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1. RESUMO

O presente estudo foi conduzido com o objetivo skimar a toxicidade aguda da
amonia (N-NH) e do nitrito (N-NQ’) para juvenis do pampbrachinotus marginatus
(0,86+ 0,21 g) em diferentes salinidades: 5, 10 e 30%4u@=nis foram capturados na
Praia do Cassino (Rio Grande, RS), levados paraboratério e aclimatados nas
salinidades desejadas durante 10 dias. Durantgedtilo eles foram alimentados em
excesso diariamente. A temperatura e o fotopefi@@on fixados em 24°C e 12C:12E,
a concentracdo de oxigénio dissolvido e o pH fornaedidos diariamente. Grupos de
cinco peixes foram expostos a cinco concentrag@esribnia (concentragdes reais entre
0,28 a 3,53 mg/L N-NBEJ e nitrito (concentracdes reais entre 24,8-191gill MI-NOy)
durante 96 h, mais um grupo controle para cadaidatie (trés repeticbes cadd)s
testes foram conduzidos em um sistema semi-estébicorenovacao diaria total dos
meios experimentais. As concentracdes letais masliarseus respectivos intervalos de
confianca (95%) foram estimados com base nos daelosortalidade registrados nas
diferentes concentracdes testadas, utilizando twad Trimmed Spearman Karber
Method. As Clgo - 96 h de amdnia foram: 0,66 (0,53-0,81; 5%o), XB®85-2,12; 10%o)

e 1,06 (0,94-1,20; 30%0) mg/L N-NHAs ClLso - 96h para nitrito foram 39,94 (36,39 -
43,84; 5%o0), 116,68 (112,52-121,00; 10%0) e 37,559267,44; 30%) mg/L N-N@.

A toxicidade aguda da amoénia e nitrito para o pafop@fetada pela salinidade. Os
resultados do presente estudo mostraram que pamqE$os em um ambiente
isosmatico sdo menos sensiveis a N3MHN-NG,. A tolerancia para a amonia é
comprometida em salinidades reduzidas, enquant@dagicidade do nitrito é similar

nas salinidades 5 e &0.

Palavras-chave toxicidade, amonia, nitrito, Trachinotus marginatys pampo,

salinidade.
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2. ABSTRACT

The present study was conducted to estimate thie aomicity of ammonia-nitrogen
(NH3z-N) and nitrite-nitrogen (N©@ -N) to juvenile pompandrachinotus marginatus
(0.86+ 0.21 g) at different salinity levels: 5, 10 (ecalent to its isosmotic point), and
30%.. Fish were acclimated to the different saksitfor 10 days and fed in excess
daily. Groups of five fish (0.8& 0.21 g) were exposed to five concentrations ogNH
and NQ' -N for 96 h plus control groups for each salinity mete replicates where no
toxicant was added, measured concentrations rafiged 0.28 to 3.53 mg NEHN/L
and 24.8 to 191.1 mg NO-N/L. Tests were run using a standard semi-statstesn
with 100% daily renewal of water and toxicants. Thsults were based on mortality
data registered in different concentrations tesisihg the software Trimmed Spearman
Karber method. The median-lethal concentrationss§L&fter 96 h of exposure to NH

N were 0.66 (0.53-0.81), 1.87 (1.65-2.12) and {@64-1.20) mg NEN/L for 5%,
10%o, and 30%o. The L&-96 h to NQ -N were 39.94 (36.39-43.84), 116.68 (112.52-
121.00) and 37.55 (20.91-67.44) mg NI/L for %o, 10%0, and 30 %o. Acute toxicity
of NH3-N and NQ -N to pompano was affected by salinity. Resultthefpresent study
show that pompano reared at an isosmotic envirohareness sensitive to NHN and
NO, -N. Tolerance to NEtN is compromised at reduced salinities, while ¢ayi of

NO, -N is similar at 5 and 30 %o.

Keywords: toxicity, ammonia, nitriteJrachinotus marginatygppompano, salinity
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3. INTRODUCAO

Na aquicultura, como em qualquer outra atividad®némica, busca-se
maximizar a producdo e a produtividade, visandopsena obtencdo de lucro. Por
conseguinte, os sistemas de criacdo sdo direcisngdoa espécies com maior
aceitabilidade comercial. No caso de criacdes giNas, busca-se controlar e monitorar
totalmente os fatores quimicos, fisicos, biologieosutricionais de modo que sejam
proporcionadas as condi¢des para otimizar a praduca

A piscicultura marinha no Brasil tem um alto paieh tendo em vista as
condi¢des climaticas e hidrograficas adequadas ramdgs extensdes do litoral, além
da elevada diversidade de peixes demersais e petade interesse comercial (Assad &
Bursztyn, 2000).

Na maioria dos sistemas de cultivo de peixes waro$, 0os peixes recebem
alimento com alto nivel de proteina. Parte da pratangerida é assimilada pelo animal
e convertida em proteina. Por sua vez, o nitrogénimdo da proteina nao aproveitada
pode ser eliminado como nitrogénio organico (feams)excretado como amoénia (a
principal forma de excrecéo de nitrogénio dos ie¢ou uréia (Baldisserotto, 2002).

