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N AROMATIC hydrocarbon utilizing fungus was isolated from a

wastewater polluted sea spot in the Mediterranean, Alexandria,
Egypt. It was identified to the species level as Aspergillus oryzae. The
marine fungal isolate has the ability to remove BTHX compounds
(benzene, toluene, hexylbenzene and xylene), concentrations ranged
between 15 and 75 mgl™. Up to our knowledge, it is the first description
of BTHX removal by a local marine strain of A. oryzae. The removal
efficiencies of these compounds varied between 58 and 85 %, within
48hr. Experiments were conducted according to the 2* fraction fractorial
design to identify the main and interaction effects of individual BTHX
removal efficiency. A statistical interpretation of the results revealed
that the main effect of benzene was significant (P < 0.05). High F values
for the 4-way interaction between different hydrocarbons with low P
values suggest that the interactions between individual BTHX are the
most significant factors. The negative interactions between benzene and
hexylbenzene, benzene and xylene concentrations were found to be
statistically significant (P < 0.05). On the other hand, there was a
positive significant interaction between hexylbenzene and xylene (P <
0.05). A successful trial showed very good applicability of the marine
fungal isolate to remove 80.00, 95.64 and 89.00 % of benzene, toluene
and xylene, respectively, in the waste effluent of Alexandria Petroleum
Company after 48 hr. This effluent contains very high concentrations of
BTX compounds (36.38gl™). Using the diluted effluent (50%), the
removal efficiency of the BTX reached distinct value of 97, 98 and 98%
for benzene, toluene and xylene, respectively, after 72 hr. These
significant quantitative removal capacities demonstrate the potential
application of marine A. oryzae for the mycoremediation of BTX
compounds from waste water systems.

Keywords: BTHX mixture, Marine fungi, Fungal bioremediation,
Removal efficiency, Statistical analyses.

Benzene, toluene, ethyl benzene and o-xylene, collectively known as BTEX, are
toxic compounds commonly emitted into the environment due to their ubiquitous
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presence in fuel and petroleum products. They are classified as environmental
priority pollutants. Vehicular exhausts and industrial emissions are the major
sources of ambient BTEX, in addition to the pollutants resulting from outside, in
indoor air, household products and tobacco smoke, construction materials,
heating, solvents and adhesives may increase BTEX concentrations (Jia et al.,
2008). These hydrocarbon compounds are also produced on a large scale for
industrial use as solvents and starting materials for the manufacture of
pesticides, plastics, etc. ( Clavalca et al., 2000 ; Makkar & Rockne, 2003 ;
Nicholson & Fathepure, 2004; Mattison et al., 2005 and Andreoni & Gianfreda,
2007). BTHX are highly volatile and toxic substances, that are considered to be
very important since they contribute generously to global environmental effects
such as ozone layer depletion, greenhouse effects and acid rain (Jenkin &
Clemitshaw, 2000 ; Burgess et al., 2001 and Brigmon et al., 2002). Even at low
concentrations, BTHX can cause damage to the liver and kidney and paralyze the
central nervous system ( Martin et al., 1998 and Murata et al., 1999 and Pruden
et al., 2003). Bioremediation, is an efficient, economic and a versatile treatment
option to remove BTEX at various concentrations (Reardon et al., 2002). Also,
mycoremediation may result in complete degradation of organic compounds to
nontoxic byproducts. Filamentous fungi are known to be of potential degradative
capabilities to many organic pollutants (Prenafeta-Bold"u et al., 2004). Although
data on BTHX degradation by bacteria and substrate interactions are well
documented (Amer et al., 2008 and Rene et al., 2007), analogous data for fungi
are still very scarce (Prenafeta-Boldu et al., 2002). Because of their aggressive
growth, greater biomass production and extensive hyphal growth, fungi offer
potential for bioremediation technology. Fungi and other eukaryotes normally
oxidize aromatic compounds using mono-oxygenase, forming a trans-diol
(Saratale et al., 2007). Generally, BTHX compounds are often encountered as
mixtures rather than as a single compound and the fate of these compounds is
often strongly controlled by microbial activity (Mi-Seon et al., 2008).

