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This paper provides information about potential effects of natural ionizing radiation on gen-
eral population health. Natural radionuclides are particularly stressed, as well as health effects
of high and lower doses. Radio-ecological areals have been presented for Serbia, while radia-
tion risk has been assessed for the population of Serbia according to census years.
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INTRODUCTION

Life on Earth is constantly exposed to natural
ionizing radiation effects. Since this radiation had
been present before life even existed on Earth, living
world has relatively adapted to the existing level of ra-
diation, so it is assumed that such radiation does not
have any negative impacts. Moreover, there are spots
ofthe Earth where radiation is higher than average, but
its impact on population health is even positive (e. g.
spas with radioactive water springs). On the other
hand, there are places, i. e., parts of the Earth’s surface,
with considerably high overall natural ionizing radia-
tion where its impact on human health is negative.

Radiological load of the population primarily
occurs due to the presence of gamma radiation field in
the environment, and is dominantly conditioned by the
levels of cosmic and terrestrial radiation, and geo-
graphic position.

Sources of ionizing radiation are present every-
where in the environment and according to their gene-
sis they may be divided into natural (natural radioac-
tivity) and anthropogenic ones (generated, artificial
radioactivity). According to Jovi¢ [1], about 80% of
total annual radiation originates from natural sources,
while approximately 20% originates from artificial ra-
diation sources. Natural sources include natural earth
radionuclides, cosmogenic radionuclides, and cosmic
radiation; anthropogenic sources include radioactive
rainfall, and medical, technogenic, and radioactive
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waste. The mechanism of ionizing radiation effect for
all the mentioned groups may be external (radiation to
organism) and internal (radiation within an organism
via food chain), so overall radiation load may be exter-
nal and internal [2].

The intensity of cosmic radiation grows with the
increase of altitude and latitude. The equivalent annual
dose of terrestrial radiation at the sea level amounts to
0.3 mSv. Bearing in mind that the equivalent annual
dose of terrestrial radiation in the areas with average ra-
diation load amounts to approximately 0.8 mSv, and
that it may go above 1 mSv in the areas with the in-
creased concentrations of radionuclides (for the areas
with 28U and 23Th 1.37 mSv on average, while for °K
it is 0.3 mSv), the mean annual natural radiation ranges
between 1 and 2 mSv, depending on the dwelling place.
Extreme annual terrestrial radiation is recorded in India,
state of Kerala, and itamounts to 11 mSv [3, 4] (tab. 1).

NATUAL RADIONUCLIDES

Among the natural radionuclides, natural earth
radionuclides have the greatest impact on human
health, both in terms of overall radiation and in terms
of high local radiation doses. Based on the research
done so far, natural radioactivity of lithosphere (bio-
sphere) amounts to one-fourth of the total basic radia-
tion load of all living creatures [5].

Most commonly, natural earth radionuclides
have internal effects, i. e., they enter the human body
through inhalation or ingestion (through drinking wa-
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Table 1. Integrated radiological load originating from
different sources

Natural radiological Artificial
load [mSv] radiological load [mSv]
Terrestrial| Cosmic |Radioactivity |[Radioactive
radiation | radiation of air rainfall
Mean value
for the
areas with | ¢ 03 0.02 0.03
the average
radiological
load
Excessively 10 3 0.2
high value
for certain India Peru England
areas Brazil (smog)
(country) Gabon
Annual 051 | 032
ose

Source: Petrovi¢, Mitrovié¢ [13]

ter and food of plant or animal origin), and they radiate
human cells internally, which leads to considerable ra-
diation load of human population in certain areas.

About 80 radioactive isotopes have been recog-
nized in nature so far. The most common natural
radionuclide in lithosphere is 8’Rb, followed by >3?Th,
40K. and ?*¥U. However, the highest risk to human
health is posed by 2*8U and its descendants ?2°Ra and
222Rn, with the half-lives of 1600 years and 3.824 days
[6].

Depending on their geo-chemical characteris-
tics, radionuclides are concentrated and dispersed
through geochemical processes in various parts of the
environment (stones and ores on the Earth surface,
soil, water, air, vegetation).

