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Objeto

El objeto de esta Memoria se centra en la automatizacion de las operaciones
previas del proceso analitico para conseguir la simplificacion y automatizacién del
mismo asi como su aplicacion directa a muestras con matrices complejas (frutas y
hortalizas). Esto permitira conseguir ventajas sustanciales respecto a las metodologias
convencionales, en términos de calidad informativa (mas y mejor) y de calidad
productiva (minimos esfuerzos, costes y riesgos para el operador y el medio ambiente).
Ademas, se evalla la posible contaminacién por las especies determinadas (plaguicidas)
que experimenta la propia doctoranda durante el desarrollo de esta Memoria. Los
objetivos mas especificos que se han marcado son:

a) Desarrollar analizadores de flujo automaticos basados en la
extraccion en fase sOlida para la limpieza de los extractos vy
preconcentracion de los plaguicidas en muestras hortofruticolas.

b) Demostrar la utilidad de la liofilizacion de las muestras
hortofruticolas en el ambito de la determinacién de residuos de plaguicidas.

c) Desarrollar metodologias analiticas simples y rapidas que
permitan el screening/determinacion de estos analitos en muestras de
interés agroalimentario, a niveles de concentracion inferiores a los Limites

Maximos de Residuos (LMRs) establecidos.

21






Aim

The aim of the work described in this Thesis was to automate the preliminary

operations of the analytical process with a view to simplifying and automating the

process itself, as well as to enable its direct application to samples having complex

matrices (viz. fruits and vegetables). This would result in substantial advantages with

respect to existing conventional methodologies in terms of information quality (viz.

more, better information) and production quality (viz. minimum effort, cost and hazards

for the operator and the environment). In addition, potential contamination with the

studied species (pesticides) of the doctorand herself during development of this work

was assessed. The specific goals of the research were as follows:

a) To develop automatic flow analysers based on solid-phase
extraction for sample clean-up and pesticide preconcentration from fruits
and vegetables.

b) To demonstrate the usefulness of freeze-drying fruit and
vegetables samples with a view to determining pesticide residues.

c¢) To develop straightforward, expeditious analytical
methodologies for the screening and determination of the target analytes at
concentrations below the established Maximum Residues Limits (MRLs) in

agricultural food samples.
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Introduccion General

En la Introduccion General de esta Memoria se aborda en primer lugar una
panoramica general sobre los plaguicidas para continuar con la normativa vigente en
materia de toma de muestra y determinacion de residuos de plaguicidas en alimentos de
origen vegetal y aguas potables. Finalmente, se recogen las metodologias desarrolladas
hasta la fecha en la determinacion de residuos de plaguicidas organoclorados y
piretroides, concluyendo con las innovaciones aportadas por las nuevas tendencias en
quimica analitica en relacion con la automatizacién, miniaturizaciéon y sistemas de

screening o criba.
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Introduccion General

El uso de plaguicidas en agricultura es actualmente el método mas extendido en
el mundo para el control de plagas, asi como de especies no deseadas que causen
perjuicio o que interfieran con la produccion agropecuaria, por ejemplo, las que causen
dafio durante su transporte o almacenamiento. Son elementos indispensables para
garantizar la cantidad, calidad y regularidad de las producciones agricolas, y
dificilmente se puede imaginar la agricultura, tal como la tenemos concebida
actualmente, sin su utilizacion [1].

Sin embargo, hay que tener en cuenta que los plaguicidas son biocidas y, por
tanto, sustancias peligrosas. Su utilizacién supone un riesgo desde diferentes puntos de
vista: peligrosidad en su fabricacién y formulacion, peligrosidad para el aplicador que
pueda entrar en contacto con ellos al realizar el tratamiento, peligrosidad ecoldgica,
referida a su accién sobre el medio ambiente con sus secuelas de efectos secundarios
indeseables (desequilibrios biol6gicos, aparicion de nuevas plagas, resistencias,
fitotoxicidades, accién sobre la fauna silvestre terrestre y acuatica, etc.) y, por ultimo,
peligrosidad para el consumidor de productos vegetales tratados a causa de los residuos
de plaguicidas que estos alimentos pudieran contener. Los problemas relacionados con
el uso de estas sustancias estan adquiriendo una importancia creciente y la opinién
publica esta ejerciendo una presion cada vez mayor [2]. De hecho, la reciente crisis de
las dioxinas ha puesto claramente de manifiesto los riesgos relacionados con la
contaminacion de los alimentos [1].

El sector agroalimentario tiene gran importancia en el conjunto de la economia

europea, con una produccién anual cercana al 15% de la produccion industrial total y un
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volumen de exportaciones que asciende a 50 000 millones de Euros al afio [1]. La
importancia econémica y la ubicuidad de los alimentos en nuestra vida sugieren que la
seguridad alimentaria ha de ser uno de los principales intereses del conjunto de la
sociedad y, especialmente de los poderes publicos y de los productores del sector. Una
politica efectiva de seguridad alimentaria exige determinar y supervisar los riesgos para
la salud de los consumidores, siendo necesario para ello una serie de Reglamentaciones
y Normativas eficaces que gestionen estos riesgos y supervisen y garanticen la
aplicacion de las mismas [1]. En este contexto, tanto la legislacion espafiola y
comunitaria, como la de otros paises (US-FDA) y organismos internacionales (FAO,
OMS), han establecido los llamados Limites Maximos de Residuos (LMRs), que para
un plaguicida y en un alimento determinado, se definen como la concentracién maxima
de residuos de un plaguicida, en la superficie o en la parte interna de productos
alimenticios, para que se permita legalmente su uso para consumo humano y/o de
piensos [3,4]. Por “Residuo de plaguicida” se entiende cualquier sustancia
especificamente presente en el alimento o producto agricola como consecuencia del
uso de un plaguicida, incluyendo cualquier derivado del mismo como productos de
conversion, metabolitos y productos de reaccion [5].

Los datos sobre residuos de plaguicidas pueden utilizarse para comprobar el
cumplimiento de los LMRs, servir de base a medidas de aplicacion de la normativa o
evaluar la exposicion de los consumidores a los plaguicidas. La determinacion de estos
residuos en alimentos es dificil y resulta, por ello, fundamental disponer de métodos

adecuados [6].
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1. GENERALIDADES SOBRE PLAGUICIDAS
La denominacién de plaguicida incluye todas aquellas sustancias que se utilizan
para proteger los cultivos y los productos vegetales contra las enfermedades, el ataque

de insectos, los parasitos, las malas hierbas y los microorganismos dafiinos [7].

1.1. COMPOSICION

En la formulaciéon de un plaguicida s6lo pueden estar presentes cuatro
compuestos, segun queda establecido en la legislacion espafiola [8]:

« Ingrediente activo, o producto técnico, que es la sustancia que ejerce la
accion. No es un producto puro (pureza 75-95%) y necesita estar formulado con el resto
de los componentes para ejercer una correcta accion sobre las zonas de cultivo.

 Coadyuvantes, sustancias sin accion plaguicida pero que son fundamentales
para que el ingrediente activo realice su accién. Un ejemplo lo constituyen los
tensoactivos, que disminuyen la tension superficial, con lo que el plaguicida disuelto en
el agua es capaz de extenderse mas, aumentando el rendimiento de su aplicacién, puesto
que la disolucién impregna mucho mejor la superficie a tratar. Algunos son totalmente
inocuos.

» Productos inertes, sustancias sin accion plaguicida, que se usan para
modificar las condiciones de dosificacion del plaguicida, por ejemplo, los disolventes.

Hay que sefialar que algunos tienen caracter téxico, como los disolventes organicos.
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« Aditivos, sustancias sin accion plaguicida, que se afiaden a la formulacion
para cumplir determinadas restricciones legales, principalmente relativas a aspectos de
seguridad. Por ejemplo, se afiaden repelentes que le dan mal olor a la formulacion, o
colorantes que proporcionan un color fuerte a aquellas disoluciones incoloras de

plaguicidas que, por ello, puedan parecer inocuas.

1.2. NOMENCLATURA

Las normas ISO y otros organismos internacionales definen los nombres
comunes de los plaguicidas (ej. Lindano). También existen los nombres comerciales
que son diferentes segln la casa comercial y su formulado (Lindano 25% EPAME
Gama 25, Inorgosa; Lindano 80% GAMOAN Flo, Aragonesas). EI nombre quimico
establecido por la IUPAC es el que identifica inequivocamente a la sustancia activa
(1,2,3,4,5,6-gamma-hexaclorociclohexano) [9].

Ademas, como identificacién también inequivoca e internacional se establecen:
Chemical Abstracts name (C.A. name, (1a,20,3B,4a,5a,6B,)-gamma-
hexaclorociclohexano), que es el nombre sistematico de acuerdo con las reglas
establecidas en 9" Collective Index period of the Chemical Abstracts Service y el

nimero de registro que dicho servicio le asigna (CAS RN, [58-89-9]) [9,10].
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1.3. CLASIFICACIONES
Los plaguicidas pueden clasificarse [11] segln los siguientes criterios:

* Naturaleza quimica:

Organoclorados Ftalimidas

Piretroides Organoestannicos
Piretrinas Bipiridilicos
Organoazufrados Dinitrofenoles
Organofosforados Triazinas

Aceites minerales Tricloropicolinicos
Clorofenoxi Derivados de la urea
Carbamatos Compuestos de cobre
Carboxamidas Guanidinas y naftoquinonas
Tiocarbamatos Tricloroacéticos

« Toxicidad, segln su peligro de ingestion:
Muy toxicos  DLsg oral <25 mg/Kg
Toxicos DLsg oral: 25-200 mg/Kg
Nocivos DLsg oral: 200-2000 mg/Kg
Siendo la DLs: dosis letal de un téxico que ingerida de una sola vez, produce
la muerte de un 50% de los animales de ensayo. Se expresa en miligramos del téxico
por kilo de peso del animal ensayado y da una idea de la toxicidad relativa de diferentes

sustancias.
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» Organismos que controlan:

Insecticidas Nematicidas Herbicidas
Acaricidas Bactericidas Ovicidas
Rodenticidas Molusquicidas

Funguicidas Avicidas

« Destino de aplicacion:

Fitosanitario Forestal
Pecuario Domeéstico
Industria alimentaria Higiene personal

» Modos de accion:

De contacto De ingestion
Sistémicos Fumigantes
Repelentes Defoliantes

Los mas utilizados son los organoclorados, piretroides, organofosforados y
carbamatos. De entre ellos, los insecticidas, funguicidas y herbicidas copan el 95% del
mercado de la UE, con una distribucion en funcion del destino de aplicacion:

Sector agrario, 85%

Campafias sanitarias, 10%

(eliminacion de vectores de enfermedades transmisibles por animales e
insectos)

Otros, 5%
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1.4. CRONOLOGIA DEL DESARROLLO DE LOS PLAGUICIDAS

La progresion general del desarrollo de los plaguicidas ha variado desde los

altamente tdxicos y peligrosos, persistentes y con capacidad de bioacumulacién (como

el DDT), hacia los plaguicidas que se degradan rapidamente en el medio ambiente y son

menos toxicos para los organismos a los que no van dirigidos [12].

Tabla 1.4.1. Evolucion de los plaguicidas.

ingenieria genética

con actividad
plaguicida a otros
organismos y dentro de
plantas y animales
beneficiosos.
Alteracién genética de
plantas para hacerlas
resistentes a los efectos
de los plaguicidas no
especificos

Periodo | Ejemplos Procedencia Caracteristicas
1800- | Nitrofenoles, Quimica organica, La mayoria sin
1920 | clorofenoles, creosato, | productos colaterales | especificidad y tdxicos
naftaleno, aceites de | de la produccidn del para los usuarios y los
petréleo carbon, etc. organismos a los que no
van dirigidos
1945- | Organoclorados, DDT, | Sintesis organica Persistentes, buena
1955 | HCH, ciclodienos selectividad, buenas
clorados propiedades agricolas,
resistentes, ecolégicamente
dafinos
1945- | Inhibidores de la Sintesis organica, buen | Menor persistencia, menos
1970 |acetilcolinesterasa, uso del binomio toxicos para los usuarios,
organofosforados, estructura-actividad algunos problemas
carbamatos medioambientales
1970- | Piretroides sintéticos, | Refinamiento del No demasiado selectivos,
1985 | avamectacina, binomio estructura- resistentes, costosos,
mimetizadores de actividad, nuevos persistencia variable
hormonas sexuales, sistemas hacia los que
plaguicidas bioldgicos |van dirigidos
1985- | Organismos de Transferencia de genes | Posibles problemas con

mutaciones, disrupcion en
la ecologia microbioldgica,
monopolio de los
productos
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1.5. CONSIDERACIONES TOXICOLOGICAS

Como ya se ha comentado, los plaguicidas son biocidas, es decir, actlan contra
seres vivos. Los plaguicidas que normalmente se utilizan son de naturaleza quimica
muy variada y, en efecto, existen grandes diferencias en su modo de accion, penetracién
en el organismo, metabolismo, eliminacidn y toxicidad para los seres humanos, lo que
hace dificil las generalizaciones sobre su peligrosidad [2].

La peligrosidad de los residuos de un plaguicida en concreto esta determinada
por diversos factores, siendo los mas destacados la toxicidad intrinseca de la molécula
del plaguicida, sus caracteristicas fisicas y quimicas, las caracteristicas del producto
técnico y de su formulacion, su metabolismo y degradacién en la planta después de su
aplicacion, transformaciones metabdlicas en el organismo humano y del grado de

exposicién del hombre a los mismos [2,13].

a) Toxicidad propia de la molécula del plaguicida

Por toxicidad se entiende la cualidad que tiene una sustancia o sus metabolitos,
en ciertas dosis, de ocasionar un perjuicio a la salud. Podemos diferenciar entre
toxicidad aguda y toxicidad cronica, pero desde el punto de vista de los residuos, las
toxicidades agudas (dérmica, oral e inhalatoria) tienen un valor relativo, puesto que el
peligro de ingerir una dosis superior a la DLsy, oral aguda, sélo ocurre por error,
ignorancia o suicidio. Por otra parte, plaguicidas con una DLs, oral aguda alta, es decir,
gue son poco tdxicos ingeridos de una sola vez, pueden ser muy peligrosos por

ingestion repetida y continuada. Por ello, desde el punto de vista de los residuos
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interesa mas su toxicidad a corto y medio plazo (toxicidad subcronica) y sobre todo a

largo plazo (toxicidad crdnica). Estas toxicidades se determinan utilizando lotes de

animales a los que se les administra repetida y diariamente el toxico, con diferentes

dietas.

[2]:

En relacién con esta toxicidad cronica interesa conocer los siguientes aspectos

-Posibilidades cancerigenas.

-Efectos mutagénicos.

-Efectos teratogénicos o alteraciones en la reproduccion.

-Efectos sobre la reaccion inmunoldgica y sistemas endocrino y renal. Accion
hepatica.

-Metabolismo de la sustancia en el organismo, con las caracteristicas
toxicologicas de los metabolitos. Mecanismos de accidn de estas sustancias.
-Neurotoxicidad.

-Posibles efectos retardados.

-Potenciacion de / por los efectos de otros toxicos.

Previamente a la homologacion y registro de una materia activa, las autoridades

exigen un considerable estudio toxicoldgico de la misma. Las autoridades comunitarias

europeas fijan las exigencias al respecto en la Directiva relativa al registro y

comercializacion de productos fitosanitarios [14].
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En el siguiente diagrama se esquematizan las categorias de exposicion, el tipo

de toxicidad y sus manifestaciones.

TOXICIDAD EXPOSICION MANIFESTACIONES

Aguda ALTA Slstemlcos_ _
Locales: piel y ojos
Via oral
dérmica e inhalatoria
Subcroénica MODERADA O BAJA

Madltiples: Neurotoxicidad,
Via dérmica e inhalatoria enzimaticos, neoplasias, etc.
A largo plazo: mutagénesis,
carcinogénesis, teratogénesis,
etc.

BAJA A NIVEL DE RESIDUOS

Alimentos y medio ambiente
Via oral e inhalatoria

Cronica

Figura 1.5.1. Relaciones entre la toxicidad de un plaguicida, su grado de exposicién y la
sintomatologia producida por su intoxicacion.

b) Caracteristicas quimicas y fisicas

La evaluacion de estas propiedades hace posible conocer su influencia en el
comportamiento del plaguicida durante su aplicaciéon y después de la misma, con la
consecuente aproximacion a la posible presencia o no de sus residuos en diferentes
partes del producto hortofruticola.

Sobre su posible desaparicion después de la aplicacion, influyen

considerablemente:
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-Volatilidad.

-Estabilidad en disolucion acuosa.

-Estabilidad a la radiacion ultravioleta.

También es de gran interés la capacidad del plaguicida para penetrar en los
tejidos de la planta (o del hombre), lo cual depende de su solubilidad en agua y en

disolventes organicos, es decir, su coeficiente de particion en agua-octanol (Kow) [13].

c) Metabolismo y degradacion en la planta después de su aplicacién

Una de las principales vias de desaparicion de los plaguicidas tras su aplicacion,
es su degradacion quimica y metabdlica, en diferentes proporciones que dependen de
las caracteristicas quimicas del propio compuesto y de otras circunstancias, como son la
temperatura, humedad, luz, superficie de los cultivos, pH del liquido de la formulacion,
composicidn de los suelos y otros factores. El estudio de su metabolismo proporciona
fundamentalmente informacién sobre la composicion cuali y cuantitativa y del
comportamiento del compuesto y sus metabolitos, que a veces pueden ser moléculas

mas toxicas que las originales [2,13].

d) Transformaciones metabolicas en el organismo humano
El plaguicida, una vez absorbido, puede ser metabolizado en el organismo,
almacenado en el tejido adiposo, o bien excretado sin cambio alguno. En los animales

superiores las biotransformaciones sufridas por los plaguicidas se localizan
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principalmente en el higado. En general, las biotransformaciones [2] podrian

esquematizarse tal como sigue:

|
Oxidacion

I Metabolito-2
Metabolito-1 (hidrosoluble)

Conjugacion

Plaguicida >

Compuestos
ligados

v

Acumulacién en
tejido adiposo

P Orina, bilis, heces ¢

Eliminacion

Figura 1.5.2. Esquema de las biotransformaciones que puede sufrir un plaguicida en un
organismo animal superior (R. Coscolla, 1993).

e) Caracteristicas del producto técnico y su formulacién

La materia activa de un plaguicida raramente se obtiene en un 100% de pureza,
ya que durante su sintesis pueden quedar impurezas que, a veces, pueden ser peligrosas.
Para una misma sustancia activa, distintos productos técnicos, pueden presentar distinta
peligrosidad desde el punto de vista de los residuos, segun el proceso de fabricacion, o
segln su calidad, pudiendo contener o0 no, en mayor o menor proporcion, determinadas
impurezas con significacién toxicolégica mayor incluso que la de la propia materia

activa.
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Ademas, la formulacién y los componentes de la misma pueden influir en la
peligrosidad de los residuos. Asi, determinados coadyuvantes (disolventes,
tensoactivos, agentes de penetracion, etc.) pueden exaltar la toxicidad propia de la
materia activa, por sinergismo o activacion [2,13].

Por otro lado, ademas de todos estos factores que determinan la peligrosidad de
un plaguicida, hay que tener presente el posible efecto de acumulacién a través de la
cadena alimentaria. EI hombre no sélo ingiere alimentos de origen vegetal, sino
también de origen animal, donde se han podido acumular estos residuos. Cuando se
trata de residuos de cierta persistencia y son solubles en grasas, pueden acumularse en
los tejidos adiposos y grasa en general. De esta manera, puede darse una magnificacion

o0 acumulacién progresiva de los residuos a través de la cadena alimentaria [2].

f) Grado de exposicion del ser humano a los residuos de plaguicidas

Podemos dividir la exposicion en dos grandes grupos, la laboral y la
extralaboral. La primera afectaria a los trabajadores que estan en contacto con las
formulaciones de plaguicidas en plantas de fabricacion, formulacién, transporte,
aplicadores y operarios, mientras que la segunda esta relacionada con el consumo de
alimentos, de origen animal o vegetal, y agua [2,11].

En general, la exposicidn laboral esta caracterizada por ser de duracion variable
e intermitente, tener niveles de exposicién muy diversos a un gran nimero de productos
cuya absorcién dérmica varia en funcion del tipo de trabajo. Asi, por ejemplo, para un

aplicador, los factores que influyen en su exposicion [11] serian:
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-Tipo de cultivo: alto, bajo, frondoso, exterior, de invernadero.
-Técnica de aplicacion, en funcién del tamafio de gota.

-Tipo de formulacidn, siendo en granulo mas seguro que en polvo.
-Condiciones climaticas, viento, temperatura, humedad.

-Tiempo de exposicion.

-Actitud del trabajador y su formacion.

Las fases de esta exposicion laboral podriamos esquematizarlas de la siguiente

forma:

s Pérdida : Exposicién Exposicion Potencial
| s |l T

g Plaguicidas (Total, sin proteccién)

Penetracion
Ropa y guantes

Absorcion Exposicion Real
del Trabajador

Dosis

Absorbida Dérmica

Oral y
Respiratoria

Figura 1.5.3. Exposicién a plaguicidas sufrida por un aplicador y su relacién con la dosis

absorbida.

Por otro lado, la exposicion extralaboral depende de dos factores: a) los
tratamientos agricolas que se efectien en una determinada zona, que condicionaran el
tipo de plaguicida, la cantidad de residuos que quede segln la dosis utilizada y la

frecuencia de aplicacion, asi como la aparicion de dichos residuos en funcion de cuando
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se efectlien los tratamientos y de su frecuencia; y b) la composicion de la dieta media de
la zona considerada, puesto que de esta manera se puede estimar la ingestion diaria
media de los distintos plaguicidas en una poblacidn en funcién de la proporcién en que
se encuentran los alimentos en dicha dieta y de los residuos que cada uno de ellos pueda
contener [2].

Asi pues, después de estas consideraciones de caracter toxicolégico de los

plaguicidas, se podrian esquematizar los controles a llevar a cabo en la siguiente Figura.

SUSTANCIA

En aire, agua, suelos,
alimentos

4

CONTROL
MEDIOAMBIENTAL

ABSORCION
DISTRIBUCION
METABOLISMO

CONTROL

EXCRECION CLINICO

En sangre, orina, tejidos,
exhudados

J

EFECTOS

VIGILANCIA
MEDICA

ADVERSOS

Lesiones preclinicas y clinicas

Figura 1.5.4. Esquema de los tipos de controles a ejercer ante una exposicién a plaguicidas.
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1.6. CONCEPTO Y CRITERIOS PARA LA FIJACION DE LMRs

Como hemos visto, la preocupacion por los residuos de plaguicidas en los
alimentos, debido a sus caracteristicas tdxicas, en relacién con la salud humana, ha
llevado a que algunos plaguicidas tengan su uso completamente prohibido (DDT,
isdmeros del HCH diferentes al lindano, etc.) y otros lo tengan mas o menos
restringido. Los plaguicidas que mas se utilizan tienen autorizado su empleo en
determinados cultivos pero se fijan unos limites maximos de residuos (LMRs) o
tolerancias en los alimentos con ellos tratados. Como ya se ha definido en el inicio de
esta Introduccidn, el LMR es la concentracion maxima permitida de un residuo, en o
sobre un alimento, que puede aceptarse para el consumo humano (o animal) a largo
plazo, y que esta estipulada por la ley [2].

Para fijar estos LMR, las autoridades (espafiolas, europeas, internacionales)
consideran dos criterios basicos: toxicoldgico y agronémico. En estos criterios se tiene
en cuenta que, por un lado, la ingestién diaria de plaguicidas sea menor que la que
pudiese provocar efectos toxicos, y por otro lado, que en la aplicacién agricola del

plaguicida se alcance la eficacia adecuada para combatir la plaga en cuestion [2,13].

a) Criterio toxicologico
Para determinar la ingestion diaria de cada plaguicida que no provoque efectos
adversos en la salud, es necesario llevar a cabo una serie de calculos para establecer los

valores de determinados parametros [2,13].
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El primer parametro es el llamado NEL (non effect level), NOEL (non observed
effect level) o NOAEL (non observed adverse effect level), y representa la cantidad de
plaguicida que, ingerido diariamente durante toda la vida de los animales de
experimentacion, no les provoca efectos adversos. El valor de NOEL se expresa en
miligramos de plaguicida por Kilogramo de peso del animal y dia (mg/Kg/dia). Este
valor se obtiene a partir de experimentos con animales, por lo que es necesario
extrapolarlo a la especie humana. Para ello, el valor del nivel sin efecto, establecido
para la especie animal mas sensible, se divide por el coeficiente de seguridad 100,
establecido teniendo en cuenta la variabilidad interespecifica (entre especies) y la
intraespecifica (variabilidad dentro de una misma especie). De esta forma, se obtiene la
cantidad de residuo de plaguicida que, ingerida diariamente durante una vida entera, no
muestra riesgos apreciables, que se conoce como IDA (ingestion diaria admisible) y se
expresa como miligramos de plaguicida por Kilogramo de peso del hombre y dia. Una
vez establecido este segundo parametro, Unicamente es necesario calcular el nivel
permisible de residuo para el hombre en alimentos. Para ello, basta con multiplicar el
valor IDA por el peso promedio del hombre (60 Kg) y dividirlo por el factor
alimentario. Este factor alimentario, expresado en Kilogramo, es el promedio per cépita
del consumo del alimento (o alimentos) que pudiesen contener los residuos del
plaguicida que se esté evaluando. De aqui la necesidad de conocer la dieta media de la
zona geografica en cuestion. Este factor alimentario para productos hortofruticolas en

los paises europeos se estima en 0.4 Kg [2,13].
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Por tanto, teniendo en cuenta todo lo expuesto, para el célculo del nivel
permisible (expresado en miligramos plaguicida por Kilogramo de alimento, o sea,

ppm) de un plaguicida en un producto vegetal, habria que seguir la ecuacion:

NOELx Peso promedio cuerpo humano (60Kg)

nivel permisible= - : -
Factor de seguridad (100) x Factor alimentarb (0.4Kg)

Algunos autores [2] opinan que la IDA deberia repartirse entre los alimentos de

origen vegetal y el agua de bebida, asignandole a ésta entre 1-10% del valor de la IDA.

b) Criterio agronémico

Basandose en las condiciones establecidas en las Buenas Practicas Agricolas, se
efectlian ensayos de campo para estimar la cantidad de residuo de plaguicida que queda
en los alimentos tras efectuar los tratamientos. De esta manera, y puesto que las
condiciones de empleo del plaguicida han de ser las minimas necesarias y suficientes
para lograr el grado de proteccion deseado, la cantidad de residuo serd la minima
derivada de ese uso racional del plaguicida [2,13].

Por tanto, el LMR sera fijado normalmente como el valor de ese residuo
minimo que quede en el alimento tras aplicarse el plaguicida seguin las Buenas Practicas
Agricolas, siempre que éste sea inferior al nivel permisible calculado sobre la base de la

IDA. Si el valor fuese superior, el plaguicida no podria autorizarse o bien estar
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restringido su uso sélo a un nimero de cultivos de forma que no se superase ese valor
del nivel permisible [2,13].

En algunas ocasiones, el nivel de residuos presentes en un alimento tras el
tratamiento del cultivo con un plaguicida, siempre siguiendo las Buenas Précticas
Agricolas, es tan bajo que resulta dificil medirlo con los métodos analiticos actuales. En
base a este hecho nacen los LMRs establecidos al nivel de determinacidn. Estos limites
estan indicados con un asterisco después del valor numérico establecido como LMR
(0.02%), y estan referidos al limite de determinacion practico, diferente del establecido
para cada método analitico concreto [13].

Por altimo, y como conclusién, decir que un LMR muy bajo puede deberse,
ademas de lo expuesto para el limite de determinacion, a que:

-El plaguicida tenga una elevada toxicidad cronica.

-La plaga en cuestién sea de escasa gravedad.

-La plaga requiera poca dosis.

-La aplicacion del plaguicida se produzca mucho antes de la recoleccidn, por

ser en ese periodo cuando es posible el ataque de la plaga.

Y en cuanto a un valor cercano a cero, por:

-Plaguicida no autorizado en un pais concreto porque no practique el cultivo en

el cual se emplea.

-La plaga que combate el plaguicida no se encuentra presente en determinado

pais.

-No lo haya solicitado el fabricante.
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En definitiva, para resumir de forma esquematica todo lo comentado para el

establecimiento de los LMRs, se expone el siguiente diagrama.

TOXICOLOGICOS || == cRITERIOS => || AGRONOMICOS

Ensayos
toxicoldgicos

Ensayos de
residuos en campo

Jl

Buenas
Précticas
Agricolas

Nivel préctico
(ppm en cosecha)

=

Figura 1.6.1. Diagrama de los factores que intervienen en la fijacion de LMR.

Nivel permisible
(ppm en cosecha)

1.7. DISMINUCION DE RESIDUOS POR TRATAMIENTOS DOMESTICOS
El contenido en residuos de un producto hortofruticola puede verse afectado

considerablemente cuando son sometidos a algln tratamiento doméstico o culinario
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antes de ser consumidos. Esta eliminacién puede ser mas o menos intensa dependiendo
del tipo de plaguicida, de su localizacion en el alimento, del tipo de alimento y de la
naturaleza e intensidad del tratamiento aplicado. Por otro lado, el efecto final de estos
tratamientos es aditivo, por lo cual, la cantidad de residuos presentes en el alimento
puede verse disminuida notablemente e incluso eliminada [2,15].

De esta manera, lavar los productos frescos antes de ser consumidos es un
habito muy saludable, ya que se pueden reducir y, a menudo, eliminar los posibles
residuos presentes en los vegetales y frutas. Ldégicamente, la efectividad de este
tratamiento sera mayor cuando se trate de plaguicidas hidrosolubles, aunque el efecto
mecanico del lavado también juega un papel importante. Asi, el lavado debe hacerse
con abundante agua vy, si es posible, frotarla con un cepillo, puesto que la mayor
proporcién de los plaguicidas se queda en la superficie de estos productos
hortofruticolas. Por esta misma razon, también es importante pelar las frutas y
hortalizas, asi como eliminar las primeras hojas de verduras como la lechuga. De hecho,
en los citricos, con gran cantidad de aceites esenciales en su corteza, los plaguicidas
liposolubles se quedan acumulados en dicha corteza sin pasar a la pulpa. Por Gltimo, la
coccidn o cualquier tratamiento con calor, favorece la degradacion de los residuos, que
normalmente se transformaran en compuestos menos toxicos o inocuos (hay algunas
excepciones, como los residuos de etilenbisditiocarbamatos, que al degradarse por la

accion del calor dan lugar a un metabolito algo mas toxico) [2,15].
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1.8. LEGISLACION APLICABLE SOBRE LMRs

La normativa sobre los niveles maximos de residuos se inicié en Europa en los
afios 60 y 70, y ha sufrido numerosas modificaciones posteriores. En Espafia, la primera
lista de LMRs se promulg6 en 1979, pero ésta ha sido sustituida y derogada varias
veces hasta la entrada de Espafia en la Union Europea. A partir de ese momento, la
legislacion espafiola sobre plaguicidas surge por trasposicion de la europea, a la que se
suman los LMRs que la legislacion europea ain no contempla pero que la espafiola ha
ido estableciendo y, por tanto, son de obligado cumplimiento en el territorio espafiol.

La legislacion europea recoge estos listados en Directivas que publica en el
Boletin Oficial de las Comunidades Europeas (DOCE). De esta forma, al tratarse de
Directivas Comunitarias afectan a todo el &mbito de la UE, marcando un plazo para su
transposicion a la legislacion de cada Estado Miembro, trascurrido el cual, son de
obligado cumplimiento en todo el territorio de la UE. A continuacion se expone la
relacion de las Directivas Comunitarias publicadas en DOCE a fecha de 15 de
Septiembre de 2001, relativas a la fijacion de los contenidos méaximos de residuos de
plaguicidas en las frutas y hortalizas, teniendo en cuenta que las tres dltimas (Directivas

2001/39/CE, 2001/48/CE y 2001/57/CE) no entran en vigor hasta el afio 2002.

Legislacion Comunitaria:
* Directiva 76/895/CEE, de 23 de noviembre de 1976.
* Directiva 80/428/CEE, de 28 de marzo de 1980.

e Directiva 81/36/CEE, de 09 de febrero de 1981.
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Directiva 82/528/CEE, de 19 de julio de 1982.

« Directiva 88/298/CEE, de 16 de mayo de 1988.

¢ Directiva 89/186/CEE, de 06 de marzo de 1989.

» Directiva 90/642/CEE, de 27 de noviembre de 1990.
e Directiva 93/58/CEE, de 29 de junio de 1993.

« Directiva 94/30/CE, de 23 de junio de 1994.

e Directiva 95/38/CE de 17 de julio de 1995.

¢ Directiva 95/61/CE de 29 de noviembre de 1995.

e Directiva 96/32/CE de 21 de mayo de 1996.

e Directiva 97/41/CE de 25 de mayo de 1997.

» Directiva 97/71/CE de 18 de diciembre de 1997.

¢ Directiva 98/82/CE de 27 de octubre de 1998.

¢ Directiva 99/65/CE de 24 de junio de 1999.

e Directiva 99/71/CE de 14 de julio de 1999.

» Directiva 2000/24/CE de 28 de abril de 2000.

e Directiva 2000/42/CE de 22 de junio de 2000.

« Directiva 2000/48/CE de 25 de julio de 2000.

» Directiva 2000/57/CE de 22 de septiembre de 2000.
« Directiva 2000/58/CE de 22 de septiembre de 2000.
» Directiva 2000/81/CE de 18 de diciembre de 2000.

e Directiva 2001/35/CE de 11 de mayo de 2001.
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¢ Directiva 2001/39/CE de 23 de mayo de 2001.
Entrada en vigor en EEMM: 01-01-02.

< Directiva 2001/48/CE de 28 de junio de 2001.
Entrada en vigor en EEMM: 01-03-02.

e Directiva 2001/57/CE de 25 de julio de 2001.

Entrada en vigor en EEMM: 01-03-02.

Por otro lado, la legislacion espafiola publica los listados de LMRs de
plaguicidas y su control en determinados productos de origen vegetal en el Boletin
Oficial del Estado (BOE), mediante Reales Decretos y Ordenes Ministeriales. La
relacién de la normativa vigente en el Estado Espafiol a 15 de septiembre de 2001 se

expone seguidamente.

Legislacion Espafiola:

. Real decreto 280/1994.

. Orden de 27 de febrero de 1996.

. Orden de 5 de diciembre de 1996.

. Orden de 26 de agosto de 1997.

. Orden de 25 de septiembre de 1997.
. Orden de 14 de mayo de 1998.

. Orden de 31 de mayo de 1999.
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. Real decreto 198/2000.

. Orden de 3 de marzo de 2000.

. Orden de 14 de marzo de 2000.

. Orden de 12 de abril de 2000 .

. Orden de 1 de diciembre de 2000.
. Orden de 22 de enero de 2001.

. Orden de 27 de marzo de 2001.

Teniendo en cuenta la legislacion presentada, tanto espafiola como comunitaria,
se ha elaborado la relacion de los LMRs establecidos para los plaguicidas estudiados en
los diferentes productos hortofruticolas abordados en esta Memoria y que se exponen a
continuacion. Para la correcta interpretacion de estas tablas hay que aclarar que en
ocasiones el LMR no ha sido ain establecido por la UE pero si por Espafia, o que, s6lo
ocasionalmente, no es el mismo. Por tanto, si el LMR es comun, s6lo aparecerd un
valor, mientras que cuando no lo sea se indicara al pie de la Tabla el establecido por la
UE. También se encuentran indicados en la tabla aquellos plaguicidas cuyo uso esta
prohibido en Espafia. Merece la pena destacar el hecho de que las Directivas
Comunitarias que atn no han sido traspuestas a la legislacion espafiola no afectan a los
plaguicidas contemplados en la Memoria, y que, por tanto, la legislacién que

actualmente se les aplica continuara vigente.
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Tabla 1.8.1. Valores de LMR (mg/Kg) establecidos en frutas para los plaguicidas organoclorados contemplados en esta
Memoria, segun la legislacion espafiola y comunitaria.

Plaguicida Naranja  Manzana Pera Cereza  Melocoton  Nectarina Ciruela Fresa Platano Kiwi Melén
HCH (0+B+8)*®  0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02*
HCB P 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01*
Dicloran® 0.50 2.00 2.00 0.01 0.01 0.01 0.01 5.00 0.01 0.01 5.00
Lindano 1.00 1.00 1.00 0.50 0.50 0.50 0.50 1.00 1.00 1.00 1.00
Vinclozolina 0.05* 1.00 1.00 0.50 0.05* 0.05* 2.00 5.00 0.05* 10.00 1.00
Heptacloro?® 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01*
Diclofuanida 5.00 5.00 5.00 5.00 5.00 5.00 5.00 10.00 5.00 5.00 5.00
rhabc
g:g{é?inavbt 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01*
Dicofol 2.00 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.50
Captan 0.50° 3.00 3.00 2.00 2.00 2.00 2.00 3.00 0.10* 0.10* 0.10*
Procimidona 0.02* 0.02* 1.00 0.02* 2.00 2.00 2.00 5.00 0.02* 5.00 1.00
Clorbenside ® 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01*
Clordane®® 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01*
2d
(E;fgi‘;':ff';m) 0.50 0.30 0.30 0.05* 0.50 0.50 0.05* 0.05* 0.05* 0.05* 0.30
Endrin® 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01*
Iprodiona 5.00° 10.00 10.00 5.00 5.00 5.00 5.00 10.00 3.00 5.00 0.30
Captafol * 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02*
Metoxicloro 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01*

*Plaguicida de uso prohibido en Espafia; "LMR no establecidos por la UE; “Suma de aldrin y dieldrin, expresado como dieldrin;
9Suma de alfa y beta endosulfan y sulfato; ®Valor establecido por la UE en 0.02*; *Indica el limite de determinacién analitica.



Tabla 1.8.2. Valores de LMR (mg/Kg) establecidos en hortalizas para los plaguicidas organoclorados contemplados en esta
Memoria, segun la legislacion espafiola y comunitaria.

Plaguicida Zanahoria Cebolla Tomate Pimiento Berenjena Pepino Coliflor Lechuga Espinaca Acelga Champifion Patata
HCH (a+B+8)*" 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02*
HCB P 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01*
Dicloran® 0.01 0.01 5.00 0.01 5.00 5.00 0.01 5.00 0.01 0.01 0.01 0.01

Lindano 0.10 1.00 0.50 1.00 1.00 1.00 1.00 2.00 2.00 2.00 1.00 0.10°
Vinclozolina 0.50 1.00 0.05* 3.00 3.00 1.00 0.05* 5.00 0.05* 0.05* 0.05* 0.05*
Heptacloro?® 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01*
Diclofuanida 5.00 5.00 5.00 5.00 5.00 5.00 5.00 10.00 5.00 5.00 5.00 0.10

g:g;:i?;h:ht 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01*
Dicofol 0.02* 0.02* 0.02° 0.02* 0.02* 0.20 0.02* 0.02* 0.02* 0.02* 0.02* 0.02*
Captan 0.10* 0.10* 3.00 0.10* 3.00 0.10* 0.10* 2.00 0.10* 0.10* 0.10* 0.10*
Procimidona 0.02* 0.20 2.00 2.00 2.00 1.00 0.02* 5.00 0.02* 0.02* 0.02* 0.02*
Clorbenside ® 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01*
Clordane®® 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01*
(E;fgi‘;':ﬁ';:o) 0.05*  005* 050  0.05* 0.05*  0.05* 005  005%  005%  005* 0.05* 0.05*
Endrin? 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01*
Iprodiona 0.30 5.00 5.00 5.00 5.00 2.00 0.05 10.00 0.02* 0.02* 0.02* 0.02*
Captafol ® 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02*
Metoxicloro 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01* 0.01*

*Plaguicida de uso prohibido en Espafia; "LMR no establecidos por la UE; °Suma de aldrin y dieldrin, expresado como dieldrin;
9Suma de alfa y beta endosulfan y sulfato; ®Valor establecido por la UE en 1.00; *Indica el limite de determinacién analitica.



Tabla 1.8.3. Valores de LMR (mg/Kg) establecidos en frutas para los plaguicidas piretroides contemplados en esta Memoria,
segun la legislacion espafiola y comunitaria.

Plaguicida

Naranja ~ Manzana Pera Cereza  Melocoton Nectarina  Ciruela Fresa Platano Kiwi Melén
Butoxido de 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
piperonilo
Bifentrin® 0.10 0.20 0.20 0.01* 0.20 0.20 0.01* 0.50 0.01* 0.01* 0.20
Fenpropatrin® 2.00 0.10 0.10 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.10
A-Cihalotrin 0.02* 0.10 0.10 0.10 0.20 0.20 0.10 0.50 0.02* 0.02* 0.05
Permgtrin 0.50 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.05% 1.00 0.10
(cis+trans)
Ciflutrin 0.02* 0.20 0.20 0.20 0.50 0.50 0.20 0.02* 0.02* 0.02* 0.02*
(I+11+111+1V) : : : : : : : : : : :
Cipermetrin
(HI11V) 2.00 1.00 1.00 1.00 2.00 2.00 1.00 0.05* 0.05* 0.05* 0.20
Cis- 0.02* 0.05 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02* 0.02*
Fenvalerato
Trans- 0.02% 0.02% 0.02% 0.02% 0.02% 0.02% 0.02% 0.02% 0.02% 0.02% 0.02%
Fenvalerato
Deltametrin 0.05* 0.10 0.10 0.10 0.10 0.10 0.10 0.05* 0.05* 0.05* 0.05*

8LMR no establecidos por la UE; *Indica el limite de determinacion analitica.



Tabla 1.8.4. Valores de LMR (mg/Kg) establecidos en hortalizas para los plaguicidas piretroides contemplados en esta Memoria,
segln la legislacion espafiola y comunitaria.

Plaguicida Zanahoria Cebolla  Tomate Pimiento Berenjena Pepino  Coliflor  Lechuga Espinaca Acelga Champifion  Patata
But6xido de 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Piperonilo
Bifentrin® 0.01* 0.01* 0.20 0.20 0.01* 0.01*  0.01* 0.01* 0.01*  0.01* 0.01* 0.01*
Fenpropatrin® 0.02 0.02 0.50 0.50 0.50 0.10 0.02 0.02 0.02 0.02 0.02 0.02
A-Cihalotrin 0.02* 0.02% 0.50 0.10 0.50 0.10 0.10 1.00 0.02*  0.02* 0.02% 0.02*
Permetrin 0.05* 0.05% 0.50 0.50 0.50 0.10 0.10 2.00 1.00 1.00 0.05* 0.05*
(cis+trans)
Ciflutrin . « . . - - « -
(V) 0.02 0.02 0.05 0.30 0.02 0.10 0.05 0.50 0.02 0.02 0.02 0.02
Cipermetrin
(HIH11V) 0.05* 0.10 0.50 0.50 0.50 0.20 0.50 2.00 0.50 0.50 0.05% 0.05*
Cis- * * * * * * * * * * * *
e 0.02 0.02 0.05 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Trans- 0.02% 0.02¢  0.02* 0.02% 0.02% 0.02%  0.02* 0.02% 0.02*  0.02* 0.02% 0.02%
Fenvalerato

xb
Deltametrin 0.05* 0.10 0.20 0.20 0.20 0.10 0.10 0.50 0.50 0.50 0.05% %‘%%C

dLMR no establecidos por la UE; ®Valor establecido para patatas tempranas; “Valor establecido para patatas para
almacenar; *Indica el limite de determinacion analitica.
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En lo referente a las aguas de consumo publico, la legislacién europea [16] y la
espafiola [17], fijan la presencia de residuos con un Gnico LMR establecido para
plaguicidas de forma individual e independientemente del compuesto que se trate, con
una valor de 0.1 microgramos por litro de muestra acuosa. A su vez, también establece
otro LMR para la cantidad global de plaguicidas presentes, es decir, la suma de las
diferentes cantidades de plaguicidas presentes en la muestra acuosa y, que en este caso,

esta fijado en 0.5 microgramos por litro de muestra acuosa.

1.9. PRECEDENTES LEGISLATIVOS DE LOS PLAGUICIDAS OBJETO DE ESTA
TESIS DOCTORAL

Dentro del gran grupo de los plaguicidas, los organoclorados constituyen una
de las familias mas antiguas, remontandose su utilizacion a las décadas de los 40 y 50.
Sus caracteristicas hacen que sean muy persistentes gracias a su resistencia y capacidad
de acumulacién en tejido adiposo y, aunque eficaces, son muy dafiinos para el medio
ambiente y el hombre. Es por ello que algunos, generalmente los méas antiguos y
toxicos, estan prohibidos, como es el caso del DDT. De hecho, los residuos de DDT, a
pesar de encontrarse prohibido su empleo desde los 70, se encuentran presentes hoy dia
en suelos, aguas, etc., debido a su poder de acumulacion y resistencia. La legislacion
contempla estos hechos adjudicando LMRs al nivel de deteccidn analitica para aquellos
plaguicidas prohibidos y, por otro lado, fijandolos para el resto de plaguicidas

organoclorados en valores en torno a 50 ng/g, en la mayor parte de los casos.
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En cuanto a los piretroides, es éste un grupo de creacién mucho mas reciente
(afios 70-80). Aparecen como los derivados sintéticos de las piretrinas, insecticidas
naturales de origen vegetal bastante caros. Estos plaguicidas son ya menos toxicos que
los organoclorados gracias, principalmente, a su menor persistencia. Cabria esperar, por
tanto, que sus LMRs fuesen mas elevados y, aunque superiores que para la mayoria de
los plaguicidas organoclorados, tampoco lo son de manera excesiva. De hecho, sus
LMRs se sittan entre 100 y 500 ng/g. Esto se debe a que, como ya ha sido comentado,
los LMRs no se fijan teniendo en cuenta Unicamente los criterios toxicoldgicos de los
plaguicidas, sino también los agricolas. Asi, y puesto que son poco persistentes, tras
efectuar los tratamientos bajo las normas de las Buenas Practicas Agricolas, la
presencia de residuos en los productos ha de ser minima. Aunque la practica totalidad
de los plaguicidas piretroides tienen su utilizacion permitida debido a sus
caracteristicas, no por ello los 6rganos de vigilancia de la UE (y otros organismos)
dejan de tenerlos en cuenta en sus evaluaciones periédicas. De hecho, el empleo de
fenvalerato se estd cuestionando y es por ello que su LMR ha sido reducido en poco

tiempo, hallandose actualmente fijado en el limite de determinacién analitica (0.02*

ng/g).
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2. TOMA DE MUESTRA
2.1. TOMA DE MUESTRA EN PRODUCTOS HORTOFRUTICOLAS

El objetivo de la toma de muestra, en el dmbito de la determinacion de
plaguicidas, es que se pueda obtener una muestra representativa de un lote para realizar
un andlisis, con el fin de determinar su conformidad con los limites méximos de
residuos. En el caso de productos vegetales, los LMR se aplican a una muestra a granel
compuesta, procedente de 1 a 10 muestras primarias [18]. Previa a la descripcion del
procedimiento de muestreo, es conveniente definir los términos que a lo largo del
mismo aparecen. Segun establece la legislacién espafiola [3], la comunitaria [19] y la
Comisién FAO/OMS [18], y siempre en relacién con la determinacion de plaguicidas,
se define como:

» Lote: cantidad de un producto alimenticio entregado en un momento
determinado, del cual el encargado del muestreo sabe o0 supone que tiene caracteristicas
uniformes, como por ejemplo origen, productor, variedad, envasador, tipo de envasado,
marcas, etc. Cada lote sera objeto de analisis por separado.

 Muestra elemental, primaria o bruta: una 0 mas muestras tomadas de un solo
lugar en un lote.

* Muestra a granel, global o agregada: el total combinado y perfectamente

mezclado de las muestras primarias tomadas de un lote.
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» Muestra de laboratorio: muestra enviada al laboratorio o recibida por éste.
Cantidad representativa de material extraido de la muestra a granel. La muestra de
laboratorio podra ser la totalidad o una parte de la muestra a granel.

» Muestra analitica o test: material destinado al andlisis, preparado a partir de
la muestra de laboratorio separando la porcion de producto que ha de analizarse y luego
mezclando, triturando, cortando finamente, etc., para poder disponer de porciones
analiticas con el minimo error de muestreo.

« Porcién analitica o alicuota: cantidad representativa de material extraido de
la muestra analitica, de tamafio adecuado para determinar la concentracion de residuos.

» Muestra: una o mas unidades seleccionadas entre una poblacién de unidades,
0 una porcion de material seleccionada entre una cantidad mayor de material. Al efecto
de la determinacién de plaguicidas, la intencién de una muestra representativa es ser
representativa del lote, de la muestra a granel, etc. con respecto a su contenido en
residuos de plaguicidas y no necesariamente con respecto a otros atributos.

» Muestreo: procedimiento empleado para extraer y constituir una muestra.

» Tamafio de la muestra: nimero de unidades, o cantidad de material, que
constituyen la muestra.

 Unidad: parte discreta mas pequefia de un lote que deberad extraerse para
formar la totalidad o parte de una muestra primaria. En el caso de frutas y hortalizas,
cada fruta, hortaliza o racimo natural de éstas (uvas) entero constituird una unidad,

salvo en el caso de que sea pequefio.

61



Almudena Columé Diaz Tesis Doctoral

Durante la toma de muestra y hasta la preparacion de la muestra analitica se
deberan tomar precauciones con objeto de evitar cualquier alteracién que pueda
modificar el contenido en residuos, afectar a los analisis 0 a la representatividad de la
muestra analitica. EI procedimiento de muestreo [3,18,19] sigue los siguientes pasos:

1. Recogida de muestras primarias o elementales. EI nimero minimo de
muestras primarias que han de tomarse de un lote viene determinado en la Tabla 2.1.1.
Cada muestra primaria se tomara de un lugar del lote elegido al azar, en la medida de lo
posible. Las muestras primarias deberan contener material suficiente para proporcionar

la muestra o muestras de laboratorio necesarias procedentes del lote.

Tabla 2.1.1. NOmero minimo de muestras primarias que han de
tomarse de un lote.

Peso del lote (Kg)

NUmero minimo de
muestras primarias

<50 3
50-500 5
>500 10

2. Preparacién de la muestra a granel o global. Las muestras primarias se
mezclaran y combinaran perfectamente para formar la muestra global.

3. Preparacién de la muestra de laboratorio. Cuando la muestra a granel sea
mayor que la necesaria para una muestra de laboratorio, se dividird para obtener una
porcién representativa. Podra utilizarse un instrumento de muestreo, un sistema de
divisién en cuatro partes u otro procedimiento apropiado de reduccidn del tamafio, pero
no deberan cortarse o dividirse las unidades de productos de origen vegetal. Los

tamafios minimos para las muestras de laboratorio se indican en la Tabla 2.1.2.
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Tabla 2.1.2. Descripciéon de las muestras primarias y tamafio minimo de las muestras de
laboratorio.

Tamafio minimo de muestra

Clasificacion de los productos de laboratorio

Productos de tamafio pequefio
(unidad <25g)

Productos de tamafio medio
(unidad entre 25-250q)
Productos de tamafio grande
(unidad >250g)

1Kg
1 Kg (10 unidades al menos)

2 Kg (5 unidades al menos)

4. Preparacion de la muestra analitica. La parte del producto que vaya a
analizarse, es decir, la muestra analitica, se separara lo antes posible. Cuando haya que
calcular el nivel de residuos incluyendo partes que no se analizan, se hara constar el
peso de las partes por separado. La relacion de estas partes que quedan excluidas esta
también contemplada en la legislacion [3,18,19], y reflejan el procedimiento utilizado
en la obtencién de los LMRs. En la siguiente Tabla, se recogen las partes que se han de

analizar de los productos hortofruticolas estudiados en esta Memoria.

Tabla 2.1.3. Parte de los productos hortofruticolas que se analizan para la
determinacion de plaguicidas.

Producto hortofruticola Parte del producto que se analiza

Pera Producto entero sin peddnculo

Manzana

Mel6n

Fresa Producto entero sin caliz ni pedinculo
Platano Producto entero sin corona ni peddnculo
Nectarina Producto entero sin peddnculo ni hueso,
Melocoton pero calcular y expresar el residuo en
Ciruela relacion con el producto entero sin
Cereza pedinculo
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Tabla 2.1.3. (Continuacion).

