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Abstract: In this analysis, the efficacy of adding coagulants 
such as Phaseolus lunatus and Phaseolus vulgaris (polymers) to 
the coagulation process during the treatment of arsenic aqueous 
solution to extract the arsenic metal was investigated. 
Experiments were carried out to evaluate the output of Phaseolus 
lunatus and Phaseolus vulgaris, both individually and in 
combination with arsenic, using the standard Jar test protocol. 
P.lunatus and P.vulgaris were given doses ranging from 1 to 3 
gm. For P.lunatus and P.vulgaris, the (optimal) removal 
efficiency for total arsenic in the aqueous solution was obtained 
at 2gm. With chemical affinity between arsenic and coagulants 
used in this process, the valence state of arsenic may affect 
removal efficiency during the chemical coagulation process. pH 
is discovered to be a significant factor that has a direct or indirect 
impact on results. By overcoming the isoelectric point, the 
complex formed by the interaction of the inorganic pollutant and 
organic coagulant may aid in the removal of arsenic at pH 9 and 
8. P.lunatus and P.vulgaris had optimised arsenic initial 
concentrations of 57.1µg/L and 42.6µg/L, respectively. The 
coagulation mechanism is more prevalent in water treatment, as 
shown by the above findings. 

Keywords: Coagulation, Phaseolus lunatus, Phaseolus 
vulgaris, polymers, isoelectric point. 

I. INTRODUCTION 

Arsenic is found in water naturally in many parts of the 
world (Chen. H.W, Frey. M.M, 1999; Smedley.P.L, and 
Kinniburgh.D.G, 2002).According to WHO guidelines, the 
arsenic level in water does not exceed 10µg/L for human 
consumption (World Health Organization, 1993). The 
leakage of arsenic from industrial effluents may be to blame 
for human health problems. Even though the exact amount 
of arsenic pollution in our Hyderabad research areas is 
unknown, there is no denying that this is a serious issue.  
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In Patancheru and Khatedan, removing arsenic from 
groundwater is a big challenge. In both cases, cost-effective 
treatment measures that are simple to implement are 
necessary to reduce arsenic levels in drinking water. Arsenic 
can be removed from drinking water in a variety of ways. 
Coagulation is the best available technology for arsenic 
removal efficiency among these methods (USEPA, 2002). 
This paper examines the use of enhanced coagulation to 
remove arsenic from groundwater, which represents a large-
scale arsenic problem. The aim of this study was to see how 
effective Phaseolus lunatus and Phaseolus vulgaris are at 
removing arsenic from aqueous solutions by coagulation. 
The effect of P.lunatus and P.vulgaris doses, as well as pH, 
and arsenic concentration on turbidity in treated water was 
investigated. It was also looked at using a small amount of 
polyelectrolyte as a coagulant aid. The results of carefully 
prepared aqueous solutions can be applied to real-world 
groundwater analysis. 

Objectives: 

1. To develop the purification technology with low cost, 
non-toxic and eco-friendly organic coagulants. 

2. To assess the coagulant's adsorption potency and 
intensity, and refine the coagulant for its effectiveness. 

II. PREPARATION OF NATURAL COAGULANTS 

The removal of arsenic from Phaseolus lunatus and 
Phaseolus vulgaris seeds was found to be 80% and 84% 
respectively in a screening test. Taking this into account, the 
seeds of Phaseolus lunatus and Phaseolus vulgaris were 
collected separately, washed, and dried in the sun before 
being crushed in an ordinary mixer grinder and passed 
through a sieve to extract active coagulant. Ranging from 1 
to 5 gm of Phaseolus lunatus and Phaseolus vulgaris seed 
powder were suspended separately in 100 ml of distilled 
water and stirred for 5 minutes in a centrifuge mixer.  

