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Резюме. Цель исследования – разработка подходов к обоснованию критериев и способов количественной оценки готов-
ности медицинских организаций ФМБА России к работе в случае возникновения чрезвычайных ситуаций (ЧС) радиацион-
ного характера.
Материалы и методы исследования. Использованы экспертный (аналитический) и компьютерный методы оценки показате-
лей готовности медицинских организаций ФМБА России на основе консенсусных представлений о возможных медико-
санитарных последствиях радиационных аварий (РА). 
Результаты исследования и их анализ. Сформулированы общие подходы к количественной оценке противоаварийной
готовности медицинских организаций ФМБА России в случае радиационной аварии на обслуживаемых предприятиях и
территориях. Особенностью рассматриваемого подхода при определении должного (базового) уровня готовности к ава-
рийному реагированию является выявление масштаба (величины) медико-санитарных последствий на основе градации доз
облучения и числа пораженных. Предложены подходы к обоснованию федерального, регионального и территориального
(местного) уровней аварийного реагирования медицинских организаций ФМБА России.
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Abstract. The purpose of the study is to develop approaches to the substantiation of criteria and methods for quantitative assessment
of the preparedness of medical organizations of FMBA of Russia to work in case of radiation emergency situations.
Materials and research methods. Expert (analytical) and computer-based methods were used to estimate preparedness indices for
medical organizations of FMBA of Russia on the basis of consensus ideas about possible medical and sanitary consequences of radi-
ation accidents.
Research results and their analysis. A general approach to the quantitative evaluation of emergency preparedness of medical organi-
zations of FMBA of Russia in case of radiation accidents at the enterprises and territories they serve is formulated. The peculiarity of the
approach under consideration in determining the proper (baseline) level of readiness for emergency response is the identification of
the scale (magnitude) of medical and sanitary consequences based on the gradation of exposure doses and the number of victims.
Approaches to substantiation of federal, regional and territorial (local) levels of emergency response of medical organizations of
FMBA of Russia are proposed.
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Introduction
The establishment of nuclear industry and energetics in our

country, as well as in other developed countries, was ac-
companied by radiation accidents of different types and
scales [1]. During its 75-year history the State Research
Center — A.I.Burnazyan Federal Medical Biophysical Cen-
ter (hereinafter referred to as the Center) has accumulated
unique scientific and practical experience of eliminating
medical and sanitary consequences of such accidents. The
specialists of the Center directly participated in organization
and implementation of large-scale radiation-hygienic activ-
ities. The treatment of the injured with severe forms of acute
radiation syndrome (ARS), local radiation, lesions was or-
ganized and performed.

The basic elements of readiness of specialized organiza-
tions of FMBA of Russia to carry out a set of treatment, ra-
diation-hygienic and physical-dosimetric measures are the
availability of competent specialists and the possibility to
transfer the accumulated "live" experience to the modern
generation of doctors and hygienists. Conducting emer-
gency drills and exercises on a regular basis is crucial for
emergency preparedness. The importance of motivation
and conscious understanding of risks for own health among
the medical personnel working in conditions of complicated
radiation should not be underestimated.

The aim of the study is to substantiate the necessity of im-
provement of quantitative methods for evaluation of readi-
ness of medical organizations of FMBA of Russia to liquidate
medical and sanitary consequences of radiation accidents
and expert evaluation by the criterion "dose — number of ex-
posed (involved) persons" to establish minimum (mandato-
ry) and maximum (conservative) readiness levels which can
be provided with available resources.

Materials and research methods. Expert (analytical)
and computer methods of quantitative assessment of readi-
ness indicators of medical organizations of FMBA of Rus-
sia — REDIAS program — were used. The algorithm of
readiness level evaluation is based on the analysis of con-
formity of the available resources of the medical organiza-
tion intended for the effective performance of the necessary
volume of medical and radiation-hygienic measures with the
formal requirements (indices) calculated in an experimental
way with reference to the probable scale of medical and san-
itary consequences in case of RA at the served enterprise. The
program takes into account: the characteristics of the med-
ical base of the organization — capacity of the hospital,
polyclinics, laboratories; availability of formations for emer-
gency response, their provision with medical equipment;
training and motivation of medical personnel and other crit-
ical indicators, as well as the demographic parameters of the
territory served. Calculations of the predicted health conse-
quences are limited to the number of casualties and persons
requiring medical support. REDIAS also takes into account
the probability of occurrence of combined lesions.

The methodology is recommended for testing and used in
the current activities of the regional emergency medical
dosimetry centers of FMBA of Russia for assessing and im-
proving the preparedness of medical organizations with the
development of substantive recommendations, as well as for
calculating the probable medical and sanitary consequences
of RA during the exercises.

