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ABSTRACT

Restaurant liquid waste contains elevated pollutant levels and is commonly discharged directly into the
environment, leading to adverse impacts on ecosystems and aquatic life. The traditional methods for processing
such wastewater often involve extensive land usage and complicated operations, posing challenges for effective
treatment. Therefore, there is a need for a more practical technology to manage restaurant liquid waste, and one
promising approach is the utilization of membrane technology for wastewater treatment. In this study, the
researchers employed a combination process of multilevel filters with downflow flow and PES membrane
ultrafiltration to treat the restaurant liquid waste. The multilevel filter comprised several layers of filter media,
including silica sand, activated carbon, zeolite, and gravel, with specific thicknesses on a PVC pipe. For the PES
membrane, two different concentrations were tested: 15% and 20% PES. To evaluate the efficiency of the
treatment process, pollutant parameters such as pH, TSS (Total Suspended Solids), COD (Chemical Oxygen
Demand), and turbidity were measured. The results indicated significant pollutant reduction: pH levels could
reach 6.9, TSS degradation achieved up to 98.37%, COD degradation up to 88.14%, and turbidity degradation up
to 97.03%. Based on the outcomes, the most effective treatment for converting restaurant wastewater into clean
water involved the combined use of multilevel filters and a 20% PES membrane ultrafiltration system.

Keywords: Dimethylformamide (DMF) solvent, effectiveness, graded filter, Polyethersulfone (PES) membrane,

restaurant wastewater, ultrafiltration.

1. INTRODUCTION

Water plays a very important role in the
activities and sustainability of human life and
other living things. According to the United
States Geological Survey, water covers 72%
of the earth's surface. However, most of this
water is unable to be consumed immediately
because 92% of it is in the form of salt water
and 70% is in the form of ice. This means that
only less than 1% of the world's water can be
directly used and consumed [1]. Even though
Indonesia is known as a country that has
abundant water supplies, several regions in
Indonesia are also experiencing a clean water
crisis [2]. This problem is caused by sources
of pollution such as domestic, industrial and
agricultural waste [3].

The definition of home liquid waste includes
waste from restaurants, according to Minister
of Environment and Forestry Regulation No.
68 of 2016 concerning Domestic Wastewater
Quality Standards. Since most restaurants
lack their own waste treatment facilities,
liquid waste containing these materials is
usually  dumped directly into the
environment, which will eventually harm
aquatic biota and ecosystems [4].

Physically, restaurant wastewater tends to be
dark in color (dark brown) and smells,
because restaurant wastewater consists
mostly of water and a little solid/suspended
from oil and grease, as well as food scraps.
Chemically, restaurant wastewater contains
more organic matter from the process of
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washing cooking utensils and cutlery with
chemicals used such as detergents, bleaches,
solvents and stain removers. These cleaning
products can contaminate wastewater when
used and discarded.

The biological oxygen demand (BOD),
chemical oxygen demand (COD), total
suspended solid (TSS), turbidity, oil and
grease, and the presence of phosphorus and
other organic matter can all rise as a result of
inadequate  wastewater treatment from
restaurants.  Since  disinfectants  and
antiseptics used to clean floors and wash
kitchen equipment are acidic, the pH of waste
can be lower (pH 7), which is obviously bad
for the environment [5].

A fall in pH signifies a decline in water
quality, which has the potential to negatively
effect aquatic organisms' lives. As a result,
even the most resistant creatures might die as
a result of disruptions in the food web in the
waters. Changes in dissolved oxygen
concentration, in addition to pH, can signal
changes in water quality; the lower the
dissolved oxygen content, the poorer the
water quality [6].

Domestic garbage must first be processed to
fulfill quality criteria according to Regulation
of the Government of the Republic of
Indonesia Number 22 of 2021 concerning
Implementation of Environmental Protection
and Management before being released into
public channels, such as bodies of water.
Reusing, recycling, and recapturing the
advantages of wastewater are all ways to treat
it. However, in general, the treatment of
restaurant wastewater necessitates vast tracts
of land and challenging operations. As a
result, issues with air quality are getting more
public attention. Numerous studies have been
conducted to address the clarification or
reduction of specific substances in water
using a variety of techniques, such as the
addition of chemicals or natural ingredients
to high-tech, environmentally friendly
processes. The usage of membrane
technology is one strategy that is currently
being developed [7].

