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Capitulo I Introduccion

I.1. PLAGUICIDAS: GENERALIDADES

I.1.1. Conceptos generales

El incremento constante de la poblaciéon mundial requiere de una produccion
muy elevada de alimentos por lo que la proteccién de cultivos contra el ataque de
parasitos y de otros agentes bioldgicos es mas que necesaria. El empleo de
plaguicidas en la agricultura es imprescindible para mejorar su potencial
econdémico permitiendo la proteccion de los cultivos en areas en las que no seria
posible, aumentando el periodo de desarrollo de las plantas, incrementando el
periodo de almacenamiento post-cosecha, reduciendo los costes de produccién de
los alimentos y disminuyendo el riesgo de aparicion de plagas [FAO, 2003].

El Codigo Internacional de Conducta para la Distribucién y Utilizacién de
Plaguicidas, aprobado por el Consejo de la FAO (Food and Agriculture
Organization of the United Nations) en noviembre de 1985 y su version revisada
en noviembre de 2002, define el término de plaguicida como “cualquier sustancia
o mezcla de sustancias destinadas a prevenir, destruir o controlar cualquier plaga,
incluyendo los vectores de enfermedades humanas o de animales, las especies no
deseadas de plantas o animales que causan perjuicio o que interfieren de cualquier
otro modo en la produccidn, elaboraciéon, almacenamiento, transporte o
comercializaciéon de alimentos, productos agricolas, maderas y productos de la
madera o alimentos para animales para combatir insectos, aracnidos u otras plagas
en sus cuerpos. Este término incluye sustancias destinadas a utilizarse como
reguladores del crecimiento de las plantas, defoliantes, desecantes, agentes para
reducir la densidad de la fruta o los utilizados para evitar su caida prematura y las
sustancias aplicadas a los cultivos antes o después de la cosecha para proteger el

producto contra el deterioro durante el almacenamiento y/ o transporte”.
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De acuerdo con la Directiva de la Unién Europea 91/414/CEE se considera
producto fitosanitario o plaguicida a toda sustancia activa o preparado comercial

que contenga una o mas sustancias activas destinadas a:

* Proteger los vegetales o productos vegetales contra todos los agentes
nocivos.

* Influir en el proceso vital de los vegetales de forma distinta a como lo
hacen las sustancias nutritivas (ej.: fitorreguladores).

*  Mejorar la conservacién de los productos vegetales.

*  Destruir los vegetales inconvenientes (malas hierbas).

Los plaguicidas se emplean formulados, es decir, debidamente
acondicionados para obtener la maxima efectividad en su uso. En toda formulaciéon

se distingue:

1. Materia activa o ingrediente activo: es la parte del producto que actiia
realmente contra la plaga o enfermedad, pudiéndose dar el caso de que en
un mismo producto comercial entren dos o mas materias activas, con lo que
se refuerza su acciéon contra una misma plaga o se amplia a varias plagas
diferentes.

2. Materias o ingredientes inertes: no aportan en general ninguna cualidad
especifica, siendo su misién basica la de dar cuerpo al producto, facilitando
su formulacién comercial.

3. Coadyuvantes: son sustancias utiles en la elaboracion de plaguicidas por su
capacidad para modificar las caracteristicas fisicas y quimicas de los
ingredientes activos. Estas sustancias pueden ser mojantes (aumentan la

viscosidad e incrementan la adherencia del producto a la hoja), dispersantes
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(aumentan la homogeneidad) o estabilizadores (protegen a la materia activa
de una degradacion rapida).

4. Aditivos: sustancias tales como colorantes y repulsivos que, sin tener efecto
sobre la eficacia de los plaguicidas, son utilizados en la elaboracién de los
mismos para cumplir prescripciones reglamentarias y/o reforzar las medidas

de seguridad en el empleo de los productos fitosanitarios.

Segtin el agente perjudicial que se quiera combatir, los plaguicidas o
productos fitosanitarios se dividen en: insecticidas (insectos), fungicidas (hongos),
herbicidas (malas hierbas), acaricidas (4caros), nematocidas (nematodos),
molusquicidas o helicidas (caracoles y babosas), avicidas (aves y pajaros

perjudiciales), rodenticidas (roedores) y bactericidas (bacterias).

I.1.2. Aspectos toxicolégicos

El uso de plaguicidas puede provocar contaminacién en el aire, agua, suelo y
en los propios cultivos, asi como afectar a la salud de la poblacién [Cormis, 1991].
Una vez que ha llegado un plaguicida al ambiente, bien por utilizaciéon o bien por
accidente, su distribucion y persistencia en el medio es una compleja funcién que
depende de numerosos factores fisicos, quimicos y bioldgicos. Entre los principales

riesgos de los plaguicidas se encuentran [Lopez et al.; 2000]:

* Riesgos para la agricultura. La aplicacién de plaguicidas sobre un cultivo
puede entrafiar un peligro potencial para la planta sobre la que se aplica y
otras préximas. Entre los dafios que los plaguicidas originan en la
agricultura destacan: la eliminacion de predadores naturales de las plagas;
la aparicion de resistencias en los organismos que son objeto de la lucha

quimica, y la alteracion del equilibrio ecolégico al eliminar uno o varios
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eslabones en la cadena tréfica, que puede provocar la aparicion de nuevas

plagas por ausencia de predadores o competidores.

* Riesgos para el medio ambiente. El efecto de los plaguicidas en el ambiente
depende de la vulnerabilidad del ecosistema. Los mas susceptibles son
aquellos que se regeneran facilmente y que reciben de manera regular
grandes cantidades de plaguicidas, como son los campos de monocultivo.
Muchos de los plaguicidas (sobre todo los persistentes) permanecen en las
plantas, son absorbidos por el suelo y sus bacterias (que los metabolizan) y
los mas solubles son arrastrados por las aguas de escorrentia superficial,
pudiendo llegar posteriormente a ser absorbidos por animales, tanto

domésticos como salvajes, lo cual puede plantear graves problemas.

* Riesgos para la salud humana. Los plaguicidas plantean problemas para el
hombre a corto y largo plazo, debido a la capacidad que tienen muchos de
estos productos de provocar dafios en el organismo (carcinogenicidad,
teratogenicidad, mutagenicidad, efectos en el higado, alteraciones
hormonales,...). La exposicion de las personas a los plaguicidas es distinta
segun el grupo de poblacion, siendo méas elevada en personas
directamente expuestas (trabajadores que intervienen en la fabricacion,
formulacién, transporte, almacenamiento, venta y aplicacién de los
plaguicidas) que en la poblaciéon en general (expuestos a residuos de

plaguicidas que quedan en los alimentos, agua, aire,...).

La Agencia de Proteccion Medioambiental de los Estados Unidos (USEPA)

ha recomendado una clasificacion de plaguicidas seguin su toxicidad (ver tabla I.1.).
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Tabla I.1. Clasificacion toxicoldgica de los plaguicidas segtin la USEPA [Tomlin, 2003].

Opacidad corneal irreversible

I <50 <200 <0,2 . Corrosivo
y COrTosivo
Opacidad corneal reversible Irritacion
I 50-500 200-2000 0,2-2 en 7 dias e irritacion severa a las
persistente 72h
Irritacion
11 500-5.000  2000-20.000 2-20 Irritacion reversible en 7 dias moderada a
las72 h
v >5.000 >20.000 >20 Sin irritacién frritacién leve

alas72h

En referencia a este aspecto se distingue:

 Toxicidad oral aguda: se refiere a la ingestion “de una sola vez” de un
producto pesticida toxico. Se expresa en términos de Dosis letal media
(DLso), cantidad de tdxico que es necesario ingerir de una sola vez para
producir la muerte del 50 % de los individuos que forman el lote del ensayo.

Esta expresado en mg de téxico por kg de peso del individuo ensayado.

 Toxicidad dérmica: riesgos toxicologicos debidos al contacto y absorcion del
pesticida por la piel. Se mide por DLso dérmica aguda, cantidad de
plaguicida, expresada en mg kg, que en contacto con la piel durante 24
horas produce la muerte del 50 % de los individuos del lote de ensayo, en un

plazo de 14 dias.

* Toxicidad por inhalacién: efectos toxicoldgicos producidos por una atmoésfera

contaminada debida a vaporizaciones o suspensiones de formulacién

7




Capitulo I Introduccion

gaseosa, liquida o solida en polvo. Se expresa en valores de Concentracion
letal media (CLso), y se define como la cantidad de tdxico en mg L1 que
pueda causar la muerte del 50 % de los individuos en ensayo e indicando

ademas, el tiempo de exposicidn a dicha atmdsfera.

También se consideran otras clases de riesgo: efectos en piel, ojos,

sensibilizacién dérmica, neurotoxicidad, mutagénesis y carcinogénesis.

Los efectos toxicos en hombres y animales estan en funcidén del centro de
accion y la via de absorcién. La clasificacion toxicologica ha variado a lo largo de
los afnos. En el Real Decreto 162/1991 aparecen las siguientes categorias en funciéon
de su toxicidad aguda sobre ratas, expresada en DLso o CLso y diferenciando segiin

sean preparados sélidos o liquidos:

® Nocivos: pueden entrafar riesgos de gravedad limitada.

e Toxicos: Entrafian riesgos graves, agudos o cronicos e incluso la muerte.

* Muy toxicos: pueden entrafiar riesgos extremadamente graves, agudos o
crénicos e incluso la muerte. Su utilizacién y empleo debe estar controlado

y efectuado iinicamente por personal especializado bajo normas estrictas.
I.1.3. Utilizacion de plaguicidas

A pesar de los efectos secundarios indeseables que comporta el uso de
productos fitosanitarios, el empleo de los mismos resulta imprescindible en la
actualidad para garantizar unas producciones agricolas regulares y de calidad.
Seglin estimaciones de la FAO las pérdidas de cosecha debidas a plagas y
enfermedades a nivel mundial son del orden del 25-35%, pero en ausencia de
protecciéon fitosanitaria podrian elevarse al 70%. Es necesario encontrar el
equilibrio entre la necesidad de producir alimentos y la obligacién de proteger el

medio ambiente dado que el sector fitosanitario invierte enormes cantidades en la

8




Capitulo I Introduccion

investigacién y el desarrollo de nuevas materias activas que sean especificas, de

corta vida y que no se acumulen en la cadena alimentaria.

En la actualidad La Unién Europea representa, con una venta anual de
aproximadamente 280.000 toneladas de sustancias activas, una cuarta parte del
mercado mundial. Los principales tipos de productos son los fungicidas (un 38%
del mercado), seguidos por los herbicidas (36%), los insecticidas (13%) y otros
plaguicidas (13%). La industria fitosanitaria europea da empleo en Europa a unas

26.000 personas.

Atendiendo a los datos hechos ptblicos por las autoridades comunitarias la
agricultura es, con diferencia, el sector que mas recurre a los productos
fitosanitarios. Lo cierto es que su utilizacién ademds de aportar ventajas
econdmicas y sociales también plantea efectos adversos, en algunos casos
irreversibles, derivados de la exposicidn directa o indirecta del hombre y del medio

ambiente a esas sustancias.

Los plaguicidas tienen un sinfin de aplicaciones practicas, pero es en el
ambito agricola donde se realiza un gasto superior. El nimero de familias y de
productos quimicos individuales existentes es muy alto y casi puede afirmarse que
para cada plaga, para cada cultivo y para cada situacion, época y lugar, existe un

formulado plaguicida especifico.

Los plaguicidas representan un buen negocio para los fabricantes, de aqui el
interés en promocionar su uso. S6lo las multinacionales pueden asumir el coste del
desarrollo de nuevos productos puesto que sacar nuevas moléculas quimicas al
mercado tiene un precio elevado por la cantidad de requisitos legales exigidos, que
tienden a garantizar no solo su eficacia sino también su seguridad toxicoldgica y su

ausencia de dafios sobre el medio ambiente, siempre y cuando se emplee en las
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condiciones correctas y con las debidas precauciones. Se comprende que, una vez

superados estos tramites, deseen que su articulo tenga mucho éxito.

Después de muchos afos de crecimiento abusivo en el empleo y
dependencia de los plaguicidas, la tendencia actual en los paises mas desarrollados
es restringir todo lo posible su uso. Muchos productores y también bastantes
fabricantes de estos plaguicidas son conscientes de esta necesidad ya que la
experiencia ha demostrado, demasiadas veces, que la introducciéon en los
ecosistemas de productos quimicos agresivos para el control de una plaga arregla

ese problema, pero genera otros nuevos con los desequilibrios asociados.

Conceptos como el manejo integrado de plagas (IPM, en sus siglas inglesas)
va por este camino al potenciar métodos alternativos de control no basados
exclusivamente en el empleo de plaguicidas. De ello se beneficia directamente el
consumidor puesto que menos plaguicidas empleados significa menor cantidad de

residuos remanentes en los alimentos.

I.2. MEDIDAS LEGISLATIVAS SOBRE EL USO SOSTENIBLE DE
PRODUCTOS FITOSANITARIOS

El uso de productos fitosanitarios esta regulado en la legislacién europea y
espafiola con el fin de realizar un uso correcto de los mismos y contribuir asi a
reducir al minimo los posibles dafios que produzcan en el medio ambiente y en la
salud de personas y animales. En consecuencia, la UE aplica los mecanismos
necesarios para que solo puedan comercializarse aquellos productos fitosanitarios
que sean utiles y eficaces para combatir las plagas mediante un sistema
comunitario armonizado para comercializar y utilizar productos fitosanitarios. La
Directiva 91/414/CEE establece normas uniformes en materia de evaluacién,

autorizacion, comercializacion y control dentro de la Uniéon Europea (UE) de

10




Capitulo I Introduccion

productos fitosanitarios y de las sustancias activas que contienen. Unicamente
estan autorizados los productos fitosanitarios cuyas sustancias activas figuren en la
lista del anexo I de esta Directiva y que si se utilizan en condiciones normales, no
presentan riesgos para la salud humana o animal ni para el medio ambiente. La
transposicién de esta Directiva al ordenamiento juridico espafiol se realizé a través
del Real Decreto 2163/1994, y posteriores modificaciones. Del mismo modo, la UE
enumera las sustancias activas que no pueden salir al mercado ni ser utilizadas
[Directiva 79/117/CEE] debido a sus efectos nocivos para la salud humana o
animal, o bien por efectos negativos inadmisibles en el medio ambiente. No
obstante, a escala nacional se autoriza la concesidon de excepciones temporales para

ciertos usos.

Si bien la UE autoriza aquellas sustancias activas que pueden utilizarse en la
formulacion de productos fitosanitarios, es responsabilidad de cada Estado
Miembro el autorizar individualmente los productos fitosanitarios que deseen
comercializar en su territorio. En Espafia, y de acuerdo con el Real Decreto
3349/1983, se requiere una autorizacioén e inscripcién en el Registro Oficial de

Productos y Material Fitosanitario, previa a su fabricacién y comercializacion.

Para garantizar la libre circulacién de productos fitosanitarios, la Directiva
91/414/CEE prevé el reconocimiento mutuo de las autorizaciones concedidas por
los Estados miembros, siempre y cuando sean comparables las condiciones

agricolas, ambientales y fitosanitarias de las regiones correspondientes.

A pesar del marco normativo vigente, se siguen encontrando cantidades
indeseables de ciertos plaguicidas en los distintos medios (sobre todo suelo, aire y
agua) y detectando en productos agricolas residuos por encima de los limites

reglamentarios. Por dicho motivo, el Programa Comunitario de Accién en Materia
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de Medio Ambiente para 2001-2010, el Parlamento Europeo y el Consejo de la
Unidn Europea reconocieron la necesidad de seguir reduciendo los efectos de los
plaguicidas sobre la salud humana y el medio ambiente, especialmente los

relativos a los productos fitosanitarios.

En julio de 2006, la Comisiéon Europea aprobo “La estrategia tematica sobre
el uso sostenible de los plaguicidas” [COM/2006/0372 final]. Esta estrategia
pretende reducir o eliminar la aplicacion de plaguicidas, especialmente a través de
la sensibilizaciéon de los usuarios, la promocién del uso de los cédigos de buenas
practicas y la disponibilidad de los medios financieros necesarios para la
investigacion aplicada y la formacion. Para ello, el Consejo de la Unién Europea y
el Parlamento Europeo han aprobado un nuevo marco legislativo en materia de

plaguicidas basado en dicha estrategia:

(I)El Reglamento 1107/2009 regula la comercializacion de productos
fitosanitarios y deroga las Directivas 79/117/CEE y 91/414/CEE. La finalidad
de dicho Reglamento es garantizar un nivel elevado de protecciéon de la
salud humana y animal, asi como del medio ambiente y mejorar el
funcionamiento del mercado interior europeo mediante la armonizacién de

las normas sobre la comercializacién de productos fitosanitarios.

(2) La Directiva 2009/128/CE establece el marco de la actuaciéon comunitaria
para conseguir el uso sostenible de los plaguicidas en la UE que garantice la
salud de los consumidores y de los operadores que los utilizan asi como el

respeto al medio ambiente.
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1.3.- PRINCIPALES ENFERMEDADES FUNGICAS DE LA VID

Podredumbre gris (Botrytis cinerea), mildiu (Plasmopara viticola) y oidio
(Uncinula necator) son los hongos mas importantes en los que se centra la

proteccién del vifiedo.

1.3.1. Podredumbre gris o Botritis (Botrytis cinerea)

La podredumbre gris estd extendida por todos los vifiedos espafioles,
causando los dafios mas importantes en la zona norte y en la costa mediterranea,
ya que las condiciones climaticas, humedad principalmente y temperatura, son
favorables para su desarrollo. Se la conoce por diferentes nombres segin las zonas:

“podredumbre gris”, “podrido”, “botritis”, “gangrena”, “pudricion”, “podrit”. En

general, esta enfermedad afecta a la cantidad y a la calidad de la cosecha obtenida.

Los factores climaticos tienen una influencia muy importante en el desarrollo
del hongo: la humedad es necesaria para que se produzca la germinacién de las
conidias, la cual se ve activada con temperaturas proximas a los 18 °C, aunque
puede realizarse con temperaturas comprendidas entre 0 y 40 °C. Las heridas
producidas en los granos por “las polillas del racimo”, “el oidio”, “el granizo”, “los
pajaros”...; favorecen extraordinariamente el desarrollo del hongo. Las variedades
de racimos compactos y de epidermis fina del grano, son mas sensibles al hongo,
asi como los vifiedos con fuerte abonado nitrogenado que provoca un exceso de

vegetacion y falta de aireacién de los racimos. Variedades de racimo compacto

como Garnacha son muy sensibles a este hongo [Pérez Marin, 2004].

La podredumbre gris puede afectar a todos los 6rganos verdes de la cepa,

pero principalmente a los racimos.
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* En hojas. Los sintomas se manifiestan en el borde del limbo en forma de
amplias necrosis que tienen el aspecto de quemaduras (ver figura L.1); si el

tiempo es himedo aparece sobre el borde de las manchas un polvillo gris.

* En brotes jovenes y sarmientos. Los primeros sintomas se manifiestan por
la presencia de manchas alargadas de color achocolatado, que se recubren
de una pelusilla gris si el tiempo es himedo. Al final de la vegetacion
aparecen unas manchas negruzcas y alargadas sobre un fondo blanquecino
a lo largo del sarmiento y principalmente en su extremo (ver figura 1.1.).
Los ataques fuertes pueden ocasionar la pérdida de algunos brotes jévenes,

con la consiguiente disminucién de la cosecha, y posteriormente la de

algunas yemas de la base de los sarmientos, que no brotan al afio siguiente.

Figura L.1. Sintoma de botritis en hoja (A) y ataque en brote joven (B).

* En racimos. Los sintomas durante el periodo de floracién-cuajado se
manifiestan sobre las inflorescencias y en el raspén del racimo en forma de
manchas de color marrén oscuro. Durante el periodo envero-recoleccion,

los granos (e incluso el raspdn y las inflorescencias) presentan un aspecto
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podrido y sobre su superficie se desarrolla un moho grisaceo caracteristico,

tal y como se muestra en la figura 1.2.

La botritis es una enfermedad temida por los agricultores porque produce
dafos importantes en la cosecha. En el caso particular de la uva de mesa, la
pérdida cuantitativa puede ser importante, ya que obliga a la eliminacién manual
de los granos atacados para dejar el racimo presentable para su comercializacion, e

incluso si el ataque es importante, impide su comercializacion.

Figura 1.2. Ataque de botritis en racimo

En cuanto a aspectos cualitativos, la botritis es capaz de provocar
importantes modificaciones en la composicion de la uva, mosto y del vino. En la
uva, la enfermedad altera las caracteristicas organolépticas que afectan gravemente
a la posterior fermentacion del mosto. El hongo acttia sobre la superficie de la baya
u hollejo destruyendo la materia colorante y los compuestos odorantes. En el
mosto provoca degradacion de azicares y compuestos nitrogenados, alteraciéon de
los equilibrios acidos, reduccion del contenido de vitaminas y desarrollo de una
actividad enzimatica tipica (la lacasa) que afecta a la calidad del vino por sus

efectos oxidativos. La enzima lacasa, segregada por el hongo Botrytis cinerea, es
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resistente a los procesos de vinificacidn, afecta negativamente a la calidad de los
vinos produciendo una oxidacién del color al degradar los polifenoles (antocianos
y taninos), generando olores desagradables al transformar la composicién fenoélica

y provocando una pérdida de aroma al combinarse con los precursores aromaticos.
I.3.2. Mildiu (Plasmopara viticola)

Esta enfermedad es una de la mas conocidas por los viticultores de todo el
mundo debido a los dafios tan graves y espectaculares que produce si las
condiciones climaticas le son favorables ya que puede atacar a todos los 6rganos
verdes de la vid. Generalmente se la conoce por “mildiu”, “mildeo” o “mildeu”,
aunque también como “niebla” o “afiublo”. Aunque las pérdidas econémicas que
genera pueden ser muy importantes, en la actualidad el riesgo es menor debido al
mejor conocimiento de su biologia, la existencia de productos sistémicos y

penetrantes, y la mejor preparacién de los viticultores.

Los factores climaticos tienen una influencia determinante en el desarrollo
del hongo. Las condiciones necesarias para una contaminaciéon primaria son:
oosporas maduras, brotes de la vid de unos 10 cm, lluvia superiora 10 mmen 1 6 2
dias y T? superior a 12 °C. Las condiciones necesarias para que se produzca una
contaminacién secundaria son: presencia de conidias o agua liquida (lluvia o
humectacion de las hojas superior a las 2 horas). Los ataques més graves de mildiu
se producen cuando a un invierno humedo le sigue una primavera y verano
lluviosos, siendo 25 °C la temperatura Optima para su desarrollo. Bajo estas
condiciones existe una buena supervivencia de las oosporas, germinaciéon y

posterior diseminacion.

Los sintomas se manifiestan en hojas por las tipicas “manchas de aceite” en

el haz, que se corresponden en el envés con una pelusilla blanquecina si el tiempo
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es humedo. Al final de la vegetacion estas manchas adquieren forma de mosaico.
Los ataques fuertes pueden producir una desecacion parcial o total de las hojas e
incluso una defoliaciéon. Los brotes también pueden verse atacados y ser
destruidos. En el racimo, ocasiona deformaciones del raquis o raspdn, y
recubrimiento de la tipica pelusilla blanquecina en la baya. Estos sintomas pueden

observarse en la figura I.3.

Figura I.3. Sintomas de mildiu. A) Manchas en hoja. B) Pelusilla blanquecina en grano

Cuando los granos superan el tamafo de un guisante no se oscurecen ni
aparece la pelusilla blanquecina, sino que se arrugan, se pardean y finalmente se
desecan, conociéndose por “mildiu larvado”. Los ataques durante el periodo de
floracion-cuajado pueden ocasionar la pérdida total del racimo, mientras que los
mas tardios suelen afectar solamente a una parte del mismo. A partir del envero el
hongo no ataca al racimo. El in6culo permanece en hojas caidas en otofio y las
oosporas liberadas por estas hojas se activan y germinan en primavera. La
enfermedad se transmite por el salpique de la lluvia y penetra por los estomas de
las hojas. Asimismo, puede provocar otras consecuencias importantes debido a la
rotura de la baya como puede ser el punto de entrada de otras enfermedades y la

pérdida del volumen de mosto. De forma similar a la botritis puede ocasionar la
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pérdida y alteraciones en el aroma y el color de los vinos, alteraciones microbianas

en el vino y problemas en la clarificacién y el filtrado.

1.3.3. Oidio (Uncinula necator)

El oidio es una enfermedad ampliamente extendida en Espaha que casi
siempre hace acto de presencia, y que en algunos anos de condiciones climaticas
favorables para su desarrollo puede ocasionar, en variedades sensibles y zonas
propensas, la pérdida total de la cosecha. Estd presente en la mayor parte de los
vinedos del mundo. En muchos aspectos es una enfermedad tan o mas importante
que el “mildiu”, pues se presenta con mayor constancia. Recibe distintos nombres
comunes segun las regiones “ceniza”, “cenicilla”, “polvillo”, “polvo”, “cendrada”,
“cendrosa”, “sendreta”, “malura”, “roya”, “blanqueta”’, “negra”, conociéndosela

generalmente por oidio.

La temperatura, la humedad, y en menos medida la insolacién, son los
factores climaticos que condicionan el desarrollo del hongo. La temperatura es el
factor climatico que mas influencia tiene en el desarrollo de la enfermedad. Para
una T2 de 15 °C comienza a ser favorable su progreso vegetativo y su propagacion,
alcanzando el éptimo entre los 25 °C y 28 °C, deteniendo su desarrollo a 35 °C y
siendo letales las temperaturas superiores a 40 °C. La humedad ambiental también
influye en el desarrollo de la enfermedad, aunque en menor grado que la
temperatura. La germinacion de las conidias se ve favorecida por las humedades
relativamente altas. Al contrario que en el caso de mildiu, las lluvias abundantes
frenan el desarrollo del hongo. Parte del hongo se conserva durante el invierno en
forma de peritecas en los sarmientos (fase sexuada) o en el interior de las yemas en
forma de micelio (fase asexuada) protegido por las escamas; cuando éstas

comienzan a desarrollarse en primavera también comienza a activarse el hongo. El
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viento dispersa las conidias que germinan rapidamente en los 6rganos verdes de la

vid, constituyendo los focos primarios de infeccion.

El oidio puede atacar a todos los 6rganos verdes de la vid. En las hojas, los
sintomas aparecen tanto en el haz como en el envés; en ambos casos suele
observarse un polvillo blanco ceniciento, que puede limitarse a algunas zonas o
bien ocupar toda la superficie de la hoja; debajo del polvillo se aprecian puntitos
necrosados. En los ataques fuertes las hojas aparecen crispadas con los bordes
hacia el haz. En brotes y sarmientos se manifiesta por manchas difusas de color
verde oscuro, pasando a negruzco al endurecerse el brote. En los racimos, al
principio los granitos aparecen con un cierto tinte plomizo, recubriéndose en poco
tiempo del polvillo ceniciento, que si se limpia deja ver puntitos pardos sobre el

hollejo.

Las consecuencias del ataque y desarrollo del oidio son la disminucién de la
superficie foliar, un mal desarrollo de los brotes y lignificado del sarmiento por lo
que se produce una mal cuajado del fruto. Los dafios mds importantes se localizan
en los racimos, ya que los ataques fuertes ocasionan la detencién del crecimiento
de la piel, por lo que es frecuente que ésta se agriete y lleguen a rajarse algunos
granos; asi se producen unos dafos directos en la cantidad y la calidad de la
cosecha y otros indirectos al favorecerse la penetracion del hongo Botrytis cinerea
(con las consecuencias que conlleva en la elaboracién y en la calidad final del vino,
comentado anteriormente), asi como la podredumbre 4cida. Los ataques fuertes
también pueden producir un mal agostado de los sarmientos, con la consiguiente
disminucion de la acumulacion de reservas en las yemas. Variedades como
Tempranillo, Mazuelo, Garnacha, Malvasia y Viura son mas sensibles al oidio
[Pérez de Obanos, 2004]. En la figura 1.4. se observan los ataques en brotes y

racimos.
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Figura I.4. Sintomas de oidio. A) Manchas iniciales en el brote. B) Ataque en racimo.

4. FUNGICIDAS EMPLEADOS EN EL VINEDO

Los fungicidas son aquellos plaguicidas destinados a controlar hongos
patégenos causantes de enfermedades como mildiu, oidio y botritis en vifiedo, tal

y como se ha comentado en apartados anteriores.

Atendiendo a su comportamiento en la planta una vez aplicados, los

fungicidas pueden agruparse en los siguientes grupos:

* Superficiales o de contacto. Son los productos que una vez aplicados en la
planta no penetran en los tejidos vegetales por lo que inicamente ejercen
su accion sobre la superficie cubierta por el producto (accién local), no
protegiendo los érganos formados después del tratamiento. Es decir, se
consideran preventivos o protectores ya que previenen la infeccion
inhibiendo al patégeno antes de que éste haya penetrado en la planta y se
haya establecido en sus tejidos. Al no penetrar en los tejidos son lavados
por lluvias superiores a 10 mm, con lo que su persistencia no es larga
(inferior a 7 dias) por lo que hasta el presente no han mostrado riesgo de

resistencias.
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* Penetrantes o sistémicos translaminares. Penetran en los tejidos de la planta,
pero no se trasladan interiormente por ellos, ejerciendo tnicamente su
accion en el sitio donde fueron aplicados. Por lo tanto, al igual que los
fungicidas de contacto, no protegen los organos formados después del

tratamiento.

* Sistémicos. Son aquellos productos que penetran en los tejidos de las
plantas y se desplazan por ellos a través de la savia, ejerciendo su
actividad en sitios lejanos a donde fueron aplicados y en los 6rganos que,
por el crecimiento, aparecen después de la aplicacion (hasta 10-12 dias

después de la aplicacion).