Uma vez no ambiente aquético, a aménia é oxidadbgmérias nitrificantes e é
transformada em nitrito. O nitrito por sua vez, bém € oxidado por bactérias
nitrificantes e é transformado em nitrato (Olivedtaal. 2006). As concentracfes de
compostos inorganicos nitrogenados (amoénia, nigitaitratg no solo e em aguas
superficiais estdo aumentando em varias regidesndondo, contribuindo para a
degradacdo de ecossistemas aquaticos marinhosariestu e dulciaquicolas.
Consequentemente, 0s organismos aquaticos sofresfeibss toxicos desse processo
de eutrofizacdomithet al. 1999;Howarthet al 2000).

Na aquicultura, a aménia pode acumular-se devigkceecao, mineralizagéo de
compostos organicos através de bactérias hetaoasdKamstrat al 1996) e pelo uso
de aguas eutrofizadas (Bianchatial. 1996). As concentracdes de amoénia nao ionizada
(NH3) e nitrito (NO,) podem atingir niveis toxicos para 0S organismqQsaacos
cultivados e necessitam de atencéo especial qusiwlatilizadas altas densidades de

estocagem (Tomasso, 1994).



Existem valores de tolerancia aguda e cronica dé¢Hiyl-e de N-NO, para
diversas espécies de peixes dulciaquicolas (Toma88d; Tucker, 1998; Randall &
Tsui, 2002; Tomasso & Grosell, 2005) mas para éspéuoarinhas, as informacoes
ainda sdo um tanto limitadas (Wajsbettal. 1993; Bianchinet al 1996; Rodriguest
al. 2007).

A proporcio de amonia (NHe aménio (NH') é dependente principalmente: do
pH, da temperatura e da salinidade (Jobling,19%gte¢aves, 1998; Randall & Tsui,
2002). Quanto maior o pH, maior a proporcdo de @a@n@dHs), (Randall & Tsui,
2002). A toxicidade da amobnia é expressa como anrtotal, que consta no somatorio
da amonia gasosa (NHe do amoénio (NH). Quando se encontra em solugéo,

apresenta a seguinte reacao de equilibrio (Vinatx):

NHs + H,O = NH4++ OH"

No ambiente, a amdnia entra no organismo come (Rldndall & Tsui, 2002). E
o equilibrio entre as duas formas € importante patander os efeitos da aménia nos
peixes. O aumento da amoénia (Hm aguas alcalinas é devido a diminuicdo da
concentracdo deHHcomo mostra a reagéo NiHH" <> NH," diminuindo o H, ocorre
deslocamento da reacdo para a esquerda (Baldiss@@2).

A amobnia (NH) é mais toxica, uma vez que pode atravessar |emégnas
membranas celulares por difusdo (Randall & Ip, 2086 membranas biolégicas sdo
permeaveis a amodnia (N mas relativamente impermedveis ao amonio 4NH
(Randall & Tsui, 2002).

A maioria dos peixes ndo pode tolerar altas canagbes de amobnia ambiental,
mas algumas espécies sdo amonia-tolerantes e t@nvamedade de estratégias para
evitar a toxicidade da amoénia, seja reduzindo dyg@o de amonia interna (Randsl
al. 1999; Ipet al. 2004) e /ou convertendo a amdnia a outras subatgimenos toxicas,
como a uréia e o glutamato (Peztcal 1998).

Sintomas de intoxicacdo da amodnia como: hipenegiéid, natacdo erratica,
saltos a superficie, perda de equilibrio, convidséemorte ja foram relatados por
diversos autores (Hillaby & Randall, 1979; KnopB9&; Ipet al. 2001). Entretanto, a

toxicidade da amoénia em viveiros de piscicultuexgressa, geralmente, como reducéo



subletal de crescimento dos peixes ou supressaou@mcompeténcia ao invés de uma
toxicidade aguda conduzindo a morte (HargreaveSg8)1%Entretanto a maioria dos

estudos realizados com peixes lida com toxicidadamddnia e do nitrito considerando
a exposicao aguda (Sampataal.2002; Weirich & Riche, 2006 a,b).

O nitrito € um produto importante e intermediéme nitrificacdo bacteriana no
ciclo do nitrogénio. Concentracdes de nitrito eraaggnaturais sdo geralmente baixas,
na faixa de micromolar (Svobodoggal 2005).

Atualmente, métodos intensivos de aquicultura g&do bastante utilizados.
Estes sistemas de cultivo incluem a técnica deadacdo de agua visando a oxidacdo
da amodnia. Porém, se 0 processo de oxidacdo fomjpleto, grandes quantidades de
nitrito poderéo ser atingidas no sistema, trazgmequizos a atividade (Svobodoea
al. 2005). A acumulacao do nitrito em aguas de vogepode deteriorar a qualidade da
agua, reduzindo o crescimento dos organismos adliy aumentando o consumo de
oxigénio, a excrecdo da amonia e por fim causaadies mortalidades (Lin & Chen,
2003).

Em peixes a toxicidade do nitrito € dependentardegrande namero de fatores.
Estes fatores, assim como para a amonia, estamored@os a qualidade de agua. E
ainda, ao tempo de exposicdo, a espécie de peixetamanho, a idade e a
susceptibilidade do organismo (Jensen, 2003). Acittade do nitrito tem sido
conhecida como dependente da salinidade da aguelagdo entre a toxicidade do
nitrito e a concentracdo de cloretos é linear e $&n estabelecido que o efeito de
cloretos na toxicidade do nitrito € muito signifiea (Svobodovéet al 2005).

