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Abstract — This case study focuses on the assessment of the effect of soil pollution by gudrons
disposed in landfills. Waste products are acid tars, called "gudron™ in the Slovakian terminology.
Gudrons are waste products resulting from sulphonation technologies used in oil processing. In the
Slovak Republic, gudron landfills are risk localities and are classified as old environmental burdens.
Non-polar extractable substances (NES) as well as the activity of soil cellulase and basal soil
respiration in soil samples taken from four different distances from the pollution sources were
analysed. The effect of landfills on vegetation was assessed by recording the number and cover of
plants on the sampling points. Long-term and gradual gudron contamination of the surrounding areas
from both landfills is evident and has been proven by monitored NES concentrations. The pollution
progress was predicted by the use of logistical function (based on the NES indicator) due to the
increasing distance from the sources of pollution. Comparison of these two areas showed markedly
higher oil substances pollution in the soil samples taken from the surroundings of the landfill Predajna
2. Determined content of NES did not meet the criteria of permissible concentration in soil samples,
not even at a distance of 150 m (< 0.1 mg kg in compliance with the Law No. 220/2004 Coll.). When
determining basal soil respiration, the production of CO; corresponded with oil pollution determined
by the NES indicator. High concentrations of NES hinder enzymatic cellulase activity. The
decomposition of cellulose occurs only at lower concentrations of NES. It is possible to range the soils
of lower NES concentrations (soils taken from the distances of 70 m and 150 m from Predajna 1;
110 m and 150 m from Predajna 2) among the soils with weak or middle soil cellulose activity. This
indicates that microbial activity was detected in the soil samples, and the values of this microbial
activity were higher due to a decrease of inhibitors caused by oil pollution. That total surface
vegetation cover increases as distance from the landfills increases indicated the validity of these facts.

soil cellulase activity / basal soil respiration / non-polar extractable substances / residues from oil
processing / oil pollution
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Kivonat — Felhagyott hulladéklerakok kornyezeti terhelésének vizsgalata az apolaris kioldhaté
anyagok talajra és a novényzetre gyakorolt hatasan keresztiill. Kutatasunk soran a hulladék-
lerakokban elhelyezett gudron okozta talaj szennyezés hatdsait vizsgaltuk. A gudron a pakura
vakuumdesztillacigjat kovetéen visszamarado olajipari melléktermék. A Szlovak Koztarsasagban a
gudron lerakok régota fennallo kornyezetterhelési kockazatbesorolast kaptak. A vizsgalatban a
szennyezés forrasatol négy kiilonb6zd tavolsagbdl szarmazd talajmintdk apolaris kioldhaté anyag
(NES) tartalmat hataroztuk meg, a talaj cellulaz aktivitasa és a talajlégzés mellett. A lerakok
ndvényzetre gyakorolt hatdsanak vizsgalata a kornyezo teriiletek fitoconologiai felmérésével tortént.
A vizsgélatba bevont mindkét lerakdé hosszitavi folyamatos szennyezést okozott, amit a NES
monitorozas igazolt. A szennyezés terjedésének mértékét a NES koncentraciok valtozasaval lehetett
nyomonkdvetni. Eredményeink alapjan elmondhato, hogy a két vizsgalati hely koziil a Predajna
2 esetében a talajban joval kiterjedtebb olajszennyezés volt megfigyelheté. A mintdkban mért NES
koncentraciok még a legtavolabbi mintdk esetében is jelentdsen meghaladtak a jogszabalyban
megengedett hatarértéket (< 0,1 mg kg?). A talajlégzés vizsgalata soran a termel6dé szén-dioxid
mennyisége Osszefliggést mutatott a NES altal jelzett olajszennyezéssel. A magas koncentracioban
1évé NES esetén az enzimatikus celluldz aktivitas gatlasa volt megfigyelhetd. A cellul6z enzimatikus
lebontasa csak alacsony NES koncentraciok esetén lehetséges, igy csak a lerakotol legtavolabbi
mintakban volt mérheté gyenge, illetve kozepes aktivitds. Ezekben a mintakban mért mikrobialis
aktivitds az olajszennyezés okozta gatlé hatds kisebb mértékével indokolhat6. A talajban mért
szennyezeés mértékét a ndvényboritottsagi adatok is visszaigazoltak.

