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Abstract. Improving the system of radiation and hygienic monitoring of environmental objects in the areas of
observation of Ukrainian nuclear power plants as a fundamental of radiation safety. Khomenko I.M.,
Zakladna N.V. The relevance of the work is determined by the absence of documents on the problems of observation
areas of nuclear power plants, including the organization and monitoring of environmental objects in Ukraine. The
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purpose of the study was to assess the state of radioactive contamination of the environmental objects of the
observation area of the Zaporizhzhia nuclear power plant. To accomplish the tasks, we analyzed the data of the
laboratory control performed by the external radiation monitoring laboratory of the Zaporizhzhia nuclear power plant
and the data of the State Institution «Zaporizhzhia Regional Laboratory Center of the Ministry of Health of Ukrainey.
The obtained results allow us to draw the conclusions that in the environmental objects (water of the Kakhovsky
reservoir, atmospheric air, soil, drinking water) of the observation area of the Zaporizhzhia nuclear power plant, the
main dose-forming radionuclides were identified. It is established that their levels are not uniform, and the revealed
instability testifies to the need for continuous laboratory monitoring of the content of cesium and strontium and the need
Jfor monitoring the impact on health of the residents of the observation area. It is necessary to improve radiation
monitoring through the development and implementation of new methodological documents and regulations on the
organization of laboratory control, justification of its frequency and the required amount of laboratory research, which
will allow to establish the true impact on public health in these areas.

Pedepar. YcoBepuieHCTBOBAHHE CHCTEMbI PAJIMANMOHHO-TUTHEHHYECKOr0 MOHUTOPHHIa 00bEKTOB OKPYXKal0-
el cpeabl B 30HAX HAOJIOJEHHS] ATOMHBIX 3JIEKTPOCTAHLMII KAK OCHOBa PAJIMAIMOHHOH 0e30MACHOCTH.
Xomenko U.M., 3akaagnas H.B. Axmyarsnocme pabomwl onpedenena omcymcemeuem 6 Ykpaune OOKYMEHMO8 no
npobnemam 30H HAOIIOOEHUS AMOMHbBIX IAEKMPOCMAHYUL, 6 MOM YUCTIe OP2AHUIAYUL U OCYUeCMELEHUS MOHUMOPUHSA
00veKmos okpydicaiowell cpeobl. Llenb uccnedosanus 3axKn0uanacs 6 nPosedeHUlt OYeHKU COCMOSIHUSL PAOUOAKIMUBHO20
3azpA3HeHUs 00bEeKMo8 OKpyHcarowel cpeobl 30Hbl HAOM00eHUss 3anopodicckol amomHou dnekmpocmanyuu. /s
BbINONIHEHUSI NOCMABIEHHBIX 3a0a4, OblIU NPOAHATUSUPOBANbL OAHHbBIE 1ADOPAMOPHO2O KOHMPOIS, 6bINOIHEHHO20
aabopamopueil 8HewHe20 PAOUAYUOHHO20 KOHMPOIsL 3anopodicckoli amomHou 2nekmpocmanyuu u Oanuvlie 'Y
«3anopoxcckuii obnacmuoti rabopamopruiii yenmp MO3 YVrpaunviy. Ilonyyennvie pesyivmamol NO380AAI0M COeNAMb
8b1600b1 O MOM, YMO 8 00BEeKMAx oKkpyxcarouell cpedsl (6oda Kaxoeckozo eodoxpanunuua, ammocgepusiil 8030)X,
nouea, numvesdas 600a) 30HbI HAONOOEHUs 3anopoxiccKol amoMHOU IAeKMPOCMAHYUU BblAGIeHbl OCHOBHbIe
003000pasyowue paouoHykauobl. YcmanoeieHo, 4mo ux YpoeHU HEPaAGHOMEpPHbI, A GblAGNEeHHAs HeCMAabdUlbHOCHb
ceudemenscmeyem 0 HeobX0OUMOCMU OCYUEeCMENeHUs NOCMOANHO20 1aD0PAMOPHO20 KOHMPOJA 34 COOEPIUCAHUEM
yesus u CMPOHYUA U HEOOXOOUMOCMU MOHUMOPUHEA 6030€lcmeus Ha 300poebe dcumeneli 30Hbl HAOMIOOeHUs.
Heobxo0umo ycosepuiencmeosanue paouayuoHHo20 MOHUMOPUHEa Nymem paspabomxu u 6HeOpeHUus HOBbIX Memo-
ouyeckux OOKYMEHMO8 U Peiamenmos no opeaHu3ayuu 1abopamopHo20 KOHMpOas, 060CHO8aHUe e20 NePUOOUYHOCTIU
U HeobX00UM0O20 00vbeMa 1ABOPAMOPHBIX UCCIEO08AHUU, YMO NO360IUM YCMAHOBUMb UCMUHHOE GUAHUE HA 300P06be
HaceneHus 3Mux 30H.

