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ENVIRONMENTAL IMPACT ASSESSMENT OF THE TERRITORIES IN THE VICINITY OF COMMISSIONING
REGIONAL RADIOACTIVE WASTE MANAGEMENT FACILITY
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The Regional center of conditioning and long-term storage of radioactive waste is being constructed in Primorsky Krai, where radioactive waste (RW) management
concerns have been especially acute. The project involves intensification of activities related to RW management, as well as to building the new technology block
for RW reprocessing, storage facility and boiler house. The study was aimed to perform environmental impact assessment of the territories in the vicinity of the
Regional center of conditioning and long-term storage of radioactive waste prior to the facility commissioning. Radiation situation was assessed by radiometric
and spectrometric methods; the levels of heavy metals were evaluated by atomic absorption spectrometry. Heavy metal (lead, nickel, copper, etc.) and arsenic
levels exceeding or, in certain cases, similar to maximum permissible concentration (MPC) were found in soil and ground. Radiation situation is characterized
by background levels of artificial radionuclides "*’Cs and ®°Sr in environmental media. Quality of water in wells and boreholes was largely compliant with the
requirements established for groundwater used in decentralized water supply systems, with the exception of boreholes, in which the arsenic levels exceeding MPC
were detected. The average annual public dose was 0.046 mSv excluding natural regional background radiation, which was below the dose limit. Carcinogenic
health risks induced by radiation and chemical factors was 4x10° and 6x10° respectively. The obtained results form the basis for setting reference values of
environmental contamination prior to the Regional center of conditioning and long-term storage of radioactive waste commissioning and can be used for regulatory
supervision during the facility operation.
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KOMMJIEKCHASA MTMIrMEHUYECKASI OLEHKA TEPPUTOPUI B PANOHE PASMELLIEHNA CTPOSALLIEIOCSA
PEMMOHAJIbHOIO LEEHTPA MO OBPALLIEEHNIO C PAANOAKTUBHBLIMU OTXOOAMU

FO. H. Bosynb =, C. M. Kucenes, T. H. Nawlerosa, B. B. LUnbirvH, C. B. Axpomees, T. V. Thmagosa, A. H. Manaxosa, O. B. Latukosa, K. KO. OcbkuHa
DenepanbHbI MEAULIMHCKIMIA Brohmandeckmin LeHTp UMeHn A. V1. BypHassHa, Mocksa, Poccurst

B MpumopckoMm kpae, rae Bonpochl 0bpalleHnst ¢ paamnoakTBHbIMKU oTxogamm (PAQ) CToAT BeCbMa OCTPO, BEAETCS CTPOUTENBCTBO PervoHanbHoro LieHTpa
KOHAVLIMOHMPOBAHIS 1 AOTTOBPEMEHHOMO XPaHEHMst paanoakTuBHbix 0Txoaos (PLIKOX). MpoexkT npegnonaraeT nHTeHcUgmkaumio pabot no obpatueHnio ¢ PAO, a
TaK>Ke CTPOUTENBCTBO HOBOO TEXHONOMMHYECKOro Kopryca no nepepadoTke PAO, NyHKTa XpaHeHwst 1 koTenbHow. Liensto nccnenoBaHmns 6b110 AaTh KOMMIEKCHYO
MUINEHNHYECKYIO OLIEHKY TEPPUTOPUIA B parioHe pacrnonoxxerns PLIKOX nepen BBOAoM ero B akcnyataumio. OLeHKy paanaLmoHHbiX NapameTpoB BbIMOAHAN C
11CNOMb30BaHNEM METOLOB PaANOMETPUN 1 CNEKTPOMETPUM, COAEPMKAHNS TSXENbIX METANIOB — METOLOM aTOMHO-abCOPOLIMOHHON CNeKTpOoMETpMn. B noyBax
N TPYHTax BbISBNEHO MPYICYTCTBUE TSHKENbIX METANNOB (CBUHEL, HUKeNb, Medb W [pP.) ¥ Mblllbsika B KOHLEHTPALMSAX, NPEBbILAOLLMX (POHOBbIE 3HAYEHUS 1
B psife cnyyaeB npeaenbHo AomnycTMyto koHueHTpauuio (MOK). PagnaumoHHyto 06CTaHOBKY XapakTepuaytoT (DOHOBbIE 3HAYEHWS aKTUBHOCTIN TEXHOMEHHbIX
paonoHyknaoB ¥Cs 1 *°Sr B 06beKTax OKpy»KatoLLen cpepl. Ka4ecTBo BOAb KOMOALUEB U CKBXKUH B OCHOBHOM COOTBETCTBYET TPEO0BaHMSIM A4J151 NOA3EMHbIX BOL,
MCMOSb3yeMbIX 4151 HELIEHTPaNM30BaHHOTO BOLOCHAOKEHWS, 32 UCKIIKOHYEHNEM CKBEXKWH, e MPUCYTCTBYET MbilLbsK B KOHLeHTpauum Beilwe MOK. CpepHeronosas
MHTerpanbHas [o3a 0by4eHns HaceneHVst 3a BblMETOM eCTECTBEHHOO PervioHaneHoro oHa coctasuna 0,046 M3B, 4TO HVxKe Npeaena A03bl. KaHLeporeHHbIn
PYICK A1 300POBbs HACENEHUS OT BO3AENCTBUS PaANaLIMIOHHOIO U XUMUYECKOro (hakTopa cocTasun 4x107°6 1 6x10° cooTBETCTBEHHO. [onyYeHHble pesynsTaThl
SABNSOTCS OCHOBOW A5 YCTAHOBNEHNST PEPEPEHCHbBIX 3HAYEHWIN COCTOAHNS 3arpA3HEHNS OKPY>KatoLLen cpeabl nepes BBOAOM B akcnnyataumio PLIKOX n moryT
ObITb MCMOML30BaHbI B MPaKTVKE PeryMpytoLLEero Haa3opa B NPoLEcce ero aKcnyaTaumn.

