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Abstract

Aguaculture is growing rapidly around the world. In Brazil, fish farming in net tanks has high potential due its large
number of reservoirs. However, cultivable areas of tanks with a high fish density may be more susceptible to
eutrophication compared to other production systems, and may impair the ecosystem where they are installed.
Therefore, attention is needed to this type of system to avoid environmental impacts. The objective of this study was
to evaluate the influence of a fish farming in net tanks on the water quality of the Furnas reservoir, Brazil. For
physical-chemical analysis, water samples were collected monthly during two production cycles. The results were
compared to the limits proposed by the environmental legislation for water bodies in Brazil. It was noted that nitrite
and phosphate presented mean values higher than those allowed; however, these results were not associated with fish
farming, and there is no influence on the water quality of the Furnas reservoir during the study period. Water quality
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in the reservoir may be influenced by other activities developed in its basin, such as livestock and intensive agriculture
that use many fertilizers, released into the reservoir through runoff.
Keywords: Environmental impact; Aquaculture; Tilapia farming.

Resumo

A aquicultura vem crescendo rapidamente em todo o mundo. No Brasil, a piscicultura em tanques-rede apresenta
elevado potencial devido ao seu grande nimero de reservatérios. Entretanto, areas cultivaveis de tanques com altas
densidades de peixes podem ser mais susceptiveis a eutrofizacdo em relacdo aos outros sistemas de producéo,
podendo influenciar o ecossistema onde estdo inseridos. Portanto, é necessaria atencdo a este tipo de sistema para
evitar impactos ambientais. O objetivo deste estudo foi avaliar a influéncia de uma piscicultura em tanques-rede na
qualidade da agua do reservatorio de Furnas, Brasil. Para analises fisico-quimicas, amostras de agua foram coletadas
mensalmente, durante dois ciclos de producgdo. Os resultados obtidos foram comparados aos limites propostos pela
legislacdo ambiental para corpos d'agua no Brasil. Foram notados que os parametros de nitrito e fosfato apresentaram
valores médios superiores aos permitidos, contudo, estes resultados ndo foram associados a piscicultura, ndo havendo
influéncia significativa na qualidade da agua do reservatorio de Furnas durante o periodo de estudo. A qualidade da
agua no reservatério pode ser influenciada por outras atividades desenvolvidas em sua bacia, como a pecuaria e a
agricultura intensiva que utilizam muitos fertilizantes, lancados no reservatorio pelo escoamento.

Palavras-chave: Impacto ambiental; Aquicultura; Cultivo de tilapia.

Resumen

La acuicultura esta creciendo rapidamente en todo el mundo. En Brasil, la piscicultura en jaulas tiene un alto potencial
debido a su gran cantidad de reservorios. Sin embargo, las areas cultivables de estanques con alta densidad de peces
pueden ser mas susceptibles a la eutrofizacion en relacion con otros sistemas de produccién, lo que puede influir en el
ecosistema donde se insertan. Por lo tanto, es necesario prestar atencion a este tipo de sistemas para evitar impactos
ambientales. El objetivo de este estudio fue evaluar la influencia de la piscicultura en tanques-red sobre la calidad del
agua del embalse de Furnas, Brasil. Para los anélisis fisico-quimicos, se recolectaron muestras de agua mensualmente,
durante dos ciclos de produccion. Los resultados obtenidos fueron comparados con los limites propuestos por la
legislacién ambiental para cuerpos de agua en Brasil. Se observo que los parametros de nitritos y fosfatos presentaron
valores medios superiores a los permitidos, sin embargo, estos resultados no se asociaron a la piscicultura, sin
influencia significativa en la calidad del agua del embalse de Furnas durante el periodo de estudio. La calidad del agua
en el embalse puede verse influenciada por otras actividades desarrolladas en su cuenca, como la ganaderia y la
agricultura intensiva que utilizan una gran cantidad de fertilizantes, liberados al embalse por la escorrentia.

Palabras clave: Impacto ambiental; Acuicultura; Cultivo de tilapia.

