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INTRODUCTION
The Institute

The Inbalation Toxicology Research Institute (ITRI) is a federally funded research and development center
operated for the U. S. Department of Encrgy (DOE) by the Lovelace Biomedical and Environmental Research
Institute, a nonprofit subsidiary of the Lovelace Medical Foundation. ITRI is designated as a "Special Purpose
Laboratory” within the DOE Office of Health and Environmental Research, Office of Energy Research.
Approximately 75% of the Institute’s research is funded by DOE; the remainder is funded by a variety of
governmental, trade association, and private sources.

The mission of ITRI is to conduct basic and applied research to improve our understanding of the nature and
magnitude of the human health impacts of inhaling airtborne materials in the home, workplace, and general
environment. Institute research programs have a strong basic science orientation with emphasis on the nature and
behavior of aitborne materials, the fundamental biology of the respiratory tract, the fate of inbaled materials and the
mechanisms by which they cause disease, and the means by which data produced in the laboratory can be used to
estimate risks to human health. Disorders of the respiratory tract continue to be a major heaith concern, and inhaled
toxicants are thought to contribute substantially to respiratory morbidity. As the largest laboratory dedicated to the
study of basic inhalation toxicology, ITRI provides a national resource of specialized facilities, personnel, and
educational activities serving the needs of government, academia, and industry.

The Institute’s multidisciplinary staff works in specialized facilities and takes a collaborative research approach
to resolving scientific issues. ITRI is located on Kirtland Air Force Base East, approximately 10 miles southeast
of Albuquerque, New Mexico. The more than 280,000 square feet of laboratory and support facilities include unique
facilities and equipment for basic biological research and exposures of animals to all types of airborne toxicants.
The staff of approximately 200 includes doctoral-level scientists in physical, chemical, biological, medical, and
mathematical disciplines. Working with the scientists are highly trained scientific technicians, laboratory animal
technicians, and a full range of support staff. The entire range of biological systems is employed, including
macromolecules, cells, tissues, laboratory animals, and humans. The research includes both field and laboratory
studies. Strong emphasis is placed on the quality of research and resulting data; the Institute has a Quality Assurance
Unit and is fully capable of research in adherence 1o Good Laboratory Practices guidelines.

The Institute’s scientific and support staffs are organized into disciplinary and tunctional scientific groups and
support units (see Appendix B). The research is organized into programs which arc administered by the Assistant
Directors (see Appendix C). The programs are composed of projects having common research themes, but which
typically cut across research disciplines. For example, the Pathogenesis Program contains projects oriented largely
toward the development of non-cancerous respiratory tract disease, but the projects involve molecular biology,
biochemistry, pathology, physiology, and inhalation exposure technology.

The Report

The papers in this report are organized along topical lines, rather than by research program, so that research
within specific disciplines is more readily identified. The papers include summaries of research funded by both DOE
and non-DOE sources, to represent the full scope of Institute activities. The source of funding is acknowledged for
each paper. One section consists of summaries of research on the effects of injected actinides, conducted for DOE
at the University of Utah. This effort is currently administered through ITRI’s DOE contract. The appendices
summarize the organization of the Institute’s staff and research programs, publications and prescntations by ITRI and
University of Utah Scientists, seminars by visiting scientists, collaborations with scicntists in other institutions, and
a description of ITRI’s educational activities.
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A separate series of reports entitled, Annual Report on Long-Term Dose-Response Studies of Inhaled or Injected
Radionuclides, summarize the design and status of the long-term studies of the health effects of radionuclides in
dogs, conducted at ITRI and the University of Utah. This separate report also contains the status of each dog, the
detailed tables which were previously included as appendices in the ITRI Annual Report. The dog report can be

obtained from NTIS, and by request from the Institute.

Joe L. Mauderly,
Director

An aerial view of the Inhalation Toxicology Research Institute was constructed in several increments, starting
in June 1962. The Institutc’s facilities consist of (1) an administrative area, including housing for the directorate,
personnel, business and purchasing offices, editorial offices, a cafeteria, conference rooms, and health protection
operations; (2) a central laboratory and office area, including aerosol science, radiobiology, pathology, chemistry
and toxicology laboratories; (3) cell toxicology laboratories; (4) pathophysiology laboratorics; (5) a specially designed
and equipped chronic inhalation exposure complex with some laboratories suitable for use with carcinogenic
materials; (6) an exposure facility for acute inhalation ..posures to chemical toxicants and beta- and gamma-
radionuclides; (7) exposure facilities for acute inhalation exposures to alpha-cmitting radionuclides; (8) a veterinary
hospital and facilities for detailed clinical observations; (9) small-animal barrier-type housing facilities; (10) a modern
library and quality assurance facilities; (11) 13 kennel buildings, nine capable of housing 100 dogs cach and four
for housing 120 dogs each; (12) an analytical chemistry building; (13) an enginccring and shop support building; (14)
a receiving, property management, and storage building; (15) a health protection building; (16) scveral temporary
laboratories; (17) sewage lagoons; (18) a hazardous wasle storage and treatment facility; (19) standby power facility;
and (20) animal quarantine facility.
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I. CHARACTERIZATION OF AIRBORNE MATERIALS
AND GENERATION OF
EXPERIMENTAL EXPOSURE ATMOSPHERES




STATISTICAL LIMITATIONS IN THE SENSITIVITY OF CONTINUOUS
AIR MONITORS FOR ALPHA-EMITTING RADIONUCLIDES

M. D. Hoover and G. J. Newton

Design and implementation of a technically defensible air monitoring program for alpha-emitting radionuclides
require an understanding of the inherent statistical limitations of alpha continuous air monitors (CAMs). The
basic limitations arise because radioactive decay is a statistical process in which the fundamental unit is the
rate of decay. This rate can be described by a Poisson distribution in which (1) the number of possible decays
in any unit of time (the rate) is not limited to a fixed number, (2) the decays are independent (the number of
decays in one unit does not affect the number in other units), and (3) the average number of decays per unit
of time remains the same from unit to unit.

Inasimple example, assume that a CAM operates under the following conditions: the plutonium air concentration
is 4.44 dpm/m3 (1 derived air concentration, or DAC, for soluble forms of plutonium-239), the flowrate is 0.0283
m3/min (1 cfm), and the detection efficiency is 0.20 cpm/dpm (typical for a 2.5-cm diameter filter with a 2.5-
cm diameter solid state detector). During an 8-h period with a concentration of 1 DAC, workers would receive
an integrated exposure of 8-DAC-h. The U.S. Department of Energy's Radiological Control Manual requires
that alpha CAMs used in DOE facilities be capable of triggering an alarm when presented with an 8-DAC-h
exposure under laboratory conditions (low radon progeny concentration and low airborne dust concentration).
The average plutonium count rate seen by the CAM under these conditions would be:

(4.44 dpm/m3)*(0.0283 m3/min)*(480 min)*(0.2 cpm/dpm) = 12 cpm . 1)

By the nature of Poisson statistics, the square root of the average count rate is a good approximation of
the standard deviation of the count rate. That is, 68% of the time, the observed plutonium count rate, n;, will
be in the range [n - n%5 to n + n®3], and 95% of the time, n; will be in the range of [n - 20 to n + 2n%5].
Thus, we can expect to detect an average of 12 cpm, with a 68% confidence range of 12 £ 3.5, and a 95%
confidence range of 12 + 7. Note also that the relative uncertainty can be reduced by extending the counting
period to take advantage of the fact that the ratio n®3/n decreases as n increases. The major improvement in
uncertainty occurs if we extend the counting period from 1 min (12 £ 7 cpm) to 5 min (60 £ 15 counts per
5 min, which is 12 + 3 cpm). Longer counting periods reduce the response time of the CAM without providing
substantially lower uncertainty.

