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     Abstract: Coagulation-flocculation followed by 

sedimentation and filtration is the most commonly used water 

treatment process , in which turbidity or particles removal is 

strongly dependent on proper coagulant dosage, effect of  pH 

,effect of time, jar test and settling column tests were perform.  

In the   method   the   seeds   were treated with different 

solvents of NaCl and NaOH to extract the active coagulant 

agent has been investigated. In this study to evaluate the 

turbidity removal of the   synthetic   and   real   turbidity water 

has been investigated.  The jar test was conducted on kaolin as 

a model wastewater.  0.5M   Sodium chloride extract was 

found to provide a high turbidity removal of   > 99%   

compared   to   NaOH   and   distilled water extract. The 

optimum turbidity removal    at   different   values of initial 

synthetic wastewater turbidity from 100 to 500 NTU were 

investigated.  The performance of natural coagulant after oil 

extraction was also investigated.     

 

    Key words:  Coagulation, Oil extraction, Synthetic 

wastewater, Turbidity Removal. 

I. INTRODUCTION 

The application of a coagulation /flocculation process 

is applied in water and wastewater treatment to remove 

turbidity color and natural organic matter. Chemical 

treatment techniques are effective for color removal but 

use more energy and costly than biological processes [1] 

.They also concentrate the pollution into solid or liquid it 

requires additional treatment of disposal [2][3]. Turbidity 

is the principle parameter, which is caused by the 

suspended matters   or   impurities, interfering with the 

clarity of the water. Positive correlation between   

turbidity and pathogens has been reported in the previous 

studies, and high residual turbidity in the treated water 

may promote the regrowth of pathogens in the 

distribution system, leading to the water borne disease 

outbreaks.  Aluminum and iron salts are the chemicals 

most commonly used together with synthetic organic 

polymer.  Moreover, some studies have reported that 

residual aluminum sulphate   (alum) and polyaluminium 

chloride   may induce Alzhemier's disease [4] [5]. 

Whereas the synthetic organic polymers, such as acryl 

amide have neurotoxic and carcinogenic effects. 

A major problem in membrane filtration processes in 

water treatment plants is membrane fouling, which causes 

deterioration of both the quantity and quality of the 

treated water, reduces the membrane life and 

consequently   results in higher treatment cost. A part   of 

possible solution of these problems might be development 

of new coagulants, preferably natural and renewable 

sources which having safe for human health as well as 

biodegradable.  In recent years in the development of new 

coagulants   which   are    preferably extracted from 

natural and renewable sources [6] [7], such as 

microorganisms, animals and plants. The numerous 

studies on a variety of plant materials which can be used 

as source of natural coagulants have been reported.  For 

(e.g.) natural coagulants from Moringa oleifera 

(Drumstick) [8], Common bean (Phaseolus vulgaris)  and 

Nirmali seed (Strychnos potato rum)   have been 

investigated. The material which has received the greatest 

degree of attention is the seed of Moringa oleifera .  

Moringa oleifera [MO] seeds contain between 30-35% 

(w/w) of vegetable oil known as Behen (or) Ben oil. 

Moringa oleifera (Drumstick) treatment, due to the 

presence of water soluble cationic coagulant protein able 

to reduce the turbidity of the water treated [9]-[13] . The 

seed extracts of strychnos potato rum (Nirmali) contains 

the anionic polyelectrolyte, which contains carboxylic 

(COO
-
) and hydroxyl (OH

-
) as main active groups. The   

presence   of   divalent cations in can greatly increase the 

anionic polyelectrolyte to aggregate negative colloids. 

The crude extracts of common bean (Phaseolus vulgaris) 

seed showed to ability to act as a natural coagulant. The 

common bean seed has a food grade nature and contains 

no oil . The three agro based seeds Moringa oleifera 

(Drumstick)[14] [15], Strychnos potatorum (Nirmali), 

Phaseolus vulgaris (common bean) [16][17] are non-toxic 

and effective coagulant aids useful for removing turbidity 

and bacteria from water. 

The   mechanism   of   coagulation   with   MO that 

extracted with distilled water appears to consist of 

adsorption and charge neutralization   of   the   colloidal   

charges.   The   active   agents of the MO seeds have   

been   determined to be cationic peptides that has 

molecular weight between 6-16 k-Da[18] Previous   study 

reported that MO seed   in dry form contained a 

significant amount of the active agent for coagulation. 

