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Abstract

We aimed in this study utilize environmental indicators as a quantitative method to evaluate and discuss the nitrogen
(TN) and phosphorus (TP) flux by a production stage grow-out (termination) of Nile tilapia (Oreochromis niloticus)
in fishpond. The TN and TP load, the mass balance, the input of TN and TP via feed and the converted nutrients
in fish biomass are the environmental indicators applied in this study. During the production cycle (128 days), the
system exported 15,931 g TN and 4,189 g TP that were related to the amount of feed supplied (r Pearson = 0.8825 and
r=0.8523, respectively), corroborated by the feed conversion ratio (1.61:1). The indicators showed that 26% TN and
45% TP were reversed into fish biomass, 62% TN and 40% TP were retained in the fishpond, and 12% TN and 15%
TP were exported via effluent. The largest contribution of nutrients generated by the system and exported via effluent
was observed in phase III and I'V. This result is supported by the feed conversion ratio 2.14 and 2.21:1 obtained at this
phase, a fact explained by the amount of feed offered and the fish metabolism. Application of environmental indicators
showed to be an efficient tool to quantify flux of TN and TP produced during the grow-out period of Nile tilapia and
therefore, guide management practices more sustainable. Concerning the environmental sustainability of the activity
the implementation of best management practices such as the better control of the feed amount offered would lead
to a smaller loss of TN and TP to the water. Furthermore, the use of better quality feeds would allow greater nutrient
assimilation efficiency.

Keywords: environmentally sustainable management, nutrients load, mass balance, fish-farming, Oreochromis niloticus.

Fluxo de nitrogénio e fésforo na producao de tilapia-do-nilo
(Oreochromis niloticus) a partir da aplicacio de indicadores ambientais

Resumo

Nos objetivamos neste estudo, utilizar indicadores ambientais como método quantitativo para avaliar e discutir sobre
o fluxo de nitrogénio (TN) e fésforo (TP) na etapa final de crescimento (terminagao) de tilapia-do-nilo (Oreochromis
niloticus) em viveiro escavado. A carga de TN e TP, o balango de massa, a entrada de nutrientes via ragdo e o TN
e TP convertido em biomassa de peixe foram os indicadores ambientais utilizados neste estudo. Durante o ciclo
produtivo (128 dias), o sistema exportou 15.931 g NT e 4.189 g PT os quais foram relacionadas as quantidades de
alimento fornecido (r Pearson = 0,8825 e r = 0,8523, respectivamente), corroborada pela conversdo alimentar (1,61:1).
Os indicadores evidenciaram que 26% NT e 45% PT foram revertidos em biomassa de peixe, 62% NT e 40% PT
ficaram retidos no viveiro e 12% NT e 15% PT foram exportados via efluente. O maior aporte de nutrientes gerado pelo
sistema e exportado via efluente foi verificado nas fases 111 e IV. Este resultado ¢ corroborado pelas taxas de conversiao
alimentar de 2,14 e 2,21:1 obtida nestas fases, fato explicado pela quantidade de ragdo ofertada e pelo metabolismo
dos peixes. A aplicacdo dos indicadores ambientais mostrou ser uma ferramenta eficiente para quantificar o fluxo de
TN e TP produzidos durante a etapa final de crescimento de tilapia-do-nilo e com isso orientar praticas de manejo mais
sustentaveis. Com vistas a sustentabilidade ambiental da atividade, a implantagdo de boas praticas de manejo tais como
o melhor controle da quantidade de alimento ofertado levaria a menor perda de NT e PT para a agua. Além disso, o
uso de ragdes de melhor qualidade permitiria maior eficiéncia de assimilacdo desses nutrientes.

Palavras-chave: manejo ambientalmente sustentavel, carga ambiental, balango de massa, piscicultura, Oreochromis
niloticus.
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1. Introduction

Aquaculture is a growing economic sector, responsible
by producing healthy food and nutritionally rich in protein.
However, as in any other activity directed to agricultural
production, if not well managed, it can cause environmental
damage (Gorlach-Lira et al., 2013; FAO, 2014). In search
of sustainable aquaculture, it is necessary to consider
the production, social development and environment al
protection (Valenti, 2000).

The Nile tilapia (Oreochromis niloticus Linnaeus, 1758)
is one of the main species reared in Brazil due to its ease
of reproduction and obtaining fingerlings. Possibility of
hormonal sex manipulation to obtain male populations,
good acceptance of several types of food, great ability
to harness natural foods in ponds, feed conversion ratio
between 1.0:1 to 1.8:1 and the good growth in intensive
cultivation, support intensive handling and low levels of
dissolved oxygen in production and its high resistance
to disease, besides its white flesh, firm texture, without
thorns, slightly sharp taste and good acceptance (Souza,
2002; Souza et al., 2004; Simdes et al., 2007).

