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Abstract The effect of the cationic surfactant, dodecyl

trimethyl ammonium bromide (DTAB), on phenol biore-

moval efficiency of an Aspergillus versicolor strain was

examined. The strain was grown in mineral salt (MS)

medium and the effect of DTAB was investigated as a

function of different pH values, phenol and surfactant

concentrations. The effect of pH was tested within the

range of 4–7 and the maximum bioremoval was found at

pH 4. Initial phenol concentrations investigated ranged

from 100 to 600 mg/L, and the effects of surfactant con-

centrations on the removal were tested with 0, 0.25, 0.5 and

1 mM DTAB, which showed that 0.5 mM surfactant was

the most effective concentration. The maximum biore-

moval rates found after 72 h incubation were 99.48 and

99.15 % in 100 and 200 mg/L initial phenol-containing

samples, respectively, where the phenol removal capacity

of the fungus was only 142.373 mg/g in the DTAB blank

samples. The maximum phenol uptake capacity of

267.162 mg/g was measured in the presence of 0.5 mM

DTAB at 200 mg/L initial phenol concentration. These

results showed that DTAB considerably increased the bi-

oremoval efficiency of the strain tested at relatively lower

phenol concentrations. The feasibility of this bioremoval

method for industrial wastewater treatment is discussed.

Keywords A. versicolor � Bioremoval � Phenol � Cationic

surfactant � Wastewater treatment

Introduction

Phenols, which are produced by pulp and paper, petroleum

and petrochemical, coal conversion, and phenol-producing

industries, are considered as priority pollutants due to their

harmful effects on organisms at low concentrations [1].

According to the US Environmental Protection Agency

(EPA), the acceptable level of phenol in effluents is less

than 1 mg/L [2]. Hence, different water treatment tech-

nologies, such as oxidation [3], adsorption [2] and biore-

moval by microorganisms [4], are used to remove phenolic

pollutants.

Biological wastewater treatment is often considered as

the most economical and ecofriendly process compared to

the physical and chemical ones [5]. It is reported that some

microorganisms such as Thauera aromatica K172 can use

phenol as a carbon and energy source [6]. After reviewing

the literature on the removal of phenol, it was found that

most of the work was done using bacterial strains and some

yeasts [7–9]. In addition to this, the use of fungi such as

Phanerochaete chrysosporium in the removal of environ-

mental pollutants is a field of interest in environmental

science and engineering [10, 11]. In fact, there are some

studies that report experimental results showing effective

phenol removal by some fungal strains [12, 13].

The surface-active agents called surfactants are amphi-

philic organic molecules that reduce interfacial tension at

low concentrations [14]. This phenomenon can only be

observed in their diluted solutions containing monomeric

molecules. As the surfactants are widely used by various

sectors such as petroleum, food, cosmetic and textile

industries [15], they typically represent one of the largest

fractions in industrial wastewater effluents. Some recent

studies focused on using surfactants to enhance efficiency

of wastewater treatment techniques such as adsoption [16].

S. Ertuğrul Karatay (&) � G. Dönmez

Department of Biology, Faculty of Science, Ankara University,
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Another example is bioremoval of dyes by A. versicolor

strains, in the presence of the cationic surfactant dodecyl

trimethyl ammonium bromide (DTAB), which was also

used to enhance decolorization of reactive dyes [17].

Several researchers investigated the chemical removal of

phenols by using the surfactants to enhance the process

[18–20]. There was also a study reporting the stimulatory

effect of surfactants on phenol removal by a yeast named

Candida tropicalis [21]. When it comes to enhancement of

fungal phenol removal by surfactants, the number of pub-

lished reports is limited and the reports are on certain

selected aspects of the process. The present work is aimed

to investigate the effect of the cationic surfactant DTAB on

removal of phenol by the filamentous fungus species

Aspergillus versicolor. The purpose of the present study is

to demonstrate the technical feasibility of a simple and

low-cost procedure increasing the phenol removal capacity

of the fungi to a practically applicable level. To the best of

our knowledge, this is the first report attempting to inves-

tigate the effects of the cationic surfactant DTAB on phe-

nol removal by Aspergillus versicolor.

