
In recent years, vast amounts of petroleum pol-
lutants have been released into the environment 

due to petrochemical activities. Physical, chemical, 
physicochemical, and biological methods are used in 
the treatment of polluted water (1-5). Although, the-
se conventional methods are efficient, most of them 
are not cost-effective and have limitations (6). The 
biosorption and bioaccumulation processes which 
completely remove pollutants, have become remar-
kable with their low-cost, efficiency potential, high 
selectivity and easy designed (7, 8). Biosorption is 
known as physicochemical adsorption and ion exc-
hange that occurs on the surfaces of organisms or 
biomaterials. Recent studies show that low-cost ad-
sorbents are effective in the removal of organic pol-
lutants and heavy metals from the aquatic ecosystem 
(9-15). Low-cost adsorbents are also used in the re-
moval of petroleum and polycyclic aromatic hydro-
carbons (PAHs) from contaminated areas (16, 17). 
Adsorbents like corn stack (18), orange peel (19) and 
pomegranate peel (20) have been used in the biosorp-
tion of petroleum hydrocarbons. 
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The biomass of bacteria, fungi and algae can be 
used as biosorbent in removing of pesticides, dyes, heavy 
metals, and organic pollutants from the environment 
(21, 22). Among them, indigenous microorganisms due 
to prolonged exposure to these pollutants have hig-
her tolerance with increased adaptive capacity. Fungi, 
which constitute a large part of biodiversity, play an im-
portant role in ecological cycle. Therefore, it is crucial to 
determine the fungal tolerance and diversity in heavily 
polluted environments (23). Several filamentous fungi 
such as Penicillium sp., Aspergillus sp., Trichoderma sp., 
Fusarium sp., Alternaria sp., Geotrichum sp., Rhizopus 
sp., and Monilia sp. have high remediation potential (24). 
Filamentous fungi, which are ubiquitous in the environ-
ment, are among the most economical and bio-friendly 
biosorbents due to their vegetative properties. They also 
have advantages such as large-scale biomass production, 
low cost, and high production capacity when compared 
to other microorganisms (25, 26). Previous studies have 
been reported that different Aspergillus species as A. ni-
ger, A. flavus, A. versicolor, and A. tamarii NRC3 were 
potently used in biosorption processes (25, 27). Among 
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The purpose of this work was to evaluate the petroleum sorption capacity of heat-killed
fungal discs obtained from Aspergillus ochraceus strain. Effect of various parameters such 

as biosorbent dose (0.5g-2.5g/100mL), petroleum concentration (0.5-5%), pH (4.0-8.0), con-
tact time (1-12h) and re-usability of biosorbent (1-6) were investigated. Accordingly, the 
highest biosorption capacity was obtained with 1% petroleum concentration, 1.5 g/100mL 
heat-killed fungal discs, 10h contact time at pH: 5.0 and at room temperature. Additionally, 
each disc was able to actively use for at least 6 more cycles in biosorption experiments. The 
specific removal rate was calculated as 0.114 day−1, the rate constant and half-life period were 
also 1.609 day-1, t1/2 = 0.431, respectively. The kinetic study was described by the pseudo-
second order model and the equilibrium modeling was found to be well fitted with Langmuir 
isotherm. The biosorbent(s) were characterized by Focused Ion Beam Scanning Electron Mi-
croscopy (FIB-SEM). Over 80% removal of long-chain n-alkanes by the heat-killed fungal 
discs was confirmed by GC-MS analysis. Since there has been no similar study investigating 
the sorption of petroleum with heat-killed Aspergillus ochraceous discs, this novel bio-based 
sorbent with its low cost, environmentally friendly and easy-to-apply properties can be used 
in advanced biosorption studies.
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MATERIALS AND METHODS

Fungal strain and cultivation conditions

Aspergillus ochraceus NRRL 3174 strain was obtained 
from Hacettepe University Culture Collection Labora-
tory, Beytepe, Ankara, Turkey. To enhance fungal spores, 
A. ochraceus was inoculated into Potato Dextrose Broth
(PDB, Merck, Millipore, Germany) and incubation was
carried out at 30 ºC and 150 rpm for 7 days (Miprolab,
Turkey). The fungal cultures were stored at 4 ºC in the
refrigerator for further use.

