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ABSTRACT

This research evaluated the wastewater treatment system of the Punta Carnero sector, in
relation to pollutant efficiency load removal, final effluent quality and impact on the ecosystem,
and finally to determine if the final discharge can be reused for agricultural irrigation. The
research was based on the affluent and effluent characterization of the system, carried out in
three phases: i) Taking of simple samples, analyzed in an accredited water laboratory and
analysis of the contaminant loads efficiency; ii) Review of results compared to the Table of
“Discharge limits to a freshwater receiving body”; iii) Examination of results based on the
“Water Quality Criteria for Agricultural Irrigation” Table of the Ecuadorian regulation
TULSMA (2015). BOD (62.42%), COD (62.41%) and FC (53.58%) removal efficiencies did
not comply with current Ecuadorian regulations. The quality of the effluent with respect to the
parameters evaluated for discharges to a freshwater receiving body denoted a non-optimal
quality of final discharge, negatively impacting the ecosystem. Finally, the evaluation
determined parameters that exceed the water quality criteria for agricultural irrigation allowed:
Oils-Fats (5.65 mg/l), FC (62,900 NMP/100ml), Hg (0.00141 mg/l), OD (8.86 mg/l). After
evaluating the wastewater treatment system, it was determined that the pollutant load removal
efficiency and effluent quality is not optimal for discharge into a receiving water body, so it’s
not suitable for reuse in agricultural irrigation.

Keywords: affluent, effluent, water quality.

Avaliacéo do tratamento bioldgico de dguas residuais em lagoas de
estabilizacéo de Punta Carnero, Santa Elena — Equador

RESUMO

O objetivo da pesquisa foi avaliar o sistema de tratamento de aguas residuais do setor de
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Punta Carnero, em relacdo a sua eficiéncia na remogdo de cargas poluentes, a qualidade do
efluente final e seu impacto no ecossistema e, finalmente, determinar se o descarte final pode
ser reutilizado para irrigacdo agricola. A pesquisa consistiu na caracterizagdo da influéncia e do
efluente do sistema, desenvolvido em trés fases: i) Retirada de amostras simples, testadas em
um laboratério de &gua credenciado e analise da eficiéncia das cargas poluentes; ii) Revisao
dos resultados comparados com a Tabela de "Limites de descarga para um corpo receptor de
agua doce", iii) Exame dos resultados de acordo com a Tabela de "Critérios de qualidade da
agua para irrigacao agricola” da regulamentacédo equatoriana TULSMA (2015). A eficiéncia de
remocao da BDO (62,42%), COD (62,41%) e CF (53,58%) néo estdo em conformidade com os
regulamentos atuais do Equador. A qualidade do efluente com respeito aos parametros
avaliados para descargas em um corpo receptor de dgua doce, denotam uma qualidade néo ideal
de descarga final, afetando negativamente o ecossistema; finalmente, a avaliacdo determinou
parametros que excedem os critérios de qualidade da &gua para irrigacdo agricola: Oleos-
Gorduras (5,65 mg/l), CF (62900 NMP/100ml), Hg (0,00141 mg/l), OD (8,86 mg/l). Apos
avaliacdo do sistema de tratamento de &guas residuais, foi determinado que sua eficiéncia na
remocao de cargas poluentes e sua qualidade de efluentes nao é 6tima para ser descarregada em
um corpo de agua receptor, portanto, ndao é adequada para reutilizacdo na irrigacéo agricola.

Palavras-chave: afluente, efluente, qualidade da agua.

1. INTRODUCTION

In Latin America, the application of biological treatments to treat wastewater of domestic
origin is more readily available (Vargas et al., 2020). This treatment is known as “conventional”
because it’s common and widely used, which usually involves low costs (Roy and Saha, 2021).
The treatments are simple, efficient and cost-effective, and use microorganisms to degrade a
large part of biodegradable waste from wastewater effluents (Al-Qodah et al., 2020; Jung and
Pauly, 2011). The main objectives of these treatments are the elimination of pathogenic
microorganisms, suspended solids and the reduction of organic matter to an acceptable level
(Grigorieva et al., 2013; Leite et al., 2005).

