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ABSTRACT
Oily sludge is categorized as one of the hazardous wastes that needs to be remediated in order to
convert it into a non-toxic compound. Bioremediation involves microorganisms, such as fungi. In the
present study, the indigenous oily sludge fungi, Penicillium chermesinum was used to assess the
bioremediation. The aim of this study was to obtain the growth profile of Penicillium chermesinum
Biourge in reducing the Total Petroleum Hydrocarbon (TPH) and Polycyclic Aromatic Hydrocarbons
(PAH) compounds in oily sludge. A descriptive method was applied in this study that consists of the
preparation stage and the biodegradation stage of oily sludge. Biodegradation process was performed
by using the Solid State Fermentation methods during 15 days with the addition of 10% of fungi
inoculum from the total of fermentation medium (100 g). The observed parameters are the TPH, PAH
content, and fungi growth profile that were measured using the Gravimetric, GC/MS and TPC analysis.
Our results showed that the TPH content was reduced 29.16% from the control. We identified two
degraded PAH compounds, namely Azulene (C10) and Fluoranthene (C16).
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1. INTRODUCTION
Petroleum is the main energy source in the world. This can lead to an increase in oil
exploration, exploitation, processing, and transportation activities that may cause pollution to
the environment. The oil pollution often comes from oil refinery waste, a by-product of the
production, distribution and transportation processes (ESDM, 2010).
Petroleum waste contains aliphatic and aromatic hydrocarbons, which have a high
molecular weight (Sudrajat, 1996, in Yudono et al., 2013). These hydrocarbon compounds,
which are included in oily sludge waste, have been considered as toxic waste that may endanger
human health and the environment. Therefore, a bioremediation effort is needed in order to
degrade oily sludge components or other oil waste into environmentally friendly compounds,
such as CO2 and H2O (Santosa et al., 2004). The bioremediation of hydrocarbon can be
performed using indigenous microorganisms, such as fungi, yeast, bacteria, and actinomycetes.
These organisms can reduce TPH and PAH levels from the oil sludge produced from each oil
treatment (Stapleton et al., 1998; Gofar, 2011). Therefore, the present study aims to identify the
growth profile of P. chermesinum in function of the reduction of TPH content, and PAH
compounds.

2. MATERIALS AND METHODS
The experiment was conducted using descriptive method that consists of 2 stages: 1)
preparation, and 2) biodegradation stage of oily sludge. Biodegradation process was performed
using the Solid State Fermentation (SSF) medium. This fermentation medium was prepared by
mixing 5% oily sludge, 0.4% NaNO3, soils and sands (volume ratio 2:1) with pH according to
the condition of the medium. Moreover, 10% of fungi starter was added into the fermentation
medium.
2. 1. Inoculum and Solid State Fermentation medium preparation
The starter medium was prepared by adding the fungal isolates that have been suspended
with physiological NaCl as much as 10% of total weight (100 g) into the fermentation medium.
This fermentation medium contains oily sludge with a concentration of 2% carbon source, 0.4%
NaNO3 as a source of nitrogen, as well as a mixture of sand and soil (with the ratio 2:1).
2. 2. Inoculation of fungal inoculum into Starter Medium
Fungal inoculum was prepared by mixing sterile physiological NaCl into P. chermesinum
fungal isolates in the agar slant tubes. The fungal that grows on the surface was then separated
from the medium using the sterile swab. Afterwards the suspension was transferred to another
test tube and homogenized using vortex. Furthermore, 10% from the homogenized suspension
(100 g) was placed into the starter medium.
2. 3. Biodegradation with SSF medium
The fermentation process was carried out by adding the fungal starter (10%) to the
fermentation medium (100 g). Chemical and biological parameters were observed during the
fermentation process, such as TPH content and PAH compounds by using the Gravimetric and
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GC / MS analysis, respectively. Parameter observations were carried out by calculating the
number of fungal colonies using TPC. This was conducted from the start (day 0) until the end
of experiment (day 15).
2. 4. Calculation of fungal colonies with Total Plate Count (TPC)
Fungal colonies were calculated using the Total Plate Count (TPC) method, as described
in Cappuccino and Sherman (1987):
Colony number (cfu/g ) =

