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A R T I C L E  I N F O  ABSTRACT 

ORIGINAL ARTICLE 
 Introduction: Pyrene and phenanthrene are polycyclic aromatic hydrocarbons 

(PAHs) are priority pollutants. The aim of this study was to investigate the 

ability of isolated bacteria from stabilized compost for biodegradation of 

pyrene and phenanthrene from soil contaminated with municipal solid waste 

leachate. 
 

Materials and Methods: In this study, phenanthrene and pyrene were selected 

as priority PAHs pollutants. The degrading bacteria of these compounds were 

isolated from the stabilized compost and their ability to remove different 

concentrations of pyrene and phenanthrene investigated. The remaining 

concentrations of pyrene and phenanthrene were measured by GC-MS. The 

growth kinetics of bacteria were also studied using a spectrophotometer at 595-

nm wavelength. One-way ANOVA was used to determine the statistical 

significance and plot the related curves, and the Excel software and SPSS 

version 24 to do statistical analysis. 

Results: The most potent bacteria in removing pyrene and phenanthrene were 

Paenibacillus and Bacillus, respectively. The concentrations to be studied were 

determined as 10, 25, 40 and 55 μg/kg according to the concentrations of 

PAHs in the soil contaminated with municipal solid waste leachate. At 

constant temperature of 30 °C after 30 days at these concentrations, the 

removal efficiency was, respectively, 96.3%, 83%, 77.8%, and 72.4% for 

pyrene and 100%, 99.6%, 95.9%, and 94.6% for phenanthrene. The growth 

kinetics of phenanthrene-exposed bacteria were better than those of pyrene-

exposed bacteria. 

Conclusion: The results show that bacteria in stabilized compost are able to 

remove pyrene and phenanthrene. The bacteria of the highest efficiency for 

removal of pyrene and phenanthrene are Paenibacillus and Bacillus, 

respectively. 
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Introduction 

Polycyclic aromatic hydrocarbons (PAHs) are 

commonly found pollutants in soil 
1
. The main 

source of PAHs is human activities, such as 

incomplete combustion of fossil fuels, oil leakage, 

refineries, and industries. They are also produced as 

a result of natural disasters, including forest and 

pasture fires and volcanoes 
1-3

.
 

Since the 1990s, extensive studies have been 

conducted that show the presence of organic 

chemical groups, such as phenolic compounds, 

aromatic acids, chlorinated aromatic compounds, 

and polycyclic aromatic compounds in municipal 

landfill leachate.  

These materials have drawn attention for their 

unique properties such as stability; bioaccumulation 

and toxic effects 
4
. Most polycyclic compounds are 

known as toxic, mutagenic and carcinogenic 

pollutants. The US Environmental Protection 

Agency (EPA) has classified polycyclic aromatic 

compounds as priority pollutants 
5, 6

. In order to 

have a healthy and sustainable environment, one of 

the main steps is to eliminate and reduce pollutants 

in contaminated soil 
7
. PAHs can be removed from 

water and soil by various physical, thermal, 

chemical and biological methods. Among these 

methods, biological processes have drawn 

comparably more attention with respect to 

decomposition of hazardous compounds because 

they are environmentally friendly and economical 
8, 

9
. Ma et al. managed to isolate a species of 

Pseudomonas that could degrade and remove 

fluorine and phenanthrene at 4-37 °C. The findings 

showed that this strain had a high efficiency in 

removing fluorine and phenanthrene from the soil of 

cold regions or in cold seasons 
10

. Maiti et al. also 

isolated and identified a species of Bacillus from the 

soil of a refinery in India. This strain could 

mineralize anthracene, fluoranthene, pyrene and 

benzo[a]pyrene and produce biosurfactants 
11

. In 

one study done by Eskandari et al. bacteria that 

were capable of growing and reproducing in the 

presence of PAHs were identified using biochemical 

tests and genome sequencing technique. These 

bacteria belonged to Bacillus leucniformis ATHE9, 

Bacillus mojavensis ATHE13, and a specific species 

of Bacillus called ATHE10 
12

. 

