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ABSTRACT 
 
 Increasing the usage of oil sources (oil and its products) has polluted water and soil. To solve this 
environmental problem, different strategies applied, through them microorganisms which are petroleum 
hydrocarbon’s decomposers are in demand. In this research to decomposing TPH by microbes, soils sampled 
from 6 sites around Tehran refinery (Iran) and their microbes enriched in oil Broth. Oil added to culture medium 
in 10, 20, 50%. Bacteria growth analyzed after 20 days then oil content in culture medium examined to get the 
role of bacteria as decomposer. The result showed that TPH decomposed rapidly by microorganism. This survey 
admits the role of special bacteria and fungi for decomposing petroleum hydrocarbons and cleaning oil materials 
in environment. 
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Introduction 
 
 Industrial development has made different 
environmental pollution. Oil and it's by products are 
one of the most critical problem specially in 
developing countries. Oil discoveries, storing and 
transferring oil and gas, consuming oil as fuel and etc 
may cause environmental pollution. Different 
microorganism (bacteria, fungi and yeasts) has 
introduced as oil decomposers. Microorganisms are 
distributed widely in water and soil environment, 
fresh water and waterscape, sediments, urban and 
industrial wastes. Their ability to decompose oil 
components is interested for cleaning oil pollution 
[3,7]. There are different genera of decomposing 
bacteria which some of them are Nocardia, 
Pseudomonas, Coryneform, Alcaligenes, 
Arthrobacter, Bacillus, Flauobacterium, 
Acinetobacter and Achromobacter. There are some 
decomposing fungi like genera Aureobasidium, 
Candida, Rhodoturula, Sporobolomyces which are 
hydromorphic and there are some xeromorphic 
genera like Mortiella and Trichoderma while 
different species of Aspergillus and penicillium has 
been detected in both soil and water environment [6]. 
Researchers isolated decomposer microorganism 
from environment and inoculated them in oil polluted 
areas which terms as "seeding" [6,7]. 
 In current survey microbes' population isolated 
from polluted soil and water around Tehran refinery 
to analyze their oil decomposing potential. 
 

 
Methods and materials 
 

‐ Soil sampling in polluted sites and determining 
their physical and chemical properties. 

‐ Detection and isolation decomposing 
microorganisms in oil polluted soils. 

‐ Analyzing the effect of nutrient elements 
(C:N:P), temperature, surfactant and species 
inoculation on decomposing microorganisms. 

‐ Determining suitable environmental condition 
and appropriate microbes to decompose oil 
polluted in vitro. 

 
 Sampling: 
 
 Soil sampled from six points which were 
introduced as oil polluted areas around Tehran 
refinery. Soil microorganism habitance was high in 
old polluted sites. Geographic coordinates measured 
by GPS (Table 1). Soil sampled in 0-100 cm depth 
.samples located on ice and transferred to laboratory 
in 4˙C and stored in darkness. 
 
 Enrichment: 
 
 Enrichment process was done to increase 
microbe's population as followed: 
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‐ Preparing inorganic base medium culture (table 
2). Micronutrient solution prepared according to 
table 3. 

‐ 25 ml inorganic base medium and 400 ml 
petroleum prepared in 250 ml flasks, control 
flasks prepared by same properties except of 
hydrocarbons source to compare their colors. 

‐ 10 gram polluted soil (mixed soil) was added to 
medium as microbes' source. 

‐ Flasks' content were mixed on shaker by 130 
rpm and centrifuged in 30˙C and darkness for 2 
days. 

‐ 25 ml of each flasks medium content transferred 
to new flask by new medium cultured, this 
process repeated for 1 months to have a new 
medium became canescent by bacteria not soil 
particles. 

 Bacteria transferred to solid medium to increase 
bacteria mass which were adapted to carbon source. 
This process is the first step for bacteria detection 
and purification. Different dilution prepared from last 
medium culture and added to solid medium by pour 
plate technique. Single colonies on solid medium 
purified on nutrient agar and finally confirmed their 
growth ability on base medium cultured. 
 
 Microorganism purification and extraction: 
 
 Purification was done in sterile condition to 
transfer bacteria from liquid to solid growth media as 
followed 

‐ 16 grams agar was added to inorganic medium. 
This solution sterilized in 120˙C and 15 pound 
pressure. 

‐ After cooling, 25cc of mentioned solution added 
to each plate and solid media prepared to 
inoculate bacteria. 

‐ 1 loop inoculated bacteria added to each plate 
linearly.  

‐ Samples located in incubator in 30˙C, bacteria 
colonies observed after 48 hours. 

‐ Appeared single colonies on solid media were 
purified on nutrient agar (NA) and potato 
dextrose agar (PDA), finally bacteria and fungi 
growth potential in base media proved. 23 gr NA 
and 39 gr PDA dissolved in one liter مقطر water 
and sterilized in 120˙C by 15 pound pressure. 

 Fungi colonies were detected after one week 
incubation and transferred to special fungi media 
culture (PDA: Potato Dextrose agar) then purified. 
 
