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Biofilter efficiency of Eichhornia crassipes in wastewater treatment of fish farming

in Amazonia

Eficiencia de Eichhornia crassipes como biofiltro en el tratamiento de aguas residuales de la

piscicultura en el Amazonas

Rubim MAL!, PR Isolino Sampaio!, P Parolin®*

Abstract. Fish is a very important part of the human diet in Ama-
zonia. Near the growing cities, fish populations and individual size
have decreased over the past decades. Alternatives to traditional and
industrial fishing arise, including fish farming. Strategies to minimize
the impact of fish farms on the environment are needed to have a reg-
ular and healthy fish supply. This is to avoid a reduction of biodiversity,
a depletion of natural resources, and/or the induction of significant
changes in the structure and functioning of adjacent ecosystems. Very
little research has been performed on management of effluents as to
maintain the quality of water resources. The present study aimed at
testing the efficiency of the Amazonian aquatic macrophyte Eichhor-
nia crassipes as a biofilter for the treatment of effluents from fish farm-
ing. In three filtering treatments (50%, 75% and 100% plant cover)
and a control (0%), physical and chemical properties of the water were
measured and analyzed in a nursery with fish after passing the biofilter
system, with a hydraulic retention time of 24 hours. The analyzed vari-
ables showed no significant differences (p>0.05) among the treatments
with 50-100% cover, indicating that 50% cover would be enough for
a good efficiency of the biofilter. All parameters were reduced after
passage of the biofilter under the presence of E. crassipes: 73.7% for
electrical conductivity, 15% for pH, 84.5% for turbidity, 86.8% for ni-
trite, 69% for total phosphorus, and 77.8% for orthophosphate. The
concentrations of total nitrogen, nitrate and ammonium ions were not
significantly changed (p>0.05). We conclude that E. crassipes is ef-
fective in improving the quality of effluents from fish farming, with
less efficiency for nitrogen compounds. Our treatment system can be
adopted by small and medium-sized farmers, aiming at a sustainable
employment of the activity.
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Resumen. El pescado es una parte muy importante de la dieta humana
en el Amazonas. Cerca de las ciudades en crecimiento, las poblaciones de
pescado y el tamafio individual han disminuido en las Gltimas décadas. Sur-
gen alternativas a la pesca tradicional e industrial, incluyendo la produccién
de pescado en criaderos. Se necesitan estrategias para minimizar el impacto
ambiental de dicha produccién en criaderos para obtener un abastecimien-
to continuo de pescado saludable. Esto es para evitar una reduccién de la
biodiversidad, una reduccién de los recursos naturales, y/o la induccién de
cambios significativos en la estructura y funcionamiento de los ecosistemas
adyacentes. Se ha efectuado muy poca investigacién sobre el manejo de
efluentes para mantener la calidad de los recursos hidricos. El objetivo de
este estudio fue investigar la eficiencia de la macréfita acudtica del Amazonas
Eichhornia crassipes como biofiltro para el tratamiento de efluentes, resultado
de la produccién de pescado familiar. Las propiedades fisicas y quimicas del
agua se midieron y analizaron en un criadero con peces después de pasar por
el sistema de biofiltro, con un tiempo de retencién hidraulica de 24 horas. Se
utilizaron tres tratamientos de filtrado (50, 75 y 100% de cobertura vegetal)
y un control (0%). No hubo diferencias significativas (p>0,05) en las varia-
bles analizadas entre los tratamientos con 50-100% de cobertura vegetal,
indicando que un 50% de cobertura vegetal serfa suficiente para una buena
eficiencia del biofiltro. Todos los parimetros se redujeron luego de pasar por
el biofiltro con la presencia de E. crassipes: 73,7% para conductividad eléctri-
ca, 15% para pH, 84,5% para turbidez, 86,8% para nitrito, 69% para fésforo
total, y 77,8% para ortofostato. Las concentraciones de nitrégeno total,y de
los iones nitrato y amonio no cambiaron (p>0,05) significativamente. Con-
cluimos que E. crassipes es efectivo para mejorar la calidad de los efluentes
que provienen de los criaderos de peces, con una menor eficiencia para los
compuestos nitrogenados. Nuestros resultados pueden ser utilizados por
productores de pequefia a mediana escala, pensando en un empleo sostenido
de la actividad.

