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Abstract 

One of the world's significant concerns lately is the quality of water and its availability over 

time. Being one of the most critical basic needs for humanity, its care is elementary for the 

world. In this research, we develop mechanisms for its treatment, the process of coagulation, and 

flocculation, where synthetic coagulants are added to accelerate the settling of suspended solids. 

This process was divided into four parts for a better understanding. They are starting with the 

introduction that provides a broad overview of the research and describes the Lurín area's 

problem. The methodology indicates the experimental research design where the collected 

concentrations are measured, going through the two treatments' procedure (Opuntia ficus indica 

and Ferric Chloride) at different doses. The results present initial and final parameters with both 

coagulants' dose tests for determining periods and zones, showing parameters of treatment and 

removal of the coagulants concerning the Lurín river's water. Finally, the conclusions indicate 

that the natural coagulant Opuntia ficus Indica obtained the highest percentage of turbidity 

removal, removal of chemical oxygen demand, reduced biochemical oxygen demand, and 

generated lower costs than ferric chloride. 

Keywords: Water, Lurin River, Oxygen, Natural Coagulation, Opuntia ficus indica. 

 

I. Introduction 

Water quality and availability is currently a worldwide concern, as it is a vital element for human 

beings and their development. There are different types of surface water contamination, which 

have a severe impact on the population. During this process, surface water can be contaminated 

due to the coagulant used, the most commonly used aluminum sulfate, and ferric chloride, which 

generate residual sludge (pollutants) in the treatment plants. For this reason, this research work 

has compared the reduction of suspended solids in surface water from the Lurin River using a 
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synthetic coagulant (ferric chloride) and a natural one (Opuntia ficus indica), to demonstrate a 

greater capacity for clean reduction by the natural coagulant. As for the results concerning 

turbidity reduction, a percentage of 74.14 % removal was obtained for the natural coagulant 

Opuntia ficus indica with a dose of 60 mg/L, reducing the initial turbidity from 100 NTU to 

25.85 NTU, while for ferric chloride, a percentage of 73.73 % removal was obtained with a dose 

of 60 mg/L, achieving final turbidity of 26.26 NTU. Likewise, a portion of displacement 

concerning COD reduction of 75.69% was obtained for the natural coagulant Opuntia ficus 

indica with a dose of 60 mg/L, reducing the initial COD from 48 mg/L to 11.66 mg/L, while for 

ferric chloride, a percentage of removal of 72.91% was obtained with a dose of 50 mg/L, 

achieving a final COD of 13 mg/L. Finally, a portion of displacement concerning BOD5 

reduction of 36.8% was obtained for the natural coagulant Opuntia ficus indica with a dose of 40 

mg/L, achieving a reduction of the initial BOD5 from 1.08 mg/L to 0.68 mg/L. In comparison, 

for ferric chloride, a percentage of removal of 21% was obtained with a dose of 40 and 50 mg/L, 

achieving a final BOD5 of 0.85 mg/L. Opuntia ficus indica has higher turbidity, COD, and BOD5 

removal capacity compared to ferric chloride, which is why this natural coagulant can be used 

for the treatment of contaminated surface water as in the case of the Lurín River. The waters of 

the Lurín River's quality and properties are being affected by the constant contamination of the 

area. This is generated by indiscriminate dumping of domestic and industrial origin. For this 

reason, the General Directorate of Health (DIGESA) established that the area is unhealthy 

because two kilometers of fecal coliforms were found in the area. Suspended solids are also 

present, resulting in a lower concentration of oxygen in the water. The water is used for crop 

irrigation and consumed by local animals. This is a significant problem not only for the 

environment but also for the residents. 

During the treatment of these waters (flocculation and coagulation) coagulants of artificial origin 

are used, which when used in large quantities can be harmful to health, which is why it is 

essential to find an alternative coagulant that is beneficial during the process, and that is not a 

risk for the local inhabitants. 

 

II. Method 

Sampling 

Surface water was sampled from the Lurín River at coordinates 12°16'7.49" S, 76°53'56.90" W. 

