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Abstract

Umbulrejo Village, Ponjong District, Gunungkidul is one of the villages that has both karst and
non-karst landforms. The variation of landforms that exist in this research area affects the quality
of groundwater, either naturally or due to human activities. In the area obstructed by topography
such as Umbulharjo Village, a centralized water management system is quite challenging,
especially for those that use a piping system in its distribution. Hence, a decentralized water
treatment system is required. The direct filtration method as one of the reliable methods in a
decentralized water treatment system will be observed to treat water with a turbidity level of less
than 10 NTU and 10 — 50 NTU. This study aims to analyze the effectiveness of turbidity removal
using the direct filtration method. This research was conducted by a laboratory experiment. The
coagulation, flocculation, and filtration were conducted in a continuous mode for 3 hours. The
dependent variables measured were turbidity and Hydraulic loading rates (HLR). The
effectiveness of turbidity removal in this experiment was all good. Better effectiveness was
achieved by the filter columns operated in the lower HLR (2.88 — 3.1 m/h). The HLR was proven
affecting the filter performance thus increase the workability of direct filtration. While the higher
HLR (4.8 m/h) resulted in a fluctuation in effluent turbidity. However, these two HLRs as
recommended in the direct filtration method were excellent resulting from the effectiveness of
turbidity removal ranging from 71.7% to 100%. It can be concluded that direct filtration can be
used in a decentralized water treatment system.
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I. INTRODUCTION

The Water Health Organization or (WHO/UNICEF, 2019) notes that more than 2 billion people do
not have access to clean water and 4.2 billion people still use unsuitable sanitation facilities. The
National Planning and Development Agency or BAPPENAS (2010) in the Asian Development
Bank or ADB (2013), stated that the low capacity of water service providers, water supply, and
sanitation in Indonesia is in poor condition. The low capacity of water service providers is partly
caused by a centralized raw water treatment system / centralized water treatment system which is
then distributed via pipes to only part of the community, especially those living in urban areas.
Areas that have not received clean water services are areas that are far from water treatment centers
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(remote/rural) and areas with hilly topography. Only 12% of the total population in rural areas is
connected to the water supply via the piped network of the Regional Water Company (PDAM).
The remaining population is 82%, depending on the water source in the form of procurement from
non-governmental organizations in the form of dug wells, boreholes, rivers, springs, and reservoirs.

Umbulrejo Village, Ponjong District, Gunungkidul is one of the villages that has both karst and
non-karst landforms. The variation of landforms that exist in this research area affects the quality of
groundwater, either naturally or due to human activities. In karst landforms, season conditions
greatly affect surface and subsurface water quality. In the dry season, the water quality is quite
good and clear, while in the rainy season the water quality is poor, which is indicated by high
turbidity and bacterial concentrations.

The access of PDAM is not easy to get to Umbulrejo Village, Ponjong District, Gunungkidul
Regency through a piping system due to its hilly topography. In areas obstructed by topography, a
centralized water management system is quite challenging, especially those that use a piping
system in its distribution. Hence, a decentralized water treatment system is required. This method
can provide access to clean water to residents effectively and more efficiently (Pooi and Ng, 2018).

Based on the results of water quality research conducted by several researchers, the quality of
subsurface water in Ponjong Village has turbidity levels ranging from <10 NTU to 50 NTU, or
even more in the rainy season. Therefore, this study will evaluate and investigate the effectiveness
of the direct filtration method using these two kinds of raw water i.e. <10 NTU and 10-50 NTU.
The water needs to be treated first before being used as raw water for the community. The direct
filtration method as one of the reliable methods in a decentralized water treatment system will be
observed to treat water with this turbidity level. Unlike conventional filtration, direct filtration does
not require sedimentation (sometimes without flocculation) in the water treatment process.
Therefore, this method is expected to save initial and operational costs.

The purpose of this study is to evaluate the effectiveness of direct filtration by observing the
performance of its filtration process to remove turbidity. Direct filtration is a water treatment
method where the sedimentation process is not carried out after coagulation and flocculation. After
the coagulation-flocculation process, the water goes directly into the filtration reactor. The
eminence of direct filtration is that this method could reduce the operational cost as well as the
initial cost of construction due to the omitted sedimentation process (and flocculation). The
variables observed to be further evaluated are HLR and effluent turbidity. By knowing so, we could
evaluate the effectiveness of turbidity removal.