Stabilization lagoons are passive systems built to treat wastewater by biological processes
(Florentino et al., 2019); they are used for the upgrading of liquid effluents from domestic,
agricultural and industrial sources (Jimoh et al., 2019; Nufiez and Fragoso, 2020). Due to the
low implementation cost, ease of operation, minimal energy consumption and high efficiency
in the reduction of pathogenic organisms, this is the type of wastewater treatment most used in
underdeveloped countries (Aradjo et al., 2016; Li et al., 2018; Romero and Castillo, 2018).
There are generally three types of lagoon systems: anaerobic, facultative and maturation or
aerobic, each with different design and treatment characteristics (Dos Santos and VVan Haandel,
2021; Matsumoto and Sanchez, 2016). Anaerobic lagoons operate in the absence of oxygen and
have depths of 3 to 5 meters (Per(, 2007; Cortés et al., 2017); facultative lagoons decompose
the Biochemical Oxygen Demand (BOD) or organic matter (Sanchez and Matsumoto, 2013),
by aerobic, anaerobic and facultative bacteria, with depths ranging from 1.5 to 2.5 meters
(Sanchez et al., 2011; Trevifio and Cortés, 2016). Maturation lagoons are used at the end of
treatment, and their depths vary from 0.5 to 1.5 meters (Cardenas et al., 2005; Tilley, 2011).
The efficiency of stabilization lagoons depends mainly on factors such as depth, hydraulic
retention time, temperature, bacteria and algae (Bezerra et al., 2020).

Gonzalez and Chiroles (2011) argue that for every liter of wastewater, at least eight liters
of freshwater are polluted, so it is important to consider that untreated or inadequately treated
effluents are the main source of pollution to natural water bodies (Cedefio, 2020), changing
their chemistry and seriously altering the ecosystems that depend on them (Lahera, 2010).
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Wastewater treatment plants are built to reduce the impact of polluted effluents (Morera et al.,
2017); however, many facilities leave aside the external effects that may occur in the operation
and maintenance phase in each of these production units (Herndndez et al., 2017), so that the
implementation of environmental regulations and standards are presented in order to define
water quality criteria for discharge and ensure the non-contamination of water resources
(Marcal and Silva, 2017). In Ecuador, problems have arisen due to the absence of sufficient
treatment and physical infrastructure (Montero et al., 2020), and it’s estimated that only 10%
of wastewater is discharged into bodies of water with some type of effluent treatment (Sato et
al., 2013; Velasco et al., 2019). Ecuadoran public institutions charged with regulating
wastewater discharge include the Environmental Management Departments of Provincial
Prefectures and Mayor’s Offices to the highest environmental authority in the country, which
is the Ministry of the Environment (Pefia et al., 2018). The reuse of wastewater for agricultural
irrigation has advantages associated with the improvement of the fertility of agricultural soils
by providing organic matter (Silva et al., 2018), but the effluent discharged must be evaluated
from the agronomic and bacteriological point of view (Cisneros and Saucedo, 2016). Therefore,
TULSMA (2015) states that the use of wastewater for irrigation is prohibited, except for that
which has been previously treated and complies with the water quality levels for agricultural
irrigation.

The scientific relevance of this research is characterized by exposing the high degree of
contamination of the treated wastewater and potential risk to human contamination and
environmental degradation through the analysis of Biochemical Oxygen Demand, Chemical
Oxygen Demand, Total Nitrogen and Fecal Coliforms that can be harmful to the habitants, flora,
and fauna of the study area. The wastewater treatment system using stabilization lagoons is
located on Punta Carnero Road in Salinas Canton, Province of Santa Elena — Ecuador. It
currently has a system of seven lagoons: three anaerobic, two facultative and two aerobic or
maturation, which discharges its previously treated effluent into the Achayan River, which
finally drains to Punta Carnero Beach towards the Pacific Ocean (Humanante, 2016). This
system is part of the eight lagoon systems in the Santa Elena Province under the responsibility
of the company AGUAPEN-EP, which has been providing services to the province since 1998
(Suarez and Panchana, 2021). This research evaluated the affluent and effluent of the
wastewater treatment efficiency, the possible effects on the ecosystem produced by the quality
of the final effluent, and finally determined if the final discharge is optimal for agricultural
irrigation. The investigation was based on water quality analyses performed in an accredited
water laboratory, through simple samples of wastewater taken at the inlet and outlet of the
lagoon system on April 15, April 28 and July 6, 2021. The results of water quality tests were
compared with the Unified Text of Secondary Environmental Legislation of Ecuador in relation
to the General Standards Table for effluent discharge into freshwater bodies, which regulates
the following parameters: Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand
(COD), Nitrogen (N) and Phosphorus (P). Finally, the results were also compared with water
quality criteria for agricultural or irrigation water table, which regulates the following
parameters: Oils-Fats, Aluminum, Arsenic, Beryllium, Boron, Cadmium, Zinc, Cobalt, Copper,
Fecal Coliforms, Chromium, Fluoride, Iron, Parasite Eggs, Lithium, Floating Material,
Mercury, Manganese, Molybdenum, Nickel, Nitrites, Dissolved Oxygen, pH, Lead, Selenium,
Sulfates and VVanadium.

