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Abstract: Aim: This study evaluated and compared the changes in the Total Phosphorus (TP) and
metals (Cd, Cu, Niand Pb) contents and accumulation rates in the periphyton on different substrate
types (PET and glass) in wet and dry periods in a shallow eutrophic reservoir. Thus, the potential of
periphyton as a green biotechnology to remediate the eutrophication and promoting metal uptake
were investigated. Methods: Floating substrate carriers made of wood (n = 3) containing glass and
PET slides were submerged close to a sewage inflow site. Substrate exposure time was about 33 days
in each period. Results: Periphyton TP and metal contents (Cu, Ni and Pb) were influenced by
seasonality and the highest contents were found in the wet period. Periphyton metal contents were
significantly different between glass or PET substrates, but no differences were detected in the TP
contents. Conclusions: Seasonality was a determining factor for immobilization of TP and metals
in periphyton. The highest potential of TP and metals immobilization by periphyton were detected
in the wet period. Our results provided insights that the periphyton can contribute to remediate
eutrophication and metal removal in aquatic ecosystems.

Keywords: bioremediation; eutrophication; metals; PET reuse; tropical reservoir.

Resumo: Objetivo: Este estudo avaliou e comparou as alteragoes nos teores e taxas de acumulagdo
de fésforo total (PT) e metais (Cd, Cu, Ni e Pb) no perifiton em diferentes tipos de substratos (PET e
vidro) nos periodos chuvoso e seco em um reservatdrio eutréfico raso. Assim, o potencial do perifiton
como uma biotecnologia verde para remediar a eutrofizagio e promover a remogio de metais foi
investigado. Métodos: Substratos flutuantes de madeira (n = 3) contendo ldminas de vidro ¢ PET
foram submersos préximos a uma entrada de esgoto. O tempo de exposicio do substrato foi de cerca
de 33 dias em cada periodo. Resultados: Os teores de PT e de metais (Cu, Ni e Pb) no perifiton foram
influenciados pela sazonalidade e os maiores valores foram encontrados na estagio chuvosa. O contetido
de metais do perifiton foi significativamente diferente entre os substratos de vidro e PET, mas nenhuma
diferenca foi detectada com o contetdo de PT. Conclusées: A sazonalidade foi um fator determinante
para a imobilizagio de PT e metais no perifiton. O maior potencial de imobilizagio de PT e metais
pelo perifiton foi detectado no periodo chuvoso. Nossos resultados forneceram boas indicacoes de que
o perifiton pode contribuir para remediar a eutrofizacao e remover metais em ecossistemas aqudticos.

Palavras-chave: biorremediagio; eutrofizagio; reuso de PET; reservatério tropical.
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1. Introduction

Eutrophication is a well-known phenomenon
worldwide, but still affects many aquatic ecosystems,
especially in developing countries (Schindler,
2012; Jeppesen et al., 2017; Wang et al., 2018).
Phosphorus (P) is considered the main nutrient
related to eutrophication and the limiting nutrient
for the algal growth in most of lakes and reservoirs
(Schindler et al., 2009; Schindler, 2012). Raw
sewage or inadequately treated wastewater contains
high P concentrations (and other pollutants) and
this is an important P source to aquatic ecosystems.
However, in general, only the elimination of external
P input to the ecosystem is not enough to reverse
eutrophication. This is mainly because the sediment
has high P stocks, which can provide P to the water
column for a long time (Sendergaard et al., 2013,
Tu et al., 2019), depending on the condition of
oxygenation and pH, for example. Considering that
the internal P loading can maintain eutrophication,
including restored systems, the development of
efficient 7z situ phosphorus removal technologies
can be beneficial to remediate eutrophic ecosystems.

