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ABSTRACT 
 
A sample of tritiated lanthanum nickel aluminum alloy (LaNi4.25Al0.75 or LANA.75) similar 
to that used at the Savannah River Site Tritium Facilities was analyzed to estimate the 
particle size distribution of this metal tritide powder and the rate, at which this material 
dissolves in the human respiratory tract after it is inhaled. This information is used to 
calculate the committed effective dose received by a worker after inhaling the material. 
These doses, which were calculated using the same methodology given in the DOE Tritium 
Handbook, are presented as inhalation intake-to-dose conversion factors (DCF). The DCF for 
this metal tritide is less than the DCF for tritiated water and radiation worker bioassay 
programs designed for tritiated water are adequate to monitor for intakes of this material. 
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1.0 INTRODUCTION 
 
Various metal tritides are encountered at the United States Department of Energy (DOE)’s 
Savannah River Site (SRS) Tritium Facilities. These metal tritides are essentially tritium in a 
particulate form, which can present radiological protection problems that are distinctly 
different than those of the more commonly encountered tritiated water (HTO). One such 
problem is that it is important to know the rate at which a tritide aerosol deposited in the 
respiratory tract releases tritium that is subsequently absorbed into the bloodstream. Tritium 
can be released from a tritide as a result of the metal matrix dissolving and releasing the 
tritium and by diffusion of the tritium from the intact metal matrix. For simplicity, in this 
discussion the release of tritium from a tritide by either mechanism is referred to as 
"dissolution." 
 
The current understanding of some metal tritides is incomplete because the rate at which the 
material dissolves in the human respiratory tract is not known. DOE guidance is applied for 
the few metal tritides that have been studied. However, all the other metal tritides are 
currently grouped together and assumed to have “slow” dissolution behavior(1). This 
assumption may lead to overly conservative estimates of the dose an individual would 
receive in the event of an intake, which makes it desirable to characterize the dissolution rate 
of metal tritides of interest such as lanthanum nickel aluminum (LaNiAl) alloy. This material 
is the most widely used at SRS. This work provides information on the dissolution rate of 
this material in the human respiratory tract, which is used to develop a technical basis for 
dose estimation associated with occupational intakes. 
 

2.0 MATERIALS AND METHODS FOR DISSOLUTION STUDY 
 
Tritiated metal (LaNi4.25Al0.75 known as LANA.75) powder was provided by SRS. This 
powder was material from an actual process line. A total of 98.8 mg powder in a sealed 
container was received. The powder sample was mixed and suspended in 0.5 mL of ethanol. 
Two drops of the suspension were placed on a glass slide for microscope count. Images taken 
from the optical microscope (Olympus, BX51, Japan) were analyzed for particle size by 
using Image Pro Plus software (Version 5.0, Media Cybernetics, Silver Spring, MD). From 
physical particle measurement and image analysis, the geometric or physical particle size 
distribution was determined in this study by calculating the projected area diameter (diameter 
of a spherical particle having the same area as the test particle) for each particle. The count 
median diameter (CMD) and geometric standard deviation (GSD) were obtained from the 
projected area diameter measurement by fitting the number distribution with a single modal 
lognormal distribution using the SigmaPlot software (v8.0, SPSS, Chicago, IL): 
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or a bi-modal lognormal distribution: 
 



SRNL-STI-2011-00587, REVISION 0 

 -3-











 















 
 2

2

2
2

2
2

1

2
1

1 )(ln2

)ln(ln
exp

ln2

1

)(ln2

)ln(ln
exp

ln2
)(

g

o

gg

o

g

dd

d

add

d

a
df


   

Eq. 2 

 
where do is the count median diameter (CMD) where 50% of particle counts exceed the 
value; and g is the GSD of the distribution.   
 
Serum ultrafiltrate (SUF) is an aqueous solution containing various salts(2) and was used in a 
static dissolution system(3) to determine the dissolution rates of the material. 1.18 mg of test 
material was sandwiched between two 47-mm membrane filters (Tuffryn HT-200, 0.2-µm 
pore size, Gelman Science, Ann Arbor, MI) and secured in a Teflon filter holder (Free-Flow 
Filter Holder 04-112, InTox Products, Albuquerque, NM). The filter holder was placed into a 
500-mL glass flask 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 (HT) 
and in solution. In most dissolution experiments, only the tritium dissolved in the solution is 
measured. However, the dissolved tritium in metal tritide could exist in HT or could 
exchange with protium in the water to form HTO(4). Both types were accounted for in our in 
vitro experiment. Figure 1 shows a schematic diagram of the dissolution system, which 
consists of a water bath, dissolution flask, catalyst column, propylene glycol bubblers, and 
temperature controller. 

