filter that alpha particles emitted from 2_2Bi must pass through continues tct

increase. Thc enhanced cncrgy straggling causes the 6.(1_)MeV peak to continue to broaden until

the 212Bi activity on the filter reaches an equilibrium value. In the c.se of 214po, its longest-lived
21

precursor is 26.8-minute Z14pb, so 4Po activity on the collection filter reaches an cquilibrium value

within an hour or two, meaning that the average thickness of dust that its alpha particles must pass

through in traqsit to the alpha detector reaches a constant wduc fairly quickly. The slight

imprcwcment in the rcsoluticm c_l'the 7.69 MeV pcak with sampling time when the 0.8/zm pore size
filters wcrc used probably indicates that pockets or other irregularities in the surface of the filter wcrc

, gradually filled during sampling sc_that the average thickness of material the 7.69 MeV alpha particles

had to pass through slowly decreased. The continuing degradation of the resolution of the 7.69 MeV

alpha peak during samplings with the 2.0/zm pore size filter indicates that aerosols continued to be

" trapped inside the filter medium.

Although during the first 30 to 40 hours of sampling, the resolutions of the 6.00 and 7.69 MeV

alpha peaks wcrc comparable to or slightly lower using the 2.0/zm filter than the 0.8/zm filter, the

results show that the resolutions of these two peaks were more stable when the 0.8/zm filters were
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Figure 11. FWHM of 21_Po/2J2Bialpha peak versus sampling time ti_r samplings of ambient air
perti_rmed using the Merlin Gcrin alpha CAM equipped with three different sample filters.
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Figure 12. FW'FM ()1'21'_P()/212Bialpha peak w.:rsus sampling time ti)r samplings ()1"ambient air
performed using the Merlin Gcrin alpha CAM equipped with three dilTercnt sample fillers.
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Figure13. FWHM of 214Poalpha peak versussamplingtime for samplingsof ambient air performed
using the Merlin Gcrin alpha CAM equipped with three different sample filters.
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used. This implies that the coefficients used for background subtraction will be more stable and will

consequently exhibit smaller standard deviations when the smaller pore size filter is used. This
suggests that the 0.8/._,m filter will provide better sensitivity and more reliable determinations of
airborne TRU concentrations.

The average FWHM and FWTM of the 7.69 MeV 214po alpha peak listed in Table 6 are

plotted as a function of average airborne dust concentration in Figures 15 and 16, respectively. For
samplings pm'formed using the 0.8 _m, 47-mm diameter filter, the FWHM and FWTM of the

7.69 MeV peak both increased rapidly with increasing dust concentration when dust concentrations

were in the range 0.004 to 0.5 _g/L; but when average dust concentrations were above 0.5 _g/L, they

both decreased to values similar to those measured when the dust concentration was C 904 lzg/L. The
results for samplings performed using a 2.0 _m, 47-mm diameter filter show that the resolution of the

7.69 MeV peak continued to worsen with increasing dust concentration for dust concentrations

ranging from 0.01 to 0.8 _zg/L. The average FWHM and FWTM of the 7.69 MeV peak during the
single sampling pcrformcd using a 0.8 ,urn, 25-mm diameter filter, when the dust concentration

averaged about 0.02 _g/L, are similar to corresponding values determined for the 0.8 _m, 47-mm

diameter filter when dust concentrations ranged from 0.004 to 0.08/xg/L.

In the case of samplings performed using the 0.8/xm, 47-mm diameter filter, the abrupt

improvement in the resolution of the 7.69 MeV peak when dust concentrations were above 0.5/zg/L

might be due to the higher rate at which aerosols were being deposited on the sample collection

filter. When the aerosol deposition rate is sufficiently high, 26.8-minute 2a4pb and 19.9-minute 214Bi

atoms already collected on the filter arc buried so quickly that the aerosol layer becomes, for ali

practical purposes, infinitely thick to alpha particles emitted by 164-#sec Zl4po. Cnly those Z14Bi

atoms that decay as soon as or soon after they reach ',he filter produce 214pc)daughters that emit

alpha particles that have a chance of reaching the alpha detector. Alpha particles emitted from 214po ,,
atoms that are created at later times are absorbed by overlaying dust.

The FWHM and FWTM of the 7.69 MeV 214po alpha peak are plotted as a function of

sampling time in Figures 17 and 18, respectively, tk)r four samplings of ambient air performed using

the ANL-W, Kurz, Merlin Gerin, and Victoreen alpha CAMs. FWHM and FWTM results for the

ANL-W and Kurz CAMs arc for a sampling performed when the two CAMs were operated

simultaneously in the same environment. Average dust concentrations during the four samplings were

similar, ranging from about 0.02 to {).07/.,.,g/L. Sampling durations ranged from 94 to 112 hours.
Similar results are plotted in Figures 119and 20, respectively, for seven samplings of aerosolized blank

dust performed using the Kurz, Merlin Gerin, and Victoreen CAMs. Average airborne dust
concentrations during these latter samplings ranged from about 0.07 to 0.9/a.g/L. The Kurz and

Victoreen CAMs were operated simultaneously in the same environment on both dates R)r which

resolution data is presented. The FWHM and FWTM of the 6.00 MeV ZISpo/212Bi alpha peak during

these same samplings of ambient air and aerosolized blank dust are plotted as a function of sampling
time in Figures B-1 through B-4 in Appendix B.

The results pl{_tted in Figures 17 and 18 show that, as expected, the Kurz CAM exhibited the

best resolution. The fact that aerosols adhere directly to the face of the Kurz alpha detector and do
not have to traverse an air gap before striking the detector accounts for the better resolution of the

Kurz CAM. However, as is evident in Figures 17 and 18, in the case of the Kurz CAM, the width

of the 214po peak continued to broaden throughout the sampling, whereas in the case of the
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Figure 15. FWHM Oi' 214p0 alpha peak versus average airborne dust loading for samplings
performed using the Merlin Gcrin Edgar alpha CAM equipped with three different sample filters.
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Figure 16. FWTM ()t" 214po alpha peak versus average airborne dust loading for samplings
performed using th_: Merlin Gerin Edgar alpha CAM equipped with three different sample filters.
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Figure 17. FWHM ()t'Z14Poalpha peak ' sv(.rsu, sampling time for samplings o1'ambient air performed
using ANL-W, Kurz model K_;II, Merlin Gerin Edgar, and Vitro)teen model 758 alpha CAMs.
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Figure 18. FWTM ot"214po alpha peak versus sampling/imo ti)r samplings (_1"ambient air pcrl'()rmcd

using the ANL-W, Kurz m()dcl 831 i, Merlin Gerin Edgar, and Victorecn model 758 alpha CAMs.
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Figure19. FWHM of Zl4po alpha peak versus sampling time for samplings of aerosolized blank dust

pcrlormed using the ANL-W, Kurz model 8311, Merlin Gerin Edgar, and Victoreen model 758 alpha
CAMs.
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Figure 20. FWTM ot"Z]4po alpha peak versus sampling time for samplings o1"aerosolized bhmk dust
pcrtormcd using the ANL-W, Kurz model 8311, Merlin Gerin Edgar, and Victoreen model 758 alpha
CAMs.
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remaining three CAMs, its width remained about the same or became somewhat narrower over

comparable sampling times. For tile sampling o1' ambient air performed using the Kurz CAM, the

FWHM and FWTM ot" lhc 7.69 MeV alpha peak were, respectively, about 8(1 and 190 keV after

3 hours of sampling, but increased to about 140 and 270 keV, respectively, after 48 hours. The fact
that the Kurz CAM does not employ a sample colleclion filter accounts for its excellent initial "

resolution, but this design is also rellonsible for the broadening of Kurz alpha peaks with continued

sampling. In the absence of a mechanism to slowly turn the impactor plate during sanlpling,

particulates are concentrated on the face of the Kurz alpha detector at locations directly beneath the

holes in the plate impact¢lr. The widths of Kurz alpha peaks broaden with time for the simple reason

thal they must always traverse the layer of aerosols deposited beneath them in order to strike the

detector. As the thickness of this layer grows, alpha particles lose l_roportionately larger fractioris

of their initial energies in traversing it.

The benefit of the collimator installed in the Merlin Gerirl CAM is evident in Figures 17

tl'lrough 20. The FWHM and FWTM of the 21'lPo peak lhr sanlplings perli_rined using the Merlin

Gcrin CAM were only about one-hall' corresponding values for the ANL-W and Victoreen CAMs.

In the case of the Merliri Gerin CAM, the FWHM and FWTM _)1'the 214po peak during lhc sampling

of ambient air decreased from maxima of 209 and 536 keV, respectively, after a few hours oi'sampling

to minima of 179 arid 419 keV, respectively, after 94 hours. The resolutions of the ANL-W and

Victorecn CAMs were vcry similar. In the case o1"the latter tw_ CAMs, during sarnplings of ambient

air the FWItM and FWTM of the 7.69 MeV peak ranged betweeri about 350 and 400 keV and
between ;.ibt_ui 91)()aild 1,1)()1}keV, respectively.

II'

As sht)wn in Table 1, thc detector installed in the ANI.,.W CAM had a diameter of 31.9 mm
while the diameter of the detector installed in the Victt_recn CAM was 46.5 mm. Given the

circumstance thai smaller diameter deteclt_rs normally have better resolutiion than hirger diameter

detect_rs, the similarity of the l'esolutitms _1'the ANL-W and Vicloreen CAMs may be due lo minor

difi'ercnccs in their designs. In the case of the Victoreen CAM, the sample collection filler was held

in piace by means _[' a steel ring having an inside dianleler t_l"41.3 turn, meaning that the effective

diameter of the filter was smaller than the diameter _l' the alpha detector. In the case o1"the ANI_-W

CAM, the filler h()lclcr ring had an inside diameteI" t}["abuut 42 nam, so the effective diameter of li'le

sarnplc collecti(+n [+iltcl was larger iiian the diameter ¢/t"the alllhti detectt/r. The detector and filler
were Sel:lar;.iled by 3.2 i11111in lhc case i>l' lhc ANL-W CAM hut were separated by only 1.8 mm iri

lhc case of the Viclc_l'ecri CAM. S_) lhc averagc palhlenglh between lhc filter arid detector was
similar tilr t)t'_lh lhc ANI.-W and VJclOl'een CAMs.

As shclwn iri l;'ig,urt.'s 19 and 20, higher dusl c()nccniralit)rls gerierally resulted in p(_(_rer
rcsoluii(m. In lhc case c_["lhc Vici()reclT CAM, lhc 17WIIM _t" the 7.69 MeV peak increaacd fr(un

ali average willie ()l' abc)til 361)keV whczn tilL: dust c()ilcentraiilln was al)()ut 11.(){}7#xg/l, til average
I,.

values ()t"ab(lul 5bl(I and 64() keV duriilk, sallll)lings when dust concerltraliorls averaged 1).117and

().1 #g/L, rcsl)¢ctivcly. Avcr_lgc: IgW'I'M values [i_r the Viciorecn CAM increased italy modestly

during the lattcr twc_ s_lmlHings. "['hc restills indicate that, as was lhc case with lhc Merlin Gerin
(.'AM, lhc res{llutit_n _1' lhc Kurz (7AM improved and was m_)rc slat)lc when dust conccnlraiicms were

elevated, llc_wever, the cxplanaiicln given Ic)r the alll)arent ilnl)rclvement in the resiHuticm c_t'the
Merlin (]erin CAM when dusi cclnc¢illralit)ns were ab(we {).5 >g/l_, c;,Inn_.,ll apply lo the Kurz CAM
clue to lhc fact thai ilcit_s{Hscollected on the face ot" the Kurz tlctecl(_r are dep(_siied ()i'l lhc surface

_l" the aciost_l layer I",lcing away from the detect_)r rather than toward ii. Perhaps when dust

38

t ,rl,llll_ll ,,iii, I ii, H,,, ,if', iiIli_11111"' I1,11 _i! I,iiii Ii,,,i,_ ,li irl, , , ,,,,ii



concentrations are sufficiently high, entrained particulates bombarding the ,;urface of the Kurz

detector more effectively displace aerosols already on the surface.

