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ABSTRACT 
The objective of the present work was to evaluate the effectiveness of cassava starch in the primary treatment of 
residual waters. The study was carried out using the jar test technique by adding different doses of cassava starch at 1, 
2 and 3% concentration. the different doses were compared with the optimal primary treatment of aluminum sulfate at a 
concentration of 1% that allows a 99.20% decrease in turbidity, 79,92% of total dissolved solids, 100% color and pH. 
Although pH levels decreased, they were kept within the maximum permissible limit of (6.5 - 8.5) pH. According to the 
tests carried out, the water treated with cassava starch is an alternative for the primary treatment of the water of the 
Shanusi River, since it allows us to comply with the requirements established in the sanitary standards of drinking 
water quality with regard to color and turbidity. 
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RESUMEN 
El objetivo del presente trabajo fue evaluar la efectividad del almidón de yuca en el tratamiento primario de aguas 
residuales.  El estudio se llevó a cabo a través la técnica de prueba de jarras mediante la adición de diferentes dosis 
de almidón de yuca al 1, 2 y 3 % de concentración. Las diferentes dosis fueron comparadas con el tratamiento 
primario  óptimo de sulfato de aluminio a una concentración del 1% que permite disminuir en 99,20% de turbidez, 
79,92% de sólidos totales disueltos, 100% de color; la dosis óptima para almidón de yuca se obtuvo a una 
concentración del 2% añadiendo 40 mg/L a 250 r.p.m mezcla rápida (1,5 minutos), 38 r.p.m mezcla lenta (15 minutos), 
sedimentación (10 minutos), logrando disminuir 96,82% de turbidez, 25,95% de sólidos totales disueltos, 73,39% de 
color y mantiene el pH dentro del límite máximo permisible de (6,5 - 8,5) pH. Según los ensayos realizados, el agua 
tratada con almidón de yuca es una alternativa para el tratamiento primario del agua del río Shanusi, ya que permite 
cumplir con los requisitos establecidos en las normas sanitarias de calidad de agua potable en lo referente a los 
parámetros color y turbidez.  
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1. Introduction 
According to the World Health Organization 
(2015), 93% of people who use unimproved 
water sources live in rural areas. For this reason, 
for many years, man has tried to give a solution 
to the lack of access to drinking water through 
innovative, effective, sustainable, economical, 
reliable and easy-to-handle techniques that allow 
waste disposal, risk reduction to health and 
improve its quality in terms of its appearance, 

smell, color and taste (Arellano and Guzmán, 
2011; Mintz et al., 2001). 
Among the simplest water cleaning systems, 
primary treatment systems can be mentioned, 
which have the function of preparing the water, 
cleaning it of all those colloidal particles that 
generate turbidity from sediments and nutrients, 
which do not precipitate on their own; and whose 
dimensions may obstruct or hinder the 
consequent processes, as well as be vehicles for 
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the dispersion of pathogens that affect human 
health (Joshi and Shju, 2014). 
The most common method used to remove 
particles and a portion of dissolved organic 
matter is the combination of processes such as 
coagulation and flocculation followed by 
sedimentation or filtration. Coagulation is a 
charge neutralization step that involves 
conditioning suspended, colloidal and dissolved 
matter by adding coagulants. Flocculation 
involves the aggregation of destabilized particles 
and the formation of larger particles known as 
sediment flocculation (Mihelcic and Zimmerman, 
2012). Being turbidity and color, the indicators of 
solids suspended in wastewater (Ortiz et al.; 
2018). 
Among the conventional agents used for primary 
water treatments are metallic cations 
(Anastasakis et al., 2009). Aluminum and iron 
cations being the most used in the purification 
process. However, studies have shown that they 
have a detrimental effect on human health 
(Carrasquero et al., 2019; Trujillo et al., 2014). 
In Peru, the use of natural coagulants in water 
clarification processes is being considered as an 
appropriate technology for vulnerable sectors, 
which due to political-economic conditions, 
cannot access Aluminum Sulfate (Al2(SO4)3) as 
primary and traditional coagulant for clarification, 
it barely satisfies a low percentage of national 
demand (Rodríguez, 2008). 
Among the main natural coagulants used, which 
are biodegradable, economical and safe due to 
their compatibility with the environment thanks to 
the presence of soluble proteins that acts in the 
process as a natural cationic polyelectrolyte, are 
Moringa oleifera (Cabrera et al., 2018)., Lefaria 
cactus, seaweed and cassava starch (Ortiz et al; 
2018). According to the aforementioned, natural 
coagulants have been studied in water 
clarification processes, as auxiliary agents of 
aluminum sulfate. However, there are not enough 
scientific references on the results of functioning 
in processes where cationic salts have been 
replaced by natural coagulants. 
Cassava (Manihot esculenta Crantz) is a Latin 
America native plant and it is considered an 
important source food in many countries around 
the world. It has been cultivated in various ways 
in the most diverse climates and soil conditions, 
and its root shows variations in size, shape and 
texture. Considered as an important energy 
source that is also used for animal feed and in 
the alcohol and gum industry (Inga and López, 
2001). A typical ripen root contains: 27% starch, 

