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ABSTRACT

This study aimed to evaluate the physicochemical and microbiological quality of the effluent from the Santiago
oxidation pond, Ica—Peru. A quantitative, descriptive, and cross-sectional study was conducted. Grab samples were
collected from two discharge points within the system, and physicochemical and microbiological parameters were
analyzed using standardized methods, with results compared against current environmental regulations. The results
showed pH values within the permissible range (=7.6); however, elevated concentrations of BODs (152—166 mg/L),
COD (545-733 mg/L), total solids (1013—-1900 mg/L), and total nitrogen (125—135 mg/L) were recorded, exceeding
regulatory limits. Additionally, total phosphorus substantially surpassed allowable thresholds, while total coliforms
reached levels on the order of 10’-10® MPN/100 mL, indicating a high sanitary risk. Differences between sampling
points were identified, suggesting internal variability within the system. These findings reveal limitations in system
performance under real operating conditions, consistent with previous studies on extensive treatment systems. It is
concluded that the evaluated effluent does not comply with environmental standards for reuse. This study provides a
novel baseline and highlights the need for continuous monitoring and operational optimization.

Keywords: wastewater, environmental quality, indicators, oxidation pond.

INTRODUCTION

Wastewater treatment is fundamental to envi-
ronmental engineering, as it integrates physical,
chemical, and biological processes to address
challenges such as water scarcity and pollu-
tion (Singh et al., 2024). Its importance is even
greater in urban and rural contexts with increas-
ing population pressure, where it is necessary to

guarantee water quality, protect public health,
and preserve ecosystems in the face of intensive
water resource use (Kesari et al., 2021). In this
context, extensive treatment systems, such as ox-
idation ponds, have been widely used due to their
low cost, operational simplicity, and relative effi-
ciency. Their implementation is particularly suit-
able in developing countries, where limitations in
sanitation and technological infrastructure hinder
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the adoption of advanced systems, thus enabling
basic wastewater treatment and contributing to
environmental protection (Ali et al., 2020; Mara,
2017; Balbin Barboza, 2024). Their implementa-
tion is especially relevant in environments with
technological limitations and restricted resourc-
es, where they constitute a viable, efficient, and
sustainable alternative for domestic wastewater
treatment. These systems make it possible to
meet the sanitation needs of small and medium-
scale communities, contributing to the reduction
of pollutants, the protection of water resources
and the improvement of public health conditions
(Autoridad Nacional del Agua [ANA], 2021;
American Public Health Association [APHA],
2012; Mara, 2004).

The evaluation of these systems in arid regions
is especially relevant, as climatic factors such as
temperature, solar radiation, and evaporation sig-
nificantly influence their operational efficiency.
These conditions directly affect the associated bi-
ological processes, modifying microbial activity,
contaminant degradation, and nutrient dynamics,
which impacts the final quality of the treated ef-
fluent and its potential environmental and health
impact on receiving ecosystems (Goodarzi et al.,
2022; Ruto et al., 2025; Decreto Supremo N.°
004-2017-MINAM, 2017). Within this frame-
work, the operating conditions of the system and
the quality of the generated effluent are defined as
study variables. The operating conditions include
dimensions such as hydraulic retention time, the
applied organic load, and unit maintenance — fac-
tors that determine hydraulic performance and
treatment efficiency. These variables allow for
the analysis of the system’s capacity to remove
contaminants and ensure compliance with cur-
rent established environmental standards (Butler
et al., 2017; Argota Pérez et al., 2025; Tchobano-
glous et al., 2003). For its part, effluent quality
is commonly assessed through a combination of
physicochemical and microbiological indicators.
Physicochemical parameters such as biochemical
oxygen demand (BODs), chemical oxygen de-
mand (COD), total suspended solids (TSS), nitro-
gen, and phosphorus provide relevant information
on the organic and nutrient loads remaining after
treatment (Moretti et al., 2024). Microbiological
indicators, particularly total coliforms and Esch-
erichia coli, complement this assessment by pro-
viding evidence of fecal contamination and po-
tential health risks associated with treated waste-
water reuse. Therefore, the integrated evaluation
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of physicochemical and microbiological param-
eters is essential for determining effluent quality
and its suitability for agricultural irrigation, en-
vironmental discharge, or other authorized reuse
purposes (Moretti et al., 2024).

