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Introduction1
T

The Rodrigo de Freitas 

Lagoon is located in the 

southern region of the city 

of Rio de Janeiro, and is a 

main tourist attraction, with 

great ecological importance. 

However, it has been undergoing a pollution 

process for several years, due to the contribution 

of in natura sewage (ANDREATA & MARCA, 1996).

According to the limits permitted by Brazilian 

CONAMA Resolution 274/2000 and CONAMA 

357/2005 regarding water quality, results obtained 

in 2015 and in February 2016 indicate that certain 

parameters are well above those allowed for class

2 (brackish water) used in secondary contact 

activities. Thermotolerant fecal coliforms reached 

2,400,000 thermotolerant fecal coliforms MPN /100 

mL, when the limit is 2,500 MPN thermotolerant 

fecal coliforms /100 mL. This may have been a 

consequence of the rainy period, since during the 

rainy season the sampling system is overflowed 

with sewage due to rain (Oliveira, in press).

In February 2016, USU’s Marine Ecology Laboratory 

initiated a partnership with Curtin University 

(Australia) and O2ECO, the company representing 

the Water Cleanser® (WC) product, that contains 

trace elements that stimulate nitrogen cycle 

bacteria to reduce ammoniacal nitrogen, nitrite 

and nitrate, while also improving BOD and other 

important parameters required for adequate water 

quality. The product, thus, promotes bioremediation 

through biostimulation.

Biochemical degradation of contaminants in 

a certain medium can be performed through 

bioremediation, which, in general, consists 

of increasing the local microbial population 

(BERNOTH et al., 2000 & SILVA et al., 2004).

Among bioremediation strategies is biostimulation, 

which is applied in situ and seeks to stimulate 

the growth of the native microbial population by 

creating favorable environmental conditions for 

its development in the contaminated site, with 

nutrients and co-substrates, in order to accelerate 

degradation of contaminating compounds.

However, heavy metals such as cadmium and lead 

are not absorbed or captured by microorganisms, 

but can be transformed into less harmful 

compounds. An important factor for the success of 

this technique is that bacteria capable of degrading 

the target pollutant should already be present in 

the environment (LEE & DE MORA, 1999; MACEDO 

et al., 2002; EPA, 2004; GAYLARDE et al, 2005).

The Water Cleanser® (WC) product has been 

applied successfully in other countries such as 

Australia, New Zealand, andMexico, among others. 

However, the question arose as to whether this 

product could impact the aquatic biota of the 

Rodrigo de Freitas Lagoon.

In this context, the present study aims to evaluate 

the possible impact of the Water Cleanser® (WC) 

on the planktonic community of the Rodrigo de 

Freitas Lagoon, by evaluating its effects on water 

quality.
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To verify the possibility of 

improving water quality by 

the treatment of polluting 

sources, the Marine Ecology 

Laboratory at USU set up a 

system with six 100 L tanks, 

assembled on April 26, 2016. Water was collected 

from the Rodrigo de Freitas Lagoon,

Stored in 100L containers until arriving at the 

laboratory and then distributed on the same day 

between six tanks. WC was cut into 30cm x 5cm 

pieces and distributed in the four experiment tanks. 

The experiment was repeated three times, totaling 

18 replicates, including 6 controls.

Ammoniacal nitrogen, nitrite nitrogen, nitrate 

nitrogen, phosphorus, and the planktonic 

community were monitored.

The analyses were performed weekly and the 

variations of each tank were monitored. The tanks 

The tanks presented variations 

over time for all analyzed 

parameters, decreasing 

during the fourth week of the 

experiment.

Increases in ammoniacal 

nitrogen were registered mainly during the second 

were maintained at 23 ° C and 10 salinity.

The parameter values obtained in the experiments 

were compared with the maximum permissible 

limits accepted by Brazil’s National Environmental 

Council of Resolutions, CONAMA 357 and CONAMA 

430. 

The nutrients were measured by photometric 

methods at the Chemistry Laboratory at USU. 

Ammonia Nitrogen was measured by the Nessler 

method. Nitrite was analyzed by the Naphthylamine 

method, while Nitrate was determined by the N-(1-

naphthyl)-ethylenediamine method. 

Orthophosphate and phosphate were determined

by the Ascorbic Acid digestion Method.

An NMDS (Non-metric Multidimensional Scaling) 

statistical test by Euclidean distances was 

performed to analyze the differences between the 

experiment tanks.

week, except in tank WC1, that presented an 

increase during the third week (Figure 1).

Ammoniacal nitrogen was well below the limit 

determined by CONAMA, of 20 mg. L-1  in all tanks.
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F I G U R E  1 

Ammoniacal nitrogen variations throughout the experiment..

F I G U R E  2 

Nitrite variations throughout the experiment.

M
Mean nitrite concentrations were also below the limit determined by 

CONAMA 357 and CONAMA 430, in all tanks. The highest values were 

recorded during the second week, except in control tank 1, which presented 

a decrease to less than 0.05 mg.L-1 . In the fourth week, all tanks showed 

nitrite concentrations below 0.1 mg.L-1 (Figure 2).
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Mean nitrate concentrations were also below the limit determined by 

CONAMA 357 and CONAMA 430, in all tanks. The highest values were 

recorded during the third week, following the transformation of ammonia to 

nitrite and from nitrite to nitrate. With the exception of control tank 1, all tanks 

presented values below 0.1 mg.L-1 during the fifth week (Figure 3).

Mean phosphate values were below the limit determined by CONAMA 357 

and CONAMA 430 in all tanks, with the highest concentrations recorded in 

the contros. With the exception of tank WC3, the other WC-containing tanks 

presented values below 0.05 mg.L-1 after the fourth week (Figure 4).

