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RESUMO

A eficiéncia de um sistema de tratamento integrado para melhorar a qualidade da
agua de viveiros de camarao foi avaliada utilizando-se processos sedimentacao, filtracdo por
ostras e absorcdo por macroalgas, assim como também foram avaliadas diferentes
densidades de ostra e macroalga no tratamento de efluentes de sistemas autotréfico e
heterotrofico de cultivo de camardo. Espécie nativa de ostra (Crassostrea rhizophorae) e
macroalga (Gracilaria sp.) foram selecionadas devido a disponibilidade local e potencial para
a aquicultura no Nordeste do Brasil. A agua do efluente decantou por 24 h sem aeracao
(primeira fase) e nas duas seguintes fases (ostra e macroalga) o efluente foi transferido para
as unidades experimentais, permanecendo por 24 h em cada fase com aeracdo. Também
foram avaliadas trés densidades de ostra (0,2, 0,4 e 0,8 ostra.L™) e macroalga (2,0, 4,0 e 8,0
g.L'h) no tratamento do efluente durante 48 h (24 h em cada fase). Variaveis quimicas e
fisicas foram analisadas durante o periodo dos experimentos, 0 a 72 h no primeiro e 0 a 48
h no segundo. Variacbes nas concentracdes de clorofila-a, feofitina, fésforo total, fosfato
total, ortofosfato, amoénia total, nitrato, nitrito, sélidos suspensos totais, sélidos suspensos
organicos e solidos suspensos inorganicos mostraram que os dois organismos filtradores
reduziram significativamente a concentracdo de diferentes poluentes no efluente de cultivo
de camaréo, entretanto as densidades de ostra e macroalga devem ser mais estudas.

Palavras-chave: Crassostrea rhizophorae, Gracilaria sp., Litopenaeus vannamei, qualidade
de agua, sedimentacéao, densidade.



ABSTRACT

The efficiency of an integrated treatment system to improve the water quality from
shrimp pond was assessed laboratory-scale by using sedimentation, oyster filtration and
macroalgal absorption (trial 1), and the evaluation of oysters and macroalgae densities in
effluent treatment of autotrophic and heterotrophic shrimp culture systems (trial 2). Native
species of oyster (Crassostrea rhizophorae) and macroalgae (Gracilaria sp.) were selected
due to their local availability and aguaculture potential in northeastern Brazil. In trial 1, the
effluent water was left to settle for 24 h without aeration (first phase) and in the next two
phases (oyster and macroalgae) the effluent water was drained into experimental units (and
control) for 24h each with aeration. In trial 2, three densities of oyster (0.2, 0.4 and 0.8
oyster.L™") and macroalgae (2.0, 4.0 and 8.0 g.L™) were assessed during 48 h to treat effluent
water (24 h for each phase). Chemical and physical variables were measured during
experiments periods (0 to 72 h for trial 1 and 0 to 48 h for tria 2). Variations in the
concentration of chlorophyll a, pheophytin, total phosphorus, total phosphate,
orthophosphate, total ammonia, nitrate, nitrite, total suspended solids, organic suspended
solids and inorganic suspended solids showed that the two biological filters reduced
significantly the concentration of the different pollutants in the shrimp effluent, however
oyster and macroalgae densities should be more studied.

Keywords: Crassostrea rhizophorae, Gracilaria sp., Litopenaeus vannamei, water quality,
settling, density.
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1 INTRODUCAO

A carcinicultura brasileira cresceu aceleradamente na Gltima década e inicio desta
com o cultivo da espécie exoética Litopenaeus vannamei principalmente na regido Nordeste,
e considerada uma das principais atividades em alguns estados. Em 1995, a producéo era
de 2.007 t, aumentando para 90.190 t em 2003 e caindo para 65.000 t em 2006 (FAO,

2008).

Entretanto, esse crescimento da carcinicultura foi desordenado e insustentavel,
acarretando na degradacdo do ambiente de cultivo, aparecimento de patologias e queda na
producdo. A expansdo da area de producdo e o aumento das densidades de cultivo
acarretou na discussdo sobre os impactos ambientais que a atividade pode gerar. Um de
seus focos era a descarga de efluentes néo tratados diretamente nos estuarios e rios, o que
poderia contribuir com a eutrofizacdo do meio (ZIEMANN et al., 1992; HOPKINS et al., 1993;
PAEZ-OSUNA et al., 1998). Autores como Currie (1994) e Nascimento (1998) alertavam
sobre os processos de transformacdo dos recursos naturais e a producao de efluentes que

poderiam chegar a prejudicar a propria atividade.

Os sistemas de cultivo empregados nas fazendas de camardo sdo considerados
semi-fechados baseados no manejo da agua, onde esta € bombeada para o sistema,
utilizada nos viveiros e depois descartada de volta ao meio sem reaproveita-la (WHEATON,
1982). As renovacbes de agua que necessitam os viveiros de camardes estédo relacionadas
a capacidade de carga dos mesmos, devido a reducdo da qualidade da &gua provocada

pelo excesso de matéria organica e metabdlitos.

A 4gua dos efluentes normalmente tem concentragcbes mais altas de nutrientes
dissolvidos e particulas suspensas que a agua de abastecimento (PHILLIP et al., 1993;
BRIGGS e FUNGE-SMITH, 1994; MCINTOSH e FITZSIMMONS, 2003). O cultivo de

animais aquaticos produz uma grande quantidade de nutrientes ao ambiente na forma de
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residuos metabdlicos (BEVERIDGE, 1996). Kautsky e Folke (1989) enfatizam que apenas
25% dos nutrientes adicionados como alimento é incorporado pelos animais, enquanto que
0 restante permanece no ambiente, podendo causar impactos. Os referidos autores também
mencionam que nos nutrientes contidos no alimento, 60% do nitrogénio (N) e 11% do
fésforo (P) sdo lancados diretamente na 4agua pela excrecdo dos camarbes e pela
dissolucdo dos pellets, e finalmente, sé 25% do N e 23% do P s&o absorvidos pelos

camaroes.

O descarte desses efluentes, comprovadamente ricos em nutrientes, além de
provocar um impacto ambiental nas areas estuarinas, caracteriza-se como um desperdicio
de energia que poderia estar sendo utilizada na producdo de biomassa. A aplicacdo de
sistemas de tratamento de efluentes com organismos biorremediadores, principalmente
animais filtradores e plantas é uma alternativa interessante para contribuir com a

sustentabilidade da producdo de camarao marinho.

