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TO THE 75th ANNIVERSARY OF STATE RESEARCH CENTER
OF BURNAZYAN FMBC OF FMBA
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STATE SCIENTIFIC CENTER OF THE RUSSIAN FEDERATION — FEDERAL MEDICAL BIOPHYSICAL
CENTER NAMED AFTER A.l. BURNAZYAN OF FMBA OF RUSSIA: 75 YEARS ON GUARD
OF PEOPLE'S HEALTH

A.S.Samoylov', A.Yu.Bushmanov', S.FGoncharoy'-2

! State Research Center — Burnasyan Federal Medical Biophysical Center of Federal Medical Biological Agency, Moscow,
Russian Federation

2 Russian Medical Academy of Continuous Professional Education, the Ministry of Health of the Russian Federation, Moscow,
Russian Federation

Abstract. The article presents the history of creation, formation and development of the State Scientific Center of the Russian
Federation — Federal Medical Biophysical Center named after A.l. Burnazyan of the Federal Medical and Biological Agency
of Russia (A.l. Burnazyan Federal Biophysical Center, the Center). The Institute of Biophysics of USSR Ministry of Health and
Clinical Hospital N2 6, predecessors of the Center, were engaged in the elimination of medical and sanitary consequences of
Chernobyl Radiation Accident (1986). The main directions of activities of the A.l. Burnazian Federal Medical Biophysical
Center — the flagship institution of Russian health care in the field of biophysics, radiation and nuclear medicine are consid-
ered. The perspectives of scientific activity of the Center related to solving actual problems of modern radiobiology, radiation
safety and biomedical technologies are outlined. It is concluded that it is expedient to create the Disaster Medicine Service of
the Federal Medical and Biomedical Agency of Russia.

Keywords: A.|.Burnazyan Federal Medical Biophysical Center, biophysics, Chernobyl accident, Emergency Medicine Service of
FMBA of Russia (project), emergency response, emergency situations, Federal Medical and Biological Agency (FMBA of Russial),
nuclear medicine, radiation safety, radiation accidents, radiobiology
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rOCYOQAPCTBEHHbIA HAYYHbIN LLEHTP POCCUMCKOW ®EAEPALUUN — DEOEPANIbHbIN
MEOULUMHCKUA BUODPU3IUYECKUMA LIEHTP UMEHU A.U.BYPHA3SIHA ®MBA POCCUM:
75 JIET HA CTPAXKE 3JOPOBbS JIIOOEN

A.C.Camoitnos', A.tO.Bywmaros', C.®.Tonuapos'?

1 DIBY «HL, — PepepansHbiit meanumHckuit Guoduamueckmit ueHtp um. A.U.Byprassna» PMBA Poccum,
Mockea, Poccus

2 ®rBOY AMNO «Poccuitckas MeaMUMHCKAS AKAAEMHs HEMPEepPbIBHOTO NPOhECCHOHANLHOMO 0BPA30BAHMS»
Munsgpaea Pocenn, Mockea, Poceus

Pesiome. [pencraeneHa wcTopus CO3AAHMS, CTAQHOBNEHMs M passutus [ocymapcrBeHHoro HayuHoro ueHtpa Poccuiickon
Pepepaumn — PepepansHoro meauumHckoro buoduamnyeckoro ueHtpa umenn AU .Byprasana PMBA Poccun (PMBLL mm.
AM.BypHassHa, Llentp). OtmedeHo, uto ocoboi cTpamuuen B gestensHoctv MHctutyta 6uodusmkn Munsgpasa CCCP u
Knnnunueckon 6onbHunusl N26 — npeawectsentnkos PMBLL um. A.N.BypHasaHa — asnsetcs paboTa no nuKBMAALMM MEANKO-CaHU-
TApHbIX NOcnencTsni paanaumorHoi asapum (PA) Ha Yeprobbinbckoit ADC (1986). PaccmoTpeHsl ocHOBHbIE HaNpaeneHus aes-
tensHoct PMBLL um. A.M.BypHassHa — dnarMaHCKoro yupexaeHns poCCUICKOro 3apaBOOXPAHEHHMs B obnact 6uoduamky,
PAAMALMOHHOM M AepHOM MeauumHbl. HameueHbl nepcnekTmBbl HayuHOM aestensHocTH LleHTpa, cBA3aHHbIE ¢ pelueHnem akTy-
QslbHBIX BOMPOCOB COBPEMEHHOM pagrMobuonorm, pagnauMoHHon 6e3onacHocTi n bromeanumHekmnx TexHonoruin. CaenaH ebisog,
o uenecoobpasHoctn cozaanms Cnyx6bl meguumHbl katactpod PMBA Poccum

Kniouesble cnoBa: asapuitHoe pearmposaHme, asapms Ha YepHobbinbckor ADC, buodusmka, pagmaumoHHas 6e30nacHoCTb,
paarauroHHsie asapum, paguobronorms, Cryx6a mearumksl katactpod @MBA Poccun (npoekt), PeaepansHoe megmko-6uo-
nornyeckoe areHtctso (PMBA Poccunn), PenepansHbiii meanumHckmil broduanyeckuii ueHtp mm. A.M.byprHassaHa, ypessbiuari-
HblE CUTY ALK, SAEPHAsS MEAMULIMHA

KoHpnukr nHtepecos. AsTopbi CTTbM MOATBEPXAAIOT OTCYTCTBME KOHPIMKTA MHTEPECOB

Ons uutnposanus: Camoiinos A.C., Bywmaros A.lO., Tonuapos C.®. focypapcreeHrHbii HayuHblit LeHTp Poceuiickorn Pepe-
pauun — PepeparnbHbiit MeAULMHCKMIA Bruoduandeckuit ueHTp umern A .Byprassna PMBA Poceuu: 75 net Ha ctpaxe 3po-

posbs niogeit // Meanumna katactpod. 2021. N23. C. 5-9. https://doi.org/10.33266,/2070-1004-2021-3-5-9
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In 2021, the State Scientific Center of the Russian Feder-
ation — Federal Medical Biophysical Center named after AL
Burnazyan of FMBA of Russia (hereinafter - the Center,
FMBC named after A.l. Burnazyan) celebrates its 75th an-
niversary. Over the years, the Center has repeatedly proven
its high competence in nuclear medicine, radiation safety, ra-
diobiology, and emergency response.

In May 1946, a radiation laboratory was established on
the initiative of A.l. Burnazyan. lts purpose was to study the
effect of radiation on the human body and to develop pos-
sible means of treatment and protection against the radiation
factor. At that time the need for scientific substantiation of ra-
diation safety norms and rules, maximum permissible doses
and maximum concentrations of various foxic substances, as
well as the study of early specific signs and clinics of new oc-
cupational diseases and poisonings caused by radioactive
substances was maturing.

To solve these problems, in August 1947, in accordance
with the Decree of the Council of the USSR Ministry of
Health, the Third Main Directorate (now the Federal Med-
ical and Biological Agency, FMBA) was established under
the USSR Ministry of Health. Its system included special re-
search institutes to study the effects of radiation and other
physical and chemical factors on the human body. It also in-
cluded medical-sanitary units for treatment and rehabilitation
of victims of radiation and of other physical factors.

Clinical Hospital of the Moscow Health Department No. 6.
On the initiative of A.l. Burnazyan, in accordance with the
Order of the Ministry of Health of the USSR from September
25, 1948 N2 14 on the basis of the Moscow Neurosurgi-
cal Hospital for the disabled of World War Il a closed type
clinical hospital was created. The patients of the hospital
were the employees of institutions and enterprises of nuclear
power industry. Later the hospital was transferred to the ju-
risdiction of the Third Main Directorate of the USSR Ministry
of Health.

Medical-Sanitary Unit No.12. In May 1948 on the basis
of order of A.l. Burnazyan a medical-sanitary unit 112 was
organized on the territory of I.V. Kurchatov Institute on the ba-
sis of a small outpatient clinic of 7 doctors' offices. Doctors
and medical personnel of the medical unit served the per-
sonnel of the Russian Research Center “Kurchatov Institute”,
Institute of High-Technology Scientific Research of Inorgan-
ic Materials named after A.A. Bochvar, the Research Insti-
tute of Instrument Engineering, the Institute of Biophysics of
USSR Ministry of Health, as well as the residents of nearby
areas. In 2004, the medical unit N212 was transformed into
Clinical Hospital N286 of the Federal Medical and Biolog-
ical Agency of Russia.

Institute of Biophysics of the USSR Ministry of Health. In
1948 the Institute of Biophysics of the Ministry of Health of
the USSR was established on the basis of a radiation labo-
ratory. The work of a large team of hygienists resulted in sev-
eral editions of state radiation safety standards and basic
sanitary rules to ensure radiation safety. The team edited
more than a hundred monographs, thousands of articles, a
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set of sanitary norms and rules, hygienic standards, regula-
tory and methodological documents on all areas of radia-
tion safety of personnel and population and on all facilities
of the nuclear fuel cycle.

The Chernobyl accident is a special page in the history of
the Institute of Biophysics and Clinical Hospital No. 6.

Since April 1986 dozens of specialists in radiation hygiene
and personnel safety have directly participated in Cher-
nobyl accident consequences elimination. On December
19, 1994 the Institute of Biophysics was granted the status
of the State Scientific Center of the Russian Federation.

In the first hours after the catastrophe, scientists, doctors,
and specialists from emergency teams arrived at Chernobyl
and organized medical triage and medical evacuation of the
most severely injured to Clinical Hospital No. 6. There they
were provided with medical care. Also, necessary complex
studies on exposure assessment using methods developed by
the staff of the Institute were performed. The Institute spe-
cialists provided scientific and methodological guidance to
radiation safety services. Their contribution concerned the is-
sues of individual dosimetry, decontamination, organization
of individual personnel protection, psychophysiological sup-
port, etc. As a result valuable scientific data were obtained.
Their analysis and generalization allowed to develop prac-
tical recommendations on prevention of radiation accidents
and on improvement of preparedness of emergency rescue
teams to eliminate consequences of probable radiation ac-
cidents.

Today, the Burnazyan Federal Biomedical Center is the
flagship institution of Russian health care in the field of bio-
physics, radiation and nuclear medicine. The Center's sci-
entific activities are focused on the development of bio-
medical and additive technologies, radiopharmaceuticals,
radiation monitoring and dosimetry. The Center performs sci-
entific research work under the state defense order, federal
target programs, cooperation with SC "Rosatom" and inter-
national organizations in its field of activity. In 2020 the Cen-
ter was included in the National Project "Science" with a proj-
ect fo create a center for additive technologies. These de-
velopments, implemented in clinical practice, will be a big
step forward in the development of Russian health care.

The Center has a multidisciplinary clinic with an annual ca-
pacity of 20,000 patients. The clinic provides specialized,
including high-tech, medical care to the assigned contingent,
as well as to all those in need of quality medical care. The
assigned contingent includes employees of nuclear industry
enterprises and athletes of the Russian Federation national
teams.

The Center's educational activities are determined by the
state's tasks to ensure safe living conditions for the Russian
population. At the forefront of this work is the Medical-Bio-
logical University of Innovation and Continuing Education of
FMBA of Russia. As in all leading institutions of higher edu-
cation, during the COVID-19 pandemic, the University did
not cease its educational activities, and its thesis defense took
place online.
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Together with Rosatom and FMBA specialists, scientists
from the Center regularly take part in educational and train-
ing events. They practice actions fo eliminate consequences
of radiation emergencies.

The Center conducts research in the field of molecular, bio-
chemical and genetic mechanisms of radiation lesion for-
mation and postradiational recovery. One of them is treat-
ment of local radiation lesions with mesenchymal stem cells
combined with microsurgical technique. This method showed
good results in the experiment.

During the peak of the pandemic of the new coronavirus
infection COVID-19, the Center continued to provide routine
medical care. In 2020, for the first time in Russia, the Cen-
ter used a unique technology of Salvage liver transplanta-
tion — staged liver transplantation for primarily unresectable
tumors. The Center has the largest experience of liver trans-
plantation for oncological and parasitic pathologies in the
country. Since 2010 the Center has performed more than
400 transplants.

An important area of activity of the A.l. Burnazyan Federal
Medical and Biological Center of the Federal Medical and
Biological Agency of Russia is active participation in the im-
plementation of medical and social policy to improve and to
develop the system of protection, life saving and health
preservation of victims of emergency situations. This applies
both to workers in certain areas of the economy with par-
ticularly hazardous working conditions, and to the popula-
tion of certain territories of the Russian Federation served by
FMBA of Russia.

Specialists at the Russian Federal Medical and Biological
Agency, including the A.l. Burnazyan Federal Medical and
Biological Center, solve specific tasks of medical-sanitary
and medical-biological support of employees of special fa-
cilities and territories of importance to the country's econo-
my and security. One of the peculiarities of these facilities is
that they are widely dispersed throughout the country, in-
cluding border regions.

In addition, the Center and other medical organizations of
FMBA of Russia are tasked with the medical support of work
to localize and to eliminate medical and sanitary conse-
quences of terrorist acts. Terrorist acts may involve radioac-
tive substances, highly toxic chemical compounds, and bi-
ological agents. Thus the given socially dangerous phe-
nomena can arise in various territories. Including the territo-
ries of closed administrative-territorial formations and the set-
tlements located in them. Such conditions require the use of
special technologies for organization and implementation of
medical care, as well as their continuous improvement, tak-
ing into account the development of medical science and
health care practice.

In conditions of hybrid warfare, facilities and territories
serviced by FMBA of Russia may become priority targets for
terrorist attacks or high-precision weapons strikes. It is very
likely that several emergency zones will arise — simultane-
ously or within a short period of time — foci of human de-
struction, disruption of life support systems, complete or par-
tial failure of some medical and other medical organizations
that provide medical and biomedical support to facility em-
ployees and the population living in these territories.

Sufficient medical forces and means are available to elim-
inate medical and sanitary consequences of probable emer-
gencies at the facilities and territories currently serviced by
the Center and — in general — by the Agency. Their dislo-
cation is justified taking into account the specifics of tasks of
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medico-sanitary and medico-biological support of special
facilities and territories.

The organization and provision of medical assistance to
victims in emergency situations is carried out in medical
treatment organizations (medical-sanitary units, clinical hos-
pitals, centers). They are usually located in the immediate
vicinity of organizations and enterprises with particularly
hazardous working conditions. The system of providing
emergency medical aid and of organizing measures for
timely liquidation of medical and sanitary consequences of
accidents is built taking info account the specifics of the
main production, in close interaction with the relevant serv-
ices of industrial ministries, organizations and enterprises, re-
gional health care, institutions and formations of the All-
Russian Disaster Medicine Service.

In order to maintain the readiness of management bodies
and medical organizations of FMBA of Russia to respond
and fo act in emergency situations, a system of operational
duty officers has been created and is functioning. There is
round-the-clock duty and interaction. This includes partici-
pation in operational meetings led by the National Center
for Crisis Management of EMERCOM of Russia and the Na-
tional Defense Management Center of the Russian Federa-
tion held via videoconferencing.

In addition, a system for monitoring possible radiation,
chemical and biological threats that could lead to medical
and sanitary consequences has been created and is being
developed. The system also monitors the condition of victims,
their need for consultations, including telemedicine, and
monitors medical evacuations. The technologies of collect-
ing, summarizing and analyzing the relevant information are
perfected. The results of monitoring allow us to quickly ob-
tain the necessary information to make more informed de-
cisions.

To improve the readiness of the Center, as well as of oth-
er management bodies and medical organizations of FMBA
of Russia to respond and to take adequate actions in case
of the most probable emergencies of radiation, of chemical
and biological nature at the facilities and territories serviced
by the Agency — a comprehensive work on creating multi-
ple scenarios of response to such emergencies and training
on their implementation is carried out. Relevant leading spe-
cialists are involved in this work.

In order to improve the system of organization and provi-
sion of medical care and medical evacuation, specialists of
the Center and of other FMBA organizations are working to
optimize the routing of medical evacuation of patients and
casualties in emergency situations. For example, in Sep-
tember 2021, specialists from medical organizations will
take part in an interdepartmental scientific and practical ex-
ercise conducted by the Ministry of Emergency Situations of
Russia in the Arctic zone of the Russian Federation. They will
also participate in the development of the Universal Inte-
grated Rescue Center project to support the activities of res-
cuers in the Arctic.

Every year, the work of the automated information and
telecommunication system, which functions around the clock
in the interests of disaster medicine, is improved. Currently,
209 medical organizations of the Agency are connected to
the federal segment of the Telemedicine System, and their
number will grow.

In 2020, specialists of medical institutions of the Federal
Medical and Biomedical Agency of Russia conducted 924
telemedicine consultations at the federal level, and in five



months of 2021 over 1.6 thousand telemedicine consulta-
tions were performed, including by medical specialists of the
Center. These data show that the FMBA of Russia has cre-
ated, actively operates and develops a system for organiz-
ing and conducting telemedicine consultations.

In order o organize telemedicine consultations for victims
of emergencies, the collection and processing of opera-
tional reports on emergencies using the information system
"Operational reports on the progress of medical and sani-
tary consequences of emergencies in the FMBA of Russia"
was organized.

At present, the Center and other medical organizations of
the Federal Medical and Biological Agency of Russia are im-
plementing a set of measures to develop the system of med-
ical care for victims of emergencies. These measures cover
not only the clinical base, medical-sanitary units, hospitals
and centers, but also mobile medical formations, and also
include the training of medical personnel in disaster medicine.
In particular, a modern mobile field hospital is being formed
on the basis of the Center. The necessary conditions and fa-
cilities will be created in it for performing the most informa-
tive diagnostic examinations and obtaining in a short time the
relevant data on the condition of the victims. This will make
it possible to provide them with adequate medical aid, first
of all, in emergency and urgent forms, and to prepare them
for further medical evacuation to designated medical treat-
ment facilities.

The creation of mobile medical formations with dual pur-
pose is carried out taking into account their purpose, and
also taking into account the requirements for specialists
trained to provide emergency, including specialized emer-
gency, medical care and disaster medicine; the require-
ments for modern treatment and diagnostic complexes, de-
vices and appliances, medical and other types of necessary
equipment. One of the important requirements is the ability
to deliver these formations to the area of application not only
by road, but also by air transport.

In addition, together with scientists from Lomonosov
Moscow State University, work was done to improve med-
ical evacuation vehicles — portable transportable isolated
robotic medical evacuation complexes.

The practice of involvement of medical formations and or-
ganizations of FMBA of Russia in the elimination of medical
and sanitary consequences of emergencies such as the cat-
astrophic flooding in Krasnodar Region (2012), flooding in
the Far East (2013), the Georgian-South Ossetian armed
conflict (2008), pandemic of the new coronavirus infection
and others, shows: the management and coordination of
forces and means when working in modes of daily activity
and emergency — needs to be improved.

The results of the analysis of the multidisciplinary work to
eliminate medical and sanitary consequences of various
emergencies, including terrorist acts and local armed con-
flicts, convince us that it is advisable to create a Disaster
Medicine Service (hereinafter, the Service) within the FMBA
of Russia.

This conclusion fully agrees with the decision of the meet-
ing of the Government Commission for the Prevention and
Elimination of Emergency Situations and Ensuring Fire Safe-
ty. According to this decision it was recommended to FMBA
of Russia to study the issue of establishment of the Disaster
Medicine Service of FMBA of Russia and — in case of pos-
itive decision — to amend regulatory legal acts of the Russ-
ian Federation governing the establishment and functioning

of the All-Russian Disaster Medicine Service — a subsystem
of the Unified State System for Prevention and Liquidation
of Emergency Situations — Minutes of March 19, 2021,
p.1, IV.

The practical work of the All-Russian Disaster Medicine
Service in organizing and providing medical aid to victims
and their medical evacuation in emergency situations con-
firms the correctness of the basic conceptual provisions
adopted at its creation, as well as the feasibility of the or-
ganizational structure created. In the state reports on the state
of protection of population and territories of the Russian
Federation from emergencies of natural and man-made
character, this subsystem was repeatedly noted as the most
effective in the framework of the RSChS.

The creation of the Service will make it possible to func-
tionally unite the medical forces and means of the Federal
Medical and Biological Agency of Russia into a single sys-
tem. First of all, the forces and means of constant readiness
of the federal level, designed to eliminate medical and san-
itary consequences of emergencies. Due to the implemen-
tation of such an organizational decision, there will be an in-
crease in the efficiency of response to emergencies, the lev-
el of guaranteed life-saving and health preservation of vic-
tims in emergencies at the facilities and territories served by
the Center and the entire FMBA of Russia, not only in peace-
time, but also in wartime.

In addition, the establishment of the Service will improve
the quality of management activities in the field of disaster
medicine, the quality of work of the medical treatment or-
ganizations subordinated to the Agency on issues of in-
teraction with health authorities and relevant medical treat-
ment organizations of the subjects of the Russian Federa-
tion, as well as with medical services and organizations of
other federal executive bodies deployed in the territories
of regions — in the interests of eliminating medical and san-
itary consequences of emergencies

With the presence of the Service there will be created con-
ditions: for systematic generalization of experience of prepa-
ration of medical forces and means for response and actions
in emergency situations; for organization and performance
of the most significant scientific works; for more targeted pro-
fessional training of medical personnel involved in liquida-
tion of medical and sanitary consequences of emergencies,
on disaster medicine; for monitoring of their competences
and professional growth, as well as of condition and de-
velopment of regulatory, educational, methodical and ma-
terial base.

Prospects for the scientific development of the Center are
related to the solution of the following topical issues of mod-
ern radiobiology, radiation safety and biomedical tech-
nologies.

Search for markers of radiation injury, radiotolerance of
cells, tissues and organism, risk of distant effects of radiation;
development of diagnostic methods and prognostic criteria
for the tasks of radiation medicine. Development of means
and methods for prevention and treatment of radiation in-
juries. Preclinical studies of counterradiation synthetic and
natural substances for different scenarios of radiation ex-
posure — radiation accidents, accidents at atomic produc-
tions, radiation diagnostics and therapy, space flights. Study
of mechanisms of formation of molecular and cellular effects
of ultra-short pulse and dense-ionizing radiation. Develop-
ment of approaches to decrease the radioresistance of hu-
man tumor stem cells.
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Further research on the diagnosis and treatment of human
radiation injuries with combined lesions (trauma, gamma-
neutron damage with RW contamination) using a unique in-
formation resource — acute radiation disease database to
analyze dose-time-effect relationships for various condi-
tions of uniform and non-uniform accidental exposure.

Development and implementation of technologies to ex-
tend the working life of highly qualified employees of the nu-
clear industry, including search and application of effective
health improvement programs that increase the level of psy-
chophysiological adaptation of the personnel of particular-
ly hazardous industries.

Maintaining the readiness of the emergency response and
medical and sanitary support system of FMBA of Russia dur-
ing radiation accidents and at the stages of radioactive waste
and spent nuclear fuel management. Improving the system of
emergency response and medical and sanitary support, in-
cluding in the Arctic zone of the Russian Federation.

To conduct comprehensive radiation and hygienic moni-
toring of the environment and the state of health of the pop-
ulation living in the regions where nuclear power plants and
other radiation hazardous facilities are located and in the ar-
eas of nuclear and uranium legacy.

Medico-hygienic assessment of the impact of work on
the handling of new advanced fuels on the environment
and on the health of the population living in the areas of the
enterprises involved in the industrial production of such fuel.

Medical and hygienic safety of work with rocket fuel com-
ponents at Baikonur and Vostochny cosmodromes.

Expertise in medical nuclear forensics.

Ensuring qualitative performance of comprehensive radi-
ation and hygienic studies at the enterprises of the nuclear
weapons complex of the State Company "Rosatom". De-
velopment of scientific research to ensure radiation safety of
personnel during the manufacture and handling of new
types of nuclear fuel for NPPs in the "Breakthrough" project
area. Active participation in working groups to harmonize
Russian legal and regulatory and methodological docu-
ments with international recommendations of the International
Commission on Radiological Protection and the Interna-
tional Atomic Energy Agency — IAEA (2021-2022). Use of

voxel-phantom technology to solve problems of emergency
dosimetry and optimization of radiation protection.

Establishment at the Burnazyan Federal Medical and Bi-
ological Center of Medical and Biological Research of spe-
cial fraumatic agents and of non-ionizing radiation factors.

In the field of nuclear medicine — commissioning of TR-24
cyclotron will allow a breakthrough expansion of the range
of radionuclides and radiopharmaceuticals based on them.
Development of polyvalent radiopharmaceuticals with 44Sc,
64Cu, 68Ga for diagnosing both oncological (folate, FAPI,
sialic acid) and non-oncological pathologies, including
pathologies of cardiovascular system (stenosis, thrombo-
sis), chronic obstructive pulmonary disease, rheumatoid
arthritis etc. Development of the concept of theranostic ra-
diopharmaceuticals on the basis of 68Ga/177Lu, and lat-
er — 44Sc/47Sc and 64Cu/67Cu. Development of the
concept of application of radiopharmaceuticals on the ba-
sis of labeled monoclonal antibodies for diagnostics (64Cu,
89Zr) and therapy (?0Y, 177Lu). Development of radio-
pharmaceuticals for radionuclide therapy on the basis of al-
pha-emitting radionuclides (212Pb, 225Ac, 227Th ...). De-
velopment and testing of new generators (68Ge/68Gaq,
44Ti/445c), which meet the world standards, with the po-
tential registration as medical devices. Optimization of the fin-
ished dosage form of 177Lu based therapeutic radiophar-
maceuticals for therapy of prostate cancer (ligands for PSMA)
and other malignant neoplasms. Development of research in
the field of three-dimensional dosimetry systems, proton-cap-
ture neutron-capture therapy using 11B, Gd and 10B.

As part of the regenerative medicine development pro-
gram at FMBA of Russia — to carry out scientific justification,
development and production of a biomedical cellular prod-
uct based on a clean room complex according to GMP-stan-
dards ISO-5. Creation of volumetric cell-based models us-
ing 3D-printing (bioprinting). Development of technology for
obtaining pancreatic islet cells for further transplantation to
patients with severe decompensated diabetes. Develop-
ment of new methods of autoimmune diseases treatment
(scleroderma, psoriasis, alopecia, etc.) using regenerative
medicine principles.
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ISSUES OF SCIENTIFIC SUPPORT OF RADIATION SAFETY BASED ON THE EXPERIENCE
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Abstract. The measures on liquidation of the Chernobyl accident consequences are analyzed from the point of view of topical
issues of ensuring radiation safety of the personnel of radiation hazardous facilities and the population.

The following problems have been considered: organization of liquidation of medical and sanitary consequences and rendering
medical aid to victims of the Chernobyl accident; radiation hygienic standardization, control and monitoring; improvement of
emergency response system; development of new medical technologies for treatment of acute radiation disease and local radia-
tion injuries; application of radiation protective drugs. It is stated that the experience of liquidation of the Chernobyl accident con-
sequences created a scientifically grounded base for the work on further improvement of the radiation safety assurance system
with fixation of the main provisions in the existing regulatory documents.

Conclusions are drawn about the expediency of:

- development of new medical and sanitary technologies aimed at ensuring radiation safety;

- completion of a unified system of response and protection in the event of radiation accidents;

- further search and development of methods and means of prevention and treatment of human radiation pathology, including
innovative biomedical technologies;

- improving the methodology for studying the consequences of radiation exposure of the personnel of radiation hazardous facili-
ties and the population;

- development of a new scientific field — medical nuclear forensics.

Key words: legal framework, medical examinations, nuclear industry personnel, psychophysiological examination, radiation ac-
cidents, regulatory documents
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BOMPOCHI HAYYHOTO OBECMEYEHUS PAOMALMOHHOM BE3OMNACHOCTHU
HA OCHOBE OIbITA MPEOAOJIEHUSA NOCNEACTBUA YEPHOBbISIbCKOW ABAPUU

tO.E.Keauesa', H.K.LLangana', O.B.Mapuros!, ELMetnses', A.O.Jlebenes'

DIBY «HL| — PepnepanbHbiit MeauumHekuin Grodusmnueckmin ueHtp um. A .Byprassia» ®MBA Poccim Mockea, Poceus

Pesiome. PaccmotpeHbl pobriembl: OPraHU3aLMm IMKBUAALMN MEAUKO-CAHUTAPHbIX MOCNEACTBUM M OKA3AHMS MEAULIMHCKOM MOMO-
Lyt NOCTPAAOBLUMM NPK HepHOBbINLCKOM ABAPHH; PABMALMOHHO-TUIMEHMHECKOTO HOPMMPOBAHMS, KOHTPOSS U MOHUTOPMHIG; COBEP-
LIEHCTBOBAHMS CHCTEMBI ABAPUIMHOTO PEATMPOBAHMS; PA3PABOTKM HOBBIX MEAMLIMHCKMX TEXHONOTMI SIEYEHHMsi OCTPOM Ty4eBoi Gones-
HM M MECTHbIX Ty4€BbIX MOPAXEHMIA; MPUMEHEHMS PAAMO3ALUMTHBIX MPENAPATOB. KOHCTATUPOBAHO, YTO OMbIT IMKBUAALIMM NOCEACTBUIA
asapuu Ha YepHobbinbekoit ADC cospan Hay4yHO-060CHOBAHHYIO 6a3y Ans paboTbl N0 AANbHENLLIEMY COBEPLIEHCTBOBAHMIO CUCTEMbI
obecreyeHns POaMALMOHHOM BE30MACHOCTU C 3AKPEMIEHNEM OCHOBHBIX MOSIOXEHMI B AEHCTBYIOLIMX PETYNMPYIOLLMX AOKYMEHTAX.
CaenaHbl BbIBOAb O LIENECOOBPA3HOCTH:

— pa3spaboTKu HOBbIX MEAMKO-CAHUTAPHbIX TEXHOMOMMH, HAMPABIEHHBIX HO OBecneYeHne PaaMALMOHHON Be30MNaCHOCTH;

— 30BEpLUEHNS CO3[AHMS €IMHOM CUCTEMbI PEAMMPOBAHMS M 3ALLMTBI B CTyHde PAAMALMOHHBIX ABAPMKA;

— AQMbHEMLEro MOMCKA M pa3paboTKU METOROB M CPEACTB MPOBUIAKTUKI W NIEYEHMs TyHEBOI NATONOTMM YENOBEKA, BKIIOYAS HOBbIE
MHHOBUALMOHHbIE BUOMEAMLIMHCKME TEXHONOTUM;

— COBEPLUEHCTBOBAHMS METOLOMIOMMM U3YHeHHMsi MOCTEACTBMI OBMyHEHMs! MEPCOHANA PAAMALMOHHO ONACHBIX OBLEKTOB M HACENEHMS;
— PU3BMTHS HOBOTO HAYYHOTO HAMPABIEHMS — MEAULIMHCKOM SAEPHOM KPUMUHASIUCTUKM.

Kniouesble cnosa: asapuiiHoe pearmposaHme, asapusi Ha YepHobbinbckor ADC, 3aWwmTHbIE MEPOMPUSTHS, NIeYeHHe NMoCTPa-
[ABLIMX, MEAMUMHCKAS SAEpHAs KPMMMHAIMCTMKA, PAAMALMOHHAS 6e30MaCHOCTb MePCOHANA M HACENEHMs, PABMALMOHHAS
MEeAMLMHA, PAANALMOHHO-TMIMEHNHECKOE HOPMMPOBAHME

KoHpnukT nHTepecoB. ABTOpbI CTATEM MOATBEPXKAAIOT OTCYTCTBUE KOHPIMKTA MHTEPECOB
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On April 26, 1986, a tragedy occurred that had signifi-
cant medical and sanitary consequences — the accident at
the Chernobyl nuclear power plant (ChNPP). It changed the
course of nuclear power development, forced to reconsider
approaches to ensuring safety of nuclear power installations
and to ensuring radiation safety of personnel and popula-
tion. Although 35 years have already passed since the ac-
cident, we vividly remember the events of those tragic days.
We remember how heroically, sometimes at the cost of own
lives, the elimination of its consequences was organized
from the first hours of the accident.

The Third Main Directorate under the USSR Ministry of
Health (hereinafter referred to as the Third Main Directorate)
was directly involved in the liquidation of the Chernobyl ac-
cident consequences. Later it will be transformed into the
Federal Medical and Biological Agency (FMBA of Russia).

17 minutes after the accident the Third Main Directorate
received operational information about the first 18 people
affected (Fig. 1).

From that moment on, an operational system of emergency
response came into effect. The Operational Headquarters
for the coordination of medical specialists began its work.

An emergency team from the Institute of Biophysics and
the 6th Clinical Hospital of the Third Main Directorate (now
the Burnazyan Federal Medical Biophysical Center) arrived
in Pripyat at 14:30, 13 hours after the accident. The team in-
cluded radiologists, hygienists, dosimetrists and other spe-
cialists. They had special packs with dosimetric equipment,
medicines, and reagents. More than 100 affected people
were in the hospital of the Chernobyl medical and sanitary
unit by that time, and they continued to arrive.

Physicians-hygienists and dosimetrists from the Institute of
Biophysics evaluated the radiation situation. By 19:00 they
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Fig. 1. Record of the Chernobyl accident in the journal of the duty offi-
cer of the Third Main Directorate under the USSR Ministry of Health

Meanumna katactpodp N232021

KonraktHas nn¢popmaums:

LWanpana Haranna KoncraHtMHoBHA — poktop
MEeIMUMHCKMX HAYK; 3AMECTUTESNb FEHEPAsIbBHOrO AMPEKTOPA MO
Hayke 1 6UODHU3INYECKMM TEXHONOTUAM

Appec: Poccus, 123098, r. Mockea, yn. XusonucHas, a. 46.
Ten.: +7(499)190-93-29

E-mail: shandala-fmbc@bk.ru

formulated a scientific justification and made a proposal.
The question was about evacuation of population, first of all
pregnant women and children, from the 50-thousand-strong
town of Pripyat. The main tasks of clinical group were ex-
amination and carrying out of medical triage of the victims.
At this stage alone, in the first 24 hours after the catastrophe
the members of the emergency team performed over one
thousand blood analyses and formed a group for the evac-
uation of the injured (evacuation group — 129 persons) to
the clinic of the Institute of Biophysics.

Medical specialists urgently conducted therapeutic, pre-
ventive and radiation-hygienic measures, performed indi-
vidual dosimetric control, determined and evaluated
exposure dose rates, determined the radius of the site be-
yond which the development of radiation sickness was ex-
cluded, etc. Besides, they participated in specification of
indications for urgent evacuation of the population of Pripyat
and nearby settlements, radiation monitoring and other pro-
tective measures. Treatment hospitals and polyclinics were
additionally deployed in the 30-km zone. The personnel
were provided with medical equipment, instruments and
medicines.

In the first days after the accident, the focus was on pro-
viding qualified medical aid to the casualties. The first plane
with 84 casualties arrived in Moscow on the morning of
April 27. In the evening of the same day, a special flight
brought another 45 people to Moscow.

The diagnosis of acute radiation sickness was confirmed
in 108 patients of the clinic of the Institute of Biophysics of
the USSR Ministry of Health. Almost one third of them had
a severe (lll) and extremely severe (IV) degree of the dis-
ease. Thanks to the efforts of our doctors, it was possible to
save the lives of several patients with severe forms of the dis-
ease, including one who had received an absolutely fatal
dose (Fig. 2).

With the initially predicted level of lethality — more than
40 affected people — medical losses in the acute period
(within 4 months after the accident) amounted to 27 peo-
ple. Thus, the largest number of cases of acute radiation
sickness — 134 — occurred as a result of the Chernobyl
accident. This is in comparison to the number of cases of
acute radiation sickness resulting from all radiation acci-
dents and incidents. Two contingents are considered: wit-
nesses to the accident and firemen. No cases of acute
radiation sickness were detected among the so-called lig-
vidators (people involved in emergency works at Cher-
nobyl NPP and in the 30-km zone), as well as among the
population living in areas of radioactive contamination. The
Burnazyan Federal Medical and Biological Center clinic,
based at the former Clinical Hospital No. 6, has a long-
term, lifelong, follow-up of a group of persons who suffered
acute radiation sickness [2, 3].



Describing the overall activity of the staff of the Institute of
Biophysics during these difficult days, it is difficult to refrain
from stressing the word "first time". For the first time the med-
ical institution was faced with a simultaneous admission of
such a significant number of patients with acute radiation
sickness. The Chernobyl group was almost half the total
number of those who suffered acute radiation sickness as a
result of all accidents in our country in the previous 40 years
of the nuclear project.

On the eve of the accident the clinic of the Biophysics In-
stitute had 120 beds and two sterile wards, occupying two
floors in Clinical Hospital No.6. When the scale of the ar-
rival became evident, the hospital departments were reas-
signed. A total of 11 new clinical departments were formed,
including a dedicated blood and bone marrow donor unit.
In fact, the work of medical personnel was approximated
to that of the medics in the front-line hospitals. The patients
evacuated from the accident site required constant monitor-
ing and care. Doctors and nurses worked as hard as they
could, resting 3-4 hours a day without leaving the clinic.

For the first time it was necessary to organize mass re-
ception of patients with high levels of radioactive contami-
nation. According to the dosimetrists, the "dirt" was such that
the dosimeters were "off the scale", detecting a 1000-fold

excess of the radiation background. In the wards during the
first days the gamma radiation dose rate reached values of
the order of several mR/h.

For the first time in the world, therapy with hematopoietic
growth factors ("cytokine therapy") was used to treat acute
radiation sickness in Chernobyl victims. The experience of
allogeneic stem cell transplantation was also significantly
enriched. It was at the clinic of the Institute of Biophysics that
the first bone marrow transplantation in our country was per-
formed in January 1975. Hematopoietic stem cell trans-
plantation was performed in 19 cases during the treatment
of Chernobyl victims. This is about 2/3 of the worldwide
experience of fransplantation therapy in patients with acute
radiation sickness.

For the first time, real successes were achieved in the treat-
ment of radiation burns. In 11% of Chernobyl patients the
burn area exceeded 50% of the total body surface areq, in
30% of patients it was from 10 to 50%. The treatment of
such patients posed special difficulties. “Lioxazole" played
an important role in the complex treatment of burns. The
knowledge obtained in the management of Chernobyl burn
patients formed the basis of modern regenerative medicine,
a field that is now successfully developing at the A.l. Bur-
nazyan Federal Medical and Biological Center.

Puc.2. Bpaun 1 naupentsl knnmndeckomn 6onbHuusl N26 Tpetbero Maexoro ynpaenenus npu Munagpase CCCP B anpene-uione 1986 r.
Fig. 2. Doctors and patients of Clinical Hospital No. 6 of the Third Main Directorate of the USSR Ministry of Health in April-June 1986
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Puc.3. Pabora cneunanmcros Uuctutyta 6uodusmkm Tpetsero masHoro ynpaenerus npu Munsapase CCCP B YepHobuine B 1986-1987 rr.
Fig. 3. The work of specialists from the Institute of Biophysics of the Third Main Directorate of the USSR Ministry of Health in Chernobyl in 1986-1987

For the first time in the world, our specialists conducted
detailed clinicopathological studies of acute respiratory dis-
tress syndrome in radiation patients. The experience of these
studies turned out to be in demand during the COVID-19
pandemic.

