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Received: Abstract

Received in revised: Liquid waste is the main source of contamination of water bodies, especially in
ACC?Pt9d5 ) river water. This pollution causes decreased water quality in water bodies. One
Available online: of the treatments in wastewater treatment is to use the Multi Soil Layering

(MSL) methodl. Because using the Multi Soil Layering (MSL) method ﬁs known to {Commented [A2]: , because using the MSL method

be inexpensive in terms of cost, easy to implement, does not require
complicated maintenance so that it can be used continuously and is also
environmentally friendly. One of the constituent materials of the MSL reactor is
andesol soil, gravel, and pearlite. MSL has two zones for wastewater
treatment, namely the aerobic zone and the anaerobic zone. [This journal

review aims to compare the efficiency of reducing the levels of pollutant [Commented [A3]: The article review

parameters from aerobic and anaerobic processes in the Multi Soil Layering
(MSL) method in wastewater.

Keywords: Aerobic, Anaerobic, Multi soil layering, Wastewater treatment.

INTRODUCTION depending on the type of rock available I(Latrach

The IMSL] method is a wastewater treatment et al., 2016; Putra & Fitri, 2018, 2019).| [Commented [A5]: Putra & Putri, 2018; and 201)

 Commented [A4]: Multi Soil Layering (MSL)

method that utilizes the ability of the soil as the In principle, the MSL method has the main
main medium to reduce pollutant parameters treatment zones, namely the aerobic and

and how to maximize the function of the soil, anaerobic zones. The aerobic zone usually
which is formed into a structure made in a consists of rock (zeolite, gravel, pearlite) while
construction consisting of a mixture of soil the anaerobic zone usually consists of a mixed
(organic) and rock composition. shaped like the layer of soil and activated carbon (charcoal)
arrangement of bricks. The composition of the (Adinda and Elystia, 2015; Akhyar et al., 2016;
soil mixture is usually made of selected soil, Latrach et al., 2014; Mutia, Elystia, and Yenie,
carbon, and others as well as for rock layers 2015).

composed of additional materials such as rice
Multi soil layering (MSL) is a method of

husks, sawdust, zeolite, pearlite, gravel, and
treating wastewater that is effective and



efficient, easy and inexpensive without having to
incur expensive costs (An et al., 2016; Latrach et
al., 2014; Megah and Haribowo, 2016).
Currently, the Multi Soil Layering (MSL) method
has been widely used as an alternative in
wastewater treatment which has been proven to
be effective in treating domestic wastewater and
small industries (Hadrah et al., 2019; Sy et al.,
2017). (Kasman, Herawati, and Hadrah 2021).

One example of domestic wastewater that
contain of several pollutant such as NOs’, treated
with the MSL method is wastewater from the
rest of household activities. The rest of
household activities pollute the community
environment through substances contained in
wastewater which is very dangerous if not
handled properly, in addition to household
wastewater there is also wastewater from small
home industries such as the laundry industry,
industrial home batik, coconut industry, screen
printing industry. Similarly, industrial
wastewater such as leather and weaving
industry, containing some harmful pollutants
that necessary to be treated. especially with
adsorption method. Leather industry that hold
some amount of coppers must be removed
before spreading the undesirable effect to the
environment (Maryudi et al., 2021).

From previous studies, the Multi Soil
Layering (MSL) method has succeeded in
reducing levels of biological pollutant
parameters such as BOD, COD, TSS, DO, |Ph,
odor, and turbidity as well as heavy metal

pollutant parameters such as Fe, Mn, and
phosphate (Putri & Dyna, 2019). In numerous of
studies, domestic wastewater can reduce BOD
Ievels[by about b8.67—87.63%, COD around
71.42-87.73%, and TSS around 69.11-77.12% The
cooking oil industry, it can reduce BOD levels
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around 86-99%, COD around 71-96%, TSS around
77-88%, and pH from| 6.37-6.95 to 6.99-7.24
(Sbahi et al., 2020).

IThis journal lreview aims to compare the
efficiency of reducing levels of pollutant
parameters from aerobic and anaerobic
processes in the Multi Soil Layering (MSL)
method in wastewater.

MULTI SOIL LAYERING

Multi Soil Layering (MSL) is a method used
in the wastewater treatment process. The
wastewater treatment process using this method
is known to be inexpensive in terms of cost, easy
to implement, does not require complicated
maintenance so that it can be used continuously
and is also environmentally friendly. In addition,
the materials used in the MSL reactor are widely
available and easy to find in Indonesia because
the materials used can be obtained in nature and
the environment around coconut charcoal,
zeolite, rice husks, sawdust, activated charcoal
from various organic materials and coatings.
Anaerobic soil consists of andesol originating
from the mountains, while pearlite and gravel
are the aerobic layers (Aldilla Fajri et al., 2018)

In wastewater treatment using the MSL
method, soil is used as the main medium to
reduce pollutant parameters and enhance soil
function through its structure I(Haribowo etal.,
2019; Lamzouri et al., 2016; Mutia, Elystia, and
Yenie, 2015; Song et al., 2018).

MSL method formed to become a reactor
consisting of a mixed layer of soil and rock layers
arranged like bricks. The composite layer of soil
consists of organic matter, carbon elements
found in charcoal, and other additives such as
iron filings. Commonly used mixed layers such as
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pearlite, gravel, and zeolite also depend on the
type of rock contained in the composition of the
bricks. Zeolite or perlite which containing silica
group could support the better performance
during adsorption process [(Hanum, Farrah
Fadhillah; Rahayu, 2022; Rahayu et al., 2015,
2021)]. The effective use period for the MSL
system for waste treatment is 12.8 years (lhsan
et al.,, 2013). (INadhirah, Riyanto, and Tri., 2021‘).

Based on the principle of the MSL method,
there are two zones used in processing, namely
the aerobic zone contained in the rock layer
(perlite, gravel, and zeolite also depending on
the type of rock present) and between the
zeolite layer and soil mixture blocks. The
function of the aerobic zone is to decompose
organic matter, bind phosphate, oxidizeoxidise
ferrous ions to ferric ions, and nitrify. The mixed

Indo. J. Chem. Res., vol(issue), page, year

soil layer is in the anaerobic area. Using MSL, the
wastewater treatment process consists of
decomposition, filtration, fixation, nitrification,
denitrification, absorption, and adsorption
(Adinda & Elystia, 2015; Herman et al., 2017).

Numerous researches related on

{ Commented [A11]: Hanum et al., 2022

wastewater treatment using the Multi Soil

Layering (MSL) which uses many compositions
[Commented [A12]: Nadhirah et al., 2021

from the reactor making material and lots of
samples have been tested. Some parameters are
investigated from all research parameters that
are often sought are as COD, BOD, TSS, ph,
turbidity, odour, colour, Ammonia, nitrate,
nitrite, potassium phosphate and metals such as
Mn, Pb, Hg and Fe. Tabel 1 shown the
composition of Multi Soil Layering (MSL):

Table 1. Multi Soil Layering (MSL) composition

. Waste Aerobic/anaerobic
No Composition . Success Ref
Type MSL conditions
1 | Coconutshell activated | Coconut Aerobes and BOD (35.68 - (Putra & Fitri,
charcoal,perlite,gravel, | industrial Anaerobes 20.13 and 13.53- | 2018)
rice husk, and Andasol | waste water 33.01)
soil.
COD (20.13 -
(With variations of 84.62 and 69.23-
HLR5,10,20,40ml/min) 88.62)

Turbidity (84.76 -
97.99 and 88.35-
98.66)

E.coli (99.25 -
99.92 and 25-
99.92)
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Coconut shell Coconut Aerobes and Phosphate (Putra & Fitri,
activated charcoal, milk liquid Anaerobes (99.28-99.80 2019)
perlite, gravel, rice waste and99.82 99.87)
husk, and Andasol Nitrite (68.06 -
soil.(With variations of 26.39 and 67.36-
HLR 5, 10, 20, 40
; 74.31)
ml/min’)
Sulfate (96.97-
97.48 and86.56-
97.30)
Chloride (75.44—
85.51 and82.99-
88.66 )
Manganese (Mn)
(79.44 —
94.39and49.77-
80.61)
Iron(Fe) (92.11-
97.50 and94.41-
98.82)
Crushedstone, perlite, | District peat Anaerobic Mn metal (Adinda &
Andasol soil, gravel, water (36.65-55.83) Elystia, 2015)
banana peel Tapung Turbidity (63.86-
charcoaland coconut Kampar 61.45)
shell charcoal Regency
(Variation HLR Ph (6.51-6.82)
500,700,900 |/m2day)
MSL A reactor ( Sasirangan BOD (63.89%) |(Akhyar
Andasol soil, zeolite i_ndlfstrial COD (65.6%) Okviyc?andra,
and quartz sand) liquid waste Antoni
Pardede, 2016)
MSL B reactor (
Andasol soil, isthmus
and pumice stone)
Gravel, pearlite, Palm oil Anaerobic TSS (coconut) = (Mutia et al.,
ground activated effluent in (79.77-88.76) 2015)
charcoal of Kalapa anaerobic .
shell and activated pond Il Ammonia
(coconut) =
(outlet)

WWTP PT.

(39.85-56.52)

{ Commented [A13]: Okviyoandra & Pardede, 2016
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charcoal of banana

Nusantara V

TSS (banana) =

peel. Sei Pagar (73.03-79.77)
Plantation,
Reactor 1 MSL : .
Riau.
Anaerobic layer of
coconut shell activated
charcoal and soil
Reactor 2 MSL :
Anaerobic layer of
activated charcoal
banana peel and soil
( Variation of HLR
500,750, and 1000
L/m2.day)
MSL1 reactor :Zeolite Waste in pH (4.25-5.77) (Megah &
| d land the WWTP Harib ,
ayer an . grave‘ an : e TS5 (58.42- aribowo,
gravel mixed with in RT.04 2016)
. 71.05)
zeolite RW.07
Tl TDS (18.05-
MSL2 reactor :(soil .ogomas 5 (18.05
) Village. 31.84)
mixture layer (coconut
shell activated DO (75.06-81.88)
charcoal and Andasol L
. Turbidity (72.91-
soil) + (Paddy straw
. 76.69)
activated charcoal and
Andasol soil) + ( Electrical
sawdust and Andasol Conductivity
soil) (16.49-31.77)
(Coconut shell and
Andasol soil layers are
more efficient)
Crushed stone, Laundry COD (74-87) (Hadrah et al.,
ravel/zeolite, soil Liquid 2019
& . / . a BOD (75-88) )
mixture, and plastic Waste
nets (with variations of TSS (73-88)

hrl 500,750, and 1000
I/m2.day)

(more efficient eg with
the addition of zeolite

Total phosphate
(20-78)

pH (6.73)
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is better than without MBA (85-95)
zeolite)
8 | Reactor 1 MSL : gravel | Domestic Anaerobic Oils and Fats (Sy et al., 2017)
and charcoal, mixed wastewater (27,778-89,474)
layer of andisol soil, from
and crushed stone. cafeteria
d kitch
Reactor 2 MSL : and kitehen
at Kasetsart
Sawdust and gravel, . .
. ) University,
mixed layer of andisol Bangkok
and crushed stone. g
9 | A mixture of andosol Dug well Ph (50) (Putri & Dyna,
soil, zeolite rock, ater and 2019
v ze0' W COD (31.16) )
gravel, rice husk, river or
coconut shell charcoal, | ditch water BOD (73.16)
and sawdust. in Teluk
Nila Metal Hg (70.75)
(most effective with . P
. . Village, Metal Pb (26.74)
sawdust in lowering Kubu
heavy metal Metal Fe (46.94)
indicators) Babussalam,
Rokan Hilir
10 | Reactor MSL 1: a layer | Rice Field Anaerobic Potassium (Ihsan et al.,
of gravel mixed with Liquid (19,443 - 100) 2013)
activated charcoal with | Waste
soil
MSL 2 reactor: layer of
gravel and sawdust
with soil,
11 | Andesole soil and Hotel Liquid Anaerobic COD (55-90) (Danetal.,
charcoal Waste 2001)
12 | Andisol soil, bagasse Tofu Aerobic TSS (86.86) (Dessy Novela,
activated charcoal industrial 2019
) . BOD (78.87) )
powder and fine liguid waste
bagasse powder COD (89.75)
13 | ljuk, iron, sawdust, Polluted Anaerobic Ph(8) (Herman et al.,
activated charcoal that | waterin 2017)
D .21)-
has been sifted witha | Mount 5359()97 )
size of 50 mesh and Nago ’

volcanic soil

Irrigation
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(variation of HLR area of BOD (98.84-
250,500,1000 Pasar Baru, 99.73)
I/m2/d Cupak
/m2/day) upa PO4- (>0.03
Tangah m)
Village, i
Pauh IX NH4+ (<0.2 ppm)
District,
Padang.
14 | Zeolite, gravel sand, Synthetic COD (98.29) (Hong et al.,
porous plate and waste in 2019)
) . i TP (100)
outlet pipe, soil, rural China
charcoal and iron NH4 (76.60)
powder.
15 | Mixture of sail, Leachate COD (96.771%) (Lamzouri et
crushed stone and Liquid . al., 2016)
. Ammonia
zolite Waste
(99.966%)
Fe (99.279%)
Color (96.53%)
pH 7.00
16 | Gravel, zeolite, a Ethanol COD (80.85) (Irmanto,
mixture of soil and Industrial BOD (94.68) Suyata and
coconut shell charcoal | Liquid ’ Zusfahair,
Waste TSS (83.99) 2013)
17 | Crushed stone, river Leachate COD (53.457) (Kasman, M.,
pebbles, mixed soil Liquid . Herawati,
Ammonia
and gravel Waste (98,325) Peppy and
! Hadrah, H,
Fe (88.5) 2021)
Ph 7.00
18 | Sand, gravel, humus Liquid COD (89.06- (Sidebang and
soil, coconut charcoal. | waste 97.47) Syafnil, 2017)
. . . (WWTP) the
(innovation with sand BOD (88.61-
with HLR last pool of 98.37)
! the CPO :
0.3;0.6;0.9and 1.2 industry Ph (6.72-7.36)

L/hour)
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Oil and Fat
Content (88.27 -
95.48)

19 | Volcanic soil, rice husk, | The sample Aerobes and Turbidity (54.65 | (Song et al.,
coconut shell activated | came from Anaerobes and 44.04) 2020)
charcoal, zeolite, iron the well

owder water of a Mn (66.44 and
P ' . . 47.26)
(variation of water rate resident in
Jati, Padang. Nitrite (58.74
(HLR) 10, 20, 40, 80 atl, Fadang ftrite (
. and 49.74)
mL/min)
Nitrates (58.34
and 45.57)
Ph (77 and 73)
Odor (no smell

20 | Sawdust, andisol soil, Cooking Oil BOD (98) (Swesty et al.,

coarse gravel and fine | Industry 2019)
. . COD (96)

gravel, and fine Liquid

charcoal from coconut | Waste TSS (88)

shells.