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

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




a negative concentration value. Under these conditions, only an addition of counts equal to several times the
variation in background (perhaps 100 new counts, or 10 DAC) would provide a reliable estimate of concentration.

The statistical situation becomes even more difficult when the calculations are adjusted for the natural radon
progeny background aerosol. The most troublesome radionuclide is 218Po, which has an alpha energy of 6.0
MeV. The thoron progeny radionuclide 212Bi has the same energy, but is less prevalent. The lower energy
tail of the 2!3Po alpha energy distribution extends into the region of the 5.48-MeV alpha from 238Pu and the
5.15-McV alpha from 23%Pu. The 2!%Po radon progeny (alpha energy 7.68 MeV) is also present. If 222Rn is
present at an ambient concentration of 1 pCi/L (2220 dpm/m3), and is in 50% equilibrium with its daughter
radionuclide 2!8Po (typical for indoor conditions), then the 2!8Po concentration will be 0.5 pCv/L (1110 dpm/
m3). Since those concentrations are substantially greater than the 4.44 dpm/m3 DAC for 23%9Puy, gross alpha
counting cannot be used to reliably detect plutonium in the presence of ambient radon progeny. Some sort of
correction algorithm must be used to subtract the lower energy tail of the 218Po peak (about 1/5 of the 218po
activity) from the plutonium region of interest (ROI).

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

Pu counts = ROI, - k*ROL,*ROL/ROI, , @

where ROI; covers the energy range for the plutonium isotopes, ROI, covers the upper tail of the 218pg peak,
ROIs-3 and 4 cover the lower and upper tails of the 214Po peak, and k is an empirically determined factor based
on the ratio of counts in the four ROIs when no plutonium is present.

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

To more fully estimate the statistical limitations of all the factors described above, we used a PC-based
Monte Carlo forecasting program called Crystal Ball (Decisioneering, Inc., Boulder, CO). Crystal Ball runs within
the Microsoft Excel spreadsheet in the Microsoft Windows environment. Assuming Poisson statistics, we selected
a number of plutonium and radon progeny concentration conditions that might be encountered in the workplace,
and used Crystal Ball to simulate how the CAM might handle them. We provided the mean decay rate for
each of the plutonium and radon concentrations. Crystal Ball then selected a random value from each Poisson
distribution in the calculation, and calculated the plutonium cpm result for that trial. This Monte Carlo approach
produced minute-by-minute reports typical of those expected from a CAM sampling under the given conditions.
Long simulations (an accumulation of 1000 trials, for example) provided the average statistical uncertainty for
the reported plutonium concentration under the selected conditions.

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




Table 1

Statistical Limitations (Expected reporting values in cpm and 95% confidence intervals)
for Alpha Continuous Air Monitors
at Different Plutonium and Radon Progeny Concentrations?

No Plutonium 0.3 DAC-h 1 DAC-h 8 DAC-h 24 DAC-h
Present Plutonium Plutonium Plutonium Plutonium

No Radon 0+ 0 cpm 05+13 1.5 +23 126 36 £ 12
Progeny
0.1 pCv/L 0x2 0.5 +2 153 12+6 36 * 12
Radon Progeny
1 pCi/L 05 055 1526 12+ 8 36 + 13
Radon Progeny
2 pCyYL 07 057 157 129 36 + 14
Radon Progeny
5 pCy/L 012 0.5 +12 1.5 +12 12 £ 13 36 £ 16
Radon Progeny
10 pCVL 016 05+ 16 1.5+ 16 12 + 17 36 +19

Radon Progeny

%12 cpm corresponds to a plutonium accumulation of 8 DAC-h.




40 —

30

Pu COUNTS PER MINUTE

(A)

| I L 1
30 60 90 120

TIME (MIN)

Pu COUNTS PER MINUTE
o

T | I ]
30 60 90 120

TIME (MIN)

Figure 1. Monte Carlo simulations of minute-by-minute reports for an alpha continuous air monitor, In panel
(A) radon progeny are sampled at 0.1 pCi/L for 90 min, followed by an instantaneous release of
8-DAC-h of plutonium. The 8-DAC-h release is easily distinguished. In panel (B) radon progeny
are sampled at 10 pCi/L for 90 min, followed by an instantancous release of 8-DAC-h of plutonium.
The 8-DAC-h release is difficult to distinguish because of the statistical variation in the background.

(This research was conducted under DOE Contract No. DE-AC04-76EV01013 with funding from DOQE's
Assistant Secretary for Environment, Safety and Health, and Martin Marietta Energy Systems Y-12 Plant.)
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UPDATE ON SELECTION AND USE OF FILTER MEDIA IN
CONTINUOUS AIR MONITORS FOR ALPHA-EMITTING RADIONUCLIDES

M. D. Hoover and G. J. Newton

In our 1990-91 Annual Report (p. 16), we described acceptable performance criteria for filters to be used
in continuous air monitors (CAMs) for alpha-emitting radionuclides, and we evaluated candidate filters. We
concluded that a fiber-supported, teflon membrane filter (such as the Fluoropore filter from Millipore Corporation,
Bedford, MA) would be the best choice for use in alpha CAMs if a distinctive colored backing could be developed
for the support side. A clearly visible difference between the smooth collection side and the fibrous support
side is needed because collection of alpha-emitting particles on the fiber side leads to loss of resolution due
to unacceptably broad energy spectra. We also noted that it would be useful to have an acceptable alternative
filter that could be dissolved for chemical analyses. This year, we report that a suitable black-fiber backing
has been developed for the Fluoropore filter and that the Millipore AW-19 membrane filter has been identified
as an acceptable alternative when a dissolvable filter is needed. Some of the tradeoffs in making these selections
are described.

Table 1 summarizes our evaluations of filters for use in solid-state detector/multichannel analyzer CAMs
to determine the alpha energy spectrum from particles collected on a filter. Tradeoffs can be seen in three areas:
(1) sharpness of the alpha energy spectrum so that alpha disintegrations of plutonium or uranium can be distinguished
from the higher-energy disintegrations of naturally occurring radon progeny such as 218Po, (2) high efficiency
for particle collection so that the results are not biased by sample losses, and (3) low pressure drop so that samples
can be collected at reasonably high flowrates of 25 to 60 L/min (1 to 2 cfm). Radon progeny collection results
are normalized to those of the Millipore SMWP, 5-um pore size, mixed cellulose ester filter, because the good
front-surface collection characteristics of the SMWP made it the early filter of choice for use in alpha CAMs.
Collection efficiency for the SMWP over the size range 0.035 pm to 1.0 um aerodynamic diameter is 98.1%
to greater than 99.99% (Liu, B. Y. H. et al. In Aerosols in the Mining and Industrial Work Environments, Ann
Arbor Science, Ann Arbor, MI, p. 989, 1983). In light of the demonstrated equivalence or superiority of the
more rugged alternatives, the fragile SMWP is no longer recommended for use in alpha CAMs. Particle collection
efficiency and gravimetric confirmation of particle mass collected with the SMWP filter are unreliable because
of breakage of the SMWP filter under field conditions.

