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GEOECOLOGICAL MONITORING OF DANGEROUS LOCAL GEOCHEMICAL OBJECTS IN
URBAN ENVIRONMENT BY REMOTE SENSING

LI, Yepeanvos, 10.K. Bypoyn. TEOEKOJIOTTYHHH MOHITOPHHT 3ATPO3/THBHX JIOKAJIb HUX TEOXIMTIYHHX
OB’EKTIB Y MICBKOMY CEPEJOBHIII JHCTAHI[IHHUM 30HJYBAHHAM. 3uauni macu zipcokux nopio, 6yoyuu nio-
HAMUMU 3 21UOUH 3eMli Ha NOBEPXHIO, MAIOMb P50 HE2AMUSHUX GIACMUBOCMEL, WO BUSHAYATOMbCS YMOBAMY GUHUKHEHHS, 5K GIOpi-
3HAIOMBCA 8I0 308HIWHIX. Macu niozemuux nopio, 6HACKIOOK iX 3MIHU B0OHUMU | NOBIMPAHUMU KOMNOHEHMAMU, A MAKONC CAMO3Al-
MAHH31, 3HAYHO 6NIUBAIOMb HA CMAH O0GKILIS, 30Kpema — 06ymoeooms ix ¢imomorcuunicme. Byna e3ama 3a ocnosy einomesa npo
KOpensayito Migwc ConoHicmio i (himomokcuyHicmio 6i0eanie 2ipHu100006ysHoi npomuciosocmi. Takoxc 3a 00NOMO20H0 6ecemayitiHux
iHOeKcIi8 Oyna 00CniOHceHa OUHAMIKA pocIuHHOCmi. Becemayitini in0excu 6ynu po3paxoeani 01 aHALi3y CMaHy POCIUHHOCHI 8I0NO-
8I0HO 00 pi3ZHOUACO8UX Yupposux 300paxcensv. Kopensayis Oyna 3anponoHosana 01is OOCIIOHNCEHHs 3 GUKOPUCIAHHAM Memooie Ouc-
MAHYITIHO20 30HOYBAHHS.

Knrwwuoei cnosa: zeoexonoziynuii MOHimopuHe, iHOeKc CoNoHOCI, ecemayitinull iHOexc.

H.I. Yepsanés, 10.K. Bypoyn. TEOSKOJIOTHYECKHH MOHHTOPHHI YTI'POKAFOIIHX JTOKAJTbHBIX T'EOXH-
MHYECKHX OFBEKTOB B I'OPOJCKOH CPEJE JUCTAHLIHOHHBIM 30HJHPOBAHHEM. 3nauumensuvie maccl
20PHBIX NOPOO, OYOYYU NOOHAMBIMU U3 2TYOUH 3eMau HA NOBEPXHOCTb, UMEIOM PAO He2AMUBHBIX CE0UCTE, ONPedeNaeMblX YCI08UAMU
603HUKHOGEHUSl, OMAUYAIOUJUXCA OM HAPYICHBIX. Maccol nod3emHbix nopoo, eciedcmeue ux uMeHeHuss GOOHbIMU U B030VUHbIMU
KOMNOHEHMamu, a Makice Camo8o320PaHUsl, 3HAUUMENIbHO GIUAIOM HA COCMOsIHUE OKpYJcaioujeli cpeobl, 8 HaCMHOCMU — 00YCAa8U-
earom gpumomoxcuyHocms nouewl. bvina e3ama 3a ocHogy eunomesa 0 KOppensiyuu mMexicoy COLeHOCmbIo U GUMOMOKCUUHOCIBIO
omeanog copHododwisarouiel npomviuLiennocmu. Taxoce ¢ NOMOWbIO 6e2emayuOHHbIX UHOEKCO8 ObLIA UCCIe008aHA OUHAMUKA PAC-
mumenvrHocmu. Becemayuonnvie unoexcuvl 6vliu paccuumansl O AHAAU3A COCMOSHUSL PACTUMETbHOCTIU 8 COOMBEMCMEUU C PA3HO-
8peMeHHbIMU Yudposvimu uzobpasxcenusmu. Koppenayusa oviia npednosicena 0as uccie008anus ¢ UCHONb308AHUEM Memo008 OUcCma-
HYUOHHO20 30HOUPOBAHUSL.

Knrouesnle cnosa: 2e05k0102utecKkuii MOHUMOPUH2, UHOEKC COLEHOCU, e2emMAYUOHHBLIL UHOEKC.