Producto hortofruticola

Parte del producto que se analiza

Cebolla Producto entero sin tierral, raices y las tlnicas
facilmente desprendibles

Lechuga Producto entero sin las hojas exteriores

Espinaca marchitas, raices y tierra®

Acelga

Zanahoria Producto entero sin corona, raices ytierra1

Pimiento Producto entero sin pedinculo

Tomate

Berenjena

Pepino

Patata Producto entero sin tierra’

Coliflor Unicamente la inflorescencia, sin hojas

Champifién Producto entero sin tierra’ ni medio de cultivo

Para eliminar la tierra se puede utilizar un cepillo suave.

5. Preparacién de la porcion analitica. La muestra analitica se triturara, si

procede, y se mezclard perfectamente, para que se puedan extraer porciones analiticas

representativas. EI método de analisis y la eficacia del mezclado determinaran el

tamario de la porcion analitica. Los métodos para triturar y mezclar no deberan afectar a

los residuos presentes en la muestra analitica. Si las porciones analiticas han de

almacenarse antes del anélisis, el método y la duracion del almacenamiento no deberan

afectar al nivel de residuos presentes. La Figura 2.1.1 representa de forma esquematica

la totalidad del procedimiento de muestreo descrito.
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Combinacion de
muestras brutas

T O00000n

1, 3, 5, 10 o 15 muestras

primarias tomadas de un
ndmero igual de lugares
elegidos aleatoriamente. |j |j

Unidades que forman la muestra agregada:
Cuando las muestras de laboratorio se preparan
a partir del lote, la muestra a granel o global es
la suma de las muestras de laboratorio.

. 0Ooooo
, 0o0ooo

as. Muestra test preparada
parcialmente

minluln
000

Muestra de laboratorio: 1 o

N

3

O A A A

s 7 7 7 7
Partes que no se han de analizar.

OO0O0O00000Oo0

OO000O0oooon

OOO0O00O00ooon
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oo OO0O0O00o0ooono
oog OOO0O00000oon
Alicuota: 1 0 més. OO0000o0o0040oo
OOO0O00000oon

Muestra test preparada
completamente

Figura 2.1.1. Presentacion esquematica del muestreo de productos hortofruticolas
(FAO/OMS, 1999).
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El procedimiento de muestreo seguido en esta Memoria para la determinacion
de plaguicidas en frutas y verduras contempla los pasos descritos en este apartado,
teniendo en cuenta que las muestras de laboratorio se prepararon a partir del lote,
siendo, por tanto, la muestra global la suma de las muestras de laboratorio. Asi,

podemos esquematizarlo como sigue:

» Muestreo realizado en Capitulo II.

10-20 unidades (1 Kg)

6 5 unidades en el caso de Muestra Labhoratorio
productos de tamafio grande

I

Eliminar las partes que no se han de
analizar, cortar en trozos y mezclar.

'

Tomar fracciones de 5g
de producto fresco

HH

 Muestreo realizado en Capitulo IlI.

5 Kg (suma de 5 muestras de laboratorio)
6 5 unidades en el caso de
productos de tamafio grande

'

Eliminar las partes que no se han de
analizar, triturar mezclar y liofilizar.

'

Tomar fracciones de 0.1-1g
de producto liofilizado

Muestra Agregada

H
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Los resultados analiticos deben obtenerse de una o mas muestras de laboratorio
y en condiciones idéneas para el analisis. Los resultados no deberan corregirse con
miras a los resultados de los estudios de recuperacion. Cuando un residuo exceda un
LMR, se confirmara su identidad y su concentracion mediante el andlisis de una o mas

porciones analiticas adicionales obtenida de la muestra de laboratorio original [18].

2.2. TOMA DE MUESTRA EN MUESTRAS ACUOSAS

La toma de muestras acuosas, en relacion con la determinacion de plaguicidas,
esta establecida en la legislacién europea [20], y la espafiola [21]. De esta forma, las
muestras de agua deberan ser representativas de la calidad del agua en el punto de la
extraccion. Los recipientes que contengan las muestras, los agentes o métodos
utilizados para su conservacioén y transporte o almacenamiento, asi como su preparacién
para el analisis, no deberan ocasionar una modificacion significativa de sus resultados.

Teniendo en cuenta todo ello, la toma de muestras acuosas procedentes de agua
de abastecimiento publico, se realizo tras dejar correr el agua diez minutos, para evitar
recoger los posibles depositos acumulados en las tuberias de conduccion de la misma,
siendo el volumen de muestra de 5 litros. Por otro lado, las aguas procedentes de rios,
lagunas, pozos y pantanos, fueron tomadas a diferentes profundidades (superficial,
media y profunda), con un volumen de muestra de 1.5 L en cada una, para finalmente
ser homogenizadas y constituir asi la muestra global.

Los recipientes utilizados fueron botellas de vidrio, para evitar la posible

adsorcién de los plaguicidas sobre las paredes, y de color ambar, para proteger a los
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analitos de la radiacion solar directa. Ademas, para su conservacion se afiadid tiosulfato
sodico y se ajusto el pH entre 5y 6. De esta forma se evita, las interferencias del cloro
si ha sido afiadido para la potabilizacion de las aguas recogidas de la red de
abastecimiento publico, o de los &cidos humicos y falvicos, si estan presentes en las
muestras. El ajuste del pH evita la degradacion de los analitos bajo condiciones
alcalinas, puesto que la mayoria de las muestras presentaron un pH en torno a 8. Las

muestras se mantuvieron refrigeradas a 4°C hasta el momento de su analisis.

68



Introduccién General Directrices sobre Determinacion de Plaguicidas

3. DIRECTRICES GENERALES SOBRE LA DETERMINACION DE
PLAGUICIDAS

Para originar una informacion de calidad y propiciar la confianza y satisfaccion
de sus clientes, los laboratorios que realizan las determinaciones de residuos de
plaguicidas en diferentes matrices deberan tener implantado un sistema de calidad
basado en la norma ISO 17025-1999, la cual especifica los requisitos de gestién y
técnicos para asegurar la calidad. Ademas, la Union Europea [6] y la Comision
FAO/OMS [22] han elaborado una serie de documentos especificos en los que se
expone los factores de los que depende la fiabilidad de los resultados analiticos en el
andlisis de residuos de plaguicidas. Dichos factores quedan agrupados en tres bloques:
la experiencia del analista, los recursos basicos necesarios y la disponibilidad de
métodos analiticos validados.

En relacién con el analista encargado, éste ha de estar convenientemente
cualificado y poseer experiencia y competencia en el analisis de residuos, y el personal
debe poseer una sélida formacion y experiencia en el uso correcto de los equipos y la
aplicacion de las técnicas de laboratorio apropiadas.

Los recursos basicos estan referidos tanto a los del laboratorio como a los de
equipos y suministros. El laboratorio y sus instalaciones deben estar proyectados de
forma que las distintas tareas se efectlen en zonas bien determinadas, con la méxima
seguridad y la minima posibilidad de contaminacién de las muestras. Asimismo, el
laboratorio debera estar suficientemente abastecido de electricidad, agua y distintos

gases. Es imprescindible disponer de un suministro adecuado de reactivos, disolventes,
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material de vidrio, material para cromatografia, etc. La calibracion es fundamental en
los instrumentos de medicién. Serd necesario contar con una gama suficiente de
plaguicidas de referencia de pureza conocida y convenientemente alta. Todos los
patrones analiticos, las disoluciones concentradas y los reactivos deberan etiquetarse
claramente con la fecha de caducidad y almacenarse en las condiciones adecuadas. Es
importante garantizar la estabilidad de los compuestos de referencia. Asimismo, es
importante que durante el almacenamiento las disoluciones patrén de los plaguicidas no
se descompongan por efecto de la luz o el calor o se concentren a causa de la
evaporacion del disolvente.

En cuanto al andlisis propiamente dicho, son numerosos los factores a tener en
cuenta. Por ello, se exponen a continuacion de forma resumida los aspectos mas
importantes.

» Toma, transporte, tratamiento y conservacion de las muestras.

En el Seccién 2 de esta Introduccién ya han sido tratados ampliamente varios
de estos aspectos. Sefialar que deben transportarse al laboratorio en recipientes limpios
y solidamente envasadas, quedando identificadas de forma clara e indeleble. Los
métodos de tratamiento y conservacidon no pueden afectar de forma significativa a los
residuos estudiados. En condiciones ideales, las muestras deben almacenarse a
temperatura de refrigeracion (1-5°C), sin exponerlas a la luz solar directa, y ser
analizadas en el plazo de pocos dias. Para periodos més largos la temperatura de

almacenamiento sera de —20°C aproximadamente.
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« Extraccién y concentracion.

Las porciones analiticas deben desintegrarse totalmente antes de la extraccion o
durante la misma, para maximizar la eficacia de la extraccién. Si se sabe que la
temperatura, pH, etc. afectan a la eficacia de la extraccion o a la estabilidad del
plaguicida, serd necesario controlar estos parametros. Los extractos y la disolucién
analitica final no deberdn exponerse a la luz solar directa. Es necesario extremar el
cuidado cuando deba evaporarse un extracto hasta su secado, ya que de esta manera
pueden perderse de las superficies cantidades traza de muchos plaguicidas.

« Calibracion analitica e integracion cromatogréfica.

En una secuencia de determinaciones, cada secuencia debe iniciarse y
terminarse con una calibracion. Cuando un patrén de calibracion de un plaguicida esté
formado por una mezcla de isémeros, podra aceptarse generalmente que la respuesta del
detector es similar, teniendo en cuenta la molaridad, con cada componente. Cuando el
plaguicida se detecte como producto derivado o de degradaciéon, las disoluciones de
calibracién deben prepararse a partir de un patron de referencia de dicho producto
derivado o de degradacion, cuando se pueda. La calibracion con patrones isémeros
mezclados puede utilizar la suma de las areas (alturas) de picos, o la medida
correspondiente a un solo componente, segln la posibilidad que se muestre mas exacta.

» Métodos analiticos.

En principio, el método analitico debe ser capaz de proporcionar una
recuperacion repetible (en caso de plaguicidas afiadidos a niveles superiores a unas

cinco veces sus limites de deteccion) dentro de la banda 70-110%, de todos los
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compuestos investigados por el método, y, a ser posible, con una recuperacion media de
cada compuesto situada entre el 80 y el 100%. Cuando los resultados se expresen en
peso seco deberd ser constante el método utilizado para determinar el peso seco.

» Determinaciones de recuperacion.

La recuperacion de los plaguicidas debe determinarse mediante adicion del
analito a una muestra de matriz blanca, similar a la estudiada. El nivel de adicion podra
ser de una a diez veces el nivel minimo de cuantificacion, el LMR o algin otro nivel
importante para muestras concretas. Es preferible saber que el material blanco elegido
no contiene niveles mensurables del analito.

« Confirmacion de los resultados.

Principios de confirmacion:

- Es imposible demostrar la ausencia completa de residuos. La adopcién del
limite de comunicacién o nivel préactico mas bajo (NPMB) al nivel minimo
cuantificable (NMC) evita el elevado coste de demostrar la presencia o ausencia de
residuos a niveles tan bajos que los datos dejan de tener sentido. Estos valores de
NPMB en relacién con los LMRs establecidos quedan establecidos en la Tabla 3.1.

Tabla 3.1. Valores de NPMB con relacion a los LMR establecidos.
LMR (mg/Kg) NPMB (mg/Kg)

>5 0.5
0.5-5 0.1

(aumentando hasta 0.5 en los LMR maés elevados)
0.05-0.5 0.02

(aumentando hasta 0.1 en los LMR mas elevados)
<0.05 0.5x LMR
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- Los resultados al NMC o por encima necesitan una prueba adicional para
considerarse confirmados. El requisito minimo es el nuevo analisis de los extractos, con
una calibracién adecuada de los plaguicidas detectados.

Enfoques de la confirmacion:

- La confirmacion del analito detectado debe ser cuali y cuantitativa.

- Los ensayos basados en detector de captura de electrones tienden a necesitar

la confirmacion debido a su falta de especificidad.

- Cuando un residuo supere el LMR o cuando no deba estar presente en la

muestra, el resultado deberd confirmarse por el método menos inequivoco
disponible y mediante analisis de una o mas porciones analiticas adicionales.

Confirmacion por espectrometria de masas:

- Puede proporcionar la confirmacién casi inequivoca de residuos de la mayoria

de los plaguicidas, pero los datos de confirmacion deben cumplir unos
requisitos minimos. El espectro de masas de referencia debe proceder del
patron de referencia o de una disolucion de éste en disolvente puro.

- Los espectros de exploracion completa ( desde m/z 50 hasta mas alla de la

region de iones moleculares) proporcionan la identificacion méas concluyente,
pero la sensibilidad puede mejorarse mediante la exploracion de una banda
limitada de masas o mediante monitorizacion selectiva de iones. En lo que
respecta a la cuantificacion, los iones que se controlen deberan ser los mas
especificos de la sustancia analizada, los que sufran menos interferencias y en

los que la relacion sefial/ruido sea buena.
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* Expresion de los resultados.

Para el calculo de los resultados, los datos de los residuos no deben corregirse
para tener en cuenta la recuperacion. Cuando se hayan analizado dos o mas pociones
analiticas, se comunicard la media aritmética de los resultados méas exactos obtenidos
con cada porcion. Cuando se realice una buena trituracion o mezclado de las muestras,
la RDS de los resultados entre las porciones analiticas no debera superar el 30% si el
residuo medido se encuentra en una concentracion significativamente superior al limite
de deteccion. En cuanto a la incertidumbre de las medidas, ésta constituye un indicador
cuantitativo Gtil de la confianza que puede asignarse a los resultados, y puede usarse la
desviacion estandar de la repetibilidad o de la reproducibilidad interna. Los datos sobre
la incertidumbre deben referirse al plaguicida concreto y es conveniente que se hayan
obtenido a partir de la matriz correspondiente, a un nivel préximo al de la muestra.

En general, al comunicar los resultados, para aquellos inferiores a 0.1 mg/Kg,
debera redondearse a una cifra significativa; los resultados entre 0.1 y 10 mg/Kg, deben
redondearse a dos cifras significativas; y los resultados por encima de 10 mg/Kg pueden
redondearse a tres cifras significativas o al nimero entero mas préximo.

Por ultimo, cuando los residuos medidos en las muestras tomadas de un lote no
superen los LMR, el lote serd conforme a los LMR. Sélo deberan comunicarse los datos

comprobados, que se expresaran tal como se definen en los LMR.
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4. METODOLOGIAS PARA LA DETERMINACION DE RESIDUOS DE
PLAGUICIDAS ORGANOCLORADOS Y PIRETROIDES

El desarrollo de métodos analiticos para la determinacion de residuos de
plaguicidas responde a necesidades toxicolégicas (el compuesto a identificar es
potencialmente perjudicial para la salud del hombre o del medio ambiente), o bien a la
necesidad de identificar un residuo final en una muestra (medidas de inspeccién y
monitorizacidn en alimentos y muestras medioambientales). En cualquiera de los dos
casos, es necesario identificar y cuantificar pequefias cantidades de estos compuestos.

En esta revision bibliogréfica, que no pretende ser exhaustiva sino ofrecer una
panoramica general, se han abordado las metodologias desarrolladas para la
determinacion de residuos de plaguicidas organoclorados y piretroides en matrices
biolégicas, medioambientales y de alimentos, incluyendo el pretratamiento de la
muestra y las técnicas cromatograficas de determinacién y confirmacion. Todos estos
aspectos se han sistematizado en la Tabla 4.1. La parte final de esta seccidn recoge los

avances en automatizacion, miniaturizacion y técnicas de screening en este campo.

4.1. PRETRATAMIENTO DE LA MUESTRA: EXTRACCION Y LIMPIEZA

El primer paso en el pretratamiento de la muestra para la determinacion de este
tipo de plaguicidas no polares es la extraccion, que puede ser simple o repetitiva (con el
mismo disolvente, combinando finalmente los extractos). El extractante y el método
empleado dependen fundamentalmente de la naturaleza de la muestra. Asi, como se

contempla en la Tabla 4.1, para muestras sdlidas la extraccién puede realizarse con un
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solo disolvente, principalmente acetona, acetonitrilo y acetato de etilo, o bien con una
mezcla binaria de los mismos e incluso ternaria, en la que la acetona se combina con
otros disolventes menos polares (principalmente n-hexano).

Para las muestras acuosas se emplea generalmente una extraccion simple con
un disolvente no polar (n-hexano o diclorometano).

Sin embargo, junto con los analitos también se extraen otros compuestos
procedentes de la matriz. Por ello, es necesaria una etapa de limpieza del extracto, la
cual depende del sistema de deteccion empleado. Asi, si el detector utilizado es
suficientemente selectivo, no se necesita una limpieza demasiado rigurosa del extracto,
pero si no es asi, entonces esta etapa debe ser lo suficientemente efectiva para eliminar
la mayor parte posible de los coextractos que pueden interferir en la determinacion.
Ademas, puesto que la concentracion de los analitos en este extracto no permitiria
alcanzar los LMRs establecidos, es necesario incluir una etapa de preconcentracién
(evaporacion del extracto y redisolucién en un volumen menor).

Las técnicas de limpieza y preconcentracion mas utilizadas son la extraccion
liquido-liquido (LLE) y la extraccion en fase solida (SPE). La extraccion liquido-
liquido es una técnica muy conocida y utilizada para la separacion de los plaguicidas de
sus coextractos. En este caso, se utiliza en la primera extraccion un disolvente polar,
como la acetona, para después realizar la particion con un disolvente totalmente no
polar. De esta forma, los plaguicidas quedan en la fase organica no polar, mientras que

los coextractos quedan en la fase polar.
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Sin embargo, las tendencias actuales estan reemplazando la extraccion liquido-
liquido a favor de la extraccién en fase sdlida (ver Tabla 4.1). Es posible emplear SPE
como Unica etapa de limpieza, o bien como una adicional tras la extraccion liquido-
liquido. Asi, para muestras complejas, como son las frutas y hortalizas y los fluidos
biolégicos, generalmente se usa una extraccion liquido-liquido seguida de una
extraccion en fase sdlida [23,24,28,30,36], para intentar eliminar la mayor parte posible
de coextractos en el extracto final.

Los adsorbentes que se utilizan para la preconcentracion de plaguicidas
organoclorados y piretroides son aquellos que retienen la fraccién liposoluble del
extracto, la cual luego puede ser eluida con disolventes de baja polaridad. Los sélidos
adsorbentes mas utilizados en estos casos se recogen en la Tabla 4.1, entre los que
destacan el Florisil y la silica-gel o silica. RP-C;g se ha empleado fundamentalmente
con muestras de aguas.

La cromatografia en gel (GPC), también es una técnica de limpieza utilizada en
el andlisis de residuos de plaguicidas. Esta técnica se emplea para la separacion de
proteinas y biomoléculas, en base al tamafio molecular, particién o adsorcién. Asi, las
diferentes fracciones del eluido pueden contener diferentes tipos de compuestos,
separando los plaguicidas de sus coextractos. Los geles mas utilizados son Bio-Beads
SX-3 [27,37,41] y Envirogel [26]. Esta técnica es eficaz en limpieza de extractos, pero
consume grandes volimenes de disolventes organicos y requiere mucho tiempo.

También existen otras técnicas, relativamente recientes, que estan empezando a

utilizarse en la determinacion de plaguicidas, pero que ain no estan muy extendidas:
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-Extraccion con fluidos supercriticos (SFE) [61-63]. Presenta la ventaja de que
ahorra tiempo y disolventes, siendo el disolvente més utilizado el diéxido de carbono
por su temperatura (31°C) y su presidn (73 atm.) criticas moderadas. Ademas, el CO,
no es inflamable, ni tdxico, y no es demasiado caro. EI metanol puede utilizarse como
modificador para ajustar el poder de disolucién del fluido.

-Microextraccion en fase solida (SPME) [64-67]. Los analitos se adsorben en
una fibra recubierta con polimeros, bien al sumergirla en la muestra si ésta es liquida, o
bien utilizando la técnica de espacio de cabeza si son sdlidas. La desorcion de los
analitos se realiza por calentamiento brusco, colocando la fibra directamente en el
portal de inyeccion de un cromatdgrafo de gases, o bien, con disolventes en la interfase
SPME/LC.

-Extraccion con disolventes asistida por microondas (MAE) [39,41]. Esta
técnica utiliza la energia de las microondas para favorecer y acelerar la extraccion con
disolventes, siendo mas eficaz que la clasica extraccion Soxhlet.

-Microextraccion con disolventes (SME) [68,69]. Es una extraccion liquido-
liqguido que emplea microvolumenes de un disolvente orgénico para la extraccion de

analitos desde una fase acuosa.

78



Introduccién General Metodologias para la Determinacion de Residuos de Plaguicidas

En la Figura 4.1.1 podemos ver la distribucidn de los trabajos relacionados con
la determinacion de residuos de plaguicidas organoclorados y piretroides en muestras

agricolas y medioambientales, en funcion del tipo de pretratamiento empleado.

SPE 2. GPC

YLy

ok e

SME
LLE
LIXIVIACION

Figura 4.1.1. Distribucion de publicaciones en funcion del pretratamiento de la muestra,
en el contexto de la determinacion de residuos de plaguicidas en muestras agricolas y
medioambientales. (Fuente: CD-ROM Analytical Abstracts, WinSPIRS Silver Platter Co.
1980-Abril 2001).
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4.2. SEPARACION CROMATOGRAFICA

La mayor parte de los métodos analiticos para la determinacién de plaguicidas
organoclorados y piretroides estan basados en técnicas de separacién cromatogréficas.
Los plaguicidas organoclorados suelen determinarse por cromatografia de gases y, dado
su caracter fuertemente halogenado, empleando como detector el de captura de
electrones (ECD). La espectrometria de masas (MS) también estd ampliamente
extendida y, aunque en menor medida, se encuentran referencias del empleo de los
detectores de conductividad electrénica (DEC) [24,57] y de emision atémica (AED)
[27] para la determinacion de residuos de plaguicidas organoclorados.

Por otro lado, la cromatografia de gases es también la técnica de primera
eleccion para el andlisis de residuos de piretroides. Muchos de los piretroides poseen
varios atomos de hal6genos en su molécula (ej. bifentrin, fenpropatrin, cipermetrin,
ciflutrin, permetrin, fenvalerato, deltametrin, A-cihalotrin), lo que los hace muy
sensibles al detector de captura de electrones. También es posible llevar a cabo
derivatizaciones para introducir un grupo sensible al ECD en la molécula de aquellos
piretroides que no posean atomos de haldgenos (ej. alletrin, resmetrin, fenotrin,
tetrametrin) [35]. El detector de ionizacion de llama (FID) puede utilizarse para la
determinacion de piretroides no halogenados [43,55], aunque su sensibilidad no es muy
alta.

Por ultimo, la cromatografia liquida (LC) permite la cuantificacion de aquellos
compuestos que no son volatiles o son termolabiles, sin necesidad de derivatizacion.

Asi, la cromatografia liquida con deteccion ultravioleta (UV) se emplea
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fundamentalmente en el estudio tedrico de separacion de enantiémeros [70-72],
mientras que asociada al detector de espectrometria de masas (MS) se utiliza en el
andlisis de residuos de piretroides en muestras medioambientales y de alimentos

[73,74].

4.3. CONFIRMACION POR ESPECTROMETRIA DE MASAS

La espectrometria de masas es una herramienta excelente para confirmar
resultados obtenidos empleando detectores que, aunque proporcionen una elevada
sensibilidad (fundamental para alcanzar los LMR), no permiten una identificacion
inequivoca del compuesto. Un espectro completo de masas de un plaguicida
proporciona una informacion estructural del mismo que sélo le corresponde a él. La
mayoria de los estudios que se han realizado hasta hoy dia utilizan la técnica de
ionizacion por impacto electronico (EI) a una determinada energia (normalmente 70
eV). La espectrometria de masas acoplada a GC ha sido empleada para este propoésito
en la determinacion de residuos de plaguicidas organoclorados y piretroides

[31,34,48,50].
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Tabla 4.1. Métodos desarrollados para la determinacién de residuos de plaguicidas en los
admbitos medioambiental, agroalimentario y clinico.

. Pretratamiento de la  muestra Deteccidn

Ref Muestra Analito Lixiviacion LLE SPE Otro cromatogréafica

23 Frutasy Piretroides Acetonitrilo Florisil GC-ECD
hortalizas 0

Acetona

24 Frutasy Organoclorados Acetona Carbén GC-DEC
hortalizas activado

25  Frutas Piretroides Acetona Florisil GC-ECD

26  Hierbas Organoclorados Acetona Diclorometano GPC GC-MS

y piretroides Envirogel
27  Alimentos  Organoclorados Acetona Diclorometano GPC GC-AED
Bio Beads SX-3

28  Frutasy Piretroides Acetona Hexano Florisil GC-ECD
hortalizas

29  Tejido Organoclorados  Acetonitrilo RP-Cyg GC-ECD
animal

30 Frutasy Piretroides Acetonitrilo Hexano Florisil GC-ECD
hortalizas

31 Huevosde Piretroides Acetonitrilo Alimina GC-ECD/MS
pescado + Silica

32  Frutasy Organoclorados  Acetato etilo GC-MS
hortalizas

33  Lechuga Organoclorados  Acetato etilo GC-ECD

34 Frutade Piretroides Acetato etilo Alimina GC-ECD/MS
la pasion + Silica

35 Polvo Pir(ra]trloides . Acetato etilo Elorisil GC-ECD

no halogenados Derivatizacion

36 Frutasy Organoclorados  Isopropanol  Eter petrdleo Florisil GC-ECD
hortalizas

37 Alimentos Organoclorados  Diclorometano GPC GC-MS
grasos BioBeads SX-3

38  Frutas Piretroides Acetona + Florisil GC-ECD

hexano
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Tabla 4.1. (Continuacion).

Ref Muestra Analito Pretratamiento de la  muestra Deteccion
Lixiviacion LLE SPE Otro  cromatogréfica
39  Sedimentos  Organoclorados Acetona + Allimina GC-MS
hexano + Silica
MAE
40  Fresas Organoclorados Acetona- GC-ECD
éter petréleo
41  Pescado Organoclorados  Acetato etilo+ GPC GC-ECD
ciclohexano .
MAE Bio Beads SX-3
42 Frutasy Organoclorados  Acetonitrilo + Carbén GC-MS
hortalizas tolueno activado
43 Frutas Piretroides Heptano + Si-20H GC-FID
no halogenados dietiléter
44 Frutas Organoclorados Acetona + GC-MS
diclorometano
+ hexano
45  Aguas Organoclorados Hexano Florisil GC-ECD
46 Aguas Piretroides Hexano Florisil GC-ECD
47  Orina Metabolitos Hexano GC-MS
de piretroides
48  Aguas Organoclorados Diclorometano  Florisil GC-ECD/MS
49  Orina Metabolitos Diclorometano  Silica GC-ECD
de piretroides
50 Aceitede Organoclorados Silica GC-ECD/MS
citricos
51  Aguas Organoclorados Si-20H GC-ECD
51  Aguas Organoclorados Si-CN GC-ECD
53  Aguas Organoclorados RP-Cyg GC-ECD
54  Aguas Organoclorados RP-Cyg GC-MS
55 Orinay Piretroides RP-Cig GC-FID
sangre no halogenados
56  Aguas Organoclorados RP-Cyg GC-ECD
57  Aguas Piretroides RP-Cyg GC-DEC
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Tabla 4.1. (Continuacion).

Ref Muestra  Analito Pretratamiento de la  muestra Deteccion
Lixiviacion LLE SPE Otro cromatografica
58 Orina Metabolitos RP-Cg GC-MS
de piretroides
59  Aguas Piretroides RP-Cyg GC-ECD
60 Agua Organoclorados Amberlita GC-ECD
de luvia XAD-2

61  Aguas Organoclorados SFE GC-ECD

62  Aguas Organoclorados SFE GC-MS

63 Hortalizas Piretroides SFE GC-MS

64  Aguas Piretroides SPME  GC-ECD

65  Aguas Organoclorados SPME  GC-MS

66  Aguas Organoclorados SPME  GC-ECD

67  Aguas Organoclorados SPME  GC-ECD

68  Aguas Organoclorados SME GC-ECD
(hexano)

69  Aguas Organoclorados SME GC-ECD
(hexano)
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4.4. AUTOMATIZACION Y MINIATURIZACION

La quimica analitica actual, al igual que otros campos cientificos y
tecnoldgicos, tiende a la automatizacion, miniaturizaciéon y simplificacion de los
procesos analiticos. Sin embargo, la mayoria de los métodos desarrollados en el &mbito
del analisis de residuos de plaguicidas son métodos manuales. La transformacién de un
método manual en automatico, casi siempre implica un grado mas o menos intenso de
miniaturizacion y simplificacion. La automatizacion total o parcial de un proceso
analitico implica la eliminacién, o reduccién, de la intervencién humana. Con los
sistemas en linea, todas las etapas del proceso tienen lugar de forma continua y
automatica, haciendo uso de un médulo de tratamiento automatico (MTA) que esta
conectado directamente (a través de tubos de conexion y valvulas) al instrumento de
medida. La mayoria de los sistemas automaticos en linea desarrollados se basan en
configuraciones en flujo (FA, flow analysis) de alta o baja presion, siendo el elemento
clave la interfase. Asi, por ejemplo, el disefio mas simple de una interfase entre un
MTA y un cromatégrafo de gases, utiliza una valvula de inyeccidn, tal como se muestra

en la Figura 4.4.1.
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Figura 4.4.1. Conexion de un MTA basado en una configuracion en flujo a un
cromatografo de gases.

Sin embargo, también existe otra alternativa mixta en la que se utiliza un MTA
para desarrollar todas las operaciones previas del proceso analitico, pero sin estar
conectado directamente al instrumento, aunque esta Ultima etapa también se puede
automatizar utilizando un automuestreador. Esta es la alternativa preferida en los
laboratorios de rutina, que suelen dedicar el dia de trabajo al tratamiento de las
muestras, disponiendo de los extractos finales en los viales del automuestreador para
que el instrumento los analice durante la noche. Un ejemplo de este tipo de sistemas se

encuentra esquematizado en la figura siguiente.

86



Introduccién General Metodologias para la Determinacion de Residuos de Plaguicidas

MTA

! Columna '

i adsorbente !

! i

i Desecho
Muestra | Vi !

i :
Portador _é__ __________________ - E l

[ Bomba |

i peristaltical \ | E > GC

! i
Eluyente !

! Desecho |

! |

: 150 pL

! 1

Figura 4.4.2. Esquema de un MTA fuera de linea con el cromatografo de gases.

La aplicacion de los mddulos de tratamiento automatico en el andlisis de
residuos de plaguicidas supone una serie de ventajas, entre las que destacan la
disminucién del consumo de reactivos y disolventes, la disminucién en el volumen de
productos de desecho, asi como de la intervencién humana y del tiempo necesario para
desarrollar el analisis. Todo ello redunda en una disminucidn del coste del analisis y del
riesgo de contaminacion del operario [75].

En los dltimos afios, el analisis en flujo se ha desarrollado enormemente,
automatizando operaciones clasicas en quimica, como son la extraccion liquido-liquido,
separaciones por precipitacion, reacciones de derivatizacion, extraccion en fase sélida y
técnicas de preconcentracion, que actualmente se pueden llevar a cabo de forma
continua. En este contexto, podemos ver que del total de 10447 referencias (Fuente:

CD-ROM Analytical Abstracts, WinSPIRS Silver Platter Co. 1980-Abril 2001) sobre
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utilizacion de técnicas automaticas, 113 estan relacionadas con la determinacion de
residuos de plaguicidas. La aparicion de trabajos dedicados a la automatizacion en
relacién a plaguicidas, se ha ido incrementando, como podemos observar en la Figura

4.4.3.
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1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Figura 4.4.3. Evolucion de las publicaciones relacionadas con la automatizacion de
metodologias para la determinacién de residuos de plaguicidas. (Fuente: CD-ROM
Analytical Abstracts, WinSPIRS Silver Platter Co. 1980-Abril 2001).

Uno de los primeros trabajos que aparece en la bibliografia sobre la
determinacion de plaguicidas utilizando métodos automatizados (1990) se debe a A.
Farrén et al. [76] quienes determinaron plaguicidas organofosforados en agua utilizando

un sistema continuo de inyeccién en flujo en el cual se realizaba, de manera automatica,
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la extraccién del plaguicida con heptano y la posterior separacion de fases con un

separador de membrana, conectado de forma continua con LC-UV.

4.5. SISTEMAS DE SCREENING
Los sistemas de screening o criba estan constituidos por las herramientas y los
procesos analiticos que proporcionan con gran rapidez informacion analitica [75]. Estan
directamente relacionados con la automatizacion, miniaturizacién y simplificacion, que
son las tendencias basicas comentadas en el apartado anterior. Estos sistemas se
caracterizan por:
1. Presentar un mayor énfasis cualitativo que cuantitativo.
2. Rapidez.
3. Ofrecer una respuesta binaria SI/NO que requiere una confirmacion
mediante la aplicacion de una metodologia analitica adicional.
4. Empleo inmediato de la respuesta binaria obtenida para la toma de
decisiones.
Los sistemas desarrollados pueden dividirse en dos grandes grupos,
dependiendo de cual sea el objeto del screening.
e Sistemas de screening de muestras. Tienen como objetivo identificar y
seleccionar un grupo de muestras en un conjunto de las mismas que tengan
un analito (o grupo de los mismos) por encima de un determinado nivel de

concentracion.
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+ Sistemas de screening de analitos. Se refieren a la identificacion de un

analito o grupo de los mismos en un determinado tipo de muestra o sistema.

La presente Memoria centra uno de sus objetivos en el desarrollo de métodos
automaticos basados en el analisis en flujo para la determinacion de residuos
plaguicidas en muestras agroalimentarias. Ademas, estos métodos han de ser rapidos
(screening de muestras) y eficaces, para ser factible su implantacion en laboratorios de

rutina, y suficientemente sensibles para alcanzar los LMR establecidos en la legislacion.
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La Memoria se encuentra estructurada de forma que al inicio de cada capitulo
se muestra la combinacion de muestras, analitos, metodologias y detectores que entran

a formar parte del mismo. El esquema al que se hace referencia es el siguiente:

HORTALIZAS
LUIDOS
BIOLOGICOS

EVAPORACION ORGANOCLORADOS

PIRETROIDES

LIOFILIZACION

DERIVATIZACION

De esta forma se pretende ofrecer una informacién inicial sobre los tépicos que

se pretenden abordar en cada uno de los capitulos.
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Para el desarrollo experimental de esta Memoria se ha recurrido a diferentes
herramientas analiticas, desde reactivos, disolventes y material de vidrio, a
cromatdgrafos y espectrometros, asi como los diferentes componentes que entran a
formar parte de los moédulos automaticos de flujo continuo. En este capitulo de la

Memoria se enumeran dichas herramientas junto con sus caracteristicas mas relevantes.

I.1. ESTANDARES Y REACTIVOS
I.1.1 Estandares de plaguicidas/metabolitos
a) Estandares de plaguicidas organoclorados y piretroides. La pureza de todos
estos estandares es del 99% y pertenecen a la casa comercial Riedel-DeHaén.
La mayoria de ellos son sélidos y todos vienen presentados en frascos de color
topacio para evitar su degradacién con la luz. Ademas, para su correcta
conservacion se mantuvieron en un lugar seco y a menos de 20 °C. La relacién

de dichos estandares de plaguicidas es la siguiente.
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a.1) Estandares de plaguicidas organoclorados:

a.2) Estandares de plaguicidas piretroides:

» Butodxido de piperonilo

a,B,y,0-Hexaclorohexano

(1:1:1:1, p/p), (a,B,y,d-HCH)

Lindano, (y-HCH)

Hexaclorobenceno, (HCB)

o,B-Endosulfan (3:1, p/p)

Endosulfén sulfato
Heptacloro

Aldrin

Dieldrin

Endrin

Dicofol

Bifentrin
Fenpropatrin

A-Cihalotrin

Cipermetrin (1+1+11+1V)

Ciflutrin (I+11+111+1V)

Clordane
Clorbenside
Iprodiona
Captafol
Metoxicloro
Diclorén
Vinclozolina
Diclofluanida
Captan
Procimidona

o-Cipermetrin
B-Ciflutrin
Permetrin
Fenvalerato

Deltametrin
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Ciflutrin y cipermetrin estan formados por 4 isémeros: 1(RS)cis,a(RS) que es
el isémero I; 1(RS)trans,a(RS), isomero IlI; 1(RS)cis,a(SR), isémero II; y
1(RS)trans,a(SR), isomero 1V; a-cipermetrin es el isémero Il de cipermetrin y -

ciflutrin es la mezcla de los isémeros 11 y 1V de ciflutrin en la proporcion 1:2.

b) Estandares de metabolitos de piretroides. La pureza de todos estos estandares
es del 99.5% y pertenecen a la casa comercial Dr. Ehrenstorfer. Todos ellos
vienen preparados en disolucion de metanol, a concentraciones de 2 'y 20 ppm,
presentados en ampollas de color topacio para evitar su degradacién con la
luz. Para su correcta conservacion se mantuvieron a 4°C. La relacion de
dichos estandares de plaguicidas es la siguiente:

« Acido carboxilico cis y trans-3-(2,2-diclorovinil)-2,2-dimetil-
(1-ciclopropano), (cis y trans-DCCA)

« Acido carboxilico cis-3-(2,2-dibromovinil)-2,2-dimetil-(1-
ciclopropano), (cis-DBCA)

+ Acido 3-fenoxibenzoico, (PBA)

1.1.2. S6lidos adsorbentes
Aungue fueron varios los solidos adsorbentes que se ensayaron, Unicamente dos

de ellos son los que finalmente se utilizaron en esta Memoria. Con estos sélidos se
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rellenaron las columnas adsorbentes utilizadas en las configuraciones continuas en
flujo, para realizar el proceso automatizado de la extraccion en fase sélida.
* RP-Cy. Las caracteristicas de este adsorbente, que presenta la casa comercial
Sigma en un envase de 10 g, son las de un polvo de tamafio de particula 15-40
pm, con un didmetro de 60 A y un érea superficial de 500 m?/g.
« Silica. La casa comercial Varian presenta cartuchos Bond Elut con fase de
silica de 500 mg. Dicha cantidad ocupa un volumen de 3 cm? en el cartucho.
Sin embargo, los cartuchos no fueron utilizados como tales, sino que se

vaciaron y con su contenido se rellenaron las columnas adsorbentes utilizadas.

1.1.3. Reactivos derivatizadores
En el Cap. V de esta Memoria se aborda la determinacion de plaguicidas
organoclorados y de metabolitos de piretroides en muestras de orina. Pero debido al
hecho de que dichos metabolitos no son suficientemente volatiles ni sensibles al ECD,
para su determinacion por cromatografia de gases es necesario derivatizarlos. Los
reactivos empleados, suministrados por Aldrich, son:
e 1,1,1,3,3,3-hexafluoroisopropanol, (HFIP)
« diisopropilcarbodiimida, (DIC)
En esta derivatizacion, los metabolitos (DCCA, DBCA y PBA) son
hexafluorados, mediante un enlace éster con la molécula de HFIP. El papel de DIC es el
de catalizador de la reaccion. Ambos reactivos se afiaden al eluyente utilizado en el

proceso de extraccion en fase sélida, en una proporcion DIC:HFIP:acetato de etilo,
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5:8:85 (v/vl/v). De esta forma, la reaccion de derivatizacion se lleva a cabo

simultaneamente a la elucion.

1.1.4. Otros reactivos

« Disolventes organicos. Se han utilizado para preparar las disoluciones de
patrones, sus diluciones, como eluyentes de los sistemas de flujo y para
limpiar las columnas adsorbentes y acondicionarlas antes de hacer pasar por
ellas cada muestra. Estos disolventes, de calidad HPLC y suministrados por
Merck, son: éter de petréleo, acetona, n-hexano, acetato de etilo, etanol,
isopropanol, acetonitrilo y metanol.

+ Acidos y bases. En diferentes capitulos de esta Memoria ha sido necesario el
ajuste de pH (muestras acuosas y de orina y disolucién de Brine), para lo cual
se han empleado disoluciones de hidréxido sédico, hidréxido potésico, acido
clorhidrico y de écido nitrico de concentraciones variables. También se ha
utilizado &cido sulfarico concentrado para la hidrolisis acida de las muestras
de orina (Cap. V), y la llamada disolucion de Brine (Cap. 11.2), compuesta por
una disolucidn reguladora de fosfato potasico saturada con cloruro sédico.
Todos ellos, de grado analitico o superior, fueron suministrados por la casa
comercial Merck.

« Oftros reactivos. Bajo este epigrafe tan amplio se engloban los siguientes
reactivos: agua destilada; carbdn activo para decolorar (Norit SA3, Aldrich),

sin propiedades adsorbentes para los plaguicidas, utilizado para decolorar el
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extracto organico procedente de la extraccion de frutas frescas (Cap. 11.2)
antes de ser introducido en el sistema de flujo; sulfato sddico anhidro (Merck),
para secar las fases organicas antes de ser inyectadas en los sistemas
cromatograficos; tiosulfato sodico (Merck), empleado como agente declorante
en muestras acuosas (Cap. IV). En el mddulo automatico de
evaporacion/redisolucidn, utilizado para el cambio de disolvente en el Cap. II,
asi como en la evaporacion del disolvente organico necesaria en el Cap. 1V.2,
se empled gas nitrogeno de calidad 1, suministrado por Air Liquide.

» Material de vidrio comln en laboratorio, clase A. Todo el material de vidrio
se lavé antes de ser utilizado, manteniéndolo sumergido en una disolucién
jabonosa durante 12 horas, y posteriormente de forma secuencial con agua

destilada, acetona y el disolvente con el que se fuera a utilizar.

1.2. COMPONENTES DE LOS SISTEMAS DE FLUJO CONTINUO
Los sistemas de flujo empleados en esta Memoria han estado enfocados a la
automatizacion de las técnicas de extraccion, de cambio de disolvente y de extraccion
en fase solida, evitando tediosos procedimientos manuales que conllevan mayor gasto
de disolventes y tiempo, asi como una mayor intervencion por parte del operario. En
estos sistemas de flujo se han empleado los siguientes componentes:
» Bombas peristalticas (Gilson Minipuls 2), para la aspiracion de las muestras y

reactivos a través de los tubos de bomba.
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e Tubos de bomba, de cloruro de polivinilo para muestras acuosas y Solvaflex
para disolventes organicos, de diferentes diametros.

* Tubos de conduccién de PTFE, de 0.5 mm de didmetro interno, para fabricar
reactores, bucles y serpentines.

e Conectores de PTFE (Omnifit), para unir los tubos de conduccién con los
diferentes componentes del sistema de flujo.

e Vaélvulas de inyeccion, Rheodyne, de 6 vias, donde se insertan las
minicolumnas adsorbentes o los bucles que determinan el volumen de
disolvente eluyente necesario en cada metodologia desarrollada.

* Minicolumnas adsorbentes. La mayor parte de ellas son de propia fabricacién
en el laboratorio, a partir de tubos de vidrio de 4 mm de diametro interno,
donde se empaqueta el sdlido adsorbente (RP-Cyg 0 silica) y se sellan con
pequefias porciones de algodén o lana de vidrio para evitar pérdidas del
material adsorbente. Sin embargo, en otras ocasiones (Cap. I11.1, IV.1y V.1)
se ha empleado una columna de vidrio comercial (Omnifit) de 2 cm de

longitud y 2.5 mm de didmetro interno.
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Unidad de evaporacion/redisolucion. En el Cap. Il los plaguicidas
organoclorados se extraen de las muestras hortofruticolas con disolventes
orgéanicos, los cuales no permiten una retencion cuantitativa de los plaguicidas
en las columnas adsorbentes disefiadas para la extraccion en fase solida. Por
ello es necesaria una etapa de cambio de disolvente, desde el disolvente
organico a agua destilada. Para automatizar esta etapa se desarroll6 la unidad
de evaporacién/redisolucion que se muestra en la Figura I.1. En esta unidad, la
fase organica cae, gota a gota, en un tubo de vidrio, provisto de un tapén con
tres orificios, que contiene 5 mL de agua destilada y, simultdneamente, es
evaporada mediante una corriente de N, que borbotea, ayudando a la

homogeneizacion de la disolucion.

Sistema de flujo
para SPE

Figura I.1. Unidad de evaporacion/redisolucion disefiada para
cambio de disolvente.
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Unidades de filtracion. Al igual que en el caso de las minicolumnas
adsorbentes, se han empleado unidades de filtracién de fabricacion propia,
elaboradas con tubos de vidrio de distintas longitudes y de 4 mm de didmetro
interno y rellenas de algodén (Cap. Iy V.1), o un filtro comercial (Omnifit
3303, con disco de papel Whatman n° 1) (Cap. 11.1). En cualquier caso, las
unidades de filtracion se situaron a la entrada del canal de la muestra para
evitar la aspiracion de pequefias particulas sélidas en suspension (que
ocasionalmente pudiesen aparecer en los extractos), que pudieran obstruir el
sistema de flujo.

Unidad de decoloracion. Esta unidad utilizada para decolorar el extracto
organico procedente de la extraccion de frutas frescas (Cap. 11.2), también es
de fabricacion en el laboratorio. Para ello se utilizé un tubo de vidrio de 5 cm
de longitud y 4 mm de didmetro interno que se rellenéd con el material
decolorante. Ademas, esta unidad también hizo las veces de filtro, por lo que

no fue necesario incluir una unidad de filtracién adicional.

1.3. INSTRUMENTOS

Para el desarrollo de esta Memoria se utilizaron dos cromatdgrafos de gases,

con diferentes detectores, y un espectrémetro de infrarrojo.

Cromatdgrafo de gases Hewlett-Packard modelo 5890 A, equipado con un
detector de captura de electrones (ECD) de ®*Ni y otro de ionizacion de llama

(FID). Cuenta con dos portales de inyecci6n, uno para columnas
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empaquetadas y otro para columnas capilares y semicapilares. Sin embargo,
Unicamente se ha utilizado el ECD vy el portal para columnas capilares (Cap.
I, 11l y 1V.1). El volumen de inyeccién de muestra fue de 1 pL (medido con
una jeringa de precision Hamilton de 5 pL), empleandose el modo de division
de flujo (1:25) y nitrégeno de calidad 2 (Air Liquide) como gas portador a un
caudal de 1 mL/min. La temperatura del portal de inyeccion se fijé en 225°C.
La separacion de los plaguicidas se realizé en una columna capilar HP-5
de 30 m x 0.25 mm, de fase estacionaria 5% fenilmetilpolisiloxano, con un
espesor de pelicula de 0.25 um. El detector se mantuvo a 325°C, empledndose
como gas auxiliar N, a un caudal de 60 mL/min. Las sefiales procedentes del
detector fueron recogidas y transducidas por un integrador Hewlett-Packard
modelo 3392.

» Cromatografo de gases Thermo Instruments modelo GC8060 series, acoplado
a un espectrometro de masas Thermo Instruments modelo MD800. La
interfase consiste en una linea de transferencia que introduce el capilar de la
columna cromatografica en la cdmara de ionizacion del analizador
cuadrupolar, la cual se mantuvo a 200°C para evitar la condensacién de los
analitos. Se inyect6 1 uL del extracto organico, empleando una jeringa de
precision Hamilton de 5 puL y manteniendo una division flujo 1:25. El gas
portador fue Helio ultrapuro (Air Liquide) a un caudal de 1 mL/min. La

columna cromatogréafica fue similar a la anterior, pero de bajo sangrado (HP-
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5MS) para una mejor compatibilidad con el detector. El instrumento esta
controlado por el software MASSLAB, de Thermo Instruments, instalado en un
ordenador personal donde también se encuentran instaladas las bibliotecas de
espectros Pesticide y Nist. Este cromatografo ha sido utilizado como técnica
de confirmacion de los resultados positivos de plaguicidas en productos
hortofruticolas y muestras acuosas (Cap. Il, Ill, 1V.1), y también para la
determinacion y cuantificacion de los mismos en fluidos hiol6gicos (Cap. V).

e Espectrometro de infrarrojo con Transformada de Fourier (FTIR) Bruker,
modelo IFS 66, equipado con una celda horizontal de reflectancia total
atenuada (ATR) de SenslR Technologies, modelo Dura SamplIR, y un
detector de sulfato de triglicina (DTGS). El espectrometro se controlo
mediante el software OPUS 0S/2 3.0/IR (Bruker). Los espectros se
recogieron en el rango de 4000 a 500 cm™ (infrarrojo medio), y cada espectro
requirié 128 scans a una resolucion espectral de 4 cm™. Este espectrometro
fue utilizado en la determinacion de plaguicidas en muestras acuosas en el
Cap. IV.2.

+ Oftros instrumentos:

0 Balanza analitica de precision (Ohaus, modelo Explorer).

0 pH-metro (Crison, modelo micropH 2000).
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1.4. APARATOS
Los aparatos empleados en esta Memoria se enumeran a continuacion:

« Liofilizador Hetosicc, modelo CD 53-1, equipado con una camara de
liofilizacidn que cuenta con 3 bandejas de distribucidn. Este aparato se utiliz6
en la liofilizacion de muestras hortofruticolas requerida en el Cap. II.

« Bafo de aceite termostatado (Selecta), utilizado para la hidrolisis acida de
muestras de orina en el Cap. V.

« Agitador magnético (Selecta, modelo SBS), utilizado en la automatizacion de

la etapa de extraccion de muestras hortofruticolas (Cap. 11.2, 111).
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Los métodos analiticos para la determinacién de plaguicidas [1] se pueden
englobar en dos grandes grupos:

1. Métodos multiresiduos (MRMs), capaces de determinar simultdneamente
mas de un residuo en un solo analisis [2,3]. Tienen un amplio espectro de
aplicabilidad por lo que son eficaces en el analisis de muestras de las que se
desconoce qué tratamiento con plaguicidas se ha aplicado.

2. Métodos disefiados para la determinacién de un s6lo plaguicida [4,5],
utilizados cuando se sabe qué residuo se pretende determinar y/o cuando el
residuo de interés no puede ser determinado por un MRM. A veces también
se aplican a la determinacion de varios compuestos analogos, como es el
caso de la determinacion de plaguicidas ditiocarbamatos (ej. zirdm, tirdm,
metirdm) [6,7].

La metodologia de los MRMs requiere, por definiciéon, determinadas etapas que
permitan la separacion de los analitos entre si para que cada uno pueda ser identificado
y cuantificado individualmente. Tanto la cromatografia de gases (GC) como la liquida

(LC) poseen dicha capacidad, aunque GC es mucho més utilizada. La aplicacién de GC
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esta restringida a analitos que puedan evaporarse sin sufrir degradacién térmica,
mientras que LC ofrece una alternativa para los compuestos termolabiles [8]. Sin
embargo, debido a la relativa simplicidad y robustez de GC, es ésta la técnica de
eleccion para la separacién de los analitos en la determinacién de residuos de
plaguicidas, siempre que sea aplicable.
A su vez, los MRMs se pueden subdividir en:
* MRM selectivos, cuando el MRM esta disefiado para determinar residuos
de plaguicidas de una sola familia [9-12].
« MRM multiclase, cuando estd disefiado para determinar residuos de

plaguicidas de varias familias [2,3,13].