In the future, the work was based on the rotation
method — 40-80 specialists were sent to the work area
every month. Scientists and engineers of the Biophysics
Institute developed normative-methodical documents in
the shortest possible time. They established specific norms
and rules for elimination of the consequences of a large-
scale radiation accident in conditions of a complicated
radiation situation. More than 2,000 specialists from the
institutions of the Third Main Directorate were involved in
organizing and carrying out measures to eliminate the
consequences of the Chernobyl accident (Fig. 3).

In the acute period of the accident, our specialists made
a forecast of possible long-term consequences in the form of
oncological morbidity among the population. It showed an
extremely low probability of radiation-induced leukemia
and solid cancers, except for an expected increase in the
number of malignant thyroid tumors among the child popu-
lation. One year after Chernobyl, a seminal report on the
problem was sent to the United Nations Scientific Commit-
tee on the Effects of Atomic Radiation. This is the world's most
authoritative scientific body in this field. In its report to the
UN General Assembly in 1988, the Committee evaluated
the work of our medical scientists as follows: "The informa-
tion presented by the USSR is exhaustive and very valuable.
The Committee considers that it is indebted to all the authors
for their readiness to share their experience and wishes to
acknowledge their professional skill and human compas-
sion shown in connection with such tragic circumstances”.

Meguumna katactpodp N23202 |

New normative and methodological documents. The scale
of the Chernobyl accident and the complexity of the radia-
tion situation required prompt development of additional
norms and rules for their implementation. As a result of the
accident, the territory of the European part of the USSR with
an area of about 150 000 km? , where about 6 million peo-
ple lived, was subjected to radioactive contamination - within
the isoline of 1 Ci/km? or 37 kBq/m? . In the shortest possi-
ble time it was necessary to solve the problem of develop-
ment of a scientifically substantiated strategy of state actions
to protect the population. Within two weeks after the catas-
trophe a group of our scientists under the scientific leader-
ship of academicians LA. llyin and Yu. A. Izrael developed
Recommendations on criteria of residence possibility of pop-
ulation on the Chernobyl contaminated territory, necessity of
their resettlement and temporary evacuation (further referred
to as Recommendations). In this document approved on May
22, 1986 there were established emergency exposure lim-
its for the population — 100 mSv for the first year after the ac-
cident (with subsequent decrease of this value). Zoning of the
territories according to the levels of gagmma-radiation on the
ground was carried out for the first time. In the zones with
high levels of radioactive contamination — in the so-called
'tight control zones' where dose loads on people could ex-
ceed 100 mSv/year without taking measures for restricting
their vital activity — there were 273 000 people living in 789
populated settlements. According to the Recommendations
life activity restrictions were infroduced in these areas. These
were: a ban on the consumption of milk and local foodstuffs
with their replacement by "clean" products; predominant stay
of people in buildings rather than in the open air, etc. As a re-
sult, it was possible to reduce the dose load by a factor of 3
as compared to the established regulations [4].



Ensuring radiation safety of the population living in areas
of radioactive contamination required the development of
permissible levels of internal exposure in the form of per-
missible concentrations of long-lived radionuclides in a va-
riety of objects: fodder, milk, meat, grain products, drinking
water, clothing, medicinal plants, vehicles, etc. Thus, spe-
cialists of the Institute of Biophysics in the shortest possible
time developed more than 30 regulatory and methodolog-
ical documents. Among the first regulatory documents were
the Temporary Permissible Content of lodine-131 in
potable water and food products and Temporary Permissi-
ble Levels of Radioactive Substances in Foodstuffs. Later —
after 1997 — there were developed norms of permissible
specific activity of cesium-137 and strontium-90 in more
than 140 kinds of food products which are still in force.

Taking into account the experience of liquidation of the
Chernobyl accident consequences the requirements to
safety of works at NPPs were revised; criteria were devel-
oped for making decisions on measures to protect person-
nel and population; modern means of individual dosimetry
control were infroduced; special formations of permanent
readiness to work in conditions of possible radiation acci-
dent were organized. At the present time within the frame-
work of further improvement of medical and sanitary
provision of the NPP personnel and population living in the
observation zone we consider it a priority to carry out com-
prehensive monitoring of environmental and health condi-
tions [5]. For the purpose of radiation and epidemiological
investigations there was created an industrial medical and
dosimetric register. Its data show that the mortality rate
among the liquidators does not exceed similar indicators for
the Russian Federation as a whole. The above predictions
were, in particular, confirmed as a result of the analysis of
data from the National Radiation Epidemiological Registry,
as well as from foreign and domestic specialists [6].

Emergency medical response. The experience of liquida-
tion of the Chernobyl accident consequences demonstrates
that in case of a large-scale radiation accident it is necessary
to immediately take practical measures to minimize radiation
doses and to run protective measures to reduce the number

of exposed persons. On the basis of the Chernobyl experi-
ence, a system of medical response to radiation accidents
has been established at the Federal Medical and Biological
Agency of Russia. It is a subsystem in the emergency re-
sponse system of the State Corporation "Rosatom". Expert
support for the FMBA emergency response system is pro-
vided by the Emergency Medical Radiation and Dosimetry
Center, which is a subdivision of the Burnazyan Federal
Medical and Biological Center. As well as regional emer-
gency radiation and dosimetry centers established on the
basis of the leading hygienic institutes of FMBA of Russia in
the Northwestern and Ural Federal Districts (Figure 4).

The experience of iodine prophylaxis in the Chernobyl
accident was used to optimize the scheme of iodine pro-
phylaxis in accidents at nuclear installations. In this connec-
tion, a new Guidance on iodine prophylaxis in case of a
radiation accident was developed (Fig. 5).

Development of radiation medicine based on the experi-
ence of overcoming the consequences of the Chernobyl ac-
cident. It is known that the clinic of A.l. Burnazyan Federal
Medical and Biological Center has the greatest experience
in diagnostics, treatment and medical rehabilitation of pa-
tients with acute radiation disease. Based on the Chernobyl
experience, a classification of different forms of human ra-
diation injuries from both external and internal radiation ex-
posure; principles of biodosimetry and cytogenetic methods;
effective treatment patterns for bone marrow form of acute
radiation disease and local radiation lesions have been pro-
posed for the first time in world practice. Currently, an in-
novative direction of freatment of local radiation lesions with
mesenchymal stem cells in combination with microsurgical
techniques is being actively developed. Encouraging ex-
perimental results have been obtained — the healing time
of the wound surface is accelerated by 2 and more times. In
the world such works are carried out only in a few coun-
tries, in particular, in Argentina and Japan (Fig. 6).

Analysis and comprehension of the experience of over-
coming medical and sanitary consequences of the Cher-
nobyl and other accidents, as well as further improvement of
radiation safety measures are impossible without a thorough

CucreMa aBapyuMHOro MeiMLMHCKOro pearuposaHus

PykoeoguTens
®MBA Poccmum
Wrab Mo u 4C

MeAMLMHBI ‘

®OMBA Poccumn

Ynpaenexue
3/1paBOOXPAHEHMA U
MNPOMBILLNEHHO K

MCH, KB, okpyHbie
MefULMHCKUE LLeHTPbI

—

ApapuiiHbie dopMuposaHma
Bpuragpe BeicTporo pearnposaHua

Ynpasnexue

TeppuTopManbHble

JKcnepTHasa NoaJepKa

ABapHiHbIA MeMUMHCKMIA
pagraLMoHHO-
AO03UMETPUHECKMIA LLeHTP
@by rHU @MBLY um. A.M. BypHasaHa
@MBA Poccuu

CaHuTapHo-

INMOEMHUOAOTMYECKOTO

Haazopa
YpanbcKkuii permoHanbHbli
pagWayMoHHO-
AOSUMETPHUECKUIA LLeHTD

opraHs!
Urm3

@ryn 10-¥YpHs@ @®MBEA Poccuu

Cesepo-3anagHbii
pervoHanbHblM pagvalMoHHO-
DO3UMETPHUYECKHUN LLEHTP

@ryrn HiM NviM ©oMBA Poccuu

Puc. 4. Cuctema asapuitHoro meanupntckoro pearnpoeanmns PMBA Poccun / Fig. 4. Emergency medical response system under FMBA of Russia

Disaster Medicine No. 32021



study of biological materials of the affected people. For this
purpose our scientists were among the first in the world to
propose the methodology of biobanking of cases of human
radiation injuries. The study of these materials using mod-
ern high-tech techniques of molecular genetic analysis al-
lowed to improve the detailed schemes of pathogenesis and
therapy of the leading clinical syndromes of acute radiation
disease and local radiation lesions [7].

Radioprotective drugs. After the Chernobyl accident the
effectiveness of radioprotective preparations, means of pre-
vention and treatment of acute radiation sickness was eval-
vated. The Federal Medical and Biological Agency of
Russia has developed and introduced highly effective anti-

WonHas npodunnakTuka

radiation preparations, as well as individual first-aid kits for
personnel and population. Based on the experience of pro-
viding specialized medical care to the victims of radiation
exposure as a result of the Chernobyl accident, special
portable medical radiological kits have been developed.
These kits include a set of medicines and tools necessary for
emergency medical care. Among them, the preparation "Li-
oxazole" should be mentioned. This is an alcohol solution of
2-allyloxyethanol developed by the Scientific and Produc-
tion Center "Pharmzaschita" of FMBA of Russia. Lioxazole is
used for the prevention and treatment of closed radiation le-
sions of the skin, has anfi-inflammatory and stimulating re-
generation. On its basis, a line of medical products
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"lioxazin" was developed for first aid and treatment of burns
of varying severity (Fig. 7).

A new coronavirus infection COVID-19 and acute radi-
ation sickness. The Chernobyl accident gave a powerful
impetus to the search and development of new radiopro-
tective drugs. Currently, the scale of ongoing preclinical
and clinical experimental studies of radioprotectors is com-
parable to the scale of current research for the treatment of
the new coronavirus infection. It is no coincidence that
many draw an analogy between COVID-19 and radia-
tion. Both are invisible enemies, both pose a serious dan-
ger to human life and health. It should be noted that our
doctors were at the origins of the study of the pathogene-
sis of acute respiratory distress syndrome — the main cause
of death in COVID-19 patients. They were the first in the
world to conduct detailed clinical and pathological anatom-
ical studies of acute respiratory distress syndrome in radia-
tion sickness. The frequency of its development in severe and
extremely severe Chernobyl patients was 75%. In 30% of
cases of acute respiratory distress syndrome was a direct
cause of death. Based on the analysis of the materials ob-
tained as well as on the results of subsequent experimental
studies, we have shown that angiotensin-converting enzyme
plays a decisive role in the pathogenesis of this syndrome.
Currently angiotensin-converting enzyme inhibitors are
being studied as one of the most promising means of in-
creasing radiotolerance and early pathogenetic therapy of
acute radiation disease[8] — Fig. 8.

Priority directions of radiation safety system development
in Russia. The experience of evaluation of the liquidation of
medical and sanitary consequences of the Chernobyl events
has created a science-based basis for radiation safety with
practical implementation of the main provisions in the current
regulatory and methodological documents. At the same
time, there are quite good reasons for further improvement
of the construction of the radiation safety system and its reg-
ulation in the Russian Federation. We associate a number
of new priority projects with this, among which are the is-
sues of harmonization of the Russian regulatory and method-
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YKNagKku
codepxcam Habop medukameHmos
U UHCmpymeHmos, Heobxo0umbix
0719 OKG3AHUA HEOMAOMHOLU

MeduUuuHCckol nomouju

Puc. 7. Pagnosawmrhbie npenapars / Fig. 7. Radioprotective drugs

ological base of radiation safety with modern international
documents.

The most important scientific prospect in the field of radi-
ation safety is the radiation-hygienic study of new types of
fuel. These include mixed nitride-uranium-plutonium fuel.
Studies of this problem are being conducted in the course of
scientific and hygienic support of the "Breakthrough" project.
At the same time, doses to the personnel of the pilot demon-
stration power complex facilities of the Siberian Chemical
Combine are evaluated. Work is underway to assess the
state of health of the personnel and to develop recommen-
dations for medical examinations of the workers of the mixed
nitride-uranium-plutonium fuel production (Fig. 9).

One of the most urgent and high-priority issues of radi-
ation safety is countering nuclear and radiation terrorism.
Since 2015 FMBA of Russia has participated in the
Global Initiative to Combat Nuclear Terrorism. At the ex-
pert level, close cooperation has been established with
88 partner states and six official observers of the Global
Initiative to Combat Nuclear Terrorism. Our experts have
made a significant contribution to the development of
practical guides, manuals and working documents of the
Initiative. Summarizing the 35-year experience of over-
coming the consequences of the Chernobyl accident, we
were the first in the world to develop a unique methodol-
ogy of medical and biological research. It laid the foun-
dation for a new scientific direction — medical nuclear
forensics. The developments carried out by us were highly
appreciated by the international community and recog-
nized as the most important tool in the sphere of counter-
action against global threats of nuclear-terrorist nature
(Fig. 10).

According to the Fundamentals of State Policy in the Field
of Nuclear and Radiation Safety of the Russian Federation
for the Period until 2025, one of the urgent tasks in the
field of strengthening protection of nuclear and radiation

" Decree No. Pr-539 of the President of the Russian Federation of March 1,
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Covid-19
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Puc. 9. PaguaumoHrHo-r1renmnyeckoe conposoxaetme npoekta «Mpopbis» / Fig. 9. Radiation and health physics support of the “Breakthrough” project

hazardous facilities, personnel, population and the envi-
ronment is modernization and development of technical,
information and analytical systems of control and supervi-
sion of nuclear and radiation safety based on scientific ap-
proaches using modern technologies.

We associate the improvement and development of new
medical and sanitary technologies aimed at ensuring radi-
ation safety, including at nuclear heritage sites and territo-
ries, with the development and implementation of digital
technologies, among them:

— collection of radiation-hygienic data through the for-
mation of digital representations of the real world as a result
of digitization;
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— infegration — processing, merging and analysis — of
data using algorithms. For example, with the help of infor-
mation-analytical systems using technologies for visualizing
the routes of personnel and/or population movement and
visualizing the radiation situation.

The created software products serve as a working tool for
making management decisions to prevent possible threats
related to overexposure of personnel or population. The di-
rection of translational radiation hygiene was formed to op-
timize, reduce and — ideally — eliminate the existing gap
between scientific research and the practice of state sani-
tary and epidemiological supervision over radiation safety
in the handling of nuclear legacy — Fig. 11 - [9].
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Fig. 10. Cooperation in the framework of the Global Initiative to Combat Acts of Nuclear Terrorism
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Fig. 11. New medical technologies to assure radiation safety
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Conclusion

Based on the experience of overcoming the conse-
quences of the Chernobyl accident, within the framework
of further improvement of radiation safety of the personnel
and population, we consider the following scientific and
practical directions of further activities to be a priority:

— improvement and development of new medical and
sanitary technologies aimed at ensuring radiation safety;

— completion of a unified system of radiation and hy-
gienic response and medical aspects of human protection in
the event of radiation accidents;
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Abstract. It is noted that at present the connection between the level of health of the worker and his professional reliability is obvi-
ous and does not require additional proof. To prevent radiation accidents caused by the human factor, medical examinations and
psychophysiological tests of the personnel of enterprises operating nuclear facilities are carried out.
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reviewed.
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MEAULUMHCKUE OCMOTPbI U MCUXODPU3NOJTIOTMHECKOE OBCJIEQOBAHUE
NEPCOHAJIA ATOMHOWM MPOMBILLNIEHHOCTU — MHCTPYMEHT MPEQYNPEXAEHUS
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Pesiome. OTMeueHO, YTO B HOCTOSLLEE BPEMS CBA3b MEXAY YPOBHEM 3[0POBbS PABOTHUKA M €ro NpOodeccHOHANbHOM HAZEX-
HOCTbIO — OYEBMAHA W He TpebyeT LOMOIHUTENbHLIX KOKA3ATENLCTB. [ns npeaynpexaeHns pagnaumonHsix asapuit (PA) no eune
yenoeeyeckoro GpaKTopa NPOBOAATCS MEAULIMHCKME OCMOTPLI M ncuxoduanonorudeckue obenegosarus (MPO) nepcorana npep-
NPUSTUI, SKCMTYATUPYIOLLMX OBBEKTbI MCMIONb3OBAHMS ATOMHOMN SHEPTMM.

PaccmoTpeHbl 3aKOHOAATENbHBIE M HOPMATUBHBIE MPABOBLIE OKTbI, PEFHIAOMEHTHPYIOLME NOPSAOK M NPABUIA NPOBEAEHMS YKA3AH-
HbIX MEAULIMHCKMX OCMOTPOB W 06CNeaoBaHHH.

lMpeacrasneH pa3pabOTAHHBIM ABTOPAMM QATOPUTM MPUHSTUS PELIEHUI O HEOBXOAMMOCTU OPraHU3ALMM PA3NMYHBIX BUAOB O6:-
3aTeNbHbIX MEAMLMHCKUX OCMOTPOB M MCMXOPU3MONOrNYeckX OBCNeaOBAHNI COTPYAHMKOB OPFraHM3ALMM, SKCMTyATMPYIOLUMX
06BEKTbI UCMIONB3OBAHMS ATOMHOM 3Hepru. OnbiT paboTsl cneunanmcTos PeaepanbHOro MEAULIMHCKOrO BUOPUINYECKOrO LEHTPA
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92,3% pabOTHUKOB MMEIOT MONOXMUTENbHYIO AMHAMMKY M BO3BPALLAIOTCS K NPOPECCHMOHANBHOM AEATENBHOCTM.

Kniouessle cnoBa: sakoHogatensHas 6a3a, MESULMHCKME OCMOTPbI, HOPMATHUBHbIE OKYMEHTHI, MEPCOHAN ATOMHOM MPOMbILLIEH-
HOCTH, ncuxopuamonornieckoe obcnefoBaHMe, PAAUALMOHHbIE ABAPHH

KoHpnukr nHtepecoB. ABTOpbI CTATbM MOATBEPXAAIOT OTCYTCTBME KOHMIMKTA MHTEPECOB

Ans umtnposanus: bywmanos A.lO., Kpetoe A.C., Kanuunua M.IO., Bnacosa U.B., Jlomtesa A.A., Tyruna AA., Llapés A.H.,
Ienncoea E.A.,, Conopesa M.A., Camoinos A.C. MegunupHckne ocMoTpsl 1 ncuxoduamonormyeckoe obcnefosaHme nepco-

HONIA ATOMHOM MPOMBILAEHHOCTH — MHCTPYMEHT NPEeRyNpPexXaeHHs pasmaumoHHeix asapuit // Meanumna katactpod. 2021.
Ne23. C. 20-23. https://doi.org/10.33266,/2070-1004-2021-3-20-23

Contact information: KoHraktHas nn¢popmaums:

Andrey Yu. Bushmanov - Dr. Sc. (Med.), Prof.; Deputy Bywmanos AHgperi FOpbeBuy — [OKTOP MEAMLMHCKMX HAYK,
Director General npogeccop; NepBbIi 3AMECTUTENb FEHEPANBHOTO AMPEKTOPA
Address: 46, Zhivopisnaya str., Moscow, 123098, Russia Agppec: Poccus, 123098, r. Mockea, yn. XusonucHas, a. 46.
Phone: +7(964) 725-32-04 Ten.: +7(964) 725-32-04

E-mail: radclin@yandex.ru E-mail: radclin@yandex.ru

Disaster Medicine No. 32021



At present, the connection between the level of health of
an employee and his or her professional reliability is ob-
vious. Carrying out measures at nuclear facilities aimed at
reducing risks of emergency situations caused by the hu-
man factor is an important element of radiation protection
system [1].

To achieve the aforementioned goal, organizations op-
erating nuclear facilities must organize additional specialized
medical examinations and mandatory psychophysiologi-
cal examinations for certain categories of employees.

Article 3 of the Federal Law "On the Use of Atomic Ener-
gy" of November 21, 1995 170-FZ specifies the cate-
gories of facilities which are subject to this requirement:

1. Nuclear facilities — facilities and complexes with nu-
clear reactors, including nuclear power plants, ships and oth-
er vessels; spacecraft and aircraft, other transport and trans-
portable vehicles; facilities and complexes with industrial, ex-
perimental and research nuclear reactors, critical and sub-
critical nuclear facilities; facilities, complexes, test sites, in-
stallations and devices with nuclear charges for peaceful pur-
poses; other facilities, complexes and installations contain-
ing nuclear material, used for production, usage, recycling
and transportation of nuclear fuel and materials.

2. Radiation sources — non-nuclear facilities, apparatus,
equipment and products that contain radioactive substances
or generate ionizing radiation.

3. Storage facilities for nuclear materials and radioactive
substances, radioactive waste storage facilities — stationary
facilities and installations which are not related to nuclear fa-
cilities or radiation sources and are designed for storage of
nuclear materials and radioactive substances, storage or dis-
posal of radioactive waste.

4. Fuel assembly of a nuclear reactor — a machine-build-
ing item containing nuclear materials and designed to pro-
duce thermal energy in a nuclear reactor by means of a con-
trolled nuclear reaction.

5. Irradiated nuclear reactor fuel assemblies — fuel as-
semblies containing spent nuclear fuel irradiated in and re-
moved from a nuclear reactor.

6. Nuclear materials — materials containing or capable
of reproducing fissile nuclear substances.

7. Radioactive substances — non-nuclear materials emit-
ting ionizing radiation.

8. Radioactive waste — materials and substances, as well
as equipment, products, which are not subject to further
use, including spent sources of ionizing radiation, which
content of radionuclides exceeds the levels established in ac-
cordance with the criteria approved by the Government of
the Russian Federation.

Thus, nuclear energy facilities include not only traditional
nuclear industry facilities, but also a fairly wide range of or-
ganizations, from medical treatment organizations that use
equipment with ionizing radiation sources or equipment that
generates ionizing radiation, to enterprises that use ra-
dioactive sources for defectoscopy, geological exploration,
security, including in transportation, etc.

Certain categories of workers in the field of atomic energy
use as defined by the Decree of the Government of the Russ-
ian Federation "On Approval of the List of Positions of
Workers of Atomic Energy Use Facilities that Must Obtain
Permits of the Federal Environmental, Industrial and Nuclear
Supervision Service for Works in the Field of Atomic Ener-
gy Use" No. 240 of March 3, 1997 must obtain special
Rostechnadzor permits, which can be issued only if there are

Meanumna katactpodp N232021

no medical, including psychophysiological, contraindica-
tions — Art. 27 of the Federal Law "On the Use of Atomic
Energy" of 21.11.1995 170-FZ.

The fact of absence of the above contraindications is es-
tablished by the results of a specialized medical examina-
tion and psychophysiological examination of employees in
the field of the use of atomic energy.

In accordance with the Order of the Ministry of Health of
the Russian Federation No. 749n dated July 28, 2020 from
January 1, 2021 the new requirements for specialized med-
ical examinations and psychophysiological examinations of
atomic energy use facilities, the list of medical contraindi-
cations for issuing the permit for certain activities in the field
of atomic energy use and the list of positions of the atomic
energy use facilities employees to which such contraindica-
tions apply, as well as the form of a medical report on the
presence (absence) of medical contraindications for issuing
a permit to perform certain types of activities in the field of
the use of atomic energy.

This specialized medical examination is independent and
complementary to other types of mandatory medical ex-
aminations of workers, including medical examinations in ac-
cordance with the order of the Ministry of Health of Russia
from January 28, 2021 N2 29n.

Employees of organizations on the list of operating espe-
cially radiation hazardous and nuclear-hazardous produc-
tions and facilities in the field of atomic energy use undergo
medical examinations and mandatory psychophysiological
examinations in medical treatment organizations subordi-
nated to the authorized federal executive authority. Current-
ly, this is the Federal Medical and Biological Agency of Rus-
sia — Federal Law No. 35-FZ dated March 8, 2011 "The
Statute on Discipline of the Employees of the Organizations
Operating Radiation-Industry and Nuclear Especially Haz-
ardous Facilities and Facilities of Atomic Energy Use"; the Russ-
ian Government Executive Order No. 597 dated July 20,
2011 "On the List of Operating Organizations Subject to the
Federal Law "The Statute on Discipline of Employees of Or-
ganizations Operating Radiation-Industry and Nuclear Es-
pecially Hazardous Facilities and Objects.”

Specialized medical examinations and psychophysiolog-
ical examinations of workers in the field of the use of atomic
energy are carried out at occupational pathology centers.
They are conducted when it is difficult to determine an em-
ployee's professional suitability due to a disease or when the
employee does not agree with the results of the examinations.

When organizing mandatory medical examinations of
employees in the field of the use of atomic energy it is nec-
essary fo take into account the mandatory medical exami-
nations and psychiatric examinations of employees involved
in certain types of work and in work with harmful and haz-
ardous working conditions — Article 213 of the Labor Code
of the Russian Federation.

Employees of the field of use of atomic energy are required
to undergo psychiatric examination in cases of contact with
an industrial factor or type of work, which are provided by
the List approved by the Government of the Russian Feder-
ation on April 28, 1993 N2 377; the Rules for mandatory
psychiatric examinations established by the Government of
the Russian Federation on September 23, 2002 N2 695 and
the order of the FMBA of Russia on June @, 2018 N2 121.

Employees of the field of atomic energy use shall undergo
additional preliminary (periodic) medical examinations in
cases of contact with an industrial factor (working conditions
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Figure. Algorithm of decision-making on the necessity of organizing various types of mandatory medical examinations and psychophysiological

examinations at enterprises operating nuclear energy facilities

class 3.1 or higher) or type of work stipulated by Order No. 29n
of the Ministry of Health of Russia dated January 28, 2021.

It should be noted that according to the Order of the Min-
istry of Health of Russia N2 29n dated January 28, 2021
all workers undergoing a periodic medical examination in
respect of a harmful production factor "ionizing radiation"
from April 1, 2021 are subject to compulsory psy-
chophysiological examination.

The algorithm for making decisions on the necessity
of organizing various types of mandatory medical ex-
aminations and psychophysiological examinations at
enterprises operating nuclear facilities is shown in the
figure.

Thus, when organizing medical examinations of employ-
ees in the field of the use of atomic energy it is necessary to
take into account the following:
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1. In order to be admitted to work in the field of the use of
atomic energy, certain categories of employees must un-
dergo a specialized medical examination and psy-
chophysiological examination regardless of the results of the
special assessment of working conditions in order to prevent
emergency situations caused by the human factor.

2. Employees of the field of use of atomic energy are ad-
ditionally subject to requirements of Article 213 of the La-
bor Code of the Russian Federation on passing mandato-
ry psychiatric examinations in accordance with Resolutions
of the Government of the Russian Federation No. 377 of
April 28, 1993 and No. 695 of September 23, 2002, on
condition of:

- presence at the workplace of a production factor from the
List approved by Decree No. 377 of the Government of the
Russian Federation on April 28, 1993;

- availability af the workplace of the type of work envis-
aged by the List approved by Russian Federation Govern-
ment Decree No. 377 of April 28, 1993.

3. Employees of the field of the use of atomic energy shall
be additionally required to undergo mandatory preliminary
(periodic) medical examinations in accordance with Order
of the Russian Ministry of Health no. 29n of January 28,
2021 (until April 1, 2021 — Order of the Russian Ministry
of Health and Social Development no. 302n of April 12,
2011), provided

- presence at the workplace of a production factor stipu-
lated by Order of the Russian Ministry of Health No. 29n of
January 28, 2021, characterized by a harmful or haz-
ardous class of working conditions (3.1 or higher);
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- availability at the workplace of the type of work stipulated
by Order of the Ministry of Health of Russia No. 29n of Jan-
vary 28, 2021.

4. According to Art. 46 of the Federal Law of November
21,2011 N2 323-FZ, during medical examinations the re-
sults of previous (not later than one year ago) medical ex-
aminations, health examinations, confirmed by medical
records of the patient, may be taken into account.

In conclusion it should be noted that up to 500 examina-
tions of nuclear industry employees working under conditions
of exposure to ionizing radiation from 3.25 to 1.62 mSv per
year are performed at the State Research Center — A. |. Bur-
nazyan Federal Medical Biophysical Center of the Federal
Medical and Biological Agency of Russia. Professional du-
ties of the examined employees include the need to make
and implement responsible decisions.

Experience shows that out of the total number of workers
who underwent psychophysiological examination, 25.1%
have unacceptable deviations (psychophysiological con-
traindications), which is an indication for rehabilitation meas-
ures. After completion of the rehabilitation course repeated
examinations are carried out, according to the results of
which 92.3% of workers have positive dynamics and return
to professional activity.

Mandatory medical examinations and psychophysiolog-
ical examination of nuclear industry personnel are effective
elements of the radiation protection system. They make it pos-
sible to influence the risks of radiation accidents caused by
the human factor and to take timely targeted rehabilitation
measures.
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ASSESSMENT OF THE RADIATION AND HEALTH PHYSICS SITUATION
IN THE AREA OF SHIP REPAIR ENTERPRISES IN KAMCHATKA KRAI
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Abstract. The objectives of the study are to examine the radiation and health physics situation in the area of ship
repair enterprises servicing ships with nuclear power installation; to assess its possible impact on the environment and
the population.

Materials and research methods. The study of radiation and health physics situation on the territory was conducted
by walking gamma survey using portable gamma spectrometric complexes MKS-01A "Multirad-gamma" and MKS-
AT6101C. Gamma-spectrometric and radiochemical methods of analysis were used to determine the specific activity
of man-made and natural radionuclides in environmental samples.

Results of the study and their analysis. Practical medical and hygienic measures to study the radiation and health
physics situation were carried out in 2019. It was found that the ambient equivalent dose rate in the areas of ship
repair enterprises is at the level of regional values and does not exceed 0.12 pSv/h. Radionuclide specific activity
in the soil of the surveyed areas does not exceed 4.5 Bq/kg — for ?°Sr and 12 Bq/kg — for '3”Cs, which does not
exceed the established norms for unrestricted use of solid materials. Radionuclide content in the sea water samples
taken in the area of closed administrative territorial unit Krasheninnikov Bay does not exceed on average: for '37Cs —
7 mBq/L, for °Sr — 2.1 mBq/L. When comparing the results obtained with the official data on the radionuclide con-
tent in the water of Avacha Bay (?°Sr up to 2.08 mBq/L at the annual average of 1.14 mBq/L), we may state that
they are at the same level as the regional ones. Radionuclide content in bottom sediment samples varies within the
following limits: for 137Cs — from 0.14 to 3 Bq/kg, for ?°Sr — from 0.11 to 1.5 Bqg/kg and is similar to the general
values for soil samples.

Thus, the radiation and health physics characteristics of the study area vary little and remain practically at the level
of the results of studies conducted in 2014-2015. The content of man-made radionuclides in the samples of envi-
ronmental objects is at the level of average values typical for the region.

Potentially radiation-hazardous works carried out in 2019 at enterprises of closed administrative territorial unit
Vilyuchinsk had no reliable radiation impact on the environment and population.

Key words: cesium-137, closed administrative territorial unit Vilyuchinsk, dose rate, Kamchatka Krai, nuclear sub-
marines, radiation and hygienic situation, radiation safety, radiochemistry, recycling, ship repair enterprises, spec-
trometry, strontium-90
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OLLEHKA PAAUALMOHHO-TMTMEHNYECKOW OBCTAHOBKU B PAMOHE PACNOJIOXXEHUA
CYOOPEMOHTHbIX MPEONPUATUIA B KAMYATCKOM KPAE

0.BMcaes!, H.K.LLangana', B.[CTGpMHCKMﬁ], A.B.Tutos’, B.B.LLnbirun',
tO.C.Benbckux', PA.Crapunckas', tO.B.Tywmna', K HO.Ocbkuna', A.M.Komnes'

PIBY «HL, — PegepanbHbiin MmeauumHcknin Groduamnueckuit uentp nm. A.M.bypHassHa» PMBA Poceun, Mockea, Poceus

Pesiome. Llesm mccnenosanms — M3yumTb PAAMALMOHHO-TUTMEHWUYECKYIO OBCTAHOBKY B PAMOHE PACMONOXEHMS
CYAOPEMOHTHBIX MPEANPHUATHI, 0BCTYXMBAIOLWMX KOPABIK € SHepPHbIMM SHEPTeTUIeckUMM ycTaHoekamu (13Y); oue-
HWTb €€ BO3MOXHOE BO3AEMCTBUE HA OKPYXAIOLLYIO CPEAY M HACENEHHE.

Marepuansi u MeToael MccnenoBarms. ViccneaoBaHme pagMauMOHHO-TMIMEHMYECKON OBCTAHOBKM HEMOCPEACTBEHHO
HO TEPPUTOPMM MPOBOAMNOCH METOLOM MELIEXOAHON FAMMUA-CbEMKM MOLLHOCTM OMOMEHTHOTO SKBMBAEHTA AO3bl
ramma-usnydenns (MASL TU) ¢ ucnonbsoBaHMeM MOPTATMBHBIX FAMMA-CMEKTPOMETPUYECKUX KOMMIEKCOB
MKC-0TA «Mynbtnpaga-ramma» 1 MKC-AT6101C. Ons onpepenexust yaenbHOM OKTMBHOCTM TEXHOTEHHBIX M ecTe-
CTBEHHbIX PAAMOHYKIMAOB B NPOBAX OOLEKTOB OKPYXAIOLEN Cpefbl MPUMEHSIUCL TAMMA-CNIEKTPOMETPHUYECKHE U
POAMOXMMMYECKME METOAbI AHANU3A.

Pesynbtatel uccneposanms u nx aHanms. [MpakTuyeckne MeAMKO-rMIMEHMYECKME MEPOMPUATMS MO MCCNEAOBAHMIO
PAAMALMOHHON rMrMeHnyYeckor obctaHoeku nposoaunuck 8 2019 r. Beino ycraHosnero, yto MAS] TM B paioHax
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POCMONOXEHMS CYAOPEMOHTHBIX MPEAMNPUATUI HOXOAUTCS HA YPOBHE PErMOHAMbHBIX 3HAYEHWI M He MPeBbilAeT
0,12 mk3B/ 4. YaenbHas QKTMBHOCTb POAMOHYKIMAOB B NO4YBE obcneayembix TeppuTopui He npeesiwana 4,5 bk/kr -
no %°Sr u 12 Bk/kr — no '37Cs, uTo He BbIle yCTAHOBAEHHbIX HOPMATHUBOB AMS HEOTPAHWUYEHHOTO UCMONb3OBAHMS
TBepAbix Matepuanos. CogepXaHune paguoHyKIMAOB B MPOBAX MOPCKOM BOAb, OTOBPAHHOM B pAiOHE 3AKPLITOrO
QAMMHNCTDATHEHO-TEpPUTOPHANEHOTD obpasosanus — 3ATO (6yxta KpaweHnHHMKOBA), He NpeBbILANO B cpea-
Hem: no '°7Cs — 7 Mbk/n; no 7%Sr — 2,1 MBk/n. MpK CPABHEHUM NONYHEHHbIX PE3YTLTATOR C OGULMANLHBIMM ACH-
HBIMM O COAEPXAHMM PAAMOHYKNMAOB B Boae ABaunnckoit Byxthl (OSr — no 2,08 mBk/n npu cpeaHeromosom —
1,14 MbBk/n) MOXHO 6bIIO KOHCTATMPOBATb, YTO OHM HOXOAMAMCb HO OJHOM YPOBHE C PErMOHANbLHBIMM.
CopnepxaHue pagnoHyknaos B Npobax AOHHbIX OTNOXEHMIT BAPLMPOBANOCH B Cnepytolumx npeaenax: no '2/Cs —
o1 0,14 po 3 bk/«kr; no®Sr — o1 0,11 o 1,5 Bbk/kr u 6bin0 cX0AHO C OBLMMM 3HAYEHUAMM AnS NPO6 MOYBHI.

Taknm 06pa3oM, PAAMALIMOHHO-TUIMEHUYECKME XAPOKTEPUCTMKM MCCIELYEMOro PAaMoHAa cnabo BAPLUPOBAIUCH W
OCTABANMCb MPAKTUYECKM HO YPOBHE Pe3ynbTaToB uccrepoBanui, nposeferHbix B 2014-2015 rr. CogepxaHue Tex-
HOTEHHbIX POAMOHYKNMAOB B NMPOBAX OBLEKTOB OKPYXXAIOLWEN Cpedbl HOXOAMNOCh HA YPOBHE CPEAHMX 3HAYEHMH,
XAPAKTEPHBIX Aist pernoHa. [oTeHuManbHo pagmaLmoHHo onacHble pabortsl, nposoamelunecs 8 2019 r. Ha npeanpus-
six 3ATO r. BuntoumHck, He 0KA3aM AOCTOBEPHOMO PAAMALIMOHHOTO BAMSIHUS HO OKPYKAIOLLYIO CPEfly M HaCeneHue.

KnioueBble cnoBa: aromHble MOABOAHbIE JIOLKM, 3CKPHLITOE GAMMHMCTPATMBHO-TEPPUTOPMAILHOE 0bpPa3oBaHME
r.Buniounrck, Kamyatckmil Kpai, MOLLHOCTb 4O3bl, PAAMALMOHHAS 6€30MacHOCTb, PABUALMOHHO-TUIMEHMHECKAs
06CTAHOBKA, PABMOXMMMS, CEKTPOMETPHS, CTPOHLMIA-20, CyaOpPEMOHTHbIE MPEANPHATHS, YTUIn3aums, uesuii-137

KoHnukr nHrepecos. AsTopbl CTaTbM MOATBEPXATIOT OTCYTCTBME KOHGIIMKTA MHTEPECOB

Onsa uutnposanus: Mcaee [.B., Langana H.K., Crapunckuit B.I., Tutos A.B., LUneirnn B.B., Bensckux tO.C., Cra-
purckas PA., TywuHa O.B., Ocbkuna K.KO., Komnes A.M. OueHka paanaumMoHHO-TUIMEHNYECKON OBCTAHOBKU B
PaoHe PAcMONOXEHUs CyA0PEMOHTHbIX npeanpuatii B Kamuatckom kpae // MeamumHa katactpod. 2021. N23. C.
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Introduction

At present the Federal Target Program "Industrial Utiliza-
tion of Weapons and Military Equipment of the Nuclear
Complexin 2011-2015 and until 2020" realisation is com-
ing to an end in Russia. One of its tasks is to ensure public
health and environmental safety during the disposal of
weapons and military equipment'. A study of the radiation
and hygienic situation in the area of ship repair facilities that
dismantled decommissioned submarines with nuclear pow-
er units and former onshore technical bases that stored and
processed spent nuclear fuel was conducted.

