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SUMMARY

Phytoplankton in stabilization ponds is essential for ox-
ygen production required for organic matter degradation.
However, in such highly eutrophic environments, the po-
tential toxin producer cyanobacteria may be dominant and
ecological studies become important for understanding their
role. Our objective was to evaluate relevant factors influ-
encing the variation in the day-night cycle within phyto-
plankton communities, with emphasis on cyanobacteria. The
results obtained in two ponds confirm oxygen oversaturation

during the day and anoxia at night; under such variation,
only a few species with the ability to obtain energy in the
dark can survive. Oscillatoria was the predominant cyano-
bacterial genus both at the surface and bottom in the two
ponds, with a relative abundance >90% at all times. The
species are able to ferment in dark anoxic environments and
can grow at a similar rate either under light or dark con-
ditions. Therefore, their presence at high concentrations in

the ponds is of great concern.

Introduction

Stabilization ponds are an
important alternative system
for treating domestic waste-
water in developing countries
due to their low construction
and operation costs and effi-
cient removal of pollutants.
Phytoplankton that grows in
ponds has a fundamental role
in producing oxygen that is
required by aerobic processes
for organic matter stabiliza-
tion. The predominance of
several phytoplankton species
depends on their ability to
adapt to existing environmen-
tal conditions. Cyanobacteria
are commonly found in highly
eutrophic environments, such
as stabilization ponds, and
deserve attention due to their
potential to produce toxins
(Kotut et al., 2010; Pastich
et al., 2016).

In most cyanobacteria, gly-
cogen, which accumulates
during the day as a product

of photoautotrophic growth,
serves as an energy source
during the night and is de-
graded via the oxidative
pentose-phosphate pathway
(Stal and Moezelaar, 1997).
Metabolic energy is generated
by respiration with oxygen,
which is the terminal electron
acceptor. Most cyanobacterial
growth occurs during photo-
synthesis, and only a small
number of species can grow
as chemoorganotrophs in the
dark. The occurrence and
survival of cyanobacteria that
live in environments that are
permanently anoxic or in en-
vironments that become an-
oxic overnight depend on
their ability to generate ener-
gy in the dark.

The cyanobacteria Oscilla-
toria terebriformis performs
oxygenic  photosynthesis
during the day and migrates
to the hypolimnion regions
and ferments at night. In the
dark, under anoxic conditions,

the glycogen formed during
the day is slowly degraded. If
the dark conditions are aero-
bic, the glycogen reserves will
be rapidly depleted, and
the Oscillatoria will die
(Richardson and Castenholz,
1987). Species subjected to
diel variations from light
aerobic to dark anoxic envi-
ronments require the ability to
ferment. Without this ability,
the cell can die within 2 to
3h after exposure to dark,
anoxic conditions (Stal and
Moezelaar, 1997). Although
few genera of cyanobacteria
are able to grow in the
“dark (Post et al., 1985),
Oscillatoria is able to grow at
the same rate in both dark
and light conditions. It is im-
portant to highlight that
Oscillatoria is considered a
potentially toxic genera
(Kaebernick and Neilan,
2001) and is usually reported
in stabilization ponds (Pas-
tich et al., 2016; Amengual-

Morro et al., 2012; Furtado
et al., 2009).

During the day, the dis-
solved oxygen (DO) concen-
tration established via photo-
synthesis can reach 300% to
400% supersaturation. At
night, oxygen is rapidly con-
sumed by aerobic degradation,
resulting in anoxic conditions
(Kayombo et al., 2002;
Tadesse et al., 2004) and al-
lowing several cyanobacteria
genera, such as Oscillatoria,
to dominate. The goal of this
work was to study the diel
variation of phytoplankton
communities and the physico-
chemical parameters in two
stabilization pond systems
used to treat domestic sewage
in two regions with different
weather conditions.