talaj cellulaz aktivitas / talaj alaplégzése / nem polaros kivonhaté anyagok / olajfeldolgozasbol
szarmazo6 maradékok / olajszennyezés

1 INTRODUCTION

Pollution by oil substances originating from anthropogenic activity has been an urgent and
long-term global environmental problem. Large oil and oil product leakages into the
components of the environment, especially water and soil (Wolinska et al. 2016), occur every
year. Oil substances enter the environment in a variety of ways, e.g. leakages from oil wells,
pipes, underground containers, and incorrect oil waste disposal (Kimes et al. 2014).
Landfilling the residues from oil processing (gudrons) is an example of incorrect oil waste
disposal. The waste — gudron (acid tars) — is produced during the refining of oil fractions with
sulphuric acid. Gudron contains sulphuric acid as well as unwanted components removed
from refined oil. In general, the composition of these residues depends on the composition of
the oil (Speight 2006). In compliance with the valid legislation of the Slovak Republic
(Regulation No. 365/2015 Coll.) gudrons are considered hazardous waste. They are dense,
highly viscous compounds possessing an acrid, acidic smell. Gudrons are highly mobile and
release sulphuric acid continuously (Tumanovsky 2004, Kolmakov 2006, Krenikova 2014).
Gudrons are a persistent and unstable waste, typical for their toxicity, mutagenicity,
teratogenicity, and carcinogenicity (Paluchova 2009, Masarovi¢ova, 2013, Milne 2016).
Gudron landfills are a threat to all parts of the environment. They pollute the air through the
emissions they release during the summer months, pollute underground and surface water via
leakages into surrounding areas, and also degrade the soil and contaminate the ore
environment of the area in which they are present (Krenikova 2014). Soil health is not only
important for people, but also for fauna and flora. Due to its sorptive and retentive properties,
soil is anatural filter against pollutants circulating in the environment (Wyszkowski —
Ziotkowska 2008). Contamination of the natural environment by oil substances contributes
greatly to soil degradation. Though point sources contribute to contamination, it is the non-
point sources of contamination that lead to the creation of integrated underground areas
contaminated by these substances (Wyszkowski — Ziotkowska 2008). The environmental
effect of oil substances on soil processes is the most visible in the activity changes of soil
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microorganisms and enzymes (Li et al. 2007, Niemeyer et al. 2012), i.e. soil microbial
activity can be considered a sensitive biological and biochemical indicator of soil quality
(Margesin et al. 2000, Kaczynska et al., 2015). Soil microorganisms are key elements in
organic decomposition and mineralisation processes. Due to their quick reaction to changes
and adaptation to the environmental conditions, soil microorganisms are often used as
qualitative soil indicators. This is important for the preservation of favourable forest health.
Soil microbiota is able to react quickly to stress in the environment (Nielsen — Winding 2002,
Nannipieri et al. 2003, Fodor — Pajer 2017). Soil respiration (release of CO2 by soil) and soil
activity of cellulase belong to frequently monitored biological soil characteristics
(Gomoryova — Fekiatova 2013). Simek and Santuckova (2002) define soil respiration
and cellulose decomposition as one of the basic microbiological characteristics that determine
soil quality and health. Carbon dioxide, released by respiration from soil, is a final product of
the microbial metabolism of organic remains (with the exception of decomposed organic
matter). Basal soil respiration, measured as total release of CO, is an indicator of overall
microbial activity in soil because the vast majority of prokaryotic and eukaryotic soil
microorganisms obtain energy by oxidation from carbonaceous compounds. Basal soil
respiration is also considered arate of decomposition of mineral soil organic substances
(Knoepp et al. 2000, Gomoryova et al 2013). Basal respiration is a main attribute related to
fertility (Niemeyer et al. 2012) and a common indicator of soil quality (International
Organisation for Standardisation 2002). Cellulose in the soil is commonly degraded by the
cellulase enzyme, which is produced by microorganisms, usually by bacteria and fungi
(Magnelli — Forchiassin, 1999). Cellulose is the most abundant organic compound in the
biosphere, which contains nearly half of the biomass synthesised by the photosynthetic
fixation of CO2 (Eivazi — Tabatabai 1990, Eriksson et al. 1990, Tomme et al. 1995).
Cellulose in soil originates mainly from the remains of plant matter, though fungi and bacteria
in the soil also contribute limited amounts. The growth and survival of microorganisms
depend on the source of carbon contained in the soil cellulose (Deng — Tabatabai 1994). To
release carbon as an energy source, cellulose enzymes must degrade cellulose from plants to
high-molecular oligosaccharides, cellobiose, and glucose. Within the process of systematic
identification of environmental burdens, the following landfills were ranked among the
environmental burdens of the Slovak Republic. Petrochema Dubova, a. s. as a refinery and
petrochemical company processed oil using sulphonation and absorption technologies. Final
products were made from obtained fractions, e.g. lubricating and special oils, detergents for
laundry agents, and special white oils used in medicine and cosmetics. In the past, gudrons
were placed in the natural environment and this lead to the creation of two gudron landfills:
Predajna 1 and Predajna 2 (Oravec 2014). This case study deals with the impact hazardous
industrial waste — acid gudrons — from the Predajna 1 and Predajna 2 landfills have had and
continue to have on soil and flora.

