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Abstract: One of the most significant environmental pollutants are polycyclic aromatic hydrocarbons - PAHs. 

Toxic and carcinogenic, their presence in the environment can be caused by natural sources, but much more 

often they are caused by anthropogenic sources. Contamination of soil with PAHs is of special importance. In 

this paper, we examined the contamination of illegal landfill soil samples with polycyclic aromatic 

hydrocarbons, with reference to the impact of PAHs on the environment.  
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1. INTRODUCTION  

Polycyclic aromatic hydrocarbons - PAHs, belong to the group of persistent organic 

pollutants. Not only do they have a long period of degradation in the environment but some of 

the products of their degradation are also harmful to the environment. They belong to toxic 

(both acute and reproductively toxic, genotoxic, cytotoxic ...) and carcinogenic pollutants. 

Although PAHs are found in the environment by natural activities such as volcanic 

activity or forest fires, anthropogenic sources such as oil spills, municipal and industrial 

waste, both in water and air, and in soil, are of special danger to the environment. The largest 

accumulation of PAHs was recorded in the soil, and there are prescribed limit values of PAHs 

concentrations in the soil in order to monitor pollution and react adequately. 

Landfills, and especially illegal landfills, are locations where soil contamination by 

various pollutants occurs, and PAHs are one of them. There is no control over the dumping of 

waste of communal or industrial origin on illegal landfills, and there is a great possibility of 

polluting the land and the entire environment with various harmful compounds. 

This paper looks into soil samples from the locations of illegal landfills on the territory of 

AP Vojvodina, and the presence of PAHs in these samples. The PAHs tested were: 

anthracene, benzo (a) anthracene, benzo (k) fluoranthene, benzo (a) pyrene, chrysanthemum, 

phenanthrene, fluoranthene, indeno (1,2,3-cd) pyrene, naphthalene, benzo (g, h, i) perylene. 

2. POLYCYCLIC AROMATIC HYDROCARBONS 

Polycyclic aromatic hydrocarbons (PAHs) are organic compounds that are mostly 

colorless, white, or pale yellow solids. They are a group of several hundred chemically related 

compounds, environmentally persistent with various structures and varied toxicity. They have 

toxic effects on organisms through various actions. Generally, PAHs enter the environment 
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through various routes and are usually found as a mixture containing two or more of these 

compounds. [1] 

They reach the environment in the largest percentage as combustion products. 

Anthropogenic sources of PAHs are more dominant than their natural source which 

include sources like combustion engines, residential heating, industrial activities, and biomass 

burning. 16 PAHs are listed [naphthalene, acenaphthylene, acenaphthene, fluorine, 

phenanthrene, anthracene, fluoranthene, pyrene, benzo(a)anthracene, chrysene, 

benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, dibenzo(a,h)anthracene, 

benzo(g,h,i)perylene, and indeno(1,2,3-c,d)pyrene] as most priority ones to be analyzed in 

various environmental matrices. [2] 

 

2.1. PAHs impact on health  

PAHs can be harmful to health under some circumstances, and will depend mainly on the: 

 length of time a person is exposed 

 the amount one is exposed to 

 the PAHs you have been exposed to 

 how you were exposed - inhalation, ingestion or skin contact. 

A variety of other factors can also affect health impacts from such exposure, including 

pre-existing health status and age. [3] 

Health effects from chronic or long-term exposure to PAHs may include: 

 cataracts 

 kidney and liver damage aplastic anaemia (effect on the bone cells in bone marrow that 

produce red blood cells) 

 skin damage and photosensitisation (sensitisation to sun light) 

 skin cancer 

 lung cancer 

 bladder cancer 

 gastrointestinal  

 

The studies have also reported asthma-like symptoms, lung function abnormalities, 

chronic bronchitis and decreased immune function. [3] 

 

2.2. PAHs in environment 

PAHs  are  omnipresent  in  the  environment,  partly  because  they  are  transported  over  

long  distances  without significant  degradation. PAHs have an affinity for sediment, soil, and 

biota. When found in air and water, the PAH compounds are generally found adsorbed  to 

particulate  matter.  Thus,  although  most  PAHs  are  emitted  to  the  atmosphere, sediments 

and soils are the major environmental sinks for these compounds. [4] 

The movement of PAHs in the environment depends on properties such as how easily 

they dissolve in water, and how easily they evaporate into the air. PAHs in general do not 

easily dissolve in water. They are present in air as vapors or stuck to the surfaces of small 

solid particles. They can travel long distances before they return to earth in rainfall or particle 

settling. Some PAHs evaporate into the atmosphere from surface waters, but most stick to 

solid particles and settle to the bottoms of rivers or lakes. In soils, PAHs are most likely to 
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stick tightly to particles. Some PAHs evaporate from surface soils to air. Certain PAHs in 

soils also contaminate underground water. The PAH content of plants and animals living on 

the land or in water can be many times higher than the content of PAHs in soil or water. 