Based on the size of the particles being
filtered, different types of membranes are
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used in classification, including
microfiltration, ultrafiltration, nanofiltration,
and reverse osmosis. Because ultrafiltration
membranes have smaller pores than
microfiltration membranes, they can retain
bacteria as well as soluble macromolecules
like proteins in addition to large particles and
microorganisms [8]. The rejection of COD
and surfactants in oily wastewater by
ultrafiltration ~membranes, which are
positioned between microfiltration and
nanofiltration, ranges from 94.89 to 98.83%.
With the potential to reduce COD levels by
97.66% and TSS levels by 98%, the
application of PES ultrafiltration membrane
technology has been demonstrated to be
beneficial in the processing of palm oil
industrial wastewater [9,10].

The choice of the proper polymer has a
significant impact on the performance of the
membrane throughout the filtration process.
A number of polymeric materials that can be
utilized to manufacture membranes are [11]:
a. Polyacrylonitrile (PAN), this material
exhibits  exceptional thermal stability,
withstanding temperatures of up to 103°C. It
is also highly resistant to various solvents and
chlorine solutions, and possesses remarkable
hydrophilic properties, earning it a reputation
for its resistance to fouling.

b. Poly(eter sulfone) (PES), This
thermoplastic compound is characterized by
its amorphous structure and exceptional
thermal stability, enabling it to withstand
high temperatures above 180°C for extended
periods. Even at temperatures above 210°C, it
retains its mechanical and electrical
properties  admirably. PES  exhibits
remarkable resistance to various chemical
solutions, including hot water, steam, acids,
alkalis, oil, grease, gasoline, alcohol, and
more.

c. Poly(vinylidene fluoride) (PVDF), This
material boasts superior physical and
chemical properties, including good thermal
stability. However, it exhibits hydrophobic
characteristics, which lead to the formation of

fouling and  the  adsorption of
macromolecular organic components on the
surface of the PVDF membrane.
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Consequently, these factors contribute to a
decline in permeability when the membrane
is utilized in water filtration processes.

d. Celulose Acetate (CA), This material
possesses excellent hydrophilic properties,
facilitating  efficient ~ water  transfer
characteristics and  minimal  protein
absorption. It also exhibits suitable
mechanical properties, allowing for easy
membrane formation, and is available at a
low cost. However, CA polymers have
certain drawbacks, including low chemical
resistance and poor thermal stability, which
can limit their performance in certain
applications.

e. Polysulfone (PSf), Initially developed as
a substitute for CA membranes, PSf offers
distinct advantages over CA. Its notable
strengths include excellent resistance to
extreme pH conditions and impressive
thermal stability, boasting a glass transition
temperature of 195°C. However, PSf does
have its drawbacks. It exhibits hydrophobic
properties, making it susceptible to fouling
when employed in water treatment processes.
Additionally, forming PSf into membranes is
relatively straightforward under normal
conditions, but it may present challenges in
more complex scenarios.

Among various polymers, PES stands out as
a highly suitable option for water treatment
processes due to its favorable attributes. With
its robust mechanical properties, exceptional
thermal stability, resistance to oxidative
degradation and solvents [12], and
remarkable ability to withstand chemical

solutions, including oils and fats, PES
emerges as the ideal choice for restaurant
wastewater  treatment when used as

membranes. The choice of PES as the
polymer was influenced by two significant
factors [12]. Firstly, data from 11 prominent

international companies revealed the
widespread use of  PES-dominated
ultrafiltration membrane production.

Secondly, laboratory studies conducted by
emphasized the improvement of membrane
performance for wastewater treatment and
clean water purification, with PES being the
primary choice for manufacturing flat sheet
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ultrafiltration membranes in these studies.
These combined sources of evidence
solidified PES as the preferred polymer for
the development of ultrafiltration membranes
in water treatment applications.

PES membranes exhibit drawbacks, such as
inadequate permeability and a propensity for
fouling, primarily attributed to their limited
hydrophilic properties [13]. Antifouling on
the membrane can be improved by adding
inorganic chemicals such as TiO2 (Titanium
dioxide) as additives. TiOz is a highly useful
compound for water usage applications
because it is resistant to high temperatures in
the 500-1000°C range, is non-toxic, cheap,
abundant, and chemically resistant to acidic
and alkaline media [14].

However, the membrane also has
disadvantages due to fouling which results in
low permeation flux. Therefore, to anticipate
the rapid occurrence of fouling in membrane
filtration, the membrane ultrafiltration
method is combined with initial filtration
with multilevel filters with a composition
consisting of sand, gravel, charcoal and
zeolite which can reduce the parameter levels
of BOD by 83.18%, TSS by 83, 05%, and fat
content of 90%. This system works quite
effectively because the inorganic materials
used on average have the ability to reduce the
levels of contaminants in wastewater, both
through the filtration process and the
absorption process [15].

