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METHODOLOGY AND SUPPORT OF ENVIRONMENTAL RESEARCH A S THE
BASIS OF TERRITORIAL SUSTAINABLE DEVELOPMENT STRATE GY FOR
GLOBAL AND REGIONAL ECOLOGICAL PROBLEMS SOLUTION

METOAOJIOTTA TA OPTAHIBALIA EKOJIOI'TYHUX JOCJILIZKEHDb AK OCHOBA
CTPATEI'Il CTAJIOT'O PO3BUTKY JJ51 BUPIIIEHHS I'NIOBAJIbHUX 1
PEI'TOHAJIBHUX EKOJIOT'TYHUX ITPOBJIEM

The authors of the article have offered landscapeclgemical methods for current
environmental situation analysis with the help ebigformation systems technologies. They
will enable to assess 10 components of naturalankdropogenic geosystems. Computerized
systems of ecological safety containing databatesalysis of different soil pollutants, surface
water, and ground precipitation were created. Leaols technogeochemical (ecological)
elaborate electronic maps of environmental sitmatiand conditions were made in order to
exercise environmental management under a stigntstc control.
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ABTOpamMu  po3poOJieHI JaHAmAa(THO-TEOXIMIYHI METOAM BH3HAYEHHS Cy4YacHOT
eKoJoriuHoi cutyarii 3 BukopuctaHHsAM [IC-texHomorii mius kKomrmuiekcHoi — ominku 10
KOMITOHEHTIB TIPHPOJAHO-aHTPONOTeHHUX TeocrucTteM. CTBOpEHI KOMIT IOTEpHU30BaHI CHCTEMHU
€KOJIOTIYHO1 Oe3MeKH, sIKi BKIIOYAIoTh 0a3M JaHUX 3 aHali3iB Pi3HUX 3a0pyIHIOBAYiB IPYHTIB,
MOBEPXHEBUX BOJI, TOHHUX BiakiaaiB. [loOymoBaHi gaHarad THO-TEXHOTEOXiMiuHI (€KOIOTIYHi)
EJIEKTPOHHI TMOEJIEMEHTHI Ta MOKOMIIOHEHTHI KapTH €KOJOTIYHHMX CTaHIB Ta CHUTYaIlid s
HayKOBO-OOI'PYHTOBAHOT'O YIPABIIHHS JOBKIJIIS.

KuarouoBi cioBa: nangmadTHO-TeOXiMIUHI METOAM, €KOJIOTiYHA CUTYaIlis, TPHPOIHO-
aHTPOIIOTE€HHA T€OCHCTEeMa, EKOJIoTIuHa Oe3reka, 0a3u JTaHuX.

ABTOopamu  pa3paboTaHbl  JAHAMA(PTHO-TEOXMMUYECKHE  METOJAbl  ONpeAeTCHHUs
COBPEMEHHOM  JKOJOTMYECKOM CUTyauuu ¢ wucnoib3oBaHueM ['MC-texHomoruii st
KOMILIEKCHOH oOmeHKH 10 KOMIIOHEHTOB MPUPOAHO-aHTPONOTreHHBIX TreocucteM. Co3naHbl
KOMIThIOTEPU3UPOBAHHBIC CUCTEMBI IKOJIOTHYECKON 0€30MacHOCTH, BKIIIOYAIOIIHE 0a3bl JaHHBIX
13 aHaJIn30B paS.HI/I‘IHBIX 33.Fp$I3HHT€JI€I>'I II04YB, HOBGpXHOCTHBIX BOA, AOHHBIX OTHOX(CHHﬁ.
[ToctpoeHs! gaHaIIaQTHO-TEXHOTCOXMMHUYECCKHE (IKOIOTHYECKHE) IEKTPOHHBIE MTOAJIEMEHTHBIE
1 IMTOKOMITOHCHTHBIC KapTBI 9KOJOTUYCCKUX COCTOHHI/Iﬁ n CI/ITyaLII/Iﬁ JUIA HayLIHO-OGOCHOBaHHOFO
YIPaBJICHUS OKPYKAIOIIEH CpeIou.

K.]'IIO‘IeBI)Ie CJ10Ba. .HaHI[IJ_Ia(l)THO-I‘COXI/IMI/I‘-IeCKI/IC MCTOAbI, 3KOJOTHUYCCKas CI/ITyaI_[I/IH,
MIPUPOTHO-AaHTPOTIOTEHHAS TEOCHCTEMA, SKOJIOTHYeCcKasi 0€30MacHOCTh, 0a3bl JaHHBIX.