Several in situ remediation techniques of
eutrophic aquatic environments have been reported
in the literature, such as: biomanipulation (e.g.:
fish and macrophyte) (Zhao et al., 2012; Liu et al.,
2018; Chen et al., 2020), adsorbents (e.g.:
Phoslock® and lanthanum modified bentonite
application) (Yamada-Ferraz et al., 2015; van
Oosterhout et al., 2020) and sediment capping
(Cooke et al., 2005). However, according to these
references, some disadvantages are involved in these
methods, such as risks for aquatic biota and possible
resuspension of P and metals from sediment.
Bioremediation, the use of microbial organisms
or processes to degrade environmental pollutants,
is among the technologies most widely studied
(Wu et al., 2017; Boopathy, 2000). Thereby, the
use of periphyton management may be another tool
for bioremediation of eutrophic shallow lakes and
reservoirs, as pointed by review studies (Wu et al.,
2010; 2017) and field experiments (Jobgen et al.,
2004, Morashashi et al., 2019).

Periphyton plays several roles in removing P
from the water column, including P uptake and
deposition, filtering particulate P from the water,
and attenuating flow, which decreases advective
transport of particulate and dissolved P from
sediments (Dodds, 2003). Besides, periphyton has
the capacity to uptake and to adsorb organic and
inorganic substances (Hill, 1996). The extracellular
polysaccharides matrix (EPS) excreted by bacteria

Acta Limnologica Brasiliensia, 2021, vol. 33, el1

and algae constitutes sorption sites for various
inorganic and organic substances (Lock et al., 1984;
Lu et al., 2014). In addition to immobilization
of phosphorus and other nutrients, the highly
diverse periphytic matrix can also immobilize
metals (Vymazal, 1984; Duong et al., 2008).
The relationship between metals and phosphorus
concentration has been investigated on several
aspects in the periphyton. Among them, the
reduction of metal toxicity in the presence of high
P availability (Chen, 1994). Furthermore, the
metals can influence the nutrient limitation of the
periphytic algae community (Paulsson etal., 2002).
Based on culture experiments, Serra et al. (2010)
demonstrated that P availability and periphyton P
content are modulating factors of algal toxicological
response to Copper (Cu). However, the dynamic of
the phosphorus and metals in the periphyton is not
yet fully understood.

Numerous studies have reported that substrate
type can strongly influence the development
of the periphyton and, consequently, affect
community responses to environmental change
(e.g.: Zhang et al., 2013; Trbojevi¢ et al., 2018,
Morashashi et al., 2019, Cao et al., 2019). Glass
slides are the most used artificial substrate in
ecological studies (Trbojevi¢ et al., 2018) since
it is inert and has a regular surface. Comparing
different substrate types, Cao etal. (2019) observed
lower pigments concentration and algal richness
and diversity in the periphyton on plastic, which
had a smooth surface and an unfavorable position.
However, in a bioremediation perspective, plastic has
some advantages, since it is more resistant, lighter,
and cheaper than glass, and more portable than
sand or stones. Plastic substrates were successfully
utilized to periphyton growth previously (Milstein,
Peretz and Harpaz, 2009; Cao et al., 2019;
Morashashi et al., 2019). Though, the relationship
between substrate type and efficiency of periphyton
in immobilizing phosphorus and metals needs to
be further investigated.

In the present study, we evaluated and
compared the differences in the periphyton TP
and metals (Cd, Cu, Ni and Pb) content and
accumulation rates using different substrates (PET
and glass slides) in the wet and dry periods in a
shallow eutrophic reservoir. We hypothesized that
periphyton on PET and glass slides can be used
to remove TP and metals from eutrophic water
and it can be used as a bioremediation strategy in
a shallow reservoir.
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2. Material and Methods

