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Abstract: Aim: The mass balance has recently been applied in Brazilian aquaculture. 
In relation to trout farming, few studies have used this methodology as environmental 
indicator, especially when considering each development stage of fish. The daily mass 
balance allows an estimate of nutrients discharge, because the sampling effort over 
24 hours enables to monitor the variations throughout the day. This study aimed to 
identify the breeding sector (fingerlings, juveniles and adults) in trout farming contributes 
with the great discharge of phosphorus and nitrogen in the effluent. Methods: The 
concentrations of total phosphorus (TP), orthophosphate (PO4-P), total nitrogen (TN) 
and ammonium (NH4-N) were determined in affluent and effluents of the production 
system. The environmental indicators were calculated based on the values of nutrients 
loads and by quantifying the daily discharge of nutrients from the mass balance method. 
Results: Over the 24 hours, the trout farming exported an average of 0.26 kg  TP, 
0.11 kg PO4-P, 3.11 kg TN and 0.18 kg NH4-N. The discharge of phosphorus and 
nitrogen in the effluent was higher at night associated to feeding management (hours 
and feeding frequency) and the nocturnal habits of trout. The juvenile and adult sectors 
accounted for the greatest contribution of these nutrients, related the largest fish biomass 
and metabolism, supported by the feed conversion ratio of 1.95:1 and 2.01:1, respectively. 
Conclusion: In order to reduce exports of phosphorus and nitrogen there is a need to 
adequate the feeding management (feeding frequency from two to four times per day 
according to the trout development stage; carry out feeding in times close at twilight 
due to the nocturnal habits of this specie; reduce excess of ration offered and use good 
quality ration considering the distinct nutritional requirements of each trout stage of 
development). Besides the mass balance, the feed conversion ratio is also an efficient tool 
to detect the efficiency of feed utilization; therefore, it is proposed its use as environmental 
indicator, aiming the aquaculture environmental sustainability. 
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Resumo: Objetivo: O balanço de massa tem sido aplicado recentemente na 
aquicultura brasileira. Em relação à truticultura, poucos trabalhos têm utilizado essa 
metodologia como indicador ambiental, notadamente quando se considera cada fase 
de desenvolvimento. O balanço de massa diário permite a estimativa da descarga de 
nutrientes, pois o esforço amostral ao longo de 24 horas possibilita monitorar as oscilações 
ao longo do dia. O objetivo deste estudo foi identificar o setor de criação em truticultura 
(alevinos, juvenis e adultos) que contribui com o maior aporte de fósforo e nitrogênio no 
efluente. Métodos: As concentrações de fósforo total (PT), ortofosfato (P-PO4), nitrogênio 
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are associated mainly to the increase of organic 
waste, especially phosphorus, released in the 
effluents. The aquaculture effluents have potential 
for eutrophication of continental water and 
degradation of aquatic ecosystems (Araripe et al., 
2006; Koçer et al., 2013).

The main factor related to this excessive discharge 
of waste in the effluent is the feed introduced 
in the production system (Bureau  et  al., 2003; 
Wang et al., 2012). It be directly by dispersion of 
not-eaten food/undigested (solid) or the metabolic 
products generated by organisms (dissolved), 
such as ammonia and orthophosphate, which are 
excreted mainly by the gills and kidneys (Bergheim 
& Brinker, 2003). The generation of these wastes 
is determined by genetics, age, and size of fish, 
environmental factors, supply frequency and quality 
of food offered to organisms (Boaventura  et  al., 
1997; Frasca-Scorvo et al., 2013).

The food is the main factor related to excessive 
discharge of waste in the effluent, however, in Brazil, 
there is no legislation that considers the nutrient 
content in its composition as a proposal for reducing 
this discharge. The National Environmental Council 
(CONAMA), federal collegiate of the Environment 
Ministry, provides for the classification of water 
bodies and environmental guidelines for its framing, 
and establishes the conditions and standards of the 
effluent discharge by resolutions 357 of 2005 and 
430 of 2011. These Resolutions only regulates the 
allowed limit of nutrient concentrations in effluent 
discarded according to the framework of the water 
body (Brasil, 2005, 2011).

1. Introduction

The rainbow trout (Oncorhynchus mykiss 
Walbaum, 1792) is one of the most studied and 
cultivated species in the world for its ability to 
survive and reproduce both in natural environments 
as well as in captivity, in addition to its high 
commercial value (FAO, 2011).

