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Abstract: -Removal of crude oil petroleum hydrocarbon from the soil is one of the most pressing environmental issues which 

lead to cause soil infertile. The aim of this investigation is to estimate the physicochemical properties and isolation bacterial 

strains from petroleum hydrocarbon contaminated soils. Soil samples were collected from contaminated area of various 

automobile workshops in Durg-Bhilai region of Chhattisgarh. Non-polluted soil was collected from non -contaminated area used 

as control. Different analytical methods were applied to estimate the physicochemical properties which include pH, TDS, Electro-

conductivity, Moisture and Carbon contents. Further the samples were subjected to serial dilution and plating methods were 

followed to developed the bacterial colonies. Each single colony was selected for preliminary morphological and biochemical 

identification. The results showed that after the estimation of petroleum hydrocarbon contaminated soil was seen a huge 

difference characteristics. Physicochemical parameters of samples were determined the ranges obtained were pH value 9.01, 

EC108.7µs/cm and TDS 54.21 ppm are highest value were increased with increasing the contamination as compared non 

contaminated soil. While moisture and carbon contents were decreased with increasing the contamination as compared non 

contaminated soil. Based on the morphological and biochemical identification the isolated bacteria was performed using Bergey’s 

Manual of determinative Bacteriology. The isolated bacterial strains were identified as Klebsiella, E.coli, Bacilus, Streptococcus, 

Staphylococcus, Pseudomonas species. These bacterial species utilized the petroleum hydrocarbon as a carbon sources. Thus the 

results reveal the use of these microorganisms can remove the crude oil petroleum hydrocarbon from contaminated soil.  
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Introduction:Soil is mixture of organic matter, minerals, gases, liquidsand organisms that together support life (Solanki and 

Chavda, 2012). The soil microbes decompose the plantsand animals residues that mixed the soil and convert them into soil 

organic matter which influence on soil physical, chemical, and biological properties (Uma and Jeevan 2019). Soil as a medium 

for plant growthit means of water storage, supply, and purification earth body of upper surface for terms used 

“Pedosphere”(Solanki and Chavda, 2012). 

 Soil science has two basic branches of study edaphology and pedology studies the influence of soils on living things. 

Pedology focuses on the formation, morphology and classification of soils in their natural environment. In engineering terms soil 

is included in the broader concept of regolith, which also includes other loose material that lies above (Taylor et al., 1972.; Joffe 

1949). 
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Petroleum hydrocarbon contaminated soil: Hydrocarbons are the most common and wide variety used primary energy 

resources for worldwide. Hydrocarbon is one of the most important energy resources and raw materials for various industries. 

These are organic compounds which are composed of two main elements carbon and hydrogen. They also contains small 

quantities of molecular containing such as Sulfur, Nitrogen, metals, oxygen, lead etc. Petroleum is Latin words that mean “rock 

oil” which occurs as a dark sticky viscous liquid. Hydrocarbon products such as kerosene, gasoline, diesel, fuel oil, crude o il are 

complex mixture of hydrocarbon compounds. Oil spills the global problem in industrialized and growing Countries. The amount 

of natural crude oil seepage was expected to be 600,000 metric tons per year with a range of uncertainly of 200,000 metric ton per 

year (Prathyushaet. al., 2016). 

Petroleum hydrocarbon products leakages accidental spills and anthropogenic sources occur regularly during the exploration, 

production, refining, transportation, and storage time (Darsa and Ramya, 2014).Contaminated soil with petroleum hydrocarbons 

may arise extensive damage of local system since accumulation of pollutants in animals and plants tissues may cause death and 

mutations (Kumariet. al., 2013). These hydrocarbon contaminations are hazardous to the health of all living beings and are also 

carcinogenic, mutagenic and potent immunotoxicants. Some commonly occurring bacterial species with highly degradation 

capacity of hydrocarbons such as Pseudomonas species, Rhodococcus species, Acenatobacter species, Micrococcus species 

(Pham and Jeong, 2014). The process of biodegradation defined as the use of micro-organisms to indigenous oil consuming 

micro-organisms which have the ability  to  degrade organic compounds play a significant role in the disappearance of oil from 

soil  detoxify or removal pollutants.  Hydrocarbon degrading micro-organisms found in the soil and water. That has the ability to 

degrade petroleum products such as common indigenous species of Pseudomonas aerugenosa. E. Coli, Staphylococcus aureus, 

Bacillus subtilis, Bacillus cereus etc. (Shekhar and Modi, 2015). Biodegradation by common population of indigenous micro-

organisms removed from the environment and is cheaper than other biodegradation technologies (Das and Chandran, 2011). 