(𝑎 × 10𝑑 ) + (𝑏 × 10𝑒 ) + (𝑐 × 10𝑓 )
3

2. 5. PAH analysis with Gas Chromatography/Mass Spectrometry (GC/MS)
PAH compounds in the sample was analyzed by using Gas Chromatography/Mass
Spectrometry (GC/MS) method, following Ikechukwu et al. (2012). Briefly, soil samples were
dissolved into hexane. A total of 1 μL of sample was then injected into GC/MS apparatus under
the following conditions: injector temperature 280 °C, split mode injector, 1 min sampling time,
column temperature 40-270 °C (initial temperature setting 40 °C), detector temperature 280 °C,
interval temperature 250 °C.
2. 6. TPH analysis
TPH content was measured using Gravimetric method as described in EPA 1664 (2004)
with modification. Briefly, soil samples were dried for 2 h in an oven with a temperature of 55
°C. Afterwards, 3 g of dried soil samples were taken and placed into the bags made from filter
paper. The samples were then extracted using Soxhlet apparatus for 7-8 h, using n-hexane
solvents. After the extraction, the flask was distilled to separate the oil from the solvent. Then,
the flask was heated in the oven at 105 °C:
Oil content (%) =

𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑓𝑙𝑎𝑠𝑘 𝑚𝑎𝑠𝑠 (𝑔)
𝑥 100%
𝑆𝑎𝑚𝑝𝑒𝑙 𝑚𝑎𝑠𝑠 (𝑔)

3. RESULTS AND DISCUSSION
3. 1. Growth profile of P. chermesinum in the function of TPH
The growth of fungal colonies of P. chermesinum and TPH content in the function of
fermentation time is presented in Figure 1.
Lag phase can be identified during the first week of fermentation, where the fungal
isolates were adapted with the medium environment. The exponential phase started from the
day 6 until day 12, where the colony number was exponentially increased. Exponential phase
is a multiplication phase of cell numbers due to increased cell activity and is the most important
phase for fungal growth (Gandjar et al., 2006). On the last day of fermentation, the growth of
fungal colonies decreased. This can be defined as the death phase. TPH content was nearly
constant during the first 6 days of experiment, suggesting no significant difference in TPH
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content in the sample. On the other hand, TPH content decreased on the 6th day of experiment.
This decrease continued until the end of experiment (day 15).
TPH Content (%)

TPH content (%)

Growth of fungi (104 CFU/gram)

Growth of Fungi (104)

Fermentation time (days)
Figure 1. TPH content and fungal colony growth during fermentation

The lag phase that occurs on Chimesinum was probably due to differences in the
concentration of oil sludge, i.e. from a concentration of 2% (starter) to a concentration of 10%
(fermentation medium) so that it required adjustment. The exponential phase that occurs on the
day 6 to day 12 causes a decrease in TPH levels. This reduction was probably due to an increase
in the number of cells of microorganisms that show metabolic processes by degrading existing
hydrocarbon components (Lee et al., 2006), which are used as energy sources. At the end of
the experiment (day 15), the growth profile tends to decrease that indicates the death phase,
followed by a decrease in the percentage of TPH. The decrease in TPH content with the number
of colonies less than on the 12th day indicates that in the death phase the fungal colonies are
still able to degrade hydrocarbons.
The acceleration of TPH reduction appeared to be in line with the increase of maximum
fungal biomass on day 12 until the end of observation (day 15). This is possibly due to the
presence of extracellular biosurfactants secreted by fungi, which can increase the solubility of
hydrocarbons in water (Helmy et al., 2010). Additionally, our result is in accordance with the
study demonstrated by Rossiana et al. (2015) that Penicillium sp. produces biosurfactants. To
our knowledge, the surfactant is suspected to be produced by P. mesinum, with an increase in
solubility and degeneration of this organism on that day.
3. 2. Percentage of TPH production during hydrocarbon reduction
Penicillium chermesinum was able to reduce TPH content as much as 29.16% from the
initial TPH content. There was no change in the control treatment from the first day of
observation (day 0) to the last of observation (day 15). This result implies that the degradation
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of oily sludge was not affected by the microorganisms of indigenous sample. Thus, the change
in TPH content from the sample treatment was due to enzymatic activities from P. chermesinum
and probably influenced by surfactant produced by this microorganism.
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Figure 2. TPH content degradation in control and treatment from day 0 to day 15.

