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Abstract

The regional water company in Sulawesi Island of Indonesia uses sand from Sumatra and Java islands to perform water
filtration. However, this is time consuming and expensive. In fact, South Sulawesi Province has abundant local sand that
may be used as filtration material. Therefore, the aim of this study is to determine novel alternatives for filtration materials
in waler treatment plants using local sand available in South Sulawesi. The proposed alternatives are implemented using
four local sand sources, namely Malimpung, Bira, Jeneberang, and Tanralili in Pinrang, Bulukumba. Gowa. and Maros
Regencies. respectively. The effectiveness of each sand source is analyzed by modeling a filter in the laboratory with a
rapid sand filier system. The experimental work is conducted under unsaturated conditions for sand. We have considered
threc variations of initial raw water turbidity, namely 25, 50, and 109 NTU representing low, medium, and high turbidity
tevels, respectively. The initial total suspended solids (TSS) for cach variation of initial turbidity is calculated as 19, 51, and
99 mg/l, respectively. In addition, we have applied three variations of filter thickness, namely 10, 20, and 30 ¢m. The results
indicated that only Malimpung sand mcets the physical requirements, namely effective size of 0.23, uniformity coefficient
of 2.19, specific gravity of 2.69 g/cm’. and percentage of Si0, as $7.07%. It was also clarified that Malimpung sand is the
most effective in removing physical pollutants based on turbidity and TSS with an cfficiency of 72% and 84%. respectively,
during the observation tiame of 600 s.
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Introduction processes such as the removal of impurities through fil-

tration is essential (Anastasios and loannis 2019). Filtra-

e

The requirement for drinking water as a vital provision
and service for human life is rapidly increasing (Mekon-
nen and Hoekstra 2016; Hering et al. 2016) owing to the
increased rate of population growth and public awareness
of the importance of drinking water in daily life (Bakri
et al. 20135). To meet these requirements, extensive water
treatment, both industrial and domestic, with a series of
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tion is a water treatment system that involves the sepa-
ration of sohids from liquids using a porous medium to
remove suspended solids, colloids, and other substances
(Charles 2009; Zeki 2009), According to Huisman (Mark
et al. 1987), raw water treatment with a granular media
tilter can be used as an additional unit. Two types of fil-
ler media are commonly used in the hltration process,
namely rapid sand filter and slow sand filter with botiom-
up (up-flow) and top-down (downflow) filtration systems
{Keucken et al. 20§7; Manning 2003). Currently, several
technological innovations have been developed 10 process
raw water into drinking water (Zainura and Noor 20{8).
Yolly et al. (202]) used sand combined with zeolite with
thicknesses of 10 and 20 cm using a downflow system
with an observation lime of 30 min. The results indicated
that the efficiency of reducing turbidity is 67.3%. Pramod
et al. (20158) investigated the comparison of the efficiency
of a slow sand filter and charcoatl filter in purifying raw
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water samples using river sand combined with gravel and
thicknesses of 30 and 20 cm, respectively. It was discov-
ered that the efficiency of the charcoal filter was higher
than that of the slow sand filter. An effictency of §3.3%
was demonstrated in reducing turbidity, which is the high-
est, followed by total solids and sample color reduction.
Michael et al. (2012) presented laboratory and ficld proof-
of-concept demonstrations ol a water treatment plant in
which a multilayer configuration of stacked rapid sand
filters at 1.4-1.83 mm/s (120-160 m/day) per ltayer and
backwashed at 10=11 mm/s (860-950 m/day) with a simi-
lar total low rate was usced. The filer model demonstrated
satisfactory filtration performance and effective backwash-
ing, Furthermore, Ekha et al. {2019) analyzed the perfor-
mance of rapid sand filiration on a laboratory scale using
lava sand. Sedimentation was conducted with a retention
time of 3 h based on the real field conditions of the oil pro-
duction process by the community in one sample well. In
addition, rapid sand filtration was also implemented using
a fixed bed column method with a grain size of 0.2 cm.
Results showed that the sedimentation process exhibited
a high turbidity removal efficiency of 98.65% while the
rapid sand tilter exhibited 96.48%.