In Brazil, between 2008 and 2010, there was 
a 40% increase in the trout production, from 
3,662.6  tons in 2008 to 5,122.7 tons in 2010 
(Brasil, 2012). In 2011, there was reduction in the 
trout production (3,277.2 tons) due to incentive 
to produce native fish, especially the tambaqui 
production, but the trout also was one of the species 
featured in national aquaculture production (Brasil, 
2013).

Rainbow trout is produced in all states of the 
South and Southeast of Brazil, limited to altitude 
zones, because these areas have mild temperatures 
and well oxygenated waters, essential features for 
its cultivation. However, these regions are located 
in areas of environmental preservation with the 
presence of water sources and rivers of first order, 
oligotrophic water bodies, characterized by low 
concentrations of nutrients and, according to 
Bond  et  al. (2014), more vulnerable to external 
disturbances. These disorders are related to the 
deterioration of water quality, especially in intensive 
fish production systems, such as trout farming. 
This question refers not only to the animals’ needs 
in farming, but also the quality of water that is 
dumped in the water receiving body (Barak & 
van Rijn, 2000), because changes in water quality 

total (NT) e íon amônio (N-NH4) foram determinadas no afluente e nos efluentes do 
sistema de produção. Os indicadores ambientais foram calculados com base nos valores 
das cargas de nutrientes e por meio de quantificação da descarga diária de nutrientes 
pelo método de balanço de massa. Resultados: No decorrer de 24 horas, a truticultura 
exportou em média 0,26 kg PT, 0,11 kg P-PO4, 3,11 kg NT e 0,18 kg N-NH4. A descarga 
de fósforo e nitrogênio no efluente foi mais elevada durante o período noturno, associada 
aos horários e frequência de arraçoamento e ao hábito noturno das trutas. O balanço de 
massa mostra que os setores de juvenis e adultos foram responsáveis pelo maior aporte 
desses nutrientes, relacionados à maior biomassa de peixes e metabolismo, corroborado 
pela taxa de conversão alimentar de 1,95:1 e 2,01:1, respectivamente. Conclusão: Para 
reduzir as exportações de fósforo e nitrogênio há necessidade de adequar o manejo 
alimentar (frequência alimentar de duas a quatro vezes por dia considerando o estágio 
de desenvolvimento da truta; realizar alimentação em horários próximos ao crepúsculo 
devido ao hábito noturno da espécie; reduzir o excesso de ração oferecida e usar ração 
de boa qualidade considerando as exigências nutricionais distintas de cada estágio de 
desenvolvimento da truta). Além do balanço de massa, a taxa de conversão alimentar 
também é ferramenta eficiente para detectar a eficiência de utilização da ração. Portanto, 
propõe-se a sua utilização como indicador ambiental, visando à sustentabilidade ambiental 
da aquicultura. 

Palavras-chave: carga de nutrientes; balanço de massa; alevinos; juvenis; adultos.
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Most discussions on aquaculture activities and 
the environment involve identifying impacts and the 
definition of “sustainable aquaculture”. However, 
the question should not be how environmental 
sustainability is defined, but how it can be measured 
(Boyd et al., 2007). In raceways (system used in trout 
farming), the water flow frequently is known, the 
nutrient concentrations may be easily converted 
into loads and, from the difference between the 
input and output of the system, the nutrient mass 
balance can be calculated (Bartoli et al., 2007).

Mass balances in fish farming reported in the 
literature has shown high degree of nutrient discharge 
into the natural environment that can cause major 
impacts in oligotrophic systems (Bartoli et al., 2007; 
Araújo-Silva  et  al., 2014; Caramel  et  al., 2014). 
This methodology has recently been applied in 
Brazilian aquaculture (Araújo-Silva  et  al., 2014; 
Mercante et al., 2014). Regarding trout farming, few 
studies have used the mass balance as environmental 
indicator (Caramel et al., 2014), especially when 
considering each fish development. The most studies 
of fingerling, juvenile and adult trout focuses on 
the areas of hematology, nutrition and growth 
(Karabulut et al., 2010; Tahmasebi-Kohyani et al., 
2011). In addition, through study performed in 
trout farming it has been found a need to identify 
the sector that contributes most to the supply of 
nutrients in the effluent (Caramel et al., 2014).

