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Abstract

Although a non-sterile, undiluted carpet dye effluent (containing two anthraquinone dyes) did not support growth of
Trametes versicolor, the pre-grown fungus removed 95% of its color in shake-flasks after 10 h of incubation. After
decoloration, the COD of the cell-free supernatant increased and the toxicity was unchanged as determined by the
Microtox assay using Vibrio fischeri. Decoloration rates decreased when either glucose alone or Mn2+ and glucose
were added. T. versicolor, immobilized on jute twine in a rotating biological contacting reactor, also decolorized
four successive batches of the effluent. There was no decoloration in any of the uninoculated, non-sterile controls.

Introduction

Most current physical and/or chemical technologies do
not achieve total decoloration of colored effluents or
they have operational difficulties or are too expens-
ive; and traditional biological wastewater treatments
have low removal efficiencies (Robinson et al. 2001).
However, white rot fungi have been shown to de-
grade a wide range of organic compounds (Reddy
1995) including textile dyes (Fu & Viraraghavan 2001,
Robinson et al. 2001). Most of these studies have
been done in defined media or synthetic wastewa-
ter where a single dye is usually added to a defined
medium. However, industrial effluents are more com-
plex, containing a mixture of dyes and other chemicals
(Vandevivere et al. 1998). In a typical dyeing plant,
the major chemical usage includes dyes/pigments, fin-
ishing agents, acids/alkali, surfactants and auxiliaries.
A few studies have examined the decoloration of ef-
fluents from a dye-producing plant using Clitocubula
dusenii in 250 ml culture flasks (Wesenberg et al.
2002), or from a textile-dyeing plant using Phaner-
ochaete chrysosporium in an airlift reactor (Shahvali
et al. 2000). However, more studies are required with
complex effluents in reactors with industrial potential
to fully evaluate the use of white rot fungi. This study
describes the decoloration of an effluent by Trametes

versicolor in shake-flasks and in a rotating biological
contacting reactor (RBC) in repeated batch operation.
The effluent was from a facility which produces spun
fibers used in carpet manufacturing and was produced
during testing the dyeability of the fibers.

Materials and methods

Culture maintenance and inoculum preparation

Trametes versicolor ATCC 20869 was grown in
500 ml Erlenmeyer shake-flasks containing 200 ml
modified Kirk’s medium (Ramsay & Nguyen 2002)
for 3 days at 21 ± 1 ◦C and 200 rpm on a gyrorotary
shaker. The pellets of the mycelial biomass were al-
lowed to settle to the bottom of the flask by gravity
and the supernatant discarded. The inoculum was pre-
pared axenically with the growth medium autoclaved
for 20 min at 121 ◦C.

Effluent and decoloration in shake flask

The exact composition of the effluent is not known
but it consisted of two anthraquinone dyes, two sur-
factants, a microbiocide, a variety of carboxylic acids,
NH4

+ and PO4
2+ sources. The effluent characteristics

are summarized in Table 1.
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Table 1. Summary of effluent char-
acteristics.

Characteristic Value

pH 6.8

λmax 590 nm

BOD 290 mg l−1

COD 610 mg l−1

EC50 30% of effluent

About 5 ml wet fungal pellets were added to 45 ml
of the effluent diluted in distilled water (6.25, 12.5, 25,
50 and 100% v/v) and the pH adjusted to 4.5–5 with
6 M HCl in 250 ml Erlenmeyer flasks. In the initial
experiment, the endpoints were assessed after the con-
tents of the flasks were incubated at 21 ± 1 ◦C and
200 rpm for 4 d. The experiment was repeated in trip-
licate with undiluted effluent and the effects of glucose
(1 g l−1) and Mn2+ (0.5 mg l−1 MnSO4 · 6H2O) on
decoloration were determined. Sufficient samples for
BOD, COD and MICROTOX analyses were recovered
from triplicate 500 ml Erlenmeyer flasks each contain-
ing 200 ml effluent. Similar decoloration kinetics were
obtained in both 250 and 500 ml flasks. Uninoculated
controls were prepared in all cases. Aqueous samples
without biomass were periodically taken until decol-
oration was visibly completed and frozen for latter
analysis.

Decoloration in a rotating biological contacting
(RBC) bioreactor

The biomass from four 500 ml flasks each contain-
ing 200 ml growth medium was prepared as described
above except that the flasks were shaken at 150 rpm.
All the biomass was used to inoculate a 5 l RBC re-
actor containing 2.5 l of modified Kirk’s medium with
about 45% submergence. Four rectangular stainless
steel frames were attached to the shaft at the longest
side and 90◦ from each other. During growth, air was
supplied in the aqueous phase at 1 vvm and the shaft
rotated at 20 rpm. T. versicolor grew on the jute twine
wrapped around the rectangular frames fixed to the ro-
tating shaft. After 5 d, the spent growth medium was
replaced with 2.5 l of non-sterile effluent and aeration
reduced to 0.25 vvm after all non-attached biomass
was removed using sterile distilled water. Once visibly
decolorized, the aqueous phase was replaced with a
fresh effluent volume for a total of four changes.

