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RESUMO

Titulo: Desenvolvimento e Validagao de Métodos Cromatograficos acoplados a
Espectrometria de Massas para Determinagao de Residuos em Amostras de
Peixes
Autor: Lenise Guimaréaes de Oliveira
Orientador: Prof. Dr. Fabio Ferreira Gongalves

Este trabalho consiste no desenvolvimento de dois métodos para a
determinacado de residuos em tecidos de peixes usando QUEChERS modificado e
métodos cromatograficos acoplados a espectrometria de massas. O capitulo 1 refere-
se ao método de extracdo usando sistema de vibracdo para a determinacdo de
antiparasitarios por LC-MS/MS. O método cromatografico foi otimizado e foram
investigados os efeitos de diferentes sorventes para a remog¢ao de interferentes
presentes nos extratos das matrizes de salméao, truta e seabass na etapa de clean-up.
Trés métodos foram comparados e o melhor foi usado para a etapa de validagao em
tecido de salmao. A veracidade e a precisao variaram entre 87 - 121% e 4,1 - 23,7%,
respectivamente, para a maioria dos compostos. O método permite a extragao e
analise de 36 amostras em 9 horas por um unico analista. O capitulo 2 refere-se ao
método para determinacgao de residuos de piretroides em tecidos de peixes comumente
consumidos na regido Sul do Brasil usando GC-MS. O efeito da precipitagdo a baixa
temperatura e de diferentes sorventes na remocao de interferentes da matriz foram
avaliados na etapa de clean-up. A propor¢do dos sorventes Cqg, PSA e Z-Sep+ foi
otimizada usando planejamento experimental. O método foi validado em tecidos de
traira e a ampliagdo de escopo da matriz foi executada para tecidos de tilapia e tainha.
As recuperacgdes variaram entre 71 — 107%, 67 — 110% e 63 — 129% para traira, tilapia
e tainha, respectivamente, com RSD% < 21,5%. Os métodos apresentaram limites de
quantificacdo na faixa de 2 a 10 pg kg™ para todos os compostos. Esses limites sdo
inferiores ao limite maximo de residuo estabelecido para cada composto, podendo ser
utilizados pelos 6rgaos regulatorios para o monitoramento da presenca de residuos em
amostras de pescado. A aplicabilidade do método foi avaliada através de analises de

amostras reais, onde residuos de alguns compostos foram encontrados.
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ABSTRACT

Title: Development and Validation of a Chromatographic Method coupled with
Mass Spectrometry for Residues Determination in Fish Samples
Author: Lenise Guimaraes de Oliveira
Advisor: Prof. Dr. Fabio Ferreira Gongalves

The development of two methods for residues determination in fish tissues using
modified QUEChERS technique and chromatography coupled with mass spectrometry
was described. The chapter 1 refers to a method using vibration extraction for
determination of antiparasitics by LC-MS/MS. The chromatographic method was
optimized. The effect of different sorbents was investigated regarding co-extractives
removal from extracts of salmon, trout and seabass matrices in clean-up step. Three
methods were compared and the best was used for validation step in salmon tissue.
The trueness and precision ranged from 87 — 121% and 4.1 — 23.7%, respectively, for
the major part of the compounds. The developed method allows the extraction and
analysis of 36 samples in 9 hours by one analyst.The chapter 2 refers to a method for
determination of pyrethroids residues in fish tissues commonly consumed in Southern of
Brazil using GC-MS. The effect of precipitation at low temperature and different
sorbents was evaluated for co-extractives removal in clean-up step. The proportion of
the sorbents C1s, PSA and Z-Sep+ was optimized through experimental design. The
method was validated in trahira tissue and a scope extension was performed for tilapia
and tainha tissues. The recoveries ranged from 71 — 107%, 67 — 110% and 63 — 129%
for trahira, tilapia and tainha, respectively, and RSD% < 21.5%. The methods
demonstrated limits of quan tification ranging from 2 a 10 pg kg™ for all compounds.
These limits were below the established maximum residue limit for each compound.
Therefore, they could be used by regulatory agencies for monitoring the presence of
these residues in fish samples. The applicability of these methods was assessed by

analysis of real samples where residues were detected.



1. INTRODUGCAO

Piretréides sao compostos sintéticos derivados das piretrinas muito utilizados no
combate a insetos em diversas culturas. Além disso, sdo empregados no controle de
ectoparasitas na producdo de alimentos de origem animal e no controle de pragas
(mosquitos). Também s&o usados em produtos de Pet Shop, jardinagem e de cuidado
pessoal (no combate a piolhos e como repelente). Estes compostos sdo muito
utilizados no controle de doencas ocasionados pelos ectoparasitas conhecidos como
piolhos do mar em aquicultura. Azametifés (organofosforado) e diflubenzurom
(benzoiluréia) também sdo indicados para este fim na produgao de pescado.

Devido ao uso extensivo, residuos destes compostos vem sendo encontrados
em diversas amostras, sejam elas amostras ambientais (agua e sedimento), amostras
de alimentos (chas e pescado), ou amostras biolégicas diversas (leite materno e
tecidos de golfinhos).

Os ambientes aquaticos estdo sujeitos a descargas diretas ou indiretas destes
compostos, tanto em regides urbanas e industriais, quanto em regides agricolas. No
ambiente aquatico estes contaminantes podem se acumular nas particulas em
suspensao, no sedimento e nos organismos vivos. Os peixes podem acumular os
compostos através das guelras, pela alimentacdo ou através de teias alimentares
(biomagnificacéo). Por este motivo, também podem ser utilizados como indicador de
contaminagdo ambiental. Estes compostos apresentam elevada toxicidade aos
organismos aquaticos nao-alvo, como por exemplo, os crustaceos.

A exposi¢cao dos seres humanos pode se dar através de contato indireto ou
através da alimentagao. Para proteger a saude dos consumidores, limites maximos de
residuos sao estabelecidos através de o6rgaos nacionais e internacionais. Neste
contexto, o desenvolvimento de metodologias de determinagao de residuos € crucial
para o controle e monitoramento destes compostos nos alimentos disponiveis ao
consumidor. O desenvolvimento de um método de preparo de amostra com base nas
caracteristicas dos compostos e da matriz em estudo, a escolha do método de
deteccao e a etapa de validagdo do método analitico sdo muito importantes para a

obtencao de resultados confiaveis.



Desta forma, este trabalho visa desenvolver e validar métodos analiticos
capazes de quantificar residuos de diferentes classes (piretroides, benzoiluréia e
organofosforado) em tecidos de diferentes peixes usando técnicas cromatograficas
acopladas a espectrometria de massas. Durante o desenvolvimento destes métodos
foram investigados os melhores procedimentos e condi¢gdes a serem utilizados a fim de
permitir: 1) a extracao eficiente dos compostos presentes na matriz, 2) a remogao dos
componentes da matriz (gordura, proteina e corantes) que podem interferir nos
resultados das analises, 3) a quantificagdo inequivoca dos residuos em baixas
concentragdes considerando os valores de LMR (limite maximo de residuo) para cada
analito de interesse, 4) preparo de amostra simultdneo para um grande numero de

amostras e 5) a utilizagdo dos métodos em rotina.

Apos a revisao da literatura, este trabalho foi dividido em dois capitulos, que
correspondem aos artigos cientificos produzidos. O capitulo 1 refere-se ao artigo que
descreve os estudos desenvolvidos durante o doutorado sanduiche no exterior junto ao
laboratério de residuos do Teagasc e que foi submetido a revista Journal of
Chromatography A. O capitulo 2 corresponde ao artigo que descreve os estudos
desenvolvidos junto ao Laboratdério de Analise de Residuos e Contaminantes — LARCO
da FURG e que foi submetido a revista Food Chemistry. As normas adotadas para
organizacao e formatacdo dos artigos sdo aquelas estabelecidas pelas revistas as

quais foram submetidas.
Capitulo 1 — Artigo |

Titulo: Vibration extraction QUEChERS for analysis of antiparasitic agents in fish

by liquid chromatography coupled to tandem mass spectrometry

Palavras-chave: antiparasitic, fish, LC-MS/MS, dispersive-SPE, vibration

extraction

Autores: Lenise Guimaraes de Oliveira, Mary Moloney, Abilasha Ramkumar,
Marcia Helena Scherer Kurz, Fabio Ferreira Gongalves, Osmar Damian Prestes, Martin

Danaher



Capitulo 2 — Artigo Il

Titulo: Development and validation of a method for the analysis of pyrethroid

residues in fish using GC-MS
Palavras Chave: pyrethroids; fish; GC-MS; dispersive-SPE; mixture design

Autores: Lenise Guimaraes de OLIVEIRA, Marcia Helena Scherer KURZ, Marlon
Cezar Maciel GUIMARAES, Manoel Leonardo MARTINS, Osmar Damian PRESTES,
Renato ZANELLA, Joaquim Neves da Silva RIBEIRO and Fabio Ferreira GONCALVES



2. REVISAO DA LITERATURA

2.1 Producao e consumo de peixe

A produgéo global de pescado no ano de 2016 foi de aproximadamente 171
milhdes de toneladas, movimentando cerca de 362 bilhdes de ddlares. A aquicultura
corresponde a 47% do total produzido, movimentando 232 bilhdes de ddélares. Nos
ultimos seis anos a producgio de peixe por captura vem se mantendo em torno de 90
milhdes de toneladas/ano. No ano de 2016, cerca de 90% da produgéo global de
pescado foi destinada ao consumo humano. O consumo, per capita, de pescado era de
9,0 kg em 1961, passando a 20,2 kg em 2015, o que representa um crescimento de
1,5% ao ano. Em 2016, este setor gerou cerca de 60 milhdes de empregos, sendo 85%
destes na Asia, 10% na Africa e 4% na América Latina e Caribe (FAO, 2018a).

Segundo dados de 2012, a producdo brasileira de pescado foi de
aproximadamente um milhdo de toneladas, 62% oriunda da pesca por captura e 38%
da aquicultura. As regides Nordeste (29%) e Sul (22%) foram responsaveis por cerca
de metade da producgdo nacional. As principais espécies cultivadas na regido Sul,
Sudeste e Nordeste sdo carpa, tilapia, truta, camardo marinho e moluscos bivalves.
Segundo o plano de desenvolvimento da aquicultura brasileira, a meta para 2020 é de
atingir a producdo de dois milhdes de toneladas via aquicultura, sendo 87,5%

correspondente a producgéo de peixes (MPA, 2015).

A aquicultura € um dos setores da produgao de alimentos que mais cresce no
mundo. Entretanto, o surto de doengas € considerado uma restricdo para o
desenvolvimento deste setor, causando grandes perdas econémicas por ano no mundo
todo (KUMAR; RQOY, 2017).

2.2 Controle de doencas em aquicultura

A fim de garantir a elevada produtividade, o uso de diversas substancias tais

como antimicrobianos, agrotdxicos, horménios, anestésicos, vitaminas e minerais vem



sendo adotado em aquicultura para prevenir ou combater a ocorréncia de doencas
(KUMAR; RQY, 2017).

Na Europa, uma grande variedade de produtos quimicos € utilizada na
aquicultura marinha, sendo estes classificados como desinfetantes, agentes
antivegetativos e medicamentos veterinarios. Dentre os medicamentos veterinarios
utilizados na produgdo de peixes (incluindo truta, salmdo e sea bass) estdao os

antibidticos, anestésicos, ectoparasiticidas e endoparasiticidas (COSTELLO, 2001).

O piolho do mar (sea lice) é o ectoparasita mais comum em aquicultura
(COSTELLO, 2001). Estes ectoparasitas podem ocasionar lesdes na pele do peixe,
deixando-os vulneraveis a infecgdes. A suscetibilidade a ectoparasitas e a ocorréncia
de doencas na producgao intensiva de salméo, por exemplo, ocasiona diminui¢cdo da
producéo e consequentes perdas econdmicas (TUCCA et al., 2014). A incidéncia pode
ser maior em locais de criagdo de peixes em que a qualidade da agua é baixa e o
espaco fisico é limitado (LANGFORD, 2014). Para evitar e combater surtos de
doencgas, ocasionados por piolhos do mar, um grande numero de medicamentos
veterinarios é utilizado. Dentre elas estdo: azametifés, perdxido de hidrogénio,
ivermectina, emamectina, cipermetrina, deltametrina, teflubenzurom e diflubenzurom
(COSTELLO, 2001).

Estes compostos diferem significamente entre si no que diz respeito as suas
propriedades fisico-quimicas, toxicidade e comportamento no meio ambiente. Além
disso, a maioria destes compostos € indicada para uso em diferentes setores da

producao de alimentos, além da aquicultura, como é o caso dos piretréides.

2.3 Propriedades fisico-quimicas, utilizacdao e toxicidade dos compostos em
estudo

2.3.1 Piretroides

Os primeiros piretréides usados para o controle de insetos foram as piretrinas
naturais chamadas piretrina | e Il, cinerina | e Il e jasmolina | e Il, produzidas
naturalmente por espécies de crisantemos como a Chrysanthemum cinerariaefolium.
As piretrinas ndo eram efetivas para uso em cultivo devido a rapida degradagao pela
acado da luz (ELLIOTT et al., 1978). Em 1949, a aletrina foi o primeiro piretréide



sintético produzido. Este composto apresentou melhor acdo quando comparado aos
compostos naturais existentes e ao DDT (diclorodifeniltricloroetano). Os compostos
resmetrina, bioresmetrina, tetrametrina e fenotrina, apesar de mais efetivos, ainda
apresentavam instabilidade a luz. Permetrina e fenvalerato foram produzidos entre
1972 e 1973 e apresentaram melhor estabilidade a luz, sendo efetivas de 4 até 7 dias
ap6s aplicacdo. A partir de 1980, os piretréides bifentrina, cialotrina, ciflutrina,
cipermetrina e deltametrina foram sintetizados. Estes sdo menos volateis que os
anteriores, sdo menos instaveis a luz e efetivos por mais de 10 dias apds aplicagao
(BBSRC, 2018).

A estrutura basica das piretrinas € composta por um ciclopropano carboxilico
ligado a um alcool aromatico através de uma ligacao éster, conforme demonstrado na
Figura 1. A aletrina foi sintetizada com base nesta estrutura, entretanto a cadeia lateral
de pentadienil foi substituida por uma porgao isostérica para melhorar a estabilidade
fotoquimica (piretréides do tipo 1). Para melhorar a atividade inseticida, um grupo ciano
foi adicionado a estrutura dos piretroides, como € possivel observar na ciflutrina,
acrinatrina, deltametrina, A-cialotrina, entre outros (piretréides do tipo Il). Fenvalerato e
esfenvalerato ndo apresentam o ciclopropano em sua estrutura, entretanto o grupo
ciano garante a atividade inseticida (ELLIOTT et al., 1978). Desta forma, os piretréides
foram sintetizados através de sucessivas substituicbes dentro da estrutura das
piretrinas para conservar as propriedades estereoquimicas e fisicas (SODERLUND et
al., 2002; SCHLEIER et al., 2011).

Figura 1. Estrutura basica das piretrinas.
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Figura 2. Estrutura da aletrina (a), deltametrina (b) e fenvalerato (c).
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Os piretroides apresentam diversos grupos estruturais apresentando centros
quirais em sua estrutura (de 2 a 3), e por isso, podem apresentar de 2 a 4
diastereoisbmeros e 4 a 8 enantibmeros (BARR et al, 2010). S&do volateis e
apresentam coeficiente de particdo octanol-agua (log Kow) que varia de 5 a 8, portanto,
sdo contaminantes orgéanicos hidrofébicos com baixa solubilidade em agua (TUCK et
al., 2018; TUCCA et al., 2014; ALONSO et al., 2012; CORCELLAS et al., 2012; FEO et
al., 2010). O mecanismo de acgao das piretrinas e piretréides é complexo e torna-se
ainda mais complicado quando utilizado associado aos organofosforados, ja que estes
inibem o metabolismo dos piretréides. Os maiores efeitos sdo observados pela inibigao
dos canais de sdédio causando desordem nas células nervosas e musculares
(BRADBERRY et al., 2005).

Esses compostos sao, provavelmente, o maior e mais amplo grupo de
agrotoxicos utilizados atualmente (KAY; MACNEIL; WANG, 2016). Devido sua
eficiéncia e versatilidade, sdo usados tanto como agrotoxicos quanto como
medicamentos veterinarios. No Brasil sdo autorizados para controle de insetos no
cultivo de cebola, feijao, milho, laranja, mandioca, tomate, alface, arroz, batata, repolho,
mamao, uva, banana, pepino, maga e abobrinha (ANVISA, 2018). Também sao
autorizados para uso como antiparasitarios na produgao de bovinos, equinos, suinos, e
peixes (PNCRC, 2018). Sdo também usados como inseticidas no controle de doencgas
transmitidas por insetos, como malaria, dengue, leishmaniose e tifo (ALONSO et al.,
2012), empregados em produtos de uso doméstico, produtos de jardinagem, produtos
de cuidado pessoal (controle de piolhos), produtos de Pet Shop (shampoo anti-pulga,
controle da sarna), entre outras aplicacdes (ANADON et al., 2009; CORCELLAS et al.,
2015; CORCELLAS et al., 2012).

Inicialmente considerava-se que os piretroides apresentavam uma baixa
toxicidade porque seriam facilmente convertidos por hidrélise (em mamiferos) ou por
metabolismo oxidativo (em peixes), em metabdlitos nado toxicos, tais como acido
fenoxibenzoéico (ALONSO et al., 2012; CORCELLAS et al., 2012). Entretanto, estudos
indicam que piretroides sao toxicos aos peixes, tanto de agua salgada quanto de agua
doce (ALONSO et al., 2012; FEO et al., 2010), e ocasionam efeitos adversos ao
ambiente aquatico em longo prazo (ZHAO, 2014). Organismos nao-alvo como



crustaceos (camaréo, caranguejo e lagosta) também sdo afetados (LANGFORD et al.,
2014; CORCELLAS et al., 2012).

Estudos apontam que a baixa exposi¢cao de seres humanos e mamiferos a estes
compostos pode ocasionar sintomas neurotéxicos, como tremores (ALBERT; POMBO-
VILLAR, 1997). A exposig¢ao cronica pode desenvolver sintomas como dor de cabega,
nausea e tontura. A exposi¢cdo em longo prazo também pode ocasionar danos no bago
e ganglios linfaticos aumentando o risco de desenvolvimento de cancer. Alguns destes
compostos podem apresentar toxicidade ao sistema imunolégico (WU; MIAO, FAN,
2011) e endocrino (MNIF et al., 2011). Segundo Koureas et al. (2012) a exposi¢ao a
piretroides esta associada com efeitos adversos ao sistema reprodutivo (KOUREAS et
al., 2012). Radwan et al. (2015) relacionou a presencga de metabdlitos de piretrdides na
urina de pacientes com a ocorréncia de alteracdo cromossémica em espermatozoéides
(aneuploidia). A presenca de metabdlitos de piretréides também estd associada ao
aumento do risco de tumor no cérebro (CHEN et al., 2016) e leucemia em criangas
(DING et al., 2012), além de problema cardiaco (HAN et al., 2017).

2.3.2 Organofosforados

Os organofosforados sdo compostos sintéticos amplamente usados na producéo
agricola, principalmente apds a proibicdo dos organoclorados (SUN et al., 2011; HE et
al., 2009). Azametifés € um organotiofosfato heterociclico que age como inseticida com
acao neurotoxica através da inibicao da acetilcolinesterase (CANTY et al., 2007).
Apresenta log Kow de 1,5 e baixa volatilidade (PPDB, 2018; PUBCHEM, 2018). Na
agricultura, € usado no controle de pragas, e em medicina veterinaria para o controle
de doengas que ocorrem na piscicultura (piolhos do mar) (HE et al., 2009;
RAJENDRAN, 1994; NAYLOR et al., 2000).

Azametifés apresenta risco baixo ou moderado devido a baixa persisténcia no
ambiente aquatico que é de 8,9 dias (tempo de meia vida) (SEPA, 1997; ERNST et al.,
2001). Segundo a Agéncia Européia de Medicamentos, através do relatério EPMAR (do
inglés, European Public MRL Assessment Report) (2012), foram observadas baixas
concentragdes dos residuos de azametifés em musculo e pele de peixe apés 1h da
aplicagédo do tratamento. Segundo o relatério, este nivel de contaminagdo nao



apresenta risco a saude humana. Apesar de ndo apresentar toxicidade aguda para
organismos bivalves, foi letal para crustaceos (lagostas e camarao) quando estes foram
expostos na concentragdo recomendada de 100 pg L™ (BURRIDGE et al., 1999). A
toxicidade de azametifés € dependente do estagio de vida dos organismos n&o-alvo
(BURRIDGE et al., 2000).

2.3.3 Benzoiluréias

Diflubenzurom é um derivado da benzoilfenilureia e age como um potente
inseticida interferindo na sintese da quitina e controlando insetos e crustaceos em
estagios imaturos. Possui log K,y de 3,6 e baixa solubilidade em agua (PPDB, 2018;
PubChem, 2018). Este composto é eficiente no controle dos ectoparasitas Lernaea
cyprinacea e Dolops carvalhoi em peixes (MARTINS et al., 2004; SCHALCH et al.
2005). Por este motivo é usado na produgdo de pescado, inclusive no Brasil
(LAGFORD et al., 2014; MABILIA; DE SOUZA, 2006; MADUENHO et al., 2008).
Também é usado para o cultivo de citricos, algodao, cogumelos, plantas ornamentais,
arvores, bovinos e no controle de larvas de mosquitos em agua parada (EPA, 1997).
No Brasil, diflubenzurom é recomendado para o cultivo de laranja, tomate, milho,
mandioca e arroz (PARA, 2018).

Estudos indicam que o diflubenzurom apresenta concentragao letal (LCso) para
peixes de 127 mg L' considerando 96 h de exposicdo, o que caracteriza baixa
toxicidade (EPA, 2009). Entretanto, o peixe pode acumular o diflubenzurom presente
na agua mais de 160 vezes (EISLER et al., 1992). Além disso, € degradado por
hidrdlise e por fotodegradacédo produzindo metabdlitos toxicos. Segundo a Agéncia de
Protecdo Ambiental dos Estados Unidos (2009) (US EPA, do inglés United States
Environmental Protection Agency) o metabdlito 4-cloroanilina (PCA) apresenta maior
toxicidade aos peixes, com LCs variando de 2 a 23 mg L. Os metabolitos 2,6-acido
diflubenzdico e 4-clorofenilurea apresentam toxicidade similar ao diflubenzurom (LCsg
entre 70 e 100 mg L™). Conforme a EPA, n3o existem evidéncias de efeitos téxicos por
diflubenzurom em humanos, entretanto o metabdlito PCA apresenta potencial efeito
carcinogénico (EPA, 1997).
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Em 2008, a Comissdo Européia incluiu o diflubenzurom na lista de produtos
fitofarmacéuticos disponiveis no mercado. Segundo o Regulamento de Execugao (UE)
N° 855 (2017), desde a inclusdo, foi iniciado um estudo quanto a relevancia
toxicolégica do metabdlito PCA. Conforme o regulamento, devido as propriedades
genotodxicas e cancerigenas da PCA e a auséncia de um limite de exposigao aceitavel,
a partir de 2017, o uso de diflubenzurom esta autorizado apenas em culturas nao
comestiveis, evitando a exposi¢cao dos consumidores a PCA. Até o dado momento, ndo

sao monitorados residuos de metabdlitos de diflubenzurom.

2.4 Transporte e incidéncia dos residuos e contaminantes no meio ambiente

Devido a administracdo variada e ao uso decorrente em diferentes setores o
transporte global dos residuos e contaminantes no meio ambiente € impossivel de ser
determinado e é dependente de diversos fatores, podendo ocorrer através de diversas
formas (geralmente associadas). E um processo complexo em que residuos s&o
encontrados em regides em que jamais foram aplicados (TANG et al., 2018). Os
ambientes aquaticos, por exemplo, podem ser contaminados por diversas vias, seja ela
por deposicdo atmosférica, escoamento de rios, descargas de tratamento de aguas,
entre outros (ALONSO et al., 2012; TANG et al., 2018). Também pode ocorrer
contaminacgao pela lixiviagdo dos compostos pela chuva e transporte através do solo

atingindo aguas subterraneas além dos ambientes aquaticos (GONG, 2013).

A exposicdo dos peixes pode ocorrer devido a contaminagdo do ambiente
aquatico ou através de aplicagao direta dos compostos, como no caso dos locais de
cultivo de peixes (LANGFORD et al., 2014). A absorgcdo se da através das guelras,
devido ao carater lipofilico dos compostos, pela alimentacdo ou através da cadeia
alimentar (LANGFORD et al., 2014; ALONSO et al., 2012). Os piretréides deltametrina
e cipermetrina sdo usados como tratamento topico e sado aplicados diretamente nos
tanques de cultivo. Devido a forma de aplicagdo, os organismos nao-alvo (na maioria
crustaceos) também podem ser afetados (LANGFORD et al., 2014). Mesmo sendo
diluidos no ambiente aquatico os mesmos tendem a ser absorvidos por particulas em
suspensao ou a se depositar nos sedimentos. Devido suas caracteristicas hidrofébicas,

pode ocorrer o aumento do tempo de meia vida de 5 dias para mais de 80 dias
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(TUCCA et al.,, 2014; ALONSO et al., 2012; FEO et al.,, 2010; HAYA et al., 2005;
LANGFORD et al., 2014).

Azametiféos também é indicado para uso tépico em peixes apesar de apresentar
potencial toxicidade aos ecossistemas aquaticos e aos organismos ndo-alvo (DAVIES
et al., 2001). Diflubenzurom € administrado via ragdo sendo aplicado diretamente nos
tanques de cultivo de peixes. Estima-se que cerca de 10% da dose administrada é
absorvida pelo peixe e os 90% restantes sdo excretados. Além disso, cerca de 5 a 15%
da ragcdo administrada ndo € consumida, permanecendo no ambiente e contribuindo,
inclusive, com a carga organica (CHEN; BEVERIDGE; TELFER, 1999; LANGFORD et
al., 2014).

