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Urban domestic wastewater is characterized by high concentrations of
biochemical oxygen demand (BOD), chemical oxygen demand (COD), and
total suspended solids (TSS), which pose significant environmental risks. This
study aims to evaluate the effectiveness of constructed wetlands (CW) and
filtration methods as biological pre-treatments to reduce these pollutants.
Three reactors were employed: two types of CW using water bamboo
(Equisetum hyemale) and water jasmine (Enchinodorus palifolius) and a
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filtration unit without plants utilizing sand and gravel as media. This design
facilitated a comparative analysis under controlled laboratory conditions. The
filtration method demonstrated superior performance in reducing BOD, COD,
and TSS compared to the CW setups. Although all methods surpassed the

quality standards set by regional regulations, filtration showed a higher
removal efficiency, especially for TSS, which was effectively trapped in the filter
media. The study highlights the differential capabilities of plant-based systems
versus physical filtration in treating urban wastewater. While all tested
systems effectively reduced pollutant levels below the mandated standards,
the integration of filtration systems offers a more consistent and higher
efficiency, particularly for TSS removal. These results underscore the potential
of combining biological and physical treatment processes to enhance urban
wastewater management strategies.industrial and agricultural pollutants,
improving water quality sustainably and cost-effectively.
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1. Introduction

The increasing global population, the scarcity of
freshwater resources, and the proliferation of
domestic wastewater have emerged as pressing
global concerns in recent years [1-2]. An estimated
1.2 billion people worldwide lack access to potable
water, and nearly two-thirds of the global
population grapples with water scarcity annually
[3-4]. A substantial portion of the wastewater
generated by human activities has pollutant
characteristics such as biochemical oxygen
demand (BOD), chemical oxygen demand (COD),
total suspended solids (TSS), etc. This domestic
wastewater is generally untreated and discharged
directly into rivers, thus threatening water quality.
Therefore, it is essential to enhance the quality of
water, contaminants, and promote
wastewater recycling and reuse in both rural and
urban areas by 2030, as per Sustainable
Development Goals (SDGs) 6 [5-6]. Because of its
intricate nature, domestic wastewater remains a
compelling area for investigation. Under certain
circumstances, untreated wastewater from other
sources may be toxic and hazardous. In urban
areas, untreated wastewater is discharged directly
into water bodies, resulting in declining water
quality. Rivers and other water bodies are limited in
accommodating pollutant loads from various
sources, including industries, hospitals, and offices
[7-8].

Researchers have developed an extensive array of
domestic wastewater treatment technologies.
Recent studies have focused on decentralized
approaches, emphasizing the utilization of natural
treatment methods, such as constructed wetland
(CW) technology or aerobic and anaerobic
biological treatment systems [6, 9]. CWs have been
extensively applied to
treatment scenarios. CW technology is typically
incorporated in the third or final stage after
pretreatment and primary treatment in industrial

reduce

various wastewater

wastewater treatment with high effluent
characteristics. However, in rural or urban
wastewater treatment systems with land

constraints and simplified operation, CW s
sometimes employed as the primary treatment
method [10-12]. CWs represent one of the most
effective nature-based solutions for enhancing

wastewater  treatment  efficiency, offering

significant sustainability potential when designed
and operated appropriately. Moreover, this
technology is cost-effective, as it leverages the
natural environment, necessitating only diligent
care and knowledge [13].

CW has demonstrated high removal efficiency for
contaminants in both lab-scale and field settings.
CW systems have to consider the interrelationships
among water, energy, and the environment to
ensure sustainability and efficiency. The majority
of research on CW has focused on the design, flow
patterns, contaminant removal efficiency, and
underlying mechanisms. However, it is necessary to
expand the scope of CW applications and improve
their efficiency. This can be achieved by broadening
the design criteria and enhancing or modifying the
component efficiency [13-15]. CW technology
combined with filtration methods presents a
potential solution for addressing the challenges in
urban domestic treatment by
leveraging the advantages of integrating two
processes within a single unit. However, it is
important to consider the drawbacks of combining
these technologies into one operating unit, such as
increased energy consumption and higher
operational costs.

The primary objective of this research was to assess
the effectiveness of various operating modes of CW
and filtration technologies as biological pre-
treatment methods for reducing the pollutant load
in urban domestic wastewater. The study involved
three distinct modes of operation: CW1 (mode 1)
utilizing  water plants (Equisetum
hyemale), CW2 (mode 2) using water jasmine
plants (Enchinodorus palifolius), and employing
filtration (mode 3). The planting media utilized in
CW1and CW2 were the same as those used in mode
3, consisting of sand and coral. The primary
objective was to remove BOD, COD, and TSS from
the urban domestic wastewater. By contrasting the
outcomes of the different operation modes, this
study identified the most effective approach for
biological pre-treatment. Overall, all three
operation modes effectively reduced BOD, COD,
and TSS contaminants.

wastewater

bamboo
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2. Materials and methods
2.1. Schematic of the experimental

The implementation of a CW research device
system at the Engineering
Laboratory of Universitas PGRI Adi Buana Surabaya
has been documented. Figure 1 shows a schematic
of the CW system. Initially, wastewater was
pumped into a 200 L holding tank and then directed
to each CW reactor and filtration unit using a
continuous flow system with a flow rate of 10 L/day
for each reactor unit. For wastewater treatment,
three reactors made of 4 cm thick acrylic material
with identical dimensions (L x W x H = 60 cm x 30
cm x 35 cm) were utilized, providing a total
wastewater volume of 45,000 cm3. In CW1, water
bamboo (Equisetum hyemale) was used as the
planting medium, and CW2 incorporated water
jasmine (Enchinodorus palifolius).
employed a filtration system with sand (6 +0.08
cm) and coral (6 £2 cm) as the media, with each
layer having a thickness of 12 cm.

