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Integrated Water Treatment System for Peat Water
Treatment

Khayan Khayan,* Adi Heru Sutomo, Ashari Rasyid, Widyana Lakshmi Puspita,
Didik Hariyadi, Taufik Anwar, Slamet Wardoyo, Raja Sahknan, and Alkausyari Aziz

The supply of clean water is a major problem in both developed and
developing countries. The abundant amount of peat water can be a potential
source of clean water in areas with peatlands. Peat water treatment can be
conducted effectively and efficiently by integrating various existing methods,
such as aeration, sedimentation, and filtration using shell sand and activated
carbon. The results show that the parameters of color, turbidity, Ferrum (Fe),
microbiological parameters, and pH of peat water can be conditioned
according to clean water standards. The average peat watercolor parameter
before processing is 866.7 PtCo, 10.96 NTU turbidity, 2.48 mg L–1 Fe, Fe,
4.30 pH, and coliform (microbial) peat water at 1068 CFU and after passing
the color combination treatment to 28.83 PtCo, turbidity 2.19 NTU, Fe
0.22 mg L–1, and coliform 20 CFU and pH 6.83. Integrated peat water
treatment is the most effective at the filtration and adsorption stages.
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1. Introduction

Peat water is a potential water source that
meets cleanwater requirements. In Indone-
sia, peat water is abundant, because of the
extent of the peatland area. Indonesia has
the largest area of peat in the tropical zone,
estimated at 21 Mha, representing 70% of
the peat area in Southeast Asia and 36%
of the world’s tropical peatlands.[1,2] These
peatlands are concentrated in three large is-
lands: Sumatra (35%), Kalimantan (32%),
and Papua (30%). They spread from the
lowlands to the highlands.[2,3] The quantity
of peat water is abundant, but has inferior
physical, chemical, and biological qualities.
Peat water has a characteristic high color
that is caused by humic substances,

namely organic molecules that occur naturally through the
breakdown of animal and vegetable matter. Humic and fulvic
acids that dissolve in water are highly complex with unclear
compositions.[4] Peat water has a low pH and high iron (Fe) Fer-
rum content,[5,6] and is surface water that is susceptible to bio-
logical contamination, which increases the range of pathogenic
microbes.[7]

The complexity of peat water pollutants requires integrated
peat water treatment using several methods. Several peat water
treatment studies have been conducted to remove humic sub-
stances and organic matter using activated carbon.[4,8] The acidic
nature of peat water results in a high level of solubility of met-
als, such as Fe, that can be treated with oxygen in the peat wa-
ter. Studies that have been conducted in Fe processing include
aeration and filtration,[9] the combination of chlorination and
filtration,[10] and a combination of potassium permanganate and
filtration.[10–12] Each method has its own advantages and disad-
vantages.Water treatment using aeration has the advantage of be-
ing amore efficient and straightforward process.Water treatment
using filters has been studied in previous research to reduce the
color, Fe, Mn, and microbiology with filter materials such as sil-
ica sand, activated carbon, and manganese zeolites. Filters using
silica sand effectively reduce turbidity and bacteria in the water
formed from the biofilm layer.[13–15]

Several water treatment methods for peat water treatment
that have been conducted need to be refined with processing,
selecting media, and filtering tools that are readily available for
rural communities. In optimizing water treatment results by
integrating several water treatment methods, integrated water
treatment methods are selected based on the availability of
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Table 1. Classification and concentration of pollutants in peat water.

Classification Concentration

Color 866.17 PtCo

Turbidity 10.96 NTU

pH 2.48

Ferro (Fe) 4.30 mg L–1

Total coliform 1068 CFU

materials in the local area, low cost, ease of manufacture, and
results that meet health requirements.[16–19] Several methods
of peat water treatment include aeration, sedimentation, fil-
tration using mollusk sand media, and activated carbon.[20–22]

The integration of peat water treatment is expected to reduce
the parameters of turbidity, color, Fe content, and microbes,
and increase the pH to meet the health requirements of clean
water.
The filter material consisted of mollusk sand and activated car-

bon from the coconut shell. Mollusk sand is abundant in coastal
areas, especially along the north coast of West Kalimantan, and
has advantages over quartz sand in peat water treatment.Mollusk
sand contains CaCO3, which serves to increase the pH and thus
reduces the solubility of metals such as Fe in peat water.[23,24] In
addition to increasing pH, mollusk sand can form biofilms that
act as bacterial plaques and are useful as decomposers of organic
material in water.[13]

The use of activated coconut shell charcoal further optimized
the filtering and absorption processes compared to wood or
other activated carbons. The filtration and absorption process
with activated carbon filters and absorbs Fe and other pollutants

soluble in peat water.[25,26] Filter function and absorption can oc-
cur because coconut shell-activated carbon exhibits micropores
and mesopores.[24,25] In addition, activated carbon is an adsor-
bent in which the carbon atom structure is disordered, consist-
ing mostly of free carbon, and has an inner surface, so it has a
good absorption ability.[24–26] This study aimed to conduct a sim-
ple research on peat water treatment by developing an existing
integrated method to optimize the reduction of turbidity, color,
microbes, and Fe content and increase the pH of peat water to
meet health requirements.