This work intends to characterize PES
polymer, TiO> additives, and DMF solvent-
based ultrafiltration membranes by flux
values, morphological analysis, and chemical
composition. In order to evaluate the
effectiveness of the developed ultrafiltration
membrane in enhancing air quality, pH, TSS,
COD, and turbidity levels were reduced in
the restaurant wastewater treatment process
utilizing the multilevel train combination
approach.

2. RESEARCH METHODS

The design of multilevel filter units served as
the first treatment in the study, which was
followed by the production of PES
ultrafiltration flat membranes, the design of
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membrane ultrafiltration units, which served
as the second treatment, and finally tests on
the PES membranes' properties and the
performance of the membranes in converting
restaurant wastewater into clean water.

2.1. EQUIPMENT AND MATERIALS
To make the membrane, polyethersulfone
(PES) polymer obtained from BASF
Company (USA), TiO; as an additive, and
N,N-dimethylformamide (DMF) as a solvent
(Made in Germany, purity 99.9%) purchased
from an internet store (Tokopedia) were
utilized, while distilled water is used as a
non-solvent. In addition, some of the
equipment used included closed glass bottles,
hot plate magnetic stirrers, pipettes, spatulas,
analytical scales, stopwatches, glass plates,
glass rods, and sealtape. The design of the
filtration unit used in the study is shown in
Figure 1.

(B)
Figure 1. Unit design of (A) multilevel filter
filtration and (B) membrane ultrafiltration.
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2.2. MEMBRANE PREPARATION

Phase inversion technique was used to
prepare the membrane using immersion
precipitation [13,16]. The printing solution
was prepared by mixing the main ingredients
DMF solvent, TiO. additive, and PES
polymer, with a composition of 83.5:1.5:15
(PES 15%) and 78.5:1.5:20 (PES 20%) in a
bottle closed glass. The first ingredients
added were DMF solvent and TiO, additive
and stirred for 30 minutes at 60°C. Then PES
polymer was added and stirred for 24 hours
at the same temperature. After being allowed
to stand for + 2 hours to remove air bubbles,
the solution was poured onto a glass plate that
had been given a tape on the side as a
benchmark for a thickness of 0.03 um and
leveled with a glass stirrer rod. The glass
plate is then submerged in distilled water for
the coagulation bath while waiting for the
membrane layer to organically separate from
the glass bath. On the membrane, this
procedure is repeated once more.

2.3. MEMBRANE CHARACTERISTICS
TESTING

2.3.1. MORPHOLOGICAL ANALYSIS
The morphology and pore statistics were
examined using a Scanning Electron
Microscope (SEM) (JEOL, Japan) JSM-6360
LA with an electron voltage acceleration of
15 kV on the top surface and membrane cross
sections of 15% PES and 20% PES. The
results of the analysis with this SEM are
Polaroid photos with a magnification of size
ranging from 35x to 10000x, but for 15% and
20% PES membrane samples, SEM was
performed on the surface with a
magnification of 10,000x, while cross-
sections were performed by SEM with
different magnifications, namely 2000x
magnification on 15% membrane and 1,500x
magnification on 20% membrane. Finding
out how the pores generated on the
membrane are shaped is the goal of this
investigation.
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2.3.2. FUNCTIONAL
ANALYSIS
To analyze the functional groups on PES
15% and PES 20% membranes, tests were
carried out using the PerkinElmer Spectrum
Two (CT, USA) FTIR (Fourier transform
infrared spectroscopy) instrument with a
wavenumber range from 400 to 1400 cm?,
and recorded with a resolution of 1 cm™,

GROUP

2.3.3. FLUX MEASUREMENTS

The sample is restaurant liquid waste that has
been previously purified with a multilayer
filter. The created membrane is placed on the
tool's bottom, and the sample is inserted in
the membrane ultrafiltration unit, which is
pressed with a 3 bar pump, so that the sample
water flows through the membrane, which is
known as permeate. The permeate is
collected in a measuring cup for one hour,
and the volume is estimated to determine the
membrane flux (membrane permeability)
using the equation [13]:

J= V/Ab)

With :

J = flux (L/m2. hour)

A = membrane surface area (m?)
V = permeate volume (L)

t = time (hours)

)

2.4, TEST OF EFFECTIVENESS

a)  pH parameters

As per the guidelines in (Indonesian National
Standard 06-6989.11-2004), pH
measurements were conducted using a pH
meter model (Hanna HI 9813-5). The testing
process consists of the following steps: first,
the electrode is rinsed with mineral-free
water and then dried gently with a soft tissue.
Next, the electrode is immersed in the test
sample until the pH meter displays a steady
reading. Finally, the pH value is recorded
from the scale or numerical display of the pH
meter.
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b)  Parameters TSS (Total
Solids)

Based on Indonesian National Standard 06-
6989.3-2004, the determination of Total
Suspended Solids (TSS) was conducted
through a gravimetric method. The process
involved filtering a well-mixed test sample
using pre-weighed filter paper and a vacuum
filtration apparatus (Rocker 300-
MS310MF3). Subsequently, the residue on
the filter paper was dried at a temperature
between 103°C to 105°C. Afterward, the
filter paper was weighed again, and the
increase in weight on the filter indicated the
total suspended solids (TSS) content.

