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ABSTRACT 

Crude oil pollution is one of the most prevalent environment problems. The present study was 

assessed to determine the possible effects of crude oil spillage on certain physiochemical 

properties of the soil. Soil samples were collected during non-monsoon period (November-

February, 2016) at two different depths (0-15cm and 15- 30cm) and to a distance of about 100 

meters from the spillage area. The study reveals analysis of soil characteristics and heavy metals 

(Cd, Cu, Cr, Fe, Mn, Ni, Pb and Zn) content of the soil. Principal component analysis (PCA) of 

the soil samples was carried on the physicochemical and the heavy metal content in the soil. 

PCA analysis showed that the variance is contributed by three principal components .The 

positive values of the analysis indicate high input of heavy metals from crude oil. 
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INTRODUCTION 

Soil pollution with crude oil is a major 

environmental problem. Oil spills have negative 

effect on the environment, living organisms 

including human. The massive oil spill in the 

Shela River of the Sunderban wildlife sanctuary 

adversely affected the flora and fauna of the 

area.
1 

Crude oil and refinery products are 

becoming an ever increasing problem mainly 

due to breakdowns of oil pipelines and wells 

and distribution of petroleum based products.
2,3 

Assam occupies an important position in the 

history of natural oil resources. Most of the oil 

field in Assam is situated near agricultural 

fields. Oil field activities mainly include 

exploration, drilling, production and 

transportation of crude oil.
4,5 

Spillage and 

overflowing of crude oil from these tanks to the 

nearby forest or agricultural areas, especially 

during the rainy season, cause soil and water 

pollution in the affected area. Release and 

spillage of crude  and refine oil into terrestrial 

and aquatic ecosystems through accidents like 

carrier compartments, well blow out, sabotage 

and accidental rupture of pipelines have also 

been reported.
6,7 

Contamination of soil by such 

activities poses a threat to the agricultural land 

and crops. Crude oil is responsible for alteration 

of physico-chemical properties of soil which 

destroys the soil fertility due to the destruction 

of habitats of microflora, fauna, and vegetation 

and causes instability in nutrient recycling and 

energy flow. This in turn results in lowering the 

complexity of terrestrial ecosystem and 

produces a physically controlled ecosystem 

rather than a biologically controlled ecosystem 

by reduction in species diversity.
8 

Disposal of 

oil base wastes, oil spills from well blow-outs 

and pipeline ruptures are the most common 

sources of petroleum contamination of soil.
9 
The 

spillage of oil and untreated/less-treated/ 

formation/drilling water from the oilfields is a 

matter of great concern for the entire inhabitants 

of the neighbouring areas of the oil fields. It 

causes both soil and water pollution affecting 

vegetation and agricultural crops. During the 

processes of exploration and exploitation of 

activities of crude oil a large number of 

contaminants including hydrocarbons and heavy 

metals enter into the water-soil systems of *Author for correspondence 
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adjacent areas through spills, leaks as well as 

through emissions from gas flaring and from 

effluents which are likely to pollute the 

environment.
10 

Heavy metals incorporated 

during the course of oil production are potential 

environmental
11

 pollutants and many of them 

are toxic even at very low concentrations. 

Heavy metal pollution is an important 

environmental problem posing significant risks 

to human health.
12,13 

Spillage oil, brine and 

formation water adversely affects the soil 

quality of the area which causes ecological 

disturbances. The toxic heavy metals and 

hydrocarbons are deposited and accumulated in 

the soil due to spillage and leaching from the 

storages, pipelines and drilling sites might have 

already cross their respective permissible limits 

in the soil of the affected areas which requires 

reclamation. Moreover, there much be loss of 

soil nutrients due to soil erosion which demands 

the conservation of topsoil in the area.
14-18  

This 

study  has  become  very  imperative  due  to the  

environmental degradation occasioned by crude 

oil spillage. The present investigation has been 

carried out to examine the toxic effect of crude 

oil pollution on some physico-chemical 

parameters and heavy metal content of the 

spillage soil.  The effects of the toxic concentr-

ation of heavy metal ions is of great importance 

because tend to bioaccumulate and may enter the 

food chain. The database that will be generated 

may be helpful for future use and will help 

implementing pollution remediation measures.
19

 

METHODOLOGY 

The study area of the present investigation is 

Rudrasagar oil field. The area is located (27
o
 

27’N latitude and 94
o
 95’E longitude) in 

Sivasagar Sub-division of the district of 

Sivasagar, Assam. The Rudrasagar oil and 

natural gas field was discovered by Assam Oil 

Company in 1954. Rudrasagar oil field occurs 

around 5km SouthWest of Sivasagar and about 

40 km SouthWest of Moran. 

