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INTRODUCTION

Most Middle Eastern countries have experi-
enced rapid economic development and popula-
tion growth, which have put immense pressure on 
their limited water resources. The primary sourc-
es of water in the Middle East are seawater and 
groundwater. The reliance on these water sources 
does indeed present a significant challenge due 
to their limited availability and the potential 
for overexploitation. Muscat, the capital city of 
Oman is facing water scarcity due to the short-
age of rainfall and other surface water sources. 
Moreover, sustainable solutions are essential to 
ensure that the region can meet the water needs 
of its growing population and expanding econo-
mies while preserving its environment. The ide-
al solution to overcome this issue is to discover 

alternative water resources such as grey water for 
non-potable water applications to save freshwa-
ter (Alfiya et al. 2013). Chanakya et al. (2013) 
reported that the reuse of treated greywater is 
one instant option to solve the current and future 
water shortage. Greywater is one component of 
domestic wastewater excluding human feces and 
contains two-thirds of the produced wastewater. 

The idea of using greywater for non-potable ap-
plications is indeed a practical and sustainable so-
lution to alleviate water scarcity issues, particular-
ly in regions like the Middle East where freshwater 
resources are limited (Alfiya et al. 2013; Chanakya 
et al., 2013). Greywater, which is wastewater gen-
erated from household activities excluding human 
feces, can be a valuable resource for various pur-
poses, including toilet flushing, landscape irriga-
tion, and industrial processes. The greywater can 
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be treated and reused specifically for toilet flush-
ing purposes. Toilet flushing is one of the largest 
domestic water uses, and it usually involves using 
potable (drinking) water. By substituting treated 
greywater for toilet flushing, there is potential to 
save a significant amount of potable water. A sig-
nificant amount of fresh water can be conserved 
by reusing the treated greywater for gardening and 
other outdoor household applications (Friedler and 
Lahav, 2006; Bani-Melhem et al. 2015). Reusing 
greywater to protect freshwater resources and re-
ducing sewage production are highly relevant and 
emphasize the multifaceted benefits of greywater 
recycling (Santos et al., 2012). However, adequate 
and safe treatment of greywater is critically impor-
tant to ensure its quality for non-potable applica-
tions. Moreover, advanced treatment can potential-
ly enable the broader use of greywater for various 
applications beyond drinking water (Gibson and 
Apostolidis, 2001). By addressing these consider-
ations, greywater reuse systems can be implement-
ed safely and accurately, reducing the strain on 
potable water supplies while safeguarding public 
health and the environment. 

The source of greywater includes wastewater 
from laundries, handwashing, kitchen water, and 
shower water (Abdel-Kader 2013; Boddu et al. 
2016). Greywater generated from kitchens typical-
ly contains organic materials, oils, and fats, which 
can be more challenging to treat compared to 
greywater from sources like showers and laundry 
(Paulo, 2013). Greywater contributes around 60-
70% of total domestic wastewater (Abdel-Kader 
2013). Although greywater is less polluted com-
pared to black water, there would be health risks 
if used without treatment. The different greywa-
ter systems are said to be effective and efficient if 
only satisfy the following conditions such as good 
effluent quality, ease of operation, simplicity in 
maintenance, and affordable cost. The study done 
by Nolde et al., (1999) concluded that the treat-
ment system shall fulfill the four criteria, hygienic 
safety, environmental tolerance, and technical as 
well as economic feasibility. The study conducted 
by Nolde et al. (1999) highlights four important 
criteria that a greywater treatment system should 
fulfill to ensure sustainable and safe reuse. These 
criteria including hygienic safety, environmental 
tolerance, technical feasibility, and economic fea-
sibility provide a comprehensive framework for 
evaluating and designing effective greywater reuse 
systems. Therefore, the households-based greywa-
ter treatment system would be feasible and more 

economical. The feasibility and economic viability 
of household-based greywater treatment systems 
depend on various factors, including the specific 
technology chosen, local water quality, treatment 
requirements, and available financial resources.

