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RESUMO

DETERMINACAO DE CONTAMINANTES ORGANICOS EM MATRIZES
COMPLEXAS UTILIZANDO METODO QUEChERS E CROMATOGRAFIA LIQUIDA
ACOPLADA A ESPECTROMETRIA DE MASSAS DE ALTA RESOLUCAO

AUTORA: Juliana Scariot Munaretto
ORIENTADOR: Renato Zanella

A presenca de contaminantes organicos no meio ambiente e em alimentos tém se
tornado uma grande preocupacao devido aos efeitos nocivos aos seres vivos. Tais
contaminantes podem ser desde agrotoxicos empregados na agricultura para o
controle de pragas, produtos de transformacdo formados no meio ambiente ou
através de processos quimicos, como o tratamento de agua, e mais recentemente
farmacos e produtos de cuidado pessoal. Com isso, tem-se a necessidade de
empregar procedimentos de preparo de amostra e sistemas de deteccdo capazes de
detectar uma variedade de contaminantes organicos em nivel de tracos presentes
em matrizes complexas como alimentos e amostras ambientais. Portanto, o presente
trabalho tem como objetivos: (1) abordar o emprego da espectrometria de massas
de alta resolucdo (HRMS) para a identificacdo e quantificacdo de contaminantes
organicos em filé de peixe utilizando dois modos de aquisicdo de dados (full scan e
all ions MS/MS) e otimizar o método QUEChERS para o preparo da amostra
(ARTIGO 1); (2) apresentar uma segunda aplicacdo quantitativa do uso de
QUEChERS e HRMS para amostras de frutas (maca, pera e uva) no modo full scan,
bem como aplicar o método proposto em amostras reais de frutas (ARTIGO 2) e (3)
otimizar e empregar o método QUEChERS para a extracdo de antimicrobianos
ion6foros em cama de frango, seguido de quantificacdo por LC-MS/MS e
identificacdo de produtos de transformacdo por LC-QToF/MS apds trés diferentes
processos de compostagem (ARTIGO 3). Os trés artigos apresentados abordam a
importancia da otimizacdo do procedimento de preparo de amostra, QUEChERS, a
fim de obter recuperacdo adequada de contaminantes organicos, além de minimizar
os efeitos de matriz causados pelos interferentes presentes no extrato. Assim como
o uso de HRMS, a qual demonstrou ser uma ferramenta analitica bastante eficiente,
por combinar alta resolucédo e exatiddo de massa, para identificacdo e quantificacéo
de contaminantes orgéanicos alvo, produtos de transformacdo e metabdlitos em
matrizes complexas utilizando uma analise cromatografica rapida.

Palavras-chave: Contaminantes Organicos. Matrizes Complexas. QUEChERS.
HRMS.






ABSTRACT

DETERMINATION OF ORGANIC CONTAMINANTS IN COMPLEX MATRICES
USING QUEChERS METHOD AND LIQUID CHROMATOGRAPHY COUPLED TO
HIGH RESOLUTION MASS SPECTROMETRY

AUTHOR: JULIANA SCARIOT MUNARETTO
ADVISOR: RENATO ZANELLA

The presence of organic contaminants in the environment and in food have become
a major concern due to the harmful effects to living organisms. Such contaminants
may be pesticides used in agriculture for the control of pests, transformation products
formed in the environment or through chemical processes, such as water treatment,
and more recently pharmaceuticals and personal care products. Therefore, it is
necessary to use sample preparation procedures and detection systems able to
detect a variety of organic contaminants in trace level present in complex matrices,
such as food and environmental samples. Thus, this study aims to: (1) address the
use of high resolution mass spectrometry (HRMS) for the identification and
guantification of organic contaminants in fish fillet using two acquisition data modes
(full scan and all ions MS/MS) and to optimize QUEChERS method as sample
preparation (PAPER 1); (2) present a second quantitative application of the use of
QUEChERS method and HRMS for fruit samples (apple, pear and grape) in full scan
mode, as well as to apply the proposed method for commercial fruit samples (PAPER
2) and (3) optimize and use QUEChERS method for extracting ionophore
antimicrobials in poultry litter, followed by its quantification by LC-MS/MS and
identification of transformation products by LC-QToF/MS after three different
composting processes (PAPER 3). The three papers presented the importance of
sample preparation optimization, QUEChERS, in order to obtain proper recovery of
organic contaminants, besides to minimize the matrix effects caused by interferences
in the extract. As the use of HRMS, which proved to be a very effective analytical tool
for combining high resolution and mass accuracy, for identification and quantification
of target organic contaminants, transformation products and metabolites in complex
matrices using a rapid chromatographic run.

Keywords: Organic Contaminants. Complex Matrices. QUEChERS. HRMS.
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1 INTRODUCAO

Nos ultimos anos, intensificou-se a investigacdo de contaminantes organicos
nas mais diversas matrizes, sejam elas alimentos ou ambientais. Isso é decorrente
da constante preocupacgao devido aos potenciais riscos causados aos seres Vvivos e
ao meio ambiente. O termo “contaminante organico” inclui desde compostos
sintéticos e/ou naturais, assim como seus produtos de transformacdo, os quais
podem ser formados no meio ambiente ou através de processos quimicos, como o
tratamento de dgua (BRACK et al., 2016). Destes, destacam-se 0s agrotoxicos,
devido ao seu amplo uso na agricultura para o controle de pragas, cuja finalidade
seja alterar a composicdo da flora ou da fauna, a fim de preserva-las da acéo
danosa de seres vivos considerados nocivos (BRASIL, 2002; LeDOUX, 2011; FAO,
2013a). Vale ainda salientar a presenca de farmacos e produtos de cuidado pessoal
(PPCPs, do inglés pharmaceuticals and personal care products). Sendo estes, um
grupo de compostos amplamente diversificados utilizados na medicina veterinaria,
na agricultura, na saude humana e no cuidado pessoal (fragrancias, logoes,
protetores solares, dentre outros) (DEBLONDEA et al., 2011; GUTIERREZ et al.,
2016). Os efeitos negativos dos PPCPs sado devido a sua emissao continua no meio
ambiente, ndo havendo a necessidade de serem compostos de caracteristica
persistente (GRACIA-LOR et al., 2012; BU et al., 2013).

Devido a sua complexidade e a fim de tornar viavel a identificacdo e
quantificacdo em nivel de tracos desses contaminantes em matrizes complexas
como alimentos e amostras ambientais, é necessario uma etapa de preparo da
amostra (RIDGWAY; LALLJIE; SMITH, 2007; PRESTES et al., 2013) seguido da
analise empregando cromatografia liquida acoplada a espectrometria de massas
(LC-MS, do inglés liquid chromatography coupled to mass spectrometry). O preparo
de amostra € de suma importancia, principalmente, devido ao efeito matriz, o qual
pode causar aumento e/ou supresséo do sinal dos analitos devido a presenca de
interferentes no extrato da matriz, e consequentemente afetar a capacidade de
deteccao, a seletividade, repetibilidade, exatidao, linearidade de resposta e o limite
de quantificacdo do método (MARIN et al., 2009; GOSETTI et al., 2010; FERRER
et al., 2011). Apds o preparo de amostra, a analise empregando LC-MS no modo de
monitoramento de reacéo selecionada (SRM, do inglés selected reaction monitoring)

€ uma técnica fundamental para a analise multirresiduo em matrizes complexas


http://www.sciencedirect.com/science/article/pii/S0048969715310834
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utilizando espectrometria de massas de baixa resolucdo, entretanto o emprego de
métodos de varredura por espectrometria de massas de alta resolugdo tem ganhado
espaco na identificacdo tanto de compostos alvo quanto de n&o-alvo, como na
identificacéo de possiveis produtos de transformacdo (GARCIA-REYES et al., 2007;
GOMEZ et al., 2010; MALATO et al., 2011).

Sendo assim, este trabalho aborda o emprego do método QUEChERS para o
preparo de amostra de matrizes complexas e o uso da cromatografia liquida
acoplada a espectrometria de massas de baixa e alta resolucdo para a determinacao
de contaminantes organicos em filé de peixe, frutas (maca, pera e uva) e em cama
de frango. Trés artigos sé&o apresentados na sequéncia, sendo o objetivo do
‘ARTIGO 17 (1) otimizar o preparo de amostra para a determinacdo de
contaminantes organicos em filé de peixe empregando o método QUEChERS; (2)
realizar a validacdo qualitativa e quantitativa de contaminantes organicos
empregando dois modos de aquisicdo de dados (full scan e All lons MS/MS) para a
determinacdo de contaminantes organicos empregando cromatografia liquida
acoplada a espectrometria de massas de alta resolucédo do tipo quadrupolo-tempo
de voo (LC-QToF/MS, do inglés liquid chromatography coupled to quadrupole-time of
flight mass spectrometry) e (3) comparar os resultados obtidos por cada um dos
modos de aquisicdo de dados utilizados empregando o procedimento QUEChERS
de preparo de amostra otimizado.

Visando uma segunda aplicacdo quantitativa da espectrometria de massas de
alta resolucdo e QUEChERS, o “ARTIGO 2” teve como objetivo: (1) empregar o
procedimento de preparo de amostra QUEChERS acetato nas matrizes de pera, uva
e maca para a determinacdo de agrotoxicos utilizando LC-QToF/MS no modo full
scan e (2) aplicar o método proposto em amostras reais das frutas estudadas.

O “ARTIGO 3” teve como objetivo: (1) desenvolver um procedimento de
preparo de amostra robusto empregando o método QUEChERS para a extracdo de
antimicrobianos ionéforos em cama de frango, seguido da quantificagdo por
cromatografia liquida acoplada a espectrometria de massas em série (LC-MS/MS, do
inglés liquid chromatography coupled to tandem mass spectrometry); (2) quantificar
0s antimicrobianos ionéforos presentes em cama de frango antes e apos trés
diferentes procedimentos de compostagem em escala piloto (aeracdo, viragem e
combinando aeracgéo e viragem) e (3) identificar produtos de transformacao estaveis

formados durante a compostagem da cama de frango empregando LC-QToF/MS.
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2 REFERENCIAL TEORICO

2.1 PRODUCAO E IMPORTANCIA DO PESCADO NA ALIMENTACAO

O Brasil é banhado por uma costa maritima de 8,5 mil quildbmetros e possui
12% de toda a agua doce do planeta. Possui 8,2 bilh6es de metros cubicos de agua
distribuidos em rios, lagos, acudes e represas; e devido as condicdes ambientais e
climaticas favoraveis, tem potencial para se tornar um dos maiores produtores de
pescado no mundo (MPA, 2010).

A pesca industrial no Brasil € composta por cerca de 1.600 embarcacdes e
envolve cerca de nove mil trabalhadores dentro destas embarcagBes. Os principais
produtos capturados sdo o camardo rosa, a piramutaba, o pargo e as pescadas na
regido Norte; os atuns no Nordeste; a sardinha, a corvina, a tainha e o bonito listrado
(matéria prima da indastria do atum enlatado) nas regides Sudeste e Sul (MPA,
2010).

A atividade de pesca industrial costeira no Brasil tem apresentado
dificuldades devido a defasagem tecnoldgica associada as diversas etapas da
cadeia produtiva, seja pelo excesso de esfor¢co na pesca ou pela baixa qualidade
dos produtos pesqueiros. Por outro lado, a pesca industrial oceanica, aquela voltada
para a captura de grandes peixes pelagicos, ainda constitui uma fronteira de
desenvolvimento a pesca no pais (MPA, 2010).

A aquicultura (definida como o cultivo de organismos aquéticos para o
consumo) teve um papel de destaque no crescimento da producédo de pescado no
pais. No ano de 2011 a criacdo de pescado atingiu 628,7 mil toneladas, o que
representa um crescimento de 31,1% em relacdo ao ano anterior. No continente as
espécies de peixe mais criadas foram a tilapia e o tambaqui (67% do total). O
crescimento da aquicultura foi bastante forte em todas as regides do pais, mas em
especial na regido Norte, onde houve um crescimento em média de 126% em
relagcdo ao ano anterior, passando de 41.839 para 94.718 toneladas. Nas regides
Nordeste e Sudeste o crescimento foi de 35 e 21%, respectivamente, Minas Gerais
apresentou um aumento de producdo de 123%. As regides Sul e Centro-Oeste
apresentaram menores aumentos na producao (15 e 8%, respectivamente) (MPA,
2011).
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Para algumas espécies a producdo nacional de 2011, maritima e no
continente, foi de: atum (1.718 toneladas), carpa (450,9 toneladas), jundia (354,7
toneladas) e tilapia (9.681,6 toneladas). JA o salmao foi o terceiro produto mais
importado, sendo o Chile o maior fornecedor (em torno de 33 mil toneladas). A
producdo na aquicultura nacional de carpa, jundid e tilapia foi, respectivamente,
38.079,1; 1.747,3 e 253.824,1 toneladas (MPA, 2011).

A balanca comercial brasileira de pescado no ano de 2011 apresentou
exportacdes de US$ 271.193.147 e importacdes de US$ 1.262.888.212, ou seja, um
déficit de aproximadamente US$ 991 milhdes, representando uma elevagdo de
32,5% em relagdo a 2010 (MPA, 2011).

A carne de peixe caracteriza-se como alimento funcional, ou nutracéutico,
pois além de nutrientes basicos, possui propriedades de prevencdo ou diminui¢ao
dos sintomas de determinadas doencas devido a presenca de &cidos graxos
poliinsaturados chamados de 6mega-3. Os principais encontrados no peixe sado o
acido eicosapentaendico e o acido docosahexaendico, sendo estes 0s responsaveis
pelos efeitos de protecdo a satde humana (SUAREZ-MAHECHA et al., 2002; KRIS-
ETHERTON; HARRIS; APPEL, 2003). A Organizacdo Mundial da Saude (OMS)
recomenda 0 consumo per capita de 12 kg de peixe por ano por habitante, sendo
gue a média global é de 18 kg/ano, porém na América Latina e Caribe esse nimero
€ menor, 9 kg/ano (FAO, 2013b).

2.2 PRODUCAO DE FRANGO E O USO DE CAMA DE FRANGO COMO
FERTILIZANTE

No Brasil, a producdo de carne de frango chegou a 13,058 milhbes de
toneladas em 2011, um crescimento de 6,8% em relacdo a 2010. Sendo também o
principal pais exportador de frango. Com este desempenho o pais se aproxima da
China, hoje o segundo maior produtor mundial, cuja producao de 2011 teria somado
13,2 milhdes de toneladas, abaixo apenas dos Estados Unidos, com 16,757 milhdes
de toneladas (BRAZILIAN CHICKEN, 2012; USDA, 2012a).

Ao lado do crescimento dos indices produtivos, cresce também a
preocupacao com os efeitos das criagdes intensivas de aves sobre o meio ambiente,
principalmente no que diz respeito a geracéo e disposi¢do dos residuos produzidos
(ORRICO JUNIOR; ORRICO; LUCAS JUNIOR, 2010). O resultado, em regides de



29

cultivo intensivo de aves, é a aplicagdo de estrume em excesso, além do que as
culturas necessitam, enriguecimento dos ecossistemas devido a presenca diversos
nutrientes e eutrofizacdo (YONKOS et al., 2010).

Enquanto, esterco de frango refere-se somente aos excrementos do animal, a
cama de frango contém uma mistura de dejetos, material do leito da cama
(serragem, apara de madeira, etc.), penas, descamacgdes da pele das aves e restos
de alimento que caem dos comedouros (YONKOS et al., 2010; VIRTUOSO et al.,
2015). A cama de frango € indispensavel para proteger os animais das intempéries
climaticas e do atrito mecanico com o piso, sendo considerada todo material
distribuido sobre o piso de galp8es para servir de leito as aves (VIRTUOSO et al.,
2015).

O uso de cama de frango como fertilizante vem sendo a melhor solucdo para
manejar as grandes quantidades de residuos gerados. Além disso, a quantidade de
nutrientes presentes na cama de frango, como nitrogénio, fésforo e potassio, séo
bem mais elevadas do que em outros residuos animais, sendo bastante vantajoso
para o uso na agricultura (ABRAHAM; KEPFORD, 2000; BISWAS; MCGRATH,;
SAPKOTA, 2012; CRIPPEN et al., 2016).

A compostagem € o processo que transforma o residuo organico em um
produto estavel, possivel de ser aplicado no solo, de menor densidade e volume,
além de apresentar reducdo de odor e toxinas. A aplicacdo no solo do produto de
cama de frango ap6s compostagem apresenta menor risco de contaminacdao quando
comparado com o uso sem realizacédo desse procedimento (ABRAHAM; KEPFORD,
2000).

2.3 PRODUCAO DE MACA, PERA E UVA

A producdo mundial de macas, em 2012, segundo dados do United States
Department of Agriculture (USDA), foi de 67,8 milhdes de toneladas, onde a
producgdo chinesa correspondeu a 56%. Nas Ultimas 6 safras, a produ¢do aumentou
53% na China e 10% na Unido Europeia. Em termos mundiais, a producao de macas
€ crescente (28% em 6 anos) (USDA, 2012b; MAPA, 2013).

O Brasil produziu, em 2011, 1,3 milhdo de toneladas de macgas, o que o
classifica como 9° maior produtor mundial. O valor da producdo de macas foi

calculado pelo Instituto Brasileiro de Geografia e Estatistica (IBGE) em R$ 851,7
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milhdes. A producéo brasileira ocupa 38 mil hectares, 96% desses pomares estédo
em Santa Catarina (18 mil hectares) e Rio Grande do Sul (17 mil hectares). No
estado do Parana, a pomicultura ocupa uma area de 1.800 hectares. Sdo Paulo,
Minas Gerais e Bahia figuram, com 105, 157 e 60 hectares de pomares de
macieiras, respectivamente. A producao dos trés estados, juntos, ndo chega a 0,5%
do total (MAPA, 2013).

A balanca comercial brasileira de macéas frescas oscila entre positiva e
negativa, dependendo do ano. Em 2011, a balanca apresentou o pior resultado
desde o ano 2000, com um saldo negativo de US$ 48,4 milhdes. Ao contrario, 0
saldo da balanca comercial dos sucos de maca € sempre positivo e crescente, tendo
atingido seu melhor resultado em 2012, com US$ 51,6 milhdes (MAPA, 2013).

A pereira € considerada, ha muito tempo, uma alternativa importante para
diversificacdo da producéo de frutas de clima temperado na regido Sul do Brasil.
Baseado em dados coletados entre 2001-2012, a area colhida de pera no Brasil
passou de 1.952 hectares para 1.668 hectares, evidenciando uma reducdo média
anual de 1,32%. O Estado do Rio Grande do Sul figura como o maior produtor do
pais, apresentando 56,30% da area plantada e 50,12% da producdo nacional
(MELLO, 2013a; FIORAVANCO & OLIVEIRA, 2014).

A China é o maior produtor mundial, sendo responsavel por 67,26% da
producdo global. O segundo maior produtor mundial, a Italia, foi responsavel por
apenas 3,25% da producdo mundial, em 2010, e apresentou reducdo de 23,51% da
sua producdo em relacdo ao ano de 2001. Em relacdo a quantidade de pera
exportada, a Argentina liderou esse segmento até 2008. A partir de 2009, a China
passou a liderar as exportacdes de pera, com 437.929 toneladas, em 2010 (MELLO,
2013a).

A viticultura brasileira ocupa, atualmente, uma area de 81 mil hectares, com
vinhedos desde o extremo Sul até regibes préoximas a linha do Equador. Duas
regides se destacam: o Rio Grande do Sul por contribuir, em média, com 777
milhées de quilos de uva por ano, e os polos de frutas de Petrolina/PE e de
Juazeiro/BA, no Submédio do Vale do Sao Francisco, responsavel por 95% das
exportacdes nacionais de uvas finas de mesa (MAPA, 2016). De acordo com 0s
dados estatisticos disponiveis no portal do IBGE, em 2012, houve uma reducéo de
0,52% na producgao de uvas no Brasil em relacdo ao ano de 2011 (MELLO, 2013b).
Em 2012, a producdo de uvas destinadas ao processamento (vinho, suco e
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derivados) foi de 830,92 milhdes de quilos, o que representa 57,07% da producgao
nacional. O restante da producao (42,93%) foi destinado ao consumo in natura
(MELLO, 2013b).

Os principais destinos da uva brasileira sdo a Unido Europeia (75%) e os
Estados Unidos (12%). Ja o Brasil importa grande quantidade de vinhos finos,
originarios de uvas européias, do Chile, Argentina e Italia. Também s&o importados
espumantes da Itdlia, Argentina e Franca, além de uvas secas e frescas,
principalmente da Argentina e do Chile (MELLO, 2013b).

2.4 CONTAMINANTES ORGANICOS

Devido ao surgimento de equipamentos analiticos cada vez mais sensiveis,
0s quais possibilitam a deteccdo em nivel de tracos de substancias em matrizes
complexas, juntamente com o0 avango do conhecimento sobre seus efeitos
ecotoxicolégicos, tem-se intensificado o monitoramento de residuos de
contaminantes organicos (WILLE et al., 2012). Dentre estes contaminantes, dois
subgrupos serdo abordados nos itens subsequentes, 0s agrotoxicos e os farmacos e
produtos de cuidado pessoal (PPCPs, do inglés pharmaceuticals and personal care

products).

2.4.1 Agrotoxicos

Segundo o Codex Alimentarius, agrotoxico refere-se a qualquer substancia ou
mistura que tenha como objetivo prevenir, destruir ou controlar qualquer tipo de
praga incluindo espécies de plantas ou animais que devam estar presentes durante
a producao, estocagem, transporte, distribuicdo ou processamento de alimentos e
racbes animais para o0 controle de ectoparasitas. O termo inclui substancias
utilizadas como reguladores de crescimento para plantas, desfolhantes,
dessecantes, agentes promotores de amadurecimento de frutos, inibidores de
germinacao e substancias que sao aplicadas aos graos antes e depois da colheita
para evitar a deterioracdo do alimento durante a estocagem e transporte. Sendo
excluidos desse conceito os fertilizantes, nutrientes animais e/ou vegetais, aditivos

alimentares e medicamentos de uso veterinario (FAO, 2013a).
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A legislacao brasileira conceitua agrotéxicos como sendo produtos e agentes
de processos fisicos, quimicos ou bioldgicos, destinados ao uso nos setores de
producdo, no armazenamento e beneficiamento de produtos agricolas, nas
pastagens, na protecdo de florestas, nativas ou plantadas, e de outros ecossistemas
e de ambientes urbanos, hidricos e industriais, cuja finalidade seja alterar a
composicdo da flora ou da fauna, a fim de preserva-las da acdo danosa de seres
vivos considerados nocivos, bem como as substancias e produtos empregados
como desfolhantes, dessecantes, estimuladores e inibidores de crescimento
(BRASIL, 2002).

Os agrotéxicos podem ser classificados de diferentes maneiras de acordo
com sua aplicacao: inseticidas (combatem insetos), herbicidas (combatem plantas
daninhas), fungicidas (combatem fungos), acaricidas (combatem acaros),
moluscocidas (combatem moluscos), rodenticidas (combatem bactérias), entre
outros (BAIRD, 2002).

A composicdo quimica dos agrotoxicos € bastante diversa, porém muitos
deles apresentam caracteristicas em comum, sendo classificados dentro de um
mesmo grupo. Os principais grupos sao os organofosforados, organoclorados,
carbamatos, piretroides e triazinas (BARBOSA, 2004).

Organoclorados (OCs): foram amplamente utilizados, desde os anos 40

devido ao forte efeito no controle de pragas e doencas. OCs foram a primeira classe
de agrotoxicos organicos sintetizados testados na agricultura, e o
clorodifeniltricloroetano (DDT) e hexaclorociclohexano (HCH) foram, provavelmente,
0os mais conhecidos. A produg&o e 0 uso intenso na agricultura desses compostos
resultaram em uma ampla contaminacdo do meio ambiente (KALYONCU; AGCA;
AKTUMSEK, 2009). Apresentam alta estabilidade, baixa volatilidade, sdo apolares,
lipofilicos, e, por consequéncia, sao consideravelmente persistentes no meio
ambiente com tendéncia a bioacumulacéo levando a contaminagéo de alimentos, em
especial aqueles com alto teor de gordura (LeDOUX, 2011).

Organofosforados (OFs): foram os primeiros a substituirem os organoclorados

e sao derivados dos acidos: fosforico, fosfénico e fosfinico. Suas propriedades fisico-
guimicas e solubilidade em agua variam amplamente (LeDOUX, 2011; TERRY Jr.,
2012). Desde o inicio muitos compostos tém sido sintetizados para sua utilizagéo

como inseticidas (malationa, diazinona, etc.), antihelminticos (triclorfom), herbicidas
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(tribufés), dentre outras aplicagbes. S&o compostos biodegradaveis e, portanto,
apresentam curta persisténcia no solo (JOKANOVIC, 2001; TERRY Jr., 2012).

Carbamatos (CB): sé@o agrotoxicos organicos derivados do acido carbamico e

podem ser inseticidas, herbicidas ou fungicidas. Geralmente sdo compostos
instaveis e varios fatores influenciam sua degradacdo, como umidade, temperatura,
luminosidade e volatilidade (BARBOSA, 2004).

Piretréides (PR): sé@o derivados sintéticos das piretrinas, as quais sao

inseticidas naturais produzidas por algumas espécies de crisantemos. Os piretréides
agem como neurotoxinas e atuam no sistema nervoso dos insetos alvo
(WOUDNEHA; OROS, 2006). Como principais caracteristicas, sao lipofilicos desde
apolares até de pouca polaridade.

Triazinas (TR): sdo os herbicidas mais utilizados na agricultura, sendo a

maioria derivados da s-triazina (1,3,5-triazina) e alguns da 1,2,4-triazina. Triazinas
sdo degradadas em hidroxitriazinas e sdo levemente basicas, apresentam pouca
solubilidade em &gua, sdo estadveis no meio ambiente e, portanto, persistentes
(LeDOUX, 2011).

A avaliacdo e a classificacdo do potencial de periculosidade ambiental de um
agrotoxico sdo baseadas em estudos fisico-quimicos, toxicologicos e
ecotoxicolégicos. Assim, a Tabela 1 abaixo demonstra o sistema de classificacao

guanto a toxicidade dos agrotoxicos com valores de DLsp em rato via oral e dérmica.

Tabela 1 - Classificacdo dos agrotoxicos de acordo com os efeitos a saude humana.

Classificacéo Toxicidade D.|I5° via oral DL5.°1 via dermica
(mg kg™ peso corporal) (mg kg™ peso corporal)

la Extre[nz_;lmente <5 <50
toxico

Ib Altamente 5-50 50-200
toxico

I Mocerddamenie 50-2000 200-2000
toxico

m Levemente > 2000 > 2000
toxico

U Pouco téxico > 5000

DLso: Dose letal para matar 50% de individuos de uma populacéo em teste.
FONTE: WHO, 2009.

Os agrotéxicos podem ser absorvidos pelas culturas, diretamente através de

suas folhas, ou indiretamente pelo solo, além da possibilidade de serem
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transportados pela chuva e pelo vento de seus pontos de aplicagées para culturas
vizinhas (BIRKETT; LESTER, 2003; HILDEBRANDT; LACORTE; BARCELO, 2007;
FENIK; TANKIEWICZ; BIZIUK, 2011). O uso amplamente difundido de agrotoxicos
proporciona, além de seu acumulo em diferentes culturas vegetais e em solos, na
contaminacao de aguas e de toda a cadeia alimentar aquatica (BIRKETT; LESTER,
2003; FENIK; TANKIEWICZ; BIZIUK, 2011), bem como a bioacumulacdo de
agrotoxicos persistentes em produtos alimentares de origem animal, tais como:
carne, peixe, gordura, ovos e leite (LeDOUX, 2011). Esses processos sao altamente
dependentes do tipo de agrotéxico, do solo, da cultura, das condi¢des climéticas,
dos procedimentos de aplicacdo, e assim, o destino dos agrotdxicos € muito variavel
(HILDEBRANDT; LACORTE; BARCELO, 2007).

Desde 2002, o mercado mundial de agrotoxicos cresceu 93% enquanto o
mercado brasileiro cresceu 190%. O Brasil assumiu o posto de maior mercado
mundial de agrotoxicos em 2008, passando os Estados Unidos. No ano de 2010, o
mercado nacional movimentou cerca de US$ 7,3 bilhdes e representou 19% do
mercado global (SEMINARIO MERCADO DE AGROTOXICOS E REGULACAO,
2012).

Esse consumo desenfreado implica em diversas consequéncias, tanto no
ambito da saude dos trabalhadores devido a exposicdo ocupacional, como na
contaminacao alimentar através da ingestdo de residuos de agrotoxicos, o que de

fato representa um problema de saude publica (GARIBOTT, 2012).

2.4.2 Farmacos e Produtos de Cuidado Pessoal

Aproximadamente, had uns 15 anos, um grande numero de trabalhos
cientificos referentes a presenca de farmacos no meio ambiente tém sido
publicados, principalmente devido ao potencial efeito nocivo dessas substancias no
meio ambiente e a saude humana (GRACIA-LOR et al., 2012; BU et al., 2013;
GARCIA et al., 2013; LIU; WONG, 2013; GUTIERREZ et al., 2016). Os PPCPs s&o
um grupo de compostos amplamente diversificados utilizados na medicina
veterinaria, na agricultura, na sautde humana e no cuidado pessoal (fragrancias,
sabonetes, locdes, cremes dentais, protetores solares, dentre outros). Grandes
guantidades de farmacos, de diversas classes sdo consumidos em todo o mundo

para o tratamento ou diagnostico de doencas. Farmacos, como ibuprofeno e outros
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séo consumidos em uma faixa de centenas de toneladas por ano em paises como a
Inglaterra, Alemanha e Australia (SCHNELL et al., 2009; BU et al., 2013; GARCIA
et al., 2013; GUTIERREZ et al., 2016).

PPCPs contém diversos subgrupos de compostos organicos, tais como
farmacos: antibiéticos, hormdnios, antiinflamatorios, antipiléticos, B-bloqueadores,
citostaticos, etc; e, produtos de cuidado pessoal como almiscares sintéticos,
repelentes, conservantes, filtros solares. A Tabela 2 apresenta esses grupos de
farmacos e produtos de cuidado pessoal com alguns exemplos de principios-ativos
(LIU; WONG, 2013).

PPCPs sédo suspeitos de causar elevadas taxas de cancer, deficiéncia
reprodutiva em seres humanos e animais, bem como desenvolvimento e
disseminacéao de resisténcia antimicrobiana (GRACIA-LOR et al., 2012). Esse grupo
de contaminantes nao precisa ser persistente no ambiente para causar efeitos
negativos devido a sua emissao continua, e ainda tém potencial de bioacumulagéo
em diferentes niveis tréficos (GRACIA-LOR et al., 2012; BU et al., 2013).

Algumas fontes de contaminacdo por PPCPs sado efluentes domésticos,
industriais, hospitalares, chegando as estacfes de tratamento de esgoto com sua
estrutura levemente alterada ou mesmo sem alteragdes, e em seguida entrando no
ambiente aquético. A contaminacdo ambiental ainda pode ser atribuida a entrada
direta devido ao uso em instalacbes de aquicultura ou indireta através da
manipulacdo durante atividades agricolas (BU et al., 2013).

Existe uma preocupacao constante em relacao aos residuos destes produtos
em todo o mundo, principalmente pelo fato de serem produzidos em grande escala.
Vérios trabalhos relatam que os mesmos ndo podem ser degradados durante os
tratamentos convencionais de agua, e como consequéncia, uma enorme variedade
de residuos de produtos farmacéuticos tem sido detectada em aguas residuais e em
aguas de superficie na faixa de ng L™ a pg L™ (SCHNELL et al., 2009; BU et al.,
2013; GARCIA et al., 2013; LIU; WONG, 2013; FAIRBAIRN et al., 2015). Os PPCPs
podem ainda ser encontrados em solo através da irrigacao utilizando dgua de reuso,
ou pelo uso de fertilizantes, como cama de frango (CHEN et al., 2013; LI et al.,
2015).


http://www.sciencedirect.com/science/article/pii/S0269749116301154
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Tabela 2 - Classificacdo dos PPCPs e alguns compostos representativos de cada
grupo.

Compostos
Subgrupos Representativos
Claritromicina
Eritromicina
Sulfametoxazol
Antibidticos Sulfadimetoxina
Ciprofloxacino
Norfloxacino
Cloranfenicol

Estrona
Horménios Estradiol
Etinilestradiol
, . Diclofenaco
Farmacos Analgésicos e
. . Ibuprofeno
antiinflamatoérios
Paracetamol
Antiepiléticos Carbz_;lm_azeplna
Primidona
Dislipidémicos Clofibrato
P Genfibrozila
Metoprolol
B-bloqueadores Propranolol
Meios de contraste Dlatrlzo.ato
lopromida
. L. Ifosfamida
Citostaticos Ciclofosfamida
Triclosan

Agentes antimicrobianos .
Triclocarban

Galaxolida (HHCB)
Toxalida (AHTN)

Almiscar sintética/fragrancias

Produtos Repelentes N,N-dietil-m-toluamida
de Cuidado (DEET)
Pessoal Conservantes Parabenos
2-etil-hexil-4-

trimetoxicinamato (EHMC)
4-metil-benzilidina-camfor
(4MBC)

Filtros solares

FONTE: LIU; WONG, 2013

2.5 LEGISLACAO

Limites maximos de residuos (LMR) sdo estabelecidos para alguns
agrotoxicos e medicamentos de uso veterinario em peixe, porém nado ha legislacao
especifica para residuos solidos, como a cama de frango. LMR também sé&o

estabelecidos para amostras de frutas, em legislacdo nacional e internacional. A



37

Unido Européia define que os LMRs devem ser estabelecidos em conformidade com
0s principios geralmente reconhecidos de avaliacdo da seguranca do alimento. No
estabelecimento do LMR s&o observados os riscos toxicologicos, a contaminacao
ambiental e os efeitos microbioldgicos e farmacologicos dos residuos. Além disso,
outras avaliacdes cientificas da seguranca das substancias sao efetuadas por
organizagoes internacionais (EUROPEAN UNION, 2009a).

Neste sentido, a diferenca entre residuo e contaminante sdo conceitos que
devem ser bem compreendidos. O primeiro, refere-se a uma ou mais substancias
presentes no interior ou a superficie dos vegetais, dos produtos vegetais ou dos
produtos comestiveis de origem animal, na agua potavel ou no ambiente, e
resultantes da utilizacdo de um produto fitofarmacéutico, incluindo os respectivos
metabdlitos e produtos resultantes da sua degradacdo ou reacdo (EUROPEAN
UNION, 2009b). Ja o termo contaminante é definido como qualquer substancia que
nao seja intencionalmente adicionada aos alimentos. Os contaminantes podem estar
presentes nos alimentos como resultado das etapas de producao, transformacéo,
acondicionamento, embalagem, transporte e armazenagem do alimento
(EUROPEAN UNION, 2010).

