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INTRODUCTION 

 
The soil salinity (in fact, anthropogenic 

salinisation) is a global problem (Schofield et al. 
2001) and therefore increased attention has also been 
given to this subject. At global level, more than 800 
million hectares of land are affected by salinity (FAO 
2008). Romania is one of the European countries 
with the largest areas affected by salinity, with 
484.835 hectares in 2009. 

Many researchers around the globe have 
documented their findings on the negative impact of 
soil salinity on physiological and metabolic activities 
of most agricultural crops (Aredehey et al. 2018; 
Asfaw et al. 2018; Jouyban 2012; Mensah et al. 
2006; Mosley et al. 2017; Nasri et al. 2015). 

The problems associated with soil salinity, are 
most often associated with other abiotic stress factors 
such as drought and phosphorus deficiency. Consider 
also that all plants are sensitive to salts at a certain 
concentration. The critical threshold varies from 
species to species and from plant to plant, the 
sensitivity of plants being according to species, stage 
of development and duration of osmotic stress 
(Eynard et al. 2006). Soil salinity affects growth of 
plants by the osmotic pressure created within the 
plants, which delay the plant roots to take water 
smoothly (Corwin and Lesch 2003). The plant 
growth can be limited by salt in soil solution due to 
the toxicity or nutrient imbalance in the root zone 
(Thomas et al. 2007). 

Oil production activities generate wastes, 
which contaminate the soil and groundwater 
(Metwaly et al. 2013). The physicochemical 
properties of groundwater are affected by the 
occurrence of oil spill in permeable sediments due to 
the creation of organic acids, the enrichment of 
groundwater with Fe2+ and Mn2+ cations, and 
outgassing of CO2 (Atekwana et al. 2000). For 
example, the processed oil-contaminated soil is 
characterized by low resistivity due to chemical 
degradations and increase in the level of total 
dissolved solids created by bacterial action (Sauck 
2000; Shevnin et al. 2005).  

Oil contamination modifies the physical 
properties of forest soils after the chainsaw use. Oil 
between 100 g/m2 and 200 g/m2 causes a decrease of 

4% up to 10% in air-filled porosity compared with 
unpolluted soil. The addition of oil to soil induces in 
the increased water resistance of different size 
aggregates (Iwan et al. 2015). 

The association of laboratory analysis with 
spatial soil data using geographic information 
systems (GIS) allows a better assessment and 
monitoring for salt extension (Wulf et al. 2015; Triki 
Fourati et al. 2017; Yahiaoui et al. 2015). The spatial 
distribution of soil properties is influenced by 
topographical aspects, like surface shape and position 
in landscape (Brito et al. 2010; Epron et al. 2006). 

The topographical surveys (planimetric and 
levelling) play a fundamental role in establishing the 
degraded lands, by means of a normal or excessive 
activity of oil exploitation. As an alternative to our 
proposed method would be the detection of soil by 
infrared spectroscopy (Wartini et al. 2017), but this 
method would be better suited to large areas, 
eventually unified cadastral parcels. 

In this paper we studied a land (in cadastral 
documents it is a private property, with pasture use) 
in terms of oil and salt water pollution. This approach 
allowed us to easily indicate the real polluted 
surfaces and, along with the identified samples, to 
determine how pollution occurrs, its effect on soil, 
without neglecting the proposed solutions in order to 
fix this problem. The proposed method does not 
require new remote sensing technique, used by other 
authors (for example, Triki Fourati et al. 2017), the 
surface being small (5.6 hectares) and the owner 
physical person. But there are a lot of such surfaces, 
with individual owners. What we propose does not 
lead to high costs. Anyone can afford to pay 
measurements that are generally executed in order to 
obtain a cadastral number. Also, water and soil 
samples can be studied at the nearest research 
institutes, but also in the university's laboratories. 
 

MATERIALS AND METHODS 
 

The studied area is characteristic of a climate 
with cold and humid winters, with the coldest 
temperature below -3 °C and the temperature of the 
warmest month above 10 °C. 

The amount of water in precipitation is greater 
than that lost in evapotranspiration, which is a factor 
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that allows the penetration of polluted water into the 
depth of the soil. The average of the multiannual 
rainfall occurring during the vegetation period is 
439.4 mm at the nearby Pitesti weather station. The 
fairly large differences in precipitation in different 
years, as well as the deviations from the average, 
indicate a climate that in some periods can lead to 
deficiencies or excess water in the soil. 

