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A B S T R A C T  

 

In this research five different solutions were used to wash an oil contaminated soil with the initial TPH (Total 
Petroleum Hydrocarbon) content of 46 g kg-1 (grams of TPH per kg of dry soil). The solutions were a basal 
mineral medium (solution I), the basal mineral medium inoculated with petroleum degrading microorganisms 
(solution II), the basal mineral medium inoculated with a culture of petroleum degrading microorganisms and 
supplemented with a commercial washing powder (solution III), the basal mineral medium inoculated with 
the microorganisms and supplemented with Tween 80 (solution IV), and the basal mineral medium inoculated 
with the microorganisms and supplemented with sucrose (Solution V). Washing was performed by saturation 
of the soil with the solutions in columns and intermittent mixing. Solutions IV and V performed better than 
the others, giving more than 90% TPH removal in two months. In a separate experiment TPH removal was 
monitored as a function of time during washing. Solution V reduced the TPH content of the soil more rapidly 
than the others, with more than 70% TPH removal in 28 days. Addition of sand particles to the soil for the 
purpose of better mixing resulted in marginal positive effects.  

doi: 10.5829/ijee.2019.10.04.05 
 

 
INTRODUCTION1 
 

Contamination of soil with hydrocarbons is a common 

problem during exploration, recovery, transportation, and 

utilization of oil. Remediation of soil is necessary due to the 

adverse effects of hydrocarbons on ecosystems. Various 

physical, chemical, and biological methods have been 

developed for soil remediation [1].  In bioremediation, 

naturally occurring microorganisms are applied to degrade oil 

contaminants. Compared to physical and chemical methods, 

bioremediation has several advantages such as being less 

expensive and more environmental friendly. Bioremediation, 

however, suffers from the disadvantage of being slow 

compared to physical and chemical methods. Bebskoski et al. 

[2] reported more than five months to reduce the TPH content 

of a soil from 5.2 g kg-1 to 0.3 g kg-1, despite microbial and 

nutrient addition to the soil and systematic mixing to facilitate 

oxygen transfer. Acceleration of bioremediation, therefore, 

needs ways beyond nutrient (N, P, K) addition and/or 

microbial inoculation. 

Various chemicals have been tested for their beneficial 

effects on bioremediation. Addition of surfactants to polluted 

soils is supposed to help desorption of hydrophobic 

components from soil matrices due to their amphipatic nature. 

 

*Corresponding Author Email: fazaelipoor@yazd.ac.ir (M. H. Fazaelipoor) 

Uhmann and Aspray [3] examined SP 101 (a biosurfactant) 

and Tween 80 in soil washing and proved the significant 

effect of the surfactants in removing TPH content of soil. In 

particular, they showed that the effectiveness of surfactants 

on the removal of TPH from each fraction of the tested soil 

was different from the other fractions [3].  Menedez-Vega et 

al. [4] injected hydrogen peroxide (to provide oxygen), an 

oleophilic fertilizer (to provide nutrients), and a commercial 

biodegradable surfactant (to facilitate hydrocarbon 

desorption) to subsurface soils to boost hydrocarbon 

biodegradation. They concluded that the conventional 

methods of nutrient addition are inadequate for effective soil 

bioremediation, and the methods should be complemented by 

providing oxygen and a surfactant to the soil [4]. Mixing 

polluted soil (10 g kg-1 of TPH content) with sewage sludge 

and compost was the idea tested by Namkoong et al. [5].  The 

results revealed that the addition of sewage sludge and 

compost each could increase the removal percentage of TPH 

in soil up to 98% compared to 65% removal for the control 

soil with no sewage sludge or compost amendments, in 30 

days.  Soleimani et al. [6] compared the effect of microbial 

enrichment, molasses, hydrogen peroxide, and nutrients on 

the bioremediation of TPH from soil. They found that nutrient 

addition gave the best results with 62% removal of the initial 
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TPH content. However, Soleimani et al. [6] did not 

investigate the complementary effects of the amendments. 