A exposicao dos seres humanos aos residuos também pode se dar de diferentes
formas sendo influenciada por diversos fatores. Esses fatores sao inicialmente a idade
do individuo e a sua localizag&o, ou seja, se esta proximo de regides agricolas ou de
regides urbanas onde estes produtos sdo aplicados para controle de pragas. Ela pode
ocorrer através do consumo de alimentos contaminados, uso de inseticidas
domésticos, entre outros (YE, et al., 2015; DING, et al., 2012).

O sucesso quanto ao uso de piretréides se da devido a sua alta eficiéncia, facil
degradacéao e, portanto, baixa persisténcia no meio ambiente, que se estima ser entre
12 e 197 dias (HOU et al.,, 2014; CORCELLAS et al., 2012; FEO et al., 2010).
Entretanto, residuos destes compostos estdo sendo encontrados em amostras
ambientais, tais como a agua e sedimentos (FEO et al., 2010), algas marinhas
(GARCIA-RODRIGUEZ et al., 2012), alimentos de origem animal como carne bovina,
carne de frango, ovos, peixe e leite (DALLEGRAVE, et al. 2016; CORCELLAS et al.,
2015), chas (HOU et al., 2014), mamiferos (golfinhos) (ALONSO et al., 2012) e em leite
materno (CORCELLAS et al., 2012).

Residuos de piretréides foram encontrados em amostras de figado, leite e
placenta de mamiferos marinhos (golfinhos) da costa brasileira, proximo aos estados
de Sao Paulo e Rio Grande do Sul. Permetrina foi o composto mais encontrado dentre
os piretroides analisados, contribuindo com 55% dos resultados. A concentragédo total
de piretroides em amostras de figado de golfinhos adultos e jovens foi de 7,05 e 68,4

ng g', respectivamente. Nas amostras de leite e placenta foram encontradas
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concentragdes que variaram de 2,53 a 4,77 ng g' e de 331 a 1812 ng g,
respectivamente (ALONSO et al., 2012).

Corcellas et al. (2015) apresentaram estudos de bioacumulacéo de piretréides
em peixes. As amostras foram coletadas em 4 bacias de rios, na Espanha, sendo que
um dos pontos de coleta corresponde a agua para abastecimento. Foram detectados
piretréides em todas as amostras coletadas, em concentracdes que variaram de 12 a
4938 ng g, sendo as maiores concentragbes observadas em amostra de truta

coletada no reservatério (4938 ng g™') e de carpa (1508 ng g™).

Dallegrave et al. (2016) desenvolveu método para determinagdo de residuos de
17 piretroides em gordura de alimentos de origem animal, sendo eles carne bovina,
carne de frango, ovos, peixe e leite. As amostras foram fornecidas pelo Laboratério
Nacional Agropecuario do Rio Grande do Sul (LANAGRO-RS) e foram coletadas
randomicamente por fiscais federais em empresas registradas no Ministério da
Agricultura e controladas pelo Plano Nacional de Controle de Residuos e
Contaminantes (PNCRC). Todas as amostras foram positivas para ao menos um dos
piretréides analisados com fragdo massica variando entre 0,03 e 74,2 ng g”' de gordura
animal. Nas amostras de peixes foram encontrados residuos de bifentrina, cialotrina e

cipermetrina com concentracdes variando de 0,4 a 26,1 ng g

Conforme estudo descrito por Langford et al. (2014), amostras ambientais de
peixes e de crustaceos foram coletadas em regides proximas a cinco aquiculturas
localizadas na Costa da Noruega. O objetivo deste estudo foi verificar o impacto
ocasionado no ambiente marinho e no cultivo de camardo e bacalhau devido ao
tratamento para piolhos do mar. A concentracdo de diflubenzurom em amostras de
sedimento e agua oriundas de dois pontos de coleta variou de 5,9 a 136,6 ng g e de
13,1 a 295,2 ng L respectivamente. As amostras de camardao e mexilhao azul
oriundas de um dos pontos de coleta apresentaram concentragcdes que variaram de 0,5
a10 ng g' e 27 a 22 ng g, respectivamente. As maiores concentracdes foram
observadas nas amostras de caranguejo variando entre 180,9 a 537,9 ng g—. Nao
foram encontrados residuos de diflubenzurom em amostras de bacalhau (LANGFORD
et al., 2014).
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A presenca destes residuos em amostras de peixes confirma a necessidade de
estabelecer e monitorar os LMR através de programas de monitoramento, a fim de

garantir a segurancga alimentar e proteger a saude do consumidor.

2.5 Limites maximos de residuos para amostras de peixes
Limite maximo de residuo é definido como a concentracdo maxima de residuo

que nao causaria risco a saude humana, considerando a Ingestdo Diaria Aceitavel
(IDA) do composto (PASCHOAL et al., 2008).

Atualmente, no Brasil, existem dois programas atuando no monitoramento de
residuos e contaminantes em alimentos: o Plano Nacional de Controle de Residuos e
Contaminantes (PNCRC), coordenado pelo Ministério da Agricultura, Pecuaria e
Abastecimento (MAPA) e o Programa de Anadlise de Residuos de Agrotdxicos em
Alimentos (PARA), coordenado pela Agéncia Nacional de Vigilancia Sanitaria (ANVISA)
(MAPA, 2018; ANVISA, 2018).

O PNCRC monitora a presenca e os niveis de residuos e contaminantes de
produtos de uso veterinario, agrotoxicos ou afins e de contaminantes quimicos
(aflatoxinas, metais pesados, contaminantes inorganicos, entre outros), potencialmente
nocivos a saude do consumidor em alimentos de origem animal e vegetal (MAPA,
2018). O programa PARA tem como objetivo avaliar continuamente os niveis de
residuos de agrotdxicos em alimentos de origem vegetal disponiveis ao consumidor
(ANVISA, 2018). O principal objetivo destes programas consiste em verificar a
qualidade, seguranga e inocuidade dos alimentos, tanto de origem vegetal quanto de
origem animal, disponiveis ao consumidor, para que sejam, inclusive, equivalentes aos
requisitos sanitarios estabelecidos internacionalmente pelo Mercado Comum do Sul
(MERCOSUL), CODEX Alimentarius, Organizacdo Mundial do Comércio (OMC) e
orgao auxiliares como a Organizacdo das Nacgbes Unidas para Alimentagdao e
Agricultura (FAO), Organizacado Mundial de Sanidade Animal (OIE) e Organizacao
Mundial da Saude (WHO) (ANVISA, 2018; MAPA, 2018).

Os programas de monitoramento brasileiros publicam a programacao de
analises que serao realizadas e os LMR dos diversos compostos que serao
monitorados bem como os resultados das analises realizadas no ano anterior (ANVISA,
2018; MAPA, 2018). Conforme o PNCRC através da Instrucao Normativa n° 20 (2018),
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quarenta e cinco amostras de pescado de cultivo (musculo) foram analisadas para
monitoramento dos residuos de aletrina, bifentrina, ciflutrina, cipermetrina, deltametrina,
diflubenzurom, fempropatrina, fentoato, fenvalerato, lambda cialotrina, permetrina e
prometrina considerando um LMR de 10 pg kg™, exceto para deltametrina (30 pg kg™),
no ano de 2018.

A Comunidade Européia possui limites estabelecidos conforme o Regulamento
n° 37 (2010) e monitora os residuos de cipermetrina (50 pg kg™') para peixes da familia
salmonidae, e deltametrina (10 pg kg™') em musculo e pele de peixes em proporgao
natural. Diflubenzurom apresentava limite estabelecido de 1000 ug kg™ para peixes da
familia salmonidae (REGULAMENTO, 2010). Porém, conforme Regulamento de
Execucao (UE) N° 855 (2017), ndo é mais permitido o uso deste composto em produtos
para consumo devido ao metabdlito toxico 4-cloroanilina. Por este motivo, o Comité
para Medicamentos de Uso Veterinario (CVMP, do inglés Committee for Medicinal
Products for Veterinary Use) (2018) sugeriu a alteragao do LMR de diflubenzurom do

Regulamento n° 37 (2010) para 10 ug kg™

Para que os limites estabelecidos sejam monitorados pelos programas de
monitoramento € necessario que estejam disponiveis metodologias analiticas capazes
de: detectar baixas concentragdes (considerando o LMR de cada composto) em
matrizes complexas, analisar um grande numero de amostras de rotina
simultaneamente e ser compativel com os equipamentos disponiveis a um custo
adequado. Neste sentido, um grande numero de métodos vem sendo desenvolvidos
para suprir esta demanda crescente (BORGES; FIGUEIREDO; QUEIROZ, 2015).

2.6 Métodos de preparo de amostra para determinagao de residuos

2.6.1 Extracao e clean-up

O desenvolvimento do procedimento de preparo de amostra é etapa crucial em
um processo de desenvolvimento de um método analitico (KINSELLA et al., 2009;
BORGES; FIGUEIREDO; QUEIROZ, 2015). Segundo Kinsella et al. (2009), o preparo
da amostra corresponde ao processo de extracdo dos residuos quimicos presentes em
uma amostra e a subsequente purificacdo do extrato, a fim de isolar os residuos de

interesse e remover os interferentes da matriz que podem afetar os sistemas de
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deteccdo. Portanto, os objetivos de um método de preparo de amostra sao: isolar os
compostos de interesse (na etapa de extragao) e remover os interferentes presentes na
matriz (na etapa de clean-up) (PRESTES et al., 2013).

Os diferentes processos realizados durante a extragdao dos residuos podem
afetar a estabilidade dos analitos e a eficiéncia do procedimento de extragdo. A escolha
do melhor procedimento de clean-up é etapa crucial no desenvolvimento de um método
de preparo de amostras, pois, além de reduzir interferentes da matriz, evita a
contaminagao dos equipamentos de deteccdo tornando o método mais sensivel e
robusto (SANTE, 2017).

Inimeros métodos de preparo de amostras para determinacdo de residuos em
diversas matrizes usando sistemas de deteccédo por espectrometria de massas estao
disponiveis na literatura. Dentre eles estdo: extragdo liquido-liquido, QUEChERS (do
inglés, Quick, Easy, Cheap, Effective, Rugged, Safe), MSPD (do inglés, matrix solid-
phase dispersion), SPE (do inglés, solid phase extraction), SPME (do inglés, solid-
phase microextraction), PLE (do inglés, pressurized-liquid extraction), MAE (do inglés,
microwave-assisted extraction), DLLME (do inglés, dispersive liquid-liquid
microextraction), SFE (do inglés, supercritical fluid extraction), dentre outros
(LAMBROPOULOU; ALBANIS, 2007; KINSELLA et al., 2009; BORGES; FIGUEIREDO;
QUEIROZ, 2015).

O método de dispersdo da matriz em fase sélida (MSPD) pode ser vantajoso
para determinacao de residuos, pois permite a extragdo dos analitos e a execugéo do
clean-up em uma unica etapa (KINSELLA et al., 2009). Esta técnica consiste,
basicamente, em misturar a amostra com um suporte sdélido até completa
homogeinizacao, transferir a mistura para uma coluna e eluir os analitos com solvente
organico (BORGES; FIGUEIREDO; QUEIROZ, 2015).

Na etapa de extracdo por MSPD a mistura amostra-suporte € homogeneizada
com auxilio de pistilo e almofariz de vidro (KINSELLA et al., 2009). A mistura é entao
empacotada em coluna de vidro ou de polietileno contendo |4 de vidro ou papel-filtro.
Caso seja necessario realizar uma maior limpeza do extrato, um sorvente pode ser
adicionado a coluna MSPD (co-coluna). O eluente (solvente organico) é adicionado
com o objetivo de solubilizar os analitos retirando-os da coluna. Apds eluigao, o extrato
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pode ser submetido a etapa de concentragao e injetado no sistema cromatografico. O
tempo total para o preparo de uma amostra é de aproximadamente 40 min (BORGES;
FIGUEIREDO; QUEIROZ, 2015).

Para garantir a eficiéncia da MSPD alguns parametros devem ser definidos,
dentre eles: a) escolha e quantidade de suporte sdlido dispersante, b) homogeinizagéo,
c) escolha e quantidade de adsorvente para co-coluna, d) escolha e volume do
solvente de eluicdo (BORGES; FIGUEIREDO; QUEIROZ, 2015).

A escolha do suporte sélido e do solvente de eluicdo adequados é fundamental
para que a técnica seja eficiente e seletiva. Dentre os suportes mais utilizados estao:
Css, silica, alumina, cianopropil e florisil. A quantidade do suporte varia de acordo com
a quantidade e caracteristica fisica da amostra (BORGES; FIGUEIREDO; QUEIROZ,
2015). Geralmente a proporgdo amostra-suporte varia de 1:1 a 1:4 (KINSELLA et al.,
2009). Para amostras que contém alto teor de dgua também é recomendado o uso de
sais secantes, como sulfato de sédio anidro ou silica (BORGES; FIGUEIREDO;
QUEIROZ, 2015).

Para a homogeinizagdo da amostra deve ser estabelecido o tempo de contato
da mistura amostra-suporte e a intensidade de homogeinizagdo. No caso de existir a
necessidade da adicdo de um adsorvente (co-coluna), 0 mesmo pode ser escolhido
com base nas analises cromatograficas ou optando por um adsorvente com polaridade
diferente daquele utilizado como suporte sélido (BORGES; FIGUEIREDO; QUEIROZ,
2015).

A escolha do solvente de eluigdo deve estar baseada nas caracteristicas dos
analitos presentes na amostra, principalmente com relagcdo a polaridade, além de
serem compativeis com o sistema de detecgcdo. N-hexano, acetato de etila, acetonitrila,
metanol, diclorometano e acetona sdo alguns dos solventes utilizados. Esta técnica
permite que dois ou mais solventes possam ser eluidos em sequencia. O volume de
eluicdo é dependente de varios fatores, como solubilidade e concentracdao do analito,
da amostra e do dispersante, forcas de interagcao entre analito e a matriz-suporte,
presenca de co-coluna, dentre outros. Entretanto, a utilizagdo de menores quantidades
de solvente é preferida (BORGES; FIGUEIREDO; QUEIROZ, 2015).
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Apesar de apresentar importantes vantagens como, por exemplo: realizar
extracdo e clean-up em uma unica etapa, ser aplicavel para diversos tipos de residuos,
nao necessitar de etapa de precipitagdo de proteinas e de centrifugagéo, esta técnica
ndo é muito aplicada em analises de rotina em programas de monitoramento de
residuos (LAMBROPOULOU; ALBANIS, 2007; KINSELLA et al., 2009).

Outro método muito utilizado para determinacdo de diferentes residuos em
diferentes matrizes é o método QUEChERS. Por definicgdo, QUEChERS (do inglés,
Quick, Easy, Cheap, Effective, Rugged, Safe) € um método rapido, facil de ser
executado, barato, efetivo, robusto e seguro. E um método versatil e que possibilita a
determinagdo de varias amostras em um mesmo lote de analises, bem como o0 uso
subsequente de diferentes técnicas de detec¢cdo (BORGES; FIGUEIREDO; QUEIROZ,
2015). Foi desenvolvido por Anastassiades et al. (2003) e consiste basicamente em

trés etapas: extracao, particio e clean-up.

Na etapa de extracdo do método QUEChERS original sdo usados 10 g de
amostra e 10 mL de acetonitrila (ANASTASSIADES et al., 2003). A acetonitrila € um
solvente que apresenta como principais vantagens a extragdo de compostos com
diferentes polaridades e a extragdao de menor quantidade de coextrativos presentes

naturalmente nas amostras como, gorduras e pigmentos (LEHOTAY et al., 2001).

A etapa de particdo do método QUEChERS original é realizada através de
adicdo de sais (1 g de NaCl e 4 g de MgSO,). Estes promovem o efeito salting out,
diminuindo a solubilidade dos compostos polares na fase aquosa e a quantidade de
agua na fase organica. O sal secante (MgSO,4) promove, ainda, a remocao de agua
através de processo exotérmico (40 a 45 °C). O aumento da temperatura auxilia na
extragdo, principalmente de compostos apolares (ANASTASSIADES et al.,, 2003;
PRESTES et al., 2009).

O clean-up das amostras € realizado através da extracdo em fase soélida
dispersiva (d-SPE, do inglés dispersive solid phase extraction). A d-SPE consiste
basicamente em: 1) adicdo de sorvente (ou sorventes) e sal secante (MgSO,4) ao
extrato obtido apds os procedimentos de extragao e particdo, 2) agitacdo da amostra
para completa homogeinizagdo e 3) centrifugagdo para separagao do extrato. A

proporgao entre o sorvente e o sal secante com relagao ao volume de extrato usado no
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método QUEChERS original foi de 25 mg de PSA e 150 mg de MgSO4 para cada 1 mL
de extrato (ANASTASSIADES et al., 2003).

A d-SPE apresenta como principais vantagens o baixo custo, quando
comparado as técnicas tradicionais disponiveis, e versatilidade, permitindo a utilizagéo
de diferentes sorventes em diferentes combinagdées e quantidades (PRESTES et al.,
2013; CABRERA et al.,, 2012), além de ser um procedimento rapido e facil de ser

aplicado em métodos de rotina.

Uma alternativa interessante e viavel de clean-up admitida pelo método
QuUEChERS consiste na limpeza do extrato através do congelamento da amostra a
baixa temperatura. O congelamento do extrato reduz consideravelmente a presencga de
coextrativos lipidicos e outros compostos que apresentam baixa solubilidade em

acetonitrila através de precipitacdo (QUEChERS, 2018a).

A agitacdo das amostras no método QUEChERS pode ser realizada
manualmente ou usando disruptor, turrax, blender, entre outros. As separacoes
matriz/extrato ou sorvente/extrato sao realizadas através de centrifugagdao. O uso de
medidores auxilia no preparo das porcdes de sais e sorventes utilizados na execugao
do método (QUEChERS, 2018b). A utilizagdo dos recursos acima citados permite que o
método QUEChERS seja facilmente executado na maioria dos laboratorios, inclusive

aqueles Com poucCoOs recursos.

Nos casos em que se faz necessario atingir baixos limites de deteccdo dos
compostos, a etapa de concentragdo da amostra através de evaporagdo do extrato
também pode ser aplicada (PRESTES et al., 2013), consistindo um dos métodos mais
comuns descritos na literatura. A evaporagao dos extratos pode ocasionar precipitagao
dos componentes da matriz e, em alguns casos, dos proprios compostos. Por este
motivo, as temperaturas utilizadas devem ser as mais baixas possiveis. O uso de gas
nitrogénio deve ser preferido ao uso de ar comprimido para evitar mecanismos

oxidativos e introdugcao de agua ou contaminantes no sistema (SANTE, 2017).

Para determinacao de piretroides em alimentos de origem animal, a escolha do
método de preparo de amostras geralmente esta baseada nas caracteristicas da matriz
(LEDOUX, 2011). Os métodos de preparo de amostras em gordura animal geralmente

envolvem extragao liquido-liquido, extragao por soxhlet, através do derretimento da
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amostra para coleta e analise da gordura liquida (TUCK et al., 2018), além de
dispersdo da matriz em fase solida (MOLONEY et al., 2018). As amostras de tecidos
(rim, figado e musculo) geralmente sdo extraidas usando solvente orgénico e dispersao
por vortex, blender ou agitacdo manual. Para leite a utilizagdo de extracéo liquido-
liquido € a mais comum, entretanto outras técnicas como a dispersao da matriz sélida e
QUEChERS também sao utilizadas com o objetivo de facilitar a precipitacdo de
proteinas presentes na matriz. Novos métodos, como por exemplo, microextragao
magnética por liquido idnico duplamente ligado (IL-DMME, do inglés, ionic liquid-linked
dual magnetic micro-extraction) e microextragdo em fase sélida (SPME, do inglés, solid
phase microextraction), também foram empregados para determinagcdo destes
compostos em diferentes matrizes (TUCK et al., 2018). Portanto, conhecer a matriz de
estudo também é um parametro importante a ser observado, pois determinara o melhor

método de preparo de amostras a ser empregado.

2.6.2 Caracteristicas das matrizes em estudo

Efeitos de matriz causados por constituintes naturais presentes nas amostras
sdo muito frequentes e podem ocasionar supressao ou ganho de sinal nas respostas
dos sistemas de deteccdo. A técnica de clean-up, por exemplo, deve ser desenvolvida
considerando as caracteristicas fisico-quimicas dos analitos (polaridade, solubilidade,
entre outros) e dos componentes da matriz (teor de &agua, gordura, proteinas,
pigmentos, entre outros) (SANTE, 2017).

A composicdo da matriz de diferentes espécies de peixes pode variar
significativamente e é dependente de fatores como: espécie, idade, peso, habitat, tipo
de alimentagao, época da captura, entre outros. De uma forma geral, a composig¢ao dos
peixes apresenta cerca de 60 a 90% de agua, 8 a 23% de proteina e 0,5 a 25% de
lipidios (ANDRADE; BISPO; DRUZIAN et al., 2009).

A traira (Hoplias malabaricus) € um peixe carnivoro de agua doce. Habita aguas
paradas e se reproduz em agua quente. Sua composicdo centesimal varia
consideravelmente de acordo com o tipo de alimentacdo e idade. A traira adulta
apresenta aproximadamente 79% de agua, 15% de proteina e 5% de lipidios (TORRES
et al., 2012).
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A tilapia € um dos peixes mais cultivados no mundo e inclusive no Brasil, onde
se adaptou facilmente em aguas doces (agudes) (VILA NOVA; GODOY; ALDRIGUE,
2005). A composicao centesimal de filés de tilapia é de cerca de 78% de agua, 20% de
proteina e 1,7% de lipidios (USDA, 2018a).

A tainha é encontrada em ambiente marinho, estuarios e lagunas. Alimenta-se
de detritos e de matéria orgéanica, pois sédo herbivoras (OKAMOTO; SAMPAIO;
MACADA, 2006). A tainha apresenta teor de agua de aproximadamente 76%, 20% de
proteina e 4% de lipidios (ANDRADE; BISPO; DRUZIAN, 2009).

O seabass (Dicentrarchus labrax) foi a primeira espécie marinha nao
pertencente a espécie Salmonidae a ser cultivada e comercializada na Europa.
Atualmente tem relevante importancia comercial na regido Mediterranea, sendo
produzida na Grécia, Turquia, Itdlia, Espanha, Croacia e Egito (FAO, 2018b). Esta
espécie de peixe apresenta na sua composi¢cao centesimal aproximadamente 78% de
agua, 18% de proteina e apenas 2% de lipidios (USDA, 2018Db).

Salmao e truta sdo peixes da familia Salmonidae. A producdo de truta tem
crescido exponencialmente desde 1950, especialmente na Europa e recentemente no
Chile (FAO, 2018c). Mais de 90% do salm&o disponivel no mercado atualmente é
cultivado. Dentre os maiores produtores encontram-se o Chile e alguns paises da
Europa (FAO, 2018d). Apesar de apresentarem teores semelhantes de agua (70%) e
de proteinas (20%), o salmao apresenta teor de lipidios (6%) superior a truta (3%)
(USDA, 2018c; USDA, 2018d). Além disso, ambos apresentam os corantes astaxantina
e cantaxantina adicionados nas ragdes para garantir o critério de qualidade referente a
cor exigido pelo consumidor (FOLKESTAD et al., 2008; BUTTLE et al., 2001).

Esses interferentes presentes naturalmente na matriz podem ser removidos,
total ou parcialmente, na etapa de clean up. Atualmente, um grande numero de

sorventes esta disponivel comercialmente para esse fim.

2.6.3 Caracteristicas e escolha dos sorventes pra remocao de interferentes da
matriz

A escolha do sorvente usado para o clean-up das amostras esta diretamente
relacionada com as caracteristicas da matriz e dos compostos a serem analisados
(CABRERA et al., 2012).
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A amina primaria e secundaria (PSA, do inglés primary secondary amine) possuli
uma estrutura bidentada composta por grupos amino primario e secundario. Esses
grupos agem através de troca i6nica, pontes de hidrogénio ou interagdes dipolo-dipolo.
Desta forma o sorvente PSA apresenta elevado efeito quelante, capaz de reter acidos
graxos livres, acidos organicos, agucares, e outros compostos polares como pigmentos
(BORGES; FIGUEIREDO; QUEIROZ, 2015; KURZ et al., 2018). O PSA foi o sorvente
usado no método QUEChERS original e a associagdo do mesmo com outros sorventes
também foi sugerida através das modificagdes do método (ANASTASSIADES et al.,
2003).

O octadecilsilano (C1) remove com elevada eficiéncia compostos apolares,
como substancias graxas e lipidios, sendo recomendado para matrizes que
apresentam teor de gordura superior a 2% (BORGES; FIGUEIREDO; QUEIROZ, 2015;
KINSELA et al., 2009). A interagdo entre os compostos apolares e o sorvente se da
através de forgas de Van der Waals (CHROMACADEMY, 2018). A utilizagdo de C+s ou
a combinacado C+g/PSA pode ser usada para tornar o método mais efetivo na remogao
de gordura (KINSELA et al., 2009).

O Celite 545 é um sorvente de baixo custo, quando comparado ao C1s e PSA. E
indicado para remocéao de gordura, proteinas e fosfolipidios (OLIVEIRA et al., 2017). O
celite € um produto obtido de diatomaceas (terra diatomacea) composto por diéxido de
silicio (cerca de 87 a 91%), alumina e 6xido férrico. Apresenta grande area superficial,
elevada porosidade e baixa densidade. Possui fraca capacidade de adsorgdo apesar
de excelente poder de absorgéo, devido sua estrutura macro porosa (AL-DEGS et al.,
2001; TSAIl et al., 2006).

O sorvente florisil (silicato de magnésio ativado) é capaz de reter lipidios nao
polares, corantes, aminas, hidroxilas e carbonilas através de mecanismos polares de
interacdo como pontes de hidrogénio, dipolo-dipolo e interagcbes nao covalentes
envolvendo sistemas pi (KURZ et al., 2018; CARRO et al., 2017).

