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Safonov A. |., Safonova Y. S. Phytoecological characteristics of industrial urbanenvironment. — The
ecological analysis of the territory of an indusittbwn has been conducted on the example of theeBk city with the
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The relatively young science of ecology attemptdai@e a holistic understanding of the
natural processes that take place within a defsystiem. The central idea is that a patch of the
planet, a natural community, contains discretengjvibiotic) and nonliving (abiotic) elements that
interact in synergistic ways. These elements ireling living organisms, the landscape patches, the
parent geologic materials underlying the soils, tredlocal hydrologic and weather patterns. These
patterns of interactions can be categorized andhaoed between and among various ecosystems.
Energy flow (metabolism), food webs, predator-pieieractions and co-evolution are typical
categories of investigation common to all ecosystgin?2].

Ecologists have been comfortable for over a cenwitli the notion of natural ecosystems
such as deserts, tundra, grasslands, old growtst®rand estuarine salt marshes. Even animal
societies such as honeybee colonies, termite moandswolf packs are routinely considered as
ecological units. However, the concept of the radtaity, a human city functioning as an ecosystem
on the scale of an estuary or a rain forest, issincademic infancy [3, 4].

Traditionally, the study of ecology has been ampt® natural systems in such a way that the
variable of human impact has been excluded frombibkgical equation. Our understanding of
ecology, and its younger sibling science biodiwgrdias been developed by sending researchers
into pristine ecosystems in order to gather datahenintricate co-evolved relationships among
organisms. Ecologists have focused on the intena€twithin the natural community. The new
biodiversity scientists have tried to identify aamg species as possible, and with those data, forge
an understanding of species distribution and abewlal he studies have provided lucent images of
nature and provide the infrastructure for the gitsoes of biogeography (the mapping of species),
behavioral ecology (the behavior of individuals agibups) and most recently, conservation
biology (protecting those species from extinctiomjowever, with the exception of those
researchers interfacing with public health, thedigtsl were conducted in remote areas where the
human footprint was as small as possible. Thoséghealth scientists who did work in cities were
conducting research on the negative impacts ofrulibang and essentially trying to stamp out any
remaining plant or animal populations that werenaee troublesome. Cities were not viewed as
natural entities, but as foreign impositions upoa hative landscape.

The development of ecological thinking about cits have a broad and profound impact on
all the issues of social importance to urban stakkdns. Public health, resource allocation, water
quality, energy conservation, historical and ndtpraservation will all benefit from a revisionist
approach that includes the biology of the systenthasfoundation for its understanding and
management. The concept of the natural city willehis roots in a series of scientific models that
will be testable in a variety of urban environments

Geopolitical situation of Donetsk is characterizgdthe fact that the city is a large industrial
and economic as well as intellectual and cultuegitie of Ukraine. It is situated in the steppe zone
in the South-East of Ukraine in the middle of temskst network of railway lines, automobile roads
and air transport. It is known that strategic plagnn the market conditions originates from the
idea that it is possible to influence the futureaotertain territory by planned actions aimed at
achieving a new state of a territory, which wouddisy the population's needs. In this respect the
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General aim of working out the Strategy of Donetskachieving European standards in the
framework of level and quality of life of the poptibn.

The General aim was determined coming from thecbasy problems and competitive
advantages of Donetsk. Hence, the strategic obgsct: the instruments of the strategy realization
and the awaited effects — have been formulated.

The ecological situation in Donetsk is very comgtégl, it is worse than in a number of other
large cities in Ukraine. The omission of harmfubstances in the atmosphere in 2006 attained 130
thousands of tons a year. A serious problem arels#aps of mining and coal preparation situated
on the whole city territory. Solving this problems envisaged in the framework of Alborg
obligations accepted by the city in 2004. They aesed on the principles of sustainable
development: a balanced functioning of economio)aggcal and social spheres of human activity
in the city in long-term perspective.

The strategy of the Donetsk city developtmeresupposes a number of directions: use of
alternative sources of energy; industrial use aftsmethane; purification of ground sediments and
improvement of banks of main city's reservoirs;atian of the city's sewerage system; separate
collection of domestic wastes; liquidation of s@orgous scrap-heaps of domestic, builder's and
industrial rubbish; recultivation of slag heaps apen-cast mines.