 Microorganism's species identification: 
 
 Cultured bacteria studied by optic microscopic 
in sterile condition. 
 The total population of heterotrophic bacteria 
was measured by surface spread method and 

hydrocarbons petroleum decomposer's was 
calculated by most probable number (MPN) method. 
 Fungi were identified by optic microscopic too. 
 Kerosene and petroleum toxicity effects on 
decomposing microorganisms: 
 
 Following process was done to studying 
kerosene and petroleum toxicity effects on 
decomposing bacteria's activity.  

‐ Preparing oil base media (100 ml in 250 ml 
erlenmayer) 

‐ Sterilizing media by autoclave 

‐ Adding petroleum by 0.5,1, 5, 10 percent of 
media culture 

‐ Adding kerosene in 10, 15, 20 percent of media 
culture 

‐ Adding petroleum in 10, 20, 30, 50 percent of 
media culture 

‐ Putting samples in a shaker incubator in 30˙C 
and 130 rpm for 3 weeks. 

‐ Studying the quantity of bacteria growth 
(changing media canescent) 
 Oil mass disorder appropriate ventilation in 
culture media, Twein 80 was used as a surfactant to 
study the effect of oil mass on oil decomposing 
microbes. OD index was analyzed by 
spectrophotometer in 540 nm wavelength for 1 week 
to study the effect of surfactant on bacteria growth. 
 
 Microorganism effects on petroleum 
decomposing: 
 
 To study bacteria's effects, each species 
inoculated to oil base culture media in test tube. 2cm 
petroleum and kerosene added separately, and 
located on shaker in 25˙C for 20 days. Decreasing of 
oil elevation in each test tube was an index for 
decomposing ability. 
 
 Microbe inoculation to soil: 
 
 One loop microorganism was cultured in 
nutrient Broth media which its concentration was 8 
gr. per liter and stored in a shaker incubator at 30C, 
130 rpm for at least 48 hours. Medium became dark 
that is the result of microorganism's growth. Medium 
centrifuged at 1200 rpm to detect microbe's mass 
from liquid phase then added to soil. Oil 
decomposing time in soil depends on microbe's 
species, its decomposing power, soil pollution, 
nutrient element content (N,P), temperature, soil 
physical condition (Soil texture, EC, …). 
 
 Soil analyzing: 
 
 Soil samples digested by nitric acid and their 
heavy metals measured by AA (Atomic absorption). 
TPH analyzed by n-hexane and dichloromethane. 
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Results and discussion 
 
 Soil physical and chemical characters: 
 
 Soil analyzing factors includes: PH, EC, soil 
particle percentage, organic carbon percentage 
(OC%), N/P percentage, bioavailable heavy metals 
like Fe, Zn, Cu, Mn, Cd, Pb and Ni summarized in 
tables 4,5 and 6. Soil PH was 6-7. Soil samples 
classified as saline soil (EC> 4 ds/m) in except of 
soil sample No. 1 and 6 according to EC analyzing. It 
seems that soil microorganisms are adapted to 
salinity. Soil organic carbon in most part of Iran is 
less than 1% while it was 3% in control soil (sample 
No.5). Oil pollution can increase organic carbon. 
High sand in soil made it suitable for bioremediation 
due to its more ventilation. Soil No.2 had the highest 
concentration of Zn, Cu, Cd and Ni. There was no Pb 
pollution. All samples were polluted to Zn and Cd in 
except of control sample. High amount of Fe and Mn 
can be due to soil acidic condition. 
 TPH was higher than 10% in most samples. Soil 
No.3 with 23.4% and control soil with 0% were the 
highest and lowest TPH content respectively. Soil 
No.5 which had no pollution selected as a control 
soil. 
 
 Microbe's analyzing: 
 
 Total bacterial and TPH decomposing 
population in field and cultured medium was shown 
in table 7. The result showed that bacteria population 
increased in oil cultured medium in compare to field 
soil. More than 40 bacteria and 10 fungi were 
identified after enrichment and purification. 10 
bacteria with high decomposing capacity were 
selected between 40 bacteria. Identified bacteria were 

Pseudomonas، Acinetobacter, Micrococcus، 
Corinebacterium, Arthrobacter،Nocardia and 
Rhodococcus. Fungi belonged to Aspergillus ،
Zygopus and Fusarium. Bacteria in soil No. 1 and 3 
had biosurfactant potential to make emulsion (oil in 
liquid).  
 
 Oil effects on liquid cultured medium: 
 
 Petroleum and kerosene added to LC medium 
which was inoculated by bacteria (between 0-5% of 
medium content), the result showed that petroleum 
and kerosene didn't inhibited bacteria growth. 
Surfactant added canescent which showed bacteria 
growth increasing. The highest range of bacteria 
growth was in presence of surfactant and petroleum.  
 
 Microbe's inoculation effects: 
 
 The result showed that adding microorganism to 
soil, will decompose TPH rapidly. Using more 
bacteria species showed higher decomposing effects. 
It suggested that mixing of bacteria species is more 
efficient. 
 