O sorvente SiTi consiste em silica de alta pureza dopada com titanio e apresenta
retencdo seletiva de fosfolipidios. A silica dopada apresenta melhor estabilidade
quimica e robustez quando comparada a silicas convencionais ou materiais hibridos de

silica (onde o metal é ligado a silica pura). Por este motivo, tem sido usada para o
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preparo de amostras biolégicas em etapa anterior a analise por cromatografia liquida.
Ja o sorvente SiTi 4% Cqs apresenta 4% de Cis em sua formulacido e demonstrou
melhores resultados na remogao de interferentes presentes em figado de ovinos na

analise de anti-helminticos quando comparado ao C4s (GLANTREO, 2018).

O sorvente Z-Sep consiste em uma mistura entre dois sorventes: silica revestida
com diéxido de zirconio (ZrO;) e Cqg, na proporgao de 2:5. Por outro lado, o Z-Sep Plus
(Z-Sep+) consiste em C1g € ZrO; conectados na mesma particula de silica. O Cqg retém
lipidios através de interagao hidrofilica enquanto que a zircénia age como um acido de
Lewis, atraindo compostos com grupos doadores de elétrons. Ambos sé&o
recomendados para remocgado de lipidios, fosfolipidios, pigmentos e proteinas
(MORENO-GONZALEZ et al., 2014; RAJSKI et al., 2013).

A escolha e a quantidade de um sorvente ou de uma mistura de sorventes a
serem usados em um procedimento de preparo de amostras devem ser definidas
durante o desenvolvimento e otimizacdo do método. Na d-SPE, por exemplo, é
possivel combinar diferentes sorventes para suprir as necessidades exigidas pelo tipo
de matriz, de analitos e de equipamento utilizado. Neste contexto, o uso de
planejamento de experimentos € uma ferramenta que pode auxiliar no processo de
otimizagdo do método (BORGES; FIGUEIREDO; QUEIROZ, 2015).

2.7 Planejamento de experimentos

A otimizacdo do procedimento de preparo de amostras é etapa crucial no
desenvolvimento de um método analitico para a obtengao de resultados confiaveis e
otimos. O resultado 6timo é a resposta que se deseja atingir usando o planejamento de
experimentos (BORGES; FIGUEIREDO; QUEIROZ, 2015). No caso de um
procedimento de extracdo, por exemplo, um resultado 6timo poderia ser a faixa de
recuperacdao desejavel (70 — 120%), quantidade de interferentes removidos,

intensidade do sinal do equipamento para um dado composto, entre outros.

A otimizagdo de um meétodo ou procedimento geralmente € realizada por
tentativa e erro ou por otimizacdo univariada. No método de tentativa e erro as
diferentes condigcdes sao testadas aleatoriamente até que se obtenha o resultado
otimo. Na otimizac&do univariada, uma variavel € testada enquanto que as demais sao

mantidas constantes. Estes tipos de otimizagdo geralmente exigem um grande numero
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de experimentos e nao fornece informacdes quanto a interacdo entre as diferentes
variaveis otimizadas (BORGES; FIGUEIREDO; QUEIROZ, 2015).

A otimizagdo multivariada permite a realizacdo de um conjunto de experimentos
considerando mais de uma variavel e diferentes combinag¢des de niveis. Desta forma &
possivel conhecer o sistema de forma mais abrangente, pois as variaveis séo alteradas
simultaneamente e em um menor numero de experimentos (BORGES; FIGUEIREDO,;
QUEIROZ, 2015).

Esta ferramenta estatistica pode servir como método de triagem, ou seja, para
selecionar quais variaveis sao significativas ou relevantes para a obtengao do resultado
6timo. Também pode ser usada para uma otimizagao mais aprofundada, neste caso
compreenderia a escolha dos niveis ou limites usados considerando as possibilidades
experimentais (BORGES; FIGUEIREDO; QUEIROZ, 2015).

O modelamento de misturas € um planejamento experimental que pode ser
usado para misturas com varios componentes, mas € muito eficiente para sistemas
compostos por trés componentes (FERREIRA et al., 2007). Este modelo é importante
uma vez que permite a validagao de modelo linear, quadratico e especial cubico. O
modelo especial cubico apresenta 7 termos, conforme demonstrado na Equacao 1

abaixo:
Equacdo 1 § = byx; + byxy + b3xs + by x1Xx5 + bi3X X3 4+ by3XoX3 4+ bip3X1XX3

Onde x representa o componente e b é a resposta obtida pelo componente puro,

ou pela interagao de dois ou dos trés componentes.

Os primeiros trés termos representam o modelo linear, que demonstra a
interagao de cada componente sem observar os efeitos de interagado entre os mesmos.
Os trés termos seguintes correspondem aos efeitos de interagcdes entre dois
componentes (sinergismo ou antagonismo) que somados aos termos lineares
correspondem ao modelo quadratico. O ultimo termo da equacéao é correspondente aos

efeitos de interacdes dos trés componentes da mistura (FERREIRA et al., 2007).

Este modelo € explicado considerando a estrutura de um tridangulo composto por

10 pontos (equivalente a 10 experimentos), conforme demonstrado na Figura 3.
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Figura 3. Estrutura em tridngulo usada para modelamento de misturas para trés
componentes (X1, X2 € X3).

Adaptado de: FERREIRA et al., 2007

Cada vértice do triangulo corresponde ao componente puro ou a uma mistura de
componentes. Em alguns casos, nédo € interessante ou € impossivel investigar o
componente puro, ou seja, investigar o efeito de um componente na auséncia de outros
dois (em casos de mistura ternaria). Nestes casos é preciso determinar, por exemplo, a
quantidade minima e maxima a ser utilizada para cada componente estudado. A
quantidade minima sera codificada na matriz de planejamento como 0 e a quantidade
maxima como 1, conforme observado na Tabela 1. Os experimentos 1, 2 e 3
(apresentados na Tabela 1), correspondem aos trés pontos localizados em cada vértice
do tridngulo (conforme demonstrado na Figura 3), e, portanto, a utilizacdo de
guantidade maxima de um dos componentes e as quantidades minimas dos outros dois
(FERREIRA et al., 2007).

Ja os experimentos 4, 5 e 6 correspondem aos pontos localizados entre cada
vértice do triangulo. Nestes experimentos ¢é utilizada a combinagdo de dois
componentes em quantidades correspondentes a metade da quantidade de sorvente,
codificadas na matriz experimental como 1/2, e a quantidade minima do terceiro
componente, codificada como 0 (FERREIRA et al., 2007).
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Tabela 1. Matriz experimental codificada para planejamento de misturas para trés

compostos.

Experimento X1 X2 X3
1 1 0 0
2 0 1 0
3 0 0 1
4 1/2 1/2 0
5 1/2 0 1/2
6 0 1/2 1/2
7 2/3 1/6 1/6
8 1/6 2/3 1/6
9 1/6 1/6 2/3
10 1/3 1/3 1/3

Os experimentos 7, 8 e 9 sao realizados através da combinacido de 2/3 de um
componente e 1/6 de outros dois, e correspondem aos pontos axiais do tridngulo
(ilustrados em cinza). Ja o ponto central do tridngulo consiste na combinacao de 1/3 de
cada componente e corresponde ao experimento 10 da matriz de planejamento
(FERREIRA et al., 2007).

A significancia de um modelo, seja ele qual for, deve ser avaliada através da
analise de variancia (ANOVA). O coeficiente de determinacédo (R?) e a andlise por
teste-F, considerando um dado nivel de confianca, devem ser avaliados. Os
componentes e os efeitos de interagbes entre os mesmos sé sao considerados
significativos quando os valores de p forem inferiores a 0,05, no caso do nivel de
significancia ser 95% (NETO; SCARMINIO; BRUNS, 2010).

2.8 Andlise cromatografica acoplada a espectrometria de massas para
determinacgao de residuos

A cromatografia liquida (LC, do inglés liquid chromatography) e a cromatografia

gasosa (GC, do inglés gas chromatography), acopladas a sistemas de detec¢cao como
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o arranjo de diodos (DAD, diode array detector) ou por captura de elétrons (ECD,
electron capture detection), sdo menos utilizadas para analises de residuos devido as
suas limitagdes. Estas técnicas ndo permitem a identificacado inequivoca dos analitos e
por este motivo devem ser usadas em conjunto com sistemas de detec¢do mais
especificos (SANTE, 2017).

Os sistemas de LC e GC acoplados a espectrometria de massas permitem a
determinagcdo de inumeros compostos concomitantemente, com incremento na
seletividade e sensibilidade quando comparados aos demais sistemas de detecgao. A
eficiéncia analitica, elevada robustez e menor tempo para desenvolvimento de métodos
tornam estes sistemas vantajosos apesar do alto custo de aquisicdo e manutencgéo
(PRESTES et al., 2009).

Os analitos altamente polares, de alto ponto de ebulicdo e com varios
substituintes em sua estrutura, tendem a responder melhor na LC com fase reversa
devido a sua solubilidade em fases méveis aquosas assim como por sua interacdo com
as fases estacionarias mais utilizadas, tais como C+g e Cg, levando a maior eficiéncia e
resolugées cromatograficas. Por outro lado, analitos com menor ponto de ebulicéo e
apolares, sao facilmente transferidos para coluna cromatografica apés volatilizagédo no
injetor de um cromatégrafo a gas. Com isso, 0 emprego de aquecimento controlado
levara a alta eficiéncia e resolugado cromatografica, permitindo a separagao de centenas
de analitos em unica corrida (CHIARADIA et al., 2008).

A identificacdo e quantificacdo de residuos de agrotéxicos e medicamentos
veterinarios em alimentos geralmente sao realizadas usando a GC e LC, acopladas a
espectrometros de massas (SANTE, 2017). Entretanto, a GC exige procedimentos de
preparo de amostra mais complexos para proteger a vida util das colunas

cromatograficas, bem como a manutencao da fonte (TUCK, et al., 2018).

Diferentes sistemas de deteccdo por espectrometria de massas podem ser
utilizados, como os sistemas com um quadrupolo (MS, do inglés mass spectrometer),
triplo quadrupolo (MS/MS), ion trap, por tempo de voo ou orbitrap. Diferentes tipos de
técnicas de ionizagado também sao admitidos como a ionizagao por impacto de elétrons
(El, do inglés electron ionization), ionizagao quimica (Cl, do inglés chemical ionization),

APCI (do inglés, atmospheric pressure chemical ionization) ou ESI (do inglés,
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electrospray ionization). Diferentes sistemas de aquisicdo como o modo full scan,
monitoramento seletivo de ions (SIM, do inglés selected ion monitoring) e
monitoramento seletivo de reagbes (SRM, do inglés selected reacton monitoring)
também podem ser usados (SANTE, 2017). A escolha do melhor procedimento para
preparo das amostras e do sistema de detecgao para analise de residuos em matrizes

complexas determinara a eficiéncia do método analitico.

2.9 Métodos empregados na determinagao dos compostos em estudo em tecidos
de peixes

A separagdo dos residuos presentes nos alimentos de origem animal é
dificultada devido a complexidade de matrizes biolégicas, e particularmente, devido a
presenga de lipidios (WANG et al., 2011; LEDOUX, 2011). Diferentes técnicas de
preparo de amostra sao utilizadas com o objetivo de obter elevada recuperagao para a
maioria dos compostos e serem compativeis aos sistemas de deteccdo escolhidos,
proporcionando bons resultados de validacdo dos meétodos. A Tabela 2 apresenta
alguns dos métodos disponiveis na literatura considerando as técnicas de preparo de
amostras, os sistemas de deteccdo utilizados e os resultados de validacdo para
determinagao de piretrinas, piretréides, benzoiluréias e organofosforados em tecidos de

peixes.

A GC é a técnica mais usada para analise de piretrinas e piretréides, pois estas
substancias sao facilmente volatilizadas permitindo a analise direta, sem a necessidade
de derivatizacado (TUCK, et al., 2018). Os piretroides que apresentam grupos nitrila ou
halogénios na sua estrutura podem ser analisados pela técnica de detecgdo ECD,
proporcionando sensibilidade ao método. Entretanto, baixa sensibilidade € observada
para aqueles compostos como a fenotrina, resmetrina e tetrametrina, pois nao

apresentam grupo nitrila ou o halogénio em suas estruturas (TUCK, et al., 2018).

A utilizacdo de GC acoplado a detectores por espectrometria de massas é o
sistema mais utilizado para a analise de piretréides em diversas matrizes, pois permite
a detecgao dos residuos em matrizes complexas e em baixas concentragbes. A
ionizagdo por impacto de elétrons (El) € a técnica de ionizacdo geralmente usada
nestes casos, devido a sua ampla aplicagdo em diversas classes de residuos (TUCK,
et al., 2018).
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Tabela 2. Métodos analiticos descritos para determinagéo de piretroides, piretrinas, benzoiluréias e organofosforados em tecidos de

peixes e alimentos com alto teor de gordura.

Analitos
(cl ) Matriz Extracao Clean-up (sorvente) Detecgao Recuperagao Limites Referéncia
classe
14 (PIR) Alimentos QUEChERS acetato  d-SPE UPLC-MS/MS 70 — 120% LOQ - 10 ug kg™ (CHUNG; LAM, 2012)
6 (PIRs) (frutos do mar) modificado Amostras > 2% gordura — PSA e Cqs
1 (BENZ) Amostras < 2% de gordura e incolor —
PSA
Amostras < 2% de gordura e
coloridas (carotendides ou clorofila) —
PSA e GCB
6 (PIR) Peixe QUEChERS d-SPE GC-ECD 81,1 -108% LOD-8a14pugkg"'  (JIAetal, 2012)
modificado
. PSA LOQ - n3o foi citado
Isopropanol:Agua
(80:20, v/v)
2 (PIR) Peixes QUECHhERS acetato  d-SPE GC-MS 70 - 115% LOD —menor que (RAWN; JUDGE;
6 (PIRs) (12 tipos, modificado Cis e PSA (salmao) 1ng g’ (salmao) ROSCOE, 2010)
incluindo LOQ-3,85a4,13
tilapia, truta e
salm3o) ng g” (salmao)
Multi Peixes (jundia, QUEChERS acetato d-SPE GC-MS/MS 73,6 a 98,9% LOD-0,3a3ug kg'1 (MUNARETTO et al.,
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2 (PIR) tilapia e modificado PSA e Cis LOQ - 1210 ug kg'1 2013)
panga)
Multi Bagre QUuUEChERS d-SPE GC-MS/MS 71 a116% LOQ-1ngg” (SAPOZHNIKOVA;
4 (PIR) modificado Z-Sep LEHOTAY, 2013)
Multi Peixes com Agua Congelamento a baixa temperatura GC-MS/MS 65 a 119% LOD-1a4ug kg'1 (CHATTERJEE et al.,
13(pIR)y ~ altoteorde Acetonitrila (1% (-20°C) LOQ—2a 13 ug kg" 2016)
gordura acido acético) d-SPE
Hexano (partigéo) 12) CaCl;
22) PSA + Cqg + florisil
4 (PIR) Fish (carpa, Hexano: SPE GC-MS/MS Média 79% LOD -0,03a 0,46 ng CORCELLAS;
; . -1 .
truta) diclorometano (2:1) Cartucho (Alumina e Crs) DELTA - 53% g ELJARRAtT,
LOQ 0,12 1,54 ng g’ BARCELO, 2015)
17 (PIR) Gordura de Hexano: SPE GC-MS/MS Média 73 a LOD - 0.002 a 6.43 (DALLEGRAVE et al.,
. . . o -1 T
alllmentos .de diclorometano (2:1) Cartucho (Alumina e C1s) 85%, exceto ngg de lipidio 2016)
origem animal para LOQ — 0006 a 214
(incluindo transflutrina 1 o
ng g de lipidio
peixe) (41%).
(As amostras de
peixe apresentaram
maiores valores de
LOD e LOQ)
18 (PIR) Gordura Acetonitrila MSPD modificado - florisil LC-MS/MS Veracidade 84 Precisdo-3.9a29% (MOLONEY et al,
animal a 143% 2018)

1 (PIRs)

d-SPE — Z-Sep + e PSA
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(bovino, ovino,

porcino, de

aves)
Multi Peixes Acetato de etila SPE LC-MS/MS 60 a 74% LOD (RAWN et al., 2009)
AZA (incluindo Acetonitrila e Cartucho Bond Elut-Cg Média de 84% 0,01a 2 ug kg

tilapia, truta e e ~

Hexano (partigéo) para salmao

salmao) e

crustaceos
DIFLU Tilapia Metanol SPE HPLC-DAD 96.82101.1% LOD-32 ug kg™ (LUVIZOTTO-

Cartucho C1s LC-MS/MS LOQ - 110 ug kg™ SANTOS;
) , CORDEIRO; VIEIRA,
(confirmacgao)
2009)

Multi Peixes e Acetonitrila  (0,5% MSPD - sulfato de sédio anidro e C1g LC-MS/MS 83.8a97.2% LOD - 1,5 ug kg™ (CARRO et al., 2012)
AZA crustaceos acido acético) SPE — silica gel LOQ - 4.7 a 5.0 ug

(incluindo 4
DIFLU salmé&o) kg
Multi Amostras Metanol/acetona SPE LC-MS/MS 98 A 131% LOD-5a15ngg’ (LANGFORD et al.,
DIFLU ambientais, — (50/50) Oasis HLB e Oasis MAX (DIFLYU- - (DIFLU " (DIFLU - bacathay) ~ 201¥

crustaceos e Extracdo  liquido- bacalhau) bacalhau)
2(PR)  pacalhau ¢ a (DIFLU - bacalhau)

liquido com heptano

(DIFLU — bacalhau) GC-ECD (PIR)

PIR — piretréides; PIRs — piretrinas; BENZ — benzoiluréia; AZA — azametifés; DIFLU — diflubenzurom; GCB — carbono grafitizado (do inglés, graphitized carbon black); Multi —

método multiresiduo; DELTA — deltametrina.



31

A utilizagdo de LC para determinagao de piretréides € pouco descrita na literatura.
Entretanto, apresenta como vantagens o uso de métodos de preparo de amostras menos
complexos e melhor sensibilidade para aqueles compostos menos volateis, como a
flumetrina (TUCK, et al., 2018). Estudos indicam que a tralometrina, que € um metabdlito
da deltametrina, pode ser convertida a deltametrina pela eliminagdo de brometo no injetor
do sistema GC-MS. Entretanto, tralometrina e deltametrina podem ser seletivamente
analisadas por LC-MS/MS (VALVERDE et al., 2001).

Organofosforados geralmente sdo analisados por GC acoplado a espectrometria de
massas. Porém, azametifés € um organofosforado altamente polar e que apresenta baixa
volatilidade. Por isso, a LC acoplada a detectores MS/MS com ionizagado ESI é o sistema
mais utilizado para obtencdo de melhor sensibilidade e seletividade (GARCIA-
VALCARCEL; TADEO, 2009). Benzoiluréias geralmente sdo analisadas por LC devido a
elevada polaridade e baixa volatilidade. Sao frequentemente analisadas usando técnicas
de detecgdo por espectrometria de massas e em métodos multiresiduos (BRUTTI;
BLASCO; PICO, 2010).

Métodos analiticos que utilizam cromatografia liquida acoplada a espectrémetros
de massas, por exemplo, sdo notoriamente complexos, ndo so pelo instrumento em si,
mas principalmente porque geralmente sao aplicados em matrizes complexas. Quanto
maior a complexidade do método, maior a necessidade de validagdo do mesmo. O
método de validagao é, portanto, muito importante e indispensavel para garantir que os

resultados analiticos sao confiaveis (KRUVE et al., 2015).

2.10 Validagcao de métodos analiticos

Além da necessidade de validagdo dos métodos analiticos para garantir a
confiabilidade dos resultados, os laboratérios estdo sendo submetidos a um maior niumero
de regulagdes e normas que exigem a realizacdo da validagao dos métodos (KRUVE et
al., 2015). Devido a importancia de um procedimento de validagdo, um grande numero de
guias de validagdo vem sendo elaborados. Estes podem ser de natureza universal ou
especifica, ou seja, para uma determinada area. Os diferentes guias estabelecem
parametros de validacdo que podem ser compativeis entre si, entretanto podem divergir
em alguns detalhes, metodologias, terminologias e critérios de aceitacdo. Estas
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divergéncias podem levar a enganos quanto a interpretagcado dos parametros e até mesmo

dos calculos a serem realizados (KRUVE et al., 2015).

Atualmente, os guias de validagdo mais citados em publicagbes referentes ao
desenvolvimento e validacdo de métodos cromatograficos para analise de residuos e
contaminantes em matrizes de alimentos s&o: SANTE/11813/2017 e a Decisao
2002/657/CE, ambas elaboradas pela Comunidade Europeia. No Brasil, a ANVISA
através da RDC N° 166, de 24 de Julho de 2017, o INMETRO através da DOQ-CGCRE-
008 — Rev. 07 — Jul/18, e o MAPA através do Manual de Garantia da Qualidade Analitica
para Residuos e Contaminantes em Alimentos (MAPA, 2011) também possuem os seus

guias de validagédo para métodos analiticos.

Os parametros descritos pela Decisdo 2002/657/CE contemplam a maioria
daqueles descritos pelos guias citados acima, com excessao do efeito de matriz, limite de
quantificacdo e limite de deteccdo. Este guia apresenta critérios de desempenho mais
rigidos quando comparado aos demais como, por exemplo, o0 numero de repeticdes dos
ensaios em condi¢cdes de repetibilidade. Além disso, determina os parametros CCa e
CCB, que também sao descritos no Manual de Garantia da qualidade do MAPA. Cabe
salientar que dentre os guias elaborados no Brasil, o guia do MAPA é aquele que
contempla o maior numero de parametros e com critérios muito semelhantes aos
descritos pela Decisao 2002/657/CE.

Neste trabalho serdo descritos detalhadamente os parametros e critérios
estabelecidos pelos guias SANTE/11813/2017 e Decisao 2002/657/CE, ja que sao os
mais usados, sao reconhecidos internacionalmente e foram utilizados para validagdo dos

métodos desenvolvidos nesse trabalho.

2.10.1 SANTE/11813/2017

A Comunidade Europeia elaborou um guia de validacdo que é destinado aos
laboratorios envolvidos no controle de residuos de pesticidas nos alimentos e ragbes em
toda a Unido Europeia. Recentemente foi publicada a atualizagcdo deste documento guia
para controle de qualidade analitica e procedimentos de validagdo para residuos de
agrotoxicos e analises em alimentos e ragdao — SANTE/11813/2017. Através deste guia
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pretende-se normalizar os resultados obtidos de diferentes laboratorios, garantir a
qualidade, rastreabilidade e precisdo dos métodos, evitar falsos positivos e negativos e
possibilitar a implementagéo de sistemas de garantia da qualidade como a ISO/IEC 17025
(SANTE, 2017).

Conforme a SANTE, os parametros e critérios a serem observados durante a
validagéo interna de métodos analiticos quantitativos s&o: a sensibilidade/ linearidade,
efeito de matriz, limite de quantificacdo (LOQ, do inglés, limite of quantification),
especificidade, veracidade (através da recuperagdo), precisdao (repetibilidade e
reprodutibilidade intralaboratorial), robustez, razdo entre os ions monitorados e tempo de
retencdo (SANTE, 2017).

O numero de ions a serem monitorados é dependente do tipo de sistema de
espectrometria de massas utilizado. No caso de GC-MS, devem ser monitorados trés ions
no modo de aquisi¢ao full scan, ou por monitoramento seletivo de ions (SIM, do inglés
select ion monitoring). O desvio padrao relativo (RSD%) da razdo entre os ions obtidos
nas analises das amostras nédo deve exceder + 30% da média obtida pelos padrdes de
calibracdo. A variacédo do tempo de retencdo do composto em extrato ndo deve exceder £

0,1 min do tempo de retengdo do composto em solvente (SANTE, 2017).

A linearidade/sensibilidade do método deve ser verificada através da curva de
calibragdo que deve, preferencialmente, ser preparada contendo trés ou mais niveis de
concentragdo. A concentragcdo mais baixa deve ser igual ou inferior ao limite de
quantificacao pratico (RL, do inglés reporting limit). O RL corresponde ao menor nivel em
que residuos serao reportados como numeros absolutos e deve ser igual ou superior ao
LOQ do método. O LOQ do método corresponde a menor concentragdo em que 0S
critérios de precisado e veracidade sao atendidos. A concentragao calculada em cada nivel
da curva de calibragdo nao deve exceder 20% da concentragdo verdadeira (SANTE,
2017).

O estudo de efeito de matriz deve ser realizado através da comparagao entre a
resposta dos padrdes analiticos em solvente e a resposta dos padrdoes analiticos no
extrato da amostra. No caso de supressao ou ganho de sinal maior de 20%, a curva de

calibragao deve ser realizada considerando o efeito de matriz, como por exemplo, através
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do uso de extrato da matriz branco fortificado. A especificidade do método deve ser
avaliada considerando a analise do reagente branco e de matriz branco. O reagente
branco corresponde a analise sem a presenga da matriz (que pode ser substituida por
agua), apenas com solventes e reagentes. A resposta do composto presente na matriz

branco ou no reagente branco nao deve exceder 30% do valor do RL (SANTE, 2017).

A recuperagao deve ser mensurada, se possivel, em todos os lotes de analises. Os
resultados de recuperagao serdo usados para determinar a veracidade do método e a
precisdo RSD, (repetibilidade). Um minimo de cinco amostras brancas devem ser
fortificadas em pelo menos dois niveis. Um nivel deve corresponder a concentragao do
LOQ ou RL e o outro nivel entre 2 a 10 vezes o LOQ ou LMR. A média da recuperacao
deve variar entre 70 e 120% (veracidade) e o RSD% deve ser menor que 20% para cada
nivel testado. Recuperacdo acima ou abaixo desta faixa s6 sao aceitaveis se os desvios
observados forem inferiores a 20%, entretanto, ndo deve ser inferior a 30% ou superior a
140%. Nestes casos, um método de corregado da recuperagao deve ser aplicado (SANTE,
2017).

