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Parametric study of a thorium model

M.C. Lourenso8, J.L. Lipsztein3, C.L. Szwarcwaldb

aInstituto de Radioprotecao e Dosimetria — CNEN, Rio de Janeiro, Brazil
bDepartamento de Saude — Fundacao Oswaldo Cruz, Rio de Janeiro, Brazil

Abstract. Models for radionuclides distribution in the human body and dosimetry involve assumptions on the
biokinetic behavior of the material among compartments representing organs and tissues in the body. One of the
most important problem in biokinetic modeling is the assignment of transfer coefficients and biological half-
lives to body compartments. In Brazil there are many areas of high natural radioactivity, where the population is
chronically exposed to radionuclides of the thorium series. The uncertainties of the thorium biokinetic model are
a major cause of uncertainty in the estimates of the committed dose equivalent of the population living in high
background areas. The purpose of this study is to discuss the variability in the thorium activities accumulated in
the body compartments in relation to the variations in the transfer coefficients and compartments biological half-
lives of a thorium-recycling model for continuous exposure. Multiple regression analysis methods were applied
to analyze the results.

1. Introduction

Biokinetic models are used to estimate organ doses resulting from internal deposition of radionuclides
and consequently they are used in the evaluation of radiation exposure. The biokinetic models most
commonly applied in radiation protection are those recommended by the International Commission on
Radiological Protection (ICRP), in publications 30 [1], which addresses intakes of radionuclides by
workers and contains the currently used gastrointestinal tract model; 53 [2] and its addendum 80 [3],
which addresses doses to patients from radiopharmaceuticals; 66 [4], describing the respiratory tract
model; and publications 56 [5], 67 [6], 69 [7], dealing with age-specific doses coefficients to the
public from intake of radionuclides and updates the systemic models for workers.
Most of the information available on the kinetics of radionuclides relies on experimental data obtained
with laboratory animals, measurements of stable elements in autopsy tissues of environmentally
exposed human and data on human subjects exposed to radionuclides in experimental, medical,
occupational settings and accidents.
Despite the evolution in the formulation of the ICRP's biokinetic models over the years [8], and the
effort to achieve biological realism, uncertainties about the metabolic behavior of the radionuclides
still persist and consequently about the calculation of the committed dose equivalent.
In Brazil there are many areas of high natural radiation background where people are exposed to
thorium ingestion [9,10]. The uncertainties of the thorium biokinetic model are a major cause of
uncertainty in the dose estimating of the population. The influence of fi on the calculated dose is
known, the dose is directly dependent on they} value. In fact, the systemic activity and variations on
mass and size of source and target organs have a significant influence on the dose.
It is necessary to perform a quantitative evaluation of the reliability of the biokinetic models, which
can be done through the uncertainty analysis of the model's parameters. The gastrointestinal uptake
factor (//) of thorium is a source of uncertainty in dose calculations, due the large range of values cited
in the literature [11, 12].
The purpose of this study is to quantify the reliability of the prediction of a specific systemic thorium
model in relation to cumulative activities in the body compartments. A parametric uncertainty analysis
was used to identify how much of the compartment activity variations may be attributable to variations
in the transfer coefficients and half-lives, since the correct assignment of those parameters is an
important problem to be solved in biokinetic modeling.
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2. Procedure

Lipsztein et al. [13] performed a study in which different sets of transfer coefficients and half-lives
were assigned to a thorium model to verify which values best fitted experimental data obtained in
studies with human subjects. One of these sets of values is shown in Figure 1, which illustrates the
model under study. The intervals of variation for the parameters that were chosen to perform the
parametric analysis are based on this publication. The intervals of variation of half-lives adopted are:
400 to 2000 days for bone compartment, 20 to 600 days for liver and other compartments and 20 to
150 days for kidney compartment. The transfer coefficient from plasma to bone compartment varies in
the range of 0.40-0.95 and consequently, the other three compartments add to a maximum of 0.60. It
was assumed that the transfer of radionuclides to and from compartments follow first order kinetics
and a 5% transfer from liver to feces. A continuous intake of 1 Bq d'1 via plasma was considered. The
compartment denominated "others" represents other organs and tissues.
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Fig. 1. A specific thorium model.

A computer code [14] specially developed to calculate activities present in human body compartments
after intakes of radionuclides, for different exposure times was used. A program that randomly selects
values for the parameters, from a specified interval was added to this code, as well as a program,
which actualizes the information on the kinetics of the element and permits the performance of a great
number of simulations. Files with approximately 1000 (one thousand) values for each parameter were
generated [15, 16].
The estimation of the relative contribution of each parameter to the compartment activity variations
was based on the statistical technique of multiple linear regression analysis through the study of the
coefficient of multiple determination (R2) [17] that estimates the proportion of the variation of the
dependent variable (compartment activity) that is explained by the independent variables (transfer
coefficients and biological half-lives). One way to assess this proportion is to consider the increase in
R2 when a variable is entered into the regression model previously fitted to the other independent
variables. This increase is represented by Rchange2 = R2 - R©2 , where R(i)2 and R2 are, respectively, the
multiple determination coefficient when all the independent variables except the 1th are in the model
and when all the independent variables, including the i*, are in the model. The multiple regression
analysis was performed using the statistical computer program "SPSS for Windows", release 6.0.
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3. Results and discussion

Increases in the multiple determination coefficient (Rchange2) are shown in Tables I, II and III for liver,
bone and kidney compartments of the specific thorium model. The transfer coefficients from blood to
liver, bone and kidney compartments are represented by ai, ab and ak, respectively, while the biological
half-lives are represented by ti/2<i), t i/2(b) and ti/2(k), respectively.

