
1 INTRODUCTION 
 
Soil pollution is widespread problem around the world and has attractive many researches to find 
acceptable solutions for this problem. Soil is polluted during many activities such as waste dis-
posal, leakage from petroleum tanks, waste during the filling process of distribute petroleum ma-
terials from centers to stations, and runoff of water mixed with petroleum materials as a result of 
cleaning the areas in which filling operations take in place. The effects of this problem on the air, 
water, and soil are so critical and dangerous. Where, petroleum materials leak into groundwater 
and from there into the wells used to irrigate agricultural lands, which leads to inability to use 
those lands and taking them out of the scope of investment. Also, drinking water may be polluted 
and transmit pollution to the largest number of people. Evaporation of petroleum materials causes 
cancerous diseases and chronic lung infections for labors at the center and residents of nearby 
facilities.  
It is worth noting that petroleum materials are a group of compounds that we obtain from the 
distillation of petroleum, which are classified as hydrocarbons, which in turn are divided into two 
parts: saturated compounds and unsaturated compounds (unsaturated compounds are distin-
guished from saturated compounds by the possibility of them bonding to different elements due 
to the presence of free bonds in their atoms) (Adeniji, et.al, 2017).). the results of petroleum dis-
tillation are: light compounds (natural gas - gasoline), medium compounds (kerosene), and heavy 
compounds (lubricating oils, diesel, and fuel). The density of these compounds affect on the soil 
pollution and on the choice of the appropriate soil treatment method. 
In order to achieve the aim of this study, an overview of the effect of hydrocarbons on soil prop-
erties (plasticity, permeability) has discussed and then describing the field and laboratory inves-
tigations that have been conducted to provide results based on the reality of theoretical studies 
that show the effect of hydrocarbons on soil properties. A description of the pollution in specific 
areas (the southern region - Adra stores) this site is distinguished by being a storage and distribu-
tion center for petroleum products, which is considered a more general and comprehensive case 
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of pollution. In addition, a comprehensive scientific survey of all available methods for treating 
polluted soils at the global level has discussed (Ossai, et. al., 2020.). the optimal methods that are 
suitable for use in this location has been proposed with its application system from geotechnical 
engineering point of view. 

2 FIELD AND LABORATORY INVESTIGATION:  

Based on the information obtained from the responsible administration and site inspection, three 
areas were identified that can be described as pollution hotspots (Figure 1). Two areas were ex-
posed to pollution during previous years as a result of the disposal of tank cleaning waste (diesel 
and gasoline) during different time periods, and a third area (outside site), which is constantly 
exposed to pollution as a result of washing the kerosene and gasoline truck filling area. We have 
referred the first pit as L1 (30 years ago), the second pit as L2 (12 years ago), and the third pit (27 
years ago). Pit L1 is distinguished as a container for liquid hydrocarbon residues that have been 
left exposed to sunlight for a period until they dry and form a relatively thick consistency. It is 
placed next to the tanks in the form of a circle with a diameter of 10 m on sloping ground. Its 
height varies and ranges between (0.5-1.5) m. As for the pit L2 is an old flow channel with rec-
tangular shape its dimensions of (13*4) m. It was blocked at both ends and used to store the 
remains of cleaning nearby tanks. Pit L3 is located outside the site of the tanks on land with a 
slight slope in a circular shape with a diameter of 15m to containing the water contaminated with 
hydrocarbons resulting from cleaning the filling area at a height above the natural ground surface 
ranging between (2-4) m. 
We carried the field work in each of the three sites. Contaminated samples (Con.) were obtained 
from the pits from every meter in the horizontal distance from the edge of the contamination site. 
They were tested to represent the real pollution at a depth of up to (3m) and a distance of up to 
(5m), as well as we obtained uncontaminated samples (Un-con.) near the test pits in order to 
compare the change in the physical properties of the soil as a result of its contamination. 
The contaminated samples were transferred to the Al-Furat Oil Company laboratory where an 
analysis total hydrocarbons (TPH) (ASTM, D473-81) was conducted on seven composite samples 
that represent the reality of the contamination from the total number obtained in excavations, 
which are 34 contaminated samples. Experiments were also conducted to determine the physical 
properties of contaminated and uncontaminated soil mechanics laboratory (faculty of civil engi-
neering in Damascus University), including: the granular analysis and hydrometer experiment 
(ASTM, D422), the Atterberg limits experiment (ASTM, D4318), and the compaction experiment 
(ASTM, D698), permeability experiment (ASTM,D2434). 