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

The best averall performance is from the teflon membrane filters such as the Fluoropore filter
(polytetrafluoroethylene membrane with a polypropylene fiber backing). Spectral performance of the 3-pm pore
size Fluoropore filter is slightly better than that of the 5-um pore size Fluoropore filter, but the larger pore size
version was selected for use with the high contrast backing because it provides a significantly lower pressure
drop (less than half) with only a third less spectral quality. It is important to note that filters are not sieves,
and that particles much smaller than the pore size are collected by diffusion and impaction mechanisms. Investigators
such as Lindcken et al. (Health Phys. 10: 495, 1964) have demonstrated that, compared to filters with submicrometer
pore size, large-pore membrane filters show no serious sacrifice in collection efficiency until the pore diameters
exceed 5 um. Thus, larger pore filters are preferred in many applications because they retain good particle collection
cfficiency with a lower pressure drop, which allows longer sampling times before the sampling rate is degraded
by pressure buildup across the filter (Liu ef al., 1983),




Table 1

Characteristics of Filters Evaluated for Use in Alpha Continuous Air Monitors

—

Typical FWHM Relative Relative
Filter Flow Rate of the Radon Progeny Radon Progeny

Filter Composition (L/min per Po-218 Counts in the Pu  Collection

Type and Durability cm?)? PEAK (keV)® ROI° Efficiency®
MILLIPORE SMWP mixed esters of cellulose acetate
5.0 pm pore size and celtulose nitrate (fragile;
Millipore Corporation, electrostatic; both sides similar) 16 670 1 1
Bedford, MA
(8 72.60/100)
MILLIPORE AW19 homogeneous microporous
5.0 um pore size - Prefilter  polymers of cellulose esters formed
Millipore Corporation around a cellulose web (rugged; 16 470 0.57 0.99:0.01
(3 33.20/100) both sides similar)
DURAPORE polyvinylidene fluoride
5.0 um pore size (rugged; both sides similar) 14 790 1.55 0.67£0.01
Millipore Corporation ’ ’ ’
(8 78.20/100)
FLUOROPORE polytetraftuoroethylene bonded to
3.0 pm pore size polypropylene high-density fibers
Millipore Corporation (rugged; front is membrane; back is 23 350 047 1.04£0.02
(3 231.00/100) fibers; sides barely distinguishable

by naked eye)
FLUOROPORE polytetrafluoroethylene bonded to
5.0 pm pore size polypropylene high-density fibers
Millipore Corporation (rugged; ront is membrane; back is 59 460 0.67 0.96x0.04
(S 89.00/100) fibers; sides distinguishable by
naked eye - high contrast backing)

VERSAPOR 3000 acrylic copolymer on a nylon fiber
3.0 um pore size support (rugged; both sides similar)
Gelman Sciences, 25 590 094 0.7520.02
Ann Arbor, MI
(8 59.00/100)
GELMAN A/E GLASS borosilicate glass fiber without
1.0 wm pore size binder (breakable during handling; 25 > 1000 131 0.922001
Gelman Sciences both sides similar) ) ’ ’
(3 24.00/100)
WHATMAN EPM 2000 borosilicate glass microfiber
0.6 um particle retention without binder (breakable during
Whatman LabSales, handling; both sides similar) 20 z 1000 1.48 1.00x0.03
Hillsboro, OR
(3 20.00/100)
WHATMAN 41 cotton cellulose filter paper
20-25 pm particle retention  (rugged; currently used primarily
Whatman LabSales for liguid filtration; both sides 3 = 1500 165 0.422001
($ 10.25/100) similar)
NUCLEPORE polycarbonate membrane (rugged,
0.6 um pore size thin; very electrostatic; currently
VWR Scdientific, used primarily for liquid filtration; 4 500 0.89 0.85£0.02
Pleasanton, CA collection side recommended by
($ 75.00/100) mft. is the shiny side)
MILLIPORE (Black) mixed esters of cellulose (fragile;
0.8 um pore size electrostatic; collection side is
Millipore Corporation darker) 7 520 0.91 1.0520.01

($ 110.00/100)

3Flow rate determined under vacuum at S psig.

YFWHM is the typical full width at half maximum of the Po-218 peak obtained during sampling of room air at ITRI.
Radon progeny background counts in the Pu region of interest for the filter of interest, divided by similar counts obtained

simultancously on a Millipore SMWP filter.
9Total radon progeny background counts on the filter of interest, divided by similar counts obtaincd simultancously on a Millipore
SMWP filter. Mcan and standard error for five replicate tests.

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

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

(This research was conducted under DOE Contract No. DE-AC04-76EV01013 with funding from DOE's Rocky
Flats Plant under Purchase Order No. 67-517DD.)




STUDIES OF THE HOMOGENEITY OF PARTICLE COLLECTION
IN ALPHA CONTINUOUS AIR MONITORS

G. J. Newton, M. D. Hoover, and W. C. Griffith

Calibration of monitoring instruments for airborne radioactivity is fundamental to a defendable health protection
quality assurance program. Use of alpha spectroscopy-based instruments for real-time plutonium monitoring in
the workplace requires a thorough understanding of the spatial deposition of collected alpha-emitting particles
on the filters and the resultant alpha spectrum. The net alpha-counting efficiency is determined using an electroplated
alpha source of the same size (diameter of the active area should correspond to the collection area of the filter
in the continuous air monitor [CAM]) and have verified homogeneity of the alpha radioactivity per unit area
of the source. Because deposition of airborne, alpha-emitting radioactive particles is also assumed to be uniform
across the filter, it is essential that the homogeneity of the collected particles on the surface of the CAM filter
be determined.

Previously, we developed an experimental, automated, particle-imaging system for locating (X,Y or R,0
coordinates) monodisperse, fluorescent, polystyrene latex (PSL) microspheres on filters (1990-91 Annual Report,
p. 10). The imaging system includes an 80486-based personal computer (PC) which controls the motor-driven
stage (X and Y coordinates) of an optical microscope, a charge-coupled-device attached to the microscope that
serves as a detector for the fluorescent particles, and an epi-fluorescent, tunable ultraviolet light source. Filters
containing collected PSL particles are mounted between glass plates and loaded onto the motor-driven stage;
a program on the PC determines the location of all particles on the filter. The system automatically (a) moves
the stage to a position, (b) records the coordinates of each particle in a pre-defined field of view, and (c) moves
to the next position.

Monodisperse “Fluoresbrite” PSL microspheres (Polysciences, Inc., Warrington, PA) have been available with
fluorescent dyes in bright-blue (excitation max. 365 nm, emission max. 468 nm), yellow-orange (excitation max.
554 nm, emission max. 580 nm), and yellow-green (excitation max. 458 nm, emission max. 540 nm). Most
of our studies used the yellow-green dye and nominal particle diameters of 10, 6, 3, and 1 pm. The standard
deviation of the geometric diameter was approximately 3%. However, Polysciences, Inc. can no longer supply
monodisperse 10 um diameter yellow-green particles. Therefore, midway through the studies, bright-blue 10
um particles were used in place of the yellow-green labeled PSL particles.