Palabras clave: Acuicultura; Amazonas; Efluente; Piscicultura;
Biofiltros; Macréfitos acudticos; Jacinto de agua.
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INTRODUCTION

Aquaculture is developing in the Amazon region over the
past decades. It is gaining importance due to (1) the high and
continuous reduction of natural fish stocks, and (2) many
positive factors naturally available, such as abundance of wa-
ter, climatic conditions and increased demands for fish. In the
State of Amazonas, this demand is basically favored by the
high consumption of fish by the local population, one of the
biggest consumers of fish in the world (Soares & Junk, 2000).
On average, 160 g of fish per capita per day are consumed in
the city of Manaus, and more than 500 g per capita per day
in the rural zones of Central Amazonia, with a maximum of
805 g per capita per day recorded in Rio Japurd (Batista et
al., 1998, Freitas et al., 2012). Thus, fish is a major source of
protein in a region with a fast growing population (Soares &
Junk, 2000). Highly abundant fish stocks of several species
have supported an important fishery for many decades (Frei-
tas et al., 2012). However, the abundance and size of fishes
is shrinking due to environmental changes and man-made
interventions. As a result, an integrative strategy for fishery
management is missing (Soares & Junk, 2000, Freitas et al.,
2012). Thus, aquaculture is a promising alternative to fisheries.
However, fish farming in aquaculture is a potential polluting
activity, and causes several adverse effects to the environment
(Pillay, 1992; Jegatheesan et al., 2011). Fish are concentrated
in high densities and receive continuous food supply. This leads
to high concentrations of nutrients and organic residues in
the water system causing eutrophication and changes of spe-
cies composition and abundance of various aquatic organisms
(Bird, 1993). Suspended solids, dissolved organic substances,
compounds of nitrogen and phosphorus, and other chemi-
cals accumulate (Jegatheesan et al., 2011). Because of this,
fish farming generates effluents which affect the surround-
ing ecosystems after disposal of the nursery waters (Castel-
lani & Barrella, 2005). The ecosystems where aquaculture is
inserted must be preserved to have a regular and healthy fish
supply (Garutti, 2003). Strategies to minimize the impact of
fish farms on the environment are needed to avoid (1) a re-
duction of biodiversity, (2) a depletion of natural resources,
and (3) an induction of significant changes in the structure
and functioning of adjacent ecosystems (Pddua, 2001; Dosdat,
2002). The relationships between the activities of aquaculture
and the environment are of significant economic importance
(Black, 2001). Maintenance of a good water quality is critical
to achieve satisfactory production levels in aquaculture (Je-
gatheesan et al., 2011). The sustainability in its performance
and preservation of the surrounding environment are highly
relevant, besides focusing on aspects of production, income,
and social development (Maciel & Valenti, 2009).

In the Amazon, aquaculture in constructed wetlands does
not have a long tradition (Soares & Junk, 2000). It is limited
by the required physical and technical infrastructure, and op-

erational costs (Santos & Santos, 2005). At present, no sur-
veys are available which analyze fish farming in the Amazon,
nor the influence of effluents and their potential treatments
to minimize possible impacts on the receiving water bodies
in Amazonian ecosystems. Research on this whole field is
needed to (1) assess information about the management of
effluents to maintain the quality of water resources, and (2)
subsidize public policies for this sector.

In this paper, we focused on the use of local plants for the
treatment of effluent wastewaters. This is because one way to
increase the quality of the effluents is using floating plants as
biofilters (Schwartz & Boyd, 1995; Tilley et al., 2002; Hussar
et al., 2005, Henry-Silva & Camargo, 2006; Jegatheesan et
al., 2011, Buhmann & Papenbrock, 2012). Local Amazonian
macrophytes such as Eichhornia crassipes are efficient biofilters
in Amazonia (Roquete Pinto et al., 1993; Roquete Pinto &
Pereira, 2000; Sipatuba-Tavares et al., 2002; Henry-Silva &
Camargo, 2006, 2008) and around the world (Tiwari et al.,
2007; Akinbile & Yussoft, 2012). Water hyacinth is consid-
ered as the most efficient aquatic plant used in removing a
vast range of pollutants such as organic matter, nutrients and
heavy metals (Kutty et al., 2009).

However, there is still a lack of knowledge about the effi-
ciency of Eichhornia crassipes, and its practical application, as a
result of its extremely fast growth (Sculthorpe, 1985; Madsen,
1993).This is related to a rapid covering of the water surfaces,
which in nature and aquaculture plays an enormous role for
the fauna and water quality (e.g., oxygen, light) in the un-
derneath water body. Therefore, our study aimed at evaluating
the effect of Eichhornia crassipes as biofilter. Various percent-
age cover of this species were used in aquaculture for the lo-
cal Amazonian fish Brycon amazonicus Spix and Agassiz, an
important protein resource in the Amazonian diet (Lovshin
et al., 1997).