2 MATERIALS AND METHODS

This case study aims to assess the soil quality of areas contaminated by oil substances and
evaluate soil basal respiration (CO.), soil cellulase activity, analytical determination of non-
polar extractable substances (NES), and vegetation conditions. The experiment took place in
the monitored areas over two years (2018 — 2019). The monitoring was carried out in two
research areas: Predajna 1 and Predajna 2 (the Slovak Republic, the region of Banska
Bystrica), in two transects and four sampling points at distances of 0.5 m, 50 m, 70 m, 150 m
from Predajna 1 (following the spread of pollution), and at distances of 1 m, 75 m, 110 m,
150 m from Predajna 2 (following the spread of pollution). GPS coordinates of the sampling
points: Predajna 1 — 1. N48°49.197 E19°29.018, 2. N48°49.192 E19°29.016, 3. N48°49.186
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E19°29.018, 4.N48°49.172 E19°29.029 and Predajna2 — 1.N48°49.227 E19°28.702,
2. N48°49.195 E19°28.704, 3. N48°49.178 E19°28.715, 4. N48°49.151 E19°28.743 — Garmin
GPS map 62sc. The distances for Predajna 1 and Predajna 2 are not identical due to the
different configurations and accessibilities of the sampling points (Figure 1).

Figure 1. Map of the locality and the sampling points
1-Predajpal; 1-05m,2-50m, 3- 70m, 4-150m
2—Predajna2; 1- 1m,2-75m, 3-110m, 4-150m

2.1 Sampling

Five soil samples were taken five times a year during the vegetation periods in 2018 and
2019. A manual sounding stick was used to take the samples from the depth of 15-20 cm from
each of mentioned areas (Regulation of the Ministry of Environment of the Slovak Republic
No0.1/2015 on uniform methods of analytical waste examination), without any effect of
outdoor conditions (no rainfall total and average temperature of 20°C). Sampling was
completed in compliance with STN ISO 10381-6, and the samples were treated by quartering
to obtain a representative sample. In order to preserve natural soil character, the soil samples
for basal soil respiration and soil cellulase activity measurements were not sifted.