2.1. Study area, experimental design, and sampling

The present study was conducted in Gargas
Reservoir (23°38°40.6” S, 46°37°28.0” W). This
reservoir is located at the Parque Estadual das Fontes
do Ipiranga Biological Reserve (PEFI), situated in
the Municipality of Sio Paulo, southeastern Brazil
(Figure 1). The reservoir presents 88.156 m?* of
surface area, with average and maximum depth
of 2.1 m and 4.7 m, respectively. The mean
residence time is 71 days, and the mean volume
is 188.785 m? (Bicudo et al., 2002). Bicudo et al.
(2007) documented a pronounced proliferation
of water hyacinths (Eichhornia crassipes (Mart.)
Solms) from 1998-1999, occupying 40-70% of the
reservoir surface area. Since the end of 1999, and
triggered by the mechanical removal of plants, the
reservoir abruptly shifted to a stable degraded state
with permanent cyanobacterial blooms. According
to a recent study, cyanobacterial dominance
ceased, and the invasive species, Ceratium furcoides
(Levander) Langhans, apparently is the dominant
species (Crossetti et al., 2019). The studied area
is characterized by two climatic periods along
the year: wet period with high temperature
(mean = 21.4 °C + 2.7; September-February) and
dry period with low air temperature (mean = 18.4 °C
+2.3; March-August) (http://www.estacao.iag.usp.
br/boletim.php).

Three floating substrate carriers were submerged
close to a sewage inflow site. The experimental
apparatus was installed 30 cm bellow water surface
at sites with 2.5 m depth. Each substrate carrier
held 50 glass slides (38.24 + 0.02 cm?) and 50 PET
slides (40.80 + 1.33 cm?). PET slides were chosen
because they are low cost and easy to handle.
Glass slides were used as a reference substrate to
comparison, since is the most used in ecological
studies (Trbojevi¢ et al., 2018).

Sampling was performed in wet and dry periods,
based on the seasonal variation of periphyton
biomass (Borduqui & Ferragut, 2012). Periphyton
colonization time was 37 days in the wet period
(12/17/2013 to 01/23/2014) and 28 days in
the dry period (04/29/2014 to 05/27/2014).
The differences in colonization periods were due
to storms in the wet period and logistic issues.
However, the accumulation rate was normalized
to enable data comparison. Thus, ten slides of each
type of substrate colonized by periphyton were
removed randomly from each carrier, totalizing 30
glass and 30 PET slides in each period (wetand dry).

The periphyton was removed from the substrate
by scraping and washing with ultrapure water for
determination of biomass, TP, and metals’ contents.
Water samples from 30 cm depth and surface
sediment samples were collected in wet and dry
periods, in triplicate. Water samples were collected
using a van Dorn horizontal sampler (5 L) and

Legand: 7 Sampling staticn

Figure 1. (a) Brazil; (b) Location of Metropolitan Area of Sdo Paulo (MASP) with PEFI area circled; (c) Location of
Gargas Reservoir in PEFI. (d) Sampling station in Gargas Reservoir. Source: Google, NASA, TerraMetrics, INEGI,

CNES/ Airbus, Landsat/ Copernicus, Maxar Technologies.
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a Kajak collector was used to sample the recent
sediment from the top.

2.2. Analyzed variables

On the sampling day, temperature, electrical
conductivity, turbidity, and total dissolved solids
in the water column were measured using a
multiparameter probe (Model Hi 9829 from
Hanna®). TP concentrations were determined in the
water, sediment and periphyton samples. Water TP
analyzes were performed on unfiltered water samples
by persulphate oxidation method (Valderrama,
1981). Sediment and periphyton TP contents were
determined by combusting samples at 550 °C for
1 h and then digested in HCI 1N at 80 °C for
30 min (Andersen, 1976). Then, TP concentration
(pg L") was determined by the ascorbic acid method
(Method 4500-P E) according to APHA (2012). We
determined the periphyton dry mass (DM) and ash
free dry mass (AFDM) by difference of mass after
drying in an oven at 100 °C until constant mass and
after calcination at 550 °C. Since was not possible to
standardize the colonization time due to the climate
and logistics (37 days in wet period and 28 days in
dry period), we have normalized data by days of
colonization to enable its comparison, originating
TP Accumulation Rate, TP-AR (mg TP m? d),
according to Equation 1.

_wr (1)

area xtime

TPAR =

Where: TP mass in the periphyton (mg); area is the
surface area of the substrate slide used in TP analyze
(m?); and time is the exposure time of the substrate
slide in the environment (days).