2. Experimental Section

2.1. Characteristics of Peat Water

Peat swamp water uses peat water from the Kubu Raya Re-
gency, West Kalimantan. In Borneo Island, peat water has
the following water quality: temperature range (26.85–32.90°C),
pH (3.03–3.84), dissolved oxygen (DO; 1.99–8.05 mg L–1),
conductivity (42.07–98.72 μS cm–-1), total suspended solids
(TSS; 1–54 mg L–1), turbidity (0.39–9.80 NTU), biological oxy-
gen demand (BOD; 0.5–9.8 mg L–1), chemical oxygen de-
mand (COD; 0–17 mg L–1) and ammonia nitrogen (0.2–
0.42 mg L–1).[27] The peat water was analyzed in the morn-
ing and evening. Table 1 presents the characteristics of peat
water.

2.2. Research Design

Experimental studies with pre- and postcontrol designs were
used. This study investigated the effectiveness of an integrated

Figure 1. Integrated peat water treatment process flow.
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Figure 2. The influence of water treatment type on color removal in peat water.

water treatment system for peat water treatment. Peat water treat-
ment techniques integrate aeration, sedimentation, and filtra-
tion methods using activated carbon media and mollusk sand to
remove turbidity, color, Fe, total coliform, and increase the pH of
peat water.[4,8–11,25,26]

2.3. Objects and Flow of Research

This research uses appropriate technology by integrating several
existing water treatment techniques with modifications, such as
using spray and cascade aerators,[12] sedimentation,[13] mollusk
sand filtration,[14] and absorption by activated carbon.[5,6,8] Peat
swamp water uses river water from the Naim Kubu Raya River,
West Kalimantan. The slope levels of the cascade aerator were
30°, 45°, and 60°, respectively. The parameters measured were

turbidity, color, total coliform, Fe, and pH of the peat swamp wa-
ter. Figure 1 illustrates the processing flow.

2.4. Materials

The aerator spray used a 3/4-inch PVCpipewith a length of 30 cm
and a 1mm hole, with a hole distance of 3 cm each. The pressure
pushes the airflow to 21 m. Each aerator cascade is a ladder aer-
ator made of a 2 m ironwood board, and is given a ladder with a
distance of 25 cm each, installed with a slope of 30°, 45°, and
60°.[30,31] The sedimentation tank was made of a 200 L plastic
drum. The remaining water in the tube was removed after aer-
ation for 30 min. Filtration and absorption tube materials were a
200 L plastic drum filled with gravel to a height of 15 cm. There-
after, mollusk sandwas added to a thickness of 35 cm. The follow-
ing processing stage used an adsorption technique with activated
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carbonmade from coconut shells with a thickness of 25 cm. This
activated carbon material was placed on a 200 L plastic drum on
a sand shell.[34]

2.5. Research Flow and Sampling Techniques

Peat water samples were obtained from the Naim River, Kubu
Raya, West Kalimantan. The integrated treatment system for
peat water used aeration, sedimentation, filtration, and adsorp-
tion. Measurement of sample quality included turbidity, color,
Fe, coliform, and pH. The research was conducted from Febru-
ary to October 2019. The pH, turbidity, and color of peat wa-
ter samples were examined in the Pontianak Health Polytech-
nic Laboratory of Health. Meanwhile, the examination of Fe
and total coliform was conducted at the Laboratory of Mi-
crobiology, Physics, and Chemistry, Tanjungpura University,
Pontianak.

2.6. Data Analysis

ANOVA was used to analyze the differences between the inter-
vention groups, which included pretreatment (control), spray
aeration and cascade aeration, sedimentation, filtration, and ad-
sorption. The t-test was used to determine the average treatment
difference between the two treatments, namely, differences in
turbidity, color, pH, Fe, and peat swamp water total coliform
before and after processing.