The imaging software, OPTIMAS (BioScan Corporation, Edmonds, WA), is user-friendly and was designed
for a Windows environment. OPTIMAS extracts data from the images and saves it as ASCII files. The software
provides a flexible sampling scheme to include: (a) scanning of the entire filter surface; (b) scanning of a selected
area; or (c) sampling of preselected fields. Ordinary spreadsheets cannot store all the positions of a typical
scan which normally requires from 50,000 to 250,000 positions. Therefore, the ASCII files are moved to a
UNIX workstation capable of handling the large (2-8 MB) files.

Preliminary studies indicated that the reproducibility of the particle count was questionable. Repeat scans
of individual filters and single fields on filters indicated decreased detection of particles even though the particles
were still visible to the eye. Early efforts focused on depth-of-field relationships. Depth-of-field for the charge-
coupled detector is more restrictive than for the human eye and becomes increasingly important at higher
magnifications of the optical microscope where downward drift in the Z direction affects focus. Efforts to determine
the cause of the lack of reproducibility finally focused on the alignment of the mercury vapor lamp. Once all
of the optical alignment problems were addressed, the scanning system yielded very reproducible results, and
there were no losses of particles for repeat scans.

We also investigated the possibility of using nonlabeled plain PSL microspheres. By using a filter having
a dark substrate and modifying the threshold and contrast controls in the OPTIMUS software, enough contrast
was obtained to count plain PSL particles. This capability will extend the useful range of the scanning system.




Candidate CAMs have been tested to quantify the level of homogeneity of collected PSL particles across
the surface of the CAM filters. Our results suggest that it may be necessary to modify the alpha-counting efficiency
of candidate CAMs because of nonhomogeneous particle collection. This is a multi-step process that includes:
(1) determining the net alpha-counting efficiency using a homogeneous electroplated alpha source of the same
size; (2) determining the homogeneity of the collected particles on the CAM filter using monodisperse PSL fluorescent
microspheres; and (3) calculating a net counting efficiency based on the particle deposition patterns on the filter
and the relationship of alpha-counting efficiency vs. radius of the active area of the CAM filter.

Figure 1 shows results for the Eberline Alpha 6 CAM (Eberline Instruments, Santa Fe, NM) with an inline
sampling head. Panels A and B show results for the CAM collecting 10 pm diameter particles onto (A) 25
mm and (B) 42 mm diameter collection areas of a 47 mm diameter membrane filter at a sampling flow rate
of 56.6 L/min. Both of the sets of tests with the Eberline Alpha 6 used a 25 mm diameter detector. Homogeneity
of particle deposition was quite uniform. Panel C shows results for collecting 6 pm diameter particles in a
prototype sampling head that introduced the particle-laden air through a narrow slit which caused the particles
to initially flow parallel to the plane of the filter. Apparently, inertial forces carried the particles toward the
far side of the collection area, resulting in a significantly nonhomogeneous particle collection pattern. Results
of correcting the gross alpha-counting efficiencies for nonideal particle collection change the net alpha-counting
efficiency from: (1) 23% to 21% for the Eberline CAM collecting particles onto a 25 mm diameter collection
area; (2) 10% to 9.5% for the Eberline CAM collecting particles onto a 42 mm diameter collection area; and
(3) 30% to 9.3% for the prototype slit inlet CAM head onto a 42 mm diameter collection area. The Eberline
tests used 10 um diameter particles, whereas the other CAM was tested with 6 pum diameter particles. All CAMs
will be tested with 10, 6, 3, and 1 um diameter particles before a modified net alpha-counting efficiency can
be calculated.
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Figure 1. Results of particle collection homogeneity studies in two CAMs with an inline sampling head after
sampling monodisperse fluorescent PSL microspheres. The figure is divided into three panels, A,
B, and C. Each panel consists of a scatter plot of the collected monodisperse microspheres and a
contour plot of the collected particles. The contour plots of the collected particles show the number
of particles per mm2. Panels A and B show results for 10 um diameter particles collected with an
Eberline Alpha 6 with an inline sampling head. Filter collection areas are for (A) a 25 mm diameter
area and (B) a 42 mm diameter area. Panel C shows results for 6 uym diameter particles collected
onto a 42 mm diameter collection area with the prototype slit inlet CAM sampling head.
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Using the automatic paricle imaging system, the potential effect of nonhomogencous collection of particles
vs. net alpha-counting efficiency can be determined, and suitable CAM systems can be selected on a sound technical
basis. We consider the current generation of CAMs to be prototypes, and we have shared the results of our
homogeneity tests with the CAM manufacturers. We anticipate that the final versions will have cotrected these
nonideal collection characteristics. When completed, these results will provide a data base so that candidate
CAM s can be ranked according to their adjusted net alpha-counting efficiencies. The scanning system for fluorescent
PSL particles can be adapted to study other aerosol distribution patterns that can be determined by collection
on filters.

(Research sponsored by the Assistant Secretary for Defense Programs and Field Office, Albuquerque,
U. S. Department of Energy, under Contract No. DE-AC04-76EV01013.)
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INFLUENCE OF SALT DUST
ON ALPHA ENERGY SPECTRA AND DETECTION EFFICIENCY
IN CONTINUOUS AIR MONITORS FOR ALPHA-EMITTING RADIONUCLIDES

M. D. Hoover and G. J. Newton

Accumulation of dust on the collection filter of an alpha continuous air monitor (CAM) reduces the energy
of alpha radiation reaching the detector and may result in underestimation of the amount of plutonium on the
filter. Interference from dust is not a concern for detection of sudden, large releases of plutonium because an
alarm will occur before burial becomes significant. Concern is for the slow release of plutonium over a long
period of time in a dusty environment. In previous work (1990-91 Annual Report, p. 20), we demonstrated
that the Eberline Alpha-6 CAM (Eberline Instrument Corporation, Santa Fe, NM) can measure one Derived Air
Concentration (DAC) of plutonjum under laboratory conditions (low radon, thoron, and dust conditions) when
integrated over 8 h (8 DAC-h). Here, we evaluated whether performance could be improved by decreasing the
lower energy boundary of the plutonium region of interest (ROI); measured the detection efficiency of the Alpha-
6 as a function of ROI setting for a range of salt and mylar burial conditions; and tested the ability of the Alpha-
6 to provide a predictable alarm response to slow releases of plutonium in the presence of salt dust. This work
was done to provide an improved technical basis for the use of CAMs at the DOE Waste Isolation Pilot Plant
(WIPP) near Carlsbad, NM.

The Alpha-6 consists of a collection filter, a solid-state detector that faces the filter, and a 256-channel analyzer
that records the energy of alpha particles that reach the detector. The lower energy discriminator of the multichannel
analyzer is normally set to accept alpha emissions with energy greater than 2.7 MeV (emissions in channel 50
and above). Decreasing the lower energy discriminator below 2.7 MeV is possible, but interference from detector
noise can become a problem at lower energies. The design of the Alpha-6 CAM allows the user to select an
appropriate energy ROI for detecting alpha-emitting radionuclides of interest. The ROI originally recommended
by the manufacturer for 23%Pu (5.16 and 5.11 MeV alpha energy) covered 4.2 to 5.3 MeV (channels 90 to 117).
The ROI presently used at WIPP for monitoring 23%Pu and 238Pu (5.50 and 5.46 MeV alpha energy) covers
4.3 t0 5.6 MeV (channels 92 to 126). That window was selected because calibration tests with National Institute
of Standards and Technology (NIST)-traceable plutonium sources (Hoover, M. D. et al. Evaluation of the Eberline
Alpha-6 Continuous Air Monitor for Use in the Waste Isolation Pilot Plant: Report for Phase II, ITRI, Albuquerque,
NM, 1990) showed that those channels captured 95% of the alpha emissions of 239Pu and 238Pu. Recognizing
that channels 92 to 126 were selected for conditions without salt attenuation, the current study has evaluated
the advantages of decreasing the lower energy boundary of the plutonium ROI so that alpha emissions attenuated
by salt can still be detected.

