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         Abstract 

Petroleum hydrocarbons are a critical environmental contaminant and pose a serious hazard to the living system as 
petroleum hydrocarbons are identified as carcinogenic and neurotoxic organic pollutants. Therefore, remedial methods 
are required to dispose of it. With a modern understanding of nature and microorganisms, bioremediation is the 
preferred method for soil pollution control. However, before the implementation of successful bioremediation technology, 
it is required to assess various physico-chemical parameters of contaminated soil. In the present study, various physico-
chemical parameters, including pH, electrical conductivity, water holding capacity, organic carbon, organic matter, 
available nitrogen, carbonate, bicarbonate, potassium and sodium contents of the petroleum hydrocarbon contaminated 
soil were estimated. The results suggested a rise in all the estimated parameters for the petroleum hydrocarbon 
contaminated soil. 
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Introduction 
Petroleum derivatives are the primary source of 
energy for automobiles in the entire world. 
Therefore, they are transported within the territory 
of a nation to meet the demands. The usable 
petroleum derivatives are produced through a 
rigorous refining process in a large industrial 
facility known as oil refineries. Transportation and 
storage are two functional aspects associated with 
petroleum derivatives, which further threaten 
accidental spillage. Accidental oil spillage 
frequently causes petroleum hydrocarbon 
contamination in soil, and it professes a significant 
threat to the environment and negatively affects 
human health as petroleum hydrocarbons are 
identified as carcinogenic and neurotoxic organic 
pollutants (Fowzia and Fakhruddin, 
2018). Unquestionably, bioremediation is an 
exceptionally efficient and cost-effective technique 
for such environmental contamination (Bhardwaj et 
al., 2020). The successful implementation of 
bioremediation techniques requires a piece of 
accurate information and monitoring of the 
physico-chemical parameters of the contaminated 
land (Dhir, 2017). The present study was carried 
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out with such objectives and tried to convey 
accurate information of the petroleum hydrocarbon 
contaminated land of Guru Gobind Singh 
Refinery’s peripheral area. Guru Gobind Singh 
Refinery, Bathinda, Punjab, was established in 
2012 by a joint venture of Hindustan Petroleum 
Corporation Ltd. and Mittal Energy Investment Pvt. 
Ltd, Singapore. During the refinery operation, a 
large amount of refined petroleum derivatives are 
being transported to its catchment area through oil 
tankers. In occasional cases, the transportation of 
oil causes the oil spillage to its peripheral area. 
Therefore, oil spillage sites are a significant issue 
for the ecosystem and human health.  
 
Materials  and Methods 
The petroleum hydrocarbon contaminated soil was 
studied for physico-chemical characterisation, and 
standard soil analysis methods were used. The soil 
samples were taken from the selective sites, i.e., 
spillage sites of the nearby areas of the Guru 
Gobind Singh Refinery, Bathinda, Punjab. In a 
sample, almost 100-gram soil up to the depth of 10 
cm was collected in the polyethene zip bag. Three 
replicated samples from a sampling site were 
collected to get the statistically significant results. 
In the laboratory, the soil samples were air-dried 
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and sieved through 2 mm pore size to remove the 
unwanted particles (Allen et al., 1974). The 
samples were stored at 40 C for physico-chemical 
characterisation. The physical properties of soil, 
like electrical conductivity and water holding 
capacity, were determined along with the chemical 
properties like pH, organic carbon, organic matter, 
available nitrogen, carbonate, bicarbonate, 
potassium, and sodium contents in the soil.  
Furthermore, A paste of air-dried soil samples was 
prepared in distilled water in the ratio of 1:10 (soil: 
water). This paste was stirred to make a 
homogenous slurry and then allowed to stand for at 
least 1-2 hours; after that, the pH was determined 
by the pH meter (Systronics-361), electrical 
conductivity was determined by EC-TDS meter 
(Systronics-307). The water holding capacity was 
measured by calculating the difference between 
water-saturated soil and oven-dried soil. Available 
Sodium and Potassium contents in soils were 
determined by the flame photometer. The Organic  

Carbon and Organic Matter in soil were determined 
by the rapid titration method (Walkley and Black, 
1934). The available Nitrogen in soils was 
determined by the procedure given by Subbiah and 
Asija (1956). Carbonate and bicarbonate were 
determined by titration using a standard acid 
solution. The chloride content in the soil was 
determined by titration of the soil extract against 
standard AgNO3 solution using potassium chromate 
as an indicator. 
 
Results and Discussion 
Physico-chemical characteristics of the soil play an 
essential role in bioremediation; therefore, physico-
chemical parameters determined in the study are 
helpful for the standardisation of the 
bioremediation process for the treatment of 
petroleum hydrocarbon contaminated soil. The 
various physico-chemical parameters of soil 
samples collected in the study area are summarised 
in Table-1. 

