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Abstract: The detection of petroleum hydrocarbon contaminants such as light non-aqueous phase liquid (LNAPL) in the subsurface 
using geophysical methods, particularly electrical resistivity methods has been the subject of considerable interest in recent years. Their 
detection is based principally upon the electrical soil properties and processes related to biodegradation of the hydrocarbons. Direct 
current resistivity data were collected at the location of RNS (Oil Refinery Novi Sad) and "Obrenovac centar" fuel station site, Serbia. 
The objective of this study was to evaluate the possibilities of resistivity imaging techniques in detecting and locating anomalies of 
hydrocarbon contamination. Resistivity measurements were carried out utilizing the Wenner array configurations. In order to achieve 
good vertical and lateral resistivity distributions for the investigated site electrode spacing was 1 m. The interpretations obtained from 
2D-modelling of the field data show a highly conductive region in areas with LNAPL contamination. This explanation was supported by 
the presence of free hydrocarbon phase floated on the surface of water filling the drilled boreholes and geochemical analysis of core 
sample collected on these two investigation site. 
 
Keywords: environmental pollution, LNAPL contamination, electrical resistivity imaging, Wenner array, soil sample chemical analysis.  
 
1. Introduction 
 
Subsurface contamination by LNAPLs is a worldwide 
problem and remains one of the most widespread and 
prevalent sources of groundwater contamination. In the 
United States, more sites are contaminated by petroleum 
hydrocarbons than any other type of contaminant [10]. 
Gasoline spills are among the most frequent causes of 
groundwater pollution in Belgium [11]. 

 
In Serbia as in many other countries, LNAPL contamination 
of soils near oil refinery or gas station remains a major 
problem of environmental concern.  

 
During the Balkan Wars and NATO bombing a lot of the 
large – capacity of oil tanks were directly hit and inflamed 
(Fig.1). During the hostilities app.74000 tons of crude oil and 
petroleum products escaped in the RNS. From this amount 
app. 90% burned away and remaining 10% infiltrated in the 
collecting drainage channels or in the soil environment 
(about 2700 m3). 
 
The task of delineating and quantifying the amount of 
LNAPL present in soils and water was significant challenges 
to engineers and scientists involved in soil and water cleanup 
and remediation. Hydrocarbons are partitioned into various 
phases (vapour, residual, free and dissolved) in the 
subsurface. These phases have different spatial and temporal 
natures. The different properties of these phases make the 
characterization more difficult and complex the problem of 
soil and water remediation [5]. 
 
Numerous studies have been published on the broad topic of 
electrical resistivity investigation in soil contamination 
detection. However, in this paper we focus primarily on 
LNAPL contamination. We examine the geoelectrical 
signatures of LNAPL historical (long term) contamination 
resulting from microbial processes and are example of case 

studies that illustrate and capture the physical changes in the 
contaminated environment. 
 

 
 

 
Figure 1: RNS after oil tanks were directly hit and inflamed. 
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Figure 4: Inverted Wenner resistivity profiles 2 along the contaminant plume. 
 
The most important features of these processes is the 
creation of organic acids, the enrichment of ground water 
with Fe2+ and Mn2+ cations, outgassing of CO2 and CH4 into 
the vadose zone. Organic acids and the carbonic acid attack 
rock minerals and extract from them further cations like Ca, 
Mg, etc. All these geochemical changes have as a 
consequence the changes in physical properties of ground 
water below the spill and of the rock medium around the 
groundwater table. 
 
Geochemical investigations of LNAPL contamination at this 
site are compared with electrical resistivity imaging. 
Sediment samples at RNS were collected from both 
uncontaminated and contaminated location. Samples were 
obtained using Eijkelkamp rig and stored in the laboratory 
refrigerator until measurements were made.  

Geochemical investigations of LNAPL contamination at this 
site are compared with electrical resistivity imaging. 
Sediment samples at RNS were collected from both 
uncontaminated and contaminated location. Samples were 
obtained using Eijkelkamp rig and stored in the laboratory 
refrigerator until measurements were made.  
 