A ostra do mangue, Crassostrea rhizophorae, e a macroalga Gracilaria sp. sdo
recursos bastante explorados pelas popula¢es locais ao longo da costa nordestina do
Brasil (MARINHO-SORIANO et al. 2002; OLIVERA et al. 2006). Recentemente, o cultivo da
C. rhizophorae vem sendo desenvolvido nos estuarios e em canais de efluentes das
fazendas de camardo marinho Litopaneus vannamei como uma alternativa a pesca
artesanal e por pequenos carcinicultores (OLIVERA et al., 2006). J& houve experiéncias de
cultivo de Gracilaria sp. em efluentes do cultivo de L. vannamei em fazendas do Nordeste
(MARINHO-SORIANO et al.,, 2002) e mais recentemente, tem sido considerada um
substituto parcial para a ragcdo industrializada usada na alimentacdo do camarao

(MARINHO-SORIANO et al., 2007).
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2 REVISAO DE LITERATURA

2.1 Sistemas de cultivo de camardo marinho

Os sistemas de cultivo de camardo marinho podem ser classificados de acordo com
a dindmica dos microrganismos presentes no ecossistema do viveiro, 0s quais sao
fotossintetizantes como as microalgas que dependem da radiacdo solar para seu
crescimento, ou nao fotossintetizante como determinados grupos de bactérias, ditas
heterotroficas por ndo possuirem a capacidade de sintetizar seu préprio alimento, ou seja,
gue necessitam para sua nutricdo da presenca de matéria orgéanica no ambiente (SILVA e
SOUZA, 1998). Uma vez que esses organismos sdo a base desse ecossistema, é
importante considerar os conceitos de sistemas de cultivo autotréfico e heterotréfico em

fazendas de camarao.

Os cultivos convencionais baseiam-se na utilizacdo de microalgas como um dos
meios de manutencdo da qualidade de agua nos viveiros, sendo considerados sistemas
fotoautotrofico (HOPKINS et al., 1996; AVNIMELECH et al., 1994; EBELING et al., 2006;
CRAB et al.,, 2007). O manejo desses viveiros implica em técnicas de fertilizacdo para
induzir o crescimento da populacao fitoplanctbnica, controle da biomassa algal e renovacbes
constantes de agua, sendo o mais empregado nas fazendas de carcinicultura no Brasil.
Algumas desvantagens desse tipo de sistema sdo as variacbes diarias nos niveis de
oxigénio dissolvido, pH e aménia, como também aumento excessivo da biomassa de

microalgas (BURFORD et al., 2003), guando ndo ha um manejo adequado.

O sistema de cultivo heterotroéfico diferencia-se do cultivo autotréfico pela auséncia
de fertilizacdo para o crescimento de microalgas e pela inoculacdo de bactérias através de
probidticos com o intuito de diminuir a taxa de converséo alimentar e melhorar a qualidade
de agua do viveiro e do efluente. Esse sistema tende a ser mais estaveis que os sistemas

tipicamente dominados por fitoplancton. A producdo heterotréfica ndo é diretamente
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dependente de luz e, portanto ndo tem sua produtividade limitada por esta. Em viveiros de
cultivo heterotrofico, componentes organicos servem como fonte de energia e podem estar
disponiveis tanto na coluna d’agua quanto no fundo do viveiro (SCHROEDER, 1978). Esse
tipo de sistema vem sendo estudado e estimulado por alguns pesquisadores com o intuito
de aumentar a produtividade nas fazendas (MOSS, 2002; BURFORD et al., 2003;

BURFORD et al., 2004; WASIELESKY et al., 2006).

Os principais impactos gerados sobre a qualidade da é&gua em sistemas
heterotroficos descritos por Ebeling et al. (2006) sdo a produ¢cdo muito maior de biomassa
bacteriana quando comparado com a biomassa algal em cultivos autotréficos e consequiente
incremento de sélidos suspensos, aumento da producao de didxido de carbono devido ao

baixo consumo da alcalinidade como fonte de carbono, e a hdo produc¢do de nitrito e nitrato.

2.2 Tratamento de efluentes

Os impactos ambientais decorrentes da expansao das areas de cultivo de camarao e
0 aumento das densidades de cultivo tem sido bastante discutidos, principalmente os efeitos
da liberacdo de efluentes ndo tratados na elevacao da carga de nutrientes e sedimentos nos
ambientes costeiros (WANG, 1990; MACINTOSH e PHILLIPS, 1992; ZIEMANN et al., 1992;
HOPKINS et al., 1993; BRIGGS e FUNGE-SMITH, 1994; PAEZ-OSUNA et al., 1998; TROTT

e ALONGI, 2000).

O cultivo de animais aquaticos produz e libera grandes quantidades de residuos
metabdlicos ao ambiente (BEVERIDGE, 1996). A agua do efluente normalmente apresenta
altas concentracdes de nutrientes dissolvidos e particulas suspensas em comparacao com a
agua de abastecimento dos viveiros de cultivo de camardo (PHILLIP et al., 1993; BRIGGS e
FUNGE-SMITH, 1994; MCINTOSH e FITZSIMMONS, 2003), possuindo grande quantidade

de energia que poderia ser revertida em biomassa.
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A utilizacdo de organismos biorremediadores € uma forma de explorar o uso dos
efluentes da carcinicultura como fonte de energia e ao mesmo tempo reduzir descargas ao
ambiente, através do cultivo de ostras e macroalgas (MARINHO-SORIANO et al., 2002;
JONES et al.,, 2002). A combinacdo desses organismos promove a remocdo particulas

suspensas e nutrientes dissolvidos na agua (SHPIGEL, 1993).

Estudos demonstram que macroalgas sdo capazes de tratar o efluente proveniente
da criacdo de animais de maneira eficiente (QIAN, et al., 1996; TROELL et al.,, 1999;
NELSON et al., 2001; JONES et al., 2001). Em um sistema experimental de cultivo integrado
de peixe, abalone e macroalga, esta Ultima foi capaz de reduzir em 67% a carga de ambnia
(NEORI et al., 2000). Além de reduzirem os niveis de nitrogénio e fésforo, macroalgas
Gracilaria sp. foram cultivadas com relativo sucesso em efluentes de fazendas de camarao

na regido Nordeste do Brasil (MARINHO-SORIANO et al., 2002).

As ostras podem melhorar a qualidade de agua de efluentes de viveiros de camarao
significativamente (WANG e JAKOB, 1991; HOPKINS et al.,, 1993; JONES e PRESTON,
1999; JONES et al., 2001). O uso de bivalves como ostras, mexilhdes ou mariscos como
biofiltros naturais pode ser uma maneira efetiva de remocdo de pequenas particulas em
suspensao dos efluentes (WANG, 1990; HOPKINS et al., 1993) e 0 componente organico
dos efluentes dos viveiros de camardo provéem uma rica fonte de alimentacdo para 0s

bivalves (NEWELL e JORDAN, 1983).

Quando se utiliza somente ostras no tratamento de efluentes, pode haver um
aumento aparente na concentracdo de nutrientes na agua, mas devido ao seu habito
alimentar que ndo depende de racdo (fonte externa de alimento) em contraste com o cultivo
de camardo, a liberacdo desses nutrientes ndo altera a quantidade de nutrientes

preexistente. Ocorre uma reducdo de 25% através do plancton consumido, enquanto que
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30% se sedimentam como fezes e 45% sédo dissolvidos na agua (KAUTSKY E FOLKE,

1989).