According to the Energy Strategy of Ukraine for
the period up to 2030, the main conditions for the
development of nuclear energy in Ukraine for a
specified period are unconditional compliance with
all norms and safety requirements to the nuclear-
energy complexes, including nuclear power plants
(NPPs), and limiting their possible impact on the
population and the environment (E) [3].

In the conditions of rapid development of modern
technologies and industry, an integral part of which
are enterprises of the atomic industry and the
widespread use of sources of ionizing radiation in
many spheres of human activity, the question of the
impact of radiation objects on the health of the
population living in observation areas (OA), together
with the monitoring of environmental objects in
these areas becomes of particular relevance [4, 9].

Separate documents of the state level [6] rule that
all nuclear power plants should be equipped with
automated radiation control systems (ARCS), which
are continuously monitoring the radiation state at the
industrial site of NPP, in the sanitary protection zone
and OA of the NPP.

In 2002 for the first time in the CIS, at the
Zaporizhzhia NPP (ZNPP), which is the largest
nuclear power plant in Europe, the information
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measuring system "ring", with the radius of 30 km to
control the radiation situation, was put in operation.
In the OA the network of specially equipped posts
located in settlements of the OA of the ZNPP [5]
was created. Today all Ukrainian NPPs are equipped
with ARCS [1, 7].

The purpose of the work was to assess from the
hygienic position the state of radioactive contami-
nation of the environmental objects of the observa-
tion area of the Zaporizhzhia Nuclear Power Plant.

MATERIALS AND METHODS OF RESEARCH

The research was based on the analysis of the
results of field observations on the content of the
main dose-forming radionuclides *’Cs and *°Sr in
the objects of the environment (soil, air, water of
Kakhovsky reservoir, drinking water). The observa-
tion time is 10 years (2006-2015).

The data of researches carried out in the labo-
ratory of external radiation control (LERC) of ZNPP
in the settlements of Zaporizhzhia (v. Michurine,
Vodyane, Prymirne, Samara, Kamianka-Dniprovska,
Ivanivka, Velyka Znamenivka) and Dnipropetrovsk
region (cities of Nikopol and Marganets) were used.
In particular, they contained information on the
content of radionuclides (**’Cs and *°Sr) in samples
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of water of surface water reservoirs (Kakhovsky
reservoir), soil, in the air and drinking water. The
task of controlling the content of radioactive sub-
stances in the environment is to obtain data for the
assessment of radiation doses from the effect of the
ZNPP for the population in order to confirm the
justification of emissions and discharges, as well as
the quality of their control.

Also, there was carried out the analysis of
radiation-hygienic monitoring performed by SE “Za-
porizhzhia Regional Laboratory Center of the Mi-
nistry of Health of Ukraine”. The measurement error
according to certification scope of the laboratory
was determined, depending on the type of radio-
nuclide which content was studied. The size of the
measurement error for the study of *’Cs and *’Sr in
the water of the Kakhovsky Reservoir was — 21.4%
and 6.9% respectively. Sampling was carried out
once a year.

In the course of the study, bibliographic, analy-
tical, hygienic, mathematical-statistical methods and
observation method were used.

RESULTS AND DISCUSSION

For radiological control of the surface water-
course, probe sampling of the surrounding area of
Kakhovsky reservoir (v. Vodyane of K-Dniprovsk
district of Zaporizhzhia region) as well as on the
opposite bank of Kakhovsky reservoir in the area of
cities Nikopol and Marganets of the Dnipropetrovsk
region was performed by LERC of ZNPP. The
content of the studied radionuclides in the water,
surface water, carried out by LERC of ZNPP is
presented in table 1 and the results of similar studies
conducted by "Zaporizhzhia Regional Laboratory
Center of Ministry of Health of Ukraine" (control
point - v. Vodyane of K-Dniprovsk district of Zapo-
rozhzhia region) are in table 2.

