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Abstract

In the last several years, the interest on domestic wastewater treatment has increased due to the rise of water
consumption resulted from the world population growth. The excessive use of inorganic coagulants, such
as aluminum sulphate, in domestic wastewater treatment processes contributes to generate high negative
environmental impacts and risks to living organisms. Besides its low biodegradability, as aluminum sulphate
increases metal content in discharged effluents rises, generating toxic sludge. Therefore, searching for clean and
sustainable processes for domestic wastewater treatment is important in order to reduce the pollutant discharges
into fresh water bodies. In this paper, the potential use of thermal water as a natural coagulant for the domestic
wastewater treatment from Manizales city (department of Caldas, Colombia), was studied. The effect of coagulant
dose was analyzed and compared with the results of the conventional coagulants. Applying different doses of
coagulants in domestic wastewater showed that the best coagulation activity was achieved by adding 35 ml/l of
thermal water, and 140 mg/I of aluminum sulphate. In both cases, high turbidity removal efficiency (98.1 %) was
achieved. The removal efficiency of Chemical Oxygen Demand (COD) using aluminum sulphate was 81.5 %,
and using thermal water was 75.4 %. In conclusion, thermal water has positive coagulation properties; therefore,
it is a promising alternative to aluminum sulphate as a natural coagulant on the treatment of domestic wastewater.

Keywords: coagulation; domestic wastewater; pollutant removal; thermal water; water treatment.

Resumen

El consumo del agua y, por ende, la cantidad de agua residual producida, ha venido aumentado, proporcionalmente,
con el crecimiento de la poblacion. El excesivo uso de coagulantes inorganicos, como el sulfato de aluminio, en
los procesos de tratamiento de agua residual doméstica, contribuye a generar altos impactos negativos y riesgos
para los organismos vivos; ademads, estos tienen baja biodegradabilidad, incrementan el contenido de metales
en los efluentes y generan lodos tdxicos. En consecuencia, la busqueda de procesos limpios y sostenibles para
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el tratamiento de aguas residuales domésticas se ha incrementado en los ultimos afios, como alternativa para
reducir los contaminantes que son vertidos en aguas superficiales. En este trabajo se estudi6 el potencial uso del
agua termal como coagulante natural para el tratamiento del agua residual doméstica de la ciudad de Manizales
(departamento de Caldas, Colombia). El efecto de la dosis de agua termal como coagulante fue analizado y
comparado con los resultados obtenidos en las mismas condiciones con el coagulante convencional (sulfato de
aluminio). Se encontré una dosis optima igual a 140 mg/1 para sulfato de aluminio y de 35 ml/l para el agua termal,
obteniendo porcentajes de remocion de turbiedad de 98,1 % en ambos coagulantes. Finalmente, se encontr6 que
el agua termal es una alternativa técnica que podria reemplazar el sulfato de aluminio, como coagulante natural
para el tratamiento de agua residual doméstica, siendo un coagulante versatil para la eliminacion de los principales
contaminantes, como solidos y materia organica que pueden obstaculizar el rendimiento de los procesos bioldgicos
posteriores.

Palabras clave: agua residual doméstica; agua termal; coagulacion; remocion de contaminantes; tratamiento del
agua.

Resumo

O consumo de agua e, consequentemente, a quantidade de agua residual produzida, tem aumentado,
proporcionalmente, com o crescimento da populacdo. O excessivo uso de coagulantes inorganicos, como o
sulfato de aluminio, nos processos de tratamento de 4gua residual doméstica, contribui para gerar altos impactos
negativos e riscos para os organismos vivos; além disso, estes coagulantes tém baixa biodegradabilidade,
incrementam o conteudo de metais nos efluentes e geram lodos toxicos. Em consequéncia, a busca de processos
limpos e sustentaveis para o tratamento de aguas residuais domésticas tem-se incrementado nos ultimos anos,
como alternativa para reduzir os contaminantes que sdo vertidos em aguas superficiais. Neste trabalho estudou-se
o potencial uso de agua termal como coagulante natural para o tratamento de agua residual doméstica da cidade
de Manizales (Estado de Caldas, Colombia). O efeito da dose de 4gua termal como coagulante foi analisado e
comparado com os resultados obtidos nas mesmas condi¢des com o coagulante convencional (sulfato de aluminio).
Encontrou-se uma dose 6tima igual a 140 mg/l para sulfato de aluminio e de 35 ml/l para a 4gua termal, obtendo
porcentagens de remogao de turbidez de 98,1 % em ambos coagulantes. Finalmente, concluiu-se que a d4gua termal
¢ uma alternativa técnica que poderia substituir o sulfato de aluminio, como coagulante natural para o tratamento
de agua residual doméstica, sendo um coagulante versatil para a eliminagdo dos principais contaminantes, como
solidos e matéria organica que podem obstaculizar o rendimento dos processos bioldgicos posteriores.