Um sistema de tratamento de efluentes utilizando ostras da espécie Saccostrea
commercialis com peso Umido de 40 g, numa densidade de 1,6 ostras/L, e macroalgas da
espécie Gracilaria edulis numa densidade de 20 g/L, foi testado obtendo uma reducao
substancial nos nutrientes, sélidos suspensos, fitoplancton e carga bacteriana no efluente

(JONES et al., 2001).
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EXPERIMENTAL INTEGRATED TREATMENT SYSTEM TO SHRIMP POND
EFFLUENT

SISTEMA EXPERIMENTAL DE TRATAMENTO INTEGRADO PARA EFLUENTES DE
VIVEIROS DE CAMARAO

Irit Menezes GUIMARAES!, fcaro Gomes ANTONIO!, Tereza Cristina Paiva dos SANTOS!,
André Batista de SOUZA!, Ricardo Luis Mendes de OLIVEIRA!, Henrique David
LAVANDER!, Lednidas de Oliveira CARDOSO JUNIORY, Silvio PEIXOTO!, Alfredo
OLIVERA!

ABSTRACT

The efficiency of an integrated treatment system to improve the water quality from
shrimp pond was assessed laboratory-scale by using sedimentation, oyster filtration and
macroalgal absorption (trial 1), and the evaluation of oysters and macroalgae densities in
effluent treatment of autotrophic and heterotrophic shrimp culture systems (trial 2). Native
species of oyster (Crassostrea rhizophorae) and macroalgae (Gracilaria sp.) were selected due to
their local availability and aquaculture potential in northeastern Brazil. In trial 1, the effluent
water was left to settle for 24 h without aeration (first phase) and in the next two phases
(oyster and macroalgae) the effluent water was drained into experimental units (and control)
for 24h each with aeration. In trial 2, three densities of oyster (0.2, 0.4 and 0.8 oyster.L-!) and
macroalgae (2.0, 4.0 and 8.0 g.L1) were assessed during 48 h to treat effluent water (24 h for
each phase). Chemical and physical variables were measured during experiments periods (0
to 72 h for trial 1 and O to 48 h for tria 2). Variations in the concentration of chlorophyll 4,
pheophytin, total phosphorus, total phosphate, orthophosphate, total ammonia, nitrate,
nitrite, total suspended solids, organic suspended solids and inorganic suspended solids
showed that the two biological filters reduced significantly the concentration of the different
pollutants in the shrimp effluent, however oyster and macroalgae densities should be more

studied.

! Laboratério de Maricultura Sustentavel, DEPAq, UFRPE. Rua Dom Manoel de Medeiros,
s/n, Dois Irmaos, Recife - PE. CEP: 52171-900. Fone (81) 3320-6504. E-mail:
iruguimaraes@yahoo.com.br
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Keywords: Crassostrea rhizophorae, Gracilaria sp., Litopenaeus vannamei, water quality, settling,

density.

RESUMO

A eficiéncia de um sistema de tratamento integrado para melhorar a qualidade da
agua de viveiros de camardo foi avaliada utilizando-se processos sedimentacdo, filtracdo por
ostras e absor¢cdo por macroalgas, assim como também foram avaliadas diferentes
densidades de ostra e macroalga no tratamento de efluentes de sistemas autotrofico e
heterotréfico de cultivo de camardo. Espécie nativa de ostra (Crassostrea rhizophorae) e
macroalga (Gracilaria sp.) foram selecionadas devido a disponibilidade local e potencial para
a aqiiicultura no Nordeste do Brasil. A dgua do efluente decantou por 24 h sem aeragdo
(primeira fase) e nas duas seguintes fases (ostra e macroalga) o efluente foi transferido para
as unidades experimentais, permanecendo por 24 h em cada fase e com aera¢do. Também
foram avaliadas trés densidades de ostra (0,2, 0,4 e 0,8 ostra.L!) e macroalga (2,0, 4,0 e 8,0
g.L1) no tratamento do efluente durante 48 h (24 h em cada fase). Varidveis quimicas e fisicas
foram analisadas durante o periodo dos experimentos, 0 a 72 h no primeiro e 0 a 48 h no
segundo. Variagdes nas concentragdes de clorofila-a, feofitina, fésforo total, fosfato total,
ortofosfato, amoénia total, nitrato, nitrito, sélidos suspensos totais, sélidos suspensos
organicos e sélidos suspensos inorganicos mostraram que os dois organismos filtradores
reduziram significativamente a concentragdo de diferentes poluentes no efluente de cultivo

de camardo, entretanto as densidades de ostra e macroalga devem ser mais estudas.

Palavras-chave: Crassostrea rhizophorae, Gracilaria sp., Litopenaeus vannamei, qualidade de

agua, sedimentacdo, densidade.

INTRODUCTION

Brazilian shrimp aquaculture production had an expressive increment with the
culture of the white shrimp Litopenaeus vannamei, which increased from 2.007 t in 1995 up to
60.190 t in 2003 (FAO, 2008). However, that raise was unplanned and not sustainable, and
had caused the culture environment degradation, occurrence of diseases and consequently a

decline in production.



19

Environmental impacts from the expansion of shrimp farms and increasing of culture
densities has been hardly discussed, mainly the effects of no treated effluent to elevate
sediment and nutrient loadings in coastal environments (WANG, 1990; MACINTOSH and
PHILLIPS, 1992; ZIEMANN et al., 1992; HOPKINS et al., 1993; BRIGGS and FUNGE-SMITH,
1994; PAEZ-OSUNA et al.,, 1998; TROTT and ALONGI, 2000). Some authors had alerted
about the transformation processes of the natural resources and effluent production by
shrimp industry could negatively affect itself (CURRIE, 1994; NASCIMENTO, 1998).

Aquatic animal culture produces and releases great amount of metabolic residues to
the environment (BEVERIDGE, 1996). Effluent water often presents higher dissolved
nutrient concentrations and suspended particles than affluent water (PHILLIP et al., 1993;
BRIGGS and FUNGE-SMITH, 1994; MCINTOSH and FITZSIMMONS, 2003), and its
discharge is a waste of energy, that could be used to produce biomass. The culture of oysters
and macroalgaes is a way to make use of that energy and to reduce the discharges (JONES et
al., 2002; MARINHO-SORIANO et al., 2002).

Mangrove oyster Crassostrea rhizophorae and macroalgae Gracilaria sp. are stocks very
exploited at the Brazilian northeast coast (MARINHO-SORIANO et al., 2002; OLIVERA et al.,
2006),. More recently C. rhizophorae (OLIVERA et al., 2006) and Gracilaria sp. (MARINHO-
SORIANO et al., 2002; MARINHO-SORIANO et al., 2007) have been cultured also in shrimp
farm effluent.

Studies demonstrated that macroalgaes can efficiently treat effluent water from
animal production systems, reducing nitrogen and phosphorus compounds (QIAN, et al.,
1996; TROELL et al., 1999; NEORI et al., 2000; NELSON et al., 2001; JONES et al., 2001;
MARINHO-SORIANO et al., 2002). Oysters, as others filter feeding mollusks, can improve
water quality in shrimp ponds, as they effectively remove small suspended particles from
effluents and the organic fraction provides a rich food source (WANG, 1990; WANG and
JAKOB, 1991; HOPKINS et al., 1993; JONES and PRESTON, 1999; JONES et al., 2001;
NEWELL and JORDAN, 1983).