Introduction. The research serving as the ba- occurrence of refuse dumps in the city of Donetsk,
sis for this publication refers to a number of social- as well as to assess their dynamics by comparing
ly topical and scientifically meaningful ones. It is images at different time (within a 15-year period),
dedicated to one of the most important geo- by means of computer simulation and analysis of
environmental problems in Donetsk —one of the satellite data. In the course of the research work the
cities in Ukraine with over a million inhabitants. following tasks were completed:

Several dozens of mining and processing plants are - selection of indicators that would provide
located in its city boundary. Within 200-year histo- the visualization of correlation between "artificial
ry of mining coal deposits more than 150 refuse subsoil of refuse dumps - vegetation," available for
dumps — slagheaps, which significantly affect the the subsequent analysis of satellite data in a partic-
environment, have been made here. This effect is ular optical spectrum;

conditioned by the changes (metamorphosis) in - calculation of the index of soil salinity,
topography and surface runoff, as well as geo- vegetation etc.;

chemical transformations of overburden, which - carrying out a temporary analysis of the ob-
create specific geochemical arenas, by polluting tained data.

the air, the surface runoff and creating a man-made Summary of the literature. Study of the re-
landscape-geochemical system. fuse dumps on the territory of Donetsk is a topical

By virtue of the dynamic process of transfor- issue. These technological formations are dis-
mation of the earth surface, they are difficult to cussed by biologists, ecologists and geographers
trace directly. Accordingly, it is necessary to use [1,7,8]. We are trying to understand all aspects of
the indirect information, in particular the results of them. Some researches, including [5] about the
remote sensing. salinity determination show the efficiency of sa-

This is facilitated by the availability of many linity indices and its high correlation with the
satellite data, digital format of their presentation, ground data. The authors examined the current
which is convenient for computer processing and state of the refuse dumps in the city of Donetsk
the visualization of landscape and geochemical using [8,9] and the hypothesis about their over-
occurrence through the physiognomic properties of growth was proposed using [2,3,6].
soil and vegetation cover: color, pattern, tonality, The explication of the object. For historical
texture etc. They form the view of any optical reasons the city of Donetsk happened to be the ter-
spectrum of satellite data. ritory of intensive mining and beneficiation of coal

The purpose of the work is to carry out exper- territory, so it acquired a unique townscape which
iments by identifying landscape and geochemical organically combines urban developments and gi-
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ant dumps (of more than 50) - most of them are
man-made relics of the early industrial era and coal
mine construction. This type of townscape is char-
acteristic for Donetsk, so it is even represented on
its coat of arms. The city of Donetsk is cha-
racterized by the complicated combination of vari-
ous spatial forms of land use and territory organi-
zation.

The urban development combines the radial
type of main streets (avenues) and chaotic outlines
of mining settlements. This arrangement could not
but cause the emergence of geo-ecological pro-
blems in the city.

Methods. In this paper data from the satellite
system LandSat 5 TM are used for the following
dates: 07.08.86, 11.07.87, 05.07.88, 17.09.06,
21.06.09, 08.06.10, 13.07.11. The data for the
summer and autumn periods are used for this res-
earch. Unfortunately, the data were obtained in
different months, which is caused by technical iss-
ues of shooting conditions.

To highlight the areas with different levels of
salt content Normalized Difference Salinity Index
(NDSI) and Salinity Index (SI) were calculated [5].

NDSI = (RED — NIR)/( RED + NIR), (1)

SI =RED/NIR (2

where RED - is the brightness of the pixel in

the 3rd channel scan Landsat, which corresponds

to red spectrum; NIR - is the brightness of the pixel

in the 4th channel, corresponding to near-infrared
spectrum.

For the analysis of vegetation we calculated
the following vegetation indices: Moisture Stress
Index (MSI) and the Normalized Differential Veg-
etation Index (NDVI).

MSI = SWIR / NIR, 3)

NDVI = (NIR-RED) / (NIR + RED) 4)

where SWIR - is the brightness of the pixel in

the 5th channel scan Landsat, which corresponds to

the near infrared spectrum, the latter was given
above.

Further, we refer to the index numbers of the
formulas (1) - (4) by putting them in parentheses.