Palavras chave: agua residual doméstica; agua termal; coagulagdo; remoc¢do de contaminantes; tratamento de

agua.
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I. INTRODUCTION

According to statistics from the Water Footprint
Network (WFN), global average water consumption
is around 1240 m® per person per year. In countries,
such as Spain or the United States, the consumption is
higher reaching 2500 m?, whereas in China is less than
700 m® [1]. In Colombia, the average consumption in
2007 was close to 900 m® [1], of which approximately
90 % became wastewater [2] that was discharged into
water bodies with little to none previous treatment.

Aluminum sulphate is the industrial coagulant
traditionally used for water treatment and water
purification [3]. This coagulant, under optimal
conditions, can achieve between 90 % and 99 %
efficiency on removing microorganisms [4]. However,
it has drawbacks, such as the fact that the residual
aluminum resulted from the process of coagulation-
flocculation has a high eco-toxicological and economic
impact when is discarded into the environment through
the treated sludge, and the high cost for communities
involved in its import and transport [5]. For these
reasons, it is necessary to find new environmentally
friendly coagulant alternatives. Recent studies
have shown that natural coagulants may be better
economically and less polluting [5]. By introducing
this type of coagulant on a wastewater treatment plant,
it may generate economic development and reduce
environmental impact on communities.

In the scientific literature, some natural coagulants
have a high percentage of turbidity, color, and organic
matter removal. Almendarez et al. [6] showed the
effectiveness of the Cochifloc polymeric coagulant on
waters of Lake “Piedras Azules” in Managua. In that
study, the authors compared turbidity removal after
applying the polymer Cochifloc, aluminum sulphate,
ferric chloride, and Quimifloc (a synthetic polymer).
They showed that the effectiveness of turbidity
removal of Cochifloc was superior, achieving 91 %.

Carpinteyro [7] evaluated the coagulant capacity
of two natural polymers: nopal mucilage and gum
seed mezquite. The natural polymers were used on
domestic and cosmetic industry wastewater, finding
that the biopolymers have better performance on
treating domestic wastewater with the lowest dose
(25 mg/l), removing between 44 % and 52 % of the
Chemical Oxygen Demand (COD).

Vazquez et al. [8] performed coagulation tests on
samples of domestic wastewater using nopal as a
natural coagulant, and combining it with aluminum
sulphate as coagulation mediator. Using the natural
coagulant individually, results show a turbidity
removal of 58 %, total suspended solids (TSS)
removal of 33.4 %, and COD removal of 37.5 %.
When aluminum sulphate was applied, the results for
turbidity, SST and COD were 92 %, 95.6 % and 50
%, respectively. Sudrez ef al. [9] found that thermal
water produced significantly better removals, and
had a better economic performance for the Advanced
Primary Treatment (APT) than those achieved with
ferric chloride. Furthermore, Guzméan et al. [10]
reported the use of plant origin natural coagulants to
remove turbidity and color from untreated sewage
water. Yin et al. [11] found that most plant extracts
used for removal of turbidity in water are efficient, and
produce less sludge compared to aluminum sulphate.

The wuse of natural coagulants stands as an
environmental friendly technology, which has
greater biodegradability than chemical coagulants
[12]. Thermal water is a natural renewable resource,
abundant in the region of Manizales city (Caldas,
Colombia), and can be used as a natural coagulant in
the process of coagulation-flocculation due to its iron
and aluminum content [13].

This work aimed at studying the potential use of
thermal water as a natural coagulant on the treatment
of domestic wastewater (DWW). The DWW is
characterized by high organic load, high Chemical
Oxygen Demand (COD), high Biochemical Oxygen
Demand (BOD), and a negative effect on water
bodies. These pollutants decrease dissolved oxygen,
preventing the normal development of living
organisms such as fish, invertebrates, and other species
that inhabit rivers, streams, and lakes [14].

I1. MATERIALS AND METHODS

A. Wastewater

Domestic wastewater was collected from a sewer drain
outlet of Manizales city (Caldas, Colombia), which
has approximately 368,000 inhabitants in the urban
area [15]. Sampling was done following instructions
from the Institute of Hydrology, Meteorology and
Environmental Studies (IDEAM by its Spanish initials)
Code TIO 187 [16]. Immediately after collection,
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the samples were sent to the laboratory for analysis
and trials in order to prevent natural decomposition
processes, such as hydrolysis and acidification, which
may modify the original conditions of the samples
[17].