In the present study, an integrated treatment system was assessed in laboratory-scale
to improve the water quality from L. vannamei pond culture by using C. rhizophorae and
Gracilaria sp.. These native species were selected due to their local availability and

aquaculture potential in northeastern Brazil.

MATERIAL AND METHODS
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Trial 1: System efficiency

Oysters C. rhizophorae were collected at Rio Formoso estuary, PE, (8°40'S/35°06"'W)
and macroalgae Gracilaria sp. were harvested from natural beds in Itamaraci, PE
(7°45’S/34°49'W). Shrimp pond effluent water was collected after 60 days of commercial
culture from a Litopenaeus vannamei pond (3 ha; 30 shrimp.m-2).

The experimental design consisted of two treatments, a biological treatment with
native oyster C. rhizophorae and the red macroalgae Gracilaria sp. and other by control
treatment without oysters and macroalgae. Experiment was carried out under controlled
temperature (28 to 30°C) and photoperiod (12:12).

The experiment was processed in three different phases. The first phase (settling) was
common for both treatments, when the effluent water was resuspended and left to settle for
24 h in the collection drum (70 L) without aeration. In the second phase (oysters) this water
was drained into 10 L experimental units (three for each treatment) with aeration for 24 h. In
the biological treatment of this phase, 17 oysters with a mean length of 3.20 cm and 5.88 g of
mean total weight were placed in each experimental unit (1.7 oyster.L!). For the last phase
(macroalgae), the water from the previous phase was drained into 5 L experimental units (3
for each treatment) with aeration for 24h. The biological treatment of this phase was
arranged by including 10 g of the red macroalgae in each experimental unit (2.0 g.L1).
Chemical variables were measured before (Oh) and after (24h) the settling phase, and each 6

hours during the oyster (24-48h) and macroalgae (48-72h) phases.

Trial 2: Densities evaluation

Wild mangrove oysters C. rhizophorae were collected from estuaries in north coast of
Pernambuco State, Brazil. Oysters presented 58.22 g mean total weight, 497 g mean dry
weight and 8.27 cm mean length. The red macroalgae Gracilaria sp. were collected in an
experimental farm at Pau Amarelo beach, Pernambuco, Brazil. The effluent water came from
two experimental culture of Litopenaeus vannamei in laboratory, an autotrophic and an
heterotrophic culture system. Shrimp were reared during four weeks in a 50 L polyethylene
tank with closed flow-through system (salinity of 30). In autotrophic and heterotrophic
systems, shrimps were fed with commercial food,

This experimental treatment system had two phases: first 24 h with oyster filtration

and more 24 h with macroalgae filtration. The effluent from each culture system filled 12
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rectangular tanks with 10 L of water. First, three densities of oyster (0.2, 0.4 and 0.8 oyster.L-
1) were arranged into the tanks with aeration and no additional food (3 repetitions by
density). Then, oyster were removed and three stock densities of macroalgae (2.0, 4.0 and 8.0
g.L1) were added into the tanks with aeration and photoperiod of 12:12 (3 repetitions by
density) (Table 1). Water quality was monitored in the beginning of the experiment and each

8 h.

Table 1 - Experimental design of trial 2.

Oyster Macroalgae
Treatment (oys}’:er.L'l) (g.L'l)g
Control 0 0
T1 0.2 2.0
T2 0.4 4.0
T3 0.8 8.0

Water analysis

Dissolved oxygen, oxygen saturation, temperature, pH, conductivity and salinity
were measured with a Multi Probe System YSI Model 556. Water samples were collected to
laboratorial analyzes of total ammonia (KOROLEFF, 1976), nitrite (GOLTERMAN et al.,
1978), nitrate (MACKERETH et al.,, 1978), orthophosphate, total phosphate and total
phosphorus (A.P.H.A., 1995), chlorophyll-a and pheophytin (NUSCH, 1980), total suspended
solids (TSS), organic suspended solids (OSS) and inorganic suspended solids (ISS) (A.P.H.A.,
1995).

Statistical analysis

Differences between treatments were tested using analysis of variance (ANOVA)
with time as a repeated measurement and Tukey’s test for multiple comparisons of means at
a significance level of 0.05.

RESULTS

Trial 1

Temperature, oxygen and pH
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Data of temperature, dissolved oxygen concentration and pH were pooled for each
treatment as they did not vary significantly within experimental phases (oyster and

macroalgae) (Table 2).

Table 2 - Mean values of temperature, dissolved oxygen and pH in the control and biological

treatments of shrimp pond effluent (Trial 1).

Variable Control Biological
Temperature (°C) 27.39+1.11a 27.33+£1.13a
D.O. (mg.L?) 4.47+1.402 4.52+1.34 2
pH 8.04+0.13 a 7.96+0.11

Nitrogen compounds

Nitrate concentration increased from 0.009 up to 0.024 mg.L-! during the first 24 h
(settling). During oysters filtration, the nitrate concentration continued rising and reached
0.0475 mg.L-1 during the third phase (macroalgae). Overall the mean values for nitrate were
significantly higher during the last two phases of the biological treatment (Figure 1a).

The concentration of nitrite was almost zero during settling phase and then increased
sharply up to 0.012 mg.L! during the two phases of biological treatment (Figure 1b).
However, this increase did not occur in the control treatment, which showed statistically
lower values compared to the biological treatment (Figure 1b).

In the first two phases the total ammonia nitrogen concentration (0.029 mg.L1)
followed a similar pattern observed for nitrite in both treatments (Figures 1b and 1c),
reaching 0.021 and 0.268 mg.L1 in the control and biological treatments after 48 h,
respectively. However, during the last 24 h the macroalgal absorption (biological treatment)

reduced the total ammonia concentration significantly to 0.046 mg.L-! (Figure 1c).

Phosphorus compounds

Overall concentrations of phosphorus compounds showed wide variations during the
experimental period, but the biological treatment was more efficient in reducing these
compounds than the control treatment. Final concentrations of total phosphorus, total
phosphate and orthophosphate in the effluent water were lower than the initial

concentrations after the biological treatment (Figure 1d, 1e and 1f).
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In the biological treatment, total phosphorus concentration after the effluent

treatment dropped to only 1.41% of the initial concentration, but total phosphate and

orthophosphate concentrations showed dramatic reductions

respectively.
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Figure 1 - Concentration of nitrate (a), nitrite (b) and total ammonia (c), orthophosphate (d),

total phosphate (e) and total phosphorus (f) during sedimentation, and oyster filtration and

macroalgae filtration of shrimp pond effluent in trial 1.

Suspended Solids

The total suspended solids concentration during settling phase did not differ from the

initial amount (0.0720 g.L-!). During the oysters and macroalgae phases at biological

treatment, significantly lower values of total suspended solids were observed compared to

the control. The final concentration of total suspended solids in the biological treatment

(0.0653 g.L1) represented a decrease of 9.72% relative to the initial amount, whereas the

control treatment this concentration increased from 0.0732 g.L-! to 0.0828 g.L-! (Figure 2a).
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The organic suspended solids concentration was slightly reduced during the settling
phase, but the biological treatment further reduced this concentration by 41.85% relative to
the initial amount. Mean values of organic suspended solids were significantly lower in
oyster and macroalgae phases in the biological treatment (Figure 2c).

