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Abstract: the main objective of this research was to evaluate the functioning of a system of polishing 
ponds on a pilot scale in the post-treatment of urban sewage discharged from an up-flow anaerobic 
sludge blanket reactor and followed by a submerged aerated filter. The following variables were ana-
lyzed: transparency, temperature, dissolved oxygen (DO), pH, alkalinity, biochemical oxygen demand 
(BOD), chemical oxygen demand (COD), total Kjeldahl nitrogen (TKN), ammonia (NH3), organic nitrogen, 
nitrate (N-NO3), total phosphorus (TP), orthophosphate (PO4

3-), total suspended solids (TSS) and chloro-
phyll-a. In addition, the planktonic communities were also identified and quantified. During the study 
period, the pond system registered the following mean and standard deviation of the removal efficien-
cies: 32.9±31.7% of BOD, 26.5±33.9% of COD, and 29.0±49.6% of TSS; good performance was observed in 
the removal of nitrogen compounds, and the following results were obtained: 58.4±28.1%, 87.5±15.4%, 
24.4±42.6%, and 9.4±51.8%, respectively for TKN, NH3, organic nitrogen, and N-NO3; and 26.9±25.8 of TP 

and 34.3±32.7% of PO4
3-. During the research period, the planktonic community was represented by the 

following classes: Chlorophyceae, Euglenophyceae, Cyanobacteria, Cryptophyceae, Zygnemaphyceae, 
Chrysophyceae, and Dinophyceae; concurrently, the zooplankton registered low densities and was rep-
resented by the Rotiferous, Copepod, and Cladocera groups. The results help us understand the perfor-
mance of polishing ponds in treating sanitary effluents.
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Rendimiento de una serie de estanques de pulido en el tratamiento de 
aguas residuales sanitarias

Resumen: el objetivo principal de esta investigación fue evaluar el funcionamiento de un sistema de 
lagunas de pulimento a escala piloto en el postratamiento de aguas residuales urbanas, descargadas 
de un reactor anaerobio de flujo ascendente con manto de lodos y seguido de un filtro aireado sum-
ergido. Se analizaron las siguientes variables: transparencia, temperatura, oxígeno disuelto (OD), pH, 
alcalinidad, demanda bioquímica de oxígeno (DBO), demanda química de oxígeno (DQO), nitrógeno 
total Kjeldahl (NKT), amonio (NH3), nitrógeno orgánico, nitrato (N-NO3), fósforo total (PT), ortofosfato 
(PO43-), sólidos totales en suspensión (SST) y clorofila-a. Además, se identificaron y cuantificaron 
las comunidades planctónicas. Durante el periodo de estudio, el sistema de estanques registró las 
siguientes medias y desviaciones estándar de las eficiencias de eliminación 32,9±31,7% de DBO, 
26,5±33,9% de DQO y 29,0±49,6% de SST. Se observó un buen rendimiento en la eliminación de com-
puestos nitrogenados, obteniéndose los siguientes resultados 58,4±28,1%, 87,5±15,4%, 24,4±42,6%, 
y 9,4±51,8%, respectivamente para TKN, NH3, nitrógeno orgánico, y N-NO3; y 26,9±25,8 de TP y 
34,3±32,7% de PO43-. Durante el periodo de investigación, la comunidad planctónica estuvo repre-
sentada por las siguientes clases: Chlorophyceae, Euglenophyceae, Cyanobacteria, Cryptophyceae, 
Zygnemaphyceae, Chrysophyceae, y Dinophyceae; concurrentemente, el zooplancton registró ba-
jas densidades y fue representado por los grupos Rotiferous, Copepod, y Cladocera. Los resultados 
permiten comprender el desempeño de las lagunas de pulimento en el tratamiento de efluentes 
sanitarios.

Palabras clave: calidad del agua; remoción de contaminantes; lagunas de estabilización; 
tratamiento de efluentes sanitarios
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Introduction
Waste stabilization ponds (WSPs) are widely used 
across the world as passive wastewater treatment 
for domestic effluents; WSPs are recommended to 
treat wastewater in small communities [1], [2]. Due 
to the simplicity of their design, low cost, minimal 
maintenance, and low-skilled operators, WSPs have 
become one of the most popular biological waste-
water treatment systems applied in many places 
around the globe [3 - 5]. WSP is natural technol-
ogy installed in centralized or semi-centralized 
sewerage systems for treating domestic wastewa-
ter, septage and sludge, and animal and industrial 
wastes. It can be used as a secondary or tertiary 
treatment unit in a treatment plant individu-
ally or in a coupling manner [6], [7]. In develop-
ing countries, where sufficient land is available, 
using WSPs is the simplest and most sustainable 
municipal wastewater treatment method [8], [9]. 
One of the most important benefits of adopting 
WSPs in the treatment process is their tolerance 
towards system shocks and significant fluctuations 
in wastewater characteristics, including flow rate, 
biochemical oxygen demand, total suspended sol-
ids, and ambient and inflow temperature [10]. In 
WSPs, algae and heterotrophic bacteria coexist for 
the treatment; such microorganisms control the 
effluent’s treatment efficiency and quality [11], [12]. 

The main objective of this research was to 
study the behavior and evaluate the performance 
of a group of four polishing ponds during the 
post-treatment of sanitary sewage by monitoring 
variables such as DO, pH, alkalinity, BOD, COD, 
TKN, organic nitrogen, NH3, N-NO3, TP, PO4

3-, TSS 
and chlorophyll-a. In addition, the planktonic 

communities (phytoplankton and zooplankton) 
were also quantified.

Materials and Methods

Study Site
This research was carried out in Viçosa, State of 
Minas Gerais, Brazil (20°45᾽14” S, 42°52᾽54” W), 
at the Integrated Unit for Sewage Treatment and 
Effluent Use of the Violeira neighborhood, and is 
focused on the treatment of an average flow rate of 
115 m³/d. The pre-treatment units included an up-
flow anaerobic sludge blanket (UASB) reactor and 
a submerged aerated biofilter, both at full scale; 
four pilot scale polishing ponds, pre-fabricated in 
glass fiber, were used as post-treatment units, with 
an effective individual area of 16.3 m2, an average 
effective depth of 0.90 m and a length/width ratio 
equal to 2.0 (Fig. 1).