B. Coagulants

Thermal water samples were collected at the Nevados
National Park (Snowcapped Mountain Park), and
were used as a natural coagulant. The samples were
taken directly from a storage tank, placed in glass
containers, and stored at 4 °C until they were used.
Aluminum sulphate AL(SO.); solid type B was used
as a conventional coagulant. This coagulant is the
same used by the aqueduct of Manizales for water
purification. The technical specifications of the
product are shown in Table 1.

TABLE 1
TECHNICAL SPECIFICATIONS OF ALUMINUM
SULPHATE [ 18]

PARAMETER COMPOSITION
Chemical Formula AlL(S04);*14,3H,0
Alumina 15,5 % Al,O; minimum
Iron 1,75 % Fe,O; maximum
Insoluble 7,0 % maximum

InputConcentration—OutputConcentration

Basicity 2 % AlLO; minimum
Granulometry
Pass Mesh 4 100 %

Pass Mesh 10
Pass Mesh 100

90 % minimum

10 % maximum

C. Analysis of physicochemical parameters

We followed the guidelines of the Standard Methods
edition 22 [19] to measure the physical and chemical
parameters of thermal water, and untreated and treated
domestic wastewater. Colorimetric parameters such
as color (ST 2120 C), aluminum (ST 3500-Al D),
total iron (ST 3500-Fe D), nitrates (ST 4500-NO; B),
nitrites (ST 4500-NO, B), sulfate (ST 4500-SO4 E),
and phosphates (ST 4500-P D), were measured with a
spectrophotometer Cary® 50 UV-VIS. Potentiometric
and titration parameters such as pH (ST 4500-H B),
conductivity (ST 2510 B), total alkalinity (ST 2320 B),
total hardness (ST 2340 C), calcium hardness (ST 2340
(), calcium (ST 3500-Ca D), magnesium (ST 3500-
Mg E), chlorides (ST 4500-CI B), COD (ST 5220-O
D), and BOD (ST 5210-O B) were measured with an
automatic titration Metler Toledo DL 50. Turbidity
(ST 2130B) was measured with a turbidimeter HACH
2100P, and total suspended solids (ST 2540D) with a
scale Metler Toledo XP504. In order to evaluate the
effectiveness of the process, removal percentages
were calculated using the equation (1) [20]:

%Removal =

InputConcentration

D. Coagulation-Jar test

For the coagulation-flocculation process, a solution
of aluminum sulphate 2 % (w/v) was prepared using
distilled water as solvent, following the methodology
reported by Arboleda [3]. The test consisted of a
series of beakers or jars representing the coagulation-
flocculation process at the treatment plant, and
at the end, different parameters were evaluated
to characterize its operation. This procedure was
performed according to the Colombian Technical
Standard NTC 3903 [21]. The equipment used was a
Phipps & Bird jar test (00702) with rounded jars of 2
liters each, in which the same amount of waste water
sample was used. The test began with a rapid mixing
at 300 rpm [22], the doses were added to each beaker
during rapid stirring, and almost instantly starting

«100 (1)

counting a minute [3]. Rapid mixing was followed
by the flocculation process at 30 rpm for 20 minutes.
After this time, the stirring process was stopped,
and sedimentation was allowed for 30 minutes [23].
Once the coagulation-flocculation process finished,
samples were taken from the supernatant of each jar
to measure turbidity and COD [24]. The jar with the
lowest parameter values was defined as the optimal
coagulant dose. The same procedure was used for both
aluminum sulphate and thermal water.

Concentrations used for testing jars with aluminum
sulphate were: 30 mg/l, 50 mg/l, 70 mg/l, 90 mg/l,
110 mg/l, 130 mg/l, 135 mg/l, 140 mg/l, 145 mg/l,
150 mg/l, and 155 mg/l. These doses were selected
based on previous experiences from Water Quality
laboratory, Aguas de Manizales S.A. E.S.P,, and
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reports such as Guida et al. [25] and Haydar et al. [22].
These reports found an optimal doses of aluminum
sulfate of 150 mg/l and 100 mg/l, respectively for the
treatment of domestic wastewater in Naples (Italy)
and Sheikhupura (Pakistan).

