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THE IMPACT OF THE BACKGROUND RADIATION
ON THE HEALTH

Background: Background ionizing radiation is present in all environments on Earth. There is no consensus on
the effects of radiation at different levels on the human body. There is a huge gap in the information concerning the
impact of radiation on health.

Objective: To determine the impact of natural background radiation on health.

Methods and materials: We conducted a literature review. A search for English-language literature published
between 2013 and 2018 related to background radiation and its effect on human health was conducted using PubMed
and Medline.

Results: 1934 papers were found and abstracts screened. 1898 papers were excluded, and the full text assessed
for 36 papers. 28 papers met our inclusion criteria for this writing this paper. Radiation levels varied from <100 mSv
to 26 mSv. Five papers found that radiation at <100 mSv level was beneficial to health in high background-radiation
areas, and conversely four papers found it was detrimental. The other 19 papers recommended conducting long-term
research. Only in one paper was found neurological disorder. Ionizing radiation is a risk factor for Alzheimer’s
disease.

Conclusion: However, there are still unknown areas with abnormal radiation. The opinion of scientist differs in
this issue. Thereby, there is a need for more investigation into the effects of radiation effects.

Key words: natural background radiation, health, cognition, mild cognitive impairment, Alzheimer discase.

Introduction. For the last two decades, the international scientific community has expressed concern
about the interaction between the environment and human health. One unknown and disputable theme is
the impact of the natural background radiation on human health. In our previous paper, we summarized all
essential data about the natural background radiation [1]. The aim of this paper is to add information
about the main effects of natural ionizing radiation on the human brain.

The question of the radiation exposure is still under study. The impact of radiation on the organism
depends on the radiation dose. lonizing radiation can be categorized into low (<1 Gy) and high (=1 Gy)
doses. There are several arecas with High natural Background Radiation, and different populations are
exposure to different doses. As for instance in China (Yangjiang province) it corresponds to 5.06mSvy ™'
t06.86mSvy ', in Brazil (Pogos de Caldas, Araxa) 7 mSv, Iran (Ramsar) ranges between 0.7 and 131 mSv
with a mean of 6 mSv and India (Kerala) considerable range of 1 to about 45 mSv y—1 has also been
reported [2]. In terms of the effects induced by the low doses of ionizing radiation, the annual dose varies
from 100 Gy to 1 Gy [3].

Naturally occurring radionuclides such as ***Ra, **Th and *’K, cosmic rays, mountains and rivers are
formed the Natural Background Radiation of any area [4].

The molecular epidemiological study Shibiao Su et.al., revealed that low dose of ionizing radiation
induced adaptive response (Hormesis effect) on the cell at the High Background Radiation Area (HBRA)
[5]. It is quite interesting result presented in Vinay Jain and Birajalaxmi Das paper. The authors formed
four different background dose groups based on the individual dose received annually by them and made
transcriptome analysis to 36 respondents. The result showed that individuals exposed to background doses
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of >5mGy/year have shown alteration in expression of many genes involved in important functions or
pathways. The results have also shown that, Group II (<5.0mGy/year) has very few significantly diffe-
rentially expressed genes as compared to Group III and Group IV of high level natural radiation areas
(>5.0mGy/ year). The plausible explanation could be that individuals belonging to higher background dose
groups (> 5.0mGy/year) have accumulated larger doses and thus stimulating many genes from different
cellular and molecular pathways to maintain genome integrity. Overall analysis has revealed that biolo-
gical processes such as regulation of transcription, apoptosis, regulation of cell cycle, response to DNA
damage, metabolic processes, RNA processing, Immune response, signal transduction, DNA repair,
protein transport, histone/chromatin modification, response to oxidative stress, protein ubiquitination are
over-represented in higher dose groups (Group Il and Group IV) as compared to Group I [6].

