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Abstract — The demand for fresh water is continued to increase at a rapid pace due to the growing population,
increasing urbanization and the constant economic growth. Fresh water scarcity can be overcome to an extent by using
fresh water sources for drinking purposes and treated wastewater for various domestic purposes. Conventional treatment
techniques are extremely expensive for developing countries like India. Therefore, an urgent need for cost effective
methods of treatment and recycling of wastewater are highly desirable. Taking these into consideration, we have worked
on the effectiveness of naturally available cheap materials as a coagulant and a bio-adsorbent. The treatment process is
a two stage processes:, in the first stage Moringa oleifera extract was used as the coagulant or banana peel powder was
used as the adsorbent and in the second stage coagulated water was filtered using constructed filter. The wastewater
generated at campus hostel was used for the laboratory analysis. The jar test was used to determine the optimum
coagulant dosage of banana peel powder and Moringa oleifera seed extract. The water quality analysis of raw water,
treated water using M. oleifera and banana peel powder without and with filtration was carried out. It was observed that
for both Moringa oleifera extract and Banana peel powder, there was 14 % increase in pH after coagulation and
flocculation and pH increased to 100% after filtration, as well as 65% of tubidity, 58% of chlorides was removed during
first stage , and followed by filtration has a percentage reduction of 95% and 93% respectively. The value of hardness
showed an increase. Also first stage treatment led to 21% decrease in COD and 54% decrease in BOD and fil tration led
to 79 % removal of COD and 99% removal of BOD. The DO increased from 0 to 4.33 mg/l using Banana peel powder
and 5.12 mg/l using Moringa extract. TDS of the sample remained stable and the TSS value of the sample decreased by
91%. The colour and odour of the wastewater was also completely removed. Most of the water quality parameters were
within permissible limit for the irrigation requirements.
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I ILINTRODUCTION

Banana peel is an agricultural waste that is being discarded all over the world as a useless material. They cause waste
manage ment problems although they have some compost and cosmetics potentiality [5]. The substance could be used for
medicine as well as personal care and is known for anti-fungal and antibiotic properties, with lots of vitamins, minerals
and fiber that benefit for skin care and for healing the wound [13]. Besides that, banana peels have adsorbent potentiality.
It is very useful for purification and refining processes. It has adsorption capacities to remove chromium from
wastewater, copper [8] and also some dyes.

Banana peel is a readily available, and eco-friendly bio-material. This agricultural waste is also inexhaustible and non-
hazardous, specifically selective for heavy metals and can be easily disposed by incineration [4]. Banana peels are
selected to be prepared as a bio-adsorbent and contain high organic carbon (41.37%) and have been subjected to bio-
methanation and biogas production. Peels were also used as a material for charcoal and activated charcoal adsorbent.
Banana peels were tested for the removal of total sulfide fromspring water in Heet area, Iraq. The chemical composition
of peels was investigated [17] and revealed that the treatment of water using the banana peel is most effective for
removal of hydrogen sulfide fromsulfur spring water.

Moringa oleifera tree is native to the southern foothills of the Himalayas in northwestern India, and widely cultivated in
tropical and subtropical areas and its seed powder have been widely used as coagulant for water and wastewater
treatment [9, 10, 18]. M. oleifera seeds protein extract has been demonstrated its effectiveness in wastewater systems and
showed that the extract can be used to remove 99 % of the suspended solids without affecting the pH of the water [6]. M.
oleifera coagulant was able to improve the turbidity fromaverage of 320 NTU to 4 NTU [16]. M. oleifera seed coagulant
increased the turbidity removal up to 96.23 % under a dosage of 0.4 mg/l and the extract reduced the hardness of water or
wastewater [1]. M. oleifera seed powder leads to toxicity and mutagenic effect [11]. In order to reduce the toxity effect
of using M. oleifera seed as coagulate, a two stage filtration processes combined with the addition of powder was
conducted [15]. The results showed that combinations of two stage filtration tank with natural filler media such as sand
and charcoal gave a significant improvement than the earlier methods.
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The main objective of this paper is to study the effectiveness of two stages and single stage wastewater treatment of
campus hostel and kitchen wastewater using M. oleifera seed powder. Also the banana peel is an agricultural waste
produced all over India, and is reported as an adsorbent. Potential of banana peel powder for the campus wastewater
treatment is also studied under two stages. In the first stage the wastewater is coagulated and flocculated with banana
peel powder or M. oleifera extract and in the second stage the water from the first stage is filtered through the filter. The
effectiveness of with and without filtration using banana peel powder and M. oleifera extract is studied and analyzed.

1. MATERIALS AND METHODS

2.1. Preparation of banana peel powder
Banana peels were collected and dried in sunlight for 5 days. The peel was dried in an oven at a temperature of 115° C
for 24 h and were finely powdered using electric grinder and then sieved through 2.36 mm IS sieves.