The strychnos potatorum   seed   (Nirmali)   contains 

Anionic polyelectrolyte it is to remove the turbidity from 

drinking water .The common bean (phaseolus vulgaris) is 

food grade nature.  It   contains   no oil. The three agro 

based  seeds such as Moringa oleifera (Drumstick), 

Strychnos potatorum (Nirmali), Phaseolus vulgaris 

(Common bean) are used to remove the  turbidity  from 

drinking water [19].The present investigation studied the 

ability of the different  concentration of coagulant in jar 

test method , the effect of settling column test, effect of 

time, effect of   pH , the effect of defatted crude oil 

extract, comparison  of coagulant in  alum and natural  

coagulant, the surface morphology structure of dried seed 
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powder and combined coagulant  in seed powder and 

wastewater were studied and reported here. 

 

II. EXPERIMENTAL 

A. Materials  

Sulphuric   acid (98%), Glycerol (95%), Hydrochloric 

acid (35.4%), Ethyl alcohol (95%), Silver nitrate (99.5%) 

were obtained from Merck (India).Seeds were purchased 

from local markets. 

B. Instrumentation 

Turbidity was measured using a turbidity meter 

(ELICO CL 52D NEPHELOMETER) and it was 

expressed in nephelometric turbidity units (NTU). pH 

was  measured using a pH meter (ELICO LI 120 pH 

meter). Analytical instrument (ELICO PE 135 DO 

Analyser)   was used to determine the Dissolved oxygen.  

Conductivity meter (ELICO CM 180) was to measure the 

water   conductivity, Chloride   and   Sulphate   

concentration was determined according to standard   

titrimetric   methods (APHA-2012), using (ELICO SL 

159) UV-VIS Spectrophotometer. Morphologies of the 

air-dried   flocks   were examined and measured   

spectroscopic ally   using a SEM (S-3500N, Hitach) 

under a 20kV voltage. 

C. Preparation of   Synthetic Turbid water  

 In this study, synthetic turbid water was prepared by 

adding kaolin, in distilled water for all coagulation 

experiments. The kaolin suspension was prepared by 

dissolving 10g of kaolin powder in 1L of distilled water. 

The suspension was stirred slowly at 20rpm for 1h to 

achieve uniform dispersion of the kaolin particles. The 

suspension was then permitted to stand for 24 h to allow 

for complete hydration of the kaolin. This suspension was 

used as a stock solution for the preparation of water 

samples of varying turbidity for the coagulations tests 

.The initial pH was adjusted with 0.1M NaOH (or) 0.1M 

HCl to obtain desired values of turbidity and pH of the 

synthetic turbid water. 

D. Preparation of natural coagulants seed powder 

 Sample 1: Moringa oleifera 

Sample2: Strychnos potatorum 

Sample3: Phaseolus vulgaris 

These husks of the three seeds were removed 

manually. Good quality seeds were selected and the 

kernels were ground to a fine powder (63-500µm) using 

an ordinary food processor. The seed powder was then 

used in each experiment. 

E. Extraction of active component from seed 

Natural coagulants were obtained from three types of 

seed  

Sample 1: Moringa oleifera 

Sample2: Strychnos potatorum 

 Sample3: Phaseolus vulgaris 

Seeds were ground and sieved through the sieve of 

pore size 0.4mm. 250mg of seed powder was blended 

with 1000ml of solvent using an ordinary food processor 

(Model BL333, Khind) for 2 min   to extract the active 

coagulating agent from the seeds. The solvents used were 

distilled water (DW), Sodium chloride (NaCl) and 

Sodium hydroxide (NaOH) solution. The solvent 

concentration selection was based on preliminary 

laboratory results. The suspension was filtered through a 

filter paper and the filtrate solution was used in a 

subsequent jar flock test. To prevent any ageing effects, 

such as pH and coagulation activity due to microbial 

decomposition of organic compounds during storage, 

fresh coagulants agent was prepared and used 

immediately for each sequence of experiments.   

F. Coagulation experiments 

The jar test was performed to evaluate the performance 

of the coagulants agent extracted from the various 

processes as described above based on standard methods. 