No meio aquoso, o nitrito pode estar sob duasdsrracido nitrico (HNg) e o
nitrito ionizado (NQ). O pH determina o equilibrio entre estas duamé#&srna agua.
Em pH bem acido (2,5) cerca de 90% do total esthAasdorma de &cido nitrico.
Aumentando o pH eleva-se o percentual de nitrito.dH 4,5, 90% esta sob a forma de
nitrito e acima de pH 5,5 teremos apenas nitritcagaa. O acido nitrico difunde-se
livremente nas branquias, enquanto o nitrito éspartado através da membrana
branquial pelo cotransportador 8ICO3;, competindo com os cloretos (Baldisserotto,
2002). A reacgdo de ionizacdo do nitrito se expressaseguinte forma (Colt &
Armstrong, 1981):



HNO, < H" + NOy

O nitrito chega ao sangue dos peixes por difus8oaetoxicidade é devido a
oxidacdo do Fé (estado ferroso) funcional da hemoglobina eri’(Estado férrico),
resultando na formacdo de metahemoglobina. A metafi®bina ndo se liga ao
oxigénio, reduzindo assim a capacidade do sangtramgporta-lo. Tal fendmeno pode
levar o peixe a morte por asfixia, mesmo havendgémxo em abundéancia na agua
(Weirichet al 1993; Bianchinet d. 1996; Jensen, 2003).

Peixes com grande porcentagem de metahemoglobfrensde uma anemia
funcional, devido a reducédo do transporte de oxig@aldisserotto, 2002). Entretanto,
alguns peixes sao capazes de tolerar a altos nieeimetahemoglobina no sangue
(Kamstraet al. 1996).

Descartes antropicos contendo nitrito tém sido@sdos a morte de peixes em
ecossistemas aquaticos (Philigsal 2002). Entretanto, como € o caso da amonia,
concentracdes de nitrito causando toxicidade diégtasido examinadas em estudos de
laboratorio (Jensen, 2003). Estes estudos tém adlestiue animais marinhos sdo mais
tolerantes a toxicidade do nitrito que animais idgjgicolas. Provavelmente, devido ao
efeito dos ions cloretos (Llha tolerancia de animais aquaticos (Alonso & Cama
2003). Uma vez que ha competicao entre o nitrdaackreto pelo mesmo transportador,
elevadas concentracdes de cloretos tendem a reduzioxicidade do nitrito
(Baldisserotto, 2002).

Os peixes da familia Carangidae sao muito apresigdstronomicamente e por
este motivo, algumas espécies tém sido escolhm@ssgerem utilizadas na piscicultura
(Craig, 2000). O pampdrachinotus marginatuglistribui-se ao longo da costa do
Atlantico Ocidental desde o Rio de Janeiro (Brasi® o Uruguai. Exemplares dessa
espécie podem atingir até 63 cm de comprimentanéiitam-se de invertebrados de
pequeno porte e habitam aguas costeiras e estwéiMienezes & Figueiredo, 1980). Os
pampos sdo animais eurialinos, tolerando uma afapla de salinidade, entre 7 e 58%o
(Sampaicet al 2003), mas salinidades mais baixas séo tolea@Esdo a exposicédo ao
ambiente hipoosmdtico é gradual.

A salinidade equivalente ao ponto isosmoético derdas espécies de peixes esta

na faixa de 10-1%o0 (Sampaio & Bianchini, 2002). Acredita-se que quanthntidos



em um ambiente isosmotico, 0S peixes possam p@iEgia para outros processos,
pois 0s custos relacionados a osmorregulacdo sd@imizados. O aumento da
salinidade tem sido mostrado como minimizador d ddxica da amonia do nitrito
para diversas espécies de peixes (Samgiaib 2002; Weirich & Riche, 2006 a,b).

A toxicidade aguda da amoénia e do nitrito podeavantra-especificamente ou
inter-especificamente (Baldisserotto, 2002; Jens2003). Varios estudos sobre
toxicidade da amoénia e do nitrito mostram diferenga relacédo a tolerancia, de acordo
com as diferentes condicOes experimentais a ges@ies estdo sendo expostas. Um
aumento na salinidade tem mostrado uma melhodtatex na exposicao a N-Nigara
diversas espécies de peixes marinhos, incluindalro& Oncorhynchus tshawytscha
(Harader & Alen, 1983), a tainfdugil platanus(Sampaiocet al 2002), e o linguado
Paralichthys orbignyanu@ianchiniet al. 2006).

As Clsp (96h) para juvenis do robalo europBicentrarchus labraxdo pargo
Sparus auratae do “turbot” Psetta maximafoi de 1,7; 2,5 e 2,6 mg/L N-NH
respectivamente, com temperaturas entre 16-18 %@lieidade em torno de 34%o
(Person-Le Ruyeet al 1995). Tomasso & Grosell (2005) relataram qua pavenis
de “spotted seatroutCynoscion nebulosua Clsy (96h) foi 1,7 mg/L N-NH em
temperatura e salinidade de 26°C e 13%o

Para juvenis de “black sea bag3&ntropristis striataexpostos ao nitrito em

diferentes salinidades (10, 20 e 3D% Clso 24 e 48h foi afetada pela salinidade.