2. MATERIAL AND METHODS

To carry out the investigation, the characteristics of the raw wastewater must first be
known (Table 1). The research was developed in the wastewater treatment system of the Punta
Carnero Sector in Salinas Canton, Santa Elena Province (Ecuador), located at UTM coordinates
509066 E, 9750151 N. Wastewater arriving to the system comes from the cantons of La
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Libertad and Salinas, which in turn is collected and transported through sanitary sewer networks
to the wastewater treatment system. At present, the Stabilization lagoon system is composed of
three anaerobic lagoons, two facultative and two aeration or maturation lagoons, which are
inadequate for the current population. Biological treatment processes are carried out in the
lagoons: anaerobic treatment in anaerobic lagoons and aerobic treatment in facultative and
maturation lagoons, which are connected to each other by means of 400 mm diameter PVC
pipes through distribution chambers; finally, the treated water passes through a chlorination
labyrinth and its final effluent is discharged into a natural waterway (Humanante, 2016). The
research was carried out in three phases.

Table 1. Characteristics of the raw wastewater.

Characteristics of wastewater Description

Turbidity
Color
Physical Odor
Total solids
Temperature

Chemical Oxygen Demand (COD)
Total Organic Carbon (TOC)
Nitrogen
Phosphorus
Chlorides
Sulfates
Alkalinity

Chemical pH
Heavy Metals
Trace Elements
Priority Pollutants
Chemical Oxygen Demand (COD)
Total Organic Carbon (TOC)
Biochemical Oxygen Demand (BOD)
Oxygen required for nitrification

Biological Microbial population

Source: Wijaya and Soedjono (2018).

2.1. Pollutant load removal efficiency

The first phase involves determining the value of the pollutant load removal efficiency of
the wastewater treatment system. First, two simple samples were taken in the lagoon system
(Figure 1), simple samples representing the composition of the water for that specific time and
location (Romero, 2004). The first simple sample was taken in the affluent of the system, water
distribution chamber with outlet to anaerobic lagoons at UTM Coordinates 509203 E 9750365
N; the second simple sample was taken in the effluent of the water outlet system of the Parshall
Flume with discharge to the Achayan River at UTM Coordinates 509042 E 9749661 N. Next,
the samples taken in glass and plastic bottles of one liter capacity were refrigerated at a
temperature of 4.3°C, and one milliliter of sulfuric acid was added to the glass bottle. The
samples were then transported to an accredited water testing laboratory, where they were
analyzed and finally the test results were received approximately fifteen days after the samples
were taken and left. Third, once the test results were obtained, the results were processed using
the equation (Romero, 2004) to determine the pollutant load removal efficiency of the
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wastewater treatment system (Equation 1).

E(%) = 2= x 100 (1)

The equation shows: E (%) is the pollutant load removal efficiency in percent; So is the
affluent pollutant load in milligrams per liter (mg/l) and S is the effluent pollutant load in
milligrams per liter (mg/l).

MATURATION

- LAGOON N 1

s

Specimen Simple #1 (AfMuent)
UTM Coordinates
North: 9750365
East: 509203

AFFLUENT Sampling time: 09:38 a.m.

> Specimen Simple #2 (EfMuent)
UTM Coordinates
North: 9749661
East: 509042
S-mplmg time: 10:02 a.m.

DISTRBUTION BOX
N1

ANAEROBIC

LAGOONN*3 DISCHARGETO 7

ACHAYAN RVER

2 "':". i icmu TO ESTERO
% _ AN CARNERO
Figure 1. Wastewater treatment system of the Punta Carnero sector, Salinas - Ecuador (Humanante,
2016), simple sampling location.
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2.2. Effluent water quality for discharge to a freshwater body

To determine the quality of effluent from the wastewater treatment system, in this second
phase, simple samples were taken from the final effluent (discharge to the Achayan River) on
three dates:

S1: Simple sample taken directly from the discharge, packaged in two plastic bottles and
one glass bottle, both with a capacity of one liter (April 15, 2021).