MATERIALS AND METHODS

We performed an experiment at the Amazon Research In-
stitute (INPA), Manaus, Brazil, using a completely random-
ized design with four treatments (T), each with three repeti-
tions: T1 = 100% plant cover; T2 = 75%; T3 = 50%; T4 = 0%
(control, without vegetation cover). The fresh weight biomass
of E. crassipes corresponding to each treatment was: T1 = 9.60
+0.56 ke; T2 = 7.20 + 0.42; T3 = 4.80+ 0.28 ke T4 = 0 ke,

The nursery covered an area of 144 m?, whose effluent was
drained and distributed to the biofilter system through 25
mm PVC pipes (Fig. 1).

The macrophytes were collected in a natural protected en-
vironment in the municipality of Manacapuru, Amazonas,
Brazil, and transported to the site of the experiment in plastic
buckets. We collected young individuals of E. crassipes. The
experimental units were composed of fiberglass tanks (3.7 x
0.45 m, 0.20 m high). The effluent retention period in each
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Fig. 1. Experimental setting.
Fig. 1. Diseno experimental.

tank was 24 hours. The efficiency of the system was evaluated
through measures and analyses of physical and chemical vari-
ables of wastewater.

The focal fish was Brycon amazonicus Spix and Agassiz,
matrinxd in the local language (Lovshin et al., 1997). Stock-
ing density was 32 fish weighing between 1 and 1.5 kg, fed
daily with 3 to 4 kg of extruded commercial ration containing
40% crude protein.

Physical and chemical parameters of the water. We mea-
sured several variables in the treatments with different plant
cover and in the effluent of the nursery. pH, electrical conduc-
tivity and turbidity were assessed with portable equipments
(Quimis Q400A, GEHAKA CG-220, and POLILAB, re-
spectively). The methodology for the determination of total N
was adapted from APHA (2005), and ammonium was mea-
sured by the Nessler method. Nitrate (NO,) was reduced to
nitrite (NO,") by using a cadmium amalgam column and sub-
sequent digital spectrophotometry (Sigma, 20 Genesys, sen-
sitivity limit 0.01 mg/L) analyses using the method of Grass-
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hoff. Ortho-P and P-total were analyzed by colorimetry with
ascorbic acid in a digital spectrophotometer (A = 882 nm).
The data were subjected to analysis of variance (ANOVA) and
Tukey’s test for comparison of averages of physical and chem-
ical variables between treatments, using a significance level of
5% (p=0.05). The tests were carried out using the statistical
program ASSISTAT 7.5 beta version.

RESULTS

Physical and chemical parameters of the effluents from
the nursery differed significantly from the control treatments
(Fig. 2, Table 1). The treatments with 100%, 75% and 50%
of coverage with the aquatic macrophyte E. crassipes did not
present significant differences between them (Table 1).

The pH of the nursery water was slightly alkaline. After
passage through the biofilter, the effluent was more acid. All
treatments had a strong influence on pH, the 75% coverage

had the highest influence on pH reductions as compared to
the control (Table 1).
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Table 1. Average + standard deviation for the physical and chemical variables in each treatment and in the effluent. Means followed by
the same letter are not statistically different from each other. Tukey test was applied with 5% level of probability.

Tabla 1. Promedio + desviacion estandar para las variables fisicas y quimicas en cada tratamiento y en el efluente. Los promedios seguidos
por la misma letra no difieren estadisticamente. Se aplico la prueba de Tukey con un 5% de probabilidad.

Limnological parameter Effluent from Treatment
nursery Control (0%) 100% 75% 50%

pH 7.69 £ 1.33 6.37 £+ 0.35 5.45 £0.45 b 543+039 b 547+042 b
Conductivity (u/S/cm) 41.47 £24.78  26.12 +15.04 12.40+15.04 b 10.92+3.09 b 11.52+5.58 b
Turbidity (NTU) 8.80 +5.52 4.92 +3.64 1.66 = 0.75 b 152+066 b 136083 b
Nitrite NO, (mg/L) 0.126 £ 0.014 0.029 = 0.028 0.019 £ 0.014 b 0.017£0.013 b 0.019+0.013 b
Nitrate NO, (mg/L) 0.392 £ 0.212 0.021 £ 0.022 0.031 £ 0.018 a 0.030 £0.018 a 0.021+0.011 a
Ammonium NH, (mg/L) 0.256 + 0.091 0.110 + 0.046 0.093 + 0.056 a 0.138 £0.167 a 0.088+0.074 a
N-total (mg/L) 1.994 + 1.055 1.087 + 0.533 0.851 £ 0.574 0.834 £ 0.630 0.798 £ 0.634
P-total (mg/L) 0.063 £ 0.016 0.059 £ 0.014 0.019 £ 0.004 0.020 + 0.005 0.019 £ 0.004
P-Ortho (mg/L) 0.047 £ 0.013 0.046 + 0.013 0.010 = 0.004 b 0.011 £0.002 b 0.010+0.003 b