Material and Methods
This study was performed

at two full-scale domestic
wastewater treatment plants
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INFLUENCIA DE FACTORES AMBIENTALES EN EL CIQLO DIURNO
DEL FITOPLANCTON EN LAGUNAS DE ESTABILIZACION
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RESUMEN

En lagunas de estabilizacion el fitoplancton es esencial para
la produccion del oxigeno necesario para degradar la mate-
ria organica presente en el agua. Sin embargo, en ambientes
hipereutroficos con presencia de cianobacterias, la produccion
de cianotoxinas puede llegar a ser dominante en el ambien-
te acudtico, tornando entonces muy importantes los estudios
ecologicos para la comprension de su funcion. Nuestro obje-
tivo principal fue evaluar los factores relevantes que influyen
en el ciclo diurno de la comunidad fitoplanctonica, con énfasis
en las cianobacterias. Los resultados obtenidos en dos lagunas
estudiadas confirman que, tanto en la condicion diurna de so-

bresaturacion de oxigeno, como en la condicion nocturna de
anoxia, pocas especies tienen la capacidad de obtener la ener-
gla necesaria para garantizar su sobrevivencia. El género de
cianobacteria Oscillatoria predominé tanto en la superficie de
las lagunas como en el fondo de las mismas, con una abun-
dancia relativa >90% durante el estudio. Los resultados obte-
nidos muestran que las especies de ese género son capaces de
fermentar en condiciones anoxicas y crecer con tasas simila-
res en condiciones de luz o de oscuridad. En consecuencia, su
presencia en alta densidad en lagunas de estabilizacion es una
preocupacion valida.

INFLUENCIA DOS FATORES AMBIENTAIS NO CICLO NICTEMERAL DO

FITOPLANCTON EM LAGOAS DE ESTABILIZACAO

Elizabeth A. Pastich, Silvia M. Barbosa, Lourdinha Florencio, Savia Gavazza e Mario T. Kato

RESUMO

Em lagoas de estabilizagdo o fitoplancton é essencial para a
produgdo de oxigénio requerido para degradag¢do da matéria or-
gdnica. No entanto, em ambientes hipereutroficos, cianobactérias
potencialmente produtoras de cianotoxinas podem se tornar domi-
nantes, entdo, estudos ecologicos sdo importantes para a compre-
ensdo do seu papel. Nosso objetivo foi avaliar relevantes fatores
no ciclo nictemeral que influenciam a comunidade fitoplanctonica,
com énfase nas cianobactérias. Os resultados obtidos nas duas
lagoas confirmam que, sob condi¢cdo de supersatura¢do de oxi-

génio durante o dia e a anoxia durante a noite, poucas espécies
possuem habilidade de obter energia no escuro para sobreviver.
O género de cianobactéria Oscillatoria foi predominante tanto na
superficie, quanto no fundo de duas lagoas de estabiliza¢do, com
abundancia relativa maior 90% durante o estudo. Essas espécies
sdo capazes de fermentar em condi¢oes anoxicas no escuro e po-
dem crescer com taxa similar em ambas as condi¢oes de luz e
escuro e por isso, sua preseng¢a em elevada densidade em lagoas
de estabilizagdo é uma grande preocupagao.

characteristics of these two
ponds are shown in Table I.

(WWTP) in Pernambuco State,
Brazil. The first WWTP is lo-

Anagnostidis  (1986) for
Chroococcales; Anagnostidis

Rio Formoso pond was 60%
with an effluent COD of

cated in the city of Rio
Formoso, on the Atlantic coast
(08°39°50”’S and 35°09°32°W).
The system consists of a
UASB reactor with an 8h hy-
draulic retention time (HRT), a
polishing pond and, a coarse
rock filter to remove suspend-
ed solids and phytoplankton.
The second WWTP is located
in the city of Petrolandia, lo-
cated in a semiarid region
~600km from Rio Formoso
(8°58°28”’S and 38°12°52’W).
This system consists of a fac-
ultative pond and two matura-
tion ponds in series with HRTs
of 10, 6, and 6 days, respec-
tively. Rio Formoso has a hu-
mid climate with an average
annual rainfall of 2788mm; in
contrast, Petrolandia has a dry
climate with an average annual
rainfall of less than 450mm. In
this study, the polishing pond
and the last maturation pond of
the first and second WWTP,
respectively, were sampled.
Some design and operational

Sampling of the diel varia-
tions was conducted over a full
day in the Rio Formoso polish-
ing pond, and in the third pond
of Petrolandia (maturation
pond). Samples were taken
from the influent and effluent
and at the center of each pond.
At the center, a Van Dorn bot-
tle was used to collect samples
at 10cm from the water surface
and at 40cm from the bottom.
The pH, temperature, and DO
were measured over a 24h cy-
cle at 2h intervals. Samples for
phytoplankton and nutrients
were taken every 6h in the
pond of Rio Formoso and ev-
ery 4h in that of Petrolandia.
The physicochemical parame-
ters were determined according
to standard methods (APHA,
2012). The total ammonia ni-
trogen (N-NH,) was estimated
based on the procedure of
Emerson et al. (1975). The
identification and classification
of the phytoplankton were
based on Komarék and
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and Komarék (1988) for
Oscillatoriales; and Bourrelly
(1972) for Euglenophyta,
Cryptophyta and Chlorophyta.
Phytoplankton was counted
using an inverted microscope,
according to the procedure of
Utermohl as described by Lund
et al. (1958).

