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Abstract In 1986 immediately after the Chernobyl accident the USSR Ministry of
Health adopted the large-scale program on the establishing of Ail-Union
Distributed Registry of persons affected by radiation at the Medical Radiological
Research Center of RAMS, Obninsk. To 1992, to the time of dissolving of the
USSR, the database of the Registry comprised medical and dosimetric information
on 659 thousand of affected persons including 284 thousand of liquidators. At
present time data on 435 thousand of affected persons, citizens of Russia, including
152 thousand of liquidators are kept in Russian National Medical and Dosimetric
Registry. Officially registered average doses of external irradiation of liquidators
are as follows: liquidators of 1986 -15,9 cGy; 1987 - 9,0 cGy; 1988 - 3,3 cGy; 1989
- 3,2 cGy. The prognosis of excess mortality from malignant tumors among
liquidators in 20 years after the irradiation has been made with the account of age
distribution of liquidators (average age of liquidators at the moment of their work
within the 30-km zone was 33 years) and dosimetric data. Attributive risk of
mortality from all malignant tumors could be 2,8%, from leukemia - 23,6%. The
prognosis is in good agreement with the actual data on mortality from malignant
tumors among liquidators gathered for the period from 1986 to 1995. We have
stated that liquidators of 1986 and 1987 comprise the group of the especially high
risk by the incidence and disability rates. These rates for the liquidators several
times exceed average rates for the whole cohort. The number of essential studies
among them cancer risks in liquidators have been performed within the framework
of EEC Experimental Collaboration Project 7 "Epidemiological investigations
including dose assessment and dose reconstruction". The findings can be used as
basis further long-term epidemiological studies on the assessment of radiation risks
of leukemia among liquidators.

1. Introduction

In 1986 immediately after the Chernobyl accident the Ministry of Public Health of the USSR
adopted a large-scale program to establish in the country the Ail-Union Distributed Registry
of persons exposed to radiation. Towards 1992 (by the time of collapse of the USSR) the
data base of the Registry comprised medical and dosimetric information for 659292 people
including that for 284919 emergency workers (EWs) (liquidators). Into establishment of the
Registry all republics of the former Soviet Union as well as a wide range of scientific and
practical institutions were involved [1, 2].

At present (in accordance with the Decree of the Government of Russia Ns 948 of
22.09.93) the National Radiation and Epidemiological Registry (NRER) operates in the
country. The general customer of works on the Registry is Ministry on Emergency
Situations. The leading organization is the Medical Radiological Research Center of RAMS
responsible for sampling primary medical and dosimetric data through 24 regional centers.

The NRER involves 3 main bases: the Registration List of persons exposed to radiation
which is established on special dosimetric criteria from the Decree of the Government of
Russia Na 948); the Chernobyl Registry since 1992 the Russian National Medical and
Dosimetric Registry (RNMDR); the Registry on Interdepartmental Expert Councils.
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In this paper we will enlarge on radiation-epidemiological analysis of the Chernobyl
Registry of Russia (RNMDR).

2. Current status of the Russian National Medical and Dosimetric Registry

Fig. 1 presents the information on the dynamics of the RNMDR registrant number growth in
1986-1995. As the Fig. 1 shows during all these years of its existence the data base of the
Federal level of the RNMDR kept accumulating medical dosimetric information and as of
1.09.95 comprises data on 435276 people from throughout the Russian Federation. All the
RNMDR registrants are divided into five primary registration groups (PRG):
PRG 1 - emergency workers - 152325 (35,0 %);
PRG 2 - evacuated and resettlers - 12889 (3,0 %);
PRG 3 - residents (persons living or lived in monitoring territories) - 251246 (57,7 %);
PRG 4 - children born of emergency workers of 1986-1987 -18816 (4,3 %).

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995

Fig. 1. Dynamics of RNMDR registrant number growth in 1986-1995.

