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Phenol is a hydrocarbon compound that highly pollutes the environment. Aspergillus flavus having
hlgh ability to degrade phenol was |solated The fungus fully degraded phenol concentratlon of 100 mgl’

in 72 h, 300 mgl™ in 96 h, 500 mg!™” in 120 h, 700 mgl in 240 h, while 900 and 1000 mgl™* needed more
than 240 h. On the other hand, 2000 and 3000 mgl™" was lethal to the fungal growth. Statistical designs
of the multi-factorial experiment consisting of two serial designs (Plackett-Burman and Box-Behnken)
were applied to optimize medium components and growth conditions to raise the fungus potency for
phenol degradation and to reduce required time. The fungus achieved 100% (of 500 mgl’ ") phenol
degradation in 99 h, after application of Plackett-Burman design. The design reduced required time for
phenol degradation from 120 to 99 h. And after application of Box-Behnken design, the required time to
complete phenol degradation became 97 h instead of 99 h. So the statistical programs raised the
fungus efficiency by 20% and reduced required time to complete phenol degradation from 120 to 97 h.
These results were applied for the bioremediation of the crude sewage containing phenol concentration
of 0.7 mgl”', which was obtained from the main track of Makkah sewage, where A. flavus completed
phenol degradation with optimized conditions in four hours. This efficiency proved the ability of this

fungus to remove the phenolic compounds from pollution.

Key words: Statistical design, phenol degradation, Aspergillus flavus.

INTRODUCTION

Phenol is a hydrocarbon compound that is highly toxic,
carcinogenic and mutagenic; it is responsible for environ-
mental pollution while resisting biodegradation (IPCS,
1994; ATSDR, 1998; HazDat, 1998; Colin et al., 1999;
Wattiau, 2002; Gondal et al., 2005). It is included in
manufactured products like antiseptics and disinfectants,
pesticides and paints (TARC, 1989; ANZECC, 1992;
WHO, 1994; ATSDR, 2005). It spills and discharges to
the environment at high concentrations (TRI96, 1998).
The efficient removal of this compound from environment
is of great practical significance for environmental pro-
tection. Traditionally, phenol is removed by physico-
chemical methods, but recently developed biodegra-
dation techniques have the potential to mineralize this
toxic compound completely at low processing costs (Bux
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et al., 1999; Zumriye, 1999), and this makes for rare pos-
sibility of secondary pollution (Wang et al., 2000).

Many microorganisms are found to be capable of de-
grading phenol, especially bacteria (Jiang et al., 2007;
Yang and Lee, 2007; Wei et al., 2007) and some yeasts
(Bergauer et al., 2005; Yan et al., 2006). But the using of
fungi for degradation of phenol is relatively an untouched
area.

The optimization of the medium and growth conditions
for phenol degradation is of primary importance in the
development of the bioprocess. In general, optimization
studies involving the one-factor at a time approach are
not tedious, but tend to overlook the effects of interacting
factors and might lead to misinterpretations of the results.
On the other hand, statistical planned experiments effec-
tively solve such problems; minimize the error in deter-
mining the effect of parameters and the results are
achieved in an economical manner (Abdel-Fattah et al.,
2007).



Response surface methodology, which is supported by
software, is an empirical modelization technique derived
for the evaluation of the relationship of a set of controlled
experimental factors and observed results. It requires a
prior knowledge of the process to achieve statistical mo-
del. Basically, this optimization process involves three
major steps: estimating the coefficients in a mathematical
model, predicting the response and checking the ade-
quacy of the model (Annadurai et al., 2008).

The present study aimed to isolate local micro-
organism, having the capability of degrading phenol, as a
sole source of carbon and energy and that can optimize
its cultural conditions using statistical designs for maximal
phenol degradation.

MATERIALS AND METHODS
Microorganism

Aspergillus flavus was isolated from polluted soil at cars repara-
tion's area in Makkah, Saudi Arabia. Identification was done mainly
on the basis of cultural and morphological characteristics (Frey et
al., 1979; Watanabe, 2002; CBS, 2006).

Inoculums and maintenance

Disc of 8 mm diameter of A. flavus grown for 5 days at Sabouraud
dextrose agar gl (10 mycological peptone, 40 dextrose, 15 agar
and pH 5.6 + 0.2) was used to inoculate 250 ml conical flask con-
taining 100 ml of mineral medium phenol (MMP) mgl™ (400 KzHPO,
, 200 KH2PO, , 400 (NH4).S0O4 , 100 NaCl , 200 MgSO, . 7H20, 10
MnSO; . H20, 20 FeSO.. 7H,0, 10 NaMoO,. 2H,0, pH6) (Yan et al.,
2005), and phenol concentration of 500 mgl™; it was incubated at
30 £ 2°C for 120 h with shaking at 150 rpm. Thereafter, 1 ml
(2.75x10" conidia/ml) was used as inoculum in assays of phenol de-
gradation. Sabouraud dextrose agar slants were used for fungal
maintenance, where they were grown for 3 days at 30°C. Then
stocks were kept in the refrigerator.

