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ABSTRACT: Landfill leachate is a complex environmental problem. Here, we used immobilized Ganoderma australe and

crude enzyme to treat landfill leachate. The treatment by immobilized G. australe achieved 50% and 32% removals for
leachate BODs and COD, respectively. Totals of 58%, 57%, and 62% of BOD, COD, and NH3-N percentage removal were
obtained when the leachate previously treated with immobilized G. australe was continuously treated with crude enzymes.
Using a continuous treatment with crude enzymes achieves higher percentages of COD and NH3-N removal.
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INTRODUCTION

Landfill leachate comprises a complex mixture of
inorganic and organic substances. Landfills gen-
erate large amounts of leachates that contain high
concentrations of organics and ammonia nitrogen'.
Biological activity within the landfill influences its
chemical composition?. Several options have been
implemented to treat leachate, presenting varying
degrees of efficiency. Biological treatment is often
chosen due to its reliability, simplicity, and high cost-
effectiveness>. In addition, biological processes based
upon suspended-growth biomass have been proved to
be effective in removing organic carbon and nutri-
ents content*. However, some problems have been
encountered. The methods that use microbes for
bioremediation are expensive and microbial cultures
take a long time to produce’. For that reason, a
good alternative is the use of immobilized cultures
on supports®. Immobilized cultures tend to produce
higher levels of enzymes and are more resistant to en-
vironmental changes, such as pH or toxic chemicals,
than free cell cultures’.

Basidiomycetous white-rot fungi are capable of
degrading a variety of environmental pollutants such
as aromatic compounds. This capability arises from
the production of powerful oxidative and non-specific
extracellular enzymes known as peroxidases. The
peroxidase families are best recognized by lignin
peroxidases (LiP), manganese peroxidases (MnP), and

aryl-alcohol oxidase®. Peroxidases and laccases have
a broad substrate specificities and can catalyse the ox-
idation of a wide range of toxic organic compounds”®.
They can remain active in the presence of harsh living
conditions such as recalcitrant and toxic xenobiotics
in the leachate '°. White-rot fungi are therefore a good
potential to be applied in wastewater treatment, for
example leachate.

Bioaugmentation is a biological method that in-
volves the addition of microbial products such as en-
zymes to wastewater to accelerate the rate of pollutant
degradation. Enzymes are classified broadly as hy-
drolytic, oxidizing, or reducing, depending on the type
of reaction that they catalyse''. The transformation
takes place as the enzyme encounter its substrate (the
target pollutant) and splits it into component parts or
removes part of the molecule. This process occurs
very rapidly, leaving the enzyme unaltered and ready
to react with further molecules of substrate. There are
several benefits of using enzymes for environmental
applications which include: (1) they can function
either at mild, replacing harsh or work in extreme
conditions, hence saving energy and preventing pol-
lution; (2) they are highly specific, which results
in less unwanted side effects and byproducts in the
production process; (3) enzymes are also able to
treat waste consisting of biological material; and (4)
enzymes themselves are biodegradable, so they are
readily absorbed back into nature 2.

Enzymes are natural catalysts commonly found
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in all living organisms>. They may be used either

for building more complex molecules from simple
ones or for selective breakdown of a mixture of larger
molecules. It was reported that over 1000 different en-
zymes consisting in just one microorganism !>, Many
reports demonstrate that the complex ligninolytic ma-
chinery of basidiomycetous fungi is involved in most
degradation processes'®. This enzymatic complex
includes, among many others, enzymes such as lignin
peroxidase, manganese peroxidase'#, and laccase,
which has been confirmed to be essential for ligni-
nolytic activity in many white-rot fungi'>. White-rot
fungi have capacity to produce one or more extracellu-
lar lignin-modifying enzymes due to their lack of sub-
strate specificity, hence are also capable of degrading
a wide range of xenobiotics '°. White-rot fungi such as
Phanerochaete chrysosporium typically secrete one or
more of the three principal ligninolytic enzymes, i.e.,
lignin peroxidase (LiP, EC 1.11.1.14), Mn-dependent
peroxidase (MnP, EC 1.11.1.13) and phenol oxidase
(Laccase) (LAC, EC 1.10.3.2) 7. Hence this paper fo-
cused on treatment of landfill leachate using biological
method by immobilized white-rot fungi, G. australe
and bioaugmentation of crude enzymes to improve the
performance of wastewater (e.g., leachate) treatment
system and meet the discharge standards.

MATERIALS AND METHODS

Fungi and subculture of fungi

Ganoderma australe was obtained from the Mycology
Laboratory, Institute of Biological Sciences, Univer-
sity of Malaya, Malaysia. The fungi were maintained
on malt extract (Oxoid) agar (MEA) slants, and the
inoculum was prepared by subculturing onto MEA
grown for 7 days at 28 =2 °C. Subculture was done
once a week to obtain active fungi.