Introduction. Today, more than ever, it is important to ensure tilarmonious
development of economy, people and nature to teahmterference in Earth's biosphere will
not hurt the quality of the environment in whichopke live. We are witnessing not only active
and controversial political battlegrounds, whichuised as an argument, and environmental

© Adamenko O.M., Adamenko Y.O., Mandryk O.M., Migtiahé.V., Melnyk O.A., 2015
5



Exomnoriuna 6e3mneka Ta 30aJlaHCcOBaHE PECYPCOKOPHUCTYBAHHS

information but also displays low ecological awa®s and environmental ignorance even as
ordinary citizens and leaders of industry and eyg®s of authorities. Figuratively speaking,

lack not only clean water and air, but the basiclagical knowledge. These circumstances
compel us to offer new — structural, landscape-gewdcal course in environmental science and
environmental practices.

It is also necessary to clearly define what is mdmgnthe term "ecology"? For half a
century after the introduction of the term scieftast Haeckel, it has changed its meaning. If
pershovyznachalnyk Ecology understood it as a seiaf the relationship between plants and
animals to each other and the environment, then Velhen the environment began to deteriorate
under the influence of the technosphere and hiditton began to threaten the existence of man,
the meaning of the term "ecology" has expanded} Wweyond the biological sciences. When he
began to understand the relationship between tstersyof natural human-technosphere, ie, the
environment that is rapidly changing under theuefice of human intervention, which often acts
without regard for the consequences. Biologists eustdnd the term as "environmental
protection”. In Europe, U.S. and other foreign daes "environment” were biologists, and its
widespread contemporary understanding of the team meplaced invayromentolohiya (from
Environment — the environment) or engineering emument protection (protection)
environment, etc. [1, 4, 6, 8, 11-19, 21, 22].

Thus, let us consider biosphere structure, its renmental condition and natural
recourses which are limited and should be usednadty. Any geoecosystem irrespective of its
hierarchy and dimentions — a continent, an oceamoantainous country, a lowland, a river
valley, a mountain or a hill, a forest, a lake wer a drop of rain falling down on the earth —
consists of a combination of inorganic nature el@se(abiota,: lithosphere (geological
environment and_earth recoursegeophysical fields of the Earth and the outeacep
(geophysical sphe)erelief (geomorphologic spherer territorial recourses); hydrosphere , or
surface, subterranean and ground waters; atmosptidreclimate recourses; organic nature
(biota, or biocoenosis) — pedosphere (overlyingatatrand earth recourses); phytosphere
(vegetation mantel); fauna(animals), and sociosplleaman society). All these 9 components
either in the Earth biosphere or in any single gst@n are closely interrelated and
interdependent; they have always functioned asglesibalanced natural organism before the
appearance of active human activity. Scientifiditecal process predetermined the enormous
influence of artificially created technosphere ¢in9acomponents. Our objective is to estimate
the dynamics of this technogenic impact and to gméwnwanted changes in natural and
anthropogenic geoecosystems (Fig. 1) [1, 8].
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Fig. 1. Structure of environment or natural and arthropogenic geosystems [1, 8]

Methods of investigation.In order to assess environmental condition of aatynal and
anthropogenic ecosystem, to predict its furtherettgyment, to prevent its negative impact on
human beings, it is necessary to study the dynaofic&tural changes in all above mentioned
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components and to analyze anthropogenic influemcthem. Only after that it will be possible
to create effective systems of ecological safety feasonable nature management,
environmental protection, and nature secure managemased on scientific landscape
geochemical methods. Our objective is to createesys of ecological safety ensuring harmonic
and sustainable development of nature, economyreamdkind.

The Earth ecosystems differ in size, in other wpttsy belong to different hierarchy
levels. Thus, environmental condition investigatiozontrol and management should be
systematic, non-uniformly scaled and take into aot@eoecosystem subordination. The Earth
largest ecosystems — continents and oceans — csiudied only from the outer space with the
scale of 1:10 000 000 and smaller, mountains amthlals are scaled 1:1 000 000, countries —
1:500 000, administrative oblasts of Ukraine — 0:R00, regions — 1:50 000, cities — 1:10 000,
single enterprises — 1:5 000 — 1:1000 respectiveihe more detailed analysis of an area or an
object is made, the more elaborate ecological @aens should be carried out [1, 9].

