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INTRODUCTION 
Metal tritides including titanium tritide (Ti 3HJ and erbium tritide (Er3Hx) have 

been used as components of neutron generators and other commercial devices (eg-, 
lightning elevation warning devices). The current health protection guidelines for metal 
tritide particles are based on the assumption that the biological behavior of these 
components is similar to tritiated water (HTO). In the ICRP Report No. 30, HTO is 
classified as very soluble in the body. It is distributed uniformly to all soft tissues 
following uptake, and its retention is described by a single exponential decay function 
in which the effective retention half-life is 10 days. Little information is available on the 
dissolution behavior of metal tritide particles in biological systems. However, studies 
oflritimnlcacirmgfTomdtankrmaTKiziTcarnu^ 
in aqueous solutions (Miller, 1982; Miller and Bokwa, 1985). 

The dissolution rate of particles deposited in the respiratory tract is a major factor 
governing retention and translocation of their constituents to other organs in the body. 
Radioactive particles that dissolve slowly in lung fluid tend to remain in the lung tissue 
for a long period of time, and the biological effects of the particles are usually confined 
to the region near the deposition site (i.e. the lung tissue). On the other hand, highly 
soluble materials, such as HTO, that deposit in the respiratory tract will be translocated 
to other organs and body fluid) more readily and may therefore have a shorter letehtion 
time in the body. 

Dissolution rates of radioactive particles have been measured by immersing the 
particles in various aqueous solutions and by determining the amount of dissolved 
radionuclides in the solution. It is often used as a screening method to classify 
materials according their solubilities and is sometimes used in dosimetric models if in 
vivo dissolution data are not available. 

The purpose of this study was to investigate the dissolution behavior of both 
titanium and erbium tritide particles in simulated biological fluids and in rats. Data from 
these studies will provide information to estimate the dosimetry of inhaled metal 
tritides. The dosimetric model can then be used as the technical basis for setting health 
protection limits, including the annual limit on intake and the derived air concentration 
for DOE facilities. 

EXPERIMENTAL METHODS 
The radioactive metal tritides (e.g., titanium tritide) were obtained from the Matin 

Marietta Pinellas Plant, Largo, FL. These materials have been components of neutron 
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generators and were ground into powders. Samples of the powders were examined in 
an optical microscope, and particle size was determined using an image anaryzer. 

Serum ultrafilrxate (SUF), which consists of various salte (Eklsoa and Griffith. 
1984), was used to determine the dissolution rates of metal tritides- A static dissolution 
system as described by Kanapilly (1979) was used in the study. About lOmgof 
powder were used for each sample. The particles were sandwiched between two, 47-
mm membrane filters (Tuffryn HT-100, 0L2 Jim pore size, Mfllipore Corp., Bedford, 
MA) and secured in a Teflon filter holder (Free Flow Filter Holder 04-112, In Tox 
Products, Albuquerque, NM). Duplicate samples were tested. The filter holders were 
placed individually info 500 ml. glass flasks containing 100 mL of SUF incubated in a 
37°C water bath. 

The in vitro dissolution apparatus was designed to measure the tritium in the gas 
phase and in solution. In most dissolution experiments, only the radionuclides 
dissolved in the solution were measured. However, the dissolved tritium in metal 
tritides could exist in the gas phase or could be exchanged into HTO (Miller and 
Bokwa, 1985). Both species were accounted for in our in vitro experiment. The 
catalyst columns (Sheen et aL, 1975; Jalbert and Murphy, 1988) were used to convert 
tritium gas released from the powder into HTO, which was subsequently trapped in 
propylene glycol bubblers. The conversion efficiency of the catalyst column was 
determined using HT generated by reacting magnesium metal with HTO water 
(Amershan International, Amershan, UK) and sulfuric acid (0.1 M). The collected 
HTO in propylene glycol bubblers and in solution in the flask were analyzed for 3H 
using liquid scintillation counting methods (Packard Tri-Carb®, Model 2500TR, 
Packard Instrument Co., Meriden, CT). The flow rate through the system was 100 
mL/min for 1 hour. Solvents were changed at 1,6,24,48 and 72 hours, then twice 
weekly for 29 days. After the last change of solution, the remaining particles in the 
filter holder were dissolved in adding 400 mL of 5M HCl. The titanium tritide material 
completely dissolved in 10 to 13 days. The tritiated water and tritium were collected 
and counted. The radioactivities recovered from the filter holder and those from 
previous changes were added to get the material balance. The percentage of 3H 
dissolved from the particles was plotted as a function of time. From these curves, the 
dissolution half-times in the SUF were estimated. 

RESULTS 
Figure 1 shows the particle size distribution of titanium tritide powder expressed as 

projected area diameter. The size distribution could be fitted with a Iognormal 
distribution with the count median diameter of 103 Jim and the geometric standard 
deviation of 1.58. 

The mean efficiency of the catalyst column for converting tritium gas into tritiated 
water was determined to be 93.3%. Figure 2 shows the dissolution rates (fractions 
dissolved per day as tritiated water) for two batch samples of titanium tritide powders. 
The amount released as tritium gas from die titanium tritide power submersed in SUF 
solution was two orders of magnitude smaller than that released as tritiated water. 
Figure 3 shows the retention curves for the titanium tritide for two batch samples of 
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titanium tritkte powders. The retention curve an be e x p r e s s as a srngteexponexftrai 
decay curve (t in minutes): 

R = exp(-7.99x 10-St) 

Thus, the retention or clearance half time was 362 days. 

DISCUSSION 
We describe preliminary results for the in vitro dissolution rate of titanium tritide 

powder. Our results showed a slow dissolution ia*e widi less than 0.5% dissolved per 
day. The majority of tritium was released as tritiated water. This result was similar to 
those reported by Miller and Bokwa (19S5) using titanium tritide in a sponge form in 
aqueous solutions of salts. Our retention half time was 362 days. If this dissolution and 
clearance pattern is confirmed in the planned animal study, then the internal dosimetry 
of this material should be very different from tritiaied water which has a bk>fogkalhatf 
time in the body of 10 days. It will place metal tritide in the Y class material in terms of 
its dissolution classification instead of D class for tritiated water. Animal study will be 
conducted using rats which will be injected with metal tritide into their deep lung 
tissues. The biological translocation data will be used to develop an internal dosimetry 
model of metal tritide following inhalation exposure. The new model should be useful 
for health protection purposes. 
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