Analytical methods

The residual phenol concentration in the culture medium was esti-
mated colorimetrically using 4-aminoantipyrene (Lacoste et al.,
1959) at 492 nm. All experiments were replicated three times and
the mean values obtained are reported. The control was a conical
flask containing a medium without inoculation undergone under the
same experimental conditions. All chemicals were highly pure and
obtained from Sigma-Aldrich.

Phenol degradation assay

The efficiency of the fungus to degrade phenol was carried out in
250 ml conical flask containing 100 ml of MMP supplemented with
500 mgl™" phenol and incubated at 30 + 2°C under shaking (150
rpm) for 120 h. Thereafter, the residual phenol in culture medium
was estimated at different time intervals.

Phenol concentration

The effect of phenol concentration (100, 300, 500, 700, 900, 1000,
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2000 and 3000 mgl™) on degradation by A. flavus was carried out
using 250 ml conical flask containing 100 ml of MMP and
incubated at 30 £ 2°C under shaking (150 rpm).

Statistical optimization
Plackett-Burman design

As a preliminary optimization experiment, various medium compo-
nents and environmental factors have been evaluated, based on
the Plackett-Burman factorial design. Each factor was examined in
two levels: (-1) for a low level and (1) for a high level (Plackett and
Burman, 1946). Table 1 shows the factors under investigation as
well as levels of each factor used in the experimental design. The
Plackett-Burman experimental design is based on the first order
model:

Y =B+ X BiXi

Where Y is the response (phenol degradation), B, is the model
intercepts, B4 is the linear coefficient and X; is the level of inde-
pendent variable. In the present study, eleven assigned variables
were screened in thirteen experimental designs. All experiments
were carried out in triplicates and average of phenol degradation
results were taken as the response, and then three chosen varia-
bles that have the highest effect on the response were treated as
significant variables.

The obtained results from Plackett-Burman design were con-
firmed in an experiment, where estimation of the residual phenol
was done at different time intervals.

Box-Behnken design

In order to describe the nature of the response in the experimental
region, a Box-Behnken design (Box and Behnken, 1960) was
applied. Table 2 represents the design matrix of a nine trials experi-
ment. Using this design, factors of highest confidence levels were
prescribed into three levels coded -1, 0 and 1 for low, middle and
high concentrations (or values), respectively. For predicting the
optimal point, a second order polynomial function was fitted to cor-
relate relationship between independent variables and response
(phenol degradation). For three factors the equation is:

Y = Eo+ﬁ1x142- B2 Xot+ BaXa+ BioXiXo+ B1aXiXa+ BasXoXa+ BriXe+
B2oX2"+ BasXs

Where Y is the predicted response, B, is the model constant, X1, Xz
and Xs; are independent variables, B, B2 and Bs are linear co-
efficients, B12, B1s and B2z are cross product coefficients and B11, B2z
and Bs3 are the quadratic coefficients.

Experiments were performed in triplicates and mean values are
given. Microsoft Excel was used for the regression analysis of the
experimental data obtained. The fitting quality of the polynomial
model equation was expressed by the coefficient of determination
R?. The optimal value of phenol degradation was estimated using
the solver function of microsoft excel tools.

The obtained results from Box-Behnken design were confirmed in
an experiment, where the residual phenol was estimated at different
time intervals.

Application of the final obtained results

Bioremediation of sewage, polluted with 0.7 mgl™ concentration of
phenol by application of the final obtained results, was carried out.
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Table 1. Plackett-Burman experimental design for elucidation of factors affecting phenol degradation.