Especialmente, os peixes mantidos em salinidade, I0&straram-se menos tolerantes
ao nitrito quando comparado aos peixes mantidossaésidades 20 e 30%.. NoO
entanto, a Cly (96h) para amoénia foi estimada em 0,46; 0,52 e A N-NH; nas
salinidades 10, 20 e 30%espectivamente. Para nitrito a 4g[96h) foi estimada em
190; 242 e 216 mg/L N-NOna salinidade 10, 20 e 3Q%espectivamente (Weirich &
Riche, 2006b). Para o pamgoachinotus carolinusa toxicidade da aménia nao foi
afetada pela salinidade em 96h de exposicao naglsades 6, 13 e 25%o.

Como regra geral, a tolerancia ao nitrito é commmtida em salinidades
reduzidas (Sarogliat al. 1981). Para a tainhd. platanusa Clsp 96h foi estimada em
1,5; 36,2 e 35,9 mg/L N-NO nas salinidades 0, 15 e 30%. respectivamente (Samp
et al 2002). Com o “black sea bass”, asg@6h foi estimada em 190; 242 e 216 mg/L
N-NO, nas salinidades 10, 20 e 30%0 (Weirich & Riche,&G0)0Maior toxicidade do



nitrito em baixa salinidade também foi encontradeapguvenis do pamp®. carolinus
as Clso96h foram estimadas em 16, 26 e 34 mg/L NyNf@s salinidades 6, 12 e 25%o
respectivamente por Weirich & Riche (2006a).

A tolerancia de larvas do peixe-r@dontesthesargentinensisao nitrito foi
estudada 14 dias apds a sua eclosédo. & @dh estimada foi 199 mg/L N-NOem
salinidade 35%. e temperatura de 23°C (Samga 2006), mostrando ser tolerante a
alta concentracao de nitrito.

Sobre a relacdo dos cloretos com a toxicidadeittiton Kamstraet al (1996)
relataram que o nitrito age como um inibidor contpet da atividade de cloretos nas
branquias da truta arco-iri®ncorhynchus mykissEste fendmeno oferece uma
explicacéo para o efeito protetor do cloreto anthiezontra a toxicidade do nitrito.

No entanto, uma série de pré-requisitos deve smnphida pela espécie que
tenciona-se manter em cativeiro, avaliando suasactaisticas biologicas, a
temperatura, a salinidade, sua exigéncia nutritiena estrutura adequada para seu
cultivo. A tolerancia aos compostos nitrogenadeprasentados pela amoénia, nitrito e
nitrato, também sdo importantes. Dos trés compastados, a amonia e nitrito tém
sido os mais estudados e destacam-se pela suad#mdcmesmo em concentragoes
baixas, 0 que ndo ocorre com o nitrato, que sonm&Emndico em concentracdes muito

elevadas.

4. OBJETIVO

Avaliar o efeito da salinidade sobre a tolerarmgguvenis do pampo-malhado

Trachinotus marginatufrente a exposi¢cdo aguda a aménia e ao nitritbestes semi-
estaticos de toxicidade.
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Abstract

The present study was conducted to estimate the &axicity of ammonia-nitrogen
(NHz-N) and nitrite-nitrogen (N&N) to juvenile pompandrachinotus marginatus
(0.86+ 0.21 g) at different salinity levels: 5, 10 (ecalent to its isosmotic point), and
30%0. Fish were acclimated to the different saksiduring 10 days and fedl libitum
daily. Groups of five fishes (0.860.21 g) were exposed to five concentrations ogNH
N and NQ-N for 96 h plus control groups for each salinity whap toxicant was
added, measured concentrations ranged from 0.2%8mg NH-N/L and 24.8 to
191.1 mg NG-N/L. Tests were run using a standard semi-stgstesn with 100%

daily renewal of water and toxicants. The resuksarbased on mortality data
registered in different concentrations tested, giiire software Trimmed Spearman
Karber method. The median-lethal concentrations§l&fter 96 h of exposure to NH
N were 0.66 (0.53-0.81), 1.87 (1.65-2.12) and 10084-1.20) mg NRN/L for 5, 10,
and 30 %o. The L63-96 h to NO-N were 39.94 (36.39-43.84), 116.68 (112.52-121.00)
and 37.55 (20.91-67.44) mg NOI/L for 5, 10, and 30 %o. Acute toxicity of N#N and
NO,-N to pompano was affected by salinity. Resultthefpresent study show that
pompano reared at an isosmotic environment arestssitive to N3N and NQ-N.
Resistance to NHN is compromised at reduced salinities, while ¢dayiof NO,-N is

similar at 5 and 30 %o.

Keywords: toxicity; ammonia; nitritejTrachinotus marginatugpompano; salinity



1. Introduction

Carangidae are highly prized fish and are beimgiciered for aquaculture
(Craig, 2000). The pompanioachinotus marginatus found in estuaries and coastal
waters along the Western Atlantic Coast, from RidJdneiro (Brazil) to Uruguay
(Menezes and Figueiredo, 1980). Pompano are eumgh#they tolerate a wide range of
salinity, between 7 and 58 %o, after acute expostinedividuals acclimated to seawater
(35 %0) (Sampaio et al., 2003), but after graduglosxire to diluted seawater, pompano
can face even lower salinities.