 



Figure 1. Site 

3 RESULTS  

The results of investigations show that the soil of the first site (L1) is classified as SM silty sand 
soil, the soil of site (L2) is GM silty gravel, and the soil of site (L3) is CL low plasticity clay. 
Figure 2 shows the grain size distribution curves for the three soils, where the percentage of clay 
soil is less than μ 2 for the first site (15.5%), for the second site (15.5%) and for the third site 
(25.5%). Table 1 shows the results of the Atterberg limit, specific gravity, dry unit weight, water 
content and coefficient of permeability for the soils of the three polluted and unpolluted sites: 

Table1. Soil physical properties 

L1 L2 L3 

 Con. Un-con. Con. Un-con. Con. Un-con. 

Gs  27.17  27.32  27.02 

(%)OPTIMUM W 14.40 14.8% 14.0% 14.0% 15.00 14.95% 

)3(kN/mdmax  17.30 18.12 17.50 17.75 17.40 18.76% 

LL (%) 65.20 48.20 50.21 44.78 51.20 46.50 

PI (%) 29.62 22.62 22.99 19.78 26.89 24.28 

< 2µ  15.50%  15.50%  25.50% 

K (cm/sec) 
-5 

1.224*10 
-4 

1.355*10 

-3 

3.879*10 

-2 

2.587*10 

-8 

2.112*10 

-7 

3.446*10 

 
It is clear from the table that hydrocarbons affect the soil, and this influence increases with the 

increase in the percentage of fine particles in the soil. It appears to be affected by an increase in 

both the liquid limit and the plastic limit and by a decrease in the value of the maximum dry 

density and the value of permeability, which it agrees with the previous researchers in their studies 

on the properties of soil under the influence of the presence of hydrocarbons (Coutinho and Laerda 

1987). The effect of organic carbon on the properties of soil was explained by increasing its con-

tent. Soil density values decrease while soil plasticity values increase, as (Odell et al, 1960) 

showed that increasing the organic carbon content in the soil sample by (1-2)% causes an increase 

in the Atterberg limits by a percentage similar to its increase in the event of an increase of (10-

20) )% of particles with a diameter < 2µ or of montmorillonite particles 

As for geo-environmental experiments (TPH), it was found that the amount of pollution decreases 

with the horizontal distance from the site and with depth, reaching a value of (4,539 ppm) at a 

distance of 3m and a depth of 3m at the first site, while for the second site it reaches (2,840 ppm) 

at a distance of 4.5m and a depth of 2.5m, and in the third location the value is (1,209 ppm) at a 

distance of 2.5m and a depth of 2.5m, and those values that have been reached will determine the 

type and location of the treatment method that will take place. 



4 

 

 

