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Abstract

Routine individual occupational radiation monitoring is necessary to ensure that exposure are kept as
low as reasonably achievable (ALARA) and that the authorized dose limits are not exceeded. The type and
extend of the monitoring depend on the nature and magnitude of occupational radiation exposure. Optimal
choice of the wearing time for individual dosimeters, T, has important consequences for achievement of the
individual monitoring objects. The choice of T depends on individual dose distribution, the lower detection limit
for the detector used, the lost of an information during period of monitoring, the cost of the measurements and
the benefits associated with the results. The paper describes the application of quantitative optimization
techniques to optimize the wearing time for individual dosimeters. It was shown how optimal wearing time for
individual dosimeters depends on dose distribution, the lower detection limit, dose limit, fading and cost of the
measurements.

1. INTRODUCTION

Even after the proposal of the principle of "as low as reasonably achievable" (ALARA) in
Publication 26 of the International Commission on Radiological Protection (ICRP) [1], most radiation
protection has been carried out qualitatively and/or intuitively in the light of social and economic
considerations, and not positively practiced on the basis of quantitative optimization. Examples of
optimization of radiation protection are provided in the appendices of ICRP Publication 37 [2]. In
each calculations are based on fairly well defined parameters and assumptions that were well
understood. This paper describes the application of quantitative optimization techniques to the
wearing time for individual dosimeters. The optimization is based on empirical data and less certain
assumptions and it may represent typical application of ALARA principle to evaluation of specific
elements of radiation monitoring programs.

Routine individual occupational radiation monitoring is necessary to ensure that exposure are
kept as low as reasonably achievable (ALARA) and that the authorized dose limits are not exceeded.
The type and extend of the monitoring depend on the nature and magnitude of occupational radiation
exposure. Optimal choice of the wearing time for individual dosimeters, T, has important
consequences for achievement of the individual monitoring objects. The choice of T depends on
individual dose distribution, the lower detection limit for the detector used, the lost of an information
during period of monitoring (so called "fading), the cost of the measurements and the benefits
associated with the results. In previous papers [3,4] it was shown how optimal wearing time for
individual dosimeters depends on dose distribution, the lower detection limit and cost of the
measurements. In this paper influence of fading on choice of the wearing time for individual
dosimeters is included in the optimization.

2. USE OF COST-BENEFIT ANALYSIS FN THE OPTIMIZATION OF THE WEARING TIME
FOR DOSIMETERS

The net benefit from the introduction of a practice involving ionizing radiation is the gross
benefit minus the cost of the practice [2]. This is expressed by the equation

B = V-(P + X+ Y), (1)
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where B is the net benefit of the introduction of a practice, V is the gross benefit of the introduction of
such practice, P is the basic production cost of the practice, excluding the cost of radiation protection,
X is the cost of achieving a selected level of radiation protection and Y is the cost of the detriment
resulting from the practice at the selected level of radiation protection.

For an occupational individual monitoring programme, the optimal frequency of individual
monitoring is achieved when B, the net benefit, is maximized. Assuming the relevant independent
variable is the wearing time for individual dosimeters T, the maximum benefit would be attained
when

dV (dP dX dY

Considering Fand P to be independent of T, the optimization condition is fulfilled when

1o) . (3)

where To is the optimum wearing time for dosimeters.
Let us determine the functions X{T) and Y{T) in case of an individual monitoring

programme.
The expenditures of the individual monitoring are composed of the cost of the individual

dosimeters and the cost of the equipment and operation of the centralised system of individual
monitoring, called the "control centre", for the sake of brevity. In first approximation, it may be
assumed that the cost of such a centre does not depend greatly on the wearing time for individual
dosimeters T, and is given by the constant A. The cost of the dosimeters used is directly proportional
to the number of dosimeters distributed, to the cost of processing and evaluation of a single
dosimeters and inversely proportional to the wearing time T. If C is the cost of a single dosimeter
including the cost of processing and evaluation, N is the number of workers shall be subject to
individual monitoring within one year and T is the wearing time for dosimeter, then

N

(4)
and

where k\ = 1 year/person is a dimensional constant.
Optimisation assessment requires radiation detriment to be expressed in terms of a cost. Since

the objective health detriment is proportional to the collective dose, it is appropriate to conclude that
the cost of the objective detriment resulting from the practice at the selected level of radiation
protection, Y, is also proportional to the collective dose [2]:

Y = aS
(6)
where a is a dimensional constant expressing the cost assigned to the unit collective dose for radiation
protection purposes, S is collective effective dose equivalent due to practice under consideration.