21 | Silica sand, coconut Batik liquid Ph (7.94) (Wibowo et al.,

husk, activated carbon, | waste in . 2019)
. . Chromium
ginger coral, water Binangun (29.41)
hyacinth, fine zeolite, Village, ’
soil, coarse zeolite, Banyumas Turbidity (low)
ravel, and dacron District,
& Odor (low)
Banyumas
Regency.

Table 1 show that it can be seen that the

flow rate of 250,500,1000 LL/m2.day| with

percentage value for almost all parameters is
close to perfect. In example, the COD results of
99.59% in the Mount Nago irrigation water
sample in the Pasar Baru area, Cupak Tengah
Village, Pauh IX District, Padang. The
composition of the Multi Soil Layering (MSL)
reactor is palm fibre, iron, sawdust, activated
charcoal that has been sifted with a size of 50
mesh and volcanic soil with variations in HLR or

anaerobic process conditions (Hadrah et al.,
2019). The BOD result was 98.8% in the Mount
Nago irrigation water sample in the Pasar Baru
area, Cupak Tengah Village, Pauh IX District,
Padang. The composition of the Multi Soil
Layering (MSL) reactor is palm fibre, iron,
sawdust, activated charcoal that has been sifted
with a size of 50 mesh and volcanic soil and with
variations in HLR or flow rate of 250,500,1000

{Commented [A14]: ?




[L/mz.day Mith anaerobic process conditions
(Hadrah et al., 2019). The TSS results were
79.77% with banana peel activated carbon and
88.76% with coconut shell activated carbon in
the sample of palm oil liquid waste in the
anaerobic pond Il (outlet) of IPAL PT. Nusantara
V Sei Pagar Plantation, Riau. With the
composition of gravel, pearlite, soil activated
charcoal of Kalapa shell and activated charcoal
of banana peel, in this research there are two
innovations, namely by making two reactors
with activated carbon of banana peel and
activated carbon of coconut shell where the
reactor with the composition of activated
charcoal of coconut shell is more effective, with
HLR 500, 750, and 1000 L/m2.day under
anaerobic conditions (Megah and Haribowo,
2016). The yield of Fe metal is 99% and 99, 27%
in samples of coconut milk liquid waste and
Leachate liquid waste with reactor compositions
Coconut shell activated charcoal, pearlite, gravel,
rice husks, and Andasol soil and a mixture of soil,
crushed stone and zeolite with an anaerobic
process (Komala et al., 2012; Mutia, Elystia, and
Yenie, 2015).

Manganese yield was 94.39% in coconut
milk liquid waste samples with reactor
compositions Coconut shell activated charcoal,
pearlite, gravel, rice husks, and Andasol soil and
with variations in HLR or flow rates of 5, 10, 20,
40, ml/minute with aerobic processes (Mutia,
Elystia, and Yenie, 2015). It can be seen that the
Multi Soil Layering (MSL) method can be used to
treat industrial, household and other
wastewater. With many reactor composition
innovations that are easy to find around us.

From the parameters that have been
tested, each shows the level of success. Some
samples that have been tested show MSL

Indo. J. Chem. Res., vol(issue), page, year

conditions, some are aerobic, and some are {Commented [A15]: ?

anaerobic, some have two states at once.
However, in MSL conditions, this dramatically
affects the success rate. In addition to aerobic
and anaerobic process conditions, variations in
the Hydraulic Loading Rate (HLR) are also very
influential on the success of the Multi Soil
Layering method. There is still very little
explanation of this condition in aerobic
conditions because the aerobic process is less
efficient for use in wastewater at high pollutant
levels above 3000 mg/L.

AEROBIC

Aerobic or aerobic is a biological waste
treatment that uses oxygen as a processing
process. In the anaerobic process, the
wastewater treatment process is carried out
biologically; in the process, micro-organisms or
bacteria are used to decompose certain
pollutant compounds in a biological reactor

(Aldilla Fajri et al., 2018; Harimu et al., 2020). | Commented [A16]: Fari et al., 2018

Conditions are created to adjust the growth of
micro-organisms or bacteria to be used. Based
on the oxygen present in the heterotrophic
bacteria environment, heterotrophic bacteria
are therefore divided into two types, namely:
Firstly, Absolute aerobic bacteria: i.e. bacteria
that, if there is no oxygen in the environment,
can not live. Secondly, Aerobic, facultative
bacteria: bacteria that can grow even without
oxygen, but if there is oxygen in their
environment, they will show faster growth.
Factors that can affect the wastewater
treatment process using aerobic such as
hydrocarbon, oxygen, the composition of
microorganism, pH, temperature, and nutrients
(Fajri et al., 2021).



Aerobic bacteria used in wastewater
treatment processes contain organic pollutants
and other chemical compounds such as sulfides
and ammonia. In this process, these compounds
will be decomposed first to produce neutral and
more environmentally friendly compounds. The
aerobic decomposition process can be seen as
follows:

Organic Decomposition Reaction:

Organic Pollutant
Compound

—>CO0; + H20 + NH4 + Biomas (1)

Oxygen (02) Heterotropic

Nitrification Reaction:

NH4* + 1.5 02 NO2 2 + NO2 + 2 H* + H,0 (2)
NO; + 0.5 0, > NOs (3)
Sulfur Oxidation Reaction:

S¥+1/,0,+2 H* = S°+H20 (4)

25+30,+2H, > 2H,S04 (5)

Indo. J. Chem. Res., vol(issue), page, year

Based on these chemical reactions, it can
be seen that oxygen is very influential because
oxygen is needed to decompose pollutants, and
the amount of oxygen required is proportional to
the amount of organic, sulfide and ammonia
present in wastewater (Hartaja, 2015). There are
advantages in the aerobic process: the reaction is
faster than the anaerobic process, and organic
pollutants can be degraded to deficient
concentrations. Not only has its advantages, the
wastewater treatment process carried out
aerobically also has several disadvantages
(Kasman et al., 2021). It takes much energy to
supply oxygen to a wastewater treatment
reactor, and the operating costs are high. During
the process, the mud will appear so that it
requires further handling and requires a
relatively expensive cost. On the other hand, less
efficient when used in wastewater with high
levels of pollutants or waste above 3000 lmg/l.‘

In treating wastewater using an aerobic
method, it can reduce the level of danger from
the water with the success rate of each and the
type of each waste with variations in the
Hydraulic Loading Rate (HLR) in each process.
The following is a table of the success rate of the
aerobic process:

Table 2. The success rate of aerobic methods in wastewater treatment

Level of success
No Waste Type Waste Content Ref
(%)
1 | Coconut milk industry BOD 35.68 - 20.13
liguid waste

COoD 20.13 - 84.62 (Putra and
o Fitri, 2018)

Turbidity 84.76 - 97.99

E. coli 99.25-99.92

{Commented [A17]: mg/L
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2 | Coconut industry liquid Phosphate 99.28 - 99.80
waste Nitrite 68.06 - 76.39
Sulfate 96.97 - 97.48
Chloride 75.44 - 85.51 (Putra and
Manganese (Mn) 79.44 - 94.39 Fitri, 2019)
Iron (Fe) 92.11-97.50
3 | Tofu industrial liquid TSS 86.86
waste BOD 78.87 (Dessy Novela,
CoD 89.75 2019)
4 | The sample came from Turbidity 54.63
the well water of a X
resident in Jati, Padang. MN 66.44 E,YVIZZIVQO) et
Nitrite 58.74 N
Nitrate 58.34
Ph 77
Smell No smell

Table 2 shows that the highest BOD value
is 78.7 in the aerobic process, which this process
tests samples of tofu industrial waste. . Factors
that influence this process are variations
Hydraulic Loading Rate (HLR) or water rate and
reactor composition. At the highest COD value of
[89.75 Mhich this parameter is also shown in the
tofu industrial waste test.Factors that influence
this process are variations Hydraulic Loading
Rate (HLR) or water rate and reactor
composition.

ANAEROBIC

Anaerobic or anaerobic is a process that
does not involve free oxygen as an oxidant.
Anaerobic processing is carried out using
microorganisms. In wastewater treatment the

use of microorganisms has a fairly high content
of organic matter, so it is very potential if
developed. Microorganisms can directly use the
wastewater as nutrients for growth. Anaerobic
microorganismes are sensitive to oxygen, because
they can inhibit growth (Hartaja, 2015;

Koottatep et al., 2021). {Commented [A18]: 2 mg/L

Methane gas is obtained from an anaerobic
process that has gone through various stages.
The anaerobic process produces single carbon
compounds because almost all organic polymers
can be decomposed into single carbon
compounds. The decomposition stage includes 2
stages, namely the stage of formation of
methane (gasification) and the stage of
formation of asa (adification). The formation of
methane gas comes from acetic acid, H2 and



COs. In addition, it can result from the
conversion of formic acid and methanol (Hartaja,
2015).

CH3COOH - CHa + CO2 Acetic Acid

CO2+4H2 > CHa+2H20

HCOOH - 0.25 CH4 +0.75 CO, + 0.5 H,0
Formic Acid

CH30H = 0.75CHs+0.25CO2 + 0.5 H,0

Methanol

The anaerobic process has several
advantages include:

e Energy saving, because the
decomposition  process of organic
pollutants by microbes is carried out
without using air, so energy is not needed
to supply air as occurs in aerobic
processes (Hartaja, 2015).

e Produce biogas (methane gas). The final
breakdown of pollutant products, namely
methane gas which can be used as gas
fuel, can be used for power generators
and also in steam generator boilers
(Hartaja, 2015).

e (Can treat waste with high concentrations

Indo. J. Chem. Res., vol(issue), page, year

such as BOD up to 80,000 lmg/l ](Hartaja,
2015).
In addition to advantages, the anaerobic
wastewater treatment process has several
disadvantages include:

. |Slow pollutant decomposition reaction
(komataet-at; 2012}

e Sensitive if exposed to air, temperature
and load fluctuations tKommata—et—at.,
2012).

e If treating low concentration waste is less
effective, such as BOD below 3,000 mg/I
(Komataetat;2612).

e In the development of biomass to be used
it takes a long time in start-up (Komala et
al., 2012).

In the anaerobic process, it is known that
the pollutant reaction rate is fundamentally
influenced by the number of bacteria. In
addition, the degradation process will take place
quickly if given the addition of nutrients such as
nitrogen and phosphate compounds. The
anaerobic process will be disrupted if there are
chemicals such as cyanide compounds, sulfur,
and heavy metals. The following is a table of the
success rate of the anaerobic process:

Table 3. The success rate of anaerobic methods in wastewater treatment

No Waste Type Waste Content Level of success Ref
1 | Peat Water Treatment pH 6.51-6.82 (Adinda & Elystia,
2015)
Mn. metal 36,6555,83
Turbidity 63.86-61.45
2 | Coconut industry liquid Phosphate 99.82-99.87
t
waste Nitrite 67.36-74.31

[Commented [A19]: mg/L
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Sulfate 86.56-97.30 (Putra & Fitri, 2019)
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Coconut milk industry liquid BOD 13.53-33.01
waste cop 69.23-88.62 | (Mutia et al., 2015)
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Palm Qil Liquid Waste TSS (coconut) 79.77 — 88.76 (Mutia et al., 2015)
TSS (banana) 73.03-79.77
Ammonia (coconut) 39.85-56.52

Domestic wastewater from
cafeteria and kitchen at

(Sy et al., 2017)

. . Oils and Fats 27,778-89,474
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Bangkok
Rice Field Liquid Waste Potassium 19,433 -100 (Ihsan et al., 2013)
Hotel Liquid Waste CcoD 55-90 (Dan et al., 2001)
Polluted water in Mount Ph 8 (Herman et al.,
Nago Irrigation area of Pasar cob 97.21)-99.59 2017)
Baru, Cupak Tangah Village, ’ '
Pauh IX District, Padang. BOD 98.84-99.73

PO4- (>0.03 ppm

NH4+ <0.2ppm
The sample came from the Turbidity 44.04

I . .

we. water of a resident in M N 47.26
Jati, Padang.