During settlement, the inorganic suspended solids concentration increased from
0.0532 to 0.0595 g.L-1. Consistent with the organic solids, the concentration of inorganic
suspended solids were lower in the biological treatment phases, resulting in a reduction of

8.52% (Figure 2b).

Chlorophyll-a

The chlorophyll-a concentration dropped markedly in both treatments during the
settling phase without aeration. This concentration continued decreasing during the oyster
phase (biological: 0.0104 to 0.0037 pg.L!) and control treatment (0.0104 to 0.0069 pg.L-1).
However, there was an increase during the last 24h in the control treatment (to 0.0134 pg 11),
while the biological treatment (macroalgae) further reduced the final concentration by 90%

relative to the initial concentration (Figure 2d).
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Figure 2 - Concentration of total suspended solids (a), inorganic suspended solids (b),
organic suspended solids (c) and of chlorophyll-a (d) during sedimentation, and oyster

filtration and macroalgae filtration of shrimp pond effluent in trial 1.
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Trial 2

Temperature, oxygen and pH

During Trial 2, temperature and dissolved oxygen concentration did not differ among
treatments in both effluent sources (autotrophic and heterotrophic culture systems) (Table 3).
The pH presented the same pattern in autotrophic and heterotrophic effluent treatment, with

a decreasing tendency toward higher densities.

Table 3 — Means values of temperature, dissolved oxygen (D.O.) and pH in autotrophic and

heterotrophic effluent treatment (Trial 2).

Variable Control T2 T4 T8

Autotrophic:

Temperature (°C) 27.29+1.46 2 27.16+1.43 2 27.37+1.462 27.42+1.73 2

D.O. (mg.L?) 5.15+0.30 2 5.09+0.32 2 5.04+0.29 2 4.94+0.354

pH 7.9240.02 7.87+0.05 ab 7.850.07 be 7.8140.12 ¢
Heterotrophic:

Temperature (°C) 26.81+1.852 26.73 £1.81 26.95+1.86 2 26.77 £1.92 2

D.O. (mg.L?) 5.38+0.37 2 5.32+0.37 2 5.29+0.36 2 5.29+0.39 2

pH 8.17+0.022 8.14+0.02" 8.13+0.02» 8.12+0.03 b

Nitrogen compounds

In heterotrophic effluent treatment, nitrogen compounds levels did not differ among
treatments after oyster and macroalgae filtration phases. However, differences were found
when the period of treatment was considered (0 to 48 h). Nitrate concentration presented
differences among times, decreasing from 25.676 to 21.787 mg.L-! in 24 h and to 15.628 mg.L-!
in 48 h, a reduction about 39% (Figure 3a). Nitrite concentration showed differences between
time 0 h and the other sample times, with a reduction from 0.107 to 0.082 mg.L (Figure 3b).
Total ammonia concentration had a similar statistical pattern observed for nitrite, reaching
undetected levels after 24 h (Figure 3c).

In autotrophic effluent treatment, nitrate and total ammonia concentration did not
present differences among Control, T1 and T2 treatments in relation to densities and over the
time (Figures 3d and 3f). Nevertheless, the treatment with highest densities (T3) differed to

the others after macroalgae phase (48 h), where total ammonia increased from 0.052 mg.L-1 in
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time 24 h to 0.218 mg.L?, just as nitrate concentration raised from 3.045 to 5.376 mg.L1.
During the experiment, nitrite concentration in the Control did not vary, but in T3 it was
higher than in other treatments and increased significantly over the time (Figure 3e). Nitrite
level in T1 and T2 differed to Control only after macroalgae filtration phase (48 h).
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Figure 3 - Concentration of nitrate (a, d), nitrite (b, e) and total ammonia (c, f) during
integrated treatment of effluent from autotrophic and heterotrophic shrimp culture system in

trial 2.

Phosphorus compounds

In heterotrophic effluent treatment, phosphorus compounds presented no differences
among control and the three combinations of oyster and macroalgae densities (Figures 4a
and 4b). Nevertheless, orthophosphate concentration presented differences over the time,
unlike total phosphorus concentration. Orthophosphate concentration was significantly
lower in the end of the trial, reaching 1.929 mg.L! with a reduction of 8.6% (Figure 4b).

In autotrophic effluent treatment, concentrations of orthophosphate in the treatments

increased after oyster (24 h) and macroalgae (48 h) phases (Figure 4c). Significant differences
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among the treatments were only observed after the last phase, when Control presented the
lowest concentration (1.739 mg.L-1) and T1 (1.913 mg.L!) was similar to T2 (2.016 mg.L1),
which was similar to T3 (2.141 mg.L?). Total phosphorus concentrations had a reduction
after oyster phase, but increased after macroalgae phase (Figure 4d). Total phosphorus levels
did not present differences among treatments.
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Figure 4 - Concentration of orthophosphate (a, c) and total phosphorus (b, d) during
integrated treatment of effluent from autotrophic and heterotrophic shrimp culture system in

trial 2.

Chlorophyll-a and Pheophytin

The concentrations of chlorophyll-a and pheophytin were not significant different
among treatments and over the time in heterotrophic effluent (Figure 5a and 5b), as observed
for chlorophyll-a in autotrophic effluent for T2 and T3 (Figure 5c). However, chlorophyll-a
concentration decreased significantly in the first 16 h from 0.011 to 0.001 mg.L! for Control
and T1 in autotrophic effluent . These treatments also showed a reduction in pheophytin

concentration about 91% in 16 h (Control) and 78% in 24 h (T1) (Figure 4d).



28

Heterotrophic effluent Autotrophic effluent
a 012 - Oyster Macroalgae C 0014 - Oyster . Macroalgae
3 5, 0012
E E 0,010 -
u o 0,008
= = 0,006
o o
2 2 0,004 -
S S
5 5 0,002 -
0,000
0
b d 0,016 -
573 573 0,014 -
| |
= o 0012
£ E o010 4 .
= £ o008 |/
= = f
£ £ 0,006 8
g g 0,004 -
ol ol
o o 0,002 4
0,000
0
Time(h) Time (h)
——C ~B-T1 ---4-T2 —%x-T3 ——C ~B-T1 ---4-T2 —%x-T3

Figure 5 - Concentration of chlorophyll-a (a, c) and pheophytin (b, e) during integrated

treatment of effluent from autotrophic and heterotrophic shrimp culture system in trial 2.

DISCUSSION

Sedimentation ponds are recommended in shrimp farms to reduce the discharge of
suspended particles in costal environments. Notwithstanding, the settlement characteristics
of the effluent waters is likely to vary depending on several factors including the pond soil
type, quality of receiving waters and management practices (ZIEMANN et al., 1992). The lack
of significant settlement of TSS in this study was probably related with its higher proportion
of fine particles of inorganic solids (about 73%) than organic matter. In accordance,
ZIEMANN et al. (1992) argued that higher proportions of inorganic matter (72%) are usually
found in the effluent from earthen shrimp ponds. Previous studies showed that significant
proportions of TSS is removed by settlement, but the remained suspended organic matter
(e.g. phytoplankton, bacteria and detritus from shrimp feed) is more efficiently removed by
the oysters (JONES and PRESTON, 1999; JONES et al., 2001).