According to Bartoli et al. (2007), the daily mass 
balance allows an accurate estimate of nutrients 
inputs, because of the sampling effort over 24 hours 
allows monitoring the fluctuations throughout the 
day. Thus, this study aimed to identify the breeding 
sector (fingerlings, juveniles and adults) in trout 
farming that contributes with the great discharge 
of phosphorus and nitrogen in the effluent by 
quantifying the daily discharge of nutrients from 
the mass balance method.

2. Materials and Methods

The present study was performed in intensive 
trout farming system, located in National Park of 
Serra da Bocaina, 35 km away from Bananal city, 
São Paulo State (SP), Brazil, in Hydrographic Basin 
Paraíba do Sul situated 1,160 meters above sea level 
(22°50’03,92”S and 44°25’46,33”W). Atlantic 
forest area covering large part of the springs that 
provide potable water to the population, located in 
tropical and subtropical region, in the mountainous 
regions where temperatures are close to 22 °C in the 
hottest month.

The system used for the rearing of rainbow trout 
(Oncorhynchus mykiss Walbaum, 1792) was raceway 
characterized by intensive production with high 
continuous water flow. The trout farming system 
was populated with 24,100 fish at different stages 
of development distributed in twelve masonry 
tanks (1.0 m deep; 4 tanks of 2 m3; 4 tanks of 5 m3 
and 4  tanks of 19 m3) and separated into three 
sectors of production (Figure 1). The trout farming 
studied received constant flow of water with average 
water flow of 4.13 L s–1 in fingerlings sector (EF), 
16.87 L s–1 in juveniles sector (EJ) and 19.15 L s–1 
in adults sector (EA).

The feeding was performed by the producer 
three times daily (08:00h, 14:00h and 20:00h) with 
extruded ration containing 40% of crude protein 
in all farming sectors. Considering the stages of 
development of the individuals and an estimated 
total biomass in each sector of the production 
system (39 kg – fingerlings sector; 196 kg – juveniles 
sector; and 332 kg – adults sector) the producer 
determined the daily amount of feed for each 
sector (0.7 kg – fingerlings; 4.0 kg – juveniles; 
and 7.5 kg – adults). The total biomass in each 
sector of production was estimated through weekly 
biometrics. The feed conversion ratio (FCR) was 
calculated in each sector of the production system.

The analysis were performed every 3 hours 
in four distinct sites, beginning at 10:00h on 
25 November 2012 and with end at 07:00h on 
26 November 2012, characterizing a nictemeral 
assessment, with total of eight collected samples. 
The distribution of sampling sites (Figure  1) 

Figure 1. Schematic drawing of the trout farming system 
located in the Serra da Bocaina (SP), organized into three 
sectors, with the number of individuals and the average 
weight, where: AS (affluent of the production system); 
EF (effluent of the fingerlings sector); EJ (effluent of 
the juveniles sector); EA (effluent of the adults sector); 
arrows  = directional flow of water in the production 
system.
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followed the order: AS – affluent of the production 
system; EF – effluent of the fingerlings sector; 
EJ – effluent of the juveniles sector and EA – effluent 
of the adults sector.

In the field were analyzed the variables pH, 
dissolved oxygen (DO) (mg L–1) and water 
temperature (Temp) (°C) with multiparameter 
probe Horiba U53G model. The calculation of 
the percentage of saturation (%DO) was carried 
out from the concentrations of dissolved oxygen, 
water temperature and altitude of the studied area. 
Water samples were collected in the subsurface 
water column. Samples for analysis of the totals 
(phosphorus and nitrogen) were frozen. Samples 
for analysis of dissolved fraction were immediately 
filtered in vacuum pump using GFF Whatman 
filters with porosity of 0.47 µm and after they were 
frozen. In the laboratory, the samples were analyzed 
for concentration of total phosphorus (TP) (µg L–1) 
and total nitrogen (TN) (µg L–1) according to the 
methodology described by Valderrama (1981), 
orthophosphate (PO4-P) (µg L–1) according to the 
methodology described by Strickland & Parsons 
(1960) and ammonium (NH4-N) (µg L–1) according 
to the methodology described by APHA  et  al. 
(2005). To calculate the water flows (L s–1) were used 
the volumetric method (Leopoldo & Sousa, 1979) 
and the float method (Marques & Argento, 1988).