S2: Simple sample taken directly from the discharge, packaged in two plastic bottles and
one glass bottle, both with a capacity of one liter (April 28, 2021).

S3: Simple sample taken directly from the discharge, packaged in two plastic bottles and
one glass bottle, both with a capacity of one liter (July 6, 2021).

After the results of the tests of the simple samples taken at the accredited laboratory,
“Grupo Quimico Marcos” were obtained; these data were processed in the MINITAB statistical
software to determine the mean and standard deviation of the system final effluent. Once these
indicators were obtained and represented graphically S1, S2 and S3, the quality of the water
discharged into the Achayan River was determined. Once the quality of the discharged water
was known, the general standard for effluent discharge to freshwater bodies was presented in
relation to the parameters evaluated in the laboratory: Biochemical Oxygen Demand (BOD),
Chemical Oxygen Demand (COD), Total Nitrogen (N) and Total Phosphorus (P), and the
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possible effects caused by poor wastewater treatment and its impact on the environment (Table 2).

Table 2. General standard for effluent discharge to freshwater bodies and possible effects of exceeding
the maximum permissible limits in the discharge of treated wastewater to the Achayan River (freshwater
body).

Expressed
as

Parameters Unity M.A.L.* Possible effects

Biochemical Oxygen Damage to flora and fauna (Raffo and

BDO  mgOJl 100

Demand Ruiz, 2014).
Chemical Oxygen Absence of oxygen in aquatic
Demand cob mgO/| 200 organisms (Mayta and Mayta, 2017).
. Affects plant and animal life (Espinosa
Total Nitrogen N mg/l 10 etal., 2013).
Total Phosphorus P mg/l 50 Algae growth and absence of oxygen

(Reyes et al., 2017).

*Maximum Allowable Limit of discharge to a freshwater body.
Source: Section 5.2.4. from TULSMA (2015).

2.3. Effluent water quality for agricultural irrigation water reuse

The third phase of the research was to determine if the water that had been treated and then
discharged to the Achayan River (freshwater body) can be destined for water reuse for
agricultural irrigation. For this purpose the guidelines established in the Unified Text of
Secondary Environmental Legislation of Ecuador 2015 must be followed, where TULSMA
(2015) states that water for agricultural use is understood as that used for crop irrigation and
other related or complementary activities established by the competent bodies.

In this phase, the results obtained from the accredited water laboratory are compared with
the water quality criteria for agricultural irrigation (Table 3); this table also mentions the
environmental impacts caused by poor quality water reused for agricultural irrigation (Perd,
2006).

Table 3. Water quality criteria for agricultural irrigation

Parameters Expressed as Unity Quality Criterion Environmental Impacts*
Aluminum Al mg/l 5.0 Plant growth impacts
Arsenic As mg/l 0.1 Harvest yield impacts
Beryllium Be mg/l 0.1 Plant growth impacts
Boron B mg/l 0.75 Harvest yield impacts
Cadmium Cd mg/l 0.05 Plant disorders
Chromium Cr mg/l 0.1 Unacceptable harvests
Cobalt Co mg/l 0.01 Plant disorders
Copper Cu mg/l 0.2 Plant growth impacts
Dissolved Oxygen oD mg/l 3 Decreased oxygen
Fecal Coliforms CF NMP/100ml 1000 Diseases to the population
Floating Matter - - Absence Harvest yield impacts
Fluorine F mg/l 1.0 Plant growth impacts
Iron Fe mg/l 5.0 Plant growth impacts
Lead Pb mg/l 5.0 Plant growth impacts
Lithium Li mg/l 25 Harvest yield impacts
Manganese Mn mg/l 0.2 Plant disorders
Mercury Hg mg/l 0.001 Food chain problems

Continue...
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Continued...

Molybdenum Mo mg/l 0.01 Plant growth impacts
Nickel Ni mg/l 0.2 Plant disorders
Nitrites NO; mg/l 0.5 Eutrophication

Oils and Fats Visible mg/l Absence Plant growth impacts

Parasite Eggs - - Absence Diseases to the population

pH pH - 6-9 Plant growth impacts
Selenium Se mg/l 0.02 Harvest yield impacts
Sulfates SO42 mg/l 250 Plant leaf burns
Vanadium V mg/l 0.1 Plant growth impacts
Zinc Zn mg/l 2 Plant growth impacts

*Environmental Impacts (Per(, 2006).