Nitrite 49.74 (Song et al., 2020)

Nitrate 45.57

Ph 73
Smell No smell
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Of all the samples that have been tested, the highest success rate is obtained in the polluted
water sample obtained at the Gunung Nago Irrigation area of Pasar Baru, Cupak Tangah Village, Pauh IX
District, Padang with COD waste content, the success rate is 97.21-99,59% proving that anaerobes are
capable of treating high concentrations of waste.

CONCLUSION

Comparing aerobes and anaerobes in handling domestic waste using the MSL process, it turns
out that using anaerobes is superior to aerobics. Aerobic processes are less efficient for use in
wastewater at high pollutant levels above 3000 mg/L. At the same time, using this can reduce organic
waste with high levels of up to 80,000 mg/L. In using anaerobes, there are several advantages, namely
saving energy and producing biogas. Besides being profitable, the anaerobic process also has a
weakness. The reaction in reducing pollutants tends to be slower, sensitive to air, temperature
fluctuations in the load, and less effective in treating waste with low levels below 3000mg/L.
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river water. This pollution causes decreased water quality in water bodies. One
of the treatments in wastewater treatment is to use the Multi Soil Layering
(MSL) method. Because using the Multi Soil Layering (MSL) method is known to
be inexpensive in terms of cost, easy to implement, does not require
complicated maintenance so that it can be used continuously and is also
environmentally friendly. One of the constituent materials of the MSL reactor is
andesol soil, gravel, and pearlite. MSL has two zones for wastewater
treatment, namely the aerobic zone and the anaerobic zone. iThis journal

Available online:

review bims to compare the efficiency of reducing the levels of pollutant {Commented [U24]: This review

parameters from aerobic and anaerobic processes in the Multi Soil Layering
(MSL) method in wastewater.

Keywords: Aerobic, Anaerobic, Multi soil layering, Wastewater treatment.

INTRODUCTION husks, sawdust, zeolite, pearlite, gravel, and

IThe MSL method is a wastewater treatment depending on the type of rock available (Latrach

method that utilizes the ability of the soil as the et al., 2016; Putra & Fitri, 2018, 2019). [Commented [U25]: Check grammarly

main medium to reduce pollutant parameters In principle, the MSL method has the main I(;;::m::;;:lm[ethGRZS]: Checlcgrammarly and capiat
and how to maximize the function of the soil, treatment zones, namely the aerobic and

which is formed into a structure made in a anaerobic zones. The aerobic zone usually

construction consisting of a mixture of soil consists of rock (zeolite, gravel, pearlite) while

(organic) and rock composition. shaped like the the anaerobic zone usually consists of a mixed

arrangement of bricks. The composition of the layer of soil and activated carbon (charcoal)

soil mixture is usually made of selected soil, (Adinda and Elystia, 2015; Akhyar et al., 2016;

carbon, and others as well as for rock layers Latrach et al., 2014; Mutia, Elystia, and Yenie,

composed of additional materials such as rice 2015).



Multi soil layering (MSL) is a method of
treating wastewater that is effective and
efficient, easy and inexpensive without having to
incur expensive costs (An et al., 2016; Latrach et
al., 2014; Megah and Haribowo, 2016).
Currently, the Multi Soil Layering (MSL) method
has been widely used as an alternative in
wastewater treatment which has been proven to
be effective in treating domestic wastewater and
small industries I(Hadrah etal., 2019; Sy et al.,
2017). (Kasman, Herawati, and Hadrah 2021). ]

One example of domestic wastewater that
contain of several pollutant such as NOs’, treated
with the MSL method is wastewater from the
rest of household activities. The rest of
household activities pollute the community
environment through substances contained in
wastewater which is very dangerous if not
handled properly, in addition to household
wastewater there is also wastewater from small
home industries such as the laundry industry,
industrial home batik, coconut industry, screen
printing industry. Similarly, industrial
wastewater such as leather and weaving
industry, containing some harmful pollutants
that necessary to be treated. especially with
adsorption method. Leather industry that hold
some amount of coppers must be removed
before spreading the undesirable effect to the
environment (Maryudi et al., 2021).

From previous studies, the Multi Soil
Layering (MSL) method has succeeded in
reducing levels of biological pollutant
parameters such as BOD, COD, TSS, DO, Ph,
odor, and turbidity as well as heavy metal

pollutant parameters such as Fe, Mn, and
phosphate (Putri & Dyna, 2019). In numerous of
studies, domestic wastewater can reduce BOD
by about 68.67-87.63%, COD around 71.42-
87.73%, and TSS around 69.11-77.12% The

cooking oil industry, it can reduce BOD levels
around 86-99%, COD around 71-96%, TSS around
77-88%, and pH from 6.37-6.95 to 6.99-7.24
(Sbahi et al., 2020).

This journal review aims to compare the
efficiency of reducing levels of pollutant
parameters from aerobic and anaerobic
processes in the Multi Soil Layering (MSL)
method in wastewater.

MULTI SOIL LAYERING

Multi Soil Layering (MSL) is a method used
in the wastewater treatment process. The
wastewater treatment process using this method
is known to be inexpensive in terms of cost, easy
to implement, does not require complicated
maintenance so that it can be used continuously
and is also environmentally friendly. In addition,
the materials used in the MSL reactor are widely
available and easy to find in Indonesia because
the materials used can be obtained in nature and
the environment around coconut charcoal,
zeolite, rice husks, sawdust, activated charcoal
from various organic materials and coatings.
Anaerobic soil consists of andesol originating
from the mountains, while pearlite and gravel
are the aerobic layers (Aldilla Fajri et al., 2018)

In wastewater treatment using the MSL
method, soil is used as the main medium to
reduce pollutant parameters and enhance soil
function through its structure (Haribowo et al.,
2019; Lamzouri et al., 2016; Mutia, Elystia, and
Yenie, 2015; Song et al., 2018).

MSL method formed to become a reactor
consisting of a mixed layer of soil and rock layers
arranged like bricks. The composite layer of soil
consists of organic matter, carbon elements
found in charcoal, and other additives such as
iron filings. Commonly used mixed layers such as
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pearlite, gravel, and zeolite also depend on the
type of rock contained in the composition of the
bricks. Zeolite or perlite which containing silica
group could support the better performance
during adsorption process (Hanum, Farrah
Fadhillah; Rahayu, 2022; Rahayu et al., 2015,
2021). The effective use period for the MSL
system for waste treatment is 12.8 years (lhsan
et al., 2013). (Nadhirah, Riyanto, and Tri., 2021).

Based on the principle of the MSL method,
there are two zones used in processing, namely
the aerobic zone contained in the rock layer
(perlite, gravel, and zeolite also depending on
the type of rock present) and between the
zeolite layer and soil mixture blocks. The
function of the aerobic zone is to decompose
organic matter, bind phosphate, oxidizeoxidise
ferrous ions to ferric ions, and nitrify. The mixed

soil layer is in the anaerobic area. Using MSL, the
wastewater treatment process consists of
decomposition, filtration, fixation, nitrification,
denitrification, absorption, and adsorption
(Adinda & Elystia, 2015; Herman et al., 2017).

Numerous researches related on
wastewater treatment using the Multi Soil
Layering (MSL) which uses many compositions
from the reactor making material and lots of
samples have been tested. Some parameters are
investigated from all research parameters that
are often sought are as COD, BOD, TSS, ph,
turbidity, odour, colour, Ammonia, nitrate,
nitrite, potassium phosphate and metals such as
Mn, Pb, Hg and Fe. Tabel 1 shown the
composition of Multi Soil Layering (MSL):

Table 1. Multi Soil Layering (MSL) composition

rice husk, and Andasol
soil.

(With variations of
HLR5,10,20,40ml/min)

waste water

33.01)

COD (20.13 -
84.62 and 69.23-
88.62)

Turbidity (84.76 -
97.99 and 88.35-
98.66)

E.coli (99.25 -
99.92 and 25-
99.92)

Waste ; ;
Aerobic/anaerobic
No Composition ic/ N I Success Ref
Type MSL conditions
1 | Coconutshell activated | Coconut Aerobes and BOD (35.68 - I(Putra & Fitri,
charcoal,perlite,gravel, | industrial Anaerobes 20.13 and 13.53- 2018)]
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Coconut shell Coconut Aerobes and Phosphate (Putra & Fitri,
activated charcoal, milk liquid Anaerobes (99.28-99.80 2019)
perlite, gravel, rice waste and99.82 99.87)
husk, and Andasol .
soil.(With variations of ?(I;tgtgea(::gfg;s.
HLR 5, 10, 20, 40 ’ ’
. 74.31)
ml/min’)
Sulfate (96.97-
97.48 and86.56-
97.30)
Chloride (75.44—
85.51 and82.99-
88.66 )
Manganese (Mn)
(79.44 —
94.39and49.77-
80.61)
Iron(Fe) (92.11—
97.50 and94.41-
98.82)
Crushedstone, perlite, | District peat Anaerobic Mn metal (Adinda &
Andasol soil, gravel, water (36.65-55.83) Elystia, 2015)
banana peel Tapung Turbidity (63.86-
charcoaland coconut Kampar 61.45)
shell charcoal Regency
(Variation HLR Ph (6.51-6.82)
500,700,900 I/m2day)
MSL A reactor ( Sasirangan BOD (63.89%) (Akhyar
Andasol soil, zeolite industrial Okviyoandra,
o COD (65.6%) s
and quartz sand) liquid waste Antoni
Pardede, 2016)
MSL B reactor (
Andasol soil, isthmus
and pumice stone)
Gravel, pearlite, Palm oil Anaerobic TSS (coconut) = (Mutia et al.,
ground activated effluent in (79.77-88.76) 2015)
charcoal of Kalapa anaerobic .
shell and activated pond Il Ammonia
(coconut) =
charcoal of banana (outlet) (39.85-56.52)
peel. WWTP PT.

Nusantara V




Reactor 1 MSL : Sei Pagar TSS (banana) =
. Plantation, (73.03-79.77)
Anaerobic layer of X
. Riau.
coconut shell activated
charcoal and soil
Reactor 2 MSL :
Anaerobic layer of
activated charcoal
banana peel and soil
( Variation of HLR
500,750, and 1000
L/m2.day)
MSL1 reactor :Zeolite | Waste in pH (4.25-5.77) (Megah &
| d |and the WWTP Harib
ayer an ' grave' an ' e TSS (58.42- aribowo,
gravel mixed with in RT.04 71.05) 2016)
zeolite RW.07 ’
i Tlogomas TDS (18.05-
MSL2 tor :(soil
SL2 reactor :(soi Village. 31.84)
mixture layer (coconut
shell activated DO (75.06-81.88)
charcoal and Andasol -
. Turbidity (72.91-
soil) + (Paddy straw
. 76.69)
activated charcoal and
Andasol soil) + ( Electrical
sawdust and Andasol Conductivity
soil) (16.49-31.77)
(Coconut shell and
Andasol soil layers are
more efficient)
Crushed stone, Laundry COD (74-87) (Hadrah et al.,
| lit il Liquid 2019
gr.ave /zeolite, 50|. iqui BOD (75-88) )
mixture, and plastic Waste
nets (with variations of TSS (73-88)

hrl 500,750, and 1000
I/m2.day)

(more efficient eg with
the addition of zeolite
is better than without
zeolite)

Total phosphate
(20-78)

pH (6.73)

MBA (85-95)




8 | Reactor 1 MSL : gravel | Domestic Anaerobic Oils and Fats (Sy et al., 2017)
and charcoal, mixed wastewater (27,778-89,474)
layer of andisol soil, from
and crushed stone. cafeteria
and kitchen
Reactor 2 MSL :
at Kasetsart
Sawdust and gravel, . .
. . University,
mixed layer of andisol Bangkok
and crushed stone. &
9 | A mixture of andosol Dug well Ph (50) (Putri & Dyna,
soil, zeolite rock, water and 2019
. . COD (31.16) )
gravel, rice husk, river or
coconut shell charcoal, | ditch water BOD (73.16)
and sawdust. in Teluk
Nila Metal Hg (70.75)
(most effective with . P
. . Village, Metal Pb (26.74)
sawdust in lowering Kubu
heavy metal Metal Fe (46.94)
indicators) Babussalam,
Rokan Hilir
10 | Reactor MSL 1: a layer | Rice Field Anaerobic Potassium (Ihsan et al.,
of gravel mixed with Liquid (19,443 - 100) 2013)
activated charcoal with | Waste
soil
MSL 2 reactor: layer of
gravel and sawdust
with soil,
11 | Andesole soil and Hotel Liquid Anaerobic COD (55-90) (Danetal.,
charcoal Waste 2001)
12 | Andisol soil, bagasse Tofu Aerobic TSS (86.86) (Dessy Novela,
activated charcoal industrial 2019
) . BOD (78.87) )
powder and fine liquid waste
bagasse powder COD (89.75)
13 [Ijuk, iron, sawdust, Polluted Anaerobic Ph(8) (Herman et al., {Commented [U30]: Is there any term in English for ijuk? }
activated charcoal that | waterin 2017)
D (97.21)-
has been sifted witha | Mount ;:9059()9 )
size of 50 mesh and Nago '
volcanic soil Irrigation BOD (98.84-
L area of 99.73)
(variation of HLR Pasar Baru
250,500,1000 ’ PO4- (>0.03
Cupak
I/m2/day) ppm)

Tangah




Village, NH4+ (<0.2 ppm)
Pauh IX
District,
Padang.
14 | Zeolite, gravel sand, Synthetic COD (98.29) (Hong et al.,
lat d tei 2019
porous;?a ea.n was e|n_ TP (100) )
outlet pipe, soil, rural China
charcoal and iron NH4 (76.60)
powder.
15 | Mixture of soil, Leachate COD (96.771%) (Lamzouri et
crushed stone and Liquid . al., 2016)
. Ammonia
zolite Waste
(99.966%)
Fe (99.279%)
Color (96.53%)
pH 7.00
16 | Gravel, zeolite, a Ethanol COD (80.85) (Irmanto,
mixture of soil and Industrial Suyata and
o BOD (94.68) i
coconut shell charcoal | Liquid Zusfahair,
Waste TSS (83.99) 2013)
17 | Crushed stone, river Leachate COD (53.457) (Kasman, M.,
pebbles, mixed soil Liquid . Herawati,
Ammonia
and gravel Waste (98,325) Peppy and
! Hadrah, H,
Fe (88.5) 2021)
Ph 7.00
18 | Sand, gravel, humus Liquid COD (89.06- (Sidebang and
soil, coconut charcoal. | waste 97.47) Syafnil, 2017)
WWTP) the
(innovation with sand ( ) BOD (88.61-
with HLR last pool of 98.37)
the CPO '
0.3;0.6;09and 1.2 industry Ph (6.72-7.36)
L/hour
/ ) Oil and Fat
Content (88.27 -
95.48)
19 | Volcanic soil, rice husk, | The sample Aerobes and Turbidity (54.65 | (Song et al.,
coconut shell activated | came from Anaerobes and 44.04) 2020)

the well




charcoal, zeolite, iron
powder.