Tanto los fungicidas penetrantes como sistémicos se consideran curativos ya
que, por penetrar en los tejidos, detienen o impiden el desarrollo del micelio
después de que el hongo haya penetrado en la planta. No son lavados por la lluvia
si transcurren 1-2 horas tras el tratamiento, su persistencia es mas larga (10 dias
para los penetrantes y 12 dias para los sistémicos), pero presentan el riesgo de
aparicion de resistencias. Ademas, ambos también tienen un cardcter preventivo,
inhiben al hongo para que no penetre en los tejidos. Otro punto importante es que
la accidn curativa so6lo es eficaz si los tratamientos se realizan dentro de un
determinado plazo de tiempo contado a partir del momento en que se produjo la
infeccion. En el caso de los fungicidas antibotriticos este intervalo de tiempo queda
reducido a unas pocas horas por lo que esos fungicidas tienen una accién mas bien
preventiva. Por el contrario, los fungicidas antimildiu pueden impedir el desarrollo
del hongo si se aplican varios dias (2-6 dias) después de haberse producido la

infeccion.
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A su vez, segun la forma de actuar los fungicidas podrian clasificarse en dos
grandes grupos: (i) los fungicidas “multi-diana” (de contacto, generalmente) que
actian interfiriendo simultaneamente varios procesos vitales del hongo, y (ii) los
fungicidas “mono-diana”, que suelen ser penetrantes o sistémicos, que afectan a un
solo proceso vital (inhibidores de la respiracién, inhibidores de la division celular,

etc.).

L.5. RESIDUOS DE PLAGUICIDAS EN UVAS. LIMITES MAXIMOS DE
RESIDUOS.

En el cultivo de la vid pueden aparecer residuos de plaguicidas en la uva
vendimiada como consecuencia de la aplicacion de los tratamientos fitosanitarios.
En este caso, los tratamientos que influyen decisivamente en el contenido final en
residuos son los que se realizan mas préximos a la vendimia, destacando los
tratamientos fungicidas contra botritis. El contenido de estos residuos en el
momento de la recoleccion depende tanto del depodsito que queda inmediatamente
tras la aplicacion, como de lo que sucede entre ésta y la recoleccion. Entre los
factores que afectan a la cantidad de plaguicida que queda en el racimo al acabar la
aplicacién se encuentran: la dosis aplicada, la naturaleza quimica del plaguicida y
de su formulacién (que determinan una mayor o menor adherencia), el tipo de
aplicacién, las condiciones climaticas y las caracteristicas del sustrato vegetal

(tamafio de las bayas y compacidad del racimo).

Una vez realizada la aplicacion del plaguicida, el depdsito inicial va

disminuyendo con el tiempo segtin:

» El crecimiento del racimo (al aumentar el peso, la proporciéon de residuo en

peso es menor)
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* El tipo de formulacion aplicada. Los depositos procedentes de espolvoreo
suelen ser menos persistentes que los procedentes de pulverizaciones.

* La lluvia y viento, que actian mecanicamente arrastrando el plaguicida. Su
accién depende de su intensidad, duracidn, tipo y formulaciéon de plaguicida
y momento en que tiene lugar tras la aplicacion.

* La volatilizacién del plaguicida, es decir, su paso al estado de vapor y
eliminacion en la atmosfera.

* La degradacion quimica que depende de la estabilidad de la molécula del

plaguicida, de la temperatura y de la radiacién solar.

El Codex Alimentarius entiende por residuo de plaguicida “toda sustancia
presente en un producto alimenticio destinado al hombre o a los animales como
consecuencia de la utilizacién de un plaguicida”. Este concepto de residuo engloba
no sélo los restos de la molécula del plaguicida en su forma original, si no también
todos los productos de degradacion o metabolitos con significacion toxicologica.
Por lo tanto, ademas de los mecanismos de regulacion de productos fitosanitarios y
de las materias activas que los componen, es necesario garantizar que los residuos
de los mismos en alimentos no se encuentren en niveles que supongan un riesgo
inaceptable para los seres humanos. Para ello, las diferentes Administraciones
Publicas de los diferentes paises han fijado en los tiltimos afos, limites maximos de
residuos (LMR) para cada uno de los plaguicidas en diferentes productos de origen
vegetal y animal. Un LMR se define como “la concentracion maxima de residuos
de un plaguicida permitida legalmente en la superficie o parte interna de los
productos vegetales destinados a la alimentaciéon humana o animal”. Debe quedar
claro que un LMR es un concepto o valor legal, no necesariamente toxicologico.
Ello es debido a que en su estimacién se tienen en cuenta tanto criterios

agrondmicos como criterios toxicoldgicos. Segun los primeros, quienes soliciten la
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aprobacion de un plaguicida deben presentar informacidn cientifica sobre las
cantidades minimas de plaguicidas necesarias para proteger una cosecha y el nivel
de residuos que queda en la cosecha después de dicho tratamiento. Siguiendo un
criterio toxicoldgico, se calcula la maxima ingesta de residuos de plaguicidas a
través de todos los alimentos, para el consumo a corto y largo plazo y para las
diversas dietas de consumidores europeos. Esta ingesta se compara con un
parametro que refleja la toxicidad cronica (Ingesta Diaria Admisible-IDA) y con un
parametro que refleja la toxicidad aguda (Dosis de Referencia de Toxicidad Aguda-

DRTA).

Durante muchos afios la UE ha tratado de armonizar los LMR en los paises
que la integran con la promulgaciéon de diversas directivas que establecian
algunos LMR en determinados productos alimenticios. Sin embargo, para los
productos y plaguicidas que no existian LMR europeos, los Estados Miembros
podian fijar un LMR a nivel nacional para facilitar el comercio y proteger la salud
de los consumidores. La verdadera armonizacion relativa a LMR no se consiguid
hasta 2005, gracias al Reglamento (CE) n°® 396/2005 del Parlamento Europeo y del
Consejo, que modifica la Directiva 91/414/CEE, y en Espana el RD 280/1994, y sus
respectivas modificaciones posteriores (Reglamentos CE n® 178/2006, 149/2008,
260/2008, 299/2008, 839/2008 y 256/2009). Es de especial interés el anexo I del
Reglamento 178/2006, en el que se incluye la lista de alimentos y piensos a los que
se aplican contenidos maximos de residuos de plaguicidas; asi como los diferentes
anexos del Reglamento 149/2008, en donde se establecen los LMRs (anexos II y III)
para los productos que figuran en el anexo I antes citado y la lista de sustancias
activas que, por sus caracteristicas o por su forma de aplicacidn, se encuentran

exentas de la fijacién de LMR (anexo IV). Para aquellas situaciones en las que un
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plaguicida no se menciona especificamente en ningtin anexo, se aplicara un LMR

general de 0,01 mg kg, por defecto.

Por otra parte, la presencia de residuos de fungicidas en productos
transformados como el vino, no esta regulado a nivel comunitario. El articulo 20
del Reglamento 396/2005 dispone que, cuando no se hayan establecido LMRs para
alimentos transformados, se aplicaran los LMRs correspondientes a la materia
prima o producto fresco teniendo en cuenta los cambios en los niveles de residuos
de plaguicidas debidos a la transformacion o mezcla. El mismo Reglamento prevé
la inclusiéon de esos factores especificos de concentracion o dilucion para
determinadas operaciones de transformaciéon o mezcla, o para determinados
productos transformados o compuestos, en un anexo de la misma (Anexo VI).
Actualmente, estos factores de transformacion no han sido todavia publicados.
Algunos paises como Suiza [OSEC, 2010] o Italia [Decreto Ministeriali, 2004] han
mostrado su iniciativa legislativa al fijar sus propios LMRs en vinos para algunos

plaguicidas, aunque no para todos.

El plan de actuacion aceptado en la mayoria de los paises, es el de establecer
los LMRs acogiéndose al concepto de Buena Prdictica Agricola (BPA): los mismos
plaguicidas deben utilizarse en las cantidades minimas necesarias para lograr el
control adecuado, de tal manera que deje un residuo equivalente a la cantidad mas
pequefia practicable y que sea toxicolégicamente aceptable. Pero no todos los
paises comparten este concepto (diferentes climas, diferentes plagas, diferentes
cultivos) y especialmente si la practica implica mayores cantidades que las

permitidas por sus Decretos sobre residuos.

Igualmente se acepta la imposicion de un plazo de seguridad, que representa

el plazo minimo de dias que deben transcurrir entre la tltima aplicacion del
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plaguicida en cuestién y la recoleccidon de frutos o partes comestibles del cultivo.
Para el establecimiento del plazo de seguridad, se tienen en cuenta las curvas de
disipacién (ver figura 1.5.) a lo largo del tiempo, especificas para cada vegetal y
plaguicida, hasta que la cuantia de sus residuos sea similar o inferior a la sefalada

en los LMRs.

En la curva de disipacidon de un plaguicida, se consideran dos parametros
importantes: el denominado depdsito inicial, cantidad de plaguicida que queda
sobre el vegetal inmediatamente después del tratamiento, y su velocidad de

disipacion.

Residuos de plaguicidas (ppm)

LMR

PS Tiempo (dias)

Figura L.5. Evolucién de los residuos de plaguicidas en funcién del tiempo
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.. PRESENCIA DE FUNGICIDAS EN EL PROCESO DE
VINIFICACION. INFLUENCIA Y DISIPACION.

1.6.1. Proceso de vinificacion de vinos tintos jovenes.

Existen diversas formas de definir el vino pero quizas la definicion mas
completa sea la que establece la Ley de la Vina y el Vino [Ley 24/2003]: “el vino es
el alimento natural obtenido exclusivamente por fermentacion alcohdlica, total o
parcial, de uva fresca, estrujada o no, o de mosto de uva”. El proceso de
vinificacién consta de multiples etapas en funcién de la variedad de la uva y de las
técnicas enologicas consideradas. A continuacion se describen las principales
etapas del proceso de elaboracién de vinos tintos jévenes llevados a cabo en la
Denominacién de Origen Calificada Rioja [Ruiz, 2004]. En la figura 1.6 se muestra

el esquema general de vinificacion en tinto por el método tradicional.

Inicialmente la uva, una vez alcanzado el indice de madurez apropiado, se
vendimia y se transporta a la bodega. A su llegada, el raspén puede ser retirado
mediante el despalillado para evitar un aporte excesivo de amargor al mosto y, a
continuacion, se realiza un suave estrujado; ambas operaciones pueden llevarse a
cabo con la misma maquina (despalilladora-estrujadora). La presencia de raspones
durante la fermentaciéon aumenta el contenido en polifenoles, pero a su vez se
extraen los taninos astringentes, rebajandose asi la calidad del vino obtenido.
Ademas, la retirada del raspon supone una economia del espacio ocupado (supone
un 30% de la vendimia en volumen y un 3-7% en peso), facilita el control de la
temperatura de fermentacion y se evita la fijacion de etanol y materia colorante en
el mismo. Por otro lado, el estrujado facilita la salida del mosto, la maceracion y

provoca una aireacion que propicia el arranque de la fermentacion.

27




Capitulo I

Introduccion

Recepcion uva tinta

|

Despalillado- estrujado

|

Sulfitado

|

Maceracion-fermentacion alcohdlica

|

Descube y prensado

|

Fermentacion malolactica

|

Trasiegos

|

Clarificacion

|

Filtracion

|

Embotellado

Figura 1.6. Diagrama de vinificacién en vinos tintos jovenes
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La vendimia estrujada se manda a los depdsitos de fermentacién por medio
de una bomba y se procede al sulfitado (adicion de anhidrido sulfuroso, SO2). El SO2
se utiliza por sus propiedades antioxidantes y antisépticas, pero se debe usar con
precaucién para evitar olores o sabores desagradables. Las formas de empleo y
aplicacién de SO: son muy diversas. Debe saberse que una vez aplicado este
compuesto, una parte se combina con los azlcares y otros compuestos
(aproximadamente 1/3) y el resto que permanece libre es el SO: activo. La adicion
de SOz en esta etapa del proceso de vinificacion, en dosis de 3-8 g hL! para uvas

sanas persigue diferentes finalidades:

* Evitar la oxidacién de materias colorantes y aromas, reaccionando con el

oxigeno y destruyendo las oxidasas (tirosinasa, lacasa).

* Seleccionar los microorganismos mas idoneos y eficaces para una correcta

fermentacion, inhibiendo la accidon de bacterias y levaduras.

» Favorecer la disolucion de materia colorante y taninos durante la

maceracion.

Tras el encubado y la adicion de sulfuroso, se puede afiadir el denominado
pie de cuba, que consiste en incorporar preparados de levaduras comerciales
seleccionadas que dominan rdpidamente el medio con el Unico objetivo de
comenzar la fermentacion alcohdlica. En esta etapa se producen dos fenémenos
simultaneos: por una parte la conversidon de los azticares de la uva en etanol por
accion de las levaduras seleccionadas y por otra la maceracion, en la cual el mosto
entra en contacto con las partes soélidas del racimo (hollejos, pepitas...) que le ceden
color, aromas y taninos. La fermentacion suele comenzar a 20 °C, pero debido a
una generacion de calor durante la misma puede aumentar hasta unos 30-32 °C;

temperaturas superiores a 35 °C podrian inactivar las levaduras. Por ello,
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actualmente los depdsitos de acero inoxidable disponen de mecanismos de control
de temperatura. Durante esta etapa, los hollejos y las pepitas ascienden a la parte
superior del depodsito con el CO: formado y crean un sombrero flotante. Esto es un
inconveniente ya que los hollejos deben estar en contacto con el mosto para

facilitar la extraccion de color y taninos.

Para aumentar la extraccién, evitar el desarrollo de bacterias acéticas en el
sombrero y oxigenar las levaduras, se realizan los denominados remontados y/o
bazuqueos sumergiendo el sombrero con palos de madera o bazuqueadores. El

tiempo de maceracién dependera del tipo de vino que se vaya a elaborar.

El descube o trasiego constituye el final de la maceracion, separando el vino de
los orujos. Se saca el liquido del depdsito por la parte inferior (vino “yema”) para
llevarlo a otro depdsito donde concluira la fermentacion, si atin no lo ha hecho. Los
orujos se prensan posteriormente para poder extraer el resto del vino que
contengan. El vino “yema” o vino “flor”, que representa aproximadamente el 85%
del total del vino, posee un menor contenido en taninos y es de calidad superior al

que procede de la prensa.

Una vez terminada esta fermentacién, el vino puede ser sometido a la
fermentacién maloldctica. Esta tiene lugar de forma espontanea, si las condiciones
son las adecuadas, por accion de bacterias lacticas (del género Lactobacillus,
Leuconosto y Pediococcus) presentes en la uva o en el material de la bodega. Aun asi,
para asegurar el arranque de dicha fermentacién, se suele inocular bacterias
seleccionadas (normalmente Oenococcus oeni). Estas bacterias transforman el acido
malico (diacido) en acido lactico (monoacido). Se produce por tanto una
disminucion de la acidez fija del vino ya que el 4cido malico, de sabor acerbo y

duro, es sustituido por acido lactico, mas suave en boca. Al disminuir la acidez se
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da también una disminucion del color. Incluso se modifica el aroma, atenuandose
el aroma primario que recuerda a manzana verde y aportando un ligero aroma a
mantequilla y tostado. Gustativamente, los vinos se vuelven mas carnosos y
pastosos. Ademas esta fermentacion favorece la estabilidad microbioldgica del
producto final, evitando que se produzca la fermentacion durante el embotellado.
La duraciéon de la misma suele ser entre 4-5 semanas y se lleva a cabo a
temperaturas bajas, 20 °C, para evitar la degradacion de acido citrico en acido
acético. Una vez ha finalizado, la concentraciéon de SO: suele corregirse hasta

valores de 30 mg L! para destruir las bacterias residuales.

Tras la fermentaciéon malolactica, el vino se somete a un trasiego para
eliminar todas las precipitaciones producidas. El vino comienza a limpiarse por
efecto de la gravedad, depositandose las lias en el fondo. En éstas se encuentran
levaduras y bacterias muertas, pepitas, hollejos, tierra, sales de acidos organicos,
etc. Para eliminarlas, el vino se somete a diversos trasiegos mientras permanezca
en bodega manteniendo a su vez la concentracion adecuada de sulfuroso para

evitar oxidaciones y crecimientos microbianos indeseados.

Sin embargo, debido a la lentitud de estas clarificaciones espontaneas, se
suele recurrir al uso de clarificantes. Estas sustancias se afiaden al vino y producen
la floculacién de las impurezas en suspension y, debido a la naturaleza eléctrica de
sus iones, neutralizan particulas coloidales (proteinas, polisacaridos, polifenoles,
agregados cristalinos, etc.) de signo contrario, responsables del enturbiamiento del
vino final. Las cantidades a adicionar deben ser controladas cuidadosamente para
evitar que el agente clarificante se deposite por si mismo. Ademas, hay que tener
en cuenta que en presencia de sustancias mucilaginosas como pectinas o glucanos,

los clarificantes no resultan efectivos. Por eso, se afiade gel de silice facilitando la
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desnaturalizacion de estas sustancias y permitiendo la clarificacién. Por su origen,

los clarificantes se clasifican en dos grupos:

i) Organicos. Tienen la propiedad, al tener carga positiva, de reaccionar con
los coloides de carga negativa (polifenoles y taninos, levaduras, bacterias,
etc.). Pueden ser de naturaleza proteica (gelatina, albumina de huevo, cola
de pescado, caseina...), de naturaleza vegetal (alginatos) o de sintesis

industrial (la polivinilpirrolidona -PVPP-).

ii) Inorganicos. Son compuestos arcillosos derivados de los silicatos
primarios. Destacan la bentonita, el carbdn o el gel de silice. Son coloides
electronegativos y por lo tanto, eliminan coloides positivos presentes en el

vino (proteinas, materia colorante y metales responsables de las quiebras).

Los productos empleados habitualmente en la clarificacién de vinos tintos
son gelatina (5-20 g hL) y albumina de huevo (5-10 g hL") que eliminan la materia

colorante inestable y los taninos.

Aun después de la clarificaciéon, los vinos jovenes siguen conteniendo
sustancias inestables, susceptibles de insolubilizarse si se producen cambios fisico-
quimicos en el medio. Se pueden realizar una serie de tratamientos estabilizantes
de naturaleza fisica, quimica o bioldgica. La estabilizacion fisica consiste en
someter a los vinos a tratamientos térmicos para provocar la insolubilizacién de las
sustancias indeseables y asi poder eliminarlas. El tratamiento por frio o de
estabilizacion tartarica es el mas aceptado, enfriando el vino hasta temperaturas de
— 5 °C para favorecer la precipitacion de cristales de tartrato (sales de potasio o de
calcio del acido tartarico) que se eliminaran por filtraciéon. Otro método de
estabilizacion fisica es la utilizacion de altas temperaturas, con las consiguientes

modificaciones organolépticas que ocasiona el calor, persiguiendo la estabilizacion
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microbioldgica y enzimatica y la disolucidn de sales tartaricas. También es posible
la estabilizacion quimica mediante el uso de compuestos como la goma arabiga
(bloquea la coagulacion de coloides), el acido metatartarico (inhibe la cristalizacion
de tartratos), el acido ascorbico o vitamina C (antioxidante), etc. La estabilizacion
microbioldgica se obtiene principalmente ajustando la dosis de SO2 libre (20-25

mg L1).

Finalmente, el vino se somete a filtracion como paso previo al embotellado
para conseguir su limpidez y asegurar su estabilidad microbioldgica y fisico-
quimica. Los filtros mas utilizados son los filtros de placas cuya naturaleza

depende del grado de limpidez que se desee conseguir y las tierras diatomeas.
1.6.2. Eliminacion de residuos de fungicidas durante la vinificacion.

Durante el proceso de elaboracion de un vino, los niveles residuales de
fungicidas disminuyen, unos de forma brusca y otros ligeramente. Dicha
disminucion depende de la naturaleza quimica del fungicida (sobre todo de su
solubilidad en agua), de la concentracion inicial en las uvas vendimiadas y de las
diferentes etapas que se lleven a cabo en el proceso de vinificacion. Aunque el
porcentaje de reduccién es muy variable, es muy improbable que los vinos
presenten niveles residuales de fungicidas que supongan un riesgo para la salud
de los consumidores. Ello se debe principalmente a los procesos de retencién de los
fungicidas a orujos y lias, a las reacciones de hidrdlisis acida de estos compuestos,
pudiendo originar metabolitos de degradacion como sucede para folpet [Cabras et
al.; 1997a] y/o a la accion de microorganismos (levaduras y bacterias) y enzimas

que intervienen durante la vinificacion. Todo ello se describe a continuacion.

En la primera etapa de vinificacion, estrujado y despalillado, los residuos de

fungicidas se reparten entre la fase solida de la uva y la fase liquida o mosto en
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proporciones variables dependiendo de la afinidad del fungicida por cada una de
las fases y segtn su solubilidad en agua. Los resultados publicados por diferentes
autores, muestran que los porcentajes de reduccién de las concentraciones
residuales en mosto prensado con respecto a las concentraciones en uva inicial
pueden oscilar entre: 0-5% (fenamidona, fludioxonil, mepanipirim, piraclostrobin,
kresoxim-metil y trifloxistrobin); 15-30% (azoxistrobin, ciprodinil y tebuconazol);
50% (pirimetanil, boscalid, ciazofamida, mandipropamida y valifenalate), 60%
(quinoxifen) y >75% (fluazinam, tetraconazol, famoxadona, metrafenona y
proquinazida) [Cabras et al.; 1997b, 1998, 2000a, Garau et al.; 2009; Gonzalez-
Rodriguez et al.; 2011a].

Posteriormente la uva prensada y despalillada se somete a maceracion-
fermentacion alcoholica. Los porcentajes de reduccion determinados por Navarro
et al. [1999] para diferentes fungicidas (fenamirol, mancozeb, penconazol y
vinclozolin) entre la pasta inicial (mosto con piel y pepitas) y el vino tinto
prensado, oscilaron entre 45% y 65%, a excepcion del metalaxil (sélo un 9%).
Resultados similares obtuvieron Vaquero-Fernandez et al. [2012] para la disipacion
de pirimetanil, que tras la fermentacién alcohoélica mostré una reduccion del 52,6%.
Sala et al. [1996] obtuvieron reducciones superiores para vinclozolin (80%) y
procimidona (60%). Porcentajes de reduccion de este orden (70-85%) fueron
obtenidos por Fernandez et al. [2005a] para ciprodinil, fludioxonil, pirimetanil y

quinoxifen.

Ademas, De Melo-Abreu et al. [2006a] observaron que famoxadona se
eliminaba en el vino tinto prensado en porcentajes cercanos a 90% con respecto a la
pasta inicial. No se detectaron residuos después de esta etapa de vinificacién para

piraclostrobin, famoxadona y folpet [Gonzalez-Rodriguez et al.; 2009].
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Los trasiegos posteriores una vez terminada la fermentacion malolactica
también tienen una gran repercusion en la desaparicién de algunos fungicidas, ya
que pueden ser de nuevo adsorbidos en las lias [Sala et al.; 1996; Navarro ef al.;
1999; Fernandez et al.; 2005a; Edder et al.; 2009]. Ruediger et al. [2005] estudiaron la
influencia de esta etapa en la reduccion de varios fungicidas; clorotalonil mostrd
una reduccion del 30%, procimidona del 25% y el resto de materias estudiadas
(fenarimol, metalaxil, oxadixil, triadimenol y carbendazima) no vari6 su
concentracion significativamente después de esta etapa. La reduccion obtenida en
la fermentacion malolactica podria deberse mas a la adsorcion en las paredes
celulares de las bacterias que a degradaciones quimicas o fisicas, como
demostraron Cabras ef al. [1994; 2000b], quienes determinaron las concentraciones

que permanecian en las bacterias tras dicha etapa de vinificacion.

La clarificacion y filtracién de los vinos pueden dar lugar a la desaparicién
de residuos de fungicidas presentes en los vinos. Con respecto a la clarificacion, su
eficacia depende de nuevo de factores como la solubilidad del fungicida en la
mezcla hidroalcohdlica del vino y el tipo de agente clarificante empleado
(albamina de huevo, bentonita, PVPP, etc.). Oliva et al. [2007a] evaluaron el efecto
de cuatro agentes clarificantes (bentonita, carbon activo, PVPP, y caseinato
potasico) en la eliminacién de famoxadona, fluquinconazol y trifloxistrobin,
aplicados directamente en vinos trasegados elaborados a partir de la uva blanca
variedad Airén de la D.O. Jumilla (Murcia, Espafia). La adicién de carbén activo
origind porcentajes de eliminacion cercanos al 100% para los tres fungicidas.
Resultados similares fueron obtenidos para ciprodinil, fludioxonil, pirimetanil y
tebuconazol [Cabras ef al.; 1997b]. En otro estudio, los autores anteriores evaluaron
nuevamente el efecto de seis agentes clarificantes (albimina de huevo, albumina

de sangre, bentonita+gelatina, carbon activo, PVPP vy silica gel) sobre famoxadona,
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fluquinconazol y trifloxistrobin, pero esta vez afiadiendo directamente a un vino
tinto trasegado de la misma regién de la variedad Monastrel [Oliva et al.; 2007b].
Cada uno de los clarificantes afecté en mayor o menor grado a la eliminacién de
los fungicidas, siendo carbon activo y PVPP los mas efectivos, con porcentajes de
reduccion comprendidos entre 50-100%. Las albiminas de huevo y sangre
mostraron porcentajes de eliminacion intermedio (25-50%), aunque su empleo se
desaconseja debido a que pueden aportar aromas desagradables al vino.
Finalmente silica gel y bentonita no fueron tan efectivas en la eliminacion de estos

residuos.

Por ultimo, el tipo de filtrado antes del embotellado también puede tener
algun efecto en la reduccion de los residuos. Oliva et al. [2007b, 2007c] observaron
que el empleo de filtros de nylon de 0,45 um influia minimamente (<10%) en el
descenso de los residuos de famoxadona, fluquinconazol y trifloxistrobin, tanto en
vinos tintos como en blancos previamente clarificados. Resultados similares fueron
mostrados por Fernandez et al. [2005b] para ciprodinil, fludioxonil, pirimetanil y
quinoxifen en vinos tintos. Ruediger et al. [2004] investigaron el efecto de agentes
filtrantes como la tierra de diatomeas en la eliminacion de siete fungicidas
(carbendazima, clorotalonil, fenarimol, metalaxil, oxadixil, procimidona y

triadimenol) no produciendo una eliminacion significativa en ningan caso.

I.6.3. Efectos de los residuos de fungicidas sobre la actividad de
levaduras y bacterias lacticas.

La presencia de levaduras y su evolucidon durante la fermentaciéon del vino
puede verse influenciada por diversos factores entre los que se encuentra la

presencia de residuos de fungicidas [Cabras et al.; 1999]. Los niveles residuales de

estos compuestos pueden variar en el momento de la vendimia asi como el efecto
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de los mismos en las rutas metabdlicas de la fermentacién, en concreto el efecto
que pueden ejercer sobre la sintesis de esteroles [Doignon et al.; 1992] o la
inhibicién de la respiracion celular [Ubeda et al; 1996]. Estos efectos pueden
modificar la estructura de las membranas celulares de las levaduras y afectar su
funcién especifica. Como resultado se puede producir una caida progresiva en la
viabilidad de la poblacién de levaduras y como consecuencia, la ralentizacion de la
fermentacion que, en casos extremos, podria llevar a una paralizacién total del
proceso, afectando a las caracteristicas organolépticas del vino, disminuyendo su
calidad final [Cabanis y Cooper, 1991; Larue, 1991; Garcia-Romeo, 1996; Reulet et
al.; 1996; Sala et al.; 1996; Cugier y Reulet, 1997].

Entre los primeros estudios realizados sobre la influencia de fungicidas en el
proceso de elaboracion del vino se puede citar a Dvorack y Schopfer [1970], los
cuales sefalan que la fermentacion alcoholica fue interrumpida en presencia de 0,3

mg L1 de diclofluanida.

Fue a partir de la década de los 90 cuando progresaron las investigaciones
centradas en evaluar la influencia de las sustancias activas fangicas sobre los
procesos fermentativos alcoholicos implicados en la elaboracién del vino. El
crecimiento de determinadas cepas de levaduras se vio negativamente afectado
por sustancias fungicas como folpet, captan y captafol [Cabras et al.; 1987;
Dominguez et al.; 1995; Hatzidimitriou et al.; 1997], mancozeb [Ubeda ef al.; 1996] o

fenarimol [Zironi ef al.; 1991].

Por el contrario, otras sustancias fungicas tales como azoxistrobin,
ciprodinil, fludioxonil, mepanipirim, pirimetanil y tetraconazol [Cabras et al.;
1999]; quinoxifen [Cabras et al.; 2000b]; fenhexamida [Cabras et al.; 2001],

quinoxifen [Sarris et al.; 2009], iprodiona y fludioxonil [Ochiai et al.; 2002] o
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zoxamida [Angioni et al.; 2005] no afectaron de forma significativa a los procesos

fermentativos.

En la actualidad existen menos estudios centrados en evaluar la influencia de
nuevas sustancias activas sobre fermentaciones alcohdlicas. Oliva et al. [2007a]
evaluaron la influencia de seis nuevos fungicidas (famoxadona, fenhexamida,
fluquinconazol, kresoxim-metil, quinoxifen y trifloxistrobin) en el contenido de
levaduras presentes en uvas y el efecto que ejercian sobre las mismas durante
dicho proceso enoldgico. Aunque estas materias activas no produjeron efectos
negativos sobre las levaduras iniciales ni sobre el proceso fermentativo si que
podrian afectar a la calidad organoléptica de los vinos. Estos efectos también han
sido estudiados y demostrados por otros autores como Gonzalez-Rodriguez et al.

[2011b] y Noguerol-Pato et al. [2011].

Sin embargo, Comitini y Ciani [2008] pusieron de manifiesto durante tres
campafias como la aplicacién de nuevos fungicidas organicos aplicados en vifiedo
originaban una reduccién drastica de las levaduras autdctonas presentes en la piel

de las uvas asi como un cambio en la poblacién de levaduras hacia A.pullulans.

Calhelha et al. [2006] evaluaron el efecto de diferentes concentraciones de
cinco fungicidas (diclofluanida, benomilo, iprodiona, procimidona y vinclozolin)
sobre la actividad fermentativa de diferentes levaduras. Clasificaron estos
fungicidas de mayor a menor toxicidad en funcion de la concentracién necesaria
para inhibir el crecimiento de cada levadura en un 90%: diclofluanida (2 mg L) >
benomilo (250-750 mg L) > iprodiona (1000-1600 mg L-!) > promicidona (800-2500

mg L1).

El efecto inhibitorio que producen los pesticidas sobre la actividad de

bacterias lacticas (fermentacién malolactica) durante la elaboracion del vino es un
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efecto que se ha estudiado en menor medida. Vidal et al. [2001] y Carreté et al.
[2002] pusieron de manifiesto dicho efecto cuando las bacterias Oenococcus Oeni
responsables de la fermentacion malolactica de un vino sintético se encontraban
en presencia de diclofluanida, cobre o incluso acidos grasos. Estas sustancias
parecen tener un efecto sobre el crecimiento celular inhibiendo la actividad de la
ATPasa. Ruediger et al. [2005] demostraron que el pesticida dicofol presenta un
efecto inhibitorio importante sobre el catabolismo del acido malico. Clorotalonil,
cloropirifos y fenamirol también presentaron dicho efecto pero en menor medida.
Sin embargo, los siete fungicidas estudiados (carbendazima, clorotalonil,
fenarimol, metalaxil, oxadixil, procimidona y triadimenol) no mostraron efecto

negativo alguno sobre la bacteria lactica Oenococcus oeni.

