Solubility Characterization of Airborne Uranium from a Uranium Recycling Plant

Robert Metzger, Radiation Safety Engineering, 18245 North Washington Street, Chandler,
Arizona 85225

Leslie Cole, Mountain Health Services, Inc, 151i08cay Road, Jonesborough, TN 37659

Abstract

Solubility profiles of uranium dusts in a uraniugtycling plant were determined by performing
in vitro solubility tests on breathing zone air samplesdooted in all process areas of the
processing plant. The recycling plant produces lignsity shields, closed end tubes that are
punch and formed from uranium sheet metal, and-fiigd uranium oxide which is used as a
catalyst. The recycled uranium is cut, melted imaguum furnace, and part of the molten
uranium is poured into molds for further processifgr samples were taken in process areas
under normal working conditions. The dissolutrate of the uranium in a stimulant solution of
extra cellular airway lining fluid (Gamble's solut) was then determined over the next 28 d.
Airborne uranium in the oxide section of the plaras found to be highly insoluble with 99
percent of the uranium having a dissolution haifetiin excess of 100 d. The solubility of the
airborne uranium in other areas of the facility wady slightly more soluble with over 90

percent of the airborne uranium having dissolubial times in excess of 90 days.

INTRODUCTION
Scrap uranium metal received into the plant & fout into small pieces and is fed into a
top loading vacuum furnace where it is melted andred into forms for shielding used in

industrial radiography and medical applicationslanBs are also poured that are subsequently



processed through a rolling mill and formed intdidw tubes used in the recycling of spent
reactor fuel. At the completion of the melt, theideial uranium in the crucible, called the skull,
contains a high concentration of the short-liveanium progeny>*Th and®**™Pa. These metals
are of lower density and tend to float to the tophe melt as well as be trapped in the crucible
coating. The skull is allowed to completely oxiliby burning the uranium with air for four
days to form a high-fired uranium oxide powder.eThranium oxides formed from the skull are
vacuumed from the crucible and are sold as a cdtataterial for the plastics industry. The
actual form of the uranium generated by this predsdikely a mixture of uranium oxides and

has not been generally determined.

THE SOLUBILITY TEST

Air samples were taken in the Shear Station, Puxrela, Forming Station, and in the
Oxide Room of the plant including the crucible ciea operation. A medium volume air
sampler operating at 2 cubic feet per minute (&fdiper minute) liters of air per minute was
used to collect the samples. The samples wereatetl using a standard 37- mm breathing zone
cassette and 0.8 micron pore size Gefm@n4 filter media. Total uranium activity on the
filters ranged from 460 Bq to 38 kBg. Each of fitters was covered with a clean filter of the
same type to form a filter-uranium-filter sandwiahkhich was held together using the center
sections of two breathing zone cassettes. Thisesfivere immersed in a beaker holding 90 mL

of a serum lung ultra filtrate (SUF) (Eidson 198&hich was maintained at a pH of 7.2 by
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keeping a layer of CfQover the solution. The filter sandwich was moved fresh beaker of
solution every day for one week, and then weekiyl time end of the 28-day test period. The
SUF was then wet ashed with concentrated nitrid acid hydrogen peroxide to destroy the
organic components in the SUF. The pH of the smluvas adjusted to 2 - 3 withNd NaOH
and it was transferred to a Teflon separatory funr@ne and one-half mL of the extractive
scintillator Alphaex was added to the funnel and the uranium was tirptiase transferred to
the organic scintillator. Extractive scintillatazsentain an organophilic metal ion extractant that
allows the phase transfer of a nuclide(s) intodtiatillator from an aqueous solution. Alphaex
contains bis(2-ethylhexyl) hydrogen phosphate, Wwhitas a high affinity for actinides
(McDowell 1994).

After the phases had been allowed to separateml.@f the organic scintillator was
withdrawn and counted on a Photon-Electron Rejgcfifpha Liquid Scintillation (PERALY
spectrometer. The PERALS spectrometer uses phgsesdiscrimination to isolate the longer
pulses resulting from alpha interactions in thentitator from those resulting frong-y
emissions. A timing circuit and gate are then usetkject the-y pulses and the alpha pulses
are sent to a multichannel analyzer for displaythe alpha energy spectrum. The counter
typically has a background of 0.03 counts per n@nutder an alpha peak, and an alpha counting
efficiency of >99 percent. Energy resolution i®ab220 keV at an alpha energy of 5 MeV. The

lower limit of detection for a one-hour count radgeom 0.002 to 0.003 Bqg depending on the
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specific spectrometer used. This sensitivity makpsssible to develop solubility profiles from
breathing zone air samples, which contain tracetjies of radionuclides.

After the leach test period was complete, theerfisandwich containing undissolved
uranium was placed in a beaker with concentratéit racid. The Gelman GN4 filter media
readily dissolved in nitric acid. The beaker wéscpd on a hotplate and additions of nitric acid
and hydrogen peroxide were made until the orgamackall been driven off and a clear solution
remained. After a pH adjustment, the uranium wgsaeted into the Alphaex extractive
scintillator, which was counted on the PERALS speueter.

After the experiment was complete, the total dgtiand the fraction undissolved at each
time period were determined and fitted to a thrgposential model (Equation 1) using a
standard Marquardt fitting algorithm (Kuester 1973his fitted model was then used to find the
dissolution half-times for the uranium on the aample. This data then can be used with
caution, in the ICRP 30 (ICRP 1979) based intedusgimetry codes, or in the ICRP 66 (ICRP
1994 & 2003) and later codes. This test methodole®s previously validated against other

vitro solubility test methods (Metzger 1996) andivo bioassay data (Metzger 1997).
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RESULTS

Solubility profiles of the airborne uranium in tpeocessing plant indicate that dusts are

very insoluble due to the high temperatures inwheuum induction furnace and the four day



burning process for the oxide catalyst. . In thelexection of the plant, only one percent of the
uranium dissolved with a 0.6 day half-time, whikee tremaining 99 percent dissolved with a
half-time of more than 100 days. Uranium dustdheiother areas of the plant were only slightly
more soluble, with over 90 percent of the uraniwamiig dissolution half times in excess of 90
days. Complete results of the study are shown ileTa and Figure 1 below. Particle size
analysis performed under separate work indicatatittie activity median aerodynamic diameter

for the dusts was a relatively large 20+ microns.
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Table 1. Fitted parameters for Equation 1 in eadcgss area. The table shows the fraction and

dissolution half-time (days) for each component.

Process Fraction Half-Time Fraction Half-Time Fraction Half-Time
Area
Oxide 0.01 0.63 0.14 108 0.85 >3000
Punch 0.05 0.8 0.12 90 0.83 166
Forming 0.02 0.19 0.05 2.9 0.93 236
Shear 0.02 0.71 0.04 15 0.94 >300C
Crucible 0.05 1 0.09 23 0.86 138
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Figure 1. Solubility Profiles of Airborne Uranium in Serum

Lung Ultrafiltrate from a Uranium Recycling Process
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