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Abstract

Phanerochaete chrysosporiummobilized on different support materials, such as polyurethane foam (PUF) and scouring web (SW), in
shake cultures, was able to decolourize efficiently the sugar refinery effluent in a long-term repeated-batch operation. The decolourization
medium composition was optimized using PUF-immobilized fungus. Addition of glucose was obligatory and the minimum glucose concen-
tration was found to be 5g/l. A rotating biological contactor (RBC) contaiftnghrysosporiunimmobilized on PUF disks was operated
with optimized decolourization medium, in continuous mode with a retention time of 3 days. By simply reversing the feed inlet of the reactor,
after 17 days of operation, it was possible to double the active fungal lifetime. During the course of operation the colour, total phenols and
chemical oxygen demand were reduced by 55, 63 and 48%, respectively.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction Physico-chemical treatments to remove colour have high
operational costs and a limited applicability, which render
Sugar refineries generate a highly coloured effluent result- these techniques unattractiifg.
ing from the regeneration of anion-exchange resins (used White-rot fungi have been reported to be capable of
to decolourize sugar liquor)l]. This effluent represents decolourizing melanoidin containing wastewat8s6—8].
an environmental problem due to its high organic load, in- Previous studies showed that the white-rot fungsne-
tense colouration and presence of phenolic compounds. Theochaete chrysosporiuroan remove colour and total phe-
coloured nature of the effluent is mainly due to (1) the pres- nols from the sugar refinery effluefs].
ence of melanoidins, that are brown polymers formed by In order to achieve an effective continuous wastewater
the Maillard amino-carbonyl reaction and (2) the presence treatment withP. chrysosporiuma bioreactor has to be
of thermal and alkaline degradation products of sugars (e.g.developed in which the fungal cells can grow well while
caramels)2]. Most of the organic matter present in the ef- keeping the effluent degrading activity for long periods.
fluent can be reduced by conventional biological treatments There are few reports specifically on melanoidin-containing
but the colour is hardly removed by these treatméBi4). wastewater decolourization in bioreactors with white-rot
The remaining colour can lead to a reduction of sunlight fungi. Ohmomo et al.[10] reported the continuous de-
penetration in rivers and streams which in turn decreasescolourization of molasses wastewater in a bubbling col-
both photosynthetic activity and dissolved oxygen concen- umn reactor withCoriolus versicolorimmobilized within
trations causing harm to aquatic life. Ca-alginate gel. Recently, Fujita et §] also considered
the decolourization of melanoidin present in an effluent,
using a bioreactor witlCoriolus hirsutusmmobilized onto
mspondmg author. Tels 351-2-53604400; polyurethane folam cu_bes..The_ aim of this study was to
fax: +351-2-53678986. find a suitable industrial biological treatment process for
E-mail addressmmota@deb.uminho.pt (M. Mota). efficient decolourization of sugar refinery effluent.
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The rotating biological contactor (RBC) is a proven tech- at specific time intervals under the same conditions for
nology for large-scale wastewater treatment applications, repeated-batch decolourization tests. The serum bottles
offering several advantages: low-shear environment, easywere aerated everyday with pure oxygen (2 I/min) for 3 min.
scale-up, high surface area per unit volume, low mainte- Samples were routinely taken for analysis. The support
nance costs, low energy requirements, simple constructionmaterials tested were polyurethane foam and scouring web
and operatioffil 1]. The use of polyurethane foam (PUF) was (Scotch-Brite, 3M Company, Spain) cut into approximately
found to be an emerging technology for biological wastew- cubic pieceg5mm x 5mm x 7 mm).
ater treatment by the Environmental Protection Agency (US
EPA)[12]. 2.5. RBC reactor studies

Considering the previous comments, a modified RBC with
polyurethane foam attached to the disks, to increase the area The closed RBC was constructed from a polymethyl-
for P. chrysosporiunimmobilization, was investigated to as- methacrylate cylinder, 25 cm in length and 18 cm in diame-
sess the possibility of continuous treatment of sugar refinery ter. The main chamber of the reactor was divided into three
effluent. identical stages, each composed of three disks of 14cm

diameter. A layer of polyurethane foam (PUF) of 2.5mm
thickness was attached on both sides of each plastic disk. The

2. Materials and methods disks were mounted on a horizontal steel shaft and rotated
at 4rpm. During operation the disks were 40% submerged.
2.1. Microorganism and inoculum The reactor had a working volume of 1.51. The atmosphere

was enriched by introducing a continuous flow (40 ml/min)
The inoculum consisted of a suspension of homogenizedof pure oxygen. The temperature was maintained atC38
P. chrysosporiunfATCC 24725) mycelium, grown in liquid by means of a heating jacket.

culture for 48 h[13]. Experiments were started in batch mode to immobilize
fungal biomass onto the disks. 1.51 of growth medium was
2.2. Effluent sterilized and placed in the RBC reactor, inoculated with

10% (v/v) inoculum and then operated for 4 days. After im-
The effluent was collected in the sugar refinery RAR— mobilization, the growth medium was removed and the de-

