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Abstract

In the community of Pulingui belonging to the parish of San Andrés del canton Guano province of Chimborazo-
Ecuador, domestic sewage is treated in a system of septic tanks and upward filter, which presents problems of bad
smell and low reduction of organic matter. The objective of the present work was to evaluate at laboratory scale the
efficiency of pollutant removal by combining the current anaerobic treatment with an aerobic treatment by activated
sludge. A prototype with 27.9 liters capacity was designed, built and operated, of which 15.8 liters correspond to
the anaerobic zone, 7.7 liters to the aeration zone and 4.4 liters to the sedimentation zone. The system was evaluated
for 60 days with domestic wastewater from the cited community. During the evaluation, daily pH and dissolved
oxygen determinations were performed, and the Chemical Oxygen Demand (COD) was determined twice a week. The
information generated allowed us to observe that the system tended to stabilize during the three weeks of operation,
achieving organic removal efficiencies in terms of COD in the anaerobic treatment of 53 %, in the aerobic treatment
of 75%, achieving a total reduction in The entire 88 % system and eliminating the odor. With data from the anaerobic
tank taken after 60 days of continuous work, it allowed to project the maintenance of the Pulingui treatment plant the
same that must be realized in approximately each 4 years.
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Organic contaminants removal in domestic wastewater using a prototype laboratory scale

Resumen

En la comtinidad de Palingti perteneciente a la parroquia de San Andrés del cantén Gtiano provincia de Chimborazo,
Ectador se tratan las agtias residtales domésticas en tin sistema de tanques sépticos y filtro ascendente, qtie presentan
problemas de mal olor y baja redtccion de la materia organica. El presente trabajo analiza la eficiencia de remocién
de estos contaminantes al combinar el tratamiento anaerobio acttial con tn tratamiento aerobio por lodos activados
en Un prototipo a escala de laboratorio. Se disefi6, constriiyé y operd tin prototipo con 27.9 litros de capacidad, de
los ctiales 15.8 L corresponden a la zona anaerébica, 7.7 L a la zona de aireacién y 4.4 L a la zona de sedimentacién.
El sistema fte evaltiado durante 60 dias con agta residtial doméstica proveniente de la comtinidad citada. Dirante
la evaltiacion se realizaron diariamente determinaciones de Ph, sélidos stispendidos y oxigeno distelto, asi mismo
se determinaron dos veces por semana la Demanda Quimica de Oxigeno (DQO). La informacion generada permiti6
observar que el sistema tendi6 a estabilizarse diirante la semana tres de operacién, alcanzando eficiencias de remo-
cién de materia organica en términos de DQO en el tratamiento anaerébico de 53 %, en el tratamiento aerébico de
75%, logrando tina rediccién total en todo el sistema del 88 % y eliminando el olor. Con datos del tanquie anaerébico
tomados desptiés de 60 dias de trabajo contintio, se permitié proyectar el mantenimiento de la planta de tratamiento
de Pualingti el mismo qtie debe realizarse en aproximadamente cada 4 afios.

Palabras claves:Tratamiento de aguas residuales, anaerébico, aerébico, tanque séptico, lodos activados, carga conta-
minante.
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1 Introduction

Biological treatment is an option to purify waste-
water and is based on the ability of microorganisms
to metabolize and convert suspended and dissolved
organic matter into new cell tissue and different ga-
ses (Metcalf and Eddy, 2003). Oxygen plays a key
role in the biological treatment of wastewater. This
is because the absence or presence of it conditions
the type of microorganisms that are responsible for
degrading and eliminating the organic matter pre-
sent in the wastewater (Ramalho, 2003). Depending
on this the treatments can be: anaerobes (absence of
oxygen) such as septic tanks and aerobic (presence
of oxygen) such as activated sludge treatment.

Septic tanks are closed deposits where the sedi-
mentable material containing the wastewater is de-
canted (DAaz, Alvarado and Camacho, 2012), pro-
ducing a liquid free of sediments that can easily in-
filtrate the subsoil, the decanted sedimentary mate-
rial decomposes under Anaerobic conditions by the
action of the microorganisms present in the waste-
water decreasing its original volume and the orga-
nic fraction (Escalante, 2005). The rural sector pre-
fers this system mainly for the costs of operation
and low maintenance (Galarza, 2015).