The concentrations used for testing jars with thermal
water were: 10 ml/l, 15 ml/l, 20 ml/l, 25 ml/1, 30
ml/l, 35 ml/l, 40 ml/l, and 45 ml/l. These doses were
selected following Suarez et al. [17], who found that
an acceptable range of optimal dose of thermal water
coagulant for municipal wastewater was between 10
ml/l and 30 ml/1.

The most effective coagulant was the one with
the highest percentages of removal in each of the

evaluated parameters [26]. All the analyzes were
performed in triplicate, and results were expressed
with the corresponding standard deviation. The
variance test was calculated using one-way ANOVA,
with statistical significance of p<0.05.

II1. RESULTS AND DISCUSSION
A. Thermal water characterization

Thermal water physicochemical characterization is
presented in Table 2. The characterization provides
important information about the potential that thermal
water has as a natural coagulant due to the presence of
sulfates and aluminum.

TABLE 2
THERMAL WATER CHARACTERIZATION

PARAMETER VALUE UNIT
Turbidity 0.35+0.09 UN.T.
pH at 25 °C 1.58 +0.02
Electrical Conductivity at 25 °C 14130 +2 uS cm’?!
Total Alkalinity <DL mg "' CaCOs
Total Hardness 1296 £ 0.6 mg 11 CaCO;
Calcium Hardness 625 mg I CaCOs
Calcium 250 mg I (Ca*?)
Magnesium 163 mg I'' Mg)
Chlorides 700+ 0.4 mg I (Cl)
Apparent Color 332+0.4 U.C.
Aluminum 240 +0.03 mg I (AlsY)
Total Iron 67 +0.04 mg I (Fes")
Nitrates 83,7+0.11 mg I (NO;)
Nitrites 0.006 + 0.004 mg I (NOy)
Sulphates 4900 + 2.1 mg I (SO4)
Phosphates <DL mg 1! (POS)
Free Residual Chlorine <DL mg I (Cly)

DL: Detection limit.

Table 2 shows that high concentrations of sulfate
(near to 4900 mg/l) and aluminum (240 mg/l) can
be found in thermal water, demonstrating that these
compounds can be responsible for the coagulation
capacity of this type of water. Aluminum sulphate
has a high coagulation capability and is responsible

for performing the vast majority of coagulation-
flocculation treatments on drinking water and
wastewater [3]. This coagulant capacity is given by the
high presence of iron, calcium and magnesium ions. In
the industry, calcium chloride and calcium hydroxide
are known as calcium based coagulants, magnesium
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chloride is known as magnesium based coagulant, and
ferric chloride as iron based coagulant [26].

Table 3 presents the characterization of DWW. The most
important parameters to consider are total suspended
solids (BOD) and organic compounds (COD), due to

the high environmental impact generated when they
are discharged into water bodies, creating not only
environmental but economic disadvantages for those
who does not comply with the current Colombian
legislation (Decree 3930 of 2010) [27]; therefore,
most wastewater management facilities are designed
to remove them [2].

TABLE 3

DOMESTIC WASTEWATER CHARACTERIZATION

Parameter Result! gg?;:::; Unit
Turbidity 232+13 4.243 UN.T.
pHa25°C 7.51+0.02 0.113
Electrical Conductivity at 25 °C 616.5+2 24.749 uS cm!
Total Alkalinity 143+£0.6 18.385 mg 1! CaCO;
Total Hardness 49+0.6 1.414 mg 1! CaCOs
Calcium Hardness 31+0.6 2.828 mg I CaCO;
Calcium 12 1.414 mg I (Ca™)
Magnesium 4.5 0.707 mg ' (Mg)
Chlorides 31£04 1.414 mg I (CI)
Apparent color 294 +£0.4 31.113 U.C.
Aluminum <LD 0.000 mg I (AIP)
Total Iron 4.375+0.04 0.601 mg ' (Fe*)
Nitrates 27.9+0.11 7.637 mg I (NO;)
Nitrites 0.0565 + 0.004 0.004 mg I (NOy)
Sulphates 101.5+2.1 12.021 mg I (SO4#)
Phosphates 11.3+0.04 0.283 mg I'' (POs)
Free residual chlorine <LD 0.000 mg I (Cl,)
E. Coli 6.E+10 8.484E+10 U.F.C. 100mL"!
Biochemical Oxygen Demand 323 28.284 mg !
Chemical Oxygen Demand 726.2 67.599 mg !
Total Suspended Solids 314 14.142 mg I

!+ Method Uncertainty

2+ Three different data was used to calculated standard
deviation

According to Montoya et al. [28], turbidity in water
has been widely applied as a quality criterion because
high turbidity appearance generates people rejection.
DWW has a turbidity of 232 UNT (Table 3) due
to the high presence of solid material, especially
suspended solids. This parameter is very important in
the coagulation processes, mainly because it is easy

to measure and sensitive to coagulation processes
[29]. Furthermore, when the process removes a good
percentage of turbidity from wastewater, it removes
a large part of organic material, microorganisms and
color [30].

