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The aim of the article was to define the role of the radioactive environment contamination in the formation
of ecosystem services strategy. Methods. Monographic, systemic and structural, factor analysis, abstract and
logical research methods have been used. The data from the State Statistics Service of Ukraine, the Ministry
of Agrarian Policy and Food of Ukraine, the Ministry of Ecology and Natural Resources of Ukraine, materials
of scientific researches, international materials and reports and other literary sources on the issues investigated
have been used as an information base. Results. Retrospective analysis of sources and state of radioactive eco-
systems contamination was conducted and the priority steps in developing the concept of ecosystem services
in conditions of radiation contamination were found. Conclusions. The current socio-ecological paradigm of
the transition from environmental use to environmental management should be reflected in the relevant envi-
ronmental management mechanisms. Currently, when assessing the state of ecosystem services in Ukraine and
worldwide one must take into account the changes in food demand of residents of radioactively contaminated
areas, the exploitation of radioactively safe ecosystems growth, their overload and degradation. All of this re-
quires an inventory of ecosystem services by type, region, consumers, etc. and the formation of a state register
of ecosystem services with a clear assignment of area of responsibility for appropriate natural ecosystems.
This will help to make the economic evaluation of different ecosystem services and mechanisms of charges for

ecosystem services.
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INTRODUCTION

Humanity obtains numerous benefits from the envi-
ronment, including food, timber, clean water, energy,
protection from floods and soil erosion, which may
conditionally be called “goods” and “services”. The
well-being of all the groups of people in the world with-
out exceptions depends on these so called “ecosystem
services”. The latter are understood as such functions
of ecosystems, which condition specific economic ben-
efits for people, using these services, and are based on
the natural provision of different regulatory functions.
The users of the mentioned services may be viewed
both at the local level (some people or enterprises), and
at the regional and global levels — whole countries and
regions. In the latter case one should consider global
ecosystem services, such as, for instance, consumption
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of carbon dioxide by forest ranges. Recently more and
more people and organizations tend to pay special at-
tention to this issue. At present the Millennium Ecosys-
tem Assessment program is the one to reflect the state
of global environment in the finest detail. According to
this program, the ecosystem services are classified as
follows: supporting services (required for the produc-
tion of all the other ecosystem services, including the
formation of soil, photosynthesis, primary products,
circulation of nutrients and water); provisioning ser-
vices (products, obtained from ecosystems, including
food products, fuel, genetic resources, natural medical
means and drinking water); regulating services (ben-
efits from regulating ecosystem processes, including
control of air quality, regulation of climate, aqueous re-
gime, erosion, water purification, regulation of a num-
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ber of diseases and pests, efc.); cultural services (non-
material services, obtained by people from ecosystem
for their cognitive development and health) [1].

During 50 recent years the level of many benefits,
which we are used to obtain from the environment, has
dropped rapidly due to the catastrophic decrease in bio-
diversity on the planet. The rate of anthropogenically
caused extinction of species was found to be 1,000-fold
higher than natural extinction of organisms, remarkable
for geologic history. About 60 % of studied ecosystems
resources of the Earth have considerably degraded.
And it is mainly the anthropogenic impact to blame for
it. During recent 300 years the area of forests on the
Earth has been reduced by about 40 %. Forests have
vanished completely in 25 countries, 29 other countries
have lost over 90 % of forest plants. Since 1900 the
world has lost about 50 % of wetland [1].

According to scientifically grounded recommenda-
tions, natural ecosystems should take at least 2/3 of up-
land and have their biological performance not lower
than the average global index of 7.8 [2]. The ratio of
landscapes in Ukraine, where the area of anthropogenic
land covers about 80 % of its territory, reflects the state,
approaching large scale desertification. The main agent
of destroying natural ecosystem in this country is ar-
able agriculture. Our country has one of the highest in-
dices of plough-disturbance of tilled areas in the world,
which, by different estimates, is 54-57 % (with the
threshold index of 38.2 %) [3]. This figure is consider-
ably smaller even for EU countries, where the popula-
tion density is higher — 25.6 %. The situation is further
deteriorated by removing fertile agricultural lands from
active use due to their radionuclides contamination.
First of all, these are pollutants of Chornobyl origin,
radioactive wastes and wastes of mining industry.

