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Abstract--Fresh water scarcity is one the serious environmental issues today. Depleting water resources as a result of

various natural environmental and man-made factors including less precipitation, over exploitation, climate change, global
warming, urbanization and many more create challenges for policy makers, governments, scientists, water resource
managers and other stakeholders. Quetta is the capital city of Balochistan province of Pakistan and located in arid region
with highest annual population growth rate of 5.83%. The current study investigates fabrication of a lab scale greywater
filtration plant for sustainable water management in Quetta. As greywater recycling is cheaper, easy to handle and
sustainable method to overcome the water scarcity issue; therefore, a well-designed lab scale pilot plant has been fabricated
to recycle greywater from domestic sources including kitchen, bathroom, laundry and car wash stations. Deduction
competence of pollutants as total suspended solids (TSS), total dissolved solids (TDS), turbidity, pH, hardness and oil are
80%, 32.31%, 98.54%, increase from 6.9 to 8.6, 62.69% and 48.15% have been noted respectively.
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[2]. According to Census 2017, Quetta’s annual
. INTRODUCTION

Water is life, but increasing gap between demand

population growth is highest among all districts of

Pakistan which is 5.83%. Fresh and adequate water

and supply is a serious challenge for governments, availability is not only important for drinking and

public, engineers, environmentalists and  other other domestic needs, but is directly related to food

stakeholders in many parts of the world. Pakistan is security and social welfare too [3]. Major source of

also severely affected by water shortage. Balochistan water in Quetta for domestic and agriculture purposes

is the largest province of Pakistan covering an area of is ground water which is declining rapidly [4]. This

2
347,190 km® and one of the most water stressed areas. alarming situation forces residents either to migrate or

Its capital city, Quetta is located between 30.18° N and to buy water or fetch from far away which has adverse

66.97° E and its climate is arid where mean annual impacts on economy, health and time. Mostly, people

rainfall is 244 mm with a huge population of 2,275,699 use water from tankers which is very expensive on

people [1] face severe water scarcity in current years daily basis and also has adverse health impacts. In
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current years, research on alternative sources such as
wastewater treatment [5] [6] [7], desalination [8], rain
water harvesting [9], surface water filtration [10] and
others seem a good initiative to overcome water
shortage. Greywater reuse is a globally recognized
cost-effective and environment friendly practice for
managing water resources [11] [12]. It decreases the
pressure on fresh water resources and wastewater
treatment plants simultaneously. Domestic water use
such as in kitchen, laundry, ablution and its
commercial use (i.e. car wash) produce a large
quantity of greywater on daily basis. The average per
capita use of water is 80-100 gallons per day and
almost 60% of wastewater available in the form of
grey water. Potential of different places for water reuse
have already been discussed in many studies [13]. It
can be reused through a cheaper and relatively simple
treatment. Hence a lab scale greywater filtration plant
was fabricated and some  physicochemical
characteristics such as total suspended solids (TSS),
total dissolved solids (TDS), turbidity, pH, hardness
and oil/grease concentration have been checked and
results were found in permissible limits after filtration

and disinfection.
1. MATERIAL AND METHODS

A pilot plant has been designed which consists of
two segments containing a 0.25 HP pump, sand filter,
carbon filter, sedimentation tank and filtered water
storage tank. The water samples from laundry,
kitchen, and car washing stations were collected in the
sedimentation tank. Initially the suspended particles
were allowed to settle down through sedimentation

and flocculation.
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A. Filtration

Wastewater from sedimentation tank was pumped
through 10 inches thick sand filter with an optimum
flowrate of 170 lit/hr. The sand filter was composed of
sand and gravels of different sizes. The filter was filled
with four layers of different filtration materials, of
which, the top and bottom were being filled with
gravels and the second and third layers were composed
of coarse and fine sand particles, respectively. After
passing through the gravel and sand filter, the water
sample was passed through carbon filter by gravity.
Carbon filter was also comprises of three layers i.e. top
and bottom layers were composed of coarse activated
carbon granules while the middle one consists of fine
granules. Filtered water sample was collected in the
storage tank after being passed through UV light for
disinfection. Overall process consists of two major

filtration sections clearly shown in Figure 1.
- B ¥

Figure 1Grey water Filtration Plant

B. Backwashing
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The major advantage of current research is the
presence of backwashing mechanism in it for filter
media. This will increase the life of filter by cleaning
filter media on the spot. The concurrent beds are
backwashed to relieve compression and remove
particulate matter (often called “fines”) [11][16].
Valves were designed and installed in such a sequence
that during filtration only V-2, V-3, V-10 and V-11
were remain opened and rest of the valves were kept
closed, while during backwashing V-1, V-4, V-5 and
V-7 were kept opened by keeping all other valves
closed. V-6 and V-8 were used as discharge valves
during backwashing. Also, sludge from sedimentation
tank can be removed during backwashing by opening
V-1 and V-9. The flow chart is given in Figure 2.