Public opinion and acceptance play a pivotal 
role in the successful implementation of water 
reuse applications. The negative response or re-
luctance of the public can create significant chal-
lenges for the planning, construction, and opera-
tion of wastewater reclamation and reuse facilities. 
Understanding and addressing public concerns and 
perceptions is crucial for achieving acceptance and 
trust in water reuse programs. Several studies have 
been conducted in various regions; providing valu-
able insights into the dynamics of public opinion on 
water reuse (Friedler and Lahav, 2006; Domènech 
and Saurí, 2010; Troy, 2006; Kantanoleon et al., 
2007). A high percentage of public acceptance 
toward the feasibility of reusing treated greywa-
ter for non-potable applications is promising and 
highlights the potential for implementing greywa-
ter systems more widely. The role of government 
and media in raising social awareness and promot-
ing acceptance is indeed critical. Recently, a com-
prehensive survey was conducted to assess public 
acceptance and perception of greywater treatment 
and reuse systems in household areas in Muscat, 
Oman (Shafiquzzaman et al., 2018). Survey results 
revealed that a significant percentage (91.82%) of 
households in Muscat are willing to reuse grey-
water, primarily for plant watering (22.05%) and 
agriculture (17.70%) (Shafiquzzaman et al., 2018). 

To date, several greywater treatment methods 
have been studied and proposed including physi-
cal, chemical, and biological processes (Metcalf 
et al., 2007; Li et al., 2009; Prajapati et al., 2019; 
Ding et al. 2017). Filtration and or Reverse osmo-
sis process are included in the physical process 
(Zipf et al., 2016; Prajapati et al., 2019), coagu-
lation and flocculation, electrocoagulation, and 
photocatalysis included the chemical process (Li 
et al., 2009) Biological treatment technologies are 
biological aerated filters, rotating biological con-
tactors, and constructed wetlands (Metcalf et al., 
2007; Li et al., 2009; Prajapati et al., 2019; Ding et 
al. 2017). Although these technologies have many 
advantages and disadvantages, single use of many 
of these technologies failed to treat the greywater 
effectively to remove pollutants below the reuse 
standard and criteria. An integrated approach, 
combining two or more of these processes, is often 
necessary to effectively treat greywater. Moreover, 
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kitchen sink and toilet flushing wastewater, which 
were not recommended for reuse due to quality 
criteria. A form was provided for volunteers to fill 
out, which included details such as the location of 
the house, the volunteer’s name and contact infor-
mation, and the source of the wastewater sample. 
Volunteers were informed to store the collected 
samples in a cool box at a temperature below 4°C 
to ensure that the samples remained in a suitable 
condition for transportation. After collection, the 
greywater samples were transported to the labora-
tory for testing.

Experimental setup 

The study aimed to address both the accep-
tance of using treated greywater systems among 
Omani households and the development of a 
cost-effective, homemade greywater treatment 
system. This system is intended to treat grey-
water originating from laundry, hand washing, 
and showering. This is because, greywater from 
laundry, hand washing, and showering typically 
contain fewer contaminants compared to kitchen 
greywater, which may contain food particles, oils, 
and grease. This makes the treatment and reuse 
of this type of greywater more straightforward 
and requires fewer treatment steps. The studied 
greywater treatment system consisted of contact 
aeration followed by a multimedia filtration pro-
cess. Contact aeration involves exposing the wa-
ter to air, which can promote the breakdown of 
organic matter by attached bacteria and enhance 
water quality. The filtration process consisted of 
different media layers including activated carbon, 
sand, and gravel to further remove the other con-
taminants. Figure 1 shows the schematic of the 
greywater treatment unit operated in this study. 
The treatment unit was set up in a selected house 
in Muscat city. Greywater samples from various 
sources, including the laundry, handwashing ba-
sin, and shower, are initially collected in an influ-
ent storage tank. The greywater is then pumped 
into a dual-chamber tank made of plexiglass 
which has a total capacity of 175 L. The first was 
used as an aeration tank (100 L in size) and the 
second chamber was for the steeling tank (75 L in 
size) as shown in Fig. 1 (a) and 1(b). To support 
the bacterial attachment, growth, and biofilm de-
velopment, a plastic sheet of 40×40 cm size was 
installed in the aeration tank. Continuous aeration 
was implemented using a diffuser located at the 
bottom of the aeration tank to ensure a sufficient 

this integrated approach can provide better results 
by addressing a wider range of contaminants and 
optimizing treatment efficiency. The specific com-
bination of treatment processes would depend on 
factors such as the composition of the greywa-
ter, the desired water quality standards, available 
resources, and budget constraints. It’s crucial to 
conduct a thorough feasibility study and consult 
with experts in water treatment to determine the 
most suitable and cost-effective integrated ap-
proach for greywater treatment needs. Addition-
ally, public awareness and support for greywater 
reuse should be encouraged to ensure the success 
of such initiatives and promote sustainable water 
management practices in the region. 