The protein requirement of carnivorous fish is highich is likely to result in
elevated ammonia excretion levels (Carter et 808). The buildup of ammonia also
leads to an increase on nitrite concentration,udpnamineralization of organic
compounds by heterotrophic bacteria (Kamstra ¢1806).

Both unionized ammonia-nitrogen (MHMNI) and nitrite-nitrogen (N@N) can
reach toxic levels for cultured fish, and espeatténtion is needed when high stocking
densities are employed. Acute and chronic toxiaitiNHz-N and NQ-N have been
determined for a number of freshwater finfish spe¢lLewis and Morris, 1986;
Tomasso, 1994; Randall and Tsui, 2002; Tomassd@aosell, 2005). However, only
limited information currently exists with respectrharine species (Wajsbrot et al.,
1993; Bianchini et al., 1996; Rodrigues et al., 2Qthcluding Florida pompano
Trachinotus carolinugWeirich and Riche, 2006).

The salinity equivalent to the isosmotic poinseferal fish species ranges from
10 to 12 %o (Sampaio and Bianchini, 2002). It iSdxedd that when exposed to their
iIsosmotic point, fish can spare energy for othecpsses, because the costs related to

osmoregulation are minimized. Increasing salindag been shown to minimize the

10



toxic action of NH-N and NQ-N for several species (Sampaio et al., 2002; \&teiri
and Riche, 2006a, b). The purpose of the presedy stas to evaluate the acute
tolerance of juvenile pompano to ammonia and eigkposed to three environmental
salinities, including one equivalent to the isosmpbint, plus higher and lower salinity

levels.

2. Material and Methods

Juvenile pompano were captured during the summeagahe surf zone at
Cassino Beach, Rio Grande/RS, Southern Brazil132S, 52° 10’ W) and transported
to the Laboratory of Mariculture of the Federal \sity of Rio Grande (FURG). They
were acclimated during two weeks in one 1,000 k fdled with seawater, with
salinity similar to the collection site (30-35 %ku),a flow-through system. They were
then divided in three groups and transferred ® 2@anks, where salinity was reduced
gradually (5 %./day) to 5, 10 and 30 %. with dechiated tap water. Juvenile pompano
were acclimated to the desired salinities duringldgs, in this period water was
renewed 100%/day in the morning and it was conistaetrated. Photoperiod and
temperature were fixed at 12L:12D and 24°C, respaygt Fishes were fedd libitum
with a commercial diet (INVE, 48% crude protein).

Experiments were conducted using 4 L plastic tditlkesl with 2.5 L of water of
the desired salinity, using a standard semi-stgtitem. Temperature was set at-22
°C in a water bath, and water was continuouslytedraVater and test solutions were
fully exchanged daily, and food was withheld durthg trials. Groups of 5 fishes (0.86
+ 0.21 g) were exposed to five concentrations ogNHand NQ-N for 96 h plus

control groups for each salinity where no toxioaas added, measured concentrations
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ranged from 0.28 to 3.53 mg M/L and 24.8 to 191.1 mg NEN/L. Tests solutions
were prepared with reagent grade ammonium chl@madiesodium nitrite (Synth,
Brazil). All tests were run in triplicate. Mortalitvas registered every 24 h, fish were
considered dead if they remained immobile afteregahanical stimuli.

Alkalinity, calcium and chloride concentration weletermined before each
toxicity trial, three samples of water at eachrsbliwere analysed. Water samples from
each replicate tank were collected daily duringtttads to measure temperature,
salinity, pH, dissolved oxygen, NHN, and NO-N levels.

Calcium concentration was determined using a flahmometer (Micronal,
Brazil), while a commercial kit (Doles Ltda., Brhavas used to analyze chloride
concentration on a spectrophotometer, samples igackin micro plate (Bio-Tek Elx-
800, USA). Alkalinity was determined by titratioARHA, 1989). Calcium, chloride
and alkalinity levels are presented in Table 1. perature and dissolved oxygen were
measured with a YSI Model 55 meter (Yellow Spriimggruments, USA) and pH with
a Hanna model HI223 pHmeter. Salinity was measwitdda hand refractometer
(Atago, Japan). Table 2 presents water qualityrpaters measured daily during the
test.

Total NHs-N concentrations were determined using specifimama electrode
(Thermo Electron Co. Beverly, USA) connected tdHaeter (Hanna, model HI223,
USA) in high pH condition (> 12) using ISA solutiodHz-N concentrations were
calculated using the equations of Ostrensky €.8P1) adapted from Whitfield (1974)
and Bower and Bidwell (1978) according to the valakpH, temperature and salinity
measured during the experiment. NiD concentrations were determined with

spectrophotometer using the method described byéinaind Chaussepied (1983).
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Cumulative mortality data were used to estimateiarebthal concentration
(LCs0) and their respective confidence intervals (9586)NHs-N and NQ-N at each
salinity level, using the software Trimmed Spearridanber method (Hamilton et al.,
1977). Safe levels were calculated after Sprag@@1()l using an application factor of
0.1. Comparisons among median toxic concentrafammiHs-N and NQ-N at each
salinity level were made by one-way ANOVA followbyg the Test of Tukey with

significance level of 95%, using the software Stata 6.0.

