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Abstract
Aquatic macrophytes have properties and mechanisms which are useful for the removal of substances in solution, 
commonly used in phytoremediation processes in aquatic environments. This study evaluated the performance of copper 
(Cu) accumulation by Salvinia biloba Raddi (Salviniaceae) in different metal concentrations (1, 3 and 5 µg mL-1), 
as well as the control treatment, measured at intervals of 0, 7 and 14 days under laboratory conditions, with control 
as to pH and luminosity. After the experiment, the S. biloba biomass was washed, kiln dried, crushed and subjected 
to the process of digestion, and subsequently the accumulated copper content was determined by atomic absorption 
spectroscopy. The results showed that S. biloba is apt at accumulating copper, varying significantly between different 
treatments and days of exposure to the contaminant, as well as its interaction (treatment × days). The highest accumulation 
values ​​were observed in treatment with 5 µg mL-1, which at 14 days, with 11,861 µg g-1 of copper. We observed 
symptoms of toxicity and mortality in plants, probably indicating the effect of copper on the species when at high 
levels. Salvinia biloba is an efficient species in the removal of copper in solution, its recommendation as a remediating 
agent in aquatic ecosystems being possible.
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Acumulação de cobre pela macrófita aquática Salvinia biloba Raddi 
(Salviniaceae)

Resumo
Macrófitas aquáticas apresentam propriedades e mecanismos úteis à remoção de substâncias presentes em solução, 
comumente, utilizadas em processos de fitorremediação de ambientes aquáticos. Este estudo avaliou o desempenho 
de acumulação de cobre (Cu) por Salvinia biloba Raddi (Salviniaceae) em diferentes concentrações do metal 
(1, 3 e 5 µg mL-1), além do tratamento controle, avaliados em intervalos de 0, 7 e 14 dias, sob condições laboratoriais, 
com controle de pH e luminosidade. Após o experimento a biomassa de S. biloba, foi lavada, seca em estufa, triturada e 
submetida ao processo de digestão, sendo, posteriormente, o teor de cobre acumulado determinado por espectroscopia 
de absorção atômica. Os resultados evidenciaram que S. biloba é hábil em acumular cobre em sua biomassa, variando 
significativamente entre os diferentes tratamentos e dias de exposição ao contaminante, bem como por sua interação 
(tratamentos × dias). Os maiores teores de acúmulo foram observados no tratamento com 5 µg mL-1, que aos 14 dias 
apresentou até 11.861 µg g-1 de Cu. Observamos sintomas de toxicidade e mortalidade nas plantas, evidenciando, 
provavelmente, o efeito do cobre sobre a espécie quando em elevados níveis. Salvinia biloba é uma espécie eficiente na 
remoção do cobre em solução, sendo possível sua recomendação como agente de remediação em ecossistemas aquáticos.

Palavras-chave: ecossistemas aquáticos, fitorremediação, plantas aquáticas, bioacumulação, recursos hídricos.
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1. Introduction

The use of plants and microorganisms is an important 
tool in the removal processes of different classes of pollutants 
in aquatic and terrestrial ecosystems (Farnese et al., 2014; 
Pio et al., 2013). Traditional methods of removing heavy 
metals from effluent, when at low concentrations, may 
be expensive and present very little selectivity and yield 
(Silva et al., 2014). In contrast, remediation with biomass 
is an efficient technology as it usually uses abundant 
species, which are biodegradable and economically viable 
(Pitol-Filho, 2011).

In freshwater or continental ecosystems, macrophytes 
have favorable characteristics for their use as potential agents 
of remediation or as bio-indicators of environmental impact 
(França et al., 2014; Maroneze et al., 2014; Rocha et al., 
2012), such as their wide distribution, performance in the 
food chain, natural filtering of pollutants and nutrient cycling 
of these environments (Esteves, 1998; Medeiros et  al., 
2016). They may present fixed and free floating biological 
forms, submerged fixed and free, emerging, amphibious 
or epiphytes (e.g. Pott and Pott, 1997; Pott et al., 2011).