The research was carried out from February 
2009 to June 2010, as operational malfunction-
ing prompted an interruption in November and 
December. In the course of the study, the pond group 
operated under two different hydraulic retention 
times (HRT), thence characterizing the two follow-
ing operational periods: from February to Octo-
ber 2009 –Period I–: pond flow rate Q = 3.5 m³/d, 
HRT = 4 days in each pond; January to June 2010 
–Period II–: Q = 2m³/d, HRT = 7 days in each pond. 

Sampling and data analysis
The water’s physical and chemical variables were 
measured in situ: temperature, with a bulb ther-
mometer; dissolved oxygen, measured with 
an oximeter (Digimed, model DM-4); and pH, 

UASB
Submerged

Aerated
Biofilter Division

box

Flow
regulator

Pond 1 Pond 2 Pond 3

Pond 4

2.85 m

5.7 m

Figure 1. Schematics of the experimental group of polishing ponds
Source: The authors
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measured by a pH meter (Digimed, model DM-21). 
The measurements were performed on three water 
levels: superficial (15 cm), medium (45 cm), and 
full-depth (90 cm).

The samplings were trialed during the two 
aforementioned operational periods via water col-
lection from polishing ponds P1, P2, P3, and P4. 
At the Water Quality Control of Water and Sew-
age Division of the Universidade Federal de Viçosa 
(UFV), the following variables were monitored: 
BOD, COD, TSS, organic nitrogen, NH3, N-NO3, TP, 
PO4

3-, alkalinity and chlorophyll-a. In addition, 
the physical and chemical variables were moni-
tored according to the recommendations of Stan-
dard Methods for the Examination of Water and 
Wastewater [13]. 

Water transparency was determined by lower-
ing a 0.30 m white Secchi disk into the water until 
the white part of the disk disappeared; the depth 
of the disk in the water is the value of transparency 
[14], [15].

The data herein employed concerning precipi-
tation (mm) and air temperature (ºC) were granted 
by the meteorological station located at the UFV. 

The phytoplankton composition was studied 
through samplings performed with a plankton 
net with 20 μm mesh. The samples were collected 
with horizontally oriented drag force at a sub-
superficial level. The samplings thus collected 
were separated into two groups, of which one was 
fixed with a formaldehyde solution of 4%, and the 
other was kept alive for further observation of its 
morphology – an ensemble of essential character-
istics towards the act of taxonomic identification. 
These taxonomic inquiries used a Zeiss-branded 
microscope, model Axioskop, built-in phase 

contrast, epifluorescence, and a photographic 
camera. 

The samplings for the study of phytoplankton 
density were carried out near the effluent tubes 
of each pond via a depth collector. The samples 
were preserved in a solution of acetic Lugol 5%, 
and phytoplankton density was gauged through 
the Sedgwick-Rafter chamber method of cell 
counting [13], making use of a Zeiss microscope, 
Axioskop model, whose sight was magnified 
four-hundredfold, of which it was a far-reaching 
objective lens. 

The samples for analysis of the zooplankton 
were collected with a plankton net, whose mesh 
openings amounted to 68 μm, contained in glass 
recipients, and preserved with formaldehyde 4%. 
Further taxonomic analysis and the quantifica-
tion of organisms required using a stereoscopic 
microscope and an optic microscope magnified 
up to a thousandfold. The taxonomic analysis was 
performed at the level of large groups, using spe-
cialized literature concerning each group. Con-
currently, the organisms were quantified using 
an acrylic cuvette of checkered background, and 
an individual/liter ratio expressed their popula-
tion density.

Results an d Discussions
Climate variables
According to the Köppen climate classifica-
tion, the region has a hot temperate climate with 
rainy summers and, conversely, dry, cold winters. 
The annual average of the rainfall index, relative 
humidity, and the yearly average temperature cor-
respond to 1268.2 mm, 81%, and 20ºC [16].

Table 1. During the study period, monthly pluviometric precipitation (Prec.) and average air temperature (Air T.) at 
the municipality of Viçosa-MG.

Month Feb I Mar I Apr I May I Jun I Jul I Aug I Sep I Oct I

Prec. (mm) 170.2 273.4 29.9 0.8 38.2 1 13.2 96 123.5

Air T. (°C) 22.5 22.2 20 17.4 15.7 16.7 16.7 24.3 21

Month Nov I Dec I Jan II Feb II Mar II Apr II May II Jun II

Prec. (mm) 137.5 393.5 57.9 45.5 184.8 28.1 35.4 0.9

Air T. (°C) 22.9 22.4 23.2 23.3 22.2 19.6 17.5 14.1

Source: The authors
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Table 1 presents the values of monthly plu-
viometric precipitation and air temperature at 
the municipality of Viçosa between February of 
Period I and June of Period II. 

Physical and Chemical 
Variables of Water

Water transparency
The transparency of the water column displayed 
a trend of increasing values from P1 to P4. The 
polishing ponds P1, P2, P3, and P4 presented the 
following average values and respective standard 
deviations: 40 ± 9, 45 ± 19, 48 ± 16, and 63 ± 20 cm. 
The maximum values obtained in P1 through P4 

were 61.5, 88.5, 78.0, and 96.0 cm, and the mini-
mum values were 27.0, 15.0, 24.0, and 28.5 cm, 
respectively. 

The more transparent the water column, the 
better the light penetrates it. Therefore, photosyn-
thetic activity increases, which culminates in oxy-
gen production, thereby elevating pH, as it remains 
to be articulated in the following item. 

Temperature, do, and pH 
Table 2 presents the maximum and minimum val-
ues measured, as well as the average values and 
standard deviations of the variables water tem-
perature, DO, and pH for three different points 
concerning their positions in the water column: 

Table 2. Minimum, maximum, and average values, and standard deviations for T, DO, and pH of the surface point 
(SP), medium point (MP), and bottom point (BP) found in the four ponds during research.