The aim of this study was to investigate the 

removal of PAHs from soil contaminated with 

municipal solid waste leachate by bacteria isolated 

from stabilized compost. 

Materials and Methods  

Soil sampling and measurement of 

physicochemical properties of soil 

Sampling was done in the landfill of Yazd at a 

depth of 0-15 cm 
13

. The soil was first passed 

through a 2 mm sieve to be cleaned and to remove 

oil substances 
1
.  

Then the soil was washed with distilled water and 

after drying at 60 °C and reaching constant weight, 

was sterilized at 1.1 bar pressure for 60 min, and 

then washed with normal hexane several times. The 

soil was left at 60 °C to completely evaporate 

hexane 
8
. 

Before the soil was washed, the saturated extract 

was prepared from it, and the moisture content, 

organic matter, electrical conductivity and acidity of 

the soil as well as the amounts (%) of  nitrogen, 

phosphorus, and potassium, clay, sand and silt in 

soil sample measured
 14,15

. 

Soil contamination 

After preparation of the soil sample, to achieve 

the uniform distribution of pyrene and phenanthrene 

in it, the required amount of pyrene was dissolved in 

80 ml of hexane given the concentrations to be 

studied and added to the soil sample.  

To achieve homogeneous absorption, the mixture 

was well stirred, and for solvent evaporation, placed 

under the hood and stirred several times during 

drying to further ensure homogeneity. Then, the soil 

was allowed one week to completely absorb pyrene 

and phenanthrene 
8
. Concentrations of 10, 25, 40 

and 55 µg/kg of soil contaminated with PAHs were 

used. 

Isolation, purification and identification of 

bacteria in stabilized compost 

Isolation of bacteria from stabilized compost, as 

well as purification and identification of bacteria 

were done according to the procedure of Samaei et 

al. Identification was performed using the 16S 

rDNA sequencing method. First, DNA extraction 

 [
 D

O
I:

 1
0.

18
50

2/
je

hs
d.

v4
i3

.1
49

9 
 ]

 
 [

 D
O

R
: 2

0.
10

01
.1

.2
47

66
26

7.
20

19
.4

.3
.5

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
hs

d.
ss

u.
ac

.ir
 o

n 
20

25
-1

2-
23

 ]
 

                             2 / 15

http://dx.doi.org/10.18502/jehsd.v4i3.1499 
https://dor.isc.ac/dor/20.1001.1.24766267.2019.4.3.5.7
https://jehsd.ssu.ac.ir/article-1-196-en.html


 Javaheri M, et al.         Bioremediation of pyrene and phenanthrene by isolated bacteria from stabilized compost 

JEHSD, Vol (4), Issue (3), September 2019, 819-33 

8

Je
h

sd
.s

su
.a

c.
ir

 

 

821 

J
eh

sd
.s

su
.a

c.
ir

 

was done using the kit.  

For the 16SrDNA gene amplification,  

the forward primers 16F27:5, AGATTTG 

ATCMTGGCTCAG-3 and 16R1488: 5,-

CGGTTACCTTGTTAGGACTTCACC-3 were 

used. The PCR was performed on a thermocycler 

(MJ Mini). PCR products were electrophoresed. 

DNA fragments were observed and photographed 

by means of the Uvidoc device. Finally, PCR 

products were sent to the Gene Faravaran Company 

for sequencing. Then using the BLAST software, 

the closest sequences to the bacteria were 

determined, and their genus and species identified 
9
. 

Preparation of mineral culture medium 

  A mineral culture medium containing elements 

(g/L) below was prepared: Dipotassium phosphate 

0.8, monopotassium phosphate 0.2, calcium sulfate 

dihydrate 0.05, magnesium sulfate 1.02, iron sulfate 

7 hydrate 0.09, ammonium sulfate 1 and small 

elements manganese chloride tetrahydrate 0.04, 

molybdenum trioxide 0.08, copper sulfate 0.006, 

zinc sulfate 0.1, and boric acid 0.00003 
9
. All of the 

used materials were taken of Merck Co. (Germany).  