Aquatic macrophytes of South American tropical 
environments develop throughout the year, due to favorable 
thermal and light regime (Pompeo, 2008) and are able to 
accumulate metal ions, removing them from the solution 
by means of bio-sorption and bioaccumulation processes 
(Oliveira, 2012; Schneider et al., 2011). A good example 
of this are the Salviniaceae (Pteridophyta), represented 
by species of Salvinia Ség. and Azolla Lam. (Tryon and 
Tryon, 1982). These plants are floating aquatic macrophytes, 
originating in South America, acaules, rhizomatous and, 
under favorable conditions, form an enormous vegetative 
mass on the water surface (Pitelli et al., 2014), especially 
Salvinia recognized by verticillate fronds, of which two 
are floating, whole and green and one submerged, with 
many divisions, like a no chlorophyll root (Prado, 2006). 
Among the most common species S. auriculata Aubl., 
S. minima Baker, S. natans (L.) All. and S. biloba Raddi 
stand out.

Studies on S. biloba are scarce, however, results 
obtained with other species of the same genus report 
the effectiveness of these macrophytes as regards to the 
removal of toxic metals from aquatic biota (Dhir et al., 
2008; Guimarães et al., 2012; Wolff et al., 2009, 2012). 
These elements resulting from industrial, agricultural, mining 
and domestic sewage activities directly impact the water 
bodies when they do not receive appropriate treatment and 
are inadequately disposed of in the environment. So, in this 
study we evaluate the performance of S. biloba as a possible 
phytoremediation in contaminated aquatic environments, 
taking its potential in the accumulation of copper in the 
biomass as a parameter, (i) depending on the concentration 
of contaminant agent in the environment; (ii) with regards 
to the time of exposure to the contaminant, and (iii) the 
relationship between the concentration of the contaminant 
and exposure time under laboratory conditions.

2. Material and Methods

2.1. Study area
The S. biloba samples were collected manually in 

August 2014 in a pond in the urban area of ​​Alta Floresta, 
Mato Grosso, Brazil (09°52’32” S and 56°05’10” W). 
During collection the plants were stored in coolers and 
sent to the Laboratório Integrado de Pesquisas Químicas 
(LIPEQ), Universidade Federal de Mato Grosso, Câmpus 
Universitário de Sinop, where the experiment was carried out.

2.2. Laboratory procedures
In the laboratory the plants were washed in running 

water and packed in 12 containers containing 30 L of 
water. A nutrient cultivation solution was added to these 
containers, consisting of 240 mL of (1 mol L-1) solution 
of (NH4)2CO3 (Ammonium Carbonate) and 90 mL of 
(1 mol L-1) solution of K2HPO4 (Dibasic Potassium 
Phosphate), as well as KH2PO4 (Monobasic Phosphate) 
for pH buffering between 6.5 and 7.0, similar to the pH 
of the collecting area. Dissolved copper sulfate was 
used for the infection process (in µg mL-1) according to 
the different treatments (1, 3 and 5 µg mL-1 of copper). 
The different copper concentrations were defined based on 
the values established by Resolution CONAMA 357/2005 
(Brasil, 2005) (Class I - freshwaters), and the concentrations 
used were above the acceptable set value, characterizing 
contamination of the environment.

In each container 60 specimens of S. biloba were 
cultivated. These containers were divided into 4 treatments 
represented by different concentrations of copper contamination 
(1, 3 and 5 µg mL-1 of copper) and the control treatment 
(0 µg mL-1 of copper), totaling 3 replicates for each 
concentration. The whole experiment was conducted in 
laboratory conditions (± 25 °C), with pH control of water 
using bench pH meter (6.5 and 7.0) and light (10 hours 
light per day, with automatic control).

The removal of the plants for analysis took place at 0, 7, 
and 14 days. The plants referring to day “0” of the experiment 
were analyzed as they arrived from the field, presenting 
the conditions that they had in their environment. Due to 
the reduced size, 5 S. biloba plants were considered as a 
sampling unit, considering the amount of biomass needed 
for the analysis. Thus, at each interval (0, 7 and 14 days), 
three sets of 5 subjects in each treatment were used for 
the analysis. After removal, the plants remained in the 
kiln/greenhouse at a temperature of 70 °C for drying until 
reaching constant weight, and then thoroughly grinded.