To interpret the effects of physical and chemical 
variables monitored during the experiment, the 
data after log transformation (x+1) were analyzed 
using the Kruskal-Wallis test followed by the 
Student-Newman-Keuls test (SNK) to verify 
the spatial variations (Zar, 2010). The adopted 
significance level was 0.05. To check the degree of 
importance and the joint effect of the measured 
variables (pH, %DO, Temp, PT, P-PO4, NT and 
N-NH4) was performed the Principal Component 
Analysis (PCA) (Manly, 2008). The correlation 
of the variables with the axes was considered 
representative when above 0.5.

The values of dissolved oxygen (mg L–1) and the 
concentrations of nutrients (µg L–1) (TP, PO4-P, 
TN and NH4-N) in affluent and in effluent from 
the different sectors of trout faming system were 
multiplied by the water flow (L s–1) to obtain the 
value of loads (kg dia–1), through the following 
equation (Equation 1):

L = [ ] × WF (1)

where L = loads of TP, PO4-P, TN and NH4-N (kg d–1), 
[ ] = nutrient concentrations (µg L–1), WF = water 
flow (L s–1).

The commercial feed used in trout farming 
system contained 1.0% (0.010 kg) of phosphorus 
and 4.0% (0.040 kg) of nitrogen per kg of feed. 
The nutrient load of production system via feeding 
was estimated by the amount of phosphorus and 
nitrogen contained in the total feed offered, through 
the following equation (Equation 2):

IF = FO × NF (2)

where IF = input of nutrient via feed (kg day–1 of 
P or N), FO = amount of feed offered (kg day–1), 
NF = amount of nutrient (kg) by kilogram of feed.

To quantify the amount of waste generated 
by the trout farming activity was calculated the 
daily mass balance by nutrient load that released 
via effluent and subtracted from the affluent of 
the system (nutrients in the water and the amount 
of nutrients contained in the total feed offered), 
through the following equation (Equation 3):

MBL = LE – LA (3)

where MBL = mass balance among loads of TP, 
PO4-P, TN and NH4-N (kg d–1), LE = the considered 
variable load in the effluent of the system (kg d–1), 
LA = the considered variable load in the affluent of 
the system (kg d–1).

3. Results

The variables saturation percentage of oxygen 
(H = 21.56; P < 0.001) and water temperature 
(H = 9.58; P = 0.023) varied significantly among 
sites, being that the greatest values were obtained 
in the affluent (AS), while the pH was similar in 
all sampling sites. Regarding total phosphorus 
(H = 54.79; P < 0.001), orthophosphate (H = 50.81; 
P < 0.001), total nitrogen (H = 29.26; P < 0.001) 
and ammonium (H = 28.59; P < 0.001), there was 
a significantly increase from the affluent (AS) to the 
effluents of the production system (EF, EJ and EA), 
being that the greatest concentrations were obtained 
in the juveniles and adults sectors (Table 1).

The Figure 2 shows the daily variation of pH, 
saturation percentage of dissolved oxygen and water 
temperature in the production system, variables 
associated to the welfare of trout. Although pH 
has remained slightly acidic in all sectors of the 
production system, throughout the day was 
observed fluctuations with higher values between 
10:00 and 16:00 hours and lower values at night. 
The highest saturation percentages of dissolved 
oxygen and the lowest values of water temperature 
were obtained between 19:00 and 07:00 hours.
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The Principal Component Analysis summarized 
in its first two components 76.64% of the 
total variability of the data analyzed (Figure  3) 
(Table  2). The axis 1 (52.12%) summarized the 
differences among sectors. On the negative side 
of the axis 1  there are the sampling units related 
to affluent and fingerlings sector, associated to 
the higher saturation percentages of dissolved 
oxygen. On the positive side of the axis 1 there are 
the sampling units related to juveniles and adults 
sectors, associated to the higher concentrations of 

phosphorus and nitrogen that occurred between 
22:00 and 07:00 hours.

The axis 2 (24.52%) summarized, mainly, the 
differences among the collection times. On the 
positive side of the axis 2 there are the sampling 
units of the samplings performed between 10:00, 
13:00 and 16:00 hours, associated to the higher 
values of pH and water temperature. On the 
negative side of the axis 2 there are the sampling 
units related to the samplings performed between 
19:00  and  07:00 hours, associated to the higher 

Table 1. Mean and confidence interval (95%) of the analyzed variables throughout the day (24 hours) in the trout 
farming system. 