A reprodutibilidade intralaboratorial e a robustez do método devem ser mensuradas
no decorrer das analises de rotina, “on-going validation”, e 0 RSDyr ndo deve exceder
20%. Neste caso, amostras podem ser fortificadas nos mesmos niveis selecionados para
determinacgao da recuperagao e do RSD, e mensuradas junto as analises de rotina. Apds
cinco determinagdes, o RSDyr € a recuperagdo média podem ser determinados (SANTE,
2017).

2.10.2 Decisao 2002/657/CE

A Comunidade Européia estabeleceu em 2002 parametros de validacéao, critérios
de desempenho e interpretacdo dos resultados de métodos analiticos através do guia
2002/657/CE. A confiabilidade, comparabilidade e rastreabilidade dos resultados
analiticos s6 podem ser garantidas através de sistemas de qualidade e na utilizagao de
métodos validados que atendem os parametros estabelecidos (CD, 2002). Assim como a
SANTE (2017), o guia é destinado principalmente aos laboratérios envolvidos com
controle oficial de residuos na Unidao Europeia (CD, 2002) e aqueles envolvidos em
controle oficial de residuos em paises dos quais a Uniao Européia importa produtos.
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Conforme o guia 2002/657/CE da Comunidade Européia a LC e a GC acopladas a
espectrometria de massas sdo adequadas para métodos de confirmacéo de residuos ou
contaminantes organicos que devem ser quantificados através de trés ou quatro pontos
de identificagdo (ions). Além disso, devem ser observadas as tolerancias maximas
permitidas para as intensidades dos ions monitorados de acordo com a técnica de
espectrometria de massas selecionada. Os seguintes critérios de desempenho séao
requeridos para um método quantitativo através de validacdo interna:
seletividade/especificidade, curva de calibracdo, veracidade/recuperacdo, precisao
(repetibilidade e reprodutibilidade intralaboratorial), aplicabilidade/robustez, estabilidade,

limite de detecgéo e decisédo (CCB e CCa).

A especificidade/seletividade do método deve ser verificada através da analise de
no minimo 20 amostras de matriz branca, nas quais devem ser monitoradas a presenca
ou auséncia de interferéncias na zona de elui¢ao dos compostos (CD, 2002). A curva de
calibragao usada para quantificagado deve possuir pelo menos 5 niveis (incluindo o zero),
e deve conter o intervalo de trabalho, além de indicar a equacgao da reta obtida bem como

o coeficiente de correlagéo (CD, 2002).

A exatidao do método deve ser verificada através da veracidade e da precisao. A
veracidade deve ser mensurada através da andlise de materiais de referéncia ou, na
auséncia deste, através da recuperagcdo de quantidades conhecidas das substancias a
analisar adicionadas em uma amostra branco da matriz. Os intervalos aceitaveis para
materiais de referéncia ndo devem ultrapassar o limite de + 10%. Para amostras
fortificadas os intervalos aceitaveis sdo dependentes da concentracdo analisada (fragao
massica). Para concentragdes inferiores ou iguais a 1 pg kg~ a veracidade deve variar
entre 50 e 120%. Para concentracdes superiores a 1 pg kg™’ e inferiores a 10 pg kg™ a
veracidade deve variar de 70 a 110%, e, para concentragdes iguais ou superiores a 10 ug
kg" a veracidade deve variar entre 80 e 110% (CD, 2002).

A recuperacdo deve ser mensurada através da fortificacdo de pelo menos 18
amostras brancas, divididas em trés grupos de seis aliquotas, fortificadas nas
concentragdes correspondentes a 0,5, 1,0 e 1,5 vezes o LMR para o dado composto. A
concentragado de cada amostra, a veracidade (100 vezes o teor medido dividido pelo nivel



36

de fortificagédo) e o coeficiente de variagdo (CV%) devem ser determinados considerando

os seis resultados de cada nivel avaliado (CD, 2002).

A precisdo deve ser avaliada através da repetibilidade e reprodutibilidade
intralaboratorial. A repetibilidade (WLr, do inglés within-laboratory repeatability) deve ser
verificada através da analise das 18 amostras divididas em trés niveis, conforme descrito
anteriormente. A concentracdo de cada amostra, a concentracao média, o desvio padréo
e 0 CV% devem ser mensurados. O procedimento deve ser repetido no minimo trés vezes
pelo mesmo analista. A concentracdo média e o CV% das trés analises devem ser
calculados (CD, 2002).

Na reprodutibilidade intralaboratorial (WLgr, do inglés within-laboratory
reproducibility) deve-se analisar as 18 amostras (matrizes idénticas ou diferentes),
conforme realizado durante o estudo de repetibilidade, porém por pelo menos mais dois
analistas, em condi¢gdes de variabilidade conhecidas e controladas (lotes diferentes de
reagentes, solventes, temperatura ambiente, instrumentagdo). Deve-se calcular a
concentragdo média, desvio padrdo e CV% das amostras analisadas nos trés dias (CD,
2002).

O CV% em condigdes de repetibilidade ndo deve exceder a metade ou dois tergos
dos valores obtidos pela equacao de Horwitz (Equacgao 2). J&4 o CV% da reprodutibilidade
intralaboratorial ndo deve exceder os valores obtidos pela equagao. Entretanto, a equacao
fornece valores inaceitaveis para fracdes massicas inferiores a 100 pg kg™, devendo ser
admitido CV% mais baixo possivel (CD, 2002).

Equacéo 2 CV = 2(1-05logC)

O CCa e CCp para substancias com LMR definido podem ser calculados através
da curva de calibragdo, conforme ISO 11843. Neste caso, utiliza-se 20 amostras
fortificadas em torno do LMR (em passos equidistantes), podendo ser aquelas analisadas
no estudo de reprodutibilidade. O limite de deciséo (a= 5%) corresponde a concentragao
no LMR mais 1,64 vezes o desvio padrao da reprodutibilidade intralaboratorial. Ja a
capacidade de detecg¢ao corresponde ao teor médio medido no limite de decisdao mais

1,64 vezes o desvio padréo da reprodutibilidade intralaboratorial (CD, 2002).
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A aplicabilidade/robustez deve ser mensurada através de pequenas variagdes
como, idade dos reagentes, solventes, padrdes, diferentes analistas, temperatura,
extratos da amostra, entre outros. As variacdes ndo devem influenciar significativamente
nos resultados das medigdes. A robustez também pode ser verificada através de grandes
alteracdes como, espécies diferentes, matrizes diferentes, entre outros. A estabilidade dos
compostos em determinadas condicbes de armazenamento e durante a analise, tanto em
solvente quanto em matriz, € um importante parametro a ser avaliado, pois pode

influenciar nos resultados do método (CD, 2002).

2.10.3 Extensao de escopo

A extensao de escopo consiste em incluir novos analitos ou nova matriz no escopo
de um método analitico ja validado. Entende-se por nova matriz tecidos diferentes de uma
mesma espécie (figado e rim bovino), tecido de diferentes espécies (rim bovino e suino)
ou tecidos diferentes de espécies diferentes (rim bovino e figado suino) (MAPA, 2011).
Conforme a SANTE/11813/2017, a extensdo de escopo de novas matrizes € uma forma
pragmatica de validagcdo da aplicabilidade do método para matrizes do mesmo grupo
como: amostras com alto teor de agucar e baixo teor de agua (mel, uvas passas,
damasco e ameixas secas, ompotas de frutas), produtos a base de leite (leite de
diferentes espécies, queijo, iogurte, cremes), carnes e frutos do mar (carne bovina, suina,

equina, musculo de frango, pato, peru, figado, rim, bacalhau, salmao, truta), dentre outros.

De acordo com a SANTE/11813/2017, a inclusédo de novos analitos ou de novas
matrizes deve ser realizada considerando os mesmos parametros e critérios descritos
pela norma para a validagdo de um meétodo. Entretanto, uma alternativa a este
procedimento seria a validagdo no decorrer das analises de rotina, “on-going validation”.
Por exemplo, através de analise de amostras fortificadas em duas concentragées, no LOQ
do método e um nivel mais elevado, para determinagcdo da recuperagao e ocorréncia de
interferéncias nos tempos de retencdo dos analitos. Apds cinco determinagdes, a
recuperacdo e a reprodutibilidade podem ser determinadas seguindo os critérios de

aceitagao determinados pela norma (SANTE, 2017).

O manual de garantia da qualidade analitica elaborado pelo MAPA (2011) também
prevé a utilizacdo da ampliagdo de escopo para novos analitos e novas matrizes. Neste
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caso, devem ser realizados os estudos de linearidade, seletividade/efeito matriz,
veracidade/recuperacao e precisdo. A avaliagao da repetibilidade pode ser realizada em
apenas um dia, reduzindo significativamente o numero de experimentos. Os resultados
devem comprovar que a inclusdo de um novo analito ou de uma nova matriz ndo altera o

desempenho geral do método.

2.10.4 Incerteza das medigoes

A incerteza é um parametro associado ao resultado de uma medi¢cdo, que
caracteriza a dispersdo dos valores atribuidos a um mensurando (EURACHEM/ CITAC,
2012). A ISO/IEC 17025 preconiza que a incerteza de uma medicdo analitica seja
avaliada ou que pelo menos seus principais componentes sejam estimados (MAPA,
2011).

Varias sao as fontes de incerteza na execu¢ao de um método analitico e podem ter
origem: na amostragem (contaminagdo, procedimento adotado, diferengas entre
amostras), nas condigdes de estocagem (tempo, temperatura, umidade), na
instrumentacgao (precisdo de balangas, pipetas, termémetros), na pureza dos reagentes,
nos operadores (interpretacéo de resultados, erro de leitura de menisco), além de muitos
outros (EURACHEM/ CITAC, 2012).

Varios documentos guias sao recomendados para estimativa da incerteza dos
resultados, dentre eles: Eurachem (2012), Nordtest (2004), Eurolab (2007), e Codex
CAC/GI 59-2006 (2006).

Conforme o guia EURACHEM/CITAC (2012), a incerteza da medi¢gao pode ser
determinada, dentre inumeras formas, pela incerteza das recuperacdes. Neste caso, a
incerteza é calculada através dos resultados de analises de amostras de controle de
qualidade fortificadas em duplicata, em 10 repeti¢cdes, e que foram submetidas a todo o
procedimento analitico, incluindo todos os componentes de incerteza associados ao

método.

As 10 médias das duplicatas de recuperagcdo obtidas pelas 10 repeticdes, devem
ser usadas para calcular a média geral das recuperagdes (%) e o desvio padrao da
repetibilidade (RSD%). O erro padrao da média das recuperagdes (SEM%, do inglés
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standard error of the mean), obtido através da Equagao 3 descrita abaixo, € a incerteza
em recuperagao do método (EURACHEM/ CITAC, 2012).

Equagdo 3 SEM% = [X (media da duplicata — media geral )? = (n — 1)]%° + n®>

A incerteza combinada sera determinada pela combinacido de dois componentes: 0
desvio padrdo da repetibilidade (RSD%) e o erro padrdo da média (SEM%), conforme
equacao 4 descrita abaixo (EURACHEM/ CITAC, 2012).

Equacdo 4 Incerteza combinada = [(RSD%)? + (SEM%)?]%°

A incerteza expandida é equivalente a duas vezes a incerteza combinada,
conforme Equacéo 5 (EURACHEM/ CITAC, 2012).

Equagdo 5 Incerteza expandida = [(RSD%)? + (SEM%)?]%5 x2
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Abstract

A method was developed for the analysis of 22 antiparasitic residues, belonging
to the benzoylurea, organophosphate, pyrimidamine, pyrethrin, and pyrethroid
classes in salmon. Samples were extracted with an acetonitrile-water extraction
solvent using a vibrational shaking apparatus with a ceramic homogeniser.
Post-extraction, the acetonitrile extracts were purified by incubating at low
temperature (-20°, 1 h) to remove fat followed by dispersive-SPE using Z-Sep+
and PSA sorbents. Validation was performed following 2002/657/EC and
SANTE/11813/2017 guidelines. The trueness of the method ranged from 87 to
121% and precision from 4.1 to 23.7%, with the exception of cyphenothrin,
dicyclanil and azamethiphos. The developed method is particularly
advantageous because the use of a vibrational shaker allows unattended
extraction of samples and eliminates a laborious tissue disruption step which
improves sample throughput in the laboratory. The sample preparation can be

performed in 5 hours for 36 samples.

Keywords: antiparasitic drug residues, fish, LC-MS/MS, dispersive-SPE,

vibrational extraction.

1. Introduction

Aquaculture has grown continuously and significantly in the last decades,
contributing to global seafood production [1]. According to the International
Salmon Farmers Association (ISFA) [2], the world’s salmon farmers produce 2.5
million tonnes of salmon annually contributing with 132,600 jobs and $15.4

billion (USD) global annual production. However, the incidences of sea lice
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(ecto-parasites) have been a serious problem for salmon aquaculture industries
that if left untreated would result in significant fish losses. Sea lice control
requires good husbandry and often treatment with therapeutic agents such as
avermectins, pyrethroids, hydrogen peroxide and organophosphates. Some of
these treatments can lead to the sea lice resistance and negatively affect non-
target organisms (especially crustaceans) present in the environment [3]. Also,
some substances not approved in aquaculture may be abused because of the
lack of effective products. Azamethiphos (organophosphate), cypermethrin and
deltamethrin (pyrethroids) are licensed for sea lice treatment and administered
by bath techniques, diflubenzuron and teflubenzuron (benzoylureas) by in-feed
additives [3, 4]. Dicyclanil (pyrimidinamine) is used to combat insects in sheep
[5] and has no aquatic uses. However, it could potentially enter surface water

during or after application [6] and represent risk to aquatic environment [7].

Pyrethroids are more effective than organochlorines and organophosphates
against a wide spectrum of pests [8]. However, they are very toxic for aquatic
organisms [9] and more toxic for insects than mammals [10]. Pyrethroids can
produce neurotoxic symptoms e.g. tremors [11] and chronic intoxication
(headaches, dizziness and nausea) in mammals and humans. Long-term
exposure can also increase the risk of cancer, affect the immune [12],
endocrine and adversely reproductive systems [13]. Azamethiphos presents low
to moderate toxicity due the low persistence [14] and is considered safe for
mammals [15]. Also, the toxicity to bivalves (scallops and clams) was not
acutely at concentrations of 0.1 mg L™ but lethal to crustaceans (lobsters and

shrimp) [16]. Diflubenzuron present low toxicity to mammals, fish and birds [17].
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The European Union (EU) has established the maximum residues limits (MRL)
for veterinary drugs in animal food to protect the health of consumers. However,
according to the Commission Regulation (EU) 37/2010 [18], limits have only
been established for a few pesticides in fish, namely, deltamethrin at 10 ug kg™
in fin fish; cypermethrin at 50 pg kg™, teflubenzuron at 500 pg kg' and
diflubenzuron at 1000 pg kg™ in salmonidae species. Azamethiphos is allowed

for salmonidae species with no MRL is required.

There has been increased interest in the analysis of antiparasitic agents in fish
in recent years in order to improve the safety of aquaculture products and
monitoring environmental contamination. As a result, analytical methodology
has improved in terms of sensitivity, precision and indeed analyte coverage.
Gas chromatography is the most widely used technique for analysing
pyrethroids and pyrethrins in fish [10]. Bordet et al. [19] validated a method for
the analysis of 34 compounds, including six pyrethroids using GC-ECD as the
detection method in different matrices, including fish. Jia et al. [20] also
developed an extraction method with isopropanol, instead of acetonitrile, in a
QuEChERS-based method to denature proteins from fish, using GC-ECD as
the detection method. The application of QUEChERS for the analysis of two
pyrethroids and three pyrethrins in fish tissues using GC-MS was also
described by Rawn et al. [21]. Multi-residue methods have been developed for
the analysis of a large number of compounds, including some pyrethroids, using
GC-MS [22] and GC-MS/MS [23, 24] in fish samples. In the last 20 years, few
methods have been developed for the analysis of pyrethroids by liquid

chromatography coupled to tandem mass spectrometry (LC-MS/MS) and most
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are applied for the analysis of fruits and vegetables [25, 26, 27, 28, 29]. Chung
and Lam [30] developed a method for the analysis of 15 pyrethroids and two
metabolites of dithiocarbamates in foods using LC-MS/MS. The authors
reported that LC was more favorable than GC due to better sensitivity and
flexibility for pyrethroid analysis [30]. An analytical method for screening and
confirmation of multi-class veterinary drug residues in flatfish, shrimp and eel
using UHPLC-MS/MS was reported by Kim et al. [31]. However, the results of
the quantitative method validation were not satisfactory for all pyrethroids in

flatfish, and some pyrethroids in shrimp and eel.

The main objective of this current research was to develop and validate a high-
throughput, accurate, robust and reproducible method for the analysis of
antiparasitic residues in salmon using a vibrational shaker and QUEChERS-
based extraction, followed by detection using liquid chromatography coupled to
tandem mass spectrometry. The vibrational shaking apparatus allows
unattended processing of 36 samples at the same time under strong and
continuous agitation. The reduced time and significant improvement of the
reproducibility of the sample preparation are the most advantages when
compared with QUEChERS-based whereby each sample is homogenized using
a probe blender, shaken by hand and then vortexed. The research also aimed
to investigate the suitability of different sorbents for selective isolate of the
target analytes from fish extracts of sea bass, trout and salmon. In addition, the
suitability of different column chemistries, particle sizes and dimensions were

evaluated based on impact on chromatographic selectivity and run time.

2. Experimental
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2.1 Reagents and materials

Super Purity Solvent, SpS™ acetonitrile (MeCN), methanol (MeOH), and
propan-2-ol were purchased from Romil Pure Chemistry (Cambridge, UK),
ethylene glycol (EG), purum 298% (GC), dimethyl-sulphoxide (DMSO), puriss
p.a. dried <0.02% water and ammonium formate for mass spectrometry =
99.0% from Sigma Aldrich (Dublin, Ireland) and ethanol Emprove from Merck
(Darmstadt, Germany). Ultra-pure water (18.2 MQ cm™) was generated in-

house using a purification system Millipore (Cork, Ireland).

Sorbents SiTi (4%) and SiTi (4%) C1s were supplied from Glantreo (Cork,
Ireland), C1g and magnesium sulphate from UCT (Wexford, Ireland), Z-Sep, Z-
Sep+, Florisil® 60-100 mesh and PSA from Sigma-Aldrich (Dublin, Ireland), and
sodium chloride (99.5%) from Applichem. Florisil® was deactivated, following a
procedure described by Moloney et al. [32], by heating overnight in a furnace
(Carbolite, Sheffield, UK) at 550 °C, prior to analysis, and storing in a desiccator
until cool. Water (15 mL) was gradually added to 85 g of florisil and mixed
manually to avoid clumping. Florisil® was shaken on a horizontal shaker table

(Gerhardt, Kénigswinter, Germany).

A range of different columns were evaluated during method development
including Eclipse Plus RRHD analytical column (2.1 x 50 mm) packed with Cjs,
1.8 um; Waters Acquity BEH analytical column (3.1 x 50 mm) packed with Csg,
1.7 um; Zorbax Eclipse Plus 1.8 ym analytical column (3.0 x 100 mm) packed

with Phenyl-Hexyl, were all sourced from Waters (Dublin, Ireland) and Speed
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Core Diphenyl 2.6 pm analytical column (2.1 x 100 mm) from Fortis

Technologies Ltd. (Neston, UK).
2.2 Analytical standards and internal standards

Analytical standards, with high purity, of allethrin, azamethiphos, B-cyfluthrin, A-
cyhalothrin, cyphenothrin, deltamethrin, dicyclanil, fenvalerate, flumethrin,
permethrin, phenothrin, resmethrin, T-fluvalinate, tetramethrin and tralomethrin
were purchased from Sigma-Aldrich (Dublin, Ireland). Acrinathrin, bifenthrin,
cypermethrin, diflubenzuron, fenpropathrin, flucythrinate, phentoate, pyrethrins,
solution of trans-cypermethrin-D6 and trans-cyfluthrin-D6 (0.1 mg mL™") were
supplied from Dr. Ehrenstorfer GmBH (Augsburg, Germany). Deltamethrin-D5,
bifenthrin-D5 and fenvalerate-D5 were obtained from Toronto Research

Chemicals (Toronto, Canada).

Individual stock standard solutions at 2 mg mL™, except diflubenzuron at 5 mg
mL", were prepared for acrinathrin, allethrin, cypermethrin, deltamethrin,
fenvalerate, permethrin, pyrethrins, resmethrin and tralomethrin in ethanol.
Azamethiphos,  A-cyhalothrin,  cyphenothrin,  dicyclanil,  fenpropathrin,
flucythrinate, flumethrin, phenothrin, phentoate, t-fluvalinate and tetramethrin
were prepared in methanol. Bifenthrin, B-cyfluthrin and diflubenzuron standards
were dissolved in DMSO. Four working standards (WS) were diluted from stock
standards solutions described above and named as WS A, WS B, WS C, WS D.
The WS A and WS B, containing 10 analytes each one, were prepared by
dilution of 0.5 mL of each standard solution to a 10 mL volumetric flask with

acetonitrile. The WS C, containing only cypermethrin, was prepared by dilution
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of 2.5 mL from standard solution to a 10 mL volumetric flask with acetonitrile.
The WS D was the stock standard solution of diflubenzuron at 5 mg mL™" in
DMSO. Tralomethrin was not included in any WS solution and it will be
discussed later in Tralomethrin and Deltamethrin section (3.5). The calibration
solutions containing all analytes were prepared by dilution of working standards
in acetonitrile at 5.5 (Cal 6), 4.5 (Cal 5), 3.5 (Cal 4), 2.5 (Cal 3), 1.5 (Cal 2) and
0.5 (Cal 1) ug mL™" (cypermethrin), 110 (Cal 6), 90 (Cal 5), 70 (Cal 4), 50 (Cal
3), 30 (Cal 2) and 10 (Cal 1) ug mL™" (diflubenzuron), 1.1 (Cal 6), 0.9 (Cal 5),
0.7 (Cal 4), 0.5 (Cal 3), 0.3 (Cal 2) and 0.1 (Cal 1) ug mL™" (for all other
analytes). These correspond to concentrations of 10 to 110 ug kg™
(cypermethrin), 200 to 2200 ug kg™ (diflubenzuron), and 2 to 22 ug kg™ (for all
other analytes) in fortified matrix (100 pL) prior to extraction (extracted matrix
calibration). Two separate standard solutions were prepared for method
validation studies for cypermethrin (1.25 and 3.75 pug mL™), diflubenzuron (25
and 75 pyg mL™") and other analytes (0.25 and 0.75 pg mL™"). These two
calibrants and the calibrant 3 (Cal 3) were used to fortify samples (100 uL) at
0.5, 1.0 and 1.5 x of the validation level (VL) during the validation procedure.
Only deltamethrin (10 pg kg™ in fin fish), cypermethrin (50 pg kg™ in
salmonidae) and diflubenzuron (1000 pg kg™ in salmonidae) have maximum
residue limits (MRL) listed for salmon by the Commission Regulation 37/2010
[18]. In these cases, those levels were applied. For the others compounds, the

VL of 10 pg kg™ was used, which is based on the default pesticide MRL of 10

ug kg™,
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A stock internal standard solution of deltamethrin-D5 (0.1 mg mL'1) and
fenvalerate-D5 (0.2 mg mL™") was prepared in ethanol. Bifenthrin-D5 was
prepared (0.1 mg mL™") with DMSO. Cyfluthrin-D6 and cypermethrin-D6 were
supplied as a solution of 0.1 mg mL™"in acetonitrile and acetone, respectively. A
working internal standard solution (IS) with all deuterated standards was
prepared in acetronitrile (0.5 pg mL™"), except for fenvalerate-D5 (2.0 ug mL™).
All samples (extracted matrix calibration, validation levels, recovery samples
and negative controls) were fortified with 200 uL of IS before beginning the
extraction procedure, which were allowed to stand for 15 min. All solutions were

stored in the dark at -20°C in amber vials.
2.3 LC-MS/MS method conditions

The chromatographic method described by Moloney et al. [32] was initially
used. However, different columns were tested to reduce the chromatographic
time without affecting quality. The final chromatographic separation was
developed on an Eclipse Plus RRHD analytical column (2.1 x 50 mm) packed
with C4g, 1.8 pm (Agilent Technologies, Santa Clara, California, U.S.A)
maintained at a temperature of 50 °C. A binary gradient was used to separate
analytes, comprising of mobile phase A (5 mM ammonium formate) and mobile
phase B (5 mM formate in MeOH) (80:20, v/v). The gradient profile was as
follows: (1) 0 min, 95% A, (2) 1 min, 40% A, (3) 1.5 — 3.0 min, 20% A, (4) 4 min,
0% A, (5) 4.8 — 6.0 min — 95% A and (6) 6.0 — 7.0 min 95% A. The mobile
phase was pumped at a flow rate of 0.5 mL min™' using an Agilent 1290 Infinity
UHPLC system. The UHPLC autosampler was rinsed with MeOH:propan-2-ol

(80:20, v/v). The injection volume was 5 uL of purified sample extract.
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The analytes were detected using an Agilent 6460, triple quadrupole mass
spectrometer equipped with Jet Stream electrospray ionisation, operating in
positive mode. The capillary voltage was set at 5.0 kV, nebulizer at 50 psi and
gas flow at 8 L min™. The desolvation and source temperatures were set at

250° C. The UHPLC-MS/MS system was controlled by MassHunter software.

The MS conditions were previously described [32], except for azamethiphos,
dicyclanil, diflubenzuron, phentoate and cyfluthrin-D6. However, the conditions
for these compounds were determined with the same approach. The

parameters were as follows:
Table 1
2.4 Control samples

According to SANTE/11813/2017 [33], only samples presenting compound
areas lower than 30% of the first point the calibration curve can be used as
control samples. Twenty four blank samples of salmon were used during the
validation procedure. The samples consisted of muscle and fish skin, in their
natural proportion [18]. Representative salmon samples (at least 100 g) were
purchased from different fish markets in Ireland from different farms. Using a
clean chopping board and a scalpel, the skin was cut into small pieces. The
skin and muscle was then homogenised using a robot coupe R3-3000

(Burgandi, France).