Figee t

Finer 2

Sroage Tark

- Eedmation
Tork

-

Figure 2Process flowchart

1. RESULTS AND DISCUSSIONS

In current study, six parameters have been tested and
found a considerable difference in the results after
filtration; where, all parameters were found to be
within the allowable limits as shown in Table 1. The
highest removal efficiency observed was in terms of
turbidity, where, the analyzed turbidity of greywater
sample was 253 NTU which was after filtration
reduced to 3.7 NTU with a removal of 98.53 %. The
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removal of TSS, TDS, Hardness and Oil were
calculated to be 80 %, 67.69 %, 62.68 % and 51.85 %,
respectively. The pH of the water sample after
filtration was recorded to be 8.6 which was 6.9 before
the filtration process. The pH moved to alkaline due to
the removal of some acidic components from the
greywater [17]. The limit of pH is although near the
upper allowable limit but it is feasible to be used for
the domestic applications i.e., agriculture, service
stations or cleaning etc. However, the limits of each
contaminants should be taken into account according
to the end use.

Table 1Results before and after filtration of samples taken
from residential area of Baleli, Quetta, Pakistan

Parameters | Before filtration | After filtration
TSS 1000 mg/I 200 mg/I
TDS 590.9 mg/l 400 mg/I

Turbidity 253 NTU 3.7NTU
pH 6.9 8.6
Hardness 321.6 mgl/l 120 mg/I

oil 27 mg/l 14 mg/l

A. Parameters Calculation

Standard methods have been followed for calculation
of TSS, TDS, turbidity, pH, hardness and oil in water
samples before and after the treatment [5] [6] [15]
[16]. TDS, pH, and turbidity of the samples have been
checked by using portable TDS, pH, and turbidity
meter from Mettler Toledo before and after filtration
available at Central laboratories of Faculty of
Engineering, Balochistan University of Information
Technology, Engineering and Management Sciences,
Quetta, Pakistan. However, TSS was calculated
manually by weight method using following equation
at Chemistry lab, BUITEMS.

TSS = {Final weight — Original weight} * 1,000,000/

Sample volume
For TSS calculation, Whatman 42 filter paper was

used to calculate TSS in the sample. The filter paper
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was placed on the funnel and the filtrate was collected
inside the beaker placed at the bottom of the funnel. 10
mL of sample after being agitated was poured evenly
on to the top of filter paper. Vacuum was created
inside the beaker so that the water sample can pass
quickly through the filter paper. After filtration, the
vacuum was turned off and filter paper was removed
and placed in Petri dish. The dish was then placed in
an oven and heated for 3 hours at 105 °C. After 3
hours the sample was kept in desiccator for 30
minutes, where it cooled in a moisture free
environment. Afterwards the weight of the sample was
calculated.

The main objective of plant was to check the filtration
capacity and treated water quality for reuse. The
removal efficiency of each parameter was calculated
based on its concentration before and after the
filtration process and the results are shown in Figure
3. The removal of the contaminants were compared
with the similar kind of filtration system designed by

[12], in which the authors were successful to remove

98.54
100
80
80 62.69
— 60 48.15
X
= 32.31
g 40
IS
¢ 20
0 . .
u & & 7 9
& & & & @éy
& & N R BN
< Parameters

Figure 3 Removal efficiency of the Lab Scale Greywater
Filtration Plant

BOD, COD, and TSS up to 49, 51, and 76 %,
respectively. The removal efficiency of current study

was found higher when compared to the above results
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with modified and effective technique of filtration
being used.
V. CONCLUSIONS

The pilot filtration plant provides a low cost
and easy technique of treating domestic grey water for
irrigation, car washing and other sanitary works. This
is one of the best alternatives in water stressed areas.
The removal efficiency of turbidity, TDS, TSS, total
hardness, and oil were calculated to be 98.54, 32.31,
80, 62.69, and 48.15 %, respectively. The technical
adjustment of the valve positions had reduced the
number of pumps being installed which ultimately had
reduced the manufacturing cost and made the process
very simple. Also, all results are in allowable limits,
which is recommended to install on commercial scale
to manage water resources positively. Further, a little
variation in filter media can increase the reduction in

contaminants.
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