Thus, any following level in the hierarchy of thgstem of ecological safety should
contain all the data from the previous one (Figh#&cause the environmental condition of even
such a small geoecosystem as a mountain or a feilesiepend on the environmental condition
of a mountain range, a country or a whole continenbther words, all interrelations between
geosystems should be taken into account no maktat evel of hierarchy is considered.

In order to determine environmental
condition of any area or technogenic object, to
predict its further development, to prevent its
negative impact on human beings, it is
1 necessary to study the dynamics of natural

changes in all components of the environment
A under the influence of new technologies. All
2 results of observations and measurements are
entered into the database, the structure of
which was developed by Ya. Adamenko in
1996 [2]. Any database of a single geosystem
component has 20-100 ecological indexes with

3 different dynamics: geological environment

114 changes slowly, but the atmosphere changes

B 5 many times a day.

'H*'\ “08 Total number of ecological indexes can
6 2> amount to thousands, thus, their analysis and

assessment could be done only with the help of
B modern geoinformation technologies and
powerful computers. Computerized system of
ecological safety (CSES) was developed by
our scientists for this purpose.
Fig. 2. Hierarchy of systems of environmental momoring in Ukraine
1 - National level (1: 1000 000, 4D0km),
2 - Regoinal level (1 : 500 000 x5xm),
3 - Oblast level (1 : 200 000x2xm),
4 - District level (1: 50 000, 50050Qu),
5 -Local level (1: 10 0®) (city),
6 - Enrerprise level (for the enterprise) (1:5600:1000, 5&G 50 - 10x 10wm)
A - natural Geosystem, B - Natural and anthr@miggeosystems [1, 3, 8]

CSES comprises all environmental components andoeansed for any region or any
object. According to CSES negative technogenic ghpan vary from the slightest to critical, or
even catastrophic one. Standard influence levetois determined, and as a rule, and it is
regarded as a primary environmental condition withemy human influence. This condition is
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referred to as a zero environment. Under the infteeof technosphere it changes stepwise into
normal or favourable, satisfactory, intensive, ctemp unsatisfactory, precritical, critical,
catastrophic [7].

We developed such CSES both for separate terstasenell as enterprises and different
fields of national economy complex of Ukraine (F&). Environmental condition — favourable,
satisfactory, intensive, complex, unsatisfactoryecptical, critical, catastrophic — was
characteristic of natural systems even before fipea@ance of humanity. The Earth has always
survived volcano eruptions, earthquakes, floodsygints, falls of temperature, and even icing-
up. Such natural disasters changed the landscap@radetermined the evolution of flora and
fauna.
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Fig. 3. Model of technogenic environmental impactduced by oil
and gas industry comprises 10 components, 8 enviroental conditions,
5 procedures of ecological safety, and cross-bordanpact of other enterprices [1, 7]
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Negative effect of anthropogenic progress in th& &ntury resembles natural disasters.
Technogenic accidents as well as environmentalipots within the areas of industrial facilities
are the most dangerous from the ecological pointviefv. Thus, creation of systems of
ecological safety is very important. They would m#r to observe changes in current
environmental condition within the investigatedahaving many dangerous industrial facilities,
to forecast these changes in order to preventtiveganvironmental effect and to avert large-
scale technogenic accidents and catastrophes.

Computer models environmental condition of all 10mponents of natural and
anthropogenic ecosystems and forecasts their chardgecessary ecological limitations for
economic activities within the investigated area mtroduced depending on the predesigned
scenario of interaction between nature, economysaiety. The system is a new information
technology which allows guided and automated cowntrecological safety of a country, region,
industrial field, oblast, district, city, enterpeiskFor creation of industrial CSES, for example, fo
oil and gas industry, we offered a correspondingrgermation system (GIS) also consisting of
10 databases.

Results and disscution investigation results and #ir consideration. Ecological safety
is a new field of conservation activity, a new warsity specialization “Ecology, Environmental
Protection, and Balanced Nature Management” andeva subject for training Bachelors,
Specialists and Masters of Ecology and Geography.

According to the specialization certificate, — egital safety is “a determination and
substantiation of the correspondence of existingxgected environmental conditions to the
international environmental standards, and objestiget to health protection, insurance of
sustainable social and economic development artd ptaential and environmental protection
and restoration. Ecological safety combines natarad technogenic components and it is
intended to ensure harmonic development of theesys€écomomy-nature-human being”.
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As different scientists regard the notion of “egptal safety” from different
perspectives, we decided to offer our own undedstagnof the ecological safety structure.

