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RESUMO

Tese de Doutorado
Programa de Pés-Graduagédo em Ciéncia e Tecnologia dos Alimentos
Universidade Federal de Santa Maria

AGROTOXICOS EM DOCES DE FRUTAS EM PASTA: DETERMINAC AO DE
RESIDUOS POR pLC-QTRAP-MS/MS E ESTUDO DE ESTABILIDADE
AUTORA: BARBARA REICHERT
ORIENTADORA: IJONI HILDA COSTABEBER
COORIENTADORA: IONARA REGINA PIZZUTTI
Data e Local da Defesa: Santa Maria, 24 de julho de 2015.

Este trabalho apresenta um método multirresidual para determinacéo de residuos de
agrotoxicos em doces de fruta em pasta. Para obter-se amostras homogéneas e de facil
manipulacao preparou-se uma mistura (slurry) dos doces de frutas e agua ultrapura (u.p.). O
preparo das amostras foi feito utilizando o método QUEChERS modificado. Com o objetivo
de diminuir o efeito matriz (%) das amostras e pela alta detectabilidade do equipamento de
cromatografia de micro vazao a liquido acoplada a espectrometria de massas hibrida triplo
quadrupolo-armadilha de ions linear (ULC-QTRAP-MS/MS) os extratos de acetonitrila foram
diluidos na razéo de 1:30 (v/v) antes da analise. A validacdo do método analitico foi feita
pela andlise de amostras de doces de uva fortificadas nas concentracées de 9 e 45 ug kg™
(n=5). Dos 107 agrotoxicos avaliados 93% (99) obtiveram recuperacdes de 70 a 120% e
desvio padréo relativo (RSD) < 20%. Os limites de notificacdo (RL) foram de 9 e 45 ug kg™
para, respectivamente, 66% e 26% dos agrotoxicos avaliados, 5% dos compostos ndo
alcancaram os pré-requisitos necessarios para a validacdo e 3% nao foram detectados nas
concentracdes estudadas. ApoOs a validagdo do método, foram analisadas 51 amostras de
doces de frutas provenientes do Brasil e da Espanha. Em 80% amostras foram detectados
residuos de agrotoxicos, 51% destas continham no minimo um agrotéxico em concentracao
maior que 10 pg kg™. Além disso, avaliou-se a estabilidade de cinco agrotoxicos no preparo
de doces de frutas caseiros. Para isso, cinco tipos de frutas (laranja, macd, morango, pera e
péssego, com n=2 para cada tipo de fruta) foram trituradas e fortificadas com uma mistura
de carbendazim, clorpirifés, imidacloprido, iprodiona e propargito a 500 pg kg*. Essas
amostras foram utilizadas no preparo de doces de frutas caseiros. Para isso, as frutas
trituradas e fortificadas foram cozidas com acucar e agua u.p. (propor¢cédo de 5:5:2, m/m/m)
em panela aberta sob fogo médio durante 30 min. O método QUEChERS modificado foi
aplicado as frutas n&o fortificadas, as frutas fortificadas (500 pg kg™) e aos doces de frutas
caseiros (preparados com frutas fortificadas a 500 pg kg™). Os extratos dessas amostras
foram analisados por cromatografia a liquido acoplada a espectrometria de massas hibrida
quadrupolo-de tempo de voo (LC-QTOF-MS), com o objetivo de verificar a presenca dos
metabdlitos conhecidos dos agrotéxicos e determinar o nimero de componentes co-
extraidos das matrizes. Todas as amostras foram analisadas também por PLC-QTRAP-
MS/MS com o objetivo de comparar a concentracdo dos agrotoxicos nas frutas fortificadas
com as concentracdes nos doces de frutas correspondentes. A partir dessa relacdo foi
possivel estimar um fator de processamento (FP) para os agrotéxicos no preparo dos doces
de frutas caseiros (concentracao do agrotéxico no doce de fruta/concentracdo do agrotoxico
na fruta fortificada).

Palavras-chave: Doces de frutas em pasta. Agrotoxicos. pLC-QTRAP-MS/MS. LC-QTOF-
MS.
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MLC-QTRAP-MS/MS AND STABILITY STUDY
AUTHOR: BARBARA REICHERT
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CO-ADVISER: IONARA REGINA PIZZUTTI
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This work presents multi-method for pesticide residues determination in fruit
jams. Slurries of the fruit jams and ultrapure (u.p.) water were prepared to yield
homogeneous samples and to facilitate the sample handling. The modified
QUEChERS method was used for the sample preparation. Due the high detectability
of the micro flow liquid chromatography triple quadrupole-linear ion trap mass
spectrometry equipment (LLC-QTRAP-MS/MS) and to minimize the matrix effect (%)
the acetonitrile extracts were diluted 30-fold before analysis. The method validation
was performed analyzing spiked samples at the concentrations of 9 and 45 g kg™
(n=5). The method met validation criteria of 70-120% recovery and relative standard
deviation (RSD) < 20% for 93% (99) of the 107 pesticides evaluated. The reporting
limit (RL) was 9 and 45 ug kg™ for, respectively, 66% and 26% of the analytes, 5% of
the compounds did not fulfill the requirements for validation and 3% were not
detected at the studied concentrations. The validated method was applied to the
analysis of 51 different fruit jam samples from Brazil and from Spain. Pesticide
residues were detected in 80% of the samples, 51% of which contained at least one
pesticide at concentration higher than 10 ug kg™. Moreover, the stability of five
pesticides was evaluated in the preparation of home-made fruit jams from spiked
fruits. Thereunto, five types of fruits (orange, apple, strawberry, pear and peach, with
n=2 for each type of fruit) were grinded and spiked at 500 pg kg™ with a mixture of
carbendazim, chlorpyrifos, imidacloprid, iprodione and propargite. Home-made jams
were prepared with these spiked samples by cooking, over medium heat, the grinded
spiked fruit with sugar and u.p. water (ratio, 5:5:2, w/w/w), in an open pan for 30 min.
The modified QUEChERS extraction method was applied either to blank fruits, to the
fruits spiked at 500 pg kg™ and to the home-made jams (prepared from spiked fruits
at 500 pg kg?). The extracts of home-made jams and blank fruits were analyzed by
liquid chromatography quadrupole-time of flight mass spectrometry (LC-QTOF-MS)
to ascertain the occurrence of the known metabolites of the spiked pesticides and to
determine the number of co-extracted matrix components from the fruits and from the
jams. All samples were also analyzed by uLC-QTRAP-MS/MS for estimation of the
pesticides processing factors. So the pesticide concentrations found in the spiked
fruits were compared to the concentrations found in the home-made jams (pesticide
concentration measured in the jams/pesticide concentration measured in the raw
fruits).

Keywords: Fruit Jams. Pesticides. uLC-QTRAP-MS/MS. LC-QTOF-MS.
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INTRODUCAO

Os agrotéxicos pertencem a um grande grupo de compostos organicos que
apresentam propriedades fisico-quimicas variadas e sdo amplamente utilizados para
combater, controlar ou prevenir plantas invasoras ou doencas em plantas (PIZZUTTI
et al., 2007). Mesmo quando aplicadas de acordo com as boas praticas agricolas
(GAP), os agrotoxicos podem deixar residuos. Por isso, muitos paises
estabeleceram diretrizes legais e programas de monitoramento para controlar o uso
de agrotoxicos em culturas agricolas e verificar se as concentracoes de residuos
estdo em conformidade com os limites maximos de residuos (LMR) legais
(WALORCZYK, 2007).

Considerando que as frutas e legumes, utilizados na alimentagdo humana,
sao susceptiveis a aplicacdo de agrotoxicos durante o cultivo e que servem de base
para a producdo de doces em pasta, € de grande interesse mensurar 0s niveis de
contaminacéo desses alimentos com relagdo a residuos dessas substancias toxicas,
pois a presenca de contaminantes, dependendo da concentragdo, pode oferecer
SEérios riscos ao consumo humano.

Os doces de frutas sdo uma forma de agregar valor econbmico e de
conservar das frutas durante periodos de entressafra. Esses produtos acabaram se
tornando alimentos muito populares em virtude do seu baixo custo, longo tempo de
prateleira e propriedades organolépticas agradaveis (MOHD NAEEM et al., 2015;
TAUATI et al., 2014). No Brasil, segundo a Resolucdo de Diretoria Colegiada (RDC)
n° 272 de 2005, os doces de frutas sdo definidos como “produtos de frutas” e s&o
elaborados a partir de frutas, inteiras ou em partes e/ou sementes, obtidos por
secagem e/ou desidratacdo e/ou laminacdo e/ou coccdo e/ou fermentacdo e/ou
concentracdo e/ou congelamento e/ou outros processos tecnoldgicos considerados
seguros para a producéo de alimentos. Podem ser apresentados com ou sem liquido
de cobertura e adicionados de acucar, sal, tempero, especiaria e ou outro
ingrediente desde que nao descaracterize o produto, podendo também ser
recobertos. Com relagdo a denominacdo, podem ser designados pelas

denominacgdes consagradas pelo uso (BRASIL, 2005).
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Anualmente, diversos novos métodos multirresiduais sdo desenvolvidos para
determinar agrotoxicos em alimentos in natura. Porém, o mesmo ndo acontece
guando se trata de monitorar agrotoxicos e seus metabdlitos em alimentos
processados. O cozimento pode alterar e degradar a estrutura quimica de analitos,
assim, a fim de avaliar mais detalhadamente a contaminacdo desses produtos,
determinar residuos em alimentos processados € de suma importancia (PARK et al.,
2011; MARTIN et al., 2013).

Portanto, este trabalho teve como objetivos desenvolver um método
multirresidual para a determinacdo de residuos de agrotoxicos em doces de frutas
em pasta e aplica-lo no monitoramento de amostras para verificar os niveis de
contaminacdo desses alimentos. Aléem disso, visou-se estudar a estabilidade de
agrotoxicos no preparo de doces de frutas caseiros a partir de frutas fortificadas e

estimar fatores de processamento para esses compostos.
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Geleias de fruta, doces em pasta, produtos de veget ais e produtos de frutas

Segundo a Resolugdo da Comissdo Nacional de Normas e Padrdes para
Alimentos - CNNPA n°® 12, de 1978, “geleia de fruta” era definida como: O produto
obtido pela coccao de frutas inteiras ou em pedacos, polpa ou suco de frutas, com
acucar e agua e concentrado até consisténcia gelatinosa. O produto deveria ser
designado, genericamente, "geleia”, seguido do nome da fruta de origem (BRASIL,
1978a).

Ja o "doce em pasta" de acordo com a Resolucdo Normativa n° 9 de 1978
seria: O produto resultante do processamento adequado das partes comestiveis
desintegradas de vegetais com acucares, com ou sem adicdo de agua, pectina,
ajustador do pH e outros ingredientes e aditivos permitidos por estes padrbes até
uma consisténcia apropriada, sendo finalmente, acondicionado de forma a assegurar
sua perfeita conservacdo. Os doces em pasta poderiam apresentar eventualmente
pedacos de vegetais (BRASIL, 1978b).

A Resolucdo Normativa n° 9 e a CNNPA n° 12, ambas de 1978, foram
revogadas pelo Regulamento Técnico para Produtos de Vegetais, Produtos de
Frutas e Cogumelos Comestiveis - RDC n° 272 de 2005, o qual esta atualmente em
vigor. No RDC n° 272/05, ndo se encontra mais as definicdes de “doce em pasta’ e
“geleia de fruta”, mas sim as definicbes de “produtos de vegetais” e “produtos de
frutas”, sendo:

 Produtos de vegetais: sdo os produtos obtidos a partir de partes

comestiveis de espécies vegetais tradicionalmente consumidas como
alimento, incluindo as sementes oleaginosas, submetidos a processos de
secagem e ou desidratacdo e ou cocc¢ao e ou salga e ou fermentacéo e
ou laminacédo e ou floculacdo e ou extrusdo e ou congelamento e ou
outros processos tecnoldgicos considerados seguros para a producao de
alimentos. Podem ser apresentados com liquido de cobertura e

adicionados de sal, agucar, tempero ou especiaria € ou outro ingrediente
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desde que nao descaracterize o produto. Excluem-se desta definicdo os
produtos de frutas, produtos de cereais e farinhas (cereais, tubérculos e
raizes).

* Produtos de frutas: sdo os produtos elaborados a partir de fruta(s),
inteira(s) ou em parte(s) e ou semente(s), obtidos por secagem e ou
desidratacdo e ou laminacdo e ou coccdo e ou fermentacdo e ou
concentracdo e ou congelamento e ou outros processos tecnoldgicos
considerados seguros para a producdo de alimentos. Podem ser
apresentados com ou sem liquido de cobertura e adicionados de agucar,
sal, tempero, especiaria e ou outro ingrediente desde que nao
descaracterize o produto. Podem ser recobertos.

Quanto a designacdo a RDC n° 272/05, diz que produtos de vegetais e
produtos de frutas, devem ser designados por denominac¢des consagradas pelo uso,
seguida de expressao(des) relativa(s) ao(s) ingrediente(s) que caracteriza(m) o
produto. A designacdo pode ser seguida de expressdes relativas ao processo de
obtencédo e ou forma de apresentacdo e ou caracteristica especifica.

Nessa RDC sao definidos também os requisitos especificos, como o pH
(méximo de 4,5) e umidade (produtos de vegetais secos ou desidratados maxima 12
%, produtos de frutas secos ou desidratados maxima 25 %), requisitos gerais, como
sanidade dos produtos, atendimento aos regulamentos técnicos de aditivos
alimentares e coadjuvantes de tecnologia de fabricacdo; contaminantes;
caracteristicas macroscopicas, microscopicas e microbiologicas; rotulagem de
alimentos embalados; rotulagem nutricional de alimentos embalados; informacéo
nutricional complementar, quando houver; e outras legislagcbes pertinentes (BRASIL,
2005).

Dessa forma, mesmo que as definicdes de “geleia de fruta” e “doce em pasta”
tenham sido substituidas pelas definicbes de “produtos de vegetais” e “produtos de
frutas” na RDC n° 272, as duas primeiras ainda podem ser consideradas adequadas

para a denominacéo dos produtos, pois sdo consagradas pelo uso.
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Agrotoxicos

Os agrotoxicos, também denominados de pesticidas, agrotoxicos ou
defensivos agricolas, sdo responsaveis pelo comércio de bilhdes de dblares em todo
o mundo (STOPPELLI & MAGALHAES, 2005). Sdo substancias que, apesar de
serem cada vez mais utilizadas na agricultura, podem oferecer perigo para o
homem, dependendo da toxicidade, do grau de contaminacdo e do tempo de
exposicao durante sua aplicagcdo (CASTRO & CONFALONIERI, 2005).

A Organizacao das NagOes Unidas para a Alimentagdo e Agricultura (FAO),
define os agrotdxicos como produtos quimicos ou quaisquer substancias ou misturas
de substancias destinadas a prevencao, a destruicdo ou ao controle de qualquer
praga, incluindo os vetores de doencas humanas ou de animais, que causam
prejuizo ou interferem de qualguer forma na producdo, elaboragcdo ou
armazenagem, transporte ou comercializacdo de alimentos, produtos agricolas,
madeira e produtos da madeira.

Esse termo inclui também as substancias destinadas a serem usadas como
reguladoras do crescimento das plantas, desfolhantes, dessecantes, agentes para
reduzir a densidade ou evitar a queda prematura dos frutos, e as substancias
aplicadas nas culturas, antes ou apos a colheita para proteger o produto durante o
depdsito ou transporte. Sdo usados, sobretudo, na agricultura para combater pragas,
ervas daninhas ou doencas nas plantas e também como agentes de controle de
vetores nos programas de saude publica e, em menor quantidade, na pecuaria e na
silvicultura.

Definicdo semelhante a da FAO é usada na legislacdo brasileira, para
agrotoxico, que substitui o termo defensivo agricola, para denominar os venenos
agricolas, colocando em evidéncia a toxicidade desses produtos para 0 meio
ambiente e a saude humana. Essa definicdo exclui os fertilizantes e os produtos
quimicos (OGA; CAMARGO; BATISTUZZO, 2008).

Segundo a Agéncia de Protecdo Ambiental dos Estados Unidos (EPA) os
agrotoxicos podem ser classificados em funcéo do tipo de praga que controlam e em
funcdo da classe quimica a qual pertencem. As principais classes quimicas sao:

Organofosforados, organoclorados, carbamatos e piretroides. Outras categorias
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incluem biopesticidas, antimicrobianos e dispositivos de controle de pragas (EPA,
2010).

No Brasil (BR), de acordo com o Decreto n® 4.074 de 2002, que regulamenta
a Lei n° 7802/1989, agrotoxicos sao produtos, destinados ao uso nos setores de
producdo, no armazenamento e beneficiamento de produtos agricolas, nas
pastagens, na protecao de florestas nativas ou plantadas e de outros ecossistemas,
cuja finalidade seja alterar a composicao 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, 1989).

Segundo um estudo encomendado pela Associacdo Nacional de Defesa de
Vegetal (ANDEF) a consultoria alema Kleffmann Group, o BR € o maior mercado de
agrotoxicos do mundo. O levantamento mostrou que a industria de agrotéxicos
movimentou 7,1 bilhdes de ddélares norte americanos (US$) no ano de 2009, em
comparacédo a US$ 6,6 bilh6es do segundo colocado, os Estados Unidos da América
(EUA). Em 2007, a industria nacional brasileira girou US$ 5,4 bilhdes, o consumo
cresceu no pais, apesar de a area plantada ter encolhido 2% em 2008.

Apesar do grande volume de recursos movimentados pela industria no
mercado nacional, o gasto do produtor brasileiro com agrotdxico ainda é pequeno,
se comparado a outros paises como a Franca e o Japdo. Em 2007, gastou-se US$
87,83 por hectare na Franca, e os produtores desembolsaram US$ 196,79 por
hectare, enquanto no Japao a despesa foi de US$ 851,04. Por esse motivo,
acredita-se que a tendéncia nos proximos anos é que o BR se estabilize na primeira

colocacao no consumo de agrotoxicos (PACHECO, 2009).

O aumento da produgédo agricola e a contaminacdo dos alimentos

A producdo de alimentos sempre foi um dos maiores desafios da
humanidade. Visando assegurar maior produtividade, uma quantidade consideravel
de agrotoxicos é empregada em alguma etapa da producéo agricola, quer seja no
tratamento prévio das sementes, durante o cultivo ou apés a colheita (VARELI,

2008). A liberacdo do comércio de agrotoxicos para uso na agricultura elevou
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rapidamente seu consumo, especialmente de forma indiscriminada, o que constitui-
se num dos principais problemas de saude publica nos paises desenvolvidos e em
desenvolvimento (WAICHMAN et al., 2007; VARELI, 2008).

A partir da segunda guerra mundial, visando aumentar a provisdo de
alimentos para atender a explosdo demogréfica mundial, houve a necessidade de se
buscar produtos mais eficientes. Apdés um lento desenvolvimento tecnolégico, houve
a introducdo dos primeiros agrotoxicos, destacando-se a acao inseticida do dicloro-
difenil-tricloroetano (DDT). Este episédio deu uma nova importancia aos agrotoxicos
a base de compostos organicos no que se referia a saude publica, tanto no aumento
da produtividade agricola quanto no controle de vetores de doencas.

Da mesma forma que algumas caracteristicas quimicas, como a persisténcia,
eram acrescidas a funcéo biocida dos agrotoxicos organoclorados, resultando num
fator positivo para a agricultura (0 mesmo agrotéxico eliminaria mais pragas por um
periodo maior de tempo) também representavam maiores riscos a saude humana e
ao meio ambiente (VEIGA; SILVA; VEIGA, 2005).

Para se ter uma ideia, entre 1964 e 1991, o consumo de agrotoxicos no pais
aumentou 276,2%, frente a um aumento de 76% na area plantada. Ja no periodo
entre 1991 e 2000, observou-se um aumento de quase 400% no consumo desses
agentes quimicos, frente a um aumento de 7,5% na area plantada (PERES &
MOREIRA, 2007).

No BR, os agrotoxicos apareceram na década de 1960-1970, como solugao
para o controle das pragas que atingiam lavouras e rebanhos. Tal visédo, reforcada
pela forte e crescente atuagdo da inddstria quimica no pais, passou a legitimar o uso
indiscriminado de agrotéxicos no meio rural (PERES et al., 2005).

Segundo um dossié divulgado pela Associacao Brasileira de Saude Coletiva
(ABRASCO), na Conferéncia das Nacdes Unidas sobre Desenvolvimento
Sustentavel (Rio+20), a utilizacdo de agrotdxicos nas lavouras do BR saltou de
599,5 milhdes de litros no ano 2002 para 852,8 milhdes de litros em 2011 conforme
pode ser visto na Figura 1, a qual também ilustra o aumento da producao agricola no
periodo. Esse aumento também foi proporcional ao aumento de monoculturas como
soja e milho (Figura 2). De acordo com o estudo, existe ainda uma concentragao do
mercado de agrotéxicos em determinadas categorias de produtos. Os herbicidas,

por exemplo, representaram 45% do total de agrotoxicos comercializados. Os
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fungicidas responderam por 14% do mercado nacional, os inseticidas 12% e as
demais categorias de agrotéxicos, 29% (ABRASCO, 2012).
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Figura 1 — Producéo agricola e consumo de agrotoxicos nas lavoras brasileiras de
2002 a 2011.
Fonte: ABRASCO (2012).
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Figura 2 — Producéo agricola brasileira por cultura (milhdes de hectares) no ano de

2011.
Fonte: ABRASCO (2012).
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Em 2001 a Agéncia Nacional de Vigilancia Sanitaria (ANVISA) iniciou o
Programa de Analise de Residuos de Agrotoxicos em Alimentos (PARA), com o
objetivo de avaliar continuamente os niveis de residuos de agrotoxicos nos
alimentos in natura (ANVISA, 2010). Segundo os dados do PARA de 2011 e 2012, a
contaminacdo dos alimentos que chegam a mesa do brasileiro € uma realidade. Do
total de 1.397 amostras analisadas, 347 (25%) foram consideradas insatisfatorias.
Os problemas constatados foram: Presenca de agrotoxicos em concentracdes acima
do LMR em 26 amostras (1,9%), agrotoxicos nao autorizados (NA) para as culturas
em 294 amostras (21%) e agrotoxicos acima do LMR e NA simultaneamente, em 27
amostras (1,9%) (ANVISA, 2014).

Destaca-se ainda, o grande numero de amostras insatisfatorias nas culturas
pimentdo (90%), morango (59%), abobrinha (48%), alface (45%), pepino (42%),
abacaxi (41%), cenoura (33%), uva (29%) e laranja (28%) (ANVISA, 2013; ANVISA,
2014).

Os dados de monitoramento do PARA revelaram também, que amostras de
algumas culturas apresentaram residuos de varios ingredientes ativos (IA). Tal
constatacao reforgca a necessidade de melhoria na formag&o dos produtores rurais e
o acompanhamento do uso de agrotoxicos na agricultura brasileira, de modo a
garantir as GAP e, consequentemente, diminuir a exposi¢cdo a substancias téxicas
(ANVISA, 2014).

O impacto dos agrotoxicos para a saude humana e no meio ambiente

A extensiva utilizacdo de agrotoxicos representa um grave problema de saude
publica nos paises em desenvolvimento, especialmente naqueles com economias
baseadas no agronegdcio, caso do BR. Somente nos EUA, segundo a EPA, existem
mais de 18 mil produtos licenciados para uso, e a cada ano cerca de 1 bilhdo de
litros de agrotoxicos sdo aplicados na producdo agricola, residéncias, escolas,
parques e florestas (EPA, 2002).

Nos ultimos anos, o grande crescimento na utilizacdo de agrotoxicos no BR

tem sido associado ao aumento vertiginoso dos riscos de contaminacdo prejudiciais
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a saude. O descuido com os agrotéxicos pode ser fatal e causar agravos a saude,
tais como: irritagdes na pele e nos olhos, problemas respiratorios, cancer em Varios
orgaos e disturbios sexuais, como a impoténcia e a esterilidade (STOPPELLI &
MAGALHAES, 2005).

A contaminacdo ambiental por agrotdxicos caracteriza-se pela dispersao
desses ao longo dos diversos componentes do meio ambiente, a contaminacao das
aguas, atmosfeérica e dos solos. A contribuicdo da via ambiental € de fundamental
importancia para o entendimento da contaminacdo humana por agrotoxicos.
Acredita-se que um maior nimero de pessoas esteja exposto por essa via, do que
pela via ocupacional. Entretanto, o impacto resultante da contaminacdo ambiental &,
em geral, consideravelmente menor que o impacto resultante da via ocupacional
(MOREIRA, 2002).

Existe uma grande dificuldade de avaliar os riscos associados a
contaminacdo do meio ambiente. Os agrotéxicos podem ser persistentes, moveis e
toxicos no solo, na agua e no ar. Tendem a se acumular no solo e na biota e seus
residuos podem chegar aos sistemas superficiais por deflivio superficial e aos
sistemas subterraneos por lixiviagdo. A contaminag&do por essas substancias ainda
pode afetar o0 meio ambiente indiretamente, aumentando a viruléncia das pragas ou
por eliminagdo indesejavel dos predadores naturais de certos micro-organismos.

Os agrotoxicos sao desenvolvidos para terem acdo biocida, e por isso sao
potencialmente danosos para todos 0s organismos vivos. Seus efeitos podem ser
crbnicos quando interferem na expectativa de vida, crescimento, fisiologia, e
reproducdo dos organismos e/ou podem ser ecoldgicos quando interferem na
disponibilidade de alimentos, de habitat e na biodiversidade, incluindo os efeitos
sobre o0s inimigos naturais das pragas e a resisténcia induzida aos préoprios
agrotoxicos (VEIGA; SILVA; VEIGA, 2005).

O monitoramento da exposicdo humana a agentes toéxicos contribui
significativamente para a reducdo do numero de pessoas a serem avaliadas
clinicamente, impede o estabelecimento de quadros individuais de intoxicacdo — a
partir do afastamento do trabalhador da fonte de contaminagcdo — e atenua a
gravidade deste quadro, nos casos em que os individuos jA se encontram
intoxicados. Adicionalmente, facilita o processo de tratamento dos individuos
intoxicados, pela indicacdo terapéutica mais adequada ao agente (quimico ou
bioldgico) encontrado (PERES et al., 2005).
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Segundo o Sistema Nacional de Informacdes Toxico Farmacoldgicas
(SINITOX), foram registrados no ano de 2011, no Brasil, 11.106 casos de
intoxicacdo por agrotoxicos. Sendo que a maioria dos casos foram registrados na
regido sudoeste (53,4%) e na regido sul (17,8%) do pais (SINITOX, 2011).

Embora as pesquisas brasileiras sobre o impacto do uso de agrotoxicos na
saude humana também tenha crescido nos ultimos anos, ainda é insuficiente para
conhecer a extensdo da carga quimica de exposi¢cao ocupacional e a dimensédo dos
danos a saude, decorrentes do uso intensivo desses agentes. Um dos problemas
apontados é a falta de informacdes a respeito do consumo de agrotoxicos e a
insuficiéncia dos dados sobre intoxicagdes por estes produtos. A relevancia do tema
€ destacada ao se considerar a dimenséo e a diversidade dos grupos expostos: 0s
trabalhadores da agropecuaria, saude publica (controle de vetores), empresas
desinsetizadoras, industrias de agrotoxicos e do transporte e comércio de produtos
agropecuarios (FARIA; FASSA; FACCHINI, 2007).

A persisténcia dos agrotoxicos

Embora o controle quimico de pragas tenha reduzido a incidéncia de doencas
em homens e animais e incrementado a producdo agricola, agentes quimicos
podem permanecer ativos no meio ambiente por longos periodos, afetando os
ecossistemas. Os efeitos desses agentes ao longo do tempo representam grande
risco para a saude publica, sendo necessario o monitoramento dessas substancias
em aguas, solos, alimentos e no ar (FLORES et al., 2004).