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

Figures 1A and 1B illustrate how detection efficiency is reduced by the successive addition of energy-absorbing
layers to 2.5-cm or 4.2-cm diameter plutonium samples. Taking into account density effects for alpha attenuation,
one layer of Mylar corresponds to 0.36 mg/cm? salt. ZnS(Ag) counting had the highest overall detection efficiency
because the scintillating material directly contacts the filter, Efficiency began at approximately 50% (nearly
100% of 2 Pi geometry) for unattenuated plutonium and decreased to a few percent for plutonium that had been
covered by about 5.5 mg/cm? salt. Channels 50 to 126 provided the best performance of the Alpha-6 options.
Channels 65 to 126 perform nearly as well, but was less efficient at higher mass loadings. Channels 92 to 126
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were substantially poorer performers, especially at high mass loadings. For channels 50 to 126, plutonium detection
remained significant until salt accumulation was greater than 3.6 mg/cm? (more than 10 Mylar layers), a factor
of ‘wo improvement over detection in channels 92 to 126, which dropped to zero after accumulation of only
1.8 mg/cm? salt (five layers of Mylar). Note that a salt loading of 1.8 mg/cm? will accumulate on a 2.5-cm
diameter filter which samples an airborne salt concentration of 0.7 mg/m> at 28.3 L/min for 8 h. It was for
that reason that WIPP established an operational limit of 0.2 mg/m3 salt for CAM operation (Steinbruegge, K.
B. Waste Isolation Pilot Plant Alpha Continuous Air Monitoring System, 1991) to ensure that plutonium attenuation
would be negligible due to burial.
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Figure 1. Detection efficiency as a function of mass attenuation for the ZnS(Ag) counting method and for different
plutonium ROIs in an alpha CAM with a 2.5-cm diameter detector for (A) 2.5-cm diameter samples
and (B) 4.2-cm diameter samples. Each Mylar layer (0.22 mg/cm?) is equivalent to 0.36 mg/cm?
salt.

Knowing the general influence of salt loading and ROI selection on plutonium detection, we challenged
the Alpha-6 with a series of low-level plutonium and salt aerosols to confirm the adequacy of the WIPP operating
requirement that salt concentrations be maintained below 0.2 mg/m3 during plutonium handling operations.
Homogencous mixtures of known plutonium and salt concentration were nebulized and dried to provide the Alpha-
6 with challenge aerosols simulating the accumulation of 8 DAC-h of plutonium in the presence of salt concentrations
ranging from 0.1 to 0.6 mg/m>. The mass of salt collected was determined gravimetrically. The amount of
plutonium collected during the test was confirmed by the ZnS(Ag) method. Expected and actual plutonium reports
were compared for the alternate ROIs. Salt concentrations equivalent to 0.2 mg/m? for an 8-h period resulted
in negligible attcnuation of the collected plutonium alpha radiation. Some variation in the estimated and reported
plutonium counts was noted due to Poisson counting statistics. Underreporting of the collected plutonium increased
with increasing salt concentration, and could be predicted based on the accumulation of salt on the filter. As
shown in Figure 2A for a test that simulated 14 DAC-h of plutonium in the presence of 0.6 mg/m3 salt, the
plutonium count per minute (cpm) reported in the original plutonium ROI was 60% low and would not have
triggered the alarm setpoint of 8 DAC-h (five scquential reports above 12 cpm), even when the plutonium
accumulation was more than twice the 8-DAC-h limit. Reporting in the ROI covering channcls 50 to 126 (Fig.
2B) was accurate and would have triggered an alarm,

We recommend that the expanded plutonium ROI be implemented at WIPP, This will require a recalculation
and minor adjustment to the CAM’s calculation algorithm (k-factor), but the adjustment should be small because
radon progeny interference is at higher energy and there is negligible radon progeny interference in the expanded
ROI. Wec also recommend a combination of filter weighing and ZnS(Ag) counting as a simple method to
retrospectively confirm the plutonium content of filter samples collected in the CAMs. We further recommend
that the expanded ROI be used as a prudent mcasurc even in areas where dust interference is not cxpected.
It will provide an addcd safety factor at a ncgligible cost.
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Figure 2. Plutonium cpm reported in (A) the standard plutonium ROI of channels 92 to 126, and (B) in the
modified plutonium ROI of channels 50 to 126 by an Alpha-6 CAM with a 2.5-cm diameter detector
and 2.5-cm diameter filter operating at 28.3 L/min during a slow release of 23°Pu and salt at a concentration
equivalent to 0.6 mg/m3 salt and an accumulation of 14 DAC-h (19 cpm) of plutonium. At this
salt concentration, the plutonium cpm was underreported in the standard ROI, but correctly reported
in the modified ROI.

(This research was sponsored by the U.S. Department of Energy Waste Isolation Pilot Plant Office under
DOE Contract No. DE-AC04-76EV01013.)
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A RADON PROGENY GENERATION SYSTEM FOR PERFORMANCE
EVALUATIONS OF ALPHA CONTINUOUS AIR MONITORS

G. J. Newton, M. D. Hoover, and Y. S. Cheng

Use of alpha spectroscopy-based instruments for real-time monitoring of airborne plutonium in the workplace
requires knowledge of the interferences caused by radon progeny. The DOE Order 5480.11 along with DOE/
EH-0256T (DOE's Radiation Control Manual) and 10 CFR 835 (draft 12/9/92) are the operative orders for ES&H
in DOE facilities. In 5480.11, a target sensitivity for plutonium alpha continuous air monitors (CAMs) is listed
as 8 DAC-h. A derived air concentration (DAC) is obtained by dividing the annual limit of intake by the amount
of air assumed to be inhaled (2,500 m?) by a reference man during an assumed 2,000 hour working year. A
DAC-h is an exposure at a concentration of 1 DAC for 1 h. For Class W forms of 238Pu and 23%Pu, the DAC
is equal to 3 x 10°'12 and 2 x 10"}2 uCi/mL, respectively. Thus, 8 DAC-h for Class W forms of 23%Pu is equivalent
to 35.52 dpm/m3. This required sensitivity must be achieved in the presence of naturally occurring, alpha-emitting
radon progeny, 2!8Po and 214Po, that can range from about 400 to 130,000 dpm/m3 (0.1 to 30 pCi/L). Because
of the new sensitivity requirements for alpha CAMs, DOE operating contractors are faced with the selection
and purchase of several thousand new generation C AMs that sample workplace atmospheres for airborne plutonium
and other transuranic alpha emitters. Thus, tests at elevated radon progeny concentrations are needed to exercise
radon progeny correction algorithms.

