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Abstract: Illegal landfills are defined as places where waste is disposed of or has been disposed of at a previously 

unprepared location, which in most cases is not suitable for waste disposal, ie does not meet the basic criteria of the 

location where it is possible to build a landfill. Their number is variable, because they appear very quickly and even 

attempts to remove them, ie to transfer waste, if possible, to a sanitary landfill, often do not have a significant effect. 

In the Republic of Serbia, about 40% of generated municipal waste is dumped in illegal landfills. In the area of AP 

Vojvodina, the number of small illegal landfills is extremely large. This paper presents a segment of research on the 

quality of soil from a large number of illegal landfills in the area of AP Vojvodina. The obtained results indicate the 

degree of soil pollution due to improper waste disposal, ie the negative impact of illegal landfills on the quality of 

the environment. Recommendations for remediation have been defined at sites where the presence of pollutants 

above the prescribed remediation values has been detected. 
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1. INTRODUCTION  

Soil is one of the renewable natural resources, but human activity is increasingly 

endangering the soil fund where a special problem is the permanent destruction of the soil 

surface by its use for the purpose of waste disposal. Soil pollution means the introduction of 

pollutants into or on the soil by human or natural processes, which can have detrimental 

consequences for the quality of the environment and human health. According to EU regulations 

[1], soil contamination is when is identified the presence of pollutants in soil above the 

prescribed level, which causes deterioration or loss of one or more soil functions. The most 

common causes of soil contamination are related to human activities, which result in the 

emission of chemicals of artificial origin into naturally occurring soil components, which 

disturbs the natural balance and causes negative effects on human health and the environment. 

This type of contamination usually originates from leaks of hazardous and harmful substances 

from aboveground tanks, application of pesticides, penetration of contaminated surface water 

into lower layers of soil and groundwater, leaching of pollutants from waste from landfills or 

direct disposal of waste on soil, especially those with hazardous characteristics.  

The link between soil contamination and waste management is more than obvious. 

Inadequate waste management leads to the creation of a large number of contaminated sites. 

Modern landfills, which have elements of sanitary protection, are intended to prevent 

contamination of surrounding soil, surface water and groundwater. In the case of unsanitary 

disposal of municipal and other waste streams, there is an uncontrolled spread of pollutants from 

the disposed waste, which indicates the possibility of contamination of soil and other 

environmental media. The lack of a protective base and a system for collecting leachate in 

landfills whether landfills are for inert, non-hazardous or hazardous waste, is a problem due to 

the migration of pollutants into the surrounding soil, groundwater and surface water.  
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In order to successfully protect the soil from pollution, it is necessary to know the sources of 

pollution, but also the amount and properties of pollutants, as well as their harmful effects. 

Knowledge of the physical and chemical characteristics of pollutants present in the soil enables 

the prediction of their mobility and the success of the remediation process. The classification of 

soil depending on the presence of pollutants is very important, because it determines the degree 

of soil pollution, whether it poses a risk to human health and the environment and whether its 

remediation is required.  

Monitoring of the condition of the soil is done by monitoring the negative impacts on the 

soil, monitoring the condition, measures and activities undertaken in order to reduce such 

impacts and raise the quality of the soil and the overall environment. According to the Law on 

Environmental Protection of the Republic of Serbia, which provides the legal basis for 

establishing systematic monitoring of soil in Serbia, soil protection and its sustainable use is 

achieved by measures of systematic monitoring of soil quality, monitoring indicators for 

assessing the risk of soil degradation and programs to eliminate the consequences of 

contamination and degradation of soil, whether they occur naturally or are caused by human 

activities. The Decree on Limit Values of Pollutants, Harmful and Hazardous Substances in Soil 

[2] prescribes in Annex 1 the limit and remediation values of concentrations of hazardous and 

harmful substances and values that may indicate significant soil contamination. Remediation 

programs and remediation projects are always implemented if the average concentration of any 

hazardous or harmful substance in more than 25 m
3
 of soil volume exceeds the prescribed 

remediation value. 

2. MATERIALS AND METHOD 

2.1. Sampling 

For the purposes of this research, and in order to monitor non-agricultural land in AP 

Vojvodina, land sampling was initially performed at 112 illegal landfills in AP Vojvodina. Two 

samples were taken for each measuring profile, one from a depth of 0 to 30 cm and one from a 

depth of 30 to 60 cm. In this way, a total of 1120 soil samples were collected.  

Collected soil samples were analyzed by standard analytical methods. In the soil samples, 

were analyzed: basic chemical properties of the soil; heavy metal content; polycyclic aromatic 

hydrocarbons (PAH); polychlorinated biphenyls (PCBs); pesticides and their metabolites; 

polybrominated diphenyl ethers (PBDE); phthalate esters (FE) and mineral oils. The obtained 

results were compared with the limit and remediation values prescribed by the Regulation on the 

program of systematic monitoring of soil quality, indicators for risk assessment of land 

degradation and methodology for the development of remediation programs [3] and Decree on 

limit values of polluting, harmful and dangerous substances in soil [2]. Based on the results, the 

degree of endangerment of the soil from chemical pollution was assessed at selected locations 

for the parameters covered by the monitoring. 

2.2. Methods 

Soil samples were air - dried and ground to a particle size < 2 mm (ISO 11464: 1994).  

