EKOJIOT'TYHA BE3ITEKA Ne 1/2015 (19)
OuiHka Ta MPOrHO3YBAHHSI TEXHOT€HHOI'0 BIIMBY HA IOBKiJIS

UDC 504.05

INTEGRATED EXPRESS-ASSESSMENT OF AIR QUALITY UNDER CONDITION OF CHANGING IN-
DUSTRY INFRASTRUCTURE OF THE REGION

D. Plyatsuk, E. Chernish
Sumy State University
vul. Rymskogo-Korsakova 2, Sumy, 40007, Ukraine. E-mail: e.ur.chernish@gmail.com

Purpose. To make integrated express assessment of the quality of habitat for living organisms, in particular assess-
ment of plant fluctuating asymmetry in terms of change of industrial infrastructure in the region using the upper tier
vascular plants. Methodology. We have applied the morphological characters for leaf tree crops according to method
“Biotest”. We have identified the most appropriate indicator plants of urban atmospheric pollution. We have taken the
bark of trees that concerning their properties to the types of poor bark (pine, birch) for definition pH bark in order to
review the distribution of toxic substances on the territory of Sumy. Results. We have calculated the integral index of
asymmetry of the plant leaf blade for urban areas with different levels of anthropogenic impact. We have correlated the
experimental results of level of fluctuation asymmetry foliage of the most common tree species in Sumy and data of the
ecological state of the urban environment. We have built the bioindication range of tree crops’ sensitivity for Sumy.
Originality. We have carried out the integrated research of complex assessment of air quality under changing industrial
infrastructures of Sumy with using bioindication methods. The impact of pollutants in pH of tree bark caused depletion
of lichen flora of the city. Accordingly, we have substantiated that the implementation of biological indication with us-
ing the tree species is the most rational and effective for integrated assessment of air pollution in urban environments.
Practical value. Prognostic bioindication estimation have confirmed possible risks in the changing industrial infrastruc-
ture of urban areas which allows designing a series of administrative decisions and measures to reduce environmental
risk index values under increasing anthropogenic load. References 10, figures 2.
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IHTEI'PAJIBHA EKCIIPEC-OLIHKA SIKOCTI IIOBITPAAHOT'O CEPEJJOBUIIIA B YMOBAX 3MIH-
HOI TPOMUCJIOBOI IHOPACTPYKTYPH PETTOHY
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V crarTi 37iiCHEHO BU3HAYEHHS KOMITICKCY ITOJIIOTAHTIB Ta (pakTHUHI [pKeperna 3a0pyJHeHHs aTMOC(EpHOro MOBIT-
pst ypbanizoBanoi Tepuropii Ha mpukitan M. Cymu. BuzHaueHO HalOINbII ONTUMANBHI POCIMHU-IHANKATOPH 3a0pya-
HEeHHsI aTMoc(epH MicTa BiAMOBIAHO 10 Oi10IHAMKAIIIMHOTO psily YyTIMBOCTI JEPEBHUX KYJIbTYp. BcranoBieHo 3amex-
HICTh MiXX €KOJIOTIYHIM CTaHOM ypOaHi30BaHOI'O cepeoBHIIa Ta (IYKTyalliiHUMA 3MiHAMH aCUMETPii JINCTSHOTO MOK-
POBY HaOLIBII MOMMPEHUX B AOCIIKYBaHIi MiCIIEBOCTI BUIIB jepeB. Po3paxoBaHo iHTETpaibHUN TOKa3HUK aCHMET-
pii JIMCTOBOI IIACTUHKM JUISl AUISTHOK 3 PI3HHUM piBHEM TEXHOTCHHOI'O HAaBAHTa)KCHHS B YyMOBaxX 3MiHM IIPOMHUCIIOBOL
iHppacTpykTypH Micta. [ o3HalOMIIEHHS 3 PO3MOALIOM TOKCHYHHX PEYOBHH Ha TEpUTOpii MicTa Oyio 3midCHEHO
JIOCITI/PKeHHSI 3Ha4eHb MTOKa3HMKa pH KopH 1iepes, 110 BiAHOCATHCS 32 CBOIMU BIACTHBOCTSIM JI0 BUIIIB 3 01HOIO0 KOPOIO.
[TixBumenns pH xopu fepeB MoB's13aHO 3 ITY)KHUM 3a0pyIHEHHSIM aTMOCc]epH, siIke 00yMOBIIOIOTH KaTiOHH METAJIIB, 110
0Ca/DKYIOTBCSL Ha POCIIMHHM 3 aTMOC(HEPHOTO MHITY.