Addition of a surfactants, hydrogen peroxide, and molasses to 

soil, without mineral nutrient provision would have little 

effect on bioremediation because microbes need a balanced 

medium in terms of carbon and mineral nutrients to grow 

well. Our objective in this research is to examine the effect of 

nutrients, nutrients plus sucrose, and nutrient plus Tween 80 

on the bioremediation of hydrocarbons form a polluted soil. 

 

 

MATERIALS AND METHODS 
Soil 

Hydrocarbon contaminated soil was collected from a gas oil 

distribution center. The soil was sieved to separate sand and 

coarse particles. The soil, then, was spread on the floor for 

more than one month to ensure complete vaporization of light 

hydrocarbons.  After vaporization of light hydrocarbons, the 

soil was blended thoroughly, and its TPH content was 

measured (46 g kg-1). 

 

Microorganisms 

A group of unidentified petroleum degrading microorganisms 

were used in this research. The microorganisms were isolated 

from a petroleum contaminated soil, previously undergone a 

bioremediation process. The soil was suspended in water, and 

the suspension was filtered through a piece of cloth.  1 ml of 

the resulting filtrate was added to a flask containing 250 ml of 

a basal mineral medium (described below) and 1 ml gas oil as 

the source of carbon and energy. The flask was incubated at 

30 ºC. Microscopic inspection showed microbial growth in 

the flask. A few milliliters of this microbial solution was used 

as the inoculums to the washing solutions.  

 

Washing solutions 

Five different solutions were examined in this research. 

Solution I: a basal mineral medium with the composition 

listed in Table 1. Solution II: the basal mineral medium 

inoculated with the petroleum degrading microorganisms. 

Solution III: the basal mineral medium inoculated with the 

microorganisms and supplemented with a commercial 

washing powder (5 g l-1). Solution IV: the basal mineral 

medium inoculated with the microorganisms and 

supplemented with Tween 80 (1 v%). Solution V: the basal 

mineral medium inoculated with the microorganisms and 

supplemented with sucrose (5 g l-1). 

 

Soil washing 

Ten identical columns with the height of 30 cm and the 

diameter of 5 cm were used for soil washing. Each column 

was filled with 800 g of the contaminated soil, and saturated  

 

with one of the solutions mentioned above (two replicates for 

each solution). Two more columns were used to investigate 

the usefulness of mixing sand particles with the polluted soil. 

These two columns were packed with a mixture of 400 g 

polluted soil and 400 g clean sand particles with the average 

diameter of 2 mm. These two columns were saturated with 

solution II. The process continued for 60 days. During the 

process the contents of all columns were agitated manually 

using a metal bar every two days, and fresh solutions were 

added to compensate for water evaporation. After termination 

of the process, samples were taken from the columns, air dried 

to constant weights, and extracted to quantify their residual 

oil contents. In a separate experiment the changes in TPH 

contents of the soils washed with solutions II, IV, and V were 

quantified as a function of time. The process was the same as 

above, but it continued for one month, and the residual oil in 

the soil was quantified on a weekly basis. 

 

Analysis 

Soxhelt apparatus was used to extract the TPH content of the 

soil samples. Chloroform was used as the extractant. The TPH 

content was quantified gravimetrically [7]. 

 

RESULTS AND DISCUSSIONS 
The effect of washing solution on the bioremediation 

Soil bioremediation is a natural process and occurs very 

slowly if not stimulated. The slow rate of bioremediation is 

caused by several factors. Insufficient moisture, low 

population of degrading microorganisms, low bioavailability 

of the pollutants due to inadequate mixing and/or strong 

adsorption of pollutants to soil particles, and insufficient 

nutrients are among the factors which make the process slow. 

In this part five different solutions were compared in term of 

their effectiveness in TPH removal from soil. Figure 1 shows 

the results. Solution V gave the best results (more than 93% 

removal). The solution contained mineral nutrients, sucrose, 

and TPH degrading microorganisms. Sucrose can be readily 

assimilated by most microorganisms. In the presence of 

mineral nutrients and this ready substrate, microbes could 

proliferate rapidly. Upon exhaustion of sucrose, the large 

population of microorganisms had to consume hydrocarbons 

is soil. Supplementation of washing solutions; therefore, with 

a readily available substrate can enhance the rate of soil 

bioremediation considerably. Washing the soil with solution 

IV gave comparable result with the result of washing with 

solution V (more than 90% removal). Solution IV contained 

mineral nutrients, Tween 80, and TPH degrading 

microorganisms. Tween 80 can disperse hydrophobic oil 

components in aqueous phase and make them readily 

available to microorganisms. Other solutions were less 

effective than solutions IV and V. Washing the polluted soil 

 

