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Abstract

Introduction. The paper presents literature review devoted to the effect of "low doses" of ionizing
radiation on health of population and the environment based on the analysis of modern scientific
publications. At the moment a lot of research has been done in this area.

Purpose: to review scientific papers on the effect of "low doses" of ionizing radiation on a living
organism and the environment.

Materials and methods. To achieve this purpose, we have searched and analysis of scientific
publications in the databases: PubMed, Elsevier, ResearchGate, Cyberleninka, Republican scientific
and technical library. The following keywords have been define before the start of the search:
experimental studies, radiation, low doses. Exclusion criteria included review of publications became
summary reports, newspaper articles and personal notifications. During search 1689 literary sources
were revealed, 63 from which have been chosen as an analytical material of article.

Results. At the present time, assessing of the influence of "low doses" ionizing radiation have three
opposite points of view. Some researchers point to the increased danger of "low doses", others reject
any features of their effects and others indicate the existence of radiation hormesis, that is, the positive
influence of ionizing radiation.

Conclusions. Despite the abundance of scientific literature this question still opens and requires
further study.
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Pesiome

MPOBJIEMA B OLLEHKE JO®EKTOB OBJIYYEHMA
«MAJNbIMM AO3AMU» NOHU3UPYIOLLEINO U3NYYEHUA.
OB30OP JIUTEPATYPbI

Macaxapy Xowm *, http:/orcid.org/0000-0001-6978-0883
Ancyny X. Caumosa 2, http:/orcid.org/0000-0002-9564-732X

! YHuBepcuteT Xupocuma, HayuHo-uccnegoBaTtenbCKkuit UHCTUTYT paauaLMOHHOM
6uonorum n meguUmHbI, r. Xupocuma, AnoHus;
2[ocypapCTBeHHbIM MeAULMHCKUIA yHuBepcuteT ropoaa Cemei, r. Cemeit, KazaxcTtaH

Beepenune. B cratbe npeactasneH 0630p nuTepatypbl, MOCBSALUEHHBIN BAVSHUIO «ManblX 03»
VOHM3MPYIOLLEro W3NyYyeHUs Ha 3[0POBbE HACeneHUs 1 OKPYXaloLyl Cpedy Ha OCHOBE aHanvsa
Hay4HbIX nybnukaumin. Ha gaHHbIA MOMEHT npoBefeHo Borbluoe KOMMYECTBO UCCrefoBaHui B 3TOM
obnacry.
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Lenb: npoBecTM aHanu3 Hay4yHbIX NUTEPATYpHbIX [aHHbIX O BAWSHUE «ManblX  [03»
VOHM3MPYIOLLIETO N3MTyYEeHNS Ha XWUBOW OPraHu3M W OKpYXatoLLyto cpeay.

Matepuanbl ¥ MmeToAbl: [N OCYLECTBNEHNS MOCTABMEHHON Lenn Obin BbIMOMHEH MOWUCK
nutepatypbl B 6a3ax gaHHbix: PubMed, Elsevier, ResearchGate, Cyberleninka n PecnybnukaHckoi
Hay4HO-TeXHuYeckoin bubnuotekn. Mepen Havyanom noucka Buinu onpegenieHbl CneaytLLme KIYeBble
CNoBa: AKCMEPUMEHTANbHOE MCCNEAOBaHWE, VOHU3MPYIOLLEE W3MyveHue, manble 4o3bl. Kputepusmu
ncknoyeHns nybnukaumin B 0630p ObinM  pestome OKNagoB, raseTHble nybnukauuu, NUYHble
coobueHns. B xoge noucka Bbino obHapyxeHo 1689 nutepaTypHbIX UCTOYHMKA, M3 KOTOPbIX 63 Obinn
BbIOpaHbl B KAYECTBE aHANUTUYECKOro MaTepuana craTby.