Coefficients Used in Analysis Algorithms

The coefficients k1, k2, and k3 used, respectively, in the two-, three-, and four-window analysis
• algorithms to subtract background counts from the 239pu ROI were calculated at 30-minute intervals

for each sampling of ambient air and aerosolized blank dust performed using the Merlin Gerin CAM.

The average values and standard deviations of the three coefficients during each sampling are given

in Table 7. Standard deviations given in Table 7 were calculated at the one-sigma (67%) confidence
level. Similar results for the ANL-W, Kurz, RADeCO, and Victoreen CAMs can be found in
Reference 3.

The average values of the coefficients kl, k2, and k3 during samplings performed when the

Merlin Gerin CAM was equipped with a 0.8/.Lm, 47-mm diameter or a 2.0/zm, 47-mm diameter filter

are plotted as a function of average airborne dust concentration in Figures 21, 22, and 23,

respectively. These figures show that in ali cases the coefficients increased with increasing dust

concentration and that at any given dust concentration, the coeMcients were normally higher when
the 2.0/zm filter was used. The coefficients increased with increasing dust concentration due to the

fact that 21SPo, 212pb, and 212Bi ah'eady collected on the filter were more quickly covered by dust
when the concentrations of airborne dust were elevated. The higher coefficients for the 2.0/zm filter,

indicate that, as might be expected, alpha particles emitted from the more porous filter had a higher

' probability of interacting with the filter medium. The results plotted in Figures 21 and 22 indicate

that wben the 0.8/zm filter was used, k1 and k2 both increased asymptotically to maximum values of
about 0.3 and 0.7, respectively. Although the trend is less clearly defined, the results for the 0.8/zm

" filter plotted in Figure 23 indicate that k3 also approached a constant value (about 0.14) when dust

concentrations were abcwe 0.4/Zg/L. The leveling c)ff of the coefficients at high dust concentrations

correlates well with the general behavior of the resolutions of the 6.00 MeV 21Spo/212Bi and

7.69 MeV 214pc) alpha peaks.

Acc(_rding to Equation (10), when background count rates are not negligible, the LLD is

proportional to the standard deviation of the coefficient used for background subtraction. Standard

deviations of the coefficients given in Table 7 for samplings performed using the 0.8/zm, 47-mm

diameter filter are plotted, expressed in percent, as a function c_t"average airborne dust concentration

in Figure 24. Similar results for the samplings performed using the 2.0/zm, 47-mm diameter filter are

plotted in Figure 25. The results plotted in Figure 24 show that, excluding what might be a couple

of anomalous results, the dispersion of each coefficient for samplings performed using the 0.8/zm

filter was not significantly affected by dust concentration. Ignoring the two anomalously high results,

one for k1 (_+ 101")%)and one for k3 (+ 78%), standard deviations of k1 and k2 both averaged about4

_+ 34%, while that of k3 averaged about _+ 5()%. On the other hand, as shown in Figure 25, when

the 2.0/zm filter was used, the kI and k3 coelTicients exhibited much more scatter at higher dust
. concentrations than at lower dust concentrations. The results for the 2.0/zm filter indicate that the

standard deviation of k3, which ranged between +_32% and _. 58% below 0.03/xg/L, jumped to about

+_ 95% when dust concentrations reached 0.1/Zg/L. (As was previously described, k3 is calculated
assuming that the ratios of the high and low energy sides of the 6.1")1")and 7.69 MeV alpha peaks

remain proportional. II', when dust concentrations become elevated, the centroids of the two peaks

shift in different directions or by different amounts, the proportionality constant, k3, can change
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Table 7, Average values of coefficients k 1,k2, and k3 for the Merlin Gerin alpha CAM for samplings
of ambient air and aerosolized blank dust.

Two.wi ndow Three -window Fou r-window

Average dust algorithm algorithm algorithm
Sampling dates content rat ion

(m/d,_) (_ gJl. ) k_ k2 k3

(1.8/_m filter
J

07/03-08/91 4.31 +_ (}.48 IS-03 4.42 + 1.40 E-02 3.51 __ 1.40 E-01 9.70 _+ 7 ,)0 E-03

07/02-03/91 8.47 *_.(}.(}5E-03 6.27 + |.91 1:,-02 4.18 +_ 1.47 t:,-01 2.73 +_ 1.11 E-02

06/24-26_)1 1.23 _+ 0.14 F,-02 5.82 "2:1.53 I:,4)2 3,51 +_ 1.05 F,-OI 2.32 "2:0.83 E-02

00/14-18/91 a 1.74 __ 0.19 F,-02 1.48 + 0.38 1:'-01 6.25 "4"1.78 l:,-01 2.11 _+.0.63 F,-Ol

06/18-21/91 2.39 _+ 0.27 FA'}2 8.67 _+ 3.35 |.:,-02 4.34 +_ 1.83 E-01 1.21 + 0.64 E-01

06/28-07/01/91 7.52 _+ 0.,_ 1:.-02 1.43 _ 0.36 ]:.-01 5.67 _ 1.64 E-01 8.21 ± 3.50 E-02

07108-09/91 2.11 '± 0.24 I:.-01 2,18 _# 2.18 [:.-01 6.54 ___2.29 E-01 4,71 .*_:2.67 I:.-02

_" 07/01-02/01 4.55 __.0.51 1--01 3.11 +_ 0.94 E-01 7.86 ± 2.21 E-0I 1.46 + 0.64 E-01

06,26-27/91 9,(18 _+ 1.02 I:,-01 3.38 _+ 1.78 F-01 6.84 +_ 2.17 F.-01 1.32 + 0.70 E-OI

2.0 i_m filter

06/07-10,_.;'1 8.19 _+ 0.92 !_-03 6>)0 + 3.99 1:_-()2 _.50 _+ 2.43 E-01 1.11 "4"0.64 E-OI '
-z

0fiI04-06/91 9.58 +__1.()7 I:.-(}3 8.69 ± 2.75 [--(}2 5.51 +__.2.61 E-01 1.15 _ 0.57 E-01

06/1J.-14/91 3.25 ± 0.36 1.--02 2.10 + 0.59 1--01 6.36 __ 1.80 F-01 2.53 ± 0.80 E-01 "

07/17-18/91 :,.02 x 0.56 1--02 2.18 .+_0,71 I:i.(}l 5.,J,1 _.+2.35 E-01 1.2¢) ± 0.88 |7,-01
-7

07/10-11J91 1.(}2 ± 0.11 1:.-01 3.08 _ 1.10 1:.-01 7.38 "4"3.13 I--01 1.80 + 1.72 E-01

07/15-1()/01 2.2'._ + 0.26 l--f)l 3 14 _ 1.39 E-01 7.04 _+ 2.05 I!--01 9.40 ."t.8.85 1-..02

= 07/09-10/91 ,);.41 + 0>)4 !'.'-01 6.(}2 -)- 3.12 1:.-{11 9.26 ___3.04 E-01 1.06 _+ 0.87 E-01

a. A rnilllpt_rc ()._/am 25-mm diarnclcr filler _,as used durii'ig this ,,,ampling.

dramatically as the peak c,.:ntmids move. The abrupt increase in the standard deviation c)f k3 above
• ) "_().(:, _g/L might bc the result of the movement c,f the peak ccntroids during sampling) The standard

" deviation t)f k I did m)t c×hibit the sarno abrupt increase as the standard deviation of k3, but rather
i( increased asymptc)tically with increasing dust conccntralion from a value of about .+_28% at 0,()3

11 );l rt.tg/L to _+.52% at 0.8 ,..._.L. In the case of the 2.()/.tru filter, the dispersion _>fk2 was least affected

by dust c¢>nccntrati_)n. Thc standard dcviatic>n of the latter coefficient was _+ 47% at ().01/.rg/L. but
only ....'_- 29% ;it ().'_ /ag/L,.
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Figure 21. Average value of coefficient kI f()r lhc Merlin Gcrin CAM versus average airborne dust
concentration.
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Figure 22. Average value ()t"c(_cfficicnt k2 for the Merlin Gcrin CAM versus average airbc_rnc dust
conccntratkm.
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Figure 24. Sl_tnd_trd deviations of coefficients k], k,, and k_ v,' •,. _,rsus average airbt_rnc dust

conccntratic)n for s_tmplings pcrf()rmcd using the Mcrlin Gcrin CAM equipped with a ().g/zm, 47-mm
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Figure 25. Standard deviations of coefficients k 1, k2, and k3 versus average airborne (lust
concentration for samplings performed using the Merlin Gerin CAM equipped with a 2.0/zm, 47-mm

" diameter filter.

D

The rcsuits pl()ttcd in Figures 24 and 25 indicate that the two.. and three-window spcctrum

analysis algorithms will gencrally provide better sensitivity for airborne 239pu than the four-window

algorithm for thc Merlin Gerin CAM whcn cquippcd with either the 0.8 or 2.0/zm pore-size filter.

They also indicatc that the 0.8 _m filter will provide better scnsitivity than the 2.0/zm filter, cspcci,:_.lly

at higher dust c()ncentrations.

Because cumulativc spectra wcrc stored at 60-minutc intervals during the initial samplings of

ambicnt air pcrf()rmcd using the ANL-W, Kurz, RADcCO, and Vict()reen CAMs, whilc spectra

c()llcctcd during subsequent samplings of acrosolized blank dust werc stored at 30-minute intervals,

in t)rdcr to provide a common basis for comparing spectral results, the cocMcicnts k1, k2, and k3 for

selected samplings of acrosolizcd blank dust wcrc als() calculated using cvcry other spectrum. The

avcragc values and standard deviations t)t" the coefficients determined using a 60-minute counting

interval arc given in Table 8. Standard dcviations given in Table 8 are cxpresscd in pcrcent.

The results f()r the Merlin Gcrin CAM show that using a 60-minute counting interval yielded

the same average values for the coefficients determined using a 30-minute counting intcrval bu_.

reduced the standard dcviatit)ns of the coefficicnts by between 13% and 56%. The standard

deviations t)f k 2 showed the most improvement.

The values of the coefficients for the Kurz and Merlin Gerin CAMs were consistently lower

than values ()f c()rrcsp()nding coeMcients determined f¢)r thc rcmaining three CAMs. This simply
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Teble 8. Average values of coefficients kl, kz, and k3 lhr the ANL-W, Kurz, Merlin Gerin,
RADeCO, and Victoreen CAMs tbr selected samplings of ambient air and aer¢_solized blank dusl
(_AT = 611rain).