Biosorbent preparation 

To prepare fungal discs, A. ochraceus strain was inocu-
lated on Potato Dextrose Agar (PDA, Merck, Millipore, 
Germany) and incubation was carried out at 30 ºC for 7 
days in a static incubator (Miprolab, Turkey). Following 
this, the fungal culture was cut with a perforator (a dia-
meter of 7 mm) and discs were autoclaved three times to 
obtain heat-killed fungal discs to be used as biosorbent 
for further experiments (35).

Optimization of biosorption capacity

Distilled water (pH=7.0) containing 1% (v/v) Triton X: 100 
was sterilized at 121 ºC for 15 min (Prior Clave, UK) for 
petroleum biosorption. Following the cooling, 1% (v/v) 
of petroleum sterilized with 0.22µm pore size cellulose 
acetate syringe filter (Millipore, Sartorius, Germany) was 
added. To determine the optimal parameters for petrole-
um biosorption, biosorbent dose (0.5g-2.5g/100mL), pet-
roleum concentration (0.5-5%), pH (4.0-8.0), contact time 
(1-12h) and re-usability of heat-killed discs (1-6) were 
investigated. The biosorption capacity of heat-killed A. 
ochraceus discs were determined as follows:

i f

e
xV

m
C CQ

−
=    (1)

(Qe: adsorption capacity (g/g), Ci: initial concentra-
tion of petroleum (g/L), Cf: concentration of petroleum in 
equilibrium (g/L), m: mass of biosorbent (g), V: volume (L)) 
(36). Experiments were carried out in 3 parallels with abiotic 
control group. 

Petroleum extraction and gravimetric analysis

Following the sorption of petroleum by heat-killed fun-
gal discs under optimized conditions, the remaining 
petroleum was extracted with dichloromethane (DCM) 
(CH2Cl2) (1:2) (Sigma- Aldrich, USA). The flasks were left 

them, Aspergillus ochraceus is a fungus that can be frequ-
ently encountered in decaying vegetation, soils, various agri-
cultural products, and grains. In addition to mycotoxin, an-
timicrobial agent, and enzyme production that can be used 
in industrial processes, it has a great capacity to biosynthesi-
ze various metabolites (28, 29). 

     Fungi are also frequently used in the fermentation in-
dustry as they can adapt to changes in pH, oxygen levels 
and temperature, as well as nutrient concentration. So, 
they are particularly abundant in industrial waste pro-
ducts after fermentation processes (25). The use of high 
amount of fungal biomass as a biosorbent in the removal 
of organic pollutants from an aquatic environment is an 
effective, reliable, and economical method. Since the bi-
osorption process does not involve metabolic activity, it 
can occur in any living or dead cell. Dead cell is more ad-
vantageous to be used as a biosorbent in biosorption pro-
cesses when compared to livings cell as it does not need 
any other nutrients and can be used in many cycles (30). 
Similar studies reported that dead fungal biomass has 
higher sorption efficiency in the removal of toxic organic 
pollutants (31-33). Raghukumar et al. (34) also reported 
that a dead fungal biomass of marine fungi NIOCC#312 
could rapidly absorb phenanthrene from contaminated 
aquatic environment. So, organic pollutants can be ad-
sorbed by dead cells by surface absorption, carbon sequ-
estration and chemical reactions (30). Accordingly, the 
fungal biosorption is based on three basic mechanisms 
as (1) Extracellular accumulation (2) Intracellular ac-
cumulation and (3) Cell surface sorption/precipitation 
(25). Adsorption capacity of biosorbent vary depending 
on their porosity, specific surface area and functional 
groups. An ideal biosorbent should be non-toxic, easily 
available, reusable, has high affinity, and be used in large 
scale areas (30).