(variation of water rate
(HLR) 10, 20, 40, 80
mL/min)

water of a
resident in
Jati, Padang.

Mn (66.44 and
47.26)

Nitrite (58.74
and 49.74)

Nitrates (58.34
and 45.57)

Ph (77 and 73)

Odor (no smell

20 | Sawdust, andisol sail, Cooking Oil BOD (98) (Swesty et al.,
coarse gravel and fine | Industry 2019)
. . COD (96)
gravel, and fine Liquid
charcoal from coconut | Waste TSS (88)
shells.
21 | Silica sand, coconut Batik liquid Ph (7.94) (Wibowo et al.,
husk, activated carbon, | waste in . 2019)
. . Chromium
ginger coral, water Binangun
. . ) ) (29.41)
hyacinth, fine zeolite, Village,
soil, coarse zeolite, Banyumas Turbidity (low)
ravel, and dacron District,
& Odor (low)
Banyumas
Regency.

Table 1 show that it can be seen that the

percentage value for almost all parameters is
close to perfect. In example, the COD results of
99.59% in the Mount Nago irrigation water
sample in the Pasar Baru area, Cupak Tengah
Village, Pauh IX District, Padang. The
composition of the Multi Soil Layering (MSL)

reactor is palm fibre, iron, sawdust, activated

charcoal that has been sifted with a size of 50

mesh and volcanic soil with variations in HLR or
flow rate of 250,500,1000 L/m2.day with
anaerobic process conditions (Hadrah et al.,
2019). The BOD result was 98.8% in the Mount
Nago irrigation water sample in the Pasar Baru

area, Cupak Tengah Village, Pauh IX District,
Padang. The composition of the Multi Soil

Layering (MSL) reactor is palm fibre, iron,
sawdust, activated charcoal that has been sifted
with a size of 50 mesh and volcanic soil and with
variations in HLR or flow rate of 250,500,1000
L/m2.day with anaerobic process conditions
(Hadrah et al., 2019). The TSS results were
79.77% with banana peel activated carbon and
88.76% with coconut shell activated carbon in
the sample of palm oil liquid waste in the
anaerobic pond Il (outlet) of IPAL PT. Nusantara
V Sei Pagar Plantation, Riau. With the
composition of gravel, pearlite, soil activated
charcoal of Kalapa shell and activated charcoal
of banana peel, in this research there are two
innovations, namely by making two reactors
with activated carbon of banana peel and




activated carbon of coconut shell where the
reactor with the composition of activated
charcoal of coconut shell is more effective, with
HLR 500, 750, and 1000 L/m2.day under
anaerobic conditions (Megah and Haribowo,
2016). The yield of Fe metal is 99% and 99, 27%
in samples of coconut milk liquid waste and
Leachate liquid waste with reactor compositions
Coconut shell activated charcoal, pearlite, gravel,
rice husks, and Andasol soil and a mixture of sail,
crushed stone and zeolite with an anaerobic
process (Komala et al., 2012; Mutia, Elystia, and
Yenie, 2015).

Manganese yield was 94.39% in coconut
milk liquid waste samples with reactor
compositions Coconut shell activated charcoal,
pearlite, gravel, rice husks, and Andasol soil and
with variations in HLR or flow rates of 5, 10, 20,
40, ml/minute with aerobic processes (Mutia,
Elystia, and Yenie, 2015). It can be seen that the
Multi Soil Layering (MSL) method can be used to
treat industrial, household and other
wastewater. With many reactor composition
innovations that are easy to find around us.

From the parameters that have been
tested, each shows the level of success. Some
samples that have been tested show MSL
conditions, some are aerobic, and some are
anaerobic, some have two states at once.
However, in MSL conditions, this dramatically
affects the success rate. In addition to aerobic
and anaerobic process conditions, variations in
the Hydraulic Loading Rate (HLR) are also very
influential on the success of the Multi Soil
Layering method. There is still very little
explanation of this condition in aerobic
conditions because the aerobic process is less
efficient for use in wastewater at high pollutant
levels above 3000 mg/L.

AEROBIC

/Aerobic or aerobic fis a biological waste
treatment that uses oxygen as a processing
process. In the anaerobic process, the
wastewater treatment process is carried out
biologically; in the process, micro-organisms or
bacteria are used to decompose certain
pollutant compounds in a biological reactor
(Aldilla Fajri et al., 2018; Harimu et al., 2020).
Conditions are created to adjust the growth of
micro-organisms or bacteria to be used. Based
on the oxygen present in the heterotrophic
bacteria environment, heterotrophic bacteria
are therefore divided into two types, namely:
Firstly, Absolute aerobic bacteria: i.e. bacteria
that, if there is no oxygen in the environment,
can not live. Secondly, Aerobic, facultative
bacteria: bacteria that can grow even without
oxygen, but if there is oxygen in their
environment, they will show faster growth.
Factors that can affect the wastewater
treatment process using aerobic such as
hydrocarbon, oxygen, the composition of
microorganisms, pH, temperature, and nutrients
(Fajri et al., 2021).

Aerobic bacteria used in wastewater
treatment processes contain organic pollutants
and other chemical compounds such as sulfides
and ammonia. In this process, these compounds
will be decomposed first to produce neutral and
more environmentally friendly compounds. The
aerobic decomposition process can be seen as
follows:

Organic Decomposition Reaction:

Organic Pollutant
Compound

—>CO0; + H20 + NH4 + Biomas (1)
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Oxygen (02) Heterotropic

Nitrification Reaction:
NHs* + 1.5 02 NO2 2 + NO2 + 2 H* + H20 (2)

NO; + 0.5 O, - NOs (3)

Sulfur Oxidation Reaction:
S +1/,042 H* > %+ H20 (4)
2S+30,+2H; > 2H2S04 (5)

Based on these chemical reactions, it can
be seen that oxygen is very influential because
oxygen is needed to decompose pollutants, and
the amount of oxygen required is proportional to
the amount of organic, sulfide and ammonia
present in wastewater (Hartaja, 2015). There are
advantages in the aerobic process: the reaction is
faster than the anaerobic process, and organic

pollutants can be degraded to deficient
concentrations. Not only has its advantages, the
wastewater treatment process carried out
aerobically also has several disadvantages
(Kasman et al., 2021). It takes much energy to
supply oxygen to a wastewater treatment
reactor, and the operating costs are high. During
the process, the mud will appear so that it
requires further handling and requires a
relatively expensive cost. On the other hand, less
efficient when used in wastewater with high
levels of pollutants or waste above 3000 mg/I.

In treating wastewater using an aerobic
method, it can reduce the level of danger from
the water with the success rate of each and the
type of each waste with variations in the
Hydraulic Loading Rate (HLR) in each process.
The following is a table of the success rate of the
aerobic process:

Table 2. The success rate of aerobic methods in wastewater treatment

Level of success
No Waste Type Waste Content Ref
(%)
1 | Coconut milk industry BOD 35.68 -20.13
liquid waste cop 20.13-84.62 | (Putraand
Turbidity 84.76-97.99 | 1 2018)
E. coli 99.25-99.92
2 | Coconut industry liquid Phosphate 99.28 - 99.80
waste Nitrite 68.06 - 76.39
Sulfate 96.97 - 97.48
Chloride 75.44 - 85.51 (Putra and
Manganese (Mn) 79.44 - 94.39 Fitri, 2019)
Iron (Fe) 92.11-97.50




3 | Tofu industrial liquid TSS 86.86
waste
BOD 78.87 (Dessy Novela,
2019
COoD 89.75 )
4 | The sample came from Turbidity 54.63
th Il water of
e wellwaterota M N 66.44 (Wibowo et
resident in Jati, Padang. al,, 2019)
Nitrite 58.74 N
Nitrate 58.34
Ph 77
Smell No smell

Table 2 shows that the highest BOD value
is 78.7 in the aerobic process, which this process
tests samples of tofu industrial waste. . Factors
that influence this process are
variationsHydraulic Loading Rate (HLR) or water
rate and reactor composition. At the highest
COD value of |89.75] which this parameter is also
shown in the tofu industrial waste test.Factors
that influence this process are variations
Hydraulic Loading Rate (HLR) or water rate and
reactor composition.

ANAEROBIC

Anaerobic or anaerobic is a process that
does not involve free oxygen as an oxidant.
Anaerobic processing is carried out using
microorganisms. In wastewater treatment the
use of microorganisms has a fairly high content
of organic matter, so it is very potential if
developed. Microorganisms can directly use the
wastewater as nutrients for growth. Anaerobic
microorganisms are sensitive to oxygen, because
they can inhibit growth (Hartaja, 2015;
Koottatep et al., 2021).

Methane gas is obtained from an anaerobic
process that has gone through various stages.

The anaerobic process produces single carbon
compounds because almost all organic polymers
can be decomposed into single carbon
compounds. The decomposition stage includes 2
stages, namely the stage of formation of
methane (gasification) and the stage of
formation of asa (adification). The formation of
methane gas comes from acetic acid, H, and
COs. In addition, it can result from the
conversion of formic acid and methanol (Hartaja,
2015).

CH3COOH - CHa + CO; Acetic Acid

CO2+4H, > CHa+2H0

HCOOH - 0.25 CHs + 0.75 CO; + 0.5 H,0
Formic Acid

CH30H = 0.75CHs+0.25CO2 + 0.5 H,0

Methanol

The anaerobic process has several
advantages include:

e Energy because the

decomposition

saving,
process of organic
pollutants by microbes is carried out
without using air, so energy is not needed

to supply air as occurs in aerobic
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processes (Hartaja, 2015).

e Produce biogas (methane gas). The final
breakdown of pollutant products, namely
methane gas which can be used as gas
fuel, can be used for power generators
and also in steam generator boilers
(Hartaja, 2015).

e (Can treat waste with high concentrations
such as BOD up to 80,000 mg/| (Hartaja,
2015).

In addition to advantages, the anaerobic

wastewater treatment process has several
disadvantages include:

e Slow pollutant decomposition reaction
(Komala et al., 2012).

e Sensitive if exposed to air, temperature
and load fluctuations (Komala et al.,

2012).

e If treating low concentration waste is less
effective, such as BOD below 3,000 mg/I
(Komala et al., 2012).

o In the development of biomass to be used
it takes a long time in start-up (Komala et
al., 2012).

In the anaerobic process, it is known that
the pollutant reaction rate is fundamentally
influenced by the number of bacteria. In
addition, the degradation process will take place
quickly if given the addition of nutrients such as

nitrogen and phosphate compounds. [The [Commented [U33]: Too long sentence

anaerobic process will be disrupted if there are
chemicals such as cyanide compounds, sulfur,
and heavy metals. The following is a table of the
success rate of the anaerobic process:

Table 3. The success rate of anaerobic methods in wastewater treatment

No Waste Type Waste Content Level of success Ref
1 | Peat Water Treatment pH 6.51-6.82 (Adinda & Elystia,
2015)
Mn . metal 36,6555,83
Turbidity 63.86-61.45
2 | Coconut industry liquid Phosphate 99.82-99.87
waste L
Nitrite 67.36-74.31
Sulfate 86.56-97.30 (Putra & Fitri, 2019)
Chloride 82.99-88.66
Manganese (Mn) 49.77-80.61
Iron (Fe) 94.41-98.82
3 | Coconut milk industry liquid BOD 13.53-33.01
t
waste cop 69.23-88.62 | (Mutia etal., 2015)
Turbidity 88.35-98.66
E. coli 25-99.92




Palm Oil Liquid Waste

TSS (coconut)
TSS (banana)

Ammonia (coconut)

79.77 - 88.76
73.03-79.77

39.85-56.52

(Mutia et al., 2015)

Domestic wastewater from
cafeteria and kitchen at

(Sy et al., 2017)

) ) Oils and Fats 27,778-89,474
Kasetsart University,
Bangkok
Rice Field Liquid Waste Potassium 19,433 -100 (Ihsan et al., 2013)
Hotel Liquid Waste coD 55-90 (Dan et al., 2001)
Polluted water in Mount Ph 8 (Herman et al.,
Nago Irrigation area of Pasar 2017)
. COD 97.21)-99.59
Baru, Cupak Tangah Village,
Pauh IX District, Padang. BOD 98.84-99.73
PO4- (>0.03 ppm
NH4+ <0.2ppm
The sample came from the Turbidity 44.04
well water of a resident in
X M N 47.26
Jati, Padang.
Nitrite 49.74 (Song et al., 2020)
Nitrate 45.57
Ph 73
Smell No smell




[Based on table 3, anaerobic msl conditions have been tested with several different samples
and waste content which includes potassium, TSS (coconut), TSS (banana), ammonia,
BOD, COD, turbidity, E. coli, phosphate, nitrite, Sulfate, Chloride, Manganese (Mn), Iron

(Fe), Turbidity, Mn, Nitrate, Ph, Odor, Odorless, Oil and Fat, PO4’, NH4* and metal ‘Mn {Commented [U34]: Unfinished article.. Where is the

(Latupeirissa & Fransina, 2014; Silalahi, 2017).Adinda, T., & Elystia, S. (2015). Metoda conclisiong
Multi Soil Layering Dalam Pengolahan Air Gambut Dengan Variasi Hydraulic Loading
Rate Dan Material Organik Pada Lapisan Anaerob. 2(1), 1-7.