1. Introduction

Aquaculture is an activity that has been growing worldwide as a result, mainly, of the global population growth,
increase in the demand for protein foods and the stagnation of extractive fishing, which has led to an increase in the production
of aquatic animals (Tacon and Halwart, 2007; Degefu et al., 2011; FAO, 2016). Among the several aquatic organisms that can
be grown, fish is considered one of the main sources of protein for humans, with almost half of the global production coming
from aquaculture activity (FAO, 2020).

In Brazil, aquaculture is also growing rapidly as the country is favored for having excellent conditions for its
applicability and development, presenting abundant availability of water and reservoirs, a wide variety of native species that
have relevant zootechnical characteristics for fish farming and a climate diversity (Kubtiza, 1999; Sidonio et al., 2012,
Barcante and Sousa, 2015). In tropical and subtropical regions, Nile tilapia (Oreochromis niloticus) production is highly
relevant to aquaculture, especially in developing countries. The species Oreochromis niloticus and its hybrids stand out for
their characteristics, such as: rapid growth, prolificity, rusticity, and meat quality (FAO, 2020; Silva et al., 2020).

In Brazil, net-tank fish farming is one of the most used techniques, mainly in the state of Minas Gerais. This system
has stood out as an important economic activity in food production since the 1990s (Américo et al., 2013). However, net-tank
production has a high potential for pollution of aquatic ecosystems (Feiden et al., 2015), since production residues (eg feed
waste, feces, scales, mucus, soluble waste) are released directly into the aquatic environment, causing an increase in organic
matter and nutrients in the water (Cornel and Whoriskey, 1993; Demir et al., 2001; Kashindye et al., 2015; Bozkurt, 2016).

In cultivation areas where net-tanks are present, there is usually an increase in phosphorus and nitrogen
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concentrations, which are considered the main responsible for aquatic eutrophication (Mallasen et al., 2012). Eutrophication is
a global concern for the management of reservoirs and lakes due to a series of ecological impacts that it can cause to the
ecosystem, such as the increase in the intensity and frequency of toxic cyanobacterial blooms, which represent a serious risk to
human and animal health (Chorus et al., 2000; Giani et al., 2005) Cyanobacteria blooms, besides to modifying the energy flow
in the food chains, cause serious risks to the biodiversity and threaten public health, as many species can produce toxins. In
this sense, cyanobacteria blooms may also cause significant economic losses, since they increase the costs of water treatment
from the reservoir to obtain good quality drinking water for consumption, reduce the potential for recreation, and can promote
the decline of extractive fishing and aquaculture activities (Vanderlei et al., 2021). Therefore, it is of great importance that fish
farming in net tanks is constantly monitored for water quality to ensure good production performance and the sustainability of
the system (Morengoni, 2006; Mwebaza-Ndawula et al., 2013; Zitti et al., 2021).

Frequent monitoring of water quality parameters allows aquaculture farmers to adjust their management (for example,
stocking density and feeding frequency) to mitigate deterioration in water quality (Mallasen et al., 2012). The use of good
management practices makes it possible for fish farms to comply with current legislation in the region, such as CONAMA
Resolution 357/05 in Brazil (Brazil, 2005). Therefore, it is avoided that the activity is identified as causing impacts on the
aquatic ecosystem. In addition, good management practices allow the production of fish in net tanks to develop in a sustainable
way, supporting the country's economic development and the promotion of new jobs.

Thus, the objective of this study was to evaluate the influence of fish farming in net tanks on water quality parameters
in an arm of the Furnas-MG reservoir, located in the city of S8o José da Barra, Brazil. The evaluated parameters were
compared to the limits allowed by CONAMA Resolution 357/05 for class Il water bodies in Brazil.

2. Material and Methods
Sample collection and water quality measurements

The study was carried out in a tilapia (Oreochromis niloticus) farming located in the city of Sdo José da Barra
(20°43'04 "'S; 46°18'39"W), in Furnas Reservoir, state of Minas Gerais, Brazil. The climate of the region, according to Képpen
classification, is Cwa, being characterized by two well defined seasons: a rainy and warm season between October and March
and a dry and colder season between April and September. The altitude of the region is 716 m.

The system production under study had 24 net cages of 3.0 x 3.0 x 1.80 m, corresponding to a total volume of 16.2
m3. The cages were fixed up in two lines, anchored perpendicular to the major current of the reservoir, so that each line
contained a total of 12 net cages (Fig. 1).