This study aims to investigate the biosorption capacity 
of heat-killed Aspergillus ochraceus disc with its intriguing 
structural features. In this context, heat-killed Aspergillus 
ochraceus discs were used as a novel and eco-friendly bio-
sorbent for petroleum biosorption. Although a few studies 
have been reported on biosorption of organic pollutions 
using low-cost sorbents, it has not been reported a similar 
study that investigates the sorption of petroleum with heat-
killed Aspergillus ochraceous discs. Accordingly, the main 
objectives of this study are (i) to investigate the efficiency 
of a new biosorbent in terms of petroleum biosorption; (ii) 
to optimize the biosorption parameters such as biosorbent 
dose, petroleum concentration, pH, contact time, and re-
usability; (iii) to clarify the biosorption process by studying 
its kinetic and equilibrium modeling (iv) to characterize the 
surface morphology of biosorbent, and (v) to approve the bi-
osorption of short-, medium- and long-chain n-alkanes in 
the petroleum with using heat-killed fungal discs.
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at 90 °C for 1 hour to evaporate the solvent (Memmert, 
Schwabach, Germany). The biosorption of petroleum 
was also calculated using the following equation:

( ) ( )p0 –  p1 – p2 
 % 100

p0
Removal = × (2)

p0 and p1 indicate the initial and remaining concentra-
tions of petroleum at different incubation periods, p2 is the 
abiotic loss of petroleum (35, 37).

The kinetics of petroleum removal

The specific removal rate was calculated as described be-
fore Bilen Ozyurek and Seyis Bilkay (38). The specific rate 
was expressed by the following formula:

0x td x d× (3)

dx shows the change in petroleum concentration 
(mg/L), x0 indicates the initial concentration of petroleum 
(mg/L), and dt is the time interval (hour−1).

The rate constant and half-life period of petroleum was 
calculated using the following equations:

  ct co tln ln K= − (4)

1/ 2 2 /t ln k=    (5)

co and ct denote the initial and remaining concentrati-
ons of petroleum (mg/L),  K is rate constant of the change in 
the petroleum content (hour−1), and t is contact time (hour) 
(24, 39).

Re-usability of heat-killed fungal discs

Following the petroleum adsorption, fungal discs were 
removed from the biosorption medium and dried at 30˚C 
for 24h. Dried fungal discs were autoclaved three times to 
be used as biosorbent for re-usability experiments. Bio-
sorption was carried out with re-used fungal discs under 
optimized conditions (1-6 times).

Characterization of heat-killed A. ochraceus 
discs with FIB-SEM (Focused Ion Beam Scanning 
Electron Microscopy)

A. ochraceus discs were coated with gold (Leica ACE 600) 
and FIB-SEM (FIB-SEM GAIA3, Tescan, Czech Repub-
lic) was used to observe petroleum biosorption by heat-

killed A. ochraceus discs operating at 2 kV and 4 kV with 
magnifications of 150x, 100x and 1kx.

GC-MS (Gas Chromatography-Mass 
Spectrometry)

The GC-MS analysis was carried out to determine the 
change in the petroleum content according to Bilen 
Ozyurek et al. (2021) by using TRB-1 GCMS-QP-2020 
(Shimadzu, Tokyo, Japan), fitted with a capillary column, 
100% Dimethyl polysiloxane, (TRB-1 Teknokroma, Spain) 
(TR-110132) (30m × 0.25mm × 0.1mm) (length: column 
ID: film thickness)  by the Petroleum Research Center 
at Middle East Technical University (METU) in Ankara, 
Turkey. The extraction of residual petroleum was carried 
out with DCM (1:2). The carrier gas was helium at 1.5 
mL/min and the injection temperature was set to 250 °C; 
the temperature program was adjusted to 40 °C (5 min) 
to 180 °C at 8 °C/min and then to 320 °C (16 min) at 10 

°C/min.