Therefore, the aim of this study is to determine a new
source of sand in South Sulawesi Province as a filtration
material for water treatment. South Sulawesi Province has
abundani local sand that has not been used as a filtration
material earlier because of the limited information on the
effectiveness of sand as filtration media (Syahrir et al.
201+4). In this study. we have considered four local sand
sources, namely Malimpung, Bira, Jeneberang. and Tan-
ralili, in Pinrang, Bulukumba, Gowa, and Maros Regency,
respectively. The effectiveness of each sand source in
removing physical potiutants based on turbidity and total
suspended solids (TSS) is analyzed by modeling a filter in
the luboratory with a rapid sand filter system. The experi-
mental process was implemernted under unsaturated condi-
tions for sand. Additionally, we have applied three varia-
tions of initial raw walter turbiditly, namely 25, 50, and 109
Nephelometric Turbidity Units (NTU), representing low.
medium, and high turbidity levels, respectively, While the
initial TSS is based on the three varjations of initial turbid-
ity of 19, 51, and 99 mg/]l. Furthermore, the efficiency of
cach sand source in removing physical pollutants along
with three other variations of filter thickness, namely 10,
20. and 30 cm has been analyzed.

This study contributes sand as a filtration material to the
Regional Drinking Water Company (PDAM) in Sulawesi
Island of Indonesia. Currently, it is challenging for PDAM
to ofter filtration materials because most of the materials
are imported from Java and Sumatra Islands. However, it is
time consuming and expensive to satisfy the requirement of
continuous availability of dninking water.

) Springer

Materials and methods
Materials

The physical requirements of filtration materials in water
trcatment plants are diameter, specific gravity, and silica
(510,) content. Aggregate sieve analysis is the determination
of the percentage of aggregate grain weight after passing
through a set of sicves. Subscequently, the percentage figures
arc depicted on a grain division graph, indicating a distri-
bution accumulation curve to determine the effective size
(ES) and desired media uniformity, which is expressed as the
uniformity coefficient (UC). ES is the size of upper filtration
materials that are most effective in scparating impurities that
constitute 10% of the total depth of the filter media layer or
weight fraction. This is often expressed as P10 (diameter at
the 10th percentile).

ES = P10 {n

UC is expressed as the ratio between the diameter size of
60% (P60) of the weight fraction to the effective size at the
10th percentile (P10). This can be expressed as:

_ P10

ES = 760" )

Based on Indonesia National Standard (SNI) 3981:2008,
the tdeal value of ES is (.2-0.4 mm and that of UC is 2=3.
The specific gravity of water-saturated surface dry sand is
the ratio between the weight of saturated surface dry aggre-
gate and that of distilied water whose contents are the same
as saturated aggregate at a certain temperature. According
to SKI 3981:2008, the specific gravity of sand as filtration
media js 2.55-2.65 g/cm’. The chemical content of Si0, in
the sand is tested in the laboratory using an energy-disper-
sive X-ray fluorescence analyzer. The high content of Si0O,
indicates that the sand is suitable for use as filtration mate-
rial. This is because. it has a signiticantly high hardness level
and is suitable for use as a filtration material based on SNI
3981:2008, which requires the standard content to exceed
90%.

Methods

Filtration is a process of separating solids from fluids
using a porous medium or material to remove sufficient
suspended and fine colloidal solids. Based on the direc-
tion of low, filtration is divided into downflow. up-flow,
up-flow-downflow, and horizontal flow. Till date, the con-
ventional filtration method with flow direction from top
to bottom (downflow) and bottom (o top {(up-flow) was
widely applied in Indonesia. In this study, we have applied
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the rapid sand filter with an up-flow system for four types
of local sand in South Sulawesi, namely Malimpung, Bira,
Jeneberang, and Tanralili in Pinrang. Bulukumba, Gowa,
and Maros Regencies, respectively. The variations in ini-
tial turbidity and fitier thickness highlighted the cflective-
ness of each filtration material with an observation time
of 0-600 s. Therctore, three initial values of raw water
turbidity. namely 25. 50, and 109 N'TU, represeating low,
mcdium, and high turbidity levels, respectively. were
considered. As a resuit of total suspended solids added to
obtain the three initial turbidity variations, the initial con-
centrations for TSS of cach initial turbidity variation werc
obtained as 19, 51, and 99 mg/l. respectively. In addition,
three values of filter thickness of 10, 20, and 30 cm were
formulated to clarify each sand source’s effectiveness.
Finally, TSS and NTU values of the treatment mode] are
measured and compared for each material. The variations
of parameters applied to obtain the most effective sand
source are listed as follows:

a. Variation of four sand sources.

b. Variations in filter thickness of 10, 20, and 30 cm for
each source.

¢. Initial raw water turbidity for cach sand source and filter
thickness of 23, 50, and 109 NTU.

d. Initial TSS for each initial wrbidity variation are 19, 51,
and 99 mg/l.

¢. The tested waler quality from each sand source, thick-
ness, initial turbidity, and TSS of raw water after the
filtration process is the final turbidity and TSS.

t.  Turbidity standard is based on the Indonesian Minister

of Health’s Decree No. 32 of 2017 where the maximum

turbidity is 25 NTU. while TSS is Indonesian Minister

of Environments's Decree No. 68 of 2016, which is a

maximum of 30 mg/l.

Observation and measurement times are from 0 to 600 s.

L]

Figures | and 2 indicate the equipments and methods
used in this research.

Resuits and discussion
Sieve analysis

Sieve analysis is conducted for the four sand sources, and
the results are shown in Fig. 3. It was discovered that the
ES and P60 values for Malimpung-Pinrang sand are (.23
and (.52, respectively, and the value of UC is 2.19. Based
on the SNI standard, ES and UC values of 0.2-0.4 and 2-3,
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Fig. 1 The simulation eguipment of the filtration process
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respectively, for Malimpung-Pinrang sand satisty the criteria
for use as filteration material. Similarly, for Bira-Bulukumba
sand. the ES and P60 values are 0.25 and 0.57. respectively,
with a UC value of 2.25, which satisfies the critena for use

@ Springer

as filtration material. However, the ES, P60. and UC val-
ues for Jenneberang-Gowa sand did not satisfy the criteria
for use as filtration material because the ES and P60 values
are .16 and 0.66, respectively, with a UC value of 4.17.
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Fig. 3 Sieve analysis resufts

Stmilarly, the values of ES and P60 for Tanralili-Maros sand
are 0.15 and 0.51, respeciively. with a2 UC value of 3.43, thus
indicating that the sand did not satisfy the criteria for use as
filteration matecial.

Specific gravity results

The specific gravity of Malimpung-Pinrang and Bira-
Bulukumba sands were 2.69 and 2.5 g/em’, respectively;
therefore, both types of sand satisfy the criteria for use as
filtration material. The specific gravity of Jenneberang-Gowa
and Maros sands are 2.43 and 2.53 g/em”, respectively. This
indicated that the two types of sand do not satisfy the criteria
Tor use as filtration material.

Results of 5i0, content

The chemical content of sand for Malimpung-Pinrang,
Bira-Bulukumba, Jenneberang-Gowa, and Tanralili-Maros
sands was 97.07, 58.10, 57.53. and 10.02%. respectively.
This clarified that only Malimpung-Pinrang sand meets the
criteria for use as filtration material. A complete analysis of
the results obtained by testing the physical parameters of
each type of sand is shown in Table 1.