Fig. 2 demonstrates the distribution of persons registered in the RNMDR on their
representation in regional centers.
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Fig. 2. Number of persons recorded in the RNMDR.
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3. Cancer morbidity and mortality among Chernobyl emergency workers:
radiation risk assessment

3.1. Cohort and radiation doses

The cohort of Chernobyl emergency workers (EWs) discussed in this paper includes 143032
people and represents the subgroup of EWs registered in the KNMDR. The EW cohort
studied in this paper conforms to the data contained in the RNMDR database as of the
beginning of 1994. This subgroup contains EWs with no cases of cancer registered before
the Chernobyl accident and for which the following information is available in the K^ivEDR:
date of birth, date of arrival to the 30-km zone around the Chernobyl NPP, period spent in
the zone, data on medical examinations and their results.

Among 143032 EWs included into the cohort under study, 113936 (about 80%) people
have documentary verified external radiation doses. The term "dose" here implies a
documentary verified amount of external radiation received by each EW. Distribution of
EWs by external radiation dose is shown in Fig. 3.

without
dose

[0-5) [5-10) [10-15) [15-20) [20-25) [25+)

Dose (cGy)

Fig. 3. Distribution of EWs by external radiation dose.

Men constitute the majority of EWs (about 98%), 85% of which are in the age group of
20-40 years. The average age of EWs at the moment of arrival to the Chernobyl zone is 34,3
years. The majority (82%) of EWs has taken part in recovery works in 1986-1987. The
average period of work in the exposure zone amounts to 2,7 months and the average dose of
EWs from Russia amounts to 10,7 cGy.

3.2. Medical information collection system

The acquisition of data in RNMDR is performed in the following way. Special Registry
record papers [1] containing the information about radiation doses and health status of the
person under examination are filled in on the basis of unified medical protocols during
regular medical checkups in central district hospitals. The papers filled in are verified and
passed on to the regional level. On this level the data are recorded on magnetic media
(floppy disks), checked and passed on to the Regional Center. RNMDR encompasses 24
Regional Centers collecting information throughout Russia [1].

RNMDR database is annually updated with information from Regional Centers and from
specialized Registries of the Defence Ministry of Russia, Ministry of Home Affairs, Ministry
of Security, Ministry of Transport and Ministry of Atomic Power Engineering and Industry
of Russia.
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3.3. Methods of the analysis

The term "case of disease" is used here to denote the registration of a diagnosis of a
particular class of diseases by a health care institution. The diagnoses for EWs implied here
are the first ones after his/her arrival to the 30-km zone. For each person the time spent at
risk to develop a disease of a particular class is calculated as the difference between the date
of registration of the primary diagnosis for this class of diseases and the date of arrival to the
30-km zone. Therefore, the term "incidence rate" used below is determined as the ratio of
the total sum of cases to the sum of time at risk, measured in person-years.

The mortality rate is defined in a similar way, i.e. as the ratio of the sum of deaths to that
of person-years.

To find the dependence of incidence (mortality) rate individual data on EWs are divided
into 5 strata: according to age: (18-20), (20-30), (30-40), (40-50), (51+), 4 strata according
to the date of arrival to the 30-km zone: 1986, 1987, 1988, 1989+, 4 strata according to the
period spent in the zone: 1, 2, 3, 3+ months, 6 groups according to dose: (0-5), (5-10), (10-
15), (15-20), (20-25), (25+) cGy.

Let i be the stratum in a data array aggregated by age, dose, arrival date and period of
work in the zone. Let 7, be the number of cases of diseases (deaths), P, - person-years, M,- -
the incidence (mortality) rate in the stratum. In these terms the incidence (mortality) rate for
a given class of diseases can be defined as:

M, = Y,/P, (1)

It is reasonable to assume that Y, values are independent Poisson random values with
mathematical expectation E(Yj) = P, Mi. To determine the dependence of Mt on any
parameter x (age, year of arrival etc.) it is necessary to present Mi in the form of parametric
function/and its parameters are to be determined via maximization of likelihood function:

L = IX, ln(Pi M^ - P, M,, (2)

where M, =f(xi).
Simple functions are used in the paper:

f(Xj) = M = const (3)
f(Xi)=M0 + MlXi (4)
f(Xi)=M0(J+MlXi) (5)

Function (3) is used to determine crude mortality and incidence rates, whereas functions
(4) and (5) can be used to determine linear trends for mortality and incidence rates according
to risk factor x.