Activated sludge is a treatment process whe-
reby wastewater and biological sludge (aerobic cul-
ture of microorganisms) are mixed and aerated in a
tank called a reactor. The biological flocs formed in
this process are sedimented in a sedimentation tank,
from which they are recirculated back to the aera-
tor tank or reactor to maintain the concentration of
microorganisms in the approximately constant ae-
ration chamber, the remainder being removed as ex-
cess sludge. In the process of activated sludge the
microorganisms are completely mixed with the or-
ganic matter in the residual water so that it serves
as food substrate. It is important to indicate that the
mixing or agitation is performed by surface mecha-
nical means or submerged blowers, which have a
dual function: first, to produce a complete mixture
and second, to add oxygen to the medium for the
process to develop (Romero, 2008).

A combination of anaerobic and aerobic systems
is an efficient alternative to eliminate the pollutant
load; however, these technological alternatives need
to be tested in pilot experiments under different
environmental conditions prior to their implemen-
tation (Galarza, 2015). Kujawa-Roeleveld and Zee-
man (2006) also point out that certain modifications
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to conventional systems could result in more effi-
cient treatment of total wastewater.

The community of Pulingui, belonging to the
parish of San Andres, Guano canton, of the Chim-
borazo province in Ecuador, treats its wastewater in
an anaerobic treatment system consisting of a septic
tank and an upward filter, which currently present
problems of foul odor and low reduction of Chemi-
cal Oxygen Demand (COD). To solve this problem,
it was proposed to treat these waters with a com-
bined biological system: septic tank-activated slud-
ge (ArA(©valo Moscoso and Lituma, 2010). For this
purpose, the following objectives were proposed:
first, to design, construct and operate a laboratory-
scale prototype. Second, to evaluate the efficiency
by the percentage of removal of organic matter in
terms of COD, and finally, to determine the periodi-
city of removal of sediment from the septic tank of
the Pulingui community plant.

2 Methodology

2.1 Constructive development phase

For the design of the anaerobic zone (septic tank)
the sample size, which consisted of a flow rate (Q)
of 18 liters per day (quantity manageable for labo-
ratory scale) was considered. In addition, the reten-
tion time (t), which was 24 hours (the current re-
tention time of the Pulingui septic tank plant) was
determined.

Volume (V) was calculated by Equation 1. The
area (A) of the tank was calculated with Equation
2 considering a depth (p) of 22.5 cm. The length (1)
and the width (a) were determined considering that
the length is twice the width.

ey

2

To determine the volume of the aerobic reactor,
Equation (3) was applied and the results of the raw
water characterization and the operation parame-
ters of activated sludge by complete mixing given
by Romero (2008) were considered.

Os,

V:A/MXX ®)

LA GRANJA: Journal of Life Sciences 26(2) 2017:72-83.

(©2017, Universidad Politécnica Salesiana, Ecuador.



Organic contaminants removal in domestic wastewater using a prototype laboratory scale

Where:

Sp = COD of the stream, in mg/L.

V = Volume of the tank, in L.

Q =Flow rate, in L /day.

X = Suspended Solids in Mixing Liquor (SSML),

mg /L

A/M = Food / micro-organisms ratio (F / M),
which is an important parameter that
measures the ratio between the food
(organic matter) present in the raw
sewage and the microorganisms in the
aeration tank. In order to calculate the

volume of the sedimentation tank, Equation 1 was
applied. The sedimentation design criteria of Rivas
(1978) was considered where a hydraulic retention
time (t) of 3 to 5 hours is suggested. For this case a
maximum time of 5 hours was considered (Ramirez
et al., 2010).

2.2 Sample determination

Raw water was collected at the entrance to the treat-
ment plant (Figure 1), located in the community of
Pulingui belonging to the parish of San Andrés in
the canton of Guano province of Chimborazo, Ecua-
dor, during the period April-June 2014. The Sam-
ples were collected in a punctual manner after treat-
ment, collecting approximately 30 L daily, which
were used to carry out the analyzes and feed the
prototype (APHA, 1995).