3. Results and Discussion

3.1. The Influence of Water Treatment on Color Removal in Peat
Water

Color removal in the performance evaluation of peat wa-
ter treatment using the integrated water treatment system is
illustrated in Figure 2. The color for the different stages, aer-
ation and sedimentation, decreased on average, and subse-
quent processing using filtration and absorption resulted in
a further decrease. Color is difficult to remove using aera-
tion and sedimentation because the color is formed from col-
loidal and complex humic substances.[4,8] The color in the
aeration and sedimentation stages decreased in the range of
888.17 to 805.75 PtCo and 778.92 PtCo. However, at the fil-
tration stage, it significantly is reduced to 28.83 NTU with a
statistical value of p ≤ 0.001, as shown in Table 2. The color
in peat water can be absorbed by activated carbon and fil-
tered by mollusk sand. Mollusk sand has the ability to ab-
sorb humic substances because, besides being a filter medium,
mollusk sand contains CaCO3, which can increase the pH of
peat water. Humic substances are macromolecular compounds
with complex structures, especially the ─COOH, ─OH phe-
nol, OH alcoholic, ethanol, and ─C═O groups will be eas-
ily absorbed by activated carbon that has the main struc-
ture H─AC.[23,24] Integrated water treatment systems for peat
water can reduce color to meet the requirements for clean
water.

Table 2. The effectiveness of an integrated water treatment system for peat
water treatment.

Descriptive statistics P
a)

Parameter Treatment Mean Std. Deviation n

Color Pretreatment 866.17 71.87468 12 ≤0.001*

Aeration 805.75 66.27920 12

Sedimentation 778.92 39.86217 12

Filtration 28.83 13.23105 12

Turbidity Pretreatment 10.96 6.04536 12 ≤0.001*

Aeration 10.74 5.97844 12

Sedimentation 9.32 4.44317 12

Filtration 2.19 1.82315 12

Fe Pretreatment 2.48 0.54385 12 ≤0.001*

Aeration 2.34 0.56313 12

Sedimentation 2.33 0.56838 12

Filtration 0.22 0.25667 12

pH Pretreatment 4.30 0.15853 12 ≤0.001*

Aeration 4.94 0.30319 12

Sedimentation 5.05 0.34208 12

Filtration 6.83 0.18647 12

Coliform Pretreatment 1068.0 160.92008 12 ≤0.001*

Aeration 969.75 172.80263 12

Sedimentation 914.17 162.05826 12

Filtration 20.0 16.15831 12

a)
ANOVA; ∗Significant ≤0.05.

3.2. The Influence of Water Treatment on Turbidity Removal in
Peat Water

Turbidity parameters were used as indicators of water treatment
performance for peat water in combination with aeration, sedi-
mentation, filtration, and absorption, and are shown in Figure 3.
Turbidity decreased significantly during the filtration stage us-
ing mollusk sand and activated carbon. The turbidity decreased
from the aeration stage with an intensity of 10.74 NTU, over the
sedimentation stage with 9.32 to 2.91 NTU at the filtration stage
significantly. Statistically, there is a significant difference in the
integrated treatment method to reduce the intensity of turbidity
(p ≤ 0.001), as shown in Table 2. The aeration and sedimentation
units did not significantly reduce turbidity. Filter media like mol-
lusk sand and activated carbon can filter colloidal material when
suspended in peat water.[4,8]

3.3. The Influence of Water Treatment on Iron (Fe) Removal in
Peat Water

The Fe content of peat water before treatment was 2.48 mg L–1.
After treatment with spray aeration, cascading, and sedimenta-
tion, the Fe content in peat water decreased significantly (Table 2
and Figure 4). The level was 2.34mg L–1 at the aeration stage, and
after sedimentation, it was 2.33mg L–1. However, this level is still
too high and is not suitable for use as a clean water source. In the
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Figure 3. The influence of water treatment type on turbidity removal in peat water.

advanced stage of filtration treatment using mollusk sand and
activated carbon, the peat water Fe content reached 0.22 mg L–1.
These results meet the health requirements and are suitable for
use as clean water sources. The WHO stipulates that the maxi-
mum need for clean water is 1.0 mg L–1 and for drinking water,
it is 0.3 mg L–1.[35]

The application of slope variation in aeration, namely, 30°,
45°, and 60°, as used in the cascade aerator installation,
Figure 7, shows that the proportion of Fe decrease is not sig-
nificantly different between treatments. There was no statisti-

cally significant difference between the variations in the aera-
tor slope cascade and Fe reduction. Aeration techniques in the
form of spraying and cascade function contribute to the conver-
sion of FeO2 ions into FeO3. With the change from ferro (FeO2)
to ferry (FeO3), at the sedimentation stage the oxidized Fe ions
will precipitate.[25,36] However, the levels are still high, so fur-
ther processing is needed by filtration techniques with shell sand
and absorption of activated carbon from coconut shells. Through
this technique, the level of processed water decreases and meets
health standards.[24,25]
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Figure 4. The influence of water treatment type on iron (Fe) removal in peat water.