II. LITERATURE REVIEW

IL.1. The Decentralized Water Treatment System (DWTS)

There are many water management systems whose use is adjusted to the needs and conditions of
the area served (Omarova et al., 2019; WHO, 2019). In remote areas and urban areas, the water
treatment system required will be different. Also, upland areas will be different from lowland areas.
In addition, the socio-economic conditions of the community will also affect the need for an
appropriate water management system. For remote areas with low economic conditions usually do
not use a piped system, the community prefers to look for other water sources (Eichelberger,
Hickel, and Thomas, 2020). The community mostly uses surface water sources. Some of the
surface water sources used are rivers, springs, and wells. Whereas water quality that does not come
from piped water and proper sanitation can potentially cause health problems. The absence of a
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piped water system will greatly affect the high cost of obtaining water. So we need an alternative
water supply that is cheaper, easier to apply, and safer (Rabaey et al., 2020).

DWTS is a water supply system for areas that have their own water source, usually used for remote
areas with topographical barriers (Klingel and Diener, 2014). According to (Leigh and Lee, 2019),
first, the system can increase the resilience and sustainability of water treatment. Second, a
decentralized system of water treatment accompanied by the selection of the right technology can
reduce the risk of problems and failures in the future (Kohler, Silverstein and Rajagopalan, 2016).
Third, if the technology is socially and economically acceptable, it will run efficiently, flexibly, and
sustainably (Zaharia, 2017). Economically, this is related to the realistic level of public
consumption, so data related to water consumption per capita is needed (Klingel and Diener, 2014).
It needs to be accompanied by strong infrastructure development to implement it (Lu et al., 2019),
simple structure, and easy to operate (Jeon et al., 2016). In the context of sustainability,
decentralized water treatment systems also have the potential to be recycled more easily (Zraunig et
al., 2019). So that it can reduce, prevent, and control the potential for pollution around the served
areas (Zaharia, 2017).

The advantages of Direct filtration compared to conventional processing are: (1)lower costs,
because the dosage of chemicals such as coagulants is lower, (2)does not require sedimentation
(and sometimes flocculation) tanks resulting in lower capital costs, and (3)Relatively lower
operating and maintenance costs as the sedimentation (and sometimes flocculating) tank does not
need to be powered or maintained. While the disadvantages of direct filtration include: (1)It is not
suitable for treating water with high levels of turbidity and/or color, (2)Needs quick adjustment and
treatment of changes in quality, and (3)Less detention time in controlling problems taste and smell
(EPA, 1995; WHO, 2007; Al-Kathily, 2014).

Many studies have been carried out to determine the ability of the direct filtration method to treat
raw water. There are lots of media that can be used, such as alum, seeds, coal, to sand. The direct
filtration method can adsorb 83.8% to 91.7% of ferrous iron with Coal or carbonaceous shale
media from groundwater (George and Chaudhuri, 1977). By using alum, the direct filtration
method is able to remove turbidity with an efficiency of up to 99% (Fouad et al., 2005).

IHI.RESEARCH METHODOLOGY

This research was conducted by a laboratory experiment and quantitatively analyzed. This study
aims to analyze the performance of the direct filtration process to treat the raw water with different
variations in turbidity values, namely Raw Water A (<10 NTU) (according to theory) and Raw
Water B (10 - 50 NTU). The flow chart of the laboratory experiment presents in Figure. 1 and the
design criteria can be seen in Table 1.
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Figure 1. Flow Chart of Laboratory Experiment

Table 1. Design Criteria for Laboratory Experiment

Parameters

Raw water A (<10 NTU)

Raw water B (10-50 NTU)

Initial Raw water (0) (NTU)

Coagulation

Coagulant dosage (mg/L)
Mixing time (minute)
Flocculation (minute)

Filtration
Sand type
Sand diameter (mesh)

Filter column configuration

Operation time (hour)
Measurement time (minute)
Hydraulic loading rate (HLR)
(m/h)

HLR by time (m/h)

Turbidity in the effluent (NTU)

6.23

[uny

Lava sand (Merapi)
#>20 mesh (0.8mm) and
40 mesh (0.4mm)<@<20 mesh

(0.8mm)