Suspended

c) COD Parameters (Chemical Oxygen
Demand)
As per Indonesian National Standard

6989.2:2019, Chemical Oxygen Demand
(COD) measurements were conducted using
the closed reflux spectrophotometry method.
The testing process involved placing the test
sample, K>Cr,O; standard solution, and
H>SO4 sulfuric acid reagent solution in a
tube, which was then heated to 150°C using
the COD reactor Brand Hanna Instrument HI
839800. After the solution cooled to room
temperature, the COD value was determined
using the Hanna HI 83214 Wastewater
Treatment Photometer.

d)  Turbidity Parameters

As stated in (Indonesian National Standard
06-6989.25-2005), the procedure for testing
the turbidity parameter involves employing a
nephelometer (Turbidity Meter Lutron TU-
2016). Initially, a turbidity calibration
solution, for example, 40 NTU, is introduced
into the tube of the nephelometer to obtain a
reading. Subsequently, the well-mixed test
sample is placed into the tube and positioned
on the nephelometer until a steady turbidity
value is displayed.

3.
3.1. MEMBRANE
ANALYSIS
Based on the morphology analysis results of
the membrane using SEM, the surface

RESULTS AND DISCUSSION
MORPHOLOGY
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structure of the membrane in Figure 2 (A and
C) for both PES 15% and PES 20%
membranes. Therefore, both membranes
were classified as ultrafiltration membranes
with a pore size range of 0.001 - 0.1 um [17].
After analysis, it was discovered that there
was an agglomeration of TiO2 that formed the
structure on the two images of the membrane
surface (marked with a red circle). On the
15% PES membrane, however, the titanium
granules were more apparent as a result of the
formation of more granules in the membrane
layer due to the rising TiO2 concentration
[18].

© (D)
Figure 2. Surface SEM and cross section of
flat PES membrane (A-B) 15% PES
membrane, (C-D) 20% PES membrane.

The observation for the macropore structure
in cross-section was then conducted and
shown in Figure 2 (B and D). It revealed that
both membranes  were  asymmetric
membranes with two layers, namely the thin
and dense upper layer, and the lower layer
with finger-shaped pore structures that
functioned as support and mechanical
strength to the membrane [3]. The PES 20%
membrane formed smaller and denser pores
than the PES 15% membrane, with a pore
size range of 2 um — 6 pm that was measured
using ImageJ software, with an average pore
size of 2 um — 3 um. This was influenced by
the higher concentration of PES polymer,
where the denser particle packing led to a
smaller pore size, in line with previous
research conducted by Fathanah et al. [19].
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3.2. MEMBRANE

GROUP
The chemical composition of 15% PES and
20% PES membranes which have been
analyzed using FTIR is shown in Figure 3.
The characteristic of the IR spectrum of the
membrane formed is that it indicates pure
PES which is characterized by the formation
of C-O-C chemical bonds, the formation of
asymmetric C=C bonds which indicates the
presence of aromatic bonds [17], then there
are C=C-C aromatic ring groups and O=S=0
[19] sulfone groups, as well as aromatic C-H
at wave number 834 cm™, It can be seen that
the IR spectra of the 15% PES membrane and
the 20% PES membrane coincide almost
exactly where there is only a slightly higher
absorption intensity on the 20% PES
membrane due to the higher polymer
concentration compared to the 15% PES
membrane.

FUNCTIONAL

ooooo

—— Membran PES 15%

——— Membran PE

Figure 3. FTIR PES membrane 15% and
PES membrane 20%.

Also, it was found that the CO group was the
dimethylformamide functional group, which
had a relatively higher intensity on the 20%
PES membrane, because the 20% PES
membrane was created using a greater
amount of DMF solvent than the amount of
DMF solvent in the 15% PES membrane.

The O-H stretching vibrational peak related
to Ti-OH bond was observed, indicating the
absorption of water by hydrophilic TiO2 [18].
Meanwhile, the O-H bending vibrational
peak indicated the presence of water content
in the sample [20]. The presence of O-H
vibration bonds indicated the presence of
water molecules in the TiO, sample. As
stated by Fadli et al. [16], PES polymer does
not have O-H bonds in its structure, therefore,
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the presence of O-H structure could be
obtained from the use of aquades as a
coagulant during the manufacturing process
or due to the sample being analyzed in a wet
state using FTIR. Furthermore, the presence
of Ti-O vibrational bonds is a characteristic
of TiO2 [20].