In natural ecosystems, the magnitude of the aquaculture
impacts depends on the produced species, the production
method, the hydrography of the region, the type of
feed provided and management practices (Macedo and
Sipatiba-Tavares, 2005; Cao et al., 2007). Management
practices such as fertilization of ponds, increases of the water
flow to prevent algal blooms and the quality and quantity
of feed promote the increase of the nutrients in the water.
Thus, a small part of these nutrients entering via the feed
is effectively reversed into fish biomass; the remainder is
retained in the sediment or exported via effluent.

In 2008, the global aquaculture production of fish and
crustaceans resulted in an environmental load of 1.7 million
tons of nitrogen (TN) and 0.46 million tons of phosphorus
(TP) (Verdegem, 2013). In 2010, the annual global export
of nutrients to the environment arised from freshwater
aquaculture was 5 million tons of TN and 0.9 million tons
of TP (Bouwman et al., 2013). The control of generation
of this environmental load is a needed strategy to maintain
the sustainable growth of aquaculture (Amirkolaie, 2011;
Pornpinatepong et al., 2016). Procedures to reduce nitrogen
and phosphorus levels in the water of the production will
act on the control of eutrophication, minimizing the impact
on the environment (Pereira et al., 2012; Alexander et al.,
2016).

Quantify the impacts generated by aquaculture activity
through environmental indicators is a useful tool with
regard to environmental sustainability (Boyd and Queiroz,
2001; Boyd et al., 2007). In Brazil, although scarce
studies performed in trout farming (Caramel et al., 2014;
Moraes etal., 2015, 2016), in bullfrog farming (Borges et al.,
2012; Mercante et al., 2014) and in polyculture system
(tilapia and shrimps) (Aratjo-Silva et al., 2014), showed
that environmental indicators can be a useful tool for
characterizing the impact, since it allows the comparison
of different systems, methods of creation, evaluation of
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the effectiveness of management practices used in the
production system, descriptions of general standards and as
reference values (Boyd et al., 2007; Kimpara et al., 2010).

Thus, the aim of this study was utilized environmental
indicators as a quantitative method to evaluate and discuss
the nitrogen and phosphorus flux by a production stage
grow-out (termination) of Nile tilapia (Oreochromis
niloticus) in fishpond. The nutrient load, the mass balance,
the input of nutrients via feed and the converted nutrients
in fish biomass are the environmental indicators applied
in this study.

2. Material and Methods
2.1. Study area

The present study was performed in Nile tilapia
production system in excavated fishpond, located in
Pindamonhangaba city, Sdo Paulo State (SP), Brazil
(22°56°27S and 45°26°32.2”"W).

2.2. Description of production system and feed
management

The adopted production system was the semi-intensive,
in production stage grow-out with monosex male of Nile
tilapia (Oreochromis niloticus), with initial average weight of
191.00 g, stocked at a density of 2.5 fish m2. The dimensions
of the fishpond presented an area of 1,500 m?, average
depth of 1.08 m and volume of 1,620 m?. The water flow
values were determined by the volume meter method
based on the time spent by a determined water flow to fill
a recipient of a known volume. The estimated residence
time of the water was seven days (average water flow of
2.7 Ls™). The water renewal of the fishpond was constant
and without mechanical aeration. The effluents generated by
the production system was released on the water receiving
body (Ribeirdo do Borba), that is a tributary of Ribeirao do
Curtume, which in turn, integrates one of the sub-basins
of the Rio Paraiba do Sul, Sdo Paulo State, Brazil.

During the fattening period, it was used a commercially
formulated fish feed of the brand ADIMAX®, extrused
containing 28% of crude protein, 12% of humidity, 5% of
ethereal extract, 6% of crude fiber, 12% of mineral matter,
3% of calcium, 0.80 mg g of feed of folic acid and at
least of 0.8% of TP, offered twice daily, ranging from
1.5 to 2.5% of the estimated total biomass, considering
the population developmental stage (size/age) and the
estimate of the biomass produced. To estimate the total
biomass, fishes were measured periodically, considering the
analysis of a batch containing 10% of the total population
of'the fishpond. Tilapia growth data were used to compare
the nitrogen and phosphorus loads between growth
phases; it was conditioned the term “phase” for the period
between the achievements of biometrics. Thus, grow-out
period (128 days) was divided into four phases: phase I
(191-335 g), phase 11 (335-474 g), phase 111 (474-569 g)
and phase IV (569-663 g) (see Table 1). The weight gain
(g), specific growth rate (SGR) (% day), biomass gain (g),
feed conversion ratio (FCR), final biomass (g m™?) and
productivity (kg ha cycle™) were evaluated.
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Table 1. Zootechnical performance data of the Nile tilapia in grow-out period in semi-intensive production system and

excavated fishpond.