Experimental

Chemicals and Microorganism

The filamentous fungus Aspergillus versicolor strain used

in the experiments was previously isolated in our labora-

tory [22]. The isolate was cultivated in a rotary shaker by

rotating at 100 rpm and 30 �C for 144 h in a 250-ml flask

containing 100 ml of mineral salt (MS) medium with 1 g/L

glucose. The composition of MS medium was KH2PO4,

1.7 g/L; (NH4)2SO4, 2.69 g/L; MgSO4, 0.2 g/L and CaCI2,

0.03 g/L [23].

Chromatographic grade phenol was purchased from Ri-

edel-de Haen; glucose and inorganic salts used in preparing

the microbial growth media were obtained from Merck. The

cationic surfactant dodecyl trimethyl ammonium bromide

(DTAB) [CH3(CH2)11N(Br)(CH3)3, MW: 308.34 g/mol]

was supplied by Fluka. A 1.0 g/L stock surfactant solution

was prepared by dissolving the weighed amount in the

necessary volume of double-distilled water. Appropriate

volumes of the stock solutions were added to the media.

Phenol Removal Experiments

The effect of initial pH on phenol removal was investigated

at pH 4, 5, 6 and 7 in the medium supplied with 100 mg/L

phenol and 0.5 mM (154.2 mg/L) DTAB. To determine the

effect of initial phenol concentrations on phenol removal,

the cultures were grown in MS media containing 100, 200,

400 and 600 mg/L phenol and 0.5 mM DTAB at pH 4. The

effect of contact time on phenol removal was examined at

200 mg/L phenol in the presence (0.5 mM DTAB) and

absence of surfactant. The removal rates were followed in

DTAB-containing samples and the blanks for 168 h. To

examine the effect of surfactant concentration on biore-

moval, A. versicolor was inoculated into MS media con-

taining 0.25, 0.5 and 1 DTAB and 200 mg/L phenol. The

studies were performed at a constant temperature of 30 �C

[13], which was an optimal temperature for fungal growth.

Uninoculated Erlenmeyer flasks containing phenol and

surfactant were used as control samples to observe any

reactions of the media with the phenol and surfactant.

Analytical Methods

From each of the flasks, 4 ml aliquots were taken and were

centrifuged at 3,421 9 g for 10 min to remove suspended

biomass, before determination of phenol concentration in

the supernatant by high performance liquid chromatogra-

phy, using a Shimadzu (Japan) chromatograph, C-18 col-

umn (250 mm 9 4.6 mm inner diameter: 5 mm particle

size). The mobile phase was acetonitrile:water (60:40 v/v)

pumped at 1 ml/min, and the detection was performed with

a UV detector set at 275 nm.

For the measurement of microbial growth, dry weight of

the fungal biomass was measured at the end of the incu-

bation period, filtering the contents of each of the flasks

through pre-weighed filter paper and washing twice with

distilled water. The liquid medium was removed and the

filtered biomass was dried to a constant weight at 80 �C.

Dry weight was expressed in terms of g of biomass per liter

of culture. Centrifugation was performed using a Hettich

EBA12 model centrifuge (Germany). The experiments

were set up in a completely randomized design with three

replicates.

Phenol removal by A. versicolor in the presence of

surfactants was investigated as a function of initial values

of pH, phenol and surfactant concentrations. The percent-

age of phenol removal was calculated by using its initial

(Co) and final (Cf) concentrations from the equation (1)

below:

Phenol Removal PR %ð Þ ¼ Co� Cf=Co½ � � 100 ð1Þ

Phenol removal capacity (qm) is the concentration of

phenol found in the biomass and its value can be calculated

on the mass balance principle (Equation 2):

qm ¼ Co� Cfð Þ = Xm ð2Þ

In these two equations, qm (the maximum specific phe-

nol degradation) represents the maximum amount of phe-

nol per unit dry weight of microbial cells (mg/g), Xm is the

measure of maximum dried cell mass (g/L), Co and Cf are

the initial and final concentrations (mg/L), respectively.
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Results and Discussion