O monitoramento de residuos é avaliado em relacdo ao LMR, que determina
a quantidade legalmente permitida, ou reconhecida, como aceitavel e é estabelecido
para cada composto aprovado para uso em um determinado alimento. O LMR
sempre esta correlacionado a Ingestdo Diaria Aceitavel (IDA), que por sua vez é
obtida a partir de ensaios de experimentacdo, avaliando-se a toxicidade, a
teratogenicidade e a carcinogenicidade destes compostos nao intencionais
(DENOBILE; NASCIMENTO, 2004).

No Brasil, a competéncia para estabelecer LMRs em alimentos para
agrotoxicos € do Ministério da Saude atraves da ANVISA (2010). Por outro lado, o
Brasil ndo estabelece LMR para medicamentos veterinarios, adotando aqueles
recomendados pelo Mercosul, Codex Alimentarius, Unido Européia ou Estados
Unidos (PACHECO-SILVA; SOUZA & CALDAS, 2014). Além disso, o Ministério da
Agricultura, Pecuéaria e Abastecimento (MAPA) é responsavel por monitorar a
presenca de residuos de produtos de uso veterinario e contaminantes ambientais
em produtos de origem animal por meio do Plano Nacional de Controle de Residuos
e Contaminantes (PNCRC), o qual é responsavel por fiscalizar a ocorréncia de

violagbes de limites maximos de residuos ou teores maximos de contaminantes, e



38

detectar a utilizacdo de produtos de uso veterinario de utilizacdo proibida, para os
quais ndo ha limite de tolerancia (MAPA, 2010).

2.6 CONTAMINANTES ORGANICOS NO MEIO AMBIENTE

Nos ultimos anos a preocupacado com 0sS contaminantes organicos tem sido
tanta que diversos trabalhos estdo sendo desenvolvidos focando na identificacdo e
guantificacdo dessas substancias em solo, sedimento, agua e estacdes de
tratamento de esgoto. Além disso, muitos autores estdo propondo alternativas a fim
de remové-los do meio ambiente, minimizando os efeitos por eles causados. A
Figura 1 resume o0s possiveis caminhos dos contaminantes organicos no meio
ambiente.

Herrero-Hernadndez et al. (2013) avaliaram a presenca de 58 agrotéxicos,
incluindo herbicibas, fungicidas, inseticidas e alguns produtos de degradagéo em 92
pontos de amostragem de aguas naturais da regido de La Rioja, Espanha. As aguas
subterraneas e superficiais podem estar afetadas devido as atividades agricolas
referente a viticultura. Pode-se detectar 40 agrotdéxicos em uma ou mais amostras,
sendo os compostos mais encontrados a terbutilazina e seu metabdlito (desetil
terbutilazina), fluometuron, etofumesato, pirimetanil e tebuconazol. Concentracdes
acima de 0,1 pg L™ foram detectadas para 37 compostos e em Varios casos valores
em torno de 18 pg L™. Os autores observaram a presenca de agrotéxicos em 64 e
62% das amostras de aguas subterraneas e superficiais, respectivamente. Sendo
assim, a soma de todos os agrotéxicos presentes foi maior de 0,5 pg L™, o qual é o
limite estabelecido pela Unido Européia para a soma de todos os agrotoxicos
detectados em 4gua para consumo humano.

Uma pesquisa conduzida pelo Ministério do Meio Ambiente do Canada no ano
de 2006 teve como objetivo investigar a presenca de produtos farmacéuticos,
horménios e bisfenol A em 257 amostras de agua potavel por 16 meses. Foram
analisadas 48 substancias sendo que 27 foram encontradas nas amostras. A maioria
das substancias encontradas foram antibioticos e bisfenol A, sendo que a presenca
de horménios nédo foi detectada. Os autores relataram que as concentracdes
encontradas nas aguas de Ontario sdo menores que niveis encontrados

anteriormente e relatados em outros trabalhos (KLEYWEGT et al., 2011).
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Figura 1 - Esquema dos caminhos possiveis de contaminacdo do meio ambiente por
contaminantes organicos, adaptado de STUART et al. (2012).

Combinando diferentes equipamentos, Masia et al. (2013) analisaram 63
amostras de agua de superficie e residual de rios da Espanha. As amostras foram
analisadas inicialmente para a determinacdo de 43 agrotdoxicos ou produtos de
degradacdo, e desses, 33 foram encontrados nas amostras de agua. Apoés, 0s
autores reanalisaram essas amostras e, com auxilio de uma biblioteca criada no
laboratorio contendo mais de 1100 poluentes organicos, a qual foi utilizada para a
identificacdo dos compostos, sendo que desses cerca de 250 compostos estavam
disponiveis como padrbes de referéncia. ApGs essa analise foram encontrados 5
agrotoxicos e 3 produtos de degradacdo que ndo estavam no método empregado
anteriormente, além de 13 farmacos e 2 drogas de abuso.

LI et al. (2015) compararam a ocorréncia de 15 antibidticos em amostras de
solo de 11 producbes em estufa na China com o solo de campo aberto, e
observaram que as amostras de solo de estufas estavam contaminadas com

concentracbes maiores que amostras produzidas em campo aberto. As
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concentracdes, por classes, foram de tetraciclinas (102 ug kg™), quinolonas (86 ug
kg™), sulfonamidas (1,1 pg kg™) e macrolideos (0,62 ug kg™). Os autores concluiram
gue o uso de esterco é a principal fonte de contaminacdo por antibidticos. Outro
programa de monitoramento de solo realizado na Hungria coletou 24 amostras no
periodo no inverno e constatou a presenca de atrazina em duas amostras nas
concentracdes de 0,07 e 0,11 ug g™ (OLDAL et al., 2006).

2.6.1 Contaminantes Organicos em Peixe

A presenca de contaminantes organicos no meio aquético acarreta na
contaminacdo dos organismos vivos que nele habitam, estando assim, 0s peixes
expostos a essa contaminacédo. Diversos trabalhos relacionados a determinacao de
compostos organicos em peixe estdo voltados a presenca de substancias
persistentes, como agrotéxicos organoclorados, bifenilas policloradas, entre outras.
Poucos trabalhos estdo disponiveis na literatura com o objetivo de monitoramento,
guantificacdo e/ou varredura de outras classes de contaminantes organicos,
especialmente PPCPs, nesse tipo de amostra em especial trabalhos envolvendo
espectrometria de massas de alta resolugcédo. Por outro lado, trabalhos que envolvam
avaliacdo ecotoxicologica dessas substancias sao bastante encontrados, e é
evidente a influéncia que essas substancias exercem sobre 0S organismos
aquaticos. Para exemplificar, Nassef et al. (2010) avaliaram a toxicidade de trés
PPCPs (carbamazepina, diclofenaco e triclosan) através da medida dos efeitos no
comportamento de alimentacdo e velocidade de nado da espécie de peixe japonés
medaka (Oryzias latipes). Essa espécie foi submetida a doses controladas desses
compostos por 9 dias e 0os comportamentos monitorados durante os dias 5-9.
Observou-se que essa exposicao afetou o comportamento dos peixes, indicando
gue os PPCPs apresentam papel de toxicidade em organismos aquaticos.

Amostras de filés de peixes de um cérrego dominado por efluente, no Texas
(EUA) foram analisadas para 23 farmacos e 2 metabdlitos e foram encontrados
residuos de difenidramina, diltiazem, carbamazepina e norfluoxetina em todas as 11
amostras em uma faixa de 0,11 a 5,14 ng g™ (RAMIREZ et al., 2007). Mottaleb et al.
(2009) analisaram 10 produtos de cuidado pessoal e 2 alquilfendis em 11 amostras
peixes da mesma localizacdo descrita anteriormente, e 0s compostos benzofenona,

galaxolida, tonalida e triclosan foram detectados em todas as amostras em
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concentracBes variando de 37 a 90, 234 a 970, 26 a 97 e 17 a 31 ng g*,
respectivamente.

Lazartigues et al. (2011a) desenvolveram um meétodo para a determinacéo de
13 agrotoxicos em filé de peixe. O método foi aplicado em 50 amostras de filé de
carpa e 43 amostras de filé de perca (Perca fluviatilis) nas quais foram encontrados
residuos de isoproturon com concentracdo méaxima de 0,50 e 0,85 ng g7,
respectivamente, bem como, residuos de carbendazim com concentracfes maximas

de 0,34 ng g* em carpa e 0,21 ng g* em perca.
2.6.2 Contaminantes Organicos em Cama de Frango

A presenca de contaminantes organicos em cama de frango € um ponto
bastante critico em termos de contaminagdo ambiental, uma vez que esse tipo de
residuo é utilizado como fertilizante em solo para a producédo de diversas culturas.
Poucos trabalhos abordam a presenca de residuos, em especial, farmacos em cama
de frango, mas o principal foco sdo os antimicrobianos ionéforos. Esse grupo de
antimicrobianos € amplamente utilizado como aditivo na ragdo dos animais a fim de
controlar a coccidiose, uma doenga comum que afeta principalmente aves jovens.
Além disso, mais de 80% desses compostos ndo sdo absorvidos, sendo excretados
intactos através da urina ou fezes dos animais (SUN et al., 2014a). Recentemente,
alguns trabalhos vém focando na busca por produtos de transformacao de ionéforos
em cama de frango apOs procedimentos de compostagem, fotodegradacao, dentre
outros (SUN et al., 2014a; SUN et al., 2014b).

Um método para a determinacdo de monensina, lasalocida, salinomicina e
narasina por LC-MS/MS em cama de frango foi desenvolvido por BISWAS;
MCGRATH; SAPKOTA (2012). Os resultados mostraram a presenca de monensina
(97,8 pg kg™, lasalocida (19,2 pg kg™), salinomicina (70,0 pg kg?) e narasina (57,3
ug kg*) em cama de frango armazenada por mais de trés anos & <5 °C. FURTULA;
HUANG; CHAMBERS (2009) também avaliaram a presenca de farmacos em cama
de frango, e foram encontradas concentragcdes nas amostras na faixa de 10 a 11.000
ng kgt dos compostos monensina, salinomicina, narasina e nicarbazina. Amostras
de cama de frango de diferentes fazendas do estado da Geodrgia (Estados Unidos)

foram analisadas para a presenca de antimicrobianos ionoforos e, como resultado,
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salinomicina foi encontrada em concentracdes de 4 até 22 mg kg™, e monensina e
narasina de 0,23 até 4 mg kg™ (SUN et al., 2013).

2.6.3 Contaminantes Organicos em Frutas

Sabe-se que agrotoxicos sdo substancias usadas na agricultura para proteger
as culturas contra insetos, fungos, ervas daninha, bem como outras pestes (WHO,
2015) e, por isso, residuos de agrotdéxicos em alimentos tem de cumprir as normas
mais rigorosas para a seguranca alimentar (HANOT; GOSCINNY & DERIDDER,
2015). Para garantir que o alimento no mercado seja seguro para cConsumo,
programas oficiais de monitorizacdo sao estabelecidos.

Em 2013, 80.967 amostras de alimentos foram analisadas em um
monitoramento realizado pelos paises da Unido Europeia, Noruega e Islandia. Em
média, as amostras foram analisadas para 200 agrotéxicos, e a maioria delas
(55.253 amostras, 68,2%) originarias de paises da Unido Europeia, 22.400 amostras
(27,7%) de produtos importados de paises de terceiro mundo e 3.314 amostras
(4,1%) sem informagéo de origem. De modo geral, o monitoramento realizado pela
European Food Safety Authority (EFSA) em 54,6% das amostras ndo foram
detectados residuos de agrotoxicos, enquanto em 42,8% das amostras analisadas
nao excederam os valores de LMR permitidos. Um nimero de 2,6% (2116 amostras)
apresentaram residuos superiores aos LMRs estabelecidos. Mais especificamente,
1610 amostras de maca foram analisadas, e em 533 (33%) ndo foram encontrados
residuos de agrotoxicos. Enquanto, em 1077 amostras foram detectados pelo menos
um agrotoxico. Até 17 diferentes agrotdxicos foram detectados em uma Unica
amostra de maca (EFSA, 2015).

No ano de 2015, no Reino Unido, 59 amostras de frutas e vegetais foram
analisadas pelo Department of Health’s School Fruit and Vegetable Scheme. Foram
analisadas amostras de maca (12), banana (9), cenoura (12), pera (10), passas de
uva (6) e tangerina (10). Dessas, 4 amostras ndo apresentaram residuos de
agrotoxicos, 54 amostras continham residuos abaixo do LMR estabelecido, e
somente 1 amostra com concentracdo maior do que permitido. Para maca,
especificamente, todas as amostras (3 do Reino Unido e 9 da Unido Européia)

continham residuos abaixo dos valores de LMR estabelecidos e 10 amostras tinham
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mais de um agrotoxico presente. Todas as amostras de pera provenientes da Unido
Europeia continham mais de um agrotéxico, porém, abaixo do LMR (PRIiF, 2015).
Jardim & Caldas (2012) apresentaram os resultados dos monitoramentos
realizados pelo Programa de Andlise de Residuos de Agrotoxicos em Alimentos
(PARA) coordenado pela ANVISA e pelo Plano Nacional de Controle de Residuos e
Contaminantes (PNCRC) coordenado pelo MAPA para a presenca de residuos de
agrotoxicos no Brasil, entre os anos de 2001 e 2010, nos quais um total de 13556
amostras de 22 frutas e vegetais foram analisadas. Foram encontrados residuos de
agrotoxicos em 48,3% das amostras, desses 13,2% apresentavam alguma
irregularidade (uso de substéncia nao autorizada), e menos de 3% das amostras
continham residuos acima do valor de LMR permitido (JARDIM & CALDAS, 2012).
Em geral, o cenéario de residuos de agrotoxicos em alimentos investigados
nos programas de monitoramento realizados no Brasil € similar com o que é

encontrado em outros pal’ses.

2.7 TECNICAS DE EXTRACAO DE CONTAMINANTES ORGANICOS EM
MATRIZES COMPLEXAS

A determinacdo de contaminantes em nivel de tracos em matrizes complexas,
como alimentos e amostras ambientais, frequentemente, requer uma etapa de
preparo da amostra anterior a analise no instrumento. O nimero de etapas e tempo
necessario para o preparo da amostra depende do tipo da amostra e suas
propriedades, bem como o analito a ser determinado. As etapas mais comumente
empregadas sdo: amostragem/homogeneizacao, extracdo, limpeza e concentracao.
Muitas vezes a etapa de limpeza é essencial, a fim de isolar o analito de interesse e
eliminar possiveis interferentes. A concentracdo da amostra, por muitas vezes
também se faz necessaria, com o objetivo de melhorar os limites de quantificacéo do
método utilizado. E importante que o extrato final, obtido apés todas as etapas
envolvidas de preparo da amostra, seja compativel com a técnica de analise a ser
utilizada na determinacao do(s) analito(s) de interesse (RIDGWAY; LALLJIE; SMITH,
2007; PRESTES et al., 2013).

O preparo de amostra ideal poderia ser aguele que atendesse todos os itens
aqui listados (WILKOWSKA, BIZIUK, 2011):
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- Assegurar rapidez nas analises, com um intervalo minimo entre coleta e a
determinacédo dos analitos na amostra;

- Ser de facil realizacao;

- Usar equipamentos e reagentes de baixo custo;

- Permitir a determinacéo seletiva de analitos;

- Garantir alto nivel de automacao, minimizando o efeito da influéncia do
analista (erros, etc.) e;

- Empregar pequenas quantidades de solventes e reagentes, limitando a
guantidade de residuos gerados.

Sendo assim, destaca-se o método QUEChERS (do inglés quick, easy, cheap,
effective, rugged e safe), o qual é caracterizado pelo uso de um solvente polar,
acetonitrila, para extracao e sais para particdo (ANASTASSIADES et al., 2003). Essa
adicdo de sais permite que compostos de diferentes polaridades possam ser
extraidos. A adicdo de sulfato de magnésio anidro (MgSQ,), promove a separacdo
entre a dgua e a fase organica. Pode-se adicionar cloreto de sédio (NaCl) para
auxiliar no efeito salting out e acetato de sédio (NaAc) para que haja a formacgéo de
tampao acetato quando adiciona-se acido acético a acetonitrila. Juntamente com o
método QUEChERS foi proposto um novo procedimento de limpeza denominado
extracdo em fase solida dispersiva (d-SPE, do inglés dispersive solid phase
extraction), onde uma quantia de extrato é colocada em contato com uma mistura de
sorventes e/ou sais (ANASTASSIADES et al., 2003;). Esses sorventes podem ser
uma amina primaria-secundaria (PSA), a qual tem elevado efeito quelante devido a
presenca dos grupamentos amino primario e secundario, acarretando em remocao
de acido organicos polares, pigmentos polares, alguns acgucares e acidos graxos
(PRESTES et al., 2009; WILKOWSKA; BIZIUK, 2011). Pode-se ainda utilizar Cig
para remover substancias interferentes apolares, como lipideos, e ainda carbono
grafitizado para remover esterois e pigmentos como clorofila (WILKOWSKA,; BIZIUK,
2011). O menor tempo de preparo de amostra, a eliminacdo de etapas de
evaporacao e a troca do uso de cartuchos tradicionais de SPE por d-SPE sé&o
algumas das vantagens oferecidas com o método QUEChERS.

Observando a importancia do preparo de amostras na determinacdo de
compostos em concentracdes em nivel de tragos em matrizes complexas, a Tabela 3
apresenta algumas aplicacdes que abordaram a presencga de contaminantes em filé

de peixe, cama de frango e frutas.



Tabela 3 - Métodos para a determinacdo de contaminantes em filé de peixe, cama de frango e em frutas.
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: : Procedimento  Procedimento Técnica de LOQ Rec. A
Matriz Analitos ~ : L0 1 Referéncia
de extracao de limpeza andlise (ng g™) (%)

file de 23 farmacos e extragao com i LC-MS/MS 003-104 70-120 Ramirez et al.,
peixe 2 metabdlitos solvente 2007

o 10 produtos de .
filé de X extracdo com GC-SIM-MS Mottaleb et al.,
peixe cuidado pessoal e solvente GPC GC-MS/MS 2,4-397,0 87-114 2009

2 alquilfenadis

filé de " extracdo com Lazartigues et al.,
peixe 13 agrotoxicos B - LC-MS/MS 1,0-49,0 36-115 2011a
file de 40 disruptores QUEChERS d-SPE GC-MS/MS 1.0-250 70-120 Munaretto et al.,
peixe endocrinos 2013

T 22 agrotéxicos o . _ ;
file de organoclorados e QUECHERS CHZEEEL e GC-MS L@-00F 7005 ek CArEiEnEey
peixe 7 PCBs d-SPE Deribe, 2011

13 retardantes de

filé de charr,la', Sapozhnikova;

cixe 18 agrotoxicos, QUEChERS d-SPE GC-MS/MS 0,1-10,0 70-120 Lehota 2013’
P 14 PCBs, 16 HPAs, 7 4

PBDE

filé de 18 PCB.S’ minicoluna de Kalachova et al

cixe 16 agrotoxicos, QUEChERS silica GC-MS/MS 0,05-10,0 70-120 2013 »
P 14 PBDE e 25 HPAs
file de 13 agrotéxicos QUEChERS hexano LC-MSIMS ~ 0004-7,4 33-g0 Lazartiguesetal,
peixe 2011b
e 6l2 6 agrotéxicos US-MMSPD HLLE GC-ECD 13-40 39-g1  rezael Hosseini
peixe 2011
file de 107 farmacos extragao com SPE LC-TOFIMS ~ 2,6-266,7* 50-118 Peters et al., 2009
peixe solvente
filé de 19 disruptores Jakimska et al.,
peixe endéerinos QUEChERS d-SPE UHPLC-MS/MS 0,005-9,26 40 - 103 2013
filé de 35 antibioticos, UHPLC- Nacher-mestre

cixe 36 agrotoxicos e ultrassom - QToF/MS 20 - 1007 - et al. 2013

P 11 micotoxinas LC-MS/MS B
filé de 11 farmacos PLE SPE LC-MS/MS 0,10-1,19 19 -85 Wang; Gardinali,
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peixe 2011
cama de monensina, extracdo com
salinomicina e & - LC-MS/MS 7,6-12,5° 79-83 Sun et al., 2013
frango ) solvente
narasina
monensina,
cama de Ia_tsaloqgja, extracdo com SPE LC-MS/MS 0,67-2,02° 92-104 Biswas; McGrath;
frango salinomicina e solvente Sapkota, 2012
narasina
o extracdo com UHPLC-MS/MS 4 :
frutas 11 agrotoxicos solvente - UHPLC-(Q)ToF 0,01 70-110  Grimalt et al., 2010
frutas 15 agrotoxicos SAEEED G - LC-ToF/MS 0,8-50° - Ferrer et al., 2005
solvente
. LC-MS 5 Lo
frutas 100 agrotdxicos QUEChERS d-SPE LC-MS/MS 0,01-20 - Nufiez et al., 2012
suco de . . UHPLC 6 Deme;
frutas 41 agrotoxicos d-SPE - (orbitrap) 0,1-0,5 62-110 Upadhyayula, 2015

GPC: cromatografia de permeagdo em gel; HLLE: extracdo liquido-liquido homogénea; HPA: hidrocarbonetos arométicos policiclicos; PBDE: éter
difenil polibromado; PCB: bifenilas policloradas; PLE: extracdo Por liquido pressurizado; SPE: extracdo em fase sélida; US-MMSPD: ultrassom
assistido com dispersdo da matriz em fase solida miniaturizada; “os autores definiram os limites de quantificagdo considerando os valores de LMR
para cada composto, variando de 0,5 a 1,5 o LMR; *faixa de valores para varredura; ®valores de LOQ em pg kg; “valores de LOQ em mg kg™;
valores de LOD em g kg™; ®valores de LOQ em ng mL™.



a7

2.8 CROMATOGRAFIA LIQUIDA ACOPLADA A ESPECTROMETRIA DE
MASSAS PARA A DETERMINACAO DE CONTAMINANTES ORGANICOS

A cromatografia liquida de alta eficiéncia (HPLC, do inglés high performance
liquid chromatography) € uma técnica importante na determinacdo de compostos
organicos, sendo o requisito principal para a analise em HPLC a solubilidade dos
compostos na fase mével (HARRIS, 2008). O acoplamento da cromatografia liquida
com a espectrometria de massas combina as vantagens da cromatografia (alta
seletividade e eficiéncia de separacdo) com as vantagens da espectrometria de
massas (obtencédo de informacéo estrutural, massa molar e aumento adicional da
seletividade) (CHIARADIA; COLLINS; JARDIM, 2008).

O principio basico da espectrometria de massas (MS, do inglés mass
spectrometry) é a geracdo de ions de compostos organicos ou inorganicos e
separacao através da sua razdo entre massa e carga (m/z), seguida da deteccéo
qualitativa e quantitativa da respectiva m/z e abundancia. Essa ionizacao pode ser
realizada termicamente, por campo elétrico, por impacto energético de elétrons, ions
ou fétons, dentre outros. De um modo geral, 0 espectrdbmetro de massas consiste
em uma fonte de ions, um analisador de massas e um detector, sendo que os dois
altimos sdo operados sob condicbes de alto vacuo. A fonte de ions néo
necessariamente estara sob vacuo, podendo ficar em pressédo atmosférica (GROSS,
2004).

2.8.1 Fontes de lonizagéo

Tratando-se de fontes de ionizacdo em MS muitas podem ser as opcbes a
serem utilizadas, sendo necessario avaliar as caracteristicas dos analitos de
interesse e desse modo escolher a fonte de ionizagdo mais adequada para a
analise. O emprego de cromatografia liquida acoplada a espectrometria de massas
(LC/MS, do inglés liquid chromatography coupled to mass spectrometry) tem como
principal fonte de ionizagcdo a eletronebulizagdo (ESI, do inglés electrospray
ionization) (LANCAS, 2009).

Na ionizacao por eletronebulizacdo o liquido no qual o analito de interesse se
encontra dissolvido passa através de um capilar, a pressao atmosférica, mantido sob

alta tensdo. Na saida do capilar sdo formadas pequenas gotas altamente
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carregadas, o spray, que sao dessolvatadas ao se deslocarem em sentido contrario
ao posicionamento de um eletrodo em uma regido de pressdo atmosférica. A
dessolvatacdo € assistida por um fluxo continuo de gas seco (geralmente Nj). A
medida que ocorre a dessolvatacdo, o tamanho das gotas é reduzido até o ponto em
gue a forca de repulsao entre as cargas similares fica maior que as forcas de coesao
da fase liquida (tensdo superficial). Neste momento ocorre a chamada “explosao
couldmbica”, que gera gotas com tamanhos equivalentes a 10% do tamanho das
gotas a partir das quais se originaram. Uma série de explosdes passa entdo a
ocorrer até que sao produzidos ions do analito a partir destas gotas, os quais séao
transferidos para o interior do espectrébmetro de massas por uma série de
dispositivos de focalizacdo (CHIARADIA; COLLINS; JARDIM, 2008), como
apresentado na Figura 2.

A ESI possibilita a ionizagdo de compostos sensiveis a temperatura sem que
estes sofram degradacdo, uma vez que, a ionizagéo ocorre diretamente em solucao
(CHIARADIA; COLLINS; JARDIM, 2008). O emprego de LC/MS utilizando ESI como
fonte de ionizacdo € ideal para andlise de moléculas mais polares, de maior massa
molecular. Ainda, LC-ESI-MS é muito aplicada para determinacbes de proteinas,
aminoécidos, e varias substancias de interesse na area da bioanalitica, alimenticia e
farmacéutica (LANCAS, 2009).

N, (80°C)
+3to B KV, ions + ' | Nozzle

| | rd

|
| Skimmer | Analyser

Electrospray /Jj“/
D
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EE
ens || T B
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Figura 2 - Esquema pratico da fonte de ionizacdo ESI (HOFFMANN; STROOBANT,
2007).
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2.8.2 Analisadores de Massas

A separacdo dos ions nos analisadores de massas ocorre de acordo com a
relacdo existente entre suas massas e cargas, ou seja, a razao m/z. Atualmente,
existe uma grande variedade de analisadores de massas, e a escolha do mais
apropriado depende da aplicagdo. Para tanto, cinco caracteristicas medem o
desempenho de um espectrémetro de massas, sao elas: limite da faixa de massas,
velocidade de analise, velocidade de transmissado, exatiddo e resolucdo de massas
(HOFFMANN; STROOBANT, 2007).

A faixa de massas determina o limite de m/z no qual o analisador de massas
pode medir os ions. A velocidade de analise, do inglés scan speed, é a razdo em
gue o espectrometro de massas mede uma faixa de massas determinada, sendo
medido em unidade de massa por segundo (u s™), ou unidade de massas por
milissegundo (u ms™). A transmissdo é a razdo do nimero de fons que alcancam o
detector e 0 nimero de ions que entram no espectrébmetro de massas, e geralmente
inclui perdas de ions ao longo do percurso do analisador. Deve-se observar para
nao haver confusdo com o termo de ciclo de trabalho, do inglés duty cycle. Esse
altimo refere-se a proporcdo de tempo enquanto um dispositivo ou sistema é
utilizado completamente, ou seja, a porcéo de ions de certa m/z produzidos na fonte
gue sao efetivamente analisados. Os ciclos de trabalho se diferem de acordo com o
instrumento, mas também analisadores iguais podem ter ciclos diferentes, pois sédo
dependentes do modo de operacédo. Esses parametros estdo associados com a
sensibilidade do analisador de massas, mas a mesma € melhor descrita pelo termo
de eficiéncia de espectrémetros de massas o que leva em consideracéo o ciclo de
trabalho, a velocidade de transmissdo e a eficiéncia do detector (HOFFMANN;
STROOBANT, 2007).

Alta resolucdo em espectrometria de massas € necessaria para separar uma
massa de outras e assegura que ions de apenas um tipo contribuam para uma
determinada medida, ou seja, 0 espectrbmetro de massas é capaz de distinguir dois
picos de m/z bastante proximos. Sendo assim, alta resolugédo é de suma importancia
para todos os experimentos que envolvam matrizes complexas, as quais contém um
significativo numero de ions de background. Em casos como esse, pode-se
diferenciar a presenca de analitos em baixa concentragdo ou ndo detecta-los devido

o efeito de mascaramento por interferentes isobaricos da matriz.
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Dois termos bastante importantes e que sao facilmente confundidos, devem
ser compreendidos, sendo esses: poder de resolugdo e resolugdo. O poder de
resolucéo é definido como M/AM na largura total do pico e a meia altura no maximo
(FWHM, onde FW: full width e HM: half maximum). O termo M € a massa medida e
AM é a largura do pico em unidades de massa em uma determinada altura do pico
(meia altura), usado em espectrometros de massas do tipo quadrupolo e tempo de
voo. Uma segunda maneira de calcular € considerando AM como a diferenca medida
em unidades de massa de dois picos proximos expressos com um vale de 10%,
esse modo é utilizado no instrumento, setor magnético. A diferencga entre esses dois
modos de célculo é um fator de 2, sendo assim quando apresentado um poder de
resolucdo de 10000 empregando o método do vale 10% é igual ao poder de
resolucao de 20000 por FWHM. Espectrémetros de massas com poder de resolucéo
a partir de 10000 s&o instrumentos de alta resolucdo. Portanto, resolucdo é definida
como o inverso do poder de resolugcdo AM/M, ou seja, € um numero pequeno o qual
define a capacidade de resolver dois picos de massas quase iguais. Por exemplo,
um instrumento que apresenta um poder de resolucdo de 10000 (FWHM) para a
massa de m/z 300 poderia separar massas que diferem em 0,03 unidades de massa
(HOFFMANN; STROOBANT, 2007; MARSHALL; HENDRICKSON, 2008; FERRER;
THURMAN; ZWEIGENBAUM, 2011).

A quinta caracteristica de suma importancia em espectrometria de massas
(de alta resolucdo) é a exatiddo de massas, a qual indica a exatiddo da m/z
proveniente do analisador de massas. Ou seja, exatiddo de massas é a diferenca
observada entre a m/z teérica a m/z medida, que é expressa em partes por milhdo
(ppm) ou em miliDalton (1 mDa = 0,001 unidades de massa). Esse item esta
intimamente ligado a estabilidade e a resolu¢édo do analisador, instrumentos de baixa
resolucdo nao fornecem alta exatiddo (HOFFMANN; STROOBANT, 2007; FERRER,;
THURMAN; ZWEIGENBAUM, 2011). A correcdo de massas € realizada a partir da
introducdo continua na fonte de ionizagcdo de uma solugdo de referéncia, e esta
caracteristica € combinada com o software do instrumento, o qual autocalibra
constantemente e registra os resultados das massas de referéncia ao longo da
anélise (FERRER; GARCIA-REYES; FERNANDEZ-ALBA, 2005).

A seguir estdo descritos dois tipos de espectrometros de massas de baixa
(quadrupolo/triploquadrupolo) e alta resolugdo (tempo de voo e o0 espectrébmetro

hibrido quadrupolo-tempo de voo).



51

Quadrupolo (gMS): E o analisador de massas mais popular, principalmente,

pela sua simplicidade, preco relativamente baixo, boa linearidade, facilidade de ser
entendido e operado. O quadrupolo é composto de quatro barras usualmente de
metal, disposta em pares nos quais se aplicam uma corrente continua do tipo DC
(corrente direta) e um potencial RF (radiofrequéncia) alternante. Os ions produzidos
na fonte de ionizag&o sédo focalizados ao centro da regido entre os quatro cilindros e
atravessam o quadrupolo axialmente. Suas trajetérias sdo dependentes do campo
elétrico produzido onde apenas ions de determinada m/z terdo essa trajetOria
estavel e chegardo ao detector. A RF é variada para que os ions de diferentes m/z
obtenham uma trajetéria estavel ao longo do quadrupolo chegando ao detector,
gerando assim o espectro de massas. A trajetoria dos ions € um pouco complexa,
mas simplificadamente seguem uma trajetoria helicoidal (CHIARADIA; COLLINS;
JARDIM, 2008; LANCAS, 2009; STASHENKO; MARTINEZ, 2010).

Triplo quadrupolo (TQ): Este instrumento é constituido por trés quadrupolos

em série, sendo que o segundo quadrupolo (g2 ou cela de colisdo) nao é utilizado
para separar ions de mesma razdo m/z, mas sim como cela de colisdo, na qual
ocorre a fragmentacdo dos ions selecionados no primeiro quadrupolo (Q1)
geralmente por dissociacado induzida por colisdo com um gas inerte (CID, do inglés
collision-induced dissociation), e também € empregado como direcionador dos ions
produzidos ao terceiro quadrupolo (Q3) (CHIARADIA; COLLINS; JARDIM, 2008). A
principal vantagem de um analisador do tipo triplo quadrupolo, em relacdo a um
quadrupolo simples é o aumento da relacdo sinal/ruido, visto que no primeiro
selecionam-se somente os ions caracteristicos do analito de interesse. Ou seja, por
ser mais seletivo, se torna mais sensivel, podendo desse modo obter melhores
limites de quantificacdo para a substancia de interesse (STASHENKO; MARTINEZ,
2010).

Tempo de voo (ToF): O conceito de analisador de massas por tempo de voo

foi desenvolvido por Stephens em 1946 e os primeiros espectros publicados por
Cameron e Eggers em 1948. Somente em 1955, Wiley e McLaren publicaram o
desenho do que seria o primeiro espectrémetro de massas comercial, mas somente
nos anos 80 renovou-se O interesse para esse tipo de analisador (HOFFMANN;
STROOBANT, 2007; FERRER; THURMAN, 2009).

O funcionamento do espectrémetro de massas do tipo tempo de voo baseia-

se no seguinte principio, depois de formados os ions na fonte de ionizagdo, esses
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recebem um pulso de energia igual (10 kV), mas sdo acelerados de diferentes
maneiras, de acordo com sua m/z, chegando ao detector em tempos diferentes.
Sendo assim, ions de menor m/z terdo maior velocidade e chegardo primeiro ao
detector, ja para m/z maiores, o inverso ocorre. Esse tipo de analisador tem alta taxa
de transmissao de ions, fazendo com que tenham alta sensibilidade. Espectrometros
de massas lineares tém sua resolucdo bastante afetada devido a distribuicdo
espacial e a variagcdo da energia cinética dos ions quando recebem o impulso.
Devido a isso, opta-se pelo uso de espectrdmetros ortogonais, que apos seu
desenvolvimento, teve seu uso difundido nas mais diversas areas de aplicacao
(FERRER; THURMAN, 2009).