To improve the treatment efficiency, the acti-
vated sludge process combined with contact aera-
tion was investigated for the treatment of domes-
tic sewage in a recent study (Chen et al., 2020). 
The study suggests that the integration of these 
two processes may complicate the operation due 
to the presence of two biological tanks. Thus, as 
an alternative, replacing of activated sludge pro-
cess with a simple multimedia filter would make 
the process simple and ease the operation. This 
study aimed to assess a low-cost treatment pro-
cess for laundry and shower greywater. The sys-
tem is composed of a biological contact aeration 
tank followed by a multi-media filter. The main 
goal of this study was to treat the natural greywa-
ter from the local household and assess the efflu-
ent quality for recycling purposes. Accordingly, 
the treatment unit was run continuously and grey-
water samples were collected before and after 
treatment and investigated treatment efficiency.

METHODOLOGY

Greywater collection 

This research involved a thorough investi-
gation into the physical and chemical quality of 
greywater to propose a cost-effective treatment 
system. Greywater samples were collected from 
three different sources: laundry, hand wash, and 
shower water. These samples were collected from 
four selected households within the areas covered 
in the questionnaire survey. Some of the house-
holders willingly volunteered to participate in this 
research. Volunteers were provided with detailed 
instructions on how to collect greywater samples 
from various wastewater sources, excluding 
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supply of oxygen for the bacterial activities occur-
ring in the biological contact aeration tank.After 
the biological degradation of organic matter and 
other contaminants in the aeration tank, the treated 
water is directed to the settling tank to settle the 
suspended solids (SS). The water from the set-
tling tank was then pumped to the multimedia fil-
ter made of a 180 L plastic bucket and consisted 
of layers of 13 cm activated carbon, 17.5 cm fine 
sand, 17.5 cm coarse sand, and 17.5 cm gravel. Fi-
nally, the treated water from the multimedia filter 
is pumped into the effluent tank. Table 1 shows the 
operational conditions of the treatment unit, the 
flow rate of the system at different treatment stages 
were maintained at 1.25 L/min using three Iwaki 
controller pumps (MODEL-EHNC-BR, IWAKI, 
KOREA) as shown in Fig. 1a. At this flow rate, 
1800 L of water can be treated per day. The hy-
draulic residence time of the aeration tank was es-
timated at 80 min whereas the residence time was 
calculated at 144 min for the multimedia filter. For 
the first 22 days, the greywater unit was run with 
only the aeration tank and after that, the multimedia 
filter was added to the system and run for another 7 
days. The influent and final effluent (Fig. 1c) were 
sampled regularly and analyzed for different water 
quality to investigate the treatment performance of 
the system. The water quality parameters included 

pH, dissolved oxygen (DO), Total dissolved solids 
(TDS), turbidity, electrical conductivity (EC), bio-
logical oxygen demand (BOD), chemical oxygen 
demand (COD), and total organic carbon (TOC). 
All water quality analysis was performed using 
Standard Methods for the Examination of Water 
and Wastewater (APHA 2012).

RESULTS AND DISCUSSION

Greywater quality 

The results obtained from the physicochemi-
cal characterization of greywater collected from 
the laundry and shower sources are presented in 
Table 2. The average pH value measured as 7.91 
which is slightly alkaline. This is because of the 
alkalinity of the greywater from laundry and bath-
ing that contains detergent and/or soap. As shown 
in Table 3, the average DO value of greywater 
was 8.81 mg/L. An average turbidity of 37.5 NTU 
suggests that the greywater samples have relative-
ly low levels of colloidal particles and suspended 
solids. The total solids (TS) concentrations in the 
collected greywater samples were measured as 
1486 mg/L which was attributed to the use of de-
tergents and soaps in laundry and shower water. 

