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ABSTRACT
Keywords: Biocoagulants have emerged as an environmentally friendly and efficient alternative to surface water
clarification, allowing the use of agro-industrial waste as a bioavailable source for the treatment of high
Coagulant, turbidity water. The objective of this research was to compare the efficiency in the surface water coagulation
Clarification, process of the Magdalena river using aluminum sulfate and tamarind seeds (Tamarindus indica) dissolved

in aqueous solution and saline solution. The clarification process was carried out by testing jar, for this was
performed an extraction of the hot and cold tamarind coagulant which were evaluated in conjunction with
an inorganic coagulant in different mother dilutions (distilled water and saline) at concentrations of 35 and
40 mg/L and at a stirring speed of 100 and 200 rpm. The parameters of pH, electrical conductivity (S/cm),
turbidity (NTU) and color (UPC) were measured during the clarification process. The results show a 97.2%
reduction in inorganic treatment (SAL) compared to initial turbidity and a decrease in natural cold extracted
(STF) and hot (STC) treatments of 58.2% and 39.1% respectively, when diluted in aqueous solution. While
diluting in saline solution there was a greater removal of turbidity when applying aluminum sulfate, followed
by STF and STC treatment, with removal values of 99%, 75% and 53% respectively. The highest coagulating
activity occurred when applying a dose of 40mg/L and when diluting treatments in NaCl with maximum
reported values for SAL, STF and STC treatment of 93%, 85% and 59%. Tamarind seeds proved to be an
efficient coagulant for water clarification.

Tamarind seeds,
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RESUMEN

Palabras clave: Los biocoagulantes han surgido como una alternativa eficiente y amigable con el medio ambiente para la

clarificacion de aguas superficiales, permitiendo el uso de residuos agroindustriales como fuente biodisponible

para el tratamiento de aguas de alta turbidez. El objetivo de esta investigacion fue comparar la eficiencia en

el proceso de coagulacion del agua superficial del rio Magdalena utilizando sulfato de aluminio y semillas

Semillas de tamarindo, de tamarindo (Tamarindus indica) disueltas en solucion acuosa y solucion salina. El proceso de clarificacion

Turbidez. se llevd a cabo por medio de una jarra de ensayo, para ello se realizo una extraccion del coagulante de
tamarindo en frio y en caliente los cuales fueron evaluados en conjunto con un coagulante inorganico en
diferentes diluciones madre (agua destilada y solucion salina) a concentraciones de 35 y 40 mg/L y a una
velocidad de agitacion de 100 y 200 rpm. Durante el proceso de clarificacion se midieron los parametros de
pH, conductividad eléctrica (S/cm), turbidez (NTU) y color (UPC). Los resultados muestran una reduccion
del 97,2% en el tratamiento inorganico (SAL) con respecto a la turbidez inicial y una disminucién en los
tratamientos naturales de extraccion en frio (STF) y en caliente (STC) del 58,2% y 39,1% respectivamente,
cuando se diluye en solucion acuosa. Al diluir en solucion salina hubo una mayor eliminacion de la turbidez
al aplicar sulfato de aluminio, seguido del tratamiento STF y STC, con valores de eliminacion del 99%, 75%
y 53% respectivamente. La mayor actividad coagulante se produjo al aplicar una dosis de 40mg/L y al diluir
los tratamientos en NaCl con valores maximos reportados para el tratamiento SAL, STF y STC de 93%, 85%
y 59%. Las semillas de tamarindo demostraron ser un coagulante eficiente para la clarificacion del agua.

Coagulante,
Clarificacion,
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Introduction

Access to drinking water sanitation systems for many
communities around the world is limited [1], due to the
constant discharges of effluents caused by anthropogenic
activities, which has led to contamination of bioavailable
water sources with impurities, gases, dust and
pathogenic microorganisms [2]. Chemical coagulants
such as inorganic salts and synthetic polymers have
been implemented for the primary treatment of this type
of water resources which have been associated with
the generation of diseases such as cancer, Alzheimer's
and bone diseases [3] - [5]. In the face of the cluster of
problems generated for the primary treatment of water,
green alternatives have emerged such as the use of
biologically sourced coagulants/flocculants which have
aroused great interest due to the advantages they provide,
such as biodegradability, bioavailability, low cost and
mainly the elimination of toxic risk to humans [6].