The envisaged directions will enable to reduceleliel of pollution of the atmospheric air by
40%, water resources — by 20%, the level of wasliefpon by more than 3 times.

At present the scientists of the Donetsk Nationaiversity and the Donetsk Botanical
Gardens have conducted reconnoitering work on goaoirthe Donetsk city territory with the use of
bioindication indices. One of such indices, whias lalready been approved for northern industrial
centres of the Donetsk region, is the index of xerg and specifics of structural alterations @& th
plants-indicators [5-8].

The interest in urban ecology can be understoad fiaur perspectives. First, human activity
is concentrated in urban clusters. Even for thaseans living outside of metropolitan centers in
what are classified as rural landscapes, the ptovduactivities of these people are often linked to
resource requirements in nearby or distant ci8esond, humans as a species dominate each of the
earth’s ecosystems, whether they are heavily ptgulilar notAlthough this idea remains troubling
to scientists, anthropogenic impact is an unavdelahriable in the study of ecology. Third, any
modern model of ecology must include consideratminsuman impact in order to be of use as a
predictive tool. Finally, developing an understangdof the ecological processes that occur within
urban landscapes can be of great utility to thaséepsionals charged with solving the social
problems inherent in city life. We can examine &esir elements in more detail [9-12].

Human demography has shown a steady increase peticentage of people living in cities.
Beginning with the advent of agriculture 5,000-IM0years ago, humans have been developing
bigger and more densely populated urban centers.Urfited Nations recognizes over 300 cities
with population over 1 million people, with sixteehthese metropolises categorized as megacities
(20 million or more inhabitants)his pattern of urbanization is evident in both eleped and
developing nations [3, 11-14].

As human population has increased, so has ourespampact on global ecosystenihe
fossil record points to five major periods of rapktinction during the past 500 million years oa th
planet, all of which occurred prior to the evolutiof our human lineage. These catastrophic events
were triggered by rapid, un-buffered environmenthbnge. The most recent complete cycle,
triggered by an asteroid impact on the planet, meduapproximately 65 million years ago during
the Cretaceous period and caused the extincticat tdast 50% of all of the animal families on
earth, including the last of the dinosaurs. Coretom biologists have detected the start of a sixth
major period of rapid extinction, beginning in thast 200 years [12-14]. This bout of biodiversity
loss is directly linked to environmental degradatgaused by human activity and over-exploitation
of natural resources. The tremendous impact of hgnoa the biosphere is concentrated in urban
areas where deforestation, soil erosion, polluaod exhaustion of natural resources is the most
intense. Finally, bringing an ecological perspeztio the challenge of urban management provides
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a new set of tools for addressing the problemsuofcdies. Social injustice, poverty, public health
and pollution are all societal problems with deeplegical and environmental roots. One of the
tremendous advantages of science as a lens fomgdhe world is that it brings with it a sense of
dispassionate neutrality that can provide a fresfsgective on these problems. The teaming of
science with social concern has spawned the relgtivew field of environmental justice, which
has proven to be a robust approach to such prolbdesniexic waste management and brownfields
reclamation. The development of a new perspectivehe ecology of urban systems requires
considerable effort on the part of the scientifemenunity, but the potential payoff on the
investment is enormous. If one accepts that scishoeld be in the service of humanity, than the
needs of urban dwellers worldwide provide a compglthallenge to natural and social scientists.
Many conservation biologists agree that denselyfaded urban centers represent the most likely
scenario for a sustainable planet. Understandiegettology of cities is the first step towards
improving the quality of life for all of its livingnhabitants. Livable natural cities increase the
probability that sprawl can be minimized, and temaining open spaces outside the city limits can
be preserved. The promise of science done welasits findings provide the basis for rational
solutions to human problems. The application ofi@gioal thinking to the vexing problems of the
world’s cities provides tantalizing opportunities Ecience to do more good work.