Finally, the suspension was filtered through a tough filter 
paper, and the resulting filtrate, known as crude extract, was 
stored separately in the refrigerator for later use (Jelena M., 
Prodanovic, et al., 2013). Coagulant doses are the amounts 
of active coagulation agents derived (originated) from 10, 
20, and 30 mg of seeds in these volumes of extract. Active 
coagulants in the coagulation-flocculation process are 
proteins, which are found in P.lunatus and P.vulgaris. The 
effect of different dosages on arsenic adsorption was studied 
using these extracts in doses ranging from 1 gm to 5 gm. 
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III. RESULTS AND DISCUSSION 

3.1: Effect of coagulants dosage:  

One of the most critical parameters in determining the 
best conditions for coagulant efficiency is the different 
dosage (extracts) of coagulants in coagulation and 
flocculation. Bad coagulation outcomes may be caused by 
an insufficient dosage or overdosing. As a result, deciding 
the optimum dosage is important in order to minimise the 
cost of coagulants and sludge formation while achieving the 
best treatment results. The effect of coagulant dose on 
arsenic eradication using Phaseolus lunatus and Phaseolus 
vulgaris was investigated separately using various coagulant 
dosages at a constant Arsenic concentration of 50µg/L, as 
shown in Figures 1 and 2, which confirmed that the 
percentage of arsenic removed increases as the coagulant 
dose is increased.  Each 2gm of P. lunatus dose and P. 
vulgaris dose could remove 71% and 68% of arsenic 
respectively. The seeds of Phaseolus lunatus and Phaseolus 
vulgaris are rich in protein and electrically charged 
possessing the coagulation properties. Arsenic ions bind to 
proteins rapidly, allowing arsenic ions in water to degrade 
(J.E. Gregor, C.J. Nokes, et al., 1997).  

3.2. Effect of pH:  

In an aqueous medium, the pH regulates the solubility of 
organic matter (Phaseolus lunatus and Phaseolus vulgaris). 
Coagulant particles usually have a negative charge and are 
stable at the isoelectric point with the lowest solubility. This 
prompted researchers to look into the effect of pH on 
coagulation behaviour and to find the best pH for future 
coagulation experiments. Phaseolus lunatus and Phaseolus 
vulgaris seeds were used as coagulants in jar test apparatus 
experiments with a 2 gm extract dosage. In Figs. 3, the 
initial pH of the aqueous solution was varied from pH 8 to 
pH 11 and from pH 6 to pH 11 respectively. At pH 9.0 or 
higher, both Phaseolus lunatus and Phaseolus vulgaris 
extracts displayed roughly the same high coagulation 
activity, as seen in Figures 3. At pH about 7, there is no 
coagulation operation, and the same low efficiency was 
observed when distilled Moringa oliefera extract ( Okuda, 
T., A. U. Baes, et al., 2001) and Al3+ or Al3++ tannin 
(Özacar, M. and A. Şengil, 2003) were used as coagulants. 
Further experiments were conducted with pH 9.0 for 
Phaseolus lunatus and pH 8.0 for Phaseolus vulgaris in this 
study. The higher the pH, the better the coagulation. This is 
because: 

1. Higher pH values are better for coagulation since 
certain extract components are negatively charged at pH 
above. This is consistent with our previous research, which 
found that common bean water extracts had the highest 
coagulation activity at pH 9 (Okuda, T., A. U. Baes, et al., 
2001). 

2. Due to turbidity, the presence of charge on the 
particles prevents them from joining. Since the particles are 
electrically neutral at the isoelectric point, they clump 
together and sink to the bottom. Organic material 
suspensions become more stable as the pH value moves 
away from the isoelectric point. As a result, the coagulation 
activities of P. lunatus and P. vulgaris seed extract were 
determined at pH values ranging from 8 to 11. With the M. 
oleifera extracts, similar results were obtained (Okuda, T., 
Baes, A. U, et al., 2001) 

3.3. Coagulant Effects of Initial Chromium 
Concentration: 

The results of arsenic removal by coagulation-
flocculation using natural coagulants (Phaseolus lunatus and 
Phaseolus vulgaris) for different initial concentrations 
(20µg/L-80µg/L) are shown in Fig-4. The efficiency of 
arsenic removal increases with increasing the initial 
concentration of arsenic until 60µg/L at constant coagulant 
dose of P. lunatus and P.vulgaris and decreases at higher 
concentrations, according to these figures. The low 
availability of active binding sites in the protein content 
present in these coagulants seed powder is the cause of the 
decrease in removal quality. Despite their high protein 
content, arsenic molecules wrap around the proteins, 
covering the binding sites, as the concentration of arsenic 
ions rises. As a result, the percentage elimination decreases 
as the arsenic concentration rises. In this analysis, the 
optimal arsenic concentrations for P. lunatus and P.vulgaris 
were 57.1µg/L for P. lunatus and 46.2µg/L for P.vulgaris. 