Effectiveness of the effect of filter thickness
on decrease in turbidity

The results of the analysis of the effect of filter thickness
on the decrease in turbidity of each type of sand source are

Table 1 The results of testing

. Reference value
the physical parameters of cach

Sand sources

Result of measurement

sand Parameters Value ES tmm) uc Specific grav-  Si0- (%)
ity (g/fem’
ES (mm) 0.2-04 Malimpung-Pinrang 0.23 2.19 2.59 97.07
uC -3 Bira-Bulukumba 0.25 225 255 58.1
Specific grav-  2.55-2.65 Tanralili-Maros 0.15 143 57.53
ity (glem*)
510, (%) >490 Jeaneberang-Gowa 0.16 4,17 243 10.02
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shown in Fig, 4. The figure highlights that the thickness of
the filter affects the decrease in turbidity, thus indicating
that thicker the flter, more significant is the reduction in
turbidity. Meanwhile, it was also indicated that Malim-
pung-Pinrang sand is the most cffective in reducing turbid-
ity for each value ot initial turbidity and filter thickness,
For example. Malimpung-Pinrang sand reduced the initial
turbidity from 25 to 9 NTU or with an efficiency of 64%
for a filter thickness of 10 cm. Similarly, Bira-Bulukumba
and Tanralili-Maros sands reduced from 25 to 20 NTU or
with an efficiency of 20%. while Jenneberang-Gowa sands
were reduced to 21 NTU or with an efficiency of 16%.
When the initial turbidity was 25 N'PU with a filter thick-
ness of 20 cm, Malimpung-Pinrang sand reduced turbidity
from 25 to 8 NTU or with an efliciency ol 68%. Bira-Bulu-
kumba, Tanralili-Maros, and Jenneberang-Gowa reduced
turbidity from 25 to 17 NTU or with an efficiency of 32%.
Furthermore, for a filter thickness of 30 ¢m, Malimpung-
Pinrang sand reduced turbidity from 25 to 7 NTU or with
an efficiency of 72%. and Bira-Bulukumba. Tanralili-
Maros, and Jenneberang-Gowa reduced turbidity from 25
to 16 NTU or with an efficiency of 36%. At initial turbidity
of 55 and 109 NTU for each filter thickness of 10, 20, and
30 ¢m, it was discovered that the Malimpung-Pinrang sand
is the most effective in reducing warbidity levels compared
10 the other three types.

Effectiveness of the effect of filter thickness
on the decrease in total suspended solid (TSS)

As shown in Fig. 5, the thickness of the filter influcnces
the decrease in TSS. Therefore, the thicker the filter, more
significant the reduction in TSS. The tigure also indicates
that the Malimpung-Pinrang sand is the most effective
in reducing TSS for each type of initial turbidity and 41-
ter thickness. For example, for an initial TSS of 99 mg/i
with a filter thickness of 10 cm, Malimpung-Pinrang sand
reduced TSS from 99 to 51 mg/l or with an efficiency of
48.5%, Bira-Bulukumba sand reduced [rom 99 1o 55 mg/l
or with an efficiency of 44.4%, Jenneberang-Gowa and
Tanralili-Maros sands reduced from 99 mg/1 0 72 mgA or
with an efficiency of 27.3%. When initial TSS was 99 mg/1
with a filter thickness of 20 cm, Malimpung-Pinrang sand
reduced TSS from 99 1o 50 mg/l or with an efficiency of
49.3%, Bira-Bulukumba sand reduced to 54 mg/l or 45.5%
efficiency, Jenneberung-Gowa and Taoralili-Maros sands
reduced from 99 to 64 mg/l or with an efficiency of 35.4%.
For an initial TSS of 99 mg/l with a filter thickness of
30 cm, Malimpung-Pinrang sand reduced TSS from 99 to
23 mg/l or with an efficiency of 76.8%, Bira-Bulukumba
sand reduced from 99 to 40 mg/l or 59.6% cfficiency,
Jenneberang-Gowa sand reduced from 99 1o 50 mg/l or
with the efficiency of 49.5% and Bira-Bulukumba sand
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Fig. 4 Effect of filter thickness on the decrease in turbidity of Malimpong-Pinrang Sand. Bira-Bulukmba Sand. Jenneberang-Gowa Sand and

Maros Sand
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Fig.5 Effect of filter thickness on ‘TSS reduction

reduced TSS from 99 mg/t te 64 mg/l or with an efliciency
of 35.4%. Similarly. initial TSS of 19 and 51 mg/l for each
filter thickness of 10. 20. and 30 cm showed that the Mal-
impung-Pinrang sand was the most effective in reducing
the TSS level.

