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ABSTRACT

Conventional drinking water treatments are often inappropriate in developing countries, due to its high cost, lack of
inappropriate infrastructures or availability of chemicals. The present study deals with the evaluation of treatment
efficiency of natural coagulants Moringa oleifera, Okra seed, commonly available in nearby market. Primarily the
basic operational parameters- pH and coagulant dosages were optimized. Coagulation ability of both seed extract
was assessed by the use of standard jar test experiment in synthetic water with various coagulant doses. Its positive
coagulation activity was measured on the basis of removal of turbidity and total dissolve solid (TDS). Best turbidity
removal efficiency was achieved near neutral pH with optimal doses 200 mg/L and 220 mg/L for M. Oleifera and
Okra and TDS removal efficiency was achieved with optimal dosage of 180 mg/L and 200 mg/L for Moringa
oleifera and Okra.

Key words: Coagulation, Jar test experimenigringa oleifera, Okra, Turbidity, Total dissolved solids.

INTRODUCTION

Availability of pure drinking water has become seanowadays due to poor land use management. Susfaer
was polluted by sewage, industrial water dischangé run off from the land clearing, while groundterawas
polluted by salt water intrusion and waste dumpsitg. This polluted water will have to go througeatment
process before it can be circulated to the conssifieerdomestic use including for drinking [1].

For many developing countries water treatment meaevolved coagulation, flocculation and sedimgote(which

are the processes involved in removing turbidityrfrwater) and disinfection are expensive processeause of the
high costs involved and the difficulty in assessiihg chemical coagulants including alum. This i teason why
these countries need low cost methods requiringrf@intenance and skill. Nowadays, polyaluminiunodbde is
widely used in water treatment plants all overwheld. Polyaluminium chloride and alum added impas such as
epichlodine are carcinogenic [2-3]. Aluminium isgaeded as an important poisoning factor in dialysis
encephalopathy. Aluminium is one of the factors awhinight contribute to Alzimer disease [4-5]. Alunitim
reaction with water reduces water pH and its efficy in cold water [6-7]. Coagulation has been ettbpf much
research, most of which has been related to coéguliz the context of water treatment. Inorgardagulants such
as alum in combination with lime have been conweaily used for removal of turbidity from surfacaters. The
sludge formed from such treatment poses disposablgms because of its aluminium content and tend to
accumulate in the environment and also becausarge Ivolume [8]. Therefore, it is desirable thétentcost
effective and more environmentally acceptable a#tive coagulants be developed to supplement ifreplace
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alum, ferric salts and synthetic polymers. Howevbere have been studies on the use of indigenausah
coagulants. The use of locally grown and naturagatants may result in a more sustainable and ecimady
viable alternative [9-11].

Many plants have been used to clarify water. N#ifucecurring coagulants are usually presumed gafdhuman
health. These includ®loringa oleifera, Moringa stenopetala, Vicia faba [12-13], Canavansiformis, Bombax
constatum [14] and okra [15]. Sutherlagtdal [16] have reported Crushédoringa oleifera, seed have been found
to be viable replacement coagulant for chemicath sas aluminum sulphate (alum). Yeibal [17] studied the
flocculating activities of the fresh stems of magié of GumbdHibiscus esculents) and achieved the lowering of
turbidity.

Many researchers have reportddringa oleifera various uses and as a coagulant specifically ferdist 25years.
They have found that th#&loringa oleifera seed is non-toxic and good coagulant in water rreat. It is
recommended to be used as a coagulant in develamngtries. Encouraged results of these studiesyyma
developing countries have turned to use this @ard viable coagulant in water and wastewatemiresatton a small
scale [18-24].

Muyibi and Evison [25] have reportetMoringa oleifera powder have the capability of reducing low andhhig
turbidity values in surface water. Various segflittimes forMoringa oleifera water treatment have been used or
proposed on softening of hard water witoringa oleifera seed powder used a settling time of one hour. At a
Moringa oleifera dosage of 1800 mg/L the calcium hardness had rediacalmost zero. Doerr [26], on showing
steps for household water treatment, recommendseltbng time of one to two hours for all the pads and
contaminants to settle to the bottom of the storagetainer. Lilliehook [27] while studying the usé sand
filtration on river water flocculated witioringa oleifera employed a settling period of 30 minutes to 12@utes

for low, medium and high turbidity water. Hstial [28] prescribed tha#oringa oleifera seed powder mixed with
water should be kept for hours (number not spetjifie order to obtained clean water.

It was observed that whatever the volume of gumbgilage turbidity of water decreases when pH imeesaits
flocculating activity can be either due to a chexhieaction, or a complex formation [2¥garwal M. et al.[30]
used okra gum for treatment of tannery effluengéytfiound that okra gum acts as a very effectivecilitent,
capable of removing more than 95 percent suspesadlétiand 69 percent dissolved solid from the effiiu Rajani
Srinivasaret al. [31] have done research on okra (Hibiscus estud¢and fenugreek (Trigonella foenum graceum)
mucilage for flocculation of textile effluent. Reétsushowed that polysaccharides (mucilage) obtafred okra and
fenugreek was capable of removing 9684% of suspended solids, 30%-44% of total dissbis@lids. Natural
coagulants have been reported to have several ativentages compared to synthetic coagulants suatuen and
ferric chloride, in that, they produce much lowkrdge volume and are safe to humans. Ghebremiehak[32]
investigated that the sludge produced frisloringa oleifera coagulated turbid water is only 20-30% that of alum
Natural coagulants are biodegradable and costteffefor developing countries since they can beallgcgrown
and have a wider effective dosage range for flatmn of various colloidal suspensions[33].