  

Fig. 1 : Photographs showing crude oil spillage in nearby areas and its environmental impact

Collection of soil samples 

Based on the visual observation (Fig. 1) of 

environmental degradation in the study area, 

five sampling sites numbered as R1, R2, R3, 

R4 and R5 (control) were selected in and 

around the Group Gathering Station (GGS). 

In each of the sampling sites, five sampling 

points were selected at distances 0m (spillage 

area), 30m, 50m and 100m away from the 

source of pollutants/contaminants.  Further, 

soil samples at each sampling point were 

collected from two different soil layers having 

depths 0-10cm and 15-30cm. The control 

samples   were collected from distances  

of 200 to 300 metres or more from the GGS 

where the influence of the oil field operation 

would likely to be nil. In each distance, five 

samples were taken at each depth from different 

positions on the same side of the GGS and they 

were mixed thoroughly to obtain a composite 

sample. The collected soil samples were  then 

spread on a piece of paper and allowed to dry in 
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air .The lumps of soil samples were broken and 

then screened through a 2.0 mm sieve. The 

samples were then kept in clean glass vials and 

kept in freezer until analysis. Soil samples were 

collected during non-monsoon period 

(November  to February, 2016). 

(a) pH : The pH of the soil samples was 

measured in the laboratory with the help of 

Global Digital pH meter. 

(b) Electrical Conductivity (EC) : Electrical 

conductivity (EC) of the water from different 

sources is measured using digital conductivity 

meter. 

(c) Organic Matter : Organic matter of soil 

was determined by the procedure of Walkey 

and Black
20

   (1934) method. 

(d) Carbon and Nitrogen : The carbon and 

nitrogen content of the soil samples were 

determined in a CHN analyser. 

(e) Determination of Heavy metals : 

Heavy metals were determined using the 

method described by AOAC (2005). 0.5g of air 

dried soil was weighed and transferred into a 

beaker and 10mL concentrated HNO3was 

added into it. The mixture was heated and 

evaporated to dryness. The residue was 

dissolved in 25mL HCl and heated for 

approximately 20 minutes in open air. The 

sample was then transferred into a 50mL 

volumetric flask and diluted to volume with 

distilled water. The sample was filtered to 

remove suspended particulate matter before 

analysis. The prepared samples were analyzed 

for heavy metals using Atomic Absorption 

Spectrophotometer (PerkinElmer A, Analyst, 

700). 

Calculation 

C= Co. V/m where, 

C=concentration of heavy metals in sample in 

mg/g,  Co= the metal concentration read from 

calibration curve, V= the total volume of 

solution in mL, m= the weight of dried sample 

taken for analysis in g. 

Statistics : The bar charts were prepared in 

excel. The Correlation Coefficient and  

Principal Component Analysis (PCA) of the 

physico-chemical parameters was performed 

by using the IBM SPSS Statistics 23. 

     RESULTS AND  DISCUSSION 

Physico-chemical properties of analysed soil 

samples show considerable variation in the soil  

quality with respect to their chemical composi-

tion. The hydrogen ion concentration (pH) in 

the soil samples varies from 4.72 to 5.23 in the 

top soil and 5.32 to 5.70 in the bottom soil. 

Variation of soil pH at different sampling sites 

is shown graphically in Fig. 2(A).The pH of soil 

in the study area is mainly acidic with the 

seepage area having a pH of 4.72 .The acidity of 

the soil decreases with distance from the 

spillage area. The increase in acidity of the soil 

samples associated with petroleum hydrocarbon 

pollution was also reported by otherauthors
21,22 

The change in soil pH due to crude oil effect 

may alter soil biochemistry.
23

 Electrical 

conductivity (EC) is the measure of dissolved 

material in an aqueous solution, which relates to 

the ability of the material to conduct electrical 

current through it. Soil electrical conductivity is 

an indirect measurement that correlates (Fig. 

2(B)) very well with several  soil physical and 

chemical properties. The present study revealed  

a decreasing trend with the increase of distance 

from the spillage area for both top and bottom 

soil(Table 1).The reason responsible for the 

above variation may perhaps be attributed to 

seepage and leakage of formation water being 

rich in cations and anions. Soil organic matter is 

an extremely important component of soil. 