Akhyar Okviyoandra, Antoni Pardede, and R. R. A. A. K. W. (2016). Penurunan Bod Dan Cod
Pada Limbah Cair Sasirangan Menggunakan Metoda Multi Soil Layering (Msl). Media
Sains, 9(2), 162-166.

Aldilla Fajri, J., Fujisawa, T., Trianda, Y., Ishiguro, Y., Cui, G., Li, F., & Yamada, T. (2018). Effect
of Aeration Rates on Removals of Organic Carbon and Nitrogen in Small Onsite
Wastewater Treatment System (Johkasou). MATEC Web of Conferences, 147.
https://doi.org/10.1051/matecconf/201814704008

An, C.J., McBean, E., Huang, G. H., Yao, Y., Zhang, P., Chen, X. J., & Li, Y. P. (2016). Multi-soil-
layering systems for wastewater treatment in small and remote communities. Journal
of Environmental Informatics, 27(2), 131-144. https://doi.org/10.3808/jei.201500328

Dan, E., Penyerapan, K., Ash, F. L. Y., Edwin, T., Elystia, S., Amelia, D., Indah, S., & Helard, D.
(2001). PENYISIHAN MINYAK DAN LEMAK DARI LIMBAH CAIR HOTEL DENGAN METODE
MULTI SOIL LAYERING ( MSL ) satu sumber limbah cair domestik . Gubernur Sumatera
Barat Nomor 26 Tahun 2001 tentang Baku Mutu Limbah Cair Bagi Kegiatan Hotel di
yang telah mengujicobakan meto.

Dessy Novela, I. D. (2019). Penurunan COD, BOD DAN TSS Pada Limbah Cair Industri Tahu
Melalui Sistem Multy Soil Layering (MSL) Menggunakan Arang Karbon Ampas Tebu.
Journal of Residu, 3(21), 8-14.

Fajri, J. A., Wulandari, D., Nurmiyanto, A., & Rahayu, A. (2021). Penurunan Kandungan
Hidrokarbon Menggunakan Constructed Wetland Reactor Dalam Mengolah Limbah
Minyak Removal of Hidrocarbon Compounds Using Constructed Wetland Reactor to
Treat Oily Wastewater. Open Science and Technology, 01(02), 246-256.

Hadrah, H., Kasman, M., & Septiani, K. T. (2019). Analisis Penurunan Parameter Pencemar
Limbah Cair Laundry dengan Multi Soil Layering (MSL). Jurnal Daur Lingkungan, 2(1),
36. https://doi.org/10.33087/daurling.v2i1.22

Hanum, Farrah Fadhillah; Rahayu, A. (2022). Studi Pemanfaatan dan Metode Pemisahan
Silika dari Coal Fly Ash A Study for Silika Utilization and Its Separation Method from.
Open Science and Technology, 02(01), 26-32.

Haribowo, R., Megah, S., & Rosita, W. (2019). Efisiensi Sistem Multi Soil Layering Pada
Pengolahan Air Limbah Domestik Pada Daerah Perkotaan Padat Penduduk. Jurnal
Teknik Pengairan, 10(1), 11-27. https://doi.org/10.21776/ub.pengairan.2019.010.01.2

Harimu, L., Haetami, A., Sari, C. P., Haeruddin, H., & Nurlansi, N. (2020). Perbandingan



Kemampuan Aerasi Sembur (Spray) dengan Metode Adsorpsi Menggunakan Adsorben
Serbuk Kulit Buah Kakao untuk Menurunkan Kadar Besi dan Mangan Pada Air Sumur
Gali. Indo. J. Chem. Res., 8(2), 137-143. https://doi.org/10.30598//ijcr.2020.8-hrm

Hartaja, N. I. S. dan D. R. K. (2015). Pengolahan Air Lindi Dengan Proses Biofilter Anaerob-
Aerob Dan Denitrifikasi. Pusat Teknologi Lingkungan, BPPT, 8(1).

Herman, W., Darmawan, D., & Gusnidar, G. (2017). Pemanfaatan Tanah Vulkanik Dalam
Sistem Multiple Soil Layering (MSL) Terhadap Pemurnian Air Irigasi Terpolusi. Jurnal
Bibiet, 2(2), 49-59. https://doi.org/10.22216/jbbt.v2i1.3085

Hong, Y., Huang, G., An, C., Song, P., Xin, X., Chen, X., Zhang, P., Zhao, Y., & Zheng, R. (2019).
Enhanced nitrogen removal in the treatment of rural domestic sewage using vertical-
flow multi-soil-layering systems: Experimental and modeling insights. Journal of
Environmental Management, 240(November 2018), 273-284.
https://doi.org/10.1016/j.jenvman.2019.03.097

lhsan, T., Indah, S., & Denny, H. (2013). Penyisihan Kalium dari Limbah Cair Persawahan
dengan Metode Multi Soil Layering (MSL). Jurnal Teknik Lingkungan, 10(2), 133-141.

Kasman, M., Herawati, P., & Hadrah, H. (2021). Pengaruh Hydraulic Loading Rate (HIr)
Terhadap Pengolahan Leachate Dengan Menggunakan Metoda Multi Soil Layering
(Msl). Sustainable Environmental and Optimizing Industry Journal, 1(2), 1-8.
https://doi.org/10.36441/se0i.v1i2.178

Komala, P. S., Helard, D., & Delimas, D. (2012). Identification of Anaerobic Dominant
Microbes in Rubber Industrial Waste Water Treatment With Multi Soil Layering (MSL)
System. Jurnal Teknik Lingkungan UNAND, 9(1), 74-88.

Koottatep, T., Pussayanavin, T., Khamyai, S., & Polprasert, C. (2021). Performance of novel
constructed wetlands for treating solar septic tank effluent. Science of the Total
Environment, 754(6). https://doi.org/10.1016/j.scitotenv.2020.142447

Lamzouri, K., Mahi, M., Ouatar, S., Bartali, E., Masunaga, T., Latrach, L., & Mandi, L. (2016).
Application of Multi-Soil-Layering Technique for Wastewater Treatment in Moroccan
Rural Areas: Study of Tehe Operation Process for an Engineering Design. Journal of
Materials and Environmental Science, 7(2), 579-585.

Latrach, L., Masunaga, T., Ouazzani, N., Hejjaj, A., Mahi, M., & Mandi, L. (2014). Removal of
bacterial indicators and pathogens from domestic wastewater by the multi-soil-layering
(MSL) system. Soil Science and Plant Nutrition, 61(2), 337-346.
https://doi.org/10.1080/00380768.2014.974480

Latrach, L., Ouazzani, N., Masunaga, T., Hejjaj, A., Bouhoum, K., Mahi, M., & Mandi, L.
(2016). Domestic wastewater disinfection by combined treatment using multi-soil-
layering system and sand filters (MSL-SF): A laboratory pilot study. Ecological
Engineering, 91, 294-301. https://doi.org/10.1016/j.ecoleng.2016.02.036

Latupeirissa, J., & Fransina, E. G. (2014). THE CHARACTERIZATION OF CLAYS FROM



LATUHALAT VILLAGE ACTIVATED USING AMMONIUM NITRATE Karakterisasi Lempung
Asal Desa Latuhalat Yang Teraktivasi Amonium Nitrat. 78—-82.

Maryudi, M., Rahayu, A., Syauqi, R., & Islami, M. K. (2021). Teknologi Pengolahan
Kandungan Kromium dalam Limbah Penyamakan Kulit Menggunakan Proses Adsorpsi:
Review. Jurnal Teknik Kimia Dan Lingkungan, 5(1), 90.
https://doi.org/10.33795/jtkl.v5i1.207

Megah, S., & Haribowo, R. (2016). Efisiensi Pengolahan Limbah Domestik Menggunakan
Metode Multi Soil Layering.

Mutia, R., Elystia, S., & Yenie, E. (2015). Metode Multi Soil Layering dalam Penyisihan
Parameter TSS Limbah Cair Kelapa Sawit dengan Variasi Hydraulic Loading Rate (HLR)
dan Material Organik pada Lapisan Anaerob. Jurnal Online Mahasiswa Fakultas Teknik
Universitas Riau, 2(1), 1-6.

Putra, A., & Fitri, W. E. (2018). Efektivitas Penurunan TSS, BOD, COD, Dan E.Coli Limbah Cair
Industri Santan Kelapa Dengan Metode MSL (Multi Soil Layering) Yang Dimodifikasi.
Seminar Nasional Pelestarian Lingkungan (SENPLING) 2018, 209-217.

Putra, A., & Fitri, W. E. (2019). Efektivitas Multi Soil Layering Dalam Mereduksi Limbah Cair
Industri Kelapa. Dalton : Jurnal Pendidikan Kimia Dan llmu Kimia, 2(2), 1-15.
https://doi.org/10.31602/dl.v2i2.2394

Putri, V. D., & Dyna, F. (2019). Jurnal Katalisator. Standarisasi Ganyong (Canna Edulis Kerr)
Sebagai Pangan Alternatif Pasien Diabetes Mellitus, 4(2), 111-118.

Rahayu, A., Fadhillah Hanum, F., Aldilla Fajri, J., Dwi Anggraini, W., & Khasanah, U. (2021).
Review: Pengolahan Limbah cair Industri dengan Menggunakan Silika A Review:
Industrial Liquid Waste Treatment Using Silica. Open Science and Technology, 02(01),
2776-169. https://opscitech.com/journal

Rahayu, A., Lim, L. W., & Takeuchi, T. (2015). Preparation of a hybrid monolithic stationary
phase with allylsulfonate for the rapid and simultaneous separation of cations in
capillary ion chromatography. Journal of Separation Science, 38(7), 1109-1116.
https://doi.org/10.1002/jssc.201401264

Sbabhi, S., Ouazzani, N., Latrach, L., Hejjaj, A., & Mandi, L. (2020). Predicting the
concentration of total coliforms in treated rural domestic wastewater by multi-soil-
layering (MSL) technology using artificial neural networks. Ecotoxicology and
Environmental Safety, 204. https://doi.org/10.1016/j.ecoenv.2020.111118

Sidebang, C. P., & Syafnil. (2017). Use of Sand as a Component of Multi Soil Layering (MSL)
System to Minimize Liquid Waste Contaminant of Crude Palm Qil (CPO). Jurnal Agro
Industri, 7(2), 115-124.

Silalahi, I. H. (2017). ADSORPSI Hg ( Il ) MENGGUNAKAN Sargassum crassifolium DENGAN
ADANYA Pb (Il ), Cu (Il ) DAN Fe ( Il ) Adsorption of Hg ( Il ) by Using Sargassum
crassifolium With Presence of Pb (1), Cu (1l ) And Fe (Il ). 5(1), 7-11.



Song, P., Huang, G., An, C., Shen, J., Zhang, P., Chen, X., Shen, J., Yao, Y., Zheng, R., & Sun, C.
(2018). Treatment of rural domestic wastewater using multi-soil-layering systems:
Performance evaluation, factorial analysis and numerical modeling. Science of the Total
Environment, 644, 536-546. https://doi.org/10.1016/j.scitotenv.2018.06.331

Song, P., Huang, G., Hong, Y., An, C., Xin, X., & Zhang, P. (2020). A biophysiological
perspective on enhanced nitrate removal from decentralized domestic sewage using
gravitational-flow multi-soil-layering systems. Chemosphere, 240.
https://doi.org/10.1016/j.chemosphere.2019.124868

Swesty, N., Zein, R., & Zilfa, Z. (2019). Penjernihan Air Sumur Menuju Air Layak Minum
Dengan Metoda Lapisan Multi Media ( LMM ). Jurnal Riset Kimia, 10(1), 9-19.
https://doi.org/10.25077/jrk.v12i2.297

Sy, S., Muchtar, H., Sofyan, & Kasman, M. (2017). The Effect of MSL Reactor Influent Flow
Rate on Reduction of BOD, COD, TSS and Oils/Fats of Edible Oil Industry Wastewater.
Jurnal Litbang Industri, 7(1), 41-51.

Wibowo, D. N., Wicaksono, R., & Naufalin, R. (2019). Application of Multi Soil Layer Type of
Batik Liquid Waste Treatment Units and Phytoremediation on Batik SME of Binangun,
Banyumas. Prosiding Seminar Nasional Dan Call for Papers, 8, 19-20.

Of all the samples that have been tested, the highest success rate is obtained in the
polluted water sample obtained at the Gunung Nago Irrigation area of Pasar Baru, Cupak
Tangah Village, Pauh IX District, Padang with COD waste content, the success rate is 97.21-
99,59% proving that anaerobes are capable of treating high concentrations of waste.