The structure of ecological safety should not bemgmous, indefinite or have multiple
explanations. It should consist of universally gted procedures legally adopted both in our
country and abroad. It will enable ecologists tatoal changes, forecast, and eventually manage
the environment. Besides, ecological safety shamlwlve not only industrial facilities, but
entire territories. We offer the following ecologicafety structure:

1) assessment of current environmental situatioth @ndition of all environmental
components (ecological audit); 2) evaluation ofiemnmental impact of technogenic facilities;
3) ecological territorial monitoring; 4) forecashda modeling of ecological situation in
accordance with different scenarios of territodi@velopment; 5) improvement of ecological
situation (environmental management).

Ecological audit. The closest equivalents of theomo“ecological audit” are “ecological
inspection”, “ecological investigation”, “ecologicaassessment”, “ evaluation of current
ecological situation”. Thus, ecological audit diagas “environmental health” of an enterprise or
of an entire territory, ability of its “technologit body” and production systems to self-purify
without environmental pollution, to produce ecotdly safe goods, and to attract investors. For
this purpose western companies consult ecologisdit@s (legal entities or individuals), who
are able to estimate environmental condition okaterprise or a territory, to find out existing
divergency, that is infringement of acting enviramtal legislation or breaking international
standards, and to plan measures which will helgetiterprise production process meet the above
mentioned requirements.

Thus, ecologic audit is the estimation of currentinmental condition of a certain area
or industrial object. In other word, it is the kmsr the beginning of ecological inspection when
we determine the so called zero environment andrgbdurther changes. How are quantitative
changes in the environmental condition of landssapel their components estimated?

For this purpose certain parameters are used, artt@rg offered by V. Hutsulyak
concentration factor, concentration clarkes, tatdices of pollution etc. Calculations of these
quantitative indices allow estimation of environria@nchanges, which are divided into 8
environmental conditions. It can be easily donerafte conduct field investigation, take samples
of soil, surface, subterranean and ground watémspsphere, bottom sediments, rain and snow,
flora. Having analyzed these samples whether they @ntaminated, having created
corresponding databases, one can begin geocheanmabnmental assessment of the landscape.

Each landscape component (soil, water, air) mayjatora great number of chemical
elements which concentration to some extent isdasigerous for a human being, but even
useful and necessary. Mean concentration of elemerthe Earth's crust (lithosphere) is called
clarke. Similar clarkes are calculated for soilgtevs etc. This mean concentration is called
regional background. It can be larger than thekel@s, or smaller. Thus, only those components,
which concentration outhumbers the clarke, and @ndrackground, can be anomalous, that is
harmful for normal ecosystem development. If thexocemtration of some element in the
investigated area exceeds the maximum, this elebem@mes toxic, in other words, harmful for
a human being.

When any region is inspected the optimal networleablogical polygons for sample
taking is determined [9]. Having analyzed everynpowe get concrete data on all present
chemical elements or databases. The network ofogwall polygons should be determined
properly. Several samples are to be taken fromydaeedscape depending on the map scale. The
best network presupposes 1 cm distance betweeg@wyon the map (Fig. 4) [1, 8].

Calculations of background concentration of anynelet in any environment are made

by grouping element concentrations according to theracteristic intervals. The clarkein its
group is taken into account ink each interval. Bgoknd concentration characterizes not less
than 2/3 or 66.6% of samples with minimum and maxmctoncentrations [10].
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Background concentration equals the sum of clamke®ot less than 66.6% of samples
divide by the number of these samples.
The ecological technogeochemial map of elementildigion in certain environment has

isolines of its even concentrations (isoconcensjatenich must equal the element clarkein
every interval. That is isolines of element concaidns on the maps should be drawn only in
characteristic intervals, unlike on geochemical saafhus, isolines will give a clear picture of
element distribution which depends on the concgatradistribution of elements in their

intervals(Table 1) [8].