On the other hand, the DWW characterized is
biodegradable, which is demonstrated by the value of
the BOD/COD ratio that is equal to 0.4. According to
the Manual for Urban Wastewater Treatment [31], it
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is feasible to perform advanced primary process for
the treatment of DWW, in other words, to conduct a
coagulation and flocculation process [32].

B. Optimal dose using aluminum sulphate
The effect of applying aluminum sulphate coagulant

(2 % w/v) on turbidity and COD is shown in Figures 1
and 2, respectively. As the dose of aluminum sulphate

rose, the removal of turbidity and COD increased,
achieving maximum removal at 140 mg/l dose,
equivalent to an application of 22.1 mg of aluminum
per liter of wastewater. Doses higher than 140 mg/l
resulted in removal decrease, which is related to the
optimal dose curves typically found in drinking water
treatment [3]. This phenomenon can be ascribed to the
re-stabilization of the colloidal particles, which occurs
when the coagulant is overused, or values above
optimal are obtained [33].
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Fic. 1. Effect of applying different doses of aluminum sulphate coagulant (2 % w/v) on turbidity for untreated
domestic wastewater.
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Fic. 2. Effect of applying different doses of aluminum sulphate (2 % w/v) on COD for untreated domestic wastewater.
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The response variables, turbidity and COD, exhibit
similar behavior. With a dose of 140 mg/1 of aluminum
sulphate, the final turbidity was 4.4 NTU, and COD
was 134.6 mg/l, obtaining removals of 98.12 % and
81.5 %, respectively. These results are higher than
those reported by Haydar et al [22], who using
aluminum sulphate on domestic wastewater found
turbidity and COD removals of 97 % and 53.3 %,
respectively. Guida et al. [25] reported similar values
to those found in this work, with COD removal of
59 % using the same coagulant. Additionally, it was
found that BOD increased from 323 mg/l in untreated
domestic wastewater to 101 mg/l in wastewater treated
with aluminum sulphate, thereby obtaining a 68.7 %
of removal.

According to the Colombian Resolution 0631 of 2015,
the parameters BOD and COD must have a maximum
allowed value of 180 mg/l and 90 mg/l, respectively
[34]. Therefore, at this stage, the process complies with
the resolution of the maximum allowable value for
COD, and with an 89 % of the maximum permissible
value of BOD. To comply with the Colombian law,
it is necessary to continue with the next steps in the
treatment process.

The BOD/COD ratio for wastewater treated with
aluminum sulphate was 0.75, indicating high
biodegradability. This means that the treatment

decreased the content of organic matter, bringing
environmental benefits when discharged [32].

In conclusion, this study found that the optimal dose of
aluminum sulphate for untreated domestic wastewater
in the city of Manizales is close to 140 mg/l. The
ANOVA indicated significant differences between all
doses evaluated to remove turbidity and COD (GL
32; p<0.05; F 2237). The Tukey test showed that,
although there are significant differences between
doses of 140 mg/l and 150 mg/l, these doses behave
statistically similar to each other, and different to the
other treatments, obtaining the best turbidity removal
values.

C. Optimal dose determination using thermal water
as a natural coagulant

All doses of thermal water had positive removal
values of turbidity and COD (Fig. 3 and 4). As the
thermal water dose increased, removal also increased,
reaching stability values at 20 ml/l dose. For thermal
water doses of 10 ml/l and 35 ml/l, turbidity parameter
removals of 60.2 % and 98 %, respectively, were
found. For thermal water doses of 10 ml/l and 35
ml/l, COD removal of 7.5 % and 41.1 % were found,
equivalent to an application of 8.4 mg of aluminum
per liter of wastewater.
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Fic. 3. Effect of applying different thermal water doses as a coagulant on turbidity for untreated domestic wastewater.
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FiG. 4. Effect of applying different thermal water doses as a coagulant on COD for untreated domestic wastewater.