PesynbTatbl. B Hactosulee Bpems B OLeHKe 3(DGEKTOB BUSHUS WOHUUPYIOLWMX M3STYYEHUN B
«MarnbIx Jo3ax» CyLLeCTBYIOT TPW NPOTUBOMNONOXHbIE TOYKM 3peHns. OgHW uccnenoBaTenn ykasblatoT
Ha NOBbILUEHHYI0 ONACHOCTb «ManblX 403Y, APYrie OTBEpratoT Kakue-nnbo 0co6EHHOCTM UX A deKTOoB,
TPETbW YTBEPXAAKT O CYLYeCTBOBAHUM pPaguaLMOHHOrO ropMesnca, To ecTb MO3UTUBHOTO LenCTBUS
VOHM3MPYIOLLETO N3NTyYeHMS.

BbiBogbl. HecMoTps Ha obunue HayyHoOW nuTepaTypbl, AaHHbIA BOMPOC OCTAETCS OTKPLITHIM M
TpebyeT fanbHEeNLero UCCreaoBaHNs 3TOr0 HanpaBneHus.

Knroyeenie cnosa: NoHM3MpYOLLEE M3MyYeHne, Marble [03bl, FOpMe3uC.
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«WAFbIH QO3AAOAfbl» MOHOAYLUWbI COYNIENEHYAIH
O9CEPIH BAFAJIAYAAfbl MOCENENEP.
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Kipicne. Makanaga «warbiH Jo3agafbl» MOHAAYLWbI COYNeNneHyhiH, acepi Typanbl a4ebueTTik
aknapatTtapbl kentipinreH. Kasipri 3amaHfbl FbinbIMK XapusinaHbIMaapablH, Tangay HerisiHge ochbl
Macene asfblHa AeiH aHbIKTanMaraHbl aHbIK.

MakcaTbl: Tipi OpraHu3mre xaHe KopluaFaH opTafa «LUafblH f03afaFbl» MOH4AYLWbI CoyneneHyaiH,
acepi Typanbl FbiNbIMK aknapaTTapabl capantay.

Martepuangap mMeH aaicTep: KoibliFaH MakcaTKa XeTy YLiH i34ecTipy keneci AepKKopnapblHaa
xyprisingi: PubMed, Elsevier, ResearchGate, Cyberleninka xaHe Pycnybnukanblk fbiibiMp-
TeXHUKanbIK KiTanxaHacblHga. TaHaay Keneci TYMiHAI cesmep HerisiHae XYPrisinreH: aKCnepuMeHTTIK
3epTTeY, MOHAAYWbI CayneneHy, WarbiH Jo3a. Oaebu wony KesiHae basHaamanap TyXblpbiMAAps,
ra3eT Makananapbl MEH Xeke iC aKnapatrap KapacTbipbiiMaFaH. 3epttey bapoicbiHga 1689 agebuet
ke3i, OHbIH 63-i TangaManblk MakanaHblH, MaTepuanbl peTiHae TaHAan anbiHAabI.

Hotuxe. Kasipri yakbiTTa, «lWwafblH J03ada» MOHAAyWbl cayne acepiH baranayga yw kapama
Kapchl ko3 kapac 6ap. bip 3epTTeywinep «warbiH fJo3adafbl» WOH4AYLLbI COYNeneHyaiH acepi KayinTi
[ece, eKiHWInepi ewKaHaan acepi KoK fece, YLiHWinepi oH acepiHiH 6ap 6onybl, SFHW ropmesnc
Typanbl autagsbl.

KopbITbiHabl. Fhinbivu aaebueTtepaiH kenTiriHe kapamacTaH, Oyn macene asFbiHa AeMiH
aHbIKTanMaraH xaHe ocbl baFbiTTa 0gaH api 3epTTeynepai Tanan etesi.

TywniHai ce3pep: NoHaayLbl CaYNe, WaFblH [03a, FopMesnc
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Introduction

Our Republic has the areas where functioning
nuclear power plants, uranium mining provinces,
as well as the territories former Semipalatinsk
nuclear test site. Therefore, the notion of the
definition of "low doses" is very important for the
implementation of environmental monitoring and
protection of civic health near the located to them.

