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Abstract - The purpose of this study is to provide the guidance necessary for making a
selection of error distributions by analyzing influence of statistical distribution for a type of
bioassay measurement error on the intake estimation. For this purpose, intakes were
estimated using maximum likelihood method for cases that error distributions are normal and
lognormal, and comparisons between two distributions for the estimated intakes were made.
According to the results of this study, in case that measurement results for lung retention
are somewhat greater than the limit of detection it appeared that distribution types have
negligible influence on the results. Whereas in case of measurement results for the daily
excretion rate, the results obtained from assumption of a lognormal distribution were 10 %
higher than those obtained from assumption of a normal distribution. In view of these facts,
in case where uncertainty component is governed by counting statistics it is considered that
distribution type have no influence on intake estimation. Whereas in case where the others
are predominant, it is concluded that it is clearly desirable to estimate the intake assuming a
lognormal distribution.

Key words @ error distributions, intake estimation, normal distribution, lognormal
distribution, lung retention, daily urinary excretion rate.
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Table 1. Monitoring data for the lungs and daily urinary excretion rate since the beginning of work on the 3rd

January 1984.
Total alpha Daily urinary excretion rate
Measurement date since ur.amum actvity Measurement date since of Fotal alphg
art of K in the lungs ; K uranium activity
start of wor (234U+235U+238U)1 start of wor (234U T o
(Bg) (mBq/24h)
6 March 1997 <MDA? 22 March 1997 90
21 March 1997 160 11 April 1997 94
21 April 1997 150 15 May 1997 &4
21 July 1997 <MDA? 22 July 1997 54

'It is assumed that the uranium isotopic activity composition of total uranium was >*U 83%, ®°U 4% and U

13%.

“The Minimum Detectable Amount(MDA) is 140 Bq of total alpha uranium activity.
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Table 2. Results of calculation of intake and committed effective dose(CED), assuming the lung measurements have

a normal or a log-normal distribution.

Case Distribution type (zggtf}s%lggl;%) ?robability sz (23;11:}):%1?53%)
(Bq) Chi-squares(X~) (mSv)
1 Normal('s, = 0.2m,) 2678x10° 0.446 178
2 Normal(o; =0.3m,) 2632x10° 0.603 175
3 Normal(o; = 0.4m;) 2576x10° 0681 172
4 Normal(s; = 0.5m,) 2517x10° 0.721 168
5 Normal(o; =0.6m,) 2.456x10° 0.742 16.3
6 Log-normal(’s, = 1.22) 2.728x10° 0.439 182
7 Log-normal(o, = 1.34) 2678x10° 0590 1738
8 Log-normal(s, = 1.47) 2616x10° 0.663 174
9 Log-normal(s, = 1.60) 2.556x10° 0.69 170
10 Log-normal(o, = 1.74) 2.495x10° 0.712 166

'value of the standard deviation for the measured value m

value of the geometric standard deviation for the measured values
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Table 3. Results of calculation of intake and committed effective dose(CED), assuming the daily urinary excretion
rates have a normal or a log-normal distribution.

Case Distribution type T;g;%};%ﬁ%;&;‘f P.robablhty of2 (Zg;li?fgsls[?FBBU)

(Bo/d) Chi-squares(X ") (mSv)
1 Normal('s, =0.2m,) 3.708 0.129 0.891
2 Normal(, = 0.3m,) 3.708 0472 0.891
3 Normal(o; = 0.4m;) 3.708 0.702 0.891
4 Normal(s; =0.5m;) 3.708 0.824 0.891
5 Normal(o; = 0.6m,) 3.708 0.850 0.891
6 Normal(; = 0.7m,) 3.708 0.927 0.891
7 Normal(s; = 0.8m,) 3.708 0.950 0.891
8 Normal(z; = 0.9m;) 3.708 0.964 0.891
9 Normal(o, = 1.0m, ) 3708 0973 0.891
10 Log-normal(’s, = 1.22) 4035 0175 0.969
11 Log-normal(s, = 1.34) 4.035 0515 0.969
12 Log-normal(s, = 1.47) 4035 0.724 0.969
13 Log-normal(s, = 1.60) 4035 0.829 0.969
14 Log-normal(s, = 1.74) 4035 0.883 0.969
15 Log-normal(s, = 1.88) 4035 0.921 0.969
16 Log-normal(o, = 2.02) 4035 0.941 0.969
17 Log-normal(s, = 2.16) 4.035 0954 0.969
18 Log-normal(e, = 2.30) 4035 0.963 0.969

'value of the standard deviation for the measured value

*value of the geometric standard deviation for the measured values
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Fig. 1. Ratios of the intake calculated from individual

value of standard deviation to the intake normalized to
the geometric mean(GM), assuming a normal distribution
of the lung measurements m.
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Fig. 2. Ratios of the intake calculated from individual
value of standard deviation to the intake normalized to
the geometric mean(GM), assuming a log-normai
distribution of the lung measurements.
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Fig. 3. Ratios of calculations for log—normal distribution
to calculations for lung measurements m;. o, i8 the
standard deviation for normal distribution. o, is the
geometric standard deviation.
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