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INTRODUCTION

Among various statistical models used for fitting occupational and environmental radiation
data the lognormal distribution is the most common one. Its application became especially
wide after this model has been adopted by International Commission on Radiological
Protection ( 1,2 ). Natural and occupational gamma- radon- and ultraviolet exposure, rate of
global radioactive fallout, radiation contamination of the atmosphere are very often distributed
lognormally (3,4). Typical problems arising when using the lognormal distribution model for
purposes of radiation control are: how to estimate the average level of radiation with a given
accuracy (the problem of estimation of unknown true mean of the distribution) and how to
determine the minimum number of measurements by which the calculated average
contammation differs from the true mean value no more than a given value of error (the
problem of the number of sampling which is enough for estimating the unknown true mean
with a given accuracy). The method universally practised of estimating the mean value consist
of finding the arithmetic mean of the set of N measured values. Although the arithmetic mean as
a statistical estimator is unbiased, it not always provides minimum variance of the estimation.
Naturally arithmetic mean often differs from the true mean if the statistical distribution differs
from Gaussian normal distribution. Therefore, it is necessary to know the distribution of sample
mean from a lognormal population, but unfortunately this distribution is not known. All that can
be said is that for a large number of samples it has an asymptotically normal distribution
behaviour ( 5 ). Early, an attempt was made to obtain this distribution using some simplifications
( 6, 7 ), but uncertainty of the results caused by these simplifications, is too difficult to assess. In
the present paper the sampling distribution of the lognormal population was found without any
simplification.

GENERAL CONSIDERATIONS

As shown by Finney ( 8 ) the best estimation xgsr of the true mean value ¥ (unbiased and
given minimum variance of the differences from the true mean) is given for lognormal
distribution by the formula:

Xeor = exp (1) v (S7) (1)

2 . . 2. .
where pand S are the sample mean and variance, respectively, and y (S ) is a correction

function depending on the sample variance S” and on the sampling number N. In ( 9 ) was
shown that the variable L, defined as the ratio of sample mean calculated using expression (1),
to its true mean value

L=XEST/f (2)

can be considered as a function of two random independent variables £ and U, where the first is

distributed normally and the second has a x2 distribution. Taking this mto account we can
express the distribution of L by multiplication of the distributions of & and U. Therefore the

probability of fulfilling the condition L < L' can be expressed by the integral of this product in
that region of £ and U, where this condition is fulfilled:
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PLsL) ~[fo @)y (U)dtdU (3)

Ls<L

CALCULATION OF THE DISTRIBUTION

In the paper ( 9 ) the distribution of L was calculated by method of statistical testing (Monte
Carlo method). But this technique is not an appropriate method if it necessary to get the results
with a high precision. That is why in this investigation analytical and numerical methods
were used. It gave the possibility to improves considerably the accuracy of calculations.

We have determined the distribution of L by numerical calculation of the integral ( 3 ) using
Gauss' method with 64 nodes and their corresponding weight coefficients. For each
combination of the sample size N (varied from 2 to 200) and sample standard deviation S (varied
from 0.1 to 2.0) values for the cumulative probability, corresponding to different relative
deviation D, between the true mean value and its best estimation, given by

D=(Xgsr-X¥)/ X (4)

were calculated.  The D values for which calculations were made varied from 0.1 to 1.0 with
a step equal to 0.1. The probability F and F, for negative and positive deviations of Xgsr
from the true mean X was calculated separately. Thus, the obtained data give a possibility
to determine the probability of underestimation as well as overestimation by using Xgsr as
estimator of the true mean x. Also theirsum F =F +F, were calculated.

RESULTS AND THEIR APPLICATION

The distribution of the sampling mean were calculated and then used for the determination
of the number of the sample size N that is enough for the estimation of the unknown true
mean with a given accuracy. A part of the results obtained are presented in Table 1. The
required number of sampling N are given in the Table as a function of the empirical variance s
and the confidence level P. For estimation of N it is necessary first to calculate p and s,
Then for a given value of error D and for a desirable confidence level P in Table 1 the
number of N can be found.
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Table 1. The number of sample size N that is enough for the estimation of the mean with
a given accuracy

Relative deviation, D
Empirical | Confi-
standard dence
deviation, | level, 0.1 0.2 0.3 0.4 0.5
S P
0.68 3 2 2 2 2
0.1 0.90 5 3 3 3 3
0.95 8 4 4 4 3
0.68 6 3 2 2 2
0.2 0.90 14 5 4 3 3
0.95 20 8 5 4 4
0.68 12 4 3 3 2
0.3 0.90 28 10 5 4 4
0.95 40 12 8 5 5
0.68 20 6 4 3 3
0.4 0.90 50 14 8 5 4
0.95 70 20 10 8 6
0.68 30 10 5 4 3
0.5 0.90 80 22 12 8 5
0.95 120 30 16 10 8
0.68 44 12 6 4 3
0.6 0.90 120 32 16 10 8
0.95 170 44 22 14 10
0.68 65 18 8 5 4
0.7 0.90 170 44 20 12 10
0.95 >200 65 28 18 12
0.68 90 22 12 8 5
0.8 0.90 >200 60 28 16 12
0.95 >200 90 38 22 16
0.68 120 30 14 8 6
0.9 0.90 > 200 80 36 22 14
0.95 > 200 120 50 30 20
0.68 120 38 18 10 8
1.0 0.90 > 200 110 46 26 18
0.95 > 200 150 65 38 24
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