Metal (Cd, Cu, Pb and Ni) concentrations
were determined by Flame Atomic Absorption
Spectrometry (FAAS) (APHA, 2012). Periphyton
and sediment samples were digested by the
addition of ultrapure water and concentrated
nitric acid. The limit of detection (LD) and
limit of quantification (LQ) to metals were
(n = 10, LD/ LQ): Cd (0.03/ 0.1 mg L);
Cu (0.08/ 0.26 mg L"); Pb (0.3/ 1.0 mg L);
Ni (0.1/ 0.33 mg L'). The metal accumulation
rate on periphyton was calculated according to
Equation 1, changing TP concentration by metal
concentration. This equation was used to normalize
the dry mass accumulation as well.

Statistical analysis

The significant differences in periphyton TP and
metal contents among substrate types (PET and
glass slides) and climatic periods were examined
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using two-way Analysis of Variance (ANOVA).
ANOVA assumptions were previously tested, and
log data transformed when necessary. Descriptive
and exploratory univariate analyzes were performed
using statistical software SigmaPlot 12.0 (Systat
Software Inc). Microsoft Excel and Origin® were
also used to graphical constructions.

3. Results

3.1. Climate variables

During the wet period, the average air
temperature was 23.5 + 1.9 °C. In the dry period
the average temperature was 18.0 £ 1.8 °C
(Figure 2a). Regarding to the rainfall, in the wet
period, the average daily rainfall was 5.1 mm and the
accumulated rainfall for the days of the experiment
was 193.6 mm. In the dry period, the average daily
rainfall was 2.1 mm and the accumulated rainfall
in the period was 61.3 mm (Figure 2b).

3.2. Water

The results of the physical and chemical variables
of the 30 cm depth water are summarized in the
Table 1. The wet period was characterized by the
highest values of water temperature, turbidity, pH,
electrical conductivity, and TP concentrations.
Water TP concentrations were significantly different
between wet and dry periods (one-way ANOVA:
F =31.93; p = 0.0002).

3.3. Sediment

Table 2 summarizes TP and metal concentrations
in the sediment samples. No significant difference
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Figure 2. Air temperature (°C) and daily rainfall (mm)
during the (A) wet and (B) dry periods.
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was found in the sediment TP contents between
climatic periods. However, Cu, Niand Pb contents
in the sediment were significantly different between
climatic periods. Cd was below LD of the method
(0.03 mg L") in both periods.

3.4. Periphyton

The highest dry mass (DM) of the periphyton
were found in the wet period in both types of
substrates (Table 3). Significant difference in
periphyton DM was found between climatic
periods (two-way ANOVA: F = 58.88; p < 0.001).
Again, the higher DM accumulation rate in
the periphyton was found in the wet period
(two-way ANOVA: F = 30.35; p < 0.001). Total
phosphorus concentrations varied from 390.94
to 495.57 mg kg'. Cd was below of the detection

Table 1. Results of abiotic variables in the water (30 cm
depth) at Gargas Reservoir during wet and dry periods.

. Periods

Variables Wet Dry
Water temperature (°C) 27.4 21.3
pH 9.83 7.61
Electrical conductivity (uS cm™) 268 289
Turbity (NTU) 121 100
Total dissolved solids (mg L) 174 150
Water total phosphorus (ug L) 116.2 60.8

limit in both periods. Cu and Ni showed the
highest concentrations in the wet period, reaching
37.22 mg kg (Table 3).

The highest periphyton TP-AR were found in
the wet period in both substrate types (Figure 3a
and Table 4). TP content in the periphyton was
significantly different between periods (two-way
ANOVA: F = 209.22; p < 0.001), but there was
no statistical difference among substrates, as
well the interaction among factors. Regarding
the metal accumulation rates, the cadmium
content in the periphyton on the PET and glass
substrates was below the LD, while Cu, Ni and
Pb on both substrates were higher in the wet
period (Figures 3 b-d). Differences among Cu, Ni
and Pb accumulation rates were found between
climatic periods (two-way ANOVA: p < 0.001);
and substrate types only for Cu and Ni (two-way
ANOVA: p < 0.003) (Figures 3 b,c). However, the
interaction between the factors was significant for
Cu and Ni (two-way ANOVA: p < 0.049). Cu-AR
was significantly higher in periphyton on PET
substrate in the wet period.