Scientific literature recognizes oxidation
ponds as treatment systems based on natural bio-
logical stabilization processes, which allow for
the removal of organic matter and pathogenic
microorganisms. These systems operate through
interactions between bacteria, algae, solar radia-
tion, and environmental conditions such as tem-
perature and oxygenation, which promote the
progressive degradation of contaminants present
in wastewater. They also contribute to the reduc-
tion of nutrients and suspended solids, improving
the quality of the final effluent. Their efficiency
depends on operational, hydraulic, and environ-
mental factors that determine the internal ecologi-
cal balance of the system (Ali et al., 2020; ANA,
2021; Ho and Goethals, 2020).

Several studies on the hydraulic design, ge-
ometry, and operation of oxidation ponds report
favorable efficiencies in the removal of organic
matter, nutrients, and pathogenic microorganisms
when controlled conditions are maintained. These
results are associated with a suitable configura-
tion of the units, optimal hydraulic retention times,
and proper flow distribution (Butler et al., 2017).
Furthermore, periodic maintenance and stable
environmental conditions contribute to improved
system performance. However, deviations in these
factors, including sludge accumulation, inadequate
hydraulic conditions, and insufficient maintenance,
can significantly reduce treatment efficiency and
compromise the quality of the final treated effluent
(Mojiri et al., 2017; Letshwenyo, 2021).

Furthermore, research on microbial dynamics
and biochemical processes explains the mecha-
nisms responsible for purification and nutrient re-
moval in oxidation ponds. These studies describe
processes such as nitrification, denitrification,
particle sedimentation, algal assimilation, and
bacterial degradation of organic matter in com-
plex aquatic systems. The interaction between
bacteria and algae promotes oxygenation and
stabilization of the environment, allowing for the
transformation of polluting compounds. In addi-
tion, factors such as temperature, solar radiation,
and pH influence microbial metabolic activity,
thus affecting the overall efficiency of the treat-
ment (Gastoldi et al., 2025; von Sperling, 2018;
Metcalf and Eddy, 2019).
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However, under real operating conditions,
limitations in the efficiency of oxidation ponds
have been identified, especially in the reduction of
microbiological and nutrient loads. These deficien-
cies are usually associated with design problems,
hydraulic overload, insufficient retention times,
and environmental variations that disrupt biologi-
cal processes. Likewise, the lack of regular main-
tenance and operational control contributes to the
accumulation of solids and a decrease in system
performance. These conditions compromise the
overall performance of the treatment, generating
effluents of insufficient quality to meet current
environmental and sanitary standards (Ruto et al.,
2025; Decreto Supremo N.° 004-2017-MINAM,
2017; Ministerio del Ambiente [MINAM], 2017).

In Latin America, oxidation ponds are one of
the most widely used technologies in medium-
sized cities due to their low operating costs and
technical simplicity. They also exhibit high adapt-
ability to diverse socioeconomic contexts, facilitat-
ing their implementation in resource-limited areas.
Their construction and maintenance are relatively
straightforward, allowing for basic wastewater
treatment and contributing to environmental pro-
tection in communities with limited sanitation in-
frastructure (Balbin Barboza, 2024; Mara, 2004).
However, the efficiency of these systems can be
affected by various operational and environmental
factors, such as hydraulic overload, climate vari-
ability, and inadequate maintenance. These condi-
tions can generate effluents with high concentra-
tions of organic matter, nutrients, and pathogenic
microorganisms, increasing environmental, health,
and ecological risks. Furthermore, the discharge of
insufficiently treated wastewater can compromise
public health, affect the quality of water resourc-
es, and disrupt the balance of surrounding aquatic
ecosystems, reducing their self-purification capac-
ity and impacting the biodiversity present in these
natural systems (APHA, 2012; Argota Pérez et al.,
2025; von Sperling, 2018). In Peru, sectoral diag-
noses show that various systems have lower lev-
els of efficiency than expected, increasing the risk
of environmental pollution and affecting public
health (Gopolang and Letshwenyo, 2018).