Effect of pH

The effect of medium pH value on phenol removal was

examined at the end of a 72 h incubation of the samples

containing *100 mg/L initial phenol concentration. Four

different pH values (4, 5, 6 and 7) were tested to find the

most appropriate pH for the highest phenol removal by

Aspergillus versicolor in the presence of 0.5 mM DTAB

(Fig. 1). Garcia et al. [24] showed that A. niger and A.

terreus removed 76 and 64 % of the total phenol at the end

of 115 and 112 h, respectively, at pH 4. The effect of pH

on phenol removal by A. versicolor was investigated in the

absence of surfactant previously, and it was found that the

optimal pH was 6 (unpublished). The addition of surfactant

changed the optimal pH value. The maximum phenol

removal found in the present study was 99.48 %. This level

of bioremoval was also obtained at pH 4, but in the pre-

sence of DTAB.

Effects of Bioremoval Period, Phenol and Surfactant

Concentrations

The phenol removal rates in terms of percentage of 100,

200, 400, and 600 mg/L initial concentrations by A. ver-

sicolor in MS media are shown in Fig. 2. The removal rate

decreased with increases in phenol concentration as

expected. The maximum removal rates were 99.48 and

99.15 % at concentrations of 100 and 200 mg/L phenol,

respectively, after 72 h incubation, in the presence of

0.5 mM DTAB (Fig. 2). A. versicolor could tolerate phenol

concentrations up to 600 mg/L. The specific phenol rem-

ovals by A. versicolor at 200, 400 and 600 initial concen-

trations are shown in Table 1. The fungus was negatively

affected by the toxic effect of phenol above the 600 mg/L

concentration. Strains of Pseudomonas sp. have been the

most widely used bacteria for phenol biodegradation [25].

El-Naas et al. [25] examined the effect of phenol concen-

tration ranging from 5 to 150 mg/L on phenol removal by

Pseudomonas sp., and showed that phenol biodegredation

by bacteria was decreased due to the toxic effect of

increasing phenol concentration from 75 to 150 mg/L.

Santos and Linardi (2004) tested 30 newly isolated fila-

mentous fungal strains for phenol tolerance [13]. They

reported that fifteen strains of the genera Fusarium,

Aspergillus, Penicillium and Graphium tolerated the addi-

tion of 10 mM phenol in the medium, but not all of the spp.

of the genera were tested. It was assumed that fungal

strains have more tolerance than bacteria at high concen-

trations of phenol. The effect of phenol concentrations on

microbial growth was studied previously [25–27]. The

increase in phenol concentration resulted in an augmenta-

tion of phenol removal by microbial strains, but further

increase in phenol concentrations reduced the removal rate

due to the inhibitory effect of phenol on microbial growth

[26, 27]. The phenol uptake in the presence of 0.5 mM

surfactant was measured as 267.162, 66.632 and 19.85

mg/g at 200, 400 and 600 mg/L phenol concentrations,

respectively (Table 1). Phenol removal capacity was

Fig. 1 Effect of initial pH on total phenol removal (PR %) by A.

versicolor (Av) in MS with 100 mg/L phenol and 0.5 mM DTAB (T:

30 �C; incubation period: 72 h)

Fig. 2 Effect of initial phenol concentration on total phenol removal

(PR %) by A. versicolor (Av) in MS with 0.5 mM DTAB (T: 30 �C;

incubation period: 72 h)

Table 1 Effect of DTAB and phenol concentration on maximum

specific phenol removal capacity (qm) of A. versicolor (Av)

Initial phenol

concentration (mg/L)

Initial DTAB

concentration (mM)

qm (mg/g)

200 0 142.373

0.25 144.96

0.5 267.162

1 153.027

400 0.5 66.632

600 0.5 19.85

J Surfact Deterg (2014) 17:1223–1228 1225
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decreased due to the toxic effect of the highest phenol

concentration on fungal growth; in fact, it was reported that

surfactants had toxic effects on microbial growth, which

were related to their structure [28]. The toxicity of the

surfactants with the shortest alkyl chains such as DTAB,

was lower than for the others.