4, Discussion

We found that TP and metal accumulation
rates (Cu, Ni and Pb) in the periphyton were
influenced by seasonality and the highest levels

Table 2. Mean values and standard deviation (n = 6) of total phosphorus and metal concentrations in the sediment
samples of Gargas Reservoir during the wet and dry periods. Results are expressed in dry mass (DM). Limit of
detection (LD) to Cd was 0.03 mg L. #s = no significant difference.

Variables Periods one-way ANOVA
Wet Dry F p
TP (mg kg DM) 469.14 (£ 48.75) 421.24 (+ 82.46) ns ns
Cd (mg kg DM) <LD <LD - -
Cu (mg kg DM) 61.97 (+ 32.88) 1.22 (+ 0.64) 9,763 < 0.0001
Ni (mg kg’ DM) 8.38 (£ 4.67) 0.91 (£ 0.50) 4.6 < 0.0001
Pb (mg kg' DM) 2.83 (£ 1.55) 0.19 (+ 0.10) 4,883 0.0002

Table 3. Average and standard deviation (n = 3) of dry mass (DM), ash free dry mass (AFDM), dry mass accumulation
rate (DM-AR), total phosphorus and metal concentrations in the periphyton on glass and PET slides in wet and dry
periods in a eutrophic reservoir. Limit of detection (LD) to Cd was 0.03 mg L.

i Wet period Dry period

Variables Glass PET Glass PET
DM (mg) 407.67 (+ 92.59) 453.00 (+ 34.77) 215.79 (£ 17.31) 194.69 (+ 16.41)
AFDM (mg) 128.00 (+ 42.58) 166.67 (+ 28.88) 95.58 (+ 2.70) 85.61 (+ 3.16)
DM-AR (mg m? d-) 5.76 (£ 1.32) 6.00 (+ 0.46) 4.03 (£ 0.32) 3.47 (£ 0.29)
TP (mg kg DM) 390.94 (£ 101.77) 415.71 (£ 55.32) 450.53 (+ 53.39) 495.57 (+ 57.49)
Cd (mg kg' DM) <LD <LD <LD <LD
Cu (mg kg' DM) 14.00 (+ 5.66) 37.22 (+ 1.43) 1.67 (£ 0.14) 1.69 (£ 0.13)
Ni (mg kg’ DM) 37.22 (£ 1.43) 21.19 (£ 0.04) 1.13 (£ 0.01) 1.12 (£ 0.01)
Pb (mg kg DM) 10.66 (+ 2.44) 7.28 (£ 0.19) 0.26 (+ 0.03) 0.26 (+ 0.01)
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Figure 3. (A) Total phosphorus, TP; (B) Copper, Cu; (C) Nickel, Ni; and (D) Lead, Pb accumulation rates (mg m=d™)
on periphyton dry mass over glass and PET substrates in the wet and dry periods. Cd was bellow detection limit
(0.003 mg L"). Different letters indicate significant difference in ANOVA two-way followed by Tukey test (p < 0.05).