Investigating the ability of bacteria and 

selecting the most potent bacteria 

The exact number of bacteria was determined at 

an optical density equal to one (OD = 1) and 595-

nm wavelength. One ml of the medium was poured 

into the erlenmeyer flasks containing 40 mL of 

liquid mineral culture medium and 10 g of 

contaminated soil at 100 mg/kg added (slurry 

mode). The erlenmeyer flasks were shaken at 150 

rpm in a shaker incubator at 30°C. This step was 

performed in duplicate. The control sample 

contained no bacteria and 0.2 g of sodium azide was 

added to it. After 5 and 10 days, the amounts of 

remaining PAHs were measured using the GC-MS 

instrument. In addition, the solutions in the 

Erlenmeyer flask on the shaker incubator were 

cultured on the nutrient agar every five days, and the 

pH was also measured. Plates were then incubated 

at 30 °C for 24 hours. The number of colonies was 

determined using colony counter. The bacterial 

culture was also prepared at dilutions 10
-2
 and 10

-3
 
8, 

9, 16
. The selected bacteria were exposed to 10, 25, 

40, 55 μg/kg of soil contaminated separately with 

pyrene and phenanthrene. This period lasted 30 

days. The amounts of pyrene and phenanthrene 

were measured on days 0, 15 and 30. 

The microbial consortium's ability to remove 

pyrene and phenanthrene 

The ability of the microbial consortium to 

biodegrade 55 µg/kg of pyrene and phenanthrene in 

the soil was investigated. The exact number of 

bacteria was determined at OD = 1 and 595 nm 

wavelength. The only difference was that the 

inoculation of microbial suspension into the culture 

medium was conducted using a mixture of bacterial 

strains. Erlenmeyer flask containing no bacteria  and 

0.2 g sodium azide was considered as control 
17, 18

. 

Study of the growth kinetics of the most potent 

bacteria  

For this purpose, two major bacterial species and 

their consortium were examined. Phenanthrene and 

pyrene were prepared at concentrations of 100 

mg/L. The exact number of more potent bacteria in 

removing each of the compounds at OD = 1 and 

595-nm wavelength was added to the erlenmeyer 

flasks containing the mineral culture medium and 

PAHs. The erlenmeyer flasks were left at 30 °C and 

shaken at 150 rpm for 10 days. Using optical 

spectroscopy (DR5000) at 595-nm wavelength, the 

OD was measured every 24 hours 
19

. 

Measuring the amounts of pyrene and 

phenanthrene 

The PAHs were extracted using dichloromethane 

solvent. The remaining amounts of pyrene and 

phenanthrene were measured using the GC-MS 

instrument (7890A Agilent, USA), equipped with 

MSD detector (C 5975 Agilent, USA), and device 

(DB-5MS) column characteristics were as follows: 

60 meters long, 0.25 mm in diameter and 0.25 

microns thick. The detector was set at the SIM 

mode and 178 m/z was selected for pyrene and 22 

m/z for phenanthrene. 

The ionization was carried out in EI mode at 70 

ev, and the operating conditions of the device were 

as follows: the injector was set at splitless 1.10, 280 

°C, the sample injection rate was 2 μl, and the oven 

temperature was applied such that the initial 
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temperature was 120 °C with a gradient of 20 °C 

min
-1

 to the final temperature of 300 °C and a 4 

minutes stop at this temperature. Helium was used 

as carrier gas at a flow rate of 2 mL/min. 

Statistical analysis 

One-way ANOVA was used to determine the 

removal efficiency pyrene by bacteria. The SPSS 

software version 24 and Mann-Whitney test were 

also used to evaluate the mean values for single 

bacteria and consortium. 

