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Abstract 
 
The pollution of the soil and of groundwater represents an environmental issue which is as old as complex, with regard 
to the migration mechanisms of various pollutant substances in both the soil and the subterranean environment. Also, 
soil pollution, in terms of food safety and drinking water, is a problem of permanent actuality.  
The paper presents the results of the research carried out in Săcel oilfield (Romania) that is currently under 
preservation. The results of the sample collection show that, in terms of legislation, the quality of the soil here falls 
below the threshold of intervention for sensitive types of use; from all the samples collected, 26.31% fall under normal 
values, 23.68% are within the normal limit alert threshold for sensitive land use types, and 7.90%, situated at a depth of 
30 cm, exceed these normal values for the content of oil pollutants in the soil. In terms of protection of the soil 
resources and environmental protection, detailed knowledge of the content of pollutants and processes of self-
purification occurring in these soils are key factors for establishing measures and ameliorative actions needed to 
recover the economic value of the affected land. By observing this process in all the perimeters from where soil samples 
were taken, one can conclude that the self-purification process is the result of the intimate and concrete interaction in 
time between pollutant-oil residue and the soil - a living body capable of self-regeneration. 
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INTRODUCTION 
 
One of the most important environmental 
factors for human life is the soil. As we know, 
it covers the Earth like a coverlet and consists 
of an intimate mixture of minerals, organic 
matter, water and air, plus numerous living 
organisms specific to the edaphon. This thin 
layer of dirt, the "surface of the planet", fulfills 
various functions and services for the 
environment and for society. 
Obviously, due to the varying climate 
conditions, rock patterns, relief and types of 
vegetation, soils differ greatly from one place 
to another in structure, organization and 
morphology, but regardless of the type of soil 
and their geographical position on the globe, 
they react to the action of anthropogenic 
disturbances (Florea, 1982; Adamenko et al., 
2000; Damian and Damian, 2007; Paulette, 
2008; Florea et al., 2008; Munteanu, 2008; 
Moraru and Rusu, 2010). 
The formation of the soil as an independent 
crust on the surface of dry land requires, among 

other things, the existence of a loose mineral 
substratum resulted from the decay and 
crumbling of rocks. These processes lead to the 
formation of new mineral compounds, the 
formation and accumulation of humus due to 
the transformation of organic debris through 
biochemical processes facilitated by the soil 
fauna and flora, to the solubilization or 
mobilization of the different soil components 
and their involvement in various biochemical 
and geochemical circuits. 
The processes and phenomena that occur in the 
soil occur on different schedules and have long-
lasting effects. Over time, these processes lead 
to the formation of new mineral or organic soil 
compounds and, where appropriate, the new 
compounds fix, translocate, accumulate, 
converse or neutralize the pollutants that 
initially contaminated the soil. 
Soil pollution with hydrocarbons from oil 
products directly hinders the processes of water 
infiltration into the soil, water circulation in the 
soil, and the exchange of gaseous substances 
with the atmosphere. Indirectly, the activity of 
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the entire edaphon being disrupted, vegetation 
on polluted soils develops with difficulty, and 
on the heavily polluted soils vegetation does 
not grow at all. Thus appears the need to re-
evaluate the characteristics of the soil, followed 
by the application of remedial measures and 
works. (Kosarevych et al., 1994; Bulatov et al., 
1999; Fesenko et al., 2003; Kabata-Pendias, 
2007; Moraru et al., 2010). 
Such an evolution is specific to a soil from an 
area affected by pollution, being different from 
the evolution of the same type of soil from a 
non-affected area. Time is also a factor in these 
cases, being absolutely necessary for process 
development, playing a role in mitigating soil 
pollution, for significant changes in the 
substrate, from the early stages to advanced 
stages of development. 
 
