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Abstract

Amaranth, Tropaeolin O, Reactive Blue 15, Congo Red, and Reactive Black 5 were completely decolorized with no
dye sorption by Trametes versicolor. Cibacron Brilliant Red 3G-P, Cibacron Brilliant Yellow 3B-A, and Remazol
Brilliant Blue R were partially decolorized with some dye sorbed to the biomass. The Microtox assay before decol-
oration showed that Amaranth and Tropaeolin O were not toxic [the percent concentration to decrease 20% of the
luminescence of Vibrio fischeri (EC20) was greater than 100%]; Cibacron Brilliant Yellow 3B-A, Reactive Blue 15
and Cibacron Brilliant Red 3G-P were moderately non-toxic (100% > EC20 > 75%); Remazol Brilliant Blue R was
toxic (75% > EC20 > 50%); and Congo Red and Reactive Black 5 were moderately toxic (50% > EC20 > 25%).
After decoloration the toxicity of the solutions containing Amaranth, Tropaeolin O and Reactive Black 5 was
unchanged; Reactive Blue 15, Remazol Brilliant Blue R and Cibacron Brilliant Red 3G-P decreased to non-toxic
levels; and Cibacron Brilliant Yellow 3B-A and Congo Red became very toxic (EC20 < 25%).

Introduction

At least 10% of total textile dye production (Maguire
1992) or about 700 000 tonnes of dye per year (Vaidya
& Datye 1982) is released into process waters. Present
physico-chemical treatments are expensive, and could
generate a large volume of sludge. Dye effluents are
poorly decolorized by conventional biological waste-
water treatment (Shaul et al. 1991, Dubrow et al.
1996). As regulations become more stringent, the
need for innovative, efficient and economic processes
to treat these effluents increases. As a consequence,
there has been a growing interest in biotechnologi-
cal processes. White rot fungi produce non-specific,
lignin-degrading enzymes which degrade a wide range
of organic pollutants including textile dyes (Glenn &
Gold 1983, Heinfling et al. 1997, Ollika et al. 1993,
Swamy & Ramsay 1999a, Wesenberg et al. 2002).
Some synthetic dyes, such as azo dyes, may be car-
cinogenic or mutagenic (Zollinger 1991), and under
anaerobic conditions can be converted to aryl amines
which are potentially more toxic than the parent com-

pounds (Chung & Steven 1993, Dubrow et al. 1996).
Only a few studies have evaluated toxicity changes
after biological dye decoloration. Some studies have
shown that decoloration could lead to less toxic end-
products (Abadulla et al. 2000) while others have
indicated that this may not occur (Hu 2001). In this
paper, the decoloration of eight textile dyes by the
white rot fungus, Trametes versicolor, and their effect
on toxicity are evaluated.

Materials and methods

Culture maintenance, inoculum preparation and dye
decoloration

Trametes versicolor ATCC 20869 was grown in 500-
ml Erlenmeyer shake flasks containing 200 ml of
modified Kirk’s medium (Kirk et al. 1978). The in-
oculum was incubated for 7 d at 22 ◦C and 200 rpm
on a gyrorotary shaker. The pellets of mycelial bio-
mass were pooled then distributed in 500-ml shake
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flasks containing 100 ml decoloration medium (about
10% v/v) in duplicate flasks (A and B) and shaken at
150 rpm at 22 ◦C. Aqueous samples without biomass
were periodically taken until decoloration was visibly
completed and frozen for latter analysis. Growth and
decoloration were performed aseptically and all media
autoclaved for 20 min at 121 ◦C.