Four sampling stations were defined to this study, as following: station 1 (P1)= upstream of the cage lines (50 meters
away); station 2 (P2) = inside two cages in the first line (cages 3 and 9); station 3 (P3)= inside two cages in the second line
(cages 16 and 22); station 4 (P4)= downstream of the cage lines (50 meters away).

Sampling was carried out monthly between 2015 and 2016 (n=10), covering two production cycles and a complete
hydrological cycle. Water samples for the physicochemical analysis were collected at 0.5m and processed in the laboratory.
Water temperature (WT), dissolved oxygen (DO), pH, total dissolved solids (TDS), electric conductivity (EC), alkalinity,
biochemical oxygen demand (BOD), ammonia, nitrite, nitrate and phosphate analysis were performed according to APHA
(2008).

The dataset was checked for normality and heteroscedasticity and submitted to an Analysis of Variance (ANOVA),

followed by a Tukey post-hoc test to identify significantly different stations, using SISVAR 5.6 program
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Figure 1. Schematic drawing of the experimental facility in Furnas reservoir. Collection points: P1, P2, P3 and P4. P1:
Upstream to the cage lines; P2: inside two cages on line 1 (cages 3 and 9); P3: inside two cages on line 2 (cages 16 and 22);

P4: Downstream of the cage lines.
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Source: Authors (2022).

3. Results and Discussion

Table 1 presents the mean values of each environmental variable analyzed in the present study.

Water temperature showed a trend of seasonal variation. The lowest values were observed in the dry season and, the
highest values, were observed in the rainy season. The minimum value observed was 17°C in June/2016 while the maximum
value observed was 24°C, in October/2016. Regarding to pH, it ranged from neutral to slightly alkaline, ranging from 6.6 in
August/2016 to 8.0 in May/2016. Mean pH values were in accordance with the range proposed by CONAMA 357/05
Resolution.

Dissolved oxygen levels during this study ranged from 3.4 mg L in May/2016 (station 1) to 5.85 mg L in
April/2016 (station 3). Mean concentration of this variable was very close to the minimum concentration established by the
legislation (5 mg L™). Electrical conductivity means ranged from 50.08 + 2.42 to 54.44 = 7.55 uS cm-1 in stations 4 and 1,
respectively. Total dissolved solids (STD) mean concentration ranged from 24.83 + 0.86 to 26.46 + 4.06 mg L in stations 4

and 1, respectively, remaining below the maximum allowed value (500 mg L) by CONAMA resolution.
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Table 1. Mean values and standard deviation of the physicochemical variables evaluated in Furnas reservoir during the study

period.
Sampling stations
CONAMA

i Resolution

Variables CONAMA
357/2005
P1 P2 P3 P4 Class 2

Temperature (°C) 21.0+2.58a 215+ 2.58a 20.7 £ 2.58a 215+ 258a -
pH 7.10 £ 0.35a 7.16+0. 32a 7.26 £ 0.45a 7.35+0.44a 6-9
Dissolved Oxygen (mg L) 5.13+0.82a 5.14 + 0,55a 5.01 + 0.68a 4.97 £ 0.55a >5.0
Electric Conductivity
(uS cm™) 54.44 + 7.55a 51.38 + 3.16a 52.33 £ 4.42a 50.08 + 2.42a -
Total Dissolved solids
(mg L) 26.46 £ 4.06a 25.40 £ 1.26a 25.89+2.08a 24.83 £ 0.86a 500
Biochemical oxygen
demand (mg L) 0.60 + 0.65a 0.59 + 0.74a 0.67 £ 0.74a 0.52 +0.37a 3.0
Alkalinity (mg L) 29.75 £ 8.54a 29.05 £ 3.69a 29.45 £ 6.57a 28.4+7091a -
Nitrite (mg L) 1.13+0.84a 1.13+0.78a 1.16 £0.78a 1.17+£0.79a 1.0
Nitrate (mg L™?) 1.35+0.87a 6.49 £ 0.55a 1.21+0.63a 1.25+0.83a 10.0
ammonia (mg L) 1.78 £ 0.87a 0.98 + 0.42b 1.09 £ 0.54b 1.25 £+ 0.58ab 3.7
phosphate (mg L) 0.21+£0.14a 0.19 £ 0.10a 0.19 £ 0.10a 0.19+£0.10a 0.025

*p < 0.05. Source: Authors (2022).