Variables
Sites

Reference valuesAS EF EJ EA

pH 6.83a±0.33 6.88a±0.23 6.61a±0.13 6.71a ±0.25 6.00-9.00*
% Sat DO 129.82a±2.82 124.58b±2.00 121.13c±1.69 122.22bc±1.83 ≥ 80.00*
T (°C) 14.35a±0.42 13.82ac±0.21 13.67bc±0.17 13.66bc±0.16 ≤ 20.00*
TP (µg L–1) 13.66a±2.30 34.05b±5.40 78.95c±11.54 109.80c±11.21 ≤ 100.00**
PO4-P (µg L–1) 4.49a±1.31 8.26a±3.83 31.80b±4.50 46.16b±4.72 -
TN (mg L–1) 2.05a±0.24 2.53b±0.24 3.02c±0.19 3.00c±0.31 ≤ 2.18**
NH4-N (µg L–1) 115.37a±6.73 134.74b±9.51 182.87c±27.01 161.31c±13.85 ≤ 3,700.00 se  

pH ≤ 7.5**
AS = affluent of the production system; EF = effluent of the fingerlings sector; EJ = effluent of the juveniles; 
EA = effluent of the adults sector; % Sat OD = saturation percentage of oxygen dissolved; T = water temperature; 
TP = total phosphorus; PO4-P = orthophosphate; TN = total nitrogen; NH4-N = ammonium. Means followed by 
the same letter in the line do not differ by the SNK test (0.05). Reference values in the last column. *FAO (2011); 
**Brasil (2005).

Figure 2. Average daily variation and standard deviation of pH, dissolved oxygen (%) and water temperature (°C) 
in the trout farming system, considering the three sectors of production.
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saturation percentages of dissolved oxygen. 
The  discharge of phosphorus and nitrogen in 
the effluent was higher during the night and the 
juveniles and adults sectors accounted for the 
greatest contribution of these nutrients.

Of the total feed offered in the fingerlings sector 
(0.6 kg), 0.006 kg were available as P and 0.02 kg as 
N. In the juveniles sector, of the total feed offered 
(4 kg), 0.040 kg were available as P and 0.16 kg 
as N. Whereas in the adults sector, from 7.5 kg 
of feed offered, 0.075 kg were available as P and 

0.30 kg as N. When the phosphorus and nitrogen 
loads were calculated stood out the contribution of 
total phosphorus, orthophosphate, total nitrogen 
and ammonium in effluent of the all sectors of the 
production. The mass balance calculations showed 
that the trout farming system exported nutrients 
over 24 hours of research. Regarding the values of 
dissolved oxygen, there was a reduction due to the 
consumption and breathing processes (Table  3) 
(Figure 4).

4. Discussion

Considering the recommended values for the 
physical and chemical variables in monitoring 
of the water quality for trout production, the 
results showed acceptable values of pH, dissolved 
oxygen and water temperature in all sectors 
(FAO, 2011). Although the pH has remained 
slightly acidic, throughout the day was observed 
fluctuations with higher values between 10:00 and 
16:00 hours and lower values during the night 
(Figure 2). The daily variations in pH may cause 
stress in organisms, even if the absolute value is 
within the tolerance range (Ceccarelli et al., 2000), 
interfering with productivity. These oscillations 
can be related mainly with the respiratory process 
of the cultured organisms, because in lotic systems 

Figure 3. Ordination biplot by Principal Component Analysis (PCA) of the sample units generated from seven 
environmental variables. Where: the hours of collection correspond to the numbers 10 (10:00h), 13 (13:00h), 
16 (16:00h), 19 (19:00h), 22 (22:00h), 1 (01:00h), 4 (04:00h) and 7 (07:00h); the lines (convex hull) join the cloud 
represented by the hours in which the samples were taken at each point: affluent (blue), fingerlings (red), juveniles 
(green) and adults (purple); Temp = water temperature; %DO = saturation percentage of dissolved oxygen; TP = total 
phosphorus; PO4-P = orthophosphate; TN = total nitrogen; NH4-N = ammonium.

Table 2. Pearson correlation coefficients between the 
variables and the first two axes of PCA (bold values 
correspond to the variables that had the greatest correlation 
with the axes, above 0.5).