Growth and decoloration medium

The modified Kirk’s medium used for inoculum prepa-
ration contained per liter: 10.1 g glucose, 11 g ammo-
nium tartrate, 0.2 g KH2PO4, 0.05 g MgSO4 · 7H2O,
0.01 g CaCl2 · 2H2O, 1 µg thiamine, and 0.1 ml trace
mineral solution. The trace mineral solution per liter
consisted of: 30 g MgSO4 · 7H2O, 10 g NaCl, 5 g
MnSO4 · H2O, 1 g CoSO4, 1 g FeSO4 · 7H2O, 1 g
ZnSO4 · 7H2O, 0.82 g CaCl2, 100 mg CuSO4 · 5H2O,
100 mg NaMoO4 · 2H2O, 100 mg H3BO3 and 1 g
EDTA. The decoloration medium consisted of 1 g glu-
cose l−1 and 30 to 55 mg Amaranth, Tropaeolin O,
Cibacron Brilliant Red 3G-P, Cibacron Brilliant Yel-
low 3B-A, Congo Red, Reactive Black 5, Remazol
Brilliant Blue R, or Reactive Blue 15 per liter. All
dyes were obtained from Sigma/Aldrich (Milwaukee,
Wis.).

Decoloration assay, determination of dye sorbed to
biomass and biomass dry weight

Dye decoloration was measured as the decrease of ab-
sorbance at the maximum wavelength for each dye
(see Table 1) and quantified using a calibration curve.
To determine the amount of dye sorbed to the bio-
mass at the end of the decoloration phase, the biomass
was recovered by centrifuging the contents of the
flask at 23 500 × g for 10 min. After discarding
the supernatant, the biomass was extracted two or
three times with 20 ml methanol until no further color
was removed. The dye concentration in methanol was
determined spectrophotometrically at the maximum
wavelength of absorbance for the dye and the to-
tal amount recovered was based on the volume of
methanol. After the methanol extractions, the biomass
was transferred to a preweighted aluminium dish with
a minimum amount of distilled water, dried to con-
stant mass at 105 ◦C and the dry weight determined
gravimetrically.

Microtox assay

Frozen samples were brought to room temperature,
and centrifuged. The pH of the samples was ad-
justed where necessary to 6 by adding 0.5 ml 0.58
M KH2PO4 and 70 µl 1 M NaOH. Colour correc-
tion was done at 490 nm. The Microtox acute toxicity
assay was performed in a Microtox 500 Analyzer on
samples before and after decoloration according to
the test protocols defined by the manufacturer (Azur
Environmental, Newark, Del.). From eight serial di-
lutions, the percent concentration to decrease 20% of
the luminescence of a modified strain of Vibrio fischeri
(EC20) after 5 min incubation was calculated with the
Microtox data analysis program [Microtox Omni Soft-
ware (1999) Azur Environmental, Newark, Del.]. A
solution of 1 g ZnSO4 · 7H2O l−1 was used as the
positive control and 1 g glucose l−1 as the negative
control. Each EC20 reported is the average of triplicate
analysis.

Results and discussion

Toxicity of medium components in the decoloration of
Amaranth

The concentration to decrease 50% of the bacterial
luminescence in the Microtox acute assay (EC50) is
normally reported. However, in most of these stud-
ies, the EC50 before or after decoloration was greater
than 100% indicating that there was no toxicity or
toxicity change. To better evaluate whether the decol-
oration process affected toxicity, the dilution required
to decrease 20% of the bacterial luminescence relative
to the control (EC20) was reported instead. The fol-
lowing rating was adapted from Coleman & Qureshi
(1985) – EC20: > 100% = nontoxic; > 75–100% =
slightly non-toxic; >50–75% = toxic; > 25–50% =
moderately toxic; < 25% very toxic.

In initial studies, the modified Kirk’s medium
without dye was found to be very toxic since it took
only a small amount of the sterile medium (4.9%) (Ta-
ble 1) to achieve 20% decrease of bioluminescence.
Similar toxicity was found after 72 h of growth of
T. versicolor (7.7%) in this medium. The toxicity of
a dye alone, for example, 100 mg Amaranth l−1,
was masked by the toxicity of the growth medium,
as the Kirk’s medium plus dye had a similar value
to Kirk’s medium alone. Amaranth, itself, was less
toxic as a higher concentration (44.6%) was required
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Table 1. Toxicity of the components of the growth and decoloration media.