According to the measurements of the "zero
background", the voluminous activity of radio-
nuclides in the water of the Kakhovsky reservoir
before setting in operation of the NNPP was: *°Sr —
(24.3+1.2) *'Cs — (2.6+0.8) Bq/m’.

Table 1
90 1 . .
Content of *’Sr and '¥’Cs in the water of Kakhovsky reservoir, Bq/m3
2007 2009 2011 2013 2015
Control points

l37(:<s 9l)sr 137CS 9OSr 137CS 9l)sr 137CS ‘JOSr 137CS ‘JOSr
v. Vodyane <4.0 27 <44 32 <44 36 <44 32 <44 19
Water intake <4.0 27 <3.6 27 <43 31 <4.7 32 <4.0 14
Nikopol
Water intake <45 32 <38 23 <4.0 27 <52 28 <42 15
Marganets

Drinking water research was carried out by
LERC of ZNPP, samples for research were taken
directly in the laboratory room. Water supply with
drinking water of OA of the ZNPP (in particular,
Zaporizhzhia part of it) is carried out at the expense
of underground sources (artesian wells), and water

supply of the cities of Nikopol and Marganets,
Nikopol and Tokmak districts is carried out by water
intakes from the Kakhovsky reservoir and requires
additional water cleaning.

The results of the research of the drinking water
are presented in table 3.

Table 2
90 137 3 . 3
Content of "Sr and ~'Cs in the water of Kakhovsky reservoir, Bq/m
2007 2009 2011 2013 2015
Water intake
137Cs 9OSr 137CS 90Sr 137CS 9l)sr 137CS QOSr 137CS 9OSr
Kakhovsky
Fesorane 60+12.8 504345  1944.06  3042.07 3.7+0.79  533.66  5+1.07  40+2.76  3.6£0.77  32+2.48
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Table 3
137 0., : - 3
Content of ~'Cs and ""Sr in drinking water, Bq/m
2007 2009 2011 2013 2015
Control point
137Cs 9ﬂsr 137Cs 9ﬂsr 137CS 90Sr 137CS 90Sr 137Cs 9OSr
c. Energodar <41 12 <3.8 9.7 <47 4.8 <44 5.9 <43 32

The content of *’Cs and *°Sr in samples of the
drinking water meets the requirements of the
Hygienic Standard of the HN 6.6.1.1-130-2006
"Permissible levels of radionuclide content of *’Cs
and *°Sr in food and drinking water", according to
which the permissible content of the above
radionuclides is 2 Bq/l or 2000 Bg/m’ [2].

According to multi-year reports of the ZNPP in
the course of its operation, gaseous, solid and liquid
products containing radionuclides, i.e, radioactive
isotopes of chemical elements are formed. Radiation
influence on atmospheric air is connected with the
release of these radionuclides in the environment.
Control over the content of radioactive substances in
the air is carried out in 12 points of stationary

observation, located with account of wind rose. The
volumetric activity of radionuclides *’Cs and *°Sr in
the atmospheric air over 30 years of observations did
not exceed the normative values according to
NRSU-97. For radionuclides *’Cs and *Sr, the va-
lues of the concentration measured before the setting
in operation of the ZNPP and currently are prac-
tically at the level of values measured in the first
years of operation of the ZNPP [5]. According to the
annual report of the ZNPP in 2011 (April-May),
there was observed the increase in volumetric acti-
vity of "*’Cs as a consequence of the accident at the
“Fukushima-1” NPP. Data from laboratory studies
are presented in tables 4, 5.

Table 4
Content of *’Cs in the atmospheric air, pBq/m’
Settlements
(control points) 2007 2009 2011 2013 2015

OA of ZNPP
Zaporizhzhia region
v. Michurine 1.4 1.1 5.6 1.41 1.4
v. Vodyane 14 1.1 6.1 1.09 1.1
v. K.-Dniprovska 2.1 2.3 10.2 1.81 1.5
v. V.Znamianka 1.7 1.5 9.0 2.35 1.3
Dnipropetrovsk region
¢. Nikopol 1.1 1.2 4.5 <1.0 1.0

Before setting in operation of the ZNPP, specific
activity of radionuclides in the atmosphere cor-
responded to the global levels of radionuclide con-
tent and was:

B7Cs — (2.22+0.74) pBg/m’;

%Sr — (11.10+5.92) uBk/m’.