KntoyeBble cnoBa: 06bekT A0epHoro Hacneona, pa,D,I/IaLJ‘I/IOHHO-I'I/IFVIGHI/I‘-{@CKI/II;I MOHUTOPWHT, KaHLLepOI'eHHbIVI PWCK, TEXHOreHHble paanoHYKNMAbl, TAXXeNble
MeTa/bl, 300P0BbE HaceneHns, pagaunoHHas obcTaHoBKa
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A modern technological platform for radioactive waste
management is being constructed in the Russian Federation.
As part of the implementation of this platform, regional facilities
for the accumulated and new radioactive waste collection,
reprocessing and detoxification are being established. The
Regional center of conditioning and long-term storage of
radioactive waste is constructed in Primorsky Krai since 2016.
It is located in the vicinity of the Sysoev Bay industrial site of the
Fokino branch of the Far Eastern Center for Radioactive Waste
Management (Sysoev Bay site). According to the project,
the production structure under construction is designed for
reprocessing and detoxification of radioactive waste (RW)
accumulated on the Sysoev Bay site and produced during the
facilities’ use and decommission. Regional status of the facility
also entails collection and reprocessing of radioactive materials
produced by other plants of the Far East region, i.e. plants
engaged in decommissioning of Russian nuclear-powered
vessels. Federal Medical Biological Agency of the Russian
Federation is responsible for state sanitary and epidemiological
supervision on the territories where the RW management is
carried out [1].

The studied radiation-hazardous facility is located on the
southeastern tip of the Dunay peninsula. There is a private
sector of the Dunay urban-type settlement (Staryi Dunay
settlement) in the area of the Sysoev Bay site, inhabited by
permanent residents. Private sector is located along the railway
down to Konushkov Bay and the state route, which had been
used for transportation of containers with spent nuclear fuel to
the facility. The local population lives in wooden and stone-built
one-storey houses and practices subsistence farming. Water
supply is decentralized; water for drinking and household needs
is taken from underground sources (wells and boreholes). The
inhabitants’ diet includes local milk and vegetables grown in
the garden. The population of the Staryi Dunay settlement is a
critical group living in the area of potential impact excerted by
the facility.