CONCLUSION

Comparing aerobes and anaerobes in handling domestic waste using the MSL
process, it turns out that using anaerobes is superior to aerobics. Aerobic processes are less
efficient for use in wastewater at high pollutant levels above 3000 mg/L. At the same time,
using this can reduce organic waste with high levels of up to 80,000 mg/L. In using
anaerobes, there are several advantages, namely saving energy and producing biogas.
Besides being profitable, the anaerobic process also has a weakness. The reaction in
reducing pollutants tends to be slower, sensitive to air, temperature fluctuations in the load,
and less effective in treating waste with low levels below 3000mg/L.
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Abstract
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Accepted: September 2022 Liquid waste is the main source of contamination of water bodies, especially

Available online: September 2022  river water. This pollution causes decreased water quality in water bodies. One of
the wastewater treatment treatments is the Multi Soil Layering (MSL) method.
Some of the advantages of using the MSL method are that it is known to be
cheap in terms of cost, easy to implement, does not require complicated
maintenance so that it can be used continuously, and is also environmentally
friendly. One of the constituent materials of the MSL reactor is andesol soil,
gravel, and pearlite. MSL has two wastewater treatment zones, the aerobic zone,
and the anaerobic zone. The article review aims to compare the efficiency of
reducing the levels of pollutant parameters from aerobic and anaerobic processes

in MSLmethod in wastewater.

Keywords: Aerobic, anaerobic, multi soil layering, wastewater treatment, MSL.

INTRODUCTION

The Multi Soil Layering (MSL) method is a
wastewater treatment method that utilizes the
ability of the soil as the main medium to reduce
pollutant parameters and how to maximize the
function of the soil, which is formed into a
structure made in a construction consisting of a
mixture of soil (organic) and rock composition.
shaped like the arrangement of bricks. The
composition of the soil mixture is usually made
of selected soil, carbon, and others as well as for
rock layers composed of additional materials
such as rice husks, sawdust, zeolite, pearlite,
gravel, and depending on the type of rock
available (Latrach et al., 2016; Putra et al., 2019;
Putra et al., 2018).

In principle, the MSL method has the main
treatment zones, namely the aerobic and
anaerobic zones. The aerobic zone usually
consists of rock (zeolite, gravel, pearlite) while
the anaerobic zone usually consists of a mixed
layer of soil and activated carbon (charcoal)

DOI: 10.30598//ijcr.

(Adindaet al., 2015; Akhyar et al., 2016; Latrach
et al., 2014; Mutia et al., 2015).

Multi soil layering (MSL) is a method of
treating wastewater that is effective and efficient,
easy, and inexpensive without having to incur
expensive costs (An et al., 2016; Latrach et al.,
2014). Currently, the MSL method has been
widely used as an alternative in wastewater
treatment which has been proven to be effective
in treating domestic wastewater and small
industries (Hadrah et al., 2019; Sy et al., 2017;
(Kasman et al., 2021).

One example of domestic wastewater that
contain of several pollutant such as NO3’, treated
with the MSL method is wastewater from the rest
of household activities. The rest of household
activities pollute the community environment
through substances contained in wastewater
which is very dangerous if not handled properly,
in addition to household wastewater there is also
wastewater from small home industries such as
the laundry industry, industrial home batik,
coconut industry, screen printing industry.
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Similarly, industrial wastewater such as leather
and weaving industry, containing some harmful
pollutants that necessary to be treated. especially
with adsorption method. Leather industry that
hold some amount of coppers must be removed
before spreading the undesirable effect to the
environment (Maryudi et al., 2021).

From previous studies, the MSL method has
succeeded in reducing levels of biological
pollutant parameters such as BOD, COD, TSS,
DO, pH, odor, and turbidity as well as heavy
metal pollutant parameters such as Fe, Mn, and
phosphate (Male, et al., 2020; Putri et al., 2019).
In numerous of studies, domestic wastewater can
reduce BOD around 68.67-87.63%, COD around
71.42-87.73%, and TSS around 69.11-77.12%
The cooking oil industry, it can reduce BOD
levels around 86-99%, COD around 71-96%,
TSS around 77-88%, and pH around 6.95-7.24
(Sbahi et al., 2020).

The article review aims to compare the
efficiency of reducing levels of pollutant
parameters from aerobic and anaerobic processes
in the MSL method in wastewater.

MULTI SOIL LAYERING

Multi Soil Layering (MSL) is a method used
in the wastewater treatment process. The
wastewater treatment process using this method is
known to be inexpensive in terms of cost, easy to
implement, does not require complicated
maintenance so that it can be used continuously,
and is also environmentally friendly. In addition,
the materials used in the MSL reactor are widely
available and easy to find in Indonesia because
the materials used can be obtained in nature and
the environment around coconut charcoal, zeolite,
rice husks, sawdust, activated charcoal from
various organic materials, and coatings.
Anaerobic soil consists of andesol originating
from the mountains, while pearlite and gravel are
the aerobic layers (Fajri et al., 2018)

In wastewater treatment using the MSL
method, the soil is used as the main medium to
reduce pollutant parameters and enhance soil
function through its structure (Haribowo et al.,
2019; Lamzouri et al., 2016; Mutia et al., 2015;
Song et al., 2018).

DOI: 10.30598//ijcr.
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MSL method formed to become a reactor
consisting of a mixed layer of soil and rock layers
arranged like bricks. The composite layer of soil
consists of organic matter, carbon elements found
in charcoal, and other additives such as iron
filings. Commonly used mixed layers such as
pearlite, gravel, and zeolite also depend on the
type of rock contained in the composition of the
bricks. Zeolite or perlite which contains silica
group could support better performance during
the adsorption process (Hanum et al, 2022;
Rahayu, 2022; Rahayu et al., 2021). The effective
use period for the MSL system for waste
treatment is 12.8 years (lhsan et al., 2013).
(Nadhirah et al., 2021).

Based on the principle of the MSL method,
there are two zones used in processing, namely
the aerobic zone contained in the rock layer
(perlite, gravel, and zeolite also depending on the
type of rock present) and between the zeolite
layer and soil mixture blocks. The function of the
aerobic zone is to decompose organic matter,
bind phosphate, oxidize ferrous ions to ferric
ions, and nitrify. The mixed soil layer is in the
anaerobic area. Using MSL, the wastewater
treatment process consists of decomposition,
filtration, fixation, nitrification, denitrification,
absorption, and adsorption (Adindael al., 2015;
Herman et al., 2017).

Numerous pieces of researches related to
wastewater treatment using the MSL which uses
many compositions from the reactor-making
material and lots of samples have been tested.
Some parameters investigated from all research
parameters that are often sought are COD, BOD,
TSS, pH, turbidity, odor, color, Ammonia, nitrate,
nitrite, potassium phosphate and metals such as
Mn, Pb, Hg, and Fe. Table 1 shows the
composition of MSL.
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Table 1. Multi Soil Layering (MSL) composition
o Waste Aerobic/anaerobic
No Composition Type MSL conditions Success Ref
1  Coconutshell activated Coconut Aerobes and BOD (35.68-20.13 and (Putra et
charcoal,perlite,gravel, rice industrial Anaerobes 13.53-33.01) al., 2018)
husk, and Andasol soil. waste water COD (20.13-84.62 and
(With variations of HLR 69.23-88.62)

5,10,20,40 ml/min)

Turbidity (84.76-97.99
and 88.35-98.66)
E.coli (99.25-99.92
and 25-99.92)

2 Coconut shell activated Coconut Aerobes and Phosphate (99.28- (Putra et
charcoal, perlite, gravel, rice milk liquid Anaerobes 99.80 and 99.82-99.87) al., 2019)
husk, and Andasol soil.(With waste Nitrite (68.06-76.39
variations of HLR 5, 10, 20, and 67.36-74.31)

40 ml/min)) Sulfate (96.97-97.48
and 86.56-97.30)
Chloride (75.44- 85.51
and 82.99-88.66)
Manganese (Mn) (79.44
- 94.39and49.77-80.61)
Iron(Fe) (92.11-97.50
and 94.41-98.82)

3 Crushedstone, perlite, District peat Anaerobic Mn metal (36.65- (Adinda et
Andasol soil, gravel, banana water 55.83) al., 2015)
peel charcoaland coconut Tapung Turbidity (63.86-
shell charcoal (Variation HLR  Kampar 61.45)

500,700,900 I/m?/day) Regency pH (6.51-6.82)

4  MSL A reactor ( Andasol soil, Sasirangan BOD (63.89%) (Akhyar et
zeolite and quartz sand) industrial COD (65.6%) al., 2016)
MSL B reactor ( Andasol soil, liquid waste
isthmus and pumice stone)

5 Gravel, pearlite, ground Palm oil Anaerobic TSS (coconut)= (Mutia et
activated charcoal of Kalapa effluent in (79.77-88.76) al., 2015)
shell and activated charcoal of anaerobic .
banana peel. pond Il Ammonia (coconut) =
Reactor 1 MSL : (outlet) (39.85-56.52)

Anaerobic layer of coconut WWTP PT. TSS (banana) =
shell activated charcoal and Nusantara V (73.03-79.77)
soil Sei  Pagar

Reactor 2 MSL : Anaerobic Plantation,

layer of activated charcoal Riau.

banana peel and soil

(Variation of HLR 500, 750,

and 1000 L/m?day)

6 MSL1 reactor :Zeolite layer Waste in the pH (4.25-5.77) (Megah et
and gravel and gravel mixed WWTP in TSS (58.42-71.05) al., 2016)
with zeolite RT.04 TDS (18.05-31.84)

MSL2 reactor :(soil mixture RW.07 DO (75.06-81.88)
layer (coconut shell activated Tlogomas Turbidity (72.91-
charcoal and Andasol soil) + Village. 76.69)
(Paddy  straw  activated Electrical
DOI: 10.30598//ijcr. 128
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charcoal and Andasol soil) + ( Conductivity (16.49-
sawdust and Andasol soil) 31.77)

(Coconut shell and Andasol

soil layers are more efficient)

7  Crushed stone, gravel/zeolite, Laundry COD (74-87) (Hadrah et
soil mixture, and plastic nets Liquid BOD (75-88) al., 2019)
(with  variations of hrl Waste TSS (73-88)

500,750, and 1000 I/m?/day) Total phosphate (20-
(more efficient eg with the 78)

addition of zeolite is better pH (6.73)

than without zeolite) MBA (85-95)

8 Reactor 1 MSL : gravel and Domestic Anaerobic Oils and Fats (27,778- (Sy et al.,
charcoal, mixed layer of wastewater 89,474) 2017)
andisol soil, and crushed from
stone. cafeteria
Reactor 2 MSL : Sawdust and and kitchen
gravel, mixed layer of andisol at Kasetsart
and crushed stone. University,

Bangkok

9 A mixture of andosol soil, Dug  well pH (50) (Putri et
zeolite rock, gravel, rice husk, water and COD (31.16) al., 2019)
coconut shell charcoal, and river or BOD (73.16)
sawdust. ditch water Metal Hg (70.75)

(most effective with sawdust in Teluk Metal Pb (26.74)
in lowering heavy metal Nilap Metal Fe (46.94)
indicators) Village,

Kubu

Babussalam,

Rokan Hilir

10 Reactor MSL 1: a layer of Rice Field Anaerobic Potassium (19,443- (lhsan et
gravel mixed with activated Liquid 100) al., 2013)
charcoal with soil Waste
MSL 2 reactor: layer of gravel
and sawdust with soil,

11 Andesole soil and charcoal Hotel Anaerobic COD (55-90) ( Elystia, et

Liquid al., 2012)
Waste

12 Andisol soail, bagasse Tofu Aerobic TSS (86.86) (Dessy et
activated charcoal powder and industrial BOD (78.87) al., 2019)
fine bagasse powder liquid waste COD (89.75)

13 ljuk, iron, sawdust, activated Polluted Anaerobic pH (8) (Herman et
charcoal that has been sifted water in COD (97.21)-99.59) al., 2017)
with a size of 50 mesh and Mount Nago BOD (98.84-99.73)
volcanic soil Irrigation PO4 (>0.03 ppm)

(variation of HLR 250, 500, area of NH," (<0.2 ppm)
1000 I/m?/day) Pasar Baru,
Cupak
Tangah
Village,
Pauh IX
District,
Padang.
14 Zeolite, gravel sand, porous Synthetic COD (98.29) (Hong et
DOI: 10.30598//ijcr. 129
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plate and outlet pipe, soil, waste in TP (100) al., 2019)
charcoal and iron powder. rural China NH," (76.60)
15 Mixture of soil, crushed stone Leachate COD (96.771%) (Lamzouri
and zolite Liquid Ammonia (99.966%) et al.,
Waste Fe (99.279%) 2016)
Color (96.53%)
pH 7.00
16 Gravel, zeolite, a mixture of Ethanol COD (80.85) (Irmanto et
soil and coconut shell Industrial BOD (94.68) al., 2013)
charcoal Liquid TSS (83.99)
Waste
17 Crushed stone, river pebbles, Leachate COD (53.457) (Kasman et
mixed soil and gravel Liquid Ammonia (98,325) al., 2021)
Waste Fe (88.5)
pH 7.00
18 Sand, gravel, humus soil, Liquid COD (89.06-97.47) (Sidebang
coconut charcoal. waste BOD (88.61-98.37) et al.,
( innovation with sand with (WWTP) pH (6.72-7.36) 2017)
HLR the last pool Oil and Fat Content
03 ; 06 ; 09 and 1.2 of the CPO (88.27 -95.48)
L/m?/hour) industry
19 Volcanic soil, rice husk, The sample Aerobes and Turbidity (54.65 and (Song et
coconut  shell  activated came from Anaerobes 44.04) al., 2020)
charcoal, zeolite, iron powder. the well Mn (66.44 and 47.26)
(variation of water rate (HLR) water of a Nitrite (58.74 and
10, 20, 40, 80 mL/m2/min) resident in 49.74)
Jati, Padang. Nitrates (58.34 and
45.57)
pH (77 and 73)
Odor (no smell
20 Sawdust, andisol soil, coarse Cooking Oil BOD (98) (Swesty et
gravel and fine gravel, and Industry COD (96) al., 2019)
fine charcoal from coconut Liquid TSS (88)
shells. Waste
21 Silica sand, coconut husk, Batik liquid pH (7.94) (Wibowo
activated carbon, ginger coral, waste in Chromium (29.41) et al.,
water hyacinth, fine zeolite, Binangun Turbidity (low) 2019)
soil, coarse zeolite, gravel, Village, Odor (low)
and dacron Banyumas
District,
Banyumas
Regency.