Results and Discussion

Figure 1 shows the average
chemical oxygen demand
(COD), N-NH,; and total phos-
phorus (in terms of P-PO,?)
levels in the influent and efflu-
ent of the studied ponds. The
COD removal efficiency of the

74mg 1" (Figure la); the effi-
ciency of the Petrolandia pond
was greater, ~70%, with an
effluent COD of <50mg-1"!
(Figure 1b). This lower level of
COD at Petrolandia pond efflu-
ent is probably a consequence
of the higher temperatures
achieved in that pond
(Figure 2f), associated to the
fact of being the last pond in
the series of three.

The removal efficiency of
total ammonia nitrogen
(Figures 1c, d) in the ponds
was 30 and 20% for Rio
Formoso and Petrolandia, re-
spectively. There was no phos-
phorus removal in either pond

TABLE I
DESIGN AND OPERATIONAL CHARACTERISTICS
OF THE TWO SAMPLING PONDS

. Rio Formoso Petrolandia
WWTP characteristics (polishing pond) (maturation pond)
Flowrate (L.s™) 40 16
Depth (m) 1.50 1.45
Hydraulic retention time (d) 8 6
331



Rio Formoso (Polishing pond)  Petrolandia (Maturation pond)

(a) 300 (b)

o~ 250
80 200/
=
o 150!
9

© 100

s0 == s0 -
3510 3500
2 £
- L
é 15 g1 @ =
Eo Ew

IS
IS

HE-
HElH

Total Phosphorus (mg:1"?)
Total Phosphorus (mg:1"%)

Influent Effluent Influent Effluent

Figure 1. Chemical oxygen de-
mand, total ammonia nitrogen
(N-NH;) and total phosphorus (P-
PO,?) concentrations in the in-
fluent and effluent of the ponds of
Rio Formoso (a, ¢, ¢) and
Petrolandia (b, d, f). Dot: mean,
gray box: +SE (standard error),
bar: £SD (standard deviation).

(Figures le, f). This similar
behavior in both ponds can be
related with the pH levels
found; maximum values were
9.1 and 8.7, detected between
14 and 16h at the surface sam-
ples of Rio Formoso and
Petrolandia ponds, respectively.
Phosphorus could have precip-
itated as struvite crystals if
higher pH values would have
been found in the pounds
(Cavalcanti et al., 2002).

The changes in cumulative
solar radiation, DO, water tem-
perature, and N-NH; in both
ponds during the 24h period
are shown in Figure 2. The
cumulative solar radiation
started to increase after 9h,
followed a normal distribution,
with maxima around 15 and
17h for Rio Formoso and
Petroldndia, respectively
(Figures 2a, b). However, the
DO concentration at the sur-
face (Figures 2c, d) for both
ponds reached a maximum of
22mg-1"!, ~2h prior to the max-
imum cumulative solar radia-
tion. This result can be ex-
plained by the fact that many
species of phytoplankton mi-
grate to the deeper layers to
avoid high-intensity light
(Garcia-Pichel et al., 1994).
During the day, the air
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temperature increases, and the
water surface temperatures are
higher than those at the bot-
tom, which results in the pond
becoming either chemically or
thermally stratified. During the
night, the air temperature de-
creases, which cools the sur-
face layer sand eliminates the
stratification. Without the pho-
tosynthetic activity of the phy-
toplankton, all of the oxygen
produced during the day is
consumed by heterotrophic or-
ganisms and, the ponds be-
come anoxic.