MATERIALS AND METHODS 
 
Săcel is an old oilfield from the North of 
Romania, in the South-East of the Maramureș 
Depression, within a distance of about 30 km 

from the Ukrainian border. It is a part of a large 
oilfield deposit, from the substrate in Romania 
and Ukraine. In Romania it occupies an area of 
about 80 km2 on a hilly and mountainous land 
(Figure 1). 
The oil is one of the most important 
underground riches of Săcel - Romania. Its 
extraction began during the late 19th century. 
Thus, in 1955, there were a total of 19 active 
oil wells in Săcel oilfield. 
From all of these, nine wells were still in 
operation in 1999. In 2005, it was decided to 
cease the activity of extraction from this 
oilfield and, as a result, the oil wells entered a 
conservation phase (Grad and Pop, 2012). 
Săcel is also known for its pottery, the craft 
being preserved by tradition and proven by 
vessels, technique and specific pottery ovens. 
The needed clay, locally called "pottery 
dough", is extracted from a depth of approx. 10 
m from the place called Drobodava located 
across this village. The settlement has also a 
significant natural and cultural variety. 
 

 
 

 
Figure 1. Location of the study area and the graphical representation of soil sample collection from Săcel area 
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Figure 1. Location of the study area and the graphical representation of soil sample collection from Săcel area 
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The working method proposed for this research 
on the effects of petrol products - polluting 
residues in the ground - includes 
interdisciplinary steps that put together 
environmental soil science and national law, 
arranged as follows: 

 documentation on the physical-
geographical and vegetation elements of the oil 
field exploration (Figure 2), history of the area, 
natural resources (wealth) of soil and subsoil, 
mining techniques applied to them over time 
and environmental accidents, existing databases 
within the EPA, regional and local development 
strategies etc; 

 
Figure 2. Pollution with severe damage to vegetation 

 
 surveying and preparation of the 

Situation Plan, plus collecting soil samples in 
accordance with the Romanian legislation 
harmonized with the EU legislation, namely 
Order no. 184/1997 Procedure for 
Environmental Audits and STAS 7184/1-84 on 
Sampling for soil studies and agrochemicals; 
collecting additional samples depending on the 
actual conditions of the ground. As we can see 
in Figure 3, there exists an old oil field in the 
private courtyard of citizens. 
 

 
Figure 3. Old oil field in the private courtyard 

 
 preparing "sampling sheets" (Figure 4), 

in which observations and measurements are 

recorded, with focus on general and particular 
aspects of the local ecosystems, the data needed 
to quantify specific ecopedological indicators 
are collected; 
 

 
Figure 4. Preparation of soil extract samples 

 
 laboratory analyses of the soil samples 

for pH, conducted according to the SR ISO 
10390/2005, in an aqueous solution having a 
soil-water ratio = 1:2.5; the content analysis of 
petroleum products was carried out according to 
the procedure for determining specialized 
petroleum products by IR spectrometry in soil 
extracts FT-IR spectrometer Perkin Elmer 
Spectrum (Figure 5); 
 

 
Figure 5. Laboratory tests for the soil extract 

 
 interpretation of results was carried out 

in accordance with Order 756/1997 approving 
the regulation of environmental pollution 
assessment and considering the current state of 
knowledge in protecting soil resources and 
environmental protection. 
 
RESULTS AND DISCUSSIONS 
 
Thus the soils in question range from acidic to 
alkaline, as shown in Table 1, and the values of 
the Total Petroleum Hydrocarbons (TPH) are 
shown in Table 2. 
 

 

 