Os agrotoxicos podem ser divididos, quanto ao modo de acdo, entre
sistémicos e de contato. Os sistémicos quando aplicados nas plantas circulam
através da seiva por todos os tecidos vegetais, de forma a se distribuir
uniformemente e ampliar o seu tempo de acdo. Os de contato agem externamente
no vegetal, tendo necessariamente que entrar em contato com o alvo bioldgico. E
mesmo o0s Ultimos sdo também, em boa parte, absorvidos pela planta, penetrando
em seu interior. Uma lavagem dos alimentos em agua corrente sO poderia remover
parte dos residuos toxicos presentes na superficie dos mesmos. Os agrotoxicos

sistémicos e uma parte dos de contato, por serem absorvidos por tecidos internos da
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planta, caso ndo sejam degradados pelo metabolismo do vegetal, permanecerao nos
alimentos mesmo que esses sejam lavados. Neste caso, uma vez contaminados, 0s
alimentos levardo o consumidor a ingerir residuos de agrotéxicos (ANVISA, 2012).

No caso dos agrotoxicos de acdo sistémica, a fervura poderia inativar a
substancia téxica. No entanto, grande parte dessas substancias possuem metais em
sua estrutura, como zinco ou estanho e sdo estaveis a altas temperaturas, dessa
forma o ato de cozinhar o alimento n&o inativa o contaminante (THENORIO &
MUNIZ, 2010).

Além disso, estudos tem evidenciado que os agrotdéxicos podem permanecer
ativos no ambiente durante longo tempo, causando grandes mudancgas ecoldgicas e
efeito ambiental negativo. Um exemplo disso, sdo os compostos organoclorados, em
sua maioria persistentes e de ampla aplicacéo. A acao residual dos organoclorados
€ devido a sua estabilidade quimica, que lhes confere prolongada persisténcia no
ambiente (FLORES et al., 2004).

Dentre os contaminantes quimicos persistentes, destacam-se ainda o0s
bifenilos policlorados (PCB), compostos pertencentes a classe dos poluentes
organicos persistentes (POP), presentes em inUmeras amostras indicadoras da
contaminacao ambiental (MOHR & COSTABEBER, 2012).

A persisténcia de alguns agrotoxicos foi evidenciada recentemente em uma
publicacdo de NORNBERG et al. (2011), onde foi avaliada a persisténcia de
agrotoxicos usados no controle bioldgico de pragas na producédo de macéas. Dentre
0s compostos avaliados, os inseticidas fosmete, carbaril e o fungicida/acaricida
enxofre foram classificados como persistentes nas plantas por apresentarem mais
de 31 dias de acdo nociva contra insetos adultos do parasita da espécie
Trichogramma pretiosum.

FRIAR & REYNOLDS (1993), avaliaram a persisténcia de residuos de
fungicidas em doce de laranja, aplicados as frutas apos a colheita. A concentracéo
dos residuos dos fungicidas em laranjas in natura foi comparado as concentracdes
determinadas em doces de laranja preparados em duas diferentes condi¢cdes: Em
forno de micro-ondas e em panela aberta sob fogdo a gas. Foram avaliados 3
fungicidas: imazalil, 2-fenilfenol e tiabendazol. Para o imazalil a concentragéo
determinada no doce de laranja foi aproximadamente 50% maior do que na fruta,
independente do modo de preparo. O cozimento das laranjas em panela usando

fogdo a gas, reduziu a concentracdo de 2-fenilfenol em aproximadamente 50%
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comparado a uma reducdo de 13% quando o doce foi preparado em micro-ondas.
Com relagdo ao tiabendazol, as concentragbes determinadas foram as mesmas
tanto nas laranjas in natura como no doce preparado em micro-ondas, ja no doce
preparado em panela aberta houve uma reducdo de 22% na concentracdo do
tiabendazol.

Em outra pesquisa realizada na Espanha (ES) por COSTABEBER (1999),
foram detectados agrooxicos organoclorados em amostras de tecido adiposo
humano. No total foram analisadas 134 amostras e dentre 0s compostos
investigados, detectou-se o diclorodifenildicloroetileno (DDE) e o hexacloreto de
benzeno (BHC) nas concentracdes de 1.870 ug L™ e 240 ug L™, respectivamente. A
elevada concentracdo de DDE, pode ser devida ao fato de este composto ser o
altimo e mais estavel metabdlito do diclorodifeniltricloroetano (DDT). Os resultados
expostos comprovaram a afinidade dos agrotéxicos organoclorados pelas gorduras,
mostrando a evidente e crescente contaminacdo através da cadeia alimentar
(FLORES et al., 2004).

O fato de grande parte dos agrotoxicos serem persistentes no ambiente e
estaveis ao aquecimento, abre caminho para a hipétese de que a exposicdo humana
a essas substancias toxicas ocorre nao so pelo consumo de alimentos e bebidas in
natura como frutas, vegetais e sucos naturais, mas também, pelo consumo de
alimentos e bebidas processados, como geleias, doces de frutas, café, sucos

pasteurizados, 6leo de soja, extrato de tomate, biscoitos, massas, entre outros.

Preparo de amostras para determinacéo de residuos d e agrotoxicos

Uma das etapas fundamentais no desenvolvimento de métodos
multirresiduais é a selecdo do solvente extrator. Um solvente ideal para
determinacdo de multiplas classes de agrotoxicos deve ser compativel com os
analitos, com o preparo da amostra e com a analise cromatografica. Os fatores que
devem ser levados em consideracdo na escolha do solvente extrator sao:
compatibilidade com os analitos (eficiéncia na extracéo para o intervalo desejado de
polaridades, estabilidade dos analitos durante o preparo da amostra e estocagem do

extrato final), seletividade (habilidade de evitar potenciais interferentes da matriz no
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extrato final), habilidade de particionamento com &agua (imiscibilidade com agua ou
possibilidade de induzir particionamento usando aditivos), compatibilidade com
técnicas usadas para purificacdo do extrato e/ou determinacdo dos agrotoxicos,
volatilidade caso a evaporacdo do solvente seja desejada, seguranca para 0S
analistas e para o meio ambiente, além de baixo custo (MASTOVSKA & LEHOTAY,
2004).

Método QUEChERS

Em 2003 Anastassiades et al. relataram um atraente método para preparo de
amostras denominado QUEChERS (rapido, facil, barato, efetivo, robusto e seguro do
inglés, quick, easy, cheap, effective, rugged and safe). Este método cobre um
grande escopo de analitos, incluindo analitos polares, semi-polares, e ndo polares
em varias matrizes. O procedimento envolve uma etapa Unica de extracdo da
amostra com acetonitrila, seguido de um particionamento liquido-liquido pela adicédo
de sulfato de magnésio (MgSO,) anidro e cloreto de sddio (NaCl). A remoc¢éo de
agua e a purificacao (clean-up) sao realizadas simultaneamente com extracdo em
fase solida dispersiva (d-SPE), MgSO,4 e adsorvente de amina primaria e secundaria
ligada a silica (PSA) (ANASTASSIADES et al., 2003).

O método QUECHhERS e varias versfes modificadas tem sido utilizados com
sucesso para a extracdo de agrotoxicos de uma variedade de alimentos, acima de
tudo em frutas e vegetais (HUSKOVA et al., 2009; LESUEUR et al., 2008; NGUYEN
et al., 2008). Anastassiades et al. (2003) e Lehotay et al. (2005) modificaram o
QUECHhERS original, ndo tamponado, passando a utilizar um tampao acetato e
citrato respectivamente, para evitar a degradagéao de certos analitos sob condi¢des
alcalinas (LEHOTAY, 2007).
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A cromatografia na determinacdo de residuos de agro  toxicos

Com os valores dos LMR de agrotoxicos em alimentos em reducéo, aumenta-
se a demanda por alimentos de melhor qualidade por parte do governo e
consumidores, direcionando as analises de agrotoxicos para métodos mais
sensiveis e mais adequadas. Os métodos de analises devem ter detectabilidade o
suficiente para cobrir ndo somente os limites permitidos pela legislacdo, mas
também a determinacdo de substancias ja proibidas, especialmente para compostos
potencialmente genotdxicos e carcinogénicos.

A praticidade tem grande importancia na selecdo de métodos analiticos em
monitorizacdo biologica de exposicdo aos agrotoxicos, pois a dificuldade da
preservacao e transporte das amostras, a complexidade técnica e o alto custo das
medidas laboratoriais frequentemente limitam a aplicacdo de biomarcadores
disponiveis. Neste contexto, as separacbes cromatograficas tornaram-se um
instrumento fundamental para andalises de amostras ambientais e biolégicas
contendo agrotoxicos (RIDGWAY; LALLJIE; SMITH, 2007; VARELI, 2008).

A cromatografia € uma poderosa técnica analitica que pode ser combinada a
diferentes sistemas de deteccao, tratando-se de uma das técnicas mais utilizadas e
de melhor desempenho na andlise de residuos. O acoplamento de um cromatégrafo
com o espectrometro de massas combina as vantagens da cromatografia (alta
seletividade e eficiéncia de separagdo de componentes de misturas) com as
vantagens da espectrometria de massas (MS), como obtencdo de informacgao
estrutural, massa molar e aumento adicional da seletividade na determinacdo de
analitos. Para que o acoplamento seja possivel, idealmente, € necessario que as
caracteristicas de cada instrumento ndo sejam afetadas pela sua conexdo, assim
como ndo devem ocorrer modificagcdes quimicas ndo controladas do analito e perda
de amostra durante a sua passagem do cromatégrafo para o espectrometro de
massas. As técnicas cromatograficas mais comumente acopladas a MS séo a
cromatografia a gas (GC) e a cromatografia a liquido (LC) de alta eficiéncia
(CHIARADIA; COLLINS; JARDIM, 2008).
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Cromatografia a gas acoplada a espectrometria de massas

A cromatografia a gas acoplada a espectrometria de massas (GC-MS) é uma
ferramenta analitica poderosa, utilizada usualmente na andlise de misturas
complexas de compostos em fase gasosa. Isso limita a técnica a andlise de
compostos volateis e semivolateis, de baixa polaridade e baixa massa (LANCAS,
2009). Na década de 1960, a GC utilizando colunas empacotadas foi adotada devido
a sua capacidade de determinacdo multirresidual de agrotoxicos. Os primeiros
analistas utilizavam detectores como o detector por captura de elétrons (ECD), que
possibilita a determinacdo simultanea de varios agrotoxicos halogenados. O sucesso
do ECD levou ao desenvolvimento de outros detectores seletivos como o detector de
nitrogénio e fosforo (NPD), seletivo para compostos contendo esses elementos em
sua estrutura, e o detector fotométrico de chama (FPD), seletivo para compostos
contendo enxofre e fésforo em sua estrutura. Esses detectores possuem alta
sensibilidade, porem ndo permitem a obtencdo de informacdes estruturais dos
analitos, assim as informagdes para a confirmacdo da identidade dos analitos s&o
escassas.

A alta vazdo do gas de arraste utilizado com as colunas empacotadas é
incompativel com o vacuo necessario na camara de ionizacdo dos espectrometros
de massas (VAN DER HOFF & VAN ZOONEN, 1999). Porém, o advento das
colunas capilares permitiu a reducdo da vazao do gas de arraste e tornou possivel o
acoplamento de espectrometros de massa como detectores para GC (FERNANDEZ-
ALBA, 2005). A combinacédo da GC com a MS tornou-se relativamente simples, uma
vez que as caracteristicas de funcionamento do cromatégrafo a gas sao
suficientemente compativeis com a necessidade de alto vacuo do espectrémetro de
massas (CHIARADIA; COLLINS; JARDIM, 2008).

Na década de 1980 surgiram os primeiros sistemas GC-MS baseados em
analisadores de massa do tipo quadrupolo. Porém, esses sistemas eram muito caros
e pouco sensiveis. Assim, a aplicacdo da GC-MS na analise de residuos de
agrotéxicos somente se tornou viavel na década de 1990 com a introdugdo do
detector tipo armadilha de ions (IT) (VAN DER HOFF & VAN ZOONEN, 1999).

Os métodos de ionizacdo mais empregados em GC-MS sao ionizacao por

impacto de elétrons (El) e a ionizacdo quimica (Cl). Na El o analito de interesse, em
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fase gasosa, é bombardeado com elétrons de alta energia (geralmente 70 eV). As
moléculas do analito absorvem esta energia desencadeando Vvarios processos,
dentre os quais o0 mais simples é aquele em que o analito € ionizado pela remocéo
de um dnico elétron (M™).

A CI é a técnica que foi desenvolvida especialmente para aumentar a
producdo do ion molecular e reduzir as fragmenta¢des associadas a ionizagcdo por
elétrons. Nesta técnica, as moléculas do analito, em fase gasosa, sdo introduzidas
na camara de ionizacao do espectrometro de massas, que contém um gas reagente.
Esta mistura (moléculas do analito mais gas reagente) é bombardeada com elétrons,
assim como na El. Mas, como 0 g4s reagente esta em excesso em relacdo ao
analito (geralmente em propor¢cdo maior que 1000:1), ele é ionizado quase que
exclusivamente e passam a ocorrer reacdes entre os ions em fase gasosa do gas
reagente e as moléculas neutras do analito, dando origem aos ions
pseudomoleculares do analito [M+H]*. Por este processo ser relativamente de baixa
energia, quase nao € observada fragmentacdo (CHIARADIA; COLLINS; JARDIM,
2008).

Cromatografia a liquido acoplada a espectrometria de massas

Para a analise de compostos de grande massa molecular, elevada polaridade
e menor volatilidade, a cromatografia a liquido acoplada a espectrometria de massas
(LC-MS) é a téecnica de preferéncia (LANCAS, 2009). Nessa técnica sao
encontradas incompatibilidades relacionadas a vazdo do eluente do sistema
cromatografico com relacdo a velocidade de bombeamento do sistema de vacuo e o
projeto da fonte de ions do espectrometro de massas. As vazdes utilizadas em LC
sdo relativamente grandes (da ordem de 1 mL min™), de maneira que n&o é possivel
bombear o eluente de um cromatégrafo a liquido diretamente para o interior da fonte
do espectrometro, que opera a pressées de cerca de 1,3 x 10 Pa. Assim, uma das
mais importantes fun¢des de uma interface empregada em LC-MS é remover toda
ou, pelo menos, uma parte significativa da fase movel (FM). Além do problema
existente com relagcdo a vazdo, os compostos que sdo separados por LC sédo

relativamente pouco volateis e/ou sensiveis a temperatura, de maneira que néo é
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possivel ioniza-los utilizando as técnicas de ionizagdo mais comumente aplicadas na
MS. Desta forma, para o acoplamento da LC a MS foi necessario o desenvolvimento
de interfaces e de formas de ionizacao alternativas.

Na tentativa de minimizar os problemas encontrados no interfaceamento do
sistema LC com MS foram desenvolvidas varias interfaces, nas quais, muitas vezes,
também € realizada a ionizagdo do analito. Dentre as fontes de ionizag&o
desenvolvidas, as mais empregadas sao ionizacdo por eletronebulizacdo (ESI) e a
ionizacdo quimica a pressao atmosferica (APCI).

Em ESI, o liquido no qual o analito de interesse se encontra dissolvido (ha
FM, no caso do eluente da LC) passa através de um capilar, a pressao atmosférica,
mantido sob alta voltagem. Na saida do capilar sdo formadas pequenas gotas
altamente carregadas (spray) que sédo dessolvatadas ao se deslocarem em sentido
contrario ao posicionamento de um eletrodo em uma regido de pressado atmosférica.
A dessolvatacdo € assistida por um fluxo continuo de gas seco (geralmente N;) na
regido do spray. A medida que ocorre a dessolvatacdo, o tamanho das gotas é
reduzido até o ponto em que a forca de repulsédo entre as cargas similares fica maior
que as forcas de coesédo da fase liquida (tensdo superficial). Neste momento ocorre
a chamada “explosdo couldmbica”’, que gera gotas com tamanhos equivalentes a
10% do tamanho das gotas a partir das quais se originaram. Uma série de explosfes
passa entdo a ocorrer até que sdo produzidos ions do analito a partir destas gotas,
0s quais séao transferidos para o interior do espectrémetro de massas por uma série
de dispositivos de focalizagao.

Como em ESI a ionizagdo ocorre diretamente na solugdo, compostos
sensiveis a temperatura podem ser ionizados sem sofrer degradacdo. Uma vez que
em ESI sdo gerados ions com multiplas cargas, esta técnica pode ser aplicada a
compostos com massas molares relativamente grandes.

Na APCI, o eluente da coluna cromatografica passa através de um
nebulizador pneuméatico no qual gotas sdo geradas e dessolvatadas. O spray
formado passa por uma regido aquecida na qual o vapor € seco, formando espécies
neutras que passam através de uma corona de descarga. Um campo suficiente para
gerar ionizacdo € aplicado na corona. Como o solvente (proveniente da FM)
encontra-se em maior concentragdo no spray que o analito, este € ionizado
preferencialmente e passam a ocorrer reacdes entre estes ions em fase gasosa e as

moléculas neutras do analito, o que da origem aos ions do analito (Cl). A APCI pode
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ser considerada uma fonte de ionizagdo complementar & ESI, pois é aplicavel a
compostos apolares ou de média polaridade, volateis e termicamente estaveis, uma
vez que a ionizacdo ocorre em fase gasosa e também porque APCI € aplicavel a
vazbes de eluente cromatografico maiores que as suportadas por ESI - 0,5a 2,0 mL
min™ (CHIARADIA; COLLINS; JARDIM, 2008).

Espectrdmetros de massas

O efluente da coluna cromatografica, apos ser ionizado € direcionado para o
analisador de massas. Os analisadores de massas separam os ions de acordo com
a relacdo existente entre suas massas e cargas, ou seja, a razao m/z. As
caracteristicas de construcdo e operacdo diferem de um analisador para outro,
assim como seus beneficios e limitagbes. Uma vez que existe hoje uma grande
diversidade de analisadores de massas, a escolha do mais apropriado deve ser
efetuada considerando-se a aplicacao (ex. faixa de massas desejada), desempenho
(ex. resolucéo) desejado e custo (em funcao do tipo de analisador, um MS para o
acoplamento LC-MS pode variar desde algumas dezenas de milhares de délares,
até valores superiores a um milhdo de ddlares). Em funcdo destes fatores, néo
existe um analisador de massas o0 qual seja ideal para todas as aplicacoes
(LANCAS, 2009).

Dentre os analisadores disponiveis hoje temos os quadrupolos (QP), os triplo
quadrupolos (TQ), de armadilha de ions (IT), a armadilha de ions orbital
(ORBITRAP), de tempo de voo (TOF), além dos analisadores hibridos como o
guadrupolo-de tempo de voo (QTOF) e triplo quadrupolo-armadilha de ions linear
(QTRAP).

O QP é constituido de 4 hastes. Os pares opostos das hastes estdo
conectados eletricamente e uma voltagem com radiofrequéncia de 180° fora de fase
€ aplicada entre eles. Em um valor especifico de voltagem, ions de uma
determinada razdo m/z atravessam o0 quadrupolo descrevendo uma trajetoria
estavel. Ja o TQ é constituido por trés quadrupolos em série, sendo que o segundo
quadrupolo ndo € utilizado para separar ions de mesma razao m/z, mas sim como

cela de colisdo, na qual ocorre a fragmentagdo dos ions selecionados no primeiro
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quadrupolo geralmente por dissociacdo induzida por colisdo (CID) com um géas
inerte, e também é empregado como direcionador dos ions produzidos ao terceiro
guadrupolo.

O IT é um QP tridimensional que “captura” todos os ions que sao introduzidos
em seu interior e 0s mantém “aprisionados” até que uma determinada
radiofreqiéncia seja aplicada e torna os ions de certa razdo m/z instaveis, de forma
gue séo libertados do trap (CHIARADIA; COLLINS; JARDIM, 2008).

Esses analisadores de massa sdo de suma importancia, mas possuem
algumas deficiéncias como a falta de exatiddo de massas, estreita faixa linear de
trabalho e reduzida capacidade de carga. Introduzido Makarov nos anos 90, o
ORBITRAP surgiu de uma modificacdo da armadilha de ions de Kingdon (1920) e
também é baseado na técnica da armadilha de ions. Porém, eles se diferenciam dos
anteriores por seu desempenho analitico em termos de resolugcdo, exatiddo de
massa, faixa linear dinamica e capacidade de carga. O ORBITRAP consiste de um
fio metalico central esticado ao longo do eixo de um eletrodo cilindrico externo que
encerra o material da armadilha. Se uma voltagem ¢é aplicada entre o fio metalico e o
cilindro, os fons s&o atraidos para o fio metalico. lons com suficiente velocidade
tangencial percorrerdo uma trajetoria circular ao redor do fio metalico (MAKAROV,
1999).

No TOF, os ions produzidos na fonte de ionizacdo do espectrometro sao
acelerados através de um “tubo de voo” para serem identificados, uma vez que o
tempo que levam para atravessa-lo esté relacionado com a razdo m/z de cada ion.

Em um QTOF o ultimo estagio do TQ é substituido por um TOF disposto
ortogonalmente ao segundo quadrupolo. Este instrumento, ao invés de varrer
sequencialmente um intervalo de razbes m/z selecionadas e gerar 0 espectro
MS/MS das massas selecionadas, detecta todos os ions que entram no tubo de voo
em um tempo especifico, 0 que sO € possivel devido a sua alta velocidade de
varredura (scan) (CHIARADIA; COLLINS; JARDIM, 2008).

Os QTRAP tem a mesma configuracéo tipica dos TQ, porém, o ultimo QP é
hibrido e chamado de prisdo de ions armadilha de ions linear (LIT), dessa forma, o
equipamento pode funcionar como um TQ ou como um IT. Quando operado no
modo de monitoramento avancado (enhanced scan mode) o QTRAP opera o
terceiro QP como um LIT e apresenta vantagens como: Sensibilidade 20 a 500

vezes maior que quando operado como um TQ-MS e permite uma velocidade de
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varredura muito elevada sem que a sensibilidade seja comprometida (VOLKOPF,
2010).

Validacéo de métodos analiticos

Dentro de um laboratorio a validacdo de um método deve ser feita para
evidenciar que o método € adequado ao fim proposto. Validacdo de métodos € um
requisito dos organismos de acreditacdo e deve ser assistido pela verificagdo de
desempenho do método durante analises de rotina (controle de qualidade analitico e
constante validacdo de método). Todos os procedimentos que fazem parte de um
método devem ser validados.

Tanto para métodos multirresiduais como para meétodos para determinacao de
um sO6 composto (single), matrizes representativas podem ser usadas. No minimo
uma commodity representativa de cada grupo deve ser validada dependendo do
escopo pretendido pelo método (SANCO, 2013).

Os pardmetros analiticos normalmente encontrados para validacdo de
métodos de separacdo sdo: seletividade (capacidade de diferenciar entre analitos e
interferentes e entre diferentes analitos), linearidade (coeficiente de determinacéo -
r* elou coeficiente de correlacdo linear - r), faixa de aplicacdo, precisédo (desvio
padrao relativo - RSD%), exatiddo (recuperacéo%), limite de deteccdo (LOD), limite
de quantificacdo (LOQ) e robustez (RIBANI et al., 2004). Sdo necessérias no minimo
5 replicatas (para verificar a precisdo) em ambos limites de reportagem (para
verificar a sensibilidade) e pelo menos uma concentragcdo mais alta como, por
exemplo, o LMR (SANCO, 2013).



OBJETIVOS

Objetivo geral

Analisar 51 amostras de doces em pasta das seguintes frutas: abacaxi,
morango, uva, damasco e péssego. Determinar os niveis de contaminacdo dessas
amostras com agrotoxicos e verificar se esses alimentos contribuem para a ingesta
humana de agrotoxicos. Além disso, estudar a estabilidade dos agrotoxicos,
carbendazim, clorpirifés, imidacloprido, irpodiona e propargito, no preparo de doces
de frutas caseiros, elaborados em panela aberta, sob fogo médio por 30 min, e
estimar um fator de processamento (FP) para os analitos no preparo dos doces

caseiros.

Objetivos especificos

Como obijetivos especificos deste trabalho pode-se citar:

» Desenvolver um método adequado de preparo da amostra;

» Desenvolver um método cromatografico para determinacdo multirresidual de
agrotoxicos na matriz em questao;

» Validar o método analitico desenvolvido;

* Aplicar o método validado no monitoramento de amostras produzidas e
comercializadas no estado de Rio Grande do Sul (RS), BR e no Sul da ES, no
intuito de verificar os niveis de contaminacdo das mesmas;

* Preparar doces de frutas caseiros a partir de frutas fortificadas com
agrotoxicos para estudar a estabilidade dos mesmos;

» Estimar um FP para os agrotoxicos no preparo dos doces de frutas caseiros;

* Fazer um estudo dos componentes das matrizes (doces de frutas caseiros e
frutas), co-extraidos pelo método QUEChERS modificado e fazer a correlagéo

entre eles.






MATERIAIS E METODOS

Os estudos que compdem esta Tese foram realizados em duas etapas. A
primeira etapa, na qual foi feita a coleta de amostras em Santa Maria no BR, o0s
estudos preliminares de preparo do slurry dos doces de frutas em pasta e selecéo
da proporcéo de slurry adequada, foi desenvolvida nas instalagbes do Centro de
Pesquisa e Analise de Residuos e Contaminantes (CEPARC), laboratério do
Departamento de Quimica da UFSM. A segunda etapa, na qual foi feita a validagédo
e aplicacdo do método de YLC-QTRAP-MS/MS na determinacdo de residuos de
agrotoxicos em doces de frutas em pasta e o estudo de estabilidade de agrotéxicos
no preparo de doces de frutas caseiros e estabelecimento de fatores de
processamento, foi realizada no Laboratdrio Referéncia da Unido Europeia para
Residuos de Pesticidas em Frutas e Legumes (EURL-FV) na Universidade de
Almeria, ES.

Assim, neste capitulo sera descrita somente a coleta das amostras e 0s
materiais e métodos relativos a primeira etapa deste trabalho, pois a metodologia

relativa a segunda etapa esta relatada a seguir, no Artigo 1 e no Manuscrito 1.

Amostras

Para a realizagao deste estudo foram adquiridas amostras de doces de frutas
em pasta, no comércio local de Santa Maria, RS, BR e de Almeria, Sul da ES. A
coleta das amostras provenientes do BR foi iniciada em marco de 2012 e finalizada
em dezembro de 2013. As amostras consistiram de doces de trés diferentes frutas
(abacaxi, morango e uva) e de trés diferentes marcas, fabricadas no RS. Sendo que
ao total a amostragem deveria fornecer 4 amostras de cada fruta (abacaxi, morango
e uva) e de cada marca, total de 36 amostras, de lotes distintos. Mas, pela
indisponibilidade de doces de abacaxi de uma das marcas, puderam ser adquiridas
somente 10 amostras de doce de abacaxi - 4 replicatas de duas marcas e duas
replicatas de uma marca. Portanto, o total de amostras brasileiras foi de 34.
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As amostras provenientes da ES foram adquiridas no periodo de janeiro a

junho de 2014. Essas consistiram de doces de morango (n=5), de damasco (n=4)

péssego (n=8), total de 17 amostras de 5 marcas distintas e diferentes lotes.

Algumas amostras que foram utilizadas neste trabalho podem ser vistas no

Apéndice A. Uma vez adquiridas, as amostras foram identificadas e refrigeradas até

0 momento do preparo do slurry e analise.