In the context of Ica, characterized by arid
conditions and high pressure on water resources,
the use of treated effluents in agricultural activi-
ties intensifies the need for rigorous and constant
water quality control, ensuring sanitary safety,
productive efficiency, and long-term environmen-
tal sustainability (Cruddas et al., 2022). Factors

such as hydraulic retention time, organic load,
temperature, and other operating parameters
significantly influence the overall performance
of the wastewater treatment system (Calabro et
al., 2024), while a lack of maintenance can favor
the accumulation of solids and the persistence of
pathogenic microorganisms (Mara, 2004).

In arid contexts like Ica, where the use of
treated wastewater is widespread, there is limited
up-to-date empirical evidence on the actual qual-
ity of effluents generated by oxidation ponds under
specific operating conditions and particular envi-
ronmental variables. This situation is exacerbated
by the lack of timely and systematic assessments
that would allow for a reliable comparison of com-
pliance with environmental and sanitary standards,
generating considerable uncertainty about their
suitability for final disposal or reuse, especially in
intensive agricultural activities and direct irrigation
(Fadini et al., 2004; Verbyla and Mihelcic, 2019).

Therefore, the research question arises: What
is the level of compliance of the effluent with re-
spect to current environmental standards? The
study focuses on the oxidation pond in the district
of Santiago, considering parameters established
in current environmental regulations. The study
provides localized empirical evidence on efflu-
ent quality in extensive treatment systems in arid
zones, helping to reduce the gap between theoreti-
cal models and actual operating conditions. It also
allows for the identification of the current state of
the effluent and its potential environmental and
health risks, serving as a basis for decision-mak-
ing in wastewater management and reuse.

The objective of the study was to evaluate
the physicochemical and microbiological quality
of the effluent from the Santiago oxidation pond
in Ica, Peru, determining regulatory compliance
with current environmental standards, given the
water crisis in the semi-desert region.

MATERIALS AND METHODS

The study was conducted using a quantita-
tive, basic, descriptive, non-experimental, cross-
sectional design, as the evaluation was performed
at a single point in time without manipulation of
variables (Decreto Supremo N.° 004-2017-MI-
NAM, 2017; Pena et al., 2020). This approach
allowed for the analysis of the effluent quality
generated by the treatment system under real op-
erating conditions, without interfering with its
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operation. The research was carried out during
August 2025 in the oxidation pond of the San-
tiago district, located in the province of Ica, Peru
(UTM: 428992.4 E; 8415006.68 N).

The study area is characterized by arid cli-
matic conditions, with high solar radiation, high
temperatures, and low precipitation — factors that
significantly influence the performance of exten-
sive wastewater treatment systems. These con-
ditions can favor natural purification processes,
such as algal and bacterial activity, but they can
also generate variability in system efficiency, es-
pecially in response to changes in hydraulic load
or internal flow dynamics.

Sampling was conducted on a single day, se-
lected under stable system operating conditions
and in the absence of extraordinary events such
as rainfall, atypical discharges, or interruptions
in the lagoon’s operation. This condition allowed
for obtaining a representative snapshot of the ef-
fluent’s behavior during the dry season, a period
characteristic of the study region. While it is rec-
ognized that wastewater quality can exhibit both
diurnal and seasonal variability, the approach
adopted is consistent with descriptive-explorato-
ry studies, whose purpose is to characterize the
state of the system in a specific context and un-
der real operating conditions (Decreto Supremo
N.° 004-2017-MINAM, 2017). In this sense, the
results obtained should be interpreted as a base-
line of system performance, representative of the
conditions observed during the evaluation period.
This approach allows for establishing an initial
reference point for future longitudinal or compar-
ative studies, as well as for formulating strategies
aimed at improving treatment efficiency.