The work "Phytoindication of metallic pressure ohtlamopogenically transformed
environment" is a result of 10 years' activity, luting regional reconnaissance and analytical
period [15]. The region that was chosen (the Ddneldast) is undoubtedly prominent in terms of
man-caused pressure on the environment on a gltme. The territory of the immediate
monitoring corresponded to the Artemovsk and Kamstavka administrative districts of the
Donetsk oblast, which are determined as adequdtestaims set for phytoindicational experiment.
As the location of separate units (sources of batiral and man-caused involving of heavy metals
in biogeochemical cycles) allowed us to conventigndifferentiate the specificity of metallic
pressure on the environment, the areas of nortter@asdustrial centres of the Donetsk oblast
proved to be perspective for laying a homogeneoasitaring net of a big enough territory to
obtain the informative conclusions. Such a circameg (as a result of numerous superimposition
of "specific areoles of pollution”) to a great entteexplains why, for example, the investigation
planned on the territory of the Donetsk, Gorlovkal &nakievo, Mariupol and other industrial
centres is pretty much complicated. Those megastnidlized zones though are always of interest
in terms of botanical and ecological investigatidie territory we chose conforms to detailed
phytoindicational analysis due to relative homoggynef edaphic and climatic characteristics, and
as a result in geobotanical as well as in orog@pdiation. It's important that the levels of heavy
metal contamination (as the most dangerous andeactimponents of toxicological situation of the
analysed zone) were sufficient to conduct not ardyural experiment but also to model further
artificial situations in laboratory environment avidualize the results on plane.

A working hypothesis was an assumption that thergxof "structural variability” (mostly
anatomic) of plants with wide ecological amplitigtews with the increase of geochemical contrast
of the environment and (or) the level of man-caugméssure (equivalent tancreased
concentrations of toxic elements) on natural emritents. Experimental results of the research
were directed to discovering a pattern of allogati@vailability or frequency of separate
characteristics or indices with phytoindicationahcunt in structural aspect. Meanings of these
indices were checked in terms of correlation tocdms of heavy metal contamination of the
environment. The choice of the centres of immediatalisation of monitoring net as well as
species of plants (principally herbaceous and wilmnving, equally often found in all without
exception ecotopes of the investigated zone) wasdpurely experimentally. It was successful to
have discovered such areas and phyto-objects.

The data obtained on the state of plant organismaaces with different ecotoxicological
characteristics corresponded to the basic prin@pldynamism and adequacy — "here and now".
Thus, there is a possibility of wide extrapolatafithe findings, but first of all the matter conesr
regional standards (levels, diapasons, criteriajesponding with the time domain of materials
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collection. Originally phytoindication is considdras an applied aspect of botanical and ecological
research. The results of the work done contriboiteotution of a number of fundamental scientific
issues, such as sustainability of biological systéam the example of sexual organs and fruits of
plants), plasticity of biological systems (on theample of anatomic and morphological and
physiological plasticity of plants) and heterogénesf biological systems (on the example of
anatomic variability of plants).

The general scheme of the tasks succession istisel®f the research territorp choice of
prospective phytoindicators> analysis of migration flows and localization ofalg metals—
defining local standards of discrete charactegst€ plants or their separate indices range
building indicators' ecological plasticity scales elaboration and application of the method of
cartographic and schematic visualization of thedifigs on plane— search for correlation
connections in the system "factor-index' correlation groups of joint and attendant charésties
ascertainment— possible forecast of further state of botanicadl atological indices of the
territory... approbation, using and improving the noets of structural phytoindication.

Certain reactions of plants to increased conceatratf heavy metals compounds in soil were
chosen as the research object. The subject of ¢ksearch is the discrete self-descriptive
characteristics of test species structure in centreetal-toxic conditions.

In view of the aim set and the pointed objects suigjects of the research we used methods of
experimental and theoretical complex. Among the tndesnanded are the methods of ecological
and toxicological monitoring, ascertainment of @olegical specifics of test species on special
metal-bearing substrates, the method of constgi¢én-point scales according to the specifics of
variation range and the diapasons of metal contelutes and structural polymorphism of plants,
the method of cartographic single-plane visualaratf data and realization of their possible many-
sided analysis. The survey of information souradtects some principally important aspects of
plants studies in industrial region. First of alhere is a generalization of the notion of
phytoindication of ecological factors as well ag ttirections of using plants for evaluation or
monitoring of the environment: be it anthropogehjmessure, natural geochemical anomalies or
phenomena connected with it to different extenhulnber of generalizations allowed us to assert
that the target direction of the scientific actvibf separate research institutes or laboratories
depends on a complex of regional natural and clarfaictors, which determines the state and
correlation of the components of natural systerasy@ll as existing traditions of scientific schools
based on authoritative grounds of the correspondiingction by leading scientists. A set of
methods and scientific traditions directly depemuts material and technical equipment of the
laboratories. Being guided by the survey of litgrdata we determined that "phytoindication” can
have various forms of interpretation which directlgpends on target destination of the set of
experimental series. There are a lot of criteria pbfytoindication, a lot of categories of
phytoindicational concernment which mustn't be eeigd. It's also incorrect to perceive
phytoindicational research unambiguously and imgle direction, for instance, without taking into
account cause-and-effect relations which form ragfyl

