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This study evaluated the potential of food waste-derived compost for the bioremediation 
of crude oil-contaminated soil from the Bahregan oil field, Bushehr Province, southern 
Iran. The experiment was conducted for 180 days using four treatments: a control without 
aeration and moisture addition, a control with aeration and moisture addition, and 
treatments containing 30% and 50% compost. Total petroleum hydrocarbons (TPH) were 
measured using gas chromatography equipped with a flame ionization detector (GC-
FID), and changes in TPH concentrations were monitored throughout the experimental 
period. In addition, some physicochemical characteristics affecting the bioremediation 
process, including pH, organic carbon, total Kjeldahl nitrogen, and total phosphorus, 
were monitored. The results showed that after 180 days, TPH removal efficiencies in the 
control without aeration and moisture addition, the control with aeration and moisture 
addition, and the 30% and 50% compost treatments were 8.6%, 78%, 94.45%, and 
94.91%, respectively. Comparison of the control treatments showed that oxygen supply 
and maintenance of appropriate moisture substantially increased TPH removal, indicating 
the important role of suitable environmental conditions in the activity of indigenous 
microorganisms. Compost addition under the same aeration and moisture conditions also 
increased the removal efficiency compared with the aerated and moistened control. The 
30% and 50% compost treatments showed 16.45 and 16.91 percentage points greater 
TPH removal, respectively, than the aerated and moistened control. However, the 
difference in final removal efficiency between the two compost levels was only 0.46 
percentage points. Therefore, under the conditions of this study, the use of 30% compost 
may be a more suitable option in terms of the amount of amendment required and 
operational costs. Overall, the results showed that food waste-derived compost, together 
with appropriate moisture and aeration management, has high potential for the 
bioremediation of petroleum-contaminated soil and can simultaneously contribute to 
reducing hydrocarbon contamination and the beneficial reuse of organic waste. 
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Introduction 

economies of oil-producing countries, particularly those surrounding the Persian Gulf. 
However, oil exploration, drilling, extraction, transportation, storage, and processing can lead 
to significant environmental contamination. Oil spills, leakage from petroleum facilities, 
contaminated wastewater, and other petroleum-related activities are major sources of petroleum 
hydrocarbons in the environment. These contaminants can adversely affect soil properties, 
microbial communities, and surrounding ecosystems. Petroleum contamination is an important 
environmental concern because crude oil contains a complex mixture of hydrocarbons with 
different physical, chemical, and biological properties. Once introduced into soil, petroleum 
hydrocarbons may undergo volatilization, dissolution, adsorption, desorption, transport, and 
biodegradation. Their presence can also alter soil properties, nutrient availability, and microbial 
activity. Therefore, effective, environmentally compatible, and economically feasible 
remediation methods are particularly important in oil-producing regions. Bioremediation is a 
promising approach for treating petroleum-contaminated soils because microorganisms can 
transform and degrade petroleum hydrocarbons. Its efficiency depends on factors such as 
oxygen availability, moisture, nutrients, pH, temperature, and contaminant bioavailability. 
Compost can improve several of these conditions by supplying organic matter and nutrients, 
enhancing moisture retention, and improving soil properties. In addition, the use of food-waste 
compost can provide the combined benefits of organic waste management and contaminated-
soil remediation. The Bahregan oil region in Bushehr Province, southern Iran, is located along 
the northern Persian Gulf and has a long history of petroleum exploration and production. 
Therefore, investigating suitable bioremediation approaches in this region is environmentally 
important. The present study evaluated the effectiveness of food-waste compost for the 
bioremediation of real crude-oil-contaminated soil collected from the Bahregan oil region. 
Specifically, the study investigated TPH reduction over 180 days, the effects of aeration and 
moisture management on TPH removal, and the effects of applying 30% and 50% compost on 
bioremediation efficiency. 
Method 
Petroleum-contaminated soil was collected from the Bahregan oil region in Bushehr Province, 
southern Iran. Food-waste compost containing 20% sheep manure was produced from food 
waste generated at a residential oil company camp and composted for five weeks in wooden 
boxes with regular turning and moisture control. The initial TPH concentration of the 