2.3 Operacion y seguimiento

Once the system was installed at laboratory scale,
the treatment efficiency was evaluated by operating
the system for 60 days (Keudel and Dichtl, 2000),
as shown in Figure 2. Determinations of pH, sus-
pended solids SS and dissolved oxygen DO were
performed daily and COD was determined twice
a week, the analyzes were performed in duplica-
te and according to the methodology described by
Standard Methods of Water and Wastewater [AP-
HA, AWWA, WEE, 2005].

At the end of the 60 days, the volume of sludge
settled in the anaerobic reactor was determined to
estimate the period of cleaning of the septic tank of
the Pilingui treatment plant.
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2.4 Statistical analysis

Descriptive statistics were used for each variable
using MS Excel, on Windows operating system.

3 Results And Discussion

Table 1 presents the data used for the sizing of the
prototype and the results when applying the equa-
tions indicated in the methodology.

Figure 3 (a) shows the sizing of the equipment,
which was constructed in glass (Figure 3 b) with a
useful volume of 27.9 L, of which 15.8 L correspond
to the anaerobic zone, 7.7 L to the aerobic reactor
and 4.4 L to the sedimentary. These units commu-
nicate through holes of 5 mm in diameter, located
in the upper part of the partitions. In the middle
parts there are exits with a hose that allow the ex-
traction of samples for analysis. The air supply and
the complete mixture in the aerobic tank was done
by means of porous diffusers using 2 60 Hz aera-
tors, introduced by the 5 mm holes that are in the
bottom of the tank. The control of sludge in the ae-
ration tank was carried out by manually extracting
a specific volume of sludge from the settler. The raw
water is collected in a plastic tank with a capacity of
approximately 30 L that feeds the system by gra-
vity, controlling its flow through keys. The system
was operated in the Laboratory of Unit Operations
of the Faculty of Engineering of the National Uni-
versity of Chimborazo.

Table 2 shows the mean values and their stan-
dard deviation of the analyzed parameters in the
different points:

The pH is a very important factor in the proces-
ses of chemical and biological transformation the-
refore it is fundamental to follow its behavior with
respect to time (Romero, 2008). Figure 4 shows the
pH monitoring by observing that in raw water this
parameter is very variable while the values in the
remaining stages are kept very constant, so that it
can be concluded that in each stage the medium is
adapted, Maintaining a pH buffer system for the
proper development of the microorganisms, thus
allowing the medium not to be affected by sharp
variations in the pH of the feed water. Similar beha-
vior reports the studies conducted by Santos and
Oliveira (2011) in the treatment of porcine waste-
water performed in an anaerobic-aerobic sequential
batch reactor, where it is also determined that the
pH during the biological treatment stabilizes.
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Figure 1. Pulingui wastewater treatment plant, Guano canton, Chimborazo

Wastewater PH, DO, COD, S5
Determination

Place storage tank

Regular stream of water
of 1 liters & hour

PH, DO, COD, S5 Anaerobic treatment tank
Determination

After 16 hours

A

PH, DO, COD,S5 L Aerobic treatment tank Turn on the aerators that
Determination supply oxygen to the tank

After 7, 7 hours

Sediment tank

After 4, 4 hours

PH, DO, COD, SS Treated water
Determination

Figure 2. Operational flow diagram of the proposed prototype. The acronyms of DO refer to dissolved Oxygen, Chemical Oxygen
Demand (COD) and SS suspended solids.
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Table 1. Sizing of the prototype

Operations Parameters Results
Anaerobic zone Flow 18 L/d
Hydraulic retention time 24 h
Volume 18L
Depth 22.5 cm.
Area 800 cm?
With 20 cm
Length 40 cm
Aeration zone COD of raw water 291 mg/L
SSML 2000 mg/L
AM 0.3d-1
Reactor volume 8.7L
Reactor Area 386.7 cm?
Depth 22.5 cm.
With 20 cm
Length 193 cm
Sedimentary Hydraulic retention time 5h
Sedimentary volume 38L
Length 16.8 cm

Table 2. Results of parameters in the different stages

Active sludge

Parameters Units Raw water Septic Tank tank Treated Water
pH 8,07+£0,36  8,01+0,23 7,72+0,21 7,77+0,10
SS mg/L 265+51 2424102 5124194 25420
DO mg/L  2,68+1,10 1,13£0,75 6,59+0,20 3,94+0,95
COD mg/L 307481 149+46 75146 3612
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20 cm