The laboratory-scale experimental reactors were
designed with the same influent and operated
under different conditions. Prior to entering the
main treatment section, which included CW and
filtration, the wastewater flowed through an
empty space (down-flow). Next, the water flowed
to the main treatment (CW and filtration) through
the pipe at the bottom towards the top (up-flow).
The separation of empty spaces from the main
treatment section was intended to prevent the
media from being transported along with the
treated water flow. To ensure the even distribution
of water within the reactor, small holes were

Environmental

Reactor 3

Influent |=

incorporated at the bottom, and broom fibers were
used to separate the sand and coral media to
prevent mixing. Valves were installed to maintain a
constant and controlled flow rate in each reactor.

2.2. Characteristics of domestic wastewater and
research setting

The domestic wastewater samples used in this
study were obtained from drainage channels
situated in the Dampa'an village, Cerme sub-
district, Gresik district, East Java. Figure 2
illustrates the sample point in this study. Generally,
the village residents discharge their domestic
wastewater into the drainage network without pre-
treatment. The initial characteristics of domestic
wastewater to be treated are summarized in Table
1. Cerme sub-district, Gresik district, East Java, and
the condition of domestic wastewater used as a
sampling site.

Samples were collected from domestic wastewater
at the primary drainage channel, where residents
typically dispose of wastewater. The domestic
wastewater was characterized as grey-black and
did not emit a strong odor. This could be attributed
to periodic rainfall during the research period,
which slightly diluted the wastewater with
rainwater. Measurements were taken in the field

using a portable device to determine the

temperature and pH of the wastewater before it
was transferred to the CW reactor. The results
showed that the average temperature of the
domestic wastewater in the drainage network
ranged from 28.6-29.0 °C, with an average pH of
6.4.

Effluent

Sand

Fig. 1. Schematic illustration of constructed wetland (CW) and filtration modes: (1) water bamboo (Equisetum
hyemale), (2) water jasmine (Enchinodorus palifolius), (3) filtration (sand and coral).
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Fig. 2. lllustration of Google Earth for Dampa'an village

Table 1. The initial characteristics of the domestic wastewater.

Parameter Quality standard [16] Value
BOD (mg/L) 30 193.71
COD (mgO2/L) 50 445.08
TSS (mg/L) 50 312.00
pH 6.0-9.0 6.6

Examination of raw domestic wastewater revealed
that it exceeded the established quality standards.
This finding illustrates the highly polluted nature of
the domestic wastewater in the sampled areaq,
posing a threat to the aquatic ecosystem and the
environment. High pollutant levels primarily stem
from the dense population in the region, which
discharges directly into the
environment. Furthermore, a substantial number
of residents engage in home-based industrial

wastewater

activities such as laundry services, food
establishments, motorcycles, and car washing
workshops. These businesses contribute to

increased domestic wastewater volume and
heightened pollutant parameters. The treatment
objectives for wastewater align with the guidelines
outlined in East Java Governor's Regulation No. 52
of 2014 [16]. Prior research conducted in the urban
village of Gebong Surabaya reported initial
concentrations of 186.24 mg/L for BOD, 352 mg/L
for COD, and 400 mg/L for TSS [2].

2.3. BOD, COD, and TSS procedures analysis

The analysis of BOD and COD pollutants followed
the guidelines set by Indonesia National Standard
SNI-6989.72.2009 [17], while the analysis of TSS
adhered to the standards outlined in SNI-
6989.3.2019 [18]. For BOD analysis, water samples

were stored for five days at 20°C, without light, and
sealed for BODs analysis. Two samples were taken:
one to determine the initial amount of oxygen (Oz2)
and the other to measure BOD at the end of the
study time. BOD:s is expressed in mg/L of oxygen
and helps assess the impact of effluents on the
environment. At the same time, COD testing
involves using strong oxidizing reagents such as
potassium dichromate (KMnOs4) to measure the
amount of material that can be oxidized. COD
values are expressed as the mass of oxygen
consumed per unit volume (mgO2/L). This test
helps determine the impact of effluents on the
environment and is essential for assessing water
quality. On the other hand, TSS analysis involves
passing a volume of sample through a membrane
filter and then drying the filter in an oven at 105°C
to determine the weight of suspended solids. TSS is
measured in mg/L and is a key parameter for
assessing wastewater quality.