Myecelial suspension and immobilization of fungi
on Ecomat

Mpycelial suspension: Four plugs (6 mm? diameter)
of a 7-day old fungal colony growing in MEA media
in Petri plates were transferred into 250-ml Erlen-
meyer culture flasks containing 100 ml of glucose-
yeast-malt-peptone (GYMP) growth medium under
sterile conditions. =~ The GYMP growth medium
contained the following: MgSO, -7H,0 (1.00 g/l);
KH,PO, (1.00 g/); K,HPO, (1.00 g/1); NH,CI
(1.00 g/1); Glucose (15.00 g/1); Peptone (8.00 g/l);
Yeast extract (8.00 g/l); and Malt Extract (8.00 g/l).
Inoculated flasks were then agitated on an orbital
shaker for 48 h at 28 -2 °C at 150 rpm.
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Ecomat sterilization: Fifty pieces of Ecomat were
put into a 500 ml beaker. The beaker was covered with
aluminium foil and then sterilized in autoclave for 1 h
prior to use. Ecomat is natural support material for
immobilization of fungal mycelium. It is a high-tech
organic fibres (lignocellulolytic fibres) made from
100% oil palm empty fruit bunches (manufactured by
Ecofibre Technology, Malaysia)”.

Fungi immobilization on Ecomat: Four pieces of
sterilized Ecomat and 5 ml of mycelia suspension
were added to 250-ml Erlenmeyer culture flasks con-
taining 50 ml of GYMP growth medium. The flasks
were agitated at 100 rpm on an orbital shaker. The
Ecomat covered with fungal mycelium within 4 days
were used for the study. The use of natural support
materials in immobilization showed better coloniza-
tion by fungal thus increase the attachment of mycelial
biomass to the support materials'®. Hence this can
increase the degradation rate of pollutant by the fungal
mycelium.

Experimental design

Leachate characterization before treatment: Leach-
ate sample used in this study was collected from the
pond of untreated leachate at the sanitary landfill.
The leachate was filtered to remove suspended solids
before analysis for pH, chemical oxygen demand
(COD), biological oxygen demand (BODs), and am-
moniacal nitrogen (NH3-N) according to the Standard
Method for the Examination of water and waste-
water ' using a Hach DR 2800 spectrophotometer.

Leachate treatment by immobilized G. australe fol-
lowed by treatment with crude enzymes: Experi-
ments were carried-out in Erlenmeyer flask and con-
sisted of two phases. In the first phase, in 250-ml Er-
lenmeyer culture flasks, 125 ml of leachate was treated
with immobilized G. australe on Ecomat. The flasks
were then agitated on an orbital shaker for seven days
at 28 £2 °C at 150 rpm. Then, in the second phase, the
treated leachate from the first phase was collected and
subsequently treated with 10 U/ml of crude enzyme.
The crude enzyme was cell-free enzyme (in a form
of powder) isolated from their originating cells and
might contain all enzymes produced by G. australe.
The crude enzyme was prepared by freeze-dried the
extracellular enzymes produced by G. australe until
it became powder. Extracellular enzymes produced
by four-days old G. australe mycelium showed sig-
nificant productivity of ligninolytic enzymes such as
MnP, laccase, and LiP, which are important enzymes
for pollutant degradation’. The reaction mixture
consists of 19.8 ml of 50 mM sodium citrate buffer
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Table 1 Percentage of BODs, COD, and NH3-N removal and pH changes in leachate.

Immobilized G. australe only

Immobilized G. australe
and crude enzymes

Crude enzyme only

Parameters Levels in Levels in Percentage Levels in Percentage Levels in Percentage
untreated leachate treated leachate  of change” treated leachate  of change” treated leachate  of change”

BODs (mg/l) 4166 2070 £+ 430 —50 1730 £+ 130 —16 1730 £ 130 —58

COD (mg/l) 5980 4080 + 210 -32 2570 £ 130 —37 2570+ 130 —57

NH;3-N (mg/l) 30.9 432+52 440 11.7£3.6 —73 11.7£3.6 —62

pH 8.14 9.11+0.72 +12 8.87+£0.74 -3 8.87+0.74 +9

* — indicates reduced (removed); + indicates increased. Values expressed are mean 4= SD of triplicate measurements.

(pH 6.5), 2.0 ml of crude enzyme (at 10 U/ml), and
0.2 ml of leachate. The combination of crude extract
enzyme and leachate medium was incubated on an
orbital shaker at 80 rpm for 4 h. All processes were
done under sterile conditions at ambient temperature.