Results of the study and their analysis. Domestic and
foreign authors for defining the concept of "preparedness in
case of emergency" use the term "capability", i.e. pre-
paredness is considered as a certain capacity to perform (im-
plement) certain functions, such as a rescuer, a doctor, an
institution as a whole or a management body [2].

Preparedness is closely related to the existence of a sys-
tem of emergency planning. It is important to emphasize the
importance of realistic planning and implementation of med-
ical and radiation-hygienic measures in the required volume
and within the established timeframes. This means, firstly,
compliance of the capabilities of medical organizations of
FMBA of Russia to receive and treat the victims or to carry
out a set of sanitary and hygienic measures with those med-
ical and sanitary consequences, which can be estimated for
a given enterprise or territory in case of a radiation accident,
and, secondly, the possibility of prompt allocation of addi-
tional forces and means and their delivery both within the de-
partmental system of emergency response, and at the na-
tional level.

Excessively conservative assessments of the degree of
potential radiological threat and, as a consequence, es-
tablishment of big planning zones of protective measures can
lead to unjustified economic costs and to difficulties in the
management of emergency response. To a certain extent this
may also apply to the estimation of possible medical and
sanitary consequences and, consequently, to the emer-
gency preparedness of the medical organizations of the
territorial and federal level.

Table 1 presents a list of indicators used to analyze the pre-
paredness of the centers for hygiene and epidemiology of
FMBA of Russia in case of emergency of radiation charac-
ter [3]. The above indicators, in a sense, are administrative
in nature and must be formulated for a specific medical or-
ganization of FMBA of Russia, taking into account the
specifics of the enterprise served. At the same time, the offi-
cial approval of such indicators and their introduction into the
reporting forms will make it possible to create an electronic
database for continuous dynamic monitoring and formula-
tion of promising tasks for preparedness management and
improvement.

The purpose of response is not only to ensure the imple-
mentation of emergency measures, but also to perform them
in accordance with the established time parameters. One of
the main elements of evaluation of preparedness of the re-
sponse system as a whole as well as its separate elements
are time parameters: time of deployment of emergency re-
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sponse facility; time of notification of the managerial and per-
sonnel personnel; time of gathering of the formations; time
of performance by emergency formations of separate op-
erations and tasks, including medical and sanitary orienta-
tion, etc. Taking into account the IAEA recommended time
parameters for emergency response activities at radiation
hazardous facilities, during exercises and drills the optimal
time is determined, which is formalized in time parameters
of emergency preparedness [4, 5].  

Table 2 presents the possibilities of a differentiated ap-
proach to preparedness management and planning of med-
ical and sanitary support in accordance with the level of an-
ticipated radiological threats or the scale of RA in case of its
occurrence. The unique features of the Russian Federal Med-
ical and Biological Agency system are the maximum ap-
proximation of the medical base to the serviced radiation
hazardous facility, knowledge of the medical and hygienic
specificity of harmful industrial factors, including the char-
acteristic factors of possible RA. All previous experience of
FMBA of Russia emergency response organization is based
on the staged system of medical care and close combination
of therapeutic and radiation-hygienic measures depending
on specific conditions and consequences of radiation acci-
dent — see Table 3 [3, 6]. Scientific and methodological sup-

port from leading scientific centers and regional emergency
medical and dosimetry centers created on their basis, in-
cluding specialized emergency brigades, occupies an im-
portant place. At the same time in case of a major RA a large
number of interaction issues are supposed to be solved, in-
cluding those with territorial health care authorities and
medical organizations.

One of the important features of the differentiated ap-
proach, established, in particular, in the Decree of the Gov-
ernment of the Russian Federation "On the classification of
emergencies of natural and man-made character" from May
21, 2007 No.304, as well as formulated in the IAEA pub-
lications — the desire to avoid excessive planning and com-
plex decisions when putting into operation the system of
emergency response [4, 5, 7, 8]. Without considering the
fundamental differences between the classification of emer-
gencies of natural and man-made nature and the classifi-
cation of the RA, we should emphasize the failure of direct
comparisons, for example, by the number of deaths, direct
economic damage, etc. Thus, in practice, often even in the
case of overexposure of a single person, the issues of diag-
nosis and subsequent treatment are addressed at the feder-
al level in a specialized clinical center. Of course, an im-
portant role is also played by the territorial (local) link:
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a health unit, a medical-sanitary unit, a professional pathol-
ogy center, a regional department, an interregional de-
partment and the Federal Medical and Biological Agency
of Russia.