Ecological technogeochemical maps of every eleraemteither handmade by means of
interpolation of data from one ecological polygonanother, or made with the help of software

applications SURFER, MAP INFO, TNT mips etc.(fig6h
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Table 1
Calculations of background and anomalous concentrains
and isolines of even concentrations — isoconcentest of lead Pb (mg/kg)
for making ecological technogeochemical soil map%,[7, 8]
IaTepBanyu BMicTy
0 0,01-0,1 0,1-1,0 1,0-5,0 5,0-10,0 10,0-25,0 >25,0
0 0,03 0,8 1,1 9,65 14,3 41,2
0 0,01 0,6 1,4 7,04 16,4 35,4
0 0,01 0,95 2,3 9,55 12,3 26,6
0 0,01 0,8 2,4 9,85 22,3 48,9
0 0,03 0,9 1,9 7,05 21,4 38,7
0 0,02 0,3 1,9 5,7 24,3 36,6
0,03 0,6 1,6 8,1 20,6 38,5
0,03 0,41 2,3 9,8 21,9 41,2
0,01 0,4 3,4 5,9 21,7 40,1
0,02 0,3 2,1 53 21,85 36,5
0,041 0,9 2,85 5,4 32,9
0,01 4,8 6,35
0,03 4,3 9,75
0,03 2,9
1,6
1,6
4,6
3,5
1,4
1,55
2,4
1,32
2,9
3,6
2,4
3,15
1,4
1,6
2,4
3,15
3,85
1,6
2,9
3,9
6 14 11 34 13 10 11
2.=0 > =0311 | > =696 | > =8635 > =9970 | > =19705| > =4167
n=1 n=1 n=1 n=1 n=1 n=1 n=1
x=2=0 T p— x:@f: 063 | x= 82?5: - 9193,7 . 191205:19‘7 1 79
ik=0 ik = 0,022 ix = 0,63 ik = 2,54 iKk=7,7 ik =19,7 ik = 37,9
®on (C) (661pob i3 99, T06TO 2/3 260 66/6% ) :0+ 0311+ 696+ 8635+ 53 =15

Anomanbruii Bmict (Ca) =3- p=3-1,5=4,5
Isokonnentparu (ik) aus kapru: 0 — 0,022 - 0,63-1,5-2,54-4,5-7,7-20,937

6+14+11+34+1

Co Ca

TJIK
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Concentration factor showing the anomaly of cheim&aments is an indicator the a
concentration level of a chemical element in itskggound concentration. Concentration level is
determined by the ration of actual concentratioa given environmental point to its background
concentration.

Concentration database will allow concentration tdaccalculation in separate
environmental components for all ecological polygon

Total pollution index of an ecosystem componentofim case, it was soil) is calculated
with the following formula invented by V. Gutsuly§]:

Z.=Y K, -(n-1) (1)
i=1

wheren is a total number of considered chemical elem@nily values wher&c > =1
are added).

Total pollution indices of any landscape componehtracterize its resistance to
anthropogenic load. If the latter does not excéedability of a landscape to self-purify, then we
will deal with ecological situations of differenbmplexity which will be quantified [1, 7 - 8].

After conducting all abovementioned procedure, w@n cmake ecological
technogeochemical maps showing current environrheotadition of any territory. But to do
this, it is necessary to investigate sequentidllf@ environmental components, that is to carry
out ecological audit, algorithm of which is givealdw:

Ep= ( Teg Tc¢ Teg Tcd) Tcd) Tegh Teg Tc¢ Tc¢)

JT'I'® 'TM' I AT 1] @C ' 3C (2)

Ep — environmental condition of the arédl, I'®, I'M, I'/], AT, I1]], ®C, 3C, J]C —
Natural condition of lithosphere, geophysosphesmngorphosphere, hydrosphere, atmosphere,
pedosphere, phitosphere, fauna, demosphere,

Tcgh — technogenic impact on geosystem components.

Tegh =f (BM, IIC, MJ], H®, PP...ma in.), (3)

BM — heavy metalg/C — pesticides\//] — mineral fertilizes H® — oil productsPP —
radioactive substances etc.

Complex (total, synthetic, integral) maps showingrent ecological situation as a result
of ecological audit are made by computer overlayafigsingle ecological technogeochemical
maps of separate chemical elements and maps abanwental components (Fig. 6) [8].

Assessment of environmental impact. The next stepeiation of CSES is assessment of
technogenic environmental impact of dangerousites! All construction designs of national
economy facilities require such assessment. Thathig it is an indispensible part of State
Construction Standards. There are many absolute raladive methods of assessment of
technogenic environmental impact of dangerousifeasianalyzed by Ya. Adamenko in details
[3].