Graphical presentation of the organic matter 

content (OMC) in soil samples collected at 

different sampling sites is shown in Fig. 2(C), 

Fig. 2(D) and Fig. 2(E). Soil organic matter 

(SOM) is chosen as the most important 

indicator of soil quality and agronomic 

sustainability because of its impact on other 

physical, chemical and biological indicators of 

soil quality. Associated organic matter content 

in soil in fact enhances water and nutrient 

holding capacity of soil, and thereby improves 

productivity and environmental quality. Organic 

matter exhibited a decreasing trend with 

distance in both top and bottom soil (Table 1). 

Soil organic carbon and nitrogen are important 

indexes for soil fertility evaluation. In the 

present study a decrease in carbon and nitrogen 

content in soil (Table 1) was observed when 

compared with the control soil. According to 

Osuji and Onojake
24

 oil spillage facilitates 

agronomical addition of organic carbon from 

petroleum hydrocarbon by reducing the carbon 

mineralizing capacity of the microflora.
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Table 1 : Physio-chemical parameters of the soil at two depths of the oil impacted soil 

Distance(m) Soil depths(cm) pH 

Electrical 

conductivity 

(μS/cm) 

Organic 

matter 

(%) 

Carbon 

(%) 

Nitrogen 

(%) 

Spillage area 0-15 4.72 1240 6.71 2.29 0.34 

 15-30 5.32 772 5.20 1.71 0.38 

30 0-15 5.17 923 5.24 2.17 0.29 

 15-30 5.33 403 5.01 1.13 0.32 

50 0-15 4.92 451 2.83 1.62 0.28 

 15-30 5.23 253 5.18 0.91 0.36 

100 0-15 5.21 288 4.01 1.61 0.23 

 15-30 5.24 148.8 2.96 1.35 0.37 

Control 0-15 5.23 88 3.95 1.03 0.17 

 15-30 5.70 48 2.03 0.77 0.29 

 

(A)                                                      (B) 
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(E) 

Fig. 2 : (A) pH, (B) Electrical conductivity, (C) Organic Matter, (D) Carbon and (E) Nitrogen 

content in soil samples at different sites and depths

The heavy metal concentration, the polluted 

soil and the control soil samples were show in 

the Table 2. The results obtained from the 

analysis of the soil samples have shown 

appreciable concentration of  the metals (Cd, 

Cu, Cr, Zn, Fe, Mn, Ni and Pb) in the  study 

area. The increasing concentrations of these 

metals in the top soil fraction clearly indicate 

its anthropogenic introduction from nearby 

sources. Source of these elevated levels might 

be the produced water and crude oil which are 

reported to contain these metals.
25,26

 

Incorporation of a significant portion of Fe, 

Mn, Ni and Cr from the surrounding areas as 

wash out during the heavy rainfall and 

consequent flooding also cannot be ruled out. 

The downward decreasing trend with respect 

to depth as evidenced by most of the elements 

under study can be correlated with the 

migration of leaching elements by the 

associated water. The discharge from the oil 

industry are reported to contain toxic heavy 

metals like Hg, Pb, Cd, Cu, Zn, Fe and Cr and 

high concentration of alkali and alkaline earth 

metals.
27

 Moreover, crude oil also contains 

substantial amount of heavy metals and 

therefore leakage or oil spills may contribute to 

high concentration of metals in the nearby 

area. The higher association of metal contents 

in soils of acidic nature may pose a direct 

threat to the plants, as some of them are toxic 

to their growth and productivity. 

Table 2 : Soil depths with distance and the concentration of Cu  

Distance 

(m) 

Soil depths 

(cm) 

Cd Cu Cr Fe Mn Ni Pb Zn 

Spillage 

area 

0-15 4.23 

 