Aim: to review scientific papers on the effect
of "low doses" of ionizing radiation on a living
organism and the environment.

Materials and methods

To achieve this purpose, we have searched
and analysis of scientific publications in the
databases: PubMed, Elsevier, ResearchGate,
Cyberleninka, Republican scientific and technical
library. The following keywords have been define
before the start of the search: experimental
studies, radiation, low doses. Exclusion criteria
included review of publications became summary
reports, newspaper articles and personal
notifications. During search 1689 literary sources
were revealed, 63 from which have been chosen
as an analytical material of article.

Results and discussion

Nuclear power plants comparison with other
types of energy have huge energy potential for
the economy of any country, but in case of
accidents on them, the consequences and
damage to the health of the population of the
adjacent to the areas practically impossible to fill
[1].

Based on the history of radiation exposure to a
living organism, we know that significant effects
occurred due to [13]: nuclear weapon tests
(Semipalatinsk nuclear test site, Nevada Nuclear
Test Site, Alamogordo test range, Pacific Proving
Grounds and others); accidents at nuclear power
plants (Chernobyl, Fukushima, Three Mile Island,
Windscale); emissions of radioactive substances
from industries working with the processing of
nuclear products; dispersion of radioactive
substances.

As a result, due to neutron activation of
chemical elements, beta and gamma-emitting
radionuclides in the soil composition is develop
[14].

Gamma radiation affects internal tissues,
when the source of radiation is outside the body,
in this case, irradiation is considered to be
external. Beta-irradiation affects internal organs
only when the source of radiation enters the body
(by inhalation of neutron-activated soil dust,
contaminated water and products), thereby
leading to internal irradiation [14, 24].

After the nuclear accidents at the Chernobyl
nuclear power plant, and then at Fukushima,
radiobiologists have the question of how to
diagnose the biological consequences of "low
doses" [31].

In radiobiology, the concept of "low doses" is
associated with the dose at which the effects
under investigation begin to appear [4, 17]. For all
this, the upper limit of "low doses" is determined
in different ways, depending on the evaluation
criterion. When studying the effect of ionizing
radiation on organisms, "low doses" are those
that do not cause noticeable disturbances in vital
activity. Based on this, some authors suggest to
count for "low doses" of a person in the range up
to 200mGy and 500mGy for mammals [5, 17, 36].

Along with this, there are also microdosimetric
studies, according to which a dose can be
considered low when the critical target receives
on average no more than one radiation event.
Therefore, all biological effects and the effects of
ionizing irradiation on a living organism are
divided into deterministic and stochastic [12].

Deterministic ~ effects,  which  manifest
themselves in the form of obvious pathology, with
significant radiation doses. The peculiarity of such
effects is that they assume the presence of a
certain minimum threshold, below which the effect
is absent, and above - depends on the dose
received. Stochastic effects do not have a dose
threshold, that is theoretically possible with a "low
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dose" of irradiation, and the probability of
occurrence is less, the lower the dose.

At the present time, in assessing the effects of
the effects of ionizing radiation in "low doses",
there are three opposite points of view. Some
researchers point to the increased danger of "low
doses," others reject any features of their effects,
while others indicate the existence of radiation
hormesis, that is, the positive action of ionizing
irradiation [2].

The absence of peculiarities in the effect of
radiation in "low doses" is evidenced by the
recognition of a linear no-threshold concept as
the basis for the normalization of the radiation
factor [32, 44, 45, 54, 55] Regions with increased
of natural background radiation have not been
detected changes in the health of the local
population.

On the positive effect of radiation in small
doses and radiation hormesis began to speak at
the beginning of the development of radiobiology.
Many researchers observed the stimulation of
various life processes. A detailed review of such
works relating to this and subsequent periods is
given by the convinced follower of the ideas of
radiation hormesis in Russia — A. Kuzin [6, 7].