Effect of time on decreasing turbidity and TS5

Based on the physical requirements to determine the effi-
ciency of turbidity and TSS reduction among the four types
of local sand, the most effective sand source that meets the
criteria for use as filtration material is Malimpung-Pinrang
sand. Figure 6 shows the rate of decline of the value of NTU
for Malimpung-Pinrang sand with time. The figure also indi-
catcs that the thicker the filter, the greater the percentage of
turbidity reduction at high, medium. and low turbidity. It
was also discovered that the longer the contact time. more
significant the decrease in turbidity. The low initial turbidity
(25 NTU) indicated no significant change in the reduction in
turbidity due to which the contact time for each variation of
filter thickness was a concern, On comparing medium and
high turbidity, a significant decrease in turbidity with time
was observed. Therefore. further study is recommended to
obtain the most effeclive filter thickness based on the initial
turbidity variation of raw water.

Effect of time on changes in discharges

Based on the source of sand selected as a filtration mate-
rial, the water discharge produced by the filier is deter-
mined, Figure 7 shows the elfect of time on changes in the
Malimpung-Pinrang sand discharge based on the variations
in filter thickness and initial turbidity. The figore indicates
that the thicker the Hlter, the smaller the water discharge
delivered; alternatively, the thinner the filter, greater the
resulting discharge. The filter with a thickness of 30 cm
shows that the long contact time does not significantly
reduce the discharge compared to 10 and 20 ¢m filters.
Moreover, a future investigation is recommended to obtain
the filter thickness and adequate contact time to produce
the ideal filter discharge according to the requirement.

Previous studies (Yolly et al. 2021; Pramod et al. 20 1k;
Michael et al. 2012: Ekha et ab. 2019; Syahrir et al. 2014)
have indicated that the efficiency of reducing turbidity was
higher compared (o the values obtained in this study. This
is due to the use of a filter combined with other materials
to increase the thickness and a longer observation time.
Therefore. when Malimpung-Pinrang sand is combined
with other materials and the observation time is longer.
the efficiency is also greater.
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Conclusion

Tn this study, we proposed a novel alternative to the filtera-
tion material by considering the local sand sources in South
Sulawesi. We considered four sand sources and implemented
sieve analysis to determine the most effective sand source
for use as filtration material. Results indicated that Malim-
pung-Pinrang sand was the most effective in removing physi-
cal poliutants bascd on turbidity and TSS among the four
local sand sources in South Sulawesi Province. [t satisfies
the physical requirements. namely ES of 0,23, UC of 2.19,
specific gravity of 2.69 gfem®, and Si0, of 97.07% with
the highest percentage of turbidity and TSS reduction. At
a contact time of 600 s with initial rurbidity of 25 NTU and
TSS of 19 mgfl for tilter thicknesses of 10, 20. and 30 ¢m.
the percentage decrease in turhidity was 64, 68, and 72%,
respectively, while TSS reduced by 79, 79, and 84%%, respec-
tively. When the initial turbidity was 53 NTU and TSS value
was 51 mg/l with a filter thickness of 10. 20, and 30 cm, the
percentage decrease in turbidity was 54.5, 61.8, and 63.4%,
while TSS reduced by 58.8, 64.7, and 70.6%, respectively.
Atinitial turbidity of 109 NTU and TSS of 99 mg/l with fit-
ter thicknesses of 10, 2}, and 30 cm, the percentage decrease
in turbidity was 39.4, 46.8. and 65.1%, while TSS reduced
by 48.5,49.5, and 76.8%. respectively.

We identificd that the fonger the contact time, the greater
the decrease in turbidity and TSS for each variation of filter
thickness, This is inversely proportional to the dischargc;
that is, a thicker filter produces a smaller discharge. Addi-
tionally, further investigation is recommended to obtain the
most effective filter thickness from Malimpueng-Pinrang
Sand based on variations in initial turbidity, filter thick-
ness. and effectiveness compared to filtration materials
that have been used in water treatment. The combination of
Malimpung-Pinrang sand with other materials and a longer
observation time may increase the effectiveness of reducing
physical pollutants based on turbidity and TSS.

