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ABSTRACT

The application of white-rot fungi to pulping and bleaching processes has been studied at the
Wood Chemistry Laboratory in Kyushu University, cooperatively with the Biotechnology Labora-
tory of Kobe Steel, Ltd. Some successful results of the studies for a biomechanical pulping process,
biobleaching of hardwood and softwood kraft pulp, as well as chlorine free biobleaching of
oxygen-prebleached hardwood kraft pulp are dealt with. Biological treatment of the pulp bleaching

effluent is also described.

1. INTRODUCTION

The pulp and paper industry in the world is
now faced with pressure from envirocnmental
lobbies and concern for saving energy and
wood resources, even though the industry has
continually tried to improve its processes and
products. Recent developments in biotech-
nology' ™ suggest that the application of
microorganisms to the pulp and paper industry
may give rise to new aspects of the tech-
nologies for overcoming these pressures and
concerns,

Fungi, rather than bacteria, are the main
decomposers of wood lignin which mainly joins
fiver cells together in the wood tissues, Thus,

" 19928 9% 28U ~30Y A At ol o3t

¢

g,

2

CRUER IS ELCRER

some ligninolytic fungi may be used to soften
or loosen the wood structure so that electric
energy to produce acceptable pulp can bhe
saved to a certain extent in a mechanical
pulping process. Another potential utilization
of lignin degrading be the
biobleaching of KP since the brown color of
UKP is associated with the residual lignin in
the pulp.

It 15 also expected that fungi treatment can
reduce the color of the effluent from pulp
bleaching processes. Fungi with superior and
selective ligninolytic activity are required for
all these purposes. In this connection, Nishida
al’ isolated a fungus, named
1ZU—154, which was very active and highly
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selective in lignin degradation.

Based on the above-mentioned prospect, we
have studied the biomechanical pulping®,
hiobleaching®™ and biological treatment of a
bleach effluent”. Some successful results are
given below,

2. BIOMECHANICAL PULPING
Biomechanical pulping processes using
white-rot fungi were investigated by many

researchers™® ™

to reduce energy consumption
during production of mechanical pulp since one
of major disadvantages of the mechanical
pulping is that large amounts of electrical en-
ergy are required to produce acceptable pulp.
According to the recent papers of Leatham et
al.® ¥ supplemental nutrients and long incu-
bation time, at least four weeks, were necess-
ary for the fungal treatment of aspen chips to
save refining energy in the biomechanical
pulping and to improve the pulp strength prop-
erties,

Therefore, we investigated how much the
supplemental nutrients and treatment time can
be minimized since these are very important
variables in fungal treatments if the practical
feasibility of the biomechanical pulping is con-
cerned.

2.1 Lignin biodegradation with white-rot
fungi

Beech coarse mechanical pulp and wood
meal were mcubated with the mycelia of the
fungus 12U —154, Coriolus versicolor, and Phan-
erochaete chrysosporium at 30°C for 2—8 weeks.
it should be noted that no supplemental
nutrients are added to the incubation system.
The rates of delignification by these fungi are
shown in Fig. 1. The fungus 1ZU—154 exten-
sively degraded lignin of both the coarse
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Fig. 1. Delignification of beech wood meal and
mechanical pulp (MP) with some typi-
cal white-rot fungi.
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Fig. 2. Relation between yield and lignin loss
during incubation with fungi.

mechanical pulp and the wood meal to give
rise to lignin loss of 35, 60 and 70—80% after
two, four and eight weeks of incubation, re-
spectively, This rate was much faster than
those brought about by the other two fungi.
As judged from the relationship between
yield and hgnin loss in Fig, 2, the fungus
IZU —154 preferentially degraded the lignin
portion compared with the carbohydrate



portion. At the same lignin loss, yields after
the treatment with 1ZU—154 were much
higher than those with the other fungi. In
other words, this fungus has high selectivity
of lignin degradation. No clear difference was
observed 1n the selectivity between the coarse
mechanical pulp and the wood meal. There-
fore, incubation of the coarse mechanical pulp
with the fungus 1ZU—154 seems to constitue
an effective biological treatment in the
biomechanical pulping pro-