Table 1 shows that it can be seen that the
percentage value for almost all parameters is close to
perfect. For example, the COD results of 99.59% in
the Mount Nago irrigation water sample in the Pasar
Baru area, Cupak Tengah Village, Pauh 1X District,

Padang.

DOI: 10.30598//ijcr.

The composition of the MSL reactor is palm
fiber, iron, sawdust, activated charcoal that has been
sifted with a size of 50 mesh, and volcanic soil with
variations in HLR or flow rate of 250,500,1000
I/m2/day with anaerobic process conditions (Hadrah
etal., 2019).
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The BOD result was 98.8% in the Mount Nago
irrigation water sample in the Pasar Baru area, Cupak
Tengah Village, Pauh 11X District, Padang. The
composition of the MSL reactor is palm fiber, iron,
sawdust, activated charcoal that has been sifted with a
size of 50 mesh and volcanic soil and with variations
in HLR or flow rate of 250,500,1000 I/m°/day with
anaerobic process conditions (Hadrah et al., 2019).

The TSS results were 79.77% with banana peel
activated carbon and 88.76% with coconut shell
activated carbon in the sample of palm oil liquid
waste in the anaerobic pond Il (outlet) of wastewater
treatment plant PT. Nusantara V Sei Pagar Plantation,
Riau. With the composition of gravel, pearlite, soil
activated charcoal of Kalapa shell and activated
charcoal of banana peel, in this research there are two
innovations, namely by making two reactors with
activated carbon of banana peel and activated carbon
of coconut shell where the reactor with the
composition of activated charcoal of coconut shell is
more effective, with HLR 500, 750, and 1000
I/m?/day under anaerobic conditions (Megah et al.,
2016). The yield of Fe metal is 99% and 99, 27% in
samples of coconut milk liquid waste and Leachate
liquid waste with reactor compositions Coconut shell
activated charcoal, pearlite, gravel, rice husks, and
Andasol soil and a mixture of soil, crushed stone and
zeolite with an anaerobic process (Komala et al.,
2012; Mutia, et al., 2015).

Manganese yield was 94.39% in coconut milk
liquid waste samples with reactor compositions of
Coconut shell activated charcoal, pearlite, gravel, rice
husks, and Andasol soil and with variations in HLR or
flow rates of 5, 10, 20, 40, ml/m?minute with aerobic
processes (Mutia et al., 2015). It can be seen that the
MSL method can be used to treat industrial,
household, and other wastewater. With many reactor
composition innovations that are easy to find around
us.

The parameters that have been tested, each
shows the level of success. Some samples that have
been tested show MSL conditions, some are aerobic,
and some are anaerobic, some have two states at once.
However, in MSL conditions, this dramatically affects
the success rate. In addition to aerobic and anaerobic
process conditions, variations in the Hydraulic
Loading Rate (HLR) are also very influential on the
success of the Multi Soil Layering method. There is
still very little explanation of this condition in aerobic
conditions because the aerobic process is less efficient
for use in wastewater at high pollutant levels above
3000 mg/L.
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AEROBIC

Aerobic is a biological waste treatment that uses
oxygen as a processing process. In the anaerobic
process, the wastewater treatment process is carried
out biologically; in the process, micro-organisms or
bacteria are used to decompose certain pollutant
compounds in a biological reactor (Fajri et al., 2018;
Harimu et al., 2020). Conditions are created to adjust
the growth of micro-organisms or bacteria to be used.
Based on the oxygen present in the heterotrophic
bacteria environment, heterotrophic bacteria are
therefore divided into two types, namely: Firstly,
Absolute aerobic bacteria: i.e. bacteria that, if there is
no oxygen in the environment, can not live. Secondly,
Aerobic, facultative bacteria: bacteria that can grow
even without oxygen, but if there is oxygen in their
environment, they will show faster growth. Factors
that can affect the wastewater treatment process using
aerobic such as hydrocarbon, oxygen, the composition
of microorganisms, pH, temperature, and nutrients
(Dewi, 2022; Fajri et al., 2021).

Aerobic bacteria used in wastewater treatment
processes contain organic pollutants and other
chemical compounds such as sulfides and ammonia.
In this process, these compounds will be decomposed
first to produce neutral and more environmentally
friendly compounds. The aerobic decomposition
process can be seen as follows:

Organic Decomposition Reaction:

Organic Pollutant
Compound

Oxygen (O)

->CO; + H,0 + NH, + Biomas (1)

Heterotropic

Nitrification Reaction:
NH,"+1.50,NO, 2> + NO, + 2 H" + H,0 2
NO, + 0.5 0, 2> NO5 3

Sulfur Oxidation Reaction:
S +,0,+2 H* > s°+ H20 (4)
2S+30,+2H, =>2H2S04 (5)

Based on these chemical reactions, it can be seen
that oxygen is very influential because oxygen is
needed to decompose pollutants, and the amount of
oxygen required is proportional to the amount of
organic, sulfide and ammonia present in wastewater
(Hartaja, 2015). There are advantages in the aerobic
process: the reaction is faster than the anaerobic
process, and organic pollutants can be degraded to
deficient concentrations.
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Not only has its advantages, the wastewater
treatment process carried out aerobically also has
several disadvantages (Kasman et al., 2021). It takes
much energy to supply oxygen to a wastewater
treatment reactor, and the operating costs are high.
During the process, the mud will appear so that it
requires further handling and requires a relatively
expensive cost. On the other hand, it process is less

Indo. J. Chem. Res., 10(2), 126-136, 2022

efficient when used in wastewater with high levels of
pollutants or waste above 3000 mg/L.

Treating wastewater using an aerobic method, it
can reduce the level of danger from the water with the
success rate of each and the type of each waste with
variations in the HLR in each process. The following
is a table of the success rate of the aerobic process:

Table 2. The success rate of aerobic methods in wastewater treatment

No Waste Type Waste Content Level of success (%) Ref
1 Coconut milk industry BOD 35.68 - 20.13
liquid waste COD 20.13 - 84.62 (Putra et al.
Turbidity 84.76 - 97.99 2018)
E. coli 99.25 - 99.92
2 Coconut industry liquid Phosphate 99.28 - 99.80
waste Nitrite 68.06 - 76.39
Sulfate 96.97 - 97.48
Chloride 75.44 - 85.51 (Putra et al.,
Manganese (Mn) 79.44 - 94.39 2019)
Iron (Fe) 92.11 - 97.50
3 Tofu industrial liquid waste TSS 86.86
BOD 78.87 (Dessy et al.,
CoD 89.75 2019)
4  The sample came from the Turbidity 54.63
well water of a resident in Mn 66.44 (Wibowo et
Jati, Padang. Nitrite 58.74 al., 2019)
Nitrate 58.34
pH 77
Smell No smell

Table 2 shows that the highest BOD value is
78.7 in the aerobic process, which tests samples of
tofu industrial waste. Factors that influence this
process are HLR or water rate and reactor
composition. At the highest COD value of 89.75, this
parameter is also shown in the tofu industrial waste
test. Factors influencing this process are variations in
Hydraulic Loading Rate (HLR) or water rate and
reactor composition.

ANAEROBIC

Anaerobic is a process that does not involve free
oxygen as an oxidant. Anaerobic processing is carried
out using microorganisms. In wastewater treatment,
the use of microorganisms has a relatively high
content of organic matter, so it is very potential if
developed. Microorganisms can directly use
wastewater as nutrients for growth. Anaerobic
microorganisms are sensitive to oxygen because they
can inhibit growth (Hartaja, 2015; Koottatep et al.,
2021). Methane gas is obtained from an anaerobic
process undergoing various stages.

DOI: 10.30598//ijcr.

The anaerobic process produces single carbon
compounds because almost all organic polymers can
be decomposed into single carbon compounds. The
construction of methane gas comes from acetic acid,
H, and CO,. In addition, it can result from the
conversion of formic acid and methanol (Hartaja,
2015).

CH;COOH - CH, + CO, Acetic Acid

CO,+4H, = CH,+2H,0

HCOOH -0.25 CH, +0.75 CO, + 0.5 H,0
Formic Acid

CH;0H -0.75 CH, + 0.25 CO, + 0.5 H,0
Methanol

The anaerobic process has several advantages

including:

e Energy saving, because the decomposition
process of organic pollutants by microbes is
carried out without using air, so energy is not
needed to supply air as occurs in aerobic
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processes (Hartaja, 2015).

Produce biogas (methane gas). The final
breakdown of pollutant products, methane
gas, which can be used as gas fuel, can be
used for power generators and also in steam
generator boilers (Hartaja, 2015).

It can treat waste with high concentrations
such as BOD up to 80,000 mg/l (Hartaja,

2015).

In addition to advantages, the anaerobic
wastewater  treatment  process has  several
disadvantages including

e Slow pollutant decomposition reaction

(Komala et al., 2012).
Sensitive if exposed to air, temperature, and
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e If treating low concentration waste is less
effective, such as BOD below 3,000 mg/I
(Komala et al., 2012).

e The development of biomass to be used it
takes a long time in start-up (Komala et al.,
2012).

In the anaerobic process, it is known that the
pollutant reaction rate is fundamentally influenced by
the number of bacteria. In addition, the degradation
process will take place quickly if given the addition of
nutrients such as nitrogen and phosphate compounds.
The anaerobic process will be disrupted if there are
chemicals such as cyanide compounds, sulfur, and
heavy metals. The following is a table of the success
rate of the anaerobic process.

load fluctuations (Komala et al., 2012).

Table 3. The success rate of anaerobic methods in wastewater treatment

No Waste Type Waste Content Level of success Ref.
1  Peat Water Treatment pH 6.51-6.82 (Adinda et al., 2015)
Mn . metal 36,6555,83
Turbidity 63.86-61.45
2  Coconut industry liquid waste Phosphate 99.82-99.87
Nitrite 67.36-74.31
Sulfate 86.56-97.30 (Putra et al., 2019)
Chloride 82.99-88.66
Manganese (Mn) 49.77-80.61
Iron (Fe) 94.41-98.82
3 Coconut milk industry liquid BOD 13.53-33.01
waste COD 69.23-88.62 (Mutia et al., 2015)
Turbidity 88.35-98.66
E. coli 25-99.92
4  Palm Oil Liquid Waste TSS (coconut) 79.77 - 88.76 (Mutia et al., 2015)
TSS (banana) 73.03-79.77
Ammonia (coconut) 39.85 —56.52
5 Domestic wastewater from (Sy etal., 2017)
cafeteria and  kitchen at Oils and Fats 27,778-89,474
Kasetsart University, Bangkok
6 Rice Field Liquid Waste Potassium 19,433 -100 (Ihsan et al., 2013)
7 Hotel Liquid Waste COoD 55-90 (Elystia et al., 2012)
8 Polluted water in Mount Nago pH 8 (Herman et al.,
Irrigation area of Pasar Baru, COD 97.21)-99.59 2017)
Cupak Tangah Village, Pauh BOD 98.84-99.73
IX District, Padang. PO, (>0.03 ppm
NH," <0.2ppm
9  The sample came from the well Turbidity 44.04
water of a resident in Jati, Mn 47.26
Padang. Nitrite 49.74 (Song et al., 2020)
Nitrate 45.57
pH 73
Smell No smell
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Based on Table 3, the anaerobic MSL conditions
have been tested with several different samples and
waste content which includes potassium, TSS
(coconut), TSS (banana), ammonia, BOD, COD,
turbidity, E. coli, phosphate, nitrite, sulfate, chloride,
manganese (Mn), iron (Fe), turbidity, Mn, nitrate, pH,
odor, odorless, oil and fat, PO, NH," and metal Mn
(Latupeirissa, et al., 2014; Nurhadini and Silalahi,
2017; Raksajati et al., 2020; Rustiah et al., 2018).

CONCLUSION

Comparing aerobes and anaerobes in handling
domestic waste using the MSL process, it turns out
that using anaerobes is superior to aerobics. Aerobic
processes are less efficient for use in wastewater at
high pollutant levels above 3000 mg/L. At the same
time, using this can reduce organic waste with high
levels of up to 80,000 mg/L. In using anaerobes, there
are several advantages, namely saving energy and
producing biogas. Besides being profitable, the
anaerobic process also has a weakness. The reaction
in reducing pollutants tends to be slower, sensitive to
air, temperature fluctuations in the load, and less
effective in treating waste with low levels below
3000mg/L.

REFERENCES

Adinda, T., & Elystia, S. (2015). Metoda Multi Soil
Layering Dalam Pengolahan Air Gambut
Dengan Variasi Hydraulic Loading Rate Dan
Material Organik Pada Lapisan Anaerob. Jurnal
Online Mahasiswa (JOM) Bidang Teknik dan
Sains, 2(1), 1-7.