RESULTS AND DISCUSSION

Optimization of biosorption capacity

In recent years, researchers have focused on the surface 
and cell absorption studies with different groups of mic-
roorganisms in the removal of petroleum hydrocarbons. 
So, as the petroleum removal efficiency of live Aspergil-
lus ochraceus discs was found as 94% in a previous study, 
the biosorption capacity of heat-killed A. ochraceus discs 
has also been investigated (35). Due to the ubiquity of 
this fungi in aquatic ecosystem, there has been a ten-
dency to use heat-killed cells of fungi as biosorbent (30, 
40, 41). The biosorption activities of A. ochraceus were 
also reported in a few studies (29, 42). It has been repor-
ted that low-cost, environmentally friendly, and easy to 
scale fungal biomasses are used in biosorption processes 
(33, 43). However, the environmental factors such as pH, 
temperature, and salinity should be optimized for the 
maximum petroleum biosorption (30).

In this study, the biosorption of petroleum with 0.5-2.5 
g/100mL (1–5 pieces of disc) heat-killed fungal discs was 
investigated. Thus, it was determined that the highest bio-
sorption obtained with 1.5 g/100mL heat-killed fungal discs 
(Figure 1a). Due to the competition and overlap between the 
heat-killed fungal discs, the increase in the number of discs 
causes a decrease in petroleum biosorption. Similarly, Ku-
mar and Mukherji (44) reported that 0.1% algae biomass in 
the range of 0.1-2% (v/v) was used in the sorption of diesel 
and motor oil.

Biosorption of 0.5% - 5% (v/v) petroleum with heat-kil-
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led fungal discs was also investigated. While a maximum 
biosorption was found with 1% (v/v) (96 mg/L) petroleum, 
a decrease was observed at values <1% and >1% (Figure 
1b). Due to the complex structure of petroleum, there was 
a decrease in biosorption with the increasing of petrole-
um concentration. The certain compounds in petroleum 
are easily adsorbed by heat-killed cells. However, since re-
versible adsorption occurs in these polar compounds, the 
adsorbed components are released by dead cells over time 
(30). Similarly, Al-Hawash et al. (24) reported that petrole-
um hydrocarbons were adsorbed effectively by heat-killed 
Aspergillus sp. strain. The fungi with high biosorption ca-
pacity can adsorb not only petroleum hydrocarbons but 
also heavy metals. Accordingly, several filamentous fungi 
have been reported to be effective in the sorption of copper 
and cobalt (25). Simonescu and Ferdes (45) reported that 
an increasing copper ion concentration caused an increase 
in copper uptake, but a decrease in uptake efficiency. They 
also reported that the specific copper sorption of Aspergil-
lus oryzae ATCC 11489, Aspergillus oryzae ATCC 20423, 
Fusarium oxysporum MUCL 791, and for Polyporus squa-
mosus, and Aspergillus niger ATCC 15475 varied between 
1.66 mg/g and 7.52 mg/g. Moreover, Fusarium oxysporum 
MUCL 791 showed a maximum specific copper uptake in 
the presence of 100 mg/L of copper ion concentration. The 
success of fungi in metal biosorption can be explained by 
their distinctive features such as solid cell wall composed 
of mineral ions and nitrogen, and filamentous branching 
growth habits (25, 46).