Results. 11 refuse dumps were selected for
the research where in 1986-88 the regions of rel-
atively understated indices (1) and (2) - usually
lower than 0.2 (Fig. 2) were fixed. The selection of
refuse dumps was carried out according to the data
of several shots, as salinity can vary depending on
the weather because of the varied humidity of
dump rocks. It has been established that there is an
inverse relation between the salt content in rocks of
refuse dumps and humidity, that is apparently due
to the change in regimes of evaporation and inf-
iltration, depending on weather conditions: eva-
poration during dry periods, humidification of soil
and infiltration during atmospheric precipitation
and subsurface moisture condensation during hot
periods. Figure 1 shows the state of index (1) of
the selected refuse dumps in 1987.
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Figure 1. Index value (1) for the investigated mine dumps.

Index figures (3) for 1987-1988 are almost
identical to index (1). At the same time, index fig-
ures (3) of the previous year (1986) radically differ
from the values determined for 1987-1988: it is
assumed that this might be caused by weather con-
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ditions which are different from those in the fol-
lowing years, whereas the districts of relatively
reduced index (1) spatially coincide in the course
of the above mentioned three years.
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Index value (4) ranged from -0.01 to 0.01 in
most parts of the prospected refuse dumps in 1986-
1988. These figures are typical for index of waste-
land, sands and open ground. In some areas index
value (4) reaches 0.2, which is typical for low veg-
etation, while index figures (1) are high, which is
likely to indicate the evaporative regime in arid
weather conditions.

An inverse relation is clearly observed be-
tween indicators of index (1) and (4). The analysis
of 86-88 data showed that refuse dumps with a rel-
atively-reduced salinity are characterized by partial
overgrowing, whereby, according to observers an
air-water regime of the substrate is changing, and
its moisture content is one of the main conditions
for the further development of the vegetation [8].
Aging of refuse dumps is associated with a de-
crease in the content of maneuverable salts and
increasing pH, which provides a more neutral soil

p—

decreased unchanged

reaction [7]. This trend has a positive effect for
flora.

There was a partial overgrowth of vegetation
on refuse dumps based on growth of index values
(4), to 2009-11. This means that there is a positive
dynamics in overgrowing of refuse dumps.

Vegetation index is used (4) to compare vege-
tation changes of mine dumps, its results are pre-
sented in Fig. 2.

The general trend of changes is the increase in
the vegetation cover density primarily on the terri-
tories where relatively low salinity of refuse dumps
was recorded in the 1980s. This feature looks nat-
ural. However, there are areas where vegetation
decreased in 2011 in comparison with 1987 (1 and
2 refuse dumps, fragments of 5, 8, 9 refuse
dumps). This may have been caused by the geo-
chemical activity of refuse dumps in recent years
because this process starts, as a rule, some time
after storing the rocks [9].

¢ ] Comparison of changes in vegetation
cover in 2011 compared with 1987
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Figure 2. Comparison of changes in vegetation cover in 2011 compared with 1987.

Conclusion. The use of satellite data of
LandSat 5 TM in assessment of landscape-
geochemical characteristics of refuse dumps rocks
and processing plants in Donetsk has showed the
perspective of this scientific method in relation to
other objects that undergo complicated processes
of landscape-geochemical transformations. The
effectiveness of Normalized Difference Salinity
Index (NDSI) and Salinity Index (SI) calculation
was confirmed by calibrated digital images of re-
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fuse dumps undergoing geochemical transfor-
mations.

Moisture Stress Index (MSI) and Normalized
Difference Vegetation Index (NDVI) turned out to
be effective. The comparison of indices NDVI,
which was calculated for particular refuse dumps
on different dates of the summer-autumn period
within 15 years, enabled us to establish the trends
of overgrowing the refuse dumps with natural veg-
etation, including those which may indicate geo-
chemical activity of rocks.
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Unfortunately, for technical reasons the
months of shooting vary and it is caused by the
shooting conditions.

Vegetation indices were calculated to analyze
the state of vegetation according to digital images
within the spectrums of satellite data obtained at
different time.

The comparison of the obtained state of vege-
tation showed mainly positive trend of refuse
dumps overgrowing and an ambiguous relation
with it and the dynamics of soil salinity index.

Based on the correlation between the soil sa-
linity of refuse dumps and the state of overgrowing

with vegetation the ability to forecast the speed of
phytocenosis was established. It gives an oppor-
tunity to plan the recultivation of refuse dumps in
order to improve the townscape of Donetsk (and in
other cities with the similar geo-ecological prob-
lems).

Taking into account the fact of overgrowing,
the aesthetics and attractiveness of Donetsk will
improve the quality of life of its inhabitants, not to
mention the improvement of the above-mentioned
geoecological situation. Unfortunately, the latest
events in the city are recessing the implementation
of such measures.
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