62.2 60.7 60523 200.8 213.34 56.8 166.8 

 15-30 3.64 64.9 71.6 54300 268.5 203.6 50.4 155.7 

30 0-15 2.84 65.7 65.2 56473 235.7 190.6 40.3 158.3 

 15-30 2.12 61.6 60.3 48490 240.4 180.4 38.4 143.1 

50 0-15 1.80 55.2 52.3 41349 245.7 141.2 32.3 150.2 

 15-30 0.89 53.8 43.9 37965 281.3 132.5 27.8 153.4 

100 0-15 0.63 54.1 40.5 32346 270.5 103.4 23.6 120.8 

 15-30 0.55 52.3 34.3 23671 315.6 98.3 18.2 105.7 

Control 0-15 0.30 50.01 13.5 18502 190.8 95.8 10.02 91.3 

 15-30 0.22 50.7 10.2 13971 220.9 90.2 9.43 88.4 
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Table 3 : Correlation coefficient for different soil geochemical parameters 

 pH EC OM C N Mn Zn Cd Cr Cu Ni Pb Fe 

pH 1             

EC -.701 1            

OM -.455 .835 1           

C -.584 .954 .731 1          

N .547 -.371 -.672 -.160 1         

Mn .264 -.190 -.435 .107 .669 1        

Zn -.788 .800 .346 .808 -.001 .084 1       

Cd .108 .277 .519 .078 -.298 -.794 -.110 1      

Cr -.549 .899 .463 .991* .124 -.307 .900 -.106 1     

Cu -.787 .988** .783 .916* -.395 -.248 .851 .259 .826 1    

Ni -.692 .987** .771 .930* -.287 -.224 .843 .328 .854 .988** 1   

Pb -.800 .974** .735 .952* -.348 -.064 .877 .064 .889* .977** .954* 1  

Fe -.653 .967** .688 .984** -.141 -.027 .885* .124 .951* .953* .968** .968** 1 

*Correlation is significant at the 0.05 level (2-tailed) 

** Correlation is significant at the 0.01 level (2-tailed) 

Table 3 shows distinct correlations of EC with 

Cu (0.988), Ni (0.987), Pb (0.974) and Fe 

(0.967), C with Cr (0.991), Cu (0.916), Ni 

(0.930), Pb (0.952) and Fe (0.984), Zn with Fe 

(0.885), Cr with Pb (0.889) and Fe (0.951), Cu 

with Ni (0.988), Pb (0.977) and Fe (0.953), Ni 

with Fe (0.954) and Pb (0.968)  and Fe with Pb 

(0.968) has been demonstrated by the different 

parameters. The significant coefficient of 

correlation as evidenced from the study between 

the pairs of parameters indicated that they might 

have originated from the same source and 

subjected to similar physicochemical conditions 

during their dispersion and mobility in the soil 

system under study. Principal component 

analysis (PCA) is a multivariate statistical 

technique used for data reduction and for 

deciphering patterns within large sets of data 

.The PC loadings can be examined to provide 

further insight into the processes that are 

responsible for the concentrations in the soil 

samples. The PCA analysis results show that the 

variance is contributed by 3 Principal 

Components (PCs). Percentage contribution to 

variance due to each of the three PCs : 

component 1 accounts for 66.48%, component 2 

accounts for 20.68 % and component 3 accounts 

8.3% of the total variance respectively. Factor 

loading plots for each variable on the 

rotated components is shown in Fig. 3. The 

positive values of the physico-chemical  

parameters indicates (Table 4) high inputs of 

these parameters only due to spillage  from the 

oil industry. 

 

Fig. 3 : Component plots in rotated space of the physiochemical parameters and heavy metals 
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Table 4 : Loadings of principal component 1, 2 and 3 

Parameters 

Component Matrix 

Component 

1 2 3 

pH -.767 .055 .600 

EC .992 -.065 .003 

OM .773 -.483 .130 

C .949 .200 .153 

N -.349 .740 .501 

Mn -.154 .931 .036 

Zn .862 .357 -.118 

Cu .193 -.773 .571 

Cr .869 .470 .156 

Cd .995 -.080 -.010 

Ni .985 -.052 .142 

Pb .991 .081 -.094 

Fe .974 .181 .136 

PC 1 is the most important of the four 

components. Here EC (.992), C (0.949), Cd 

(0.995), Ni (0.985), Pb (0.991) and Fe (0.974) 

have high loadings. In Component 2 Mn have 

the highest loadings. In component 3 Cu and N 

have the highest loading. The processes 

governing these components are mainly due to 

anthropogenic origin. Weathering of soil and 

high rainfall in these areas has exacerbate the 

in fuse of these toxic heavy metals in the soil. 

CONCLUSION 

The physicochemical characteristics of the soil 

around the oilfield have shown the impact of 

oil field activities around it on soil quality. 

Oilfield imparts certain unfriendly substances 

to the soil system which leads to the 

degradation of soil heath or soil quality in 

sustaining the life forms on it. This has given a 

strong foundation on the environmental 

degradation caused by the developmental 

activities around the oilfield area. 
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