Ionizing radiation generates plenty of reactive oxygen species (ROS) which interact with the bio-
molecules such as DNA, protein, lipids thus producing a variety of oxidative lesions. Majority of oxida-
tive damages include oxidative clustered DNA lesions (OCDLs) [7].Understanding the risk from the
natural background radiation, Vinay Jain et al., the authors studied the repair of DNA double strand
breaks (DSBs)in high background radiation area and determined the low dose as 1.51-5.0 mGy/year and
high dose as >5.0 mGy/year. The results demonstrated that faster repair of DSBs and involvement of non-
homologous end joining repair pathway in High level natural radiation area group of individuals was
assessed as adaptive response [8]. However, further studies on DNA damage induction and repair kinetics
are required for the strong evidence [9, 10].

One of the common opinion is ionizing radiation induced effect, which can increase the risk of
cancer incidence. Despite the low value of the effective dose rate, which ranged from 0.06 to 0.38mSv/y,
with mean of 0.20mSv/y; the arca was characterized by low background radiation. Therefore, this made
clear to the authors that natural radioactivity is probably not directly influencing the increase in cancer
incidence in the region. Therefore, the future research is needed to conduct, as doses from internal radia-
tion exposure and analyses of environment such as rocks, soils, as well as food and water for human
consumption may contribute to the impact on the human health by ionizing radiation [11, 12]. However,
the research, conducted in France from 1990 to 2009 did not reveal any correlation between risk factors
for childhood acute leukemia and low doses due to natural background radiation[13]. In Swiss Cohort
Study with children under 16 years old, Ben D. Spycher et al., 2015, suggested that background radiation
may contribute to the risk of cancer in children, including leukemia and CNS tumors. Furthermore, the
authors found the correlation between the cumulative dose and age [14].

There are few papers dedicated to the assessment of ionizing radiation in food. Nasrin Fathabadi
ct.al., identified the radioactivity levels in Iran, Ramsar local foodstuff consumed by residents of the high
level natural radiation areas. The results showed the high doses in some products (milk and eggs). Addi-
tionally, the radionuclides in the uranium and thorium decay series may also considerably influence on the
Ramsar food [15, 16]. Additional sources of natural background radiation exposure might be due to the
natural radionuclides. In the paper done by Iwaoka, K. et al., 2017, the ranges of ***Rn mass exhalation
rates were almost identical to the natural rocks in Japan. Authors recommended that the risk of inhalation
of *’Rn decay products should be considered (as the radiological performance of the products depends on
raw material) and the methodology should be further studied[17]. Another sources of exposure due to
radionuclides is the contamination of water by ionizing radiation. Terrestrial radionuclides are one of the
most important sources of human exposure to radiation due to the emission of radioactive particles
(UNSCEAR2008) [18, 19]. Furthermore, chronic exposure to ionizing radiation might be the potential
health risk for the population[20]. In terms of terrestrial radionuclides, one of the main contributor to
radiation exposure is monazite — rich black sands in Miami Bay, Malaysia. Miami Bay can be listed as a
High Background Radiation Arcas (HBRA) and considered as a potential risk area for its inhabitants [21].
Also, it is quite interesting research, dedicated to the impact of the natural radioactivity and technical
radiation on the soil and as a consequences on the human health. In this term, paper was written by Amira
Kasumovi¢ et. al., 2015 revealed no significant difference in the samples taken from the industrial and
from non-industrial areas [22]. Also, in Qureshi A. A. et al. paper, there was no any significant confirma-
tion in supporting hazards due to the usage Mansehra granite as a building materials [23], as well as there
was not found the potential risk for health due to the raw ceramics as a material for bulding dwelling
houses [24]. Also, Luevano-Gurrola, S.et. al,2015, revealed low annual effective dose of outdoor
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radiation that might play non-significant role for producing some health effect, compare with radiation
after nuclear accidents [25]. In paper by Krishnamoorthy, N, et al.,2013, the radiological hazard para-
meters such as indoor gamma dose rate (DIN), is higher than the recommended level whereas the other
calculated hazard parameters are within the criterion limit suggested by UNSCEAR. That can be a poten-
tial risk for the human health [26].

In Sajad Borzoueisileha et al., 2013, retrospective study of health status of former students in High
Natural Background Radiation area (HNBRA). There was no significant difference between students from
HNBRA compared with control group. However, the authors recommend continuing the health super-
vision of this population (from HBRA) in the future [27, 28]. Lehrer, S. et al., 2017 found the strong
correlation between natural background radiation and risk of developing Alzheimer Disease [29]. Still,
this question is under discussion, as there are might be ecological fallacy.