Instrumentacgao

Foram utilizados os seguintes equipamentos:

Balanca analitica com preciséo de 2 casas decimais (Mettler, Suica);

Balanca analitica com precisdo de 4 casas decimais (Sartorius,

Alemanha);

Banho de ultrassom (Bransonic, Alemanha);

Homogeneizador Ultra-Turrax (Polytron, Suica);

Centrifuga (Thermo Fisher Scientific, Alemanha);

Mesa agitadora (GFL, Alemanha);

Vortex (Scientific Industries, EUA);

Pipetador automético (Brand, Alemanha);

Sistema de cromatografia gasosa acoplada a espectrometria de massas

de armadilha de ions (GC-IT-MS): Cromatégrafo a gas CP 3800 (Varian,

EUA), equipado com:

=  Amostrador automético CP 8400 (Varian, EUA);

= Seringa de vidro de 10 pL (Hamilton, EUA);

= Injetor 1079, de vaporizacdo por temperatura programada (PTV) com
insersor de vidro silanizado, de diametro interno (d.i.) de 3,4 mm e
comprimento de 54 mm, contendo cerca de 0,5 cm de carbofrita;

= Coluna capilar FactorFour VF-5ms (5% fenil 95% metilpolisiloxano) de
silica fundida, 30 m de comprimento 0,25 mm de d.i. e 0,25 um de

espessura de filme (Varian, Holanda);
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= Detector IT Saturn 2000, atuando no modo de ionizag&o por impacto
de elétrons (El) e monitoramento de ions no modo varredura (Varian,
EUA);
= Sistema de aquisicdo de dados com o software MS Workstation 6.5
(Varian, EUA).

Gases

Gases usados no GC-IT-MS:

Hélio Premier 99,999% de pureza - fase mdvel do cromatografo a gas (Air
Products, Brasil);

Nitrogénio de pureza 99,999% (Air Liquide, Brasil).

Materiais, reagentes e solventes

Tubos cbnicos de teflon com tampa rosqueéavel, com capacidade para 15
e 50 mL (Corning, México);

Frascos de vidro ambar, com capacidades para 20, 50 e 100 mL, com
tampa rosqueavel e batoque de teflon e silicone (Bester, Holanda);

Vials de vidro com capacidade para 1,5 mL (Alltech Associates, Holanda);
Vidrarias comuns de laboratorio;

Acetonitrila, grau residuo de pesticida 99,9% (Mallinckrodt, EUA);
Isooctano (2,2,4-trimetilpentano), grau residuo de pesticida 99,5%
(Mallinckrodt, EUA);

Tolueno, grau LC 99,8% (Mallinckrodt, EUA);

Acido acético glacial grau HPLC 99,9% (J.T. Baker, EUA);

Sulfato de magnésio anidro 98,0% (Sigma-Aldrich, Japao);

Acetato de sddio anidro (AcNa) p.a. 99,0% (Vetec, Brasil);

PSA (Supelco, EUA);
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» Padrbes solidos de agrotoxicos com pureza maior que 98% (Dr.

Ehrenstorfer, Alemanha).

O preparo do slurry

Os doces de frutas possuem uma consisténcia pastosa, fato que dificulta a
manipulagéo na ocasido da pesagem. Por isso, testou-se sua utilizagdo sob forma
pura (sem slurry) e diluido com &gua (slurry) nas seguintes proporcoes: 1:2; 1:1,5 e
1:1,25 (m/m). Teste que foi realizado com amostras de doce de uva, previamente
aos estudos discutidos no Artigo 1 e nao relatado no mesmo.

Para a obtencdo das trés proporcdes de slurry pesou-se, com o auxilio de
uma balanca analitica, em 3 diferentes béqueres de plastico, 135 g de homogénea
dos doces de uva. A cada um dos beéqueres foi adicionado, em separado,
respectivamente, 135, 67,5 e 33,75 g de agua ultrapura (u.p.), € os mesmos foram
levados para homogeneizacdo em Ultra-Turrax, por 2 minutos. Por dltimo, fez-se a
selecdo da proporcao de slurry mais adequada, pela facilidade de manipulagéo
(praticidade), homogeneidade da amostra e por testes de fortificacdo e avaliacdo da
recuperagdo (%) dos agrotoxicos por GC-IT-MS, Unico equipamento que esta
disponivel para ser usado nesse momento.

As proporcdes de slurry foram calculadas da seguinte forma: Massa do doce
de fruta dividido pela soma da massa de doce de fruta e de agua. Para efeito
simplificacdo dividiu-se ambas as fragcbes numeéricas pelo maximo divisor comum.
Por exemplo, o slurry de razdo 1:2 foi obtido dividindo-se 135 (massa do doce de

fruta em g) e 270 (soma da massa do doce e da agua u.p. em g) por 135.

Os agrotoxicos determinados

Os agrotoxicos estudados na avaliagdo das recuperacgdes (%) por GC-IT-MS
estdo listados na Tabela 1, com as respectivas informagbes de pureza, classe,

fornecedor, grupo quimico e formula molecular. Foram estudados 41 agrotéxicos



49

(incluindo alguns de seus isdmeros) e 2 padrdes internos (I.S.), total de 43

compostos.

As andlises foram

realizadas por

GC-IT-MS no modo EI e

monitoramento de ions no modo varredura, em uma unica analise cromatografica.

Tabela 1 - Agrotoxicos determinados por GC-IT-MS, com informacfes de pureza,
classe, fornecedor, grupo quimico e férmula molecular.

Agrotéxico Pureza (%) [(lasse Fornecedor Grupo quimi  co Férmula molecular
Aldrin 96,0 | Dr. Ehrenstorfer Organoclorado ciclodieno Ci12HsClg
Azoxistrobina 99,5 Fg Dr. Ehrenstorfer Estrobirulina C3H17N30s5
Bromofés etilico 98,5 | Dr. Ehrenstorfer Organofosforado CgHsBrCl,OsPS
Cloropirifés-etilico 99,0 All Dr. Ehrenstorfer Organofosforado CoH1:CIsNOsPS
Cloropirifés-metilico 97,0 All Dr. Ehrenstorfer Organofosforado C7H;CIsNOsPS
Cloroprofam 99,5 H Dr. Ehrenstorfer Carbamato Ci10H12CINO,
DDD-2,4* 99,5 | Dr. Ehrenstorfer Organoclorado Ci14H10Cly
DDD-4,4* 99,0 | Dr. Ehrenstorfer Organoclorado Ci14H10Cly
DDE-2,4* 99,0 | Dr. Ehrenstorfer Organoclorado Ci14HsCly
DDE-4,4* 99,5 | Dr. Ehrenstorfer Organoclorado Ci14HsCly
DDT-2,4* 98,0 | Dr. Ehrenstorfer Organoclorado Ci14HoClis
DDT-4,4* 99,5 | Dr. Ehrenstorfer Organoclorado C14HoClis
Diazinona 95,9 I/A Dr. Ehrenstorfer Organofosforado Ci12H21N,05PS
Diclorana 98,0 Fg Dr. Ehrenstorfer Cloroaromatico CsH4Cl2N20;
Dicofol 97,3 A Dr. Ehrenstorfer Organoclorado C14HoClsO
Dieldrin 98,5 | Dr. Ehrenstorfer Organoclorado ciclodieno Ci12HsClsO
Endossulfam-alfa 98,5 I/FIA Dr. Ehrenstorfer Clorociclodieno CoHsClsO3S
Endossulfam-beta 98,0 I/FIA Dr. Ehrenstorfer Clorociclodieno CoHsClsO3S
Endossulfam-sulfato 99,5 I/FIA Dr. Ehrenstorfer Clorociclodieno CoHsCls04S
Endrin 97,0 | Dr. Ehrenstorfer Organoclorado ciclodieno Ci12HsClsO
EPN 99,0 | Dr. Ehrenstorfer Organofosforado C14H1sNO4PS
Fentoato 96,6 I/A Dr. Ehrenstorfer Organofosforado C12H1704PS;
Fludioxonil 98,5 Fg Dr. Ehrenstorfer Fenilpirrole C12H6F2N20;
Fosalona 98,5 I/A Dr. Ehrenstorfer Organofosforado C1,H15CINO4PS;
HCH-alfa 98,0 | Dr. Ehrenstorfer Organoclorado CsHsCls
HCH-beta 98,4 | Dr. Ehrenstorfer Organoclorado CsHsCls
HCH-gama (Lindano) 98,5 | Dr. Ehrenstorfer Organoclorado CsHsCls
Heptacloro 98,5 | Dr. Ehrenstorfer Organoclorado ciclodieno Ci1oHsCl7
Heptacloro-epo6xido 98,0 | Dr. Ehrenstorfer Organoclorado ciclodieno Cy0HsCI;O
Hexaclorobenzeno 99,5 Fg Dr. Ehrenstorfer Hidrocarboneto clorado CsCls
Metoxicloro 99,5 | Dr. Ehrenstorfer Organoclorado Ci6H15Cl30,
Pirazofos 97,0 I/IFg Dr. Ehrenstorfer | Fosforotioato de heterociclo C14H20N305PS
Pirimifés-metilico 99,0 I/A Dr. Ehrenstorfer Organofosforado C11H20N305PS
Profam 98,0 H Dr. Ehrenstorfer Carbamato C10H13NO,
Prometrina 96,0 H Dr. Ehrenstorfer Triazina Ci1oH19NsS
Propargito 93,5 A Dr. Ehrenstorfer Sulfito de alquila Ci19H2604S
Quinalfés 99,0 I/A Dr. Ehrenstorfer Organofosforado Ci12H1sN,O3PS
Quinoxifeno 99,0 Fg Dr. Ehrenstorfer Quinolona Ci15HsCI,FNO
Quintozeno 97,0 Fg Dr. Ehrenstorfer Cloroaromatico CsClsNO,
g';g‘(’)3(__lqg|g;°;§oprop|l) 99,0 - Dr. Ehrenstorfer Organofosforado CoHi15ClsO4P
Tequinazeno 99,5 Fg Dr. Ehrenstorfer Cloronitrofenil CsHCI4NO,
Tetradifona 99,9 A Dr. Ehrenstorfer Clorodifenilsulfona C1,H6Cl4O,S
Tetrametrina 98,0 | Dr. Ehrenstorfer Piretréide Ci19H25NO4
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O preparo das solugbes analiticas dos padrdes inter nos

Nas andlises realizadas por GC-IT-MS utilizou-se como padrao interno do
procedimento (P.I.S.) o tris(1,3-dicloroisopropil)fosfato (TDCPP) e como padréao
interno do equipamento (1.1.S.) o bromofos etilico.

As solucdes analiticas dos I.S. (concentracdo 1000 mg L) foram preparadas
separadamente. Para isso, primeiramente, os padrdes foram pesados em frascos de
vidro ambar (20 mL) com tampa rosqueavel e batoque de politetrafluoretileno (PTFE)
e posteriormente, dissolvidos com o0s respectivos solventes (acetonitrila para o
tris(1,3-dicloroisopropil)fosfato e tolueno para o bromofos etilico). Apds a dissolucgéo,
as solucbes analiticas foram homogeneizadas durante 5 minutos em banho de
ultrassom. A partir da solucdo de bromofés etilico de concentragcdo 1000 mg L™
preparou-se uma solucdo de concentracdo de 5000 pg L por diluicdo com
acetonitrila.

O P.I.S. foi adicionado (volume de 200 puL) ao solvente extrator (acetonitrila
contendo 1% de Acido acético), fornecendo uma concentracdo de 200 ug L™, e o
I.I.S. foi adicionado (volume de 10 pL) diretamente aos vials antes da injecao das

amostras no GC-IT-MS, obtendo-se uma concentracéo final de 50 pg L™

O preparo das solu¢fes analiticas dos padrées de ag  rotoxicos

Inicialmente, foram preparadas soluc¢des analiticas individuais dos agrotoxicos
de concentracdo 1000 mg L. Para preparar essas solucdes, pesou-se diretamente
em frascos de vidro ambar de 20 mL, a massa mais proxima possivel de 10 mg dos
padrdes solidos dos agrotéxicos. Em seguida, fez-se o célculo de ajuste de volume,
levando em conta a pureza (%) e a massa exata pesada de cada padrao solido e
dissolveu-se o sdlido pesado com o volume exato de tolueno necessario para ter
solucdes individuais de contracéo igual a 1000 mg L™.

A partir das solucdes estoque de concentracdo 1000 mg L™ preparou-se
solucdes intermediarias de concentracdo 100 mg L™ transferindo-se 1 mL da solucéo

1000 mg L para frascos ambar com capacidade para 10 mL e adicionou-se mais 9
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mL de tolueno para os 24 agrotoxicos organoclorados e 9 mL de isooctano para 0s
demais 17 agrotoxicos (pertencentes a diferentes classes quimicas e analisaveis por
GO).

Também foram preparadas, separadamente, duas solugbes mistura dos
agrotéxicos ambas de concentracdo 1000 pg L™, a primeira contendo 24 agrotéxicos
organoclorados em isooctano/tolueno (75:25, v/v) e a segunda contendo os demais
17 agrotoxicos em isooctano/tolueno (9:1, v/v). Para preparar a solugcdo mistura de
agrotoxicos organoclorados transferiu-se 2 mL de cada solucdo intermediaria
(concentragéo 100 mg L™) para um baldo volumétrico de 200 mL, ja contendo 2 mL
de tolueno e um certo volume de isooctano, sendo o volume do baldo
posteriormente completado com o0 mesmo solvente. A solu¢cdo mistura contendo o0s
demais 17 agrotoxicos foi preparada transferindo-se 1 mL de cada solucéo
intermediaria (100 mgL™ em isooctano/tolueno) para um baldo volumétrico de 100
mL, j& contendo um pequeno volume de isooctano/tolueno (9:1), sendo o volume
posteriormente completado com a mistura desses solventes.

Finalmente, a partir das duas solucbes de concentracdo 1000 pg L™,
preparou-se uma Unica solucdo de concentracdo 500 pg L™, contendo 41
agrotoxicos. Para preparar essa solucdo, foram transferidos 20 mL de cada uma das
duas solucdes de concentracdo 1000 pg L™ para dentro de um frasco Ambar com
batoque de PTFE.

Todas as solu¢des foram homogeneizadas em banho de ultrassom durante
15 minutos, armazenadas em frascos de vidro ambar (tampa com batoque de PTFE)
e levadas ao freezer a —28 °C até o momento da analise. Antes do uso, foram
retiradas do freezer e deixadas a temperatura ambiente por uma hora e novamente

homogeneizadas em ultrassom por 5 minutos.

O solvente utilizado no preparo das amostras

Para o preparo das amostras utilizou-se uma solucao de acetonitrila contendo
1% de &cido acético e TDCPP (P.l.S.) na concentracdo de 200 ug L™. O preparo
dessa solucéo foi feito da seguinte forma: transferiu-se cerca de 500 mL de

acetonitrila para um baldo volumétrico de 1 L e adicionou-se 10 mL de acido acético
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concentrado e 200 pL de solucdo de TDCPP. Completou-se o volume do baldo com
acetonitrila que foi tampado e homogeneizado.

Extragdo com método QUEChERS modificado

O preparo de amostras foi feita da seguinte forma: em tubos de centrifuga de
45 mL, pesou-se 10,0 + 0,05 g de amostra (doce de uva em pasta ou slurry — 1:1,5
ou 1:1,25), as amostras foram fortificadas com a solugdo analitica contendo a
mistura de 41 agrotdxicos (concentracdo 500 pg L) e adicionadas de 10 mL de
acetonitrila contendo 1% &cido acético e o P.L.P. (200 pg L™Y). Os tubos foram
levados para agitacdo em mesa agitadora por 2 min. Acrescentou-se 3 g de MgSO,
e agitou-se em mesa agitadora por mais 2 min. Em seguida, adicionou-se 1,7 g de
NaAc e agitou-se novamente em mesa agitadora (2 min). Posteriormente, os tubos
foram centrifugados a 4000 rpm durante 4 min e transferiu-se 4 mL de sobrenadante
para tubos de centrifuga de 15 mL, ja contendo 600 mg de MgSO,4 e 50 mg de PSA,
agitando-se em mesa agitadora por mais 2 min.

Apés a agitagdo, os tubos foram novamente levados a centrifuga por 4 min e
centrifugados a 4000 rpm. Finalmente, pipetou-se 990 uL do sobrenadante para vials
com capacidade para 1,5 mL e adicionou-se 10 pL da solucdo padrédo de P.L.E.,
fornecendo uma concentracéo final de 50 pg L™. Os vials foram tampados e levados
ao GC-IT-MS para andlise. O esquema do procedimento de extracdo pode ser

visualizado na Figura 3.
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(A) | 10 g de doce de fruta ou slurry |

| Fortificagdo [3 concentracdes (10, 20 e 50 ug kg'l)]* | | Extrato "branco" (doces de frutas)

| Homogeneizar

| 10 mL de acetonitrila (1% &cido acético + P.I.P.) |
| Agitar por 2 min
| 3 g MgSO4 |
| Agitar por 2 min
| 1,7 g AcNa |
| Agitar por 2 min
| Centrifugar durante 4 min a 4000 rpm |

| Transferir 4 mL para um tubo contendo: |

g
1 (B)
! | 600 mg MgSO4 + 50 mg PSA |
il
Agitar por 2 min
| Centrifugar durante 4 min a 4000 rpm |
| Transferir 990 pL para um vial e adicionar 10 pL do P.l.E. |
| Analisar por GC-IT-MS |
*recuperacdes (%)
P.I.S. = TDCPP;

1.1.S. = Bromofos etilico.

Figura 3 - Esquema do procedimento de preparo de amostras - método QUEChERS
modificado (A), etapa de purificagdo do extrato de doce de uva em pasta (B).

As analises cromatograficas

Os extratos dos doces de uva em pasta, obtidos pelo método QUEChERS
modificado, foram analisados em um GC-IT-MS, operado no modo de ionizacdo El e
monitoramento de ions no modo varredura. As condicbes cromatograficas utilizadas
foram desenvolvidas por de Kok, Van Bodegraven e Hiemstra, no The Netherlands
Food and Consumer Product Safety Authority (NVWA), laboratorio holandés, estéao
descritas no procedimento operacional padrao CHEO01-WV624 (NVWA, 2005) e

foram otimizadas para este trabalho.



CondicBes de analise por GC-IT-MS

As condi¢des instrumentais empregadas para as analises realizadas foram,

para o cromatdgrafo a gas:

Programacdo de temperatura do injetor PTV (do inglés, Programmed
Temperature Vaporizing): temperatura inicial do injetor 80 °C (0,1 min)
com aumento de temperatura de 200 °C min™ até 300 °C (21,2 min).
Programacao da valvula split do injetor: inicialmente aberta (1:10), sendo
fechada apés 0,1 min e aberta novamente apds 1,75 min (1:80);

O volume de injecédo foi de 5 uL;

A injecdo efetuada com o auxilio de amostrador automatico consistiu na
aspiracdo de 1,0 pyL de ar, 3,0 uL de extrato ou de solucdo analitica e de
1,0 pL de ar, com velocidade de injecéo de 50 pL s™.

Programacao de temperatura do forno da coluna: temperatura inicial de
80 °C, com (1,0 min), com incremento de temperatura de 25 °C min™ até
180°C; posteriormente 5 °C min™ até 280°C, e de 10 °C min™ até 300 °C;
Vaz&o do géas de arraste (hélio) constante em 1,2 mL min™;

Tempo total de corrida de 37 min.

Para o espectrometro de massas:

Temperatura da transferline: 290 °C,;

Temperatura do IT: 240 °C;

Temperatura do manifold: 80 °C;

Monitoramento de ions no modo varredura, dos 4,20 min aos 32 min,
monitorando ion com razdo m/z entre 60 e 550;

Modo de ionizacao El positivo;

Tempo de varredura de 0,9 segundos/scan.

Os agrotoxicos monitorados, juntamente com suas respectivas massas

moleculares, seus tempos de retencdo e ions de quantificacdo estédo listados na

Tabela 2.
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Tabela 2 — Agrotoxicos determinados por GC-IT-MS, juntamente com sua massa
molecular, tempo de reten¢éo e ion de quantificagéao.

Agrotoxico Massa molecular (g) tr (Min) fon de quantificacdo (m/z)
Profam 179,2 6,43 179,0
Tequinazeno 260,8 7,75 261,0
Clorprofam 213,5 8,28 213,0
HCH-alfa 290,8 8,96 181,0
Hexaclorobenzeno 284,7 9,05 284,0
Diclorana 207,0 9,27 206,0
HCH-beta 290,8 9,53 181,0
Quintozeno 295,3 9,61 295,0
Diazinona 304,3 9,73 304,0
HCH-gama (Lindano) 290,8 9,76 183,0
Clorpirifés-metilico 3225 11,12 288,0
Prometrina 241,3 11,55 241,0
Heptacloro 373,3 11,59 272,0
Pirimifés-metilico 305,3 11,82 290,0
Clorpirifés-etilico 350,6 12,41 316,0
Aldrin 364,9 12,65 293,0
Dicofol 370,4 12,97 139,0
Heptacloro-epéxido 389,3 13,84 289,0
Fentoato 320,3 13,93 274,0
Quinalfés 298,2 13,97 146,0
Bromofos-etilico (P.1.P.) 394,0 14,39 303,0
DDE-2,4 318,0 14,59 247,0
Endossulfam-alfa 406,9 15,00 241,0
Fludioxonil 248,1 15,42 248,0
DDE-4,4 318,0 15,65 318,0
DDD-2,4 318,0 15,88 237,0
Dieldrin 380,9 16,58 279,0
Endrin 380,9 16,60 281,0
Endossulfam-beta 406,9 16,95 267,0
DDD-4,4 318,0 17,03 235,0
DDT-2,4 352,0 17,13 235,0
TDCPP (P.1.P.) 430,9 17,72 191,0
Quinoxifeno 308,1 18,18 272,0
Endossulfam-sulfato 4229 18,25 387,0
DDT-4,4 354,4 18,33 235,0
Metoxicloro 345,6 18,80 227,0
Propargito 350,4 18,83 135,0
EPN 323,3 20,05 169,0
Tetrametrina 331,4 20,07 164,0
Tetradifona 356,0 21,02 356,0
Fosalona 367,8 21,18 182,0
Pirazofos 373,3 22,16 221,0
Azoxistrobina 403,3 29,65 344,0
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the pLC-MS/MS equipment and to minimize matrix effects, the QUEChERS extracts were diluted 30-fold
before the analysis. The validation was performed analyzing spiked samples at 9 and 45 pg kg~! (n=5).
The method met validation criteria of 70-120% recovery and RSD < 20% for 92% of the 107 pesticides
evaluated. The reporting limit (RL) was 9 and 45 pg kg~ ! for respectively 66% and 26% of the analytes, 5%
of the compounds did not fulfill the requirements for validation and 3% were not detected at the studied
concentrations. The validated method was applied to the analysis of 51 different fruit jam samples from
Brazil and Spain and pesticide residues were detected in 41 samples, 26 of which contained at least one

QuEChERS sample preparation

pesticide at concentration > 10 pgkg~".

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Historically, jams originated as an early effort to preserve fruit
for consumption during the fruit off-season. It is an intermediate
moisture food prepared by boiling fruit pulp with sugar, pectin,
acid and other ingredients (preservatives, coloring and flavoring
substances) until obtaining a reasonably thick consistency [1] and
a final water content of 32-34% [2]. According to the Document
SANCO 12571/2013 [3] fruit jams are classified as high sugar and
low water content commodities, together with honey and dried
fruits and these characters of the fruit jams can represent a
challenge in pesticide determination in such matrices [4].

Pesticides are chemical substances applied to crops at various
stages of cultivation and during the post-harvest storage of crops.
The use of pesticides is intended to prevent the destruction of food
crops by controlling agricultural pests or unwanted plants and to
improve plant quality [5]. In Brazil, one of the world's major food
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producers, over 90% of farmers rely on pesticide use and the
country has ranked first in pesticide use worldwide in recent
years, with over 673 million tons applied in 2008 [6].

Although pesticides help to control agricultural pests and
organisms harming human activities, they may present a risk for
human health. In the European Union (EU), the evaluation of plant
protection products and the monitoring of pesticide residues in
food are harmonized through Regulation EC No 1107/2009 and
Regulation EC No 396/2005 [7]. In Brazil, the basis for pesticide
regulation was set by Federal Law No. 7802, enacted in 1989, and
later by Acts 4074/2002 and 5981/2006. Two monitoring programs
for pesticide residues are currently in place in Brazil that aim to
evaluate compliance with national MRLs: the Program on Pesticide
Residue Analysis in Food (PARA), coordinated by the National
Health Surveillance Agency (ANVISA), which aims to analyze fruits
and vegetables, and the National Residue and Contaminant Control
Program (PNCRC), coordinated by the Ministry of Agriculture,
Livestock and Food Supplies (MAPA), that intent to control animal
products, fruit and vegetables products [6,8,9]. None of these
programs aims to evaluate processed food products, like e.g. fruit
jams, juices or tomato purees, for pesticide residues.
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Liquid chromatography (LC) is used in many analytical applica-
tions worldwide and is commonly coupled to mass spectrometry
(MS) to detect, to identify and to monitor compounds [10]. The
development of miniaturized LC started by the mid-1970s but the
first commercially available micro (p) LC system was announced in
late 1975 [11]. uLC typically uses columns with an internal
diameter (1.D.) of 0.5 to 1 mm [12], lower mobile phase flow rates
(1to 40 L min ') and present numerous advantages compared to
conventional LC [13] like the ability to work with smaller sample
sizes, lower volumetric flow-rates and the improvement in detec-
tion performance with the use of concentration-sensitive detectors
as a result of the reduced chromatographic dilution [12,14].

It is considered that the increase of detection sensitivity in
tubing with a small inner diameter is due to reduced axial sample
band diffusion [15,16]. The following rationale suggests the selec-
tion of capillary LC. During chromatographic separation, the
dilution (D) of an injected sample (D= Cepa/Cinj, where Cepg is the
concentration after chromatography and Ciy; is the concentration
injected) is given by

ez r2(1+ k(LH)

D=
Vinj

where ¢ is the column porosity, r is the column radius, k is the
retention factor, L is the column length, H is the plate height, and
Vinj is the injection volume. If conditions are otherwise equal, D is
in direct proportion to the square of column radius. When
compared to conventional LC, pLC increases the signal-to-noise
ratio (S/N) drastically when electrospray ionization (ESI) coupled
to MS/MS is employed [14,17]. For example, from the previous
equation it can be calculated that this will result in a 235-fold
increase in peak height and mass sensitivity for a reduction in the
diameter of a column from 4.6 mm to 300 um LD. [14], when all
the other parameters are kept constant.

ESI is a soft ionization technique and these techniques perform
considerably better if most of the eluate solvents are removed
before the ionization process takes place. uLC delivers sharper and
narrower solute bands to the interface nebulizer using a minimal
amount of an appropriate solvent mixture. Consequently, smaller
droplets are generated carrying less solvent to evaporate. The
solute, which is distributed among a larger number of lower mass
particles, is rapidly vaporized into the ion source minimizing
thermal decomposition [18].

Due to the increase of pesticides applied in agriculture, their
potential accumulation in both the environment and foods and
their toxicities to humans a stricter control of residues in food
commodities should be applied. Considering the decrease of the
maximum residue limits (MRL) in most countries and continuous
further prohibition of older, more harmful pesticides there is a
need for sensitive multi-residue methods for monitoring and
enforcement of the residues that may be present in food [19]
including for processed food crops like fruit jams. The goal of this
work was to develop and validate a selective, robust and highly
sensitive nLC-MS/MS method to determine pesticides residues in
fruit jams and later apply it to the analysis of samples to verify the
existence of pesticides in these commodities.