cesses,

2.2 Biomechanical puiping without sup-
plemental nutrients

It was reported that fungal treatment with-
out adding nutrient in medium deteriorated the
pulp strength properties and did not contribute
to the refining energy saving, for both hard-
wood” and softwood'”’ mechanical pulping
processes. Thus, the fungal treatments were
carried out with some supplemental nutrients
in many studies previously reported on

biomechanical pulping, ™™

In the present
study, however, coarse mechanical pulps were
treated with the fungus 1ZU-154 without
adding any supplemental nutrients since the
fungus extensively and selectively degraded
lignin as mentioned above.

At first, beech wood coarse mechanical pulp

was inoculated with only the mycelia of the

fungus and incubated for seven days at 30TC.
The fungal treated and untreated pulps were
bleached with hydrogen peroxide (H:0: 2%,
NaOH 2%, Na:Si0s 3% on pulp) at 70°C for 2h,
and sequentially refined in a PFI mull without
washing out bleaching agents. As measured by
the number of revolutions in the PFI mill to
develop a given freeness, energy requirement
for refining the fungal treated pulp were
decreased by a half after the H:0: beaching or
by two-thirds without bleaching, compared
with those of the untreated pulp (Table 1).
The fungal treatment increased the pulp
strength valuses to approximately twice.

For pine biomechanical pulping, electric en-
ergy required to produce a 200ml CSF pulp by
the disk refining was measured before and
after the fungal treatment for 14 days. The en-
ergy consumption was about 2,100 kWh /t
with the untreated spruce coarse mechanical
pulp, while that with the fungus-treated one
was about 1,400 kWh /t. Thus, energy saving
brought about 34%. The fungal treatment is
supposed to degrade the lignin portion in the
coarse mechanical pulp and /or to soften the
pulp so that the individual wood fibers can be
separated more easily. As shown in Table 2,
the fungal pretreatment improved tensile in-
dex by about 36%, but did not considerably af-
fect other strength properties. This may be
caused by decreased damages of the individual

Table 1. Strength and optical properties of beech biomechanical pulps

H:0: Incubation Freeness Tensile Burst index  Tear index Brightness
bleach time, days ml CSF index, Nm/g kPa-m!/g mN-m?/g %
Before 0 130 8.7 0.35 0.86 40.8
7 160 9.6 0.74 1.65 37.6
14 135. 14.6 1.12 1.99 38.1
After 0 150 9.6 0.52 1.21 64.7
7 150 19.8 1.05 2.48 65.7
14 140 23.7 1.36 2.71 67.4




Table 2. Refining energy and strength of softwood biomechanical pulps

Wood Treatment Time Refining energy Tensile index, Burst index Tear index
species days kWh /t Nm/g kPa-m?/g mN - m? /g
Pine Untreated 0 2073 17.3 1.26 7.67
Fungus(1ZU —154) 14 1367 23.5 1.55 7.32
Fungus—+glucose 7 1401 20.9 1.43 3.40
Spruce  Untreated 0 2627 33.3 2.77 8.54
Fungus(I1ZU—154) 10 2700 38.3 2.76 8.22

wood fibers during the refining of softened and
partially delignified coarse mechanical pulp
and /or increased interfiber bonding during the
sheet formation,

For spruce wood, the energy consumption on
the disk refining was about 2,700 kWh /t for
untreated pine coarse mechanical pulp, while
that after the fungal treatment for 10 days
was about 1,700 kWh /t at 200ml CSF. As
shown in Table 2, energy saving obtained with
fungal treatment was by about 35%. Tensile
index was improved by 17% after fungal treat-

ment,

2.3 Attempts to reduce incubation time

In order to minimize the incubation time in
our biomechanical pulping process, glucose
was added as a supplemental nutrient to the
pine coarse mechanical pulp at the start of the

treatment with 1ZU —154. After seven days of

the treatment, energy saving obtained was by
about 32%(Fig. 3 and Table 2). Both tensile
and burst indexes were Improved by the fungal
treatment. These data indicate that addition
of glucose can reduce the incubation period to
one-half that without supplemental nutrients
for exhibiting the same effects on energy
saving and improving pulp strength,

