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Abstract. This research has the objective of examining the efficiency optimization of a multi-
soil-layering (MSL) system in three stages through the selection of the most efficient material
for permeable layers. The utilized charcoal variations were coconut shell charcoal, rice husk
charcoal, and corncob charcoal. The utilized incoming discharge for Q1 and Q2 were 0.0063
L/second and 0.0126 L/second. In the first stage of processing, the pumice and zeolite in Q1
had not been able to reduce the TSS below the quality standard, while silica sand in both
discharges were still in accordance with the quality standard. In the second stage of processing,
Q1 MSL A-s had the best elimination capability, with the efficiencies of TDS, TSS, pH, and
DO respectively being 18.13%, 79.68%, 2.60%, and 126.67%, while for Q2, they were
29.99%, 77.76%, 1.62%, and 95.80%. In the third stage, it was shown that MSL B-m was the
most optimal reactor compared to all reactors that had their water qualities measured. For Q1
for MSL B-m, the parameters of TDS, TSS, pH, and DO were respectively 33.16%, 84.32%,
1.29%, and 126.67%, and for Q2 they were 30.80%, 80.54%, 1.50%, and 112.30%. In the third
stage of processing, MSL A-m, MSL B-m, and MSL C-m that included the addition of soil
mixtures and modifications of soil mixture blocks could increase the efficiency of each
parameter and had a more stable quality of water outflow compared to standard MSL; this is
because the incoming water flow was slower, which caused water contact with the processing
media to be more optimal.
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1. Introduction

Soil as a natural filtration medium has long been used in the process of water purification, and one
of the utilized methods is multi-soil-layering (MSL). Various research and studies have been
conducted to increase the capabilities because this system is cheap in its operations and maintenance,
easy to construct and operate, and can utilize local materials. The problem that is discovered in major
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cities in the rivers as the bodies of water that pass through them, such as the Ciliwung, Bengawan
Solo, and Brantas rivers as well as others, is the entry of pollutants into the river water, which is
dominated by both processed and unprocessed domestic wastewater [9, 10].

This research involves performing optimization of MSL system reactors to compare MSL effluents
with the effluents of the integrated public sanitation (MCK) system that is currently installed at
Tlogomas using two different discharges for the parameters of pH, Total Suspended Solids (TSS),
Total Dissolved Solids (TDS), and Dissolved Oxygen (DO) [11]. The values of these parameters are
compared with that for water quality based on Government of the Republic of Indonesia Regulation
No. 82/2001 on the Management of Water Quality and Control of Water Pollution and Ministry of the
Environment and Forestry Regulation No. 68 of Year 2016 on the Domestic Wastewater Quality
Standard [4]. Both discharges are based on the current estimation of produced domestic waste output
as well as the projected output of waste in the future based on the increase in population [6].

Optimization of the MSL system is focused on the selection of the best permeable layer to be
combined with several kinds of soil mixture blocks with different kinds of charcoal, as well as to see
the increase in the efficiency of the MSL system when modifications of the soil mixture block shapes
are applied [1, 2].

The different kinds of permeable zeolite, zeolite-resembling material, perlite, rock, and charcoal
layers gave different values of efficiency in the elimination of dissolved COD, BODs, and reactive
phosphorus [3]. The efficiency of elimination also depended on the operational condition of whether
or not aeration was given. In a research by Megah [7], permeable layers of zeolite, gravel, and gravel-
zeolite mixture had not been able to meet the quality standards according to Ministry of the
Environment and Forestry Regulation No. 68 of Year 2016 on the Domestic Wastewater Quality
Standard for the parameter of Total Suspended Solids (TSS). This was also the case after the
permeable layer was combined with soil block mixtures composed of variations of andosol soil mixed
with coconut shell charcoal, rice straw charcoal, and sawdust with a ratio of 2:1 [8]. This was in
accordance with the research by Megah [7], in which it was proved that the permeable layer affected
the process of water purification, particularly in the elimination of dissolved solids.