Turbidity differed significantly (p>0.05) between treat-
ments and control (4.92 Nephelometric Turbidity Unit -
NTU). The lowest value was found with 50% coverage (1.36
NTU). Differences between the three coverage treatments
were small and not significant, all treatments showing low
turbidity values. The same pattern of variation was observed
for electric conductivity, where significant differences were
found between the control and the treatments, but the three
coverage treatments gave similar results.

Nitrite presented the lowest content (0.017 mg/L) in the
treatment with 75% of coverage (Table 1). Nitrate, ammonia
and NT did not differ among treatments (Fig. 2).

The levels of phosphate compounds were strongly reduced
after passing the biofilter, both P-total (0.059 - 0.004 mg/L)
and P-Ortho (0.046 - 0.002 mg/L) without significant differ-

ences in the three treatments (Table 1).

DISCUSSION

'The use of Eichhornia crassipes as biofilter proved to be effi-
cient in our experiments and is promising for the treatment of
effluents from fish farming in constructed wetlands in Ama-
zonia. We found good results in the removal of polluting com-
pounds contained in the effluents, especially related to phos-
phate compounds, nitrite, pH and turbidity. The efliciency of
E. crassipes is probably associated with the huge development
of the root system (Debusk et al., 1989). Henry-Silva and Ca-
margo (2006) observed 90% reduction of turbidity in areas
colonized by E. crassipes, and Lin et al. (2005) described 99%,
with turbidity values below 0.2 NTU and never higher than
0.8 NTU. Both studies related this to the root system. Even

small amounts of plants have a large root biomass. Therefore,

a small coverage of the water surface (50%) with E. crassipes
is sufficient given that higher coverages did not have further
positive impacts on water quality.

Changes of pH and conductivity. The observed reduc-
tions of pH in the effluent after treatment might be related
to the presence of micro-organisms associated with the rhizo-
sphere of the macrophytes, which would cause changes of the
surrounding pH through the processes of respiration and de-
composition (Wolverton, 1989; Lin et al., 2005). The slightly
acidic characteristics of the water after the treatment, which
would eventually be released into the natural environment, is
congruent with the natural characteristics of waters of small
rivers in Amazonia. Electrical conductivity is influenced by
the presence of macronutrients (calcium, magnesium, potas-
sium, sodium, chloride, sulfate, carbonate). The observed de-
crease after biofilter passage might be attributed to the use of
these macronutrients in the metabolism of plants which ab-
sorb them from the aquatic environment. Boyd (1990) points
out that high concentrations of calcium and magnesium help
in coagulation and precipitation of colloids favoring growth.

Changes of nitrogen- and phosphorus-related com-
pounds. Uptake of nitrogen-related compounds as well as
phosphorus-related compounds by aquatic macrophytes varies
strongly from species to species (Sculthorpe, 1985), and hap-
pens through the root system. In our experiment, total nitro-
gen, nitrate, and ammonia were not significantly influenced by
the presence of E. crassipes. Other macrophytes, such as Elodea
densa, remove approximately 25% of nitrogenous forms (N-
ammonia, N-nitrite and N-nitrate) of efluents from aquacul-
ture with ornamental fish (Ng et al., 1990). Kutty et al. (2009)
found that in Malaysia where E. crassipes was used for filtering
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Fig. 2. (A) Electrical conductivity (u/S/cm) and pH; (B) turbidity (NTU) and nitrite (mg/L); (C) nitrate and N-total (mg/L); (D) ammonia and
P-total (mg/L) in the effluent of the nursery and the different treatments.
Fig. 2. (A) Conductividad (u/S/cm) y pH; (B) turbidez (NTU) vy nitritos (mg/L); (C) nitratos y N total (mg/L); (D) amoniaco y P total (mg/L) en el

efluente y en los distintos tratamientos.

effluent municipal wastewater, 81% of ammonia and 92% of
nitrate were reduced by the plant. Petrucio and Esteves (2000)
analysed Eichhornia crassipes in subtropical Brazil, where it ex-
hibited the highest rates of nitrate and ammonia reduction in
the water. This indicates that E. crassipes has the potential to
do it. However, under the conditions of our experiment it was
not as eflicient in reducing the concentration of these ions as
it showed to be in other experiments. This might be the result
of a reduced presence of nitrogen-fixing bacteria that live in
semi-symbiosis or in the rhizosphere of plants (Patriquim &
Knowles, 1970). It was observed that nitrogen is not fixed un-
less E. crassipes suffers extreme nitrogen deficiency (Purchase,
1977), and therefore N-compounds are accumulated.