The phytoplankton taxa
found in the ponds are listed in
Table II. The phytoplankton
community was represented by
eight taxa in the Rio Formoso
pond and 18 taxa in the
Petrolandia pond, which were
classified within the Cyano-
phyta, Chlorophyta, and
Euglenophyta divisions. All of
the species found have also
been reported in previous stud-
ies on stabilization ponds
(Vasconcelos and Pereira, 2001;
Furtado er al., 2009; Kotut
et al., 2010). Among the de-
tected cyanobacteria species,
three of the taxa have been
reported to be toxin producers:
Cylindrospermopsis raciborskii,
Microcystis sp. and Oscilla-
toria sp. (Kaebernick and
Neilan, 2001). Some authors
highlight the risk associated
with discharges in water bodies
of effluents containing species
of cyanobacteria
that are potential
producers of toxin
(Kotut et al., 2010;

Rio Formoso (polishing pond)

Accumulated solar
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Petrolandia (maturation pond)
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Figure 2. Variations in Rio Formoso and Petroldndia ponds during a 24h

period. Accumulated solar radiation

(a, b); dissolved oxygen (c, d); water

temperature (e, f); total ammonia nitrogen (unionized ammonia) (N-NH;)

(g, h). —— Surface. —=— Bottom.

were the most abundant taxa in
both ponds for all the samples
collected at all times and either
at the surface or the bottom of
the pond. The average relative
abundance was 96 and 95% of
the total phytoplankton for the
Rio Formoso and Petrolandia
ponds, respectively. Oscillatoria
belong to a cyanobacteria

TABLE 11

- Toxic limit.

filamentous and colony-form-
ing group that is commonly
found in shallow lakes with
high turbidity (Scheffer
et al,1997) and that is poten-
tially a toxin producer
(Kaebernick and Neilan,
2001). According to Post et al.
(1985), the Oscillatoria genus
is able to grow under dark

TAXA OBSERVED IN THE PONDS

Vasconcelos and

Taxa

Pereira, 2001). In Division ; — — .
some (’:ases ) the Rio Formoso (polishing pond)  Petrolandia (maturation pond)
solution adopted  Cyanophyta Oscillatoria sp. Oscillatoria limosa
for the treatment Microcystis aeruginosa Microcystis sp.
of wastewaters Merismopedia tenuissima Merismopedia tenuissima
aimin environ: Chroococcus sp.
g . Cylindrospermopsis raciborskii

mental protection, Limnothrix sp.
can became a pub- Merismopedia punctata
lic health issue. Pseudanabaena limnetica

The relative Raphidiopsis mediterranea
abundance of the Synechocystis aquatilis
taxa detected is  Chlorophyta  Closteriopsis acicularis Closteriopsis acicularis
shown in Figure 3; Scenedesmus acuminatu, Scenedesmus sp.
however, only the Chlorococcum sp. Ankistrodesmus fusiformis
taxa present at Desmodesmus sp. Crucigenia fenestrata
densities >100 cell/ Monoraphidium arcuatum Crucigenia tetrapedia
ml are considered.  Euglenophyta Euglena acus

Members of the
Oscillatoria genus

Phacus longicauda
Trachelomonas volvocina
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Figure 3. Relative abundance of
the identified species in the stu-
died ponds: (a) Rio Formoso at
the surface and (b) at the bot-
tom; and (c) Petrolandia at the
surface and (d) at the bottom.

anoxic conditions at a rate sim-
ilar to that under light condi-
tions. This ability provides this
genus with an advantageous
adaptation, compared with oth-
er taxa. Another advantage
is the fermentation capacity
of certain species, e.g.,
Oscillatoria limosa (Heyer
et al.,1989), which was iden-
tified in the Petrolandia pond.
According to Stal and
Moezelaar (1997), the species
that do not ferment can be sub-
ject to cell lysis and will die
after 2 to 3h when exposed to
a dark anoxic environment,
which might be the reason for
the strong dominance of the
genus Oscillatoria observed in
the present study.

Conclusions

Variation of environmental
conditions, such as water tem-
perature and dissolved oxygen,
in the studied ponds, favor an
increase of the specific densi-
ty of cyanobacteria. During
the day, when the temperature
is greater, the surface of the
ponds warms, resulting in
thermal stratification of the
water column.

A high dissolved oxygen con-
tent due to oxygenic photosyn-
thesis is directly related to the
accumulated solar radiation. The
diel variation in dissolved oxy-
gen, from supersaturation during
the day to anoxic conditions
during the night, favors the pre-
dominance of the cyanobacteria
Oscillatoria sp., which compris-
es >90% of the total phyto-
plankton at both surface and
bottom of the water column.
This species is able to ferment
in the dark to obtain energy.

The high density of cyano-
bacteria that are potential toxin
producers in the effluent of
pond treatment systems is of
great concern. Cyanobacteria
can be a public health threat
and an environmental problem,
depending on the receiving
water body.
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