Akhyar Okviyoandra, Antoni Pardede, and R. R. A.
A. K. W. (2016). Penurunan BOD Dan COD
Pada Limbah Cair Sasirangan Menggunakan
Metoda Multi Soil Layering (Msl). Media Sains,
9(2), 162-166.

Aldilla Fajri, J., Fujisawa, T., Trianda, Y., Ishiguro,
Y., Cui, G, Li, F., & Yamada, T. (2018). Effect
of Aeration Rates on Removals of Organic
Carbon and Nitrogen in  Small Onsite
Wastewater Treatment System (Johkasou).
MATEC Web of Conferences, 147.
https://doi.org/10.1051/matecconf/20181470400
8

An, C. J., McBean, E., Huang, G. H., Yao, Y., Zhang,
P., Chen, X. J., & Li, Y. P. (2016). Multi-soil-
layering systems for Wastewater Treatment In
Small and Remote Communities. Journal of
Environmental Informatics, 27(2), 131-144.
https://doi.org/10.3808/jei.201500328

DOI: 10.30598//ijcr.

Indo. J. Chem. Res., 10(2), 126-136, 2022

Elystia, S., Amelia, D., Indah, S., & Helard, D.
(2012). Efficiency Of Multi Soil Layering (Msl)
Method for Removing Cod From Hotel
Wastewater. Jurnal Teknik Lingkungan. 9 (2).

Dessy Novela, I. D. (2019). Penurunan COD, BOD
DAN TSS Pada Limbah Cair Industri Tahu
Melalui Sistem Multy Soil Layering (MSL)
Menggunakan Arang Karbon Ampas Tebu.
Journal of Residu, 3(21), 8-14.

Dewi, V.M.l., Ragmayanti, M., (2022). The
Interaction Mechanism of Papaya Seeds (Carica
papaya L.) as a Natural Coagulant and Remazol
Red Under Different pH Conditions. Indo. J.
Chem. Res., 10(1), 14-18.

Fajri, J. A., Wulandari, D., Nurmiyanto, A.,, &
Rahayu, A. (2021). Penurunan Kandungan
Hidrokarbon Menggunakan Constructed
Wetland Reactor Dalam Mengolah Limbah
Minyak Removal of Hidrocarbon Compounds
Using Constructed Wetland Reactor to Treat
Oily Wastewater. Open Science and Technology,
01(02), 246-256.

Hadrah, H., Kasman, M., & Septiani, K. T. (2019).
Analisis Penurunan Parameter Pencemar Limbah
Cair Laundry dengan Multi Soil Layering
(MSL). Jurnal Daur Lingkungan, 2(1), 36.
https://doi.org/10.33087/daurling.v2il.22

Hanum, Farrah Fadhillah; Rahayu, A. (2022). Studi
Pemanfaatan dan Metode Pemisahan Silika dari
Coal Fly Ash A Study for Silika Utilization and
Its Separation Method from. Open Science and
Technology, 02(01), 26-32.

Haribowo, R., Megah, S., & Rosita, W. (2019).
Efisiensi Sistem Multi Soil Layering Pada
Pengolahan Air Limbah Domestik Pada Daerah
Perkotaan Padat Penduduk. Jurnal Teknik
Pengairan, 10(1), 11-27. https://doi.org/10.
21776/ub.pengairan.2019.010.01.2

Harimu, L., Haetami, A., Sari, C. P., Haeruddin, H.,
& Nurlansi, N. (2020). Perbandingan
Kemampuan Aerasi Sembur (Spray) dengan
Metode Adsorpsi Menggunakan Adsorben
Serbuk Kulit Buah Kakao untuk Menurunkan
Kadar Besi dan Mangan Pada Air Sumur Gali.
Indo. J. Chem. Res., 8(2), 137-143.
https://doi.org/10.30598//ijcr.2020.8-hrm

Hartaja, N. I. S. dan D. R. K. (2015). Pengolahan Air
Lindi Dengan Proses Biofilter Anaerob-Aerob
Dan Denitrifikasi. Pusat Teknologi Lingkungan,
BPPT, 8(1), 1-20.

Herman, W., Darmawan, D., & Gusnidar, G. (2017).
Pemanfaatan Tanah Vulkanik Dalam Sistem
Multiple Soil Layering (MSL) Terhadap

134



Pemurnian Air Irigasi Terpolusi. Jurnal Bibiet,
2(2), 49-59. https://doi.org/10.22216/jbbt.v2il.
3085

Hong, Y., Huang, G., An, C., Song, P., Xin, X., Chen,
X., Zhang, P., Zhao, Y., & Zheng, R. (2019).
Enhanced nitrogen removal in the treatment of
rural domestic sewage using vertical-flow multi-
soil-layering  systems:  Experimental  and
modeling insights. Journal of Environmental
Management, 240(November 2018), 273-284.
https://doi.org/10.1016/j.jenvman.2019.03.097

Ihsan, T., Indah, S., & Denny, H. (2013). Penyisihan
Kalium dari Limbah Cair Persawahan dengan
Metode Multi Soil Layering (MSL). Jurnal
Teknik Lingkungan, 10(2), 133-141.

Kasman, M., Herawati, P., & Hadrah, H. (2021).
Pengaruh Hydraulic Loading Rate (HIr)
Terhadap  Pengolahan  Leachate  Dengan
Menggunakan Metoda Multi Soil Layering
(Msl).  Sustainable  Environmental  and
Optimizing Industry Journal, 1(2), 1-8.
https://doi.org/10.36441/se0i.v1i2.178

Komala, P. S., Helard, D., & Delimas, D. (2012).
Identification of Anaerobic Dominant Microbes
in Rubber Industrial Waste Water Treatment
With Multi Soil Layering (MSL) System. Jurnal
Teknik Lingkungan UNAND, 9(1), 74-88.

Koottatep, T., Pussayanavin, T., Khamyai, S., &
Polprasert, C. (2021). Performance of novel
constructed wetlands for treating solar septic
tank effluent. Science of the Total Environment,
754(6). https://doi.org/10.1016/j.scitotenv.2020.
142447

Lamzouri, K., Mahi, M., Ouatar, S., Bartali, E.,
Masunaga, T., Latrach, L., & Mandi, L. (2016).
Application of Multi-Soil-Layering Technique
for Wastewater Treatment in Moroccan Rural
Areas: Study of Tehe Operation Process for an
Engineering Design. Journal of Materials and
Environmental Science, 7(2), 579-585.

Latrach, L., Masunaga, T., Ouazzani, N., Hejjaj, A.,
Mahi, M., & Mandi, L. (2014). Removal of
Bacterial Indicators And Pathogens From
Domestic Wastewater by The Multi-Soil-
Layering (MSL) System. Soil Science and Plant
Nutrition, 61(2), 337-346. https://doi.org/10.
1080/00380768. 2014.974480

Latrach, L., Ouazzani, N., Masunaga, T., Hejjaj, A.,
Bouhoum, K., Mahi, M., & Mandi, L. (2016).
Domestic Wastewater Disinfection by Combined
Treatment Using Multi-Soil-Layering System
and Sand Filters (MSL-SF): A laboratory pilot
study. Ecological Engineering, 91, 294-301.

DOI: 10.30598//ijcr.

Indo. J. Chem. Res., 10(2), 126-136, 2022

https://doi.org/10.1016/j.ecoleng.2016.02.036

Latupeirissa, J., & Fransina, E. G. (2014). The
Characterization Of Clays From Latuhalat
Village Activated Using Ammonium Nitrate
Karakterisasi Lempung Asal Desa Latuhalat
Yang Teraktivasi Amonium Nitrat, 1(2), 78-82.

Male, Y.T., Seumahu, C.A., Malle, D. (2020).
Bioremediation of Pb and Cd Metal from Inner
Ambon Bay Sediment Which Contaminated
With Heavy Metal Using Aspergillus niger.
Indo. J. Chem. Res., 7(2), 183-188.

Maryudi, M., Rahayu, A., Syauqi, R., & Islami, M. K.
(2021). Teknologi Pengolahan Kandungan
Kromium dalam Limbah Penyamakan Kaulit
Menggunakan Proses Adsorpsi: Review. Jurnal
Teknik Kimia Dan Lingkungan, 5(1), 90.
https://doi.org/10.33795/jtkl.v5i1.207

Mutia, R., Elystia, S., & Yenie, E. (2015). Metode
Multi Soil Layering dalam Penyisihan Parameter
TSS Limbah Cair Kelapa Sawit dengan Variasi
Hydraulic Loading Rate (HLR) dan Material
Organik pada Lapisan Anaerob. Jurnal Online
Mahasiswa Fakultas Teknik Universitas Riau,
2(1), 1-6.

Putra, A., & Fitri, W. E. (2018). Efektivitas
Penurunan TSS, BOD, COD, Dan E.Coli
Limbah Cair Industri Santan Kelapa Dengan
Metode MSL (Multi Soil Layering) Yang
Dimodifikasi. Seminar Nasional Pelestarian
Lingkungan (SENPLING) 2018, 209-217.

Putra, A., & Fitri, W. E. (2019). Efektivitas Multi Soil
Layering Dalam Mereduksi Limbah Cair Industri
Kelapa. Dalton : Jurnal Pendidikan Kimia Dan
lImu Kimia, 2(2), 1-15. https://doi.org/10.31
602/d1.v2i2.2394

Putri, V. D., & Dyna, F. (2019). Jurnal Katalisator.
Standarisasi Ganyong (Canna Edulis Kerr)
Sebagai Pangan Alternatif Pasien Diabetes
Mellitus, 4(2), 111-118.

Rahayu, A., Fadhillah Hanum, F., Aldilla Fajri, J.,
Dwi Anggraini, W., & Khasanah, U. (2021).
Review: Pengolahan Limbah cair Industri
dengan Menggunakan Silika A Review:
Industrial Liquid Waste Treatment Using Silica.
Open Science and Technology, 02(01), 2776-
169. https://opscitech.com/journal

Rahayu, A., Lim, L. W., & Takeuchi, T. (2015).
Preparation of a hybrid monolithic stationary
phase with allylsulfonate for the rapid and
simultaneous separation of cations in capillary
ion chromatography. Journal of Separation
Science, 38(7), 1109-1116. https://doi.org/10.
1002/jssc.201401264

135



Raksajati, A., Adhi, T., P., Ariono, D. (2020).
Pengaruh Tekanan Dan Tahap Kompresi Dalam
Pemurnian Biogas Menjadi Biometana Dengan
Absorpsi CO, Menggunakan Air Bertekanan.
Indo. J.Chem. Res., 8(1), 1-5.

Rustiah, W., Andriani, Y. (2018). Analisis Serbuk
Biji Kelor (Moringa Oleifera, Lamk) dalam
Menurunkan Kadar COD dan BOD pada Air
Limbah Jasa Laundry. Indo. J.Chem. Res., 5(2),
96-100.

Sbahi, S., Ouazzani, N., Latrach, L., Hejjaj, A., &
Mandi, L. (2020). Predicting The Concentration
of Total Coliforms in Treated Rural Domestic
Wastewater by Multi-Soil-Layering (MSL)
Technology Using Artificial Neural Networks.
Ecotoxicology and Environmental Safety, 204.
https://doi.org/10.1016/j.ecoenv.2020.111118

Sidebang, C. P., & Syafnil. (2017). Use of Sand as a
Component of Multi Soil Layering (MSL)
System to Minimize Liquid Waste Contaminant
of Crude Palm OQil (CPO). Jurnal Agro Industri,
7(2), 115-124.

Nurhadini, N., and Silalahi, I. (2017). Adsorpsi Hg(Il)
Menggunakan Sargassum crassifolium dengan
Adanya Pb(1l), Cu(ll) dan Fe(ll). Indo. J.Chem.
Res., 5(1), 7-11.

Song, P., Huang, G., An, C., Shen, J., Zhang, P.,
Chen, X., Shen, J., Yao, Y., Zheng, R., & Sun,
C. (2018). Treatment of Rural Domestic
Wastewater Using Multi-Soil-Layering Systems:
Performance Evaluation, Factorial Analysis and
Numerical Modeling. Science of the Total
Environment, 644, 536-546. https://doi.org/10.
1016/j.scitotenv.2018.06.331

DOI: 10.30598//ijcr.

Indo. J. Chem. Res., 10(2), 126-136, 2022

Song, P., Huang, G., Hong, Y., An, C., Xin, X,, &
Zhang, P. (2020). A Biophysiological
Perspective on Enhanced Nitrate Removal from
Decentralized  Domestic  Sewage  Using
Gravitational-Flow Multi-Soil-Layering
Systems. Chemosphere, 240. https://doi.org/10.
1016/j.chemosphere.2019.124868

Swesty, N., Zein, R., & Zilfa, Z. (2019). Penjernihan
Air Sumur Menuju Air Layak Minum Dengan
Metoda Lapisan Multi Media ( LMM ). Jurnal
Riset Kimia, 10(1), 9-19. https://doi.org/10.
25077/jrk.v12i2.297

Sy, S., Muchtar, H., Sofyan, & Kasman, M. (2017).
The Effect of MSL Reactor Influent Flow Rate
on Reduction of BOD, COD, TSS and Oils/Fats
of Edible Oil Industry Wastewater. Jurnal
Litbang Industri, 7(1), 41-51.

Wibowo, D. N., Wicaksono, R., & Naufalin, R.
(2019). Application of Multi Soil Layer Type of
Batik Liguid Waste Treatment Units and
Phytoremediation on Batik SME of Binangun,
Banyumas. Prosiding Seminar Nasional Dan
Call for Papers, 8, 19-20.

136