Among the many options for the coagulation process
we find tamarind seeds, which are mostly composed of
carbohydrates, protein and water, the protein fraction is
mostly made up of glutamic, aspartic acids, glycine and
leucine Recent research carried out by [7] and [8] has
shown the effectiveness of tamarind seed as a natural
coagulant with removal values between 85% and 97.6%.
Positioning tamarind seed as a potential source for the
coagulation/ flocculation process. The objective of this
research was to compare the efficiency in the surface
water coagulation process of the Magdalena river using
aluminium sulfate and tamarind seeds (Tamarindus
indica) dissolved in aqueous solution and saline solution.

Materials and methods.
Preparation of natural coagulant (Tamarindus indica)

The natural coagulant was obtained by cold and hot
extraction. The cold extraction was carried out by a
tamarind peeling process followed by manual depulping,
washing, drying at room temperature and a sizing
process, to finally subject the obtained flour to a sieving
process in order to have a homogeneous particle size. Hot
extraction followed the same procedure described above,
unlike tamarind was first subjected to a cooking process
for 10 minutes.

Jar test

To perform the coagulation-flocculation process an E&Q
model FP4 flocculator was used, where cold extracted
organic coagulant (STF) and hot coagulant (STC) was
added, aluminum sulfate (SAL) previously diluted in
distilled water and saline to three jugs containing the
samples collected in the Magdalena River. Applying
a quick mixture (200 rpm) for 1 minute, followed by
a slow mix (40 rpm) for 30 minutes finally let the floc
settle for 1 hour according to ASTM No. D2035-80.
Physicochemical properties (pH, electrical conductivity
(S/cm), turbidity (NTU) and color (UPC)) were measured
at the supernatant of each sedimented jug using the
methodologies referred to in the APHA-AWWA-WEF
method manual.

Coagulating activity and removal efficiency.

The determination of the coagulating activity of the
different treatments used were measured according to
(I). Where coagulating activity is defined by reducing
turbidity from the initial,

RT Control—-RT Sample
RT Control

+100 (1)

% Coagulant Activity =

Experimental design

A categorical multifactorial design was carried out
with 2x3x2 arrangement in which 2 concentrations, 3
treatments and 2 stirring speeds were evaluated. The
Statgraphics centurion version XV statistical program
was used for data processing and analysis.

Results and Discussions.

Physicochemical properties of coagulants diluted in
aqueous solution.

The initial characteristics of the water samples collected
in the Magdalena river are shown in Table I. Where
highly murky water is evident according to decree 15705
of the Ministry of Social Protection.

171 Respuestas, 25 (2), pp. 170-176, 2020,

ISSN 0122-820X - E ISSN: 2422-5053



Clarification of superficial waters of the magdalena river using seeds of Tamarindus indica as bio-coagulants

Table I. Initial water characteristics

Turbidity Color pH Conductivity
(UNT) (UPC) (uS/em)
170+ 0,31 28+0,24 6,96=0,06 117£0,5