The degradation process for crude oil polluted soil can be classified into chemical, thermal, physical and biological various 

processes available for biodegradation of petroleum hydrocarbon (Varjani, 2017). The rate of biodegradation increase generally 

increasing temperature decrease with decreasing temperature in highest degradation rates generally occur in the range of 300C to 

400C in soil environment. The effect of temperature is also complicated by other factor such as the composition of the microbial 

population, (Varjani and Upasani, 2007). 

 

Parameters of physicochemical properties of soil sample: 

Different parameters used to determine Petroleum hydrocarbon contaminated soil physicochemical properties such as – 

pH 

TDS(In ppm) 

Electrocunductivity (µs/cm) Siemens per meter or micron per meter 

Moisture content ( In %) 

Carbon content ( In %) 

pH: pH is a measure of the active hydrogen ion (H+) concentration. It is an indication of the acidity or alkalinity of a soil, 

and also known as soil reaction. The pH scale ranges from 0 to 14, with values below 7.0 acidic, and values above 7.0 alkaline. A 

pH value of 7 is considered neutral. 

TDS (In ppm):Total solids measurements can be useful as an indicator of the effects of runoff from construction, 

agricultural practices, logging activities, sewage treatment plant discharges, and other sources. 

Electro-conductivity (µs/cm):Soil electrical conductivity (EC) is a measure of the amount of the salinity of soil. It is 

excellent indicator of nutrient availability and loss soil texture and available water capacity. 

Moisture content (In %):Water content or moisture content is the quantity of water contained in a material, such as soil 

called soil moisture, Moisture is one of the most important properties of soil(Kekaneet al.,2015). 

Carbon content (In %):Carbon is vital to soil capacity to provide edaphic ecosystem services. The condition of this capacity 

is termed soil health, a term that communicates the value of understanding soil as a living system as opposed to an abiotic 

component. Specific carbon related benchmarks used to evaluate soil health include CO2 release, humus levels, and microbial 

metabolic activity. 

 

Materials and methods: 

 

Study Area: Petroleum Hydrocarbon contaminated soil various automobile workshop Durg-Bhiai region of Chhattisgarh 

State, India.The latitude of Durg, Chhattisgarh, India is  21.190449, and the longitude is  81.284920. 

 

Collection of Soil Samples:The contaminated soil samples were collected from ten (10) different places at triplicate. The 

collected soil samples were taken sterile containersand transported to laboratory for analysis. 

 

Estimation of pH and EC: pH value is a measure of the hydrogen ion activity of the soil water system and expresses the 

acidity and alkalinity of the soil. It is a very important property of soil as it determines the physical condition of soil. pH values 

were determined using pH meter as described by (Jackson,1958). For this, 20 g soil sample was mixed with 40 ml distilled water 

in 1: 2 ratio. The suspension was stirred intermittently with a glass rod for 30 minutes and left for one hour. The combined 

electrode was inserted into supernatant and pH was recorded. The electrode was washed with distilled water before each new 

reading of the soil was taken. Electrical conductivity (EC) expresses ion contents of solution which determine the current carrying 

capacity thus giving a clear idea of the soluble salts present in the soil. The electrical conductivity and TDS of soil samples were 

determined by digital electrical conductivity. (prepared in the same as that for pH) to take the reading to record the EC values 

(Jackson,1958).; (Das and Bindi,2014). 