It is known that pH affects the biosorption by chan-
ging the chemistry of the solution, the competition of sor-
bate ions and the activity of the functional groups of the 
biosorbent (47). In this study, the biosorption of petroleum 
with heat-killed fungal disc was investigated in the range 
of pH: 4.0-8.0. Thus, a decrease was observed at values pH 
<5 and >5 (Figure 1c). This can be explained by the increa-
sed hydrogen ions preventing the adsorption of petroleum 
to the cation binding sites (48). Hence adsorption capacity 
decreases with increasing H+ ions. Low biosorption capaci-
ties of heat-killed fungi were obtained at pH: 4.0 due to the 
protonation of functional groups on the cell wall (49). Devi 
et al. (50) reported that pH: 4.0 was found to be optimum for 
the removal of organic pollutants. Similarly, Mwandira et 
al. (51) showed that lead removal capacity of Oceanobacillus 
profundus increased with up to pH 5 and then decreased. 
And another study reported that the maximum petroleum 
sorption with live fungal pellets of Aspergillus RFC-1 was 
observed at pH: 6.0-7.0, a decreased was detected at pH: 8.0 
(24). Additionally, the optimal pH value for copper uptake 
of Trametes versicolor was reported as pH: 5.0 (52) and pH: 
6.5 for Aspergillus niger (53). While it is known that changes 
in zeta potentials of petroleum at different pH levels affect 
biosorption, especially alkaline pH levels cause a decrease 

(30, 54). Also, the low amount of adsorption at acidic pH is 
due to the competition between hydrogen (H+) and hydroni-
um (H3O+) ions for cation binding sites in the solution, low 
solubility of petroleum hydrocarbons, and/or precipitation 
of ions (55).

The biosorption amount and concentration of petroc-
hemical waste varies depending on the contact time, the 
structure of chemical and the type of microorganism (56). 
In this study, the biosorption of petroleum with heat-killed 
fungal discs was investigated at contact time between 1-12 
hours. So, it was found that the petroleum biosorption gra-
dually increased over time and reached a maximum value 
of Qe = 2.45. Since various n-alkanes, aromatics, resins and 
asphaltenes in the structure of petroleum were adsorbed 
more slowly on the surface of heat-killed fungal cells, the 
amount of adsorption reached equilibrium after 10th hour 
(Figure 1d and Figure 2). In accordance, Xu et al. (57) re-
ported that the adsorption of petroleum on dead biomasses 
gradually decreases due to the sorption of only certain com-
pounds in the petroleum at a given contact time. Al-Hawash 
et al. (24) showed that the maximum adsorption of naphtha-
lene, phenanthrene and pyrene by the dead fungal biomass 
reached maximum level at 10th minute, but the maximum 
adsorption of petroleum by the dead fungal biomass was ac-
hieved at 40th minute. In addition, Aspergillus oryzae ATCC 
20423 reached its maximum removal efficiency (88.21%) for 
copper on the 5th day of incubation (45).

To sum up, the optimum conditions were found to be 
as pH:5.0, 1% for petroleum concentration, 1.5 g/100mL for 
heat-killed fungal discs, 10h for contact time at room tem-
perature (Qe= 2.45 g petroleum/g fungal disc) (Figures 1a, 
1b, 1c and 1d). Besides, the specific removal rate was 0.114 
with 0.004 h−1 of abiotic loss for petroleum. The rate cons-
tant and half-life period were calculated as 1.609 h-1, t1/2 = 
0.431 according to the first-order kinetics model equation. 
Despite its low half-life, high biosorption efficiency of the 
fungal strain with high-rate constant has been emphasized 
in the literature (37, 58). The change in the petroleum con-
centration with heat-killed fungal disc between 1-12 hours 
was shown in Figure 2.

Figure 1. Optimization parameters for petroleum biosorption on heat-
killed A. ochraceus discs, (a) Fungal disc (b) Petroleum concentration, (c) 
pH and (d) Contact time. *Each experiment is the mean of three data and 
the error bars represent the standard deviation
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Kinetic study

To evaluate the rate and the mechanism of petroleum 
biosorption, kinetic studies were performed in terms of 
pseudo-first order and pseudo-second-order models with 
following equations (47);

The pseudo-first-order kinetic model was expressed as;

( ) ( ) 1      e t eln q q ln q k t− = −  (6) (59)

The second-order kinetic model was expressed as;

2
2

1

t e e

t t
q k q q

 
= + 
 

(7) (60)

qe is the amount of adsorbed petroleum at equilibrium 
in g/g, qt is the amount of adsorbed petroleum at time t, k1 
and k2 are the first and second order constants, respectively. 
Additionally, k1 and k2 values can be determined from the 
slopes of the linear plot of log (qe-qt) versus t and the linear 
plot of t/qt versus t, respectively (61).