Guan et al. [3] stated that the quantitative evaluation of water movement in MSL is not sufficient
for understanding and suggested the use of Retention Distribution Time (RTD) as the method for the
characterization of mixtures and flows in an MSL reactor using pulse tracer tests. The results of the
research indicated that the level of re-dispersion of MSL is a moderate dispersion for HLR of 200,
400, 800, and 1,600 L/(m?.d) with the RTD showing a Continuous Stirrer Tank Reactor (CSTR) flow
pattern as well as a negative correlation with the dead zone. The dead zone ratios of the MSL were
41.0%, 52.3%, 59.6%, and 38.8% for HLR of 200, 400, 800, and 1,600 L/(m2.d). This research was in
line with the study performed by Latrach [5, 6] in that the manipulation of influent flow patterns with
modification of the soil mixture block layer shape can increase the efficiency of MSL. This research is
to optimize an MSL system that may be applied in the processing of domestic wastewater of the
Integrated Public Sanitation at Tlogomas Hamlet, Malang, which is expected to be able to be
implemented in the current system and will have an effect on the optimization of land use and
beneficial utilization of wastewater before being drained into the river.

2. Material and Methods

The location of the research is Tlogomas Hamlet in Lowokwaru Sub-District, City of Malang.
Tlogomas Hamlet is one of the 12 hamlets in Lowokwaru Sub-District in the City of Malang (Satria,
2013). The research site is the wastewater treatment facility (IPAL) in RT.04 RW.07 in Tlogomas
Sub-District (Figure 1 and Figure 2).
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Figure 1. Integrated Public Sanitation Figure 2. Aeration Pond I, Sample Collection
Wastewater Treatment Facility (IPAL MCK), JI. Site for the IPAL MCK
Tirta Rona

Calculation of Effluent Average Discharge

The calculated average wastewater discharge is the wastewater discharge that originates from
household connections (SR) and public hydrants (HU). As the inflow discharge value for the MSL
reactor, the resulting wastewater outflow discharge was assumed to be 80% of the clean water
discharge of household connections and public hydrants, or can be taken as a wastewater generation
rate (fab) of 0.8. The wastewater discharge can be calculated using the following formula:

_ fab x [(80% x household water needs (SR)x number of residents) + (20% x hydrant water needs)] ( 1 )
B 86,400 second/day e

Qr

Where:

Qr: Average wastewater discharge (L/second)

Wastewater generation rate: 0.8

Domestic water needs for household connections: 170 L/person/day
Water needs for public hydrants: 30 L/person/day

Number of residents served: 5 people

Calculation of wastewater discharge:
Qr=(0.8x[(80% x 170 x 5) + (20% x 30)])/(86400)
Qr =0.0063 L/second or 378 mL/minute

From the above calculations, the wastewater discharge which flows into the MSL reactor was
found to be 0.0063 L/second. For the Q. discharge, it was assumed to be twice as large as Qi, and
therefore the Q. discharge has a rate of 0.0126 L/second or 576 mL/minute. The control and
installation of discharge for the reactor utilized the method of valve opening, wherein the size of the
primary valve opening was controlled in order to result in a discharge that is in accordance with
calculations.

MSL Reactor Planning

In this research, the reactor dimensions were determined based on the inflow discharge as well as
the filtration speed of the rapid filter as designated in SNI 6774:2008 [7], which is 6 m/hour. The
following is the systematic calculation of reactor dimensions using Equation 2 below:

AS=L e (2)

_ 0.0063 L/second
6 m/hour

As
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As =0.0033 m?=33.33 cm?
With As or the calculation area amounted to 33.33 cm? then obtained the dimension value,

As = AS(design)

33.33=
33.33=

length x width=8.2x 4.1
33.62 (sufficient)

The planned dimensions of the reactors were 8.2 x 4.1 cm, but because of calculations of retention
time, the dimensions were increased to five times larger than the planned dimensions. The height of
the reactors were determined based on the total thicknesses of the gravel layer (5 cm), sand layer (25
cm), soil mixture block layer (20 cm), and the distance between the surface of the sand layer with the
inlet pipe (5 cm), and the resulting reactor height was 55 cm. Thus, the dimensions of the MSL reactor
were 41 cm x 20.5 cm x 55 cm. Domestic wastewater treatment using an MSL system consisted of the
following three stages of processing:

1.

F.‘gure 3. Reactor Istallation ‘f‘igure 4. eactor Installation in

The first stage of processing has the objective to process the wastewater using a reactor filled
with rocks composed of zeolite, silica sand, and pumice with 3-5 mm diameters. The most
optimal rock filler is to be used in the second and third stages of processing as a filler layer
between soil mixture blocks. The dimensions of the rock filler has a length x width x height of
41 cm x 20.5 cm x 40 cm (Figure 3).