Fig. 1. Spectra of the undiluted, non-sterile dye effluent at different
wavelengths at 0 and 8 h after inoculation with T. versicolor.

Fig. 2. Decoloration by T. versicolor of a carpet dye effluent alone
(�), with the addition of 1 g glucose l−1 (♦), or 1 g glucose l−1 and
0.5 g MnSO4 · 6H2O l−1 (�). Corresponding solid symbols are the
uninoculated controls. Data are the averages of triplicate flasks.

Decoloration assay and determination of dye sorbed
to biomass

The λmax of the effluent was 590 nm and, although
the effluent was a mixture of two dyes, decoloration
was represented by a decrease in absorbancy at 590 nm
(Figure 1). Hence, dye decoloration is reported as the
relative change in absorbance (At/A0) of the effluent
after a certain time of treatment (At) to the initial ab-
sorbance (A0) at 590 nm. To determine the amount of
dye sorbed to the biomass at the end of the decolora-
tion, the biomass from 20 ml samples was recovered
by centrifugation at 32 900 × g for 20 min. After the
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biomass was extracted with 2 ml methanol which re-
moved all visible color, absorbance of the methanol
extract was measured at 590 nm.

Biochemical and chemical oxygen demand

The 5-d biochemical oxygen demand (BOD5) and the
chemical oxygen demand (COD) were determined ac-
cording to standard methods (Clesceri et al. 1998).
COD was measured spectrophotometrically using the
dichromate closed reflux assay with a HACH test kit
(HACH, Loweland, CO).

Microtox assay

Frozen samples were brought to room temperature,
and the pH adjusted to 6 with 6 M NaOH. The Micro-
tox acute toxicity assay was performed in a Microtox
500 Analyzer on samples before and after decoloration
according to the protocols defined by the manufacturer
(Azur Environmental, Newark, DE). From serial di-
lutions, the percent concentration to decrease 50% of
the luminescence of a modified strain of Vibrio fischeri
(EC50) after 15 min incubation was calculated with
the Microtox data analysis program (Microtox Omni
Software (1999) Azur Environmental, Newark, DE)
with colour correction done at 490 nm. A solution of
1 g ZnSO4 · 7H2O l−1 was used as the positive control
and distilled water as the negative control. Each EC50
reported is the average of triplicate analysis.

Results and discussion

Decoloration of carpet dye effluent by T. versicolor

Although the effluent contained carbon, NH4
+ and

PO4
2+, it did not support measurable growth of T. ver-

sicolor since the amount of carbon was low (290 and
610 mg l−1 BOD5 and COD respectively). Further-
more, the microbiocide may inhibit fungal growth
and/or activity. Consequently, T. versicolor was grown
on modified Kirk’s medium, then added to different
concentrations (6.25, 12.5, 25, 50 and 100% v/v)
of the non-sterile effluent. The effluent at all con-
centrations was completely visibly decolorized after
4 d of incubation (data not shown) indicating that
while the effluent did not support growth, it could be
decolorized.

Table 2. Influence of glucose and Mn2+ addition on decolora-
tion of the non-sterile effluent by T. versicolor. Data taken from
Figure 2.

Decoloration conditions Lag phase t60%
a Decolorationb

(h) (h) (%)

Uninoculated effluent No decoloration

Inoculated effluent alone 0 4.7 95

+ glucose 2 8.2 75

+glucose + Mn2+ 6 8.5 75

aTime to 60% decoloration.
b % decoloration at 10 h.

Effect of glucose and Mn2+ addition

When the above experiment was repeated and mon-
itored over time, the undiluted effluent was decolor-
ized in 10 h. A spectrophotometric scan of the effluent
showed a broad double peak between 580 and 630 nm
with a slight maximum at 590 nm (Figure 1). After
decoloration, the absorbance at all wavelengths de-
creased with the largest decrease at the double peak.
A general decrease of this kind is usually attributed
to dye degradation rather than adsorption (Wesenberg
et al. 2002). Furthermore, after decoloration, there
was little to no visible dye sorbed to the biomass and
less than 2% of the initial color was recovered by
methanol extraction.

Decoloration began without a lag phase and all
visible color was gone by 10 h (Figure 2) with 95%
decoloration measured spectrophotometrically. While
nitrogen or carbon limitation is necessary for second-
ary metabolism (Reddy 1995) and consequently for
decoloration to occur, Swamy & Ramsay (1999b) have
shown that a minimum of 0.34 g glucose l−1 is re-
quired for decoloration. Although the effluent COD
was low, the addition of 1 g glucose l−1 resulted in a
2 h lag and a slower decoloration rate than when gluc-
ose was not added (Figure 2 and Table 2). Apart from
being a potential carbon and energy source, glucose
is a substrate for pyranose oxidase which can gener-
ate H2O2 (Giffron 2000) for peroxidase activity, and
oxygen radicals.