2.4. Data analysis method

In the laboratory, wastewater samples from both
the influent and effluent were collected and
analyzed periodically to evaluate the performance
of CW and filtration in removing BOD, COD, and
TSS contaminants. This study was conducted over a
period of five days and showed the highest level of
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accuracy. The efficiency values for all the measured
parameters were calculated using Eq. 1[19-20]. The
obtained data were processed using Origin Pro 2024
software (Origin Lab Corporation, Northampton,
MA, USA).
Removal ratio (%)e =
Co-c L 100 M

Co
where ¢ is

the efficiency, Co is the initial

concentration, and C is the final concentration.
3. Results and discussion

3.1. The mechanism in the constructed wetland
(CW) and filtration system

A CW is a physical structure that resembles a canadl
and is characterized by its impermeability and the
presence of wetland plants. CW systems may or
may not contain filter media, thus providing an
appropriate environment for plant growth. Plants
in CW systems, such as macrophytes, facilitate the
transfer of ambient oxygen to the substrate,
promote the growth of microorganisms around
plant roots, and aid in the decomposition of
[21]. Numerous experiments have
demonstrated the effectiveness of CW in reducing
various contaminants, including BOD, COD, TSS,
total dissolved solids (TDS), total nitrogen (TN),
total phosphorus (TP), heavy metals, pesticides,
antibiotics, personal care products, and oils. The
primary mechanisms involved in pollutant removal
within  CW  systems biochemical
transformations, adsorption, precipitation,
volatilization, and uptake of pollutants by plants,
as depicted in Figure 3 [22]. These mechanisms
physical, chemical, and biological
processes, targeting specific contaminants in each
process while also considering various factors that
influence the overall efficiency [13].

The mechanisms within the CW process are

wastewater

include

involve

designed to improve the quality of water,
considering its  inherent  variability and
interconnected nature. CW  systems are

constructed to provide a sustainable means of
treating polluted water,
operation and costs.
technically feasible approach not only effectively
treats wastewater but also contributes to aesthetic
improvements enhancing the
wastewater removal efficiency.

requiring minimal
This cost-effective and

while overall

Wastewater treatment through filtration involves
two primary mechanisms: particle filtration and
membrane filtration. Particle filtration is aimed at
removing particles of various sizes from a liquid. For
this purpose, a range of filters have been used,
including sand, cartridges, corals, bags, and
membrane filters. These filters not only facilitate
particle but also create a favorable
environment for microorganisms that aid in the
decomposition of contaminants present in

removal

wastewater. As the wastewater containing
particles passes through the filter, they are
captured within the filter media, and the

microorganisms attached to the filter media break
down the wastewater as part of their survival
process. The selection of the filter media depends
on the initial condition of the wastewater entering
the treatment system and the desired level of
purification for reuse after the filtration process
[23-24].

3.2. Plant acclimatization

The process of plant acclimatization is undertaken
to facilitate the plants' adjustment to their new
environment. This process entails monitoring the
plants for several days until new shoots emerge in
the CW plants. The initial stage of acclimatization
involves gradually transitioning from watering the
plants with fresh water to using domestic
wastewater.

The appearance of new during the
acclimatization process indicates that the plants
successfully adapted to their
environment, indicating that the CW system is
ready for operation [12]. In this particular study,
water bamboo exhibited new shoot growth on the
ninth day, while water jasmine showed new shoot
growth on the seventh day, as depicted in Figure 4.

shoots

have new

3.3. Temperature and pH value in the reactor

Accurate monitoring of pH and temperature is
paramount in wastewater treatment processes.
This information is crucial for determining the
optimal level of bacterial activity, maximizing
biohydrogen production, and ensuring a highly
effective treatment process [25]. In this study,
daily measurements of the pH and temperature in
each reactor were conducted. Figure 5 depicts the
observed trends in the pH and temperature
throughout the study period.
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Fig. 3. The mechanism in the CW process to remove contaminants [22].

The pH and temperature of the wastewater were
directly measured in each reactor using a pH meter
and a portable multiparameter thermometer. To
obtain accurate measurements, the wastewater
was allowed to reach equilibrium in each reactor
for approximately two before the
measurement. Fluctuations in pH and temperature
occurred throughout the study, with a notable
decrease in pH and an increase in temperature on
the fourth day. This decrease in pH and increase in
temperature coincided with a decrease in BODs and
COD, indicating a direct correlation. The shifts in
pH and temperature might have been influenced
by factors such as

hours

alkalinity and reduced
biodegradation during the wastewater treatment
process. However, it is essential to note that the
treatment process could still achieve pollutant
removal efficiency, even at cold temperatures (<5
°C) [26]. The findings of this study revealed that
the average pH value of domestic wastewater in
CW1 and the filtration reactor was 6.34, whereas in
CW2, it was 6.32. Furthermore, the average
temperatures in CW1, CW2, and the filtration
were 29.02°C, 28.94°C, and 28.98°C,

respectively.

reactor

Compared to previous studies, there is a slight
difference in pH, with an average of 6.22 and a
temperature range of 30.2-30.4°C [20]. The slightly
lower temperature in this study might be attributed
to rainwater mixing during the domestic
wastewater sampling process, which could affect
pH due to the fermentation of organic matter and
the presence of turbidity. Nonetheless, the pH of
the domestic wastewater in this study conformed
to the regulations listed in Table 1. The optimal
temperature range for the growth of decomposing
microorganisms in wastewater is typically 30-35°C
[27]. When the pH approached acidity and the
temperature increased, it
wastewater  degradation  process,  thereby
enhancing pollutant removal efficiency [20].

