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Abstract  

Bio-leaching is a non-invasive, relatively affordable and environmentally friendly method through 

which toxic compounds are decomposed with the help of microorganisms and with the help of enzymatic 

reactions. This study was conducted in order to use biological leaching to rehabilitate soil contaminated 

and resistant to biological decomposition by heavy metal lead and phenanthrene around the south Tehran 

oil refinery. The design of the experiment was done with the response surface method. In the bioleaching 

method, the purified strain (Pseudomonas aeruginosa) was isolated from the soil of the refinery. 

Environmental pH (3, 5, 7, 9, 11), pollutant to biomass ratio (7.50, 15, 22.50, 30, 37.5 mg/g) and retention 

time (1, 2, 3, 4, 5 hours) were considered as main variables. pH was the most important parameter 

influencing the removal of lead and phenanthrene from soil. The highest percentage of lead removal with 

96.79% pH is equal to 8, pollutant ratio to Live current is equal to 30 W/W and time of  2 hours was 

obtained. In the case of phenanthrene, the highest percentage of phenanthrene removal (97.4%) in pH was 

equal to 7, the pollutant to living organism ratio was equal to 5.22 W/W and the time was measured for 1 

hour. The results of this study showed that the use of bacteria increased the efficiency of the removal 

process compared to the cleaning process without bacteria (42% for phenanthrene and 67% for lead). 
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1. Introduction 
Bioleaching presents a non-invasive, relatively cost-

effective, and environmentally favorable approach for 

the decomposition of petroleum compounds utilizing 

microorganisms and enzymatic reactions to generate 

carbon dioxide, biomass, and soluble compounds 

(Mambwe et al., 2021). 

This method minimizes ecosystem alteration or 

damage, although its time-consuming nature serves as a 

limiting factor. The introduction of adapted species 

native to the region can enhance the cleaning speed of 

biological methods (Abolhasani Sooraki et al., 2020). 

Currently, bio-refining methods are being 

increasingly regarded due to their environmental 

compatibility, utilization of water and soil 

microorganisms from petroleum compounds as carbon 

and energy sources, and their biological processing 

through biosurfactant production (Yadav and Sharma, 

2023). 

 In light of these considerations, the present study 

was conducted to optimize the utilization of bioleaching 

for the remediation of contaminated soil at the South 

Tehran Oil Refinery. 

 

2.2. Materials and Methods 
Washed soil samples (100 g), collected from ten distinct 

points within the refinery, were individually distributed 

in 250 mL beakers. These samples were then exposed to 

a phenanthrene solution in acetone and a lead solution in 

distilled water, resulting in final concentrations of 500 

mg/kg phenanthrene and 50 mg/kg lead. The polluted 

solutions were subsequently utilized to contaminate the 

soil samples. Separation of solid and liquid phases of 

pollution concentration in the washing solution was 

determined by conducting an absorption test using an 

HPLC device equipped with an analysis column C18 4.1 

x 250 mm ID, with a flow rate of 1 mL/min, an injection 

volume of 20 μ, and a detector wavelength of 220 mm. 

During this process, a microbial consortium cultivated in 

soils contaminated with the pollutants, lead and 

phenanthrene, was prepared and concentrated in a 

laboratory. Environmental pH, pollutant-to-biomass 

ratio, and retention time were the primary variables 

considered in this phase. 

 

3. Results 
The findings of the biochemical diagnosis tests revealed 

the isolation and detection of Pseudomonas aeruginosa 

bacteria in the soil samples. The pollutant removal 

potential, as assessed through dilution tests, indicated 

that the quantity of 103 to 107 Logcfu/g was utilized. 

There was no significant variance observed between the 

quantities of 105, 106 and 107 Logcfu/g, but a 

noteworthy distinction was evident in comparison to 103 

to 105 Logcfu/g. 

Regarding Pb removal, time exhibited a substantial 

and influential role (P<0.05). Furthermore, the pH (P-

value 0.0081) and the pollutant-to-microorganism ratio 

(P-value 0.250) were identified as the most crucial 

parameters affecting the removal of Pb during the 

biological process. The enhanced model of Pb removal 

assumed the form of a quadratic equation (Eq. 1) 

 

(1)24.02A-=95.87+4.21A+5.05B+8.365C+4.85AC2R 

 
 

In the analysis of individual parameters, the 

percentage of Pb removal displayed an ascending 

tendency with increasing pH, reaching its peak at pH 8. 

A similar trend was observed concerning the pollutant-

to-microorganism ratio and time, with the maximum 

removal percentage achieved at 37.5 W/W and 3 hours. 

The optimal conditions for achieving the highest 

percentage of lead removal (96.79%) were determined to 

be a pH of 8, a pollutant-to-microorganism ratio of 30 

W/W, and a duration of 2 hours (Figs. 1 and 2). In the 

control sample, the highest Pb removal percentage was 

recorded at 67%. 

 

 
Fig. 1. Interaction effect of pH, time and pollutant-to-

living ratio on lead removal using biological process 
 

In the context of phenanthrene removal, time was 

insignificant (P>0.05), while both pH and the pollutant-

to-microorganism ratio were identified as influential 

factors (P<0.05). According to the F-value, pH was 

determined to be the most significant parameter 

influencing phenanthrene removal from soil through the 

biological process. The enhanced model for 

phenanthrene removal followed a quadratic relationship 

pattern with an additional interference effect of the 

pollutant-to-living organism ratio (Eq. 2)   

 

R1=96.11-1.38A+1.258B-2.56BC-1.40C2 (2) 

 

The increase in pH from 3 led to a corresponding 

increase and subsequent decrease in the percentage of 

phenanthrene removal. Concurrently, increasing removal 
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percentage with a gradual rise in the pollutant-to-living 

organism ratio was noted. The process of phenanthrene 

removal exhibited an upward trend up to 3 hours, after 

which it declined. The optimum conditions for achieving 

the highest percentage of phenanthrene removal (97.4%) 

were identified as a pH of 7, a pollutant-to-living 

organism ratio of 22.5 W/W, and a duration of 1 hour. In 

the control sample, the highest percentage of 

phenanthrene removal was recorded at 42%. 