  

Figure 1. Schematic diagram of the dissolution system. 
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The dissolution flask was kept sealed during the study. One hour before the solution was 
changed, air with 5% CO2 (Argyle Supply Co., Albuquerque, NM) was passed through the 
flask, carrying the released HT and water vapor into two propylene glycol traps (20 mL) to 
remove the water and HTO vapors from the effluent. The HT then passed through a column 
packed with a precious metal sponge (GPT, Inc., Manalapan, NJ) maintained at 550°C. The 
HT was oxidized by the catalyst into HTO, which passed through three more propylene 
glycol traps. The HTO collected in each bubbler and in the flask was analyzed in triplicate 
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-1. 
A new solution then replaced the solution in the dissolution flask, and some of the HTO 
remained in the filter assembly. Following solution change, air containing 1% hydrogen 
(Argyle Supply Co.) was used to purge the catalyst column for 2 h at a flow rate of around 
1.0 L min-1.  
 
Solutions were changed at 1, 6, 24, 48, and 72 h, then twice weekly for 2.5 months. Before 
the change of the solution, the kettle and glycol traps were wiped twice with a paper towel. 
The dissolution rate in terms of percent activity per day was calculated by dividing the 
activity dissolved by the time and total activity. After the last change of solution, the 
remaining powders along with filters were dissolved in 40 mL of aqua regia (3 parts 
concentrated HCl and 1 part concentrated HNO3). The total activity of the sample was 
calculated from summing the activity collected in the dissolution flask, the bubblers, and the 
aqua regia. The percentage of 3H dissolved in the SUF was plotted as a function of time. 
From this curve, the dissolution half-time in the SUF was determined. The analysis of the 
dissolution data was performed using nonlinear least-squares estimates(5, 6) procedure 
implemented in the Statistical Software R version 2.11.1 (7).  
 

3.0 STUDY RESULTS 
 
A representative image of the test material is shown in Figure 2. The test material contains 
many large and small particles. Based on more than 300 particles counted, the projected area 
of each particle was measured. The projected area diameter, defined as the diameter of the 
circle that has the same projected can be calculated. The best fitted count distribution is 
shown in Figure 3. The test material showed a bi-modal distribution with the CMD1 and 
CMD2 of 0.9 and 7.4 µm respectively. The GSDs of this distribution are 1.6 and 2.3 
respectively. The value of a in Eq. 2 is 0.41(8, 9). The activity median aerodynamic diameters 
(AMAD) shown in Table 1 were determined based on a shape factor of 1.5 and density of 8.0 
g cm-3 (10). 
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Figure 2. Photomicrograph of test material. 
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Figure 3. Particle size distribution of the test material. 
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Table 1. Summary of parameters for the LANA.75 particulate. 

AMAD () GSD Fraction
2.2 1.6 0.41 
17 2.3 0.59 

 
 

The fraction of activity remaining in the metal tritide particles as a function of time over 72 
days was fitted to a two exponential function to give 
 

)042.0exp(005.0)177.1exp(995.0)( tttA                             Eq. 3                                 
 
where A(t) is the fractional activity remaining at t days. The dissolution data and the fitted 
curve are shown in Figure 4. The results indicate that >99% of the tritium was released in 10 
days as a result of the LANA.75  matrix dissolving in the SUF and the tritium diffusing/off-
gassing from the matrix with this behavior is classified as dissolution Type F(11).  
 

 

Figure 4. Dissolution curves of LANA.75 (both A(t) using all of the dissolution data and 
Aa(t) using only the first 9 dissolution data) as compared to the dissolution curves of standard 
Type F, M, and S material. 
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There are at least two sources of error within the experiment. Tritium will incorporate itself 
into polymer filter holder and latter measurements may be artificially high due to tritium 
evolving from the holder. This amount may be very small because the remaining tritium in 
the material after dissolution study was observed to be about 1.2 x 106 Bq. The dissolution 
rate of the final sample was 2.5 x 103 Bq d-1, which indicates that the most activity released 
into the SUF in last few days were still from the sample itself. This issue is discussed further 
from the perspective of dose calculations in Section 4.0. 
 
Another error source may be from the reaction with the catalyst. There is a 20-day activity 
peak lag between the kettle and the last bubbler. The activity measured from the last 3 
bubblers may be from the activity released 20 days ago. However, the maximum activity 
measured in the kettle was 1000 times higher than maximum activity in the bubbler. Thus, 
the error generated from the time lag is negligible. In addition, this error will also lead to a 
conservative estimate of the intake-to-dose conversion factor (DCF) for LANA.75. 
 