Koarouosi ciioBa: excripec-orinka, armocdepHe 3a0pyHeHHs, OloiHIuKamis, IPOMHCIIOBA iHPpacTpyKTypa

PROBLEM STATEMENT. Integrated assessment lished taking into consideration synergies at different
modeling can be considered as an approach used to de- scales.
cide how to reduce emissions to improve air quality, In the optimization approach, the emission reduction
reduce exposure and protect human health. This issue is measures are selected by an optimization algorithm as-
also linked to the need of defining a set of indexes and a sessing their impact on air quality, health exposure, im-
methodology to measure the sensitivity of the decision plementation costs. Such optimization algorithms re-
problem solutions. Taking into account current practices quires thousands of air quality assessments; in these
of member states of European Union different compo- cases, Air Quality (AQ) of systems cannot directly be
nents of an Integrated Assessment (IA) system were used because of the computing time demand, so they
identified, namely[1]: (i) source apportionment; (ii) provide tens to hundreds simulations processed to iden-
emission reduction measures at different scales; (iii) air tify ‘simple’ emissions-AQ links (source-receptor rela-
quality modeling approaches; (iv) health effects of air tionships)[1].
pollution; and (v) uncertainty. Today bioindication methodology is the widely de-

In the scenario analysis approach, source- veloping for complex assessment of environment pollu-
apportionment can be used to identify the main emission tion. Bioindicators include biological processes, species,
sources that contribute to air pollution concentrations. or communities and are used to assess the quality of the
Emission reduction measures are selected and/or estab- environment and how it changes over time [2]. Changes
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in the environment are often attributed to anthropogenic
disturbances (e.g., pollution, land use changes) or natu-
ral stressors (e.g., drought, late spring freeze), although
anthropogenic stressors form the primary focus of bio-
indicator research [3,4].

Thus the main task of bioindication is to create
methods and criterion that can show the level of anthro-
pogenic impact and diagnose early damages in the most
sensible components of biocoenosis.

In the bioindication lichens [5] and different vessel
plants (pine, birch, poplar, etc.) [6,7] are used as indica-
tor plants to assess the ambient air or integrated express
assessment of air quality habitat of living organisms.
The lichen indication is a very common as a result of
such lichens characteristics [8]: rapid accumulation of
toxic substances is distinct anatomical and morphologi-
cal changes thalli that are easily defined; wide spread,
each species is confined to a particular growth; very
high sensitivity to pollution. But lichens used as indica-
tor plants have some disadvantages for bioindication of
pollution from stationary sources.

Because such pollution emission occur at high alti-
tude 5-20 m, as a result pollutant are transferred of air
flow and deposited on the foliage and top of trees trunks
belonging to the upper tier of vegetation. After the toxi-
cants accumulation in vascular plants (trees) only some
part of it partial sucked on the lower tier and accumula-
tion in different types of lichens. In addition, plant indi-
cators should be not too sensitive and inert to contami-
nation. It is essential that bioindicator have quite a long
life cycle and low capacity for autoregulation. The li-
chen indicator is used only to assess air pollution from
road transport that was substantiated in most investiga-
tion [5,8].

But for complex and systematic assessment of air in
the region in joint actions of different sources of human
impact, primarily production capacity, is needed the
indicator with the upper tier of vegetation. This kind of
trees must be the most common in the studied areas with
sufficiently high sensitivity to contamination. Besides
drawing up maps of cities with using lichen indication
cannot explain the inhibition of plant flora. In a complex
air pollution assessment include the joint impact of ve-
hicle exhaust, chemical plant pollutants, dust, ash
dumps. Thus it is difficult to conclude that the domi-
nance of a particular type of pollutants based on li-
chenoindication, as confirmed in [9].

The aim of this study is make integrated express as-
sessment of the quality of habitat for living organisms.
Thus, tasks of this work next:

- determining the bioindication ability of different
plant species in Sumy region;

- assessment of fluctuating asymmetry in terms of
change of industrial infrastructure in the region using
the upper tier vascular plants (stands).

EXPERIMENTAL PART AND RESULTS OB-
TAINED.