The cost of the detriment resulting from a selected frequency of individual
monitoring is related to the reliability of the assessment of doses and to the principle that dose limit
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must not be exceeded. If P(H) is distribution of annual individual doses H, D is the lower detection
limit for the dosimeter used, and T is the wearing time for the dosimeter, then the average
undetectable dose is

i>/r

\HP(H)dH (7)

the average annual dose exceeded the dose limit L is

JHP(H)dH, (8)

lost of the information due to fading during time T is fTH , where k2
=l year is a

dimensional constant, / is fading during 1 year, H is the average annual individual dose.
The average collective dose during time T due to the undetectable doses, the doses exceeded

dose limit L and due to fading is

k,IJT

S=N

Then substituting (9) into (6):

H(\-/TH)- \HP{H)CIH

and

Y(T)=aN

k2D/T

k,LIT

H{\-jTH)- \HP{H)dH
k2D/r

(10)

(9)

dY aNk]

r3

•'o

L2P\ -D2P -aN/H. (11)

Substituting (5) and (11) into (3) we obtain optimization condition:

Tn 0 ^ 2

k7L k,D
= 0 (12)

3. DOSE DISTRIBUTION AND NUMERICAL EXAMPLE

The United Nation Scientific Committee on the Effects of Atomic Radiation (UNSCEAR)
suggested [4] a reference distribution of occupational individual doses in the log-normal form:

P(H) = 1
C7HJ27T

(13)
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where k3= 1 rem*1 (100 rem = 1 Sv) is the dimensional constant, a = 0.86641 and \x = -1.0684, if the

average dose equivalent H =0.5 rem. The log-normal form of the distribution is meant to reflect
the fact that in many occupations involving radiation exposure the majority of workers receive low
doses and only a few are exposed to relatively high doses.

In order to calculate the optimal wearing time To for individual dosimeters, based on ALARA
principle, (12) should be solved.

For the log-normal dose distribution (see (13)) (12) has analytical solutions in two specific
cases [3,4]:
1) the lower detection limit for the dosimeter used D = 0 and the dosimeters have any fading:

(14)

2) the ratio Cla. equals to 0 and the dosimeters have any fading:

(15)

or taking into account that

12
(16)

we obtain

T = '2^3
-*2/2

(17)

The results of the numerical solution of (12) for log-normal dose distribution (13), H= 5
mSv, L = 20 mSv and different D for dosimeters without fading (f = 0) are given in Fig.l.

0,1mSv, f = 0

D = 0,2 mSv, f = 0

D = 0,5 mSv, f = 0 I

1mSv, f = 0

1.0E+02 1.0E+03 1.0E+05 1.0E+06

Fig 1. The optimal wearing time, To, as a function of ratio the cost assigned to the unit collective dose
for radiation protection purposes, a, to the cost of a single dosimeter, including the cost of processing
and evaluation, C, for different lower detection limits of the dosimeter used.
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Dependence of To on fading of dosimeters for log-normal dose distribution (13), L = 50 mSv,

/ / = 5 mSv and different a/C and D are shown in Fig.2 and Fig.3.

D = 0,1mSv

D = 0,5 mSv .

= 1mSv

0,2 0,3

Fading per year
0,4 0,5

Fig 2. The optimal wearing time, T0,as a function of fading and D (a/C = 100,
L = 20 mSv).

D = 0,1mSv

= 0,2 mSv

D = 0,5 mSv

D = 1mSv

0,2 0,3

Fading per year

Fig 3. The optimal wearing time, To, as a function of fading and D (a/C = 1000,
L = 20 mSv).

4. CONCLUSIONS

The optimal wearing time for individual dosimeters, To , depends not only on the dose
distribution, but To depends also on fading, the lower detection limit for the dosimeter, D, and the
quotient of the cost assigned to the unit collective dose, a, by the cost of the dosimeter, C. If the ratio

C/a is infinitesimal, then the optimal wearing time, To , is directly proportional to the -JDL and

inversely proportional to the average annual individual dose H for log-normal dose distribution.
Typically used wearing time for individual dosimeters (from 1 to 3 months) seems to be optimal for
TLD and film dosimeters taken into account cost, fading and sensitivity of such instruments.
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