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Abstract. The worldwide freshwater shortage is worsened by the excessive use and contamination of scarce
resources. A considerable amount of domestic wastewater is greywater, originating from activities such as
bathing and laundry, and can account for as much as 70% of household water discharge. In contrast to black
water, greywater contains fewer organic materials and nutrients, making it an ideal candidate for recycling.
This research explores a new approach to transform greywater into drinking water using a composite made
of Layered Double Hydroxide (LDH) and Biochar. This composite is designed to utilize the combined
adsorption abilities of LDH along with the high surface area and filtering properties of Biochar to effectively
eliminate pollutants. The study assesses how well this composite purifies greywater to adhere to drinking
water regulations, offering a sustainable and creative solution to mitigate water scarcity by allowing safe

water reuse.

1. Introduction

Although Earth receives adequate volume of freshwater
to meet the need for drinking water, only an incredibly
small proportion of the available water can ever be
harnessed and utilized. About 97% and only 1% of the
available freshwater can be accessed for human use and
consumption respectively [1]. Water pollution,
contamination by human activity, and over-extraction are
the principal reasons for the increasing problem of water
scarcity. About 70% of domestic sewage originates from
greywater, though it contains a relatively smaller
proportion of organic materials and nutrients. Large
amounts of wastewater are produced by both domestic
and industrial processes, and they can be broadly divided
into two categories: blackwater, which comes from
toilets, and greywater, which comes from bathing, sinks,
and laundry [2].

The effluent discharged from bathrooms usually contains
residues of soaps, shampoos, and other personal hygiene
products. The laundry wastewater is rich in detergents and
surfactants [3]. In the case of sinks, water usually carries
toothpaste and soap residues. Kitchen greywater, carrying
food particles, oils, and grease, would be more
heterogeneous in nature.

The reuse of water is becoming a vital concern since
freshwater availability is declining further, especially in
developing nations like India where water demand in non-
potable uses is high. Greywater is considered the most
fitting domestic wastewater streams for on-site reuse
because of its lower contamination level [4]. On-site
treatment and reuse of lightly contaminated greywater
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form a feasible approach wherein uses may include
landscape irrigation, toilet flushing, vehicle washing, and
firefighting [5].

While source-separated greywater carries a much lower
microbiological risk compared to blackwater, the
potential for chemical and microbial hazards, as well as
environmental hazards, still exists if not properly treated.
Its quality is very variable depending on household
practices, user behaviour, and type of products used [6,7].
Managing greywater remains inadequate mainly due to
various pitfalls in planning and poorly implemented
technologies. Most developed countries use various
treatments from simple filtration to complex processes in
order to minimize pollutant loads either before reusing or
discharging [8]. Such initiatives notwithstanding, there
are still identified crucial knowledge gaps, especially on
microbial behaviour and transformation processes in grey
water [9].

Biochar is a rich carbon matrix produced by heating
organic feedstocks in the absence of oxygen-a process
called pyrolysis. The feedstock for biochar usually comes
from agricultural residues and/or municipal waste. It has
attracted much attention recently due to its probable use
in carbon sequestration, soil improvement, and water
treatment applications due to its porous structure, large
surface area, and abundance of reactive functional groups
[10,11,12]. The production is relatively inexpensive,
energy-effective, generates minimal emission, and
depends on raw materials that are widely available [13].
Layered double hydroxides (LDHs) are also widely used
in water treatment. The general forms of LDHs have the
formula: [M?"1« M3 (OH):]*" [A™/y]*-yH20, where
M?" and M?" are metals with divalent and trivalent ions, *
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is the molar ratio of trivalent cations, A™ is the anion

within the interlayer.
Combining them with biochar creates composites with
superior surface area, functionality, stability, and
adsorption. Unlike conventional, costly materials like
activated carbon, biochar/ LDH composites are
sustainable, inexpensive, and highly effective at
removing pollutants. The biochar matrix supports
LDH dispersion, preventing aggregation [14], and the
composite shows enhanced adsorption capacity and
reusability [15,16,17].

2. Material and Methods

2.1. Collection and characterization of grey water

Grey water was collected from a pond in Baranagar Mallic
Colony, located in North Kolkata. West Bengal, India.
The pond water is mostly involved in domestic activities,
which includes handwashing of laundry, and communal
bathing.
The grey water samples were collected using bottled
containers and analyzed in the laboratory for
obtainment of the values for several different
parameters.

2.2. Analysis of Samples

The sample water of both pre-treatment and post-
treatment was checked for the colony count and
determination of the microbial load.

2.3. Preparation of Biochar

Biochar was prepared from rice husk (RH) by initially
rinsing the RH twice with tap water, followed by rinsing
it twice again with distilled water. The washed RH is then
kept in a Hot Air Oven at 105°C for 1 hour. The dry RH is
pyrolysed at 350°C for 1 hour in a forging furnace. The
final rice husk biochar (RHB) is obtained.

2.4. Preparation of Layered double hydroxide
(LDH)

Layered double hydroxide (LDH) is prepared by taking
2.56-gram MgCl,.6H>O and 3.75-gram AlCl3.6H»O, and
dissolving it in 50 millilitres of distilled H,O. The entire
solution is then stirred for 5-10 minutes. A clear,
yellowish solution is finally obtained.

