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ABSTRACT

This study aims to determine optimal valorisation of textile dyeing by immobilized
fungus Daedalopsis Eff. Confragosa in sawdust as well as the quality of the valorisation,
which covers Chemical Oxygen Demand (COD), Biological Oxygen Demand (BOD),
Total Suspended Solids (TSS), pH, colour and level of toxicity. This fungus was obtained
from plantation areas in Negara, Bali. Textile dyeing wastewater was taken from the
Mama & Leon textile dyeing industry, Tabanan Bali. The optimum condition needed to
process the dyeing waste was at pH 4 with eight days of incubation. Field-scale textile
waste treatment in a reactor containing the immobilized fungus Daedaleopsis eff.
confragosa in sawdust for eight days can reduce colour, TSS, COD, and BOD by 79.78%,
779.11%, 88.307%, and 82.932%. Furthermore, textile waste processing results in a lower
level of toxicity compared to the one before processing. The level of toxicity of
wastewater before it was treated was mildly toxic. Meanwhile, the level of toxicity after
treatment was non-toxic. In this paper we have tested the results on a large scale to ensure
that this method was applicable for a practical purpose.

Keywords: Immobilized fungus, textile waste, wastewater toxicity, total suspended
solids.

1. INTRODUCTION

The textile waste produced by dyeing industries has the potential to pollute the
environment. This was because the textile wastewater contains very complex pollutants
and has high colour intensity [1]. The value of biological oxygen demand (BOD) and
chemical oxygen demand (COD) for textile waste ranges from 80-6,000 mg/L and 150-
12,000mg/L [2]. This value exceeds the quality standard threshold of textile industry
wastewater when viewed from the Minister of Environment Decree No.
51/MENLH/10/1995. The existence of textile waste in waters can interfere with the
penetration of sunlight. This leads to the life of organisms in the waters will be disturbed
and, at the same time, threatening the sustainability of the aquatic ecosystem. Thus, textile
waste disposal to the environment must be preceded by certain processing actions [3].
Several methods have been developed to reduce textile waste pollution. Those methods
include chemical methods such as electrochemical oxidation, ozonisation, and the
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oxidation process [4]-[6], physical methods, namely photo-oxidation and activated
carbon [7], [8], and biological methods by using algae, ligninolytic enzymes, fungi and
bacteria [9]-[16]. Chemical and physical textile waste processing was considerably
effective in removing color, but they were not efficient in cost. Moreover, the use of
chemicals causes a lot of sludge. Accordingly, utilizing microorganisms was a rapidly
growing method to solve textile waste processing problems. Besides, the advantages of
using microorganisms were low cost, environmentally friendly, and can be used
repeatedly if it was utilizing immobilized microbes [17].

Wood-degrading fungi can degrade wood components, particularly lignin and
cellulose. The group of wood-degrading fungi that were reported to be able to degrade
lignin was white-rot fungi. Apart from being useful for degrading lignin compounds,
white-rot fungi were also useful for degrading textile dyes [18]. White-rot fungi such as
Pleurotus ostreatus, Coriolus versicolor, Lentinula edodes, Agrocybe aegerita, Agrocybe
sp. Coprinus comatus, Gloeophyllum trabeum, Meripilus giganteus, Rigidoporus
ulmarius, and Tricholoma caligatum were reported to have great ability break down
textile dyes [19]-[21]. Besides, Daedaleopsis eff. confragosa was a type of white-rot
fungus that was reported to effectively degrade textile waste [22].

The ability of wood-degrading fungi to remodel textile waste was closely related to
the extracellular lignolytic enzymes produced by these fungi, namely lignin peroxidase
(LiP), manganese peroxidase (MnP), and lacase [18]. Lignolytic enzymes can tear down
aromatic compounds, synthetic polymers, and dyes through redox reactions, where the
enzyme will completely oxidize carbon compounds into CO2 and H2O [13].

The valorisation of textile waste using wood degrading fungi was influenced by
environmental factors such as pH, concentration, and unsuitable waste disposal period.
The biological process of tearing down azo dyes was strongly influenced by pH and
incubation period [23], [24]. The valorisation of the Reactive Blue dye with a 100 mg / L
concentration by the fungus Polyporus rubidus causes a decrease in colour by 37%, 54%,
and 61% respectively during 2, 3, and 5 days of incubation period [24]. Accordingly, it
was necessary to determine the valorisation’s optimum condition to obtain an efficient
textile waste degradation by wood degrading fungi.