Analyte recoveries were evaluated by spiking negative sample extracts post-

extraction (50 pL) in two levels (Cal 2, n = 2 and Cal 5, n = 2). The recoveries
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were calculated by comparing the area counts of the fortified negative samples

prior to extraction (Cal 2 and Cal 5) with spiked negative sample extracts.
2.5 Sample preparation

Salmon sample (5 g + 0.05 g) was weighed into 50 mL polypropylene tubes and
was fortified with 200 uL of IS, which was allowed to stand for 15 min. A
ceramic homogeniser N° 59829313 Agilent (Santa Clara, USA), Milli-Q water (5
mL) and acetonitrile (12 mL) were added in each tube. The tubes were
subjected to vibrational shaking (700 rpm) over 8 minutes using a Merris
minimix (Galway, Ireland). Following extraction, NaCl (1 g) was added to the
tubes and the samples were mixed using a Gerhardt horizontal shaking
apparatus (Koénigswinter, Germany) (200 oscilations min™, 5 min). To each
tube, MgSO4 (4 g) was added and they were shaken in the vibrational shaker for
5 min. Following this, the mixture was centrifuged using a Heltich Rotanta 460 R
centrifuge (Kirchlengern, Germany) (3500 rpm, 12 min, 4 °C). The samples
were placed in the freezer (-20 °C), for 1 hour. The supernatant was poured into
a 15 mL polypropylene tube containing Z-Sep+ (500 mg) and placed in a multi-
tube vortexer (Glas-Col, Terre Haute, USA) (1 min, 50 rpom). The extract and
sorbent were poured into a 50 mL polypropylene tube containing PSA (125 + 2
mg) and MgSO4 (1.5 g £ 50 mg). Samples were mixed using a multi-vortex (50
rpm, 1 min) and centrifuged (2500 rpm, 10 min, 4 °C). An aliquot of 6 mL was
transferred into a 15 mL polypropylene tube containing 250 pL of ethylene
glycol (except for recovery samples = 200 pL). The samples were placed in a
Turbovap LV evaporator (Caliper Life Sciences, Runcorn, UK) at 45 °C under

nitrogen flow until only the ethylene glycol aliquot remained. All extracts were
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vortexed using the Fisher Scientific FB 15012 Top Mix vortex (Dublin, Ireland)
before being filtered through 0.2 ym PTFE 13 mm Econofilter filters (Agilent,
Santa Clara, USA). Extracts were transferred to into glass vials and injected

onto the UHPLC-MS/MS system.
2.6 Method validation

The method was validated in accordance with the parameters and performance
criteria outlined in the Commission Decision 2002/657/EC [34] and
SANTE/11813/2017 [33]. Each batch analysed during the validation was
composed of 12 control samples, comprising of six calibration curve levels, two
negative controls and four recovery samples. The calibration curve was
prepared using a matrix blank spiked before extraction in six equidistant levels
from 2.0 to 22 pg kg™, except for cypermethrin from 10 to 110 pg kg™ and
diflubenzuron from 200 to 2200 pg kg™. The linearity was checked in WLr and
WLR study (n = 6). The recovery was checked in ten batches and samples were
spiked after extraction in duplicate and in two levels, low and high, (n = 20). The
low level was the same concentration as the second point of calibration curve

and the high level as the fifth point of the calibration curve.

Selectivity was verified through analysis of twenty blank samples and checked
through monitoring of interferences in the UHPLC-MS/MS traces from the
matrix in the same retention time of the analytes. The selectivity was also
evaluated by analysing individual standard solutions at 220 pg L™ in ethylene

glycol to verify cross-talk interferences.
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The matrix effect was determined through analysis of 20 different blank samples
spiked post-extraction at high level (at the same concentration as the fifth point
of the calibration curve) and IS. The matrix effect was calculated comparing the
signal obtained with the signal from standard solution at the same

concentration.

The within laboratory repeatability (WL,) validation study was conducted by the
same analyst on three separate days. One each day, two different salmon blank
samples were used, one for matrix-matched calibrants and recoveries, and the
other one for validation levels. Within laboratory reproducibility (WLgr) was
carried out by three different analysts on three separate days. One blank
salmon sample was used to prepare extracted matrix-matched calibrants and
recoveries, and 24 different salmon blank for validation levels. Trueness and
precision were calculated through WL, and WLgr study whereby 24 blank
samples were fortified at three different concentrations that were 0.5 (n=8), 1.0
(n=8) and 1.5 (n =8) times the validation level (VL). CCa and CCB were
measured from WLg study as defined in 2002/657/EC [34]. The concentrations
that presented higher standard deviation in each VL from different analysts
were used. The uncertainty (n = 20) was measured using the results of recovery
from 10 batches on 10 different days in low (n = 2) and high level (n = 2) at 6
and 18 pg kg™, respectively, except for cypermethrin (30 and 90 pg kg™) and

diflubenzuron (600 and 1800 ug kg™).

2.7 Standard Stability
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The standard stability was evaluated in solvent and in matrix extracts. The
fresh working standards in solvent at the same concentration as the last
calibration point were compared with working standards prepared 5 and 19
months previously and kept stored in amber vials at -20°C. A batch of extracted
salmon samples spiked with standards during the validation study (calibration
curve, recoveries and 0.5, 1.0 and 1.5 x VL), were analysed on the same day of
the sample preparation and kept at 5°C in cold room. After six days the extract
samples were reanalysed and results were compared. The percentage
difference of concentration was calculated for standard solutions and for sample

extracts.
3. Results and discussion
3.1 Development of chromatography conditions

The objective of chromatographic method development was to develop an
improved faster LC-MS/MS separation based on previous work [32]. This
previously published method provided good separation of pyrethroid and
pyrethrin analytes but required a 22 min injection cycle time. This longer
chromatographic run time was because the column flow rate was limited to 0.3
mL min™" due to the need to include methanol as the organic modifier to improve
MS detection. Generally, for this number of compounds it desirable to have
chromatographic runs times of 12 minute or less. Chung and Lam [30] reported
that 15 pyrethroids and two metabolites of dithiocarbamates could be analysed
in a 5 min UPLC-MS/MS run. This method used an isocratic separation with a

mobile phase of 5 mM ammonium formate in MeOH:H,0 (85:15, v/v) and a Cs
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BEH column 1.7 ym (100 x 2.1 mm). The fifteen compounds analysed by
Chung and Lam [30] have log Kow values ranging between 4 (cinerin Il) and 7.7
(t-fluvalinate). In this work, the log Kow values ranged between 0.6 (dicyclanil)
and 7.7 (t-fluvalinate) [35]. Consequently, a gradient separation was required to

separate both polar and non-polar analytes in a reasonably short run time.

In the current work we set out to evaluate the impact of column chemistries,
particle size and column dimensions on chromatographic analysis. The best
separation was observed using the column Waters Acquity BEH analytical
column, 22 min, which incorporated 15 min for the elution of the 23 analytes,
and 7 minutes for equilibration. The pyrethroids allethrin, cyphenothrin,
permethrin, phenothrin, resmethrin, tetramethrin and tralomethrin were eluted
as two peaks well resolved. Meanwhile, cyfluthrin, cypermethrin and flumethrin
showed two peaks but not resolved. It was found that the 23 analytes could be
eluted from the Eclipse Plus C+s (2.1 x 50 mm) column in a 7 min run time.
However, only cyphenothrin and permethrin isomer peaks were well resolved.
However, this does not present a problem for quantitation because both
isomers generally are summed by integration as one, in accordance with
Comission Regulation 37/2010 [18] for cypermethrin. The chromatographic
separation of isomers is not a required parameter considering that pyrethroid
isomers do not have different toxicity levels [30]. Two additional columns were
also evaluated, namely, a Zorbax Eclipse Plus Phenyl-Hexyl 1.8 um (3.0 x 100
mm) and a Speed Core Diphenyl 2.6 ym (2.1 x 100 mm), which allowed
analysis in 10 min and 7.5 min, respectively. However, both of these columns

demonstrated less sensitivity when areas and signal/noise ratio were compared.
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Consequently, the Eclipse Plus C1g column was selected because it reduced the
analysis time by 14 min for each sample, which results in 8 h time-saving for a
batch of 36 samples and 200 mL less of mobile phases. The UHPLC-MS/MS
trace using Eclipse Plus Cig RRDH 1.8 ym (2.1 x 50 mm) for salmon sample

1

fortified with all compounds at a concentration of 22 ug kg =, except for

cypermethrin and deltamethrin (110 and 2200 ug kg ) are showed in Fig. 1.
Fig. 1
3.2 Development of sample preparation procedure

The analysis of residues in fish is challenging because of the fatty composition
of this sample matrix and presents different challenges compared to other food
sample types. Therefore, extraction and clean-up steps need to be carefully
developed to reduce interferences, which can affect both the identification and
quantitation of target analytes. The choice of the sample preparation procedure,
mainly the clean-up step, and the chromatographic conditions can be optimised
to negate sample matrix effects which can cause ion suppression/enhancement

[36].

The selective isolation of analytes of interest from the matrix is an important
step in residue analysis in food. However, to develop a sensitive and selective
method it is important to know the composition of the matrix and the physico-
chemical properties of the target compounds [37]. Several methods have been
developed to isolate pyrethroids residues from the possible interferences from
fish matrix. Different sorbent materials in d-SPE clean-up format have been

employed, including PSA [20], Z-Sep [38] and a combination of the sorbents
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C1/PSA [21, 24]. Chung and Lam [30] reported methodology based on a
combination of C4s/PSA d-SPE for isolating pyrethroid residues from food,
including seafood for samples with fatty content higher than 2% and PSA for
samples with lower than 2%. The use of a combination of PSA/graphitized
carbon black (GCB) was also used for samples with lower than 2% of fatty
content and provided the added benefit of removing of sample pigment. Other
groups have reported the use of solvent extraction [4] followed by more
complicated gel permeation chromatography (GPC) [39] or solid phase
extraction clean-ups [40, 41] for isolating pyrethroid residues from fish samples.
Chatterjee et al. [23] developed a solvent extraction using acetonitrile followed
by three phase partition with hexane and two d-SPE steps with CaCl; and a

combination of PSA/Florisil/C1s.

In the current work, two sample preparation protocols were developed to isolate
pyrethroids, pyrethrin, benzoylurea, pyrimidamine and organophosphate from
salmon samples and the efficiency of different sorbent materials was verified in
three fish species: salmon, trout and sea bass. Salmon was used as a
validation matrix due the complexity of the matrix and importance of production
nowadays. All protocols and clean-up procedures are described in

supplementary material.

A modified QUEChERS procedure based on the method described by Whelan
et al. [42] was initially adapted for the extraction of target analytes. In this
method protocol (Protocol A) a ceramic homogenizer was added to the tube
containing the sample and the extraction solvent. The fish samples were

disrupted using a vibrational shaking apparatus for 8 min. This system is
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particularly advantageous because it allows the unattended extraction of 36
samples simultaneously. It represents around one hour less when compared
with the original procedure generally applied in QUEChERS, whereby each
sample is homogenized using a probe blender, shaken by hand and then
vortexed. The vibrational extraction system is shown in supplementary material
(Fig. A). Following centrifugation, sample extracts were separated into four
phases. The four phases consisting of a bottom layer of salts and matrix, an
aqueous phase, a layer of lipid layer and pigments and a top phase containing
the solvent extracts still containing pigments as showed in Fig. 2 (a). The
samples were subjected to low temperature treatment for one hour at -20°C
freezer in a laboratory freezer to remove the lipids as shown in Fig. 2 (b). This
low temperature fat precipitation protocol has been successfully applied as

cheap clean-up for removal of lipids [43, 44].

Fig. 2

Considering the complex composition of the matrix, a separate experiment was
carried out to evaluate six different sorbent chemistries (PSA, C+s, Z-Sep, Z-
Sep+, SiTi, SiTi 4% C4) and a combination of Z-Sep+/PSA for co-extractive
removal from extracts of trout, sea bass and salmon in dispersive-SPE. The
extracts were evaporated and the remainder was weighed and compared with a
quality control sample (without d-SPE procedure) to evaluate the efficiency of

each clean-up (gravimetric analysis).

Fig. 3
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The Fig. 3 shows the results of efficiency from different sorbents to remove co-
extractives. The RSD% from three replicates (n=3) were less than 7% for all
sorbents and are represented through errors bars. When comparing the
efficiency of each sorbent in different fish, it was shown that each sorbent
behaved removed similar amounts of matrix co-extractives for sea bass and
trout but some were more effective for salmon as shown in Fig. 3. When
comparing the efficiency between different sorbents, Z-Sep+ was most effective
for co-extractives from the matrix extracts (around 80%) followed by PSA
(around 60%). The efficiency of Z-Sep+ to remove the pigments presented in
sea bass, trout and salmon was verified through visual evaluation as shown in
Fig. 4. The difference between samples of trout after the clean-up procedure
(samples 4, 5 and 6) and salmon (7, 8 and 9) when compared with the quality
control samples (no clean-up for trout or salmon samples) without clean-up
procedure. The sorbent Z-Sep+ appeared alto most completely remove the
pigment present in the matrix extract before d-SPE as shown in Fig. 5 (a) and
(b). The sorbents SiTi (4%) C1s, C1g and Z-Sep had similar efficiency (less than
50%). The combination of Z-Sep+ and PSA demonstrated similar results as Z-
Sep+. Two tests were carried out with fortified samples of salmon at 10 pg kg™
(n=2), extracted using protocol A, to verify sensitivity of the method. The first
test using Z-Sep+ (0.5 g) and MgSO4 (1.5 g) in d-SPE and the second test
using a combination of Z-Sep+ (0.5 g), PSA (0.125 g) and MgSO4 (1.5 g).
Results from experiments showed that a combination of Z-Sep+ and PSA

provided best overall results.

Fig. 4
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Fig. 5
3.3 Evaluation of modified matrix solid phase dispersion protocol

A modified matrix solid phase dispersion procedure based on the method
described by Moloney et al. [32] was initially adapted for the extraction of target
analytes. In this protocol deactivated florisii was used in modified MSPD
(Protocol B) where the clean-up and extraction are carried at the same time to
matrix co-extractives. The efficiency of this extraction procedure was enhanced
through the use of the vibrational shaking apparatus (with ceramic homogenizer
pellets), which was used in both the extraction and salting out steps to improve
the throughput. It was estimated time could be reduced by at least one hour
compared to the manual MSPD procedure, where the sample is blended with
the sorbent manually using a spatula prior solvent extraction. The clean-up
efficiency of the florisil protocol was evaluated for sea bass, trout and salmon
samples through gravimetric analysis showing it reduced salmon matrix
extractives by 30%. Consequently, the florisii MSPD procedure was combined

with the PSA/Z-Sep+ d-SPE clean-up.
3.4 Comparison of different sample preparation protocols

Protocol A and B were compared showing similar results were achieved for
recovery at low and high level (at 10 and 50 pg kg™), linearity, relative standard
deviation (%) and trueness (%) during repeatability study (n=20), as shown in
Table 2. Only deltamethrin, tralomethrin and azamethiphos had different
performance and will be discussed later. The linearity was verified in 8 levels of

a calibration curve at 2.5, 5, 10, 15, 25, 50, 75, 100 pg kg™'. The linearity range
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was satisfactory from 2.5 to 50 pg kg™ with R? higher than 0.99 in both
methods. Recovery values ranged between 60 and 95% and 62 and 106% at
low and high level in the protocol A, 63 to 96% and 63 to 102% in the protocol
B. The repeatability study demonstrated results of relative standard deviation
ranged from 2.4 to 7.5% in protocol A and from 1.9 to 7.0% in protocol B. The
trueness ranged between 88 and 108% and 95 and 108% for protocol A and B,

respectively.

The method described by Moloney et al. [32] (protocol C), currently in use for
routine analysis in animal fat in the laboratory, was applied for salmon to
compare the results with the protocol A and B. Similar results were achieved
with recoveries ranging between 74 and 105% (low level) and 67 to 112% (high
level), trueness between 88 and 112% and precision from 3.4 to 11.5%.
Azamethiphos presented recoveries below 50% in all protocols (A, B and C),
but the results of trueness and precision ranged between 106 and 113% and
4.3 to 10.3%, respectively. However, if the areas of each compound are
compared, protocols A and B demonstrated a significant increase in sensitivity
of the method due the inclusion of a concentration step (10 times). Also, the
protocol C needs to be executed in two days due to the manual MSPD and
freezing time which requires at least 4 hours, while protocol A and B can be
performed in one day, using unattended vibrational extraction. All relevant data
and procedures are presented in supplementary material. Consequently,
sample preparation protocol A was chosen for the isolation of antiparasitic
agents from fish samples. The choice was based on the improvement of the

method using vibrational extraction apparatus, followed by a freezing out and
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dispersive-SPE steps. The method permits the analysis of 36 samples in 9 h
comprising 5 h of sample preparation and 4 h of UHPLC-MS/MS analyses using
Eclipse Plus C4s analytical column (7 min run time). As already mentioned, the
use of vibrational shaking apparatus in sample preparation and one hour
freezing step instead of the use of deactivated florisil, improves precision of the

method, reduces extraction time and costs.
Table 2
3.5 Tralomethrin and Deltamethrin

Tralomethrin presented low recoveries, below 6%, and deltamethrin recoveries
above 130% in all protocols. According to previous literature, tralomethrin is a
mix of two diasteroisomers which can be partially converted to deltamethrin by
elimination of bromine [25]. Deltamethrin is, therefore, a primary metabolite of
tralomethrin [45]. A number of experiments were designed to verify that
tralomethrin converts to deltamethrin. Firstly, standard solutions from each
compound at a concentration of 100 ug L™ were injected individually to check
interferences between compounds in the LC-MS/MS analysis. A small amount
of deltamethrin was found in a new standard solution of tralomethrin prepared
from the powder on the same day (around 2%). Two different source
temperatures (200 and 250 °C) was applied to check if the conversion was
occurring during analysis. However, it did not change this percentage indicating

that 2% of deltamethrin is normally present in tralomethrin standard.

The degradation of tralomethrin during the sample preparation procedure was

also investigated through spiking matrix samples and reagents blanks with only
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tralomethrin at 100 ug kg'1 at the start of sample preparation protocol A. These
experiments showed that tralomethrin converted to deltamethrin in both cases.
However, tralomethrin presented values nine times lower and deltamethrin five
times higher in presence of the matrix. According to previous studies,
tralomethrin can be converted rapidly in aqueous medium, through chemical
and photochemical degradation and hydrolysis [46]. In protocol A, 5 mL of H,O
were added. However, in protocol B, H,O was not added and the results of
recovery had the same profile. Still, fish has around 70% of H,O in their
composition and seems to be quantity sufficient enough to promote the
conversion. Moloney et al. [32] determined tralomethrin and deltamethin in
animal fat samples and no cross-talk interference was observed, probably due
to an absence of water in the procedure and matrix. When the same sample
preparation and conditions in the same instrument were applied (protocol C),
the recovery for deltamethrin was 189% at low level and 157% at high level.
Tralomethrin areas were below the first point of the calibration curve when
fortified at 10 and 50 pg kg™'. These results lead to the conclusion that the fish
matrix promotes the conversion of tralomethrin to deltamethrin during sample
preparation, probably due to the high content of H,O in their composition.
Tralomethrin was not considered during validation procedure because there is
not limit for this compound in fish. Also, if used in fish farms as an antiparasitic,
tralomethrin will be quickly converted in deltamethrin, due to degradation

mechanisms described before.
3.6 Method performance

3.6.1 Selectivity and Matrix Effect
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Selectivity of the method was the first evaluated parameter. Through selectivity
is possible improve sample preparation method, chromatography conditions or
change MS/MS conditions before method validation process. Fortunately, no
cross talk interferences in the UHPLC-MS/MS traces were observed through
inspection of chromatograms of analytes and internal standards in solvent at a
concentration of 220 pug L™ individually. No matrix interference peaks were
observed at the same retention time of the analytes when 20 different blank

salmon samples from different sources were analysed.

Matrix effect can affect accuracy and precision in LC-MS/MS analysis. lon
suppression was observed for all compounds when compared 20 different
spiked extracts of blank salmon samples and spiked solvent sample at the
same concentration. The greatest amount of ion suppression was observed for
flumethrin  (80%). B-cyfluthrin, permethrin, cyphenothrin, acrinathrin, 71-
fluvalinate, resmethrin and bifenthrin, where the ion suppression ranged
between 70 and 78%. A major part of the compounds showed ion suppression
lower than 61%. The lowest effects were observed for azamethiphos and

tetramethrin (14 and 23%, respectively) as shown in Table 3.
Table 3

The choice of internal standard for each compound was achieved considering
the lowest relative standard deviation of the results using the response (ratio
between compound area and IS area). Allethrin, azamethiphos, dicyclanil and
tetramethrin demonstrated RSD values of < 11.2% without internal standard,

therefore no internal standard was used. Diflubenzuron presented RSD 21.1%
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without IS and any internal standard improved the precision. Fenvalerate,
cypermetrin, pyrethrins and phentoate had RSD% increased using internal
standard (1.8, 3.7, 4.9 and 8% higher) but still less than 20%. The results for
these compounds were monitored during validation and the use of internal
standards demonstrated improvement of accuracy and precision. With the
exception of azamethiphos, the RSD% for all compounds was lower than

19.2%.
3.6.2 Linearity, recovery and measurement uncertainty

The calibrations curves were fortified at 2, 6, 10, 14, 18 e 22 ug kg™ for the
majority of the compounds, except cypermethrin (10, 20, 50, 70, 90 and 110 ug
kg") and diflubenzuron (200, 600, 1000, 1400, 1800, 2200 ug kg™). The
linearity measured as R? was greater than 0.99, except for A-cyalothrin (R? =
0.9893). The Table 4 shows the R? achieved for each analyte during validation.
Diflubenzuron required a quadratic fit ranged between 200 and 2200 ug kg™
The signal-to-noise of the first point the calibration curve (2.0 ug kg™, except for
cypermethrin 10 pg kg™ and diflubenzuron 200 ug kg™') were monitored during

validation procedure and the S/N values were greater than 10 for all transitions.

The recoveries shown in Table 3 were obtained on 10 different days in duplicate
and using 10 different blank samples, including the results achieved through
WLR study carried by three different analysts. The results ranged between 76
and 108% at low level and between 71 and 112% at high level, except for
phenothrin (57% in both levels) and bifenthrin (63 and 60%). The relative

standard deviation between recoveries from 10 different days ranged from 3.4
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and 16.5%. As already mentioned the recoveries for azamethiphos were 21 and
22% and the RSD of 53 and 55% at low and high level, respectively.
Recoveries results were also used to measure the uncertainty of the method.
The percentage recoveries from 10 different days in two levels were used for
measurement of expanded uncertainty by ANOVA approach. The uncertainty
were 83.4 and 280.5 g kg™ for diflubenzuron and 2.19 and 4.23 pg kg™ for
cypermethrin at low and high level, respectively. For all others analytes ranged
from 0.33 and 1.11 pg kg™ at low level and between 0.93 and 2.40 ug kg™ at

high level.
3.6.3 Trueness, precision, Cca and CCf8

The trueness and precision were determined during within-laboratory
repeatability (WL;) and within-laboratory reproducibility (WLR). The trueness of
the method ranged from 87 to 110% in WL, and from 92 to 110% in WL for a
majority of the compounds as shown in Table 4. Trueness was greater than
110% for dicyclanil (from 115 — 133% in WLR), diflubenzuron (118% in WL, and
112% in WLR), A-cyalothrin (114% in WL, and from 114 to 121% in WLR) and
azamethiphos (122% in WL, and from 141 and 180% in WLR). The precision of
the method, through RSD%, demonstrates variation from 4.1 to 20.2% in WL,
for all compounds and from 4.1 to 19.6% in WLRr for a major part of the
compounds. During WLr study the analytes acrinathrin (22.2% at 0.5 x VL and
23.7% at 1.5 x VL), A-cyalothrin (21.1% at 0.5 VL), dicyclanil (21.7% at 0.5 VL)
and cyphenothrin (34.0, 30.9 and 29.8%) presented RSD’s greatest than 20%.
According to 2002/657/EC [34], the equation of Horwitz would present

unacceptably high RSDs for mass fraction less than 100 ug kg™. Therefore, the
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RSD needs to be as low as possible. The RSD for diflubenzuron in WLR study
was 22.9% at 1500 pg kg™, but should be less than 16% according to
2002/657/EC [34]. The highest trueness and lowest precision were achieved for
azamethiphos comprising 122% in WL,, 180% and 141% in WLg, and RSD’s
from 38.5 to 55.3, respectively. Therefore, satisfactory precision and accuracy
was achieved for all analytes, with the exception of azamethiphos, considering
that: WL, was carried out using two different blank samples (one for matrix
calibrants and recoveries and another for validation levels) and WLgr study was
carried out using one blank sample for matrix calibrants and recoveries and 24
different blank samples for validation levels by 3 analysts. According to
Comission Regulation 37/2010 [18], azamethiphos can be used as an
antiparasitic for salmonidae species but the limits is not required. Hence, this
method can be suggested as a screening method for azamethiphos due

validation results and the lack of MLR.

CCa and CCp values ranged from 10.2 to 14.0 ug kg™ and 12.1 to 25.4 pg kg™,
respectively, for analytes whose VL was 10 ug kg™'. The CCa and CCPB were 58
and 74 ug kg™ for Cypermethrin (VL at 50 ug kg™') and 1498 and 2614 ug kg™

for diflubenzuron (VL at 1000 pg kg™).
Table 4

Chung and Lam [30] developed and validated a method for determination of 15
pyrethroids and two metabolites of dithiocarbamates by UPLC-MS/MS in
different foods such as fruits, vegetables, eggs, meat, poultry, oils, seafood, etc.