3% protein, 65% water, 2% fiber, 2% and 3% 
other substances 3% (Jaramillo, 2013). 
For the above mentioned, in the present research 
paper the effectiveness of cassava starch was 
evaluated as a substitute for aluminum sulfate in 
the small village of Pampa Hermosa, Yurimaguas 
district, Alto Amazonas province; supplied with 
the waters of the Shanusi River, which presents 
has a high turbidity and color levels, exceeding 
the values established by the Peruvian 
Environmental Quality Standards (ECAs); being 
turbidity a characteristic of water with a high 
presence of suspended particles whose size 
varies from thick suspensions to colloids 
constituting an environmental problem. 
 

2. Materials and methods 
Sampling 
The sample was taken from the waters of the 
Shanusi River, in the small town of Pampa 
Hermosa - San Martin, to be transferred to the 
Biology and Chemistry Laboratory of the Faculty 
of Ecology at San Martin State University where it 
was analized. 
Determination of the initial parameters of the 
water coming from the Shanusi River 
Prior to the tests using the jar test technique, the 
initial parameters of the sample were determined, 
information obtained with the following laboratory 
equipment: turbidimeter (TURBIQUANT 1100 
IR), colorimeter (HANNA CHECKER PCU) and 
multiparameter (OAKTON 600 series). 
Test development 
To determine the effective dose of cassava 
starch, which acts as a coagulant substitute for 
1% aluminum sulfate, a jar test kit was used, in 
which 500 mL of sample was placed and different 
volumes of cassava starch were added (1, 2, 3, 
4, 5 and 6 mL as appropriate) at 1%, 2% and 3%. 
The tests were carried out in three phases:  
a) Rapid mixtures with a time of 1.5 minutes of 
stirring to destabilize the colloidal particles. 
b) Slow mixing of 15 minutes of stirring. 
c) A sedimentation time of 10 minutes. The 
mixing rates and sedimentation time used to 
determine the optimal dose of 1% aluminum 
sulfate and 1% cassava starch, 2% and 3% each, 
are shown in Table 1. 
Determination of the final wastewater 
parameters 
At this stage, the concentrations of the final 
parameters were measured after the tests, the 
procedure was performed in the same way and 
with the same laboratory instruments used in the 
measurement of the initial concentrations. 
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Table 1 
Compositions used in coagulating agent mixtures in 
each test 

Test 1er 2do 3er 4to 5to 

Rapid mixing (r.p.m) 300 250 200 150 100 
Slow mixing (r.p.m) 75 63 50 38 25 
Sedimentation time (min) 10 10 10 10 10 
 
 

3. Results and discussion  
 

During the first stage of the research, the initial 
conditions (prior to treatment) of the samples of 
water collected in the Shanusi River were 
determined, finding the average turbidity values: 
(136.67 ± 7.51 NTU), total dissolved solids 
(321.5 ± 57.86), pH (6.96 ± 0.38 units) and color 
(269.67 ± 17.95 UPC). 
The results prove to be in an unfavorable 
condition positioning them in the Category A-1 
(A3) of the Peruvian Environmental Quality 
Standards (ECAS) (MINAM, 2015). The 
maximum turbidity values were 100 NTU, total 
dissolved solids 1000 mg/L, color 100 UPC and 
pH should have a value between 6.5 - 8.5. 
 

 

 
Figure 1. Turbidity removal efficiency and color 

reduction of the tests with of 1% aluminum sulfate. 

 
Determination of the optimal coagulant dose 
and coagulant removal efficiency 
Flocculation tests with Al2(SO4)3 at 1% 
After the analysis of the samples treated with the 
different tests, it is evident from the analysis of 
aluminum sulfate in the removal of turbidity, the 
reduction of total dissolved solids and color in all 

the tests carried out. Therefore, ir is possible to 
use doses of 1 ml or more Al2(SO4)3 to 1% to 
obtain a 90% decrease in water turbidity (Meza-
Leones et al., 2018; Asante et al., 2014). 
However, because aluminum sulfate a substance 
harmful to human health (Oliveira et al, 2017), 
the dose that best meets this criterion and 
presents better results was the fourth test of the 2 
mL dose of 1% aluminum sulfate (fast mix 150 
r.p.m. and slow mix 38 r.p.m.), which had 
average turbidity removal values of 99.18% (1.12 
NTU), 76.92% STD removal (74.21 mg/L), pH 
decrease of 13.79% (6%) and 100% color 
decrease (UPC). The values found are below the 
maximum permissible limits established in the 
Regulation of water quality for human 
consumption (MINAM, 2015) and have been 
taken as reference values to determine the 
effectiveness of cassava starch. 
 