The second stage of processing involved the use of combinations soil mixture blocks with the
previously selected rock filler layer. The composition of soil mixture blocks for each reactor is
made up of andosol soil, sawdust, iron powder, and charcoal variations at a ratio of 7:1:1:1.
The MSL-standard reactors are composed of MSL A-s that utilized coconut shell charcoal,
MSL B-s that utilized rice husk charcoal, and MSL C-s that utilized corncob charcoal. The
dimensions of the soil mixture blocks were 8 cm x 20.5 cm x 5 cm in length x width x height
(Figure 4).

The third stage of processing involved processing with modification of the shape of the soil
mixture in the second stage of processing. If in the previous stage the soil mixture was shaped
into rectangular blocks, in this stage the blocks were modified into the shape of a letter “U”.
The modified soil mixture block in the third stage of processing has the objective to optimize
the flow of wastewater in the reactor and reduce reactor areas where the flow does not go
through (dead zone). The utilized dimensions are the same as with previous dimensions (8 cm
x 20.5 cm x 5 cm) with the addition of blocks on the left and right with dimensions of 2 cm x
20.5 cm x 3 (Figure 5).

L o ¢
%\.\ = 1 3

Figure 5. Reactor Installation

in the First Stage Processing Second Stage Processing in the Third Stage Processing
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Parameter Measurement

The parameters that were measured are pH, Total Dissolved Solids (TDS), Dissolved Oxygen
(DO), and Total Suspended Solids (TSS). The utilized discharge had a value of 0.0063 L/second for
Q1 and 0.0126 L/second for Q2. Measurements were performed every 15 minutes for 2.5 hours. The
resulting average outflow water quality of the reactor was compared with the Integrated Public
Sanitation outlet water quality and quality standards based on existing regulations (Table 1).

Table 1. Quality Standard for Domestic Wastewater

No Parameter Unit Maximum content
1 TSS mg/L 30
2 TDS mg/L 1000
3 DO mg/L 3
4 pH - 6.0-9.0

Calculation of Removal and Improvement Efficiency

What is meant by efficiency is the comparison of increase or decrease in the initial content of waste
with the content of waste after processing with the stages of multi-soil-layering (MSL). This allows to
see whether processing using this method is efficient in decreasing waste content that exceeds
environmental quality standards. Efficiency of wastewater parameter reduction is calculated with the
formula below:

initial concentration—final concentration

Elimination (%) = | | x 100 %

initial concentration
Calculation of enhancement efficiency is performed with the formula below:

final concentration—initial concentration

Enhancement (%) = | | x 100 %

initial concentration

Determination of the Best Reactor with Scoring Method
To determine the best reactor to be used in stages I, II, and III, a simple scoring method was

utilized. Weighting was performed through the evaluation of average measurement results for each
parameter in both discharges to determine scores to be given based on specific criteria:

a) For each parameter, if the average measurement for each discharge meets the quality standard
of Ministry of the Environment and Forestry Regulation No. 68 of Year 2016 on the Domestic
Wastewater Quality Standard and Government of the Republic of Indonesia Regulation No.
82/2001 on the Management of Water Quality and Control of Water Pollution, a score of 1 is
given, and a score of 0 otherwise.

b) The best processing was given a weighted score of 3, the next-best was given a weighted score
of 2, and the worst was given a weighted score of 1 for each parameter for both discharges.

3. Result and Discussion

3.1 Measurement of the Existing Water Quality of the Integrated Sanitation Facility at Tlogomas

The utilized domestic wastewater came from the waste that entered the Integrated Sanitation
Facility at Tlogomas. The sampling points consisted of two points, which were Aeration Pond | and
the Integrated Sanitation Facility Outlet. Sampling taken from Aeration Pond | was taken as the
influent waste for the entire research. To compare the quality of outflow water or effluent from the
MSL system, measurements needed to be taken from the Integrated Sanitation Facility Outlet in order
to be able to make a comparison. Measurement of water quality used the Water Quality Checker
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Horiba Series U-50 tool for the parameters of pH, TDS, and DO, and the Insite 1G Series 3150 tool for
the parameter of TSS. Measurements were taken at 6:00 AM, 12:00 PM, and 6:00 PM, considering
that domestic waste is generally discharged in the morning and the afternoon (Table 2).