Variable Pond 1 Pond 2

Position Min Max Av ± SD Min Max Av ± SD

T
(°C)

SP 19.2 28.2 24.0 ± 3.3 18.1 28.6 23.9 ± 3.0

MP 18.7 27.0 23.0 ± 3.0 17.5 27.0 23.0 ± 3.0

BP 18.6 26.8 23.3 ± 3.0 17.3 26.0 22.7 ± 2.9

DO
(mg/L)

SP 0.4 15 7.8 ± 4.5 2.1 18.1 10.1 ± 3.7

MP 0.4 10.0 5.0 ± 2.0 1.2 11.0 5.0 ± 2.0

BP 0.0 4.0 1.4 ± 1.3 0.5 5.0 2.6 ± 1.2

pH

SP 7.0 9.1 7.7 ± 0.7 7.2 10.2 8.5 ± 0.8

MP 6.9 8.5 7.4 ± 0.4 6.9 9.1 8.0 ± 1.0

BP 6.5 7.9 7.1 ± 0.4 6.6 8.2 7.1 ± 0.4

Variable Pond 3 Pond 4

Position Min Max Av ± SD Min Max Av ± SD

T
(°C)

SP 18.5 28.5 24.2 ± 3.2 18.5 29.0 24.2 ± 3.4

MP 17.9 27.7 23.0 ± 3.0 17.8 27.5 23.0 ± 3.0

BP 17.6 26.9 22.7 ± 3.0 17.5 27.0 23.0 ± 3.1

DO
(mg/L)

SP 1.4 15.5 9.1 ± 3.6 2.0 21 8.8 ± 4.3

MP 1.3 9.8 5.0 ± 2.0 1.3 9.8 6.0 ± 2.0

BP 0.8 6.0 3.0 ± 1.5 0.3 8.3 3.8 ± 1.9

pH

SP 6.4 10.2 8.8 ± 1.0 6.3 11.0 8.3 ± 1.4

MP 6.4 9.4 8.0 ± 1.0 6.3 10.1 8.0 ± 1.0

BP 6.30 9.2 7.4 ± 0.8 6.0 9.7 7.5 ± 1.0

Source: The authors
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surface point (15 cm: SP), medium point (45 cm: 
MP) and bottom point (90 cm: BP) of the four ponds 
herein studied. 

The water temperature in the ponds exhibited 
low variation between the treatment units during 
the study period (Table 2). In broad terms, the tem-
peratures recorded were higher at the surface than 
at the bottom of the ponds.

During the research, the behavior of the water 
temperature followed the same dynamics of the 
environmental temperature presented in Table 1, 
representing both an increase and a decrease of 
these values due to the respective climatic periods 
of rain and drought in the municipality.   

As expected, the highest dissolved oxygen con-
centrations were found on the surface of the ponds. 
The vertical DO profiles indicated decreasing levels 
in relation to the depth, as presented in Table 2. 
Pastich et al. [17] recorded high DO levels at the 
surface of a secondary maturation pond with a 
depth of 1.45 m and HRT of 6.8 days, with an aver-
age monthly concentration above 13.5 mg/L and 
low monthly average concentrations at the bottom, 
which amounted to 0.2 mg/L.

The behavior of the concentrations measured 
in the series of ponds corroborated the findings 
reported by Bastos et al. [18] in a study carried 
out in the same pond system, which observed, in 
general, a DO variation pattern with a tendency to 
increase as one progresses in the series of ponds 
and with more accentuated variations on the sur-
face, resulting from the balance between photo-
synthesis and breathing activity (bacterial and 
algal), typical of daytime and night-time and along 
the depth of the pond. 

Based on the pH data in the depth profile of the 
ponds over the research period, a variation pattern 
was observed with a surface reduction towards 
the bottom of the treatment units and a general 
increasing tendency as the pond series progresses.

The results revealed an alkaline condition in 
the water column, with a slight tendency to acidifi-
cation at the bottom. In addition, a general pattern 
of pH variation similar to that of DO was observed, 
with an increasing trend ranging from Ponds 1 

through 4; a similar condition was reported by 
Ouali et al. [19] in a series of three full-scale matu-
ration ponds, with individual HRTs ranging from 
2.46 to 2.85 days, located in Tunisia, which treated 
the effluent from a system of activated sludge.

In stabilization ponds, the photosynthesis car-
ried out by microalgae increases the pH, which 
can reach values higher than 9.0 since there is high 
photosynthetic activity [20], a condition observed 
in the maximum values measured on the surface 
of the ponds.

Alkalinity
In general, decreased alkalinity was observed 
throughout the treatment process, a phenomenon 
reported by Pontes et al. [21] in the post-treatment 
of UASB reactor effluents through polishing ponds. 
The following average values and the standard 
deviations were calculated for the P1, P2, P3, and 
P4 ponds: 135 ± 53, 105 ± 54, 84 ± 40, and 71 ± 
34 mg CaCO3/L, respectively. The minimum val-
ues measured in such ponds were 63, 30, 30, and 
18 mg/L, recorded between February and May of 
the first year, and the maximum values were 272.2, 
236.6, 182.2, and 134.0 mg CaCO3/L, measured in 
October of the same year, probably related to the 
precipitation of that month.

In stabilization ponds, several processes affect 
alkalinity and/or acidity (in turn, indirectly dis-
turbing the pH value). The most critical processes 
are the biological removal of CO2 when photo-
synthetic consumption predominates over the 
production by bacteria or by desorption into the 
atmosphere and the desorption of NH3, equiva-
lent to adding a strong acid [22]. In Bastos et al. 
[18] research on polishing ponds, reduced alkalin-
ity was associated with high ammonia removal 
throughout the ponds.

Biochemical Oxygen Demand 
Figure 2 presents the variations in BOD over the 
two study periods. The highest BOD values were 
generally registered in ponds P1 and P2, with 
gradual reduction towards P3 and P4.
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Figure 2. BOD variation over the study period
Source: The authors

During the first period of study, the decreased 
concentrations along the series of ponds may have 
been caused by the stabilization of organic mat-
ter by the bacterial community. For the second 
period, although a lower organic load was applied 
due to lower HRT, the increased BOD concentra-
tions, especially in the second pond (Fig. 2), were 
associated with higher algal biomass proliferation; 
similar behavior was reported by Dias et al. [23] in 
the second maturation pond treating UASB reactor 
effluent.

The maximum BOD concentrations measured 
in ponds P1, P2, P3, and P4 during the research 
were, respectively, 65.3, 66.9, 48.6, and 37.5 mg/L; 
the minimum values reported in the ponds were 
14, 16, 12, and 10 mg/L. The mean values and 
respective standard deviations were: 30.1 ± 14.1, 
32.6 ± 15.6, 23.9 ± 11.6, and 20.2 ± 9.8 mg/L. These 
concentrations are similar to those reported by 
Amengual-Morro et al. [24] in a maturation pond 
with an HRT of 21 days. Based on average concen-
trations in ponds 1 and 4, the average efficiency of 
BOD removal was 32.9%.

The performance of the ponds in BOD removal 
is an excellent complement to that achieved by the 
UASB reactor in association with the aerated bio-
filter, especially considering that Bastos et al. [25], 
in an operational control study of the same type 
of treatment system, reported that average BOD 
removal efficiency in UASB may reach values above 
80%. 