Table 1. The values of soil reaction 

Sample points pH Results* 
Interpretation 

M1 M1-5 7.50 Slightly alkaline  
M1-30 8.00 Slightly alkaline 

M2 M2-5 8.00 Slightly alkaline 
M2-30 8.40 Slightly alkaline 

M3 M3-5 7.30 Slightly alkaline 
M3-30 7.60 Slightly alkaline 

M4 M4-5 7.60 Slightly alkaline 
M4-30 7.90 Slightly alkaline 

M5 M5-5 7.00 Neutral 
M5-30 7.00 Neutral 

M6 M6-5 7.70 Slightly alkaline 
M6-30 7.80 Slightly alkaline 

M7 M7-5 7.20 Neutral 
M7-30 7.20 Neutral 

M8 
M8-5 8.10 Slightly alkaline 
M8-30 8.40 Slightly alkaline 

M9 
M9-5 8.00 Slightly alkaline 
M9-30 8.30 Slightly alkaline 

M10 
M10-5 8.10 Slightly alkaline 
M10-30 8.30 Slightly alkaline 

M11 
M11-5 7.00 Neutral 
M11-30 7.60 Slightly alkaline 

M12 
M12-5 7.80 Slightly alkaline 
M12-30 7.90 Slightly alkaline 

M13 
M13-5 7.30 Slightly alkaline 
M13-30 - - 

M14 
M14-5 7.50 Slightly alkaline  
M14-30 8.40 Slightly alkaline 

M15 M15-5 7.20 Neutral 
M15-30 7.50 Slightly alkaline 

M16 
M16-5 7.50 Slightly alkaline  
M16-30 8.30 Slightly alkaline 

M17 
M17-5 7.50 Slightly alkaline  
M17-30 7.70 Slightly alkaline 

M18 
M18-5 7.40 Slightly alkaline 
M18-30 7.60 Slightly alkaline 

M19 
M19-5 5.40 Moderately acidic 
M19-30 5.60 Moderately acidic 

      *(in accordance with the Methodology of the MEPS, 2012) 

The interpretation of results was carried out in 
accordance with the provisions of Order 
756/1997 approving the regulation on the 
assessment of environmental pollution 
prescribed as normal, alert thresholds (PA) and 
intervention thresholds (PI) for soils of sensitive 
use and soils of less sensitive use, the values for 
THP are shown in Table 2. 
We have found that a total of 5 samples, namely 
a percentage 13.16% samples, are in the neutral 
spectrum, 2 samples, a rate of 5.26% samples, 
are in the moderately acidic, and a total of 30 
samples, namely a percentage of 78.95%, are in 

the slightly alkaline range. As the values of the 
unpolluted soil samples in this area are in the 
neutral to slightly acidic, alkaline domain 
values, we may say that these soils are 
contaminated with oil residues. 
 
Table 2. The values of the Total Petroleum Hydrocarbons 

Sample points Results 
(mg/kg dry matter) 

M1 M1-5 58 
M1-30 80 

M2 M2-5 135 
M2-30 112 

M3 M3-5 780 
M3-30 800 

M4 M4-5 268 
M4-30 380 

M5 M5-5 45 
M5-30 45 

M6 M6-5 120 
M6-30 187 

M7 M7-5 230 
M7-30 195 

M8 M8-5 312 
M8-30 300 

M9 M9-5 325 
M9-30 367 

M10 M10-5 467 
M10-30 509 

M11 M11-5 139 
M11-30 188 

M12 M12-5 367 
M12-30 400 

M13 M13-5 25 
M13-30 - 

M14 M14-5 467 
M14-30 506 

M15 M15-5 380 
M15-30 380 

M16 M16-5 182 
M16-30 199 

M17 M17-5 355 
M17-30 405 

M18 M18-5 19 
M18-30 25 

M19 M19-5 ≤10 
M19-30 ≤10 

 
The presence of meadow vegetation cover 
indicates that these sites are capable of self-
purification, their pedoevolutive processes being 
also related to other factors of landscape 
shaping (Kosarevych et al., 1994; Pelinski, 
1997; Tarziu, 1997; Adamenko, 2007). 
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Figure 6. The graphical interpretation of the Total Petroleum Hydrocarbons values in the polluted soils in Săcel 

 
Sampling was conducted according to Order 
no. 184/1997, respectively, at a depth of 5 cm 
and 30 cm. 
For none of the soil samples collected was 
groundwater reached. 
The results of the carried out analyses were 
compared to the values imposed by the Order 
no. 756/1997, Annex no. 1 for the soils with 
sensitive use, and to the values imposed by the 
Methodology of Elaboration Pedologic Studies, 
Bucharest, 2012. 
Analysis of the content of petroleum products 
for the 19 soil samples collected was carried 
out with an FT-IR spectrometer Perkin Elmer 
Spectrum Two, by following the procedure for 
determining specialized petroleum products by 
IR spectrometry in soil extracts. 
We have found that 3 samples exceed the 
intervention threshold for sensitive type of use, 
but not for less sensitive type of use. They are 
found at a depth of 30 cm, pollute by pollutant 
migration, where they formed impregnation 
masses that are currently in various stages of 
degradation (Figure 6). 
All of the other samples are situated below the 
threshold of intervention for sensitive types, 10 
of them, or a percentage of 26.31% having, 
normal values. A total of 9 samples, namely a 
percentage 23.68% of samples, are within the 
normal limit to alert threshold for sensitive use 
type, requiring monitoring and, depending on 
the specific situation, measures and 
ameliorative processes. 
 