Quadrupolo-Tempo de voo (QToF): No final da década de 70 teve inicio o

desenvolvimento de equipamentos hibridos visando combinar caracteristicas de
diferentes analisadores em um Unico instrumento, a fim de melhorar o seu
desempenho. Assim, uniram-se as caracteristicas de velocidade e sensibilidade do
ToF com a alta eficiéncia do quadrupolo em analises MS/MS, resultando no primeiro
instrumento hibrido, quadrupolo-tempo de voo (QToF) (GLISHA; BURINSKY, 2008).

A Figura 3 representa o tipo mais comum de espectrometro de massas
hibrido, o qual inclui um quadrupolo (Q1) e uma cela de colisdo quadrupolar (g2)
seguidos de um analisador ortogonal por tempo de voo (oa-ToF). Em alguns
instrumentos a cela de colisdo ndo precisa ser necessariamente um quadrupolo,
podendo ser substituida por um hexapolo, mas que tem a mesma funcao e operacao
pelo mesmo principio (HOFFMANN; STROOBANT, 2007).
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Figura 3 - Representacao do sistema hibrido quadrupolo-tempo de voo, empregando
colisdo quadrupolar e aceleragéo ortogonal (HOFFMANN; STROOBANT, 2007).

Esse sistema quando operado no modo MS tem Q1 e g2 funcionando
somente como guias de ions, funcionando no modo de RF somente. Enquanto isso,
o ToF analisa todos os ions que foram acelerados ortogonalmente e € o Unico
analisador de massas operante. No modo MS/MS, Q1 é utilizado para transmitir e
selecionar somente os ions precursores de interesse. Na cela de colisdo (g2) a
fragmentacao € induzida pela presenca de moléculas neutras de gas (hormalmente
Ar ou N;) e os ions produtos gerados sao direcionados ao ToF (HOFFMANN;
STROOBANT, 2007).

O modo de operagdo chamado All lons MS/MS para a varredura e
identificacdo de compostos em uma unica analise tem como principio a criagdo de
um meétodo de facil aquisicao, verificacdo dos resultados através de uma biblioteca
de espectros adquiridos no modo MS/MS e quantificacdo incluindo ions produtos
qualificadores. Esse modo de operacdo necessita que o meétodo contenha uma
etapa na qual todos os ions sdo analisados sem nenhuma energia de colisdo e
outras duas etapas com valores de energia de colisdo, uma mais baixa e outra mais
alta. Assim, torna-se possivel a realizacédo da varredura e quantificacdo da amostra
em uma unica corrida (WUST; GLAUNER, 2013).
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2.8.3 Importancia do Acoplamento da Cromatografia com a Espectrometria de
Massas de Alta Resolucédo para a Analise de Contaminantes Orgéanicos e

seus Produtos de Transformacao

Recentemente, o emprego da cromatografia liquida com a espectrometria de
massas em série no modo de monitoramento de reacdo selecionada (SRM) se
tornou uma técnica fundamental para a andlise multirresiduo em matrizes
complexas. Embora desempenhe um excelente papel, trabalhando com esse modo
de operacgédo o sistema fica “cego” a outros compostos que possam estar presentes
na amostra analisada, bem como pode ficar restrito 0 nUmero maximo de compostos
a serem analisados (GARCIA-REYES et al., 2007; KAUFMANN et al., 2011). Com
isso, o emprego da espectrometria de alta resolu¢cdo, como por exemplo, por tempo
de voo, se tornou uma ferramenta de grande interesse, tanto no ponto de vista da
analise no modo de varredura, a fim de identificar compostos desconhecidos ou ndo-
alvo, bem como identificar possiveis produtos de transformacéo (GARCIA-REYES et
al., 2007; GOMEZ et al., 2010; MALATO et al., 2011).

O ToF tem como vantagem a capacidade de determinar, teoricamente, um
namero ilimitado de compostos com alta sensibilidade em uma Unica corrida. De um
modo geral, o empregado do modo de varredura é rapido e facil, porém os bancos
de dados utilizados sejam eles softwares comerciais ou bibliotecas criadas no
laboratorio podem apresentar algumas incertezas nas analises de rotina, e precisam
ser superadas. Ou seja, a escolha dos parametros de busca e andlise devem ser
cuidadosamente otimizados (MALATO et al., 2011). A combinacdo entre alta
resolucao e exatiddo de massas sdo as grandes vantagens das andlises realizadas
por espectrometria de massas de alta resolucdo na determinacdo de compostos
organicos em matrizes complexas, bem como na busca por produtos de

transformacao.

2.8.4 Efeito Matriz

O efeito matriz (ME, do inglés matrix effect) € observado como um aumento
ou supressao na resposta do detector na presenca no analito no extrato da matriz
comparado com 0 mesmo analito presente em solvente organico. Quando o

resultado for acima de +20% considera-se que o0 efeito matriz comega a exercer
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influéncia nas analises qualitativas e quantitativas (PIZZUTTI et al., 2007; PINHO et
al., 2009; MARIN et al., 2009; GOSETTI et al., 2010; FERRER et al., 2011; KWONA;
LEHOTAY; GEIS-ASTEGGIANTE, 2012; FACCO et al., 2015; PARRILLA VAZQUEZ
et al., 2015). O efeito matriz exerce um papel bastante importante e por isso deve
sempre ser avaliado durante o processo de validagdo de novos métodos (GOSETTI
et al., 2010).

2.8.4.1 Efeito Matriz em Cromatografia Liquida Acoplada a Espectrometria de

Massas

Empregando a cromatografia liquida acoplada a espectrometria de massas 0s
fenbmenos de aumento ou supressdo do sinal decorrente da presenca de
compostos volateis na matriz podem ocorrer, sendo a supressado sinal um fator
importante ao trabalhar-se com residuos de contaminantes. No caso de supressao
de sinal, tais compostos séo capazes de alterar a eficiéncia de formacéo de gotas ou
evaporacao do analito, assim como a quantidade de ions do analito formados na
fase gasosa que alcancardo o detector. Este fenbmeno afeta consequentemente a
capacidade de deteccdo, a seletividade, repetibilidade, exatiddo, linearidade de
resposta e o limite de quantificagio (MARIN et al., 2009; GOSETTI et al., 2010;
FERRER et al., 2011).

Diferentes espécies quimicas podem ser responsaveis pela supressao de
sinal como substancias enddégenas da matriz analisada que remanescem mesmo
apos o procedimento de preparo de amostra. Potenciais ios supressores sao:
espécies idnicas, substancias polares e moléculas organicas, principamente aquelas
com estrutura quimica semelhante ao analito alvo. Esses coextrativos causam
problemas relevantes especialmente quando presentes em altas concentracdes e
guando coeluem com o analito de interesse (GOSETTI et al., 2010).

Outros fatores que também resultam em supressdo do sinal estdo
relacionados com a concentracdo do analito, por exemplo, quando o analito esta em
uma concentracdo maior a supressao € menor. Por outro lado, quando o analito esta
em uma concentracdo menor, a supressao sera maior, sendo resultante da maior
guantidade de matriz presente. Além disso, a massa e a carga do analito também

afetam o processo de ionizagdo e supressao i6nica. De um modo geral, moléculas
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com massas mais elevadas tendem a suprimir o sinal de moléculas de massas
menores (GOSETTI et al., 2010).

O efeito matriz exerce um papel muito importante na espectrometria de
massas de alta resolucdo podendo interferir na efetividade de métodos de varredura
porque além de causar a supressdo de sinal, pode ainda acarretar em desvios nas
medidas de exatiddo de massas, bem como interferéncias por coeluicdo de
interferentes isobaricos. A exatiddo de massas, ainda pode ser afetada quando um
interferente causa a supressdo da(s) massa(s) da solucdo de referéncia, a qual &
utilizada para corrigir desvios no instrumento através da continua calibragéo do eixo
de massas. O terceiro efeito associado a presenca de interferentes da matriz esta
relacionado com a resolucdo de massas associada ao instrumento, e € definido
como a habilidade do instrumento em distinguir dois ions de m/z similar. Por
apresentarem grande numero de interferentes, as matrizes complexas tém maior
possibilidade de apresentar a coeluicdo de massas isobaricas, e estas sao
responsaveis por resultados falso positivos ou falso negativos (MALATO et al.,
2011).

Como descrito anteriormente, o efeito matriz em LC-MS é um evento bastante
relevante e deve ser devidamente estudado a fim de assegurar confiabilidade aos
resultados obtidos. Sendo assim, algumas alternativas podem ser adotadas a fim de
minimizar esse problema. A otimizacdo das condicfes cromatograficas pode ser
alterada, melhorando a eficiéncia de separacdo, ou ainda com a escolha da
estratégia de calibracdo mais adequada, seja pela adicdo de padrdo interno,
calibracdo externa preparada no extrato "branco” da matriz (mais utilizada) ou ainda
calibracdo interna (MARIN et al., 2009; GOSETTI et al., 2010; BOTITSI et al., 2011).

2.9 VALIDACAO

Faz-se necessario a validacdo de métodos analiticos a fim de mostrar a
qualidade nas medi¢fes quimicas, através de sua comparabilidade, rastreabilidade e
confiabilidade. A validacdo de um método é um processo continuo que comega no
planejamento da estratégia analitica e continua ao longo de todo o seu
desenvolvimento e transferéncia (RIBANI et al., 2004).

De acordo com o Instituto Nacional de Metrologia, Normalizacdo e Qualidade

Industrial (INMETRO) é sugerido que seja realizado um planejamento da validacao
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levando em consideracdo 0s seguintes itens: definicdo da aplicacéo, objetivo e
escopo do método; definicdo dos pardmetros de validacéo e critérios de aceitagao;
verificacdo das caracteristicas de desempenho do equipamento; qualificacdo dos
materiais (por exemplo, reagentes); planejamento dos experimentos de validacéo,
incluindo o tratamento estatistico, e execucdo dos experimentos de validagédo
(INMETRO, 2011).

Existem varios guias de validacao disponiveis, tanto em nivel nacional quanto
internacional. No Brasil podem ser adotados guias disponibilizados pela Agéncia
Nacional de Vigilancia Sanitaria (ANVISA, 2003), através da Resolucao - RE n° 899,
de 29 de maio de 2003, bem como do INMETRO com o DOQ-CGCRE-008 (revisao
04) de 2011 (INMETRO, 2011). Orgéos internacionais que dispdem de guias S&o a
Conferéncia Internacional em Harmonizacdo (ICH, 2005), Unido Internacional de
Quimica Pura e Aplicada - IUPAC (THOMPSON; ELLISON; WOOD, 2002) e SANCO
(2013).

A validacao de um método € uma exigéncia na pratica das analises quimicas,
e tem como objetivo demonstrar que o método € apropriado para a finalidade
pretendida, ou seja, garantir, através de estudos experimentais, que o método
atenda as exigéncias das aplicacbes analiticas, assegurando a confiabilidade dos
resultados (ANVISA, 2003).

Alguns dos parametros envolvidos no processo de validacdo de métodos
analiticos sdo: curva analitica e linearidade, seletividade, exatiddo, precisao
(repetitividade), precisao intermediaria, limite de deteccédo e de quantificacdo. Além
desses, € importante determinar a exatiddo de massas quando utiliza-se a

espectrometria de massas de alta resolucdo (SANCO, 2013).






59

3 MATERIAIS E METODOS

Este trabalho esta dividido em trés artigos, os quais foram desenvolvidos no
Laboratério de Analise de Residuos de Pesticidas (LARP) no Departamento de
Quimica da Universidade Federal de Santa Maria (ARTIGOS 1 e 2) e no Aga Lab no
Departamento de Quimica da The State University of New York at Buffalo nos
Estados Unidos da América (ARTIGO 3). Os artigos desenvolvidos foram
submetidos para publicacdo em revistas internacionais sendo o ARTIGO 1
submetido para a revista Journal of Chromatography A, o ARTIGO 2 ja foi aceito
para publicacdo na revista Journal of AOAC International e o ARTIGO 3 esta
publicado na revista Environmental Pollution, 212 (2016) 392-400.

Nesse item estdo descritos procedimentos gerais realizados para ambos 0s
trabalhos desenvolvidos e informag8es mais especificas referentes a cada trabalho

estdo detalhadas em seus respectivos artigos.
3.1 INSTRUMENTACAO

A instrumentacdo utilizada para o desenvolvimento dos trabalhos segue
descrita abaixo:
v Sistema de purificacdo de agua Milli-Q Direct UV3® (Millipore e Barnstead,
EUA);
v' Sistema LC-QToF/MS (Agilent Technologies, Santa Clara, CA, EUA)
equipado com:
= Cromatégrafo liquido de alta performance-HPLC 1260;
= Espectrometro de massas de alta resolucéo, do tipo quadrupolo-tempo
de vo0-6530 com fonte de ionizagéo por eletronebulizacao;
= Sistema de geracao de nitrogénio NM32LA (Peak Scientific);
= Processamento de dados qualitativos e quantitativos através dos
softwares Qualitative e Quantitative MassHunter B.06.00.
v Sistema LC-MS/MS (Thermo Scientific, Watham, MA, EUA) equipado com:
= Cromatografo liquido de alta performance-Surveyor;
= Espectrometro de massas de tipo triploguadrupolo-TSQ Quantum
Ultra™, com fonte de ionizacéo por eletronebulizacao;

=  Processamento de dados através do software Xcalibur 2.2.
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3.2 MATERIAIS UTILIZADOS

v' Agua ultrapura, purificada em sistema Milli-Q Direct UV3®, resistividade de
18,2 MQ cm (Millipore, Franca);

Acetato de sddio anidro (Mallinckrodt, México);

Acetona grau HPLC (Mallinckrodt, EUA);

Acetonitrila grau HPLC e LC-MS (Mallinckrodt e EMD Millipore, EUA);

Acido acético glacial 100% (J. T. Baker, EUA);

Acido férmico 298,0% (Sigma Aldrich, Alemanha);

Cloreto de sédio (Sigma-Aldrich, Alemanha e VWR International, EUA);

Extran® neutro (Merck, Brasil);

N N N N N

Filtros de nylon de 13 mm e porosidade de 0,2 um (Vertical Chromatography,
Tailandia e VWR International, EUA);

Florisil (Restek, EUA);

Formiato de amdnio 299,0% (Fluka Analytical, EUA);

Frascos de vidro (vial), capacidade de 2 mL,;

Hexano (95% n-hexano) (J.T. Baker, EUA);

Isopropanol grau HPLC (Tedia, EUA);

Metanol grau LC-MS (EMD Millipore, EUA);

Solucbes de referéncia e calibracdo para LC-QToF/MS (Agilent, EUA);
Sorvente Bondesil C13 com tamanho de particula de 40 uym (Varian, EUA);
Sorvente Bondesil PSA com tamanho de particula de 40 ym (Varian, EUA);
Sulfato de magnésio anidro (J.T. Baker, Japao);

SR N N N N N ST N N NN

Tubos de polipropileno, com tampas de rosca com capacidade de 50 e 15 mL

(Sarstedt, Alemanha);

<\

Padrbes de referéncia dos compostos em estudo;

v" Vidraria comum de laboratoério.

3.3 PREPARO DE SOLUCOES ANALITICAS

Preparou-se individualmente cada padrdo de referéncia, levando-se em
consideracdo a pureza (60,0 a 99,7%) para a pesagem da quantidade necessaria
para o preparo de uma solucdo na concentracdo de 1000 mg L™ em acetonitrila ou

metanol grau HPLC. A partir destas solugcbes estoque preparou-se uma mistura
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contendo todos os compostos em uma concentracéo de 10 mg L™. Uma solucéo de
todos os analitos na concentracdo de 1,0 mg L™, foi utilizada para o preparo das

solucdes analiticas de trabalho.

3.4 PARAMETROS AVALIADOS PARA A VALIDACAO DE METODO QUEChERS

Em todos os artigos desenvolvidos foi realizada a validacdo do procedimento
de preparo de amostra empregando o método QUEChERS adaptado para cada
matriz, e foram avaliadas as figuras de mérito: seletividade, linearidade da curva
analitica, limites de deteccdo e quantificacdo, exatiddo através do ensaio de
recuperacao, precisao (repetitividade) e precisdo intermediaria, bem como avaliacao
do efeito matriz. Além disso, devido ao uso de espectrometria de massas de alta
resolucéo fez-se a avaliagéo do erro da exatidao de massa.

3.4.1 Seletividade

A seletividade de um método é a capacidade que o0 mesmo possui de medir
exatamente um composto em presenca de outros componentes tais como
impurezas, produtos de degradacdo e componentes da matriz (THOMPSON,;
ELLISON; WOOD, 2002; ANVISA 2003). Pode-se também dizer que é a habilidade
dos métodos de extracdo, de purificacdo, do sistema de separacdo e deteccdo, em
realizar a discriminacdo entre o analito de interesse e outros compostos (SANCO,
2013).

A seletividade do método foi avaliada fazendo injecdes no sistema
cromatografico com a matriz “branco”, ou seja, ausente dos contaminantes em
estudo, e da amostra fortificada com os mesmos. A comparacéo dos cromatogramas
obtidos foi realizada a fim de avaliar a ocorréncia de coeluicdo entre as substancias

de interesse e os interferentes da matriz.
3.4.2 Linearidade
A linearidade da curva analitica € a capacidade de um meétodo analitico

demonstrar que os resultados obtidos sdo diretamente proporcionais a concentragao

do analito na amostra, dentro de um intervalo especificado (ANVISA, 2003; RIBANI
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et al., 2004). A quantificacao requer que se conheca a dependéncia entre a resposta
medida e a concentracdo do analito (INMETRO, 2011).

A linearidade das curvas analiticas foi realizada através da injecdo das
solucdes analiticas preparadas de acordo com os relatos de cada artigo. As curvas
analiticas foram preparadas em solvente organico e no extrato da matriz. Apés
obteve-se a equacéo da reta e o coeficiente de determinacao (r?).

3.4.3 Ensaios de Recuperacédo para Avaliacdo da Exatidao

A exatidao representa o grau de concordancia entre os resultados individuais
encontrados em um determinado ensaio e um valor de referéncia aceito como
verdadeiro (RIBANI et al., 2004; SANCO, 2013). Valores aceitos de recuperagao
para a andlise de substancias em nivel de tracos é entre a faixa de 70 a 120%.
Porém, uma faixa entre 60 e 140% pode ser utilizada em andlises multirresiduo de
rotina (SANCO, 2013).

A exatiddo do método foi avaliada através dos ensaios de recuperacao,
fortificando as amostras “branco” em diferentes niveis de concentragcdo. Foram
realizadas réplicas de extracdo para cada nivel e a recuperacéo foi calculada de
acordo com a equacao 1, seguindo o guia de validacdo do INMETRO (2011).

recuperacio (%) = {Clg C, j %100 (1)

3
Onde:

C1 = Concentracao determinada na amostra fortificada;

C, = Concentracao determinada na amostra néo fortificada;

C3 = Concentracao usada para fortificacéo.
3.4.4 Preciséo (repetitividade) e Precisao Intermediaria

A precisdo representa a dispersdo de resultados entre ensaios
independentes, repetidos de uma mesma amostra, amostras semelhantes ou
padrdes, sob condi¢cdes definidas, sendo usualmente expressas pelo desvio padrao

e pelo desvio padrao relativo (RSD, do inglés relative standard deviation), cujos
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valores até 20%, sdo aceitos (THOMPSON; ELLISON; WOOD, 2002; RIBANI et al.,
2004; INMETRO, 2011; SANCO, 2013).
A precisdo pode ser calculada através da formula do desvio padrdo relativo

(RSD), como mostra a equacao 2.
RSD (%)= % %100 @)

Onde:
s = estimativa de desvio padrao absoluto;
s = {3 (Xi- Xm)*/n-1}"%;

X; = valores individuais;

X = média das medidas em replicatas;

n = niUmero de medidas.

A precisdo, em termos de repetitividade (RSD,) foi avaliada realizando a
extracdo e andlise de réplicas de cada nivel de concentracdo, sendo que cada
réplica foi injetada uma Unica vez. A precisdo intermediaria (RSDp;) foi avaliada
fazendo a injecdo da curva analitica dos analitos e das amostras “branco”
fortificadas no nivel intermediario, sendo estas preparadas em dia diferente da
avaliacdo da repetitividade, ou seja, realizando o procedimento analitico completo

em dias diferentes.

3.4.5 Limite de Deteccédo e Quantificacao

O limite de deteccdo (LOD, do inglés limit of detection) representa a menor
concentracdo da substancia em andlise que pode ser detectada, mas nao
necessariamente quantificada, utilizando um determinado procedimento
experimental. J& o limite de quantificacdo (LOQ, do inglés limit of quantification)
representa a menor concentracdo da substancia em analise que pode ser medida,
com um grau aceitavel de confianca, utilizando um determinado procedimento
experimental (RIBANI et al., 2004).
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A determinacdo do limite de quantificacdo (LOQ) foi realizada adotando a
concentracéo de cada analito que obteve recuperacéo entre 70 e 120% no ensaio de
recuperacdo (SANCO, 2013). Desse modo, o limite de deteccdo (LOD) foi

determinado como sendo a concentracéo 3,33 vezes menor que o LOQ.
3.4.6 Avaliacao do Efeito Matriz

Para a avaliacdo do efeito matriz, realizou-se a comparacdo entre as
inclinagbes das curvas analiticas obtidas, preparadas em solvente orgénico e
aquelas preparadas no extrato “branco” da matriz. O célculo foi efetuado através da
equacdo 3 (FERRER et al., 2011; SOUSA et al., 2013; PARRILLA VAZQUEZ et al.
2015).

Efeito matriz = (a—E —1) =100 3)
aS

Onde:

ag = inclinacdo da curva obtida pela injecdo das solucdes analiticas de cada
composto organico, preparadas na matriz;

as = inclinacdo da curva obtida pela injecdo das solucBes analiticas de cada

composto organico, preparadas em solvente.
3.5 ERRO DE EXATIDAO DE MASSAS

A determinacdo do erro de exatiddo de massas € importante quando trabalha-
se com espectrometria de massas de alta resolugdo. A medida pode ser
determinada de acordo com a equacao 4. Para o presente trabalho foram utilizadas
as massas m/z 121.0509 (CsHsN4) e 922.0098 (C1gH1906N3P3F24) como referéncia
para a calibragdo constante do LC-QToF/MS (MALATO et al., 2011).

¢ e~ dida— lculad
Erro de exatiddo de massas (ppm)= o C AR AT % 106 (4)

massa calculada
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4 ARTIGO 1 - LIQUID CHROMATOGRAPHY WITH HIGH RESOLUTION MASS
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Abstract

Aquatic environments are often contaminated with complex mixtures of compounds
that may pose a risk to ecosystems and human health. As the aquatic environment is
usually the last receptacle for these contaminants, it is generally recognized that
hazardous chemicals can be potentially transferred into fish fillet. However, among
the large number of contaminants, just a few of them have been investigated
extensively. This study proposed a strategy to identify and quantify 182 organic
contaminants from different chemical classes in fish fillet using liquid chromatography
coupled to quadrupole time-of-flight mass spectrometry (LC-QToF/MS). For this
purpose, two different scan methods (full scan and all ions MS/MS) were evaluated
to assess the best option for screening analysis in spiked fish fillet samples. In
general, full scan acquisition was found to be more reliable (84%) in the automatic
identification and quantification when compared to all ions MS/MS with 72% of the
compounds detected. Additionally, a qualitative automatic search showed a mass
accuracy error below 5 ppm for 77% of the compounds in full scan mode compared
to only 52% in all ions MS/MS scan. However, all ions MS/MS provides fragmentation
information of the target compounds. Undoubtedly, structural information of a wide
number of compounds can be obtained using HRMS, but it is necessary thoroughly

assess it, in order to choose the best scan mode.

Keywords: Screening detection limit, emerging contaminants, pesticides, fish,
HRMS
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1. Introduction

Environmental contaminants pose a significant risk to aquatic ecosystems and
human health. These contaminants include synthetic and natural compounds as well
as their transformation products that are formed in the environment or during
technical treatment (e.g. water treatment) [1]. Pesticides are a group of compounds
well known as a potential chemical class found in the environment, due to their use
as pest control in agriculture to treat crops pre- and post-harvests [2]. Besides this,
many works have reported the presence of new compounds in aquatic environments,
called emerging contaminants, ECs [3]. ‘Emerging contaminants’ is a denomination
for a group of compounds that are not necessarily new, but that were not considered
a risk for the environment or human health in the past and only now are their
presence and significance being elucidated [4]. Also, these ECs do not present
regulatory status and whose effects on environment and human health are unknown
[3]. ECs encompass a diverse group of compounds, including brominated and
organophosphate flame retardants, plasticizers, endocrine disrupting compounds
(EDCs), pharmaceuticals and personal-care products (PPCPs), drugs of abuse, food
additives, disinfection by-products, nanomaterials, pesticides and their
degradation/transformation products and perfluorinated compounds (PFCs), among
others [3,5,6]. Both, the extensive environmental distribution of ECs and their
potential ecotoxicological effects at very low concentrations have attracted increasing
interest among researchers, regulatory authorities and the public [4].

As the aquatic environment is usually the last receptacle for organic contaminants,
many compounds are abundantly present in surface waters and sediments. In
aquatic biota, toxic effects, multi-contaminations and bioaccumulation in muscular
tissues are regularly observed throughout the food chain, raising many questions
about health hazards for fish flesh consumers [7]. It is generally recognized that
hazardous chemicals could be potentially transferred to fish fillet through direct
uptake of compounds present in the water and fish diet and these contaminants may
bioaccumulate [8]. However, among the large number of organic contaminants, just a
few of them have been investigated. In light of these concerns, evaluation of levels of
these contaminants in fish muscle is an important objective for environmental and

health sciences [9].
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Due to the large amount of compounds that can be found in the aquatic
environment, the number of analytes being monitored for environmental and food
safety purposes has steadily increased. Analytical methods using low resolution
mass spectrometry, applying selected reaction monitoring (SRM) in MS/MS mode are
well-known, but only target compounds can be analyzed, while other possible
contaminants present in a sample cannot be detected. In order to overcome the lack
of sensitivity and accuracy when seeking untargeted compounds using full scan
mode with low resolution mass spectrometers, the use of high resolution mass
spectrometry (HRMS) has been the best choice [10]. HRMS instruments as well as
quadrupole time-of-flight mass spectrometers (QToF/MS) have gained wide
acceptance in the field of environmental and food safety analysis for the rapid
screening of organic compounds (target and non-target) due to their high sensitivity
in full scan acquisition mode, their ability to provide accurate mass measurements
and the high resolution capable of distinguishing signals of two ions with a small m/z
difference [10-14]. QToF/MS systems can also be used under all ions MS/MS mode,
that is, simultaneous acquisition at low (LE) and high collision energy (HE), which
provides useful information on the (de)protonated molecule (commonly at LE) and on
the main fragment ions (commonly at HE). Based on this information and the isotopic
distribution observed in the spectra, a reliable identification of the compounds
detected in the samples is feasible [14].

The idea behind screening methods is that data evaluation can be done in an
automated, fast and simple way. User-made accurate-mass databases can be built
and associated to commercial software, which extracts all the potential compounds of
interest from the LC-QToF/MS raw data, and then they can be matched to search
targeted compounds in each sample. However, some difficulties have to be
overcome for routine application and a study of the benefits and limitations has to be
performed, to avoid false negative and/or false positive outcomes. Thus, a careful
optimization of the search parameters is required, since they play a determinant role
in the selectivity, accuracy and throughput of the whole procedure. In addition, other
aspects, such as sensitivity, the matrix effect in the accurate mass measurement, use
of isotopic patterns in the compound identification, efficiency of the algorithm search,
confirmation criteria, etc., must be evaluated to determine to what extent they affect

automatic identification [15].



68

The complexity of certain matrices can cause problems with ionization efficiency
and the detection systems of the analytical instruments and the number and
distribution of interfering matrix components varies greatly depending on the
particular food or environmental matrix [13,16]. The presence of matrix compounds
with similar masses to target analytes could be a major hindrance for unequivocal
identification and could thus lead to false positives; isobaric compounds can also
cause false negatives. Often matrix components, with similar masses, can co-eluate
with analytes, and the instrument might not be capable of fully resolving these two
slightly different masses [13]. Even when using the highest resolving power, isobaric
interferences can occur, so it is important to process the acquired data to minimize
the effect of possible interferences [17].

Considering all the concerns mentioned previously, sample preparation is also a
critical step for screening methods because procedures must be as generic as
possible in order to widen the scope of the method and to include as many analytes
as possible [13,18]. Nacher-Mestre et al. [14] described the development, validation
and application of a screening method for the detection and identification of
undesirable organic compounds (70 representative compounds, including antibiotics,
pesticides, and mycotoxins) in aquaculture products using a generic sample
treatment without any purification or pre-concentration step using ultra-high
performance liquid chromatography (UHPLC) with QToF/MS. A more elaborate
procedure was performed by Peters et al. [19] for the extraction of 100 veterinary
drugs for screening identification. Two grams of fish sample were extracted with an
acetonitrile/ultrapure water mixture and, after an intensive shaking period and
centrifugation the supernatant was collected and diluted. The diluted sample extract
was cleaned-up using a solid phase extraction (SPE) column, and elution was
achieved with a methanol/acetonitrile mixture. The eluate was evaporated under a
stream of nitrogen and re-dissolved in 25 yL of acetonitrile. Formic acid (0.1%) in
ultrapure water was added and the extract was analyzed by LC-ToF/MS in full scan
mode. Concerning it, the QUEChERS (acronym of quick, easy, cheap, effective,
rugged and safe) procedure is the most used methodology for the analysis of a broad
group of analytes with a wide spectrum of physicochemical properties using an
additional clean-up step based on dispersive solid phase extraction (d-SPE) [20,21].

The lack of information regarding the evaluation of contaminants in fish fillet is a

concern nowadays, since most of the literature found focuses on the presence of
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persistent compounds in aquatic life. For this reason the main propose of this study is
to assess an analytical strategy for target screening determination of organic
contaminants in fish fillet, using QUEChERS method for sample preparation and LC-
QToF/MS using full scan and all ions MS/MS mode. A custom-made library was
optimized for automatic qualitative search comparing the two acquisition modes.

Quantification of organic contaminants in fish fillet was also carried out.

2. Experimental

2.1. Chemicals

The analytical standards, of high purity listed in Table 1 were purchased from Dr.
Ehrenstorfer (Augsburg, Germany) and Sigma Aldrich (St. Louis, MO, USA). Ultra-
pure water 18.2 MQ was obtained using a Milli-Q Direct UV3® system EMD Millipore
(Bedford, MA, USA), acetonitrile HPLC-grade and methanol LC-MS grade were
purchased from Mallinckrodt (New Jersey, NJ, USA), isopropanol HPLC-grade from
Tedia (Fairfield, OH, USA), formic acid 298.0% and ammonium formate 299.0% were
obtained from Sigma Aldrich. QUEChERS pre-weighed salt kit SampliQ® (veterinary
drugs: 4 g of sodium sulfate, Na,SO4 + 1 g of sodium chloride, NaCl) was from
Agilent Technologies (Santa Clara, CA, USA), and Na,SO, was purchased from J.T.
Baker (Center Valley, PA, USA). Nylon syringe filters of 13 mm and 0.2 um of
porosity were obtained from Vertical Chromatography (Bangkok, Thailand), and
sorbents Cig, and primary secondary amine (PSA) with particle size of 40 ym were

purchased from Agilent Technologies.

2.2. Sample preparation

Sample preparation was based on original QUEChERS method using the pre-
weighed kit of salts SampliQ®, and capped polypropylene (PP) extraction tubes of 50
mL. Ten grams of sample were used for this procedure followed by addition of 10 mL
of acetonitrile with 1 min of shaking. Sample partition was carried out by adding 4 g
of Na,SO4 and 1 g of NaCl. Manual shaking and centrifugation were performed prior
to sample clean-up using dispersive solid phase extraction (d-SPE), which was
performed by adding 150 mg of Na,SO,4 and the sorbents PSA (25 mg) and Cig (125
mg) to 1 mL of extract in a 15 mL tube. The final extract was filtered, 10 pL of the

internal standard (IS), triphenyl phosphate (1.0 mg L™) were added and diluted 5
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times with ultrapure water. All samples were spiked with 50 pL of the surrogate
standard atrazine-d5 (ethyl-d5) to obtain a final concentration in the instrument of 10
ug L™ In addition, the sample preparation procedure described by Munaretto et al.
[22], based on acetate QUEChERS method, for EDCs extraction in fish fillet was also
tested in this study to evaluate the accuracy of the studied compounds through
recovery tests.

2.3. Instrument conditions

This study was performed using an Agilent (Santa Clara, CA, USA) 1260 LC
system coupled to an Agilent 6530 Accurate Mass QToF/MS with jet stream
electrospray ionization source operated in positive mode (ESI+). The MS conditions
were as follow: capillary voltage 3500 V, drying gas (nitrogen) 10 L min™ (300 °C),
sheath gas flow 10 L min™ (350 °C), nozzle voltage 1000 V, fragmentor 175 V and
skimmer 65 V. Reference masses were m/z 121.0509 (purine, CsHsN4) and 922.0098
(hexakis (1H, 1H, 3H-tetrafluoropropoxy) phosphazine, CigH190sN3P3F24), and this
solution was used in constant flow rate during the run. QToF/MS was operated in 2
GHz mode, extended dynamic range, low mass range over m/z 100-1000 and
acquisition rate of 1 (full scan) and 3 (all ions MS/MS) spectra/s. Collision energies
(CEs) of 0, 20 and 40 eV were used for all ions MS/MS acquisition.

Chromatographic conditions used were: column Zorbax Eclipse Plus Cyg (50 x 2.1
mm; 1.8 um particle size) maintained at 35 °C, with injection volume of 5 pL. Mobile
phase used was (A) water:methanol 98:2 (v/v) and (B) methanol, both containing
0.1% (v/v) of formic acid and 5 mmoL L™ of ammonium formate. The gradient
program started at 20% B followed by increasing B to 50% in 1 min, and to 98% in 3
min (held for 5.8 min) decreasing to initial condition in 9 min (holding 6 min). The flow

rate was 300 uL min™ and the total run time 15 min.