accelerated the

3.4. BOD removal rate efficiency

CW treatment and filtration techniques are equally
effective in removing BOD from domestic
wastewater. The effectiveness of these methods
was evaluated through a five-day incubation
period to determine BODs concentrations, as shown
in Figure 6.
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Fig. 4. Growth of new shoots during the acclimatization process of (a) water bamboo and (b) water jasmine.
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Daily monitoring of influent and effluent
wastewater was conducted to assess the efficiency
variances different
approaches. The influent values for the urban
domestic wastewater treatment ranged from
143.78 mg/L to 193.71 mg//L. A recent study used a
new hybrid anaerobic/anoxic digester (HD) system
as a pretreatment for vertical subsurface CW (VF)
in domestic wastewater treatment. The average
BODs concentration for
wastewater (MW) was 101+ 66 mg L™, whereas that
for Fortified MW was 258 = 113 mg L™ [6]. After
examining the results of the urban domestic
wastewater treatment using combined CW and
filtration systems, it was evident that there was a
consistent decrease in BODs concentration in the
influent each day. Overall, the treatment system
demonstrated a reduction in BODs concentration.
The most significant average decrease for all
reactors (CW and filtration) occurred on the fourth
day of the treatment. The BODs efficiency values
varied, as depicted in Figure 6, particularly in CW2
and filtration. The highest BOD:s
concentrations were achieved in CW1 (62.15 mg/L),
CW2 (44.43 mg/L), and filtration (22.69 mg/L),
with an initial concentration of 165.34 mg/L. BOD:s
removal efficiency varied among the three
reactors. In general, all treatment reactors (CW
and filtration) showed remarkable results in
removing BODs contaminants. Notably, on the
fourth day, the filtration reactor exhibited higher
BOD removal than CW1 and CW2. The highest
efficiency values were observed for CW1 (63.01%),
CW2 (73.12%), and filtration (86.27%). The
superior efficiency of the CW reactor could be
attributed to the involvement of pollutant-
absorbing plants and the use of planting media
that also functioned as filter media. Conversely,
the filtration reactor relied solely on filter media for
pollutant removal. However, the results obtained
from the filtration reactor slightly outperformed
those of the CW reactor. The treated wastewater
might contain various pollutants, including small
and large particulates, as well as bacteria and
viruses, all of which contributed to the increase in
BOD.

In a CW reactor, the mechanism for eliminating
BOD:s involves both plant absorption and filtration
through growing media. Plants primarily absorb

between treatment

received municipal

removal

pollutants through their roots, transfer them to the
stems and branches, and ultimately
evapotranspired through the leaves. On the other
hand, the filtration system relies on filter media to
remove BODs. Media such as sand effectively filters
and traps small and large particles. Additionally,
coral media serve as a breeding ground for
microorganisms that decompose contaminants in
domestic wastewater. Variations in BODs values
are observed in the CW in domestic wastewater
treatment systems, depending on the presence or
absence of recirculation. BODs removal without
recirculation can reach 90%, which increases to
96% after implementing 50% and 100%
recirculation. However, the two methods had no
statistically significant difference [28]. Another
study found that the application of a CW using
natural soil (Oxisol) mixed with sand media and
planted with rice plants (Oryza sativa L), as well as
a control CW without plants, achieved BOD
removal rates ranging from 97% to 99% [29].In a
pilot-scale CW system with a hydraulic loading rate
of 0.8 m3*/m?/day, BOD removal was only 76.16%
[30]. In a different study, the efficiency of BOD5
removal in slaughterhouse wastewater was 87.37%
after treatment with an anaerobic baffled reactor
(ABR) treatment system [31].

3.5. COD removal rate efficiency

The CW system demonstrated efficacy in removing
COoD
wastewater. In some instances, various forms of
domestic wastewater treatment are employed to
produce
applications, offering advantages such as reduced
expenses for clean water and other purposes [2].
The data indicated a decrease in influent values
from the first to the fifth day of observation.
However,
fluctuations, especially in CW2 and the filtration
treatment, as shown in Figure 7. Upon careful
analysis, the results obtained from the CW were
more noteworthy than those from the filtration
reactor. Nevertheless, if considering the highest
removal efficiency, the filtration method proved to
be more effective in removing COD than CW1 and
CW2, especially during the treatment conducted on
day four.

The average concentration of COD during the
observation period was 342.57 mgQO:/L, with the

contaminants from urban domestic

clean water for reuse in various

the effluent values exhibited more
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highest recorded at 445.08 mgO:2/L and the lowest
at 306.97 mgO:/L. The elevated COD levels in
wastewater can be attributed to the presence of
substances that resist oxidation by the reagent
used, necessitating the use of KMnO. for oxidation.
The highest maximum efficiency value across all
reactors was achieved on the fourth day of the
study. The reactors demonstrated significant COD
reduction rates, resulting in high efficiency.
Specifically, the CW1 reactor successfully removed
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up to 114.98 mg/L of COD or 66.65%, CW2 removed
up to 93.90 mgO:/L or 70.32%, and the filtration
system effectively removed 48.05 mgO:/L of COD
or 84.81% from an initial concentration of 316.40
mgO:/L.