2.2. Preparation of Moringa oliefera extract

The seeds were collected and the shells surrounding the seed kernels were removed using knife, and the kernels were
grounded using an electric mixer grinder into powder and sieved through IS sieve of 2.36 mm size. Stock solution was
prepared by mixing 10, 20, 30, 40, 50, 60 g of seed powder in 1000 ml distilled water and the solution was then filtered.

2.3. Construction of filter

It was observed that after coagulation of wastewater with Banana peel powder, the colour of wastewater became dark
brown. Also the treatment of wastewater with Moringa seed extract and Banana peel powder was not enough to increase
the Dissolved Oxygen (DO), and the removal of odour. For this a simple and cheap filter was constructed using charcoal
and sand. Fresh charcoal was obtained and crushed into small bits. In order to reduce the cost and also to save waste
materials, two cylindrical p lastic bottles of size 2 liters were taken, shown in

CHARCOAL

Figure 1. Low cost filter used for experiments
Figure 1. One of them was cut at the top and the other one at bottom. A wire mesh was placed at the mouth of the
container. A layer of gravel was placed on top of the mesh, and was well compacted. Gravel was placed at the bottom to
give a strength and support to the overlying layers. Further the charcoal bits were placed in a thick layer and compacted.
Charcoal would act as an adsorbent which would remove colour and odour. This layer was followed by a layer of well
compacted sand, for mechanical screening, coagulation flocculation and biological activity and coconut fiber for its anti-
fungal nature. The filter was then saturated using tap water to remove all the dust and dirt components.

2.3. Wastewater

The wastewater for the e>g)eri,mental studies was collected from institutional hostel wastewater outlet (latitude: 9 ° 31
54.42 and Longitude: 76° 49 12.5”) in Amal Jyothi College of Engineering, Kanjirapally, Kottayam, Kerala situated in
the southern part of India

. RESULTS AND DISCUSSION

The general water quality parameters like pH, turbidity, chloride, hardness, dissolved oxygen (DO), biochemical oxygen
demand (BOD), chemical oxygen demand (COD), total suspended solids (TSS), total dissolved solids (TDS) were tested
for raw water and treated water. The treatment was done in two stages, namely, treated unfiltered stage, stage 1, i.e.
water in which the optimum dosage of Moringa oleifera extract and Banana Peel powder was added, stirred to aid
flocculation and then allowed to settle; and treated filtered stage, stage 2, i.e. the treated water was filtered through the
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filter. The water quality parameters of raw water and these two stages treated water were checked. The results obtained in
these two stages were compared with water quality parameters of raw water and permissible levels.

3.1. Optimum dosage of Moringa extracts and banana powder
In order to find the optimum dosage of Moringa extracts and Banana powder, Jar Tests were conducted. The jar test was
conducted with 1 minute fast mixing and 9 minute slow mixing to assist the floc formation process. The turbidities of

each of the samples of raw water and treated water were checked using Nephelometric Turbidity meter. The dosage
corresponding to the minimum turbid ity gave the optimum dosage.

In the case of M. oleifera, stock solutions with varying amounts of Moringa seed powder (such as 10, 20, 30, 40 g/lI) was

first prepared and then the stock solution was added in varying concentrations into the raw water and was subjected to Jar
Test.

In the case of Banana peel, various amounts of Banana peel powder were added into the raw water (such as 5, 10, 15 g/l)
and was subject to jar test. This was done because; basically Banana peel powder is a bio-adsorbant which is a surface
phenomenon.
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Figure 2. Optimum Dosage for Moringa Oliefera

Figure 2 shows the jar test results for M. oleifera extracts. The graph shows the relation between turbidity in NTU and
concentration of stock solution added for different dosages of stock solutions. As in the case of the optimum dosage for
alum, it was observed that the turbidity value first decrease with the increase in concentration of stock solution, but after
attaining a minimum value, the value of turbidity goes on increasing with the increase in concentration of stock solution.
This may be due to the fact that after a certain concentration the coagulant itself starts increasing the turbidity. The
experiment for different concentrations of stock solution was done on different days and the properties of the raw water
also differed daily. The optimum dosage was obtained at 40g/l stock solution with a dosage of 100 ml/l. The lowest
obtained turbidity value is 31 NTU. This dosage was taken as optimum for all other tests.

Figure 3 shows the jar test results for Banana peel powder. The graph was plotted between turbidity and amount of
Banana powder added. Here also, it was observed the turbidity decreases with the increase in the amount of banana peel
added up to optimum dosage and then starts increasing with the increase in the amount of banana peel. This was so
because after a certain amount, the banana powders itself starts increasing turbidity. The optimum was obtained at 30g/I
and the lowest value of turbidity obtained was 15 NTU. This value was taken as optimumfor all remaining experiments.