The aim of this study was to analyze the sources and
state of ecosystems in terms of radionuclide contami-
nation and to define priority steps regarding the forma-
tion of the concept for ecosystem services in conditions
of radioactive contamination.

MATERIALS AND METHODS

In terms of theory and methodology this study was
based on the fundamental provisions of ecology and
environment protection, economy of environmen-
tal use and agricultural radiology, highlighted in the
works of domestic and foreign scholars. The follow-
ing methods were used in the work: monographic,
systemic and structural, factor analysis, abstract and
logical research, etc.
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The data from the State Statistics Service of Ukraine,
the Ministry of Agrarian Policy and Food of Ukraine,
the Ministry of Ecology and Natural Resources of
Ukraine, materials of scientific researches, internation-
al materials and reports and other literary sources on
the issues investigated have been used as an informa-
tion base. Retrospective analysis of sources and state of
radioactive ecosystems contamination was conducted.

RESULTS AND DISCUSSION

Radionuclides are among 10 most hazardous toxic
substances, listed in the report, published by Black-
smith Institute (currently, Pure Earth) — a non-gov-
ernmental organization, dealing with environment
pollution problems, in 2010 [4]. Due to a complex of
geological, geochemical, biogeochemical, and other
processes, radionuclides migrate along ecosystem
components, thus posing as potential threat both to
ecosystems, and human health [5]. According to recent
estimates, about 0.8—1 mln people worldwide have
generally received or are at risk of receiving addition-
al doses of both external and internal radiation due to
the mining of radioactive minerals, and over 10.3 mln
people — after catastrophes at the Chornobyl and Fu-
kushima-1 Nuclear Power Plants [6]. Penetrating via
skin, respiratory organs, drinking water and food, ra-
dionuclides get involved in the exchange of substances
between environmental components and organisms of
humans and animals [7, 8]. The problem of minimizing
radioactive burden on the population, residing in the
territories, contaminated with radionuclides, mainly
relies on the decrease in the radionuclide contamina-
tion level of food products and on the restraint of their
being absorbed in the digestive tract [9]. In conditions
of long-term intake of radionuclides into the human or-
ganism, it is recommended to consume dietary fiber,
calcium salts, alginic acid, and pectins to decrease ab-
sorbing and accumulation of strontium, for instance,
and to eat pectins, dietary fibers, and calcium salts to
prevent the accumulation of cesium. Thus, supplying
the population with a sufficient amount of radiologi-
cally safe milk and milk products, fruit, vegetables, sea
food (fish, algae, etc.), dried fruit, pulpy juices, peas,
kidney beans, and wholemeal bread promotes the re-
duction of radionuclide accumulation in the organism.

A specific mention should be made of the conse-
quences of catastrophes at Chornobyl and Fukushi-
ma-1 nuclear power plants. Even 30 years after the
Chornobyl catastrophe the problem of radionuclides
accumulation in the organisms of residents of contami-
nated territories is still urgent. There is increasing sig-
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nificance of people’s consuming vitamins, macro- and
microelements, especially iodine, selenium, iron, co-
balt for unimpaired operation of the thyroid gland. All
the abovementioned facts testify to certain specificities
of the diet for the residents of radioactively contami-
nated regions, and thus, to the change in food needs and
demand for ecosystem services.

The consequences of the Chornobyl catastrophe are
remarkable not only for enormous areas of contami-
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nated territories, but also for the enormous spectrum
of radionuclides, which came out of the reactor, and
for a considerable power range of chronic exposure
doses. Even as of now, the radioecologic situation is
complicated and notable for non-homogeneity of ter-
ritory contamination with a-, B- and y-radiating radio-
nuclides, the availability of radioisotopes practically in
all the ecosystems components and their involvement
in geochemical and trophic migration cycles [10, 11].

Regardless of this fact, at the end of the first decade
of the 21 century, the world nuclear electricity, pro-
duced in over 30 countries (441 nuclear power plants
are working worldwide) (Fig. 1) [11], has promising
future — its large scale development is planned, in par-
ticular, the construction of 300 to 600 new nuclear
power reactors as early as by 2030 [12].