39,4 cm T 194em  272cm

Figure 3. Built prototype. (A) Dimensions, (b) Equipment
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Figure 4. pH behavior during the 60 days of treatment in the different stages

Figure 5 shows that dissolved oxygen is very
variable in raw water, decreases in the septic tank
but without reaching anaerobic conditions (without
oxygen or as low as possible), the concentration of
DO in this area was maintained with an average
of 1.13 £ 0.75 mg/L due to oxygen entering du-
ring daily sampling for analysis, which implied low
COD reductions due to the low growth of anaero-
bic microorganisms. In the aeration tank the dis-
solved oxygen is maintained with an average of 6
mg/L, achieving a suitable development of the ae-
robic microorganismes, it is possible to indicate that
the required minimum value is 2 mg/1 (Metcalf and
Eddy, 2003).

Figure 6 shows the SS results in the different
treatment stages, the same ones that decrease in
the septic tank and in the effluent, with elimination
yields ranging from 40 to 90% respectively, Kau-
del and Dichtl (2000) and CAjrdenas et al. (2012)
report similar reductions in laboratory-scale tests
in sequential biological reactors (anaerobic-aerobic).
According to Metcalf and Eddy (2003), the solids
suspended in the mixing liquor must be in a ran-
ge between 1500 and 3000 mg/L for the system to
function efficiently.

Figure 7 shows the behavior of the Chemical
Oxygen Demand. It can be observed that, although

LA GRANJA: Journal of Life Sciences 26(2) 2017:72-83.
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the COD of raw water is very variable, in the dif-
ferent treatment zones the COD is progressively re-
duced during the period of experimentation.

The efficiency of the anaerobic, aerobic and total
system treatment was determined using Equation
(5), taking the average COD values of the incoming
water (affluent) and the COD of the water leaving
after each stage (effluent), obtaining Efficiencies of
53, 75 and 88 % respectively.

DQOlaf fluent — [DQOlef fluent

_
b = [DQO)af fluent

x 100 (4)

In some studies on domestic wastewater treat-
ment, the percentages of removal are similar to tho-
se obtained in this work: MA©ndez (1978) found
a removal from 56 to 72% of COD during seven
days of treatment in an anaerobic digestion system,
a well as Ruiz, Alvarez, and Soto (2001) who in their
study with urban waters in septic tanks systems,
obtained purification efficiencies of 55-75% in the
elimination of COD. Manchuria (2009) found a de-
crease of up to 79.65% of COD in a pilot plant with
septic tanks and activated sludge.

At the end of the treatment, the amount of se-
dimentable solids and floating or cream solids ge-
nerated in the anaerobic tank were taken, being
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Figure 6. Behavior of total suspended solids during the 60 days of treatment in the different stages
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Figure 7. Behavior of Chemical Oxygen Demand

0.288 L/month and 54 mL/month respectively,
with which a full scale projection is made taking in-
to account that the treated volume of wastewater at
the Pulingui plant is 1294.2 m3/month, it would ge-
nerate 6.5 and 1.2 cubic meters of sludge and cream
per year.

Finally, taking into account that the volume of
the first tank in the Pulingui plant is 54 cubic me-
ters, the 6.5 m3/year of sludge generated represents
12% of the volume of the tank and considering that
a maintenance of sludge removal must be carried
out (Salas and Martino, 2003) the sludge should be
dislodged approximately every 4 or so considering
an error of 25% in the data obtained in the labora-
tory.

4 Conclusions and Recommenda-
tions

From the work carried out, it can be concluded that
the residual water from the community of Pulin-

LA GRANJA: Journal of Life Sciences 26(2) 2017:72-83.
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gui, whose organic matter content is very varia-
ble, does not affect the system once the treatment is
stabilized. Also, a combined treatment (anaerobic-
aerobic), is efficient to treat effluents from the com-
munity of Pulingui, achieving a percentage of remo-
val of 88 % of organic matter expressed in COD, it is
recommended to the community to consider the use
of an activated sludge treatment system to avoid
bad odors and the low efficiency of the current treat-
ment.

With the data obtained at the end of the 60 days
of the septic tank, it was estimated the maintenance
time of the existing plant in the community of Pu-
lingui is a technical and social contribution to this
community.
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