The response variables, turbidity and COD, exhibit
similar behavior after thermal water application.
As thermal water dose increased, both turbidity and
COD decreased until a dose of 35 ml/l, where an
asymptotic behavior was reached, in which even if
an excess of coagulant was added, higher removals
were not obtained; this is a typical behavior of a
sweep coagulation [3]. Optimal dose of thermal water
was found at 35 ml/l, obtaining turbidity and COD
values of 4.4 NTU and 178.6 mg/l, respectively.
Similarly, for the response variables, turbidity and
COD, removals of 98.1 % and 75.4 % were obtained
respectively. These results are higher to those reported
by Bhuptawat et a/. [23] and Subramonian et al. [20],
who found COD removals of 50 % and 36.2 % for
the natural coagulants Moringa oleifera and Cassia
obtusifolia, respectively. In addition, we found that
the BOD decreased from 323 mg/l in the untreated
wastewater to 91 mg/l in the wastewater treated with
thermal water, obtaining a 71.8 % removal.

COD of 178.6 mg/l and BOD of 91 mg/1 after using
thermal water as a coagulant are almost fully compliant
with the maximum permissible values allowed by the
Colombian law for domestic wastewater (COD of
180 mg/1, and BOD of 90 mg/l) [34]. This means that
additional processes help to improve the quality of
these waters, reducing pollution and complying with
increasingly stringent legislation.
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The BOD/CODratio of wastewater treated with thermal
water was 0.5, indicating high water biodegradability.
Despite the fact that the biodegradability obtained is
lower in comparison with water treated with aluminum
sulphate, environmental benefits were also obtained in
the final disposal reducing the organic matter initially
found [32].

The ANOVA indicated significant differences between
all doses evaluated for turbidity removal and COD
(GL 23; p <0.05; F 4223). The Tukey test showed
that although there are significant differences among
30 ml/l, 35 ml/l and 40 ml/l doses, they behave
statistically similar to each other and different to other
treatments. The dose of 45 ml/l is statistically similar
to 35 ml/l. However, if one considers to reduce the
consumption of the coagulant in order to economize
the thermal water, it is concluded that the optimal dose
is close to 35 ml/1.

Turbidity and COD final parameter values obtained
with optimal doses of conventional coagulant
(aluminum sulphate) and natural coagulant (thermal
water) were similar, with differences of 0.02 % in
turbidity and 14.5 % in COD.

A preliminary analysis on coagulant costs was
conducted for all the methods used, taking into
account solid aluminum sulphate and thermal water
commercial prices (January 31, 2015) [13].
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TABLE 4
PRELIMINARY ECONOMIC COMPARISON ON THE COSTS OF COAGULANTS FOR DWW TREATMENT
EVALUATING TWO METHODS

Treatment|Price|Optimal | Treatment cost for IL | COD Removal | COD Removal
method for DWW | (COP) dose of DWW Obtained Expected’
Aluminum 81.5% 752 %
Sulphate 580 $/kg | 140 mg/l | $0.0812

Thermal Water 1.4 $/1 35 ml/l $0.049 75.4 % 75.2 %

! Calculated based on initial COD (726.2 mg/1) and expected COD (180 mg/1) [34]

A preliminary cost analysis of the coagulation-
flocculation stage as primary treatment found that
using thermal water as a coagulant is 60.3 % cheaper
than conventional coagulants, considering that similar
efficiencies are achieved. Nevertheless, it is necessary
to proceed with the subsequent stages of the treatment
to comply with all the parameters required by the
national legislation, which will generate an increase in
the total treatment cost.

The cost of the coagulant used in the coagulation
and flocculation stage of the DWW treatment using
thermal water would be $0.049 Colombian pesos
(Table 4), which means a 39 % decrease in treatment
costs. This means that using thermal water as a natural
coagulant is a sustainable alternative for domestic
wastewater treatments.

IV. CoNcCLUSIONS

Once the characterization of the thermal water was
done, high concentrations of sulphate (near 4900 mg/1)
and aluminum (240 mg/l) were found, demonstrating
that these compounds provided coagulant capacity for
water treatment.

Final values for turbidity and COD in all samples were
similar for both evaluated coagulants, conventional
(aluminum sulphate) and natural (thermal water), with
differences in turbidity (0.023 %) and COD (6.1 %).
Similar removal optimal doses for both, aluminum
sulphate and thermal water, were obtained. These
optimal doses were equivalent to an application of
22.1 mg/l of aluminum using aluminum sulphate, and
8.4 mg/l using thermal water. This suggests that the
coagulation power in aluminum sulphate is due to the
action of aluminum, while in thermal water is due to
other elements besides aluminum that have coagulant
characteristics, such as calcium and magnesium.

Therefore, we can conclude that thermal water can be
considered a technical alternative as a natural coagulant
that removes pollutants from domestic wastewater
with similar efficiency to aluminum sulphate. Finally,
thermal water is a sustainable method for the treatment
of domestic wastewater that can be used along with
alternative coagulants in industries and businesses in
the city of Manizales.