Figure 2 sieve analysis and hydrometer for three sites 

4 TREATMENT METHODS  

Treatment methods aim to reduce pollution levels to limit that do not cause a threat to humans 
and the environment, depending on the uses of the sites. Treatment methods are divided into two 
parts: on-site and off-site (Igolima, et. al., 2022). Treatment is carried out on site if there are no 
vital sources near the site (such as water supplies, surface water, wetlands) and if it is possible to 
reserve the site from human activities. If these conditions are not available, treatment is carried 
out outside the site. 
On -site treatment methods include landfilling, and this method relies on the process of biological 
grading by trapping and confining the soil (Balushi, et.al., 2024). As for extracting vapors, it relies 
on pumping streams of clean air into the contaminated soil so that the polluted air and its vapors 
are expelled outside soil (Rodríguez and Tarazon, 2014), (Beckett and Huntley 1994) (Di Giulio, 
1992, Nyer, 1993), (U.S. Environmental Protection Agency 1991a), (Johnson, et al 1990), and 
the biological treatment method that depends on preparing a system that activates the natural 
bacteria present in the contaminated soil in order to achieve gradation biological analysis of con-
taminated substances(Lacalle, et.al. 2020) (Grasso, D. 1993). As for plowing the soil, it depends 
on mixing contaminated soil with clean soil and spreading it over areas of soil to reduce the con-
centrations of pollutants through the disappearance process (Ma, et.al. 2017) (Flathman 1993), 
(Alexander, 1994), and we move to the natural degradation method, which depends on the de-
crease in pollutant concentrations naturally over time without the intervention of any artificial 
factors (Harder, H., and T. Hopner. 1991), (Mc Allister, P.M. and C.Y. Chiang, 1994) 
(Wiedemeier, T.H. et al. 1994)) The heat treatment method depends on applying thermal power 
to heat materials to the point of evaporation and volatilization (Vidonish  et. al., 2016) (Anderson, 
1993), (Troxler, et al. 1994). Finally, the soil washing method, which relies on exactly the same 
principle as the washing process to rid the soil of contaminated materials using water only or by 
adding detergents (Zoghi , et.al., 2023) (EPA 542-F-96-002 April 1996). Table (2) shows the 
comparison between the previous methods in terms of soil type, and concertation ratios. 
 
 

 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0,00010,0010,010,1110100

P
er

ce
n
t 

fi
n
er

 %

Particle size mm

SandGravel Silt Clay



Table 2. Comarsion between Treatment Methods 

Concentration 
ratio TPH (ppm) 

Hydrocarbon Type Soil Type Treatment Method 

Light Medium Heavy Gravel Sand Clay 

<60,000 90% 60% 40% 100% 100% 60% Landfill 

<60,000 100% 60% 20% 100% 100% / Vapor extraction 

<40,000 20% 100% 20% 80% 100% / 
Biological 
 Treatment 

<50,000 20% 100% 20% 80% 100% / Soil plowing 

<25,000 100% 20% 20% 90% 100% / 
Natural 
 Degradation 

<65,000 100% 90% 80% 100% 100% / 
Thermal 
 Treatment 

<100,000 100% 60% 20% 100% 80% 60% Soil Washing 

 

4.1 Choosing Treatment Method:  

Our site is characterized by the presence of 3 types of soil and several levels of concentrations, 
which necessitates the use of several treatment methods. Louisiana Law (Statewide Order No. 29-
B) in America advises choosing methods according to concentrations according to Table 3: 

Table3. Treatment methods according concentration 

Concentration ratios Treatment Method 

< 1% Soil Plowing 

(1-3) % Landfill 

(3-10)% Stabilization& Landfill  

Returning to the percentages of concentrations found on our website to determine the 

appropriate method, it turns out that percentages that do not exceed 1% are present in the pits 

shown in Table 4: 

Table4. Concentration ratio <1% 

Volume of polluted soil 
(m3) 

Concentration (ppm) 
TP Site 

22.5 4,539 TP-2 L1 

13.75 2,840 TP-4 L2 

15.625 1,209 TP-6 L3 

Hence, the soil plowing method can be applied in the locations shown in the previous table to 
reduce concentrations and remove the risk of pollution to limits that do not harm humans and the 
surrounding environment. 
As for the rest of the samples obtained, their concentrations ranged in the range (3-10)%, as shown 
in Table 5: 
Table 5 Concentration ratio (1-3)% 

Site TP Concentration (ppm) Volume of polluted 

soil (m3) 