Salleh et al. (2003) demonstrated that in general, fungal population is metabolically active
in hydrocarbon-polluted areas. This could be possible due to their properties. In fact, fungal
organisms have hyphae that can penetrate petroleum-contaminated soil to search for
hydrocarbons (Gadd, 2001). Additionally, they can increase the available surface area that can
be degraded by other microorganisms. These microorganisms are able to utilize hydrocarbons
as their carbon and/or energy source because these microorganisms have enzymes (Salleh et
al., 2003). Leitao (2009) also showed that Penicillium has the ability to produce extracellular
enzymes and metabolize hydrocarbons. Penicillium chermesinum has the ability to reduce TPH
levels by 29.16%, which is higher than Penicillium sp7. (19.40%), Cladosporium sp. (17.92%),
(Rossiana et al., 2015), Aspergillus sp1. (11.78%) and Aspergillus sp2. (10.50%), (Anggraini,
2015), with similar time of experiment (15 days). According to the study from Aisyah (2015),
the fungal consortium, namely Cladosporium sp. and Talaromyces sp. can reduce TPH levels
by 71.12% for 18 weeks. These results suggest that the biodegradation of complex
hydrocarbons is better by using several fungal species (in the form of consortium). In addition,
single microorganism can metabolize the hydrocarbon substrate only at a limited range, hence
the fungal consortium is better in biodegradation since it produces more enzymes (Sorkhoh et
al., 1995; Ghazali et al., 2004).
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3. 3. PAH analysis
In this study, there were nine main compounds, five of which were not degraded, such as
Naphthalene, Anthracene, Phenanthrene, Pyrene, and Chrysene, while the two other
compounds such as Azulene and Fluoranthene have been degraded. Two other compounds,
such as Benz[a]azulene and Benz[a]anthracene appeared as the new compounds. The lowest
carbon chains were identified as Naphthalene (C10) and Azulene (C10), while the highest carbon
chains were identified as Benz[a]anthracene (C18) and Chrysene (C18). During the degradation
process, there was a change in the proportion of each compound within 15 days of experiment.
Table 1. Proportion of the compound.

No.