Table 2. Existing Water Quality of the Integrated Sanitation Facility at Tlogomas

Hour
. 6:00 AM 12:00 PM 06:00 PM Quality
No. | Parameter Unit Aeration : nteg raf[ed Aeration : nteg ra'ted Aeration : ntegra_ted standard
Pond | Sanitation Pond | Sanitation Pond | Sanitation
Outlet Outlet Outlet
1 pH - 7.04 7.21 6.95 7.47 6.94 7.32 6,00-9.00
2 DO mg/L 0 2.08 0 1.29 0 0.95 3
3 TDS mg/L 711 568 691 576 656 584 1000
4 TSS mg/L 67 29 72 30 77 27 30

Based on Ministry of the Environment and Forestry Regulation No. 68 of Year 2016 on the
Domestic Wastewater Quality Standard, the water quality at the sampling points still have not met the
established quality standards, still in excess of 30 mg/L for the TSS parameter and less than 3 mg/L
for the DO parameter. However, pH and TDS are in line with the established quality standards. The
pH parameter is in line with Ministry of the Environment and Forestry Regulation No. 68 of Year
2016 and the TDS parameter is in line with Government of the Republic of Indonesia Regulation No.
82/2001.

3.2 First Stage Processing

Based on the results of measurements for 2.5 hours, 10 sets of observation data were obtained for
each parameter for Q; and Q.. By calculating the average value of each data set, values can be
obtained that represent the resulting outflow water quality from each reactor (Table 3).

Table 3. Recapitulation of Water Quality Measurement in Stage | Processing

Aeration Reactor Integrated Qualit
Parameter | Discharge . - .. | Sanitation y
Pond | Pumice Silica Sand | Zeolite Outlet standard
Q1 7.18 7.44 7.47 7.56 6.00-
pH Q 7.33 7.36 7.37 750 | 2 9.00
Q1 653 578 582 526
TDS (mg/l) 0 653 610 605 540 584 1000
Q1 70 43.40 12.60 34.20
TSS(mgl) o, 70 51.60 2480 | 2710 | 2190 30
Q1 0.00 451 3.85 4.23
DO (mg/h) Q 0.39 3.56 3.60 300 | O 3

The pH parameter for each reactor composed of pumice, silica sand, and zeolite could all meet the
quality standard from 6.00-9.00. When compared with the results from the Integrated Sanitation outlet,
the capabilities of the three first-stage processing reactors in neutralizing pH are not quite good. For
the TDS parameter, the three first-stage processing reactors could meet the quality standard of below
1,000 mg/L, but when compared with the Integrated Sanitation outlet, only the reactor filled with
zeolite had the best processing result. For the TSS parameter, only the reactor filled with silica sand
could meet the TSS quality standard of below 30 mg/L, and when compared with the Integrated
Sanitation outlet, the conclusion is that the silica sand reactor is the best in processing suspended
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solids in domestic waste. For the last parameter of DO, the three reactors could meet Class 111 quality
standard of above 3 mg/L, and when compared with the Integrated Sanitation outlet, the conclusion is
that the three reactor fillers can result in a better concentration of DO (Table 3).

Efficiency of MSL in Stage |

160,00 12,5 14
140,00 /A
__ 120,00 7 B
3:— 100,00 E
[T ~—
S 80,00 6 @
S £
S 60,00 =
g s
& 40,00 B
[=
[7]
20,00 —— £
o
0,00
Ql Q2 Ql Q2 Q1 Q2
Pumice Silica Sand Zeolite
= % TDS Removal 11,53 6,66 10,86 7,41 19,51 17,32
% TSS Removal 38,00 26,29 82,00 64,57 51,14 61,29
mmm % pH Enchancement 3,61 0,43 4,01 0,52 5,33 2,37
s % DO Echancement 150,43 118,53 128,43 120,03 141,13 130,03
e Retention Time 6 4 12,5 9 8 6

Figure 6. Reactor Efficiency for the First Stage of Processing

For the pH parameter, zeolite at Q, had the highest average pH efficiency enhancement with
5.33%, followed by silica sand at Q; with 4.01% and pumice at Q; with 3.61%. Enhancement of pH
was not uniform for both discharges; this is in line with the results of the study by Deshpande [12]
who explained that the effluent reactor pH in general is not affected by the influent flow rate and the
aerated or non-aerated condition of the MSL system.