The valorisation of textile waste by wood degrading fungi can be done in two ways,
either using free (suspended) or attached (immobilized) fungi. It shows that using
microorganisms with an embedded growth process provides higher efficiency of
transformation compared to using microorganisms with a suspended growth process [23].

Agricultural wastes such as corn, stover, corn cobs, bagasse, wheat straw, rice straw,
sawdust, and banana peels can be used as an attached growth medium for white-rot fungus
to produce lignolytic enzymes [25]. Sawdust was a potential material used as a
supporting solid for immobilizing fungi. This was feasible since sawdust was easy to find
and cheap. Another advantage of using wood sawdust as a supporting solid was the
content of lignin, cellulose, and hemicellulose in sawdust which function as an inducer in
degrading dyes by lignolytic enzymes.

In the context of controlling environmental pollution by industrial waste, the Republic
of Indonesia's Government has issued the Minister of Environment Decree No.
51/MENLH/10/1995 regarding quality standards for industrial waste. This law requires
every business or activity to carry out waste treatment until it meets the standard
requirements for the quality of wastewater before being discharged into the environment.
The quality standard parameters of wastewater for the textile industry include BODS,
COD, TSS, total phenol, total chromium (Cr), oils and fats, and pH. To determine whether
the results of textile waste valorization by the immobilized fungus Daedaleopsis eff.
confragosa in sawdust has met the quality standard requirements, tests were carried out
which included BODs, COD, TSS, pH, and color tests.
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The toxicity of the dye according to EU criteria for hazardous substances was
classified as low. Van der Zee (2002) reported that only 2% of the 300 dyes tested had
Lethal Concentration (LCso) values for fish lower than 1.0 mg/L. Although the dye's
toxicity level was low, there was a possibility that the valorization process was likely to
produce a more toxic product than before. Therefore, toxicity testing was important to see
how big the waste's toxic effect was on the affected organism.

Based on the problems mentioned above, this research will study the optimum
conditions for textile waste valorisation by the immobilized fungus Daedaleopsis eff-
confragosa in sawdust and the quality of its valorization results, including COD, BOD,
TSS, pH, color, and level of toxicity.

2. METHOD AND MATERIALS

This research was an experimental study that aims to determine the optimum conditions
and quality of textile waste after valorization using immobilized Daedaleopsis eff-
Confragosa in sawdust.

2.1 Fungus Daedaleopsis eff. confragosa

The fungi used in this study were wood degrading fungi taken from plantation areas in
Negara, Jembrana District, Jembrana Regency, where this fungus grows on dead tree
trunks. Based on the identification results at the Plant Taxonomy Laboratory, Department
of Biology, Faculty of Mathematics and Science, Udayana University, the fungus used
was Daedaleopsis eff. confragosa. This mushroom has the characteristics of a fruiting
body in the form of a fan and was rather hard, as shown in Figure 1.

The fungi were then reproduced on Potato Dextrose Agar (PDA) media by following
the method used by Ali and Muhammad [26]. Daedaleopsis eff. confragosa was crushed
and put into a test tube filled with sterile water while shaking it. Next, 1 mL of liquid
containing spores was put into a petri dish containing PDA media and incubated for seven
days until white threads grow on the surface of the PDA. 1 liter of PDA media consists
of 200 grams of potatoes, 20 grams of dextrose, and 20 grams of agar and 1 tablet of
chloramphenicol to prevent bacterial growth. The mushroom mycelium was then
transferred to modified Czapek liquid media. The mycelium of fungus Daedaleopsis eff.
confragosa was put into a 500 mL Erlenmeyer flask containing 250 mL of liquid of
Czaspek media. The mixture was incubated for seven days while being shaken using a
shaker. Further, 1 liter of liquid Czaspek medium contains 15 g of sucrose, 3 g NaNOj3,
0,5 g KCl, 0,5 g MgS0O4 7H20, 0,01 g FeSO4 7 H20 dan 1 g KH2POs.

Scientific Classification
Divisio: Basidiumycota
Class: Basidiomycetes
Order: Polyparales
Family: Polyporaceae
Genus: Daedaleopsis
Species: Daedaleopsis eff.
confragosa

Figure 1. Daedaleopsis eff. Confragosa

2.2 Determining the Optimum Growth Period for Daedaleopsis eff. Confragosa
A total of 10 mL of liquid media was inserted into the test tube, and 1 mL of the mushroom
suspension was added to the media. After that, the test tube was closed and incubated for
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1 day while shaking it using a shaker. The absorbance of the mixture was measured using
a 20" spectronics at a wavelength of 360 nm. Similarly, the fungus Daedaleopsis eff-
Confragosa was grown at 2, 3, 4 to 10 days of incubation. The growth curve was made
by plotting the absorbance data against the growth time.