2.4. Automatic search

The target-screening method proposed in this study was started by creating a csv
(comma separated values) file with the theoretical monoisotopic exact mass of all
182 compounds to be evaluated in this work, and the retention time (tgr) information to
improve automatic search. Retention time information was obtained by injecting a
mixer with all the compounds in acetonitrile and solutions with individual compounds

were used for those whose identification was not reliable. This database was used
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for searching and identifying the target compounds in fish fillet. Automatic detection
was performed based on Malato et al. [15] study, retention time window of +0.4 min,
and mass tolerance of 20 ppm were chosen in this study. The Qualitative
MassHunter B.06.00 software also includes score values in the search, which are
calculated taking into account the accurate masses and the isotopic distribution,
where higher values mean a more plausible elemental composition. Score values
lower than 70% were not considered as positive findings. Searching of the
contaminants was carried out through the formation of protonated ions [M+H],
adducts of ammonium [M+NH,]" and/or sodium [M+Na]’. Confirmation of the
compounds was performed with fragments formed for each compound using all ions
MS/MS mode.

2.5. Method validation and identification parameters

Quantitative and qualitative validation was performed based on SANCO [16].
Blank samples of catfish (Rhamdia quelen) were spiked in four different
concentration levels (5, 10, 25 and 50 pg kg™) with 6 replicates of each level, to
evaluate accuracy (recovery tests) and precision (repeatability and intermediate
precision (IP)) through relative standard deviation, RSD. Linearity (through the
coefficient of determination, r) was evaluated by preparing matrix matched analytical
curves at 0.5, 1.0, 2.0, 5.0, 10.0, and 20.0 pg L. Limit of quantification (LOQ) of
each compound was determined as the lowest spiked level that presented adequate
recovery (70-120%) and RSD (<20%) results; even for those compounds with
recovery below 70% or above 120% this criteria was applied, since the molecular ion
can be identified unequivocally. Limit of detection (LOD) was calculated as being the
LOQ divided by 3.33. Due to the complexity of the matrix in relation to the solvent
signal of each compound, the matrix effect (ME) was evaluated for all compounds.
ME was obtained by comparing the slope of the curves prepared in organic solvent
and in matrix, and calculated as follows: ME%=[(slope of matrix-matched curve/slope
of analyte in solvent curve)-1]x100. When the change in the chromatographic
response is above 20%, the matrix effect is considered to have influence on the
analysis [23,24]. Quantification of the compounds was performed using the [M+H]",
[M+NH,]" or [M+Na]" of each compound, using the Quantitative MassHunter B.06.00

software. The mass accuracy was calculated by the software comparing the
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theoretical mass and the experimental mass obtained, and the result is given in parts
per million (ppm).

For screening methods the confidence of detection of each analyte at a certain
concentration level should be established, and this can be achieved using screening
methods based on the screening detection limit (SDL) from the validation of a
gualitative method. In addition, there are no requirements with regard to recovery of
the analytes in the screening method, if it is only intended to be used as a qualitative
method. The validation of the screening method in fish fillet was based on analysis of
20 samples spiked at three different concentration levels (10, 25 and 50 pg kg™) to
estimate the SDL of each compound. The SDL of the qualitative screening method is
the lowest level at which an analyte has been detected (not necessarily meeting the
MS-identification criteria) in at least 95% of the samples (i.e. an acceptable false-
negative rate of 5%). The MS-identification criteria established for HRMS operating in
the full scan mode is: 22 diagnostic ions, preferably including the molecular ion; mass
accuracy <5 ppm, and at least one fragment ion [16]. Qualitative MassHunter B.06.00
software was used to process the qualitative data using a custom-made database

with all the compounds in study.



Table 1. General information about the compounds studied.
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Compounds nﬁrﬁﬁér Molecular formula Mon%lzz-stoplc [M+H] [M+NH,] [M+Na]® Classifi-cation
Abamectin 71751-41-2 CygH72014 872.4922 895.4814 In/An
Acetamiprid 135410-20-7 C1oH11N4Cl 222.0672 223.0745 In
Acrinathrin 103833-18-7 Co6H21NOsFg 541.1324 559.1662 Ac/In
Albendazole 54965-21-8 C12H15N30,S 265.0885 266.0958 Fn
Ametryn 834-12-8 CoH17NsS 227.1205 228.1278 Hb
Aramite 140-57-8 C15H230,4SCl 334.1006 352.1344 Ac
Atenolol 29122-68-7 C14H25N,05 266.1630 267.1703 B-blocker
Atrazine 1912-24-9 CgH14NsCl 215.0938 216.1011 Hb
Atrazine-d5 163165-75-1 CgHgDsNsCl 220.1252 221.1324 SS
Avobenzone 70356-09-1 CyoH2,03 310.1569 311.1642 SF UVA
Azaconazole 60207-31-0 C12H11N3;0,Cl, 299.0228 300.0301 Fn
Azamethiphos 35575-96-3 CoH1oN,OsPSCI 323.9737 324.9809 In
Azinphos-methyl 86-50-0 C10H12N305PS, 317.0058 339.9950 Ac/In
Azoxystrobin 131860-33-8 C,2H17N305 403.1168 404.1250 Fn
Benzophenone 3 131-57-7 C14H1,043 228.0786 229.0859 SF UV
Bitertanol 55179-31-2 C,oH23N30, 337.1790 338.1863 Fn
Boscalid 188425-85-6 C1gH12N,0OCl, 342.0327 343.0399 Fn
Bupirimate 41483-43-6 C13H24N,0O5S 316.1569 317.1647 Fn
Buprofezin 69327-76-0 C16H23N30S 305.1562 306.1638 In
Caffeine 58-08-2 CgH10N4O, 194.0804 195.0877 SCNS
Carbaryl 63-25-2 C1,H11NO, 201.0790 224.0682 Ac/In
Carbendazim 10605-21-7 CyHgN30, 191.0695 192.0766 Fn
Carbofuran 1563-66-2 CoHi5sNO3 221.1052 222.1127 Ac/In/Ne
Carbofuran-3-hydroxy 16655-82-6 C1oHisNO, 237.1001 238.1073 Mt
Carboxin 5234-68-4 C12H13NO,S 235.0667 236.0742 Fn
Carpropamid 104030-54-8 C15H1sNOCI; 333.0454 334.0526 Fn
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Compounds ngrﬁﬁér Molecular formula MO”%'ZZ:OP'C [M+H]" [M+NH,] Classifi-cation
Chlorantraniliprole 500008-45-7 C1gH14N50,Cl,Br 480.9708 481.9781 In
Chlorbromuron 13360-45-7 CoH1oN,O,CIBr 291.9614 292.9687 Hb
Chlorfenvinphos 470-90-6 C12H1404PCl3 357.9695 358.9768 Ac/ln
Chlorpyrifos-oxon 2921-88-2 CoH11NO4PClI; 332.9491 333.9564 In
Clarithromycin 81103-11-9 CagHgoNO13 747.4769 748.4842 Ab
Clenbuterol 37148-27-9 C1,H1gN,OCl, 276.0796 277.0869 B2-AA
Clofentezine 74115-24-5 C14HgN,4Cl, 302.0126 303.0199 Ac
Clomazone 81777-89-1 C12H14sNOLCI 239.0713 240.0785 Hb
Clothianidin 210880-92-5 CsHgNs0,SCl 249.0087 250.0159 In
Cyanazine 21725-46-2 CoH13NeCl 240.0890 241.0962 Hb
Cyazofamid 120116-88-3 C13H13N40,SCl 324.0448 325.0521 Fn
Cyproconazole 94361-06-5 C15H1gN;OCI 291.1138 292.1211 Fn
Cyprodinil 121552-61-2 Ci4H15N3 225.1266 226.1339 Fn
Danofloxacin 112398-08-0 C19H20N305F 357.1489 358.1561 Ab
Desmedipham 13684-56-5 C16H16N204 300.1110 318.1448 Hb
Diazinon 333-41-5 C12H21N,O3PS 304.1010 305.1105 Ac/In
Dichlorvos 62-73-7 C4H;0,4PCl, 219.9459 220.9532 Ac/In
Dicrotophos 141-66-2 CgH1sNOsP 237.0766 238.0840 In
Dienestrol (diacetate) 84-17-3 CyoH2,04 350.1518 368.1856 Hor
Difenoconazole 119446-68-3 C19H17N305Cl, 405.0647 406.0719 Fn
Difloxacin 91296-86-5 C,1H19N3O5F, 399.1394 400.1467 Ab
Dimethomorph 110488-70-5 C,1H,,NOLClI 387.1237 388.1310 Fn
Dimoxystrobin 149961-52-4 C19H25N,05 326.1630 327.1703 Fn
Diniconazole 83657-24-3 C15H17N5;OCl, 325.0749 326.0822 Fn
Diuron 330-54-1 CoH1oN,OCl, 232.0170 233.0247 Hb/Al
Dodemorph 1593-77-7 C1gH35NO 281.2719 282.2794 Fn
Emamectin 155569-91-8 C4oH75NO3 885.5238 886.5311 In


http://www.nlm.nih.gov/cgi/mesh/2006/MB_cgi?term=37148-27-9&rn=1
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CAS-

Monoiso-topic

Compounds number Molecular formula mass [M+H]" [M+NH,] [M+Na]® Classifi-cation
Enrofloxacin 93106-60-6 C19H2oN30O5F 359.1645 360.1718 Ab
Epoxiconazole 106325-08-0 C17H13N3OCIF 329.0731 330.0803 Fn
Eprinomectin 123997-26-2 CsoH7sNO14 913.5188 936.5080 Ac/In
Erythromycin 114-07-8 C37Hg7NO 3 733.4612 734.4685 Ab
Ethion 563-12-2 CoH2,04P2S, 383.9876 384.9948 Ac/In
Ethirimol 23947-60-6 C11H19N30 209.1528 210.1601 Fn
Ethopabate 59-06-3 C12H1sNO, 237.1001 238.1074 AnC
Ethoprophos 13194-48-4 CgH100,PS, 242.0564 243.0643 In/Ne
Ethoxysulfuron 126801-58-9 CisH1gN,O4S 398.0896 399.0968 Hb
Etiofencarb sulfoxide 29973-13-5 C11H15sNOsS 241.0773 242.0845 In
Etofenprox 80844-07-1 Cu5H,503 376.2038 394.2376 In
Etrimphos 38260-54-7 C10H17N,O4PS 292.0647 293.0727 In
Fenbuconazole 114369-43-6 C19H17N4CI 336.1142 337.1214 Fn
Fenpropimorph 67564-91-4 CyoH3sNO 303.2562 304.2637 Fn
Fenpyroximate 134098-61-6 C,4H27N30, 421.2002 422.2074 Ac
Fenthion 55-38-9 C10H1503PS, 278.0200 279.0272 In
Fenthion sulfoxide 3761-42-0 C10H1504PS, 294.0149 295.0228 In
Flufenacet 142459-58-3 C14H13N30,SF, 363.0665 364.0737 Hb
Fluroxypyr 69377-81-7 C;HsN,0O5CIL,F 253.9661 254.9734 Hb
Flusilazole 85509-19-9 C16H15N3F,Si 315.1003 316.1076 Fn
Flutolanil 66332-96-5 C17H16NOLF3 323.1133 324.1214 Fn
Fosthiazate 98886-44-3 CoH1sNO3PS, 283.0466 284.0538 Ne
Furaltadone 139-91-3 C13H16N4O06 324.1070 325.1143 Ab
Furathiocarb 65907-30-4 C1gHo6N,05S 382.1562 383.1641 In
Furazolidone 67-45-8 CgH;N305 225.0386 226.0458 AnP
Hexythiazox 78587-05-0 C17H21N,0,SCl 352.1012 353.1085 Ac
Imazalil 35554-44-0 C14H14N,0OCl, 296.0483 297.0562 Fn


http://www.chemicalbook.com/CASEN_114-07-8.htm
http://www.chemicalbook.com/CASEN_59-06-3.htm
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Compounds ngrﬁﬁér Molecular formula MO”%'ZZ:OP'C [M+H]" [M+NH,] [M+Na]® Classifi-cation
Imazaquin 81335-37-7 C17H17N305 311.1270 312.1351 Hb
Imazethapyr 81335-77-5 C15H19N305 289.1426 290.1507 Hb
Imidacloprid 138261-41-3 CoH10Ns0,Cl 255.0523 256.0595 In
Indoxacarb 173584-44-6 C22H17N30,CIF3 527.0707 528.0779 In
Iprovalicarb 140923-17-7 C1gH2sN»03 320.2100 321.2180 Fn
Isoprothiolane 50512-35-1 C12H1804S, 290.0647 291.0719 Fn/In
Isoxaflutole 141112-29-0 C15H1,NO,SF; 359.0439 360.0511 Hb
Isoxathion 18854-01-8 C13H16NO4PS 313.0538 314.0610 In
Ivermectin 70288-86-7 C4gH74014 874.5079 897.4971 Ac/In
Ketoconazole 65277-42-1 Co6H25N4O,4Cly 530.1488 531.1560 Af
Lidocaine 137-58-6 C14H2:N,0 234.1732 235.1810 LA
Lincomycin 859-18-7 C18H34N206S 406.2138 407.2210 Ab
Mecarbam 2595-54-2 C10H20NOsPS; 329.0521 352.0413 Ac/In
Mepanipyrim 110235-47-7 Ci4H13N3 223.1109 224.1182 Fn
Mephospholan 950-10-7 CgH1sNO5PS, 269.0309 270.0386 In
Mepronil 55814-41-0 C17H16NO, 269.1416 270.1488 Fn
Metacriphos 62610-77-9 C;H.305PS 240.0221 258.056 Ac/In
Metalaxyl 57837-19-1 C15H21NO, 279.1471 280.1548 Fn
Metconazole 125116-23-6 C,7H2,N5OCI 319.1451 320.1536 Fn
Methidathion 950-37-8 CsH11N20O4PS3 301.9619 302.9691 In
Methiocarb sulfoxide 2635-10-1 C1:H1sNOsS 241.0773 242.0846 In
Methomyl 16752-77-5 CsH1oN,»0,S 162.0463 185.0355 In
Metobromuron 3060-89-7 CgH11N,O,Br 258.0004 259.0076 Hb
Metolachlor 51218-45-2 C15H,,NO,CI 283.1339 284.1412 Hb
Metoxuron 19937-59-8 C10H13N,0,ClI 228.0666 229.0740 Hb
Metsulfuron-methyl 74223-64-6 C14H15Ns06S 381.0743 382.0816 Hb
Mevinphos 7786-34-7 C;H.306P 224.0450 225.0522 Ac/In


http://www.nlm.nih.gov/cgi/mesh/2009/MB_cgi?term=65277-42-1&rn=1
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Compounds number Molecular formula mass [M+H]" [M+NH,] [M+Na]® Classifi-cation
Miconazole 22916-47-8 C1gH14N,OCl, 413.9860 414.9933 Af
Monensin 22373-78-0 C36He2011 670.4292 693.4184 IPA
Monocrotophos 6923-22-4 C;H4sNOsP 223.0610 224.0679 In/Ac
Monolinuron 1746-81-2 CoH11N,O,Cl 214.0509 215.0581 Hb
Myclobutanil 88671-89-0 Cy5H17N,4ClI 288.1142 289.1215 Fn
Nicotine 54-11-5 CioH1aN, 162.1157 163.1230 In
Nitenpyram 150824-47-8 C11H15N40O,ClI 270.0884 271.0956 In
Nuarimol 63284-71-9 Cy7H12N,OCIF 314.0622 315.0695 Fn
Omethoate 1113-02-6 CsH12NO4PS 213.0225 214.0297 Ac/In
Oxadiazon 19666-30-9 C15H1gN,05Cl, 344.0694 345.0767 Hb
Oxadixyl 77732-09-3 C14H1gN,04 278.1267 279.1339 Fn
Oxamyl 23135-22-0 C,H13N303S 219.0678 242.0569 Ac/In/Ne
Oxycarboxin 5259-88-1 C12H13NO,S 267.0565 268.0638 Fn
Paraoxon-ethyl 56-38-2 C10H1sNOgP 275.0559 276.0631 In/Ac
Penconazole 66246-88-6 C13H15N35Cly 283.0643 284.0716 Fn
Pencycuron 66063-05-6 C19H21N,OCI 328.1342 329.1415 Fn
Phenmedipham 13684-63-4 C16H16N204 300.1110 301.1183 Hb
Phenthoate 2597-03-7 C12H1,04PS, 320.0306 321.0379 In
Phosalone 2310-17-0 C12H1sNO4PS,Cl 366.9869 367.9941 Ac/In
Phosmet 732-11-6 C11H12NOLPS, 316.9945 318.0018 Ac/In
Picoxystrobin 117428-22-5 C1gH16NO4F3 367.1031 368.1104 Fn
Pirimicarb 23103-98-2 C1:H1gN4,O, 238.1430 239.1502 In
Pirimiphos-methyl 29232-93-7 C11H20N305PS 305.0963 306.1035 Ac/In
Prochloraz 67747-09-5 C15H16N30,Cl3 375.0308 376.0380 Fn
Procymidone 32809-16-8 C13H11NO,Cl, 283.0167 284.0239 Fn
Profenophos 41198-08-7 C1,H:505PSCIBr 371.9351 372.9424 In
Profoxydim 139001-49-3 C24H3,NO,SCI 465.1741 466.1824 Hb


http://www.chemicalbook.com/CASEN_54-11-5.htm
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Compounds ngrﬁﬁér Molecular formula MO”%'ZZ:OP'C [M+H]" [M+NH,] [M+Na]® Classifi-cation
Propargite 2312-35-8 C1oH2604S 350.1552 368.1890 Ac
Propiconazole 60207-90-1 Ci15H17N30,Cl, 341.0698 342.0770 Fn
Propoxur 114-26-1 C11H15NO3 209.1052 232.0944 Ac/In
Propranolol 525-66-6 C16H21NO, 259.1572 260.1645 B-AB
Propyzamide 23950-58-5 C.,H11NOCI, 255.0218 256.0290 Hb
Prothiofos 34643-46-4 C11H150,PS,Cl, 343.9628 344.9700 In
Pymetrozine 123312-89-0 C1oH11N5O 217.0964 218.1007 ANF
Pyraclostrobin 175013-18-0 C19H1gN3;0,ClI 387.0986 388.1067 Fn
Pyrazophos 13457-18-6 C14H20N305PS 373.0861 374.0949 Fn/In
Pyrazosulfuron 98389-04-9 C14H1gNgO+S 414.0958 415.1041 Hb
Pyridaben 96489-71-3 C19H25N,OSCI 364.1376 365.1451 Ac/In
Pyridafenthion 119-12-0 C14sH17N,O4PS 340.0647 341.0729 In
Pyridate 55512-33-9 C19H23N,0,SCl 378.1169 379.1253 Hb
Pyrifenox 88283-41-4 C14H12N,0OCl, 294.0327 295.0399 Fn
Pyrimethanil 53112-28-0 CoHi3N3 199.1109 200.1188 Fn
Quinalphos 13593-03-8 C12H15N,0O3PS 298.0541 299.0613 In/Ac
Quinoxyfen 124495-18-7 C15HgNOCI,F 306.9967 308.0036 Fn
Rotenone 83-79-4 C,3H,,06 394.1416 395.1489 In
Sarafloxacin 91296-87-6 C,oH17N3O5F 385.1238 386.1238 Ab
Simazine 122-34-9 C,H1,NsClI 201.0781 202.0853 Hb
Spinosad 168316-95-8 C41HgsNO1g 731.4608 732.4702 In
Sulfachloropyridazine 80-32-0 C10HgN,O,SClI 284.0135 285.0208 Ab
Sulfadimethoxine 122-11-2 C12H14N404S 310.0736 311.0809 Ab
Sulfamethanize 57-68-1 C1oH14N,O5S 278.0837 279.0910 Ab
Sulfamethoxazole 723-46-6 C10H11N305S 253.0521 254.0594 Ab
Sulfathiazole 72-14-0 CoHoN30,S, 255.0136 256.0209 Ab
Tebuconazole 107534-96-3 C6H2oN5OCI 307.1451 308.1524 Fn


http://www.chemicalbook.com/Search_EN.aspx?keyword=525-66-6
http://www.chemicalbook.com/CASEN_723-46-6.htm
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Compounds number Molecular formula mass [M+H]" [M+NH,] [M+Na]® Classifi-cation
Tebufenpyrad 119168-77-3 C1gH24N3OCI 333.1608 334.1680 Ac/In
Tetraconazole 112281-77-3 C13H11N3OCILF, 371.0215 372.0288 Fn
Thiabendazole 148-79-8 C10H7N3S 201.0361 202.0435 Fn
Thiacloprid 111988-49-9 C10H9N,4SCI 252.0236 253.0312 In
Thiamethoxam 153719-23-4 CgH1oNs503SClI 291.0193 292.0265 In
Thiobencarb 28249-77-6 C12H1sNOSCI 257.0641 258.0714 Hb
Thiram 137-26-8 CsH12N,S, 239.9883 258.0222 Fn
Tilmicosin 108050-54-0 CusHgoN2013 868.5660 869.5733 Ab
Tolclofos-methyl 57018-04-9 CoH1,03PSCl, 299.9544 300.9616 Fn
Trenbolone (acetate) 10161-33-8 CyoH2403 312.1725 313.1798 AS
Triadimefon 43121-43-3 C14H16N30,Cl 293.0931 294.1003 Fn
Triasulfuron 82097-50-5 C14H16N505SClI 401.0561 402.0633 Hb
Triazophos 24017-47-8 C1,H16N30O5PS 313.0650 314.0722 Ac/In/Ne
Trichlorfon 52-68-6 C4HgO4PCl3 255.9226 256.9298 In
Tricyclazole 41814-78-2 CoH7N3S 189.0361 190.0433 Fn
Tridemorph 24602-86-6 C19H39NO 297.3032 298.3113 Fn
Trifloxystrobin 141517-21-7 CooH1gN>,O4F5 408.1297 409.1377 Fn
Triforine 26644-46-2 C10H14N40,Clg 431.9248 454.9140 Fn
Trimethoprim 738-70-5 C14H1gN4O5 290.1379 291.1452 Ab
Triphenyl phosphate 115-86-6 C1gH1504P 326.0708 327.0781 IS
Tylosin 1401-69-0 CysH77NO1; 915.5192 916.5264 Ab
Vamidothion 2275-23-2 CgH1sNO4PS, 287.0415 288.0490 Ac/In
Vinclozolin 50471-44-8 C1,HgNO3Cl, 284.9959 286.0032 Fn

B2-AA: B2-adrenergic blockers; Ab: Antibiotic; Ac: Acaricide; Af: Antifungal; An: Anthemintic; AnC: Anticoccidial; AnF: Antifeedant; AnP: Antiprotozoal; AS:

Anabolic steroid; Fn: Fungicide; Hb: Herbicide; Hor: Hormone; In: Insecticide; IPA: lonophore Antimicrobial; IS: Internal standard; LA: Local anesthetic; Mt:

Metabolite; Ne: Nematicide; SCNS: Stimulant Central Nervous System; SF: Solar Filter; SS: Surrogate standard.


http://www.chemicalbook.com/Search_EN.aspx?keyword=108050-54-0
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3. Results and discussion

3.1. Sample preparation optimization

Screening methods for qualitative purposes are not required to obtain proper
recovery of the analytes. However, sample preparation was evaluated due to the
possibility of matrix interferences influence on the identification of compounds,
especially because of isobaric substances, which are the most challenging cases in
high-throughput screening and also to meet validation parameters for quantification
determination [13,16,18]. For this reason two different procedures based on
QUEChERS method were evaluated, and the comparison of the obtained results is

shown in Figure 1.
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Figure 1. Comparison of sample preparation methods considering recovery and RSD

results.

Initially, the method proposed by Munaretto et al. [22] was tested, in which 117
compounds presented recoveries between 70-120%, 34 compounds showed
recovery values lower than 70%, 3 compounds were above 120%, and 29
compounds did not present acceptable values for precision or were not recovered
using this extraction procedure. A second method was evaluated (described in

Experimental section), and a greater number of compounds were recovered in the
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range from 70 to 120%; thus, this sample preparation procedure was chosen for
method validation. The main difference reported is the use of Na,SO, instead of
MgSO,, which improves recovery percentage of polar compounds. This happens
because Na,SO, is a weak drying agent when compared to MgSO,4, and when added
to the extraction organic solvent (in this case acetonitrile), the amount of water in
acetonitrile is higher than when MgSQO, is used, favoring polar compounds extraction
[25,26]. The recovery improvement for the polar compounds studied, such as

pharmaceuticals, was notable.

3.2. Qualitative validation

Regarding the validation of the qualitative screening method, automatic and
manual searches were performed (Table 2) using a custom-made library. All the
automatic results were confirmed manually to make sure the automatic detection
screening was performed properly. Automatic search was able to detect 84 and 72%
of the total number of compounds, while the remaining 16% and 28% were detected
manually (including SS and IS) using full scan and all ions MS/MS, respectively. The
lack of efficiency for 100% of the compounds in automatic search is most likely due
to the complexity of the matrix, caused by the presence of co-extractives that affect
proper search [15]. The difference between the automatic search when comparing
the two scan modes is due to the scan point collected in each method; while full scan
does not provide fragmentation data that is provided using all ions MS/MS mode, this
scan mode collects 1 spectra/s, increasing the data points during peak elution.
Obviously, the number of points per peak strongly depends on the number of co-
eluting target analytes [20]. Therefore, co-eluting matrix interferences, especially
those isobaric compounds can reduce the effectiveness of the screening method
[15], Figure 2 shows the total ion chromatogram (TIC) of a 10 pg L™ standard
solution in acetonitrile, and another one prepared in the blank extract of fish fillet, in
full scan and all ions MS/MS scan modes. The presence of several interferences in
the obtained extract is notable; fish is known as a complex matrix that contain a large
number of matrix components such as lipids and proteins, even after sample clean-
up [14].
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Figure 2. Total ion chromatogram of a 10 pg L™ standard solution prepared in solvent
(lower) and in the blank extract of fish fillet (higher) using full scan (A) and all ions
MS/MS (B) scan modes.

Screening detection limit (SDL), evaluated for all the contaminants searched in the
three spiked concentration levels, through automatic and manual detection, are
shown in Table 2. Considering full scan and in all ions MS/MS, respectively, 63.2 and
54.4% of the compounds have a SDL value of 10 pg kg™ in 100% of the spiked
samples analyzed, and 4.4 and 6.7% of the compounds in this same SDL showed
5% of false negatives, which is acceptable according to SANCO [16]. SDL values for
17.0 and 15.4% of the compounds were 25 and 50 pg kg™ in full scan mode,
respectively. While all ions MS/MS mode showed 20.6 and 3.3% (with 5% of false
negative) of compounds with SDL of 25 pug kg™, and SDL of 50 pg kg™ for 15.0% of
the compounds. Automatic search scores were higher than 90% for 76% (full scan)
and 32% (all ions MS/MS) of the compounds, including SS and IS. Neither in full
scan nor all ions MS/MS modes were score values lower than 70% accepted. The
herbicide fluroxypyr and the insecticide prothiofos were not validated using this
method because they were not recovered in any of the spiked levels (discussed in
the Quantitative validation section).

Matrix interference components with similar masses to target analytes could be a
major drawback for unequivocal identification, which could lead to detection of false
positives. Most isobaric interferences can be resolved by identifying retention times,

which is essential to minimize false positives. In addition, false negatives can occur
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and, depending on the resolving power, the instrument might not be capable of fully
resolving slightly different masses of co-eluted compounds [13]. These interferences
lead to an ion suppression phenomenon of the analytes during ionization in mass
spectrometry, reducing their response and thus their detectability [15,27]. For
example, the compound pyridate was found manually in the matrix using full scan
mode, however, matrix interferences in its retention time were responsible for ion
suppression during all ions MS/MS acquisition. It is notable that the matrix plays an
important role during screening methods, but in this case the reduced number of data
points acquired was very critical because fewer spectra for each compound were
obtained. Figure 3 shows the interferences when selected the m/z related to pyridate

in the blank of the matrix analyzed in all ions MS/MS mode.

x10 5 |+ESI EIC(379.1254) Scan F_25ugkg_1_allions.d

x10 5 |+ESI EIC(379.1254) Scan Branco_jundia_allions.d B

765 7.7 775 78 785 79 795 8 805
Counts vs. Acquisition Time (min)

Figure 3. Extracted ion chromatogram (EIC) of the m/z 379.1254 (referred to the
compound piridate) in the spiked (25 pg kg™*) sample (A) and in the blank extract of
fish fillet (B) analyzed by LC-QToF/MS in all ion MS/MS mode.
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Table 2. Screening results in full scan and in all ions MS/MS scan modes.

Full Scan Results

All lons MS/MS Results

tr T T

Compounds (min) 10 SDL (;59 kg™) o Ma(zsprlir)ror Score (%) 10 SDL (;59 kg™) 50 Me;;s;)rlir)ror S(((:nge
Abamectin 7.6 A -4.0 74.8 M 1.89 -
Acetamiprid 3.6 A -0.9 92.8 A -10.2 85.0
Acrinathrin 7.4 A -2.9 86.4 A -3.3 81.6
Albendazole 5.6 A -0.3 91.7 A 12.5 78.6
Ametryn 55 A 1.7 95.8 A 7.3 87.5
Aramite 6.8 A* -6.4 82.9 A -0.9 91.0
Atenolol 0.6 A 5.0 86.8 M -10.2 -
Atrazine 5.4 A 0.7 87.2 A 11.7 76.7
Atrazine-d5 54 A 2.6 924 A 13.3 77.6
Avobenzone 7.8 A 2.1 90.7 M -1.3 -
Azaconazole 55 A 0.4 95.8 A 5.2 89.9
Azamethiphos 4.9 A 1.0 96.7 A -5.6 91.4
Azinphos-methyl 5.6 A 11.9 81.2 M -16.6 -
Azoxystrobin 5.7 A 0.8 97.4 A 6.2 90.1
Benzophenone 3 6.2 A -04 94.0 M -14.2 -
Bitertanol 6.4 A -35 80.8 M 4.1 -
Boscalid 5.8 A 15 95.5 A 4.5 90.2
Bupirimate 6.0 A -0.1 92.3 M 11.3 -
Buprofezin 6.8 A -3.9 87.8 A -3.2 88.1
Caffeine 1.4 A -3.1 96.7 A -4.3 85.6
Carbaryl 5.1 M 0.3 - M -12.9 -
Carbendazim 1.3 A 1.6 95.0 A -6.4 90.7
Carbofuran 5.0 M 12.4 - M 2.6 -
Carbofuran-3-hydroxy 3.6 A 0.4 98.3 A -3.3 88.3
Carboxin 5.1 A 0.5 96.3 A -0.5 98.2
Carpropamid 6.3 A -2.4 86.5 A* 0.6 84.5
Chlorantraniliprole 5.6 A 1.1 97.9 A 6.6 87.4
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tr SDL (ug k '1)FUII Scanh;e;;: IItESrror SDL ( kA'llI)Ions MS/Ml\iazsturlir
Compounds (min) 10 ;E? 9 50 (ppm) Score (%) 10 ;5? 9 50 (ppm) Score (%)
Chlorbromuron 5.8 A 1.9 94.7 A 3.8 90.0
Chlorfenvinphos 6.3 A 1.7 95.3 A -2.4 93.0
Chlorpyrifos-oxon 6.1 A 1.8 95.4 A* 10.0 82.3
Clarithromycin 5.6 A 0.2 97.8 A 3.1 93.8
Clenbuterol 25 A 0.0 93.7 A -10.0 82.6
Clofentezine 6.5 A -5.4 90.1 A* -2.0 89.6
Clomazone 5.6 A -0.5 95.9 A 12.3 82.0
Clothianidin 24 A 1.1 91.1 A* -9.7 81.2
Cyanazine 4.8 A -2.9 91.8 A -8.6 83.4
Cyazofamid 6.1 A -1.0 94.6 M 4.1 -
Cyproconazole 6.0 A* 55 75.6 M 3.2 -
Cyprodinil 6.2 A 1.9 94.3 > 5% false negative - -
Danofloxacin 2.0 M 9.2 - M 6.3 -
Desmedipham 5.6 A -6.2 90.7 A 2.2 87.4
Diazinon 6.3 M 4.0 - M -6.5 -
Dichlorvos 4.9 A 1.6 98.4 A 5.9 91.8
Dicrotophos 2.0 A -04 91.2 A -10.2 84.7
Dienestrol (diacetate) 6.6 A -1.8 96.4 A -2.8 93.5
Difenoconazole 6.5 A -2.0 95.2 A -0.7 93.0
Difloxacin 2.5 M 7.2 - A 0.9 90.0
Dimethomorph 5.8 A -0.2 94.9 A 1.6 93.8
Dimoxystrobin 6.2 M 12.3 - M -1.6 -
Diniconazole 6.5 M 9.7 - M 0.7 -
Diuron 55 A 1.5 96.9 A 6.7 91.6
Dodemorph 54 A 3.2 93.9 M -8.2 -
Emamectin 6.7 M -0.7 - M -0.6 -
Enrofloxacin 2.0 A 1.3 88.9 A -14 92.3
Epoxiconazole 6.1 A* 15.6 79.2 A 8.4 83.4
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Full Scan Results

All lons MS/MS Results

t T T
Compounds (an) 10 SDL (;5? kg )50 Ma(zsprlir)ror Score (%) 10 SDL (;5? kg™) 50 Me;;s;)rlir)ror Score (%)
Eprinomectin 7.4 A 1.7 95.8 A 14 91.8
Erythromycin 5.2 A 0.8 99.4 A 1.0 98.5
Ethion 6.9 A -10.3 78.9 M -10.9 -
Ethirimol 4.4 A 3.6 99.5 A -6.3 84.7
Ethopabate 4.8 A 0.9 73.2 M 19.2 -
Ethoprophos 6.1 A -0.2 95.9 A -1.2 89.2
Ethoxysulfuron 5.9 A 0.7 96.3 A* 2.1 95.6
Etiofencarb sulfoxide 2.3 A -1.2 94.0 A -55 81.9
Etofenprox 8.1 M 15.9 - M -11.9 -
Etrimphos 6.3 A -0.3 96.0 A -3.2 93.8
Fenbuconazole 6.1 A 2.4 86.3 A 2.0 87.6
Fenpropimorph 5.6 A 0.6 99.6 M -12.8 -
Fenpyroximate 7.2 A -8.7 81.0 M -155 -
Fenthion 6.3 M 12.2 - M 0.0 -
Fenthion sulfoxide 51 A 1.2 96.5 A -2.3 96.9
Flufenacet 6.0 A 0.1 96.2 A -7.6 87.1
Fluroxypyr 4.7 - - - - - - - - - -
Flusilazole 6.1 A -0.4 91.9 M -11.2 -
Flutolanil 5.8 A 0.3 96.4 A 3.4 93.0
Fosthiazate 5.3 A 0.6 94.5 A 2.1 95.2
Furaltadone 0.7 A 0.9 92.8 A -4.4 90.7
Furathiocarb 6.7 M 18.1 - A 4.2 82.3
Furazolidone 1.2 A -0.1 90.0 A -95 84.5
Hexythiazox 7.0 A -6.6 82.2 M -0.6 -
Imazalil 5.2 A 1.7 91.1 A 0.1 98.2
Imazaquin 5.0 A -0.8 94.7 A -0.7 80.5
Imazethapyr 4.7 A 1.6 97.8 M 3.2 -
Imidacloprid 2.3 A -0.9 96.9 A -11.6 79.3
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Full Scan Results