@IJAERD-2015, All rights Reserved 98



International Journal of Advance Engineering and Research Development (IJAERD)
Volume 2,Issue 2, February -2015, e-ISSN: 2348 - 4470 , print-ISSN:2348-6406

180

160

140 \

120

= L\

2100

£'50 \ —— Turbidity
\

560

\M\

0 10 20 30 40
Conc. of Banana Peel Added (g/l)
Figure 3. Optimum Dosage for Banana Peels

IV. VARIATION OF VARIOUS WATER QUALITY PARAMETERS
After obtaining the optimum dosages for Banana peel powder and Moringa oliefera extracts, the variation in various
parameters like pH, chloride, hardness, DO, turbidity, COD, BOD in the raw water, treated unfiltered water and treated
filtered water were identified. The obtained values were compared with the standards given in GSDEP (General
Standards for Discharge of Environmental Pollutants) which gives the tolerance limits for disposal of wastewater into
inland surface water, public sewers, and marine/coastal areas and for land irrigation.

4.1. Potential of Hydrogen (pH)
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Figure 4. Variation in pH
Figure 4 shows the variation in pH of raw water, after treatment in stage 1(treated unfiltered) and stage 2(treated filtered).
It was seen that the raw water is highly acidic in nature. This may be due to the fact that kitchen wastes contain high
amount of organic acids like acetic acid, citrus acid, lactic acid etc. Also, with the passage of time, the wastewater
becomes acidic due to the acids produced by bacterial action. Due to these reasons we obtain a very low pH value of 3.75
for raw water. It was observed that treatment with Moringa extract does not alter the pH. Treatment with banana powder
increases the pH by 14%. But after filtration, in both the cases, it is observed that there is a tremendous increase in the
value of pH to a value around 7.5 (twice the initial value). This may be due to the re moval of organic matter after

filtration. As per GSDEP, the pH value must lie within the range of 5.5 to 9 for irrigation purposes and for disposal into
inland surface water, public sewers and marine/coastal areas.

4.2. Turbidity
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Figure 5. Variation in Turbidity

Figure 5 shows the variation in turbidity of raw water, after treatment in stage 1 and stage 2. The turbidity of raw water
was found to be very high i.e. 232 NTU. The turbidity of source water may arise from starch, sugar, fats, oil, grease,
animal and vegetable wastes, fatty acids, alcohol, sand, gravel, clay, debris, dissolved salts, chlorides etc. It was observed
that after treatment with Moringa extracts and Banana powder there was a tremendous decrease in the value of turbidity.
In the case of Moringa extract, the extract acts as coagulant and reduced the turbidity to 91 NTU (61 % removal). In the
case of Banana peel powder, the powder acts as a bio-adsorbant and thus reduced the turbidity to 78 NTU (66 %
removal). It was seen that after filtration, the turbidity further decreased to 12 NTU (95 % removal) in both the cases. As
per GSDEP the maximum permissible value of turbidity of water intended for domestic purposes i 10 NTU. The
obtained value lies very near to the range.

4.3 Chlorides

Figure 6 shows the variation in chlorides of raw water, after treatment in stage 1 and stage 2. The chloride content in our
source water may be due to kitchen wastes, presence of water softeners in water. It was observed that there was a higher
decrease in the chloride content to 40 mg/l (58 % removal), as compared to treatment with Banana peel powder. This
might be because the Moringa extract is able to coagulate chlorides. After filtration it was seen that the chloride content
reduced greatly to around 6.5 mg/l (93 % removal) in both cases. This is due to further mechanical filtration and

coagulation through the filters. As per IS 10500, the maximum tolerable value of chlorides is 250 mg/l. The obtained
value is much smaller than the range.
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Figure 6. Variation of Chlorides
4.4 Hardness
Figure 7 shows the variation in hardness of raw water, after treatment in stage 1 and stage 2. Hardness generally
occurs due to the presence of salts of calcium and magnesium. The source water had low hardness content i.e. 50 mg/1 of
CaCO;. But after treatment and filtration, it was seen that the hardness increased in both the cases. In the case of Moringa
extracts the value increases to 104 mg/l of CaCO3
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Figure 7. Variation of Hardness
and in the case of Banana peel powder it increases to 135 mg/l of CaCOg3. As per IS 10500 the maximum permissible
value of hardness is 300 mg/1 of CaCOgzand the obtained value lies within the range.

4.5 Dissolved Oxygen
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Figure 8 shows the variation in DO of raw water, after treatment in stage 1 and stage 2. It was observed that the
dissolved oxygen in raw water was zero. It is seen that after treatment also the DO of the water is negligible.
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Figure 8. Variation of DO
But after filtration, the DO increases to 4.33 mg/l in case of Banana peel powder and to 5.123 mg/l in the case of
Moringa extract. The minimum value, as per studies for DO is 4 mg/l for the survival of aquatic life. The obtained value
is higher than this value.