2.3 The Immobilization of Fungus Daedaleopsis eff. confragosa on Wood Sawdust
The method used to immobilize the fungus Daedaleopsis eff. confragosa on wood
sawdust follows the method used by Srikanlayanukul, Khanongnuch, & Lumyong (2006).
For a 100 mL Erlenmeyer flask, the researcher adds 3 grams of sterile sawdust, 5 mL of
mushroom suspension, and 5 mL of Czapek liquid media. The mixture sits for four days
while shaking it using a shaker. After four days, the liquid in the Erlenmeyer flask was
poured, and water was added again to remove the sawdust's mobilized fungus.

2.4 Determining the Optimal Conditions for the Valorization of Synthetic Textile
Waste

The textile waste samples used were made by mixing Remazol Red, Remazol Blue,

Remazol Golden Yellow, and Remazol Black B dyes with the same mass ratio to obtain

a total concentration of 5000 mg / L. Synthetic waste was prepared by considering the

concentrations at 25, 50, 75 and 100 mg / L.

2.5 The Efficiency of Synthetic Waste Reshuffle at Variations in pH

A total of 50 mL of synthetic waste with a 50 mg / L concentration was put into a 100 mL
Erlenmeyer containing the immobilized fungus Daedaleopsis eff. confragosa. The
synthetic waste was conditioned at pH 3 by adding a solution of HCI. The Erlenmeyer
flask was closed and incubated for one week while shaking it using a shaker. After one
week, the liquid was centrifuged at 4000 rpm for 30 minutes and filtered using filter paper.
The absorbance of the filtrate was measured using spectronics 20" at a wavelength of 595
nm. Similarly, the treatment of pH 4, 5, 6, 7, and 8 was carried out. Each treatment was
repeated three times. A negative control was made in the same way using 3 grams of
sawdust without any mold.

2.6 Valorisation Efficiency at Variety of Dyestuff Concentrations
A total of 50 mL of synthetic waste with a 25 mg/ L concentration was put into a 100 mL
Erlenmeyer containing the immobilized fungus Daedaleopsis eff. confragosa. Synthetic
waste was conditioned at an optimum pH obtained from pH treatment. Erlenmeyer flask
was tightly closed and incubated for one week while shaking it using a shaker. After one
week, the liquid was centrifuged at 4000 rpm for 30 minutes and filtered, and then the
absorbance was measured using a 20+ spectronics at a wavelength of 595 nm.

Similarly, synthetic waste valorisation was carried out with concentrations of 50, 75,
and 100mg/L. Each treatment was repeated three times. A negative control was made in
the same way by using 3 grams of sawdust without mold.

2.7 Valorization Efficiency at Variation in Length of Contact

A total of 50 mL of synthetic waste with the optimum concentration was obtained
from treating the concentration into 100 mL Erlenmeyer containing the immobilized
fungus Daedaleopsis eff. confragosa. The synthetic waste was conditioned to an optimum
pH obtained from pH treatment and then closed and incubated for one day while shaking
it using a shaker. After one day, the liquid was centrifuged at 4000 rpm for 30 minutes
and filtered, and then the absorbance was measured using 20+ spectronics at a wavelength
of 595 nm. Similarly, synthetic waste's valorisation was carried out during some period
starting from 2, 3,4, 5, 6, 7, 8,9, and 10 days. Each treatment was repeated three times.
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A negative control was made in the same way but using 3 grams of sawdust without the
fungus.

2.8 Immobilization of the fungus Daedaleopsis eff. confragosa. on wood sawdust
The reactor was made of glass, with dimensions of length, width, height of 10 cm, 10 cm,
and 30 cm. After adding 200 grams of sawdust, the effective volume of the reactor for
waste was 2500 mL. The reactor design was presented in Figure 2.

A total of 200 grams of sawdust was added to the reactor, then it was added more with
250 mL of fungus Daedaleopsis eff. confragosa as well as 250 mL of growth medium.
The mixture was allowed to set for four days while being aerated. After four days, the
liquid in the reactor was flowed through the tap and was added with more water to remove
the fungus that was not attached to the sawdust. The immobilized fungus was then used
to valorise textile waste.