4.0 INTAKE-TO-DOSE CONVERSION FACTORS 
 
The function A(t) of the fitted curve (Eq. 1) gives the activity fraction of a unit quantity of 
LANA.75 remaining after being exposed to the simulated lung fluid for t days. The 
parameters in Table 1 describe the size distribution of the particulate material. This material-
specific information can be "plugged" directly into the International Commission on 
Radiological Protection (ICRP) 66 Human Respiratory Tract Model(12) in place of default 5 
m AMAD Type F, M, or S dissolution functions. 
 
The LANA.75 dissolved rapidly, with less than 1% of the original activity remaining after 10 
days. This is much faster than the dissolution rates observed for other metal tritides (13-15) and 
as discussed previously raised a concern that the second term in A(t) was the result of 
residual tritium in the apparatus used to perform the dissolution study rather than a 
characteristic of the  LANA.75. The dosimetric significance of the second term in A(t) was 
determined by fitting the first nine points of the dissolution data, which represents more than 
99% of the tritium in the system, to give the following dissolution function Aa(t): 
 

( ) 0.908exp( 2.265 ) 0.092 exp( 0.3117 )aA t t t                              Eq. 4 
 
Both dissolution curves are shown in Figure 4. The DCF for 5 m AMAD LANA.75 was 
calculated with A(t) and Aa(t). The DCF calculated with A(t) is less than 1% higher than the 
DCF calculated with Aa(t), which means that the second term of A(t) is not of practical 
significant and that questions concerning its origins do not need to be resolved prior to using 
it to calculate DCF for  LANA.75. A(t) also leads to a conservative DCF estimate. 
 
The size distribution of the LANA.75 particulate was found by LRRI to be adequately 
described by a bimodal lognormal distribution. The activity median aerodynamic diameters 
(AMAD) and geometric standard deviations (g) reported for both lognormal components are 
given in Table 1. The density of the LaNiAl was assumed to be 8 g cm-3. 
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The DCF for the bimodal LANA.75 particulate was determined by calculating the DCF for 
the 0.9 m CMD component and the 7.4 m component separately and then adding them 
together in the proportions indicated in the last column of Table 1. The DCFs1,2 calculated 
with IMBA Professional Plus V4.1.18(16, 17) for various types of tritiated materials are given 
in Table 2 and the DCFs as a function of the following aerosol AMADs and dissolution are 
presented in Table 3: 

 Type S - 5 m AMAD aerosol (g = 2.5, = 3 g cm-3) with standard Type S 
dissolution function. 

 Type M - 5 m AMAD aerosol (g = 2.5, = 3 g cm-3) with standard Type M 
dissolution function. 

 Type F - 5 m AMAD aerosol (g = 2.5, = 3 g cm-3) with standard Type F 
dissolution function. 

 LANA.75 5.0 - 5 m AMAD aerosol (g = 2.5, = 3 g cm-3) with dissolution 
function A(t). 

 LANA.75 2.2 - 2.2 m AMAD aerosol (g = 1.6, = 8 g cm-3) with LRRI dissolution 
function A(t). 

 LANA.75 17 - 17 m AMAD aerosol (g = 2.3, = 8 g cm-3) with LRRI dissolution 
function A(t). 

 LANA - 41% LANA.75 2.2 plus 59% LANA.75 17. 
 HTO - tritiated water. 

 

Table 2. Intake-to-dose conversion factors (Sv Bq-1) for various tritiated materials. The 
numbers in the second column are the fraction of tritium that is absorbed from the GI tract 
and the numbers in the fourth column are the ratio of the DCF for the indicated material to 
the DCF for tritiated water. 

Metal Tritide Type f1 DCF Ratio 
Type S 0.01 1.30 x 10-10 7.10 
Type M 0.1 2.81 x 10-11 1.54 
Type F 1 9.03 x 10-12 0.49 

LANA.75 5.0  0.9 9.40 x 10-12
 

0.51 
LANA.75 2.2 1 1.05 x 10-11 0.57 
LANA.75 17 1 7.12 x 10-12 0.39 
LANA 1 8.49 x 10-12 0.46 
HTO ----- 1.83 x 10-11 1.00 

 

 

 
 

                                                 
1 The DCF presented in this paper do not account for self-absorption of the radiation emitted from the tritium 

particle. This results in conservative values of the DCF.  
2 DCF calculated with IMBA are essentially the same as those calculated in DOE-HDBK-1129-2008(1). 
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Table 3. DCFs as a function of aerosol AMAD and dissolution type (Sv Bq-1). 