Ethical issues  

Ethical approval was obtained from the Ethics 

Committee of Shahid Sadoughi University of 

Medical sciences, Yazd, Iran (ID: IR.SSU. 

SPH.REC.1396.76). 

Results 

Soil physicochemical characteristics 

The physicochemical characteristics of  

soil sample were investigated in this study  

(Table 1). 

Table 1: Soil physicochemical characteristics 

Results Characteristics 

7.4 PH 

3.05 Electrical conductance (ms/cm) 

1.83 Organic compounds (%) 

0.262 Moisture (%) 

0.465 Nitrogen (%) 

0.309 Phosphorus (%) 

0.43 Potassium (%) 

30 Sand (%) 

65 Clay (%) 

5 Silt (%) 

Clay-sand Soil tissue  

 

The results regarding more potent strains 

among the five strains isolated from stabilized 

compost 

The strains studied were Ochrobactrum oryzae, 

Bacillus, Sphingomonas sp, Paenibacillus latus, 

and Serratia marcescens. The removal efficiency 

of pyrene and phenanthrene at 100 mg/kg of soil 

by these strains are illustrated in Figures 1 and 2. 

Our results showed that Paenibacillus and Bacillus 

showed better efficiency in removing pyrene and 

phenanthrene, respectively, than other strains.  

Based on the one-way ANOVA results, there 

was a significant difference in the average removal 

efficiency of pyrene by the five bacterial species 

on day 5 (P < 0.05), but no significant difference in 

this variable on day 10 (P > 0.05).   

According to the one-way ANOVA results, 

there was also a significant difference in the 

average removal efficiency of phenanthrene by  

the five bacterial species on days 5 and 10  

(P < 0.05).  

The remaining concentrations of pyrene and 

phenanthrene on days 5 and 10 are shown in 

Tables 2 and 3. 

 

Figure 1: The degradation efficiency of pyrene by five bacterial strains isolated from stabilized compost 
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Figure 2: The degradation efficiency of phenanthrene by five bacterial strains isolated from stabilized compost 

Table 2: The amounts of remaining pyrene on days 5 and 10 (initial concentration: 100 mg/kg)  

after the beginning of degradation 

 

 

 

 

 

 

 

Table 3: The amounts of remaining phenanthrene on days 5 and 10 (initial concentration: 100 mg/kg)  

after the beginning of degradation 

Remaining concentration  

after day 10 (mg/kg) 

Remaining concentration  

after day 5 (mg/kg) 
Bacterial strain 

34.09 36.92 Ochrobacterum oryzae 

20.74 31.81 Bacillus 

40.71 41.75 Sphingomonas 

26.01 32.61 Paenibacillus lautus 

27.56 35.92 Serratia marcescens 

95.97 97.8 Control (without bacteria) 

 

pH value in during operation time 

In this regard, every 5 days, the pH of the solutions 

in the erlenmeyer flasks was measured in during 

operation time, and the pH value was found to be 

stable through 30 days (constant range of 7 ± 0.5) 

The growth of bacteria exposed to soil 

contaminated with phenanthrene and pyrene in 

during operation time 

The results regarding the 30-day culture of the 

erlenmeyer flasks on the shaker incubator on the 

nutrient agar over every 5 days are shown in figures 

3, 4, 5 and 6.  

Figures 3 and 5 illustrate the effect of different 

concentrations of phenanthrene and pyrene on the 

growth of bacteria in during operation period. 

As illustrated, the growth of bacteria in the first 

days was slow but increased over time, then 

decreased and eventually became constant, with 

higher growth at lower concentrations. 

The bacterial consortium (Paenibacillus and 

Bacillus) at 55 μg/kg of phenanthrene-contaminated 

soil had higher growth rate than Bacillus alone 
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27.39 29.56 Serratia marcescens 
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(Figure 4), and the microbial consortium 

(Paenibacillus and S. marcescens) at 55 μg/kg of 

pyrene-contaminated soil had higher growth rate 

than Paenibacillus alone (Figure 6). 