Challenge tests should be run with particulate radon progeny rather than with 222Rn gas. Furthermore, the
relative equilibrium between 218Po and 214Po should be within ratios seen in actual workplace situations. Therefore,
the radon progeny challenge acrosol system must include a vector aerosol to which the progeny can attach and
provide holdup times adequate for ingrowth of the longer lived 214Po. Without a vector ae-osol, the unattached
fraction would have very high diffusion coefficients and would "plate out" on the walls of the aerosol generation/
delivery system.

For this project, we needed to conduct laboratory studies using a variable source of radon progeny in order
to test the ability of alpha (CAMs) to correct the resultant spectrum of naturally occurring radon progeny alpha
background for interference in a plutonium region-of-interest (ROI). These tests are required to: (1) demonstrate
the CAM's ability to provide an adequate alarm for airborne plutonium in simulated environments of the nuclear
weapons production facilities, (2) limit false alarms due to radon progeny, (3) verify the ability of the radon
progeny correction algorithms to maintain "0" Pu counts in the Pu ROI when no Pu is present and when radon
progeny concentrations range over levels encountered in the DOE production complex, and (4) determine the
effects of dusty environments and elevated radon progeny concentrations that result in alpha peak width broadening
and false plutonium counts. This type of information is needed to guide in the evaluation of candidate CAM
systems,

A 55-gal barrel has been fitted to generate a low level radon progeny acrosol (Fig. 1). The barrel contains
12.2 kg of uranium mill tailings from the Church Rock Mine in New Mexico. The stated 226Ra concentration
is 27.6 Bq/g or a total of 3.4 x 10° Bq of 226Ra. At equilibrium, the assumed 200 L headspace could contain
1.7 x 10® Bg/L if the emanation rate was 100%. However, a measurement of the 222Rn by an Eberline
RGM-3 (Eberline Instruments, Santa Fe, NM) radon monitor indicated that the equilibrium radon concentration
was about 4.8 x 102 Bq/L, suggesting that the true emanation rate is about 28%. This emanation ratc could
be expected for this mineral form. This particular setup enables us to reliably operate the radon progeny generator
in the range of about 3.7 x 103 to 1.1 Bg/L (0.1 to 30 pCi/L). The system injects a vector aerosol into the
headspace of the barrel and allows sufficient time for attachment of the radon progeny onto the vector particles
to take place. We found 10-15 min to be adequate for a fan-stirred 200 L volume.

The vector acrosol generator is a small methyl-methacrylate chamber containing a burning oriental incense
stick (this report, p. 40). Ventilation of the incense smoke generator is 500 mL/min by a peristaltic pump that
pushes the smoke particles into the 55-gal drum. The challenge acrosol consisting of vector incense smoke particles
onto which radon progeny arc attached is pushed out of the 55-gal drum by the peristaltic pump to the line
connected to the CAM being tested.  Operation of the valve systems requires a checklist for proper sequence
and valve positioning.

14
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Figure 1. Schematic diagram of the aerosol control system on the 55-gal radon progeny drum fitted with the
gas-tight top, stirring fan, and an open container of uranium mill tailings. The schematic shows the
inlet and exhaust valves and the vector aerosol generator.

For operational considerations, we wanted to operate the system at a flow rate Q, through the vector aerosol
generator of 0.5 L/min. This is also the flow rate through the radon barrel and also corresponds to the washout
flow rate. By keeping Q as small as possible, effects on the concentration of 222Rn in the barrel due to washout
will be minimized. The radioactivity concentration for 222Rn in the barrel after equilibrium obtained for 226Ra
and 222Rn is 13,000 pCi/L. If the radon is washed out of the barrel by continuously flushing at a flow rate
of 60 L/min for 5.0 min, then washout is stopped, 222Rn will begin ingrowth indicated by

C, = C, (1-eM), ()

where C, = the concentration of radioactivity at time t, A = the decay constant of 22?Rn, and C,, = concentration
of radioactivity at time t,. Rate of ingrowth is 5.92 x 10-2 Bg/min. Washout dilutes the concentration as seen
by
Qt
G- Ce™V, ®

where C,,, = the concentration of radioactivity at time t, corrected for washout, Q = the washout volumetric
flow rate, and V = the volume of system = ~200 L.

Idcally, we would solve for t by assuming a desired concentration of 222Rn. However, the equation does
not have an explicit solution. Therefore, we used a spread sheet (PlanPerfect, WordPerfect Corp., Orem, UT)




to calculate the buildup of 222Rn in 1-min increments. By looking up the closest time, t, to yield the required
222Rn concentration, we can obtain the starting conditions for a 222Rn challenge to a CAM. The actual equation
used in the calculations was

(- | @)

CO = vx,
\ 4

where C is the radon concentration in the dram, G is the effective radon generation rate from the mill tailings,
V is the volume of the drum (L), and A, is a2 new combined rate constant for radioactive decay and washout,
given by

Mgy = (g + QV) @

where A4 is the radioactive decay constant for 222Rn. If there is no radioactive decay, then A, reduces to
washout only. If there is no washout, then Ay, reduces to radioactive decay only. If there is neither decay
nor washout, then A, is 0, and the equation reduces to C(t) = Gt/V. (Note that this occurs because the limit
as Ay, goes to 0 of [(1-exp(-hy, DI/Ay,) is t. The expansion used for (1-exp(-Ay,t)) to calculate this limit is
(Aot - Mgy t? + ...). Because Q/V is usually much greater than A, (1.26 x 104 L/m), A4, = Q/V.

To operate the system for a challenge concentration expressed as 222Rn/L, we: (1) selected the closest ingrowth
time from the spreadsheet that yieids the required concentration, (2) purged the barrel at 60 L/min for 35 min
(10 air changes), (3) closed all valves and allowed ingrowth of radon progeny to begin, (4) started vector aerosol
generation and began injecting particles into the drum, and (5) initiated CAM challenge tests. Because the flow
rate from the drum is only 0.5 L/min, dilution is negligible, and the concentration of radon progeny remains
relatively stable. The ratio of 214Po to 218Po observed at the Waste Isolation Pilot Plant and at the ITRI has
been about 0.23:1, whereas that produced by the experimental test system has been about 0.25:1, a reasonable
approximation of values seen in actual working environments. The system can produce a range of concentration,
expressed as 222Rn/L ranging from 5.9 x 102 to 4.8 x 102 Bg/L (1.6 to 1.3 x 10* pCi/L), depending on the
time allowed for ingrowth since purge. This range of radon progeny concentration is more than adequate for
the challenge tests for the CAMs, and the maximum concentrations achievable will make the system useful for
basic studies on the dynamics of radon progeny aerosol behavior. Figure 2 shows excellent agreement between
two alpha energy spectra from room air at the ITRI and from the radon progeny aerosol generation system.
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Figure 2. Comparison of radon progeny alpha pulse height spectra from room air (Room 301A) and from the
radon progeny challenge system.
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Alpha CAMs are important but are only part of a comprehensive health protection program in the DOE
nuclear weapons fabrication facilities. The CAM tests with varying radon progeny concentrations are part of
ongoing studies of the responses of candidate CAMs that will become part of the technical basis for selection
and use of CAM systems in the DOE's plutonium and uranium handling facilities.

