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Abstract: Greywater has been identified as a valuable alternative water source over recent years.
Few practices (i.e., recycling and reuse) of greywater have attracted global attention in meeting
the future water demand. However, essential parameters should be analyzed for reliable reuse
and treatment. The present study addresses the possibilities of the alternative source with the
treated greywater. Gravity—governed flow methods through a column containing gravel, sand,
and activated carbon was applied. The quality of treated greywater from the university campus,
which included physical, chemical, and biological parameters, was assessed to check non-potable
reuse suitability. The reduction percentage of organics in biological oxygen demand and chemical
oxygen demand was 64% and 42%, respectively. Similarly, the reduction percentage was obtained at
74% and 66% for turbidity and electrical conductivity. The removal efficiency was 57%, 77%, 48%,
and 44% for total dissolved solids, alkalinity, chlorides, and total hardness. The pH of treated water
samples was found in the neutral range suggesting its suitability for reuse. Hence, the proposed
greywater treatment method is a cost-effective and straightforward approach to reuse greywater
for irrigation, watering the lawns, and car washing. The greywater collected can be disinfected
immediately and reused with minimal possibility of regrowth of microorganisms.

Keywords: biological parameters; greywater; filtration; physical and chemical parameters; wastewa-
ter reuse

1. Introduction

The United Nations highlighted the SDGs (sustainable development goals) for 2030,
where the sixth objective is to represent clean water and wastewater treatment [1]. In devel-
oping countries, thousands of deaths were reported due to waterborne diseases, and these
results indicate the massive failure to reach the sixth objective of SDGs. With various types
of technologies, several decentralized wastewater treatment plants have been installed in
developing countries [2].

Few researchers [3,4] have referred to developing nations’ current opinions about
decentralized wastewater treatment systems for big/megacities’ sanitation systems as
effective and robust. On the other hand, Roefs et al. [5] conducted a comparison study of
three different wastewater treatment plants (i.e., hybrid, centralized, and decentralized)
to understand the issues with the economic perspectives of urban growth. The outcome of
the mentioned research is the possible advantages in terms of total discounted lifetime costs.
In the second opinion, a decentralized treatment will be more advantageous for lower
population growth than expected and lower idleness of the treatment plant. Moreover,
centralized treatment plants need a more complicated treatment system to achieve the
same quality of treated wastewater with a significant amount of carbon dioxide and
energy consumption [6].

The decentralized solution is now highly adopted because of low environmental
impact association rather than the construction of sewer networks to connect the users

Appl. Syst. Innov. 2021, 4, 16. https://doi.org/10.3390/asi4010016 https://www.mdpi.com/journal/asi

https://www.mdpi.com/journal/asi
https://www.mdpi.com
https://orcid.org/0000-0002-2765-7075
https://doi.org/10.3390/asi4010016
https://doi.org/10.3390/asi4010016
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/asi4010016
https://www.mdpi.com/journal/asi
https://www.mdpi.com/2571-5577/4/1/16?type=check_update&version=2


Appl. Syst. Innov. 2021, 4, 16 2 of 10

to centralized plants [7]. Nowadays, decentralized wastewater management is prevalent
and demanding due to economic, social, and environmental advantages [7]. According
to WWAP [8], decentralized treatment systems could be another suitable way to the aca-
demic/university campus, rural area, or even in some peri-urban regions, where it’s chal-
lenging to install traditional treatment plants. Simultaneously, greywater could be treated
near the sources where it is coming from, and the treated water could be reused/distributed
close to or at the same site of the treating unit.

The small household technique to treat wastewater can be used as decentralized treat-
ment systems. The treatment unit’s important highlight is low capital and less operational
expenditure occupying small areas other than traditional wastewater treatment unit/plants.
The present form of treatment plant has few qualities (i.e., simple operations and annex-
ation of natural gravity-based technologies to reuse the wastewater in situ) to show the
low-cost method’s main advantages with unique household techniques over traditional
plants [9]. In higher pollution, water scarcity, and unsustainable development practices,
the demand for treated water will increase in cities/society and academic campuses [1].
Many water demands (i.e., gardening, car washing, floor cleaning, etc.) by institutions and
university campuses can be achieved by low-cost treatment units [10–12].