2.2 Determination of basal soil respiration

Respiration or basal soil respiration by the Isermeyer method was determined by the amount of
released CO; produced during an incubation period of 24 hours with the consequent titration with
standardised volumetric solution of hydrochloric acid (¢ = 0.05 mol L), using phenolphthalein as
an indicator. Data are expressed as pug CO2 g * of dry soil (Alef 1991, Kizilkaya et al. 2004).

2.3 Determination of soil cellulase activity

The determination was completed according to Islam (1998), i.e. the principle is incubation
of sterile cellulose in a Petri dish with a soil sample. After 30 days, quantitative decrease
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was evaluated (in %) from the surface of cellulase using IMAGE J software (freely
available on the Internet).

2.4 Determination of oil substances

Oil substances in soil were determined as non-polar extractable substances (NES) using
spectrophotometer in an infrared area by the extraction with organic diluent (S-316)
(Ladomersky 2001).

2.5 Vegetation research

Vegetation research was conducted in the form of phytocenological records in compliance
with the Ziirich-Montpellier School principles in the surroundings of gudron landfills in the
vegetation periods of 2018 and 2019. Qualitative and quantitative characteristics were
monitored in phytocenological relevés. Qualitative characteristics of plant community
represent aset of all species that occurred in the studied area in the given period. The
estimation of cover was assessed from quantitative characteristics, i.e. percentage estimation
of the area covered by certain species. Places of phytocenological relevés are identical with
the sampling points (Braun-Blanquet 1964, Moravec 1994).

2.6 Analysis of results

Using the program STATISTICA 12, ANOVA with interactions, confidence intervals of 95%
and the program MatLab 2019b.

3. RESULTS AND DISCUSSION

This case study focuses on soil pollution in the surroundings of two gudron landfills, Predajna
1 and Predajna 2, which are environmental burdens in Slovakia. During exploratory works,
172,558 mg kg* of NES was determined in gudron waste (Auxt 2018). Predajna 1 was built
with a protecting dike in 1964 and was in operation until 1974. Predajna 2 was used for the
deposition of gudrons from 1974 to 1983. The bedrock at the landfills consists of limestone,
dolomites and rocks of melafire sequence. The bottoms of the landfills are not sealed, which
led to a 60,000 ton gudron leak into the bedrock in 1982 (Ollerova 2004, Michaeli 2010).

3.1 Assessment of oil pollution

To assess soil samples in the surroundings of Predajna 1 and Predajna 2, the distances for
sampling were measured from 0.5 to 150 m from the landfills. Monitoring of oil pollution
spreading from the landfills revealed no significant differences between the NES values in the
range from 0.5 to 150 m from the landfills in the years 2018 and 2019. Therefore, a stabilised
situation can be assumed. Oil substance contamination decreases as distance from the landfill
increases. Comparison of these two areas showed markedly higher oil substances pollution in
the soil samples taken from the surroundings of Predajna 2 (Table 3). We presume that the
determined high concentrations of NES are affected by the approximately 60,000 ton leak of
gudrons into the bedrock in 1982 (Michaeli 2010). Precipitation amounts have also affected
the long-term, gradual gudron contamination of the surrounding area from both landfills.
Since both landfills are exposed, they are continuously replenished with rainfall, thereby
increasing the environmental risk (Masarovi¢ova 2013).
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Figure 2. Estimation of the course of pollution depending on the distance
(Note: P1 — Predajna 1; P2 — Predajna 2)

In order to model data, the most suitable logistic function was:
_ k1
y(x) - 1+ek2x+k3 (1)

Table 1 and Table 2 contain the results of non-linear regression calculated with the
MatLab 2019b program. All coefficients in the Tables are statistically significant.