2.5. Preparation of LDH-RHB Composite by Co-
precipitation method

The previously obtained RHB is taken for activation by
heating in a hot air oven at 110°C for | hour. 5 grams of
this Activated RHB is taken in a beaker and 50 millilitres
of distilled H,O is added to it. This solution is taken for
ultra-sonification. After sonification, the previously

prepared 50 millilitres of LDH is added to the Biochar

solution to obtain 100 millilitres of solution. The pH is

checked using a pH meter.
The pH is raised by adding 1M NaOH drop-wise with
a pipette and continuous stirring until the pH is raised
up to 8.5 or 9. After the appropriate pH is raised, the
final solution is kept undisturbed for 24 hours. The
solution is then centrifuged at 2595 rpm for 10
minutes. The supernatant thus obtained is discarded.
This step is repeated. The pellets are finally washed by
adding ethanol and centrifuged with the same
parameters twice.
The final pellets thus obtained are evenly spread over
petri dishes for drying. After drying, solid lumps of
LDH-RHB composite are obtained, which are then
crushed into fine particles for use, or stored for future
use at normal temperatures.

2.6. Preparation of Column for Filtration

The column is prepared for filtration by stacking three

layers — two layers of glass wool with a layer of the LDH-

RHB fine particles between them.
The column is washed multiple times with distilled
H>O until clear water is obtained. The column is thus
ready for filtering untreated grey water. The sample
water is poured into the column, and kept undisturbed
for 30 minutes. After this duration, the filtered water
is collected drop-wise at a rate of 1 drop every 15
seconds. The filtered water is collected in a beaker and
stored for post-treatment analysis. The bed depth,
loading rate, breakthrough time was 12 cm, 2 ml/min.,
500 min respectively.

2.7 Statistical Analysis

All experiments were conducted in triplicate

3. Results & Discussions

The untreated grey water sample was noted to have a total
coliform count of 10! CFU/mL, with the count of Fecal
Coliform colony at 10° CFU/mL. Thus, the Total coliform
and fecal coliform counts are extremely high,
indicating severe fecal contamination and a significant
risk to human and environmental health.
Microbial parameters studied:
A total of ten bacterial colonies, some of which are
listed in Table 1 (below) were isolated and identified
through biochemical testing (Mannitol, Catalase,
Citrate, Urease, Indole, Methyl Red, Voges-
Proskaeur, Dextrose tests) and Gram staining. The
presence of Fungal Yeast and Mold spores (Fig. 1) was
also observed in the water sample.

Table 1. List of some of the bacterial colonies in the Untreated
Greywater sample

Bacterium I Significance | Image |
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Fig. 1. Observable presence of Fungal spores in Untreated

water sample

The treated water sample exhibited a substantial
decrease in its overall microbial load (see Table 2),
with a reduction in the Total Coliform and Fecal
Coliform Count (from 10'° to 103 CFU/mL and from
10° to 107 CFU/mL, respectively). Following the
treatment, there was an increase in the presence of
beneficial bacteria (Rhizobium sp.), suggesting that
microbial balance within the sample was enhanced.
The decline in the population of pathogenic bacteria,
Yeast, and Mold, along with the concurrent increase
in beneficial bacteria (Fig. 2), serves as a reliable
indicator of the treatment's efficacy in suppressing
harmful microorganisms. These results indicate that
the applied treatment led to a substantial improvement
in the safety and microbiological condition of the
water sample.

Table 2. List of some of the bacterial organisms in Treated
water sample
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Fig. 2. No observable presence of Fungal spores in Treated

sample

Water quality parameters studied:

Table 3. Water quality parameters studied

Parameter Untreate | Treate | BIS
dwater | d Guidelin
sample | water | es (IS

sampl | 10500)
e
pH 7.5 7.1 6.5—-8.5
Turbidity 34NTU | 1.1 1 NTU
NTU
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TDS (mg/l) | 850 250 500
BOD 9 3 1
(ppm)

COD (mg 175 10 5

/)

Chlorine 800 10 4
(mg/1)

Phosphate | 30 15 1
(ng/h

Magnesiu | 45 30 30
m (mg/l)

Calcium 80 34 75
(mg/1)

Nitrites 0.7 0.5 1
(mg/1)

Nitrates 1.5 1 10
(mg/1)

Ammoniac | 0.7 0.5 1

al nitrogen

(mg/1)

Lead 0.08 0.02 0.01
(mg/1)

Cadmium 0.02 0.01 0.003
(mg/1)

Nickel 0.04 0.02 0.02
(mg/)

The above data portrays the enhancement of the
treated water quality which will help in its use for
everyday human activities.

4. Conclusion

The prepared LDH-Biochar composites showed high
level efficacy in the microbial remediation of greywater,
it achieved a 2-log reduction in total coliform counts and
fecal coliform counts as well total eradication of
detectable fungal contaminants. The highly pathogenic
bacteria were successfully eliminated and the microbial
profile after the treatment was found to be beneficial and
having a low risk. It means that the composites operate on
a synergistic basis of physical filtration, adsorption, and
most probably, electrostatic interactions which is
reducing the pathogenic load while preserving the balance
of the microbial community. As a pretreatment
technology in a multi barrier system, the composite is very
effective as potable reuse. Although the residual coliform
rates are still above the direct potable requirements, the
considerable continuous long term improvement in the
microbial spectrum opens a new door towards low-cost
sustainable source of conversion of Grey-water into
potable water on a daily basis.
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