Materials and methods. The system of the morpho-
logical characters for leaf tree crops according to meth-
od “Biotest” was used .The study of plant communities
was carried out in the appropriate test points and build
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rows corresponding sensitivity bioindication of tree
crops. Requirements for bioindicators [10]:

- to be typical for the conditions;

- to have wide area of distribution;

- to have a broad ecological amplitude;

- to have high numbers in the studying ecotope;

- to dwell in this place for a number of years, which
makes it possible to trace pollution dynamic;

- to growth in conditions that are suitable for sam-
pling;

- to be characterized by positive correlation between
pollutant concentration in the plant and object (factor)
of investigation;

- to have a low spontaneous frequency of display
features that take into account.

The study was conducted in the city Sumy. The
technogenic impact is increased by pollutant emissions
from stationary and mobile sources. The first phase of
study was carried out for definition priority pollutants.
Accommodation observation points was performed ac-
cording to the location of the main sources of pollution
due to the territorial division of the city ( PJSC “Su-
mykhimprom”, PJSC “Sumy Frunze Machine-Building
Science and Production Association”, LLC “Sumytep-
loenerho”).

The next phase was selection test objects on experi-
mental plots and then statistically estimated value fluc-
tuating asymmetry leaf blade. The average value of the
relative differences a sign was used as a integral index
of the ratio of the sum of the difference measurements
letter to the left and right side referred to the number of
signs, which is calculated by the formula

IA = ]0 .M’ (D
(4+B)
where I, — integral index of fluctuating asymmetry; 1, —
absolute value; 4, B — characteristic value of the left and
right sides of the leaf blade respectively.

pH was analyzed by pX-meter pX-150 (ionometer)
(Belarus).

This integral indicator enables comparison and aver-
aging the values of attributes at different absolute value
as well as comparison of signs expressed by linear and
angular units.

The study of the dynamics of trees fluctuating
asymmetry. Figure | shows the bioindication range of
tree crops’ sensitivity, which are the most common local
variety of tree plantations. Studies have been conducted
bioindication properties of such tree crops: birch - Betu-
la pendula Roth, white willow - Salix alba L., maple -
Acer platanoides L., pyramidal poplar - Populus pyram-
idalis Borkh. Investigation of bioindication properties of
tree crops can provide a birch warty as an effective bio-
indicator. The pyramidal poplar is the most resistant to
changes in environmental quality. Average integral in-
dex fluctuating asymmetry for warty birch is 0.054 +
0.003, indicating that the approach to the ecological
state before a critical level.

Figure 1 provides results of fluctuating asymmetry
changes of birch leaves (from 0.048 + 0.003 to 0.059 +
0.003). The value of the integral index of control point
was 0.045.
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Figure 1 — Bioindication range of tree crops’ sensi-
tivity in Sumy: 1 — birch; 2 — willow; 3 — maple; 4 —
poplar.

2013 2014

Compared to the benchmark high rate of instability
seen in trees growing in central and in northern, north-
eastern, eastern and southeastern parts of the city. It is
generally coincides with zones dispersion of emissions
from industrial facilities infrastructure and high trans-
portation load. The maximum rate asymmetry birch
warty observed in the northeastern experimental section.
Because emissions from the chemical industry facility
was observed in this section. That allows you to trace
the trend of transition as the state of the environment
"before critical” in a state of "critical." The high stabil-
ity of the indicator for warty birch and willow white,
compared to other crops studied in areas of the city with
the largest anthropogenic load allows mark them as
more sensitive bioindicators.

During the study the integral index increased for
three years, in 2012 was 0.048, in 2013 was 0.058, in
2014 it amounted to 0.059, due to changes in output for
the objects of industrial infrastructure. The relatively
favorable conditions of magnitude of the asymmetry
were observed in western and north-western areas
(0.045-0.049). In general, comparing the asymmetry of
the leaf blade birch warty with data of pollutants disper-
sion was conducted for stationary sources in the surface
atmosphere. The average and high levels of integral
index of instability was observed in areas of the city
with a high concentration of nitrogen oxides and sulfur
dioxide, which suggests the formation of areas of envi-
ronmental risk due to air pollution.

The bark of trees that concerning their properties to
the types of poor bark (pine, birch) was taken for defini-
tion pH bark in order to review the distribution of toxic
substances on the territory of Sumy (fig. 2).

There is increasing pH bark in most of the study ur-
banized area in comparison with the same species in the
park area, which taken as a control. Therefore, increas-
ing the pH of bark associated with alkaline pollution
that cause metal cations, which are deposited on plants
with atmospheric dust with precipitation and the exhaust
gases of vehicles that contain significant amounts of
lead.
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Figure 2 — Change values of pH bark: 1 — control
zone; 2 —urbanized territory.