3.4. Analysis of cancer morbidity and mortality among EWs

Among 143032 EWs studied in this paper, 1026 cases of cancer diseases were diagnosed
and 341 deaths from malignant neoplasms were registered. The most widespread among
them are malignant neoplasms of digestive system (ICD-9: 150-159) - 251 cases of diseases
and 125 deaths; and malignant neoplasms of the respiratory system (ICD-9: 160-165) - 186
cases of diseases and 112 deaths.

Shown below are dependences of incidence (IR) and mortality rates (MR) on various
factors (external radiation dose, age, date of arrival to the zone and duration of being there)
for all cancer diseases (ICD-9: 140-208.9). Estimates of relative risk for cancer morbidity
and mortality of EWs will be also shown.

As is seen from Fig. 4, IR increases with age (p<0,05), external radiation dose (p<0,05)
and decreases (p<0,05) with the date of arrival to the 30-km zone for all cancer diseases
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(ICD-9: 140-208.9). As for the dependence of the incidence rate on the period spent in the
zone no conclusion about its statistical significance can be made (p>0,05).

[18-20) [20-30) [30-40) [40-50) [50 +)
age (years)

1986 1987 1988 1989 1990 +

year of arrival to the 30km zone

[0-1) [1-2) [2-3) [3+)
duration of being in the 30km zone (months)

[0-5) [5-10)[10-15)[15-20)[20-25)[25 +)

dose (cGy)

Fig. 4. Incidence rates for EWs (per 100000 person-years) for cancer diseases (ICD-9: 140-208.9) depending
on different factors: age, year of arrival at the zone, period spent in the zone and external radiation dose for
EWs. Dashed line shows the linear trend corresponding to the regression function (4).

Both the cancer mortality and incidence rates among EWs (see Fig. 5) increase with age,
external radiation dose and decrease with the date of arrival to the 30-km zone. However, in
contrast to the incidence rate the mortality rate shows statistically significant dependence
(p<0,05) only on age and external radiation dose of EWs. As for the dependence of MR on
the period spent in the zone and the date of arrival at it, we cannot make conclusions about
its statistical significance (p>0,05).

Therefore, the radiation dose fits into the group of the basic "external" factors of risk for
EWs, i.e., factors independent of "natural" increase in incidence and mortality rates, as is the
case with age.

Consideration of dynamic dependences of incidence and mortality rates allows to make a
conclusion about significant (p<0,05) increase in incidence and mortality rates with time.
The incidence and mortality rates for cancer diseases among EWs (ICD-9: 140-208.9) as of
calendar year are shown in Fig. 6. As mentioned above, radiation exposure level, in
particular, the external radiation dose of EW fits into the group of basic factors of risk for
EWs. Relative risk coefficients (RR)- the ratio of incidence (mortality) rates in different dose
intervals to the corresponding value in the dose group of [0-5) cGy were estimated for
quantitative assessment of radiation factor influence on the state of health of EWs. Fig. 7
demonstrates the RR coefficients for cancer morbidity and mortality of EWs. When
modelling the dependence of the relative risk on the dose by regression function the
following excess relative risk values per 1 cGy with 95% confidence limits are obtained:
0,017 (0,003; 0,031) - for cancer morbidity of EWs and 0,025 (-0,004; 0,05) - for cancer
mortality.
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Fig. 5. Mortality rate for EWs (per 100000 person-years) for cancer diseases (ICD-9: 140-208.9) depending
on different factors: age, year of arrival at the zone, period spent in the zone and external radiation dose for
EWs. Dashed line shows the linear trend corresponding to the regression function (4).
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Fig. 6. Incidence (upper part) and mortality (lower part) rates for EWs (per 100000 person-years) for cancer
diseases (ICD-9: 140-208.9) depending on calendar years. Dashed line shows the linear trend corresponding
to the regression function (4).