Under laboratory scale, the sedimentation of Marsupenaeus japonicus pond effluent
effectively reduced the concentration of chlorophyll a (72%) (JONES et al., 2001). A reduction
of 53% only for chlorophyll a was recorded in Trial 1 during the settling phase (24 h) and
76% for chlorophyll a and 91% for pheophytin in Trial 2 (autotrophic) during first 16 h in the
Control treatment, which operated as a settlement tank. The present study also confirmed

previous findings that around 60% of the chlorophyll 2 was removed by the settlement under
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still-water (non-flow) condition and the remained phytoplankton was removed by the oyster
filtration (JONES and PRESTON, 1999). Nevertheless, JONES et al. (2002) argued that flow-
through systems could improve the removal of chlorophyll a by oysters as the
phytoplankton remains in suspension.

The use of bivalves in fish or shrimp culture has been applied to improve water
quality by removing particulate organic matter and to enhance the economical value of
aquaculture in land-based systems (SHPIGEL et al., 1993; BODVIN et al., 1996, SANDIFER
and HOPKINS, 1996). Filtration by oysters effectively reduced TSS concentration in previous
studies (KINNE et al., 2000; JONES et al., 2001; JONES et al., 2002), but in the present study
this reduction was probably shadowed due to the high concentration of inorganic solids
remained in suspension. During the filtration, oysters showed preferential selection of
organic over inorganic particles (NEWELL and JORDAN, 1983). This feeding behavior was
supported in this study, as oysters removed a larger fraction of OSS (28%) compared to ISS
(9%). It is suggested that the decrease in the chlorophyll a2 concentration during the same
period (65%) due to phytoplankton consumption, contributed significantly to the OSS
reduction. Oyster biofiltration also accounted for most of the decrease chlorophyll a in
previous studies (KINNE et al., 2000; JONES et al., 2001).

Phosphorus in natural waters is usually found in the form of phosphates (PO,3),
which can be in inorganic (including orthophosphates) or organic forms (organically-bound
phosphates). Organic phosphate is formed primarily by biological processes and contributed
to effluent water by excretion and food residues. In the present study in Trial 1, increases of
POs? and total phosphorus in the control treatment were probably related to the sediment
release, whereas oyster filtration efficiently removed these phosphorus compounds at a
greater rate than their inputs from the sediment and excretion (JONES et al., 2001).

In autotrophic Trial 2, filtration by oyster and macroalgae didn’t interfered on total
phosphorus, the reduction in the first 24 h can be associated to settlement of organic
particles, and the increase after this time could be explained by decomposition of organic
matter settled. In this same trial, orthophosphate increased since the beginning of the
experiment probably due mineralization of organic matter. In heterotrophic effluent
treatment (Trial 2), orthophosphate concentration was reduced sharply in first 16 h probably
due bacterial uptake, since aerobic heterotrophic bacteria convert nitrogen and phosphorus
into bacterial biomass (EBELING et al., 2006; SCHNEIDER et al., 2007), and slightly raised

until 48 h probably due organic matter contribution by oysters and macroalgae.
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Nitrogen is often considered a limiting factor in marine ecosystems (DAY et al., 1989)
and its discharge from aquaculture in large amounts can create unhealthy eutrophication in
natural coastal waters (COSTA-PIERCE, 1996; HOPKINS et al., 1995a,b; WU, 1995). Although
this problem was intensified in our integrated treatment system by the excretion of the
oysters, following macroalgal biofiltration decreased significantly the concentration of total
ammonia. Macroalgae can assimilate high quantities of dissolved organic and inorganic
nutrients, usually with ammonia preference (D’ELIA and DeBOER, 1978; RYTHER et al.,
1981, SCHUENHOEFF et al., 2003; VERGARA et al., 1993). Several Gracilaria species quickly
assimilated ammonia from aquaculture effluent, including Gracilaria edulis (JONES et al.,
1996; JONES et al., 2001), Gracilaria parvispora (GLENN et al., 1999) and Gracilaria conferta
(NEORI et al., 1998). The potential of ammonia uptake by Gracilaria sp. was clearly indicated
in this study after the oyster treatment, decreasing in 83% the total ammonia concentration
from 0.270 mg.L-! to 0.046 mg.L-! at the end of the experiment (Trial 1).

It has been suggested that Gracilaria respond more rapidly to ammonia than nitrate
(HANISAK, 1983; GLENN et al., 1999; JONES et al., 2001), consistent with our finding that
ammonia rather than nitrate was significantly reduced during macroalgal absorption
compared to the control treatment. Nitrifying bacteria in the aerobic sediment layers and
free-living forms in the water column are probably related with the NO» /NOs- increase in
the biological treatment in Trials 1 and 2 (autotrophic), in addition, increases since 32 h until
48 h in Trial 2 can be associated to oyster feces. Additionally, oysters could also stimulate
nitrification by enhancing the movement of N to the aerobic superficial sediments and
nitrifying bacteria in their digestive tract (BOUCHER and BOUCHER-RODONI, 1988). In
Trial 2 (heterotrophic) total ammonia concentration was sharply decreased and nitrate was
reduced slower not due oyster or macroalgae filtration, but due heterotrophic bacteria
uptake. It seems that nitrate was more effectively reduced when level of total ammonia
reached near zero, which can be explained by the preference of this second nitrogen source
for bacteria (VRIENS et al., 1989; RITTMANN and McCARTY, 2001; SCHNEIDER et al.,
2006).

The densities of oysters and macroalgae densities evaluated in this study, seems to be
very low to interfere in the effluent treatment. Therefore, oyster densities should be higher
for C. rhizophorae, since the same densities of Sydney rock oyster Saccostrea commercialis were
used to treat Penaeus japonicus culture effluent with significant results in improving water
quality (JONES and PRESTON, 1999). JONES at al. (2002) detected that a low density of 0.2

oyster.L-1 (10 g.L1) presented best results in relation to survival in effluent treatment system.
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Macroalgal absorption inefficiency seems to be related to the no occurrence of

photosynthesis process during last 24 h.

CONCLUSIONS

The results of this study showed the viability to improve the water quality from
shrimp pond effluent by sedimentation and biological integrated treatment system using
native oyster and macroalgae species in a laboratory scale. Furthermore, these species can
provide an additional source of income for shrimp farmers, converting the available energy,
which would be wasted, into biomass.

Dramatic differences between autotrophic and heterotrophic effluent were recorded
and different treatment strategies should be developed for each one. The impact that
autotrophic or heterotrophic effluents have to the environment is significant if they weren’t

properly treated respecting their specificities.

ACKNOWLEDGEMENTS

The authors would like to thank the staff of Sustainable Mariculture Laboratory and
Limnology Laboratory (UFRPE), CAPES and CNPq for scholarships. This study was
financed by RECARCINE.

