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Abstract

Radioactive contamination of the floodplain of the Yenisei River with the wastes dumped by
the Krasnoyarsk Mining and Chemical Combine (MCC) might cause external and internal
irradiation of a large part of rural population inhabiting the banks of the Yenisei. Contrary to
official data, a few independent studies of the doses received by the exposed population showed
that they were quite significant though within the range of low doses. Due to the lack of
comprehensive data on the dose status and doses received by the population, the health
parameters of the population were studied by comparing the recorded incidences of diseases and
mortality in the areas located at different distances from the MCC, in the periods before and
after the MCC was put into operation, and in different age groups (younger and older than 30,
children, working-age persons, and retirement-age persons). Also studied were territorial
differences in theimmunologic and immunogenetic statuses of some groups of population. It has
been found out that in the district subjected to radioactive contamination (RAC-districts) there
are characteristic shifts in the pathologies that are the main markers of the radiation factor.
With possible accumulation of radiation doses the shifts become more distinct, and with the
distance from the MCC less distinct Time and space gradients of the cancer morbidity and
mortality rate in the RAC-area have been found. In the riverside settlements of the RAC-area
the mortality from malignant neoplasms (MN) of blood, blood-forming organs, and lymphatic
system is higher than in the settlements located farther from the Yenisei. As the distance from
the MCC down the Yenisei gets longer, the mortality of children due to congenital
developmental defects and leukaemia decreases. The space gradient has been also found for
most somatic disorders originating from stressogenic (psycho-emotional strain) and
immunodeficient states. Besides increased incidence of cancer, in the RAC-area there is a higher
incidence of pathological states determined to a large extent genetically - complicated
pregnancies and their outcome, mortinatality, and congenital developmental defects.
Investigations of immunologic and immunogenetic statuses of the RAC-district population have
shown negative deviations from the Middle Siberian norm.

Spot investigations made by independent regional radioeoologtcal centres
(Krasnoyarsk, St.Petersburg) revealed local, extremely high levels of contamination of
the Yenisei floodplain - gamma-radiation of 60 mcr./h. and over - downstream of the
place where the Mining and Chemical Combine (MCC) dumps its radioactive water,
and trace levels of environmental contamination with nuclides, products of fission and
neutron activation, as far as 300 km downstream of the nuclear facility. These facts
prove that the radiation situation in the Yenisei floodplain is unfavourable.

Hygicnists, however, find no violations of the principal hygienic regulations
(exceeding of the dose limits) affecting the rural population, as a result of the operation
of the MCC. They overlook the fact that inhabitants of the riverside settlements
traditionally use the Yenisei floodplain for recreation, fishing, dairy cattle production,
vegetable growing, collection of berries and mushrooms; the Yenisei has long been used
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as a communication line. Over the period of the MCC operation a large part of rural
population inhabiting the banks of the Yenisei might be exposed to external and
internal radiation.

Contrary to official data, a few independent studies of the doses received by the
exposed population showed that they were quite significant though within the range of
low doses (N.N.Ilyinskikh, 1997). For this reason, we performed integrated socio-
hygienic investigations in the rural districts located in the vicinity of the Krasnoyarsk
MCC (RAC-districts). The aim was to find out possible health divergences among the
population. The choice of the control rural district was rigidly limited by its
geographical position (common border, the side windward of the RAC-district, non-
Yenisei catchment basin, the absence of a large city near by).

Due to the lack of comprehensive data of the dose Btatus and doses received by
the population, the health parameters of the population were studied by comparing the
recorded incidences of diseases and standardised mortality in the areas located at
different distances from the MCC, in the periods before and after the MCC was put
into operation, and in different age groups (younger and older than 30, children,
working-age persons, and retirement-age persons). Also studied were the immunologic
and immunogenetic statuses of some groups of population.