For qualitative assessment of dynamic tendencies in the behaviour of the relative risk the
crude relative risk values were evaluated, i.e. - the ratio of cancer incidence (mortality) rates
in the dose interval over 5 cGy to the corresponding value in the background dose group of
[0,5) cGy. Analysis of the variables obtained (Fig. 8) does not allow to make a statistically
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significant conclusion (p>0,05) that time dependences of relative risk exist either for cancer
morbidity or cancer mortality of EWs.
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Fig. 7. Relative risk (RR) for morbidity (on the left) and mortality (on the right) among EWs from cancer
diseases in different dose ranges.
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Morbidity (upper part) and mortality (lower part) crude relative risk for cancer diseases of EWs
(ICD-9: 140-208.9) depending on calendar year.

4. Morbidity and disability of emergency workers

Table 1 demonstrates the comparison of morbidity rates per 100 thousand people on general
classes of diseases both for population of Russia as a whole and for EWs. It is clear from the
Table 1 that morbidity rates of EWs in a series of cases do repeatedly exceed the analogous
ones for population of Russia. Undeniably, level, completeness and quality of prophylactic
medical examination of EWs differ much from the All-Russian practice. Really, peculiarities
and quality of prophylactic medical examination of EWs are that for their examination the
most currently available methods of diagnosis of diseases are applied, in so doing, the works
listed are carried out by trained and competent specialists. In such a manner, according to
the data of the MRRC of RAMS the establishment of primary registered diseases by
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specialists of this institution is several times higher than by local physicians. In this situation
it is very difficult to choose an adequate review control group of comparison.

Table 1
Comparison of morbidity rates per 100000 persons on general classes of diseases for population

of Russia as a whole and emergency workers on 1993

Classes of diseases
Population of

Russia
Emergency

workers

Relationship
among the

indices

Neoplasms
Malignant neoplasms*

Diseases of the endocrine system

Diseases of the blood and blood-
forming organs

Mental disorders

Diseases of the circulatory system

Diseases of the digestive system

All classes of diseases

788
140

327

94

599

1472

2635

50785

747
233

6036

339

5743

6306

9739

75606

0,9
1,6

18,4

3,6

9,6

4,3

3,7

1,5

* - For malignant neoplasms the standardized index on age distribution of emergency workers as of 1993 is
given.

It is known that in forming of pathologic state and morbidity among EWs the factors of
social and psychological character connected with the Chernobyl accident are of great
importance. All this in combination with radiation effect can be defined as "Chernobyl
syndrome". Attempts to outline the significance of role of radiation factor in this complicate
syndrome complex are very important. Therefore, we have estimated morbidity and disability
rates on the following groups: 0-5 cGy, 5-20 cGy and over 20 cGy based on dosimetric data
for EWs included in the RNMDR. In this case, the contingents of EWs exposed in the range
of 0-5 cGy were used as an interval control group. As it is seen from Table 2, the morbidity
rates on a series of classes of diseases in the dose groups of 5-20 cGy and over 20 cGy are
statistically significant higher than those in the dose group of 0-5 cGy. The dose group of
over 20 cGy was demonstrated to consist by 99,1% of the EWs of 1986-1987. In the dose
group of 5-20 cGy the EWs of 1986-1987 are presented by 91,2%. In the 1st dose group (0-
5 cGy) the EWs of 1986-1987 comprise less than a half of the cohort (48,9%). As a
consequence within the frame of standard multifactor analysis we discussed two competitive
factors from the viewpoint of influence on morbidity rates: dose one (with 3 gradations of 0-
5 cGy, 5-20 cGy and over 20 cGy) and the second - on the date of arrival in the zone of
radiation influence (with 3 gradations as well: EWs of 1986, 1987 and 1988-1990). Using
the analysis of morbidity rates on 3 classes of diseases (of the endocrine system, blood and
blood forming organs as well as mental disorders) as an example, it was established that the
factor of the date of arrival in the zone of radiation influence (1986, 1987, 1988-1990) is by
far the determining one relative to the dose factor with respect to its influence on morbidity.
By this is meant that the state of health of EWs first and foremost of 1986 and 1987 is of
particular alarm.