 

Figure 3: Logarithmic growth of Bacillus exposed to different concentrations of phenanthrene over 30 days. 

 

Figure 4: Logarithmic growth of single strains and bacterial consortium exposed to phenanthrene (at 55 μg/kg) 

 

Figure 5: Logarithmic growth of Paenibacillus exposed to different concentrations of pyrene (g/kg) over 30 days 
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Figure 6: Logarithmic growth of single strains and bacterial consortium exposed to pyrene (at 55 μg/kg) 

 

Removal of pyrene by more potent bacteria and 

bacterial consortium  

At this step, Paenibacillus already found to be 

the most potent bacterium in removing pyrene was 

exposed to contaminated soil with different 

concentrations of this substance. The results on the 

removal efficiency are illustrated in Figure 7 and 

the results regarding the remaining concentrations 

presented in Table 4. 

Based on the one-way ANOVA results, the 

correlation between the removal efficiency of 

pyrene by Paenibacillus and the variable time was 

significantly direct and strong (P ≤ 0.001). 

In fact, based on this test, the removal efficiency 

increased over time, and also there was a 

significant relationship between the removal 

efficiency of pyrene and different concentrations 

based on the post hoc test (P < 0.05). 

Regarding the consortium of Paenibacillus and 

S. marcescens that were found as the more potent 

bacteria in removing pyrene, they were exposed to 

soil contaminated with pyrene at 55 μg/kg. Figure 

8 illustrates the removal efficiency and Table 5 

shows the remaining concentrations of pyrene.  

As illustrated in Figure 8, the bacterial 

consortium shows a better efficiency in 

biodegrading pyrene. According to the Mann-

Whitney test results, there was no significant 

difference in the mean removal efficiency of 

pyrene by bacteria on days 15 and 30 (P > 0.05). 

 

Figure 7: The biodegradation efficiency of pyrene by Paenibacillus at different concentrations (μg/kg) 
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Table 4: The amounts of remaining pyrene in erlenmeyer flasks over time   

Concentration 

Type of bacterium 

Initial concentration  

μg/kg 

Remaining 

concentration 

on day 0 μg/kg 

Remaining 

concentration 

on day 15 μg/kg 

Remaining 

concentration 

on day30 μg/kg 

Paenibacillus lautus 10 9.89 3.081 0.359 

without bacteria Control 9.93 9.79 9.54 

Paenibacillus lautus 25 24.81 8.62 4.21 

without bacteria Control 24.85 24.29 23.99 

Paenibacillus lautus 40 39.7 14.83 8.81 

without bacteria Control 39.79 39.01 38.32 

Paenibacillus lautus 55 54.52 22.31 15.04 

without bacteria Control 54.62 54.2 53.55 

 

Figure 8: The removal efficiency of pyrene by single strains and bacterial consortium (at 55 μg/kg) 

Table 5: Comparison of pyrene remaining concentrations over time after removal by  

single strains and bacterial consortium 

Concentration 

Type of bacterium 

Initial concentration  

μg/kg 

Remaining 

concentration  

on day 0 μg/kg 

Remaining 

concentration  

on day 15 μg/kg 

Remaining 

concentration  

on day30 μg/kg 

Paenibacillus lautus 55 54.52 22.31 15.04 

Paenibacillus lautus and 

Serratia marcescens 
55 54.4 10.38 2.15 

without bacteria 55 54.62 54.2 53.55 

 

Removal of phenanthrene by the most potent 

bacterium and bacterial consortium 

In this step, Bacillus already found to be the 

most potent bacterium in removing phenanthrene 

was exposed to contaminated soil with different 

concentrations of phenanthrene.  