The present work includes some generalizationafofmation sources on different aspects of
theoretical and applied direction of phytoindicaabresearch in industrialized region. The data on
the specificity of heavy metals contamination ofnanpogenically transformed environment have
been grouped, primary attention being paid to ty&esn "soil — plant —... " . Multi-factorial
character of interaction in this block as well Bs hature of accumulation and behaviour of toxic
elements in a plant organism have been underliMahy questions are concentrated in the
framework of structural and functional reactions ptéants to dynamic alterations or relatively
chronic state of the environment (express-diagogshistochemical manifestations, morphological
alterations and others).

We considered the thesis that the criterion of rapibtolerance of plants can be their
ecological plasticity reflecting itself in differgation of a number of structural elements which
allows to realize adaptation of potential phytades to wide conditions of their existence. In this
aspect many approaches (geobotanical, biochemigapaat of physiological, anatomic and
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morphological, populational, geological and minegatal, landscape and descriptive,
reconnaissance and others) come to one principansént on possibility of qualitative and
guantitative evaluation of the environment usingngs. In the literature survey the attention is
accented on peculiarities of the reaction of a éggfaratus as an informative vegetative part ¢f tes
indicators as well as carpological and embryoldgspdnere as sexual component of exactly "test-
objects” or "test-characteristics”, such terms ¢peimore appropriate (than "test-species”), taking
into account the specificity of the present expental work. There have been pointed out the basic
procedures of realization of phytoindication practsat can be presented as a following algorithm:
factor choice, way and scale of measurements chsiearch for indicator, elaboration of an
evaluation scale, data visualization (in this gals@e cartographic), determination of the corretati
level between factor and indicator alteration analyvef expressing this connection. The data
available demonstrate that working out a systemmethods of phytoindicational research of
metallic pressure on the basis of plants' struttpodymorphism is an important and necessary
scientific and practical trend of bioindicationalonitoring of anthropogenically transformed
environment, which is topical for geochemically ttast Donetsk region.

Selection of test-objects for phytoindicational esment was based on ecological and
botanical characteristics, indices of structuralsptity and on the results of the laboratory begti
In the general block of metallic pressure phytatation we used the following speci€3chorium
intybus L., Tripleurospermum inodorum (L.) Sch. Bip.,Plantago major L., Tanacetum vulgare L.,
Reseda |utea L., Berteroaincana (L.) DC., Echium vulgare L., Tragopogon major Jacq.

The strategy of immediate phytoindicational reskeaansists of the following: 1) defining for
the model objects (test-species) characteristias dne characterized by the highest indicational
variability; 2) studying the structural elementsptdints in the dynamics, as well as ascertainmient o
their connection with other structures and indigkesetallic pressure.

It is stated that inclusion of heavy metals in lgioghemical processes is related to two often
interconnected factors: natural biogeochemical ggses and human activity. The latter factor for
technogenically transformed region of the Donetslast has the determining meaning for forming
metallic pressure zones — metalogenic provincesol@s). With the coefficients of correlation for
big extracts we grouped two blocks of metalogenyNECu, attending Zn and Pb; 2) Cd-Hg.
Reactions of test-plants with individual and conelniraction of heavy metals at the initial stages of
plants germination have been studied in the laboyafThe work studies some peculiarities of
absorption and accumulation of heavy metalsCbghorium intybus when growing together with
other plants.