Parameters Phase I Phase 11 Phase 111 Phase IV

Initial average weight (g) 191 335 474 569
Final average weight (g) 335 474 569 663
Weight gain (g) 145 139 95 93
Ultimate survival (%) - - - 93
Production time (days) 44 73 102 128
Feed (kg ha d™) 112 156 199 239
FCR 1.20:1 1.30:1 2.14:1 2.21:1
SGR 1.3 1.2 0.62 0.62

FCR = Feed Conversion Ratio; SGR = Specific Growth Rate.

2.3. Sampling and limnological variables

The analyses were performed during grow-out period
of 128 days from October/2006 to February/2007. In the
first 14 weeks, the water samplings were monthly and
from the 14" week until the end of the grow-out period,
the samplings have become weekly, to monitor the effects
of increased feed amounts offered in this phase. The water
samplings were performed in affluent and effluent of the
fishpond at 10:00 h.

Water samples were collected in the subsurface water
column and then, were frozen. In the laboratory, total
phosphorus (pg L) and total nitrogen (pug L") were
determined according to Valderrama (1981).

2.4. Environmental indicators

Nutrient loads were determined by the product of the
water flow values (L s') and the total phosphorus - TP
and total nitrogen - TN concentrations (ug L) in affluent
(L,) and in effluent (L,) of Nile tilapia production system
in fishpond, through the following Equation 1:

L=[ ]xw, )

where L = loads of TP and TN (g. dia™"), [ ] = nutrient
concentrations (ug.L™), W, = water flow (L s™).

Subsequently, to quantify the amount of waste generated
by the fish farming activity, mass balance was calculated
(g d") of TP and TN through the nutrient load that leaves
via effluent and subtracted from the water supply system,
according to the Equation 2:

MB,=L,-L, 2

where MBL = mass balance among loads of TP and TN
(g d"), L, = the considered variable load in the effluent
of the system (g d"'), L, = the considered variable load in
the affluent of the system (g d™').

The nutrient load of production system via feeding
was estimated by the amount of phosphorus and nitrogen
contained in the total feed offered (Equation 3), of the levels
of these nutrients that were converted into fish biomass
(Equation 4) and of the lost via effluent (Equation 2) (Boyd
and Queiroz, 2001; Boyd et al., 2007). It was assumed
that the Nile tilapia presents 25% (0.25 kg) of dry matter,
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whereas the dry matter containing 3.0% (0.030 kg) of
phosphorus and 8.5% (0.085 kg) of nitrogen (Boyd and
Queiroz, 2001; Boyd et al., 2007). The commercial feeds
used in Nile tilapia production system contained 0.9%
(0.009 kg) of phosphorus and 4.8% (0.048 kg) of nitrogen
per kg of feed. The production of fish and feed offered were
applied in the present study using the following equations:

I.=F,x N, 3)

where I, = input of nutrient via feed (kg of TP or TN),
F, =amount of feed offered (kg), N, = amount of nutrient
(kg) by kilogram of feed.

N,=PxDMxN,, 4)

where N, = converted nutrient in fish biomass (kg of TP
or TN), P = fish production (kg), DM = amount of dry
matter by kilogram of fish (kg), N, = amount of nutrient
(TP or TN) by kilogram of dry matter of fish (kg).

2.5. Statistical analysis

A descriptive analysis was applied to the production
results (amount of feed offered), and mass balance of the
loads of TN and TP using the statistical program Statistica
version 7.1. Then data normality was checked by the
Shapiro-Wilk test. For normal data (p > 0.05), the Pearson
correlation was computed between the amount of feed
offered along the production and the mass balance results.
Data were transformed to log (x+1), when necessary. When
(r) presented p < 0.05, the scatter plot was constructed
showing the relationship between the variables (Zar, 2010).

3. Results

Nile tilapia production after 128 days was of 11,013 kg ha'!
of fish biomass and was used a total of 18 t ha™! of feed, and
the FCR of the production was 1.63:1. The best values of
FCR and SGR were observed in the first phase of growth.
After the second half of production was observed decrease
in nutrients assimilation efficiency from feed, as showed
the FCR and SGR values (see Table 1).