In France, nuclear power plants produce over 75 % of
electric energy, in Ukraine — over 50 %, in the USA —
20 %, in Great Britain and Belgium — about 60 %, Fin-
land — 27 %. The world leaders in producing nuclear
electricity are the USA, France, Japan, Germany, and
the Russian Federation (Fig. 2).

According to the MAGATE estimates, over 65 nu-
clear reactors of power plants and 260 nuclear devic-
es, used in scientific areas, the lifetime of which ( 30
years) is close to expiration, will have to be removed
from active use in the nearest future. This requires con-
siderable financial expenses (sometimes much higher
than the construction of new reactors) and envisages a
number of serious risks.

Testing of nuclear weapons, catastrophes in the Chor-
nobyl and Fukushima-1 nuclear power plants, active
processing of used nuclear fuels and radioactive min-
eral resources have led to the occurrence of previously
unavailable transuranium elements in human environ-
ment. Taking into consideration a long half-life period
for some of them, they will pose a radiological threat
for thousands of years to come. The resources of rela-
tively cheap uranium for nuclear power plants on the
planet are about 4 min tons. Similar to oil, these may
be exhausted in 25-30 years. There are uranium ore
deposits in Ukraine, the USA, SAR, Canada, Congo,
Namibia, Niger, Germany, Kazakhstan, Russia, Austra-
lia, Brazil, France, India, Japan, and other countries.
The main producing countries are Canada, SAR, the
USA, Namibia, Niger, and France. Ukraine has the
largest deposits and general uranium reserves in Eu-
rope and is among top ten countries of the world by
these indices. The State Register of Mineral Reserves
of Ukraine enlists 17 ore deposits (Kirovohrad region —
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14, Mykolayiv region — 2, Dnipropetrovsk region — 1).
21 ore deposits have been discovered and studied. The
share of Ukraine in the world reserves of uranium is
1.8 % (Fig. 3).

Refuse heaps, where the content of uranium isotopes
exceeds the bulk earth values manifolds, cover many
thousands of square meters in mines and open cuts
and are sources of local contamination of the land via
wind erosion and washing out with precipitation. The
additional sources of environment contamination are
liquid wastes, including mine waters, filled with radio-
nuclides.

In addition, there is a problem of radioactive contam-
ination due to nuclear catastrophes, testing of nuclear
weapons, storing radioactive wastes and the activity of
nuclear industry, etc. In many cases there are leaks of
radionuclides from storages due to different reasons.
There are frequent leaks of mine waters and impair-
ments in the integrity of so called tailing dumps. In
1991 Ukraine alone established nine tailing dumps at
the total area of 270 ha: seven — with processed ura-
nium ore (about 42 mln t) and two — with uranium
production wastes (0.2 mln t). Most wastes are highly
radioactive. The storages of uranium production wastes
are sometimes located close to human settlements and
agricultural lands (for instance, Dniprovske tailing
dump in Ukraine is located at the distance of 1 km from
the Dnipro river).

The total area of agricultural lands with enhanced
level of radioactive contamination in Ukraine is 42.9
mln ha, or 71.0 % of the whole area of the country. The
agricultural work in the region, which suffered from
the Chornobyl catastrophe the most, amounts to 71 %,
and the degree of land tillage — 53.6 % [13]. Removal
of radioactively contaminated land from economic use
leads to excessive load on radioactively safe lands. The
intense exploitation of the latter and the impairment of
the recommended ratio of different categories of lands
due to increasing food crisis cause progressing degra-
dation of ecosystems.

In the 1990°s, Ukrainian scientists developed a pro-
gram of conserving eroded arable land. However, this
was the period when the process of dividing into shares
started. The majority of agricultural lands were divided
into shares: 270 thousand sq.km (45 % of the country’s
territory), including a considerable volume of arable
land, were at different stages of erosion. Unfortunately,
some lands in Ukrainian Polissia with maximal soil-
to-plant trancfer factor for 137Cs have been divided.
It is legally impossible to force the owners of arable
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shares to transfer them into natural or seminatural state
(to conserve them). The legislation stipulates clear tar-
get application of these lands — commercial agriculture,
and from the commercial standpoint it is much more
beneficial for the owner to exploit his land as arable
area. Therefore, the legislation in force practically
makes land owners exploit arable lands intensively, as
the conservation is viewed as its non-target application
and results in punitive sanctions.

