Background

« Compartment models of nuclides in body are used In
bioassay analysis, and many analyses are done with an
approach using a restricted number of terms.

« An example: Integrated Modules for Bioassay (IMBA)
models internal radiation doses and uses only 10 terms.

« The eigensolution of a 22-compartment plutonium
biokinetic model (Figure 1) must be fit with models with
10 or fewer terms.

* The required input form for the IMBA model is

Equation representing the plutonium biokinetic
model in Figure 1. The matrix T represents
transfer of material as a function of time
between different compartments in the model.

Purpose

1. Confirm the results of the updated differential equation
solver DIFSOL using Mathematica

2. Develop an automated method to fit DIFSOL's
eigensolution for the plutonium biokintic model to the
functional form required by IMBA

Figure 1. Plutonium biokinetic model

Methodology

« Using Mathematica’s command “DSolve,” the system of
first order linear differential equations are solved and

compared to the equations outputted by the program
DIFSOL.

« The previously used fitting method involved trial and
error by deleting terms with small coefficients and
renormalizing the coefficients to a given sum. The
process fit successfully, but was not automated. The
new procedure developed is automated.
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Results

1. The results obtained using Mathematica’s “DSolve”

correspond to the results obtained by DIFSOL, so Killough

and Eckerman’s differential equation solver is confirmed to
function correctly.

2. Automated fitting approach using Mathematica worked very

well in some cases (e.g., blood) but poorly in others (e.g.,
liver).
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Figure 3. (A.) Log-log plot and (B.) Li ol{ele] fitted curve (red) and exact solution
(blue). Original 15-term equation fits u ble terms of the same exponent. Fitted

data begins at time =1 day. The result ection into blood. Fit quality diminishes
with increased time domain.
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Figure 4. Log-log plot of fitte 5. Log-log plot of fit and
and true solutions. Original 15-term e lutions. Original 16-term equation fits
fits using 10 terms with multiple terms terms with multiple terms of the same

same exponent. Fitted data begins at nt. Fitted data begins at time = 1 day.
1 day. for the fit improved when the fit model

er than 10 terms.
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Figure 6. Log-log plot of (A.) adjusted li fit and true solutions. The adjusted

solution fits original 15-term solution ich are part of the true solution. The
unadjusted solution fits original solutio ted data begins at time = 1 day.
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Figure 7. Different situations encountered when fitting in Mathematica.

Conclusions

Mathematica provides a simpler data fitting method than
previously used trial-and-error fitting method.
Problems encountered using Mathematica:

More difficult to control numerical fitting method used
A few bad fits which could not be resolved

Excessive time to obtain fits on PC, (e.g. 24 hours to
run enough iterations for blood compartment)
Multiple terms occurred with same exponent

Future Work

Increase accuracy of fits

Using more precise data
Finding most appropriate numerical fitting method

Find best fit model for each compartment

Number of terms
Automated adjustment of model

Run additional iterations on compartments using
workstation on high performance computers
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