In conclusion, an application of the fungal
treatment to both hardwood and softwood
mechanical pulping processes resulted in sub-
stantial reduction of refining energy, and In
improving the pulp strength properties. It is
notworthy that these results were obtained by
onlv 1l-week fungal treatment. To our know-
ledge, no other study has succeeded in saving
energy and in improving pulp strength such a
short incubation period.

3. BIOBLEACHING OF KRAFT PULP USING
A WHITE-ROT FUNGUS

800~ 4
7 600: . Untreated The effluent from the pulp bleaching
:E: 4 u processes which use chlorine-based chemicals
» 400+ is of growing environmental concern because it
% 300: Fungal reated » = i‘gﬁiiﬂ . “ contain§ numerous c}1lor%nated (?rgamc subst-
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Fig. 3. Freeness of pine pulp as a function of
refining energy consumed by disk re-
fining.
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and dioxins,”™® There is a great interest,
therefore, in eliminating or at least reducing
the use of chlorine-based chemicals in bleach-
ing by means of white rot fungi because they

are the most attractive candidates for hiologi-



cal removal of residual lignin from kraft pulp.
Kirk and Yang were the first to recognize that
white-rot fungi could partly delignify un-
bleached kraft pulp”. Tran and Chambers
observed delignification of kraft pulp in treat-
ment with Phanerachaete chrysosporium', More
recently, hardwood kraft pulp treated with
Coriolus versicolor showed an increase in bright-
ness and a corresponding decrease in residual
lignin, 19, 20}

In our study four white-rot fungi (I1IZU—154,
C. versicolor, P. chrysosporium, and C. hirsutus)
were tested for their ability to directly bleach
unbleached kraft pulps.

3.1 Effect of fungal treatment on pulp
brightness

Samples of UKP were inoculated with each
of four different fungi and incubated at 30¢C
for 3—15 days. No nutrients were added at the
start of the incubation. Fig. 4 shows that
treatment with 1ZU —154 produced a sharp in-
crease in pulp brightness, while brightness
increased only shghtly with the other three
fungi. Pulp kappa number decreased with in-
creasing brightness, as shown in Fig. 5,
indicating that fungal treatment removed re-
sidual lignin in the pulp. Furthermore, fungus
1ZU—154 preferentially degraded the lignin
the
portion of the pulp, as the pulp yield was
much higher with fungus 1ZU~154 than with

the other fungi at the same brightness and

portion compared with carbohydrate

kappa number (data not shown), Therefore, it
can be concluded that the superior brightness
observed for fungus 1ZU—154 can be ascribed
to its superior and selective ligninolytic ac-
tivity.

Paice et al. reported that C. versicolor could
directly bleach hardwood kraft pulp under

conditions of low pulp consistency and sup-
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Fig. 4. Pulp brightness as a function of incu-
bation time.
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Fig. 5. Pulp kappa number as a function of
brightness for kraft pulps treated with
whit-rot fungi.

plemental nutrients."® However, more exten-

sive increases of pulp brightness were obtained

using 1ZU—154 under conditions of high pulp

consistency and no supplemental nutrients as

mentioned above, This was done to

» Maintain the concentration of lignin-degrad-
ing enzyme at a high level.

o Facilitate the transfer of oxygen to the reac-
tion sites of UKP.