Refinarias de Agucar Reunidas S.A., Porto, Portugal, andcolourization medium was continuously fed into the reactor
stored at 4C until used. at a flow rate of 0.35ml/min (hydraulic retention time of 3

days).
2.3. Culture medium

2.6. Analytical procedures

Unless otherwise indicated, the basal decolourization

medium consisted of sugar refinery effluent (adjusted to pH Colour was measured at 420nm after pH adjustment
4.5 with HCI) supplemented with (final composition per to pH 9.0 with 0.012M borate buffer. Total phenols were
litre): 59 glucose; 2.0g KpEPQy; 1.06g MgSQ-7H,0; determined using the Folin and Ciocalteau reagent, based
0.032g NHCI; 10ml mineral solution and 10ml thi- on the method described by Singleton and Rd4di].
amine solution (100mg/l) and was sterilized by filtra- The chemical oxygen demand (COD) was determined ac-
tion (0.45um). The mineral solution composition is de- cording to the closed reflux colorimetric methfith]. An
scribed elsewherg9]. The growth medium used in the HACH COD digestion system and a spectrophotometer
repeated-batch experiments for carrier selection, was iden-HACH-2000 were employed. The proportion of the total
tical to the basal decolourization medium but contained COD derived from sugar refinery effluent was calculated by
10 g/l glucose and 0.128 g/l NJ&I. Growth medium devoid  subtracting the COD of added glucose from the total COD.
of effluent was used in the experiments for optimization of Glucose concentration was measured by using an enzymatic
decolourization medium composition and in the continuous Boehringer-Mannheim/716251 Kit.
treatment with RBC.

2.4. Repeated-batch decolourization experiments 3. Results and discussion

The immobilization ofP. chrysosporiunon the support  3.1. Repeated-batch decolourization tests (carrier
particles was carried out in 500 ml serum bottles containing selection)
18 ml support and 24 ml growth medium inoculated with
10% (v/v) inoculum, under orbital agitation at 100rpm and  The longevity of the decolourization activity oP.
38°C, until the supports were completely colonized. After chrysosporiumimmobilized on two different carriers previ-
immobilization, the medium was withdrawn and replaced ously selected16], polyurethane foam (PUF) and scouring
with decolourization medium. The medium was changed web (SW), was measured in repeated-batch tests.
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Fig. 1. Repeated-batch decolourization tests ugnghrysosporiunmm-
mobilized in different carriers materials: polyurethane foa) (and
scouring web Q).

Cultures immobilized on PUF or SW behaved similarly,
as can be seen ig. 1 The time needed to obtain significant

decolourization was reduced from 8 days (first batch) to 3
days (third batch). It should be stressed that fungal growth
on the supports was observed during batch operation, an

specially on the first one. On the third batch it is likely

that the fungus had reached optimum growth, thus being
more adapted to the effluent environment. Because of this

adaptation and growth, the immobilized mycelia exhibited

rapid decolourization, thereby reducing the processing time.
Therefore, further batches were conducted for 3 days each
During the 40 days of repeated-batch tests, average de

colourization efficiencies of 62 and 60% were achieved with

PUF and SW, respectively. The fungus maintained a rela-

tively stable decolourization for a long period. The results
demonstrate tha®. chrysosporiunimmobilized on PUF or
on SW is able to treat the effluent efficiently in a long-term

operation. Polyurethane foam was selected for further stud-
ies because it is cheaper and mechanically more resistant

than scouring web.

Observation from this experiment showed that the im-
mobilized mycelia took a long time to grow in the presence
of effluent before acclimating to the effluent environment.
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and nitrogen (0.6 mM), alone or in combinati¢h7—20]
However, it is not economically feasible to add such expen-
sive components to treat wastewater. In order to reduce, as
much as possible, the addition of such chemicals to the ef-
fluent, the decolourization performanceRfchrysosporium
was studied in the presence and absence of Tween 80, thi-
amine and nitrogen, throughout nine repeated-batch tests.
Addition of Tween 80 did not improve the decolourization
ability of P. chrysosporiumThe decolourization was not af-
fected when thiamine or exogenous nitrogen were removed
from basal medium neither when both thiamine and nitrogen
were removed. In fact, similar decolourization efficiencies
(54-59%) were found among the different combinations of
medium components tested.

Literature refers that white rot fungi require an additional
carbon source (usually glucose) for efficient decolouriza-
tion [21], although variable glucose concentrations for max-
imum decolourization have been repor{g@,22,23] In or-
der to minimize the glucose concentration in the decolour-
ization medium, the decolourization performance at 0, 2,
3, 4 and 59/l glucose was investigated. Five repeated de-
colourization batches were conducted for each concentra-

GIion, each batch lasting for 3 days. In the first batch, the

decolourization ability in all tested media was very simi-
lar (ca. 56%) irrespective of glucose concentratibig( 2).

