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ABSTRACT

This work aimed to investigate the capacityRdéurotus ostreatuDSM 1833 to degrade 2,4-dichlorophenol,
important pollutant found in the wastewaters of fiaper and cellulose industry. Using a factoriakigm Z, the
concentrations of glucose and 2,4-dichlorophenaledgabetween 0 and 10g*land 5 and 30mg:t, respectively.
The best global biodegradation rate was obtained@i80 mg.L* of 2,4- dichlorophenol in the absence of glucose.
This culture medium was used for scaling up the@ss, resulting in a global biodegradation ratedef7mg.*.h™

A comparative test between an inoculated medium amdabiotic control demonstrated that 54.1% of 2,4-
dichlorophenol degradation could be attributed @ presence of P. ostreatus.

Key words: biodegradation; 2,4-dichlorophenol; paper and tedkiindustryPleurotus ostreatus

INTRODUCTION used. The effluents generated in this process
contain large amounts of solids in suspension,
The cellulose and paper industry is one of the mospnstituted mainly by polysaccharides and
important in the world. The largest producers ofignocellulosic compounds that are difficult to
cellulose and paste in the world are: Canaddegrade. The pulp bleaching stage generates the
(27%), United States (21%), Sweden (9%), Brazimost deleterious compounds to the environment
(8%), Chile and Indonesia (4% each one). Due tend with higher resistance to biodegradation
the availability of raw materials and the low(Odendahl, 1994). In the bleaching process,
production costs of cellulose from eucalyptus thatsually carried out with chorine, a number of
contains short fibers, the Brazilian industry isorganochlorinated compounds are produced. Some
increasing and participates with 50% of the worldf them are considered highly toxic as dioxins,
production in this market sector (Valenca, 1999)dichlorophenols, chloroguaiacols and many kinds
This activity uses large volumes of water andf chlorolignines fragments (Harris and Elliott,
generates toxic compounds (Suominen et al2000).
1999). The use of fungi able to degrade lignin seems to be
The production of paper by the Kraft process is tha promising method for the treatment of these
most widely used for chemical pulping due to theeffluents, especially, white rot fungi that have an

possibility of recovering the chemical productsextracellular enzymatic system able to tolerate
high concentrations of toxic pollutants (Barr and

"Author for correspondence: sfurlan@univille.br

Braz. Arch. Biol. Technol. v.52 n.6: pp. 1563-15R@yv/Dec2009



1564 Silva, H. H. B. et al.

Aust, 1994; Matheus et al., 2000; Machado et alIMATERIALS AND METHODS

2005). Enzymes such as lignin peroxidase (LiP)

and manganese peroxidase (MnP) are produced Microorganism and maintenance

these fungi and there are evidences that the$deurotus ostreatuBDSM 1833 strain was obtained
enzymes are responsible for the initialfrom the DSMZ - “Deutsche Sammlung von
fragmentation of lignin (Rodriguez et al., 2004;Mikrorganismen und Zellkulturen Gmbh” and was
Tychanowicz et al., 2006). White rot fungi, suchgrown in Petri dishes containing WDA (Wheat
as Pleurotus genus, are able to degrade nativdDextrose Agar) medium (1 liter of wheat extract,
wood lignin, industrially modified lignin, like the 20g of dextrose and 15g of agar) &4s defined
one released in the Kraft process, and highy Furlan et al. (1997).

molecular weight lignin released from pulp

bleaching (Soares and Duran, 200P)eurotus Study of Pleurotus ostreatus ability to degrade
ostreatus is able to metabolize a variety of 2 4-dichlorophenol

xenobiotic pollutants such as polychlorinatedTo evaluateP. ostreatusability to degrade 2,4-
biphenols, hydrocarbon aromatic policycles, andlichlorophenol2,4-DCP), a basic culture medium
pesticides (Espodsito and Silva, 2004). In manyomposed by wheat extract (Furlan et al., 1997)
cases, strains oP. ostreatushave shown more was used. Different glucose and 2,4-DCP
activity in comparison to other lignolytic fungi to concentrations were investigated using a factorial
metabolize these compounds (Wu et al., 2005fesign (2)with a central point (Table 1).