To determine the cumulative total copper content in 
the plant biomass, 0.2 grams of dried and ground mass 
of each sample were digested in acid-oxidant (e.g. Hseu, 
2004). Each sample was placed in a test tube to which 
7 mL of sulfuric acid P. A. (H2SO) is added. After 1h, 
3 ml of hydrogen peroxide P. A. (H2O2) is added. After this 
process, the tubes were heated in a block digester at 250 °C 
for 2h, after which they are cooled and receive four mL 
of H2O2. The final solutions which were obtained were 
diluted in water and transferred to 25 mL volumetric flasks. 
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The copper content present was determined by atomic 
absorption spectroscopy with flame atomization in Varian 
equipment, model AA140. The standard solution used 
for the calibration curve was traceable to NIST (National 
Institute of Standards and Technology) of the Specsol brand.

2.3. Statistical analysis
 So as to determine the existence of significant average 

differences in the accumulation of copper between the different 
days of the experiment (0, 7 and 14 days) and the different 
concentrations of the pollutant (0, 1, 3 and 5 µg mL-1 of Cu) 
an ANOVA model was elaborated. Both effects “days of 
experiment” and “concentration of pollutant” were considered 
as fixed effects. Due to the fact that the variable “days of 
experiment” is a qualitative variable, a regression model 
was not built; however, so as to assess the tendency of 
accumulation as a function of time, a nonparametric trend 
line was adjusted. All models and figures were built in an 
R environment (R Core Team, 2014).

3. Results

We noted that S. biloba presented high values of 
copper accumulation. The plants exposed to concentration 
of 5 µg mL-1 of the contaminant had higher performance 
and extent of absorption, particularly in the second 
week of the experiment (14 days), with accumulation 
levels of up to 11,861 µg g-1, showing an increase in the 
concentration of the metal in the biomass up to 950 fold 
in relation to the levels found in the samples at time zero 
(0 µg mL-1 = 12.47 µg g-1) depending on the specimen 
being analyzed (Figure 1).

In plants exposed to contamination with 5 µg mL-1 the 
uptake of metal was increasing during the course of the days 
of the experiment, reaching high levels of accumulation 
in the first (4,076 µg g-1) and second (11,861 µg g-1) 
weeks, respectively (Figure 2). This tendency was also 
observed in plants exposed to 3 µg mL-1 concentration of 

the contaminant with high accumulation levels in both 
the first (3,004 µg g-1) and the second week (9,039 µg g-1) 
(Figure 2), presenting an accumulation of up to 725 fold 
more compared to zero time.

The copper content in the biomass of the plants subjected 
to the treatment with a concentration of 1 µg mL-1 of copper 
presented little variation between the first and second 
weeks. During the first week the greatest accumulation was 
943 µg g-1 of Cu, demonstrating a concentration 75 fold 
higher with respect to zero time, while in the second week 
there was relative stagnation in absorption at concentrations 
of up to 814 µg g-1 of Cu (Figure 2). The samples of S. 
biloba evaluated in the control treatment presented no 
fluctuation in accumulation values ​​during the experiment 
and showed an initial minimum amount of copper present 
in the plant biomass, at around 12.43 µg g-1 of Cu.

Significant variations were observed in relation to treatment 
with different concentrations of copper (F3,66 = 245.69;  
P < 0.0001), with variation between treatments with 3 
and 5 µg g-1 of Cu compared to control (Tukey HSD, P 
<0.0001). The control treatment did not present any variation 
in relation to the samples submitted to the concentration 
of 1 ppm (Tukey HSD, P = 0.07). The exposure time of 
the plants to the contaminant also showed a significant 
variation (F2,66 = 155.16; P < 0.0001) with an increase in 
accumulation over time. Thus, the interaction between the 
concentration of the contaminant and the exposure time also 
varied significantly (F6,66 = 50.28; P < 0.0001), indicating 
that the degree of concentration of the accumulated copper 
in the samples is associated with the time of exposure to 
the contaminant, as well as its concentration.