The removal efficiency of phenanthrene is 

illustrated in Figure 9 and the results regarding 

its remaining concentrations presented in Table 

6. According to the one-way ANOVA results, 

the correlation between the removal efficiency  

of phenanthrene by Bacillus and the variable 

time was statistically significant and direct  

(P ≤ 0.001). 

More clearly, this test showed that over time, 

the efficiency of removal would increase. 

According to the post hoc test results, there was 

a significant relationship between the removal 

efficiency of different concentrations of 

phenanthrene (P ≤ 0.001). 

The removal of phenanthrene at 55 μg/kg of 

contaminated soil was investigated by a bacterial 

consortium (Bacillus and Paenibacillus lautus), 

known as the more potent bacteria in removing 

it. The removal efficiency of phenanthrene is 

illustrated in Figure 10 and the results regarding 
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its remaining concentration presented in Table 7.  

Based on the Mann-Whitney test results, there 

was no significant difference in the mean 

removal efficiency of phenanthrene by bacteria 

on days 15 and 30 (P > 0.05).  

 

Figure 9: The biodegradation efficiency of phenanthrene by Bacillus at different concentrations (in μg/kg) 

Table 6: The remaining concentration of phenanthrene over time 

Concentration 

Type of bacterium 

Initial concentration  

μg/kg 

Remaining 

concentration  

after day 0 μg/kg 

Remaining 

concentration  

after day 15 μg/kg 

Remaining 

concentration  

after day30 μg/kg 

Bacillus 10 9.8 0 0 

without bacteria Control 9.88 9.6 9.43 

Bacillus 25 24.67 3.26 0.088 

without bacteria Control 24.71 24.01 23.32 

Bacillus 40 39.4 10.11 1.61 

without bacteria Control 39.51 39.05 38.59 

Bacillus 55 54.1 15.36 2.9 

without bacteria Control 54.3 53.03 52.25 

 

Figure 10: The biodegradation efficiency of phenanthrene by single strains and bacterial consortium (55 μg/kg) 

Table 7: The comparison of the concentrations of phenanthrene over time after removal  

by single strains and bacterial consortium 

Concentration 

Type of bacterium 

Initial  

concentration  

μg/kg 

Remaining 

concentration  

after day start 

μg/kg 

Remaining 

concentration  

after day 15 μg/kg 

Remaining 

concentration  

after day30 μg/kg 

Bcillus 55 54.1 15.36 2.9 

Paenibacillus lautus and 

Bcillus 
55 52.99 1.07 1.12 

without bacteria 55 54.3 53.03 52.25 
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The growth kinetics of bacteria and their 

consortium exposed to pyrene and phenanthrene 

Our results showed that over 10 days the growth 

of Bacillus and Paenibacillus exposed to 

phenanthrene at 100 mg/L was better than that of 

these bacteria exposed to pyrene (Figures 11 and 

12). In other words, the ability of bacteria to 

tolerate phenanthrene was higher than their ability 

to tolerate pyrene.  

As illustrated in Figure 11, Bacillus shows the 

highest OD (0.241) in exposure to phenanthrene 

after 48 hours and the highest OD (0.196) in 

exposure to pyrene after 24 hours at 595-nm 

wavelength, and as Figure 12 illustrates, 

Paenibacillus shows the highest OD (0.247) in 

exposure to phenanthrene after 48 hours and the 

highest OD (0.204) in exposure to pyrene after 

72 hours at 595-nm wavelength; As illustrated in 

Figure 13, the bacterial consortium Bacillus and 

Paenibacillus exposed to phenanthrene shows 

better growth compared to that exposed to 

pyrene. At 595 nm wavelength, the OD was 

0.254 after 24-hour exposure to phenanthrene, 

and the consortium showed the highest OD 

(0.242) after 48 hours at this wavelength.  

