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Dosimetric data is one of the inevitable components of any meaningful epidemiological follow-up of
exposed population. Large scale epidemiological health-effect studies on Chernobyl liquidator popula-
tion are presently seeking for reliable individual dose records. The most significant array of dose rec-
ords is available at the State Chernobyl Registry of Ukraine. However, dosimetric information of the
Registry is traditionally considered to be of low quality and, furthermore, in many cases intentionally
distorted. Due to these concerns, more than 90k individual dose records of Chernobyl liquidators re-
main unused for the needs of follow-up. Meanwhile, since, the retrospective dosimetry of liquidators -
alternative source of dosimetric information - is difficult and expensive, verification of existing do-
simetric data would be the most cost-effective way of dosimetric support of post-Chernobyl health
studies.

The method of verification of dosimetric data of the Registry should be based on consideration of sta-
tistical regularities of the data. Insight of the statistical properties of dosimetric data may give a clue to
evaluation of trustworthy and, furthermore, to the quantified estimation of quality of the data.

As may be seen from Fig. 1, the shape of distribution of doses is polymodal and does not comply with
commonly accepted [1] log-normal distribution law.
However, this dose distribution should be treated as a Fig.l. Frequency distribution of individual do-
mixture of several distributions corresponding to vari- ses for liquidators of 1986-1987
ous groups of liquidators and different periods of
time after the accident. Certainly this assumption has
solid background because the cohort of liquidators is
extremely heterogeneous both in terms of tasks per-
formed at clean-up as well as affiliation. The last fac- ^
tor is very important because different affiliation re- £
fleets also variety of organizational patterns and S
dosimetric approaches practiced at the time of the ac- £
cident. Since dosimetric monitoring and dose man- :.!-"-'j 'j-
agement were conducted by, at least, four independent l'*?.'*£ 'I\fM
bodies, quality and efficacy of such activities varied •• '••̂ •-"'••""l

significantly. Therefore, separate consideration of par-
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tial distributions gives a clue to solving the problem of Dose, cSv
evaluation of the quality and consistency of available dosimetric data. Of coarse, statistical analysis of
the dose distribution does not allow for judgement of the quality of individual record, however general
conclusion about quality of whole subset of data may be derived from such analysis.

As an illustration of such approach we will consider the most numerous cohort of liquidators - military
reservists (called in Chernobyl jargon "partisans"). Preliminary considerations had revealed that infor-
mation about doses of this cohort is of the most questionable quality. Dose distribution of liquidators
of 1986 (Fig.2a) has quite unusual shape with moderated left side and sharp cut-off above permissible
dose limit. Consideration of the same distribution using histogram with enhanced number of classes
(Fig.2b) reveals another strange feature of this distribution - very high fraction of round dose values.

These two features may be considered as argument for the scenario of falsification of dose records
when round doses close to the dose limit were assigned administratively to all liquidators with no re-
spect to real doses received by those individuals. From the other hand, similar regularities may be ob-
served in case of another realistic scenario: at the time of accident took place extremely strong dose
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Fig. 2. Frequency histograms of individual doses for military liquidators of 1986 with dif-
ferent number of classes. Plot a - 26 classes, plot b - 1000 classes,
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management and the recorded dose values were rounded down to integer figures. Indeed, such dose
management when liquidators worked until they were released from Chernobyl upon achieving dose
limit was practiced during the clean-up; such unique type of dose management was possible only under
conditions of the Soviet Union when practically unlimited resource of man-power was available for
performing unskilled tasks in coarse of the clean-up. The reason for recording round dose values lays
in the fact that dosimetry of military liquidators was conducted using so-called "group-commitment"
method when doses were evaluated by dosimetrist with respect to the dose rate at working place and
period of work; such single dose assessment was assigned to the whole group of liquidators performing
the similar task. Clearly, accuracy of such dosimetry is very low, however intentional distortion of do-
simetric information is not implied by this approach. Limited accuracy of "calculated" dose assess-
ments leads also to recording of rounded dose values.