En este capitulo de la Memoria se aborda el desarrollo de MRM selectivos, para
la determinacidn de plaguicidas organoclorados en muestras frescas de hortalizas (Cap.
I1.L1) y frutas (Cap. 11.2). En estas metodologias se han introducido mdédulos de
tratamiento automatico de las muestras, basados en sistemas de flujo continuo. Se ha
empleado cromatografia de gases para la separacion de los analitos, puesto que estos
presentan las caracteristicas adecuadas para ello; y gracias a la presencia de atomos
halogenados en la molécula de estos plaguicidas, se selecciond el detector de captura de
electrones, empleandose la espectrometria de masas como herramienta para la
confirmacion de los resultados positivos en relacién con la presencia de residuos de

plaguicidas en las muestras hortofruticolas analizadas.
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Abstract

Arapid, simple, efficient device for the extraction-preconcentration of 23 organochlorine
pesticides currently applied to vegetables is proposed. Pesticide residues are extracted from chopped
samples by using a mixture of distilled water and light petroleum (1:1, v/v). After phase separation,
an aliquot of the organic layer is continuously evaporated to dryness under a N, stream as it is
dropped into a glass tube containing distilled water. The aqueous phase, containing the analytes, is
then passed through a miniaturized RP-C,g column for preconcentration, clean-up and subsequent
elution with 150 pL of ethyl acetate. A volume of 1 pL of the extract containing pesticides is
injected into the gas chromatograph, fitted with an electron capture detector, for their selective
determination. Limits of detection vary between 0.04 and 10 ng/mL, with linear ranges from 0.2 to
500 ng/mL; the average relative standard deviation at the low nanogram-per-millilitre level is 5.3 %.
The potential of the proposed method was realized by applying it to the screening/determination of

organochlorine pesticides in horticultural commodities.
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1. INTRODUCTION

Public concern over pesticide residues has risen over the past decade to the point
where it has become a significant food safety issue. This concern has materialized in the
joint issuance by the European Union and the governments of its member countries of
maximum residue limits (MRLs) for pesticide residues in a variety of agricultural foods [1].
Analytical methods for pesticide residues are mainly used to control foods for human
consumption (particularly fruits and vegetables, which usually receive direct applications of
pesticides) [2]. Organochlorine pesticides (OCPs) are of special interest in this context as
their high chemical stability results in their persistence and bioaccumulation in the
environment and animal tissues [3]. Sensitive, rapid, reliable methods for the routine
determination of OCP residues in fruit and vegetables are thus much needed. The high
sensitivity required arises from the need to meet established MRLs which can be as low as
10 ng/Kg depending on the particular pesticide and sample type [1].

The more frequently used methods for analysing OCP residues involve gas
chromatographic separation and selective detection by electron capture [4-9], electrolytic
conductivity [9-11], atomic emission [9,12] detectors or mass spectrometry for confirmation
of positives [4,13,14]. However, these detectors are inadequately selective in many cases
and several extraction and clean-up steps are required to avoid deterioration of the
chromatographic column. Methods involving sample preparation for OCP determination
have been developed for different types of matrices. In most cases, the analytes are extracted

by using large volumes of organic solvents such as ethyl acetate [4,7,8], acetone [5,10], 2-
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propanol/light petroleum [6] or acetonitrile [9,11-14]. At present, multiresidue solvent
extraction with ethyl acetate is superseding earlier extraction methods by virtue of its
simplicity and expeditiousness, which result in decreased costs. However, this solvent also
extracts a number of indigenous compounds present in most agricultural commodities [4]; in
this regard, the use of solid-phase clean-up in combination with selective liquid-liquid back-
extractions is recommended to diminish the presence of potential interferents in the final
extract [4,6,9]. In any case, evaporation to dryness is needed to preconcentrate the analytes
and make them compatible with the chromatographic system, taking into account that no
losses are observed for these compounds.

The purpose of this work was to develop a simple, efficient one-step extraction
method for the screening and determination of organochlorine pesticides in vegetables.
After manual extraction of the chopped sample, the extract is cleaned-up, preconcentrated
and eluted on a short RP-Cygcolumn, all on-line; in this way, up to 23 OCP residues can be
identified and determined. The high preconcentration factor achieved enables the

determination of pesticide residues at their MRLs.

2. EXPERIMENTAL
2.1. Chemicals, standards and samples

All chemicals and sorbents were of analytical grade or better. The following
organochlorine pesticides, Pestanal quality, were studied: aldrin, captan, captafol,

chlorbensid, chlordane, dichlofuanid, dicloran, dicofol, dieldrin, a- and B-endosulfan (3:1),
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endosulfan sulphate, endrin, hexachlorobenzene (HCB), heptachlor, iprodione, a-, B-, o
and y-hexachlorohexane (a-, B-, & and y-HCH 1:1:1:1), lindane (y-HCH), methoxychlor,
procymidone, and vinclozolin, all of which were obtained from Riedel-de-Haén (Seelze,
Germany). 2,4-Dichlorophenol (internal standard), and RP-Cys HPLC sorbent were supplied
by Sigma (Madrid, Spain). All other reagents and solvents [ethyl acetate, acetone,
dichloromethane, light petroleum (b.p. 50-70°C), ethanol and sodium sulphate] were
purchased from Merck (Darmstadt, Germany).

Stock standard solutions of the OCPs were prepared in acetone (except HCB, which
was dissolved in dichloromethane), at concentrations of 5 mg/mL, and stored in glass
stoppered bottles in the dark at 4°C.

Vegetables were purchased at a local market in Cérdoba, Spain. Because legally
tolerated limits of pesticide residues have been set for raw materials, samples were analysed
unwashed and in the raw state [15]. Sampling was done according to the protocol
established by legislation [16]. Thus, a raw sample consisting of 10-20 units (CIL Kg) was
initially selected and subsequently reduced to 3-5 units following the most appropriate
procedure (mainly quartering). These units are then cut into slices about 1 cm thick and then

chopped into smaller pieces to obtain the 5g fractions required by the proposed method.

2.2. Apparatus
Experiments were carried out by using a Hewlett-Packard 5890A gas

chromatograph equipped with a °®Ni electron-capture detection (ECD) system.
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Chromatographic separation was achieved by using a fused silica capillary column (30 m x
0.25 mm i.d.) coated with 5% phenyl-methylpolysiloxane (film thickness 0.25 pm)
(Supelco, Madrid, Spain). Peak areas were measured with a Hewlett-Packard 3392 A
integrator. The injector and detector temperatures were kept at 225°C and 325°C
throughout. The column temperature was raised from 120°C (hold 2 min) to 180°C (hold 4
min) at 8°C/min, then to 255°C (hold 10 min) at 8 °C/min and finally to 270°C (hold 2 min)
at 10°C/min.

Two Gilson Minipuls-2 peristaltic pumps fitted with poly(vinyl chloride) and
Solvaflex pumping tubes for aqueous solutions and ethanol, respectively, were employed.
Two Rheodyne 5041 injection valves, PTFE tubing and commercially available connectors
were also used. The sorbent column was prepared by packing a commercial Omnifit glass
column (2 cm x 2.5 mm i.d.) with 40 mg of RP-C,5 sorbent material; small cotton beads
were used on the ends to prevent material losses. The sorbent column was conditioned with
distilled water for 3 min prior retention. An Omnifit 3303 PTFE filter furnished with a
paper disk (Whatman No. 1) was used to filtrate the organic phase; the filter was modified
by using circular channels in both ends to increase the chamber inner volume to 100 pL and

the filtration area to (B cm®. It was washed upstream with water after [5 analyses.

2.3. Procedure
The flow system designed for the determination of OCPs is depicted in Figure 1.

Anamount of 5.0 g of chopped sample was placed in an extraction funnel and 50 mL of the
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extractant (distilled water-light petroleum,1:1, v/v) were added. The mixture was
mechanically shaken for (1LO min and allowed to settle for 2-3 min. Then, the organic phase,
containing the analytes, was continuously aspirated for 5 min (5 mL) and filtered,; the filtrate
was collected in a 10 mL graduated glass tube containing 5 mL of distilled water and
evaporated to dryness under a N, stream as it dropped into the tube; also, bubbling N, in the
tube favoured homogenization of the solution. As P; was stopped and P, started, the
aqueous solution was aspirated at a flow-rate of 0.5 mL/min and passed through the RP-Cyg
sorbent column, located in the loop of an injection valve (1V1). Simultaneously, the loop of
the second injection valve (1V;) was filled with eluent (ethyl acetate) containing the internal
standard (1 pg/mL 2,4-dichlorophenol) by means of a syringe. On switching both injection
valves, the loop contents were carried by an air stream at a flow-rate of 0.2 mL/min. The
eluent was passed through the column and eluted analytes collected in a glass vial
containing anhydrous sodium sulphate. A 1 L aliquot of the dried solution was injected
into the GC-ECD system for analysis. The organic phase remaining in the funnel can be
sequentially aspirated into the flow system in order to perform replicate analyses per sample.
After each sample, the sorbent column was washed with 3 mL of ethanol to remove
potentially adsorbed interferents and then conditioned with 3 mL of water. To simplify tube
changeover during the evaporation step (see Figure 1), a cylindrical piece of PTFE tubing
with three small holes for insertion of the three channels and a larger one to allow solvent
evaporation was used. The tubes were washed with water between samples to avoid

contamination.
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Figure 1. Experimental set-up used for the screening and determination of OCPs in horticultural
samples. P=peristaltic pump; IV=injection valve; W=waste; GC-ECD=gas chromatography-
electron-capture detector.

3. RESULTS AND DISCUSSION
3.1. Clean-up and preconcentration device

Preliminary experiments were carried out in order to find the best sorbent and
eluent for the solid-phase extraction (SPE) system. For this purpose, RP-Cig, Amberlite
XAD-2, Florisil, silica gel, alumina, LiChrolut-EN and activated carbon were tested. First,
the adsorption efficiency was examined by using columns packed with 70 mg of each

sorbent material. The aqueous solution, containing (0.3 pg/mL of OCPs, was aspirated at
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0.5 mL/min through each column. Fractions of 1 mL sample were collected in glass vials
before and after the sorbent column and extracted with 1 mL of ethyl acetate; after
evaporation to dryness under N, the residue was redissolved in 200 uL of ethyl acetate, a1
pL aliquot of the extract being analysed by GC. After each sample was processed, the
column was rinsed with ethyl acetate and water for 1 min to remove potentially adsorbed
analytes. High retention (> 80%) was obtained in all instances; however, activated carbon,
silica gel and RP-C;g exhibited the best sorption properties. Different eluents (ethyl acetate,
n-hexane and light petroleum) were evaluated with the three sorbents. Incomplete elution
was obtained with activated carbon (<10%) and silica gel (< 50%) whichever the solvent.
RP-Cg was thus selected as it exhibited optimal sorption and desorption properties. Ethyl
acetate was the best eluent ((0LO0% elution), if even surpassed n-hexane and light petroleum
supplied with 2-propanol in order to increase their polarity. The amount of sorbent material
was optimized by varying the length of the column (packed with 20-80 mg of RP-Cyg).
Chromatographic signals increased with increasing amount of sorbent up to 30 mg, beyond
which they remained virtually constant. A working column packed with 40 mg RP-Css, and
ethyl acetate as eluent, were adopted for further experiments.

Optimization experiments were carried out by aspirating 5 mL of a standard
solution containing 20-60 ng/mL of each OCP in distilled water, into the SPE system. The
eluate from the sorbent column (200 pL) was collected in 5 mL glass vials containing
anhydrous sodium sulphate and 1 pL fractions were injected into the chromatograph.

The influence of the sample pH was studied over the range 1-11, using aqueous
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standards adjusted with HNO; or NaOH solutions. Pesticides exhibited three distinct types
of variation in this respect. Thus, lindane, a-, B- and 8-HCH, captafol, chlordane,
dichlofuanid, dicloran, dicofol, endosulfan sulphate and methoxychlor were not affected by
pH over the range studied. On the other hand, aldrin, chlorbensid, dieldrin, endrin, HCB
and heptachlor were optimally retained under weakly alkaline conditions, whereas captan,
a- and B-endosulfan, iprodione, procymidone and vinclozolin were best extracted in a
weakly acidic medium. Some of these compounds, however, decompose in the alkaline
medium [17] and give spurious results. For this reason, and taking into account the poor
retention of some under acid conditions, the pesticides were prepared in distilled water prior
to continuous SPE as a compromise.

The effect of the sample flow-rate through the column during the preconcentration
step was studied between 0.3 and 0.9 mL/min. Signals remained almost constant throughout
this range; exceptionally, the signals for chlorbensid and a- and (3- endosulfan decreased
above 0.6 mL/min. A flow-rate of 0.5 mL/min was selected for all OCPs. The effect of the
eluent (ethyl acetate) flow-rate was studied over the range 0.1-0.5 mL/min, using an air
stream as carrier. Chlorbensid and dicloran elution was markedly affected by the eluent
flow-rate; in fact, a very low flow-rate was required to ensure efficient elution, so 0.2
mL/min was chosen. The influence of the eluent volume was studied by changing the loop
of IV,. Obviously, as the eluent volume was increased, desorption was more efficient but
also the analytes were more dilute. Because of these two opposing effects, the only way to

correctly determine the most appropriate eluent volume was to dilute the extracts to a
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constant volume using the same solvent. Thus, the column effluent (between 50 and 500 pL
of ethyl acetate) was always diluted to 500 uL with ethyl acetate. The desorption efficiency
increased with increasing injected volume up to 150 L and remained constant above this
value. An ethyl acetate injected volume of 150 uL was selected as optimal. A second
injection with the same eluent volume revealed the absence of carry-over; complete elution

of analytes was thus obtained with a single injection of 150 pL of ethyl acetate.

3.2. Analytical figures of merit

All the pesticides studied exhibited good gas chromatographic properties and could
be identified in a direct manner as they were well resolved under these chromatographic
conditions. Analytical curves for standards of organochlorine pesticides were obtained by
using the SPE system depicted in Figure 1 and passing 5 mL of aqueous standards
containing variable concentrations (0.1-500 ng/mL) of the pesticides through the sorbent
column. The curves were constructed by plotting the analyte-to-1.S. peak area ratio against
the analyte concentration. 2,4-Dichlorophenol was used as I.S. in preference to others
because it was found to be compatible with the chromatographic behaviour of the analytes
as well as with ECD; it was added to the eluent at a concentration of 1 pg/mL. The results
obtained are listed in Table 1. All the OCPs tested fitted a straight line with a correlation
coefficient of 0.990-0.999. Limits of detection, calculated on the basis of a signal/noise ratio
of 3/1 are also given in Table 1. The lowest was that of dicloran (the most sensitive). For the

other pesticides, they ranged from 0.2 to 0.5 ng/mL. The slightly broadened peak for
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iprodione resulted in the highest detection limit (10 ng/mL); in any case, its MRL in
agricultural commodities ranges from 20 ng/mL to 10 pg/mL, so there should be no
problem to detect it.

The within-day precision (repeatability), expressed as relative standard deviation,
was calculated for 11 standards containing 20-60 ng/mL of each OCP in water. The
precision obtained was acceptable for all the compounds, the average being 5.3%.

Table 1. Figures of merit for the determination of 23 organochlorine pesticides using an SPE system.

Compound LOD (ng/mL) Regression equation® Linear range (ng/mL) RSD (%)
a-HCH 0.3 Y =58x10%X +6x10° 1-200 5.2
HCB 0.4 Y =38x10%X +7x10° 2-200 47
Dicloran 0.04 Y =23x 101X +2x107 0.2-100 4.7
B-HCH 0.4 Y = 6.7 x 10% X+ 2x10°® 2-200 43
Lindane 0.2 Y =9.4 x 102X + 7x10° 1-200 5.2
3-HCH 0.2 Y =12x10"X +3x10° 1-200 4.0
Vinclozolin 0.2 Y =1.2x10"X +2x10° 1-200 5.8
Heptachlor 0.4 Y =33x10%X +7x10° 2-200 5.4
Dichlofuanid 0.5 Y =6.1x10%X +7x10° 2-200 5.9
Aldrin 0.2 Y =6.0x10%X - 2x10° 1-200 5.6
Dicofol 1.0 Y =1.1x10%X +2x10° 5-400 43
Captan 0.3 Y =14x101X-4x10° 1-200 5.5
Procymidone 0.4 Y =6.2x10%X +2x10° 2-200 6.0
Chlorbensid 1.0 Y =1.7x10%X +2x10° 5-400 5.1
Chlordane 2.0 Y =5.0x10°%X +1x10* 10-500 5.2
a-Endosulfan 0.4 Y =34x10%X +6x10° 2-200 5.4
Dieldrin 0.5 Y =23x10%X - 3x10° 2-200 5.7
Endrin 0.4 Y =25x%x10%X - 3x10° 2-200 5.9
B-Endosulfan 0.4 Y =2.6x10%X +2x107 2-200 6.0
Endosulfan sulphate 0.4 Y =6.8x10%X-3x10° 2-200 5.6
Iprodione 10.0 Y =5.3x10%X +2x10° 25-500 5.7
Captafol 05 Y =89x10%X - 4x10° 2-200 5.3
Methoxychlor 1.0 Y =1.0x10%X +2x10° 5-400 5.1

Y, analyte-to-internal standard area ratio; X, concentration (ng/mL).
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3.3. Screening and determination of OCPs in horticultural samples

The main purpose of this work was to develop an extraction procedure, as simple as
possible, that would allow both quantitative extraction and preconcentration of OCPs from
samples and clean extracts from a variety of horticultural commodities. In order to select the
best possible extractant, different samples of 5.0 g of chopped lettuce (test sample) were
spiked with 500 ng of the pesticides and allowed to stand overnight to simulate the
weathering process. Then, 25 mL of extractant were added to each test sample and the
mixture was mechanically shaken for 10 min. An aqueous medium of variable pH was
initially tested for extraction prior to direct insertion into the manifold; the recoveries thus
obtained were all below 40% (due to their poor solubilities in water). Therefore, acetone,
acetonitrile, ethyl acetate and light petroleum were assayed as extractants because they are
common organic solvents for these samples [4-14]. As the extract also contained other
compounds present in the sample and the sorption of OCPs on the column was only
achieved in aqueous media, several additional steps were required prior SPE
preconcentration. Four 5 mL aliquots of the organic phases were evaporated to dryness
under N, and the residue was redissolved in 5 mL of distilled water for continuous
introduction into the SPE system. Although high recoveries were obtained in all cases, light
petroleum diminished the presence of peaks due to the matrix; also, the time required for
evaporation of the acetone or acetonitrile phases was too long, probably due to the presence
of a large amount of co-extractives (mainly natural pigments), which resulted in dirtier

chromatograms. Light petroleum as extractant is also advantageous because it is compatible
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with the pumping tubes, so it allows the on-line aspiration and simultaneous filtration of the
extract in order to prevent solid particles from entering the flow system and clogging the
sorbent column. Careful examination of the results, in terms of relative standard deviation of
the peak area for each pesticide, revealed that it was much higher than that for the standards.
This can be ascribed to the presence of coextractives hindering the redissolution step.
From the previous method, two modifications were introduced in the extraction
procedure. One was the use of a mixture of water and light petroleum as extractant in order
to remove potentially interfering water-soluble compounds; the other, avoiding redissolution
of the dry residue. The finally adopted extractant was water-light petroleum (1:1, v/v) and
the filtered organic phase was evaporated under a nitrogen stream as it dropped into a glass
tube containing 5 mL of distilled water. Good precision was obtained by operating in this
way so fortified samples were extracted and evaporated as described above. Finally, the
effect of the ratio of amount of sample to extractant volume (w/v) was optimized. For this
purpose, different samples of 5.0 g of chopped lettuce were fortified with variable amounts
of pesticides depending on the extractant volume, and allowed to stand overnight. Then the
samples were extracted with 10, 20, 50 and 100 mL of water/light petroleum (1:1, v/v),
respectively. A portion of 5 mL of the organic phase (always containing 500 ng of each
OCP) was treated following the procedure above-described. Satisfactory results were
obtained in all cases, so the sample/extractant ratio can be varied between 2 and 20 mL of
extractant per gram of sample with little difference. In order to obtain replicate results, a

volume of 50 mL of extractant (L5 mL of extract) was selected. In this way, amounts of
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2.5 10 25 g of sample can be extracted with 50 mL of extractant. This operational sequence
was the most efficient procedure, and was applied to the determination of OCPs in nine
different horticultural commaodities.

No samples containing pesticide residues at detectable concentrations could be
found, so a recovery test was carried out. For this purpose, the analytes were added to each
uncontaminated vegetable according to use and occurrence/appearance [15,18]. Since all the
pesticides studied are administered by foliar application [18], most of their residues remain
on plant surfaces. Therefore, in order to ensure acceptable simulation of the real situation,
the fortification process was carried out as follows: 1 mL of acetone containing variable
amounts of OCPs between 75 and 1000 ng was added to 5.0 g of chopped sample and
allowed stand overnight at room temperature in a closed fume hood to avoid contamination.
Each sample was spiked three times and then analysed in triplicate (n=9), using the
proposed method. The recoveries obtained (Table 2) ranged from 64 to 112% and are
comparable to or better than those provided by existing methods for the determination of
these compounds in horticultural samples. No interference from the matrices studied was
observed, which testifies to the high selectivity of the proposed method. By way of example,
Figure 2 shows the gas chromatograms for a spinach sample unfortified and fortified with

the OCPs listed in Table 2.
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Table 2. Percent recovery (+ SD) of organochlorine pesticides added to

horticultural samples*.

Commodity Compound Recovery
Onion Dichlofuanid ° 95+6
Dichloran 87+5
Heptachlor 102 £ 6
Procymidone * 83+5
Vinclozolin 93+6
Lettuce Captan 75+4
Chlordane 92+5
Dichloran 96 +5
o - HCH 94+6
B -HCH 93+4
d-HCH 93+5
Heptachlor 94+5
Lindane 97+6
Procymidone * 86+6
Carrot Aldrin 104 +6
Captan 70+4
Chlorbensid 96 +5
Dicofol ° 84+4
Dieldrin 88+6
HCB 102 +5
Heptachlor 105+ 7
Methoxychlor ° 96+6
Green pepper Aldrin 97 +6
Chlorbensid 79+4
Dichloran 98+ 5
Dicofol ° 905
Dieldrin 97+ 6
Endrin 91+6
o - Endosulfan ® 93+6
B - Endosulfan 104 +7
Endosulfan Sulphate 96 + 6
Lindane 100 £ 6
Procymidone * 99+6
Vinclozolin 93+7
Aubergine Captafol 81+6
Captan 66 £ 4
Chlorbensid 91+5
Dicofol © 93+5
HCB 103+ 6
Iprodione ¢ 94 +6
Methoxychlor © 89+5
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Table 2 (continue).

Commodity Compound Recovery
Tomato Captan 64+3
Chlordane 915
HCB 100 £5
o -HCH 96 +5
B - HCH 85+ 4
- HCH 103 +5
Lindane 101+6
Vinclozolin 93+6
Spinach Endrin 93+6
a - Endosulfan ® 88+ 6
{3 - Endosulfan 92+ 6
Endosulfan Sulphate 977
o -HCH 95 +5
B-HCH 94 +4
d-HCH 93+4
Heptachlor 96 + 6
Lindane 99+5
Methoxychlor 99+6
Vinclozolin 102+ 6
Potato Aldrin 97+6
Chlorbensid 895
Chlordane 86+4
Dicofol 99+5
Dieldrin 95+6
Endrin 1006
a - Endosulfan ® 96+ 6
(3 - Endosulfan 1026
Endosulfan Sulphate 1037
HCB 99+5
a-HCH 103+5
B-HCH 102+ 4
d-HCH 102 +4
Lindane 103+5
Methoxychlor ° 106 + 6
Cucumber Aldrin 112 +£7
Chlordane 109+ 6
Dichloran 985
Dieldrin 92+6
Endrin 103+6
Lindane 976
Procymidone ? 96 +6
Vinclozolin 98+6

*Spiked level was 15 ng/g for all OCPs, except those with superscripts ® (25 ng/g), ® (45

ng/g), ¢ (50 ng/g) and ¢ (200 ng/g).
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Figure 2. Gas chromatograms for a 5.0 g sample of spinach unfortified and fortified with 11 OCPs at
the concentrations listed in Table 2. 1=internal standard; 2=a-HCH; 3=3-HCH; 4=lindane; 5=&-
HCH; 6=vinclozolin; 7=heptachlor; 8=a-endosulfan; 9=endrin; 10=p-endosulfan; 11=endosulfan
sulphate and 12=methoxychlor.

4. CONCLUSIONS

A rapid, sensitive method involving semiautomatic sample treatment and low
solvent consumption was developed and proved effective for the screening of the more
commonly used OCPs in the matrices studied. An evaporation step is used to facilitate

solvent changeover in order to make the analytes compatible with the SPE system. Liquid-
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liquid extraction, the most common choice in this context, cannot be used here because
back-extraction of the pesticides from light petroleum to aqueous phase is unfeasible at any
pH. The proposed method is an effective alternative to more costly and time-consuming

conventional methods, as well as to highly sophisticated clean-up procedures.
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Abstract

A fast, reliable method for the determination of more than twenty chlorinated
fungicides and insecticides in a variety of fruit samples is presented. The pesticides are extracted
from chopped samples with magnetic stirring, after adding 13 mL of acetone:phosphate
buffer/Brine solution (12:1, v/v), with 5 mL of n-hexane. The continuous module employed
allows, sequential decolourization of the organic phase, solvent changeover and solid-phase
extraction for clean-up and preconcentration purposes. A 1 L aliquot of the pesticides in ethyl
acetate (eluent) is finally injected into the gas chromatograph for their separation and
identification. The method provides excellent clean-up despite the complexity of the matrices
involved. Fruit samples (5-20 g) containing 0.1-1250 ng/g pesticides were analysed with a high
precision (4-6%). After contamination of the fruit samples for 12 h, average recoveries > 90 % at
fortification levels of 5-25 ng/g were obtained for most of the pesticides. Positive findings of
these pesticides in fruits purchased at local markets were confirmed by GC-MS.
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1. INTRODUCTION

The number of pesticides that are routinely applied to agricultural commodities
to both lessen the detrimental effect of weeds, insects or diseases, and boost crop
production, has dramatically increased in recent years. As a consequence, the
determination of pesticide residues in crops has been strictly regulated by governments
in all countries, with two basic aims, namely to detect the presence of forbidden
pesticides on a particular commodity and to determine whether the concentrations of
the pesticides used exceed their maximum residue limit (MRLs) [1,2]. The
determination of pesticide residues in fresh fruits requires rapid, robust, efficient
methods because of the short time between harvest and sale in markets. Undoubtedly,
chlorinated fungicides and insecticides constitute one of the most important groups of
hazardous organic contaminants owing to their high persistence and impact on human
health [3].

A literature survey of available methods for the determination of chlorinated
residues in fruits leads to the conclusion that these matrices are among the most
troublesome. The procedures used are tedious and time-consuming, and involve several
extraction and clean-up steps to remove the huge amount of potentially interfering
compounds (mainly plant pigments and endogenous acids), which are generally present
at higher concentrations than the pesticide residues themselves. The large volumes of
organic solvents employed in the first step (typically acetone [4-7], acetonitrile [8-11]
and, more recently, ethyl acetate [12,13]), 50-200 mL, pose major hazards for both the

environment and the operator. Moreover, conventional liquid-liquid partition
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sometimes results in emulsification, which can lower the accuracy and reproducibility
of the analytical results [14]. In this regard, solid-phase extraction (SPE) is an effective
tool for clean-up purposes. However, liquid-liquid extraction (LLE) cannot be replaced
by SPE, although it can be used at a later stage. The typically low concentrations of
pesticides in fruits and their also low MRLs (in some cases a few ng/Kg) call for an
additional preconcentration step by evaporation under a nitrogen stream; this is done by
redissolving the dry residue in the most appropriate solvent for chromatographic
separation. The separation, detection and identification of chlorinated pesticides has
usually been carried out by gas chromatography (GC), using highly selective detectors
such as electron-capture [4,5,11-13,15,16], or atomic emission [11,17] models for
screening, and mass spectrometric ones for confirmation [5,6,8,9,13,18]. Recently, a
semi-automatic method for the determination of organochlorine pesticides in vegetables
was proposed [16]. The method uses a single LLE step to separate the analytes from the
matrix; after simultaneous evaporation/redissolution of the residue in distilled water,
analytes are preconcentrated/cleaned-up on an RP-C.g column, eluted with ethyl acetate
and injected into a gas chromatograph for analysis.

This work was aimed at developing a method as simple as possible, involving
minimal sample manipulation, for the screening and the sensitive and selective
determination of chlorinated fungicides and insecticides in fruits. LLE of the analytes
from the chopped sample is unavoidable, and is followed by automated clean-up. For
this purpose, a continuous-flow system similar to one described elsewhere [16] was

suited to the proposed application. The method is highly sensitive: it allows the
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identification and quantitation of up to 23 residual chlorinated fungicides and
insecticides residues in amounts below their MRLs. In addition, the high efficiency of
the clean-up procedure provides good blanks and avoids the interference of

coextractives.

2. EXPERIMENTAL
2.1. Standards and sampling

Stock standard solutions of aldrin, captan, captafol, chlorbensid, chlordane,
dichlofuanid, dicloran, dicofol, dieldrin, a- and B-endosulfan (3:1, w/w), endosulfan
sulphate, endrin, hexachlorobenzene (HCB), heptachlor, iprodione, a-, B-, &- and y-
hexachlorohexane (a-, B-, & and y-HCH 1:1:1:1, w/w), lindane (y-HCH),
methoxychlor, procymidone, and vinclozolin [all obtained from Riedel-de-Haén
(Seelze, Germany)], were prepared in acetone (by exception, HCB was dissolved in
dichloromethane), at concentrations of 5 mg/mL, and stored in glass stoppered bottles
at 4°C in the dark. A 2 M potassium phosphate buffer/Brine solution was prepared by
dissolving 87 g of K,HPO, and 68 g of KH,PO, in [R50 mL of distilled water. The pH
was adjusted to 7.0 with dilute HCI or KOH and the solution made up to volume (500
mL). Finally, sodium chloride was added to the buffer solution up to saturation under
constant stirring. 2,4-Dichlorophenol (internal standard), activated carbon and RP-Cyg
HPLC sorbent were supplied by Sigma (Madrid, Spain). All other reagents and
solvents, in analytical grade or better, were purchased from Merck (Darmstadt,

Germany).
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Fruits were purchased at local markets in Cérdoba, Spain. Because the legally
tolerated limits of pesticide residues have been set for raw materials, samples were
analysed unwashed, in a raw state [19]. Sampling was done according to the legally
established protocol [20]. Thus, a raw laboratory sample consisting of 10-50 units
(depending on the fruit) was reduced to 3-20 units following the most appropriate
procedure (mainly quartering). For melon, 5 units were cut into slices of (200 g and
then reduced similarly to the other fruits. These units were cut into slices and some of
them were chopped into smaller pieces to obtain the 5-20 g fractions required by the

proposed method.

2.2. Instruments and apparatus

Chlorinated fungicides and insecticides were chromatographed on a fused silica
capillary column (30 m x 0.25 mm i.d.) coated with 5% phenyl-methylpolysiloxane
(film thickness 0.25 pum) (Supelco, Madrid, Spain). Analyses were performed on a
Hewlett-Packard 5890A gas chromatograph equipped with a ®*Ni electron-capture
detection (ECD) system. Nitrogen, at a flow-rate of 1.0 mL/min, was used as carrier
gas. The injector port and detector temperatures were kept at 225°C and 325°C
throughout. The oven temperature program was as follows: 120°C, held for 2 min;
8°C/min ramp to 180°C (hold 4 min); 8°C/min ramp to 255°C (hold 10 min) and
10°C/min ramp to 270°C (hold 2 min). Peak areas were measured with a Hewlett-
Packard 3392A integrator. Confirmatory analyses were carried out on a Fisons 8000

GC instrument interfaced to a Fisons MD800 mass spectrometer and controlled by a
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computer running MASSLAB software (Thermo, Madrid, Spain); the chromatographic
column and temperature program were both similar to those used with ECD. Ultrapure
helium (6.0 Air Liquide), at a flow-rate of 1.0 mL/min, was employed as carrier gas.
The injection port and transfer line temperatures were maintained at 225°C and 300°C,
respectively. The ion source temperature was 200°C for the 70 eV electron impact
mode, with scanning from m/z 50 to 500. In all analyses, 1 pL of the organic extract
was injected in the split mode (1:25 ratio).

The flow system comprised two peristaltic pumps (Gilson Minipuls-2) and two
Rheodyne 5041 injection valves. Poly(vinyl chloride) and Solvaflex pumping tubes for
aqueous solutions and n-hexane/methanol, respectively, PTFE tubing (0.5 mm i.d.) and
commercially available connectors were also employed. A sorbent column was
prepared by packing a commercial Omnifit glass column (2 cm x 2.5 mm i.d.) with (40
mg of RP-C.g sorbent material; small cotton beads were used on the ends to prevent
material losses. A home-made glass column (5 cm x 4 mm i.d.) packed with [1L00 mg
of activated carbon was also constructed to decolourize the organic extracts from the

fruit samples. A magnetic stirrer (Selecta, Barcelona, Spain) was also employed

2.3. Procedure
The flow system used to extract the chlorinated fungicides and insecticides
from the fruits is depicted in Figure 1. A 5-20 g amount of chopped sample was

weighed inside a 50 mL glass bottle and 13 mL of a solution containing the
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acetone:phosphate buffer/Brine solution mixture, (12:1 v/v) was added, followed by 5
mL of extractant (n-hexane); once stoppered, the slurry was magnetically stirred for 5
min. After 1 min of standing, a volume of 2 mL of the upper organic phase, containing
the pesticides, was aspirated at 1 mL/min (sampling time 2 min) and passed through an
activated carbon column for decolourization (0% adsorption of pesticides) and also to
prevent suspended particles from reaching the continuous unit. The eluate was
evaporated under a N, stream as it dropped into 5 mL of distilled water held in a glass
tube. The nitrogen also helps to homogenize the solution. Once
evaporation/redissolution was complete, the second pump was started, which allowed
the analytes, dissolved in the 5 mL of water, to be instantaneously retained on the
sorbent column, located in the loop of IV, at a flow-rate of 0.5 mL/min (bold line in
Figure 1). The loop of IV, (150 pL) was simultaneously filled with ethyl acetate
(eluent) containing the internal standard (2,4-dichlorophenol, 1 pg/mL) by means of a
syringe. In the elution step, both valves were switched simultaneously and the analytes
eluted at 0.2 mL/min, using air as carrier. The whole organic extract (150 pL) was
collected in a glass vial containing anhydrous sodium sulphate and a 1 pL aliquot
injected into the gas chromatograph for analysis. Between samples, the activated carbon
and the sample aspiration channel were flushed with 3 mL of methanol; the RP-Cyg
sorbent column and connectors were flushed with 3 mL of 0.2 M ammonium hydroxide

to remove potentially retained interferents and then conditioned with 3 mL of water.
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Under these conditions, the activated carbon column was serviceable for about 25

analysis while the sorbent column remained active for 3 months.

mL/min Sorbent
0.5
{ »>
AC .
Fruit Arr__|__ N
sample
PZ
Eluent

Figure 1. Scheme of the clean-up/preconcentration steps used for the screening and
determination of chlorinated fungicides and insecticides in fruits. P=peristaltic pump;
IV=injection valve; W=waste; AC=activated carbon; GC=gas chromatograph with ECD or MS
detector.

3. RESULTS AND DISCUSSION
3.1. Selection and optimisation of the clean-up/preconcentration process

Pesticide residue analyses usually involve the extraction of the analytes from
the fruit by using an organic solvent. Preliminary experiments were thus focused on
examining the retention of the analytes, in an organic medium, onto a sorbent column,
in order to minimize sample pretreatment (simultaneous preconcentration and clean-
up). Various sorbents [RP-Cyg, Florisil, silica-gel, activated carbon, Serdolit, alumina,
LiChrolut-EN and Amberlites (XAD-2 and XAD-7)] were assayed by preparing

solutions of the analytes in acetone, acetonitrile, n-hexane and ethyl acetate. In the most
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favourable situation (1 g of silica-gel as sorbent and 4 mL of n-hexane as sample
medium) only a preconcentration factor of four was achieved. In addition, the retention
of the analytes spiked to a strawberry sample was found to be lower than that with the
standards; also, the chromatograms were very dirty, hindering identification of some
analytes and poor reproducibility was obtained.

From these results, the chemical conditions found in previous experiments for
the automatic clean-up and preconcentration of organochlorine pesticides from
vegetables [16], were assayed in the present work. Thus, aqueous medium for the
extraction of organochlorine pesticides prior to direct insertion into the manifold for
their adsorption on RP-C.g, was discarded as it provided low recoveries ([40%).
Therefore, organic extractants are required, which involves a solvent changeover step to
aqueous medium before preconcentration on RP-Cyg sorbent. In the proposed method, a
flow system similar to that depicted Figure 1 was used, and the first variable studied
was the organic extractant. Thus, the chopped test fruit sample was placed together with
the extractant in a glass bottle and, after magnetic stirring, aliquots of the organic
extract were continuously aspirated into the clean-up/preconcentration system (Figure
1). Acetone and acetonitrile are commonly used extractants for this purpose on account
of their miscibility with plant material, so they were tested with the strawberry samples.
However, both extractants provided poor results (polar coextractives and pigments were
also extracted, redissolved and eluted, leading to dirty chromatograms). Phase

separation and pesticide re-extraction can also be accomplished by salting out with
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saturated NaCl in phosphate buffer [11], which prevents partitioning of endogenous
organic acids (viz., citric, oxalic and tannic acids) into the aqueous-acetone layer. This
method was assayed and the effect of the ratio acetone:phosphate buffer/Brine solution
(v/v) optimised. For this purpose, different samples of 5.0 g of strawberries were spiked
with 100 ng per gram of fruit (1 mL of acetone containing 500 ng/mL of the pesticides
to 5 g of fruit) and, after 12 h of standing (to simulate native analytes), the mixed
solution was added, with a fixed acetone volume of 12 mL (for quantitative extraction)
and a variable buffer volume (1 to 10 mL); this slurry was extracted with 5 mL of n-
hexane. The cleanest extracts were obtained by using 12 mL of acetone and 1 mL of
phosphate buffer/Brine solution, so this combination was selected for further
experiments. The need of the buffer solution can be inferred from Figure 2, which
shows the chromatograms for an uncontaminated strawberry blank, without (A) and
with buffer addition (B). Finally, the n-hexane volume was varied between 5 and 20
mL, taking into account that the final concentration of the pesticides in the organic
phase remained constant, by spiking variable concentrations of the pesticides to the
strawberry test sample. No significant differences were observed over the interval
studied, so a volume of 5 mL of n-hexane was selected in order to increase the
sensitivity of the proposed method; aliquots of 2 mL were inserted into the solid-phase
separation unit as shown in Figure 1.

As the n-hexane phase was yellowish, a glass column packed with 100 mg of

activated carbon was placed at the entry to the sample aspiration channel in order to

148



Organoclorados en Hortalizas y Frutas Frescas Capitulo 1l

A)

B)

C)

Retention time (min)

Figure 2. Gas chromatograms for 5.0 g of unfortified strawberry sample extracted
without (A) and with (B) a phosphate buffer/Brine solution; same as (B) but fortified
(C) with the 13 chlorinated fungicides and insecticides listed in Table 3. 1=internal
standard; 2= HCB; 3=dicloran; 4=vinclozolin; 5=dichlofuanid; 6=aldrin; 7=dicofol;
8=captan; 9=chlorbensid; 10=chlordane; 11=dieldrin; 12=endrin; 13=captafol and
14=methoxychlor.
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remove natural pigments present in the fruits. This resulted in cleaner chromatograms
and an increased RP-C;g column lifetime; moreover, activated carbon did not retain
pesticides (0% adsorption) when they are passed in a low polarity solvent as n-hexane;
so, this column was only used for clean-up purposes. The n-hexane phase containing
the analytes was then evaporated and redissolved in 5 mL of distilled water as in
previous work [16]. In this aqueous medium, several sorbent materials (viz. RP-Cyg,
Amberlite XAD-2, silica gel and activated carbon) were assayed, and RP-C,g exhibited
the best sorption properties ((B0%). Different eluents (ethyl acetate, n-hexane and
petroleum ether) were evaluated using RP-Cyg as sorbent. Ethyl acetate was the best
eluent ([1100%). Taking into account that the sorbent and eluent were coincident with
those of the elsewhere described method [16], the optimal values found for the
variables (viz. amount of sorbent material, sample and eluent flow-rate and eluent

volume) were also adopted here (see Figure 1).

3.2. Analytical GC performance

All the pesticides studied exhibited good gas chromatographic properties and
could be identified in a direct manner without overlap. The strawberry blank was spiked
with the 23 pesticides. The addition procedure was as follows: 1 mL of standard
solutions in acetone containing all pesticides at variable concentrations was spiked to
individual amounts of 5 g of fruit blanks, in the interval 0.4-1250 ng/g, held in 50 mL
glass bottles; the strawberry sample was then extracted with 13 mL of acetone:buffer

solution (12:1, v/iv) + 5 mL of n-hexane in the manifold of Figure 1. This addition
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procedure ensured that the analytes in the strawberry sample would be present primarily
in a deposited state; as a result, the recoveries for the 23 pesticides in these spiked
strawberries were higher than 95 %, relative to aqueous standards directly inserted into
the solid-phase extraction unit (100%). Based on these results, the fruit blank was used
to run calibration graphs for the 23 pesticides. The regression equations were obtained
by plotting the analyte-to-internal standard peak area ratio against the analyte
concentration, using eight points per curve. The sensitivity (slope of the calibration
graph) and the linear ranges are listed in Table 1.

The limits of detection were calculated as the minimum concentrations
providing chromatographic signals three times higher than background noise; iprodione
exhibited the highest limit of detection (25 ng/g) by virtue of its slightly broadened
peak. Repeatabilities (obtained from 11 injections of the same sample containing 5-25
ng/g of each pesticide except iprodione, which was used at 80 ng/g), expressed as
relative standard deviation, are also listed in Table 1. In any case, the sensitivity of the
method can be increased 4 times by using greater amount of fruit (viz. 20 g), with
negligible changes in precision. The m/z values used for identification in the electron

impact ionization mode are shown in Table 1.
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Table 1. Figures of merit for the determination of chlorinated fungicides and insecticides using
an SPE system.

Compound Sensitivity? (10?) Linear range (ng/g) LOD (ng/g) RSD (%) m/z°
a-HCH 2.3 2.5-500 0.7 54 111,181,219
HCB 15 5.0-500 1.0 4.9 249,282,284
Dicloran 9.2 0.4-250 0.1 4.6 124,176,206
B-HCH 2.7 5.0-500 1.0 4.6 109,181,219
Lindane 3.8 2.5-500 0.5 5.6 111,181,219
&HCH 4.8 2.5-500 0.5 4.0 111,181,219
Vinclozolin 4.8 2.5-500 0.5 5.7 187,212,285
Heptachlor 1.3 5.0-500 1.0 55 100,272,370
Dichlofuanid 25 5.0-500 1.2 5.8 123,224,332
Aldrin 24 2.5-500 0.5 54 66,263,298
Dicofol 0.9 6.2-500 12 4.8 111,139,250
Captan 5.6 2.5-500 0.7 5.0 79,264,299
Procymidone 25 5.0-500 1.0 5.9 67,96,283
Chlorbensid 0.7 12.5-1000 25 6.0 125,127,268
Chlordane 0.2 25.0-1250 5.0 5.1 202,373,408
a-Endosulfan 14 5.0-500 1.0 5.8 195,241,339
Dieldrin 0.9 5.0-500 1.2 6.0 79,378,380
Endrin 1.0 5.0-500 1.0 5.9 67,317,319
B-Endosulfan 11 5.0-500 1.0 5.7 195,241,339
Endosulfan sulphate 2.7 5.0-500 1.0 5.4 272,387,420
Iprodione 2.1 63.0-1250 25.0 5.3 56,314,329
Captafol 3.6 5.0-500 1.2 5.7 79,347,349
Methoxychlor 0.4 12.5-1000 25 5.9 227,228,344

2 Relative area (analyte/internal standard peak area ratio)/ng/g.
® m/z values in italics are M* values; those in bold face correspond to the base peak.

3.3. Application to fruit samples

Various types of fruit were used to examine the effect of the matrix on
recoveries, separation and interfering peaks. For this purpose, 40 fruit samples of 10
different types (hamely, nectarine, melon, peach, pear, apple, orange, red plum, cherry,

strawberry and banana), purchased at various local markets were analysed. Sampling
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was done as described in Section 2.1 and laboratory samples were analysed as soon as
received, using the procedure described in Section 2.3. Initially, 5.0 g of each fruit was
weighed and analysed; when negative results were obtained, the sample amount was
increased to 20 g. In all instances, quantitation was done by ECD and positive findings
were confirmed by MS. Only six samples were found to contain chlorinated residues at
detectable levels. The results thus obtained, for 5 g of sample are listed in Table 2. As
can be seen, the concentrations found were lower than the EU maximum residue limits
(see Table 2) for all compounds examined. The presence of the residues was confirmed
by GC-MS, using 20 g of sample as the sensitivity was ten times lower than with ECD.
By way of example, Figure 3A shows the chromatogram for the peach sample
containing only vinclozolin, obtained with electron capture detection. Figure 3B
illustrates the identification of vinclozolin by comparing the mass spectrum for the
corresponding peak with that in the library. Spectral comparison resulted in coincidence

above 85%.

Table 2. Summary of the chlorinated fungicides and insecticides found in fruit samples (£SD,
n=6) analysed by using the proposed method and GC-ECD.

Sample Pesticide found Concentration (ng/g) MRL? (ug/g)
Peach Vinclozolin 6.0£0.3 2
Nectarine Captan 5.0+0.2 2
Banana Dicofol 7.3+£04 2
Strawberry Dichlofuanid 6.4+04 10
Apple Lindane 45+0.3

Strawberry Vinclozolin 48+0.3

# Established by the European Union.
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Figure 3. Chromatogram for a chlorinated pesticide found in a peach sample (A): 1=internal
standard; 2=vinclozolin. Full-scan EI mass spectra for vinclozolin in the fruit sample and
from NIST library (B).
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Recoveries of the proposed method were assessed by adding, to each previously
analysed uncontaminated fruit, the pesticides according to use and
occurrence/appearance [19,21,22]. In order to ensure reliable simulation of the actual
leaf applications [22], 5.0 g of chopped sample was spiked with 1 mL of acetone
containing variable concentrations of chlorinated pesticides and fungicides between 25
and 125 ng/mL, except for iprodione (400 ng/mL), and allowed to stand overnight at
room temperature in a closed fume hood to avoid contamination. Each sample was
spiked three times and then analysed in duplicate (n=6), using the proposed method; the
results obtained are listed in Table 3. All compounds were correctly identified and
average recoveries (90-101%) were acceptable for all matrices. The lower values
obtained for captan, procymidone and vinclozolin (77-80%) can be ascribed to their
being either partially irreversibly bound to the matrices or degraded during
contamination time. Matrix interferences were reduced during the clean-up steps.
Figure 2 shows the chromatograms for a strawberry sample, both unfortified (B) and

after fortifying with the 13 chlorinated fungicides and inseticides listed in Table 3 (C).

4. CONCLUSIONS

The aim of this work was satisfactorily fulfilled, especially with regard to
obtaining clean extracts from the fruits. These matrices are among the most
troublesome to analyse, not only because of the bright colour of the natural pigments
they contain (e.g. strawberries), but also because of the many major and minor

compounds that are initially co-extracted with the analytes. Liquid extraction of the
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Table 3. Percent recovery (mean of six determinations + SD) of chlorinated fungicides
and insecticides added to fruit samples at 5-25 ng/g.

Commodity Compound Recovery (%) Commaodity Compound Recovery (%)
Nectarine Aldrin 101+6 Orange Aldrin 99+6
Captan 75+4 Captafol 100+5
Chlorbensid 976 Captan 79+4
Dichlofuanid 1077 Chlorbensid 99+ 6
Dieldrin 96 +5 Chlordane 92 +5
a-Endosulfan 91+5 Dichlofuanid 102+6
B-Endosulfan 109+5 Dichloran 88+4
Endosulfan sulphate 83+6 Dicofol 109+ 4
Endrin 103+5 Dieldrin 99+7
HCB 977 Endrin 96 +4
a-HCH 875 HCB 96+5
B-HCH 89+5 Heptachlor 88+6
&HCH 101+6 Lindane 103+5
Lindane 103+5 Procymidone 84+ 5
Procymidone 83+7 Methoxychlor 90+5
Vinclozolin 81+4
Melon Aldrin 100+ 6
Chlorbensid 98+6 Red plum Aldrin 89+5
Dichlofuanid 99+6 Captafol 89+6
Dichloran 835 Chlorbensid 93+6
Dicofol 102+ 4 Chlordane 91+6
Dieldrin 105+7 Dichloran 84+5
Endrin 1046 Dieldrin 100+ 5
HCB 92+5 Endrin 108+ 7
a-HCH 91+6 HCB 99+6
B-HCH 96+5 Heptachlor 94+6
3-HCH 103+4 Methoxychlor 92+4
Heptachlor 88+5 Procymidone 70+5
Lindane 916 Vinclozolin 71+5
Methoxychlor 102+ 6
Procymidone 72+4 Cherry Aldrin 90+6
Vinclozolin 815 Chlorbensid 99 +6
Chlordane 85+5
Peach Aldrin 95+5 Dichlofuanid 90+ 6
Dichloran 95+6 Dichloran 82+6
Dieldrin 101+6 Dicofol 907
a-Endosulfan 92+6 Dieldrin 91+6
B-Endosulfan 106 £ 7 a-Endosulfan 103+6
Endosulfan sulphate 91+6 B-Endosulfan 101+7
Endrin 1016 Endrin 96+5
HCB 91+4 HCB 84+6
Methoxychlor 100+ 4 a-HCH 95+7
Procymidone 78+5 B-HCH 96 +7
Vinclozolin 805 &-HCH 97 5
Lindane 99 +5
Methoxychlor 98 +6
Vinclozolin 71+4
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Table 3 (continue).

Commodity Compound Recovery (%) Commodity  Compound Recovery (%)
Pear Aldrin 105+6 Strawberry Aldrin 98+ 6
Captafol 94 +4 Captafol 95+5
Chlorbensid 103+ 6 Captan 875
Dichlofuanid 905 Chlorbensid 95+6
Dichloran 95+4 Chlordane 81+5
Dicofol 105+5 Dichlofuanid 94+6
Dieldrin 92+5 Dichloran 91+5
a-Endosulfan 93+6 Dicofol 98+5
B-Endosulfan 97+6 Dieldrin 93+6
Endosulfan sulphate 92+5 Endrin 1015
Endrin 93+5 HCB 87+5
Methoxychlor 104+ 6 Methoxychlor 92+5
Procymidone 78+6 Vinclozolin 81+5
Vinclozolin 704
Banana Aldrin 90+5
Apple Aldrin 90+6 Captafol 90+6
Chlorbensid 91+6 Chlorbensid 102+7
Chlordane 93+6 Dicofol 90+4
Dichlofuanid 102+ 6 Dieldrin 95+6
Dichloran 987 a-Endosulfan 106 £5
Dicofol 90+5 B-Endosulfan 96+ 6
Dieldrin 94 +£5 Endrin 102+7
a-Endosulfan 95+6 HCB 98 +4
B-Endosulfan 986 a-HCH 92+5
Endosulfan sulphate 905 B-HCH 98 +5
Endrin 90+6 8-HCH 102+5
HCB 88+4 Heptachlor 99+5
Heptachlor 825 Lindane 106 +7
Lindane 93+7 Vinclozolin 78+5
Vinclozolin 82+6
Iprodione 86+5

pesticides from the sample could not be avoided with any of the approaches tested. The
sensitivity of the method complies with the limits established by legislation; the method
uses amounts of a few grams of sample that can be increased if required. This is

therefore a competitive, simple, fast and inexpensive method.
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En este Cap. Il de la Memoria se aborda el desarrollo de un MRM selectivo,
para la determinacion de plaguicidas piretroides (Cap. 111.1), y de MRMs multiclase
para la determinacion de plaguicidas organoclorados y piretroides (Cap. 111.2 y 111.3),
ambos en muestras de frutas y hortalizas liofilizadas. De nuevo en este capitulo se ha
utilizado la cromatografia de gases acoplada a los detectores de captura de electrones y
espectrometria de masas, asi como también se han automatizado los procesos analiticos.