When the coefficients of R2 values are examined, it is 
observed that the biosorption kinetic of petroleum on heat-
killed A. ochreceus discs was well fitted with the pseudo-se-
cond order model (Figure 3). Pseudo-second kinetic model 
explains the kinetics of this reaction as the chemical inte-
raction between the biosorbent and the sorbent surface in 
the rate-limiting step (47). Similar to our research, pseudo-
second kinetic was found as the most suitable kinetic model 
to explain heavy metal removal with citric acid functiona-
lized Bougainvillea spectabilis (7), Cd (II) removal with B. 
spectabilis (11), Alizarin Red S and Bromophenol blue dyes 
removal with phthalate-functionalized Sorghum bicolor 

(8), crude oil with chitosan (62), Cr (III) removal with che-
mically modified Trifolium alexandrinum (14) and heavy 
metal removal with magnetic adsorbent (15). Kinetic model 
parameters are shown in Table 1.

Biosorption isotherms

Langmuir and Freundlich isotherm models were applied 
to examine the biosorption mechanism of the petroleum 
by heat-killed A. ochraceus discs. Langmuir isotherm 
expresses a mono-layer system by means of the interacti-
on between the specific homogeneous sites of the adsor-
bent surface and the adsorbate (61, 63). The linear form of 
the Langmuir isotherm is expressed as follows;

1
L m e

e
L e

K q Cq
K C

=
+

(8) (63)

RL (separation factor) is used as the fundamental featu-
res of the Langmuir isotherm and expressed as;

1
1L

L oK CR =
+

  (9) (64)

The adsorption process is defined as unfavorable if RL 
>1, linear if RL=1, favorable if 0<RL<1 and irreversible if RL=0
(64).

Freundlich isotherm model expresses a multilayer 
sorption by means of the interaction between the hetero-
genous surface of the adsorbent and the adsorbate (61). The 
linear form of the Freundlich isotherm is expressed as fol-

Figure 2. The biosorption of petroleum with heat-killed fungal disc 
at contact time between 1-12 hours. *The experiments were carried 
out under the optimum conditions for petroleum biosorption as 1% 
petroleum concentration, 1.5 g/100mL heat-killed fungal discs, at pH:5.0 
and room temperature.

Kinetic model Parameter

Pseudo-first order K1- 0.0034
R2- 0.7066

Pseudo-second order K2- 0.22
R2- 0.8848

Table 1. Kinetic model parameters for petroleum biosorption by heat-
killed A. ochraceus discs (pH=5.0, 1.5 g/100mL heat-killed fungal discs, 
1% petroleum concentration, contact time: 10h at room temperature, 
Qe= 2.45 g petroleum/g fungal disc).

Figure 3. Pseudo-second order kinetic model of petroleum biosorption 
on heat-killed A. ochraceus discs. *The experiments were carried 
out under the optimum conditions for petroleum biosorption as 1% 
petroleum concentration, 1.5 g/100mL heat-killed fungal discs, at pH:5.0 
and room temperature. Each experiment is the mean of three data.
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lows;

1ln ln lne f eq K C
n

= + (10) (61) 

qe is the amount of adsorbed petroleum at equilibrium 
in (g/g), KL is the Langmuir constant (Lg-1), qm is the maxi-
mum adsorption capacity of the adsorbent (g/g) and Ce is 
the concentration of the adsorbent under equilibrium (g/L) 
(63). The slope of the linear plot of the (1/qe) versus (1/Ce) 
gives (1/qmKL) and the intercept gives (1/qm) in Langmuir 
isotherm (20) and the slope of the linear plots of ln qe versus 
ln Ce gives 1/n and Kf in Freundlich isotherm (61).