All lons MS/MS Results

t T T
Compounds (an) 10 SDL (;5? kg )50 Ma(zsprlir)ror Score (%) 10 SDL (;5? kg™) 50 Mez;s;)rlir)ror Score (%)
Indoxacarb 6.5 A -11 98.4 A 0.1 97.7
Iprovalicarb 6.0 A -2.8 92.4 A -8.6 87.3
Isoprothiolane 5.9 A -0.6 94.4 A 2.9 91.1
Isoxaflutole 5.4 A -0.2 93.0 A 1.6 84.3
Isoxathion 6.4 A -11.1 72.6 M 6.0 -
Ivermectin 8.4 M 2.0 - M 1.7 -
Ketoconazole 5.3 A 0.7 97.8 A 2.2 95.8
Lidocaine 15 M 104 - M 6.2 -
Lincomycin 1.1 A 25 95.5 A* -0.1 89.2
Mecarbam 6.0 M 12.2 - M 16.3 -
Mepanipyrim 6.0 A -2.7 85.5 M 10.1 -
Mephospholan 4.9 A 0.8 96.6 A -6.4 92.4
Mepronil 5.9 M 11.3 - A* 3.7 93.1
Metacriphos 2.3 M 16.7 - M 14.7 -
Metalaxyl 54 A 1.7 94.6 A 3.1 94.1
Metconazole 6.4 A 0.4 94.0 A -04 87.0
Methidathion 5.6 A -0.3 93.5 M -9.4 -
Methiocarb sulfoxide 3.1 A -0.4 94.1 A -4.2 84.6
Methomyl 1.2 A -0.2 95.1 M 8.2 -
Metobromuron 5.3 A 1.6 94.9 A* 7.8 88.3
Metolachlor 6.1 A 0.6 95.8 A 5.2 94.6
Metoxuron 4.5 A 0.8 96.7 A -8.1 90.6
Metsulfuron-methyl 5.0 A 1.6 96.0 A -3.0 90.7
Mevinphos 4.3 A 0.1 95.5 A 4.9 85.3
Miconazole 6.2 A 1.8 95.8 A* 7.5 82.8
Monensin 7.8 M 3.0 - M -3.2 -
Monocrotophos 1.6 A 1.6 90.6 A* -9.9 83.3
Monolinuron 5.2 A 1.5 89.6 A 2.6 92.2
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Full Scan Results

All lons MS/MS Results

t T T
Compounds (an) 10 SDL (;5? kg )50 Ma(zsprlir)ror Score (%) 10 SDL (;5? kg™) 50 Mez;s;)rlir)ror Score (%)

Myclobutanil 59 M 12.4 - A* 15 87.6
Nicotine 14 A* 4.7 81.3 A -0.2 91.9
Nitenpyram 1.0 A -1.2 95.6 A -9.9 83.9
Nuarimol 5.7 A -6.3 94.6 A 0.5 91.9
Omethoate 0.7 A 2.2 89.4 A* -2.2 87.4
Oxadiazon 6.8 A -0.1 98.8 M -16.4 -

Oxadixyl 4.7 A -0.9 95.1 A -1.7 90.1
Oxamyl 1.0 M 14.9 - M 9.1 -

Oxycarboxin 4.1 A 0.4 99.2 A -12.0 78.5
Paraoxon-ethyl 5.3 A 0.5 97.5 A 7.4 82.4
Penconazole 6.3 A* 1.6 94.9 A 3.3 87.7
Pencycuron 6.5 A -4.3 89.8 A* -2.3 90.7
Phenmedipham 4.7 M 3.5 - M 6.4 -

Phenthoate 6.2 A 4.9 92.6 M -12.5 -

Phosalone 6.4 A -0.7 96.5 A -0.9 96.9
Phosmet 5.6 M 12.0 - A -7.0 89.5
Picoxystrobin 6.2 A -0.4 95.6 A 9.3 81.3
Pirimicarb 4.5 A 4.4 86.1 A -6.4 86.1
Pirimiphos-methyl 6.4 A 0.0 94.1 A 2.4 87.7
Prochloraz 6.4 A -0.1 95.1 A -3.3 90.0
Procymidone 6.1 M -7.9 - -4.4 -

Profenophos 6.7 M 204 - A 0.2 95.4
Profoxydim 6.6 A -0.9 92.2 A* -1.2 914
Propargite 6.6 A 7.2 79.1 A 6.1 79.0
Propiconazole 6.3 A -6.8 94.1 A -3.8 94.0
Propoxur 4.9 M 17.2 - 2.8 78.7
Propranolol 4.7 A 1.6 90.5 A -5.2 91.1
Propyzamide 5.9 M 115 - -0.8 -
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Full Scan Results

All lons MS/MS Results

t T T
Compounds (an) 10 SDL (;5? kg )50 Ma(zsprlir)ror Score (%) 10 SDL (;5? kg™) 50 Me;;s;)rlir)ror Score (%)

Prothiofos 7.6 - - - - - - - -
Pymetrozine 0.7 M 13.2 - M 5.7 -
Pyraclostrobin 6.4 A 0.7 96.9 A* -0.9 96.1
Pyrazophos 6.4 A 04 96.4 A -0.1 97.4
Pyrazosulfuron 6.0 A 1.0 95.6 A -3.9 91.5
Pyridaben 7.4 A* -10.0 79.9 A -5.0 91.1
Pyridafenthion 5.9 A 1.7 96.3 A 6.1 89.1
Pyridate 7.7 M 5.4 - - - -
Pyrifenox 6.0 A 14 96.1 M -1.4 -
Pyrimethanil 5.6 A 0.5 92.9 -18.8

Quinalphos 6.2 A 3.9 96.2 A 7.8 85.3
Quinoxyfen 7.0 A* -9.2 80.2 0.5 97.0
Rotenone 6.1 A -0.4 924 A 8.9 83.3
Sarafloxacin 2.9 M 18.0 - 15.0 -
Simazine 4.9 A 25 94.6 A 2.6 86.1
Spinosad 6.2 A 1.9 95.9 A 3.6 90.1
Sulfachloropyridazine 1.9 A 0.0 95.9 A -2.7 86.2
Sulfadimethoxine 4.3 A -0.6 94.0 A -12.2 76.9
Sulfamethanize 1.4 A -0.3 93.5 A -9.7 84.0
Sulfamethoxazole 2.1 A 0.1 92.6 A -9.7 83.5
Sulfathiazole 0.8 A 15 93.2 A* -7.2 82.9
Tebuconazole 6.3 M 11.3 - M -4.6 -
Tebufenpyrad 6.8 A -4.0 80.8 M -5.2 -
Tetraconazole 6.0 A 5.4 73.1 M 12.1 -
Thiabendazole 1.8 A 0.1 92.8 A -8.2 87.6
Thiacloprid 4.3 A 0.9 96.5 A -11.6 82.3
Thiamethoxam 14 A 1.0 95.0 A -8.5 83.9
Thiobencarb 6.5 A -6.0 87.6 A -1.4 86.1
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Full Scan Results

All lons MS/MS Results

t T T
Compounds (an) 10 SDL (;5? kg )50 Ma(zsprlir)ror Score (%) 10 SDL (;5? kg™) 50 Me;;s;)rlir)ror Score (%)

Thiram 5.9 A -10.4 74.8 M 5.8 -

Tilmicosin 4.7 A 1.9 94.6 A 1.0 90.5
Tolclofos-methyl 6.5 A -3.0 93.1 A -0.6 90.9
Trenbolone (acetate) 6.3 A 4.0 89.2 M -11.1 -

Triadimefon 5.9 A 3.2 96.2 A 3.9 91.5
Triasulfuron 4.9 A -0.1 91.9 A* -5.0 78.9
Triazophos 6.0 A 15 95.4 A 2.1 93.2
Trichlorfon 2.9 A 1.0 97.5 A -6.7 88.2
Tricyclazole 4.4 A 2.2 96.3 A -8.7 90.5
Tridemorph 6.1 A* 4.6 83.6 A -2.5 94.8
Trifloxystrobin 6.5 A -1.4 98.4 A -0.6 98.8
Triforine 5.6 A -1.4 89.0 A 6.8 85.1
Trimethoprim 11 A 0.7 94.9 A -8.3 85.5
Triphenyl phosphate 6.3 A 0.8 96.5 A -3.2 92.3
Tylosin 5.2 A -0.4 84.4 A* -0.3 81.4
Vamidothion 3.6 A 0.3 93.4 A -8.6 85.5
Vinclozolin 5.9 M 14.5 - M -1.8 -

tr: retention time; A: Automatic search (no false negatives); A*:

Automatic search (5% false negatives); M: Manual search.
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Mass accuracy is a consequence of a very stable accurate mass calibration and
the use of dual-sprayer ESI sources for analyte and reference solutions allows for
correcting instrument drift by continuous calibration of the mass axis [15,28].
However, reference masses can be also affected by matrix interference. Comparing
both scan modes, there was a notably lower mass accuracy error during full scan
mode when qualitative automatic search was performed. In this case, 77% of the
compounds found automatically showed mass accuracy lower than 5 ppm, while
during automatic search using all ions MS/MS mode only 52% presented this error
(<5 ppm). Errors between 10 and 20 ppm were found for 14 and 17% of the
compounds in full scan and in all ions MS/MS mode, respectively. During MS/MS
acquisition mode the accuracy of (fragment) ions might be lower than accuracies
obtained in MS mode, mainly due to energy differences between ions coming from
the collision energy cell. It is difficult to focus the kinetic energy of all ions before
each pulse, and there are no calibration ions for continuous, on-line, accurate mass-
measurement corrections [13].

As reported by Malato [15] problems observed in the automatic search of the
parent compounds greatly affect the fragments, which in most of the cases present
lower intensity and accurate mass than the protonated molecule. For this reason, an
automatic search of the fragment ions was not conducted, however, all the
compounds were confirmed by presence of one fragment ion, when using all ions
MS/MS. Even when not using the confirmation ions, the proposed validated method
showed good reliability in the screening analysis in fish fillet using full scan mode.
Combining retention time and structural information, as well isotopic pattern when
available, it is possible to identify the presence of organic contaminants in complex

matrices, such as fish fillet.

3.3. Quantitative validation

Quantitative analysis was not performed with data obtained in all ion MS/MS scan
mode due to the decrease in the data point rate, which negatively affected the
chromatographic peak shape for most of the compounds, however, fragmentation
information was used to confirm full scan results.

Quantitative validation in the full scan mode was performed, and all results of the
parameters evaluated are shown in Table 3. The QToF instrument was operated for

the entire analysis in 2 GHz mode-extended dynamic range to make possible the
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QToF application for quantification of organic contaminants in trace levels. Linearity
was determined by the coefficient of determination (r%), and values higher than 0.99
were obtained for almost all the compounds, except for a few with unacceptable
RSD/recovery, and linear range was obtained for all the compounds from 0.5 to 20
ug L. Method limits of quantification (LOQ) and detection (LOD) were from 5 to 25
ug kg™t and from 1.5 to 7.5 pg kg™, respectively.

Accuracy and precision of the total of 182 compounds (not considering SS and IS)
were determined in a repeatability assay (n=6) using blank samples spiked at 5, 10,
25 and 50 pg kg*, and 76% showed recovery values between 70 and 120% with
RSD lower than 20%; 13% of the compounds obtained recoveries lower than 70% or
higher than 120% with acceptable RSD; 11% of the compounds did not present good
RSD or were not recovered at all. The intermediate precision was evaluated at 25 g
kg™, and similar results were obtained for the average of the results during validation
procedure. The SS, atrazine-d5, showed good recovery (94.0 to 110.2%) and RSD
(2.4 to 6.5%) values for all the spiked samples.

The proposed method was not efficient for the extraction of fluroxypyr and
prothiofos in the spiked concentration levels in fish fillet. Prothiofos has a high log Kow
value of 5.67, which can explain the lack of recovery due to its accumulation in the
adipose tissue and low water solubility [29]. The percentage of fat in fish can be
highly variable, mainly depending on the presence of fatty acids in the diet and in
catfishes this quantity can vary from 2.5 to 5.7% [22,30]. However, fluroxypyr has a
dissociation constant (pKa) value of 2.94 [29], suggesting that the extraction method
applied is not proper for extraction of acid compounds, being necessary the use of
lower pH during sample preparation [31]. The following compounds presented RSD
values higher than 20% and were not considered for quantification: abamectin,
acrinathrin, atenolol, azinphos-methyl, danofloxacin, desmedipham, enrofloxacin,
furathiocarb, hexythiazox, lincomycin, methiocarb sulfoxide, methomyl, paraoxon-
ethyl, pymetrozine, pyridate, procymidone, profenophos, quinoxyfen and
sarafloxacin. Twenty-three other compounds showed recoveries lower than 70% or
higher than 120%, however, RSD values were <20%, and for this reason they were
considered for quantification and the results are presented in Table 3. In general,
recovery values outside the range of 70-120% with RSD values lower than 20% can
be accepted when working with a wide number of compounds from different chemical

classes and a complex matrix [16]. Due to the main goal of qualitative analysis of this
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study, it is possible to affirm that the proposed method was very satisfactory for
guantification, meeting all the validation parameters for 139 compounds (including
the SS).

The assessment of the matrix effect showed that 19.1% of the compounds have
their signal affected by the matrix, considering ME higher than 20% [32]. This shows
the importance of using matrix-matched calibration curves, as adopted in this work,
to avoid inappropriate quantification caused by matrix interferences. Performing
extract dilution is another possible solution to improve this drawback in HRMS, since
the matrix effect occurs because of the interaction of compounds co-eluting with the
analytes in the ionization process. Ferrer et al. [32] concluded that a dilution factor of
15 would be enough to solve most of the problems related to the presence of matrix
components in the extracts, particularly problems of ionization efficiency and
saturation of the detection system. The main inconvenience of performing dilutions is
in achieving sufficient sensitivity, due to dilution of extracts that implies in a reduction
of the analyte amount [13,32]; for this reason the proposed study used a dilution

factor of 5 to balance matrix effect and sensitivity of the analytical system.
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Table 3. Quantitative results obtained in full scan mode.

Spiked level (ug kg™)

ugzlfg-l Linear , LOQ_ LOD ) Mass ME
Compounds 5 10 25 50 Y%ReC rang_el r (pq kg (ug1 kg  error (%)
Rec (RSDr), % (RSDip) (g L) ) ) (ppm)

Abamectin - - - - - 0.5-20 0.998 - - 78 -61.7
Acetamiprid 95(6) 100(7) 100(2) 98(3) 105(6) 0.5-20 0.998 5.0 15 25 15
Acrinathrin - - - - - 2.0-20 0.919 - - 43 -20.6
Albendazole 85(3) 89(6) 87(4) 86(3)  88(6) 0520 0999 5.0 15 20 -6.3
Ametryn 96 (14) 92(5) 82(3) 79(3) 86(6) 0520 0999 5.0 15 07 -26
Aramite 91(18) 93(14) 81(12) 81(12) 83(19) 0520 0.993 5.0 15 58 33
Atenolol - - - - - 0.5-5 0.928 - - 14.2  -90.9
Atrazine 80(6) 91(8) 92(4) 91(4) 95(7) 0520 0.998 5.0 15 28 52
Atrazine-d5 106 (4) 105(2) 98(3) 94(4) 110(6) 0520 0.998 5.0 15 22 58
Avobenzone - 57 (11) 43(16) 40(21) 57(11) 0520 0991 100 3.0 42 -27.6
Azaconazole 92(6) 97(8) 96(2) 94(3) 105(5) 0520 0.999 5.0 15 24 -20
Azamethiphos 74(18) 79(5) 86(5) 75(11) 77(10) 0520 0.999 5.0 15 19 -6.0
Azinphos-methyl - - - - - 0.5-10 0.839 - - 141 -13.9
Azoxystrobin 110 (13) 107(6) 98(7) 98(3) 105(5) 0.5-20 0.999 5.0 15 -09 -36
Benzophenone 3 - 75(10) 81(5) 82(5) 85(13) 0.5-20 0.998 10.0 3.0 27 37
Bitertanol - 81(22) 84(5) 91(4) 72(18) 2.0-10 0994 100 3.0 48 201
Boscalid - 120 (3) 120(4) 113(4) 115(7) 0520 0991 100 3.0 79 -120
Bupirimate 87(17) 93(8) 89(4) 88(4) 86(8) 0520 0999 5.0 15 35 81
Buprofezin - 67 (20) 55(18) 70(17) 67(20) 0.5-20 0.990 100 3.0 102 -17.6
Caffeine 82(14) 82(6) 81(2) 76(2) 80(16) 0520 0.999 50 15 7.0 -36
Carbaryl 100 (4) 106 (10) 96 (7) 90 (5) (1106% 0520 0998 50 15 38 -11
Carbendazim 92(15) 92(6) 85(2) 84(2) 84(5) 0.5-20  0.998 5.0 15 13 -03
Carbofuran 112 (18) 114 (9) 117 (3) 112(6) 117(7) 0520 0.999 5.0 15 24 71
ﬁ;{;?g;;’ra“'& 100 (8) 100 (12) 96(5) 94(8) 103(5) 0520 0999 5.0 15 36 -5.1
Carboxin 93(15) 98(8) 92(6) 92(5) 95(7) 0.5-20  1.000 5.0 15 09 -36
Carpropamid 83(6) 93(5) 91(4) 91(4) 94(7) 0520 0998 5.0 15 13 9.1
Chlorantraniliprole 94 (7) 103(6) 104 (3) 99(2) 109(5) 05-10 0.999 5.0 15 -02 -09
Chlorbromuron 115 (7) 109 (6) 101 (5) 96(6) 97 (7) 05-10 0995 5.0 15 08 -13.1
Chlorfenvinphos 92 (6) 96 (7) 93(5) 92(4) 98(7) 05-10 0999 5.0 15 1.7 -79
Chlorpyrifos-oxon - - 78(6) 70(14) 72(14) 0520 0998 250 75 1.3 -16.6
Clarithromycin 76 (3) 58(4) 45(16) 47(4)  46(7) 0520 0997 5.0 15 07 02
Clenbuterol 71(4) 64(4) 64(5) 64(6) 60(7) 0.5-20  0.998 5.0 15 20 -47
Clofentezine 73(14) 86(5) 76(10) 78(7) 79(11) 05-10 0.995 5.0 15 43 -11.4
Clomazone 97 (10) 104(6) 96(8) 95(3) 101(6) 0.5-10 0.999 5.0 15 19 -49
Clothianidin 92(7) 96(11) 95(3) 93(3) 100(5) 0.5-20 0998 5.0 15 24 -30
Cyanazine 94 (18) 104 (8) 101(3) 98(4) 83(11) 0520 0999 5.0 15 32 12
Cyazofamid - 100 (12) 104 (5) 102(4) 100(6) 0.5-20 0.992 100 3.0 3.7 -209
Cyproconazole 86 (18) 84(14) 86(8) 88(9) 95(11) 0520 0992 5.0 15 103 -3.0
Cyprodinil 78(9) 72(4) 62(6) 60(4) 56(12) 0520 0998 5.0 15 -02 -10.1
Danofloxacin - - - - - 0.5-10 0.995 - - 25 4799
Desmedipham - - - - - 0.5-10 0.968 - - 24 -53.1
Diazinon 90(15) 89(6) 81(5) 81(6) 83(8) 0520 0999 5.0 15 53 -87
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Spiked level (ug kg™)

25

ug kg-l Linear , LOQ_ LOD ) Mass ME
Compounds 5 10 25 50 %ReC rangg r (uq kg (ugl kg™ error (%)
Rec (RSDr), % (RSDjp) (g Lo ) ) (ppm)

Dichlorvos 98 (17) 102 (20) 107 (6) 101 (15) 88(13) 05-10 0992 50 15 51 123
Dicrotophos 86(18) 91(9) 87(4) 87(4) 89(6) 0520 0999 50 15 14 -35
g;@iﬁt‘é‘) 104(7) 87(7) 79(7) 81(8) 82(10) 0520 0998 50 15 13 -137
Difenoconazole 95 (13) 96 (5) 87 (7) 82(8) 87 (14) 0.5-10 0.996 5.0 15 3.7 -2.3
Difloxacin 67 (12) 52(20) 52(16) 50(19) 53(16) 05-10 0994 50 15 07 250
Dimethomorph - 120(4) 113(4) 105(2) 101(5) 0520 0991 100 30 09 12
Dimoxystrobin - 99(12) 98(5) 98(4) 98(11) 1.0-20 0998 100 3.0 11.0 -55
Diniconazole 83(15) 91(7) 83(9) 81(6) 86(9 0520 0996 50 15 80 -57.8
Diuron 85(20) 97(6) 97(2) 94(3) 106(5) 0520 0999 50 15 -04 -3.4
Dodemorph 48 (12) 35(8) 22(20) 20(13) 20(19) 0520 099 50 15 -02 -3.8
Emamectin 76 (11) 58(6) 45(3) 44(5) 43(7) 0520 099 50 15 02 48
Enrofloxacin - - - - - 0.5-10 0.883 - - 1.0 72.8
Epoxiconazole ~ 92 (11) 102(9) 99(6) 99(5) 98(8) 0520 0995 50 15 -80 -5.8
Eprinomectin 108 (15) 91 (18) 75(10) 74(16) 78(8) 0520 0998 50 15 7.9 -317
Erythromycin 109 (7) 81(8) 71(6) 71(13) 72(6) 0520 0993 50 15 00 -108
Ethion 84 (18) 74 (20) 99 (19) 97(18) 74(20) 0520 0991 50 15 139 -357
Ethirimol 91(4) 78(3) 72() 70(2 72(6) 0520 0999 50 15 14 -18
Ethopabate 108 (11) 105(5) 102(5) 99 (4) 102(4) 0520 0999 50 15 53 -2.3
Ethoprophos 83(6) 91(3) 91(4) 91(5) 94(4) 0520 0999 50 15 20 -62
Ethoxysulfuron ~ 96(6) 95(9) 93(3) 93(2) 96(12) 0510 0999 50 15 09 3.2
sESff):;iindC:rb 87 (13) 87(17) 84(6) 79(15) 88(9 0510 0998 50 15 49 -10.2
Etofenprox - 57(7) 41(16) 39(18) 49(8)  05-10 0997 100 3.0 52 -56.3
Etrimphos 98(7) 89(4) 82(5) 82(6) 85(4) 0520 0999 50 15 -09 -8.3
Fenbuconazole 86 (14) 101 (11) 102(4) 99(2) 104(4) 05-20 0997 50 15 6.4 -9.8
Fenpropimorph 66 (15) 54 (6) 37(20) 39(12) 37(15) 0520 099 50 15 02 -52
Fenpyroximate ~ 93(9) 77(5) 82(10) 72(11) 80(9 0520 0998 50 15 68 -17.4
Fenthion 91(12) 94(7) 93(5) 92(5) 91(9 0510 0994 50 15 25 -11.4
Fenthion sulfoxide 109 (5) 104 (3) 100 (4) 99 (1) 103(4) 05-20 0999 50 15 -05 -0.4
Flufenacet 100 (8) 104 (2) 99(4) 94(4) 101(3) 05-10 0998 50 15 20 -64
Fluroxypyr - - - - - 0.5-20 0.988 - - - -2.9
Flusilazole 86(7) 100(5) 101(4) 100(3) 100(3) 05-20 0997 50 15 1.1 -18.6
Flutolanil 94(6) 101(2) 104(4) 103(4) 104(3) 0520 0998 50 15 -09 -6.1
Fosthiazate 99 (17) 101(3) 92(16) 96(4) 101(4) 0520 0999 50 15 19 -3.4
Furaltadone 92(4) 90(10) 93(7) 83(11) 98(5) 05-10 0997 50 15 -11 130
Furathiocarb - - - - - 0.5-10 0.866 - - 17.0 -42.2
Furazolidone 95(4) 96(6) 96(3) 89(5) 107(4) 0520 0999 50 15 1.3 -1.6
Hexythiazox - - - - - 0.5-10 0.981 - - 13.7 -31.4
Imazalil 93(7) 87(4) 78(7) 77(8) 77(7) 0520 0994 50 15 -0.8 -16.0
Imazaquin 34(21) 31(20) 33(15) 33(21) 31(13) 0520 0999 50 15 06 -22
Imazethapyr 30 (18) 28 (14) 29(12) 29(17) 22(14) 0520 0999 50 15 -1.4 -39
Imidacloprid 99(5) 96(4) 96(2) 94(2) 101(8) 0520 0999 50 15 21 -09
Indoxacarb 105(5) 99(7) 96(5) 95(3) 101(8) 0520 0999 50 15 28 6.4
Iprovalicarb 102(7) 101(4) 98(3) 99(4) 101(4) 0520 0999 50 15 49 -39
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Compounds 5 10 25 50 %ReC rangg r (uq kg (ugl kg™ error (%)
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Isoprothiolane 85(8) 94(5) 93(5) 94(5) 99 (3) 0.5-20 0.998 5.0 15 2.1 -6.2
Isoxaflutole 93 (10) 106 (13) 97 (10) 94 (11) (11105; 0520 0994 50 15 17 -89
Isoxathion 95(9) 91(7) 85(6) 86(7) 96(6) 0520 0997 50 15 83 -11.1
Ivermectin 71(15) 61(10) 53(8) 54(10) 56(11) 0520 0999 50 15 58 177.7
Ketoconazole ~ 104 (20) 95(9) 87(6) 82(11) 82(7) 0520 0992 50 15 05 -19.0
Lidocaine 97(3) 84(3) 81(3 80(3 98(5) 0520 099 50 15 09 23
Lincomycin - - - - - 0.5-20 0.997 - - 0.3 -8.5
Mecarbam 102(8) 94(12) 89(8) 89(17) 90(20) 0520 0998 50 15 40 -27.9
Mepanipyrim 84(12) 89(4) 82(4) 82(5) 95(11) 0510 0999 50 15 87 -94
Mephospholan 112 (3) 101(3) 95(3) 94(3) 96(5) 0520 0999 50 15 07 -13
Mepronil 82(6) 96(4) 99(4) 98(4) 99(4) 0510 0997 50 15 09 -11.8
Metacriphos 98(9) 98(5) 97(4) 97(5) 92(4) 0510 0998 50 15 116 -0.9
Metalaxy! 102(4) 99(3) 96(3) 96(4) 111(3) 0520 0999 50 15 03 -25
Metconazole 88(6) 99(6) 90(3) 87(1) 91(7) 0520 0999 50 15 -18 -16
Methidathion 105 (18) 101 (13) 104(6) 96(6) 96(8) 0520 0996 50 15 2.0 -14.2
gﬂjftg)'(?g:rb - - - - - 0520 0980 50 15 20 -637
Methomy ; ; - - - 2020 099 - . 84 144
Metobromuron 94(7) 97(4) 98(3) 97(4) 104 (5) 0.5-20 0.998 5.0 15 16 -4.0
Metolachlor 89(4) 89(11) 88(4) 88(5) 91(4) 0520 0999 50 15 23 -96
Metoxuron 102(3) 99(2) 98(3) 97(3) 90(3) 0520 1000 50 15 -01 -17
Metsulfuron-methyl 79 (5) 72 (4) 69(2) 67(4) 60(4) 0520 0999 50 15 18 -1.8
Mevinphos 99(8) 107 (8) 103(3) 99 (4) (11053; 0520 0998 50 15 58 -50
Miconazole 67(10) 61(13) 51(9) 51(13) 42(19) 0520 0995 50 15 21 -246
Monensin 73(6) 61(9) 51(6) 50(11) 49(8) 0520 0998 50 15 -03 -106
Monocrotophos 91 (8) 92(8) 87(3) 86(4) 86(12) 0520 1000 50 15 39 -38
Monolinuron 95(7) 98(7) 96(7) 97(4) 104(6) 0520 0999 50 15 25 -20
Myclobutanil 89(10) 99(4) 100(2) 99(3) 107(7) 0510 0998 50 15 11 -1.8
Nicotine 50 (19) 48(14) 43(7) 42(12) 41(12) 0520 0998 50 15 -07 315
Nitenpyram 71(9) 66(17) 66(2) 65(1) 68(5) 0520 099 50 15 35 -52
Nuarimol 142 (12) 145 (18) 151(6) 152(2) 113(7) 1.0-10 0990 50 15 05 -418
Omethoate 78(10) 71(20) 70(2) 68(5) 71(6) 0520 0999 50 15 -05 -10.9
Oxadiazon 108 (17) 101 (10) 84 (19) 71(16) 98(20) 05-20 0986 50 15 7.2 235
Oxadixyl 101(8) 100 (18) 101(2) 99(3) 100(4) 0520 0999 50 15 44 -45
Oxamyl 101 (20) 87 (17) 91(10) 85(5) 99(12) 0520 0997 50 15 44 235
Oxycarboxin 109 (11) 103 (11) 97(5) 93(12) 104(6) 055 0998 50 15 19 -7.2
Paraoxon-ethyl - - - - - 0.5-10 0.996 - - 1.8 -5.9
Penconazole 89(10) 85(17) 85(2) 83(3) 88(7) 0520 099 50 15 -01 -9.1
Pencycuron 108(8) 89(12) 83(3) 828(4) 84(13) 0520 0999 50 15 105 -6.7
Phenmedipham 92 (14) 97 (12) 102 (4) 101(4) 104(5) 05-10 0998 50 15 52 -04
Phenthoate 85(9) 91(7) 93(4) 96(9) (1102‘; 0510 0995 50 15 60 -181
Phosalone 85(10) 91(5) 90(4) 88(5) 94(5) 0510 0998 50 15 29 -3.1
Phosmet . 110(16) 88(20) 105(19) 98(15) 0.5-10 0962 100 3.0 64 -346
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. E
Spiked level (ug kg) pgzlfg-l Linear , LOQ_ LOD ) Mass ME
Compounds 5 10 25 50 %ReC rangg r (uq kg (ugl kg™ error (%)
Rec (RSDr), % (RSDjp) (g Lo ) ) (ppm)
Picoxystrobin 98 (13) 98(19) 98(3) 98 (6) 100 (6) 0.5-20 0.998 5.0 15 1.4 -99
Pirimicarb 113(8) 96(14) 91(3) 89(3) 88 (4) 0.5-20 0.998 5.0 15 00 -1.0
Pirimiphos-methyl 83 (16) 89 (17) 78(5) 76 (8) 79 (13) 0.5-20 0.998 5.0 15 59 -104
Prochloraz 87(9) 86(17) 88(5 84(3) 88 (5) 0.5-20 0.997 5.0 15 0.8 -13.2
Procymidone - - - - - 0.5-20 0.953 5.0 15 -144 -142
Profenophos - - - - - 0.5-10 0.922 - - 16.8 -43.0
Profoxydim 119 (11) 103 (19) 110 (5) 112 (11) 99 (6) 0.5-20 0.996 5.0 15 -14 9.8
Propargite 106 (7) 87(7) 79(7) 80(8) 82(11) 0.5-20 0.998 5.0 15 -7.9 127
Propiconazole 88(9) 90(17) 94(2) 91(3) 97 (5) 0.5-20 0.997 5.0 15 03 -50
Propoxur 103 (14) 105(7) 98(4) 96 (6) 90 (15) 0.5-20 0.998 5.0 15 48 -51
Propranolol 50(4) 44(4) 45(6) 46(6) 39(12) 0.5-20 0.999 5.0 15 -05 -58
Propyzamide 79(18) 99(7) 102(4) 97 (4) 97 (6) 0.5-10 0.996 5.0 15 08 -6.7
Prothiofos - - - - - 5.0-20 0.992 - - 55 -325
Pymetrozine - - - - - 0.5-10 0.994 - - 105 -284
Pyraclostrobin 105(7) 95(20) 88(3) 88(5) 93 (6) 0.5-20 0.999 5.0 15 -1.6 -10.6
Pyrazophos 96(9) 88(15) 92(5) 87(3) 94 (10) 0.5-20 0.999 5.0 15 -1.0 25.2
Pyrazosulfuron 99 (7) 95(4) 90(5) 89(2) 91 (5) 0.5-20 0.999 5.0 15 -2.2 15
Pyridaben 88 (17) 73(10) 71(14) 70(17) 72(12) 0.5-20 0.997 5.0 15 10.0 -37.7
Pyridafenthion 98 (10) 98(18) 104 (2) 100(3) 109 (5) 0.5-20 0.998 5.0 15 24 -15
Pyridate - - - - - 0.5-20 0.990 - - -3.3 -65.4
Pyrifenox 80 (10) 81(20) 83(3) 81(4) 82 (7) 0.5-20 0.998 5.0 15 05 -10.3
Pyrimethanil 92 (10) 82 (14) 72(12) 71(3) 71 (6) 0.5-20 0.999 5.0 15 -16  -44
Quinalphos 90(11) 91(3) 86(4) 87(5 88 (8) 0.5-20 0.999 5.0 15 37 -25
Quinoxyfen - - - - - 0.5-10 0.971 - - 149 -50.2
Rotenone 88(8) 101(2) 97(5) 93(7) 95 (5) 0.5-20 0.997 5.0 15 0.1 -58
Sarafloxacin - - - - - 0.5-10 0.989 - - 18.3 66.5
Simazine 85(11) 96(4) 92(4) 95(3) 74 (15) 0.5-20 0.996 5.0 15 20 -95
Spinosad 62 (13) 47 (13) 36(7) 34(12) 34(18) 0.5-20 0.996 5.0 15 3.1 -4.0

fg'fa"h'or‘)py”daz' 100(9) 85(6) 84(6) 81(5) 85(10) 0520 1000 5.0 15 1.7 -25

Sulfadimethoxine 111 (4) 99(5) 97(3) 95(2) 98(4) 0520 0999 50 1.5 27 -1.0
Sulfamethanize 106 (1) 97 (2) 93(3) 93(1) 93 (5) 0.5-20 0.999 5.0 15 2.3 0.0
Sulfamethoxazole 99 (7) 93(5) 98(4) 95(4) 96 (5) 0520 0999 50 15 16 -34
Sulfathiazole 107(5) 92(8) 88(4) 86(8) 96(10) 0520 0999 50 15 10 -43
Tebuconazole 97 (6) 94 (14) 94(2) 90(2) 96 (9) 0.5-20 0.998 5.0 15 42 -19
Tebufenpyrad 70 (18) 78 (14) 70(18) 76(18) 84 (9) 0510 0988 5.0 15 63 -25
Tetraconazole 99 (7) 108 (2) 108 (2) 104 (2) 106 (5) 0.5-20 0.998 5.0 15 1.8 -7.2
Thiabendazole 106 (6) 95(1) 87(2) 84(1) 89(3) 0520 0999 50 15 09 -11

Thiacloprid 113(7) 106(2) 99(2) 96(3) 104(3) 0520 0.999 5.0 15 08 -3.4
Thiamethoxam 98 (11) 100 (6) 97 (1) 94(3) 98(6)  0.5-20 0.998 5.0 15 26 -4.7
Thiobencarb 94(14) 90(5) 75() 73(7) 76(14) 0510 0.997 5.0 1.5 80 59
Thiram - 99 (6) 100(3) 99(4) 110(5) 0.5-10 0.995 100 3.0 108 -7.9
Tilmicosin 83(3) 62(3) 53(3) 53(8 52(8 0520 0.997 5.0 1.5 -1.3 189.0

Tolclofos-methyl 89 (16) 87 (16) 77 (7) 76(13) 71(15) 0.5-10 0.995 5.0 15 55 -16
Trenbolone 97(19) 95(6) 87(5) 82(3)  86(9) 0520 0999 5.0 15 16 7.1
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Compounds 5 10 25 50 %ReC rangg r (uq kg (ugl kg™ error (%)
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(acetate)
Triadimefon 94 (12) 103(4) 100(2) 98(3) 93(20) 05-10 0.998 5.0 15 107 0.1
Triasulfuron 103(7) 101(2) 98(6) 93(4) 83(3) 0.5-20 0.999 5.0 15 12 -14
Triazophos 95(9) 104 (4) 101(3) 96(4) 102(8) 0.5-10 0998 5.0 15 04 -89
Trichlorfon 79(5) 77(6) 73(5) 77(6) 93(14) 0520 0958 5.0 15 20 -45.0
Tricyclazole 92(8) 92(2) 87(2 86(2 89(7) 0.5-20 0999 5.0 15 12 -31
Tridemorph 33(8) 25(19) 17(9) 15(14) 19(8) 0.5-20 0997 5.0 15 -47 57
Trifloxystrobin 119 (7) 105(4) 87(10) 85(13) 91(11) 0.5-20 0994 5.0 15 1.7 -134
Triforine 112 (12) 118 (11) 112 (3) 101 (5) (11176; 055 0991 50 15 7.4 -195
Trimethoprim 75(3) 67(@3) 66(3) 66(2) 64(5 0520 0999 50 1.5 1.0 -29
oo R
Tylosin 117 (17) 93(20) 93(15) 97(16) 118(7) 0520 0.994 5.0 1.5 -03 106
Vamidothion 101(7) 100(5) 92(1) 91(3) 94 (4) 0.5-20 0999 5.0 15 11 -3.0
Vinclozolin 86 (17) 98(13) 103(8) 101(6) 100(5) 0.5-20 0.996 5.0 15 62 -08
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4. Conclusion

The advantages of using liquid chromatography coupled to high resolution mass
spectrometry are well-known, especially the focus on screening analysis in complex
matrices. Therefore, the proposed working flow for the two scan modes for data
acquisition by LC-QToF/MS presents pros and cons, while all ions MS/MS provides
more structural information of the compounds due to the fragmentation ions obtained
using different collision energies; full scan collects more information data points (1
spectra/s), improving peak shape and SDL limits, presenting lower values of mass
accuracy error. However, in terms of working with a complex matrix, such as fish
fillet, the automatic search was found to be very efficient for a great number of
compounds, being able to detect 84% and 72% of the selected compounds using full
scan and all ions MS/MS, respectively. Furthermore, most of the compounds
presented a SDL value of 10 pg kg™ in both scan acquisition modes, which is very
important as these compounds usually are found in very low concentrations in the
aguatic environment as well as, in fish fillet.