3.3. FLUX MEASUREMENTS
a) PES membrane flux value 15%
J= V/A1)
=1.125/(39.25 x1)
=0.028 L/m?.hour

(2)

b) PES membrane flux value 20%
J= V/A1)
=0.7/(39.25 x1)
=0.018 L/m?.hour

The results of equation (2) show that the 15%
PES membrane has a higher flux compared to
the 20% PES membrane because the dense
layer on the 15% PES membrane is thinner
than the 20% PES membrane, so the flux
through the membrane is higher [3].
"Additionally, the high flux value of the 15%
PES membrane can also be attributed to its
higher TiO2 concentration. As noted in
previous research [18], the addition of TiO>
can increase the membrane's flux value by
promoting the formation of more pores and
nanoparticle coverage on the membrane
surface, which reduces its mechanical
strength and enhances its flux value. The
maximum flux value was obtained by the
15% PES membrane, exhibiting a flux of
0.028 L/m2.hour at 3 bar pressure, whereas
the 20% PES membrane showed a lower flux
value of 0.018 L/m2Zhour at the same
pressure.

3.4. EFFECTIVENESS

a)  pH parameters

Based on the experimental results using
multilevel filters that have been carried out, it
can be seen that the change in pH value from
originally acidic with a value of 5.5 has
increased to normal with a value of 6.9.
According to Regulation of the Minister of
Environment and Forestry of the Republic of
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Indonesia No. 68 of 2016 about Quality
Standards, the pH of Domestic Wastewater
that is allowed to be released into the
environment is 6-9, this signifies that the pH
of restaurant wastewater after processing
fulfills quality criteria. This decrease is also
influenced by the type of media used in the
filtration process, because media such as
activated carbon have a fairly good ability to
bind metal ions and other fine particles. Apart
from zeolite, activated charcoal also played a
role in increasing the pH in this experiment
because the organic substances contained in
domestic wastewater could enter the pores of
the activated charcoal and then be adsorbed
resulting in the absorption of hydrogen ions
(H*) and an increase in the pH value [5,21].
The use of sand and gravel media also has a
role in retaining organic matter and pollutant
particles contained in domestic wastewater.
Because the smaller the size of the sand used,
the more pollutants that can be retained in the
pores of the sand.

8

68 6.9

pH
w s n o

1

0

Graded Filter Graded Filter - 15% PES Graded Filter - 20% PES

Membrane Membrane

Initial Measurement

Figure 4. pH change graph.

Figure 4. shows a change in the pH value of
the restaurant's liquid waste which was
originally acidic with a pH value of 5.5, if it
is based on the Regulation of the Minister of
Environment and Forestry of the Republic of
Indonesia Number 68 of 2016 Concerning
Domestic Wastewater pH Quality Standards
that are allowed to be discharged into the
environment are 6-9, which means that the
pH of restaurant wastewater does not meet
quality standards.
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b)  Parameters TSS (Total Suspended
Solids)
The TSS concentration of restaurant

wastewater before treatment was 1.044mg/L
and there was a decrease in the multilevel
filter filtration treatment by 88.89% to 116
mg/L.

These findings are consistent with studies
conducted by Hasanah and Sugito [22]. The
reduction method uses activated charcoal to
absorb colloidal particles and separate
suspended materials, and it has a 94.57%
reduction efficiency. The use of thicker
activated charcoal can boost the absorption of
pollutants in waste. supported by zeolite and
sand filters, both of which have a strong track
record as adsorbents and filtration media.

1200

1044

1000

o
<3
S

S
3
S

TSS(mg/L)

&
k=3
S

=)
8
S

116

Graded Filter Graded Filter-15%  Graded Filter - 20%
PES Membrane PES Membrane

Initial Measurement

Figure 5. Graph of TSS changes.