According to the results obtained from isotherm analy-
sis of heat-killed A. ochraceus discs it was observed that the 
isotherm of heat-killed fungal discs is well fitted with the 
Langmuir model (Figure 4) which describes the reaction as 
the biosorbent adsorb on the surface of sorbent as a mono-
layer. Moreover, it also explains the surface of the discs is 
homogeneous and all sides on its surface have the same ad-
sorption energy (62, 64). Additionally, separation factor (RL) 
is proved the favorability of this biosorption process (Table 
2). Similarly, Langmuir isotherm is well fitted for the expla-
nation of heavy metal, dye, and crude oil removal by using 
different sorbents in literature (7, 8, 11, 61-63, 65).

Re-usability of heat-killed fungal discs

Investigating the re-usability of heat-killed fungal discs 
at laboratory scale is important in terms of determining 
the suitability of these biomaterials for industrial use. 
El-Gheriany et al. (19) reported that petroleum sorpti-
on decreases with each cycle of the re-usability experi-
ment. Accordingly, although the petroleum sorption of 
heat-killed fungal discs decreased with each cycle, it was 
clearly observed that the discs could be used actively in 
petroleum biosorption for at least 6 more cycles (Figure 
5). Similarly, Sasidharan and Kumar (15) reported that 
MMPSS (magnetically modified pretreated biogas slurry 
solid) adsorbent can be preserved with less material loss 
in the continuous adsorption process. In this context, it 
has been clearly emphasized that heat-killed fungal discs 
are low-cost biomaterials that can be applied on an in-
dustrial scale with their re-usability feature.

Focused Ion Beam Scanning Electron Microscopy
(FIB-SEM)

To better understand the mechanisms involved in the
binding of contaminants to the biomass surface, it is im-
portant to characterize the structure and chemical pro-
perties of the cell surface. Various environmental factors
such as temperature, pH, ionic strength, availability of
nutrients and natural lights affect the chemical compo-
sition of biomass (30). Accordingly, Figure 6 shows the
un-treated and treated heat-killed Aspergillus ochraceus
NRRL 3174 discs with petroleum. Moreover, the petrole-
um sorption on surface of heat-killed fungal disc was cha-
racterized by FIB-SEM images (Figures 6). The hyphae
structure of the heat-killed fungal disc was clearly shown 
in Figure 7a. SEM images of heat-killed fungal discs trea-
ted with petroleum showed different morphology due to
the attachment of petroleum on the

Figure 4. Langmuir isotherm model of petroleum biosorption on A. 
ochraceus discs. *The experiments were carried out under the optimum 
conditions for petroleum biosorption as 1% petroleum concentration, 1.5 
g/100mL heat-killed fungal discs, 10h contact time, at pH:5.0 and room 
temperature. Each experiment is the mean of three data.

Isotherm Parameter

Langmuir

qmax (mg/g)- 6.67
KL(1/mg)-0.076
RL-0.354-0.845
R2- 0.9922

Freundlich
KF (mg/g)-2.71
1/n- 1.2069
R2- 0.766

Table 2. Isotherm model parameters for petroleum biosorption by he-
at-killed A. ochraceus discs (pH=5.0, biosorbent dose: 1.5g/100mL, 1% 
petroleum concentration, contact time:10h at room temperature).