 

Figure 11: The growth kinetics of Bacillus exposed to phenanthrene and pyrene (100 mg/L)  

over 10 days at 595-nm wavelength  

 

 

Figure 12: The growth kinetics of Paenibacillus exposed to phenanthrene and pyrene (100 mg/L)  

over 10 days at 595-nm wavelength  
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Figure 13: The growth kinetics of microbial consortium exposed to phenanthrene and pyrene (100 mg/L)  

over 10 days at 595-nm wavelength 

 

Discussion 

In this study, the biodegradation of polycyclic 

aromatic compounds was investigated. To this end, 

the ability of five bacteria isolated from stabilized 

compost in removing phenanthrene and pyrene was 

investigated. Among the isolated bacteria, two 

bacteria that were comparatively more potent in 

removing different concentrations of pyrene and 

phenanthrene were selected. 

Because researchers believe that biodegradation 

is possible only in the presence of a mixture of 

efficient species and the biodegradation potential 

of single species is limited 
20

, then in this study the 

degradation of phenanthrene and pyrene by mixed 

bacteria (bacterial consortium) was investigated. 

Effect of pH and temperature on the 

biodegradation process 

In this study, according to the continuous 

measurements, the pH value was observed to be 

neutral.  

One of the factors influencing the biological 

processes is the pH of the environment. According 

to studies and operating conditions in many 

biological processes, it can be concluded that the 

best pH value in the environment is neutral (7-8), 

because bacteria and fungi grow in the 

environments with pH value near neutral. 

According to studies, pH increase from neutral 

level leads to significant decline in degradation of 

soil hydrocarbons, and in some cases acid pH also 

halts the biological degradation 
21

. 

In the study of Meshram et al. Bacillus cereus 

isolated from the contaminated soil could degrade 

tricyclic PAHs at pH of 6.5-7.5, with high 

degradation efficiency obtained at pH 7.5, and the 

temperatures studied were 25, 30, and 35 °C 
22

. 

In the present study, the pH of the sample was 

obtained (7 ± 0.5) during the incubation period. 

All experiments were carried out at 30 °C. 

According to the studies of Kafilzade et al. and 

Shafiee et al., the optimal conditions for 

biodegradation are temperature of 30 °C and pH of 

7 
18, 19

. 

Selection of more potent strains among strains 

isolated from stabilized compost 

The bacterial strains isolated from the compost, 

as presented in the results section, consisted of 5 

strains, two of which, ie, gram-positive Bacillus 

strains, were comparatively more potent in 

removing phenanthrene and pyrene.  

According to the available evidence, gram-

positive bacteria, particularly Bacillus, serve 

special functions in biodegradation processes 

because they have stronger cell envelope  

and exhibit greater resistance to the high 

concentrations of hydrocarbons than gram-

negative bacteria 
23

.  

Kafilzade et al. also showed that most of the 

bacteria degrading tricyclic PAHs, including 

acenaphthene, were from the Bacillus strain 
24

. 

The growth of bacteria exposed to soil 

contaminated with phenanthrene and pyrene in 
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during operation time. 

According to the present study (Figures 3 and 

5), the growth of bacteria at various concentrations 

was slow at the beginning of the experiment, then 

increased exponentially, and finally decreased and 

became stagnant.  

Environmental conditions such as shaking 

rotation are effective in this stage. As illustrated in 

the Figure, the trend was initially rising and then, 

the average removal efficiency decreased at 720-

hour interval due to the availability of carbon 

source resulting from exposure to pollutants. 

Since the carbon source needed in the 

environment was provided by these pollutants, the 

trend had a negative impact on the population, and 

it is obvious that their populations decreased over 

time. In the studies of Kumar et al., Janbandhu et 

al., and Arulazhagan et al., dilution and colony 

counting techniques were used to study the growth 

process of bacteria in PAHs 
25

. 

The results of these studies showed that the rate 

of growth was slow at the beginning of incubation 

and the bacteria were in a delayed phase.  

Exponential growth occurs as a result of the 

maximum concentration of aromatic hydrocarbons 

dissolved in an aqueous medium. And when the 

consumption of PAHs by bacteria exceeds their 

dissolution rate, exponential growth stops and the 

bacteria enters the Stationary phase
 25

. 