After nuclear accidents, environmental
pollution occurs. As a result, radioactive particles
enter the body, which in turn leads to beta
radiation. As a result of the accident at the
Chernobyl nuclear power plant, the vast adjoining
territories were contaminated with radioactive
fallout. Studies on the evaluation of humoral
immunity have determined that soil contamination
has a strong correlation with the individual dose
of 137Cs [50], 25 years after the accident at the
Chernobyl NPP, the doses of internal exposure to
residents living in contaminated areas of northern
Ukraine are limited but still associated with
pollution Soil 137Cs. In addition, the cause of
internal exposure is the consumption of local
products [60].

In 2011, the Fukushima nuclear power plant
accident in Japan caused by an earthquake
measuring 9.0 magnitude after the tsunami was a
reminder that even modern systems are
vulnerable to natural disasters [20]. Given that the
magnitude of environmental pollution accident at
the Fukushima nuclear power plant second after
the Chernobyl nuclear power plant, scientists from
Japan, reacted sharply and began to study the

effect of "low doses" of radiation on the
ecosystem. Atsuki Hiyama [22-25] and colleagues
studied blue butterflies, permanent inhabitants of
the Fukushima Prefecture and concluded that
"low doses" significantly affect the genetic
apparatus, which manifests itself in the form of
changes in pattern and color, as well as the
shape of the wings, the size of the chest,
abdome. The first generation extended the
process of pupation, the frequency of
abnormalities showed a high inverse correlation
with the distance of the collection sites from the
Fukushima nuclear power plant. A decrease in
survival was also observed. Based on these data,
it is impossible to estimate the effect of low doses
on the human body, since the cells of the wings of
these butterflies are more stable than human cells
to short-term high doses of radiation. But we must
also take into account that larvae and pupae are
more vulnerable to long-term low radiation doses.

At the moment, scientifically, no one can
provide convincing data that the long-term impact
of "low doses" on the population living in the
Fukushima area is safe for people’s health.

In 1920, Herman Joseph Muller [40, 41] found
serious consequences after exposure to ionizing
radiation in the descendants of irradiated parents.
In his experiment, he irradiated - Drosophila - with
X-rays and found developmental defects and
other disturbances in the following generations.
Based on this, he came to the conclusion that a
"low dose" of irradiation and even a natural
radiation with increasing range of norms can lead
to induction of cancer and various mutations. His
work was awarded the Nobel Prize in Medicine in
1946. In 1950, he warned that radioactive
contamination of the lower atmosphere adversely
affects the human gene pool.

Later Anne Graupner [21, 47] with a group of
scientists conducted an experimental study in
mice and found that radiation in "low doses"
causes genotoxic effects. Radiation damage to
DNA is more complex than endogenous, which in
turn can lead to an irreversible reorganization of
the DNA apparatus.

In 2001, SCEAR [59] presented a report about
the health of the survivors of the atomic bombing
of Hiroshima and Nagasaki. There, data were
presented that the descendants of the surviving
mutations in the genetic apparatus were not
found.
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Later, Inge Schmitz-Feuerhake [40] and co-
authors analyzed the scientific papers on the
effect of "low doses" of radiation on the genetic
apparatus and concluded that the hereditary
defects found were at doses from 1 mSv to 10
mSv.

Radioactive fallout from nuclear explosions
has affected the population around the world to
some extent. After the Chernobyl nuclear power
plant accident in 1986, the inhabitants of Sweden
suffered from 137Cs exposure, after five years,
cancer growth was observed [35], in Belarus [29,
61], Russia [29, 39] and Ukraine [28], the
incidence of thyroid cancer increased sharply in
children. Based on these data, a screening of the
incidence of thyroid cancer in Fukushima was
carried out, which also showed a high growth of
this nosology [48, 50].

A lot of different researches of the SNTS have
been carried out, the definition of the radioactivity
of the environment [33, 34, 53, 56], and the health
status of the population living near the regions.
For example, an analysis of radiation risk among
the Semipalatinsk historical cohort was conducted
in relation to mortality from cardiovascular
diseases. A significant high risk was found in
people living in the landfill area than among those
who lived in the villages of comparison [26]. A
biomarker of leukemia for a given cohort was
determined [62]. A study was conducted on the
evaluation of polymorphisms of genes that have a
potential relationship with thyroid cancer [19], and
a dose-effect relationship was also established
[63].