 

TABLE 1. Composition of the basal mineral medium used in soil washing 

FeSO4 (NH4)2SO4 KH2PO4 K2HPO4 MgCl2.7H2O CaCl2.7H2O Compound 

0.03 4 3.4 4.3 0.2 0.04 Concentration (g l-1) 

 ZnSO4 H3BO3 CuSO4 NaMoO4 MnCl2 Compound 

 0.0017 0.000375 0.00015 0.00175 0.001 Concentration (g l-1) 
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Figure 1. TPH removal in soil, washing with different solutions; 

The solutions have been defined in Materials and Methods. Initial 

TPH content and process duration were 46 g kg-1 and 60 days, 

respectively.   

 

 

with solution II resulted in 66% removal of TPH from soil in 

2 months. The solution contained mineral nutrients and 

petroleum degrading microorganisms. Solution III, which 

was different from solution II only in having a commercial 

washing powder, was less effective than solution II (53% 

removal). Though containing some surfactants, washing 

powders normally contain a number of other substances, some 

of which harmful to microbial activity. So, washing powders 

might not be a proper additive to washing solutions for oil 

polluted soils. The lowest removal was for solution I (43% 

removal). The solution contained only mineral nutrients. 

Overall the results of this part showed that addition of 

microorganisms, surfactants, and a simple sugar such as 

sucrose can accelerate the rate of soil bioremediation 

considerably. 

 

The effect of sand particles on the bioremediation 

The purpose of mixing the polluted soil with sand particles 

was to enhance mixing efficiency and oxygen transfer in the 

soil, and to reduce soil compaction during the process. Figure 

2 shows the results. The removal percentage in the sand 

containing column reached 74%, compared to its sand free 

counterpart with 66% removal (Sand particles were removed 

from the soil after termination of the process and before 

quantifying the residual oil.). Application of sand had 

marginal effects on the efficiency of bioremediation. Sand 

particles are biologically inert, and the roles could be 

supposed for them in bioremediation were their usefulness in 

better mixing and reducing soil compaction. Since mixing of 

the soil in columns was done on a regular basis, and soil 

compaction was not a problem in this work due to the rather 

small size of the columns, the difference in performances was 

not very large. 

 

Soil bioremediation as a function of time 

The performances of solutions II, IV, and V were monitored 

as a function of time. Figure 3 shows the results for solution 

II. On day 28, 32% of the TPH was removed from the soil. 

Figures 4 and 5 show that while the TPH removal for solution 

V was greater than 70% in 28 days, the removal was only 49% 

for solution IV during the same period of time. The results 

confirm that the inclusion of a simple sugar in the washing 

solution can accelerate bioremediation more rapidly than 

Tween  80.  In  addition  to  being  less  effective  than  sucrose, 

 

 
Figure 2. The effect of sand particles on the removal of TPH from 

soil; Solution II was used for washing. The solution has been 

defined in Materials and Methods. Initial TPH content and 

process duration were 46 g kg-1 and 60 days, respectively.  
 

Tween 80, as a synthetic surfactant, suffers from another 

disadvantage. Synthetic surfactants are normally non-

biodegradable and may remain in soil very long.  

Acceleration of bioremediation is the main advantage of 

the method offered in this work, compared to similar works 

reported in the literature. In general, most works on 

bioremediation have reported rather a long time to achieve 

high percentages of TPH removal in soil. For example, Milic 

et al. [8] reported 5.5 months to achieve 90% TPH removal 

from a soil having the initial TPH content of 28.8 g kg-1. 