 
Figure-1: Effect of Phaseous lunatus dosage on Arsenic 

adsorption 

 
Figure-2: Effect of Phaseolus .vulgaris  dosage on 

Arsenic adsorption 
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Figure-3: Effect of pH on P.lunatus and P.vulgaris for 

arsenic removal 
 

 
 

Figure-4: Effect of concentration on P.lunatus and 
P.vulgaris for arsenic removal 

 

4.0. Mechanism: 

Coagulation procedures usually involve multiple steps. 
The coagulant is first applied to the effluent, and mixing is 
done quickly and thoroughly. The aim is to thoroughly 
combine the coagulant with the wastewater, enhancing the 
efficacy of particle destabilisation and initiation of 
coagulation. A second stage occurs, during which 
flocculation will last up to 30 minutes. The suspension is 
slowly stirred at this point to increase interaction between 
coagulating particles and promote the formation of large 
flocs. While the clarified effluent overflows, the flocs are 
transferred to a clarification basin, where they settle and are 
collected from the bottom. 

There are two types of mechanisms: 

1. The protein in the coagulant seed functions as a 
cationic polyelectrolyte in this coagulation analysis. The 
soluble particles in the water bind to the active agent, 
forming large flocs in the water. Because of the composition 
of the coagulants (polyelectrolyte) and arsenic, this process 
involves physical and chemical interactions at the molecular 
level. By exposing contaminants to an electrophoretic effect, 
the coagulation–flocculation mechanism is suggested, to test 

the dosage, pH calculation and chemical affinity as 
parameters for determining the electrostatic and chemical 
interaction between pollutants and polyelectrolyte. 

2. Colloids or particles in water have a charge, which is 
affected by pH for certain organisms. The formation of the 
well-known electrical double layer around the particles is 
caused by this charge. The well-known Derjaguin–Landau–

Verwey–Overbeek (DLVO) theory describes particle 
stability due to electrical double layer interactions, and the 
electrical forces prevent the particles from getting near 
enough for the physical attractive forces to draw and keep 
them together. Coagulants can enmesh polluted particles in 
water by forming charged intermediates that adsorb at the 
particle surface, reducing the charge and thickness of the 
electrical double layer (charge neutralisation) (P.Huck, M. 
Sozariski, 2011). 

IV. CONCLUSION 

The natural coagulants Phaseolus lunatus and Phaseolus 
vulgaris were studied for its efficiency in removal of arsenic 
from aqueous solution by considering the influencing 
parameters such as coagulant dose, pH, and initial arsenic 
concentration. The optimum condition for maximum arsenic 
removal was achieved as: pH 9 for Phaseolus lunatus and pH 
8 for Phaseolus vulgaris, same dosage of 2 mg for both 
coagulants. The maximum percentage removal of arsenic 
was found to be 88%, and 90% for Phaseolus lunatus, and 
Phaseolus vulgaris respectively at initial arsenic 
concentrations. It is evident from the results that the natural 
coagulants Phaseolus lunatus and Phaseolus vulgaris are 
equally efficient in removal of arsenic from aqueous 
solution. 
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Table-1: Chemical composition of coagulants 

S.No Parameters Phaseolus 
lunatus 
Composition 
in %  

Phaseolus 
vulgaris 
Composition 

in % 
1. Moisture 7.40 11.75 

2. Protein 22.63 26.72 

3. Fat 3.49 0.94 

4. Crude fibre 6.45 21.20 

5. Ash 4.75 4.34 

6. Carbohydrates 55.28 68.0 
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