R. Rozenson [11] investigated the relationship
between the irradiated population between
radiation-induced changes in the immune status
and allergic reactions. The author established that
a number of individuals irradiated at a dose of
more than 1000 mSv had a decrease in
immunoregulatory  subpopulations  with  a
predominant deficiency of T suppressors with a
simultaneous increase in immunoglobulin of class
E, which in turn led to the formation of respiratory
allergies and allergic dermatoses.

Kenji Iwata [41] and co-authors conducted
studies on the prevalence of skin cancer in
people living near the SNTS. According to their
data, even many years after the closure of the
polygon, "low doses" may be the cause of the
development of this pathology.

According to the long-term results of scientists,
the health of the exposed population living in the
territories near the Semipalatinsk test site shows
an increase in morbidity and mortality rates, a
combination of multiple somatic pathology and
psycho-organic disorders [15].

When assessing the hazard of radiation
exposure, it is necessary to take into account the
accompanying chemical factors, that is, regional
features. For the first time, N. Chayzhunusova
[16], in her studies, found that the assessment of
the risk of radiation exposure should be carried
out taking into account the concomitant effects of
modifying chemical factors. According to the
results of studies, the dose of ionizing radiation
on the population of the Maiskyi and Lebyazhye
districts was about 3 sZv. Along with this, in the
territory of the Maisky district, there was a marked
increase in the content of pesticides and mineral
fertilizers. As a result, based on the obtained
data, the author comes to the conclusion that the
combined effect of ionizing radiation and chemical
agents leads to a substantial reduction in the
thresholds for the main effects of ionizing
radiation. This is due to the fact that there was an
excess of cancer, as well as congenital
malformations in the Maiskyi district where there
was a combined radiation - chemical effect. In the
Lebyazhye district, where the dose was almost
the same as in Maysky, but without pesticide
exposure, no such effects were found

The exposed population of different continents
complained the following similar symptoms:
general weakness, fatigue, reduced efficiency.
These symptoms have not a general diagnosis. In
Japan after the atomic bombing of Hiroshima this
syndrome is called "Genbaku Burabura Byo" (the
impact of the atomic bomb) [37], in America
among veterans who fought in the Persian Gulf,
this syndrome is called "Gulf war syndrome" [27].
The liquidators of the Chernobyl nuclear power
plant presented all these symptoms in the form of
a psychoorganic syndrome. Therefore, they have
been treated annually since 1990 to the present
9, 43].

It is believed that the nervous system is
considered relatively resistant to ionizing radiation
[3], but it should be noted that the experimental
work of Achanta Pragathi and colleagues shows
that ionizing radiation contributes to worsening of
associative memories [18].
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In Ukraine, the adolescents were examined for
determining suicidal tendencies and the presence
of depression. In the study group were children
who were 6 years of age, in the womb and born
45 weeks after the accident. They have identified
psychological ~ problems  associated  with
inadequate environmental assessment [30].
Mental health problems have been observed in
many residents of the Fukushima prefecture [50].

To date, there is no single scientific
justification for the pathogenesis of diseases of
people living in environmentally unfavorable
conditions. Very often, changes from the nervous
system are treated as functional. The reported
complaints of general weakness, fatigue,
headaches, dizziness, decreased performance
[38, 42] interpreted by some specialists as a
desire to receive benefits or as a manifestation of
radiophobia [10, 16].

Unfortunately, there is no specific data
indicating that "low doses" of ionizing radiation
may or may not be, one of the causes of "chronic
fatigue" of the population. As, basically presented
complaints are treated as the desire to receive
benefits or psychological violations.

Thus, analysis of literature data suggests that
in assessing the effects of irradiation with "low
doses", there are three categories of researchers
who hold different views. Existing judgments
create the problem of "low doses", the study of
which is relevant.
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