Thereby, the opinions in terms of natural background radiation impact on the health is debatable.
However, we cannot deny possible influence of the chronic low doses of radiation on the human health.
Hereby, this theme requires detailed study.

Objective: to search the data about the natural ionizing radiation impact on human health.

Materials and Methods. We searched the PubMed and the Medline databases for English language
peer-reviewed articles between 2013 and 2018. Keywords were the following: “Natural background
radiation AND health”, “Background ionizing radiation AND health”, “Natural background radiation
AND brain”, “Natural background radiation AND mild cognitive impairment”, “Background radiation
AND Alzheimer disease”, “Radiation Background AND dementia”. Papers for uranium mining sites,
man-made radiation (due to CT scan, X-ray, radiation the rapyetc.) and atomic bombing victims were
excluded. We excluded papers available only in the form of abstract, duplicate papers and animal studies.

Results: 6923titles and abstracts identified through database search. We identified 1934 citations
from searches and reviews of reference lists after removal of duplicates and assessed full-text reviews for
eligibility. Overall, 28 articles met the inclusion criteria. Radiation levels varied from <100 mSv/y to >6
mSv/y. Five papers found that radiation at 0.06 mSv/y level was beneficial to health in high background-
radiation areas, and conversely four papers found it was detrimental. The other 19 papers recommended
conducting long-term research. Only in one paper was found neurological disorder, such as Alzheimer’s
discase (AD) [29].According to the United Nations Scientific Committee on the Effects of Atomic Radia-
tion (UNSCEAR), there are four main sources, which form the Natural Background Radiation: cosmic
rays, terrestrial radiation, intakes of naturally occurring radionuclides through inhalation and ingestion.

We identified 13 papers that fulfilled the criteria of natural background radiation impact on the health
over the terrestrial radiation, intakes of naturally occurring radionuclides through inhalation and ingestion
[5-7, 12, 13,16, 17, 19, 21-23, 27, 28]. There are several molecular epidemiological studies that revealed
low dose of natural background radiation beneficial for health, as it induce the adaptive response in the
DNA damage repair capacity and antioxidant capacity of inhabitants in the high background-radiation
area [1-3, 9-11, 15, 18, 25]. There were just four papers, which suspected the adverse effect from natural
background radiation on the human health [4, 8, 11, 14, 18, 20]. However, the authors still recommended
studying this question, as to be sure that radiation is a dominant risk factor for the health. Additionally,
there was no any significant danger to the population health in two papers by Muneer Aziz Salehab et al.
and Krishnamoorthy, N. et al. [24, 26].

Discussion. Environmental issues increase interest in all scientific spheres. A huge number of papers
published with hazard effect of air pollution, ozone layer depletion, climate changing and natural ionizing
radiation.

To our knowledge, this is the first systematic review that evaluated the influence of natural back-
ground radiation on human health. There are numerous systemic review in terms of man-made (due to the
technic radiation), atomic bomb disaster impact on the human’s health [30-32]. However, there was few
studies with strong evidence of hazard effect on human health. One of the reason is difficulties in iden-
tifying the true natural ionizing radiation risk, as comorbidities such as diabetes mellitus, cardiovascular
disease, metabolic syndrome contribute negative effect to the whole organism as well [33]. Our findings
seems to suggest that the first step in identifying clear effect on health due to natural radiation is con-
ducting a good epidemiological study in order to detect an annual effective dose of radiation. The second
step should be longitudinal study for identifying the main health issues and possible risk factors.
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At the experimental works on the animals, the adverse effect on the animal health was proved.
However, the limitation of such kind studies is the artificial radiation exposure |34, 35].

The strengths of our review is that we investigated the association between natural background
radiation as source of exposure on human health. We searched two scientific databases. Nevertheless,
some potential limitations of the review process exist. Despite intensive searches, relevant publications
may have been missed. The strength of our conclusion is limited by the very low quality of evidence
available for our research question of interest.