'!Xvo-wind()w "lhrc¢-wind_w l"_)ur-wind(wv

Sampling Average dust alg()rithm algorilhm alg()rilllnl
dllics conccntralion

(:ANl (m/d/y) (_ ,g/I) k I ( ":/c) k2 (':4) k3 ((_1

Ambient Air

ANI,-W 12/15-2(b'$9 2.43 _+ (}.49 i--03 2.82 I,M)I +_. q.6 4.8(I I,_-()l +_ 7.5 1.98, Ii-01 +_ 9.1

ANI.-W 12/211-27/89 fi.74 +, 0.4(1 1(-03 3.03 t,;-()l +_ 7.6 4.86 I,i-()l + 6.2 2.10 !(411 _+ 8.1

Kurz 12/15-2fl/89 2.43 .+ 0.49 !,;.(13 3.68 I,M)2 + 22.0 3.53 i--(11 + 14.7 8.42 I,,-I12 _+ 18.1

M(icrin (17/03-118/91 4.31 _+ 0.48 ].M)3 4.40 !:.-(12 + 26.8 3.44 i!411 _+29.7 9.5() 1'Ml3 _+ 68.4

RAI)cC:() (16/12-14_/0 7.5¢, + 3.78 I.;-(13 3.57 I".-01 + 9.2 6.77 I,;-(11 _ 4.9 1.71 I".-(11+_ 12.9

Victoreen 12/2(1-27/89 6.74 _ (I.4(I !--(13 3.6(I I_.-0! _+ 6.7 6 f_8 Ii-01 _+ 3.9 2.74 I';-(11 .¢.+4.7

Blank Dust

Kurz (It_/1_-2(I,'91_ 2.4,_ _+ ii.l() i,;-()l 3,_) 1,1-(12_+ 22.6 4.37 I,Atl + 22.9 1.32 1!411 _+ 29.6

M(icrvi (17/()1-(12/')1 4.55 .+- ().51 I,.-(11 3.11 [.i-(11 +_ 2_,.1 7.77 I:.-0l -,- 18.() 1.44 I:-(11 _ 3b;.9

RAI)c('() (16/19-2(1/_;() 2.48 +_ (I. 1() I,i..()l 5.94 Ii-01 ..,2_9.7, 8.24 t:411 _+ 4.Ii 2.45 li-til _ 27.4
J

Victorccn 0fl_19-20/_;(} 2.48 _+ (),Iri I'i-01 8.42 I,i-0l _+ 9.1 8.78 !:411 _+ 4.() 3.94 IL'()l + 24.4

a

rctlccts the lac! th_tt lhc rcsc_lutions _l" the Kurz and Merlin Gerin C/\Ms were much betler than the

rcsc)lutic_ns _l the _ther three CAMs. t-towever, the standard deviations of the cocfl'icient.s

determined li_r the Kurz and Merlin Gerin CAM wcrc alsc_typically much higher than the slanda.rd

deviati_ms _1' c_rresDmding coel'ficients determined for the _thcr CAMs. As shc)wn in Table 8, in

the case _fl"the samplings _1"ambient air, ali three ct)ct'ficients determined li_r the ANL-W, RAI)c(?O,

and Victorccn CAMs wcrc remarkably stable during the samplings. Their standard dcviati_ms ranged

between + 4'f_ and + 13_'._and were mn'really bclow + l()¢k. Similar results litr the Kurz and Merlin

Gerin ('AMs li_r samplinps of ambient air ranged between _+ 15% and + 68%. In ali cases, ali three

c_elficicnts increased v..hcn airtu_rnc dust conccntrati(ms were artit'icially elevated, but generally the

relative stand_trd dcviati_ms remained unchanged.

Because the three c_cllicicnts used li_r sublracting background tr_m the 2_';Pu ROI change

as a functi_m _)1sampling time and arc al:;_ aflectcd by changes in airborne dust concentration, it

w_)uld bc useful t_ be able t_) predict their current values during sampling based on a measurement

of s_me characteristic of the background peaks. Since the magnitude of each coel'ficicnt reflects the

dcgrcc _! scattering _t highcr cnergy alpha particles m I_wcr energy, the values _)1the c_)ct'l'icients

sh_uld bc c_rrclatcd t_ lhc widths _)1'the backgr_und alpha peaks. "!'_)explore this possibility, the

values _fl lhc three c_clficicnts during three samplings pcrli_rmcd using the Merlin Gcrin CAM were

ph_ttcd as a I'uncti_m _1 the FWHM and FWTM eft the 7.69 MeV :'14fh)alpha peak. Values _)1'the

c_)ci'ficient k_ are ph_tted versus FWttM and FWTM in Figures 26 and 27, respectively. Values _1 ke
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and k3 arc plotted against the FWHM and FWTM of the 7.69 MeV alpha peak in Figures 28 and 29

and Figures 31)and 31, rcspectivcly.

Although the data plotted in Figures 26 through 31 cxhibit a substantial amount of scatter, they
do indicate that the avcragc value of each cocMcient increases as thc 7.69 McV peak broadens.

These results suggest that if the FWHM and FWTM of thc 7.69 MeV alpha peak were frcqucntly
mcasured and thc values stored during sampling, their avcragc values during somc prcdefincd

proceeding time interval could be used to estimate the currcnt values of the coefficients. Results
presented in Table 8 show that the coct'ficicnts dctcrmined for the Mcrlin Gcrin CAM cxhibitcd
much more scatter than the coefficients determined for the ANL-W, RADcCO, and Victorccn

CAMs. Plots like those shown in Figures 26 through 31 should bc constructed using similar data li_r

the latter thrcc CAMs to determine if this approach to estimating the values of the cocfficicnts has
real merit.

Lower Limit of Detection

Thc cumulative spcctra collccted during each sampling wcre analyzed using thc two-, three-,

and four-window analysis algorithms previously dcscribcd to dctcrminc, among other things, the LLD

concentration for airborne 239pu. The LLD concentration during any given counting interval was

calculatcd at the 95% confidcncc lcvcl using Equation (5) and thc cxperimcntally dctcrmincd values

for ctmnting efficiency and activity colicction efficiency presented previously. Because the activity

collcction cfficicncy of thc Merlin Gcrin CAM was not mcasurcd during this study, for the purposc

of calculation, the activity collection efficiency of the Merlin Gcrin CAM was assumed to be 1(1t)%.

Given the fact that thc activity collection cfficicncics o1"the RADeCO and Victorcen CAMs when

equipped with filters similar to those uscd with the Merlin Gerin CAM werc both 97% or bcttcr, the

assumption c)l"I(H)% activity collection efficiency ti)r the Merlin Gerin CAM is reasonable.

In the case of the Merlin Gerin CAM, LLDs wcrc normally calculated using a 30..minutc

counting inte_,al. Only thc spectra collcctcd during one sampling of ambient air and one sampling

of aeros_lizcd blank dust were also analyzed using a 6()-minute counting intc_,al. When the shorter

ccmnting interval was used, LLDs wcrc calculated using the coefficients listed in Table 7 and spectral

data for c_msccutivc spectra, and when the longer counting interval was used, I,LDs were caicualted

using the c_ctficients listed in Table 8 and spectral data t'c_revery other spectrum. Spectrum analysis

results l'c_r the Merlin Gcrin CAM tbr samplings of ambient air, aerosolized blank dust, and

acrc_solizcd spiked dust, that were calculated based on a 30-minute counting interval, arc presented

in Tables C-1 through C-22 in Appendix C. Similar rcsults for the two samplings of ambient air and

acrosolizcd blank dust that were calculated using a 60-minute counting interval arc prescntcd in

Tables (7'-23 and (?-24, respectively, in Appendix C.

LI.Ds l'c_rthe ANL-W, Kurz, RADcCO, and Vicmrccn (.AM; were prcviously reported in

Reference 3. tt<_wever, the Lt.Ds given in Reference 3 were caiculat_:d using the standard deviation

of thc mean c_lcach cocfficicnt k1, ke, and k3, rathcr than the standard deviation. For any given scf

of data, the standard dcviatic_n of the mean is calculated by dividing the standard deviation of the data

by the square roost of the number of data points in the set. Because the number of values calculated

lk_reach coefficient for each sampling was normally quite large, estimating the uncertainty in each

coefficient using the standard deviation of the mean was probably unrealistic, q"herctk)re, LLDs for

the ANL-W,. Kurz, RADcCO, and Victoreen CAMs were recalculated using the ct_etTicients and
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standard deviations given in Table 8. In the case of these tour CAMs, LLDs were recalculated using

only a 60-minute counting interval. Spectrum analysis results for samplings of ambient air and

aerosolized blank dust performed using the four previously mentioned CAMs are presented in

Tables C-25 through C-32 in Appendix C.

The average 239pu LLD concentrations during the first 24 hours of each sampling peri'ormed

using the Merlin Gerin CAM are presented in Table 9 expressed as pCi/L. For each sampling, LLDs

are given ibr each of the three spectrum analysis algorithms. The average airborne dust

concentration during each sampling is also listed in Table 9.

Table 9. Average 23'_pu LLD concentration during samplings of ambient air and aemsloized blank

dust performed using the Merlin Gerin CAM.

Average dust Two-window Three-window Four-window

Sampling dates concentration algorithm algorithm algorithm

(m/d/y) 0xg/l) (pCi/L) (pCi/L) (pCi/L)

0.8 _m filter

07/03-08/91 4.31 +_0.48 E-03 2.86 + 1.02 E-02 3.16 + 1.09 E-02 3.75 + 1.66 E-02

07/02-(13/91 8.47 +_0.95 E-03 2.70 _+ 0.63 E-02 2.68 _+0.69 E-02 2.73 + I.).91 E-02

(16/24-26/91 1.23 + 0.14 E-02 2.79 _+ 0.65 E-02 2.72 _-4-0.76 E-02 2.97 -± 0.89 E-02

06/14-18/91 a 1.74 _+0.19 E-02 1.29 _+ 0.38 E-02 3.95 + 1.71 E-02 4.57 + 2.22 E-02

(X_/18-21/91 2.39 _+0.27 E-02 4.15 _+ 1.91 E-02 3.24 _+.1.24 E-02 4.74 _+ 2.08 E-02
h

06/28-07/01/91 7.52 -± 0.84 E-02 4.55 _+ 1.26 E-02 4.50 + 1.14 E-02 6.58 _+ 2.21 E-02

07/08-09/91 2.11 + tt.24 E-01 1.74 __.0.27 E-01 5.59 + 1.30 E-02 8.58 -4-3.98 E-02

(17/01-(12/91 4.55 _+0.51 E..01 9.38 _+ 1,64 E-02 7.50 + 2.(X) E-02 1.07 __ 0.37 E-OI

06/26-27/91 9.08 _+ 1.02 E-01 1.82 -± (I.54 E-01 7.74 _+ 1.50 E-02 1.09 _+ (t.41 E-()l

2.11#m filter

06/07-10/91 8.19 __+0.92 E-03 3.41 _+ 2.23 E-02 2.(}8 _+ 1.04 E-02 2.118 ._+1.22 E-02

06/04-06/91 9.58 + 1.07 E-03 1.53 + 0.29 E-02 1.93 _ 0.54 E-02 2.41 +__:1.t}3 E-02

06/11-14/91 3.25 + 0.36 E-02 6.42 + 2.24 E-02 5.07 + l.(g_ E-02 5.31 + I.(:ff_E-02

., )1t7/17-18/91 5.02 + 0.56 E-02 2.25 .+_0.84 E-02 2.02 + 0.87 E-( 2 3.71 + 3.66 E-02

• 07/10-11/91 1.02 +_0.11 E-0I 3.19 _+ 1.42 E-02 2.9t) + 1.23 E-02 6.14 + 3.94 E-02

07/15-16/91 2.29 + 0.26 E-01 1.11 + 0.29 E-()I 5.87 + 2.17 E-02 2.53 + 0.99 E-lI1

07/09-10/91 8.4] __:"0.94 E-01 1.27 _+ 0.32 E-01 6.10 +_ 1.20 E-02 1.49 + 0.88 E-01

a. A Milliporc 0.8/xm 25-mm diameter filter was used during this sampling.
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Each I..LI) given in Table 9 represents the concentration of 239pu _hat the Merlin Gerin CAM

can detect 95% of the time after sampling li_r 31) minutes. The sensitivity requirement defined in

DOE Order 5481k !1 is thai alpha CAMs used al DO[:, facilities should be able to detect 11.1tt)2pC',i/L

of 23"pu in 8 hours. This translates into 1k032 pCi/L lhr a sampling tinle of 30 minutes. The results

presented in Table 9 sht)w that the Merlin Gerin CAM generally met this sensitivity requirement

when dust ctmcenlrations were belt_w 0.1 `ag/L.