Therefore, to reduce the water demand for future sustainability, a simple operation and
low-cost method with a unique household technique was introduced to reuse the greywater
from the university campus’s administrative block. The present work aims to reduce the
demand for water or groundwater extraction subsequently. A small unit for greywater
treatment is installed in Karunya Institute of Technology and Sciences, an academic campus
to manage the administrative block’s greywater. The main objective is to develop a low-cost
and effective method to treat greywater using gravity-governed filtration techniques.

2. Materials and Methodology

A gravity-governed method has been applied, where natural strata were used to treat
the greywater. Also, applied bleaching powder to the disinfection process. Filtration media
was prepared by using a column packed with filtration media (i.e., cotton, activated carbon,
sand (fine (<0.5 mm) and coarse (1.0 mm/0.5 mm)), and gravel (small—(4.0 mm/2.0 mm)
and big (4.0 mm/12.0 mm)). Where activated carbon (<1.0 mm) captures color, odor,
and organic pollutants, sand, and gravel capture suspended solids and microorganisms.
The volume of the material used in cubic cm (i.e., activated carbon—82, fine sand—191,
coarse sand—191, small gravel—318, big gravel—382). The selection of filtration media
was based on previously published articles [13–15].

A schematic diagram of the proposed greywater treatment is shown in Figure 1.Appl. Syst. Innov. 2021, 4, x FOR PEER REVIEW 3 of 12 
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A total of 30 samples were collected from the five outlets of the administrative block
of Karunya institute of technology and sciences; the three liters of greywater collected
from different outlets was passed through the compact column (height = 25 cm; radius
= 4.5 cm) containing the other layers (i.e., gravel (big and small), sand (coarse and fine),
activated carbon, and cotton). The flow was 6.5–7.5 mL/min, where a total of 5–6 L of
greywater were allowed to pass through the proposed packed column was collected as
treated water. In changing the filtration media, fresh materials have been used again when
it was completely clogged. Bleaching powder (CaOCl2—0.05 g/L) was applied to the
disinfection process. The physio-chemical and microbiological analyses were carried out
in Pure and Pure Aqua Laboratory, Trichy, Tamilnadu, India to examine greywater and
treated water. We analyzed according to standard pH, electrical conductivity, Biological
Oxygen Demand (BOD), Chemical Oxygen Demand (COD), turbidity, alkalinity, chlorides,
total dissolved solids (TDS), Escherichia coli, and residual chlorine, biofilm formation).

3. Results and Discussion

The various parameters of physical, chemical, and biological (i.e., pH, electrical con-
ductivity, TDS, alkalinity, chlorides, total hardness, turbidity, BOD, COD, HLR, OLR,
residual chlorine, E. coli, and biofilm formation) of the untreated and treated wastewaters
were estimated.

3.1. Physical Parameters
3.1.1. Turbidity

The percentage reduction in turbidity of various water samples (Figure 2) was found to
be in the range of 50–74%. The maximum and minimum percentage reduction in turbidity
was found in the cases of sample No. 24 and No. 21, respectively. The mean reduction
in turbidity of the various water samples was found to be 58%. Turbidity is an indirect
measure of suspended solids, and it is vital for maintaining the effectiveness of disinfection
technology [16]. Monitoring turbidity is crucial in controlling the aesthetic condition of the
treated greywater [17]. The high percentage reduction in the turbidity and the presence of
turbidity of the treated samples within the permissible limits indicated that the greywater
might be suitable for reuse after treatment.
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Figure 2. Turbidity of untreated (UT) and treated (T) samples and permissible limits.
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3.1.2. Electrical Conductivity

There was a 44–66% reduction in the various water samples (Figure 3). Sample No. 23
showed the minimum decrease in electrical conductivity, whereas sample No. 28 delivered
the same maximum reduction parameter. The average reduction in electrical conductivity
of the various water samples was observed as 53%.

Appl. Syst. Innov. 2021, 4, x FOR PEER REVIEW 4 of 12 
 

 

of the treated greywater [17]. The high percentage reduction in the turbidity and the pres-
ence of turbidity of the treated samples within the permissible limits indicated that the 
greywater might be suitable for reuse after treatment. 

 
Figure 2. Turbidity of untreated (UT) and treated (T) samples and permissible limits. 