. Independent variables (gl”') Phenol
Trial
K2 NH Na Mg Mn Fe Mo |P| IS | ms | Ag | Deg. (%)
1 M1 | (o1 | (o2 [(noos| (oo | (hoo | Mmoo3| 7| 20 50 | 200 72
2 M1 | mos | nHoo| @mos | oo | (oo | nool| 7| 20 | 150 | 100 82.4
3 | (no2| mos | o2 |¢1)005| 1)003 | ()00 | (oo | 5| 20 | 150 | 200 57.8
4 M1 | o1 | o2 | @os5 | ()00 | Moos| (noo| 5| 05 | 150 | 200 716
5 M1 | mos | Moo | o5 | 1003 | (1hoo | 1)003| 5| 05 | 5 | 200 100
6 M1 | (1os | (1)o2 | (1005 (1003 | (1)005 | (noo | 7| 05 | 50 | 100 96.2
7 | no2| mos | Mmo2 | o5 | @)oo | (1)0.05 | (1)0.03 | 5 | 20 50 | 100 59
8 | (no2|no1| mo2 | mos | Mmo3 | (1)oo | @)ooz | 7| 05 | 150 | 100 23
9 | (no2|no1| Mmoo | mos | o3 | (19005 | (1)oo | 7 | 20 50 | 200 32
10 | M1 | ¢no1| (@)oo | (1005 (1)0.03 | (1)005 | (1003 | 5| 20 | 150 | 100 70
11 | (ho2| (1)os8 | (1)0.0 | (1005]| (1)0.0 | (1) 005 | (1003 | 7| 05 | 150 | 200 47
12 | (o2 | (o1 | (1)oo | (noo5| ()00 | (oo | (100 | 5| 05 | 50 | 100 7
13 | (006 | (0)0.4 | (001 | ©02 | 0001 ] (0002 (©001 |6 | 1.0 | 100 | 150 87.4

KoHPO, (K2), (NH4)2SO,4 (NH), NaCl (Na), MgSO,. 7H,O (Mg), MnSO,. HO (Mn), FeSO,. 7H,O (Fe), NaMoO,. 2H,O (Mo), pH (P), inoculum size

(IS), medium size (MS), agitation (Ag).

Table 2. Box-Behnken design for three significant independent

variables.
Trial . Variat:les Consmimption
X1(gl") [ X2(gl") | Xs(rpm) (%)
1 (-1)05 | (-1)0.4 | (-1)100 87.8
2 -1)05 | 008 | (1)300 90
3 1)05 | (1)1.6 | (0)200 90.4
4 (0) 1 (-1)0.4 | (1)300 94
5 (0) 1 (0)0.8 | (0)200 97.8
6 (0) 1 (1y1.6 | (-1)100 93.8
7 M2 | (-1)0.4 | (0)200 100
8 (1) 2 (0) 0.8 (-1) 100 98.4
9 (1)2 (1)1.6 | (1) 300 96.2

RESULTS AND DISCUSSION
Isolation and identification of fungus

One fungus that was able to grow and degrade phenol as
the sole carbon and energy source was isolated from
polluted soil at cars reparation's area in Makkah-Saudi
Arabia. Identification was done based on macroscopic
characters and microscopic characteristics, where it was
found to belong to A. flavus according to Frey et al.
(1979), Watanabe, (2002), CBS, (2006). And according
to available literatures, this is the first time this fungus
has been reported to possess phenol-degradative ability.

Degradation of phenol by A. flavus

A. flavus showed high potency for phenol degradation at

)
KoHPO, (X1), (NH4)2SO4 (Xo), Agitation (Xs)

concentration of 500 mgl'1 by 100% at 120 h. The genus,
Aspergillus contains more than 200 species. Their ability
to degrade phenol was known for A. awamori (Shyam et
al., 2005; Stoilova et al., 2006), A. fumigatus (Jones et
al., 1985, 1993, 1994 and 1995), A. niger (Garcia et al.,
2000; Hegde et al., 2006) and A. terreus (Borja et al.,
1993; Garcia et al., 1997; Garcia et al., 2000) which
showed high efficiency to degrade phenol. However, A.
flavus, super competency was not reported.

The effect of degradation on phenol concentration

Figure 1 showed that phenol concentrations of 100, 300,
500 and 700 mgl”" can be degraded by A. flavus in 72,
96, 120 and 240 h, respectively. While at 900 and 1000
mgl'1 there was weak fungal growth and more than 240 h
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Figure 2. Quantity of phenol consumed per an hour by A. flavus under effect of different

phenol concentrations.

was needed for their full degradation. No growth was ob-
served at 2000 and 3000 mgl™. At 100, 300 and 500 mgl
', vegetative fungal growth (mycelium) was detected and
at 700 mgl”" both mycelium and conidia were detected. At
900 and 1000 mgl” fungal sporulation dominated.

This finding may be interpreted that conidia are more
constant than vegetative structures in fungi. Also, data

about the physiological activity of the spores of other
fungi capable of organic compounds transformation have
been published (Kojuharova et al., 2000). Similar obser-
vations were reported using A. awamori (Stoilova et al.,
2006). Figure 2 indicated that phenol concentration of
500 r1ngl'1 is optimum for degradation by A. flavus (4.166
mgh™).
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Figure 3. Proportional effect for applied factors in Plackett-Burman design.