» Minimize the size of the bioreactor for prac-
tical operation at a mull,



Table 3. Bleachng conditions and optical properties for conventional

hiobleaching processes

5-stage bleaching and

Dosage, % on pulp

Brightness, %

Bleaching sequence c E, Dy E D As effe'ctive Before Af~ter
chlorine aging aging*
CEDED 5.0 3.6 0.8 0.2 0.3 7.89 88.8 84.2
(Conventiona) process)
FCED 1.4 0.8 0.3 2.19 88.1 85.3
{Biobleaching process)
*at 105T for 1h.
3.2 Partial replacement of chemical = W ®
bleaching by biobleaching & s0 410 B
One objective for fungal bleaching would be 240 d30 §
to reduce the dosage of the chlorine-based 53; é
chemicals used to bleach kraft pulp, Table 3 g 30 02
shows that a combined fungal treatment (F) 20 10
for five days and chemical bleaching process 10 ) . | Q0
0 5 10 15 20

(CED sequence) gave a pulp of 88% bright-
ness at 94% vyield, almost the same brightness
as that obtained using a conventional CEDED
bleaching sequence. The FCED bleaching pro-
cess could decrease the chemical dosage in the
C. E, and D stages by 72%, 79% and 63%, re-
spectively, compared with the conventional
bleaching process.

Further reduction of the chemical dosage
can be achieved by a prolonged fungal treat-
ment in an FED or FEDED sequence. How-
ever, a slight loss in pulp yield is unavoidable
for this strategy.

3.3 Biobteaching of softwood kraft pulp by
white-rot fungi

The white-rot fungi applied to

delignification and brightening of unbleached

were

softwood kraft pulp in order to establish a
biobleaching process for SWKP. When treated
with the fungus IZU-—154, brightness of
mill-made SWKP reached 27 and 52% from

Incubation time (day)

Fig. 6. Brightening  and delignification of

SWKP with the fungus 1ZU 154

239, after 5 and 12 days of incubation, respect-
ively as shown in Fig. 6, At the same time,
kappa number decreased from 40.0 to 29.1 and
6.9, respectively.

Reid
SWKP was decreased in the earlier stage of

et al. reported that brightness of
incubation with the white-rot fungus Trametes
{Coriolus) versicolor in agiatated cultures and
did not regain its initial level until the passage
of 14days®’. By the treatment with 12U —154,
however, brightness went up to the initial
level in a few days and continually increased
during the incubation, though a slight and
of

ohserved in an ear'v phase of the 1ZU—154

temporary  decrease brightness  was

was much smaller than those with other fungi
as compared at the same kappa number,



Table 4. Bleaching conditions and optical properties for mill-made SWKP,

Dosages, % on pulp Brightness, % PC Yield
Bleaching sequece C E D E: D: Aseffective Before After number %
chlorine aging™ aging™
CEDED 9.0 64 1.0 05 05 12.95 84.2 82.4 0.38 91.4
{conventional Bleaching)
F*CED 2.4 17 0.4 - 3.45 84.6 83.4 0.25 91.4
(Biobleaching) (A73%)

* Softwood (mill-made) UKP was treated for 6 days and kappa number was decreased from 40.0 to 14.9(&

kappa=63%)
= at 105 for 60 min.

indicating that this fungus selectively de-
graded residual lignin, even if SWKP was used
as a substrate but no nutrients such as glucose
were added.

A combined fungal and chemical bleaching
process was investigated in order to obtain a
fully brightened SWKP. At the first stage
mill-made SWKP was treated with 1ZU~—154
for six Jays (F stage) to decrease kappa num-
ber form 40.0 to 14.9. Subsequently, this
fungus-treated SWKP was bleached with the
CED sequence, Chemical dosages were con-
trolled to give approximately the equal bright-
ness values for the pulps bleached with FCED
and CEDED sequences, Consequently, a
six-day treatment with 1ZU—154 could reduce
the chemical dosages by 73%, 75% and 73% in
C, E and D stages, respectively, tc get the
same brightness.