As from the 5th day of the experiment we observed that 
some plants presented changes in color, texture and lesions 
in the floating leaves. Possibly, these bad morphological 
conditions, which intensified in the following days, caused 
the death of plants, recorded both in the treatments with the 
contaminant and in the control treatment until the 14th day.

Figure 1. Accumulation of copper in the S. biloba biomass over 14 days of the experiment according to the analysis carried 
out at 0, 7 and 14 days with concentrations of 0, 1, 3 and 5 µg mL-1 of copper.
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4. Discussion

The aquatic macrophyte Salvinia biloba presented 
high values of copper accumulation. This accumulation 
was greatest when the plants were submitted to the 
presence of greater concentrations of the contaminant, 
with an increase in absorption over the experimental 
period (time of exposure to contaminants), showing that 
the species is effective in removing metal in solution. 
Greater concentrations of the metal in the solution also 
caused greater bioaccumulation levels as a result of the 
availability of metal ions to the assimilation processes of 
the plant, that is, the greater the concentration of copper 
in the water, the greater the tendency for accumulation 
by the macrophytes (Kabata-Pendias and Pendias, 2001). 
As well as the concentration, we observed that time is a 
determining factor both in the accumulation process and 
in the viability of the plant due to metal toxicity.

The good performance of Salvinia species in the 
bioaccumulation of metals in different concentrations, as 
well as an increased absorption over the plant exposure 
time is known. Salvinia auriculata Aubl. (Salviniaceae) 
and Eichhornia crassipes (Mart.) Solms (Pontederiaceae) 

cultivated with different concentrations of arsenic (As), 
presented metal accumulation proportional to the time 
of exposure, both in leaf biomass and in roots, however, 
S. auriculata presented higher values ​​for this accumulation, 
as well as increased sensitivity to arsenic (Guimarães et al., 
2006). The same increase in accumulation with respect 
to exposure time and concentration of the contaminant 
was observed in Salvinia sp. for different trace metals 
(Espinoza-Quiñones et al., 2005).

In this study we showed that S. biloba was effective in 
copper accumulation in a short period of time. Compared to 
other species, S. biloba shows itself as a more attractive 
option for phytoremediation programs, since with reduced 
accumulation time, it is possible to work in the filtering of 
water systems in a shorter time scale. The greatest care in its 
use will be the need for the quick removal of the biomass, 
as a system feedback may occur with the degradation of the 
plant material. Although it is a very little studied species, 
it is possible to infer that S. biloba presents potential for 
use as a bio-accumulator, since the accumulation time is 
an important factor in the phytoremediation process, which 
makes the species worthwhile for this purpose.

 Figure 2. Variation in copper accumulation rate throughout the experiment, differentiated by the metal concentrations in 
the S. biloba biomass.
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Macrophytes present varied mechanisms which are 
favorable to the accumulation of metals, being able to 
absorb them into their fibrous roots, rhizomes or leaves 
(Oliveira, 2012). This buildup differs between species 
and parts of plant tissues (Henares and Camargo, 2014; 
Kumar et al., 2012). In general, the roots of macrophytes 
play a key role in the accumulation of substances. For Barros 
and Henares (2015), this is assertive for floating aquatic 
weeds, which absorb most of the nutrients through this 
compartment, with the area and the length of the root 
being factors which influence the absorption of metal ions. 
In studies with macrophytes coming from contaminated 
water systems, the floating species S. auriculata and 
E.  crassipes were highlighted by the high levels of 
mercury (Hg) present in their biomass, mainly in the roots 
(Molisani et al., 2006). However, Salvinia has a significant 
uptake of water and nutrients through its leaves, since of 
course, it maintains its adaxial face in contact with the 
solution (Rodrigues et al., 2016), and being known to have 
presented modified leaves which are adapted to absorption 
(Sculthorpe, 1967). In fact, cadmium absorption values, 
similar between leaves and roots have been observed in 
S. auriculata (Oliveira et al., 2001).