The average annual potential 
evapotranspiration is 662 mm in Pitesti, while the 
average real evapotranspiration records lower values 
of only 604 mm at the same weather station. 

The water deficit in the soil versus the 
potential evaporation is 38 mm in Pitesti (with a 
maximum in August of 44 mm). The predominant 
wind direction is from the west (19.2%) and 
northwest (19.5%). The calm is set for 29.3% of the 
number of days in a year. 

In the case of fragmented platform relief with 
narrow valleys that extend into erosion basins with 
forests present in the area, climatic conditions 
undergo a series of changes due to exposure, 
inclination, color and texture soil. So, in the case of 
the nordic slopes, around the forests on the valleys 
with cold currents, the air temperature is generally 
lower by 1.5-2 °C. 

From the point of latitude, the whole area is at 
the southern boundary of the forest area in the 
immediate vicinity of the bioclimatic area of the 
silvosteppe. 

The natural vegetation, mostly in some cases 
disappeared either by deforestation or by the 
cultivation of meadows, is preserved on small areas. 

 Recognizing the property as a field location, 
identifying the nodes of the major control network of 
this area and pegging out the traverse stations were 
required in order to write this paper. 

The measurements were performed with a 
Total Station South NTS-350 having the following 
technical performances: precision angle 
measurements 5'', 1 mgon, distance measurements 
2500 m Reflector 3 mm + 2 ppm, measurement times 
1 s. SOKKIA GPSes, Stratus model, 12-channel 
signal L1, C/A code, precision 1–5 m, 5 mm, cold 
start 2 min, 45 s warm start, resume 3 s, internal 
antenna were also used. After recognizing the land 
and surroundings, in order to identify points within 
the geodetic network of the known coordinates which 
allow the connection to the stereographic system 
1970 and ensure the required accuracy, the creation 
of 4 points of support (by GPS technology) was 
considered to be necessary. Then a supported 
traverse of 5 stations was conducted. The planimetric 
and levelling survey of the topographical details was 
conducted, determining the actual position of the 
characteristic points. 

The surface and distances between points on 
the outline were calculated from the coordinates. 
Measurement verification was done by comparing, in 
the field book, the coordinates of the points checked 

from the station and the distances obtained from 
coordinates, to the distances obtained through direct 
measurements. 

It was noticed that the result of the 
measurements as well as the discrepancies in closing 
were within the admitted norms. The drawing up of 
the final plan and the determination of the areas were 
performed with a specialized software (ACAD), 
providing a high accuracy of calculations as well as 
accurate graphics. The property layout plan with 
indication of borders drawn at 1:500 is showed in 
Fig. 1. 

 

 
 

Fig. 1. Property layout plan with indication of 
borders and its position on orthophotomap 
 
Soil samples were collected by opening three 

profiles of which a number of disturbed samples 
were taken (in plastic bags) and several undisturbed 
samples (in metal cans). Stagnant water on the soil 
surface coming from rainfall was also taken. For 
determining the hydrocarbons in the water sample, 
the legislation according to which ground and surface 
water containing more than 0.1 mg/dm3 hydrocarbon 
oil is considered to be polluted, was used. The 
element that was taken into consideration for the 
acidification procedure was the pH value and for the 
degree of salinity were the mineral and 
conductometric residue at 105 °C, chlorides, sulfates, 
calcium, magnesium and sodium. 

In the laboratory phase, physical and chemical 
analyzes were conducted on the soil and water 
samples according to the methodology suggested by 
Florea et al. (1987).  

All sampling points were located using the 
GPS, the coordinated being recorded in the Stereo 70 
system, including the absolute altitude. The type of 
soil, hydrophysical properties such as: apparent 
density, penetration resistance, saturated hydraulic 
conductivity, total porosity were identified. 

The obtained data were systematized and then 
the results were interpreted according to the 
methodology suggested by Florea et al. (1987), Order 
161/16.02.2006 of Ministry of Environment and 
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Water Management for approving the normative 
regarding the classification of the quality of surface 
waters in order to establish the ecological status of 
water bodies and Order 756/1997 concerning the 
Reglementation regarding evaluation of environment 
contamination, modified and completed by Order 
592/2002 and Order 1144/2002. 