Obviously, analysis of dose distribution itself does not allow for solving this dilemma. Additional in-
formation which may contribute to verification of dosimetric data is recorded duration of work in
Chernobyl. Distribution of periods of work is very broad and does not have pronounced peaks corre-
sponding to the multiples of one week or one month. This fact rather gives indirect evidence to advan-
tage of the second scenario when liquidators were released from Chernobyl upon receiving maximum

permissible dose. Moreover, the following transforma-
Fig.3. Frequency histogram of individual dai- t i o n o f d o g e tQ d o g e r a t e ( d a i l y d o s e ) .

ly doses of military liquidators of 1986
d = D/t (1)

where D is individual dose and t is period of work,
changes distributions significantly. As may be seen
from Fig.3, daily doses d are represented by rather
broad unimodal distribution which is consistent with
ones observed in the most cases of occupational expo-
sure. As known from the literature [2], the case of oc-
cupational exposure in the presence of dosimetric
control may be satisfactory described by the hybrid-
log-normal (HLN) distribution:

f(d)=(2nJ)-1/2(p+(l/d))exp(-(ln(pd)+pd-nf/(2c?))

(2)
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where the value ln(pd)+pd is distributed according to the normal law. Parameter p is called constraint
factor and has dimension of (mSv"1). Physical meaning of constraint factor is clear from the relation-
ship where inverse constraint factor is equal to the dose limit. This model introduced in 1981 by Ku-
mazawa gives good approximation to most of occupational dose distributions. According to the model,
doses much below the limit are distributed according to log-normal law; closer to the limit, doses are
controlled more rigorously reducing the distribution to the normal case.

Fig. 4. Normalized probability plot for indi- The daily dose distributions (Fig. 3) were tested with re-
vidual daily doses of military liquida- spect to HLN hypothesis and parameters of distributions
tors of 1986 (Oranoje). Hybrid-log- were determined using the maximum likelihood method
normal hypothesis [3]. Normalized probability plot presented at Fig.4 dem-

i°o i g onstrates good agreement of experimental data with
I HLN law. Values of the parameters are presented in the

£ Table 1. For illustration, some other cohorts of liquida-
? tors were analyzed in similar way.

* As may be seen from the table, the values of mean daily
dose and constraint factor are in a good agreement with
expected exposure; time dependence of these parameters
is consistent with evolution of dose fields and conditions

• of work on the Chernobyl site. The value of standard de-
^ * viation is also quite indicative. As was observed [4], in

• the most cases of occupational and accidental exposure,
the value of coefficient of variance (C.V.) of dose distri-
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ministrative distortion of data (low C.V.) or presence of
a mixture of several data sets in case of too broad distributions (high C.V.). This rule is illustrated by
data related to liquidators who based in the cities of Pripjat and Chernobyl (Table 1). Indeed, in these
two cases with known heterogeneous population, the value of C.V. is quite high, indicating a mixed
nature of the data. However, the data related to military liquidators looks quite uniform and consistent.

Table 1. Parameters of daily dose distributions for some groups of liquidators in 1986-1987 (HLN hy-
pothesis)

Group of liquidators
(settlement of residence at time of

clean-up)
military reservists (Oranoje)

military (Korogod)
various (Chernobyl)

civil (Pripjat)

<b>
0.677
0.440
0.767
1.153

1986

a

0.69
0.46
1.46
2.66

P

0.585
0.678
0.431
0.318

<b>
0.317
0.218
0.328
0.253

1987

a

0.47
0.27
0.66
0.41

P

1.535
3.452
1.852
2.739

Conclusions

The analysis of data on individual doses of military Chernobyl clean-up workers ("partisans") put for-
ward two possible scenarios leading to such unusual distributions: either strong administrative pressure
on dosimetric service leading to falsification of data, or strong dose management under condition of
unlimited man-power source. Further consideration revealed that distributions of daily dose rates com-
ply very well with known regularities of occupational exposure; the daily doses of military liquidators
were distributed according to hybrid-log-normal law; parameters of the distributions are consistent
with a priori and experimental considerations. The main lesson which may be derived from this con-
sideration is proving rather presence of strong dose management at time of clean-up than intentional
distortion of dose records. However, this conclusion does not mean high accuracy of dose records
themselves - dose commitment method used for dosimetric support of these activities by its nature is

396 Session 4



IRPA Regional Symposium
Radiation Protection in Neighbourine Countries of Central Europe. Prague. 8-12 September 1997

very inaccurate and the errors endowing this data are quite large. Further verification and validation of
dosimetric data of the State Chernobyl Registry will require more sophisticated consideration of higher
statistical moments of the distributions as well as validation of dose records by means of independent
dosimetric techniques (including retrospective).
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