In addition to natural radionuclides, there are
also artificial radioisotopes in nature, which are
widely spread in the world, where their circulation in
soil is monitored by the intensity of erosion supported
by water and wind. In addition to their impact on hu-
man health, knowing the specific activity of natural
radionuclides and artificial isotopes enables us to as-
sume vertical distribution through soil, as well as their
circulation in the environment [7].

Table 2. Distribution of radionuclides in human body

. Radionuclides
Organ Introduction path

Natural Artificial

Inhalation of gases 222Rn, %Po, | 213po, 21°Ph,

Lungs 85 130 2395, 7 240
g and aerosols Kr, 7"Xe Pu, “"Pu

Ingestion (food and 22Ra, **Ra, | *°Sr, »*°Pu,

Bones water) 210p}, 240py,

Thyroid | Ingestion (food and 26R, 2R, | 1297 131y
gland water) > ’

Ingestion (food and | 2°Th, ***Th,

: , 2395, 240
Kidneys water) 25y, 8y Pu, “"Pu
. 198 5 239
Liver Ingestion (food and 210p 240Au, Pu,
water) Pu

Source: Jovi¢, Jovanovi¢ [1]

Presence of natural radionuclides in the environ-
ment is most commonly low. However, depending on
geochemical cycles of certain elements, these
radionuclides may be concentrated locally in a part of the
environment up the level which presents a risk to human
health [6]. Moreover, the risk to human health depends
on the local concentration of radionuclides, but it de-
pends significantly more on its biological adoptability
(tab. 2).

There used to be a notion that human being had
adapted to the natural gamma radiation field in the en-
vironment over the time (terrestrial and cosmic one),
taking into account that radionuclides had been pres-
ent in the environment since the formation of the
Earth, i. e., since the time when Cosmos and chemical
elements came into existence. Over the time, the inten-
sity of natural radiation has decreased, so that the val-
ues of this radiation today are up to three times smaller
than in the geological past. However, later investiga-
tions(!) have shown that areas with higher concentra-
tion of natural radionuclides in soil, stones, water, and
air are characterized by the increased number of innate
deformations and organic illnesses and higher mortal-
ity rate (especially among children), thus slowing
down natural accretion [8].

A human may be irradiated by natural
radionuclides via construction materials of natural ori-
gin, via food (ingestion) and drinking water, and a hu-
man body itself contains radioactive elements, among
which 4°K,, as an integral part of the blood, is the domi-
nating one [9, 10].

The total radiation of population includes signifi-
cant annual dose of radiation originating from construc-
tion material, taking into account the constant exposure
of population to this type of radiation in the environ
ment®. For example, the annual radiation dose for wood,
gypsum, and artificial materials amounts to 0 mSv, for
tiles and concrete 0.1 mSv to 0.2 mSy, for stone and arti-

) New data related to this area have been obtained through re-
searches implemented by numerous international organizations,
such as World Health Organization (WHO), International Com-
mission on Radiological Protection (ICRP), International Atomic
Energy Agency (IAEA), United Nations Scientific Committee on
the Effect of Atomic Radiation (UNSCEAR), Commission for
Biological Effects of Ionizing Radiation (BEIR) and others.

@ 1In order to assess radiological risk in use of certain construction
material, Ra.q (effective specific activity) is used as a measure,
which takes into account the activity of three most important ra-
dioactive elements: *°Ra, **Th, and “’K, expressed in Bq/kg. Ra-
diological risk is calculated by the means of the following for-
mula: Raeq=A(Ra) +1,434(Th) + 0,077 A(K) [11]. Thereby, Ra.,
== 150 Bg/kg for cement originating from Serbia, 193 Bq/kg for
bricks, and 1,229 Bg/kg for phosphorous gypsum [9].

In order to assess the intensity of the absorbed dose of gamma ra-
diation (D) in closed areas depending on the specific activity of
natural radionuclides from construction materials, different math-
ematical models can be applied, among which Zastanjny’s equa-
tion is most commonly used: D = 49,5 A(Ra) + 65,5 A(Th) + 4,5
A(K)10™* mGy per year. Applying this equation, it has been calcu-
lated that the residents of Serbia who spend time in brick buildings
absorb a dose of gamma radiation of 0.978 mGy per year, while
those who live in concrete buildings absorb 0.431 mGy per year

[11].
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ficial gypsum 0.2 mSv to 0.8 mSyv, while for slag and
pumice 0.8 mSv to 1.7 mSv [1]. The results of a research
conducted by the UN Scientific Committee on the Ef-
fects of Atomic Radiation (UNSCEAR) show that out of
the total annual equivalent dose originating from natural
radiation sources, which amounts to 2.4 mSv per inhabit-
ant, most of it (¥; to %4, sometimes even up to 80%), is
found in residential buildings [5, 11, 12].