 

 
Figure 2. Turbidity removal efficiency and color 
reduction of the tests with 1% cassava starch. 

 

Cassava starch flocculation tests at 1% 
As with aluminum sulfate, the five tests described 
in Table 1 were applied to determine the optimal 
dose of cassava starch. 
From the results observed in Figure 2, in terms of 
turbidity removal, tests 4 (quick mix 150 r.p.m 
and slow mix 38 r.p.m) and 5 (quick mix 100 
r.p.m and slow mix 25 r.p.m) with doses of 1 mL 
and 6 mL respectively obtained results with 
removal percentages above 90%. Regarding 
color removal, removals occurred in the range of 
35% to 55%, a situation that did not allow the 
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maximum permissible limits established in the 
regulation of water quality for human consum-
ption to be met. Similarly, in all the tests the 
potential of hydrogen and the total dissolved 
solids had results below the limit of STD 1000 
mg/L and pH (6.5 - 8.5) for all the jars.  
 
Cassava starch flocculation tests at 2% 
The Figure 3 shows the results of turbidity and 
color removal after primary water treatment of the 
Shanusi River. The best results were obtained in 
the second test at 2% cassava starch a (quick 
mix 250 r.p.m and slow mix 63 r.p.m.) In jar 1 
when adding 1 ml of the solution, with average 
turbidity removal values of 99.18% (4.37 NTU), 
STD removal of 76.92% (248.8 mg/L), pH 
decreases of 13.79% (7.77%) and 100% color 
decrease (70 UPC), values that are below the 
maximum permissible limits except for color. 
 

 

 
Figure 3. Turbidity removal efficiency and color 

reduction at 2% cassava starch dose. 
 

Cassava starch flocculation tests at 3% 
In Figure 4, from the results obtained it follows 
that in the third test with 3% cassava starch 
(quick mix 200 r.p.m and slow mix 50 r.p.m). The 
best results were obtained in jar 1 by adding 1 
mL of the solution, with average turbidity removal 
values of 96.52% (4.75 NTU), STD removal of 
0.34% (320.4 mg/L), pH decrease of -8.56% 
(7.57%) and color decrease in 68.48% (85 UPC), 
values that are below the maximum permissible 
limits except for color. 

 

 
Figure 4. Turbidity removal efficiency and color 

reduction with 3% cassava starch dose. 
 

Determination of optimal dose of Al2(SO4)3 and 
cassava starch in the coagulant’s removal 
In this research, for the primary water treatment 
process of the Shanusi River water, by coa-
gulation, flocculation and sedimentation, cassava 
starch was used compared to aluminum sulfate, 
obtaining positive results to decrease turbidity 
parameters, total dissolved solids, color and pH 
maintaining them within the maximum permi-
ssible limits, it also helps to neutralize the pH. 
In the present research work, it was determined 
that cassava starch with a dosage of 40 mg/L, 
reached an acceptable efficiency for the primary 
water treatment of the Shanusi River, because, 
despite not reaching the maximum permissible 
limit of color established in the ECA´s (MINSA, 
2010), it was able to remove 96.82% turbidity, 
25.95% total dissolved solids, 73.39% color and 
maintains the pH within the maximum permissible 
limit of (6.5 - 8.5) pH. This demonstrates the 
clarifying capacity of cassava starch, and 
therefore the possibility that it must be used as a 
coagulation aid; allowing to reduce the amount of 
aluminum sulfate used in this process (Ortiz et 
al., 2018). 
Finally, it was also shown that aluminum sulfate 
as a coagulant is efficient at a concentration of 
1% by adding 20 mg/L, with this dosage it is 
observed that cassava manages to remove 
turbidity, dissolved total solids, color and 
regarding pH within maximum permissible limit of 
6.5 - 8.5. 



Y. Azabache et al. / Agroind. sci. 10(1): 17 - 21 (2020) 

- 21 - 

 

4. Conclusions 
 

From the comparison of cassava starch with 
aluminum sulfate, 2% cassava starch reached an 
acceptable efficiency for the water of the Shanusi 
River, therefore, despite not reaching the 
maximum permissible limit of color established in 
DS No. 031-2010-SA, it manages to reduce 
96.82% turbidity, 25.95% total dissolved solids, 
73.39% color and maintains the pH within the 
maximum permissible limit of (6.5 - 8.5) pH; 
Aluminum sulfate has had better results at a 
concentration of 1%, which are below the 
maximum permissible limit, thus reducing 99.20% 
turbidity, 79.92% of total dissolved solids, 100% 
color and pH although it decreases , keeps it 
within the maximum allowable limit of 6.5 - 8.5. 
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