3. Results and Discussion

Median lethal concentrations of MM and NQ-N to juvenile pompano at 5, 10
and 30 %o were estimated only after 96 h, becauenthe range of concentrations of
NHs-N and NQ-N tested, it was not observed mortalities abovi afiter 24, 48 and
72 h of exposure to these toxicants. Despite notvalg LCs estimates before 96 h,
results of the present experiments demonstratedkiity of both nitrogenous
compounds increase over time. The same pattermbsesved for Florida pompano
exposed to N@N, but not when exposed to MM, because L§-24h is similar to
LCs0-96h (Weirich and Riche, 2006a).

LCs50-96 h for NH-N and NQ-N to juvenile pompano were influenced by
experimental environmental salinity (Table 3). Tlaeg more sensitive (P<0.05) to
NH3-N when exposed in low salinity water comparedighér environmental salinities,
as it was previously observed for Chinook sal@mtorhynchus tshawytscliielarader
and Allen, 1983) and grey mullet (Sampaio et &02). However, there was also a
significant difference (P<0.05) when comparing pampacclimated to an isosmotic

environment or in full seawater, the isosmotic ébod was found to be safer. This
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result was not observed for other species, inctydimshine bass (Weirich, 1983), grey
mullet (Sampaio et al., 2002), and Florida pomp@tieirich and Riche, 2006a).

When considering N&N, the present results do not follow the sameegpatt
observed for other species, since toxicity to pamoga similar at 5 %0 and at 30 %o, but
as it was observed for NHN, there is an increased tolerance when theyepedt an
isosmotic condition. As a general rule, tolerarc®l©,-N is compromised at reduced
salinities (Saroglia et al., 1981; Sampaio et28lQ2; Weirich and Riche, 2006b),
however Weirich and Riche (2006a) did not findgn#icant effect of salinity on the
toxicity of NO,-N to Florida pompano after 96 h of exposure.

The mechanisms explaining the beneficial effectsiaieasing salinity on
toxicity of NHsz-N are thought to be due to increased sodium aletlioalevels, which
have been shown to facilitate ammonia excretioNka" and Na exchange at the gill
membrane and to prevent the influx of NN by decreasing membrane permeability
(Soderberg and Meade, 1992). Regarding-NiOthe higher concentration of chloride
ions in saline waters hampers the branchial infiuXO,-N, thus reducing its toxicity
(Tomasso, 1994). However, it is important to obsex\possible role of increased
tolerance to the toxicity of nitrogenous compouwtien fish are exposed to them in an
isosmotic environment. The energy sparing effe@rofsosmotic condition between
blood plasma and the environment may be responfibtee increased L{g observed
for juvenile pompano.

It is difficult to compare tolerance among spediesause it is dependent on the
environmental conditions the trials were run (terapge, pH) and also on biological
characteristics (weight, age, nutritional condijiddowever, toxicity of NH-N for

estuarine and marine fish ranges from 0.84 mg-NHL to grey mullet (Sampaio et al.,
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2002) to 2.7 mg NEIN/L to gilthead seabream (Person-Le Ruyet etl@bph).
Regarding N@N, there is a wider range of results, includingssive species on the
range of 31 mg N@N/L to grey mullet (Sampaio et al., 2002) and 3% NO,-N/L to
Brazilian flounder (Bianchini et al., 1996), anddesensitive ones on the range of 274 to
974 mg mg N@N/L to seabass and European eel respectively ¢Baret al, 1981).
Therefore, pompano may be considered relativelgisea to both nitrogenous
compounds when reared at an isosmotic conditioiwhen kept in full strength sea
water pompano is closer to the more sensitive gafigpecies.

In summary, results of the present study showgbatpano reared at an
isosmotic environment are more tolerant tosNNHand NQ-N. Resistance to Ng=N is

compromised at reduced salinities, while toxicityN®,-N is similar at 5 and 30 %o.
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Table 1 - Calcium, chloride and alkalinity (meaSE, n = 3) measured before exposure
of juvenile pompandrachinotus marginatusedo ammonia (NBN) and nitrite (NQ-N)

at different salinity levels.

Parameter Salinity (%)

5 10 30
Calcium (mEq [) 1.80:0.12 139.0:1.83 40.8:0.8
Chloride (mEq L) 3.33:0.07 231.14:12.5 69.4+1.1
Alkalinity (mg L™ as CaC@) 11.9¢1.3 496.16.0 141.6:3.2
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Table 2 - Water quality parameters (meaBE, n=8) measured during 96 h of exposure
of juvenile pompandrachinotus marginatusedo ammonia (NBN) and nitrite (NQ-N)

at different salinity levels.

Toxicant Salinity (%o) Temperature (°C) DO* (mg/L) Hp

NHz-N 30.1+0.2 24.30.9 7.6¢1.2 8.130.1
10.at0.1 24.20.8 8.20.3 7.30.1
5.1+0.1 24.31.0 7.20.4 7.20.1

NO>-N 30.1+0.2 2451.1 6.20.4 8.1#0.1
10.a+0.1 24.50.7 7.50.6 7.80.2
5.1+0.1 23.61.2 7.6¢0.5 7.404

*Dissolved oxygen.
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Table 3 - Median lethal concentrations g€ 96 h) and the respective confidence
interval and safe levels for ammonia (mgN¥L) and nitrite (mg N@-N/L) to

juvenile pompandrachinotus marginatus different salinities (5, 10, and 30%o

Salinity NHs-N NO,-N

LCso Safe level LGo Safe level

5 0.66 (0.53-0.8F)  0.066 39.94 (36.39-43.8%) 3.99
10 1.87 (1.65-2.13)  0.187 116.68 (112.52-121.60)  11.67

30 1.06 (0.94-1.26)  0.106 37.55 (20.91-67.44) 3.75

Different letters at each column indicate significdifference (P<0.05) after one-way

ANOVA followed by the Test of Tukey.
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6. CONCLUSAO

Os resultados do presente estudo indicam que ignekn pampoTlrachinotus
marginatussao relativamente sensiveis a ambos compostogértaoos, tanto amonia
como para nitrito. A espécie mostra-se tdo sensiahdnia como outras espécies nas
mesmas condi¢cdes de temperatura e salinidade.