3.1.2. Electrical Conductivity 
There was a 44%–66% reduction in the various water samples (Figure 3). Sample No. 

23 showed the minimum decrease in electrical conductivity, whereas sample No. 28 de-
livered the same maximum reduction parameter. The average reduction in electrical con-
ductivity of the various water samples was observed as 53%. 

 

0

50

100

150

200

250

300

350

400

S1 S2 S3 S4 S5 S6 S7 S8 S9 S1
0

S1
1

S1
2

S1
3

S1
4

S1
5

S1
6

S1
7

S1
8

S1
9

S2
0

S2
1

S2
2

S2
3

S2
4

S2
5

S2
6

S2
7

S2
8

S2
9

S3
0

Tu
rb

id
ity

 (N
TU

)

Samples

Turbidity_UT Turbidity_T Permissible

0
100
200
300
400
500
600
700
800
900

1000

S1 S2 S3 S4 S5 S6 S7 S8 S9 S1
0

S1
1

S1
2

S1
3

S1
4

S1
5

S1
6

S1
7

S1
8

S1
9

S2
0

S2
1

S2
2

S2
3

S2
4

S2
5

S2
6

S2
7

S2
8

S2
9

S3
0

EC
 (S

/m
)

Samples

EC_UT EC_T

Figure 3. Electrical conductivity of untreated (UT) and treated (T) samples.

3.2. Chemical Parameters
3.2.1. PH

By USEPA guidelines, the treated water samples’ pH must be in the range of ~6–9 for
suitable reuse [16,17]. Figure 4 shows that the pH of the treated water samples was around
the neutral range (i.e., ~6–7), suggesting that it can be used for reuse after treatment.
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Figure 4. pH of untreated (UT) and treated (T) water samples and permissible limits.
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3.2.2. TDS

We found the percentage of reduction in TDS of the various water samples (Figure 5)
to be in the range of 48–57%. In sample No. 2, the maximum percentage of TDS reduction
was obtained, whereas the minimum percentage of decrease in TDS was obtained in the
case of sample No. 25. The mean percentage of reduction in TDS was obtained as 54%.
The high percentage of reduction in TDS and its presence within the permissible limits
suggests that the greywater is suitable for reuse after treatment.
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Figure 5. TDS of untreated (UT) and treated (T) water samples and permissible limits.

3.2.3. Alkalinity

The percentage of reduction in alkalinity of the various water samples (Figure 6a) was
found to be in the range of 29–77%. The maximum and minimum percentage of alkalinity
reduction was obtained in sample No. 10 and No. 12, respectively. The mean value of
percentage reduction in alkalinity of the various water samples was 46%. The treated
samples’ alkalinity was within the permissible limits and indicated that they might suitably
reuse the greywater.

3.2.4. Chlorides

There was a 27–48% reduction in the various water samples (Figure 6b). The maximum
and minimum reduction in chlorides was found in sample No. 1 and No. 23, respectively.
The mean value of percent reduction in chlorides of the various water samples obtained
was 35%. The reuse of greywater is indicated by the fact that the treated samples’ chloride
content was within the permissible limits.

3.2.5. Total Hardness

The percentage of reduction in total hardness of the various water samples (Figure 7)
was observed in the range of 8–44%. Sample No. 1 and No. 22 showed the maximum
reduction in total hardness, whereas sample No. 4 showed the minimum decrease in total
hardness. The mean value of percentage reduction in the various water samples’ total
hardness was observed as 23%.

3.2.6. BOD

The percentage of BOD reduction of various water samples (Figure 8a) was observed
in the range of 28–64%. In samples No. 4 and No. 9, the maximum percentage of BOD
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reduction was obtained, whereas the minimum percentage of BOD reduction was obtained
in the case of sample No. 20. The mean value of the percentage of decrease in BOD of the
various water samples was 51%. It suggested that the biodegradable organic compounds
may be suitably removed through this treatment process [16]. Since the BOD of most of the
treated samples was within the permissible limits, the greywater was found to be suitable
for reuse.
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Figure 7. Total hardness in untreated (UT) and treated (T) samples.
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pounds may be suitably removed through this treatment process [16]. Since the BOD of 
most of the treated samples was within the permissible limits, the greywater was found 
to be suitable for reuse. 
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3.2.7. COD

There was a reduction of 17–42% in COD of the various water samples (Figure 8b).
The maximum and minimum percentage of reduction in the case of sample No. 26 and
No. 1, respectively. The mean percentage of reduction in COD of various water samples
was found to be 25%. The lower COD removal maybe because the recalcitrant organic
compounds may be present in higher proportions in the greywater and could not be
efficiently removed during the treatment process [16]. However, the suitable reuse of
greywater is possible since the COD of the treated water samples was within the permissible
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limits. The high percent reduction in turbidity and BOD values of the treated water samples
indicate that the greywater is suitable for non-potable reuse after treatment.