ACKNOWLEDGEMENTS

The authors acknowledge Aguas de Manizales S.A
E.S.P. (Public water company) for the collaboration
conducting the analysis presented in this study.

REFERENCES

[1T  Water Footprint Network, Case study: Water footprint
of nations. 2007 [cited 23 febrero 2015; Available
from: http://www.elmundo.es/elmundo/2012/02/15/
natura/1329324929.html.

[2]  G. Tchobanoglous, Tratamiento de Aguas Residuales
en Pequerias Poblaciones. Vol. 1. 2000, Mc Graw
Hill.

[3] J. Arboleda, Teoria y Practica de la Purificacion del
Agua. Vol. 1. 2000, Bogota: Mc Graw-Hill.

[4] S. M. Miller, E. J. Fugate, V. O. Craver, J. A. Smith,
and J. B. Zimmerman, “Toward Understanding
the Efficacy and Mechanism of Opuntia spp. as a
Natural Coagulant for Potential Application in Water
Treatment,” Environmental Science & Technology,
vol. 42 (12), pp. 4274-4279, 2008. DOI: http://doi.
org/10.1021/es7025054.

[5] J.Beltran-Heredia, J. Sanchez-Martin, and C. Solera-
Hernandez, “Anionic Surfactants Removal by
Natural Coagulant/Flocculant Products,” Industrial
& Engineering Chemistry Research, vol. 48(10),
pp- 5085-5092, 2009. DOI: http://doi.org/10.1021/
ie801913y.

[6] N. Almendarez, “Comprobacion de la Efectividad
del Coagulante (Cochifloc) en Aguas del Lago de
Managua “Piedras Azules”,” Revista Iberoamericana
de Polimeros, vol. 5 (1), 46-54, 2004.

Revista Facultad de Ingenierfa (Rev. Fac. Ing.) Vol. 26 (44), pp. 35-45. €nero-Abril, 2017. Tunja-Boyacd, Colombia.



(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Javier Andrés Quintero-Jaramillo - Walter Murillo-Arango - vonne Ximena Cerdn-Salazar

S. L. Carpinteyro, “Tratamiento de Aguas Residuales
Empleando Polimeros Naturales y Biodegradabilidad
de los Lodos Generados,” in Unidad Profesional
Interdisciplinaria de Biotecnologia (México, DF,
Meéxico), p. 151, 2011.

0. Vazquez, “Extraccion de Coagulantes Naturales
del Nopal y Aplicacion en la Clarificacion de Aguas
Superficiales,” in Facultad de Ingenieria Civil
(Monterrey, México), p. 104, 1994.

J. J. Suérez and G. Navia, “Aporte a la Utilizacion de
Agua Termal como Coagulante en el Tratamiento de
las Aguas Residuales Municipales,” in Facultad de
Ingenieria (Manizales, Colombia), p. 158, 2007.

L. E. Guzman and R. Garcia, “Uso de Coagulantes
Naturales para la Remocion de Color y Turbidez
en Tratamiento de Agua Potable,” in Facultad de
Ingenieria (Cartagena, Colombia), p. 64, 2012.

C.Y. Yin, “Emerging usage of plant-based coagulants
for water and wastewater treatment,” Process
Biochemistry, vol. 45 (9), pp. 1437-1444,2010. DOLI:
http://doi.org/10.1016/j.procbio.2010.05.030.

K. Anastasakis, D. Kalderis, and E. Diamadopoulos,
“Flocculation behavior of mallow and okra mucilage
in treating wastewater,” Desalination, vol. 249
(2), pp. 786-791, Dec. 2009. DOI: http://doi.
org/10.1016/j.desal.2008.09.013.

Aguas de Manizales, Proceso de tratamiento, 2014,
Aguas de Manizales: Manizales, Caldas.

F. S. Lavado, “Tratamientos combinados fisico-
quimicos y de oxidacion para la depuracion de aguas
residuales de la industria cochera,” in Ingenieria
Quimica y Quimica Fisica (Extremadura, Espana),
2007.

DANE. Censo oficial DANE 2005, Perfiles
Departamentos y Municipios. 2005 [cited 2015
2015]; Available from: www.dane.gov.co.

IDEAM, “Instructivo para la toma de muestras
de aguas residuales,” Toma de muestras de Aguas
Residuales, vol. 3, pp. 1-17, 2007.