Los métodos descritos para la determinacién de estos plaguicidas en productos
hortofruticolas emplean muestras frescas para su extraccion directa [1,2]. Sin embargo,
la liofilizacién ha sido utilizada en la determinacion de estos residuos en muestras
liofilizadas de alimentos de origen animal [3,4], de suelos y sedimentos [5], e incluso en
muestras acuosas utilizando un soporte inerte sobre el que quedan adsorbidos los
plaguicidas tras la sublimacion del agua que constituye la muestra [6]. La liofilizacién
constituye también una alternativa ventajosa en el pretratamiento de muestras
hortofruticolas. El alto contenido en agua de estos productos los hace muy perecederos,
siendo ademas el vehiculo en el que tienen lugar numerosas reacciones quimicas y
bioldgicas, que pueden ocasionar también la degradacién del plaguicida presente. De
hecho, ademas de simplificar la metodologia de extraccion, la liofilizacion aumenta la
estabilidad de la muestra durante su conservacion, sin que tengan lugar pérdidas de

estos analitos.
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Abstract

The screening of agricultural samples to determine 17 synthetic pyrethroids was
investigated. Samples were lyophilised without losses of the insecticides, and then extracted
with n-hexane. A simple, continuous preconcentration-elution system was developed, which
included a silica sorbent column (packed with 50 mg) and used an air stream to carry the eluent
(ethyl acetate) which minimised the eluate volume thus increasing the preconcentration factor;
S0 no evaporation step was required. Pyrethroids were determined by gas chromatography-
electron capture detection (GC-ECD) by using a 5% phenylmethylpolysiloxane-coated fused-
silica capillary column; gas chromatography/mass spectrometry was used to identify the
pyrethroids detected by GC-ECD monitoring. Limits of detection varied between 0.1 and 0.8
ng/mL (except for piperonyl butoxide, 25 ng/mL) with linear ranges from 1 to 200 ng/mL; the
precision of the method was high (3-6 %). Recoveries of 17 insecticides from 14 different
agricultural samples fortified at levels of 20-100 ng/g ranged from 66 to 102 % (bifenthrin and
deltamethrin were those providing the lowest values, 66-87 %). Pyrethroids were detected in
eight samples (from the one-hundred unfortified agricultural samples tested) at concentrations

lower than the established maximum residue limits (MRLS).
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1. INTRODUCTION

Pyrethroids are a relatively new developed group of insecticides widely used in
the control of agricultural, forestry and stored products pests [1]. Considering that they
are harmless for mammals under normal circumstances and the absence of toxic
metabolites, their maximum residue limits (MRLSs) are, in general, higher than those of
organophosphorous, organochlorine or carbamate pesticides [2]. Notwithstanding their
relatively low toxicity, the residue analysis of pyrethroids in crops, foods and
environmental matrices is of importance in agricultural and environmental sciences.
Almost all the analytical methods for the determination of pyrethroid residues in
agricultural commodities are based on the use of chromatographic techniques [3-23],
mainly gas chromatography (GC).

Despite the chromatographic technique used, extensive sample pretreatment is
required, including preconcentration and clean-up steps. In a general procedure,
representative subsamples from fresh vegetables/fruits are homogenised and extracted
once or several times using either a single solvent [5-9,13,14] or a binary solvent
mixture [10]. When a water miscible solvent is used, subsequent liquid-liquid partition
with an immiscible one such as n-hexane [5,13,14] or toluene [7,8] is included. The
clean-up of the final organic extract is then carried out by solid-phase extraction [5-
10,21] or gel permeation chromatography [6,15]. Supercritical fluid extraction [18,19]
as well as the matrix solid-phase dispersion [11,20] have also been proposed for this
determination. All these methods have been applied to the determination of residues of

pyrethroids in fresh agricultural samples. However, lyophilisation can be used for
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sample pretreatment, particularly for sample preservation. In the case of agricultural
and food analysis, the use of freeze-drying led to the solution of a variety of problems
encountered in the storage of these type of samples [24].

The aim of this work was to develop a simple and fast method, which allows
the screening of agricultural samples for the determination of synthetic pyrethroids. The
organic extractant was added to the lyophilised samples and the analytes retained on a
silica column inserted into a flow configuration more simple than that described
elsewhere for organochlorine pesticides [25] with the view of carrying out the analyte
preconcentration and matrix clean-up in a single step. The high sensitivity and
selectivity of the proposed method allows the determination of 16 synthetic pyrethroids
and piperonyl butoxide (a synergist found in combination with pyrethroids) in

lyophilised fruit and vegetable samples at concentrations lower than their MRLs.

2. EXPERIMENTAL
2.1. Chemicals and standards

All reagents were of analytical grade or better. Bifenthrin, lambda-cyhalothrin,
deltamethrin, fenpropathrin, fenvalerate (cis and trans isomers), permethrin (cis and
trans isomers), cyfluthrin isomers, B-cyfluthrin, cypermethrin isomers, a-cypermethrin,
synergist piperonyl butoxide and endosulfan sulphate (internal standard, IS) were
obtained from Riedel-de-Haén (Seelze, Germany). Cyfluthrin and cypermethrin have
four isomers: 1(RS)cis,a(RS) which is isomer I; 1(RS)trans,a(RS), isomer IlI;

1(RS)cis,a(SR), isomer II; and 1(RS)trans,a(SR), isomer IV; a-cypermethrin is the
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isomer Il of cypermethrin and B-cyfluthrin is the mixture of isomers Il and IV of
cyfluthrin at ratio 1:2. The silica sorbent was obtained from Varian (Zug, Switzerland).
Solvents (ethyl acetate, n-hexane, isopropanol, acetonitrile) were purchased from
Merck (Darmstadt, Germany).

Stock standard solutions of each pyrethroid and piperonyl butoxide (synergist
for pyrethrins) were prepared in n-hexane at concentrations of 5 mg/mL and stored in

glass stoppered bottles in the dark at 4 °C.

2.2. Instruments and apparatus

Experiments were carried out by using a Hewlett-Packard 5890 A gas
chromatograph equipped with a ®Ni electron-capture detection (ECD) system.
Chromatographic separation was achieved by using a fused-silica capillary column (30
m x 0.25 mm i.d.) coated with 5% phenylmethylpolysiloxane (film thickness 0.25 pm)
(Supelco, Madrid, Spain). Peak areas were measured with a Hewlett-Packard 3392 A
integrator. The injector and detector temperatures were maintained at 225°C and 325°C
throughout. The column temperature was raised from 170°C (hold 2 min) to 255°C
(hold 15 min) at 10°C/min and then to 285°C (hold 6 min) at 8°C/min. Nitrogen (6.0,
Air Liquide, Seville, Spain) at a flow-rate of 1 mL/min was used as carrier gas.
Confirmatory analyses were carried out on a Fisons 8000 GC instrument interfaced to a
Fisons MD800 mass spectrometer and controlled by a computer running MASSLAB
software (Thermo, Madrid, Spain); the chromatographic column and temperature

program were both similar to those used with ECD, using ultrapure helium (6.0 Air
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Liquide), as carrier gas (1 mL/min). The injection port and transfer line temperatures
were maintained at 225°C and 300°C, respectively. The ion source temperature was
200°C for the 70 eV electron impact mode, with scanning from m/z 70 to 500. In all
analyses, 1 pL of the organic extract was injected in the split mode (1:25 ratio).

The flow system consisted of a Gilson Minipuls-2 peristaltic pump fitted with
Solvaflex pumping tubes, two Rheodyne 5041 injection valves, PTFE tubing (0.5 mm
i.d.) and commercially available connectors. A laboratory-made glass column (2 cm x 4
mm i.d.) packed with 0050 mg of silica was also employed; small cotton beads were
used on the ends to prevent material losses. The sorbent column was sequentially
conditioned with 0.5 mL of acetonitrile and 1 mL of n-hexane prior retention. A glass
column (3 cm x 5 mm i.d., packed with cotton wool) was also constructed for filtration
purposes. A Hetossic laboratory freeze-dryer, type CD-53-1 (Birkerod, Denmark) was

also employed.

2.3. Sample preparation

Vegetables and fruits were purchased at local markets in Cérdoba. Because the
legally established limits of pyrethroid residues have been set for raw materials,
samples were analysed unwashed, in a raw state [26]. Sampling was done according to
the legally established protocol [27]. Thus, a raw global sample consisting of [b Kg
was reduced by quartering to [600 g and then pulped in a high-speed blender and

fractions of [B0 g lyophilised by freeze-drying at 6 Pa for 8 h. Lyophilised sample were
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conserved in glass containers, at -20°C in the dark, until analysis, the concentration of
pyrethroids remaining constant for at least three months. An accurately weighed
amount of 0.1-1 g of lyophilised sample was placed into a 100 mL amber glass bottle
with 15 mL of n-hexane and 0.1 mL of 0.75 pg/mL endosulfan sulphate (IS). Once
stoppered, the mixture was shaken (10 min) and 5 mL of the n-hexane phase was

continuously aspirated and filtered into the manifold of Figure 1.

2.4. Screening procedure

The continuous preconcentration and elution system designed is shown in
Figure 1. In the preconcentration step, a volume of 5 mL of standard solution or treated
sample containing 1-200 ng/mL of each pyrethroid in n-hexane, was continuously
introduced into the system at 2 mL/min. A cotton column was used to filter fine
particles in order to avoid clogging the sorbent column. The analytes were retained on
the silica column (50 mg), located in the loop of injection valve (IV,), the sample
matrix being sent to waste. Simultaneously, the loop of the second valve (1V,) was
filled with the eluent (ethyl acetate) Prior to the elution, by switching 1V;, residual
organic solution inside the column and the connectors were flushed by passing an air
stream through the carrier line of the 1V, at 1 mL/min for 4 min. In the elution step, 1V,
was switched and 175 pL of the eluent were injected into an air stream and passed

through the sorbent column to elute the pyrethroids (position in bold lines). The extract

170



Organoclorados y Piretroides en Hortalizas y Frutas Liofilizadas Capitulo 1

was collected in a glass vial and 1 pL aliquot injected into the gas chromatograph. After
each determination, the sorbent column was cleaned with 0.5 mL of isopropanol to
remove residual compounds from the matrix and then conditioned with 0.5 mL of

acetonitrile and 1 mL of n-hexane.

F 2 mL/min

Sample
Air

1 mL/min

Ethyl acetate

Figure 1. Scheme of the solid-phase extraction unit designed for the screening and
determination of pyrethroids and piperonyl butoxide in lyophilised agricultural samples.
F=filter; P=peristaltic pump; I\VV=injection valve; W=waste; GC=gas chromatograph with ECD
or MS detector.
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3. RESULTS AND DISCUSSION
3.1. Lyophilisation of the samples

Fresh vegetables and fruits contain abundant amount of water [ normally more
than 80%01 , which favours biodegradations and hydrolysis reactions. Lyophilisation of
fresh samples provides at least three advantages, namely: to facilitate both the storage
and conservation of the samples, and to simplify the extraction procedure. In this way,
preliminary experiments were focused on the lyophilisation of the samples; spinach and
apple were selected as vegetable and fruit sample tests, respectively.

For this purpose, chopped fresh test samples (CILOO g) were spiked with the 17
analytes studied at a concentration of 50 ng/g; the resulting mixture was split in two
fractions. One half was manually extracted first with acetone and then with n-hexane,
according to the standard method [14] and the other half was lyophilised, directly
extracted with n-hexane, and the standard method followed. Results of these
experiments (repeated four times) provided the following conclusions: (i) studied
pyrethroids and the synergist were not evaporated during the lyophilisation process; (ii)
although the percentages of recovery were similar ((B0%) in the two parallel sets, the
precision was higher in lyophilised samples than in fresh ones; and (iii) the direct
extraction of the lyophilised samples with n-hexane provided cleaner extracts than those

of fresh ones.
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3.2. Solid-phase extraction unit

The optimisation of the solid-phase extraction (SPE) system was done by using
a standard solution containing 100 ng/mL of each pyrethroid and 1 pg/mL of piperonyl
butoxide (according to its lower sensitivity by ECD) in n-hexane. Several sorbents
(LiChrolut-EN, RP-Cyg, Florisil, alumina, Bond Elut-CN, Bond Elut-20H and silica)
were assayed using 5 mL of standard solution. The whole eluate was collected in glass
vials, evaporated to dryness under N, and the residue redissolved in 200 pL of ethyl
acetate. Complete retention was only achieved with silica (>95 %); the other sorbents
provided lower efficiency (viz. 10-40%). Different organic solvents (ethyl acetate,
acetonitrile, isopropanol and acetone) were assayed as eluent. Ethyl acetate was the best
eluent (0100 % elution). A column packed with 50 mg of silica and an eluent volume
of 175 pL were selected as optimum. The influence of the sample and eluent flow-rates
were examined over the range 0.2-4.0 mL/min. Complete retention and elution were
achieved at flow-rates lower than 2.4 and 1.2 mL/min, respectively. A sample and
eluent flow-rates of 2.0 and 1.0 mL/min were finally chosen.

In order to attain the highest enrichment factor, the breakthrough volume was
evaluated by passing different volumes of standard solutions, containing 100 ng of each
pyrethroid and 1 pg of piperonyl butoxide, in n-hexane. Sample volumes up to 25 mL
can be used with negligible changes in the chromatographic signal. However, a sample
volume of 5 mL is enough to reach concentrations lower than the MRLs established for

these pesticides, thanks to the high sensitivity of the method. Finally, endosulfan
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sulphate was selected as internal standard among others compounds as it was
quantitatively retained on the silica column and eluted with ethyl acetate; it was added
directly to the standards or samples, at concentration of 5 ng/mL.

To ensure the applicability of the optimised SPE unit to real samples, 0.5 g of
lyophilised test samples (spinach and apple) were extracted with 10 mL of n-hexane for
10 min. The yellowish extracts were spiked with 100 ng of each pyrethroid (1 pg of
piperonyl butoxide) and a volume of 5 mL was aspirated into the SPE system. The
peaks corresponding to target compounds were correctly identified in both
chromatograms against those corresponding to sample matrices, without overlapping.
Therefore, the proposed system can be applied to the determination of these pesticides

in agricultural samples.

3.3.Linearity and precision

Calibration graphs were obtained by using aliquots of 5 mL of n-hexane
containing each pesticide at known concentrations (1-200 ng/mL for pyrethroids and
50-1500 ng/mL for piperonyl butoxide). In the case of mixture of isomers, the global
analytical signal was obtained by summing the peak areas of all isomers. Figures of
merit are listed in Table 1. The precision of the method as relative standard deviation

(RSD, n=20) was acceptable for all pesticides.
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Table 1. Analytical figures of merit of the proposed method.

Sensitivity* Linear range

Compound (10?) (ng/mL) LOD (ng/mL)  RSD (%) m/z°

Piperonyl butoxide 0.5 50-1500 25 44 149, 176, 338
Bifenthrin 16.5 1-200 0.1 5.3 152, 165, 181
Fenpropathrin 17.9 1-200 0.1 5.0 97, 181, 349
A-Cyhalothrin 229 1-200 0.1 3.3 141, 181, 209
Permethrin 5.6 2-200 0.8 6.2 163, 183, 390
Cyfluthrin 28.8 1-200 0.4 4.7 77,163, 227
B-Cyfluthrin 19.2 1-200 0.2 49 77,163, 227
Cypermethrin 14.0 1-200 0.4 3.8 77,181, 209
a-Cypermethrin 21.2 1-200 0.1 3.1 77,181, 209
Fenvalerate 18.0 1-200 0.2 5.7 169, 181, 419
Deltamethrin 14.3 1-200 0.2 6.3 181, 209, 253

®Relative area (analyte/internal standard peak area ratio) ng/mL; sample volume, 5 mL.
®m/z values in italics are M* ions; those in bold face correspond to the base peak.

3.4. Screening and determination of pyrethroids in agricultural samples

Prior to the screening of agricultural samples, the n-hexane volume and the
extraction time were optimised. For this purpose, several amount of 1 g of lyophilised
test samples (fortified with variable amounts of pesticides depending on the extractant
volume) were extracted with 15, 25 and 50 mL of n-hexane and the mixture was
mechanically shaken for different times (5 to 20 min). In all cases, 5 mL of the extract
was introduced into the SPE system. The influence of the volume of extractant was
negligible and the optimum extraction time was 10 min.

A total of 100 agricultural samples of 14 different types (namely: spinach,
chard, tomato, green pepper, potato, cauliflower, mushroom, strawberry, apple, pear,

orange, kiwi, peach and plum) purchased at various local markets were analysed
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following the proposed method. Initially, 0.1 g of lyophilised sample was weighed and
analysed; when negative results were obtained, the sample amount was increased to 1 g;
in all instances, quantitation was done by ECD. Positive findings were confirmed by
MS, using 2 g of lyophilised sample with 30 mL of extractant and aspirating 25 mL of
extract into the SPE unit. As can be seen in Table 2, only eight samples were found to
contain pyrethroids at detectable levels and in all cases the concentrations found were
lower than the established MRLs. By way of example, Figure 2 shows the

chromatograms for strawberry, spinach and apple samples.

Table 2. Summary of the pyrethroids found in agricultural samples (+SD, n=6).

Sample Water (% w/w) Pyrethroid found ~ Concentration (ng/g)® MRL*" (ug/g)
Spinach 90 Cypermethrin 420+ 20 0.50
Chard 92 Cypermethrin 90+5 0.50
Strawberry 91 A-Cyhalothrin 24 %2 0.02
Pear 82 A-Cyhalothrin 55+3 0.10
Apple 83 Permethrin 170 +12 1.00
Green pepper 91 Bifenthrin 96 +7 NE
Tomato 93 Fenvalerate 650 * 40 1.00
Orange 81 Bifenthrin 85+5 NE

2Amount per g of fresh sample.
PEstablished by the European Union, NE: value non established.

In all cases, the identification of pyrethroids was done by comparing the mass
spectrum for the corresponding peak with that in the pesticide library. Spectral

comparisons resulted in coincidence above 85%.
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Figure 2. GC-ECD chromatograms for (A) 5 g of strawberry; (B) 2.5 g of spinach and
(C) 25 g of apple. Peaks: 1=internal standard; 2=A-cyhalothrin; 3=cypermethrin I,
4=cypermethrin 1ll; 5= cypermethrin Il; 6= cypermethrin IV; 7=permethrin cis;
8=permethrin trans.
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Finally, in order to assess the potential of the proposed method, 14
uncontaminated agricultural samples, including those listed above, were spiked at three
different levels. Fortification process was carried out as follows: 2 mL of acetone
containing 1-5 pg of each pyrethroid (10-50 pg of piperonyl butoxide) was added to
50 g of the blended commaodity, slightly shaken and left stand for 20 min for acetone
evaporation. Samples were then frozen prior to lyophilisation. Each sample was spiked
three times and analysed in duplicate (n=6). Tables 3 and 4 list the average recovery
values obtained for each analyte spiked to the seven vegetable and seven fruit samples
studied at the three spiked concentrations [average results of seven samples and each
sample analysed six times (n=42)]. From the results obtained, several conclusions can
be addressed, namely: (i) average recoveries increased as the amount spiked increased:;
(ii) average recovery values were slightly higher for vegetables than for fruits
(especially for permethrin and pB-cyfluthrin); (iii) bifenthrin and deltamethrin provided
the lowest recoveries in all the samples studied ([66-87 %), probably as consequence of
their higher degradation during sample treatment by interaction with food fluids.
Among the samples studied, spinach for vegetables and strawberry for fruits provided
recovery values that fitted the average values given in Tables 3 and 4, respectively, and
can therefore be used as model samples. Figure 3 shows the chromatograms for an
unfortified and fortified tomato sample. The efficiency of the clean-up step is also

showed in the upper part of this Figure. Few peaks from the matrix appear in the
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chromatograms, the majority of them located at the beginning of the chromatogram,

before the internal standard, so, they do not interfere with analyte determination.

Table 3. Average recovery (+ standard deviation) of spiked pyrethroids from the seven
vegetable samples tested. For details, see text.

Compound 20 ng/g? 40 ng/g® 100 ng/g?
Piperonyl butoxide® 87+2 91+2 96 +4
Bifenthrin 67+3 69+4 73+5
Fenpropathrin 86+ 3 94+3 98+4
A-Cyhalothrin 87+6 95+4 102 +5
Permethrin 83+2 873 93+6
Cyfluthrin 91+7 93+5 96+ 2
B-Cyfluthrin 87+1 92+3 96+ 4
Cypermethrin 91+6 96 + 6 99 +7
o-Cypermethrin 8714 90+4 97 +3
Fenvalerate 86+ 4 90+4 94 +2
Deltamethrin 75+2 77£5 844

#Concentration spiked; "Spiked level was 10 times higher than for pyrethroids.

Table 4. Average recovery (+ standard deviation) of spiked pyrethroids from the seven fruit
samples tested. For details, see text.

Compound 20 ng/g® 40 ng/g? 100 ng/g*
Piperonyl butoxide” 85+ 6 93+4 96 +2
Bifenthrin 66 2 72+6 74 +5
Fenpropathrin 85+2 95+4 99+4
A-Cyhalothrin 91+4 97+6 101+4
Permethrin 86+2 92+5 100 £5
Cyfluthrin 88+4 95+4 99+4
B-Cyfluthrin 91+6 95+4 99+4
Cypermethrin 017 94+3 98+4
a-Cypermethrin 8714 91+2 97 +2
Fenvalerate 8416 91+4 96 +3
Deltamethrin 76+5 82+6 875

#Concentration spiked; "Spiked level was 10 times higher than for pyrethroids.
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Figure 3. GC-ECD chromatograms for a sample of tomato (4 g) unfortified without (A) and
with (B) clean-up step and fortified (C) with 40 ng/g of each pyrethroid and 400 ng/g of
piperonyl butoxide. Peaks: 1=internal standard; 2=piperonyl butoxide; 3=bifenthrin;
4=fenpropathrin; 5=A-cyhalothrin; 6= permethrin cis; 7=permethrin trans; 8=cyfluthrin I; 9=
cyfluthrin 11; 10= cyfluthrin II; 11= cyfluthrin IV; 12=cypermethrin I; 13= cypermethrin IlI;
14= cypermethrin II; 15= cypermethrin 1V; 16= fenvalerate cis; 17=fenvalerate trans;
18=deltamethrin.
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4. CONCLUSIONS

The proposed method is simple and sensitive enough for application to
agricultural samples containing the analytes at concentrations lower than the MRLs. Its
most salient advantage over conventional methods is that it requires a single manual
extraction with an organic solvent; the following steps corresponding to
preconcentration, clean-up and elution are carried out in an automatic way, using an
extraordinary simple flow injection configuration. The simplicity of the method
developed can be ascribed to sample lyophilisation which minimised the presence of
natural pigments as well as other concomitants in the final extract. Although the
lyophilisation of the agricultural samples is the most time-consuming step, it allows

simultaneous processing of a large number of samples.
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Abstract

About 20 pesticides were determined in lyophilised fruits using a semi-automatic
multiresidue method, based on solid-phase extraction (SPE) with a silica column. The
lyophilisation of the sample besides the SPE procedure selected, provided clean extracts despite
the complexity of the matrices studied. In addition, the lyophilisation process allows sample
preservation for at least three months without changes in the concentration of the pesticides.
Determination and quantitation of organochlorine and pyrethroid residues was carried out using
a gas chromatograph equipped with an electron capture detector (GC-ECD) and a mass
spectrometric detector (GC-MS) for confirmation purposes. Organochlorine pesticides provided
average recoveries (spiked at three concentration levels in eight different fruits) near 93 + 4 %,
being lower (89 * 8 %) for pyrethroids as consequence of their higher degradation/interaction
with the sample matrix. On the other hand, the detection limits achieved for all pesticides (0.5-8
ng per g of lyophilised fruit) allow their determination at the MRLSs established by the European
Union, with good precision (~5%). Finally, from the 100 different fruits screened, only 10

positive responses were obtained, which were further confirmed by GC-MS.
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1. INTRODUCTION

Pesticides are necessary and essential in agricultural production. With their use,
the risk of residues remaining on the food consumed is present. For this reason,
governments and international organisations have published a list of pesticides and their
tolerances or maximum residues limits (MRLs) [1]. Fresh fruits must be screened for
pesticide residues before marketing, but because of their short life-time, a rapid, simple
analytical process as well as high accuracy in the identification and quantitation of the
analytes detected is required. Organochlorine and pyrethroid pesticides are a large
group of fungicides and insecticides extensively used in recent decades against pests all
over the world [2]. Organochlorine pesticides (OCPs) are very persistent because of
their high lipophilic properties and stability [3,4]. Pyrethroids are less harmful for
mammals; only the parent pyrethroids show toxicity as the existence of significant toxic
metabolites has not yet been proved [2]. In any case, the identification and quantitation
of pyrethroid residues, along with OCPs, is necessary to monitor and regulate their
usage on crop to protect the consumers from unsafe levels.

Most determinations of OCPs and pyrethroids have been developed using
chromatographic techniques, mainly gas chromatography (GC). Some of these
pesticides have one or more halogen atoms in their chemical structure, so the electron
capture detector (ECD) is used because of its high selectivity [5-8]. For confirmation
purposes, mass spectrometry (MS) is also employed [5,6].

Fruits are very complex matrices, requiring a pre-treatment step, which usually

includes extraction and clean-up processes, normally tedious and time consuming, to
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provide clean extracts. Basically, a homogenised sample is extracted, once or several
times, with a single solvent, typically acetonitrile [9,10], ethyl acetate [6,11,12],
acetone [5,7] or n-hexane [13]; or a solvent mixture, such as toluene-acetonitrile [14],
acetone-dichloromethane-hexane [15], acetone-n-hexane [16] or acetone- petroleum
ether [17]. Normally, there are too many co-extractives and the extracts obtained must
be cleaned-up by liquid-liquid partition (LLP) and/or solid phase extraction (SPE). If a
polar solvent is used as the first extractant, a LLP is subsequent carried out with a non
polar solvent [7]. The SPE can be applied on RP-Cyg [9], silica-gel [11], Florisil [7,16]
or alumina [6].

The majority of the methods developed to date are based on the direct
extraction of the pesticides from fresh samples. However, lyophilisation of fruits and
vegetables leads to a higher stability of the samples without losses of analytes. In this
regard, few contributions have been recently published [8,18] although only the latter
implements the automatic extraction of pyrethroids from lyophilised agricultural
samples. In this paper, the solid-phase extraction system proposed elsewhere [18] for
pyrethroids determination was initially adopted, but we studied other solvents and
sorbents in order to extent the use of the system to organochlorine pesticides. Fruit
samples were lyophilised after collection in a raw state, then conserved at —20°C to
retain the concentrations of OCPs and pyretroids residues at constant levels for at least
three months. The method is rapid and does not require either laborious sample

manipulation or use of a complicated SPE system. The sensitivity and selectivity of the
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method allows the screening of at least 19 pesticides at concentrations lower than their

established MRLs.

2. MATERIALS AND METHODS
2.1. Apparatus

Analyses were performed on a Hewlett-Packard 5890 A gas chromatograph
equipped with a ®Ni electron-capture detector (ECD) and a fused-silica capillary
column (30 m x 0.25 mm i.d.) coated with 5% phenylmethylpolysiloxane (film
thickness 0.25 pm) (Supelco, Madrid, Spain), connected to a Hewlett-Packard 3392 A
integrator. The injector and detector were operated at 225°C and 325°C, respectively.
The chromatographic temperature program was: 150°C for 2 min, raised to 170°C
(8°C/min), and held for 4 min; then raised to 255°C (8°C/min), and held for 15 min; and
finally raised to 285°C (5°C/min) and held for 6 min. Nitrogen (6.0, Air Liquide,
Seville, Spain) at a flow-rate of 1 mL/min was used as carrier gas. To confirm the
identity of eluted GC peaks, a Fisons 8000 GC instrument interfaced to a Fisons
MD800 mass spectrometer and controlled by a computer running MASSLAB software
(Thermo, Madrid, Spain) was also used; the chromatographic column and temperature
program were both similar to those used with ECD. Ultrapure helium (6.0, Air
Liquide), at a flow-rate of 1 mL/min, was employed as carrier gas. The injection port

and transfer line temperatures were maintained at 225°C and 300°C, respectively. The

ion source temperature was 200°C for the 70 eV electron impact mode. Mass spectra
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were recorded from m/z 70 to 500. Samples (1 pL) were injected in the split mode (1:25
ratio).

The flow system was constructed with a Gilson Minipuls-2 peristaltic pump
(Villiers-le-Bel, France) furnished with Solvaflex pumping tubes, two Rheodyne 5041
injection valves, PTFE tubing (0.5 mm i.d.) and commercially available connectors.
The sorbent glass column (2 cm x 4 mm i.d.) was hand-packed with 50 mg of silica and
sealed at both ends with small cotton beads to prevent material losses. The sorbent
column was sequentially conditioned with 0.5 mL of acetonitrile and 1 mL of n-hexane
prior to retention. This column can be reused for at least three months, working daily,
including a washing step with 0.5 mL of isopropanol before conditioning. A glass
column (3 cm x 5 mm i.d., packed with cotton wool) was used to filtrate the n-hexane
phase.

A Hetossic laboratory freeze-dryer, type CD-53-1 (Birkerod, Denmark) was

also employed.

2.2. Chemicals and standard solutions

All chemicals and sorbents were of analytical grade or better. The following
pesticides, were studied: dicloran, lindane, vinclozolin, dichlofuanid, captan,
procymidone, o- and B-endosulfan (3:1), endosulfan sulphate, bifenthrin, lambda-
cyhalothrin, deltamethrin, fenpropathrin, fenvalerate (cis and trans isomers), permethrin

(cis and trans isomers), cyfluthrin isomers, B-cyfluthrin isomers, cypermethrin isomers,
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a-cypermethrin and piperonyl butoxide (internal standard, IS) were obtained from
Riedel-de-Haén (Seelze, Germany). Cyfluthrin and cypermethrin have four isomers:
1(RS)cis,a(RS) = isomer I; 1(RS)trans,a(RS) = isomer Il1I; 1(RS)cis,a(SR) = isomer II;
and 1(RS)trans,a(SR) = isomer 1V; a-cypermethrin is the isomer Ill of cypermethrin
and B-cyfluthrin is the mixture of isomers Il and 1V of cyfluthrin at ratio 1:2. The RP-
C,g HPLC sorbent was supplied by Sigma (Madrid, Spain) and the silica sorbent was
obtained from Varian (Zug, Switzerland). Solvents (ethyl acetate, n-hexane,
isopropanol, acetonitrile) were purchased from Merck (Darmstadt, Germany).

Stock standard solutions of each pesticide were prepared in n-hexane at
concentrations of 5 mg/mL, and stored in glass stoppered bottles in the dark at 4 °C.

Working standard solutions were obtained by appropriate dilution with n-hexane.

2.3. Fruit materials and sample preparation

The trial was carried out with fruits purchased at local markets in Cérdoba. Due
to the legally established limits of pesticides residues have been set for raw materials,
samples were analysed unwashed, in a raw state [19]. Sampling was done according to
the legally established protocol of the EU [20]. Thus, a raw global sample consisting of
[b Kg of each fruit was reduced by quartering it to (00 g (laboratory sample). For
melon, the raw sample (Cb units) was cut into slices of (1100 g and then reduced by
quartering to 600 g. Laboratory samples were pulped in a high-speed blender and

fractions of [B0 g lyophilised by freeze-drying at 6 Pa for 8 h, after which they were
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conserved in glass containers, at -20°C in the dark, until analysis. Under these
conditions, the concentration of the pesticides assayed remained constant for at least
three months.

The lyophilised sample was prepared by the following method. An accurately
weighed amount of 0.1-1 g (n=5) containing between 2 ng and 2 pg of pesticides, was
placed into a 50 mL amber glass bottle with 10 mL of n-hexane and 0.1 mL of 200
pg/mL piperonyl butoxide (IS). After the bottle was stoppered, the mixture was
mechanically shaken for 10 min and allowed to settle. Then, 5 mL of the n-hexane
phase, containing the analytes and the IS, was continuously aspirated and filtered into

the SPE system of Figure 1.

2.4. Analytical method

The SPE system used for the screening and determination of organochlorine
and pyrethroid pesticides in fruits is depicted in Figure 1. In the preconcentration step, 5
mL of a standard solution or the treated sample containing 0.2-200 ng/mL of pesticides
(for lyophilised samples, between 2 ng/g and 2 pg/g) plus 2 pg/mL of IS in n-hexane,
was continuously aspirated at 2 mL/min through the cotton column, which filters fine
particles, occasionally present in the organic phase, to avoid clogging the system, and
then passed through the sorbent column (50 mg of silica), located in the loop of the
injection valve 1 (IV1), being the analytes retained and the sample matrix being wasted,

(position in bold lines). Simultaneously, the loop of the second valve (IV,) was filled
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Preconcentration step

mL/min
2

-

Elution step

mL/min

Air

Figure 1. FI manifold for the on-line preconcentration of pesticides and their off-line
determination by gas chromatography. F=filter; P=pump; IV=injection valve; W=waste.
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with the eluent (ethyl acetate) by means of a syringe. Prior to the elution, by switching
IVy, residual organic solution inside the column and the connectors were flushed by
passing an air stream through the carrier line of the 1V, at 1 mL/min for 4 min. In the
elution step, by switching 1V,, 175 uL of the eluent was injected into an air stream and
passed through the sorbent column (in the direction opposite to that of the sample) to
elute the pesticides (position in bold lines). The eluate was collected in a glass vial,
containing anhydrous sodium sulphate and 1 pL aliquot was injected into the gas
chromatograph. After each determination, the sorbent column was cleaned with 0.5 mL
of isopropanol to remove residual compounds from the matrix and then conditioned

with 0.5 mL of acetonitrile and 1 mL of n-hexane.

3. RESULTS AND DISCUSSION
3.1. Solid-phase extraction system

Recently, our working group has developed a flow system for the determination
of organochlorine pesticides (OCPs) in fresh fruits [21], and other one for the screening
of pyrethroids in lyophilised fruits [18]. Petroleum ether/n-hexane and RP-Cg/silica
were found to be the most efficient extraction solvents and sorbents for
OCPs/pyrethroids, respectively. In both cases, the eluent was ethyl acetate. In this work,
the development of a multiresidue method for both types of pesticides using the same
SPE system was afforded. Therefore, taking into account that lyophilised samples gave
better results than fresh ones for pyrethroids [18], through a simplified extraction

procedure which provided cleaner chromatograms as well as higher recoveries, the
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stability of the OCPs during the lyophilisation process was initially studied using melon
as model fruit. For this purpose, 100 g of fresh melon, free from OCPs, was chopped
and spiked with 20 ng/g of each of the OCPs studied, and then divided in two fractions.
One of them was extracted following a standard method [7], which used sequential
extraction with acetone and n-hexane. The n-hexane extract was further evaporated,
redissolved and extracted again; finally, Florisil cartridges were used for clean up
purposes, and the extract was evaporated and redissolved in n-hexane prior to its
injection into the GC-ECD instrument. The other fraction of 50 g of sample was
lyophilised at 6 Pa, for 8 h, and then directly extracted with n-hexane following the
procedure described above for the fresh fraction. This operation was repeated four
times. Based on the results obtained, it was concluded that no losses of OCPs occurred
during lyophilisation process. In addition, chromatograms for lyophilised melon were
cleaner than those for fresh melon. Therefore, all samples were lyophilised for further
experiments.

The study of the extractant and sorbent was carried out using a flow system
similar to that depicted in Figure 1. For this purpose, two working standard solutions
containing 10 ng/mL of each OCP and 20 ng/mL of each pyrethroid, plus 2 pg/mL of
the IS were prepared in n-hexane and petroleum ether. Two columns packed with 60
mg of RP-Cg and silica were separately inserted in to the flow system, with an eluent
of 250 pL of ethyl acetate in all instances. A volume of 5 mL of each working standard
solution was aspirated through the flow system first with the RP-C;g column and then

with the silica column. On the assumption that ethyl acetate provided quantitative
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elution, the following conclusions can be addressed: silica was a much better sorbent
than RP-Cyg because all pesticides in both organic solvents were only retained onto RP-
C,g sorbent up to 20% while pyrethroids were quantitatively retained (100%) onto the
silica column and for OCPs retention efficiency varied from 40% (e.g. lindane,
dicloran) to 90% (e.g. captan, endosulfan sulphate). On the other hand, n-hexane and
petroleum ether behave equally as solvents for standards preparation. To select the most
efficient extractant for real samples, two fractions of 0.5 g of lyophilised melon were
spiked with 150 ng and 300 ng of each OCP and pyrethroid respectively, extracted with
15 mL of n-hexane or petroleum ether and then passed through the flow system with the
silica column; n-hexane showed slightly better extraction properties than petroleum
ether because it provided cleaner chromatograms. So, n-hexane as extractant and silica
as sorbent were finally selected.

The following experiments were carried out by aspirating into the SPE system a
volume of 5 mL of a working standard solution containing 10 ng/mL of each OCP, 20
ng/mL of each pyrethroid and 2 pg/mL of IS. The amount of silica material was
optimised into the range 25-100 mg, with the optimum being 50 mg. The influence of
the flow rate was studied for the sample and the eluent (using an air stream as carrier),
over the range 0.1-5.0 mL/min. Pyrethroids were more affected than OCPs for both
variables; sample and eluent flow rates of 2 and 1 mL/min, respectively were selected.
The volume of the eluent (ethyl acetate) was examined by changing the loop of 1V,
(Figure 1), the optimum volume being 175 pL. A second elution with the same eluent

volume showed the absence of carry over.
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As has been stated above, pyrethroids were quantitatively retained onto silica
whereas retention for OCPs was not complete. So, after the SPE system was optimised,
the sorbent capacity of the silica column for OCPs was evaluated. For this purpose, a
standard solution containing 10 ng/mL of each OCP and 2 pug/mL of IS in n-hexane was
prepared; an aliquot of 5 mL was passed through the SPE system and collected at the
end of the column (this eluate fraction corresponds to unretained OCPs). The standard
solution (5 mL) (100% adsorption) and the collected eluate fraction were evaporated
near dryness and reconstructed with 200 pL of n-hexane (for preconcentration
purposes). A 1 pL aliquot of each extract was injected into the GC-ECD. The
chromatograms obtained (the process was repeated four times) were compared. The
highest retention (80-90%) was obtained for procymidone, B-endosulfan, dichlofuanid,
captan and endosulfan sulphate, and the lowest retention (40-50%) corresponded to
lindane, a-endosulfan and dicloran (vinclozolin excepted [65%). Finally, piperonyl
butoxide was selected as an internal standard among other compounds as it was
quantitatively retained on the silica column and eluted with ethyl acetate; it was added
directly to the standards or samples at a concentration of 2 pg/mL, thus acting as a
procedural internal standard.

The breakthrough volume, defined as the sample volume above which the
analyte starts to elute from the column bottom (it depends on the strength with which
the analytes are retained by each sorbent, on the amount of sorbent and on packing

efficiency of the sorbent bed), was evaluated in the optimised SPE system in order to
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know the maximum sample volume that can be used and hence the maximum
preconcentration factor that can be achieved. For this purpose, different volumes of n-
hexane containing always the same amount of analytes (50 ng of each OCP, 100 ng of
each pyrethroid and 10 pg of IS) were aspirated into the flow system. The results
showed that 20 mL was the breakthrough volume, being the pesticides with minor
affinity by the sorbent (viz. lindane, a-endosulfan and dicloran) the most affected at
higher volumes. Based on these results, and taking into account the high sensitivity of
the method, the volume of extractant required to achieve the MRLs established was 5

mL, with it being possible to increase it up to 20 mL if required.

3.2. Features of the proposed automated method

All pesticides studied exhibited good gas chromatographic properties.
Analytical curves for standards of pesticides were obtained by using a sample volume
of 5 mL of n-hexane containing variable concentrations (0.2-200 ng/mL) and the SPE
system depicted in Figure 1. In the case of mixture of isomers, permethrin (2 isomers),
fenvalerate (2 isomers), B-cyfluthrin (2 isomers), cyfluthrin (4 isomers) and
cypermethrin (4 isomers), the global analytical signal was obtained by summing the
peak areas of all isomers. The curves were constructed by plotting the analyte-to-1S
peak area ratio against the analyte concentration. The detection limit, linear range,
correlation coefficient (), precision (as RSD) and m/z values for GC-MS confirmation

are shown in Table 1. The detection limit was defined as the minimum concentration
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Table 1. Analytical figures of merit of the proposed method for determination of 19 pesticides.

Compound LOD (ng/mL) Linear range (ng/mL) r? RSD (%) m/z?*
Dicloran 0.1 0.2-20 0.998 45 124, 176, 206
Lindane 2.0 5-200 0.999 5.3 111, 181, 219
Vinclozolin 0.1 0.2-20 0.998 3.0 187, 212, 285
Dichlofuanid 0.05 0.2-20 0.992 4.0 123, 224, 332
Captan 2.0 8-200 0.998 6.5 79, 264, 299
Procymidone 0.1 0.2-20 0.998 5.2 67, 96, 283
a-Endosulfan 0.1 0.2-20 0.996 5.4 195, 241, 339
B-Endosulfan 0.05 0.2-20 0.998 3.8 195, 241, 339
Endosulfan sulphate 0.5 1-200 0.996 4.7 272,387, 420
Bifenthrin 0.1 1-200 0.998 6.0 152, 165, 181
Fenpropathrin 0.1 1-200 0.998 5.0 97, 181, 349
A-Cyhalothrin 0.1 1-200 0.996 35 141, 181, 209
Permethrin 0.8 2-200 0.996 5.8 163, 183, 390
Cyfluthrin 0.4 1-200 0.994 5.0 77,163, 227
B-Cyfluthrin 0.2 1-200 0.998 4.7 77,163, 227
Cypermethrin 0.4 1-200 0.996 3.6 77,181, 209
a-Cypermethrin 0.1 1-200 0.998 3.3 77,181, 209
Fenvalerate 0.2 1-200 0.996 6.1 169, 181, 419
Deltamethrin 0.2 1-200 0.994 5.8 181, 209, 253

®m/z values used for confirmation: in italics, M" ions and in bold face, base peak.

providing a chromatographic signal 3 times higher than background noise. The lowest

detection limits were for dichlofuanid and 3-endosulfan (0.05 ng/mL), and for the other

pesticides, it ranged from 0.1 to 0.8 ng/mL (lindane and captan excepted, which has

limits of 2.0 ng/mL). For 1 g of lyophilised sample, the detection limits ranged from 0.5

to 8 ng. The sensitivity of the method (as slope of the calibration graph) was adequate

to determine all pesticides at concentrations lower than the MRLs established by
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European Union. Finally, the precision of the method, expressed as relative standard
deviation, was checked on 10 samples containing 9 ng/mL of each pyrethroid, and
lindane, captan and a-endosulfan, 3.0 ng/mL of each OCP and 2 pg/mL of IS, and was

acceptable for all analytes, ranging from 3.0 to 6.5%.

3.3. Recovery test

To validate the proposed method and taking into account that there is no
appropriate reference material containing both types of pesticides in fruit matrixes, a
recovery test was carried out. Prior to this study, it was necessary to optimise the
volume of n-hexane (extractant) and the extraction time. For this purpose, various
samples of 1 g of lyophilised melon were fortified with variable amount of pesticides,
and then extracted, by mechanical shaking, with 10, 15, 20, 25 and 30 mL of n-hexane
(at least 3 mL of solvent was required to soak the dry material) for different times (from
5 to 20 min). The short time elapsed between spiking of the lyophilised fruit with the
pesticides and its analysis, minimised analyte-matrix interactions, so the recoveries of
pesticides were quantitative. The experiments were carried out by aspirating 5 mL of
each extract into the SPE system, always containing the same amount of analytes (12 ng
of dicloran, vinclozolin, dichlofuanid, procymidone, B-endosulfan and endosulfan
sulphate; 36 ng of a-endosulfan; 60 ng of lindane, captan and each pyrethroid and 10
pg of IS). Aliquots of 1 pL were injected into the GC-ECD instrument. From this

experiment, it can be concluded that the recoveries were more marked by the extraction

199



Almudena Columé Diaz Tesis Doctoral

time than by the volume of extractant. Complete extraction was accomplished above 10
min and a volume of 10 mL of extractant selected, taking into account the additional
preconcentration provided by the lower volume.

Recoveries of analytes were studied in eight uncontaminated fruits (viz. apple,
peach, pear, strawberry, kiwi, melon, cherry and orange). For each sample, the spiked
pesticides were selected according to their use and occurrence/appearance [19,22,23].
About 10 g of each fresh fruit were pulped and then fortified at three levels of
concentration, namely: 6, 12 and 24 ng/g of dicloran, vinclozolin, dichlofuanid,
procymidone, B-endosulfan and endosulfan sulphate; 18, 36 and 72 of a-endosulfan;
and 30, 60 and 100 ng/g of lindane, captan and pyrethroids from standard solutions in
acetone (1 mL of acetone containing from 60 ng to 1 pg of pesticides). After the
addition, the mixture was slightly shaken and left stand for air-drying (~2 h), and then
lyophilised. Each sample was spiked three times at each of the levels indicated above
(n=3). The pesticides were assumed to be uniformly distributed in the 10 g of fresh
fruit, so, any analyte-matrix interactions were assumed to have occurred over the
weathering period (~2 h). The levels of residues of pesticides were quantified by
comparison with standard solutions in n-hexane, which were passed through the SPE
unit, under identical conditions. Figure 2 shows the variation of the recoveries of
pesticides with increased spiked amount in fruits (exemplified for peach). In all fruits
assayed, the initial contaminant concentration was found to influence the desorption

rate. Thus, at the higher pesticides concentration, recoveries increased, being near 100%
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Figure 2. Recovery of pesticides added to a peach sample at three concentrations. Low,
medium and high levels correspond to pesticide concentration spiked at levels of 6-30, 12-60
and 24-100 ng per g of fresh fruit. For more details, see text.

for OCPs but lower for pyrethroids, above all for bifenthrin, probably due to their

higher interaction with the sample matrix.

Table 2 gives the average recovery values obtained for each pesticide at the

three concentrations spiked from three replicates (n=9), for the fruits assayed. In all
instances, the lowest recoveries were obtained for bifenthrin (average 70 + 3%)
followed by deltamethrin, a-endosulfan and captan (average ~85%) as the likely result
of a higher interaction with the sample matrix. For the other pesticides assayed, no

significant differences were observed, with average recovery values of 90% (viz.
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cifluthrin, permethrin and fenvalerate) and 95% (viz. cypermethrin, dichlofuanid,
lindane, endosulfan sulphate, procymidone, A-cyhalothrin and dichloran). Melon and
pear are the fruits for which the recoveries are closest to the average values for each
pesticide, and thus can be used as model fruits. On the other hand, the are no significant
differences between the average recoveries for all pesticides in each fruit, ranging from
92% (viz. peach, kiwi, cherry and orange) to 94% for strawberry (bifenthrin excepted in
these average results).

The efficiency of pesticides extraction from lyophilised fruits and the sorbent
clean-up system, together with the high selectivity of the proposed method, are revealed
in the chromatograms of the different fruits assayed, where only a few peaks from the
matrixes are present. By way of example, Figure 3 shows the chromatograms for
unfortified fresh and lyophilised melon samples (blanks) and a lyophilised melon
sample fortified with all pesticides assayed at the following concentration: 12 ng/g of
dicloran, vinclozolin, dichlofuanid, procymidone, P-endosulfan and endosulfan
sulphate; 36 ng/g of a-endosulfan; and 40 ng/g of lindane, captan and pyrethroids. As
was mentioned before, the chromatogram for the lyophilised melon sample was cleaner
than that for the fresh one. Indeed, the fresh melon fortified with all pesticides provided

complex chromatograms, hindering the identification of some of the analytes.
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Table 2. Average recoveries of pesticides added at three variable concentrations to fruit samples. For experimental details, see text.

Compound Apple Peach Pear Strawberry  Kiwi Melon Cherry Orange
Dicloran 97 +4 98+3 92+4 971 98+1 99+4 95+2
Lindane 967 89+5 100+ 3 94 +6 957
Vinclozolin 95+9 92+8 94+9 93+7 92+6 93+9 94 +7 91+6
Dichlofluanid 97 +£2 95+5 91+6 95+7 95+5 94+6
Captan 85+6 84+6 867 885
Procymidone 95+2 955 96 £ 2 97 +1 97 %3 94 +4
a-Endosulfan 847 876 83+8 84+8 88+7 85+7

3-Endosulfan 92+8 95+5 935 93+7 94+7 91+5

Endosulfan sulphate 95+1 974 96 £ 2 96 +3 93%1 95+3

Bifenthrin 66+2 70+3 764 68+1 70+£2 69+1
Fenpropathrin 91+4 92+1 93+9 92+8

A-Cyhalothrin 93+38 98+7 95+7 97+6 98+8
Permethrin 88+8 907 91%5
Cyfluthrin 88+2 90+£2

B-Cyfluthrin 93+7 92+6
Cypermethrin 97 %2 85+4 97+1 98+2 93+5 97 %2

a-Cypermethrin 91+6 92+3 95+38 95+3

Fenvalerate 92+4 90+5

Deltamethrin 84+6 804 82+5
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A) 2 min

B)

Time (min)

Figure 3. Gas chromatograms for 10 g of unfortified fresh (A) and lyophilised (B) melon
sample and the lyophilised sample fortified (C) with all pesticides assayed. Peaks: 1=dicloran;
2=lindane; 3=vinclozolin;, 4=dichlofuanid; 5=captan; 6=procymidone; 7=a-endosulfan; 8=[3-
endosulfan; 9=endosulfan sulphate; 10=bifenthrin; 11=fenpropathrin; 12=A-cyhalothrin;
13=permethrin cis; 14=permethrin trans; 15=cyfluthrin I; 16=cyfluthrin IlI; 17=cyfluthrin II;
18=cyfluthrin  IV; 19=cypermethrin I, 20=cypermethrin Ill; 21=cypermethrin I,
22=cypermethrin 1V; 23=fenvalerate cis; 24=fenvalerate trans; 25=deltamethrin; and internal
standard (IS).
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3.4. Analysis of fruits

Different kinds of fruits, including those listed above, were purchased at
various local markets and about 100 samples were analysed in quintuplicate (n=5).
Sampling was done as described in Fruit materials and Sample preparation Sections,
and laboratory samples were lyophilised as soon as received. Initially, 0.1 g of each
lyophilised fruit was accurately weighed and analysed by the proposed method; when
negative results were obtained, the sample amount was increased to 1 g. In all instances,
quantitation was done by ECD and positive findings were confirmed by MS, using 2 g
of lyophilised sample with 20 mL of n-hexane and passing 15 mL of extract through the
SPE system, as the sensitivity was ~10 times lower than with ECD. Only 10 samples
were found to contain chlorinated or pyrethroid residues at detectable levels. The results

thus obtained, for 0.1 g of lyophilised sample, are listed in Table 3.

Table 3. Pesticides found in the 100 checked fruit samples (SD, n=5).

Sample Water (%) Pesticide found Concentration® (ng/g) MRL?® (ng/g)
Apple 85 Procymidone 400 + 35 0°
Peach 80 Vinclozolin 23+4 2000
Pear 80 Procymidone 136+ 9 1000
Strawberry 90 Procymidone 109+8 5000
Kiwi 85 Vinclozolin 2600 + 365 10000
Melon 85 Deltamethrin 28+ 7 50
Cherry 70 A-Cyhalothrin 38+4 100
Strawberry 90 A-Cyhalothrin 14+4 20
Kiwi 85 Fenvalerate 34+7 500
Orange 80 Captan 530 + 25 3000

& Amount per g of fresh sample.
® Established by the European Union.
¢ Value not established by the European Union.
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Figure 4. Gas chromatogram for A-cyhalothrin (1) found in a cherry sample
(A); I1S=internal standard. Full scan El mass spectra from the pyrethroid in
the fruit sample and from pesticide library (B).
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As can be seen, the concentrations found were lower than the EU maximum
residue limits (see Table 3) for all compounds examined. Figure 4A shows the
chromatogram for the cherry sample containing only A-cyhalothrin, obtained with
electron capture detection. Figure 4B illustrates the identification of this pyrethroid by
comparing the mass spectrum for the corresponding peak with that in the library.