REFERENCES

AMERICAN PUBLIC HEALTH ASSOCIATION (APHA). 1992. Standard Methods for the
Examination of Water and Wastewater. 18 ed. Washington: American Public Health
Association, American Water Works Association, Water Environment Federation. 560p.
BEVERIDGE, M.C.M. 1996. Cage aquaculture. 2 ed. Cambridge: Fishing News Books Ltd.
346p.

BODVIN, T.; INDERGAARD, M.; NORGAARD, E.; JENSEN, A.; SKAAR, A. 1996. Clean
technology in aquaculture: a production without waste products?. Hydrobiologia, 326-327: 83-
86.

BOUCHER, G. and BOUCHER-RODONI, R. 1988. In situ measurement of respiratory
metabolism and nitrogen fluxes at the interface of oyster beds. Mar. Ecol. Prog. Ser., 44: 229-

238.



32

BRIGGS, M.R.P. and FUNGE-SMITH, S.J. 1994. A nutrient budget of some intensive marine
shrimp ponds in Thailand. Aquacult. Fish. Manag., 25: 789-811.

COSTA-PIERCE, B. 1996. Environmental impacts of nutrients from aquaculture: towards the
evolution of sustainable aquaculture systems. In: BAIRD, D.; BEVERIDGE, M.; KELLY, L,;
MUIR, J. (Eds.). Aquaculture and Water Resource Management. Oxford: Blackwell. p.81-113.
CURRIE, D. J. 1994. Sustainable aquaculture in developing countries. World Aquaculture,
25(4): 20-25.

DAY, JWJR.; HALL, C.A.S.; KEMP, WM.; YANEZ-ARANCIBIA, A. 1989. Estuarine Ecology.
New York: John Wiley & Sons. 576p.

D’ELIA, C. and DeBOER, J. 1978. Nutritional studies of two red algae: Kinetics of ammonia
and nitrate uptake. J. Phycol., 14: 266-272.

EBELING, JM. TIMMONS, M.B; BISOGNI, ]J. 2006. Engineering analysisof the
stoichiometry of photoautotrophic, autotrophic and heterotrophic removal of ammonia—
nitrogen in aquaculture systems. Aquaculture, 257: 346-358.

FAO. 2008. Fisheries Department, Fishery, Information, Data and Statistics Unit 2005.
FISHSTAT Plus: Universal Software for Fishery Statistical Time Series. Version 2.3.2000.
GLENN, E.P.; MOORE, D.; AKUTAGAWA, M.; HIMLER, A.; WALSH, T.; NELSON, S.G.
1999. Correlation between Gracilaria parvispora (Rhodophyta) biomass production and water
quality factors on a tropical reef in Hawaii. Aquaculture, 178: 323-331.

GOLTERMAN, H.J.; CLYMO, RS, OHNSTAD, M.AM. 1978. Methods for physical and
chemical analysis of freshwaters. London: Blackwell Sci. Pub. 214p.

HANISAK, M.D. 1983. The nitrogen relationships of marine macroalgae. In: CARPENTER,
E. J. and CAPONE, D. G. (Eds). Nitrogen in the Marine Environment. New York: Academic
Press Inc. 900p.

HOPKINS, ].S; HAMILTON, RD.H.; SANDIFER, P.A,; BROWDY, C.L. 1993. The
production of bivalve mollusks in intensive shrimp ponds and their effect on shrimp
production and water quality. J. World Aquacult. Soc., 24: 74-77.

HOPKINS, J.S.; SANDIFER, P.; BROWDY, C. 1995a. A review of water management regimes
which abate the environmental impacts of shrimp farming. In: BROWDY, C. and HOPKINS,
J.S. (Eds.). Proceedings of the Special Session on Shrimp Farming, Aquaculture '95. Baton Rouge:
World Aquaculture Society. p.157-166.

HOPKINS, J.S.; SANDIFER, P.; DEVOE, M.,; HOLLAND, A.; BROWDY, C.; STOKES, A.
1995b. Environmental impact of shrimp farming with special reference to the situation in the

continental United States. Estuaries, 18: 25-42.



33

JONES, A.B.; STEWART, G.R.; DENNISON, W.C. 1996. Macroalgal responses to nitrogen
source and availability: amino acid metabolic profiling as a bioindicator using Gracilaria
edulis (Rhodophyta). J. Phycol., 32: 757-766.

JONES, A.B. and PRESTON, N.P. 1999. Sidney rock oyster, Saccostrea commercialis (Iredale
& Roughley), filtration of shrimp farm effluent: the effects on water quality. Aquacult. Res.,
30: 51-57.

JONES, A.B.; DENNISON, W.C.; PRESTON, N.P. 2001. Integrated treatment of shrimp
effluent by sedimentation, oyster filtration and macroalgal absorption: a laboratory scale
study. Aquaculture, 193: 155-178.

JONES, A.B.; PRESTON, N.P.; DENNISON, W.C. 2002. The efficiency and condition of
oysters and macroalgae used as biological filters of shrimp pond effluent. Aquacult. Res., 33:
1-19.

KINNE, P.N.; SAMOCHA, T.M.; JONES, E.R.; BROWDY, C.L. 2000. Characterization of
intensive shrimp pond effluent and preliminary studies on biofiltration. North. Am. J.
Aquacult., 63: 25-33.

KOROLEFF, F. 1976. Determination of nutrients. In: GRASSHOFF, K. (Ed.). Methods of
seawater analysis. Verlag Chemie Weinhein. p.117-187.

MACINTOSH, D.J. and PHILLIPS, M. 1992. Environmental issues in shrimp farming. Infofish
Int., 6: 38-42.

MCINTOSH, D. and FITZSIMMONS, K. 2003. Characterization of effluent from an inland,
low-salinity shrimp farm: what contribution could this water make if used for irrigation.
Aquacultural Engineering, 27: 147-156.

MACKERETH, FJ.H. HERON, J.; TALLING, J.E. 1978. Water analysis: some revised
methods for limnologists. London: Scient. Public, 36. 212p.

MARINHO-SORIANO, E.; MORALES, C.; MOREIRA, W.S.C. 2002. Cultivation of Gracilaria
(Rhodophyta) in shrimp pond effluents in Brazil. Aquacult. Res., 33: 1081-1086.
MARINHO-SORIANO, E.; CAMARA, M.R,; CABRAL, T.M.; CARNEIRO, M.A.A. 2007.
Preliminary evaluation of the seaweed Gracilaria cervicornis (Rhodophyta) as a partial
substitute for the industrial feeds used in shrimp (Litopenaeus vannamei) farming. Aquaculture
Res., 38: 182-187.

NASCIMENTO, LA. 1998. Aqiiicultura marinha e ambiente: a busca de tecnologias limpas

para um desenvolvimento sustentado. R. Baiana Tecnol., 13(3): 52.



34

NELSON, S.G.; GLEEN, E.P.; CONN, J.; MOORE, D.; WALSH, T.; AKUTAGAWA, M. 2001.
Cultivation of Gracilaria parvispora (Rhodophyta) in shrimp-farm effluent ditches and floating
cages in Hawaii: a two-phase polyculture system. Aquaculture, 193: 239-248.