Six 500ml beakers were filled with 200ml of turbid water 

and placed in the slots of a jar tester which was equipped 

with an illuminator. Varies dosages of seed extracts were 

added to each beaker and agitated for 4min at 100rpm for 

rapid mixing. The mixing speed was reduced to 40rpm 

for another 25 min. All the suspensions were then left  for   

sedimentation, the clarified samples were collected from 

the top of the beaker and filtered using filter paper to 

remove any remaining sediment. The turbidity of each 

clarified sample was then measured using turbidity meter. 

The initial turbidity was studied from 100 to 500NTU and 

three types of solvent namely NaOH, NaCl and distilled 

water were employed. All the experiments were repeated 

at least twice for consistency and results averaged. 

G. Settling column test 

Settling column tests were carried out using the 

optimum dosage of coagulants to see the turbidity 

removal efficiency, at different settling times. The effect 

of different types of coagulants used for the effective 

sedimentation, settlement characteristics of the turbid 

water of different   type of   initial   turbidity   samples; 

diameters of settling columns are also studied. The 

settling column test was carried out for no coagulant and 

for different types of coagulants such as Moringa oleifera 

[drumstick], Phaseolus vulgaris [Common bean]   and   

Strychnos potatorum [Nirmali].  The   optimum   dosage 

found  in   the  jar  test  was  used in this settling columns 

test, depend upon the settling columns. Dose calculation 

required for that particular volume of a settling column 

was carried out.  The optimum dosages are added in the 

settling column and at a constant time interval the 

samples are drawn from the sampling ports of settling 

column and their turbidity was measured. The measured 

turbidities of each sample from each sampling port at 

constant time are tabulated. 

H. Defattened crude oil extract 

Defattened crude seed extract was prepared by mixing 

crude seed extract with 70% ethanol. A mass/volume 

ratio of 1:4 was used, where two grams of powder was 

mixed with 8mL  of 70% ethanol for 20 minutes with a 

magnetic stirrer. The solution was left to stand still for 

approximately 1 hour   where by the ethanol /oil phase 
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had separated from the coagulant phase and could be 

removed with a syringe. The defattened   crude   seed 

extract was spread on a plastic plate and left to dry for at 

least one night, until completely dry. Dried   crude seed 

was there after ground with mortar and pestle to create a 

fine powder. 

 

III. RESULT AND DISCUSSION 

A. Effects of using different solvents as the extracting 

agent of the coagulant from natural seeds 

In order to study the improvement of the extraction 

process and hence the amount of coagulant agent 

extracted from the seeds, different molar concentration of 

NaCl and NaOH were used. The effect of using different 

NaCl concentrations on turbidity percentage removal of 

synthetic wastewater was shown in Fig.1. The   

investigation   was   conducted   at   pH 3 and at dosage of 

120mg/l as determined in previous work. Turbidity 

removal was found to increase as the salt concentration 

increased until up to 0.5M.  Similar   trends were also 

observed   for   all other initial turbidity values of the 

synthetic wastewater studied.  Since the coagulant agent 

was a protein, when the salt concentration increased,  the 

solubility of the coagulation efficiency can occur, thus 

leading to a higher percentage of turbidity. Above 0.5M, 

the percentage of turbidity removal started to decrease as 

the NaCl concentration increased.  This   attributed   to   

the salting out effect where by the solubility of the 

proteins decreases with salt concentration. The percentage 

removal increased as  the  initial  turbidity  increased  

M.O -0.5M NaCl showed a greater percentage reduction 

in turbidity removal using different concentrations of 

NaOH   for extracting the coagulant agent from seeds at 

different coagulant agent of synthetic wastewater. Here   

the range of     NaOH   increased    the   coagulation 

efficiency of wastewater also increased until it reached an 

optimum level at 0.05M was shown in Fig. 2. After that, 

the percentage removal started to decrease. The 

decreasing in coagulation activity upon reaching the 

optimum level suggested  that  some  protein  may  be  

denatured  at  NaOH concentration higher than  0.1M and 

hence this reduced the protein solubility in the crude 

extract solution . These results were similar to   those   

obtained   when NaCl as the extracting agent. In the 

determination of best solvent to be used for the extraction 

of the active coagulant agent from M.O seeds, the effects 

of M.O 0.5 NaCl and 0.5M NaOH were compared with 

M.O distilled water. Fig. 3, shows the turbidity removal 

of synthetic waste water using these three types of 

solvents. At 500 NTU M.O 0.5M NaCl could effectively 

coagulate more than 99% of the initial turbidity, while the 

M.O 0.5M NaOH provided 95% turbidity removal. Seeds 

extracted using NaCl demonstrated a greater performance 

compare to the other solvents.  Fig. 4, shows that 

Phaseolus vulgaris seed shows the turbidity removal of 

synthetic wastewater using three types of solvent. At 500 

NTU (Phaseolus vulgaris) P.V-DW and P.V  0.5M NaCl 

could effectively coagulate more than 85% of the initial  

turbidity, while the P.V 0.5M NaOH provided 85% of 

turbidity removal. Seeds extracted using NaCl 

demonstrated a greater performance compare to the other 

solvents. 