F I G U R E  3

Nitrate variations throughout the experiment.

F I G U R E  4

Phosphate 

variations 

throughout the 

experiment
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The most significant decrease occurred during the fourth week, with all nutrients 

presenting values below 0.05 mg.L-1, except for nitrate, that maintained mean 

values of 0.14 ± 0.09 mg.L-1 (Figure 5).

The WC-containing tanks presented significant improvements in water quality in

one week, providing conditions for the development of aquatic biota, and filtering 

strata (barnacles), which were recorded in all tanks (Figure 6). These cirripids came 

in the form of larvae when the Rodrigo de Freitas Lagoon water was collected, so 

the plankton present in the water found good conditions for development to the 

adult form.

F I G U R E  5

 Means and standard deviations of the nutrient in WC-containing tanks

F I G U R E  6

Barnacle adult 

and larvae 

attached to the 

glass in a WC-

containing tank.
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When applying the NMDS analysis through Euclidean distance, it was

demonstrated that tanks WC2 (T2), WC3 (T3) and WC4 (T4) had the largest 

number of organisms reaching the adult stage, followed by tank WC1 (T1). 

The control tanks showed much lower densities of organisms reaching the 

adult stage (Figure 7).

F I G U R E  7 

 NMDS analyses of the Euclidean distance of the composition of benthic

filtering organisms in the experiment tanks.

S T R E S S  0
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T3
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C 1
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Most studies on bacteria 

dynamics in the aquatic 

environment analyze 

factors that vary on 

a time scale, such as 

months or seasons. 

In temperate ecosystems, seasonal changes in 

temperature, organic matter and nutrients, such as 

inputs from melted snow or water column mixtures, 

and phytoplankton blooms, among others, lead

to changes in the abundance and production 

rates of bacterioplankton and, consequently, 

nitrogenous compounds (Sondergaard,1997; 

Biddanda & Cotner, 2002;

McManus et al., 2004). In tropical ecosystems, 

bacterioplankton growth seems to be related 

mainly to seasonal alternations between 

allochthonous and autochthonous resources, with 

a correlation between bacteria and nitrogenous 

compounds. Reducing the source of nutrients from 

domestic sewage sludge can reduce the number 

of pathogenic bacteria and favor increases in the 

diversity of the aquatic biota.

Increasing interest in solutions applying different 

technologies and strategies for the improvement 

of water quality in environments polluted by 

anthropogenic sources has been observed. One of 

these solutions is the use of genetically modified

microorganisms that would present better catabolic 

potential than native species that could be used for 

bioremediation (Wrobleski, 2014). However, there is 

concern about the use of these microorganisms, 

since there may be uncontrollable dispersion and

irreversible impacts (Papinazath & Sasikumar, 2014).

The WC product is a nitrifying bacteria biostimulator, 

composed of trace elements that allow for the 

action of these organisms. The product stimulates 

the already existing bacteria in the environment to 

complete the nitrogen cycle, and does not bring 

any new bacteria at all. This type of solution has 

lower costs when compared to chemical solutions 

or solutions that use equipment with electric power 

sources.

Kamath (2008) collected information on 

bioremediation applications in Central European 

and Indian lakes, and indicated satisfactory 

results, but raised the issue that there is need 

for the application of other types of techniques 

in conjunction with bioremediation for better 

control of the pollutant factors of lakes in large 

lakes. Coelho et al. (2015) states that, in order 

to obtain large scale and higher efficiency, it is 

necessary to apply techniques to overcome the 

limitations of the bioremediation process, such 

as genetic engineering, to develop more efficient 

microorganisms.

All WC-containing tanks presented decrease in the 

evaluated nutrient levels.

Nitrate was present in the highest concentrations 

following the nitrification process in most of the 

tanks, from the decomposition and release of 

ammoniacal nitrogen, its transformation to nitrite 

and then to nitrate.

The control aquaria presented reduced nutrients, 

because they present bacteria in the water 

responsible for nitrification. However, they did not 

show growth of meroplankton species until the 

fixation phase as observed in WC-containing tanks.
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The main difference between 

the control tanks and the WC-

containing tanks was aquatic 

biota fixation to the tank walls. 

The control tanks did not 

present organisms, while the 

others formed a benthic biota that arrived in the form 

of larvae at the beginning of the experiment. From 

the NMDS analysis through Euclidean distances 

it was possible to observe the control tanks were 

separated from the others when comparing the 

abundance of filtering organisms fixed in the tanks. 

Thus, it can be concluded that the plaque that 

Twelve replicates of WC were 

evaluated and no negative 

impact was recorded on aquatic 

biota. The meroplankton larvae 

of cirripedes and bivalves 

developed until the adult 

phase and fixed to the walls of the tank. The control 

tanks, without WC, presented lower numbers of 

organisms fixed to the walls.

stimulates nitrification bacteria did not negatively 

influence the aquatic biota; on the contrary, the 

water quality in the WC-containing tanks favored 

organism development until the adult phase. In 

this scenario, this new biostimulation technology 

could be used to reduce the pollution of Rio de 

Janeiro lagoons, used alongside strategies for 

the treatment of domestic and industrial sewage. 

Studies should be conducted to analyze the 

best strategy for each ecosystem, since biota 

composition varies from lagoon to lagoon.

Ammoniacal nitrogen, nitrite, nitrate and phosphate 

reached values close to zero, indicating water 

quality improvement in all WC-containing tanks.

Biostimulation techniques can offer lower costs 

compared to traditional remediation and can be 

implemented on a large scale, being considered 

an efficient solution for the decontamination of Rio 

de Janeiro lagoons.
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