Conclusion: However, there are still unknown areas with abnormal radiation. The opinion of scien-
tist differs in this issue. The specific effects due to radiation (stochastic and deterministic effects) are
controversial as there are a huge restriction in terms of study diseases, immune and gene respond to the
natural background radiation. Definitely, there is impact on health due to radon gas (one of the source of
background radiation) and radionuclides, but there is no approved methodology in order to measure the
effects on human health. Furthermore, there 1s no studies about the radio-resistance and radio-tolerance in
human, what can be taken into consideration and become the first step for the future research project idea.

C. T. Typycnexora, P. T. Loii
«¥MVY» AK, Anmarsl, Kazakctan
TABHTH PAANAIIAAJBIK ®OHHBIH AJTAM JJEHCAYJIBITBIHA 9CEPI

Annoramma, Tabwrn pagmanmsaielk QoH sxammat, Oykin XKepae xesmeceni. Kaszipri yakeirra Taburu pagua-
SUIBIK (POHHBIH amaM ar3achlHA SCEpi CAaTAPBIHAH Makiaa OOMATHIH HOTWKEJIEP TYPAIBI SPTYPII THIOTe3amap oap.
«PamuanusaHbIH a7aM ICHCAY IBIFBIHA OCCP1» aTTHI 9AcOH AepeKTepac OLTIMHIH YIKCH OJIKBUIBIKTAP OPBIH AJIFAH.

Maxcarpl. TaOuru paguanusutblk (DOHHBIH a1aM JICHCAY JIBIFBIHA 9CEP CTCTIH-CTIICHTIHAITIH AHBIKTAY .

Marepuamaap Men aaicrep. biz oacOu mony sxacageik. I3aey 2013 sxeiiman Oactam 2018 >xeurFa ACHIH
PubMed xone Medline nepexrep 6a3achlHAA aFBUTIIBIH TLTIHAC KYPTi3iImi.

Hotmekenmepi. 1934 abcrpaxt TaObumasl 1898 skapHATIAHBIM IOBFAPBLIBIN TACTANABL. bi3 36 TOIBIK MOTIHII
KYKarTel sepaeneaik. OChl omeOu moy Abl JKa3y YIOiH 28 KyKaT Oi3aiH KpHTCpHIUICPiMI3Te colikec kel TaOuru
pamramsuielk Gor <100 M3B-man >6 m3B-ra AcifiHTi Tuama3oHAa opHamackad. bec skapuamanemvaa <100 m3B
JI03a7aFbl TAOUFH PAIUAISLIIBIK SCEPIiH OH OCEPi aHBIKTAJIBL AJI TOPT SKYMBICTA aBTOPIAp TAOWFH PaTHALMAIBIK
()OHHBIH aJaM JCHCAYJBIFBIHA 3MSHIBI dCEpi Typambl KepceTkeH. OH TOFBI3 KAPHSIAHBIMHBIH ABTOPIAPHI Y3aK
VakpIT OOHBI MYKHSAT 3EPTTEY >KYPridydl ycbiHABL Tek Oip sKyMmbIcTa FaHA TAaOWFW paauaumsuiblk (DOHHBIH acepi
canaapblHAH KOTHUTHBTIK TAIMIBUIBIK TYPATbl, aTal aUTKaHAA AJbIIEHMEp aypyBIHBIH JAMYBI TYPAjbl HOTIDKEIEP
ANTBUIFAH.

Kopeiremabl, Fameivaapasy mikipi TaOwru paguanmstiblk (POHHBIH agaMFa OCepl MOCCICCIHIS op TYPIL.
Taburn pamuanmsielk (POHHBIH dCEpl CaNJApBIHAH TYBIHAAWTBHIH CEPIEPIi AHBIKTAy OOHBIHINA KOCBIMINA 3EpPT-
TEYIIeP KYPTi3y KAKCTTLIr Oap.

Tyiiin ce3nep: Taburn pamuaumsIbK (OH, ACHCAYJBIK, KOTHUTHBTI (DYHKIIAP, OPTAMIa KOTHUTHBTI Oy3bI-
nynap, ATbUTeHMEp aypysl.