The percentages of efficiency of each reactor for TDS with an influent of 653 mg/L at Q: was
11.53% for pumice, 10.86% for silica sand, and 19.51% for zeolite. Meanwhile at Q, they were
6.66%, 7.41%, and 17.32% for pumice, silica sand, and zeolite respectively. The highest efficiency
was with zeolite; this is because the pore affinity of pumice and between granules of pumice is smaller
than that between granules of silica.

The efficiencies of TSS concentration elimination at Q: were 38.00% with a pumice reactor,
82.00% with silica sand, and 51.14% with zeolite. Meanwhile at Q., the efficiencies were 26.29%,
64.57%, and 61.29% for pumice, silica sand, and zeolite respectively. TSS efficiency is linear in
nature, where a greater discharge leads to a smaller elimination percentage. This indicates that the
function of intra-granular and inter-granular pores of permeable layers play an important role. This
condition is in line with the observations by Deshpande [12] who found that the best TSS elimination
is achieved through the filtration process with permeable layers and soil mixture block layers. On
average, silica sand could eliminate TSS well at the Q; and Q: discharges.

The three permeable layers could increase the level of dissolved oxygen in effluents above 3
mg/L at both Q: and Q; (with percentages greater than 100%) with 150.43%, 128.43%, and 141.13%
at Qi and 121.30%, 123.03%, and 134.52% at Q- respectively for permeable layers of pumice, silica
sand, and zeolite. With Q-, the results of efficiency enhancement were in an inverse relationship with
the enhancement of dissolved oxygen; this may be possible because of the further reduced contact
time with the aerobic area. This is in line with Yidong et al. [13] who found that oxygen is trapped in
the pores of permeable layers, and at a high discharge these pores are filled with wastewater (Figure
6).
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Table 4. Selection of the Best Reactor in Stage | of Processing
Q1 Q2
Parameter Factor Pumice Silica Sand | Zeolite Pumice Silica Sand | Zeolite
oH Meets Quality Standard 1 1 1 1 1 1
Best Ranking 3 2 1 3 2 1
DS Meets Quality Standard 1 1 1 1 1 1
Best Ranking 2 2 1 3 2 1
TsS Meets Quality Standard 0 1 0 0 1 1
Best Ranking 1 3 2 1 3 2
DO Meets Quality Standard 1 1 1 1 1 1
Best Ranking 3 1 2 1 2 3
Total Score 12 12 9 11 13 11
Total Score for Pumice, Both Discharges 23
Total Score for Silica Sand, Both Discharges 25
Total Score for Zeolite, Both Discharges 20

Referring to the results of effluent water quality measurements in Table 3, the best reactor was
selected in this stage of processing by considering whether the reactor effluents meet the quality
standard of each parameter and the best processing ranking in eliminating pollutants. From the simple
weighing method, the largest score was found to be 25 for reactor 2 with silica sand (Table 4). Silica
sand was selected to be used as the permeable layer medium in the next stage, considering that silica
sand at each stage met the criteria, while zeolite was found to have failed once for the TSS parameter
at the Qs discharge. The media of zeolite and silica sand are commonly used media in the process of
water purification and their respective advantages and disadvantages being due to porosity, formation
structure, chemical composition, and ion exchange capabilities of each media.

3.3 Second Stage of Processing

Based on the results of measurement for 2.5 hours, 10 sets of observation data were obtained for
each parameter at Q; and Q.. Calculating the average values of the data gives a value that represents
the resulting quality of outflow water from each reactor.

Table 5. Summary of Water Quality Measurement for Stage Il of Processing

Parameter | Discharge Aeration Reactor Integrated Sanitation Quality

Pond | MSL A-s | MSLB-s | MSL C-s Outlet standard

Mo ess a5 | osi | ess ra2 600800
TOSMO ||| ars | sis | s se4 1000
e e e = L.
P09 |5, o00 sa | sw | sos 05 :

From the summary of observations for the second stage of processing, the pH parameter of the

three reactors MSL A, MSL B, and MSL C could meet the quality standard from 6.00-9.00. In
comparing the pH parameter with the outflow water from the Integrated Sanitation outlet, the
processing capability of the reactors in the second stage is better because the averages are close to the
neutral pH of 7. For the TDS parameter, the three second-stage processing reactors could meet the
quality standard of TDS below 1000 mg/L, and compared with the Integrated Sanitation outlet, all
reactors had a better average as they have lower average TDS values. For the TSS parameter, MSL A
and MSL B could meet the quality standard of TSS below 30 mg/L, but MSL C could not meet the
quality standard. When compared to the Integrated Sanitation outlet, the conclusion is that the MSL A
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and MSL B reactors are better in processing suspended solids in domestic waste, but the MSL C
reactor could not process solids better than the Integrated Sanitation facility. For the last parameter of
DO, the three second-stage processing reactors could meet the Class Il quality standard of above 3
mg/L; when compared to the Integrated Sanitation outlet with its value of 0.95 mg/L, the conclusion
is that the three reactors can result in a better DO value as they meet the Class Il quality standard
(Table 5).