The filtering process’s capability with activated carbon serves
to filter and absorb organic substances and Fe ions soluble in
peat water. Activated carbon has a relatively large microvolume
and mesoporous volume; therefore, it has a sizable surface
area. Activated carbon has an amorphous structure, consisting
mostly of free carbon, and has an inner surface, so it has good
absorption ability.[24–26]

3.4. The Influence of Water Treatment on Total Coliform Removal
in Peat Water

Figure 5 shows that the microbiological parameters used
as indicators showed high values before the treatment

steps (control) compared with aeration and sedimenta-
tion treatment. The total coliform content for control was
1068.0 colonies/100 mL and at the aeration stage, the
number of bacteria decreased to 969.75 colonies/100 mL.
A further significant decrease occurred after the filtra-
tion process with 20.0 colonies/100 mL (p > 0.001) (Ta-
ble 2) and thus met the health requirements.[8,15,35] The
total requirement for clean water for the coliform allowed
in clean water is 50, the most probable number (MPN).
Activated carbon is also useful as adsorption material
and absorption of metal or microbial particles soluble in
peat water.[17,18,37] Through the combination of aeration
and filtration, the treated peat swamp water met health
needs.
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Figure 5. The influence of water treatment type on total coliform removal in peat water.

3.5. The Influence of Water Treatment on pH Upgrade in Peat
Water

Figure 6 shows that at the processing stage of aeration and sedi-
mentation, the average pH has increased from 4.30 to 4.94. The
pH value increased to 6.83 after treatment withmollusk sand and
activated carbon. An integrated water treatment system includ-
ing aeration, sedimentation, and filtration processes with mol-
lusk sand and coconut shell activated carbon can increase peat
water pH to a pH of <5. Mollusk sand contains CaCO3, which
results in an increase in the pH and thus reduces the solubility
of metals as, for example, Fe in peat water. OH ions will be more
prominent under alkaline conditions so that themetal cations are
bound, and the pH of the treated peat water will increase.[23,24]

Use of mollusk sand and activated carbon during the filtration
stage increases the pH while also filtering or reducing turbidity
in peat water. Optimal results are needed so that peat water can
be used as a source of clean water.

4. Concluding Remarks

Peat water before treatment had an average color of 866.7 PtCo,
with a turbidity of 10.96 NTU. It also had a high content of Fe
(2.48 mg L–1) and coliform (1068 MPN) and a low pH of 4.3, thus
not suitable as a clean water source. After conducting an inte-
grated water treatment system for peat water, including aeration
and sedimentation stages, the levels decreased to 778.92 PtCo
for color parameters, turbidity of 9.32 NTU, 2.32 mg L–1 Fe, and
914.17 MPN for coliform, but still did not meet health standards.
Advanced processing using mollusk sand and activated carbon
showed a decrease in color and other parameters, namely, color of
28.83 PtCo, turbidity of 2.19 NTU, 0.22 mg L–1 Fe, total coliform
of 20MPN, and pH 6.83. Themost effective integrated treatment
systems for peat swamp water are at the last treatment stage, fil-
tration and adsorption. A combination of aeration cascading, sed-
imentation, and filtrationwith sand that contains CaCO3 and acti-
vated carbon from biomass can be used for peat water treatment.
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Figure 6. The influence of water treatment type on pH upgrade in peat water.

Figure 7. Slope level of cascade aerator on Fe content in peat water.
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These combined techniques will help providing clean water that
also will meet health standards.
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[9] E. Podgórni, M. Rząsa, Pol. J. Environ. Stud. 2014, 23, 2157.
[10] J. M. Wong, J. Am. Water Works Assoc. 1984, https://doi.org/10.1002/

j.1551-8833.1984.tb05265.x.
[11] D. Barloková, J. Ilavský, Pol. J. Environ. Stud. 2010, 19, 1117.

[12] V. A. Pacini, A. M. Ingallinella, G. Sanguinetti, Water Res. 2005, 39,
4463.

[13] A. Bomo, T. K. Stevik, I. Hovi, J. F. Hanssen,WasteManage 2005,May,
1041.