Figure 5. Re-usability of fungal discs for petroleum biosorption. 
*The experiments were carried out under the optimum conditions for
petroleum biosorption as 1% petroleum concentration, 1.5 g/100mL heat-
killed fungal discs, 10h contact time, at pH:5.0 and room temperature.
Each experiment is the mean of three data and the error bars represent 
the standard deviation.
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surface of biosorbent (Figures 7a and 7b). The heat-killed 
fungal discs have various functional groups (-OH, –NH, 

–COOH) on their surface, which supplied various sites for 
binding of toxic compounds (33). The adsorption effici-
ency of the fungal discs was positively affected by incre-
ase in the active sites due to heat denaturation operation
on the cell wall proteins. It is also suggested that heat inc-
reases the hydrophilicity of the fungal biomass by remo-

ving -CH3 groups responsible for the hydrophobic nature 
of the cell wall. Also, autoclaving disrupts the fungal cell 
integrity, resulting in greater porosity. As a result, more 
petroleum molecules can be fixed on the enlarged pores 
of the heat-killed fungal biomass (43).

GC-MS 

Table 3 represents the n-alkane concentrations (ppm) of 
petroleum content before and after biosorption. Accor-
ding to Table 3, the removal of n-alkane fractions of pet-
roleum by heat-killed A. ochraceus discs was also calcu-
lated in Figure 8. Figure 8. clearly shows that the n-alkane 
fractions in the range of C10 - C14 were removed above 
90%; C15 - C21, C28 and C30 - C36 were removed around 
and above 80%; C22 - C27, C29 were also removed approxi-
mately 65% - 75%. It was detected that short-chain- and 
some of medium-chain n-alkanes of petroleum were bio-
sorbed by heat-killed fungal discs over 90% and 80%, res-
pectively. The most striking result is that the sorption of 
long-chain n-alkanes by heat-killed fungal disc was over 
80%. In similar studies, the bio removal of petroleum was 
approved by GC-MS analysis (66-68). Short and long-
chain n-alkanes are the most common components of the 
petroleum. Short-chain n-alkanes are highly toxic, while 
long-chain n-alkanes are solid, low soluble, and less bio-
available, and persist in the environment for a long time. 
Therefore, the biosorption of long-chain n-alkanes is of 
great importance for environmental remediation (69, 70).

CONCLUSION

Fungal biomass has great advantageous to be used as bio-
sorbent due to their high growth and reproduction rates, 
capability to use various carbon sources, and ability to 
adapt to adverse environmental conditions. In this con-
text, the heat-killed fungal discs obtained from Aspergil-
lus ochraceus were used as biosorbent in the biosorption 
process of petroleum. For the maximum biosorption, va-
rious parameters were optimized as pH:5.0, 1% petroleum 
concentration, 1.5 g/100mL heat-killed fungal discs, and 

Figure 6. Heat-killed Aspergillus ochraceus NRRL 3174 discs a. treated 
b. un-treated form with petroleum

Figure 7a. FIB-SEM images of fungal discs before the biosorption of 
petroleum.

Figure 7b. FIB-SEM images of fungal discs after the biosorption of 
petroleum

Figure 8. The removal of n-alkane fractions of petroleum by heat-
killed fungal disc. *The experiment was carried out under the optimum 
conditions for petroleum biosorption as 1% petroleum concentration, 1.5 
g/100mL heat-killed fungal discs, 10h contact time, at pH:5.0 and room 
temperature.
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10h contact time at room temperature. The interaction of 
the adsorbent with the petroleum in the aqueous phase 
followed pseudo-second order kinetics. The Langmuir 
isotherm, which is the best fit for petroleum biosorption, 
indicates that physisorption plays a major role in biosorp-
tion process. In addition, the reuse of heat-killed fungal 
disc, which is effective, low-cost, and environmentally 
friendly, in a wide variety of industrial areas was also 
emphasized in this study. It should be considered that no 
similar study has been found investigating the sorption of 
petroleum with heat-killed Aspergillus ochraceous discs. 
This study pointed out the use of Aspergillus ochraceous 
discs as an efficient biosorbent in the biosorption process 
of petroleum. The results should be supported by further 
studies to increase its biosorption capacity and to fill the 
existing gaps. 
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