In spite of the fact that recovery and validation parameters are not necessary for
screening analysis, sample preparation was evaluated to minimize the matrix effect
especially caused by isobaric compounds that can interfere in the automatic search,
and for quantification purposes. In order to assure a reliable determination of trace
levels of organic contaminants, the validation parameters evaluated in fish fillet
showed good results for a wide scope. Seventy six percent of the compounds
showed recovery values between 70 and 120% with RSD<20%, which are in
accordance with international guides, such as SANCO (2013); and the method was
found to be very sensitive with LOQ and LOD values from 5 to 25 pg kg™ and from
1.5 to 7.5 pg kg™, respectively.

Considering the complexity of the studied matrix and the power of the LC-
QToF/MS instrumentation used in this study, it is possible to affirm that screening
analyses are critical, even when working with target compounds. Full scan mode was
more reliable in target screening as a better peak shape and scan information are
provided resulting in automatic identification with low values of mass accuracy errors
and high scores. Moreover, quantification can be performed avoiding equivocal
errors caused by a low data point rate. However, fragmentation information of the

compounds was possible only when using the all ions MS/MS scan mode.
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Abstract

Most of the analytical methods currently applied in food control laboratories are
focused on the determination of target compounds using liquid chromatography
coupled to tandem mass spectrometry (LC-MS/MS), which is an effective technique
but low-resolution mass spectrometry is limited. Thus, a method for determination of
pesticide multiresidue in fruits (pear, apple, and grape) using modified QUEChERS
method and liquid chromatography coupled to quadrupole-time of flight mass
spectrometry (LC-QToF/MS) was developed and validated. The proposed method
showed good linearity (r* >0.99) from 1 to 100 ug L™. Recovery for blank samples
spiked at 0.01, 0.04 and 0.100 mg kg™ were between 66 and 122% with relative
standard deviation <28%. Limits of quantification for apple, pear and grape matrices
were 0.01 mg kg™ for 112, 120 and 118 compounds and 0.04 mg kg™ for 22, 12 and
17 compounds, respectively, and average mass accuracy error 3.2 ppm. LC-
QToF/MS detection using protonated molecular ion and/or adducts, and mass
accuracy provided reliability for the method. The proposed method is effective for
pesticide residues determination in apple, pear and grape, proving that high
resolution mass spectrometry using full scan mode can be a powerful and reliable
technique for quantification purposes, being able to attend maximum residue limits

values set by different legislations.

Keywords: Pesticide residues, fruits, QUEChERS, LC-QToF/MS, HRMS
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Introduction

Analysis of pesticide residues is of paramount importance for protection of
human health as for trading and official control purposes. A great number of
substances have been used in agriculture and regulatory guidelines set maximum
residue limits (MRLs) in food to avoid contamination, and negative health effects
[1,2]. In Brazil, the monitoring of pesticide residues in food is regulated by the
Ministry of Agriculture, Livestock and Food Supply (MAPA) and by Codex
Alimentarius in a worldwide view, in both cases minimum MRLs values of 0.01 mg kg
! are established [3,4]. These low MRL values have promoted the development of
more powerful and sensitive analytical methods to attend requirements in complex
samples, such as food [5]. Thus, most of the analytical methods currently applied in
food control laboratories are focus in identification of target compounds [6-10].
Jardim and Caldas [11] presented two Brazilian pesticide residue monitoring
programs between 2001 and 2010, which a total of 13556 samples of 22 fruits and
vegetables crops were analyzed. Pesticide residues were found in 48.3% of the
samples and 13.2% presented some irregularity, mostly non-authorized active
ingredient use and less than 3% of the samples showed residue levels above the
MRL. In general, the scenario of pesticide residues in foods investigated within the
Brazilian governmental monitoring programs is similar to what has been found in
other countries [8,11].

Currently, liquid chromatography coupled to mass spectrometry represents the
most flexible and effective (i.e. high sensitivity and selectivity) technique employed to
determine chemical contaminants in many different food matrices [12-15]. These
multiresidue methods are typically carried out using mass spectrometry with triple
quadrupole (QQQ) in selected reaction monitoring (SRM) mode [15-19]. Although,
LC-MS/MS provides adequate quantification performance and high efficiency for
multiresidue analyses, low-resolution sequential mass spectrometry is sometimes
limited for trace analysis in complex matrices due to the presence of several
interferences, and false negatives can also occur due insufficient selectivity [15].
High resolution mass spectrometry (HRMS) instruments working in full scan mode
show high specificity due to high mass accuracy and high mass resolution (resolving

power), and they are able to provide greater reduction in chemical noise, thereby
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enhancing the selectivity. However, HRMS instruments such as time-of-flight (ToF) or
orbitrap have been applied mainly for structure elucidation or confirmation purposes
[10,20]. Modern quadrupole time-of-flight (QToF) instruments performing MS/MS
analysis generate spectra with better qualitative information, providing enough
sensitivity to quantify target contaminants at concentrations below their maximum
residue levels [1,21].

Modern residue monitoring programs are based in multiclass/multiresidue
pesticide determination and due to it the introduction of new, faster and effective
analytical approached are essential for laboratories to improve analytical quality and
laboratory efficiency. QUEChERS that stands for quick, easy, cheap, effective,
rugged, and safe is a sample preparation method proposed by Anastassiades et al.
[22] and it is widely used for determination of pesticide residues in food samples. The
modified QUEChERS method described by Lehotay et al. [23] involves an extraction
step with acetonitrile containing 1% (v/v) acetic acid and a liquid-liquid partitioning
with anhydrous magnesium sulfate (MgSO,) and sodium acetate (NaAc). Combining
multiresidue sample preparation method, like QUEChERS, and chromatographic
analysis coupled to high resolution mass spectrometry operating in full scan mode
gives a less specific procedure in order to comprise a great number of compounds
from different chemical classes [13,24].

Ferrer et al. [25] developed a multiresidue method employing LC-ToF/MS for
guantitative determination of 15 pesticide residues in different fruit (orange, lemon,
apple, and melon) and vegetables (pepper, broccoli, and tomato). Samples were
extracted with ethyl acetate and sodium hydroxide, and filtrated in layer of anhydrous
sodium sulfate, extracts were evaporated and redissolved in methanol. Authors
obtained mass accuracy errors lower than 2 ppm at different concentration levels
from 0.01 to 0.5 mg kg™. According to the authors, this study is a valuable indicator of
the potential of LC-ToF/MS for quantitative multiresidue analysis of pesticides in
vegetables and fruits. In 2010, Grimalt et al. [26] developed a method for the
determination of 11 pesticides in 7 different matrices of fruits and vegetables using
UHPLC with QqQ, ToF and QToF. ToF analyzer proved to be an attractive analytical
tool for rapid detection and reliable identification of a large number of pesticides
thanks to the full spectrum acquisition at accurate mass with satisfactory sensitivity.
The last generation of ToF and QToF analyzers present recent developments that

improves their capabilities. For example, faster acquisition speed allows lower scan
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times without affect the sensitivity. The use of reference sprayers, such as lock-
spray, improves robustness in mass accuracy measurement along the time. One of
the most interesting advances has been extending the dynamic linear range in ToF
analyzers that use time-to-digital converter (TDC) detectors thanks to the so-called
dynamic range enhancement (DRE) [26].

Currently more than 900 pesticides are used worldwide, both legally and
illegally. Most of these pesticides have MRL values for each crop to protect
consumers. Pesticide residues need to be monitored as part of the quality control of
food, especially fruits and vegetables; thus, large-scale multiresidue methods
covering hundreds of pesticides are needed for quality control. However, the ability to
analyze a large number of pesticides in a single analysis is a challenging problem for
chromatography and mass spectrometry [13,16]. Thereby, the aim of this work was to
optimize and to validate a procedure for quantitative determination of 152 pesticide
residues in apple, pear and grape samples using modified QUEChERS acetate
method for extraction and analysis by liquid chromatography coupled to quadrupole-
time of flight mass spectrometry (LC-QToF/MS) operating in full scan mode. These
matrices of fruits were chosen due to their high economical and nutritional
importance, their lower complexity when compared to other fresh food (e.g. with high
fat content) [27] and, besides this, because processed products of these fruits can
present pesticide residues, as it can happen with grapes, grape juice, jam and wine
[28,29].

Experimental

Chemicals and apparatus

Analytical standards used in this study are listed in Table 1, and they were
acquired from Dr. Ehrenstorfer (Augsburg, Germany), within high purity (94-99.5%).
Acetonitrile LC-MS grade and NaAc were purchased from Mallinckrodt (St. Louis,
MO, USA), methanol LC-MS grade, glacial acetic acid 100% and anhydrous MgSQO,4
were obtained from J.T. Baker (Center Valley, PA, USA). Primary secondary amine
(PSA) sorbent with 40 um of particle size was purchased from Agilent Technologies

(Santa Clara, CA, USA), as well as nylon filters of 13 mm of diameter and 0.2 um of
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porosity. Ultrapure water was obtained with a Milli-Q Direct UV3® system Millipore
(Billerica, MA, USA). Ammonium formate 299.0% and formic acid 298.0% were
acquired from Sigma Aldrich (St. Louis, MO, USA).

Sample preparation

Extraction procedure was performed using modified QUEChERS acetate
method [23] that consisted in extracting 10 g of homogenized sample (apple, pear
and grape) using 10 mL of acetonitrile containing 1% acetic acid (v/v), and hand
shaking. Partition step was performed adding MgSO, and NaAc with consecutive
hand shaking, and centrifugation. Clean-up step was performed by dispersive solid
phase extraction using PSA and MgSO,. The cleaned extract was filtered and diluted

2 times with the mixture of mobile phase 1:1 (v/v) before analysis.

LC-QToF/MS conditions

Quantification of the studied pesticides was performed using an LC-QToF/MS
instrument from Agilent Technologies (Santa Clara, CA, USA); a LC system model
1260 coupled with the accurate mass QToF/MS model 6530, and a nitrogen
generator system Genius NM32LA from Peak Scientific (Billerica, MA, USA). An
electrospray ionization source with jet stream technology operated in the positive
mode was used. The MS condition were as follow: capillary voltage 3500 V, drying
gas (nitrogen) 10 L min™ (300 °C), sheath gas flow 10 L min® (350 °C), nozzle
voltage 1000 V, fragmentor 175 V and skimmer 65 V. Reference masses were m/z
121.0509 (purine, CsHsN4) and 922.0098 (hexakis (1H, 1H, 3H-tetrafluoropropoxy)
phosphazine, CigH1906N3P3F24), this solution was used in constant flow rate during
the run. Pesticides chosen for this study show monoisotopic mass between 190.0433
and 732.4681, and QToF/MS was operated in 2 GHz mode, extended dynamic
range, low mass range (until m/z 1700) and acquisition rate of 1 spectra/sec.

Quantitative determination was developed using Quantitative MassHunter
B.05.01 software, it was set up a method for 152 compounds with their respective
protonated molecular ion [M+H]", with its respective ammonium [M+NH,4]*, or sodium
[M+Na]" adduct for identification and quantification in the full scan mode, as showed
in Table 1.



110

Chromatographic conditions employed were: column Zorbax Eclipse Plus Cig
(2.1 x 100 mm; 1.8 um particle size) maintained at 35 °C, with injection volume of 5
pML. Mobile phase used was (A) water:methanol 98:2 (v/v) and (B) methanol, both
containing 0.1% (v/v) of formic acid and 5 mmoL L™ of ammonium formate. The
gradient program started at 20% B (holding 0.25 min), follow by increasing B to 80%
in 4 min (holding 5 min) and decreasing to initial condition in 10 min (holding 5 min)

at a flow rate of 300 pL min™, and a run time of 15 min.

Method validation

Method validation was performed according to the European
SANCO/12571/2013 guidelines [30]. Before extraction blank samples were spiked at
0.01, 0.04 and 0.100 mg kg™ by adding a mixture of 152 pesticides. Figures of merit
evaluated for method validation were linearity of the analytical curve, accuracy
(recovery test), precision, limits of detection (LOD) and quantification (LOQ) and
matrix effect (ME). Linearity of the analytical curves was evaluated using coefficient
of determination (r?) from matrix-matched curves in six concentration levels between
1-100 pg L™ Accuracy, in terms of recovery, and precision through the relative
standard deviation (RSD) of apple, pear, and grape matrices were measured using 3
replicates of each spiked level. LOQ was determined as the lowest concentration
level spiked that presented pre-defined acceptance criteria of recovery from 70 to
120% and RSD <20% [30]. Therewith, LOD was calculated as being the LOQ divided
by 3.33. Matrix effect was calculated employing the slope of the analytical curves
prepared in the solvent and in the blank of the matrix as: ME%=[(slope of matrix-
matched curve/slope of analyte in solvent curve)-1]x100. When the change in the
chromatographic response is above 20%, the matrix effect is considered to have

influence on the analysis [31].

Results and Discussion

Chromatographic conditions

Information such as compound name, exact mass and elemental composition

was inserted in a Microsoft® Excel spreadsheet, then the exact mass of each
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compound was calculated and the list of 152 compounds and exact masses (Table 1)
was saved as comma separated values file (.csv), which was used by MassHunter
software as library. The m/z was calculated through the monoisotopic mass of each
compound plus the mass of adduct formed (NH,* or Na*) or protonated molecular ion
(H") minus the mass of one electron (0.00055 Da).

None of the analyzed pesticides were found in the blank sample extracts after
initial screening. After this, the next step was to add a known concentration of
pesticide standards to obtain retention time, and to measure the experimental mass.
An initial evaluation was performed to observe the compounds that would present
signal in the conditions tested.

LC-QToF/MS analyses were performed in a short run of 15 min for each sample
and for quantification proposes external calibration using matrix-matched was
employed to assure the best reliable results for each sample. The 152 pesticides
studied were identified and quantified using full scan mode and positive ionization.
This study was focused on quantification of pesticide residues in fruits using full scan
mode, and the MS/MS scan mode has not been evaluated. Figure 1 presents a LC-
QToF/MS chromatogram of a mixture of all compounds spiked in each matrix extract.
The intensity differences among pear, apple and grape were due to matrix effects.

Especial care is required when dealing with complex matrices to avoid
misidentification. For example, during method optimization through the monoisotopic
mass ion in the library employed for first identification, the same m/z was filtered for
two different peaks with distinguished retention time but similar mass spectrum, as
showed in Figure 1B. It was possible to conclude that the peak in 10.55 min
corresponds to oleamide, a common interference in high resolution mass
spectrometry. Both compounds dodemorph and oleamide show the same molecular
formula C13H35NO. Oleamide is a split agent used in polyethylene films and some

labware, like polyprolylene tubes [32].
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Figure 1. LC-QToF/MS chromatograms from matrix blank extracts spiked with 152
pesticides at 100 pg kg™ for (A) pear, (B) apple and (C) grape. Details in (A) linearity
of the response for amethryn, in (B) mass spectrum of dodemorph and its
interference with the same molecular formula and similar mass spectrum and in (C)
mass accuracy ranges for screening (20 ppm), recommended by SANCO (5 ppm),
average for all compounds (3.22 ppm) and for ToF instrument (2 ppm).
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Method Validation

The linearity of the analytical curve was studied using matrix-matched
standards and the response function was found to be linear with coefficient of
determination (r) values higher than 0.99. Blank samples were confirmed by their
analysis using the current extraction procedure, afterwards these samples were
spiked at the concentration levels of 0.01, 0.04 and 0.100 mg kg™ (n= 3) for recovery
and precision essays. For some compounds, the higher concentration level was 50
ng L™ due to limited dynamic range of the QToF/MS, it occurs due to the saturation
of the detector after a certain quantity of ions is measured, and when it happens a
dilution of the sample can be performed to overcome this issue. This effect can occur
when many ions arise the detector, especially when using dynamic range of the TDC
[33]. An example of the response for amethryn in pear is presented in Figure 1A,
which shows the excellent mass accuracy during all the linear range (demonstrated
by the numbers presented in the top of the peaks); obtained linearity presented r’=
0.9972, values of mass accuracy from m/z 228.1283 to 228.1290, mass error of 3.2
ppm, and calculated m/z 228.1277 [M+H]".

The linear range in matrix extract, method LOQ, averages of accuracy and
precision, and mass accuracy results for each compound are summarized in Table 1
grouped by type of ion formed. Method accuracy and precision were evaluated for
152 pesticides spiked at concentration levels of 0.01, 0.04 and 0.100 mg kg™ in
apple, pear and grape. LOQ for apple, pear and grape was 0.01 mg kg™ for 112, 120
and 118 compounds, and 0.04 mg kg™ for 22, 12 and 17 compounds, respectively.
Values of LOD were between 0.003 and 0.012 mg kg™. These limits were appropriate

since they attend national [3] and international [4] maximum residues limits (MRLS).
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Table 1. Retention time, molecular formula, monoisotopic mass, m/z calculated and validation results (linear range in the respective

matrix, LOQ, recoveries, precision and mass accuracy) obtained for 152 compounds with the proposed method.

Apple Pear Grape
Pesticides (nTiL) Mfg:’i:;l:r Monr?qizgé‘)pic o Cn;/éted I;éiir:]ear L0Q, Rectrsp Mass Linear L0Q, RectRsp Mass Linear LOQ, RectRsD MasS
g_? mg kg'l % Acc. rang_el mg kg'l % Acc. rangi mg kg'l % Acc.

uglL ppm i pglL ppm uglL ppm
[M+H]"/ 1-100 pg L™*?
Allethrin 9.0 C19H2603 302.1882 303.1955 5-100 0.01 99+ 6 3.3 1-100 0.01 97 £10 2.0 1-100 0.01 96 + 11 0.8
Ametryn 7.4 CoH17NsS 227.1205 228.1277 2-100 0.01 95+1 1.8 1-100 0.01 94 +3 1.4 1-100 0.01 93+3 0.7
Azamethiphos 6.6 CoHioN,OsPSClI  323.9737 3249809 1-100 0.01 94 +3 15 1-100 0.01 92+8 3.6 1-100 0.01 92+4 15
Azimsulfurom 7.3 Ci3H1N1oOsS 424.1026 4251099 2-100 0.04 67+1 0.6 1-100 0.01 66 +4 3.8 1-100 0.01 89+5 6.0
Azinphos ethyl 7.9  CiHisN3OsPS; 345.0371 346.0443 5-50 0.04 100+ 3 9.9 5-50 0.01 87+4 111 1-50 0.01 104 +7 10.4
Azoxystrobin 7.5 C2H17N3Os 403.1168 404.1241 1-100 0.01 97 +2 0.7 1-100 0.01 99+ 3 0.2 1-100 0.01 95+ 4 0.2
Benfuracarb 8.7 C20H30N205S 410.1875 411.1948 1-100 0.01 782 2.4 1-100 0.01 76+ 3 2.6 1-100 0.01 77 +13 3.5
Bitertanol 8.3 Ca0H23N302 337.1790 338.1863 - - - - 1-100 - - - 1-100 - - -
Boscalid 7.7 C1sH12N-OCl, 342.0327 343.0399 2-100 0.01 95+ 2 0.9 1-100 0.01 96 +5 25 1-100 0.01 94 +4 2.8
Carbofuran 6.8 C12H1sNO3 221.1052 2221125 1-100 0.01 101+2 0.3 1-100 0.01 96 +5 2.8 1-100 0.01 92+3 0.4
Carbofuran-3-hidroxy 54 C12H1sNO4 237.1001 238.1074 1-100 0.01 96 + 6 0.6 1-100 0.01 97 +11 3.9 1-100 0.01 84+3 0.6
Carbophenothion 9.3  CuH1602,PSsClI 341.9739 3429811 1-100 0.01 93+4 0.1 1-100 0.01 89+14 0.3 1-50 0.01 81+6 0.7
Carbosulfan 10.3  CyH3N:03S 380.2134 381.2206 1-100 - - - 1-100 - - 1-100 - - -
Carboxin 7.0 C12H13sNO,S 235.0667 236.0740 1-100 0.01 91+2 0.6 1-100 0.01 90+2 0.6 1-100 0.01 84+ 6 0.7
Carpropamid 8.2 Ci5H1sNOCl5 333.0454 334.0527 1-50 0.01 91+9 12.2 1-100 0.01 88 +14 9.4 1-100 0.04 1148 8.8
Chlorfenvinphos 8.2 C12H1404PCl3 357.9695 358.9768 1-100 0.01 96 + 8 12.2 § 1-100 0.01 97 +15 9.2 1-100 0.01 105+ 8 8.6
Clothianidin 5.0 CsHgNsO,SCl 249.0087 250.0160 1-100 0.01 97 +2 0.3 1-100 0.01 99 +2 15 1-100 0.01 98 +4 0.6
Cyanazine 6.5 CoH13N6Cl 240.0890 241.0963 1-100 0.01 101+1 1.9 1-100 0.01 105+ 4 1.2 1-100 0.01 122+3 1.7
Diazinon 8.3  Ci2H2iN,OsPS 304.1010 305.1083 2-100 0.04 103+ 11 4.8 2-100 0.01 84+14 52 1-100 0.04 99+9 35
Dicrotophos 4.7 CsH16NOsP 237.0766 238.0839 1-100 0.01 93+1 0.7 1-100 0.01 78 +15 0.3 1-100 0.01 94 +3 2.3
Difenoconazole 8.4  CigH17N3O5Cly 405.0647 406.0720 1-50 0.04 91+8 2.7 1-100 0.01 111 +5 4.3 1-50 0.01 0=+7 5.7
Diflubenzuron 8.0  Cy4HgN,O,CIF, 310.0321 311.0393 10 - 50 0.04 98 +21 10.7 5-50 0.01 100+ 5 15.0 1-50 0.04 837 12.3
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Apple Pear Grape
Pesticides (rsi-lr-n Mfg:f:llj::r Monrc:]izgéopic o cnlljllzted I;;r:]ear LOQ, RectRSD l\:ass Linear LOQ,  RectRSD I\;I\ass Linear LOQ, RecRSD I\;I\ass
ge " cc. | range " cc. | range " cc.
gLt MoK % ppm | pgL? ™MIKI % ppm | pgLt M9k % ppm
Dodemorph 7.3 C1sH3sNO 281.2719 282.2791 1-100 0.01 95+3 0.9 1-100 0.01 90 +2 0.5 1-100 0.01 94+3 0.6
Epoxiconazole 8.0 C17H13N30OCIF 329.0731 330.0804 1-50 0.01 95+8 2.7 1-50 0.01 92+5 2.3 1-50 0.01 99+ 4 2.3
Ethion 9.0 CoH2204P2S, 383.9876 384.9949 1-100 0.01 96 +3 1.0 1-100 0.01 88+4 0.9 1-100 0.01 905 0.8
Ethoprophos 8.0 CgH1002PS; 242.0564 243.0637 1-50 0.01 95+ 14 10.8 1-50 0.01 94+3 12.2 1-50 0.01 98+4 11.6
Ethoxysulfuron 7.8 C15H1sN4O7S 398.0896 399.0969 1-100 - - - 1-100 - - - 1-100 - - -
Etrimfos 8.3 C10H17N204PS 292.0647 293.0719 1-100 0.01 92+ 15 13.8 1-100 0.04 82 +20 7.8 1-100 0.04 99+8 8.3
Fempropathrin 9.3 C2oH23NO3 349.1678 350.1751 5-100 - - - 2-100 - - - 1-100 - - -
Fenazaquin 9.9 CaoH22N0 306.1732 307.1805 1-100 0.01 91+3 1.3 1-100 0.01 88+4 0.3 1-100 0.01 88+t4 0.1
Fenpropimorph 7.5 C2oH3sNO 303.2562 304.2635 1-100 0.01 95+2 0.4 1-100 0.01 91+2 0.8 1-100 0.01 93+4 0.5
Fenpyroximate (E) 9.5 Ca4H27N30, 421.2002 422.2074 2-100 0.01 98 +2 4.3 1-100 0.01 92+2 3.8 1-100 0.01 95+ 3 3.7
Fenthion 8.2 C10H1503PS; 278.0200 279.0273 1-100 0.04 97+9 14.1 1-100 - - - 1-100 0.1 98 £ 12 9.6
Fenthion sulfoxide 6.9 C1oH1504PS; 294.0149 295.0222 1-100 0.01 95+1 1.0 1-100 0.01 94 +2 1.3 1-100 0.01 100+ 2 1.0
Fluazifop-p-buthyl 8.7 C19H20NO4F3 383.1344 384.1417 1-100 0.01 975 0.8 1-100 0.01 85+ 1.2 1-100 0.01 915 0.9
Fluroxypyr 6.5  C;HsN,O3ClLF 253.9661 254.9734 2-100 - - - 1-100 - - - 1-100 - - -
Flusilazole 8.0 Ci6Hi1sN3F2Si 315.1003 316.1076 10 - 50 0.04 986 12.0 1-50 0.01 101 +7 15.0 1-50 0.01 84 +12 13.9
Flutolanil 7.7 C17H16NO,F3 323.1133 324.1206 1-50 0.01 98+1 1.5 1-50 0.01 93+2 1.7 1-100 0.01 94+3 1.2
Fosthiazate 7.1 CoH1sNO3PS, 283.0466 284.0538 1-100 0.01 9% +1 1.5 1-100 0.01 92+1 2.3 1-100 0.01 96t 4 1.8
Furathiocarb 8.8 C1gH26N205S 382.1562 383.1635 1-100 0.01 95+ 3 0.1 1-100 0.01 88+3 0.1 1-100 0.01 90+3 0.0
Hexythiazox 9.1 Cy7H2N,0,SCI 352.1012 353.1085 2-100 0.01 93+4 3.3 2-100 0.01 94+6 3.9 1-100 0.01 91+3 3.3
Imazalil 7.1 C14H14NOCl; 296.0483 297.0556 1-100 0.01 99+ 4 0.4 1-100 0.01 88+7 0.3 1-100 0.01 92+3 0.0
Imazapic 5.9 C14H17N303 275.1270 276.1343 1-100 - - - 1-100 - - - 1-100 - - -
Imazaquin 6.8 C17H17N303 311.1270 312.1343 1-100 - - - 1-100 - - - 1-100 - - -
Imazethapyr 6.5 C15H19N303 289.1426 290.1499 1-100 - - - 1-100 - - - 1-100 - - -
Imidacloprid 5.0 CoH10N50,ClI 255.0523 256.0596 1-100 0.01 98 +4 0.0 1-100 0.01 95+ 4 0.9 1-100 0.01 98+3 0.1
Indoxacarb 8.4  CyxHi17N30,CIF; 527.0707 528.0780 1-100 0.01 995 2.8 1-100 0.01 95+6 35 1-100 0.01 99+3 4.1
Iprovalicarb 7.9 C18H2sN203 320.2100 321.2173 1-100 0.01 96+ 3 6.4 1-100 0.01 95+4 7.1 1-100 0.01 94+4 6.1
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Apple Pear Grape
Pesticides (rsi-lr-n Mfg:f:llj::r Monrc:]izgéopic o cnlljllzted I;;r:]ear LOQ, RectRSD l\:ass Linear LOQ,  RectRSD I\;I\ass Linear LOQ, RecRSD I\;I\ass
ge " cc. i range Y cc. | range " cc.
gLt MoK % ppm | pgL? ™MIKI % ppm | pgLt M9k % ppm
Isoxaflutole 7.0 C15sH12NO4SF3 359.0439 360.0512 1-100 - - - 1-100 - - - 1-100 0.01 107 +11 3.2
Linuron 7.6 CgH10N,0O:Cl; 248.0119 249.0192 1-50 0.01 89+ 10 6.6 1-100 0.01 93 +13 4.2 1-50 0.04 89 +11 4.2
Mephosfolan 6.6 CgH16NO3PS; 269.0309 270.0382 1-100 0.01 93+4 0.9 1-100 0.01 83+12 3.5 1-100 0.01 884 11
Metalaxyl 7.3 C15H21NO, 279.1471 280.1543 1-50 0.01 97 +2 2.7 1-50 0.01 96 + 6 3.2 1-100 0.01 97 +3 2.9
Metconazole 8.4 C17H22N30CI 319.1451 320.1524 1-50 - - - 1-100 - - - 1-100 - - -
Methidathion 7.4 CsH11N,04PS3 301.9619 302.9691 1-50 0.01 864 2.3 1-50 0.01 93+8 1.6 1-100 0.01 95+5 1.3
Methiocarb sulfone 4.8 C11H1sNO4S 257.0722 258.0795 1-100 0.01 94 +2 0.2 1-100 0.01 90+1 0.4 1-100 0.01 94 +3 0.5
Methiocarb sulfoxide 5.2 C11H1sNOsS 241.0773 242.0845 1-100 0.01 93+2 0.6 1-100 0.01 91+4 3.5 1-100 0.01 94 +3 0.4
Metobromuron 7.2 CoH11N,O,Br 258.0004 259.0077 1-100 0.01 92+3 1.6 1-100 0.01 93+6 1.5 1-100 0.01 9% + 4 1.2
Metoxuron 6.3 C1oH13N20,Cl 228.0666 229.0738 1-100 0.01 95+3 2.8 1-100 0.01 93+4 3.9 1-100 0.01 95+3 1.0
Metsulfuron methyl 6.8 C14H15Ns06S 381.0743 382.0816 1-100 - - - 1-100 - - - 1-100 0.01 676 0.7
Monensin 10.5 C36He1011 692.4112 693.4184 1-100 0.01 93+3 2.5 1-100 0.01 90+4 3.3 1-100 0.01 91+5 3.2
Monolinuron 7.1 CgH11NL,O.Cl 214.0509 215.0582 1-50 0.01 99 +3 1.6 1-50 0.01 95+5 1.6 1-100 0.01 96 +3 11
Nuarimol 7.6 Ci7H12N,OCIF 314.0622 315.0695 1-100 0.01 85+24 2.4 1-100 0.01 91+6 10.5 1-100 0.01 99 +5 8.9
Omethoate 1.4 CsH12NO4PS 213.0225 214.0297 1-100 0.01 95+3 1.3 1-50 - - - 1-100 0.1 78+3 2.0
Phosalone 8.4  CiHi1sNO4PS,CI 366.9869 367.9941 1-100 - - - 1-100 - - - 1-50 - - -
Phosmet 7.5 C1:H12NO4PS, 316.9945 318.0018 1-50 0.01 95+2 2.2 1-50 0.01 92+4 3.8 1-50 0.01 95z+4 3.7
Picoxystrobin 8.0 C1gH16NO4F3 367.1031 368.1104 2-50 0.01 95+7 10.3 1-50 0.01 90+ 6 10.0 1-50 0.01 92+6 9.6
Piridate 10.2  Cy9H23N,0,SCI 378.1169 379.1242 1-100 0.01 81+3 1.3 1-100 0.01 81+3 0.7 1-100 0.01 82+t4 0.0
Prochloraz 8.3 Ci15H16N30,Cl3 375.0308 376.0381 1-100 0.01 96 + 17 119 ; 1-100 0.01 86 + 20 8.4 1-100 0.04 100 £ 19 7.3
Procymidone 7.9 Ci3H11NOCl, 283.0167 284.0240 1-50 0.04 97 +10 8.6 1-50 0.01 93+10 8.6 1-50 0.01 92+9 7.4
Profenofos 8.8 CyHis0O:PSCIBr  371.9351 372.9424 1-100 0.01 95+2 0.4 1-100 0.01 872 0.4 1-100 0.01 874 0.4
Profoxydim 8.6 C24H3,NO,SCI 465.1741 466.1813 1-100 0.01 95+3 0.2 1-100 0.01 875 0.3 1-100 0.01 873 0.4
Propiconazole 8.3 Ci15H17N30,Cl, 341.0698 342.0771 1-100 0.04 98 + 10 12.0 ; 1-100 0.01 88 +14 10.7 1-100 0.01 10315 10.3
Propyzamide 7.8 Ci12H1:NOCI, 255.0218 256.0290 1-50 0.01 984 8.3 1-50 0.01 1005 7.6 1-50 0.01 94 +6 7.7
Prothiofos 9.9 CyH150,PS,Cl; 343.9628 344.9701 1-100 0.01 95+9 0.7 1-100 0.01 90 £ 12 0.2 1-100 0.04 97 +5 0.1
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Apple Pear Grape
Pesticides (rsi-lr-n Mfg:r?:llj::r Monrc:]izgéopic o cnlljllzted I;;r:]ear LOQ, RectRSD l\:ass Linear LOQ,  RectRSD l\;l\ass Linear LOQ, RecRSD l\;l\ass
ge " cc. i range ' cc. | range " cc.
gLt MoK % ppm | pgL? ™MIKI % ppm | pgLt M9k % ppm
Pyraclostrobin 8.3 Ci19H18N304ClI 387.0986 388.1059 1-100 0.01 107 +8 6.7 1-100 0.01 89+14 5.1 1-100 0.01 95+ 10 5.4
Pyrazosulfuron ethyl 7.7 C14H18N6O7S 414.0958 415.1030 1-100 0.01 66 =3 59 1-100 0.01 66 + 6 53 1-100 0.01 715 5.2
Pyridaben 9.8 Ci19H25N,0SClI 364.1376 365.1449 1-100 0.01 94 +1 0.6 1-100 0.01 91+3 0.4 1-100 0.01 91+2 0.4
Pyridaphenthion 7.8 C14H17N20O4PS 340.0647 341.0719 1-50 0.01 98 +2 3.7 1-50 0.01 97 +4 3.3 1-100 0.01 94 +4 2.9
Pyrimethanil 7.5 C1oHi3N3 199.1109 200.1182 1-100 0.01 90+4 0.5 1-100 0.01 90+4 3.5 1-100 0.01 90+6 3.4
Pyrimiphos ethyl 8.9 C13H24N303PS 333.1276 334.1349 1-100 0.01 95+3 0.3 1-100 0.01 88+4 0.0 1-100 0.01 89+4 0.7
Pyrimiphos methyl 8.3 C11H20N303PS 305.0963 306.1036  1-100 0.01 94 +8 5.3 1-100 0.01 94 +3 11.8 1-100 0.01 837 13.0
Quinclorac 6.1 Ci10HsNO,Cl, 240.9697 2419770 1-100 - - - 1-100 - - - 1-100 - - -
Quinoxyfen 9.1 C1sHsNOCIF 306.9967 308.0040 1-100 0.01 90+4 15 1-100 0.01 93+4 1.6 1-100 0.01 903 15
Spinosad 8.2 C41HesNO1g 731.4608 732.4681 1-100 0.01 93+2 0.5 1-100 0.01 91+1 0.0 1-100 0.01 95+4 0.3
Tebufenpyrad 8.8 Ci5H24N30ClI 333.1608 334.1681 2-100 0.01 99 +3 5.9 1-100 0.01 93+2 2.9 1-100 0.01 94 +6 15
Terbuthylazine 7.7 CoH16NsCl 229.1094 230.1167 1-50 0.01 96 +3 2.4 1-100 0.01 93+3 21 1-50 0.01 98+3 25
Tetraconazole 7.8  Ci3H11N3OCLF, 371.0215 372.0288 1-50 0.01 97 +3 7.8 1-50 0.01 95+3 7.3 1-100 0.01 97 +3 6.8
Thiabendazole 4.7 C10H7/N3S 201.0361 202.0433 20-100 - - - 1-100 0.01 80+4 1.4 1-100 0.01 862 0.7
Thiacloprid 5.9 Ci1oHgN4SCI 252.0236 253.0309 1-100 0.01 96 + 15 1-100 0.01 96+ 3 3.2 1-100 0.01 99 +3 2.1
Thiamethoxam 3.2 CgH1oNsO3SCl 291.0193 292.0266 1-100 0.01 95 + 0.1 1-100 0.01 887 0.0 1-100 0.01 9% +4 0.2
Thifensulfuron methyl 6.7 C12H13Ns506S, 387.0307 388.0380 1-100 - - - 1-100 - - - 1-100 - - -
Thiodicarb 7.0 C10H18N404S; 354.0490 355.0563 1-100 0.01 96 +2 1.8 1-100 0.01 94 +2 1.8 1-100 0.01 96 +2 1.7
Tolclofos methyl 8.4 CgH1103PSCl, 299.9544 300.9616 2-50 0.04 8811 7.6 5-100 0.04 89+ 15 12.2 2-100 0.04 81+13 14.0
Triasulfuron 6.6  Ci14H16NsOsSClI 401.0561 402.0633 1-100 0.01 83+4 1.0 1-100 0.01 82+7 0.8 1-100 0.01 84+7 0.9
Trichlorphon 53 C4HsO4PCl3 255.9226 256.9299 1-100 0.01 91+3 0.9 1-100 0.01 92+5 4.1 1-100 0.01 96 +3 1.4
Tricyclazole 6.1 CoH7N3S 189.0361 190.0433 1-100 0.01 93+3 29 1-100 0.01 86+ 6 4.2 1-100 0.01 905 2.4
Triflumuron 8.3  CisH10N205CIF3 358.0332 359.0405 1-100 0.04 102 £ 17 5.3 1-50 0.01 88 + 26 4.9 1-100 0.04 119+ 15 3.6
Vamidothion 5.4 CsH1sNO4PS; 287.0415 288.0488 1-100 0.01 93+2 1.8 1-100 0.01 91+2 4.5 1-50 0.01 92+2 1.8
Vinclozolin 7.7 C12HgNO;Cl, 284.9959 286.0032 1-50 0.01 9 +7 9.6 1-100 0.01 91+7 6.9 1-100 0.01 938 6.7