It is also possible that retention of metals in some specific 
tissue occurs, and in this way the bioaccumulation would 
be a response that is more dependent on the individual than 
dependent on the population. Further studies testing the 
bioaccumulation combined with anatomic cuts would be 
important to determine how the retention of heavy metal 
takes place, and in this manner, test the hypotheses related 
to possible occurrence of anomalies in the DNA through 
gene transfer by sexual reproduction.

In this study, analysis of the leaf biomass and 
homogenized roots of S. biloba showed an elevated 
accumulation of copper content, especially in the treatment 
with higher metal concentration. The S. biloba control 
treatment samples had on average 12.43 µg g-1 of copper 
probably originated from the environment in which they 
were collected, or from the chemical composition of the 
plants. Elements such as copper are essential for the normal 
growth and development of plants, however, when present 
in excess, it becomes toxic and can prevent and inhibit 
cellular processes (Yruela, 2005) and be considered as 
one of the most dangerous pollutants to macrophytes in 
this condition (Kumar et al., 2008). Kabata-Pendias and 
Pendias (2001) highlighted that copper in plants has a 
usual concentration of between 5 and 30 µg g-1 and toxic 
limits of between 20 and 100 µg g-1.

In addition to the bioaccumulation process, aquatic 
macrophytes demonstrate applicability when employed in the 
sorption process for removing different substances present 
in wastewater (Módenes et al., 2009, 2013; Pelosi et al., 
2014; Pietrobelli et al., 2013). The wide distribution, rapid 
production, adaptability, variety of groups, low cost and 
the possibility relating to the reusability of the biomass, 
these plants are attractive and promising species in the 
remediation of affected environments. And so studies 
with macrophytes may contribute significantly to the 

issues related to water resources, especially in the face 
of widespread problems of scarcity and contamination of 
surface water, which require urgent and effective solutions. 
Furthermore, they may respond by various environmental 
alterations and can be useful as a parameter for monitoring 
water quality (Rocha et al., 2012).

Some S. biloba plants present in all treatments 
presented changes in color and texture, marginal lesions 
on the floating leaves, reduction of biomass as well as 
high mortality, as reported in literature for other Salvinia 
species (Guimarães et al., 2006; Wolff et al., 2009, 2012). 
Symptoms like these are typical of the toxicity of metals 
to macrophytes, some however, may be specific to each 
species (Guimarães et al., 2012). These authors observed 
in the Azolla caroliniana Willd. (Azollaceae), Salvinia 
minima (Salviniaceae) and Lemna gibba L. (Araceae) 
species specific effects of arsenic toxicity, such as purpling, 
necrosis and size reduction in the plant leaves. Peixoto et al. 
(2005) reported the occurrence of morphological lesions 
in trichomes and adaxial portion of the leaf blade in 
S. auriculata, inferring a possible oxidative stress in response 
to fluoride accumulation in the leaves. Root senescence 
and necrosis in floating leaves were indicated as effects of 
copper toxicity in Salvinia molesta (Mitchell), responsible 
for reducing plant biomass (Barros and Henares, 2015).

In general, Salvinia biloba presents potential use as a 
bioindicator and phytoremediator in aquatic environments 
contaminated by high copper concentration, above the 
established by applicable law (Brasil, 2005). The macrophyte 
performed well in the accumulation of copper in all tested 
proportions, highlighting the treatment with 5 µg mL-1 of 
the contaminant in which the there was an accumulation 
about 740-fold higher metal in plant biomass compared 
to levels found in the initial samples. Accumulation levels 
were higher in treatments with higher proportions of the 
component and increased over time of exposure of the 
plants to the contaminant. The plants showed sensitivity to 
copper, confirming the toxicity of the metal to the species 
at high concentrations. Finally, the most important result 
was the exposure time, because with rapid accumulation, 
the phytoremediation process should be conducted with 
caution, as the accumulated metal can feed back into the 
water system by way of the degradation of plant tissues.
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