[14] G. B. Gholikandi, E. Dehghanifard, M. N. Sepehr, A. Torabian, S.
Moalej, A. Dehnavi, A. R. Yari, A. R. Asgari, Iran. J. Public Health 2012,
41, 87.

[15] A. J. Jaeel, S. Abdulkathum, in 2018 International Conference on
Advance of Sustainable Engineering and its Application (ICASEA)
2018.

[16] D. Darmoul, L. Baricault, C. Sapin, I. Chantret, G. Trugnan, M. Rous-
set, Experientia 1991, 47, 1211.

[17] L. L. Nwidu, B. Oveh, T. Okoriye, N. A. Vaikosen, Afr. J. Biotechnol.
2008, 7, 2993.

[18] W. Pons, I. Young, J. Truong, A. Jones-bitton, S. Mcewen, PLoS One
2015, https://doi.org/10.1371/journal.pone.0141646.

[19] A. Komarulzaman, J. Smits, E. De Jong, Global Public Health 2017,
12, 1141.

[20] J. L. Brooks, C. A. Rock, R. A. Struchtemeyer, J. Environ. Qual. 1984,
13, 524.

[21] M. Bechtold, G. J. M. De Lannoy, R. D. Koster, R. H. Reichle, S. P.
Mahanama, J. Adv. Model. Earth Syst. 2019, 2130.

[22] R. Wheeler, A. Stone, Water Air Soil Pollut. 2019, https://doi.org/10.
1007/s11270-019-4272-0.

[23] M. Nurcholis, M. Wijaya, W. D. Ratminah, J. Degrad. Min. Lands Man-
age. 2018, 5, 1347.

[24] K. Khayan, A. H. Husodo, I. Astuti, S. Sudarmadji, T. S. Djohan, J.
Environ. Public Health 2019, 2019, 1760950.

[25] Rony, A. H. Hasim, Ecol. Environ. Conserv. 2018, 24, 22.
[26] A. Masduqi, ARPN J. Eng. Appl. Sci. 2016, 11, 8132.
[27] N. Rosli, S. Gandaseca, J. Ismail, M. I. Jailan, S. Campus, Am. J. Env-

iron. Sci. 2010, 6, 416.
[28] C. Oh, S. Ji, Y. Cheong, G. Yim, J. Hong, Environ. Technol. 2016, 37,

2483.
[29] I. Setiadi, I. P. A. Kristyawan, J. Air Indonesia 2015, 8.
[30] A. Azman, M. H. Zawawi, N. H. Hassan, A. Abas, N. A. Razak, A.

Z. A. Mazlan, M. M. R. Rozainy, in MATEC Web of Conferences, EDP
Sciences 2018, 217, 04005.

[31] C. S. Thakre, M. N. Hedaoo, in WEDC CONFERENCE, Dhaka,
Banglades Loughborough University 2000, 26, 248.

[32] A. Q. Cheung, D. Rouhani, E. J. Marti, inWorld Environmental andWa-
ter Resources Congress 2020: Hydraulics, Waterways, and Water Distri-
bution Systems Analysis, American Society of Civil Engineers, Reston,
VA 2020, 374.

[33] M. Pfister, W. H. Hager, J. Hydraul. Eng. 2010, 136, 360.
[34] M. J. Huter, J. Strube, Processes 2019, 7, 317.
[35] WHO, Guidelines for Drinking-Water Quality, 4th ed., WHO, Geneva,

Switzerland 2011, 38, 4.104.
[36] N. Li, T. Huang, X. Mao, H. Zhang, K. Li, G. Wen, X. Lv, L. Deng, Sci.

Total Environ. 2019, 685, 497.
[37] W. Qi, W. Li, J. Zhang, X. Wu, J. Zhang, W. Zhang, Front. Environ. Sci.

Eng. 2019, 13, 15.

Clean – Soil, Air, Water 2021, 2100404 © 2021 Wiley-VCH GmbH2100404 (9 of 9)

http://www.advancedsciencenews.com
http://www.clean-journal.com
https://doi.org/10.1186/s13021-017-0080-2
https://doi.org/10.1186/s13021-017-0080-2
https://doi.org/10.1016/j.colsurfa.2003.12.020
http://www.mires-and-peat.net/pages/volumes/map15/map1501.php
http://www.mires-and-peat.net/pages/volumes/map15/map1501.php
https://doi.org/10.1002/j.1551-8833.1984.tb05265.x
https://doi.org/10.1002/j.1551-8833.1984.tb05265.x
https://doi.org/10.1371/journal.pone.0141646
https://doi.org/10.1007/s11270-019-4272-0
https://doi.org/10.1007/s11270-019-4272-0