2. Material and methods
2.1. Reagents and materials

Acetonitrile, HPLC grade (99.9%), formic acid, analytical grade
(>96.0%) and magnesium sulfate (98.0%) were purchased from
Sigma Aldrich (Steinheim, Germany). Water, Optima®, HPLC grade
was supplied by Fisher Scientific (New Jersey, USA). Sodium chloride
(99.0%) was obtained from ].T. Baker (Deventer, Netherlands). Ethyl

acetate, HPLC grade, sodium citrate tribasic dehydrate (99.0%) and
disodium hydrogencitratesesquihydrate (99.0%) from Fluka (Stein-
heim, Germany). Cig (40 um) was from Varian (Middelburg, The
Netherlands) and Primary-Secondary Amine (PSA) Bond-Elut from
Supelco (Bellefonte, USA). Pesticides standards (purity > 98.0%) were
obtained from Dr. Ehrenstorfer (Augsburg, Germany), from Riedel-de
Haén (Seelze, Germany) and from Sigma-Aldrich (Steinheim, Ger-
many) and stored in a freezer at —30 °C.

2.2. Pesticide standard solutions

Individual pesticide standard stock solutions were prepared in
acetonitrile and in ethyl acetate, at 1000—2000 mg L ! and stored
in amber screw-capped glass vials at —20 °C. A standard mixture
solution of 107 pesticides was prepared in acetonitrile at the
concentration of 1000 pgL . This solution was used as spiking
solution for recovery experiments and also to prepare the standard
solutions in matrix (matrix-matched calibration standards) and
organic solvent to obtain the calibration curves, by dilution with
blank fruit jam extract or acetonitrile, respectively. The standards
in blank matrix extract were used for the determination of the
matrix effect and also for the recovery calculations.

2.3. Instrumentation

The chromatographic system consisted of an Eksigent ekspert™
uLC 200 (Eksigent, Redwood City, CA, USA) integrated to a hybrid
quadrupoleflinear ion trap mass spectrometer (QTRAP® 4500 MS/
MS, AB Sciex Instruments, Foster City, CA, USA). Chromatographic
separations were performed using an Halo Cyg column 50 x 0.5 mm
LD. and 2.7 pm particle size (Eksigent, AB Sciex Instruments, Foster
City, CA, USA) held at 30 °C by a column heater. The mobile phases
consisted of water with 0.1% formic acid (mobile phase A) and
acetonitrile with 0.1% formic acid (mobile phase B). The injection
volume was 3 ul, the flow rate used was kept constant at
30 puL min 1 and the gradient program in positive mode was set
as follows: 20% B (initial conditions) was kept constant for 1 min
followed by a linear gradient up to 98% B in 9 min, after which the
mobile phase composition was maintained at 98% A for 3 min, the
re-equilibration time was 1 min and the total run time was 14 min.

The QTRAP® 4500 MS/MS system was equipped with an ESI
source with p-Flow electrode (50 mm L.D.), operating in positive
and negative ionization mode, there was applied scheduled multi-
ple reaction monitoring (sSMRM) software features. The Turbo Ion
Spray source settings were ion spray voltage, 5000 V; temperature,
400 °C; curtain gas flow, 20 Lmin '; collision gas, medium; and
ion source gas (nebulizer gas and turbo gas), at a pressure of
30 psi. Nitrogen was used as the nebulizer gas, turbo gas, curtain
gas and collision gas. The data were acquired and processed with
the Analyst software version 1.6.2.

2.4. Selected uL.C-MS/MS parameters

To optimize the mass spectrometer parameters an individual
solution of each target compound was prepared in methanol at the
concentration of 0.1 pg L 1. Using flow injection analysis of these
solutions, it was possible to optimize all the parameters including
declustering potential, entrance potential, collision energy and
collision cell exit potential for each single compound. The system
was operated in a SMRM mode, through the acquisition of single
reaction monitoring (SRM) transitions for each analyte with
resolution set to Unit at the first and third quadrupoles. The time
window was from 30s for each SRM transition. According to
Lozano et al. [20] the sMRM enables optimized cycle time and
maximized dwell times to be used during acquisition to provide
higher multiplexing with good analytical precision.
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Table 1
Chromatographic parameters of the compounds determined by uLC-MS/MS. Retention time (fg), declustering potential (DP) and collision energy (CE).

Compound tg (min)  DP (V)  Precursor ion (m/z)  Product ion (m/z)—SRM1  CE 1 (V) Product ion (m/z) —SRM2  CE 2 (V) Ionization mode
Acephate 0.44 50 184.0 94.9 30 143.0 11 ESI (+)
Acetamiprid 1.02 77 223.0 126.0 30 56.0 28 ESI (+)
Azinphos-methyl 4.15 55 318.0 132.1 21 261.0 8 ESI(+)
Azoxystrobin 448 57 404.0 372.0 20 344.0 33 ESI (+)
Bitertanol 4.94 60 338.0 269.1 14 99.1 24 ESI(+)
Boscalid 4.55 105 343.0 307.0 27 140.0 24 ESI(+)
Bromuconazole 424 100 378.0 159.0 40 70.0 59 ESI (+)
Bupirimate 3.57 100 3170 166.1 32 2721 27 ESI(+)
Buprofezin 4.60 62 306.0 201.0 17 116.0 23 ESI (+)
Carbaryl 292 56 202.0 145.0 13 127.0 37 ESI(+)
Carbendazim 0.45 113 192.0 160.0 26 132.0 43 ESI (+)
Carbofuran 2.69 56 2220 165.0 16 123.0 26 ESI (+)
Chlorpyrifos 6.92 66 352.0 200.0 28 125.0 27 ESI (+)
Chlorpyrifos methyl 5.96 65 3218 125.0 26 289.7 23 ESI(+)
Cyproconazole 4.16 85 292.0 125.0 48 139.0 32 ESI(+)
Cyprodinil 322 130 2256 93.1 48 108.1 33 ESI (+)
Diazinon 5.60 102 304.8 169.2 29 153.1 28 ESI (+)
Diclorvos 233 77 2209 109.0 24 127.0 24 ESI (+)
Diclorvos-dg (1S.) 218 66 2268 115.0 25 83.0 37 ESI (+)
Dicrotophos 0.49 63 238.0 112.0 17 193.1 13 ESI (+)
Diethofencarb 413 61 268.0 226.1 13 180.1 25 ESI(+)
Difenoconazole 5.44 105 406.0 251.0 35 337.0 25 ESI (+)
Dimethoate 0.94 50 2300 199.0 12 171.0 19 ESI (+)
Dimethoate-dg (1.S.) 0.91 62 236.0 205.0 11 177.1 21 ESI (+)
Dimethomorph 4.06 127 388.0 301.0 33 273.0 42 ESI (+)
Diniconazole 499 85 326.0 700 60 159.0 45 ESI (+)
Dodine 3.87 132 228.0 57.0 37 71.0 29 ESI(+)
Epoxiconazole 449 90 330.0 121.1 22 141.1 23 ESI(+)
Ethirimol 0.48 100 210.0 140.0 28 98.0 34 ESI(+)
Ethofenprox 8.35 60 3941 1771 20 359.2 15 ESI (+)
Ethoprophos 443 65 243.0 131.0 27 215.0 16 ESI (+)
Fenamidone 445 75 312.0 236.0 21 921 40 ESI(+)
Fenarimol 424 110 3310 268.0 32 2593 35 ESI (+)
Fenbuconazole 4.86 90 3370 125.0 50 70.0 50 ESI(+)
Fenhexamid 4.52 100 302.0 97.0 30 55.0 60 ESI (+)
Fenitrothion 499 86 278.0 125.0 26 109.0 21 ESI(+)
Fenpropathrin 6.92 80 350.0 125.0 21 97.1 44 ESI (+)
Fenpropimorph 3.06 150 304.0 147.0 39 130.0 35 ESI (+)
Fenpyroximate 7.03 110 4220 366.0 21 215.2 34 ESI(+)
Fenthion 5.59 80 279.0 247.0 17 169.1 23 ESI (+)
Fludioxonil 435 141,7 246.6 1259 37 179.9 38 ESI (-)
Flusilazole 477 97 316.0 247.0 25 165.0 39 ESI (+)
Flutriafol 3.09 80 302.0 70.0 55 123.0 35 ESI (+)
Fosthiazate 2.99 62 284.0 228.0 13 104.0 32 ESI(+)
Hexaconazole 4.77 95 314.0 700 55 159.1 45 ESI(+)
Hexythiazox 6.94 51 353.0 228.0 19 271.0 20 ESI (+)
Imazalil 2.29 110 297.0 159.0 29 201.0 25 ESI(+)
Imidacloprid 0.84 65 256.0 209.0 22 175.0 27 ESI (+)
Iprodione 4.90 80 330.0 2450 21 288.0 25 ESI (+)
Iprovalicarb 433 60 3211 119.0 30 203.1 12 ESI (+)
Kresoxim-methyl 541 64 314.0 267.0 10 2821 11 ESI(+)
Linuron-dg (1.S.) 4.05 74 255.0 160.0 26 185.0 24 ESI (+)
Malathion 498 75 3310 127.0 16 285.0 10 ESI (+)
Malathion-do (1S.)  4.86 76 3410 132.0 19 100.0 37 ESI (+)
Mandipropamid 467 80 412.0 328.0 20 356.0 15 ESI(+)
Mepanipyrin 459 160 224.0 106.0 33 130.9 48 ESI (+)
Metalaxyl 3.24 62 280.2 2200 19 191.9 32 ESI (+)
Metconazole 4.90 90 320.0 700 65 125.0 60 ESI(+)
Methamidophos 0.42 71 142.0 94.0 20 125.0 19 ESI(+)
Methidathion 4.06 55 303.0 145.0 14 85.0 28 ESI(+)
Methiocarb 3.99 60 226.0 169.0 13 121.0 25 ESI (+)
Methomyl 0.51 37 163.0 106.0 14 88.1 12 ESI (+)
Methoxyfenozide 4.81 50 369.0 313.2 11 149.1 28 ESI(+)
Myclobutanil 447 86 289.0 70.0 52 125.0 45 ESI (+)
Oxadixyl 214 67 279.0 219.2 14 102.0 14 ESI(+)
Oxydemeton-methyl  0.46 48 2470 169.0 18 105.0 17 ESI (+)
Paclobutrazole 391 90 294.0 700 50 125.0 55 ESI(+)
Parathion 5.59 60 2920 236.0 20 264.1 13 ESI (+)
Parathion-Methyl 4.58 70 264.0 232.0 23 125.0 23 ESI (+)
Penconazole 478 77 284.0 700 42 159.0 45 ESI(+)
Pencycuron 5.90 95 329.0 125.0 55 218.0 22 ESI (+)
Pendimethalin 6.89 40 2820 2121 16 194.0 26 ESI(+)
Phenthoate 5.65 66 3210 163.0 15 247.0 15 ESI(+)
Phosalone 6.04 75 368.0 182.0 23 3220 14 ESI (+)

Phosmet 444 62 318.0 160.0 21 133.0 63 ESI (+)
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Table 1 (continued )

Compound tg (min)  DP (V)  Precursor ion (m/z)  Product ion (m/z)—SRM1  CE 1 (V)  Product ion (m/z) —SRM2  CE 2 (V) Ionization mode
Phoxim 6.01 65 299.0 129.0 16 153.1 9 ESI (+)
Pirimicarb 0.52 70 239.0 1821 21 721 39 ESI (+)
Pirimiphos-methyl 5.28 110 306.0 164.1 30 108.1 43 ESI (+)
Prochloraz 3.87 53 376.0 308.0 16 266.0 23 ESI (+)
Procimidone 5.00 80 2839 256.0 25 2280 30 ESI (+)
Profenofos 6.15 66 373.0 303.0 26 344.8 18 ESI (+)
Propargite 7.34 60 368.0 231.0 15 175.0 21 ESI (+)
Propiconazole 5.01 100 342.0 159.0 41 69.0 35 ESI (+)
Propoxur 248 50 210.0 168.0 11 1111 20 ESI (+)
Propyzamide 451 70 256.0 190.0 21 173.0 33 ESI (+)
Prothiofos 7.92 80 3448 2410 25 269.0 16 ESI (+)
Pyraclostrobin 5.79 64 388.0 194.0 16 164.0 24 ESI (+)
Pyrethrins 732 62 329.0 161.0 13 143.0 23 ESI (+)
Pyridaben 7.57 90 365.1 309.0 19 147.0 35 ESI (+)
Pyrimethanil 2.04 135 200.0 107.1 32 168.1 40 ESI (+)
Pyriproxyfen 6.71 70 3220 96.0 20 227.0 20 ESI (+)
Quinoxyfen 599 120 308.0 197.0 44 272.0 40 ESI (+)
Rotenone 5.04 120 395.0 213.0 35 192.0 36 ESI (+)
Spinosyn A 4.03 147 7325 142.0 34 98.0 100 ESI (+)
Spinosyn D 427 154 746.5 142.0 36 98.0 97 ESI (+)
Tebuconazole 4.63 96 308.0 70.1 51 1251 53 ESI (+)
Tebufenpyrad 6.23 110 334.0 145.0 35 117.0 60 ESI (+)
Teflubenzuron 6.07 46,6 3789 33838 12 3589 11 ESI (-)
Tetraconazole 4.68 100 372.0 159.0 43 70.0 65 ESI (+)
Thiabendazole 0.46 142 202.0 174.9 37 1311 44 ESI (+)
Thiacloprid 1.77 73 2531 126.0 27 186.0 19 ESI (+)
Thiametoxam 0.55 58 291.9 211.0 17 131.9 36 ESI (+)
Thiodicarb 281 63 355.0 88.0 27 108.0 21 ESI (+)
Thiophanate-methyl 2.5 75 343.0 151.0 27 3110 16 ESI (+)
Tolclofos-methyl 5.92 84 301.0 125.0 26 269.0 22 ESI (+)
TPP (1S.) 5.62 106 326.8 77.0 63 152.0 53 ESI (+)
Triadimefon 449 70 294.0 197.0 22 2251 18 ESI (+)
Trifloxistrobin 6.32 81 409.0 186.0 26 206.0 20 ESI (+)
Triflumuron 5.59 68 359.0 156.0 21 139.0 50 ESI (+)
Triticonazole 4.06 80 318.0 70.0 55 125.0 50 ESI (+)
Vamidothion 0.55 61 288.0 146.0 19 118.0 32 ESI (+)
Zoxamide 5.64 107 336.0 1870 31 204.0 23 ESI (+)

1.S.: Internal standard.

For the correct identification and quantification of the pesti-
cides the criteria from the EU guideline were adopted. The SRM
transition with the best signal-to-noise ratio (SRM1) was used as
quantifier transition and a second and more specific transition
(SRM2) was used for identification. Moreover, was required the
retention time coincidence with the standard (matrix-matched
standard, with tolerance of + 0.2 min), the real acquisition of two
monitored SRM transitions and the compliance of the SRM ratio
(ratio between SRM2/SRM1), when compared with calibration
standard at comparable concentrations and measured under the
same conditions [3]. The optimized parameters from the uLC-MS/
MS acquisition method can be seen in Table 1.

2.5. Samples

Fifty-one fruit jam samples from eight different commercial
brands were purchased in local markets of Santa Maria (South of
Brazil), n=34 and Almeria (South-eastern of Spain), n=17. The
samples consisted of jams from five different fruits types, straw-
berry 300 g of slurry of each sample by the homogenization of
200 g of fruit jam with 100 g of ultra-purified water, in a Polytron-
PT 10-35 (Switzerland) homogenizer during 2 min at 3000 rpm.
The slurry portions were stored in a freezer at —20 °C until the
analysis.

2.6. Extraction procedure

For recovery studies, the samples were spiked with the studied
pesticides before the QUEChERS extraction procedure. Some samples

obtained from the local markets were analyzed in order to provide a
blank sample for the validation. An amount of 10g of slurry
(corresponding to 6.7 g of fruit jam) was weighed in a 50 mL PTFE
centrifuge tube. The blank slurries of fruit jam were spiked with a
volume of 60 or 300 uL of a mixture standard solution containing
1000 ug L ' of each pesticide in order to provide spike concentra-
tions of 9 and 45 ugkg ', respectively, with five replicates at each
concentration. For the extraction step, a volume of 10 mL of acetoni-
trile containing the procedure internal standards (1.S.), diclorvos-dg,
malathion-dyo and triphenyl phosphate (TPP) at 50 uglL !, was
added to the tubes and the samples were shaken in an automatic
axial extractor (AGYTAX®, Cirta Lab. S.L, Spain) for 4 min. After-
wards, 4 g of magnesium sulfate, 1 g of sodium chloride, 1 g of
trisodium citrate dihydrate and 0.5 g of disodium hydrogencitrate-
sesquihydrate were added and the samples were again shaken in the
automatic axial extractor for 4 min. The extracts were then centri-
fuged (3700 rpm) for 5 min and 5 mL were transferred to a 15 mL
PTFE centrifuge tube containing 750 mg of magnesium sulfate,
125 mg of PSA and 125 mg of Cyg, for clean-up. The tubes were
shaken in a vortex for 30s and centrifuged again (3700 rpm) for
further 5 min. Hereafter, 4 mL of the extracts were transferred to a
vial and acidified with 50 pL of formic acid (5% in acetonitrile). Before
the pLC-MS/MS injection the extracts were diluted 30-fold with a
mixture of acetonitrile/water (1:9), this corresponded to the injection
of just 0.022 g of sample per milliliter of diluted extract.

As already demonstrated in previous works, dilution of extracts
is a good way to eliminate matrix effects [21,22]. Even when they
are commodity dependent it was demonstrated that dilution
factors of 25-40 can eliminate the majority of them [22].
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Thereby, to verify the correct execution of the dilution step,
linuron-dg was added to acetonitrile extracts at the concentration
of 10 ug L !, before the dilution. That was done by pipetting 96 uL
of the acidified acetonitrile extract to an 1.5 mL vial and adding
4 uL of Linuron-dg solution (250 pg L 1), providing a concentration
of 10 ug L . These solutions were used for the following 30-fold
dilution step, which was performed in another 1.5 mL vial by
transferring 570 pL of acetonitrilefwater (1:9), 20 uL of the acet-
onitrile solution with linuron-dg at 10 ugL ! (prepared in the
previous step) and 10 pL of dimethoate-d® (60 ug L '), as injection
1S., providing a concentration of 1 ugL . These vials were taken
for injection in the unLC-MS/MS equipment.

2.7. Method validation

All the 107 target pesticides of this study and 5 1S., were
evaluated in one single chromatographic run by pLC-MS/MS in the
positive and negative ESI-sMRM mode.

2.7.1. Calibration curves, linearity and matrix effect

The calibration curves were constructed based on peak areas
obtained from injection of standard solutions prepared in blank
grape jam extracts and in neat acetonitrile, at the following
concentrations: 6, 30, 60, 100, 200, 300 and 400 ugL ! (corre-
sponding to pesticide residue concentrations of 9, 45, 90, 150, 300,
450 and 600 ug kg ! in the grape jam samples). Because of the
high sensitivity of the pLC-MS/MS equipment and to minimize the
matrix effect, these solutions were diluted 30-fold before injection
providing the concentration of 0.2, 1.0, 2.0, 3.3, 6.6, 10.0 and
133 ugL ! (corresponding to 0.3; 1.5; 3.0; 5.0; 10.0; 15.0; 20.0
in blank grape jam extract).

The linearity of the calibration curves was assessed by calculat-
ing the determination coefficients (r?). The linear range was also
determined for each analyzed pesticide.

The matrix effect was calculated comparing the slope of the
calibration curves in matrix (grape jam extract) and acetonitrile
using the following equation:

. slope curve, standard in matrix
Matrix effect (%) = P . - — | —
slope curve, standard in acetonitrile

x 100

2.7.2. Accuracy (trueness and precision)

Accuracy is the closeness of agreement between a test result
and the true or the accepted reference value. When applied to a
set of test results, it involves a combination of random error
(estimated as precision) and a common systematic error (trueness
or bias). Precision is defined as the closeness of agreement
between independent analytical results obtained by applying the
experimental procedure under stipulated conditions. The smaller
the random part of the experimental error which affects the
results, the more precise the procedure. A measure of precision
(or imprecision) is the standard deviation [3].

The accuracy (trueness and precision) of the method was
evaluated through recovery experiments by spiking pesticides to
a blank grape jam slurry, at two different concentrations (9 and
45 ug kg 1), with five replicates at each concentration (n=5). The
spiking procedure was performed by adding the standard mixture
solution containing the pesticides to the jam slurry. The average
peak areas were used to calculate recoveries (%) and the RSD% at
the different spike concentrations.

2.7.3. Reporting limit (RL) or limit of quantification (LOQ)
According to SANCO | 3] the RL is the lowest level at which residues
will be reported as absolute numbers and it is equal to, or higher than

the LOQ. In this study it was based on the accuracy and precision data,
obtained via the recovery determinations and was defined as the
lowest validated spike concentration meeting the requirements of an
average recovery within the range 70-120% and an RSD < 20%.

3. Results and discussion
3.1. Accuracy (recovery), precision, RL and selectivity

The method was assessed for accuracy and precision by the
analysis of spiked grape jam samples at two concentrations, 9 and
45 ug kg !, with five replicates at each concentration. The indivi-
dual recovery results are reported in Table 2. For the spike
concentrations of 9 and 45 ugkg !, the number of compounds
that fulfilled the requirements for validation (recoveries 70-120%
and RSD < 20%) was 71 and 94, respectively.

Dodine was detected at the concentration of 45 ug kg !, in the
calibration standards in matrix and in acetonitrile but was not
detected at the recovery samples at the same concentration. That
can be explained by its specific properties like molecular structure,
(n-dodecylguanidine acetate) and its relatively high solubility in
water at acidic pH (around 5) so it could have been not completely
extracted from the fruit jam slurry [23].

Mepanipyrin first transition was detected at both concentra-
tions studied but could not be confirmed due the low signal of its
second transition. Thiodicarb was not detected at the both spike
concentrations studied and even at concentrations higher than
45 ugkg '. This pesticide belongs to class of the carbamate
pesticides and has methomyl as metabolite [24]. Methomyl was
not in the standard pesticide mixture solution (1000 pgL 1), but
was detected in the recovery samples with recoveries of 97%
(RSD=21%) at the spike concentration of 9 ug kg ' and rec. of 91%
(RSD=10%) at the concentration of 45 pg kg ', it is a consequence
of thiodicarb degradation to methomyl.

The recovery (%) and RSD% data were also used for the establish-
ment of the RL which are also reported in Table 2. According to this
table, 66% and 26% of the analytes had the RL established at 9 and
45 ug kg !, respectively. Three percent were not detected and 5%
had recoveries outside the range of 70-120% andjor RSD > 20% at
both concentrations. Thus, in total 92% of the compounds satisfied
the validation requirements at the studied levels.

In order to maintain the selectivity of the method and correct
identification of the pesticides, besides the correct relative intensities
of the SRM transitions of each pesticide, the retention times of the
analytes are also very important and have to be reproducible [25,26].
Clean-up andfor dilution steps reduce matrix interferences also
resulting in improved selectivity and reduce contamination of the
instrument systems leading to improved robustness [3].

In this method the selectivity can be seen in Fig. 1, where are
shown the overlapped total ion chromatograms of standard solutions
in acetonitrile and grape jam extract and a blank grape jam extract.
But the selectivity is illustrated even better in Fig. 2, where are shown
the SRM transitions of carbendazim, pyrimethanil and difenoconazole,
that were detected in positive strawberry and grape jam samples.

Finally, to ensure the correct identification of all analytes, in the
case of occurrence of signals in blank matrix extracts in the range of
+ 0.2 min of the pesticide retention time, it was ensured that it did
not exceed the expected analyte peak intensity at 30% at the LOQ.

3.2. Calibration curves, linearity and linear range

The method showed to be linear (*>0.99) in the range of
6-400 ug L ! (corresponding to the range of 9-600 ugkg ' in
fruit jam) for the majority of the pesticides. Between the 99 fully
validated compounds just fenitrothion had an r* <0.99 (0.98)



62

420 B. Reichert et al. / Talanta 134 (2015) 415-424

Table 2
Average recoveries (%), RSD (%) (n=>5), matrix effect (M.E.%) and reporting limit (RL) calculated from the standard solutions prepared in blank grape jam extract and in
acetonitrile. RL is referred to the concentration in the sample. Detection was performed by pnLC-MS/MS.

Compound Spike concentration M.E. (%) RL (ng kg~™")

9ugkg™" 45 pgkg ™!

Average recovery (%) RSD (%) Average recovery (%) RSD (%)
Acephate 142 20 111 6 —60 45
Acetamiprid 96 4 92 4 -4 9
Azinphos-methyl nd. nd. 109 39 nfr. nfr.
Azoxystrobin 82 16 117 41 -1 9
Bitertanol m 18 90 15 4 9
Boscalid nd. n.d. 118 7 -4 45
Bromuconazole n.d. n.d. 97 31 nfr. nfr.
Bupirimate 104 3 91 3 1 9
Buprofezin 152 14 89 13 10 45
Carbaryl 97 6 92 4 -8 9
Carbendazim 75 6 61 4 -25 9
Carbofuran 128 6 109 4 -10 45
Chlorpyrifos 111 6 89 3 -1 9
Chlorpyrifos methyl 140 20 89 10 4 45
Cyproconazole 159 8 92 7 -4 45
Cyprodinil nd. nd. 95 5 18 45
Diazinon n.d. n.d. 36 5 nfr. nfr.
Diclorvos nd. n.d. 104 9 -7 45
Dicrotophos 84 9 82 5 -12 9
Diethofencarb 158 32 91 16 -5 45
Difenoconazole 104 6 90 4 0 9
Dimethoate 103 5 91 4 -7 9
Dimethomorph 116 8 91 2 -8 9
Diniconazole 105 4 88 5 -1 9
Dodine n.d. n.d. nd. n.d. nd nd.
Epoxiconazole 134 19 97 6 4 45
Ethirimol 94 10 65 7 -6 9
Ethofenprox 120 6 113 4 -33 9
Ethoprophos nd. nd. 42 10 nfr. nfr.
Fenamidone 107 15 91 5 -3 9
Fenarimol nd. n.d. 97 10 -8 45
Fenbuconazole 107 6 94 5 2 9
Fenhexamid 133 8 77 16 5 45
Fenitrothion nd. n.d. 98 1 9 45
Fenpropathrin 110 12 89 6 -3 9
Fenpropimorph 91 9 81 4 14 9
Fenpyroximate 118 7 95 5 -19 9
Fenthion 110 n 88 3 -1 9
Fludioxonil nd. n.d. 100 13 0 45
Flusilazole 97 7 89 3 0 9
Flutriafol 104 6 89 3 -5 9
Fosthiazate 104 5 92 4 -7 9
Hexaconazole 102 5 86 5 0 9
Hexythiazox 113 4 89 1 0 9
Imazalil 104 1 83 3 8 9
Imidacloprid 106 5 87 6 -4 9
Iprodione nd nd. 102 7 16 45
Iprovalicarb 108 31 88 11 -5 45
Kresoxim-methyl 101 6 90 5 -4 9
Malathion 108 5 89 3 -14 9
Mandipropamid 94 13 92 3 -4 9
Mepanipyrin nd. nd. nd. nd. nd. nd.
Metalaxyl 107 5 92 4 0 9
Metconazole 123 10 89 8 1 45
Methamidophos nd. nd. 75 6 -59 45
Methidathion 107 13 82 9 -7 9
Methiocarb 11 5 91 4 -1 9
Methomyl 97 21 91 10 -16 9
Methoxyfenozide 115 9 92 6 -5 9
Myclobutanil 92 5 88 8 3 9
Oxadixyl 17 21 89 14 -6 9
Oxydemeton-methyl 92 12 78 6 -21 9
Paclobutrazole 106 7 98 18 -2 9
Parathion 82 1 90 7 16 9
Parathion-Methyl nd. nd. 100 19 18 45
Penconazole 13 6 89 5 2 9
Pencycuron 121 11 88 5 -6 45
Pendimethalin 110 5 88 3 -3 9
Phenthoate 117 7 93 3 2 9
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Table 2 (continued )
Compound Spike concentration M.E. (%) RL (ugkg™")
9ugkg™! 45 pg kg
Average recovery (%) RSD (%) Average recovery (%) RSD (%)
Phosalone 18 20 85 1 1 9
Phosmet 107 26 89 9 -7 45
Phoxim n.d. n.d. 96 2 -5 45
Pirimicarb 108 8 90 5 -7 9
Pirimiphos-methyl 104 5 88 4 1 9
Prochloraz 104 7 87 3 0 9
Procimidone n.d. nd. 98 6 10 45
Profenofos 118 35 93 4 -2 45
Propargite 115 6 96 3 -16 9
Propiconazole 107 7 88 3 1 9
Propoxur 13 6 93 3 -7 9
Propyzamide 114 15 90 9 -4 9
Prothiofos 114 3 90 3 -23 9
Pyraclostrobin 110 8 93 3 1 9
Pyrethrins 108 3 95 3 -10 9
Pyridaben 119 4 102 4 —-26 9
Pyrimethanil 101 10 87 6 -1 9
Pyriproxyfen 104 4 88 2 0 9
Quinoxyfen 99 10 87 3 2 9
Rotenone 105 4 89 4 -2 9
Spinosyn A 78 5 65 7 38 9
Spinosyn D nd. nd. 62 15 nfr. nfr.
Tebuconazole 107 7 93 7 -3 9
Tebufenpyrad 113 33 91 2 -5 45
Teflubenzuron 120 42 91 10 3 45
Tetraconazole 108 8 94 4 5 9
Thiabendazole 107 2 65 6 -14 9
Thiacloprid 96 4 90 6 54 9
Thiametoxam 91 7 91 5 -13 9
Thiodicarb nd. n.d. n.d. n.d. nd. nd.
Thiophanate-methyl 115 7 115 6 -2 9
Tolclofos-methyl 87 23 86 7 1 45
Triadimefon 102 9 87 6 -2 9
Trifloxistrobin 106 7 92 3 -2 9
Triflumuron n3 7 92 3 -6 9
Triticonazole 107 10 90 4 1 9
Vamidothion 98 3 92 4 -13 9
Zoxamide nd. nd. 96 2 0 45

n.fr.: not fulfilling requirements for quantitative method (recovery: 70-120%, RSD < 20%); n.d.: not detected.

considering the calibration curves prepared in blank grape jam
extracts. For the calibration curves in acetonitrile just carbendazim
and thiabendazole presented r*> < 0.99, both had r*=0.98.