 

 
Fig. 2. Interaction effect of pH, time and 

 pollutant-to-living ratio on phenanthrene removal 

using biological process 

 

4. Discussion 
The efficacy of various parameters, including time, pH, 

and the ratio of pollutant to organism, was observed in 

influencing the percentage of Pb and phenanthrene 

removal. Increasing pH levels up to 3 resulted in a 

decreasing trend in the removal of phenanthrene, while 

for Pb, removal initially increased up to a pH limit of 8 

and then declined. However, when all conditions were 

considered together, a pH of 7 was found to be optimal 

for phenanthrene removal, and a pH of 8 was optimal for 

Pb removal. This tendency can be attributed to the 

bacteria's preference for a neutral pH range (Wirasnita 

and Hadibarata, 2016). 

Under high pH conditions, absorbent cell wall 

components acquire a net negative charge, facilitating 

the attraction of metal cations to binding points on the 

adsorbent (Vijayaraghavan and Yun, 2008). 

This phenomenon leads to the precipitation and 

removal of metal complexes in the case of phenanthrene, 

which makes it unavailable (Volesky, 1990). 

Additionally, the absorption of both pollutants 

initially increased and then decreased over time. 

Furthermore, the percentage of Pb and phenanthrene 

removal was found to increase with higher pollutant-to-

living organism ratios, indicating enhanced absorption 

due to the presence of metal or hydrocarbon ions around 

the active sites of bacteria. Nevertheless, excessively 

high pollutant-to-organism ratios (30 W/W for Pb and 

22.5 W/W for phenanthrene) were observed to diminish 

the bacteria's capacity, highlighting the direct impact of 

concentration on bacterial structure and metabolism. 

 

5. Conclusions 
In conclusion, Pseudomonas aeruginosa bacteria, 

isolated from soil, exhibited significant efficacy in 

removing phenanthrene and soil Pb, achieving removal 

percentages of 97.4% and 96.79%, respectively, 

compared to significantly lower removal rates (42% for 

phenanthrene and 67% for Pb) in the absence of bacteria 

(control sample). 
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Fig  1. Sampling points in Tehran refinery 

mg/kg)

Table 1. Soil analysis of Tehran Refinery (mg/kg)

PhenanthreneTPH Lead Cadmium Zinc Copper Nickel Iron Factor 
58611500466 100.3 241 14.67 11.75 354.6Amount 

mm
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Table 2  Variables and limits investigated in the bioleaching process of lead and phenanthrene removal

 

Table 3. Test conditions of the biological leaching process to remove lead and phenanthrene
from the soil of Tehran Refinery

 

Logcfu/g

Logcfu/g

Logcfu/g

P-value

P<pHP-value

P-value

https://fa.wikipedia.org/wiki/%D8%A7%D8%B3%D9%BE%D9%88%D8%B1
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Table 4. Analysis of variance for the removal of phenanthrene and lead resistant 
to biological degradation using biological process

Lead Phenathrene 
df Source 

P-valueF-valueP-valueF-value

0.00695.470.02773.669 Model 

0.0081110.850.004912.951A-pH 

0.025086.940.04984.971B- W/W 

0.045759.150.44260.63921C- Time 

0.38900.81110.75320.10441AB 

0.02107.490.82340.05251AC 

0.07304.010.01109.681BC 

0.03865.660.05244.841A2

0.10933.090.11941.891B2 

0.09053.510.003714.151C2 

10Residual 

0.25581.860.70740.59715Lack of fit 

5Pure error 

19Cor total

0.8311 0.9801 R2-squared 

0.9267 0.9568 Adj R2-squared

0.9455
0.9758Pred R2-squared 

73.23 71.85 Adeq precision 

R2 = 95.87 + 4.21A + 5.05B + 8.365C +

4.85AC − 4.02A2

 

pHApH

 

BC

W/W

pH

W/W

P> pH

P F-value

pH

 

 
R1 = 96.11 − 1.38A + 1.258B − 2.56BC −

1.40C2
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Fig  2. The influence curve of independent variables on the percentage of lead removal

A) pH, B) the ratio of pollutant to living organisms and C) time
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Fig. 3. Interaction effect of pH, time and pollutant-to-
living ratio on lead removal using biological process 

pH

Fig. 4. Parallel linear diagram of the effect of pH factors, 
time and the ratio of pollutant to living organisms, heat 

and time on the percentage of lead removal
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Fig  5. The influence curve of independent variables on the percentage removal of phenanthrene

A) pH, B) Pollutant to living organism ratio and C) Time 
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)Wang et al., 2019

W/W

P.aerugionsa

)Raja et al., 2006(

 

B: w/w

12.3256 13.0756 13.8256 14.5756 15.3256 16.0756

R
1

92

94

96

98

100

102

One Factor
Design-Expert® Software



 dx.doi.org/10.22093/wwj.2023.423458.3380 

 

 
                                   Water and Wastewater 

                                      Vol. 34, No. 5, 2024 

Fig. 7. Parallel linear diagram of the effect of pH factors, 
time and the ratio of pollutant to living organisms, heat 

and time on the percentage of lead removal 

pH

 

Fig. 6. Interaction effect of pH, time and pollutant-to-
living ratio on phenanthrene removal using  

biological process 

pH
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