The collaboration of plants, planting media, and
microorganisms within the CW system facilitates
COD removal from wastewater. These components
work together to eliminate COD from wastewater.
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Fig. 7. COD removal rate: (a) CW1, (b) CW2, (c) filtration, and (d) removal efficiency for all process.

Organic substances in wastewater serve as
nutrients for plants and support their
photosynthetic processes. Moreover,

microorganisms attached to sand and coral media
play a reducing COD
concentrations. The duration of contact between

significant role in
wastewater,
affects the effectiveness of the COD reduction. A
study reported that a CW achieved a 57.34%

reduction in COD in domestic wastewater [30].

plants, and planting media also

However, other studies have shown better results,
with an average COD reduction of 80.63% [32].
Horizontal subsurface flow CW systems have
demonstrated favorable outcomes for various
physicochemical and

biological parameters,

including COD,
[33].
slaughterhouse wastewater with an ABR system

different
The treatment of chicken

across types of

wastewater

can reach a peak COD removal of 92.69% after
being processed for 30 hours [31].

3.6. TSS removal rate efficiency

The trends observed in BOD and COD removadl
differed from the increase in TSS values observed
during the early stages of the study, followed by a
decrease towards the end. The high influent TSS
value observed throughout the study indicated the
presence of abundant organic and inorganic
materials in domestic wastewater. These materials
typically consist of particles larger than 2 pm in
size, including substances,

inorganic algae,
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bacteria, sediment sand, plankton, leaves, grass,
and other organic and inorganic substances. Prior
to treatment, TSS levels in wastewater usually
range from 155 to 330 mg/L, which subsequently
decrease following primary and secondary
treatment processes [34-35]. The concentration of
suspended solids in effluent is influenced by various
factors, including plant roots, root decay, dust
deposition from the air, and moss growth. These
factors contribute to the overall mass of suspended
substances and can increase TSS values. In this
study, the average influent TSS concentration was
667.80 mg/L, which continued to increase to over
800 mg/L. The influent TSS value in this study fell
within the medium category, with a value of
approximately 700 mg/L, as shown in Figure 8.

The performance of the CW and filtration systems
in removing TSS was exceptional, as shown in Figure
8. Despite the high initial influent values across all
reactors, the effluent values remained relatively
high, on average. All systems' TSS removal rates
exceeded 90%, with CW1 achieving 92.90 mg/L,
CW2 reaching 99.70 mg/L, and filtration achieving
90.80 mg/L. The highest removal values were
observed on the fourth day of treatment, at 79.5
mg/L in CW1, 108 mg/L in CW2, and 70 mg/L in the
filtration reactor, with an initial influent value of
784 mg/L. Notably, there were no significant
differences in efficiency values among the three
reactors. The highest efficiencies attained by CW1,
CW2, and filtration were (89.86%), (86.22%), and
(91.07%), respectively. The reduction in TSS occurs
through precipitation, aided by the planting media
that acts as a filtration medium, effectively
trapping both large and small solids within the
media [2].

In the context of wastewater treatment using a
novel combined hybrid digester in conjunction with
a CW system, the efficiency of TSS was 98%, with
an average influent concentration of 32 + 17 mg TSS
L™ [6]. Winter and Goetz [36] noted that it is
crucial to maintain the effluent concentration for
TSS below 100 mg TSS L™ in order to prevent bed
clogging. In this study, it is worth noting that the
TSS effluent values remained below the threshold

from the third day of operation, as mentioned
earlier, aligning with the recommendations put
forth by Winter and Goetz [36].

Nonetheless, it is essential to acknowledge that
these results did not achieve the quality standards
outlined in East Java Governor's Regulation No. 52
of 2014. Although the treatment process involving
CW and filtration yielded noteworthy removal
results for all domestic wastewater pollutant
parameters, full compliance with the standard set
forth by the East Java Governor's Regulation No. 52
of 2014 was not attained [16].
understood by considering that in this study, CW

This can be

and filtration were utilized exclusively as pre-
treatment stages for domestic wastewater prior to
subsequent treatment processes.

5. Conclusions

Pretreatment of urban domestic wastewater using
CW and filtration demonstrated
remarkable efficiency in removing BOD, COD, and
TSS. The highest average efficiency for these three
parameters was observed on the
fourth day of treatment. When the wastewater pH
approached acidity, and the temperature rose, it
enhanced the efficiency of removing domestic
wastewater pollutants. The inclusion of plants and
growing media as filtration components
significantly contributed to the removal of BODs,
COD, and TSS. Among the measured parameters,
TSS exhibited the most pronounced reduction
compared to BODs and COD. Overall, the filtration
system yielded slightly better results than the CW
reactor in the treatment of urban domestic
wastewater. This could be attributed to the
pollutant absorption mechanism in the filtration
media, which effectively filtered small and large
particles and other contaminants trapped within
the media, a task that plants cannot accomplish
alone. Despite the rates
obtained, the treatment results in this research did
not meet the quality standards outlined in the East
Java Governor's Regulation No. 52 of 2014.
Nonetheless, these findings provide valuable
insights into applying CW and filtration systems for
the biological pretreatment of urban domestic
wastewater before further processing.