The peculiarity of the approach under consideration in de-
termining the proper (baseline) level of preparedness of the
medical organization of FMBA of Russia for an emergency
of radiation character is the identification of the scale of med-
ical and sanitary consequences based on the gradation of
exposure doses and the number of affected persons. Besides,
this approach is based on the analysis of the historical ex-
perience of liquidation of radiological consequences of ra-
diation accidents and the established ideas about the ca-
pability of FMBA organizations to carry out the necessary di-
agnostic procedures and treatment of patients with various
forms of radiation injuries. In the initial period of the accident,
the assessment of doses to the personnel and population may
imply significant errors associated with the shortcomings of
the used calculation methods and incompleteness of the
obtained information. Therefore, clinical manifestations of ra-
diation exposure and operational dosimetric values are
used in medical triage, medical care of the injured and as-
sessment of the severity of their condition [9, 10]. Never-
theless, exposure dose is a universal integral indicator,
which allows assessing the level of participation of FMBA or-
ganizations in the emergency response taking into account
the number of exposed persons (Table 4).

Thus, for example, in the case of availability of more than
5 people with radiation doses higher than the threshold val-
ues for deterministic effects it is necessary to ensure the
readiness of all specialized clinics of FMBA of Russia, and
in the case of a considerable number (several dozens) of pa-

tients with severe forms of acute radiation sickness it may be
necessary to cooperate with medical institutions of other
ministries and departments. According to the above-men-
tioned expert evaluation, the use of the resources of medical
organizations of the Federal Medical and Biological Agency
of Russia at the federal level should also be envisaged in case
of a need for an in-depth medical and dosimetric examina-
tion of over 50 people with radiation doses exceeding 200
mSv. In this case it may be necessary to involve several lab-
oratories for human radiation spectrometry and biophysical
laboratories, to use cytogenetic techniques for examination
and verification of dose burdens. The mentioned situations
will most likely concern the personnel of the emergency fa-
cility and the emergency rescue teams who took part in the
liquidation of the RA consequences.

Exposure in the dose range of 50-200 mSv, including
those within the limits of doses used as criteria for making ur-
gent decisions in accordance with the Radiation Safety Stan-
dards, can affect a larger number of people. The exposed
contingents can be both the personnel of the enterprise and
emergency rescue teams and separate groups of population,
applying protective measures to which have been insuffi-
ciently effective. In any case, the proposed mandatory lev-
el of preparedness, which requires participation in the emer-
gency response of the Federal Medical and Biological
Agency of Russia organizations of the federal level, is the
availability of 500 people with dose loads in the specified
range. The peculiarity of organizing and, therefore, ensur-
ing preparedness for mass clinical dosimetry examination of
the population is the need to plan not only for specialized
medical centers, but also for several mobile specialized
emergency response teams. At the same time, the tasks to be
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solved by them should include: conducting selective dosi-
metric examination of the population using mobile com-
plexes; blood sampling for cytogenetic studies; radiation and
hygienic examination of the territory of settlements and their
agricultural areas.

The above examples, to a certain extent, will also be
characteristic of preparedness at the regional level. With the
above scale of medical and sanitary consequences, there is
reason to believe that the FMBA organizations of Russia can
provide a sufficient level of preparedness and to carry out
medical-diagnostic and radiation-hygienic activities in full
scope.

At any scale of a radiation accident, participation in the
medical and sanitary support and emergency response of the
units of FMBA of Russia is certainly a priority and will be
mandatory. In the medical-sanitary unit, when it is necessary
to treat the injured with high radiation doses, the main at-
tention should be paid to stabilizing their condition and to
preparing them for evacuation to the specialized hospital of

the federal level. Important measures are to conduct a sim-
plified dosimetric examination (preliminary assessment of sur-
face radioactive contamination of the injured, as well as the
intake of radioactive substances into the body), selection,
preparation and transfer of biological samples of the re-
quired volume for subsequent research in specialized labo-
ratories.

In the case of RA, the development of spatial and tempo-
ral models of the formation of dose loads on personnel un-
der uncontrolled exposure is associated with even greater un-
certainties than the results of forecasting of radiological con-
sequences for the population in the event of an accidental
release. For this reason, expert approaches, based on the his-
torical experience of liquidation of the consequences of
past radiation events, are used to assess the possible med-
ical and sanitary consequences.

The data of the Burnazyan Federal Medical and Biolog-
ical Center and the information published by the IAEA on the
RA consequences in 1945-2010 suggest that as a result of
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a single emergency event (with the exception of the accident
at the Chernobyl NPP in 1986) the number of victims of acute
radiation injury of varying severity ranges from several peo-
ple to several dozens of them [11]. To illustrate a conserva-
tive estimation of possible medical and sanitary conse-
quences of different scales of RA, quantitative characteristics
and structure of affected persons from among the personnel
of the NPP at the operating power unit with RBMK-1000 re-
actor are presented in Table 5. These calculations were per-
formed using the computer program REDIAS on the basis of
the data on the number of the affected persons and the
structure of the radiation injuries of the personnel and the liq-
uidators of the Chernobyl accident as well as on the avail-
able data on the medical and sanitary consequences of the
RA in our country and abroad (Fig. 1). Such modifying fac-
tors as the number of personnel on maximum shift, combined
lesions as a result of thermal and mechanical injuries and oth-
er factors were taken into account by expert judgment.