Supernatant water (20 cm)
40 mesh<@<20 mesh (40 cm)
#>20 mesh (10 cm)
Gravel (10 cm)

3
10
3.1 4.8
Observed Observed
Observed Observed

32.4

Lava sand (Merapi)
#>20 mesh (0.8mm) and
40 mesh (0.4mm)<@<20

mesh (0.8mm)

Supernatant water (20 cm)
40 mesh<@<20 mesh (40 cm)
#>20 mesh (10 cm)
Gravel (10 cm)

3
10
2.8 4.8
Observed Observed
Observed Observed

In the scientific method, some factors may change during the experiment namely variable. There
are three types of variables i.e. dependent variable, independent variable, and fixed variable. The
dependent variable is the factor that will be investigated or observed during the experiment. The
independent variable is a factor that is controlled in the experiment, this variable will affect the
dependent variable. In this experiment, there are three types of variables as follows:

- Dependent variable: hydraulic loading rate (HLR) and effluent turbidity

- Independent variable: sand type, sand grain size, filter thickness, the height of supernatant
water, valve opening

- Fixed variable: influent turbidity
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IV.FINDING AND DISCUSSION

IV.1. Effectiveness of Turbidity Removal

The overall results of this study can be seen in Tables 2 and 3. The table presents the effluent
turbidity as well as its effectiveness in every 10 minutes during the operation time (3 hours) in a
certain HLR. This study investigated the effect of two different HLR in the filtration process on the
performance of direct filtration in both raw water A and B. The process was started by the dosing
of 5 mg/L of alum for raw water A (<10 NTU) and 15 mg/L of alum for raw water B (10-50 mg/L).
The 15 mg/L of alum was dosed to the raw water B due to the higher value of turbidity and it was a
dosage of alum given in a direct filtration study conducted by Al-Kathily (Al-Kathily, 2014). On
the other hand, the 5 mg/L of alum was added to the raw water A that was less turbidity value than
that of raw water B. The advantage of direct filtration is reducing the dosage of alum used in the
treatment process. The effectiveness was not only affected by the alum dosage but also by the
filtration process.

Table 2. Results of Laboratory Experiment of Raw Water A

Minutes Raw Water A
HLR Turbidity  Effectiveness HLR Turbidity  Effectiveness

(m/h) (NTU) (%) (m/h) (NTU) (%)

0 4,8 5,53 0 3,1 5,53 0
10 4,8 0,24 95,7 3,1 0 100
20 4,39 0 100 3 0 100
30 4,32 1,18 78,7 3 0 100
40 4,3 0,01 99,8 2,93 0 100
50 3,72 1,33 75,9 2,9 0 100
60 3,7 0 100 2,83 0 100
70 3,64 0 100 2,83 0 100
80 3,28 2,67 51,7 2,8 0,46 91,7
90 3,2 0 100 2,8 0 100
100 3 0 100 2,76 0 100
110 2,32 1,37 75,2 2,76 0 100
120 1,92 0 100 2,64 0 100
130 1,48 0 100 2,64 0 100
140 0,98 0 100 2,37 0 100
150 0,96 0 100 2,5 0 100
160 0,9 1,6 71,1 2,28 0 100
170 0,84 0 100 2,3 0,49 91,1
180 0,7 0 100 2,06 0 100

The effectiveness of the filtration process operated in 3 hours experiment presented in Figure. 2.
This effectiveness was controlled by HLR given for each column in two different kinds of raw
water turbidity. In raw water A, the removal effectiveness was fluctuated ranging from 51.7% to
100% in higher HLR and achieved better effectiveness in lower HLR ranging from 91.1% to 100%.
It can be concluded that the lower HLR resulted in more stable effectiveness due to the more
contact time given for the suspended solids to be attached to the sand filter. However, the effluent
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turbidity from raw water A in both HLR values was meet the water quality standard regulated by
the Indonesian Government (PMK no 32 the Year 2017).