Filling tube

Hose

Reactor

Sawdust

AAAAAA

tap —

> Tank

Aerator

Figure 2. Reactor Design for Textile Industrial Wastewater Processing Using
Immobilized Fungus Daedaleopsis eff. Confragosa on Sawdust

2.9 Waste Treatment Process in Reactors

Textile dyeing wastewater was taken from the Mama & Leon textile dyeing industry,
Tabanan Regency, Bali. The waste must not be disposed of in the processing tank to be
used in this study. A total of 2500 mL of wastewater was put into a filling tub, and 7.5
grams of sucrose was added, and the pH conditions were adjusted to the optimum pH.
Further, the equalized wastewater was flowed into the reactor basin. Wastewater was
treated in the reactor during the optimum contact time obtained from synthetic textile
waste treatment. During its process, wastewater was recirculated repeatedly using an
aerator to let the valorisation process takes place aerobically. After this process, the liquid
was centrifuged at 4000 rpm for 30 minutes. Its quality was tested by measuring several
parameters of waste quality, including BOD, COD, TSS, pH, and colour, as well as the
level of toxicity. The wastewater treatment was repeated three times. A negative control
was carried out by the same procedure but using sawdust without adding the fungus.

2.10 Waste Quality Test Before and After Valorisation

The waste quality test before and after valorisation aims to assess the efficiency of
textile dyeing waste treatment using immobilized Daedaleopsis eff. confragosa and the
feasibility of treated wastewater to be disposed into the environment. The waste quality
parameters tested and their measuring methods were presented in Table 1.
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Table 1. Wastewater Quality Parameters and Measurement Methods

No Parameters Unit Measurement Methods
1 pH - Electrochemistry

2 Color Cu Spectrophotometry

3 TSS mg/L Gravimetry

4 BOD mg/L Titration

5 COD mg/L Titration

2.11 Wastewater Acute Toxicity Test Before and After Valorisation

The acute toxicity test for wastewater before and after valorisation was carried out using
Tilapia?®. The tilapia fish were previously acclimatized for seven days and fed once a day.
The toxicity test was carried out by setting the concentration of liquid waste to 100%,
50%; 25%; 12.5% , and 6.25% as much as 2000 mL. The pH of the water was set to pH
7 and aerated for 30 minutes. A total of 10 Tilapia fish with a length of + 2.00 cm were
added to each concentration. The observations of dead tilapia were conducted for the next
96 hours of exposure. The immobilization of Tilapia (%) was compared to the immobility
of controls with the Abbot formula:

F 0 Pc

P 1_p (1)

P was the percentage of immobilized Tilapia Nilotica after correction, Po was the
percentage of immobilized Tilapia nilotica because of treatment, and Pc was the
percentage of immobilized Tilapia nilotica in control. On the other hand, the Pc value
cannot be more than 10%. The calculation of the value of LCso at 96-hour observation for

the waste samples before and after treatment was determined by the linear regression
method.

2.12 Data Analysis

The data obtained in this study were quantitative in the form of the efficiency of synthetic
waste valorisation in various environmental conditions and several parameters of the
quality of wastewater before and after processing. A formula determines the efficiency of
valorisation of the synthetic waste in each process:

(4-B)

efficiency = x100% (2)

where A was the value before processing while B was the value after processing.

Data on the efficiency of the valorisation of synthetic waste in various environmental
conditions (pH, dye concentration, and incubation time) were presented in a curve form
which was then analysed descriptively. An analysis of the quality of processing results
was carried out by comparing all parameters of the quality of the waste as measured by
the quality standards of textile industrial wastewater from the Minister of Environment
Decree No. 51 / MENLH / 10/1995. If the waste quality parameters were below the
quality standard, this means valorizing the textile waste using immobilized Daedaleopsis
eff. confragosa was effective and efficient.

The acute toxicity measurement for waste was based on the classification of LCso value
for textile waste according to Coleman and Qureshi (1985). The value of LCso with a
scale of LCso> 100% = non-toxic, LCso> 75% -100% = slightly toxic, LCso> 50% -75%
= toxic and LCso> 25% = very toxic.
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3. FINDING AND DISCUSSIONS

The fungus Daedaleopsis eff. confragosa was grown in Potato Dextrose Agar (PDA)
media using a petri dish and being incubated for seven days. Its mycelium that grew on
PDA media was transferred aseptically to liquid Czaspek medium. Fungus Daedaleopsis
eff. confragosa on PDA and Liquid Czaspek was presented in Figure 3.