Figure 3. Variation of COD concentrations during the re-
search
Source: The authors

The variation in the values of this variable was 
similar to those exhibited by BOD. An increase was 
observed in the second pond and a decrease in the 
two following ponds. The maximum concentra-
tions of COD recorded in the research were 306.7, 
455.0, 198.8, and 206.3 mg/L for ponds P1, P2, P3, 
and P4, respectively, and the minimum values reg-
istered in the series of ponds were 63, 63, 98 and 
67.5 mg/L. 

The following values were obtained for the aver-
age concentration and standard deviation for each 
pond: 162.6 ± 75.3 in pond P1; 169.3 ± 80.9 in pond 
P2; 150.1 ± 35.6 in pond P3; and 119.5 ± 40.2 mg/L 
in P4. The average COD removal efficiency of 26.5% 
was obtained based on the average concentrations 
found in ponds 1 and 4. The relatively low COD 
removal in polishing ponds results from high algae 
concentration, predominant in this kind of treat-
ment unit, representing organic matter [21], [23]. 
In a maturation pond with HRT of 21 days, after a 
two-year long monitoring, Amengual-Morro et al. 
[24] reported increased average concentrations of 
COD effluent with COD affluent, ranging from 343.7 
to 375.1 mg/L.
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Figure 3 presents the variation of COD concentra-
tions during the study period. 
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Figure 4. TSS variation during both study periods
Source: The authors

Mean values and standard deviations for TSS, 
calculated in ponds P1, P2, P3, and P4, were, 
respectively, 87.9 ± 46.4, 101.0 ± 51.2, 74.4 ± 28.8, 
and 62.4 ± 29.1 mg/L, which are close to the values 
reported by Pontes et al. [21] in post-treatment of 
UASB reactor effluent in polishing ponds, with HRT 
between 6 and 12 days, and water column depth 
of 45 cm. The minimum values recorded in each 
pond were 13, 17, 30, and 10 mg/L, and the maxi-
mum values were 180.0, 212.5, 118.0, and 112.3 
mg/L. Based on the average concentrations of 
ponds 1 and 4, the average TSS removal efficiency 
during the experiment was 29.0%.

Nitrogen compounds
A gradual decrease in nitrogen compound con-
centrations was generally observed in the series 
of ponds during the study period, demonstrating 
the efficiency of polishing ponds in removing this 
macronutrient.

Figure 5 presents TKN variation in the series of 
ponds during the research period. 

Figure 5. Variation of TKN concentration in the series of 
ponds during the study periods
Source: The authors

In both periods, related behavior was observed 
in the series of ponds, with less variability in the 
second period, probably due to longer HRT. The 
highest concentrations of TKN during the experi-
ment were 71.3, 51.0, 44.0, and 29.3 mg/L, respec-
tively, found in ponds P1, P2, P3, and P4; the 
following means and standard deviation were cal-
culated for the ponds: 35.8 ± 13.4, 26.2 ± 10.9, 20.4 
± 9.3 and 14.9 ± 7.4 mg/L; and the lowest concen-
trations recorded were 19, 12.3, 10.6 and 4.4 mg/L. 
The average concentrations calculated in ponds 1 
and 2 were compatible with the ones reported by 
Pastich et al. [17] in a secondary maturation pond 
with an HRT of 6.8 days. 

Based on average concentrations of pond 1 
and pond 4, the TKN removal efficiency during the 
experiment was 58.4%, with better performance 
in the second pond, a condition also observed in 
the one exhibited by Dias et al. [23] in a treatment 
system composed of a UASB reactor followed by 2 
maturation ponds and a granular filtration unit. 
Chiatti and von Sperling [26] evaluated the perfor-
mance of polishing ponds in the removal of nitro-
gen in a system with 2 to 4 ponds in series, with 
depths of 0.4 and 0.8 m and HRT of 5.7 and 12.5 
days; the authors observed that the series with 0.4 
m depth (HRT = 5.74 d) were more efficient in total 
nitrogen removal (68%), while the series with 0.8 
m (HRT = 12.48 d), reported a 59% average of total 
nitrogen removal, a value close to the average reg-
istered in the present research. 

TS
S (

m
g/

L)

P1 P2 P3 P4 P1 P2 P3 P4
Period IIPeriod I

25% Median Min Max 75%

0

50

100

150

200

250

Total suspended solids
In both study periods, an increasing trend was 
observed in TSS concentration, from P1 towards 
P2, which was also found by Dias et al. [23] in the 
second maturation pond in the post-treatment of 
UASB reactor effluent. At the same time, reduction 
was detected in P3 and P4 (Fig 4).
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The mean values and standard deviation cal-
culated for ammonia in ponds P1, P2, P3, and P4 
were, respectively, 21.7 ± 8.8, 10.4 ± 9.8, 5.3 ± 7.1, 
and 2.7 ± 4.7 mg/L; the maximum concentrations 
registered in the ponds were 43.4, 36.9, 27.9 and 
14.7 mg/L; and the minimum measured values 
were 6.4 mg/L in pond P1; and 0 mg/L in ponds P2, 
P3 and P4. Based on the average concentrations of 
ponds 1 and 4, the standard ammonia removal effi-
ciency during the experiment was 87.5%. Again, 
the best performance was observed in the second 
pond, which was also reported by Dias et al. [23]. 
The ammonia levels in the ponds were similar to 
those in facultative primary ponds at full scale, 
measured by Cruz [27], with concentrations rang-
ing from 11.9 mg/L on the surface to 41.3 mg/L on 
the bottom.

Regarding organic nitrogen, the maximum 
concentrations measured in ponds P1, P2, P3, and 
P4 were, respectively, 35.0, 29.4, 42.6, and 24.1 
mg/L; the respective mean values and standard 
deviations were: 16.0 ± 6.5, 15.9 ± 6.4, 15.1 ± 7.4 and 
12.1 ± 5.2 mg/L; and the minimum concentrations 
registered were 7.3, 2.6, 8.2 and 4.4 mg/L. There-
fore, based on the average concentrations of ponds 
1 and 4, the standard organic nitrogen removal 
efficiency during the experiment was 24.4%.

The particulate organic nitrogen may be set-
tled at the bottom of the pond or hydrolyzed to 
soluble organic nitrogen, which may be mineral-
ized to ammonia. Other sedimentation processes 
of organic nitrogen can be auto-flocculation and 
microalgae sedimentation [22]. According to 
Arceivala [28], microalgae cell structure comprises 
6 to 12% of nitrogen dry weight. von Sperling [20] 
estimated that the percentage of nitrogen removal 
through algae biomass loss with effluent is between 
10 and 20%.