 

Soil Moisture: Soil moisture is the water contained in the soil through rainfall and irrigation. It influences the physical, 

chemical and biological properties of soillike texture, quality and quantity of organic and inorganic matter and nature volume of 

pore size. Moisture content of the soil samples were calculated immediately by oven drying method (Jackson, 1958).; (Das and 
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Bindi,2014). 1 g of contaminated soil sample was kept in hot air oven for 1 hrs at 100°C. Dry weight of the sample was taken till 

it showed its constant weight.  

Percentage of moisture=  (W2-W1) X100 

100 

W1- Weight of Soil before kept in oven  

W2- Weight of Soil after kept in oven  

Estimation of Organic Carbon: The quantity of organic carbon in the soil was estimated by using Walkey- black method 

(Walkey and Black, 1947) as described by (Jackson, 1958). 1g contaminated dry soil sample was passed through 0.5mm sieve 

without loss and was taken into a 500ml conical flask. To this 10ml of 1N potassium dichromate and 20ml con. H2SO4 were 

added and the contents were shaken for a minute and allowed to set aside for exactly for 30 minutes and then 200ml distilled 

water, 10ml phosphoric acid and 1ml diphenylamine indicator were added. The solution was titrated against standard 

(NH4)2Fe(SO4)6H2O(ferrous ammonium sulphate) till the colour changed from blue violet to green. The blank titration was also 

carried without soil(Jackson, 1958). 

 

Isolation of bacterial strains from contaminated soil samples: 

One gram of dried soil sample was dissolved in 9ml of distilled water and agitated vigorously. A 10 fold serial dilution was 

done followed pour plate method. Soil sample was serially diluted upto 10 -7 dilution and 1 ml from each dilution poured in Petri 

plate followed by addition of 20ml of molten Bushnell Haas-Agar medium at around 50°C. After gently rotating, the plates were 

incubated at 37°C for 24 hours and uninoculated plate was serve as media control and then enumeration of different isolates were 

carried out (Santhiniet al., 2009). Culturally different colonies were selected and streaked over Bushnell Hass- Agar medium 

supplemented with 5% petrol. Uninoculated media plate was serve as control. Incubation was done at 28 C for upto7 days and 

growth were examined. Isolates were maintained on Nutrient agar(Shekhar and Modi, 2014). 

 

Identification of isolated bacterial strains:  
The identification was done by cultural (margin, colour, texture and elevation), morphological and biochemical analysis as 

per Bergey’s Manual of Systemic Bacteriology (Holt et al., 1994).; (Shekhar and Modi, 2014). 

 

Results and discussion:  

Examination of the soil samples shows that the values of pH range from 8.50  to 9.01, (tab.1) while normal pH range from 

7.2 to 7.3, which shows that the soil of petroleum hydrocarbon contaminated soil is slightly alkaline due to evaporation of water 

in dry areas, which bring salts to the surface. pH can affect the availability of nutrients in the soil (Patilet al., 1991) and plant 

growth is limited in alkaline medium. Sample D1A and D2A showed maximum pH in soil as the solubility of minerals decreases 

creating nutrient deficiencies in the soils. EC is used to find out the soluble salt concentration of the soil and when EC values 

exceed the recommended value, the germination of almost all crops would be seriously affected resulting in much reduced yield. 

In the present study its value ranges from 0.004 µs /cm to 108.7 µs /cm. The soil samples except sample number B2A, B2B, B2C, 

B4A, B4B are severely saline, which may be due to the highly contamination of petroleum hydrocarbon crude oil. Soil moisture 

content, varying from 2.5 to 6.5 , is comparatively low in comparison with non- contaminated soil . Low moisture content indicate 

the soil is not fine structured and have big particles size which is not capable for water absorption and reduce percolation. The 

organic carbon present in soil range from 32.4% to 33.8%, which is moderate from the normal value. The organic soil matter 

includes plant and animal debris and varies depending on the rate of decomposition. It keeps the soil open to hold air and water 

and provide energy, nutrients for soil living things. The present study shows that the increased microbial activity. Suggested that 

organic matter increases water holding capacity were reported by other scientists also (Darwish (1995). 