(@) (b)

Figure 3. Cultivation of Daedaleopsis eff. confragosa, (a) on PDA Media, (b) on
Czaspek Liquid Medium

Figure 3 shows the cultivation of the fungus Daedaleopsis eff. confragosa on PDA and
Czapek liquid medium. Mycelium was formed in the form of white threads on PDA and
Czapek liquid medium. The colour of PDA and Czapek liquid also turned into a brownish
yellow color. The brownish-yellow color in the growth of wood-degrading fungi in PDA
and Czapek liquid medium was due to the excretion of extracellular lignolytic enzymes
by these fungi.

Determining the growth of the fungus Daedaleopsis eff. confragosa was intended to
know the time required for the fungus to grow optimally. The growth curve was created
by plotting the incubation time (days) with the absorbance. The growth curve of fungus
Daedaleopsis eff. confragosa was presented in Figure 4.

1.00
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0.00 T T T T 1
0 2 4 6 8 10
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Figure 4. The Curve of Fungus Daedaleopsis eff. Confragosa Growth

Figure 4 shows that the absorbance of the fungal suspension increased from day 1 to
day 3, and it tends to be stable in terms of the growth from 4 to 10 days. The optimum
growth time for the fungus Daedaleopsis eff. Confragosa was on the 3rd day with an
absorbance of 0.76 at a wavelength of 360 nm.

Measuring the growth time of the fungus Daedaleopsis eff. confragosa was used to
determine the time required for the fungus to reach its optimum growth. Fungal growth
was directly proportional to the fungal suspension's absorbance—the greater the
absorbance of the fungal suspension, the greater the fungal growth. In the early stages,
the fungus undergoes an adaptation phase, where the fungus adapts to its environment
and makes its growth was relatively small. This can be seen from the low absorbance
value on day 1, which was 0.45. After adapting to the environment, the fungus begins to
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grow until it reaches its optimum growth?®. The optimum growth of fungi occurs on the
3rd day with an absorbance of 0.76. During days 4 to 10, fungal growth was relatively
constant in which the number of dead and living fungi was equal. This was due to reduced
nutrients and the build-up of metabolic waste. This phase was called the stationary phase,
with a relatively constant absorbance value ranging from 0.77 to 0.80.

3.1 Determining the Optimal Conditions for Valorization of Synthetic Waste by
Immobilized Fungus Daedaleopsis eff. Confragosa in Wood Sawdust

3.1.1 Immobilization of Daedaleopsis eff. Confragosa on Sawdust

The immobilized fungus Daedaleopsis eff. confragosa on sawdust after four days of
incubation was presented in Figure 5. The mycelium of the fungus Daedaleopsis eff-
confragosa appears to cover the surface of wood sawdust. This indicates that a fungal
biofilm has formed on it. The immobilized fungus was then used to valorise synthetic
waste in various environmental conditions.

4

Figure 5. Immobilized Fungus Daedaleopsis eff. Confragosa on Wood Sawdust

The process of forming a fungal biofilm on the sawdust surface was through
adsorption. The fungus initially approaches the surface of the sawdust, and then the cell
adsorption process occurs. Fungi can excrete the Extracellular Polymer Substance (EPS).
The presence of EPS strengthens the attachment of the fungus to the sawdust as well as
maintaining the stability of the fungus population. The use of sawdust as solid support
has several advantages, namely more easily to find and cheap. For those reasons, some
studies have been conducted to design a low-cost wastewater treatment using sawdust
[27]-[32]. Another advantage was lignin, cellulose, and hemicellulose content in sawdust
function as an inducer in valorising the dyes by lignolytic enzymes.

3.1.2 Valorization Efficiency at Variations of pH

The valorization of synthetic waste at various pH conditions aims to determine the
optimum pH of synthetic waste valorization using immobilized Daedaleopsis eff-
confragosa. The data of 50 mg / L of synthetic waste for seven days of incubation at
various pH conditions by the immobilized fungus Daedaleopsis eff. confragosa was
presented in Figure 6. The optimum valorization occurs at pH 4 with an efficiency of
71.574%.
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Figure 6. Valorization Efficiency of 50mg/L of Synthetic Waste during 7 Days of
Incubation in Various pH Conditions

Biological changes in dye were strongly influenced by the pH of the environment [23].
The conversion efficiency of 50 mg / L of synthetic waste by the immobilized fungus
Daedaleopsis eff. confragosa in sawdust for seven days of incubation increased when the
pH conditions vary from pH 3 to 4, then decreased at pH 5 to 8. The valorization of 50
mg / L synthetic waste occurs optimally at pH 4 with an efficiency of 71.574%. The
results of this study support Darayam and Dasgupta conclusions about textile waste
remodeling using the fungus Polyporus rubidus [24]. It shows that the optimum pH for
the valorisation was between pH 4-7.