The study area is an area of closed administrative-territo-
rial formation Vilyuchinsk. Two enterprises are located on its
territory: Joint Stock Company "North-Eastern Repair Cen-
ter" and the Center for Radioactive Waste Management —
Vilyuchinsk Branch of the Far East Center for Radioactive
Waste Management — a branch of Federal State Unitary En-
terprise "Federal Environmental Operator".

The Northeast Repair Center is located in Seldevaya Bay.
The center repairs nuclear and diesel submarines, surface
ships, auxiliary vessels, and dismantles nuclear submarines?.
Nearby is one of the districts of the closed administrative ter-
ritorial entity of Vilyuchinsk — the settlement of Seldevaya.
As part of the state contract with the Federal State Unitary En-
terprise Enterprise for Radioactive Waste Management,
work was performed at the end of 2019 to lift and subse-
quently transport the afloat reactor units to a disposal site in
Primorsky Krai®.

Vilyuchinsk Branch of DalRAO Far East Center — Branch
of Federal State Unitary Enterprise "Federal Environmental
Operator" was established on the territory and on the basis

11 URL: http://stat.mil.ru/pubart.htm?id=11845577@cmsArticle (10,/19-2020)
2 URL: https://cepu.pd/ (10/1920)
3 URL: http://nuclear-submarine-decommissioning.ru/node/ 1246 (10/1920)
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of the property of the Pacific Fleet coastal technical bases in
Krasheninnikov Bay.

The coastal technical base provided:

- Recharging of nuclear submarine reactors using floating
technical bases at nuclear submarine repair sites;

- Recharging of activity filters of the 1st and 3rd circuits of
nuclear power plants of nuclear submarines;

- Reception and storage of solid radioactive waste in on-
shore storage facilities;

- Short-term mooring at the floating berth of nuclear serv-
ice ships (Project 326M floating maintenance base) and
technical liquid tankers (Project 1783 and 1783A) and
temporary storage of spent fuel assemblies, liquid radioac-
tive waste, substandard fuel assemblies in them;

- Storage and transfer of special technological (reloading)
equipment to the floating technical base?.

At present, the enterprise is solving tasks related to tem-
porary storage of radioactive waste. Since 2016, work has
been underway at the Vilyuchinsk branch to remove waste
from storage facilities, to place it in shipping containers that
will be transported by sea to the Regional Center for Con-
ditioning and Long-Term Storage of the DalRAO Far East
Center for subsequent immobilization and placement in
long-term storage. After complete withdrawal of radioactive
waste, the facilities will be decontaminated, and the area will
be "rehabilitated”. At present, all solid radioactive waste has
been completely removed from the Vilyuchinsk Branch to the
pier of the Severo-Vostochny Repair Center.

Vilyuchinsk, located on the coast of Tarja Bay (Krashenin-
nikov Bay) of Avacha Bay, 25 km from the regional center,
was created in accordance with the Decree of the Presidium
of the RSFSR Supreme Soviet of October 16, 1968 by

4 Progress Research Report / State Research Center — Burnazyan Medical Bio-

physical Center of FMBA of Russia. Moscow, 2014.
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Fig. 1. Scheme of the location of the study areas in the closed administrative territorial unit Vilyuchinsk,

Kamchatka Kraié

merging the settlements Primorsky, Sovetskiy, Seldevaya, Ry-
bachiy, Yagodny, Lakhtazhny and Bogatyrevka®. The loca-
tion of the studied territories is shown in Fig. 1.

The objectives of the study are to examine the radiation
and health physics situation in the area of ship repair facili-
ties servicing ships with nuclear power installations; fo assess
its possible impact on the environment and the population.

Materials and methods of research.

The following parameters were measured within the re-
search:

- gamma equivalent dose rate of ambient gamma ra-
diation;

- specific activity of man-made radionuclides in soil;

- specific activity of man-made radionuclides in marine bot-
tom sediments and seawater.

Environmental sampling was conducted in accordance
with regulatory documents and methodological guide-
lines”-10-

Soil sampling points were located evenly over the area of
the study in areas with undisturbed soil cover. Samples of 1
kg were taken from the surface layer of five centimeters.

An average seawater sample was taken by excavating
equal volume (5.0 |) water samples at a distance of 1-2 m
from the shore for a set time (10-20 min) up to the required
total volume (20 1) of the sample. Seawater sampling points
were selected in the coastal water areas free from aquatic
vegetation and other objects.

The activity of gamma-emitting radionuclides in the se-
lected samples was measured by gamma-spectrometric
method on a CANBERRA gamma-spectrometer with a ger-
manium detection unit in accordance with the measurement
procedure [1].

Determination of 90Sr specific activity in selected samples
was performed on radiometric units UMF-2000 after ra-
diochemical separation of radionuclides in accordance with
the methodical instructions [2].

The ambient equivalent dose rate of gamma-radiation
on the territory was studied in accordance with the method-
ological recommendations by the method of continuous

5 URL: http:/ /www.viluchinsk-city.ru/city/history.php (09.10.2019)

¢ URL: http://www.google.ru/maps (10/26,/2020).

7 Water. General Requirements for Sampling. GOST 31861-2012.2013. 31 p.
(In Russ.).

8 Nature Protection. Soils. General Requirements for Sampling. GOST 17.4.3.01-83.
2004. 3 p. (In Russ.).

walking gamma survey [3].
Portable spectrometric units
MKS-01A "Multirad-M" and
MKS-AT6101C were used
for measurements of ambient
equivalent dose rate of gam-
ma radiation throughout the
territory. Range of recorded
gamma radiation energy
MKS-0TA "Multrad-M" with
a detector unit BDKS-63-01A
ranges from 0.04 to 3 MeV;
measurement range of pho-
ton radiation dose equivalent
ambient dose rate is from
0.03 to 60 pSv/h. Maximum
permissible basic relative er-
ror of gamma radiation dose
rate ambient equivalent
measurements ranges from
0.03 to 0.05 pSv/h and is 25%; in the range from 0.5 to
60 pSv/h — (25% — 0.167 MAED). The range of regis-
tered energy of gamma radiation of spectrometer MKS-
AT6101S with detector unit BDKG-11Mis 0.02 to 3 MeV,
the measurement range of photon radiation ambient dose
equivalent power is 0.03 to 150 pSv/h. Maximum per-
missible basic relative error of measurements in the range
from 0.01 to 150 uSv/h is 20%. These devices allow to
conduct gamma survey of the area with the possibility of ra-
dionuclide identification and referencing to geographical
coordinates using global navigation system (GPS). The ap-
pearance of the devices in use is shown in Fig. 2.

Results of the study and their analysis.

Comparison of the measurement results of the ambient
equivalent dose rate of gamma radiation in 2019 with the
results of earlier measurements are shown in Table 1.

The values of ambient equivalent dose rate of gamma ra-
diation obtained in 2019 were at the same level throughout
the territory and within the variation of natural radiation
background for Kamchatka Krai (0.10-0.12 Sv/h), and at
the same level as the results of previous studies conducted in
2014-2015. [6]. The scheme of the course of the survey of
the ambient equivalent dose rate of gamma-radiation in
2019 is shown in Fig. 3.

In the course of works on the territory of closed adminis-
trative territorial unit of Vilyuchinsk we took and analyzed
samples of environmental objects on the content of man-
made and natural radionuclides. Table 2 shows the results
of the analysis of soil samples for radionuclide content in the
studied area.

Levels of 137Cs and ?°Sr technogenic radionuclides con-
tent in soil in the territory of Vilyuchinsk Closed Administra-
tive Territorial Unit are generally uniform. The maximum
values of ?%Sr and '3 Cs content in the soil of the area of the
location of JSC "Northeastern Repair Center" and Primorsky
area are 4.5 and 12 Bg/kg respectively, which does not
exceed the established norms for unrestricted use of solid
materials'".

? Nature Protection. Soils. Methods for Sampling and Preparation of Soil for
Chemical, Bacteriological, Helmintological Analysis. GOST 17.4.4.02-84.2008. 7
p. (In Russ.).

10 Soil Qualig/. Sampling. Part 5: Guidance on the Procedure for the Investigation
of Urban and Industrial Sites with Regard to Soil Contamination (MOD). ISO 10381-
5:2005. 2009. 27 p. (In Russ.).

11 Federal Center for Hygiene and Epidemiology of Rospotrebnadzor. Basic San-
itary Rules for Radiation Safety (OSPORB-99/2010). Sanitary Rules and Regula-
tions. 2010. 83 p. (In Russ.).
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Puc. 2. Cnektpomerpuueckue kommnekcel MKC-01A «Mynbtupap-M»
n MKC-AT6101C [4, 5]

Fig. 2. Spectrometric complexes MKS-01A "Multirad-M" and MKS-
AT6101S [4, 5]

The data in Table 2 show that activity values of natural ra-
dionuclides in soil in the territories of closed administrative
territorial unit Vilyuchinsk obtained in 2019 were almost at
the same level as average activity values in the territory of
Vilyuchinsk Far East Center "DalRAO" in 2014-2015.

Radionuclide content in the seawater samples (3 samples)
taken in the area of Vilyuchinsk Branch of DalRAO Far East
Center did not exceed on average: for '¥/Cs — 7 mBq/L;
for ?9Sr — 2.1 mBq/L. When comparing the obtained results
with reference data on radionuclide content in the water of
Avacha Bay (?°Sr — up to 2.08 mBq/L with annual average
value of 1.14 mBq/L), one could state that they were at the
same level as the regional ones [6].

Radionuclide content in bottom sediment samples (3 sam-
ples) varies within the following limits: for 3/Cs — from
0.14 to 3 Bqg/kg; for 7°Sr — from 0.11 to 1.5 Bq/kg.

According to the Federal State Budgetary Institution "Ty-
phoon", in 2019 in the observation points of the 100-km
zone of radiation hazardous objects in Kamchatka Region,
the average monthly values of atmospheric deposition var-
ied from 0.3 to 0.85 Bq/m?xday. They averaged 0.5
Bg/m?xday and did not exceed 183 Bq/m? year in fotal
forthe year [6]. These values do not differ from the average
values typical for the whole Kamchatka Kraiin 2019.

Conclusion

A study of the radiation situation in the area of the
closed administrative territorial unit
Vilyuchinsk in 2019 showed:

1. In all investigated areas of closed
administrative territorial unit Vilyuchin-
sk the values of ambient equivalent
dose rate of gamma-radiation are at
the level of regional values and corre-
spond to the average values of ambi-
ent equivalent dose rate of gamma-ra-
diation obtained in the course of pre-
vious studies (2014-2016). It can be
confidently stated that during all the
years of research the gamma-radiation
ambient dose equivalent rate in the
area of closed administrative territori-
al unit Vilyuchinsk has not changed.

2. Obtained in 2019 values of man-
made and natural radionuclides in sail,

bottom sediments and sea water — 2 KM

Oxkm  1km

3 km

Tabnuua 1 / Table No. 1
Pacnpepenenue snauennin MAD[ TU Ha tepputopun 3ATO r.
Buniounnck 8 2019 1.
Distribution of the ambient equivalent dose rate
of gamma radiation values in the territory of the closed
administrative territorial unit Vilyuchinsk in 2019

3nauenns MASI T,
Konnyectso *
"~ Mk3B/u
Mecto namepetns mMeEeHW’ Ambient equivalent dose
Place of measurement ane, rate of gamma radiation
Number of N
measUre values, uSv/h
ments, abs. | M meanana
! median
P-n Mpumopckmit
Primorskiy district 2327 0,12 | 0,08(0,05-0,10)
[loc. Cenoaesas 558 | 0,11 0,07 (0,05-0,09)
Seldevaya village
P-u AO CBPLL
USC Northeast Repair Center 194 0,12 | 0,07 (0,05-0,10)
Disctrict
[opora otaenetue
BunioumHck — AO CBPL],
Vilyuchinsk Branch 4SC 1245 0,09 | 0,040,03-0,05)
Northeast Repair Center Road
P-u oTaenenuns Bunioumnck
Vilyuchinsk Branch Disctrict 272 0,09 | 0,04(0,03-0,05)
[opora otaenetue
BuniounHck — p-H Poibaunit
Vilyuchinsk Branch —Rybachiy 698 0,09 | 0,040,03-0,06)
District Road
P PuGorinii 3723 | 0,12 | 0,05 (0,03-0,06)
Rybachiy District ! ' ! '
Mpoune Tepputopun
Other territories 923 0,11 | 0,04(0,03-0,06)
Mo pesynsratam pabot 8 2014-2015 rr.
According to the results of work in 2014- | 0,10 0,08
20154
O6wume sHaveHus ans Kamuatckoro kpas 013 0.09
[6]/ Total values for Kamchatka Krai [6] ! !

MpumeuaHmKe: * MOKCUMAIbHBIE 3HAYEHHS!, O TAKXKE FPAHMLLI CPEAHNX
(ykasaHbl B ckoBKax) npuBeAeHbl C 3AMACOM HA PACLUMPEHHYIO
HeonpenenéHHoCTb U3MEepPeHMI

Note. * maximum values, as well as the boundaries of the averages
(in parentheses) are given with a reserve for the expanded uncertainty
0{ meaqasurements

districts) — are at the same level as the average values

across the region and correspond to the values obtained
in the course of studies conducted in 2014-2015.

MA3[ 'K (max), mxk38/4
Menee 0,10 (Med=0,06)

> @ Cebiwe 0,10 Bkn. (Max=0,12)
Mpumopckuin

3ATO r. Buniounnck—> Pbi6aunn

Cenbpesasn

Oraenenne BunioumHex
ABU "AanuPAO"

4xkm  Skm

both in the area where the enterprises
are located and in nearby seftlements
(Primorsky, Rybachy and Seldevaya
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Puc. 3. Cxema xopa cbemkn MAS[ Ha tepputopusx 3ATO r.Bunoumnnck 8 2019 .6
Fig. 3. Diagram of the survey progress of the ambient equivalent dose rate of gamma radiation
in the territories of the closed administrative territorial unit Vilyuchinsk in 2019 ¢




Tabnuua 2/ Table No. 2

Cratnctnyeckue XapaKTepUCTUKM pacnpeaeneHmns BENNUUH YAENbHON OKTUBHOCTU PAAVOHYKNAOB B MOYBE,
nonyyeHHbIx B xoae pabot 8 2019 r., B CPABHEHMM C Pe3yNbLTATAMU UCCIEAOBAHMIA, NpoBoauBmnxcs B 2014-2015 rr.*
Statistical characteristics of the distributions of specific activity values of radionuclides in soil obtained during the work in 2019,
compared with the results of studies conducted in 2014-2015 *

Kon-eo [uanasoH sHaveHnit yaenbHol aktueHoct, bk/kr* /
U3M., Specific activity value range, Bq/kg*
Tepputopus log abe.
- Number
Territory Year of 90g, 137C 23271 226p 40 235
measu-
rements,
2019 6 <0,2-1,3 0,17-5 1-14 3,1-8,0 70-230 -
P-n otnenenus
Buntounnek — ABLL 2014~
«OansPAO» 2015 -
Vilyuchinsk Far NpoM. _ 1,5%* 9,2%* _ _ _ _
Eastern Center nnowaaka (<0,2-7,0) (0,13-116.0)
‘DalRAO" district Industrial
territory in
P fpmopcr 2019 8 <0,2-1,3 0,18-12,0 2,8-6,8 41-9,2 180-290 | 0,67-2,0
Primorskiy District
P-r Pt 2019 16 <0,2-1,1 0,16-5,4 3,2-7,5 5,3-13,0 147-240 0,64-3,0
Rybachiy District
Moc. Cenbaesas
AO CBPL|
Seldevaya Village 2019 5 <0,2-4,5 <0,44-0,8 4,4-10,0 3,8-7,5 145-250 0,61-2,0
—JSC Northeast
Repair Center
Mpos, reppuo- 2019 7 <0,2-0,77 0,33-8,3 3,8-8,6 3-5 43-300 0,5-1,3
pum /Other terr.

anMe‘{GHMeZ * 3HQYEHMS BbIYUCIEHDI C y‘léTOM pGCLUMpeHHOlji Heonpep,enéHHoc‘m MBMepeHMﬁ,

** npueepeHbl CpeaHmMe 3HaveHus

Note: * values are calculated taking into account the expanded uncertainty of measurements, ** average values are given

3. The content of man-made and natural radionuclides in
samples of bottom sediments generally corresponds to the
content of radionuclides in soil samples of the region.

4. According to the Federal State Budgetary Institution "Ty-
phoon", monthly average atmospheric precipitation in 2019
did not differ from the average values typical for the whole
Kamchatka Territory.
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In conclusion, we can state that the radiation and hy-
gienic situation in the area of Vilyuchinsk Closed Adminis-
trative Territorial Unit is generally satisfactory. The operation
of ship repair facilities and enterprises servicing ships with nu-
clear power installations had no significant radiation impact
on the environment and the population.
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PECULIARITIES OF USING LYMPHOCYTE TEST TO PREDICT THE SEVERITY OF ACUTE RADIATION INJURY
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Abstract. One of the methods of biological dosimetry is the use of information on the concentration of lymphocytes in the periph-
eral blood of victims in the first days after irradiation.

The aim of the study was to validate the lymphocyte test method for predicting the severity of acute radiation injury, taking into
account the dose rate factor.

Materials and research methods. The method of investigation was a correlational analysis of clinical, dosimetric and laboratory data
of the victims of the accident at the Chernobyl nuclear power plant in 1986 (n=65) and in radiation accidents with gamma-neutron
irradiation (n=19). The data were taken from the database of acute radiation injuries in humans of A.l. Burnazyan Federal Medical
Biophysical Center of the Federal Medical and Biological Agency of Russia.

Results of the study and their analysis. The results of correlation analysis indicated that average lymphocyte concentration in the
range of 0.4-0.8X10%/I on day 3-6 post-irradiation with dose rates greater than 2 Gy/h resulted in an average dose estimate
which was 40.0% higher than that for dose rates of less than 2 Gy/h. Absolute error of dose estimation is (+1.0-1.5) Gy. For lym-
phocyte concentrations higher than 0.8 107/I the prognosis is uncertain: the range of dose assessment variability is 1-4 Gy. At a
lymphocyte concentration of less than 0.4x 10%/I the average dose estimate is more than 4.0 Gy, corresponding to a severe or
extremely severe degree of acute radiation disease. The predicted degree of severity of radiation injuries in the presence of the neu-
tron component of radiation is lower in comparison with the predictions based on the data on the victims of the Chernobyl accident.
It is concluded that the identified dependencies can be used for medical triage of the victims at advanced stages of medical evac-
uation. For the purpose of correct routing of medical evacuation to specialized centers, it is advisable to allocate 4 treatment-evac-
uation groups.

Key words: acute radiation syndrome, disaster, dosimetry, emergency situation, lymphocyte tests, triage
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OCOBEHHOCTU UCINOJIb3OBAHUA IMM®OLIUTAPHOTO TECTA
Anga nNPOrHO3NPOBAHUA CTEMEHU TAXKECTU OCTPOTO JTYHEBOTO NMOPAXXEHUS

A.O.Jle6epes!, A.C.Camoitnos', B.kO.Conoebés', H.H.BGPGHOBG]’2, E.A.ry.cu(os]

1 DIBY «THLL — DenepanbHbiit MeanumMHCKuiA Broduamieckuii ueHtp um. AM.BypHassHa» @MBA Poceum, Mocksa, Poccus
2 ®rBOY AMNO «Poccuitckas MeaMUMHCKAS AKQAEMUS HEMPEPLIBHOTO NPOheECCHOHANLHOTO 06PA30BAHMS»
Munsgpaea Pocenn, Mockea, Poceus

Pesiome. OpHuM 13 MeTOLOB BUMONOTMHECKON AO3UMETPHM ABASETC MCMONb3OBAHME MHGOPMALMU O KOHLEHTPALMK TMMPOLIMTOB
B NepUdpepUIECcKON KPOBM NOCTPAAABLUMX B NEPBbIE AHW NOCHE OBnyYeHus.

Llens nccneposaHus — Banupaums METOAA NMMPOLMTAPHOTO TECTA ANisi MPOrHO3UPOBAHMS CTEMEHMU TSXECTU OCTPOrO Sly4EBOrO
NOPAXEHMs C YHETOM PAKTOPA MOLLHOCTH [O3bl.

Marepuansi n MeTogel Mccnenosarus. MeTon MCCNEOBAHNS — KOPPENSLMOHHBIMA AHAMM3 KIMHMKO-A03MMETPHYECKMX U nabopa-
TOPHbIX AQHHBIX NOCTPAAABLUMX Mpu aBapuu Ha Yeprobbinsckoit ADC — YASC B 1986 r. (n=65) 1 np1 papnaumoHHbIx aBapusax
C raMMa-HeMTpoHHbIM obnydennem (n=19). [aHHbie B3siTl M3 6a3bl [AHHBIX MO OCTPbLIM NlyYEBLIM MOPCXKEHUAM HYenoBeka
DepnepanbHoro meauumHckoro Guoduamnyeckoro ueHtpa um. AM.byprassHa PMBA Poccum.

Pesynbratsl mccnenosanms m mx ananma. Mo pesynbTatam KOPPENSLMOHHOTO QHANM3A YCTAHOBIEHO, YTO MPU CPEAHEN KOHLIEHT-
paumu numdounTos B auanasore 0,4-0,8x10%/n Ha 3-u — b-e cyTku nocne obnyyeHus Npy MOLHOCTH fo3bl Gonee 2 Tp/y B
cpenHeM oLeHKa Ao3bl okasbieaeTcs soie Ha 40,0%, yem ans mowHocTH o3l MeHee 2 [p/y. ABCONIOTHAR MOTPELIHOCTL OLEHKHM
nosel — (£1,0-1,5) Ip. Mpu KoHUeHTpaLK AMmboumToB Gonee O,8x109/n MPOTHO3 OKA3bIBAETCS HeoNpPeAeNeHHbIM: AMANA30H
BapuabenbHocTH oueHku fo3bl — 1-4 Ip. Mpu koHueHTpaunn numdountos mexee 0,4x 1 0%/n CPeaHsisi OLEeHKA [O3bl COCTABNSIET
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6onee 4,0 [p, 4TO COOTBETCTBYET TAXENOM MAWU KPAMHE TSKENOM CTENEHW TXEeCTH OcTpoM nydyesoit Goneswn (OJIB).
MporHosupyemas cTeneHb TAXEeCTH My4eBOrO MOPAXEHWS MPH HAAMYMM HEHTPOHHOM KOMMOHEHTI M3MlyHEHUs OKA3bIBAETCS HUXE
MO CPUBHEHMIO C MPOTrHO30M, OCHOBAHHBLIM HA AAHHBIX O mocTpagaswmx npu asapuu Ha YASC. CpenaHbl BbIBOALI: BbISBNEHHbIE
30BMCMMOCTU MOXHO WMCMONb30BATL AN MEAULIMHCKON COPTMPOBKM MOCTPAACBLUMX HO MEPEAOBbIX STANAX MEAULMHCKON BAKYA-
LyW; B LENsiX KOPPEKTHOM MAPLUPYTU3ALMM MEAULIMHCKOMN 3BAKYALMM B CMELMATM3UPOBAHHBIE LIEHTPBI LienecobpasHo BhiaensTs 4

ne4ebHO-3BAKYALMOHHBIE FPYMMbI.

Kniouesslie cnosa: AO3MMETPHS, ﬂeqe6HO-SBdedLU40HHbIe rpynnel, J'IMMq'JOLlMTClprIﬁ TectT, MapLupyTn3aums, MegmumHCKas cop-
TUPOBKA, MeANLMHCKAs 3BAKyaLuMs, NMPOrHO3MpoOBAHNE, PAAMALMOHHbBIE ABAPMHU, CTEMNEHb TAXECTH JTyHeBOro nopaxeHus, 4Ypes-
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Introduction

Despite tightening of requirements for protection of in-
dustrial facilities of nuclear power industry, actual risk of
emergencies remains high. Liquidation of medical and san-
itary consequences of large-scale radiation accidents has
shown that organization of medical and evacuation meas-
ures is a priority task in the complex of measures to minimize
accidents. Improvement of such measures is necessary for the
early provision of emergency medical aid and optimal rout-
ing of the injured to the relevant specialized medical centers.
For this purpose, in the advanced stages of medical evacu-
ation, it is necessary to carry out medical triage of those af-
fected by ionizing radiation. This triage has its own charac-
teristics associated with determining the radiation dose and
severity of acute radiation sickness. In particular, in the ab-
sence of data from individual dosimeters the doctor is forced
to make a diagnosis and a triage decision based on clinical
and hematological indicators — biological dosimetry.

Among the methods of biological dosimetry, the lympho-
cyte test is widely used because lymphocytes are the most ra-
diologically sensitive blood cells available for analysis [1].
Strict correlation between radiation dose in the range of 1-
10 Gy and the number of dead cells allows to use labora-
tory data on the number of lymphocytes in peripheral blood
as a criterion for evaluation of acute radiation disease sever-
ity during first 7 days after irradiation [1-10]. The necessity
of distinguishing the groups of patients according to the
severity of acute radiation disease allows to create so called
"medical-tactical corridor". The boundaries of this corridor de-
fine the main, most difficult for treatment, group of patients with
acute radiation sickness of moderate and high severity.

Empirical dependence of the number of lymphocytes in
blood tests on the radiation dose received in the first week
after the injury has already been considered in various
works [1, 4]. However, they deal with the dependence of
only some averaged characteristics without taking into ac-
count uncertainty of results of lesion by dose of £2 Gy. This
uncertainty is due to natural biological variability. In isolat-
ed use of the lymphocyte test it allows only a very rough es-
timation of radiation injury severity at the level of statistical-
ly averaged values. The influence of radiation intensity (dose
rate) was not taken into account in the aforementioned stud-
ies. However, the distribution of dose over time can affect the

KonraktHas nn¢popmaums:

Jle6enes Aptém OneroBny — MNaALIMIA HOYYHBIM COTPYAHMK
otgena N2 7

Anpec: Poccus, 420012, r. Mockea, yn. Xusonuchas, a. 46.
Ten.: +7 (925) 072-60-89

E-mail: aolebedev@fmbcfmba.ru

effects of exposure. In this paper we tried to establish the in-
fluence of dose rate on the prognostic assessment of acute
radiation disease severity by the lymphocyte test, to identi-
fy the best correlations and to propose medical triage crite-
ria in order to determine the routing of medical evacuation.

The aim of the study was to validate the lymphocyte test
method for predicting the severity of acute radiation injury
with assessment of the effect of dose rate.

Materials and methods of the study. The data for the
analysis were taken from the registry of acute radiation in-
juries in humans of the State Research Center — A.l. Bur-
nazyan Federal Medical Biophysical Center, Federal Med-
ical and Biological Agency of Russia. Correlational analy-
sis of laboratory data on the concentration of lymphocytes
in the peripheral blood of the injured from the third day to the
sixth day after exposure was used as the method of study. In
previous studies we found that in this period the correlation
coefficient between lymphocyte concentration and radiation
dose was the highest. As a parameter of dose rate in the 1st
and 2nd groups we took the "average dose rate during ir-
radiation" (Gy/h) used for analysis in the works [10-13].

The study included clinical and dosimetric data of patients
(n=65) involved in the Chernobyl nuclear power plant ac-
cidentin 1986 and data on patients (n=19) involved in oth-
er radiation accidents with gamma-neutron radiation in the
former USSR. Only cases with known duration of exposure
and low lymphocyte concentration in peripheral blood in the
first 24 hours affer exposure — less than 1.0x10%/I —
were selected from the registry. The data for the analysis are
given in Table 1.

Depending on the conditions of irradiation, the affected
patients were divided into 3 groups:

— Group 1 (n=32) — Chernobyl accident victims with
dose rate less than 2 Gy/h;

— Group 2 (n=33) — Chernobyl accident victims with a
dose rate of more than 2 Gy/h;

— Group 3 (n=19) — victims of radiation incidents with a
neutron component of radiation in the former USSR — in such
incidents high-intensity irradiation of victims occurs in the first
seconds.

Results of the study and their analysis. We revealed
a correlation between the average lymphocyte count in pe-
ripheral blood samples taken from day 3 to 6 after exposure
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Ta6nmua 1/ Table No. 1

Knuhuko-posnmetpuueckmne n nabopatopHbie AAHHbBIE MOPAXEHHbBIX B PAAUALMOHHBIX ABAPUSAX
Clinical, dosimetric and laboratory data of people affected in radiation accidents

CreneHb Konuuecteo CreneHb Konuuecteo CreneHb Konuuectso
YKH* TAXECTU D, p “”M¢°Li”I°B: YKH TAXECTU D, Tp mbouuTos, YKH TAXECTU D, p numboumTos,
UKN (@)1 D, Gy abe. UKN (@)1 D, Gy abe. UKN ()1 D, Gy abe.
code* ARS ! Lymphocytes code ARS ! Lymphocytes code ARS ! Lymphocytes

severity count, abs** severity count, abs. severity count, abs.

MopaxexHsie npu asapun Ha YADC / Injured in the Chernobyl accident, 1986
1001 \Y 7,5 0,08 1025 \% 6,0 0,27 1053 Il 2,8 0,81
1002 [\ 10,0 0,14 1026 v 14,0 0,10 1054 Il 3,6 0,68
1003 \Y 10,0 0,04 1027 1l 9,3 0,24 1055 Il 5,3 0,81
1004 I\ 13,2 3,25 1028 \% 7,3 0,26 1056 Il 3,6 0,57
1005 1] 5,2 0,24 1029 \Y% 9,8 0,22 1057 Il 3.0 0,57
1006 v 8,5 0,30 1030 1l 6,4 0,39 1058 Il 3,0 0,57
1007 1l 5,5 0,35 1031 1l 7,7 0,35 1059 Il 5,8 0,42
1008 \Y 9,4 0,22 1032 I 4,2 0,59 1060 1] 6,1 0,58
1009 [\ 10,7 0,12 1033 Il 3,9 0,39 1061 Il 4,4 0,58
1010 \Y 12,4 0,03 1034 1l 6,7 0,33 1062 1] 7.0 0,45
1011 1l 6,3 0,25 1035 Il 4,0 0,88 1063 | 1,1 0,48
1012 \Y 10,4 0,14 1037 I 2,8 0,75 1064 | 1,0 0,91
1013 1] 6,3 0,24 1039 I 4,3 0,57 1065 Il 3,1 0,78
1014 v 12,2 0,11 1040 | 1,7 0,89 1066 Il 1,0 0,76
1015 \Y 10,0 0,14 1041 I 3,1 0,66 1067 Il 2,6 0,39
1016 I\ 11,3 0,11 1042 1l 6,3 0,45 1068 I 4,6 0,62
1023 \Y 15,2 0,05 1043 I 4,7 0,58 1070 Il 1,2 0,62
1018 Il 2,7 0,34 1044 | 3,7 0,83 1071 I 54 0,53
1019 1l 4,6 0,26 1047 1l 3,2 0,53 1072 I 3,6 0,67
1020 \Y 13,8 0,13 1048 | 2,0 1,62 1051 Il 1,8 0,51
1021 1l 4,7 0,34 1049 Il 2,1 0,55 1103 | 1,9 0,84
1022 1] 7,1 0,24 1050 I 3,3 0,40 1090 | 1,2 0,42
1024 [\ 2,3 0,31 1052 1l 4,3 0,35 1140 | 0,3 1,65
1135 | 0,3 1,87 1091 | 1,2 1,41 1105 | 1,5 0,79
1083 | 1,9 0,76 1092 I 2,7 0,63 1106 | 2,3 0,66
1084 | 1,1 1,28 1094 1l 3,6 0,47 1107 | 0,7 4,0
1085 Il 3,3 0,55 1095 I 2,2 0,58 1108 Il 2,3 0,67
1087 1l 3,5 0,95 1096 Il 3,7 0,47 1115 | 0,7 2,53
1088 Il 2,7 2,29 1097 | 1,0 4,87 1121 | 0,8 1,36
1089 Il 1,7 2,36 1098 | 2,0 3,22 1123 Il 4,3 0,81
1085 Il 3,3 0,55 1099 Il 5,6 0,97 1129 Il 4,0 0,60
1087 1] 3,5 0,95 1100 | 2,6 0,94 1131 | 3.7 0,77
1088 Il 2,7 2,29 1101 Il 3,2 0,68 - - - -
1089 Il 1,7 2,36 1102 | 1,2 3,63 - - - -
MopaeHHble NPK MHUMAEHTAX C OBAYyYEHMEM FAMMA-HEATPOHHbIM Manyuennem /Victims of gamma-neutron irradiation incidents

3009 1 5,4 0,07 3010 | 0,9 1,00 3047 v 14,0 0,10
3031 \% 10,0 0,07 3043 | 3,0 0,50 3073 1l 5,0 0,14
3037 Il 3,7 0,28 3045 | 5,5 0,55 3079 | 2,1 1,07
3108 | 2,4 0,74 3008 1l 3,8 0,27 3030 Il 3,6 0,35
3032 \% >]OO' 0,03 3042 1l 4,1 0,27 3036 Il 3,3 0,49
3046 \% 7.4 0,08 3025 Il 2,5 0,34 3071 | 3.7 0,66
3011 | 0,5 0,99 - - - - - - - -

* YKH — YHukanbHbii kop naupenTa 3 6a3bl AQHHBIX N0 OCTPLIM Ny4eBbim nopaxekusm yenoseka PMBL| um. A.M.byprassna /
Unique code of the patient from the database of acute radiation lesions of A.l. Burnazyan Federal Medical and Biological Center
** CpepHee 3HadeHue konnyecTsa NMMMGOLMTOR B NeprdeprUecKoil KPOBM B NEPUOA C TPETbKX Mo b-e CyTku nocne obnyyerus /
Average peripheral blood lymphocyte count from 3 to é days after irradiation

and the radiation dose only for groups 1 and 3 under study
(Figure). There was greater variability in the data for Group
2 (with low dose rate <2 Gy), and in this case we cannot
demonstrate any clear dependence. The data of the 2nd
group, in particular, are satisfactorily approximated by the
following logarithmic function:

D=-459In(C, ) +2.01 (1),

where D — dose, Gy; Clympn — Qverage value of lym-
phocyte count in peripheral blood for the period from the
third to the sixth day after irradiation (X 10°/1).
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To understand the uncertainty in assessing the dose and
severity of radiation injury by lymphocyte concentration,
all data were grouped (Table 2).

Comparison of the data in the figure and in Table 2 shows
the effect of the dose rate on the prognosis of the radiation
injury severity. It can be seen that in the 1st group the radi-
ation dose received was lower than in the 2nd group with the
same lymphocyte counts. Accordingly, the probability of
the severity of the developing acute radiation disease in
Group 2 was more high.



Tabnmua 2/Table No. 2

OueHKa HEONPEAENEHHOCTM NPOrHO3d MOMYYEHHOM A03bl M CTENEHM THXKECTU NTYYEBOro MOPAXKEHUS MO KOHLIEHTPALMU
numéouuTos B nepudpepuyeckoii kpoeu B 1-i — 3-if rpynnax
Assessment of the uncertainty in the prediction of the received dose (Gy) and the severity of radiation injury from the concentration of
lymphocytes in the peripheral blood in groups 1 to 3

K YcpenHerHas oueHka po3sl 06nyuenns (Tp) / ananason gossl obnyuenns / nporHosHas oueHka ctenenu Taxectn OJ1b
OHL"BHTF;GLLM Averaged estimate of radiation dose (Gy) / range of radiation dose / predictive estimate of ALS severity
HM{A?&L}HT)OB 1-5 rpynna — nopaxeHHsie Np1 asapmm 2-5 rpynna — NOPAXeHHbie MpU aBapuu 3-9 rpynna — NOpaxeHHsle ramma-
L hocyt Ha YASC ¢ MowHOCTbIO 1O3bl MeHee 2 rp/q Ha YASC ¢ mowHocTbio o3l bonee 2 I'p/w HEATPOHHbBIM M3NlyYEeHMEM
conce):tnrgti:?,( e]sog/l) Group 1 - affected by the Chernobyl accident Group 2 - affected by the Chernobyl accident Group 3 - victims of gamma-
with a dose rate of less than 2 Gy/h with a dose rate of more than 2 Gy/h neutron radiation
Menee 0,2 - I\ -1V
0,3 - 7,5(6,0-9,0) IV 3,9 (2,7-5,1) -1
0,4 4,1(2,1-6,0) -1l 6,2 (4,7-7,7) NIV 3,3 (2,1-4,5) -1l
0,5 3,6 (1,0-5,5) I-1ll 5,2 (3,7-6,7) IV 3,0(1,8-4,2) -1l
0,6 3,1(1,0-5,0) I-ll 4,4 (2,9-5,9) -1l 2,7 (1,5-3,9) I-ll
0,8 2,6 (1,0-4,5) I-ll 3,0 (2,0-4,5) -1l 2,2 (1,0-3,4) I-ll
10 2,1(0,7-4,0) o Il no Il 1,8 (0,6-3,0) mo ll
' 2,1(0,7-4,0)to Il up to ll 1,8 (0,6-3,0) to Il

At a lymphocyte concentration of 0.4-0.8 X 10°/I at high
dose rate (P,>2 Gy/h), its assessment by the lymphocyte test
is higher than at low dose rate (P,<2 Gy/h), by an average
of 40.0%. At lymphocyte levels above 0.8x107/I, dose
prognosis becomes more uncertain in all three groups. When
peripheral blood lymphocyte counts fall to less than
0.4%107/L, the average dose estimate is more than 4.0 Gy
for Groups 1 and 2. This corresponds to a severe or ex-
tremely severe degree of acute radiation sickness. Thus, the
most accurate prognosis according to the lymphocyte test is
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PucyHOK. 30BMCHMOCTb CPEAHEro 3HAYEHMs KONMMUYECTBA MMMbOLMTOB B
neprbepUUECcKoit KPOBM B NEPHOL C TPETLMX MO b-e CyTKW nocne obayueHms
OT HOKOMNEHHOM A03bl 06nyyeHms. OBO3HAUEHNS: TPEYroNbHUK 3eNeHOro
LBETA — AQHHbIE 1 -7 rPYMMbi; CMUMOLIHAS CUHSIS TMHUS — IMHMA TPEHAA MO AAH-
HbIM 2-7 FPYNMbl; MyHKTUPHAS! KPACHAS IMHMS — NUHMS TPEHAC NO AGHHBIM 3-i1
rpynnbi

Figure. Dependence of the average number of lymphocyte count in the
peripheral blood on the accumulated dose of irradiation from 3 to 6 days
after irradiation. Note: green triangles — data of the 1st group; solid blue
line — trend line in the data of the 2nd group; dashed red line — trend line
in the data of the 3rd group

possible in the range of lymphocyte concentrations of 0.4-
0.8x10%/1.