 

Isolation and identification of bacterial strains from petroleum hydrocarbon contaminated soil samples: 

The samples petroleumhydrocarbon contaminated soil showed the growth of Klebsiella, Streptococcus, E.coli, 

Staphylococcus,Pseudomonas spp., and Bacillus.These organisms were found to be actively growing in petroleum hydrocarbon 

contaminated soil during the study of the 30 hydrocarbon contaminated soils. A total of Nineteen isolates of bacterial species 

were identified out of which 5 (25%) were isolated from contaminated sites B1A B1B B1C. 4 (20 %) from contaminated site B3A 

B3B B3C. 4 (20 %) from contaminated site D2A D2B D2C. 3(15%) from contaminated site D3A, D3B, D3C. 2(10%) from 

contaminated site D4A D4B D4C and D1A D1B D1C. 2(10%) from contaminated site B4A B4B B4C, B2A B2B B2C. Maximum 

isolates were of Klebsiella spp. 5(25%), Streptococcus 4 (20 %), E.coli 4(20%), Staphylococcus 3(15%), Pseudomonas spp. 

2(10%), and Bacillus 2 (10%). 

The highest population was observed from the contaminated soil sample of contaminated site B1A the bacterial counts were 

recorded as 15 x 10 6 in this sample. Plate count of viable bacteria from contaminated site B3B  12x106  D1C and D2A was 

determined to be in order of 5 x 10 6 and 4 x 10 6 The least count of bacteria was determined in the soil sample from B3C as 5 x 

105. 

After evaluation of colony morphology, cell morphology, utilization of carbon source and biochemical characteristics the 

isolates were identified as Klebsiella, Streptococcus, E.coli, Staphylococcus, Pseudomonas spp., and Bacillus. 
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Table:1 Different Parameters Physicochemical Properties of Contaminated Soil. 

Samples 

No. 

Samples 

name 
pH 

TDS 

(in ppm) 

Electro 

Conductivity(µs/cm) 

Moisture 

( in %) 

Carbon 

( in %) 

1 Control 7.3 0.001 0.002 6.4 35.4% 

2 B1-A 8.58 19.57 39.27 1.5 23.7 

3 B1-B 8.50 18.37 39.20 1.4 22.7 

4 B1-C 8.56 19.11 39.18 1.3 22.6 

5 B2-A 8.70 0.002 0.004 7.6 32.4 

6 B2-B 8.62 0.002 0.004 1.7 31.5 

7 B2-C 8.79 0.003 0.005 4.3 29.1 

8 B3-A 8.86 25.86 51.61 6.7 27.9 

9 B3-B 8.81 25.47 51.60 6.5 26.8 

10 B3-C 8.84 25.57 51.59 6.4 25.9 

11 B4-A 8.37 0.002 0.004 3.2 39.4 

12 B4-B 8.42 0.012 0.024 3.3 34.7 

13 B4-C 8.45 32.49 62.92 2.5 33.8 

14 B5-A 8.60 0.003 0.006 7.5 31.2 

15 B5-B 8.44 0.034 0.065 7.4 32.2 

16 B5-C 8.60 54.21 108.7 6.5 29.0 

17 D1-A 9.01 29.69 59.40 2.9 30.9 

18 D1-B 9.01 30.11 60.25 3.3 24.7 

19 D1-C 8.98 18.67 37.37 2.5 24.2 

20 D2-A 9.06 33.21 66.36 4 39.9 

21 D2-B 8.88 34.80 69.64 8.9 32.9 

22 D2-C 8.98 31.45 62.88 7.7 35.6 

23 D3-A 9.08 30.64 61.29 4.7 25.5 

24 D3-B 9.06 19.89 35.75 7.5 37.6 

25 D3-C 9.06 27.87 55.75 6.8 28.9 

26 D4-A 8.34 0.003 0.005 4.2 23.5 

27 D4-B 8.57 0.003 0.005 6.4 36.2 

28 D4-C 8.44 0.014 0.030 2.1 25.4 

29 D5-A 7.67 0.002 0.005 7.2 34.3 

30 D5-B 8.54 0.017 0.034 6.8 30.2 

31 D5-C 8.43 31.56 63.08 7.1 31.5 
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Site 1. D1A, D1B, D1C=Automobile workshop near bustandDurg. 