To prevent environmental pollution, to restore pesible level of environmental
condition, consistent effective ecological poliaynad at health and life protection and nature
conservation is required. It presupposes introdactof ecological laws, normative and
procedural documents. An indispensible part of soelcy in leading countries is systematic
procedure of ecological assessment, used as afdogbreventive ecological regulation of
economic activity. Analysis of acquired internaabexperience permits to impose a number of
rules making this tool more effective and less depat on specific conditions of different
countries.

Equivalent of an ecological assessment system naibkx is ecological expertise which
estimates environmental impact and state ecologiaébrtise. Basic legislative act in ecological
assessment field of Ukraine is the Law of Ukrai@n“Ecological Expertise” (1995). General
requirements to preparation of materials of envimental impact assessment are defined in State
Construction Standarda{2.2-1-2003).

Experience of environmental impact assessment naib& showed that the procedure of
ecological assessment does not pass all the stgfes investment project (project idea, project

12
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implementation, visibility of the project) which asusual practice in the whole world. As a rule,
environmental impact assessment in Ukraine is aragp part of project documentation. It
means that impact estimation begins after the meci® conduct some economic activity has
been made and the site for construction has beesenoh That is environmental impact
assessment does not come first, does not infludrecelecision, in most cases it is done post
factum. Thus, being important from the ecologicainp of view, environmental impact
assessment is deprived of effectiveness.

Environmental monitoring. The term “environmentalmitoring” was first offered before
Stockholm environmental conference organized by.O.NStockholm, June 16, 1972). The
term “environmental monitoring” itself apparentlpmeared to oppose (or complete) the notion
“control”. Monitoring was regarded then not onlyselvation and receiving information, but
also some activities and elements of control. Anddel.Herasymov described scientific
fundamentals of modern environmental monitoringhis works touching upon domestic and
international aspects of global monitoring systéin [

Discussions on the monitoring problems reinforcedbote the First UNEP Governing
Council on environmental monitoring convened in i (Kenya, February, 1974). But
observations of multiple changes in biosphere chbyeanthropogenic impact had already been
carried out by hydrometeorologists of the formevi8bUnion. Basic provisions and objectives
of the GEMS (Global Environment Monitoring SysteRrogramme were laid out at Nairobi
meeting. Attention was paid to warning about changeenvironmental condition because of
pollution, warning about menace to health of thenkiad, threat of natural disasters, and
ecological problems. Majority of decisions were pigol at the second session of the UNEP
Governing Council and were accepted by society.ail®t discussion of basic monitoring
objectives and different aspects of monitoring eystmplementation took place at International
Symposium on complex global monitoring of enviromtaé pollution held in Riga (December,
1978) [18-20].

Environmental monitoring, or ecological monitorimgf natural and anthropogenic
geosystems is a system of observations, gettimgepsing, transmitting, storage and analysis of
information on the condition of ecological systembich develop both naturally and under
anthropogenic load. The state monitoring systemtmasonly ensure conducting observations
and environmental analysis, but also provide gawemtal bodies with timely information,
forecasts and warnings about possible environmaftahges in order to support managerial
decisions, to develop scientifically based longrteand effective ecological programmes.
According to the Resolution of Cabinet of MinistefsUkraine dated September 23, 1993 # 785
and the Provisions on the State Environmental Moimigg dated March 30, 1998, Ukraine will
conduct total (standard), operational (crisis) abdckground (scientific) environmental
monitoring.

Total (standard) monitoring is observations of fhants within the information and
technological network regarding an optimal numbér parameters. Thus, environmental
assessment and forecast will help make decisioals latvels on a regular basis.

Operational (crisis) monitoring is the study of gpéindices at target points on-line in
order to enhance responding in critical situaticmsmake decisions on their closure and to
ensure safe living conditions. The target points ba sources of greater ecological risk in
certain regions determined as emergency zones egidns where serious accidents with
harmful ecological consequences take place.

Background (scientific) monitoring is special higtecision observations of all
environmental components, as well as nature, comnpos circulation and migration of
pollutants, reaction of organisms on pollution #fedent levels (population, ecosystem, or
biosphere as a whole). It is conducted in natunal biosphere conservations, other protected
areas and base stations.
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State environmental monitoring system has threeldev

1. local- territories of separate facilities (enterpriseties, landscape areas);

2. regional — administrative-territorial units,ritaries of economic and natural regions;

3. national — the territory of Ukraine as a whdMaservations, gathering and processing
of ecological information is made by the authadizsodies of Ministry of Environment of
Ukraine together with other Ministries and agencies

Except for national, regional and local levels eowimental monitoring is carried out in
administrative subdivisions (oblasts, districtswie and villages), separate enterprises,
recreation zones or in industrial fields (oil ana@sgagriculture and forestry etc.). Computer
information systems provide easy access to eca@bgitormation of any level.