The average recoveries were from 70 — 110%, and CVs were between 10 —
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15%. Kim et al. [31] developed an analytical method for fast screening and
confirmatory of 28 multi-class veterinary drug residues, including pyrethroids
(pyrethrins | and II, Cinerin | and I, Jasmolin | and Il), in flat fish, shrimp and eel
by LC-MS/MS. However the quantitative method was not available for all
pyrethoids in flatfish, Jasmolin | in shrimp and pirethrin | and Jasmolin | in eel.
As mentioned before, Moloney et al. [32] developed a method for the analysis of
18 pyrethroids and one pyrethrin in animal fat using UHPLC-MS/MS. The
linearity was satisfactory with R? higher than 0.99, trueness ranged from 84 to
143% and precision from 3.9 and 23%, with the exception of fenvalerate

(26.5%) and tralomethrin (28.4%).

The method described here was shown to be satisfactory for the most of
pyrethroids analysed, using LC-MS/MS. When compared with the methods
described previously, this method showed greater accuracy, sensitivity and
precision. The use of a large number of different blank samples during

validation method also provided high robustness.
3.7 Standard Stability

The results of the standard stability in acetonitriie (WS A, B, C and D) under
storage conditions described previously, demonstrated that the analytes were
stable for at least 19 months, presenting percentage difference of areas ranging
from 3.2 to 12.9% after 5 months and from 3.4 to 13.1% after 19 months of
storage. The percentage difference from stability in extracts of salmon samples
were less than 19.2% when the results from the first day and after six days of

the sample preparation under storage conditions were compared. The stability
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of the analytes in extract is important information, especially when the method
will be used in routine analysis. In this case, the samples can be extracted few
days before chromatographic analysis, allowing better management of

instrument use and resources without loss of precision and accuracy.
3.8 Application

Thirty samples (including 4 organic salmon) were purchased from fish markets
in Ireland. All salmon used was from farms in different countries. Of this total, 24
samples presented residues with areas below 30% of the first point of the
calibration curve and were used as blank samples, according to
SANTE/11813/2017 [33]. Deltamethrin and cypermethrin were the most
abundant compound detected in the samples, including in an organic salmon
sample (deltamethrin). However, only one sample showed a concentration of
2.54 ug kg’ for deltamethrin and the others were bellow than LOQ of the

method.
4. Conclusions

A high throughput method has been developed for the analysis of 22
antiparasitics in salmon, including pyrethroids, pyrethrins, benzoylureas,
pyrimidamine and organophosphates, by UHPLC-MS/MS, comprising of sample
preparation and analysis in only 9 hours. The use of automatic vibration
extraction allowed for the analysis of at least 36 samples in 5 hours of sample
preparation, increasing precision and reproducibility of the method in less time
and therefore, lower cost. Also, this work produces information about the effect

of different sorbents for interference removal in salmon, trout and sea bass. The
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clean-up procedure, using a combination of sorbents Z-Sep+ and PSA and a
freezing step, efficiently isolated the analytes and removed the interferences
from the matrix. The improvement of the chromatographic conditions and the
optimization using different columns significantly reduces the run time
(approximately 4 hours of analysis for 36 samples), and consequently lowers
instrumentation usage time (important for routine analysis) and lessens solvent
waste. The method performance demonstrated satisfactory sensitivity, accuracy
and precision with the exception of azamethiphos, recommended here as a
screening method due the validation results and lack of a MRL. Therefore, it
could be used as an analytical tool by regulatory agencies for monitoring the
presence of these residues in salmon samples. The method described seems to
be the first method successfully validated for the analysis of antiparasitics in
salmon by LC-MS/MS. Further research should be carried out for matrix scope

extension for the analysis of different fish samples using the method proposed.
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Fig. 1. UHPLC-MS/MS trace using Eclipse Plus C1s RRDH 1.8 um (2.1 x 50 mm) for salmon sample fortified at a concentration of

22 ug kg™ of each analyte, except for cypermethrin at 110 pg kg 'and diflubenzuron at 2200 pg kg™.
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Fig. 2. Four phases formed after extraction and salting out procedures (a) and

frozen lipid layer not transferred with extract (b) in protocol A.
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Fig. 3. Co-extractive removal efficiency (%) for different sorbents of sea bass,

trout and salmon extracts.
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Fig. 4. Efficiency in co-extractive removal using Z-Sep+ in dispersive-SPE for

sea bass, trout and salmon extracts in dispersive-SPE.
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(a) (b)

Fig. 5. Dispersive-SPE for salmon extracts using Z-Sep+ in protocol A. (a) extract

transferred into Z-Sep + tubes (b) extracts after multi-tube vortexer 1 min in Z-Sep+ tubes.



Table 1

UHPLC-MS/MS conditions for target analytes.

Fragmentor

Analyte Transition (m/z) R; (min)® V) CE (eV)® CA(V)°
Acrinathrin 559.2 208.0 2.99 79 9 4
559.2 181.0 41
Allethrin | 303.2 169.1 2.37 67 5 4
303.2 135.1 9
303.2 93.1 9
Azamethiphos 327.0 114.0 1.36 94 41 4
325.0 182.9 9
325.0 112.0 37
Bifenthrin 442.2 181.0 3.87 94 9 4
440.2 181.1 9
440.2 166.1 45
B-Cyfluthrin 453.1 192.9 2.69 67 9 4
4511 190.9 9
A-Cyhalothrin 469.1 227.0 2.70 99 9 4
467 .1 450.0 5
467 .1 225.0 9
Cypermethrin 435.1 193.0 2.85 79 9 4
433.1 191.0 9
Cyphenothrin 393.2 151.1 3.03 73 9 4
393.2 123.1 21
Deltamethrin 525.0 282.9 2.90 117 13 4
523.0 280.8 13
Dicyclanil 191.1 163.1 0.73 76 17 4
191.1 150.1 17
191.1 109.1 25
Diflubenzuron 311.0 158.1 1.91 76 9 7
311.0 141.0 33
Fenpropathrin 350.2 125.1 2.65 67 9 4
350.2 97.2 33
Fenvalerate 439.1 168.9 2.89 79 9 4
437.1 167.1 13
Flucythrinate 469.2 412.1 2.51 76 9 4
469.2 157.1 50
Flumethrin 527.1 267.0 3.65 114 9 4
527.1 239.0 21
Permethrin 410.1 183.0 3.40 73 17 4
408.1 355.1 5
408.1 183.0 13
Phenothrin 351.2 249.1 3.44 81 13 4
351.2 183.0 13
351.2 153.1 49
Phenthoate 321.0 246.9 1.96 67 5 4
321.0 163.0 5
321.0 135.0 17
Pyrethrin 1,1l 329.2 161.1 2.66 67 5 4



Resmethrin

T-Fluvalinate
Tetramethrin
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Bifenthrin-D5
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Table 2

Results of recoveries in low (10 pg kg'1, n=2) and high level (50 pg kg " n=2), trueness and RSD% (50 pg kg T n= 20) for protocols A, B
and C.

Protocol A Protocol B Protocol C [32]
Recoveries (%) Trueness% Recoveries (%) Trueness% Recoveries (%) Trueness%
Low High (RSD%) Low High (RSD%) Low High (RSD%)
10ugkg SOUgkG 55,10 kg™ (n=20) 10ugkg SOUkg 55 g kg™ (n=20) 10ugkg SOUgkg 55 g kg™ (n=20)

Acrinathrin 74 84 94 (6.2) 84 79 106 (5.4) 102 112 97 (3.8)
Alethrin 80 86 97 (3.5) 78 88 96 (2.6) 85 84 99 (4.5)
Azamethiphos 39 49 108 (4.3) 23 27 113 (10.3) 33 32 106 (7.4)
Bifenthrin 63 62 98 (2.5) 64 63 100 (1.9) 97 77 97 (3.4)
A-Cyalothrin 74 85 104 (5.1) 85 79 97 (4.4) 105 82 91 (7.2)
B-Cyfluthrin 87 83 100 (3.9) 96 86 99 (4.0) 92 79 99 (9.8)
Cypermethrin 83 89 88 (2.5) 93 81 105 (4.1) 104 86 96 (7.1)
Cyphenothrin 69 80 104 (5.1) 75 72 103 (3.8) 92 82 99 (7.5)
Deltamethrin 137 136 101 (3.8) 130 135 101 (3.6) 189 157 99 (5.1)
Dicyclanil 77 93 93 (2.4) 69 89 95 (6.0) 74 70 112 (6.4)
Diflubenzuron 95 106 91 (4.7) 91 102 101 (6.8) 99 98 94 (5.1)
Fenpropathrin 79 87 98 (4.3) 81 81 105 (5.4) 95 98 92 (4.8)
Fenvalerate 82 84 102 (6.3) 81 81 100 (3.7) 78 85 97 (5.3)
Flucythrinate 91 97 95 (3.1) 91 88 101 (4.9) 104 84 100 (4.7)
Flumethrin 76 78 91 (7.5) 76 76 95 (6.9) 99 87 88 (11.5)
Permethrin 63 71 101 (5.1) 65 66 106 (3.7) 89 78 94 (5.5)
Phenothrin 60 65 96 (3.5) 63 63 100 (5.6) 84 67 91 (6.1)
Phentoate 88 103 89 (4.1) 88 97 99 (6.7) 100 86 99 (5.4)
Pyrethrin 75 84 104 (5.0) 82 78 108 (7.0) 98 82 99 (4.6)
Resmethrin 71 78 90 (2.4) 75 76 96 (3.4) 86 74 97 (5.4)
1-Fluvalinate 78 86 92 (2.8) 76 77 97 (4.5) 84 81 84 (6.7)
Tetramethrin 82 94 91 (4.0) 82 85 98 (3.4) 90 78 101 (5.3)
Tralomethrin 5.0 6.0 135 (18.4) 16 1.6 104 (38.8) - - -
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Table 3

Results of recovery, relative standard deviation and uncertainty in low and high level (n = 20) and matrix effect data (positive values
indicate ion suppression, n=20).

Levels Recoveries Uncertainty Matrix effect RSD (%)
Analyte Low High Low High Low High High High IS
g kg™’ Average% (RSD%) g kg™’ (%) No IS IS
Acrinathrin 6.0 18.0 78 (11.8) 73 (12.2) 1.0 1.9 74 11.8 10.9 Fenva-d5
Allethrin | 6.0 18.0 80 (7.7) 76(5.9) 0.62 1.2 47 11.2 No IS used
Azamethiphos 6.0 18.0 21(53) 22 (55) 0.44 1.4 14 5.1 No IS used
Bifenthrin 6.0 18.0 63 (9.7) 60 (9.5 0.33 0.93 71 284 134 Bife-d5
B-Cyfluthrin 6.0 18.0 87 (6.8) 88(9.3) 0.72 2.4 78 28.2 15.0 Cyflu-d6
A-Cyhalothrin 6.0 18.0 76 (10.6) 76 (9.5) 0.59 1.2 47 12.7 7.0 Cyper-d6
Cyphenothrin 6.0 18.0 77 (12.4)  71(9.5) 1.1 15 75 9.9 3.1 Cyflu-d6
Cypermethrin 30.0 90 76 (7.9) 76 (7.5) 2.2 4.2 61 13.6 17.3 Cyper-d6
Deltamethrin 6.0 18.0 86 (8.4) 83(5.2) 0.63 1.3 59 27.2 9.8 Delta-d5
Dicyclanil 6.0 18.0 82(6.8) 87 (8.5) 0.71 1.27 51 7.9 - No IS used
Diflubenzuron 600 1800 88 (7.4) 96 (16.5) 83 281 48 211 - No IS used
Fenpropathrin 6.0 18.0 87 (4.9) 87(9.5 0.51 1.6 44 10.5 10.0 Fenva-d5
Fenvalerate 6.0 18.0 81(6.9) 80(9.0) 0.83 1.9 38 11.2 13.0 Fenva-d5
Flucythrinate 6.0 18.0 96 (3.6) 95 (5.0) 0.57 1.0 50 16.8 13.7 Delta-d5
Flumethrin 6.0 18.0 90 (13.0) 81 (11.5) 0.92 2.3 80 20.3 11.5 Bife-d5
Permethrin 6.0 18.0 86 (8.8) 81 (7.6) 0.57 1.8 77 20.5 13.3 Bife-d5
Phenothrin 6.0 18.0 57 (10.2) 57 (10.0) 0.38 1.1 49 16.7 10.8 Fenva-d5
Phenthoate 6.0 18.0 108 (3.4) 112 (8.9) 1.1 2.2 41 10.2 18.2 Delta-d5
Pyrethrin 1,11 6.0 18.0 85(8.8) 85(10.2) 0.54 1.6 44 10.4 15.3 Fenva-d5
Resmethrin 6.0 18.0 83(8.3) 78 (7.4) 0.54 1.2 71 22.3 13.0 Bife-d5
T-Fluvalinate 6.0 18.0 82(9.6) 83(8.7) 0.59 1.5 73 27.1 19.2 Cyflu-d6
Tetramethrin 6.0 18.0 81(6.9) 82(6.6) 0.72 1.4 23 8.0 - No IS used

IS = internal Standard



Table 4

Within-laboratory repeatability (WL,) and within-laboratory reproducibility (WLR) validation results. CCa, CCf and linearity data (lower
value obtained during validation procedure).

Validation WL, (n=8) WLg (n=8) (n=24) (n=6)
Analyte L((\E/VS‘I Trueness% (RSD%) Trueness% (RSD%) CCa CCp Linearity
g kg™’ 05xVL 1.0xVL 15xVL 05xVL 1.0xVL 15xVL g kg™’ R?

Acrinathrin 10 88(10.9) 91(7.2) 95(10.6) 94 (22.2) 98(18.2) 101 (23.7) 13.4 21.8 0.9927
Allethrin | 10 108 (10.3) 103 (7.9) 105 (9.7) 95(9.3) 110 (11.5) 95 (19.6) 12.9 19.2 0.9948
Azamethiphos 10 107 (17.3) 109 (7.2) 122 (10.0) 180 (55.3) 108 (44.1) 141 (38.5) 13.0 29.0 0.9904
Bifenthrin 10 94 (14.7) 93 (12.8) 92 (12.4) 103 (15.0) 102 (6.5) 101 (4.1) 11.1 12.2 0.9989
B-Cyfluthrin 10 104 (7.0) 99(8.9) 99 (6.1) 100 (9.8) 102 (6.0) 99 (4.6) 11.0 12.1 0.9903
A-Cyhalothrin 10 107 (6.0) 106 (7.5) 114 (9.9) 117 (21.1) 121 (13.7) 114 (15.5) 13.1 17.0 0.9893
Cyphenothrin 10 89 (14.2) 89 (13.8) 97 (12.1) 106 (34.0) 100 (30.9) 108 (29.8) 13.8 25.4 0.9939
Cypermethrin 50 93(4.5) 97 (5.0) 93(7.7) 103 (9.6) 103 (11.1) 100 (11.9) 58 74 0.9932
Deltamethrin 10 103 (4.9) 103 (5.0) 101 (7.4) 98 (11.5) 107 (6.5) 102 (5.7) 11.5 12.7 0.9909
Dicyclanil 10 133(9.9) 125(6.6) 115(5.7) 92 (21.7) 102 (16.2) 103 (15.9) 12.6 16.6 0.9961
Diflubenzuron 1000 118 (11.9) 108 (9.9) 109 (17.2) 112 (16.7) 112 (16.4) 100 (22.9) 1498 2614 0.9939*
Fenpropathrin 10 103 (8.1) 102 (9.4) 103 (7.1) 96 (12.7) 101 (9.0) 100 (6.4) 10.9 12.3 0.9943
Fenvalerate 10 93(7.9) 102(6.4) 103(7.8) 108 (13.6) 103 (8.8) 103 (9.1) 11.0 13.1 0.9918
Flucythrinate 10 102 (11.2) 98 (10.5) 94 (9.7) 106 (5.9) 95(9.2) 101 (9.3) 10.5 12.4 0.9949
Flumethrin 10 95(10.4) 88(8.4)  89(9.9) 110 (9.6) 94 (12.5) 92 (14.7) 12.0 16.3 0.9917
Permethrin 10 107 (7.1) 97 (6.9) 102 (7.6) 104 (13.7) 97 (12.8) 94 (10.1) 13.3 16.3 0.9926
Phenothrin 10 96 (9.6) 99(5.1) 98 (4.1) 92 (12.7) 99(9.8) 96 (9.1) 12.0 14.1 0.9939
Phenthoate 10 101 (20.2) 99 (14.6) 100 (13.4) 114 (15.5) 96 (12.0) 100 (10.8) 10.2 12.6 0.9922
Pyrethrin 1,1l 10 106 (6.2) 102 (11.6) 103 (8.4) 99 (12.0) 103 (10.2) 100 (6.6) 11.1 12.5 0.9955
Resmethrin 10 94 (9.0) 88(5.5) 87 (8.7) 97 (15.4) 97 (14.7) 93 (12.6) 14.0 17.7 0.9941
T-Fluvalinate 10 108 (12.6) 102 (12.1) 101 (9.8) 96 (15.1) 99 (14.2) 96 (12.9) 12.7 16.2 0.9954
Tetramethrin 10 110 (11.3) 102 (10.5) 103 (12.4) 99 (11.7) 107 (9.1) 98 (12.5) 12.4 15.5 0.9942

WL, (Within-Laboratory repeatability): 3 runs on 3 different days by one analyst.
WLk (Within-laboratory reproducibility): 3 runs on 3 different days by three different analysts. *R? for diflubenzuron using quadratic mode.
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S1 Development of sample preparation procedure
S1.1 Vibrational shaking system

A vibrational shaking apparatus comprising by a ceramic homogeniser and minimix
(vibrational shaking system) were used in sample preparation procedure. The samples
(36) were placed in test tube racks (n=3) and submitted to unattended extraction. This
system allows the extraction of 36 samples at the same time under strong and
continuous agitation (fixed in 700 rpm). The shaking time can be adjusted to give the
desired extraction efficiency. The Fig. A shows the vibrational system used in sample

preparation protocols.

Fig. A. Vibrational extraction system used for unattended extraction. (1) operating light,

(2, 3 and 4) shaking speeds, (5) start/stop and (6) emergency stop.
S1.2 Challenges in clean-up procedure

Given fish tissues are primarily composed of water, proteins and lipids [47], different

sorbents were tested to determine the effect of each one during the clean-up step to
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remove matrix interferences (co-extractives). The procedures described below were
carried with three species of fish: sea bass, trout and salmon. Evaluation of efficiency
using different sorbents in clean-up procedure was achieve using weighing the amount
of matrix extracted (gravimetric analysis) and visual inspection of the dryness extract
colour. A similar approach was taken by Sapozhnikova and Lehotay [38] to determine

the efficiency of C1g/PSA, Z-Sep and Z-Sep+ in dispersive-SPE for catfish samples.

Samples (5 g) were extracted using acetonitrile (10 mL) and water (5 mL). A salting out
procedure using NaCl (1 g) and MgSO4 (4 g) was performed and, after centrifugation
(3500 rpm, 12 min), each fish extract were pooled separately into a beaker to guarantee
that each sample had the same content of co-extratives to dispersive-SPE. Dispersive-
SPE was carried with an aliquot of extract (10 mL), sorbent (0.5 g) and MgSOy4 (1.5 g).
The sorbents tested were: primary secondary amine (PSA), Cs, Z-Sep, Z-Sep+, SiTi,
SiTi (4%) C+s, @ combination of Z-Sep + (0.5 g) and PSA (0.125 g). After a multi-tube
vortexer (1 min), samples were centrifuged (2500 rpm, 10 min) and evaporated (6 mL,

45 °C) under N; flow until dryness.

The efficiency of Florisil® sorbent was verified through modified matrix solid phase
dispersion. The extraction was carried using and aliquot of sample (5 g), acetonitrile (12
mL) and deactivated florisil® (5 g) without water addition. After salting out procedure (1
g of NaCl and 4 g of MgSO4) and centrifugation (3500 rpm, 12 min) samples were

evaporated. The dispersive-SPE was not applied in this approach.

A vibrational shaking apparatus comprising by a ceramic homogeniser and minimix was

used after extraction (8 min) and salting out (5 min) to avoid manually process.
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A quality control sample (no clean-up, n=3) was also carried out for each fish without
clean-up step for determination of efficiency of removal. Each sorbent was tested in
triplicate (n=3). The average weight, RSD% were measured. The efficiency of removal

was calculated according equations 1 and 2 below:
Equation 1
Removal (g) = final weight average,,ithout clean—up step —final weight average,, i, clean—up step

Equation 2

Effici %) removal 100
clenc = X
. YR final Weightwithout clean—up step

S1.3 Challenges in extraction procedure

Considering the most relevant sorbents, two different protocols were suggested (here
called protocol A and B) and carried only for salmon (validation matrix). The protocol A
is basically a modified Quechers based on the method described by Whelan et al. [42]
and protocol B a modified matrix solid phase dispersion based on the method described
by Moloney et al. [32]. The proposed protocols were focused on reducing time of

analysis, increasing sensitivity and making the method easier to execute.

The extraction and salting out procedure in protocol A and B are quite similar with those
described in challenges in clean-up procedure, with the exception of the portion of
MgSOy in protocol B (1 g). The freezing out step (- 20 °C, 1h) was included only in
protocol A and an aliquot of 250 uL of ethylene glycol was used as a solvent for
analysis by UHPLC-MS/MS in both procedures. The protocols A and B are represented

in detail in Fig. B.
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Protocol A Protocol B

v v

5 g sample (muscle and skin in natural proportion

v v

5 ml HzC 5 g Florisi ¢

v v

12 mL MeCN

Ceramic homogeneisel
Vibrational shaking for 8 min

v v

1 g NaCl (shaker table 5 min horizontally, || 1 g NaCl (shaker table 5 min horizontally,
4 g MgSC¢ (vibrational shaking for 5 min] 1 g MgSCu (vibrational shaking for 5 min;

l Centrifuge at 3500 rpm for 12 mir

Freezer 1 hour at -20 °C

v r

Pour al extract into a tube containig
0.5 g of Z-Sep+ (multi-tube vortexer 1 min;

Skahe by hand and pour all extract and
sorbent into a tube containing

A

125 mg of PSA and 125 mg of PSA and
1.5 g MgSC« 750 mg of MgSQ+
(multi-tube vortexer 1 mir' {multi-tube vortexer 1 mir’

Centrifuge at 2500 rpm for 10 mir v

€ml rice 15 mlitkes containing 250 pL of ethylene glycol (EG

Evaporate at 45 °C under N: flow until remain only EG

Vortex 10 ¢
A Filter and transfer to a via

UHPLC-MS/M¢

Fig. B. Representation of extraction protocol A and B for salmon samples.

The results of both methods were compared between them and with the current method
used in the laboratory for analysis of pyrethroids and pyrethrins in animal fat, described
by Moloney et al. [32], but applied in salmon samples (here called protocol C). In

protocol C an aliquot of 1 g of sample was blended with deactivated florisil using a
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stainless spatula manually until the formation of a free flowing powder. After adding 20
mL of acetonitrile, samples were placed horizontally in a shaker table at 80 oscilations
min™ for 5 min. After centrifugation (3500 rpm, 10 min, 4°C), samples were placed in a
freezer and kept overnight. The supernatant was poured into a tube containing 0.5 g of
Z-Sep+ and 0.125 g of PSA. An aliquot of 10 mL was transferred after centrifugation
into a 15 mL tubes containing 0.5 mL of ethylene glycol and concentrated in a turbovap
under flow of N2 until only ethylene glycol remained. Samples were vortexed, filtered

and injected into UHPLC-MS/MS system.

Linearity was measured using 8 concentration levels, from 2.5 to 100 pg kg™, precision
and trueness at a concentration of 50 ug kg™ (n=20) and recovery at low and high levels
(10 pg kg™ and 50 pg kg™ respectively, n=2). The most relevant method was selected

for validation in salmon samples.
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Abstract

A method was developed and validated for the analysis of eighteen pyrethroids in fish
using a modified version of the QUEChERS method. Samples were extracted with
acetonitrile and Ultra-Turrax, followed by a salting out procedure using sodium chloride
and magnesium sulphate. A clean-up procedure was performed by freezing samples
overnight followed by dispersive solid phase extraction (d-SPE). The combination of
Cis, PSA and Z-Sep+ was optimized using a mixture design approach. After
concentration, the samples were analysed using gas chromatography mass
spectrometry. The method was validated using trahira samples according to the
2002/657/EC and SANTE/11813/2017 guidelines. A scope extension was performed for
tilapia and tainha samples. Recoveries ranged from 71.4 to 106.6% for trahira, 67 —
110% for tilapia and 63 — 129% for tainha samples. This study also produced
information about the effects of different sorbents, Cg, PSA, florisil, celite and Z-Sep+
for co-extractive removal. The method was successfully applied to fourteen real
samples from Southern Brazil.

Keywords: pyrethroids; fish; GC-MS; dispersive-SPE; mixture design.

1. Introduction

The use of pyrethroids is widespread worldwide in different sectors (Corcellas, Eljarrat &
Barcelo, 2015). Despite the low persistence of pyrethroids in the environment (90 days),
a large number of papers have described presence of residues in different matrices,
such as water, sediment (Feo, Ginebreda, Eljarrat& Barcel6, 2010), seaweeds (Garcia-
Rodriguez, Cela-Torrijos, Lorenzo-Ferreira & Carro-Diaz, 2012), tea (Hou, Zheng,
Zhang, Ma, Ling & Zhao, 2014), marine mammals (dolphins) (Alonso et al., 2012),

breast milk (Corcellas et al., 2012), foodstuff (beef, chicken, eggs, fish and milk)
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(Dallegrave, Pizzolato, Barreto, Eljarrat & Barcel6, 2016) and fish (Corcellas et al.,
2015).