The sample volume extracted was 22 liters. These were transported in a thermal box at a 

temperature of 5 °C to the Chemistry Laboratory of the Environmental Engineering Faculty of 

the Universidad Nacional Tecnológica de Lima Sur. Also, temperature and pH were measured at 

the sampling site. Sulfuric acid was also added to one of the samples to preserve the chemical 

oxygen demand. The procedures applied for surface water sampling of the Lurín River were 

obtained from the national protocol for monitoring the quality of surface water resources 

(Resolution No. 010-2016-ANA). 
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Figure 1. Sampling point location 

 

The design for this research is experimental there are two groups to analyzed (control group and 

experimental group), where we measured the initial concentrations of the control group and the 

final concentrations of Turbidity, COD, and BOD5 after the application of the two treatments 

(T1: Opuntia Ficus Indica, T2: Ferric Chloride) at three different doses (40, 50 and 60 mg/L) in 

the waters of the Lurín river. The simulation of the treatment was carried out using the jar test 

where the independent variables (natural coagulant: Opuntia ficus indica and artificial coagulant: 

Ferric Chloride) were manipulated to determine the decrease produced in the dependent variable 

(decrease in Turbidity, COD, and BOD5). 

 

Phases of the investigation 

To obtain the natural coagulant, we considered the methodology carried out by Villabona (2013) 

in the Colombian Journal of Biotechnology because it received better results in removing 

turbidity from water compared to other authors.  

The Opuntia ficus indica stalks were acquired from the San Diego de Nashua community, which 

is located in the district of Aucara, province of Lucanas, department of Ayacucho. 

- The thorns were removed from the stalks and then weighed. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Cleaning of stalks                Figure 3: Weighing of stalks 



Journal of Contemporary Issues in Business and Government Vol. 27, No. 2,2021 

https://cibg.org.au/ 

                                                                     P-ISSN: 2204-1990; E-ISSN: 1323-6903 

                                                                             DOI: 10.47750/cibg.2021.27.02.486 

4616 
 

 

- The cuticle was removed from the stalks to separate the pulp, which was then washed and 

cut into pieces. 

- Subsequently, the pulp obtained in pieces was placed in an oven for 72 hours at 60 °C. 

- The obtained stalk was crushed with a mortar and pestle's help and then sieved with a 

sieve No. 18 (1 mm). 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Grinding of stalk strips 

 

- The powder obtained was subjected to a Soxhlet extraction process for 4 hours using 96% 

ethanol as solvent. 

- A powder of 13.06 g was obtained, dried at room temperature and stored in the desiccator 

until use. 

 

III. Results 

Parameters obtained before treatment 

Turbidity, COD, and BOD5 of the sample obtained from the Lurín river water before coagulant 

treatment were determined, obtaining the following results: 

 

Table 1: Initial parameters of Lurín river sample 

 

 

 

 

 

 

 

Also, Table N°6 shows the results of the physical, chemical, and biological parameters of the 

water quality of the Lurín River, carried out by the National Water Authority. Most of them 

exceed the environmental quality standards. 

 

Sample 

 

Turbidity 

(NTU) 

DQO 

(O2 mg/L) 

DBO5 

(mg/L) 

Temperature 

(°C) 

pH 

(Und.) 

Lurín River 

surface water 

(2019) 

 

100 

 

48 

 

1.076 

 

25.1 

 

7.49 
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Table 2: Results of water quality monitoring in the Lurín river basin 

 

Opuntia ficus-indica and Ferric Chloride coagulant dosage test 

 

 

 

 

 

 

 

 

 

Figure 6: Turbidity results after the third treatment test 

The results regarding turbidity for the third treatment test indicate that the natural coagulant 

Opuntia ficus indica has a higher turbidity reduction capacity with a dose of 60 mg/L, generating 

a decrease from an initial turbidity of 100 NTU to a final turbidity of 25.7 NTU. While the 

artificial coagulant ferric chloride has a lower turbidity reduction capacity compared to Opuntia 

ficus indica, its dose being 60 mg/L with the highest efficiency, generating a final turbidity of 

26.5 NTU. 

 

 

 

 

 

 

 

 

 

Figure 7: Resultados de DQO después del tratamiento tercera prueba  

 

Sample 

 

Dissolve

d 

Oxygen 

(mg/L) 

DQO 

(O2 

mg/L

) 

DBO 

(mg/L) 

Temp. 

(°C) 

pH 

(Und.) 

Term 

Coliforms  

(NMP/100mL) 

Escherichia 

Coli 

(NMP/100mL) 
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surface water 

(Rluri8) 
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The results regarding the chemical oxygen demand for the third treatment test indicate that the 

natural coagulant Opuntia ficus indica has a higher COD reduction capacity at a dose of 60 

mg/L, generating a decrease from the initial COD of 48 mg/L to a final COD of 11 mg/L, while 

the artificial coagulant Ferric Chloride has a lower COD reduction capacity compared to Opuntia 

ficus indica, while the artificial coagulant ferric chloride has a lower COD reduction capacity 

compared to Opuntia ficus indica, with a dose of 50 mg/L being the most efficient, generating a 

final COD of 14 mg/L. 