Table I. The increment in the coefficient of multiple determination and the coefficient of variation to
liver compartment

Time(years)

0.5
5

20
50
70

ai

92
64
51
41
36

tl/2(l)

3
18
20
20
20

Rchange ( % )

ak

-
-
3
8
10

tl/2(b)

-

1
3
-
-

R-total ( % )

95
85
78
72
70

CV(%)b

85
103
113
119
122

1 Coefficient of multiple determination considering all variables selected to regression model
b Coefficients of variation of mean activities in compartments

Table II. The increment in the coefficient of multiple determination and the coefficient
of variation to bone compartment

Time(years)

0.5
5

20
50
70

ab

95
81
68
61
59

Rchange2(%)

tl/2(b)

-

4
9
10
10

ak

-
9
18
18
18

W(%)'
97
95
95
90
87

CV(%)b

24
24
35
51
59

a Coefficient of multiple determination considering all variables selected to regression model
b Coefficients of variation of mean activities in compartments

Table III. The increment in the coefficient of multiple determination and the coefficient
of variation to kidney compartment

Time(years)

0.5
5

20
50
70

ak

83
61
47
31
25

IW2(%)
tl/2(k)

10
21
31
44
50

tl/2(b)

-

2
4
3
2

iW(%)a

93
86
83
80
78

CV(%)b

88
91
78
66
62

1 Coefficient of multiple determination considering all variables selected to regression model
0 Coefficients of variation of mean activities in compartments

The liver compartment and the compartment that represents other organs and tissues are similar,
except for a small quantity of the activity presents in liver compartment, which is eliminated through
feces. Since this elimination is constant and the focus of this study is on the total variation of the
activity the results obtained for both compartments were similar.
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For each compartment, a significant proportion of the total variation in its activity may be explained
by the variations in the value of the transfer coefficient from blood to the compartment. This influence
decreases with time as the half-life and the transfer coefficient from blood to kidney compartment is
selected into the regression model. The influence of the value of the transfer coefficient from blood to
kidney compartment in the amount of activity accumulated in the compartment is justified since the
kidney compartment does not participate in the recirculation process, and thus its activity is eliminated
through urine with no feedback to the system.
It can be observed, in Tables I and III, a small contribution of the bone compartment's half-life ( t ^ ) ) ,
reflecting the contribution of the compartment that receives the higher fraction of the activity present
in blood (bone).
The relative dispersion on the activities of each compartment of the model, due to the variation of the
parameters was determined by the coefficient of variation (CV) of the mean activity in the
compartment. This is the standard deviation expressed as a percentage of the mean [18]. The values of
the coefficients of variation obtained over 70 years of exposure to liver, bone and kidney
compartments are shown in Tables I, II and III, respectively. It can be observed that over the exposure
time the relative dispersion of the mean activity in liver, bone and kidney compartments varies on the
intervals of 85%-120%, 25-60% and 60%-90%, respectively. The relative dispersion of the mean
activity is significantly reduced in the compartment that presents a higher half-life and receives a
higher fraction of activity present in blood. Particularly, despite the others sources of uncertainties
related with parameters involved on the dose calculation, the maximum error of the dose associated to
bone compartment is approximately 60%.

4. Conclusions

For the compartments which participate in the recirculation process (liver, bone, other) the transfer
coefficient from blood to the compartment under the study is the most important variable in terms of
influence on the variation of the activity in the compartment, hi the first year of exposure more than
85% of the variation in the compartment's activity is explained by the variation of this variable. The
biological half-life and the transfer coefficient from blood to the kidney compartment have some
influence on the variation of the activity of the compartments under study. The maximum value of the
coefficients of variation for the mean activities of the compartments is 120%. Particularly, for the
compartment that receives the higher fraction of the activity present in blood (bone), the maximum
value of the coefficient of variation for the mean compartment activity is 60%.
For the compartment that does not participate in the recirculation process (kidneys), the transfer
coefficient from blood to the compartment and the biological half-life are the only variables that
explain the total variation in the activity of the compartment, hi the first year of exposure the transfer
coefficient is the most important parameter. As the exposure time increases the biological half-life
becomes the most important variable. The coefficient of variation for the mean compartment activity
shows a maximum value of 90%. Particularly, for the bone compartment the values of the coefficient
of variation indicate that the influence on dose calculation, related to variations on the systemic
activity due to variations in the transfer coefficients and half-lives, is not higher than 60%.
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