C. T. Typycnexora, P. T. Loii
AO «<HMVY», Ammarsl, Kazaxcran
BJIUSAAHUE IMTPUPOJHOI'O PAAUAITUOHHOI'O ®OHA HA 3/I0POBBE YEJTOBEKA

Annotanmust. [TpupoaHbiii paguanuoHHbIH (OH BCTpEdaeTCa MOBCEMECTHO, MO BeeH 3emue. Ha maHHBIH MO-
MEHT CYIIECTBYIOT Pa3JIMYHBIC THIOTE3BI 00 3(P(ekTax, BOZHHKAIOMMX BCICACTBHC BO3ACHCTBHS IPHPOTHOTO
paguanuoHHOTO (JOHA HA OpPraHM3M YEIOBEKA. B ImrTepaTypHBIX JaHHBIX Ha TeMy «Bosmelicteue paguanum Ha
3I0POBBEC UCTOBEKA» CYIICCTBYCT OTPOMHBIH MPOOCIT B 3HAHHAX.

ess. BousBUT BOMACT M IPUPOTHBIA PAAHAINOHHBIN (DOH HA 370POBBE UCIOBEKA

Marepuasbs u MeToabl. Hamu ObLT IPOBEACH IATCPATY PHBL 0030p. [TOHCK OCYIIECTBIAICA HA AHTTHHCKOM
si3bIke ¢ 2013 mo 2018 roxa B 6a3ax marnsix PubMed n Medline.
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PesyabTarel. beuo Hatineno 1934 aberpakra. 1898 myOmmkarui ObLTH HCKITFOYEHBI. MBI H3y4nin 36 MOTIHO-
TEKCTOBBIX JTOKYMCHTA. 28 TOKYMEHTOB COOTBETCTBOBAIM HAIINM KPHTEPHSIM BKJIFOUCHUS JJISI HATINCAHUS JAHHOTO
TuTepaTypHOTO 0030pa. [IpupoaHbIi paInanuoHHBIH (JOH HAXOIUTCA B Auanazone ot <100 M3B mo >6 M3B. B naru
MyOMKANKsIX OBLTO BBUIBJICHO ITOJOKHTEIFHOC BIMSHHC MPUPOJHOTO paguanuoHHOTO B 103 <100 M3B, B TO
BpeMsI KaK B UETHIPEX PabOTax aBTOPHI YKA3aIM O MAryOHOM BJIMSHHHU IPHPOTHOTO PaTHANMOHHOTO (poHA HA 370-
POBbE YETOBEKA. ABTOPHI ACBATHAALATH ITyOIHMKANMI PEKOMEHIOBAIM IIPOBECTH OOJIEE TIATEIFHOE UCCICTOBAHNC
C JIMTEIHHBIM BPEMCHHBIM IPOMEXKYTKOM. TONBKO B OJHOHM paboTe OBLTH YIOMSHYTHI PE3YJIbTATHI O BO3MOXKHOM
KOTHHTHBHOM Ac(uImTE BCICACTBHE BO3ACHCTBHS NPHPOJHOTO PAJHANMOHHOTO (JOHA, 2 MMCHHO, O PA3BHTHH
Oone3Hn ApIrermMep.

BoiBoa. MHEHHE YUCHBIX PACXOAMTCS B BOIMPOCE BIISHUS HMPUPOJHOTO PATHANMOHHOTO (JOHA HA YETOBEKA.
CymecTByeT HEOOXOIUMOCTh B HMPOBCACHUH JOIOJHHTEIBHBIX HCCICIOBAHHN IO BBIABICHUIO 3(()CKTOB, BOZHH-
KAIOUIMX BCIICACTBHE ACHCTBHS MPUPOTHOTO PAAUAIIMOHHOTO (JOHA.

KimoueBpie ¢J10Ba: TPHPOIHBIN PAJMANUOHHBIM (DOH, 370POBBE, KOTHHUTHBHBIC (DYHKIMH, YMEpPCHHBIC
KOTHHTHBHBIC HAPYIICHISL, 00Ie3Hb AbITCHMED.
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