Non-linear regression model: y ~ k1/(1 + exp(k2*x +k3)) — Predajna 1

Table 1. Estimated coefficients-non-linear regression parameters Predajna 1

Estimate SE tStat pValue
K1 2736 8.8003 310.9 25
K2 0.0827 0.0040 -20.34 7.0e?°
K3 —4.99 0.3090 16.15 1.0e2

Number of observations: 64, Error degrees of freedom: 61, Root Mean Squared Error: 24.8
R-Squared: 1, Adjusted R-Squared 1; F-statistic vs. zero model: 6.75e+04, p-value = 2.58e-107

Non-linear regression model: y ~ k1/(1 + exp(k2*x + k3)) — Predajna 2

Table 2. Estimated coefficients — non-linear regression parameters Predajna 2

Estimate SE tStat pValue
K1 312.16 6.6699 46.8 1.6e%
K2 0.02297 0.0004 -59.5 9.9¢°°
K3 —0.49 0.0543 8.98 9.2¢13

Number of observations: 64, Error degrees of freedom: 61, Root Mean Squared Error: 1.75
R-Squared: 0.999, Adjusted R-Squared 0.999; F-statistic vs. zero model: 9.49e+04, p-value = 7.69e-112

When assessing the results, we focused on the evaluation of the course of pollution
according to distance. The logistic function predicts the course of pollution (based on the NES
indicator) to increasing distance from the pollution source (Predajna 1 and Predajna 2).

Table 1 - 2 and Figure 2 show that the NES content in the soil samples taken at a distance
of 1 m from Predajna 2 was 14 times higher than it was in the soil 0.5 m from Predajna 1.
Only the 150m distance from both landfills showed no significant difference between the
determined values of NES for both areas. Higher content of NES was detected in analysed
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soil from the surroundings of Predajna 2 at the distances of 1 m and 75 m. However, the
spread of oil pollution at the distances of 110 m and 150 m decreased to nearly comparable
levels of pollution in the sampling points of P1 (Note: P1- Predajna 1; P2 — Predajna 2).
Determined content of NES did not meet the criteria of permissible concentration in soil
samples, not even at the 150 m distance (< 0.1 mg kg™ in compliance with the Law No.
220/2004 Coll.).

Table 3. Characteristics of non-polar extractable substances (mg kg-1)

Predajna 1 Predajna 2
Distance (m)  Average St. Error  Distance (m)  Average St. Error
2018 0.5 191.63 0.20 1 2715.31 0.30
2018 50 105.68 1.41 75 629.53 0.28
2018 70 78.07 0.18 110 43.12 0.07
2018 150 14.75 0.07 150 17.57 0.19
2019 0.5 193.77 0.74 1 2716.69 0.50
2019 50 105.00 0.54 75 629.47 0.14
2019 70 77.94 0.20 110 43.36 0.40
2019 150 14.66 0.15 150 17.97 0.13

3.2 Assessment of basal soil respiration

Oil pollution degrades physical and chemical soil characteristics. Greasy film on the soil
surface limits air circulation between the soil and the atmosphere. Soil particles coated by oil
hinder CO from leaving the soil for the air. Oil pollution also degrades the biological
properties of soil (Frankovska 2010, Samesova 2011). Changes in soil caused by oil pollution
were also monitored on the basis of determination of basal soil respiration. In the analysed
samples (Figure 3, Table 4) the content of determined CO> corresponds with determined NES
values (Table 3): as presented by Hybska et al. (2013), basal soil respiration grows with
decreasing NES content. In their scientific study, Polyak et al. (2018) dealt with the
monitoring of basal soil respiration in soil burdened by oil pollution. They confirmed that
CO2 production corresponds with the course of degradation of oil pollution controlled by the
determination of petroleum hydrocarbons. Ali et al. (2020) found that the rate of CO:
development in the soil burdened with oil pollution ranged from 30.6 to 55.0 ug CO2 g day™.