Therefore, the present study was designed to isolate and identify a local
marine fungus from hydrocarbon polluted sea area of the Mediterranean,
Alexandria, Egypt. Moreover, to study its ability to remove mixtures of BTHX
as a resistant and a cost effective mycoremediator. BTHX mycoremediation as
mixtures was studied using the marine isolate in free (suspended) cell systems.

Materials and Methods
Chemicals
BTHX hydrocarbons included benzene (B), toluene (T), hexylbenzene (H)
and xylene (X) and medium components were purchased from Sigma-Aldrich
Company, Germany. Other chemicals were of analytical grade.

Sampling collection and isolation of marine fungi

Sea water samples on a depth of half meter, were collected from a hydrocarbons
polluted area in Mediterranean Sea, Alexandria, Egypt during April 2009. The
culture medium described by Cooke (1963) with slight modification was used.
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The composition of medium (gl™) is: rose Bengal (3.0), glucose (10), peptone (5)
and agar (15), sea water (1L). The medium was poured onto the samples within
Petri dishes and the plates were allowed to solidify, and then incubated at 28 'C
for 7 days. After the incubation period, species were isolated into pure culture
and used for screening.

Media composition

The Mineral Salts Medium (MSM) described by Cunha et al. (2001) with the
following composition (gl™): 0.4 KH,PO,; 0.2 MgS0,.7H,0; 0.1 NaCl; 0.025
CaCl,.2H,0; 0.003 MnSO,4.H,0; 0.5 NH;NO3.2H,0; pH (6) and Rose Bengal
(3.0) and agar (15) was used. The medium was sterilized at 121°C for 15 min.
After autoclaving, hydrocarbons were added at a concentration of 45 mgl™ of
individual BTHX as the sole carbon and energy sources and inoculated with a
3% of the fungal spores suspension. The most promising fungal isolate showing
maximum BTHX removal was selected, identified and used throughout this
study.

Identification of the isolated fungus

The most promising marine fungal isolate showing maximum BTHX
removal was selected and identified to the species level where it subjected for
certain morphological studies by an Image Analysis System using Soft-Imaging
GmbH software (analysis Pro ver. 3.0) at the Regional Center for Mycology and
Biotechnology (RCMB), Al-Azhar University, Cairo, Egypt, and by using the
most documented keys in fungal identification (Domsch et al., 1993). Through
the study period, the organism was routinely maintained at 4°C on the mineral
salts agar slants supplemented with 2% glucose.

Scanning electron microscopy

The fungal isolate was grown on Malt Extract Agar (MEA) medium as a
control and on (MSM) medium amended with 300 mgL™ of BTHX (treated). It
was prepared for fixation and dehydration procedures at RCMB according to
Bozzola & Russell (1999). The samples were dried completely in a critical point
dryer and finally coated with gold in SPI-MODULE sputter coater. Then the
specimens were viewed with a JEOL-JSM 5500LV.

BTHX removal experiments

Batch removal experiments were conducted by varying individual BTHX
concentrations ranging between 15 and 75 mgl™ according to the statistically
significant fractional factorial design. The experiments were conducted in 300 ml
glass bottles (working volume, 100 ml). BTHX was directly injected to this
working volume corresponding to different initial concentrations and 3% of the
fungal spore suspension was added. The resulting BTHX containing MSM was
incubated in a rotary shaker at speed 150 rpm and maintained at ambient
temperatures (28-30°C). Samples were collected after 48 hr and analyzed for
biomass and residual BTHX concentrations. The effect of substrate
concentration on cell growth has been examined. Experiments were carried out
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at different initial concentrations of BTHX corresponding to total BTHX
concentrations varying between 60 and 300 mgl™. These experiments were
conducted as per the experimental plan outlined by fraction factorial design
(Rene et al., 2007). The BTHX removal efficiency was calculated as follows:

Total BTHX removal % Total BTHX, initial - Total BTHX, final Fra
=100 Total BTHX initial ctio

n factorial design of experiments

Experiments with different concentrations of BTHX were conducted using
the experimental design obtained by 2** fraction factorial design. It is a two level
design (low and high values of the factor) which includes only a fraction of the
total trial that comprise a full factorial design (Montgomery, 1991). It consists of
2*! runs (trials), where ‘2 represent the two levels of the factor and ‘4’ is the
total number of factors. Moreover, when high order interactions are negligible,
reasonable information on the main effects and low order interactions may be
obtained by running only a fraction of the complete factorial design. Hence, 2%
design is a fraction of the 2* full fractional designs that consist of 8 runs instead
of 16 with 2 center-point replicates (Rene et al., 2007). Coded levels and actual
values of the variables investigated in this study are given in Table 1. Statistical
analyses were performed with the software Minitab (Version 14).

TABLE 1. A 2* fraction factorial design with two center point replicates employed in
BTHX removal by marine A. oryzae.

Concentration of individual substrates
Experiment run no. (mgl™)

B T H X
1 -1 -1 -1 -1
2 +1 -1 -1 +1
3 -1 +1 -1 +1
4 +1 +1 -1 -1
5 -1 -1 +1 +1
6 +1 -1 +1 -1
7 -1 +1 +1 -1
8 +1 +1 +1 +1
9 0 0 0 0
10 0 0 0 0

-1: Low level (15 mgl™), +1: High level (75 mgl™) 0: Center point of the factors (45 mgl™).

Mycoremediation of BTHX in the final waste effluents of Alexandria Petroleum
Company using marine A. oryzae

The applicability of the marine A. oryzae to take up BTHX mixture in an
industrial waste was tested. Samples of the final waste effluent of Alexandria
Petroleum Company were collected from the region of waste discharge at the sea
shore. The experiments were conducted as previously described using 3% of the
fungal spore suspension, incubated in a rotary shaker at 150 rpm and maintained
at ambient temperatures (28-30°C). The samples without any additives were used
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as a growth medium, other trials using the diluted samples were carried out and
the BTHX removal percentages were recorded after 48 and 72 hr.

Gas chromatography analyses of aromatic hydrocarbons

Aromatic hydrocarbons were extracted from cultures by n-hexane at ratio
of 1:5 n-hexane : media. The extracted hydrocarbons and standards were
injected to a GC/FID GC-5890, series Il. Auto-sampler Shimadzu C20i using
RTX-5 column (length 15 m, internal diameter 0.25 mm and film thickness
0.26 um), linear velocity was 49 cm sec™. Nitrogen was used as a carrier gas at
a flow rate of 2 ml min™’. The detector and injector temperatures were 300 and
250°C, respectively and the oven temperature was maintained at 325°C
(Bielefeldt & Stensel, 1999 a, b). All GC analyses were carried out in the central
laboratory of the National Institute of Oceanography and Fisheries (NIOF),
Alexandria, Egypt.

Results

Identification and measurements of the locally isolated marine fungus with and
without BTHX

The results revealed that the isolated organism was identified up to the
species level as A. oryzae. Measurements of its vesicle, phialides (length and
width) and conidial dimensions are shown in Table 2 and the scanning electron
micrographs are presented in Fig 1.

TABLE 2. Characteristics of A. oryzae dimensions, before (control) and after growth
on the mixture of (BTHX).

Vesicle Phialides (L x W) Conidia
(um) (um) (um)
Control 43.8 12.0 x 3.0 4.64
After growth on (BTHX) 43.7 11.0x 2.6 4.23
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Fig. 1. Scanning electron micrographs of the marine A. oryzae before (A) and after
(B) growth on BTHX (x1500).

Batch biodegradation tests

The biomass growth profile and substrate utilization pattern observed for the
marine isolate while utilizing BTHX as the sole carbon source is shown in Table 3.
The removal pattern and extent of growth seem to be a function of the initial
concentration of different substrates. These data revealed that the fungal isolate
showed the best removal of total BTHX (85%) and the biomass concentration
(12.8g1™") were achieved with the highest level of the compounds (run no. 8).
However, the lowest removal value (58%) and biomass (7.6 gl™) were observed
with the experimental run no 5 when hexylbenzene and xylene were presented in
their high level (75mg I, each).