[M+H]*/ 1-50 pg L2
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Apple Pear Grape
Pesticides (rsi-lr-n Mfg:f:llj::r Monrc:]izgéopic o cnlljllzted I;iiir:]ear LOQ, RectRSD l\:ass Linear LOQ,  RectRSD I\;I\ass Linear LOQ, RecRSD I\;I\ass
ge " cc. i range Y cc. | range " cc.
gLt MoK % ppm | pgL? ™MIKI % ppm | pgLt M9k % ppm
Azaconazole 7.4 C12H11N30,Cl, 299.0228 300.0301 1-50 0.01 96 +2 1.9 1-50 0.01 98 +2 13 1-50 0.01 107 £ 3 0.9
Bupirimate 8.0 C13H24N403S 316.1569 317.1642 1-50 0.01 96 +5 8.2 1-50 0.01 97 +4 10.0 1-50 0.01 95+3 9.4
Buprofezin 8.4 Ci16H23N30S 305.1562 306.1635 1-100 0.01 91+2 0.4 1-100 0.01 91+5 0.5 1-100 0.01 89+4 0.6
Clomazone 7.5 C12H14sNOLCI 239.0713 240.0786 1-50 0.01 96+ 2 1.1 1-100 0.01 97 +4 2.8 1-50 0.01 93+3 2.1
Diuron 7.4 CoH1oN,OCl, 232.0170 233.0243 1-50 0.01 96 +2 0.5 1-50 0.01 93+3 0.8 1-50 0.01 96 +3 1.3
Fenbuconazole 8.0 C19H17N4Cl 336.1142 337.1215 5-100 0.01 113+12 13.7 1-50 0.04 96 + 10 8.4 1-50 0.04 114 +14 155
Fenhexamid 7.9 C14H17NOCl; 301.0636 302.0709 1-50 0.01 92+2 11.9 1-50 0.01 86+3 13.4 1-50 0.01 905 14.0
Flufenacet 7.9  Ci4Hi3N3O,SF, 363.0665 364.0737 1-50 0.01 99 +4 8.6 1-50 0.01 91+2 6.8 1-50 0.01 96 +3 6.6
Isoxathion 8.3 C13H16NO4PS 313.0538 314.0610 1-50 0.01 96 +8 5.3 1-50 0.01 93 +13 9.5 1-50 0.01 96 +9 9.4
Malathion 7.8 C10H1006PS; 330.0361 331.0433 1-50 0.01 97 +3 3.8 1-50 0.01 99 +10 2.6 1-100 0.01 95+5 0.1
Mepronil 7.8 C17H16NO, 269.1416 270.1489 1-50 0.01 98 +2 7.2 1-50 0.01 94 +6 6.7 1-50 0.01 97 +4 6.3
Monocrotophos 4.1 C;H1sNOsP 223.061 224.0682 1-50 0.04 114 +13 1.2 1-50 - - - 1-100 0.01 92+7 1.9
Oxadixyl 6.4 C14H18N204 278.1267 279.1339 1-50 0.01 96 +3 2.1 1-50 0.01 94+4 3.4 1-100 0.01 9% +4 3.0
Paraoxon 7.2 C10H14NOgP 275.0559 276.0632 1-100 0.01 89+ 14 2.0 1-50 0.01 90+ 10 2.4 1-100 0.01 106 + 8 2.1
Pencycuron 8.4 Ci9H2:N,OCI 328.1342 329.1415 1-50 0.01 92 +12 15 1-100 0.01 110+ 8 4.6 1-50 0.01 86 + 10 6.0
Propanil 7.6 CoHgNOCI, 217.0061 218.0134 1-100 0.01 98 £ 10 3.2 1-100 0.04 111 +7 1.2 1-50 0.01 96 + 10 2.1
Pyrazophos 8.4 C14H20N305PS 373.0861 374.0934 1-50 0.01 94 +8 0.6 1-100 0.01 100+ 6 1.2 1-50 0.01 89+9 2.2
Pyrimicarbe 6.4 C1:H18N4O; 238.143 239.1503 1-50 0.01 9=+1 2.8 1-50 0.01 93+3 5.4 1-50 0.01 94 +6 2.7
Quinalphos 8.2 C12H1sN,03PS 298.0541 299.0614 2-50 0.01 96 + 12 11.6 1-50 0.01 82+14 14.8 1-50 0.01 95+6 15.7
Simazine 6.8 C7H12NsClI 201.0781 202.0854 1-50 0.01 95+3 0.8 1-50 0.01 95+4 2.8 1-50 0.01 99 +4 1.2
Thiobencarb 8.4 C1,H16NOSCI 257.0641 258.0714 1-50 0.04 92+10 2.0 1-100 0.01 111 +£5 8.5 1-50 0.01 78 +14 11.3
Thiophanate methyl 6.7 C12H14N404S; 342.0456 343.0529 1-50 0.01 83+5 1.4 1-50 0.04 762 3.0 1-50 - - -
Triazophos 7.8 C12H16N303PS 313.0650 314.0723 1-50 0.01 97 +2 7.5 1-50 0.01 95+3 8.3 1-50 0.01 93+3 7.4
Tridemorph 8.1 C19H3zgNO 297.3032 298.3104 1-50 0.01 113+ 2 6.2 1-50 0.01 866 10.4 1-50 0.01 877 8.3
Trifloxystrobin 8.5 Ca0H19N204F3 408.1297 409.1370 1-50 0.01 100 + 10 0.8 1-100 0.01 119 +12 1.7 1-50 0.01 71+28 3.9

[M+H]" / 2-100 pg L™?
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Apple Pear Grape
o ! RT Molecular  Monoisotopic m/z Linear Mass | Linear Mass ! Linear Mass
Pesticides (min) formula mass calculated LOQn RectRSD LOQm  RectRSD LOQn Rec#RSD
ge mg kg'l % Acc. range mg kg'l % Acc. range mg kg'l % Acc.
pg L™ ppm | pgL* ppm | pglL* ppm
Carbendazim 3.2 CoHoNzO2 191.0695  192.0768 1-100 0.01 974 0.8 1-50 0.01 106 £ 3 1.0 | 1-100 - - -
Diethofencarb 7.5 C14H21NO, 267.1471  268.1543 1-50 - - - 1-50 - - - 1-100 0.04 102+10 38
Methomyl 7.0 CsH1oN202S 162.0463  163.0536 5-100 0.04 106 3 25 | 1-100 0.01 90+ 55 1 1-100 0.01 92+6 6.2
Myclobutanil 7.8 C1sH17N,4Cl 288.1142  289.1215 2-100  0.01 94+4 8.6 | 1-100 0.01 97+9 96 | 2-100 0.01 92+6 9.7
Propoxur 6.7 C11H1sNOs 209.1052  210.1125 1-100 - - - 20 - 100 - - - 10 - 100 - - -
Pymetrozine 15 C1oH11NsO 217.0964  218.1036 1-100 - - - 1-100 0.01 74 +18 183 | 1-100 0.01 74+8 187
Tebuconazole 8.2  CyHzNsOCI 307.1451  308.1524 2-100 0.01 89 + 13.0 | 2-100 0.04 86 + 20 120 ! 5-100 004 100+14 123
Triadimefon 7.8 CuHiN;O:Cl 293.0931  294.1004 1-100 0.01 99 + 12.2 | 1-100 0.01 93+5 145 1 2-100 004 100+10 19.1
[M+H]" / 10-100 pg L*?
Triadimenol 7.8 CuHisNsOoCl 2951088  296.1160 10-100 0.04 96+ 4 2.0 i 10-100  0.04 96+ 8 12.2 i 10-100 0.04 101+£3 129
[M+H]"/ 2-50 pg L™?
Acetamiprid 55 C1oH11N4Cl 222.0672  223.0745 5-100 0.01 96 +3 13.8 | 1-100 0.01 98+3 9.7 11-100 0.01 95+3 142
Atrazine 7.3 CsH1NsCl 215.0938  216.1011 2-50  0.01 96+ 2 5.6 2-50 0.01 96 +4 6.1 2-50  0.01 98+2 5.1
Dimoxystrobin 8.1 CioH2:N,04 326.1630  327.1703 1-50  0.01 96 +5 100 ! 1-50 0.01 88+5 149 ! 1-50  0.01 92+4 145
[M+H]" / 5-100 pg L™?
Cyproconazole 7.9  CisHigNsOCI 291.1138  292.1211 2-100 0.01 110+4 155 | 1-100 0.04 90+ 14 191 ! 1-100 0.01 108+9 17.4
Mevinphos 6.0 C7H1306P 224.045 2250523 10-100 0.04 95+2 58 110-100 0.04 89+3 46 15-100 0.01 92+7 7.2
Tebufenozide 8.1 CaoH26N20; 3522151  353.2224 1-100 0.04 104+3 7.3 1 1-100 0.04 101+3 72 11-100 0.01 104+8 49
[M+H]"/5-50 pg L™?
Oxyfluorfen 8.7 CisHuNOLCIF;  361.0329  362.0401 20-100 0.04 118+8 1.2 E 2-100 0.01 71+12 7.6 E 20-100 0.04 92+15 14
[M+Na]*/1-100 pug L*®
Aldicarb 6.2 C7H1N,02S 190.0776  213.0670 1-100 0.01 93+2 2.3 i 1-100 0.01 93+4 1.2 i 2-100 0.01 94+5 3.9
Oxamyl 2.1 C7H1sN303S 219.0678  242.0570 1-100 0.04 96 +3 0.3 E 1-100 0.01 92+6 3.1 E 1-100 0.01 84+7 3.0
Mecarbam 7.9  CipHxoNOsPS,  329.0521  352.0410 1-50  0.01 98+ 6 7.8 E 1-50 0.01 86+5 2.1 E 1-50  0.01 83+7 15
[M+NH,]" / 1-100 pg L™?
Acrinathrin 9.6 CyHxuNOsFs 541.1324  559.1660 5-100 0.04 98+ 13 1.7 i 1-50 0.04 72+16 15 1-50 004 10422 1.3
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Apple Pear Grape
Pesticides (rsi-lr-n Mfg:’?:tljllzr Monrc:]izgéopic o cnlljllzted I;iiir:]ear LOQ, RectRSD l\:ass Linear LOQ,  RectRSD l\;l\ass Linear LOQ, RecRSD l\;l\ass
ge 1 cc. range 1 cc. range 1 cc.

gLt MoK % ppm | pgL? ™MIKI % ppm | pgLt M9k % ppm
Aramite 8.9 Ci15H230,4SCI 334.1006 352.1340 1-100 0.01 95+8 1.9 1-100 0.01 92 +10 2.6 1-100 0.01 90+ 12 2.3
Deltamethrin 95  CpHwNOsBr, 5029732  521.0070 1-50 001  95+17 08 | 1-50 - - - 1-100 001 9119 22
Desmedipham 7.4 C16H16N204 300.1110 318.1450 1-100 0.01 94 +3 2.7 1-100 0.01 91+3 0.4 1-100 0.01 9% + 4 1.3
Etofenprox 10.6 CasH2s0s 376.2038  394.2380 1-100  0.01 91+3 24 | 1-100 001 9145 25 }1-100 001  89+5 25
Piperonylbutoxide 9.0 CigH300s 338.2093  356.2430 1-100 0.01 93+3 01 { 1-100 001 91+7 00 }{1-100 001  90%4 01
Propargite 9.3 CisH2604S 350.1552  368.1890 1-100  0.01 94 +2 11 } 1-100  0.01 92+3 10 ! 1-100 001 895 0.1
[M+NH,]* / 1-50 pug L™?
Fenamidone 84  CyHuN;0S 3111092  329.1430 1-50  0.04 93+8 2.3 ; 1-100  0.01 1108 12 ; 1-50 001 86+10 3.1
[M+NH,]" / 5-100 pg L™?
Diniconazole 8.7  CisHiNsSCl,  341.0520  359.0860 10-100 0.04  96+10 8.4 ; 5-100  0.04 9146 95 ; 5-100 004 88+15 94

2 lon selected (adduct) / Linear range in solvent; RT: Retention time; Rec: Recovery; Acc.= Accuracy, n= 3; LOQ: method

experimental LOQ.
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Recovery values obtained for the matrices studied were appropriate for most of the
pesticides analyzed, except for bitertanol, carbosulfan, ethoxysulfuron, fempropathrin,
fluroxypir, imazapic, imazaquin, imazethapyr, phosalone, metconazole, propoxur,
quinclorac, thifensulfuron methyl, which ones did not recovered in all three matrices.
Some compounds could not be recovered in just one matrix: carbendazin and
thiophanate methyl in grape, deltamethrin, fenthion, monocrotophos and omethoate in
pear; pymetrozine and thiabendazole in apple. And in two matrices diethofencarb,
isoxaflutole and metsulfuron methyl in apple and pear. Probably, these compounds
could not be properly extracted due to the extraction procedure applied, being
necessary a specific condition for them. An example of this requirement is the group of
herbicides imidazolinones (imazapic, imazaquin and imazethapyr), they are weak acids
with dissociation constants “pKa” ranging from 1.9 to 3.8 [34,35]. The stability of some
pesticides depends strongly on the pH and the use of solvents systems with pH<pKa is
required. Besides this, some compounds showed recoveries values above or below the
recommended range established by the international legislation (70 to 120%) as:
azimsulfuron in apple (67%) and pear (66%), cyanazine in grape (122%), pyrazosulfuron
ethyl in apple (66%) and pear (66%), metsulfuron methyl in grape (67%). According to
SANCO [30] recovery values in the range of 60 to 140% may be used in routine
multiresidue analyses, especially because the RSD values for all these pesticides were
lower than 6%. In this way, considering the compounds that showed recovery between
60 to 140% the proposed method was validated for a total number of 134, 132 and 137
pesticides in apple pear and grape, respectively. Precision, which was evaluated
through the RSD value, is adequate when lower than 20% [30]. Only the compounds
acrinathrin (22%) and trifloxystrobin (28%) in grape; diflubenzuron (21%) and nuarimol
(24%) in apple and triflumuron (26%) in pear showed RSD values higher than this
recommended value.

Mass accuracy tolerance accepted for initial identification was 20 ppm considering
the combination of factors: retention time and reference standards; being 19.1 ppm the
highest value for mass accuracy error. Results for all compounds are listed in Table 1
and summarized in Figure 2A, which shows distribution of compounds related to mass

errors ranges. In general, results are in accordance with SANCO regulations [30], due to
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mass accuracy error <5 ppm for 91 compounds in apple and grape, and in 87
compounds for pear. Beyond that, around 33% of the compounds showed mass
accuracy error higher than 5 ppm. In average, the error for each matrix was 3.02 ppm
(apple), 3.12 ppm (pear), and 3.50 ppm (grape), with average among matrices of 3.22
ppm. According to the study developed by Croley et al. [36], co-elution and ion
suppression significantly hinder the ability to make an accurate mass measurement and,
in some cases, become more important than the instrument resolution and mass
measurement accuracy.

It is well known that matrix effects are one of the main drawbacks of liquid
chromatography methods, making quantification in real samples difficult in some cases.
Co-eluting compounds from the sample matrix can affect the analyte ionization process
leading to a signal enhancement or suppression. These undesirable effects typically
cause loss of method accuracy, precision and sensitivity leading to incorrect
guantification and also to problems for a safe confirmation. Matrix effect can be
minimized applying an efficient clean-up, as well using internal standards and matrix-
matched standards [37].

Matrix effect was evaluated for all the compounds in all the matrices studied and
the obtained results are represented in Figure 2B. Observing the results of matrix effect
calculated, most of the compounds do not show neither signal suppression nor signal
enhancement considering acceptable values between -20 and 20%. Signal
enhancement was found for 8, 11 and 15 pesticides in apple, pear and grape,
respectively. Signal suppression in apple, pear and grape was showed for 11, 16 and 12
pesticides, respectively. In this study, for most compounds, the matrix effect was not
considered significant because the values were in a range of + 20% [31]. However, for
some pesticides such as tolclofos methyl, the matrix effect showed higher intensity in the
presence of the matrix. For this reason, curves were prepared in the matrix extract for

the quantification of the analytes.
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Figure 2. Values of (A) mass error and (B) matrix effect in apple, pear and grape,
combining modified QUEChERS method and LC-QToF/MS determination.

Unsatisfactory mass resolution and mass accuracy show an important aspect to be
improved since they affect the quality of the results especially for the development of
automated data analysis strategies in food samples, which can present wide variations
in matrix background. A good chromatographic separation reflects in satisfactory values
of mass errors, as demonstrated in the work reported by Croley et al. [36]. Authors
evaluated the separation of 6 isobars compounds, in a 30 min gradient run, obtaining
chromatographic separation for all them, with two of the compounds displaying partial
co-elution. For the compounds that did not co-elute, the observed spectra yielded the
expected results with m/z values within the expected mass measurement error (<2
ppm). However, when evaluating the co-eluting compounds a large mass error was
observed. Besides this, the use of stationary phase with small particle size provides can

increase column efficiency with better baseline separation and narrower peaks [38].

Method Applicability

The proposed validated method was applied in 5 samples of each matrix, which
were purchased at local supermarkets in Santa Maria, Rio Grande do Sul State (Brazil).



124

As presented in Table 2, pesticide residues were found in 5 samples of pear and apple,

and 4 samples of grape. Comparing the results with the MRL values established by

Brazilian legislation [3] and international legislation [4], carbendazim is a fungicide,

which is permitted for apple, citrus crops, beans, cotton, soybeans and wheat.

Propiconazole is also a fungicide and its use in apple crops is not permitted, as well as

thiacloprid for pear. Difenoconazole and imidacloprid are allowed for grape crops and

the values found are below the established MRL. Pyraclostrobin is also allowed for

apple and grape crops and the residues were below the MRL. Residues of phosmet are

below the MRL for apple. Thiophanate methyl was detected only in one sample of pear,

but this compound is rapidly converted in carbendazim (its main degradation product)

found in apple and pear samples. The analyzed samples showed concentration of

pesticides below the European and Brazilian MRL values.

Table 2. Pesticide residues determined in commercial apple, pear and grape samples.

Sample LOQ  MRL (mg kg™
Pesticides 1 2 3 4 5 (mgkg?) EU Brazil
Apple (mg kg™)
carbendazim  0.022 <LOQ <LOQ <LOQ 0.025 0.01 0.2 5.0
phosmet <LOQ n.d. n.d. n.d. n.d. 0.01 0.5 1.0
pyraclostrobin  n.d. n.d. nd. <LOQ <LOQ 0.01 0.5 2.0
propiconazole n.d. 0.027 n.d. 0.038 n.d. 0.04 0.15 n.p.
Pear (mg kg™)
carbendazim  0.034 0.032 0.011 <LOQ <LOQ 0.01 0.2 n.p.
thiabendazole n.d. 0.074 0.138 0.177 0.158 0.01 50 10.0
thiacloprid <LOQ n.d. 0.012 0.012 <LOQ 0.01 0.3 n.p.
tmhgﬂgﬁ“ate <L0Q nd. nd. nd. n.d. 004 05 np.
Grape (mg kg™)
difenoconazole n.d. <LOQ <LOQ <LOQ n.d. 0.01 0.5 0.2
imidacloprid nd. 0.023 n.d. n.d. 0.044 0.01 1.0 1.0
pyraclostrobin  n.d. 0.021 0.030 n.d. <LOQ 0.01 2.0 2.0

EU= European Union; n.d.: not detected; n.p.= not permitted.
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Conclusion

In this work, a multiclass screening and rapid quantitative analysis combining
modified QUEChERS method and LC-QToF/MS in full scan mode for the determination
of pesticide residues proved to be effective for more than 130 pesticides in apple, pear
and grape samples. Validation study demonstrated good recovery and precision for a
wide number of compounds, in the concentration levels of 0.01, 0.040 and 0.100 mg kg™
with recovery values from 66 to 122%, and satisfactory RSD values for almost all
compounds validated. Linearity values were adequate with values of r* higher than 0.99
in the range of 1 to 100 ug L™, as well as LOQ from 0.01 to 0.04 mg kg™, which attends
LMR values of national and international legislations. LC-QToF/MS detection using
[M+H]", [M+NH4]" or [M+Na]*, as well as, mass accuracy, provided reliability for the
proposed method especially for those compounds with mass accuracy error lower than 5
ppm, attending international parameters for pesticide residues determination with high
resolution mass spectrometry.

The proposed method after validated was applied to real samples and results
demonstrated that in general the MRL values are respected being in according to
Brazilian and European Union legislations. Results showed that the proposed method
can be applied for routine analyses of pesticide residues in fruit matrices as apple, pear
and grape. QUEChERS as a generic sample preparation procedure combined with the
analysis by LC-QToF/MS showed great benefits, like good sensibility, mass resolution,
and mass accuracy, allowing fast multiresidue determination of a wide scope of

pesticides in a short analysis time.
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Abstract

lonophores are the second top selling class of antimicrobials used in food-
producing animals in the United States. In chickens, ionophores are used as feed
additives to control coccidiosis; up to 80% of administered ionophores are excreted in
the litter. Because poultry litter is commonly used to fertilize agricultural fields, ionophore
residues are contaminants of concern in the environment. This study aims to develop a
liquid chromatography with tandem mass spectrometry (LC-MS/MS) method to quantify
ionophores, and identify their transformation products (TPs) in poultry litter after on-farm
pilot-scale composting. The validation parameters of the optimized method showed
good accuracy, ranging from 71 to 119% recovery and relative standard deviation
(precision) of <19% at three different spiked concentration levels (10, 50 and 100 pg/kg).
Monensin, salinomycin and narasin, were detected in the poultry litter samples prior to
composting at 290.0+40, 426+46, and 3113+318 pg kg™, respectively. This study also
aims to investigate the effect of different composting conditions on the removal of
ionophores, such as the effect of turning or aeration. Results revealed a 13-68%
reduction in ionophore concentrations after 150 d of composting, depending on whether
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the compost was aerated, turned, or subjected to a combination of both aeration and
turning). Three transformation products and one metabolite of ionophores were
identified in the composted litter using high-resolution liquid chromatography with

guadrupole time-of-flight mass spectrometry (LC-QToF/MS).

Capsule
Degradation of ionophores in poultry litter using different composting conditions is
reported, and transformation products were identified using high resolution mass

spectrometry.

Keywords

Antibiotics; broiler chickens; monensin; biodegradation, QUEChERS
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Introduction

Antimicrobials have been widely used in animal production as feed additives for
the treatment and prevention of infectious diseases. In 2012, ionophores comprised
31% of the 4.6 million kg of antimicrobials sold in the United States (U.S.) for food-
producing animals (FDA, 2014). lonophore antimicrobials (IPAs) are widely used in
poultry production to control coccidiosis (Bak et al., 2013; Chapman, 1984) that is
caused by intestinal parasites predominantly affecting broiler (Dorne et al., 2013). Broiler
chickens production in the U.S. continues to increase, with over 43 billion pounds of
poultry meat produced annually (USDA, 2012). Therefore, it can be expected that the
use of IPAs in the poultry industry will rise concomitantly.

lonophores are polyether carboxylic acids that have the ability to complex with
metal cations through the multiple oxygen atoms on the cyclic ether moieties, and the
carboxylic and alcoholic end groups that interact to form a pseudocyclic conformation
(Martinez-Villalba et al., 2009; Sun et al., 2014b). Monensin (MON), lasalocid (LAS),
salinomycin (SAL), narasin (NAR) and maduramicin (MAD) are the most widely used
IPAs in poultry production. The IPAs are poorly absorbed in the bird’s gut, hence up to
80% are excreted intact in urine and feces (Hansen et al., 2009; Sun et al., 2014a). Due
to the considerable quantities of waste generated in the poultry industry and the high
concentrations of nutrients (nitrogen (N), phosphorus (P) and potassium (K)) in poultry
litter, land application is the best solution to manage poultry waste (Abraham and
Kepford, 2000; Biswas et al., 2012). lonophores could persist in aged poultry litter even
after three years of unattended and unmanaged storage on farms, therefore land
application of poultry litter can be a significant source of IPA contaminantion in the
environment (Biswas et al., 2012).

Composting results in a waste product with lower density and volume, while also
decreasing noxious odors and toxins from poultry litter. Composted litter has a lower rate
of N mineralization and thus, lowers the loss of ammonia (NH3) through volatilization.
Hence, land application of composted litter poses a lower risk of polluting groundwater
by nitrate compared to the application of fresh poultry litter (Abraham and Kepford,
2000). Composting can be performed using commercial in-vessel methods that rely on a
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variety of forced aeration and mechanical turning techniques to accelerate the
degradation process by controlling moisture content, temperature, and oxygen levels
(Misra et al., 2003).

Composting has additionally been identified as a viable means of reducing the
environmental impacts of manure-borne antimicrobials, including ionophores.
Ramaswamy et al. (2010) studied the degradation of SAL in manure during a 38 d
composting and reported that the concentration of SAL decreased by 99.8%. The
biodegradation of SAL was also investigated in lab-scale bioreactors under aerobic and
anaerobic conditions with a mixed culture of soil bacteria. Biodegradation occurred
under aerobic conditions with only trace concentrations of SAL remaining after 200 h;
however, SAL remained persistent under anaerobic conditions (Hansen et al., 2012). In
a separate study, LAS degradation was evaluated in poultry manure under different
storage conditions (aging in a pile versus composting), and in soil that had been
fertilized with LAS-containing manure. It was found that the half-life of LAS was shortest
in manure-fertilized soil, followed by composted manure; and as expected, the half-life of
LAS was longest in untreated manure (Zizek et al., 2014).

Limited information is available in the literature regarding the transformation of
IPAs during composting of poultry litter. Therefore, a study on the influence of different
composting conditions on the fate of IPAs, and on the formation of their transformation
products (TPs) is warranted. Sun et al. (2014) evaluated the degradation of MON, NAR
and SAL in poultry litter and in soil microcosms, with varying temperatures and water
content under laboratory and field conditions. The study concluded that water and
temperature played an important role in the degradation of SAL and NAR, although
MON remained stable under all conditions. Water content and temperature are critical
parameters that affect the microbial activity in soil, influencing the degradation of organic
compounds (Sun et al., 2014a; Tiquia & Tam, 2002). The structures of ionophore TPs
were postulated based on the mass spectral fragmentation patterns of the newly
observed chromatographic peaks (Sun et al.,, 2014a). The photodegradation rates of
these three IPAs were also assessed under UV and solar irradiation (Sun et al., 2014b).
MON showed resistance to direct photolysis, whereas SAL and NAR were degraded via

direct absorption of UV or sunlight.
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In order to study the fate of IPAs during composting of poultry litter, a robust
sample preparation and analytical method is needed. Trace analysis of IPAs can be
achieved using liquid chromatography with tandem mass spectrometry (LC-MS/MS)
because IPAs are not amenable to gas chromatography. In addition, detection by
MS/MS offers the highest selectivity and sensitivity for quantifying chemical
contaminants in complex matrices such as poultry litter. Chromatographic separation of
IPAs has been achieved with either a C;5 column (Biswas et al., 2012; Hansen et al.,
2009) or a reversed-phase amide column (Sun et al., 2013). Different sample
preparation procedures have been reported in the literature to extract IPAs from
environmental matrices. Pressurized liquid extraction followed by solid phase extraction
(SPE) for clean-up has been described for the determination of IPAs in soil, sediment,
and poultry litter, with high recoveries (71-133%) and good precision (<16% relative
standard deviation or RSD) achieved (Bak et al., 2013). Solid-liquid extraction followed
by SPE clean-up using hydrophilic-lipophilic balanced cartridges for MON, NAR, SAL,
LAS and nigericin (NIG) in aged poultry litterhas also been reported with recoveries
between 92-104.4% (Biswas et al., 2012). However, the above-mentioned techniques
are time-consuming. A sample preparation technique using QUEChERS (Quick, Easy,
Cheap, Effective, Rugged, and Safe) that involves an extraction step with acetonitrile
(MeCN) and a liquid-liquid partitioning facilitated by addition of anhydrous magnesium
sulfate (MgSO,4) and sodium chloride (NaCl) offers a faster alternative. A modified
QUEChERS method uses a dispersive solid phase extraction (d-SPE) step that involves
adding the extract into a tube containing sorbents and salts eliminates the need for
evaporation and results into a shorter sample preparation time (Anastassiades et al.,
2003).