Por otro lado, Cabras et al. realizaron a lo largo del tiempo varios estudios
sobre el efecto de distintos fungicidas: benalaxil, carbenzamida, diclofluanida,
folpet, triadimefén y vinclozolin [Cabras et al.; 1994]; azoxistrobin, ciprodinil,
fludioxonil, mepanipirim, pirimetanil y tetraconazol [Cabras et al.; 1999];
quinoxifen [Cabras ef al.; 2000a] y fenhexamida [Cabras et al.; 2001] sobre la
actividad fermentativa de dos bacterias lacticas, Lactobacillus plantarun y Oenococcus
oeni. Ninguno de ellos presentd efectos negativos en el desarrollo de la
fermentacion malolactica, a excepcidon de diclofluanida (redujo la actividad de
Oenococcus oeni) y de azoxistrobin, ciprodinil, fludioxonil, pirimetanil y
tetraconazol que mostraron un 15% menos de bioconversion del acido malico con

Oenococcus oeni.

Otros autores estudiaron los efectos inhibitorios de fungicidas como
zoxamida [Angioni et al.; 2005] no interfiriendo en la actividad de las bacterias
lacticas o diclofluanida, iprodiona, vinclozolin y promicidona sobre la

fermentacion malolactica de Oenococcus oeni [Sapis-Domercq, 1980; Vidal et al.;
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2001; Carreté et al.; 2006]. Los tres ultimos fungicidas pertenecientes a la familia de
las dicarboximidas no mostraron apenas efectos inhibitorios. La diclofluanida

mostro efectos moderados, siendo la concentracion minima inhibitoria de 5 mg L-1.

1.6.4. INFLUENCIA DE LOS RESIDUOS DE FUNGICIDAS EN LA
COMPOSICION FENOLICA DE LOS VINOS

Principales compuestos fenolicos

Los compuestos fendlicos de las uvas y el vino, presentan una amplia
diversidad de estructuras quimicas. Simplificando su clasificacién, es posible
sefalar que existen dos grupos generales de compuestos: los no flavonoides y los
flavonoides (tabla 1.2.). Dentro de los primeros, caracterizados por presentar solo
un anillo de 6 carbonos (C6), los mas importantes corresponden a los 4cidos
benzoicos (C6-C1) y a los acidos cinamicos (C6-C3). La importancia de los primeros
desde un punto de vista enoldgico, radica en su relacion con el gusto amargo de los
vinos. En el caso de los segundos, resultan importantes por su relacién con el
pardeamiento, en especial de los vinos blancos y en menor medida por su

participacion en el gusto amargo [Zamora F.; 2003].

El grupo mds importante de compuestos fendlicos presentes en el vino
corresponde a los compuestos flavonoides, caracterizados por presentar dos anillos

de 6 carbonos unidos por un heterociclo central de 3 carbonos (C6-C3-C6).

En este grupo se distinguen los flavonoles (como quercetina, miricetina y
kaemferol y sus glicosidos) presentes en los hollejos, siendo importantes por
participar en el color amarillo de los vinos blancos y por sus efectos antioxidantes

benéficos para la salud.
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Tabla I.2. Clasificaciéon de los compuestos fenolicos

Rs

Acidos benzoicos

COOH

Ry

Rs

ACIDOS FENOLICOS

Acidos cinamicos Rs

\ COOH

FLAVONOLES

FLAVANOLES
. Taninos condensados

. Catequinas

ANTOCIANIDINAS Y ANTOCIANOS

Los flavanoles presentan como base a la (+)-catequina y la (-)-epicatequina.

La unién de estos compuestos da origen a los taninos de la uva (taninos

condensados) ubicados en semillas y hollejos, que presentan una relacién inversa

en cuanto a amargor y astringencia a medida que aumentan de tamafio (es decir,
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aumenta el ndmero de unidades de (+)-catequina o (-)-epicatequina en su
estructura), disminuyendo el amargor en los taninos de mayor tamarfio, pero
aumentando su astringencia, hasta alcanzar un tamafio en que no son solubles, no
pueden reaccionar con las proteinas de la saliva precipitandolas y por tanto dejan

de producir la sensacion de astringencia.

Finalmente, estan los antocianos que dan el color rojo a las uvas tintas,
presentes en los hollejos, destacando cinco antocianinas en la especie Vitis vinifera.
De todos ellos, antocianos y flavanoles son los que mas influencia tendran sobre el
color, su evolucion y otras caracteristicas organolépticas definitorias de la calidad

del vino final.

En la tabla 1.3. se muestra la distribuciéon de los principales compuestos
fenolicos dentro del racimo de uva asi como las propiedades organolépticas mas

importantes en las que participan.

Tabla 1.3. Distribucién en racimo y propiedades organolépticas mas importantes de los
principales compuestos fendlicos

Localizacion en la baya

Compuesto Piel Pulpa  Semillas Raspdén Principales propiedades
Acidos fendlicos Si St Si St Poca influencia directa
Flavonoles Si No No No Color amarillo

Antocianos Si No* No No Color rojo

Sabor amargo, astringencia,
cuerpo, estructura

Flavanoles Si No Si Si

* Excepto en las variedades tintas que si contienen en la pulpa

A continuacién se explican los compuestos fenolicos mas importantes
encontrados en la uva y el vino, analizando su estructura y propiedades quimicas
relaciondndolas en todo momento con las caracteristicas organolépticas que

proporcionan al vino.
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COMPUESTOS NO FLAVONOIDES

Acidos fendlicos

Los acidos fenoélicos se subdividen en acidos benzoicos y acidos cinamicos.

Su estructura quimica se presenta en la figura L.7.

Ry Ry
HO COOH HO CH=CH—COOH

R, R,

Principales acidos Principales acidos

. R1 R2 ., . Ri R2
benzoicos Clnamicos
Ac. Galico OH OH Ac. Cafeico OH H
Ac. p-hidroxibenzoico H H Ac. p-cumarico H H
Ac. siringico OCHs OCH:s Ac. fertlico OCHs H

Figura L.7. Estructura quimica de los acidos fendlicos

Tanto los acidos benzoicos como los cinamicos pueden estar en forma libre o
esterificados con el acido tartarico u otros componentes del vino. Los acidos

fendlicos se encuentran en el hollejo, en la pulpa, en las semillas y en el raspon.

Estos compuestos carecen de color cuando se encuentran en solucién en una
mezcla hidroalcohodlica, pero pueden tomar un color amarillo después de la
oxidacion y dar lugar al pardeamiento del mosto y el vino. En el plano
organoléptico esos constituyentes no presentan sabor y olor particulares pero son
precursores de los fenoles volatiles después de la accion de ciertos

microorganismos [Edlin et al.; 1995].
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COMPUESTOS FLAVONOIDES

Se trata de pigmentos de color amarillo mas o menos intenso. Se pueden
clasificar en varias familias, segin cambios en su estructura basica dependiendo
del grado de saturaciéon y de la sustitucion de grupos funcionales. Los mas
importantes son flavonoles, antocianos y flavanoles. Esta tltima familia incluye a
los taninos condensados o procianidinas. La estructura basica de estos compuestos

se muestra en la figura 1.8.

HO 0]

OH O

Figura 1.8. Estructura basica de flavonoides

Flavonoles

Se trata de los pigmentos de color amarillo mds o menos intenso. Son
responsables del color amarillo de la uva blanca. Los mas importantes son tres:
quercetina, miricetina y kaempferol. Se diferencian por la sustituciéon del anillo
bencénico situado a la derecha de la molécula (figura 1.9). De esta manera
kaempferol posee un grupo OH en dicho anillo bencénico, quercetina dos grupos

OH y miricetina 3 OH.

Su localizacién en la uva se limita a los hollejos. Los flavonoles pueden
encontrarse asi (en forma de aglicona) o en forma de heterdsido, unidas a un
glticido. Su participacion en el color del vino tinto es de poca importancia,

limitdndose a contribuir en pequena parte en la componente amarilla.
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Ry
OH Rs=OH en los tres casos
HO 0] R’s R’s Nombre
RI 5 H H Kaempferol
OH H Quercetina
R3 OH OH Miricetina

OH O

Figura L.9. Estructura de diferentes flavonoles
Flavanoles o flavan-3-oles

Es el grupo de flavanoides que mas ampliamente esta distribuido en la
naturaleza. Los flavanoles presentan estructuras derivadas de tres esqueletos

basicos: flavan-3-ol, flavan-4-ol y flavan-3,4-diol (figura 1.10.).

Al contrario de lo que ocurre con otros flavonoides, las combinaciones de

tipo heterosidico son poco habituales.

Re Rs Nombre
OH H Flavan-3-ol
H OH Flavan-4-ol
OH OH Flavan-3,4-diol

Figura 1.10. Esqueleto basico de los flavanoles

Los flavan-3-ol mondmeros se les suele designar genéricamente como
“catequinas”. En su estructura poseen dos carbonos asimétricos (C2 y C3) lo que

hace posible la existencia de cuatro isomeros Opticos: (+)/(-) catequina y

45




Capitulo I Introduccion

epicatequina, mayoritarios en la uva. No obstante, en la naturaleza la mayor parte

de los flavanoles estan en forma de polimeros.
Antocianidinas y antocianos

Los antocianos son los responsables del color rojo azulado de la piel de las
uvas tintas y naturalmente del color del vino tinto. Su estructura deriva de las
antocianidinas basandose en la estructura del i6n flavilio, también llamado 2-fenil-
benzopirilio que consta de dos grupos aromaticos: un benzopirilio y un anillo
fenolico; el flavilio normalmente funciona como un cation. La estructura quimica

de las cinco antocianidinas mas importantes se muestra en la figura [.11.

Los antocianos son glucdsidos de las antocianidinas es decir, estan
constituidas por una molécula de antocianidina a la que se le une un aztcar por

medio de un enlace glucosidico siempre en la posicién 3.

R’; R’s Nombre

OH OH delfinidina

HO % OH H cianidina
AN R's ar

OH OCHjs petunidina

/ OCH;s; H peonidina

4 OCHs OCHj; malvidina

OH

Figura I.11. Esqueleto de las antocianidinas encontradas en la uva.

Se diferencian entre si por el nimero de grupos hidroxilo presentes en la
molécula, por el grado de metilacion de éstos, por la naturaleza y el nimero de
azucares enlazados a la molécula, por la posiciéon de enlace y por el tipo y nimero

de acidos alifaticos o aromaticos enlazados al azticar presente en la molécula.
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Existen pequefias variaciones de la tonalidad roja dependiendo del antociano del
que se trate, pero teniendo en cuenta el predominio tan alto de los derivados de
malvidina en la mayoria de los vinos, es esta antocianina la que mas va a contribuir

al color.

Cada antocinanidina puede ser acetilada o glicosilada por acidos y azticares
en diferentes posiciones. Debido a esto, el nimero de antocianos es entre 15 y 20
veces mayor que el nimero de antocianidinas [Mazza et al.; 1990]. Por tanto, las

antocianidinas sélo aparecen cuando se produce la hidrdlisis de los antocianos.

Composicion fendlica de uvas y vinos

Los constituyentes fendlicos revisten una gran importancia en enologia
debido al papel que juegan directa o indirectamente sobre la calidad de los vinos.
Estos compuestos participan en una serie de reacciones en las que en ocasiones se
transforman y evolucionan provocando mejoras importantes en la calidad del vino,

mientras que otras veces sufren alteraciones perjudiciales.

Asi, los compuestos polifendlicos de los vinos estan relacionados con
cualidades gustativas como astringencia y amargor, pero también con cualidades
visuales como color y limpidez de los vinos. Ademas estos compuestos presentan
propiedades bactericidas, antioxidantes, vitaminicas y protegen al consumidor

frente a enfermedades cardio-vasculares.

Los polifenoles presentes en el vino varian desde compuestos relativamente
sencillos producidos durante la maduracion de las uvas en la vid hasta sustancias
sumamente complejas formadas durante el proceso de elaboracidn, asi como otras

extraidas de la madera de las barricas en el caso de vinos envejecidos.
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Los compuestos fendlicos aparecen bruscamente en la fase del envero,
sustituyendo a la clorofila que hasta entonces hacia que el grano de uva se
comportase como un organo verde mas de la vid. Provienen basicamente de las
partes solidas de la uva, y en menor medida de la pulpa, siendo su aportacion
diferente segtin procedan de hollejos, pepitas o raspones. Las pepitas contienen el
65% de los polifenoles del racimo, mientras que el raspon tiene un 22%, el hollejo
otro 12% y la pulpa tan solo el 1% restante. La composicion polifenolica final del
vino varia segun el tiempo de contacto de cada una de estas partes con el mosto y
por ello dicha composicién no es uUnicamente un reflejo de los polifenoles
encontrados en la variedad de uva de la cual proceda el vino, ya que es en ultimo
término la técnica de elaboracién (tratamiento mecanico aplicado para obtener el
mosto, tipo de vinificacion y envejecimiento) lo que condiciona la amplia variaciéon

en el contenido de polifenoles de un vino.

El color del vino tinto se debe a la presencia de antocianinas, en forma libre o
combinadas a procianidinas, que contribuyen a los componentes rojo, amarillo y
azul del color del vino en funcién del pH del medio. Durante el almacenamiento y
envejecimiento de los vinos tintos tienen lugar cambios progresivos de los
compuestos polifendlicos extraidos inicialmente de las uvas. Los cambios
producidos en el color de los vinos tintos en estas etapas se atribuyen a la
formacién progresiva de pigmentos condensados resultantes de la interaccion
entre antocianinas y otros compuestos fenodlicos, especialmente flavanoles tales
como catequinas y procianidinas (taninos condensados). En la formaciéon de esos
nuevos pigmentos se ha sugerido que intervienen diferentes mecanismos:
fenémenos de copigmentacion, condensaciéon directa entre antocianinas y

flavonoles y reacciones entre ellos mediadas por acetaldehido.
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Efecto de residuos de fungicidas en la composicion fendlica de un vino

Los compuestos fenoélicos revisten una gran importancia en enologia debido
al papel que juegan directa o indirectamente sobre la calidad de los vinos. Son el
origen del color y de la astringencia, siendo ésta ultima atribuida especialmente a
los taninos. La presencia de residuos de fungicida en uva puede provocar
modificaciones en la composicién polifendlica de los vinos, al alterar no sélo la
extraccion de estos compuestos durante el proceso de vinificacion, sino también su

evolucién durante el envejecimiento.

En la actualidad, hay muy pocos estudios publicados que evaltien la posible
influencia de los productos fitosanitarios sobre la composicién fendlica en vinos u

otros alimentos debido a la complejidad del tema.

Los primeros estudios realizados sobre este tema fueron los de Hajslova et al.
[1984] que estudiaron la influencia de dos pesticidas, Melprex 65 W y Anthio 25, en
la composicion fendlica de manzana. Diferencias en “o-dihidroxifenoles” y en
acidos fenolicos fueron encontradas, siendo el pesticida Melprex 65 W el que
mostrd valores mas bajos de estos compuestos. La actividad de la enzima polifenol
oxidasa fue similar en las muestras tratadas comparadas con el control, sin
embargo se probd que la dodina (materia activa de Melprex 65 W) participa en la
formacion de productos coloreados en las reacciones de oxidacion de la enzima

polifenol oxidasa.

Posteriormente, se realizaron otros estudios en diferentes frutas. Saad et al.
[1993] verificaron que los restos de plaguicidas en zumos de tomate afectan a la
actividad de diferentes enzimas entre los que se encuentran algunos de los que
participan en el metabolismo de los polifenoles, como son peroxidasas y polifenol

oxidasas. Rung, B. y Schwack, W. [2005], descubrieron que aminoparation, un
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metabolito de degradacion del pesticida paration, puede servir como sustrato de la
enzima polifenol oxidasa en frutas, y dar lugar a reacciones de oxidacion,

formando compuestos coloreados.

Recientemente, Fattouch et al. [2010] han estudiado la interaccién que
producen algunos pesticidas en la enzima polifenol oxidasa en muestras de
membrillo. Esta enzima es la encargada de catalizar la oxidaciéon de los o-difenoles
a sus respectivas quinonas, dando lugar a pigmentos coloreados. Benomil, carbaril,
deltametrina y metil paratién (a altas concentraciones) fueron los que mas
afectaron a la polifenol oxidasa, exhibiendo un 44%, 51%, 33% y 58%,
respectivamente, de inhibicion de la actividad. Para el resto de pesticidas, el efecto
inhibitorio decrecié en el siguiente orden: paraoxon > diuron > triazofos > atrazina>
clorfenvinfos > clorpirifos = fenchlorphos = fosmet > fenitrotion > endosulfan >
fenamifos > captan mientras que amitraz y malatiéon no afectaron a la enzima. En
contraste, concentraciones bajas de estos pesticidas aumentaban la actividad de la

polifenol oxidasa.

En 2007, Navarro et al. realizaron un estudio sobre la influencia de cinco
insecticidas y herbicidas, pendimetalin, trifluralin, fenitrotién, malation y
metidation, en la velocidad de fermentacion y color durante el proceso de
elaboracion de cerveza. Todos los pesticidas mostraron diferencias significativas
con respecto al control en el valor de pH y en el color final de la cerveza elaborada,
encontrando los valores mas bajos de polifenoles totales en las cervezas elaboradas

en presencia de fenitrotion y trifluralin.

Los estudios realizados sobre este tema en vino también son muy escasos.
Los primeros resultados fueron mostrados por Santos, C. [1997], quién estudio el

efecto de cinco fungicidas aplicados en dos dosis diferentes, carbendazim,
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diclofluanida, iprodiona, procimidona y vinclozolin, sobre los parametros fisico-
quimicos y organolépticos del vino. Los valores de pH, densidad y acidez total no
presentaron diferencias significativas. Sin embargo, en presencia de procimidona y
vinclozolin se obtuvo menor concentraciéon de acido malico, mayor concentracion
de polifenoles totales y color rojo (a dosis alta de ambos pesticidas), con la misma

tonalidad en todos los vinos elaborados.

Varios afios mas tarde, Oliva et al. [2005; 2009] evaluaron la influencia de los
residuos de seis fungicidas (azoxistrobin, ciprodinil+fludioxonil, kresoxim-metil,
pirimetanil y quinoxifen), de reciente utilizacién en la D.O. Jumilla, sobre el color
final de vinos tintos obtenidos por maceracién prefermentativa a baja temperatura.
El estudio se llevo a cabo en uva tinta (variedad Monastrell) a la que, un dia antes
de la vendimia, se tratd con las diversas formulaciones utilizadas en el estudio a la
dosis recomendada por la casa comercial. Una vez terminada la fermentacién de
los vinos, se determinaron diferentes parametros indicativos de la composicion
fenolica de los vinos obtenidos. Los resultados mostraron diferencias significativas
entre las vinificaciones tratadas con fungicidas y la testigo, sobre todo en el caso de

pirimetanil.

I.7. ANALISIS DE PRODUCTOS FITOSANITARIOS EN MUESTRAS
ENOLOGICAS

Disponer de la metodologia analitica que permita la determinacién de
productos fitosanitarios es fundamental para obtener la informacién necesaria
sobre el nivel de residuos presente en uvas y vino. Dado que las concentraciones
en vinos son normalmente bajas, es necesario desarrollar métodos analiticos

sensibles, seguros y precisos.
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Los métodos analiticos aplicados a las determinaciones de los productos
fitosanitarios en muestras enologicas (uvas, mostos y vinos) conllevan un primer
proceso de tratamiento de muestra con una extracciéon de los compuestos de la
matriz y una purificaciéon del extracto para, posteriormente, realizar la
determinaciéon de los mismos mediante diferentes técnicas, preferentemente

cromatograficas.

1.7.1. Extraccion en fase liquida

La extraccion en fase liquida supone la transferencia de los analitos a
determinar desde la matriz liquida o sdlida a un disolvente organico de
determinada polaridad, cuya eleccién influye en la eficiencia de la extracciéon. El
modo por el cual se realiza la extracciéon también es importante, ya se trate de
extraccion por agitacion mecanica, extraccion tipo soxhlet, sistemas de temperatura
y presion (extraccion con disolventes presurizados —ASE- o con microondas) o
desintegracion de la muestra utilizando homogeneizadores de alta velocidad. En
muchos casos, la simple agitacion mecanica de la muestra en presencia del
disolvente puede conducir a buenos resultados de extracciéon. Sin embargo, cuando
se trata de extraer plaguicidas de tipo sistémico en matrices sélidas, es necesario

recurrir a métodos mas complejos.

El método de tratamiento mas comtnmente utilizado para muestras liquidas
es la extraccién liquido-liquido (LLE) con disolventes organicos. Acetonitrilo,
hexano, diclorometano o acetato de etilo son los mas utilizados [Rial Otero et al.;
2003; Angioni et al.; 2005; De Melo Abreu et al.; 2005; Vaquero-Fernandez et al.;
2008; Gonzalez-Rodriguez et al.; 2009]. Para realizar la extraccion en discontinuo se
utiliza un embudo de decantacidn en el que se afiaden la muestra y el disolvente de

extraccion. Se mezcla agitandose vigorosamente y se deja decantar, procediendo
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posteriormente a la separacion de las fases. Esta operacion puede realizarse de
manera simple (una sola vez), o por etapas, que consiste en realizar de modo
secuencial un numero determinado de extracciones simples retirando después de
cada equilibrio la fase organica y poniendo en contacto la fase acuosa con un
volumen nuevo de fase organica. Posteriormente, el extracto o extractos obtenidos
se secan con sulfato sédico anhidro para eliminar los restos de agua. Esta
metodologia presenta las desventajas de emplear elevadas cantidades de

disolvente, ademas de ser dificilmente automatizable.

Durante los tltimos afios se han desarrollado metodologias alternativas que
permiten alcanzar una reduccion en el costo de disolventes organicos y un menor
tiempo de trabajo. Asi, esta tendencia condujo al desarrollo de nuevos
procedimientos de preparacion de muestras basados en el principio de la
extraccion liquido-liquido, como es la microextracciéon en fase liquida (LPME) en
sus dos versiones (microextraccién en gota y microextraccion en fibra hueca) y

microextraccion liquido-liquido dispersiva (DLLME).

En la técnica de microextraccion en una sola gota o “single drop
microextraction” (SDME) los analitos son extraidos por una gota de disolvente
organico inmiscible con agua (1-3 puL) (fase extractante) suspendida en la punta de
la aguja de una microjeringa dentro de la disolucion. El proceso es asistido por
agitacion. Después de un tiempo, la gota se introduce en la jeringa para ser

inyectada directamente en un sistema cromatografico (figura 1.12).

La SDME es un procedimiento rapido (no necesita preparacién de muestra),
econdémico, disponibilidad de alta variedad de disolventes utilizando muy poco

volumen, no requiere un equipamiento sofisticado y elimina la posibilidad de
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contaminacién entre muestras puesto que se utiliza una gota nueva para cada

extraccion.

Jeringa o S
GC rd ,

/
\ F Gota
\\ 4—!‘—/ organmica
~ P
"q.‘__.‘-_ ..-’.’
L: ,/

G
Muestra + -
acuosa \_ssm+ ——— Barra agitadora

Figura 1.12. Esquema de la técnica de microextraccion en gota.

Ademas, se consigue una alta concentracién de los analitos al utilizar
pequefias cantidades de disolvente de extraccion. Esta técnica se ha utilizado para
el analisis de pesticidas organofosforados en agua y frutas (previa trituracién y
filtracién y suspendiendo la gota en el jugo obtenido) [Xiao et al.; 2006]. También se
ha utilizado la SDME para el analisis de diferentes clases de pesticidas en vegetales
[Amvrazi y Tsiropoulos, 2008; Zhang et al.; 2008], zumos y frutas [Vifias et al.; 2010]
y vino [Liu et al.; 2006].

La microextraccion en fibra hueca (HF-LPME) se puede llevar a cabo en dos
modalidades: En la primera de ellas se usan dos agujas de jeringa convencionales
insertadas a través de un septum y que son conectadas mediante una fibra hueca
en forma de U (figura 1.13.A). La fibra se sumerge inicialmente en un disolvente

organico para que éste se inmovilice en los poros de la fibra. Después, la fibra se

54




Capitulo I Introduccion

sumerge en la fase acuosa con los analitos. La fase aceptora es inyectada en el
interior de la fibra con ayuda de una jeringa. Una vez completada la extraccion, se

recoge la fase aceptora y se lleva al instrumento de analisis.

A Entrada fase Salida fase B
aceptora aceptora
[ Jeringa

—— Agitador magneético

Disolucion acuosa
!l (dadora)

Fibra hueca “T Fibra
conteniendo b
la disolucién o =
aceptora ol ) . oy

: . ) Disolucién Barra agitadora

S acuosa

AT (dadora)
L -

Figura 1.13. A) Representacion del sistema de sujecién de la fibra mediante dos
jeringas convencionales. B) Representacion esquematica en la que la aguja de la

jeringa sostiene la fibra y uno de los extremos esta sumergido en la solucién dadora.

En la segunda configuracion tinicamente un extremo de la fibra se usa para
la inyeccidn y recoleccion de la fase aceptora mientras que el otro extremo queda
expuesto a la disolucion dadora (figura 1.13.B). La jeringa soporta la fibra,
introduce y recoge la fase aceptora y, ademads, introduce ésta ultima en el

instrumento en el que se llevara a cabo el analisis.

Esta técnica se ha utilizado estos ultimos afios con éxito para el andlisis de
pesticidas en frutas y vegetales [Barahona et al.; 2010; Sanagi et al; 2010], en

bebidas alcohdlicas [Bolafios ef al.; 2008], y en muestras de agua [Berhanu et al.;
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2008; Sarafraz-Yazdi et al.; 2012] sin necesidad de llevar a cabo un pretratamiento

previo de la muestra.

La introduccion de la microextraccion liquido-liquido dispersiva (DLLME),
tuvo lugar en 2006 por Assadi [Assadi et al.; 2006]. Es una técnica simple, rapida y
con bajo consumo de disolventes. Ademads permite elevados valores de
recuperacion y un alto factor de concentracion. El principio de la DLLME esta
basado en dos pasos: (1) Inyeccion de una mezcla adecuada de los disolventes
extractantes y dispersivos en el interior de la muestra acuosa que contiene los
analitos. (2) Centrifugacion de la disolucion: Después de la centrifugacion, los
analitos estaran en la fase mas densa, que habra sedimentado, pudiendo ser
extraidos facilmente del resto de la muestra acuosa. Los hidrocarburos
halogenados como clorobenceno, cloroformo, tetracloruro de carbono vy
tetracloroetileno, son normalmente seleccionados como disolventes extractantes
debido a su alta densidad. El disolvente dispersivo debe ser miscible con el agua
(disolvente polar) a la vez que debe ser parcialmente miscible con el disolvente
extractante. Como disolventes dispersivos pueden usarse acetona, acetonitrilo,
metanol, etanol e isopropanol, entre otros [Cunha et al.; 2009; Zang et al.; 2009;

Zhou et al.; 2009; Caldas et al.; 2010; Rodriguez-Cabo et al.; 2011].

Otra técnica de extraccién introducida en los ultimos afios es la denominada
Accelerated Solvent Extraction (ASE) o Extraccién con Disolventes Presurizados, cuyo
fundamento es similar a un soxhlet, empleando los disolventes liquidos
convencionales a presiones y temperaturas elevadas, 1500-2000 psi y 50-200 °C,
respectivamente, facilitando la desorcion del analito desde la matriz sélida al
liquido de extracciéon y empleando menos cantidad de disolvente que en los
métodos convencionales. Aunque la principal aplicacién del sistema ASE fue en el

analisis de plaguicidas en suelos y sedimentos [Ferrer et al.; 2002], en los ultimos

56




Capitulo I Introduccion

anos se estan ampliando estas aplicaciones a otro tipo de muestras como frutas

vegetales y cereales [Cho et al.; 2008; Cervera et al.; 2010, Zhang et al.; 2011].

La Extraccion Asistida por Microondas (MAE) se basa en el uso de energia

de microondas para conseguir que los compuestos de interés pasen de la muestra a

un disolvente adecuado. El campo electromagnético induce una rotacién de las

moléculas que poseen momento dipolar sin afectar por ello a su estructura

molecular. Las ventajas que presenta esta técnica son:

Es una técnica rapida (las extracciones duran aproximadamente 10 min, y

pueden llevarse a cabo 12 extracciones en paralelo),

Utiliza volimenes pequefios de disolventes y reduce el uso de disolventes

organicos clorados.

Permite el control de los parametros de extraccion: tiempo, potencia y

temperatura.

El calentamiento por accidn de la radiacién de microondas puede ocurrir

por varios mecanismos:

1.

Extraccion en presencia de algtin disolvente o mezclas de disolventes
polares (coeficiente de pérdida dieléctrica alto). En disolventes polares, el
calentamiento ocurre por rotacion de dipolos. Estos disolventes se
caracterizan por tener altos coeficientes de pérdida dieléctrica, lo que
origina una temperatura elevada. Cuando la extraccion se lleva a cabo en
sistemas cerrados, la temperatura que se alcanza es mayor que los puntos
de ebulliciéon de los disolventes a presion atmosférica, lo que origina

elevadas presiones. Estos dos factores aumentan la solubilidad del analito
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en el disolvente utilizado y aceleran la cinética de desorcion desde la

matriz [Cela et al.; 2002].

2. Extraccién con disolventes transparentes a la energia de microondas
(coeficiente de pérdida dieléctrica bajo). En este caso el disolvente sdlo
acttia como medio solubilizador de los analitos. Las muestras suelen ser
materiales biolégicos o ambientales (tejidos vegetales o animales,
alimentos, suelos, etc.), caracterizados por un elevado contenido en agua
libre dispersada en su estructura. Este agua presente en los tejidos provoca
un sobrecalentamiento en determinados puntos de la matriz, originando la
ruptura de las membranas celulares, El disolvente se difunde en la matriz

y extrae los analitos solubilizandolos [Cela ef al.; 2002].