The methods of analysis and methodology of 
analytical data interpretation are in accordance with 
the international standards. 

Regarding the pasture, as dominant land use 
within the studied area, the cormophyte species were 
identified according to the reference work of Sârbu et 
al. (2013). 

From a chemical point of view, the soil 
reaction, the soil organic matter, the carbon/nitrogen 
ratio, the content of mobile phosphorus and 
potassium, the sum of the bases, the hydrolytic 
acidity, the content of exchangeable sodium and the 
degree of pollutants and soluble salts were taken into 
consideration. 

 

RESULTS AND DISCUSSIONS 
  
A normal surface of oil exploitation resulted 

from the surveys that were carried out (846 m2 the 
surface related to a drill without derrick), but also an 
exceedance of the limit of exploitation, which 
resulted from an excessive activity (the wells 
numbered I, II, VII, IX and roads in general). The 
location of ground surveys (S1, S2 and S3) and water 
(A) by GPS is showed in Figs. 2, 3, 4 and 5.  

The stagnant water (Fig. 6) is loaded with 
hydrocarbons over the permissible limit (1.67 mg/l), 
with the risk of infiltration into the soil or its 
evaporation, resulting in the deposition of pollutants 
at the soil surface. 

The salinity regime of the collected water 
classifies it, depending on the chemical elements and 
mineral residue, into quality classes from I (very 
good), II (good), III (moderate) to IV (poor), as 
shown in Fig. 7. 

The identified soil type was Hypostagnic 
Luvisol, with a succession of the At-Ao-AE-horizons 
in the first 20 cm, Elw-EBw- between 20 and 40 cm, 
Bt1w-Bt2w- from 50 to 70 cm and C at 80–100 cm. 
Water from rainfall or technological accidents has 
infiltrated from the top layer of the soil, then it got 
accumulated in the Bt horizon producing strong 
moisture or it even led to the appearance of a layer of 
stagnant water which can be loaded with oil or 
soluble salts.  

During periods of heavy rainfall, the 
infiltrated water was united with the layer of stagnant 
water leading to soil moisture uniformity, i.e. to a 
recontamination. During dry periods, cracks occur at 
the level of Bt horizon. Soil loaded with pollutants 
penetrates through these cracks. Thus, oil and soluble 
salts pollution reaches the soil depth.  

The movements at the soil surface led to the 
formation of a mulch layer which brought pollutants 
from depth to surface. 
 

 

 
 

Fig. 2. The plan which includes planimetric and level related details, along with the location of soil  
and water surveys (S1, S2) 
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Fig. 3. Details of the property in northern side 
 

 
 

Fig. 4. The plan which includes planimetric and level related details, along with the location of soil  
and water surveys (S3, A) 

 

 
 

Fig. 5. Details of the property in southern side 
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Fig. 6. Stagnant water at the soil surface 
 

 
 

Fig. 7. Classification of water sample quality, 
according to Order 161/2006 

 

The result of the hydrophysical analysis 
marked out how soil resists to the agricultural 
activities or improvements and how it favors or 
prevents infiltration of the surface water and their 
circulation.  

The density was placed at the boundary 
between high and very high to the base of the layers. 
Starting with EB horizon, the water infiltration into 
the soil is more difficult.  

The total porosity is very small, classifying the 
soil into strongly settled which makes water 
infiltration difficult.  

Resistance to penetration is small in the 
eluvial horizon and then it grows in the transition 
horizon to the base layer. According to the hydraulic 
conductivity, water stagnation is estimated to a depth 
of 45–50 cm, making infiltration difficult. 

The soil reaction is slightly acid with a pH of 
6.8 at the surface and moderate to slightly acid in 
depth.  

There are however horizons with a weak 
alkaline reaction due to the presence of the 
exchangeable sodium (survey S2). 

The content of organic matter depended on the 
location of the sampling site which first took place on 
grassy field, then on the natural or anthropic peeled 
surfaces and finally within the soil crust made of 
petroleum fractions in various stages of degradation. 
 