Nitrite was reduced by 42% by the activity of E. crassipes.
'This was also observed by Henry-Silva and Camargo (2006),
with 36.2% reductions, and by Schwartz and Boyd (1995)
with 43-98% reductions. Nitrite is toxic to fish, especially in
an environment where high temperature and daily fluctua-
tions in dissolved oxygen may aggravate nitrite intoxication
(Costa et al., 2004). Eichhornia crassipes should be able to pre-
vent that the fish’s performance be compromised in aquacul-
ture by efficiently reducing nitrite.

Orthophosphate (P-Ortho) was reduced by up to 77% and
total phosphorus (P-total) by 68%, independent of plant cover
percentage. Similar reductions (71.8% and 82.0%, respective-
ly) were observed by Henry-Silva and Camargo (2006). Phos-
phorus removal was considerably higher than in other systems
used for the treatment of efluents (DeBusk et al., 1983).

In our study, E. crassipes was less efficient in the removal
of nitrogenous than phosphate forms. The same was noted by
Henry-Silva and Camargo (2006), although some authors re-

port that the species is more efficient at removing nitrogenous

forms (Dunigan et al., 1975; Sooknah & Wilkie, 2004).

IMPLICATIONS

Aquaculture is a promising alternative to the exploitation
of different species of fish, shrimps, or other aquatic protein
sources. However, management plans are needed in order to
assure long-term sustainability (Maciel & Valenti, 2009). As a
result, the control and cleaning of the wastewater is imperative.
Our results showed the efficiency of the aquatic macrophyte
Eichhornia crassipes to reduce nutrient concentrations and the
amount of particulate organic material in the effluent of fish
farming. Statistical analysis showed that the different percent-
ages of coverage (50%, 75% and 100%) with the macrophyte
showed no differences between them. Therefore we conclude
that the treatment with lowest vegetation cover (50%) is suffi-
cient for improving the quality of the effluent under the given
environmental conditions. The use of biofilters can be adopted
in fish farms of small and medium businesses considering the
low cost of deployment. They also contribute to minimize the
impact on water resources. It is important to emphasize that
the adoption of this technique may prevent potential conflicts
about multiple uses of water resources in areas of fish pro-
duction in the Amazon region. Freshwater usually is not a
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limiting resource in the Amazon basin, but this may change
for some periods of the year because of recurring and increas-
ing periods of drought (Laurance et al., 2002; IPCC, 2007;
Marengo et al., 2008; Phillips et al., 2009).

One important aspect to consider if growing E. crassipes
outside of its native area of distribution, is that this species is
highly invasive. As a result, it already represents a major threat
in wetlands all over the world (Vietmayer, 1975; Holm et al.,
1977; Oberholzer, 2002; Parolin et al., 2010, 2012). It outcom-
petes local species by its immense growth rates, covering natu-
ral wetlands with large monocultures and thus reducing bio-
diversity (Gowanloch, 1944; Holm et al., 1977; Gutierrez et
al., 2001; Parolin et al., 2012). Therefore, we recommend that
Eichhornia crassipes should be employed only in Amazonia, and
that other /ocal, fast-growing macrophyte species be tested for
their use as biofilters in aquaculture in other continents.

The implementation of well-managed and controlled
aquaculture systems may have an overall positive impact. Hu-
man population growth and an increasing demand for food
(fish protein) in the region is a fact. In order to limit defores-
tation and land degradation in Amazonia (Fearnside, 2005),
fish farms may provide serious alternative income and protein
sources, and play an important role in the future. As long as
efforts to mitigate detrimental environmental effects are un-
dertaken, aquaculture may even reduce deforestation signifi-
cantly. This is especially true in areas where soils provide only
a few years of crop production (Halpern, 2012).

As recently analysed for the Peruvian lowlands, aquacul-
ture has the potential to reduce deforestation in the Amazon:
“An extra square meter of aquaculture reduces the area defor-
ested for crops on approximately a one for one basis. However,
aquaculture should maintain its productivity for much longer
than cropping, as it does not depend on soils whose fertility
can be exhausted in a few years. Our simulations, based on
our survey results, indicate that over time aquaculture should
reduce deforestation significantly” (Halpern, 2012).
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