Fig. 1. (a) Schematic of the greywater treatment unit, (b) photograph of the greywater treatment unit, 
(c) a greywater sample before and after treatment, and (d) specification of multimedia filter
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The average conductivity of the greywater sam-
ples was measured as 4111 µS/cm indicating the 
high salinity of the greywater samples from laun-
dry and shower sources. High conductivity in the 
greywater samples is associated with an elevat-
ed concentration of dissolved salts and minerals, 
which come from detergents, soaps, and minerals 
in laundry and shower sources. 

The BOD value for the collected greywater 
is relatively low at 28.5 mg/L. This indicates that 
there is a lower concentration of biodegradable 
organic substances that consume oxygen in the 
water. The COD value is 360 mg/L, which is sig-
nificantly higher than the BOD value. The TOC 
value is 143 mg/L, which is also higher than the 
BOD value. The higher COD suggests the pres-
ence of a substantial amount of non-biodegrad-
able organic compounds in the greywater from 
laundry and shower sources. Greywater from 
laundry and shower sources typically contains 
non-biodegradable organic compounds, which do 
not readily break down in natural processes. As a 
result, the COD and TOC values are higher than 
the BOD value in this type of greywater.

Removal performance

The greywater treatment unit was continu-
ously run for 25 d and the removal efficiency of 
different water qualities was monitored by ana-
lyzing the influent and effluent samples. A total of 
5 samples were collected at regular intervals and 
laboratory testing of water quality was carried 
out. The results of the removal performances are 
presented in Figures 2–5. The treatment unit de-
scribed in this study employs a two-step process 
to treat greywater. The steps involved a biological 
process where organic pollutants are degraded by 
microorganisms in the attached biofilm within the 
contact aeration tank followed by additional treat-
ment through adsorption and filtration in a mul-
timedia filter. The pH of the influent (untreated 
greywater) averaged 8.22, and after treatment, it 
decreased to 7.4. This indicates a slight reduction 
in pH in the treated (effluent) water (Fig. 2a). The 
change in pH may be attributed to the biological 
processes within the treatment unit. DO concen-
trations in the greywater remained consistent at 
8.8–9.0 mg/L (Fig. 2b). This stability in DO lev-
els in the influent and effluent is likely due to the 
continuous aeration provided in the aeration tank 
of the treatment unit. Adequate DO is important 
to support the biological processes responsible 

for organic matter degradation. The treatment unit 
demonstrated high efficiency in removing turbid-
ity from the greywater. Turbidity decreased from 
57.4 NTU in the influent to 1.4 NTU in the efflu-
ent (Fig 2c). This substantial reduction indicates 
the effective removal of colloidal particles, which 
were either biologically degraded or completely 
adsorbed by the multimedia filter. The treatment 
process significantly reduced TDS in the greywa-
ter (Fig. 2d). Despite variations in influent TDS 
ranging from 400-1090 mg/L, the removal rate 
was consistently around 50% for each sample. 
This suggests that the treatment unit is effective 
at reducing the concentration of dissolved solids 
in the water. It is worth noting that the TDS data 
for sample 3 was excluded due to an error during 
laboratory analysis. 

The removal of conductivity and TOC are 
presented in Figure 3a. It was noticeably ob-
served that conductivity significantly increased 
during the treatment process. The average con-
ductivity in the influent was 4288 µS/cm, and it 
rose to 5230 µS/cm in the effluent. The increase 
in conductivity is attributed to the release of min-
erals from the media used in the multimedia fil-
ter. The filter contains materials such as activated 
carbon, sand, and gravel. The interaction of the 

Table 1. Operational conditions of the greywater
treatment unit

Operation conditions Values

Volume of aeration side tank (L) 100 L

Volume of settlement side tank (L) 75 L

Volume of storage tank (L) 180 L

Flow rate 1.25 L/min

HRT biological side tank 80 min

HRT settlement side tank 144 min

Table 2. Average quality of collected greywater 
samples

Parameters Concentrations

pH 8.2 ± 0.6

DO (mg/L) 8.8± 0.06

Turbidity (NTU) 57.4 ± 6.1

TDS (mg/L) 722 ± 374

EC (µS/cm) 4282  ± 655

BOD (mg/L) 28.8 ± 7.4

COD (mg/L) 472  ± 19

TOC (mg/L) 141.2 ± 6.5
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greywater with these materials could lead to the 
release of minerals into the treated water. Signifi-
cant reduction in TOC levels was observed during 
treatment as shown in Fig. 3b. The influent had 
around 141.2 mg/L of TOC, which decreased to 
65.5 mg/L in the effluent. This reduction indicates 
effective biodegradation and adsorption of organ-
ic pollutants in the treatment system. 