The difference in dyeing's valorisation efficiency over a variety of pH was caused by
differences in fungal growth and enzyme activity. Generally, molds thrive at an acidic
pH. The range of pH for moulds to grow was between pH 1-9, and the optimum pH was
between 4-6 [33]. In unfavourable pH conditions, the growth of the fungus was disturbed.
The disruption of fungal growth causes the produced enzyme to be less optimal and low
efficiency of valorisation. Apart from fungal growth, environmental pH conditions also
affect the effectiveness of the enzymes involved in the degradation. Enzymes were
proteins that catalyse reactions in biological systems. The enzyme effectiveness will
decrease if the pH condition was inappropriate. This was due to a change in ionization of
the groups on the active side. At the optimum pH, the enzyme activeness will be
maximized to provide a large valorisation efficiency. This study finds out that the
optimum change occurs at pH 4. This indicates that the lignolytic enzymes produced by
the fungus Daedaleopsis eff. confragosa works optimally at pH 4.

3.1.3 Efficiency of the Valorization in Various Synthetic Waste Concentrations

The data on synthetic waste valorization efficiency at various concentrations (25-
100mg/L) was presented in Figure 7. It shows that the efficiency of synthetic waste
valorization increases with the rising concentration of synthetic waste from 25mg/L to
75mg/L, then decreases at a concentration of 100mg/L. The optimum concentration
obtained was 75mg/L with an efficiency of 84.29% at pH 4 for seven days of incubation.
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Figure 7. The Efficiency of Dyestuff Change at pH 4 for seven days of Incubation at
Various Concentrations of Synthetic Waste

The change of dyes by fungi was influenced by the large amount of dye concentration
valorised [34]. The valorisation efficiency increases with the rising concentration of
synthetic waste from 25mg/L to 75mg/L, then decreasing at a concentration of 100mg/L.
The optimum concentration for the valorisation of synthetic waste at pH 4 for seven days
of incubation was 75mg/L with an efficiency of 84.29%. The difference in the efficiency
of changeover at various concentrations was related to the kinetic reactions of azo dyes
and the toxicity?.

The valorisation of synthetic waste by the immobilized fungus Daedaleopsis eff-
confragosa was an enzymatic reaction. Essentially, enzymatic reactions for substrates in
a low concentration range will lead to rapid degradation along with the increasing
substrate concentration. The efficiency of the dye's degradation tends to increase to a
certain concentration level and then decrease along with the saturation of the active
groups of the enzyme. This finding was in line with the study by Demir et al., who
reported that Remazol Yellow RR Gran dye's degradation efficiency by Phanerochaete
chrysosporium fungi at concentrations of 10mg/L and 25mg/L was 64% and 74%,
respectively. In contrast, at concentrations 50 mg/L, the efficiency drops to 67% [35].

3.1.4 Efficiency of Valorisation at Various Incubation Period

Valorisation at different incubation periods was conducted to determine the optimal
amount of time needed by immobilized fungus Daedaleopsis eff- confragosa in degrading
synthetic waste. It was found out that the optimum period for degrading synthetic waste
was eight days, with efficiency at 87.033%. The data of the valorisation was presented in
Figure 8.
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30.000 -+

10.000

Valorization Efficiency
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Figure 8. Valorisation Efficiency of 75mg/L Dyes with 1-10 Days of Incubation Period
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The fungus's activeness in degrading dyes was also influenced by the contact duration
between the fungus and dyes [36]. According to Wiloso [37], in his study that focuses on
degrading reactive red 3 dyes by utilizing fungus Penicillium sp shows that contact
duration between the fungus dyes has a significant effect on enhancing the efficiency of
the valorisation. The efficiency of waste degradation tends to improve during the 1-8 days
of the incubation period. The efficiency on day 1 of incubation was at 24.25%, day 2 at
36.35%, and after eight days of incubation, it improves to 87.03%. On the other hand,
during the 9-10 days of incubation, the efficiency tends to lower 85.35% and 81.57%,
respectively. The fungal growth causes the difference in valorisation efficiency with
different incubation periods. In the early stages, the fungus was in the adaptation phase.
This phase enables the fungi to adapt to the environmental conditions and causes non-
optimal fungal growth.