The population consisted of the final effluent
from the domestic wastewater treatment system,
with the treated water quality considered the unit
of analysis. The sample was defined using non-
probability sampling based on technical criteria,
selecting two representative points of the final
effluent, designated Effluent 1 (E1) and Efflu-
ent 2 (E2). These points were located at different
outlets of the system, allowing for the evaluation
of potential spatial variations in effluent quality.
Points with continuous flow and accessibility for
sampling were included, ensuring suitable sam-
pling conditions. Areas with internal recircula-
tion, external interferences, or hydraulic altera-
tions that could affect the representativeness of
the data were excluded to ensure the reliability
of the results.
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Data collection was performed using direct
wastewater sampling techniques, employing ster-
ile containers and standardized procedures. Com-
posite samples were obtained from spot aliquots
collected during the sampling period to reduce in-
stantaneous effluent variability and improve sam-
ple representativeness. Samples were preserved
at approximately 4 °C in insulated boxes with re-
frigerants and transported to the laboratory within
six hours, following the guidelines established in
Standard Methods for the Examination of Water
and Wastewater (Shilton and Harrison, 2021).
For the microbiological analysis of thermotoler-
ant coliforms, sterile bottles containing sodium
thiosulfate were used to neutralize any disinfec-
tant residues and prevent alterations in the results.

Laboratory analysis was performed accord-
ing to the standardized methods of the 24th
edition (2023) of Standard Methods (Shilton
and Harrison, 2021). pH was determined us-
ing the electrometric method (SM 4500-H" B),
total nitrogen using the persulfate method (SM
4500-N C), and total solids by drying at 103—105
°C. Total phosphorus was determined using the
ascorbic acid method, while biochemical oxy-
gen demand (BODs) was assessed by five-day
incubation (SM 5210 B). Chemical oxygen de-
mand (COD) was determined using the colori-
metric closed reflux method, and thermotolerant
coliforms using the multiple-tube fermentation
method (SM 9221 E/C). These methods ensure
the accuracy, reliability, and comparability of the
results obtained, as they are widely validated in
wastewater analysis.

Data processing was performed using de-
scriptive statistics, employing measures of cen-
tral tendency for information organization and
synthesis. The results obtained were compared
with the environmental quality standards (EQS)
for water, category 3 (vegetable irrigation and
animal drinking water), established in Supreme
Decree No. 004-2017-MINAM (Verbyla and
Mihelcic, 2019), as well as with the maximum
permissible limits (MPL) for domestic waste-
water effluents, established in Supreme Decree
No. 003-2010-MINAM (Valderrama, 2020). This
comparison allowed for the evaluation of the ef-
fluent’s regulatory compliance and the efficiency
of the treatment system. Given the specific nature
of the sampling and the descriptive approach of
the study, statistical inference tests and normality
analyses were not applied; instead, comparative
and regulatory analysis was prioritized.
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Additionally, the spatial pollution gradient
(SPG = E2/E1) was calculated to evaluate varia-
tions in effluent quality between sampling points.
This indicator allowed for the identification of in-
creases or decreases in pollutant concentrations
throughout the system, providing a complemen-
tary tool for analyzing treatment performance.

Overall, the methodology employed made it
possible to obtain reliable and technically valid
information on the quality of the effluent under
real conditions, contributing to the understanding
of the system’s behavior and the identification of
possible limitations in its operational efficiency.

RESULTS

The results show that the pH at both sampling
points remains within the range established by
regulations, indicating favorable neutral condi-
tions in the effluent. However, the parameters as-
sociated with the pollutant load show high con-
centrations in both effluents. Total nitrogen signif-
icantly exceeds permissible limits, with slightly
higher values at the first sampling point compared
to the second.