Los principales factores que afectan a la extraccién son temperatura, tiempo
de extraccion, cantidad de muestra y naturaleza y volumen del disolvente de
extraccion. Al igual que la técnica ASE, ha sido aplicada principalmente a suelos y
sedimentos [Fuentes et al.; 2007; Hernandez-Soriano et al.; 2007], pero también se ha
utilizado en frutas, vegetales y pescado [Hernandez-Borges et al.; 2008; Paiga et al.;

2009; Wilkowska et al.; 2010].
1.7.2. Extraccion en fase solida

El interés de las técnicas de extraccion basadas en un material sorbente
reside en la disponibilidad de una amplia gama de fases lo que le confiere una gran
selectividad. La idea de emplear un material sorbente para extraer compuestos de
una muestra acuosa se desarrollé en los afios 70 y sus aplicaciones han sido
numerosas) [Jiménez et al.; 2007; Yang et al. 2011]. Los sorbentes se emplean en la
actualidad para extraer compuestos organicos de varias matrices, incluyendo agua,

aire y suelo.
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Muchos sorbentes son modificados especificamente para la extraccién de
distintos grupos de compuestos organicos con varios grados de selectividad. Los
sorbentes empleados con mayor frecuencia contienen silices enlazadas (octil (C8) y
octadecil (C18)), polimeros hidrofébicos de PDMS, carbon activo usado para una
retencion selectiva de compuestos, cambiadores idnicos, etc. En los ultimos afios, se
han desarrollado nuevas fases sorbentes mucho mas selectivas como son los
polimeros de impresién molecular (MIPs), los inmunosorbentes y los nanotubos y

fullerenos de carbon.

Dependiendo de las caracteristicas del sorbente, la retencidon del analito se
produce: (i) por adsorcidn; (ii) mediante absorcion (o reparto de los analitos entre
el absorbente y la muestra); (iii) por una interaccién antigeno-anticuerpo y (iv) por
un mecanismo de retenciéon mixto. La desorcién posterior puede tener lugar
mediante la elucién con un pequefio volumen de un disolvente apropiado o

mediante desorcion térmica, normalmente en el inyector del instrumento analitico.

La extraccién en fase sélida (SPE) es la mas utilizada en esta ultima década
para la preparacion de muestras. Esta técnica se basa en el empleo de sorbentes en

cartuchos o discos (ver figura 1.14.).

Figura 1.14. Cartuchos y discos usados en SPE (fuente: www.genopore.com)
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Esta técnica de extraccidon consiste en cuatro etapas principales (ver figura

L15.):

1. Acondicionamiento o activacion. Antes de llevar a cabo la retencion de los
analitos, la fase solida se debe preparar y hacer compatible con la matriz de
la muestra. Sin este pretratamiento la muestra puede fluir por canales a
través de la fase sin tener practicamente contacto con ésta. El
acondicionamiento de la fase solida requiere la adicion de uno o varios
disolventes que promuevan un mejor contacto superficial entre ambas fases.
Segtn la fase sdlida a utilizar se requieren unos u otros disolventes e incluso

en algunos casos esta etapa no es necesaria.

2. Retencion de analitos. Se adiciona la muestra pasando ésta a través del
cartucho con ayuda de vacio. La velocidad o flujo de paso a través de la fase
solida debe ser lenta y constante para facilitar una retenciéon optima. El
volumen maximo que se puede adicionar viene marcado para cada
aplicacion y condiciones de uso. El paso de la muestra se hace lentamente
utilizando émbolos o sistemas de vacio que provocan una presion
determinada. El flujo de paso de la muestra, puede afectar la retencién de los

compuestos. Generalmente, éste no suele exceder de 5 mL min-.

3. Lavado. Una buena elecciéon del disolvente de lavado permite eliminar
interferencias provenientes de la matriz retenidas en la fase junto con los
analitos. Normalmente se usa agua con una pequefia proporcion de
disolvente organico (entre 5-20%) con el fin de poder eliminar todo tipo de
interferencias, tanto organicas como inorganicas, sin eluir parcialmente los
analitos (de ahi que el contenido en disolvente organico no deba superar

dicho porcentaje).
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Figura I.15. Etapas principales de la extraccién en fase sélida.

4. Elucién. Los analitos retenidos se eluyen, normalmente, con una pequefia
cantidad de disolvente organico siendo éste mas adecuado para medidas
analiticas. Debido a que en las etapas anteriores se han pasado por el
cartucho disoluciones acuosas, en la eluciéon pueden coexistir dos fases,
acuosa y organica. Por ello, antes de eluir los analitos, se suele proceder al
secado de la fase solida mediante vacio o corriente de nitrégeno con el fin de
eliminar los posibles restos de agua presentes en el cartucho. Es importante
elegir el eluyente adecuado ya que debe eluir los analitos completamente de

la fase sélida usando el menor volumen posible.

La fase solida mas universal es octadecil o C18. Otras fases utilizadas con
buenos resultados para el anadlisis de plaguicidas son carbén poroso (CARB GR),
poliestireno-divinilbenceno ~ (LiChrolut® EN) y  polidivilbenceno-co-N-

vinilpirrolidona (Oasis®) [Jiménez et al.; 2006; Molina Mayo et al.; 2007]. La
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retencion de los analitos en los materiales de la SPE es debida, principalmente, a

fuerzas de atraccion de Van der Waals o fuerzas de dispersion.

Los disolventes mas utilizados como eluyentes para mosto y vino son acetato
de etilo, hexano, acetonitrilo, diclorometano y acetona [Jiménez et al.; 2001; Melo et
al.; 2004; Vigna et al.; 2006; Jiménez et al.; 2007; Vaquero-Fernandez et al.; 2009;
Carpinteiro et al.; 2010; Fontana et al.; 2011]. Con la SPE se han evitado problemas
como la incompleta separacion de fases y la utilizacion de material mas fragil y
caro, como en el caso de la LLE que esté siendo desplazada, en la mayoria de los

casos, por nuevas técnicas.

La extraccion en fase sdlida de matrices solidas con un contenido en agua
medio-alto se lleva a cabo mediante la técnica conocida como dispersion de matriz
en fase sélida (Matrix Solid Phase Dispersion — MSPD). Desarrollada en 1989 por
Barker [Barker S.A, 1989], esta técnica que permite el fraccionamiento completo de
los componentes de la muestra asi como elucién selectiva de un tnico analito o
varios tipos de compuestos de la misma familia. Se basa en la disrupcién de la
estructura de la matriz con ayuda de un mortero y la homogeneizacién de la
misma sobre un soporte solido. Esta mezcla es transferida a un cartucho,
normalmente de polipropileno, y los analitos son eluidos con un disolvente

apropiado (figura I.16.).

La eficacia y selectividad en MSPD depende de varios factores entre los
cuales destacan la seleccién del material dispersante, uso de co-adsorbentes, tipo

de disolvente y secuencia de elucion.
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m Elucién

.
e/ —> J—>
Dispersion de la ]

muestra L*]
Preparacion del
Co-adsorbente cartucho

Figura 1.16. Esquema del proceso de MSPD. (tomada Canosa
Rodriguez, M.P.)

Las fases solidas dispersantes mas empleadas son octadecilsilano. Florisil
(MgSiOs), alimina (Al0s) y silica (S5i02) son adsorbentes denominados de fase
normal utilizados para la extraccién de pesticidas, herbicidas y contaminantes
prioritarios en matrices bioldgicas [Gutiérrez et al; 2011], vegetales y frutas
[Navarro et al.; 2002; Chu et al.; 2005; Lian et al.; 2010] mediante MSPD. Ademas
también se han usado como dispersantes de muestras medioambientales (lodos de
depuradora, sedimentos, etc.) para la extracciéon de contaminantes [Sanchez-
Brunete et al.; 2008]. Es posible obtener extractos libres de impurezas mediante la
purificacion on-line del extracto primario obtenido en MSPD. Esto se consigue
colocando una capa de co-adsorbente, generalmente de distinta naturaleza que el
solido utilizado para dispersar la muestra, en el fondo del cartucho. En muchos
casos este co-adsorbente acttia reteniendo las interferencias [Pensado et al.; 2005].
El disolvente de elucion, al igual que en SPE, es de gran importancia a la hora de
determinar que analitos eluyen del cartucho y en que orden lo hacen. La correcta
eleccién del disolvente/s y de su secuencia permite obtener extractos libres de

impurezas en base a la retencién de las mismas en la fase estacionaria [Pensado et
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al.; 2005] o mediante una primera elucién para eliminarlas del cartucho de MSPD

[Canosa et al.; 2007].

En los ultimos afios, el método QuEChERS esta siendo cada vez mas
utilizado en el analisis de residuos de pesticidas en frutas y verduras hasta llegar a
convertirse en un método de referencia. Como su propio nombre indica, presenta
las siguientes ventajas: Quick (rapido), Easy (facil), Cheap (barato), Effective
(efectivo), Rugged (robusto) y Safe (seguro). Anastassiades et al. [2003]
desarrollaron esta nueva técnica rdpida y sensible para el andlisis multiresiduo de
plaguicidas en dichas matrices. QUEChERS tiene dos etapas principales: (i) etapa
de extraccién y (ii) una etapa de SPE dispersiva. En la primera etapa, se lleva a
cabo la adicién de un disolvente miscible con agua como acetonitrilo o acetona a
una porcién homogeneizada de muestra, permitiéndose asi la extraccion de los
analitos en el disolvente organico. Ademas, la adiciéon de una sal (ej: MgSOs +NaCl)
conduce a una mejor separacion posterior de ambos disolventes y a mayor
extraccion de pesticidas debido a la fuerza idnica de la fase acuosa. La mezcla se
somete a agitacion y centrifugacion y posteriormente se toma una alicuota de la
fase organica, que sera sometida a una etapa de limpieza mediante una SPE
dispersiva. Esta etapa incluye la adicion de fases sélidas como C18, y GCB (carbon
grafitizado) o PSA (amina primaria secundaria) a la alicuota con el fin de eliminar
interferencias de dicha fase organica. Una vez agitado y centrifugado, el

sobrenadante sera analizado con la instrumentacion correspondiente.

Las cantidades de muestra y de disolvente se reducen hasta <5 g y 10 mL,
respectivamente. Se han publicado muchos métodos modificados basados en
QuEChERS para el anélisis de pesticidas en vegetales, aceitunas, aceite y productos
alimenticios agricolas [Garcia-Reyes et al.; 2007; Lesueur et al.; 2008; Camino-

Sanchez et al.; 2011].
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La microextraccion en fase sélida (SPME) es una técnica de equilibrio que
estd basada en el reparto del analito entre la fase extractante, inmovilizada en una
fibra de silice fundida, y la matriz de la muestra. Las principales ventajas de esta
técnica son su simplicidad, la eliminaciéon y/o minimizacion del consumo de
disolventes organicos con un menor impacto ambiental y menor riesgo para el
analista, un mayor poder de automatizaciéon y rapidez en la extraccion comparada

con las técnicas anteriores.

La muestra se coloca en un vial, el cual esta tapado con un séptum. Cuando
la jeringa de SPME perfora el séptum y la fibra entra en el vial (ver figura 1.17) es
cuando se establece el equilibrio entre las distintas fases (matriz, fase gaseosa y

fibra).

adsorb desorb

Figura 1.17. Procesos de absorcion y desorcion en HS-

SPME (tomada de www.brechbuehler.com)

Una vez adsorbidos los analitos en la fase de la fibra, ésta se extrae y se lleva

al inyector del cromatodgrafo donde una vez introducida la fibra son desorbidos los
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analitos. La desorcidon de los compuestos puede llevarse a cabo por efecto de la

temperatura (desorcién térmica) o por elucién con disolventes.

Es una técnica que ha dado buenos resultados en el analisis de plaguicidas
en matriz acuosa. El proceso esta asistido por agitacion para favorecer el equilibrio
de los analitos desde la disolucién a la fase de la fibra. Los tipos de fibras para la
extraccion de plaguicidas en mosto y vino que mas se utilizan son
polidimetilsiloxano (PDMS) [Correia et al.; 2001; Martins et al; 2011),
polidimetilsiloxano-divinilbenceno (PDMS-DVB) [Millan et al.; 2003] y poliacrilato
(PA) [Zambonin et al.; 2004].

1.7.3. Determinacion

Las caracteristicas fisico-quimicas de los diversos productos fitosanitarios
determinan la técnica que puede ser utilizada para el analisis de los mismos. La
técnicas mas empleadas para identificar y cuantificar los residuos de fungicidas en
mosto y vino son la cromatografia de gases (GC) y la cromatografia liquida

(HPLC).

En cromatografia gaseosa, la muestra se inyecta y se volatiliza pasando
posteriormente a través de una columna cromatografica (columnas capilares). La
elucién por dicha columna se produce por el flujo de una fase mévil, en este caso
un gas inerte (N2, Hz, He, Ar/CH4) cuya tinica funcién es la de transportar el analito

a través de la columna.

Esta técnica de separaciéon se acopla a detectores selectivos segun el
compuesto a determinar, como el detector de nitrégeno-fésforo (NPD) para la
deteccion de compuestos de compuestos organicos que contienen fésforo y/o
nitrogeno [Jiménez et al.; 2001, Amvrazi et al.; 2008; Vaquero et al.; 2009], el detector

de captura de electrones (ECD) para compuestos halogenados (como son los
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pesticidas organoclorados) [Jiménez et al.; 2001, Amvrazi et al.; 2008; Sanagi et al.;
2010] y el detector de espectrometria de masas (MS) [Angioni et al. 2005; Cho et al.
,2008; Cunha et al.; 2009; Camino-Sanchez et al.; 2011] y/o de espectrometria de
masas en tandem (MS/MS) el cual esta teniendo numerosas aplicaciones en los
altimos afos para el andlisis multiresiduos debido a su elevada sensibilidad

[Cervera et al.; 2010].

Algunos plaguicidas no pueden ser determinados directamente por GC por
no tener suficiente volatilidad o ser compuestos termoldbiles. Para este tipo de
compuestos el uso de la cromatografia liquida de alta resoluciéon (HPLC) es
particularmente ttil. Los componentes mas importantes en HPLC son la fase mévil
que circula, la columna, y el detector. La fase movil consta de uno o varios
disolventes que eluyen los analitos de forma isocratica (la composicion de dicha
fase es constante durante el analisis) o en gradiente (la proporciéon de los
disolventes varia a lo largo del analisis). Las columnas mas utilizadas para la
separacion de plaguicidas son de fase reversa (Cis) y los sistemas de deteccién mas
usados para analizar estos compuestos son detector con red de diodos (DAD) [De
Melo-Abreu et al.; 2006b; Vaquero-Fernandez et al.; 2008; Wilkowska et al.; 2010] y
el detector de fluorescencia [Hernandez-Borges et al.; 2008]; para casos en los que
exista gran cantidad de interferencias o se necesite una elevada sensibilidad se
utiliza la espectrometria de masas (LC-MS) [Lesueur et al; 2008] y/o la
espectrometria de masas en tandem (MS/MS) [Bolafios et al.; 2008; Caldas et al.

2010; Carpinteiro et al. 2010; Fontana et al. 2011].

Recientemente se ha desarrollado la técnica UHPLC “Ultra High
Performance Liquid Chromatography” en tdndem con espectrometria de masas
para la determinacién de pesticidas en diversas matrices. Con esta técnica se

obtiene una mayor eficiencia junto con menores tiempos de analisis gracias al uso
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de fases estacionarias de pequefio tamafio de poro (1,7 um), y fases moviles a
velocidades mayores debido a una instrumentaciéon que puede operar a grandes
presiones (15000 psi aprox). Se consigue una mayor resoluciéon y un aumento en la
respuesta, junto con menor ensanchamiento de picos [Bonnechére et al.; 2011;

Romero-Gonzalez et al.; 2011].
I.7.4. Efecto matriz

Uno de los mayores inconvenientes en la determinacidon por cromatografia
de gases es el denominado “efecto matriz” el cual consiste en el aumento de la
respuesta del analito cuando se encuentra en presencia de la matriz. Este efecto fue
descrito inicialmente por Erney ef al. [1993]. El incremento de senal tiene lugar
cuando los componentes de la matriz compiten por los analitos por los sitios
activos en el inyector, principalmente en el liner, protegiéndolos de la adsorcién o
degradacion térmica, permitiendo que mdas muestra sea transferida a la columna
(figura 1.18.). Si se consideran dos muestras que contienen concentraciones
idénticas de plaguicidas, una de las cuales esta preparada en solvente puro y la
otra en extracto de matriz y son analizados por cromatografia de gases, esta tltima

puede presentar picos cromatograficamente mayores.

Este fendmeno no se da por igual en todos los analitos ni en todas las
matrices. El aumento de la sefial estd determinado por pardmetros tales como el
cardcter mas o menos polar del plaguicida, el tipo de matriz, la relacién

concentracion analito/matriz y el sistema cromatografico.

Para compensar este efecto existen diversas estrategias: (i) el uso del método
de adiciéon estandar; (ii) el uso de extractos procedentes de matrices sin
plaguicidas, enriquecidos posteriormente como patrones (matrix-matched

standards); (iii) el uso de patrones deuterados; (iv) el uso de agentes protectores.
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Figura 1.18. Esquema del efecto matriz cromatografico. Moléculas

de analito ~ . Molécula de un componente de la matriz

El método de adicion estandar permite mejorar el proceso de cuantificacion
para estos analitos pero requiere mucho trabajo experimental adicional y ademas

es dependiente de la concentracidn de las sustancias coextraidas.

El uso de patrones deuterados no siempre es posible desde un punto de vista

comercial y presenta grandes desventajas econdmicas.

El uso de agentes protectores implica la eleccion de los agentes adecuados

para nuestro analisis debido a la gran variedad que existe. Ademas deben
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disolverse en disolventes polares como acetonitrilo o la mezcla acetonitrilo:agua,

siendo ambos no recomendables para GC.

I.8. COMPUESTOS ESTUDIADOS

En la siguiente tabla (tabla 1.4.) se recogen las principales propiedades fisico-
quimicas esenciales para conocer su comportamiento en el medio ambiente,
comportamiento en la planta, modo de acciéon y toxicidad de los fungicidas
estudiados en este trabajo. Dichos fungicidas presentan, en general:

* Baja solubilidad en agua

» Altos coeficientes de particién octanol-agua (Kow). Este coeficiente es una
medida de como una sustancia quimica puede distribuirse entre dos
solventes inmiscibles, agua (polar) y octanol (apolar). Cuanto mayor es el
valor de Kow, mas apolar es la sustancia. Los plaguicidas con una vida media
y un Kow alto pueden acumularse en tejidos grasos de animales y humanos.

* Presiones de vapor bajas. Es una medida de la volatilidad de una sustancia
quimica (plaguicida). Los plaguicidas con una presion de vapor menor de
1,0x107 mm Hg tienen bajo poder para volatilizarse mientras que con
presiones de vapor superiores a 1,0x10° mm Hg tienen alto potencial para

volatilizarse.
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Tabla I.4. Propiedades fisico-quimicas, comportamiento de la planta y modo de accién de los
fungicidas objeto de estudio [Tomlin, 2003].

Identificacion y propiedades fisico-quimicas:
o
* N2 CAS: 188425-85-6 N
*  Grupo quimico: carboxamida | N
+  Férmula molecular: C1sH12Cl2N20 N/ o
e

*  Peso molecular: 343,2 g mol"!

* Solubilidad en agua (a 20 °C): 4,6 mg L-!

* LogKow (a pH 7y 20°C): 2,96

* Presion de vapor (a 20 °C): 5,4 x 10 mm Hg

. Fungicida penetrante o sistémico
Comportamiento en la planta: .
translaminar

Accion preventiva y curativa en el control del oidio y botritis
Empleo en el vifiedo
Plazo de seguridad: 28 dias

Inhibidor de la respiracién a nivel de la succinato-deshidrogenasa

Modo de accién (FRAC) (grupo C2)

Identificacion y propiedades fisico-quimicas:

+ N°CAS: 133-06-2 ?

*  Grupo quimico: ftalimida

*  Férmula molecular: CoHsCIsNO2S N——SCCls
*  Peso molecular: 300,6 g mol-!

* Solubilidad en agua (a 20 °C): 5,2 mg L-!

+  LogKow (a pH7y20°C):2,5 ©

*  Presién de vapor (a 20 °C): 9x10® mmHg

Comportamiento en la planta: Fungicida de contacto

Accién preventiva y curativa en el control de botritis
Empleo en el vifiedo
Plazo de seguridad: 14 dias

Interfiere el mecanismo de respiracion de los hongos inhibiendo la
Modo de accién (FRAC) germinacion de esporas y dificultando el crecimiento y desarrollo
micelar
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Tabla I. 4. Propiedades fisico-quimicas, comportamiento de la planta, y modo de accién de
los fungicidas objeto de estudio [Tomlin, 2003].

Identificacion y propiedades fisico-quimicas:

ﬁ /CH3
* N2CAS: 1085-98-9 cl N

*  Grupo quimico: sulfamida Cl\i/ T N/K\/o \CHE
»  Férmula molecular: CoHiiCl2FN2025:

*  Peso molecular: 333,2 g mol! F

* Solubilidad en agua (a 20 °C): 1,3 mg L

*  Log Kow (a pH 7y 20°C): 3,70

*  Presion de vapor (a 25 °C): 2,8x 107 mmHg

Comportamiento en la planta: Foliar, de contacto y protector

Accion preventiva y curativa en el control del oidio y botritis
Empleo en el vifiedo
Plazo de seguridad: -- dias

Modo de accién (FRAC) Modo de accion multi-localizado. Inhibidor de la respiracién

Identificacion y propiedades fisico-quimicas:

* N2 CAS: 136426-54-5 o K c
*  Grupo quimico: triazol
F.
e Férmula molecular: CisHsCl2FNsO N
* Peso molecular: 376,2 g mol!
/ /N

* Solubilidad en agua (a 20 °C): 1,15 mg L' N N \>
* Log Kow (a pH 7y 20°C): 3,24 =
*  Presion de vapor (a 25 °C): 4,8 x 101! mmHg
Comportamiento en la planta: Fungicida sistémico

Accién preventiva y erradicante en el control de oidio
Empleo en el vifiedo

Plazo de seguridad: no tiene

Modo de accion Inhibidor de la biosintesis de ergosterol (componente de las paredes
(FRACQ) celulares de los hongos superiores) a nivel de la Cis-demetilasa (grupo G1)
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Tabla 1.4. Propiedades fisico-quimicas, comportamiento de la planta, y modo de accién de
los fungicidas objeto de estudio [Tomlin, 2003].

Identificacion y propiedades fisico-quimicas:

CHs
* N2 CAS: 66246-88-6
*  Grupo quimico: triazol
*  Férmula molecular: CisH15Cl2N3 al
+  Pesomolecular: 284,2 g mol! N/\ N
* Solubilidad en agua (a 20 °C): 73 mg L-! - \N)
* LogKow (a pH 7y 20°C): 3,72
*  Presion de vapor (a 25 °C): 2,7x 106 mmHg
Comportamiento en la planta: Fungicida sistémico

Accion preventiva y curativa en el control del oidio
Empleo en el vifiedo
Plazo de seguridad: 35 dias

Inhibidor de la biosintesis de ergosterol (componente de las paredes
Modo de accién (FRAC)  celulares de los hongos superiores) a nivel de la Ci-demetilasa (grupo

G1)

Identificacion y propiedades fisico-quimicas:
* N°2CAS: 175013-18-0
*  Grupo quimico: estrobilurina
*  Formula molecular: CisHisClOs
¢ Peso molecular: 387,8 g mol! c|
* Solubilidad en agua (ag20 °C): 1,9 mg L / \[( o 4
* LogKow (a pH 7y 20 °C): 3,99
* Presion de vapor (a 20 °C): 1,9 x 10 mm

Hg
Comportamiento en la planta: Fungicida penetrante o sistémico translaminar

Accién preventiva y curativa en el control de mildiu y oidio
Empleo en el vifiedo
Plazo de seguridad: 35 dias

Modo de accién Inhibidor de la respiracion celular bloqueando el transporte de electrones
(FRAC) entre el citocromo b y el citocromo c1 en el sitio Qo (grupo C3)

73




Capitulo I Introduccion

Tabla I.4. Propiedades fisico-quimicas, comportamiento de la planta, y modo de accion de
los fungicidas objeto de estudio [Tomlin, 2003].

Identificacién y propiedades fisico-quimicas:

*  N°CAS: 124495-18-7
»  Grupo quimico: quinolina al °
e Foérmula molecular: CisHsC12FNO

*  Peso molecular: 308,1 g mol-! X

* Solubilidad en agua (a 20 °C): 0,047 mg L =

«  Log Kow (a pH 7y 20 °C): 4,66 “ N

*  Presion de vapor (a 25 °C): 9,4 x 108 mm Hg

Comportamiento en la planta: Fungicida sistémico
Empleo en el vifiedo Plazo de seguridad: 30 dias

Modo de accién (FRAC) Inhibe el desarrollo de los apresorios deteniendo las infecciones
Identificacion y propiedades fisico-quimicas:

*  N°2CAS: 50471-44-8 cl o) -

*  Grupo quimico: dicarboximida

+  Férmula molecular: Ci2HoCl2NOs N CH=CH,
*  Peso molecular: 286,1 g mol! %O

* Solubilidad en agua (a 20 °C): 3,4 mg L-! o b

* Log Kow (a pH 7y 20 °C): 3,02

*  Presion de vapor (a 20 °C): 1,2 x 107 mm Hg

Comportamiento en la planta: Fungicida de contacto

Accion preventiva y curativa en el control de botritis
Empleo en el vifiedo
Plazo de seguridad: 21 dias

Modo de accion

(FRAC) Inhibidor de la transduccion de la sefial osmética (grupo E3)
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1.9. DEGRADACION DE PESTICIDAS
1.9.1. Procesos de degradacion

Cuando un plaguicida es liberado en el medio ambiente interacciona con los
componentes bidticos y abidticos de éste, sufriendo alteraciones en su estructura
que pueden modificar sus caracteristicas fisico-quimicas y su accién bioldgica. La
degradaciéon del plaguicida dard lugar a nuevos compuestos que no

necesariamente han de ser menos toxicos que la sustancia original.

La degradacidon puede ser parcial o total, llegando en casos extremos a la
obtencion de compuestos inorganicos como H20, COz, amonio, fosfatos, etc. Las
reacciones de degradacién son muy variadas (oxidacién, reduccién, hidrdlisis,
sustitucion, etc.) pudiendo estar mediadas por agentes tanto organicos (bacterias
del suelo principalmente) como inorganicos. También son significativos los
procesos fotoliticos. Las cinéticas de degradaciéon de un plaguicida en campo son

complejas debido a que pueden tener lugar simultaneamente varios procesos.

La facilidad de degradaciéon de un plaguicida depende de su estructura
molecular. En general los mas resistentes son los organoclorados. Entre los menos

resistentes estan los organofosforados.

Los tratamientos mas habituales para la eliminacion de pesticidas en aguas y
suelos se pueden dividir en tres grandes grupos: oxidacion, tratamientos fisicos y

tratamientos biologicos.
OXIDACION

Las tecnologias de oxidacion forman parte de un grupo de procesos que
tiene la capacidad de reducir o eliminar tanto la toxicidad como el volumen de

contaminantes peligrosos. Los oxidantes mas utilizados son diéxido de cloro,
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peroxido de hidrégeno, ozono, fotolisis y ozono con radiacién ultravioleta. Pueden
oxidar materiales peligrosos hasta su eliminacion total en forma de moléculas
inorganicas o lo que es mas habitual, transformar a los contaminantes en sustancias

menos toxicas o que son mas faciles de degradar por otros métodos.
TRATAMIENTOS FISICOS

Las caracteristicas fundamentales de estos tratamientos son su selectividad y
la posibilidad de concentrar los contaminantes en una fase que se afiade al medio,
habitualmente suelos. Entre los tratamientos con uso potencial para la eliminacion

de pesticidas se encuentran:

*  Extraccién con disolventes: con esta técnica el contaminante puede aislarse

y concentrarse pero no destruirse.

* Lavado con surfactantes: existen tecnologias de lavado de suelos

utilizando glicol o polietilenglicol.

* Extraccién con fluidos supercriticos: suele realizarse con metanol y se

alcanzan rendimientos entre el 50 y el 90%.
¢ Retencion sobre carbén activo
¢ Nanofiltracion

¢ Osmosis inversa

TRATAMIENTOS BIOLOGICOS

Con microorganismos naturales o cultivados especialmente para convertir
los contaminantes en compuestos simples bajo condiciones medio ambientales

especiales. Los tratamientos bioldgicos tienen varias ventajas, por ejemplo, puede
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llegarse a la mineralizacion completa de los contaminantes, siendo muy escasa la

contaminacion que se transfiere a otros medios.

La biodegradacion de un contaminante en el medio ambiente depende de los
microoganismos presentes, pudiendo pertenecer al medio o crecer en condiciones
controladas y ser afadidos posteriormente al sistema para producir Ia
degradacién. La velocidad del proceso de degradacion esta influenciada por pH,
temperatura, y humedad. Los valores 6ptimos para una mayor degradacion
dependeran del tipo de microorganismo aunque generalmente unos valores entre
6-9 para pH, 20-45 °C para temperatura y 25-85% de humedad son adecuados en

cualquier caso.
HIDROLISIS

La hidrolisis es la reaccion de las moléculas de plaguicida con el agua del
medio. Esta reaccién puede tener lugar tanto en condiciones acidas como basicas.
Dado que el pH en aguas naturales esta entre 5 y 9, los procesos bioticos o
fotoliticos estan favorecidos respecto a este tipo de degradacion por lo que es un
proceso de menor importancia en aguas superficiales, aunque puede ser una
importante via de degradacién de pesticidas en aguas subterraneas, donde la

fotolisis practicamente no tiene lugar.
FOTOLISIS

La fotdlisis es la ruptura de un enlace quimico en presencia de radiacion,
generalmente radiacion ultravioleta. Muchos compuestos organicos que pueden
considerarse residuos toxicos absorben energia en el espectro ultravioleta y pueden
ser susceptibles de tratamiento fotolitico. La radiacion UV es suficiente para

romper muchos tipos de enlaces covalentes.

77




Capitulo I Introduccion

Los factores mas importantes que influyen sobre la fotorreactividad de los

compuestos son:
* Estado fisico del sistema a tratar (sélido, liquido o gas)
* Influencias ambientales (disolvente, soluto, temperatura, etc.)
* Grado de sustitucién del grupo funcional.

Con respecto a la fotdlisis se consideran dos efectos diferentes: fotolisis

directa y fotolisis indirecta.