The research of soils of OA of the Zaporizhzhia
NPP was carried out at the control points of
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Zaporizhzhia (Michurin village, Vodyane village,
Kamianka-Dnipropetrovsk village, the village of V.
Znamianka - K-Dniprovsky district) and Dnipropet-
rovsk region (Nikopol city). Soil contamination is
caused by radionuclides *°Sr and '*’Cs. The content
of the main dose-forming radionuclides *’Cs and
“Sr by the data of the conducted research is
presented in Figures 1, 2.
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Table 5
Content of *’Sr in the atmospheric air, qu/m3
Settlements
(control points) 2007 2009 2011 2013 2015

OA of ZNPP
Zaporizhzhia region
v. Michurine 0.2 0.1 0.1 <0.1 <0.1
v. Vodyane 0.1 0.1 0.1 <0.1 <0.1
v. K.-Dniprovska 0.1 0.2 0.1 <0.1 <0.1
v. V.Znamianka 0.1 0.2 0.1 <0.1 <0.1
Dnipropetrovsk region
c. Nikopol 0.3 0.4 0.2 <0.1 <0.1

Specific activity of radionuclides before setting
in operation of the Zaporizhzhia NPP in the surface
layer of soil was:

PSr — (0.89+0.41) kBg/m’;

B7Cs — (1.18+0.52) kBg/m”.

The results of our previous researches on the
study of their content in the main food products are
evidenced by the intake of the main dose-forming
radionuclides ’Cs and *Sr in the objects of the
environment during the operation of the ZNPP [8].

According to modern studies [1], normative legal
documents, as well as methodological regulations on
the organization and conduct of radiation control at
Ukrainian NPPs, do not fully correspond to the
current scientific understanding of the problems of

ensuring radiation safety of the NPP. The control
points over radiation situation in the locations of the
Ukrainian NPPs do not reflect the actual state of the
environment and do not provide the same exact
results, while ARCS do not provide the necessary
information on the radiation influence of the NPP on
the environment at the expense of placement of
posts on the territory of settlements of the obser-
vation area. Radiation control systems are con-
structed without taking into account ecological
features in the location areas of NPP. Therefore, it is
impossible to assess the radiation state of the
environment and to predict the radiation dose for the
population, which, accordingly, makes it impossible
to develop optimal environmental safeguards.

014 kBr/m’
Q 0,13
0,12 -
N
0,1 ./ 95t 68
‘ o
0,08 - .
«0,07\ .
0,06 o
N f'@“ T
0,04 oS- (LU3
0,05 0,03
0,02
0 L] L} L} L}
2007 2009 2011 2013 2015
Poxn

= @ = ¢ Nikopol
e=fl=— . Marganets

b

Fig. 1. Content of *Sr in the surface layer of Zaporizhzhia (A) and Dnipropetrovsk (B) regions,
observation areas of Zaporizhzhia NPP in 2007, 2009, 2011, 2013 and 2015, kBq/m2 of dry mass
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Fig. 2. Content of 37Cs in the surface layer of Zaporizhzhia (A) and Dnipropetrovsk (B) regions,
territorial parts of the observation area of Zaporizhzhia NPP
in 2007, 2009, 2011, 2013 and 2015, kBq/m2 dry mass
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CONCLUSIONS

1. The presence of the main dose-forming
radionuclides "*’Cs and *’Sr in the atmospheric air,
water of the Kakhovsky reservoir and soils testifies
that the discharge of these radionuclides into the
environment occurs during the operation of the
Zaporizhzhia Nuclear Power Plant.

2. It was established that the content of *’Cs and
“Sr in the water of Kakhovsky reservoir is higher
than those before the setting in operation of the
Zaporizhzhia nuclear power plant. The detected
levels of these radionuclides are uneven and have a
territorial difference. Despite the fact that the
nuclear power plant is located in the Zaporizhzhia

region, the levels of these radionuclides in the soil
are more pronounced in the Dnipropetrovsk region.

3. For more complete information it is necessary
to improve radiation and hygiene monitoring (in
particular, the development, introduction of regu-
lations and methodological documents on organiza-
tion, periodicity, determining of the required volume
of laboratory research) and, accordingly, conducting
research of indicators in a larger time interval of ob-
servations, which will allow to comprehensively
assess the degree of safety of dwelling in the obser-
vation areas of nuclear power plants and to determine
the possible impact on the health of the population.
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