According to the limits established by CONAMA 357/05 legislation for class Il water bodies, dissolved oxygen (DO)
concentration in any water sample should not be less than 5 mg L. In this study, it was observed that the mean concentration
of this variable was very close to the limit established by the legislation.

The mean pH values observed in this study remained within of the ideal range (between 6.5 and 9.0) for fish
production (Baldisserotto, 2002). Other authors evaluated the influence of net cages fish farms on water quality and also
observed that the pH remained close to neutrality and within the standard limits established by CONAMA 357/05 legislation
(Bueno et al., 2008; Américo et al., 2012; Mallasen et al., 2012; Bartozek et al., 2014). The similarity of mean pH values found
in this study shows that the fish farming did not affect this variable in Furnas reservoir. Cornel and Whoriskey (1993), studying
the effects of rainbow trout production on cages in a lake in Canada, found very similar mean pH values in their different
treatments, as observed in this study. On the contrary, Mallassen et al. (2012), studying the influence of tilapia farming in net
cages on water quality in Nova Avanhandava reservoir (Sdo Paulo, Brazil), found slightly lower pH values due to fish
respiration process and decomposition of organic matter from uneaten food and fish droppings.

The mean values of electrical conductivity (EC) obtained in this study were considered relatively low (< 55 uS cm-1),
indicating a good water quality. Contrariwise, Mallasen et al. (2012) found high EC values and an oscillating behavior of this
variable in their sampling stations in the Nova Avanhandava reservoir, S&o Paulo. Alves and Baccarin (2005) found EC values
of approximately 140 uS cm-1 also in the Nova Avanhandava reservoir. According to the authors, high EC values may be an
indicator of eutrophication process.

Total dissolved solids (STD) are related to components dissolved in the aquatic environment and that give color to the
water body. Turbidity, on the other hand, is caused by particles in suspension, which in turn compromises the penetration of
light into the environment. Turbidity can occur naturally, but it can be accentuated through anthropogenic activities. Many
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aquatic bodies of high productivity already have turbidity in a natural way, however, agricultural activities and other human
activities, can promote the carrying of some elements that can induce the eutrophication process, contributing to the increase of
turbidity, altering natural habitats of diverse species (Wing et al., 2021). In the case of fish farming, leftover rations can
influence water quality and, consequently, contribute to the process of raising turbidity. Brazilian legislation allows for waters
classified as class 2 true color values of up to 75 mg Pt L-* and turbidity of up to 100 UNT are allowed.

In this study, the mean alkalinity values were appropriate for fish production and did not influence the water quality of
the water body. Alkalinity higher than 20 mg L* CaCO3 maintains pH ranging from 6.0 to 9.5 and, according to Boyd et al.
(2016), allows the good development of the fish farming system and does not impair the water quality. Wedemeyer (1997) also
cited that concentrations above 20 mg L are ideal for intensive fish farming.

Nitrite results showed that other factors must be influenced its concentration in Furnas reservoir, since station 1,
which had no influence of fish farming (it was upstream of the cage lines), presented a mean value above that allowed by
legislation. Thus, it seems that the fish farming received loads of nitrite above the allowed by legislation, showing that the
cultivation of fish had not contributed to a significant change in this parameter in the period of study. Nitrite is a nitrogenous
compound that can be toxic to fish when in high concentrations. The limit value for nitrite recommended by Wedemeyer
(1997) in fish farming water is 0.1 mg L. In this study, all sampling stations presented nitrite concentration considered
inappropriate for fish farming. Despite this, no unexpected mortality was recorded during the study period.

Although the mean nitrate values found in this study did not exceed the maximum limit allowed by CONAMA
legislation, they exceeded the limit recommended by Wedemeyer (1997) for the maintenance of fish farming (1.0 mg L™ of
nitrate in the water of culture). Ammonia is a nitrogenous component that can cause several problems in aquacultural
environments, as it can affect the fish community, causing damage to the gills and the osmoregulation of these animals
(Baldisserotto, 2002). Our results showed safe concentration of this parameter for fish production in the local of study, since
the mean values obtained in this work were lower than the levels considered toxic for tropical fish. According to Boyd (2001)
levels above 3 mg L can be toxic to tropical fish.