Source: Section 5.1.3. from TULSMA (2015).

3. RESULTS AND DISCUSSION

The research shows the following results based on the evaluation carried out in three

phases:

3.1. Pollutant load removal efficiency results

The pollutant load removal efficiency (Table 4) was determined based on the affluent,
which is the incoming pollutant load (So), and the effluent, which is the outgoing pollutant load
(S) of the wastewater treatment system evaluated. A total of 28 parameters were evaluated, each
of which was analyzed in the laboratory and the results obtained from the tests were processed
in Excel software (Table 3), A graph of individual values is also shown, classifying the
parameters that denoted an efficiency greater than 50%, less than 50%, no efficiency (0%) and
negative values that indicate that the system is greater than that entering it (Figure 2).

Table 4. Pollutant load removal efficiency.

Parameters Unity Affluent S, Effluent S Removal Efficiency (%0)
Aluminum mg/I 1.084 0.002 99.82
Arsenic mg/I 0.00215  0.00215 0.00

Beryllium mg/l 0.001 0.002 -100.00
Boron mg/I 0.391 0.373 4.60
Cadmium mg/I 0.001 0.001 0.00
Chromium mg/I 0.003 0.001 66.67
Cobalt mg/I 0.00041  0.00041 0.00
Copper mg/l 0.035 0.00116 96.69
BDO mgO2/I 379.2 142.5 62.42
Dissolved Oxygen mg/I 5.15 8.86 -72.04
COD mgO2/I 632.63 237.8 62.41
Fecal Coliforms  NMP/100ml 135500 62900.0 53.58
Fluorine mg/I 1.01 0.57 43.56
Iron mg/I 0.984 0.034 96.54
Lead mg/I 0.005 0.003 40.00
Lithium mg/l 0.01 0.009 10.00
Manganese mg/I 0.088 0.066 25.00
Mercury mg/l 0.00141  0.00141 0.00
Continue...
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Continued...

Molybdenum mg/I 0.001 0.001 0.00
Nickel mg/I 0.004 0.00123 69.25
Nitrites mg/I 0.115 0.115 0.00

Oils and Fats mg/l 9.76 5.65 42.11

Selenium mg/I 0.00306  0.00306 0.00
Sulfates mg/l 165 94 43.03
Total Phosphorus mg/l 6.3 59 6.35
Total Nitrogen mg/l 53 56 -5.66
Vanadium mg/I 0.003 0.002 33.33
Zinc mg/I 0.156 0.023 85.26

Ecuadorian regulations only regulate three parameters for pollutant load removal
efficiency. The removal of BOD and COD was 62.42% and 62.41%, respectively, which
indicates that the efficiency of these parameters doesn’t reach the values established in current
Ecuadorian regulations (INEN, 2012), where it’s established that there must be a 70-85%
removal rate in order for the treatment in the lagoon system to be considered good. On the other
hand, in the microbiological parameter of Fecal Coliforms, the removal efficiency was 53.58%,
which doesn’t meet the requirements of the Environmental Secondary Legislation Text of 2015,
where it provides for a removal of 99.9% of this pollutant, which relates that the treatment is
not adequate.

The removal efficiency of COD and BOD of about 60% is relatively insufficient especially
if the initial COD values in the raw water is high. This usually suggests the use of a pretreatment
step before the biological step (Al-Qodah et al, 2019).

Heavy metal removal efficiencies were obtained in the treatment system (Figure 2), in
which: Al (99.82%), Cu (96.69%), Fe (96.54%), Zn (85.26%), Ni (69.25%), Cr (66.67%), BOD
(62.42%), COD (62.41%) and CF (53.58%), had a pollutant load removal greater than 50%; F
(43.56%), SO4 (43.03%), Oils and Fats (42.11%), Pb (40.00%), V (33.33%), Mn (25.00%), L.i
(10.00%) and B (4.60%), its pollutant load removal was below 50%; As, Cd, Co, Hg, Mo, NO>
and Se, no removal of pollutant load; finally, N (-5.66%), OD (-72.04) and Be (-100.00),
presented an inefficient removal in their treatment since the final load increased in relation to
their initial load.