This was indicated by the low efficiency of degradation on day 1, which was at
25,309%. Furthermore, the fungus undergoes an exponential growth phase, which causes
it to grow more rapidly until it reaches its optimum growth. The optimum exponential
growth occurs on day 8, then on day 10, the fungus undergoes a death phase. Apart from
the death phase, the decrease in the valorisation efficiency in various incubation periods
can also be caused by the fact that the fungal mycelium was already in a saturated state
for a long contact time. This state causes fungal activeness to weaken because toxins have
begun to form.

3.2 Textile Wastewater Treatment Using Immobilized Daedaleopsis Mushroom
eff. Confragosa in Sawdust
Textile dyeing wastewater was drawn from the textile industry named CV. Mama
& Leon in Tabanan, Bali. The characteristics of the textile waste before and after
treatment were presented in Table 2.

Table 2. Textile Wastewater Characteristics before and after Treated by Using
Immobilized Daedaleopsis eff- Confragosa in Sawdust

Parameter Units Initial  Negative Waste Characteristics after
Waste control Treatment
Charact Cycle Average
eristics 1 2 3
Color TCU 1140 1050 206 213 218  212,33+6,03
pH - 10,60 4,5 6,70 6,89 6,50 6,68+0,19
COD mg/L 1840 1430 167,6 165 169 167,20+2,03
BOD mg/L 461 415 67,50 70 75 70,83+3,81
TSS mg/L 445 300 63,00 61 64 62,67+1,53

Table 2 shows that the initial conditions of textile dyeing waste have the characteristics
of color, pH, COD, BOD, and TSS as much as 1140 CU, 10.6, 1840 mg /L, 461 mg /L,
and 445 mg / L, respectively, while after eight days of processing it decreased to 212.33
CU, 6.68,167.2mg/L, 70.83mg/ L, and 62.67 mg/ L. After comparing the waste quality
parameters to the Ministry of Environment and Forestry Decree No. 51 / MENLH /
10/1995, the pH, COD, and BOD values are below the quality standard, while the TSS
value was still above the quality standard. Data on the spectrum analysis of textile dyeing
waste before and after treatment using UV-Vis were presented in Figure 9.
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Figure 9. Textile Dyeing Waste Spectrum, (a) Initial Waste, (b) Negative Control, (c)
Valorization Results

The textile dyeing wastewater used has a colour concentration of 1140 CU. After being
processed using the immobilized fungus Daedaleopsis eff. confragosa for eight days, the
colour concentration decreases to 212.33 CU. In other words, there was a valorisation
efficiency of 79.778%. Color was not listed as one of the parameters of quality standard
requirements in the Minister of Environment Decree No.51 / MENLH / 10/1995. Colour
was not harmful to health directly, yet it harms aquatic ecosystems.

Coloured water inhibits the penetration of sunlight into the water so that it can interfere
the photosynthetic activity. Lack of oxygen in the water can also trigger anoxic-anaerobic
microorganisms to be active and produce odour’s.

Textile wastewater was generated from the textile dyeing process at CV. Mama &
Leon Tabanan Bali has a high acidity (pH) of 10.60. NaOH, Na2CO3, or detergent cause
the high pH of the waste in the textile dyeing process. Before being treated, the
wastewater was conditioned at pH 4 to optimize fungi's activeness in valorizing the waste.
After the process of using the immobilized fungus Daedaleopsis eff. confragosa for eight
days of incubation, the pH of the wastewater was 6.69. This pH condition, if reviewed
based on the Minister of Environment Decree No. 51/MENLH/10/1995 has met the
quality standard requirements for textile industry waste to be disposed into the
environment.

The Total Suspended Solid (TSS) from textile dyeing wastewater was 445mg/L. High
TSS was bad for the environment because it can block sunlight from penetrating water.
High water turbidity can also interfere with the growth of aquatic organisms. After eight
days of processing, the TSS value fell to 62.67 mg/L or an efficiency of 79.11%. When
viewed from the Minister of Environment Decree no.51/MENLH/10/1995, TSS value
does not meet the requirements because the required TSS threshold was 60 mg/L.

The textile dyeing wastewater used has BODs and COD values of 461 mg/L and 1840
mg/L, respectively. The values of BODs and COD indicate the organic matter content in
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the wastewater. The main constituents of organic matter were usually polysaccharides
(carbohydrates), polypeptides, and fats. The high level of organic matter in textile
wastewater was caused by detergents and synthetic dyes in the textile production process.
After being processed with the immobilized fungus Daedaleopsis eff. confragosa for
eight days, the BODs value decreases to 70.833mg/L or 82.932% of efficiency. The COD
value decreased to 167.203 mg/L or 88.307% of efficiency. This shows that the
decomposition of organic materials was efficient. The BODs and COD values resulting
from this process were already below the textile wastewater quality standards required by
the Minister of Environment Decree No. 51/MENLH/10/1995. Thereunto, it was safe to
dispose of into the environment.