The territory of Regional center of conditioning and
long-term storage of radioactive waste lies within the health
protection zone (HPZ) of the Sysoev Bay site in the vicinity of the
production facility. The health physics situation on the territory of
the newly built facility is conditioned by the production activities
in the Sysoev Bay site. It has been working on managing RW,
accumulated during military activities of the former coastal
technical base for maintenance of nuclear submarines, for more
than 20 years [2]. Currently, the stationary sources of artificial
radionuclide emissions to atmosphere are the existing facilities
of the Sysoev Bay site, liquid radioactive waste treatment
facility, radiochemical laboratory and vehicle decontamination
site (VD-8) [3]. According to Roshydromet, in 2017-2019 the
content of artificial radionuclides in the atmospheric fall-out on
the territory of Primorsky Krai reached the method detection
limit. Maximum ambient air pollution (**’Cs — 0.9x10~ Bg/m?;
0Sr — 2.7x107" Bg/m®) was many orders of magnitude below
the permissible average annual acivity levels [4]. The average
annual gamma dose rate in Primorsky Krai was 0.13 pSv/h
[6]. After the Regional center of conditioning and long-term
storage of radioactive waste once completed, there would be
another source of chemical and radioactive emissions, namely
the exhaust vent of the technology block responsible for RW
reprocessing and conditioning. The composition of collected
RW included radioactive waste produced during the nuclear
submarine disposal and RW rehabilitation. The dominant
radionuclides were ¢°Co, '¥Cs, *°Sr.

Given the current situation and the planned intensification of
activities related to RW management in the region, assessment

of anthropogenic impact on the environment and population at
the current stage of production activities in the Sysoev Bay site
is an urgent task. The obtained data would be used as reference
values for comparative environmental impact assessment in the
further RW management production activities.

The study was aimed to perform environmental impact
assessment of the territories in the vicinity of the Regional center
of conditioning and long-term storage of radioactive waste in
Primorsky Krai prior to the facility commissioning.

METHODS

Measurements, sampling, and sample analysis were performed
following the conventional procedures approved by the
certified Laboratory Centre at the Burnasyan Federal Medical
Biophysical Center (Certificate No. RA.RU.216Y01).

Environmental radiation was assessed based on the
gamma dose measurements with a Multirad-M detector (NTTs
Amplituda; Russia) using the method of pedestrian gamma
radiation survey.

Artificial radionuclide composition and specific activity were
determined by gamma spectrometry with the use of gamma-ray
spectrometer with germanium-based semiconductor detector
(CANBERRA; USA) and radiometry with the use of UMF-200
radiometer (SPC "DOZA"; Russia), together with preliminary
radiochemical separation.

Public dose assessment was performed for the situation
of actual radiation exposure taking into account the regional
background levels. Annual public dose was calculated as the
sum of external radiation doses for the current year and the
committed dose resulting from annual intake of radionuclides [4].

The average annual effective dose (hereinafter called
AAED) of external exposure, both indoors and outdoors,
was conservatively assessed based on the exposure of
thermoluminescent dosimeter (TL-dosimeter) with lithium
fluoride detector (DTG-4) in the tissue-equivalent cassette with
a total thickness of 1 g/cm? [7].

Internal exposure doses due to oral intake of radionuclides
with water and food were calculated based on the specific
activity of artificial radionuclides [8].

Environmental heavy metal contamination was assessed by
atomic absorption spectrometry using the Kvant 2 AT system
(CORTEG; Russia). Of certain chemical elements, the paper
reports data on heavy metal content for metals, which have
been found in the samples in significant quantities.

Chemical contamination of soil was evaluated in accordance
with the Guidelines [9] based on MPC (TPC) with the use of
concentration factor (Kc) relative to regional background value
and cumulative pollution index (Zc) [10].

Heavy metal contamination of drinking water was assessed
based on MPC stipulated in statutory documents [10].

Health risk was evaluated under the conservative scenario
for a hypothetical person exposed to existing maximum
levels throughout his/her life. Individual carcinogenic risk
was calculated based on the exposure pathways for artificial
radionuclides and heavy metals found in soil, drinking water
and local food.

Health risk caused by radiation exposure was calculated
based on AAED using the linear risk coefficient for malignant
neoplasms for the overall population (5.5x1072) [11]. The risk,
taking into account the exposure pathways, was evaluated in
accordance with the Guidelines based on specific content of
artificial radionuclides in soil, drinking water and food [12].

The risk caused by exposure to heavy metals was assessed
under the permanent residence scenario based on the data
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on exposure and estimated carcinogenic potential values
characteristic of additional individual carcinogenic risk or the risk
of cancer depending on the carcinogen routes of intake [13].