Average Lt, D concentrations given in Table 9 for the 1t.8 and 2.11tzm filters are plotted as a

function of average airborne dust concentration in Figures 32 and 33, respectively. Although lhc data
are not ali well behaved, the behavior of the collective data resembles that ()l"the coefficients used

tbr background subtract.ion (soc Figures 21 through 23). Like the cocl't'icients, the LLDs lhr both

filters appear to asymptotically approach maximum values. This follows Equation (10), which dictates
thal when background counts are not negligible, the LLD is proportional to the product o1"the

coefficient, its relative standard deviation, and the change in background counts in the 23'_pu ROI

during the counting interval. When the rate at which aerosols are deposited on the t'ilter becomes

sufficiently high, a quasi-steady-state condition is reached due to the fact that the range oi'an alpha

particle in solid matter is so extremely short (between 211and 30,am). When the deposition rate is

very high, only those alpha particles emitted from atoms that decay within a relatively brief time

Ibll¢_wing their c_llecticm have a chance of making it out of the aerosol layer and striking the alpha

detector. Because the precursors c_l'214P0, 21aBi, and 212p0 are relatively long lived, when airborne

dust concenirati_ms are elevated, a significant number oi" the alpha particles emitted from these

isotopes never escape the aerosol layer. Thus, the l'ractkm of background alpha particles thal are

scattered into the 239pu ROI dots no_, increase indefinitely with increasing dust concentration, but

rather it approaches a maximum valuc that is governed by the half-lives of the background isotopes
and the ranges of the alpha particles they emit.

Figures 32 and 33 show that the two-, three-, and four-window spectrum analysis algorithms

provided essentially the same sensitivity when airborne dust concentrations were below about

(k05/,g/L. l l_)wever, wlaen dust concentrations wcrc above 0.(_5 ,ag/L, thc thrcc-window algorithm

consistently yielded the lowest I.,LDs ti._rboth thc 0.8 and 2.0 ,am filters. For samplings pcrli)rmcd

using lhc 2.0/zm filter, the data show that the lkmr-window algorithm consistently provided the

poorest sensitivity when dust concentrations were elevated. Results t't_r samplings done using the

lt.Y,`am filter indicate that the four-window algorithm was signil'icantly better than the two-window

alg_rithm in two out o1' timr sanlplings pcrlormcd when dust ccmccntrations wcrc abtwc !t.05 `ag/L.

Average LLDs for lhc ANL-W, Kurz, Merlin Gcrin, RADeCO, and Victorcen CAMs

calculated using a one-hour ccmnting interval arc sumnaarized in Table 1(). Tlm LM)s are expressed

as pCi/L and arc average values during thc first 24 hours _1"each sampling of ambient air and air

synthetically laden with blank dust. In each case, the uncertainty is the one-sigma standard deviation

of the average wllue during the first 24 hours oi' sampling. The ANL-W and Kurz C:AMs and the

ANL-W and Vicmreen CAMs wcrc operated simultaneously in the same envinmment during two of

- the samplings of ambient air and the Kurz, RADeCO, and Victorccn CAMs sampled the same air
during one sampling of acn_solizcd blank dust.

According to the txmamtm interpretation, the DOE sensitivity requirement that alpha CAMs

sh_uld bc capable of measuring {me DAC (().1_02pCi/L) of 23'_Pu when integrated over 8 hours

(8 DAC-hours) equates lo being capable of detecting ().()16 pCi/L in one hour. The results presented
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Table 10. Comparison of 239pu LLD concentrations.

'l'wo-willdow 'i'hrcc-window l;our-window

Average dusl algorilhm alg()rilhm algorithm

Sampling concentration

C'AM dnlcs (m/d/y) (#zg/1) " (p(3i/1,) (pC'J/l,) (p('.i/! .) ,

Ambient Air

ANi.-W 12/15'2()/89 2.43 + 0.49 1_.-03 5.40 + 0.90 1!-04 3.90 _+(I.60 1(-04 4.()0 + 0.70 !4)4

Kurz 12/15-20/89 2.43 + 0.49 1';-03 2,69 + 0.58 li-03 3.34 + 0,78 !'_-()3 3.57 + (I.81 i-()3
i

MCicrin 07/03-08/91 4.31 _+0.48 1(-()3 1.21 .+_0.42 I,;-()2 1.15 + 0.35 1(..(}2 1.63 + ().t)7 {4)2

ANI.-W 12/20,27/89 ¢).74 _ 0.40 I(-03 5.40 _+ 1.00 I!4)4 3,90 + 0.71) I,',-04 4.4(I + 0.70 ';-()4

Viclorccn 12/2()-27/89 (5.74 _+ 0.40 I,;-03 2.21 + 0.45 Ii-02 1.20 + 0.20 I!4)2 1.31 + 0.20 {-02

RAI)c(X) ()t)/12-14/'9() 7.56 + 3.78 I,%03 1.69 + 0.44 !{4)2 7.49 + 1.96 1!-03 2.13 + (),61 !4)2

Blank Dust

Kurz 06119-20190 2.48 _+ 0.I() I{4)I 1.18 + 0.20 I{-03 2.61 m ().47 I';-03 2.9t) + 0.85 I!-03

RAI)cCX) 06/19-20-9(.) 2.48 +_ 0. I0 I".-01 2.92 + 0.39 I'_-02 1.07 + 0.17 I(4)2 6.99 + 1.23 li-()2

Victorccn ()6-19-2()/90 2.48 _+0.10 !,_-01 3.90 + 0.53 I,',-()2 1.39 _+0.22 I;,-()2 7.79 + 1.13 !,;-02

M(kcrin 07/01-02/91 4.55 + 0.51 I:,-01 3.99 + 0,64 1!,-02 2.45 + 0.St) I,;-(.)2 4.70 + 1.11 1!4)2

i

in "Fable 1() show that when dust concentrations were below 0.()()8/_g/L, ali five CAMs met the DOE

sensitivity requirement whcn the three window spectrum analysis algorithm was used. They also show

that the Kurz, RADcCO, and Victorecn CAMs also met the sensitivity requirement when the

airborne dust concentration was ().25/,g/L.

Lt,[) conccntratit>ns during samplings ot" ambient air that were determined using the two-,

three-, and I'_)ur-wiradow analysis algorithms are plotted as a t'unclion of sampling time in Figures 34,

35, and 36, respectively. For the samplirlgs (ft"ambient air, the ANL-W ('AM exhibited by far the

best sensitivity'. When airbc)rne dust concentrations were about ().()()2and ().()()7#g/L, LI,Ds for lhc
ANL-W CAM wcrc essentially identical for both samplings for till three analysis algorithnas, the six

LLDs having an average value of ().()()()45pCi/l,. The Kurz CAM exhibited the second best sensitivity

1i_)samplings pert'c_rmed when the dust concentration was belc)w ().008 tLg/L. The average values ot'

lhc I_,LDs for the Kurz CAM determined using the three algorithms were ali about ().()1)3pCi/L. The

best average l_,l_.Dslk)r the Merlin Gcrin, RADcC.O, and Victorecn CAMs were till about (t.()l pCi/L,
abc)ut a t'actc_r c)l"twenty higher than the average LLD ti_r the ANI.,-W CAM. While the LLI)s o1"

the ANL-W and Kurz CAMs were unafl'cctcd by the choice of analysis algorithm, the LIJ)s for the

RADeCO and Victoreen CAMs showed some dependence cm which algorithm was used li)r am:lysis.

In the case c_t'the latter tw() CAMs, the three-window algorithm yielded average LLI)s that were
between factors c)1"2and 3 lower than the highest LI_,Ds for these two CAMs.

When airborne dust ccmcentrations were artil'icially elevated to values alxwe ().2 #g/L, the Kurz
CAM exhibited a sensitMty much better than those of the RADeCO, Victc)reen, c_i Merlin Gcrin
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CAMs. 'The be.st average I.LD for the Kurz CAM was 0.(X)I pCi/L for the two-window analysis

algorithm, which was about a factor of 10 better than the best average LLDs for the RADeCO,
Victoreen, and Merlin Gerin CAMs. For the, samplings ()t"aerosolized blank dust, the three-window

analysis alg_rithm pr(wided the best sensitivity lk_rthe RADeCO, Victoreen, and Merlin Gerin CAMs.

The best I.LDs for the latter three CAMs were ().()1, ().()!, and 0.(12 pCi/L, respc.ctively.

The results shrew lhat the two CAMs equipped with inertial impactors (i.e., the ANL-W and
Kurz CAMs) had I.LDs that were a factor of 1() or more below the I_.LDs calculated for the

: remaining three (,ANts. LLDs ti)r the Merlin Gcrin and RADcCO CAMs, which were berth

: equipped with collimators, wert ' generally only slightly better than LI.,Ds determined lhr the

Vict¢_rccn ('AM. which was not equipped with an impactor ()r a collimator. In an el'ft)rr to better
: 2_,9D

understand why the ('AMs exhibited such a wide range of sensitivities for airborne • j u, using the
: equality given in l{qualt/(_n (11), lhc equation used to calculate LLDs, Equation (5), was rewritten as:

_" .( N )n4.(_..', Ok }1_

- (Xd)n = (12)
2.22__Y IFjATIIjATI,

= and (NI_)n and (obtxj)n _vcrc ph_tted as a function of .':ampling time for the samplings indicated in

Tvbic 1(). Results for the tw()-windc)w analysis algorithm tbr samplings ()f ambient air are presented

in Figures 37 and 38. where (Nl_)n is pl()tted in Figure 37 and (Obgd)n is pl(_ttcd in Figure 38.
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As an aid to understanding the. effect tfr the various operating paramclers cm the LLDs of lhc

CAMs, the values of the counting efficiency (_:), activity collection eMciency (Y). and flow rate (F)

during the samplings of ambient air are listed in Table i I. Also given in Table 1I arc the values _1'

the producl of lhc number of disintegrations per minute per pCi (2.22) and the previously mentioned
parameters, which ali rcsMc in lhc denominator of Equation (12).

Fig,ure 37 shows that during the first 24 hours of sampling lhc background count rate in lhc

23'_PuROI was much higher lhr the Vicloreen and RADeCO CAMs than Ik_rthe ANL-W, Kurz, and .,

Merlin Gerin CAMs. During the first 24 ht.mrs, the background c_'_urlt rate in the 2_'*Pu ROI
w_,craged about 125 cpm lk_rthe Victoreen CAM and about 70 cpm l't_rthe RADeCO (?AM. Similar

wllucs lhr the other thrcc CAMs ranged bctwccn about 25 cpm in the case _}["the ANL-W CAM tc_

about 8 cpm in the case of the Merlin Gcrin CAM. The very low count rate for the Merlin Gerin

CAM may bc attributed, in part, t_ the collimator, but it also certainly rellects thc fact that the

sampling flov,' ralc thrc_ugh thc Mcrlin Gcrin ('AM was only ab_mt 19 L/rain. The low background

count ratc for lhc ANL-W CAM is remarkable givcn the fact thai it sampled al 239 L/rain. As was

prcvi_usly discussed, the [wo-slage virtual impact_r on lhc ANL-W CAM rcmovcd better than 95%

_1' the radon daughters entrained in the sample airstream.

Background cc)unt rates in the e3'_puROI wcrc high enough lt) allow using the approximati()n

given by Equation ( 11). 'l'heret'_rc, lhc (Obgd). results plotted in Figure 38 are, in each case, simply
the product of the standard deviation of k I given irl Table 8 (abst_lute values, not relative values) arid

the (Nj_),, valuc.s plotted in Figure 37. The (Obgd)n values plotted in Figure 38 shc_w that, everything
cise being cqual, the Kurz and Merlin Gerin CAMs should have had the best sensitivitics for airborne
e3'_Pu. The reasons thcse two CAMs did not have the best sensitivities is evident in Table I I. In the

case c)l' lhc Kurz CAM, its poor activity collection efficiency undermined its performance. The

actMty c_llccti_n efficiency of the Kurz CAM was about a factor.,ff six lower than the colk:cti_m
cfficicncies _)t the _ther fc_ur (:AMs. In the case of the Merlin Gerin CAM, the rnain ['actor thai

adversely alTcctcd its sensitivity was its poor cc)un¢ing efficiency. As shown in Table 11, the absolute

c{_unling clTicicncv _)f the Merlin Gcrin CAM tk}r23'_puwas only aN)ut one-tenth that of the ANL-W,
Kurz, and RADcCO CAMs.