Table 4. Mean and standard deviation (n = 3; SD) of the accumulation rates (AR, mg m? d™') of total phosphorus
and metals on glass and PET substrates during the wet and dry periods in a eutrophic shallow lake. Limit of detection

(LD) to Cd was 0.03 mg L''; zs = no significant difference. Statistical significance = 0.05.

two-way ANOVA

Variables Wet period Dry period p and F values
Glass PET Glass PET Period Substrate Interaction
TP-AR (mgm?d') 1.00+0.23 1.24+0.06 090+0.03 0.84+0.02 p<0.001 ns ns
(209.22)
Cd-AR (mg m?2 d) <D <LD <LD <LD - -

Cu-AR (mgm?2d') 0043+0025 0.112+0013 0.003+0.001
0107+0021 0064+0005 23E3+02E3 19ES+02E° <0001(2636) 0.001(22646) 0.049 (5385)

Ni-AR (mg m2 d")

Pb-AR (mg m2d") 0.032+0013 0022+0002 53E*+10E* 44E*+06E*

29E3+05E3 <0001 (81.15) 0.003(17468) 0.003(17.952)

<0.001 (645) ns ns

were found in the wet period. In this period,
limnological conditions were characterized by
higher temperature, pH, and TP concentration.
The temperature is one of the main factors that
act on the phase of algae uptake that is dependent
on metabolism, which is the longest phase of
the process (Genter, 1996). Several studies have
reported the positive effect of temperature on
algal uptake (e.g.: Zeng & Wang, 2011), as well
as the association of periphyton TP content with
P availability in the water (Gaiser et al., 2004).
As reported in other studies, seasonality may
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influence the immobilization of metals and TP
in the periphyton biomass (Duong et al., 2008;
Ferragut et al., 2010). Therefore, the seasonality
was a determining factor for the immobilization of
TP and metals in the periphyton in the eutrophic
reservoir studied. Therefore, our findings suggest
that wet period with high water temperature may
support the application of remediation techniques
using periphyton.

In addition to the higher accumulation rates
of TP and metals, the highest periphyton DM
and DM-AR increment on the glass and PET
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substrates were found in the wet period. Similarly,
previous studies reported the highest DM increment
during the wet period, when the community has
low algal biomass (Oliveira et al., 2010; Borduqui
& Ferragut, 2012; C. E unpublished data). The
low algal biomass in the periphyton is commonly
associated with the strong shading caused by
phytoplankton bloom in eutrophic reservoirs
(Borduqui and Ferragut, 2012; Trbojevi¢ et al.,
2017). Light can increase accumulative effects of
metals in the periphyton due to the relationship
between metal absorption and photosynthesis,
which may be a result of active absorption, cation
exchange adsorption or precipitation (Gray & Hill,
1995; Bere et al., 2012). In the present study, the
periphyton TP and metal contents increase may
occur even in low light availability due to the intense
phytoplankton bloom, which always occurs in the
wet period (Crossetti et al., 2019). Other factors act
on the P and metal assimilation and adsorption, as
temperature and pH, both were higher in the wet
than in the dry period. While the temperature can
modulate the metal bioaccumulation in periphyton
(Lambert et al., 2016), the high pH (> 8.0) does
not seem to stimulate both P (Zhou et al., 2005)
and metals (Lin et al., 2020). Alcthough the
external condition does not seem to stimulate
bioaccumulation, micro-environmental conditions
can be self-induced by periphyton metabolism and
growth. Increasing the thickness of the periphytic
matrix can reduce the external dependence of the
community (Roeselers et al., 2008). Considering
that the algae act significantly in the immobilization
of TP and metals in the periphyton (Lin etal., 2020),
the immobilization potential of the community
could be impaired. Although low algal biomass in
the periphyton can occur in low light availability,
mixotrophic algae and luxury P consumption can
contribute to the storage of P in the community
(Stevenson & Stoermer, 1982; Granéli et al.,
1999). The ingestion of bacteria and particulate
material by mixotrophic species may be a source
of phosphorus (Jones, 2000). Numerous species of
algae can store phosphorus in polyphosphate bodies
(Guzzon et al., 2008), in this case, species with low
light requirements. Thus, algae present adaptive
strategies for efficient TP assimilation, and probably
metals, in low light availability. Possibly, algae with
luxury P consumption and mixotrophic can make
periphyton more efficient in bioremediation. The
immobilization potential of TP and metals by
the components of the periphyton needs to be
further investigated in tropical lakes and reservoirs,
especially in eutrophic conditions.
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Considering the substrate type, we found that
only the periphyton metal accumulation rates
were significantly different between glass or PET
substrates, but no influence was detected on the
TP-AR. Although some studies have shown little
or no influence of substrate type on the periphyton
structure and functioning, the influence of substrate
type on the community should not be ignored
(Vadeboncoeur et al., 2006; Hao et al., 2017).
The use of PET as an artificial substrate can be
a part of an environmental-friendly technology,
since PET bottles are abundant, and the material
could be repurposed. In addition, PET is malleable
and, according to Pereira et al. (2002), has a lower
specific mass (PET: ~1.41 g mL"; glass: 2.5 g mL"),
what makes the system easier to carry and be
more floatable. However, due to the problem of
microplastics in aquatic ecosystems (Wagner et al.,
2014), the need to develop fully environmental-
friendly substrates for the use of periphyton as a
bioremediator in aquatic ecosystems is emphasized.
Our results showed that Cu was more immobilized
on periphyton on PET substrate, while Ni and Pb
were more immobilized on periphyton on glass
substrate. Therefore, in addition to seasonality,
metal immobilization in the periphyton was
associated with substrate type.