NEORI, A.; RAGG, N.L.C.; SHPIGEL, M. 1998. The integrated culture of seaweed, abalone,
fish and clams in modular intensive land-based systems: II. Performance and nitrogen
partitioning within an abalone Haliotis tuberculata and macroalgae culture system. Aquacult.
Eng., 17: 215-239.

NEORI, A.; SHPIGEL, M.; BEN-EZRA, D. 2000. A sustainable integrated system for culture
of fish, seaweed and abalone. Aquaculture, 186: 279-291.

NEWELL, RILE. and JORDAN, S.J. 1983. Preferential ingestion of organic material by the
American oyster, Crassostrea virginica. Mar. Ecol. Prog. Ser., 13: 47-53.

NUSCH, E.A. 1980. Comparison of different methods for chlorophyll and phaepigment
determination. Arch. Hydrobiol. Beih. Ergebn. Limnol., 14: 14-36.

OLIVERA, A.; CAMPOS, S.C.; BRITO, L.O.; CASTRO, M.F.; FARIAS, E.; FRANCA, E. 2006.
Opyster culture in the State of Pernambuco, Brazil: perspectives and barriers. World Aquacult.
Mag., 37: 13-15.

PAEZ-OSUNA, F.; GUERRERO-GALVAN, S. R.; RUIZ-FERNANDEZ, A. C. 1998. The
environmental impact of shrimp aquaculture and the coastal pollution in Mexico. Mar. Pollut.
Bull., 36: 65-75.

PHILLIPS, M.].; LIN, C.K.; BEVERIDGE, M.C.M. 1993. Shrimp culture and the environment:
lessons from the world’s most rapidly expanding warmwater aquaculture sector. In
PULLIN, R. S. V.; ROSENTHAL, H.; MACLEAN, J.L. (Eds.). ICLARM Conf. Proc., 31: 171-
197.

QIAN, P.Y,; WU, CY,; WU, M,; XIE, Y.K. 1996. Integrated cultivation of the red algae
Kappaphycus alvarezii and the pearl oyster Pinctada martensi. Aquaculture, 147: 21-35.
RITTMANN, B.E. and McCARTY, P.L. 2001. Environmental Biotechnology: Principles and
Applications. New York: McGraw-Hill.

RYTHER, J.H.; CORWIN, N.; DEBUSK, T.A.; WILLIAMS, L.D. 1981. Nitrogen uptake and
storage by the red algae Gracilaria tikuahiae (McLachlan, 1979). Aquaculture, 26: 107-115.
SANDIFER, P.A. and HOPKINS, J.S. 1996. Conceptual design of a sustainable pond-based
shrimp culture system. Aquacult. Eng., 15: 41-52.

SCHNEIDER, O.; SERETI, V.; MACHIELS, M.A.A.; EDING, E.H.; VERRETH, J.A.]. 2006. The
potential of producing heterotrophic bacteria biomasson aquaculture waste. Water Research,

40: 2684-2694.



35

SCHNEIDER, O.; SERETI, V.; EDING, E.H.; VERRETH, J.A.]J. 2007. Heterotrophic bacterial
production on solid fish waste: TAN and nitrate as nitrogen source under practical RAS
conditions. Bioresource Technology, 98: 1924-1930.

SCHUENHOFF, A.; SHPIGEL, M.; LUPATSCH, I.; ASHKENAZI, A.; MSUYA, F.E.; NEORI,
A. 2003. A semi-recirculating, integrated system for the culture of fish and seaweed.
Aquaculture, 221: 167-181.

SHPIGEL, M.; NEORI, A.; POPPER, D.M.; GORDIN, H. 1993. A proposed model for
“environmentally clean” land-based culture of fish, bivalves and seaweeds. Aquaculture, 117:
115-128.

TROELL, M.; RONNBACK, P.; HALLING, C,; KAUTSKY, N.; BUSCHMANN, A. 1999.
Ecological engineering in aquaculture: use of seaweeds for removing nutrients from
intensive mariculture. |. Appl. Phycol., 11: 89-97.

TROTT, L.A. and ALONGI, D.M. 2000. The impact of shrimp pond effluent on water quality
and phytoplankton biomass in a tropical mangrove estuary. Mar. Pollut. Bull., 40: 947-951.
VERGARA, J.J.; NIELL, F.X.; TORRES, M. 1993. Culture of Gelidium sesquipedale (Clem.) Born.
Et Thur. in a chemostat system: biomass production and metabolic responses affected by
nitrogen flow. J. Appl. Phycol., 5: 405-415.

VRIENS, L.; NIHOUL, R.; VERACHTERT, H. 1989. Activated sludges as animal feed: A
review. Biological Wastes, 27: 161-207.

WANG, J.K. 1990. Managing shrimp pond water to reduce discharge problems. Aquacul.
Eng., 9: 61-73.

WANG, J.K. and JAKOB, G.S. 1991. Pond design and water management strategy for an
integrated oyster and shrimp production system. Aquaculture systems engineering. In:
Proceedings of the World Aquaculture Society and the American Society of Agricultural Engineery,
Joindy Sponsered Session. San Juan: World Aquaculture Society. p.70-81.

WU, R. 1995. The environmental impact of marine fish culture: towards a sustainable future.
Mar. Pollut. Bull., 31: 159-166.

ZIEMANN, D.A; WALSH, W.A.; SAPHORE, E.G.; FULTON-BENNET, K. 1992. A survey of
water quality characteristics of effluent from Hawaiian aquaculture facilities. ]. World

Aquacult. Soc., 23: 180-191.



36

4 CONSIDERACOES FINAIS

Os resultados desse estudo demonstraram que ostras Crassostrea rhizophorae e
macroalgas Gracilaria sp. sdo organismos que podem ser utilizados no tratamento de
efluentes de viveiros de camardo marinho Litopenaeus vannamei. Contudo, estudos mais
direcionados devem ser realizados principalmente em relacdo as densidades de cultivo e
restricdes fisioldgicas dos animais co-cultivados, assim como experimentos em uma escala

maior.

O efluente advindo de viveiros de cultivo em sistema autotréfico possui
caracteristicas distintas dos provenientes de cultivos em sistema heterotréfico. O primeiro
apresenta niveis mais altos de aménia, portanto os elementos do sistema de tratamento
para esse efluente devera focar a essa substancia como principal alvo. J4 o efluente de
meio heterotréfico apresenta maior concentracdo de solidos suspensos devido a grande
biomassa de bactérias, logo a reducdo do nivel de material em suspensdo devera ser

priorizado no sistema de tratamento.

O impacto que os efluentes autotréficos ou heterotréficos podem acarretar ao
ambiente é significativo se nado forem tratados adequadamente respeitando as
peculiaridades de cada um. Ndo ha como apontar, baseando-se nos resultados desse
estudo, qual causaria o menor impacto. Contudo, pode-se afirmar que um sistema de
tratamento integrado, aplicando-se os conceitos da biorremediacédo, € eficiente na melhoria
da gqualidade ambiental dos viveiros e areas circunvizinhas a fazenda, assim como na

otimizacao do aproveitamento da energia disponivel, transformando rejeito em biomassa.
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REUNIAO ANUAL DA SOCIEDADE BRASILEIRA PARA O PROGRESSO DA CIENCIA, 55.,
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