Independent estimates for former radiation accident vic-
tims, made without regard to radiation intensity, give an
average dose estimate 30.0% lower than for "Chernoby!"
patients irradiated at low dose rates (P,<2 Gy/h).

The predicted degree of severity of radiation injuries with
the presence of neutron component of radiation — with lym-
phocyte concentrations less than 1.0x10%/I — is lower
compared to the predictions based on the data on the Cher-
nobyl victims. Moreover, the difference in dose estimates pro-
gressively increases with decreasing lymphocyte counts.
This result contradicts the conclusions of R.E.Goans, E.C.Hol-
loway, M.E.Berger, R.C.Ricks, whose work declares that
the lymphocyte test is insensitive to the gamma-neutron ra-
diation spectrum [1].

Thus, it is necessary to assess the severity of radiation in-
juries according to the lymphocytic test, taking into account
the intensity of irradiation. In this case the following typical
medical and tactical solution is proposed.

The patients with lymphopenia in the range of 0.4-
0.8%10%/1 who received acute high-intensity irradiation
are the first o be evacuated from Level 1 - Level 2 medical
treatment facilities to Level 3 medical treatment facilities.
These patients constitute a difficult, but potentially curable
group of medium and severe patients. In this group, provid-
ed rapid initiation of pathogenetic therapy, survival is pos-
sible.

The second line is to evacuate those affected with lym-
phopenia in the range above 0.8-1.0%x 107/1. Within these
values, the dose prognosis becomes more uncertain. There-
fore, dose estimates and prognosis should be reviewed over
several days in order to identify patients with moderate
severity of acute radiation sickness in a timely manner.

Those affected with a lymphocyte count above 1.0x107/I
are classified as easily affected. Their treatment does not re-
quire the use of specialized methods and therefore they can
be left in level 2 medical institutions.

Those affected with lymphopenia less than 0.4x 107 /1 —
irrespective of the conditions of exposure — are evacuated
to Level 3 medical treatment organizations in the second line.
When there is a mass admission of patients affected by ion-
izing radiation and under conditions of a heavy workload
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of medical treatment organizations on the evacuation route
such patients are not evacuated. They are given symptomatic
care, since their survival is unlikely, even if pathogenetic ther-
apy is started in time.

Conclusion

Uncertainty in dose estimation for conditions of irradiation
with high dose rate (P;>2 Gy/h) can reach (+1.0-1.5) Gy.
It means that in the first approximation the lymphocyte test is
of practical prognostic value in the range of lymphocyte con-
centrations from 0.4-0.8 X 10/ at high dose rate. When
lymphocyte concentration is less than 0.4X10%/1, acute
radiation syndrome of extremely grave degree is predicted
with high confidence. At low dose rates (P <2 Gy/h) the
prognosis is highly uncertain in the range of lymphocyte con-
centrations above 0.6X 10%/1. In such cases, the estimated
dose is 1-4 Gy, which corresponds to mild to moderate
severity of acute radiation sickness.

The identified dependencies can be used for medical
triage of the injured in the advanced stages of medical
evacuation, in order to adjust their routing to specialized
medical centers. Thus, the following criteria should be used
for mass loading of medical treatment facilities in the acci-
dent zone:

— when peripheral blood lymphocyte concentration is less
than 0.4Xx10%/1 under any exposure conditions, acute ra-
diation sickness of severe and extremely severe degree is
predicted; such patients can be referred to the "agonizing"
group;

— in the range of lymphocyte concentrations 0.4-
0.8%X10%/Ithe assessment of dose and severity of acute ra-
diation disease under high dose rate conditions is most ac-
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curate. These patients are referred to the category of mod-
erate severity, whose treatment should be started as soon as
possible in a specialized hospital — a level 3 medical treat-
ment organization;

— peripheral blood lymphocyte concentrations in the
range of 0.8-1.0%x 10%/I predicts mild acute radiation sick-
ness — those affected may be temporarily left for treatment
in a Level 1 or Level 2 medical facility with daily adjustments
of clinical and laboratory data and prognosis;

— If peripheral blood lymphocyte concentration is high-
er than 1.0X 107/, acute radiation sickness stage | is pre-
dicted.

This paper is the first to analyze the dependence of lym-
phocyte concentration on accumulated dose for cases with
gamma-neutron irradiation compared to similar data on
those affected by the Chernobyl accident. With the same val-
ves of lymphocytes, the predicted severity of acute radiation
sickness is lower.

The lymphocyte test is appropriate when information
about individual exposure conditions and the results of
dose assessment by other methods of biological dosimetry
are available.

It should be noted that in the victims of radiation accidents
with hypovolemia, against the background of infusion and
transfusion therapy, overestimation of the informativeness of
some hematological parameters, including the number of
lymphocytes, is possible. Therefore, when making a prelim-
inary diagnosis, relying only on the lymphocyte test without
taking this factor into account can lead to overdiagnosis.
These peculiarities require dynamic control of laboratory pa-
rameters.
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COMPARISON OF THE RISK OF MORTALITY FROM SOLID CANCERS AFTER RADIATION
INCIDENTS AND OCCUPATIONAL EXPOSURES

A.N.Koterov", L.N.Ushenkova', M.V.Kalinina'-, A.P.Biryukov'"

1 State Research Center — Burnasyan Federal Medical Biophysical Center of Federal Medical Biological Agency,
Moscow, Russian Federation

Abstract. .The purpose of the study was to compare the excess relative risk of mortality (ERR per 1 Sv) from solid cancers during
acute — catastrophic or accidental and occupational, fractionated or chronic — exposure.

Study materials and methods. Materials of the study: maintained database (source database) on nuclear industry workers from
about 40 countries, based on which a pooled analysis of data was conducted to determine the integral value of ERR per 1 Gy
for mortality from solid cancers; indicators of cohorts exposed to catastrophic and accidental radiation: the cohort LSS victims of
the atomic bombings in Japan; residents of the Techa River — radioactive contamination resulting from releases from "Mayak" pro-
duction association; Russian liquidators of the Chernobyl nuclear accident.

Study results and analysis. Comparison of the ERR of 1 Sv deaths from solid cancers for workers in the global nuclear industry
(pooling analysis of data from 37 studies) with those of the LSS cohort; Techa River residents and Chernobyl accident liquidators
showed no logical and principled differences, with the risks for the latter two cohorts being the highest.

Although the findings partly support the approach of the UN Scientific Committee on the Effects of Atomic Radiation that the car-
cinogenic effects of acute (catastrophic or accidental) and occupational (fractionated or chronic) radiation exposure are inde-
pendent of the dose rate factor (DDREF), this issue cannot be considered unequivocally resolved, given the biological mechanisms
and radiobiological experimental data.

Based on the ERR per 1 Sv, the average external dose, and the annual background cancer mortality rates in Russia and the United
States, the expected cancer mortality increase for 100,000 workers in the nuclear industry would be an average of 32-69 people
over 10 years — 0.032-0.069% of the group. Such risks, due to multiple carcinogenic non-radiation factors of life and work, as
well as fluctuating background values, cannot be taken into account in the practice of disaster medicine and public health.

Key words: atomic bomb victims, catastrophic exposure, Chernobyl accident liquidators, chronic exposure, emergency expo-
sure, fractionated exposure, mortality risk, nuclear industry workers, solid cancers, Techa River residents
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CPABHEHUE PUCKA CMEPTHOCTM OT CONIMOHBIX PAKOB
NOCJE PAONALUMOHHBIX UHUUAEHTOB U MPOPECCUNOHAJIBHOIO OBJTYHEHWS

A.H.Kotepos', J.H.Ywerkoea', M.B.Kanununa', A.M.Bupiokos'

- DIBY «HLL — PepepanbHbiit meamupmHckui Guodusnyeckuit ueHtp um. A.M.bypHaszsHa» PMBA Poceun, Mocksa, Poceus

Pesiome. Llenb MccnenoBaHms — cpaBHeHMe M3BLITOYHOTO OTHOCUTENbHOTO pyrcka cmepTHocTH (ERR Ha 1 3B) oT cOnmMaHLIX pakos
NpK OCTPOM — KATACTPOPUHECKOM MM ABAPUIMHOM M MPOPECCHOHAILHOM — PPAKLIMOHMPOBAHHOM MM XPOHUYECKOM — OBIYHYEHNM.
Marepuansl u Metops nccnegosanms. Matepuansl Mccnepoeanus: nopaepxueaemas 6asa faHHbix (6a3a MCTOYHKKOB) no
PABOTHUKAM SBEPHOM MHAYCTPHM M3 NpumepHO 40 CTPAH, HO OCHOBE KOTOPOW MPOBEAEH OBLEAUHSIOWMIA AHANNU3 [AHHBIX ANS
onpeneneHus UHTerpanbHoi senmumntbl ERR Ha 1 fp no cMepTHOCTM OT cONMAHBIX PAKOB; MOKA3ATENM KOFOPT, NMOABEPraBLIMXCS
KATACTPOdHUUECKOMY M ABAPUItHOMY 0bnyueHuio: koropta LSS noctpapasmx ot atomubix 6ombapanpoBok B AnoHuu; pesu-
AEHTbI pekn Teda — paaMOaKTUBHOE 3arpsisHeHue B pesynbrate Bbibpocos MO «Masik»; poccuiickue NUMKBMAATOPLI ABAPHK HA
YepHrobbinbekoi ASC.

Pesynsratsi uccnenosamms u ux ananus. CpaeHerne senvumHel ERR cmepTtHocTM oT cOnmaHbix pakos Ha 1 3B ans paboTHukos
MMPOBOJ IREPHOM MHAYCTPHH (0bbeanHAIOLWLMIA aHaNM3 AaHHbIX 37 MCCnenoBaHMi) ¢ nokasaTtenamu koroptsl LSS; pesnaenTos Ha
peke Teya u nukenpaTopoe asapmu Ha HYepHobeinbckoit ADC — NpoAeMOHCTPUPOBANO OTCYTCTBME NOAACIOLUMXCS JIOMMKE W MPUH-
LMMUATbHBIX OTAIMYMIA, MPUYEM PUCKM ANisl IBYX MOCHEAHUX KOropT Bbinu Hanbonee BbICOKMMM.

XoTsi nosnyyeHHble fAHHbIE OTHACTM MOATBEPXAAIOT noaxon HayuHoro komureta no aercreunio atomHor paguaumn OOH, cornac-
HO KOTOPOMY KaHLeporeHHble 3bdekTsl 0cTporo (KaTacTpodryeckoro nu aBapUHHONO) M NPOGECCUOHANbHOTO (PPaKLMOHM-
POBAHHOTO MM XPOHUYECKOTO) Ny4eBbiX BO3AENCTBUI HE 3aBUCST OT dpakTopa molwHocTH fo3bl (DDREF), Tem He MeHee, ¢ yyeTom
BHONOTMYECKUX MEXQHU3MOB M AAHHBIX PAAUOBUONOrMYECKMX SKCMEPUMEHTOB, STOT BOMPOC HE MOXET CYMTATLCS OJHO3HAYHO
peLUeHHbIM.

Mcexops s ERR Ha 1 3B, 13 cpenHer [o3bl BHELWHETO 0BMyYEHMS, O TAKXE M3 BENMYMHBI EXETOAHOM GOHOBOM CMEPTHOCTH OT paKa
8 Poccnn n CLUA oxupaemas npubaeka cmeptHocTi oT pakos anst 100 Tbic. paBOTHUKOB SAEPHOM MHAYCTPUM COCTOBMT B CPEA-
Hem 32-69 yen. 3a 10 net — 0,032-0,069% ot rpynnsbi. MNono6Hble pUCKK, B CBA3M CO MHOXECTBOM KAHLEPOTEHHBIX HEMyYeBbIX
$aKTOPOB XM3HM M paboOTbI, PABHO KAK U C KONEBAHUSIMU POHOBOTO 3HAYEHMS, HEBO3MOXHO Y4MTHIBATL B MPAKTMKE MEAULMHSI
KATACTPOd M 30PABOOXPAHEHMS.
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Introduction. The problem of comparing medico-biologi-
cal effects of acute exposure, including accidental irradia-
tion and irradiation after nuclear accidents, with the effects
of fractionated and chronic exposure has arisen since the first
stages of the formation and development of radiation disci-
plines[1, 2]. It has been repeatedly found in experiments that
the yield of various effects of radiation exposure decreases
depending on the level (rate) of dose, since cells "have
time" to recover from sublethal damage [3].

The fact that dose and dose-rate-effectiveness factor
(DDREF) influences on the biological effects of irradiation is
not questioned. However, discussions on the extent fo which
DDREF accounting can be reflected in epidemiological risk
assessments have been going on for a long time [4-7]. Pre-
viously, international organizations (the UN Scientific Com-
mittee on the Effects of Radiation — UNSCEAR; the Interna-
tional Commission on Radiation Protection — ICRP) used a
DDREF of two to study chronic exposure to radiation with low
linear energy transfer (LET). That is, the effectiveness of acute
exposure had to be divided by 2 [3, 7, 8].Thus, only the
dose rate factor, i.e., DREF, was taken into account. At the
same fime, BEIR-VII, a periodic document of the US Acad-
emy of Sciences Committee on Radiation Effects, states that
DDREF also depends on dose. It varies from 1.5 to 3 for dif-
ferent solid cancers in the Japanese Life Span Study (LSS) co-
hort of atomic bombing victims and different experimental
models [4, 9, 10].

The question of the role of DDREF has been complicated
by studies of the incidence of carcinogenic effects in a
combined cohort of nuclear industry workers from 15 coun-
tries — E. Cardis et al. (2005-2008) — [11-13]. Based on
these data, UNSCEAR concluded that the previous DDREF
value of two was "very high" for nuclear industry workers.
Therefore, the risk at low doses can be estimated by linear
extrapolation from the risk for the LSS cohort without ap-
plying the DDREF factor, i.e.,, DDREF =1 [14, 15].

Thus, a comparison of the incidence of cancer and
leukemia in the pooled cohort of nuclear industry workers
with the considered reference value for the LSS cohort has
in part already been done. But its results have never led in-
ternational organizations to a definitive conclusion as to
which value should be used for chronic or prolonged occu-
pational exposures. So there are still discussions on this issue
[4, 5, 8-16]. In addition, the already mentioned studies by
E. Cardis et al. in 2005-2008 were criticized for the non-ho-
mogeneity of the cohort, in which the main contribution to the
increase of carcinogenesis frequency was made by Cana-
dian workers [4, 11-13, 17, 18].

Our maintained database (source database) on biomed-
ical and epidemiological effects in workers in about 40
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countries has about 1,000 papers and documents. There-
fore, we have been able to combine a considerable amount
of data on Excess relative risks (ERR) of cancer per unit
dose (1 Sv) for workers in major nuclear-industry countries.
As a result, we obtained a certain integral value character-
izing the risk for the category "world nuclear industry work-
ers per se”. This can be important in comparing the effects
in different categories of workers dealing with radiation ex-
posure. The sample included both individual studies and all
pooled analyses performed to date — see below.

Purpose of the study was to summarize the data on
ERR per 1 Sv for the world cohort of nuclear industry work-
ers (fractionated and chronic exposure) followed by com-
parison of the obtained value with the table value of this
parameter: for the LSS cohort, whose radiation exposure
was acute and catastrophic; for residents of the Techa
River — radioactive contamination from “Mayak” Industrial
Association and for liquidators of the Chernobyl NPP ac-
cident. On the basis of the results obtained, the excess ab-
solute risk of cancer for workers in the nuclear industry was
also assessed.

Materials and methods of research. Sources in the
available database with publications and documents re-
lated to biomedical effects in employees of the nuclear in-
dustry in different countries of the world. ERR per 1 Sv was
analyzed for the incidence of mortality from solid cancers —
ERR = RR -1, where RR is the relative risk [?]. A number of
studies used ERR values per 0.1 Sv — such data were ex-
cluded. In addition, studies in uranium mine workers were not
included in the analysis.

Typically, sample processing in synthetic studies (review,
meta-analysis, and pooled analysis, including simple pool-
ing) involves assessing their heterogeneity and eliminating
outlier values [19, 20]. In the presented study, the sample
was evaluated for normality of distribution, central tenden-
cies, and outliers using Statistica, ver. 10. The forest-plot was
also plotted using this program. Outlier values were deter-
mined using Chauvenet's criterion (table up to 50-1000
variants) [21].

Results of the study and their analysis. Currently, not
all of the publications in our database of sources have
been analyzed, but we managed to collect 37 studies from
6 countries, as well as international papers that provided
data for the final ERR per 1 Sv for mortality from solid can-
cers (Table 1, Figure). A visual illustration summarizing all
samples and data is the corresponding forest-plot (with
ERR = 0 — no risk).

Table 1 and the figure show that the risk for workers from
different industries and different countries varies greatly — the
highest values were found for the Canadian cohort and



Ta6nmua 1 /Table No. 1

ERR Ha 1 38 cMepTHOCTM OT cONMAHBIX PAKOB AN PABOTHMKOB MUPOBOI SAEPHON MHAYCTPUK
Excessive relative risk of death from cancer (ERR per 1 Sv) for world nuclear workers

Koropra / Cohort

ERR Ha 1 38 -90%-1 CI*
ERR per 1 Sv -90% CI*

MeTounmk
Source

Bennko6puranus / United Kingdom

ASC UKAWE / UKAWE NPP 7.6(0,4, 15,3) Beral V., of al,, 1988 [22]

ASC UKAEA / UKAEA NPP 0,8 (=1,0; 3,1) Fraser P.L, etal, 1993 [23]
O6orauwehue yparna Capenhurst 1,3 (0; 2,4) McGeoghegan D., et al., 2000 [24]
Capenhurst uranium enrichment

A3C Sellafield / Sellafield NPP 0,11(-0,4; 0,8) Douglas AJ., etal., 1994 [25]
Mpouseoactso spepHoro Tonauea Springfields 0,64 (-0,95; 2,7) McGeoghegan D. Et al., 2000 [24]
Springfields nuclear fuel production

UK National Registry for Radiation Workers 1976- 0,47 (-0,12; 1,2) Kendall, et al. 1992 [26], Russ A. Et al., 2006
1988 127]

MpownseoacTeo saepHoro Tonauea British Nuclear Fuels | 0,29 (0,02; 0,59) Gillies M, Haylock R., 2014 [28]
(BNFL)

British Nuclear Fuels (BNFL) nuclear fuel production

National Registry for Radiation Workers 0,28 (0,06; 0,53) Haylock R.G.E,, etal., 2018 [29]

To xe / lbid

1,42 (0,51; 2,38); ucknioueHsi
aaHHble anst fos cesiwe 0,1 Ip /
1.42 (0.51; 2.38); data for doses
above 0.1 Gy are excluded.

Haylock R.G.E., etal., 2018 [29]

Kanaga / Canada

ASC AECL/ AECL NPP 0,049 (~0,68; 2,17) Gribbin MA,, ef al., 1993 [30]
To xe / lbid 2,37 (-0,37, 6,60) Zablotska L.B., etal., 2014 [31]
To xe / lbid 1,20 (-0,73, 4,33); koppekuus Ha Zablotska L.B., etal., 2014 [31]

A03bl, COLOIKOHOMUYECKMI CTATYC
nap.

1.20 (-0.73, 4.33); correction for
doses, socioeconomic status, etc.

The National Dose Registry (NDR) of Canada

3,0(1,1; 4,9); Tonbko MyXumHbi
(>xeHwpHbl — HeT addekTa)

3.0 (1.1; 4.9); men only (women —
no effect)

Ashmore J.P. etal.,, 1991; 1997 [33, 36],
Zielinski J.M. et al., 2008 [34]

To xe / lbid

2,6 (1,3; 4,3); Tonbko MyXumHbi
(Anst xeHwwH BriGopka mana)

2.6 (1.3; 4.3); men only (too small
sample for women)

Sont W.N. et al., 2001 [35], Zielinski J.M., et
al,, 2008 [34]

Kanaackue pabothukn ASC (AECL) B o6beamnterHoM
nccneposaHmu Tpéx ctpar (no aawneim [37])
Canadian nuclear power plant workers (AECL) in a
combined 3-country study (based on [37])

0,13 (<0; 2,1)

Cardis E., etal.,, 1995 [36], Ashmore J.P., etal.,
2007 [37]

Kanaackue pabothmnkn ADC (AECL) workers 8
obbeanHeHHOM nccnegosaim 15 cTpaH (no aaHHbIM
[371)

Canadian nuclear power plant (AECL) workers in a
pooled study of 15 countries (based on [37])

6,65 (2,56; 13,00)

Cardis E., etal., 2007 [12], Ashmore J.P,, et al.,
2007 [37]

Toxe** / lbid** 3,60 (1,03; 7,27) Cardis, 2007 [12], Vrijheid, et al., 2008 [13]
CLUA / USA

X-10 workers 1,45(0,15; 3,48) Wing S., 1991 [38]

Hanford Nuclear Reservation 3,24 (0,80; 6,17) Wing S., Richardson D.B., 2005 [39]
MpownssoacTso saepHoro opyxus Rocky Flats / Rocky | -0,04 (-1,7; 1,25) Gilbert E.S., etal., 1993b [40]

Flats nuclear weapons production

Oak Ridge National Laboratory (ORNL) 1,5(0,2; 3,5) Frome E.L,, etal. 1997 [41], Russ A,, etal,,

2006 [27]

To xe / lbid

4,28 (95% CI: =0,40, 11,6)

Ashmore J.P., etal., 2007; 2010 [37, 42]

@Ppanuus / France

O6benuHeHHas KOropta PaboTHMKOB SAEPHON
nnayctpun Ppanumm
United cohort of French nuclear industry workers

0,34 (0,56; 1,38)

Metz-Flamant C., et al., 2013 [43]

Pa6othuku spepHoi nxayctpun Ppanumn (CEA,
AREVA NC v EDF)

Employees of the French nuclear industry (CEA,
AREVA NC and EDF)

0,34 (-0,44; 1,24)

Fournier L., etal., 2018 [44]

To xe / lbid

0,37 (~0,44; 1,30)

Leuraud K., etal., 2017 [45]

Poccus / Russia

Pa6othuku Institute of Physics u Power Engineering
(IPPE)

Workers of the Institute of Physics u Power Engineering
(IPPE)

0,22 (95% Cl: -4,22; 7,96)

Ivanov V.K., et al., 2004; 2006 [46]

Pabothuku MO «Masik»
Workers of “Mayak” production association

0,3 (0,2; 0,4); pns lag-nepuopa 20
net

0.3 (0.2; 0.4); for a lag period of 20
years

Shilnikova N.S., et al., 2003 [47]
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Okonyvanue Tabamusl 1 /The end of table No. 1

Koropra / Cohort

ERR Ha 1 38 -90%-1 CI*
ERR per 1 Sv -90% CI*

Merounmk
Source

Sinonus / Japan

Pernctp paboTHUKOB SaepHOM MHAYCTPMM
Nuclear industry workers Registry

1,26 (95% Cl: -0,27, 3,00)

Akiba S., Mizuno S., 2012 [48]

To xe / lbid

0,38 (=0,84; 1,81); c nonpasko#
Ha kypetue, lag-nepuopn 15 net
0.38 (-0.84; 1.81); adjusted for
smoking, lag period of 15 years

Kudo S.. etal., 2018 [49]

O6beauHenHbie koropTsl / Combined cohorts

O6beamnHeHHbI aHaNK3 paBoTHUKOB SAEPHOI
nhpyctpum Kanage!

Combined analysis of Canada nuclear industry
workers

2,80 (-0,038; 7,13)

Zablotska L.B., et al., 2004 [50]

O6bepnHeHHbI aHanu3s paboTHUKOB SRepHOM
nHpycTpun BennkoBputanmm

Combined analysis of United Kingdom nuclear
industry workers

20,02 (-0,5; 0,6)

Carpenter L., etal., 1994; 1998 [51, 52]

ObbeanHeHHbIM aHanna paboTHUKOB AEPHOM

0,086 (-0,28; 0,52)

Muirhead C.R., etal., 1999 [53]

nhpyctpun Bennkobputanmu (NRRW)
Combined analysis of United Kingdom nuclear
industry workers (NRRW)

0,275 (0,02; 0,56)

Muirhead C.R,, et al., 2009 [54]

O6beamnHeHHbIM aHANKU3 paBOTHUKOB SAEPHbIX
npeanpustnit CLUA no oborauenuio tonnmnea
Combined analysis of U.S. nuclear enrichment workers

0,506 (—2,01; 4,64)

Zablotska L.B., et al., 2004 [50]

O6beamHeHHoe nccnefoBaHme paboTHUKOB SAEPHON
nHaycTpun Bennkobpurarmm, Kanagsl u CLLUA
Combined study of nuclear industry workers of UK,
Canada, USA

20,07 (-0,39; 0,30)

Cardis E., etal., 1995 [36]

nhpyctpun 14 ctpan (Espona — Amepiuka —
Bocrounas Asus). To xe, 4To B npeabiayliem cnyyae,
Ho 6e3 Kanagpl

Combined survey of nuclear industry workers of 14
countries (Europe — America — East Asia). Same as the
previous case, but without Canada

O6beanHeHHoe UccneaoBaHne paboTHUKOB SAEPHON 0,87 (0,03; 1,88) Thierry-Chef M., et al., 2007; Cardis E., et al.,
nhpyctpun 15 ctpan (Espona — Amepuka — 2005; 2007; Vrijheid M., et al., 2007, 2008;
Boctounas Asus) [11-13, 55, 56]

Combined study of nuclear industry workers of 15

countries (Europe — America — East Asia)

ObbeanHeHHOe MccnenoBaHme paboTHUKOB AepPHO 0,58(-0,1; 1,39) Wakeford R., 2014 [17]

O6beanHeHHOe nccnefosakme PaboTHUKOB SAEPHOI
nnpyctpun Ppanumn, Auranmn n CLLA (INWORK)
Joint INWORK study of nuclear industry workers of
France, England, and the United States

0,42; (0,13; 0,73)

Daniels R.D., etal,, 2017 [57]

To xe / lbid

0,47; (0,18; 0,79)

Richardson D.B., et al., 2015 [58], Laurier D., et
al., 2017 [59]

* Ecnu He ykaaansl uhbie Cl (Cl — poseputensHbie untepsansl) / Unless otherwise specified CI (Cl - confidence intervals)
** [lse pasnuuHbie KoropTsl, BTopas — gononHeHHas / Two different cohorts, second augmented

slightly less for the United States. It should be noted that in
the works of Ashmore J.P. et al. (2007, 2010) with high val-
ves for the United States, the authors presented a value
only for the Oak Ridge Nuclear Center [37, 42].

The results of the pooled analysis of the ERR per Sv data
for nuclear industry workers compared to the cohorts of vic-
tims of nuclear incidents are presented in Table 2.

Table 2 shows that the original sample of 36 studies for all
countries — the data from one study were outliers — is het-
erogeneous. This was shown both by analysis of distribution
normality and by comparison of central tendencies: the
mean and median are very different. In a pooled analysis of
data for 15 countries, Cardis E. et al. (2005-2008), a sig-
nificant contribution to the distortion of the results was made,
as mentioned above, by the data-dropout cohort of Cana-
dian workers [11-13]. Therefore, the above analysis was
later corrected in the study of Wakeford R. (2014) by elim-
inating data for Canada from the sample, resulting in a one
and a half fold decrease in the pooled ERR per 1 Sv for work-
ers from 14 countries [17] — see Table 1, Pooled Cohorts.
The anomalous nature of the Canadian cohort in terms of

Meanumna katactpodp N232021

cancer mortality risk has been discussed many times, includ-
ing the fundamental benefits and BEIR-VII [4, 9, 18, 62, 63].
For this cohort, the risk of lung cancer from — probably — non-
radiational factors prevailed, including no adjustment for
smoking [62, 63]. In addition, the main contributor to the ef-
fect was a subgroup from one of the plants with relatively
early employment — before 1965. [63].

For this reason, in our pooling analysis, too, data for
Canadian workers were excluded from the sample, which
became much more homogeneous (cf. mean and median in
Table 2), although a completely normal distribution was
not achieved.

For comparison with the effect of occupational, i.e., frac-
tionated or chronic, exposure, data on ERR per 1 Sv were
taken for cohorts of those affected by radiation incidents. As
already noted, the "tabulated" one for radiation risks to
date is the Japanese LSS cohort, whose last study (follow-up
— 1950-2003) revealed an ERR per 1 Sv equal to 0.42 [4,
5, 8-13, 18, 61-63]. One can see from Table 2 that this
value is less than for the residents on the Techa river who suf-
fered from uncontrolled releases from the “Mayak” Industrial
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PucyHok. Forest-plot noa6opku nctounmkos no ERR Ha 1 3e ans cOnmarbix pakoe (¢ 90%-Hbim nnn
95%-Hbim Cl; cm. B Tabn. 1) ans paboTHUKOB SA€PHOM MHAYCTPUM PASAMYHBIX CTPAH BMECTE C MEXAYHA-
POOHBIMK MCCEROBaHMSIMM OBbeaMHEHHbIX koropT. [peacTaeneHs Takxe faHHble ans koroptsl LSS no-
CTPOAABLUMX OT ATOMHbIX 6OMBAPAMPOBOK B ANOHMM, A5t Pe3UAEHTOB peku Teud, POCCUIMCKUX
AMKBMAATOPOB aBApHM Ha HYepHobbinbekoi ADC 1 pesynbTaThl HACTOALLETO O6BEANHAIOLLErO AHAU3A

(HnxHMe cTpokn)

Figure. Forest-plot of a set of ERR sources per 1 Sv for solid crayfish (with 90% or 95% Cl; see Table 1)
for nuclear industry workers from different countries, coupled with international studies of pooled cohorts.
Data are also presented for the LSS cohort of atomic bomb victims in Japan, residents of the Techa River,
Russian liquidators of the Chernobyl accident, and the results of this merging analysis (bottom lines)

Association in the 1950s and for the Russian liquidators of
the Chernobyl accident, the last data of 2020. [60, 61]. The
corresponding values were 0.92 and 0.82. It should be said,
however, that these 2 cohorts may have been influenced by
a mass of uncontrolled intervening factors, resulting in diffi-
culties in detecting true radiation dependencies [64]. For ex-
ample, the effects of chemical agents, including lead and de-
tergents, as well as the effects of stress and radiophobia in
the 1990s, are known for liquidators, often leading to heavy

smoking and alcohol abuse [65]. On the other hand, the
data for the Japanese LSS cohort as well, with its triply re-
vised dosimetry and with uncertainties in the contribution of
neutron exposure, can also be called "report card" only
conventionally, since there is nothing more appropriate [62].

Of course, in all the above cases, the control group was
chosen within the cohort as the lowest dose group in the ERR
calculations. Comparison with the general population is in-
correct due fo both the healthy worker effect and the clearly
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Ta6nuua 2 /Table No. 2

ERR Ha 1 3B cmepTHOCTHM OT cOnuaHbIX PAKOB ANs NOCTPAAABLUNX OT PAAUALMOHHBIX MHLUUAEHTOB
1 pabOTHUKOB MUPOBOI AEPHON UHAYCTPUN
ERR per 1 Sv for solid cancer mortality for victims of radiation accidents and for world nuclear workers

Koropta Median -25% 1 75% quartile
Cthrt Mean -95% CI Median -25% and 75°/jquc1rti|e
155 [10]* 0,42 (0,32: 0,53) -
Pesnpentsl pekn Teua [60] .
Techa river residents [60] 0,92(0.2;1,7) B
Pocceuiickue nuksuaatopsl asapum Ha Yeprobbinbekoit ASC [61] 0,82 (0,1: 1,65) _
Russian liquidators of the Chernobyl accident [61] ! e
PaboTHuKM snepHON MHOYCTPMK; HACTOsILee UccneaoBaHme (Becs
sbibopka; 36 eapuantos™ ) 1,1(0,61;1,58) 0,47 (0,28; 1,43)
Nuclear industry workers; present study (entire sample; 36 options™ *)
PaboThukm spepHON MHAyCTPUK; HaCTOsILee uccneaosakme (6e3
Kanaabi; 26 sBapuanTos™ *) 0,51(0,33; 0,69) 0,38 (0,28; 0,64)
Nuclear industry workers; present study (without Canada; 26 options™ *)

* Puck k Boapacty 70 net npu obnyuenmnu 8 sozpacte ot 30 net / Risk by the age of 70 with the exposure from the age of 30
** Mocne aHanu3a Ha Beinapatowme 3Hadenns / After analysis for outlier variants

better medical care in the exposed groups. But here one
should take into account the possibility of different mental-
ity of those who are in different dose groups [62]. For ex-
ample, for Japanese workers of the nuclear industry, an as-
sociation has been shown between the level of absorbed
radiation dose, on the one hand, and smoking, as well as
alcoholism, on the other. In addition, it turned out that for
higher dose groups the frequency of routine diagnostics
was lower [66]. There is an association between the radia-
tion dose and the frequency of mortality from nonradiated
pathologies (liver cirrhosis, oral and pharyngeal cancer, psy-
chosis, external causes) among French nuclear industry
workers — imitation of the "dose — effect" relation by alco-
hol [67]. All these factors are capable of distorting not only
the "dose — effect" association for radiation exposure, but
even of changing its character in a qualitative sense, if the
radiation doses are not too high.

Nevertheless, it follows from Table 2 that the combined ERR
per Sv for solid cancer mortality we obtained for workers in
the global nuclear industry after excluding data for Canada
is generally comparable to military and accidental radiation
incidents. But even here we should take into account that a
significant contribution to the frequency of cancers was
made by those employed in the nuclear industries of the early
1940's to 1950's [68]. [68].

At the same time, the data we obtained do not provide a
strong argument for the rejection by UNSCEAR in recent
years of the DDREF coefficient in epidemiological studies of
radiation carcinogenesis [14, 15]. Biological mechanisms
of radiation effects as well as experimental radiobiological
data do not allow one to agree with seemingly implausible
conclusions from observational studies of populations with
multiple intervening nonradiation factors (confounders) and
biases [3, 9, 64]. Of course, the canons of establishing
causality in epidemiology and evidence-based medicine
are, first, the reliance on data for humans and, second, if
clinical experimentation is not possible, on epidemiological
and observational, rather than laboratory studies [69-73].
At the same time, some authors point to the fundamental im-
portance of confirming the statistical regularities identified
for humans by biological mechanisms, sometimes placing
the latter at the forefront of the evidence [74]. Such views,
of course, are somewhat marginal from the standpoint of
epidemiology basics, but should probably be taken into ac-
count in the case of strange epidemiological data [75]. As
one of the pioneers of evidence-based methodologies in
epidemiology and evidence-based medicine, A.B.Hill, said:
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one should never "throw common sense out the window"
[75-77].

It was of interest both epidemiologically and socially to es-
timate the absolute increase in the number of solid cancer
cases based on the estimated ERR values for workers in the
global nuclear industry. In other words, an answer to the
question of what is the occupational hazard of this disease.

According to GLOBOSCAN, the average annual inci-
dence of male cancer mortality is 126 deaths per 100,000
people (2012) [78]. In the United States and Russia (Ros-
stat) this figure is 200 deaths per year (2020) per 100,000
population, which we will take as our baseline. In our pool-
ing study (without Canada), the ERR per Svis 0.51. Thus, for
100,000 workers in the nuclear industry, if they had received
a dose of 1 Sv each over, say, 10 years (72,000 back-
ground cancer deaths), given the resulting risk value, we
would expect 1020 additional deaths. However, in fact,
there were fewer of them, because the "background" can-
cer rate for workers of harmful industries is lower than that
for the corresponding sex-age group of the general popu-
lation, because of the "healthy worker effect" [62].

In addition, workers in the nuclear industry did not receive
average doses in the order of 1 Sv by the hundreds of thou-
sands. Based on a sample of 63 items in our database of nu-
clear industry workers, the average individual accumulated
external dose ranged from 3.8 mSv (Company NPP, CEA-
COGEMA, France; 1946-1994) to 128 mSv (Sellofield
NPP, UK; 1947-1988) [11, 25]. According to our calcula-
tions, the mean value for all countries and enterprises was
31.1 mSv (95% Cl: 24.6 and 37.5) and the median was
24.0 mSv.

In other words, the expected increase in mortality from
solid cancers for 100 thousand employees of the nuclear in-
dustry with the obtained risk value will be on average 32 per-
sons for 10 years, i.e. 0.032% of the group. Such risks, due
to many carcinogenic non-radiation factors of everyday life
and work and fluctuations of the background value, cannot
be taken into account in the practice of disaster medicine and
public health [80]. Even if we assume an ERR value of 1 Sv
for the entire original sample, including data for Canada, the
conclusion would not change too much: the expected in-
crease in cancer mortality would be 0.069% of the group.

Conclusions

1. Comparison of excess relative risk of mortality from solid
cancers per unit external dose (per 1 Sv) for nuclear indus-
try workers from different countries (pooling analysis of 37
studies) with corresponding values for atomic bombing vic-



tims in Japan (LSS cohort); for residents on the Techa — ra-
dioactive contamination in the 1950s; for liquidators of the
Chernobyl accident in Russia — showed no logical and fun-
damental differences, with the risks for the latter two cohorts
being the highest.

2. Although the findings partially support the UNSCEAR
approach of recent years, according to which the carcino-
genic effects of acute, accident and fractionated or chronic
radiation exposure are independent of the dose rate factor
(DDREF), nevertheless, taking into account biological mech-
anisms and data from radiobiological experiments, this
question cannot be considered unequivocally resolved.
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AND THE POPULATION LIVING NEAR NUCLEAR INDUSTRY AND NUCLEAR POWER FACILITIES

A PBiryukov', E.PKorovkina', E.V.Vasilyev', Yu.V.Orlov'

! State Research Center — Burnasyan Federal Medical Biophysical Center of Federal Medical Biological Agency,
Moscow, Russian Federation

Abstract. The purpose of the study is to analyze the oncoepidemiological situation in the vicinity of nuclear industry and nuclear power
plants.

Materials and methods of the study. The main materials of the study were the data of official medical statistics for 2012-2018 on the in-
cidence of malignant neoplasms and mortality from them: the contingent of medical treatment organizations of FMBA of Russia in 10 closed
administrative-territorial formations of Rosatom State Corporation — a research sample; total contingent served by medical treatment or-
ganizations of FMBA of Russia — data of the Federal Center for Extreme Problems Information Technology of FMBA of Russia; popula-
tion of Russian Federation as a whole.