La fotolisis directa comprende la absorcion directa de la luz por el plaguicida
seguido de la reaccion quimica correspondiente, sin ninguna colaboracién de otras
sustancias quimicas. Este proceso viene condicionado por factores medio
ambientales como la transmision de luz a través del agua, y por factores intrinsecos
de la sustancia como son la velocidad de absorcién de luz y el rendimiento

cuantico de la reaccion fotoquimica.

En los procesos de fotdlisis indirecta, la energia de la luz es absorbida por
otros constituyentes del medio y es o bien transmitida a un plaguicida cercano o
forma especies reactivas como radicales hidroxilo, que reaccionan con el plaguicida
y lo transforman. Especies organicas como los acidos humicos y falvicos e
inorganicos como nitratos y nitritos pueden acelerar la fotodegradacion del
pesticida [Manzanilla-Cano et al.; 2010; Xie et al.; 2011; Ukpebor et al.; 2012] aunque
también se ha observado el efecto contrario utilizando agua de mar o

determinados compuestos organicos [Dimou et al.; 2005].

Existen numerosos estudios de fotodegradacion realizados en condiciones de
laboratorio y utilizando diferentes tipos de plaguicidas: carbamatos [lesce et al.;

2006; Mazellier et al.; 2010], triazinas [Jain et al.; 2009], organofosforados [Weber et
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al.; 2009a; Gatidou et al.; 2011], etc. La diversidad de resultados sobre fotdlisis de
pesticidas (tiempo de vida media, constante de velocidad, etc.) provienen de la
diversidad en los sistemas acuosos y de las fuentes de irradiacion utilizadas (luz
solar, lampara de arco de xenén o lampara de mercurio). La velocidad de fotdlisis y
la distribuciéon de los fotoproductos son dependientes de la intensidad y
distribucion de la longitud de onda de la luz usada. En este estudio, se utilizé una
lampara de arco de xenoén (Xe) ya que proporciona longitudes de onda cercanas a
las del espectro de la luz solar, y tedricamente los productos de degradacion son
similares a los obtenidos mediante irradiacion solar [Weber et al.; 2009b]. Las
velocidades de fotdlisis con lamparas artificiales siempre son mayores que las

obtenidas utilizando luz solar, tal y como se ha demostrado en trabajos anteriores

[Hu et al.; 2009; Gao et al.; 2011].

Generalmente, los estudios de fotodegradacion se realizan con altas
concentraciones de pesticidas (entre 0,2 y 1 ppm) con el fin de identificar la mayor
cantidad posible de productos de degradacion. Ademas, el utilizar altas
concentraciones conlleva el uso de disolventes organicos como acetonitrilo y
metanol para incrementar la solubilidad del pesticida en agua (normalmente muy
baja), lo cual puede variar el comportamiento del pesticida con respecto a un

medio acuoso natural [Sanz-Asensio ef al.; 1999a].

1.9.2. Fotocatalisis

Debido a las caracteristicas quimicas que poseen los plaguicidas, son
contaminantes persistentes que resisten en grado variable la degradacion
fotoquimica, quimica y bioquimica, por lo que su vida media en el medio ambiente

puede ser elevada.

79




Capitulo I Introduccion

Actualmente, existen diversas tecnologias para la destruccidon de plaguicidas
en agua, que van desde tratamientos fisicos como la adsorcion, filtros percoladores
y degradacién térmica, hasta tratamientos biologicos y procesos avanzados de
oxidacion [Giroud et al.; 2010; Coppola et al.; 2011]. Los tltimos avances en la
depuracion de aguas, principalmente en la oxidacién de compuestos organicos
toxicos, persistentes y acumulables, utilizan tecnologias o procesos avanzados de
oxidacion, cataliticos quimicos o fotoquimicos, que involucran la generacién y uso
de especies, como el radical hidroxilo (OH*), el cual posee alta efectividad para la

oxidacion de la materia organica [Marin et al.; 2011; Plantard et al.; 2012].

Los radicales se generan en disoluciéon y, debido a que son agentes
fuertemente oxidantes, reaccionan frente a la mayoria de las moléculas organicas y
muchas especies inorganicas, principalmente mediante reacciones de abstraccion
de hidrégeno, generando radicales organicos libres (ecuacion 1), los cuales pueden
reaccionar con oxigeno molecular formando peroxirradicales (ecuacion 2).
Ademas, pueden iniciarse reacciones de oxidacion en serie que pueden conducir a

la mineralizacion completa de los compuestos organicos [Ismail et al.; 2011]:
OH* +RH — R* + H20 1)
R* + O2 —» RO2* — Productos + CO. (2)

La fotocatalisis heterogénea, una tecnologia de oxidacién avanzada, es un
proceso que se basa en la absorcion directa o indirecta por un sdlido, que
normalmente es un semiconductor, de fotones de luz, visible o UV, con energia
suficiente, igual o superior a la energia del gap del semiconductor, Egp. Las
reacciones de oxidacion o reduccidon se presentan en la superficie del sélido
excitado o en la region interfacial entre el sélido excitado y la disolucidn, sin que el

catalizador (el sélido) sufra cambios quimicos. En esta interfase hay una densidad
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local de carga diferente a la del seno de ambas fases, produciéndose un campo
eléctrico que actia como fuerza impulsora en el proceso de transferencia de carga.
La interfase semiconductor/ disolucién acuosa tiene como rasgo distintivo que la
redistribucion de carga se extiende significativamente, tanto del lado de la

disolucion, como del lado del semiconductor.

El TiO: es el semiconductor mas usado en fotocatalisis, debido a que es
quimica y biolégicamente inerte, no es tdxico, es estable a la corrosion fotoquimica
y quimica, es abundante y barato, ademas posee un gap de energia de 3,2 eV que
puede ser excitado con luz UV de A <387 nm, la cual puede ser aportada por la luz
solar. El diéxido de titanio Degusta P-25 es el material mas usado en aplicaciones
fotocataliticas ambientales [Ahmed et al.; 2011; Lambropoulou et al.; 2011]. El
producto es una mezcla de las fases cristalinas anatasa/ rutilo en proporcion 80:20,
con un 99,5% de pureza, posee un area superficial de 50 + 15 m? y un didmetro

promedio de 21 nm.
1.9.3. Cinética de degradacion. Ecuacion de velocidad

Las reacciones de degradacién de los pesticidas en agua pueden seguir
cinéticas de distintos 6érdenes, pero de forma general, se describen como reacciones
de primer orden. En estos casos, la representacion grafica del logaritmo de las
concentraciones en funcién del tiempo da una recta, cuya pendiente se puede
relacionar con la constante de degradacion (k) y ésta, con el tiempo de vida media
(t12) que indica la estabilidad del compuesto a través del tiempo, segun las

ecuaciones [Levine, 1978] :
In [Co] —In [C] =kt (3)
t12=0,693/k (4)
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Las reacciones que tienen interés en el medio ambiente son las producidas
por la luz solar, y para ello es necesario que el compuesto absorba a la longitud de

onda de la radiacion solar, por encima de 290 nm.

En aguas naturales, ademas de la reaccion de fotdlisis, se llevan a cabo
fotodegradaciones sensibilizadas debido a la presencia de compuesto o iones
naturales, tales como nitratos, nitritos, acidos htimicos, etc.; que aceleran la
degradacion del compuesto. Por esta razon, la determinacién de la velocidad de
fotdlisis directa de un compuesto se suele realizar en agua desionizada, tal y como

se ha hecho en este trabajo.
1.9.4. Identificacion de metabolitos. Técnicas analiticas

Las técnicas analiticas mas utilizadas en estudios de degradacion son GC
[Mukhopadhyay et al.; 2013; Peng et al.; 2013] y HPLC [Mazellier et al.; 2010;
Gatidou ef al.; 2011]. Ambas técnicas han sido usadas tanto para realizar estudios
cinéticos de degradacién como para identificar los productos de degradacion
obtenidos. En estudios de identificacidon, dichas técnicas se acoplan a un
espectrémetro de masas el cual permite identificar compuestos desconocidos,
cuantificar compuestos conocidos y elucidar la estructura y propiedades quimicas
de las moléculas. Dicho detector permite conocer la masa del compuesto a
identificar y la presencia o ausencia de atomos distintos al H, O o C en la molécula

pero no se puede conocer su estructura de forma exacta.

Por ello, hay estudios en los que la identificacion de analitos es mas
exhaustiva, utilizando la técnica de resonancia magnética nuclear (RMN) [Liu et al.;
2012; Sandin-Espafia et al.; 2013]. Esta técnica se fundamenta en las propiedades
magnéticas de los ntcleos atdmicos, en base a la interaccion del momento

magnético nuclear con un campo magnético externo Bo, que conduce a la
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generacion de un diagrama formado por diferentes niveles energéticos.
Proporciona asi, suficiente informacién estructural para la confirmacién de una
determinada estructura asi como para la identificacion y determinacién estructural

de un determinado compuesto organico.
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Capitulo 11 [ustificacion y objetivos

La aplicacion de productos fitosanitarios sigue siendo en la actualidad el
medio de lucha mas eficaz para combatir la incidencia de las principales
enfermedades fuingicas, responsables de las pérdidas econdmicas mas importantes
de este sector. Con el paso del tiempo, las sustancias activas fungicas de estos
productos fitosanitarios dejan de ser eficaces contra los hongos de las principales
enfermedades (mildiu, oidio y botritis) debido a fenémenos de resistencia. Por
dicho motivo, es necesaria la autorizacion de nuevas sustancias quimicas fingicas
denominadas “sustancias de nueva generaciéon” y la aprobacién y registro de
nuevos productos fitosanitarios que las contengan y que puedan aplicarse en este

sector.

Atendiendo a este hecho y al nuevo marco directivo que va a regular la
comercializacién y el uso en la Unién Europea de plaguicidas en los proximos
anos, se establece la siguiente hipdtesis de partida: “siempre y cuando las
concentraciones de los residuos de fungicidas de nueva generacion en uvas destinadas a
procesos de vinificacion sean inferiores a los LMRs establecidos por la legislacién, éstas
podrdn ser utilizadas en dicho proceso de elaboracion garantizando la calidad sanitaria del
producto final. Ahora bien, los residuos de estos plaguicidas podrian producir paradas
fermentativas, originar metabolitos de degradacién con una toxicidad superior a la de las
sustancias activas de partida y alterar la calidad organoléptica de los vinos debido a la

modificacion de la composicion polifendlica de éstos”.

El objetivo principal de la presente Tesis Doctoral es conocer cémo
evolucionan los niveles residuales de fungicidas de nueva generacion a lo largo del
proceso de vinificacién y como dichos residuos pueden influir en la fermentacion y

calidad organoléptica de los vinos elaborados con uvas tintas variedad
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Tempranillo, asi como identificar los metabolitos obtenidos mediante la aplicacion

de diferentes vias de degradacion.

En base a todo lo expuesto hasta ahora, se establecen los siguientes

objetivos mas concretos:

1. Desarrollar y validar nuevos protocolos analiticos para la determinacion de

niveles residuales de fungicidas en muestras enoldgicas.

2. Evaluar la evolucién de niveles residuales de fungicidas de nueva
generacion a lo largo de las diferentes etapas implicadas en los procesos de
vinificacién de uva tinta Tempranillo, desde la aplicacion en campo hasta

el embotellado del vino final.

3. Evaluar el efecto de la presencia de residuos de fungicidas de nueva
generacion sobre el curso de las fermentaciones y sobre la composicion

fenolica de los vinos obtenidos.

4. Conocer los metabolitos de degradacion generados mediante los procesos
degradativos de hidrdlisis, fotdlisis y fotocatdlisis y establecer las rutas

degradativas de estos procesos.
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Desarrollo de protocolos analiticos para la determinacion...

La metodologia analitica mas extendida para la determinacion de fungicidas
en muestras de uva, mosto y vino consta de diversas etapas: una extraccion inicial
solido-liquido o liquido-liquido con un disolvente o mezcla de disolventes
organicos; una separacion de las fases acuosa y organica combinada con una etapa
posterior de purificacién-concentracién; y finalmente, la determinacién de los

analitos de interés por diferentes técnicas cromatograficas.

I11.1.1. SEPARACION CROMATOGRAFICA

Como se explicd en la introduccion de este trabajo, una de las técnicas
instrumentales mas habituales para el analisis de fungicidas en muestras de uvas,
mostos y vinos es cromatografia de gases (GC) acoplada a detectores selectivos
como: detector de nitrogeno-fésforo (NPD), detector de captura de electrones
(ECD) y/o detector de espectrometria de masas (MS). Igual de eficaz resulta la
cromatografia de liquidos acoplada a un detector de fotodiodos (DAD), de MS y/o

de espectrometria de masas en tandem (MS/MS).

La separacién e identificacién de los ocho fungicidas objeto de estudio en
esta Tesis Doctoral se ha llevado a cabo mediante cromatografia de gases acoplada
a un detector ECD y a un MS de simple quadrupolo, tras la optimizacién previa de

las condiciones instrumentales.

La cuantificacion se realizo en todas las técnicas por el método del patrén o
estandar interno (IS). Para poder aplicar este método correctamente es necesario
que se cumplan los siguientes requisitos: la sefial del patrén interno debe estar bien
definida, no debe solapar con las sefiales de los analitos aunque su tiempo de

retencion debe ser similar y no debe estar presente en las muestras a analizar. Para
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la seleccion del patrén interno de cuantificacion se realizaron estudios preliminares
con varios compuestos, siendo finalmente tetradifon la sustancia elegida para ello
debido a que present6 una sensibilidad alta y un tiempo de retencién similar a los

analitos.

El cromatograma tipico de separacion de los fungicidas y el patron interno,
tetradifon, para GC-MS y GC-ECD en acetato de etilo se muestran en la figura IIL.1.
En el caso de GC-MS, se trabajo en modo SIM (single ion monitorization) con uno o
varios iones especificos (m/z) para incrementar la sensibilidad y selectividad del
analisis al eliminar posibles interferencias. En la seleccién de las relaciones m/z
caracteristicas para cada fungicida han primado diferentes factores como son la
abundancia relativa, la relacién m/z especifica y la no coincidencia de dicha
relacion en el espectro de masas de sustancias coextraidas procedentes de las

muestras que eluyen en el mismo tiempo de retencién.

I11.1.2. ANALISIS DE FUNGICIDAS EN MOSTO Y VINO

La técnica elegida para la extraccidon de los fungicidas objeto de estudio en
esta Tesis Doctoral ha sido la extraccion en fase sélida. La cantidad extraida para
cada compuesto depende de aquellos factores que afectan al rendimiento de la
extraccion. Factores tales como la fase so6lida utilizada y su acondicionamiento,
volumen de muestra, disolvente orgdnico que se utiliza como eluyente y su
volumen, asi como la composicion y volumen de la disolucion de lavado se pueden
considerar los mas importantes. Se ha estudiado la implicacidon de estos factores en

la extraccidén de manera univariante [ver Anexo I].
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Figura III.1. Cromatograma obtenido por (a) GC-MS y (b) GC-EDC en acetato de etilo.
Identificaciéon de los picos: 1 Vinclozolin; 2 Diclofluanida; 3 Penconazol; 4 Captan; 5

Quinoxifen; 6 Tetradifon (IS); 7 Fluquinconazol; 8 Boscalid; 9 Piraclostrobin.
I11.1.2.1. Tipo de fase so6lida

Los diferentes materiales adsorbentes usados en la extraccion de muestras

enolodgicas se resumen en la tabla IIL.1. con sus principales caracteristicas.
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Tabla III.1. Adsorbentes SPE empleados en la extraccion de fungicidas

Fase reversa

Caracteristicas

* Fase liquida polar y fase estacionaria apolar

* La retencion de los analitos organicos se debe a fuerzas atractivas entre los enlaces
C-N del analito y de los frupos funcionales superficiales de la silica. Para eluir el
analito se necesita un disolvente apolar que rompa esas uniones hidrofdbicas.

Tipos

Octadecil-
carbono (C18)

» La fase estacionaria es un polimero de silica con una cadena hidrocarbonada de 18
C: Si(CH3)zC1sH37.

> Aplicaciones: extraccion o retenciéon de compuestos como antibiéticos, drogas,
hidrocarburos, fenoles, esteroides, plaguicidas...

Poliestireno-
divinilbenceno
(PS-DVB)

Fase normal

Caracteristicas

> La fase estacionaria es una resina polimérica de estireno-divinilbenceno.
> Aplicaciones: retienen un amplio rango de compuestos, tanto polares como no
polares, mucho mas fuertemente que los rellenos de fase reversa de base silice.

* Fase liquida apolar y fase estacionaria polar

* La retencion de un analito a este tipo de fase se debe a interacciones hidrofilicas
(puentes de hidrogeno, dipolo-dipolo, entre los grupos funcionales polares del
analito con los grupos polares de la superficie del adsorbente. Para eluir un analito
adsorbido a esta fase se debe emplear un disolvente que sea mas polar que la
matriz original de la muestra.

Tipos

Alimina

> La fase estacionaria esta compuesta por 6xidos de aluminio que pueden presentar
diferentes grados de actividad en funcién de su Ph (acida, basica o neutra).

> Aplicaciones: extraccion por adsorcion de compuestos polares, ¢ omo vitaminas,
enzimas, antibidticos...

Silica

> La fase estacionaria es una silica no derivatizada, cuyos grupos hidroxilo libres
presentes en la superficie son responsables de la adsorcién de compuestos polares.
> Aplicaciones: extraccion de alcoholes, plaguicidas, cetonas, fenoles, esteroides. ..

Florisil

Intercambio iénico

» La fase estacionaria es un silicato de magnesio.
> Aplicaciones: extraccion por adsorcion de alcoholes, aminas, plaguicidas, fenoles...

* Los adsorbentes se suelen emplear con compuestos cargados que se encuentran en
una solucién generalmente acuosa.

Caracteristicas . - . . [
* El mecanismo principal de retencién son atracciones electroestaticas entre los
grupos cargados del analito y de la superficie del adsorbente.
> La fase estacionaria es un polimero de silica con un grupo aminopropil. Se
Aminopropil considera un débil intercambiador anidnico cuando se usa con disoluciones
(-NH2) acuosas, aunque también puede actuar en fase normal extrayendo componentes
polares de matrices apolares.
> Aplicaciones: acidos organicos fuertes, dcidos grasos, pigmentos...
@ Amina > La fase estacionaria es un polimero de silica de intercambio aniénico constituido
ey primaria y por unidades dde N-propiletilendiamina que contiene aminas primarias y
= . .
secundaria secundarias.
(PSA) > Aplicaciones: acidos organicos fuertes, acidos grasos, carbohidratos, pigmentos...
Fuert > La fase estacionaria consiste en un grupo amino cuaternario unido a la superficie
uerte s , : . spo.
. . de la silica, que actia como fuerte intercambiador aniénico.
intercambio - - .
i6nico (SAX) Aplicaciones: se emplea en la extracciéon de compuestos cargados negativamente
anidnico . . A
desde soluciones acuosas y no acuosas, como acidos carboxilicos, surfactantes...
Adsorcion

Carbon negro grafitizado

(GCB)

> La fase estacionaria, no porosa, posee una estructura de anillo hexagonal que le
confiere gran afinidad hacia compuestos organicos polares y no polares. La
retencién se basa en la estructura del analito y en la existencia de grupos
funcionales en el mismo que interacttie con la superficie del adsorbente.

> Aplicaciones: pigmentos, esteroles, componentes de frutas...
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La seleccién de la fase sdlida se realizo seguin la experiencia del equipo
investigador en estudios de compuestos similares, ademas de tener en cuenta la
polaridad de las sustancias a extraer. Por ello las dos fases estudiadas fueron:

octadecilsilano (Cis) y poliestireno-divinilbenceno (PS-DVB).

Tomando como condiciones de extraccion las correspondientes a trabajos
anteriores realizados para plaguicidas en mosto y vino en ambas fases sélidas, se
comprueba que mientras que la fase Cis retiene los analitos, la fase PS-DVB tiene
unas recuperaciones muy bajas (< 50% para todos los fungicidas de este estudio)
por lo que esta fase se descarta para posteriores estudios. La fase solida Cis se

seleccioné para realizar la optimizacién de la metodologia a seguir en SPE.

El acondicionamiento o activacion de esta fase, Cis, se realizé adicionando 5

mL de metanol y posteriormente 3 mL de agua grado Milli Q.

II1.1.2.2. Elucion. Tipo y volumen de disolvente

Tanto el eluyente como el tipo de fase sélida son esenciales en SPE y ambos
dependen de la naturaleza quimica de los analitos. Cuatro disolventes organicos
con diferentes polaridades fueron estudiados con el fin de seleccionar el mejor
disolvente para la extraccién: acetato de etilo, diclorometano, acetona y acetonitrilo
(constantes dieléctricas: 6,0/9,1/21/37 respectivamente). Acetato de etilo y acetona
son disolventes ampliamente usados como eluyentes en SPE debido a su capacidad

de elucién tanto de compuestos polares como apolares.

Tres muestras de vino tinto de 10 mL, cada una fortificada con 500 pg L' de
cada fungicida fueron extraidas con cada disolvente. La figura III.2. muestra las

recuperaciones totales obtenidas con cada disolvente utilizado.
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Figura III.2. Recuperaciones totales (Ri+R2+Rs...+Rn) con diferentes disolventes (n=3)

La elucion se llevo a cabo anadiendo mililitro a mililitro de cada disolvente
hasta que la extraccion en el ultimo mililitro fuese inferior al 1% para cada
fungicida. Asi, los volimenes necesarios para una elucién total fueron: 3 mL para
acetona, 3 mL para acetato de etilo, 4 mL para acetonitrilo y 5 mL para

diclorometano.

Acetonitrilo fue el disolvente con el que se obtuvieron las peores
recuperaciones con valores inferiores al 70% para cuatro fungicidas (diclofluanida,
captan, fluquinconazol y piraclostrobin). Los disolventes acetato de etilo y acetona
presentaron valores de recuperacion inferiores al 70% sdlo para diclofluanida y
piraclostrobin. Sin embargo, la eluciéon del cartucho con diclorometano ofreci6

buenas recuperaciones para todos los fungicidas estudiados.

Los disolventes acetona, acetato de etilo y acetonitrilo son disolventes

organicos que en general extraen un gran numero de interferencias presentes en la
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matriz de la muestra. Sin embargo, la elucién con diclorometano presentd

cromatogramas mas limpios al extraer un menor numero de interferencias.

Por ambas razones, el disolvente elegido para la extraccion de los
compuestos fue diclorometano dado que las recuperaciones obtenidas fueron
superiores al 70% para todos los fungicidas y los cromatogramas presentan un
menor numero de sefales correspondientes a compuestos presentes en la matriz.
El volumen necesario para eluir completamente todos los compuestos de la fase

solida fueron 5 mL.

I11.1.2.3. Etapa de lavado

Para comprobar la influencia de esta etapa en el rendimiento de la extraccion
se procedid al lavado del cartucho una vez retenidos en €l los analitos junto con
otras sustancias procedentes de la matriz. Las disoluciones de lavado estudiadas se
formaron con diferentes relaciones de agua y metanol, respectivamente: 10:0, 9:1,
7:3 y 5:5. La figura II1.3. muestra las recuperaciones obtenidas en el extracto final

utilizando las mezclas anteriores en la etapa de lavado.

Las recuperaciones obtenidas fueron similares para las mezclas 10:0 y 9:1,
siendo ligeramente menores para la mezcla 7:3 y muy bajas para la mezcla 5:5, en
las que la proporcién de metanol es mayor. Conforme aumenta la proporcion de
metanol en la mezcla de lavado, tiene lugar una reduccion en las recuperaciones de
los fungicidas, posiblemente debido a una mayor solubilidad de los plaguicidas en

disolventes organicos como es metanol.

Otro factor a tener en cuenta es la presencia de interferencias. La mezcla 10:0

no es capaz de eliminar gran parte de las interferencias presentes. Sin embargo, la
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adicién de una pequena proporcién de metanol al agua permite eliminar gran

parte de los compuestos de la matriz obteniéndose asi cromatogramas mas limpios.
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Figura III.3. Recuperaciones totales con diferentes mezclas de lavado (n=3)

Por ello, la relacion agua/metanol 9:1 fue seleccionada para los cartuchos Cis
siendo la relacidon que permite tanto una extraccion sin una pérdida significativa de
analitos como la obtenciéon de cromatogramas con un menor numero de

interferencias.

Posteriormente se realizd el estudio de diferentes volimenes de lavado.
Entre 2 y 10 mL fueron los volimenes estudiados de la mezcla seleccionada. Las
recuperaciones obtenidas fueron similares para todos los compuestos
independientemente del volumen de lavado utilizado, sin embargo, a mayor
volumen, las interferencias presentes en el cromatograma son menores. El volumen

utilizado de la mezcla 9:1 en esta etapa es de 10 mL.
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I11.1.2.4. Condiciones finales de SPE

Las condiciones establecidas para llevar a cabo la extraccion en fase sélida

fueron las siguientes:

1.

Activacién de la fase solida, Cis, con 5 mL de metanol mas 3 mL de agua

grado Milli Q.

. Una vez activada la fase, se pasan 10 mL de muestra (mosto/vino).

Se antaden 10 mL de disolucion de lavado H2O/MeOH (9:1) para eliminar
las posibles interferencias.

Se deja secar aproximadamente 20 minutos el cartucho mediante vacio con
el fin de eliminar el agua que pueda quedar de las etapas anteriores.

Se eluyen los analitos con 5 mL de diclorometano.

Se evapora el diclorometano a sequedad bajo corriente de nitrégeno.

Por udltimo se redisuelve la muestra en 10 mL de acetato de etilo,
disolucion a la que se le anade el patréon interno de cuantificacion

(tetradifon) para posteriormente analizarla mediante GC.

I11.1.3. ANALISIS DE FUNGICIDAS EN UVAS

Tres técnicas analiticas de extraccion fueron optimizadas, validadas y

comparadas a su vez con QUEChERS para el andlisis de los ocho fungicidas en

uvas de vinificacion: extraccién asistida por microondas (MAE), extraccion por

dispersion de matriz (MSPD) y extraccion sdlido-liquido (SLE).

La determinacion de las muestras extraidas por los diferentes métodos se

llevé a cabo por GC-MS con las mismas condiciones indicadas en los Anexos 11, I11

y IV.
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II1.1.3.1. Extraccion solido-liquido (SLE)

Muchas variables afectan a la extraccion solido-liquido como la adicién o no
de sal, el tipo y volumen de disolvente, la homogeneizaciéon o mezclado de la

muestra con el disolvente y la cantidad de muestra.

Inicialmente, se establecié como disolvente de extraccién de esta técnica

acetato de etilo [ver Anexo IV].

Para encontrar las mejores condiciones de extraccion, la concentracion de
NaCl (0,0-0,125 M), cantidad de muestra (10-25 g) y volumen de disolvente (10-30
mL) fueron optimizados mediante un disefio central compuesto (CCD) para los
ocho fungicidas. La cantidad de muestra result6 ser una variable significativa para
casi todos los fungicidas, excepto diclofluanida y piraclostrobin, y condujo a
recuperaciones mayores a niveles bajos. El volumen de disolvente mostré una
influencia negativa para boscalid y fluquinconazol, es decir, a mayor volumen
menor recuperacién, y la extraccion fue mejor a niveles de concentraciéon de sal
bajos. La optimizaciéon con la funciéon de deseo (figura III.4.) mostré valores
maximos de recuperacion con 15 g, 12 mL y 0,01M para las variables cantidad de

muestra, volumen de disolvente y concentracién de NaCl, respectivamente.

Una vez estas variables fueron optimizadas, se procedié a estudiar la
influencia de la homogeneizacién o mezclado entre muestra y disolvente de
extraccion. Diferentes técnicas y tiempos de homogeneizacion fueron ensayados.
Se procedié a una agitaciéon manual, orbital y con ultraturrax de las muestras
fortificadas a diferentes tiempos (2, 5 y 10 minutos) para cada técnica. Los

resultados mostraron que ultraturrando la muestra con acetato de etilo se
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conseguian las mayores recuperaciones. El tiempo de homogeneizacion fue

suficiente con 2 minutos. Un tiempo mayor, no condujo a mejores recuperaciones.

El método de extraccién optimizado es el siguiente [ver Anexo IV]: 15
gramos de uvas, 12 mL de acetato de etilo y 0,015 g de NaCl (que equivalen a 0,01
M) se mezclaron en un tubo de centrifuga de 50 mL. La mezcla fue homogeneizada
durante 2 minutos con ultraturrax y centrifugada a 6000 rpm durante 15 minutos.
La fase organica se secé con sulfato de sodio anhidro y se filtrd a través de lana de
vidrio. El extracto fue concentrado bajo corriente de nitréogeno hasta 5 mL con
TurboVap®. El patron interno fue anadido a una concentracién de 100 pg L' antes

de la determinacién por GC-MS.

A) B) Sin adicion de sal
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Figura IIL.4. Superficies de deseo: a) Concentracion de sal vs. cantidad de muestra (b)

Volumen de acetato de etilo vs. cantidad de muestra.
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II1.1.3.2. Extraccion asistida por microondas (MAE)

En primer lugar, se llevd a cabo un estudio preliminar para elegir el
disolvente mas apropiado para la extraccion [ver Anexos II y IV]. Para ello, se
realizé un estudio de recuperaciones en muestras fortificadas con 50 ug Kg? con
los siguientes disolventes: acetonitrilo, acetona, hexano/acetato de etilo (1:1),
diclorometano/acetato de etilo (1:1) y hexano/acetona (1:1). Las recuperaciones

obtenidas para cada fungicida y disolvente utilizado se muestran en la figura IIL5.

Los resultados obtenidos mostraron que las recuperaciones fueron mejores
para la mezcla hexano/acetona (1:1). Ademas, los cromatogramas obtenidos con

esta mezcla presentaron una linea base limpia y con menos interferencias.
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Figura III. 5. Recuperaciones para diferentes disolventes de extraccion con MAE

Una vez elegido disolvente, se realizé una optimizacion de las variables mas

importantes mediante disefio de experimentos. Se realiz6 un disefio factorial
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fraccional 2*! para estudiar cuatro variables en los siguientes rangos: temperatura
(70-120 °C), tiempo de extraccion (2-10 min), % hexano (40-80% v/v en la mezcla

extractante hexano/acetona) y volumen de disolvente (5-20 mL).

Los resultados de este disefio mostraron que las variables % hexano y
volumen de disolvente no fueron significativas para ningtn plaguicida por lo que
se fijaron valores para cada una: 50% (v/v) hexano y 10 mL de la mezcla

hexano/acetona como disolvente de extraccion.