RADIOECOLOGICAL
AREALS IN SERBIA

The existence of different levels of natural
radionuclides in certain geo-space biosphere has condi-
tioned the definition of a term radio-ecological areal
(REA), whereat radiological load of certain biocenoses
depends basically on a biotope. To this end, analo-
gously to the existence of bio-geo-chemical provinces
and bio-geo-chemical endemisms, the existence of ra-
dio-geo-chemical endemisms (RGCE) would be logi-
cal. Although scientists still argue about the term of ra-
dio-geo-chemical endemism, based on a number of
literature sources, it may be concluded that there is a
significant correlation between the level of background
radiation and mortality occurring due to malignant dis-
eases ¥ [13].

Based on the investigations conducted in Serbia
between 1970 and 1975, the existence of 11 radio-eco-
logical areals with different intensities of exposure doses
of gamma environmental radiation (0.2-2.0 pC/kgs) was
established [13]. Geographic distribution of REA in Ser-
bia, depending on the intensity of the exposure dose of
gamma radiation, is provided in fig. 1.

Background radiation of biosphere® is a value
which changes in time. Changes in the intensity of the
exposure dose in the field of gamma environmental ra-
diation occurred in Serbia as well, so the distribution
and size of certain REA differ according to the situa-
tion that was in place during the 1970s. These changes
occurred primarily due to anthropogenic impacts, in-
cluding the large impact of Chernobyl disaster in
1986.

Radiological load of people who inhabit certain
area, taking into account the size of the observed group,

@ Petrovi¢ and Mitrovié [13] provide the results of numerous ra-
dio-epidemiological studies which have shown significant corre-
lation between the increased concentration of radon (***Rn) in
drinking water and higher rate of malignant diseases among
autochthonic population (in the area of Devon in Great Britain,
then in the states of Towa and Illinois in the USA, etc.). Also, nu-
merous researchers came to the results which show that the bones
of those persons who had died of leukemia had as much as twice
higher radioactivity in gamma emitters than the bones of those
people who had died of traumatic fractures (different injuries)
[14].

“ Background radiation of the biosphere implies the field of environ-
mental gamma radiation. 1t is expressed through the dosimetric
value of intensity of the exposure dose (X), whereas the dosimetric
SI unit for that dose is pC/kgs.

may be calculated at the level of an individual (“profes-
sional radiation”), of a group (“critical group”), or of
the whole population, i. e., population of a country, re-
gion, efc. From the medical-geographic aspect, investi-
gations of natural radiological loads of the overall pop-
ulation of Serbia are important for spatial planning and
protection, so the following text will contain the results
of the investigations conducted so far in this area.

However, it has to be emphasized that according
to the recommendations made by the International
Commission on radiological Protection (ICPR), there
is no permitted dose of radiation for the whole popula-
tion on a certain territory; consequently, there is no
permitted dose for natural radiological load either.

According to Petrovi¢ and Mitrovi¢ [13], natural
radiological load (NRL) of the population of Serbia,
expressed as the annual equivalent dose, basically de-
pends on the intensity of the exposure dose (X) in a
REA, and it ranges between 20 and 200 mSv per year
(tab. 3). Expressed percentally, REA IV covers the
largest area (43.35%), with the value of the exposure
dose intensity of 0.8 pC/kgs, while REA VII-XI, hav-
ing the values of the exposure dose intensity of
1.3-2.0 pC/kgs, each cover less than 1% of the territory
of Serbia (fig. 1).
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Figure 1. Geographic distribution of radio-ecological
areals (REA) depending on the intensity of the exposure
dose of gamma radiation (X) in Serbia

* Legend for the map is provided in tab. 3

Source: Obradovi¢ [16] (adapted from Petrovi¢ and Mitrovié

[13]
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Table 3. Natural radiological load (NRL) of
Serbian population