 
 

Table 1. The analytical results of soil samples from S1 
 

pH Humus content % 
 

Content of soluble salts 
% 

Petroleum residue % The depth 
of sampling 

(cm) value interpretation value interpretation value interpretation value interpretation 

0-20 6.25 weak acid 0.60 extremely small 0.156 medium 0.313 small 

20-40 5.28 moderate acid 0.59 extremely small 0.156 medium 0.124 very small 

40-60 3.98 very strong acid 0.61 extremely small 0.335 high 0.074 extremely small 

60-80 3.72 very strong acid 0.97 extremely small 0.454 high - - 

80-100 3.80 very strong acid 1.02 very small 0.469 high - - 

 
Table 2. The analytical results of soil samples from S3 

 
pH Humus content % Content of soluble salts 

% Petroleum residue % The depth 
of sampling 

(cm) value interpretation value interpretation value interpretation value interpretation 

0-20 5.28 moderate acid 2.31 small 0.080 small 0.290 small 

20-40 5.37 moderate acid 1.01 very small 0.056 small 0.135 very  
small 

40-60 4.67 very strong acid 1.03 very small 0.061 small 0.065 extremely small 

60-80 4.70 very strong acid 1.14 very small 0.053 small - - 

80-100 4.87 very strong acid 0.91 extremely small 0.051 small - - 
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The soil is poor in nitrogen, except for the 
grassy surface. For the carbon/nitrogen ratio high 
values were obtained, unevenly distributed according 
to the amount of oil spilled. In the S2 sample, the 
high value takes place in the soil depth, where a 
higher oil residue is recorded. 

The phosphorus content was very low, 
decreasing with depth. The content of mobile 
potassium is low in the first 39 cm and moderate in 
depth. The sum of the bases fell into middle value. 
The values for the hydrolytic acidity did not exceed 
the lower class. The content of exchangeable sodium 
decreases from the surface to the bottom of the 
eluvial horizon. 

Regarding the degree of soluble salt load, the 
differentiation of the samples was noted. Thus, in the 
S1 survey, in the first 40 cm the salt content was 
middle, below this depth and to the base of the layer 
being high.  

Basically, the entire Bt horizon was 
contaminated with soluble salts (Table 1). In the S2 
survey, the first 20 cm resulted as being desalinized. 
From 20–40 cm the degree of salinization was low 
and from 50 to 100 cm in depth, the soil was 
moderately salinized. The S3 survey had in the entire 
depth a small amount of soluble salts, the water 
stagnation loaded with soluble salts being long-
lasting (Table 2). 

The natural vegetation is represented by 
degraded mesophilic pastures, which retains 
remnants of the past floristic composition represented 
by: Lotus corniculatus, Taraxacum officinale, 
Veronica chamaedrys, Daucus carota, Achillea 
millefolium, Agrostis capillaris, Plantago lanceolata, 
Ranunculus acris, Cerastium fontanum subsp. 
vulgare, Rumex acetosa, Trifolium pratense, 
Trifolium repens, Schedonorus pratensis, Poa 
pratensis.  

The species having the largest coverage in 
these pastures is Calamagrostis epigejos, highly 
resistant to oil pollution, considered to be a 
bioindicator in case of pollution with heavy metals. 
Ranđelović et al. (2018) show that Calamagrostis 
epigejos has the capacity to accumulate heavy metals 
in the soil and stores it in the roots thereby can be 
used for phytoremediation.  

The pasture habitats are invaded by scrubs 
with Prunus spinosa, Crataegus monogyna, Rosa 
canina, Ulmus minor, Malus sylvestris, Populus alba, 
Populus tremula. From place to place there are also 
micro-depressions with excessive humidity where the 
species Juncus effusus, Phragmites australis, Typha 
latifolia dominate.  

Although the amount of fodder plants of the 
pastures is still low, grazing is practiced. We also 
noticed the existence of a temporary shelter for sheep 
within the studied area. The anthropozoic impact is 
highlighted by the presence of the ruderal species: 
Dipsacus laciniatus, Carduus acanthoides, Rumex 
obtusifolius. 

The studied land is affected by a physical 
pollution highlighted by soil settlement and reduction 
of grazing areas. The problems are created by the 
equipment used in the settlement of well sites, 
drilling and maintenance equipment. 