Therefore, the first objective of this study was to develop a robust sample
preparation method using QUEChERS for the LC-MS/MS analysis of IPAs in poultry
litter. The second objective of this study was to quantify the IPAs present in the poultry
litter before and after three different pilot-scale composting processes: with aeration,
turning, and combined aeration and turning. Finally, this study also aimed to identify
stable TPs formed during poultry litter composting using liquid chromatography with
quadrupole time of flight mass spectrometry (LC-QToF/MS). Results from this study will
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provide insights on the composting conditions that favor the degradation of IPAs, and
the identities of stables TPs formed during composting of poultry litter.

Material and Methods

Chemicals

MON (86.8%), LAS (100 mg L), MAD (97.9%), NAR (298%), and the surrogate
standard (SS) NIG (298%) were purchased from Sigma Aldrich (St. Louis, MO). SAL
(95%) was obtained from VWR International (Radnor, PA). The internal standard (1S)
triphenyl phosphate (TPP, 299%), typically used in sample preparation following
QUEChERS was also purchased from Sigma Aldrich. Barnstead NANOpure™ Diamond
purification system (Waltham, MA) was used to obtain 18.2 MQ water. LC/MS grade
methanol and acetonitrile were purchased from EMD Millipore (Billerica, MA). Formic
acid (88%) used for LC separations was purchased from Fisher Scientific (Pittsburgh,
PA). Sample preparation based on QUEChERS was performed using anhydrous
magnesium sulfate (MgSO,) from J. T. Baker (Center Valley, PA) and sodium chloride
(NaCl) from VWR International, as well as Florisil sorbent from Restek (Bellefont, PA).
Polytetrafluoroethylene (PTFE) syringe filters of 13 mm and 0.2 pm of porosity were
purchased from VWR International.

Composting procedures

The dynamics of composting are scale-dependent, and are influenced by vessel
shape and size; so they are difficult to model at the laboratory bench-top scale. For this
project, composting bins of approximately two tons capacity (1.5 m®) were constructed
using pressure-treated lumber (Anexo 1). Bins were intended to replicate, at a pilot-
scale, the several aspects of commercial in-vessel, aerated, turned compost operations
designed for management of large quantities of organic waste (Misra et al., 2003). Each
bin was constructed with swinging doors to allow removal of material during turning, and
a metal lid to cover media after reloading. Lids aid in controlling composting parameters
by moderating convective heat loss, reducing evaporative water loss, and preventing

unintentional water introduction via precipitation. Bins requiring aeration were fitted with
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positive pressure systems forcing atmospheric air through a bottom plenum to maintain
oxygen levels for optimal microbial activity.

On arrival (12/11/2014) poultry litter was divided into the four treatment
categories: aerated (A), turned (T), turned and aerated (T/A), and piled (P; not
composted). During the first 14 d post-arrival, the A and T/A compost bins were aerated
using a “2-min ON:18-min OFF” cycle. The T and T/A bins were mechanically turned by
dumping, mixing, and re-loading 5 d per week, for the first two weeks. After the 2-week
turning period, aeration was discontinued for the remainder of the composting period. All
four treatments (3 composts, 1 pile) were maintained until 5/7/2015 (approximately 150
d) when the pile was used in field application, at which point materials were collected for

post-compost analysis.

Sample information

A single 20,000 kg batch of poultry litter, obtained from a whole-house cleanout of
a conventional broiler operation, was delivered to the University of Maryland - Wye
Research and Education Center, Queenstown, MD, USA. On delivery, the entire batch
was dumped into a common pile and mixed using a front-end loader. Three 2000 kg
aliquots were apportioned into compost bins with the remaining 14,000 kg left in an
uncovered pile, which is the normal practice after a whole-house cleanout. All samples
for analysis of IPAs were collected in triplicate. Approximately five 2-kg sub-samples
were collected as material was introduced into each compost bin. The three resulting 10-
kg batches were individually homogenized to generate three unique 100-g wet weight
“pre-compost” samples, collectively representative of the entire pile and individually
representative of initial conditions in compost bins. Upon completion of composting,
media from each bin was dumped, multiple spatially-distinct 2-kg sub-samples were
homogenized, and triplicate 100-g wet weight “post-compost” samples were collected for
analysis. Media from the pile was also sampled at this time by collecting triplicate 100-g
wet weight aliquots from a homogenized 10-kg batch of material obtained following
appropriate sampling procedures (UME 2013). Briefly, to ensure a representative
sample a composite was made from 10 sub-samples taken from various locations and

depths of the pile. All pre- and post-compost samples were placed in 250-mL pre-
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cleaned amber wide-mouth glass jars and immediately stored at -20°C before overnight
delivery on dry ice to the University at Buffalo. Additional pre- and post-compost
samples were collected for nutrient analysis in satisfaction of nutrient management
requirements prior to field application of poultry litter. Individual 500-g wet weight
samples were taken from the pile on delivery and from bins and the pile on conclusion of
composting. Sample collection followed protocols to select “representative” amounts of
material reflecting the overall batch (UME 2013). Samples were collected from multiple
locations within the pile and within compost bins but may not proportionally represent
mean nutrient concentrations within each source. Since the pile was well-mixed on
delivery, the initial nutrient sample should be satisfactory. Bins were mixed via dumping
and reloading one or more times including at the end of composting. The nutrient
sample from the pile at the end of the compost period included representative surface
and interior material, but, because the pile was not re-mixed, it may not reflect the

average moisture content and/or nutrient concentration of the pile as a whole

Sample extraction and clean-up

Following the original QUEChERS method (Anastassiades et al., 2003), 5 g
aliquots of each of the freeze-dried poultry litter samples were weighed in 50-mL
polypropylene tubes. Due to the lack of isotopically labelled standards, NIG was used as
a surrogate standard, such that the final concentration of NIG in the extract to be
injected is expected to be 50 pg L™; Nanopure™ water (10 mL) was added into each of
the tubes containing the litter samples, and then vortexed for 1 min. The extraction was
performed by adding 10 mL acetonitrile, followed by vortexing for 1 min and
ultrasonication for 15 min. Partitioning of the IPAs into the organic phase was achieved
by adding 4.0 g MgSO4 and 1 g NaCl to the tube. Samples were vortexed for 1 min and
centrifuged at 3400 rpm for 10 min. Sample clean-up by d-SPE was performed by
transferring 1 mL of the upper organic layer to a 15-mL tube containing 150 mg MgSO,
and 25 mg Florisil sorbent. The mixture was vortexed for 1 min and centrifuged at 3400
rpm for 10 min. The final extracts were filtered and 200 pL of the extract was diluted with
800 pL of 50:50 (v/v) methanol:acetonitrile solution. The internal standard, 10 yL of TPP,
was added into the extract such that its final concentration is 10 ug L™.
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Analysis by LC-MS/MS and LC-QToF/MS - instrument conditions

For quantification of IPAs, samples were analyzed using a Surveyor HPLC
coupled to a TSQ Quantum Ultra™ triple quadrupole mass spectrometer (LC-MS/MS
system) (Thermo Scientific, Waltham, MA). The optimized MS conditions were: spray
voltage of 4000 V, vaporizer temperature of 258 °C, capillary temperature of 214 °C,
sheath gas pressure of 60 psi, and auxiliary gas pressure of 5 psi. Nitrogen was used as
vaporizer and argon as collision gas. Due to the high affinity of ionophores to complex
with monovalent metal cations, sodium adducts [M+Na]* were used as precursor ions to
quantify IPAs under positive electrospray ionization (ESI+). Analyses were performed
using the selected reaction monitoring (SRM) mode for quantification, with the
transitions listed in Table 1. Chromatographic separation was achieved on a Cgg
BetaBasic column (100 x 2.1 mm; 3 um) from Thermo Scientific (Waltham, MA) using a
gradient elution, with mobile phase A (0.1% formic acid in water) and mobile phase B
(50:50 (v/v) methanol:acetonitrile). The program started with a 2-min isocratic elution
with 15% mobile phase B, then increasing B to 80% within 4 min, and holding B at this
condition for 1 min. Then, the mobile phase was changed to 95% B within 4 min, and
returned back to 15% B within 2 min. The solvent was held at 15% B for an additional 2
min to allow equilibration to initial conditions. A 5-uL sample was injected. The total LC-
MS/MS run time was 15 min at a flow rate of 300 uL min™,

The identification of the TPs was performed using an Agilent 1260 LC system
coupled to an Agilent 6530 Accurate Mass QToF/MS (Santa Clara, CA). The same
reversed-phase column used in the quantification of ionophores by LC-MS/MS was used
in the identification of TPs by LC-QToF/MS. Column temperature was kept at 25 °C. A
20-yL sample was injected. The mobile phase elution program started with 2 min
isocratic elution with 10% B, followed by increasing mobile phase B to 95% within 10
min, and holding B at this condition for 9 min. Then, the mobile phase returned back to
10% B within 1 min, where it was held for an additional 8 min to allow equilibration at the
initial condition. The total run time was 30-min at a flow rate of 200 uL min™. Analysis
using LC-QToF/MS was performed under full scan mode with positive ESI+. The
instrument was calibrated prior to each run with maximum error residual of <0.1 ppm

during calibration, using a low flow of calibration solution containing the internal
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reference masses m/z 121.0509 (purine, CsHsN4) and 922.0098 (hexakis (1H, 1H, 3H-
tetrafluoropropoxy) phosphazine, CigHi19OsN3P3F24). The MS parameters were as
follows: gas and sheath temperatures of 300°C, drying gas flow of 6 L min™, sheath gas
flow of 11 L min™, Vcap of 3500 V, nozzle voltage of 1000 V, fragmentor voltage of 175
V, skimmer voltage of 65 V, and OCT 1RF Vpp of 750 V. The acquisition was performed
at 1 spectra/s collecting data over 50-1700 m/z. MS/MS studies for the TPs were
performed using the same conditions described above during analysis in the full scan

mode and at 15, 35, and 55 eV collision energies.

Sample quantification

Sample quantification during method validation was performed using matrix-
matched calibration curves. The curves were prepared using extracts from an organic
poultry litter sample spiked with known amounts of IPAs ranging from 0.5 to 200 pg L™.
Real poultry litter samples were quantified using a three-point standard addition method
due to the complexity of the samples; with this approach it was possible to minimize
guantification errors resulting from the co-extracted matrix components. The area of the
TPP signal was used to normalize the analyte signal to correct for run-to-run variations

in sample volume, injection volume, and drifts in instrument sensitivity.

Table 1. Optimized LC-MS/MS parameters for the quantification of ionophores.

Compound  EXaCtMass Retenion  PTEEISCr BEELC - CETTG 0N
(theoretical) time (min) (M+Na]’ m/z (CE) (CE)
Lasalocid — LAS 590.3819 12.4 613.4 377.0(31) 359.0(33)
Monensin — MON 670.4292 11.5 693.5 461.4 (57) 675.7 (20)
Nigericin — NIG (SS) 724.4762 12.9 747.5 236.9 (53) 703.9 (48)
Salinomycin — SAL 750.4918 11.8 773.6 431.3 (48) 531.4 (46)
Narasin — NAR 764.5075 12.4 787.6 431.0 (43) 279.0 (52)
Maduramycin — MAD 916.5395 12.2 939.6 877.6 (24) 859.7 (43)
Triphenyl phosphate = 555 0707 g7 327.1*  151.8(40) 215.0 (33)

TPP (IS)

*[M+H]+; CE: collision energy; exact mass of the empirical formula of each ionophore; SS=surrogate standard,;

IS=internal standard
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Results and Discussion

Extraction and clean-up with QUEChERS

After chromatographic separation was achieved in a short run time of 15 min
using authentic standards, the optimization of a sample extraction procedure for the
target IPAs was performed. The extraction procedure was based on the original
QUEChERS method, with some minor modifications in order to obtain good percent
recoveries for all target IPAs from the poultry litter. To minimize signal suppression due
to co-extracted matrix components, the amount of freeze-dried poultry litter was limited
to ~5 g. The sample extraction included an ultrasonication step to ensure effective
extraction of IPAs because they can be strongly adsorbed to the solid matrix (Hansen et
al., 2009). The clean-up step was modified by using Florisil sorbent instead of the
primary secondary amine (PSA) and C;g sorbents that are typically used in QUEChERS.
This modification resulted in cleaner extracts and improved extraction recoveries for all
the IPAs.

For method validation, organic poultry litter (from chickens that did not receive
IPAs in their feeds) was spiked at three different levels (n=6), 10, 50 and 100 pg kg™, to
evaluate accuracy (recovery test), precision, and limit of quantification (LOQ). Extraction
recoveries between 71-120% (Fig. 1) and RSDs lower than 19% were obtained. The
overall sample preparation and LC-MS/MS method provided the needed limits og
quantification (LOQs ~10 pg kg™) for this study. The calibration curve constructed using
0.5 to 200 pg L™ gave a coefficient of determination (r?) of 20.99. All the concentrations

reported in this study are based on dry-litter.
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Figure 1. Method validation results showing % extraction recoveries and relative
standard deviation (RSD) from poultry litter spiked at three different concentrations (10,
50, and 100 pg kg™) of ionophores (n=6).

Poultry litter characteristics before and after composting

Poultry litter contains macro- and micronutrients essential for soil fertility and plant
growth. Because characterization of poultry litter samples is important to understand its
benefit for soil conditioning and ultimately crop yield, total N, P, and K (Anexo 2) were
analyzed by sending the litter samples, taken before and after composting, to the
AgroLab (101 Clukey Dr. Harrington, DE 19952). Total N concentrations were largely
unchanged during composting despite a significant loss (=20%) of total material volume,
suggesting that carbon conversion approximately matched ammonia volatilization, or
that reduction in volume due to loss of water or simply rearrangement of material did not
change N concentration. This is beneficial since N is an essential nutrient, and literature
generally reports a reduction of total N during composting (Dolliver et al., 2008;

Ramaswamy et al., 2010). Similarly, total K was unchanged in the composted and piled
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poultry litter. Total P remained constant in the compost bins (losses/increases <10%),
but increased (>60%) in the piled litter. It has been reported earlier that composting can
lead to an increase in total P (Ramaswamy et al.,, 2010). The increase in total P
observed in the piled poultry litter may be attributable to the maintenance of a higher
average temperature during the whole period of storage (Anexo 3).

The pH values of poultry litter were generally neutral (range 7.3 to 8.1) and
attributed to the naturally occurring composting bacteria. Moisture is important in
enhancing chemical reactions and nutrient transport required for rapid microbial growth.
It has been shown that microbial activity in animal wastes is strongly correlated with the
amount of moisture content (Sun et al., 2014a; Tiquia & Tam, 2002). A balance of
moisture is necessary; if there is too little water the compost process will slow down and
stop, and if too much water is present the supply of oxygen becomes limited. In the
current study, the moisture level of the poultry litter upon arrival was 44%. Aerated
compost bins (A and T/A) showed a modest loss of moisture (33.1 and 40.1%,
respectively) through evaporation, while the non-aerated bin (T) remained relatively
constant at 46%. The piled poultry litter was left uncovered, so it received additional
moisture in the form of precipitation explaining the increase to 60% moisture.

Temperature is also important in assessing the effectiveness of composting. This
presented a challenge considering that the compost bins and the piled poultry litter were
maintained outside, and the investigation was performed during the winter. The
recorded temperature profiles for the composted and piled poultry litter over the turning
and aeration period of 40 d is presented in Anexo 3. On arrival the poultry litter had a
temperature of 26.7°C. The temperature increased to a maximum of 37.2°C within the
pile (measured at a depth of approximately 50 cm) over approximately one week before
slowly dropping to 25.6°C for over a period of approximately one month, and remaining
stable. Compost bins warmed rapidly when aeration was initiated. The A bin exceeded
53.3°C within 3 d, reached a peak temperature of 75.0°C at 7 d, temperatures 250°C for
the remainder of the initial 2-week period were observed. The T/A bin reached 55.6°C at
3 d and a maximum temperature of 67.8°C at 5 d. The temperature of both aerated bins
dropped significantly over the next 25 d to less than 7.5°C. Turning the contents in the

bins was found to cause a reduction in temperature. Measurement before and after the
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process of dumping, mixing and reloading bins indicated an average temperature loss of
6.5°C from the central region of the bins for each turning event. The heat loss during
turning and the lack of aeration led to a slower temperature increase in the T bin relative
to the increase in temperature observed in the A and T/A bins; the peak temperature in
T bin was only 52.3°C and was reached at 14 d. The T bin, however, was able to
maintain temperatures higher than 20°C for a longer period until the last measurement
made at 40 d. On the other hand, the temperatures of the A and T/A bins dropped to
less than 15°C when measured after 4 weeks, and was below 10°C during the last
measurement was made at 40 d. Overall, the recorded temperatures indicate an
incomplete composting process with microbial activity peaking and dissipating quickly in

the two aerated treatments and more slowly in the turned treatment.

Changes in ionophore concentrations during composting

Poultry litter samples were analyzed in triplicate before and after the three
different composting processes. In addition, samples from the piled litter were also
analyzed. Three (MON, SAL and NAR) of the five IPAs analyzed were present at high
concentrations in the poultry litter samples (Table 2). Before composting, the average
concentrations were 290+40; 426+46 and 3113+318 pg kg™ for MON, SAL and NAR,
respectively. NIG (SS) was not detected in the unspiked samples because it has not
been used as feed addictive in the U.S. (Biswas et al., 2012). Similarly, MAD and LAS
were also not detected in any of the poultry litter samples. The concentrations of MON
decreased depending on the composting process: for turned and piled the
concentrations of MON were reduced by less than 20%, while aerated and
turned/aerated composting showed reductions by 35.6% and 39.9%, respectively. After
composting, SAL and NAR showed similar percent reductions in the aerated and piled
samples. The similarity in the degradation behavior between NAR and SAL is not
surprising considering that their structures are very similar, with the difference of only
one more methyl group on the butanoic acid-conjugated oxane ring in NAR compared to
SAL (Fig. 3).

During turned and turned/aerated composting, SAL was reduced more
substantially (67.6 and 49.4%, respectively) than NAR (39.5 and 12.9%, respectively).
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Sun et al. (2014a) concluded that the effect of poultry litter water content on the
degradation of IPAs depends on the temperature, and vice versa. Attributing the
changes on IPA concentrations with one parameter (e.g. moisture) is not straight-
forward because the changes in the moisture, temperature, oxygen content, and
microbial composition can all play important roles in the degradation of IPAs, and these
parameters need to be evaluated separately. Higher moisture content and temperature
promoted the reduction of SAL and NAR concentrations during turned composting and
piled storage; the percent reductions in SAL and NAR were higher when higher
temperatures existed for a longer period relative to the other composting procedures. In
general, an increase of temperature leads to a higher microbial growth rate, which in
turn results in higher biodegradation rates of organic compounds.

The behavior of MON degradation is more difficult to explain; the higher
temperatures in A and T/A bins during the first week could have facilitated the
degradation of MON during the beginning of the composting period, despite the
significant temperature drop to less than 7.5°C after the third week. The moisture
contents in A and T/A bins were also slightly lower relative to the other bins, but yet
MON was transformed at a higher rate with ~36% in the A bin and ~40% in the T/A bin,
while the %transformation was only ~16% in T and ~20% in piled litter. A shorter field
study with a total duration of 57 days showed that poultry litter stacking do not present
significant degradation for MON and SAL; in this case water content started in 33%, and
reduced to 29% by day 57, and the temperature ranged from 30 to 50 °C (Sun et al.,
2014a).

Data were examined using ANOVA to determine if statistically significant
differentces (p<0.05) between concentrations of IPAs in each litter treatment compared
to their initial concentrations can be observed (Table 2). Concentrations of MON in A
and T/A bins were significantly lower from the initial MON concentration prior to
composting; however MON concentrations in T bin and in piled litter did not show a
significant differences compared to the initial concentration. Except for the A bin
(p=0.199), the concentrations of SAL in the T bin, T/A bin, and piled poultry litter were
significantly lower from its initial concentration in the litter. For NAR, significant
decreases in concentrations were observed in the T bin and in the piled litter compared
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to its initial concentration. Due to these varying results, making a generalization as to
which composting process is most effective in degrading IPAs is not straightforward.
However, one can infer that turning the compost (in either T or T/A bins) increased the
degradation of SAL, NAR, and MON significantly, suggesting that aerobic microbes may
play an important role in IPA degradation because turning introduces oxygen into the
litter. In addition, where there is significant differences in concentrations observed, the
extent of transformation is higher when the temperature is higher. For example,
concentration of SAL was significantly decreased in both T and T/A bins; however, 68%
transformation was observed in T bin (higher temperature during all monitoring period)
and only 49% transformation was observed in T/A bin (temperature peaked to ~70 °C
during first week, but dropped down to less than 30 °C during the rest of the composting
period). SAL is generally more biodegradable in the T bin than in the A bin. It appears
that the %transformation of SAL was decreased when air was increased (A bin). MON
on the other hand showed higher % transformation during composting with aeration
(both in A and T/A), suggesting that forced aeration favors the reduction of MON in the
litter. For SAL and NAR, the percentage of reduction in concentrations in the piled litter
is either as high or higher than any of the composting procedures. These findings are
important because most of the large poultry operations store their litter by piling. Hence,
SAL and NAR may be effectively reduced by simply piling the litter for a longer period

prior to land application.
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Table 2: Concentration, percent (%) transformation, p-value and ratios of transformation
product (TP) or metabolite (M1) to parent ionophore in poultry litter (PL) (n=3%).

PL-before PL- PL- .
composting  aerated PL-umed  hed/aerated P LPIe
MONENSIN
Conc. (ug kg™ 290440 184+34 240122 172+26 229+2
%Transformation - 35.6 15.9 39.9 19.8
p-value - 0.028 0.162 0.014 0.073
TP3:MON 1.28 1.79 2.89 3.18 0.84
M1:MON 1.09 0.75 0.20 0.55 0.54
SALINOMYCIN
Conc. (ug kg™ 426+46 358461 138+45 215423 147+10
%Transformation - 15.9 67.6 49.4 65.3
p-value - 0.199 0.001 0.002 0.001
TP1:SAL 0.51 0.57 2.70 0.96 2.15
NARASIN
Conc. (ug kg™ 3113+318 2402+451 1885+214 2712+123 1409461
%Transformation - 22.8 39.5 12.9 54.7
p-value - 0.089 0.005 0.112 0.001
TP1:NAR 0.12 0.14 0.34 0.15 0.38
TP2:NAR 0.02 0.11 0.05 0.03 0.10

*All samples were collected and analyzed in triplicate; post-composting samples were collected in
04/07/2015. Conc.: concentration; %transformation: percentage of transformation; Confidence level
p<0.05.

Identification of transformation products by LC-QToF/MS

Three TPs (by-product of degradation in poultry litter after excretion) and one
metabolite (formed through metabolism of ionophore by chicken before excretion) were
identified using high-resolution mass spectrometry and accurate mass measurements
with LC-QToF/MS. First, a search for previously reported ionophore TPs was performed
by extracting the known ions from the mass spectra acquired by LC-QToF/MS. For
example, m/z 531 corresponding to TP1 that has already been reported in the literature
was found in the mass spectra of all poultry litter extracts. But previous studies
speculated the structure of TP1 based only on low resolution mass spectrometry
(Hansen et al., 2012; Sun et al., 2014a, 2014b). The observed accurate mass of m/z
531.3295 is the sodium adduct [M+Na]" of TP1, which was used as precursor ion for
MS/MS characterization (Fig. 2) due to its high signal intensity. The proposed empirical
formula for TP1 was confirmed using high accurate mass measurements achieved by
LC-QToF/MS. The results obtained (Table 3) showed mass error of less than 1 ppm

between the theoretical and the observed sodium adduct of the TP1 molecular ion.
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Mass error of <5 ppm is an accepted limit for QToF/MS instruments when used to
acquire accurate mass measurements for predicting empirical formulas (Bristow and
Webb, 2003).

TP1 is a common transformation product shared by SAL and NAR due to the
similarity in their chemical structures, as shown in the pathway depicted in Fig. 3. TP1 is
formed via C-C bond cleavage between the 3-hydroxy and the 4-methyl positions
situated in the 3-hydroxy-4-methyl-5-oxooctan-2-yl]-5-methyloxan-2-yl]butanoic acid
group of SAL. The only difference between SAL and NAR is the presence of two methyl
groups in the oxane ring in NAR, instead of one methyl group in SAL.

The other approach that was performed to search for ionophore TPs was to
extract for molecular ions corresponding to the loss of H,O, since dehydration is a
common transformation reaction of organic compounds in the environment. This
approach revealed a signal corresponding to the sodium adduct [M+Na-H,O]" from NAR
(m/z 769.4880), which is designated as TP2 in Fig. 3. This is the first report of TP2 being
formed after composting of NAR containing animal wastes. While it is possible that SAL
may also degrade by losing water due to its similarity in structure with NAR, an
analogous TP corresponding to [M+Na-H,O]" from SAL was not detected, possibly
because of the lower concentrations of SAL in the poultry litter. The observed
monoisotopic mass for the sodium adduct of TP2 has less than 2 ppm error with respect
to the theoretical accurate mass of the proposed empirical formula (Table 3). Finally, the
MS/MS fragmentation of TP2 (Fig. 2) produced major fragment ions, m/z 531.3279 and
m/z 431.2395, that are similar to the molecular ion and fragment ion of TP1,
respectively, indicating that TP2 is derived from NAR (Fig. 3).

Similarly, m/z 805 was extracted from the LC-QToF/MS data because a TP with
m/z 805 has been reported previously (Sun et al., 2014b) corresponding to the sodium
adduct of SAL after addition of two oxygen atoms. However, based on the MS/MS
fragmentation pattern shown in Fig. 2 it can be inferred that m/z 805 is not related to
SAL. Instead, the fragmentation pattern of m/z 805 is similar to MON. Another ion with
m/z 547 was observed and has a fragmentation pattern similar to MON; this was
designated as TP3 (Fig. 3) and is formed through the cleavage of the C-C bond
connecting the 3-methoxy-2-methylpentanoic acid group and the oxane (ring A) in MON.
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The error between the observed accurate mass of TP3 (m/z 547.3237) and the
theoretical accurate mass of the proposed empirical formula is less than 2 ppm (Table
3). Due to the higher mass of the observed ion at m/z 805, it was postulated that this
compound is a conjugated metabolite of MON, and was therefore designated as M1
(m/z 805.4729). The metabolite M1 has a fragmentation pattern that is characteristic of
TP3; the major fragment ions observed from M1 (m/z 547.3232, 447.2347, 361.1984,
and 265.1411) are the same as the fragment ions observed from TP3 (m/z 547.3232,
447.2349, 361.1975, and 265.1402), and differ only from each other by less than 5 ppm.

Because of the higher molecular mass of M1 and the similarity in its MS/MS
fragmentation pattern with TP3, we speculated that M1 is a conjugated metabolite of
MON that is excreted by the chicken, and is later transformed to TP3 during composting.
Unfortunately, due to the low concentration of M1 we were unable to isolate this
metabolite for further characterization and identification. It is important to emphasize that
all three TPs and M1 were detected in the poultry litter prior to composting or piled
storage. Therefore, in order to assess whether these compounds were excreted as
metabolic products of ionophores or formed as degradation products of composting, the
area ratios of the signal intensities of each TP and metabolite relative to the parent
ionophore were compared before and after composting or storage (Table 2). Most
notably, the ratios of TP3:MON and M1:MON before composting were 1.28 and 1.09,
respectively. The TP3:MON ratio increased after composting, which means that TP3 is
being formed as MON is being degraded. However, M1:MON ratio decreased after
composting or storage, suggesting that M1 was generated prior to composting and was
transformed during composting or piled storage. When comparing the changes in the
signal intensities of M1 before and after composting or storage with the changes in the
signal intensities of TP3, especially in T bin, it is notable that M1 decreased while TP3
increased, suggesting that M1 is being converted to TP3 as depicted in Fig. 3. This
observation is another evidence that supports our hypothesis that M1 is a metabolite of
MON that is excreted by the chickens, and is later transformed to TP3 during
composting of the litter. The lack of MON biodegradation during poultry litter storage has
been reported (Sun et al., 2014a); the study showed that after poultry litter application in
soil, MON was biodegraded, which means that MON degraders may be widely present
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in soil but not in the litter. Therefore, TP3 in the poultry litter may be attributed mainly

from the degradation of M1.

Table 3. Transformation products and metabolite of ionophores in poultry litter identified
by accurate mass measurements and fragmentation pattern using LC-QToF/MS.

Identified o , Observed _
_ Empirical Theoretical Retention
Transformation Accurate Error
Formula Accurate Time
Products and . Mass (ppm) _
_ [M+Na] Mass m/z tr (Min)
Metabolite m/z
TP1 CaoH4gNaO- 531.3298 531.3295 -0.56 14.4
TP2 CasH7oNaO1g 769.4867 769.4880 1.69 16.2
TP3 CaoH4gNaOg 547.3247 547.3237 -1.83 11.4
M1 - - 805.4729 - 11.3

Note: The empirical formula and accurate mass listed are for the sodium adducts of each ionophore.
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Figure 2: MS/MS spectrum of the transformation products and metabolites identified in

poultry litter.
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Figure 3. Proposed degradation pathway for NAR, SAL, MON and postulated MON-

conjugate in poultry litter.
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Conclusions

In this study a sample preparation procedure using QUEChERS method was
optimized for the determination of IPAs in poultry litter using LC-MS/MS. The results
demonstrated high overall recoveries ranging from 71 to 120%, and good precision with
RSD of £19%. These results are satisfactory considering that poultry litter is a highly
complex matrix with many potential interferents that can suppress signal intensities and
result in erroneous quantification. Of all IPAs detected in the poultry litter NAR was the
highest in initial concentration, followed by SAL and MON. On-farm composting showed
to be most effective in decreasing IPAs using the T bin for NAR (~40% transformation)
and SAL (~70% transformation). However, piled storage was surprisingly as effective as
turned composting in decreasing the concentrations of NAR (~55% transformation) and
SAL (~65% transformation). On the contrary, MON behaved differently than NAR and
SAL in that MON was only ~15% transformed in the T bin and ~20% transformed in the
piled litter. These results suggest that the degradation of IPAs in poultry litter is complex
and different variables can affect the rate of transformation of each IPA. Temperature
appeared to be an important factor for the degradation of IPAs during turned composting
and piled storage. However, moisture and temperature are both important factors
affecting biodegradation because microbial growth, composition, and activity in the
poultry litter will be directly affected by these parameters. Therefore, the relative
importance of moisture and temperature on the transformation of IPAs in poultry litter
during composting needs to be evaluated under more controlled conditions.

The structures of TPs were proposed based on the MS/MS fragmentation pattern
of the observed sodium adducts of the molecular ions [M+Na]". The structures of TP1
and TP2 were proposed based on their characteristic MS fragmentation pattern, both
showing the fragment m/z 431. TP2 fragments showed m/z 531, which correspond to
the main TP of NAR. The MS fragmentation of TP3 reflects the cleavage of the aliphatic
chain from the ring A of MON, and the oxidation of the hydroxyl group in the ring. The
MS/MS fragments m/z 447, 361, and 265 are consistent with the proposed structure for
TP3 and its formation from the degradation of MON. The MS/MS fragmentation pattern
of M1 showing m/z 547, 447 and 361 that are the same fragments observed for TP3 are
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in accordance to the postulated MON-conjugate being an excreted metabolite of MON in
the litter that is subsequently transformed to TP3. Based on the changes in the ratios of
M1:MON and TP3:MON, it is reasonable to assume that TP3 is being generated both
from the degradation of MON and the MON-conjugate (M1).

Identification of TPs of IPAs is a challenging task particularly in a complex matrix
such as poultry litter; however advanced techniques such as LC-QToF/MS can facilitate
identification of TPs. While three TPs were detected in this study, it should be noted that
due to the sample preparation procedure used, which includes dilution, it is possible that
minor TPs formed at low concentrations could have been missed because they are
below the detection limits of LC-QToF/MS. Therefore, future work will focus on the
identification of minor TPs that are stable in the poultry litter using bench-scale

composting with spiked IPAs at higher concentrations to facilitate detection.
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7 CONSIDERACOES FINAIS

O emprego da cromatografia liquida acoplada a espectrometria de massas de
alta resolucdo demonstrou ser uma ferramenta analitica bastante eficiente por combinar
tanto os beneficios de identificagcdo e quantificacdo de contaminantes organicos alvo,
quanto a identificacdo e confirmacdo de produtos de transformacdo e metabdlitos em
matrizes complexas utilizando uma andlise cromatografica rapida. Porém, isso nao
diminui os cuidados necessarios com o preparo de amostra, muito pelo contrario, com o
emprego de HRMS faz-se tdo ou mais importante o preparo de amostra, a fim de
minimizar o efeito de matriz devido a presenca de interferentes, em especial de
componentes isobéaricos, 0os quais podem ser identificados equivocadamente como
sendo o analito de interesse.

Tendo em vista isso, o uso do método QUEChERS para a extracdo de
contaminantes organicos mostrou-se eficiente para todas as matrizes trabalhadas, filé
de peixe, frutas (maca, pera e uva) e cama de frango, porém deve-se salientar a
importancia da otimizacdo dos procedimentos para cada uma das matrizes, pois devido
a complexidade dessas, as mesmas apresentam comportamentos diferentes frente as
variacOes realizadas em cada uma das otimizacdes, como por exemplo sais/sorventes
de particdo e de limpeza utilizados.

Sendo assim, a combinacdo de moderna instrumentacdo analitica, preparo de
amostra eficiente e minucioso tratamento de dados proporciona a identificacdo e

quantificacdo em nivel de tracos de contaminantes organicos em matrizes complexas.
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ARTIGO 2 - TRANSFORMATION OF IONOPHORE ANTIMICROBIALS IN POULTRY

LITTER DURING PILOT-SCALE COMPOSTING

ANEXO 1: Poultry litter piled on arrival (A), in a pilot-scale turned composting bin (B) and

a picture of the compost being turned (C, D).
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ANEXO 2: Total nitrogen, phosphorus, potassium, pH and percent moisture content of

poultry litter samples before and after composting.

Total N (%) Total P (%) TotalK (%) pH  Moisture (%)
Before composting 3.70 4.80 4.37 7.7 44.3
Aerated (A bin) 3.80 4.70 4.30 7.3 33.1
Turned (T bin) 3.50 5.30 4.80 1.7 46.1
(TT‘jZ‘i‘i’r/];*eratEd 3.83 5.04 4.75 7.4 40.1
Piled 3.95 7.94 4.13 8.1 59.9
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ANEXO 3: Temperature profiles of poultry litter in compost bins and the pile over the 40
d period from arrival on December 11, 2014 to January 20, 2015.
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