¹, while TPH was not detected in the compost within the 
analytical detection limit. A 180-day bioremediation experiment was conducted using four 
treatments: (1) unaerated and unmoistened control, (2) aerated and moistened control without 
compost, (3) soil amended with 30% compost, and (4) soil amended with 50% compost. 
Compost-amended treatments were manually turned every four days, and moisture was 
maintained at 40 50% by adding water as needed. These treatments allowed the effects of 
aeration and moisture to be distinguished from the additional effect of compost amendment.
TPH concentrations were measured at regular intervals. Before sampling, the mixtures were 
thoroughly homogenized, and samples were collected from different depths. TPH was extracted 
from dried samples using n-hexane and quantified by gas chromatography with a flame 
ionization detector (GC-FID) according to TNRCC Method 1005. Hydrocarbons in the C6
C35 range were considered TPH, and concentrations were reported on a dry-weight basis. 
pH, temperature, organic carbon, total Kjeldahl nitrogen (TKN), total phosphorus, and moisture 
were also monitored. TPH, organic carbon, TKN, and total phosphorus were measured weekly, 
while pH and temperature were monitored daily. Treatment performance was evaluated based 
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on changes in TPH concentration and percentage TPH removal over the 180-day experimental 
period. 
Results 
Initial characterization showed that the compost had substantially higher organic carbon, 
nutrients, and moisture than the contaminated soil, with organic carbon and moisture of 285.60 

phosphorus were also higher in the compost, while pH values were 7.45 and 6.82 for compost 
and soil, respectively, indicating more favorable conditions for microbial activity and petroleum 
hydrocarbon degradation. After 180 days, the unaerated and unmoistened control showed only 
8.6% TPH reduction, whereas the aerated and moistened control achieved 78.00%, highlighting 
the importance of adequate oxygen and moisture and the limited contribution of natural 
attenuation alone. Compost addition further increased TPH reduction, with 94.45% and 94.91% 
removal in the 30% and 50% compost treatments, respectively, corresponding to additional 
reductions of 16.45 and 16.91 percentage points compared with the aerated and moistened 
control. The improved performance may be related to the higher organic matter and nutrient 
content of compost and its ability to improve soil moisture and the physical environment for 
indigenous microorganisms. TPH reduction was not constant throughout the experiment. In the 
aerated and moistened control, reduction increased from 72.03% on day 80 to 78.00% on day 
180, while the 30% and 50% compost treatments increased from 55.46% to 94.45% and from 
77.87% to 94.91%, respectively. Although degradation continued throughout the experiment, a 
considerable proportion occurred during the earlier stages, followed by slower reduction later, 
likely due to the depletion of readily biodegradable hydrocarbon fractions and persistence of 
less accessible compounds. Increasing compost from 30% to 50% resulted in only a 0.46 
percentage-point increase in final TPH removal; therefore, the 30% treatment achieved 
similarly high removal with a lower compost requirement and may be more practical for further 
pilot-scale and field investigations. 
Conclusion 
The findings demonstrated that food-waste compost has considerable potential for the 
biological remediation of crude-oil-contaminated soil. After 180 days, TPH reductions in the 
unaerated and unmoistened control, aerated and moistened control, 30% compost, and 50% 
compost treatments were 8.6%, 78.00%, 94.45%, and 94.91%, respectively. The comparison 
between the control treatments demonstrated the important role of adequate aeration and 
moisture in enhancing the activity of indigenous microorganisms. Compost addition further 
improved TPH removal, presumably by improving the physicochemical conditions and 
providing organic matter and nutrients required for microbial activity. Because the difference 
between the 30% and 50% compost treatments was only 0.46 percentage points, the 30% 
compost treatment can be considered a more practical option under the conditions investigated. 
The use of food-waste compost may therefore provide a dual environmental benefit by 
contributing to petroleum-contaminated soil remediation and the beneficial reuse of organic 
waste. However, the results were obtained under controlled experimental conditions, and 
further pilot-scale and field studies are required to evaluate the effectiveness, stability, 
operational requirements, and environmental implications of this approach under actual 
conditions in oil-producing regions. 
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