The effect of contact time on 200 mg/L phenol uptake

of fungus both in the presence (0.5 mM) and absence of

DTAB within a 0–168-h time range was determined. The

removal of phenol by A. versicolor increased considerably

in a 168-h period. The phenol removed reached 100 % in a

120-h period in the presence of 0.5 mM DTAB; it took

168 h in the absence of the surfactant (Fig. 3). The addition

of surfactant considerably shortened the completion of

removal procedure. There were no significant difference

between 72, 96 and 120 h (Fig. 3). Furthermore, the phenol

removal rates were very close together between 96 and

120 h. Based on these results, the contact time was fixed at

96 h for the rest of the batch experiments to make sure that

equilibrium was reached in all.

In order to examine the effect of DTAB concentration

on the removal of 200 mg/L phenol by A. niger at pH 4, its

concentration was varied within the 0, 0.25, 0.5 and 1 mM

range and it was observed that increasing the concentration

of DTAB up to 0.5 mM enhanced the removal efficiency

from 88.7 to 99.15 % (Fig. 4). In some recent studies,

surfactants were used to increase phenol removal capacity

of chemical adsorbents [1, 18], and the positive effect of

DTAB on dye removal by a fungal strain was also reported

[17]. In a study on the solubilization and interaction of azo-

dye with DTAB, it was shown that the solubility of the dye

was increased by increasing the surfactant concentration as

the result of surfactant-dye complex aggregation at sur-

factant concentrations below Critical Micelle Concentra-

tion (CMC) [29]. In the literature, we encountered no

report regarding the effect of concentration of any surfac-

tant on phenol removal by fungi. In this study it was

observed that low DTAB concentrations such as 0.25 and

0.5 mM enhanced the phenol removal efficiency of the A.

versicolor strain (Fig. 4) at a 200 mg/L phenol concentra-

tion. The decreases in phenol removal efficiency at higher

phenol concentrations is in agreement with the conclusions

reached by Zhong et al. [30], who reported that there were

polar interactions between surfactant molecules and the

chemical groups at the microbial cell surface. They added

that hydrophobic moiety of surfactant molecules increased

the cell surface hydrophobicity at lower concentrations of

aqueous surfactant solutions. The hydrophobicity, stability

and permeability of cell surface were decreased by higher

surfactant concentrations due to this multiple surfactant

layer formation or hemicelle accumulation [30]. The effect

of presence of 0.25, 0.5 and 1 mM DTAB on 200 mg/L

phenol removal is presented in Table 1, and in the presence

of 0.5 mM DTAB, the removal rates of 200, 400 and

600 mg/L phenol concentrations were 99.39, 15.46 and

2.19 %, respectively. The highest specific phenol uptake

capacity was 262.167 mg/L in the presence of 0.5 mM

DTAB at a 200 mg/L initial phenol concentration.

The major mechanism of fungal degradation of phenol

was related to enzymatic reactions [11]. Srinivasan and

Viraraghavan [10] emphasized that the major mechanism

involved in removal was biodegradation by the living cells

of microorganisms, which could produce some degrading

enzymes such as manganese peroxidase, laccase, and lignin

peroxidase [11]. The A. versicolor strain used in this study

is known to be a producer of an extracellular laccase

enzyme [31], which is an oxidative enzyme involved in the

degradation of phenol [32]. Additionally, there are reports

showing the stimulation of some microbial enzymes by

surfactants, or their manipulation to modify enzyme con-

formation in a manner altering enzyme activity, stability

and/or specificity [33]. Liu et al. [34], for example,

reported that the ramnolipid surfactant exerted a positive

effect on the activity of laccase, the phenol-removing

enzyme. They discussed that the interactions between the

head group of the surfactant and the charged amino acid

residues of the enzyme, or the hydrophobic interactions

between the alkyl chains of the surfactant and the hydro-

phobic amino acid residues of the enzyme, might enhance

phenol removal [34].