 
Table 1: Physico-chemical properties of petroleum hydrocarbon contaminated soil 
 

S.N. Soil Sample Control Petroleum Contaminated Sites 
(S-0) (S-1) (S-2) (S-3) 

1 pH 8.5 7.5 7.3 7.8 
2 E.C. (dS/m) 0.68 1.17 0.76 1.19 

3 CO3
-2 (PPM) 20.1 26.5 27.5 31.5 

4 HCO-3 (PPM) 218.5 375.5 385.4 506.6 
5 Cl- (PPM) 16.4 56.5 63.5 48.7 

6 Na+ (PPM) 2.4 7.7 4.8 5.7 

7 K+ (PPM) 0.47 1.45 1.25 1.37 
8 WHC (%) 28.5 18.5 11.45 20.55 

9 Total Organic Matter (PPM) 3.19 6.62 7.68 4.65 

10 Total Organic Carbon (PPM) 1.36 3.26 3.90 2.46 

11 Total Nitrogen (PPM) 0.020 0.15 0.14 0.075 

 
pH is a conclusive factor for microbial activity in 
the soil and the biodegradation process, and a pH 
range of 5-8 is needed for microbial activity (Atlas, 
1988). It is found that all the samples are 
representing a distinct pH value. The highest pH 
value was observed 7.8 in sample S-3, and the 
lowest pH value was observed 7.3 in sample S-2. 
Besides, the control sample S-0 represents a pH 
value of 8.5, slightly higher than all contaminated 
sites (Table-1). Thus, the soil is being affected by 
the petroleum hydrocarbon contamination and tends  

 
to keep lowering the pH. A pH range of 6-8 is the 
most appropriate for bioremediation of petroleum 
hydrocarbon, and this range is preferred by most 
microorganisms (Vidali, 2001; US EPA, 2006).  
The Electrical Conductivity (EC) estimation unveils 
that petroleum hydrocarbon contaminated soils 
remain with higher EC than the control site (Table-
1). The value for EC varies between 0.76 to 1.19 
dS/m in contaminated sampling sites and for 
control site 0.68 dS/m. The high electrical 
conductivity in the petroleum hydrocarbon 
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contaminated soil was found due to a high metal 
ion concentration introduced by hydrocarbon 
contamination in the soil (Odu, 1985; Onojake and 
Osuji, 2012). Carbonate and Bicarbonates are the 
important constitutes of the soil, and it helps to 
maintain the soil alkalinity (Brady, 2017). The 
Carbonate and Bicarbonates estimation exhibit that 
petroleum hydrocarbon contaminated sites have 
higher values than the control site. Similarly, 
chloride content also showing the same trend. It is 
predicted that petroleum hydrocarbon 
contamination in soil is causing a decomposition 
and leaching impact to release the chemical 
species. The alkali metal ions concentration exhibit 
that petroleum hydrocarbon contaminated soil 
retains the higher concentrations ranging from 4.8 
to 7.7 ppm for Sodium ions (Na+) and from 1.25 to 
1.45 ppm for Potassium ions (K+) than the control 
site (Table-1). As petroleum hydrocarbons possess 
a considerable amount of ions that could bond with 
the existing ions in the soil; thus, the contaminated 
soil's ion concentrations and electrical conductivity 
increase (Devatha et al., 2019). 
The Water Holding Capacity (WHC) estimation 
reveals that contaminated sites represent values 
between 11.45% to 20.55%, and the control site 
represents the WHC value of 28.5%. Thus, the 
WHC of all the contaminated sites was found 
significantly lower than the control site. Water 
Holding Capacity (WHC) a function of the particle 
size and porosity of the soil, and it is a crucial 
parameter for microbial activity. The presence of 
contaminants can change the WHC and 
significantly affect soil chemistry (Bhardwaj et al., 
2020). Accordingly, the presence of petroleum 
hydrocarbon contamination in the soil decreases the 
WHC of soil as hydrocarbons increase the 
hydrophobicity and clog the soil to make the water 
and air too difficult to move (Massoud, 1972). The 
Organic Matter and Organic Carbon contents  

estimation confirm that petroleum hydrocarbon 
contaminated soils represent higher concentrations 
ranging from 4.65 to 7.68 ppm for Total Organic 
Matter and 2.46 to 3.90 ppm for Total Organic 
Carbon than control site (Table-1). The Organic 
matter in the soil is generally derived from biotas, 
such as peat formation with time, plant fine roots 
turnover, microbial biomass and others; however, 
higher concentrations in petroleum spillage sites is 
significantly contributed by petroleum hydrocarbon 
decomposition (Wang et al., 2013). The organic 
carbon is directly proportional to oil or petroleum 
hydrocarbon contamination (Udo and Fayemi, 
1975). Accordingly, the increase in organic carbon 
indicates the rise in oil contamination in the soil 
(Clayden, 2012; McMurry, 2000). 
Nitrogen is also an essential attribute in soil 
chemistry that contribute to soil fertility (Vlassak, 
1970). The nitrogen content in the contaminated 
soil was found to be slightly higher than in control. 
The control site bears 0.02 ppm, and petroleum 
hydrocarbon contaminated sites bear 0.075 to 0.15 
ppm soil nitrogen concentration. Some researchers 
found no significant difference in nitrate and 
phosphate content between petroleum hydrocarbon 
contaminated and uncontaminated soils. However, 
they do not confirm the reason for their result but 
suggested that it might be due to the extent of 
contamination and some soil and microbial 
properties (Akoachere et al., 2008). 
  
Conclusions 
From the present research investigation, it is 
evident that contamination of soil with petroleum 
hydrocarbons significantly alters the physico-
chemical characterises of the soil. Moreover, 
petroleum hydrocarbons contamination has 
increased the physico-chemical parameters 
considerably, and increased parameters are a 
concern for bioremediation. 
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