Thus, there can be several approaches, trendsraedacof phytoindicational evaluation of
anthropogenically transformed environment. The napgtropriate and so the most prospective with
extrapolation of methods and ways of phytoindiga@oeCichorium intybus L., Tripleurospermum
inodorum (L.) Sch. Bip.,Plantago major L. andTanacetum vulgare L. These species are indicative
due to informative morphological plasticity which inanifested in conditions of metallic pressure
mostly of anthropogenic origin, rather than dueatailability and frequency in natural and
transformed ecotopes. The largest accumulatiorad@pin the rhyzosphere of soil belongs tauzZn
Pb (up to 900-1000 mg/kg), the smallest — to Cdt@uf0 mg/kg) and Hg (up to 3 mg/kg), which
accords with general tendencies of biogeochemigalkeocof heavy metals in technogenic soils of
industrialized region. By translocation coefficiemif heavy metals in plants we made it possible to
conduct monitoring research and define the levielsahnogenic environment contamination.

It is proved statistically that with an increaseswil heavy metals contamination level the
extent of structural polymorphism of test-objeatsvgs. Such discrete characteristicsGb¢horium
intybusL. as the polar bulge reduction index, the degreeallen defectness, the variability of
fruits’ surface structure, the frequency of te@ga schyzocotily and others are informative and
indicative according to specific character of masiation.

The work presents and applies the criteria of defferiptiveness of structural phytoindication
method: coefficients of correlation and determimativalues; availability of groups and block
coincidence of characteristics of plants' strudtuaierations correlation with components of
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elementary metalogeny in the system of their imoemections; data of cartographic and schematic
visualization; synchronous correspondence blocksanfts' structural characteristics to the gradient
of toxic pressure on soils in anthropogenicallynsfarmed environment. Certainly, these criteria
will be further changed according to the specyiat the experiment.

On the basis of the suggested system of structimgtoindicational evaluation of soill
contamination with heavy metals there were thregeg® structural and transformational blocks
singled out: Ni; Cu-Zn-Pbu Cd-Hg. While conducting further detailed ecologiand
toxicological analysis the number of defined bloeksl groups can be largely increased, but the
presented principles and exposures will be predeiManifestation of indicative polymorphism is
specific for various species, which is ascertaibgdthe structure ofCichorium intybus L. and
Plantago major L. blades, the degree of pollen defectnesSiofiorium intybus, Tripleurospermum
inodorum (L.) Sch. Bip.,Tanacetum vulgare L., Berteroa incana (L.) DC. andEchium vulgare L.,
indices of structural plasticity of fruits o€ichorium intybus, Tripleurospermum inodorum,
Tanacetum vulgare and others. Usually different structures of différplants are altered (elements
of pollen structure o€ichorium intybus, Reseda lutea L., Plantago major). Such a condition points
to regional specificity of the environment contaation with toxicants as well as of test-objects
composition on a certain territory.

In future the programme of continuous phytoindimaél monitoring of an industrial region
can be enlarged, supplemented with alternativeirgiodmnative data, which to a certain extent will
enrich man's knowledge on the environment and ealrect anthropogenic pressure on natural
systems.

The main idea of this publication is the approachthe expert estimation of the urban
environment with the help of ecological indicesiradicator plants being part of the urban flora of
Donetsk. The working block-scheme of this projealization consists in the analysis of the plants
according to the types of survival in an industci®&y while realizing vital strategies.

We suggest the following phyto-indices which ramgefollows for Donetsk according to a
preliminary estimation:

« correlation of violents, patients and expleremstifie model variant 2 : 6 : 1),
reproductive capacity of explerents (23-45 c.u.),
reproductive capacity of patients (58-90 c.u.),
reproductive effort of indicator plants (19-26),
reproductive success of indicator plants amongpti(20-27),

» demographic full value of patients (availabilityadf vital forms),

« structural plasticity of species of plants on theel of organ morphology (approaching to
normal distribution),

« structural plasticity of species of plants accogdito histological distinctions (tissue
deformations, mostly conformational functionallytiae tissues),

* percentage of species with wide ecological ampdit(rtb less than 45),

 percentage of species having formed strategieslabtation to air pollution (no less than

35),
* percentage of species having formed adaptationit@sd water and soil solution pollution
(no less than 60).

Such a botanical and ecological approach togeth#r wurrent activities on technical
monitoring of the state of industrial environmentthe Donetsk city will enable to estimate the
ecological misbalance and the extent of ecotopssintiance more correctly. So far, it's the biota
that has that very informative index of living onggms' reaction to additional anthropogenic
pressure.
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