3.3. Biological Parameters
3.3.1. E. coli Check and Biofilm Formation

The MPN (most probable number) of E. coli content in treated water was 5.7 per
100 mL. It was within the maximum permissible limit of 23 per 100 mL [16,18]. It indicated
the safety of viral infections. There was no biofilm formation in the media as per the
governance of four months.

3.3.2. Organic Loading Rate (OLR) and Hydraulic Loading Rate (HLR)

OLR expresses the amount of organic matter fed into a system in BOD [19–22].
The OLR ranges from 0.001919 to 0.0027 with a mean and standard deviation of 0.0022
and 0.00023, respectively. The hydraulic loading rate (HLR) of the wastewater treatment
process unit was 0.041 m3 per m2 per day.

3.3.3. Residual Chlorine Check

A residual chlorine check is one of the most effective methods for checking microbial
contaminations in wastewater streams [23–26]. Chlorine is one of the effective chemicals
in destroying a variety of organisms such as bacteria, viruses, and protozoa, including
Salmonella, Shigella, and Vibrio cholerae. This method of chlorination is widely practiced
in wastewater treatment methods in order to reduce microbial contamination. This also
decreases the risk of exposure to diseases due to microbial populations. By-products
are formed due to the addition of chlorine or any chemical disinfectant to wastewater.
The presence of ammonia and the prior condition of the sewage have a considerable
impact on the by-product formation. Dechlorination of excess chlorine is highly essential
prior to utilization in order to conserve aquatic life and also to reduce the impact of the
intensity of disinfection by-products. The residual chlorine content in treated water after
chlorination was 0.1–0.2 mg/L. It was within the permissible limit of 1 mg/L [16,17]
(Arden and Ma., 2018; Oh et al. 2017). It indicated that the water was free from excess
residual chlorine content.

The E. coli check and residual chlorine check suggested that the greywater is suitable
for non-potable reuse after treatment. However, quantitative microbial risk assessment can
be included to check the microbial risk involved in the non-potable reuse of greywater [27].
Furthermore, economic analysis can be planned in the future [28]. For possible water reuse
in the agricultural sector, the retention of nutrients (i.e., total nitrogen and orthophosphate)
must also be investigated [29]. In addition, the overall treatment of greywater can also be
improved suitably by using a combination of treatment processes (such as membranes and
coagulation) to obtain high-quality treated water for irrigation purposes [30].

4. Conclusions

A comprehensive characterization of greywater is essential to the design of a zero
liquid discharge treatment system. In this regard, greywater samples were collected from
the university campus to assess the characterization of physical, chemical, and biological
parameters and their removal efficiency after passing through the column containing
gravel, sand, and activated carbon. The percentage of BOD reduction was as high as 64%,
showing suitable removal of the biodegradable organic compounds through this treatment
process. Convenient reuse of greywater can be planned since the COD of the treated water
samples was within the permissible limits, and pH was also in the neutral range. E. coli
and residual chlorine checks also indicated the non-potable reuse of the treated greywater
after treatment. The proposed methods’ output motivates a different outlook towards the
considerable scale benefits in reducing water scarcity and sustaining the water for future
use. The developed design is simple, eco-friendly, economically viable, and installed in
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every academic campus. Similarly, treated greywater can be used for car washing, watering
the lawns, and irrigation purposes on the campus.

With an increased shortage of water, where one-third of the world’s population have
no access to clean water, greywater reuse plays a vital role. Conversion of significant
wastewater to reusable water using nature-based solutions (NBS) is quite challenging.
Though greywater reuse has positive impacts such as facing a shortage of water resources,
reducing sewage quantity, minimizing the water supply costs, and enhancing the availabil-
ity of organic matter and nutrients, it also has negative impacts such as microbial risks and
metals micro pollutants. Future research needs to be done to study the pros and cons of
greywater treatment procedures.
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