An in-depth analysis of the morbidity and mortality from malignant neoplasms among employees of enterprises and the population served
by medical treatment organizations of FMBA of Russia was performed using data from the Branch Cancer Registry of FMBA of Russia.
Results of the study and their analysis. According to the results of the analysis an increase in the incidence of malignant neoplasms was
observed in medical treatment organizations of the Federal Medical and Biological Agency of Russia in closed administrative territorial
formations, in all medical treatment organizations of the Federal Medical and Biological Agency of Russia, and in the Russian Federation
as a whole. In 2012-2018 the incidence of malignant neoplasms (per 100,000 population) was: in closed administrative territorial en-
tities — 412.4 and 526.6 respectively; in all medical treatment institutions of FMBA of Russia — 328.4 and 390.1; in the Russian Feder-
ation as a whole — 367.3 and 425.5 respectively.

Analysis of mortality rates from malignant neoplasms showed that in all medical freatment institutions of the Federal Medical and Biomedical
Agency of Russia the mortality rate from malignant neoplasms (per 100 thousand population) in this time interval was 149.1 and 167.9
persons respectively, which is significantly lower than the all-Russian rates of 201.0 and 200.0 persons respectively. Mortality from
malignant neoplasms in closed administrative territorial units amounted to 220.1 and 257.3 persons respectively, which exceeds both
all medical freatment institutions of the Federal Medical and Biological Agency and the Russian Federation as a whole.
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KJIMHUKO-3NMUOEMUONOMMYECKUA AHANIN3 3ABOJSIEBAEMOCTU
3/TOKAYECTBEHHBIMU HOBOOBPA3OBAHUSIMU U CMEPTHOCTU OT HUX
CPEQU PABOTHUKOB PAOUALIMOHHO OMACHbIX NPEANPUATUA U HACESIEHUS,
MPOXXUBAIOLLETO BBJIN3U OBLEKTOB ATOMHOM MPOMBILLIEHHOCTH
M S0EPHOM SHEPTETUKM

A.M.Buptokos', 3.M.Koposkura', E.B.Bacunses’, 1O.B.Opnos'

PIBY «HLL — PenepanbHbiit meamupmHckui Guoduandeckuit ueHTp um. A.U.bypHasaHa» PMBA Poccun, Mockea, Poceus

Pesiome. Llenb 1ccnenoBaHms — QHANM3 OHKOSMMAEMMOIOrMYECKOM CUTYALMM BONM3W MPEANPUATUIA ATOMHOM MPOMBILINIEHHOCTH 1
SNEPHOM SHEPreTUKM.

Marepuansi u metoasl nccnenosanms. OCHOBHBIMU MATEPUANAMM MCCNEAOBAHMS SIBISUIMC AAHHBIE OGULMANBHOM MEANULIMHCKOM CTa-
1cTrkn 3a 2012-2018 rr. 0 3a6oneBaeMocTi 3noKaYecTseHHbIMM HoBoobpasoeaHuamu (3HO) M cMepTHOCTH OT HUX: KOHTUHIEHTA
neyebHbix MeanumHckmnx opranmsaumii (JIMO) PMBA Poccum B 10 3aKpbITbIX GAMUHUCTPATUBHO-TEPPUTOPMAbHBIX OBPA30BAHMAX
(3ATO) lockopnopaumu «Pocatom» — nccneposaTensckas BIGOPKA; BCero KoHTUHreHTa, obcnyxueaemoro JIMO ®MBA Poccun —
aanHble PepepanbHOro LEHTPA MHPOPMALMOHHBIX TEXHONMOTUI aKcTpemanbHbix npobnem (PLIATIM) PMBA Poccum; Hacenenus
Poceuitckon Pepepaumn B uenom — aaHHble MOCKOBCKOrO HaYYHOTO MCCAEROBATENLCKOTO OHKONOrMYeckoro uHctutyta (MHOWN)
um. MN.Afepuera — dpunmana HMUL, pagronormmn Munzppasa Poccuu.

YrnybneHHbii aHanu3a 3a6onesaemoctt 3HO 1 cMepTHOCTH OT HMX Cpean PABOTHUKOB MPEANPHATHIA U HACENEHMS, OBCNYXMBAEMBIX
JIMO ®MBA Pocenu, ocyuectensines ¢ McnonbsoBaHrem aaHHbix Otpacnesoro oHkonornyeckoro pernctpa PMBA Poccum.
Pesynbtats uccnegosarms m nx aHanua. Mo pesynbtatam nposeaéHHOro aHanusa otMmeyeH poct saabonesaemoct 3HO kak no JIMO
DMBA Poccumn 8 3ATO, Bo Bcex JIMO PMBA Pocenu, tak 1 no Poceuiickon Pepepaumn & uenom. B 2012-2018 rr. 3abonesae-
mocTb 3HO (Ha 100 Thic. Hacenenms) coctaeuna: B 3ATO — 412,4 u 526,6 yen. cooteetcteerHo; Bo scex JIMO PMBA Poccum —
328,41 390, 1; B Poccuitckorn Pepepaumn B uenom — 367,3 n 425,5 yen. cootBetcTBeHHO.

Ananus nokasateneit cmeptHoctn ot 3HO nokasan, 4to Bo secex JIMO PMBA Pocenn emeptHocts ot 3HO (Ha 100 Tbic. Hacene-
HUWs1) B BQHHOM WHTepBane Bpemetn coctaensana: 149,1 1 167,9 yen. cooTBETCTBEHHO, HTO 3HAYUTENBHO MEHbLLE OBLLEPOCCUICKMX
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nokasarenei — 201,0 1 200,0 yen. cootsetcteeHHo. CmepTHocts o1 3HO B 3ATO coctaemna 220, 1 n 257,3 yen. cootseTcTBeHHO,
4TO MpeBbilaeT nokasarenu kak no scem JIMO ®MBA Poceum, Tak u no Poceuiickoit Pepepaupm B Lenom.

Kniouessle cnoBa: 3a601eBaeMOCTb, 3GKPLITbIE AAMUHUCTPATMBHO-TEPPUTOPHAIbHBIE OOPA30BAHMS, 310KQYECTBEHHbIE HOBO-
0bpasoBaHus, evebHble MeauLMHCKME OPraHWM3aLMM, HAceneHue, ObbekTbl aTOMHOM MPOMbILIEHHOCTH, OObEKTbI S4EepPHOM
SHepreTku, paboTHUKN PABMALMOHHO OMACHBLIX MPEAMNPUSTUH, CMEPTHOCTb, SAEPHAS SHEPreTHKa

KoHnukr nHTepecoB. ABTopbl CTATbM NOATBEPXAAIOT OTCYTCTBME KOHPIMKTA MHTEPECOB

Ons umtnposanus: bupiokos A.M., Koposkuxa 3.11., Bacunbes E.B., Opnos tO.B. KnuHuko-snmpemnonornueckuin aHanus 3a-
6071eBAEMOCTH 37I0KAYECTBEHHBIMM HOBOOBPA3OBAHMAMM M CMEPTHOCTU OT HUX CPEAM PABOTHUKOB PAAMALMOHHO OMACHBIX
NPEANPHUATUI U HaCeNeHMs, NPOXMBAIOLEro B6AM3M OBBEKTOB ATOMHOM NMPOMBILIIEHHOCTH W SAepHO sHepretukn // MeanunHa
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Introduction

The Federal Medical and Biological Agency (FMBA of
Russia) is a unique complex of specialized medical and sci-
entific centers. It allows preserving health and ability to work
of people whose professions bear extreme strains or health
risks. One of the most important tasks of FMBA of Russia is
the fight against oncological diseases and the reduction of
overall mortality from malignant neoplasms. A particularly
important component of this task is the reduction of prema-
ture mortality in working age.

According to the International Agency for Research on
Cancer (IARC), the number of cancers is increasing world-
wide. This is mainly due to an increase in life expectancy. By
2040, annual number of newly diagnosed cancers is pro-
jected to increase from 17.0 million to 27.5 million, an in-
crease of 61.4%. About 40% of cancers can be prevented
with structured primary prevention.

On the basis of numerous experimental and epidemio-
logical studies, conclusions were made about the risk factors
or etiological factors of tumor appearance. The main cause
(90-95%) is lifestyle and environmental factors [ 1, 2]. These
include: smoking and other forms of tobacco consumption;
excessive body weight; low physical activity; diet rich in
processed meats and meat and poor in fruits and vegetables;
alcohol consumption; certain types of viral and bacterial in-
fections; excessive exposure to sunlight; carcinogens in the
workplace and in the air [3-5].

Occupational cancers account for 3-5% of the total num-
ber. And they can be prevented by taking measures of pri-
mary and secondary prevention, as well as by observing oc-
cupational hygiene [1, é].

Monitoring level and dynamics of cancer incidence is
necessary to assess the impact of ionizing radiation on the
human body. This is the most important for medical profes-
sionals, workers at radiation hazardous enterprises, and
the population living near nuclear industry and nuclear
power facilities.

The carcinogenic effect of ionizing radiation has been
proven by a number of epidemiological studies. They
have been conducted among those who were exposed
medically, in the workplace, during atomic weapons tests,
accidents at nuclear power plants and other nuclear fa-
cilities, and, of course, during the atomic bombing of Hi-
roshima and Nagasaki [5-7]. But uncertainty remains in
estimates of cancer risk in those who are exposed to long-
term occupational sources of ionizing radiation. This points
to the need for radiation and epidemiological studies
among workers at radiation-hazardous enterprises and
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population living near nuclear industry and nuclear power
facilities [8-11].

The purpose of the study is to analyze the oncoepi-
demiological situation in the vicinity of nuclear industry and
nuclear power plants.

Research Objectives:

1. Comparative analysis of the dynamics of cancer mor-
bidity and mortality among patients of all medical treat-
ment organizations of FMBA of Russia, among patients of
medical organizations of FMBA of Russia in closed admin-
istrative-territorial formations of ROSATOM (research sam-
ple) and among the population of the Russian Federation as
a whole in 2012-2018.

Analysis of the dynamics of morbidity and mortality from
cancer by the following age groups: 0-19 years; 20-39
years; 40-59 years; 60-85 years and by nosological forms
of the International Classification of Diseases, 10th edition
(ICD-10).

Materials and methods of the study. The main materi-
als of the study were the data of official medical statistics for
2012 — 2018 on the incidence of malignant neoplasms and
mortality from them: contingent of medical organizations of
FMBA of Russia from 10 closed administrative-territorial
formations — research sample; total contingent served by
medical organizations of FMBA of Russia — according to the
Federal Center for Information Technologies of Extreme
Problems of FMBA of Russia — form N2 7 — Information on
diseases with malignant neoplasms

An in-depth analysis of the morbidity and mortality from
malignant neoplasms among employees of enterprises and
population served by medical organizations of FMBA of Rus-
sia was performed using data from the Cancer Registry of
FMBA of Russia.

To analyze the incidence of malignant neoplasms and
mortality from them among workers of radiation hazardous
enterprises and population living near nuclear industry and
nuclear power facilities, we calculated and analyzed crude
intensive (CR) rates of malignant neoplasms morbidity and
mortality from them per 100 thousand population.

Results of the study and their analysis. According to
the results of the statistical analysis, the growth of cancer mor-
bidity in 2012-2018 was observed both for closed admin-
istrative-territorial formations (research sample), and for all
medical organizations of FMBA of Russia and for the Russ-
ian Federation as a whole (Table 1, Fig. 1).

The dynamics of the incidence of malignant neoplasms
(per 100 thousand people) among employees and the pop-
ulation of closed administrative-territorial entities (research



sample) serviced by medical institutions of FMBA of Russia
in 2012-2018 was 412.4-526.5 people. It was 412.4-
526.5 people and was higher than the dynamics of indica-
tors for the Russian Federation as a whole (367.3-425.5
people), as well as of indicators for all medical institutions
of the Federal Medical and Biological Agency of Russia
(328.4-390.1 people).

A higher (4.2%) average annual growth rate of the inci-
dence of cancer of all localizations was registered among
the population of 10 closed administrative-territorial entities
of FMBA of Russia as compared to that in all medical insti-
tutions of FMBA of Russia (2.9%) and in the Russian Feder-
ation as a whole (2.7%).

As for age-specific indicators of malignant neoplasms
morbidity, as it has been previously noted in our investiga-
tions and in the works of other authors, the greatest number
of cancer cases was observed in the senior age groups: 40-
59 years — 23.3-26.6%,; 60-85 years — 72.2-68.3%
(Table 2, Fig. 2) [4, 6, 7, 9].

In our studies we also performed a comparative analysis
of the dynamics of malignant tumor mortality rates among
residents of closed administrative-territorial formations served
by the healthcare institutions of the Federal Medical and

Biological Agency of Russia, among patients of all health-
care insfitutions of FMBA of Russia, and cancer mortality rates
of the Russian Federation as a whole. The results are pre-
sented in Table 3 and Fig. 3.

As can be seen from the data presented in Table 3 and
Fig. 3, the dynamics of cancer mortality (per 100,000 pop-
ulation) among patients of all medical institutions of the Fed-
eral Medical and Biological Agency of Russia in 2012-
2018 was 149.1-167.9, which is significantly lower than the
all-Russian rates: 201.0-200.0. This can be explained by
earlier detection of diseases and the quality of medical care
in the medical institutions of the Federal Medical and Bio-
logical Agency of Russia. The mortality rate from cancer (per
100 000 of population) among the residents of closed ad-
ministrative-territorial formations over the period of time
amounted to 220, 1-257,3 persons. This exceeds the mor-
tality rates both among patients of all medical institutions of
FMBA of Russia and in the Russian Federation as a whole.

It should be emphasized that malignant neoplasms are het-
erogeneous diseases and both environmental and hereditary
factors are involved in their development [3-5].

Our previous works have described the influence of
lifestyle factors (smoking, alcohol), socioeconomic factors

Tabnmua 1/Table No. 1

Ounamuka sabonesaemoctn 3HO (Ha 100 Teic. Hacenenms) naumentos JIMO ®MBA Poccum B 3ATO;
nauuentos ecex JIMO ®PMBA Poccun n Hacenenus Poccuiickoinn Pepepaunn B uenom 8 20122018 rr., uen.
The dynamics of cancer incidence (per 100,000 people) among patients of closed administrative territorial
entities” medical facilities of FMBA of Russia; patients of all medical facilities of FMBA of Russia and population
of the Russian Federation as a whole for 2012-2018, people

CpepnHeroposoit Temn
npupocta, %
Compound annual growth
rate, %

KoHtuurent

Contingent 2012

2013 2014 2015 2016 2017 2018

Maunentsol IMO OMBA
Poccun 8 BATO

Patients of closed administrative
territorial entities’ medical
facilities of FMBA of Russia
Mauuentsl Bcex IMO OMBA
Poccuu

Patients of all medical facilities
of FMBA of Russia
Hacenenue Poccuiickomn
Pepepaunm B uenom
Population of the Russian
Federation as a whole

412,4 436,3 486,4 458,1 450,2 496,8 526,5 4,15

328,4 325,0 3555 345,8 359,6 375,1 390, 1 2,91

367,3 373,4 388 402,6 408,6 420,3 425,5 2,7
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Puc. 1. Qunammka sabonesaemoct 3HO (na 100 Teic. Ha-
cenenus) naupentos JIMO OMBA Poccun 8 3ATO; naumneHTos
scex JIMO ®MBA Poceun u Hacenenms Poceuitckoit Pepepa-
umn B uenom B 2012-2018 rr., yen.

Fig. 1. Dynamics of the incidence of cancer (per 100 thou-
sand population) of patients of the LMO of the FMBA of Russia in
the closed city; patients of all LMO FMBA of Russia and the pop-
ulation of the Russian Federation as a whole in 2012-2018,
people

Puc. 2. Pacnpepenetune no BospactHbim rpynnam saboneswnx 3HO cpean na-
umentos JIMO ®MBA Poccun B 3ATO; naumentos scex JIMO OMBA Poccun n
Hacenenus Poceuitckon Peaepaumn B uenom 8 2018 ., %

Fig. 2. Disfribution by age groups of cancer patients among patients of the LMO FMBA
of Russia in the closed city; patients of all LMO FMBA of Russia and the population of the
Russian Federation as a whole in 2018,%
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Ta6nuua 2 /Table No. 2
Pacnpepenenue no BospactHbiM rpynnam saboneswnx 3HO cpean naumentos JIMO ®MBA Poccun 8 3ATO;
naumentos Bcex JIMO ®MBA Poccun u Hacenenus Pocenitckonn Pepepaumm B uenom s 2018 r.
Incidence of cancers by age group among patients of closed territorial entities” medical facilities of FMBA of Russia,
patients of all medical facilities of FMBA of Russia and population of the Russian Federation as a whole in 2018

Yucno sabonesinx 3abonesaemocts 3HO no BospacTHeiM rpynnam, ven./%
KoHTuhrent 3HO, uen., Bcero Incidence of cancers by age group, persons/%

Contingent Number of cancer 0-19 ner 20-39 net 40-59 net 60-85 net
patients, people, total 0-19 y.o. 20-39 y.o. 40-59 y.o. 60-85 y.o.

Mauuentsl IMO
DMBA Poccuu
B8 3ATO

Patients of closed 3777 33/0,9 135/3,6 881/23,3 2728/72,2
territorial entities’
medical facilities of

FMBA of Russia

Mauuentsl Bcex IMO
DMBA Poccuu

Patients of all medical 10243 50/0,5 394/3,8 2699/26,3 7100/69,3
facilities of FMBA of

Russia

Hacenenue
Poccuitckoit
Depepauyn B Lenom
Population of the
Russian Federation as
a whole

624709 4389/0,7 27331/4,4 166229/26,6 426760/68,3

Ta6nuua 3/Table No. 3
Ounamuka cmeptHoctn of 3HO (Ha 100 Thic. Hacenewus) cpeam naumnentos IMO ®MBA Poccun e 3ATO;
naumentos scex JIMO ®MBA Poccun u cpeamn Hacenenus Poceniickon Pepepaumm 8 uenom 8 2012-2018 rr., yen.
The dynamics of mortality from cancer (per 100,000 people) among patients of closed administrative territorial entities” medical
facilities of FMBA of Russia; patients of all medical facilities of FMBA of Russia and population of the Russian Federation as a whole
for 2012-2018, people

CpeaHeroposoit
Kormuuren 2012 2013 2014 2015 2016 2017 2018 TeMn npupocta, %
Contingent Compound annual

growth rate, %

Maumentol IMO ®MBA Poccun 8 BATO
Patients of closed territorial entities” medical 220,1 219,1 232,8 226,1 245,6 241,9 257,3 2,6
facilities of FMBA of Russia

Maumentsl Bcex IMO OMBA Poccum

Patients of all medical facilities of FMBA of 149,1 143,0 154,5 154,0 168,3 172,6 167,9 2,0
Russia
Hacenenue Poccuiickoit Depepaumm B uenom
Population of the Russian Federation as a 201,0 201,1 199,5 202,5 201,6 197,9 200,0 0,1
whole
and environmental factors, including occupational exposures In 2018, in the structure of mortality from malignant neo-

on the occurrence Of malignant ‘3“590.565. C”.‘d mortality from plasms (ICD-10) in medical institutions of FMBA of Russia,
them — both on patients of medical institutions of FMBA of ¢ largest share of tumors were of trachea, bronchi, lung
Russia and on the population of the Russian Federation as a (13.7%), stomach (10.3%), colon (9.1%), breast (8.7%),

whole [12]. rectum, rectosigmoid junction, anus (6.3%), prostate (5.4%),
0 lymphoid and hematopoietic tissue (5.3%). In the Russian
—uty  Federation as a whole in 2018 the structure of population
=0 ._*/"‘ﬂ —g—=wpa  mortality from cancer was similar [13].
P Conclusion
0

A study of the morbidity rates for malignant neoplasms of
: "—‘.-—""'._""”.__‘.__‘ the employees of enterprises, organizations and aftached
i population served by medical institutions of FMBA of Russia

showed that they slightly differ from the all-Russian rates: the

e morbidity rate of this population is lower than in Russia as a
- whole. The ratio of morbidity in closed administrative-terri-
torial entities/institutions of the Federal Medical and Bio-

3 logical Agency of Russia as a whole is 1.3; FMBA of Rus-

e it e sia/Russian Federation as a whole is 0.9.
Puc. 3. Ounamuka cmeptioctn ot 3HO (Ha 100 Tbic. Hacenenus) naumn- T_he _dynq_mlcs of anlcer r_nortc_‘l”y in the FMBA health care
entos JIMO ®MBA Poccun 8 3ATO; naumertos scex JIMO OMBA Poc- institutions in the studied time interval was 149.1-1 679,

cnm u Hacenenus Poceuiickoit @epepaumn B uenom s 2012-2018 rr, ven.  \which is significanﬂy less than the all-Russian figures of
Fig. 3. Dynamics of mortality from malignant neoplasms in patients at

medical facilities of the ZATO, FMBA and the RF for 2012-2018 201.0-200.0.
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An analysis of the cancer mortality rates of employees
of enterprises, organizations and attached population
served by medical institutions of FMBA of Russia also re-
vealed positive trends: the level of overall mortality (the
number of deaths per 100 thousand people) among the
contingent served by institutions of FMBA of Russia was
significantly lower than in Russia as a whole — the ratio
for mortality of FMBA of Russia / Russian Federation as
a whole — 0.47.

As for age-specific indicators of cancer morbidity in the
contingents under study, we can note that, as in the Russian
Federation as a whole, the greatest number of malignant
neoplasms was observed in the older age groups: 40-59
years: 23.3-26.6%; 60-85 years: 72.2-68.3%.

Thus, the incidence of malignant neoplasms grew in all
study groups at approximately the same rate — the growth
rate was statistically significantly different from 0 and was
about 3% per year.

Mortality rates from malignant neoplasms were also within
the described trends.

The greatest attention is attracted by the "leadership" of the
population of closed administrative-territorial formations in
terms of morbidity and mortality in comparison with all med-
ical institutions of FMBA of Russia and the population of the
Russian Federation as a whole. We would like to warn our
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readers against making radiophobic conclusions: there are
no radiation risks there! We mentioned this when describing
the contribution of the radiation factor to the carcinogenic sit-
uation [12]. Itis the population of closed administrative-ter-
ritorial formations, as a community unique in its mental, na-
tional, professional and qualification characteristics, that is
the main point of application of FMBA's efforts to improve
health, to prevent and to rehabilitate diseases. It is by im-
proving the quality of life and saving active professional
longevity that the average age of the population there is
higher than the average age of Russia as a whole, and
72.2% of malignant neoplasms occur in the age group of
60-85 years.

The conducted studies testify to the fact that further cancer
control as an important strategic direction in the activity of the
Federal Medical and Biological Agency should be based on
the understanding of the complex carcinogenic environ-
ment of the industrial and domestic sphere as an integral dan-
ger of damage to human health. This dictates the need to im-
prove the practice of hygienic regulation in the conditions of
normal operation of radiation hazardous facilities, taking into
account domestic experience and international norms and
rules. It also requires introduction of new effective forms of
organization and management of sanitary and epidemio-
logical well-being.
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RISK OF DEATH FROM HYPERTENSION AMONG CHERNOBYL ACCIDENT LIQUIDATORS —
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Abstract. The aim of the study was to assess the radiation risk of death from hypertension in liquidators of the Chernobyl nuclear
power plant accident consequences — workers of the nuclear industry — using doses from various types of irradiation.

Materials and methods of the study. The study was conducted using data from the Industry Register of Persons exposed to radia-
tion as a result of the Chernobyl accident — workers of the nuclear power industry. Information on 12659 liquidators (all male)
was included in the analysis. 1327 of them got occupational radiation doses. Crude relative risks of death from hypertension were
estimated for five dose groups using internal controls. Based on the stratified data file, a Poisson regression procedure was per-
formed using the AMFIT module of Epicure program and the excess relative risk of death from hypertension was calculated and
the nature of the dose-dependent excess relative mortality was investigated.

Results of the study and their analysis. Direct estimates of radiogenic risk of death from hypertension were obtained. No increase
in mortality from hypertensive disease per unit dose was found for both the doses received during the liquidation of the Chernobyl
accident consequences and for the total doses. The results of the study can be used in the development of radiation safety regu-
lations for persons working with sources of ionizing radiation.
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tion, relative risk, risk of death, Rosatom State Corporation, study period
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PUCK CMEPTU OT TMNEPTOHUYECKOW BOJIE3HU Y IMKBUOATOPOB MOC/NEACTBUM
ABAPUM HA YEPHOBbIJIbCKOW A3C - PABOTHUKOB ATOMHOWM MPOMBILLIIEHHOCTU

A.P.T)/KOB], M.ﬂ.UJGCI)pGHCKMﬁ], O.H.I'Ipoxopoacﬂ, M.B.Kanuuuua'

DIBY «THL| — PepepansHbii meanumHckmit Groduamndeckuit uentp nm. A.M.ByprassHa» @®MBA Poceum, Mocksa, Poceus

Pesiome. Llenb mccrnenosaHms — OUEHKA PAgMaLMOHHOTO PUCKA CMEPTH OT rMMNEPTOHMYECKOM BONE3HM y NUKBUAATOPOB NOCNeA-
cTeuit asapum Ha Yeprobbinbckor ASC (HADSC) — paboTHUKOB ATOMHOM MPOMBILINIEHHOCTH C MCMOJb3OBAHMEM O3 OT PASAMYHbIX
BMAOB O6NyyeHus.

Marepuansl 1 MeTogbl Mccnegosanms. MccnenoBaHne NpoBOAMNOCkE C UCMONb3OBAHMEM AAHHbIX OTpacnesoro perucTpa auu, noa-
BEPILMXCS BO3AEHCTBMIO PapMalnu B pesynstate asapumn Ha YASC — paboTHMKOB QTOMHOM MpoMmbiwneHHocTH.B ananmus Gbina
BKIIoYeHA MHbopMaLms o 12659 nukeupaTopax (Bce — Myxuntbl), 1327 13 KOTOPbIX UMENM 103y NPODECCHOHANLHOTO OBy EHMS.
OueHeHbl rpybLie OTHOCUTENbHbIE PUCKM CMEPTHM OT FMNEPTOHMYECKOM BONe3HM AN NSTM O30BLIX FPYMM C MCMONb3OBAHMEM BHYT-
peHHero koHTpons. Ha ocHose daiina crpatMpuumpoBaHHLIX AHHbIX NPoBeAeHa npoueaypa [MyaccoHoBCkoM perpecciu ¢ UCnosb-
sosanuem mopyns AMFIT nporpammsl Epicure 1 paccumtaHa BennumHa U3GLITOHHOTO OTHOCHUTENBHOTO PUCKA CMEPTH OT MUNePTOHM-
yeckoi 6onesHu, a TaKXe MCCNEROBAH XAPAKTEP [O30BOM 30BMCMMOCTM U3BLITOUHON OTHOCUTENLHOM CMEPTHOCTM.

Pesynbtatsi Mccnenosamusu ux aHanms. MonyyeHbl NpsMble OLIEHKW PAAMOTEHHOTO PUCKA CMEPTM OT TUnepTOHMUeckoi bonestu. He
0BHApPYXeHO yBenM4YeHMs CMEPTHOCTH OT TMMEPTOHNYECKOM BONE3HN HA eiMHULY [O3bI KOK AN AO30BbIX HArPY3OK, MOMyYeHHbIX MPK
NMKBUAALMM MOCTeacTeuit asapumn Ha YADC, Tak M Ans CyMMapHbIX 403. PesynbTaTel UccnenoBaHms MOryT BbiTb MCMIONb3OBAHLI MPY
paspaboTke pernameHToB PasMaLMOHHOM 6e30MACHOCTH ML, PABOTAIOLIMX C MCTOYHUKAMM MOHWU3MPYIOLUETO U3y EHMS.

Kniouessie cnosa: AMFIT, EPICURE, asapms Ha YepHobbinbckoit ASC, rneproHmyeckas 6onesHs, [ockopnopaums «Pocatom»,
NIMKBMBATOPbI — PABOTHMKM ATOMHOK MPOMBILLIIEHHOCTH, OTHOCUTENbHBIA PUCK, OTPACNEBOM PerucTp, NepPUoA UCCIEROBAHMS,
PaAMaLMS, PUCK CMEPTH

KOHq)HVIKT UHTEepecCos. ABTOpr CTATbM MOATBEPXAAIOT OTCYTCTBUE KOH¢J’IMKTG MHTEpPECOB

DOns umtuposanus: Tykos AP, LLadparckuit U.J1., Mpoxoposa O.H., Kanutnta M.B. Puck cmeptu ot rnepronnyeckoit bonesnu
y MKBMAATOPOB MOCHeACcTBMi aBapum Ha YepHobbinbekoit ADC — paBoTHKOB GTOMHOM NpomilunenHocT// Mep1umta kara-

ctpod. 2021. N23. C. 47-51. https://doi.org/10.33266,/2070-1004-2021-3-47-51
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Recently, there has been an interest in the impact of ion-
izing radiation on morbidity and mortality from non-onco-
logic somatic pathology. This is due to the emergence of a
large body of clinical evidence of the damaging effects of
radiation on the cardiovascular system.

At the same time, on the basis of data on survivors of the
atomic bombing in Japan (LSS), it is shown that in the analy-
sis of cardiovascular mortality, no statistically significant risk
value was presented for any dose stratum of the total dose
category relative to the control population (less than 0.2 Gy).
And even the addition of additional corrective factors did not
change this result [1]. Estimates of excess relative risk per Gy
(ERR/Gy) corresponded to the level not exceeding the risk.

As for Russian liquidators of the Chernobyl NPP (ChNPP)
accident consequences, there is a point of view that low de-
pendence of population risks of somatic diseases on the val-
ve of radiation dose received in 30-km (30-km) ChNPP
zone is connected with erroneous estimation of radiation ex-
posure dose received by liquidators, and also with functional
instability of diagnostic indicators change in time [2, 3].
According to data of Russian State Medical and Dosimetric
Registry, excess relative risk of cardiovascular diseases
(ERR/Zv) has a value of 0.4 — significantly different from
zero, and of mortality from cardiovascular diseases is 0.2 —
not significantly [4].

According to the data of Ukrainian researchers, in spite of
the fact that clinical characteristics of the functional state of
cardiovascular system and concomitant diseases in the lig-
vidators were almost similar to those observed in the control
group, the beginning of hypertensive disease in this contin-
gent came earlier — at 55.9 years — against 59.8 years in
the control group [5]. It was also shown that in the persons
who took part in the liquidation of the Chernobyl accident
at the age of 40 and older at the time of the accident, irra-
diation in low doses caused the development of hyperten-
sive disease. The mortality rate in these persons with higher
radiation doses was significantly higher (p<0.05) than in per-
sons with lower radiation doses. The main causes of mortality
from circulatory system diseases in the studied cohorts were
cerebro-vascular diseases, arterial hypertension, diseases of
arteries, arterioles and capillaries [6, 7].

Also of interest are estimates from national registries of nu-
clear power workers and uranium ore miners (Germany). Ac-
cording to NRRW (England) and their German colleagues,
estimates of ERR /Gy for cardiovascular mortality do not dif-
fer significantly from zero, which also corresponds to the data
of T.V. Azizova on the cohort of “Mayak” Industrial Associ-
ation workers [8-12].

M:.PLittle presented the results of the IARC/HS estimates
on the LSS cohort data for cardiovascular disease mortali-
ty, which were 0.17 (0.08-0.26) — [13]. An analysis of
IARC data from a study of nuclear-cycle worker mortality in
15 countries yielded lower estimates for morbidity in selected
nosologies (coronary heart disease, hypertension, heart at-
tacks, embolisms) that were generally close to zero. His
analysis of morbidity data of Chernobyl accident liquidators
yielded the following results for ERR/Zv: hypertension, 0.26;
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coronary heart disease, 0.41; other cardiovascular patholo-
gies, 0.26. Except for the latter, the first 2 coefficients were
significantly different from zero. In the work on meta-analy-
sis of data presented by researchers from many countries, the
ERR/Zv value for death from coronary heart disease was
0.10[14].

Great work on the analysis of mortality data for employ-
ees of nuclear-cycle enterprises was carried out by E. Cardis
and co-authors [ 15]. The risk of death from all diseases, ex-
cluding cancer, was 0.24 per 1 Sy; for cardiovascular dis-
eases it was 0.09 per 1 Sv. For both coefficients, the confi-
dence interval includes zero.

Unfortunately, the studies presented above were made us-
ing data on doses of a single type of exposure and therefore
their results cannot be reliable. In this connection, it is rele-
vant fo carry out studies to assess the risk of radiation-induced
diseases or death from them using total doses from different
types of irradiation.

The aim of the study was to assess the radiation risk of
death from hypertensive disease in the liquidators of the
Chernobyl accident consequences — workers of the nu-
clear industry — using doses from various types of radiation.

Materials and research methods. The data on em-
ployees of enterprises and organizations of the State Cor-
poration "Rosatom" who participated in liquidation of con-
sequences of the Chernobyl accident were used in the work.
The analysis included information on 12,659 liquidators
(male) registered in the Industry Register of the persons ex-
posed to the Chernobyl NPP accident and having data on
verified external radiation doses. The average age of the lig-
vidators at the time of participation in the liquidation of the
Chernobyl accident consequences was 36.6 years; 80% of
the liquidators were in the 30-40 age group.

At present, due to the fact that none of the medical dosi-
metric registers meet the requirements of Radiation Safety
Norms of 1999 — availability of total radiation dose to cal-
culate radiation risk — there is no possibility to perform cor-
rect studies on risk assessment for radiation-induced dis-
eases at low doses on existing registers both in our country
and abroad.

Rosenergoatom OJSC provided the State Research Center —
Federal Medical Biophysical Center named after A.l. Bur-
nazyan of the Federal Medical and Biological Agency (FMBA
of Russia) with the data on occupational radiation doses to
main production workers at 10 NPPs who were under indi-
vidual dosimetry control and who participated in the liquida-
tion of the Chernobyl accident consequences. Data on occu-
pational radiation doses of Balakovo, Beloyarsk, Bilibino,
Kalinin, Kola, Kursk, Leningrad, Novovoronezh, Rostov and
Smolensk NPP workers are included in the development.

In addition, data on occupational radiation doses to em-
ployees of enterprises and organizations of ROSATOM
were obtained from healthcare institutions of the Federal
Medical and Biological Agency of Russia.

Occupational exposure doses were presented by years of
their work with radioactive substances and ionizing radia-
tion sources, starting from the first year of work and ending
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in 2015. Cumulative doses were also calculated, which
were linked to the accident liquidators included in the Industry
Register.

The data on external radiation doses among the liquida-
tors during their stay in the 30-km ChNPP zone are presented
in Table 1.

Table 2 shows some characteristics of the generalized
database of the Register by 5 dose groups — both by dos-
es at the Chernobyl NPP and by total doses. The groups were
formed from an approximately equal number of persons and
taking into account the radiation doses received.

In the structure of total doses received by the liquidators of
the Chernobyl accident consequences while working in the
30-km zone and during their professional activities, 48%
were doses up to 100 mSv; 6% of the liquidators had dos-
es higher than 500 mSyv.

Table 3 provides information on the average, minimum
and maximum external radiation doses received by the lig-
vidators at various work sites.

The study calculated the 95% confidence interval of the in-
dicators.

The applied statistical software package EPICURE (AMFIT
module), widely used in modern radiation and epidemiolog-
ical practice, was used for risk assessments based on age-,
dose-, and other groups of data [16]. The methodology of ra-
diation risk assessment is implemented in this package. The
AMEFIT program is a recognized standard for radiation and
epidemiological studies. Radiation risk assessments among the
personnel of ROSATOM enterprises and organizations were
performed using this program. The model of excess relative risk
in general form is presented by formula 1:

A =A, X (1+B x d) (1)

where A - is the incidence rate; A, - is the spontaneous
incidence rate; B - is the excess relative risk; d is the radi-
ation dose.

Tabnmua 1/Table No.

o3l BHewwHero 06y4eHns y IMKBMAATOPOB
(My>XuMHBI U XeHWMHbI) nocneacTeuii asapum Ha YASC

—_

Provision of Liquidators (Men and Women)
of the Consequences of the Chernobyl Accident
with Data on External Exposure Doses

loppl BbE3AA nMKBE:z,T-IngB B tom uncne c goson, 542?2:?42
‘;ezl(')s_g:tfc?:ge en. Of ;‘he:s:gt/ﬁere Ro3bi, w38
Amount liquidators, | . o Average
to the 30-km zone is a dose, people/%
people value, mSvy
1986-1990 18450 12698/68,8 55,3
1986 10790 7276/67,4 74,8
1987 4738 3365/71,0 33,1
1988 1868 1389/74, 4 25,7
1989 798 571/71,6 16,8
1990 266 97/36,5 11,9

The likelihood function is constructed based on the as-
sumption that the number of cases is an independent Poisson
random variable.

The results of the study and their analysis.

To calculate the relative radiation risk of mortality from hy-
pertension among the liquidators of the Chernobyl acci-
dent consequences using the AMFIT program the data were
divided into 5 dose groups obtained during the liquidation
of the Chernobyl accident and the total dose (Tables 4, 5).

Formula 2 was used to estimate the reliability of the rela-
tive radiation risk of mortality:

log RR (SE) = (1/r1 +1/r2-1/NT1-1/N2) (2)

where r1, r2 — number of cases in the control and current
strata; NT, N2 — number of person-years in the control and
current strata.

Due to the small values of relative risk, all values of point
risks do not reliably exceed 1, which makes it impossible to
make parallel comparisons. At the same time, according to
the data in Tables 4 and 5, the relative risk values for mor-
tality from hypertension have some tendency to increase in-
versely.

The results of radiation risk assessment using the AMFIT
program for different dose loads are given in Table 6. The
excess relative risk was not detected both in the case of tak-
ing into account only doses received in Chernobyl, and in the
case of total doses.

The case of a uniform expansion of the dose range — the
addition of occupational exposure doses in each stratum —
leads to a shift of the regression line of the risk curve to the
right along the axis of dose values. In the empirical control
problem, this automatically leads to a reduction in excess risk.
In the case of unequal addition of dose loads by strata — an
increase in doses due to occupational exposure only for
1327 people out of 12659 — the "risk" response can be
paradoxical.

Discussion

As noted by a number of authors, there are different ap-
proaches to explaining the pathogenesis of the development
of cardiovascular diseases in the long-term period [17].
Some authors consider the role of chronic emotional stress
exclusively. Others argue that the damaging effect of ioniz-
ing radiation does not depend on human consciousness
and in case of uniform irradiation of the organism is mani-
fested at the cellular-molecular level in all organs and tissues
without exception [18]. Apparently, the prognostic signifi-
cance in the development of cardiovascular diseases in lig-
vidators of the concept of disintegrative syndrome as a non-
specific radiation syndrome in contrast to acute or chronic ra-
diation disease considered as a specific radiation syndrome
is a priority.