The largest loads of TN and TP were observed in
effluent of the fishpond, when compared to the affluent
(see Figure 1). The mass balance calculation showed that
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tilapia production in grow-out period (128 days), exported
atotal of 15,931 g TN and 4,189 g TP. The amount of feed
offered and the export of nutrients showed a positive and
significant correlation (r = 0.8825 for TN and r = 0.8523
for TP (see Figure 2A, B).

Based on the proposed indicators by Boyd and
Queiroz (2001) and Boyd et al. (2007) for nitrogen and
phosphorus, during the final phase of growth, 133 kg TN
(100%) entered the system via feed (during fish feeding)
and from these, 35 kg TN (26%) were reversed into fish
biomass, 82 kg TN (62%) were retained in the fishpond
and 16 kg TN (12%) were exported via effluent. For TP,
28 kg (100%) had as the source the feeding and from these,
13 kg TP (45%) were reversed into fish biomass, 11 kg TP
(40%) were retained in the fishpond and 4 kg TP (15%)
were exported via effluent (see Table 2).
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Figure 1. Total nitrogen (A) and phosphorus (B) loads
in affluent (black) and in effluent (gray) of Nile tilapia
production system during grow-out period.

4. Discussion

The better utilization of nutrients from feed by
tilapia occurred at the beginning of the grow-out period
(phases I and II), period when smaller quantities of feed were
offered (112 kg ha d') and recorded the smaller nutrient
loads (TN and TP) exported via effluent. The amount of
feed offered has achieved 239 kg ha d! with the increase
in fish biomass in the second half of the grow-out period
(phases III and IV). It was observed decrease in nutrients
assimilation efficiency from feed, which resulted in feed
losses and, consequently, generated greater input of nutrients
to the fishpond and its effluent. Pearson correlation showed
the relation between the increases in the amount of feed
offered to the fish and the higher amount of nutrient
(TN and TP) exported via effluent.
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Figure 2. Linear correlation between feed offered and the
exportation of total nitrogen (TN) (A) and total phosphorus
(TP); (B) in Nile tilapia production system during grow-out
period. (Dashed line = significance level of 95%).

Table 2. Total nitrogen (TN) and phosphorus (TP) inputs in the Nile tilapia production system via feed and its main exit

routes.
Total introduced in the Total reversed in fish Total exported via Total retained in
fishpond via feed (kg) biomass (kg) effluent (kg) fishpond and/or lost (kg)
(TN) (TP) (TN) (TP) (TN) (TP) (TN) (TP)
Phase I 30.67 6.39 10.77 3.80 0.20 0.47 19.70 2.12
Phase II 28.18 5.87 10.35 3.65 1.68 1.01 16.14 1.21
Phase IIT 35.86 7.47 7.08 2.50 4.64 1.32 24.14 3.65
Phase IV 37.87 7.89 6.95 2.45 8.88 1.30 22.05 4.14
Total 133.00 28.00 35.00 13.00 16.00 4.00 82.00 11.00
28
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The percentages of nutrients in the feed and converted
into fish biomass observed in the present study of 26%
TN and 46% TP are similar to the data registered by
Boyd et al. (2007), whom estimated that 23% of TN and
40% TP introduced in the fishponds as feed were converted
in tilapia biomass. In the salmon farming industry in
Norway, Wang et al. (2012), have found that 38% TN
and 30% TP which entered the system in the form of feed
were reversed into fish biomass and the remaining, 62%
TN and 70% TP, were released to the environment. In this
case, the lowest use of TP can be related to the fact that
carnivorous fish (like salmon) require larger amounts of
this element in the diet.

Consider the total of nutrients released to the environment
by the production system is fundamental. In the present
study, 16% TN and 11% TP which entered the system in
the form of feed were exported by effluent, percentages
similar to those observed by Boyd and Queiroz (2001).
These values, even with low contribution within the total
generated, represented great amount when considering
the total production.

Mean percentages of 62% TN and 39% TP were retained
or were lost in the fishpond, either by the assimilation of
the plankton community, sedimentation of nitrogen and
phosphorus or by the volatilization and/or denitrification
of inorganic nitrogen compounds (Boyd and Queiroz,
2001; Rodrigues et al., 2010) and, can represent serious
environmental problems. During the withdrawal of
fish period, large volumes of water are dropped to the
environment and, in many cases without prior treatment,
can lead to situations where the pollutant concentrations
are high enough to generate localized impacts (Boyd et al.,
2007; Santos and Camargo, 2014).