Site2. D2A, D2B, D2C=Automobile workshop near stadium Durg. 

Site3. D3A, D3B, D3C=Automobile workshop near polytechnique college Durg. 

Site4. D4A, D4B, D4C=Automobile workshop near Indira Market Durg. 

Site5.D5A, D5B, D5C= Automobile workshop near GanjparaDurg. 

Site6. B1A, B1B, B1=CAutomobile workshop khursiparBhilai. 

Site7. B2A, B2B, B2C=Automobile workshop powerhouse Bhilai. 

Site8. B3A, B3B, B3C=Automobile workshop powerhouse Garaze road Bhilai. 

Site9. B4A, B4B, B4C=Automobile workshop SupelaBhilai. 

Site10.B5A, B5B, B5C= Automobile Workshop NehrunagarBhilai. 
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Fig:1 graphical presentation of physicochemical properties of petroleum 

hydrocarbon contaminated soil:

pH TDS (in ppm) Electro Conductivity(µs/cm) Moisture( in %) Carbon( in %)
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                                                                     Table 3: Microbial distribution 

S.N. Sample sites 
Soil sample 

size n=30 
Average cfu g/ml(106 ) 

1 Automobile workshop near bustandDurg n=3 4x106 

2 Automobile workshop near stadium Durg n=3 5x106 

3 Automobile workshop near polytechnique college Durg n=3 22x105 

4 Automobile workshop near Indira Market Durg n=3 5x106 

5 Automobile workshop near GanjparaDurg n=3 32x105 

6 Automobile workshop khursiparBhilai 

 

n=3 15x106 

7 Automobile workshop powerhouse Bhilai n=3 4x106 

8 Automobile workshop powerhouse Garaze road Bhilai n=3 33x105 

9 Automobile workshop SupelaBhilai n=3 5x106 

10  Automobile Workshop NehrunagarBhilai n=3 12x105 

 

Table 4: Colony and cell morphology 

Colony and 

Cell 

Morphology 

Klebsiella 

spp. 
Streptococcus E.coli Staphylococcus 

Pseudomonas 

spp. 

Bacillus 

Spp. 

Colour 
Greyish 

white 
Gray White Shiny yellow White 

Creamy 

white 

Margin Entire Regular Regularr Entire Entire Undulate 

Elevation 
Dome 

shaped 
Convex Convex Convex Flat Unbonate 

Shape Circular Regular Circular Circular Irregular Circular 

Opacity Translucent Translucent Smooth Opaque Opaque Opaque 

Pigmentation Mucoid Mucoid No Golden yellow Blue-green No 

Gram 

reaction 

Gram 

negative 

Gram 

Positive 

Gram 

negative 
Gram Positive 

Gram 

negative 

Gram 

Positive 

Cell shape Rod Coccus Rod Coccus Rod Rod 

Table 5: Biochemical characteristics 

Biochemical 

characteristics 

Klebsiella 

spp. 
Streptococcus E.coli Staphylococcus 

Pseudomonas 

spp. 

Bacill

us 

Spp. 

Catalase test + - + + + - 

Oxidase test - - - - + + 

Indole test - - + - - - 

MR - - + + - - 

VP + - - - - - 

Citrate 

utilization test 
+ - - - - - 

Urease activity + - - - - - 

H2S production - - - - - - 

Starch 

hydrolysis 
- - - - - - 

Glucose + + +AG +A - +A 

Sucrose + + +A +A - +A 

Lactose + + +AG +A - - 

 

Conclusion: 

It is concluded from the present study that physicochemical properties of hydrocarbon contaminated soil in various 

automobile workshop. In this research estimate the different parameters of normal and contaminated soil and their effects of 

environments and living beings. The present study revealed that the bacterial population isolated from hydrocarbon contaminated 

soil samples could be used for insitu bioremediation purpose. A total of 19 positive isolates were obtained, out of which 

Klebsiella spp. showed maximum occurrence while Pseudomonas and Bacillus showed least occurrence. 
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