 

 

 

 

 

 

 

 

   

 

 

Figure 8: BOD5 results after the third treatment test 

 

The results with respect to the biochemical oxygen demand for the third treatment test indicate 

that the natural coagulant Opuntia ficus indica has a higher BOD5 reduction capacity with a dose 

of 40 mg/L, generating a reduction of the initial BOD5 of 1.076 mg/L to a final BOD5 of 0.72 

mg/L, while the artificial coagulant Ferric Chloride has a lower BOD5 reduction capacity. 076 

mg/L to a final BOD5 of 0.72 mg/L, while the artificial coagulant Ferric Chloride has a lower 

BOD5 reduction capacity compared to Opuntia ficus indica, with a dose of 40 mg/L being the 

most efficient, generating a final BOD5 of 0.74 mg/L. 

 

Table 3: Treatment with average dose, initial BOD5, final BOD5 and removal percentage 

 

 

N° of 

jar 
Coagulant Dosage 

DBO5 

Initial 

DBO5 

Final 
% reduction 

1 Opuntia ficus indica 40 mg/L 1.08 0.68 36.80 

2 Opuntia ficus indica 50 mg/L 1.08 1 7.06 

3 Opuntia ficus indica 60 mg/L 1.08 1.02 5.20 

4 Ferric Chloride 40 mg/L 1.08 0.85 21 

5 Ferric Chloride 50 mg/L 1.08 0.85 21 

6 Ferric Chloride 60 mg/L 1.08 1 7.06 
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Figure 9: Average BOD5 results and percent removal after treatment third test 

The average results obtained indicate that the highest percentage of removal of biochemical 

oxygen demand is 36.8% corresponding to the natural coagulant Opuntia ficus indica with a dose 

of 40 mg/L and a final BOD5 of 0.68 mg/L, while Ferric Chloride indicates that its highest 

percentage of removal is 21% with a dose of 40 and 50 mg/L and a final BOD5 of 0.85 mg/L. 

 

IV. Conclusion 

The natural coagulant Opuntia ficus indica obtained the highest percentage of turbidity removal 

being 74.14 % with a dose of 60 mg/L and a final turbidity of 25.85 NTU, while the Ferric 

Chloride indicates that its highest percentage of removal is 73.73 % with a dose of 60 mg/L and 

a final turbidity of 26.26 NTU, that is why we can indicate that the natural coagulant is more 

efficient than the artificial coagulant with respect to turbidity removal. 

The natural coagulant Opuntia ficus indica obtained the highest percentage of chemical oxygen 

demand removal being this 75.69 % with a dose of 60 mg/L and a final COD of 11.66 mg/L, 

while the Ferric Chloride indicates that its highest percentage of removal is 72. 91 % with a dose 

of 50 mg/L and a final COD of 13 mg/L, which is why we can indicate that the natural coagulant 

is more efficient than the artificial coagulant with respect to the removal of chemical oxygen 

demand. 

The natural coagulant Opuntia ficus indica obtained the highest percentage of removal of the 

biochemical oxygen demand being 36.8 % with a dose of 40 mg/L and a final BOD5 of 0. 68 

mg/L, while the Ferric Chloride indicates that its highest percentage of removal is 21% with a 

dose of 40 and 50 mg/L and a final BOD5 of 0.85 mg/L, which is why we can indicate that the 

natural coagulant is more efficient than the artificial coagulant with respect to the removal of the 

biochemical oxygen demand. 

Regarding the cost of the treatment for the purification of the samples obtained from the Lurin 

River, the cost generated for Opuntia ficus indica was lower compared to that of ferric chloride, 

since we must take into account that during water treatment, the artificial coagulant generates 

sludge, which makes the process more difficult and generates a higher budget.  
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We used 10 grams of Opuntia ficus indica and 10.10 grams of Ferric Chloride for the treatment 

of 18 liters of contaminated water from the Lurín River, investing 5 and 8 soles approximately, it 

should be noted that for the Opuntia ficus indica we had to wash, peel and dry obtaining the 

natural coagulant powder while for the Ferric Chloride we obtained directly. 
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