In   Fig. 5 Strychnos Potatorum (S.P) seed shows the 

turbidity removal of synthetic waste water using three 

types of solvents. At 500 NTU S.P-DW and S.P 0.5M 

NaCl could effectively coagulate more than 95% of the 

initial turbidity, while the S.P 0.5M NaOH  achieved 93% 

of turbidity removal. Seeds extracted using NaCl 

demonstrated a greater performance compared to the 

other solvents. 

 
Fig. 1 & Fig.2: Effect of NaCl and NaOH concentration. 

(Experimental condition Different concentrations of NaCl 

and NaOH solution, pH=7.4) 

       

 
Fig. 3: Effect of Moringa oleifera seed coagulant 

(Experimental condition: NaCl concentration=0.5M, 

NaOH concentration=0.5M and distilled water, pH=7.4) 
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Fig .4, Fig .5: Effect of   Phaseolus vulgaris seed coagulant 

and strychnos potatorum seed coagulant. (Experimental 

condition: NaCl concentration=0.5M, NaOH 

concentration=0.5M and distilled water, pH=7.4) 

                                                                                               

B. Settling Column Test 

Settling column analysis was carried out using 

optimum dosage of coagulants. A Comparative study of 

turbidity reduction efficiency of different coagulants in 

different turbidity ranges are shown in Table 1. The 

settling column test was carried out for without coagulant 

and for different types of coagulants like Moringa 

Oleifera, Phaseolus vulgaris   and Strychnos potatorum 

using the optimum dosage. The maximum turbidity 

removal efficiency obtained for no coagulant at 12 hrs 

retention time in the settling column for 100 NTU, 250 

NTU and 500 NTU initial turbidity removal efficiency 

are as 71.44%, 75.10% and 78.06% respectively. The 

maximum turbidity removal efficiency obtained for 

Moringa oleifera at 12hrs retention time in the settling 

column, for 100 NTU, 250 NTU, 500 NTU initial 

turbidity removal efficiency are as 95.93%, 95.10% and 

99% respectively. The maximum turbidity removal 

efficiency obtained for Phaseolus vulgaris at 12hrs 

retention time in the settling column for 100 NTU, 250 

NTU and 500 NTU initial turbidity removal efficiency 

are as 77%, 85% and 87% respectively. The maximum  

turbidity removal efficiency obtained for Strychnos 

potatorum at 12 hrs retention time in the settling column 

for 100 NTU ,250 NTU and 500 NTU initial turbidity 

removal efficiency are as 80%, 89% and 96% 

respectively. From all these values observed that 

maximum turbidity removal efficiency was obtained by 

Moringa oleifera. Then the overall removal efficiency 

decreases in the order of Moringa oleifera and Strychnos 

potatorum and then Phaseolus vulgaris and finally it is 

least for no coagulant. 

Table I: A Comparative study of turbidity reduction 

efficiency of different coagulants 

 

Coagul

ants 

 

Dose 

used 

mg/l 

 

% 

of 

turbid

ity 

red

uction

100 

NTU 

 

% 

of 

turbidi

ty 

reducti

on 250 

NTU 

 

 

% of turbidity 

reduction 500 NTU 

Moring

aoleifer

a 

250 82.5 91.2 96.7 

500 80.7 88.4 94.2 

750 76.3 92.1 95.2 

1000 80.1 93.2 96.3 

Phaseol

us 

vulgari

s 

250 70.7 72.8 80.5 

500 66.5 80.9 85.8 

750 75.5 82.1 86.5 

1000 76.1 84.3 87.3 

Strychn

os 

potator

um 

250 80.2 90.3 86.5 

500 85.2 86.8 84.4 

750 82.3 88.9 88.6 

1000 84.2 86.7 90.6 

C. Effect of equilibrium time 

The residual turbidity observed as a function of contact 

time for the range of natural coagulants used in this 

experiment. At a coagulant dose of 500mg/l the residual 

turbidity was observed to decrease as the contact time 

increased. The highest residual turbidity 500NTU for the 

500mg coagulant dose occurred at a contact time of 

12hrs. Fig.6 ,  shows that the percentage of turbidity 

removal in Moringa oleifera seeds were 98.2% Phaseolus 

vulgaris 96% and Strychnos potatorum   was  86% of 

turbidity reduction takes place. Moringa oleifera 

coagulant to remove the turbidity of synthetic wastewater 

at short time compared to the other coagulants. 