The combined multilayer filter-ultrafiltration
approach using 15% PES and 20% PES
membranes results in a large reduction in
TSS, as shown in Figure 5, with successive
effectiveness values of 97.80% at a TSS
concentration of 23 mg/L and 98.37% at a
TSS concentration of 17 mg/L fulfill the
quality standards outlined in the Regulation
of the Minister of Environment and Forestry
of the Republic of Indonesia No. 68 of 2016
Concerning Domestic Wastewater Quality
Standards. This is because membrane holes
created of 0.001 to 0.1 m will naturally retain
suspended solids in liquid waste with a

particle size of 2 m.

c) COD Parameters (Chemical Oxygen
Demand)

Figure 6 shows a decrease in COD from an

initial value of 540 mg/L to 103 mg/L after

treatment with a multilevel filter, these
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findings are consistent with the quality
standard values specified in the Regulation of
the Minister of Environment and Forestry of
the Republic of Indonesia No. 68 of 2016 on
COD Quality Standards for Domestic
Wastewater. This is due to the type of
filtration media used, which is in accordance
with research conducted by Asadiya and
Karnaningroem [23]. Zeolite and activated
charcoal can adsorb organic substances
contained in the waste, the lower the organic
matter, the COD value also decreases, then
the decrease in COD is supported by the
absorption capacity of the silica sand used.

700

590
600

500

N
S
3

=}
3

COD (mg/L)

IS
=3
3

103

0 .

Graded Filter

96

H m

Graded Filter-15%  Graded Filter-20%
PES Membrane PES Membrane

S
3

Initial Measurement

Figure 6. COD change chart.

After treatment using the combined method
of multilevel filter-ultrafiltration of PES
membranes, there was a significant decrease.
In the treatment of the combined filter
method with PES 15% membrane
ultrafiltration, there was a decrease of
83.73% with an initial value of 540 mg/L to
96 mg/L, whereas in the treatment of the
combined filter method with PES 20%
membrane ultrafiltration, there was a
decrease of 88.14% to 70 mg/L. According to
Asadiya and Karnaningroem [23], this was
due to zeolite and activated charcoal being
able to adsorb organic substances contained
in waste. As organic matter decreases, the
COD value also decreases, then the decrease
in COD is supported by the absorption
capacity of the silica sand used and supported
by the role of the pore morphology of the
membrane formed [24] as shown in Figure 2.
The concentration of COD in the waste is also
due to the high oil content, so that with the
ultrafiltration treatment of the membrane,
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macromolecules are retained in the
membrane against suspended solids and
dissolved solids. causes particle deposition
on the membrane to form more easily.

d)  Turbidity Parameters

The results of the first measurement of the
turbidity value in the restaurant's wastewater
were 594 NTU; however, following
processing with multilevel filters, there was a
decrease in the turbidity value, but it was not
in compliance with the established quality
criteria.

Based on Figure 7, processing restaurant
waste using multilevel filters can reduce the
turbidity value with effectiveness reaching
78.11%, namely 130 NTU, complies with
Regulation No. 32 of 2017 of the Minister of
Health of the Republic of Indonesia covering
Environmental Health Quality Standards and
Environmental Health Requirements, as well
as Water Health Requirements for Sanitation
Hygiene Purposes, Swimming Pools, Solus
Per Aqua, and Public Baths. This decrease
can be caused by the type of filtration media
used such as gravel which has a role as an
interlude so that water can flow through the
bottom hole, so can filter coarse impurities
and other contaminants [25].

700

594

600

500

100

300

Turbidity (NTU)

130

0 .

Tnitial Measurement Graded Filter

186 17.65
— —
Graded Filter - 15% PES Graded Filter - 20% PES
Membrane Membrane

Figure 7. Turbidity change graph.

And also one of the causes of decreasing
turbidity in wastewater is the ability of
activated carbon filter media to forms a
complex bond between cellulose and
turbidity, the bond that is formed is so strong
that it is difficult to remove and especially in
silica sand with high porosity, large surface
area will also provide high filtration capacity
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and can turn dirty water into clean water
[26,27].

Then from the results of experiments carried
out using the PES membrane multilevel filter
combination method, turbidity values of 18.6
NTU and 17.65 were obtained, these results
prove that pore size has an important role in
the removal or reduction of turbidity.

4. CONCLUSION

PES flat membranes that have been prepared
by phase inversion with polymer PES
concentrations of 15% and 20% using DMF
solvent and TiO, additives, obtained
membranes that fall into the ultrafiltration
(UF) membrane range. The flux value
obtained by the 20% PES membrane is 0.018
lower than the 15% PES membrane flux,
which is 0.028, because from the SEM results
it can be seen that the pores of the 20% PES
membrane are smaller and denser. The use of
a multilevel filter combined method and PES
(polyethersulfone) membrane ultrafiltration
for the reduction and degradation of
restaurant wastewater. The value of the
change in pH became 6.9, the effectiveness
of the degradation of the TSS value reached
98.37%, the degradation of the BOD value
reached 88.14%, and the degradation of the
turbidity value reached 97.03%.

ACKNOWLEDGMENT

The authors thank the Istana Restaurant for
their cooperation in providing samples of the
restaurant's liquid waste. The author also
thanks the lecturers who have guided and
helped a lot in the research and writing
process and thanks also to the head of the
UIN Ar-Raniry Banda Aceh Multifunctional
Laboratory for providing the facilities needed
to carry out this research.