Forecast and modeling of ecological changasnsideration of the structure of natural-
anthropogenic geosystem shows that all its comgenean undergo both natural and
technogenic ecological changes. Thus, we haveféo afsequence (algorithm) of geoecosystem
development forecast. Such sequence presupposesselketion of several natural and
technogenic ecological changes from each compoiiéese changes are integrated in order to
make up total ecological result which will influenthe health of the mankind and environmental
condition of ecosystems. In each particular case nhhmber of such changes will differ
depending on the level of detail and depth of itigation. The illustration characterizing
Nadvirna petroleum district shows 20 of such char(§éy. 7).

I'eonoriune : I'eomopdro- : . . f
Tleodizcdepa P pd Tppocdepa | | Armocdepa IMenocidepa || Pitochepa 3oocdepa
CepeoBHILE cihepa
9 HCO‘ICK'I‘(JH.I‘IIU' IMiHM THIE
Aedopaanii 16 IPYHTIB
IIpupoani
EKOOTTHHI
3MIHH -
HICTE
4 YPIHHA, GAK}'UK‘U’" ol Eposia Jadpyn. 43aﬁpy;1. " Sl\l-'Ml‘!-_ Nimiu. Ximi.
ap'epH nons 1 MOBEPX. BOJ| lCTaLL TP TBCP. BLAX. 3adpyIL. sadpyiL.
3arazo- 7 Eriek.-MarkiT| 2 Jabdpya hs 3adpya. Orann 3
TexHoreHHI 3MIHH 5 BAHICTE [ E] IPYHT. BOJ PyX. EEp | IOBITPS

Pamiauis 3abpyi.
e, sog]

Ekomnoriumi Exonoriani Exonoriuni Exomori4si Exonorixui Exonoriuni Exomnoriuni
amMIHH reodizud.| [aminn IMIHH IMIHH SMIHH IMIHH IMIHH
TMomiE reomopipoctepn| | rigpocipepu armocepu nenocepn titochepn 300cthepu

Exonoriusi
IMIHH FeoL.
cepe/loBHILa

CyMapHI eKOJIOTTYH1 3MIHK
JOBKILILIS

!

BriIHB exoIoriMHHX(IPHPOIHEX 1 TEXHODEHHHX)
3MIH HAa JIKJIHHY Ta NPHPOIHI €KOCHCTEMH

Fig. 7. Structure of natural and technogenic ecolagal
changes in the ecosystem [3]

We offer technical evaluation methods for eachipaldr ecological changgable 2) [3].
3cyeu
Thus, for example, affection of geological enviramh by the IandslidesZFC is

measured by the area of affection S irfkthe volume of landslide masses V il amd percents
oyp

(%) of landslide area. Environmental disturbancedbyling and open-cut minesZFC is
measured by the coefficient which is calculatedhwlie help of special formula.
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Table 2
Sequence of determination of natural and technogeniecological changes in

geosystems for local environmental monitoring [3]