Variables Abbreviations
Principal 

components
Axis 1 Axis 2

pH pH -0.087 0.772
Dissolved oxygen %DO -0.663 -0.651
Water temperature Temp -0.467 0.760
Total phosphorus TP 0.953 -0.077
Orthophosphate PO4-P 0.924 0.125
Total nitrogen TN 0.764 0.187
Ammonium NH4-N 0.796 -0.245

Explicability 52.12% 24.52%
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Figure 4. Daily mass balance (kg) of dissolved oxygen (DO), total phosphorus (TP), orthophosphate (PO4-P), total 
nitrogen (TN) and ammonium (NH4-N) in the three sectors of the trout farming system.

Table 3. Daily mass balance (DMB) (mean values) of dissolved oxygen (DO), total phosphorus (TP), orthophosphate 
(PO4-P), total nitrogen (TN) and ammonium (NH4-N) in the sectors of the trout farming system. In the last line 
is the mean value of the daily mass balance (DMB) of the trout faming system.

DO
(kg dia–1)

TP
(kg dia–1)

PO4–P
(kg dia–1)

TN
(kg dia–1)

NH4–N
(kg dia–1)

Fingerlings Affluent 4.13 0.011 0.002 0.75 0.04
Effluent 4.04 0,012 0.003 0.90 0.05

DMB – 0.09 0.001 0.001 0.15 0.01

Juveniles Affluent 16.79 0.060 0.007 3.16 0.17
Effluent 15.94 0.116 0.046 4.39 0.27

DMB – 0.85 0.056 0.039 1.23 0.10

Adults Affluent 18.99 0.098 0.008 3.71 0.19
Effluent 18.28 0,181 0.076 4.96 0.27

DMB – 0.71 0.083 0.068 1.25 0.08

Trout farming DMB – 1.65 0.140 0.108 2.63 0.18
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like as trout farming, continuous renewal of the 
water decreases the residence time of water in the 
system and consequently hinders the permanence 
of phytoplankton (Boyd & Queiroz, 2001). 
A different situation occurs in lentic systems, such 
as in the production of tilapia in excavated ponds, 
where primary production is a major factor related 
to the variations over the day (Rodrigues  et  al., 
2010; Mercante et al., 2011).

The largest saturation percentages of dissolved 
oxygen were obtained in the affluent and fingerlings 
sector (Table  1), while the highest consumption 
occurred in the juveniles sector (Table  3) 
(Figure  4) due to higher stocking density and 
the highest rate of feeding (Araripe  et  al., 2006; 
Bartoli  et  al., 2007). Throughout the day, the 
highest saturation percentages of dissolved oxygen 
were obtained in samplings performed between 
19:00 and 07:00 hours (Figures 2 and 3), associated 
mainly to decreased water temperature. However, it 
was in this period that occurred the higher oxygen 
consumption (Figure 4), because the trout are more 
active at night (Young, 1999; Cooke et al., 2000).

The discharge of phosphorus and nitrogen in the 
effluents may vary depending on the quality of food 
and nutrition strategy (Tello et al., 2010). In Brazil, 
it is common to use feeds using alternative and 
conventional foods of vegetal origin, as cottonseed 
meal, sunflower meal, peanut meal, among others, 
in replacement of soybean meal and fishmeal, to 
reduce production costs (Abimorad et al., 2012). 
However, these minerals present about 70% or more 
of phosphorus, which cannot be fully absorbed and 
may increase the amount of nutrients released via 
effluent. One way to reduce the waste production 
arising aquaculture can be based on nutritional 
strategies, as in the formulation of the feed and the 
development of efficient feeding systems based on 
energy requirements of the species (Bouwman et al., 
2013).

The discharge of the ammonium and 
orthophosphate is primarily associated to fish 
metabolic activity, while the discharge of phosphorus 
and nitrogen is associated to the non-ingested 
food and the elimination of feces (Bartoli  et  al., 
2007). The highest concentrations of nutrients 
were obtained in effluent from juvenile and 
adult sectors, fact probably associated to higher 
stocking density, the increase in the amount 
of feed and the fish metabolism as observed by 
other authors (Bartoli  et  al., 2007; Koçer  et  al., 
2013). The recommended limit of nitrogen in the 
current legislation has been exceeded in the three 

breeding sectors, while values above the phosphorus 
recommended by the legislation were obtained in 
effluent of the adult sector (Brasil, 2005), evidencing 
the inadequate food management.