Physicochemical properties of coagulants diluted in water and saline solution

The physicochemical parameters for the different treatments diluted in distilled water and saline solution are shown
in Table II, where water-diluted treatments show significant differences in turbidity between aluminium sulfate (SAL)
with respect to cold and hot tamarind seed coagulants (STF), showing a 97.2% reduction in initial turbidity, STF
and STC treatments achieved a reduction of 58.2% and 39.1% respectively. When assessing the same property, in
saline solution, greater elimination of turbidity could be demonstrated when applying aluminium sulfate, followed by
treatment with STF and STC, with turbidity elimination values of 99%, 75% and 53% respectively. It can be observed
that when diluting the different saline treatments, the elimination values are higher than those obtained in distilled
water. The color, a variable closely related to turbidity, showed the same trend in terms of decrease in both mother
dilutions, placing the SAL treatment followed by the STF as the best for color reduction in the waters of the Magdalena
River. As for the pH variable it was found that diluted treatments in water and saline solution did not suffer great
variations showing pH values close to the initial value. However, for both cases inorganic treatment had significant
differences from STF and STC and a slight decrease of 2.1% from the initial value. In terms of conductivity, there was
a growth between 20% and 30% for the treatment of SAL in the different dilutions. The results of physical properties
for water-diluted and saline-diluted treatments show that the best conditions occur when treatments undergo 100 rpm
and a concentration of 40 mg/L.

Table I1. Effect of factors assessed on the physicochemical properties of water.

o Color Conductivity
Factor Level Turbidity (UNT v pH (uSfem)
B4k 5025232 8952392 6,810.62 141012152
Treatments STF 71,0342,8% 18,16+2,8b 7.0140,3b 99,6542,3b
STC 103, 40+2.1¢ 22,32+57% 7.0420,5" 1062422 5%
dilution in water 100 53.04+122 17.72+032 695052 116.66213=
stirring speed (rpm)
200 72.3620.6° 15.8540.72 693047 109.29+0.92
64.56+£0.82 17.72+1.42 6952027 119.66+1.82
Dosage 35
(mg/L)
40 61.75+1.0% 15.83£2.1= 6.93:0.72 106.29+1 4
BAL 2184232 8,08:392 5892062 153,25+1,52
Treatments STF 47,1242 8% 13,612 8% 7.07£0,3" 107,55£2,3%
STC 71.40+2,1¢ 17,75+5,7% 7.01+0,5" 104,42+2 5"
salt dilution 100 45344123 12.362032 6.95+0.57 121.76+13:
stirring speed (rpm)
200 63.2720.6° 14.780.72 6.950.43 119.90+0.92
35 61,86+£0.82 15.14+1.4 695027 121.68+1.82
Dosage
(mg/L) 40
58.95+1.0% 13.8322.1= 6.97+0.72 110.21+1 4

Note: the lowercase letters correspond to the Tukey test and those that share an equal letter indicate that there is no statistically significant difference.
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Within the physicochemical parameters evaluated,
the removal of turbidity is explained by the of the
behavior of the coagulation mechanism associated with
natural coagulants, which are mainly adsorption and
neutralization of loads, as well as adsorption and bonding
between particles [9]. These types of mechanism are
related to the attraction of two ion particles with opposite
charge, while a bridge occurs between particles when
the coagulant provides a polymer chain of suction
particles [10]. Tamarind seed is polymerically loaded
with carbohydrates and proteins. In the latter we can
find mainly aliphatic amino acids such as glycine
and leucine which are not soluble in water and water-
soluble amino acids such as glutamic and aspartic acid
[11]. In research carried out by [12] the presence of
heterogeneous polysaccharides in tamarind with a high
content in galactose, mannose and glucose, which, when
in contact with water, swell and form highly viscous
solutions that can allow particle agglomeration. The
majority components of tamarind seed share similarity
to what was reported by [13] in oily Moringa, where the
author discloses that the aforementioned compounds are
the possible components responsible for the removal of
turbidity.

Samples showed an improvement in color by applying
the different treatments as described in the results, this
improvement could be due to increased removal of
suspended organic and inorganic matter and microscopic
organisms that are also responsible for the turbidity of
water [14]. pH is one of the most important factors affecting
the performance of the coagulation and flocculation
system, directly influences the removal mechanism [15].
The pH values as described in the research results make
it known that the biocoagulants obtained values around
pH 7, while the pH of aluminium sulfate treatment (SAL)
had values below the natural STF and STC treatments.
The difference of this factor influences clotting activity
because the load of the polyelectrolyte molecule depends
on it, as well as the coagulation process [16]. The pH effect
also correlates with the protein solubility of the active
compounds present that is affected by the hydrophilic
and hydrophobic balance of the system [17]. Additionally,
research conducted by [18] discloses that when the pH
is less than 6 the surface charge of tamarind powder is
positive and that above this tamarind seed value would
have a negative net load.