This was probably due to some glucose storage inside the
cells, since cultures were originally grown at 10g/l. For
0 and 29/l of glucose the decolourization ability was ini-
tially good (first batch) but decreased to quite low levels in
‘the second and following batcheBig. 2). The decolour-
ization ability throughout the five batches was higher and
more stable at 5g/l (56%) than at 3g/l (46%) and 4 g/l
(46%). Within the range studied the optimum concentra-
tion of glucose was 5g/l. Accordingly, the glucose con-
tent of the decolourization basal medium should be 5g/l.
Similarly, Kapdan and Kargj20] observed that the min-
jmum glucose concentration for efficient decolourization
of a textile dyestuff byC. versicolorin an RBC reactor,
was 5g/l.

3.3. Continuous effluent treatment in RBC reactor

This suggested that the fungus should be incubated in an

appropriate growth medium without effluent before starting

the decolourization phase. This would reduce the lag time

in the decolourization process. Incubation of fungus on
growth medium without effluent allows the immobilization
on the support and growth to an optimum level before be-
ing used for decolourization. Therefore, in the remaining
studiesP. chrysosporiumwas previously grown in growth
medium without effluent.

3.2. Optimization of the decolourization medium
composition

Many studies concerning effluent decolourization with
white-rot fungi use media containing Tween 80, thiamine

A rotating biological contactor (RBC) containing.
chrysosporiumimmobilized on PUF disks was operated
with optimized decolourization medium (basal medium
without both thiamine and exogenous nitrogen) in continu-
ous mode with a residence time of 3 days.

The RBC reactor was monitored to determine the active
life of the biocatalystftig. 3). During the initial 17 days an
average decolourization of 54% and an average total phe-
nols reduction of 62% were observed. From the 17th day
of continuous operation, a progressive decrease in colour
removal was observed while the reduction of total phenols
was reasonably stable. Minimum values of 27 and 56%
were recorded on the 24th day, for colour and total phe-
nols reduction, respectively. During the course of continuous
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Fig. 2. Effect of glucose concentration on the effluent decolourizatiof.bghrysosporiunimmobilized on polyurethane foam in repeated-batch tests
(each batch was conducted for 3 days). Decolourization medium without addition of both thiamine and nitrogen was used in these experiments. Values
are means of three replicat&sS.D.

decolourization it was observed that the biofilm thickness in mycelial activity, primarily in the first stage, caused by dif-

the first stage of the reactor increased more than in the re-fusion limitations.

maining stages. The first stage was constantly exposed to the A similar continuous decrease in colour reduction of a

nutrient containing decolourization medium. Samples were bleach plant effluent after the 17th day of operation in RBC

taken from the three stages of the reactor, on days 9 andcontainingP. chrysosporiumvas observed by Yin et diL7].

19 of operation, for colour measurement. It was observed Kapdan and Kard20] also reported a decrease in the textile

that, from days 9 to 19, the amount of colour removed, de- dye decolourization efficiency with time, in repeated-batch

creased by 58% in the first stage and by 23% in the secondoperation of RBC wittC. versicolor In both studies the de-

stage and no significant decrease occurred in the third stagecrease in activity was attributed to diffusion problems caused

Therefore, the decrease in efficiency with the increase in theby excessive mycelial growth.

treatment period recorded was probably due to the loss of A second attempt was made to avoid the excessive growth
in the first stage of the reactor. The reactor was operated as
follows: during the first 17 days the effluent was fed in the

90 same way as previously. After day 17 the feed was reversed,

80 - i.e. the feed inlet was in the third stage, with the outlet be-
ing now in what was initially the first stage. In the initial
% 701 17 days the results were comparable to the ones obtained
g 60 - in the first run Fig. 4). After feed reversal, the activity was
& 50 | re-established after 3 days and an average decolourization
e of 53% and an average total phenols reduction of 62% were
% 40 1 achieved in the following 16 days, i.e. until day J6d. 4).
3 30 4 There was a significant decrease in the reactor efficiency af-
Eg 20 | —0— Total Phenols ter that period, probably due to an excessive biomass growth
—A— Color in all stages. The excess of mycelia could, in principle, be
10 1 removed by scraping the surface of the disks and probably
0 ——SS the decolourization ability could be recovered, thus increas-
0 2 4 6 8 10 12 14 16 18 20 22 24 26

Fig. 3. Colour and total phenols removal performance of continuous RBC
reactor operated in one way feeding mode. Decolourization medium with-

Time (days)

ing the operation period of the reactor. However, this was
not performed because it was not possible to open the reac-
tor during the operation.

The reactor with one way feeding (first rurig. 3) was

out addition of both thiamine and nitrogen was used in these experiments. Only able to operate for 17 days without clogging prob-
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920 4. Conclusions
80+ . o - .
Results of the present investigation reveal that it is possi-

< 701 1 ble to treat the sugar refinery effluent continuously in a ro-
g 60 tating biological contactor withP. chrysosporiumimmobi-
S lized on polyurethane foam disks and that the active fungal
S 907 lifetime can be increased by simply reversing the feed inlet
@ 40 of the reactor.
g 304 This system not only removed the colour of the effluent by
g —o—Total Phenols 55% but also reduced total phenols and COD by 63 and 48%,
T 209 _, Golor respectively, suggesting its potential use in bioremediation

104 of effluents.
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