At present, total radiation doses received by workers both
at Chernobyl and during their main job, as well as medical
and natural doses of exposure, are of particular relevance

Ta6nmua 2 /Table No. 2

Dosbl BHewHero o6nyueHns y nukemparopos (MyxumHel) nocneactenin asapum Ha YAIC

Provision of Liquidators (Men) of the Consequences of the Chernobyl Accident with Data on External Exposure Doses

il 4AIC Yucno nukeMAATOpPOB, Yen. C 3 Hososas rpynna — Yueno nukempatopos, ven. c 3
03080 rpynna - Number of liquidators, Peanan f03a, M2B npog. Number of liquidators, pearan nosa, mas
Dose group — ChNPP Average dose, mSv Dose group — Average dose, mSv
people professional people
0,1-4,9 2864 2,23 0,1-5,9 2922 2,6
5,0-12,9 2237 7,95 6,0-16,7 2222 10,3
13,0-35,1 2490 21,70 17,0-48,8 2468 30,4
36,0-98,8 2516 62,30 49,0-120,5 2482 80,3
99,0-1478,5 2552 181,80 121-1985,6 2565 228,4

Meanumna katactpodp N232021



Ta6nmua 3 /Table No. 3

Pacnpepenenue pos o6nyyeHuns y nmkenparopos
B 3aBMCMMOCTM OT MecTa ux pabotsl, M38

Distribution of Radiation Doses qmongi( qumdaiors
Depending on the Place of Wor

Cpeptsis MuHumans- Makcuma-
MecTo nonyuenus gosbl [osa Has fosa nbHAS 4030
A place receiving dose Average Minimum Maximum
dose dose dose
YASC/ChNPP 55,2 0,1 1478,50
Mpeanpusitus
l'ockopnopaummn «Pocatom»
Enterprises of the State
Corporation "Rosatom" 180,8 0,1 1832,40
B3geweHHas cymMma fo3
Weighted sum of doses 70,5 0,2 1847,72

Tabnuua 4 /Table No. 4

3HauyeHns cTpATMGULUNPOBAHHBIX MOKA3ATENEN CMEPTHOCTM
oT runeptoHunyeckon 6onesnu (Ha 1000) u OP
ANs NMKBMAATOPOB (MyXuuHbl) nocneacTemia
asapum Ha YADC — paboTHUKOB NpeanpUaTUiA
v opranusauuii lockopnopauum «Pocarom» r o3b1 YA3C)

Values of Stratified Mortality Rates from
Essential Hypertension (per 1000) and RR for Liquidators
of the Consequences of the Chernobyl Accident,
Men - Employees of Enterprises and Organizations
of the State Corporation "Rosatom" (Doses of the Chernobyl NPP)

CmepTHocTb (Ha 1000)
Cpeahsis po3sa, m3s (MKB 10:110-115.9) OP/RR
Average dose, mSv Mortality (per 1000)
(ICD 10:110-115.9)
2,23 1,21 1,00
7,95 0,84 0,70
21,70 1,32 1,09
62,30 1,11 0,92
181,00 0,89 0,74

in risk analysis. The available results of worldwide dosime-
try studies also indicate that exposure to the A-bomb cannot
be reliably assessed unless medical X-ray doses are fully in-
cluded in these long-term assessments [19].

For the first time we obtained the results on the assessment
of the risk of exposure from the combined dose of two types
of exposure. However, the process of collecting complete in-
formation is currently in its infancy, and it will be shown in the
future how much consideration of medical and natural dos-
es is needed in population risk analysis.

The liquidators in the distant terms of observation after the
liquidation of the accident consequences need medical care
aimed at the prevention and treatment of such most common
and socially significant diseases as cardiovascular diseases.

The results we obtained can be used in the development
of radiation safety regulations.

The uniqueness of the liquidator cohort for obtaining di-
rect estimates of the risk of distant effects of radiation ex-

Ta6nuua 5 /Table No. 5

3HauyeHus cTpaTMGULMPOBAHHBIX NOKAsaTeNnen
CMEpTHOCTM OT rMnepToHnyeckon 6onesnu (Ha 1000)
1 OP ans nukenpatopos (MyxunHel) nocnepcremin
asapum Ha YADC —-paboTHUKOB NpeanpuATHiA
v opranusauuii lockopnopauun «Pocarom»
(ao3bl YASC + npodeccmonanbHbie)

Values ofStratified Mortality Rates from Hypertension
(per 1000) and OR for Liquidators (Men) of the Consequences
of the Chernobyl Accident - Employees
of Enterprises and Organizations of the State Atomic Energy
Corporation Rosatom (Doses of ChNPP + Professional)

CmepTHocTb (Ha 1000)
CpepgHsis posa, m3s (MKB 10:110-115.9) OoP
Average dose, mSv Mortality (per 1000) RR
(ICD 10:110-115.9)
2,6 1,24 1,00
10,3 1,04 0,84
30,4 1,25 1,00
80,3 0,97 0,78
228,4 0,21 0,74

Tabnmua 6 /Table No. 6

OueHKd paANAUNOHHBIX PUCKOB CMEPTHOCTH
OT runepToHnyeckomn GonesHu ¢ Ncnonb3oBaHUEM
nporpammel AMFIT ana pasnuyHeiX 4030BbIX HArpy3oK,
MOP/3e

Estimate of the radiation risks of mortality from hypertension
using the AMFIT program for various dose loads (ERR/Sv)

Tun nossl MOP/ 38 0N (95%)

Dose type ERR/Sv Cl (95%)
YA3C posa /Chernobyl dose -0,28 -2,3-2,0
CyMmapHo ¢ npodao3oi -0,31 -1,37-1,52
In total with the professional dose

posure at low doses indicates the need for surveillance of
this population. Further research involves increasing the
statistical power of the analysis by extending the follow-up
period, as well as working to reduce uncertainties in dose
estimates and to improve the completeness and quality of
epidemiological data.

Conclusion

1. Evaluation of the calculation of the risk of death from hy-
pertension using data on the doses of different types of ex-
posure showed no difference in the results obtained.

2. Noincrease in the risk of death from hypertension was
noted with increasing dose.

3. To reliably assess the risk of radiation-induced diseases
or death from them it is necessary to create a medical and
dosimetric register of nuclear industry workers with data on
the doses of all types of exposure — occupational, acci-
dental, medical, natural.
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RADIATION RISKS OF HELICOPTER PERSONNEL RESPONDING TO THE CHERNOBYL
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Abstract. The objectives of the study were to analyze the radiation doses received by helicopter crew members during the work above
the emergency unit and the effectiveness of some radioprotective means; to determine the most radiosensitive systems of the body,
their condition in the early and distant terms after the accident and the causes of disqualification of flight personnel.

Materials and research methods. The first stage of the work was performed directly in the zone of helicopter aviation flight over the
Chernobyl NPP emergency power unit. We determined radiation doses received by flight personnel, their dependence on the type
of helicopter and pilot's workplace. Also we evaluated the dependence of exposure dose on the radio-protective means used and
the primary reaction of pilots fo radiation exposure. The second stage of the work was performed on the basis of the Central Research
Aviation Hospital and the State Research Test Institute of Military Medicine of the Russian Ministry of Defense. At this stage the re-
sults of laboratory, clinical and psychological examination of the pilots who performed the tasks of liquidation of the Chernobyl ac-
cident effects in 1986 - 1987 and received regulated radiation doses were assessed. The corresponding medical documents (expert
decisions of medical and aviation committees, results of medical follow-up) were studied for the period from 1986 till 2000, i.e. till
the time when almost all helicopter liquidators were disqualified for health reasons or discharged due to senior service.

Results of the study and their analysis. The radiation doses received by the helicopter crew members during the execution of the as-
signed tasks over the emergency unit and the efficiency of some radio-protective means were analyzed. The most radiosensitive body
systems, their condition in the early and distant terms after the accident and the diseases leading to the disqualification of flight per-
sonnel were determined.

Key words: accident consequences elimination, Chernobyl accident, distant health disorders, early health disorders, helicopter pi-
lots, human exposure to low doses of radiation, ionizing radiationradiation risks

Conflict of interest. The authors declare no conflict of interest

For citation: Ushakov |.B., Fedorov V.P. Radiation Risks of Helicopter Personnel Responding to the Chernobyl Accident: Early and
Long-Term Health Disorders.Medlitsina katastrof = Disaster Medicine. 2021;3:52-57 (In Russ.).
https://doi.org/10.33266,/2070-1004-2021-3-52-57

https://doi.org/10.33266,/2070-1004-2021-3-52-57 OpuruHanbHas cratbs
YOK 614.876:551.521:614.29 © ®MBL um.A.N.BypHassHa

PAOVUALIMOHHBIE PUCKU BEPTOJIETYMKOB NPU IMKBUAALIMU NOCIEACTBUIA ABAPUM
HA YEPHOBbIJIbCKOW A3C: PAHHUE U OTOAJIEHHBIE HAPYLLEHMS 3JOPOBbA

M.5.Ywakos', B.I'I.CDi-é;:l,opOB2

PIBY «HL| — PepepanbHbiii meanupmHckni Grodusnyeckuit ueHtp um. A.M.BypHaszsaHa» PMBA Poceuu, Mocksa, Poceus
PIBOY BO «BopoHexckuit rocyaapCTBEHHBIA MHCTUTYT dr3UYecKoM KynbTypbi», Boporex, Poccus

N

Pesiome. Llenn nccneqosaHms — NnpoaHan1aMpoBaTh J03bl 06NYYEHHUs, NONYYEHHBIE YTIEHOMM SKMMAXEH BEPTONETOB BO BPEMS
paboTbl HOJ ABAPHItHOM GNIOKOM, M 3PGEKTUBHOCTL HEKOTOPLIX PAAMO3ALMTHEIX CPEACTB; ONpeaenuTs Hanbonee papnoyys-
CTBUTENbHbIE CUCTEMbI OPFraHM3MA, MX COCTOSIHME B PAHHME M OTAQNEHHbBIE CPOKM MOCAE ABAPMM M MPUUMHBI AUCKBANMPUKALMM
NIETHOTO COCTABA.

Marepmansi n Metoasi ccnegosatms. MNepebiit 3Tan paboTsl Gbin BLINOAHEH HENOCPEACTBEHHO B 30HE NOAETA BEPTONETHON ABUA-
UMM Haf aBapwitHbiM sHeprobnokom HYeprobbinsckon ASC. Mpu 3Tom onpepensnu Ao3bl PAAUALMOHHOTO BO3LEHCTBHUS, NONy-
YEHHbIE NETHBIM COCTABOM, WX 3QBMCMMOCTb OT TUNA BEPTONETA U pabovero MecTa NeTYMKa, A TAKKE OLEHMBANM 30BMCUMOCTb
[03bl OBNYHEHMS OT MPUMEHSEMBIX PAAMO3ALLMTHBIX CPEACTB M NEPBUYHYIO PEAKLMIO NIETYNKOB HO PAAMALMOHHOE BO3LENCTBHE.
Bropo#i stan pabotsl BhinonHsnn Ha 6ase LlentpansHoro HayuHo-uccneposatensckoro asuauponHoro rocnutans (LIHWAT) u
[ocynapcTBEHHOTO HAYYHO-MCCEAOBATENLCKOMO UCMbITATENLHOTO MHCTUTYTA BOEHHOM MeanumHbl MuHoBopoHsl Poccun. Ha pak-
HOM 3TaNE OLEHWBANM PE3yNbTaThl NTABOPATOPHBIX, KIMHUYECKMX M MCUXONOTMYECKUX OBCNEAOBAHMA NETYUKOB, BbIMOMHSBLIMX
304044 MO NMKBMAAUMM nocneactsuin asapun Ha HASC B 1986—1987 rr. 1 nony4mMBLIMX PEFIAMEHTUPOBAHHBIE 4O3bl OBNYYEHNS;
M3y4anu COOTBETCTBYIOLUME MEAMLMHCKME AOKYMEHTbI (SKCMEpTHbIE pelieHns Bpa4ebHO-NEeTHOM KOMUCCHM, Pe3ynbTaThl AMCNOH-
cepHoro HabniogeHus) 3a nepuop ¢ 1986 no 2000 rr., T.e. B0 TOro CPOKA, KOFAA NPAKTUUYECKM BCE BEPTONETYUKU-TUKBUAATOPSI
6bITM AUCKBANMPULMPOBAHBI MO COCTOSIHUIO 300POBbS MW AEMOBUAM30BAHBI MO BbICyre NET.

Pesynbrarsl nccnenosarms 1 nx aHanms. MpoaHanaMpoBaHsl fO3bl 06yYEHMs, MOYYEHHBIE YIEHOMU SKMMNAXKEN BEPTONETOB BO
BPEMS BBIMOJIHEHMS MOCTABAEHHbIX 30404 HOL GBAPUIAHOM 6NOKOM M 3PEKTUBHOCTb HEKOTOPBIX PAAMO3CLUMTHBIX CPEACTB.
YctaHosneHbl Hanbonee paaMOUyBCTBUTENbHbIE CHCTEMBI OPTAHU3MA, MX COCTOSIHME B PAHHWME W OTAAEHHbIE CPOKM NOC/E ABA-
P11 1 3a60neBaHUs, NPUBOASILLEE K AUCKBANMPUKALMM NETHOTO COCTABA

Kniouesble cnosa: asapus Ha YepHobbinbckon ADC, BO3AEHCTBME MANbIX 403 PAAUALIMM HO YENOBEKA, MOHU3UPYIOLLEE U3NyYe-
H1e, NETYUKM BEPTONETHON OBUALIMM, IMKBUAALMS MOCIEACTBUI ABAPHUM, OTAAIEHHbIE HAPYLUEHUS 300POBbS, PAAUALMOHHbBIE PUC-
KW, POHHME HOPYLLEHWS 300POBbS

KoHpnukT nHTepecoB. ABTOpbI CTATEM MOATBEPXKAAIOT OTCYTCTBUE KOHPIMKTA MHTEPECOB

Ons uutnposanus: Ywakos M.b., Dépnopos B.I. Pagunaumontbie puckiu BepTonéTUMKOB Npu NMKBUAALMM MOCIEACTBUIA ABAPUH

Ha YepHobbinbckoit ADC: paHHWe 1 oTaaneHHbie HapyweHus 3aopoebs// Meanumna karactpod. 2021. N23. C. 52-57.
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Disaster Medicine No. 32021



Contact information:

Igor B. Ushakov - Dr. Sc. (Med.), Prof., Acad. of the RAS;
General Practitioner, Department of Physical and Rehabilitation
Medicine

Address: 46, Zhyvopisnaya str., Moscow, 123098, Russia
Phone: +7(812)702-63-45

E-mail: ibushakov@gmail.com

Thirty-five years have passed since that tragic day when
the worst radiation accident in the history of mankind oc-
curred. For the first time military aviation was widely used to
eliminate its consequences. lts personnel were exposed to ra-
diation. Already on the second day the crews of the arriving
helicopters began to work above the destroyed reactor.
Flights to the zone of Unit 4 of the Chernobyl Nuclear Pow-
er Plant (ChNPP) were performed for the purpose of drop-
ping heat-removal and filtering materials and measuring
radiation levels, including in "hover mode". Aviation was also
involved in aerial surveying, reconnaissance of the areq, de-
contamination of the territory and firefighting. More than 1
thousand members of military helicopter aviation crews took
partin rescue operations in the early (up to 15 days after the
accident) and intermediate (up to 2 months after the acci-
dent) periods. The external gamma and beta radiation dos-
es to the liquidators were 0.05-0.5 Gy. The duration of stay
in the zone with increased level of contamination by nuclear
fission products was up to 10 days [1-4].

Along with the above mentioned, the accident at the
Chernobyl NPP set a task for the military medicine to eval-
uate the nearest and distant consequences of low-dose ir-
radiation. And also to develop on this basis a complex of
organizational medical measures, contributing to main-
taining the required level of health and working capacity
of servicemen during their work in the radioactively con-
taminated area. This was mainly related to the peculiarity
of the action of low radiation doses, namely to the occur-
rence of various diseases, including psychosomatic ones,
among the liquidators [5-9]. Epidemiological studies have
shown that during the first 5 years after exposure an annual
increase of morbidity was observed in the liquidators. In 10
years 38% of 1986 liquidators had various chronic dis-
eases. And the morbidity occurred in 50% of those sur-
veyed who received a radiation dose of more than 25 cGy.
It was shown that 70% of liquidators had the main disease
for the first time after liquidation of the Chernobyl NPP ac-
cident consequences. And within 17 years the average
number of diagnoses per one liquidator increased from 1.4
to 7.2 [10]. At the same time the number of neuropsychi-
atric diseases in the liquidators was more than 5 times
higher than in the control group [11, 12]. No precise in-
formation on the pathogenesis of diseases and on the
state of the most critical systems of the organism of lig-
vidators exposed to undetermined doses has been ob-
tained. Some researchers consider certain complaints of lig-
vidators as a manifestation of the intention to receive ad-
ditional benefits or as radiophobia [6]. In this regard, it is
necessary to continue such studies, excluding the influ-
ence of concomitant factors of non-radiation nature and
manifestations of radiophobia.

The objectives of the study are to analyze the radiation
doses received by helicopter crew members during the work
above the 4th unit of the reactor and the effectiveness of
some radioprotective equipment; to determine the most ra-
diosensitive body systems, their condition in the early and dis-
tant periods after the accident and the causes of disqualifi-
cation of flight personnel.
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Materials and research methods. The first stage of the
work was performed directly in the zone of helicopter avi-
ation flight over the Chernobyl NPP emergency power unit.
At the same time we determined radiation doses received by
the flight personnel, their dependence on the type of heli-
copter and the pilot's workplace. We also evaluated the de-
pendence of exposure doses on the radio-protection equip-
ment used and the primary reaction of pilots to radiation ex-
posure. The second stage of the work was performed on the
basis of the Central Research Aviation Hospital and the
State Research Test Institute of Military Medicine of the Russ-
ian Ministry of Defense. At this stage the results of laborato-
ry, clinical and psychological examination of the pilots who
performed the tasks of liquidation of the Chernobyl accident
effects in 1986-1987 and received regulated radiation
doses were assessed. The corresponding medical docu-
mentation (expert decisions of medical and flight committees,
results of medical follow-up) was studied for the period from
19861ill 2000, i.e. fill the time when almost all helicopter lig-
vidators were disqualified for health reasons or discharged
due to senior service. The methodology of the study of the
health status of flight personnel from the moment of exposure
to radiation until discharge from the Armed Forces (AF) was
presented by us earlier [1] in sufficient detail.

The results of the study and their analysis. An assess-
ment of the spatial and time parameters of the dose field di-
rectly over the reactor showed a significant radiation hazard
when flying over the emergency unit. Therefore, for crews
operating in emergency situations for 2-5 days, flying over the
reactor was considered to be a factor determining the dose
load [1]. In indirect assessment of dose loads on flight crews,
the nature of the route, altitude, date, and time of day of flight
over the emergency zone for each crew were taken into ac-
count. On this basis, assessment of dose loads on the crews un-
der direct radiation of the emergency unit was given (Table 1).

The registry of the Institute of Aviation and Space Medi-
cine included 101 army aviation pilots who were admitted
to the Central Research Aviation Hospital at the end of
April and the beginning of May, 1986. The radiation dose
for this contingent was (28.3£8.4) cGy — the variation co-
efficient was 30%. At the same time, 29 persons (28.7%) —
according to the data of indirect dose assessment — 24
persons (23.8%) received doses over 25 cGy. Dose dif-
ferences identified based on direct measurements and in-
direct assessment were as follows: within 5 cGy — 10.3%;
10 cGy — 43.3; within more than 10 cGy — 57.7%. The ex-
cess by more than 10 cGy of indirect dosimetry indicators in
comparison with the indicators of individual dosimeters was
noted in 78 pilots — 39.7% of cases. During the period of
work from April 27 to June 1, 1986 the crews of Mi-26 hel-
icopters received high doses of radiation (see Table 1).

Flight personnel who were admitted to the Central Re-
search Aviation Hospital for examination were divided into
two subgroups: helicopter pilots without comorbidities (no di-
agnosis) and helicopter pilots with comorbidities (Table 2).

In the 1st subgroup, the mean values of leukocyte count were
(6.0£0.1)10%/I; red blood cell count, (4.7+0.02)10'2/I;
platelet count, (277.3+6.1)10°/1; in the 2nd subgroup these



values were (6.4+0.2); (4.840.02) and (284.3+5.4) re-
spectively. Relative lymphocytosis and reticulocyte reduction
to the lower limit of normal were noted in 25% of cases in
both subgroups.

During the period when the pilots passed the medical-flight
commission at the Central Research Aviation Hospital, the
structure of the diagnoses did not change. At the 1st regu-
lar medical-flight commission (June 1986 - May 1987) 23
pilots (28%) out of 81 received the following conclusion:
"Healthy (without clinical and hematological manifesta-
tions)", in 58 of them diseases were diagnosed (Table 3).

After the 1st regular medical-flight commission (May
1987) 6 pilots were declared unfit for flying. Two of them
had the diagnosis "urolithiasis", 4 — combined diagnoses,
but the main, unifying diagnosis was "emotional and vege-
tative instability, prolonged neurotic state". At the second reg-
ular medical-flight commission the same conclusions about
unsuitability for flying work were received by two more pi-
lots. During the periods of passing the medical-flying com-
mission at the Central Research Aviation Hospital (1986-
1988) the quantitative blood indices changed little. How-
ever, relative lymphocytosis was noted in 50% of cases (the
1st medical-flight commission after work at the Chernobyl
NPP) and 40% (the 2nd medical-flight commission). The
number of reticulocytes remained at the lower limit of the
norm. Thus, most blood analyses had no deviations from the
norm, and the observed weakly pronounced shifts did not
correlate with the radiation dose.

Against this background, a number of liquidators had in-
creased emotional lability, irritability, rapid fatigue,
headaches, dizziness, internal tension, sleep disorders,
nightmares, withdrawal, decreased memory, impaired con-
centration, anxiety, etc. when performing the tasks. These
symptoms increased with time (Table 4).

Although the detected borderline mental disorders were
transient, in some liquidators they took on a compulsive char-
acter. Comparison of the dynamics of the number of liquida-
tors with partial health deficiencies in the groups under analy-
sis showed that the main increase in the morbidity among the
exposed people occurred in the first 5 post-radiation years,
while among non-exposed people it occurred in 1990-
1993. Apparently, this can be explained by the fact that in
1986-1991 most of the liquidators underwent hospital ex-
amination, which contributed to earlier detection of diseases.
The pilots of the control group underwent an extended ex-
amination only when they reached the age of 35, i.e. in
1990-1993. Nevertheless, the fact of prevalence of dis-
eases in helicopter liquidators over those in the control group
during all 15 years of observation is obvious (Figure).

During the three months of work to eliminate the conse-
quences of the accident, 1,125 aircrew were exposed to ra-
diation. The number of pilots exposed to over 25 cGy and
hospitalized in medical organizations was 65 (5.8%); the
number of those exposed to 21-25 cGy who were taken off
the flight was 366 (32.5%); the number of those exposed to
under 20 cGy who were discharged from the accident region
was 673 (59.7%). Itis noteworthy that in the 16-20 cGy dose
27.5% of the aviation personnel were suspended from flying.
And at doses over 21 cGy 9.8% of the pilots were allowed
to continue flying. This demonstrates that at that time the
dosage accounting was imperfect, as well as the lack of uni-
fied tactics among doctors and commanders in deciding
whether pilots should be allowed to continue flying persisted.

Fifteen years after participation in elimination of the con-
sequences of the accident, the bulk of the flight personnel
completed their professional activities. At the same time al-

most 90% of helicopter pilots had different diseases, among
which diseases of cardiovascular (52%) and nervous (39%)
system, musculoskeletal system (27%), gastrointestinal or-
gans (21%), respiratory system (29%), sense organs (7%)
and others prevailed. Experimental data and clinic of human
radiation sickness demonstrate that exposure of the ab-
domen results in a pronounced primary reaction: vomiting,
bloating, pronounced pain syndrome, sleep disturbance
and other symptoms [1, 6, 7]. Therefore, on the path of the
main flow of gamma radiation from the destroyed reactor
when irradiating the helicopter from the lower hemisphere,
a lead shield of 5 mm thickness (attenuation factor of
1.5) or more was placed on the seat cup. In combination
with an additional shield an anti-radiation belt protecting
the abdominal area made in the form of a cartridge with

Ta6nmua 1 / Table No. 1
Ho3bl 06nyueHUs, nony4YeHHbIe SKUNAXAMU BEPTONETOB
B nepuop c 27 anpens no 1 nions 1986 r.

Exposure doses received by helicopter crews
from April 27 to June 1, 1986

Cpeatsis

Tun Kareropus netHoro cyMMmapHas Cpennss
BepTo- cocTaBa — Yncno Aosa ”ponon*smem"
neta 06CneaoBaHHbIX, Yen. oBnyuenus, | HOCTD PEOLIBANAA
Heli- Category of flight cp A 5 3°He|’ nHrh ¢
copter personnel - number of Average verage ‘engih o
stay in the zone,
type surveyed persons, people total dose, days
cGy
Mu-8 Komananp - 73
+ +
Mi-8 Commander -73 18,7£0.9 4,6+0,4
Wrypmar - 74 18,820,9 4,4+0,4
Navigator — 74
BoptrexHuk — 74
18,9£1,0 4,5+0,8
Flight technician - 74
Mu-6 Komawnaup - 47
+ +
Mi-6 Commander - 47 17,1211 3,1£0,2
rl.pCIBbI'M netunk — 47 15,9411 3,040,2
Right pilot — 47
Wrypmar - 45 15,5¢1,1 3,0£0,2
Navigator — 45
BoptrexHuk — 43
+ +
Flight technician —43 15,2211 2,8%0.2
Boprpaavcr - 42 14,811 2,720,2
Radio operator — 42
MexaHuk rpysosoro
orcexa - 45 16,0£1,0 2,80,2
Cargo compartment
mechanic — 45
Mu-26 Komanaup - 28
22,0+0,9 4,9£0,7
Mi-26 Commander - 28
rl.pCIBbI'M netumk — 28 20,0411 5,140,7
Right pilot — 28
LWrypman — 28
+ +
Navigator — 28 19,0£1,2 5.0£0,7
BoptrexHuk — 25
22,5%1,2 4,5£0,7
Flight technician - 25
MexaHuk rpysosoro
oreexa - 26 25,3+2,1 4,50,6
Cargo compartment
mechanic — 26
Mu-24 Komananp - 34
18,6%1,3 5,1£0,4
Mi-24 Commander - 34
ﬂeTHMK-OI‘Ie.pCITOp -34 18,6413 5.140,3
Operator pilot -34
Rosumerpucr ~ 10 24,3%2,1 4,5%0,6
Dosimetrist —10
BoptrexHuk — 34
18,7£1,2 5,0£0,3
Flight technician -34
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Ta6nuua 2 / Table No. 2

CocrosHue nepudepuueckoi kposu y 81 netumka, npoxoamswero obcneposanue e LLHUAT
B mae 1986 r.; Hos6pe 1986 r. — aHBape 1987 r. ; uione 1987 r. — anpene 1988 r.
Peripheral blood condition in 81 pilots who were examined at the Central Research Aviation Hospital in May 1986;
November 1986 to January 1987; June 1987 to April 1988

O6cnepoeaHHble NETYMKM Be3 auarHosa O6cnenoBaHHble NETYUKM C AUATHOIOM
Mokasatens Examined pilots without a diagnosis Examined pilots with a diagnosis
Indicator mat / Hoa6pb/Nov1986 — wioHb/June 1987— mait / Hoa6pb/Nov1986 — wioHb/June 1987 -
May 1986 ansapb/ Jan1987 anp. /Apr 1988 May1986 snsaps/ Jan1987 anp. /Apr 1988

FemornoOur, r/n 154,2£1,0 150,6£1,0 150,3%1,5 157,5%0,8 152,3%0,9 152,940,9
Hemoglobin, g/I

2
Sputpouutsi, 107/ 4,7+0,02 4,6+0,05 4,6+0,05 4,8+0,02 4,60,03 4,6+0,03
Erythrocytes, 10'?/I
Petukynountsi, 0/00
Reficulocytes, 0,/00 2,6%0,1 2,7%0,3 2,9+0,4 2,6%0,2 2,4%0,2 2,9+0,4

g
TpomGouyrmsl, 107/ 277,3+5,1 290,9+8,2 272,0£12,3 | 284,3%5,4 288,9+5,9 289,0+8,4
Platelets, 10°/1

- g

Jledixoups, ]O/ 1 6,020, 1 7,3+0,4 6,6%0,2 6,4%0,2 6,5%0,2 6,4%0,2
Leucocytes, 10°/I
Heltrpodune
- nanoykosaepHslie, % 1,7%0,1 1,7+0,4 1,2+1,2 1,1+0,1 1,0+0,1 1,4%0,2
Stab neutrophils, %
Heftrpodune
- cermeHTOsAepHble, % 54,7+0,9 53,7%£2,0 53,6%1,3 55,0%1,1 54,1%1,2 53,6%1,1
Segmented neutrophils, %
Sosunoduns, % 3,3%0,2 3,1%0,7 3,4%0,4 2,520, 1 2,9+0,3 2,8+0,3
Eosinophils, %
Basoguns, % 0 0,04%0,02 0,05%0,01 0 0,04%0,03 0,06+0,03
Basophils, %
Jlamoupurs, % 36,0£0,09 37,3%1,8 36,8%1,5 35,9%0,9 37,1£1,1 36,6%1,0
Lymphocytes, %
Moroupre, % 5,140,2 4,1%0,5 4,8+0,5 5,240,2 5,00,3 5,5%0,3
Monocytes, %
CO3, mm/4 5,0£0,3 5,0£0,5 4,6+0,5 4,8+0,2 4,30,3 4,9+0,3
ESR, mm / h

interchangeable lead inserts of 198X77 mm size and 5 mm
thickness of each plate was used [1]. In flight, the spatial ori-
entation of the physical protection with respect to the radi-
ation source was taken info account when the pitch angle
changed from - 30° to +30° and the roll angle from 20° to

Ta6nmua 3 / Table No. &
Jons neTunkoB ¢ ANArHo3oM po 1 nocne npebbiBaHms
Ha YA3C e anpene-mae 1986 r., %,
no aaHHbim BJIK
Share of pilots with the diagnosis, before and after
the Chernobyl accident in April-May 1986, %,
according to medical board data

Ho asapuu
Before the Mocne asapum
ﬂM'GI'HOS no cuctemam accident After the accident
Diagnosis by system 1985. T986- T987-
1986 1987 1988
CepaeuHo-cocyaucTas cuctema 260 310 320
Cardiovascular system ' ! '
XenypouHo-KkuieyHbI TpakT 140 170 20.0
Gastrointestinal tract ' ! '
LleHtpansbHas u nepudepuyec-
Kas HepBHAs cHCTEMA
Central and peripheral nervous 5.0 2,0 6.0
system
JIOP-cucrema / ENT system 3,0 23,0 27,0
OpraHbl 3peHust 20 60 60
Organs of vision ' ' '
DHAOKPMHHAS cUCTEMA 10 10 20
Endocrine system ' ' '
O6meH eewecte / Metabolism 2,0 7,0 9,0
Koxa / Skin 3,0 1,0 2,0
OnopHo-ABMraTenbHas cuctema 10 50 50
Musculoskeletal system ' ' '
OpraHbl AbixaHMs 10 20 20
Respiratory system ' ' '
Bcero c anarHozom
Total with diagnosis 3.0 72,0 75,0
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45°. Model measurements made by our associate A.A.
Galkin showed that within these helicopter maneuvering
angles, the belt attenuation multiplicity changes insignifi-
cantly. Direct measurements of doses in the abdominal area
behind the belt during crew operations showed that when
physical protection was applied, the radiation dose de-
creased by a factor of 2 to 3.

During operation, the dose rate in helicopter cabins
reached 2-4 Gy/h, and the probability of pilots' overex-
posure was quite high. Therefore, during the first day of ac-
cident elimination the pilots took cystamine in tablets at a
dose of 1.2 g after breakfast 40-60 min before the flight. As
a result, more than half of the pilots complained of discom-
fort, nausea and sweating 1 hour after taking cystamine. In
this connection the radio-protector indralin — developed by
D.l. Mendeleev Moscow Institute of Chemical Technology,
the Institute of Aviation and Space Medicine and the Institute
of Biophysics of the USSR Ministry of Health — was used in-
stead of cystamine. The drug was manufactured in tablets
and provided by the Institute of Biophysics. This drug was
used in flights requiring a high level of coordination to sta-
bilize the helicopter while hovering over the "crater" at an al-
titude of 200 m for 7-20 min. Indralin was taken orally in
tablets with a dose of 0.45 g. M.V. Vasin monitored the in-
take of the drug and the pilots' well-being. After taking the
radio-protectant, the crew members did not note any sen-
sations, except for weak manifestations of parasthesia in the
face. In their opinion, the drug had no effect on the opera-
tor's activity while hovering over the "crater" of the reactor.
Laboratory studies performed 7-15 days after the intake of
radioprotector during the stay of 7 pilots in Central Re-
search Aviation Hospital did not reveal any functionally sig-
nificant changes in blood parameters.

From clinical and etiological points of view, the charac-
terization of disease nosology as a disqualifying factor of




HO PAAUALMOHHO-3ArPsS3HEHHOW MECTHOCTU

Ta6nuua 4 / Table No. 4

Pe3yﬂbTGTbl ncuxonorunyeckoro o6cnenoacu-|m| JIETHOro COoCTaBa 4Yepes 5 nert nocne BbINOAHEHUS 3aaaHuMa

Results of psychological examination of flight personnel 5 years after a mission in a radioactively contaminated area

[osa obnyuenns, JNuyHocTHas DMoumoHanbHas CaMOoOLEeHKAa HOYHOTO CHa, ef,. Hapkonornyec-
Mpynna Bospacr, ner r Self rted night s| M
Group Age, years o clp TPesoXHOCTS, ea. peakeHoCTs, en. elf-reported night sleep kWi cTaTyc, e,
‘ Radiation dose, cGy Personal anxiety, units Emotional reactivity, units evaluation, units Drug status, units
1-5 33,9+0,5 42,8+0,8** 352,4+28,3 4,8+0,12* 20,7+1,1*
Tst (79) 26,208 (79) (74) (74) (66) (75)
2-5 34,4+0,7 39,6%1,3 273,3x53,9 5,1£0,12 17,1£1,13
2nd (41) 14.451,1(39) (35) (16) (41] (40)
3-s 34,4+0,8 42,0£1,1 379,8x42,7 4,8+1,7 20,5%1,5
3th (39 30,8+1,1 (38) (37) (34) (37) (36)
4-9 33,2%1,2 41,6%0,9 272,2x57,7 4,9+0,97 19,0+0,96
4th (82) 17,920,7 (78) (72) (15) (77) (79)
5- 32,3%1,1 38,8+1,35 312,0+24,6 5,4%0,62 16,2+1,7
5th (28) B (28) (28) (28) (28)

MpumedaHue: 1-51 rpynna — BLINOMHSIBLIME 304GHME B OCTPLIA NEPUOL, ABAPMM; 2-9 — BLINOMHSBLUIME 3QAAHME B MPOMEXYTOUHbINA NEPUOA ABAPUK;
3-5 — obnyuenHble B fo3e 6onee 25 clp; 4-5 — obnyueHHbie B fo3e meHee 25 clp; 5-9 rpynna (koHTponbHas) — HeoBny4eHHbIN NeTHbIA cocTas

[octosepHocTs pasauumin *, **

B ckobkax — uncno obcnenoBaHHbIx

— Mexay rpynnamu 1-i u 2-i, 3-i u 4-i1 gns P<O,05 1 P<O, 1 cooteetctBenHo; £ k 5-i rpynne ansa P<0,05

Note: Group 1 -those who performed the task in the acute period of the accident; Group 2 - those who performed the task in the intermediate period of
the accident; Group 3 - those exposed to over 25 cGy; Group 4 - those exposed fo less than 25 cGy; Group 5 (control) - unexposed aircrew members
Significance of differences *, ** — between Group 1 and Group 2, Group 3 and Group 3, P<0.05 u P<0.1 respectively; * to Group 5, P<0.05

In parentheses — number of surveyed

flight personnel is of interest [1, 7, 12, 13]. The nature of the
data we obtained confirms the presence of a clear difference
between the liquidators and pilots of the control group. Fif-
teen years of observation showed that in the control group
a large proportion of diseases were diseases of the muscu-
loskeletal system. The liquidators group was characterized
by the formation of chronic diseases whose pathogenetic
mechanism was psychogenic-traumatic. In 1999 35% of hel-
icopter liquidators with a diagnosis were subjected to dis-
qualification due to changes in the neuro-psychic sphere (in
the control group — 14%). In addition, the neuropsychiatric
component was present in all somatic diseases and even in
clinically healthy individuals. A major role in the disqualifi-
cation of helicopter liquidators is played by cardiovascular
diseases (45%), and over 15 years their component has re-
mained virtually unchanged. Thus, in 1986, due to dis-
qualification by disease, the proportion of cardiovascular

100
a0
&0
fO 63,0
&0
50
40

a0 200 230

’ § I

¥
15986 1991

lopbl Habniopenus,/ Years of observation

32,0

"]

57,0

disease was 48%, in 1991 - 55%. In the control group in
1986, the proportion of cardiovascular disease in the dis-
qualified population was 55%; in 1991 it was 24%; in
1999 itwas only 19%. In 1986, gastrointestinal diseases ac-
counted for 26% of disqualifications in the liquidators and
18% in the control group. By the end of observation dis-
qualification for gastrointestinal diseases decreased to 10%,
in the control group — up to 7%. In 1999 in the group of lig-
vidators with diagnoses were disqualified for diseases of the
musculoskeletal system — 10%, while in the control group
these diseases gave the highest percentage of disqualifica-
tions: in 1991 — 24%, in 1999 — 27%.

Flight personnel activities associated with participation in
liquidation of the Chernobyl accident took place under con-
ditions of emotional tension and radiation exposure, which
pilots had not previously encountered. In addition to ex-
ternal beta- and gamma-exposure, the liquidators were

93,0
75,0
70,0 __
Q00

1995 .
nd

PucyHok. XapakrepucTika obuiero 3nopoebs nnkeuaatopos 3a 15 net nocne asapuu.
Mo ropusoHTanu — rogel HabloaeHMs; No BepTMKanM — aons (%) NeTunkoB, MMEBLIMX AUArHO3 3a60neBaHHS;

1 — KOHTpONbHAS rpyNna; 2 — rpynna AMKBUAATOPOB

Figure. Characteristics of the general health of liquidators in 1986-2000. Horizontal — years of observation; vertical —
percentage of airmen diagnosed with disease; 1 — control group; 2 — liquidator group
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exposed fo internal radiation exposure to alpha-, beta- and
gamma-emitting radionuclides incorporated as a result of
their inhalation and ingestion into the body during the mis-
sion. For example, after the approach of two or three heli-
copters, a continuous dust cloud at least 30 m high rose over
the loading area, and this lasted from April 29 to May 6 for
16 hours a day [3, 4, 7].