The waste production arising aquaculture can be
reduced based on nutritional strategies, as in the formulation
of nutrients and the development of efficient feeding
systems based on energy requirements of the species
(Bouwman et al., 2013). However, it is common to use
feeds using alternative and conventional foods of vegetal
origin, as cottonseed meal, sunflower meal, peanut meal
in replacement of soybean meal and fishmeal, to reduce
production costs (Abimorad et al., 2012). These foods, which
present about 70% or more of phosphorus, cannot be fully
absorbed by monogastric animals, as they are in the form
of phytate, non-hydrolysable substance in fish intestine
(Storebakken et al., 1998; Bock et al., 2007). An alternative
would be to reduce the percentage of phosphorus in the
diet, fact would decrease the final costs of production
without compromising feed quality. Reduction of 0.4%
of phosphorus in the diet, from 1.2% to 0.8%, can lead
to diminution of this element in the effluent of fishpond
up to 55%, without harming the growth performance of
animals (Bueno et al., 2012).

There is a direct relation between the pollution
potential of feed and feed conversion rates. Better feed
conversion was related to lower supply of nutrients to
the environment (phases I and II). This relation would
minimize the negative impacts on farming systems and
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aquatic ecosystems, where improvement in the FCR from
2.1:1to 1.7:1 can lead to reduction of 20% in aquaculture
waste (Mungkung et al., 2013). Some authors (i.e. Souza,
2002; Souza et al., 2004; Boyd et al., 2007; Simdes et al.,
2007) has considered the FCR 1.8:1 as an acceptable rate in
tilapia production. Thus, some estimates can be elaborated
from applied indicators, for example, considering 1.8:1 as
areference value, during phase III and IV, where FCR was
2.14:1 and 2.21:1, respectively, had being left to supply
1.649 kg ha! of feed, which result in a reduction of 16%
N and 15% P would enter the fishpond via feed, and of
these about 9.53 kg ha! of N and 2.23 kg ha™' of P would
have being left to be released directly to the effluent. These
indicators can also be applied in the design of wastewater
treatment systems, for example, in a excavated fishpond of
10,000 m?, Nile tilapia in grow-out period, with average
weight of 600.00 g, stocked at a density of 2.5 fish m™
and feed rate of 1.5% total biomass, considering that
approximately 12% N and 15% P that enter in a fishpond
via feed are discarded directly in the effluent, the treatments
system have to be designed to remove about 130 g of
N and 30 g of P per day.

In Brazil, indicators proposed by Boyd and Queiroz
(2001) and Boyd et al. (2007) were evaluated by Moraes et al.
(2016), in a trout farming system (Oncorhynchus mykiss)
and was observed that from the total N and P offered feed,
25% of N and 38% of P were converted into fish biomass
and 75 of N and 62% of P were exported via effluent.
These authors attributed the values to the management
practices, such as excessive amount and low quality of
feed offered. Thus, based on the results reported, the use
of the indicators showed to be an efficient tool to quantify
TN and TP flux produced by different grow-out techniques.
These indicators also provide ways to assess the potential
of aquaculture wastewater to pollute waterbody receiver,
and can be employed as discriminant of the environmental
viability during the phase of installation and deployment
of fish farms.

The estimate of the load through environmental
indicators is efficient and promising for the future of the
activity, where the use of water management practices can
be a strategy for reducing nutrient loads of aquaculture
productions (Flora and Kroger, 2014). Is evident the need of
implementation of best management practices in aquaculture.
According to Wang and Lu (2015), systems using tilapia in
polyculture increase feed efficiency, improving the water
quality, the total yield of production and profits. Besides,
it is necessary to use wastewater treatment systems using
constructed wetlands (Henry-Silva and Camargo, 2006),
allowing the reuse of water by the system and/or the water
release in appropriate conditions to the current legislation.

The use of environmental indicators showed to be an
efficient tool in quantifying the nitrogen and phosphorus
flux by a production stage grow-out (termination) of Nile
tilapia (Oreochromis niloticus), revealing the amount of
resources used or discarded, in this way, helping the farmer
in the achieve better resource performance. Furthermore,
the use of the results per unit area and production can
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simplify the comparison between the different species and
production systems. We conclude that the management
should be better oriented to seeking a better use of feed and
order to prevent waste production. As mitigating measures
adaptations must be suggested in the management with
regard to the best control of the amount of feed offered
avoiding loss of nutrients to the water, and the use of feed
with better quality allowing greater efficiency of nutrients
assimilation.
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