REFERENCES
[1] A. M. Simanjuntak, Pengaruh Jenis
Botol dan Lama Penjemuran Solar
Water Disinfection (SODIS) terhadap

Kadar Bakteriologis Air Sumur Gali
Tahun 2019, Bachelor Thesis,



Fadhilah, et al./ Jurnal Teknik Kimia dan Lingkungan, Vol. 7, No. 2, October 2023

[2]

[3]

[4]

[5]

[6]

[7]

8]

Universitas Sumatera Utara, Indonesia,
2019.

C. Samekto, E. S. Winata, Potensi
Sumber Daya Air di Indonesia,
Seminar Nasional: Aplikasi Teknologi
Penyediaan  Air  Bersih  untuk
Kabupaten/Kota di Indonesia, Jakarta,
Indonesia, June 2010.

S. Safiah, S. Mulyati, Karakterisasi dan
Analisa Kinerja Membran Selulosa
Asetat untuk penyisihan lon Logam
Cr¥* dan Cd?* dalam air dengan Proses
Ultrafiltrasi, Jurnal Rekayasa Kimia
dan Lingkungan, vol. 13, no. 2, pp.
127-134, 2018.

N. G. A. M. D. A. Suastuti, I. E.
Suprihatin, W. D. Sulihingtyas, A. A. I.
A. M. Laksmiwati, Rizodegradasi
untuk  Minimalisasi BOD, COD,
Kandungan Dertergen dan Lemak
Limbah Cair Rumah Makan, Jurnal
Kimia (Journal of Chemistry), vol. 12,
no. 2, pp. 102-106, 2018.

K. P. Utomo, O. Saziati, S.Pramadita,
Coco Fiber sebagai Filter Limbah Cair
Rumah Makan Cepat Saji, Jurnal
Teknologi Lingkungan Lahan Basah,
vol. 6, no. 2, pp. 30-39, 2018.

T. Susana, Tingkat Keasaman (pH) dan
Oksigen Terlarut sebagai Indikator
Kualitas Perairan Sekitar Muara
Sungai Cisadane, Jurnal Teknologi
Lingkungan Universitas Trisakti, vol.
5, no. 2, p. 33-39, 2009.

D. Ariyanti, N. Widiastuti, N. Safarina,
Kinerja Membran Plat Berpori
Berbasis  Selulosa  Asetat yang
Disintesis Secara Inversi Fasa untuk
Ultrafiltrasi Bakteri E. coli di PDAM
Surabaya, Jurnal Teknologi
Lingkungan, vol. 21, no. 2, pp. 165-
173, 2020.

I. Kurniawan, P. D. Mariadi, Review :
Profil Hybrid Membrane dalam Proses

83

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Reduksi Air Limbah, Konversi, vol. 5,
no. 1, pp. 1-10, 2016.

M. Widyasmara, C. K. Dewi, N.
Aryanti, Potensi Membran
Mikrofiltrasi dan Ultrafiltrasi untuk
Pengolahan Limbah Cair Berminyak,
Jurnal Teknologi Kimia dan Industri,
vol. 2, no. 2, pp. 295-307, 2013.

S. Agustina, Teknologi Membran dan
Pengolaha Limbah Cair Industri,
Bulletin Penelitian, vol. 28, no. 1, pp.
18-24, 2006.

N. Arahman, Teknologi Membran:
Material, Pembuatan, Modifikasi dan
Karakterisasi, Banda Aceh: Syiah
Kuala University Press, 2017.

E. Rahmah, N. A. Sunia, J. Suhartono,
Polyethersulfone (PES)/CNT-TiO2
Membrane for Humic Acid Removal at
Jatiluhur Dam, Proc. Dissem. Fac. Ind.
Technol., 2022.

A.R. P. Hidayat, V. R. Andina, Ahnaf,
N. Widiastuti, R. M. Igbal, Synthesis,
Characterization, and Performance of
TiO2-N as Filler in Polyethersulfone
Membranes for Laundry Waste
Treatment, J. Sains dan Seni ITS, vol.
8, no. 2, pp. C7-C11, 20109.

M. S. Nasution, A. Mataram, I. Yani,
G. D. Septano, Characteristics of a
PVDF-Tin Dioxide Membrane
Assisted by Electric Field Treatment,
Membranes (Basel)., vol. 12, No. 8, pp.
772, 2022

E. Nilasari, M. Faizal, S. Suheryanto,
Pengolahan  Air Limbah Rumah
Tangga dengan Menggunakan Proses
Gabungan Saringan Bertingkat dan
Bioremediasi Eceng Gondok
(Eichornia crassipes), (Studi Kasus di
perumahan Griya Mitra 2, Palembang),
Jurnal Penelitian Sains, vol. 18, no. 1,
pp. 8-13, 2016.