Table 4. Statistical characteristics of basal soil respiration (ug CO2 g day™) results in the
monitored locality

Predajna 1 Predajna 2
Year Distance Average St. | Confidence intervals | Distance Average St. | Confidence intervals
(m) Error| -95% 95% (m) Error -95% 95%
2018 0.5 11.98 | 0.09 11.70 12.25 1 1.16 | 0.01 1.11 1.21

2018 | 50 16.06 | 0.05| 15.88 16.23 75 7.11 | 0.02 7.06 7.17
2018 | 70 23.08 | 0.20 | 22.43 23.72 110 35.69 | 0.12 35.31 36.06
2018 | 150 43.43 | 0.18 | 42.86 44.00 150 40.24 | 0.18 39.65 40.83
2019 0.5 12.23 | 0.14 | 11.76 12.69 1 1.22 | 0.04 1.11 1.34
2019| 50 16.15 | 0.13 | 15.73 16.56 75 7.11 | 0.01 7.07 7.15
2019| 70 2391 | 052 | 22.25 25.56 110 35.71 | 0.08 35.47 35.95
2019 | 150 43.25 | 0.24 | 4248 4401 150 40.56 | 0.14 40.12 40.99
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Figure 3. Graphical representation of basal soil respiration results

3.3 Assessment of soil cellulase activity

Polysaccharide cellulose is a basic component of plant tissue cell walls and is also the most
common organic compound in the biosphere. After plants die, cellulose is decomposed by the
enzymes that belong to the group of cellulases. Anthropogenic effects of oil pollution were
assessed by the determination of the rate of soil cellulose activity. Cellulose was not
decomposed in the most polluted soil samples (Table 5). Enzymatic cellulase activity was
detected only at the lowest NES concentrations. According to Rejsek (1999), there is no
cellulolytic enzyme activity in soils with the highest NES concentrations. It is possible to
range the soils of lower NES concentrations (soils taken from the distances of 70 m
and 150 m from Predajna 1; 110 m and 150 m from Predajna 2) among the soils with weak or
middle activity of soil cellulase (Figure 4, Table 5). This means that microbial activity was
detected in the soil samples and its values were higher due to the oil pollution-caused
decrease of inhibitors. The results of this case study correspond with Hybska et al. (2013),
where the percentage rate of the soil cellulase activity in the soil contaminated by oil was
2.12%. In soil contaminated by synthetic oil (completely or very well degradable oil), this
figure was 8.72% (Fargasova 2009) while it was 15.95% in soil without oil pollution. For the
comparison, the results of Javorekova et al. (2006) can be mentioned: the cellulose
decomposition was detected at the depth of 0.1 m in agricultural soil (44% in brown earth and
35.15% in black earth). Compared with our results, obtained under the same conditions as
mentioned in Javorekova (2006), high NES concentrations inhibit the enzymatic activity in
such burdened soil (Table 3).
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Table 5. Statistical characteristics of cellulase activity results in the monitored locality

Predajna 1 Predajna 2

Year Distance Average St. Confidence intervals Distance Average St. Confidence intervals

(m) (%) Error -95% 95% (m) (%) Error -95% 95%
2018 05  0.00 1 0.00
2018 50 002 001  0.00 0.05 75 0.00
2018 70 035 0.02 0.30 0.39 110 292 003 281 3.03
2018 150 0.90 0.00 0.89 0.91 150 183 045 0.39 3.26
2019 05  0.00 1 0.00
2019 50 002 000 0.01 0.03 75 0.00
2019 70 036 001 031 0.40 110 245 049 091 4.00
2019 150 104 001 101 1.06 150 145 0.02 140 1.50

PREDAINAA1 PREDAINAZ

Rate of cellulase activity
Rate of cellulose activity

) . & 2018 - 2018
Sampling point = 2019 Sampling point & 2019

Distance (m)
Sampling points 1 2 3 4
Predajna 1 0.5 50 70 150
Predajna 2 1 75 110 150