Table 11. Operating parameters during samplings _t" ambient air.

(k)urHing (h)llcct_on l.'low Producl

Samphng /wcragc dusl cfticicnc 3' efficient), rate 2.22. c• Y. 1"
ditl cs c()iIcc n Iral ion

(:AM (rh, d y) (#g,l) e(c/d ) Y ( I ,/rain ) (c/p( :i).( I ./rain )

ANI.W 12,15..20/89 2.43 _+ 0.4') I:..03 11.335 0.97 239.5 172.8

Kurz 12/15-2()!8_ 2.43 +_ (I.49 li-()3 (1.3c_8 0.18 47.9 7.0

M(icrin 07,/(13-,(_8/91 a.31 __ 0 48 i:.03 0.033 ].0() 18.7 I.,1

RAI)c('() 1_()/12-1,1!90 7.56 _+,,3.7_ 1'.-.03 (I. 185 0.97 56.6 22.5

"_'' _ "_ _ 21.8Viclorccn 1....,:.0-,_7/_ _ 6.74 + 0...1()li-()3 0.273 0.97 37.1
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,'Es was prcviously discussed, the resolutions of the ANL-W and Victorecn CAMs were

comparablc and much worse than the resolutions of the Merlin Gcrin and Kurz CAMs. (Soc

Figures 17 through 20). The reason the ANL-W CAM had the best sensitivity for airborne 23'_pucan

bc attributed to its relatively good counting efficiency, very high sampling flow rate (240 L/min), and

the fact thal. the two-stage inertial impactor discarded better than 95% of the radon daughters present
in the sample airstream.

. Quantitative Measurements

This section presents the results of quantitative measurements of airborne 239Pu made using

the Merlin Gerin Edgar alpha CAM. Similar results for thc Kurz, RADcCO, and Victorccn CAMs

were reported in Reference 3. As was previously discussed, the Merlin Gcrin CAM sampled the
atmosphere inside a glove box equipped with a simple air-driven aerosolizcr that was loaded with soil

that had been spiked with 239pu and sieved to 11)9 mesh (< 150/.Lm). Based on analyses of several

samples removed from the soil, the average concentration of 239pu in thc sicvcd soil was 1.8 nCi/g.

For the five samplings t)l' airborne 239pu performed, sampling durations ranged from 12 to

39 hours; however, the acrosolizcr was normally operated only during the last 6 to 9 hours of cach

sampling (scc Table 4). In one case, the July 3(J-August 1, 1991, sampling, thc CAM sampled

ambient air for about 13 hours and the aerosolizer was then operated for about 9 hours, but when

thc acrosolizcr was turncd off, rather than discontinuing sampling, sampling was allowed to proceed
for about another 17 hours.

,,t

The average concentrations of airborne dust and 239pu during the five samplings of airborne

239pu arc summarized in Table 12. Also given in Tablc 12 arc the volume of air sampled during the

- time the aeros_,lizer was operating and the concentration of 239pu in the dust collected on the sample

filter. Following each sampling, the 239pu activity on the samplc t'iltcr was scgrcgatcd using

radiochemical separation tcchniqucs and quantified using high-resolution alpha spcctromctry. The

average concentration of airborne 239pu during each sampling was calculated dividing the total

quantity of 239pu on thc samplcfiltcr by the w)lumc of air sampled during thc timc the acrosolizcr

was operating. In the case of the .July 30-August 1, 1991, sampling, an average airbornc

concentration was also calculated using the w)lume of air sampled from thc time the acrosolizer
began operating until the sampling was terminated the following day.

The results prcscntcd in Table 12 indicate average conccntratitms of airbornc 239pu ranged

from about (1.0(113pCi/L ((I.7 DAC) to 0.012 pCi/L (5.9 DAC). Conccntrati¢ms of 239pu in the dust

collected on the samplc filters were fairly constant, ranging from 5.6 to 7.0 nCi/g, about a t'actor of

three higher than the average concentration of 239pu ill the bulk samples of soil that were

acrosolizcd. As shown in Table 12, in one case, the July 29-30, 1991, sampling, the average

" concentration t)t" airborne dust was about a factor of two higher than the highcst average
concentration during the samplings of acrosolizcd blank dust.

Average concentrations of airbt)rnc 239pu determined analyzing alpha spectra using the two..,

three-, and four-window analysis algorithm,i arc prcscntcd in Tablc 13 for each o t' the five samplings
of acrosolizcd spiked dust performed using the Merlin Gcrin CAM. In each case, concentrations of

239pu were calculated using a counting interval ot" 30 minutes. With one exception, the results for

each sampling arc the avcragc concentrations measured during the time the acrosolizcr was operating.
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Because in the case of the July 30-August 1, 1991, sampling tile Merlin Gerin CAM was allowed to

continue sampling after the acrosolizer was turned o1'1",for this sampli W, average Z_gPuconcentrations

were also determined l'or the period between the time the aerosolizer began operating and the time
sampling was terminated. For the purpose o1'comparison, the average airborne 2"V;Puconcentrations

determined via radk_chemical analyses ot" the sample filters are also listed in Table 13.

The results presented in Table 13 show that when airborne dust concentrations were below

1 _g/L, average concentrations of airborne 239pu measured using the Merlin Gerin CAM were usually

in good agreement with the independently determined concentrations. When airborne dust

concentrations were below 1 _,g/L, the ratio of measured to known average concentrations ranged

from 0.8 + 0.4 to 1.7 _+0.7 in the case of the two-window algorithm, from (.).4 + 0.1 to 1.0 -_..:0.5 in

the case of the three-window algorithm, and from 0.6 _+ 0.4 to 1.3 +, 0.g in the case of the

t_mr-window algorithm. For the two samplings having average airborne dust concentrations above

1 #g/L, airbornc 23'_Puctmcentrations measured using the Merlin Gerin CAM were consistently low.
'n the case o1"lhc latter two samplings, ratios of measured to known concentrations rangcd from 1).10

_+(}.t)2 for the three-window algorithm to 0.4 .+_0.1 for the two-window algorithm.

The concentrations of airborne 239pu during the July 25-26 and July 30-August 1, 1991,

samplings thai were calculated using the two-, three-, and four.-window analysis algorithms are plotted

as a function of sampling time in Figures 39 and 40, for the two respective samplings. These plots

exhibit two features that werc common to the results for ali five samplings: (a) 239pu concentrations

Table "12. Average concentrations 01"airborne dust and 239pu based on weighings and
radiochemical analyses of the sample filters.

Aver_.gc' airborne conccntralion ('.oncentration oi

Sanlpling Sample 239F'u in

dales v()lume a Dust 2391,u collected dust
(m/d/y) (I,) (/,g/l.) (p(;i/l.) (n(;i/g)

07/24/91 9.lr, 1;,+03 2.28 + 0.25 l_-01 1,59 ,+ 0.20 1"-03 6.99 + 0.63 l{+00

(}7/3(1-(18/()1/Ol b 9.97 1'i+03 6.80 _+ 0.76 ii-01 3.81 + 0.43 !'_-()3 5.60 + 0.41 I'_+(R)

()7/30-08/01/91 c 2.91 !",+04 2,33 + 0.26 !",-(11 1.31 _+ 0.15 !-..03 5.60 + (}.41 I'_+00

07/24-25/91 8.t'_t_t:,+(13 7.48 -± 0.84 l!,-(}l 4.62 + 0.52 !'_-03 6.17 _+0.44 I';+00

07/25-2_'U91 6.93 li+03 1.19 + 0,13 E+00 8.22 + 0.93 t'_-(13 6.90 + 0.50 1"+00

07/29-3(g91 9.05 !';+03 2.04 + 0.23 Ii+00 1.18 + 0.I4 I_-02 5.79 __.0.43 Ii+()()

a. l'_xccpt ns nt_tcd t'_clow for the 0713(1-08t0119i sampling, lhc san'lplc volurnc is only lhc volume of ;air s_lmplcd during
lhc time lhc acrosoli/.cr was operating. "

b. Average airborne dusl and 239pu concentrations during lhc 8.77 hours lhc acrosolizcr was operating.

c. Avcrttgc a_irbt_rnc dust mad 239pu cc_nccntratkms frtwn lhc lilTIClhc acrost_li;,.cr was uncovered until s_mlpling was
Icrminalcd (25.60 hours).
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Tablo 13. Comparison of average airborne 239pu concentrations (pCi/L).

Analysis of ('AM spectra (El" = 30 rain.)

Sampling Radkx:hcmical

'_ dates analysis Two-window 'lhrcc-window Four-window

(na/d/y) of filter algorithm algorithm algorilhm

_, 07/24,*)! a 1.59 _ 0.20 F,-03 1.68 ± 0.53 F,-03 1.54 ± 0.56 |;,-03 2.10 _+ 0.71 1:-03
07/30-08/01/91 b'c 3.81 +_.0.43 |;,-03 3.25 ± 0.65 E,.03 1.50 ± 0.34 E-03 2.47 _+ 0.49 1_-(}3

07/30-08/01/91 b'd 1.31 ± 0.15 E-03 2.19 ± 0.% E-03 1.10 __.0.40 I;,-()3 1.65 + 0.74 E-()3

07/24-25/91 b 4.62 _ 0.52 1:,-03 3,76 ± 0.69 E-03 2.09 ± 0.51 F,-03 2.91 ± 0.53 |z,-03

07/25-267)1 c 8.22 __.0.93 1!-03 3.72 .+_0.40 I:,-03 1.76 ± 0.29 1_-03 2.70 +_ 0.33 |.7,-03

07/29-30/91 c 1.18 + 0.14 [,_-02 4.70 ± 1.06 I._,',-03 1.17 ± 0.45 F,-03 2.65 ± 0.81 I;,-03

a. Used average values of k 1, k2, and k3 determined for 7/8-9/91 ,sampling of blank dust.

b. tlscd average values of k 1, k2, and k3 determined for 7/1-2/91 ,sampling of blank dust.

c. Average concentration from 14.5 to 23 hours (pcri_xt acrosolizcr was operating).

d. Average concentration lr()na 14.5 t() 38 hours.

c. Used average values of k1, k2, and k3 determined for 6/26-27/91 _mapling of blank dust.

,lr

calculated using ali three algorithms were usually negative prior to aerosolizcr operation and

* (b) am_mg the three algorithms used to analyze spectra, the two-window algorithm consistently

yielded the highest and the three-window algorithm the lowest 239pu concentrations.

The initial negative concerltrations sh_)wn in Figures 39 and 40 arc due to the fact that the

alpha spectra collected during any given sampling were analyzed using constant values for the

coelTicicnts k1, ke, and k3. As indicated in Table 13, coctTicicnts used to analyze spectra collected
during the July 25-26, 1991, sampling of acrosolizcd spiked dust were those determined for the

Juno 26-27, 1991, sampling of aerosolized blank dust. Similarly, coeft'icierlts used to analyze spectra

collected during the July 30-August I, 1991, sampling of acrosolizcd spiked dust were those

dclermincd for the July 1-2, 1991, sampling <_facr()solizcd blank dust. In each case, the sampling

of acrosolizcd blank dust from which the set of cocft'icicnts was selected was based on the similarity

ot" the airborne dust concentration during the sampling to that during the sampling of aerosolized

spiked dust when the aerosolizer was operating. As was previously discussed, during samplings of

aerosolized spiked dust the Merlin Gerin CAM sampled relatively dust-free ambient air for a number

" of hours prior to acrosolizer operation. During this time, the coefficients used for analysis were

.,;imply too large and, consequently, calculated 239pu concentrations were negative.