AMAD  Dissolution Type 
() F M S 

0.1 7.32 x 10-12 1.04 x 10-10 6.54 x 10-10 
0.2 4.98 x 10-12 6.72 x 10-11 4.20 x 10-10 
0.5 4.81 x 10-12 4.57 x 10-11 2.76 x 10-10 

1 6.47 x 10-12 4.27 x 10-11 2.45 x 10-10 
2 8.35 x 10-12 4.02 x 10-11 2.16 x 10-10 
5 9.03 x 10-12 2.81 x 10-11 1.30 x 10-10 

10 8.02 x 10-12 1.72 x 10-11 6.29 x 10-11 
 
The DCF calculate for LANA.75 using dissolution function A(t) is 7.91 x 10-12 Sv Bq-1. The 
DCF calculated for LANA.75 using a default AMAD of 5 m and a default density of 3 g 
cm-1 is 9.4 x 10-12 Sv Bq-1 (~19% higher). For routine applications in occupational radiation 
protection we recommend that a DCF of 9.4 x 10-12 Sv Bq-1 be used for LANA.75 The DCF 
for LANA.75 is approximately one half of the DCF for HTO because only part of the inhaled 
LANA.75 is transferred to the systemic organs and tissues (because it is a particulate aerosol) 
whereas all inhaled HTO is transferred (because it is a vapor). 
 

5.0 DOSE INDEX FOR LANA.75 
 
The DCF for a radioactive material gives the dose per unit intake. In practice, intakes of 
tritiated radioactive materials like LANA.75 are usually not measured directly but are instead 
inferred from urine bioassay measurements. For this reason it is useful to examine the dose 
implied by a unit quantity of tritium in the urine rather than a unit intake. Further, it is often 
useful to express this dose per unit activity in the urine relative to the dose per unit activity in 
the urine following an intake of HTO. This dose index gives an idea of the magnitude of the 
error associated with the incorrect assumption that all tritium in the urine came from intakes 
of HTO when in reality the intake was a metal tritide. 
 
For example, assume that an acute inhalation intake of 5 m AMAD Type F metal tritide 
produces a urine bioassay result Mf(t) at t days after the intake. Given the appropriate intake 
retention fraction (IRF) mf(t) and DCFf, the committed effective dose (CED) Hf(t) is 

   
 f f

f

M t
H t DCF

m t

 
   

 
       Eq. 5 

 
The IRFs used in this report were calculated with Integrated Modules for Bioassay Analysis 
(IMBA) software using a custom HTO urine bioassay model(12). The ratio of Hf(t) to the dose 
Hhto(t) that would be calculated assuming the tritium in the urine resulted from an intake of 
tritiated water is 
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    Eq. 6 

 
The ratio Rf(t) is the dose index for a Type F metal tritide. A dose index in excess of 1 
indicates that the dose from an intake of the metal tritide will be underestimated if one 
assumes that the intake was HTO. Dose indices for LANA.75 and standard Type F, M, and S 
metal tritides are shown in Figure 5. The plots show that the dose resulting from intakes of 
Type F metal tritide and LANA.75 are not significantly underestimated if one assumes that 
the inhaled material was tritiated water. In addition, the difference between the dose index of 
LANA.75 calculated with A(t) and the dose index of LANA.75  calculated with Aa(t) is not of 
practical significance. This provides further justification for using the DCF of 9.4 x10-12 Sv 
Bq-1 for LANA.75. In contrast, the plots show that if the intake were Type M or Type S 
metal tritide the dose will be significantly (even grossly) underestimated if one assumes that 
the intake was HTO. The practical significance of this is that the occupational internal 
dosimetrist can assume that all tritium in a urine bioassay came from intakes of HTO if only 
HTO or Type F materials could have been inhaled. This greatly simplifies design of 
monitoring programs and the interpretation of bioassay data. A brief explanation of DCFs is 
presented in the Appendix of this report. 
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Figure 5. Dose indices for LANA.75 compared to standard Type F, M, and S metal tritides. 

 
6.0 SUMMARY 

 
The analysis of a tritiated LANA.75 sample provided data that was used to calculate a DCF 
of 9.4 x 10-12 Sv Bq-1 for this material. Perhaps of greater practical significance is that the 
data made it feasible to demonstrate that tritium in a urine bioassay can be interpreted as if it 
had resulted from intakes of pure HTO if the worker was potentially exposed to any mixture 
of HTO and LANA.75. 
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9.0 APPENDIX  
 
The DCFs are expressed as the dose per unit "intake", where the intake is what goes into the 
respiratory tract. Therefore, the DCF takes into account material that is removed from the 
body after it is inhaled. The DCF is never expressed as the dose per unit deposition, where 
deposition is the part of the intake that remains in the body. Some of the metal tritide 
deposited in the respiratory tract is translocated to the gastrointestinal tract. For Type F metal 
tritide all of the tritium in this "ingested" metal tritide is assumed to be absorbed into the 
bloodstream. This is not true for Type M and S metal tritides; thus, the calculation shown on 
the figure below is (approximately) true only for Type F tritides. 
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