3.3. Matrix effect

The matrix effect (%) was calculated by comparing the slope of
the calibration cures in blank grape jam extract (matrix matched
calibration standards) and in acetonitrile of each pesticide. In order
to reduce the matrix effect, or matrix interference, a clean-up step
was used during the extraction procedure and later the acetonitrile
extract was diluted 30-fold before the uLC-MS/MS injection. The
individual matrix effect can be seen in Table 2 and were under 20%
for the most of the pesticides (92%). It was also observed that the
matrix effect was negative (suppression) in the majority of the cases.
In LC the negative matrix effect represents a loss of the analytical
signal (ion suppression) due to alterations in the ionization efficiency
[27,28]. Thus it is likely to use matrix matched calibration for the
analytes that the matrix effect exceeds 20%.

3.4. Fruit jam samples analysis
As a part of this study were analyzed 51 samples of apricot,

grape, peach, pineapple and strawberry jams belonging to eight
different brands from Brazil and from Spain. To ensure the veracity

of the results, even when the detected pesticides fulfilled the
prerequisites of the correct retention time and ion ratio in
comparison with the standards in matrix, the positive samples
with pesticides at concentrations > 20 ugkg ! were re-analyzed
by LC-QqQ-MS/MS, GC-QqQ-MS/MS andjor LC-Orbitrap-MS/MS
in order to confirm the results (pesticide and concentrations) and
when the detected pesticides did not fulfill all prerequisites in
both systems they were not reported as positives.

As can be seen at Table 3, 80% of the samples were positive for at
least one pesticide and in total were detected 42 pesticides. The most
contaminated samples were the strawberry jam samples. In all the
strawberry jam samples from Brazil was found difenoconazole (at
concentrations up to 64pgkg '), procimidone (conc. up to
1575 ugkg ') and thiophanate-methyl (conc. up to 959 ugkg ).
In almost all these samples was also detected azoxystrobin (conc.
from 10 to 151ugkg '), carbendazim (conc. from 20 to
221 ugkeg 1), fenpyroximate (conc. up to 18 pg kg '), imidacloprid
(conc. from 10 to 67 ug kg 1), iprodione (conc. up to 654 ugkg ')
and pyrimethanil (conc. up to 202 pgkg ). In the strawberry jams
from Spain, penconazole and spinosyn A were the top detected
analytes, but at concentrations lower that the RL and azoxystrobin
was found at the highest concentration 33 ug kg ' in one sample.

In grape jams from Brazil, pyrimethanil was detected most
frequently and it was also the one detected at the highest
concentration (81 ugkg !). In pineapple jam, also samples from
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Fig. 1. Total ion chromatograms obtained by analysis via uLC-MS/MS of (A) standard pesticide mixture solution in acetonitrile at 100 pg L7, (B) standard pesticide mixture
solution in blank grape jam extract at 100 pg L= (150 pg kg~') and (C) blank grape jam extract, showing the small matrix effect (suppression) of the jam grape extract.
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Fig. 2. SRM transitions of positive samples obtained by analysis via \LC-MS/MS for carbendazim at 221 pg kg~ in (A) strawberry jam sample, (B) pyrimethanil at 62 pg kg™’
in a grape jam sample and (C) difenoconazole at 64 pg kg~ " in a strawberry jam sample.

Brazil, carbendazim was found more frequently and at the highest
concentration (32 ug kg

The peach and apricot jams (from Spain) presented less
pesticide residues when compared to the other samples. Apricot

jam presented most frequently imidacloprid at low concentrations

n. from 9 to 11 pg kg ' and myclobutanil (conc. 12 and 13 pgkg ).

In peach jam was detected more frequently chlorpyrifos but at
concentrations lower than the RL.
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Table 3
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Pesticides more frequently detected in the fruit jams, percentage of positive samples (where at least one pesticide was detected) and samples with pesticides at

concentrations = 10 pg kg~ according to fruit jam and country of origin.

Pesticide Positive samples (%) Total (n=51)
Strawberry jam Grape jam Pineapple jam Peach jam Apricot jam
Brazil (n=12) Spain (n=5) Brazil (n=12) Brazil (n=10) Spain (n=8) Spain (n=4)

Carbendazim 75 0 25 30 13 0 31
Difenoconazole 100 0 8 0 13 0 27
Imidacloprid 50 40 25 0 0 75 27
Pyrimethanil 75 0 33 0 0 0 25
Fenpiroxymate 75 60 0 0 0 0 24
Procimidone 100 0 0 0 0 0 24
Thiophanate-methyl 100 0 0 0 0 0 24
Iprodione 75 0 8 0 0 0 20
Tebuconazole 42 0 8 10 13 25 18
Azoxystrobin 58 20 0 0 0 0 16
Fenhexamid 25 20 17 20 0 0 16
Metalaxyl 50 0 8 0 0 0 14
Spinosyn A 25 80 0 0 0 0 14
Penconazole 0 80 0 20 0 0 12
Chlorpyrifos 17 0 0 0 25 0 8
Kresoxim-methyl 33 0 0 0 0 0 8
Myclobutanil 0 40 0 0 0 50 8
Boscalid 8 40 0 0 0 0 6
Propargite 25 0 0 0 0 0 6
Thiametoxam 25 0 0 0 0 0 6
Total 100 100 67 70 75 75 80
=10 pgkg~? 100 60 42 20 13 75 51

As the fruit jam can be prepare according to different industrial
procedures, differing in to amount of fruits (g of fruit/g of jam),
water, sugar as well as different cooking times and ways and
presence or absence of additives, it is difficult to know exactly the
influence of each factor on the pesticide residue concentration in
the final fruit jam. But it is clearly evident that the pesticides,
independent from where they come from e.g. fruits, water or
sugar, remain present in the final fruit jam and contribute for the
pesticide daily intake of human beings inferring that these
products should be controlled for pesticides residues.

Either in Brazil and in the EU there are no MRL established for
this type of commodities, but as the presence of pesticides was
demonstrated by this study the need of control the occurrence of
residues in these products should be considered.

4. Conclusions

In this study a very sensitive uLC-MS/MS multi-residue method
was developed and validated for the determination of 99 pesti-
cides in fruit jams. To minimize the matrix effect (or matrix
interference) and increase the selectivity of the method, a clean-
up and a dilution step were applied to the fruit jam extracts,
before uLC-MS/MS analysis. The method presented good accuracy
(recoveries%) and precision (RSD%) for 92% of the pesticides
studied. Furthermore, the method had also a wide linear range
(from 9 to 600 ugkg ), good linearity (*>0.99) and low RL
(9ugkg 1) for the majority of the analytes evaluated. Fifty-one
jam samples of apricot, grape, peach, pineapple and strawberry
(from Brazil and from Spain) were analyzed in order to evaluate
the presence of pesticide residues. In total 80% of the samples
were positive for at least one pesticide. The most contaminated
samples of this study were the strawberry jams with 100% of
positive samples and among them, the samples from Brazil were
the ones with the largest number of detected pesticides and with

the highest concentrations, e.g. procimidone at 1575 ugkg ! in

one sample. The pesticide more frequently detected was carben-
dazim, present in 31% of the samples.

According to the results presented in this study, is clearly
evident the occurrence of pesticide residues in fruit jams. Thus
the control of pesticide residues in these food commodities should
be applied because certainly fruit jams contribute for pesticide
daily intake of human beings.
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ABSTRACT

A mixture of five pesticides, namely carbendazim, chlorpyrifos, imidacloprid,
iprodione and propargite, were spiked to different types of fruits (apple, orange,
peach, pear and strawberry) at the concentration of 500 pg kg™, with n=2 for each
type of fruit. Home-made jams were prepared with these samples by cooking the
grinded spiked fruits with sugar and ultra-purified water (ratio, 5:5:2, m/m/m), in an
open pan for 30 min. The QUEChERS extraction method was applied either to blank

fruits, to the fruits spiked at 500 pg kg™ and to the home-made jams.
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The acetonitrile extracts of home-made jams and fruits were analyzed by liquid
chromatography-quadrupole-time-of-flight mass spectrometry (LC-QTOF-MS) to
ascertain the occurrence of the pesticides metabolites and to determine the number
of co-extracted matrix components from the fruits and from the jams. All samples
were also analyzed by micro flow liquid chromatography-triple quadrupole-linear ion
trap-mass spectrometry (ULC-QTRAP-MS/MS) and the concentration of the spiked
pesticides in the fruits was compared to the concentration in the home-made jams for
the estimation of a processing factor for each analyte (pesticide concentration

measured in the jams/pesticide concentration measured in the raw fruits).

Keywords: Home-Made Jams; Pesticides; Stability Study; Processing Factors;

LC-QTOF-MS; pLC- QTRAP-MS/MS

1. Introduction

The concerns about pesticide residues in food have increased in recent years
due the fact that residues may have negative health effects. Every year many new
multiresidue methods are developed for test different raw foods for pesticides. But,
not so many efforts have been made to monitor pesticides and metabolites in
processed foods. Cooking might alter and degrade the chemical structure of
analytes. Therefore, in order to evaluate in detail the hazardous effects of pesticides
on human health, cooked foodstuffs appear to be a more reasonable choice of
sample [1,2].

Many studies have shown significant reductions in pesticide residues during

household or industrial food processing [3,4,5,6]. However, it should be noted that
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processing can concentrate residues or convert residues to more toxic metabolites in
food like thermal processing [7].

Primary processed foods result from the application of physical, chemical,
biological processes, or a combination of them, to raw agricultural commodities
(RAC). Up to now, there has been no international agreement on setting maximum
residue limits (MRL) for primary processed commaodities, with the exception of some
specific commodities such as spices; despite in some countries (e.g. European Union
- EU member states) the common practice is to derive them from the MRL set for the
RAC by applying the corresponding processing factors [8].

Pesticide metabolites and breakdown products may occur in many
environmental compartments, animal feed or food for human consumption. In food
analysis the most relevant metabolites and degradation products are specifically
included in the definition of residue, on the basis of their toxicology and presence in
significant amounts [9]. In recent year the detection and characterization of relevant
pesticide metabolites in food is an important task in order to evaluate their formation,
kinetics, stability, and toxicity [10].

Multiresidue method development is difficult, but as they can be applied for
determinations of several pesticides of different polarities in just one chromatographic
analysis, saving a lot of time, work and money they became very popular worldwide
[11,12,13]. However, the main drawback associated the multiresidue methods is that
they are “blind” to any compound present in the sample but not included in the list of
monitored analytes. Thus, unregistered metabolites or pesticides that are not
commonly applied or banned are usually not covered by such methods. The lack of
comprehensive information on pesticide metabolites, and the low number of available

metabolite standards also limits the applicability of such targeted methods.
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Metabolite standards are readily available only for special cases when metabolites
are included in the residue definition of the parent species [10,14]; the development
of methods that are capable of discovering unexpected (untargeted) or unknown
(e.g., pesticide derivatives and metabolites) compounds is a priority [10].

Liquid chromatography-tandem mass spectrometry (LC-MS/MS) with a triple
quadrupole (TQ) analyzer is the most popular, widely used methodology for pesticide
testing in foodstuffs worldwide [15,16]. Besides, in recent years, the development of
new LC-MS systems with time-of-flight (TOF) analyzers has featured convenient
quantitation. This technique can generate high specificity without limiting the number
of simultaneously observed target compounds. The advantage of a TOF-MS analyzer
for screening is the ability to examine a data file for theoretically unlimited number of
pesticides (e.g., 300 compounds) with high sensitivity within one run [16,17].

The higher polarity of metabolites compared to their parent pesticides makes
the combination of LC with TOF-MS one of the most appropriate techniques for their
analysis, mainly from a qualitative determination. LC-TOF-MS, thanks to its intrinsic
characteristics of high sensitivity in full-scan acquisition mode and elevated mass
accuracy, has great potential for qualitative purposes, and it allows detection and
reliable identification of a large number of metabolites in just one chromatographic
run without the need for re-analysis.

LC-TOF-MS can be efficient in target analysis of pesticide metabolites. In this
application, the theoretical exact masses of the target analytes are extracted from the
full spectrum acquisition data to reconstruct exact-mass chromatograms, which can
depict the presence of the selected pesticides and metabolites in the samples. The

accurate-mass capability of TOF analyzers allows reliable confirmation of the
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detected compounds identity, normally with mass errors below 5 mg kg™ in routine
analysis [9,18].

The increased resolution (between 10,000 and 100,000) and high mass
accuracy (relative mass error < 3 mg kg™) [10,19,20] offer the ability to perform
accurate mass measurements of ions of interest, facilitating the elucidation of the
elemental composition for confirmation/elucidation studies. In contrast, quantitation
capabilities are yet a drawback of LC-high resolution (HR) MS instruments compared
with TQ technology, at least in terms of linearity and linear dynamic range [10].

Mass accuracy is critical to identification because it limits the number of
empirical formula for correct identification. The accurate-mass analysis of the
protonated molecule and characteristic fragment ion(s), including characteristic
isotopic signals and retention times, has enabled unambiguous identification and
confirmation of around 100 pesticides in food and water at low-concentration levels,
as well as a few pesticide metabolites [9,21]. Although none of the bench-top TOF
systems available can reach the resolving power required according to the EU
definition of HR [9,22], TOF instruments have sufficient resolution and accuracy to
meet the demands of correct identification [9,23,24].

Bearing the information described above the goals of this study were: First, to
investigate the effect of cooking on pesticides spiked to the fruits; Second, to
compare the pesticides concentrations found in the spiked home-made jams and in
the spiked fruits, to estimate processing factors; And third, to quantify and relate the

co-extracted matrix components from the fruits and derived jams.
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2. Materials and methods

2.1. Reagents and materials

2.1.1. Standards

The analytical-grade standards, purity higher than 98%, were acquired from
Dr. Ehrenstorfer (Augsburg, Germany), Riedel-de Haén (Seelze, Germany), Sigma—
Aldrich (Steinheim, Germany) and CDN Isotopes (Quebec, Canada). They were
stored in a freezer at —30 °C. The standards consisted of five pesticides and four
isotopically—labeled internal standards (1.S.), namely dichlorvos-dg, dimethoate-ds,
linuron-dg and malathion-dyo. The individual standard stock solutions were prepared
in acetonitrile at concentration of 1000 mg L™ and stored in freezer at —20 °C.

The metabolites standards were not purchased immediately, due the fact that
their MS search parameters for the liquid chromatography-quadrupole-time-of-flight
mass spectrometry system (LC-QTOF-MS) were available in the literature and
because the analyses were done by HR-MS which enable analytes identification
without previous injection of the standards [25,26]. Thereby, the criterion adopted
was first search the metabolites in the home-made jams and then, if necessary

purchase the standards to do the quantification.

2.1.2. Solvents
HPLC grade acetonitrile (99.9%) was supplied by Sigma Aldrich (Steinheim,
Germany). Ethyl acetate, HPLC grade, was purchased from Fluka (Steinheim,

Germany). HPLC grade Water Optima®, was from Fisher Scientific (New Jersey,
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USA) and from a Milli-Q-Plus ultra-pure water system from Millipore (Milford, MA,

USA).

2.1.3. Reagents

Magnesium sulphate (98.0%) was purchased from Sigma Aldrich (Steinheim,
Germany). Sodium chloride (99.0%) was obtained from J.T. Baker (Deventer,
Netherlands). Formic acid, analytical grade (= 96.0%), sodium citrate tribasic
dehydrate (99.0%) and disodium hydrogencitratesesquihydrate (99.0%) were
supplied by Fluka (Steinheim, Germany). C1g (40 pm) was from Varian (Middelburg,
The Netherlands) and Primary-Secondary Amine (PSA) Bond-Elut from Supelco

(Bellefonte, USA).

2.2. Pesticide standard solutions

The individual standard stock solutions of 5 pesticides (1000 mg L™) were
used to prepare a solution containing a mixture of the 5 studied compounds
(carbendazim, imidacloprid, iprodione, chlorpyrifos and propargite) at 100 mg L™, in
acetonitrile.

The standard mixture solution of 100 mg L™ was used to spike the fruits
previously to the preparation of the home-made fruit jams and to spike fruits
(500 pg kg™) to perform recovery studies. A second standard mixture solution of
1 mg L™ was prepared by successive dilution of the previous one with acetonitrile.
This second standard solution (1 mg L™) was used to spike blank home-made peach
jam samples at 9 ug kg™ for recovery experiments, as well to prepare calibration

solutions in acetonitrile and in blank matrix extracts for the calibration curves.
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2.3. Instrumentation

2.3.1. Liquid chromatography-electrospray ionization-quadrupole-time-of-flight mass
spectrometry

The UHPLC instrument was equipped with an autosampler, a binary pump
(Agilent 1290 Serie Infinity LC, Agilent Technologies) and a Zorbax Extend-Cig
column (50 mm x 2.1 mm and1.8 pym particle size) (Agilent Technologies, Santa
Clara, CA). The injection volume was 10 pyL and two mobile phases were used. The
mobile phase A, consisted of acetonitrile with 0.1% formic acid and 5% ultra-pure
water. Mobile phase B consisted of 0.1% formic acid in ultra-pure water (pH 3.5). The
flow rate was kept at 0.3 mL min™ with the elution gradient starting with 10% of A (1
min), 9 min linear gradient to 100% A (4 min) and 6 min post-run time back to the
initial conditions.

The QTOF (Agilent 6550 Accurate Mass QTOF-MS, Agilent Technologies,
Santa Clara, CA) system was equipped with a Dual Spray Agilent Jet Stream ion
source working in the positive ESI mode with the super-heated nitrogen sheath gas
temperature at 400 °C and the flow rate of 12 L min™. The ESI conditions were
capillary, 4000 V; nebulizer, 40 psi; drying gas, 11 L min™*; gas temperature, 290 °C;
skimmer voltage, 65 V; octapoleRFPeak, 750 V; fragmentor (in-source CID
fragmentation), 90 V. The QTOF was operated at 4 GHz HR mode. The mass axis
was calibrated using a mixture provided by the manufacturer over the range of m/z
80-120. The positive ions were calibrated using a sprayer with a reference solution
as continuous calibration using the reference masses of 121.0509 and

922.0098 m/z (resolution: 38,000 + 500 at 922.0098 m/z). The QTOF-MS/MS was
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used as a TOF-MS system working in the full-scan mode [27,28] and Agilent

MassHunter Workstation Software (version B.06.00) was used for data processing.
The Table 1 shows the settings for each compound determined by LC-QTOF-

MS. As already mentioned, the metabolites were not acquired immediately, therefore,

their retention times are not shown.

2.3.2. Micro flow liquid chromatography- triple quadrupole-linear ion trap-mass
spectrometry-mass spectrometry (LLC-QTRAP-MS/MS)

In our previous article [29,30] we described the development and validation of
multi-methods for pesticides determination in fruit jams [29] and in fruits [30] using
MLC-QTRAP-MS/MS. Thereby the same methodology, equipment and conditions

were used here.

2.4. Samples

Fruits samples from 5 different types were purchased from local markets of
Almeria (south of Spain). They consisted of 2 different samples (bought at different
places) of apples, oranges, peaches, pears and strawberries. All samples were
grinded individually in a Thermomix® homogenizer for 1 min. In the case of the
peaches, oranges, pears and apples, the fruits were cut in pieces and seeds
removed before the grinding. For the strawberries the stems were removed.

Next, a portion of the homogeneous sample was used to prepare the home-
made fruit jams and the other portion was used to prepare the acetonitrile extract to
verify the presence of pesticides (ascertain if the samples were blank or not) and

spiked samples to calculate recoveries (%).
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2.5. Fruits spiking procedure and the home-made jam making process

For the fruits spiking procedure the grinded and homogenized samples were
weighted into a pot and spiked at the level of 500 pg kg™ with a standard solution
(100 mg L™) containing the 5 pesticides studied.

Each individual grinded fruit sample was mixed with sugar and ultra-purified
(u.p.) water at the ratio of 5:5:2, (m/m/m), respectively. Later, the content was cooked
over medium heat in open pan for 30 minutes with occasional stirring. After cooking

and cool down, the jams were transferred to pots and stored in freezer at —20 °C.

2.6. Slurry preparation and extraction procedure

To facilitate the samples handling and to minimize the interference of the
sugar and other compounds from the matrix a slurry of the home-made fruit jams and
water was prepared (1:1.5, m/m).The QUEChERS sample preparation was applied to
both the home-made jams and grinded fruits according to described in our previous

articles [29,30]. The Fig. 1 shows the sample preparation scheme used.

2.7. The pesticides stability study

Carbendazim, chlorpyrifos, imidacloprid, iprodione and propargite were
selected for this work because they have known metabolites. The standard solution
with the compounds was spiked to the grinded fruits (500 pg kg™) before the cooking
process to prepare the home-made jams. As described in the literature, carbendazim

has as metabolite benzimidazole, chlorpyrifos can be metabolized into 3,5,6-
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thrichloro-2-pyridinil; imidacloprid has 2 known metabolites, imidacloprid olefin and
imidaclorpid-5 hidroxi, iprodione has dichloroaniline, 3,5- as metabolite and
propargite can generate cyclohexanol-2-(4-tert butyl-phenoxy) [31]. Thus, the
acetonitrile extracts of the home-made jams were analyzed via LC-QTOF-MS to

ascertain the presence or absence of the spiked pesticides metabolites.

2.8. Determination of matrix co-extracted components

The co-extraction of certain compounds from complex matrices can cause problems
with the ionization efficiency in the detection systems of the analytical instruments.
Depending on the matrix, the interfering components vary greatly. The algorithm of
the MassHunter Workstation Software called Molecular Feature Extractor (MFE)
when used examines entire chromatograms in order to search for and group all the
ions that can be logically associated with a real chromatographic peak and may
represent a “feature” of a molecule. Finally, the MFE creates a compound list of all
the peaks in the data file that represent real molecules [32]. The MFE algorithm of
the MassHunter Workstation Software was used here to retrieve and count the matrix
compounds of the fruits and home-made jams for further comparison. There were

considered just the components with an absolute high = 10,000 counts.

2.9. Processing factors estimation

To estimate a processing factor for each of the five pesticides in the home-

made jams, the samples were analyzed via uLC-QTRAP-MS/MS. So, the pesticide

concentrations measured in the home-made jams (prepared from the fruits spiked at
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500 pg kg™) were compared with the pesticide concentrations in the fruits also spiked
at 500 pg kg™ (pesticide concentration found in the jams/pesticide concentration
found in the raw fruits). As the fruits were purchased from local markets, they were
also analyzed to ascertain if they were blanks or not. In case any fruit was not blank
for some pesticide, the area of the compound in the specific sample was not

considered to calculate that pesticide processing factor.

2.10. Method performance

The method was fully validated for all the groups of commodities (raw fruits
and jams) and reported in previous publications [29,30], however to ensure the
quality of the results on going method performance verification was done as advised
by SANCO [33]. That was done by the analysis of recovery samples for the studied
pesticides spiked to the grinded fruit samples at 500 ug kg™ and to peach home-
made jam sample at 9 ug kg™, with n=2 for all samples. These samples were
extracted using the QUEChERS method and the acetonitrile extracts were analyzed
by ULC-QTRAP-MS/MS, the pesticides areas were used to calculate recoveries (%),
relative standard deviation (RSD%) and matrix effect (M.E.%).

The fruits were divided into two commodity groups [33]: Group 1 - “high water
content” matrices (apple, pear and peach); and Group 2 - “high acid content and high
water content” commodities (orange and strawberry). All fruits were spiked at
500 ug kg™, the same concentration spiked to the grinded fruits used to prepare the
home-made jams. That was also the spike concentration used to calculate the
pesticides processing factors. The quantification was done with matrix-matched

calibration standards prepared using blank matrix extract of one representative
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commodity of each group. Blank apple and orange extracts were used for the groups
1 and 2, respectively.

In contrast, the jams recovery studies were performed using just blank home-
made peach jams. That was because SANCO [33] classifies jams as “high sugar and
low water content” commaodities, independently from the fruit(s) used in their
preparation. Thereby, the peach jam samples were spiked at 9 ug kg™, level which
according to Reichert et al. [29] it was the reporting limit (RL) for studied pesticides in
the fruit jams, except for iprodione which had the RL of 45 g kg™.

Furthermore, four I.S. were used to control the extraction method, sample
dilution and chromatographic injection. Diclorvos-dg and malation-d;o were used as
procedure internal standards (P.1.S.) and were added to the acetonitrile (50 pg L™)
previously to the sample extraction procedure. Linuron-dg was used to verify the
correct dilution (D.1.1.), therefore it was added to sample extracts (10 pg L) just
before the 30-fold dilution step. To ascertain the injection of the samples into the
chromatographic system, dimethoato-d (I.1.S.) was added to the diluted sample vials

at 1 pug L™t immediately before the analysis.