Of all the ecosystems of Ukraine, the closest atten-
tion is paid to forests, which cover 15.5 % of Ukraine’s
territory. However, there is also a problem of unavail-
able scientific substantiation of restoring forest ranges,
which results in total decrease of forest biodiversity and
large-scale outbreaks of phytophage population and
diseases. The extinction of natural ecosystems means
degradation of soils, hydrologic regime and water bod-
ies and, as a result, large-scale desertification. The
solution to the mentioned problem is returning these
territories to their natural state via conservation and re-
cultivation of anthropogenic territories with simultane-
ous compensation for the shortage of arable fund via
returning previously removed radioactively contami-
nated lands into active use. This idea was somewhat
reflected in the Law of Ukraine “On Main Provisions
(Strategy) of the State Ecologic Policy of Ukraine for
the period till 2020” and in the Resolution of the Cabi-
net of Ministers No. 675-r dated September 22, 2004
“On Approval of the Concept of the State Biodiversity
Preservation Program for 2005-2025.

Therefore, the active development of nuclear energy
industry, increasing mining and processing of uranium
ores, catastrophes in the Chornobyl and Fukushima-1
nuclear power plants resulted in the occurrence of
a new abiotic environmental agent — contamination
of natural complexes with radioactive substances. In
opinion of the authors of [2], the solution of this prob-
lem requires going through three main stages: scientific
stage (based on the ecosystem approach), legislative
(the increase in the area of government-owned lands,
obtaining a permit for conservation of private land
and for changing the target application of arable land)
and administrative-practical (reforming the executive
bodies, including the formation of new departments or
state institutions).

As humanity has been successful in eliminating over
half of natural upland ecosystems, it is not enough to
just protect the remains of natural ecosystems and re-
sources. There is an urgent need of their restoring. At
present, the so called “sustainable environment use” is
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an archaic term, because first of all natural ecosystems
should create healthy environment, i.e. provide eco-
system services, instead of being mere objects of eco-
nomic activity. The current social-ecologic paradigm
of the transition from environmental use to environ-
mental management should be reflected in the relevant
management mechanisms, as the development of the
organizational and economic forms of ecologic regula-
tion is revealed in environment management the most.

CONCLUSIONS

The estimation of the development of ecosystem
services in Ukraine and in the world should take into
consideration such problems as changes in the food
demands of residents of radioactively contaminated
territories; removal of radioactively contaminated eco-
systems from active use and, as a result, the increased
exploitation of radioactively safe ecosystems, their ex-
cessive load with the development of degradation pro-
cesses, including desertification. The estimate should
take into account the specifics of ecosystems as well as
the primary state of ecosystem services. This principle
highlights the absence of universality in approaches to
characterization of ecosystem services, each of which
is unique. All these require taking inventory of ecosys-
tem services by their kinds, regions, consumers, etc.,
and establishing a complex state register of ecosystem
services with clear assignment of responsibility areas
for the state of specific natural ecosystems. This will
allow conducting economic evaluation of the services
of different ecosystems (water bodies, forests, etc.) and
mechanisms of charging for ecosystem services.

The concept, suggested by us, has been presented
in the general form, it is yet to be elucidated in detail
and discussed, as it relates to a wide range of both eco-
logic and socio-political issues. However, it should be
stressed that the world has passed into the critical phase
when economy has to adjust to ecology, not vice versa.

IInTaHHs pagioaKTUBHOIO 3a0pyIHEHHS Y KOHTEKCTI
PO3BUTKY €KOCHCTEMHHUX MOCJIYT

I. M. Yo6otsko ', JI. A. Paifuyxk !,
1. K. IBugenko !, I. M. Mak/{onainx 2

e-mail: chobotko@ukr.net; edelvice@ukr.net;
favor09@ukr.net; irenmcdonal@gmail.com
'THetutyT arpoekosorii i mpupogokopuctyBanas HAAH
Byn. Metpornoriuna, 12, Kuis, Ykpaina, 03143
2Vuiepcurer mraty Kanzac
Tpoxmoprton Llentp, 3011B, Manxerren, K.C. 66506