(Research sponsored by the Assistant Secretary for Environmental Restoration/Waste Management, U.S.
Department of Energy, under Contract No. DE-AC04-76EV01013.)
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DESIGN, CONSTRUCTION, AND TESTING OF A
54" AEROSOiL. CHAMBER FOR INSTRUMENT EVALUATION

E. B. Barr and Y. S. Cheng

Evaluation of sampling instruments is important in the determining their efficiency and suitability for a specific
use. It is particularly important that area or environmental samplers be evaluated in a manner which simulates
the actual operating conditions. In order to best simulate environmental conditions, it is desirable to expose
an entire instrument to a homogeneous aerosol with no sampling lines or probes on the inlet. We describe an
aerosol chamber that provides an atmosphere for whole instrument evaluation and which is large enough to
accommodate several instruments at a time. Due to the relatively large test section volume in the chamber
(1.8 m3), several features have been incorporated into the design to ensure that the aerosol concentration was
uniform and stable.

We used a modified 54" exposure chamber. A schematic diagram of the chamber system is shown in Figure
1. The chamber’s overall dimensions are 3 m Hx 1.36 m W x 1.36 m L, with a mixing chamber and honeycomb
flow straightener mounted above the effective sampling area (1.34 m W x 1.34 m L x 1 m H = 1.8 m3 volume).
The aerosol generation system is mounted directly on top of the mixing plenum; this provides a minimum distance
from the generator to the chamber, thus minimizing line losses, particularly for large aerosols (>5 pm). Dilution
air enters through opposing jets to ensure thorough mixing of the aerosol. A 10-inch boxer fan mounted beneath
the aerosol entrance provides additional mixing. The aerosol flows through a 10 cm thick honeycomb structure
to reduce turbulent flow and to present the sampling area with a well-defined downward air flow. To minimize
spatial variation of concentration and size distribution, samplers are set up on a 76 cm diameter rotating platform.
Rotational speed was set at 0.5 rpm to ensure that rotation did not affect sampler efficiencies.
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Figure 1. Modified 54" acrosol chamber.
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The homogeneity and stability of a large test aerosol (>10 pum) has been evaluated. Eight 25 mm Zefluor
filter samplers were placed in the test chamber, with the inlets in the vertical position, parallel to chamber inlet
flow. Six samplers were placed on each arm of the turntable at the outside rim, and two were placed in the
center of the turntable (see Fig. 2). Four test conditions were studied to investigate the effects of the two design
components in the chamber for providing uniform acrosol concentration: (1) fan off and the turntable off (NF/
NT); (2) fan on and the turntable off (F/NT); (3) fan off and the tumtable on (NF/T); (4) fan and tumntable
on (F/T). A Lovelace multi-jet cascade impactor (LMJI) was set up in the chamber to measure the aerosol
size distribution. The chamber flow was 1.4 m3/min; this provided a face velocity of 1.3 cm/sec. Filter samplers
were operated at 2 lpm for 2-h sample periods.

0.5 RPM

Figure 2. Rotating turntable and test sample positions.

Table 1 shows the results of test runs for the four test conditions. The concentration for NF/NT was 3.08
mg/m3 compared to 1.86 mg/m3 for F/NT, and the concentration was 3.62 mg/m> for NF/T compared to 1.87
mg/m3 for F/T. When the fan was used, concentrations dropped by 40% and 48%, respectively. Also, the size
distribution dropped from 9.9 pm to 6.8 um for NF/NT compared to F/NT, and from 12.3 ym to 9.0 um for
NF/T compared to F/T. The %CV was reduced significantly when the fan was used without the tumntable, but
was not affected when the turmntable was used.

The results indicate that although the fan helps to ensurc a more homogeneous acrosol, a significant amount
of acrosol is lost and mass median size is reduced. This suggests that the turbulent mixing of the fan affects
the larger particles on the walls of the mixing plenum. Use of the rotating turntable with the fan did not affect
concentration or size distribution, but did reduce the %CV, indicating that homogeneity of the test acrosol was
improved with the turntable.
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Table 1

Chamber Homogeneity and MMAD as a Function of Fan and Turntable Conditions

Filter Concentration, mg/m3

Fan off, Fan on, Fan off, Fan on,
Sampling Turntable off Turntable off Turntable on Turntable on
Position [NF/NT] [F/NT] [NF/T] [F/T]
1 2.967 1.841 3.542 2.020
2 2.908 1.891 3.806 1.874
3 3.056 1.849 3.676 1.939
4 3.501 1.921 3.691 1.928
5 3.028 1.917 3.453 1.910
6 3.513 1.842 3.581 1.906
7 2.473 1.796 3.303 1.628
8 3.185 1.828 3.920 1.743
Mean 3.08 1.86 3.62 1.87
%CV? 109 24 54 6.7
LM} 9.9 6.8 12.3 9.0
MMAD, um
"WCV is defined as Soneard eVIation - 0o

mean

In summary, a test chamber was designed, constructed, and tested for generating homogeneous aerosols for
use in evaluation of sampling instruments. The large testing volume allows several sampling devices to be tested
simultaneously, and the rotating turntable ensures that the instruments are sampling a homogeneous atmosphere.
The mixing fan which was intended to ensure greater mixing did improve aerosol homogeneity, but high wall
losses for larger particles makes the fan inappropriate for aerosols in the 10 um or larger size range. When
the turntable is used without the fan, there is minimal reduction in the median size, and chamber homogeniety
is improved.

(Research sponsored by the Office of Health and Environmental Research, U. S. Department of Energy,
under Contract No. DE-AC04-76EV01013.)
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CALIBRATION AND PERFORMANCE OF AN API AEROSIZER

Y. S. Cheng, E. B. Barr, I. A. Marshall*, and J. P. Mitchell*

In studies of the behavior of airborne particulates in ambient and occupational environments, researchers
have an increasing need to monitor the aerosol size distribution in real time. Recently, several instruments have
been developed commercially based on the time-of-flight (TOF) principle. Thesc instruments include the
Aerodynamic Particle Sizer (APS33B; TSI, St Paul, MN) and the Aerosizer (API Mach II, manufactured by Amherst
Process Instruments, Inc., Amherst, MA). They are near real-time instruments capable of high resolution. The
nominal operating range of the Aerosizer is broader (from 0.5 to 200 um aerodynamic diameter), and it is designed
to sample particles in both aerosol and powder forms. A specially designed powder disperser can be attached
to the Acrosizer inlet, enabling particles larger than 15 pm in aerodynamic diameter to be measured apparently
without high losses in the inlet section, although such losses have yet to be quantified. Particles are accelerated
in the Aerosizer by passing through a critical orifice at sonic flow. The Aerosizer is a relatively new instrument;
therefore, little information is available concerning its performance. Hence, this study is important because it
describes the first evaluation of two API units using spherical and nonspherical particles of well-defined shapes,
enabling the effects of particle density, shape, and ambient pressure on the instrument response to be examined.

The experimental validation of the calibration curves is provided by the manufacturer using a few sizes of
monodisperse spherical particles of polystyrene latex (PSL) (density = 1.05 g/cm?) and glass microspheres (density
=245 g/cm3). However, the calibration curves used in the data analysis have not been validated. Two API
instruments located at our laboratory (ITRI; unit A) and at Winfrith Technology Centre (WTC; Unit B) were
uscd in this study, and the experimental procedures are described below.