Conductivity was not significantly altered for STF and
STC treatments, whereas for inorganic treatment (SAL)
there was a significant increase due to the metallic nature
of aluminum sulfate. The physicochemical properties in
general terms for biocoagulant were more optimal for
cold-obtained treatment than hot, this could be because
the temperature destabilized the protein structure of the
seed thus decreasing the active sites that could have been
used for the coagulation process. Similarly the results
were more satisfactory when diluting the samples in
saline than in water. These results are consistent with
those reported by [19]. Where it states that dilution of
samples in NaCl accelerates the separation of protein
interactions and the solubility of proteins due to increased
ion strength.

Coagulating activity

Figure 1 shows the treatment-concentration interactions
in which it is possible to identify that aluminium sulfate
(SAL) exhibited increased clotting activity compared
to organic treatments when applying different doses,
obtaining 86% with a dose of 40mg/L and 77% with 35
mg/L. In terms of organic treatments, STF had a higher
coagulating activity ranging from 61% to 52%, while
STC showed the lowest coagulating activity values
between 36% and 27%. The variation in the percentage
of coagulating activity is strongly related to the applied
dose, with 40 mg/L being the best concentration.
Saline solution treatments had a significant increase
in coagulation activity (figure 2), identifying that
aluminium sulfate (SAL) has a higher clotting activity
compared to organic treatments when applying the
different doses, getting 93% with a dose of 40mg/L and
85% with 35 mg/L. As for organic treatments, STF had
a higher coagulating activity ranging from 76% to 85%,
while STC yielded the lowest coagulating activity values
between 51% and 59%. The variation in the percentage
of coagulating activity is strongly related to the applied
dose, with 40 mg/L being the optimal dose.
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Figure 1. Graph of treatment-dose relationships for the evaluation of coagulating
activity.
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Figure 2. Graph of treatment-dose ratios for the evaluation of coagulant activity in
saline solution.

The coagulating activities of polymeric treatments are
associated with the structural nature of the long chain,
which confers high molecular weights, leading to a large
increase in the number of adsorption sites available [20].
research carried out by [21] publicize sizing through
FTIR spectra of the existence of hydroxyl, amino and
carboxylic acid powder groups of tamarind seeds. The
presences of these groups can destabilize colloidal
particles by increasing ion force and absorbing opposite-
loading ions into assessed water samples [22]. It has
been shown that tamarind seed has anionic behavior that
depends on pH variation, as shown [23] where it discloses
the z-potential value of -35 mV at pH of 7 in indica
tamarind seeds. Similarly [7] reports that the potential
Z in aqueous solution is -25.2 mV. Coagulation activity
is due to the mechanism of polymer bridge formation
during the coagulation process, anionic polymers
provides the number of active sites available for surface
bonding of particles found in water samples, due to the
particle collision promoted by the stirring process [24].

Conclusion

Within the coagulation process evaluated the best values of
turbidity removal and coagulating activity were reported
by inorganic treatment. However, bio coagulants from
tamarind seeds proved to be a high-potential alternative
for primary surface water treatment. Specifically the cold

extracted tamarind seed coagulant, which showed better
efficiency than hot extracted with turbidity removal
values between a range of 56.6% in aqueous solution
and 75% in saline, with a coagulating activity of 61%
and 85% respectively when applying the optimal dose
corresponding to 40 mg/L. While hot treatment obtained
a maximum coagulating activity of 59% in saline. In
addition, it was demonstrated that the application of such
natural coagulants does not significantly alter variables
such as color, pH and electrical conductivity while
inorganic treatment yes.
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