Regarding total solids, a significant difference
was observed between the two effluents, with a
higher concentration recorded at the second sam-
pling point, indicating possible accumulation or
variability in the sedimentation process. As for
total phosphorus, both effluents considerably ex-
ceeded regulatory values, although the first sam-
pling point showed higher concentrations, indi-
cating a greater presence of nutrients.

Similarly, the BODs and COD show levels
that exceed established standards, reflecting a high
organic load in the effluent, with a higher pollution
intensity in the second point in terms of COD.

On the other hand, microbiological indicators
reveal extremely high concentrations of total coli-
forms in both effluents, far exceeding permissible
limits, with a higher load at the second sampling
point. Overall, the results show that, although the
pH is within acceptable ranges, the other physi-
cochemical and microbiological parameters are
non-compliant with regulations, indicating condi-
tions that limit the effluent’s quality for disposal
or reuse (Table 1).

Table 2 shows the spatial pollution gradient
(SPG) among the effluents evaluated in the San-
tiago oxidation pond, revealing a heterogencous

Table 1. Physicochemical and microbiological parameters (total coliforms) in the effluents of the oxidation lagoon

of Santiago, Ica

Parameters Effluent 1 Effluent 2 Regulations
pH 7.67 7.65 6.5-8.5
Total nitrogen 134.5 124.7 <20 mg/L
Total solids 1013 1900 Acceptable: < 500 mg/L
Total phosphorus 4.940 1.345 <0.1-0.2 mg/L
DBO, 165.8 152.3 <50 mg/L
DQO 545.2 733.2 <150 mg/L
Total coliforms 5.4E+07 3.5E+08 <10 000 NMP/100 mL

Note: BODS (biochemical oxygen demand), COD (chemical oxygen demand).

Table 2. Spatial pollution gradient (SPG) between effluent 1 and effluent 2 of the Santiago, Ica oxidation lagoon (%)

Parameters Effluent 1 Effluent 2 GEC
pH 7.67 7.65 0.997

Total nitrogen 134.5 124.7 0.93
Total solids 1013 1900 1.88
Total phosphorus 4.940 1.345 0.27
DBO, 165.8 152.3 0.92
DQO 545.2 733.2 1.34

Total coliforms 5.4E+07 3.5E+08 6.48

Note: BODS (biochemical oxygen demand), COD (chemical oxygen demand).
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system. The parameters pH (0.997), total nitrogen
(0.93), total phosphorus (0.27), and BODs (0.92)
show values less than or close to one, indicating
a slight reduction or stability in their concentra-
tions, suggesting some partial efficiency in these
components. However, total solids (1.88), COD
(1.34), and, more critically, total coliforms (6.48)
show values greater than one, indicating an in-
crease in the pollutant load toward the final ef-
fluent. This behavior suggests possible processes
of solids resuspension, accumulation of organic
matter, or deficiencies in the final treatment stage.

The case of total coliforms is particularly rel-
evant, as the value of 6.48 reflects a significant in-
crease in the microbiological load, indicating inef-
ficient pathogen removal and a potential health risk.
Overall, the results indicate that the system exhibits
limited efficiency and inconsistent performance,
with deterioration in key water quality parameters.

DISCUSION

The quality of the effluent from an oxidation
pond under real operating conditions was char-
acterized, revealing patterns consistent with the
stated objective.

This quantitative, descriptive study character-
ized the quality of the effluent from an oxidation
pond under real operating conditions, revealing
patterns consistent with the stated objective.