Las otras dos variables, temperatura y tiempo de extraccion, fueron
significativas para algunos fungicidas. Por lo tanto, para estudiarlas de una manera
mas completa se llevd a cabo un CCD con los intervalos de valores deducidos de
los resultados del disefio anterior. Asi la temperatura se estudié entre 80 °C y 120
°C y el tiempo de extraccién entre 2 y 14 minutos. Las superficies de respuesta mas
representativas del comportamiento de los ocho fungicidas se muestran en la

figura IIL.6. para los fungicidas captan y boscalid.
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Figura II.6. Superficies de respuesta para captan y boscalid.
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Todos los fungicidas presentaron un comportamiento y superficie muy
similar a la representada para boscalid, excepto diclofluanida, cuyo
comportamiento y resultado fue similar a captan. La superficie de deseo fue
calculada, mostrando como valores 6ptimos 105 °C para temperatura y 10 minutos
para tiempo de extraccion [ver Anexo II], usando estos valores para los posteriores

experimentos.

Asi, el método de extraccion asistido por microondas utilizado fue el
siguiente [ver Anexo II]: 2,0 £ 0,1 g de uva fueron pesados en los tubos de teflén de
microondas y se afiadieron 10 mL de la mezcla hexano/acetona (1:1) a cada
muestra. El horno fue colocado a una potencia de 600 W, subiendo la temperatura
desde 0 °C hasta 105 °C en un tiempo de 5 minutos, manteniendo esta temperatura
10 minutos. Las muestras fueron agitadas mediante el uso de imanes durante todo
el proceso. Después de la extraccidn, los tubos se dejaron enfriar a temperatura
ambiente antes de abrirlos. El agua del sobrenadante fue eliminada afiadiendo
sulfato de sodio anhidro y filtrando con lana de vidrio. El residuo se lavo 2 veces
con 2 mL de hexano/acetona (1:1) y se incorpord al sobrenadante obtenido.
Finalmente estos extractos se evaporaron bajo corriente de nitrégeno ajustando el
volumen final a 5 mL. El patrén interno, tetradifon, se afadié al final a una

concentracion de 100 pg L.

I11.1.3.3. Extraccion por dispersion de matriz (MSPD)

Estudios preliminares

Inicialmente, se estudié6 de manera univariante el tipo de fase sdlida a
utilizar. Para ello, se probaron tres fases muy utilizadas en la extracciéon de

plaguicidas como son Cis, florisil y aliimina, usando la misma cantidad de fase
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solida que de muestra (0,5 g de fase y 0,5 g de uva). Esta se fortificd con los
fungicidas objeto de estudio a un nivel de concentracion de 50 pg kg' para cada
uno de ellos. Las tres fases fueron eluidas con una secuencia de 10 mL de
diclorometano seguidos de 10 mL de acetato de etilo, dos disolventes con los que
se habian obtenido buenos resultados en trabajos anteriores [ver Anexo I]. Ademas,
se anadié 1 g de silica en la parte baja de la columna de extraccidon con el fin de
limpiar el extracto, ya que se recomienda para extractos de frutas y verduras. En la
figura IIL.7. se muestran las recuperaciones obtenidas en cada caso con las

condiciones inicialmente propuestas para el estudio de las diferentes fases solidas.
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Figura III. 7. Recuperaciones para diferentes fases sélidas con MSPD

La fase solida Cis presentd los mejores valores de recuperacion para todos
los compuestos estudiados con valores comprendidos entre 59% y 91%, florisil los
peores con recuperaciones entre 18% y 84% vy, alimina present6 valores
intermedios en general, siendo la fase con la que peor se extrajo el fungicida captan

en las condiciones inicialmente propuestas. Por ello, en vista de estos resultados se
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descartaron las fases florisil y aliimina y se continué la optimizacién del método de

extraccion por dispersion de matriz utilizando la fase Cis.

Optimizacion del método de extraccion por dispersion de matriz (MSPD)

Las variables a optimizar fueron: cantidad de fase solida Cis, % (v/v) acetato
de etilo en una mezcla de extraccion compuesta por acetato de etilo y

diclorometano y volumen de elucién [ver Anexo III].

Puesto que eran tres las variables a estudiar, se utilizé un disefio central
compuesto. La influencia de la cantidad de fase so6lida se estudié entre 0,5 g (nivel
bajo) y 2,0 g (nivel alto) y el % (v/v) de acetato de etilo en la mezcla de elucién
entre 0% y 100%. El volumen de la mezcla acetato de etilo/diclorometano vario6

entre 5-20 mL. La cantidad de muestra en los experimentos se fijé en 0,5 g.

Las superficies de respuesta mas caracteristicas y representativas de los
compuestos estudiados fueron las de vinclozolin y penconazol (figura IIL8.). De
manera general, las superficies de respuesta de quinoxifen, diclofluanida, captan,
fluquinconazol, piraclostrobin y boscalid fueron muy similares a la de vinclozolin.
La respuesta éptima para estos compuestos se observé para 1,35 g de fase Cis y 12
mL de la mezcla de elucién con 60% (v/v) de acetato de etilo. Sin embargo, para
penconazol, los mejores resultados se obtuvieron con el mismo volumen de mezcla
eluyente, 12 mL, pero una cantidad de 2,0 g para la fase Cis y un 30% (v/v) de
acetato de etilo en la mezcla extractante. Asi, se procedid a calcular la funcion de
deseo [ver Anexo III] con el fin de llegar a unas condiciones 6ptimas para todos los
fungicidas. Esta funcién mostré como resultados finales: 1,5 g de la fase solida Cis
(una relaciéon 3/1 con respecto a la cantidad de muestra) y 10 mL de la mezcla

diclorometano/acetato de etilo con un porcentaje del 50% (v/v) de acetato de etilo.
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Una vez optimizadas todas las variables, el método final utilizado fue el
siguiente: 0,5 g de muestra se mezclaron con 1,50 g de Cis en un mortero de vidrio

hasta que se obtuvo una mezcla homogénea.

B) Vinclozolin
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Figura IIL.8. Superficies de respuesta: (a) % acetato de etilo vs. volumen de disolvente para
vinclozolin; (b) cantidad de fase sélida vs. volumen de disolvente (vinclozolin); (c) cantidad
de fase sélida vs. volumen de disolvente (penconazol); (d) % acetato de etilo vs. volumen de

disolvente (penconazol).

Esta mezcla fue transferida a una columna formada con una jeringa y un

filtro de celulosa colocado en la parte inferior a la cual se la anadié 1 g de
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adsorbente (silica) para limpiar los extractos. Diez mililitros de la mezcla eluyente
(diclorometano/acetato de etilo (1:1)) fueron afadidos a la columna y eluidos gota
a gota aplicando un ligero vacio. La porcion eluida fue recogida en un tubo y
evaporada bajo corriente de nitrégeno hasta un volumen de 5 mL. Antes de
analizarlo por GC-MS, se afiadieron 100 pg L de tetradifén para compensar la

respuesta cromatografica.

I11.1.3.4. Extraccion QuEChERS

El método QuEChERS wusado esta basado en el desarrollado por
Anastassiades ef al. [2003] y posteriores modificaciones. Se pesaron 10 g de uva en
tubos de centrifuga de 50 mL [ver Anexo IV]. Las muestras fueron extraidas con 10
mL de acetonitrilo (1% (v/v) acido acético) durante 1 minuto con vortex. Después,
se afladieron 4 g de MgSOs anhidro y 1 g de NaCl. La mezcla fue agitada durante
otro minuto con vortex y centrifugada 6 minutos a 5000 rpm. Se tom¢ una alicuota
de 5 mL del sobrenadante y se afiadid a otro tubo limpio de centrifuga,
anadiéndole posteriormente 250 mg de PSA como fase dispersiva y 750 mg de
sulfato de magnesio. Se agit6 la mezcla durante otro minuto y se centrifugd a 5000
rpm, 3 min. Se anadié el patrén interno, tetradifén y se coloco en un vial para su

analisis por GC-MS.

II1.1.4. CALIBRADO EN EXTRACTO DE MATRIZ

Debido al aumento de sefial que presentaron algunos compuestos en las
matrices estudiadas, el calibrado se realizé en extractos de matriz de mosto, vino y
uva. En la Tabla IIL.2 se resumen las relaciones entre las pendientes medidas en
disolvente orgdnico y extracto de matriz segun el método de extraccién. Los

disolventes orgdanicos utilizados para realizar el calibrado fueron acetato de etilo
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(para SPE y SLE), acetonitrilo para QuEChERS, hexano/acetona (1:1) para MAE y
diclorometano/acetato de etilo (1:1) para MSPD. Para llevar a cabo el extracto en
matriz, muestras de las matrices estudiadas sin fungicidas fueron sometidas a los
procesos de extraccion anteriormente explicados segin la matriz analizada. Una
vez se obtuvieron los extractos con los componentes de la matriz, éstos fueron

fortificados con concentraciones crecientes de fungicidas.

En la mayoria de los plaguicidas se observaron pendientes mayores cuando
se realiza calibrado en matriz, siendo en muchos casos la diferencia de pendientes
significativa por lo que se usaron estos calibrados tanto para la validacién de los
métodos analiticos como para el analisis de muestras, evitando asi recuperaciones

mayores de 120%.

Tabla III.2. Relacion de pendientes entre extracto de matriz y disolvente para los diferentes
métodos de extraccion de plaguicidas en mosto/vino (SPE) y uvas.

Relacion de pendientes (extracto de matriz/disolvente organico)

Fungicida
SPE SLE MAE MSPD QuEChERS
Vinclozolin 1,4 1,4 2,0 1,8 15
Diclofluanida 1,4 1,6 1,5 2,1 1,3
Penconazol 1,3 1,4 1,3 1,6 1,4
Captan 14 14 1,2 1,2 1,3
Quinoxifen 1,2 1,1 1,4 0,9 15
Fluquinconazol 1,4 1,7 0,9 1,5 14
Boscalid 1,2 15 1,0 1,1 1,3
Piraclostrobin 0,9 1,2 1,4 1,3 1,4

[11.1.5. PARAMETROS DE CALIDAD DE LOS METODOS DE
ANALISIS

El protocolo analitico propuesto en esta Tesis para la determinaciéon de

fungicidas en muestras enoldgicas conlleva la evaluacién distintos parametros de
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calidad tales como: selectividad, recuperacion, precision, linealidad y limites de
deteccion (LDs) y cuantificacion (LCs) [ver Anexos II, III, IV]. Se puede afirmar
que todos los métodos optimizados en este capitulo son métodos cuantitativos,
selectivos, precisos, con respuesta lineal y suficientemente sensibles como para
determinar los residuos de los fungicidas en las muestras estudiadas a niveles
inferiores a los LMRs establecidos por la legislacién. En general, los porcentajes de
recuperacion de los fungicidas estudiados en las diferentes matrices evaluadas
oscilaron entre 70 % y 120 %. Los valores de precisién de los métodos, expresada
como desviacion estandar relativa (DER, %) fueron inferiores a 15% en todos los

casos.

En el estudio de la matriz uva, se compararon los cuatro métodos
optimizados en términos de linealidad, recuperacion, limites y precision [Anexo
IV] con el fin de determinar cudl ofrece mejores parametros. Segin los datos
obtenidos, MAE resultd ser el método mas preciso, con limites de cuantificacion
inferiores a los otros tres métodos y con mayores recuperaciones. Ademas, este
método es mas rapido ya que permite realizar mayor niimero de determinaciones
al mismo tiempo y no necesita demasiada preparacion de muestra ni adicion de

sales u otros reactivos sélidos, lo cual conlleva pérdida de tiempo en su pesada.

Asi, el método de extraccion asistida por microondas fue el método elegido
para llevar a cabo las determinaciones de los residuos en uvas vendimiadas y en
las lias obtenidas en las vinificaciones llevadas a cabo durante los tres afios en los

que se ha realizado este trabajo.
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Distribucién de los residuos de fungicidas en las partes de la uva. ..

Los diferentes modos de acciéon de los productos fitosanitarios aplicados
podrian explicar las diferentes localizaciones y concentraciones encontradas de sus
residuos en frutas y vegetales [Pérez-Clavijo et al.; 1996; Sanz-Asensio et al.; 1999b;
Teixeira et al,; 2004]. Mientras que a los pesticidas sistémicos y penetrantes
(sistémicos locales) se espera encontrarlos en la pulpa, los pesticidas de contacto

estarian preferiblemente localizados en la piel [Coscolla, 2004].

I11.2.1. ESTUDIO “IN VITRO” DE DISTRIBUCION DE RESIDUOS EN
UVA.

Se 1llevo a cabo un estudio “in Vitro” de la distribuciéon de ocho fungicidas
(vinclozolin, diclofluanida, captan, penconazol, quinoxifen, fluquinconazol,
boscalid y piraclostrobin) en las diferentes partes de la uva (superficie, piel y
pulpa) con objeto de comprobar si existe una correlacién entre el modo de accién

de cada fungicida y su localizacién en la fruta

Para ello, se sumergieron 25 gramos de muestra (granos enteros de uva) en
disoluciones de cada fungicida a tres niveles de concentracion diferentes (0,50 mg
L1, 2,00 mg L1y 5,00 mg L, correspondientes a 1, 4 y 10 ug g7, respectivamente)
en vasos de precipitados de 250 mL. Las muestras se mantuvieron tapadas y en
oscuridad a 4 °C durante 1, 3, 7, 15, 25 y 35 dias. Las concentraciones elegidas
fueron similares o mayores a los LMR para poder observar la distribucién en las
diferentes partes de la uva. El estudio se realizé por triplicado. La presencia de
fungicida en uva fue calculada como la suma de las cantidades encontradas en las

tres partes estudiadas: superficie, piel y pulpa.
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La extraccién de los fungicidas de las diferentes partes de la uva se realizo
con tres métodos distintos validados para determinar la concentraciéon de los
fungicidas en superficie, piel y pulpa de la uva. La extraccién de residuos en
superficie se llevo a cabo ultrasonicando las muestras con agua como disolvente de
extraccion. El analisis de residuos en piel se realizé de forma similar utilizando en
este caso acetato de etilo y realizando dos veces el mismo proceso para conseguir
una extraccién completa. Por tltimo, los residuos que penetraron al interior de la
uva y que permanecen en pulpa se determinaron mediante MAE. Una explicacién
mas detallada de cada método de extraccion y de los pardmetros de validacion se

puede observar en el Anexo V.

Las concentraciones de residuos encontradas y los porcentajes totales de
retencion en uva (calculados en funcion de la concentracién inicial) se muestran en
la tabla IIL.3. Segtn estos datos, la cantidad de fungicida total en uva aumentd
acorde aumenta la concentracion inicial, es decir, se encuentra mayor
concentracion de residuos en las uvas sumergidas en disoluciones de mayor
concentracion. Ademas, conforme mas dias estan las uvas sumergidas en la
disolucion de fungicida, mayor cantidad total de residuo presenta el fruto y por lo
tanto mayor es el porcentaje de retencidon. Sin embargo, se observa que el
porcentaje total de residuo encontrado para un mismo periodo de tiempo es muy
similar en los tres niveles de concentracién estudiados y por tanto, se puede decir
que no depende de la concentracion inicial de la disolucién en contacto con las

uvas.

De los fungicidas estudiados, la mayor cantidad encontrada de residuo en
uva fue para quinoxifen (entre un 107-116% de retencion sobre la cantidad inicial),

seguido por piraclostrobin (83-91%), fluquinconazol (73-77%) = boscalid (72-76%),
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Tabla III.3. Concentracion de residuos de fungicida y porcentajes totales de retencion

(respecto a la concentracién inicial) en uva a tres niveles de concentracion.

Concentracion de la disolucion

Tugg! 4pugg! 10ugg!
1 -1 -1
Dias Hg 8 o Hg g o Hg g o
(RSD, %) (RSD, %) (RSD, %)
1 0,24 (4,2) 24,2 0,86 (10,1) 21,6 1,86 (6,4) 184
3 0,30 (1,8) 29,9 1,04 (4,4) 26,1 2,41 (1,4) 24,0
7 037 (1,3) 367 1,51 (2,0) 378 3,18 (3,0) 31,0
15 0,44 (9,6) 44,0 1,69 (4,7) 422 3,72(3,1) 37,7
25 0,52 (8,4) 51,5 1,94 (51) 484 4,74 (7,5) 47,3
35 059 (22) 594 2,30(51) 57,3 524 (84) 523
1 0,15(4,8) 14,6 0,57 (3,4) 14,3 1,38 (6,8) 13,8
3 0,12(8,8) 12,4 0,67 (4,9) 168 1,17(1,8) 11,7
7 0,17 (9,3) 17,2 0,83 (7,00 207 1,58 (3,2) 158
15 0,18 (3,2) 184 0,96 (9,9) 24,0 2,10(7,5) 21,0
25 0,25 (6,0) 24,8 1,05 (2,4) 263 2,68(3,4) 268
35 034(22) 343 1,51 (55) 37,9 319(34) 31,9
1 0,14 (1,8) 138 047(0,9 11,8 1,78(3,2) 17,8
3 0,16 2,6) 16,0 0,77 (2,8) 19,2 2,20 (6,4) 22,0
7 0,21(8,9) 21,1 1,68 (8,6) 42,1 2,31(6,6) 23,1
15 0,58 (6,0) 58,2 2,17 (8,1) 54,3 53311,2) 533
25 0,60 (7,0) 59,9 2,44 (1,6) 609 6,29 (89) 629
35 0,64 (31) 64,22 2,45(3,7) 612 6,62 (1,1) 66,2
1 0,06(36) 64 03732 92 089(77) 89
3 0,10 8,5) 10,2 0,51 (1,4) 127 1,02(3,7) 10,2
7 0,13(1,8) 13,0 0,61(82) 153 1,74 (6,9) 174
15 0,18 (3,4) 17,9 0,83 (54) 207 2,15(6,2) 21,5
25 0,22 (63) 22,1 1,02(6,3) 256 2,75(1,4) 275
35 0,27 (2,9) 26,6 1,27 (9,8) 317 3,08(6,9) 308
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Tabla II1.3. Continuacién

Concentracion de la disolucion

Tugg! 4pugg! 10 g g?
1 -1 -1
Dias Hg g o Hg g o Hg g o
(RSD, %) (RSD, %) (RSD, %)
1 0,86 (7,1) 857 371(1,2) 92,7 8,84 (94) 884
3 0,89 (2,2) 892 378 (55) 94,5 8,68 (82) 864
7 094 (38 935 387(51) 968 9,03(22) 903
15 09937 988 414(47) 103 9,28(1,8) 928
25 1,01 (10,1) 101 436 (6,9) 109 10,6 2,0) 106
35 1,11 (54) 111 467 (48 116 10,7 2,0) 107
1 037(83) 368 1,33(2,7) 333 331(56) 331
3 0,39 (9,4) 39,0 1,74 (7,8) 435 397 (7,3) 397
7 049 (2,7) 487 2,08(25) 52,1 4,69 (1,0) 46,9
15 0,58 (9,0) 582 2,49 (49) 62,2 6,14 (43) 614
25 0,68 (4,0) 684 2,66 (6,4) 66,4 6,88 (6,4) 688
35 074 (1,1) 741 291 (2,5 72,8 7,68 (52) 768
1 0,33 (48) 326 1,13(7,8) 28,0 2,78 (3,4) 27,8
3 035(,3) 351 1,34 (2,6) 336 3,66 (4,1) 36,6
7 043(52) 428 1,56 (9,1) 39,3 461(55) 46,1
15 053(26) 532 2,04 (60) 51,3 583(87) 583
25 06282 622 2,66 (62) 66,7 7,03(8,3) 70,3
35 072 (37) 724 303(1,9 755 7,37 (74) 73,7
1 0,52 (6,6) 524 2,03(41) 50,8 4,67 (9,0) 46,7
3 0,60 (53) 60,5 2,54 (81) 63,6 582 (7,2) 583
7 0,66(72) 656 2,79(52) 69,8 6,23(1,8) 624
15 0,75(6,9) 751 30932 77,2 6,87 (2,6) 687
25 0,84 (9,5) 842 3,30 (6,5) 824 791(23) 791
35 0,88(24) 882 365(59) 91,1 8,28(63) 828
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penconazol (61-66%), vinclozolin (52-59%), diclofluanida (32-38%) y captan (27-
32%). En la tabla IIL.4.; se muestran los porcentajes de distribucion en cada parte de
la uva respecto a la cantidad total de residuo encontrada en funcién del tiempo.
Para todos los fungicidas estudiados, el mayor contenido de residuo se encontré en
piel, independientemente de la concentracion inicial y del modo de accién de cada
compuesto (contacto o sistémico), aunque el % que se encuentra en esta parte de la
uva si que se ve influenciado por éste ultimo factor, siendo mayor para los

fungicidas de contacto.

Los porcentajes obtenidos en piel fueron superiores a 53,0%. En general,
fungicidas sistémicos como quinoxifen, fluquinconazol, boscalid y piraclostrobin
mostraron valores entre 50-60% en esta parte de la uva, mientras que aquellos cuyo
modo de accién es de contacto como vinclozolin, diclofluanida y captan
presentaron porcentajes superiores, comprendidos entre 70-85%. En pulpa, la
concentracion de residuos varié entre 9,6% y 41,7%. Los fungicidas de contacto
mostraron valores inferiores a 20%, mientras que para los fungicidas sistémicos la
penetracion en pulpa fue mayor y los porcentajes oscilaron entre 20% y 40%. La
concentracion encontrada en la superficie del fruto oscilé entre 1,3% y 20,2%,

siendo independiente del modo de accién que presente el fungicida.

De manera general, se observaron porcentajes muy similares entre el primer
y ultimo dia de estudio en piel para todos los fungicidas. Sin embargo, en
superficie principalmente disminuyen y en pulpa aumentan. Parece establecerse
un equilibrio entre la disolucidn y la piel del fruto, comprendiendo una difusion de
los residuos encontrados inicialmente en la superficie a través de la capa
intermedia, piel, hasta la pulpa. Este hecho podria ser debido a la continua

exposicion de las uvas con la disolucién inicial durante todo el estudio.
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Tabla III. 4. Variacion de porcentajes de distribucion en las diferentes partes de la uva
durante 35 dias

Concentracion
Fungicida
4 pgg'
) ) Superficie: 2,3-1,3% Superficie: 1,4-4,4% Superficie: 4,3-2,6%
Vinclozolin | pje|: 83 4-81,2% Piel: 88,4-79,0% Piel: 85,0-79,5%
Pulpa: 14,3-17,5% Pulpa: 10,2-16,6% Pulpa: 10,7-17,9%
. . Superficie: 9,4-7,3% Superficie: 7,2-16,3% Superficie: 9,1-6,7%
Diclofluanida | pjel: 79,5-73,0% Piel: 80,5-69,4% Piel: 81,3-72,8%
Pulpa: 11,2-19,7% Pulpa: 12,3-17,7% Pulpa: 9,6-20,5%
Superficie: 12,6-6,4% Superficie: 10,8-5,8% Superficie: 11,8-4,4%
Captan Piel: 71,7-75,6% Piel: 73,6-72,0% Piel: 71,4-77,6%
Pulpa: 15,7-18,0% Pulpa: 15,6-22,2% Pulpa: 16,8-18,0%
Superficie: 8,4-2,5% Superficie: 7,2-5,2% Superficie: 16,1-9,2%
Penconazol Piel: 74,6-72,1% Piel: 76,2-72,3% Piel: 66,9-72,9%
Pulpa: 16,8-26,1% Pulpa: 17,6-24,0% Pulpa: 17,1-21,7%
. ' Superficie: 20,2-9,4% Superficie: 15,1-7,3% Superficie: 14,8-9,8%
Quinoxifen Piel: 54,1-56,1% Piel: 55,4-58,0% Piel: 54,4-58,9%
Pulpa: 25,7-34,5% Pulpa: 29,5-34,7% Pulpa: 30,8-31,3%
. Superficie: 17,3-3,5% Superficie: 14,8-4,4% Superficie:11,4-4,1%
Fluquinconazol Piel: 60,9-60,8% Piel: 62,0-57,4% Piel: 63,1-58,2%
Pulpa: 21,8-35,7% Pulpa: 23,2-38,2% Pulpa: 25,5-37,7%
. Superficie: 18,2-4,0% Superficie: 8,1-3,8% Superficie: 10,2-6,9%
Boscalid Piel: 53,1-56,4% Piel: 63,2-58,4% Piel: 60,2-55,2%
Pulpa: 28,8-39,6% Pulpa: 28,7-37,8% Pulpa: 29,7-37,9%
' . Superficie: 14,4-5,2% Superficie: 12,2-7,9% Superficie: 12,3-7,4%
Piraclostrobin | pje|: 55 1-53,0% Piel: 57,6-53,0% Piel: 57,5-56,3%
Pulpa: 30,5-41,7% Pulpa: 30,2-39,2% Pulpa: 30,1-36,2%

Con estos datos, se evaluo la penetracion en pulpa para cada compuesto a
través de la relacion Q que se define como: cantidad que penetra en pulpa por

cantidad encontrada en piel. Se observo que a pesar de trabajar con tres
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concentraciones iniciales diferentes de fungicida, la relacién Q no presentaba
diferencias significativas en un nivel de confianza de 95% entre concentraciones
para un mismo periodo de tiempo, por lo que se puede decir que la relacién entre
la concentracion que penetra en pulpa y la que permanece en piel no es
dependiente de la concentracion inicial. Los valores medios obtenidos de Q para
las tres concentraciones iniciales estudiadas se muestran en la figura IIL9,;

ordenados de menor a mayor.

PENETRACION PULPA/PIEL (Q)

0,8
0,7 @ vinclozolin

M diclofluanida
0,6 O captan

O penconazol
0.5 M quinoxifen

@ fluginconazol

Q B boscalid
O piraclostrobin

piraclostrobin
boscalid
fluginconazol
quinoxifen
penconazol

captan
diclofluanida

vinclozolin

Figura IIL.9. Valores medios de Q (relacion pulpa/piel) para las tres

concentraciones estudiadas durante 35 dias.
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En dicha figura, se puede observar que los pesticidas estudiados se agrupan
en funcién del valor de Q. Pesticidas no sistémicos (o de contacto) como
vinclozolin, diclofluanida y captan mostraron valores inferiores a 0,40 mientras
que los sistémicos o penetrantes como quinoxifen, fluquinconazol, boscalid y
piraclostrobin, mostraron valores superiores a 0,40 excepto penconazol que aun
siendo un pesticida sistémico, presenta valores mds acordes con aquellos pesticidas

de accién local.

Asi, se puede concluir seglin estos datos que la penetracion en pulpa fue
mayor para fungicidas que presentan un modo de acciéon penetrante o sistémico.
Por tanto, se encuentra una correlacion en todos los casos excepto para penconazol,

entre el modo de accion del pesticida y el grado de penetracion al interior del fruto

(pulpa).

I11.2.2. ESTUDIO EN CAMPO DE DISTRIBUCION Y EVOLUCION DE
RESIDUOS EN UVA.

En la campafia de 2009, cien cepas de la variedad tempranillo y de la
Denominaciéon de Origen Calificada Rioja, fueron seleccionadas para llevar a cabo
un estudio de la evolucion y distribucién de residuos de piraclostrobin y boscalid
en las diferentes partes de la uva. Estas cepas fueron tratadas a finales de julio con
las tres formulaciones objeto de estudio: Cantus® (50% p/p boscalid), Cabrio Top®
(5% p/p piraclostrobin) y Bellis®, mezcla de ambos fungicidas (piraclostrobin
12,8% p/p; boscalid 25,2% p/p) a las dosis recomendadas por el fabricante (BASF,
Espafia), 1,0, 2,0 y 0,8 kg por hectarea, respectivamente. Las muestras de uva

fueron recogidas a los dias 1, 3, 7, 15, 25 y 35 después de realizar la aplicacién. Se

122




Distribucién de los residuos de fungicidas en las partes de la uva. ..

eligié un plazo maximo de 35 dias debido a que es el plazo de seguridad mas alto

que presentan las formulaciones utilizadas, en concreto, Cabrio Top®.

Los residuos en uva fueron analizados mediante los mismos métodos de
utilizados para el estudio llevado a cabo en laboratorio [Anexo V]. La proporcién
encontrada en cada parte del fruto se muestra en la figura IIL10. para
piraclostrobin y en la figura IIL11. para boscalid, tanto para los tratamientos
individuales (Cabrio Top®, piraclostrobin y Cantus®, boscalid) como para la

mezcla (Bellis®).

Piraclostrobin

Como ya se habia observado en el laboratorio (tabla IIL.4), los valores de
residuos encontrados para este fungicida en piel oscilaron entre 53% y 58%. Sin
embargo en la aplicacién individual en campo, figura III.10, la concentracién en
piel no llega a alcanzar el equilibrio observado en el estudio de laboratorio,
disminuyendo de 76% hasta 58%. Los residuos encontrados en superficie y piel
penetran en pulpa conforme pasan los dias de experimento, aumentando asi la

concentracion en esta ultima desde 10% a 39%.

En superficie se encontrd la menor concentracion de residuos, disminuyendo
la proporcién en los siguientes dias a su aplicacion. Factores climatoldgicos o el
paso de estos residuos a partes internas de la uva (piel o pulpa) pueden dar lugar a

esta disminucion.

Si se comparan los porcentajes medios, considerando los diferentes niveles
de concentracién, obtenidos en laboratorio para cada parte de la uva después de 35
dias de estudio (superficie 6,8%, piel 54,1% y pulpa 39,0%) con los valores

obtenidos en campo para el tratamiento individual (superficie 3,3%, piel 58,0% y
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pulpa 38,7%) se puede decir que no hay diferencias. El valor obtenido para la
relacion Q) entre los residuos de pulpa y piel fue de 0,668 = 0,017 para el
tratamiento individual mientras que en laboratorio los valores oscilaron entre 0,534
+ 0,019 para el primer dia después del tratamiento y 0,714 + 0,063 para el dia 35.
Estos datos demuestran que se pueden extrapolar las conclusiones obtenidas en el

laboratorio a lo que suceda en campo.