PEA [ |IIIOI{IV] V| VI VII-VIL IX-X | XI

[ka)gﬁls*l] 0.210.4/0.6/0.8/0.9/1.0| 1.3-1.4 | 1.6-1.8 | 2.0

NRL 150140| 60 [80|90 |100|130-140|160-180/200

[mSyv per year]

Source: Petrovi¢, Mitrovié¢ [13]

RADIOLOGICAL RISK ASSESSEMENT
FOR POPULATION OF SERBIA

Based on the results of investigations conducted
by Petrovi¢ and Mitrovi¢ [13], as well as on the basis
of the risk coefficients provided for in the ICRP rec-
ommendations [15], aradiological risk assessment has
been performed for the population of central Serbia for
the census years of 1981, 1991, and 2002, assessing
the risk of natural external radiation and the radiologi-
cal risks occurring due to the introduction of natural
radionuclides into the organism [16]. The results have
been provided in tab. 4.

Theradiological risk for the population of Serbia
originating from external and internal ionizing radia-
tion has been calculated using the following formulae
[13]:

External radiation of the population

Nis = N- f -Sro

Internal radiation of the population

Nku = N'fURo, and

Total natural radiation

Nii = N-flro

where N, is the expected number of malignant tumors at
the annual exposure (N, — due to external radiation, Ny,
— due to internal radiation, Ny; — due to integrated, total
radiation), N—the number of inhabitants of Serbia with-
out provinces for the given census year (1981 —
5694464, 1991 — 5808906, 2002 — 5466 009), f— the
mean coefficient of risk for the population of Serbia, /=
=1.1- 10 per SV, Sro=9.15-10"* Sv per year — external
radioactive radiation, Ugo=4.5-10 *Sv per year— inter-

Table 4. Total expected number of malignant tumors in
Serbia without provinces, according to the census years,
occurring due to natural external and internal radiation

Number of malignant tumors

Natural radiation according to census years

1981 1991 2002

Natural gamma background
radiation (external radiological 57 58 55
radiatiion) (NVys)

Natural radionuclides (internal

radiological radiation) (NVy,) 28 29 27
Total natural radiological load 35 36 81
(Ni)

Source: Obradovi¢ [16]

nal radioactive radiation, Izyo = 1.35-107° Sv per year —
integrated radioactive radiation.

As provided in tab. 4, changes expected in the
overall number of malignant tumors originating from
natural radiation are primarily related to changes in
number of the inhabitants of Serbia.

The exposure of the population to ionizing radia-
tion may lead to the occurrence of acute radiological
illness, chronic radiological illness, tumors, as well as
of genetic defects to progeny (damages to chromo-
somes occurring due to ionizing radiation effects on
reproduction organs/cells) [17].

On the basis of the research in central Serbia
(project A/3, 1983) for the period between 1945 and
1983, it may be concluded that the radiological risk
from the environment in central Serbia related to ma-
lignant diseases amounts to approximately 1.17% of
the total number of malignant diseases [13].

In the long run, irradiation of the population
originating from natural radionuclides in the environ-
ment is constant and chronicle. To this end, we may
speak about a relatively unchanged incidence of ge-
netic damages, whereat it is taken that there are 300 ill
people in a population of one million inhabitants irra-
diated by 0.01 Sv per year. Bearing in mind that the
equivalent dose (H) for radiation originating from nat-
ural radionuclides in Serbia amounts to 1.3 mSv per
year, this means that the genetic risk assessment for the
population of 5 million people amounts to 195 cases
annually, or 213 cases in the population of central Ser-
bia (according to census held in 2002)®).

THE EFFECTS OF HIGH AND
LOW DOSES

Itis obvious that all the people are exposed to ex-
ternal and internal ionizing radiation, both from natu-
ral and artificial sources of ionizing radiation. Harmful
effect of high and low doses on human body was dis-
covered long time ago, whereas harmful effect linearly
depends on the dose — the higher the dose of radiation,
the higher the harmful effects on human health.