TABLE 3. Removal efficiency percentage of total BTHX and biomass growth profile
(gI'") after 48 hr of marine A. oryzae growth in liquid mineral media
amended with different concentrations of BTHX as a sole carbon and
energy source.

. Removal of total Biomass concentrations
Experiment run no BTHX It
(%) g
1 81 10.7
2 68 8.60
3 61 8.10
4 77 9.06
5 58 7.60
6 78 9.9
7 82 11.20
8 85 12.80
9 73 8.80
10 73 8.80
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Data in Fig . 2 depict that the removal percentage of each compound in the
mixture varied with the initial concentration used in each experimental run.
Generally, benzene and toluene removal were not greatly affected, whereas an
obvious variation was noticed with hexylbenzene and xylene.

100

Removal of BTHX (%)

1 2 3 4 5 6 7 8 9 10
Experimental Run No

O Benzene O Toluene Hexyl - Benzene O Xylene

Fig. 2. Removal efficiency percentage of individual (BTHX) components by marine
A. oryzae during different experimental runs.

The correlation matrix (Table 4) reveals that the negative interaction effects
exist between benzene and hexylbenzene as well as benzene and xylene,
however the positive interaction effects between hexyl-benzene and xylene were
found to be significant to the model (P<0.05). There were insignificant negative
interaction effects between toluene removal efficiency and that of hexylbenzene
as well as xylene (r =-0.33 and r = - 0.30), respectively.

TABLE 4. Correlations matrix between individual BTHX removal by marine A. oryzae.

Benzene Toluene Hexyl- Xylene
Benzene
Benzene 1.00
Toluene 0.05 1.00
Hexyl- 071 -0.33 1.00
Benzene
Xylene -0.79 -0.30 0.95 1.00

p<0.05; the correlation values (r) are significant when r>0.70 (underlined).
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The results indicated that high F values for the 4-way interaction between
different hydrocarbons with low P values suggests that the interactions between
individual BTHX are the most significant factors affecting BTHX removal
efficiency by marine A. oryzae, (Fig. 3 and Table 5).
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Fig. 3. Interaction plot for BTHX removal by marine A. oryzae (BTHX
concentration, mgl™) .
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TABLE 5 Factorial analysis of variance for total BTHX removal by marine A.
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oryzae.
Main effects | 2-way _ A-way
interactions interactions
F F F
Benzene 278.25* 60.92 26.45
Toluene 94.75 45,58 198.45*
Hexylbenzene 106.17 12.67 286.89*
Xylene 70.34 2.19 112.19

*: significant at p<0.05, level of confidence (P < 0.05).

Mycoremediation of BTHX in the final waste effluent of Alexandria Petroleum
Company using marine A oryzae

Data presented in Table 6 reveal that total BTHX concentration in the waste
effluent under investigation was very high compared with the used BTHX
values in the design, being 36.38 gl™, the individual B, T, H and X were 20,
4.38,0.00 and 12 gl ™, respectively.

TABLE 6. Concentrations of individual BTHX in the final waste effluent of
Alexandria Petroleum Company (gl™).

BTHX members Concentration (gl '1)
Benzene 20.00
Toluene 4.38

Hexylbenzene 0.00
Xylene 12.00
Total BTHX 36. 38

The results presented in Table 7 revealed that the marine fungal isolate had
unexpected ability to remove 80%, 95.64% and 89%, of B, T and X,
respectively, in the waste effluent after 48 hr. Increasing the contact time
between the fungal isolate and the waste resulted in an appreciable BT X removal
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to be (94%, 98% and 96%) of B, T and X, respectively, after 72 hr. Using the
diluted effluent (50%), supreme removal efficiencies of the BTX compounds
recorded 97, 98 and 98% for B, T and X, respectively, after the same contact
hours.

TABLE 7. Time course removal efficiency of BTX in the final waste effluent of
Alexandria Petroleum Company using marine A. oryzae at different
initial concentrations.