At ITRI, monodisperse PSL particles whose diameters varied from 0.5 to 136 um together with glass beads
whose sizes varied from 1.6 to 146 um (Duke Scientific, Palo Alto, CA) were used as calibrants. Aecrosols
of the PSL particles smaller than 7 pm were produced using a Lovelace nebulizer, whereas larger particles were
dried and placed in the powder disperser of the API before aerosolization. Size distribution and TOF measurements
for cach calibrant were recorded at the reduced ambient pressure in Albuquerque (625 mm Hg [83 kPa] and
20°C). The density of 1.05 g/cm3 was assumed for all sizes of PSL particles, whereas the pycnometer-measured
density was used for each size of glass beads. The measured densities of glass beads ranged from 2.40 to 2.56
g/cm’ with mean and standard deviation of 2.46 + 0.05 g/em3,

At WTC, monodisperse PSL particles ranging from 2.60 to 10 um in gcometric diameter were used to calibrate
the Acrosizer under the normal ambient pressure and temperature (750 mm Hg [100 kPa] and 20°C). Each
particle size of PSL was first generated using a small-scale powder disperser (SSPD; TSI Inc., St Paul, MN)
and acrodynamically classified in a specially-designed Timbrell spectrometer (Marshall, 1. A. ef al. J. Aerosol
Sci. 21: 969, 1990). The Aerosizer responses for nonspherical natrojarosite particles (Na Fe,(SO,4), (OH),) were
determined using Unit B, The preparation and characterization of the uniform-sized particles formed as single,
symmetrical truncated cubes were described previously (Marshall, 1. A. ef al., J. Aerosol Sci. 22: 73, 1991),
The particle density of 3.11 g/cm3 was determined using a helium pycnometer (Marshall ef al., 1991). Particles
of different size ranges from 7.3 to 18.8 ym aerodynamic diameter were prepared and acrodynamically size-
classified in a Timbrell spectrometer.

TOF data from API unit A for PSL particles and glass microsp'ieres are presented as a function of particle
size in Figure 1. These data were obtained at ITRI, where API Unit A was operated at a reduced ambient
pressure of 625 mm Hg (83.3 kPa). The TOFs obtained for PSL and glass particles were higher than predicted
by the manufacturer's calibration curves for the size range from 0.4 to 150 pm geometric diameter, However,
the calibration tables have been developed for normal ambient conditions. The magnitude of the overestimation
of particle size by the Aecrosizer is expressed in terms of the ratio of the geometric diameter measured by the

*AEA Environment and Technology, Winfrith, United Kingdom
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Acrosizer to the true geometric diameter from microscopy (D,p/D,). This ratio has values between 1.08 and
1.27 for the PSL particles and glass beads. The TOF values for T6F obtained from Aerosizer Unit B at WTC
under normal ambient conditions (750 mm Hg and 20 °C) agreed with the factory calibration data in the size
range from 2 to 10 ym (Fig. 1).
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Figure 1. Calibration data of PSL particles (circles (density = 1.05 g/cm3)) and glass beads (squares (density
= 2.46 g/cm3)). The curves are derived from manufacturers' data. Solid circles are experimental
data at WTC (ambient pressure = 750 mm Hg), and hollow circles and squares are experimental data
at ITRI (ambient pressure = 625 mm Hg). The error bars are standard deviation of the measurement.

The count mean aerodynamic diameters measured by the Timbrell spectrometer and the Aerosizer are compared
in Figure 2 as a function of true aecrodynamic diameter. In all cases, the Aerosizer undersized the natrojarosite
particles significantly, and the degree of size reduction was size-dependent. Thus, the largest particles with true
acrodynamic diameters close to 18.8 um were undersized by as much as 51%, whercas the smallest particles
analyzed with true aerodynamic diameters of 7.3 um were undersized by only 21%.
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Figure 2. Comparison between the Timbrell spectrometer and the API-measured acrodynamic diameters of PSL
natrojarosite at normal ambient pressure (750 mm Hg). The error bars are standard deviation of the
measurement,

{Research sponsored by the Office of Health and Environmental Research, U. S. Department of Energy, under
Contract No. DE-AC04-76EV01013.)
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RECONFIGURATION AND CALIBRATION
OF THE ITRI WHOLE-BODY COUNTER

S. B. Ebara*, J E. Johnson**, M. B. Snipes, R. A. Guilmette, and B. B. Boecker

Bioassay is an important aspect of assessing exposure to internally deposited radionuclides. One method
for quantifying internally deposited, photon-emitting radionuclides is to conduct whole-body counts. The type
of counting system is an important consideration. If the radionuclide emits photons having energies less than
0.1 MeV, Phoswich crystals can be used as radiation detectors; another option is to use an array of one or more
germanium detectors. Photons having energies greater than 0.1 MeV can be quantified using a Nal(TI) detector,
the type of detector described in this report.

The ITRI whole-body counting room consists of a 15.2-cm thick steel shield having internal dimensions
of 4.72 m long, 2.44 m wide, and 2.44 m high. Prior to 1992, ITRI used a2 whole-body scanning system. The
scanning system used a pair of 20.3 cm diameter, 10.2 cm thick Nal(T1) detectors. The detectors were positioned
on the same centerline, with one detector located above and one below a scanning table. A whole-body scan
was made by positioning the subject on the scanning table and moving the table and subject horizontally between
the detectors. The table was motor-driven, and each scan required about 7 min. The system was useful for
screening purposes, the scan time was relatively short, and the results were not used to quantify suspected body
burdens of photon-emitting radionuclides. Individuals suspected of having body burdens of these radionuclides
needed to be further evaluated at another facility having more sophisticated whole-body counting capabilities.
The purpose for modifying the system was to allow ITRI to quantify suspected internally deposited photon emitters
in humans.

The ideal geometry for whole-body counting is considered to be a 1-meter arc (International Atomic Energy
Agency, Directory of Whole-Body Radioactivity Monitors, Vienna, Austria, 1964). This configuration places
essentially every part of the human body equidistant from the detector, minimizing counting variation due to
individual shape and size. Unfortunately, the arc is not a comfortable position, and a compromise was made.
This compromise is known as the Argonne standard chair (International Atomic Energy Agency, 1964). The
chair geometry approximates the arc, but all parts of the body are not equidistant from the detector. However,
the Argonne chair geometry has been adopted and used successfully worldwide, and considerable data have been
produced using these systems. Adoption of the Argonne chair for human whole-body counters represented a
significant step toward standardizing geometries of these counting systems. The chair configuration has proven
to be effective and provides excellent and repeatable whole-body counting results using a single large Nal(T1)
detector.

The counting system was configured to incorporate the Argonne chair. This required removing the scanning
table and one of the NaI(T1) detectors. Three photomultiplier (PM) tubes are coupled to the single Nal(T]) detector,
which is positioned above the chair. The detector/PM tube assembly is mounted on an adjustable support that
allows the assembly to be raised and lowered to adjust its vertical height relative to the chair. The PM tubes
are operated at 1030 volts. Signals from the PM tubes are summed into a preamplifier, then sent to a linear
amplifier, and count data are collected in a PC-based multichannel analyzer (MCA).

A lincar conversion of channel number to energy was used to define the pulse height distribution to be 2
keV/cha