 
Fig . 6:Effect of time (Experimental condition: NaCl 

concentration=0.5M, Time =12 hrs, pH=7.4) 
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D. Effect of pH and coagulant dosage on M.O-0.5M 

NaCl, P.V-0.5M NaCl, and S.P-0.5 M NaCl 

  Fig.7,  shows  that  the  of  pH on turbidity removal 

using M.O-0.5M NaCl, P.V-0.5M NaCl and S.P-0.5 M 

NaCl.  As the pH increased the percentage of turbidity 

removal decreased.  The highest turbidity removal using 

M.O-0.5M NaCl, P.V-0.5M NaCl, S.P-0.5M NaCl was 

observed to occur at pH 7 with a percentage of turbidity 

removal 99%, 95% and 90% respectively, while it is clear 

that pH changes do alter the final turbidity in terms of the 

overall removal, the changes are not appreciable and 

suggest that there is no reason to consider using 

Phaseolus vulgaris and strychnos potatorum at a pH 5  

other than neutral.  In comparison, M.O-0.5M NaCl 

exhibits better turbidity removal under alkaline conditions 

for which the percentage removal was on average greater 

than 95%. 

Fig.7: Effect of Ph (Experimental condition NaCl 

concentration=0.5M, Time =12hrs, various pH) 

E. Defattened crude seed extracts 

 Coagulant solution of   defattened   Moringa oleifera, 

Strychnos potatorum and Phaseolus vulgaris was filtered 

once before a coagulation, flocculation test, with the 

consequence that the residual turbidity 100NTU, 

250NTU, 500NTU were tested. Fig.8, shows that 

Defattened Moringa oleifera  in distilled water seed 

extract to remove the turbidity of  wastewater was greater 

than 96%.The strychnos potatorum seed shows that the 

turbidity reduction greater than 87%.The phaseolus 

vulgaris seed shows that the reduction of turbidity greater 

than 75%. 

 
Fig. 8:Effect of Defattened crude oil extract 

(Experimental condition: seed powder distilled water 

extract, pH=7.4) 

F. A Comparison of the performances of aluminum 

sulphate and natural coagulants 

Fig. 9,  which shows a typical set of data for aluminum 

sulphate  and  vegetable coagulant, such as  Moringa 

oleifera,  Strychnos potatorum   and Phaseolus vulgaris  

the final   plateau turbidity values were very similar 

although the dose of aluminum sulphate which was 

required to achieve this was greater than  that  of  the  

Moringa oleifera  and  other  coagulant. This was   

comparable   with   previous work which found that the 

natural coagulant gave a better performance than alum 

(20) .  

 
Fig. 9: Effect of comparison of alum and natural 

coagulant (Experimental condition:  seed powder 

weight=0.5g, pH=7.4) 

 

IV. CONCLUSION 

It can be concluded from this study that natural 

coagulants technique can be a useful method for the 

treatment of turbidity water. This method is very simple, 

low equipments and investment. The influence of 

variables such as different solvent as extracting agent, 

settling column test, effect of equilibrium time, effect of 

pH and coagulant dosage, defattened crude seed extract, 

comparison of aluminum sulphate and natural coagulants, 

scanning of electron microscopy has been determined. 

Under these optimal conditions, The maximum turbidity 

removal efficiency obtained for Moringa oleifera at 12hrs 

retention time in the settling column, for 100 NTU, 250 

NTU, 500 NTU initial turbidity removal efficiency are as 

95.93%, 95.10% and 99% respectively. Turbidity values 

were very similar although the dose of aluminum sulphate 

which was required to achieve this was greater than that  

of  the  Moringa oleifera  and  other  coagulant. The 

preliminary results made in this paper will be used as the 

basis for further investigations into the pilot and full scale 

treatment processes of this type of source water. 
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