Statistical processing of the results was performed using
Microsoft Excel 2010 (Microsoft Corporation; USA). Median and
its confidence limits (CL) with P = 0.95 were used as the central
tendency indicators due to the measured values’ inconsistency
with normal or log-normal distribution [6]. According to the
principle of conservatism, the values are reported taking into
account the expanded uncertainty of measurements.

RESULTS

Environmental impact assessment of the territory in the
area of Regional center of conditioning and long-term
storage of radioactive waste construction

According to the results of assessment performed in the HPZ
of the Sysoev Bay site in 2018-2020, the gamma dose rate
in the area of the Regional center of conditioning and long-
term storage of radioactive waste construction varies within the
range of 0.03-0.23 uSv/h, and the median is 0.09 uSv/h, which
is consistent with typical values registered in Primorsky Krai
(0.09-0.18 pSv/h), resulting from the regional background levels
[5]. The dominant artificial radionuclides in the environment
(soil, underground water) are '¥’Cs and °Sr [14].

Specific activity of artificial radionuclides in soil is significantly
below the requirements established for unlimited use of solid
materials A, [15]: the median content of ¥’Cs is 17 Ba/kg
(maximum value is 63 Bg/kg), and the median content of ®Sr is
3 Bg/kg (maximum value is 4 Bg/kg). Excessive heavy metal
concentrations with excessive quantities exceeding MPC for
arsenic, lead, zinc, nickel, copper, vanadium and manganese have
been detected (Table 1). Maximum values of cumulative pollution
index (Zc) derived from regional backgrouns values do not exceed
16, which characterizes soil contamination level as “permissible”.

Environmental impact assessment of the residential area
located in the vicinity of Regional center of conditioning
and long-term storage of radioactive waste (Staryi Dunay
settlement)

Radiation situation on the territory of Staryi Dunay settlement
characterized by gamma dose rate being within the range of
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0.05-0.21 uSv/h (the median value is 0.10 pSv/h) corresponds
to background levels registered in Shkotovsky District (the
median value 0.10 is pSv/h; CI 0.07-0.13 pSv/h) and typical
values registered in Primorsky Krai (0.09-0.18 pSv/h) [5]. The
main dose-forming artificial radionuclides in the environment
and food are ¥’Cs and *°Sr.

Concentrations of '¥’Cs and °°Sr in soil of Staryi Dunay
settlement correspond mostly to the regional background
levels typical for Shkotovsky District (the median specific
activity value for ¥’Cs is 6 Bg/kg, and for °Sr it is 2 Bag/kg).
Exceeding regional background levels for '3’Cs specific activity
(median specific activity value for *’Cs is 46 Bg/kg) elevated
to the levels established for unlimited use of solid materials
(A,,= 100 Ba/kg) are detected in soil samples taken from the
roadsides. Based on artificial radionuclide specific activity (the
median specific activity value for ¥’Cs is 9 Ba/kg, and the value
for ®Sris 2 Bag/kg), soils of home gardens meet the requirements
established for unlimited use of solid materials [15].

Based on artificial radionuclide contents, drinking water
from underground sources meets the requirements established
for drinking water quality (Table 2) [4]. Specific activity of ¥"Cs
and Sr in groundwater (wells, boreholes) is 3—4 orders of
magnitude below the interventional level (IL).

Specific activity of artificial radionuclides in local food (milk,
vegetables grown in the garden) is 2-4 orders of magnitude
below the permissible level (PL) established for food (Table 2)
[16].

Assessment of external exposure of the population to
artificial radionuclides based on the radionuclide contents in
drinking water and local food has shown that exposure due
to consumption of drinking water, milk and potato provides
a key contribution (see Table 2). External exposure AAED for
the population due to artificial radionuclides is 0.008 mSv
(0.0005 mSv due to ¥’Cs, and 0.007 mSv due to ®Sr).