,,,,

In general, "_'_Puconcentrations dc(ermined analyzing spectra using the two-window algorithm

were in better agreement with the concentrations dc(ermined via radiochemical analysis of sample

filters than the concentrations dcterrnined using the three- and four-window algorithms.
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Figure 39. 2:_')Puconcentration versus sampling time for a sampling ()t" aerosolized spiked dust
perti)rmcd July 25-26, 1991, using the Merlin Gerin Edgar alpha CAM.
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Figure 40. 23')pu concentration versus sampling time for a sampling ¢)t"acrosolizcd spiked dust

pcrii_rmcd July 3()-August 1, 1991, using the Merlin Gerin Edgar alpha CAM.
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

", The ANL.-W, Kurz model 8311, Merlin Gcrin Edgar, RADcCO model 452, and Victorccn

model 758 alpha CAMs each had LLDs for 239pu that met or exceeded the sensitivity requirement

of 8 DAC-hours specified in DOE Order 5480.11. When airborne dust conccntration_ were less than

• 0.(X)8/,g/L and one-hour long counting intervals wcrc used, the ANL-W and Kurz CAMs exhibited

by far the best sensitivities for airborne 239pu. The average LLDs for these two CAMs were ().(X)045

and 0.003 pCi/L, respectively. The best average LLDs for the Merlin Gcrin, RADcCO, and

Victorcen CAMs were ali about 0.01 pCi/L, about a factor of twenty higher than the average LLD

for the ANL-W CAM. While the LLDs of the ANL-W and Kurz CAMs were unaffected by the

choice of analysis algorithm, the LLDs for the RADeCO and Victoreen CAMs showed some

dependence on which algorithm was used for analysis. In the case of the latter two CAMs, the

three-window algorithm yielded the lowest LLDs.

When airborne dust concentrations were above 0.2/,g/L, the Kurz CAM was much n:_c)rc
sensitive than the RADeCO, Victoreen, or Merlin Gerin CAMs. The best average LLD for the Kurz

CAM was 0.(X)I pCi/L for the twc)-window analysis algorithm, which was about a factor of 10 bctLtcr

than the best average LLDs for the RADeCO, Victorcen, and Merlin Gerin CAMs. For the

samplings of acrosolizcd blank dust, the three-window analysis algorithm provided lhc best sensitivity
for the RADcCO, Victorccn, and Merlin Gerin CAMs.

The two-stage virtual impactor installed in the ANL-W CAM and the inertial plate impactor

installed in the Kurz CAM removed the majority of the radon and thoron daughters entrained in

" their sample airstrcams. The removal of these indigenous alpha emitters significantly reduced

background count rates in the z3'_pu ROI. This is reflected in the remarkably low 239pu LLDs
measured t't_r the ANL-W and Kurz CAMs. However, in the case of the Kurz CAM which collects

particulates directly on the face of a solid-state silicon detector, this benefit must be weighed against

the possible detriment of discarding some fraction of the particulates in the air being sampled.

Results of this study indicate that, on average, only about 18% of the airborne 23_pu activity that

entered the Kurz CAM remained fixed to the surface o1"the silicon detector t'¢_llowing the completion

c_l"sampling. A study (soc footnote a) recently completed at ITRI showed that the Kurz CAM

retained only about 5% of the 1()/zm particles entrained in the sample airstrcam. The poor particle

retention efficiency c_l the Kurz CAM and the possibility that the retention cMcicncy might bc

dependent c_n such things as sampling duration and airborne dust ccmccntration make it a poor
candidate l't)r quantitative measurements during buried waste retrieval operations at the RWMC.

The resolutions of the ANL-W and Victorccn CAMs wcrc comparable and much worse than
" the resolutions of the Merlin Gcrin and Kurz CAMs. The reason the ANL-W CAM had the best

sensitivity for airborne 239pu ¢;|rl be ;,ttributcd to its relatively good counting efficiency, very high

sampling flow rate (240 L/min), and the fact that the two-stage inertial impactor di,;cardcd better than

95% of the radon daughters prcscnl in the sample airstrcam.

The backgr_)und coefficients determined for the Merlin Gcrin CAM increased with increasing

dust concentration and at any given dust concentration, the coefficients wcrc normally higher when
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the 2.0,am filter was used. The higher coefficients tbr the 2.0,am filter indicate that, as might bc

expccted, alpha particles emitted from the more porous filter had a higher probability o1"interacting

with the filter medium. When the 0.8/xm filter was used, k I and k2 both increased asymptotically to

maximum values of about 0.3 and 0.7, respectively. Although the trend was less clearly defined, k:_
also approached a constant value (about 0.14) when dust concentrations were above 0.4 ,ag/L. The

dispersion of each coefficient for samplings performed using the 0.8 ,am filter was not significantly

affected by dust concentration. On the other hand, when the 2.0 ,am filter was used, the dispersion
II

_'._the k I and k3 coefficients was much larger at higher dust concentrations than at lower dust
concentrations. Based on these considerations, the ().8,u,m filter should generally provide better

sensitivity than the 2.0 _m filter, especially at higher dust concentrations.

When airborne dust concentrations were below 1 txg/L, average concentrations of airborne

23'_pumeasured using the Merlin Gerin CAM were usually in good agreement with the concentrations
independently determined using radiochemical analysis methods. In general, tk_rsamplings performed

using the Merlin Gerin CAM, 23'Jpu concentrations determined analyzing spectra using the

two-window algorithm were in better agreement with the concentrations determined via radiochemical

analysis of sample filtccs than the concentrations determined using the three- and four-window

algorithms.

Recommendations

Because lhc three coefficients used for subtracting background from thc 239pu ROI ali changed

as a function of sampling time and were also affected by changes in airborne dust c_mcentration, ii' .=

a ROl-based spectrum analysis approach is adopted, it will be necessary to estimate the current value
of the background coefficient when sampling air during waste retrieval operations. Since the

magnitude t:_t"the coefficient rellects the dcgrce of scattering of higher energy background alpha

particles to lower energy, the value of the coefficient should be correlated to basic parameters of the

background alpha pcaks such as width and skewness.

The coetTicicnts calculated at 3()-minute intervals during several samplings performed using the

Merlin Gt'rin CAM were modestly correlated to the values of the FWHM and FWTM of the

7.69 MeV 214Po alpha peak during the same samplings. This suggests that ii"the FWHM and FWTM
of the 7.69 MeV alpha peak were frequently measured and the values stored during sampling, their

average values during some predcl'ined preceding time interval could be used to estimate the current

value of the coefficient. Another, perhaps equally promising option, would be to monitor the

skewness or asymmetry of the background alpha peaks. Because the background coct'ficients
determincd li_r the ANL-W, RADeCO, and Victorcen CAMs exhibited much less scatter than the

coclTicicnts determined tk_rthc Merlin Gerin CAM, spectral data tk_r the latter three CAMs should
be examined to determine ii" this approach to estimating the value ot" the background coefficient i,

during sampling has real merit.

The ewfluations performed in this study indicatc that the ANL-W CAM will bc suitable for

monitoring air quality during waste retrieval operations at the RWMC. Several CAM sample

collection heads should be l'abricated as soon as practical using the ANL-W design that utilizes a

two-stage virtual impactor. A ,;olid-state silicon alpha detector and preamplil'ier will have to be

purchased for each CAM unit that is fabricated.
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In addition to the items previously mentioned, two additional solid-state silicon alpha detectors

and associated preamplifiers should be purchased to allow testing an alternative alpha CAM design.

The design concept is to utilize two alpha detectors that sequentially assay the same sample collection

filter. One detector will assay the sample collection filter in the usual manner while particulates are

- being deposited on it. The second detector will assay the same filter after a decay time of about

10 minutes following its removal from the sample airstream. The basic idea is to allow the majority

of the 3.1-minute 218po on the sample collection filter to decay before it is assayed by the second

' alpha detector. A 10 minute decay time will reduce the 218Po activity on the filter by 90%, resulting

in a substantial reductic_n in the number of 6.00 MeV alpha particles that are scattered into the 239pu

ROI. Consequently, the second detector will have much better sensitivity for airborne TRU than the

detector that assays the sample filter positioned in the sample airstream.

One carl envision a CAM unit that employs three sample collection filters--one positioned in

the sample airstream beneath one alpha detector, a second inside a decay chamber isolated from ,he

sample airstrcam, and a third positioned beneath a second alpha detector. If the three filters were

spaced 120 degrees apart on a circular filter holder assembly, the assembly could be rotated

120 degrees every 10 minutes so that the filter assayed by the second detector would be returned to

the sample airstrcam the same time the filter in the decay chamber was moved beneath the second

detector. In this manner, monitoring would remain continuous, but the shorter-lived background

isotopes that reduce detection sensitivity would be allowed to decay during monitoring.
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APPENDIX A

DESCRIPTIONOF ALPHASPECTRUMANALYSISMETHODS

Three different spectrum analysis algorithms were used to analyze each
alpha spectrumthat was collected. These algorithmsdeterminenet counts

. in the _gPu peak by subtractingfrom the total counts in the peak some
fractionof the counts in adjacentbackgroundregions of the spectrum.
The three algorithmsused employedone regionof interest (ROI) that

• encompassedthe energy region of the 239pu peak and either one, two, or
three backgroundROIs. Hence, they are commonlyreferred to as _he two-,
three-

239_uandpfour-windowalgorithms. In all three cases, the n ,_untsinthe
peak are expressedas a simple linear equation involvinga

single coefficientwhose value must be experimentallydetermined. The
value of the coefficientdetermineswhat fractionof the counts in the
backgroundROI(s) must be subtractedfrom the counts in the 239puROI in
order to yield zero net counts in the absenceof 239pu. The three
equationsfor net counts in the 239puROI are"

Two-window algorithm:

Cpu = CI " kiC2 (A-I)

Three-windowalgorithm:

Cpu = C4 - k2(C3 + C5) (A-2)

. Four-windowalgorithm:

Cpu = C6 " k3{C7C8) (A-3)

• C9

where,

CI, C4, and C6 are the total number of counts in the 239pu ROI, and

C2, C3, C5, C7, C8, and C9 are the total number of counts in the

correspondingbackgroundROls.

The energy rangesof the ROIs that were used for the three different
algorithmsare given in Table A-I. Also presentedin Table A-I are the
energy ranges of the ROIs used to integratecounts in the three major

backgroundalpha peaks. ROIs _ _l_c,and12 were used t_ integrateCOURTSin the 21BPo/2_Bi(RaA/ThC),21 ( ), and 212p0 (ThC alpha peaks,
which have energies of 6002.55/6061.80,7686.90,and 8784.37 keV,

. respectively.I Gross count rates in these latter ROls were
monitoredto determinehow effectivethe ANL-W and Kurz impactorswere in
reducing the quantitiesof radon and thorondaughterscollected.