A salinidade influenciou na toxicidade de amonideenitrito para o pamp®.
marginatus.Os pampos quando expostos em condi¢cdes isosmdmiasidade 10%o,
demonstraram uma maior tolerancia tanto para antame para nitrito. A toxicidade
da amoénia é maior na salinidade 5%. do que na daltilei 30%., porém o efeito da
toxicidade do nitrito é similar nas salinidades 3.

Comparativamente com outras espécies de peixesmpgad. marginatus
mostra-se mais sensivel a amoénia quando exposteaénidades baixas. Em niveis

isosmoticos a tendéncia € de uma maior tolerarae@mambos compostos nitrogenados.

22



7. REFERENCIAS BIBLIOGRAFICAS

ALONSO A & JA CAMARGO. 2003. Short-term toxicity cimmonia, nitrite, and
nitrate to the aquatic sndflotamopyrgus antipodarurfHydrobiidae, Mollusca).
Bull. Environ. Contam. Toxicgl70: 1006-1012.

VINATEA, LA 2004. Principios quimicos da qualidada agua em aquicultura. Uma
revisao para peixes e camardes. Editora UFSC. 231p.

ASSAD, TL & M BURSZTYN. 2000. Aquicultura Susten#y In: Aquicultura no
Brasil: bases para um desenvolvimento sustent&dtado por Valenti, W.C;
Poli, C.R; Pereira, J.A & Borghetti, J.R. Brasil@NPq. Ministério da Ciéncia e
Tecnologia. 399p.

BALDISSEROTTO, B. 2002. Fisiologia de peixes apfi@aa aquicultura. Editora
UFSM, Santa Maria, 212p.

BIANCHINI, A, W WASIELESKY & KC MIRANDA-FILHO. 1996. Toxicity of
nitrogenous compounds to juveniles of flatfidaralichthys orbignyanusBull.
Environ. Contam. .Toxicql56: 453-459.

COLT, J & D ARMSTRONG. 1981. Nitrogen toxicity toustaceans, fish and mollusc.
In: Proceedings of the bioengineering symposium fsh fculture. Allen, L;
Kinney, E. (Ed.). Fish Culture Section of the Amcan Fisheries Society,
Bethesda, EUA. p. 34-47.

CRAIG, SR. 2002. Pompano Culture. In: Encyclopedlizcaquaculture (ed. by R.R.
Stickney) Jonh Wiley & Sons, Nova lorque, EUA, p0663.

HARADER, RR JR & GH ALLEN. 1983. Ammonia toxicity tthinook salmon parr:
reduction in saline watefrans. Am. Fish. So&¢12: 834-837.

HARGREAVES, JA. 1998. Nitrogen biogeochemistry ofjuaculture ponds.
Aquaculture.166: 181-212.

HILLABY, BA & DJ RANDALL. 1979. Acute ammonia toxity and ammonia
excretion in rainbow troutSalmo gairdneji J. Fish. Res. Board Can36: 621-
629.

HOWARTH, RW, D ANDERSON, J CLOERN, C ELFRING, C HRRSON & B
LAPOINTE. 2000. Nutrient pollution of coastal riggibays, and seasss. Ecol.,
7:1-15.

23



IP, YK, SF CHEW, JM WILSON & DJ RANDALL. 2004. Defises against ammonia
toxicity in tropical fishes exposed to high concation of environmental
ammonia: a reviewd .Comp. PhysioB. 174: 565-575.

IP,YK, SF CHEW & DJ RANDALL. 2001. Ammonia toxicityolerance and excretion.
In: Wright, P.A., Anderson, P.M. (Eds.), Nitrogenxdetion. New York,
Academic Press Inc., New York, 109-148 p.

JENSEN FB. 2003. Nitrite disrupts multiple physmilcal functions in aquatic animals.
Comp. Biochem. PhysipPart A, 135: 9-24.

JOBLING, M 1994. Pollutants and toxic chemicals Fsh Bioenergetics. Fish and
Fisheries Series 13. Chapman & Hall, Londres, 383

KAMSTRA, A, JA SPAN & JH WEERD. 1996. The acute iwity and sublethal effects
of nitrite on growth and feed utilization of Eur@peeel,Anguilla Anguilla(L.).
Aquacult. Res 27: 903-911.

KNOPH, MB. 1996. Gill ventilation frequency and rtadity of Atlantic salmon $almo
salar L.) exposed to high ammonia levels in seawafater Res 30: 837-842.

LIN, Y-C & J-C CHEN. 2003. Acute toxicity of nitet on Litopenaeus vannamei
(Boone) juveniles at different salinity leveAquaculture 224:193-201.