PAHs can break down to longer-lasting products by reacting with sunlight and other 

chemicals in the air, generally over a period of days to weeks. Breakdown in soil and water 

generally takes weeks to months and is caused primarily by the actions of microorganisms. [5]  

Removal of  PAHs  from the environment  is  normally associated with biodegradation  

processes because of their nature. [4] 

3. ILLEGAL LANDFILLS 

3.1.  Locations 

       In cooperation with the Institute of Field and Vegetable Crops, which performed the 

sampling, soil samples were taken from a total of 113 locations of illegal landfills on the 

territory of the Autonomous Province of Vojvodina. Sampling was performed on five 

measuring profiles at each landfill, so that one measuring point was in the center of the 

landfill, ie the place where the waste has been for a long time, and four more measuring points 

that were located on the edges of the landfill. Two samples were taken at each measuring 

point, one at a depth of 0cm to 30cm and the other at a depth of 30cm to 60cm. In this way, 

1130 soil samples were obtained.  

      Image 1 shows the locations of illegal landfills from which soil samples were taken. 

 

 
 

Image 1. The locations of illegal landfills from which soil samples were taken. 

 

 

 

3.2.  Method of work and limit values 

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 an HP 1200 autoinjector and diode array detector (DAD). 
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Image 2 – HPLC with 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 PAHs, 

and certified reference materials were used for quantification by the external standard method. 

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 development of remediation programs 

("Official Gazette of the Republic of Serbia", No. 88/2010) and Decree on limit values of 

polluting, harmful and dangerous substances in the soil ("Official Gazette of the Republic of 

Serbia", No. 30/2018 i 64/2019). 

Limit value for sum of ten polycyclic aromatic hydrocarbons (anthracene, benzo (a) 

anthracene, benzo (k) fluoranthene, benzo (a) pyrene, chrysanthemum, phenanthrene, 

fluoranthene, indeno (1,2,3-cd) pyrene, naphthalene and benzo (g,h,i) perilen) is 1 mg per 

kilogram of absolutely dry matter. Remediation values are above 40 mg/kg of absolutely dry 

matter. [6] 

 

3.3. Remediation for PAH polluted soil 

Different treatment processes are available for polycyclic aromatic hydrocarbons (PAHs) 

polluted sites such as confinement, chemical oxidation or biological and thermal treatments. 

Nevertheless the adequate treatment will be chosen depending on PAHs concentrations in 

soils. [7] 

Thereby, the treatments of soils polluted by high concentrations of PAHs are essentially 

based on thermal processes. These include incineration and thermal desorption. Treatments by 

chemical oxidation or biological treatments have recently been used for lower PAHs 

concentrations. At the present time,  management of PAHs polluted sites is often, for financial 

reasons, carried out using confinement/encapsulation or by land disposal. This approach is 

however not sustainable, and does not in fact remove the pollution but simply postpones the 

problems. [7] 
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As each soil is contaminated with more then one different pollutant, deciding on a method 

of remediation is not easy. No method of remediation is adequate for all types of 

contamination, so it is necessary to analyze the situation and choose the most appropriate 

method, or methods. 

4.  CONCLUSION 

For the purposes of this paper, samples were taken from 113 locations of illegal landfills 

on the territory of AP Vojvodina. Samples from 5 measuring profiles were taken at each site. 

One of the measuring profiles is in the center of the landfill, while the others are distributed 

along the edges of the landfill. Two samples were taken on each measuring profile, one at a 

depth of 0 cm to 30 cm and the other at a depth of 30 cm to 60 cm. 

PAHs tested in this study were: anthracene, benzo (a) anthracene, benzo (k) fluoranthene, 

benzo (a) pyrene, chrysanthemum, phenanthrene, fluoranthene, indeno (1,2,3-cd) pyrene, 

naphthalene, benzo (g , h, i) perylene. 

An elevated value of total PAHs, which exceeded the limit values of 1 mg/kg, was found 

in about 10% of  tested samples.   

There is no relationship between sampling depth and elevated PAH values. 

Although the remediation values in the examined samples were not exceeded, the 

exceeded limit values in as many as a third of the samples are a sufficient sign that it is 

necessary to approach soil contamination with PAHs very seriously, in order to prevent their 

further deposition in the soil and thus the environment. 

The decision on soil remediation cannot be made only on the basis of PAH 

contamination, but after a comprehensive analysis of soil contamination with various 

pollutants. 
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