Efficiency of MSL in Stage Il
5,70
140,00 5,40 6,00
120,00 4,50 - 5,00
100,00
- 4,00
8 80,00
% F300 @
£ 60,00 E
3 200 £
S 40,00 g
£
20,00 1,00 E
S
<
0,00 000 2
Ql Q2 Ql Q2 Ql Q2 &
MSLA MSLB MSLC
I % TDS Removal 18,13 29,99 16,04 23,73 5,79 18,09
% TSS Removal 79,68 77,76 71,72 71,88 63,33 66,82
s % pH Enchancement 2,60 1,62 2,60 0,68 2,60 0,19
B % DO Echancement 126,67 95,80 126,67 112,30 126,67 101,83
e Retention Time 4,90 5,00 5,40 5,70 5,00 4,50

Figure 7. MSL System Efficiency for the Second Stage of Processing

The reactor with the best average efficiency for elimination of TDS concentration at the
discharges of Q; and Q. was MSL A with a value of 24.06%, followed by MSL B with 19.89% and
MSL C with 11.94%. The reactor with the best efficiency for the TSS parameter for both discharges
was MSL A with 71.72%, followed by MSL B with 71.80% and MSL C with 65.08%. For the pH
parameter, MSL C had the highest pH average enhancement efficiency of 2.11% from the initial pH,
followed by MSL B with 1.64% and MSL A with 1.40%. For the DO parameter, MSL B had the
greatest enhancement efficiency with 119.48% from the quality standard DO value, followed by MSL
C with 114.25% and MSL A with 111.23% (Figure 7).

In this research, all the MSL systems linearly maintained a pH value of 7. The nitrification
capability to oxidize iron also differed for each reactor, and thus the release of hydroxyl groups into
the bulk phase also differed [5, 6]. For the Qi discharge, there was a decrease in TSS elimination
efficiency on average compared to elimination by layer of silica sand only (82%) but with a high
discharge (Q2) there was an increase in TSS elimination efficiency, and this agrees with Latrach [5, 6]
because TSS elimination is based on the mechanism of filtration and chemical adsorption that occurs
on the soil mixture blocks. For the DO parameter, the overall DO value decreased because the oxygen
present in the pores have been used in the process of nitrification and the pores have been occupied
by wastewater, and thus an aeration process is needed to increase the performance of the MSL
system. MSL A that utilized coconut shell charcoal had the best average efficiency for each
parameter, followed by MSL B that utilized rice husk charcoal and MSL C with its corncob charcoal.
According to the literature, coconut shell and rice husk charcoal contain high amounts of silica sand,
which allows filtration of suspended solids; in addition, rice husk charcoal has a good porous quality
with a low capability of water absorption, and the components of rice husk charcoal have a high
amount of contained oxygen, which can increase the Dissolved Oxygen (DO) concentration.
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Mutia et al. [8] concluded that variations of organic material in soil mixture blocks, particularly
the source of charcoal, gives a significant effect to the parameter of TSS and its elimination, as well
as to the elimination of other pollutants. The results of filtration with combinations of the permeable
layer with soil mixture blocks MSL A, MSL B, and MSL C_ are shown in Figure 8.

MSL A-s

Figure 8. Color of Silica Sand with Nitrification Process Indications

Table 6. Selection of the Best Reactor in Stage Il of Processing

Q1 Q2
Parameter Factor MSLA | MSLB | MSLC | MSLA | MSLB | MSLC
oH Meets Quality Standard 1 1 1 1 1 1
Best Ranking 1 3 2 3 2 1
DS Meets Quqlity Standard 1 1 1 1 1 1
Best Ranking 3 2 1 3 2 1
TsS Meets Quality Standard 1 1 0 1 1 1
Best Ranking 3 2 1 3 2 1
DO Meets Quality Standard 1 1 1 1 1 1
Best Ranking 3 2 1 1 3 2
Total Score 14 13 8 14 13 9
Total Score of MSL A, Both Discharges 28
Total Score of MSL B, Both Discharges 26
Total Score of MSL C, Both Discharges 17