Phenanthrene and pyrene biodegradation by 

more potent strains  

In the present study, degradation of pyrene and 

phenanthrene by more potent bacteria showed that 

over time the removal efficiency increased and at 

lower concentrations degradation was accelerated 

and increased. 

Furthermore, the degradation efficiency of 

phenanthrene was greater than that of pyrene. 

According to the studies of Kafilzade et al. and 

Shafiee et al. the percentage of phenanthrene 

degradation is greater than that of pyrene 

degradation at similar intervals, but with the 

increase of the number of benzene rings in PAHs, 

the degradation rate also decreases 
18, 19

 .  

Over time, the efficiency of the degradation of 

phenanthrene and pyrene increased. This could be 

due to the ability of the bacteria to decompose the 

oil compound depending on the bacterial genus 

and species, as well as incubation duration.  

In the study of Meshram et al., this duration was 

considered to be 10 days. In some studies, the 

incubation time was 6-10 days, with a degradation 

efficiency of 55-65% 
22

. 

In addition, in the present study, the removal 

efficiency of pyrene and phenanthrene decreased 

with increasing concentration. This could be due to 

the reduction of bacterial populations as a result of 

toxicity and reduced growth of the bacterial 

population 
26

.  

Furthermore, Nourieh et al. in their study 

observed that the concentration of phenanthrene 

decreased over time and phenanthrene was 

removed faster at lower concentrations 
1
.  

 However, in the study of Wong et al. the 

removal rate of phenanthrene was reported to be 

higher in slurry bioreactors for low concentrations 

than for high concentrations 
27

. 

Degradation of phenanthrene and pyrene by the 

microbial consortium in during operation time  

According to the results obtained in this study, 

the microbial consortium was more potent in 

removing pyrene and phenanthrene than single-

strain bacteria and the degradation efficiency of the 

microbial consortium was higher. 

Fazilah et al. showed that the percentage of 

removal of phenanthrene by microbial consortium 

was higher than that by single bacterium.  

This is because of the fact that PAHs 

degradation does not often depend much on the 

metabolism of a specific bacterium but mainly on 

the ability of the bacterial consortium 
28

.  

Leblond et al. observed that degradation by a 

single bacterium was difficult due to production of 

intermediate compounds, but in exposure to the 

bacterial consortium, intermediate compounds 

were produced throughout degradation that were 

then degraded by other bacteria 
29

.  

In addition, the study of Zafra et al. showed that 

the biodegradation efficiency of the bacterial 

consortium increased over time 
30

.  
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The growth kinetics of bacteria exposed to 

pyrene and phenanthrene. 

The growth kinetics of bacteria exposed to 

phenanthrene were better than those of bacteria 

exposed to pyrene. This can be attributed to the 

tetracyclic structure of pyrene and the tricyclic 

structure of phenanthrene.  

As previously mentioned, the degradation of the 

tricyclic structure is easier than that of the 

tetracyclic structure.  

Another reason for pyrene stability is it’s  

high molecular weight and low solubility in 

water. Because pollutant biodegradation is 

possible in the aqueous phase, the low 

concentration of the pollutant in the aqueous 

phase reduces it’s bioavailability and stability in 

the environment 
31

. 

Conclusion 

In this study to investigate five isolated 

bacterial species isolated from stabilized compost 

and their ability to grow, two bacterial strains 

Bacillus and Paenibacillus were found as 

comparatively more potent strains. Paenibacillus 

was more potent in removing different 

concentrations of pyrene and Bacillus more potent 

in removing phenanthrene.  

The bacterial consortium (Paenibacillus lautus 

and S. marcescens strains) showed better 

efficiency in removing pyrene at 55 mg/kg and the 

bacterial consortium (Bacillus and Paenibacillus 

lautus) showed better efficiency in removing 

phenanthrene. 
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