BOD and COD are the critical parameters to 
assess the greywater treatment performance of 
any process. The removal of BOD and COD was 
monitored and the results are presented in Figure 4. 
BOD was removed from 28.85 mg/L to 7.5 mg/L 

whereas the COD removal was found to be from 
472 mg/L to 203 mg/L. The experimental data 
showed that BOD removal was more efficient than 
COD removal. This suggests that the treatment sys-
tem was particularly effective at degrading the bio-
degradable organic matter present in the greywater. 
BOD removal is attributed to the activity of at-
tached bacteria in the aeration tank. These bacteria, 
particularly certain heterotrophic bacteria species 
like Pseudomonas, Flavobacterium, Archromo-
bacter, and Alcaligenes spp, play a crucial role in 
breaking down biodegradable organic substances 
(Mozaheb et al., 2010). This results in the reduction 

Fig. 2. Influent and effluent concentrations (a) pH, (b) DO, (c) turbidity, and (c) TDS of 5 samples collected 
during the greywater treatment experiments. TDS data of Sample 3 was excluded due to the error during analysis

Fig. 3. Influent and effluent concentrations (a) conductivity, and (b) TOC of 5 
samples collected during the greywater treatment experiments
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of BOD in the wastewater. In contrast, refractory 
organic compounds that are less susceptible to 
biological degradation may have remained non-
degradable. Part of these refractory organics might 
have been adsorbed by the activated carbon layers 
within the multimedia filter. It was also observed 
that the BOD and COD removal efficiency was 
consistent and did not decline over time indicating 
the well-maintained biological activities within the 
system. The overall removal % of turbidity, TDS, 
BOD, TOC, and COD is calculated and the results 
are presented in Fig. 5. The turbidity removal was 
found to be more pronounced as 99% removal was 
calculated. TDS removal was achieved around 
50%. BOD removal was 75 % whereas COD and 
TOC removal were calculated as 53% and 56%, 
respectively. The high overall removal percentages 
for these key water quality parameters suggest that 
the proposed greywater treatment system is effec-
tive and efficient. It can be considered a viable al-
ternative for household-level greywater treatment 
and has the potential to be used for greywater recy-
cling in arid and semi-arid regions. 

Assessing the treatment process 
and reuse potential of effluents 

The reuse potential of treated greywater of 
the proposed method was assessed by comparing 
the water quality parameters of the effluents with 
Oman’s national standards and the World Health 
Organization (WHO) permissible standard (Ta-
ble 4). According to Table 4, the average effluent 
pH value of 7.44 falls within the recommended 
range of 6-9 for reusing treated greywater, as 
specified by all standards. This indicates that the 
treated water is suitable for various non-potable 
uses without significant deviations in acidity or 
alkalinity. The average effluent BOD value of 
7.63 mg/L is lower than the recommended value 
of 20 mg/L set by the Oman standard and the 10 
mg/L standard set by the World Health Organi-
zation (WHO). The COD value in the effluent 
was 200 mg/L which complies with the COD 
standard for greywater reuse in Oman. The efflu-
ent’s turbidity (1.4 NTU) and TDS (375 mg/L) 
levels are well below the Oman standard limits. 

Fig. 4. Influent and effluent concentrations (a) pH, (b) DO, (c) turbidity, and (c) 
TDs of 5 samples collected during the greywater treatment experiments

Fig. 5. % removal of turbidity, TDS, BOD, TOC, and COD by the tested greywater treatment process
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It is also worth mentioning that the current study 
did not assess the microbiological quality of the 
effluents. Therefore it is essential to conduct 
microbiological analyses to determine the pres-
ence of pathogens and bacteria. In this context, 
it is recommended to include a disinfection tank 
in the process for unrestricted irrigation or non-
potable use. Moreover, monitoring additional 
parameters such as residual chlorine, nitrogen 
(N), and phosphorus (P) in the treated effluent is 
crucial and is recommended for ensuring the safe 
use of reclaimed water. 