Spectral comparison resulted in coincidence of [(B5%.
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Abstract

A method for multiresidue screening of Iyophilised vegetables for up to 25 pesticides
(16 pyrethroids and 9 OCPs) permitted in the European Union was systematically developed on
the basis of solid-phase extraction and gas chromatography with electron capture detection. The
residues of pesticides were extracted from the lyophilised sample with n-hexane by mechanical
shaking; the organic phase containing the pesticides was aspirated into a continuous module
which comprises a laboratory-made silica column for analyte preconcentration and sample
matrix clean-up. The method provides excellent clean-up despite the complexity of the matrices
involved thanks to the lyophilisation process which also helps to sample preservation without
losses of the selected relatively non volatile analytes. Detection limits were about 1-10 ng/g,
except for lindane and captan (30 ng/g) thus allowing their determination at concentrations
lower than their maximum residue limits with good precision ([(b%). The accuracy of the
quantitative determination measured in terms of average percentage recovery of the 25
compounds in 8 different vegetables was 93+3, bifenthrin and deltamethrin excepted. The
proposed method was applied to the screening of about 100 vegetables for the selected
pesticides, being the positive findings further confirmed by GC-MS.
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1. INTRODUCTION

Vegetables are essential constituents of the human diet. In order to satisfy their
demand, an increase in the world production of vegetables is required, where the use of
pesticides plays a necessary and essential role [1]. This practice constitutes an important
aspect of modern agriculture as they help to control pests and plant diseases. In this
concern, monitoring residues of pesticides in vegetables is nowadays a priority
objective in pesticide research in order to get an extensive evaluation of vegetable
quality to avoid possible risks to human health. Analytical methodologies developed for
detecting these residues in horticultural samples, offered options to government
regulators on how to improve their analytical capabilities according to the toxicity of a
specific pesticide in the dietary intake. The frequent decrease in the maximum residue
limits (MRLs) imposed by international organisations (European Union, Environmental
Protection Agency) implies a dramatic improvement of the limits of detection provided
by currently available multiresidue methods [2].

Pyrethroids and organochlorine pesticides (OCPs) are nonsystemic as they
cannot penetrate into the plant. After treatment, they form a deposit on the surface of
the leaf; their potential absorption depends on the formulation, lipophilicity and
concentration of the active ingredients and therefore, the extraction of these pesticides
is rather simple compared to the systemic organophosphorous and carbamate pesticides
[3]. Many laboratories implement multiresidue screening methods using solvent
extraction of the pesticides from fresh vegetables followed by gas chromatography with

various detectors. Acetone, acetonitrile, dichloromethane, ethyl acetate and n-hexane
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are commonly used for pesticide residues extraction, followed by filtration, evaporation
to near-dryness and redissolution in few microliters of organic solvent [4-9]. Usually,
additional clean-up steps such as solvent partitioning [10,11] and/or solid-phase
extraction [12-18], are necessary prior to injection into the gas chromatograph to
remove co-extractives that could interfered with the analytes during chromatographic
separation. The most popular sorbent is Florisil [12-15], although silica gel [16], celite-
charcoal [17] and polystyrene-divinylbenzene [18], have also been proposed. Pesticides
are further eluted with few microliters of organic solvents. Undoubtedly,
preconcentration helps to reduce limits of detection, but time-consuming clean-up
procedures have to be introduced to avoid contamination of the gas chromatographic
system, thus losing resolution, with matrix components, thereby increasing the cost of
the analysis.

This paper describes an elegant alternative to other existing procedures, which
is an improved version of a previous method to determine OCPs [19], suitable for the
simultaneous determination of up to 25 residues of pesticides in vegetable samples
without modifications of the procedure based on the sample matrix. The proposed
method implements a sample lyophilisation step prior to automatic extraction with a
single solvent and preconcentration/clean-up on a miniaturised silica column. The
results obtained in positive samples were compared with those of a standard method
[13] and good correlation was achieved in all instances. The limits of detection were
lower than the most exigent MRL, so they can be considered enough for all the

pesticide-vegetable combinations assayed.
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2. EXPERIMENTAL
2.1. Chemicals and standards
All pesticides were purchased from Riedel-de-Haén (Seelze, Germany):
dicloran, lindane, vinclozolin, dichlofuanid, captan, procymidone, a- and B-endosulfan
(3:1), endosulfan sulphate, bifenthrin, A-cyhalothrin, deltamethrin, fenpropathrin,
fenvalerate (cis and trans isomers), permethrin (cis and trans isomers), cyfluthrin (4
isomers), B-cyfluthrin (2 isomers), cypermethrin (4 isomers), a-cypermethrin and
piperonyl butoxide (internal standard, IS). The silica sorbent was obtained from Varian
(Zug, Switzerland). All other reagents and solvents were purchased from Merck
(Darmstadt, Germany).
Individual stock standard solutions were prepared in n-hexane at concentrations of
5 mg/mL, and stored in glass stoppered bottles in the dark at 4°C. Individual and
cumulative working standard solutions were obtained by appropriate dilution of the

stocks in n-hexane or acetone.

2.2. Instrumentation

A Hewlett-Packard 5890 A equipped with a ®Ni electron-capture detector and a
fused silica capillary column (30 m x 0.25 mm i.d.) coated with 5% phenyl-
methylpolysiloxane (0.25 um film thickness), (Supelco, Madrid, Spain), connected to a
Hewlett-Packard 3392 A integrator was used for pesticides separation. General

operating conditions were as follows: injector port temperature, 225°C; detector
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temperature, 325°C; carrier gas (N,) flow, 1 mL/min; column temperature program,
initially 150°C for 2 min, increase at 8°C/min to 170°C, hold for 4 min, then increase at
8°C/min to 255°C, hold for 15 min, and increase at 5°C/min to 285°C, hold for 6 min;
split injection, 1:25 ratio; injection volume, 1 pL. Confirmatory analysed were carried
out on a Fisons 8000 GC instrument interfaced to a Fisons MD800 mass spectrometer
and controlled by a computer running MASSLAB software (Thermo, Madrid, Spain). The
chromatographic column was an HP-5MS 30 m x 0.25 mm i.d., 0.25 pum film thickness,
and temperature program was the same as in GC-ECD, using helium as carrier gas (1
mL/min); split injection, 1:25 ratio; injection volume, 1 pL. MS conditions: ion source
temperature, 200°C; transfer line temperature, 300°C; ionisation mode, electron impact
at 70 eV; scan range, from m/z 70 to 500; data acquisition mode: full scan.

The continuous flow configuration consisted of a Gilson Minipuls-2 peristaltic
pump (Villiers-le-Bel, France) furnished with Solvaflex pumping tubes, two Rheodyne
5041 injection valves, PTFE tubing (0.5 mm i.d.)) and commercially available
connectors. The sorbent glass column (2 cm x 4 mm i.d.) was hand-packed with 50 mg
of silica and sealed at both ends with small cotton beads to prevent material losses. A
glass column (3 cm x 5 mm i.d.), packed with cotton wool was used as filter. A
Hetosicc laboratory freeze-dryer, type CD-53-1 (Birkerod, Denmark) was also

employed.
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2.3. Preparation of vegetable samples

Vegetables were purchased at local markets in Cérdoba and analysed unwashed, in
a raw state [1], according to the legislation established [20]. A raw global sample
consisting of [b Kg of each vegetable was reduced by quartering to (500 g (laboratory
sample). In some cases (spinach, aubergine, cauliflower), the raw sample (5 Kg) was
cut into slices of [1100 g and then reduced by quartering to (500 g. Laboratory samples
were pulped in a high-speed blender and fractions of [B0 g lyophilised by freeze-
drying at 6 Pa for 8 h, after which they were conserved in glass containers, at -20°C in
the dark, until analysis. Under these conditions, the concentration of these pesticides
remained constant for at least six months. An accurately weighed amount of 0.1-1 g of
lyophilised vegetable was placed into a 50 mL amber glass bottle with 10 mL of n-
hexane and 0.1 mL of 200 pg/mL piperonyl butoxide (IS). Once stoppered, the mixture
was mechanically shaken for 10 min and allowed to settle. Then, 5 mL of the n-hexane
phase, containing the analytes and the IS, was continuously aspirated and filtered into
the solid-phase extraction (SPE) system of Figure 1. Blanks and standard calibration

graphs were run by using uncontaminated lyophilised sample (0.1-1 g).

2.4. Solid-phase extraction method
The continuous SPE system used to extract the pyrethroids and OCPs from
lyophilised vegetable samples is depicted in Figure 1. A volume of 5 mL of the n-

hexane phase from uncontaminated lyophilised vegetable (blank) or from the sample
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mL/min
Filter 2
Efl] > ﬂ - GC
Sample
Air 1

Ethyl acetate

Figure 1. Continuous flow system developed for the preconcentration/clean-up of pesticides
from lyophilised vegetables. IV=injection valve; W=waste; GC=gas chromatograph with
electron capture or mass spectrometric detector.

(pesticide concentration 0.5-200 ng/mL) containing 2 pg/mL of the IS, was aspirated at
2 mL/min through a cotton filter to prevent suspended particles from reaching the
continuous unit. All pesticides were adsorbed on the 50 mg silica column (2 cm x 4 mm
i.d.) located inside the loop of injection valve 1 (IV;), and the sample matrix was sent to
waste. Simultaneously, the loop of the second injection valve (1V,) was filled with ethyl
acetate by means of a syringe. Any residual organic solvent remaining inside the
column and the connectors was flushed by passing an air stream through the carrier
line at 1 mL/min for 4 min. Next, IV, was switched to pass the loop contents (175 pL of
ethyl acetate) at 1 mL/min through the column, in opposite direction to the sample, in

order to elute pesticides. The whole organic extract was collected in a glass vial
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containing anhydrous sodium sulphate and 1 pL aliquot injected into the gas
chromatograph for analysis. Between samples, the sorbent column was cleaned, without
removal from the continuous SPE system, with 0.5 mL of isopropanol to remove
potentially retained interferents and then conditioned with 0.5 mL of acetonitrile and 1
mL of n-hexane. Under these conditions, the sorbent column was serviceable for about

three months.

3. RESULTS AND DISCUSSION
3.1. Optimisation of the SPE method

The majority of the multiresidue methods described in the literature are based
on the extraction of the residues of pesticides from fresh samples. It is well-known that
lyophilisation is especially suitable for sample preservation. In the case of agricultural
commodities, the use of a freeze-drying process led to the solution of a variety of
problems related to the storage of these types of sample [21]. Recently, it has also been
demonstrated that lyophilised samples give better results than fresh ones for the
determination of pyrethroids in terms of simplicity of the analytical process, absence of
interfering peaks from the matrix in the chromatograms and recovery of the analytes
from the matrices assayed [22]. In the present work, different pyrethroids and OCPs
permitted by the European legislation were studied for the development of an
automated configuration that allowed the determination of such compounds in

lyophilised vegetable samples. For this purpose, a flow system similar to that shown in
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Figure 1 was used, and lyophilised tomato was selected as model vegetable for the
optimisation of chemical and flow variables.

The first variable studied was the stability of OCPs during the lyophilisation
process. For this purpose, about 100 g of fresh tomato, free from residues of pesticides
was pulped and spiked with 20 ng/g of each of the OCPs studied, and then divided in
two fractions. One of them was processed following a standard method previously
described [13], which used sequential extraction with acetonitrile and n-hexane; after
filtration and evaporation, further clean-up on Florisil was carried out. The other
fraction was lyophilised at 6 Pa for 8 h, directly extracted with n-hexane and cleaned —
up on Florisil as in the standard method. In this case, more polar analytes were not
extracted as well with n-hexane. This operation was repeated four times. The results
obtained by both procedures were quite consistent, and therefore, no losses of OCPs
occurred during lyophilisation process. Finally, similar experiments were carried out
with a lyophilised sample that was then fortified with all pesticides assayed, being the
results quite consistent with those previously obtained. In addition, chromatograms of
Iyophilised tomato were cleaner than those of fresh one, so lyophilised vegetables were
used for further optimisation experiments.

Sample lyophilisation avoids the first extraction of the pesticides with a polar
solvent such as acetone or acetonitrile and therefore, a low polarity solvent such as n-
hexane can be used as sole extractant. Thus, lyophilised model vegetable was spiked
with the pesticides and the internal standard and placed together with the extractant in a

50 mL glass bottled and, after manual shaking, aliquots of 5 mL of the organic phase,
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containing 10 ng/mL of OCPs, 20 ng/mL of pyrethroids and 2 pg/mL of IS were
continuously aspirated into the SPE system. The short time elapsed between spiking
and analysis, minimised analyte-matrix interactions, so extraction of pesticides from the
vegetable was quantitative. Taking into account the simplicity of the proposed method,
the only variables potentially affecting performance would be the sorbent, eluent,
sample and eluent flow-rates. In previous studies, it was established that RP-C,g was the
most suitable sorbent for the preconcentration of OCPs in aqueous medium [19]
whereas silica was preferred for the retention of pyrethroids extracted in n-hexane [22],
using the eluent ethyl acetate in both instances. The main objective of this work was the
direct extraction of pesticides from vegetables with a non-polar solvent, and therefore
the applicability of silica for the preconcentration of OCPs and pyrethoids from
vegetables was assayed, using n-hexane as extractant and ethyl acetate as eluent. Each
experiment was carried out using 5 mL of the n-hexane extract and the whole eluate
was collected in glass vials, evaporated to dryness under a nitrogen stream and the
residue redissolved in 200 uL of ethyl acetate. Pyrethroids were quantitatively retained
on the sorbent column while for OCPs, retention varied between 40% (lindane and
dicloran) and 90% (captan and endosulfan sulphate). The lower retention of OCPs is
not an inconvenience to reach the MRLs established because of their higher sensitivity
in the ECD detector. Different organic solvents were assayed as eluents, namely: ethyl
acetate, acetonitrile, isopropanol and acetone. Ethyl acetate provided quantitative

elution ([1100%) of both classes of pesticides, so it was selected for further analyses.
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The amount of sorbent material was optimised in the interval 15-100 mg. Peak areas
increased as increasing the amount of solid up to 40 mg, above which remained
virtually constant. A column packed with 50 mg of silica was selected as optimum. The
influence of the eluent volume was studied by changing the loop of IV,. Obviously, as
the eluent volume was increased, desorption was more efficient but also analytes were
more dilute. Because of these opposing effects, the only way to correctly determine the
most appropriate eluent volume was to dilute the extracts to a constant volume using
the same solvent (viz. 500 pL of ethyl acetate). Desorption efficiency increased with
increasing injected volume up to 175 pL, and remained constant over this value, so it
was selected as optimum. A second injection with the same eluent volume revealed the
absence of carry-over; complete elution of analytes was thus obtained with a single
injection of ethyl acetate. Changes in the flow-rates of the sample and eluent (air stream
as carrier) between 0.5-3.0 mL/min resulted in small variation of the signals, which
were found to decrease at higher flow-rates, slightly for OCPs and more markedly for
pyrethroids. Therefore, a sample and eluent flow-rate of 2 and 1 mL/min, respectively
were selected.

Once the SPE system was optimised, the breakthrough volume was studied in
order to establish the maximum sample volume that can be introduced into the SPE
system and hence the maximum preconcentration factor that can be achieved. For this
purpose, different volumes of n-hexane containing always the same amount of analytes

(50 ng of each OCP, 100 ng of each pyrethroid and 10 pg of IS) were continuously
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aspirated into the flow system and the retained analytes eluted with 175 pL of ethyl
acetate. From the results obtained it can be concluded that the pesticides having lower
affinity for the sorbent were more markedly affected at higher volumes, so a maximum
volume of 20 mL can be passed through the silica column. However, taking into
account the high sensitivity of the method, a volume of 5 mL of n-hexane was enough
to reach the MRLs established by international organisations for the selected pesticides.

Finally, two variables affecting extraction of residues of pesticides from
lyophilised vegetables, namely: the volume of n-hexane (extractant) and the extraction
time were studied. Thus, several samples of 1 g of lyophilised tomato were fortified
with variable amount of pesticides and extracted, by mechanical shaking during
different times (from 5 to 20 min), with volumes of n-hexane from 10 to 30 mL, taking
into account that soaking the dry material required at least 3 mL of organic solvent.
Aliquots of 5 mL of n-hexane containing the same amount of pesticides were
continuously aspirated into the flow system. Satisfactory results were obtained for an
extraction time of 10 min, using 10 mL of n-hexane, being the extraction time the most

influential variable.

3.2. Calibration and statistical study

The performance and reliability of the proposed on-line method (Figure 1) were
assessed by determining the regression equation, linear range, analyte detectability and
relative standard deviation for the pesticides assayed. For cyflutrhin and cypermethrin

(mixture of 4 isomers), the total analytical signal was obtained by summing the peak
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Table 1. Limits of detection, linearity, precision and m/z identification values of the 25
pesticides.

Compound LOD (ng/g)® Linear range (ng/g)® RSD® (%) m/z°
Dicloran 2 5-200 4.8 124,176, 206
Lindane 30 100-2000 5.7 111, 181, 219
Vinclozolin 2 5-200 4.0 187, 212, 285
Dichlofuanid 1 5-200 5.1 123, 224, 332
Captan 30 100-2000 6.8 79, 264, 299
Procymidone 2 5-200 6.0 67, 96, 283
a-Endosulfan 2 5-200 5.8 195, 241, 339
B-Endosulfan 1 5-200 4.9 195, 241, 339
Endosulfan sulphate 8 15-2000 5.1 272,387, 420
Bifenthrin 1 5-2000 6.4 152, 165, 181
Fenpropathrin 1 5-2000 5.3 97, 181, 349
A-Cyhalothrin 1 5-2000 4.6 141, 181, 209
Permethrin 10 20-2000 6.5 163, 183, 390
Cyfluthrind 5 10-2000 4.9 77,163, 227
B-Cyfluthrin 2 10-2000 5.3 77,163, 227
Cypermethrin® 5 10-2000 4.2 77, 181, 209
a-Cypermethrin 1 5-2000 4.0 77,181, 209
Fenvalerate 2 10-2000 6.1 169, 181, 419
Deltamethrin 2 10-2000 5.0 181, 209, 253

2 ng/g values for lyophilised samples.

b n=11.

® m/z values in italics are M* ions; those in bold face correspond to the base peak.

¢ Mixture of isomers.

areas of all isomers. For this purpose, microliters of standard solutions in acetone
containing all pesticides at variable concentrations were spiked to individual amounts of

1 g of Iyophilised tomato, in the interval 5-2000 ng per g, and extracted as in Section

2.4. Figures of merit of the proposed method are listed in Table 1. The limits of
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detection (LOD) were calculated as the minimum concentration providing
chromatographic signals three times higher than the background noise. In all cases, they
were satisfactory, from 10 to 5000 times lower than the MRLs admitted in the European
Union for these commodities. Correlation coefficients ranged from 0.996 to 0.999. The
precision (reliability) was calculated as the relative standard deviation obtained by
measuring 11 samples containing the pesticides at concentrations within the lower

range of the calibration graphs and ranged from 4.0 to 6.8%.

3.3. Applications

The proposed multiresidue method was applied to the screening of about one-
hundred vegetables purchased at various local markets. Initially, 0.1 g of each
lyophilised vegetable was analysed following the method described; when negative
results were obtained, the sample amount was increased up to 1 g to confirm the
absence of pesticide residues at detectable levels. Only ten samples were found to
contain residues of pesticides although the concentrations were lower than the MRLs
(cypermethrin in potato excepted). The results obtained are listed in Table 2. The
samples were also analysed following the standard method [13] and the results obtained
were concordant in all instances (Table 2). In addition, positive findings were
confirmed by GC-MS, using 2 g of lyophilised vegetable and 20 mL of n-hexane,
aspirating 15 mL of organic phase into the SPE system. Figure 2 shows the
chromatograms obtained for a tomato sample, where dichlofuanid was detected (A) and

the same sample fortified with all the pesticides assayed at concentrations between
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Table 2. Analytical results of pesticides found in the one-hundred fresh vegetable samples analysed (SD, n=5).

Concentration (ng/g) *

Concentration (ng/g)

0 - a,b, a.c
Sample Water (%) Pesticide found Proposed method Standard method MRL*™ (ng/g) MRL**(ng/g)
Potato 92 a-Endosulfan 31+2 335 50 200
Potato 92 Cypermethrin 280 £ 15 270 £ 20 50 50
Tomato 93 Dichlofluanid 14+1 18+3 5000 2000
Tomato 93 Procymidone 529 + 33 550 + 80 2000 5000
Spinach 90 Cypermethrin 385 + 20 390 + 30 500 2000
Cucumber 92 Deltamethrin 48+ 3 51+6 100 200
Cucumber 92 Captan 85+ 6 80+8 100 n.a.
Green pepper 91 Dicloran 61 7+1 na.’ n.a.
Green pepper 91 Dicloran 9+1 11+2 n.a.“ n.a.
Green pepper 91 Permethrin 215+ 15 210+ 20 500 1000
Aubergine 93 Bifenthrin 8+1 6+1 nat n.a.
Cauliflower 91 Dichlofluanid 39+3 40+ 6 5000 n.ad
Cauliflower 91 Permethrin 55+ 4 50+ 6 100 500
Onion 91 Bifenthrin 8+1 7+2 n.a.t n.a.’

2Amount per g of fresh sample.

PEstablished by the European Union.
¢ Established by FAO.

¢ Value not applicable by the European Union.
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Time (min)

Figure 2. GC-ECD chromatograms for (A) lyophilised tomato sample where dichlofuanid
was detected and (B) this sample fortified with all the pesticides studied at a medium
concentration level. Peaks: 1=dicloran; 2=lindane; 3=vinclozolin; 4=dichlofuanid; 5=captan;
6=procymidone; 7=a-endosulfan; 8=f-endosulfan; 9=endosulfan sulphate; 10=bifenthrin;
11=fenpropathrin; 12=A-cyhalothrin; 13=permethrin cis; 14=permethrin trans; 15=cyfluthrin
I;  16=cyfluthrin 1ll; 17=cyfluthrin 1I; 18=cyfluthrin 1V; 19=cypermethrin I;
20=cypermethrin 1ll; 21=cypermethrin II; 22=cypermethrin 1V; 23=fenvalerate cis;
24=fenvalerate trans; 25=deltamethrin, and 1S=internal standard.
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12-60 ng per g of fresh sample (B). Figure 3A shows the chromatogram for the
aubergine sample containing only bifenthrin, obtained with electron capture detection.
Figure 3B illustrated the identification of this pyrethroid by comparing the mass
spectrum for the corresponding peak with that in the library. Spectral comparison
resulted in coincidence of [B5%.

The feasibility of the proposed multiresidue method for the
screening/determination of pesticides in vegetable samples was evaluated by spiking
eight uncontaminated samples with the pesticides according to their use and
occurrence/appearance [1,3,23]. In order to ensure reliable simulation of the actual leaf
application [23], about 10 g of pulped fresh vegetable was spiked with 1 mL of acetone
containing variable concentrations of pyrethroids and OCPs (between 60 ng and 1 ug)
and after slight shaking, left stand for air-dry (2 h) and then lyophilised. On the
assumption that pesticides were uniformly distributed over the 10 g of vegetable, any
analyte-matrix interaction would have occurred during the weathering process ([2 h).
Table 3 gives the average recovery values obtained for each pesticide spiked to each
vegetable sample at three concentrations, namely: 6, 12 and 24 ng/g of dichloran,
vinclozolin, dichlofuanid, procymidone, -endosulfan and endosulfan sulphate; 18, 36
and 72 ng/g of a-endosulfan; and 30, 60 and 100 ng/g of lindane, captan and
pyrethroids, from three replicates in each case (n = 3). As expected, recoveries of
pesticides increased as increasing the amount spiked, corresponding the lower values to

the amounts spiked at the low level; this effect was more marked for fenvalerate,
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Figure 3. (A) GC-ECD chromatogram for bifenthrin (1) found in an aubergine
sample. (B) Full-scan EI mass spectra from bifenthrin in the aubergine sample and
from pesticide library.
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Table 3. Average recoveries (n=3) of pesticides spiked to vegetables at low (6-30 ng), medium (12-60 ng) and high (24-
100 ng) levels per gram of fresh sample.

Average recovery

Aubergine Potato Green pepper Tomato

Compound

Low Medium High Low Medium High Low  Medium High Low  Medium High

level level level  level level level level level level level level level
Dicloran 89+4 91+3 99+4
Lindane 95+4 98+3 99+4 91+5 94+5 96+4 90+4 95+3 97+4 94+4 96+4 101+
Vinclozolin 93+4 93+3 99+3 94+5 95+3 97+3 90+3 97+3 973
Dichlofluanid 93+6 97+5 100+
Captan 79+4 83+3 8514 81+4 84+4 884 86+4 83+5 90*4
Procymidone 93+5 965 97+4 9l1+5 96+4 102+

a-Endosulfan 83+4 86+4 86+4 B82+3 86+3 87+5 82+4 83+4 85+3 83+5 88+5 89+3
B-Endosulfan 92+5 93+4 95+3 92+4 93+4 98+4 913 96+3 99+4 95+4 97+4 101t

Endosulfan 9343 04+2 08+2 93+3 06+2 99+3 B89+3 95+3 06+3 96+3 99+3 100%

sulphate 2
Bifenthrin 69+3 75+3 80%2 69+3 70+3 73%2
Fenpropathrin ~ 82+4 91+4 97+3 84+3 93+3 102+ 89+4 96+4 101+
A-Cyhalothrin ~ 93+5 98+5 99+4 86+4 883 954

Permethrin 89+5 98+5 99+4 84+3 91+3 101+ B85+4 91+4 99+3
Cyfluthrin 95+6 97+3 102+ 91+4 98+3 100+
B-Cyfluthrin 98+5 100+ 102+ 8l+5 89+5 93+4
Cypermethrin 86+6 97+3 99+3 85+3 90+3 95+3 B84+4 87+3 95+3
a-Cypermethrin 83+4 92+5 95+3 83+4 87+2 963 90+5 92+4 963
Fenvalerate 77+3 86+3 98+3 75+3 86+3 96+2

Deltamethrin 73+4 774 834 74+2 78+3 85+2




Table 3 (continue).

Average recovery

Onion Spinach Cucumber Cauliflower
Compound - - - - - - - s
Low Medium High  Low Medium High  Low Medium High  Low Medium High
level level level level level level level level level level level level
Dicloran 89+4 94+4 96+4 89+3 93+2 98+2 92+4 94+3 954
Lindane 88+5 89+5 95+3 91+5 93+4 102+4 94+5 96+4 99+3
Vinclozolin 93+3 98+4 1005 93 97+4 98+3 94+3 96+2 983
Dichlofluanid 91+4 93+5 95+3 93+4 944 974
Captan 80+4 81+t4 81+3 81+3 82+3 B86+4 836 B84+5 874
Procymidone 91+3 933 942 91+3 96+2 97+3
a-Endosulfan 85+5 88+3 90+3 81+5 B85+3 86%3
B-Endosulfan 93+4 96+4 98+3 94+5 96+5 97+3
E;gﬁ;‘:éfa“ 95+3 9744 99+2 96+4 99+3 100+3
Bifenthrin 63+2 64+2 66+2 702 76+3 81+3 66+3 72+3 762 632 67 702
Fenpropathrin 85+4 994 102+4 82+3 90+2 98+3 B86+4 87+3 91+3
A-Cyhalothrin 91+5 99+6 102+5 88+3 92+4 95+2 90z 91+ 98+5
Permethrin 84+4 93+4 101+4 79+ 82+3 90+3
Cyfluthrin 85+ 89 + 93+5 89 + 90 + 95+4
B-Cyfluthrin 91+4 95+3 96+ 93 94 + 101+3
Cypermethrin 85+3 933 975 95% 9%6+4 102+3
o-Cypermethrin 83+4 92+4 99+5 895 933 94+3
Fenvalerate 86 + 93+ 97 +2 874 995 101+4
Deltamethrin 75 83+2 84+3 74+3 75+5 803 70t 75+4 85%3
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permethrin, fenpropathrin and a-cypermethrin. Average recovery values of the three
amounts spiked, point out the correlation existing among the results obtained for each
pesticide in the different matrices assayed; therefore, pesticide characteristics (viz.
degradation, interaction) are less relevant than the type of matrix assayed. In this
regard, average values of OCPs in the different vegetable samples tested ranged from
85-96%, being the values obtained for pyrethroids slightly lower (71-95%). Among
them, those providing the lowest average recovery values were bifenthrin (71+£4%),
deltamethrin (78+£2%), captan and a-endosulfan (85+2%). The results obtained testify
to the applicability of the proposed method to any vegetable sample because favourable
results were obtained even in very complex matrices (viz. onion). Summarising, the
main advantage of the method developed is the absence of matrix effect, which can be
ascribed to (i) the lyophilisation process, which minimised the extraction of
concomitants from the sample; and (ii) to the efficiency of the clean-up step on the

sorbent selected.
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La agricultura utiliza el 70% de los recursos hidricos del planeta. Exceptuando
las pérdidas por evaporacion, el agua empleada en agricultura se recicla y llega de
nuevo a las aguas superficiales y subterraneas, arrastrando contaminantes. De hecho,
con el agua de lluvia los plaguicidas, dependiendo del tipo de suelo, se transportan por
escorrentia o se infiltran en el suelo alcanzando las aguas subterraneas. La degradacién
de la calidad del agua por la contaminacién por plaguicidas tiene dos impactos
principales en la salud humana. El primero es el consumo de pescado o de otros
organismos acudaticos que estén contaminados con los plaguicidas; el segundo es el
consumo directo de agua contaminada con estas sustancias. En la Unién Europea se

estimo que, en 1991, en el 65% de las zonas agricolas los acuiferos excedian el LMR de

237



Almudena Columé Diaz Tesis Doctoral

0.5 ng/mL establecido para la suma de plaguicidas, y que aproximadamente en el 25%
de esa area, este LMR se superaba en mas de 10 veces [1].

En este capitulo se aborda la determinacion de residuos de plaguicidas
organoclorados en diversas muestras acuosas (Cap. 1V.1), empleando un sencillo
sistema de flujo totalmente automatizado y cromatografia de gases. Ademas, se evalla
la influencia de la presencia de materia orgéanica sobre la degradacion/adsorcion de
estos plaguicidas en las muestras. De hecho, parece ser que la adsorcion de plaguicidas
organoclorados sobre la materia organica (fundamentalmente algas) presentes en un rio,
es una especie de mecanismo de limpieza del propio rio. Es por ello que diversas
organizaciones, como la Comision conjunta FAO/OMS y US-EPA, recomienden
determinar no sélo la presencia de plaguicidas en el agua, sino también en los
sedimentos, de manera que se constate mas exhaustivamente la presencia de plaguicidas
en el medio acuético [1].

La segunda parte de este capitulo se centra en el desarrollo de un sistema de
screening para determinar la presencia de plaguicidas organoclorados y/o piretroides en
muestras acuosas (Cap. 1V.1), utilizando FTIR sin separacion previa de los analitos. El
uso de la espectrometria de infrarrojo en el analisis de residuos de plaguicidas se
encuentra limitado a su empleo como detector en LC [2], SFE [3] v GC [4]. La
determinacion cuali y cuantitativa de plaguicidas mediante FTIR, sin el uso de una
técnica cromatografica de separacién, Unicamente se ha llevado a cabo en

formulaciones comerciales, donde la concentracidn de los mismos es muy alta [5,6].
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Abstract

An automatic method for the determination of organochlorine pesticides (OCPs) in
water samples was developed. The analytes are preconcentrated onto a customized RP-Cig
column and subsequently eluted with 80 pL of ethyl acetate. Gas chromatography with electron
capture detection is used for their separation and selective detection. Detection limits for 10 mL
sample volumes range from 0.01 to 0.1 ng/mL, with standard deviations between 4 and 6%. The
average recovery at a fortification level of 2 ng/mL is 92%. The method was used to screen
OCPs in natural waters collected near agricultural areas and also to tap waters. Positive findings
were confirmed by gas chromatography with mass spectrometric detection. Finally, the
adsorption/degradation of OCPs in natural pond water containing a high level of suspended
matter was examined; some OCPs were found to be degraded and irreversibly adsorbed on

suspended matter present in the water.
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1. INTRODUCTION

Pesticides are ubiquitous water and soil pollutants by virtue of their extensive
use. In recent years, many studies have shown fresh surface, drinking and ground
waters to frequently contain pesticides at high concentrations [1]. Pesticides are
primarily moved from agricultural fields to surface waters in surface run-off. The
amount lost from fields and transported to surface waters depends on several factors,
including soil characteristics, topography, weather, agricultural practices, and chemical
and environmental properties of individual pesticides [2]. One of the primary goals in
water analyses for pesticides is to reach determination limits of about 0.1 ng/mL for
individual pesticides and 0.5 ng/mL for total concentrations in order to meet the
requirements of the European Union (EU) Drinking Water Directives [3] and those of
the US National Pesticide Survey. These levels call for methods with very low
detection limits. Thus, a recent EU report stated that such analytical methods should
have detection limits of 0.02 ng/mL or less and an accuracy about 20% [4].

Organochlorine  pesticides (OCPs) are usually determined by gas
chromatographic (GC) techniques, using mass spectrometric (MS) [1,2,5-9] or electron
capture detection (ECD) [2,5,10-15]; liquid chromatography with MS detection has also
been used for his purpose, however [5]. The need to extract large volumes of water (up
to 2 L) to analyse small amounts of analyte (hanogram-per-millilitre levels) in relatively
unpolluted water requires using a suitable preconcentration technique. The most
common choices here are solid-phase extraction (SPE) [1,2,5,6,10-13] and liquid-liquid

extraction followed by concentration (by evaporation to dryness) and dissolution of the
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residue in a low volume of organic solvent [5,7,8], which may result in serious losses of
analytes. Techniques such as large-volume injection [1,7,13], microwave-assisted
solvent elution [15] and solid-phase microextraction [9,14] have also been used but to a
lesser extent for this purpose. At present, SPE methods are routinely used to monitor
pesticides in the aquatic environment because of the wide availability of selective
sorbent materials, their simplicity and reduced solvent consumption, and the high
preconcentration factors they provide. This technique involves the sorption of OCPs
from a large amount of water onto a suitable sorbent and their desorption by solvent
elution.

The aim of this study was to develop a simple, robust method for the identification
and quatitation of OCPs at the low ng/mL level in waters close to agricultural areas or
used for human consumption without the need for time-consuming sample treatment
(i.e. to process large sample volumes). The target compounds tested were chosen on the
grounds of their intensive use in the Mediterranean agricultural region. SPE was chosen
for sample clean-up/preconcentration and GC with ECD detection for quantitation, in
order to take advantage of the high efficiency of the chromatographic separation and the
selectivity of the detection step. The proposed extraction system was tested with various

sorbents; the advantages and constraints of the ensuing method are discussed below.
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2. EXPERIMENTAL
2.1. Materials and reagents

All chemicals and sorbents were of analytical grade or better. Aldrin, captan,
dichlofuanid, dicofol, a- and B-endosulfan (3:1, w/w), endosulfan sulphate, a-, -, -
and y-hexachlorocyclohexane (a-, B-, & and y-HCH 1:1:1:1, w/w), lindane (y-HCH),
procymidone and vinclozolin were obtained from Riedel-deHaén (Seelze, Germany).
2,4-Dichlorophenol (internal standard) and RP-C,;3 HPLC sorbent were supplied by
Sigma (Madrid, Spain). All other reagents (acetone, ethyl acetate, ethanol, n-hexane

and sodium sulphate) were obtained from Merck (Darmstadt, Germany).

2.2. Gas chromatographic system

Experiments were carried out by using a Hewlett-Packard 5890A gas
chromatograph ~ equipped with a %Ni electron-capture detection (ECD).
Chromatographic separation was achieved by using a fused silica capillary column (30
m x 0.25 mm i.d.) coated with 5% phenyl-methylpolysiloxane, film thickness 0.25 pm
(Supelco, Madrid, Spain). Peak areas were measured with a Hewlett-Packard 3392 A
integrator. The injector and detector temperatures were kept at 225°C and 325°C,
respectively throughout. Nitrogen (5.5. Air Liquide, Seville, Spain) was employed as
carrier gas (1 mL/min). The column temperature was raised from 120°C (2 min) to
180°C (4 min) at 8°C/min, then to 255°C (10 min) at 8°C/min and, finally, to 270°C (2

min) at 10°C/min. Confirmatory analyses were carried out on a Fisons 8000 GC
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interfaced to a Fisons MD800 mass spectrometer and controlled by a computer running
MASSLAB software (Thermo, Madrid, Spain), using the same chromatographic column
and temperature programme. Ultrapure helium (6.0 Air Liquide) at a flow-rate of 1
mL/min was employed as carrier gas, which involves a variation in the retention times
obtained for the analytes assayed. The injection port and transfer line temperatures were
maintained at 225°C and 300°C, respectively. The ion source temperature was 200°C
for the 70 eV electron impact mode, with scanning over the m/z range of 50-500. In all
analyses, 1 pL of the organic extract was injected in the split mode (1:25 ratio).

The SPE system was constructed by using a Gilson Minipuls-2 peristaltic pump
fitted with Solvaflex pumping tubes, two Rheodyne 5041 six-port injection valves,
PTFE tubing and commercially available connectors. The sorbent column was prepared
by packing a commercial Omnifit glass column (2 cm x 2.5 mm i.d.) with [I70 mg of

RP-Cys.

2.3. Standard solutions and sample conditioning

Stock solutions (5 mg/mL) of each OCP were prepared in acetone and stored in
glass stoppered bottles at 4°C in the dark. Standard and GC calibration solutions
spanning the concentration range 0.05-50 ng/mL were made by appropriate dilution of
the stock solutions. The internal standard, 2,4-dichlorophenol, was added to the eluent

(ethyl acetate) at a concentration of 1 pg/mL.
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Water samples were collected in amber glass bottles. A volume of 1 mL of 0.1 M
Na,S,05 per litre of water sample (final concentration of 10 M) was added on site to
suppress the interferences of chlorine and humic and fulvic acids. All samples were
filtered through a Micro Separations Inc. 0.45 um nylon filter (Westboro, MA) to
remove particulate matter. In order to avoid degradation of some of the OCPs under
alkaline conditions [17], the pH of all water samples was adjusted to 5-6. Analyses
were performed with the least possible delay, the water samples being kept dark at 4°C
from collection to analysis. Any samples that could not be analysed within two days
were treated as described below and their organic extracts frozen at -4°C until their GC

analysis.

2.4. Analytical SPE method

Figure 1 depicts the flow system designed for the determination of OCPs. Initially,
10-100 mL of standard solutions or water samples, at pH 5-6, containing variable
concentrations of the analytes (0.05-50 ng/mL), were continuously aspirated at a flow-
rate of 1.5 mL/min and passed through the RP-Cg column, located in the loop of one of
the injection valves (IV;). Simultaneously, the loop of the second injection valve (IV,)
was filled with eluent (ethyl acetate) containing the internal standard (1 pg/mL of 2,4-
dichlorophenol) by means of a syringe. On switching both injection valves, the loop
contents were carried by an air stream at a flow-rate of 0.2 mL/min. The eluent was

passed through the column (in opposite direction to the sample) and eluted analytes
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mL/min
Water sample
— 1.5
Air
0.2

80 pL

Figure 1. Scheme of the continuous preconcentration and elution steps for the
determination of OCPs in waters. IV=injection valve; W=waste; GC=gas
chromatograph.

were collected in a glass vial containing anhydrous sodium sulphate. A volume of 1 pL
of dried solution was injected into the GC-ECD for analysis. After samples were
passed, the sorbent column was washed with 1 mL of ethanol to remove potential
interferents adsorbed on the column and then conditioned with 3 mL of ultrapure water.
If confirmation by GC-MS was required, a volume of 100 mL of the water sample was

used taking into account the lower sensitivity of the detector compared to ECD.

3. RESULTS AND DISCUSSION
3.1. Clean-up/retention step

Automated SPE enables the preconcentration of large volumes of water
samples onto a column packed with a suitable sorbent and elution of retained analytes

in a few microliters of organic solvent. Six sorbent materials for SPE of organic
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compounds (viz. silica gel, Amberlite XAD-2, LiChrolut-EN, activated carbon, Florisil
and RP-C,g) were initially tested for preconcentration of the OCPs. Sorption tests were
carried out by using a column packed with 50 mg of the sorbent tested in each case. An
agueous solution containing [0 ng/mL OCPs was passed through each column at 0.5
mL/min. Fractions of 1 mL of sample were collected in glass vials before (100%
recovery) and after (unsorbed) the sorbent column, and extracted by hand with 1 mL of
ethyl acetate. This solvent was selected on the grounds of its extraction efficiency for
the compounds studied [6]. After evaporation to near dryness, the residue was
redissolved in 200 uL of ethyl acetate and a 1 pL aliquot of the extract was analysed by
GC. After each sample was processed, the column was sequentially rinsed with 1 mL of
ethanol to remove potentially adsorbed analytes and then conditioned with 3 mL of
ultrapure water. The adsorption efficiency was dependent upon the individual sorbent
assayed, being 40% for Amberlite XAD-2; 60% for Florisil and silica gel; 75% for
LiChrolut-EN and 90-100% for RP-C.;s and activated carbon. RP-Ci;g was finally
selected, as retention of OCPs on activated carbon was irreversible. Thus, various
columns packed with different amounts of RP-C,5 between 20 and 90 mg were prepared
in order to establish the optimum amount of sorbent for adsorbing the OCPs. The
amount of sorbent used was found to have considerable influence; thus, the peak areas
obtained with 40 mg were about 2 times higher than those provided by 20 mg, beyond
which they remained virtually constant. A working column packed with 40 mg RP-Cyg

was selected. Subsequent experiments were carried out by aspirating 10 mL of ultrapure
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water containing each OCP in concentrations of 2-6 ng/mL into a SPE unit as depicted
in Figure 1 and eluting the OCPs with 200 pL of ethyl acetate.

The influence of pH on the retention of OCPs was studied over the range 1-10,
adjusted with dilute HNO; or NaOH. Aldrin was the OCP chromatographic signals of
which remained almost constant throughout the widest pH range (1.0 to 9.0); for the
rest of the analytes, chromatographic areas increased with increasing pH, remaining
almost constant over the range 2.8-7.5 (HCH isomers, vinclozolin, procymidone); 2.8-
7.0 (captan, B-endosulfan, dicofol, endosulfan sulphate); 3.0-7.2 (dichlofuanid) and 3.4-
6.5 (a-endosulfan), but decreasing at higher pH values. This can be ascribed to the
OCPs being degraded or not adsorbed in the alkaline medium. Based on this general
tendency, a pH value between 5 and 6 was used as obtained by preparing the standards
in ultrapure water. The flow-rate of the aqueous solution (10 mL) was found to strongly
influence the recovery throughout the volume flow range studied (0.3-3 mL/min). A
steady state was achieved between 0.3 and 1.7 mL/min, the signal decreasing sharply
above the latter value; a sample flow-rate of 1.5 mL/min was thus selected.

One important parameter to be controlled in developing an SPE method is the
breakthrough volume, i.e. the sample volume where the analyte starts to be eluted from
the column bottom. It depends on packing efficiency of the sorbent bed and on the
strength with which the analytes are retained by each sorbent [16]. This parameter
restricts the maximum sample volume that can be used and hence the maximum
preconcentration factor that can be achieved. The effect of this variable was examined

by using standard solutions containing 2-6 ng of each pesticide in variable volumes of
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distilled water (from 5 to 100 mL) that were introduced into the SPE system. The
breakthrough volume determined with this on-line SPE system was found to be at least
100 mL (at 1.5 mL/min) for all the compounds selected. Higher volumes can also be

assayed depending on sample availability and operator's patience.

3.2. Elution step

The best eluent under the previously established optimum flow conditions was
selected. Ethyl acetate [2,6,11,13], acetonitrile [5], n-hexane [10] or sequences of the
three [12] are frequently used to elute OCPs preconcentrated from water onto RP-Cyg
cartridges or disks. All three were tested, using a volume of 200 L delivered at a flow-
rate of 0.5 mL/min by means of an air stream. Ethyl acetate was found to be the best
choice (elution efficiency [1100%) as lower efficiency was obtained for the others (60%
for n-hexane and 85% for acetonitrile), being hence adopted as desorbing solvent. Next,
the influence of the eluent flow-rate was studied by varying the air flow-rate between
0.3 and 0.8 mL/min. The elution efficiency was found to decrease above 0.6 mL/min
owing to the residence time of the eluent in the column being too short for quantitative
desorption; 0.5 mL/min was thus selected. Finally, the effect of the eluent volume was
studied between 50 and 200 puL. Recoveries increased with increasing injected volume
up to 80 pL (complete elution). Therefore, a volume of 80 pL of ethyl acetate was

chosen as optimal.
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3.3. Analytical performance

All pesticides studied exhibited good gas chromatographic properties and could
be identified in a direct manner without overlap. The performance and reliability of the
SPE-gas chromatographic method was assessed by determining the sensitivity (slope of
the calibration graph), linear range, detection limit and relative standard deviation.
Analytical curves for aqueous samples containing different amounts of OCPs, prepared
following the above described-procedure, were obtained by plotting the analyte-to-
internal standard peak-area ratio against the analyte concentration. The analytical
figures of merit for a sample volume of 10 mL are summarised in Table 1. Detection
limits of the method were established for the same sample volume, spiked with the
pesticides at very low concentration, introduced into the flow system. They were
calculated as the minimum concentration providing a chromatographic signal three
times higher than the background noise and ranged from 0.01-0.1 ng/mL. They were all
below the limit set by the European Union and, in most of the cases, several times
lower. Even lower detection limits can be achieved by increasing the sample volume to
100 mL. The precision of the method was checked on 11 samples of 10 mL spiked with
each OCP at a 2 ng/mL concentration. The precision of the method is quite acceptable:

relative standard deviations (RSD) ranged from 4 to 6%.
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Table 1. Analytical figures of merit for the determination of OCPs (sample volume 10 mL) using
the proposed SPE method.

Analyte Slope Linear range (ng/mL) LOD (ng/mL) RSD (%)
a-HCH 0.40 0.1-20 0.03 4.6
B-HCH 0.22 0.2-35 0.08 5.8
Lindane 0.41 0.1-20 0.03 4.7
6-HCH 0.44 0.1-20 0.03 4.5
Vinclozolin 0.39 0.1-20 0.03 5.0
Dichlofuanid 0.19 0.3-40 0.08 5.1
Aldrin 0.37 0.1-20 0.03 4.1
Dicofol 0.26 0.2-30 0.05 5.9
Captan 0.16 0.5-50 0.10 4.8
Procymidone 0.19 0.2-40 0.08 4.6
o-Endosulfan 0.86 0.05-10 0.01 5.0
B-Endosulfan 0.61 0.07-15 0.02 4.2
Endosulfan sulphate 0.42 0.1-20 0.03 3.5

3.4. Screening of water samples

The proposed enrichment-separation system was applied to the screening of
OCPs in different types of water from agricultural areas and also in 11 tap waters. In all
cases, the pH of the water samples ranged from 7.5 to 8.2; thus, in order to avoid
degradation of some of the OCPs, the pH of the samples was adjusted to 5-6 with dilute
HNO; as soon as possible after collection. Degradation at room temperature was
especially marked for captan, dichlofuanid, vinclozolin and procymidone; in some
cases (e.g. with captan) it exceeded 50% after only 30 min. This behaviour is illustrated

in Figure 2 for all the OCPs in alkaline ultrapure water (pH 8).
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Degradation (%)

Time (h)

Figure 2. Degradation curves obtained for the 8 OCPs in ultrapure water at pH 8.1.
1=Lindane; 2=dicofol; 3=a-endosulfan; 4=aldrin; 5=procymidone; 6=vinclozolin;
7=dichlofuanid; 8=captan.

This sequence is in consonance with the tabulated half lives of the compounds
[17] except for procymidone, for which it was shorter ((B0 h) under the experimental
conditions assayed. Initially, aliquots of 10 mL were passed through the sorbent column
as described under Section 2; in this case, only five samples (all of waters near
agricultural areas) were found to contain residual OCPs at detectable levels (positive
waters). Therefore, the sample volume of positive waters was increased to 50 mL for
quantitative determinations. Matrix effects were examined by using the standard-
addition method with water volumes of 10 mL. The slopes of the calibration graphs

obtained from standard additions to five types of water were similar to those for the
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standards. The results obtained by using 50 mL of water and the standard-addition
method were coincident (Table 2). As can be seen, the concentrations found were lower
than or similar to the EU maximum acceptable concentration (0.1 ng/mL) for all
compounds examined. Positive results were confirmed by GC-MS by comparing the
mass spectra obtained with those in the Pesticide library; spectral comparison resulted
in coincidence higher than 85%. As the sensitivity was ten times lower than with ECD,
the sample volume must be increased to 100 mL. As example, Figure 3 shows the
chromatograms obtained with electron capture detection, for a river and a natural pond

water samples.

Table 2. OCP concentrations (= SD, n = 5) in the water samples as determined by using the
proposed SPE method and GC-ECD.

Sample OCPs found Concentration (ng/mL)

Tap water (11) Not found -

Well-1 Lindane 0.09+0.01

Well-2 Lindane 0.04 £ 0.01

Swamp Not found -

River Aldrin 0.04 +0.01

Natural pond-1 Viclozolin 0.13+£0.01
Endosulfan sulphate 0.12 +0.01

Natural pond-2 Procymidone 0.09+0.01
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Figure 3. Chromatograms for (A) river and (B) natural pond waters, obtained with ECD
detection. Sample volume, 50 mL. Peaks: 1=2,4-Dichlorophenol (internal standard); 2=aldrin;
3=vinclozolin; 4=endosulfan sulphate.
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3.5. Adsorption/degradation of OCPs spiked to natural pond water

Samples may occasionally contain particulates, colloids or dissolved
macromolecular organic matter which results in filtration losses; therefore, the
percentages of adsorption/degradation of OCPs are dependent on both, the amount of
suspended matter and the concentration of the individual pesticide [18,19]. In order to
estimate the influence of suspended matter (SM) present in a water sample on the
recovery of OCPs using the proposed SPE technique, a natural pond water sample, free
from OCPs, containing high levels of algae (SM [0.1 g/L) was selected as sample test.
It contained filamentous algae consisting largely of Spirogyra (green algae) and, to a
lesser extent, Oscillatoria (blue-green algae); in addition to unicellular diatomaceous
algae. The sample (10 L) was spiked (2 ng/mL) with the selected OCPs and maintained
at its natural pH (8.1), in a closed 25 L PTFE bottle in the dark; the ambient
temperature varied between 20 and 30°C. Volumes of 50 mL were periodically taken
after homogenization of the sample, filtered, adjusted to pH 5-6 and aliquots of 10 mL
being analysed using the proposed method. The container volume was not adjusted to
its initial value by adding the same amount of natural pond water in order to overcome
the dilution effect on the concentration of OCPs. In addition, because the initial volume
was reduced to about 8 L after the experiments, the volume of air (25 L bottle)
remained virtually constant. The bottle was capped to avoid volatilization or
contamination. The experiment allowed the influence of the following factors to be
determined: (a) degradation of OCPs by effect of the alkaline sample medium (pH 8.1);

(b) adsorption onto suspended matter and (c) reversible or irreversible extraction of
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OCPs adsorbed onto SM by the proposed SPE method. In order to evaluate the
influence of SM on the degradation/adsorption of OCPs in alkaline water, an ultrapure
water sample at the same pH (8.1), spiked with OCPs at the same concentration, was
studied in parallel as model sample. By comparing the differences of the signals
obtained for the model and the natural pond water samples, degradation and adsorption
of the OCPs onto the SM can be discriminated. In addition, one must monitor the
concentration of each OCP in the filtrate and its residue in order to determine the
pesticide distribution in the liquid or solid water phase. For this purpose, an overall
water volume of 50 mL was sampled at variable intervals and filtered. For analysis of
the liquid phase, water aliquots of 10 mL were processed in duplicate; for that of SM in
the water, the residue obtained by filtration of 50 mL of sample was extracted and
analysed. This sampling operation was repeated two times for each sample. The first
sample was taken 30 min after spiking.