3. Results and discussion

3.1. Pesticides stability study via LC-QTOF-MS

By the analysis of the acetonitrile extracts of home-made jams via HR LC-

QTOF-MS, none of the 6 known metabolites was detected. Thereby, it was not really

necessary to buy the metabolites standards.
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In the Fig. 2 are displayed the total ion chromatograms of spiked fruits and

home-made jams obtained by LC-QTOF-MS analysis, where can be seen the peaks
relative to the pesticides. The absence of the metabolites indicated that the
pesticides remained stable across the conditions used for the jams preparation, e.g.
medium cooking temperatures for 30 min, presence of water and sugar, pH
variations (according to the different fruit types), etc. The other small peaks that can
be eventually noticed in the chromatograms correspond to co-extracted matrix

components and/or to compounds that were not the focus in this study.

3.2. Matrix co-extracted components

The type and number of co-extracted matrix compounds and consequently the
matrix effect depends on several factors as e.g. the matrix constitution, the
equipment and extraction method used [34]. In LC-MS analysis, the matrix effect
occurs mainly due the ionization suppression or enhancement in the ESI source
because of the co-eluting matrix components [35]. When a clean-up or/and a dilution
of extracts is applied before injection the matrix interferences can be reduced
significantly [36]. A high amount of ions can saturate the detector and there is a high
probability of overlap between the co-extracted compounds and the target pesticides.
The main problem comes from compounds with similar masses to pesticides
(isobaric compounds), which may lead to false positives or false negatives [32].

Here, the number of co-extracted matrix components from 5 different fruits
and their jams were investigated. The Table 2 lists the number of components
detected in each of the analyzed fruits, in the derived jams and the number of

compounds that is common to both fruits and jams. From the matrices, apple and
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apple jam were the ones with the smallest amount of co-extracted compounds,
consequently the cleanest ones. Contrariwise, orange, both pure fruit and jam were
the matrices that presented the largest number of interferences. In the Fig. 3 is
possible to see that the majority of the compounds elutes in the first 10 min of
analysis. Precisely, the most of the interfering are eluting in the part of the
chromatogram (range of retention times) which is of major interest. Fortunately, that
is not such a problem when HR-MS is used for identification and quantification of
analytes. Anyway, when the identification is done by HR-MS or not the analyte

retention time always have to be considered to avoid misidentifications.

3.3. Estimation of the pesticides processing factors

Comparing the concentrations of the pesticides in the home-made jams and in
the spiked fruits, variations were observed, depending on the analyte and the fruit
type used to prepare the jam. But, the average percentage of carbendazim,
chlorpyrifos, imidacloprid, iprodione and propargite that was measured in the jams
corresponded to, respectively, 50%, 30%, 60%, 50% and 50% of the concentration
found in the spiked fruits. So, as demonstrated in the Table 3, the factors of 0.5, 0.3,
0.6, 0.5, 0.5, respectively, could be estimated for pesticides.

Two logical explanations have been found for lower concentration of the
pesticides in the jams in comparison to the fruits. The first one is the dilution of the
compounds, due the fact that to prepare the home-made jams the fruits (spiked at
500 pg kg™) were mixed with sugar and u.p. water in the proportion of 5:5:1 (m/m/m).
So, the pesticides concentration in the mixture (fruit, sugar and water), was divided

by a factor of 2.4, resulting in the concentration of 208 ug kg™ (before the cooking).
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But, as most of the water evaporates during the cooking process, the pesticide
concentration probably changed again when the cooking finished.

Dilution is compatible with factors predicted for carbendazim, iprodione,
propargite (0.5) and imidacloprid (0.6). As the water evaporates during cooking, the
final jam products had basically the components from the fruits and sugar, which
were in equal proportions, resulting in 2-fold dilution for the pesticides.

Contrariwise, the dilution did not explain completely the processing factor of
chlorpyrifos (0.3). In consequence, an additional possibility, that pesticide may be in
part volatilized was raised. According to Bonnechere et al. [3] and Keikotlhaile,
Spanoghe & Steurbaut [4] during cooking the pesticides can volatilize, hydrolyze and
suffer thermal breakdown. It has been already demonstrated in other publications
[3,4,37,38], high temperatures increase the volatilization of the pesticides that were
investigated here. Among the studied analytes, chlorpyrifos has the highest vapour
pressure, 1.34 mPa at 20 °C, compared to carbendazim, imidacloprid, iprodione and
propargite, that present the vapour pressures of, respectively, 0.09, 0.0000004,
0.0005, 0.04 mPa at 20 °C [31]. Thus, apparently chlorpyrifos was diluted (as the

other compounds) and in part, volatilized in the cooking process.

3.4. Method performance verification

3.4.1. Recoveries (%), RSD (%) and matrix effect (%)

To ensure the method accuracy and the correct execution of the QUEChERS
sample preparation, recovery studies were performed analysing the acetonitrile
extracts of grinded fruit samples spiked at 500 pg kg™ and home-made peach jams

spiked at 9 g kg. The results of recovery (%), RSD% and M.E. (%) for the 5 target
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pesticides in each type of fruit sample and in the jam sample are shown in Table 4.
For the apple samples and home-made peach jam all the pesticides had average
recoveries 70-120% and RSD < 20%. Carbendazim presented recoveries < 70% in
pear, peach, orange and strawberry samples but the results were consistent and the
RSD were < 20%. For orange and strawberry (group 2 of fruits) a possible cause is
the high negative matrix effect (suppression). Imidacloprid could not be completely
recovered in both strawberry samples, the recoveries were from 58 and 67% in the
two samples. Iprodione exceeded the recovery limit of 120% in one of the replicates
of pear and peach resulting in RSD > 20% in both fruits. Even with a high matrix
suppression propargite showed satisfactory results for the group 1 of commaodities,

but could not be good recovered in both orange samples tested.

3.4.2. Internal standards

The I.S. peak areas were used to ascertain repeatability of the extraction
method, dilution and chromatographic injection due to the calculation of the RSD (%).
The P.1.S., Diclorvos-dg and malathion-d;o, presented an RSD < 10% calculated from
35 injections. The L.I.S., dimethoato-dg, also had an RSD < 10% and Linuron-dg the
D.I.S. showed an RSD of 13%, both calculated from more than 56 injections. These
data are shown in the Fig. 4 which presents the graphics of the I.S. peak areas with
respect to the number of injections for each standard and are highlights the variation

ranges of 10% and 20% of the average areas.
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4. Conclusions

By the LC-QTOF-MS analysis of the home-made jams none of the pesticides
metabolites was detected. Due this fact, it was plausible to conclude that the
pesticides remained stable over the jam preparation process. The MFE algorithm of
the MassHunter Software was used to retrieve and count the fruit and jams co-
extracted matrix components demonstrating that the matrix with the largest number
of endogenous compounds is orange and consequently orange jam. Further, the
analysis of the home-made jams and spiked fruits via yLC-QTRAP-MS/MS showed
that the pesticides concentration was 40 to 70% lower in the jams than in the fruits.
This was mainly attributed to the dilution caused by the addition of sugar and u.p.
water to the spiked fruits in the cases of carbendazim, imidacloprid, iprodione and
propargite and to the dilution followed by a volatilization during cooking process, as
observed for chlorpyrifos. Therefore, the processing factors of 0.5, 0.3, 0.6, 0.5 and
0.5 have been estimated for carbendazim, chlorpyrifos, imidacloprid, iprodione and

propargite, respectively, in the home-made jam making process.
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Table 1
Chromatographic parameters of the LC-ESI-QTOF-MS method.

Neutral

Compound tr (Min) Mass (M+H)* Description
3,5,6-Thrichloro-2-pyridinil - 196.9202 197.9275 Metabolite of chlorpyrifos
Benzimidazole - 118.0531 119.0604 Metabolite of carbendazim
Carbendazim 0.98 191.0695 192.0768 Pesticide
Chlorpyrifos 8.95 348.9263 349.9336 Pesticide
Cyclohexanol-2-(4-Tert Butyl-Phenoxy) - 248.1776 249.1849  Metabolite of propargite
Dichloroaniline, 3,5- - 510.6684 511.6757 Metabolite of iprodione
Imidacloprid 3.17 255.0523 256.0596 Pesticide
Imidacloprid, Olefin - 253.0367 254.0439 Metabolite of imidacloprid
Imidaclorpid-5 hidroxi - 271.0472 272.0545 Metabolite of imidacloprid
Iprodione 6.90 329.0334 330.0407 Pesticide

Propargite 9.27 350.1552 351.1625 Pesticide




Table 2
Number of co-extracted components from the fruits, from the home-made jams and
number of components common to both.

Number of components
Fruit extract Jam extract Common ones

Apple 3065 2840 2256
Orange 5667 4987 3978
Peach 4570 3734 3093
Pear 4237 3544 2981

Strawberry 3665 3082 2298




Table 3
Processing factors estimated for the five studied pesticides (pesticide concentration measured in the jams/pesticide concentration
measured in the raw fruits).

Processing Factor

Pesticide Apple Jam Orange Jam Peach Jam Pear Jam Strawberry Jam Average
Carbendazim 0.6 0.4 0.6 0.6 0.5 0.5
Chlorpyrifos 0.3 0.4 0.3 0.3 0.3 0.3
Imidacloprid 0.6 0.6 0.5 0.5 0.7 0.6
Iprodione 0.5 0.6 0.5 0.4 0.6 0.5

Propargite 0.4 0.7 0.4 0.3 0.4 0.5




Table 4

Average recoveries (%) and relative standard deviation (RSD%) calculated for the five target pesticides in the grinded fruits at the
spike concentration of 500 pg kg™ (n=2) and for home-made peach jams (n=2) at the spike concentration of 9 pg kg™. Matrix effect
(M.E.%) was calculated from the slopes of the calibration curves prepared in blank matrix extracts of one representative commodity

of each group of samples (matrix-matched calibration standards) and in acetonitrile. Data were acquired by uyLC-QTRAP-MS/MS

analysis.
Fruits - Group 1 Fruits - Group 2 Jam
Apple Pear Peach Orange Strawberry Peach Jam
Pesticide Average oo Average oo Average RSD ME® Average RSD Average RSD MEP (%) Average ME
Recovery (%) Recovery (%) Recovery (%) (%) Recovery (%) Recovery (%) Recovery RSD (%) (%)
(%) (%) (%) (%) (%) (%)
Carbendazim 78 1 69 13 60 2 -2 64 3 67 16 -21 86 3 -31
Chlorpyrifos 95 1 93 6 84 9 -11 70 19 90 6 -10 94 8 6
Imidacloprid 88 1 84 2 81 14 -7 77 13 63 10 -2 102 1 -20
Iprodione 92 1 108 29 117 30 1 87 1 78 7 -2 91 6 48
Propargite 81 4 92 3 81 9 -26 58 19 74 7 -12 92 2 18

dCalibration standards were prepared in apple blank extract. PCalibration standards were prepared in blank orange extract.
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(A | Individual fruits |

| Crushforimin |

| Spike at 500 pg kg™ |

Mix the fruits with sugar and u.p. water
(ratio 5:5:2, m/m/m)
|

[ Cook in an open pan for 30 min |

[ Prepare the jam slurry (1:1.5, m/m) |

(B) | 10 g of jam slurry (1:1.5, m/m) or fruits |
|

[ Spiked samples | [ Blankjsamples |

10 mL ACN + P.1.S.
(Diclorvos-ds and Malation-do)

[ Shake automatically for 4 min |

Add 4 g MgSO,4+ 1 g NaCl +
1 g Naz Citrate.2 H,O +
0.5 g NayH Citrate.15 H,0O

[ Shake automatically for 4 min |

[ Centrifuge 5 min at 3700 rpm |

[ Take 5 mL extract |

Add 750 mg MgSO, +
125mg Cy5 +125 mg PSA

Shake 30 s in Vortex
and centrifuge 5 min. at 3700 rpm

| Acidify with 50 pL formic acid 5% in ACN |

Analysis by Take and aliquot

add D.I.S.
LC-TOF-MS (Linuron-dg)

Dilute 1:30 with
ACN/H,0 (1:9, vlv)

Add I.I.S.
(Dimethoato-dg)
-
Analysis by
ULC-QTRAP-
MS/MS

Fig. 1.
Home-made fruit jams preparation scheme (A) and QUEChERS citrate extraction
procedure (B).
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Total ion chromatograms of apple, pear (spiked at 500 pg kg™), apple jam and pear jam (prepared from spiked fruits at 500 pg kg™),

obtained by LC-QTOF-MS analysis, showing the peaks of the 5 pesticides.
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Fig. 3.
Co-extracted matrix components according to the retention times (min). Data was acquired by LC-ESI-QTOF-MS and just peaks
with an absolute high > 10* are represented.
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Fig. 4.

Areas repeatability of the procedure internal standards (P.1.S.), diclorvos-ds and malathion-d;, added to the acetonitrile at 50 pg L™
before the QUEChERS sample preparation and diluted 30-fold; injection internal standard (I.I.S.), dimethoate-ds added after sample

dilution and before injection at 1 pg kg™; and the dilution internal standard (D.1.S.) linuron-ds added before sample dilution at

10 g kg™* and diluted 30-fold. The data were acquired by uLC-QTRAP-MS/MS.

99



DISCUSSAO

A aplicacdo de agrotéoxicos durante o cultivo de plantas, objetivando a
protecdo contra pragas, € uma pratica costumeira em todo o mundo. Mesmo quando
as GAP séo respeitadas, sua aplicagédo oferece riscos ao meio ambiente, as plantas
e aos animais.

Essa intensa e desmedida utilizacdo de agrotoxicos tem causado muitas
preocupacdes com o consumo de alimentos contaminados. Inicialmente, focava-se
no monitoramento de residuos em alimentos de origem vegetal in natura. Porém,
com a informacédo de que muitos contaminantes sao estaveis, persistentes e que se
acumulam na cadeia alimentar, a preocupacdo com a contaminacao se estendeu
aos alimentos processados e alimentos de origem animal, como por exemplo, o mel
e o leite (MOHR et al., 2013; GRANELLA et al., 2013).

Os doces de frutas s&o consumidos mundialmente devido a suas
propriedades organolépticas agradaveis e seu longo tempo de prateleira (MOHD
NAEEM et al., 2015; TOUATI et al.,, 2014). A auséncia de LMR para essas
commodities facilita o uso indevido de frutas e vegetais com elevados niveis de
agrotoxicos na fabricacdo desses produtos, fato que justificou a importancia deste
trabalho.

Como j& relatado no capitulo Materiais e Métodos, este trabalho foi realizado
em duas etapas. Na primeira etapa, fez-se a coleta de amostras em Santa Maria no
BR, estudos preliminares de preparo do slurry dos doces de frutas em pasta e a
selecéo da proporcédo adequada de slurry. Dessa forma, a decisdo da proporgéo de
slurry a ser utilizada nos estudos posteriores foi tomada tendo-se em vista a
aparéncia homogénea de amostras, a facilidade de manipulacdo no momento da
pesagem e resultados de ensaios de exatidado e precisao.

Dentre as propor¢gbes de slurry avaliadas, o razdo 1:2 foi considerado
inadequado imediatamente apds o preparo por ser muito fluido. As outras
proporcdes de slurry foram avaliadas com base nos resultados de recuperacao (%) e
RSD (%) obtidos por analise via GC-IT-MS. Assim, conforme pode ser visto na
Tabela 3 e na Figura 4, optou-se por utilizar o slurry 1:1,5, por ter recuperagdes (%)

e RSD % satisfatérios e o menor nimero de agrotoxicos ndo detectados (n.d.).
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Tabela 3 — Recuperacdes (%), RSD (%) para os agrotoxicos avaliados para
amostras de doce de uva sem slurry, com slurry 1:1,25 e com slurry 1:1,5 por GC-IT-

MS.
Concentracdo de fortificacdo (ug kg '1)
20 30
Agrotoxicos Sem slurry Slurry 1:1,25 Slurry 1:1,5
Recuperacao Recuperacao Recuperacao
meda 08 | RSO | media oty | RSO OO | adia oy | RSD (0

Aldrin 83 7 93 10 92 11
Azoxistrobina n.d. n.d. 94 28 147 16
Clorpirifés-etilico 95 7 76 5 96 4
Clorpirifés-metilico 92 10 80 4 98 7
Clorprofam 85 5 80 8 99 7
DDD-2,4 91 7 75 5 96 7
DDD-4,4 87 13 71 4 97 7
DDE-2,4 93 7 78 12 87 17
DDE-4,4 90 6 73 7 95 6
DDT-2,4 91 12 91 15 128 14
DDT-4,4 82 31 84 19 155 18
Diazinona 88 10 79 4 98 8
Diclorana 89 9 77 14 109 8
Dicofol 80 12 98 13 88 20
Dieldrin 104 10 97 27 101 12
Endossulfam-alfa 100 32 n.d. n.d. n.d. n.d.
Endossulfam-beta n.d. n.d. n.d. n.d. 118 16
Endossulfam-sulfato 76 71 n.d. n.d. 75 13
Endrin n.d. n.d. n.d. n.d. 115 7
EPN 83 21 70 4 110 3
Fentoato 76 16 75 7 109 8
Fludioxonil 66 22 72 3 98 5
Fosalona 85 41 74 7 129 9
HCH-alfa 90 6 72 6 96 6
HCH-beta 86 13 77 11 73 20
HCH-gama (Lindano) 86 7 73 4 100 8
Heptacloro 86 12 59 12 99 5
Heptacloro-epéxido 113 17 n.d. n.d. n.d. n.d.
Hexaclorobenzeno 89 9 n.d. n.d. 100 4
Metoxicloro 87 28 77 15 148 15
Pirazofés n.d. n.d. 76 11 111 13
Pirimifés-metilico 91 5 82 4 98 6
Profam 86 11 76 5 100 3
Prometrina 81 17 72 6 98 3
Propargito n.d. n.d. n.d. n.d. n.d. n.d.
Quinalfés 89 17 78 5 108 8
Quinoxifeno 81 15 78 5 104 5
Quintozeno 86 11 n.d. n.d. 88 15
Tequinazeno 89 6 n.d. n.d. 94 6
Tetradifona 88 5 79 9 101 5
Tetrametrina 89 24 77 2 102 4

n.d.: ndo detectado.
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Recuperacoes (%) e RSD (%)

100 -
90 - Sem slurry
80 -
70 A
60 -
50 -
40 -
30 A
20 -
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m Slurry 1:1,25

m Slurry 1:1,5

Agrotoxicos (%)

- B

70-120 | <700u>120

Recuperacéo %

Figura 4 — Porcentagem de agrotoxicos com recuperacdes (%) e RSD (%)
satisfatorios e agrotéxicos n.d. em amostras sem slurry, com slurry 1:1,25
(fortificados a 20 ug kg™?) e com slurry 1:1,5 (fortificado a 30 ug kgt). Total de 41
compostos determinados por GC-IT-MS.

O preparo das amostras foi feito com o0 método QUEChERS modificado, esse
método € muito utilizado atualmente para analises multirresiduais de agrotéxicos,
pois tem muitas vantagens, entre elas, a de ser efetivo na extragdo dos compostos
de baixa, média e alta polaridade em varios tipos de matrizes, a de fornecer
recuperacdes (%) adequadas para a maioria dos agrotéxicos (entre 70 e 120%) e
permitir que o0s extratos de acetonitrila sejam injetados diretamente em
equipamentos de GC e LC, sem que seja necessaria a troca do solvente
(HERRERO MARTIN et al., 2010).

A validacado do método analitico e o monitoramento de residuos nas amostras
foram feitos com um pLC-QTRAP-MS/MS. Esses tipos de instrumentos sao
equipados com p-colunas de diametro interno de 0,5 a 1 mm, usam vazdes de FM <
40 pL min™t e apresentam uma série de vantagens como a reducdo da quantidade
de amostra necessaria, FM e fase estacionaria (FE), maior facilidade de
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acoplamento com MS em virtude da menor vazdo de FM. Isso resulta numa reducéo
de custos e em maior sensibilidade de massa pela menor diluicho da banda
cromatografica durante a analise (GUILLARME et al., 2008; TAKEUCHI, 2004).
Devido a elevada detectabilidade, precisdo e exatiddo do pLC-QTRAP-MS/MS foi
possivel validar o RL de 9 pg kg™ para 71 dos 107 analitos avaliados. As Tabelas
usadas no preparo das solugdes de calibracdo para a avaliagcdo da linearidade das
curvas analiticas (em solvente organico e em matriz) e para avaliacdo da exatidao e
da precisdo podem ser vistas nos Apéndices B e C, respectivamente.

Apesar das vantagens, as p-colunas também apresentam alguns problemas,
como a maior sensibilidade aos interferentes co-extraidos da matriz quando
comparadas as colunas de LC convencionais e a introducdo de grandes quantidades
de amostra pode danificar ou entupir os y-poros da coluna.

Dessa forma, com o objetivo de preservar o yJLC-QTRAP-MS/MS e eliminar o
efeito matriz das amostras os extratos de QUEChERS foram diluidos antes da
injecdo no equipamento. Apesar da diluicdo ser um passo extra no preparo das
amostras, o que demanda tempo, ela foi vantajosa por reduzir o efeito matriz e
aumentar a durabilidade da coluna cromatografica.

A diluicdo dos extratos foi na proporcdo de 1:30 (v/v), com uma mistura de
acetonitrila/agua (1:9, v/v), pois em estudos prévios constatou-se gue essa é uma
proporcao adequada para reduzir o efeito matriz e manter o sinal cromatografico dos
agrotoxicos a uma boa intensidade (FERRER et al., 2011; STAHNKE, et al., 2012;
UCLES MORENO et al., 2015). Assim, apés a diluicdo, o extrato final possuia
apenas 0,022 g de matriz por mL de extrato e o efeito matriz foi menor 20% para 90
analitos (84%).

Com relacdo ao monitoramento de residuos nas 51 amostras, descrito no
Artigo 1, 41 (80%) foram positivas. Sendo que as amostras com maior numero de
agrotoxicos e em concentracdes mais elevadas foram os doces de morango
provenientes do BR, conforme pode ser visto na Tabela 3 do Artigo 1.

Como doces de frutas em pasta séo alimentos processados, nem o Ministério
da Agricultura, Pecuéaria e Abastecimento do Brasil (MAPA) e nem a Comisséo
Europeia (EC) estabelecem LMR para agrotoxicos nessas commodities, existem
somente LMR para as frutas utilizadas no preparo dos doces (MAPA, 2012; EU,
2015).
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Dessa forma, conforme pode ser visto na Tabela 4, nas amostras originérias
do BR, foram detectados nos doces de abacaxi, carbendazim, dimetoato,
fenhexamida e penconazol, entre outros, sendo os 2 primeiros ndo autorizados para
a cultura (NPC) e os 2 ultimos séao produtos ainda néo autorizados no BR (NA). Os
doces de morango foram positivos para: acefato, acetamiprido, boscalida, carbaril,
carbendazim, carbofurano, clorpirifés, imidacloprido, kresoxim-metilico, metalaxil,
profenofds, propiconazol e piraclostrobina que sdo agrotoxicos NPC, fenhexamida e
spinosin A que sao NA, fenpiroximato e tiofanato-metilico estavam presentes em
concentragbes acima do LMR para morango. Nos doces de uva detectou-se:
carbendazim e mandipropamida que sdao NPC e fenhexamida que é NA. Esses
resultados sugerem que muitas das frutas utilizadas no preparo dos doces néao
estavam de acordo com os LMR estabelecidos pelo MAPA.

Nas amostras da ES, nenhum dos agrotéxicos determinados é de uso
proibido, n&o permitido e/ou estava em concentracbes acima do LMR para as frutas
utilizadas no preparo dos produtos processados. Isso reflete a maior adequacéo dos
produtores rurais desse pais as GAP.

Com relacdo a esses dados, ainda pode-se afirmar que provavelmente as
concentracfes dos agrotoxicos nas frutas in natura eram superiores aos niveis
mensurados nos doces delas derivados. Pois, conforme demonstrado no Manuscrito
1, os agrotoxicos fortificados as frutas foram diluidos no preparo dos doces de frutas
caseiros.

Portanto, no Artigo 1 provou-se a importancia de se estabelecer LMR para
produtos processados derivados de frutas e de vegetais e a necessidade de se
realizar o monitoramento de residuos de agrotoxicos nesses alimentos antes de

serem disponibilizados ao mercado de consumidores.



Tabela 4 — Relacdo de agrotéxicos detectados nas amostras e concentragdes (ug kg™), conforme o tipo de doce de fruta e pais de
origem e LMR (ug kg™) para as frutas utilizadas na producdo dos doces.

Faixa de concentracdes em g kg ™ (nimero de amostras positivas) LMR ( pgkg™
Agrotoxicos Amostras do Brasil Amostras da Espanha MAPA (2012) EC (2015)
detectados Doce de Doce de Doce de | Doce de Doce de Doce de

abacaxi morango uva damasco | morango péssego |Abacaxi | Morango | Uva |Damasco | Morango | Péssego

(n=10) (n=12) (n=12) (n=4) (n=5) (n=8)
Acefato 239 (1) NPC NPC NPC 10 10 10
Acetamiprido d. (1) d. (1) NPC NPC NPC 800 500 700
Azoxistrobina 10 a 151 (7) 33 (1) NPC 300 500 2000 10000 2000
Boscalida d. (1) d. (2) NPC NPC | 3000 3000 10000 3000
Bupirimato 9el1l1(2) NA NA NA 200 1000 200
Carbaril d. () d. () 500 NPC NPC 10 10 10
Carbendazim d.a32(3) |20a221(9)|d.a21(3) 13 (1) NPC NPC NPC 200 100 200
Carbofurano d. (1) NPC NPC NPC 10 10 10
Clorpirifés d. (2) d. (2) NPC NPC NPC 50 200 200
Ciprodinil d. (1) d. (1) NPC NPC NPC 2000 5000 2000
Difenoconazol d. a 64 (12) d. () d. () NPC 500 200 500 400 500
Dimetoato d. (1) NPC NPC NPC 20 20 20
Etirimol d. (1) NA NA NA 50 200 50
Fenbuconazol 9 (1) NA NA NA 1000 50 500
Fenhexamida d. (2) d. (3) d. (2) d. (1) NA NA NA 5000 5000 5000
Fenpropatrina 9 (1) NPC 2000 NPC 10 2000 10
Fenpiroximato d.a 18 (9) d.a9(3) NPC 10 NPC 300 1000 300
Flutriafol d. (2) NPC NPC NPC 50 500 50
Flusilazole d. (1) NA NA NA 10 20 200
Imidacloprido 10a67(6) | 9a10(3) | 9a11(3) |10e 10(2) 50 NPC 1000 500 500 500
Iprodiona d. a 654 (9) 75 (1) NPC 2000 |1000 3000 15000 3000
Kresoxim-metilico 13a49 (4) NPC NPC 500 50 1000 50
Malationa d. (1) NPC 1000 | NPC 20 20 20
Mandipropamida d. (1) NPC NPC NPC 10 10 10
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Tabela 4 — Continuacéao.