It is assumed that the positive effect of DTAB surfactant

on phenol removal was related to the laccase activity of the

fungus, as both phenol and the surfactant formed hydrogen

bonds and hydrophobic interactions with laccase, which

might enhance phenol removal by increasing the enzyme

activity [35]. The addition of an octylphenol ethoxylate

surfactant stabilized the laccase enzyme by maintaining a

less polar environment to act on hydrophobic amino acid

residues of laccase, or by changing the enzyme confor-

mation due to enhanced removal of bisphenol A [36]. The

results of the present study indicated that DTAB might

Fig. 3 Effect of contact time on total phenol removal (PR %) by A.

versicolor (Av) in MS with 200 mg/L phenol in the absence and

presence of 0.5 DTAB (T: 30 �C)
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enhance phenol bioremoval by altering laccase enzyme

activity, its stability, or specificity. It was reported that the

laccase enzyme had a role in removal of phenol [32], which

means that there was a correlation between laccase activity

and phenol removal. The phenol removal rate showed the

activity of laccase, so if the phenol removal process was

enhanced by the surfactant, the effect of the surfactant was

related to the enhancement of laccase activity.

Conclusions

The effect of cationic DTAB surfactant on phenol removal

by a living A. versicolor strain in MS medium was exam-

ined in this study. DTAB enhanced phenol removal

capacity of the fungus and increased the maximum phenol

bioremoval capacity to 267.162 mg/g in 200 mg/L phenol

concentration at its 0.5 mM concentration at pH 4.

Considering the presence of both of phenols and sur-

factants in real industrial wastewater effluents and the use

of fungal strains as inexpensive agents in biological

wastewater treatment, the results presented in this study

show that the addition of cationic surfactant DTAB

increased the fungal performance of the treatment of phe-

nol-based wastewater to a satisfactory level, and it can be

concluded that A. versicolor can be used in the effective

removal of phenols. Surfactant-induced fungal bioremoval

technology may be taken as a feasible approach to remove

phenols from industrial wastewaters.
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22. Tastan BE, Ertuğrul S, Dönmez G (2010) Effective bioremoval of

reactive dye and heavy metals by Aspergillus versicolor. Biore-

sour Technol 101:870–876

23. Afzal M, Iqbal S, Rauf S, Khalid ZM (2007) Characteristics of

phenol biodegradation in saline solutions by monocultures of

Pseudomonas aeruginosa and Pseudomonas pseudomallei.

J Hazards Mater 149:60–66

24. Garcia IG, Pena PRJ, Venceslada JLB, Martin AM, Santos

MAM, Gomez ER (2000) Removal of phenol compounds from

olive mill wastewater using Phanerochaete chrysosporium,

Aspergillus niger, Aspergillus terreus and Geotrichum candidum.

Process Biochem 35:751–758

25. El-Naas MH, Shaheen AA-M, Makhlouf S (2009) Biodegradation

of phenol by Pseudomonas putida immobilized in polyvinyl

alcohol (PVA) gel. J Hazard Mater 164:720–725

26. Marrot B, Barrios-Martinez A, Moulin P, Roche N (2006) Bio-

degradation of high phenol concentration by activated sludge in

an immersed membrane bioreactor. Biochem Eng J 30:174–183

27. Garcia-Pena EI, Zarate-Segura P, Guerra-Blanco P, Poznyak T,

Chairez I (2012) Enhanced phenol and chlorinated phenols

removal by combining ozonation and biodegradation. Water Air

Soil Poll 223(7):4047–4064

28. Jurado E, Fernandez-Serrano M, Lechuga M, Rios F (2012)

Environmental ımpact of ether carboxylic derivative surfactants.

J Surfact Deterg 15:1–7

29. Alehyen S, Bensejjay F, El Achouri M, Perez L, Infante MR

(2010) Study of the ınteraction between methyl orange and mono

and bis-quaternary ammonium surfactants. J Surfact Deterg

13:225–231

30. Zhong H, Zeng GM, Liu JX, Xu XM, Yuan XZ, Fu HY, Huang

GH, Liu ZF, Ding Y (2008) Adsorption of monorhamnolipid and

dirhamnolipid on two Pseudomonas aeruginosa strains and the

effect on cell surface hydrophobicity. Appl Microbiol Biotechnol

79:671–677
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