Evaluating the significance of the cultural conditions
by Plackett-Burman design

Plackett-Burman design was applied to estimate the
significance of culture conditions in phenol degradation
by A. flavus. Table 1 represents the design matrix toge-
ther with response observations. The results indicated
that levels of factors at trial 5 were better. The main effect
for each variable was estimated and the results presen-
ted graphically in Figure 3 revealed that, the three factors
which were more effective were dipotassium hydrogen
phosphate by positive effect of 44.4%, ammonium sul-
phate by 27.8%, and agitation by 7.1%. The main effect
of both pH and medium size/flask was negative -2.1 and -
2.3%, respectively. Other factors have positive main
effect that ranged from 3 - 6.9%.

According to the results the obtained medium formula
which was predicted to be near optimum was (mgl ): 1.0
K2HP04, 0.8 (NH4)2SO4 0.0 NaCI 0.5 MQSO4 7H20,
0.03 MnSO4. HQO, 0.05 FeSO4. 7H20, 0.03 NaMoO4.
2H,0, pH 5, inoculum size 0.5 ml, medium size 50 ml/
250 ml conical flask, agitation 200 rpm, phenol conc. 0.5,
and incubation temperature of 30°C for 100.18 h.

A confirmatory experiment was conducted to verify the
predicted results, where the result of the new levels of
cultural conditions that |nd|cated phenol degradation per-
centage (100%) of 500 mgl” was achieved in 99 h. Thus,
the time of degradation reduced 17.5% as compared to
basal conditions (before optimization process).

Factors
Optimization of the factors affecting phenol

degradation by using Box-Behnken design

In this part further optimization of significant variables in-
cluding KoHPO,, (NH4).SO, and agitation by applied
response surface methodology via Box-Behnken design
(Box and Behnken, 1960) were performed. Table 2
shows the design matrix; nine trials W|th their response
observations which follow formula (mgl ): 0.2 NaCl, 0.5
MgSO4 7H20 0.03 MnSO4 Hgo 0.05 FeSO4. 7H20,
0.03 NaMoOQO,. 2H,O, pH5 , inoculum size 2 ml,
medium size 50 ml, agitation 200 rpm, phenol conc. 0.5,
temperature of 30°C and incubation period of 99 h.

Trial 7 was the best where it verified h|ghest percen-
tage (100%) of phenol degradation (500 mgl”) in 97 h.
So, the required time for phenol degradation was reduced
from 120 h in basal conditions to 99 h after primary
optimization via Plakett-Burman design, to 97 h by Box-
Behnken design. Figures 4, 5 and 6 show graphically the
relationship and interaction between independent varia-
bles (KoHPO,4, (NH4)2SO, and agitation) and response
(phenol degradation percentage).

Moreover, a confirmatory experiment was carried out to
verify the predicted results using the basal conditions as
control. When the optimized conditions obtained from the
second optimization by Box-Behnken design was applied,
the results showed 100% of degradation of phenol of 500
mgl” in 97 h instead of 99 h after primary opt|m|zat|on by
Plackett-Burman design, and instead 120 h before the
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Figure 4. Interaction K:HPO, with (NH4)2SO4 with respect to phenol degradation percentage
based on Box-Behnken experiments results.
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Figure 5. Interaction K:HPO,4 with Agitation with respect to phenol degradation percentage
based on Box-Behnken experiments results.
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Figure 7. Result of phenol degradation byA. flavus in crude polluted sewage.

optimization. From that, the required time to full degrada-
tion of phenol at concentration of 500 mgl” by A. flavus
reduced by 23 h after completing whole optimization.

So, A. flavus for first time showed high ability and effi-
ciency on phenol as a sole source of carbon and energy
by 100% degradatlon of 500 mgl” in 97 h and by average
5.15 mgh™. It was better than fungus Penicllium chryso-
genum that could degrade 300 mgl of phenol in 100 h
(Leitao et al., 2007) and exceeded the strain LA2 of
Aspergillus sp. which verified average 3.297 mgl'1 of
phenol degradation (Santos and Linardi, 2004).

Degradation of phenol polluted sewage

The optimized cultural conditions obtained were applied
to bioremediate crude sewage polluted with phenol at
concentration of 0.7 mgl which was obtained from the
main track of sewage network of Makkah City. A. flavus
could degrade the whole phenol content, which is present
in the crude sewage, only after four hours as shown in
Figure 7. This finding is promising as compared to those
reported by Stover and Kincannon (1983) who bio-
remediated only 30% of phenol polluted sewage after 8 h.
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