systems

wastewater

impressive removal



192

D. Majid et al. / Advances in Environmental Technology 11(2) 2025, 182-194.

900

900
4 [Jinfluent [0 Efftuent CW1 b [Jinfluent [0 Effluent CW2
800+ =] — I 8004 — e o
~ 7004 ~ 7004
2 600 2 6004 [
= 500- = 5004
> >
2 4004 g 4004
o 3004 o 300
7% 2
= 2004 = 2004
1004 100 4
L ] ]| L Ml ]
1 2 3 4 5 1 2 3 4 5
Operation time (d) Operation time (d)
900 100
c [Jinfluent [ effluent Filtration d D('\\‘[ D(‘\\'Z DFiltration
8004 — s ——1 [T | =
5 7001 @ ej 80
>
2 6004 g
- (7] 4
= 5004 k) o
z H
g #io] Z 40
2 s E
= 300 g
4 200 3
= 2004 g 5l
ﬁ 20
[ -
AL ] LIS VIR
1 2 3 4 5 1 2 3 4 5

Operation time (d)

Operation time (d)

Fig. 8. TSS removal rate: (a) CW1, (b) CW2, (c) filtration, and (d) removal efficiency for all process.

Acknowledgements

The

supported this

Department of Environmental Engineering has

study through the Research

Framework and Development (RFD) Program.

References

(1]

(2]

(3]

[4]

Masharqa, A., Al-Tardeh, S., Mlih, R., & Bol, R.
(2023). Vertical and hybrid
wetlands as a sustainable technique to
improve domestic wastewater quality. Water
(Basel), 15(19), 3348.
https://doi.org/10.3390/w15193348/s1.

Al Kholif, M., Sutrisno, J., & Prasetyo, I. D.
(2018). Penurunan beban pencemar pada
limbah domestik dengan menggunakan
moving bed biofilter reaktor (MBBR). Al-Ard:
Jurnal Teknik Lingkungan, 4(1), 1-8.
https://doi.org/10.29080/alard.v4i1.365.

Wu, H., Zhang, J., Ngo, H. H., Guo, W., Hu, Z.,
Liang, S., Fan, J., & Liu, H. (2015). A review on
the sustainability of constructed wetlands for
Design
operation. Bioresour. Technol., 175, 594-601.
https://doi.org/10.1016/j.biortech.2014.10.068.
Mekonnen, M. M., & Hoekstra, A. Y. (2016).
Four billion people facing
scarcity. Sci Adv, 2(2).

constructed

wastewater treatment: and

severe water

[5]

[é]

[7]

(8]

(9]

https://doi.org/10.1126/sciadv.1500323.
Capodaglio, A. G., Callegari, A., Cecconet, D.,
& Molognoni, D. (2017). Sustainability of
decentralized wastewater treatment
technologies. Water 12(2),
463-477.
https://doi.org/10.2166/wpt.2017.055.
Sdnchez, M., I., & Soto, M. (2023).
Sustainable wastewater treatment using a new
combined hybrid digester - Constructed
wetland system. J. Environ. Chem. Eng., 11(5),
110861.
https://doi.org/10.1016/j.jece.2023.110861.
Hafidhin, F. A., Ratnawati, R., Sugito, Sutrisno,
J., Nurhayati, I., Febrianti, A.N., Al Kholif, M.
(2023). Penerapan teknologi fitoremediasi
menggunakan tanaman eceng gondok untuk
mengolah air limbah laundry. Jurnal limu Alam
dan Lingkungan, 14(2), Aug. 2023.
https://doi.org/10.20956/jal.v14i2.28000.

Al Kholif, M., Pungut, & Nezarudin, S. I. (2023).
Penerapan teknologi constructed wetland (CW)
dalam menurunkan kadar cemaran pada air
limbah domestik. Jurnal Sumberdaya Alam dan
Lingkungan, 10(1), 1-11.
https://doi.org/10.21776/ub.jsal.2023.010.01.1.
Singh, N. K., Kazmi, A. A., & Starkl, M. (2015). A
review on full-scale decentralized wastewater

Pract. Technol.,

Ruiz,



https://doi.org/10.3390/w15193348/s1
https://doi.org/10.29080/alard.v4i1.365
https://doi.org/10.1016/j.biortech.2014.10.068
https://doi.org/10.1126/sciadv.1500323
https://doi.org/10.2166/wpt.2017.055
https://doi.org/10.1016/j.jece.2023.110861
https://doi.org/10.20956/jal.v14i2.28000
https://doi.org/10.21776/ub.jsal.2023.010.01.1

D. Majid et al. / Advances in Environmental Technology 11(2) 2025, 182-194. 193

treatment systems: techno-economical
approach. Water Sci. Technol., 71(4), 468-478.
https://doi.org/10.2166/wst.2014.413.

[10] Al Kholif, M., Pungut, Sugito, Sutrisno, J., &
Dewi, W. S. (2020). Pengaruh waktu tinggal
dan media tanam pada constructed wetland
untuk  mengolah air limbah
tahu. Jurnal Al Ard, 5(2), 107-115.
https://doi.org/10.29080/alard.v5i2.901.