Sample ECa
20 (% dilution)

No T. versicolor T. versicolor

0 h 48 h

Positive control (ZnSO4 · 7H2O) 0.72 ± 0.1 NAb NA

Distilled water >100 NA NA

Modified Kirk’s medium (no dye) 4.9 ± 1.7 NDc 7.72 ± 2.8d

Decoloration medium at t = 0 h

100 mg Amaranth l−1, 1 g glucose l−1 66.3 ± 2.4 10.8 ± 0.1 13.9 ± 6.1e

100 mg Amaranth l−1 44.6 ± 11.6 13.6 ± 6.2 29.1 ± 18.3

1 g glucose l−1 >100 >100 ND

aEC20 is the percent dilution of the sample (v/v) to cause 20% decrease of bioluminescence in
the Microtox assay; >100% indicates no toxic effect.
bNot Applicable.
cNot Determined.
dand eindicate analyses done after 72 and 54 h of incubation respectively.

to achieve the EC20. For this reason, after T. versi-
color was grown in the modified Kirk’s medium, the
spent medium was discarded and replaced with a de-
coloration medium containing only 1 g glucose l−1

and the dye. Glucose was included as a carbon source
was previously shown to be necessary for decoloration
to occur (Swamy & Ramsay 1999b).

When T. versicolor biomass was added to a decol-
oration medium consisting of 100 mg Amaranth l−1

and 1 g glucose l−1 or the dye alone, there was
an immediate increase in toxicity as the EC20 de-
creased from 66.3 and 44.6 to 10.8 and 13.6%, re-
spectively (Table 1). This effect was not seen at a
lower Amaranth concentration of 33 g l−1 (Figure 1).
However, whether T. versicolor was present or not,
1 g glucose l−1 was never toxic. This indicates that
the culture may have immediately secreted a toxic
metabolite(s) when exposed to a high Amaranth con-
centration. As a consequence, further experiments
were performed at lower dye concentrations. The
EC20 of the decoloration medium without the fungal
biomass also represents the toxicity of the dye itself.

Decoloration of textile dyes

The biomass of T. versicolor was distributed equally
to duplicate flasks containing 1 g glucose l−1 and 30
to 55 mg l−1 of a single dye. The amount of biomass
in each flask was similar (about 7 mg l−1) except for
the ones containing Remazol Brilliant Blue R and one
of the flasks for Amaranth and Congo Red. The dif-
ference in the amount of biomass between duplicate
flasks was about 10–20% for all dyes except Amaranth
where the difference was 37%. This variation in the

amount of biomass between duplicate flasks did not
appear to significantly affect the time to maximum
decoloration nor the maximum percent decoloration
achieved for each dye (Table 1). For example, Tropae-
olin O was totally decolorized in flasks A and B in
22 and 27.5 h, respectively. The slower rate of decol-
oration in flask B may be attributed to there being 20%
less biomass than flask A. However, there were similar
differences in the amounts of biomass between dupli-
cate flasks containing Cibacron Brilliant Yellow 3B-A,
Congo Red, Reactive Black 5 and Remazol Brilliant
Blue R but the same extents and rates of decoloration
in both flasks were obtained. Hence, it is reasonable
to assume that the differences observed between du-
plicate flasks may be attributed to experimental error
and that a particular dye had a greater impact on decol-
oration rates than the amount of biomass in duplicate
flasks.

All dyes had visibly decolorized within 3 to
97 h. Spectrophotometric analysis confirmed that
Amaranth, Tropaeolin O, Congo Red, Reactive Blue
15 and Reactive Black 5 were completely decolorized
in about 3.5, 24.8, 22, 20 and 48 h, respectively (Table
2). Although no visible color remained for Cibacron
Brilliant Red 3G-P, Cibacron Brilliant Yellow 3B-
A and Remazol Brilliant Blue R, spectrophotometric
analysis indicated that these dyes were not completely
decolorized. Solvent extraction also showed that 2.7,
15 and 1.5%, respectively, of these three dyes had
sorbed to the biomass. For most dyes, the first 50%
decolorized more rapidly than the last 50% as seen by
comparing the time to decolorize 50% of the initial dye
concentration (t1/2) with the time it took for maximum
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Table 2. Decoloration of eight textile dyes by Trametes versicolor.