In the early period of the liquidation work, the influence of
such a stress factor as the fear of overexposure was not ex-
cluded. All these factors together determined the subse-
quent changes in the mental sphere of pilots both in the
nearest and in the more distant period. The strength of the im-
pact of emergency radiation environment on the mental
state of pilots, including their motivational sphere, is evi-
denced by the answers to the question: "Is there a desire to
take part in similar operations in the future2" Only 23% of re-
spondents answered "yes" affirmatively and without hesita-
tion. The majority (68%) answered "no." In the group of sur-
veyed pilots, 39.5% had an increase in reactive anxiety
above 45 units (exceeding the norm 1,5 times), increase of
emotional reactivity, decrease of emotional stability level (ac-
cording to 16-factorial personality survey) and there was
vegetative functions lability — increase of tremor, fluctuations
of arterial pressure. These shifts in mental status reduce effi-
ciency and reliability of professional activity, affect flight safe-
ty and serve as a serious prerequisite for the development of
psychosomatic diseases in flight personnel.

At insignificant radiation doses, it is very difficult to differ-
entiate deviations caused by a nonspecific influence of an ex-
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treme situation from deviations related to a specific effect of
radiation. One can rather speak of a combined effect of
emergency factors on the organism of liquidators [1, 12, 14].
And the connection between the value of the dose received
and changes in the neuro-emotional state has a unidirec-
tional character. Thus, a positive correlation was noted be-
tween the exposure dose and the level of reactive anxiety
(r=0.22), emotional stability (r=0.27) and reactivity (r=0.46).

Conclusion

In the nearest period after work in the center of a radia-
tion accident the phenomena of neuroficism were noted in the
flying personnel. With the lapse of time the liquidators
changed their assessment of the situation of radiation ex-
posure. One year after the accident, 60% of the pilots be-
lieved that participation in the events allowed them to believe
in themselves, in their strength and abilities; 50% thought that
they had acquired professionally important qualities; 30%
considered the experience gained valuable; 15% of the pi-
lots after participation in the events gained a new, socially
more meaningful outlook on life. In 90.5% of the pilots,
participation in the accident elimination did not decrease
their motivation for flying work. Almost all of those surveyed
were ready to work in such conditions. At the same time, one
in three noted that their state of health had deteriorated
over the past time, which was expressed in increased fati-
gability (62.5%) and reduced potency (37.5%). According
to the data obtained with the same contingent who did not
take part in the Chernobyl events, the disorders were much
less widespread.
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Abstract. It has been noted that one of the most common types of radiation injuries when a person is exposed to ionizing radiation
is radiation burns — severe local radiation injuries.

The aim of the study is to apply stromal and vascular fraction of adipose tissue to increase the efficiency of complex therapy for lo-
cal radiation lesions.

Materials and methods of the study. In 2017-2019, 7 patients (all male; mean age — (54.83£9.41) years) with local radiation le-
sions of the skin — ulcerative-necrotic lesions of the skin and underlying tissues — were treated at the Federal Medical Biophysical
Center named after A.l. Burnazyan of FMBA of Russia. For more than 6 months the patients received conventional conservative ther-
apy of local radiation lesions and a single injection of cell suspension of autologous cells of stromal-vascular fraction of adipose
tissue — the average number of cells was (60.33X 106+64.04).

Results of the study and their analysis. All patients had no serious adverse events and reactions associated with the introduction of
autologous regenerative cells of adipose fissue. During the whole period of observation after stromal-vascular fraction of adipose
tissue was injected, late radiation ulcers remained without signs of inflammation and infiliration. The patients were discharged from
the hospital in satisfactory condition.

According to the authors, the use of stromal-vascular fraction of adipose tissue in local radiation lesions provides favorable condi-
tions: fo increase the effectiveness of complex therapy; to reduce healing time of the wound surface; to regulate and activate im-
mune and reparative processes in the dermis; to restore the damaged vascular network, lost skin without severe scarring changes;
to heal and achieve a satisfactory result, decent quality of life of patients.

Key words: ccell therapy, emergencies, radiation, regenerative cell technologies, severe local radiation injuries, stromal-vascu-
lar fraction of adipose tissue, victims
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NMPUMEHEHWUE PETEHEPATUBHbIX KJTETOYHbIX TEXHOJIOTUIM MPU NIEYEHUM TXKENbIX
MECTHbIX JTYYEBbIX MOPAXXEHUM Y NOCTPALABLLUMX B YPE3BbIYAMHBIX CUTYALIUAX:
M3 OMbITA PABOTblI CNELLUATTMCTOB PEAEPAJIBHOIO MEANLIMHCKOIO
BUODPU3NYECKOTO LIEHTPA UM. A.U.BYPHA3AHA ®MBA POCCUA

T.A Actpenuna’, A.B.Akcenenko!, M.B.Ko6seea', B.A.BpyHuykos', [.t0.Ycynxaroea'

1 ®IBY «[HL| — DenepanbHblit MearumHckmiA 6rodusnueckuii ueHtp um. AU ByprassaHa» PMBA Poceum, Mockea, Poccus

Pesiome. OTmeueHo, 4TO OfHWUM 13 Hanbonee pacnpOCTPAHEHHBIX BUAOB PABUALMOHHBIX MOPAXEHUI NPK BO3AEHCTBUM MOHU3M-
PYIOLLErO M3NyHeHMst HO YENOBEKA SBASIOTC PAAMALMOHHBIE OXOMM — TSXENbIE MECTHbIE NTydeBble nopaxerus (MJTM).

Liens nccnenosarms — npumerenmne crpomansHo-eackynspHoi ¢pakuum (CBP) xuposor tkanu (XKT) ans nosbiwenms s pekTms-
HOCTM KOMMIEKCHOM Tepanuu npu MJIT.

Marepuansi n metoas! nccneposanus. B 2017-2019 rr. 8 PepepansHom MeprumHckom 6ruoduanieckom LeHtpe um. AM.bypHasaHa
PMBA Poccuu 6binm nponeyeHsl 7 NaUMEHToB (Bce — MyxumHbl; cpeaHuit Bospact — (54,83+9,41) roaa) ¢ MJITT koxHbix nokpo-
BOB — 13BEHHO-HEKPOTUHECKMM MOPCXKEHUEM KOXM W MOAIEXALLMX TKaHeH. B TeyeHne Gonee 6 Mec naupeHTbl nony4any obLenpuHsTyio
KoHcepsatueHyto Tepanmio MJITT 1 ogHoKpaTHOE BBEAEHME KNETOYHOM CYCMEH3UM AYTOMOMMYHBIX KNETOK CTPOMANbHO-BACKYSIP-
HO/ BPAKLMM XMPOBOM TKAHM — CpeaHee Konu4ecTso knetok coctasnsno (60,33 X 106+64,04).

Pesynbtartsl mccnenoBarms 1 ux aHanm3. Y BCeX NAUMEHTOB He BbINIO OTMEYEHO CEPLE3HbIX HEXENATENbHBIX ABNEHUN U PEAKLMH,
CBAIBAHHBIX C BBEAEHWEM QYTONOTMYHBIX PEFEHEPATUBHBIX KIETOK XMPOBOM TKAHU. 30 BECH NEPUOA HABNIOAEHUS NOCTE BBEAEHMS
CB® XT nospHue nyyesble 513Bbl OCTABANMCH 6€3 NPU3HAKOB BOCTIANEHMS U MHPUILTPALMM. [aumeHTbl Bbinu BbINUCAHbBI 13 CTALMOHAPA
B YZJOBNIETBOPUTENILHOM COCTOSIHMM.

Mo MHenuto asTopos, npumeHerne CBD XT npu MJITM obecneunsaet GnaronpusiTHbie YCrnoBus: Anst NOBbILUEHUS 3DPEKTUBHOCTM
KOMIIEKCHOM TEPANMM; COKPALLEHMS CPOKOB 3AXMBIIEHMSI POHEBOW MOBEPXHOCTH; PErYSLMM U AKTUBALMM UMMYHHBIX M pENAPa-
TUBHbIX MPOLIECCOB B AEPME; BOCCTAHOBIIEHMS NOBPEXAEHHON COCYAUCTON CETH, YTPAYEHHbIX KOXHbIX MOKPOB 6€3 rpybbiX py6LOBbIX
M3MEHEHWI; ANsi 3AXMBIEHUS M OCTUXEHMS YOBIETBOPUTENLHOTO PE3YbTATA, AOCTOMHOIO KAYECTBA XMU3HMU NALMEHTOB.

KnioueBble cnoBa: knetoyHas Tepanus, NOCTPAfABLUME, PAAMALMS, PEFEHEPATMBHLIE KIETOYHbIE TEXHOMOMMM, CTPOMASIbHO-BAC-
KynsipHAsi ppaKLmsi KMPOBOH TKAHM, TSXKENbIE MECTHBIE JTyHeBble MOPAXEHMS], YPE3BbIYANHbIE CHUTYALMM
KoHpnukT nHtepecos. ABTopbl CTATbM MOATBEPXAAIOT OTCYTCTBUE KOHGNMKTA MHTEPECOB

[ns untnposanus: Actpennta T.A., Akcenerko A.B., Ko6sesa M.B., BpyHuykos B.A., Yeynxarosa [.1O. MNpumeHerne pereHepatmsHbix kne-
TOYHBIX TEXHOTOTUM NP IEYEHMM THKENBIX MECTHBIX JTy4EBbIX MOPAXEHMM Y NOCTPAAABLUMX B YPEIBLIYAMHBIX CUTYALMSX: M3 OMbITA PABOTLI Cre-
unanucros PepepansHoro meanumHckoro bruoduanyeckoro uertpa um. A.M.byprasana PMBA Poceun // Meanumna katactpod. 202 1. Ne3.
C. 58-64. ttps://doi.org/10.33266,/2070-1004-2021-3-58-64

Disaster Medicine No. 32021



Contact information:

Tatiana A. Astrelina — Dr. Sc. (Med.), Assoc. Prof.; Head of
Center for Biomedical Technologies, Head of the Department of
Regenerative Medicine, Hematology

Address: 23, Marshala Novikova str., Moscow, 123098,
Russia

Phone: +7 (916) 532-56-77

E-mail: t_astrelina@mail.ru

Introduction

One of the most common types of radiation injuries when
a person is exposed fo ionizing radiation is radiation burns —
severe local radiation injuries. Local radiation injuries to the
skin are common in radiation accidents and incidents in-
volving sources of ionizing radiation.

Thus, on the territory of the former USSR in 1950-2000
there were 349 radiation accidents accompanied by the
development of radiation injuries. Acute radiation sickness
combined with local radiation injuries was diagnosed in
747 people. Inthe USA in 1944-2000 there were 246 ra-
diation accidents accompanied by development of local ra-
diation injuries of various localizations (92%) in 793
people; in China in 1949-1988 there were 14 major radi-
ation accidents accompanied by development of local ra-
diation injuries in 47 individuals. [1-8].

According to numerous studies, skin changes due to radi-
ation damage occur early due to genetic damage to stem
and proliferating epidermal cells due to reduced reparative
processes. Damage of less radiosensitive cell and tissue el-
ements is also important: vascular endothelium, fibroblasts,
elastic and smooth muscle sheaths. A characteristic feature
of clinical course of local radiation lesions is a high proba-
bility of late radiation complications. They develop 6 months
and more after the period of visible recovery.

Local radiation lesions are very difficult to treat. Conser-
vative methods of treatment of non-healing chronic radia-
tion ulcers are ineffective. Surgical intervention is often
required, which is not always possible because of the con-
dition of the victim's bodly.

In this regard, the development of new ways to improve
the complex conservative treatment of local radiation lesions
of the skin is an important task of modern medicine.

One of promising methods of treatment of local radiation
lesions is cell therapy. Its use in clinical practice in the com-
plex treatment of local radiation lesions will reduce the heal-
ing time of ulcerous defects and improve the quality of life of
patients. For cell therapy are used: mesenchymal stromal
cells from various sources; autologous minimally manipu-
lated products (regenerative cells) based on adipose tissue;
paracrine factors derived from cultured stem cells, etc.

The successful use of mesenchymal stromal cells in the
treatment of radiation burns is due to their secretory activ-
ity. This activity is related to their production of a wide
range of cytokines and growth factors. Besides, mes-
enchymal stromal cells have immunosuppressive, anti-in-
flammatory and trophic effects [9-12]. Cases of successful
application of mesenchymal stromal cells in the treatment
of radiation ulcers caused by X-rays have been described
[13, 14]. In clinical application the safety of cell therapy
has been proved. Itis also established that transplantation
of mesenchymal stromal cells interrupts the pathological
inflammatory phase of inflammation, leading to an accel-
eration of the healing rate. However, the proposed
method of treatment requires long-term cultivation of mes-
enchymal stromal cells.
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At the present time in plastic surgery and clinical practice
for the treatment of bone defects and soft tissue volume, dis-
eases of musculoskeletal system and other diseases adipose
tissue — subcutaneous fatty tissue — is actively used. The ef-
fect of regenerative cells (stromal and vascular fraction of
adipose tissue) is realized due to their differentiation and re-
placement of damaged tissue areas, production of paracrine
factors providing immunomodulatory effect, prevention of
cell death by apoptosis mechanism, neoangiogenesis, fi-
brous and connective tissue remodeling [15-17]. Studies on
laboratory animals at the State Research Center — ALl Bur-
nazyan Federal Medical Biophysical Center of the Federal
Medical and Biological Agency of Russia (hereinafter — ALl
Burnazyan Federal Biophysical Center) showed that the use
of regenerative cells of adipose tissue improves the course
of local radiation lesions of the skin. It also accelerates
wound healing processes due to improved neoangiogene-
sis and increased proliferation of fibroblasts after local X-
ray irradiation in the experiment [18, 19]. All this points to
the possibility of successful application of adipose tissue cells
in severe local radiation lesions.

Thus, the data of the studies demonstrate an important role
of regenerative medicine and cell technologies in the treat-
ment of local radiation lesions. Autologous regenerative
cells of stromal and vascular fraction of adipose tissue ap-
pear to be the most promising for clinical application. They
have the ability to differentiate due to their heterogeneity
and secrete a huge range of cytokines and growth factors
that play an important role in tissue regeneration. Studies on
laboratory animals have demonstrated high efficacy and
safety of application of autologous regenerative cells of stro-
mal and vascular fraction of adipose tissue in treatment of
severe local radiation lesions. However, there are no data
on clinical application of autologous regenerative cells of
stromal and vascular fraction of adipose tissue in the treat-
ment of local radiation lesions in the victims. All this points to
the possibility of successful application of regenerative cells
of adipose tissue in the treatment of severe local radiation le-
sions in humans.

The aim of the study is to apply stromal and vascular
fraction of adipose tissue to increase the efficiency of com-
plex therapy for local radiation lesions.

Materials and methods. In 2017-2019 7 patients with
local radiation lesions of the skin — ulcerative-necrotic le-
sions of the skin and underlying tissues were treated at the
A.l. Burnazyan Federal Medical and Biological Center of
the Federal Medical and Biological Agency of Russia. Al
patients were men, mean age — (54,83£9,41) years, mean
body weight — (72,67£16,12) kg, mean height —
(175,65£8,07) cm, mean body surface area —
(1,95+0,17) m2, mean body mass index (BMI) —
(26,37+3,23). For more than 6 months the patients received
conventional conservative therapy of local radiation lesions.

All patients underwent laboratory tests (clinical blood test,
serological reactions, biochemical blood test, coagulogram,
clinical urinalysis) and instrumental methods of investigation.



All patients had the results of laboratory indices and in-
strumental methods of investigation within the normal range
and there were no contraindications for adipose tissue sam-
pling and for application of stromal-vascular fraction of
adipose fissue.

Indications for the use of stromal-vascular fraction of adi-
pose tissue in patients with local radiation lesions:

1. History of exposure to ionizing radiation.

2. Ulcerative-necrotic lesions/ lesions of the skin and un-
derlying tissues lasting more than 6 months.

3. A negative urine pregnancy test result, consent to ab-
stain from sexual intercourse completely or to use reliable
contraception for women of reproductive age for the dura-
tion of the study.

4. Patients read the information sheet and signed the in-
formed consent form.

Contraindications for the use of stromal and vascular adi-
pose tissue fraction in patients with local radiation lesions:

1. Refusal of a patient with local radiation lesion or of his
close relatives to use stromal-vascular fraction of adipose tissue.

2. Chronic diseases of internal organs in subcompensated
or decompensated forms.

3. Delayed physical development.

4. Cancer registered in the last 5 years.

5. Depression or other clinically significant mental illness.

6. Significant weight loss (>10% of body weight in the
previous year) of unspecified etiology.

7. Active infectious and inflammatory diseases.

8. Pregnancy or breastfeeding period.
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Fig. 1. Fig. 1. Algorithm of decision making about the necessity of
using regenerative cells of stromal-vascular fraction of adipose tissue in
local radiation damage in medical facilities

9. Drug abuse, current or history of drug and/or alcohol
abuse.

10. Therapy with immunosuppressive drugs, including
chemotherapy, in the last 5 years.

11. Autoimmune diseases requiring regular immunosup-
pressive therapy.

12. Clinically significant abnormalities in the results of lab-
oratory tests.
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Fig. 2. Scheme of obtaining regenerative cells of adipose tissue for clinical use
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13. Patients receiving anticoagulants due to any disease,
as well as patients who received anticoagulants for at least
1 h before lipoaspiration.

14. Patients who are or were receiving glycoprotein
[IB/1IIA inhibitors before the study.

15. Patients with contraindications for local anesthesia or
with a history of allergic reactions to local anesthetics.

16. Confirmed carriers of HIV or hepatitis B or C.

17. Presence of any other comorbidities that put the pa-
tient's safety at risk for participation in the study or will affect
the safety assessment, including: diabetes mellitus; obesity —
BMI > 35 kg/m2; bronchial asthma; epilepsy, migraine,
seizures or other central nervous system disorders, includ-
ing a history of them; cardiovascular and cerebro-vascular
diseases, including a history of them; presence of thrombo-
sis — venous and/or arterial, thromboembolism or throm-
bophlebitis — current or history of it.

Basic requirements for safety and efficiency of adipose
tissue sampling, its processing, obtaining stromal-vascular
fraction of adipose tissue and its application:

1. Manipulations for taking biological material of adipose
tissue and isolation of stromal and vascular fraction of adi-
pose tissue must be performed by qualified personnel in ster-
ile conditions.

2. Manipulations with biological material must be per-
formed in sterile rooms with appropriate certified equipment
and consumables.

3. The list of necessary equipment should include: lami-
nar flow cabinet, CO2 incubator, cell counter, centrifuge,
cytofluorimeter, disposable consumables, and other
reagents.

4. It is necessary to create strictly controlled and stan-
dardized methods and procedures for processing and ob-
taining stromal-vascular fraction of adipose tissue —
reagents, enzymes, etc.

5. Testing of stromal-vascular fraction of adipose tissue, in-
cluding number and viability of cells, imnmunophenotyping of
surface antigens, sterility control, and passportization.

6. Application (local injection) of stromal-vascular frac-
tion of adipose tissue complex for treatment of local radia-
tion lesions should be performed by qualified personnel in
sterile conditions.

After signing an informed consent to obtain biological ma-
terial of adipose tissue for cell therapy, aspiration liposuc-
tion in the lower third of the anterior abdominal wall was
performed in the operating room under general anesthesia.
The average volume of lipoaspirate adipose tissue was
(42.32£13.98) g. For clinical use, adipose tissue was
washed, enzymatically treated with collagenase, cen-
trifuged, and stromal and vascular fractions of adipose tis-
sue were obtained. The number of cells in the
stromal-vascular fraction of adipose tissue was counted
using an automatic Counterss Invitrogen cell counter (Invit-
rogen). The average number of cells in the stromal-vascular

Tabnuua / Table

PacnpepeneHve nauMeHTOB MO 3TMONOIMK U AO3€ PAJVALMOHHOIO MOPAXEHMUS
Distribution of patients by etiology and doses of radiation exposure

ron ,D'DSG pGﬂMGuMOHHOrD nDPG)KeHMﬂ
I'IOH)’H(;HMSI Dose of radiation exposure
paaraumoH Bua pagnaumonHoro uuTore- SMP smanu
Nausent Bospacr, Horo nopaxenys STHONOMUsS PAAUALMOHHOTO HeTIKa 3y6a, p
. net - nopaxeHus ! Electron
Patient Age vears | MOPaxenus Type of radiation Efioloay of radiation damade npeanonaraemas gosa, p 38 "
ge ¥’ Year of damage 9y 9 Estimated dose, Gy Cytoge- paramagne If
radiation nefics, resonance o
exposure Sy tooth
e enamel, Gy
K./ K. 57 1990 lMyuok anekTpoHoB Hapywenne TexHukm HI - et aaHHeIX 0,30 0,11
Beam of electrons 6e3onacHoCTH Ha N/A - no data
npon3seoacTse available
Violation of industrial safety
®./F 48 2000 Mpunamin-192 HapyweHne TexHukm 30-70 1,09 2,6%0,2
Iridium-192 6e30MNacHOCTH Ha Yacrota anUeHTPHKOB -
npoussoncTse 1,75Tp
Violation of industrial safety | Dicentric frequency -
1.75 Gy
Kapuonorus - 2,0 Ip
Karyology -2.0 Gy
Hewtpodunei - 1,2 Ip
Neutrophils -1.2 Gy
H./N. 70 2006 Pentren MegmumHckoe neuerne 2,7 1,4 HO / N/A
X-ray Medical treatment
n./L 57 2007 Mpnamir-192 HapyweHue texHuku 25-30 0,29 HO / N/A
(60 Kiopu 11,2 Tbk 6e30NacHOCTM Ha
(akuerocTs 302 Ku) | npoussoactse
Iridium-192 Violation of industrial safety
(60 Curie 11.2 TBq
(activity 302 Ci)
n./L 48 2008 Mpnamir-192 HapyweHue texHuku 30-50 0,48 HO / N/A
Iridium-192 6e30MacHOCTM Ha
npoussoacTee
Violation of industrial safety
a./D. 45 2012 Mpuanin-192 Hapywenue TexHuku HO / N/A 0,28 HO / N/A
Iridium-192 6e30MacHOCTM Ha
npoussoacTee
Violation of industrial safety
n/L 78 2013 Famma MegmumHckoe neuenne 60 HO / HO / N/A
Gamma Medical treatment N/A
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fraction of adipose tissue was 60.33x(106+64.04) per
sample. Immunological evaluation (immunophenotype) and
viability were performed by flow cytofluorimetry — BD FACS
Canto Il, USA. Monoclonal antibodies to the following anti-
genic markers were used to examine the phenotype of the
stromal and vascular fraction cells: CD45, CD34, CD31,
CD105, CD73, CD90, CD146, and a 7-ADD viability dye
(Fig. 1). The staining was performed according to the man-
ufacturer's recommendations.

Results of the study and their analysis. To decide on
the necessity of using regenerative cells of adipose tissue in
patients with local radiation lesions we used the developed
algorithm (Fig. 2). Patients with radiation lesions of the skin
and underlying tissues with ulcerative-necrotic lesions of the
skin and underlying tissues due to distant consequences of
local radiation lesions of varying severity and with duration
of its course over 6 months — were hospitalized in the hos-
pital (Table). Such patients underwent standard local con-
servative therapy of local radiation lesions in combination
with radical necrectomies. In case of impaired gliding func-
tion of tendons, a comprehensive standard therapy for its
restoration was performed.

Before the stromal-vascular fatty tissue fraction therapy,
an in vivo pathological-anatomical examination of biopsy
(surgical) material in each patient showed an erosive-ul-
cerous epidermal defect with scarring changes in the dermis
and the presence of focal lymphocytic infiltrates in it. De-
generative changes of derma, its sclerosis, coarsening of
derma collagen were observed along the periphery of the
erosive-ulcerous area. Hypertrophied nerve trunks resem-
bling neuromas of tactile endings were found in deep parts

of the dermis. The bone was represented by cancellous
bone with enlarged medullary cavities filled with fatty tis-
sue. No reliable morphological signs of osteomyelitis were
detected. The conclusion was that these histological
changes could be a manifestation of late post-radiation
dermatitis with erosive-ulcerative skin changes and scar-
ring-sclerotic changes of the deep tendon.

After signing the informed consent, adipose tissue was
taken by syringe liposuction in the lower third of the anterior
abdominal wall under operating room conditions. See Fig.
1 for the technique of isolation of regenerative cells of adi-
pose tissue for clinical use.

Autologous regenerative cells of the stromal and vascular
adipose tissue fraction were isolated. The obtained cells of
stromal and vascular fraction of adipose tissue were sterile
when tested for sterility (infectious safety). The stromal-vas-
cular fraction of adipose tissue consisted of stromal cells
(15-30%, of which 3% were stem cells and progenitor cells
— positive expression of CD105, CD90, CD73); endothe-
lial cells (10-20% — positive expression of CD31); blood
cells (5-15% — positive expression of CD45); pericytes (3-
5% — positive expression of CD146); hematopoietic stem
cells (<0.1% — positive expression of CD34) — (Fig. 3). The
viability of the stromal and vascular fraction of adipose tis-
sue was (98.32+2.98)%.

Under aseptic conditions an insulin syringe with a
0.45mmx 12mm 26 Gx/2 needle was used to inject a single
cellular suspension of autologous stromal and vascular
fractions of adipose tissue in 10-15 points around the ul-
cerous surface at a depth of 3-5 mm (Fig. 4). The volume
of injected cell suspension containing autologous regener-
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Puc. 4. Beepenue knetouHon cycnensun CBD XT
Fig. 4. Injection of cell suspension of adipose tissue stromal-vascular
fraction

ative cells of adipose tissue is 5 ml. The recommended dose
of autologous regenerative cells of adipose tissue is 0.5-
1.0 ml/cm?.

All patients had local soreness and slight swelling in the
area of injection without changes in vital functions and lab-
oratory abnormalities after injection of a suspension of au-
tologous regenerative cells of adipose tissue for one day.
This phenomenon was regarded as a local fissue reaction to
the injection. No adverse events, deviations of vital func-
tions and laboratory parameters were registered during the
entire period of observation. This can testify to the safety of
introduction of autologous regenerative cells of adipose tis-
sue in humans. There were no serious adverse events and
reactions associated with the introduction of autologous re-
generative cells of adipose fissue.

To ensure the patient's well-being and to prevent possible
complications, the necessary registered medications were
used in accordance with the treatment standards for the un-
derlying disease.

In all 7 patients during the whole period of observation
after injection of a suspension of autologous regenerative
cells of the stromal and vascular fraction of adipose tissue,
late radial ulcers remained without signs of inflammation
and infiltration (Fig. 5). The patients were discharged from
the hospital in a satisfactory condition.

Tlocme

Puc. 5. MocnepcTeus MeCTHOro Ny4eBOro NOpaxeHus Ao 1 Yepes 6 Mec nocne ese-
nenuns CBD XT: A — naupent [.; b — naunent K.; B — naupent J1.; T —naupent J1.

Fig. 5. Consequences of local radiation lesions before and after the injection of adi-
pose tissue stromal-vascular fraction after 6 months: A — Patient D., B — Patient K., C - Pa-

tient L., D — Patient L.
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Discussion of the results of the study. The relevance of
the study is determined by the complexity and duration of
local radiation lesions treatment, large financial expenses
for treatment, long loss of working capacity, need for reha-
bilitation and disability of patients. One of the cornerstones
in the treatment of local radiation lesions is skin repair. Pa-
tients with local radiation lesions of the skin need surgical
plastic interventions, since the independent process of ep-
ithelialization is impossible. The formation of ulcers, patho-
logical scars and contractures, rejection of grafts
significantly increase the duration of treatment process,
worsen the results of treatment and quality of life. Therefore,
the improvement of the system of medical care for patients
with local radiation lesions is one of the pressing problems
of modern surgery, which requires a search for new methods
of treatment.

At present, necrectomy with one-stage or delayed auto-
dermoplasty with a skin graft is used to heal the damaged
skin. Autografting is considered to be the most acceptable
variant of plasty. However, this kind of plasty does not al-
ways provide satisfactory functional and cosmetic results.
One of the promising methods of treatment of skin lesions
and its appendages is cell therapy, the use of which in clin-
ical practice will reduce the period of graft engraftment and
improve the quality of life of patients.

A known method of treating local radiation lesions of the
skin using autotransplantation of adipose tissue obtained as
a result of liposuction. However, the use of freshly isolated
lipoaspirate without specific laboratory steps for its purifi-
cation from blood cell elements and isolation of stromal-vas-
cular fraction did not provide restoration of the regenerative
potential of dermal cells and necessary vascularization of
the skin [20].

Currently, adipose tissue is actively used in plastic surgery
and clinical practice for the treatment of bone defects and
soft tissue volume, diseases of the musculoskeletal system,
efc. The effect of regenerative cells of adipose tissue is real-
ized due to their differentiation and replacement of dam-
aged tissue areas; production of paracrine factors providing
immunomodulatory effect, prevention of cell death by apop-
tosis mechanism, neoangiogenesis, fibrous and connective
tissue remodeling. The results of numerous studies on labo-
ratory animals showed that the use of regenerative cells of
adipose tissue improves the course of the inflammatory
process, accelerates the healing of lesions by improving
neoangiogenesis and enhancing the prolifera-
tion of fibroblasts. All this testifies to the possi-
bility of successful application of adipose tissue
cells in local radiation lesions of the skin.

The results of the present study showed that
application of autologous regenerative cells of
stromal and vascular fraction of adipose tissue
contributed to activation of reparative
processes in the dermis, reduction of the local
inflammatory reaction, healing, acceleration of
skin elasticity restoration with reduction of fi-
brosis severity.

Thus, in order to increase the efficiency of
ulcer surface healing in local radiation lesions
of the skin, the specialists of A.l. Burnazyan
Federal Medical and Biological Center of the
Federal Medical and Biological Agency of
Russia suggest using own regenerative cells of
the stromal and vascular fraction of adipose



tissue during routine surgical treatments of the ulcer surface
according to the developed algorithm. These cells and the
growth factors and cytokines produced by them take part
in reparative processes, in the restoration of the damaged
vascular network, as well as in the regulation of immune
processes. In our opinion, due to the high availability of ob-
taining adipose tissue in a sufficient volume from almost any
patient, the possibility of using the obtained regenerative
cells of the stromal and vascular fraction of adipose tissue
immediately after their isolation without long-term cultiva-
tion will be of great importance when performing recon-
structive-plastic operations.
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Conclusion

The presented algorithm of decision-making on the use
and application of stromal-vascular fatty tissue fraction in
patients with local radiation lesions provide favorable con-
ditions: for increasing the efficiency of complex therapy; for
reducing the healing time of the wound surface; for regulat-
ing and activating immune and reparative processes in the
dermis; for restoring the damaged vascular network and lost
skin without severe scarring changes; for healing and im-
proving the quality of life of patients.
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A RISK-BASED CAUSAL MODEL OF RISK FACTORS FOR INFECTION AMONG MEDICAL
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Abstract. TThe aim of the study is to develop and apply a mathematical model for assessing the risks of contamination of medical
personnel involved in providing medical care to patients with COVID-19 in a "red zone" environment.

Materials and methods. Based on the analysis of informative signs and information on working conditions in the infectious disease
department of the A.l. Burnazyan Federal Medical Biophysical Center of the Federal Medical and Biological Agency of Russia,
a decision-making support system was developed to provide an objective assessment of the risks of infection for medical person-
nel when providing medical care in the "red zone".

Results of the study and their analysis. The influence of various risk factors for infection of medical personnel involved in the provi-
sion of medical care to patients with new coronavirus infection COVID-19 was analyzed; the most significant risk factors were
identified.

Key words: dose-effect, mathematical model of infection risk assessment, medical personnel, new coronavirus infection COVID-19,
patients, red zone
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PUCK-OPUEHTUPOBAHHAS MOZAEJb MPUYUHHO-CNEOCTBEHHbBIX CBAI3EM DAKTOPOB
PUCKA 3APAXEHUSA MEOULIMHCKOTO MEPCOHAJA, YYACTBYIOLLIEFTO B OKA3AHUM
MEOULUMHCKOM MOMOLLUMU MALMEHTAM C HOBOM KOPOHABUPYCHOW UHDEKLIMEN
COVID-19

E.A.Annenkosa', O.A Tuxonoea', A.M.Buptokos', J1.1.Bapanos!, W.I.Ou6uprasxmes’, M.B.LLesHos',
O.A Kacsimosa', O.B.MapuHos!

" ®IBY «THL, - DepepanbHbiil MeauumHckuin Broduanueckmin uentp M. A .ByprassHa», PMBA Poccun, Mockea, Poceus

Pesiome. Llenb nccnenosarms — paspaboTka M NpMMEHEeHUEe MATEMATUYECKOH MOLENM OLEHKM PUCKOB 30PAXEHMS MEAULMHCKO-
ro NepcoHarnd, y4acTByIOLEro B OKA3aHUU MeamnupHckoi nomoupt naupertam ¢ COVID-19 B ycnoeusix «kpacHOM 30HbI».
Marepuansl n meTonsl uccnepoBarms. Ha 0CHOBAHMM aHANM3A MHGOPMATUBHBIX MPU3HAKOB M MHPOPMALMM 06 YCNOBUSX TPyAd
B MHekumoHHoM oTaeneHmnn PepepansHoro meanumHckoro buodusmnueckoro ueHtpa um. A.M.Byprasana @PMBA Poccum pas-
paboTaHa CUCTEMA NOAAEPXKKM MPUHSTUS PELLEHMIA, MO3BONAIOLAS AATb OBBEKTUBHYIO OLEHKY PUCKOB 3QPAXKEHMS MEAULIMHCKO-
ro NepcoHana Npu OKA3aHMU MEAMULMHCKON MOMOLLM B YCIIOBUSIX KKPACHOM 30HbI».

Pesynbrarel nccnepoBanms 1 mx aHanma. MpoaHanM3aMpoBaHO BAMSIHUE PA3AMYHBIX PAKTOPOB PUCKA 3APAKEHUS MEAULMHCKOTO
NEPCOHANA, YYACTBYIOLWEro B OKA3AHUM MEOMLMHCKOM MOMOLLM NMALMEHTAM C HOBOM KopoHaeupycHoi MHdpekumeir COVID-19;
ornpegaeneHbl Camble 3HAUYMMbIE GAKTOPbI PUCKA.
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Introduction

Emergencies, including epidemics, have a major impact
on health care systems. They reveal profound structural and
functional problems in the organization of care for the sick
and affected. The COVID-19 pandemic illustrates this at the
global level. Particular attention in this situation should be paid
to the socio-professional group of medical professionals. Be-
cause their qualified and coordinated actions primarily af-
fect public health and the health of an individual [ 1]. The risk
of occupational infection leads to disruption of the continu-
ity of medical services. This occurs because it is necessary to
establish mandatory quarantine for infected professionals and
to suspend them from work. In addition, there is the problem
of replacing those who are sick in the workplace. Current-
ly, the COVID-19 pandemic makes it relevant to predict the
incidence of disease in health care workers on the basis of
data on other viruses from the coronavirus group.

The aim of the study is to develop and apply a mathe-
matical model for assessing the risks of infection for the staff
involved in providing medical care to patients with COVID-
19 in "red zone" conditions.

Materials and methods of research. In order to math-
ematically model the risk of infection of medical personnel
in the "red zone" we analyzed the factors influencing the work
with COVID-19 patients. The basis for the formation of the
space of informative attributes for the mathematical model
was the data on the working conditions in the infectious dis-
ease department of the State Research Center — A.l. Bur-
nazyan Federal Medical Biophysical Center of the Federal
Biomedical Agency of Russia (A.l. Burnazyan Federal Bio-
physical Center). There, 223 people were involved to pro-
vide care for patients infected with SARS-CoV-2. (medical
workers, drivers, disinfectors, cooks, workers, etc.), of which
166 people (medical personnel) worked in conditions of high
risk of occupational contamination. The medical personnel
group included 48 male and 118 female patients aged 18-
69 years, mean age (48.7%1.8), of whom 57 were doctors
of various specializations and 109 were nurses and auxil-
iary nurses. None of the study participants had previously
worked in an infectious disease department setting and had
no special knowledge of virology. Prior to working in the "red
zone," all employees were trained in the use of personal pro-
tective equipment within a short time frame within a single-
type program. They were also informed about the routes of
transmission and clinical manifestations of the virus. All in-
dividuals in this group had a negative polymerase chain re-
action result for SARS-CoV-2 oropharyngeal smear at the fime
of starting work in the infection department.

The development of a risk-based causal model of risk fac-
tors for infection among the staff involved in the care of pa-
tients with the new coronavirus infection COVID-19 was car-
ried out in order to develop a response plan for the risk of
infection among the staff. A quantitative infection risk assessment
method was used. The sensitivity of model parameters was
assessed to determine what additional data or knowledge
could potentially reduce uncertainty and improve our un-
derstanding of the risks under investigation.

After identifying the possible risks of infection by COVID-
19 virus among healthcare workers, the following were found
to have the greatest impact on the probability of risks: the con-
centration of the virus in saliva; the concentration of viral par-
ticles released info the air by one patient cough and the num-
ber of coughs per hour; the frequency of air exchange; the
number of room visits by a healthcare worker per hour; the

number of patients a healthcare worker came in contact with
per room visit; the time taken for each room visit and num-
ber of working hours per day (Table 1).

When building a mathematical model, we used the stan-
dards of GOST R ISO 7708-2006 ("Air Quality").

The working space of the hospital rooms was also taken
into account. Most of the rooms were designed for 4 patients;
the volume of the room for 4 patients was 70 m3. Sympto-
matic patients were considered the only source of infection
in the room, with the assumption that COVID-19 is transmit-
ted mainly through aerosols.

Viral release into the room was calculated using the formula:

nd? '
Vi=—tx107%, (1)
where V. is the volume of droplets that are ejected into the
room during each coughing event; d. — droplet diameter —
assuming its spherical shape [2].