To determine the total content of heavy metals As, Cd, Cr, Cu, Ni, Pb, Zn and Hg, samples 

were prepared by microwave digestion according to the EPA 6010C method [4] (Image 1). The 

metal content was determined using induced coupled plasma (ICP-OES) (Image 2). 
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Image 1 - Microwave Milestone Ethos Up Image 2 - ICP-OES system Thermo iCAP 6500 Duo 

The pesticides were extracted with an organic solvent (US EPA methods 3540C [5] and 

3630C [6]), the resulting extract was purified, using solid phase extraction (QUECHERS). The 

obtained extract was analyzed by capillary gas chromatography on an Agilent 7890 B gas 

chromatograph with an EC detector and a CTC PAL injector. A capillary column DB5-MS with 

a length of 30 m and an inner diameter of 0.32 mm was used. 

The PAH extract obtained by soil extraction with a suitable solvent and purification by solid-

phase extraction dispersion (QUECHERS) was analyzed using liquid chromatography on a 

HPLC 1200 device (Image 3) with autoinjector and diode array detector (DAD). Separation was 

performed in a mobile phase gradient of acetonitrile / water with detection at 254 nm on column 

C-18. Ultrapure HPLC-grade solvents were used to separate the 16 PAHs, and certified reference 

material was used for quantification by the external standard method. 

 

 

Image 3 - HPLC Agilent 1220 Infinity LC 

PCB analytes were extracted by US EPA 3540C [5], extracts were purified by silica gel (US 

EPA 3630C [6]), and extract analysis was performed by GC-MS on a Thermo scientific Trace 

1300 ISQ with an AI 1310 with automatic injector (Image 4). 

Quechers extraction and the used method for detrmination of PBDE congeners are described 

in detail in the literature [7]. Extracts were analyzed on GC-ECD Agilent 7890 B (Image 5), with 

CTCPAL sampler for liquid and gaseous samples, with EC detector, capillary column HP-5 (30 

m x 0.30 mm x 0 , 25 µm). 
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Image 4 - GC-MS Thermo scientific Trace 1300 ISQ Image 5 - GC-ECD Agilent 7890 B 

Phthalate esters in soil extracts were analyzed on a gas chromatograph with a mass detector 

using the USEPA 8061A method. The corresponding ions were monitored. A Thermo gas 

chromatograph equipped with an automatic liquid sample injector and an HP-5 capillary column 

(30 m x 0.32 mm x 0.25 µm) under programmed temperature conditions was used for analysis. 

3. RESULTS AND DISCUSION 

The following conclusions were obtained by analyzing the results.  

Almost all samples had concentrations of Cd, Co and Ni higher than the limit values -98%, 

93% and 84% respectively (Chart 1). The only location with a concentration of Ni higher than 

the remediation value was a illegal landfill in the municipality of Irig.  

 

 

Chart 1 - Number of samples (in %) with heavy metal concentrations 

> limit value (lv); > remediation value (rv)  

Analyzing pesticides residues it can be said that hexachlorocyclohexanes (HCHs), atrazine, 

alpha-Endosulfan, heptachlor and heptachlor epoxide can still be found in the soil near to illegal 
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landfills. Their concentrations were higher than the limit values in more than 50% of the 

examined soil samples. 

 

Chart 2 - Number of samples (in %) with pesticides concentrations 

> limit value (lv); > remediation value (rv)  

Analyzing PAHs in soil samples, we came to the conclusion that these compounds are 

present, but in only 4.6% of samples the concentration was higher than the limit value. 

Due to similarities in structure and due to the lack of legislation regulating lv and rv of 

PBDE, PCB and PBDE congeners were observed together. Only 17.7% of the samples had a 

concentration of total PCBs higher than lv, and the values of total PBDEs concentration in all 

samples were lower than the limit value for PCBs. 

Based on the analysis, it can be said that phthalate esters are currently the biggest problem 

which should be dealt with in detail in the future. In 61.5% of all samples, the concentration of 

the sum of 6 observed phthalates was higher than the limit value, and in 38.5% of samples this 

concentration exceeded the remediation value (Chart 3). The highest average concentration was 

measured in the cadastral municipality of Lacarak in the municipality of Sremska Mitrovica with 

value of 257.08 mg/kg. 
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Chart 3 - Number of samples (in %)  with phthalate esters concentrations 

> limit value (lv); > remediation value (rv) 

The analysis of the content of total petroleum hydrocarbons - fractions C6 and C40 (mineral 

oils) shows that the measured concentrations were higher than limit value in 86.21% of the 

samples. No exceedances of remediation values were registered in the soil samples. The highest 

measured concentration was registered in soil sample from illegal landfill in Subotica (1468 

mg/kg). 

4. CONSLUSION 

At the locations where the presence of pollutants above the prescribed remediation values 

has been detected, it is necessary to conduct more detailed research to show whether the 

concentration of pollutants, harmful or hazardous substances, in more than 25 m
3
 of soil volume, 

exceeds the remediation value in accordance with the Regulation on Limit Values of Pollutants, 

Harmful and Dangerous Substances in Soil ("Official Gazette of RS", No. 30/2018 and 64/2019). 

The remediation and reclamation project can be implemented in case of exceeding the prescribed 

limit values, as well as in the case that the concentrations of pollutants, hazardous and harmful 

substances in less than 25 m
3
 of soil volume exceed the prescribed remediation values, if 

additional research at contaminated sites indicates significant consequences for human health 

and the environment. In accordance with the above, at contaminated sites, it is necessary to 

assess the need for development and adoption of remediation and remediation projects, in 

accordance with the Rulebook on methodology for remediation and remediation projects 

(Official Gazette of RS, No. 74/2015) and the Rulebook on the content of reclamation projects. 

and land remediation ("Official Gazette of RS", No. 35/19). 
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