We have found that the incidences of infectious diseases as well as diseases of
the endocrine and urogenital systems, and congenital defects arc higher in the group of
the RAC-districts than in the "uncontaminated" ones. Both children and adults in the
RAC-districts significantly more often visit doctors, complaining of mental disorders.
There are also differences in the number of visits to medical institutions due to
respiratory and cardiovascular diseases. The integrated health index is significantly
lower in the RAC-districts than in the control ones.

An analysis was made to study the dynamics of the parameters of the
reproductive state of women living in the RAC-districts over the period between 1966
and 1993. It did not show any regularities which could suggest that pathological
divergences were due to the effect of radiation. The exceptions are a much higher
incidence of the revealed disfunctions of the thyroid in the pregnant women (over 4
times higher than in the control area), recorded in some years, higher incidences of
congenital developmental defects (6.66 as compared with 422 per 1,000 new-born
babies), bleeding in childbirth (36.0 as compared with 25.4 per 1,000 births), and
multiple pregnancies. These data are all for the years of intensive operation of the MCC
(1980-1992).

The population of the RAC-districts has been found to have lower immunologic
health indices than it is considered normal for Middle Siberia. There is a deviation in
every link of the immune system, i.e. in the cell, humoral, and phagocytic links. Among
other things it has been found that the incidences of the major viral infections of
herpctic, cytomegaloviral, and chlamydic aetiologies are 1.5 to 2 times higher. The rate
of occurrence of laboratory evidence of autoimmune processes is 5 to 7 times higher
and that of immunodeficicnt states twice higher.

Sharp distinctions are recorded in the immunogenetic structure of the
inhabitants of the RAC-districts: the incidence of the B51 -antigen is 41 times as high as
in the control group, that of the C5-antigen is 13 times higher, while the C6-antigen
occurs 10 times less frequently.

With the distance from the Krasnoyarsk MCC some parameters of somatic
health tend to improve, this tendency being more conspicuous in children. The same
tendency is noted in the cancer mortality rate, including leukaemia, as well as infant
mortality due to congenital defects of development incompatible with life.
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The results of the analysis of the total incidences of malignant neoplasms (MN)
show that in the RAC-districts they were significantly higher than the control rates for
practically all localisations and during most years of survey. The total MN mortality
during the period after the MCC was put into operation (1960-1993) increased in the
RAC-districts both in men and in women. The differences from the rates of the control
area and those of the period before the beginning of operation (1950-1959) arc
statistically significant.

Clearly related to the operation of the MCC are the indices of mortality from the
so-called radiosensitive MNs (ICRP 45) -breast cancers, leukaemia, bronchopulmonary
cancers, thyroid cancers, bone cancers, and skin cancers. The overall mortality from the
cancers of respiratory organs has increased in every age and sex group in the RAC-
districts, the recorded rates being above the control ones. During the period of MCC
operation mortality from breast neoplasms in the women of the RAC-districts
increased from 1.9 to 10.9 per 100,000 adult women ( t ^ . l ) . In the control district the
mortality from this cause remained at practically the same level (5.3-4.7 O/oooo).

In a similar manner, the overall mortality caused by cancers of blood and blood-
forming organs is different for the periods before and after the MCC was put into
operation, increasing in the RAC-districts and remaining the same in the control ones.
The integrated mortality from the neoplasms of lymphoid tissue over the period of
MCC operation is 3 times higher in the RAC-districts than in the control area. With
leukaemia mortality the difference is less pronounced but the mortality peak in the
RAC-district was during the years of the MCC construction and the first 10 years of
operation (1960-1969), while in the control area more than a quarter of all cases (3 of
11, or 27.3%) were recorded before the beginning of MCC operation.

On the whole, the trend of increase in radiogenic cancer mortality in the RAC-
districts between 19S0 and 1992, has a steep increment, with a rise of the level by several
times, sometimes by an order of magnitude. In the control district these indices were at
the same level over the period surveyed. We have Btudied the time (1951-1958, 1971-
1978, and 1988-1995), space (settlements at the banks of the Yenisei and away from it),
and age (persons younger than 30 and older population) gradients of the indices of
cancer mortality in the RAC-area and the control one.