No obvious differences were observed be-
tween the strength properties of FCED and
CEDED bleached pulps (data not shown). It
should be especially noted that tear index was
not decreased by FCED process, whereas Reid
et al. reported that tear index of the
fungal-treated pulps was deterioratéd signifi-
cantly,

In conclusion, FCED bleaching can produce

bleached kraft pulp with very small chlorine
charge. This bleached pulp has sufficient op-
tical and strength properties. It is considered
that active and selective lignin-degrading
ability of 1ZU~154 leads to these successful
results,

4. CHLORINE-FREE BLEACHING OF
KRAFT PULP

The effluent from multi-stage bleaching of
unbleached kraft pulp (UKP) contains many
kinds of low molecular weight chlorinated
aromatics, such as chlorinated phenols and
dioxins that are acutely toxic and aliphatic low
molecular wight unstable aldehydes that are
recognized as being mutagenic.'™ 272 There-
fore, the environmental concerns have let us
to seek alternative ways to eliminate the use
of chlorine-based chemicals in bleaching.

As described above, the fungus 1ZU-—154
significantly increased pulp brightness. There-
fore, to establish an absolutely chlorine-free
bleaching process the fungus 1ZU-—154 was
applied to delignification and brightening of an
oxygen-bleached hardwood kraft pulp (HW
KFP). Paice et al. reported also the bio-
bleaching of HWKP with T. versicolor which
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Fig. 9. Decolorization of N-Ei effluent by
white-rot fungi

IZU—154 but other additives such as am-
rmoniurn tartrate as the N-—source and trace
elements were scarcely required.

The decolorization ability of three white-rot
fungi was determined using the E: effluent
containing 0.5% glucose. As shown in Fig. 9,
for the E: effluent containing 10000 CU, treat-
ment with 1ZU—154 resulted in 7800 CU(78%)
and 8900 CU(89%) reduction of the color after
one-and two-day-incubations, respectively. On
the other hand, when the E: effluent was
treated under the same conditions, only 32%
and 36% of decolorization with C. versicolor and
49% and 72% of decolorization with P. chry-
sosporium were observed within one-and
two-day-incubation, respectively. The Ei efflu-
ent, if it contained a small amount (0.5%) of
glucose, was most effectively decolorized by
the fungus 1ZU—154. Thus, decolorization by
1ZU—154 was hereinafter investigated in
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further detail.

5.2 Effect of various additives on
decolorization of N-E: effluent

Since adding a small amount of glucose (0.
5%) to E: effluent was shown to be essential,
various carbon sources including mannose, xy-
lose and glycerol were tested as possible
substitutes for glucose. In the presence of
mannose, 86% of the color was removed by
one-day-incubation, but both xylose and gly-
cero]l were noticeably less efficient than glu-
cose which exhibited 95% decolorization.,

The same concentration (28mM, that is
equivalent to 0.5% glucose) of various glucose
derivatives such as glucono-é-lactone, glucur-
onolactone, sodium glucuronate and glucitol
were added to the E. effluent for testing their
efficiency as additives for decolorizaton. As
shown in Table 4, in comparison with 53% and
78% of color reduction achieved with the E:
addition of
glucono-dlactone to E: effluent showed 83%

effluent including glucose,

Table 6. The effect of additives on the
decolorization of N-E: effluent by
I1ZU~154 (initial color : 10,000 CU)

Decolorization(%)

Additives after incubation of
12h 24h
None 21 28
Glucose 53 78
Glucono-#-lactone 83 94
Glucuronolactone 60 32
Sodium gluconate 32 36
Sodium glucuronate 17 25
Glucitol 21 29
Glyceric acid ND 22
Glycolic acid ND 32
Acetic acid 43 59

ND : not determined



and 94% of decolorization within 12-and
24-hour-incubation, respectively. The decolori-
zation brought about by the addition of 0.2%
(1lmM) glucono-é-lactone corresponded to
that obtained by adding 0.5% (28mM) glu-
code. Glucuronolactone had almost the same
effect on color removal as glucose did.

In contrast, sodium gluconate, sodium
glucuronate and glucitol had practically no ef-
fect on the extent of the color removal. Ad-
dition of acetic acid effectively enhanced the
decolorization of Ei effluent, although glyceric
and glycolic acids showed no effect on the
color removal, The initial rate of decolorization
of the N—E: effluent with 0.5% and 0.2% of
acetic acid were higher than that with 0.5% of
glucose within 12-hour incubation, although
decolorization of the N-E: effluent with glu-
cose was more effective than that obtained
with acetic acid after 24-hour-incubation.