The concentrations of nutrients in effluents 
ranged over 24 hours. This variation can be 
associated mainly to feeding frequency, feeding 
schedules and fish metabolism (Bureau  et  al., 
2003; Wang et al., 2012). The nutrients, especially 
the ammonium, begin to be excreted after 
approximately four hours of feed intake (Brett 
& Zala, 1975), which may explain the nutrients 
excretion peaks observed in the present study 
after that time interval. The nutrient excretion in 
rainbow trout is higher at night (Coloso et al., 2003) 
due to metabolism and crepuscular habit (Young, 
1999; Cooke  et  al., 2000), situation observed in 
the effluent of the three breeding sectors between 
22:00  and 07:00 hours, and may be related to 
feeding management.

In order to improve the performance of fish 
in the assimilation of feed nutrients, it must be 
considered the proper management recommended 
feeding rate up to four times daily for fingerlings 
due to more rapid growth and low ability to store 
food (smaller digestive system when compared to 
juveniles and adults). In the case of juveniles and 
adults, reduce the daily frequency of food for two 
times, due to the ability to store food (FAO, 2011; 
Frasca-Scorvo  et  al., 2013). In addition, should 
choose the hours according to the fish’s metabolism, 
because trout has peaks of feeding at dawn and dusk 
(Yamamoto et al., 2002; Shima et al., 2003).

Although all sectors have been characterized as 
nutrient exporters, the largest loads were obtained 
in juvenile and adult sectors. These results may be 
related to the size of fish. Smaller fish generally have 
better-feed efficiency when compared to larger fish 
due to more rapid growth (Einen & Roem, 1997). 
Feed conversion ratio of 1.54:1 in the fingerlings 
sector against the FCR of 1.95:1 and 2.01:1 in the 
juveniles and adults sector, respectively, supports this 
statement. The adult sector accounted for the largest 
discharge of total phosphorus, orthophosphate and 
total nitrogen, while the juvenile sector accounted 
for the largest export ammonium due to higher 
biomass of fish. Juveniles excrete more ammonia 
due to the high growth rate (Bartoli et al., 2007; 
Dumas  et  al., 2010), which results in greater 
metabolic activity of this stage of development.

The assimilation of TP and TN from diet 
by rainbow trout is relatively low (Coloso  et  al., 
2001), therefore, the high levels of these nutrients 
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were observed in the effluents. Probably, originated 
from faecal waste and metabolites. Considering 
the final weight of the trouts in fingerlings sector 
(20 g), in the juveniles sector (180 g) and in the 
adults sector (250 g), as the content of the TP and 
TN trout decreases with increase in body weight 
it is suggested that dietary needs of these nutrients 
are higher in the early stages as compared to adults 
(Hernàndez et al., 2004). However, the feed used 
in the breeding sectors had the same amount of 
phosphorus and nitrogen (1% TP and 4% TN per 
kg feed), which may explain the increased discharge 
of these nutrients in the adult sector due to its low 
assimilation.

Regarding the orthophosphate, the export was 
lower when compared to other nutrients in all 
sectors. This result may be related to the fact that a 
significant amount of this nutrient leaching of the 
feed in short time (Reid & Moccia, 2006).

The quantification of daily mass balance of 
nutrients shows that trout farming is an exporter 
of nutrients, especially the sectors of juvenile 
and adult, related the largest fish biomass and 
metabolism, supported by the feed conversion 
ratio (1.95:1 and 2.01:1, respectively). The largest 
nutrient discharge detected at night is associated 
to feeding management (hours and frequency of 
feeding) and nocturnal habit of the trout. As the 
water bodies characterized by low nitrogen and 
phosphorus concentrations are more vulnerable to 
external disturbances, as in the stream that receives 
the effluents of this production system, it is necessary 
to apply practices in order to reduce of the excessive 
discharge of these nutrients, through adjustments 
in feeding management (feeding frequency from 
two to four times per day according to the trout 
stage of development; carry out feeding in times 
close at twilight due to the nocturnal habits of this 
specie; reduce excess of ration offered and use good 
quality ration considering the distinct nutritional 
requirements of each trout stage of development). 
Besides the mass balance, the feed conversion ratio 
is also an efficient tool to detect the efficiency of 
feed utilization; therefore, it is proposed its use as 
environmental indicator, aiming the aquaculture 
environmental sustainability.
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