Ferous iron (Fe2+) was analysed as well as Mg2+, pH, Ca, 
TPH (Total Petroleum Hydrocarbon), and electrical 
resistivity. 
 
Increasing level of Iron in the contamination plume is 
explained by anaerobic biodegradation – Fe (III) reduction:  
60H++30Fe (OH)3+C6H6 = 6CO2 + 30Fe2

++78H2O 
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Figure 5: Inverted Wenner resistivity profile 1 along the contaminant plume 
 
Figure 6 shows geochemical data collected from multi-level 
core samples across and beyond the LNAPL contamination 
plume. The high concentrations of Fe2+ a redox species is 
evidence of biodegradation of LNAPL in the plume. Major 
ion chemistry suggests that enhanced mineral weathering is 
occurring within the contaminated aquifer with elevated 
values of Ca2+ and groundwater specific conductance. 
During biodegradation, the pore fluid chemistry is changed 
by the degradation of the LNAPL (decrease in LNAPL 
concentration), decrease in the concentration (e.g., NO3

-, 
SO4

2-), the production of redox species (e.g., Fe2+ and Mn2+), 
and production of metabolic byproducts such as organic 
acids (pH significantly decrease), biosurfactants, and 
biogenic gases (e.g., CO2, H2, CH4, H2S). 
 
The profile 2-RNS clearly shows a low resistivity anomaly at 
horizontal location 10-50 m (Fig. 4). The low resistivity 

anomaly is mostly prominent in the saturated zone, but 
extends from the surface into the vadose zone.  
 
The profiles from both location show anomalously low 
electrical resistivity across the plume.  
 
The profile 1-Obrenovac centar gas station clearly shows a 
low resistivity anomaly at horizontal location 12-31 m (Fig. 
5). The low resistivity anomaly is mostly prominent in the 
saturated zone, but not extends to the surface into the vadose 
zone. 
 
In both cases geoelectrical methods give valuable 
information for planning and optimizing geochemical 
probing. Electrical-resistivity surveys can give more detailed 
maps of contamination zones than geochemical sampling. 
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Figure 6: Depth variations of selected chemical parameters at two sites along electrical profile 2 – RNS 
 
Our experience with contaminated sites characterization in 
Serbia shows that low resistivity anomalies caused by 
hydrocarbon contamination is possible to localize with the 
help of Electrical Resistivity Imaging (ERI) and 2D data 
interpretation. Such contamination gives low resistivity 
anomaly as a result of petroleum biodegradation at shallow 
depth in the earth.  
 
5. Conclusions 
 
Petroleum hydrocarbons remain one of the most prevalent 
groups of soil contaminants. Consequently, a variety of 
geophysical techniques have been used and recently 
published to detect their presence and distribution in the 
subsurface.  

 
The study pointed out the usefulness of electrical 
tomography in the characterization of underground leakage 
of hydrocarbons. Petroleum hydrocarbons naturally exhibit 
electrically resistive properties; however, this geophysical 
study, as well as many previous studies published before, has 
revealed electrically conductive characteristics of aged 
petroleum plumes. 
 
Experimental results, obtained from a joint geochemical and 
geophysical investigation approach, indicated that subsoil 
which has been saturated with hydrocarbon for a long period 
exhibits an increased conductivity. It suggests that electrical 
tomography could be useful for monitoring the effects of 
induced biodegradation (bioremediation) through the 
repetition of the survey at different times. The strong 
conductivity anomaly, attributed to the hydrocarbon 
pollution zone, has been explained by increasing the organic 
activity and modification of the cation exchange capacity of 
the soil matrix. 
 
We believe that the use of geophysical techniques 
(specifically geoelectrical) at hydrocarbon contaminated sites 
will become increasingly important not only in providing 
characterization of the subsurface geology and contaminant 
distribution, but also in understanding the impacts of 

biogeochemical processes on the electrical properties of the 
sediments. Therefore, understanding the relationship 
between the geoelectrical properties of hydrocarbon-
impacted sediments and ongoing physical and 
biogeochemical processes is a key to the successful 
application of geoelectrical methods as proxies of these 
processes. 
. 
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