L1 TP-1 97,368 12.5 

L2 TP-3 66,642 13.75 

L3 TP-5 61,043 15.625 

L3 TP-7 42,441 26.25 

By studying the site in terms of the available areas and the possibilities available to implement 
any of the previous methods, we notice that implementing soil plowing is possible, but it requires 
large areas and repeated and successive operations that begin by transporting the entire contami-
nated soil and then spreading it on layers no more than 15 cm thick and covering it with a layer 
of clean soil and then turning it over. Every period until the concentrations of pollutants disappear 
to the minimum levels, it also causes the spread of vapors of polluting materials into the surround-
ing air. Therefore, it is preferable that the location chosen to implement this method be far from 
the population. If we return to the general location of the warehouse area, we notice that the pos-
sible area for carrying out the plowing process is only at site L1, but its area is insufficient for the 
contaminated soil with concentrations > 1%, which has a volume of (52 m3), and since the area 
required to spread it according to the rules of the plowing method is (350 m2). 
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If we move to the method of stabilization and landfilling, which is imposed by concentration rates 
that range from (3-10)% according to Table (3), the volume of contaminated soil amounts to 
(69m3) and needs to be completely transported to the site designated for landfilling after it has 
been dug to a depth of 1.5m and prepared. The layers of the pit are suitable for placing the con-
taminated soil on top of it without it leaking into the soil surrounding the landfill site. The soil is 
then placed in the pit and mixed with cement or cold asphalt in layers and then covered with a 
layer of clean soil. Since the method of reducing concentrations that range between (1-3)% is by 
landfilling without mixing cement or asphalt with it, it is less expensive, so we can mix different 
types of soil concentrations to obtain soil with a concentration that ranges between (1-3)% so that 
we can use this method. This will be done according to the following steps: 
We mix 8m3 of TP-1 with 22.5m3 of TP-2, so we have: 

ppm887,28
5.228

368,978539,45.22





 

Thus, we obtained soil with a concentration of > 3%, and we notice that the amount of soil con-
taminated with TP-1 increased by 4.5 m3. 
We mix an amount of 10m3 of TP-3 with an amount of 13.75m3 of TP-4, so we have: 

ppm29704
75.1310

284075.136664210





 

Thus, we obtained soil with a concentration of > 3%, and we note that the amount of soil con-
taminated with TP-3 increased by 3.75m3. 
We mix an amount of 16m3 of TP-5 with an amount of 16m3 of TP-6, so we 
have: 

ppm31126
1616

6104316120916





 

It can be considered within the acceptable range (1-3)%. Therefore, after the mixing process, we 

notice that a volume of contaminated soil with concentrations of (1-3)% was obtained, estimated 

at (90)m3. The pollutants will be eliminated or their concentration reduced to the permissible limit 

by landfilling method (Landfill). As for the remaining amount of soil, whose concentration ranges 

from (3-10)%, it has a volume of (35)m3. Either we mix it with completely clean soil free of 

pollutants until the concentrations reach the limits within which the landfill process can be reused, 

i.e. concentrations > 1%. Or we apply the method of landfill and stabilizing it with cement or 

asphalt. 

We mix soil of different concentrations with (30) m3 of clean soil or even in the presence of 

pollutants at a concentration equal to (0.5)%, so we obtain the following: 

 

ppm28500
3025.2675.35.4

500304244125.266664275.3973685.4





 

Due to the availability of clean soil on the site in large quantities, we can resort to this mechanism 

instead of applying another implementation method. From this, the quantities of soil on which the 

landfill method will be carried out become: 
35.1543025.2675.35.490 m  

 The content of the three sites, as the results of the analyzes illustrated in to Table 6: 

Table 6 Soil Polluted Concentration and Volumes (1-3)% 

Site Concentration of polluted soil (ppm) Volume of soil (m3) 

L1 20,000 120 

L2 200,000 78 

L3 600,000 176 



We note from Table 6 that we can add the content of site L1 to the volume of soil being buried, 

so the total amount becomes: 
3276156120 m  

for the content of sites L2 and L3, they will be mixed first to reduce their concentrations to less 

than 100,000ppm, and then we will stabilize and bury them, or we will reduce the concentrations 

to less than 30,000ppm and then add their volumes to the soil that will be buried as previously. 