Changes in the absorbance spectrum of textile dyeing waste before and after treatment
were observed using UV-Vis Zhimadsu 1700. Textile dyeing waste before processing
shows the maximum absorption was at 572.5 nm and 412 nm. The negative control has
relatively unchanged peaks of absorption; they were 572 nm and 410 nm. However, the
absorbance was lower than that of the waste before treatment. The decrease in absorbance
in negative control was caused by the fact that sawdust can adsorb dyestuff. The results
of sewage processing for eight days show maximum absorption at 558 nm. The change
of maximum absorption before and after treatment indicates that the waste has been
decomposed by the immobilized fungus Daedaleopsis eff. confragosa.

3.3 Acute Toxicity Test

Evaluation of textile waste's toxic effects before and after processing was carried out
using Tilapia as a testing animal. The curves of the correlation between waste
concentration and mortality rate of tilapia during 96 hours of exposure before and after
treatment were presented in Figures 10 and 11.
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60.00 - *
50.00 y =0.6041x + 7.7143

2 _
40.00 R*=0.925

30.00 -
20.00
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Tilapia Mortality rate (%)

Figure 10. The curve of the Relationship of Concentration of Waste Before Treatment
on Tilapia Mortality Rate Waste during 96 hours of exposure

Based on the curve above, the equation for the line y = 0.604x + 7,714 was obtained.

It was known that y = 50 since the value of LC*® was being looked for. By entering the y
value in the equation, it was obtained that the LC>° value = 70.01%.
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Figure 11. The Curve of the Relationship of Waste Concentration after Treatment on
Tilapia Mortality Rate during 96 Hours of Exposure

Based on the curve above, the equation for the line y = 0.391x +4.571 with R2=0.967.
Since we were looking for the value for LCso, then y = 50. However, y = 50 was excluded
from the equation above. Thus, the LCso value is> 100% effluent concentration. The
measurement of waste toxicity using LCso focuses on the effect of the concentration that
causes the test animal's death at 96 hours of exposure. The relationship curve above also
reflects the relation of waste dilution rate to the mortality rate of Tilapia (Tilapia nilotica)
before and after processing.

In the Figure 10 was obtained the linear regression of the curve that has a coefficient
of determination R2 of 0.925. This means that pollutants cause 92.5% of tilapia deaths in
the waste. This shows a strong linear relationship between the increase in the
concentration of pollutants (textile dyeing waste) and the number of dead Tilapia within
96 hours of exposure. The LCso value of textile dyeing waste before processing was
70.01%. Waste water will be categorized as toxic if the LC50 > 50-75% [38]. Thus, it
means the textile dyeing waste of CV. Mama & Leon, Bali fall into the toxic category.

The result of textile dyeing waste treatment after being processed using the
immobilized fungus Daedaleopsis eff. confragosa for eight days of incubation, causing
tilapia mortality to decrease to less than 50% during the 95 hours of exposure at 100%
concentration. This indicates that the LCso value is> 100%. These findings indicate that
the LCso value increases and. According to Coleman & Qureshi [38], if the LC50 > 100%,
it means that the result of textile dyeing waste treatment uses the immobilized fungus
Daedaleopsis eff. confragosa was categorized as non-toxic.

This study's results were in line with previous studies on the toxicity of azo by previous
researchers. Ramsay and Nguyen [39] conducted a toxicity study of the remazol Briliant
Blue and Reactive Blue dyes. The toxicity of Remazol Briliant Blue before treatment was
categorized into the toxic category (75%> LC20> 50%), while Reactive Blue was in the
very toxic category (50%> LC20> 25%). After being treated by Trametes versicolor
fungus, the level of toxicity decreases to become non-toxic

4. CONCLUSION

This study concluded that the optimum condition needed to process the dyeing waste was
at pH 4 with eight days of incubation. Field-scale textile waste treatment in a reactor
containing the immobilized fungus Daedaleopsis eff. confragosa in sawdust for eight days
was able to reduce colour, TSS, COD, and BOD by 79.78%, 779.11%, 88.307%, and
82.932%. Besides, textile waste processing results show a lower level of toxicity than
textile waste before treatment. The level of toxicity of wastewater before it was treated
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was mildly toxic, and it changes to a non-toxic level after treatment. This study needs
further study on a larger scale to ensure that this method was ready to be implemented in
a real situation in the field.
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