Phosphorus-containing compounds occur in natural waters in the form of phosphates. Phosphorus, together with
nitrogen, is a potential eutrophication agent for aquatic bodies, as it is one of the limiting nutrients for the growth of algal
biomass. This study demonstrated that phosphate compounds should be a concern in Furnas reservoir, as all sampling station
showed values above what is allowed by the legislation, including the station without influence of the fish farming (station 1),
indicating that other activities must had influenced the concentration of this nutrient in the reservoir. One suggestion is the
agricultural activities present in the watershed that use phosphate-based fertilizers that could be released into the reservoir,
increasing their concentration mainly in the rainy season.

Our results demonstrated that the fish farming was not significantly affecting the water quality of the Furnas reservoir,
because, even if some parameters was not in agreement with the legislation, such as nitrite and phosphate, the station without
influence of fish farming (station 1) also showed values above those recommended by CONAMA Resolution 357/2005,
showing that external events to the production system were interfering in the water quality of the reservoir during the period of
study and then, they need to be taken account.

The fact that fish farming did not significantly affected the water quality parameters in Furnas reservoir during the
period of study may be due to the large volume of water in the reservoir and also due the low stocking density in that fish
farming, since the system under study had only 24 cages and the large water volume of the reservoir could dilute the nutrients
of the fish farming and carry them away from the area of the cages. Thus, the reservoir has demonstrated self-purification
capacity at each production cycle of this fish farming. In systems with higher stocking density, the water body may not be able

to do the self-purification, resulting in its fast degradation, impairing the ecosystem for multiple uses. The highest mean

6


http://dx.doi.org/10.33448/rsd-v11i11.33429

Research, Society and Development, v. 11, n. 11, 211111133429, 2022
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v11i11.33429

phosphate concentration during this study was found in the upstream station, similar to that reported by Molisani et al. (2015)
studying the influence of tilapia culture in cages in the Castanhdo reservoir, Ceard, Brazil.

The effect of net cages on water quality depends on several factors, such as the annual fish production, the area and
depth of the lake and the residence time of the water Guo and Li (2003). Eutrophication degree depends on the number of
cages installed, the number of fish stocked, the characteristics of the water body and the management practiced in the fish
farming Beveridge (1996), as we stated before. Most of the studies carried out evaluating the influence of fish farms in net
cages on the water quality of aquatic ecosystems was made based on the monitoring of limnological parameters with a very
small sample period. However, Henny and Nomosatryo (2016) monitored the Lake Maninjau, Indonesia, for eight years (2005-
2013), demonstrating that the trophic state of the lake changed from mesotrophic, in the period 2005-2007, to eutrophic, in the
period 2008- 2013 due to the installation of cages. This demonstrates that short-term studies may not be ideal for assessing the
influence of fish farming in net cages on the water quality of reservoirs as a whole.

Long-term studies may be more effective in elucidating the effects of fish farming in cages on the ecology of the
aquatic ecosystems and on the influence on their trophic state, making it possible to analyze if this activity can modify the
trophic state and the class of a lake, according to the legislation. A more detailed study, taking into account all the
compartments of the water column and the ecological communities would be necessary. The analysis of biological parameters,
such as the monitoring of phytoplankton, the biomass of cyanobacteria, and chlorophyll levels, would allow to assess with sure
the influence of fish farming on the ecology of the water body. Therefore, further studies are needed to evaluate the influence

of fish farming in cages on water quality, focusing in systems with higher number of cages and with higher stocking densities.

4. Conclusion

Our study presents the results obtained of a water quality monitoring of the Furnas reservoir during two production
cycles of fish farm in net cages. Results demonstrated that the system under study had not significantly influence on the water
quality of the reservoir, that was able to performed its self-purification in the period of 2 years. Also, these results show the
importance of the stocking density on water quality, since that in super-intensive systems, with large number of cages and high
stocking density, the loads of nutrients released in the ecosystems are much higher than a production system like this that we

analyzed in the present study and can cause irreversible damage to water bodies.
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