Faixa de concentragbes em ug kg 1 (nuimero de amostras positivas) LMR ( pg kg '1)
A Ao Amostras do Brasil Amostras da Espanha MAPA (2012) EC (2015)
grotéxicos
detectados Doce de Doce de Doce de Doce de | Docede | Docede

abacaxi morango uva damasco | morango | péssego |Abacaxi |Morango | Uva |Damasco | Morango | Péssego

(n=10) (n=12) (n=12) (n=4) (n=5) (n=8)
Metalaxil d. (6) d. (1) NPC NPC | 1000 50 500 50
Metconazol d. () NPC 100 1000 100 20 100
Miclobutanil 12e13(2)|d. e 14 (2) NPC NPC 500 300 1000 500
Penconazol d. (1) d. NA NA NA 100 500 100
Pirimicarbe d. (1) NPC NPC NPC 2000 3000 2000
Procimidona d. a 1575 (12) NPC 3000 |5000 10 10 10
Profenofos d. (1) NPC NPC NPC 10 10 10
Propargito d. (3) NPC 500 NPC 4000 10 4000
Propiconazol d. (1) NPC NPC NPC 200 50 200
Piraclostrobina d. () NPC NPC | 2000 1000 1500 300
Pirimetanil d.a202(9) |d.a81(4) NPC 1000 |5000| 10000 5000 10000
Quinoxifeno d. (1) NA NA NA 50 300 50
Spinosin A d. (3) d. (4) NA NA NA 1000 300 1000
Tebuconazol d. d.a 34 (5) 16 (1) d. (1) d. (1) 100 100 2000 600 50 1000
Tebufenpirade d. (2) NA NA NA 500 500 300
Tiametoxam d.al2(3) 20 100 20 300 500 300
Tiofanato-metilico d. a 959 (12) 500 500 700 2000 100 2000
Trifloxistrobina d. (2) NPC NPC NPC 1000 500 1000
Totql_ de amostras 7 12 8 3 5 6 s=a1
positivas
Total Qe amostras 3 0 4 1 0 2 $=10
negativas

d.: Detectado em concentracéo inferior ao RL; NPC: N&o autorizado para a cultura; NA: Produto ainda ndo autorizado no Brasil.
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No Manuscrito 1, os objetivos principais foram, avaliar se os 5 agrotéxicos
estudados permaneceriam estaveis no preparo dos doces de frutas caseiros ou se
ocorreria a formacédo de seus metabdlitos conhecidos; estabelecer um FP para os
agrotoxicos no preparo de doces de frutas caseiros e determinar os componentes
co-extraidos das matrizes.

Os agrotoéxicos estudados foram selecionados considerando-se 0s compostos
detectados com grande frequéncia nas amostras monitoradas no Artigo 1 e por
terem metabdlitos conhecidos descritos na literatura.

O carbendazim foi encontrado em 31% das amostras, o clorpirifés em 8%, o
imidacloprido em 27%, a iprodiona 20% e o propargito em 6%. Esses compostos
possuem como metabdlitos, benzimidazol, 3,5,6-tricloro-2-piridinil, imidacloprido
olefin e 5-hidroxi-imidacloprido (ambos metabdlitos do imidacloprido), 3,5-
dicloroanilina, 2-(4-tert butil-fenoxi)-ciclohexanol, respectivamente.

As frutas utilizadas para o estudo foram selecionadas pela sua disponibilidade
em mercados fornecedores locais de Almeria, ES, e pela possibilidade da aquisicao
em duplicatas. Com relacdo a concentracdo de fortificacdo das frutas, que foi de
500 ug kg™ (Apéndice D), decidiu-se pela fortificacdo nessa concentracdo porque se
obteria boa detectabilidade e ndo seria uma concentracdo tdo elevada a ponto de
contaminar os equipamentos de cromatografia.

Depois de trituradas e fortificadas as frutas foram misturadas com acucar e
agua u.p. na proporcao de (5:5:2, m/m/m) (Apéndice D). O preparo dos doces foi
feito dessa forma para representar uma preparacao simples e caseira. Além do mais,
segundo a legislacdo europeia, como regra geral, na manufatura de 1000 g de
produto final, a quantidade de polpa e/ou puré de fruta usado ndo deve ser menor
que 350 g, correspondendo a 35% (EC, 2001).

Apbs o preparo dos doces caseiros, 0s mesmos foram submetidos ao método
QUECHhERS de preparo de amostras, previamente validado e reportado no Artigo 1,
para doces de frutas e para as frutas foi utilizado o procedimento validado e
reportado por Uclés Moreno et al. (2015), disponivel no Apéndice E. Os extratos de
acetonitrila foram analisados por dois equipamentos, por LC-QTOF-MS para verificar
a presenca de metabdlitos e por YLC-QTRAP-MS/MS para a determinacdo de

fatores de processamento para 0s agrotoxicos.
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A analise via LC-QTOF-MS foi realizada operando o espectrometro de
massas no modo de alta resolugdo objetivando uma elevada exatiddao na
identificacdo dos metabdlitos. Porém, nenhum dos metabdlitos foi detectado. Esse
fato, incialmente pareceu peculiar, pois ap0s a determinagcédo das concentracdes dos
agrotoxicos, via uLC-QTRAP-MS/MS, foi evidenciada uma concentragédo 40 a 70 %
menor nos doces caseiros que nas frutas fortificadas, mas, pode ser explicado
posteriormente pela diluicdo e/ou volatilizacdo dos agrotdxicos no preparo dos doces
caseiros.

Reducdes na concentracdo de agrotoxicos em alimentos ap0s processamento
térmico ja foram constatadas em outros trabalhos (ABOU-ARAB, 1999; ABOU-ARAB
& ABOU DONIA, 2001; BALINOVA; MLADENOVA; SHTEREVA, 2006; YANG et al.,
2012). Abou-Arab (1999), apos o aquecimento de tomates, relatou reducdes de 71 a
81,6% nas concentracdes de agrotoxicos organofosforados e de 30,7 a 45,4% em
organoclorados, e afirma que o0s agrotoxicos teriam sido decompostos pelo
aquecimento. Bonnechere et al. (2012) verificaram que o cozimento de espinafre em
forno de micro-ondas e esterilizacdo diminui as concentracdes de agrotoxicos de 50
a 80% e 50 a 100%, respectivamente. Esses autores também observaram um
aumento dos niveis de 3,5-dicloroanilina (metabdlito da iprodiona) e etilinotiouréia
(metabdlito do mancozebe) apdés o aquecimento. Porém, a decomposi¢cdo de
agrotoxicos e/ou deteccdo de metabolitos ndo foi observada neste estudo.

A primeira hipotese levantada para explicar a menor concentracdo dos
agrotoxicos nos doces caseiros foi a diluicdo dos analitos divido a adicdo de agucar
e agua u.p., demonstrado através de calculos no Apéndice D, e compativel com os
FP estimados para carbendazim, iprodiona, propargito (0,5) e imidacloprido (0,6).
Mas sO a diluicdo ndo explicou totalmente o FP do clorpirifés (0,3). Assim, foi
levantada uma segunda hipGtese, a da volatilizacdo do clorpirifos devido ao
cozimento.

A volatilizacdo de agrotoxicos ja foi objetivo de muitos estudos (BEDOS et al.,
2002a; BEDOS et al., 2009; KUBIAK; MAURER; EICHHORN, 1993; LICHIHEB et al.,
2014). Quando utilizados na agricultura e aplicados sobre solos ou plantas, sabe-se
gue essas substancias podem aparecer na agua da chuva (KUBIAK; MAURER,;
EICHHORN, 1993). Alguns fatores que influenciam na volatilizacdo sédo a presséao de

vapor, hidrossolubilidade, a forma de aplicacdo do agrotoxico, condi¢des climaticas,
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a area superficial de aplicacéo, radiacéo solar, temperaturas elevadas, alta umidade
de solos e a ventilacdo elevada (BEDOS et al., 2009; KUBIAK; MAURER;
EICHHORN, 1993).

Em contrapartida fatores que reduzem a dissipacao dos agrotoxicos de solos
seriam uma grande quantidade de argila e humos, a lixiviagdo para camadas de solo
profundas e a degradacdo pela agdo de microrganismos (KUBIAK; MAURER,;
EICHHORN, 1993).

Com relacdo a superficie de plantas, a dissipacdo dos agrotoxicos seria
diminuida pela presenca de pelos e camada de cera na superficie da planta
(KUBIAK; MAURER; EICHHORN, 1993). Porém, é mais intensa e ocorre mais
rapidamente do que a dos solos (BEDOS et al., 2002b). Segundo Rudel (1997) a
volatilizacdo da parationa metilica, endossulfam e fenpropimorfe de plantas € 5 a 13
vezes maior que a volatilizagao a partir do solo.

Segundo Holland et al. (1994), Balinova, Mladenova, & Shtereva (2006) e
Keikotlhaile, Spanoghe & Steurbaut (2010) a volatilizacdo dos agrotoxicos durante o
processamento térmico de alimentos também ocorre. Portanto, a hipétese de que
certa quantidade de clorpirifés tenha sido volatilizada durante o cozimento dos doces
de frutas caseiros é aceitavel.

Para o estabelecimento dos FP para os agrotéxicos na fabricacdo dos doces
caseiros, fez-se a comparacao das concentracfes dos mesmos nas frutas (obtidos
por ensaios de recuperacdo a 500 pg kg™) com as concentracdes detectadas nos
doces (obtidos a partir de frutas fortificadas a 500 ug kg™). Para garantir a exatidéo
na execucao dos procedimentos, fez-se também ensaios de recuperacdes com as
frutas (a 500 pg kg™) e com os doces caseiros (a 9 pg kg™?), conforme aconselhado
pela SANCO (2013). A Tabela usada para a realizacdo das fortificacbes pode ser
visualizada no Apéndice F. Os FP obtidos estdo demonstrados na Tabela 3 do
Manuscrito 1. Pela analise dos dados percebe-se que os FP variaram, dependendo
do analito e da fruta usada, porem as médias estdo entre 0,3 e 0,6 e o fator com
maior frequéncia foi de 0,5.

Esses resultados s&o plausiveis, porque para a fabricagdo dos doces
caseiros, as frutas foram fortificadas a 500 ug kg™, a elas acrescentou-se aglcar e
agua u.p. em proporcoes de (5:5:2, m/m/m), em consequéncia a concentracdo dos

agrotéxicos na mistura foi reduzida a 208 pg kg*, conforme demonstrado no
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Apéndice D. A agua € majoritariamente evaporada durante o cozimento, e a parte
restante é particionada da acetonitrila pelo uso dos sais de sédio e magnésio
durante a execucdo do método QUEChERS modificado. Portanto, apds o cozimento,
a concentracao dos agrotoxicos nos doces foi novamente alterada.

Compostos interferentes co-extraidos de matrizes ainda sdo um desafio na
determinacdo de residuos em alimentos. Dessa maneira, 0 algoritmo do software
MassHunter Workstration, denominado Molecular Feature Extractor (MFE)
representa um avanco na analise de matrizes complexas. Neste trabalho o MFE foi
usado para verificar os cromatogramas e procurar por componentes da matriz
capazes de gerar picos e fazer a quantificacdo do nimero total desses compostos
em cada matriz. Além disso, O MFE € capaz de gerar graficos que relacionam a
massa dos compostos com o tempo no qual eluem, facilitando a visualizacdo do
tempo de retencéo dos interferentes (Figura 3 do Manuscrito 1).

A quantificacdo do numero de componentes co-extraidos das frutas e dos
doces de frutas caseiros (Tabela 2 do Manuscrito 1) demonstrou que, para os 5 tipos
de frutas investigadas, o total de interferentes co-extraidos da fruta in natura foi
maior que para seu doce derivado, por exemplo, para o extrato de morango foram
determinados 3665 interferentes e para o doce de morango esse numero foi de 3082
(16% menor), destes 2298 sdo comuns a ambos.

Outro fato de destaque € o dos agrotdxicos carbendazim, imidacloprido e
propargito, analitos que apresentaram recuperacdes inferiores a 70% em algumas
matrizes. No caso do carbendazim, por exemplo, as recuperacdes foram de 60 a
69% para pera, péssego, laranja e morango e o efeito matriz (%) foi superior a -20%
para o grupo 2 de frutas e para doce de péssego (Tabela 4, Manuscrito 1). Esse
composto elui no primeiro minuto de analise (tg = 0,98 min), periodo de tempo no
gual eluem muitos interferentes (Figura 3, Manuscrito 1) explicando, portanto, as
baixas recuperacoes e presenca de efeito matriz.



CONCLUSAO

Neste trabalho, foi desenvolvido um método multirresidual para determinacdo
de agrotoxicos em doces de frutas em pasta utilizando yLC-QTRAP-MS/MS. Do total
de 107 agrotoxicos estudados, 99 preencheram todos 0s requisitos necessarios para
a validacdo. O RL foi de 9 e 45 ug kg™ para 71 e 28 compostos, respectivamente. O
efeito matriz foi menor que 20% para 90 dos 99 agrotdxicos validados. Avaliou-se
também, a linearidade e faixa linear de trabalho, sendo que a maioria dos compostos
obteve um r? 2 0,99 na faixa 9 a 600 ug kg™.

ApoOs a validacdo do método, realizou-se 0 monitoramento de residuos em
amostras adquiridas em mercados locais de Santa Maria, BR e de Almeria, ES.
Dentre as 17 amostras espanholas, 14 (82%) foram positivas, mas nenhuma
apresentou agrotoxicos de uso proibido ou em concentracbes acima dos LMR
estabelecidos para as frutas utilizadas no preparo dos doces. Das 34 amostras
brasileiras, 27 (79%) foram positivas, dentre essas, 0os doces de morango
apresentaram maior niumero de contaminantes e em concentragfes mais elevadas.
Todos os doces de morango apresentaram pelo menos 1 agrotoxico classificado
como NPC e/ou NA e/ou acima do LMR para a fruta. Os doces de morango que
apresentaram menor e maior numero de contaminantes tiveram um total de 7 e 15,
respectivamente.

Ademais, apos o preparo de doces de frutas caseiros, com amostras de frutas
moidas e fortificadas com 5 agrotéxicos (a 500 pg kg?), as amostras foram
submetidas a extracdo com método QUEChERS modificado. Os extratos de
acetonitrila das 10 amostras foram analisados via LC-QTOF-MS, para verificar a
presenca dos metabdlitos dos agrotoxicos, e por PLC-QTRAP-MS/MS para
determinar a concentracdo dos compostos nos doces de frutas. Assim, observou-se
uma reducao de 40 a 70% na concentracdo dos analitos e nenhum dos metabdlitos
foi detectado.

Comparando-se 0s niveis dos agrotoxicos nas frutas e nos doces
(concentracdo dos agrotdxico no doce de fruta/concentracdo do agrotéxico na fruta

fortificada) foi estimado um FP para cada um dos compostos. Sendo eles de 0,5;
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0,3; 0,6; 0,5 e 0,5 para carbedazim, clorpirifés, imidacloprido iprodiona e propargito,
respectivamente.

As hipdteses mais plausiveis para explicar a reducdo na concentracao dos
agrotoxicos no preparo dos doces de frutas sdo: diluicdo dos analitos, causada pela
adicdo de acucar e agua u.p. as frutas fortificadas, como foi observado para
carbendazim, imidacloprido, iprodiona e propargito, e diluicAo seguida de uma
volatilizacdo durante o cozimento como observado para o clorpirifos.

Portanto, conclui-se que o cozimento contribuiu para a reducdo da
concentragdo do clorpirifos nos doces de frutas. Porém, ndo foram encontradas
evidéncias de que o0s outros agrotéxicos tenham sido afetados pelas altas
temperaturas, ou que algum composto tenha sido degradado, pois nenhum dos
metabdlitos dos agrotoxicos foi detectado nas amostras analisadas. Concluiu-se
também, que o consumo de doces de frutas em pasta contribui para a ingesta
humana de agrotéxicos, em consequéncia, deveriam ser estabelecidos LMR para

agrotoxicos em doces de frutas em pasta.
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APENDICES

Apéndice A — Amostras utilizadas no Artigo 1.

Figura 1 — Amostras de doces de frutas utilizadas no monitoramento de residuos de
agrotéxicos. Sendo (A) amostras do Brasil e (B) amostras da Espanha.



Apéndice B — Determinacéo da linearidade das curvas

analiticas para a validacdo do método por

MLC-QTRAP-MS/MS.

Tabela 1 — Preparo das solucdes para avaliacdo da linearidade das curvas analiticas em acetonitrila (ACN) e em extrato “branco”
de doces de uva (slurry 1:1,5; m/m), as soluc¢des foram diluidas de 1:30 (v/v) com uma mistura de acetonitrila/agua (1:9, v/v) antes

da analise.
= N Volume final | Concentragao Concentragéo
Conce_n_trac;g ° Concentracgéo da Volume de Massa Volume total Concentracao apos diluicdo | dos agrotéxicos dos
de fortificacdo ~ ~ ~ absoluta ~ inicial dos ] . L
; solucdo padréo solucéo - N de solucéo . 1:30 com na solugéo agrotoxicos na
da matriz -1 ~ adicionada a agrotoxicos . L .~
(g kg ) (Mg L) padréo (pL) soluco (ng) preparada (uL) (ug LY ACN:H,0 d|IU|d? solucéo dI|LiIda
(ML) (bg L) (Mg kg ™)
0 100 0 0 200 0 600 0,0 0,0
9 100 12 0,6 200 6 600 0,2 0,3
45 100 60 3 200 30 600 1,0 1,5
90 1000 12 6 200 60 600 2,0 3,0
150 1000 20 10 200 100 600 3,3 5,0
300 1000 40 20 200 200 600 6,7 10,0
450 1000 60 30 200 300 600 10,0 15,0
600 1000 80 40 200 400 600 13,3 20,0

*Concentracdes dos P.1.S.: Malationa-d; e diclorvos-dg = 1,7 g L™ ; D.I.S.: Linuron-ds = 0,3 pg L™; I.1.S.: Dimetoato-ds = 10 pg L™.
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Apéndice C — Avaliacdo da exatiddo do método analit

ico para a validacao por

MLC-QTRAP-MS/MS.

Tabela 2 — Preparo das amostras de doces de frutas fortificados para avaliacdo das recuperacdes (%). Foram usadas doces de
frutas de uva com slurry 1:1,5 (m/m), os extratos foram diluidos de 1:30 (v/v) com uma mistura de acetonitrila/agua (1:9, v/v) antes

da analise.
~ , Concentracdo |Concentracdo
Concentracéo . Volume de = | Volume final
Concentragao Massa Massa de | Concentragdo PO dos dos
de % Volume de solvente . apos diluicdo o L
N da solucéo ~ absoluta slurry (e doce | inicial dos . agrotoxicos agrotoxicos
fortificacdo ~ solugéo - R extrator - o 1:30 com = N
. padrdo ~ adicionada a o de frutas) agrotoéxicos . na solucdo na solucéo
da matriz E) padréo (uL) ~ acetonitrila ) ACN:H,0O - -
(ug kg ) (Mg L) solugéo (ng) (mL) emg (g L) (L) dI|UId<;:l d|IU|da1
(Mg L) (Mg kg ™)
0 1000 0 0 10 10 (6,7) 0 600 0,0 0,0
9 1000 60 60 10 10 (6,7) 6 600 0,2 0,3
45 1000 300 300 10 10 (6,7) 30 600 1,0 15

*Concentracdes dos P.1.S.: Malationa-d; e diclorvos-dg = 1,7 g L™ ; D.I.S.: Linuron-ds = 0,3 ug L™; I.1.S.: Dimetoato-ds = 10 pg L™

124



Apéndice D — Preparo dos doces de frutas caseiros.

Tabela 3 — Fortificacdo das frutas antes do preparo dos doces de frutas caseiros.

Concentracao Volume de Massa total da Concentracdo
d nraca Concentracéo ~ Massa absoluta Massa de Massa de agua : dos agrotéxicos
e fortificagéo % solugéo - N Massa de > . mistura antes :
da solucéo L . adicionada as acucar u.p. adicionado ! na mistura antes
das frutais padrao (mg LY adicionada as frutas (ug) frutas (g) adicionado (g) ) do cozimento do cozimento
kg~ frutas (mL :
(g kg ) utas (mL) (9) (Mg kg
0 100 0 0 250 250 100 600 0
500 100 1,25 125 250 250 100 600 208
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Apéndice E — Artigo.

Microflow Liquid Chromatography Coupled to Mass Spe ctrometry-An
Approach to Significantly Increase Sensitivity, Dec rease Matrix Effects, and
Reduce Organic Solvent Usage in Pesticide Residue A nalysis

Ana Uclés Moreno, Sonia Herrera Lopez, Barbara Reichert, Ana Lozano Fernandez,
Maria Dolores Hernando Guil, Amadeo Rodriguez Fernandez-Alba. Microflow Liquid
Chromatography Coupled to Mass Spectrometry—An Approach to Significantly
Increase Sensitivity, Decrease Matrix Effects, and Reduce Organic Solvent Usage in
Pesticide Residue Analysis. Analytical Chemistry , v. 87, p. 1018-1025, 2015. DOI:
10.1021/ac5035852.
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High sensitivity gain by microfiow-LC-ESI-0q0-MS

ABSTRACT: This manuscript reports a new pesticide residue
analysis method employing a microflow-liquid chromatography
system coupled to a triple quadrupole mass spectrometer
(microflow-LC-ESI-QgQ-MS). This uses an electrospray
ionization source with a narrow tip emitter to generate smaller
droplets. A validation study was undertaken to establish
performance characteristics for this new approach on 90
pesticide residues, including their degradation products, in
three commodities (tomato, pepper, and orange). The
significant benefits of the microflow-LC-MS/MS-based
method were a high sensitivity gain and a notable reduction
in matrix effects delivered by a dilution of the sample (up to
30-fold); this is as a result of competition reduction between
the matrix compounds and analytes for charge during ionization. Overall robustness and a capability to withstand long analytical
runs using the microflow-LC-MS system have been demonstrated (for 100 consecutive injections without any maintenance being
required). Quality controls based on the results of internal standards added at the samples’ extraction, dilution, and injection
steps were also satisfactory. The LOQ_values were mostly S ug kg for almost all pesticide residues. Other benefits were a
substantial reduction in solvent usage and waste disposal as well as a decrease in the run-time. The method was successfully
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applied in the routine analysis of SO fruit and vegetable samples labeled as organically produced.
Mass spectrometry (MS) currently makes up the core of
multiple workflows in the analytical/bioanalytical
sciences. Since the 1980s, matrix-assisted laser desorption
jonization (MALDI) and electrospray ionization sources (ESI)
have undergone an impressive growth in the number of
applications available for the analysis of molecules with high
molecular weights.”> The remarkable success of a significantly
reduced liquid flow rate and ESI, in particular micro-EST and
nano-ESI, is the direct result of the greater sensitivity required
to better detect macromolecules of high interest in biomedical
sciences.>* In these applications, the small droplets generated
by the emitters, having internal diameters of only a few
microns, increase the number of jons generated by ESI which
are then introduced into the MS.>® Likewise, sensitivity

improvement has been largely achieved by introducing
minijaturization approaches into liquid chromatography

< ACS Publications  © 2014 American Chemical Society
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(LC).”® LC miniaturization has evolved providing drivers
such as narrow-bore columns, packed- and monolithic capillary
columns, ultra high performance (UHPLC), multidimensional
separation (LCxLC), and lab-on-a-chip devices (microfluidic
devices).”'® Another important advantage of reducing the LC
flow and the emitter diameter is that ion suppression effects are
reduced along with a reduction in the number of analyte
molecules per droplet, and consequently the competition for
charges at the ion source. Nonetheless, there is no publication,
to the best of our knowledge, which confirms either its
applicability or analytical performance in routine food analysis,
greatly impacting data quality.”®
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Ultrasensitive quantification capacity is desirable in the field
of food safety, especially in pesticide residues control, althou
it is still a challenging task due to matrix effects.""'> Other
challenges facing routine laboratories are the need to reduce
costs, faster high quality results, and the implementation of
sustainable practices for reducing organic solvents and toxic
waste. The benefits of LC-MS based on low-flow-rate LC
(mainly referring to sensitivity, matrix effects, laboratory
efficiency, and being more environmentally responsible) over
conventional-flow-rate LC (presently the freferred separation
strategy in pesticide residues analysis'*'*) seems a valuable
opportunity to explore.

Several previous studies have been carried out to advance
understanding of how ionization efficiency and ion transmission
efficiency affect mass spectrometric (MS) sensitivity.'>"'¢
Tonization and ion sampling efficiency increase inversely with
flow rate.!”'® According to the study by Wilm and Mann,"
overall efficiency is about one ion in 200800 under
conventional ESI conditions, while it is about one ion in 390
analyte molecules detected by MS—510-times higher under
nanoflow rates. A key factor in obtaining greater ionization
efficiency, and a more effective way of reducing the Rayleigh
limit, is to decrease the ESI droplet’s initial radius by means of a
low flow rate."” Microdroplets require fewer desolvation and
fission events than for a conventional flow rate (typically in the
uL min~" range), from the perspective of the charge residue
model proposed by Dole et al”® The process of solvent
evaporation and Coulomb fission occurs repeatedly, disinte-
grating droplets into much smaller offspring. As a result,
droplets have higher surface area-to-volume ratios, which
enhances the desorption of gas-phase molecules from the
droplet’s surface, based on the ion evaporation model”
Consequently, a greater number of ions can be completely
desolvated by the time they reach the MS inlet. Ion sampling
from the atmospheric pressure to the low-pressure region of the
mass analyzer strongly affects transmission efficiency, limited by
losses at the mass spectrometer inlet and at the skimmer. More
efficient ion sampling using low flow rate is a consequence of
the reduced spatial dispersion of the charged droplets/ion
plume. Additionally, because it takes less time for the ions to be
completely desolvated and due to the reduced size of the
Taylor cone produced, the needle can be positioned much
closer to the MS inlet; this allows more of the spray plume to
be sampled, resulting in more eflicient transportation. The net
result is an increase in sensitivity when compared to
conventional flow rate.” Detection sensitivity gain can be
achieved when small-diameter chromatographic columns are
used, as are required in low-flow-rate ESI-MS.>>**

Due to their nature, MS detectors are sensitive to operational
fluctuations of any kind. The sensitivity gain in ESI analysis
using low flow rate LC may be neutralized in long-term
operation. In daily practice, there are certain constraints in
achieving efficient, robust, and reproducible chromatographic
separation, for instance the delivery of accurate and
reproducible gradients and accurate mixing of low volumes in
microflow-LC systems. Effects causing peak distortion such as
extra-column band broadening, or overloading, may be
exacerbated. Ambient temperature fluctuation may also
significantly influence small-diameter columns. Clogging and
contamination are very likely to occur when switching between
different matrix samples for analysis. A fully validated analytical
method is of the utmost importance for the functional
characterization of the microflow-LC system hyphenated to
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MS, as well as for demonstrating that the developed method
meets method validation and quality control requirements.

This study is aimed at developing and validating a new
method to decrease matrix effects in pesticide residues
quantification of fruit and vegetables using a microflow-LC-
ESI-QgQ-MS system, which employs an ESI emitter to provide
a microflow rate. The study comprises an achievements
assessment in terms of microflow-LC performance, sensitivity
gain evaluation and matrix effects. Multiresidue method
validation and quality control were carried out on 90 pesticide
residues, including their degradation products, in three
commodities (tomato, pepper, and orange), in line with the
framework of European regulatory controls on pesticide
residues.”*

B EXPERIMENTAL SECTION

Chemicals and Reagents. Analytical-grade standards of
insecticides, fungicides, and acaricides (in total, 80 pesticides
and 10 degradation products) of high purity (>98%) were
purchased from Dr. Ehrenstorfer (Augsburg, Germany) and
from Sigma-Aldrich (Steinheim, Germany). Isotope-labeled
internal standards of Dichlorvos-dg, Dimethoate-dg, Linuron-d,,
and Malathion-d,, were purchased from Dr. Ehrenstorfer
(Augsburg, Germany) and from CDN Isotopes (Quebec,
Canada). For optimization of ion-source-dependent parameters
for MS/MS operation, working solutions of individual
standards were prepared in methanol at 100 ug L' For the
calibration study, working standards solution mixtures were
prepared at different concentration levels in AcN/H,0 (20:80,
v/v), which were kept at —20 °C. HPLC-grade acetonitrile was
supplied by Sigma-Aldrich (Steinheim, Germany) and HPLC-
grade water from Thermo Fisher scientific (Waltham, MA,
USA). Formic acid and trisodium citrate dihydrate were
purchased from Fluka (Steinheim, Germany). Primary—
secondary amine (PSA) Bond-Elut was purchased from
Supelco (Bellefonte, PA, USA) and Bondesil-C18 from Agilent
technologies (Wilmington, DE, USA). Sodium chloride was
purchased from J.T Baker (Deventer, Netherlands). Disodium
hydrogencitrate sesquihydrate was purchased from Sigma-
Aldrich (Steinheim, Germany). Anhydrous magnesium sulfate
was supplied by Panreac (Barcelona, Spain).