The overall study results suggested that the 
proposed low-cost and simple greywater treat-
ment method is economically and environmen-
tally sustainable. Furthermore, the removal ef-
ficiency of the system was compared with the 
existing greywater treatment systems and pre-
sented in Table 4. The COD, BOD, and turbidity 
removal are comparable with the existing grey-
water treatment methods. The system is easy to 
maintain due to the prolonged operations with-
out adding any chemicals.

The maintenance includes frequent clean-
ing of the support media in the contact aeration 
tank and replacement or regeneration of the ac-
tivated carbon layer. The adsorption of COD by 
activated carbon was not directly conducted in 
the current study. Instead, the replacement or re-
generation period of the activated carbon layer 

was calculated based on a previous study (Mo-
hammad-Pajooh et al., 2018), which suggested a 
replacement or regeneration frequency of every 
3 months. The system also consumes low energy 
due to the requirements for only the feed pump 
and aeration pump eventually needs low operat-
ing cost. The system also does not require highly 
skilled operators as the only malignance require-
ment is to clean the support media and replace or 
regenerate the activated carbon layer. This sim-
plicity in operation enhances the system’s practi-
cality for household-level implementation. Final-
ly, the system, in its operation, does not generate 
any by-products or sludge. This is because of the 
chemical-free operation, and the removal process 
relies on the attached growth biofilm and activat-
ed carbon adsorption process.

In summary, the comparison of the treated 
greywater’s quality with national and interna-
tional standards, including those of Oman and 
WHO, demonstrates that the proposed greywa-
ter treatment method meets the recommended 
criteria for reuse. This suggests that the system 
is well-suited for greywater recycling not only 
in Oman but also in other arid and semi-arid re-
gions, as indicated by its compliance with WHO 
standards. The system’s economic and environ-
mental sustainability, ease of maintenance, and 
low operating costs further support its practicali-
ty and potential for widespread adoption.

Table 3. Effluent average values of water quality and comparison with national and international standards
Parameters Effluent Concentrations Oman Reuse Standard a WHO reuse Standard b

pH 7.44 6–9 6–9

BOD5(mg/L) 7.63 20 10

COD (mg/L) 203 200 -

Turbidity (NTU) 1.4 2 -

TDS (mg/L) 375 2000 -

Note: aJamrah et al., 2008; bWHO, 2006

Table 4. Comparison of treatment efficiencies of some selected greywater treatment systems with this study

Treatment methods Turbidity removal 
(%)

BOD removal
(%)

COD removal
(%) References

Filtration - 89–98 37–94 Oteng-Peprah et al., 2018

Constructed wetland - 99 81–82 Oteng-Peprah et al., 2018

Sequencing batch reactor - 90–98 90–98 Oteng-Peprah et al., 2018

Rotating biological contactors 27–53 21–61 Oteng-Peprah et al., 2018

Membrane bioreactor 98-99 93–97 86–99 Oteng-Peprah et al., 2018; 
Hasan et al., 2015

Activated sludge/contact aeration - 98 61–81 Chen et al., 2020

Multi-media filter/contact aeration 97 74 56 This study
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CONCLUSION 

This study focuses on the development of a 
low-cost greywater treatment system consisting 
multi-media filter with a biological contact aer-
ation system. The developed treatment system is 
effective in treating greywater from laundry and 
shower sources. The high removal efficiencies of 
turbidity, BOD, and COD indicate that the sys-
tem can significantly improve the water quality of 
greywater. The following conclusions were made 
from this study. The system achieved more than 
99% of turbidity removal more than 74% of BOD 
removal and more than 50 % of COD removal.
BOD removal was achieved by bacterial degrada-
tion while COD removal was due to the adsorp-
tion of organic compounds by activated carbon. 
By achieving high levels of removal of organic 
pollutants and turbidity, the treated greywater 
can be safely reused for various non-potable ap-
plications, contributing to water conservation and 
sustainability efforts in the region. The system is 
easy to maintain and does not require the addi-
tion of chemicals. This reduces operational costs 
and simplifies system maintenance, making it 
more accessible for local households. For assess-
ing the feasibility of the system, a long-term pilot 
operation is recommended, and it is proposed to 
include the disinfection process in future studies.
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