MENEZES, NA & JL FIGUIREDO. 1980. Manual de peixesrinhos do sudeste do
Brasil. V. Teleostei (3). S&o Paulo, Museu de Ag@ da Universidade de S&o
Paulo. 96p.

OLIVEIRA, SS, W JR WASIELESKY, ELC BALLESTER & PC BREU. 2006.
Caracterizacéo da assembléia de bactérias nitriisgpelo método “Fluorescente
in situ Hybridization” (FISH) no biofilme e agua de larvittura do camaréo-rosa
Farfantepeneaus paulensistlantica,28: 33-45.

PENG, KW, SF CHEW, CB LIM, SSL KUAH, WK KOK & YK IP 1998. The
mudskippersPeriophthalmodon schlosseand Boleophthalmus boddaertcan
tolerate environmental NHconcentrations of 446 and 36l M, respectivélish
Physiol. Biochem 19: 59-69.

PERSON-LE RUYET, J, H CHARTOIS, L QUEMENER.1995.igarative acute

ammonia toxicity in marine fish and plasma ammaagsponseAquaculture,

136:181-194.

24



PHILIPS S, HJ LAANBROEK & W VERSTRAETE. 2002. Onig causes and effects
of increased nitrite concentrations in aquatic emunents.Rev. Environ. Sci.
Biotechnol, 1:115-141.

RANDALL, DJ & YK IP. 2006. Ammonia as respiratoryag in water an air breathing
fishes.Resp. Physiol. Neurobl54: 216-225.

RANDALL, DJ & TKN TSUI. 2002. Ammonia toxicity inigh. Mar Pollut Bull.,
45:17-23.

RANDALL, DJ, JM WILSON, KW PENG, TWK KOK, SSL KUAHSF CHEW, TJ
LAM & YK IP. 1999. The mudskipper, Periophthalmodsaohlosseri, actively
transports N against a concentration gradiedm. J. Physio] 46: R1562-
R1567.

RODRIGUES, RV, MHSCHWARZ BC DELBOS & LA SAMPAIO. 2007. Acute
toxicity and sublethal effects of ammonia and tatrifor juvenile cobia
Rachycentron canadumAquaculture 271: 553-557.

SAMPAIO, LA, TL PISSETI & M MORENA. 2006. Toxicidadaguda do nitrito em
larvas do peixe-rei  marinho Odontesthes argentinensis(Teleostel,
Atherinopsidae)Ciéncia Rural 36: 1008-1010.

SAMPAIO, LA, MB TESSER & D BURKERT. 2003. Toleramrcde juvenis do pampo
Trachinotus marginatugTeleostei, Carangidae) ao choque agudo de sadiaid
em laboratérioCiéncia Rural 33:757-761.

SAMPAIO, L.A & A BIANCHINI. 2002. Salinity effectson osmoregulation and
growth of the euryhaline floundd?aralichthys orbignyanusJ. Exp. Mar.Biol.
Ecol., 269: 187-196.

SAMPAIO, LA, W WASIELESKY & KC MIRANDA-FILHO. 2002.Effect of salinity
on acute toxicity of ammonia and nitrite to juverMugil platanus Bull. Environ.
Contam. Tox 68: 668- 674.

SAROGLIA, M.G., G SCARANO & E TIBLADI. 1981. Acuteoxicity of nitrite to sea
bass Dicentrarchus labrax and european eelAQguilla anguillg. J. World.
Maricul. Soc.12: 121-126.

SMITH, VH, GD TILMAN & JC NEKOLA. 1999. Eutrophicain: impacts of excess
nutrient inputs on freshwater, marine, and teri@séicosystemsEnviron Pollut,
100:179-196.

25



SVOBODOVA, Z, M JANA, D JANA, G LADISLAV, L VERA, PGORZYSLAW, V
JOSEF & K HANA. 2005. Haematological and biocherhpafiles of carp blood
following nitrite exposure at different concentaats of chlorideAquac. Res 36:
1177-1184.

TOMASSO, JR.1994. Toxicity of nitrogenous wasteadgoaculture animal&ev. Fish.
Sci, 2: 291-314.

TOMASSO, JR & M GROSELL. 2005. Physiological bakis large differences in
resistance to nitrite among freshwater and fresbmaatclimated euryhaline fishes.
Environ. Sci. Technql39: 98-102.

TUCKER, JW JRMarine Fish Culture 1998. Kluwer Academic Publishers, Boston,
EUA. 76p.

WAJSBROT, N, A GASITH, A DIAMANT & DM POPER. 1993hronic toxicity of
ammonia to juvenile seabreg®parus auratand related histopathological effects.
J. Fish. Biol, 42: 321-328.

WEIRICH, CR, JR TOMASSO & TJI SMITH. 1993. Toxicigf ammonia and nitrite
to sunshine bass in selected environmehfgquat. Health 5: 64-72.

WEIRICH, CR & M RICHE. 2006a. Acute tolerance olvg@mile Florida Pompano,
Trachinotus carolinut., to ammonia and nitrite at various saliniti@guac. Res
37: 855-861.

WEIRICH, CR & M RICHE. 2006b. Tolerance of juvenldack sea bagSentropristis
striatato acute ammonia and nitrite exposure at varialisiges. Fish. Scien 72:
915-921.

26