The maximum nitrate measured concentra-
tions were 13.0, 9.7, 10.6, and 13.5 mg/L, respec-
tively, in ponds P1, P2, P3, and P4; the following 
average values and the standard deviation were 
obtained for the ponds: 5.3 ± 3.1, 5.0 ± 2.6, 5.6 ± 
2.6 and 4.8 ± 2.7 mg/L; and the lowest concentra-
tion levels were 1.9, 2.5, 1.9 and 1.7 mg/L. There-
fore, based on the average concentrations of ponds 

1 and 4, the standard nitrate removal efficiency 
during the experiment was 9.4%.

The following mean values and standard devia-
tions of nitrate concentrations were measured in 
the series of ponds during the first research period: 
6.7 ± 2.5, 6.4 ± 2.5, 6.7 ± 2.2, and 4.7 ± 2.1 mg/L, 
and in the second period: 3.2 ± 1.1, 2.8 ± 0.3, 4.0 ± 
2.5 and 4.9 ± 3.6 mg/L. In the first period, when 
receiving a greater effluent flow from the aerated 
biofilter, pond P1 also received higher nitrate lev-
els, but there was a progressive decrease due to 
algae assimilation. However, P1 received lower 
nitrate levels in the second period due to longer 
HRT. Nevertheless, the concentrations presented 
a slight increase, probably due to favorable condi-
tions for nitrification processes in the submerged 
aerated biofilter that transformed a higher amount 
of ammonia into nitrates when compared to the 
fraction assimilated by algae. The registered con-
centrations were usually superior to those mea-
sured by Dias et al. [23] in polishing ponds as they 
treated UASB reactor effluent.

Total phosphorus and orthophosphate
The variation of total phosphorus in the series of 
ponds is represented in Fig 6.
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Figure 6. TP variation in the series of ponds
Source: The authors

During the research, in ponds P1, P2, P3, and 
P4, the respective maximum concentrations mea-
sured for TP were 7.7, 7.7, 7.6, and 7.2 mg/L; the 
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following mean values and standard deviations 
were found: 5.2 ± 1.7, 4.8 ± 1.8, 4.5 ± 1.5 and 3.8 
± 1.5 mg/L; and the minimum measured concen-
trations were 2.8, 1.6, 2.5 and 1.8 mg/L. Based on 
the average concentrations of ponds 1 and 4, the TP 
removal efficiency detected during the experiment 
was 26.9%. The average calculated concentrations 
in pond 4 were similar to those reported by Pastich 
et al. [17], in a secondary maturation pond with an 
HRT of 6.8 days, in Pernambuco-Brazil.

The variation of orthophosphate concentra-
tions in the polishing ponds is presented in Fig. 7.

orthophosphate removal was slightly higher than 
that of total phosphorus removal, following the 
data reported by Assunção and von Sperling [29] 
in a series of three polishing ponds treating UASB 
reactor effluent, with individuals HRT between 1.5 
and 4.3 days.

Biological Variables

Chlorophyll-a and phytoplankton 
community
The variation of Chlorophyll-a concentration in 
the series of ponds presented a decreasing tendency 
in P1 towards P4 during the study, and the highest 
values were registered in pond P2. The maximum 
concentrations recorded were 554.5, 453.9, 465.8, 
and 385.0 µg/L, respectively, in ponds P1, P2, P3, 
and P4; the mean values and standard deviations 
were: 200.3 ± 150.5, 222.2 ± 123.5, 149.8 ± 115.4 
and 99.8 ± 120.6 µg/L; and the minimum mea-
sured concentrations were 0, 39.5, 4.5 and 0 µg/L. 

During the research, individuals from seven 
classes were observed: Chlorophyceae, Eugleno-
phyceae, Cyanophyceae, Cryptophyceae, Zygne-
maphyceae, Chrysophyceae, and Dinophyceae. 
The first four were numerically representative. 
The highest densities observed in the pond corre-
spond to individuals from class Chlorophyceaea, 
as shown in Table 3. 

During the research, the phytoplankton com-
munity was generally represented by the following 
classes: Chlorophyceae (51.5%), Euglenophyceae 
(20.4%), Cyanobacteria (17.5%), Cryptophyceae 
(5.8%), Zygnemaphyceae (1.9%), Chrysophyceae 
(1.9%) and Dinophyceae (1.0%).

Organisms from class Chlorophyceae are 
opportunistic microalgae that develop well under 
extreme conditions, especially in waters with a 
high level of eutrophication. This class was pre-
dominant in polishing ponds in Vitória, Espírito 
Santo-Brazil [27]; in a polishing pond with HRT of 
10.5 days in Venda Nova do Imigrante, Espírito 
Santo–Brazil [30] and in a primary facultative 
pond in Barbalha, in the state of Ceará-Brazil [31]. 

During the study period, the class Euglenophy-
ceae exhibited the highest densities in ponds P1 
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Figure 7. Variation of orthophosphate in the series of 
ponds
Source: The authors

In ponds P1, P2, P3, and P4, the respective 
maximum concentrations of orthophosphate were 
6.6, 6.5, 6.4, and 6.2 mg/L; the mean values and 
standard deviations for orthophosphate were 3.5 ± 
1.5, 2.9 ± 1.7, 2.8 ± 1.2 and 2.3 ± 1.2 mg/L; the min-
imum concentrations registered were 1.9, 0.3, 1.3 
and 0.5 mg/L. Based on the average concentrations 
of ponds 1 and 4, the orthophosphate removal 
efficiency during the experiment was 34.3%. The 
average concentrations calculated in the series of 
ponds were similar to the average monthly con-
centrations reported by Pastich et al. [17] while 
monitoring a secondary maturation pond. 

While studying polishing ponds in Campina 
Grande – Brazil, Cavalcanti et al. [22] observed 
that higher phosphorus removals (60 to 80%) 
are only reached in shallow ponds (h ≤0.65 m), 
with at least 9 pH units. In general, the rate of 
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and P2 and much lower concentrations when com-
pared to the class Chlorophyceae, with a maximum 
value of 4633 cells/mL. An opposite behavior was 
observed in Euglenophyceae’s growth if compared 
to Chlorophyceae’s growth in the series of ponds. 
The predominant classes in the primary facultative 
pond and the maturation pond of the wastewater 
treatment plant of Trindade in the State of Goiás-
Brazil were Chlorophyceae, Euglenophyceae, and 
Cyanophyceae [32], with HRT of 4.8 and 2.5 days, 
respectively.