As a result of strippings, excavations, storage 
of various materials, the natural relief has changed, 
anthropical micro-depressions or artificial mounds of 
various materials being formed. There are areas 
which are unnecessarily occupied with gravel, areas 
occupied by some new undesigned roads, unused 
overground pipes. The removal of any remnants of 
human activity as well as the restoration of the upper 
soil layer and clear delimitation of well sites is 
necessary. 

For the physical improvement, a stripping of 
30 cm of the peeled surfaces resulting from 
salinization and oil residue near the II, III, VII drills 
is proposed. 

Oil residues that have polluted are well 
established changing in time under the influence of 
natural factors and microorganisms in the soil, into 
organic matter.  

Therefore, the main restrictive pollutant is 
represented by the salt water. The degree of soil load 
with oil was quite low given that pollution first 
occurred long time ago. The pollution comes from 
the well sites spills or the cracks of the pipelines 
transporting oil to the oil field. 

The S1 and S3 surveys confirms pollution of 
the first 60 cm of soil with oil residues, the loading 
degree decreasing from surface to depth. The S3 
survey is affected by pollution throughout the profile, 
but the pollution is weak. 

From a pedo-ameliorative point of view, we 
recommend deep soil loosening to remove the excess 
of rainwater soaked with salt water and oil that 
stagnate at the level of Btwy horizon, making the soil 
surface to be permanently supplied with pollutant, 
creating an aerated environment in which the 
bacterial microflora develops and resists oil and salt 
water pollution. 

We also recommend liming for the 
optimization of soil reaction, a determinant for the 
development and activity of soil microorganisms, by 
creating an optimal environment that leads to more 
intensive biodegradation processes, resulting in soil 
decontamination. Ameliorative fertilization is 
necessary in order to have an optimal level of the 
nitrogen content in soil. In order to eliminate the 
existing microdepressions and mounds, leveling is 
recommended. 

A collector ditch can be built in the north-west 
part of the land. Thus, the collector ditch will absorb 
among drills I, II and will reach the north of the drill 
IV, where a collection tank will be built. 

Seeding of the perennials specific to the site 
over a period of three years is recommended for 
revegetation. Afforestation is recommended after this 
period. 
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CONCLUSIONS 
 

Without a rigorous identification from a 
topographical point of view, the polluted surfaces 
seem much larger, the results confirming the initial 
hypothesis according to which not the entire 
measured area is subjected to pollution.  

There can be visible identified the affected 
areas by oil pollution and saltwater through those 
areas without vegetation, called peeled surfaces, 
areas with ballast and pipelines but, without rigorous 
topo-cadastral measurements, they can create a false 
prediction. 

There are still real solutions to reduce the 
polluted area to a normal one in the case of such 
exploitations, applying certain rules and measures. 

To apply a methodology of improvement to 
remove soluble salts and petroleum residues, it is 
necessary first of all a physical de-pollution, leaving 
it a free land and to stop accidental pollution. 

The topographical technique could be 
considered a powerful tool for tracing the surface 
pollution in an acceptable manner. 
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ABSTRACT 
 

The paper proposes an assessment of polluted 
land with oil and salt water mixed, having as 
primarily aim the analysis of a real identification and 
more precise of the pollution magnitude. 

The necessity of this study came from the 
antithesis of a real situation where the oil pollution of 
an agricultural land used as a pasture seems, at first 
sight, to have a much larger dimension compared to 
the results obtained with the use of precision 
instruments. The rigorous identification of surfaces 
of wells quadrate, current access roads, underground 
and above-ground pipelines, surface erosion or deep 
erosion has made a clear difference between surface 
degradation through normal operation of crude oil 
and an excessive, inappropriate activity.  

Using an equipment and technique with high 
accuracy of the measurement, the field phase 
consisted in planimetric and levelling measurements 
and the collection of soil sampling and stagnant 
water sampling on the soil surface, from 
precipitations. The chemical and physical 
measurements were done in laboratory. In the office 
work the surveys were processed, the obtained data 
were systematized and the results were interpreted. 

The analysis showed that the salinity was the 
main and the most severely limitative factor in 
lowering of fertility by slowing the development or 
even the extinction of microorganims. Although the 
fodder value of the lawn has been found to be low, 

however, the grazing in the studied area is practiced. 
The initial hypothesis concerning the size of the 
affected surface emphasized an exceeding of the limit 
of exploitation. 
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