In the present study we have chosen two widelylai@ natural coagulants i.kloringa oleifera and Okra. In this
context their effectiveness is compared for rema¥alrbidity and total dissolved solid in synttetivater and also
their effectiveness is also checked with varyinggikvater sample.

MATERIALS AND METHODS

All the materials and chemicals were purchased fnearby market. In this study seeds of M. Oleif€¥ara were
used for preparation of coagulant extract and stithurbid water is prepared by using kaolin claydrochloric
acid and sodium hydroxide were used to adjust pbtadk solution. Detailed description of prepanatid synthetic
water and coagulant extract described here:-

2.1 preparation of synthetic turbid water:

The turbidity of natural raw water varies from 1® 500 NTU. So the experiment was carried out by intak
synthetic turbid water with150 NTU turbidity. Tudbivater sample were prepared by using kaolin édéput 10 g

of kaolin clay was added to 500 ml of distill wasaample. The suspension was stirred for 1h to aehieiform and
homogenous sample. Then it was allowed to settlatfteast 24 hours for complete hydration of ctaterials. The
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supernatanodf suspension were diluted to desired turbiditiuga. Resulting suspension was found to be colloida
and used as stock solution for preparation of tivimter samples. Everyday stock sample of kaotiy wlas diluted
by using distilled water to get desired turbidity.

2.2 Preparation of coagulant extracts
M.Oleifera-

» Plant species - Genus Moringa

» Family- Moringaceae.

» Common Name- Drum stick (Golden shower)

Moringa oleifera, known as Moringa, is native to north India bun@v found throughout the tropics. Moringa is
full of nutrients and vitamins and is good in ydood as well as in the food of your animals. Mogrgelps to clean
dirty Water and is a useful source of medicines

Okra (lady's finger) -

» Plant species — A.esculentus

» Family- Mavacae

» Common Name- lady’s finger or Gumbo

Okra Abelmoschus esculentus(Moench), is an economically important vegetati@p grown in tropical and sub-
tropical parts of the world. In the range of stukli¢ is observed that whatever the volume of gumnmzilage, the
turbidity decreases when the pH increases. The lagggi from its sticky nature, contains polymer noales
(Nacoulima et al, 2000).The flocculating activiggncbe either due to a chemical reaction, or a cexrfigirmation.

Plant origin material M. oleifera (seed) and Olgadd) were air dried, grinded in a mortar and pestb powder-
form and sieved to remove large particles. 1 gafqger was mixed with 100 ml distilled water to fod@0 ml of
suspension. The suspension was then thoroughlydmiging a clean magnetic stirrer for 5 min to esttthe active
component, followed by filtration of the solutidmréugh a piece of clean white cloth so as to rensmliel materials
The filtrate was then centrifuged at 30 rpm for B nfollowed by filtration using What man filter par No 41. The
obtained stock solutions from each of these methee preserved at -4°C until analyzed.

2.3 Experimental work

Sedimentation Jar test were carried to determisectragulation properties of the plant derived ctags. One
beaker was used as control and in other beakeyingadlosage of coagulants was added. Jar tests aoaducted
on 1000 ml synthetic turbid water samples. Follayihe addition of the coagulants dosadds,Oleifera Okra

gum), the samples were subjected to a rapid miatntD0 rpm for 1 minute, and a slow mixing ste@@&tpm for

30 min., The stirrer was then switched off andftbek allowed to Settle undisturbed for 30 minut€ke samples
for residual turbidity measurement were withdraveing a pipette from a height of 5cm below the siefaf each
beaker, and residual turbidity was measured. Efféctlose of natural coagulants on removal of tutpidlso

studied.

The effect of pH on turbidity removal was also stadby varying pH of turbid water. pH of the susgien was
adjusted to the desired value by adding eithei.HCI solution or 0.1M NaOH solution. Turbiditygasurement
was carried out by ‘Globe Instrument’ Turbidity reetpH value of the suspension was measured ugitigjtal pH
meter model (Electronics India, Model 111 E)

RESULTS AND DISCUSSION

3.1 Effect of pH on the flocculation of synthetic turbd water

In this study the effects of pH, tests were conddain medium turbid water (150 NTU) with varying pelue
(Shown in Tablel) from 2 to 12 with optimum dosd@® mg/L of coagulant extract. Figure 1 shows #wmults,
based on this figure it was found that both natacagulants produce appreciable reduction of titsbat 6-8 pH
and it was declined at 10 to 12 pH.
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TABLEL. Percentage turbidity removal with optimum dosage 10mg/L