[11] Al Kholif, M., & Sugito. (2020). Penyisihan kadar
amoniak pada limbah cair domestik dengan
menggunakan sistem constructed wetland bio-
rack. Jukung (Jurnal Teknik Lingkungan), 6(1),
25-33.
https://doi.org/10.20527/jukung.v6i1.8235.

[12] Pungut & Al Kholif, M. (2016). Pemanfaatan parit
drainase sebagai wetland untuk mendegradasi
cemaran air limbah domestik. Jurnal Teknik
WAKTU, 14(1), 8-14.
https://doi.org/10.36456/waktu.v14i1.99.

[13] Kataki, S., Chatterjee, S., Vairale, M. G., Dwivedi,
S. K., & Gupta, D. K. (2021). Constructed wetland,
an eco-technology for wastewater treatment: A
review on types of wastewater treated and
components of the technology (macrophyte,
biofilm and substrate). J. Environ. Manage., 283,
111986.
https://doi.org/10.1016/j.jenvman.2021.111986.

[14] Avellan, C. T., Ardakanian, R., & Gremillion, P.
(2017). The role of constructed wetlands for
biomass production within the water-soil-
waste nexus. Water Sci. Technol., 75(10), 2237-
2245.
https://doi.org/10.2166/wst.2017.106.

[15] Stefanakis, A. I. (2020). Constructed wetlands
for sustainable wastewater treatment in hot
and arid climates: opportunities, challenges
and case studies in the Middle East. Water
(Basel), 12(6), 1665.
https://doi.org/10.3390/w12061665.

[16] East Java Governor. (2014). Regulation of East
Java Governor No. 52 of 2014 concerning
amendments to East Java Governor Regulation
No. 72 of 2013 concerning wastewater quality
standards for industry and/or other business

industri

activities.

[171 BSN. (2009). SNI 6989.72:2009: Water and
wastewater - Part 72: Chemical oxygen
demand (COD) and biochemical oxygen
demand (BOD) test methods. Badan

Standardisasi Nasional. Accessed: Jul. 12, 2023.

[Online]. Available:
//lib.atk.ac.id%2Findex.php%3Fp%3Dshow_detail
%26id%3D7810.

[18] BSN. (2019). SNI 6989.3:2019: Water and
Wastewater - Part 3: Gravimetric total
suspended solids (TSS) test method. Badan
Standardisasi Nasional. Accessed: Jul. 12, 2023.
[Online]. Available:

//lib.atk.ac.id%2Findex.php%3Fp%3Dshow_detail
%26id%3D7467%26keywords%3D.

[19]Chia, M. A., Odoh, O. A., & Ladan, Z. (2014).
The indigo blue dye decolorization potential of
immobilized Scenedesmus quadricauda. Water
Air Soil Pollut, 225(4), 1-9.
https://doi.org/10.1007/511270-014-1920-2.

[20] Al Kholif, M., Nurhayati, I., Sugito, Sari, D.
A., Sutrisno, J., Pungut, & Mujiyanti, D.R.
(2023). Removal of BODs and COD from
Domestic Wastewater by Using a Multi-Media-
Layering (MML) System. Environ Nat Resour J,
21(6), 534-544.
https://doi.org/10.32526/ennrj/21/20230202.

[21] Vymaza, J. (2022). The historical development
of constructed wetlands for wastewater
treatment. Land (Basel), 11(2), 174.
https://doi.org/10.3390/1and11020174.

[22]Vymazal, J. (2009). The use of constructed
wetlands with horizontal sub-surface flow for
various types of wastewater. Ecol Eng, 35(1), 1-
17.
https://doi.org/10.1016/j.ecoleng.2008.08.016.

[23]Cescon, A., & Jiang, J. Q. (2020). Filtration
process and alternative filter media material in
water treatment. Water (Basel), 12(12), 3377.
https://doi.org/10.3390/w12123377.

[24]Fuentes-Lopez, L., Amézquita-Marroquin, C.,
Barba-Ho, L. E., Cruz-Vélez, C. H., & Torres-
Lozada, P. (2018). Application of double
filtration with activated carbon for the removal
of phenols in drinking water
processes. Journal of Water Supply: Research
and Technology-Aqua, 67(3), 227-235.
https://doi.org/10.2166/aqua.2018.165.

[25]Hart, O. E., & Halden, R. U. (2020). Modeling
wastewater temperature and attenuation of
sewage-borne biomarkers globally. Water Res,
172, 115473.
https://doi.org/10.1016/j.watres.2020.115473.

[26] Marois-Fise, J. T., Carabin, A., Lavoie, A., &
Doreq, C. C. (2013). Effects of temperature and

treatment



https://doi.org/10.2166/wst.2014.413
https://doi.org/10.29080/alard.v5i2.901
https://doi.org/10.20527/jukung.v6i1.8235
https://doi.org/10.36456/waktu.v14i1.99
https://doi.org/10.1016/j.jenvman.2021.111986
https://doi.org/10.2166/wst.2017.106
https://doi.org/10.3390/w12061665
https://doi.org/10.1007/s11270-014-1920-2
https://doi.org/10.32526/ennrj/21/20230202
https://doi.org/10.3390/land11020174
https://doi.org/10.1016/j.ecoleng.2008.08.016
https://doi.org/10.3390/w12123377
https://doi.org/10.2166/aqua.2018.165
https://doi.org/10.1016/j.watres.2020.115473

194 D. Majid et al. / Advances in Environmental Technology 11(2) 2025, 182-194.

pH on reduction of bacteria in a point-of-use
drinking water treatment product for
emergency relief. Appl Environ Microbiol, 79(6),
2107.
https://doi.org/10.1128/aem.03696-12.
[27]Manan, M. A., & Webb, C. (2020). Newly
designed multi-stacked circular tray solid-
state bioreactor: Analysis of a distributed
parameter gas balance during solid-state
fermentation with the influence of variable

initial moisture content
arrangements. Bioresources and Bioprocessing,
7(1), 1-18.

https://doi.org/10.1186/540643-020-00307-9.