Data availability statement The datasets generated during andfor ana-
lysed during the current study are available {rom the corresponding
author upon reasonable request.

Declarations

Conflict of interest The authors have no competing interests to declare
that are relevant to the content of this article.

References

Anastasios Z, loannis AK (2319) Recent advances in water and waste-
water treatment with emphasis in membrane treatment operations.
Water §1:45. hup-:/dodorg- G 3004 O TOOSS

Bakri B. Aral Y, Inakazu T, Koizomi A, Pallu S, Yoda H (20151 A
multi-step genetic algorithms mudel for ensuring cost-effective-
ness and adequate water pressure in a trunk/limb mains pipe sys-
tem. } Water Supply Res Technol AQUA 64(25:176-185

Charles PG (2009) Environmental microbiology, 2ad cdn. Academic
Press, London, pp 331338, hups Adoiore/TO T O/BYTR-0-12-
AR R-R.0002541

Ekha Y. Ayu UT. Kristiati EA. Nandari WW (2019) Rapid lava sand
filtration for decentralized produced water treatment system in ol
oil well wonocoln. J Civ Eng Forum 5(2):113-121

Hering )G, Maag S, Schnoor JL (2046} A call for synthesis of water
rescarch to achieve the sustainable developient goats by 2030.
Environ Sci Technol 50:6122-6123

Keucken A, Heinicke G. Persson KM, Kihler $J {2017) Combined
coagulation and uitrafilltration process to counteract increasing
NOM in brown surtace water. Water 9:697

Manning J (2003) Water suppliesiwater treatment. 1In: Encyelopedia of
food sciences and nutrition. 20d edn. Academic Press, London.,
pp EIOS-61 11 teips Adonorsd 180 TOTAMRO-1 2-227055-X:01 277-3

Mark RW. Charles RO, Jared LC (1987) Optimal water treatment plant
design. J Environ Eng. Lipscadol orgs L0 10615 ASCEO7 3.
GATIHORT)T I W AT

Mekonnen MM. Hockstra AY (2016) Sustainability: four billion people
facing severe water scarcity. Sci Adv 2:e1500323

Michael JA. Weber-Shirk ML, Cordero AN, Coffey SL (2012 Stacked
filters: novel approach to rapid sand filtration. J Environ Eng
138(10):999-1008

Pramod BN. Mahesh R, Pooja §, Sanganiesh S, Rachotimaih US (2018)
Reduction of contamination from waler using slow sand filter. Int
Res J Eng Technot (IRJIET) 05(035):79-81

Syahrir §, Selintung M, Pallu 8, Thaha AD (2014) Effectiveness of
malimpung quariz sand as single medium on water filtration. J
Eng Appl Sci 9(10-12%400-404

Yolly A, Pallu 8, Selintung M. Bakri B (2021) Raw water treatment
model with combined system of downflow—up flow filter, Tnt
J Eng Trends Techaol 69(33:237-242. laps:/ doiorg 10 14-H3
22HAANEAT -V enIs 22

Zainura ZN. Noor SMS (2018 Sustainabic water reatment: innovative
technologies. 1 Arch Johnsen Matthey Technol Rev 62(4):-403.
hpscfdomorgd KL TRYS 20365 LA RN TS 3T 3435069017

Zeki B (2009) Filtration. Food process engineering and technology.
Academic Press, London, pp 195-216. hrps:/idoiog/ 10 1056/
BY78-03-12-373060-1 0000K-9

Publisher's Note Springer Nature remains ocutral with regard to
jurisdictional claims in published maps and institutional affiliztions.

Springer Nature or its icensor {¢.2. 4 society ot uther partner) holds
exclusive rights 1o this article under a publishing agreement with the
author(s  or other rightsholder(s); author setf-archiving of the accepted
manuscript version of this article is solely governed by the werms of
such publishing agreement and applicable law.

@ Springer