The presence of SM does not increase degradation of OCPs in the liquid phase;
in fact, the curves for the test sample were parallel to those for the model sample except
where the adsorption increased with the time. In any case, the OCPs were adsorbed on
SM as recoveries from the liquid phase of the natural pond water were low relative to
the model water. The results for the adsorption process are listed in Table 3. Based on
this data, the OCPs can be divided into two groups, namely: (i) those that are
immediately adsorbed (t = 0.5 h) and whose adsorption remained almost constant with
time; and (ii) those whose adsorption increases with time (viz. HCH isomers and

vinclozolin). Aldrin was the OCP exhibiting the highest adsorption from the beginning.
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As a general tendency, adsorption was higher for compounds having higher log Koy
value (lower solubility in water) [12,17,20]. The exception is captan as it behaviour can
be altered by its instability under the working alkaline conditions.

Table 3. Adsorption (%) with the time of OCPs spiked (2 ng/mL) to a natural pond water

containing 0.1 g/L of suspended matter. Environmental conditions: sample pH=8.1; ambient
temperature=20-30°C.

Time (h)

Analyte

0.5 15 7 48
o-HCH 20 40 40 40
3-HCH 15 35 35 35
Lindane 13 32 32 32
0-HCH 13 44 44 44
Vinclozolin 10 30 70 77
Dichlofuanid 10 10 - -
Procymidone 10 11 11 15
Dicofol 30 30 30 30
Captan 45 45 - -
Endosulfan sulphate 50 50 53 55
a-Endosulfan 58 60 60 60
B-Endosulfan 60 60 60 63
Aldrin 80 82 85 90

Regarding reversible/irreversible adsorption of OCPs on SM (residue retained
on the nylon filter), the concentration of SM in the natural pond water was calculated
by filtering the water and weighing the dry residue; this provided a concentration of
0.10 £ 0.01 g/L (n = 10). Then, OCPs were extracted from SM retained on the filter by
using a previously reported procedure [20]. The filter was mechanically shaken with 10

mL of n-hexane in a glass screw-on cap tube for 5 min. The organic extract was then
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removed from the tube and washed with 10 mL of water. Finally, the n-hexane layer
(containing the OCPs) was evaporated to near dryness, redissolved in ultrapure water
and inserted into the SPE system for clean-up. The SM residue was analysed 0.5 and 24
h after the OCPs were spiked to the water sample. The OCPs also exhibited a
differential behaviour in this case. As expected, recoveries were lower at 24 h than at
0.5 h for all OCPs except aldrin, a- and B-endosulfan, and endosulfan sulphate, for
which they remained virtually constant at 30% (aldrin), 25% (a- and -endosulfan) and
10% (endosulfan sulphate). Dichlofuanid and captan (100% degradation in the model
sample after 7 h) were recovered at [2.5% after 0.5 h and no signal for either OCP was
obtained after 24 h, so, although both were adsorbed on SM, they continued to be
degraded or the adsorption occurred in an irreversible manner. On the other hand,
dicofol was readily extracted from suspended matter (with recoveries of 85 and 75%
after 0.5 and 24 h, respectively), probably because it was reversibly adsorbed. Finally,
recoveries at 0.5 h for the other OCPs, recoveries at 0.5 h were 20% for procymidone,
10% for HCH isomers and 6% for vinclozolin. This differential behaviour can be
ascribed to the majority of the OCPs being irreversibly adsorbed/degraded on SM as the
likely result of their trapping on the matter, which was reversible in dicofol as this OCP

is probably bound via weak chemical interactions [19].
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Abstract

This paper assesses the potential of Fourier transform infrared spectrometry (FTIR) to
be used in pesticide screening and rapid determination of selected pyrethroid and organochlorine
pesticides in fresh water. FTIR spectra of 28 single pesticides in dry state were recorded on a
horizontal diamond attenuated total reflection element. Hierarchical cluster analysis of the
recorded FTIR spectra (spectral range: 4000-500 cm™) showed that different pesticide groups
could be distinguished. A representative (dichlofuanid, captan and fenpropathrin) of each main
group was selected and their direct simultaneous determination in fresh water without using a
chromatographic separation step investigated. The developed analysis procedure comprised a
liquid-liquid extraction step with n-hexane, further automated clean-up and preconcentration by
solid-phase extraction using a silica minicolumn and final elution of the analyte with ethyl
acetate. The extract containing the analytes was further concentrated and dried on the ATR
element for spectrum acquisition. Using a partial least square calibration it could be shown that
all three analytes could be quantified in fresh water in a concentration range from 1.2 to 4.8
Mg/L. Recoveries for dichlofuanid, captan and fenpropathrin from fortified tap and river waters
ranged from 66.3 to 102.0 % (captan was the pesticide providing the lowest values, 66.3 and
70.3%).
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1. INTRODUCTION

The use of pesticides, in order to prevent pests and plant diseases, is a risk to
human health. Pesticide residues remain on agricultural goods and, also, are moved
from agricultural fields to fresh surfaces, drinking and ground waters. Pyrethroid and
organochlorine pesticides (OCPs) are a wide group of fungicides and insecticides
extensively used in many agricultural applications. International organizations have
established rigid limits for pesticides in drinking water, being 0.1 pg/L for single
pesticides and 0.5 pg/L for total pesticide concentration, in the case of European Union
[1], and between 1 pg/L and 1 pg/mL for individual pesticides, in the case of US-EPA
[2].

Pyrethroid and OCPs are usually determined by gas chromatographic (GC)
techniques, using different detectors, such as electron capture detectors (ECD) [3,4] or
mass spectrometry [3,5-7]. However, Fourier Transform Infrared (FTIR) spectrometry
has gained wide acceptance on this field by virtue of its remarkable usefulness for both
qualitative and quantitative analysis, but is limited by the high concentration of analyte
required for detection. In this context, a literature survey of available methods for the
determination of pesticides using FTIR, shows that many of them are applied to
agrochemical formulations [8-11], where these analytes are present at high
concentration. Recently, automatic methods using flow analysis (FA) have been
developed for pesticide formulation analysis [12,13]. Direct determination of

dithiocarbamate pesticides in spike soil samples by microwave assisted extraction with

264



Organoclorados y Piretroides en Muestras Acuosas Capitulo IV

chloroform and measurement in solution was investigated too [14]. On the other hand,
FTIR is also employed as detector in high performance liquid chromatography [15],
supercritical fluid chromatography [16] and gas chromatography [17-19]. The main
advantage of chromatographic techniques is that they provide a chemical separation of
a complex mixture of analytes prior to FTIR spectrometry, but this separation step is
very time-consuming.

The aim of this work was to assess the potential of FTIR spectrometry for
screening of water samples for pyrethroid and organochlorine pesticides by combining
FTIR with a solid-phase extraction (SPE) preconcentration step and avoiding a
chromatographic separation. Two main aspects were taken into account in this work:

i) The evaluation of the information content of ATR-FTIR spectra of pesticides,
using hierarchical cluster analysis, in order to determine which classes of pesticides can
be, in principle, recognized. Based on this evaluation, 3 analytes from different clusters
were selected for the subsequent screening in water samples.

ii) The development of a technique based on a continuous solid-phase
extraction system, which allows recording of high quality ATR-FTIR spectra of trace
amounts of pesticides in aqueous solutions, and establishing a PLS calibration for
simultaneous determination of 3 pesticides. This technique comprises a liquid-liquid
extraction step of water samples with n-hexane, clean-up and preconcentration of the n-
hexane extracts with a flow system based on a SPE step using a silica column, elution
of the analytes with ethyl acetate and recording of FTIR spectra of the dried ethyl

acetate extracts by means of a horizontal diamond ATR cell.
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2. EXPERIMENTAL
2.1. Instruments and apparatus

A Bruker IFS 66 FTIR spectrometer, equipped with a horizontal ATR cell
(Dura SamplIR, SensIR Technologies, CT, USA) and a deuterated triglycine sulfate
(DTGS) detector, was used. The spectrometer was controlled using the software
package OPUS 3.0/IR (Bruker, Germany). All spectra were recorded in the region from
4000 to 500 cm™. Each spectrum was based on 128 co-added scans at a spectral
resolution of 4 cm™. Hierarchical clustering was performed in OPUS 3.0 and the PLS
calibrations were established with OPUS NT 3.1.

The flow system was constructed with a Gilson Minipuls-3 peristaltic pump
(Villiers-le-Bel, France) furnished with Solvaflex pump tubing, two Rheodyne 5041
injection valves, PTFE tubing (0.5 mm i.d.) and commercially available connectors.
The sorbent glass column (2 cm x 4 mm i.d.) was hand-packed with 50 mg of silica and
sealed at both ends with small cotton beads to prevent material losses. The sorbent
column was sequentially conditioned with 0.5 mL of acetonitrile and 1 mL of n-hexane
prior to each sample. This column can be reused for at least three months, working

daily, including a washing step with 0.5 mL of isopropanol before conditioning.

2.2. Chemicals and standard solutions
All chemicals and sorbents were of analytical grade or better. The following

pesticides were studied: aldrin, captan, captafol, chlorbensid, chlordane, dichlofuanid,
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dicloran, dicofol, dieldrin, a, p-endosulfan (3:1, w/w), endosulfan sulphate, endrin,
hexachlorobenzene (HCB), heptachlor, iprodione, a-, B-, d-, y-hexachlorohexane (a-,
-, & and y-HCH 1:1:1:1, w/w), methoxychlor, procymidone, vinclozolin, bifenthrin, A-
cyhalothrin, deltamethrin, fenpropathrin, fenvalerate (cis and trans isomers), permethrin
(cis and trans isomers), cyfluthrin isomers, cypermethrin isomers, and piperonyl
butoxide. All were obtained from Riedel-de-Haén (Seelze, Germany). The silica sorbent
was obtained from Varian (Zug, Switzerland). HPLC grade solvents (ethyl acetate, n-
hexane, isopropanol, acetonitrile) were purchased from Sigma-Aldrich (Vienna,
Austria).

Stock standard solutions of each pesticide were prepared in acetone (except
HCB that was dissolved in dichloromethane) at concentrations of 5 mg/mL, and stored
in glass stoppered bottles in the dark at 4 °C. Working standard solutions were obtained

by appropriate dilution with n-hexane or acetone.

2.3. Protocol for preconcentration, clean-up and measurement by ATR-FTIR
spectrometry

The continuous clean-up system designed is shown in Figure 1. A volume of 10
mL of the n-hexane phase obtained from pesticide standards or aqueous samples after
liquid-liquid extraction (see next section) was aspirated at 2 mL/min. Dichlofuanid,
captan and/or fenpropathrin concentration in n-hexane phase was 0.0-0.2 pg/mL. All

pesticides were adsorbed on the 50 mg silica column located in the loop of injection
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Step 1 Step 2 Step 3
mL/min
n-hexane extract 2
Air 1

Ethyl acetate

Figure 1. Experimental set-up for screening of pesticides in water samples. P=peristaltic pump;
IV=injection valve; W=waste; FTIR=Fourier transform infrared spectrometer. (1)=Liquid-liquid
extraction of water sample; (2)=Clean-up and preconcentration by continuous SPE system;
(3)=Recording of ATR-FTIR.

valve 1 (1V;), and the sample matrix was sent to waste. Simultaneously, the loop of the
second injection valve (IV,) was filled with ethyl acetate by means of a syringe. Any
residual organic solvent remaining inside the column and the connectors was flushed by
passing an air stream through the carrier line at 1 mL/min for 4 min. Next, 1V, was
switched to pass the loop contents (275 pL of ethyl acetate) at 1 mL/min through the
column, in opposite direction to the sample, in order to elute the pesticides. The whole
organic extract was collected in a glass vial, evaporated to dryness under a N, stream
and redissolved in 10 pL of ethyl acetate. A 5 uL aliquot was transferred onto the ATR
crystal and allowed to dry. Spectra were recorded after complete drying of the sample.

Spectra of the clean and dry ATR crystal were used for the background.
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Between samples, the sorbent column was cleaned, without removal from the
continuous SPE system, with 0.5 mL of isopropanol and then conditioned with 0.5 mL
of acetonitrile and 1 mL of n-hexane. Under these conditions, the sorbent column was

useable for about three months.

2.4. Water sample pretreatment and liquid-liquid extraction

Apart from the synthetic pesticide standards in n-hexane, aqueous samples were
analysed with a previous liquid-liquid extraction step. Fresh water samples from Vienna
rivers and tap water were collected in amber glass bottles. A volume of 1 mL of 0.1 M
Na,S,0; per liter of water sample (final concentration of 10 M) was added on site to
suppress the interferences of chlorine and humic and fulvic acids. All samples were
filtered through a Micro Separations Inc. 0.45 um nylon filter (Westboro, MA, USA) to
remove particulate matter. In order to avoid degradation of some of the pesticides under
alkaline conditions [20], the pH of all water samples was adjusted to 5-6. Water
samples were kept in the dark at 4°C from collection to analysis, being analysed within
two days. A volume of 0.5 L of water sample was placed into an extraction funnel with
12 mL of n-hexane. The mixture was shaken for 10 min and allowed to settle. Then, 10

mL of the n-hexane phase were continuously aspirated into the flow system.

3. RESULTS AND DISCUSSION
Preliminary investigations were performed in order to optimise the recording of

the FTIR spectra with the ATR cell (see step 3 of the complete experimental protocol
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below) and to evaluate the information content and similarity of the FTIR spectra of 28

different organochlorine and pyrethroid pesticides.

3.1. Optimization of ATR measurements

To remove the interfering absorbance of the solvent (ethyl acetate) [21], the
samples were allowed to dry on the ATR crystal. In order to achieve the maximum
sample volume which provides a homogeneous dry film on the ATR crystal, different
volumes of ethyl acetate between 1 and 10 pL, containing 1 pg of dichlofuanid were
tested. Spectra were recorded and results showed that the maximum applicable volume
was 5 pL. For higher volumes, spectra were less reproducible, as solvent evaporation

forced the analyte to form a ring on the ATR crystal limits.

3.2. Hierarchical cluster analysis of FTIR spectra of pesticides

In order to perform hierarchical cluster analysis FTIR spectra of 19
organochlorine pesticides (OCPs) and 9 pyrethroid pesticides were recorded after
transferring 1 pL aliquots of 1 mg/mL solutions in acetone onto the ATR crystal and
allowing to dry. The FTIR spectra were vector normalized and Ward’s algorithm was
used for clustering and creating dendrograms. Different wavenumber regions from 4000
to 500 cm™ of the normalized spectra were tested, obtaining optimal results with the
spectral region between 575 and 1850 cm™. The clustering results are shown in Figure
2. As can be seen, using FTIR spectrometry the pyrethroid pesticides can be clearly

distinguished from OCPs, whereas OCPs are divided into two subgroups.
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Figure 2. Dendogram calculated from the normalized MIR spectra of 19 organochlorine
pesticides and 9 pyrethroid pesticides. Pesticides selected for PLS are marked with a circle.
CA=aldrin; CB=dieldrin; CC=endrin; CD=captafol; CE=captan; CF=dichlofuanid;
CG=chlordane; CH=endosulfan sulphate; Cl=a-,B-endosulfan; CJ=heptachlor;
CK=procymidone; CL=vinclozolin; CM=chlorbensid; CN=dicloran; CO=dicofol; CP=HCB;
CQ=a-,B-,y-,0-HCH; CR=iprodione; CS=methoxychlor; PA=bifenthrin; PB=cyfluthrin;
PC=deltamethrin; PD=A-cyhalothrin; PE=permethrin; PF=fenvalerate; PG=fenpropathrin;
PH=cypermethrin; PI=piperonyl butoxide.
3.3. Determination of selected pesticides in water

According to the clustering results, one pesticide from each cluster was selected
for consequent multianalyte determination by PLS calibration: dichlofuanid, captan and
fenpropathrin. The corresponding spectra are shown in Figure 3.

The proposed FTIR screening method of pesticides in waters can be divided

into the following four analysis steps (see also Figure 1):

1. Liquid-liquid extraction of water sample with n-hexane.
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2. Clean-up and preconcentration of the n-hexane phase using a continuous
SPE system.

3. Transfer of the preconcentrated extract onto the ATR and recording of FTIR
spectrum of the dried extract.

4. Quantitation based on PLS calibration (established using standards in n-
hexane).

In the next sections the optimisation of the continuous SPE system, the

establishing of the PLS calibration and the analysis of water samples including

optimisation of the extraction step will be described in detail.

0,30 1
0,25 1
w 0,207
£
>
8 0151
8
S L Captan
.2 0,10
0,05 1 Dichlofluanid
0,00 ___/L.//\_J\’\M—//\\/V\/\VV\—/\’\'—'V\__/\A\,
Fenpropathrin

1800 1600 1400 1200 1000 800 600

Wavenumber (cm-t)

Figure 3. FTIR spectra of pesticides selected for PLS calibration: captan; dichlofuanid (offset:
0.03 a.u.) and fenpropathrin (offset: 0.09). 1 pL of 1 mg/mL solutions in acetone were
transferred onto the ATR and allowed to dry.
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3.4. Continuous SPE system

Recently, our working group has developed a method for the determination of
organochlorine (OCPs) and pyrethroid pesticides in fruits and vegetables based on
automated sample preparation and clean-up using a flow system and final separation
and quantitation by GC-ECD [22,23]. In these investigations it was found that for
sample clean-up a liquid-liquid extraction step with n-hexane followed by further SPE
using a silica column and elution of the analytes with ethyl acetate was highly efficient.
For the present study the experimental conditions optimised for GC-ECD detection had
to be adopted to the needs of ATR-FTIR spectrometry. However, as the minimum
amount of pesticide on the ATR needed to obtain satisfying FTIR spectra was between
0.1 and 0.2 pg the flow system was modified in order to handle bigger analyte amounts.

The sorbent capacity of the 50 mg silica column was evaluated in previous
works [22,23], being (114 pg of pesticide, which was sufficient for the present FTIR
study. Therefore only the effect of the eluent volume had to be studied. The elution
volume was varied in the range of 175 to 500 pL and the completeness of elution
checked by a second elution step. Complete elution of analytes was obtained with a
single injection of 275 pL of ethyl acetate.

In order to achieve maximum preconcentration, n-hexane solutions of 5 to 20
mL (20 mL being the previously determined [22,23] breakthrough volume) containing
2 ug of dichlofuanid, captan and fenpropathrin were passed through the flow system.
Results showed that despite using HPLC grade solvents, the solvents contained some

impurities that were retained on the silica column and eluted with the ethyl acetate. The

273



Almudena Columé Diaz Tesis Doctoral

bigger the n-hexane volume, the stronger was the influence of these impurities in the
final spectra. Because of this solvent purity problem, a loaded n-hexane volume of 10
mL was selected as a compromise between maximum preconcentration factor and
optimal spectral quality.

Figure 4 shows the ATR-FTIR spectra of a 10 mL n-hexane blank and a 10 mL
pesticide standard (0.2 pg/mL dichlofuanid, captan and fenpropathrin) after continuous

SPE treatment and drying as described in Experimental Section.

0,20
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0,10

0,05 1 )2/
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Figure 4. ATR-FTIR spectra of a 10 mL n-hexane blank (1) and a 10 mL pesticide standard (0.2

png/mL dichlofuanid, captan and fenpropathrin) (2, offset: 0.03) after continuous SPE treatment
and drying as described in Experimental Section.
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3.5. Partial least square calibration

The PLS calibration set comprised the following samples (Table 1): samples
(no. 1-8) of 10 mL n-hexane solutions containing all possible ternary combinations of
the three selected pesticides at two concentration levels; samples (no. 9-11) containing
only one of the pesticides, samples (no. 12-17) containing binary and ternary
combinations at varying concentrations and solutions (no. 18-20) without analytes (flow
system blanks). All these solutions were in the range of 0.00 to 0.2 pg/mL for the
analytes (corresponding to 0.0 to 4.8 pg/L in 0.5 L water samples). 10 mL of all
calibration standards were prepared and passed through the flow system in duplicate.
Calibration models were validated by cross-validation, using a leave-one-out procedure.

Because of the influence of the solvent impurities in the spectra, it was
important to select the optimal wavenumber range in the calibration method. Several
ranges were tested starting with the full spectra. Then, ranges were selected taking into
account spectral regions where the flow system blank spectrum exhibited lower
absorptions and each analyte spectrum exhibited higher absorptions. Regions where the
flow system blank spectrum dominated the total spectrum were excluded from
calibration. For each pesticide separately, calibration models were constructed using
different wavenumber ranges and their combinations, and original, first- and second-

derivative data were used.
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Table 1. Analyte concentrations in n-hexane phase for the different
mixtures of the calibration set.

Concentration (pug/mL)

Sample number

Dichlofuanid Captan Fenpropathrin
1 0.2 0.2 0.2
2 0.2 0.2 0.05
3 0.2 0.05 0.2
4 0.05 0.2 0.2
5 0.2 0.05 0.05
6 0.05 0.05 0.2
7 0.05 0.2 0.05
8 0.05 0.05 0.05
9 0.1 0.0 0.0
10 0.0 0.1 0.0
11 0.0 0.0 0.1
12 0.1 0.1 0.05
13 0.1 0.05 0.2
14 0.07 0.1 0.07
15 0.0 0.1 0.07
16 0.2 0.0 0.1
17 0.05 0.07 0.0
18 0.0 0.0 0.0
19 0.0 0.0 0.0
20 0.0 0.0 0.0

The results were always better using first-derivative data (Savitzky-Golay with
13 smoothing points) than original spectra, and the best model for each pesticide was
constructed using a combination of different wavenumber ranges. Parameters for these
optimal models are listed in Table 2. The optimal number of PLS components was four

to five in all cases, which was the same as the number of analytes plus the effect of
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solvent impurities. The root mean square error of cross validation (RMSECV) was

acceptable, ranging between 0.015 and 0.019 pg/mL.

Table 2. PLS calibration parameters for the three selected pesticides, using first-
derivative preprocessing.

Wavelength
intervals (cm™)

Dichlofuanid 1504-1476 4 93.72 0.171
990-920
890-785

Captan 1825-1789 4 95.16 0.149
700-540

Fenpropathrin 1423-1403 4 92.68 0.193
1355-1330
1000-990
890-785

Pesticide PLS components R? RMSECV

3.6. Application to water samples

Prior to the screening of water samples, the n-hexane liquid-liquid extraction
step was optimised. For this purpose 0.5 L of water samples containing 10 pg/L of each
pesticide were used. n-Hexane volumes from 10 to 50 mL and extraction times of 2 to
15 min were investigated. The minimum volume of n-hexane and minimum time
required for complete extraction of the analytes were found to be 10 mL and 10 min,
respectively.

The proposed system was applied to the screening of dichlofuanid, captan and
fenpropathrin in tap and river waters. In all cases, the pH of the water samples ranged
from 6.7 to 8.3. In order to avoid degradation, they were preconditioned with Na,S,03

and their pH was adjusted to the optimum range (5-6) with dilute HNO; as soon as
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possible after collection. No natural samples containing pesticide residues at detectable
concentrations could be obtained, therefore a recovery test was carried out.

Recoveries of analytes were studied in tap and river water. For this purpose,
volumes of 0.5 L of each water were preconditioned as described in Experimental
Section, and fortified with 1.2 pg of each selected pesticide from standard solutions in
acetone. After the addition, the spiked water was slightly shaken and then analysed in
triplicate, using the proposed method. Results are shown in Table 3. In both cases, the
lowest recoveries were obtained for captan, which can be ascribed to its being either
partially irreversibly bound to the matrices or degraded during contamination time, as

shown in previous studies with water samples [3].

Table 3. Mean recoveries (£ RSD) in the analysis of tap and river water spiked at 2.4 pg/L
(n=3).

Water sample Dichlofuanid Captan Fenpropathrin
Tap water 88+4 66 + 6 1027
River water 92+3 70+7 89+3

4. CONCLUSIONS

This study clearly showed the capability of FTIR spectrometry to group
pesticides according to their chemical structure as well as their simultaneous
quantitative determination in fresh water samples. For the latter purpose FTIR spectra
of organic extracts obtained by a sequence of sample pretreatment steps were recorded

but time consuming and expensive chromatographic separation steps avoided. A major

278



Organoclorados y Piretroides en Muestras Acuosas Capitulo IV

difficulty encountered, however, was the strong spectral influence of remaining matrix
molecules and solvent impurities. Nevertheless, due to the high information content of
FTIR spectrometry this technique holds promise to be used in fast screening methods
which would allow fast qualitative information on the pesticide contamination of a
sample and simultaneously providing information on the group of pesticides present.
Development of such fast screening techniques is one of the current goals in modern
analytical chemistry. These techniques are needed for fast decision making and to allow
the efficient use of expensive and time consuming standard methods for pesticide
analysis which mostly require a chromatographic separation step and subsequent
sensitive detection of the separated analytes. Future work will therefore concentrate on
improving the sample clean-up step which was identified as the key for successful

screening analysis by FTIR spectrometry.
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Los aplicadores y trabajadores de las plantas de fabricacion y formulacion de
plaguicidas presentan un gran riesgo de contaminacion por estas sustancias toxicas. Los
plaguicidas pueden ser absorbidos por el organismo a través de tres vias: dérmica,
respiratoria y oral. La absorcion a través de la piel puede deberse a contactos directos
con el plaguicida, o bien como consecuencia de su vehiculacion a través del aire. La via
dérmica se considera la principal en la aplicacion en el campo, y también juega un
papel importante en la exposicidn de los trabajadores en las plantas de formulacion vy,
en cualquier situacion donde pueda existir una deriva de plaguicidas en aire. En cuanto

a la via respiratoria, depende de la volatilidad del ingrediente activo en la formulacién,
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aunque en general todos los fumigantes pueden ser absorbidos por esta via.
Probablemente la exposicion oral mas importante ocurre como consecuencia de
salpicaduras accidentales de plaguicida liquido dentro de la boca, y también por
frotamientos de la zona bucal, o el hecho de comer o fumar, con las manos
contaminadas. Ademas, las sustancias inhaladas pueden ser absorbidas secundariamente
por via digestiva [1].

El control biolégico contempla la absorcidn por estas tres vias, proporcionando
el mejor reflejo de la exposicién laboral a plaguicidas. Este método esta basado en los
conocimientos sobre metabolismo (toxocinética) y mecanismos de accion
(toxodinamia) de estas sustancias en el organismo humano. Los indicadores biolégicos
de exposicidn son principalmente la orina y la sangre. En el caso de los plaguicidas
organoclorados, éstos pueden acumularse en el tejido adiposo. Cuando se produce una
pérdida de este tejido, los plaguicidas en él acumulados pasan al torrente sanguineo,
donde pueden ser determinados sin metabolizar. A partir de aqui pueden excretarse
como tales [2,3] o como metabolitos, aunque se han identificados muy pocos (ej. el
DDT se excreta en orina como DDA). Sin embargo, los piretroides son metabolizados
completamente, dando lugar fundamentalmente a tres metabolitos en orina: DCCA,
DBCAy PBA [4-6].

En este capitulo se desarrolla una metodologia automatica para la evaluacion
por exposicidn a plaguicidas organoclorados y piretroides, la cual se aplicé al analisis
de muestras de orina de la doctoranda para constatar la posible contaminacion sufrida a

lo largo de la realizacién de esta Memoria.
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Abstract

A screening method has been developed for the determination of 23 organochlorine
pesticides (OCPs) and 3 pyrethroid metabolites [cis- and trans-3-(2,2-dichlorovinyl)-2,2-
dimethyl-(1-cyclopropane)  carboxylic  acid,  cis-3-(2,2-dibromovinyl)-2,2-dimethyl-(1-
cyclopropane) carboxylic acid and 3-phenoxybenzoic acid] from human urine. OCPs were
directly detected in urine samples while pyrethroid metabolites required acid-induced hydrolysis
to convert their conjugates into free acids; all compounds were then cleaned-up/preconcentrated
using solid-phase extraction. Determination and quantitation was achieved by gas
chromatography with a mass spectrometer detector operating in selected ion monitoring mode.
Limits of detection varied between 0.1 and 0.3 ng/mL with linear ranges from 0.3 to 700 ng/mL;
the precision of the method was high (4.3-7.2 %). Recoveries of all analytes from urine samples
fortified at levels of 30 ng/mL for each OCP and 15 ng/mL for each pyrethroid metabolite
ranged from 88 to 101 % (captan gave the lowest recovery). The results obtained from the
analysis of real urine samples show the suitability of the proposed method for monitoring people

exposed to organochlorine and pyrethroid pesticides.
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1. INTRODUCTION

Pesticides have the capacity to cause adverse effects due to their biocide
properties, therefore being dangerous for people exposed to them. Usually, subjects
who apply pesticides in agricultural fields or work in pesticide factories, are the most
likely to suffer acute and chronic intoxications. Many factors are involved in pesticide
toxicity, such the physical and chemical properties of the pesticide, exposure conditions
or individual human factors. The most important absorption routes for exposed people
are through the skin and by inhalation [1-8]. Organochlorine pesticides (OCPs) and
pyrethroids are widely used to control pests in yields and, in addition pyrethroids are
employed as home insecticides. In urine samples, OCPs are mainly found as their
parent forms, while pyrethroids are rapidly metabolized being then eliminated as
conjugates [9-11].

Rapid analytical systems are of increased interest for biological monitoring. In
this context, pesticide monitoring in urine is a good option, because it provides a simple
matrix and non-invasive collection. Pyrethroid metabolites are usually determined in
urine by using gas chromatographic techniques (GC) with mass spectrometric (MS)
[12-15] or electron capture detection (ECD) [16]. Liquid-liquid extraction (LLE) with
n-hexane is the most commonly used sample pretreatment [12-16], requiring in some
cases additional solid-phase extraction (SPE) on RP-C,g [12,13] or silica-gel cartridges
[16]. GC is unmatched in terms of resolution and sensitivity of detectors but requires
preliminary derivatization of pyrethroid metabolites to render them sufficiently volatile

for separation. The most common derivatization methods involve sterification of
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carboxylic acid metabolites with methanol [15] or hexafluoroisopropyl (HFIP) with
diisopropylcarbodiimide (DIC) [12-14,16]. OCPs do not require derivatization for their
chromatographic separation on account of their higher volatility. Only one method has
been proposed for their determination in human urine, which used ECD detection [17].

Several approaches have been devised for separation of the analytes from
matrix elements and preconcentration purposes, implementing liquid-liquid extraction
and solid-phase extraction. LLE is used to a lesser extent however, due to its inherent
disadvantages (viz. laborious, time-consuming manipulations, the need to use large
volumes of sample and organic solvents). SPE has rapidly established itself as an
alternative to the sample pretreatment as it provides many advantages, including high
recoveries of analytes, effective concentration, highly purified extracts and easy
automation which drastically reduces the organic solvent consumption [18]. In this
context, the aim of the proposed method was to develop an automatic, fast and sensitive
SPE method for the screening and determination of OCPs and pyrethroid metabolites in
urine samples for human monitoring. Taking into account that pyrethroids are
extensively metabolized through conjugation, hydrolysis of urine samples is required in
order to obtain their respective free carboxylic acids, which are further derivatized. This
previous step is not needed for determination of OCPs as they are excreted unchanged,
which simplifies the analytical procedure. Hydrolyzed or non-hydrolyzed urine samples
were clean-up and preconcentrated onto a RP-Cyg minicolumn, being the eluate injected
into the GC-MS system for separation and identification of the pyrethroid metabolites

or OCPs, respectively.
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2. EXPERIMENTAL SECTION
2.1. Chemicals and standards

Stock standard solutions of aldrin, captan, captafol, chlorbensid, chlordane,
dichlofuanid, dichloran, dicofol, dieldrin, a- and -endosulfan (3:1, w/w), endosulfan
sulphate, endrin, hexachlorobenzene (HCB), heptachlor, iprodione, a-, B-, & and y-
hexachlorohexane (a-, -, & and y-HCH 1:1:1:1, w/w), methoxychlor, procymidone,
vinclozolin and A-cyhalothrin (internal standard, 1S) [supplied by Riedel-de-Haén
(Seelze, Germany)], were prepared in acetone (with the exception of HCB which was
dissolved in dichloromethane), at concentrations of 5 mg/mL. Pyrethroid metabolites:
cis- and trans-3-(2,2-dichlorovinyl)-2,2-dimethyl-(1-cyclopropane) carboxylic acid (cis-
and trans-DCCA), cis-3-(2,2-dibromovinyl)-2,2-dimethyl-(1-cyclopropane) carboxylic
acid (cis-DBCA) and 3-phenoxybenzoic acid (PBA) were commercially available from
Dr. Ehrenstorfer (Augsburg, Germany) and prepared in methanol, at concentrations of 2
pug/mL (DCCA, DBCA) and 20 pg/mL (PBA). RP-C.s HPLC sorbent was supplied by
Sigma (Madrid, Spain). Derivatization reagents: 1,1,1,3,3,3-hexafluoroisopropanol
(HFIP) and diisopropylcarbodiimide (DIC) were supplied from Aldrich (Madrid,
Spain). Solvents (ethyl acetate, n-hexane, methanol) were purchased from Merck
(Darmstadt, Germany).

All stock standard solutions were stored in glass stoppered bottles in the dark at

4°C. Individual and cumulative working standard solutions were obtained by

appropriate dilution of the stocks in methanol. The mixture of eluent-derivatizing
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reagents was prepared by mixing DIC, HFIP and ethyl acetate (eluent) at volume ratios

of 5+ 10 + 85.

2.2. Equipment

Pesticide separation were carried out on a Fisons 8000 GC instrument interfaced to
a Fisons MD800 mass spectrometer and controlled by a computer running MASSLAB
software (ThermoQuest, Madrid, Spain) and using a fused silica capillary column (30 m
x 0.25 mm i.d., 0.25 pm) coated with 5% phenyl-methylpolysiloxane (Supelco, Madrid,
Spain). Ultrapure helium (6.0 Air Liquide), at a flow-rate of 1 mL/min, was employed
as the carrier gas. For OCP determination, the column was maintained at 70°C for 10
min and programmed from 70°C to 285°C at 10°C/min, holding for 10 min at 270°C. In
the case of pyrethroid metabolite determination, the temperature programme was as
above but without holding at 270°C for 10 min. The injection port and transfer line
temperatures were maintained at 225°C and 300°C, respectively. The ion source
temperature was 200°C for the 70 eV electron impact ionization mode. The mass
spectrometer was operated in the selected ion monitoring (SIM) mode, selecting three
m/z values for each analyte which are listed in Table 1. For quantitation, the particular
ion in each case was selected on the basis of sensitivity and selectivity. In all analyses,
1 pL of the organic extract was injected in the split mode (1:25 ratio).

The flow system comprised a peristaltic pump (Gilson Minipuls-2) and two

Rheodyne 5041 injection valves. Poly(vinyl chloride) and Solvaflex pumping tubes for
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aqueous solutions and n-hexane/methanol solvents, respectively, PTFE tubing (0.5 mm
i.d.) and commercially available connectors were also employed. A sorbent column was
prepared by packing a commercial Omnifit glass column (2 cm x 2.5 mm i.d.) with (40
mg of RP-C.g sorbent material; small cotton beads were used on the ends to prevent
material losses. A glass column (3 cm x 5 mm i.d., packed with cotton wool) was also

constructed for filtration purposes.

2.3. Sampling and hydrolysis of urine samples

Urine samples were collected in sterilized containers and frozen immediately (-
20°C) until analysis. For pyrethroid metabolite determination, the conjugates were
hydrolyzed by heating 3 mL of urine sample plus 0.5 mL of concentrate H,SO, in a
screw-capped glass centrifuge tube, which was immersed in an oil bath at 100°C for 1
h. After cooling at room temperature, the hydrolyzed urine sample was adjusted to pH 2
with dilute NaOH up to 5 mL. For OCP determination, 3 mL of urine sample were
diluted in a glass tube to 5 mL with distilled water being adjusted to pH 3 with dilute
HNO;. Then, the whole sample volume (5 mL), containing the analytes, was

continuously aspirated and filtered into the solid-phase extraction system of Figure 1.

2.4. Solid-phase extraction method
The continuous SPE system used to extract the pyrethroid metabolites or OCPs
from hydrolyzed or non-hydrolyzed urine samples, respectively, is depicted in Figure 1.

A volume of 5 mL of standard solution or hydrolyzed/non-hydrolyzed sample
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containing 0.3-700 ng/mL of analytes, was aspirated at 0.5 mL/min through a cotton
filter to prevent suspended particles from reaching the continuous unit. All analytes
were adsorbed on the RP-Cyg column located in the loop of injection valve 1 (1V,), and
the sample matrix was sent to waste. Simultaneously, the loop of the second injection
valve (1V,) was filled with the eluent containing the derivatizing reagent for pyrethroid
metabolites (10% HFIP, 5% DIC and 1 pg/mL of IS in ethyl acetate) by means of a
syringe. Traces of aqueous solution from the sample remaining inside the column and
the connectors were flushed by passing an air stream through the sample line at 0.5
mL/min for 4 min. Next, IV, was switched and the loop contents (250 pL of
eluent/derivatizing reagent) driven by an air stream at 0.2 mL/min through the column,
in the opposite direction to the sample, in order to elute analytes. The whole organic
extract was collected in a glass vial containing anhydrous sodium sulphate and a 1 L
aliquot was injected into the gas chromatograph for analysis. Between samples, the
sorbent column was cleaned with 250 pL of 3 mol/L HNO; followed of 250 pL of
methanol by filling the loop of 1V,, to remove potentially retained interferents. Finally,
the column was conditioned with 0.5 mL of ethyl acetate and 1 mL of aqueous solution
at pH 2. Under these conditions, the sorbent column was serviceable for about two

weeks.
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mL/min

Urine sample

. 0.2
Air

[ ]
[
u Eluent/derivatizing reagent

Figure 1. Continuous flow system developed for the preconcentration/clean-up of OCPs and
pyrethroid metabolites in urine samples. P=pump; IV=injection valve; W=waste; GC-MS=gas
chromatograph with mass spectrometric detector.

3. RESULTS AND DISCUSSION

In the present work, organochlorine and pyrethroid pesticides (authorized and
forbidden) have been selected taking into account that they are extensively used in the
control of agricultural, forestry and stored products pests, and then potential
contaminants for pest control operators. In mammals, pyrethroids are rapidly
metabolized into their carboxylic acids [10-12], being eliminated in urine as conjugates
(Figure 2). In this way, pyrethroids, such as A-cyhalothrin, permethrin, cyfluthrin,

cypermethrin and deltamethrin, are metabolized by hydrolytic ester cleavage, being

296



Organoclorados y Metabolitos de Piretroides en Fluidos Biolégicos Capitulo V

Pyrethroid Parent Forms

Pyrethroids

HYDROLYSIS
OF THE ESTER

Pyrethroid Metabolites

OFH W>A|/OH
o] S o

“ 2-CIBA cis and trans-DCCA
cis-DBCA
z
HOT@O@
PBA
EXCRETION

Elimination with the
urine through partial
conjugation mainly as
glucuronide derivatives

Figure 2. General structures of pyrethroids and their main metabolites in mammals. A-
Cyhalothrin (W=CF;; X=Cl; Y=CN; Z=H); permethrin (W=X=Cl; Y=H; Z=H); cyfluthrin
(W=X=Cl; Y=CN; Z=F); cypermethrin (W=X=Cl; Y=CN; Z=H); deltamethrin (W=X=Br;
Y=CN; Z=H); 2-CIBA=2-(4-chlorophenyl)-3-methylbutyric acid; cis and trans-DCCA=cis-
and trans-3-(2,2-dichlorovinyl)-2,2-dimethyl-(1-cyclopropane)  carboxylic  acid; cis-
DBCA=cis-3-(2,2-dibromovinyl)-2,2-dimethyl-(1-cyclopropane) carboxylic acid; PBA=3-
phenoxybenzoic acid.
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mainly their metabolites cis- and trans-DCCA, cis-DBCA and 3-phenoxybenzoic acid
(PBA), while fenvalerate is converted into PBA and 2-(4-chlorophenyl)-3-
methylbutyric acid (2-CIBA). On the other hand, only a small fraction (lower than 10
%) of OCPs are metabolized, so that the parent forms could be found after exposition in
urine and blood samples. A total of 23 OCPs was included in this study and, with
respect to pyrethroid metabolites, cis- and trans-DCCA, cis-DBCA and PBA were
selected. 2-CIBA was not included in this work because the standard product was not
available; notwithstanding this, its identification could be achieved by using its mass

spectrum, if required.

3.1. Optimization of the solid-phase extraction system

In order to apply the method directly to urine samples, all experiments were
carried out by preparing the analytes in aqueous medium. Preliminary experiments were
aimed at selecting the best sorbent and eluent for the SPE system. For this purpose, non
polar (RP-Cys) and polar (silica gel) sorbents were tested. First, the adsorption
efficiency was examined by using columns packed with 60 mg of each sorbent material
and aliquots of 5 mL of aqueous solution (pH 5), containing 50 ng/mL of each analyte
(OCPs and pyrethroid metabolites), was aspirated at 0.5 mL/min through each column.
These aliquots of 5 mL of sample were collected in glass vials before (100% recovery)
and after (variable adsorption recovery) the sorbent column, extracted with 5 mL of
ethyl acetate and evaporated to dryness under N, being the residue redissolved in 200

pL of ethyl acetate. In order to derivatize pyrethroid metabolites, the solvent (ethyl
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acetate) was spiked with 1% and 1.5% of HFIP and DIC, respectively [12,14] A 1 uL
aliquot of the extract was analyzed by GC. After each sample had been processed, the
column was rinsed with ethyl acetate for 1 min to remove potentially adsorbed analytes.
RP-Cy5 exhibited the best sorption properties ([1L00% adsorption) whereas silica gel
only provided average recoveries of [60%. Different eluents (ethyl acetate, n-hexane
and methanol) were evaluated with the RP-C.g column at a fixed volume of 300 pL,
using a configuration similar to that depicted in Figure 1. Complete elution was only
achieved with ethyl acetate; the other solvents provided lower efficiency (60% for n-
hexane and 80% for methanol). The amount of sorbent material was optimized between
20 and 80 mg of RP-C,g. Chromatographic signals increased with increasing amount of
sorbent up to 40 mg, beyond which they remained virtually constant. A working
column packed with 40 mg RP-Cyg, and 250 pL of ethyl acetate as eluent were adopted
for further experiments.

The influence of sample pH on the retention of OCPs and pyrethroid
metabolites was studied over the range 1-9, adjusted with dilute HNO; or NaOH. Aldrin
was the only OCP whose chromatographic signals remained almost constant in the
interval assayed; for the rest of the OCPs, chromatographic areas increased with
increasing pH, remaining virtually constant over the range 3.0-6.5, but decreasing at
higher pH values. Pyrethroid metabolites have the maximum adsorption at pH 2,
decreasing drastically at pH 3. Based on these two tendencies and taking in account that

the signals for OCPs at pH 2 were slightly lower ([(5%), a pH value of 2 was initially
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selected as a compromise in order to prepare the standards in aqueous medium. By
using 5 mL of aqueous standard solutions at pH 2 containing 50 ng/mL of each analyte,
the influence of the sample and eluent flow-rate were examined over the range 0.1-1.0
mL/min. The best results were obtained at lower flow-rates as they ensured efficient
retention and elution, thus resulting in higher chromatographic peak areas; so, 0.5 and
0.2 mL/min were chosen as sample and eluent flow-rate, respectively.

For derivatization of pyrethroid metabolites, the most usual reagent
recommended in manual methods [12,14], a mixture of HFIP plus DIC, was selected.
For this purpose, 5 mL of aqueous standards at pH 2 containing cis and trans-DCCA,
cis-DBCA and PBA at a concentration of 50 ng/mL, was aspirated into the SPE system
depicted in Figure 1. The derivatizing reagent was spiked at different concentrations
and ratios to the eluent. The maximum peak areas and the best chromatographic
resolution were obtained for a mixture of 10% (v/v) of HFIP and 5% (v/v) of DIC in
ethyl acetate. The selected derivatizing reagent, spiked to the eluent, was tested on a
standard solution containing only the 23 OCPs studied (50 ng/mL of each one in
aqueous medium); the absence of interactions with the OCPs confirmed that pyrethroid
metabolites and OCPs could be determined jointly by using the same SPE system.

Finally, the optimized SPE unit was tested for human urine. Aliquots of 3 mL
of urine blank (uncontaminated of OCPs and pyrethroids) was spiked with 250 ng of
each OCP and pyrethroid metabolites, adjusted to pH 2, diluted to 5 mL and then

aspirated into the SPE system. No peaks corresponding to the matrix appeared at the
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m/z values selected for identification and quantitation of the analytes (SIM mode), then

made possible the discrimination of all pesticides in urine samples.

3.2. Analytical figures of merit

The performance and reliability of the proposed on-line method (Figure 1) were
assessed by determining the line of regression, linear range, analyte detectability and
relative standard deviation for the analytes assayed. For this purpose, microliters of
standard solutions in methanol containing all pesticides at variable concentrations were
spiked to individual urine blank volumes of 3 mL, in the interval 0.1-700 ng/mL,
adjusted to pH 2 (final volume 5 mL) and passed through the sorbent column. A-
Cyhalothrin was used as IS in preference to others because it was found to be
compatible with the chromatographic behavior of the analytes and because if it was
present in real samples, it would be completely metabolized, and hence it would not
interfere in the proposed method; it was added to the eluent at a concentration of 1
pg/mL. The curves were constructed by plotting the analyte-to-IS peak area ratio
against the analyte concentration. Figures of merit of the proposed method are listed in
Table 1. The detection limits (LOD) are calculated as the minimum concentration
providing chromatographic signals three times higher than the background noise. The
linear range was between 0.5 and 350 ng/mL for the majority of the analytes. The
precision (repeatibility) was calculated as the relative standard deviation obtained by

measuring 11 samples containing the analytes at concentrations within the lower
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Table 1. Figures of merit and m/z SIM values.

Compound LOD (ng/mL) Linear range (ng/mL)  Sensitivity* (10™) m/z° Recovery (%)
CDiZ?:”/g trans- 0.1 0.3-350 3.83 163,191, 323 93
cis-DBCA 0.1 0.5-350 0.97 172, 253, 367 100
PBA 0.1 0.5-350 5.87 141, 197, 364 101
a-HCH 0.2 0.5-350 24.65 111, 181, 219 94
HCB 0.1 0.5-350 8.65 249, 282, 284 98
Dichloran 0.1 0.5-350 6.66 124,176, 206 97
B-HCH 0.1 0.5-350 18.33 109, 181, 219 93
y-HCH 0.1 0.5-350 19.65 111, 181, 219 101
3-HCH 0.1 0.5-350 16.29 111, 181, 219 90
Vinclozolin 0.1 0.5-350 8.36 187, 212, 285 99
Heptachlor 0.2 0.7-350 8.71 100, 272, 370 92
Dichlofuanid 0.2 0.7-350 5.80 123, 224, 332 95
Aldrin 0.1 0.5-350 11.78 66, 263, 298 100
Dicofol 0.1 0.5-350 4.17 111, 139, 250 97
Captan 0.3 1.0-350 11.49 79, 264, 299 88
Procymidone 0.1 0.5-350 28.02 96, 255, 283 96
Chlorbensid 0.1 0.5-350 36.64 125,127, 268 97
Chlordane 0.1 0.5-350 3.28 202, 373, 408 101
a-Endosulfan 0.1 0.5-700 1.45 195, 241, 339 98
Dieldrin 0.1 0.5-350 4.76 79, 263, 378 96
Endrin 0.1 0.5-350 21.32 67,317, 319 93
B-Endosulfan 0.1 0.5-700 1.72 195, 241, 339 95
Eunlgﬁzlt’ga” 0.2 0.7-500 331 272, 387, 420 90
Captafol 0.1 0.5-700 1.05 79, 183, 347 91
Iprodione 0.3 2.0-500 5.83 56, 314, 329 95
Metoxychlor 0.1 0.5-700 1.30 227,228, 344 94

®Relative area (analyte/internal standard peak area ratio)/ng/mL; urine sample volume, 3 mL.
® m/z values in italics are M" ions; those in bold face correspond to the base peaks and those
underlined are quantitation values.
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concentration range of the calibration graphs and ranged from 4.3 to 7.2%. Figure 3
shows the full scan mass spectra corresponding to the three derivatized pyrethroid
metabolites from an aqueous standard solution at pH 2. The three m/z values selected
for the SIM mode acquisition are indicated in the spectra and the corresponding
fragments are represented on the top of each spectrum. OCPs spectra are not included

as they are more common and available in commercial libraries.

3.3. Applications

Since pyrethroid metabolites are mainly eliminated in urine as conjugates, an acid
hydrolysis is needed to convert their conjugates into free acids. Taking into account that
the standards of pyrethroids metabolites are not commercially available, the acid
hydrolysis procedure recommended in manual methods [12, 13, 15] was adopted, which
uses concentrate H,SO, and heating at 100°C for 1 h.

In order to perform only one analysis per sample and thus obtain one
chromatogram, the influence of the hydrolysis process on OCPs was evaluated (even
though they are excreted unchanged). For this purpose, urine blank samples containing
50 ng/mL of each OCP were hydrolyzed as described under “Sampling and hydrolysis
of urine samples” but the results showed that OCPs were decomposed ([(B0%) during
the hydrolysis process. From the above experiments it can be concluded that it is
impossible to determine both families of compounds jointly and therefore two
independent urine samples must be prepared, one hydrolyzed for pyrethroid metabolites

and other non-hydrolyzed for OCPs. For this reason, each sample was adjusted to its
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Figure 3. Full scan electron impact mass spectra for (A) PBA, (B) cis and trans-DCCA and
(C) cis-DBCA, indicating the m/z fragment ions used for the selected ion monitoring

acquisition mode.
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optimal pH, so a sample pH of 2 and 3 was selected for pyrethroid metabolites and
OCPs determination, respectively.

In order to validate the proposed SPE method for the screening/determination of
OCPs and pyrethroid metabolites in urine samples a recovery study was conducted. A
volume of 25 mL of an uncontaminated sample, spiked with 30 ng/mL of each OCP
(sample A) and an equal volume of urine spiked with 15 ng/mL of each pyrethroid
metabolite (sample B) were prepared. Aliquots of 3 mL of sample A were adjusted to
pH 3 and introduced into the SPE system for OCP determination. Aliquots of sample B
were hydrolyzed and adjusted to pH 2 for pyrethroid metabolite determination using the
SPE method developed. Each sample was spiked three times and analyzed in duplicate
(n=6). Table 1 gives the average recovery values obtained for each spiked analyte.
Recoveries ranged from 88% (captan) to 101%, which testifies to the high accuracy of
the proposed method.

The present work is included in a research project concerning organochlorine (23
compounds) and pyrethroid (12 compounds) pesticide determination in agricultural
samples. This is why the proposed multiresidue method was applied to the screening of
urine samples from a researcher who worked with all the analytes included in this study
and from a non-exposed researcher. Urine samples were collected every two months
during two years (12 samples from each one), being analyzed in triplicate. Five samples
from the exposed researcher were found to contain residues of OCPs or pyrethroid
metabolites while no residues of pesticides were found in those from the non-exposed

researcher. The concentrations found and their standard deviations are listed in Table 2.
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As can be seen, only one sample was found to contain pyrethroid metabolites at
detectable levels, being impossible to determine the parent compound, whereas OCPs

(mainly dicofol) were present in the five positive samples.

Table 2. Determination of OCPs and pyrethroid metabolites in urine samples from an exposed
researcher. All concentrations are expressed in ng/mL (n=3).

Sample Pesticide found Concentration + SD
1 Undetected -
2 Endosulfan sulphate 16+0.1
3 Undetected -
4 Captafol 17+1
5-8 Undetected -
9 Dicofol 232
10 Dicofol 06+0.1
11 Undetected -
12 PBA 2.1+0.2
cis and trans DCCA 08+0.1
Dicofol 19+£2
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VI.1. DISCUSION GENERAL DE LOS RESULTADOS

A lo largo de esta Memoria se ha abordado la determinacion de dos grupos de
plaguicidas, organoclorados y piretroides, en diferentes matrices: frutas, hortalizas,
aguas Y fluidos biologicos. En todas las metodologias desarrolladas ha estado presente
el uso de sistemas de flujo que permiten la automatizacion total o parcial de los
procesos analiticos utilizados. La cromatografia de gases ha sido la técnica analitica
mas utilizada, aunque el uso de la espectrometria de infrarrojo con transformada de
Fourier como técnica de deteccién junto con el andlisis de datos mediante PLS,
obviando la cromatografia, supone un nuevo enfoque en la determinacién de este tipo
de analitos, asi como pone de manifiesto el poder de la quimiometria ante problemas
analiticos. En este capitulo se abordan con detenimiento los aspectos relacionados con
muestras, analitos, pretratamiento de muestras, sistemas de flujo, extraccion en fase
solida, separaciones cromatograficas, sistemas de deteccion, tratamiento de los datos
obtenidos y, por Gltimo, un analisis de dichos resultados dentro de los objetivos

marcados en la realizacion de esta Memoria.
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VI. 1.1. MUESTRAS
En principio, las muestras seleccionadas en esta Memoria pueden dividirse en
dos grupos atendiendo a su estado de agregacion:
»  Muestras s6lidas: Hortalizas y Frutas (Cap. Il y IlI)
e Muestras liquidas: Agua y Orina (Cap. IV y V)
Las diferencias entre ellas hacen necesario un comentario més detallado de cada

tipo.