On Fig. 2 there is a principal scheme of algorithm of med-
ical organization preparedness in case of RA on the object
of I category of potential radiation danger - according to
sanitary rules 2.6.1.2612-10 (ОSPORB 99/2010).

The presented assessments are indicative, but at the same
time the use of the calculation program allows to quickly as-
sess the structure of radiation injuries, depending on the ini-
tial data and the scenario under consideration. The resulting
tables can be analyzed by experts to determine whether the
estimates are realistic.

In general, in determining the level of preparedness of
medical institutions of FMBA of Russia in case of large-scale
RA (level 6-7 according to the INES scale) it should be ori-
ented (according to maximum estimates) on the need to
provide medical care to about 100 patients with various
forms of radiation injuries, including 10 patients with life-
threatening indications (see Table 5). These values corre-
spond to a two-threefold reserve in planning the medical and
sanitary provision of the injured in full and in an optimum time.
We should also take into account the possibility of a large
number of the wounded as a result of overdiagnosis and their
self-referral for medical help.

It is assumed that the severely injured will be mainly with
combined lesions, and almost always there will be a need
to carry out their sanitary treatment in the organization of the
sanitary-access regime in the medical institution[12].

Currently, the developed indicators and methodology for
assessing the preparedness of medical organizations of
FMBA of Russia are used as a research and analysis tool. On
this basis, consultations are conducted and targeted rec-
ommendations are prepared to improve certain readiness in-
dicators. In our opinion, taking into account the accumulat-
ed experience and existing comments, the pilot version of the
methodology and the REDIAS program can be officially
used in the practice of FMBA organizations of the medical
and sanitary-hygienic profile. The main arguments in favor
of adopting this proposal are the possibility of identifying the
"weak link", independent control and management of readi-
ness to eliminate emergencies of radiation nature.

Conclusion
The article formulates general approaches to the quanti-

tative assessment of emergency preparedness of Russian
Federal Medical and Biological Agency organizations in
case of emergency situations at the enterprises and territo-
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Рис. 1. Интерфейс программы REDIAS
Fig. 1. REDIAS Program Interface

ries they serve. The maintained level of preparedness must
correspond to the potential or situational threat of RA and be
based on the results of assessments of radiation conse-
quences. As a rule, these results contain significant uncer-
tainties associated with the complexity of modeling the fac-
tors and conditions of emergency development. Therefore,
quantitative assessments of medical and sanitary conse-
quences contained in site plans for personnel protection
measures should be treated with a fair degree of caution. For
example, the experience of participation in comprehensive
emergency drills at NPPs shows that the maximum medical
and sanitary consequences, included by the operating or-
ganization in the exercise scenario, are, as a rule, 1-3 peo-
ple from among the NPP personnel. In this case the radiation
consequences are also minimal. The practical conclusion
from this experience is the necessity of developing medical
scenarios for exercises and drills in order to work out the the-
matic issues of preparedness of the organizations of FMBA
of Russia [13]. An important element of maintaining the pre-
paredness of the stages of medical care in the pre-hospital
period is the close interaction between the emergency serv-
ices and the medical organization of the Federal Medical
and Biological Agency of Russia. In 2016, for effective im-
plementation of measures to provide first and subsequent

medical aid to the injured in emergencies at NPPs, the "Mod-
el Agreement on Cooperation between the Branch of Rosen-
ergoatom JSC — Operating Nuclear Power Plant and Med-
ical Organization of FMBA of Russia during establishment
and operation of the NPP rescue medical service" was put
into effect.

The Burnazyan Federal Medical and Biological Center has
developed a standard program of exercises and drills aimed,
among other things, at studying such issues as medical
triage of the injured; assessment of the capacity of medical
and sanitary departments; time parameters for a set of
dosimetry and laboratory tests.

At present, it is necessary to introduce into the practice
of FMBA organizations of the medical and sanitary-hy-
gienic profile a pilot version of the methodology and
computer program REDIAS to assess the readiness for
emergency response. One of the mechanisms for assess-
ing and managing preparedness is the creation of an in-
formation-management system (database), which great-
ly simplifies the collection and storage of necessary in-
formation and maintenance of documentation, allowing to
assess the dynamics of development of the emergency re-
sponse system, to draw conclusions and justifications for
its further development.
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