From the simple weighing method, the largest score was found to be 28 for MSL A (Table 6). The
MSL reactor with the same soil mixture using coconut shell charcoal became the best free variable for
the processing of wastewater in the second stage of processing. Coconut shell charcoal in comparison
to the other types of charcoal was quite optimal in eliminating TDS and TSS at both discharges. The
best ranking was taken from the results of quality measurements for each parameter; smaller
concentrations of TDS and TSS means better processing. Higher concentrations of DO means that the
oxygen content of the outflow wastewater increases, while for the pH parameter, as the outflow water
reaches a neutral pH of 7, its processing quality is enhanced.

3.4 Third Stage of Processing

Based on the results of measurement for 2.5 hours, 10 sets of observation data were obtained for
each parameter at Q; and Q.. Calculating the average values of the data gives a value that represents
the resulting quality of outflow water from each reactor.
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Table 7. Summary of Water Quality Measurement for Stage 111 of Processing

Aeration Reactor Integrated Quality
Parameter | Discharge Pond | MSL A- MSL B-m | MSL C-m Sanitation Standard
m Outlet
Q1 7.12 7.27 7.21 7.09 )
pH Q: 7.14 6.93 7.07 7.06 7.32 6.00-9.00
TDS Q1 705 494 471 524
(mg/1) Q: 715 510 495 564 584 1000
TSS Q1 74 15.10 11.60 17.50
(ma/l) Q: 93 2060 | 1810 | 27.50 27.00 30
Q1 0.00 3.48 3.87 3.75
DO (mg/l) Q: 0.00 2.81 3.25 3.01 0.95 3

From the summary of observations for the third stage of processing, the pH parameter of the three
reactors MSL A-m, MSL B-n, and MSL C., could meet the quality standard from 6.00-9.00. In
comparing the pH parameter with the outflow water from the Integrated Sanitation outlet, the
capability of all the MSL-m reactors is better because all three reactors approach the neutral pH of
7.00. For the TDS parameter, the three third-stage processing reactors could meet the quality standard
of TDS below 1000 mg/L, and compared with the Integrated Sanitation outlet, the outflow quality of
the three MSL. reactors showed lower values. The third-stage reactor that was the most efficient in
processing TDS was MSL B.n, with the average of the two discharges being 483 mg/L. For the TSS
parameter, the three MSL-m reactors could meet the quality standard of TSS below 30 mg/L. In
comparison with the Integrated Sanitation for the TSS parameter, the conclusion is that the three
reactors are good and the MSL B., reactor produces outflow wastewater with the lowest TSS value
for the two discharges, being 14.85 mg/L. For the last parameter of DO, the three third-stage
processing reactors could meet the Class |11 quality standard of above 3 mg/L; in comparison with the
Integrated Sanitation with its value of 0.95 mg/L, the conclusion is that the three reactors can result in
a better DO value (Table 7).
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Figure 9. MSL System Efficiency for the Third Stage of Processing

The reactor with the best efficiency for the parameter TDS at both discharges was MSL B.n with
a value of 31.98%, followed by MSL A.n with 29.29% and MSL C., with 23.29%. The reactor with

47




r’ Civil and Environmental Science Journal
A\

Vol. III, No. 01, pp. 037-050, 2020
CIVENSE

the best efficiency for the TSS parameter at both discharges was MSL B.n, with 82.43%, followed by
MSL C. with 78.72% and MSL A., with 73.39%. For the pH parameter, MSL A.n had the highest pH
enhancement efficiency with 2.11% from the initial pH, followed by MSL B., with 1.59% and MSL
C.m with 1.40%. For the DO parameter, MSL B.n had the greatest enhancement efficiency with
118.53% from the DO quality standard, followed by MSL C., with 112.55% and MSL A.» with
104.88% (Figure 9).