However, scientists have argued for a long time
about the effects of lower doses to human health, i. e.,
doses that do not cause clinical symptoms, as is the case
with high and medium doses. There were several oppo-
site opinions; on one hand, not only was the harmful ef-
fect non-existent, but there was a sort of a positive effect
present [18], and on the other hand, it was claimed that
effects of low doses were also harmful, but were difficult
to establish since most commonly in such cases there
were the so called “hidden changes”. This second group

N, =5-10°-1.3-107-3-10*- 10 =195, where N, — estimated num-
ber of cases with genetic damages, 5-10° — five-million popula-
tion, 1.3-10°* —equivalent dose () for radiation coming from nat-
ural radionuclides in Serbia, 3-10*107° — 300 cases in one million
inhabitants.
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of opinions had a mismatch of standpoints related to
whether such a harmful effect grew according to the lin-
ear or non-linear correlation. Investigations conducted
by two organizations —- UNSCEAR and BEIR — between
1980 and 1984 led to the conclusion that low doses of
ionizing radiation also had considerable bio-negative ef-
fect which was expressed according to a linear depend-
ence without a threshold. This also confirmed the notion
ofthe American genetic scientist W. Morgan, who stated,
that “there are no such low doses of ionizing radiation
that do not cause changes to genetic material of living or-
ganisms” [13].

CONCLUSIONS

Based on the investigations performed so far, the
following two conclusions could be made:

— there is no radiation threshold below which there
are no health risks, and

— the risk increase is in a direct proportion with the
dose received.

According to the Bylaw on limits of exposure
to ionizing radiation [19], the recommended limit is
1 mSv per year, and it pertains to the sum of certain
doses of the external exposure and the expected effec-
tive dose of the internal exposure to an artificial radia-
tion source in a year time. However, there are no limit
values for natural ionizing radiation, taking into ac-
count the results of the previously mentioned studies
on small radiation doses (harmful effects were estab-
lished for higher doses long time ago). Therefore,
from the genetic aspect, the consequences of small
doses effects may be expressed in the second genera-
tion, or even several generations later.

Knowing background radiation of the bio-
sphere, i. e., the size of the radiological field of gamma
radiation in the environment could have significant
impacts on spatial and urban development planning.
This is particularly important when the location is to
be determined for new settlements or new industrial
facilities, especially when locating facilities for the
production of food of plant and animal origins.

REFERENCES

[1]  Jovi¢, V., Jovanovi¢, L., Geochemical Bases for Eco-
logical Management, Monography, Society for Pro-
motion and Application of Science in Environmental
Practice in Serbia and Montenegro “Ecologica”, Bel-
grade, 2004

[2] *** UNSCEAR, 1988, Sources and Effects of lonizing
Radiation, United Nation Scientific Committee on Ef-
fects of Atomic Radiation, Report to the General As-
sembly, with Annexes, New York, United Nations, 1988

[3] Komatina, M. M., Medical Geology, “Tellur” —
Geoinzenjering, Belgrade, 2001

[4] Mehra,R., Singh, S., Singh, K., Sonkawade, R., 226Ra,
2Th and “K in Soil Samples from Some Areas of
Malwa Region, Punjab, India Using Gamma Ray

Spectrometry, Environmental Monitoring Assess-
ment, 134 (2007), pp. 333-342

[5] *** UNSCEAR, 1993, Sources and Effects of loniz-
ing Radiation, United Nation Scientific Committee
on Effects of Atomic Radiation, Report to the General
Assembly, with Scientific Annexes, New York,
United Nations, 1993

[6] Dangi¢, A., Geochemical Processes in Nature and
Radionuclides, Monograph — Ionizing Radiation
from Nature, Institute for Nuclear Sciences “Vinga”.
Yugoslav Society for Protection against Radiation,
Belgrade, 1995, pp. 41-56

[7T Nenadovié, S. S., Nenadovi¢, M. T., Vukanac, 1. S.,
Djordjevi¢, A. R., Dragicevi¢, S. S., LjeSevié., M. A,
Vertical Distribution of "’Cs in Cultivated Nad
Undistrurbed Areas, Nuclear Technology & Radia-
tion Protection, 2 (2010), 1, pp. 30-36

[8] Hayata, 1., Wang, C., Zhang, W., Chen, D.,
Minamihisamatsu, M., Morishima, H., Wei, L.,
Sugahara, T., Effects of High-Level Natural Radia-
tion on Chromosomes of Residents in Southern
China, Cytogenetic and Genome Research, 104
(2004), 1-4, pp. 237-239