The results showed that, while the pH re-
mained within regulatory ranges, the parameters
associated with organic load, nutrients, and mi-
crobiological contamination presented elevated
levels, reflecting limited system performance in
terms of effluent quality. This behavior suggested
that, even though the basic conditions of chemi-
cal stability were maintained, the biological re-
moval processes did not reach sufficient levels to
guarantee an effluent suitable for reuse, which is
consistent with evaluations carried out in exten-
sive systems under similar conditions (Gastoldi et
al., 2025; Ho and Goethals, 2020). Comparatively,
studies such as von Sperling’s indicated that oxi-
dation ponds can achieve adequate efficiencies in
organic matter removal when operating under op-
timal design and maintenance conditions (Ali et
al., 2020), while more recent research has shown
that under real operating conditions, especially in
contexts with technical limitations, there are in-
creases in the pollutant load of the effluent (De-
creto Supremo N.° 004-2017-MINAM, 2017).
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Accordingly, the findings obtained reflected high
concentrations of BODs and COD, which would
indicate insufficient degradation of organic matter,
possibly associated with factors such as hydrau-
lic overload or inadequate retention times (Argota
Pérez et al., 2025; Tchobanoglous et al., 2003).

Comparatively, studies such as von Sperling’s
indicated that oxidation ponds can achieve ade-
quate efficiencies in organic matter removal when
operating under optimal design and maintenance
conditions (Ali et al., 2020), while more recent
research has shown that under real operating con-
ditions, especially in contexts with technical limi-
tations, there are increases in the pollutant load of
the effluent (Decreto Supremo N.° 004-2017-MI-
NAM, 2017). Accordingly, the findings obtained
reflected high concentrations of BODs and COD,
which would indicate insufficient degradation
of organic matter, possibly associated with fac-
tors such as hydraulic overload or inadequate
retention times (Argota Pérez et al., 2025; Tcho-
banoglous et al., 2003). On the other hand, the
high presence of nutrients, particularly nitrogen
and phosphorus, evidenced a limited capacity
of the system to control potential eutrophication
processes, an aspect that has been widely docu-
mented in extensive treatment systems where nu-
trient removal depends on specific environmental
conditions (Goodarzi et al., 2022; Superintenden-
cia Nacional de Servicios de Saneamiento [SU-
NASS], 2022). Furthermore, the persistence of
high concentrations of total coliforms indicated
insufficient elimination of pathogenic microor-
ganisms, which coincides with what has been re-
ported by the World Health Organization regard-
ing the health risks associated with the use of in-
adequately treated effluents (Flores et al., 2021),
as well as with studies that point to limitations in
natural disinfection in stabilization ponds under
certain operating conditions (Ho and Goethals,
2020; MINAM, 2017).

The spatial gradient of contamination re-
vealed that the system exhibits heterogeneous
treatment efficiency, reflecting limitations in its
overall operation. The decrease in some param-
eters suggests that biological processes, such as
bacterial degradation and algal assimilation, are
only partially functioning, contributing to the re-
moval of biodegradable organic matter and nutri-
ents. Likewise, pH stability indicates relatively
favorable conditions for microbial activity within
the system. However, the increase in other physi-
cochemical parameters reveals deficiencies in



Journal of Ecological Engineering 2026, 27(12), 175-183

sedimentation processes and hydraulic dynamics,
possibly associated with sediment resuspension,
hydraulic overload, or short circuits. These factors
limit the system’s efficiency and affect the quality
of the final effluent. In particular, the increased
microbial load indicates inefficient pathogen re-
moval, suggesting a lack of effective disinfection
mechanisms or insufficient conditions for their
natural inactivation. This situation represents a
significant health risk, especially considering po-
tential uses of the effluent.