 Temperate and mineral nutrition effects: 
 
 TPH decomposing was higher in 30˙C than 
15˙C. the highest decomposing range in 30˙C was 
80% while it was 38% in 15˙C (Fig 1, 2). N and P 
had significant correlation by TPH decomposing. 
In conclusion best condition for oil decomposing is 
as follow: 
 Appropriate inoculation: mixing of 10 selected 
bacteria, appropriate temperature: 30˙C and best 
mineral nutrition rate: C:N:P in the rate of 1:10:100 

 
Table 1: Geographic coordinate by GPS. 

Sample Geographic coordinate Elevation (m) 
Soil No. 1 N 35o 32' 49.5", E 51o 25' 28.3" 1043 
Soil No. 2 N 35o 32' 29.7", E 51o 25' 31.7" 1041 
Soil No. 3 N 35o 32' 10.7", E 51o 25' 28.3" 1043 
Soil No. 4 N 35o 31' 54", E 51o 25' 35.2" 1054 
Soil No. 5 N 35o 22' 23.4", E 51o 35' 35.5" 1041 

Control N 35o 31' 46.9", E 51o 25' 21.3" 1035 
 
Table 2: Oil Broth medium components. 

Sulphate magnesium 
(content 7 H2o) 

Ammonium 
Sulphate 

Potassium dihydrogen 
phosphate 

Potassium hydrogen 
phosphate 

component 

0.04 gr. 1 gr. 1 gr. 1 gr. Concentration (in liter) 
PH Distilled water Trace element Chloride ferric component 
7 1 liter 1 ml 0.004 gr. Concentration (in liter) 

 
Table 3: Trace element formulation. 

Component name MnCl2.2H2O MnCl4.H2O H3BO3 COCl2.6H2O 
Concentration (per liter) 23 mgr. 30 mgr. 31 mgr. 36 mgr. 

Component name CuCl2.2H2O CuCl2.2H2O ZnCl2 Na2MoO4.2H2O 
Concentration (per liter) 10 mgr. 20 mgr. 50 mgr. 30 mgr 

 
Table 4: Soil physical and chemical properties. 

 Soil No.1 Soil No.2 Soil No.3 Soil No.4 Soil No.5 Control 
PH 6.58 6.82 6.12 6.45 6.18 7.03 
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EC (ds/m) 1.97 7.28 8.29 1.37 4.31 4.18 
OC %* 2.269 7.945 7.686 6.588 5.050 0.283 

N% 0.248 0.817 0.789 0.679 0.529 0.049 
P (ppm) 24.0 47.8 50.0 182.0 98.6 1.6 
sand% 71 64 79 63 83 24 
silt% 18 23 12 24 8 47 
clay% 11 13 9 13 9 29 
TPH% 11.7 20.1 23.4 15.3 13.6 - 

*: Organic carbon percent 
 
Table 5: Bioavailable heavy metals in soil samples (mg/kg). 

 Soil No.1 Soil No.2 Soil No.3 Soil No.4 Soil No.5 Control 
Fe 4.554 60.03 31.53 2.417 7.251 4.361 
Zn 1.918 117.57 6.647 1.867 26.350 1.638 
Cu 0.983 55.06 1.259 1.092 2.672 1.106 
Mn 27.33 30.52 41.80 39.81 26.10 13.87 
Cd 0.098 0.374 0.162 0.073 0.095 0.084 
Pb 1.560 5.064 1.921 2.852 1.835 1.605 
Ni 0.381 1.988 1.344 0.157 0.219 0.196 

 
Table 6: Heavy metals total amounts in soil samples (mg/kg). 

 Soil No.1 Soil No.2 Soil No.3 Soil No.4 Soil No.5 Control 
Fe 17500 15500 15700 14500 14800 16200 
Zn 114.3 890.8 183.3 150.4 251.4 267.4 
Cu 37.17 268.8 34.14 28.04 42.18 45.30 
Mn 765.8 554 667.3 699.8 221.0 756.6 
Cd 1.082 1.659 1.322 1.503 1.037 0.986 
Pb 21.78 66.48 30.08 41.11 28.15 22.58 
Ni 18.30 45.70 29.64 38.71 24.87 41.73 

 
Table 7: Total bacteria and decomposing bacteria population in soil and medium culture. 

Decomposing bacteria in 
medium culture (cfu/gsoil) 

Decomposing bacteria 
(cfu/gsoil) 

Total bacteria (cfu/gsoil)  

4.1*107 0.7*1051.4*107 Soil No.1 
1.9*107 0.2 * 1051.1 * 107 Soil No.2 
2.2*107 0.3*105 1.2*107 Soil No.3 
2.4*107 0.4*105 1.3*107 Soil No.4 
4.5*107 0.5*1051.3*107 Soil No.5 
6*107 0.5*1062.6*107 Control 

 

 
 

Fig. 1: Oil degradation in different treatment at 15'C. 
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Fig. 2: Oil degradation in different treatment at 30'C. 
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