T. versicolor produces manganese peroxidase
(MnP) and laccase under nitrogen-limited condi-
tions during dye decoloration (Swamy & Ramsay
1999a). Although Mn2+ induces the production of
MnP (Scheel et al. 2000), which decolorizes azo and
phthalocyanine dyes (Podgornik et al. 2001), its addi-
tion with glucose did not improve decoloration rates
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(Figure 2 and Table 2). After a rapid loss of 25%
of the initial color in the first hour, probably due to
adsorption, there was a 5–6 h lag phase. Once decol-
oration began, the rate of decoloration was similar to
glucose alone but slower than with no nutrient addi-
tion. Since Mn2+ did not enhance decoloration, either
there was already sufficient Mn2+ present to induce
maximal MnP activity or MnP did not play a sig-
nificant role in decoloration under these conditions.
Laccase could be the main decolorizing enzyme as
laccase from Pycnoporus cinnabarinus (Schliephake
et al. 2000), and laccase produced by a genetically
modified Aspergillus together with a redox mediator
and a nonionic surfactant (Soares et al. 2001) have
been shown to degrade an azo and an anthraquinone
dye respectively.

In summary, the fastest decoloration rate was
achieved without nutrient supplement, and since there
was no decoloration in any of the uninoculated, non-
sterile controls, the indigenous microorganisms in the
effluent did not contribute to decoloration.

Effect of decoloration on BOD, COD, toxicity

After inoculation, the COD of the supernatant in-
creased from 600 to about 1000 mg l−1 (Figure 3),
most likely due to glucose carried over with the culture
since the analyzed samples did not contain biomass.
After 8 h of incubation and 95% decoloration, the
COD further increased either as a result of cell lysis
and/or extracellular materials such as ligninolytic en-
zymes secreted by the fungus. On the other hand,
after 8 h of incubation of the uninoculated, non-
sterile control, there was no color change and a 30%
decrease in COD. The latter was probably due to abi-
otic losses such as adsorption of the surfactants to
the flasks and/or biodegradation of some of the or-
ganic components (other than the dyes) by indigenous
microorganisms.

Based on the Microtox toxicity assay, the EC50
(i.e. the effluent dilution which reduced 50% of the
bacterium’s luminescence after 15 min of exposure)
was about 30% (Figure 3) indicating a moderately
toxic effluent based on the ranking by Coleman &
Qureshi (1985) (EC50 >100% nontoxic; >75–100%
slightly non-toxic; >50–75% toxic; >25–50% moder-
ately toxic; and <25% very toxic). Immediately after
inoculation, the toxicity in duplicate flasks increased.
Ramsay & Nguyen (2002) observed a similar increase
after T. versicolor was added to dye solutions. The
culture may be secreting toxic metabolites in the pres-

Fig. 3. The change in COD and toxicity (EC50) after decoloration
of the dye effluent without nutrient amendment by T. versicolor.
EC50 is percent dilution of the effluent to reduce 50% of the bac-
terium’s luminescence after 15 min of exposure in the MICROTOX
assay; >100% indicates no toxicity. The effluent was at least 95%
decolorized with COD analysis done on triplicate flasks and EC50
performed in triplicate using duplicate flasks A and B.

Fig. 4. Repeated batch decoloration of the dye effluent without nu-
trient amendment by T. versicolor immobilized on jute twine in a
rotating biological contacting reactor.
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ence of dyes. However, in this study, the toxicity after
decoloration was similar to the untreated effluent (Fig-
ure 3) indicating that T. versicolor did not increase the
overall toxicity.

After 8 h of incubation, not only did the COD
decrease by 30% but the uninoculated, non-sterile ef-
fluent became non-toxic even though there was no
decoloration. This indicates that some component(s)
other than the dyes is(are) the source(s) of toxicity and
that this toxicity can be eliminated either abiotically or
biologically by the indigenous microorganisms.

Decoloration in a RBC

Jute twine was used to support the biofilm growth of
the fungus in a RBC bioreactor as T. versicolor had
previously been shown to grow on jute and achieve
decoloration (Shin et al. 2002). After the fungus had
colonized the jute, the spent growth medium was
replaced with non-sterile effluent and decoloration al-
lowed to occur. The majority of the effluent color
disappeared rapidly (Figure 4) with most of it vis-
ibly adsorbing to the biofilm. Although a slight visible
color remained in the liquid phase, the effluent was
replaced with a fresh volume at 6 h. The decolorized
effluent was replaced twice more. With each volume
change, the effluent became colorless after about 12 h
and color sorbed to the biomass decreased. At the end
of the third and fourth decolorations, the final absorb-
ance was higher than it should have been if based on
color alone. This was due to an increase in turbidity as
a result of the formation of a microemulsion.

In conclusion, although numerous studies have shown
that T. versicolor can decolorize a variety of dyes in
defined media, this is the first one to demonstrate
that it can decolorise a complex dye effluent without
increasing toxicity.
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