In the cohort of the population cumulated over the period between 1988 and
1995 there is a statistically significant difference in the indices of total and cancer
mortality between the RAC-districts and the control area. This is true of all the groups
under comparison except women. However, the relationship between the MN mortality
rate and the location of the district has not been confirmed by the Pearson criterion of
correspondence (X2) for the cohorts cumulated over the period between 1988 and 1995,
i.e. the null hypothesis that there is no relationship between the MN mortality rate and
the location of the district is NOT REJECTED.

In this period, in the RAC-arca the total mortality rate in the men was higher
than in the control one in all integrated age groups: infants of the first year of life,
children aged 1-14, pensioners. Between 1988 and 1995 the infant mortality in the RAC-
district was steadily higher than in the control one. Ambiguous results have been
obtained in studying losses of active life in different districts. In the integrated cohorts
of 1988-1995 the number of lost person-years of active life due to cancer mortality in
women turned out to be less in the RAC-area than in the control one, while the losses
due to other "leading" causes of mortality and the total mortality were much more
significant in the RAC-area.

The analysis of the dynamics of the standardised by age population indices of
cancer mortality (i.e. for all ages) in certain periods between 1951 and 1995 shows that
in the control area the population mortality caused by MN tends to decrease. In the
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RAC-area there is a tendency for increase. The revealed differences are statistically
significant, with a reliable level of probability (p>0.01).

On the other hand, the cancer mortality rate in the age group under 30, the most
sensitive to radiation injury and its neoplastic consequences, does not seem to be higher
in the RAC-area than in the control one. The only thing that has engaged our attention
is a steady increase in mortality in the men of the RAC- district during the periods
under survey, as distinct from all the other groups of population (divided by age and
territory). Comparison of age distribution of mortality due to MN in the RAC-arca in 3
periods • 1951-1958, 1971-1978, and 1988-1995 • shows a steady increase of mortality in
older (> 34) age groups after the Krasnoyarsk MCC was put into operation.

In the groups compared there are no statistically significant differences in the
mortality caused by congenital developmental defects, but the incidence of congenital
defects of development incompatible with life is twice lower in the control area than in
the RAC-arca (0.662 as compared with 1.12 per 1,000 new-born babies, but with t<2.0).
In the RAC-districts the integrated average indices of mortality due to congenital
developmental defects are always higher than those in the combined control group, but
also with t<2.0.

Of all the northern-central districts of the Krasnoyarsk Territory, the RAC-arca
is characterised by the highest index (integrated for 8 years) of still-births, but because
of the considerable confidence interval the mean values of the index of difference arc
again statistically insignificant. In 2 districts located downstream of the site where the
MCC dumps its radioactive water the incidence of still-births decreases steadily as the
distance from the MCC gets longer.

In the cohort of the population cumulated over the period of 1988-1995 the data
on still-births in the RAC-area and the control one are significantly different from the
data we obtained for 1960-1992, when the analysis was made in the blocks aggregated
by five-year periods. According to the data for 1960-1992, in some five-year periods the
incidence of still-births in the control area was several times higher than in the RAC-
area. Nevertheless, it had a steady tendency for decrease, from 4.4% in 1965-1969 to
1.1+-028% in 1988-1995, while in the RAC-arca it steadily increased from 02-0.3% in
1965-1969 to 1.14+-021% in 1988-1995.

In conclusion, we can estimate as clearly unfavourable the dynamics of the
health indices of rural population of the RAC-area over the period of MCC operation,
while there have been no other evident sources affecting the health of the population.
The differences from control populations are not always statistically significant but,
basing on the totality of the main and additional criteria, we can still attribute them to
the consequences of radiation exposure.
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