The highest densities of individuals from class 
Cyanophyceae were registered in pond P1 in Feb-
ruary of Period II and in August of Period 0 in 
P4. No organisms from class Cyanophyceae were 
found either in samplings from February of Period 
I in P3 or in August of Period I, March, and May of 
Period II in P2. 

The class Cryptophyceae exhibited low-den-
sity values during the sampling period, ranging 
between the minimum of 23 cells/mL in P3 (Feb-
ruary of Period I) and the maximum of 14814 cells/
mL in P1. In addition, there was an evident time 
separation, with low densities in the first period 
of the experiment and higher values during the 
second. 

While investigating the effect of HRT and 
surface loading rate on the composition of phy-
toplankton community in polishing ponds on a 
pilot scale, von Sperling and Oliveira [33] observed 
the dominance of classes Chlorophyceae and 

Euglenophyceae. In the present study, statistical 
results pointed to a significant difference in the 
density of class Cryptophyceae during the sam-
pling period. Furthermore, low density coincided 
with the period when the system was operated 
with shorter HRT (4 days), revealing changes in the 
planktonic community. 

The classes that exhibited the lowest densities 
were Dinophyceae (38 to 506 cells/mL) and Zigne-
maphyceae (37 to 1502 cells/mL), and organisms 
from class Dinophyceae were only found in three 
sampling collections: October of Period I and Jan-
uary and May of Period II.

Zooplankton community
In general terms, the zooplankton found in the 
series of ponds presented low density, with total 
values of 460 org/mL in P1, 2506 org/mL in P2, 
1149 org/mL in P3 and 597 org/mL in P4.In the 
studied system, regarding total densities, the group 
Rotifer exhibited the highest densities in ponds P1, 
P2, P3, and P4, with 195.9, 2172.0, 781.9, and 406.9 
organisms/mL; the group Cladoceran revealed 
total densities of 82.8, 134.6, 81.8 and 37.0 organ-
isms/mL; and the densities of group Copepod were 
31.3, 130.0, 216.1 and 75.3 organisms/mL; the total 
densities of mosquito larvae were 149.5, 70.1, 72.7 
and 83.3 organisms/mL. 

The Zooplankton community presented time 
variation during the study period, with the disap-
pearance of some organisms. In P1, zooplankton 

Table 3. Minimum values (Min), maximum values (Max), average values (Av), and standard deviation (SD), in cell/mL, 
for the numerically representative phytoplankton classes in the four ponds during the research

Class Pond Min Max Av ± SD Pond Min Max Av ± SD

Chlorophyceae
P1 6861 146994 33000 ± 32964 P2 5182 90947 36859 ± 26256

P3 1714 96452 27803 ± 25706 P4 2060 129023 27003 ± 33574

Euglenophyceae
P1 241 24633 6924 ± 6875 P2 273 17570 5444 ± 5901

P3 98 9672 2272 ± 2626 P4 29 9625 1572 ± 2310

Cyanophyceae
P1 85 23021 3345 ± 5169 P2 0 9254 2540 ± 2832

P3 0 10591 3228 ± 3356 P4 310 15260 3805 ± 3843

Cryptophyceae
P1 0 14814 2074 ± 4018 P2 0 14555 1735 ± 3610

P3 0 5885 1207 ± 1997 P4 0 8483 1091 ± 1904

Source: The authors
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was not detected in 55% of the samples. In August 
of Period I, there was a peak in P2, mainly due to 
Rotifer’s high density (1049 org/mL). 

Several studies have demonstrated the sensitiv-
ity of the Copepod community to water quality 
changes [34], [35], which helps to explain the lower 
densities of these organisms in P1 (where higher 
organic loads were applied). 

Moscoso et al. [36] observed intense prolifera-
tion of ciliates, rotifers, copepods, and cladocerans 
in a series of stabilization ponds in San Juan de 
Miraflores-Lima, Peru. In the city of Deli, India, 
Nandini [35] registered rotifers, cladocerans, and 
copepod populations in two systems of stabiliza-
tion ponds. Each was distributed in four ponds 
with varying depths but with individual areas of 
0.75 hectares. Ouali et al. [19] also registered Roti-
fer and Cladoceran populations in three matura-
tion ponds in a series in Tunisia.

Conclusions 
The system of polishing ponds studied was effi-
cient in reducing particulate material and organic 
matter, which resulted in effluents with aver-
age concentrations of TSS, BOD, and COD of 62.4, 
20.2, and 119.5 mg/L, respectively, with average 
removal efficiencies of 29.0, 32.9 and 26.5% for 
such parameters.

The ponds performed well in the removal of 
nitrogen compounds, with average effluent con-
centrations in the fourth polishing pond of 14.9, 
2.7, 12.1, and 4.8 mg/L, respectively, for NTK, NH3, 
organic nitrogen, and nitrates, which correspond 
to removal efficiencies of 58.4, 87.5, 24.4 and 
9.4%. The average effluent concentrations for total 
phosphorus and orthophosphate were 3.8 and 2.3 
mg/L, respectively, with average efficiencies of 26.9 
and 34.3%.

The total cell density of phytoplankton in the 
series of ponds presented a wide range of varia-
tion, with four numerically representative classes: 
Chlorophyceae, Euglenophyceae, Cyanophyceae, 
and Cryptophyceae, whose average densities of 
27003, 1572, 3805 and 1091 cells/mL were found in 
the final effluent. 

References 
[1] L. E. Eland, R. J. Davenport, A. B. dos Santos and C. 

