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Abstract

Thereis presently no other atmospheric aerosol sampler available, commercidly or otherwise,
that will sample continuoudy for up to 2 months in outdoor conditions and provide particle Sze
digtribution information. This new sampler does so using environmenta concentrations of natural
radioactivity as atracer (Harley et d. 2000). This aerosol sampler has been devel oped for personal
or area use specificaly for exposure assessment at the DOE Ferndd, OH site in the EM SP program.
Measurements taken at Fernad are presented a ong with measurements at a suburban New Jersey
location used for quality control.

A New Particle Size Sampler

The Fernald Feed Materids Production Center (FMPC), 16 miles from Cincinnati, processed
uranium ore and thorium during the period from 1951 through 1988. FMPC processed raw ore (feed
materiad) using nitrate digestion, followed by oxide reduction, tetrafluoride production, and then
reduction to the metal. The uranium was separated from the nitrate digestion by solvent extraction, the
radium was separated by barium sulfate coprecipitation, and the resulting sat cake was sored initidly in
drums, and later trandferred to 2 silos. The remaining liquid residue (raffinate) containing the other
radionuclides in the uranium naturd activity series was ponded in raffinate pits. They aso recovered
scrap from the metal fabrication. The 2 large silos each contain about 7.4 x 10 Bq (2000 Ci) of
radium. Thissteisnow undergoing restoration for future return of the land to the State for public use.
The purpose of our measurements is to provide an accurate persona exposure assessment of inhaled
radioactivity during the remova of rdatively large quantities of radium and thorium bearing ore residues.
Also, the measurements are to provide detailed data on the airborne transport of materid within or
outside the boundaries of the Site, and assess current digpersion models.

The present sampler configuration uses a miniature commercia sampler head (4 cm. x 2 cm.,
diam./height, weight 55 gms.) modified to contain a ZnS apha phosphor inlet impaction stage, followed
by four, very fine mesh sainless sted screen filters, and an exit Milliporefilter to collect al residua
particles. A low flow pump (4-6 Ipm) draws the atmosphere sampled through the sampler for periods
of up to 2 months for an integrated particle Sze sample. Six units have sampled outdoors at the
USDOE Fernald site for about 2 years. The locations are, on top of and between the two radium
gtorage silos, near the raffinate waste pits, and severa portable locations during the ongoing
decontamination process.

Radon and thoron measurements are dways made s multaneoudy with the particle size



measurements using the miniature 4 chamber aphatrack detector also developed for exposure
assessment measurements at Fernad under EMSP. Radon gasis present in al atmospheres, and most
of its short lived 22Rn decay products attach immediately to the ambient aerosol particles, ultimately
decaying to long lived 21°Pb/?1°Po, The dphaemitting ?°Po is measured directly and used as the
aerosol particle tracer. The?°Po on dll 6 particlefiltration stages is measured in our ultralow
background scintillation counters (5 counts per day) (Halden and Harley 1957) and a deconvolution
program estimates the particle Sze digtribution from the measurements. Extensive cdlibrations were
performed using standard latex particles, and freshly formed (unatached) 2*?Rn decay products, to
determine the deposition characterigtics of the sampler over the Sze range from ultrafine (< 1 nm) to
micrometer Sized particles. Three Size modes are evident in outdoor field samples, an ultrafine, a small
szed (100-200 nm), and occasionaly amicron sized mode.

The screens and backup filter are counted repetitively over severd months to measure the build
up of 2°Po from the #'°Pb deposited directly on these filtration elements, and the 2°Po arising from the
deposited short-lived 222Rn decay product chain. To show that 2°Pb could be measured accurately by
direct counting of the filters, about 4 months of data were accumulated and measured both by apha
counting and radiochemical andlyss of the filters. The dpha counting of the backup filters with low
background counters was shown to provide excellent agreement with dissolution of the filter materia
and radiochemical measurement of the 1°Pb (Fisenne et a. 1996).

The collection efficiency of particulates on fine mesh screens has been studied theoreticaly and
experimentally for many years (Thomas and Hinchliffe, 1972; Cheng et d. 1985; Reineking,
Porstendorfer 1986; Holub et a. 1988; Hopke et d. 1992;). Two publications provide data on
intercomparison exercises using various screen diffusion batteries (Cheng et d 1994; EML 1994). A
deconvolution program is necessary to generate the particle size distributions from the apha counting
data on the 6 collection stages. Thisis accomplished usng an Extreme Vaue Estimation program
(EVE) that provides an accurate evauation of the particle size distribution (Paatero 1990).

Two background locationsin New Jersey are monitored synoptically for the normal, natura
particle size digtribution. These data are used for quaity control and comparative purposes.

Results

Figure 1 shows the particle Sze sampler. Figure 2 and 3 show the particle Sze measurements
made on top of the >Ra silos at Fernald from March to August, 2002, and from March to June, 2002
at the New Jersey qudlity control Ste.

The Ferndd site outdoor measurements show a median particle diameter of about twice that of
the New Jersey location (0.2 versus 0.1 micrometer). The reason for thisis not known but may be
related to the ongoing remediation activities with considerable traffic compared with aresdentid New
Jersey area. The ultrafine mode diameter dso differs by afactor of two with Fernald having the smdler
gze. The dosmetric consequence of such size differenceisthat, for equal concentrations of



radioactivity, the bronchial dose a Fernad will be less than that at the resdentid home in New Jersey.

The persond aerosol particle size sampler we have developed is cgpable of measuring any
deposited dpha emitting radionuclides, or any substance of interest depending upon the measurement
technique applied for the 6 stages. Thus the sampler can measure not only 2:°Pb decay product aerosol
sze digribution and air concentration, even at normal background concentrations, but any long lived
aphaemitting nuclides, if they are present when sampling.

Very little has been done for persona exposure assessment with regard to the inhded particle
gzedidribution. Reasonsfor this, are the practicd difficultiesin assessng paticlesze. The
measurements with dternative instruments can be very labor intensive, cover only short time periods,
mainly require red time ingrumentation, are not suitable for persona use, and are expensive.

Theinhded aerosol particle size is the mgor determinant of the radiation dose to the lung,
because this determines the fraction that will be deposited on the airways and in the lower lung (Harley
et a 1996). Asye, there are no long term persona size digtribution data for the inhaled aerosol
particle sze digtribution of any radioactive nuclide during DOE remediation activities. In most cases
when occupationa lung doseis caculated the particle Size is assumed to be of nomind vaue, namdy 1
micrometer. This new particle Sze sampler can fill an important gagp in exposure assessment at DOE
fadlities

We have redesigned the present particle Size sampler into alightweight plastic version of with
more filtration stages, and thus somewhat greater Sze resolution. It is expected that this inexpengve
insrument will be fabricated and available in 2003.
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Figure 1. Continuous particle size sampler

Particle Size Distribution Measurements at
Fernald on Top of Silos 3/27/02 to 7/17/02
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Figure 2. Measured particle sze sampler a Fernad radium silos
Particle Size Measurements at a Research Home
Suburban New Jersey 3/09/02 to 6/08/02
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Figure 3. Measured particle size distribution at a suburban New Jersey Home
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