Assessment of external exposure of the population by
dosimetry measuring the cumulative dose is based on the
data obtained with TL-dosimeters installed outdoors and in
residential buildings in Staryi Dunay settlement throughout
the year. According to obtained results, AAED of external
exposure measured outdoors does not exceed 1.70 mSv with
a median value of 1.03 mSv (Table 3), which corresponds to
background levels resulting from natural background radiation.
External exposure of the population in the houses exceeds the
outdoor values by 20%. Based on the standard time spent

Table 1. Levels of heavy metals and arsenic in soils in the area of Regional center of conditioning and long-term storage of radioactive waste construction in 2017 and 2019

Element GChemical hazard class Levels of heavy metals, mg/kg Assessment criteria, mg/kg
Median Maximum Regional background level* MPC/TPC* Koo
Pb 1 66 (38-180) 180 62 65 260
Cd 1 0,17 (0,17-0,18) 0,18 0,2 1 -
As 1 8 (8-9) 9 12 5 15
Zn 1 200 (100-350) 350 130 110 -
Ni 2 46 (27-100) 100 35 40 -
Cu 2 74 (22-230) 230 18 66 -
Cr 2 130 (110-170) 170 110 - -
\ 3 180 (130-310) 310 110 150 350
Mn 3 2200 (770-2700) 2700 1000 1500 15000
Ba 3 890 (570-1400) 1400 700 - -
Sr 3 180 (150-500) 500 200 - -
Zc 6 (5-8) 13 - - -

Note: * — results of original research; ** — hygienic standards are provided for total forms for clayey and loamy soil with pH < 5.5 [10]; *** — maximum permissible

content of the element based on one of four hazard indicators.
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Table 2. Internal exposure AAED in the population of Staryi Dunay settlement due to drinking water and local food intake

Specific activity, Ba/L (kg)
Internal exposure AAED, mSv
ltem 1%7Cs 03y Consumpti-on,
Staryi Duna Staryi Duna kg/year
yrounay s ppe yrounay ) pp e Due to '¥'Cs Due to ©Sr Total
settlement settlement
s 0,005 + 0,040 0,002 + 0,143 s 4 "
Ground drinking water o012 11 0,051 4,9 730 4x10 9x10 9x10
) 0,02 + 0,62 0,03 + 0,64 " - 5
Milk ~ o024 100 0,24 25 136,5 3x10 1x10 2x10
0,02 + 0,38 0,01+73 4 -3 -3
Potato o1 80 0,63 40 50,4 1x10 4x10 4x10
0,01+ 0,16 0,04 + 0,19 6 5 4
Cucumbers — 006 60 012 25 5,6 8x10 8x10 1x10
0,01 + 0,06 0,04 + 0,28 . " "
Beets, carrots — o004 60 0,12 25 10 9x10 5x10 5x10

Note: * numerator — range of variation, * denominator — median; ** drinking water — interventional level (IL) [4]; ** food — permissible level (PL) [16].

by the population indoors (6,600 h) and outdoors (2,200 h),
the median external exposure AAED value for the population,
living close to the Regional center of conditioning and long-
term storage of radioactive waste, is 1.18 mSv (the regional
background level is 1.15 mSv).

The total AAED for the population of Staryi Dunay settlement
is 0.046 mSv excluding regional background radiation, which
is two orders of magnitude below the dose limits established
by radiation safety standards [4]. External exposure, 0.030
mSy, makes a major contribution (over 65%). Internal exposure
AAED is 0.008 mSv (0.007 mSv due to food, 0.0009 mSv due
to drinking water).

Concentrations of metals and arsenic in soil and water on
the territory of Staryi Dunay settlement are presented in Table 4.

Comparison of heavy metal contents in the soil of Staryi
Dunay settlement with the regional background levels has
revealed elevated levels of lead, copper, chromium, zinc and
manganese. The highest MPC excess has been found for zinc,
lead and copper. Elevated levels of zink that exceed MPC have
been also registered for regional background levels, which
characterize specific regional features of the territory. According
to assessment of soil contamination by heavy metals based on
the cumulative pollution index (Zc), the majority of soil samples
(78%) taken from the settlement are considered as having a
“permissible” contamination level (Zc < 16). A total of 22% soil
samples are considered as having a “moderately hazardous”
contamination level (16 < Zc < 32) due to elevated copper, lead
and zinc levels.

The results of groundwater contamination by heavy metals
have shown that the quality of water in the wells and the
majority of boreholes meets the requirements established for
drinking water quality based on the concentrations of heavy
metals and arsenic [10] (see Table 4).