Pyrethroids are used in agriculture and non-agricultural pest control, including fish
farms, in veterinary medicine (against lice and scabies), as domestic pesticides and the
control of mosquitos in urban areas, as well as in personal care products (shampoo and
mosquito repellent perfume) (Langford, @xnevad, Schgyen & Thomas, 2014; Corcellas
et al., 2015; Tang et al., 2018). The residues enter the aquatic environmental by rain
scouring and soil percolation (Tang et al., 2018) or through intentional application in fish
farms (Langford et al., 2014). Due their hydrophobic characteristics, these pesticides
are present in sediments, suspended particles and aquatic organisms. Fish exposure
occurs through gill sorption or food webs (Alonso et al., 2012). These pesticides also
enter the human body through different ways that are influenced by age, location
(agricultural or non-agricultural areas), food consumption and food chains (Tang et al.,
2018; Ye, Beach, Martin & Senthilselvan, 2015).

Pyrethroid pesticide residues are very toxic to aquatic organisms, particularly
arthropods and fish. They should be safe for mammals due to the conversion to non-
toxic metabolites (Tang et al., 2018; Alonso et al., 2012). However, low-dose and long-
term exposure exerts toxic effects on the nervous, immune, cardiovascular and genetic
systems (Ma, 2009). Pyrethroid exposure is also related to adverse effects on the male
reproductive system (Koureas, Tsakalof, Tsatsakis & Hadjichristodoulou, 2012), sperm
aneuploidy (Radwan et al., 2015), an increased risk of childhood brain tumours (Chen et
al., 2016), childhood acute lymphocytic leukaemia (Ding et al., 2012) and coronary

disease (Han et al., 2017).
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Maximum limits of residues in food have been established to protect the health of
human consumers. In Brazil, the Secretary of Animal and Plant Health of the Ministry of
Agriculture, Livestock and Food Supply annually publishes the sampling plan and the
reference limits for the National Residue & Contaminants Control Plan — NRCCP. The
limit for pyrethroids (allethrin, bifenthrin, cifluthrin, cypermethrin, fenpropathrin,
phentoate, fenvalerate, A-cyalothrin, permethrin and promethrin) in farmed fish
established in 2018 was 10 pg kg™'. Only deltamethrin presented a limit value of 30 ug
kg™, which was 3 times higher than established limit in the European Union (Normative
Instruction No 20, 2018; Regulation (EU) No 37/2010).

The QUEChERS (“quick, easy, cheap, effective, rugged and safe”) procedure has been
applied in a significant number of samples, analytes and instruments, providing high
recoveries. This technique permits the analysis of a large number of samples and
pesticides in basically 3 steps: extraction, salting out and clean-up (QUEChERS, 2018).
A modified QUEChERS method has been reported for analyses of pyrethroids in fish
using C4s, PSA and Z-Sep as sorbents in dispersive-SPE (Sapozhnikova & Lehotay,
2013; Munaretto, Ferronato, Ribeiro, Martins, Adaime & Zanella, 2013; Rawn, Judge &
Roscoe, 2010). Gas chromatography is generally used to analyse pyrethroids in
different matrices due their volatile properties. Electron-capture detection (ECD) and
mass spectrometry are commonly used detectors (Tuck, Furey, Crooks & Danaher,
2018).

The goal of this study was to develop and validate a precise, reproducible and robust
method for the analysis of eighteen pyrethroid residues in fish samples that are
commonly consumed in the State of Rio Grande do Sul: trahira (Hoplias malabaricus),

tainha (Mugil cephalus) and tilapia (Oreochromis niloticus). A modified QUEChERS
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method was optimized to obtain information about the effects of low temperature and
different sorbents used in dispersive-SPE as clean-up procedures for fish samples. The
optimization of a ternary combination of sorbents using mixture design was described
and successfully applied as a tool to optimize the sample preparation procedure. We
specifically focused on sample preparation to achieve low concentrations of the
pyrethroids, due the low limits established for fish in Brazil and Europe.

2. Materials and Methods

2.1 Chemicals and Apparatus

LC-grade acetonitrile (MeCN) and the Cqs, PSA and Z-Sep+ sorbents were purchased
from Sigma-Aldrich (USA). Celite was supplied by Synth (Brazil), magnesium sulphate
by Alphatec (Brazil) and sodium chloride by J.T. Baker (USA). Florisil 60—-100 mesh was
sourced from J.T. Baker (USA) and deactivated at 675°C. Ultra-pure water (18.2 MQ
cm™') was generated in house using a Millipore purification system (Germany). An Ultra-
Turrax (IKA, Germany), vortex model QL-901 (Biomixer, Brazil), ATX224 precision
analytical balance (Shimadzu, Japan), orbital shaker table (Oxylab, Brazil), NT-825
centrifuge (Nova Técnica, Brazil), TecVapTE-0194 sample concentrator (Tecnal, Brazil)
coupled with nebulizer as an air source (Nevoni, Brazil), high speed centrifuge (Nova
optical systems, Brazil) and Walita food processor (Philips, Brazil) were used in the
present study.

Chromatographic separations were performed using a Perkin EImer Clarus 680 GC
system (Perkin Elmer, USA) with a VF-5-MS capillary column (30 m x 0.25 mm x 0.25
um — 5% phenyl 95% dimethylpolysiloxane) (Agilent, USA).The chromatography system
was coupled to a Clarus 600 T quadrupole mass spectrometer (Perkin Elmer, USA)

operating in selected ion recording (SIR) mode. The injection volume was 3 pL of



99

purified sample extract. The injector operated in splittess mode programmed at 100 °C
(hold for 0.15 min), ramped to 280 °C at a rate of 200 °C min™" (hold for 18.9 min), and
ramped to 300 °C at a rate of 20 °C min™' (hold for 4.1 min). The oven temperature
program was set to an initial temperature of 100 °C (1 min hold), ramped to 150 °C at a
rate of 8.3 °C min™", then ramped to 280 °C at a rate of 20 °C min™" (5 min hold), and
ramped to 300 °C at a rate of 20 °C min™" (hold for 5.48 min), resulting in a runtime of 25
min. The GC inlet line temperature was set to 300 °C, the electron impact ionization (El)
was achieved at 70 eV and the ion source temperature was set to 250 °C. Helium,
purity > 99.999% (Air products, Brazil), was used as the carrier gas at a flow rate of 1
mL min™'. The SIR mode using three transitions for each compound with a dwell time of
0.020 ms was divided into 11 time windows guided by the individual retention times, as
shown in Table 1. The acquisition mode was set from 10 min to 18.9 min. A full scan in
m/z range from 50 to 600 Da was used for the identification of possible interferences
from the matrix extract. The acquisition mode was set from 5 min to 20 min. The data
were acquired by Turbo Mass software version 5.4.2.1617.

Table 1

2.2 Standard preparation and calibration

Highly pure analytical standards of allethrin, bifenthrin, cyfluthrin, cypermethrin, A-
cyhalothrin, deltamethrin, etophenprox, esfenvalerate, fenvalerate, fenpropathrin, cis-
permethrin, trans-permethrin, phenothrin, phentoate, t-fluvalinate, tefluthrin,
tetramethrin and transfluthrin were obtained from Dr.Ehrenstorfer (GmBH, Germany).
Triphenyl phosphate was purchased from Sigma-Aldrich (USA) and was used to spike

samples as an internal standard (IS) for some analytes prior to analysis using GC-MS.
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Individual stock standard solutions were prepared at a concentration of 1 mg mL™" using
acetonitrile as a solvent. A working standard solution (WS A) containing all analytes was
prepared from stock standard solutions at 10 mg L. A second working standard
solution (WS B) was prepared by diluting WS A to 1 mg L™". WS B was used to prepare
the matrix-matched calibrants spiked after extraction in concentrations ranging from 5 to
100 pg kg”'. WS A and B were also used to spike samples before extraction during
validation study at concentrations of 5, 10 pg kg™ (WS B) and 75 ug kg™ (WS A). Both
WS solutions were prepared in acetonitrile and stored in amber vials at -20°C.

2.3 Development of sample preparation

QuUEChERS was used as a basis for this study due to the versatility of this method
(QUECHhERS, 2018). Because the fish matrix is mainly composed of lipids, proteins and
water (USDA, 2018), low temperature (freezing) and dispersive-SPE were optimized for
the clean-up procedure.

The extraction was performed using 10 g of tilapia (skin and muscle in natural
proportions) and 10 mL of acetonitrile in 50 mL polypropylene tubes and then processed
using Ultra-Turrax. Samples were placed horizontally on a shaker table and incubated
at 180 rpm for 20 min. The salting out procedure was performed using 4 g of MgSO,4
and 1 g of NaCl. Samples were placed in a vortex for 30 s and submitted to
centrifugation at 5000 rpm for 5 min. The extraction and salting out procedures
described here were applied to all samples during sample preparation optimization
steps.

2.3.1 Clean-up procedure using a low temperature

After completing the extraction and salting out procedures described above, the extracts

were poured into a beaker for homogenization and low temperature optimization. A 1
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mL aliquot of homogenized extracts was transferred to a 1.5 mL Eppendorf tube that
had been previously weighed. Samples were incubated at a low temperature (-20°C) for
1, 2 or 12 hours. After freezing, samples were centrifuged in a high speed centrifuge at
10000 rpm for 15 min. An aliquot of each sample was transferred to a vial and injected
into the GC-MS system. The Eppendorf tube containing the matrix precipitate and
solvent was incubated in a fume hood for 2 days at ambient temperature to ensure that
all solvent had evaporated. The Eppendorf tubes containing only the matrix precipitate
were weighed. The experiment was performed in triplicate (n=3), where 3 samples were
spiked at a concentration of 100 pg kg™ before freezing (designated R samples) and 3
samples were spiked after freezing and prior to analysis (TS). An aliquot of the spiked
samples was injected into the instrument in SIR mode. Recoveries were measured
dividing the R areas by TS areas and multiplying the value by 100. The relative
standard deviation (RSD%) was measured for R samples. A blank sample (without
fortification) was also submitted to low temperature optimization. The matrix precipitate
was measured by subtracting the weight of the empty Eppendorf from the weight of the
Eppendorf tube containing the matrix precipitate.

2.3.2 Dispersive-SPE clean-up procedure

After the extraction and salting out procedures described above (2.3), the extracts were
poured into a beaker for homogenization and used for dispersive-SPE clean-up.
Different sorbents were tested in the clean-up procedure using dispersive-SPE (d-SPE).
The sorbents used were: Cqs, PSA, Florisil, Celite and Z-Sep+. A 500 pL aliquot of
homogenized extracts was transferred to a 1.5 mL Eppendorf tube containing 25 mg of
sorbent and 75 mg of MgSO, for the d-SPE procedure. Samples were placed in a vortex

for 30 s and submitted to centrifugation at 10000 rpm for 15 min. An aliquot was
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transferred to a vial and analysed using GC-MS in SIR mode. This approach was
applied for each sorbent. The experiment was performed in triplicate (n=3), where 3
samples were spiked at a concentration of 100 pg kg’ before dispersive-SPE
(designated R samples) and 3 samples were spiked after dispersive-SPE and prior to
analysis (TS) for the measurement of recoveries [(R/TS)*100] and precision (R
samples). A blank sample (without fortification) was also extracted using each sorbent
and injected in scan mode for identification by NIST 2008 mass spectral library search
and chromatograms comparisons through peak shapes, signal intensity and peak area
of fatty acid and cholesterol.

Based on the results from preliminary experiments, a combination of three sorbents was
also tested: C4g, PSA and Z-Sep+. The approach described above was used; and three
different combinations were tested. Combination 1 comprised 25 mg of PSA, 25 mg of
C1s and 75 mg of MgSO,4. Combination 2 contained 20 mg of PSA, 20 mg of C4g, 10 mg
of Z-Sep+ and 75 mg of MgSO,4. Combination 3 comprised 25 mg of C1g, 15 mg of PSA,
10 mg of Z-Sep+ and 75 mg of MgSO,4. Recoveries, RSD% and fatty acid and
cholesterol levels were measured and identified as described above.

2.3.3 Validation matrix

The same sample extraction and salting out procedures were applied to tilapia and
trahira samples (described in 2.3). After centrifugation, samples were transferred to 15
mL polypropylene tubes and incubated overnight at -20 °C. Samples were centrifugated
at 5000 rpm for 15 min, 3 mL of the extract were transferred to a 15 mL polypropylene
tube containing 200 mg each of C4g and PSA, 100 mg of Z-Sep+ and 450 mg of MgSOa..
Samples were placed in a vortex for 30 s and centrifuged at 5000 rpm for 15 min. A 1

mL aliquot was transferred to a 50 mL polypropylene tube and concentrated at 45 °C
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under gentle air flow until complete dryness was achieved. Samples were reconstituted
with 300 pL of acetonitrile and were injected into the GC-MS system. The sorbents
proportions used in this experiment was based in the previous results but used 10 times
higher due the volume used in d-SPE and concentration step. The experiment was
conducted in triplicate (n=3), where 3 samples were spiked at a concentration of 100 ug
kg™ before extraction (R samples) and 3 samples were spiked after extraction and prior
to analysis (TS samples). Recoveries and RSD% were measured. A blank sample was
also extracted and injected in scan mode for identification of fatty acid and cholesterol.
2.3.4 Optimization of dispersive-SPE by mixture design experiment

A mixture design experiment was used to define the best proportions of the combination
of C4s, PSA and Z-Sep+ sorbents to remove interferences from the matrix and provide
high recoveries. The mixture design experiment can be used for any number of
components, but it is particularly useful for ternary studies (Ferreira et al., 2007). This
model is designed using a triangle composed of 10 points (equivalent to 10
experiments), as shown in Figure 1. Each point at the vertex of the triangle represents a
pure component or mixture of the components and was determined by experiments 1,
2, and 3 shown in Table 2. In these cases, the maximum proportion of one sorbent (400
mg) and the minimum proportions of the other two sorbents (100 mg) were used.
Experiments 4, 5 and 6 were performed using 250 mg of a binary combination and a
minimum concentration of the third sorbent (100 mg). These three points are
represented by the centre points on each leg of the triangle. Experiments 7, 8 and 9
corresponded to the axial points of the triangle and were conducted using 2/3

proportions of one sorbent and 1/6 proportions of the other two sorbents. Experiment 10
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represented the centre of the triangle and was achieved using 200 mg of each sorbent
(1:1:1).

Table 2

The optimization of the sorbent combinations was achieved using results from the
recovery experiment and the peak areas of the sources of interferences (sum of fatty
acids and cholesterol) from the extract of trahira samples. The main objective was to
determine the proportion at which the recoveries ranged from 70 to 120% for the
majority of compounds and smaller areas were observed for the interfering compounds.
A scale ranging from 0 to 10 was generated to process recovery data. Recoveries less
than 75% and greater than 125% were set to scores less than 5. Recoveries ranging
from 75 to 120% were set to a score greater than 6, and a score of 10 represented
recoveries ranging from 95 to 100%. The quality of the quadratic or special cubic model
was determined by calculating R? and performing an F-test. The factor and
combinations were considered significatives if p values were lower than 0.05. The F-test
results for each compound were compared with tabulated F values at a 95% confidence
level.

The mixture design required 10 experiments and each was performed as follow: one
sample was spiked at a concentration of 100 ug kg™ before extraction (R sample), one
sample spiked after extraction (TS sample), both of which were used for the
measurement of recoveries, and a blank sample was used to identify sources of
interference from the matrix extract. The procedure required 30 samples that were
randomly divided into 10 experiments. An aliquot of each sample was injected in
triplicate into the GC-MS system in SIR mode. A blank sample was injected in scan

mode for identification of fatty acid and cholesterol.
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2.4 Method performance

2.4.1 Samples and sample preparation

Samples of trahira were purchased from fish farms and a supermarket from southern
Brazil. At least 100 g of fish fillets containing skin (previously cut in small pieces) and
muscle in natural proportions were chopped using a food processor. An aliquot of 10 g
+ 0.10 g was weighted into a 50 mL polypropylene tube and frozen until further
analyses. Samples were removed from the freezer at least 2 hours before extraction to
ensure that they were completely thawed.

A 10 mL aliquot of acetonitrile was added to a 50 mL polypropylene tube containing 10
g of sample. Samples were processed using an Ultra-turrax until they were completely
homogenized. Samples were placed horizontally on a shaker table and incubated at
180 rpm for 20 min. The salting out procedure was performed using 4 g of MgSO4 and 1
g of NaCl, and then samples were placed in a vortex for 30 s. After centrifugation at
5000 rpm for 5 min, all supernatant was transferred to a 15 mL polypropylene tube and
incubated at -20 °C in a freezer overnight. Samples were centrifuged at 5000 rpm for 15
min, and 3 mL of the extract was transferred to a 15 mL polypropylene tube containing
230 mg of C4s, 184 mg of PSA, 184 mg of Z-Sep+ and 450 mg of MgSQO,4. Samples
were placed in a vortex for 30 s and centrifuged at 5000 rpm for 15 min. A 1 mL aliquot
of the extract was transferred to a 50 mL polypropylene tube and placed in a sample
concentrator under gentle air flow at 45 °C until complete dryness was achieved.
Samples were reconstituted with 300 pL of acetonitrile, placed in a vortex and
transferred into a vial for the injection of the extract into the GC-MS system.

2.4.2 Method Validation
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The method was validated in accordance with the parameters and performance criteria
outlined in SANTE/11813/2017and Commission Decision (EC) No 657/2002. The
selectivity of the method was verified by monitoring interference in the GC-MS traces
from the matrix with the same retention time as the analytes using 17 different blank
samples of trahira. A reagent blank was also analysed in each validation batch. The
matrix effect was verified by comparing matrix-matched standards (from the calibration
curve) and solvent standards, all of which were spiked prior to analysis at
concentrations equivalent to 5, 10 and 75 pug kg™'. The matrix effect was determined by
subtracting the areas of peaks from fortified extracts from the areas of peaks from the
fortified solvent at the same concentration. The result was divided by the areas of peaks
from the fortified solvent and multiplied by 100. Positive results indicated an enhanced
ion signal and negative results indicated ion signal suppression.

Each batch analysed during the validation procedure comprised 25 samples. Eight
samples were used for calibration curve divided into six levels of 5, 10, 25, 50, 75 and
100 ug kg™ using an extract of matrix blank spiked after extraction. The second and fifth
concentrations of the calibration curve (10 and 75 ug kg™') were analysed in duplicate
and used for recovery measurements. Fifteen samples divided into three different levels
(n=5) at 5, 10 and 75 pg kg~ and spiked before extraction were used for precision,
trueness and recovery (at 10 and 75 pg kg™') measurements. One negative control
(blank sample) and one reagent blank were also extracted. The linearity of the
calibration curve was measured by calculating R? and considering a deviation <20% of
the back-calculated concentration from true concentration. The recovery was measured
by dividing the areas (or the ratio of analytes areas by IS areas) of the samples spiked

before extraction (n=5) by samples spiked after extraction (n=2) multiplied by 100 at two
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levels: 10 and 75 pg kg™'. Precision was measured by calculating RSD% from 15
samples divided into three levels (n=5) as described above, during within laboratory
repeatability (RSDr) and within laboratory reproducibility (RSDywr) measurements. The
RSD, measurement was performed by an analyst in 2 batches (two different days). The
RSD.r assessment was performed by two different analysts on two different days.
Trueness was also evaluated during RSD, and RSDr procedures.

2.4.3 Extension of the scope: new matrices

The scope extension was performed for samples from two different fish: tilapia and
tainha. The scope extension for each fish was achieved by analysing 25 samples, as
described above, on a different day. Linearity, matrix effect, recovery, trueness and
precision were measured using the same approach described above.

3. Results and discussion

3.1 Clean-up procedure using a low temperature

The recoveries revealed that the freezing procedure at a low temperature did not affect
the stability of the analytes remaining in the extract after the precipitation of lipids and
proteins. The recoveries obtained at 1, 2 and 12h ranged from 89 to 101%, 91 to 107%
and 85 to 104%, respectively. The relative standard deviation was less than 20% for all
experiments. The average weight of matrix precipitation after freezing for 1, 2, and 12 h
was 0.67 mg, 1.15 mg and 1.20 mg, respectively. Considering the recovery results and
the precipitation from the matrix, two hours of freezing was satisfactory. However,
considering the whole procedure, the sample preparation would be impossible to
prepare in one day. Therefore, the freezing procedure was performed for 12 h

(overnight).
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Similar results were achieved by Chen et al. (2016) in a multiresidue method for the
analysis of fish samples using a low temperature and solid-phase extraction as clean-up
procedure. The extracts of samples were incubated at -24°C in a freezer for 20 min.
Precipitated lipids were separated from the extract by filtration. According the authors,
the tested pesticides were soluble even in cold acetonitrile. The procedure was
repeated to increase the extraction. Satisfactory recoveries (90.2 to 113.7%) and
precision (6.0 to 10.0%) were achieved. However, the LOD of the method for
deltamethrin was 20 pg kg™, which is higher than value established in Regulation (EU)
No 37/2010.

3.2 Dispersive-SPE clean-up procedure

The dispersive clean-up procedure was initially performed with 5 different sorbents. The
relative standard deviation was less than 20% for all sorbents. Florisil was the unique
sorbent that produced unsatisfactory recoveries ranging from 50 to 131%. The
recoveries obtained using Cqs, PSA and celite ranged from 76 to 107% and Z-Sep+
presented recoveries ranging from 62 to 76%. However, the scan chromatogram of a
blank sample using Z-Sep+ displayed significantly greater removal of fatty acids
(between 11 to 15 min) and cholesterol (19.7 min) compared with other sorbents, as
shown in Figure 2. Cqg was efficient for cholesterol removal and PSA for fatty acid
removal. Considering the low recoveries of Z-Sep+, we suggested a combination of
PSA (fatty acid removal) and C+s (cholesterol removal) that included Z-Sep+ (fatty acids
and cholesterol) in a lower proportion. Recoveries using only a combination of 25 mg of
C1s and 25 mg of PSA ranged from 88 to 112%, using a combination of 20 mg of C s,
20 mg of PSA and 10 mg of Z-Sep+ ranged from 76 to 108% and a combination of 25

mg of C4, 15 mg of PSA and 10 mg of Z-Sep+ ranged from 112 to 136%. The
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chromatograms shown in Figure 2 also revealed improved removal of interferences
when Z-Sep+ was used. Thus these results indicate that Cq, PSA and Z-sep+ should
be used in combination for adequate clean-up of extracts.

Fig 1. Reconstructed chromatogram in scan mode for identification of fatty acids (11 to
15 min) and cholesterol (around 19.7 min) by NIST 2008 mass spectral library search in
blank tilapia samples using celite, florisil, C1g, PSA, Z-Sep+, combination 1 (25 mg Css
and 25 mg PSA), combination 2 (20 mg C1s and 20 mg PSA and 10 mg Z-Sep+) and
combination 3 (25 mg C4g, 15 mg PSA and 10 mg Z-Sep+) as a sorbent in optimization

of dispersive-SPE cleanup procedure.

The sorbent C+g is recommended for fatty acids, cholesterol and lipophilic compounds
(Kinsella et al., 2009; Sapozhnikova et al., 2013). PSA is generally used to remove
polar compounds, such as organic acids, fatty acids (with hydrogen bonding properties),
polar pigments, carbohydrates and sugars (Anastassiades, Lehotay, Stajnbaher &
Schenck, 2003). A combination of C4s and PSA has already been reported for the
analysis of pyrethroids in fish using gas chromatography. Rawn et al. (2010) developed
a method for the analysis of pyrethroids and pyrethrins in fish, including tilapia. A
combination of C1s (50 mg) and PSA (50 mg) was used in dispersive-SPE with 1 mL of
extract. Munaretto et al. (2013) developed a multiresidue method for fish fillets. Good
recoveries (75.9 - 98.9%) and precision (3.8 - 19.1%) for bifenthrin and cis and trans-
permethrin were achieved with matrix effect ranging from 22.5 to 35.9%. Chung and
Lam (2012) also developed a method for analysing pyrethroids and metabolites of
dithiocarbamates using a combination of Cqg and PSA for different food samples with a
fat content greater than 2%. Sapozhnikova et al. (2013) developed a dispersive-SPE

procedure using a combination of C1g and PSA, Z-Sep and Z-Sep+. The combination of
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C1s/PSA achieved the best removal of co-extractives; however, Z-Sep yielded a lower
background level in the scan chromatogram. Moloney, Tuck, Ramkumar, Furey and
Danaher (2018) published a method for the analysis of pyrethroids and pyrethrins in fat
and achieved satisfactory results using a combination of PSA and Z-Sep+. During
dispersive-SPE optimization, the use of Cg, C1s, NHy, florisil, PSA, PSA/C4s, Z-Sep and
Z-Sep+ was compared.

Considering the previous results and cited references, the required amounts of Cys,
PSA and Z-Sep+ for 3 mL fish extract clean-up through for dispersive-SPE was
investigated by mixture design experiment and described in 3.4 section.

3.3 Validation matrix

Before executing mixture design optimization, two different fish samples (tilapia and
trahira) were used to verify the efficiency of the procedure. The recoveries for tilapia
samples ranged from 77 to 120% and from 84 to 112% for trahira. A comparison of the
scan chromatograms revealed a higher concentration of cholesterol (19.7 min) in tilapia
samples. However, trahira samples presented greater interferences from the fatty acids,
which elute from 11 to 15 min, the same retention time as most of the compounds.
Therefore, trahira samples were chosen for the mixture design experiment.

3.4 Optimization of dispersive-SPE by mixture design experiment

Tefluthrin, allethrin, tetramethrin, phenothrin, cis-permethrin, trans-permethrin, and
etofenprox were analysed using the quadratic model and exhibited R? values ranging
from 0.7192 to 0.9064 and F-test results that were 4.7 and 17.8 times higher than
tabulated F values. Transfluthrin, phentoate, cyfluthrin, T-fluvalinate, deltamethrin and A-
cyalothrin were analysed using the special cubic model. The R? values ranged from

0.6999 to 0.8525, with F-test results that were 3.5 and 8.8 times higher than tabulated F
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values. The mixture design not explained the response behaviour for cypermethrin,
fenvalerate, esfenvalerate and fenpropathrin using quadratic and cubic models. All
parameters were measured using software Statistic version 10.