Poultry manure was supplemented to provide N and P to the 

indigenous microorganisms in the soil. The soil was aerated 

using a perforated pipe. Microbiological studies showed the 

presence of TPH degraders in the soil. Despite the provision 

of favorable conditions for microbial growth, it took rather a 

long time to achieve 90% removal of TPH [8]. In a similar 

work Gogoi et al. [9] reported up to 75% removal of TPH for 

soil during the period of 1 year. Laboratory and field tests 

gave similar results. Aeration, nutrient provision, and external 

inoculation of TPH degraders were applied to enhance 

bioremediation. The initial TPH content of the soil was 13.35 

wt% on dry basis, and the moisture content was adjusted 

between 10 to 15% [9]. Low initial microbial population and 

inadequate moisture content could be the reasons for the slow 

rate of the bioremediation process in the mentioned works. 

Rapid proliferation of the microorganisms due to the presence 

of sucrose in the washing solution can be a reason for 

acceleration of the bioremediation process. 
 

 

 
Figure 3. TPH removal from soil as a function of time washing 

with solution II. The solution has been defined in Materials and 

Methods. Initial TPH content and process duration were 46 g kg-1 

and 60 days, respectively.  
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Figure 4. TPH removal from soil as a function of time washing 

with solution IV. The solution has been defined in Materials and 

Methods. Initial TPH content and process duration were 46 g kg-1 

and 60 days, respectively. 

 

 

 
Figure 5. TPH removal from soil as a function of time washing 

with solution V. The solution has been defined in Materials and 

Methods. Initial TPH content and process duration were 46 g kg-1 

and 60 days, respectively. 

 

 

As mentioned in the introduction part, Namkoong et al. 

[5] blended sewage sludge and compost with the polluted soil 

and achieved 98% removal of TPH in 30 days. The relative 

short period of bioremediation in their work can be explained 

by the high population of microorganisms in the sludge and 

compost. 

 

 

CONCLUSION 
 
Saturation of polluted soil with a washing solution and 

intermittent mixing is an efficient way for the removal of 

hydrocarbons from soil. Inclusion of minerals, 

microorganisms, and sucrose in the washing solution 

accelerates the bioremediation process considerably. 

Inclusion of Tween 80, instead of sucrose, is also useful in the 

bioremediation process, but the process is slower. Sucrose as 

a readily accessible substrate is supposedly helps rapid 

proliferation of microorganisms. The microorganisms attack 

hydrocarbons upon exhaustion of sucrose. Further research 

work is needed to optimize the amount of sucrose in the 

washing solution, and to implement the method to larger 

scales.   
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 چکیده 

 TPH گرم) لوگرمیکبر  گرم 46( ینفت دروکربنی)کل ه TPH هیاول یخاک آلوده به روغن با محتوا کی یشستشو یمختلف برامحلول از پنج  وهش،پژ نیدر ا

با  بازی تلقیح شده یماده معدن  ،(I محلولبازی ) یماده معدن  کی تند از:ستفاده شده عباری اهااستفاده شد. محلول ک( خاک خش لوگرمیهر کبه ازای 

 یتجار  یپودر شستشو  کی  باه همراکننده نفت  بیرخت  یهاسمیکروارگان یم  باشده   حیتلق  زیبا یمعدن   طیمح(،  II محلولت )کننده نفبیتخر  یهاسمیکروارگان یم

با شده  حیتلق بازی یو ماده معدن  (IV محلول) 80تویین  ه باهمرانفت  کنندهبیتخر یهاسمیکروارگان یبا م بازی تلقیح شده یماده معدن  (،III محلول)

ها و مخلوط کردن متناوب انجام شد. موجود در ستون یهاخاک با محلولن کرداشباع  از طریقشستشو . (V)محلول ساکارز  همراه باها سمیکروارگان یم

 یبه عنوان تابع TPH ، حذفنهجداگا  شیآزما  کی. در  شدنددر دو ماه     TPH  % 90از    شیب از بین بردن موجب  و  عمل کردند    نیریبهتر از سا V و   IV ایهمحلول

افزودن ذرات  .کاهش دادروز  28در  % حذف 70از  شیب به میزان ت بیشتری عسربا ک را خا  TPHتوای مح V محلولشستشو کنترل شد.  نیاز زمان در ح

 .شدر مخلوط کردن بهتر منجر به اثرات مثبت ماسه به خاک به منظو
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