The process of mixing the soil of the second site L2 to reduce its concentrations to less than 

(30,000) ppm requires a volume of clean soil equivalent to 500 m3 according to the following 

equation: 

ppm27425
78500

500*50078200000





 

As for the soil of site L3, it requires an amount of clean soil equivalent to 4000 m3 to reduce its 

concentrations to less than (30,000) ppm according to the following equation: 

ppm25770
4000176

5004000176600000





 

Therefore, we can add the soil volumes obtained with new concentrations to the soil that will be 

buried, and the final soil volumes become: 
350304176578276 m  

Assuming the average density of the soil=2000kg/m3 then the amount of soil is 

(10060000kg=10060ton) 

Carrying out the landfilling process requires implementing a suitable base for the landfilling site. 

We chose site L1 as a landfilling site, and since its soil is silty sand, which is one of the preferred 

types for carrying out the landfilling process, it must be compacted to a degree of (85-90)% of the 

dry density that is determined on area 30m*30m. Figure (3) shows a section of the site regularly 

implemented for burying contaminated soil. Figure (4) shows the thicknesses of the foundation 

layers of the landfill site. 

 

Figure 3. Vertical section for landfill site 
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Figure 4.thickness of landfill layers 

 

Landfill site cover that is being implemented, it is used to isolate pollution from the surrounding 

environment. There are two methods for implementing the cover: a single-layer cover and a multi-

layer cover. The latter is the most widely used and consists of 3 layers: an upper vegetable layer, 

a drainage layer below it, and a low-permeability layer at the bottom, considering Gas drainage 

layer to get rid of gases resulting from the interaction of contaminated soil and the escalation of 

hydrocarbon vapors. Figure 5 shows the layers that are implemented for the multi-layer cover. 

 
Figure 5 Cover layers 

 

Also, the thickness of the layers depends on the expected subsidence, and the systematic designs 

determine the permeability of the compacted soil layer shown in Figure (5) to be > 10-7cm/sec, 

which necessitates the soil to be CL/CH according to the Unified Soil Classification System, and 



from it, clay silt can be used, and clay silt can be used. Natural soil with concrete or with bitumi-

nous asphalt membranes. As for the final cover, it must be compacted at a moisture content several 

degrees higher than the optimum moisture content and a compaction degree of 90-95% of the 

maximum dry density with a regular proctor. The moisture content must be monitored to prevent 

drying out, so insulating covers are covered over the lid. It is recommended to cover the landfill 

immediately after the completion of construction operations, as well as to accelerate the process 

of plant growth in the surface soil. 

5 CONCLUSION 

We could conclude to: 

 Soil contamination with hydrocarbons significantly affects its properties, as the value of 

the soil plasticity index increases with increasing concentrations of hydrocarbons, while 

the values of maximum dry density and permeability decrease if concentrations increase. 

This affects the considerations of foundation on them, as any emergency may occur that 

causes contamination, even if it is on the surface layers, it may seep into the foundation 

layers, which changes their characteristics. 

 The best treatment methods in feasibility are landfilling and soil plowing, except in the 

case of contamination with high concentrations of hydrocarbons, where heat treatment or 

soil washing is preferred despite their high cost. 

 The landfilling process shall be carried out for soils whose concentrations of hydrocar-

bons range within the range of 10,000 to 30,000 mg/kg. the soil of the landfill base must 

be compacted at a rate of 85% to 90% of the maximum dry density of the site’s natural 
soil, with a moisture exceeding the original moisture content between 2% and 4% in order 

to ensure low soil permeability. for the cover soil, it is compacted at 90% to 95% of the 

maximum dry density. 

 The soil plowing process is carried out to treat soils in which hydrocarbon concentrations 

do not exceed 10,000 mg/kg, and the thickness of the plowed soil must not exceed 15 cm. 

the percentage of soil moisture increase above the natural moisture should only be within 

the range of 5% to 6%. 
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