The initialstep in the analysisof each alpha spectrumwas the
determinationof the gross number of counts in each of the 12 ROIs defined
in Table A-I. This was accomplishedusing a computer programthat was
written and compiled in C and run on a VAX 3200.
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TABLE A-I. Energy ranges of the ROIs used to analyzealpha spectra (MEV)

Merlin
RO__!I ANL-W Kurz Gerin RADeCO Victoreen

I 3.Or)- 5.29 5.00- 5.25 3.03 - 5.19 2.99 - 5.27 3.00 - 5.29
2 5.29 - 6.12 5.26 - 6.14 5.21 - 6.23 5,29 - 6.22 5.29 - 6.15
3 2.97 - 4.13 2.93 - 4.09 3.01 - 4.14 2.97 - 4.11 2.97 - 4.13
4 4.13- 5.29 4.09- 5.25 4.15 -5.19 4.13 - 5.27 4.13- 5.29
5 5.29 - 5.74 5.26- 5.70 5.20 - 5.64 5.29 - 5.73 5.29 - 5.74
6 4.10- 5.18 4.11- 5.21 4.14- 5..19 4.11 - 5.21 4.11 - 5.17
7 5.91 - 6.12 6.02 - 6.14 6.06 - 6.23 6.04 - 6,22 5.95 - 6.15
8 6.32 - 7.54 6.34- 7.69 6.44 - 7.74 6.41 - 7.71 6.35 _ 7.54
9 7.54 - 7.81 7.70 - 7.82 7.7B - 7.89 7.73 - 7.89 7.54 - 7.80
I0 3.25 - 6.12 3.28- 6.14 3.29 -6.23 3.25 - 6,22 3.25- 6.15
11 6.12- 7.81 6.15- 7.82 6.24- 7.89 6.24- 7.89 6.16- 7.80
12 7.82- 9.34 7.82- 9.34 7.90- 8.96 7.91 - 9.34 7.81 - 9.34

The coefficientskI, k and k_ in EquationsA-I throughA-3 were
calculatedusing spectral_ata collectedduring samplingsof ambientair
and air syntheticallyladf_nwith blank dust. In the absence of 239pu,

each of the three equatio_'isshouldyield zero net 239pu counts. Using
Equ_tionA-I as an exampJe, for spectra n-1 and n, one obtains the
followingequalities.

0 = (Ct)n_I - k1(C2)n_I (A-4)

0 = (C1)n " k1(C2)n (A-5) •

. If we assume that kI is a constantfor two consecutivespectra,we can
solve for kI as"

(C1)n - (C1)n.I
kI = (A-6)

(C2)n - (C2)n.I

Similarly,using EquationsA-2 and A-3 for two consecutivespectra, we

obtain the followingequationsfor k2 and k3:

(C4)n - (C4)n.I
k2 = (A-7) .

(C3 + C5)n - (C3 + Cs)n.1

(C6)n" (C6)n.i
k3 = (A-B)

((C7)n"(C7)n.1}((C8)n-(C8)n_I}

((C9)n-(Cg)n_1)

A-4
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Using EquationsA.-6,A-7, and A-8, the coefficientsk], k2, and k3
were calculatedfor each spectrumcollectedduring samplingsoT ambient
air and air laden with blank dust. All three coefficientswere calculated
for each spectrum collectedusing each of the four CAMs tested. Mean
values and standard deviationsof the coefficientsfor samplingsof
ambientair and aerosolized blank dust are presentedin the main text.

The number of backgroundand net counts in the 239pu ROI and their
statisticaluncertaintieswere then calculatedusing the followingformula.

tP

Two-windowalgorithm:

(Cpu)n = (C1)n - ki(C2)n (A-g)

(Cbgd)n= k1(C2)n (A-lO)

(NB)n = (C2)n - (C2)n-] (A-11)

(Nbgd)n= k1{(C2)n - (C2)n.I) (A-12)

(Npu)n = (Cpu)n - (Cpu)n.I (A-13)

= 2{Oki)2 I/2(Obgd)n {k12(NB)n+ (NB)n ) (A-14)

(°Npu)n= {[(CI)n - (C])n.I] + (Obgd)2}I/2 (A-15)

T__hree-wi___n_"ow__ th_._mm•
b

(Cpu)n = (C4)n - k2(C3 + C5)n (A-16)

(Cbgd)n= k2(C3 + C5)n (A-17)

(NB)n = (C3 + C5)n - (C_ + C5)n_I (A-18)

(Nbgd)n= k2{(C3 + CS)n - (C3 + C5)n_I) (A-19)

(Npu)n = (Cpu)n - (Cpu)n.l (A-20)

2 2 ]/2
(°bgd)n= {k22(NB)n+ (NB)n (Ok2)) (A-21)

(°Npu)n= (r(C4)n " (C4)n.I] + (Obgd)2)I/2 (A-.22)

Four-windowalqorithm:

(Cpu)n = (C6)n - k3(C7C8)n
(A-23)

(C9)n

A-b



(Cbgd)n : k3(C7C8)n
(A-24)

(C9)n

(C7C8)n (C7C8)n_I
(NB)n = (A-2B) -

(Cg)n (Cg)n_1

w

(Nbgd)n = k3(NB)n (A-26)

(Npu)n = (Cpu)n - (Cpu)n_I (A-27)

(Obgd)n = (k32(NB)n + (NB)n2(Ok3)2)I/2 (A-28)

(ONpu)n = {[(C6)n - (C6)n.I] + (Obgd)2}1/2 (A-29)

where,

(Cpu)n is the net count in the 239puROI at the end of

counting intervaln,

(Cbgd)n is the calculatedbackgroundcounts in the 239pu ROI
at the end of countingintervaln,

(NB)n is the change in gross counts in the backgroundROI(s)

during counting intervaln,

(Nbgd)n is the change in the calculatedbackgroundcounts in the
239pu ROI during counting intervaln,

(Npu)n is the change in tilenet counts in the 239puROI

during counting intervaln,

(Obgd)n is the statisticaluncertaintyin (Nbgd)n, and

(ONpu)n is the statisticaluncertaintyin (Npu)n.

Concentrationsof airborne239pu during samplingswere calculated
for each counting intervalusing the followingapproach. The number of
net counts in the 239pu ROI at time t is a functionof the total
activitydepositedon the filter and the countingefficiencyof the alpha
detector.

t

Cpu(t) = 2.22 E lA(t) dt (A-30)
0
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where,

Cpu(t ) is the number of background-corrected counts in the
239puROI at time t,

2.22 is the number of disintegrations per minute (dpm) per pCi,
.q

is the absolute counting efficiency of the alpha detector

[counts per minute (cpm) per dpm], and

" A(t) is the 239puactivitydepositedon the filter at time t (pCi).

Because, in our case, the activitydepositedon the filter at time 'tis
the product of the activitycollectionefficiencyof the sample filter,
the concentrationof 239puin the air being sampled,samplingflow
rate, and cumulativesamplingtime, EquationA-30 may be rewrittenas

t

Cpu(t) : 2.22 ( fY Xpu F t dt (A-31)
0

where,

Y is the 239pucollection efficiency of the detector or sample

' collectionfilter,

Xpu is the concentrationof 239pu in the air being sampled (pCi/L),

• F is th_ flow rate at which air is sampled (L/minute), and

t is the cumulative sample time (minutes).

If we assume that Y X.pu, and F are constants, the integration of Equation
A-31 yields the foliowlng formula for net 239pucounts as a function of

sampl i ng t i me.

Cpu(t) = 2.22 ( Y Xpu F t2 (A-32)

2

EquationA-32 shows that 239pu net counts increaseas the square of
samplingtime. The change in net 239pu counts betweencumulativesampling
(counting)times tI and t2 is then"

Cpu(t2) - Cpu(tl) = 2.22(¥Xpu F[(t2)2 - (tl)2]
(A-33)

2
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Solving EquationA-33 for Xpu yields:

Cpu(t2) - Cpu(tl)

Xpu = 2.22(Y F[(t2)2- (ti)2] (A,34)

2

or,

Cpu(t2) - Cpu(tl)
Xpu : (A-35)

2.22EY F[(t2-tl)(t2+t])]

2

Because spectrawere stored at regular intervalsduring sampling,we
can expresssamplingtimes tI and t2 as multiplesof the counting
intervalthat was used during sampllng. For t2 equal to nAT and tI equal
to (n-j)AT,where n and j are integersand AT Is the length of the
counting interval,the concentrationof airborne239pu for the nth

counting intervalmay be expressedas:

(Cpu)n - (Cpu)n_j
(Xpu)n= (A-36) .

2.22(Y [F(n-j/2)AT][jAT]

The term [F(n-j/2)AT]correspondsto the cumulative sample volume at
the time midway between the times the (n-j)thand nthspectrawere
stored. The (n-j/2)factor reflectsthe fact that 239Pucounts recorded
for a given counting intervalare due to both the total 239pu activity
accumulatedon the Filter prior to the start of the counting intervaland

the 239pu activitydepositeddurinq the counting intervalduNet239pu counts contributedby the 23_Puactivitydeposited ring the
counting intervalare equal to the number of counts that would have been
contributedif one-half the added activityhad been present at the
beginningof the counting interval. The term [jAT] is elapsedcounting
time betweenthe (n-j)thand nthspectra. During samplingsof aerosolized
dust performedduring this study, cumulativespectrawere stored every 30
minutes; so for those samplingsAT in EquationA-36 was set equal to 30
minutes. Airborneconcentrationsof 239puwere normally calculatedusing
j equal to I, meaningdifferencesin net 239Pucounts in successive
one-half hour counting intervalswere usuallyused to estimate airborne
239pu concentrations. However, spectracollectedduring several
samplingsof ambientair and aerosolized dust were also analyzed using j
equal to 2 in order to assess the effect of increasingthe counting
intervalto I hour. Because all spectracollectedusing the ANL-W CAM
were stored at one-hour intervals,AT in EquationA-36 was set equal
to (50minuteswhen the ANL-W spectrawere analyzed. Althouoh the ANL-W
CAM was not used to sample aerosolized dust spikedwith 239p_I,
concentrationsof airborne239puwere also calculatedfor samplings
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of ambient air performedusing the ANL-W CAM.

The minimumdetectablechange in net 239Pucounts during each
counting intervalwas calculatedusing the methods describedby
Currie.( The equation he suggests is"

(ND)n = f{2A,+ [Z(I__)+ Z(I.#)] ,/2(Obgd)n) (A_37)

_t' I,where

f is a_correctionto the LLD counts that takes into accountsystematic

calibrationerrors,

A is a correctionto the LLD counts that takes into account

base3ine errors,

Z(1.e) is the number of backgroundstandarddeviationsto be
used to determinea critical level,

Z(I.#) is the number of backgroundstandarddeviationsabove the
criticallevel used to determineLLD 2'39pucounts, and

(Obgd)n is the standarddeviationin the differencebetween

the 239puROI backgroundcounts in the nth and (n-j)th

spectra.

._ormulafor (abqd)n for the two-, three-,and four-windowanalysis
algorithmsare glven as EquationsA-14, A-21, and A-28, respectively.

" Values of (ND)nwere calculatedat the 95% confidence level
Z(I_(_) has a value of 1.645 for 95% confidenceof no false positives,and
Lfl A_ .as a value of I 645 for 95% confidenceof no false negatives.
B_ca[J_esystematiccalibrationerrorswere estimatedto be negligible
comparedto other sourcesof uncertainty,f was set equal to 1.0 when
values of (Nn)n were calculated. Also, because baselineerrors were
small compar_dto uncertaintiesin the changes in the backgroundcounts in
the 239pu ROI, the term A in EquationA-37 was set equal to zero when LLD
counts were calculated. With these stipulations,insertingthe
appropriatevalues into EquationA-37 yields the followingsimplified
equation.

(ND)n = 4.653 (Obgd)n (A-38)

lt should be noted that the constant2.71 rmrma]'lyadded to the right-hand
. side of EquationA-38 is absent from the equation. The constantwas

always much smallerthan the product4.653 (abgd)n,so L_D counts were
calculatedomittingthe constant.

" LLD counts calculatedusing EquationA-38 were convertedto LLD
concentrationsusing the followingapproach. If we assume that the
concentrationof airborne 239pu,the activitycollectionefficiency,and
samplingflow rate remain constantduring sampling,then the amount of
activitycollectedat any time t is given by



A2

A1,,t-}

-lm,,

0 tI t2

Sampl i ng t i me

Figure A-I. Change in collected activity during a sampling interval.

