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Abstract: The problem of waste management has existed since ancient times. In the modern world,
waste generation is directly related to human activity. A large percentage is related to the production of household
waste caused by the consumerism of each household. Toxins, leachate and greenhouse gases are one of the
main causes of environmental pollution as a result of landfills. Over time, these toxins seep into the soil and
groundwater, affecting the quality of the soil itself and drinking water in the area. Leachate, on the other hand, is a
highly toxic liquid that forms when waste breaks down in a landfill and water filters through the waste. It is of great
importance to take strict measures and monitor the landfills. Thanks to GIS and Remote sensing, efficient and
complex monitoring of regulated and unregulated waste landfills can be done. The aim of the present work is to
explore the possibilities of aerospace data analysis and to show different methods of processing, interpretation
and visualization. Optical images from the Multispectral Instrument (MSI) on the Sentinel 2 platform of the
European Space Agency’s Copernicus program were used. Thermal bands from the Landsat 5 — 7 (ETM) and
Landsat 8/9 (OLI / TIRS) sensors of the Landsat program were used to calculate land surface temperature. For
the purpose of primary recognition of the studied objects, the satellite images are orthogonalized.
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Pesrome: lNpobnembm ¢ omnadbyume cbuwecmeaysa ouje om O0briboka dpesHocm. B cbepemeHHUs
cesam, 2eHepupaHemo Ha omnadbUu e MpPsiKO C8bp3aHO C 4Yosewkama deliHocm. EQuH e2omsiM rpoyeHm e
cebp3aH c npouzeodcmeomo Ha bumosume omnadbyu, MPUYUHEHU OM KOHCYMamopcmeomo Ha 8CSIKO €0HO
domakuHcmeo. TokcuHume, uHgumpama U rnapHUKosume 2a3oee ca e0HU Om OCHOBHUME MPpUYUHUMeEU Ha
3amMbpcsisaHe Ha OkoriHama cpeda, 8 crnedcmeue Ha Oenama 3a omnadbyu. C medyeHue Ha epemMemo mesu
MOKCUHU rpoHUK8am 8 rnoyeama u rnodrnoygseHuUme 8o0u, Kamo okasgam 8/usiHU

e 8bpXy Kayecmeomo Ha camama rno4yea u numeliHama eoda & patioHa. Om Opyea cmpaHa
UHbunmpama e CUSTHO MOKCUYHa MmeyYyHocm, Kosimo ce obpa3sysa, koeamo ommnadbyume ce pa3zpaxdam 8
dernomo u eodama ce hunmpupa rpes omnadbyume. Om 20/155MO 3Ha4YeHUE e 83UMaHemo Ha cmpoau MepKU u
HabmodeHue Ha Oerama 3a omnadbyu. brazodapeHue Ha [ucmaHuyuoHHUmMe u3criedsaHusi Moxe Oa ce
Hanpaeu echukaceH U KOMI/IEKCEH MOHUMOPUHE Ha peajaMeHmupaHu U HepearnameHmupaHu Oena 3a
omnadbyu. Llenma Ha Hacmosiwama pa3pabomka e 0a ce pas3Kpusim 8b3MOXHOCMUME Ha aepOKOCMUYeCcKUme
OaHHU u Oa ce rnokaxam pa3snu4yHu Mmemodu 3a obpabomka, UHmMepnpemayus u eusyasnusayus. M3nonseaHu ca
ONMMUYHU u306paxeHuss om MynmucrnekmpanHus uHcmpymeHm (MSI) Ha nnamcgpopmama Sentinel 2 Ha
npoepamama Copernicus Ha Eeponelickama kocMmudecka azeHyusi. TOMMUHHUME KaHasu om CeH3opume
Landsat 5 — 7 (ETM) u Landsat 8/9 (OLI / TIRS) om npoepamama Landsat ca usnon3eaHu 3a u3ducrisieaHe Ha
memMnepamypama Ha 3emHama nosbpxHocm. C uesl MbpeuyHO pasrno3HasaHe Ha u3csiiedsaHume obekmu,
camenumHume u3obpaxeHusi ca opmogoHa3upaHu
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Introduction

On a global level, unregulated landfills are a growing problem. lllegal dumping is the improper
disposal of waste at any location other than a regulated landfill or facility. It is known as “open
dumping” or “midnight dumping”. The most common sight is in open areas, in ditches, on the outskirts
of settlements, in wooded areas, streams and rivers. The risks to human health associated with illegal
dumping are significant. Unregulated landfills may be accessible to people who could come into
contact with chemicals (liquids or dust) or be injured by metal waste materials and sharp edges of
glass or metal objects.

The present work examines the case of the unregulated landfill, which is located on the
territory of the city of Sofia, in close proximity to the residential districts of Mladost 4 and Gorublyane.
The area on which an unregulated landfill is located is on groundwater, which can cause various
environmental problems. Dumping of earth masses, construction and household waste has been
observed for several months. According to the project, the surveyed territory was intended for a park.
Inspections were carried out by the metropolitan municipality, but to date no measures have been
taken.
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Fig. 1. Location of area of interest

Materials and methods

This survey methodology is based on the use of satellite data that examines bands on the
thematic infrared sensors (TIRS). From this data, information is extracted about the actual heat
emission of waste disposal sites, which is related to the land surface temperature of the surveyed
sites. The landfill temperature is calculated using the Digital Number (DN) contained in the TIRS. The
multispectral instrument (MSI) Sentinel-2 sensor data is used for the spectral characteristics. The
same data was also used for Tasseled Cap Transformation (TCT) and this is the most commonly used
landfills recognition method. [1].