KoMmmone- Exoaoriuni 3minn E
HTH IIpupoani TexHorenHi TexHiuHi MeTOAM OLIHKHU
. ETP ETX
JTOBKIiJLIsI
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vere o6'em V, M°, %
2K rapem 06'em V, M°, %
apcr 2B
2
. 3.CeiicMiYHICTD 3 E“”‘“’“ ITnowma, S,kMm
Feonoriune banpHicTh MAXCiM.MOXKIINBA
CepeaoBHILC 4. Topymienns GypiHHAM i Vuc
op | KN= Z ——[100%
Kap’' epamu 4 E rc "
. as [owa, S,km?, %
5.3arazoBanicTh 5 E rc
. axkycm
o_B
6. AkycTr4Hi moJs GEnp Li=Lp— 15|gif Hg & -
. 7 EnexrpoMarHitHi Inoma, S,kM?, %
T'eoiz- —
chepa noJis 7 E ro
8.PanioaxTuBHe Tlnoma, S,kM7, %
paodiay
3a0pyXHEHHS E ro
9.HeorekToniuni Ioma, S,KMZ, %
Penbed- nedopmamii ¢ E’I‘;‘;'”””’
reoMop- 10.Epo3is IpKOBa, JOHHA Tlnoma, S,kM?, %
P p
dochepa ) epos | Hdosxkuna |, km, %
Ta OivHa 10 E
11.3abpynHEHHS TOBEPXHEBUX Cim kareropiii: noBxuHa l,
3ne KM, %
BOA Y
12.3abpynHeHHSs IPYHTOBUX n
Tigpocdepa -6 Zci= Z Kci—(n-1)
BOJ 12 Ei—ﬂ i=
13.3abpynHeHHS i 3eMHIX [noma, S,kM?, %
3n36
Bo s I
14. 3abpyaHeHHs BiX CTal[iOHAPHUX n
om Zci= Z Kci—(n-1)
Armocepa 15.3a0pyaHEeHHs] pyXOMUMH [KEepenaMu Z Z| +, + Z In
pyx
15 [ 47
16.3acMideHHS TBEPIMHU IIoma, S,KMZ, %
. me 0O6’em V, Tuc.t
B1AXOJIaMU 6 E by
Ipynru- 17.3amunenns onaxamu 3a0pyJHIOBAUIB 3 _ i Kci - (n-1)
onaou
negocdepa arMochepu E g =
8. 3MIHM THIIIB, KHCIOT- IInoma, S, KM %
. . 3m
HOCTI Ta iH.
s [ 17
®dirocdepa L. XiM L .
dep 19. XimiuHe 3a0pyAHEHHS 19 E<1>C Zci= Z Kci-(n-1)
i=1
3oocepa . xin L .
dep 20. XimiuHe 3a0pyqHEHHS 20E3C Zci= z Kci—(n-12
n=1
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OJIHULIIO
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epos
Abnormaliyt of geomorphosphere (relief) due to EmsoZFC is calculated by area S
(in km® of its distribution and percentage (%) of theeaféd territory. Ecological changes of

subterranean water qualitylzzﬂZ is calculated according to total fouling factor
ZsiKc.—(n—l)' Ecological changes in atmosphere, soil, flora agdcultural vegetable and

animal products are calculated in a similar way.fdnot, this formula is applied to all 20
ecological changes.

Integration of 20 factors of ecological changesasried out by means of overlapping
maps showing the areal distribution of each factor:

EZ = F,+E> +E3+...Eo, (4)
where, EZ is a total ecological effectt; E,, Es,... Ezo, are maps showing areal

distribution of each ecological chan@eable 2) [3].

Graphic overlapping of landscape geochemical (gpcdd) maps (Fig. 6)8] facilitates
the process of environmental impact calculationeash of them impatrtially reflects the areal
distribution and intensity of any kind of impacto €stimate the environmental condition of the
territory at a local level it is important to calate the area affected by any environmental
impact. Environmental measures should be workedpetifically for the effected area and not
for the whole region as it sometimes happens noygada

Environmental managemeriiere we come to the last fifth part of ecologisafety —
environmental and reasonable nature managementhwsthould be based on all above
mentioned ideas. Long-term ecological programdjilstation measures or operative actions in
case of catastrophic environmental condition afgetdeveloped accordingly.

Conclutions. Thus, to create ecological safety system for s@médry it is necessary to
develop the system of detailed profiles and geagpohl poligons observation. One-time
landscape geochemical observation (ecological Juditonly an initial stage of regular
monitoring which frequency should be determinedilig level of environmental components
transformation. It will enable to forecast the eowmental condition development.

The introduced CSES is open and can be of a sepatogct, local, regional and national
level. It represents ecological databank which ste®f landscape geochemical databases of all
environmental components under study with a nundfeecological parameters. The total
number of these parameters amounts to hundreds\werdthousands. Thus, it is impossible to
carry out such monitoring without GIS technologies.

Landscape geochemical environmental analysis alkiate and local administrations to
make decisions. The system complexity is ensureditbgrent approaches to ecological areal
mapping: landscape, resource, administrative ett.egological information is stored in a
computer memory, which means that complex envirantaiendices can be easily updated in
accordance with the dynamics of nature- anthropogegeosphere-biotosphre-sociosphere
processes.

Only possessing full ecological information acqdireith the help of modern GIS
technologies, we can be sure that environmentaliton is well controlled.
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