A(t) -_-YXpuFt (A-3g) "

The amount of activitycollectedduring a given counting intervalmay be
easily calculatedwith the aide of Figure A-I, which is a plot of
collectedactivity versus cumulativesampling time. The amount of

activitycollectedbetweentimes tI andT_2 is equal to the area of thehatchedtriangle shown in FigureA-I. e amount of activitycollected
during the sampling interval,AA, is

AA = I/2 (t2 - tl)(YXpuFt2 - YXpuFtl) (A-40)

or

AA = I/2 YXpuF(t2 - tl)2 (A-41)

For t2 = nAT and tI = (n-j)aT,Equation (A-41)may be rewrittenas

AA = I/2 YXpuFj2AT2 (A-42)

The change in net 239pu counts betweencumulativesampling (cot,_+ing)
times tI and t2 is then.

Cpu(t2)- Cpu(tl) = 2.22(YXpuFj2AT2
(A-43)

2
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Solving for (Xpu)n,the concentrationof airborne239puduring the
counting interVAl is then given by

(Cpu)n - (Cpu)n.j
. (Xpu)n = (A-44)

2.22(Y [FjAT][jAT]

2
e

LLD counts calculatedusing EquationA-38 were substitutedinto Equation
A-44 to convertthem to LLD concentrations,expressedas pCi/L.

(ND)n
(Xd)n = (A-45)

2.22(Y [FjAT][jAT]

2

In the case of the Merlin Gerin CAM, EquationA-45 was normally
evaluatedusing j equal to one, meaning the LLDs were usually estimated
based on successiveone-half hour counting intervals. However, for
selectedsamplingsof ambientair and aerosolized blank dust performed
using the Merlin Gerin CAM, spectrawere also analyzedusing j equal to 2
to determine if using a one-hour long counting intervalsignificantly
improvedthe LLD for 239pu.

For selected samplingsof ambientair and aerosolized blank dust
performedduring FY-1990using the ANL-W, Kurz, RADeCO,and VictoreenCAMs

- spectrawere reanalyzedusing successiveone-hourlong counting
intervals. These data providea basis for comparingthe LLDs of the five
CARs that were tested.
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APPENDIX B

RESOLUTION"ADDITIONALDATA AND PLOTS.

Average FWHM and FWTM of the 6.00 Mev 21Bpo/212Biand 7.69 Mev
214po alpha peaks for selectedsamplingsperformedusing the ANL-W, Kurz, and
VictoreenCAMs are presentedin Tables B-I, B-2, and B-3, respectively.

Average FWHM and FWTM of the 6.00 Mev 21Bpo/Z12Bialpha peak
for selectedsamplingsof ambientair performedusing the ANL-W, Kurz, Merlin
Gerin, and Victoreenalpha CAMs are plottedas a functionof samplingtime in
FiguresB-I and B-2, respectively.

Average FWHM and FWTM of the 6.00 Mev 218po/212Bialpha peak
for selectedsamplingsof aerosolized blank dust performedusing the Kurz,
Merlin Gerin, and Victoreenalpha CAMs are plotted as a functionof sampling
time in FiguresB-3 and B-4, respectively.
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TABLE B-1. Average FWHM and FWTM of the 218p0/212Biand 214p0alpha
peaks for selectedsamplingsperformedusing the ANL-W alpha CAM (0.8 _m)
-..........,.

218po/212Bi 214po

Sampling AverageDust FWHM FWTM FWHM FWTM
Date(s) Concentration

(m/d/y) (_g/L) (keV) (keV) (keV) (keV)

4-12 HR:

12/15-20/89 2,43 ± 0.49 E-03 214 ± 50 728 _ 45 354 ± 22 887 _ 6

12/20-27/89 6,74 ± 0.40 E-03 256 ± 22 667 ± 35 346 ± 941 _ 10

12/12-14/89 8.85'±0,53 E-03 200 ± 40 640 _ 19 352 ± 14 883 ± 17

14-30 HR:

12/15-20/69 2.43 ± 0.49 E-03 300 ± 28 785 _ 13 364 ± 7 891 ± i

12/20-27/89 6.74 _ 0.40 E-03 307 ± 3 742 _ 20 355 _ 2 927 _ 4

12/12-14/89 8.85 ± 0.53 E-03 281 ± 16 678 _ 34 354 C 7 897 _ i

32-48 HR"

12/15-20/89 2.43 ± 0,49 E--03 330 ± 19 784 _ 8 357 ± 3 890 _ I

12/20-27/89 6.74 ± 0.40 E-03 339 ± 13 732 _ 21 353 ± i 920 _ 2

12/12-14/89 8.85 ± 0,53 E-03 306 ± 3 723 _ 11 349 ± I 900 _ 2

TABLE B-2. Average FWHM and FWTM of the 218p0/212Biand 214p0alpha
peaks for selected samplingsperformedusing the Kurz alpha CAM

218po/212Bi 214po

Sampling AverageDust FWHM FWTM FWHM FWTM

Date(s) Concentration

(m/d/y) (_g/L) (keV) (keV) (keV) (keV)

4-12 HR:

12/15-20/89 2.43 _ 0.49 E-03 74 ± 15 173 _ 16 89 ± 8 193 _ 3

12/27-01/02/90 8.60 ± 0.50 E-03 75 ± 9 178 ± 9 91 ± 10 191 ± 9

05/25-28/90 6.90 ± 0,40 E-02 64 _ i 127 _ I 65 _ 6 176 _ 6

07/02-02/90 1.10± 0.07 E-01 69 ± 4 193 _ 2 78 ± i 224 _ 2

06/01-04/90 1.16± 0.06 E-01 68 ± 2 160 ± 10 67 ± 5 153 _ 5

06/27-27/90 5,48 _ 0,28 E-Ol 78 ± 3 205 ± 17 I15 ± 2 375 ± 36

14-24 HR"

12/15-20/89 2.43 .±0.49 E-03 106 ± 7 226 ± 15 118 ± 9 225 _ 15

12/27-01/02/90 8.60 ± 0.50 E-03 113 _ 12 228 _ 18 120 ± 7 237 ± 10

05/25-28/90 6.90 ± 0.40 E-02 66 ± i 137 ± 10 72 ± 2 171 _ 7

06/01-04/90 1.16 -±0.06 E-01 67 ± I 184 ± 8 70 ± i 153 ± 2

26-48 HR"

12/15-20/89 2.43 ± 0.49 E-03 131 ± 9 268 ± 19 135 ± 4 254 _ 8

12/27-01/02/90 8.60 ._0,50 E-03 133 ± 6 261 ._ 12 138 + 7 261 + 6m

05/25-28/90 6.90 ± 0.40 E,-02 68 _ I 158 _ 5 72 ± 3 178 _ 5

06/01-04/90 1.16 ± 0.06 E-01 69 ± i 181 ± 4 73 ± I 162 _ 2
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TAULE B-3. Average FWHM and FWTM of the 216p0/212Biand 214p0alpha peaks
for selected samplingsperformedusing the Victoreenalpha CAM (0.8 _m)

218po/212Bi 214po

Sampling AverageDust FWHM FWTM FWHM FWTM

Date(s) Concentration

(m/d/y) (_g/L) (keV) (keV) (keV) (keV)

' 4-12 HR:
12/20-27/89 6,74 _ 0.40 E-03 278 ± 5 741 ± 72 419 ± 24 1044_ 14

12/12-14/89 8,85 ± 0,59 E-03 261 ± 37 687 ± 23 395 ± 3 1013± 12

05/25-28/90 6,90 ± 0.40 E-02 224 ± 15 780 ± 12 495 ± 15 1167 ± 37

07/02-02/90 1,10 . 0,07 E-01 116 + 60 575 + 45 509 + 13 1189 + i

06/01-04/90 1,16 ± 0,06 E-OI 221 ± 61 663 _ 18 561 ± 8 1158± 13

06/27-27/90 5.48 ± 0.28 E-01 199 ± 66 609 ± 18 588 ± 19 1244± 6

14-24 HR:
12/20-27/89 6,74 _ 0,40 E-03 316 ± 29 789 ± 8 383 _ 5 1010 4_ 12

12/12-14/89 8,85 + 0,59 E-03 317 + 3 702 + 3 372 + 2 973 + 7.... N

05/25-28/90 6.90 _ 0,40 E-02 376 _ 17 863 _ 37 534 _ 19 1219_ 7

06/01-04/90 1,16 ± 0,06 E-01 282 ± 7 705 ± 43 621 ± 9 1209 ± 24

26-48 HR"
12/20-27/89 6,74 ± 0.40 E-03 335 _ i 790 ± 5 373 ± 5 995 ± 2

12/12-14/89 8.85 _ 0.59 E-03 318 _ 3 727 _ 8 355 ± 9 957 _ 13

05/25-28/90 6.90 + 0.40 E-02 413 + 13 906 + 5 563 + 3 1241 + 14

' 06/01-04/90 1,16_ 0,06 E-01 338 ± 31 804 ± 10 623 ± 15 1224 _ 5
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FIGURE B-l, FWHM of the 21BPo/_I_Bialpha peak versus sampling time for

samplings of ambient air performed using the ANL-W, Kurz, Merlin Gerin,
and Victoreen alpha CAMs.
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FIGURE B-3. FWHM of the ZIBPo/2i2Bialpha peak versus samplingtime for
samplings of aerosolized blank dust performed using the Kurz, Merlin
Gerin, and Victoreenalpha CAMs.
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Spectrum Analysis Results
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Appendix C

Spectrum Analysis Flesuits

Tables C-I through C-24 (on micr_fiche) present listings o1"calculated spectral analysis results
for samplings _f i_mbicnt air and of acrosolizcd clean and spiked dust performed using the Merlin
Gcrin Edgar alph_l CAM. Results presented in Tables C-I through C-22 were calculated using

successive spectra collected at 30-minute intervals. Results presented irl Tables C.-23 and C-24 were
calculated using successive spectra collected at 60-minute intervals.

Spectral analysis results for the ANL-W, Kurz, RADeCO, and Victoreen CAMs are presented

in Tables C-25 through C-32 (on microfiche). Results presented in Tables C-25 through C-32 were
calculated using data for successive spectra collected at 60-minute interval:_. [)ata in Tables C-1

through C-32 arc presented in the format shown on page C-4.
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Colunm

Number Heading Description of Data

1 n Spectrum number. (Data in row that shows spectrum number were

calculated using the two-window algorithm.)

1 For K2: Data in this row were calculated using the three-window algorithm.

1 For K3" Data in this row were calculated using the four-window algorithm.

2 Time Cumulative sampling time (rninutcs).

3 Flow Cumulative sample volume (L).

4 Cpu Net counts in 239pu ROI calculated using Equation A-9, A-16 or A-23.

5 Cbkg Background counts in 239pu ROI calculated using Equation A-10, A-17,
or A-24.

6 Nb(n) Change in counts in background ROI(s) calculated using Equation A-11,
A..18, or A-25.

7 Nbkg Change in background counts in 239pu ROI calculated using Equation
A-12, A-19, or A-26.

8 Npu Change in net counts ira 239pu ROI calculated using Equation A-13, A-20, ,
or A-27.

9 -bkg Standard deviation of background counts in 239pu ROI calculated using

Equation A-14, A-21, or A-28.

10 -npu Standard deviation of net counts irl 239pu ROI calculated using Equation
"CA-15, A-22, or A-29.

11 Xpu Concentration of airborne 239pu calculated using Equation A-36 (pCi/L).

12 Nd Minimu,.n detectable change in net 239pu counts calculated using Equation

A-38 (counts).

I3 Xd Minimum detectable concentration of airborne 239pu calculated using ,_

Equation A-45 (pCi/L).
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