The impact of these pollutants in pH of tree bark
caused depletion of lichen flora of the city. Accordingly,
the implementation of biological indication with using
the tree species is the most rational and effective inte-
grated assessment of air pollution in urban environ-
ments.

CONCLUSIONS. In the research was carried out in-
tegrated express assessment of quality of atmospheric
environment that include analysis of fluctuating asym-
metry of vascular plants of the upper tier in the chang-
ing industrial infrastructure of the region. The optimal
plant-indicators of air pollution in Sumy were identified
according to the bioindication range of sensitivity of
tree crops.

The dependence between the ecological state of ur-
banized environment changes and fluctuating asym-
metry deciduous was determined for the most common
species of trees in the study area. Analysis of the results
suggests that anthropogenic pressure was strengthened
in the period of time 2012-2014. The response of tree
crops is almost identical such as enhanced value fluctu-
ating asymmetry leaves all selected tree crops. Study of
bioindication properties of tree crops allow to note that
warty birch was the most appropriate to use as a sensi-
tive bioindicator. The pyramidal poplar was most re-
sistant to changes in environmental quality.

Detailed analysis of bioindication properties of tree
crops, allowing them to build the next bioindication row:
birch warty> maple> salix alba> pyramidal poplar.

Prognostic bioindication estimation of possible risks
in the changing industrial infrastructure of urban areas
can be using for developed a series of administrative
decisions and measures to reduce environmental risk
index values under increasing anthropogenic load.
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UHTETPAJIBHAS SKCITPEC-OIIEHKA KAYECTBA BO31YIIIHOM CPEJIBI B YCJIOBUSX U3ME-
HEHUA TPOMBIIIJIEHHON HH®PACTPYKTYPhI PETHOHA
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CyMCKOIi TOCYTapCTBEHHBIH YHUBEPCUTET
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B craTthe mpoBemcHO OMpeeieHHe KOMIUICKCA 3arps3HHUTENCH M (PaKTHICCKHX HCTOYHHUKOB 3arps3HCHHS aTMO-
cepHOro Bo3MyXxa ypOaHU3UPOBAaHHOHN TeppuTopun Ha mpumepe r. Cymbl. OnpeneneHbl Hanboee ONTHMAaBHBIC pac-
TEHUS-UHANKATOPHI 3arps3HECHUsI aTMOC(Ephl TOPOIa B COOTBETCTBUU ¢ OMOMHAUKAIMOHHBIM PSIOM UyBCTBUTEIHHO-
CTH JIPEBECHBIX KYIBTYp. Y CTAHOBJICHA 3aBHCUMOCTh MEXKIY KOJIOTHICCKIM COCTOSIHUEM YpOaHH3UPOBAHHOU CPEIbl U
(ITYKTYaImOHHBIMH M3MCHEHUSIMA ACHMMETPHH JIMCTBEHHOTO MOKPOBa HAHUOOJIEE PACIPOCTPAHCHHBIX B UCCIETyEeMOM
MECTHOCTHU BHUJIOB JIEpEBLEB. PacCUMTaHO MHTErpajbHBIA MOKA3aTeNlb ACHMMETPUH JIMCTOBOW IIACTUHKY JUIsl Y4aCTKOB
C pa3HBIM YPOBHEM TEXHOTCHHOM HATPY3KH B YCIOBHUSX M3MCHEHUS IPOMBIIIICHHOW HHPPACTPYKTYPHI ropoaa. Jmis
03HAKOMJICHHS C paCIpECIICHIEM TOKCHYHBIX BEIIECTB HAa TEPPUTOPUH ropoja ObLIO MPOBEICHO MCCICIOBAHNE 3HA-
YeHuH mokaszaTens pH KOpEI IepeBbheB, OTHOCSIUXCS IO CBOUM CBOWCTBAM K BHIAM ¢ OemqHoi kopoii. [ToBemmenne pH
KOpBI JICPEBBEB CBS3aHO C IIEIOYHBIM 3arps3HCHHEM aTMOC(ephl, KOTOpoe O00YCIIOBIMBAIOT KATHOHBI METAIIIOB, YTO
0CaXXITAIOTCS HA PACTCHUSX ¢ aTMOC(EPHOI MBLTHIO.

KiaroueBbie ciioBa: 3KcIpecc-OIcHKa, aTMOC(EpPHOE 3arpsa3HCHUE, OMOWHAWKAIS, MPOMBINIICHHAsS WH)pa-

CTpYKTypa
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