Time Waste Diluted waste (50%0)
course B T X B T X
After 48 hr 80.00 95.64 89.00 88.00 98.00 94.00
After 72 hr 94.00 98.00 96.00 97.00 98.00 98.00

Discussion

In this study, a statistically designed system was described in which spores of
the local marine fungal isolate A. oryzae had a remarkable ability to grow well
and germinat on a complex mixture of BTHX hydrocarbons as the sole carbon
and energy sources in Minimal Salts Medium (MSM). Interestingly, to our
knowledge this is the first report of a local marine fungal isolate growing on
monocyclic aromatic hydrocarbons, which included four BTHX components.
Most of the previous researches in this field had focused on aerobic bacteria
growing on BTEX mixtures (Rene et al., 2007 and Amer et al., 2008). This
BTHX solution was comparable to a real gasoline water-soluble fraction as
indicated by Saeed & Al Mutairi (1999). Distortion of the marine fungal
morphology reported in the current study could be attributed to the water stress
induced by BTHX. In this respect, Hallsworth et al. (1998) reported that water
stress may account for considerably more than 30% of growth inhibition of A.
oryzae by ethanol in cells that remain metabolically active at higher ethanol
concentrations.

At experimental run number eight, 85 % of the total BTHX were removed.
Similarly, Prenafeta-Boldu et al. (2002) found that the fungus Cladophialophora
sp. strain T1 possessed a metabolic capacity for BTEX removal. The total
removal of BTHX by the marine A. oryzae was dependent on the initial
concentration of each compound in the mixture. Their individual removal
efficiencies showed a varied response depending on the initial concentrations of
other substrates (Rene et al., 2007).

In this study, statistical experimental design was employed. These designs
have many advantages and were used in many successful degradative studies
(Saravanan et al., 2008). Compared to conventional one factor at a time
experiments, statistical based factorial design of experiments gave more
meaningful information on the effects, main and interaction, of the factor
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involved in a given study. Moreover, the added advantage of reduction in the
number of experiments to be performed is remarkable. Employing such
techniques proves more attractive for systematic investigations without
compromising the accuracy of representation of the environmental system
(Montgomery, 2004). On the other hand, single variable optimization methods
are not only tedious, but also can lead to misinterpretation of results, especially
because the interaction effects between different factors are overlooked
(Wenster-Botz, 2000).

The correlation matrix obtained for each individual BTHX component was
consistent with the utilization pattern seen in a complex BTHX mixture, where
benzene and toluene were consumed preferentially, followed by hexylbenzene
and finally xylene, which was hardly consumed. At high levels of benzene and
xylene as well as benzene and hexylbenzene concentrations, there exists a
significant interaction. All other interactions were insignificant within the range
of BTHX concentrations tested. Factorial analysis of variance for BTHX
removal by marine A. oryzae reveals that the main effect of benzene and the 4-
way interactions between individual BTHX are the most significant factors
affecting BTHX removal efficiency by marine A. oryzae. Similarly, Prenafeta-
Boldu et al. (2002) reported substrate interactions during the biodegradation of
benzene, toluene, ethyl benzene, and xylene (BTEX) hydrocarbons by the fungus
Cladophialophora sp. strain T1.

The interactions between benzene and hexylbenzene concentrations as well
as that between benzene and xylene significantly reduced BTHX removal in
mixtures. Strong competition might induce a sequential pattern for the utilization
of the different substrates, a phenomenon usually referred as diauxie, which
makes treatment of mixtures in a continuous system difficult. Diauxie during
BTHX degradation has been described, for example, for a Rhodococcus strain
(Deeb & Alvarez-Cohen, 1999). The prime reason for antagonistic effects during
BTHX degradation in mixtures can be attributed to competitive inhibition
(Chang et al., 1993; Oh et al., 1994 and Bielefeldt & Stensel, 1999 b), toxicity
(Haigler et al., 1992) and the formation of toxic intermediates by non-specific
enzymes (Mi-Seon et al., 2008).

In conclusion, the present study clearly demonstrated that marine fungi had
the ability to grow on aromatic hydrocarbons. They prove and reflect their
potentialities in bioremediation of BTHX pollution. At present, a great deal of
attention in the field of fungal bioremediation is being paid to the development
of fungal biofilters for the treatment of hydrocarbons contaminated wastewater.
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