Many studies envolving fungi dPleurotusgenus Erlenmeyer flasks (500 ml) containing 100 ml of
in biodegradation of aromatic compounds (Kamidaulture medium were inoculated in triplicate, with
et al., 2005; Novotny et al., 1999; Santos et alan agar disk of 15 mm diameter containing the
2000), and chlorophenols specifically (Kubatovafungal mycelium. After inoculation, the flasks
et al., 2001; Munari et al., 2003; Pointing, 2001jvere incubated at 3¢ and 120 rpm for 14 days in
Rodriguez et al., 2004) have been conducted.  a Certomat (Braun) shaker. Initial pH was 6.0
Other lignin degrading basidiomycete, such agnatural pH of the medium) and it was not
Phanerochaete chrysosporiurhas been reported controlled during the process. Samples were taken
in 2,4 diclorophenol degradation using a genergderiodically at 0, 1, 2, 4, 8, 12 and 14 days for
pathway for the oxidative degradation ofglucose and 2,4-DCP analyses. Biomass
chlorinated aromatic compouds (Valli and Goldconcentration was gravimetrically evaluated at the
1991). The objective of this work was to evaluateand of the process.

the ability of Pleurotus ostreatuDSM 1833 to The factorial design was analysed using the

degrade 2,4-dichlorophenol, aiming its furthersoftware STATISTICA 6.0, from “Stat Soft”.
application in the effluent treatment of paper and

cellulose industry.

Table 1 —Factorial design®f the experiments performed witleurotus ostreatus Erlenmeyer flasks.

Variables Levels®
- +
[Glucose] 0 10
[2,4-DCP] 5 30
Experiment Glucose (g.%) 2,4-DCP (mgL™
1 10 30
2 10 5
3 0 30
4 0 5
Central Point 5 17.5

*(+) and (-) indicate the level of each variablérdsrior and superior, respectively.
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Comparative test between inoculated medium Statistic analysis
and abiotic control The data obtained in the experiments related to the
To identify the existence of any non-biologicalfactorial design were analysed through the
degradation of 2,4-DCP, an experiment wastatistical Q test (Rorabacher, 1991) with 95%
performed to compare the degradation of 2,4-DCBonfidence level and the Pareto analysis was used
in the presence and in the absenc®.obstreatus to identify and quantify the effect of each factor
The culture medium was composed by wheaand their interactions.
extract (Furlan et al., 1997), supplemented with 3Gor the comparative test between the inoculated
mg.L* of 2,4-DCP. Culture conditions were medium and the abiotic control, the average values
similar to those described for the previousbetween the replicates and their respective
experiment. The tests were carried out in tripkcatstandard deviation were estimated.
for 96 h. The flasks of the abiotic control were no
inoculated. Process parameters
The samples were taken periodically (0, 1, 2, 12The yield factor of biomass on substrate (Yx/s)
14, 24, 48, 72 and 96 h) to analyse thavas estimated using the following equations:
concentration of 2,4-dichlorophenol. N

Yws= X=X (9.9)

Process scaling up -5

The experiment was carried out for 112 h in batch _ ,
cultivation using a stirred tank bioreactor (B.The global rate of 2,4-DCP biodegradation (Vdeg)
BRAUN, BIOSTAT B model) of 5L with 4L Was estimated for the experiments carried out in
working volume. Erlenmeyer flasks and in bioreactor.