Fadhilah, et al./ Jurnal Teknik Kimia dan Lingkungan, Vol. 7, No. 2, October 2023

[16]

[17]

[18]

[19]

[20]

[21]

[22]

M. Fadli, A. Khausar, S. Sofyana, U.
Fathanah, Karakteristik ~Membran
Komposit Polietersulfon,
Polivinilpirolidon dan Kitosan,
Serambi Eng., vol. 6, no. 4, pp. 2310—
2319, 2021.

F. Razi, U. Fathanah, N. M. Erfiza,
Fabrikasi Membran PES Ultrafiltrasi
dan Kinerjanya pada Penyisihan
Fosfolipid Minyak CPO, Jurnal
Rekayasa Kimia & Lingkungan, vol.
14, no. 1, pp. 89-96, 2019.

E. Esnahati, H. Susanto, S. Syafrudin,
Pengaruh  Penambahan Nano-TiO>
sebagai Agen Anti-bakterial dalam
Pembuatan Membran Selulosa Asetat —
Kitosan terhadap Biofouling yang
Disebabkan oleh Bakteri Gram Negatif
dan Positif, J. Teknik Lingkungan., vol.
5, no. 4, pp. 1-8 2016.

U. Fathanah, I. Machdar, M. Riza, N.
A. Rahman, M. R. Lubis, M. Qibtiyah,
R. Jihannisa, Pembuatan dan
Karakterisasi Membran
Polyethersulfone (PES)-Kitosan
Secara Blending Polimer, Proceeding
Seminar Nasional Politeknik Negeri
Lhokseumawe, vol. 3, no. 1, pp. A62—
A66, 2019.

F. Deswardani, H. D. Fahyuan, N.
Nurhidayah, M. F. Afrianto, M.
Peslinof, N. Nazarudin, N. Nelson,
Analisis  Gugus  Fungsi  pada
TiO2/Biochar dengan Spektroskopi
FTIR (Fourier Transform Infrared),
Journal Online of Physics, vol. 5, no. 2,
pp. 54-58, 2020.

S. Sadaruddin, P. A. Nour, Analisis
Kinerja Filter Upflow - Downflow
untuk  Pengolahan Limbah Cair,
Bachelor Thesis, Universitas
Muhammadiyah Makassar, Indonesia,
2020.

U. Hasanah, S. Sugito, Removal COD
dan TSS Limbah Cair Rumah Potong

84

[23]

[24]

[25]

[26]

[27]

Ayam Menggunakan Sistem Biofilter
Anaerob, Waktu: Jurnal Teknik
UNIPA, vol. 15, no. 1, pp. 61-69, 2017.

A. Asadiya,
Pengolahan Air

N. Karnaningroem,
Limbah Domestik
Menggunakan Proses Aerasi,
Pengendapan, dan Filtrasi Media
Zeolit-Arang Aktif, Jurnal Teknik ITS,

vol. 7, no. 1, pp. D18-D22, 2018.

S. Notodarmojo, D. Mayasanthy, and
T. Zulkarnain, Pengolahan Limbah
Cair Emulsi Minyak dengan Proses
Membran Ultrafiltrasi Dua-tahap
Aliran Cross-flow, PROC. ITB Sains &
Tek., vol. 36, no. 1, pp. 45-62, 2004.

M. N. Fajri, Y. L. Handayani, S.
Sutikno, Efektifitas Rapid Sand Filter
untuk Meningkatkan Kualitas Air
Daerah Gambut di Provinsi Riau,
Jurnal Online Mahasiswa Fakultas
Teknik, vol. 4, no. 1, pp. 1-9, 2017.

W. Ariani, S. Sumiyati, 1. W. Wardana,
Studi Penurunan Kadar COD dan TSS
pada Limbah Cair Rumah Makan
dengan Teknologi Biofilm Anaerob -
Aerob Menggunakan Media Bioring

Susunan Random (Studi Kasus :
Rumah  Makan Bakso  Krebo
Banyumanik), Jurnal Teknik

Lingkungan, vol. 3, no. 1, pp. 1-10,
2014.

M. Mahyudin, Analisis Kualitas Air
dengan Filtrasi Menggunakan Pasir
Silika sebagai Media Filter (dengan
Parameter Kadar Fe, pH, dan Kadar
Lumpur), Bachelor Thesis, Universitas
Muhammadiyah Yogyakarta,
Indonesia, 2016.