When immobilized in the MyCoPoR process,
P. chrysosporium significantly reduce the color
of Ei effluents.®® The color removal by the
fungus 1ZU-154 corresponded to that of P.
chrysosporium without any further biotech-
nological optimerization such as immobilization
of the fungus and flushing with oxygen.
Therefore, higher color reduction by [ZU —154
can be expected for a possible biotechnological
application.

On the other hand, We observed 59% color
removal of N-E: effluent including 0.17% of
acetic acid (28mM) within 24-hour-incubation,
The addition of small amounts of acetic acid to
E: effluents did not affect COD value of the E:
effluents when it was analyzed by KMnO
method (data not shown). Therefore, acetic
acid is expected as as possible substitute of
glucose for decolorization of Ei effluents,
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resulted in increase of pulp brightness but to
the smaller extent than [ZU—154 did.'*®

4.1 Fungal treatment of oxgen -bleached
HWHKP

A mill-made oxygen-bleached HWKP was
inoculated with the fungus IZU-—154 and
incubated at 30°C for 12 days. As shown in
Fig. 7, brightness of the pulp was increased by
17 and 22 points in three and five days of the

fungal treated pulps were bleached with hy-
drogen peroxide after alkaline extraction,

Combination of oxygen-bleaching, a three-day
treatment with 1ZU-—154, an alkaline extrac-

tion and hydrogen peroxide bleaching (OF.EP)
gave a pulp of 85.0% and 86.3% ISO bright-
ness with 4% and 5% charge of H:0: on pulp,
respectively. Moreover, when fungal treat-
ment was prolonged to five days as shwon for

treatment with 1ZU—154, respectively. Kappa 80 e 100 1ll
number was decreased from 10.1 to 6.4 by the p 110
five day treatment. Yield loss was only less
than 1% for 5 days. Therefore, it can be 3 3 ik °
concluded that I1ZU-154 degrades quite = wor %39 By
selectively even a small amount of residual lig- % § . ’(é
nin in oxygen-bleached HWKP, % =} 172
= o0 loos s B
4.2 Chlorine-free bleaching process ) N
To establish an absolutely chlorine-free Kappa Number T
bleaching process, a fungal treatment was fol- 14
lowed by chlorine-free chemical bleaching. A 5 Brightness I
mill-made oxyen-bleached HWKP was treated O” A AU
with 1ZU—154 for three or five days to in- Incubation time (day)
crease the brightness from 47.9% to 66.4% or Fig. 7. Biobleaching of oxygenbl hardwood
£9.8%, respectively, Subsequently, these kraft pulp
Table 5. Bleaching conditions and optical properties for chlorine-free processes
Bleaching sequence H;Oz NaO?H B -:l-g}-l—tg—e*sfg—g@* PC Yield
0 “o before afFer number 2
aging aging
O-C-E-D* 87.9 85.7 0.36 97.4
O-P\-P. g: g i 1 ; 73.8 718 0.89 97.4
O-Fi-E-pP** 4 2 85.0 83.7 0.26 97.7
O-FzE-P*™ 5 2 86.3 84.9 0.26 97.8
2 2 84.3 83.5 0.17 97.1
4 2 87.3 85.6 0.29 97.0

*at 105¢C for 1 h.
“dosages on pulp; C : 2.1%, £E:1.2%, D : 0.7%

=* F, : 3-days fungal treatment, F:. : 5-days fungal treatment

— ’76 —



OF:EP in the Table 5, a pulp of 84.3% and 87.
3% brightness was obtained with 2% and 4%
H:0: treatment, respectively. On the other
hand, the brightness of OPP pulp was only
74% in spite of its large dosage H:0» and its
color reversion was much higher. Therefore,
the fungal treatment is very effective for
establishing an absolutely chlorine-free bleach-
INg pProcess.