The initial pH (6.0) was the natural pH of thev
medium. The temperature was kept constant at
30°C and the initial Ka was adjusted to 27h
(Furlan et al., 2008) by using an airflow equal toyhere:

1.0 L.mir* and an agitation rate of 300 rirThe

culture medium used was composed by wheal2,4DCR)], [2,4DCR] - initial and final 2,4- DCP
extract supplemented by 30mg.bf 2,4-DCP. concentration (mg.t)

Inoculum was prepared in Erlemmeyer flasks a&, S - initial and final substrate concentration
described previously and inoculation ratio wagg.L™)

equal to 10% (v/v). Samples of 30ml from thet; - process time (h)

culture medium were takenperiodically to Xo, X; — initial and final biomass concentration
estimate the concentration of 2,4-DCP. (9.l

deg=[2,4 DCR —[2.4DCR] (mg.L".h™)
¢t

Determination of biomass concentration
Biomass concentration was periodically evaluateRESULTS AND DISCUSSION
using the gravimetrical method.

Study of the ability of P. ostreatus to degrade
Determination of glucose concentration 2,4-dichlorophenol
The glucose concentration was estimated by highhe best global rate of 2,4-DCP degradation was
performance liquid chromatography (HPLC,obtained in the absence of glucose and in the
MERCK) with a refraction index detector and apresence of 30 mglof 2,4-DCP in the culture
Biorad column AMINEX HPX-87C at 70°C, medium (experiment 3) (Table 2). As expected,

eluted with water. under these conditions, the cell growth was low
due to the absence of glucose in the medium. This
Determination of 2,4-dichlorophenol suggested thaP. ostreatusused 2,4-DCP and

The concentration of 2,4-DCP was estimated bgther nutrients present in the wheat extract as

HPLC with an UV detector and a MERCK columncarbon and energy source. This could be

LiChrospher model 100 RP 18 at 40°C, elutednteresting for technological application as under

with a solution of 65% sulphuric acid (1.0M) andthese conditions, the mycelium biomass was not

35% acetonitrile. generated in large amounts, thus avoiding an
undesirable waste.
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Table 2 - Concentrations of glucose, 2,4-DCP and biomassaX) the respective average global degradatios rate
for Pleurotus ostreatusultivation.

Exp Glucose (g.I%) 2,4-DCP (mgL™ X (g.L Vdeg (mg.L1.h?)
1 10 30 2.378 0.220
2 10 5 3.542 0.051
3 0 30 0.199 0.423
4 0 5 0.285 0.113
5 5 17.5 2.108 0.268

As seen in Figure 1, a significant positive effeict biomass concentration was observed when the
initial glucose on final biomass concentration waghlorophenol concentration was increased from 5
observed, while Figure 2 showed that the effect db 30mg.L*, and the initial glucose concentration
this parameter was negative on the global rate efas equal to 10g:L. The analysis of these results,
2,4-DCP degradation. The positive effect ofbased solely on biomass concentration suggested a
glucose on Pleurotus growth has also been possible inhibition ofPleurotus growth by 2,4-
observed by Furlan et al., (2008), using a cultur®CP, which was contrary to the results reported by
medium without chlorophenol. The figures alsoMunari et al. (2003) who did not observe any
showed that 2,4-DCP presented a significannhibition in P. sajor-cajugrowth in the presence
negative effect on the biomass concentration andd Kraft effluent, rich in phenols (225mg/L total,
significant positive effect on the global 3034 colorimetric units and pH 5.7).

degradation rate. A decrease of about 33% in the
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Figure 1 - Effect of 2,4-dichlorophenol and glucose concditraover the microbial growth.

However, when results were analysed based on tli@.31 g.L"), which presented a higher biomass
yield factors of biomass on substrate (0.378 concentration, higher yield factor of biomass on
0.035 g.¢ for the experiment 1 and 0.4270.041 substrate and lower initial  chlorophenol
g.g* for the experiment 2), it suggested a possiblgoncentration than in test 1, which presented a
negative influence of 2,4- DCP over the glucoséubstrate consumption equal to 6.3379.L
consumption and not over tHdeurotusgrowth. Figure 2 showed that in the range of
The glucose consumption was higher in test goncentrations studied, the increase of 2,4-DCP

Braz. Arch. Biol. Technol. v.52 n.6: pp. 1563-15R@yv/Dec2009



Biodegradation of 2,4 Dichlorophenol BYeurotus ostreatuDSM 1833 1567

concentration and the decrease of glucossajor-cajuwere able to degrade 16md.lof 2,4-
concentration, promoted the increase of the glob&CP in 10 and 24 h, respectively, in experiments
degradation rate of 2,4-DCP. Rodriguez et alcarried out in Erlenmeyer flasks.