Determination of leachate characteristics after treat-
ment: Removal of BOD, COD, and NH3-N were
investigated after fungal treatment and the results were
compared with the initial values.

RESULTS

The results obtained from the previous experiments
demonstrated that treatment of leachate with immobi-
lized G. australe on Ecomat only achieved significant
BODs removal, while treatment of leachate with crude
enzymes attained notable effect on NH3-N removal.
For this reason, the treatment of the leachate using
fungi was carried-out by combining the immobilized
G. australe on Ecomat and crude enzymes. It consists
of two phases where, in the first phase, the con-
centrated leachate was treated with the immobilized
G. australe on Ecomat. Result of leachate remedia-
tion after the first phase showed that the percentage
removal of leachate components obtained was 50%
for BODs, 32% for COD, and —40% for NH3-N
(Table 1).

At the second phase, the leachate was collected
and treated with 10 U/ml of crude enzyme at 4 h of
exposure on an orbital shaker at 80 rpm. After the
second phase of experiments, 16%, 37%, and 73%
of BODs, COD, and NH3-N removal were achieved,
respectively (Table 1). Finally, by the end of the
experiment, the percentage removal of leachate com-
ponents was enhanced (Table 1). Overall, after the
concurrent treatment with immobilized G. australe
and crude enzymes, 58%, 57%, and 62% percentage
removal of leachate BODs, COD, and NH3-N were
achieved, respectively. Meanwhile, the pH at both
phases of the experiment was not much different with
the value of 9.11 after the first phase of experiment
and 8.87 at the end of second phase of the experiment.

DISCUSSION

The treatment of concentrated leachate by immobi-
lized G. australe followed by treatment with crude
enzyme revealed that the first phase of treatment
which is by immobilized G. australe on Ecomat
only exhibited 50% and 32% of BODs and COD
removal, respectively. The results obtained show that
white-rot fungi G. australe is capable of removing
BODs and COD, but not NH3-N. White-rot fungus
P. chrysosporium has been used for the biological
removal of organics measured as COD?’. White-
rot fungi have been attracting a growing interest for
the biotreatment (removal or destruction) of waste
water ingredients such as metals, inorganic nutrients,
and organic compound due to their ability to adapt
to severe environmental constraints?'-?>, Based on
this finding, white-rot fungi G. australe demonstrated
effectiveness for organic removal in leachate treat-
ment?*2*,  Furthermore, immobilization of fungal
biomass can increase the degradation capacity and the
tolerance to toxic pollutant concentrations. This is due
to the fact that using an immobilized system provides
greater degree of stability for the fungi and a high
tolerance for elevated pollutant concentrations®. In
addition, immobilization of mycelia can enhance en-
zyme production by facilitating mycelia-fluid contact;
hence improving the mass and O, transfer rates%27,
Previous result showed that G. australe was able to
produce ligninolytic enzymes such as LiP, MnP, and
laccase’. These enzymes are known for their ability
to degrade a variety of environmental pollutants in-
cluding leachate®.

The continuous experiment with only 10 U/ml of
crude enzyme at 4 h exposure on an orbital shaker
at 80 rpm not only could remove BODs and COD
but also NH3-N. The percentage removal achieved
were 58%, 57%, and 62% for leachate BOD5, COD,
and NH;3-N, respectively. These results show that
enzyme can be applied to remove leachate NH;3-N
significantly. They also show the ability to remove
BODs and COD. The ability of these enzymes to
degrade a variety of industrial pollutants, environ-
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mental pollutants, and leachate was also supported
by the previous studies*?%. Ligninolytic enzymes
that produced by G. australe are haemoproteins with
an exceptional broad substrate spectrum that include
organic and inorganic compounds. These enzymes
can catalyse oxidations and resulting in the formation
of free radicals (e.g., phenoxyl and aryl cation radi-
cals), reactive cations, (e.g., Mn3+), or anions (e.g.,
OCI17) which are involved in the destruction of humic
substances, the oxidation of toxic compounds, and
nonspecific defence reactions 2.

Treatment of leachate by immobilized G. australe
followed by treatment with crude enzyme demon-
strated that removal of leachate NH3-N only occurred
when leachate was treated with crude enzymes (cell-
free enzyme). This may be due to the very slow
transformation of NH3-N into soluble or easily cell-
available products. On the contrary, removal of leach-
ate BODs was significantly obtained when immobi-
lized G. australe was applied while, COD removal
could be obtained with both by immobilized of G. aus-
trale or crude enzymes. These findings suggested to
achieve optimum removal of leachate BODs, COD
and NH3-N, combination treatment of immobilized
G. australe and crude enzymes must be applied.
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