[9] Bikit, I., Research on Radioactivity in Construction
Materials, XVII Yugoslav Symposium on Protection
against Radiation, Beci¢i, 1995

[10] Djukanovi¢, M., lonizing Radiation in Closed Archi-
tectural Buildings as Ecological Problem, Mono-
graph — Ionizing Radiation from Nature, Institute for
Nuclear Sciences “Vinéa”, Yugoslav Society for Pro-
tection against Radiation, Belgrade, 1995, pp.
387-393

[11] Kristoforovi¢-Ili¢, M., Radovanovi¢, M., Vajagi¢, L.,
Jevti¢, Z., Foli¢, R., Krnjetin, S., Obrknezev, R.,
Communal Hygiene, Prometej, Novi Sad, 1998

[12] *** UNSCEAR, Effects and Risks of Ionizing Radi-
ation, United Nation Scientific Committee on Effects
of Atomic Radiation, Report to the General Assem-
bly, with Scientific Annexes, New York, United Na-
tions, 2000

[13] Petrovi¢, B., Mitrovi¢, R., Radiological Hygiene in
Biotechnology, Scientific Book, Belgrade, 1991

[14] Kurttio, P., Komulainen, H., Leino, A., Salonen, L.,
Auvinen, A., Saha, H., Bone as Possible Target of
Chemical Toxicity of Natural Uranium in Drinking
Water., Environmental Health Perspectives, 113
(2005), 1, pp. 68-72

[15] *** ICRP, 1990, Recommendations of the Interna-
tional Commission on Radiological Protection, Publi-
cation 60, Annals of the ICRP 21

[16] Obradovi¢, D., The Importance of Medi-
cal-Geopraghic Factors in Space Planning and Pro-
tection in Serbia, Doctorate Thesis, Faculty of Geog-
raphy, University of Belgrade, Belgrade, 2010
(unpublished data)

[17] Kocijancic, R. 1., Pecelj-Gec, M, Jorga, V., Plecas, D.,
Risti¢, G., Sbutega-Milosevi¢, G., Belojevi¢, G.,
Jorga, J., Marmut, Z., Vasiljevi¢, N., Jakovljevi¢, B.,
Backovi¢, D., Hygiene, Bureau for Textbooks and
Teaching Aids, Belgrade, 2002

[18] Pollycove, M., Feinendegen, L., Biologyc Responces
to Low Dose of Ionizing Radiation, Detriment Versus
Hormesis, The Journal of Nuclear Medicine, 42
(2001), 9, pp. 26-33

[19] *** Belaw on Limits of Exposure to Ionizing Radia-
tion, Official Gazette of FRY, No. 32/98

Received on September 29, 2010
Accepted on October 8, 2010



D. R. Obradovi¢-Arsic¢, et al.: Natural lonizing Radiation and Human Health ...
Nuclear Technology & Radiation Protection: Year 2010, Vol. 25, No. 3, pp. 192-197 197

Hannjena P. ObPAJOBUh-APCUR, Cuexana C. HEHATOBUWUh,
Hejan J. PUJINITIOBUR, bojana M. MUXAJJTOBUh

NPUPOIHO JOHU3YJYRE 3PAYEILE N 3JPAB/bE CTAHOBHUIITBA CPBUJE

Y panly cy nmpuKaszaHu MOTEHIMjaTHN e(peKTU MPUPOJHOT joHU3yjyher 3pauerma Ha 3[paBibe
craHoBHUIITBA. [loceGaH akI[eHAT CTaBJHEH j€ Ha MPUPOHE PaIHOHYKIIN/E, Kao 1 Ha 3PaBCTBEHE €(hEeKTe
BEJIMKUX 1 MAJIUX 103a. Y pajly cy U3IBOjeHH PaJuOEKOIIOLIKY apeallt, 1 U3BPIlIeHa TPOIeHA pagjalliOHOT
pu3uKa 3a cTaHOBHUIITBO CpOHje mpeMa MOMMCHIM FOJMHAMA.

Kwyune peuu: iipupoono jonudyjyhe apauere, 30pasmwe, Cpouja