J. Suérez and G. Navia, “Aporte a la utilizacion de
agua termal como coagulante en el tratamiento de
las Aguas Residuales Municipales,” in Ingenieria
Quimica (Manizales, Colombia), p.158, 2007.
SulfoQuimica. Ficha Técnica Sulfato de Aluminio
Tipo B Granular. 2016 [cited 2016; Available from:

http://www.sulfoquimica.com/uploads/fckeditor/FT-

Sulfato-de-Aluminio-B-solido.pdf.
APHA, AWWA, and WPCEF, Standard Methods for

the Examination of Water and Wastewater, vol. 21,
ed. E. Rice. 2012, USA.

W. Subramonian, T.Y. Wu, and S.-P. Chai, “A
comprehensive study on coagulant performance and
floc characterization of natural Cassia obtusifolia
seed gum in treatment of raw pulp and paper mill
effluent,” Industrial Crops and Products, vol. 61, pp.
317-324, Nov. 2014. DOLI: http://doi.org/10.1016/j.
indcrop.2014.06.055.

Revista Facultad de Ingenieria (Rev. Fac. Ing.) Vol. 26 (44), pp. 35-45. €nero-Abril, 2017. Tunja-Boyacd, Colombia.

(21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

[30]

[31]

[32]

[33]

ICONTEC, NTC 3903. Procedimiento para el
ensayo de coagulacion-floculacion en un recipiente
con agua o método de jarras, 2010: Colombia.

S. Haydar and J. A. Aziz, “Coagulation—flocculation
studies of tannery wastewater using combination
of alum with cationic and anionic polymers,”
Journal of Hazardous Materials, vol. 168 (2-3),
pp. 1035-1040, 2009. DOI: http://doi.org/10.1016/j.
jhazmat.2009.02.140.

H. Bhuptawat, G.K. Folkard, and S. Chaudhari,
“Innovative  physico-chemical  treatment  of
wastewater incorporating Moringa oleifera seed
coagulant,” Journal of Hazardous Materials, vol.
142 (1-2), pp. 477-482, 2007. DOL http://doi.
org/10.1016/j.jhazmat.2006.08.044.

J. V. Casas, Tratamiento de Aguas, ed. UN. de
Colombia. 1992, Bogota: Universidad Nacional de
Colombia.

M. Guida, M. Mattei, C. D. Rocca, G. Melluso,
and S. Meric, “Optimization of alum-coagulation/
flocculation for COD and TSS removal from five
municipal wastewater,” Desalination, vol. 211 (1-3),
pp- 113-127, Jun. 2007. DOI: http://doi.org/10.1016/].
desal.2006.02.086.

N. A. Puentes, “Remocion de Materia Organica por
Coagulacion-Floculacion,” in Ingenieria Quimica
(Manizales, Colombia), p. 113, 2005.

Ministerio de Ambiente y Desarrollo Sostenible,
Decreto 3930 de 2010. Usos y ordenamiento del
recurso hidrico y vertimientos al recurso, Presidencia
de la Republica de Colombia, 2010. p. 26.

C. Montoya, D. Loaiza, and P. Torres, “Efecto del
Incremento en la Turbiedad del agua Cruda sobre
la Eficiencia de los Procesos covencionales de
Potabilizacion,” Revista Escuela de Ingenieria de
Antioquia, vol. 16, pp. 137-148, Dec. 2011.
Ministerio de Desarrollo Economico, Reglamento
Técnico Normativa del Sector de Agua Potable y
Saneamiento Basico, 2000, Ministerio de Desarrollo
Econémico, Colombia. p. 114.

H. Metcalf, Ingenieria de Aguas Residuales:
Tratamiento, Vertido y Reutilizacion, ed. M.G. Hill
Vol. 3. 1998.

Secretariado Alianza por el Agua Ecologia y
Desarrollo, Manual de Depuracion de Aguas
Residuales  Urbanas, ed. Ideasamares. 2008:
ARPIreliever. 264.

Aguas de Manizales and Ingesam, Estudio de
Factibilidad para la Recuperacion y Mantenimiento
de la Calidad de la Cuenca del Rio Chinchina -Fase
12007, Manizales.

Syafalni, H. K. Lim, N. Ismail, I. Abustan, M. F.
Murshed, and A. Ahmad. , “Treatment of landfill
leachate by using lateritic soil as a natural coagulant,”
Journal of Environmental Management, vol. 112, pp.
353-359, Dec. 2012. DOI: http://doi.org/10.1016/j.
jenvman.2012.08.001.

Ministerio de Ambiente y Desarrollo Sostenible,
Resolucion 0631 de 2015, 2015: Colombia. pp. 6-7.