Dyes λmax
a Initial biomass Initial dye conc. Max. decoloration Dye sorbed to Time to max. t1/2

c

(nm) (mg l−1) (mg l−1) (%) biomassb (%) decoloration (h) (h)

A B A B A B A B A B A B

Amaranth 523 7.2 4.6 33 33 100 100 0 0 3 4 2.6 3.3

Tropaeolin O 397 8.6 6.9 54 52 100 100 0 0 22 27.5 4 3.2

Cibacron Brilliant Red 517 7.3 6.7 49 47 91 87 2.6 2.8 32.5 32.5 1.8 1.8

Cibacron Brilliant Yellow 404 7.4 8.8 32 37 67 71 13.4 16.4 97 97 76 64

Congo Red 497 4.9 6 30 31 100 100 0 0 22 22 8 11.5

Reactive Black 5 597 7.4 8.7 23 24 100 100 0 0 48 48 8 6.4

Remazol Brilliant Blue R 491 4 4.9 30 30 50 66 1.6 1.3 8 8 2.8 4.2

Reactive Blue 15 675 7.2 6.7 30 29 100 100 0 0 20 20 0.8 1

aDecoloration was monitored at the maximum wavelength of absorbance (λmax) for each dye.
bAmount of dye sorbed to the biomass was recovered by methanol extraction.
ct1/2 is the time taken for 50% of the initial dye concentration to decolorize.

decoloration to occur (Table 2). The only dye to un-
dergo a successive color change was Reactive Black 5

which went from dark blue to red in 2.5 h and became
colorless in 48 h.
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Dye toxicity

Using the previously mentioned EC20ranking, before
decoloration, Amaranth and Tropaeolin O were not
toxic (EC20 >100%); Cibacron Brilliant Yellow 3B-
A, Reactive Blue 15 and Cibacron Brilliant Red 3G-P
were moderately non-toxic; Remazol Brilliant Blue
R was toxic; and Congo Red and Reactive Black
5 were moderately toxic (Figure 1B). The EC20 af-
ter decoloration was determined when there was no
visible color remaining with the residual dye concen-
tration shown in Figure 1A. The decolorized solution
of Amaranth and Tropaeolin O remained nontoxic
(Figure 1B). Those of Reactive Blue 15, Cibacron
Brilliant Red 3G-P, and Remazol Brilliant Blue R were
lowered to nontoxic levels (i.e., EC20 > 100%). The
EC20 of Reactive Black 5 before and after decoloration
was unchanged. However, the decoloration medium
of Cibacron Brilliant Yellow 3B-A and Congo Red
showed an increase in toxicity from being slightly
and moderately toxic, respectively, to both being very
toxic. The increase in toxicity of Cibacron Brilliant
Yellow 3B-A may be due to dye decoloration products
and/or other metabolites excreted by the fungus as it
took a long time (97 h) to achieve decoloration. It is
known that as the culture of T. versicolor ages, pH
decreases due to the production of organic acids such
as oxalic acid which may contribute to toxicity. Since
the pH of all samples are adjusted to 6, pH itself is
not a variable in the toxicity assay. It is quite likely
that with Congo Red the increase in toxicity was due
to dye decoloration products alone as the decoloration
period was shorter (22 h). Other dyes such as Reactive
Blue 15 and Tropaeolin O which had been decolorized
in the same time were not toxic.

In conclusion, the growth medium was found to
be more toxic than the dye itself and could mask
any detoxification of the dyes due to decoloration.
As a consequence, decoloration was performed as a
separate step from growth. It appears that with the
decoloration of the textile dyes by T. versicolor, the
toxicity may remain unchanged, decrease or even
increase. The latter seems to occur with dyes that
may be difficult to decolorize or those which require
long decoloration times. These findings also underline
the importance of monitoring toxicity changes in any
decoloration process as toxicity may increase.
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