R. Mota-Filho, “Molecular evaluation of microalgal 
communities in full-scale waste stabilisation ponds”, 
Environ. Technol., vol. 40, n° 15, 2019, pp. 1969-1976. 
https://doi.org/10.1080/09593330.2018.1435730

[2] L. C. S. da Silva-Junior and C. B. Fedler, “Pond-in-
Pond’s anaerobic pit performance over conventional 
anaerobic ponds – A computational fluid dynamics 
comparison”, J. Water Process Eng., vol. 51, 2023, 
103444. https://doi.org/10.1016/j.jwpe.2022.103444

[3] D. T. Pham, L. Ho, J. Espinoza-Palacios, M. Areva-
lo-Durazno, W. Van Echelpoel and P. Goethals, “Ge-
neralised Linear Models for Prediction of Dissolved 
Oxygen in a Waste Stabilisation Pond”, Water, vol. 12, 
n°. 7, 2020, 1930. https://doi.org/10.3390/w12071930

[4] J. N. Edokpayi, J. O. Odiyo, O. E. Popoola and T. A. M. 
Msagati, “Evaluation of contaminants removal by was-
te stabilization ponds: A case study of Siloam WSPs in 
Vhembe District, South Africa”, Heliyon, vol. 7, 2021, 
e06207. https://doi.org/10.1016/j.heliyon.2021.e06207

[5] I. A. Sánchez-Ortiz, R. K. X. Bastos, E. A. T. Lanna and 
A. B. S. Magalhães, “The weight gain and survival of 
genetically improved farmed tilapia reared in septic 
tank high rate algal pond effluent”, AACL Bioflux, vol. 
15, n° 6, 2022, pp. 2861-2869. http://www.bioflux.com.
ro/docs/2022.2861-2869.pdf

[6] S. Mahapatra, K. Samal and R. R. Dash, “Waste Stabili-
zation Pond (WSP) for wastewater treatment: A review 
on factors, modelling and cost analysis”, J. Environ. 
Manage., vol. 308, n° 15, 2022, 114668. https://doi.or-
g/10.1016/j.jenvman.2022.114668

[7] M. Verbyla, M. von Sperling and Y. Maiga. Waste Stabi-
lization Ponds. In: Rose JB, Jiménez-Cisneros B. (eds) 
Global Water Pathogens Project Part 4 Management of 
risk from excreta and wastewater. [Onine]. Available: 
http://www.waterpathogens.org/book/waste-stabili-
zation-ponds, accessed December, 21, 2022

[8] R. Kumar and P. Kumar, “Wastewater Stabilisation 
Ponds: Removal of Emerging Contaminants”, J. Sus-
tain. Dev. Energy Water Environ. Syst., vol. 8, n° 2, 
2020, pp. 344-359. https://doi.org/10.13044/j.sdewes.
d7.0291

[9] S. M. Abdo, M. Azab El-Liethy, H. S. Doma, G. E. El 
Taweel and G. H. Ali, “Chlorine as an integrated 
approach for environmental health and hygiene: A 
case study on evaluation of the performance of was-
te stabilization ponds located at 11 governorates in 



117Performance of a Series of Polishing Ponds in the Treatment of Sanitary Sewage

Revista Ciencia e Ingeniería Neogranadina  ■  Vol. 33(1) 

Egypt”, Emerg. Contam., vol. 8, 2022, pp. 243-253. ht-
tps://doi.org/10.1016/j.emcon.2022.04.002

[10] D. Goodarzi, A. Mohammadian, J. Pearson and S. 
Abolfathi, “Numerical modelling of hydraulic effi-
ciency and pollution transport in waste stabilization 
ponds”, Ecol. Eng., vol. 182, 2022, 106702. https://doi.
org/10.1016/j.ecoleng.2022.106702

[11] S. Dahiya, A. Shilpie, G. Balasundaram, R. Chowd-
hury, P. Kumar and A. K. Mishra, “Diversity of algal 
species present in waste stabilisation ponds and diffe-
rent factors affecting its enrichment and phototaxis”, 
Chem. Ecol., vol. 37, n° 6, 2021, pp. 515-529, https://doi.
org/10.1080/02757540.2021.1910242

[12] L. X. Coggins, I. Larma, A. Hinchliffe, R. Props and 
A. Ghadouani, “Flow cytometry for rapid characte-
risation of microbial community dynamics in waste 
stabilisation ponds”, Water Re., vol. 169, 2020, 115243. 
https://doi.org/10.1016/j.watres.2019.115243

[13] American Public Health Association (APHA), Ame-
rican Water Works Association (AWWA) and Water 
Pollution Control Federation (WPCF), Standard Me-
thods for the Examination of Water and Wastewater. 
Washington – DC, USA: APHA, AWWA and WEF, 
2012.

[14] Z. P. Lee, S. Shang, C. Hu, K. Du, A. Weidemann, 
W. Hou, J. Lin and G. Lin, “Secchi disk depth: A new 
theory and mechanistic model for underwater visibili-
ty”. Remote Sens. Environ., vol. 169, 2015, pp. 139-149. 
https://doi.org/10.1016/j.rse.2015.08.002

[15] F. Lin, L. Gan, Q. Jin, A. You and L. Hua, “Water 
Quality Measurement and Modelling Based on Deep 
Learning Techniques: Case Study for the Parameter of 
Secchi Disk”, Sensors, vol. 22, n.° 14, 2022, 5399. ht-
tps://doi.org/10.3390/s22145399 

[16] J. P. O. Freitas, H. C. T. Dias, E. Silva and K. C. Tone-
llo, “Net precipitation in a semideciduous forest frag-
ment in Viçosa city, MG”, Revista Árvore, vol. 40, n.° 
5, 2016, pp. 793-801. http://dx.doi.org/10.1590/0100-
67622016000500003

[17] E. A. Pastich, S. Gavazza, M. C. C. Casé, L. Florencio 
and M. T. Kato, “Structure and dynamics of the phyto-
plankton community within a maturation pond in a 
semiarid region”, Braz. J. Biol., vol. 76, n.° 1, 2016, pp. 
144-153. http://dx.doi.org/10.1590/1519-6984.15214.

[18] R. K. X. Bastos, F. L. Dornelas, E. N. Rios, D. B. Ruas 
and W. Y. Okano, “Dinâmica da qualidade da água e 
da comunidade planctônica em lagoas de polimento. 
Estudo de caso no sudeste brasileiro”, Revista AIDIS, 
vol. 3, n.° 1, 2010, pp. 97-107. https://doi.org/10.22201/
iingen.0718378xe.2010.3.1.23793.

[19] A. Ouali, K. Gsim, M. S. Romdhane, H. Jupsin, J. L. 
Vasel, L. Marouani and A. Ghrabi, “The interaction of 
physicochemical and biological parameters in the ma-
turation ponds in Tunisia”, Desalination Water Treat., 
vol. 54, n.° 7, 2015, pp. 1829-1838. https://doi.org/10.10
80/19443994.2014.891082

[20] M. von Sperling, Lagunas de Estabilización, Principios 
del Tratamiento Biológico de Aguas Residuales, volu-
men 3. San Juan de Pasto-Nariño, Colombia: Editorial 
Universidad de Nariño, 2021.