The levels of elements from hazard classes 1 and 2 in
drinking water do not exceed 0.1 MPC. MPC values exceeded
foriron (hazard class 3) has been found in 40% of water samples

taken from the wells. The levels of arsenic (hazard class 1),
reaching or exceeding MPC, have been found in 30-40 m deep
boreholes being the sources of private drinking water supply.

DISCUSSION

Health physics situation in the area of the Regional center of
conditioning and long-term storage of radioactive waste built
at the base of Sysoev Bay temporary storage facility has a
number of features. Based on artificial radionuclide specific
activity, soils in the area of the Regional center of conditioning
and long-term storage of radioactive waste construction meet
the requirements established for unlimited use of solid materials
in accordance with OSPORB-99/2010. Gamma dose rate
corresponds to the regional background level typical for the
natural background radiation. Hygienic situation is compounded
by the hazard class 1 element (lead, arsenic) levels exceeding
MPC. Radiation situation in the residential area located in the
vicinity of the Regional center of conditioning and long-term
storage of radioactive waste corresponds to the regional
background levels. The same situation is observed in the areas
of RW storage facilities of the former coastal technical bases of
the Northern Fleet in North-Western Russia [17]. Groundwater
contamination with radioactive and chemical contaminants is
an essential parameter for monitoring.

Analysis of carcinogenic risk for population resulting from
exposure to radiation and chemical factors has been performed
based on the field and laboratory research data.

Calculation of radiation risk for the population of Staryi
Dunay settlement based on exposure pathways for artificial
radionuclides contained in soil, drinking water and food, has
shown that external exposure due to artificial radionuclides
contained in soil provides a key contribution (Table 5). The risk of
malignant neoplasms caused by radiation from artificial sources
for the overall population, assessed based on the total AAED
values [11], is 3x1075, which is considered the acceptable level.

Table 3. Average annual external exposure AAED in the population of Staryi Dunay settlement

Territory Number of External exposure AAED, mSv
measurements Minimum Maximum Median (CL)

Regional background level:

— outdoors 19 0,46 1,5 1,00 (0,50-1,48)
—inside houses 7 0,49 2,07 1,20 (0,57-1,25)
Staryi Dunay settlement:

- outdoors 37 0,49 1,7 1,03 (0,55-1,51)
- inside houses 18 0,6 2,13 1,23 (0,67-1,70)
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Table 4. Concentrations of heavy metals and arsenic in soil and underground water in the vicinity of Regional center of conditioning and long-term storage of

radioactive waste

Assessment criteria,
Element Chem(ij:ls :azard Levels of heavy metals, mg/kg (L) mg/kg (L) K
Minimum Maximum Median Regional background level MPC/TPC
Soil
Pb 1 4 250 110 (67-180)* 62 65 2
Cd 1 <0,12 0,51 0,23 (0,12-0,51)" 0,2 1 1
As 1 <1 3 2 (1-3) 12 5 <1
Zn 1 100 820 215 (140-460)* 130 110 2
Ni 2 22 47 42 (34-45)* 35 40 1
Cu 2 19 260 67 (41-130)* 18 66 4
Cr 2 55 300 155 (130-160)* 110 - 1
\Y 3 83 180 125 (120-130)* 110 150 1
Mn 3 670 2000 1300 (1200-1400)* 1000 1500 1
Ba 3 510 1200 635 (560-720)" 700 - 1
Sr 3 130 310 160 (140-220)* 200 - 1
Zc 2 21 6 (3-9)* - - -
Groundwater (boreholes, wells)
<0,005/ 0,010*
As 1 < 0,005 0,025 < 0,005 < 0,005 0,01 -
0,02/0,01*
Ba 2 0,01 0,04 0,02 0,03 0,7 -
0,0001 / < 0,0001**
Cd 2 < 0,0001 0,0005 0,0001" < 0,0001 0,001 -
0,002 / 0,003**
Cr 2 0,001 0,005 0,002 0,001 0,05 -
0,001 /0,007**
Pb 2 < 0,001 0,008 0,001 < 0,001 0,1 -
0,19/<0,10*
Sr 2 0,1 0,4 0,12 0,36 7 -
0,05/ 0,05*
Al 3 0,05 0,33 0,06 0,12 0,2 -
0,01/0,02**
Cu 3 <0,01 0,11 0,04 < 0,01 1 -
Fe 3 0,01 1,36 0,02/0.06 0,36 0,3 -
0,10
0,02/0,01**
Mn 3 0,01 0,64 0,02 0,33 0,1 -
0,05/0,01*
Zn 3 0,01 1,5 0,01 0,01 1 -

Note: * — median and its confidence limits; ** numerator — median concentration in boreholes (70 m/30-40 m deep); ** denominator — median concentration in wells.