4.7 Biochemical Oxygen De mand
Figure 9 shows the variation in BOD of raw water, after treatment in stage 1 and stage 2. It was observed that the BOD of

raw water was very high, i.e. 549 mg/l. This is due to the presence of high amount of decomposable organic matter in our
source water. After treatment, it is seen that the BOD decreased to 253 mg/l (54% removal) in the case of Moringa
extracts. The might be due to the anti microbial properties of Moringa oleifera. After filtration the value of BOD reduced
to 2 mg/l (99% removal), probably due to the removal of organic matter by the filter. As per GSDEP, the maximum
permissible value of BOD for land irrigation is 100 mg/l. And the value obtained is much lower than the limiting value.
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Figure 9. Variation of BOD

4.8 Chemical Oxygen Demand
Figure 10 shows the variation in COD of raw water, after treatment stage 1 and stage 2. The COD of raw water
is very high, i.e. 1192 mg/l, due to presence of large amount of dissolved matter in it. It was seen that after
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Figure 10. Variation in COD
coagulation and filtration, the COD of water decreased to around 250 mg/l (79 % removal) due to the removal of the
oxidisable matter by filtration. As per GSDEP, the maximum limit of COD for disposal into sea is 250 mg/l. The
obtained value lies very near to the range.

4.9 Total Dissolved Solids
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Figure 11 shows the variation in TDS of raw water, after treatment in stage 1 and stage 2. The raw water does not contain

very high content of TDS, i.e. 350 mg/l, but it was seen that after the addition of Moringa extracts, the value of TDS
increased to 1720 mg/l and after the addition of Banana peel powder, the TDS increased to
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Figure.11: Variation of TDS
6880 mg/I. This increase might be due to the addition of the extract and the powder which gets dissolved in water. But

after filtration, the TDS decreased to around 500 mg/l. This was due to the filtration of very fine particles. As per IS
10500 the maximum permissible value of TDS is 500 mg/l. The obtained value was very near to the limit.

4.10 Total Suspended Solids
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Figure 12. Variation of TSS
Figure 12 shows the variation in TSS of raw water, after treatment in stage 1 and stage 2. The TSS of raw water was very
high as expected, i.e. 710 mg/l. After treatment the value reduced to around 100 mg/I (86 % removal) in both the cases
mainly due to coagulation action of Moringa extracts and bio-absorption by Banana peel powder. After filtration the TSS
further reduced to around 65 mg/l (91 % removal) in both the cases due to mechanical screening of finer particles. As per
GSDEP the maximum permissible value of TSS for land irrigation is 200 mg/1. The obtained values lie within the range.

4.11 colour and odour
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Figure 13. Variation in Colour
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The raw water has got a very foul odour due to the anaerobic decomposition of various substances. The smell is chiefly
due to the production of Hydrogen Sulphide gas. It is seen that the odour of the wastewater is completely removed after
filtration.

The raw water as such had a light earthy colour. But after the addition of Banana peel powder into the wastewater, the
water turns dark brown in colour. It might be due to the finer particles of Banana peel powder. But after filtration, the
colour of the wastewater was completely removed. This was also because of the presence of charcoal in the filter, which
acts as an adsorbent. Figure 13 shows the variation in colour.

V. CONCLUSION

The wastewater from the college campus was collected and treated with banana peel powder and M. oleifera. Then the
treated water was further filtered using the simple filter constructed to remove the colour imparted by Banana peel
powder and also to enhance the treatment efficiency. The water quality parameters of wastewater and the treated water
were analysed and compared with the permissible limits.

It was observed that for both Moringa oleifera extract and Banana peel powder there was 14 % increase in pH after stage
1treatment and increased 100% after filtration, as well as 65% of tubidity,58% of chlorides was removed during stage 1,
and followed by filtration has a percentage reduction of 95% and 93% respectively. The value of hardness showed an
increase. Also first stage treatment led to 21% decrease in COD and 54% decrease in BOD and filtration led to 79 %
removal of COD and 99% removal of BOD. The DO increased from 0 to 4.33 mg/l using Banana peel powder and 5.12
mg/l for Moringa extracts. TDS of the sample remained stable and the TSS value of the sample decreased by 91%. The
colour and odour of the wastewater was also completely removed. From the results it is clear that most of the water
quality parameters were within the limits.

The treated water, though it cannot be used for drinking purpose, can be used for domestic purposes like watering of
plants, irrigation, flush water etc. It is clear that when properly designed and applied, Moringa oleifera and banana peels
can be certainly play a key role in minimizing the impact of the imminent global clean water shortage that are faced by
the society. Also the banana peel can be substituted for alumas the coagulant.
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