4.3 Strength properties of OFEP pulp

Strength properties of an OF:EP bleached
pulp were compared with those of an OCED
bleached pulp as a function of sheet density in
Fig. 8. The difference in strengths between
these pulps was almost negligible, although
the burst and tensile indexes of the OF:EP
bleached pulp were slightly higher and the
tear strength of the OF:EP bleached pulp was
slightly lower than those of the OCED
bleached pulp.

It can be concluded that the applying
[ZU~154 treatment into a bleaching process
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Fig. 8. Strength of OF:EP and OCED pulp
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make it possible to produce fully bleached
HWKP without wusing any chlorine-based
chemicals. The bleaches pulp exhibited suf-
ficient optical and strength properties. These
results experimentally prove that it is poten-
tially possible to establish a chlorine-free blea-
ching process.

5. TREATMENT OF KRAFT BLEACHING
EFFLUENTS BY LIGNIN-DEGRADING
FUNGI

In this section, the decolorization of the first
alkaline extraction stage (E:) effluents with
the lignin-degrading fungi is dealt with. The
kraft bleach shows dark brown color and
chlorinated

contains  numerous

15.16,22-24)

organic
substances, Typical biological treat-
ment with an aerated lagoon and/or an
activated sludge systems reduces the BOD and

COD of the effluent but the color of the efflu-
ent persists.®* With P. chrysosporium, some

color reduction of kraft bleaching effluents
was achieved in several days in a concentrated
oxygen atmosphere with or without agitation,
' The MyCor® and MyCoPoR™ processes
using P. chrysesporium have so far been
proposed as effective decolorization processes
of the E: effluents,

5.1 Decolorization of N—E: effluent by
treatment with 1ZU— 154

Here, N—E: effluent denotes the effluent
from E: stage in bleaching of soft-wood kraft
pulp.

At first, the N—E; effluent of 7000 color
unit (CU) was treated with the fungus
1ZU~154 under different medium conditions.
The results (data not shown) indicated that a
small amount (0.5%) of glucose was only
necessary for decolorization of E; effluent by



15.

16.

18.

19.

20.

21.

22.

Kringstad K.P. and K. Lindstrom 1984. En-
viron. Sct. Techno. : 18, 236

Rappe C., S. Swanson, B. Glas, K.P.
Kringstad, F. De Sousa, L. Johanss and Z.
abe 1989. Pulp and Paper Can., 90 : T273

. Kirk T.K. and H.H. Yang 1979. Biotechno.

Lett., 1 : 347

Tran A.V. and R.P. Chambers 1987. Appl.
Microbiol. Biotechno., 25 : 484

Paice M.G., L. Jurasek, C. Ho and R.
Bourbonnais 1989. Tappi, 72(5) : 217
Kirkpatrick N., 1.D. Reid, E. Ziomek and
M.G. Paice 1990. Appl. Microbiol. Biotech
nol., 33 1 105

Reid I.D., M.G. Paice, C. Ho and L.
Jurasek 1990. Toappi, 73(8), 149(1990)
Swanson S.E., C. Rappe, J. Malmstrom
and K.P. Kringstad 1988. Chemosphere, 17 :
681

23.

24.

25.

26.

28.

29.

Beck H., K. Eckart, W. Mathar and R.
Wittokowski 1988. Chemosphere, 17 = 51
Reeve D.W. and P.F. Earl 1989. Pulp and
Paper Canada, 90 : T128

Collins T. and d.G. Allen 1991, Thppi, 74(4)
1 231234

Grader R.J., W.D. South and B. Djordjevic
1973. Thppi, 56(4) : 103—107

7. Eaton D., H.-M. Chang and T.K. Kirk,

1980. Tuppi, 63(10) : 103—106

Chang H.-M., T.W. Yoyce, Y. Matsumoto,
C. Yin, B. Vasudevan, C.-A. Boechat, and
T.K. - Kirt 1986. Third Int. Conf. of
Biotechnology in the Pulp and Paper In-
dustry : 120—123

Cammarota M.C, and G.L. Sant” Anna Jr.,
1992, Environmental Technology, 13 : 65—71