According Holding et al. (2003), periphyton
may be useful as biomonitor when determining
the potential mobility and toxicity of the metals
Cu, Cd and Zn in aquatic ecosystems, particularly
when used in conjunction with sediment data.
In the wet period, our findings showed that Cu
contents were higher in the sediment than in the
periphyton in both substrate types, but Ni and Pb
contents were higher in the periphyton. In contrast,
the Cu, Ni and Pb contents in the periphyton and
in the sediment were similar in the dry period
(Tables 2 and 3). Moreover, Cu, Pb and Ni contents
in the sediment were lower than the threshold level
proposed by Wisconsin Department of Natural
Resources (WDNR, 2003), which indicates the
minimum level of contamination by the studied
metals.

In general, metal sediment is more used in
environmental monitoring (CETESB, 2020)
than biofilm. However, our results suggest that
periphyton metals can contribute with significant
environmental information. Thus, as reported by
Holding et al. (2003), periphyton and surface
sediment data may be complementary in the
studied reservoir. For example, Rooney et al. (2020)
showed that periphyton is a sensitive method to



Balle, M.G. et al.

detect the presence of pesticides in wetlands, since
its concentrations in periphytic biomass were
significantly higher than in water and sediment
samples. However, attention should be paid since
environmental stressors may negatively affect some
components of the biofilm (e.g.: decreased bacteria
and algae diversity) and positively to others (e.g.:
increased fungi diversity) (Calapez et al., 2020).
In conclusion, we found that seasonality was
a determining factor for the immobilization of
TP and metals in the periphyton of the eutrophic
reservoir studied. Our findings suggest that the
greatest potential for TP and metals immobilization
by periphyton occurs in the wet period. We
speculate that algae with luxury P consumption
and mixotrophic contributed to the storage of
P and metals in periphyton in low light (intense
phytoplankton bloom). Differences in Ni and Pb
contents on PET and glass suggest that substrate
type should be considered in the evaluation
of periphyton as bioremediator. Comparing
periphyton TP, Cu, Niand Pb contents on glass and
PET substrates with sediment surface, we found that
they can be complementary data for environmental
assessment and diagnosis. In addition, the metals
concentrations were lower than that reported in
most used agricultural phosphate fertilizers in
Brazil (Camargo et al., 2000; Freitas et al., 2009),
indicating that the generated biomass can be used
in agricultural fertilizers. Another possible uses
of periphyton biomass are biodiesel production
(Kligerman & Bouwer, 2015) and fish food
(Siqueira & Rodrigues, 2009). Finally, we found
good indications that the periphyton can contribute
to remediate eutrophication in aquatic ecosystems.
We emphasize that further studies on the potential
of periphyton in bioremediation of tropical
eutrophic lakes and reservoirs are needed, especially
on the role of algae in metal immobilization in the

biofilm.
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