Mera. BuzHaueHHs1 posi pajioakTUBHOTO 3a0py/HEHHs OTO-
YYIOYOTo MPHUPOJHOIO CepeioBHINA y (POPMYyBaHHI CTpaTe-
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Tii eKocucTeMHHUX mocmyr. MeToau. 3acTOCOBAaHO MOHOTPa-
(b1YHUIA, CUCTEMHO-CTPYKTYPHH, aDCTPaKTHO-JIOTIYHUI Me-
TOIW IOCTI/DKCHb, a TaKoX (akTopHWiA aHami3. [H)op-
MaIiiHor 0a3010 coyryBayv naHi JlepkaBHOI CITy>kOHM cTa-
TUCTUKHU YKpainu, MiHicTepcTBa arpapHoi MOJITHKH 1 TIpO-
JTIOBOJIECTBA YKpaiHu, MiHicTepcTBa €KOJOTi{ 1 IPUPOTHIX
pecypciB Ykpainu. Pe3ynbraTtn. Ha 0CHOBI peTpOCHCKTHB-
HOTO aHaJl3y JDKEpen 1 CTaHy PaioaKTUBHOTO 3a0pyIHCHHS
€KOCHCTEM BH3HAYEHO IIEPIIOYEProBi KPOKH M0N0 (opMy-
BaHHs KOHIIEILIT eKOCUCTEMHHUX ITOCIYT 32 YMOB pajiamiii-
HOTO 3a0pymHeHHs. BucHoBKH. BceTaHoBmeHo, 1Mo icHyIO-
Ya COIiaJbHO-CKOJIOT1YHA MapagurMa Iepexoay BiJl MPHPO-
JIOKOPHUCTYBAHHSI 10 HPUPOIOTOCIIOAAPIOBAHHS MOTpedye
BIMOBITHUX MEXaHi3MiB YIIPaBIiHHA MPUPOTOKOPUCTYBAH-
HsaM. Hapasi npu OuiHIOBaHHI CTaHy €KOCHCTEMHHX IIOC-
nyr B YKpaiHi Ta CBiTi HEOOXiITHO BpaxOByBaTH BIUIHUB
PamiOHYKJIiIB HAa CEKOCHCTEMH, a caMe — Ha 3MiHy Ta
CKOpOYEHHsI 010pi3HOMAHITTS, 3MiHY IPOIOBOJIBIOTO TTOTIHU-
Ty MEMIKAaHIIB PaXiOaKTUBHO 3a0pyqHEHUX TEPUTOPIH, IMo-
CHJICHHS eKCIuTyaTalii pajialiiiHo Oe3NeyHHX EeKOCHUCTEM,
iXHE IepeBaHTaXeHHS Ta Jerpajauito. Bce me Bumarae
MIPOBENCHHS 1HBEHTapU3allii eKOCUCTEMHUX IMOCIYT 3a iX-
HIMH BHJAaMH, pEeTiOHaMH, CIIOXXMBadyaM{ TOIIO Ta (opmy-
BaHHS KOMIUIEKCHOTO AEPXKABHOIO PEECTPY €KOCHCTEMHHX
MOCIIYT 3 YiTKUM 3aKpiIUICHHSIM 30H BiJIIOBINANBHOCTI 3a
CTaH IIEBHUX MPUPOAHHUX eKocucTeM. Lle 103BONMHUTh OLiHU-
TH BapTiCTh PI3HOMaHITHUX €KOCHCTEMHHUX MOCIYT Ta CTBO-
PHUTH MEXaHi3MH IUIATEXiB 32 HUX.

KoarouoBi ciaoBa: pajianiiine 3a0pyaHEHHS, €KOCHCTEMHI
MOCITYTH, PAIIOHYKIII TN, JeTPaIalis eKOCUCTEM.