√
-

Name of compound

Number of C
atoms

Day 0

Day 15

1

Naphthalene

10

√

√

2

Azulene

10

√

-

3

Benz[a]azulene

14

-

√

4

Anthracene

14

√

√

5

Phenanthrene

14

√

√

6

Fluoranthene

16

√

-

7

Pyrene

16

√

√

8

Benz[a]anthracene

18

-

√

9

Chrysene

18

√

√

: Detected
: Undetected

In the present study, PAH compounds came from the oily sludge and thus they were the
mixture of several compounds. This process may slow down the biodegradation process. Unlike
the degradation of a single PAH compound, the biodegradation process becomes relatively
faster. This result is in accordance with Hennessee and Li (2016) who demonstrated that PAH
can be degraded effectively when they are in the form of single compound.
The presence of degraded compounds, such as Azulene and Fluoranthene, was suspected
due to the metabolic activity of P. chermesinum in the biodegradation process. These fungal
species use the carbon from the PAH compounds as the source of energy to carry out
metabolism and reproduction (Nugroho, 2006). Additionally, fungi could reduce the complexpolymer such as polyaromatic compounds (Anastasi et al., 2005). This mechanism can be
realized by cutting down the long-hydrocarbon chain into shorter hydrocarbon chains by
involving enzyme activities.
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Azulene has two aromatic rings that may facilitate degradation of this compound. Our
result is in coherence with Leonardi et al. (2007), and Ali et al. (2012) who demonstrated that
microorganisms are able to degrade PAH compounds more efficiently when the molecules have
lower aromatic rings. On the other hand, Fluoranthene has four aromatic rings and is
categorized as a compound with high molecular weight. Degradation of the Fluoranthene may
be caused by the presence of other substrates that are easily degraded and is likely the result of
interactions between substrates, which may increase the frequency of degradation process in
more complex compounds (Juckpech et al., 2012).
According to Lau (2003), the ability of microorganism biomass to degrade oil depends
on the enzymes produced by hydrocarbon-degrading species. It appears that the presence of
high enzymatic capacity allows the community of microorganisms to degrade the complex
hydrocarbons. This capacity is their ability to modify or decompose certain pollutants, for
instance petroleum. Several enzymes play significant role in biodegradation of PAH, for
instance lignin peroxidase, manganese peroxidase, laccase (Peng et al., 2008), and oxygenase
that incorporates oxygen atoms into hydrogen (Peixoto et al., 2011).
The oxygenase enzyme consists of monooxygenase and dioxygenase (Karigar and Rao,
2011). The cytochrome P450 mono-oxygenase catalyzes the oxidation of PAH to arene oxide,
which is the initial product of PAH of metabolism (Peng et al., 2008). On the other hand,
dioxygenase is an enzyme that combines two oxygen atoms into the substrate (Karigar and Rao,
2011). The fungal organisms indeed use the enzyme to cut off the aromatic ring, which will be
utilized as their source of energy. This is in accordance with Whiteley and Lee (2005) who
found that the presence of dioxygenase could destroy chemical bonds and allow for the opening
of the ring. A finding from Hadibarata et al. (2008) revealed that Polyporus sp. could produce
1,2-dioxygenase (237.5 U/L), and 2,3-dioxygenase (36.8 U/L). The same authors also found
that the highest enzyme activity is on day 20. This microorganism can degrade chrysene as
much as 65%.
Al-Nasrawi (2012) showed that Trichoderma sp. is able to produce 1,2-dioxygenase and
2,3-dioxygenase, and is able to degrade 72% of phenanthrene, and revealed that Armillaria sp.
is able to degrade Fluoranthene. The ability of this microorganism in degrading Fluoranthene
may also be due to the presence of enzymatic activity of laccase and 1,2-dioxygenase. This
finding was also supported by the UV-Vis spectrophotometer analysis from the acidic extract,
which showed the presence of three intermediate compounds from Fluoranthene. Indeed,
Fluoranthene will be broken down into compounds that are similar to intermediate-1,8
naphthalenedicarboxylic acid, benzene-1,2,3-tricarboxylic acid, and phthalic acid. Gadd (2001)
revealed that Fluoranthene is metabolized by Cunninghamella elegans into trans-2,3dihydrodiol fluoranthene, 8- and 9-hydroxyfluoranthene trans-2,3-dihydrodiols, 3-fluoranthene
b-glucopyranoside, and 3- (8-hydroxyfluoranthene) -β-glucopyranoside.
Decomposed PAH compounds can form new compounds (after decomposition). These
compounds are broken down into simpler compounds. Moreover, these simple compounds will
combine into more complex compounds. This is in accordance with Młynarz and Ward (1995)
that the degradation of PAH by microorganisms is considered to be the main decomposition
process. This also confirms the present finding where the formation of Benz[a]azulene and
Benz[a]anthracene compounds appeared on the 15th day of experiment. Benz[a]azulene
compounds are formed due to the incorporation of Benzene rings and Azulene rings
(Yamamura et al., 2002). This Benzene ring is the product of breakdown process from the more
complex compounds, such as Fluoranthene. Therefore, the formation of the Benz[a]anthracene
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compound is probably due to the incorporation of compounds from Benzene rings and
Anthracene rings.

4. CONCLUSIONS
The present study revealed that the biomass growth profile of P. chermesinum
experienced a lag phase for 6 days. The exponential phase occurred until day 12, and followed
by the death phase on day 15, with the total TPH degradation as much as 29.16%. We also
observed that there was a change in PAH compounds such as Azulene and Fluoranthene as well
as the presence of new compounds such as Benz[a]azulene and Benz[a]anthracene.
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