Frutas y Hortalizas

En el &mbito occidental, y mas concretamente en los paises mediterraneos, las
frutas y hortalizas son constituyentes esenciales de una dieta sana y equilibrada. Espafia
consagra al cultivo de frutas y hortalizas un total de 2 millones de hectéreas, con una
produccion cercana a los 22 millones de toneladas, lo que la configura como el tercer
productor europeo, tras Francia e Italia. El hecho de que frutas y hortalizas sean
alimentos perecederos y facilmente contaminables durante su produccion y posterior
manipulacion y comercializacién nacional e internacional sometida a una intensa
presion competidora, justifican la necesidad de una escrupulosa inspeccion sanitaria,
que garantice la seguridad y salubridad de los mismos [1,2].

El Cadigo Alimentario Espafiol [3] clasifica los productos de origen vegetal en

frutas, hortalizas y cereales, definiendo los que nos ocupan esta Memoria como:
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» Hortalizas: cualquier planta herbacea horticola que pueda usarse como
alimento, ya sea cruda o cocinada. Dentro de las hortalizas se recogen:
« Verduras: hortalizas cuya parte comestible esta constituida por
los 6rganos verdes de las hojas, tallos o inflorescencias.
e Legumbres Frescas: frutos o semillas no maduros de las
hortalizas leguminosas.
» Frutas: frutos, infrutescencias, semillas o parte carnosa de los drganos
florales que hayan alcanzado el grado apropiado de madurez y resulten

apropiadas para el consumo humano.

Las matrices de alimentos son muy complejas, concretamente las frutas y
hortalizas lo son por su composicidn, en la que abundan azucares, pigmentos, clorofilas,
pectinas, hidratos de carbono complejos, etc., los cuales dificultan la deteccion de
microcomponentes (contaminantes) que se encuentran a niveles de concentracién

mucho mas bajos [4].

’2?
c
QD

El agua, tanto por su capacidad de disolucién y transporte como por ser la base
de multiples reacciones bioldgicas o interacciones fisico-quimicas constituye el soporte
indispensable para la supervivencia de todos los seres vivos. Por otro lado, el modelo
agricola adoptado, con una permanente expansion de las zonas irrigadas exige una alta

y continua demanda hidrica. Pero estas practicas agricolas, con el uso excesivo de
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fertilizantes y plaguicidas, pueden contaminar el agua, por su arrastre con las
precipitaciones o con los canales de riego. Los niveles de contaminacion de cauces,
acuiferos y medio hidrico en general, requieren garantizar la calidad del agua, desde el
punto de vista de su seguridad, salubridad y potabilidad [5].

En principio, el agua es una de las matrices mas simples, pero la presencia de
materia organica en la misma puede complicar la determinacion de algunos

compuestos, como ya se ha comentado en la introduccion del Cap. V.

Fluidos Bioldgicos

Los plaguicidas son compuestos toxicos para los seres vivos en general y para
el hombre en particular debido a sus propiedades biocidas. Es evidente que un grupo de
riesgo, susceptible de sufrir intoxicaciones crénicas, lo constituyen aquellas personas
(trabajadores agricolas en su mayoria) que participan activamente en la formulacién de
plaguicidas, distribucion y aplicacidn en las zonas de cultivo [2,5]. EI control biolégico
constituye el mejor reflejo de la exposicion total, empleando para ello los denominados
indicadores bioldgicos de exposicion, principalmente, sangre y orina [6]. De estas dos
matrices, la orina presenta ciertas ventajas sobre la sangre, relacionadas con una toma
de muestra no invasiva, de facil realizacion y de menor limitacion en cuanto a volumen.
Sin embargo, aunque la matriz es mas sencilla, su mayor inconveniente radica en que
algunos compuestos (por ejemplo, los piretroides) se excretan mayoritariamente como
metabolitos, siendo muy dificil identificar el compuesto del que provienen. Mencién

aparte merecen aquellos compuestos liposolubles cuya concentracion en estos fluidos
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biol6égicos se ve reducida por su tendencia a acumularse en el tejido adiposo del
organismo, como son los plaguicidas organoclorados, y que aparecen conjugados con
otras moléculas (acido glucurénico principalmente) cuando son excretados por orina,

para, de esta manera, convertirse en sustancias hidrosolubles.

VI. 1.2. ANALITOS

La seleccion de los dos grupos de plaguicidas (organoclorados y piretroides) se
ha hecho por su relevancia medioambiental, su uso y sus caracteristicas contaminantes.

Los plaguicidas organoclorados junto con los organofosforados, son los mas
utilizados histéricamente. Sin embargo, los organoclorados tienen un especial interés
medioambiental, ya que sus caracteristicas fisico-quimicas los hacen muy persistentes
en el medio ambiente, a la vez que su gran liposolubilidad provoca que se acumulen en
el tejido adiposo de los organismos, propagandose a lo largo de la cadena alimenticia,
mientras que los organofosforados son menos persistentes y no se acumulan. Es por ello
que algunos organoclorados han sido prohibidos en diversos paises como Espafia y
paises de la UE y de ahi la importancia de controlar sus residuos en los alimentos. Los
organoclorados estan siendo reemplazados, en parte, por otros plaguicidas menos
toxicos y persistentes, como es el caso de los piretroides. Este nuevo grupo de
plaguicidas es cada vez mas usado, gracias a su efectividad y a su baja toxicidad. A
pesar de ello, es necesario controlar la presencia de los mismos en los alimentos por el
uso intensivo de plaguicidas en los cultivos hortofruticolas. Los plaguicidas

seleccionados en esta Memoria pertenecen a los grupos de los organoclorados y de los
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piretroides y, dentro de cada grupo, se han estudiado los mas usados y los que con
mayor frecuencia aparecen sus residuos en productos hortofruticolas y aguas. También
ha sido incluido en uno de los capitulos (Cap. I11.1) el butéxido de piperonilo, ya que
habitualmente se incluye en las formulaciones de las piretrinas por su accion sinergética

para con ellas.

VI 1.3. PRETRATAMIENTO DE LA MUESTRA

El pretratamiento de la muestra depende drasticamente del estado de agregacion
de las mismas. Asi, las muestras sélidas (hortalizas y frutas) requieren un tratamiento
mas complejo para hacerlas compatibles con el sistema de flujo, mientras que en las
muestras liquidas (aguas y orina) la manipulacién es minima.

En relacion con las frutas y verduras, se han desarrollado dos procedimientos
claramente diferenciados segun se trate de muestras frescas o liofilizadas. En el caso de
muestras frescas (Cap. 1) el proceso es mas tedioso puesto que se requiere una primera
extraccion en un medio polar seguida de una reextraccion selectiva de los plaguicidas
organoclorados en un medio de polaridad méas baja. Debido a la incompatibilidad de
este medio con el sistema de flujo disefiado, fue preciso incluir una unidad de
evaporacion-redisolucion que permitia transferir los analitos del medio organico al
acuoso para su aspiracion en el mddulo de tratamiento automatico. Para las hortalizas
(Cap. 11.1) la extraccion se llevo a cabo con una mezcla de éter de petréleo y agua, pero
para las frutas (Cap. 11.2.) este procedimiento no resulté efectivo debido a la formacién

de una interfase provocada por los azlcares e hidratos de carbono complejos presentes
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en las frutas que impedia una adecuada separacién de las fases. Se recurrio entonces a
una extraccién con acetona seguida de una reextraccion con n-hexano. En este proceso
de reextraccion es imprescindible la adicion de una disolucion reguladora de fosfato
saturada con NaCl para una correcta separacion de las fases y la extraccion de los
acidos organicos enddgenos (citrico, oxalico, etc.) a la fase de agua-acetona.

La liofilizacion de las muestras hortofruticolas (Cap. IllI), simplifica
notablemente el tratamiento, puesto que s6lo es necesario una extraccion sélido-liquido
con n-hexano, que se introduce directamente en el sistema de flujo. Previo al empleo de
las muestras liofilizadas, se realizé un estudio para garantizar la ausencia de pérdidas de
los plaguicidas estudiados durante el proceso de liofilizacion. Para ello se seleccionaron
diferentes frutas y hortalizas (tomate, espinaca, melén y manzana) que se fortificaron
con 20 ng/g de cada plaguicida organoclorado (Cap. 111.2 y 111.3) 0 50 ng/g de cada
piretroide (Cap. I11). Cada muestra se dividio en dos porciones, una de las cuales fue
extraida siguiendo un método manual descrito [7] en el cual se realiza una primera
extraccién con acetona, seguida de otra con n-hexano, tras lo cual el extracto organico
es evaporado, redisuelto, limpiado sobre un cartucho de Florisil, evaporado de nuevo y
redisuelto en n-hexano para analizar 1 pL del mismo mediante GC-ECD. La otra mitad
de cada muestra se liofilizé (condiciones optimizadas para 50 g de muestra: 8h, 6 Pa),
tras lo cual se extrajo directamente con n-hexano y se prosiguié con el mismo
tratamiento al que fueron sometidas las muestras frescas. Este proceso se realizo cuatro
veces para cada muestra. Los resultados reflejaron que no se producia ninguna pérdida

de los analitos durante la liofilizacion de las muestras. En la Tabla VI.1.3.1 estan
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recogidos los valores medios de contenido en agua para cada una de las matrices

hortofruticolas estudiadas en el Cap. IlI.

Tabla VI1.1.3.1. Contenido medio en agua de muestras hortofruticolas.

Fruta Contenido en agua (% p/p) Hortaliza Contenido en agua (% p/p)
Fresa 91 Espinaca 90
Pera 82 Acelga 92
Manzana 83 Pimiento 91
Naranja 80 Tomate 93
Melocotdn 80 Patata 92
Kiwi 85 Coliflor 91
Meldn 85 Pepino 92
Cereza 70 Berenjena 93
Cebolla 91
Champifién 90

Para las muestras de agua (Cap. 1V), de nuevo es necesario hacer una distincién
en funcidn de la técnica de deteccion empleada. Para la determinacion de plaguicidas
por GC-ECD/MS (Cap. IV.1), la introduccion de la muestra fue directa, siendo
Unicamente necesario el ajuste del pH (5-6) y la adicién de un agente declorante
(tiosulfato sodico). Sin embargo, el uso de FTIR (Cap. IV.2) requiere una mayor
preconcentracion de los analitos debido a su menor sensibilidad. La introduccion
directa de la muestra acuosa en el sistema utilizado en el Cap. IV.1, aln
preconcentrando 100 mL de muestra (volumen de ruptura o breakthrough volume) no
resultaba suficiente para la determinacion de los analitos por FTIR. Por ello fue
necesario una extraccion liquido-liquido adicional con n-hexano previa a la
introduccién en un sistema de flujo, que incorpora una columna de silica (similar al
descrito en el Cap. Ill) que permite la retencién de los analitos directamente desde la

fase orgénica.
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Por ltimo, el pretratamiento requerido por la orina, depende de los analitos a
determinar. De esta forma, los plaguicidas organoclorados sélo requieren un ajuste de
pH, mientras que es necesaria una hidrolisis acida de la orina para liberar los
metabolitos de piretroides que se excretan conjugados. Este hecho impide la
determinacion conjunta de ambos tipos de compuestos ya que los resultados
demostraron que la hidrélisis acida destruia a los plaguicidas organoclorados hasta en
un 80%.

En la siguiente Tabla (V1.1.3.2) se indica el medio de preparacion de la muestra
antes de introducirla en el sistema de flujo, correspondiente a cada uno de los capitulos
que constituyen esta Memoria, asi como la cantidad de muestra requerida para la

determinacién analitica.

Tabla V1.1.3.2. Medio seleccionado para la retencion de los analitos en el sistema continuo de
extraccion en fase sélida y cantidad de muestra que se puede procesar.

Muestras solidas (frutas y hortalizas) Muestras liquidas (agua y orina)
Capitulo de
laMemoria  11.1 1.2 .1 n2 13 v.1 V.2 V.1
Medio Acuoso n-hexano Acuoso n-hexano Orina acidificada
(PH 5.5) (PH 5-6) (PH 2-3)
Cantidad R
muestra 5-20 g (fresca) 0.1-1 g (liofilizada) 10-100 mL 05L 3mL
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VI 1.4 SISTEMA DE FLUJO
Los componentes y variables hidrodinamicas de los sistemas de flujo
empleados en esta Memoria se enumeran en la siguiente Tabla para poder ser

comentados mas facilmente a continuacién:

Tabla VI.1.4.1. Componentes y variables de los sistemas de flujo desarrollados en cada
capitulo.

Capitulo Unidad de Volumen Caudal Caudal
de la Canales Bombas Valvulas  evaporacion/  preconcentrado SPE muestra  eluyente

Memoria redisolucién (mL) (mL/min) (mL/min)
1.1 3 2 2 Si 5 Si 0.2 0.5
1.2 3 2 2 Si 5 Si 0.2 0.5
1.1 2 1 2 No 5 Si 2.0 1.0
1.2 2 1 2 No 5 Si 2.0 1.0
1.3 2 1 2 No 5 Si 2.0 1.0
V.1 2 1 2 No 10 Si 1.5 0.2
V.2 2 1 2 No 10 Si 2.0 1.0
V.1 2 1 2 No 5 Si 0.5 0.2

Como se desprende de esta Tabla, los sistemas de flujo iniciales son mas
complejos (Cap. Il) debido a que se emplean para frutas y hortalizas frescas; el proceso
de liofilizacion simplifica estos sistemas que emplean menos canales y so6lo una bomba
peristaltica (Cap. I11). EI mismo sistema de flujo se puede utilizar para las muestras
liquidas (Cap. IV y V). Todos los sistemas desarrollados utilizan la extraccion en fase
solida (SPE), como técnica de preconcentracion y limpieza del extracto, empleando aire
como portador tanto para la muestra como para el eluyente. Como era de esperar, las
diferencias mas significativas se encuentran en los caudales de la muestra y del

eluyente, puesto que éstos dependen de las caracteristicas de los analitos y de la matriz,
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del medio en el que vayan disueltos y del adsorbente utilizado. Los caudales mas altos
corresponden a los sistemas de flujo disefiados para la preconcentracion de los analitos
y limpieza de los extractos en una columna de silica (Cap. Ill). ElI volumen
preconcentrado es el minimo requerido para alcanzar los LMR en cada caso, excepto en
el Cap. 1, en el que se indica el volumen de agua destilada en que son redisueltos los
analitos; y en el Cap. 1V.2, donde se utiliza FTIR en la determinacion de los
plaguicidas, ha de ser siempre el mismo puesto que la calibracién mediante PLS esta
influenciada notablemente por el volumen de los disolventes organicos empleados,

fijandose éste en 10 mL de n-hexano.

VI.1.5. ADSORCION-ELUCION

Todas las metodologias desarrolladas en esta Memoria estdn basadas en el
empleo de columnas adsorbentes de distinta naturaleza para la retencion cuantitativa de
los analitos, de forma que la matriz de la muestra se elimine mayoritariamente. De esta
forma, se consigue preconcentrar los analitos al eluirlos en un volumen més pequefio y
evitar la interferencia de componentes procedentes de la matriz de la muestra, puesto
que éstos tienen menor afinidad por los adsorbentes empleados en cada caso que los
analitos. En la Tabla VI.1.5.1 se esquematizan las similitudes y diferencias entre los

sistemas desarrollados.
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Tabla VI1.1.5.1. Caracteristicas mas relevantes concernientes a las etapas de adsorcién/elucion
de los sistemas de flujo descritos en la Memoria.

i % Retenci
szltlglo Columna Eluvente Volumen Lavado y o Retencion %
. SPE 4 deruptura  acondicionamiento .. Elucion
Memoria Organoclorados  Piretroides
RP-Cys Aggtl‘;to 3 mL Etanol +
1.1 (40 mg) (150 L) 3 mL Agua destilada 100 100
RP-C Acetato 3 mL Etanol +
18 etilo 3mLNH,OH02M +
1.2 (40 mg) (150 L) 3 mL Agua destilada 100 100
Silica Acetato 0.5 mL Isopropanol +
etilo 0.5 mL Acetonitrilo +
1.1 (50 mg) (175 uL) 25mL 1 mL n-Hexano 100 100
Silica Acetato 0.5 mL Isopropanol +
etilo 0.5 mL Acetonitrilo +
1.2 (50 mg) (175 uL) 20 mL 1'mL n-Hexano 40-90 100 100
Silica Acetato 0.5 mL Isopropanol +
etilo 0.5 mL Acetonitrilo +
1.3 (50 mg) (175 uL) 20 mL 1 mL n-Hexano 40-90 100 100
RPCy NSO 3 mL Etanol +
V.1 (40 mg) (80 L) 100 mL 3 mL Agua destilada 100 100
Silica Acetato 0.5 mL Isopropanol +
etilo 0.5 mL Acetonitrilo +
V.2 (50 mg) @75 uL) 1 mL n-Hexano 80-90 100 100
0.25 mL HNO; 3M +
RP-C Acetato’ 0.25 mL Metanol +
18 - .
V.1 (40 mg) (228'0 2‘5 [‘LD.AC:*“‘F‘? etilo + 95 100 100
uL) mL Disolucién

acuosaa pH 2

! Para metabolitos de piretroides en el Cap. V.1.
2 Contiene ademés el reactivo derivatizador.

A lo largo de esta Memoria se han empleado dos tipos de sélidos adsorbentes:
RP-Cy;s y silica. La inclusion de uno u otro en el sistema automatico depende
exclusivamente del medio en que va preparada la muestra. Asi, la retencién de los

plaguicidas en RP-Cyg se encuentra favorecida en medio acuoso y es cuantitativa tanto
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para plaguicidas organoclorados como para los metabolitos de piretroides, mientras que
la silica resultd ser el adsorbente mas adecuado cuando se trabajé en n-hexano, a pesar
de que algunos plaguicidas organoclorados (lindano y dicloran) sélo se retenian en un
40%. Este bajo porcentaje de retencidn (que no puede incrementarse aumentando la
cantidad de sdlido adsorbente empaquetado) se compensa claramente con la mayor
sensibilidad que presentan estos analitos en el detector de captura de electrones y, que
permite alcanzar sin dificultad los LMR mas bajos establecidos para estos compuestos
en las matrices estudiadas. En contraposicién a esta limitacién, los sistemas de
extraccion en fase solida basados en el empleo de una columna de silica son mas
sencillos que los de RP-C,q para las matrices mas complejas (frutas y hortalizas).

La cantidad de adsorbente empaquetado fue muy similar en todos los casos, y
considerablemente inferior al empleado en los cartuchos comerciales recomendados
para la determinacion de plaguicidas en este tipo de muestras (40-50 mg vs. 500 mg), lo
que permite preparar de 10 a 12 minicolumnas a partir de un cartucho comercial.
Usando como detector FTIR (Cap. 1V.2), con menor sensibilidad, fue necesario trabajar
con una columna adsorbente que fuese capaz de adsorber una cantidad global de
analitos alta, y es por ello que a pesar de disefiar el sistema de flujo para la
determinacion de solo tres plaguicidas, la cantidad de silica fue también de 50 mg.

De entre todos los eluyentes ensayados (n-hexano, éter de petrdleo, acetato de
etilo, isopropanol, acetonitrilo y acetona), el acetato de etilo resulté ser el mejor,
consiguiendo con ambos adsorbentes, una elucién cuantitativa de los plaguicidas. Los

volimenes fueron inferiores a 200 pL en todos los casos excepto cuando se empled la

323



Almudena Columé Diaz Tesis Doctoral

técnica de espectrometria de infrarrojo (Cap. 1V.2), debido a la alta cantidad retenida de
cada analito (0.5-2 pg) sobre la columna adsorbente, y en la determinacion de los
plaguicidas en muestras de orina (Cap. V.1), puesto que el eluyente contenia también el
reactivo derivatizador.

Respecto al volumen de ruptura (volumen de muestra a partir del cual sélo se
retiene en la columna adsorbente el 99% de la cantidad inicial de analitos en la muestra,
es decir, al menos el 1% se eluye), éste se determind en los casos en que la muestra se
introducia directamente (ej. aguas, Cap. 1V.1), o bien, tras la extraccion de los
plaguicidas con n-hexano de la muestra liofilizada (Cap. 11). En el resto de los casos, el
volumen que se introduce en el sistema es constante ya que corresponde al de agua
destilada sobre el que se redisuelven los analitos, desde el medio organico empleado
para la extraccion de frutas y verduras (Cap. Il); cuando se emplea FTIR (Cap. 1V.2), el
volumen de muestra ha de ser siempre el mismo, debido a la influencia de los
disolventes sobre el espectro, y que corresponde con el usado en la calibracién
mediante PLS. Por ultimo, la influencia de una matriz compleja como la orina
hidrolizada (Cap. V.1), limita que el volumen de muestra sea el minimo posible para
alcanzar unos limites de deteccidn aceptables.

Las columnas preparadas en el laboratorio pueden ser reusadas durante tres
meses aproximadamente (suponiendo una media de trabajo de 8h al dia) sin mas que
introducir etapas de limpieza y acondicionamiento de las mismas, que se lleva a cabo de
forma secuencial en el propio sistema automatico. Estas etapas dependen claramente de

la matriz de la muestra (limpieza), asi como del adsorbente y el medio en que se lleva a
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cabo la retencion (acondicionamiento). En el caso de la determinacién de plaguicidas
organoclorados en fruta fresca, es necesario introducir una etapa adicional de lavado
con NH,OH 0.2 M para eliminar una pequefia cantidad de pigmentos que quedaban
retenidos en la columna; en el caso de muestras de orina hidrolizada, se requiere el
empleo de un medio &cido para eliminar algunos componentes de la matriz que
quedaron también retenidos sobre el adsorbente. En ningin caso afectaron a la

resolucion cromatogréafica porque no se eluyeron con el acetato de etilo.

VI1.1.6. SEPARACION CROMATOGRAFICA

Las caracteristicas de los plaguicidas estudiados en esta Memoria, en términos
de volatilidad y estabilidad térmica, hacen que se prefiera la cromatografia de gases
como técnica de separacion frente a la cromatografia liquida y, puesto que se tratan de
compuestos altamente halogenados (principalmente clorados), el detector recomendado
en todos los métodos descritos en la bibliografia es el de captura de electrones. En el
caso de la determinacion de metabolitos de piretroides fue necesario incluir una
derivatizacion previa para aumentar su volatilidad. La separacion cromatografica se
evita gracias al poder discriminatorio del tratamiento quimiométrico basado en la
calibracién mediante PLS, de la informacion contenida en los espectros obtenidos por
FTIR; no obstante, en esta metodologia sélo se determinaron tres plaguicidas (Cap.
IV.2).

La mejor resolucion cromatografica se consiguid utilizando una columna

capilar de 30 m x 0.25 mm, de fase estacionaria 5% fenilmetilpolisiloxano, con un
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espesor de pelicula de 0.25 um. EI volumen de inyeccion fue siempre de 1 uL, en modo
split (1:25) y el gas portador fue nitrégeno (GC-ECD) o helio ultrapuro (GC-MS) a un
caudal de 1 mL/min. La temperatura del inyector se fijé en 225°C, ya que valores mas
altos pueden provocar la degradacion térmica de algunos plaguicidas, como el captan.
Para la separacién de los analitos se emple6 en todos los casos la modalidad de
gradiente de temperatura, pero incluyendo etapas isotérmicas para poder separar
aquellos plaguicidas que aparecen como mezcla de is6émeros. Los programas de

temperatura 6ptimos en cada caso se resumen en la Tabla VI1.1.6.1.

Tabla VI.1.6.1. Programas de temperatura 6ptimos para la separacion cromatografica en cada
capitulo de la Memoria.

Capitulo Qe Detector Programa de temperatura
la Memoria
1 ECD 120°C 8°C /min 180°C 8°C/min 2550C 10°C/min 270°C
' 2 min ’ 4 min > 10min > 2 min
o ECOIMS 1200C 8°C /min 180°C 8°C/min 2550C 10°C/min 270°C
' 2 min ’ 4 min > 10 min > 2 min
10°C /min 8°C/min
170°C 255°C 285°C
-1 ECD/MS omin T > 15min —___* 6min
8°C /min 8°C/min 5°C/min
150°C 170°C 255°C 285°C
i2y3 ECDMS  Smin -~ amin  — > 15min " 6 min
8°C /min 8°C/min 10°C/min
120°C 180°C 255°C 270°C
V.1 ECD/MS 2min T * 4min T 10min T > 2 min
10°C/min 10°C/min
70°C 270°C 285°C (para
Vi MS 10 min > 10 min > 0 min organoclorados)

700c  10°C/Min - o5

Omn —— 0 min (para metabolitos de piretroides)
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Puede afirmarse que hay un programa de temperatura adecuado para los
organoclorados (Cap. 11.1, 11.2 y 1V.1), otro para los piretroides (Cap. 111.1) y otro para
la mezcla de organoclorados y piretroides (Cap. 111.2 y 111.3). En todos los casos se
incluye una etapa final para eliminar de la columna cromatogréafica posibles compuestos
procedentes de la matriz de la muestra y evitar la aparicion de picos fantasma en los

cromatogramas.

VI.1.7. DETECCION

El detector de captura de electrones tiene una gran sensibilidad y selectividad
para moléculas con a&tomos de halégenos, por lo que se ha utilizado en la cuantificacién
de los analitos estudiados en esta Memoria (Cap. I, Il y IV.1) , mientras que se opto
por la espectrometria de masas para la confirmacion de los resultados positivos de las
muestras analizadas mediante ECD en los Cap. 1.2, 1l y IV.1. Unicamente para las
muestras de orina (Cap. V.1) se emple6 el detector MS tanto para la identificacién
como para la cuantificacién de los analitos, puesto que las muestras de orina
hidrolizadas generaban un gran nimero de picos que impedian la identificacion de los
plaguicidas. Debido a la menor sensibilidad de este detector, fue preciso trabajar con
monitorizacion selectiva de iones (SIM), lo que también contribuyé a minimizar las
sefiales procedentes de la matriz de la muestra. En la Tabla VI.1.7.1 se encuentran
enumerados los analitos con los valores de m/z seleccionados, para identificacion o,
para identificacion y cuantificacion en modo SIM en el caso de los metabolitos de

piretroides.
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El uso de la espectrometria de infrarrojo con transformada de Fourier
como detector (Cap. 1V.2) permite registrar los espectros de los extractos procedentes
del sistema de flujo. Para ello, se depositaron 5 pL del extracto sobre el cristal de
reflectancia total atenuada (ATR: Attenuated Total Reflectance), y los espectros se
registraron mediante el uso de un detector de sulfato de triglicina deuterada (DTGS:
Deuterated Triglycine Sulphate). Para minimizar las absorbancias interferentes debidas
al disolvente orgénico en el que van disueltos los analitos en el extracto final (acetato de
etilo), se dejo evaporar éste sobre el ATR antes de registrar los espectros. Ademas,
también se estudié el volumen méximo de este extracto que, tras la evaporacion del
disolvente, diese lugar a una pelicula homogénea de los analitos sobre el cristal del
ATR. Asi, para volumenes superiores a 5 pL, los espectros no fueron reproducibles. Por
ello, fue necesario recurrir a la evaporacion de todo el extracto procedente del sistema
de flujo (puesto que se requeria la méxima preconcentracion posible de los analitos)
para minimizar las interferencias de las impurezas de los disolventes organicos en los

espectros finales.
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Tabla VI.1.7.1. Relacion de m/z caracteristicos de los plaguicidas estudiados en esta Memoria.

Analito m/z? Analito m/z? Analito m/z?
a-HCH 111,181,219 Procimidona 67,96,283 Bifentrin 152, 165, 181
HCB 249,282,284 Clorbenside 125,127,268  Fenpropatrin 97, 181, 349
Dicloran 124,176,206 Clordano 202,373,408 A-Cihalotrin 141, 181, 209
3-HCH 109,181,219 a-Endosulfan 195,241,339  permetrin 163, 183, 390
Lindano 111,181,219 Dieldrin 79,263,378 Ciflutrin 77,163, 227
&HCH 111,181,219 Endrin 67,317,319 B-Ciflutrin 77,163, 227
Vinclozolina 187,212,285 B-Endosulfan 195,241,339  Cipermetrin 77,181, 209
Heptacloro 100272370 ENGOSUMAN 975 387,420 -Cipermetrin 77, 181, 209
sulfato
Diclofuanida 123,224,332 Iprodiona 56,314,329 Fenvalerato 169, 181, 419
Aldrin 66,263,298 Captafol 79,183,347 Deltametrin 181, 209, 253
Dicofol 111,139,250  Metoxicloro 227,228,344 gsc Béxans' 163, 191, 323
Captan 79,264,299 B_utOX|d_o de 149, 176, 338 cis-DBCA 172, 253, 367
piperonilo -
PBA 141, 197, 364

2 Los valores de m/z en cursiva corresponden a los iones moleculares, en negrita a los picos base
y los subrayados a los fragmentos seleccionados para la cuantificacion.

329



Almudena Columé Diaz Tesis Doctoral

VI1.1.8. TRATAMIENTO DE DATOS

En las metodologias desarrolladas para la separacidn/determinacion de los
plaguicidas por cromatografia de gases se construyeron las rectas de calibrado mediante
regresion lineal del area de pico cromatografico del analito dividida por la del estandar
interno frente a la concentracion del analito. Los limites de deteccion (LOD) fueron
calculados como la concentracion minima que proporcionaba sefiales cromatograficas
tres veces mayores que el ruido de fondo; y la precision del método, expresada como
desviacion estandar relativa (% RSD), se obtuvo de un minimo de 11 muestras
preparadas a partir de las disoluciones estandar, conteniendo los analitos a
concentraciones situadas en la parte inferior de la recta de calibrado.

Sin embargo, en el empleo de FTIR (Cap. IV.2), dado que la etapa de
separacion de los plaguicidas no esta incluida, la obtencion de los parametros analiticos
caracteristicos requirié el empleo de tratamientos quimiométricos mas complejos. Para
la seleccion de los tres analitos (diclofuanida, captan y fenpropatrin), se llevd a cabo un
analisis de agrupaciones (Cluster analysis) con todos los plaguicidas organoclorados y
piretroides empleados a lo largo de la Memoria. Este analisis es un método de
reconocimiento de pautas no supervisado, cuyo objetivo es formar una serie de grupos
de objetos, en este caso de plaguicidas, que sean similares entre si. De este “clustering”
se desprende que los plaguicidas organoclorados y piretroides constituyen dos grupos
diferenciados y, que ademas, los organoclorados se subdividen en dos grupos.
Basandose en ello, se seleccionaron un piretroide y dos organoclorados, uno de cada

subgrupo. Los espectros del grupo de calibracion de dichos analitos, se evaluaron
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mediante minimos cuadrados parciales (PLS: Partial Least Square) para obtener la
calibracion de los mismos. Se realizaron diferentes modelos de calibracién validados
mediante calibracion cruzada. Sin embargo, debido a la influencia en los espectros de
las impurezas arrastradas, procedentes de los disolventes organicos utilizados en el
pretratamiento de la muestra y en el sistema de flujo (a pesar de utilizarlos de grado
HPLC), fue necesario seleccionar rangos 6ptimos de nimero de ondas. De esta manera,
para cada analito se construy6 una calibracion independiente, utilizando diferentes
rangos de la regién espectral y, en todos los casos, la primera derivada del espectro.
Queda de esta forma patente la utilidad de la quimiometria como herramienta analitica,
sustituyendo la separacion fisica implicita en la cromatografia por la capacidad

discriminante del FTIR junto con el PLS.

VI1.1.9. GRADOS DE AUTOMATIZACION Y SIMPLIFICACION

La automatizacion de cada uno de los pasos que constituyen los métodos
desarrollados en los diferentes capitulos de esta Memoria, asi como el grado de
simplificacion alcanzado en los mismos en relacion a los procesos manuales, se intentan
plasmar en la Grafica VI1.1.9.1. De esta forma, se puede tener una primera impresion,

claray directa, de dicho grado, evaluado en funcion de lo expuesto a continuacion.
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Gréfica VI.1.9.1. Grado de automatizacion y simplificacion de los diferentes pasos de cada
método presentado en esta Memoria.

Capitulo GRADO DE AUTOMATIZACION Y SIMPLIFICACION
de la
Memoria
1.1
1.2
1.1
1.2
1.3
V.1
IvV.2
V.1

Pretratamiento Sistema de flujo Deteccién Tratamiento de datos

El pretratamiento de la muestra es minimo en el Cap. 1V.1 dedicado al analisis
de aguas, puesto que sélo se requiere el ajuste de pH y la adicion del agente declorante
a las muestras y, es por ello, que su grado de simplificaciéon y automatizacion es
méaximo. Por otro lado, en el Cap. Ill, referente a frutas y hortalizas liofilizadas, el
pretratamiento consiste Gnicamente en una extraccion sélido-liquido automatizada,
puesto que se realiza mediante agitacion magnética. Sin embargo, en el Cap. I, el
pretratamiento es algo mas complejo ya que al tratarse de frutas y hortalizas frescas se
necesita, ademas de una extraccion manual, un cambio de disolvente que conlleva una
etapa de evaporacién/redisolucion que si esta automatizada. Pero el pretratamiento mas
complejo es, sin lugar a dudas, el realizado en el Cap. V.1 para la determinacion de
metabolitos de piretroides en orina, puesto que la hidrolisis cida necesaria se realiza de
forma completamente manual; este paso es inexistente para los plaguicidas

organoclorados en orina puesto que Unicamente necesitan el ajuste de pH de la muestra.
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Por otro lado, el pretratamiento de las muestras de aguas cuando se emplea FTIR (Cap.
IV.2), aunque es muy simple no esta automatizado, por lo que el sistema de flujo s6lo
se emplea para preconcentrar los plaguicidas.

En cuanto al sistema de flujo, como ya se ha comentado, hay una gran
semejanza entre ellos, siendo quizas la caracteristica diferenciadora la secuencia de
limpieza y acondicionamiento de las columnas de adsorcion, que en el caso de los Cap.
1.1, 11.2 y IV.1 es la més sencilla. La deteccion, cuando estd en linea con el proceso
cromatografico esta completamente automatizada, mientras que en el Cap. 1V.2, donde
se lleva a cabo de forma discontinua, el grado de automatizacion y simplificacién es
practicamente nulo, maxime teniendo en cuenta el paso de evaporacion de disolvente
organico necesario antes de colocar la muestra sobre el ATR.

Por dltimo, el tratamiento de datos, en todos los casos es simple, pero hay que
tener en cuenta que en el Cap. IV.2 donde el tratamiento es mas complejo, los calculos
se llevan a cabo mediante paquetes informaticos que contienen programas
quimiométricos, con la precisién y rapidez que ello conlleva.

Por tanto, el método mas simple y automatizado es el desarrollado en el Cap.
IV.1, correspondiente a muestras de aguas, aunque hay que tener en cuenta que también
es la matriz méas simple, seguido por los métodos desarrollados en el Cap. Ill, donde la
liofilizacién, aunque suponga un mayor tiempo en el pretratamiento de la muestra,
facilita enormemente la extraccion sélido-liquido, asi como el posterior tratamiento
analitico, puesto que los extractos son mucho mas limpios. Ademas, hay que tener en

cuenta que el proceso de liofilizacion puede hacerse simultaneamente para un ndmero
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considerable de muestras (en funcion, claro esta, del liofilizador utilizado) y que,
ademas, supone un método de conservacion de las muestras en el que los analitos
permanecen inalterables, lo cual es una gran ventaja teniendo en cuenta el gran caracter
perecedero de las muestras hortofruticolas.

Por el contrario, el método menos simple y automatizado es claramente el
desarrollado en el Cap. 1V.2, determinado por el pretratamiento de la muestra y la
deteccion discontinua. Sin embargo, hay que resaltar que ha sido posible obviar la
separacion cromatografica gracias al poder discriminatorio prestado por el tratamiento

guimiométrico de los espectros obtenidos mediante FTIR.

VI.1.10. RESULTADOS ANALITICOS

Frutas y Hortalizas

A. CALIBRACIONES
En la Tabla VV1.1.10.1 se exponen las caracteristicas analiticas correspondientes
a limites de deteccion, rangos de linealidad establecidos para la cuantificacion y
precision obtenidos para cada plaguicida en cada uno de los métodos desarrollados en
los diferentes capitulos de esta Memoria en los que se aborda la determinacién de estos

analitos en muestras hortofruticolas.

334



Resultados y Conclusiones Capitulo VI

Tabla VI1.1.10.1. Relacion de los limites de deteccion, rangos de linealidad y precision para
cada analito en cada uno de los métodos desarrollados.

Resultados analiticos

Analitos Capitulo

LOD (ng/g)* Rango lineal (ng/g)* RSD (%)
a-HCH 1.1 1.5 5-1000 52
1.2 0.7 2.5-500 5.4
HCB 1.1 2.0 10-1000 4.7
1.2 1.0 5-500 4.9
B-HCH 1.1 2.0 10-1000 4.3
1.2 1.0 5-500 4.6
&-HCH 1.1 1.0 5-1000 4.0
1.2 0.5 2.5-500 4.0
Heptacloro 1.1 2.0 10-1000 5.4
1.2 1.0 5-500 5.5
Aldrin 1.1 1.0 5-1000 5.6
1.2 0.5 2.5-500 5.4
Dicofol 1.1 5.0 25-2000 4.3
1.2 1.2 6.2-500 4.8
Clorbenside 1.1 5.0 25-200 5.1
1.2 25 12.5-1000 6.0
Clordane 1.1 10.0 50-2500 5.2
1.2 5.0 25-1250 5.1
Dieldrin 1.1 2.5 10-1000 5.7
1.2 1.2 5-500 6.0
Endrin 1.1 2.0 10-1000 5.9
1.2 1.0 5-500 5.9
Iprodiona 1.1 50.0 125-2500 5.7
1.2 25.0 63-1250 5.3
Captafol 1.1 25 10-1000 5.3
1.2 1.2 5-500 5.7
Metoxicloro 1.1 5.0 25-2000 5.1
1.2 2.5 12.5-1000 5.9
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Tabla VI1.1.10.1. (Continuacién).

Resultados analiticos

Analitos Capitulo LOD (ng/g)* Rango lineal (ng/g)* RSD (%)
Dicloran 1.1 0.2 1-500 4.7
1.2 0.1 0.4-250 4.6
1.2 1.0 2-200 45
1.3 1.0 5-200 4.8
Lindano 1.1 1.0 5-1000 5.2
1.2 0.5 2.5-500 5.6
1.2 20.0 50-2000 5.3
1.3 30.0 100-2000 5.7
Vinclozolina 1.1 1.0 5-1000 5.8
1.2 0.5 2.5-500 5.7
1.2 1.0 2-200 3.0
1.3 2.0 5-200 4.0
Diclofuanida 1.1 25 10-1000 5.9
1.2 1.2 5-500 5.8
1.2 0.5 2-200 4.0
1.3 1.0 5-200 5.1
Captan 1.1 15 5-1000 55
1.2 0.7 2.5-500 5.0
1.2 20.0 80-2000 6.5
1.3 30.0 100-2000 6.8
Procimidona 1.1 2.0 10-1000 6.0
1.2 1.0 5-500 5.9
1.2 1.0 2-200 5.2
1.3 2.0 5-200 6.0
o-Endosulfan 1.1 2.0 10-1000 5.4
1.2 1.0 5-500 5.8
1.2 1.0 2-200 5.4
1.3 2.0 5-200 5.8
B-Endosulfan 1.1 2.0 10-1000 6.0
1.2 1.0 5-500 5.7
1.2 0.5 2-200 3.8
1.3 1.0 5-200 4.9
Endosulfan 1.1 2.0 10-1000 5.6
sulfato 1.2 1.0 5-500 5.4
1.2 5.0 10-2000 4.7
1.3 8.0 15-2000 5.1
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Tabla VI1.1.10.1. (Continuacidn).

Resultados analiticos

Analitos Capitulo LOD (ng/g)* Rango lineal (ng/g)* RSD (%)
Butdxido de
piperonilo 1.1 3.75 150-22500 44
Bifentrin 1.1 15 15-3000 5.3
1.2 1.0 10-2000 6.0
1.3 1.0 5-2000 6.4
Fenpropatrin 1.1 15 15-3000 5.0
1.2 1.0 10-2000 5.0
1.3 1.0 5-2000 5.3
A-Cihalotrin 1.1 15 15-3000 3.3
1.2 1.0 10-2000 35
1.3 1.0 5-2000 4.6
Permetrin 1.1 12.0 30-3000 6.2
1.2 8.0 20-2000 5.8
1.3 10.0 20-2000 6.5
Ciflutrin 1.1 6.0 15-3000 4.7
1.2 4.0 10-2000 5.0
1.3 5.0 10-2000 49
B-Ciflutrin 1.1 3.0 15-3000 4.9
1.2 2.0 10-2000 4.7
1.3 2.0 10-2000 5.3
Cipermetrin 1.1 6.0 15-3000 3.8
1.2 4.0 10-2000 3.6
1.3 5.0 10-2000 4.2
a-Cipermetrin 1.1 1.5 15-3000 3.1
1.2 1.0 10-2000 3.3
1.3 1.0 5-2000 4.0
Fenvalerato 1.1 3.0 15-3000 5.7
1.2 2.0 10-2000 6.1
1.3 2.0 10-2000 6.1
Deltametrin 1.1 3.0 15-3000 6.3
1.2 2.0 10-2000 5.8
1.3 2.0 10-2000 5.0

!Los limites de deteccién y los rangos lineales de cuantificacion estan expresados por gramo
de muestra fresca para el Cap. Il, y por gramo de muestra liofilizada en el Cap. Ill.
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Los limites de deteccion obtenidos no solo permiten alcanzar los LMR
establecidos por la legislacién europea y espafiola en cada una de las matrices
estudiadas, sino que, de forma general, se sitlan por debajo de los limites de deteccién
analiticos sefialados por dicha legislacion hasta en los casos mas restrictivos (10-20
ng/g muestra fresca) [8,9]. En cuanto a los rangos de linealidad, estos son lo
suficientemente amplios (2-3 6rdenes de magnitud) y permiten la cuantificacion a
niveles de partes por billén. La precisidn es aceptable en todos los casos.

Los limites de deteccidn y los rangos lineales correspondientes al Cap. 11.1 son
el doble de los del Cap. 11.2, debido a que, si bien el sistema de flujo empleado es el
mismo, al igual que lo es la cantidad de muestra procesada, el volumen de disolvente
extractante se encuentra en relacion 5:1 entre ambos capitulos (11.1 y 11.2) y el volumen
del mismo que es evaporado/redisuelto en la unidad de evaporacion/redisolucién en
relacion 5:2. Asi, resulta que la cantidad absoluta de cada analito redisuelta en los 5 ml
de agua destilada es doble en el Cap. 11.2 que en el 11.1, con su repercusion directa en
los resultados analiticos. La eficacia de los procesos de extraccidn y limpieza se ponen
claramente de manifiesto en este capitulo de la Memoria, ya que los limites de
deteccion que se alcanzan partiendo de una fruta fresca (Cap. 11.2) son comparables con
los obtenidos con disolucion estandar (Cap. 11.1), lo que indica que la linea de base de
los cromatogramas es similar en ambos casos.

También hay que sefialar que en el caso de los métodos cuya muestra son
productos hortofruticolas liofilizados (Cap. Ill), los limites de deteccion y rangos de

linealidad han sido calculados para 1 g de muestra liofilizada, suponiendo que dicha
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muestra corresponde al caso mas desfavorable, es decir, con menor proporcién de agua
(naranja, 80% agua), mientras que para muestras con mas humedad los limites de
deteccion serian menores, asi como los valores extremos de los rangos lineales. De esta
forma, y para la mayoria de los plaguicidas organoclorados estudiados en muestras
frescas y liofilizadas (vinclozolina, diclofuanida, procimidona, o,-endosulfan y
endosulfan sulfato) los limites de deteccién son menores cuando se utilizan muestras
liofilizadas. Las excepciones, dicloran, captan y lindano, muestran limites de deteccion
similares o algo superiores para ambos tipos de muestras.

Si se comparan los limites de deteccion y rangos lineales del Cap. Il de esta
Memoria, en el que se trabaja con frutas y hortalizas liofilizadas, se puede apreciar una
ligera influencia de la matriz de la muestra en los limites de deteccion de plaguicidas
organoclorados (tomate vs. disoluciones estandar), mientras que para piretroides no se
aprecia este efecto. Una posible explicacion a este hecho puede encontrarse en que la
mayor parte de las sefiales cromatograficas correspondientes a las matrices de las
muestras aparecen al principio del cromatograma y, al ser los plaguicidas
organoclorados los que presentan tiempos de retencibn mas bajos, la posible
perturbacion de la linea de base les afectaria mas que a los compuestos que presentan
tiempos de retencion mayores (piretroides).

Por ltimo, iprodiona es un plaguicida cuyos limites de deteccion y rangos de
linealidad son algo mayores que para el resto, como lo son también sus LMR
establecidos en matrices hortofruticolas. Esto se debe a que su pico cromatografico es

anormalmente ancho, lo que dificulta su determinacién. Por otro lado el compuesto
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sinérgico, butoxido de piperonilo, aunque su limite de deteccién es del mismo orden
que los demas plaguicidas, el limite de cuantificacion es excepcionalmente alto (50
veces su LOD). Sin embargo, esta imposibilidad de cuantificacion a niveles inferiores
no es un problema a la hora de satisfacer los requerimientos legales, puesto que su
LMR es de 500 ng/g en todas las matrices hortofruticolas, segun la legislacion espafiola

[8] (no esté establecido en la europea).

B. RECUPERACIONES

Para evaluar la aplicabilidad de los métodos desarrollados y dada la
imposibilidad de encontrar materiales de referencia certificados de estas matrices con
los plaguicidas ensayados, se realizaron estudios de recuperacién de los analitos en
muestras fortificadas a niveles proximos a sus LMR establecidos, entre 6-200 ng/g
(excepto para butdxido de piperonilo, 200-1000 ng/g), que segln el método expuesto en
cada capitulo, podran ser muestras frescas o liofilizadas. La siguiente Tabla V1.1.10.2
recoge los valores medios de dichas recuperaciones junto con la desviacion estandar

calculada para tres muestras a cada nivel de fortificacion.
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Tabla VI1.1.10.2. Recuperaciones de cada analito en cada tipo de muestra fresca (F) o
liofilizada (L) fortificada.

L Media de
Analitos Muestra Capitulo Recupoeramon recuperacion
) (%)
a-HCH Lechuga F 1.1 94+6
Tomate F 1.1 96+ 5
Espinaca F) 1.1 95+5 o4
Patata (F 1.1 103 +5
Nectarina F 1.2 87+5
Melon F) 11.2 91+6
Cereza ) 1.2 95+7 9a1+3
Platano (F) 11.2 92+5
HCB Zanahoria F) 1.1 102 +5
Berenjena F) 1.1 103+ 6
Tomate (F) 1.1 100+5 101+2
Patata F) 1.1 99+5
Nectarina F) 11.2 977
Melon F 1.2 92+5
Melocoton () 1.2 91+4
Naranja F 1.2 96+ 5
Ciruela roja F 11.2 99+ 6 92+5
Cereza (3] 11.2 84+ 6
Manzana F 1.2 88+ 4
Fresa F) 11.2 87+5
Platano (F) 11.2 98 + 4
B-HCH Lechuga F 1.1 93+4
Tomate F) 1.1 85+ 4
Espinaca ) 1 94+ 4 BT
Patata F 1.1 102 +4
Nectarina F) 11.2 89+5
Melon F 11.2 96 +5
Cereza ) 1.2 96 +7 94
Platano (F) 11.2 98 +5
6-HCH Lechuga F) 1.1 93+5
Tomate F) 1.1 103 +5
Espinaca F) 1.1 93+4 9% £5
Patata F) 1.1 102 +4
Nectarina F) 1.2 101+6
Melén (F) 1.2 103+ 4
Cereza ) 1.2 97+5 101£3
Platano (F) 11.2 102+5
Heptacloro Cebolla F) 1.1 102+ 6
Lechuga F 1.1 94 +5
Zanahoria  (F) 1.1 105+7 95
Espinaca (F) 1.1 96 + 6
Melon F 11.2 88+5
Naranja F) 1.2 88+ 6
Ciruela roja F 11.2 94+ 6 90+6
Manzana F 1.2 82+5
Platano (F) 1.2 99+5
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Tabla VI1.1.10.2. (Continuacién).

. Recuperacion Media d_e
Analitos Muestra Capitulo recuperacion
(%) %)
Aldrin Zanahoria (3] 1.1 104 £ 6
Pimiento P 1.1 97+ 6
Patata G) 11 97+6 100 £4
Pepino (3] 1.1 102 +7
Nectarina P 1.2 101+6
Melo6n P 1.2 100+ 6
Melocotén (3] 1.2 95+5
Naranja P 1.2 99+ 6
Ciruela roja (3] 1.2 89+5
Cereza (F) 1.2 90+6 %6
Pera (3] 1.2 105+ 6
Manzana P 1.2 90+ 6
Fresa (3] 1.2 98 + 6
Platano (F) 1.2 90+5
Dicofol Zanahoria (3] 1.1 84+4
Pimiento (3] 1.1 90+5
Berenjena  (F) 11 93+5 91+6(F)
Patata (P 1.1 99+5
Melén (F) 1.2 102 +4
Naranja P 1.2 109 + 4
Cereza P 1.2 0+7
Pera (P 1.2 105 +5 98 + 8 (F)
Manzana P 1.2 90+5
Fresa P 1.2 98+5
Platano (F) 1.2 90+4
Clorbenside Zanahoria P 1.1 96 +5
Pimiento P 1.1 79+4
Berenjena (3] 1.1 91+5 89+ 7(F)
Patata (F) 1.1 89+5
Nectarina (3] 1.2 97+ 6
Melén (F) 1.2 98+6
Naranja P 1.2 99+ 6
Ciruela roja (3] 1.2 9316
Cereza (3] 1.2 99+ 6 97+ 4 (F)
Pera (F) 1.2 103+6
Manzana (P 1.2 91+6
Fresa (3] 1.2 95+ 6
Platano (F) 11.2 102 +7
Clordano Lechuga (3] 1.1 92+5
Tomate (3] 1.1 91+5
Patata ") 1.1 86+4 94+10(F)
Pepino (3] 1.1 109 £ 6
Naranja (3] 1.2 92+5
Ciruela roja (3] 1.2 91+6
Cereza P 1.2 85+5 88+ 5 (F)
Manzana (3] 1.2 9316
Fresa (F) 1.2 81+5
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Tabla VI1.1.10.2. (Continuacién).
Recuperacién Media de
Analitos Muestra Capitulo recuperacion
(%) %)
Dieldrin Zanahoria F) 1.1 88 + 6
Pimiento F) 1.1 97+ 6
Patata ) 1 95+6 93+4(F)
Pepino (3] 1.1 92+ 6
Nectarina F 11.2 96 +5
Melén (F) 1.2 105 +7
Melocotén () 1.2 1016
Naranja F 1.2 99+7
Ciruela roja F) 11.2 100£5
Cereza ) 1.2 91+6 97 +5(F)
Pera F) 11.2 92+5
Manzana F 1.2 94 +5
Fresa F 11.2 93+6
Platano (F) 11.2 95+6
Endrin Pimiento F 1.1 916
Patata (3] 1.1 100+ 6
Pepino ) 1 103+6 98+5(F)
Espinaca F) 1.1 98 + 6
Nectarina F 1.2 1035
Melén F) 1.2 104+ 6
Melocoton F 1.2 101+6
Naranja F) 11.2 96 + 4
Ciruela roja F 1.2 108 £ 7
Cereza ) 1.2 9%6+5 9+5(F)
Pera F) 11.2 93+5
Manzana F) 1.2 90+ 6
Fresa F 11.2 1015
Platano (F) 11.2 102+7
Iprodiona Berenjena (F) 1.1 94 +6 94+6 (F)
Manzana (F) 11.2 86 +5 86 +5 (F)
Captafol Berenjena F) 1.1 81+6 81+6(F)
Naranja F 1.2 100 £5
Ciruela roja F) 11.2 8916
Pera F) 1.2 94 +4 94+ 4 (F)
Fresa (3] 11.2 95+5
Platano (F) 11.2 90+6
Metoxicloro Zanahoria F 1.1 96 + 6
Berenjena F 1.1 89+5
Espinaca ) 1 99+6 T (F)
Patata F 1.1 106 + 6
Melén F) 1.2 102+6
Melocoton F 11.2 100+ 4
Naranja F) 1.2 90+5
Ciruela roja F) 1.2 92+4 97+5(F)
Cereza F 1.2 98 + 6
Pera F) 1.2 104+ 6
Fresa (F) 11.2 92+5
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Tabla VI1.1.10.2. (Continuacién).