Table 3 presents the disability rates among EWs dependent on received doses of external
radiation. In the 2-nd and 3-rd dose groups these rates exceed significantly corresponding
coefficients for the 1st dose group (0-5 cGy). It should be noted that the disability rates for
the EWs as a whole exceeds 2,8-3,2 times the analogous control one on Russia.
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Table 2
Comparison of morbidity rates per 100000 persons on general classes of diseases

among emergency workers of different dose groups in 1993

Classes of diseases

Neoplasms

Malignant neoplasms

Diseases of the endocrine system

Diseases of the blood and blood-
forming organs

Mental disorders

Diseases of the circulatory system

Diseases of the digestive system

All classes of diseases

[0,5[ cGy

690

217

5270

213

5178

5287

9106

69831

[5,20[ cGy

648

232

6120*

354*

5490

6090*

9743

75346 *

over 20 cGy

747

225

6075*

450 *

5472

6648 **

9515

75785 *

* - indices reliably (p<0,001) differ from corresponding ones in the dose group of 0-5 cGy; ** - indices
reliably (p<0,01) differ from corresponding ones in the dose group of 5-20 cGy. DegTees of significance were
calculated with Fisher fi-criteria and the criteria of the ratio of two Poison parameters; the degree of
significance of the less powerful criteria was used in each index of the Table.

Table 3
Dynamics of disability rates (per 1000 persons) in dose groups in 1990-1993 (the data of the RNMDR)

Year of observation

1990

1991

1992

1993

[0,5[ cGy

6,0

12,5

28,6

43,5

[5,20[ cGy

10,3

21,4

50,1

74,0

over 20 cGy

17,3

31,1

57,6

87,4

Thus, on the cohort of EWs registered in the RNMDR two main conclusions may be
done:

- factual evidence for the period just ended and prognostication of total mortality rate as
well as that from malignant neoplasms made on the basis of radiation risk coefficients by
ICRP are in a good agreement with observed rates which do not exceed corresponding
control values on the Russian Federation;

- on morbidity and disability rates the EWs of 1986 and 1987 comprise the group of
higher risk.

5. EEC Experimental collaborating project 7: epidemiological investigations including
dose assessment and dose reconstruction

In the end of 1993 the following 3 pilot studies of CEC-CIS project titled "Study cancer
among liquidators" were started in Russia:

Study 1. Test of follow-up mechanism.
Study 2. Cases-control study of leukemia among liquidators.
Study 3. Validation/calibration of biological dosimetry.



As a result of the implementation of the first study the detailed medical and dosimetric
information on 500 participants of recovery works at the Chernobyl NPP randomly selected
from the data base of the Russian medical and Dosimetric registry was collected. For the
period of the implementation of the Project (6 months) 496 specially developed
questionnaires containing information on health status and the character of performed work
within the 30-km zone of the Chernobyl NPP by those included in the cohort under study
were filed in. So the loss in the "follow-up" was 0,8%. It allows us to make conclusion that
the project may be continued in larger scale if financial and human resources are available.

Within the framework of the second study of the investigation of leukemia cases among
liquidators of Russia the following work has been done:

1) identification of leukemia among liquidators living in Russian Federation (58 cases of
leukemia among liquidators have been detected, 48 of the cases have been detected among
those worked in the Chernobyl zone in 1986-1987);

2) filling in questionnaire forms and collecting blood samples for the biological dosimetry
of leukemia cases (17 cases) among male liquidators worked in the zone of Chernobyl in
1986-1987 delivered from two Regional Centers of the Registry - North Caucuses and
Central Chernoziom Region;

3) analysis of the obtained medical and dosimetric information.
It should be noted that though the dependence of morbidity with leukemia among

liquidators on the dose of exposure has been established nevertheless the continuation of the
investigation is of special concern.
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