Overall, the results indicate that the oxidation
pond exhibits partial and inconsistent efficiency,
conditioned by operational and environmental
factors, requiring optimization in its design, op-
eration, and maintenance. From a critical per-
spective, these results suggest that the evaluated
system is not consistently meeting current regula-
tory standards, implying potential risks to the en-
vironment and public health. This situation is par-
ticularly concerning in contexts where the treated
effluent could be reused in agricultural activities,
as the presence of physical, chemical, and micro-
biological contaminants can affect soil quality,
crop safety, and consumer health. Furthermore, it
highlights the need to implement corrective mea-
sures aimed at improving treatment efficiency and
ensuring adequate regulatory compliance (Crud-
das et al., 2022; Calabro et al., 2024). These dif-
ferences from ideal conditions can be explained
by operational and structural factors that affect
system performance. These include maintenance
deficiencies, variability in influent load, and limi-
tations in the hydraulic design of the oxidation
ponds. These aspects directly influence the effi-
ciency of the physical, chemical, and biological
processes responsible for purification. Likewise,
the presence of hydraulic short circuits and inade-
quate retention times can reduce the contaminant
removal capacity, which has been widely identi-
fied in the literature as a determining factor in the
efficiency of these systems (Butler et al., 2017;
Keshinro et al., 2024).

In terms of its contribution, the study provid-
ed localized empirical evidence on effluent qual-
ity in a treatment system under arid conditions,
contributing to the understanding of the actual
behavior of oxidation ponds outside of controlled
scenarios. It also allowed for the identification
of gaps between expected and observed perfor-
mance, which is relevant for sanitation manage-
ment in similar contexts. These findings provide
useful information for decision-making regarding

operation, maintenance, and design, strengthen-
ing the technical basis for implementing improve-
ments aimed at optimizing treatment efficiency in
systems with comparable characteristics (Mara,
2004; United Nations Environment Programme
[UNEP], 2020).

In this regard, the findings strongly high-
lighted the need to strengthen continuous moni-
toring, operation, and maintenance strategies to
ensure the proper functioning of the treatment
system. Furthermore, the importance of imple-
menting complementary treatment measures,
such as disinfection processes or improvements
to the hydraulic design, to increase the efficiency
of contaminant removal was evident. These ac-
tions would contribute to significantly improving
the quality of the effluent, reducing associated
environmental and health risks, and ensuring its
safe and sustainable use in various applications,
especially in contexts with water limitations (De-
creto Supremo N.° 004-2017-MINAM, 2017;
World Health Organization [WHO], 2019; Azov
and Shelef, 1982).

CONCLUSIONS

The study characterized the physicochemical
and microbiological quality of the effluent from
the Santiago district’s oxidation lagoon, reveal-
ing that, while the pH remained within the ranges
established by regulations, the other parameters
analyzed did not meet current environmental
standards. High concentrations of organic matter,
nutrients, and microorganisms indicative of fecal
contamination were identified, reflecting an ef-
fluent condition that limits its suitability for final
disposal or safe reuse.

The system is inadequate to handle the or-
ganic and nutrient load; despite partial reductions
between Effluent 1 and Effluent 2 in total nitro-
gen (from 134.5 to 124.7 mg/L), total phospho-
rus (from 4.940 to 1.345 mg/L), and BODs (from
165.8 to 152.3 mg/L), the final values severely
exceed standards — surpassing the nitrogen limit
(£20 mg/L) by more than six times and the phos-
phorus limit (< 0.1-0.2 mg/L) by up to thirteen
times — thereby posing an imminent risk of eutro-
phication for any receiving water body.

Conditions worsen due to the resuspension and
accumulation of complex matter, confirming se-
vere water quality degradation as the water passes
through the pond; this is evidenced by increases in
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total solids (from 1,013 to 1,900 mg/L) and COD
(from 545.2 to 733.2 mg/L), exceeding quality
guidelines by nearly four and five times, respec-
tively. This pattern confirms severe operational
failures linked to the accumulation and resuspen-
sion of non-biodegradable organic matter.

An extreme microbiological risk to public
health is evident; the most alarming finding con-
cerns the microbiological load, as total coliform
counts not only fail to decrease but multiply ex-
ponentially in the final effluent, reaching 3.5 x 10#
MPN/100 mL—a figure exceeding the maximum
permissible limit (< 10.000 MPN/100 mL) by
3,500,000%. This indicates a complete failure of
disinfection and poses an extreme sanitary hazard.
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