. Recuperacion Media d_e
Analitos Muestra Capitulo recuperacion
(%) %)
Dicloran Cebolla P 1.1 87+5
(L) .3 93+ 4
Pimiento P 1.1 98+5
(L) 1.3 93+4 9%5(F)
Pepino P 1.1 98 +5
L) 1.3 93+2 9Bx1(L)
Lechuga (3] 1.1 96+ 5
Coliflor (L) 1.3 94 +4
Melo6n (3] 1.2 83+5
(L) 1.2 98+1
Melocoton (P 1.2 95+ 6
(L) 1.2 98+3
Naranja (3] 1.2 88+ 4
(L) 1.2 95+2
Cereza (3] 1.2 8216 8916 (F)
(L) 1.2 99 + 4
Pera (P 1.2 95+ 4 97 +2 (L)
(L) 1.2 92+4
Manzana (3] 1.2 98 +7
(L) 1.2 97 + 4
Fresa P 1.2 91+5
(L) 1.2 97+1
Ciruela roja (F) 11.2 84 +5
Lindano Pimiento P 1.1 100 £ 6
(L) 1.3 94 +4
Tomate P 1.1 101+6
(L) 1.3 97+4
Espinaca (3] 1.1 99+5
(L) 1.3 95+5 99 + 2 (F)
Patata (F) 1.1 103+5
(L) 1.3 93+5 95+ 2 (L)
Pepino (3] 1.1 97+ 6
(L) 1.3 96+4
Lechuga (3] 1.1 97+ 6
Cebolla (L) 1.3 91+4
Berenjena (L) 1.3 97+ 4
Melén (F) 1.2 91+6
(L) 1.2 100+ 3
Naranja (3] 1.2 103 +5
(L) 1.2 95+7
Cereza (F) 1.2 99+5 99+6 (F)
(L) 1.2 94+6
Manzana (3] 1.2 93+7 95+ 4 (L)
(L) 1.2 96+7
Nectarina P 1.2 1035
Platano (F) 1.2 106 + 7
Kiwi (L) 1.2 89+5
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Tabla VI1.1.10.2. (Continuacién).
. . Recuperacion Media d.e,
Analitos Muestra Capitulo recuperacion
(%)
(%)
Vinclozolina Cebolla F 1.1 93+6
(L) 1.3 97 +4
Pimiento F) 1.1 93+7
(L) 1.3 95+3
Tomate F 1.1 93+6 96 + 4 (F)
(L) 1.3 95+3
Espinaca F) 1.1 102+ 6 96 +1 (L)
(L) 1.3 96 + 4
Pepino F) 1.1 98 + 6
(L) 1.3 96+ 3
Berenjena (L) 1.3 95+ 3
Melén F) 1.2 81+5
(L) 1.2 93+9
Melocoton () 1.2 805
(L) 1.2 92+8
Naranja F 11.2 81+4
(L) 1.2 91+6
Cereza F) 11.2 71+4
(L) 1.2 94+7 77+5(F)
Pera F 11.2 70+ 4
(L) 1.2 94+9 93+1(L)
Manzana F 11.2 8216
(L) 1.2 95+9
Fresa F 11.2 81+5
(L) 1.2 93+7
Ciruela roja F) 11.2 71+5
Platano F) 1.2 78+5
Kiwi (L) 1.2 92+6
Diclofuanida Cebolla F) 1.1 95+ 6
(L) .3 93+4 95£6(F)
Coliflor (L) 1.3 95+2
Tomate (L) 1.3 97+3 x2(L)
Melon F 11.2 99+ 6
(L) 1.2 95+7
Naranja F 1.2 102+ 6
(L) 1.2 94+6
Cereza F 1.2 90+ 6
(L) 1.2 95+5 98 +7 (F)
Pera F 11.2 90+5
(L) 1.2 95+5 95+2 (L)
Manzana F 1.2 102+ 6
(L) 1.2 97 +2
Fresa F 1.2 94+ 6
(L) 1.2 91+6
Nectarina (F) 11.2 107 £ 7
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Tabla VI1.1.10.2. (Continuacién).

Recuperacion Media de
Analitos Muestra Capitulo recuperacion
(%) %)
Captan Berenjena (3] 1.1 66 + 4
(L) 1.3 85+5
Tomate P 1.1 64 +3
(L) 1.3 88 + 4
Lechuga (F) 1.1 75+ 4 69+5(F)
Zanahoria P 1.1 70+ 4
Cebolla L) .3 81+4 84x2(L)
Pepino (L) 1.3 83+3
Coliflor (L) 1.3 85+5
Pimiento (L) 111.3 84+4
Naranja (3] 1.2 79+4
(L) 1.2 88+5
Fresa (3] 1.2 87+5 806 (F)
(L) 1.2 84+6
Nectarina (3] 1.2 75+4 86+2(L)
Manzana (L) 111.2 85+ 6
Melén (L) 1.2 86 +7
Procimidona Pimiento (3] 1.1 99+ 6
(L) 1.3 95+5
Pepino (3] 1.1 96 + 6
L) .3 95+3 918 (F)
Cebolla (F) 1.1 83+5
(L) 1.3 93+3 9%+1(L)
Lechuga P 1.1 86 + 6
Tomate (L) 1.3 96 + 4
Melén (F) .2 72+4
(L) 1.2 97+3
Melocotén F 1.2 78+5
(L) 1.2 95+5
Naranja P 1.2 84+5
L 1.2 94+4 75£6(F)
Pera (3] 1.2 78+ 6
L) 1.2 96+ 2 9%6+1(L)
Nectarina P 1.2 83+7
Ciruela roja (3] 1.2 70+5
Manzana (L) 111.2 95+2
Fresa (L) 111.2 97+1
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Tabla VI1.1.10.2. (Continuacién).
Recuperacién Media de
Analitos Muestra Capitulo recuperacion
(%) %)
a-Endosulfan Pimiento F 1.1 93+6
(L) 1.3 83+4
Espinaca F) 1.1 88+ 6
(L) 1.3 88+3 92+ 4 (F)
Patata F) 1.1 96 + 6
(L) 1.3 85+3 85+2(L)
Pepino (L) 1.3 84+4
Berenjena (L) 1.3 8514
Tomate (L) 1.3 87+5
Melocotén F 1.2 92+6
(L) 1.2 87+6
Cereza F 1.2 103+ 6
(L) 1.2 85+7
Pera F) 1.2 93+6
(L) 1.2 83+8 97+6(F)
Manzana F) 11.2 95+ 6
L 1.2 84+7 85x2(L)
Nectarina F 1.2 91+5
Platano F) 11.2 106 £5
Kiwi (L) 1.2 84+8
Melén (L) 1.2 88+7
B-Endosulfan Pimiento F 1.1 1047
(L) 1.3 95+3
Espinaca F 1.1 92+ 6
(L) 1.3 96+4 99+6 (F)
Patata F) 1.1 102+6
(L) 1.3 94 +4 95+ 2 (L)
Pepino (L) 1.3 96 +4
Berenjena L) 1.3 93+4
Tomate (L) 1.3 98+4
Melocoton F 11.2 106 £ 7
(L) 1.2 95+5
Cereza F 11.2 1017
(L) 1.2 91+5
Pera F 11.2 97+ 6
(L) 1.2 9345 101£5(F)
Manzana F 1.2 98+ 6
(L) 1.2 9248 983+1(L)
Nectarina F 11.2 109 £5
Platano F) 1.2 96+6
Kiwi (L) 1.2 93+7
Melén (L) 1.2 94 +7
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Tabla VI1.1.10.2. (Continuacién).

. Recuperacion Media d_e
Analitos Muestra Capitulo recuperacion
(%) %)
Endosulfan Pimiento (3] 1.1 96 + 6
sulfato (L) 1.3 9316
Espinaca (3] 1.1 977
(L) 1.3 97+3 99 + 4 (F)
Patata (3] 1.1 103 +7
(L) "3 96+ 2 96+2 (L)
Pepino (L) 1.3 98+3
Berenjena (L) 1.3 95+2
Tomate (L) 111.3 98 +3
Melocotén F 1.2 916
(L) 1.2 97 +4
Pera (F) .2 92+5
(L) 1.2 96+ 2
Manzana G) 1.2 90+5 89+4(F)
(L) 1.2 95+1
Nectarina (P 1.2 83+6 9%+1(L)
Kiwi (L) 1.2 96 +3
Melén (L) 1.2 93+1
Cereza (L) 111.2 95+ 3
Bifentrin Cebolla (L) 111.3 65+2
Espinaca (L) 1.3 76+ 3
Pepino (L) 1.3 71+3
Coliflor (L) 3 67+2 1x4(L)
Berenjena (L) 1.3 75+3
Tomate (L) 1.3 71+3
Manzana (L) 111.2 66 + 2
Melocoton (L) 111.2 70+3
Pera L 1.2 76+ 4
Fresa EL; .2 68+1 70£3(L)
Melén (L) 1.2 70+2
Naranja (L) 111.2 69+ 1
Fenpropatrin Espinaca L) 1.3 95+ 4
Pepino L) 1.3 90+3
Coliflor (L) 1.3 88+3
Berenjena (L) 1.3 90+ 4 92+3(L)
Tomate (L) 1.3 95+ 4
Pimiento (L) 1.3 93+3
Manzana (L) 111.2 91+4
Pera (L) 1.2 92+1
Fresa (L) .2 93+9 92+1(L)
Kiwi (L) 1.2 92+8
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Tabla VI1.1.10.2. (Continuacién).
Recuperacion Media de
Analitos Muestra Capitulo P recuperacion
(%) %)
A-Cihalotrin Espinaca (L) 1.3 97 +5
Pepino (L) 1.3 92+3
Coliflor (L) 1.3 93+4 94 +3(L)
Berenjena (L) 1.3 97+5
Pimiento (L) 1.3 90+4
Pera (L) 1.2 93+8
Fresa (L) 1.2 98+7
Melén (L) 1.2 95+ 7 96+2 (L)
Cereza (L) 1.2 97+ 6
Naranja (L) 1.2 98+8
Permetrin Espinaca (L) 1.3 93+4
Coliflor (L) 1.3 84+3
Berenjena (L) 1.3 95+5 91+4(L)
Tomate (L) 1.3 92+4
Pimiento (L) 1.3 92+4
Manzana (L) 1.2 88+8
Melocot6n (L) 1.2 90+7 90+2(L)
Naranja (L) 1.2 91+5
Ciflutrin Cebolla (L) 1.3 89+5
Coliflor (L) 1.3 91+4
Patata L 1.3 98+5 9B x4(L)
Tomate (L) 1.3 96+ 3
Melocoton (L) 1.2 88+2
Cereza (L) 1.2 90+2 89+1(L)
B-Ciflutrin Cebolla (L) 1.3 94 +4
Coliflor (L) 1.3 96 + 4
Patata (L) .3 100 + 4 94x4(L)
Tomate (L) 1.3 88 +5
Melocoton (L) 1.2 93+7
Cereza (L) 1.2 92+6 93+1(L)
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Tabla VI1.1.10.2. (Continuacién).

Recuperacion Media de
Analitos Muestra Capitulo p recuperacion
(%) %)
Cipermetrin Cebolla (L) 1.3 92+3
Espinaca (L) 1.3 98+ 3
Patata (L) 1.3 94 +4 93+4(L)
Tomate (L) 1.3 89+3
Pimiento (L) 1.3 90+3
Manzana (L) 111.2 97 %2
Melocotén (L) 111.2 85+4
Pera (L) 1.2 97+1
Fresa (W) .2 982 94x4(L)
Kiwi (L) 1.2 93+5
Melén (L) 1.2 97 +2
a-Cipermetrin ~ Cebolla (L) 1.3 91+4
Espinaca L) 1.3 92+3
Patata (L) 1.3 90 + 4 91+1(L)
Tomate L) 1.3 9314
Pimiento (L) 111.3 89+3
Melocotén (L) 1.2 916
Pera (L) 111.2 92+3
Fresa (L) .2 95+8 983x2(L)
Kiwi (L) 111.2 95+3
Fenvalerato Espinaca (L) 1.3 92+3
Coliflor (L) 1.3 96+ 4
Berenjena (L) 1.3 87+3 0+4(L)
Pimiento (L) 1.3 86 + 3
Kiwi (L) 1.2 92+4
Cereza (L) 1.2 90+5 9+1(L)
Deltametrin Espinaca (L) 111.3 81+3
Pepino L) 1.3 76+ 4
Coliflor (L) 1.3 774 78+2(L)
Berenjena L) 1.3 78+ 4
Pimiento (L) 1.3 79+2
Melén (L) 1.2 84+6
Cereza (L) 111.2 80+4 82+2(L)
Naranja (L) 111.2 82+5
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Los resultados de las recuperaciones pueden ser comentados desde diferentes
perspectivas, pero desde el punto de vista general, todos los plaguicidas, en los
diferentes métodos utilizados, obtienen recuperaciones de mas del 90%, excepto captan
(64-88%) del grupo de plaguicidas organoclorados, y bifentrin (65-76%) y deltametrin
(76-84%) del grupo de los piretroides. En cuanto a las matrices, no hay diferencias
significativas en la aplicacion de los diferentes métodos a frutas u hortalizas (quizés
ligeramente mejor para hortalizas). La nectarina es la fruta que presenta recuperaciones
sensiblemente menores cuando se determinan los analitos en frutas frescas (Cap. 11.2),
mientras que de las frutas liofilizadas no hay ninguna destacable (la nectarina no fue
utilizada en el Cap. 111.2). En cuanto a las hortalizas, la berenjena es la matriz fresca
gue proporciona recuperaciones ligeramente menores, aunque liofilizada no presenta
diferencias significativas con respecto a las demas matrices horticolas liofilizadas. El
pimiento es la Gnica matriz cuyas recuperaciones son sensiblemente menores tanto
fresca como liofilizada, debido a que es precisamente la que proporciona el extracto
mas sucio, independientemente de que la matriz esté o no liofilizada. Sin embargo,
matrices como la cebolla reconocidas como muy sucias en la bibliografia, no
presentaron problemas con las metodologias desarrolladas en esta Memoria.

Para realizar los estudios de recuperacion de muestras liofilizadas, la
fortificacion se realizd en la matriz fresca antes de someterse al proceso de liofilizacion,
previo estudio del comportamiento de los analitos estudiados frente a dicho proceso de
liofilizacién, como ya ha sido comentado en el Cap. V1.1.3 sobre pretratamiento de la

muestra.
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Si se comparan las recuperaciones de los plaguicidas organoclorados estudiados
en muestras frescas (Cap. Il) y liofilizadas (Cap. 111.2 y 111.3), puede observarse que son
muy similares, alrededor del 95%, excepto para tres analitos (vinclozolina, captan y
procimidona), para los cuales las recuperaciones desde algunas matrices frescas son
menores del 80%, mientras que desde las liofilizadas son mucho mayores. Estos
plaguicidas son vinclozolina (fruta fresca, 77%; fruta liofilizada, 93%), captan
(hortaliza fresca, 69; hortaliza liofilizada, 84%) y procimidona (fruta fresca, 75; fruta
liofilizada, 96%). Por el contrario, a-endosulfan y [-endosulfan presentan unas
recuperaciones sensiblemente mejores para las matrices frescas que para las liofilizadas
(hortaliza fresca 92 y 99% frente a las liofilizadas 85 y 95%, respectivamente; fruta
fresca 97 y 101% frente a las liofilizadas 85 y 93%, respectivamente). Este hecho puede
ser debido a una extraccion menos efectiva de estos plaguicidas con n-hexano (Cap.
111.2 y 111.3) que cuando la fase es menos apolar (Cap. II)

Por tanto, y puesto que los plaguicidas organoclorados con menores
recuperaciones desde muestras frescas (principalmente captan) mejoran las mismas
usando muestras liofilizadas, que para el resto de organoclorados son similares en
ambos tipos de muestras y que Unicamente a-endosulfan y B-endosulfan disminuyen
sus recuperaciones con muestras liofilizadas, pero s6lo al 85% en el caso mas
desfavorable, podemos afirmar que el uso de muestras liofilizadas proporciona mejores
resultados, ademéas de la ventaja que supone el proceso de la liofilizaciéon en la

conservacion de las muestras hortofruticolas.
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A pesar de que los métodos desarrollados proporcionan extractos bastante
limpios, es inevitable la presencia de algunos coextractos procedentes de las matrices.
Sin embargo, los picos cromatograficos de los mismos no interfirieron el la resolucién
cromatografica de los analitos. Asi, en el caso de muestras liofilizadas, dichos picos
cromatograficos se sitban al principio de los cromatogramas, de manera que de ninguna
forma afectan a la zona donde se sittan los picos correspondientes a los plaguicidas. En
cuanto a los cromatogramas de muestras frescas, las pocas interferencias existentes se
sithan a lo largo del cromatograma, pero en ningin caso solapan con los picos
cromatograficos de los analitos. De cualquier manera, los cromatogramas de muestras
liofilizadas fueron siempre méas limpios que los de las muestras frescas, como se puede
observar en la Figura V1.1.10.1, lo cual supone otra ventaja de la liofilizacién de las
muestras hortofruticolas en la determinacion de estos plaguicidas.

Por dltimo, aunque la retencidn de los piretroides sobre la columna de silica es
del 100% en todos los casos, tanto en su determinacién individual en el Cap. 111.1,
como en la conjunta con los organoclorados en los Cap. 111.2 y 111.3, la ausencia de
diferencias significativas en las recuperaciones de los mismos en dichos capitulos pone
de manifiesto que su separacion/determinacion no se ve afectada por la presencia de los

plaguicidas organoclorados.
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A)

B)

C)

D)

I
N
o

Figura VI1.1.10.1. Cromatogramas de muestras no contaminadas de espinaca
fresca (A) y liofilizada (B), y de fresa fresca (C) y liofilizada (D), obtenidos
siguiendo los métodos descritos en los capitulos Il y 111 de esta Memoria.
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C. MUESTRAS POSITIVAS

De un total de 349 muestras hortofruticolas estudiadas (159 hortalizas y
190 frutas), los resultados positivos por presencia de plaguicidas (Tabla V1.1.10.3)
han supuesto el 12% de las mismas, sin que exista una tendencia hacia uno de los
dos grupos de muestras. En cambio, si podemos comentar que la fresa y la
manzana, y el pimiento y el tomate, son las frutas y hortalizas, respectivamente, que
mayor nimero de resultados positivos han arrojado. Por otro lado, los plaguicidas
cuyos residuos han sido mas veces detectados fueron vinclozolina, procimidona,
cipermetrin, bifentrin y A-cihalotrin. Sin embargo, tan sélo seis muestras se sitlan
por encima del LMR establecido en cada caso [para tres de ellas (fenvalerato en
tomate y kiwi, captan en naranja) segun la legislacion vigente en septiembre 2001,
aunque no en el momento en que se realizd el estudio, y para otra (A-cihalotrin en
fresa) no seria positiva si se contempla la legislacion actual, pero si cuando se
realizd su determinacidn]. Esto significa que sélo el 1.5% de las muestras evaluadas
no cumplian con los requisitos exigidos por la Unién Europea en materia de
residuos de plaguicidas, aunque el resultado positivo de la procimidona en manzana
es alarmante, 20 veces mayor que la concentracién permitida.

Las muestras en las que no se han encontrado residuos de plaguicidas son:
ciruela roja, zanahoria, lechuga y champifion, y los plaguicidas que no han
aparecido a niveles detectables son: a,8,5-HCH, HCB, heptacloro, aldrin, dieldrin,
clorbenside, clordano, p-endosulfan, endosulfan sulfato, iprodiona, captafol,

metoxicloro, butoxido de piperonilo, fenpropatrin y ciflutrin.
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Tabla VI1.1.10.3. Relacion de muestras hortofruticolas encontradas con residuos de los
plaguicidas estudiados a lo largo de esta Memoria.

. L Concentracion LMR (UE)®
Muestra Capitulo Plaguicida (ng/g)" (nglg)
Espinaca 1.1 Cipermetrin 420+ 20 500
1.3 Cipermetrin 385+20 500
Acelga 1.1 Cipermetrin 05 500
Pimiento 1.1 Bifentrin 96 +7 NE®
1.3 Dicloran 61 NE®
1.3 Dicloran 9+1 NE®
1.3 Permetrin 215+15 500
Tomate 1.1 Fenvalerato 650 + 40 1000 (20)
1.3 Diclofuanida 14+1 5000
1.3 Procimidona 529 + 33 2000
Patata 1.3 a-Endosulfan 31+2 50
1.3 Cipermetrin 280+ 15 50
Pepino 111.3 Deltametrin 48+3 100
1.3 Captan 85+ 6 100
Berenjena 1.3 Bifentrin 8+1 NE®
Coliflor 1.3 Diclofuanida 39+3 5000
111.3 Permetrin 55+4 100
Cebolla ms | Bifentrin 8x1  __ NE¥
Melocotén 1.2 Vinclozolina 6.0+£0.3 2000 (50)
111.2 Vinclozolina 23+4 2000 (50)
Nectarina 1.2 Captan 50+0.2 2000
Platano 11.2 Dicofol 7.3+04 2000 (20)
Fresa 1.2 Diclofuanida 6.4+04 10000
1.2 Vinclozolina 48+0.3 5000
1.1 A-Cihalotrin 24 +2 20 (500)
111.2 Procimidona 109 +8 5000
1.2 A-Cihalotrin 14+4 20 (500)
Manzana 1.2 Lindano 45+0.3 1000
1.1 Permetrin 170 £ 12 1000
111.2 Procimidona 400 + 35 20
Pera 1.1 A-Cihalotrin 55+ 3 100
111.2 Procimidona 136+ 9 1000
Naranja .1 Bifentrin 85+5 NES
1.2 Captan 530+ 25 3000 (100)
Kiwi 111.2 Vinclozolina 2600 + 365 10000
111.2 Fenvalerato 34+7 50 (20)
Melo6n 111.2 Deltametrin 28+7 50
Cereza 1.2 A-Cihalotrin 38+4 100

Concentracion expresada por gramo de muestra fresca.

2 MR establecido en el momento de la realizacién de cada trabajo. Entre paréntesis los
LMR actualizados a septiembre de 2001.

®No establecido por la UE.
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Muestras Acuosas

A. CALIBRACIONES
Las calibraciones efectuadas en el Cap. IV.1 se realizaron siguiendo los
métodos quimiométricos mas simples, mientras que en el Cap. V.2 se utilizaron
métodos quimiométricos mas complejos, como ya ha sido comentado en la Seccion 1.8
de este capitulo. Los resultados de ambas calibraciones estan recogidos en la Tabla

VI1.1.10.4.

Tabla VI1.1.10.4. Relacion de los limites de deteccion, rangos de linealidad y precision para
cada analito en cada uno de los dos métodos desarrollados.

Analito Capitulo LOD (ng/mL) Rango lineal (ng/mL)  RSD (%) / RMSECV*
o-HCH V.1 0.03 0.1-20 4.6
B-HCH V.1 0.08 0.2-35 5.8
Lindano V.1 0.03 0.1-20 4.7
6-HCH V.1 0.03 0.1-20 4.5
Vinclozolina V.1 0.03 0.1-20 5.0
Diclofuanida v.1 0.08 0.3-40 5.1
V.2 12 1.2-4.8 0.171
Aldrin V.1 0.03 0.1-20 4.1
Dicofol V.1 0.05 0.2-30 5.9
Captan V.1 0.10 0.5-50 4.8
V.2 1.2 1.2-4.8 0.149
Procimidona V.1 0.08 0.2-40 4.6
o-Endosulfan V.1 0.01 0.05-10 5.0
B-Endosulfan V.1 0.02 0.07-15 4.2
Endosulfan-sulfato V.1 0.03 0.1-20 35
Fenpropatrin Iv.2 1.2 1.2-4.8 0.193

!La precision esta expresada como RSD en el Cap. V.1 y como RMSECV en el Cap. IV.2.

A pesar de los esfuerzos realizados en la calibracion mediante PLS de los

plaguicidas diclofuanida, captan y fenpropatrin (Cap. 1V.2), para eliminar la influencia
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en los espectros finales de las impurezas provenientes de los disolventes utilizados a lo
largo del proceso analitico, no fue posible alcanzar los LMRs establecidos (0.1 ng/mL
para plaguicidas individualmente y 0.5 ng/mL para la suma de plaguicidas) por la UE y
Espafa. Sin embargo, el limite de deteccidn alcanzado, ligeramente diez veces superior
al menor LMR, da una idea del potencial que el FTIR junto con el tratamiento de los
espectros mediante PLS tiene en la determinacion de plaguicidas sin el uso de la

cromatografia.

B. ESTUDIO DE ADSORCION / DEGRADACION DE PLAGUICIDAS
ORGANOCLORADOS EN MUESTRAS ACUOSAS CON MATERIA

ORGANICA

Con este estudio, realizado en el Cap. IV.1, se pretendié determinar:
e La degradacion de los plaguicidas organoclorados en medio acuoso
alcalino con presencia de materia organica.
» La adsorcién de los mismos sobre la materia organica presente en la
muestra acuosa.
» Lareversibilidad o no de dicha adsorcion.
La muestra acuosa con la que se trabajo tenia un pH ligeramente alcalino (8.1),
con lo cual, la degradacién parcial de algunos de los plaguicidas organoclorados
estudiados en este medio fue inevitable. Los resultados demostraron que el porcentaje

de degradacion a este valor de pH era independiente de la presencia de materia organica
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en suspension en la muestra acuosa. Ademas, hay que sefialar que captan y diclofuanida
presentan una degradacion del 100% tras 7 h, debido a ese medio alcalino. Por otro
lado, la adsorcion sobre dicha materia organica ( algas verdes del género Spirogyra en
su mayor parte y en menor cantidad algas azul-verdes del género Oscillatoria y algas
unicelulares diatomeas) en el tiempo presentaba dos tipos de comportamiento por parte
de los analitos: un grupo de ellos (diclofuanida, procimidona, dicofol, captan,
endosulfan sulfato, a,B-endosulfan y aldrin) eran adsorbidos rapidamente y el
porcentaje de adsorcidn permanecia ya estable con el tiempo, que se correspondian con
aquellos que presentaban un mayor valor de K., (menor solubilidad en agua); y otro
grupo (a,B,6-HCH, lindano y vinclozolina) en los que la adsorcién aumentaba con el
tiempo. Con respecto a la irreversibilidad de dicha adsorcién, queda patente que
aumenta también con el tiempo, puesto que, en general, es mucho mayor tras 24 horas
después de la fortificacién, que a la media hora y, que para la mayoria de los
organoclorados, es irreversible esta adsorcion. La excepcion es dicofol, el cual presento
porcentajes de recuperacién entre 85y 75%. El hecho de que fue uno de los plaguicidas
estudiados con menor degradacion en medio alcalino, unido a que quizas su union a la
materia organica se realice mediante débiles interacciones quimicas explique que su

adsorcidn fuese practicamente reversible.

C. RECUPERACIONES
EI método propuesto en el Cap. 1V.2 es mas complejo que el del Cap. IV.1Yy, al

tratarse de un nuevo enfoque en la metodologia, resulté mas apropiado reflejar su
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fiabilidad mediante el estudio de recuperacion de los tres plaguicidas seleccionados en

dos muestras de agua. La Tabla VI1.1.10.5 recoge los resultados de dicho estudio.

Tabla VI1.1.10.5. Recuperaciones obtenidas de dos tipos de muestras acuosas analizadas
mediante el método descrito en Cap. IV.2.

Muestra Diclofuanida Captéan Fenpropatrin
Agua de grifo 88+4 66 + 6 102 +7
Agua de rio 92+3 70+7 89+3

En un principio, puede parecer extrafio que las recuperaciones obtenidas para
los plaguicidas organoclorados sea mayor en la muestra de agua de rio que en la de
grifo. Sin embargo, y aunque las diferencias entre dichos valores no son demasiado
significativas, podria justificarse por el hecho de que dicha agua de rio, cuya toma de
muestra se realiz6 en su nacimiento, carece de las sustancias que se afiaden al agua de la
red de abastecimiento publico para su potabilizacion, y que podrian interferir en las
regiones del espectro seleccionadas para la calibracion de dichos organoclorados,
aunqgue no en la del piretroide.

En cualquier caso, los valores de recuperacion son aceptables en ambas
muestras y para los tres plaguicidas y, como en el caso de las muestras hortofruticolas,

captan es el plaguicida que ostenta los menores valores de recuperacion.

D. MUESTRAS POSITIVAS
De las 17 muestras acuosas (aguas de rio, laguna, pozo, pantano y grifo)

analizadas mediante el procedimiento descrito en el Cap. IV.1, Gnicamente 5 resultaron
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contener plaguicidas a los niveles detectables por dicho método. De dichas muestras,
Unicamente una (Laguna 1) contiene residuos de plaguicidas a niveles similares al LMR
establecido para plaguicidas individualmente, aunque no para la cantidad global; en el
resto de los casos positivos, siempre fueron inferiores a 0.1 ng/mL. Ningunas de las
muestras de agua de la red de abastecimiento publico de diferentes pueblos de la
Provincia de Cordoba y de su capital, asi como de la ciudad de Viena, resultaron
contener residuos de alguno de los plaguicidas estudiados. Los valores de los resultados

positivos se encuentran recogidos en la Tabla V1.1.10.6.

Tabla VI.1.10.6. Relacién de muestras acuosas en las que se detectaron residuos de los
plaguicidas estudiados en el Cap. 1V.1.

Muestra Plaguicida Concentracién (ng/mL)

Pozo 1 Lindano 0.09 £0.01

Pozo 2 Lindano 0.04 £0.01

Rio Aldrin 0.04£0.01

Laguna 1 Vinclozo!ina 0.13+£0.01
Endosulfan sulfato 0.12+£0.01

Laguna 2 Procimidona 0.09 £0.01

En cuanto a las dos muestras analizadas en el Cap. 1V.2, no se encontraron
ninguno de los tres plaguicidas estudiados a concentraciones iguales o superiores a 1.2
ng/mL, aunque esta informacion carece de valor para establecer si se encuentran los

compuestos a concentraciones mayores 0 menores que el LMR establecido.
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Fluidos Bioldgicos

A. CALIBRACIONES

La calibracion en este Cap. V.1 se realiz6 mediante la monitorizacion selectiva
de iones (SIM), con los valores de m/z especificados en la Tabla VI1.1.10.7.1. Tanto los
limites de deteccion como los rangos de linealidad (Tabla V1.1.10.7.1) son equiparables
0 mejores que los recogidos en la bibliografia recopilada (0.03-500 ng/mL) [9,10,11],
asi como adecuados para la monitorizacion de personas en contacto con los plaguicidas
organoclorados incluidos en este estudio y los piretroides que, en su transformacion en
el organismo humano, den lugar a los metabolitos cis y trans-DCCA, cis-DBCA y PBA.

El estudio de recuperacion (Tabla VVI1.1.10.7) pone de manifiesto que, de nuevo,

captan es el plaguicida con un menor porcentaje de recuperacion.
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Tabla VI1.1.10.7. Relacion de los limites de deteccion, rangos lineales y recuperaciones para
cada analito en muestras de orina.

Analito LOD (ng/mL) Rango lineal (ng/mL) Recuperacion (%)
cis y trans-DCCA 0.1 0.3-350 93
cis-DBCA 0.1 0.5-350 100
PBA 0.1 0.5-350 101
o-HCH 0.2 0.5-350 94
HCB 0.1 0.5-350 98
Dicloran 0.1 0.5-350 97
B-HCH 0.1 0.5-350 93
y-HCH 0.1 0.5-350 101
0-HCH 0.1 0.5-350 90
Vinclozolina 0.1 0.5-350 99
Heptacloro 0.2 0.7-350 92
Diclofuanida 0.2 0.7-350 95
Aldrin 0.1 0.5-350 100
Dicofol 0.1 0.5-350 97
Captéan 0.3 1.0-350 88
Procimidona 0.1 0.5-350 96
Clorbenside 0.1 0.5-350 97
Clordano 0.1 0.5-350 101
o-Endosulfan 0.1 0.5-700 98
Dieldrin 0.1 0.5-350 96
Endrin 0.1 0.5-350 93
B-Endosulfan 0.1 0.5-700 95
Endosulfan sulfato 0.2 0.7-500 90
Captafol 0.1 0.5-700 91
Iprodiona 0.3 2.0-500 95
Metoxicloro 0.1 0.5-700 94
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B. MUESTRAS POSITIVAS
Las muestras de orina analizadas en este Cap. V.1, fueron recogidas de la
doctoranda durante los dos Gltimos afios (1 muestra cada 2 meses; total 12 muestras) del
periodo experimental de la presente Memoria. De esta forma, se pretendié conocer el
posible grado de contaminacidn de la misma durante el tiempo (4 afios) que estuvo en

contacto con los plaguicidas contemplados a lo largo de este trabajo.

Tabla VI1.1.10.8. Determinacion de plaguicidas organoclorados y
metabolitos de piretroides en muestras de orina de un investigador expuesto.
Todas las concentraciones estan expresadas en ng/mL (n=3).

Muestra Plaguicida encontrado Concentracion
1 No detectados -
2 Endosulfan sulfato 16+0.1
3 No detectados -
4 Captafol 17+1
5-8 No detectados -
9 Dicofol 23+2
10 Dicofol 06+0.1
11 No detectados -
12 PBA 21+0.2
cis y trans DCCA 08+0.1
Dicofol 19+2

Podemos observar en la Tabla V1.1.10.8, que los niveles de contaminacidn son,
en todos los casos, muy bajos y, seguramente se produjeron debido a la manipulacién
de los patrones de los analitos (solidos en su mayoria) para preparar las disoluciones
madre de los mismos (en general a concentraciones de 5 mg/mL). Ello pone de

manifiesto que todas las medidas de proteccion que sean posibles adoptar son pocas,
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puesto que en esta Memoria se trabajé siguiendo escrupulosas medidas para evitar la
contaminacion (ej. pesada y manipulacion de los estdndares en campanas extractoras,
uso de guantes y mascarilla).

De todas formas, no se puede establecer un patron de comportamiento en la
contaminacion detectada, puesto que a lo largo del primer afio (en que se tomaron las
muestras de orina) todos los organoclorados fueron manejados con la misma asiduidad
y, tan sélo dos de ellos aparecen en dos muestras (n° 2 y 4). Sin embargo, durante el
segundo afio de muestreo, sélo un grupo de organoclorados, mas los piretroides, fueron
utilizados, donde dicofol, que aparece en tres muestras, no estaba incluido. Esto podria
ser debido a que quizas este plaguicida entrase en el organismo y quedase acumulado
en él, por una contaminacion producida en los Ultimos meses del primer afio
(correspondientes al periodo de las muestras 5 y 6), para mas tarde, debido a alguna
razén (pérdida de tejido adiposo, por ejemplo), quedar de nuevo libre en el organismo
para ser excretado.

Con respecto a los piretroides, sus metabolitos sélo aparecen en la ultima
muestra tomada, la cual se realizé a las 18 horas de haber preparado unas disoluciones
madre de estandares de los mismos. Esto ratifica lo recogido en la bibliografia [11],
donde se expone que poseen un rapido metabolismo en el organismo humano y que, por
ello, son totalmente metabolizados y excretados en las 24 horas posteriores a su

contaminacion.
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VI1.2. CONCLUSIONES MAS RELEVANTES

A la vista de la investigacién desarrollada a lo largo de la Memoria y los

resultados alcanzados en la misma, se pueden establecer las siguientes conclusiones:

a)

b)

d)

Se ha contribuido a la automatizacion del tratamiento de matrices complejas
como son las frutas y hortalizas, simplificando notablemente los
procedimientos convencionales establecidos hasta la fecha. Asi, se ha
reemplazado de forma progresiva la etapa previa de extraccion manual de los
residuos de plaguicidas en estas muestras por el tratamiento completamente
automatico de las mismas.

Se ha demostrado la aplicabilidad de la liofilizacién en este dmbito que
permite un andlisis directo de las muestras de frutas y vegetales, sin pérdida
de los analitos de interés. De esta forma se obtienen cromatogramas libres de
interferencias en virtud de una extraccion mas selectiva de los analitos desde
las muestras liofilizadas y a la inclusidon de etapas de limpieza simples y
eficaces, que se llevan a cabo de forma continua.

Se ha abordado el empleo de la espectrometria de infrarrojo con
transformada de Fourier y tratamientos quimiométricos para el screening de
muestras de agua con el objeto de obtener informacidn rapida sobre la
presencia/ausencia de estos analitos en muestras de interés medioambiental.
De las 350 muestras (hortalizas y frutas) analizadas a lo largo de la
realizacion de esta Memoria, se han encontrado los plaguicidas ensayados a

concentraciones significativas en aproximadamente el 10% de las mismas.
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e) En el Ultimo capitulo de esta Memoria se abordan los aspectos concernientes
a la seguridad de la doctoranda mediante una toma de muestra programada
durante los dos ultimos afios de la investigacion, contemplando en cada caso
los compuestos que se estaban manipulando en ese momento. Como
resultado de este seguimiento se detectaron en las muestras de orina
plaguicidas a niveles de concentracion muy bajos, pero que ponen de
manifiesto que, a pesar de las precauciones tomadas a la hora de manipular
tanto los patrones como las disoluciones de los analitos, no se ha podido

evitar una minima contaminacion.

Cuando se evaltan criticamente los resultados obtenidos a lo largo de una Tesis
Doctoral parece evidente que, ademas de subrayar los inconvenientes que se han ido
superando de forma satisfactoria, deben ponerse de manifiesto aquellos aspectos
complementarios de la investigacién que, al disponer ahora de una visién global y una
comparacion sistematica de los resultados, podrian haber completado esta Memoria.

Asi, respecto a los analitos, algunos LMRs estan establecidos como suma de
varios plaguicidas. En este sentido, el LMR para captan y folpet esta fijado como la
suma de ambos expresada como captan; de la misma forma, para heptacloro, su LMR
corresponde a la suma de él y su ep6xido, expresado como heptacloro. En los estudios

cromatograficos preliminares se incluy6 el folpet, aunque no se obtuvo una sefial
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cromatografica para el mismo, probablemente debido a que tenia lugar una degradacién

térmica del mismo en el inyector a la temperatura seleccionada para una correcta

separacion y resolucion de los plaguicidas organoclorados (para captan este parametro

es critico). En relacion al epoxido de heptacloro, no fue posible conseguir un patrén de

este plaguicida.

Por otro lado, los piretroides no se han estudiado en frutas y verduras frescas

por lo que no se ha podido evaluar su comportamiento en estas matrices aunque los

buenos resultados alcanzados en las matrices liofilizadas permiten suponer que este

tratamiento es también més adecuado para ellos.

En relacion con las muestras, se pueden comentar dos aspectos:

a)

b)

Ocasionalmente no ha sido similar el tipo de frutas y hortalizas estudiadas
como muestras frescas y liofilizadas por problemas ajenos a nuestra
voluntad (ej. temporada de produccion).

La monitorizacién de residuos de plaguicidas en fluidos biolégicos se ha
centrado en el estudio de muestras de orina, puesto que la toma de muestra
periodica pudo llevarse a cabo facilmente por la propia doctoranda. Sin
embargo, esta matriz no es la mas adecuada para el seguimiento de
plaguicidas organoclorados dado su bajo porcentaje de excrecion en orina.
Sangre total o plasma hubiesen resultado mas apropiadas aunque esta
opcion se desestimd debido a la mayor complejidad que se planteé en la

toma de muestra.
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VI1.3. FUTURAS LINEAS DE INVESTIGACION

Al profundizar en la investigacion han surgido nuevas lineas de trabajo,

tales como:

a)

b)

c)

Dada la tendencia actual a la sustitucion de los plaguicidas “convencionales”
maés toxicos por piretroides, abordar la determinacion de éstos en aguas
potables.

Estudio de la estabilidad de los plaguicidas seleccionados en esta Memoria
sobre columnas adsorbentes con vistas a llevar a cabo el tratamiento *in situ”
de las muestras y simplificar el traslado al laboratorio asi como su
almacenamiento y conservacion.

Demostrada la utilidad de la liofilizacién en la conservacion de las muestras
y la ausencia de pérdidas de los analitos, extender su estudio a otras matrices
(carne, pescado, leche y productos lacteos, etc.) con los mismos plaguicidas
asi como la determinacion de otros contaminantes (PCBs, PAHS, dioxinas, y

otros compuestos organicos volatiles) en muestras hortofruticolas.
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V1.2. SUMMARY OF THE MOST SALIENT CONCLUSIONS

Based on the work performed and its results, the following major conclusions

can be drawn:

a)

b)

d)

e)

The treatment of complex matrices such as those of fruits and vegetables was
substantially simplified in relation to existing conventional procedures. Thus,
the preliminary manual extraction of pesticide residues from these samples
was gradually replaced with their fully automatic treatment.

The applicability of freeze-drying in this field, where it enables direct
analysis of fruits and vegetables with no loss of the target analytes, was
demonstrated. Use of this technique provides interference-free
chromatograms by virtue of more selective extraction of the analytes from
freeze-dried samples and the introduction of simple, efficient clean-up steps
that are conducted in a continuous manner.

Fourier transform infrared (FTIR) spectrometry was used in combination
with chemometric procedures to screen water samples with a view to the
rapid acquisition of information about the presence or absence of the
analytes in environmentally significant samples.

Of the 350 fruit and vegetables samples studied, pesticides were encountered
at significant concentrations in roughly 10% of them.

The last chapter of this Thesis analyses the doctorand's safety during the
conduct of this work. To this end, samples were collected on a regular basis

over the last two years of work and analysed for the compounds being
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handled at the time. These monitoring analyses revealed the presence of
some pesticides at very low concentrations in urine, so, despite the cautions
exercised in handling both standards and analyte solutions, some (minimal)

contamination could not be avoided.

In assessing the results of doctoral work, one must state not only the drawbacks
that were successfully overcome but also certain complementary aspects of the
research that become apparent from the global view provided by the results.

Thus, regarding the analytes, some MRLs are given as the combined amounts of
several pesticides. In fact, the MRL for captan and folpet is reported as the combination
of both, expressed in terms of captan; similarly, the MRL for heptachlor corresponds to
the combination of this pesticide and its epoxide, expressed as heptachlor. Preliminary
chromatographic tests included folpet, even though it yielded no chromatographic
signal —probably because it was thermally degraded at the injector temperature used to
ensure correct separation and resolution of organochlorine pesticides—; such a
temperature was critical for captan. Also, no heptachlor epoxide standard was available.

On the other hand, pyrethroids had not been assayed in fresh fruits or vegetables,

so their behaviour in these types of matrix could not be established. In any case, the
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good results obtained with freeze-dried matrices suggest that this treatment should also

be the most suitable for them.

The samples warrant two major comments, namely:

a)

b)

For reasons beyond control (off-seasonality), fresh and freeze-dried samples
of the fruits and vegetables studied were occasionally dissimilar.

Residual pesticide levels in biological fluids were monitored in urine
samples, which were readily obtained on a regular basis by the doctorand
herself. However, this type of matrix is not the most appropriate for
monitoring organochlorine pesticides owing to the low proportions in which
they are released through urine. Whole blood or plasma would have been

more appropriate but extractions were ruled out owing to their complexity.
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VI1.3. FUTURE RESEARCH LINES

As research progressed, the following three lines for potential expansion arose:

a)

b)

The current trend to replacing conventional pesticides (more toxic) with
pyrethroid pesticides makes it advisable to address their determination in
drinking water.

The stability of the studied pesticides could be assessed by using sorbent
columns with a view to the in situ treatment of samples and simplifying
transfer to the laboratory, storage and preservation.

Once freeze-drying has been shown to effectively allow the preservation of
samples with no analyte losses, its use could be extended to other matrices
(e.g. meat, fish, milk, dairy products) containing the same pesticides, as well
as to other pollutants (e.g. PCBs, PAHs, dioxins and other volatile organic

compounds) in fruits and vegetables.
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Listado de Acrénimos

ANEXO A. ACRONIMOS

AED
ATR
CAS
DBCA

DCCA

DDA
DDT
DEC

DIC
DL

DTGS
ECD
El

FA (FI)
FAO

FID

Detector de emision atémica (Atomic emission detector)

Reflectancia total atenuada (Attenuated total reflectance)

Chemical Abstracts Service

Acido carboxilico cis-3-(2,2-dibromovinil)-2,2-dimetil-(1-
ciclopropano)

Acido carboxilico cis y trans-3-(2,2-diclorovinil)-2,2-dimetil-(1-
ciclopropano)

Diclorodifenilacético

Diclorodifeniltricloroetano

Detector de conductividad electrdnica

(Detector of electronical conductivity)

Diisopropilcarbodiimida

Dosis letal de un toxico que produce la muerte en el 50% de los
animales ensayados

Sulfato de triglicina deuterada (Deuterated triglycine sulphate)
Detector de captura de electrones (Electron capture detector)

Impacto electrénico (Electron impact)

Anaélisis / Inyeccidn en flujo (Flow analysis / injection)

Organizacion para la agricultura y alimentos

(Food Agricultural Organization)

Detector de ionizacion de llama

(Flame ionization detector)
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FTIR

GC
GPC
HCB
HCH
HFIP
LC
IDA
1SO
IUPA
Kow
LLE
LMR (MRL)
LOD
MAE
MRM
MS
MTA
NEL

Espectrometria de infrarrojo con transformada de Fourier
(Fourier transform infrared)

Cromatografia de gases (Gas chromatography)
Cromatografia en gel (Gel permeation chromatography)
Hexaclorobenceno

Hexaclorociclohexano
1,1,1,3,3,3-Hexafluoroisopropanol

Cromatografia liquida (Liquid chromatography)

Ingesta diaria admisible

International Standardization Organization

International Union of Pure and Applied Chemistry
Coeficiente de particion en agua-octanol

Extraccion liquido-liquido (Liquid-liquid extraction)
Limite Maximo de Residuo (Maximum Residue Limit)
Limite de deteccion (Limit of detection)

Extraccion asistida por microondas (Microwave assisted extraction)
Método multirresiduo (Multiresidue method)
Espectrometria de masas (Mass spectrometry)

Médulo de tratamiento automatico

Nivel sin efecto (Non effect level)
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NIST
NMC
NOAEL
NOEL
NPMB
OCP
OMS
PBA

PLS
RMSECV

RSD
SFE
Si-20H
Si-CN
SIM

SM
SME
SPME
SPE
US-EPA
US-FDA

National Institute of Standards and Technology

Nivel minimo cuantificable

Nivel sin efecto adverso observable (Non observed adverse effect level)
Nivel sin efecto observable (Non observed effect level)

Nivel practico mas bajo

Plaguicida organoclorado (Organochlorine pesticide)
Organizacion Mundial de la Salud

Acido 3-fenoxibenzoico

Minimos cuadrados parciales (Partial least square)

Raiz cuadratica media del error de la validacion cruzada
(Root mean square error of cross validation)

Desviacion estandar relativa (Relative standard deviation)
Extraccion con fluidos supercriticos (Supercritical fluid extraction)
Silica con grupos dioles

Silica con grupos cianopropil

Monitorizacion selectiva de iones (Selected ion monitoring)
Materia en suspension (Suspended matter)

Microextraccion con disolventes (Solvent microextraction)
Microextraccion en fase solida (Solid-phase microextraction)
Extraccion en fase solida (Solid-phase extraction)
Environmental Protection Agency of United States of America

Food and Drug Administration of United State of America
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ANEXO B. PRODUCCION CIENTIFICA FRUTO DE ESTA MEMORIA

PUBLICACIONES CIENTIFICAS

e “Semiautomatic method for the screening and determination of 23
organochlorine pesticides in horticultural samples by gas chromatography with
electron-capture detection”.

A. Columé, S. Cardenas, M. Gallego, M. Valcércel.
Journal of Chromatography A, 849 (1999) 235-243.

« “Simplified method for chlorinated fungicides and insecticides determination in
fruits by gas chromatography™.
A. Columé, S. Cardenas, M. Gallego, M. Valcarcel.
Journal of Chromatography A, 882 (2000) 193-203.

» “Selective enrichment of 17 pyrethroids from lyophilized agricultural samples”.
A. Columé, S. Cardenas, M. Gallego, M. Valcarcel.
Journal of Chromatography A, 912 (2001) 83-90.

e “Multiresidue screening of pesticides in fruits using an automatic solid-phase
extraction system”.
A. Columé, S. Cérdenas, M. Gallego, M. Valcércel.
Journal of Agricultural and Food Chemistry, 49 (2001) 1109-1116.

e “Semiautomatic multiresidue gas chromatographic method for the screening of
vegetables for 25 organochlorine and pyrethroid pesticides”.
A. Columé, S. Cardenas, M. Gallego, M. Valcarcel.
Analytica Chimica Acta, 436 (2001) 153-162.
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e “Evaluation of an automated solid-phase extraction system for the enrichment of
organochlorine pesticides from waters”.
A. Columé, S. Cardenas, M. Gallego, M. Valcarcel.
Talanta, 54 (2001) 943-951.

e “Solid-phase extraction method for the screening and determination of
pyrethroid metabolites and organochlorine pesticides in human urine”.
A. Columé, S. Cardenas, M. Gallego, M. Valcarcel.
Rapid Communications in Mass Spectrometry, 15 (2001) 2007-2013.

«  “Assessment of FTIR spectrometry for pesticide screening of aqueous samples”.
A. Columé, J. Diewok, B. Lendl.

Enviado para su publicacion en Vibrational Spectroscopy, Octubre 2001

COMUNICACIONES A CONGRESOS

IX SYMPOSIUM ON HANDLING OF ENVIRONMENTAL AND BIOLOGICAL
SAMPLES IN CHROMATOGRAPHY. Oporto, Octubre de 1999.

e Comunicacion oral titulada: “Semiautomatic method for the screening and
determination of 23 organochlorine pesticides in horticultural samples by gas
chromatography with electron-capture detection”.

A. Columé, S. Cardenas, M. Gallego, M. Valcarcel.

e Comunicaciéon oral titulada: “Evaluation of an automated solid-phase
extraction system for the enrichment of organochlorine pesticides from

waters”.
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S. Cérdenas, A. Columé, M. Gallego, M. Valcarcel.

e Poster titulado: “Simplified method for chlorinated fungicides and
insecticides determination in fruits by gas chromatography™.
A. Columé, S. Cardenas, M. Gallego, M. Valcarcel.

VIl JORNADAS ANDALUZAS SOBRE AVANCES EN ANALISIS QUIMICO. Almeria,
Mayo de 2000.

e Poster titulado: "Selective enrichment of seventeen pyrethroids from
agricultural samples”.
A. Columé, S. Cardenas, M. Gallego, M. Valcarcel.

X1l REUNION DE LA SOCIEDAD ESPANOLA DE QUIMICA ANALITICA. Huelva,
Septiembre de 2001

¢ Poster titulado: ""Multiresidue screening of pesticides in fruits and vegetables
using an automatic solid phase extraction system”.
A. Columé, S. Cardenas, M. Gallego, M. Valcarcel.
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