(2004) also showed th&. pulmonariusand P.
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Figure 2 - Effect of 2,4 dichlorophenol and glucose conceditineon the global degradation rate.

Comparative test between inoculated medium  degradation of 2,4-DCP independent of the fungal
and an abiotic control metabolism, a comparative test between the
Although the initial concentration of 2,4-DCP hadinoculated medium withP. ostreatusand an
been 5, 17.5, and 30 mgl.,L the values measured abiotic control was performed. The results of this
at the beginning of the processes were (averagaje presented in Figure 3.

about 23% lower. In order to investigate a possible
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Figure 3 - Profile of 2,4- dichlorophenol degradation in cargtive test between inoculated
medium and abiotic control.
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A similar behaviour was observed between theesponsible for the decrease of phenols content.
culture and the control experiment until 12hThe authors also suggested that this phenomenon
process. In this period, the concentration of 2,4eould be a result of lacases action, due to their
DCP reduced about 7.2% in the inoculatedbility to polymerise phenols, reducing the colour
medium and 9.3% in the abiotic control. After thisof pulp bleaching effluents. However, after 13
time, higher rate of 2,4-DCP degradation in thelays cultivation, the authors attributed 58.9%
inoculated medium was obtained. At the end of thphenol degradation to the fungal action.

process (96 h), the reduction of 2,4-DCP

concentration (average of replicates) reacheBrocess scaling up

20.2% in the abiotic control and 74.3% in theWith the objective of establishing the
inoculated medium. It meant that 54.1% ofbiodegradation kinetic of 2,4-DCP B/ ostreatus
degradation could be attributed to the presence at large scale, an experiment was conducted in
P. ostreatusn the process, confirming its capacity bioreactor. During the cultivation, the medium pH
to degrade 2,4-DCP. A similar behaviour wagpresented a slight increase from 6.1 to 6.6 in,32 h
observed by Munari et a{2003) whenP. sajor- time in which 2,4-DCP concentration exhausted
cajuwas cultivated in Kraft effluent and compared(Fig. 4). Once again, the 2,4,6 DCP measured at
with an abiotic control. A fast drop of total the beginning of the process was lower than that
phenols concentration was observed until tfle 3prepared. This phenomenal should be investigated
day in both the experiments. The authorsn further tests.

suggested that the aeration of the medium could be
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Figure 4 - Profile of 2,4-dichlorophenol degradation Bleurotus ostreatuand pH evolution with
time process for the experiment performed in biciea

Munari et al. (2003) observed a pH increase fro)CONCLUSIONS

5.7 to 6.8 in the first days oP. sajor-caju

cultivation in Kraft effluent in the presence of The increase of initial glucose concentration
glucose, with subsequent decrease due to oxalgieesented significant negative effect on the global
production. However, in the absence of glucoseaate of 2,4-dichlorophenol (2,4-DCP) degradation
no pH drop was observed. The pH increased fromind a positive effect on the biomass concentration
5.7 to 6.5 in about 20 days cultivation, whichof P. ostreatus The increase of 2,4-DCP
agreed with the results obtained in this work in &oncentration presented a significant positive
shorter time. This difference in time could beeffect on its degradation rate and a negative effec
attributed to several factors such as differendn the biomass concentration. Based on the results
fungal species, different cultivation conditions,obtained for the factorial design, the absence of
different total phenols concentration and differenglucose and the presence of 2,4-DCP in the higher
culture media. level promoted the highest rate of 2,4-DCP
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degradation. Comparing the inoculated mediunpekker, R. F. H. and Barbosa, A. M. (2001), The
with P. ostreatusand the abiotic control it was effects of aeration and veratryl alcohol on the
observed that in 96h, 54.1% of 24-DCP Production of two laccases by the ascomycete
degradation could be attributed to the presence ofSotyosphaeria sp Enzyme and  Microbial