The response surfaces exhibited higher recoveries when Cig was used in higher
proportions, followed by PSA and Z-Sep+. It can be verified through analysis of
cyfluthrin (A) and deltamethrin (B), as shown in Figure 1, where the red colour (high
recoveries) was located between the centre point (1:1:1) and axial point, near to the C1s
maximum. Tetramethrin, cis-permethrin and etofenprox exhibited better recoveries with
the minimum proportion of Z-Sep+, as shown in Figure 1 for cis-permethrin (C). In these
cases, the red colour is located close to the centre point in the leg of the triangle, which
represents the same proportions of C4g and PSA and the minimum proportion of Z-
Sep+. The response surface for interferences from the matrix (D) indicated that the
lowest concentrations of interfering compounds were achieved when the three sorbents
were used in the same proportions (centroid point). The highest concentrations for
interferences were achieved when maximum of PSA and minimum of C4g and Z-sep+
were used probably because PSA is not efficient for lipids removal. After considering
the best proportion for each analyte and the average between the same sorbent for
different analytes, the final proportion was near to the 2/3 for C+g, 1/6 for PSA and 1/6
for Z-Sep+ and the centroid point. The proportion of sorbents was calculated by best fit
model using scale attributes and was set to 230 mg of C+s, 184 mg of PSA and 184 mg
of Z-Sep+.

Fig 2. Mixture design achieved using C1s, PSA and Z-Sep+ during dispersive-SPE step

in extracts of trahira samples considering 95% of confidence level. Special cubic model
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was applied for cyfluthrin (A), deltamethrin (B) and interferences from the matrix (fatty

acids and cholesterol) (D). Quadratic model was applied for cis-permethrin (C).

3.5 Method performance

3.5.1 Selectivity, matrix effect and linearity

No matrix interferences were observed at the same retention time as the analytes in an
analysis of 17 different blank trahira samples and a reagent blank in all validation
batches. Matrix effects were analysed at three levels (5, 10 and 75ug kg™') and
enhanced ion signals were observed for all compounds, except for fenpropathrin, in
which the ion signal suppression ranged from -3 to -35%. The smallest effects were
achieved for transfluthrin and tefluthrin which ranged from 44 to 72% and 56 to 88%,
respectively. Because the matrix effect was greater than 20% for all analytes, the
calibration curve was constructed using matrix-matched standards. Linearity was
verified in all batches by calculating R?, which was greater than 0.98, and through the
deviation of the back calculation, which was < +20% of the true concentration.

3.5.2 Recovery, precision and trueness

The recoveries of trahira samples were assessed at low and high level using RSD, and
RSDyr assays. RSD; study recoveries ranged from 81.4 to 106.6% and 71.4 to 88.7%
at 10 and 75 pg kg™, respectively. Trueness and precision were determined by
analysing 15 samples at three levels: 5, 10 and 75 pg kg'(n=5). The trueness ranged
from 75 and 112% for RSD, and from 75 to 120% for RSDygr, with RSD% ranging from
3.8 - 20.3%, except for tefluthrin (22.8% at 5 ug kg™"), and between 3.7 — 18.3%, except
for tefluthrin (21.2% at 5 pg kg™'), respectively, as shown in Table 3. Considering the
trueness and precision results, the LOQ of the method was 5 pg kg™, except for

tefluthrin (10 ug kg™).
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During the validation procedure, the use of an internal standard was verified for all
analytes. Tefluthrin and transfluthrin produced unsatisfactory results when the ratio
between analyte areas and IS areas was used. This discrepancy was explained by
matrix effect results revealing different influences of the matrices for these compounds
compared to others, probably because these compound eluted at 10.75 and 11.25 min,
respectively (before the elution of most fatty acids).The measurement of validation
parameters was calculated using the IS for all analytes, except for tefluthrin and
transfluthrin.

Table 3

3.5.3 Extension of the scope of the method: new matrices

No matrix interferences were observed at the same retention time as the analytes in
analyses of blank tilapia, blank tainha and reagent blank samples. The matrix effect
study revealed ion enhancement for all analytes in tainha and tilapia extracts when we
compared the areas from solvent standards and matrix-matched standards. When we
compared the matrix effects between fish samples, the tilapia extract showed lower
matrix effects ranging from 1 to 176%. Tainha and trahira extracts exhibited higher
matrix effects, particularly for cypermethrin, fenvalerate, esfenvalerate, cyfluthrin,
deltamethrin, T1-fluvalinate and A-cyalothrin. Only phentoate displayed a higher matrix
effect in trahira samples than in tainha samples. Due to the matrix effect, calibration
curves were prepared using matrix-matched calibrants at six levels. The R? value was
greater than 0.98 and the deviation of the back calculation was < +20% of the true
concentration. Recoveries ranged from 72 to 109% at 10 pg kg 'and from 67 to 110% at

75 g kg™ in tilapia samples. Recoveries for tainha samples ranged from 74 to 129% at
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10 ug kg'1and from 63 to 128% at 75 pg kg'1, except for cypermethrin (153% at 10 pg
kg™).

The trueness and precision ranged from 70 to 119% and from 2.0 to 21.5%,
respectively, in tilapia samples analysed at three levels (5, 10 and 75 pg kg™). Only
phenothrin yielded unsatisfactory results for trueness (24%) and precision (62.2%) at 5
ug kg”. The trueness at 10 pg kg was 59% with an RSD of 6%. Considering the
results for trueness and the precision, the LOQ for tilapia samples was 5 pg kg™, except
for phenothrin (10 pg kg™). According to SANTE, the trueness must range from 70 to
120%. However, when the value is outside this range, it can be accepted if it is
consistent, achieving an RSD <20% and trueness that is no less than 30% or greater
than 140%. In these cases, the recovery must be corrected during routine analysis.
Results for the trueness and precision of tainha samples were unsatisfactory for
cypermethrin, fenpropathrin, phenothrin, and A-cyalothrin at 5 pg kg'1. In these cases,
the LOQ was set to 10 ug kg™'. With the exception of these analytes, the precision and
trueness ranged from 61 to 126% and 1.6 to 18.2%, respectively. The results for tainha
samples were worse than other fish samples, probably due the higher contents of lipids,
which are approximately 2.5 times higher than tilapia samples (Andrade, Bispo &
Druzian, 2009; USDA, 2018).

3.5.4 Comparison with other published methods

Similar results were described by Rawn et al. (2010), who used the QUEChERS method
to analyse pyrethrins | and Il, cypermethrin and deltamethrin in different fish samples
using gas chromatography. A 5 g aliquot of samples was submitted to extraction with 5
mL of 1% glacial acetic acid in MeCN, and a salting out procedure was performed with 2

g of MgSO4 and 0.5 g sodium acetate. Dispersive-SPE was performed using 1 mL of
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the extract, 50 mg each of C1s and PSA and 150 mg of MgSO4. Recoveries for salmon
samples ranged from 70 to 115% and precision ranged from 2.5 to 14%. However,
recoveries (from 89 to 274%) for salmon, crab, marlin, shrimp and tilapia calculated
using the calibration curve for salmon were higher than those achieved for salmon,
Arctic char, trout, mussels and oyster. When higher levels of recoveries were removed,
the calculated recoveries ranged from 105 to 115%.

Chatterjee et al. (2016) developed a method for the analysis of multiple classes of
pesticides in fatty fish using GC-MS/MS. Twelve pyrethroids were analysed using fish
meat (5 g), distilled water (5 mL), acetonitrile, and 1% acid acetic (15 mL), followed by
three-phase partitioning with hexane (2 mL). After the addition of MgSO4 (6 g) and
sodium acetate (1.5 g), the extract (1.5 mL of organic layer) was submitted to two-stage
dispersive solid phase extraction. The first stage used CaCl; (100 mg) and MgSO, (150
mg), and the second stage used PSA (50 mg), florisil (50 mg), C1s (150 mg) and MgSO4
(150 mg). Recoveries for pyrethroids ranged from 65 to 119% and precision ranged
from 1 to 9%. Chen et al. (2009) also developed a multiresidue method, including
deltamethrin, for analysing fish samples using low-temperature clean-up and solid
phase extraction followed by GC-MS. The extraction was performed using 10 g of
sample and 20 mL of MeCN. Solid phase extraction was performed using 39 mL of
acetonitrile-toluene (3:1) for each sample in the clean-up procedure and the eluate was
evaporated and dissolved in hexane (1mL). The LOD for deltamethrin was set to 20 ug
kg™, recoveries ranged from 78.7 to 113.7% and precision was less than 10% at 20, 50
and 100 pg kg™

Sapozhnikova et al. (2013) developed a multi-class, multiresidue analytical method

using GC-MS/MS, including bifenthrin, cis and trans-permethrin and deltamethrin. The
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extraction was based on the QUEChERS method using catfish muscle (10 g) and MeCN
(10 mL), followed by a salting out procedure using MgSO4 (4 g) and NaCl (1 g).
Dispersive-SPE was performed using 1 mL of the extract, 50 mg of Z-Sep and 150 mg
of MgSQO,. Recoveries and precision were measured (n = 5) and ranged from 71 to
116% and from 3 to 19%, respectively, for pyrethroids at 1, 5, 50 and 100 ug kg™
Munaretto et al. (2013) developed a multiresidue GC-MS/MS method to analyse
bifenthrin, cis and trans-permethrin levels in fish fillets using a modified QUEChERS
method. The factorial design was performed to optimize the proportion between water
and NaCl used in the method. Dispersive-SPE was employed for clean-up procedure
using 3 mL of the extract, C4s (375 mg), PSA (75 mg) and MgSQO4 (450 mg). Recoveries
ranged from 73.6 to 98.9% and precision ranged from 3.8 to 19.1%.

The method developed and validated in the present study produced satisfactory results
for 3 different fish (tainha, tilapia and trahira) with different compositions of fatty acids
and cholesterol. The extraction method was developed based on a modified
QUEChERS method using easy and commonly applied procedures and only acetonitrile
as a solvent. Standard extraction and salting out steps were performed in all
experiments. After the optimization of the low temperature clean-up procedure, the
choice of the sorbents was an important task, considering the complexity of the matrix
and the physical and chemical characteristics of the analytes. The mixture design
experiment was a robust tool to achieve the best proportions of three different sorbents
to produce optimal recoveries and co-extractive removal. The use of GC-MS was not an
impediment to achieve satisfactory sensitivity of the method compared with GC-MS/MS

results described in previous studies. The validation performance revealed that the
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method can be used for different fish and 18 pyrethroids with excellent trueness and
precision.

3.6 Method application

Fourteen samples comprising 5 trahira samples, 4 tilapia samples and 5 tainha samples
were analysed using the validated method. Three tainha samples and two trahira
samples were acquired through Center for Coastal, Limnological and Marine Studies of
the Federal University of Rio Grande do Sul (CECLIMAR/UFRGS) in partnership with
the fishermen from Hydrographical Basin of the River Tramandai. The others samples
were acquired from a market, all from the Southern of Brazil. Residues of bifenthrin and
fenpropathrin were detected in three tainha samples. The concentration of bifenthrin
was 8.0 and 8.8 ug kg™ and fenpropathrin was 45.1 ug kg™. Only one trahira sample
contained residue of bifenthrin at a concentration of 57 ug kg'1. All positive samples
were those from Hydrographical Basin of the River Tramandai. Two of them
demonstrated concentration above the limits established by legislation in Brazil (10 ug
kg™). Pyrethroid residues were bellow than LOQ of the method in all tilapia samples.

4, Conclusion

A method was developed and validated for the analysis of 18 pyrethroid residues in
trahira samples using modified QUEChERS procedure and GC-MS. An extension scope
of the matrix was applied to tainha and tilapia samples. The effects of low temperature
and 5 different sorbents were investigated and used as clean-up procedures for fish
extracts. The use of a mixture design allowed us to choose the best proportions of C s,
PSA and Z-Spe+ in dispersive-SPE clean-up procedure. During the development of the
method, we produced information about the profiles of trahira, tainha and tilapia

matrices. The method exhibited a satisfactory LOQ, sensitivity, accuracy and precision



118

for three fish species commonly consumed in Southern Brazil (trahira, tainha and
tilapia). Further searches are needed to determine the concentrations of pyrethroid
residues in environmental samples of fish from southern Brazil.
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Table 1
Selected ions, retention time, window for GC-MS determination and log K, of

pyrethroids and internal standard (1S).

Analyte Quantified ion  Confirm ion RT® Window log KOWb
(m/2) (m/2) (min)

Allethrin 123 107/79 12.13 2 4.96
Bifenthrin 181 166/165 13.87 4 6.60
Cyfluthrin 206 226/165 15.56/15.65/15.71/15.75 8 6.00
Cypermethrin 163 181/208 15.90/16.00/16.07/16.12 9 5.55
Deltamethrin 181 253/251 17.82/18.16 11 4.60
Esfenvalerato 225 181/419 17.29 10 6.24
Etofenprox 163 135/376 16.27 9 6.90
Fenpropathrin 181 97/265 13.99 5 6.04
Fenvalerato 225 181/419 17.00 10 5.01
Permethrin (cis) 183 163/184 15.10 7 6.10
Permethrin (trans) 183 163/184 15.21 7 6.10
Phenothrin 123 183/81 14.15/14.21 5 6.01
Phenthoate 274 247/121 12.18 2 3.69
Tefluthrin 177 197/141 10.75 1 6.40
Tetramethrin 164 123/165 13.92 4 4.60
Transfluthrin 163 165/127 11.26 1 5.46
A-cyalothrin 181 208/197 14.34/14.46 6 6.80
t-fluvalinate 250 252/181 17.13/17.22 10 7.02
Triphenyl Phosphate 326 325/327 13.63 3 4.60
(a) RT - Retention Time

(b) Log Kow source: http://sitem.herts.ac.uk/aeru/ppdb/en/atoz.htm and

https://pubchem.ncbi.nlm.nih.gov
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Mixture design proportions applied for optimization of a sorbent combination of Cjs,

PSA and Z-Sep+ during dispersive-SPE cleanup procedure.

Experiment X X5 X3 Cis(mg) PSA(mg) Z-Sep+ (mg)
1 1.000000 0.000000 0.000000 400 100 100
2 0.000000 1.000000  0.000000 100 400 100
3 0.000000 0.000000 1.000000 100 100 400
4 0.500000 0.500000 0.000000 250 250 100
5 0.500000 0.000000 0.500000 250 100 250
6 0.000000 0.500000 0.500000 100 250 250
7 0.666667 0.166667 0.166667 300 150 150
8 0.166667 0.666667 0.166667 150 300 150
9 0.166667 0.166667 0.666667 150 150 300

10 0.333333  0.333333  0.333333 200 200 200
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Results of precision and trueness during repeatability study — RSD; (for analysis of trahira, tilapia and tainha) and within-laboratory

reproducibility study — RSDyr (for analysis of trahira samples).

Spgkg”  10pgke” 75ugks’ Sugkg’ 10ugkg” 75pgke” 5ugkg” 10ugks’ 75pugkg” 5ugkg’ 10pgks’ 75ugkg”
Alletrin 109.4 (15.4) 95.4(12.2) 84(10.5) 106 (15.6) 95 (10.9) 89 (13.5) 96 (10.7) 99(10.4) 83(6.9) 90(17.5) 83(9.2) 74(4.3)
Bifenthrin 90.5(8.2) 83.8(4.9) 75.7(8.5) 93(16.5) 85(6.1) 77(10.8) 70 (20.4) 74(11.8) 75(3.0) 106 (10.8) 79 (1.6) 65 (4.3)
Cyfluthrin 109 (16.3) 95.7(11.7) 88.5(8.6) 98 (14.5) 101(13.2) 96 (12.3) 106 (18.1) 108 (12.5) 80 (8.8) 108 (13.8) 92(11.9) 95(10.1)
Cypermethrin 87.7(15.7)  91.2(9.1) 85 (6.4) 84(17.0) 87(10.2) 83(5.4) 119 (8.3) 114 (14.4) 87 (8.5) 98 (26.4) 97 (13.4) 96(11.1)
Deltamethrin 110.3(7.7)  82.1(11.6) 84(9.5) 104 (11.2) 82(10.7) 92 (9.0) 83(11.9) 93(19.5) 106 (9.3) 61(19.3) 87(14.6) 91(14.1)
Esfenvalerate 112.2(14.1) 88(11.0) 85.2(7.1) 120 (8.6) 98(15.8) 92 (9.6) 101 (12.4) 90(18.2) 93(9.3) 107 (7.5) 110(8.0) 96(13.1)
Etofenprox 87.5(19.4) 84.9(10.6) 77.2(8.2) 106 (18.3) 84(9.4) 82(11.7) 93(10.7) 85(8.0) 76(2.5) 107 (13.6) 81(4.3) 66(5.0)
Fenpropathrin 93.6(20.3) 88.3(12.7) 87.7(10.7) 75(14.1) 87(14.3) 86(12.3) 98(5.9) 100(6.4) 89 (3.0) 134 (32.2) 87(8.2) 84(6.1)
Fenvalerate 99.2(13.4) 87.5(10.6) 83.8(6.4) 109 (10.7) 98(16.5) 94 (12.6) 115(8.4) 99 (17.4) 84(9.4) 136 (5.8) 105(16.2) 83(6.9)
Permethrin (cis) 106 (6.4) 91 (4.0) 74.6 (9.2) 100 (11.3) 89(4.5) 78(12.0) 86(10.5) 80(7.1) 73(2.0) 101 (13.7) 75(3.2) 63(4.9)
Permethrin (trans) ~ 107.7 (6.7)  92.8 (3.8) 77 (8.8) 105(10.9) 91(3.7) 81(11.6) 76(12.9) 77(9.7) 76(2.0) 120(13.5) 87(2.9) 65 (4.5)
Phenothrin 87.2(13.4) 88.6(16.7) 76.2(9.6) 101 (12.1) 91(15.4) 79(12.1) 24(62.2) 59(6.0) 81(5.4) 123(23.0) 79(5.1) 62(4.1)
Phenthoate 88.4(16.2) 90.6(16.1) 84.2(9.4) 94 (16.5) 97(9.0) 96 (12.3) 100 (7.5) 93(2.9) 85(4.7) 95(3.7) 97(3.5) 86(1.9)
Tefluthrin 83.1(22.8) 87.4(8.7) 75.7(14.1) 87(21.2) 100(16.8) 81(11.1) 72 (13.0) 73(19.9) 77(5.6) 83(18.1) 84(12.9) 80(4.5)
Tetramethrin 110.4(6.6)  95.8(5.0) 84.8(6.6) 101(9.5) 93(4.3) 87(11.2) 83(14.9) 89(3.1) 88(4.3) 126 (16.4) 98 (4.5) 86 (4.1)
Transfluthrin 88.6(13.8) 86.9(8.5) 80.7(9.8) 98(17.2) 96(13.8) 86(7.0) 97(8.9) 80(16.0) 78(7.6) 71(10.6) 73(7.8) 84(4.7)
A-cialothrin 106.3(5.1) 98.7(5.0) 86.4(6.2) 99(9.7) 96(6.6) 92(12.1) 96 (10.3) 104 (8.1) 87(6.2) 58(33.7) 79(12.7) 89(8.8)
t-Fluvalinate 102.7 (15.0) 90.7 (13.9) 87.2(11.4) 91(16.8) 93(15.9) 94 (10.3) 94 (17.5) 97(21.5) 89(12.4) 126 (3.0) 126 (8.4) 97(18.2)

RSD, - Trahira

Trueness % (RSD %)

RSD - Trahira
Trueness % (RSD %)

RSD, - Tilapia

Trueness % (RSD %)

RSD, - Tainha

Trueness % (RSD %)
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Fig 1. Reconstructed chromatogram in scan mode for identification of fatty acids (11 to
15 min) and cholesterol (around 19.7 min) by NIST 2008 mass spectral library search in
blank tilapia samples using celite, florisil, C1s, PSA, Z-Sep+, combination 1 (25 mg Cis
and 25 mg PSA), combination 2 (20 mg C1s and 20 mg PSA and 10 mg Z-Sep+) and
combination 3 (25 mg C4s, 15 mg PSA and 10 mg Z-Sep+) as a sorbent in optimization

of dispersive-SPE cleanup procedure.
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Fig 2. Mixture design achieved using C1s, PSA and Z-Sep+ during dispersive-SPE step
in extracts of trahira samples considering 95% of confidence level. Special cubic model
was applied for cyfluthrin (A), deltamethrin (B) and interferences from the matrix (fatty

acids and cholesterol) (D). Quadratic model was applied for cis-permethrin (C).



5. CONCLUSOES

O principal desafio deste trabalho foi desenvolver métodos analiticos capazes de
quantificar concentragbes baixas dos compostos (considerando o LMR de cada
compostos) em matrizes de diferentes espécies de peixe. Devido a complexidade das
matrizes foi dada relevante atengéo aos procedimentos de clean-up com o objetivo de
proporcionar a remog¢ao de coextrativos, naturalmente presentes nestas matrizes,

mantendo elevada recuperag¢ao dos compostos.

O efeito de diversos sorventes para a remocao dos coextrativos da matriz
(proteinas, gorduras, e corantes) em amostras de tilapia, traira, tainha, salmao, truta e
seabass foram avaliados. Os sorventes Ci5, PSA e principalmente Z-Sep+
apresentaram melhor eficiéncia na remogéao destes interferentes. O congelamento a
baixa temperatura foi investigado e também utilizado no procedimento de clean-up dos
métodos. Este procedimento foi eficiente na precipitagdo e congelamento de lipidios e
de compostos pouco soluveis em acetonitrila sem afetar a estabilidade dos compostos

no solvente de extracao.

No método desenvolvido junto ao Teagasc para determinagao de piretréides,
benzoiluréias e organofosforados (artigo |, descrito no capitulo 1), destaca-se a
utilizacdo de ceramica homogeneizadora associada ao sistema de agitagao Minimix, a
otimizacdo do método cromatografico e a utilizagdo da cromatografia liquida na
determinagao de piretroides. O procedimento de extragcao realizado através do sistema
de agitacdo proposto (cerdmica e minimix) permitiu a extracdo de 36 amostras
simultaneamente, melhorando a reprodutibilidade do método e reduzindo
consideravelmente o tempo de analise. A otimizagao da cromatografia liquida também
permitiu reduzir o tempo de analise, comparado ao método proposto inicialmente e que
estava em corrente uso no laboratério. O uso da cromatografia liquida foi eficiente para
separagao e quantificagdo dos compostos, inclusive piretréides, que usualmente séo
analisados via cromatografia gasosa. Considerando o tempo necessario para a
extragcdo das amostras e analise por cromatografia liquida acoplada a espectrometria

de massas, foi possivel analisar 36 amostras em um total de 9 h, tempo interessante
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para laboratérios que possuem varios métodos de rotina com poucos equipamentos a

disposigao.

Os resultados de validacdo demonstram que o método € robusto, sensivel e
preciso para os compostos em matriz de salmdo, com a excecao de azametifés. Neste
caso o método foi sugerido como screening considerando que n&o existe LMR

estabelecido para este composto em matrizes de peixes.

Nao foi possivel analisar tralometrina através do método proposto, devido a
conversao deste composto em deltametrina, provavelmente durante o procedimento de
extracdo. Devido a alteracdo do limite maximo de residuo para diflubenzurom, seria
necessario revalidar o método para este composto considerando o novo limite
estabelecido. Quanto as perspectivas futuras, a extensdo de escopo da matriz poderia
ser realizada para permitir a determinacdo destes compostos em outras espécies de

peixes.

No método desenvolvido no LARCO (artigo Il, descrito no capitulo 2), destaca-se
o uso de planejamento de misturas como ferramenta para otimizagdo do procedimento
de dispersdo em fase sélida usando uma mistura de trés sorventes (Cs, PSA e Z-
Sep+). Através do planejamento foi possivel escolher a melhor propor¢ao da mistura
para garantir adequada recuperagao dos compostos e remocgao de interferentes.
Também se destaca a validagdo e extensdo de escopo para espécies de peixes

bastante consumidas e comercializadas no Sul do Brasil (traira, tilapia e tainha).

O método desenvolvido € de facil aplicagdo permitindo a andlise de varias
amostras em um mesmo dia. Além disso, apresentou sensibilidade suficiente para
atingir limites de quantificacdo iguais ou inferiores ao LMR dos compostos. O

procedimento de validacdo demonstrou que o mesmo € robusto e preciso.

A aplicagao do método em amostras reais comprovou a presencga de residuos de
piretréides em amostras de traira e tainha oriundas da Bacia do Rio Tramandai. Por
este motivo o método sera utilizado para monitoramento de amostras desta Bacia em
parceria com o CECLIMAR — UFRGS (Centro de Estudos Costeiros, Limnolégicos e
Marinhos da Universidade Federal do Rio Grande do Sul) que realizara as coletas das
amostras. A parceria LARCO - CECLIMAR foi feita durante o doutorado com o objetivo

de avaliar a situagao da Bacia através de analises de agua, sedimento e peixes.



132

Através do desenvolvimento dos métodos foi possivel contribuir com
informacgdes relevantes a comunidade cientifica através dos artigos aqui apresentados
e daqueles que serdao produzidos através da aplicagdo dos métodos. Também
contribuiu para a formagao de alunos de iniciacéo cientifica, mestrado e doutorado que
participaram deste trabalho durante as pesquisas realizadas no LARCO. A realizagao
do projeto junto ao laboratério de residuos do Teagasc, que € a autoridade Irlandesa
para desenvolvimento agricola e das industrias alimenticias, a qual esta ligada ao
Ministério da Agricultura, Alimentos e da Marinha deste Pais, proporcionou intercambio
de conhecimento e de informacbes na area de determinagdao de residuos de
contaminantes em alimentos para a Universidade Federal do Rio Grande — FURG, para
o Programa de P6s Graduacdo em Quimica Tecnolégica e Ambiental — PPGQTA e

seus grupos de pesquisa, para o LARCO e para a aluna de doutorado.
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