Table 3. Results of Laboratory Experiment of Raw Water B

Minute Raw Water B
HLR Turbidity Effectiveness HLR Turbidity Effectiveness
(m/h) (NTU) (%) (m/h) (NTU) (%)
0 4,8 32,4 0 2,88 32,4 0

10 4,8 0 100 2,88 0,19 99,4
20 4,36 0 100 2,88 0 100
30 3,12 0 100 2,88 0 100
40 2,88 0 100 2,85 0 100
50 2,64 0 100 2,84 0 100
60 2,4 0 100 2,83 0 100
70 2,28 0,16 99,5 2,8 0 100
80 2,16 0,2 99,4 2,78 0 100
90 2,1 0 100 2,73 0 100
100 2,04 0 100 2,68 0 100
110 1,56 0 100 2,52 0 100
120 1,44 0 100 2,35 0 100
130 1,22 0,01 100 2,28 0 100
140 0,96 0 100 2,2 0 100
150 0,84 0 100 2,13 0 100
160 0,72 0 100 2,04 0 100
170 0,67 2,12 93,5 1,99 0 100
180 0,6 0,299 99,1 1,94 0 100

The removal effectiveness achieved with the raw water B in the higher and lower HLR was ranging
from 99.1% to 100% and 99.4% to 100% respectively. In these two cases, the removal
effectiveness was more stable resulting in a very acceptable value of turbidity in the effluent (< 5
NTU). It was caused by the high value of turbidity (tend to more suspended solids) leads to
bringing more suspended to be attached in the sand surface and then blocks its voids thus reduce
the size of the voids. This phenomenon resulted in a better water filtration process by the
attachment removal mechanism. Moreover, the lower HLR performed better than the higher HLR
in removing the turbidity proven by almost 90% of effluent water measured in the experiment,
resulting in 100% removal effectiveness. The effluent turbidity attained by the direct filtration from
the raw water B met the water quality standard both for hygiene and sanitation and water supply
(Menteri Kesehatan Republik Indonesia, 2017). Overall, the efficiency of turbidity removal
achieved by direct filtration from both raw water A and B in two different HLRs was satisfactory.
The excellent results by direct filtration method in treating the surface water were also achieved by
other researches up to 98% of efficiency (Al-Kathily, 2014).
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Generally, the effectiveness of turbidity removal in this experiment was all good. Better
effectiveness was achieved by the filter columns operated in the lower HLR (2.88 — 3.1 m/h). The
HLR was proven affecting the filter performance thus increase the workability of direct filtration.

Effectiveness of Turbidity Removal
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(]
E 40,0 Raw water B, HLR 4.8m/h
& Raw water B, HLR 2.88m/h

20,0

0,0
0 50 100 150 200

Operation time (minute)

Figure 2. Effectiveness of Turbidity Removal

IV.2. Effect of HLR To The Effluent Water Turbidity

The effects of HLR on the effluent turbidity present in Figure. 3 and 4. The decrease in the HLR
value was influenced by the length of time the filter operates. The longer the operating time, the
greater the water contact time with the sand in the sand filter. The lower the HLR, the higher the
effectiveness, and the lower the amount of turbidity in the effluent.

Figure 4 shows the relationship between HLR and effluent turbidity. It describes that the longer the
filter operation time, the more the total amount of treated water. The column with an HLR of 4.8
m/h allowed more amount of suspended solids attached and stuck in the filter which causes a
decrease in HLR to 0.6 m/h at 180 minutes of operation time. On the other hand, HLR of 2.88 m/h,
the decrease in HLR was not too significant; it was because the amount of treated water was less so
that the number of suspended solids caught in the filter was reduced. Figure 3 shows the
relationship between HLR and effluent turbidity with low turbidity of raw water. According to this
low turbidity, the turbidity was already less in the effluent, but it found a fluctuation in effluent
turbidity in the HLR of 4.8 m/h. It was due to the higher HLR lead to the shorter contact time
between water and grain sand that happened in the filter.
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Figure 3. Effect of HLR in effluent turbidity in the raw water A

Raw Water B (10 - 50 NTU)
HLR vs Effluent Turbidity
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Figure 4. Effect of HLR in effluent turbidity in the raw water B

V. CONCLUSION AND FURTHER RESEARCH

This research concludes that the effectiveness of turbidity removal in this experiment was all good.
Better effectiveness was achieved by the filter columns operated in the lower HLR (2.88 — 3.1 m/h)
ranging from 91.9% to 100% and 99.4% to 100% for raw water A and B respectively. The HLR
was proven affecting the filter performance in terms of turbidity thus increase the workability of
direct filtration.
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