The rate of ventilation flow g, was determined by the num-
ber of air changes per hour per room volume, i.e., by the mul-
tiplicity of air changes performed in the rooms of the "red zone"
according to the norms for the rooms of infectious patients:

ooy = V X ACH (2)

The daily exposure dose in PFU (plaque-forming units) for
medical personnel during a room visit with patients with new
COVID-19 coronavirus infection was calculated according
to the formula:

1
D= CCGV X Csaliva X Ncough X—X
Qvent (3)
X Vinhalecl X Nroom X Npar X tspent X twork

where C__, - is the concentration of infection in saliva, the
average value and distribution of which was calculated based
on studies in work [3]; C_,. - the concentration of parti-
cles in the air after one cough, which was calculated based
on the particle fransport model [2]; N, — number of coughs
per hour, whose value range was calculated based on the
particle expulsion model from the airways [4]; V, , . - the
air intake rate of the exposed person, equal to the human res-
piratory rate of 0,5 m3/h [5]; N__— number of visits to
a room by a health care worker per hour; Npi = number of
patients with whom the health care worker came into con-
tact per room visit; Fpent fime spent on each visit; t _ — knum-
ber of working hours perday - N__ Npar tspents fuork YOI
ied depending on the job functions of health care workers.
For example, nurses, on average, went around 6 wards in
1 hour, staying in each ward for 10 minutes. Their working
day was 8 hours.

The formula for determining daily exposure dose (3) while
wearing a mask is supplemented with the multiplier
Pmask = %
saliva
where P — penetration of particles through the mask,

- concentration of particles that have passed
through the mask. In the "red zone" of the infection
department at the A.l. Burnazyan Federal Biomedical Cen-
ter, respirators with FFP3 protection were used, with a filtrafion
efficiency of 99%, i.e. P__ =1 [6]. However, if the mask was
not replaced before its efficiency was lost (up to 4 h), one must
consider that the particle penetration rate through the mask
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becomes 100% for the entire time the mask has been worn
since the loss of efficiency.

The recommended dose-effect model follows an exponential
dose-effect relationship:

P =1-¢e" (4)

where P, - probcgility (risk) of infection; k — optimized pa-
rameter of the dose-effect function, PFU-!.

The cumulative risk of morbidity over several days of ex-

posure was modeled as follows:
n
Py =1 (1= Pur)

where P,,— probability of incidence; n — number of days
of exposure with the probability of infection P,  from daily ex-
posure [7].

Results of the study and their analysis. A total of 26 cas-
es (15.6%) of acute occupational COVID-19 disease con-
firmed by PCR or serological test were recorded during the
period of the infectious disease department work. The group
of those who fell ill while on duty included 10 nurses, including
those working in the anesthesiology department, 9 nurse at-
tendants, and 3 housekeepers (all female). Doctors were less
exposed to occupational contamination — 4 cases (two men,
two women). The average age of all the patients was
(39.63%1.2) years.

All cases were locally acquired in the period from day 8
to day 21 from the opening of the infection department — dur-
ing the period of learning new skills and gaining experience
with this type of infection, because the experience of the staff
in the new environment was insufficient.

The empirical value of the probability of infection of the per-
sonnel in the "red zone" of the infectious department of the
A.l. Burnazyan Federal Medical and Biological Center
during one working day with the above clinical data is P, ..~
0,0111876. The objective conditions of personnel work in
the "red zone" in which such probability of disease became
a redlity are reflected in the value of parameter D calculat-
ed according to formula (3). On the basis of the calculated
values of P, .. and D we obtain an empirical estimate of the
k parameter value by the formula:

In(1-P;f)
: . 3

The value obtained is k=13,8238987774. Thus, know-
ing the optimized parameter of the dose-effect function k and
applying formula (5), we can estimate the risks of infection
for medical personnel involved in providing medical care to
patients with new coronavirus infection COVID-19, taking
into account their working conditions — size and ventilation
of rooms, number of patients per ward, ward visit regime,
working day duration, and provision of personal protective
equipment (Table 2). A comparative analysis of infection risks
under different conditions revealed that the absence of per-
sonal protective equipment or its untimely replacement had
the greatest influence on the risk increase — under these cir-
cumstances, the risk increased 17-fold.

The practical significance of the study is determined by its
focus on improving the organizational foundations of hygienic
assessment of working conditions, which will help to iden-
tify the harmful industrial effects of the new coronavirus in-
fection COVID-19 and to develop measures to eliminate them.
Of practical interest are the proposals made to preserve and
improve the health of medical workers, increase their
awareness of health risk factors in the conditions of "covid
hospital".
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Tabnmua 1/Table No. 1
Mapametpel Mogenu
Model parameters

CyTounas posa sospeicteus 8 PFU (6nawkoobpasyio-
LMe eanHNLbI) ANS MEACECTEP M APYTUX MEAULIMHCKMX
pa6othukos /Daily exposure dose in PFU (plaque
units) for nurses and health care workers
KoHuenTpaums uudekumm s cnione, PFU/mn

Infection concentration in saliva, PFU/ml
KoHueHTpaums YacTuL B BO3ayxe Nocne oaHoro
kawns, 1/m* / Concentration of particles in the air
after one cough, 1/m?

Konuuecteo kawneii 8 1 4/ Number of coughsin 1 h

2 CCoV

3 | Caive

4 N:ouqh

5 |q Pacxop BEHTUNALMOHHOO BO3AYXA B MOMELLEHMH,
vent Mm%/4 / Ventilation air flow rate in the room, m*/h

CkopocTb 3a60pa BO3AyXA YENOBEKOM,

NOABEpPriUMMCS BOSAEICTBMIO, M°/4

Rate of air intake by an exposed person, m*/h

Konuuectso noceweHnit nanatsl MeacectTpomn mnm

APYTMM MeAMLMHCKUM paboThikom e 1 4

Number of visits to the room by a nurse or a health

care worker in 1 hour

Yucno naupeHTos, ¢ KOTOPLIMKM KOHTaKTUpoBana(n)

MEeACeCTPa UK APYrol MeaULMHCKMIA paBOTHUK 3a

OfHO NocelUeHe NanaTsl

Number of patients visited by a nurse or a health care

worker per room visit

Bpems, 3aTpaueHHoe Ha KaXAoe nocelueHue, 4

Time spent on each visit, h

Konuuectso pabounx 4acos B cyTku

Number of working hours per day

BepostHocTs (prck) sapaxenns nepcoHana B TedeHmne

oaHoro pabouero ans /Probability (risk) of infection of

personnel within one working day

OnTMMU3MPOBAHHBIM NApAMeTp yHKLMM JO3a-

sdboexr, PFU!

Optimized dose-effect function parameter, PFU"!

KyMyﬂﬂTMBHGﬂ BepOﬂTHOCTh 3OPO)KeHMﬂ B Te4yeHne n

pabounx pHeit /Cumulative probability of infection

within n working days

Konuuectso aHen BosaencTemit ¢ P, BeposTHOCTbIO

30PAXEHNS OT eXeHEBHOrO BO3AENCTBUS

Number of days of exposure with P, probability of

infection from daily exposure

6 | Vinhaled

7 | Nroom

8 | Npr

9 tspenl‘

10 twork

11 | Pt

Tabnuua 2 / Table No. 2

I'IporHosupythle 3HaueHus sabonesaemocTn mepnepcoHana

B «<KPOCHOW 30HE» UH(EKLMOHHOTO OTAENEHMS
®MBL, um. A.U. ByprassHa ®MBA Poccun
Predicted values for staff morbidity in the "red zone"
of the infectious diseases department of the A.l. Burnazyan
Federal Medical and Biological Center of the Federal Medical
and Biological Agency of Russia

3HaueHne pucka — MporHos gonu
KYMYTSITUBHBIN pUCK Obwee wcno 306601'IeBLIJI4X ot
3apaxXeHns B p———— obuwero qwcnac/
Lens cyrcv) TeuEHME HECKONbKMX ven. coTpyaHukos, %
nHei, Pm Forecast of the
Day (24 hours) Risk val Total number h fsick
isk value — £ | share of sic
lative risk of of employees, people in the
. fcurr)u people
infection over several total number of
days, Pm employees, %
1-i / 1st 0,0111876000 166 1,9
2-i / 2nd 0,0222500376 166 3,7
3-i / 3rd 0,0331887131 166 5,5
4-i1 / 4th 0,0440050111 166 7,3
5-i1 / 5th 0,0547003006 166 9,1
6-it / 6th 0,0652759355 166 10,8
7-n/ 7th 0,0757332545 166 12,6
8-i1/ 8th 0,0860735811 166 14,3
9-i1 / 9th 0,0962982243 166 16,0
10-i1 /10th 0,1064084783 166 17,7
11-in /11th 0,1164056228 166 19,3
12-in /12th 0,1262909233 166 21,0
13-t /13th 0,1360656310 166 22,6
14-in /14th 0,1457309831 166 24,2




The developed recommendations on the use of the algo-
rithm of risk assessment for medical staff in the presence of
infectious agents with airborne transmission mechanism in the
working environment are aimed at reducing the health risk
in this professional group. They can be used in the practical
work of hygienists, hospital epidemiologists, health care or-
ganizers, and occupational safety engineers of medical treat-
ment organizations.

Conclusion

This work was carried out under conditions of constantly
changing baseline data. This is due both to the novelty of the
problem under study and, accordingly, to the ever-increas-
ing number of observations and the large number of studies
on the subject, which, in turn, leads to constantly refined con-
clusions. In such a situation, a risk-oriented model was cho-
sen, which corresponds to the global trends [8-11].

Ovur study confirmed that in order to reduce the risks of in-
fection of medical personnel with the new COVID-19 coro-
navirus infection, it is necessary to educate the staff of med-
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NPOBJSIEMbl PA3PABOTKU U BHEQPEHUSA CPELCTB MHOAMBUAYASIbHOWM 3ALLMUTDI
NEPCOHAJIA PAODUALMOHHO- U XUMHNYECKK OMACHbIX OBBEKTOB,
ABAPUNHO-CMNACATEJIbHbIX ®OPMNPOBAHUN U HACEJIEHUA

B./.Py6uoe',l.A.Hoeukoe', A.H.Tumowerko', I.M.Mpoctakuwmn’

DIBY «THL| - ®epepanbHbiit MepuLmHckmin Groduanieckuin ueHTp M. AM.ByprasaHa» PMBA Poccin, Mockea, Poceust

Pesiome. [Mpeacrtasnen kpatkuit 0630p pestensHocTH naboparopun «CpeacTea MHAMBUAYANbHOM 3ALMTLI MEPCOHANA OMACHBIX
NPOM3BOACTB» MO CO3AAHMIO CHCTEMbI HOPMATUBHO-NPABOBOMO M HOPMOTMBHO-METOAMYECKOTO OBecneveHus MHAMBUAYANbHOM
3QLMTHI NEPCOHANA PAAUALMOHHO- U XUMMYECKM OMACHBIX OBBEKTOB, LUTATHBIX M HELUTATHBIX ABAPMIHO-CMACATESNbHBIX POPMMPO-
BaHui fockopnopaunn «Pocatom» u PMBA Poccuu, a Takke HaceneHus,, MPOXMBAIOLLETO B 30HE BIMSIHMS YKA3QHHBIX OBBEKTOB.
Paccmotpenbl Bonpockl cTaHaapTMsaumm U ceptudukaumn cpeacts uHamemayansHoin sawmtsl (CK3) va ASC u B obnactu
MCMOMb30BAHMS ATOMHOM SHEPTMM — KAK MPU LUTATHOM PEeXHUMe BYHKLMOHUPOBAHMS ONACHBIX OBLEKTOB, TAK M B YCNOBUAX Ypes-
Bbl4aiHbIX cuTyaumit (HC) MupHOro 1 BoeHHOTO BpemeHy.

lMokazaHbl Npobnemsl, BO3HUKAOLME NPU BHEAPEHMM HOBbIX MHHOBALMOHHBIX CM3, 0BycnoBneHHble, Npexae BCero, MexayHa-
POAHLIMM 06A3ATENLCTBAMM.
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The Laboratory of Personal Protective Equipment at the A.l.
Burnazyan Federal Medical and Biophysical Center was es-
tablished in 1953 as an independent scientific unit. Before
that the work in this direction was carried out by a special
group created in 1948 in the structure of the Institute of Oc-
cupational Hygiene and Occupational Diseases [1]. In the
mid-1950s the intensive work of the laboratory gave great
results [2]. Such inventions as light high-efficiency respirators
ShB-1 "Lepestok-200", additional film overalls and special
footwear, hose-type means of individual respiratory pro-
tection, pneumatic suits etc. were created and are still in use
today. [3]. Technical characteristics of the used materials and
means of individual protection in were published in the
USSR the first detailed Catalogue. They can also be seen in
the regularly published since 2003 Directory-Catalogue. Its
latest edition was published in 2020. [2-5] — Figure.

The laboratory was engaged in the development of per-
sonal protective equipment until the 1990s. At that time it had
its own large experimental production and more than 500
employees worked there.

Specialists of the laboratory have developed the Standard
Table of Equipment for Emergency Rescue Units of Rosatom
with Personal Protective Equipment, as well as several doc-
uments for different divisions of the State Corporation, which
establish Standard Norms for issuing certified personal pro-
tective equipment[6].

It should be noted that the laboratory staff has always paid
great attention not only fo the development of individual pro-
tection means, but also to normative-methodological and
normative-legal documents on individual protection. So,
one of the first standards on means of individual protection
which is still in force is GOST 12.4.028-76 [7]. Since that
time more than 100 standards for personal protective equip-
ment and methods of their testing have been developed at
the Burnazyan Federal Medical and Biological Center. At
present, the Center has the PK-1 "Insulating Suits" TK-320
"Personal Protective Equipment”. Laboratory staff developed
more than 10 SanPiN, which set the requirements for per-
sonal protective equipment, including SanPiN 2.2.8.46-03
"Sanitary rules for decontamination of personal protective
equipment"; SanPiN 2.2.8.47-03 "Insulating suits for pro-
tection against radiation and chemical toxic substances";
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SanPiN 2.32.8.48-03 "Personal respiratory protective
equipment for personnel at radioactively hazardous pro-
duction facilities"; SanPiN 2.2.8.49-03 "Personal skin pro-
tective equipment for personnel at hazardous production fa-
cilities", which were registered with the Russian Ministry of
Justice and effective since January 1, 2021.

The laboratory experts as members of the working groups
for the development of the first rules for the certification of
personal protective equipment participated in the prepara-
tion of the following documents: "Unified sanitary-epidemi-
ological and hygienic requirements for goods subject to
sanitary and epidemiological supervision (control)". Re-
quirements approved by the Decision of the Customs Union
Commission of 28.05.2010 N2 299; Technical Regulations
TR CU 019/2011 "On the safety of personal protective
equipment”.

On the basis of the laboratory the Test Center "Individual
Protection", accredited by Rosatom State Corporation for
certification testing of all personal protective equipment
used at the radiation and chemical facilities of Rosatom op-
erates.

At present the accreditation of the Body for Conformity As-
sessment (Mandatory Certification) of Personal Protective
Equipment in the field of the use of atomic energy is being
completed. In general, the laboratory has been engaged in
certification of personal protective equipment since 1993,
when it was first accredited by Rosstandart.

It must be said that certification of personal protective
equipment is currently associated with great difficulties. It is
connected with rapid changes in the normative base and
transition of the Russian Federation to new American and Eu-
ropean standards. In addition, the transition to new methods,
which can be implemented only on imported expensive
equipment included in the State Register, requires large ma-
terial and time expenditures. The center must purchase equip-
ment, materials, reagents and services for equipment verifi-
cation on a competitive basis (the total range of purchased
products and services is many thousands of items). And this
is a very complicated process. It can be simplified by mak-
ing a simple decision. If a bona fide supplier produces prod-
ucts with stable technology that meets the established re-
quirements, and has been doing so from the same type of
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Figure. Regulatory and methodological documents on personal protective equipment
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raw materials for many years, why do they have to go
through lengthy procedures? Especially since they are often
conducted by "specialists" who have been trained in new
specialties, particularly in "conformity assessment." They do
not have any work experience and do not know not only the
specifics of real production of personal protective equipment,
but also the specifics of its application in conditions of radi-
ation and chemical hazardous production in peacetime and
wartime. If there are 25 or 18 technical regulations in the ac-
creditation area of the certification body or testing center, the
certificates and protocols issued by them are questionable.

For many years we have been engaged in training and
certification of professional rescuers, specialists of regular
and non-staff emergency rescue services and formations of
ROSATOM. We have been working since their formation at
the Central Industry Commission for Attestation of Emer-
gency Rescue Services, Emergency Rescue Units and Res-
cuers — COAK-1 (State Corporation) and the Industry At-
testation Commission — UAC-3 (TVEL). And we can see how
long, time-consuming and financially expensive the process
of formation of such high-class specialists as production
managers and rescuers of the nuclear industry is.

It should be noted that in the system of Rosatom and
FMBA of Russia, over the many years that have passed
since the Chernobyl accident, this process has been fine-
tuned to the smallest detail and is functioning normally. The
same cannot be said of the conformity assessment process-
es. Their rules are very complicated and, unfortunately,
change frequently. This happens without taking into account
the opinions of professionals who conduct real tests, not pure-
ly computer simulations. If you create test centers "in the open
field", it will require very large capital investments. And this
process will end in the absence of experienced profession-
al staff capable of operating complex imported equipment.
Maybe that's why we have to deal with certificates issued on
the basis of protocols that do not confirm the real protective
characteristics of personal protective equipment, which will
be required from the products in the conditions of their use.
The fact that business is now really leading the rulemaking
and conformity assessment processes is a dangerous trend.
For business, it's all about making a profit, not ensuring
safety. Under the Labor Code, safety is the employer's re-
sponsibility. At the same time the employer has no opportu-
nity to fully verify the characteristics of the personal protec-
tive equipment supplied. Very often during certification one
product is provided for testing, but a cheaper "analogue" is
supplied. In Europe and the USA, testing centers are usual-
ly part of large multinational corporations. These corpora-
tions can afford to incur large expenses on science. But in our
country, itis forbidden by law — a test center must be inde-
pendent. In addition, they also value long-standing suppli-
ers, while we are offered to change them on a competitive
basis all the time.

In general, in the nuclear industry the problem of provid-
ing certified personal protective equipment to the personnel
of the main production facilities, emergency services and for-
mations is solved at a rather high level. But there are indi-
vidual cases of delivery of counterfeit and counterfeit prod-
ucts, as well as deliveries of personal protective equipment
with almost expired warranty shelf life. It is more difficult to
provide the population with personal protective equipment,
which is regulated by Order No. 543 of the Ministry of Emer-
gency Situations of Russia dated October 1, 2014, as
amended by Order No. m309 of the Ministry of Emer-
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gency Situations of Russia dated 31.07.2017 and GOSTR
22.9.14-2014 "BCHS. Personal protective equipment in
emergencies. Gas-dust-proof respirators. RESPIRATORS.";
GOSTR 22.9.19-2014 "BCHS. Personal protective equip-
ment for respiratory system in emergencies. Filtering gas
masks. OTT"; GOSTR 22.9.02-2014 "BCHS. Means of Per-
sonal Respiratory System Protection in Emergency Situa-
tions. Filtering gas masks and self-rescuers. Test methods".

According to item 2 of the mentioned order "Provision of
the population with means of individual protection is carried
out ... from dangers arising in the course of military conflicts
or as a result of such conflicts, as well as for protection of the
population in emergencies. Personal protective equipment for
the population includes means of individual protection of res-
piratory organs and medical means of individual protection".
Itis noteworthy that the order does not mention means of per-
sonal skin protection, while many hazardous chemicals,
penetrating through the skin, can cause fatal poisoning.

Clause 6 of the Order stipulates that "the population re-
siding and/or working in areas within the boundaries of the
zone ... of possible radioactive and chemical contamination
established around radiation, nuclear and chemical haz-
ardous facilities shall be provided with personal protective
equipment" — contamination zones are not necessarily ad-
jacent to the facility. They can be at a considerable distance
from it, for example, where precipitation has fallen, etc. Un-
fortunately, now four federal agencies cannot agree on the
names and criteria for defining zones. Itis not clear from point
9 of the order, who is entitled to what respirators and who
is entitled to medical personal protective equipment. Ac-
cording to GOST R 58396-2019 and GOST PNST 4285-
2020, medical masks are not personal protective equipment.
Any requirements for personal protective equipment are not
established in the order of EMERCOM of Russia, but it is stat-
ed that "after the expiration date based on the results of lab-
oratory tests (inspections) issued by laboratories and other
authorized organizations, the storage period is extended or
personal protective equipment is written off". In this case the
tests are carried out on all indicators — p.17, 18. Howev-
er, in GOSTR 22.9.14-2014 ... there are no sections on ac-
ceptance rules and test methods. In addition, it is not clear
whether any accreditation is needed, for example, when test-
ing for iodine-131 and methyl iodide, and how the resist-
ance tfo storage of rubber parts of respirator construction is
tested. There is also a question: Clause 1 states that the
standard applies to gas-dust-proof respirators intended for
use against biological contamination, while Clause 2 es-
tablishes that it does not apply to "medical" respiratory pro-
tection equipment.

GOSTR 22.9.19-2014 formulates requirements for civil-
ian filtering gas masks, including protection from radioactive
iodine-131 and methyl iodide. And GOSTR 22.9.20-2014
defines methods of testing gas masks and filtering self-res-
cuers in emergencies. There is also a reference that these in-
dicators are determined by GOST 12.4.217-2001. How-
ever, this GOST does not contain a description of this
method. At the same time there is STO 95 12035-2018 "Per-
sonal respiratory protective equipment. Requirements for
the method of measuring the protection factor of filtering ma-
terials (filters) in relation to radioactive iodine and its com-
pounds.

Clause 1.3 of the Technical Regulations of the Customs
Union 019/2011 "On the safety of personal protective
equipment" states that it applies to personal protective



equipment against the listed factors, including the effects of
biological factors (microorganisms, insects). At the same time
in the text of the regulation there are very few requirements
for personal protective equipment against microorganisms.

In the GOST of the system of safety in emergency situations
it is also often mentioned that personal protective equipment
protects against biological factors, but in fact there are no re-
quirements for it. There are also no requirements for the hy-
gienic characteristics of the materials and even less for their
effect on the protective properties.

In 2020, during the COVID-19 pandemic, conducting
studies of protective coveralls widely used worldwide for pro-
tection against a new coronavirus infection, we confirmed the
conclusion of American colleagues: materials with low air
and vapor permeability poorly remove sweat from the un-
dergarment space and promote penetration of hazardous
substances into the undergarment space [8, 9]. This fact tes-
tifies to the necessity of expanding research on the whole
complex of protective and hygienic properties of materials
and products protecting against the impact of radiation,
chemical and biological factors.

Conclusion

This brief review shows the need for a comprehensive
systematic approach to ensuring the safety of rescuers, per-
sonnel of radiation, chemical and biological hazardous in-
dustries and the population living in areas of their impact. This
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concerns both standard operation and peacetime and
wartime emergencies, as well as the possible combined ef-
fects of various factors. It should also be taken into account
that about 40% of accidents are accompanied by a fire. And
all of them are connected with huge psycho-emotional
loads, which are aggravated by the very fact of use of per-
sonal protective equipment, which reduce working capaci-
ty of a person and require regulation of work and rest
regimes.

The system of standardization, selection, quality control,
conformity assessment, decontamination and disposal of
personal protective equipment, training and certification of
personnel of radiation and chemical hazardous industries
and emergency rescue teams established in ROSATOM al-
lows the largest enterprises of the nuclear industry to avoid
serious accidents and keep occupational disease rate at a
low level.

At present, many problems of development of new per-
sonal protective equipment and its implementation in the nu-
clear industry are associated with changes in the system of
their standardization and certification at the international and
interstate levels. As for personal protective equipment, the key
problem here is the lack of regulation of their compliance with
the requirements of mandatory certification in the EAU —
Eurasian Conformity (EAC) and safety in emergency situa-
tions or registration.
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Pesiome. Llenb y1ccnenoBaHms — CPABHMUTENbHBIM QHANM3 PEANM3OBAHHBIX MPOEKTOB 30MKHYTbIX KONOMMYECKMX
CUCTEM M CO3AAHME HA UX OCHOBE COBCTBEHHOW CXEMbI OBTOHOMHOTO KOMMIEKCA XM3HeobecneyeHus sl yCrnoBui
Apktnkn u KpaitHero Cesepa.
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The Arctic Zone of the Russian Federation (hereinafter —
the Arctic Zone, the Arctic) plays a major role in the devel-
opment of the country: it generates 12-15% of the gross do-
mestic product of Russiq, it provides about a quarter of its to-
tal exports [1].

The Strategy for the Development of the Arctic Zone of the
Russian Federation and Ensuring National Security for the pe-
riod up to 2035 indicates the reasons for the importance of
the Arctic Zone:

- The region's share of natural gas and oil production in the
Russian Federation is 80 and 17%, respectively;

- The Arctic zone is a platform for major investment proj-
ects and ensures the demand for high-tech products;

- The continental shelf of the Russian Federation in the Arc-
tic is a strategic reserve for the development of Russia's min-
eral resource base;

- The facilities of the strategic deterrence forces are locat-
ed in the Arctic zone in order o prevent aggression against
the Russian Federation and its allies™.

It should be noted that the Arctic, being a valuable re-
source and raw material base, is a possible area of conflict
of interests of different countries. This leads to the need to es-
tablish military bases there and to strengthen the presence of
the Armed Forces of the Russian Federation. The military in-
frastructure of the region serves not only to protect civilian
structures, but also as a reference point for their deployment.

The development of the Arctic and the solution of military
tasks is associated with certain difficulties [2]. They arise be-
cause of its harsh climate, limited transport accessibility,
and low population density. Among the main factors are:

- lack of state support for delivery of fuel, food and other
vital goods to remote settlements, low level of development
of transport infrastructure;

- high share of local power generation based on eco-
nomically inefficient and environmentally unsafe diesel fuel;

- weak interaction of the research and development sec-
tor with the real sector of the economy, openness of the in-
novation cycle;

- increasing conflict potential in the Arctic, which requires
a constant increase in the combat capabilities of groups of
troops of the Armed Forces of the Russian Federation, other
troops, military formations and bodies in the Arctic zone.

Taking into account the problems outlined above, it can be
assumed that biological life support systems could be a
promising tool for the development of the Arctic and Far
North territories. Such systems can produce food and fuel,
provide comfortable living conditions for personnel at mili-
tary bases, and, as a knowledge-intensive project, con-
tribute to the development of the innovation sector of the
economy. The importance of using such technologies in the
development of the Arctic is emphasized by many Russian
scientists, in particular, by the president of the Kurchatov In-

* On the Strategies of development of the Arctic zone of the Russian
Federation and ensuring national security for the period up to 2035: Decree
of the President of the Russian Federation of October 26, 2020 No. 645
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stitute Research Center M.V. Kovalchuk [3]. Let us consider
in more detail their types, characteristics and properties,
which are useful for ensuring continuous work of people in
the Arctic and Far North zones.

The purpose of the study is a comparative analysis of
the implemented projects of closed ecological systems and
the creation on their basis of own scheme of autonomous
life-support complex for the conditions of the Arctic and the
Far North.

Maiterials and methods of research. The object of the
study is implemented projects of closed ecological systems.
The subject of the study is the principles of configuration of
such projects, their main components and the relationship
between them.

Research results and their analysis.

General characteristics of life support systems

Life support systems are a set of equipment designed to en-
sure human survival in a hostile environment. For example,
in space, underwater, underground or in desert areas [4].

Autonomous complexes that provide regeneration of vital re-
sources are called closed-loop systems. When they are used,
the initial supply of resources is placed in the system, after
which there is a continuous process of their regeneration [5].

Depending on the processes underlying closed-loop sys-
tems, they are divided into physical-chemical and biologi-
cal, as well as hybrid ones that include features of the for-
mer and the latter. Physical-chemical processes include the
use of filters, methods of physical or chemical separation of
substances, concentration processes, etc. Biological process-
es are based on the use of the ability of living organisms such
as plants or bacteria to create or to break down various or-
ganic molecules. The first life support systems used were
based on the use of physicochemical methods. This was
due to the high degree of knowledge of such methods, to the
small size of the devices, to the possibility of precise control
of their work. On the other hand, they require large amounts
of expensive energy and are not able to replenish food
supplies, which must be delivered from outside. Biological
processes are less well understood and more difficult to
control. But the main advantages of closed-loop biological
systems are: lower energy costs; possibility of recycling
carbon dioxide, waste water and regeneration of oxygen
and water; obtaining biofuel; possible replenishment of
provisions — growing grain and vegetable crops, breeding
some livestock and fish species, obtaining food additives,
particularly protein and vitamin complexes with a radio-
protective effect) [6-9].

Since the 1960s, such properties of these systems have led
to increased interest in them on the part of scientists. The
largest research works in this area were the projects BIOS-
PHERA-2, MELISSA, BIOS-3. Let us carry out a comparative
analysis of the structure and functioning features of each of
these projects.

Project BIOSPHERA-2

The largest artificial ecosystem created to date is the

BIOSPHERA-2 project. lts design was aimed at getting as
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close as possible to the complex structure and diversity of the
Earth's ecosystem. For this purpose, models of many biomes
were created, including tropical forest, savannah, ocean,
desert. The purpose of the creation of the complex was to
provide life support for 8 participants of the experiment for
two years [10].

BIOSPHERA-2 contained 7 biomes, 2 of which repre-
sented anthropogenic ecosystems (human habitation and
agricultural zone); the remaining 5 simulated natural zones:
tropical forest, desert, savannah, swamp, and ocean [11].

The preset temperature in each biome was maintained by
air conditioning systems installed in the basement of the
complex. The ventilation system allowed controlling the flow
of conditioned air back to the complex, depending on the
simulated time of day or season [12].

The oxygen content in the atmosphere of BIOSPHERA-2
decreased during two years of the experiment. Studies have
shown that some of the oxygen in the form of CO,, molecules
was absorbed by the concrete used in the construction of the
complex, by sea water and by loose carbonate soils [13].

Soil reactor technology was used for air purification in-
stead of traditional energy- and resource-consuming filtra-
tion and catalytic oxidation methods. The air was blown
through a soil layer in which an active microbial communi-
ty functioned to purify it from various gases, including CO,
H,S, SO,, NH,, etc. [13].

A complete hydrological cycle functioned in the com-
plex. Water vapor was released into the atmosphere by
evaporation from the surface of the soil and ocean, as well
as by transpiration of plants. The condensate formed on the
cooling coils of the air conditioners was collected in the
troughs. From the troughs it was pumped into storage tanks.
After collection, condensed water was distributed for the
needs of the complex. Waste generated by humans and farm
animals was treated with the participation of microbial and
plant communities [10].

The BIOSPHERA-2 agricultural biome included beds for
cultivating plants, several flooded areas for growing fish and
rice, an orchard, and containers located on the balcony and
in the basement. Disease- and pest-resistant plant varieties
were pre-selected for use in BIOSPHERA-2. A total of 86 va-
rieties of crops grew in the complex.

BIOSPHERA-2 was the first project that used farm animals
and birds — goats, pigs, chickens. They fed on parts of
plants that are inedible to humans. They performed several
functions in a complex: they gave milk, eggs and meat,
which served as an important component of the staff's diet,
and they also took part in the cycle of substances, consum-
ing inedible plant residues [13].

MELISSA Project

The purpose of the Melissa project (Micro-Ecological Life
Support System Alternative) is to study the mechanisms of
functioning of regenerative life support systems for their ap-
plication in long-term space missions. The concept of the proj-
ect was first developed by Professor Mergeay in 1987 and
has remained virtually unchanged since then [14].

The idea of the project is based on duplicating the functions
of the Earth's biosphere without using the reserves of its re-
sources. In contrast to the BIOSPHERA-2 project, the MELS-
SA project does not create miniature copies of biomes already
existing in nature. On the contrary, its biosphere is so reduced
that it is only capable of carrying out the basic biological
processes that support global ecological functions. MELISSA
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consists of 5 compartments connected to each other and
forming a single closed regenerative system — Fig. 1 [14].

In the first compartment, which is an anaerobic ther-
mophilic bioreactor, decomposition of biological waste such
as inedible plant parts, personnel waste, etc. takes place. The
microbial community in this reactor is quite diverse. It includes
various anaerobic thermophilic bacteria and microbiota
contained in fecal matter.

The products of anaerobic fermentation are volatile fatty
acids, mineral salts and ammonium, which are sent to the
second compartment. There, under the influence of sunlight,
photoheterotrophic bacteria Rhodospirillum rubrum de-
compose volatile fatty acids into carbon dioxide. After that,
the obtained substances enter the third compartment.

The third compartment is an aerobic bioreactor in which
nitrifying bacteria of the genera Nitrosomonas and Ni-
trobacter immobilized on special beads are co-cultivated. It
is designed fo convert ammonium nitrogen into the oxidized
form of nitrate, because in this form it can be assimilated by
higher plants and cyanobacteria.

The fourth compartment consists of two parts. The first
part contains a photobioreactor with a culture of the pho-
toautotrophic cyanobacterium Arthrospira platensis, in-
tended mainly for oxygen regeneration and CO,, absorption.
In the second part, several cultures of higher plants (wheat,
lettuce, beets) are grown, which are a source of nutrition and
participate in oxygen enrichment of the air. In addition, the
higher plants are able to regenerate drinking water by tran-
spiration.

Finally, the fifth compartment represents the staff of the
complex itself, whose basic needs are provided by the oth-
er components of the system. Currently, this role is played by
laboratory animals.

BIOS Project

The first attempt to create a bioregenerative life support
system was made in the 1960s in the USSR at the Institute of
Biophysics of the Russian Academy of Sciences in Krasno-
yarsk. The goal of the project was to create a closed system
that would allow to simulate Earth conditions during long-
lasting space flights for a long time. BIOS-1 was a system of
two connected chambers. The first one — with a volume of
12 m® — was designed for human habitation. The second
one contained an 18-liter photobioreactor in which Chlorel-
la vulgaris microalgae were cultivated [15].
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By conducting a series of 7 experiments, the scientists
managed to achieve complete air closure of the system and
80-85% water closure. In addition, they managed to provide
up to 20% of the daily human food [17]. In 1968, it was de-
cided to attach an additional module to the BIOS-1, the so-
called phytotron. It was intended for growing higher plants;
the created unit was called BIOS-2.

In 1972, a fundamentally new artificial ecosystem —
BIOS-3 (Fig. 2) was created. The hermetic construction was
divided into 4 compartments. The first one was designed for
the accommodation of 3 personnel and included sleeping
quarters, a toilet, a kitchen, a control room and a working
area. The second compartment contained a photobioreactor
with microalgae which provided sufficient air regeneration
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meat were an source of protein
important source of
food for the staff
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for three experiment participants. The remaining 2 com-
partments were occupied by phytotrons where wheat, chu-
fa, and vegetables were grown [17].

The air was purified with a thermocatalytic filter that oxi-
dized various organic impurities to carbon dioxide and wa-
ter. The evaporated water was condensed and recirculated
and used to prepare nutrient solutions for higher plants. Part
of this water was boiled and used for household purposes
and as drinking water. For this purpose, it was preliminarily
passed through ion-exchange filters.

Faeces were dried and stored in a separate container, and
the resulting water vapor was returned fo the system; the urine
entered the algae compartment and was used in the culti-
vation of microalgae. To close the system even more com-
pletely, a furnace designed to burn the inedible parts of the
plant biomass was added [18].

Proposed life support system project

Based on the projects presented above, it is proposed to
create a life support complex based on microalgae, whose
metabolic features allow them to be used for various life sup-
port functions.

Due to their high protein content, microalgae are a prom-
ising source of valuable dietary protein [19]. The amino
acid composition of the protein obtained from microalgae is
balanced and meets the criteria established by the World
Health Organization (WHO). It contains sufficient amounts
of most essential amino acids. Microalgae cells are also rich
in B and E vitamins, contain minerals and components with
antioxidant, anti-inflammatory and immune-stimulating prop-
erties [20, 21].

The high percentage of lipids contained in microalgae bio-
mass determines its potential for use as a source of 3rd gen-
eration biofuel.

Advantages of microalgae biomass compared to tradi-
tional raw materials used for biofuel production:

1. Microalgae are able to grow year-round, and as a re-
sult, their lipid productivity is much higher than that of the best
oilseed varieties [22].

2. Cultivation takes place in an aqueous environment,
but water consumption is less than that required to grow
plants. This reduces the pressure on fresh water sources,
which are in short supply in many regions [23].

3. Microalgae have a high growth rate and high lipid
content. Lipids account for 20-50% of their dry biomass
[24].

4. Nutrients for the cultivation of microalgae, in particular
nitrogen and phosphorus, can be obtained from waste wa-
ter. Thus, it is possible to combine the production of biofuel
and waste treatment [25].
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5. After lipid extraction from microalgae, valuable prod-
ucts such as protein and residual biomass can be obtained.
They are used as fertilizer or livestock feed, and can also be
fermented to produce ethanol or methane [26, 27].

6. The composition of microalgae biomass depends on the
cultivation conditions. Thanks fo this, the lipid yield can be sig-
nificantly increased [28].

The fact that microalgae release phytohormones that can
affect both the cells themselves and higher plants was es-
tablished quite a long time ago. Semenenko's research
showed the presence of indolyl-3-acetic acid in the growth
medium of Chlorella sp. This acid causes stimulation of cell
growth of both the algae themselves on agarized nutrient
medium and wheat coleoptiles [29]. The positive effect of mi-
croalgae culture medium and exiracts obtained from them on
seed germination and plant growth (root length, stem height,
branching, leaf and flower size) has been demonstrated in
the works of many scientists [30-33]. This fact can be used
in the cultivation of crops in biological life support systems.

Fig. 3 shows the conceptual scheme of the life support sys-
tem complex using microalgae. Carbon dioxide that accu-
mulates in the working and living spaces enters the algae
compartment and phytotrons. There it is consumed by mi-
croalgae and higher plants.

The oxygen generated by photosynthesis is sent to the liv-
ing space, the higher plants are used as a food source, and
the algae biomass is used to produce protein-vitamin con-
centrate, bioethanol and biofuel. Human waste is purified
with the help of microalgae. Some of it goes into compost or
a muffle furnace. The wastewater treated by the microalgae
is further filtered and disinfected. It is then used to supply the
drinking water needs of personnel. The water that is not
disinfected is used for technical purposes. The microalgae
culture fluid containing growth stimulants is supplied to the
plant watering system of the phytotron.

Comparative characteristics of the existing and the pro-
posed life-support system project are presented in the
table.

Conclusion

1.The use of life support systems based on biological sys-
tems will significantly increase the autonomy of infrastructure
facilities located in the Arctic zone.

2. A comparative analysis showed that the most promis-
ing is the creation of life support complexes based on mi-
croalgae. Their metabolic traits make it possible to solve sev-
eral important autonomy tasks simultaneously.

3. The implementation of the proposed project will provide
staff with food, recycling waste, biofuel and valuable nutri-
tional supplements.
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