P. ostreatusgonfirming its degradation ability. In Technobgy, 28, 81-88.

. . uran, N. and Espoésito, E. (1998), Biodegradacédo de
bioreactor, the 2,4-DCP concentration reachegIignina e tratamento de efluentes por fungos

zero in 24h Cultlivqltion with a global degradation jigningliticos. In: Melo, 1.S., Aevedo, J.L. (eds)
rate of 0.47mg.L.h". These results confirmed the microbiologia ~ Ambiental ~ Embrapa-CNPMA:
potential use oP. ostreatusn new technologies  Jaguariuna, pp. 269-292.
of paper and cellulose industry effluent treatmentg=urlan, S. A., Virmond, L. J., Miers, D. A., Boriat¥/.,
Studies should be carried out using the industrial Gern, R. M. M. and Jonas, R. (1997), Mushroom
wastes in order to validate these results. strains able to grow at high temperatures and Ibw p
values. World Journal of Microbioogy and
Biotechnology13, 689-692.
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success and chlorinated hydrocarbon contamination
A industria de papel e celulose contribui para a in tree swallows Tachycineta bicolgrnesting along
contaminacdo ambiental devido aos residuosrivers receiving pulp and paper mill effluent
geradOS, espeC|aImente’ no processo dedischarges.EnVironmentaI pO||utI0n,11q2), 307-

branqueamento da polpa Kraft, realizada com 338' Xio Ya-zh 4 Yu H : 2005
cloro. Basideomicetos saprofitas témacapacidad]e u, Xio Ya-zhong and Yu, Han-Qing ( )

de d d t lorad Degradation of lignin in pulp mill wastewaters by
€ degradar composlos 0organoclorados  COMoO,pie ot fungi on biofilm.Bioresource Technology,

cloroligninas e clorofendis. Este trabalho teve 96 (12), 1357-1363.

como objetivo investigar a capacidade d&amida, H. M., Durrant, L. R., Monteiro, R. T. Rach
Pleurotus ostreatu®SM 1833 em degradar 2,4- Armas, E. D. (2005), Biodegradacéo de efluentdltéxt
diclorofenol, importante poluente encontrado nos por Pleurotus sajor-caju. Quimica Noyag(4), 629-
efluentes da industria de papel e celulose. 632.

Utilizando um p|anejament0 fatorial 2’2 as Kubatova, A., Erbanova, P., Eichlerova, |., Homolka
concentragdes de glicose e de 2,4-diclorofenol L Nerud, F. and Sasek,V. (2001), PCB congener
variaram entre 0 e 10 g'?Le 5 e 30 mg.lf, selective biodegradation by the white rot fungus

respectivamente. A melhor taxa global de Ef:rfézsher;sgrzgt;{zlgn contaminated  soil.
degradacéo foi obtida usando-se 30 rﬁgﬂb 2.,4- b y :

) PO ; , achado, K. M. G., Matheus, D. R., Monteiro, RR..
diclorofenol na auséncia de glicose. Este meio de g Bonomi. V. L. R. (2005), Biodegradation of

cultura foi utilizado para a ampliacdo da escala do pentachlorophenol by tropical basidiomycetes ifssoi
processo, resultando em uma taxa global decontaminated with industrial residuaorld Journal
biodegradacdo de 0,47 mg.h'. Um teste of Microbiology and Biotechnology21: (3), 297-
comparativo entre o meio inoculado e o controle 301.
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