Sample Preparation and Processing. Samples of differ-
ent commodities (tomato, green pepper, and orange) were
purchased in a local market. The samples were stored at —4 °C;
then they were homogenized frozen before spiking and sample
extraction. Samples were prepared and processed according to
the SANCO guidelines for pesticide residue analysis in food.”*
Blank samples were examined to confirm the absence of the
target pesticide residues and used for preparing matrix-matched
standards. The well-known QuEChERS sample preparation
procedure was performed according to a validated method,
previously published.”® The internal standards wsed for
recovery experiments were dichlorvos-ds and malathion-d,,.
As a final step, the upper organic phase was separated, diluted
with a mixture of AcN/H,0, filtered using a 0.2 gm PTFE
syringe filter (Millex, Bedford, MA, USA), spiked with 10 uL of
dimethoate-dg, at 60 ug L' (injection standard) to obtain a
concentration of 0.001 mg kg'~ and then analyzed by injecting
3 uL into the microflow-LC-ESI-QqQ-MS system.

Analysis by Microflow-LC-ESI-QqQ-MS. A hybrid
quadrupole/linear jon trap mass spectrometer system (4500
QTRAP, AB Sciex Instruments, Foster City, CA) with an ESI
source coupled to an Eksigent ekspert microflow-LC 200

DOI: 10.1021/ac5035852
Anal. Chem. 2015, 87, 1018-1025
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system (Eksigent, Redwood City, CA, USA) was used for
method development and validation. The LC analysis was
performed with a reversed-phase C18 column of 50 X 0.5 mm
id. and 2.7 um, 90 A particle size (Halo C18, Eksigent, AB
SCIEX Instruments, Foster City, CA). The column temper-
ature was maintained at 30 °C. The microflow-LC system
operated with mobile phase A (HPLC-grade water) and mobile
phase B (AcN), both with 0.1% formic acid. The microflow-LC
system incorporates micropumps especially designed for
operating at flow rates from S5 to 200 uL min". The
micropump is equipped with a binary pressure gradient former
with high-speed microproportioning valves. The microflow-LC
system was operated at pressures approaching 3500 psi. The
gradient used ranged from 20 to 98% of mobile phase B: 20%
of B was kept constant for 1 min followed by a linear gradient
up to 98% B in 9 min and maintained at 98% B for 3 min. The
injection volume was 3 uL. The microflow rate was set to 30 uL
min~". The column outlet was connected online to the ESI
source. For microspray ionization, the standard electrode was
replaced by a smaller-diameter electrospray ionization ESI
emitter electrode (microLC hybrid PEEKSIL/stainless steel tip
50 um i.d. electrode, Eksigent, AB SCIEX Instruments, Foster
City, CA). The ionization source settings were ion spray
voltage (IS), S000 V; temperature (TEM), 300 °C; curtain gas
flow (CUR), 20 L min"’; collision gas (CAD), medium; and
ion source gas (GS1 and GS2), at a pressure of 30 psi and in
positive ionization mode. Nitrogen was used as the nebulizer
gas, curtain gas, and collision gas.

The microflow-LC-ESI-QqQ-MS system was operated in
SRM (selected reaction monitoring) mode with unit resolution
for Q1 and Q3. Declustering potential (DP), entrance potential
(EP), collision energy (CE), and collision cell exit potential
(CXP) were optimized using flow injection analysis (FIA). The
best sensitivity in SRM mode was achieved under time-
scheduled conditions and with a time window of 30 s. The
scheduled SRM enabled optimized cycle time and maximized
dwell times to be used during acquisition to provide higher
multiplexing with good analytical precision. The most intense
SRM, transition was selected for quantitation. Identification
was based on the EU guideline for LC—MS/MS analysis:> the
acquisition of two SRM transitions, the retention time (a
tolerance of +0.2 min), and SRM ratio compliance (the
relationship between the abundance of transitions selected for
identification and for quantification, SRM,/SRM, with a
tolerance of +30%). Analyst software 1.6.2 was used for data
acquisition and processing.

Method Validation. In relation to quantitative methods,
both validation and performance criteria were tested by
assessing, mean recovery, linearity, precision (as repeatability
and reproducibility, RSD), matrix effects, and quantitation
limits (LOQ) following the SANCO guideline on analytical
quality control and validation procedures.”* Spiked extracts of
blank tomato, pepper, and orange matrices were used to
validate the multiresidue method. A minimum of five replicates
was required to check recovery, within-laboratory repeatability,
and reproducibility. Recovery and precision of the extraction
method was determined at two concentration levels, S and 50
ug kg™ Acceptable mean recoveries are those within the 70—
120% range with an associated precision RSD < 20%.2* The
method-LOQ_ should be the lowest validation spiked level
meeting this criteria. The LOQ_ was set as the minimum
concentration that can be quantified with acceptable accuracy
and precision, as described in the Guidance document.*
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Within-laboratory repeatability (RSD,) and reproducibility
(RSD,,z) were both tested for the 5 and 100 ug kg™ spiked
levels, over 1 and S days, respectively. Linearity was evaluated
both in standard solutions and matrix-matched calibration
solutions. Matrix-matched calibration curves were prepared at
eight concentration levels, from 0.16 to 133 ug L7},
corresponding to 5—400 ug kg™ in the sample. Matrix effects
were evaluated based on the slopes of regression lines plotted
from results obtained in matrices versus standard solutions.
Dilution of sample extracts was tested as a compromise
approach between matrix-effect reduction, if any, and method
sensitivity. The reduction in matrix effects was evaluated at four
dilution levels, 10-, 20-, 30-, and S0-fold. For that, aliquots of
spiked extracts were diluted with a mixture of AcN/high purity
water (20:80, v/v). Prior to microflow-LC-MS/MS analysis, the
extracts were filtered through a 0.2 gm PTFE filter (Millex FG,
Millipore, Milford, MA, USA). Internal standards (dimethoate-
dg and linuron-dg) were used at the dilution step and at the
injection of the samples into the microflow-LC-MS system to
test the overall robustness of the analysis. Dimethoate-ds was
added just prior to the determination step and, at injection, to
check possible variations in the injection volume. Linuron-d4
was added at the sample extract dilution step to account for
random errors that might occur at this stage. Robustness of the
microflow-LC system and its capability to withstand long
analytical runs was evaluated as a function of the reproducibility
of both peak area and retention time.

Analysis of Real Samples. The methodology described
above was applied to monitor pesticide residues in organically
labeled fruit and vegetables. A total of S0 samples were
purchased in Almeria at specialized local shops. The organically
produced fruit and vegetables were tomato, cucumber, potato,
golden apple, cauliflower, lettuce, red pepper, green pepper,
strawberry, lemon, kiwi, broccoli, leek, onion, melon, white
cabbage, spinach, carrot, orange, aubergine, pear, garlic,
grapefruit, and pumpkin. All samples were stored in their
original packaging under the recommended conditions prior to
use.

B RESULTS AND DISCUSSION

Optimization of Microflow-LC-ESI-QqQ-MS Parame-
ters. The Guidance document SANCO/12571/2013** recom-
mends that, if possible, the ions selected for unit resolution
MS/MS should be characteristic of the analyte, providing at
least two transitions, which is sufficient for the selectivity/
confirmation of peak identity. The optimal SRM transitions
with sufficient abundance for pesticide residue identification
and quantification are included in Table S-1, Supporting
Information. This table provides a set of 188 SRM transitions
of the selected precursor and product ions, retention times,
optimized collision energies, and declustering potential values.
Identification was also based on the variation of the intensity
ratios of both transitions (SRM; and SRM,) in the standard
and in the matrix, which was always less than 15%. Some
chromatographic conditions and ionization source parameters
were assayed in order to obtain the optimal conditions. Because
the injection volume has a significant loadability limitation
when the column diameter becomes smaller, and the fact that a
lower sample volume may potentially negate the sensitivity
gains delivered by the ESI source operating at a microflow rate,
different injection volume responses were compared. A S uL
sample volume was found to influence peak broadening, and
carryover was observed when analyzing blank samples
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Figure 1. Reproducibility of the peak area of the injection and dilution internal standards for (A) dimethoate-ds added after sample dilution and
before injection of different matrices spiked at 1 pg kg'~ over 100 injections and for (B) linuron-dy added before sample dilution in different
injections of tomato and orange spiked at 10 ug kg'~ and diluted 30 times over 4 days.

immediately after spiked samples. For a lower injection volume
(2 pL), there was a significant reduction in sensitivity, with loss
of identification capability for some pesticide residues, such as
Fenthion, whose second transition was negligible. Analyses
performed with an injection volume of 3 L resulted in a
sensitivity gain of around 2 times for most of the compounds
with respect to other injection volumes—even rising to 4 times
for some, such as for Azinphos-methyl, while chromatograhic
performance was not compromised.

By reducing the ESI microflow rate to 20 L min~', no
further improvements in sensitivity nor in the run-time were
noted. Microflow rates of approximately 30 xL min~'
demonstrated significantly increased sensitivity for most of
the tested compounds compared with 50 #L min~" flow rates.
This flow rate difference may be the cause of a lower solvent
evaporation rate and a decrease in the rate of smaller-size
droplet formation. More efficient transportation, and therefore
sampling efficiency enhancement, was also achieved because
the S0 um id. ESI emitter could be positioned much closer to
the MS inlet.

Optimization of lon-Source Operational Parameters.
The ESI source settings were setup for low flow, utilizing a
lower source temperature and lower gas flow settings as a more
efficient approach than under conventional conditions. The
results clearly demonstrated an increase in response at a 300 °C
ion-source temperature and a gas flow of 20 L min~". Ion-
source temperatures within the 400—500 °C range did not lead
to increased desolvation and ionization efficiency. Loss of
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sensitivity was observed for some compounds such as azinphos-
methyl and methidathion, sacrificing identification capacity.
Lower temperatures were also assayed with no improvements.
An example of the influence of the jon source temperature is
shown in Figure S-1, Supporting Information, for the case of
methidathion. It was found that higher ion source temperatures
were inadequate because sensitivity loss, both at the SRM, and
SRM, transitions, was not detected at a temperature of 500 °C.

Analytical Method Performance. Using the microflow-
LC-ESI-QqQ-MS-based method, a mixture of 90 pesticides was
well resolved and eluted within 9 min on a reversed-phase
microLC C18 column at a microflow rate of 30 L per minute.
The abstract graphic shows the extracted ion chromatograms
(XIC) for azoxystrobin in orange at 10 ug kg™, corresponding
to SRM, 404 — 372 and SRM, 404 — 344. Besides the
sensitivity of the mass analyzer itself, and especially when
working in SRM mode, a significant sensitivity improvement
was obtained with microflow-LC and microspray ionization.
Using a 0.5 mm id. microLC column and a flow rate of 30 uL
per min, there was a sensitivity improvement by a factor of
about 10 in the peak area when comparing the low flow rate to
the conventional HPLC method, as is shown with the example
in the abstract graphic. This graphic also presents XIC
chromatograms obtained by HPLC at a flow rate of 400 uL
per minute. Better results, in terms of sensitivity, compared
with classical HPLC, have already been reported in other
applications.zz”26 Since the Guidance document SANCO/
12571/2013** also recommends LC-MS performance require-
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ments, a mixture of pesticides and internal standards was used
to assess the stability and repeatability of retention times and
peak areas. Mixtures containing 90 pesticides in a solvent and in
the selected matrices (within a 5 ug kg™ to 400 ug kg™
concentration range) were analyzed over 3 days to assess the
stability of chromatographic conditions, and thus the
repeatability of retention times. For the duration of the 96
injections, the obtained results showed less than 0.1 min of
difference in retention times. Therefore, the tolerance of
retention-time matching did not exceed +0.2% relative to the
standards retention time.”* The reproducibility achieved is
attributable to stability in the gradient mixing, temperature, and
pressure curves (reaching modest values of approximately 3500
psi) as well as a rapid column reequilibration. As a result, the
underlying concern of dead volume and band broadening,
potentially observed when working with micro columns and
low flow rates, did not compromise chromatographic perform-
ance. A reflection of this is the precision peak area values
obtained which confirm the precise delivery of a very low
injection volume (3 uL). A low flow rate and microcolumn
resulted in separations with sharper and narrower sample peaks.
A difference of less than 10% in peak areas for single
compounds was observed in accordance with the criteria for
ensuring correct method performance as required by the
guidance document.”* The stability of the flow rate working in
gradient mode was excellent with no deterioration in response,
even after 100 injections and including difficult-to-analyze
matrices such as the orange.

Another important consideration is that when using
microflow-L.C, mobile phase consumption can be substantially
reduced by over 90%. Consequently, due to less solvent going
into the mass spectrometer, its maintanence requirements may
be notably reduced. Additionally, given that microflow-LC
enables faster analysis while maintaining equivalent resolution
to conventional HPLC, throughput in high volume testing
laboratories can be greatly improved.”” In addition, there is a
substantial reduction in waste generation that will be beneficial
to the environment.””

To better assess microflow-LC performance and the correct
execution of extract dilution as an approach for reducing matrix
effects, the peak area ratio of internal standards (dimethoate-d
and linuron-dg) was plotted with respect to the number of
injections. For the most part, RSDs below 10% in peak area
were observed across the 100 replicate injections of
dimethoate-dg, which was used as an injection internal standard
to check whether variations in the injection volume might be
present over long injection-to-injection cycle times. Figure 1A
displays the analysis results for dimethoate-ds in orange,
pepper, and tomato spiked at 1 ug kg™' and shows that at least
100 injections can be routinely carried out with no
deterioration in microLC performance. Linuron-dg was used
at the sample extract dilution step to account for random errors
that might occur during this stage. In Figure 1B, the results
showed outstanding reproducibility over the duration of the 40
replicate injections corresponding to the analysis of linuron-dg
in tomato and orange extracts diluted 30-fold, with a 10 pg kg ™"
concentration. When dealing with sample dilution, extreme care
should be taken to ensure error is not introduced during sample
preparation. The peak area RSD values obtained over 4 days fell
within a + 20% window. All these results demonstrate that it
seems to be plausible to employ microflow-LC-MS as a reliable
method in pesticide residues analysis.
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Analytical Method Validation. The results of the recovery
study are presented in Table S-2, Supporting Information, as
mean percentage recoveries (of five replicates). Most of the
pesticide residues showed a satisfactory recovery value
according to the above-mentioned SANCO guideline®” criteria
for quantitative methods—of between 70 and 120% at both
concentration levels tested (S ug kg™ and 50 ug kg™'). The
RSD values (in %) for the recoveries obtained in the three
matrices (tomato, pepper, and orange) ranged from 2 to 15%
and were homogeneous between the two fortification levels.
These values showed that precision was better than 20% RSD
(results not shown in Table S-2). When broken down into
matrices—for tomato, nearly 94.5% of the pesticide residues
tested showed recovery values which fell within the 70—-120%
range. Four compounds (fenhexamid, fenpropathrin, fenthion
sulfoxide, and iprodione) did not show satisfactory recovery
values or could not be detected at levels required by the
regulations. For pepper, the acceptance criteria were met for
94.5% of the pesticide residues analyzed. Fenthion oxon,
pencycuron, and thiophanate-methyl showed the lowest
recovery values but were still above 52%. For orange, the
acceptance criteria were met for 95.6% of the pesticide residues
analyzed. Fenthion oxonsulfone and fenthion sulfoxide were
recovered at a percentage value greater than 65% at the two
fortification levels. A lower recovery value can also be
acceptable if precision is low.”* In both pepper and orange
matrices, pesticide residues which had recovery values above 52
and 65% also showed RSDs below 20%, indicating that the
method can be accepted for the analysis of such pesticide
residues at these fortification levels. The limit of quantification
for iprodione was SO pug kg ™' and was therefore only evaluated
at the highest fortification level (50 ug kg™'), the average
recovery value of which was in line with the criteria that set
acceptability. Recovery of the internal standards (dichlorvos-d
and malathion-d;;) was in the 80—110% range, implying
method validity. Thus, with only a few exceptions, recovery
values were generally satisfactory, which indicates that the
QuEChERS extraction and cleanup method applied in this
study is efficient and reproducible. This is in accordance with
other previous works aimed at assessing the suitability of the
QuEChERS method for pesticide residues analysis."®

The calibration curves were fitted to a linear function in the
5—400 ug kgI’ concentration range. A linear response was
confirmed over an eight-point plot (with three replicates per
point) based on the squared correlation coefficients (+*)
obtained, ranging from 0.99 to 1, as well as randomly
distributed residuals below 20%. The boundaries of the
working range over which the method may be used were
from 5 to 400 ug kg ™" for the majority of the pesticide residues
studied. The linear range varied only for the following pesticide
residues: azinphos-methyl (from 10 ug kg™"); and fenitrothion
and iprodione (from SO ug kg™') depending on the lower levels
demonstrated to be determined by linearity (Table S-2). In the
case of fenitrothion, there were no differences in the linear
range determined for the three matrices. The wide dynamic
range and the high analytical response, however, compromised
quantification in some cases as a consequence of jon saturation
in the upper part of the concentration range. Azoxystrobin,
buprofezin, iprovalicarb, malathion, tebufenozide, and pyme-
trozine were characterized by their high signal response
although saturation was avoided by a 30-fold dilution, and by
raisilng the upper part of the concentration range to 400 ug
kg™.
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The microflow-LC-ESI-QgQ-MS-based method yielded a
sensitivity improvement which directly translated into a gain in
LOQ values. The method provided LOQ_values of S ug kg'~
with a recovery range between 70 and 120%, and RSD < 20%,
for most pesticide residues. The RSD at the LOQ was <10% for
most pesticide residues (RSD of LOQ results are not shown in
Table S-2). The LOQ value was 10-fold higher for only three
pesticide residues: fenitrothion and iprodione had an LOQ
value of 50 ug kg™ in the three commodities tested;
thiophanate-methyl had an LOQ_value of 50 ug kg ' but
only in pepper (Table S-2). The lower LOQ_values obtained
are well below the upper tolerance (allowable) levels of MRLs
established by European legislation. In this study, magnitudes
of repeatability and intralaboratory reproducibility were accept-
able following this approach. The relative repeatability (RSDr),
expressed as within laboratory, was below 18% although most
of the values varied between 1 and 11%. Precision was found to
be satisfactory at the two levels studied, S and 100 ug kg™
Intralaboratory reproducibility was also within an acceptable
range, below 19% for the two aforementioned spiked levels.
These results are not shown in Table S-2.

Taking into consideration the influence of each matrix on the
chromatographic response, less than 14.3% of pesticide residues
were affected by both matrix-induced response enhancement
and suppression. The magnitude of matrix effects observed
were compound dependent. For 85.7% of the pesticide
residues, the matrix effect was below 20% (Table S-2), and
the method was acceptable for quantifying the evaluated
matrices—tomato, pepper, and orange. Figure 2 shows an
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Figure 2. Extracted ion chromatogram (XIC) for the SRM,:226 —
169 of Methiocarb corresponding to a standard in solvent, spiked
tomato, pepper, and orange matrix at a concentration of 10 ug kg'™.

overlapping of extracted ion chromatograms (XIC) corre-
sponding to methiocarb in solvent, tomato, pepper, and orange.
These results suggest that the microflow-LC-ESI-QqQ-MS-
based method could offer significant advantages with regard to
ion suppression and enhancement effects. The ESI flow rate has
been found to influence the degree of ion suppression,
evidencing a drastic reduction in matrix effects when the ESI
flow rate is reduced to microliter or nanoliter per minute
levels.”* The mechanism by which matrix compounds affect
analyte ionization has been discussed in the literature."*
Some authors suggest a competition between matrix com-
pounds and analytes for the limited charge on the droplet
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surface; the increase in the droplet’s viscosity and surface
tension decreases the solvent evaporation rate and results in
less analyte being available to reach the gas phase. It has also
been proposed that nonvolatile interferents can decrease the
rate of droplet formation by analyte coprecipitation and thus
prevent these droplets from reaching the critical radius for gas
phase ions to be emitted.>"*> Working at a low flow rate, it has
been suggested that because of the decrease in the initial
charged-droplet size resulting from the lower flow rate, fewer
uneven fission events and less solvent evaporation is required
for ion release in the gas phase.*® Because the uneven fission
process enhances the surface-activated matrix components to
compete with analytes for a limited number of surface charges,
less uneven fission will minimize competition and lead to a
stronger analyte signal.>> This rationale suggests that matrix
effects can be minimized by applying the microflow-LC-MS
approach. Some sample-preparation procedures have proved to
be effective in reducing matrix effects, but the need for even
more productive methods becomes ever more pressing. Based
on the results obtained, it seems plausible to employ microflow-
LC-MS for highly sensitive analysis, and for inline matrix-effect
reduction solutions to reduce processing time and cost in
extensive sample preparation.

As mentioned above, 14.3% of pesticide residues were
affected by matrix effects even in matrices considered “difficult”
such as orange. Carbendazim, cyprodinil, ethirimol, methida-
thion, and pirimicarb were affected by signal suppression (in
the 22% to 57% range). Azinphos-methyl, bromuconazole,
fenitrothion, fenthion, and thiophanate-methyl were affected by
signal enhancement (up to 15%). The type of coextracts in the
examined matrices which remained in the final sample even
after cleanup proved to influence the second and third region of
the chromatogram—the greater severity being between
approximately 2.50 and 5.60 min. Thus, moderately polar
coextracts seem to be a major source of matrix effects, rather
than hydrophilic compounds, which are not well retained in
reversed-phase columns and usually elute in the first few
minutes. Hydrophilic compounds in orange extracts (orange is
typically recognized as a complex matrix and has a high acid
content), which were not removed by the cleanup, interfered
with the detection of early eluting pesticide residues. Only
carbendazim, ethirimol, and pirimicarb, with retention times
between 0.42 and 0.52, were affected by the coelution of
compounds such as phenolic acids. The suppression effect
observed (from —22% to —29%) under such ionization
conditions could be the result of a competition between
proton affinities as the solvent evaporates. If the interferent has
a higher gas-phase proton affinity than the analyte, this will be
protonated first and, therefore, the target analyte’s jon intensity
will be reduced. The matrix effect was observed for the
azinphos-methyl, fenitrothion, and thiophanate-methyl analytes
in these types of commodities, with a high water content
(tomato and pepper) and a high acid content (orange), leading
to signal response enhancement (up to 16%). Acceptably
accurate quantitative results were achieved by using matrix-
matching, which likely reduces the extent of such effects.
Alternatively, because of the sensitivity gain using the
microflow-LC-ESI-QqQ-MS-based method, simple dilution of
matrix extracts (with a dilution factor of 30) was effective in
those cases where the matrix effect was more marked. Under
such conditions, matrix effects were found to decrease at a
higher rate than that of the analyte response as the sample was
diluted. Using this simple dilution approach, the matrix effect
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was minimized from a dilution factor of 10 up to 30, finally
reaching a plateau; indeed, a dilution factor of SO did not
provide any improvement in our study (Figure S-2). MicroLC
and microspray ionization effectively allowed one to dilute
samples up to 30-fold, minimizing the potential for matrix
effects that would suppress or enhance the analyte’s signal of
interest.

Analysis of Real Samples. Based upon the validation
study, the method’s applicability seems adequate for fulfilling
the requirements of higher sensitivity and less sample
processing time, even in complex matrices. In this study, the
samples analyzed included a total of 23 different fruit and
vegetable commodities. Nearly all synthetic pesticide residues
are prohibited under organic certification standards. By
contrast, there is growing concern regarding the trace level
presence of pesticide residues and the incidence of pesticide
residues in organic foods. Using the microflow-LC-ESI-QgQ-
MS method, 25 different pesticide residues were detected in
some of these commodities (Table S-3). A total of 76% (38 out
of S0) of the samples contained pesticide residues at a
quantifiable level (equal to or above the LOQs, mostly at S g
kg'") for at least one pesticide residue. The most frequently
detected pesticide residues, independent of the commodity,
were diazinon (50%), azoxystrobin (32%), ethoprophos (26%),
difenoconazole (22%), and chlorpyriphos (20%). The results
obtained in this study have shown that some organic samples
contained pesticide residues which are unathorized under
European organic product regulations.®* With relation to
European MRL regulations, in 4% of the samples (two samples
of cucumber and cauliflower), the concentration of at least one
pesticide residue exceeded the MRL. Iprovalicarb was measured
at a concentration of 93 ug kg™! in cauliflower (the EU MRL is
10 ug kg™'). Prothiofos was measured at 128.5 ug kg™’ in
cucumber even though it is not approved under Regulation
(EC) No. 1107/2009.* It is evidence that, despite the ban on
the use of synthetic pesticides in organic farming, pesticide
residues can still be found. Under the European organic food
regulation framework, it is generally assumed that pesticide
residues detected above the LOQ, but below the MRL, denote
unauthorized use of a pesticide in organic agricultural practices.
The presence of pesticide residues may also be due to cross
contamination via water or air, or cultivation on soil previously
used for conventional production. In tracking some of the
controversial aspects of organic food regulation, it is
recognized, however, that the current European legal frame-
work is reviewed rather ambitiously.

H CONCLUSIONS

The microflow-LC-ESI-QgQ-MS method can provide better
sensitivity than methods based on conventional flow rates using
HPLC, which are currently the preferred separation strategy in
pesticide residues analysis. In addition to the sensitivity,
preconcentration sample procedures are often required
(depending on the mass analyzer) when there are low
concentration sensitivity issues; however, this may lead to
matrix effects. As an alternative, the sensitivity gain offered by
microLC and microspray ionization effectively allows sample
dilution of up to 30-fold, thus minimizing this potential for
matrix effects. Performance and validation data on this
microflow-rate method support its robustness and its capability
in providing reliable quantification of pesticide residues. The
substantial reduction in solvent usage and waste generation
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offers additional benefits in cost-saving and reduced environ-
mental impact.
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Apéndice F - Verificagdo da exatiddo do método dura
agrotoxicos nos doces de frutas caseiros.

nte o estabelecimento dos fatores de processamento

dos

Tabela 4 — Fortificacdo do doce de péssego caseiro e das frutas para avaliacdo das recuperacgdes (%) por JLC-QTRAP-MS/MS. As
solucgdes foram diluidas de 1:30 (v/v) com uma mistura de acetonitrila/agua (1:9, v/v) antes da andlise.

Concentracio Massa Volume | Concentragdo |Concentracdo
¢ Concentracéo Volume de | Massa | Concentracéo | final apos dos dos
de % Volume de | absoluta I S P L
Matriz fortificacio da solucéo solucio adicionada solvente de inicial dos diluicdo | agrotéxicos agrotoxicos
da ma(t;riz padréo a dréc(); ML) | asolucdo extrator | amostra | agrotéxicos | 1:30 com | na solugéo na solugéo
(g kg ) mgLh | P H o) (mL) @ (MgL?) | ACN:HO |  diluida diluida
(WL) (Mg L) (Mg kg ™)
Doce de 1 0 0 10 6,7 600 0 0
péssego
caseiro 1 60 0,06 10 6,7 600 0,2 0,3
Frutas 100 0 0 10 10 600 0 0
500 100 50 5 10 10 500 600 17 17

*Concentrac¢des dos P.1.S.: Malationa-d;, e diclorvos-dg = 1,7 ug L: D.I.S. Linuron-dg = 0,3 ug LY LS. Dimetoato-de = 10 ug L™t
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