[21] T. G. Pontes, J. T. Sousa and V. D. Leite, “Pós-trata-
mento de efluente anaeróbio em lagoas de polimento 
com alimentação em fluxo contínuo e batelada”, Re-
vista AIDIS de Ingeniería y Ciencias Ambientales, vol. 
10, n.° 1, 2017, pp. 31–47. http://dx.doi.org/10.22201/
iingen.0718378xe.2017.10.1.54358

[22] P. F. F. Cavalcanti, A. van Haandel, M. T. Kato, M. 
von Sperling, M. L. Luduvice and L. O. Monteggia. 
Pós-tratamento de efluentes anaeróbios por lagoas de 
polimento. In: C. A. L. Chernicharo (Coord.), Pós-tra-
tamento de reatores anaeróbios. Belo Horizonte, Bra-
zil: ABES, 2001, pp. 105-170. 

[23] D. F. C. Dias, R. G. Passos, V. A. J. Rodrigues, M. P. 
De Matos, C. R. S. Santos and M. von Sperling, “Per-
formance evaluation of a natural treatment system for 
small communities, composed of a UASB reactor, ma-
turation ponds (baffled and unbaffled) and a granular 
rock filter in series”, Environ. Technol., vol. 39, n.° 4, 
2017, pp. 490-502. https://doi.org/10.1080/09593330.20
17.1304456

[24] C. Amengual-Morro, C. M. Niell and A. Martí-
nez-Taberner, “Phytoplankton as bioindicator for 
waste stabilization ponds”, J. Environ. Manage., vol 
95, 2012, pp. S71-S76. https://doi.org/10.1016/j.jenv-
man.2011.07.008.

[25] R. K. X. Bastos, E. N. Rios, J. L. P. Correa and D. V. M. 
Oliveira, “Reator UASB + Biofiltro Submerso Aerado. 
Um sistema eficiente, mas que requer cuidados ope-
racionais”, in 35 Assembléia Nacional da Associação 
Nacional dos Serviços Municipais de Saneamento –AS-
SEMAE- 35, 2005. 

[26] F. C. F. Chiatti and M. von Sperling, “Influence of re-
tention time, number of ponds and pond depth on ni-
trogen removal in shallow maturation ponds treating 
UASB reactor effluent”, in 8th World Congress of IWA—
International Water Association, 2012, September.

[27] L. S. Cruz, “Variação temporal das comunidades fito-
planctônicas em uma lagoa de polimento de efluente 
de um reator anaeróbio compartimentado tratando es-
goto sanitário”, dissertação de mestrado em Engenha-



118 ■  A. Barbosa Sales de Magalhães  ■  R. K. X. Bastos  ■  I. A. Sánchez Ortiz  ■  M. Alves de Magalhães

Revista Ciencia e Ingeniería Neogranadina  ■  Vol. 33(1) 

ria Ambiental, Universidade Federal do Espírito Santo. 
Vitória, Espírito Santo, Brasil, 2005.

[28] S. J. Arceivala, Wastewater treatment and disposal. 
New York, USA: Marcel Dekker, 1981.

[29] F. A. L. Assunção and M. von Sperling, “Influence of 
temperature and pH on nitrogen removal in a series of 
maturation ponds treating anaerobic effluent”, Water 
Sci. Technol., vol. 67, n.° 10, 2013, pp. 2241-2248. ht-
tps://doi.org/10.2166/wst.2013.111

[30] A. Delazari-Barroso, F. F. Oliveira, M. A. M. Marques, 
S. M. Santos, F. Brêda and C. A. B. Perim, “Avaliação 
temporal do fitoplâncton na lagoa de polimento de 
uma estação de tratamento de esgoto do tipo biossiste-
mas integrados, em Alto Caxixe, Venda Nova do Imi-
grante, ES, Brasil”, Revista Científica FAESA, vol. 5, n.° 
1, 2009, pp. 1-10. https://doi.org/10.5008/1809.7367.021 

[31] E. P. Aquino, E. C. C. Oliveira, U. L. Fernandes and 
S. R. Lacerda, “Fitoplâncton de uma lagoa de estabi-
lização no nordeste do Brasil”, Braz. J. Aquat. Sci. 
Technol., vol. 15, n.° 1, 2011, pp. 71-77. https://doi.
org/10.14210/bjast.v15n1.p71-77.

[32] E. B. D’Alessandro, I. S. Nogueira and N. K. S. A. Ho-
ffmann, “Variability in phytoplankton community 
structure and influence on stabilization pond functio-
ning”, Revista Ambiente e Agua, vol. 15, n.° 2, 2020, pp. 
1-13. https://doi.org/10.4136/ambi-agua.2507. 

[33] M. von Sperling and C. M. Oliveira, “Avaliação da 
influência do tempo de detenção hidráulica e da taxa 

de aplicação superficial na composição da comuni-
dade fitoplanctônica presente em lagoas de polimen-
to e a influência dessa comunidade nas condições 
ambientais (pH, OD e amônia) das Lagoas”, Revista 
AIDIS de Ingeniería y Ciencias Ambientales, vol. 3, 
n.°1, 2010, pp. 11-21. https://doi.org/ 10.22201/iin-
gen.0718378xe.2010.3.1.23777

[34] A. M. Güntzel, “Variações espaço‐temporais da co-
munidade zooplanctônica nos reservatórios do médio 
e baixo Tietê-Paraná”, tese de doutorado em ecología e 
recursos naturais. Centro de Ciências Biológicas, Uni-
versidade Federal de São Carlos, São Carlos, São Paulo, 
Brasil, 2000.

[35] W. M. Silva and T. Matsumura‐Tundisi, “Distribu-
tions and abundance of Cyclopoida populations in a 
cascade of reservoir of the Tietê River (São Paulo State, 
Brazil)”, Verh. Internat. Verein. Limnol., vol. 28, 2002, 
pp. 667‐670. https://doi.org/10.1080/03680770.2001.11
901797.

[36] J. C. Moscoso, H. Nava and A. F. Muñoz, Reúso en 
acuicultura de las aguas residuales tratadas en las la-
gunas de estabilización de San Juan. Lima, Perú: CE-
PIS, 1992.

[37] S. Nandini, “Variations in physical and chemical pa-
rameters and plankton community structure in a se-
ries of sewage stabilization ponds”, Rev. Biol. Trop., 
vol. 47, Suppl. 1, 1999, pp. 149-156. https://revistas.ucr.
ac.cr/index.php/rbt/article/view/26168