Removal efficiency of pollutant loads

Al (99.82)

100 Cu (96.69)

@ Fe(96.54)
Zn (85.26)
. i (69.25)
- ® Cr (66.67) F (43.56)
50 DEO (62.42) S04 (43.03)
DQO (62.41) 0Oils and Fals (42.11)
g; CF (53.58) Fb (40.00)
= V(23.23)
E &n (25.00)
o » 000080
< Li {10.00) S @1 (-5.66)
— P (6.35) As, Cd, Co, HE, Mo, NO2, Se
E B (4.60)
50
@00 (-72.04)
100 @ 5¢ (-100.00)

Parameters (=50%) Parameters (<50%) Parameters (0%) Parameters (Megatives values)

Figure 2. Removal Efficiency of pollutant loads.
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3.2. Final effluent discharge quality results

It was determined that the effluent quality is not optimal for discharge with respect to BOD,
COD and Total Nitrogen, while Total Phosphorus complies with present regulations.

The effluent quality of BOD (Figure 3), shows that it doesn’t comply with the maximum
permissible limit of 100 milligrams of oxygen per liter, which means that exceeding the
established limit would cause negative effects to the flora and fauna of the sector where the
water is discharged. On the other hand, the effluent quality of COD (Figure 4), like BOD,
doesn’t comply with the 200 milligrams of oxygen per liter established in the mentioned
regulation, which denotes possible negative effects such as the absence of oxygen in aquatic
microorganisms in the sector; Similarly, Total Nitrogen levels exceed the maximum
permissible limit of 50 milligrams per liter (Figure 5), which indicates possible effects such as
the vulnerability of plants and animals to high levels of N. However, the effluent quality of
Total Phosphorus (Figure 6) complies with the maximum permissible limit of 10 milligrams
per liter, which indicates that there are no problems in its discharge.

BIOCHEMICAL OXYGEN DEMAND (BOD)

R TS
1515

140 & 1425

g

§

DBO (mg02/L)

10 o 108.0

MAXIMUM ALLOVWABLE LIMIT

100

54 52 53

Aean: 134,00 < AMPLES
Srandard Dwvixtion: 23,00

Figure 3. BOD Effluent Quality.

CHEMICAL OXYGEN DEMAND (COD)

..
280 286,00 -

260 el 28528

240 R Y

2378
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Mean: 258,70 SAMPLES
Standard Deviation: 24,4

Figure 4. COD Effluent Quality.

BN Rev. Ambient. Agua vol. 17 n. 2, €2822 - Taubaté 2022
IPABH?



10 Juan José Humanante Cabrera et al.

TOTAL NITROGEN (N)
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.-\
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Figure 5. N Effluent Quality.
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3
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Figure 6. P Effluent Quality.

3.3. Results comparison obtained in the laboratory

Of the 27 parameters evaluated with the agricultural irrigation water quality criteria of the
Unified Text of Secondary Environmental Legislation, the following comply with the
requirements of the regulations Al (0.002 <5.0), As (0.00215<0.1), Be (0.002 < 0.1), B (0.373
<0.75), Cd (0.001 < 0.05), Cr (0.001 < 0.1), Co (0.00041 < 0.01), Cu (0.00116 < 0.2), Floating
Matter (Absence), F (0.57 < 1), Fe (0.034 < 5), Pb (0.003 < 5), Li (0.009 < 2.5), Mn (0.066 <
0.2), , Mo (0.001 < 0.01), Ni (0.00123 < 0.2), NO2 (0.115 < 0.5), Parasite eggs (Absence), pH
(7.88 < 6-9), Se (0.00306 < 0.02), Sulfates (94 < 250), V (0.002 < 0.1) and Zn (0.023 < 2),
while OD (8.86 > 3), Fecal Coliforms (62900 > 1000), Hg (0.00141 > 0.001), and Oils and Fats
(5.65 > Absence) exceed agricultural irrgiation water quality criteria.

4. CONCLUSIONS

The removal efficiency of the wastewater treatment system doesn’t meet the efficiencies
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established in existing regulations, so it is determined that the biological treatment is not
optimal. It is proposed as an improvement to achieve these efficiencies that there should be
more frequent control of the stabilization lagoons, as well as more frequent removal of the silt
that is present in these lagoons, which doesn’t allow the water entering the System to be treated
in an efficient manner.

According to the results of the study, the quality of the water discharged into the receiving
body (Achayan River) is poor, which could have serious consequences in the future, since high
concentrations of BOD, COD and N directly affect plants and animals in the sector, and
indirectly affect people who bathe in the sea.

The treated wastewater is not suitable for reuse for agricultural irrigation because it doesn’t
fully comply with the criteria established in Table 2 of the Ecuadorian Environmental
Regulations.
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