Table 8. Selection of the Best Reactor in Stage 111 of Processing

Parameter Factor Q1 Q2
M-MSLA | M-MSLB | M-MSL C | M-MSL A | M-MSL B | M-MSL C
bH Meets Quality Standard 1 1 1 1 1 1
Best Ranking 1 2 3 1 3 2
DS Meets nglity Standard 1 1 1 1 1 1
Best Ranking 2 3 1 2 3 1
TsS Meets Quality Standard 1 1 1 1 1 1
Best Ranking 2 3 1 2 3 1
DO Meets Quality Standard 1 1 1 1 1 1
Best Ranking 1 3 2 1 3 2
Total Score 10 15 11 10 16 10
Total Score of M-MSL A, Both Discharges 20
Total Score of M-MSL B, Both Discharges 31
Total Score of M-MSL C, Both Discharges 21

In the third stage, it became evident that there was a significant difference on MSL B for which
the shape of its soil mixture block was modified. MSL B.v became the best reactor, with the total score
of Qiand Qdischarges being 31, followed by MSL C.v and MSL A.v (Table 8). It can be noticed that
the results of the MSL B.v outflow for each parameter was dominantly constant and unchanging.
According to Latrach et al. [5, 6], the addition of soil mixture in MSL.u to form the letter U shape can
slow down contact of wastewater with the soil, which can maximize each process that occurs in MSL
(filtration, aerobic decomposition, adsorption, nitrification, and denitrification). The following is a
comparison of the processing efficiency of the MSL B reactor before modification (MSL B-s) and
after modification (MSL B.w) of the soil block shape:

Effiiciency Comparison between Standard MSL B and Modified MSL B (Q1)
140,00
120,00
100,00
80,00
s
o 60,00
&
£ 40,00
8
@ 20,00
[oX
0,00
TDS TSS pH DO
%MSL B-s (Q1) 16,04 71,72 2,60 126,67
H %MSL B-m (Q1) 33,16 84,32 1,29 128,90

Figure 10. Efficiency Comparison of MSL B-s and MSL B-m Reactors
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By taking the example of the efficiency MSL B-s and MSL B-m at Q: it can be seen that the MSL
that had been modified has a tendency to increase in efficiency. At a discharge of 0.0063 L/second, the
increase in efficiency from stage 1l to stage 11l for the TDS parameter was 17.12%. The increase of the
TSS parameter was 12.6%. The pH parameter had a decrease in efficiency of 1.31% and the increase
in efficiency for the parameter DO was 1.93% (Figure 10). By looking at the scores of the three stages
of processing, it can be concluded that for all stages, the MSL B.u reactor with a score of 31 can be
regarded as the best reactor (Table 8).

CONCLUSION

The multi-soil-layering (MSL) system was tested with three reactor columns and three stages of
processing in this research. In the first stage of processing, zeolite and pumice could not meet the
quality standard for the TSS parameter, while the effluent from silica sand was able to meet the quality
standard and was selected as the best rock layer for the subsequent stage of processing. In the second
stage of processing, MSL A-s, MSL B-s, and MSL C-s at both discharges could meet the quality
standards for each parameter. At Q1, MSL A-s had the best elimination capability, with the efficiencies
of TDS, TSS, pH, and DO respectively being 18.13%, 79.68%, 2.60%, and 126.67%, while at Q2 they
were 29.99%, 77.76%, -1.62%, and 95.80%. In the third stage of processing that utilized a
modification of soil mixture blocks, MSL A-m, MSL B-m, and MSL C-m increased in their
efficiencies in comparison to the standard unmodified MSL reactor. At the third stage, each parameter
at both utilized discharges indicated that MSL B-m was the most optimal reactor compared to all
reactors that had their water quality measure. At Qs, the efficiencies of MSL B-m for the TDS, TSS,
pH, and DO parameters respectively were 33.16%, 84.32%, 1.29%, and 126.67% while at Q2 they
were 30.80%, 80.54%, -1.50%, and 112.30%. Considering the change in water quality of the outflow
for each processing, the hypothesis is that MSL reactors do not have a uniform effect on the pH
parameter. The resulting percentages of efficiency from reactors with longer retention times has a
tendency to be greater compared to reactors with shorter retention times; this is related to the length of
interaction and the contact time between wastewater and the processing materials, as rocks and soil
mixtures.

The reactor outflow results, in comparison with the Integrated Sanitation outlet, show that they are
better in processing domestic wastewater with a relatively quick processing time, but there needs to be
periodic rinsing of the silica sand granules and the soil mixture blocks so that the pores of the
materials are not clogged by suspended solids. There needs to be further research on modifications to
the MSL system through the measurement of other pollutant parameters as well as research using
other materials in order to provide further comparisons and literature.
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