Dia 1 Piraclostrobin (Cabrio Top) Dia 35 Piraclostrobin (Cabrio Top)
3,3%

o Piel !
o Pel
B Pulpa
H Pulpa
0O Superficie
O Superficie
Dia 1 Piraclostrobin (Bellis) Dia 35 Piraclostrobin (Bellis)
2,4%
O Piel O Piel
B Pulpa | Pulpa
O Superficie O Superficie

Figura III.10. Distribucion de los residuos de piraclostrobin en las diferentes partes de la uva

(superficie, piel y pulpa) para el tratamiento individual (Cabrio Top®) y mezcla (Bellis®).
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Por el contrario, en el caso de la aplicacion mezcla, la proporcion en piel se
mantiene constante a lo largo de los 35 dias mostrando un equilibrio como el que
se observaba en el estudio realizado en laboratorio. Asi, los residuos que
inicialmente se encuentran en superficie son los que van penetrando, a través de la
piel, hasta la pulpa. La distribucién final encontrada en uva (superficie 2,4%, piel
75,0% y pulpa 22,6%) no coincide con la distribuciéon obtenida en el laboratorio
Como se puede observar, la penetracion a pulpa fue menor, ofreciendo un valor de
Q de 0,301 + 0,020. Estos datos muestran la influencia que tiene la presencia de

boscalid en la distribucién de piraclostrobin en las diferentes partes de la uva.

El porcentaje de reduccién de la cantidad total de fungicida encontrada
inicialmente y la cantidad final obtenida después de 35 dias fue del 90%
aproximadamente para el tratamiento individual y de un 93% en el caso de la
mezcla por lo que se puede suponer que la disipacion total de los residuos de este
fungicida para ambos tratamientos es muy similar, aunque difiera en su

distribucion en las partes de la uva.

Boscalid

Como ocurria para piraclostrobin y el resto de fungicidas estudiados,
boscalid mostré un equilibrio en piel cuando el estudio se realizé en laboratorio.
En dicho estudio, la concentracion en esta parte de la uva oscilé entre 53% y 63%
entre las distintas concentraciones y a lo largo de los 35 dias. El aumento en el
contenido en pulpa parece estar relacionado con la disminucién observada en

superficie, residuos que pasan a piel y posteriormente a pulpa.
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Sin embargo, la aplicacion en campo no muestra ese equilibrio en piel (ver

figura III.11). Gran parte de la cantidad de residuos inicial encontrada en piel se

distribuye posteriormente entre la superficie y la pulpa en ambos tratamientos.

Dia 1 Boscalid (Cantus)

1.8%

O Piel
B Pulpa

0O Superficie

Dia 1 Boscalid (Bellis)

—24%
%

9:8% @ Piel

| Pulpa

0O Superficie

Dia 35 Boscalid (Cantus)
6.5%

o Piel
| Pulpa

0O Superficie

Dia 35 Boscalid (Bellis)

O Piel
| Pulpa

0O Superficie

Figura II1.11. Distribucién de residuos de boscalid en las diferentes partes de la uva

(superficie, piel y pulpa) para el tratamiento individual (Cantus®) y mezcla (Bellis®).
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Igual que ocurria en el caso de piraclostrobin como tratamiento individual,
los porcentajes medios obtenidos en laboratorio para cada parte de la uva después
de 35 dias de estudio (superficie 4,9%, piel 56,7% y pulpa 38,4%) y la distribucion
observada en campo para el tratamiento individual (superficie 6,5%, piel 58,3% y
pulpa 35,2%) son muy similares. La relaciéon Q entre residuos de pulpa y piel
mostré un valor de 0,602 + 0,035 mientras que los valores obtenidos en laboratorio
estan comprendidos entre 0,496 + 0,044 y 0,679 + 0,028. Se puede decir que la

distribucion ocurrida en campo se asemeja a la obtenida en laboratorio.

En el caso de la aplicacion mezcla, Bellis, la distribucién final obtenida en el
fruto (superficie 12,8%, piel 66,1% y pulpa 21,8%) no coincide con la distribucién
obtenida en el laboratorio comentada anteriormente. Como se puede observar, la
penetracion en pulpa fue menor, ofreciendo un valor de Q de 0,329 = 0,013. La
distribuciéon de boscalid entre superficie, piel y pulpa se ve influenciada por la

presencia de piraclostrobin en la uva.

El porcentaje de reduccion de la cantidad total de fungicida
(independientemente de su localizacion) a lo largo de los dias fue 65% en el caso
del tratamiento individual y 64% en el caso de la mezcla, por lo que se puede
indicar que la disipacion total de los residuos de este fungicida para ambos
tratamientos es muy similar independientemente de la presencia de otro fungicida

en el fruto.
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Evolucion de los niveles de nuevos fungicidas. ..

Las uvas destinadas a vinificaciéon pueden contener residuos de fungicidas
en el momento de la vendimia a causa de los tratamientos fitosanitarios
efectuados en el vifiedo. Estos residuos de fungicidas en uvas deberian
encontrarse por debajo de los valores correspondientes a los LMRs establecidos
en las disposiciones legales comunitarias, siempre y cuando se lleven a cabo bajo
buenas practicas agricolas. No obstante, atin estando por debajo de los LMRs,
estos residuos podrian tener efectos negativos sobre aquellos microorganismos
responsables de las fermentaciones alcohdlica y/o malolactica. Como
consecuencia de ello, se podrian registrar retrasos en el inicio de las
fermentaciones e incluso producirse paradas fermentativas. Al mismo tiempo, y
de forma contraria, las distintas etapas del proceso de vinificacion (prensado,
desfangado, maceracién, fermentacion, clarificacion y filtracion) podrian

contribuir a la disminucién de la tasa inicial de contaminaciéon por fungicidas.

En el presente capitulo se desarrolla el estudio de la evolucién de los
niveles residuales de dos fungicidas de nueva generacion, piraclostrobin y
boscalid, a lo largo de las diferentes etapas del proceso de vinificaciéon de uva
tinta variedad Tempranillo durante tres campanas pertenecientes a los afios 2008,
2009 y 2010. Los resultados obtenidos en estas campanas dieron lugar a la

publicacion del articulo recogido en el Anexo VI.

I11.3.1. APLICACION EN CAMPO

Las aplicaciones de las distintas formulaciones fueron llevadas a cabo
durante tres afios, 2008, 2009 y 2010 en una parcela experimental situada en
Aldeanueva de Ebro, La Rioja, adscrita a la D.O. Ca. Rioja. La parcela presenta

una superficie aproximada de 3000 m? y fue dividida en grupos de 6 filas cada

131




Evolucion de los niveles de nuevos fungicidas. ..

uno, tal y como puede verse en la figura III.12, con 40-50 cepas por fila. La
separacion entre filas y cepas es de 2,6 y 1,2 m, respectivamente. En cada grupo
de filas se realiz6 la aplicacion del tratamiento correspondiente. Soélo se
vendimiaron las filas centrales con el fin de evitar contaminacién entre unos y
otros tratamientos (en la figura se muestran con mayor grosor). Con el objetivo

de tener uvas control de la parcela se dejaron un ntimero de filas sin tratamiento

alguno.
PAC BPA
\ \
[ | |
L N | \ 1 A ) J
Y I A Y Y Y Y
Cantus Bellis Cabrio Top Cantus Bellis Cabrio Top Control

Cabrio Top metiram (55 %) BASF Espariola 2 Mayo y/o 35
piraclostrobin (5 %) S.A. Junio
~ Julio (2008 y
Cantus boscalid (50 %) BASFS?ZP*‘“"M 1 2010) 28
o Agosto (2009)
Bellis  piraclostrobin (128 %)  BASF Espafiola 08 Entre mayoy 15

agosto (maximo

boscalid (25,2 %) S.A. 2)

Figura II1.12. Distribucion de las aplicaciones en la parcela experimental segun las buenas
précticas agricolas (BPA) y las practicas agricolas criticas (PAC). Productos fitosanitarios

aplicados
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La vifia utilizada para el estudio produce uva tinta V. vinifera cv.
Tempranillo, una variedad comutn en esta zona, y procede de cepas con una
antigliedad de 8 afos. Tres nuevas formulaciones comerciales para el tratamiento
contra mildiu, oidio y botritis se aplicaron sobre estas uvas: Cantus®, Cabrio
Top® y Bellis®. Estos productos fitosanitarios fueron seleccionados por presentar
en su formulacion sustancias activas fungicas de nueva generacion:
piraclostrobin, boscalid y la mezcla de ambos. La composicion de estas
formulaciones comerciales, asi como las dosis y las fechas de aplicacion de cada

afo y plazos de seguridad se presentan también en la figura II1.12.

El ntiimero de aplicaciones realizadas para cada compuesto asi como la
dosis aplicada fueron las recomendadas por el fabricante, acorde con las buenas
practicas agricolas (BPA). Sin embargo y con el fin de asegurar la presencia de los
fungicidas en uva en el momento de la vendimia y con ello en el proceso de
vinificacién, se realizdo una tunica aplicaciéon a las mismas dosis para cada
compuesto siete dias antes de la vendimia en base a las practicas agricolas criticas
(PAC). De este modo se asegura la presencia de residuos en la uva vendimiada
pudiendo asi estudiar la disipacion de éstos en todas las etapas del proceso de

elaboracion.
[11.3.2. EVOLUCION DE RESIDUOS DE PIRACLOSTROBIN Y

BOSCALID DURANTE EL PROCESO DE VINIFICACION DE UVA
TINTA TEMPRANILLO

Para llevar a cabo este estudio se vendimié la uva tinta variedad
Tempranillo en el mes de octubre de las diferentes campafias 2008, 2009 y 2010.

Con las uvas vendimiadas se llevaron a cabo vinificaciones por duplicado en la
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bodega experimental de la Universidad de La Rioja, siguiendo un proceso de
vinificacién clasico en vino tinto [ver esquema en Anexo VI y en el Capitulo I de
esta memoria]. Ademas se llevd a cabo la vinificacion de uvas control en ausencia
de dichas materias activas. Para evaluar los niveles residuales de estos dos
fungicidas se tomaron las siguientes muestras a lo largo del proceso de
vinificacién:

*  Muestras de uva vendimiada.

*  Muestras de mosto, obtenido tras el estrujado de la uva (dia 1 de la

fermentacion alcohdlica).
*  Muestras en los dias 3, 4, 6 y 8 de la fermentacién alcoholica.

*  Muestra de las lias tras el trasiego realizado al acabar la fermentacion

alcoholica.

*  Muestras en los dias 1, 10, 15, 20, 25 y 30 dias de la fermentacion

malolactica, ademas de una vez terminada ésta.
*  Muestras de vino al finalizar la clarificacién con bentonita mas gelatina.
*  Muestras de vino tras filtrarlo con filtros de nylon, 0,45 pm.
Las concentraciones residuales de los fungicidas detectados en uva

vendimiada y en vino final obtenido se recogen en la tabla IIL5.

Las concentraciones detectadas en uvas vendimiadas en las tres campafias
estudiadas fueron inferiores a los LMRs establecidos por la UE para uvas de
vinificacién (piraclostrobin 2000 mg kg y boscalid 5000 mg kg1), tanto para uvas

tratadas bajo BPA como para las tratadas bajo PAC.
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Tabla III.5. Concentraciones residuales de fungicidas en muestras de uva y vino
embotellado durante las campafias 2008, 2009 y 2010.

2008
Piraclostrobin Cabrio Top BPA <LD <LD ----
PAC 1358 + 136 <LD >99
Boscalid Cantus BPA 91,1+1.8 9+1 20
PAC 3383 +225  839+58 75

2009
Piraclostrobin Cabrio Top BPA 58,3+3,9 <LD >99
PAC 1567 + 98 <LD >99
Bellis BPA <LD <LD ————
PAC 1044 + 93 <LD >99
Boscalid Cantus BPA 408 + 26 37+3 90
Bellis BPA 266 +22 32+3 88
PAC 3201+204 603 +57 81

2010
Piraclostrobin Cabrio Top BPA <LD <LD -
Bellis BPA <LD <LD -
PAC 1312 + 108 <LD >99
Boscalid Cantus BPA 198+ 14 18+2 91
Bellis BPA 113+ 8 7+1 94
PAC 3527 +331 796 +86 78

BPA: buenas précticas agricolas

PAC: précticas agricolas criticas

LD: limite de deteccion (LDpiraclostrobin-uva=1,7 ug Kg; LDpiraclostrobin-vino=1,2 ug Kg)
a: media = SD (n=2).

El porcentaje de reduccion de la tasa de contaminacion global del proceso

de vinificacién en términos de concentracion (ver tabla IIL5.) fue superior al 75%
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para boscalid en todos los casos y a 99% para piraclostrobin en las tres campanas.
Estos porcentajes de reduccion de los niveles residuales durante la vinificacion
coinciden con los obtenidos por otros autores para ambos fungicidas [Edder et al.;
2009; Garau et al.; 2009; Gonzalez-Rodriguez et al.; 2011a], los cuales indican que
la disminucién de ambos fungicidas es debida principalmente a procesos de

adsorcion sobre orujos, fangos y lias

Piraclostrobin

Los residuos encontrados en uva de este fungicida de manera general
fueron inferiores al limite de deteccion durante las tres campafas tras la
aplicacion de los tratamientos de Cabrio Top y Bellis (mezcla) bajo BPA, excepto
para el tratamiento con Cabrio Top en 2009, que presentd una concentracion de
58 ug kg! desapareciendo totalmente en la fase de estrujado de la uva. Por ello, el
estudio de la disipacion de los residuos de este fungicida se llevd a cabo gracias a

la aplicacion de estos tratamientos bajo PAC.

A partir de las concentraciones determinadas en todas las muestras del
proceso de vinificacidn, se calcularon los porcentajes presentes de residuo en
cada etapa. Los valores obtenidos para piraclostrobin segun los diferentes
tratamientos se esquematizan en la figura III.13. (datos numéricos ver Anexo
Vlen la que claramente se aprecia que todas las etapas del proceso de
vinificacion contribuyeron en mayor o menor medida a la disipaciéon de los

residuos.

La etapa de estrujado ejercio un efecto considerable en la reduccion de los
residuos permaneciendo en el mosto la mitad de la concentracion inicial de

residuos, entre un 42%-53%.
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100+ 100+

Piraclostrobin 2008 Piraclostrobin 2009

80+ Cabrio Top (PAC) 80- Cabrio Top (PAC)
60 60
40+ 40
20 204

0 - o 0 v
1 2 3 4 5 6 1 2 3 4 5 6

100+ 100+
Piraclostrobin 2009 Piraclostrobin 2010

80 Bellis (PAC) 804 Bellis (PAC)

60+ 60

40+ 40+

20+ 20

0 - = 0 =& =
1 2 3 4 5 6 1 2 3 4 5 6

Figura III.13. Porcentaje de residuos de piraclostrobin que permanecen después de las
diferentes etapas de vinificacién para los tratamientos Cabrio Top y Bellis bajo PAC: 1)
uva; 2) mosto; 3) final fermentacién alcohdlica; 4) final fermentaciéon malolactica; 5)

clarificacién; 6) filtracién.

En las siguientes etapas, los residuos siguieron disminuyendo hasta
quedar en vino después de la fermentacion alcohdlica entre 13% y 22% de este
fungicida. Una vez que dicha etapa finalizd, tuvo lugar la fermentacidon
malolactica, produciendo una reducciéon de 10% a 17% en los residuos de
piraclostrobin. Los residuos que permanecieron después de esta etapa (<5%)
desaparecieron en todos los casos en las etapas de clarificacion, utilizando

bentonita mas gelatina, y filtracion. Las concentraciones obtenidas en los vinos
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finales (ver tabla III.5.) no superaron el limite de deteccion para este fungicida en

ningun caso, independientemente del tratamiento aplicado.

Tal y como se expuso en la introduccién, no existen valores de LMRs de
plaguicidas en vino en la UE. Unicamente paises como Italia y Suiza han
demostrado su iniciativa legislativa al establecer LMRs en vino para algunos de
ellos. En el caso de piraclostrobin, se establecid un limite méaximo de 0,05 mg Kg!
en Italia [Decreto del Ministero della Salute—19 aprile 2006; Decreto del
Ministero del Lavoro, della Salute e delle Politiche Sociali—23 luglio 2008]. Las
concentraciones finales obtenidas en este estudio y para este fungicida en base a
los ensayos realizados son inferiores a estos LMRs y por ello cumplen con dicha

legislacion..

Una vez analizadas todas las muestras del proceso y obtenidos los valores
de concentracion, se realizo un estudio cinético para la disipacién encontrada en
ambas etapas fermentativas. Para ello, dichos valores se ajustaron al siguiente

modelo matematico:

Rt=Roek ' InRt=In Ro- Kt

donde Rt es la concentracion del residuo al tiempo t (ug L?), Ro es la
concentracion inicial al tiempo t =0 (ug L?), K es la constante de decaimiento del

fungicida (coincide con la pendiente), y ¢ es el tiempo en dias.

En la figura III.14. se representan graficamente los ajustes lineales
obtenidos entre el logaritmo neperiano de la concentracién de los residuos y el
tiempo. Los coeficientes de correlacién lineal fueron superiores a 0,9823 en
fermentacion alcohdlica y superiores a 0,9851 en fermentacion malolactica. Los

valores para la constante de decaimiento K (pendientes de las rectas) fueron
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superiores en fermentacion alcoholica (aproximadamente el doble) que en
fermentacion maloldctica indicando que la primera de éstas contribuye a una

mayor disipacion de los residuos de piraclostrobin.

Piraclostrobin 2008 Cabrio Top (PAC) Piraclostrobin 2009 Cabrio Top (PAC)
7 7
651A y=-0,1678x + 6,5037 — O5|A V= -0,1208x + 6,5657
61 %  R?=09007 5 6 AA RYz09924
5,5 A = 55 A
A o =
° y = -0,0568 + 5,3383 g ° y=-0.0481x + 55758
4,5 R? = 0,9948 £ 4 R?=0,9922
4 s ¢4
3,5 3,5
3 3
0 10 20 30 40 0 10 20 30 40
Tiempo (dias) Tiempo (dias)
Piraclostrobin 2009 Bellis (PAC) Piraclostrobin 2010 Bellis (PAC)
7 7
6,5 __ 65 A‘A y =-0,1249x + 6,6397
N 2_
6 ‘;‘ y = -0,1454x + 6,2651 5 6| A R=09%
551 A R'=0,9823 S 55 A
A ° _
51 s ® y = -0,0543x + 5,7187
4,5 = 45 R?=0,9851
. y=-00615x+52027] &
2_ 5
35 R®=0,9911 35
3 ; ; ‘ ‘ 3 ‘ ; ; ‘
0 10 20 30 40 0 10 20 30 40
Tiempo (dias) Tiempo (dias)

Figura II.14. Ajustes lineales entre el logaritmo neperiano de la concentracion residual de
piraclostrobin para la fermentacion alcohdlica (triangulos naranjas) y la fermentacion

maloldactica (cuadrados granates) para los tratamientos, Cabrio Top y Bellis, bajo PAC.

Los valores de K para fermentacion alcohodlica resultaron muy similares
entre los afios en que se aplico cada tratamiento y entre tratamientos mostrando
valores de 0,1208 a 0,1678. Lo mismo ocurri6 para los valores de K en la
fermentacion maloléctica (valores comprendidos entre 0,0481 y 0,0615). Por tanto,

se puede decir como conclusién que la disipacion de los residuos de
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piraclostrobin no se ve influenciada significativamente por la presencia de otras
materias activas y la proporcion en que este fungicida se encuentra en los

productos comerciales utilizados en el tratamiento de las uvas vendimiadas.

Boscalid

Los residuos encontrados de este fungicida durante las tres campanas tras
la aplicacion de los tratamientos de Cantus y Bellis (mezcla) bajo BPA y PAC
fueron inferiores al limite maximo de residuos (5000 mg kg?). Debido a la
presencia de residuos de boscalid en las aplicaciones segin las BPA y la
posibilidad de estudiar asi la disipacién, la aplicacién bajo PAC para Cantus sélo

se realizo el primer afio de estudio, que corresponde a la campana 2008.

A partir de las concentraciones determinadas en todas las muestras del
proceso de vinificacidn, se calcularon los porcentajes presentes de residuo en
cada etapa. Los valores obtenidos para boscalid segiin los diferentes tratamientos
se esquematizan en la figura III.15. (datos numéricos en Anexo VI) en la que se
puede apreciar, igual que en el caso de piraclostrobin, que todas las etapas del

proceso de vinificacion contribuyeron a una reduccién en la cantidad de residuos.

La etapa de estrujado ejercié un efecto considerable en la reduccién de los
residuos permaneciendo en el mosto entre 30% y 47% de la concentracion inicial
encontrada en uva. En las siguientes etapas, los residuos siguieron disminuyendo
hasta quedar en el vino ya formado después de la fermentacion alcohdlica entre

20% y 40% aproximadamente de este fungicida.

Posteriormente la fermentacion malolactica contribuyé con una

reduccién de un 5% de media en todos los casos.
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100+ 100+
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60+ 60+
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20+ 20+

100+
Boscalid 2009

80 Bellis (PAC)
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80+ Bellis (BPA)
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Figura III.15. Porcentaje de residuos de boscalid que permanecen después de las diferentes
etapas de vinificacién para los tratamientos de Cantus y Bellis (mezcla) bajo BPA y PAC: 1)
uva; 2) mosto; 3) final fermentacidon alcoholica; 4) final fermentacion maloléactica; 5)

clarificacién; 6) filtracion.
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La clarificacién produjo una eliminacién < 5%, muy similar a la obtenida
mediante la etapa de filtracién, contribuyendo ésta con una disminucién de entre
1%y 3%. Las concentraciones encontradas en los vinos finales ya filtrados (ver
Tabla IIL.5.) obtenidos bajo BPA estuvieron entre 7 y37 ug kg de boscalid siendo
inferiores al LMR establecido para este fungicida en Italia o Suiza para la matriz
vino (1000 ug kg') [Decreto del Ministero del Lavoro, della Salute e delle
Politiche Sociali—23 luglio 2008; Ordonnance du DFI du 26 juin 1995].

Una vez analizadas todas las muestras del proceso y obtenidos los valores
de concentracion, se realizé un estudio cinético para la disipacién que se produce
en ambas etapas fermentativas. Para ello, dichos valores se ajustaron al siguiente

modelo matematico:

Rt=Ro ekt In Rt=1In Ro-Kt

donde Rt es la concentracion del residuo al tiempo t (mg L), Ro es la
concentracion inicial al tiempo t =0 (mg L), K es la constante de decaimiento del

fungicida, y t es el tiempo en dias.

En la figuras II1.16. y III.17. se representan graficamente los ajustes lineales
obtenidos entre el logaritmo neperiano de la concentracion residual y el tiempo
segin BPA y PCA, respectivamente. Los valores para los coeficientes de
correlacion lineal fueron superiores a 0,9122 en fermentaciéon alcohdlica y
superiores a 0,9355 en fermentacion malolactica. Los valores obtenidos para la
constante de decaimiento K fueron superiores en fermentacién alcoholica en

todos los casos, independientemente del tratamiento y de las practicas agricolas
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aplicadas, indicando asi que la primera etapa contribuye a una mayor disipacion

para los residuos de boscalid.

4 5
Boscalid 2008 Cantus (BPA) “A Boscalid 2009 Cantus (BPA)
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Los valores de K para fermentaciéon alcoholica resultaron muy similares

entre los tres afios en que se aplicd cada tratamiento y entre ambos tratamientos,

Cantus y Bellis, viéndose afectado su valor segiin las practicas agricolas

realizadas. Lo mismo ocurrié para los valores de K en fermentacién malolactica.

7.5
A Boscalid 2008 Cantus (PAC)
A A Y=-00227x+7.3762
=) A R? = 0.9496
) .\-\I\.\.\.
8 7
m
= y = -0.0063x + 7.1742
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6.5 T T T T
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8
Boscalid 2009 Bellis (PAC)
5 °1  y=-00365x+7,2471
S A, R?=0,9823
: 7 1.\“L'\'\l\.\.
=2}
o
~ 65 y = -0,0095x + 6,9881
R?=0,9471
6
0 10 20 30 40
Tiempo (dias)

Ln [Boscalid]

Boscalid 2010 Bellis (PAC)

5| y=-00325x+7,4045

R%=0,9777
A

7%\.

y = -0,0059x + 7,1738
R?=0,9824

6,5
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Figura III.17. Ajustes lineales entre el

logaritmo neperiano de la concentracion

residual de boscalid para la fermentacién

alcohdlica (tridngulos naranjas) y la

fermentacion  malolactica

(cuadrados

granates) para ambos tratamientos,

Cantus y Bellis, bajo PAC.

Por tanto, se puede decir como conclusién que la disipacién de residuos de

boscalid no se ve influenciada significativamente por la presencia de

piraclostrobin en las uvas vendimiadas. Sin embargo, se puede distinguir una

peculariedad independientemente de si el tratamiento es individual o mezcla con

piraclostrobin. En las tres vinificaciones realizadas bajo tratamiento de PAC

(figura I11.17), la concentracidn en uva y por tanto en mosto inicial, es mayor que
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para las muestras realizadas bajo BPA y sin embargo las K de decaimiento son
inversamente proporcionales a dicha concentracién. En el caso de fermentacién
alcohdlica los valores obtenidos se encuentran entre 0,02 y 0,04 dias’ mientras
que para vinificaciones con tratamientos bajo BPA mostraron valores entre 0,06 y
0,08 dias?. La misma situacion se observa para los valores de K de fermentacion
maloléctica. Los vinos elaborados con uvas tratadas bajo BPA mostraron valores
de 0,010-0,015 dias?, mientras que los vinos bajo PAC dieron valores inferiores a

0,01 dias™.
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La calidad del vino final depende de la calidad de la uva vendimiada. Para
obtener vinos de alta calidad es necesario vendimiar las uvas sanas y en su estado
optimo de maduracion. Las enfermedades presentes en el vifiedo como son
botritis, oidio y mildiu obligan a los agricultores al uso de pesticidas con el fin de
mantener la uva en perfecto estado. La presencia de residuos de estos plaguicidas
puede modificar la estructura de las membranas celulares de levaduras y
bacterias responsables del proceso de vinificacidon, afectando su funcién
especifica. Como resultado de ello se puede producir una variacién en la
poblacién y en la especie de microorganismos encontrados en el mosto, pudiendo
dar lugar a ralentizaciones en los procesos fermentativos (fermentacion alcohoélica
y fermentacién malolactica) y variacion de la actividad de enzimas que participan
en el metabolismo de polifenoles, dando lugar a cambios en el color y/o la
astringencia de los vinos finales. Todo ello se traduce en una pérdida de calidad

en el vino final obtenido.

111.4.1. DETERMINACIONES ANALITICAS EN VINO

Durante todo el proceso desde la vendimia hasta el vino final se
determinaron los pardmetros enoldgicos convencionales. Para controlar la
evolucién de la fermentacidn alcoholica se midieron densidad y temperatura asi
como anhidrido sulfuroso libre y total de acuerdo con los métodos oficiales de la
OIV. Grado alcoholico, pH, aztcares reductores, acidez total y acidez volatil
fueron medidos mediante FTIR (Espectroscopia de Infrarrojo con Transformada
de Fourier) con el equipo FOSS WineScan. El resto de parametros se analizaron

siguiendo la metodologia explicada a continuacion para cada uno de ellos:
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Indice de Polifenoles Totales (IPT)

El indice de polifenoles totales se determiné midiendo la absorbancia a 280
nm en una cubeta de cuarzo de 10 mm, previa dilucién del vino 1:100 con agua
destilada [Ribéreau-Gayon, 1999] y se calculo6 de la siguiente manera: IPT = A280
x 100.

Antocianos Totales

La decoloracién de los antocianos por adicion de sulfuroso permite evaluar
la cantidad de antocianos libres de una muestra de vino [Ribéreau-Gayon, 1965].
A 1 mL de vino, se afiaden 1 mL de etanol y 20 mL de HCI al 0,7 % (m/v) en un
vaso de precipitados. Se toman 5 mL de esta mezcla y se le ahaden 2 mL de agua
destilada (control). Por otro lado, se anaden 2 mL de NaHSO:s al 7 % (m/v) a otros
5 mL de la mezcla inicial. Al cabo de 10 minutos se midieron las absorbancias a
520 nm en cubetas de 10 mm. El contenido del vino en antocianos totales
responde a la siguiente férmula: Antocianos Totales = (Ai1-Az) x 875 mg L' donde
A1 es la absorbancia del control (sin adicionar sulfuroso), Az es la absorbancia de
la muestra decolorada por adicion de sulfuroso y 875 corresponde al coeficiente

de extincién molar de malvidina (antociano patrén).

Taninos Totales

Este parametro se determina por calentamiento en medio acido
produciéndose la formacion de antocianidinas a partir de los taninos [Ribéreau-
Gayon, 1965]. Se diluye el vino 1:50 en agua destilada. Se preparan dos tubos
conteniendo 2 mL de la dilucién, 1 mL de agua destilada y 6 mL de HCI 12 N.

Uno de los tubos se tapd herméticamente, protegiéndolo de la luz y se mantuvo
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al bano maria durante 30 min. El otro tubo se dejo a temperatura ambiente. Al
cabo de ese tiempo, el primer tubo se saco y se enfrié de forma rapida sobre hielo.
Seguidamente, a los dos tubos se les adicion6 1 mL de etanol y se midieron las
absorbancias a 550 nm. Los taninos totales (g L!) se calcularon segtin la formula
Taninos totales = (Ai-A2) x 19,33 donde Al es la absorbancia de la muestra
procedente del tubo hervido, Az es absorbancia de la muestra procedente del
tubo a temperatura ambiente y 19,33 corresponde al coeficiente de extincion

molar de cianidina.

Indice de astrigencia

En este trabajo se utilizé un método propuesto anteriormente por Zamora

et al, 1994.

Se prepararon una serie de disoluciones, de distintas concentraciones de
acido tanico y de ovoalbimina en vino sintético (4 g L' de acido tartaricoy 95 g
L1 de etanol, pH = 3,5). Las concentraciones de ovoalbimina utilizadas para la
recta de calibrado fueron: 0,0; 0,4; 0,8; 1,6; 2,4; 3,2 y 4,0 g L' mientras que para
acido tanico fueron 0,0; 2,0; 4,0; 6,0; 8,0 y 10,0 g L-..

La recta de calibrado se realizé a partir de la preparacion de 42 tubos,
conteniendo cada uno de ellos 1 mL de disolucién de acido tanico y 1 mL de
disolucion de ovoalbtimina, combinando cada concentracién de ésta con las seis

valores de concentracidn correspondientes al acido tanico.

Los tubos se agitaron y al cabo de 10 minutos se centrifugaron a 4000 rpm
durante 10 minutos. Seguidamente el sobrenadante se diluy6 1:50 con agua

destilada y se midieron las absorbancias a 280 nm en cubeta de cuarzo de 10 mm.
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El blanco se hizo con la disolucién sintética de vino. Seguidamente, se procedio
de la misma forma, pero empleando las muestras de vinos en lugar de los

estandares de acido tanico.
Indice de etanol

Este indice representa el porcentaje de taninos unidos a polisacaridos, es

decir, taninos no astringentes.