A general formula for Landsat 4-9 can be written:

(1) Tg=axhnt(—+1)

c=(+d
Where a, b, ¢, and d are the constants for the different types of Landsat images, T is the pixel

temperature (K), Q is the spectral brightness coefficient of the surface in the thermal band. Landsat
(4-9) satellite images are downloaded from web page https://earthexplorer.usgs.gov/ [2].
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https://earthexplorer.usgs.gov/

After the georeferencing procedure of the thermal images the cutting out of the rectangular
sections in each image covering the vicinity of the geographic coordinates is carried out. The time
series {Q1, Q2, . .., Qn} of the images in the thermal channel of each WDS are extracted. The data
from the image is converted into the surface temperature {T1, T2, ..., Tn} using transformation:

— -1, B _
2 Tpg=a*In {caa+d +1)—273.15

Where:
a is the K; = Thermal conversion constant for the band (K2_CONSTANT_BAND_n from the

metadata);

bis K, = Thermal conversion constant for the band (K1_CONSTANT_BAND_n from the
metadata);
cis M; = Radiance multiplicative scaling factor for the band (RADIANCE_MULT_BAND_n

from the metadata);

disL; = Spectral radiance (W/(m2 * sr = um));
Q = L1 pixel value in DN;
T = TOA ( Top of Atmosphere) Brightness Temperature [1]

The time series for the illegal dumps are formed together with the mask for clouds and
“blankness” and are entered into the database. The time series of images for temperature for the
illegal dump of Mladost 4 — Gorublyane area is systematized.

Results

The thermal radiation from an unregulated landfill is monitored. From the research done, it is
noticed that the terrain was used for disposal of waste of different composition and origin already in
2012, when the construction of this part of the Mladost 4 district began (Fig. 2). Different satellite data
from different years and seasons were used to process the images

Fig. 2. lllegal dump of Mladost 4, Source: Google earth, orthophoto from 2012

Sentinel 2 images used were transformed by tasseled cap. This model proves to be very
effective in recognizing specific types of vegetation and their change over time. The unitary matrix of
the Tasseled Cap transformation is fixed for each sensor. The use of TCT for satellite images results
in a pure rotation and translation, thus the results obtained have a changed structure compared to the
primary data, which allows for a clearer and more precise recognition and classification of the different
components (soils, vegetation, water) from the land cover. After the segmentation of the satellite
images, homogeneous clusters are obtained, which are clearly defined - brightness, greenness and
wetness [3].
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Fig. 3. Different interpretation of illegal dump of 28.08.2015

Figure 3 a) shows a composite image from Sentinel 2 in the visible range, where the
distribution of waste in the affected part of the territory can be visually seen. Figure 3 b) shows the
TCT for the same date, observing the distribution of litter along a north-south direction. To prove the
thermal pollution theory, the thermal band from Landsat 8 was used (Fig. 3 c¢). A higher temperature is
observed on the north-eastern side of the studied site, as there are industrial buildings with sheet
metal roofs, which have heated up and in this case emit a greater amount of heat than the surrounding
environment. Inside, within the boundaries of the object, it can be seen that the places where the
waste is located have a higher temperature than the rest of the surface, and it varies + 15 °C and
reaches + 17 °C, where the accumulation of waste is more — large (Fig. 3 c).

Fig. 4. Different interpretation of illegal dump for July, 2024

From 2015 to July 2024, this practice of illegal dumping of waste is gradually ending and is
taking shape as a period of "lull". A return of the vegetation cover was observed in the studied territory.
This is also clearly visible from the presented 3 images from figure 4. In figure 4 a) a composite is
made in the visible range of the electromagnetic spectrum. In figure 4 b) TCT is made. In this case,
the vegetation can stand out most clearly from the rest of the surface. The remaining anthropogenic
objects such as buildings, roads, etc. are clearly visible. From the calculated surface temperature, the
usual heat islands that are characteristic of landfills are not observed, excluding the others that are
heat islands from the urban environment (Fig. 4 c).
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Fig. 5. Different interpretation of illegal dump of 25.08.2024

A month later, the terrain is again used for disposal of waste of different composition and
nature. From the presented composite image with 4-3-2 optical channels, a huge spot appears, which
was not there until this stage (4 a). The TCT of the image clearly shows that it is something that is not
characteristic of the study area. From the land surface temperature (4 c), a rise in temperature is
observed precisely in the part where this spot is observed. It is also possible to notice a spread of this
temperature in separate parts of the area of interest. The temperature in the center of the affected
area varies from + 31 °C and reaches + 33.5 °C. A drone shot of the affected area was taken. From
the obtained results, uncontrolled disposal of waste is clearly visible in the entire territory of the
studied area.

Fig. 6. Drone images
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Conclusions

Urbanization has a negative impact on the environment mainly by generating pollution,

changing the physical and chemical properties of the atmosphere, and covering the soil surface [4].
Thermal energy is another side effect that results from the decomposition of solid household waste.
The generation of heat from municipal waste landfills is also responsible for the formation of a
microclimatic zone around the landfill, which has consequences for the environment near the landfill.
This generated heat is somewhat similar to urban heat islands (Urban Heat Island - UHI) [5].
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