
• Toxicology of Plutonium-Sodium 

Some scenarios for liquid metal fast breeder reactor (LMFBR) accidents predict the release 
of mixed sodium-LMFBR fuel aerosols to the environment. There are indications that such 
mixed aerosols would have physicochemical properties different from those of fuel-only 
aerosols, resulting in differences in the biological behavior of the two aerosols. The 
reports in this section present data showing differences in in vitro solubility, chemical 
structure and biological characteristics between the sodium-fuel and fuel-only aerosols. 

DISSOLUTION OF LMFBR FUEL-SODIUM AEROSOLS 

Investigators: 
M. D. Allen and O. R. Moss 

Technical Assistance: 
J. K. Briant and E. J. Rossignol 

Plutonium dioxide, normally insoluble in biological fluids, becomes much more soluble when 
mixed with sodium as the aerosol is formed. Sodium-fuel aerosols are approximately 20 times 

less soluble in simulated lung fluid than in distilled water. Solubility of sodium-fuel 
aerosols increases when Na2C03 and NaHC0 3 are added to the distilled-water dissolution fluid. 
Mixed-oxide fuel aerosols without sodium present are relatively insoluble in distilled water, 
simulated lung fluid, and distilled water with Na2C03 and NaHC0 3 added. 

Sodium-fuel aerosol was collected on 
25-mm Millipore type HA membrane filters 
for in vitro dissolution experiments using 
the radial flow dissolution system shown 
schematically in Figure 3.18. Each filter 
was sandwiched between a 25-mm Nuclepore 
filter with a O.l-~m pore size on the aero
sol side and a solid polyethylene disc on 
the backside. This was sandwiched between 
two polyethylene support screens and placed 
into the radial-flow filter holder. 

Dissolution fluid was supplied to the 
holder by an infusion pump at a constant 
rate of 0.78 ml/min. The fluid flowed into 
the center of the filter holder and radially 
outward over the front surface of the 
filter sandwich. Any plutonium found in 
the dissolution fluid must have passed 
through the O.l-~m pores of the Nuclepore 
filter. The filtrate then flowed out 
through the annulus around the center 
supply tube to a drop counter, which deli
vers 48 drops in 4 min to each of 30 test 
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tubes. The test tubes contained 2 M nitric 
acid to prevent the plutonium from plating 
out on the glass. 

Figure 3.19 shows curves describing the 
dissolution rate of aerosols having several 
different sodium:fuel ratios, using distilled 
water as the solvent. The cumulative 
percentage of plutonium in the filtrate was 
plotted versus the time that the fluid 
flowed through the filter holder. These 
curves show that: (1) the amount of plu
tonium that passes through the O.l-~m 
Nuclepore filter depends strongly on the 
sodium-fuel ratio, and (2) the plutonium 
that passes through the O.l-~m Nuclepore 
filter does so in about the first 30 min; 
after that, the plutonium on the filter is 
relatively insoluble in distilled water. 

Figure 3.20 shows dissolution curves for 
aerosols with simulated lung fluid as the 
dissolution fluid. These curves also show 
that the transportable plutonium depends on 
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FIGURE 3.18. Radial Flow System for Testing the Dissolution Rate of lMFBR 
Fuel-Sodium Aerosols. 
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Dissolution Curves for lMFBR Fuel-Sodium Aerosols in Distilled Water. 
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FIGURE 3.20. Dissolution Curves for lMFBR Fuel-Sodium Aerosols in Simulated 
lung Fluid. 
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the sodium-fuel ratio and that solubiliza
tion occurs within the first 30 min of the 
experiment. Comparing the data in Figures 
3.19 and 3.20 indicates that sodium-fuel 
aerosols are approximately 20 times less 
soluble in simulated lung fluid than in 
distilled water. 

Figure 3.21 shows dissolution curves 
using distilled water as the dissolution 
fluid at two sodium:fuel ratios. In these 
experiments, solid Na2C03 and NaHC0 3 were 
added to the distilled water after 120 min, 
and an immediate increase in the amount of 
plutonium passing through the O.l-wm 
filter was observed. The carbonate
bicarbonate mixture was used instead of 
carbonate only to preclude formation of 
hydroxide ion by hydrolysis. 

The effect of carbonate on the dissolu
tion LMFBR fuel aerosols in the presence or 
absence of air was studied. Distilled 
water with Na2C03 and NaHC0 3 added was used 
as the dissolution fluid. In one experi
ment, air was bubbled through the dissolu
tion fluid to help oxidize M0 2. 2 to M0 3, 
since M0 3 is known to be soluble in car
bonate solutions. However, this treatment 
did not cause a high solubility; in fact, 
less than 0.5% went through the O.l-wm 
filter in 120 min. In another experiment, 
argon was bubbled through the dissolution 
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FIGURE 3.21. Dissolution Curves for LMFBR Fuel
Sodium Aerosols, Showing the Effect of Adding Na2C03 
and NaHC03 to the Distilled Water After 120 min. 

fluid to help displace O2, to prevent the 
air oxidation of M0 2 2 to M0 3 and, conse
quently, retard its solubility in the 
carbonate solution. This treatment also 
seemed to have no great effect on the 
solubility of fuel aerosols. 