 

CONCLUSIONS 
 
From the environmental point of view, this type 
of research, carried out in an old oilfield, is a 
great challenge; Săcel area has a weak intensity 
historical pollution, developed in a spot like 
pattern, around wells that are currently being 
conserved.  
The quality status of these soils allows 
unrestricted use, according to the current 
legislation for environmental protection in 
Romania. So the soils can be used both in a less 
sensitive manner and, with some restrictions, 
they can be used in a sensitive manner, 
meaning production of food meant for human 
consumption (as we can see in Figure 3). 
Currently, these sites are in the process of 
regeneration, but they have differentiated 
pedorhythms: the effect of the differentiated 
pedorhythms bears no risks for groundwater.  
There are old sites where we found natural 
attenuation of the initial pollution. In those 
areas, marked migration of pollutants in the 
sub-surface horizon, with a succession of 
vegetation cover and biodiversity can be 
noticed. 
By observing this process in all the perimeters 
from where soil samples were collected, we 
conclude that it is the result of intimate and 
concrete interaction in time between pollutant-
oil residue and the soil - a living body capable 
of self-regeneration. 
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Figure 6. The graphical interpretation of the Total Petroleum Hydrocarbons values in the polluted soils in Săcel 

 
Sampling was conducted according to Order 
no. 184/1997, respectively, at a depth of 5 cm 
and 30 cm. 
For none of the soil samples collected was 
groundwater reached. 
The results of the carried out analyses were 
compared to the values imposed by the Order 
no. 756/1997, Annex no. 1 for the soils with 
sensitive use, and to the values imposed by the 
Methodology of Elaboration Pedologic Studies, 
Bucharest, 2012. 
Analysis of the content of petroleum products 
for the 19 soil samples collected was carried 
out with an FT-IR spectrometer Perkin Elmer 
Spectrum Two, by following the procedure for 
determining specialized petroleum products by 
IR spectrometry in soil extracts. 
We have found that 3 samples exceed the 
intervention threshold for sensitive type of use, 
but not for less sensitive type of use. They are 
found at a depth of 30 cm, pollute by pollutant 
migration, where they formed impregnation 
masses that are currently in various stages of 
degradation (Figure 6). 
All of the other samples are situated below the 
threshold of intervention for sensitive types, 10 
of them, or a percentage of 26.31% having, 
normal values. A total of 9 samples, namely a 
percentage 23.68% of samples, are within the 
normal limit to alert threshold for sensitive use 
type, requiring monitoring and, depending on 
the specific situation, measures and 
ameliorative processes. 
 
 

CONCLUSIONS 
 
From the environmental point of view, this type 
of research, carried out in an old oilfield, is a 
great challenge; Săcel area has a weak intensity 
historical pollution, developed in a spot like 
pattern, around wells that are currently being 
conserved.  
The quality status of these soils allows 
unrestricted use, according to the current 
legislation for environmental protection in 
Romania. So the soils can be used both in a less 
sensitive manner and, with some restrictions, 
they can be used in a sensitive manner, 
meaning production of food meant for human 
consumption (as we can see in Figure 3). 
Currently, these sites are in the process of 
regeneration, but they have differentiated 
pedorhythms: the effect of the differentiated 
pedorhythms bears no risks for groundwater.  
There are old sites where we found natural 
attenuation of the initial pollution. In those 
areas, marked migration of pollutants in the 
sub-surface horizon, with a succession of 
vegetation cover and biodiversity can be 
noticed. 
By observing this process in all the perimeters 
from where soil samples were collected, we 
conclude that it is the result of intimate and 
concrete interaction in time between pollutant-
oil residue and the soil - a living body capable 
of self-regeneration. 
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