Carcinogenic risk of exposure to chemicals due to heavy
metal contamination of soil is considered acceptable (1x107F)
(Table 6). The risk of using drinking water taken from wells and
boreholes of 5x10° meets the requirements established for
acceptable risk to the population. The exception is drinking
water from the 30-40 m deep boreholes, since the risk reaches
5x10 due to presence of arsenic, which is is unacceptable
to the overall population [13] and therefore requires further
investigation. As mentioned above, the water sources for
drinking and household water supply available in Staryi Dunay
settlement are quite far from the Sysoev Bay temporary storage
facility and are not exposed to the anthropogenic impact of
the industrial site emissions and discharges. The presence
of arsenic levels exceeding MPC in the water obtained from
30-40 m deep boreholes may be due to physical features of
the water-bearing horizon in the studied area.

The study has shown that health risk caused by exposure
to radiation for the population of Staryi Dunay settlement living
in the vicinity of the Regional center of conditioning and long-
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term storage of radioactive waste is 4x107. It does not exceed
the risk caused by exposure to chemicals, which is 6x10°
(taking into account arsenic contained in water, the risk reaches
5x107).

CONCLUSIONS

The paper presents the results of the complex environmental
impact assessment of the Regional center of conditioning and
long-term storage of radioactive waste, performed prior to to
the Facility commissioning. It has been shown that radiation
situation on the construction site and in adjacent residential area
is characterized by background y-dose rate and background
concentrations of artificial radionuclides '¥"Cs and %Sr in
environmental media. At the same time, contamination with
heavy metals and arsenic have been found in the ground of the
production complex construction site and in the soil of home
gardens located in the residential area. Qualitative composition
of chemical contamination in the area of the Regional center
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Table 5. Individual radiation risk for the population of Staryi Dunay settlement

Individual radiation risk
Parameter Specific activity, Ba/kg (L) Exposure
internal external fotal
Soil 3x108 3x10° 3x10°
¥7Cs 89 3x107"° 2x10° 2x10°
OSr 160 3x10°® 2x10° 2x10°
Water 4x107 _ 45107
1 Cs 0,04 2x10°8 - 2x10°®
%8r 0,14 4x1077 - 4x107
Food 8x107 - 8x107
¥7Cs 7x10® - 7x10®
08r 7x107 - 7x107
Total risk 1x10® 3x10 4x108
Table 6. Individual carcinogenic risk caused by chemical pollution for the population of Staryi Dunay settlement
Individual carcinogenic risk
Parameter Concentration, Intake
mg/kg (L) Total
Ingestion Inhalation Dermal
Soil 4x108 9x107 3x108 1x10°°
Cr 300 - 9x107 - 9x107
Pb 250 4x108 8x1071° 3x10® 7x10®
Ni 47 - 2x10° - 3x10°
Drinking water* 4x10® - 8x10~7 5x10°¢
As 0,025 5x10 - 1x10°° 5x10™
Cd 0,00052 2x10° - 6x107 3x10°
Pb 0,02 2x10° - 2x107 2x10°
Total carcinogenic risk* (water + soil) 4x10° 9x107 8x107 6x10°

Note: * — calculated without taking into account the 30-40 m deep boreholes.

of conditioning and long-term storage of radioactive waste
construction is characterized by high levels of arsenic, lead, zinc,
nickel, copper, vanadium and manganese, and in the residential
area it is characterized by high levels of zinc, lead and copper.
In general, based on the results of soil contamination with heavy
metals in the examined territories, soil has a “permissible”
chemical contamination level. The excess of MPC has been
found in a number of samples. The quality of drinking water
in the residential area meets the requirements established for
groundwater used in decentralized water supply systems,
except for local boreholes, in which the arsenic levels exceeding
MPC have been detected. The presence of arsenic in studied
groundwater and soil may be due to specific regional features
related to high levels of the element in environmental media. This
fact requires clarification and further investigation. Comparative
evaluation of carcinogenic risks caused by radiation exposure
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