[28] Herrera-Melidn, J. A., Guedes-Alonso, R.,
Tite-Lezcano, J. C., Santiago, D. E., Ranieri, E.,
& Alonso-Bilbao, I. (2023). The effect of
effluent recirculation in a  full-scale
constructed wetland system. Sustainability,
15(5), 4310.
https://doi.org/10.3390/su15054310/s1.

[29] da Silva, S. C., Bernardes, R. S., & Ramos,
M. L. G. (2015). Removal of organic matter
fraction from sewage in constructed wetland

soil. Engenharia Sanitaria e Ambiental, 20(4),
533-542.
https://doi.org/10.1590/51413-
41522015020040075357.

[30] Sudarsan, J. S., Roy, R. L., Baskar, G,
Deeptha, V. T., & Nithiyanantham, S. (2015).
Domestic wastewater treatment performance

using constructed wetland. Sustain Water
Resour Manag, 1(2), 89-96.
https://doi.org/10.1007/s40899-015-0008-5.
[311 Al Kholif, M., Subianto, A., & Sutrisno, J.
(2025). Effect of hydraulic retention time
(HRT) in an anaerobic baffled reactor (ABR) on
BOD and COD in

the reduction of

How to cite this paper:

slaughterhouse industrial
wastewater. Advances in
Technology, 11(1), 1-12.
https://doi.org/10.22104/aet.2024.6805.1860.

[32]Ho, V. T. T., Bui, K. Q., Le, D. V., Chau, D. H.,
Hoang, B. N., Pham, H. T., & Nguyen, A. T.
(2022) . Domestic wastewater treatment using
constructed wetland with para grass combined
with sludge adsorption, case study in Vietnam:
An efficient and alternative way. Processes,
10(12), 2636.
https://doi.org/10.3390/pr10122636.

[33]Shukla, R., Gupta, D., Singh, G., & Mishra, V. K.
(2021). Performance of horizontal
constructed wetland for secondary treatment
of domestic wastewater in a remote tribal area
of Central India. Sustainable
Research, 31(1), 1-10.
https://doi.org/10.1186/s42834-021-00087-7.

[34] Heger, S. (2017). An installer’'s guide to
Total Suspended Solids. How high TSS can
impact onsite system performance, and 10
ways to reduce it. Advanced Enviro Septic.
https://www.onsiteinstaller.com/online_exclusives/
2017/09/an_installers_quide_to_total_suspended_so
lids

[35]Campbell, B. (2021). What is total suspended
solids (TSS)? Utility Management.
https://www.wwdmag.com/utility-
management/article/10939708/what-is-total-
suspended-solids-tss

[36] Winter, K. J., & Goetz, D. (2003). The
impact of sewage composition on the soil
clogging vertical
constructed wetlands. Water Science and
Technology, 48(5), 9-14.
https://doi.org/10.2166/wst.2003.0268.

Environmental

flow

Environment

phenomena of flow

Methods. Advances in
10.22104/AET.2025.6887.1887

Environmental

f Majid, D., Al Kholif, M., Nasrudin Arif, M., Sutrisno, J., & Zhang, J-W. (2025). Eco-Friendly
Solutions for Urban Wastewater: Evaluating Constructed Wetlands and Filtration

Technology, 11(2), 182-194. DOI:



https://doi.org/10.1128/aem.03696-12
https://doi.org/10.1186/S40643-020-00307-9
https://doi.org/10.3390/su15054310/s1
https://doi.org/10.1590/s1413-41522015020040075357
https://doi.org/10.1590/s1413-41522015020040075357
https://doi.org/10.1007/s40899-015-0008-5
https://doi.org/10.22104/aet.2024.6805.1860
https://doi.org/10.3390/pr10122636
https://doi.org/10.1186/s42834-021-00087-7
https://www.onsiteinstaller.com/online_exclusives/2017/09/an_installers_guide_to_total_suspended_solids
https://www.onsiteinstaller.com/online_exclusives/2017/09/an_installers_guide_to_total_suspended_solids
https://www.onsiteinstaller.com/online_exclusives/2017/09/an_installers_guide_to_total_suspended_solids
https://www.wwdmag.com/utility-management/article/10939708/what-is-total-suspended-solids-tss
https://www.wwdmag.com/utility-management/article/10939708/what-is-total-suspended-solids-tss
https://www.wwdmag.com/utility-management/article/10939708/what-is-total-suspended-solids-tss
https://doi.org/10.2166/wst.2003.0268