Bonpoc paguanuoHHOro 3arpsi3HeHUsI B KOHTEKCTe
Pa3BHUTHA SKOCHCTEMHBIX YCJIYyT

I'. M. Yo6orsko ', JI. A. Paituyk !,
W. K. lsuaenxo ', Y. H. Maklonansx

e-mail: chobotko@ukr.net; edelvice@ukr.net;
favor09@ukr.net; irenmcdonal@gmail.com

"MIHCTUTYT arpo3KoJIOTHy U Ipupoonoib3oBanus HAAH
V. Metponorudeckas, 12, Kues, Ykpanna, 03143
> VuuBepcewurter mrara Kanszac
Tpoxmopron Lentp, 3011B, Mauxarren, K.C. 66506

Heas. Omnpenenenue poau pajinOaKTUBHOTO 3arpsi3HEHUs
OKpYy’Katomeil cpebl B pOPMHUPOBAHNU CTPATETHH HKOCHC-
TEeMHBIX yciyr. Metoasbl. [IpiMeHeHsl MOHOTpadHYeCKH,
CHCTEMHO-CTPYKTYPHBIH, aOCTPaKTHO-JIOTHYECKHIA METO/IBI
WCCIIeIOBaHMM, a Takxke (akTopHbIM aHanmu3. MHdopmaru-
OHHOM 0a30i ciyXmim naHHble [0cynapcTBEHHOH CITy>KOBI
CTAaTUCTUKU YKpauHbl, MUHHCTEPCTBA arpapHOM MOJIUTUKH
U IPOAOBOJICTBUS YKpauHbl, MUHUCTEPCTBA JKOJIOTUMU U
IPUPOAHBIX pecypcoB Ykpaunsl. Pesynabrarel. Ha ocHOBe
PETPOCIIEKTUBHOIO aHAJIN3a UCTOYHHKOB M COCTOSHHS Pa-
JIUOAKTUBHOTO 3arpA3HEHUS SKOCUCTEM OIpE/IeNIeHbl IEpBO-
OYepeHble mard 1mo (pOpMHPOBAHMIO KOHLETIIUH HKOCHC-
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TEMHBIX YCIYT B YCIOBHSX PaIHAallMOHHOTO 3arps3HEHUS.
BbiBoabI. YCTaHOBIIEHO, UTO CYIIECTBYIOLIAsl COLUATIBHO-
9KOJIOTHYECKas MapaurMa Mepexofa OT IPUPOIOIIONB30-
BaHUS K TIPHPOJOXO3SIIICTBOBAHUIO TpeOyeT COOTBETCTBY-
IONINX MEXaHW3MaX YIPaBICHUS TPHPOIONOIH30BAHUEM.
B macrosmiee BpeMs NpH OIEHKE COCTOSHHS KOCHCTEM-
HBIX YCIyT B YKpamHe W MHpPE HEOOXOIUMO YUYUTHIBAThH
BIHMSTHAE PAaTUOHYKINIOB HAa SKOCHCTEMBI, a IMEHHO — Ha
M3MEHEHHE W COKpalleHhue OMopazHooOpas3us, W3MEHEHUE
MIPOZIOBOJILCTBEHHOTO CIPOCa YKUTENeH PaJMOaKTUBHO 3a-
IPS3HEHHBIX TEPPUTOPUH, YCHUIICHHE SKCIUTyaTalluyd paua-
IIMOHHO OE30TAaCHBIX JKOCUCTEM, WX TEPErpy3KH H Jie-
rpaganuio. Bee 910 TpebyeT mpoBeneHHsT HHBCHTAPH3AMN
9KOCHUCTEMHBIX YCIyT MO MX BHAAM, PErHOHaM, MOTpeOH-
TENSIMA M T. J. ¥ (POPMUPOBAHHS KOMIUIEKCHOTO Trocyzap-
CTBEHHOTO peecTpa JKOCHUCTEMHBIX YCIyr C YETKUM 3a-
KpEIJICHHEM 30H OTBETCTBEHHOCTH 32 COCTOSIHME COOTBET-
CTByIOIJ_[I/IX HpHpO)lHI)IX DKOCHUCTEM. 3TO IIO3BOJIUT OLICHUTH
CTOMMOCTh Pa3HOOOPa3HBIX YIKOCUCTEMHBIX YCIYT U CO3/aTh
MECXaHU3MBbI nnaTen{eﬁ 34 HUX.

KaroueBnie cioBa: paananinOHHOC 3arpsA3HCHUC, SKOCHC-
TEMHBIC YCIIYT'H, PaAUOHYKIIUABI, ACTpaJalns S9KOCUCTEM.
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