Figure 4. Graphical representation of cellusase activity results

3.4 Assessment of vegetation conditions

Several factors affect basal soil respiration and soil cellulase activity. Based on
phytocenological records from 2018 and 2019, it is possible to state that the surface cover
percentage increases with the increasing distance from the landfill border. Surface vegetation
cover increased from 30% to 90% at Predajna 1 in 2018 and from 40% to 100% in 2019. At
Predajna 2, the cover increased from 50% to 100% in both years of monitoring (Table 6). The
number of species at Predajna 1 stayed identical or increased slightly with distance. In 2019,
the number of species increased to 20 in the area closest to the landfill (in comparison with
8 in 2018). However, the cover only increased by 10%. No vegetation was detected in the
area without any determined cover. A trench from the landfill border over the dike to the root
of the dike was created there. It is possible that gudron waste was flowing away in that
direction when landfill levels were high. This can be related to water erosion and excessive
precipitation. A doubling of the amount of species does not automatically indicate a larger
creation of biomass and higher cover. At Predajna 2, the higher number of species due to
distance was not detected. However, total cover grew from 50% to 100%. Cellulase activity
increased with distance from the landfill, as well as total vegetation cover of the area. Higher
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cover leads to the higher the production (creation) of surface and underground biomass.
Consequently, the amount of waste and dead and decayed biomass rises as well.

The occurrence of the woody plants Betula pendula, Salix caprea, and Populus tremula
was detected near the landfills. Herbs Calamagrostis epigejos and Dactylis glomerata achieve
cover ranging from 25% to 50%. Arrhenatherum elatius and Rubus caesius cover is from
50% to 75%. With the exception of Arrhenatherum elatius, PySek (1981) and Hartman (1980)
consider these herbs to be oil pollution tolerant. The occurrence of Calamagrostis epigejos
was observed in the areas closest to the landfills where the highest NES content was also
detected. According to the above-mentioned authors, Arrhenatherum elatius belongs to a
group of species that are sensitive to oil pollution. This species did not occur in the areas
where the highest NES concentrations were detected.

Table 6. Characteristics of vegetation in the monitored locality

Predajna 1 Predajna 2

Year Distance Number of  Total cover Distance Number of  Total cover

(m) species (%) (m) species (%)
2018 0.5 8 30 1 12 50
2018 50 10 70 75 19 90
2018 70 0 0 110 20 80
2018 150 9 90 150 14 100
2019 0.5 20 40 1 11 50
2019 50 13 80 75 22 100
2019 70 0 0 110 19 70
2019 150 13 100 150 13 100

4. CONCLUSIONS

Based on the obtained results of this case study, we can conclude that gudron waste is an
environmental burden for soil. This was proved by the presence of non-polar extractable
substances (NES) in soil samples at different distances from the landfills. Contamination
decreased in accordance with increasing distance. The assessment of the course of oil
pollution based on the NES indicator according to distance is predicted by a logistic function.
Cellulose was not decomposed in soil that was closest to gudron landfills. Soil activity
increased as distance from the landfills increased. Higher microbial activity was detected in
the samples where inhibitors were lowered due to the pollution. Basal respiration highlights
the ability of microorganisms to use available substrate, especially organic matter. Basal
respiration determination is significant in soils affected by different negative factors, e.g.
negative anthropization (in this case oil pollution). CO2 production rose as distance from the
landfills increased. This corresponds with the course of degradation of oil pollution controlled
by the determination of non-polar extractable substances. Based on the phytocenological
records from 2018 and 2019, we conclude that percentage cover of the area increases as
distance from the landfill border increases. Determination of basal soil respiration and
cellulase activity were confirmed as suitable indicators for the monitoring of oil polluted soil.
Based on these findings, we recommend the assessment of basal soil respiration as a suitable
monitoring method to measure soil contamination by oil substances. This method is more
financially and environmentally accessible than NES monitoring. Monitoring of these
indicators is also important in forest ecosystems.
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