SNO.| ph| TURBIDITY REMOVAL T TURBIDITY REMOVAL

Y (BY MORINGA OLEIFERA) (BY OKRA)

1 2 26 20

2 4 33 28

3 6 45 43

4 8 80 76

5 10 73 64

6 12 68 59
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Figurel. Plot of effects of pH value on Turbidity emoval

3.2 Determination of optimum dosage of coagulant fdurbidity removal
Turbidity is the measure of the degree to whichwlaer loses its transparency due to the presehsespended
particulates. Turbidity measurement could also beduto provide an estimation of the TSS (Total 8ndpd
Solids) concentration. It is essential to elimindue turbidity of water in order to effectively digect it for drinking
purposes. Jar test experiments were performed kyyngathe coagulant dosage (compared in Table2Vforinga
oleifera and Okra) to find the optimum dosage for maximunbitlity removal at their optimum pH. From figure 2
it was observed that turbidity of synthetic watemple decreases with increase of coagulant dossthecbagulants
gave good results. Optimum dosageMafringa oleifera for maximum turbidity removal was found to be 206/L
with a removal efficiency 80.7% and for Okra seedract optimum dose was found to be 220 mg/Lhvait
removal efficiency of 78.7 %. Above this dosagepamsions showed a tendency to reestablishes

TABLE 2. Comparison of turbidity removal efficiency of moriengaoleifera and okra on medium turbid water sample -18 NTU

VOLUME OF REDUCTION OF TURBIDITY BY MOREINGA
S.NO. SAMPLE OLEIFERA REDUCTION OF TURBIDITY BY OKRA

DOSAGE OF RESIDUAL DOSAGE OF RESIDUAL
COAGULANT TURBIDITY COAGULANT TURBIDITY

1 1000 ml 160 80 160 96

2 1000 ml 180 69 180 88

3 1000 m 20C 29 20C 75

4 1000 m 22C 43 22C 32

5 1000 ml 240 63 240 83

6 1000 ml Blank sample 150 Blank sample 150
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Figure 2. Comparison of turbidity removal efficieng/ of Moringa oleifera, and Okra on 150 NTU synthetic turbid water sample

3.3 Determination of optimum dosage of coagulant fdotal dissolved solid removal

Total Dissolved Solids is the total amount of melgharged ions, including minerals, salts or metaisolved in a
given volume of water, expressed in units of mg @t volume of water (mg/L). TDS is directly redat to the
purity of water and the quality of water purifigati systems. This includes anything present in watieer than the
pure water molecule and suspended solids. Expetahjem tests were performed by varying the coaguttpsage.
TDS removal efficiency is compared in Table 3 fdoringa oleifera and okra extract, to find the optimum dosage
for maximum removal of total dissolved solids (TCB)their optimum pH. From Figure 3, the optimunsaige for
maximum removal of total dissolved solids for Mgénseed extract the optimum was found to be 18Q,mdgth a
removal efficiency 37.8% and for okra seed extgmimum dose was found to be 200 mg/L with a rerhova
efficiency 44.5%.
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Coagulant Dosage (mg/L)
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400
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Figure 3. Comparison of Moringa and Okra for Varying dosage of coagulant for removal of total dissoldesolid
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TABLE 3- Comparison of total dissolved solid (tdsyemoval efficiency ofMoringa oleifera and okra on medium turbid water sample -150

NTU
S.NO. V%LAL;A'VF','IE_SF REDUCTION OF TDS BY MOREINGA OLEIFERA REDUCTION OFDS BY OKRA
ggfgf&ﬁ? RESIDUAL TOTAL CISDOOAS(?SLI?A(I\DI'IE RESIDUAL TOTAL
DISSOLVED SOLID(mg/L) DISSOLVED SOLID(mg/L)
(mg/L) (mg/L)
1 1000 m 160 37¢ 16( 38C
2 1000 m 18¢ 28¢ 18¢ 34€
3 1000 ml 200 370 200 250
4 1000 ml 220 213 220 370
5 7000 ml 240 226 240 413
6 1000 ml Blank sample 450 Blank sample 450
CONCLUSION

This is evident from present study, both coagulamse effective for removal of turbidity and tothsolved solid.

Turbidity was removed effectively at an optimum elaf 200mg/L forMoringa oleifera and 220 mg/L for okra

seed powder with optimum pH about 7.0 as showreinld 4.

Table 4. Final result of analyzed water sample - TNTU

COAGULANT OPTIMUM DOSAGE MAXIMUM OPTIMUM DOSAGE MAXIMUM
S.NO. EXTRACT USED OF COAGULANT REMOVAL OF OF COAGULANT REMOVAL OF
(mg/L) TURBIDITY (mg/L) TDS
1 Moringa oleifera 200 80.7% 180 37.8%
2 Okra 220 78.7% 200 44.5 %

It was concluded that the maximum removal of tutiitbr the sample was achieved as 80.7%Muyinga oleifera
however it was not as effective for removal of TD&.5% TDS removed by okra so, it was suggestat] e can
use locally available naturoringa oleifera and okra to treat the low turbid wastewater whécbost effective and
environment friendly. Natural coagulant is susthleaand economical way of water treatment process.
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