Se diluye 1 mL de vino a 10 mL enrasando con alcohol etilico. Se
homogeneizd y dejé reposar durante 24 horas. Pasado este tiempo, se centrifugo
para eliminar el precipitado, determinando después la absorbancia a 280 nm del

sobrenadante previa dilucién 1:100 con agua destilada (Az).

Por otro lado, se determin6 la A280 del vino original, diluido 1:100 con

agua destilada (A1).
El indice de etanol se calcula:
Indice de etanol (%) = 100 x (A1-A2)/A1

Coordenadas de color CIELab

Para la obtencidn de las coordenadas de color, se midié el espectro del vino
en el rango visible, entre 380 y 780 nm, en una cubeta de cuarzo de 2 mm de
camino Optico, para evitar la realizacién de diluciones. A partir de los resultados
del espectro, se obtienen las coordenadas de color CIELab por medio de los
valores triestimulo X, Y y Z utilizando el iluminante D65 y el observador CIE
1964, de acuerdo con el método propuesto por la OIV. La coordenada a*
corresponde a la tonalidad que va del verde (-a*) al rojo (+a*), la coordenada b*

corresponde a la tonalidad que va del amarillo (+b*) al azul (-b*) y la coordenada
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L* que expresa la claridad o capa que tiene una graduacién entre el blanco (+L*) y

el negro (-L¥).

Figura IIL.18. L* = luminosidad del color. a* = valores (-) indican verde y (+) rojo. b* =

valores (-) indican azul y (+) amarillo.

Los valores tipicos encontrados para estas tres coordenadas en vinos tintos y la
carta de colores para los vinos correspondientes a la Denominacién de Origen Calificada

Rioja son mostrados en la siguiente figura (figura IIL.19).

RPorpura R.Granate R.Cereza  R.Rubi RTeja R.C Marrén

Color a’ b L
Rojo violaceo 30 15

Rojo purpura 50 34 19
Rojo granate 50 34 34
Rojo cereza 54 43 29
Rojo rubi 54 43 42
Rojo teja 50 48 43
Rojo castano 51 53 37
Marrén >51 >62 >40

Figura III.19. Carta de colores y valores de las coordenadas CIElab para vinos tintos
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Los valores mostrados en la figura anterior para las tres variables indican
que conforme el vino es conservado durante mas afos, los valores de dichas

variables aumentan.

I11.4.2. FRACCIONAMIENTO DE COMPUESTOS FENOLICOS

Las muestras de este trabajo fueron fraccionadas mediante una columna de
GPC (Gel Permeation Chromatography), con el fin de separar los compuestos
fenolicos poliméricos, de alto peso molecular que interfieren en la separaciéon y
resolucion cromatografica, de los monomeéricos y oligoméricos los cuales si se
pueden separar y cuantificar mediante técnicas cromatograficas [Guadalupe ef al.

2006].

El primer paso en el estudio de fraccionamiento de los vinos consiste en la
preparacion de la columna de silice. Para ello se llevo a cabo el empaquetamiento
del gel GPC (Toyopearl HW-50F) en una columna Millipore (Bedford, MA, USA)

con dimensiones de 120 mm x 12 mm.

Se introducen pequefias cantidades de silice disuelta en agua destilada en
la columna para que se vaya compactando la silice a lo largo de la misma hasta
llegar a los 12 centimetros de longitud. El agua afiadida en exceso se elimina por
la parte inferior de la columna para favorecer la compactaciéon de la columna de
silice. Ademas, el agua sobrante que queda por encima de la silice en el extremo

superior se elimina mediante una pipeta pasteur.

Una vez compactada se cierra con un tapdn la parte inferior de la columna
de fraccionamiento con el objetivo de que la columna no pierda mas agua. La
columna de silice debe estar siempre htimeda para evitar la formacién de

burbujas y la ruptura de la columna (aparicién de grietas). En caso de que la
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columna tuviera burbujas o empezara a agrietarse se comenzaria de nuevo todo

el proceso.

Previa a la inyeccién de los dos mililitros de vino, es necesario purgar todo
el sistema con el eluyente a un flujo de 1 mL min con el objetivo de eliminar todo
el aire que pudiera haber en las conexiones. Una vez inyectado el vino se deja
pasar el eluyente durante 60 minutos, con lo cual se obtienen 60 mL de una
fraccion que contiene los polifenoles de menor peso molecular. La fase de elucion
fue una disolucion de etanol al 55% (v/v) en agua destilada con 1 mL de TFA
(acido trifluoroacético). El flujo de la fase de elucién es de un 1 mL min™. Asi se

eluyen los siguientes grupos de polifenoles :
- Flavanoles (catequinas y epicatequinas)
- Flavonoles
- Acidos hidroxinémicos
- Antocianos (mayoritariamente malvidina)
La columna de silice se puede utilizar para fraccionar unos 12-15 vinos; y
entre la elucién de uno y otro vino no es necesario limpiar la columna. Entre la

inyeccion de un vino y otro la columna de silice debe acondicionarse de nuevo

dejando pasar la fase de elucién durante 5 minutos.

Eluidos los vinos, se colocan los 60 mL de eluyente en el rotavapor a una
temperatura de 20°C durante 1 hora con el objetivo de eliminar la mayor cantidad
etanol que sea posible antes de pasarlas al liofilizador. A continuacién, los
matraces con las muestras a las cuales se les ha eliminado parcialmente el

disolvente, son llevados a un congelador industrial para enfriarlas a -80 °C
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durante un dia para posteriormente someterlos a una liofilizacién. Esta técnica
consiste en exponer la muestra congelada a elevadas presiones y bajas
temperaturas con el objetivo de conseguir la total evaporacion del disolvente.
Transcurridas las 24 horas que deben permanecer las muestras en el liofilizador,
se obtiene un sodlido. Este solido se redisolvidé con una disolucién agua-acido

férmico en proporcién 95:5 (v/v).

I11.4.3. DETERMINACION DE COMPUESTOS POLIFENOLICOS
MEDIANTE UPLC-MS/MS (ESI #).

Los anadlisis fueron llevados a cabo usando el sistema cromatografico
Acquity UPLC system (Waters, Milford, MA, USA). La separacion cromatografica
de 7,5 uL de muestra se realizé con la columna Acquity UPLC BEH Cis (100 mm
x2,1 mm, 1,7 um) fijando el horno de la columna a 40 °C. Los eluyentes fueron (A)
5% (v/v) acido férmico en agua y (B) acetonitrilo mas 0,1% (v/v) de acido
férmico. El gradiente de elucion fue el siguiente: isocratico 98% A durante 1 min,
aumentando posteriormente de 2 a 40% B en 4 min, de 40 a 90% B en 3 min, de 90
a 100% B en 2 min y finalmente disminuyendo de 100 a 2% B en 2 min para

acondicionar de nuevo la columna.

El analizador utilizado fue un Micro TOF-Q (Time Of Flight), de Bruker
Daltonics equipado con una fuente de ionizacién por electrospray (ESI). Con el
fin de confirmar la fragmentacién de las moléculas, se analizaron las muestras
por MS/MS utilizando como gas de fragmentacién nitrégeno con las siguientes

condiciones que se resumen en la tabla IIL.6.
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Los parametros para el analisis fueron establecidos en modo positivo y

negativo adquiriendo en un rango de masas entre 50-1000 m/z.

Tabla III.6. Condiciones en modalidad MS/MS auto

ESI (+) ESI (-)

Collision energy 8 eV Collision energy 10 eV
Threshold absolute 800 cts Threshold absolute 800 cts
Range 50-1000 m/z Range 50-1000 m/z
Set capillary 4500 V Set capillary 4000 V
Set End plate offset -500 V Set End plate offset -500 V
Set Nebulizer 3,0 bar Set Nebulizer 3,0 bar
Set Dry gas 9,0 1 min! Set Dry gas 9,0 1 min-!
Set Dry heater 200 °C Set Dry heater 200 °C

La identificacién de los compuestos polifendlicos se realizé mediante la
utilizacién de patrones y el estudio de los espectros de masas en comparacion con

la informacién encontrada en la bibliografia.

A continuacion se muestra la identificacion de los polifenoles dividido por

familias: antocianos, flavanoles, acidos hidroxicindmicos y flavonoles.

La identificacién de antocianos se realizé trabajando por UPLC-MS/MS ESI
en modo positivo y flavonoles, flavanoles y acidos hidroxicinamicos en ESI-. La
tabla IIL.7. indica, para cada compuesto polifendlico, su nombre, la masa
encontrada y el fragmento que identifica el equipo tras la fragmentaciéon con

nitrégeno.

La cuantificacion de los compuestos polifenolicos se realizé6 mediante la

utilizacién de cuatro patrones, correspondientes a cada uno de los grupos de.
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Tabla II1.7. Parametros de masas para los compuestos polifendlicos identificados

Tiempo de [M-HI* o[M-H- MS/MS fragmento
retencion(min) Compuesto (m/2) (m/2)
Antocianos [M-H]+
2,66 Delfinidina-3-O-glucosido 465 303
2,86 Cianidina-3-O-glucosido 449 287
2,95 Petunidina-3-O-glucosido 479 317
3,16 Peonidina-3-O-glucosido 463 301
3,22 Malvidina-3-O-glucosido 493 331
3,41 Delfinidina-3-O(6-o0-acetil)glucdsido 507 317
3,68 Petunidina-3-O-6-acetilglucdsido 521 331
3,73 Delfinidina-3-O- glucosido coumarato 611 303
3,77 Peonidina-3-O-6- acetilglucésido 505 301
3,81 Malvidina-3-O-6- acetilglucosido 535 331
3,92 Cianidina-3-O-6 glucosido coumarato 595 287
3,97 Petunidina-3-O-6 glucosido coumarato 625 317
4,18 Peonidina-3-O-6 glucosido coumarato 609 301
421 Malvidina-3-O-6 glucosido coumarato 639 331
Flavanoles [M-H]-
0,82 Acido gélico 169 125
2,14 Catequina 289 203
Acidos hidroxicinamicos ~ [M-H]-
2,19 Acido caftarico 311 179
2,20 Acido cafeico 179 135
2,71 Acido cutdrico 295 149
2,71 Acido cumdrico 163 119
Flavonoles [M-H]-
2,65 Quercetina 3-O-galactosido 463 301
3,26 Miricetina 3-O-glucosido 479 316
3,57 Quercetina 3-O-glucuronido 477 301
3,60 Quercetina 3-O-glucosido 463 301
3,87 Kaempferol 3-O-glucosido 447 285
4,03 Miricetina 317 179
4,66 Quercetina 301 179
5,23 Kaempferol 285 269
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compuestos polifendlicos estudiados: malvidina para antocianos; quercetina
para flavonoles; 4cido cafeico para acidos hidroxicinamicos y catequina para
flavanoles Los cuatro patrones fueron proporcionados por Sigma Aldrich

(Madrid).

Inicialmente, se inyectaron los cuatro patrones y se buscaron las masas
establecidas en bibliografia. Una vez determinado el tiempo de retencion de cada
uno, se realizaron rectas de calibrado para cada patron con el fin de cuantificar
todos los compuestos polifendlicos en base al patrén correspondiente. El rango
lineal estudiado, su coeficiente de correlacion, el limite de cuantificacion (LC) y el

limite de deteccién (LD) se resumen en la tabla IIL.8.

Tabla II1.8. Parametros analiticos obtenidos para los patrones de cuantificacién

Compuesto Rango lineal (mg L) 12 LD (mgL?) LC (mgL?)
Malvidina 0,5-75 0,9980 0,04 0,12
Quercetina 0,25-7 0,9873 0,01 0,02
Acido cafeico 1-100 0,9975 0,02 0,05
Catequina 0,5-100 0,9981 0,02 0,05

I11.4.4. ANALISIS SENSORIAL

Aproximadamente tres meses después de finalizar el proceso de
elaboracion en las vendimias de 2008, 2009 y 2010, se realizaron los anélisis
sensoriales en la sala de andlisis sensorial de la Universidad de La Rioja. Los
analisis organolépticos fueron realizados por un panel de catadores compuesto
por alumnos y egresados de la Licenciatura de Enologia en la Universidad de La
Rioja. El analisis sensorial se llevd a cabo para los vinos elaborados con uvas
tratadas de acuerdo a los plazos de seguridad, es decir, el fungicida ha sido

aplicado a la dosis y épocas recomendadas (BPAs).
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El objetivo de la evaluacion sensorial consistié en averiguar si el vino
elaborado con uvas procedentes de cepas tratadas era diferente de manera
significativa con respecto al control. Debido a que esto se corresponde con una
aplicacién clasica de un test de discriminacion, se escogid un test Duo-Trio
[Meilgard et al. 2007]. A los expertos se les presentaron tres muestras, una de ellas
identificada como control o referencia. De las otras dos, una era idéntica al
control. A los panelistas se les pidié que escribieran cual de las dos muestras

consideraban similar al control A rellenando la ficha de cata mostrada en la

figura II1.20.
ANALISIS SENSORIAL TEST DUO-TRIO
N° Catador: N° de Test:
Nombre: Mujer............ Hombre............
Tipo de muestra: Eecha.

Saborea las musstras de izquierda a derecha, la muestra de la derecha es la de referencia.
Determina cual de las dos muestras desconocidas es SIMILAR a la muestra de referencia e
indica con una X.

Referencia Muestra 1 Muestra 2

Gma] [ ]

Comentarios:

Figura III.20. Ficha de cata para el test duo-trio

Para el tratamiento de datos se utilizé un test binomial de una cola y para
la expresion de los resultados se sumaron las repuestas correctas y se compard
con los datos correspondientes de la tabla IIL.9 para determinar si existen
diferencias significativas entre las muestras. Para la discriminacién, los panelistas
consideraron las percepciones visuales (apariencia), olfativas (aromas y

retronasal) y gustativas (sabores, tacto y postgusto).
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Tabla III.9. Numero minimo de repuestas necesarias para considerar significativo el
resultado del test duo-trio segtn los diferentes niveles significativos

Numero de 5% 1% 0,1%
respuestas
7 7 7 -
8 7 8 -
9 8 9 -
10 9 10 10
11 9 10 11
12 10 11 12
13 10 12 13
14 11 12 13
15 12 13 14
16 12 14 15
17 13 14 16
18 13 15 16
19 14 15 17
20 15 16 18
21 15 17 18
22 16 17 19
23 16 18 20
24 17 19 20
25 18 19 21
30 20 22 24
35 23 25 27
40 26 28 31
45 29 31 34
50 32 34 37
60 37 40 43
70 43 46 49
80 48 51 55
90 54 57 61
100 59 63 66
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II1.4.5. INFLUENCIA DE LA PRESENCIA DE RESIDUOS DE
PIRACLOSTROBIN Y BOSCALID

VINIFICACION 2008

Influencia sobre levaduras y bacterias. Evolucion de la fermentacion

alcohélica y maloldctica.

Las cepas variedad tempranillo procedentes de la parcela de Aldeanueva
de Ebro fueron tratadas con Cabrio Top® (5% piraclostrobin) y con Cantus®
(50% boscalid) en las épocas y dosis comentadas en el capitulo 3.3, ambos segtn
las BPA y las PAC. Se dejaron un nimero de filas sin tratar con el fin de tener un
testigo de la parcela. La uva tinta variedad Tempranillo se vendimio en cajas el
dia 09/10/08, recogiéndose aproximadamente 200 kg de uva para el tratamiento y

otros 200 kg sin tratamiento alguno.

La pasta procedente de la despalilladora-estrujadora se encubd en
depositos de fermentacion de acero inoxidable de 50 L. Se afiadié anhidrido
sulfuroso en una cantidad de 50 mg L. La elaboracion se realiz6 por triplicado
tanto para el testigo-control como para cada uno de los tratamientos. El dia
10/10/2008 se inocularon levaduras de la cepa Uwvaferm® VRB Saccharomices
cerevisiae (Lallemand). Los depositos fueron bazuqueados dos veces por dia. El
control de la densidad permitié seguir la evolucién de la fermentacion alcohdlica.
La densidad disminuye a medida que avanza la fermentacion siendo en el mosto

entre 1070 y 1120 g L' y en el vino entre los 990 y 998 g L.

Al dia siguiente de finalizar la fermentacién alcoholica, se procedi6 al

descube y el vino yema obtenido se llevé a depodsitos de acero inoxidable de 15 L

162




Influencia de la presencia de piraclostrobin y boscalid. ..

de capacidad. Posteriormente se llevd a cabo la fermentacién malolactica
sembrando las bacterias lacticas MBR Alpha Oenococcus oeni. La fermentacion
malolactica se dio por finalizada una vez la concentracién de acido lactico y de
acido malico fue menor de 2 g L' y 0,25 g L, respectivamente, midiendo ambos
acidos por FTIR (Espectroscopia de Infrarrojo con Transformada de Fourier) con

el equipo FOSS WineScan.

La figura II.21. representa el contenido en azticar (expresado en porcentaje
respecto al contenido inicial) del proceso de fermentacién obtenido para el vino
testigo y para los tratamientos con piraclostrobin y boscalid. Se observa en todos
los casos una evolucion similar de las fermentaciones entre mostos de uvas
tratadas con respecto al control. La fermentacién finalizo en aproximadamente 7
dias para los tratamientos con piraclostrobin y boscalid segiin BPA y 8 dias para
los tratamientos bajo PAC y el vino testigo. La presencia de residuos de
piraclostrobin y boscalid en mosto, incluso a altas concentraciones, no parece
tener influencia en la actividad de las levaduras fermentativas ni por tanto en la
evolucion de la fermentacion alcoholica. En el caso de la fermentaciéon
maloldctica, la duracién fue similar para testigo y vinos procedentes de uvas
tratadas siendo 32 y 33 dias para el vino con boscalid y 28 y 31 dias para las uvas
tratadas con piraclostrobin, segin BPA y PAC, respectivamente, mientras que

para el vino elaborado como testigo finalizé en 29 dias.

De forma similar a la fermentacion alcoholica, ni el tratamiento en campo
ni la presencia de residuos de ambos fungicidas en mosto parecen interaccionar

con las bacterias lacticas, responsables de llevar a cabo esta fermentacion.
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PIRACLOSTROBIN

—8—BPA
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PAC

0 50 100 150 200
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Figura II1.21. Evolucién de la fermentacion alcohdlica en 2008

Influencia sobre pardametros enolégicos

Los resultados obtenidos para los parametros enoldgicos determinados
como se explican en este capitulo para los diferentes tratamientos se muestran en

la figura I11.22. Letras distintas indican diferencias significativas (p<0.05).
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Como se puede observar en la figura anterior, el tratamiento con ambos
pesticidas, independientemente de cuando se produzca la aplicacion, no produce

diferencias significativas en cuanto al valor de pH o del indice de etanol.

En el caso de piraclostrobin, ademas de los dos parametros enoldgicos
comentados, acidez total, indice de color y grado alcohdlico tampoco mostraron
diferencias respecto al testigo. Sin embargo, se obtiene un aumento considerable
en el contenido de taninos totales y del indice de astringencia. El parametro que,
aun siendo diferente significativamente varia ligeramente respecto al control, es

IPT.

En el caso de vinos tratados con boscalid, indice de color, contenido en
taninos y grado alcohdlico no muestra diferencias significativas respecto al vino
control. Los valores de acidez total y volatil, fueron inferiores al testigo. Lo

contrario que sucede para IPT y astringencia, que son superiores.

Los compuestos polifendlicos individuales también fueron aislados y
cuantificados (ver tabla II1.10.). Se realiz6 la suma de cada grupo de compuestos

para poder comparar entre los diferentes tratamientos.

Los grupos en los que se clasifican los compuestos polifenolicos estudiados

son antocianos, flavanoles, acidos hidroxicinamicos y flavonoles.

El vino testigo mostré valores superiores para acidos hidroxicinamicos y

avonoles e inferiores para antocianos avanoles que los vinos tratados con
fl 1 f t y fl 1 1 tratad

piraclostrobin o boscalid, independientemente de las aplicaciones realizadas de

Cabrio Top o Cantus, respectivamente.
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Tabla III.10. Concentraciéon obtenida por UPLC/MS-MS para los compuestos fendlicos en

2008
Afio 2008 Concentracion de compuestos polifenélicos (mg L b
Cabrio Top Cabrio Top Cantus Cantus
Compuesto Control
(BPA) (PAC) (BPA) (PAC)

Antocianos
Delfinidina-3-O-glucosido 285+27 48,0+0,5 40,0+1,0 38,0+0,6 26,417
Cianidina-3-O-glucosido 24+0.2 3,3+0,1 48+0,2 3,1+0,2 2,2+0,1
Petunidina-3-O-glucosido 378+138 772+2,1 57,7+25 578+2,0 47,1+3,0
Peonidina-3-0O-glucosido 10,4 +0,7 19,5+0,2 18,1+1,1 15,5+0,6 11,7+0,8
Malvidina-3-O-glucosido 110+ 2 189 +9,1 124 £ 3,1 169 +8 160 + 10
Delfinidina-3-O(6-0-acetil)glucésido 13,0+0,3 225+0,3 21,0+0,9 19,7+1,4 13,2+0,9
Petunidina-3-0-6-acetilglucésido 39,6 +0,6 82,4+14 61,4+0,9 651+21 57,1+1,3
Delfinidina-3-O- glucosido coumarato 50+0,2 8,3+0,2 73+05 51+0,1 47+0,2
Peonidina-3-0O-6- acetilglucésido 26+0,1 31+0,1 3,002 4,4+0,2 38+0,1
Malvidina-3-0-6- acetilglucésido 15,6 +0,4 39,2+0,8 31,3+0,8 246+14 22,8+1,7
Cianidina-3-0-6 glucosido coumarato 2,24+0,1 2,74+0,0 3,07+0,1 2,10+0,0 2,18+0.1
Petunidina-3-0-6 glucosido coumarato 6,36 +0,0 12,6 £0,5 13,4+0,3 8,98+0,9 6,27 +0.9
Peonidina-3-0-6 glucosido coumarato 531+0,0 9,63+0,2 8,99+0,4 567+0,3 577+0.3
Malvidina-3-O-6 glucosido coumarato 33,4+8,0 56,4 +0,5 47,1+0,1 32,2+1,5 350+1,7

TOTAL  312°:9 575%£15 442° £ 2 449° +17 397°£9
Flavanoles
Acido galico 4,0+0,2 6,1+0,5 6,4+0,2 59+0,2 41+03
Catequina 0,4+0,0 0,7+0,1 0,8+0,0 0,1+0,0 0,6 +0,0

TOTAL 4,42°+0,20 6,87°+0,42 7,21%+0,22 6,03°+0,25 4,73°+0,17
Acidos hidroxicinamicos
Acido caftarico 12,0+1,1 8,1+0,3 43+0,3 53+0,2 59+0,2
Acido caféico 59+11 4,4+0,1 57+0,1 3,3+0,3 3,3+0,2
Acido cutarico 8,0+0,3 6,1+0,2 6,8+0,3 4,6 +0,2 26+0,2
Acido cumérico 36+0,1 35%0,3 49+0,1 2,4+0,3 1,3+0,1

TOTAL 296°t1,4  220°:03  21,6°:03  157°x06  13,1°%0,2
Flavonoles
Quercetina 3-O-galactosido 16,8 +0,7 11,4 +0,6 12,3+0,3 95+0,9 8,8+0,5
Miricetina 3-O-glucosido 13,4+0,5 10,4 +0,8 11,1+0,4 55+0,1 6,8+0,7
Quercetina 3-O-glucuronido 3,8+0,4 4,6 +0,5 3,9+0,1 2,0+0,1 3,4+0,1
Quercetina 3-O-glucosido 45+0,1 3,1+0,4 2,7+0,1 1,7+0,1 2,3+0,1
Kaempferol 3-O-glucosido n.d nd n.d n.d nd
Miricetina 24+0,1 75%0,5 50+0,1 6,3+0,2 9,604
Quercetina 0,8+0,1 4,7+0,2 3,9+0,2 3,8+0,1 6,2+0,5
Kaempferol 0,2+0,0 1,1+0,0 0,9+0,0 0,5+0,0 0,8+0,1

TOTAL 41,9°+05  42,8°+31  39,7+07 294°+0,7 380°%1,1
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Observando los cuatro grupos de compuestos polifendlicos, la aplicacion
de piraclostrobin segin las BPA proporciona vinos con mayor contenido
polifendlico de manera significativa que los vinos tratados con boscalid acorde a
las BPA, independientemente del grupo polifendlico. De manera general, e
independientemente de las aplicaciones, los vinos tratados con boscalid
presentan menor contenido en polifenoles que los tratados con piraclostrobin,

independientemente de cuando se realice la aplicacion.

En cuanto a las coordenadas CIElab (ver tabla III.11.), los vinos tratados
con piraclostrobin, independientemente de las aplicaciones, presentaron
tonalidades mas rojizas, seguidos por los vinos procedentes de uvas tratadas con
boscalid y, finalmente el testigo. Con respecto a la coordenada b*, se puede decir
que los vinos tratados con boscalid presentan menos tonos azulados que
piraclostrobin y, ambos tratamientos, menos que el testigo, siendo éste el vino

con mayor tonalidad azulada.

Tabla II1.11. Coordenadas CIElab de los vinos estudiados en 2008

Coordenadas a* b* L*

Testigo 46,500 + 2,40 30,20 + 1,05 44 58Ns + 2 69
Piraclostrobin BPA 54,902 + 3,30 33,83+ 325 39,94Ns+ 272
Piraclostrobin PAC 53,28 +324 33,49 +317 3833N5+1,53
Boscalid BPA 52,102 + 4,30 37,992+ 3,09 41,91N5+ 3,03
Boscalid PAC 50,66 + 1,36 36,71 +212  42,87Ns+ 1,41

Por ultimo, la coordenada L* que corresponde con la luminosidad de los
vinos indica que los vinos mas oscuros corresponden a los vinos con
piraclostrobin y los mas claros al testigo, presentando los vinos boscalid valores

intermedios, aunque dicha propiedad no parece ser significativa entre los vinos
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estudiados. Los valores obtenidos para dichos vinos estuvieron cerca de los
presentados en la figura II1.2. para los vinos tintos jovenes, color rojo purpura,

cuyas coordenadas medias son: a* =50, b* =34 y L* = 34.

Influencia en las caracteristicas sensoriales. Test Diio-Trio.

El test Duo-Trio realizado para comprobar si los vinos procedentes de
distintas uvas pueden diferenciarse, demostré que los vinos elaborados no
difieren entre si a un nivel de significacién del 5%. El nimero de respuestas
correctas y totales fueron 20/31 en el caso del vino elaborado con uvas tratadas
con piraclostrobin y 16/28 para el correspondiente al tratamiento con boscalid. El
numero de respuestas correctas que debian darse para que las muestras difieran
en un nivel de significacién superior al 5% es 21 y 19 para piraclostrobin y
boscalid, respectivamente. No se estim6 conveniente realizar un analisis

descriptivo debido a la no diferenciacién encontrada en el test.

VINIFICACION 2009

Influencia sobre levaduras y bacterias. Evolucion de la fermentacion

alcohélica y maloldctica.

Las cepas variedad tempranillo procedentes de la parcela de Aldeanuela
de Ebro fueron tratadas con Cabrio Top® y Bellis segin las BPA y las PAC y
Cantus® tnicamente acorde las BPA. Se dejaron un nimero de filas sin tratar con
el fin de tener un testigo de la parcela. La uva tinta variedad Tempranillo se
vendimio en cajas el dia 30/09/09, recogiéndose aproximadamente 200 kg de uva

para cada tratamiento y otros 200 kg de uvas control.
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La pasta procedente de la despalilladora-estrujadora se encubd en
depositos de fermentacion de acero inoxidable de 50 L. Se afiadié anhidrido
sulfuroso en una cantidad de 50 mg L. La elaboracion se realizé por triplicado
tanto para el testigo-control como para cada uno de los tratamientos. El dia
01/10/2009 se inocularon levaduras de la cepa Uvaferm® VRB (Saccharomices
cerevisiae). Los depositos fueron bazuqueados dos veces por dia. Una vez
terminada la fermentacidon alcoholica, se procedié al descube y el vino yema
obtenido se llevd a depodsitos de acero inoxidable de 15 L de capacidad.
Posteriormente se llevé a cabo la fermentacién malolactica sembrando las

bacterias lacticas MBR Alpha Oenococcus oeni.

La figura II1.23. representa los resultados del contenido en aztcar
(expresados en porcentaje respecto al contenido inicial) del proceso de
fermentacion obtenido para el vino control y para los tratamientos con

piraclostrobin y boscalid.

Se observa en todos los casos una evolucion similar de las fermentaciones
entre los mostos de uvas tratadas con respecto al control. La fermentacion
finaliz6 entre 7- 8 dias para todos los tratamientos y el control. La presencia de
residuos de piraclostrobin y boscalid en el mosto, incluso a altas concentraciones,
no parece tener influencia en la actividad de las levaduras fermentativas ni por

tanto en la evolucién de la fermentacién alcohdlica.

En el caso de la fermentacion maloléctica, la duracidon fue similar para el
testigo y los vinos procedentes de uvas tratadas siendo de 29 y 32 dias para
cabrio top y de 31 y 32 dias para Bellis, segun BPA y PAC, respectivamente. En el

caso de cantus, la fermentacion tuvo lugar en 31 dias y el vino testigo finalizé en
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30 dias. De forma similar a la fermentacion alcohdlica, ni el tratamiento en campo
ni la presencia de residuos de ambos fungicidas en mosto parecen interaccionar

con las bacterias lacticas, responsables de llevar a cabo esta fermentacion.
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Figura III.23. Evolucién de la fermentacion alcohdlica en 2009

Influencia sobre pardmetros enoldgicos

Los resultados obtenidos para los parametros enoldgicos determinados
como se explican en este capitulo para los diferentes tratamientos se muestran en

la figura I11.24. Letras distintas indican diferencias significativas (p<0.05).
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Como se puede observar, los parametros pH, acidez total, indice de etanol,
indice de color e indice de astringencia no presentaron diferencias significativas

ni entre los diferentes tratamientos ni el vino testigo.

Grado alcohdlico e IPT mostraron una tendencia similar a la vinificacion
del afio anterior, siendo el testigo el vino que menores valores ofrece para ambos
pardmetros enoldgicos. En cuanto al comportamiento de los taninos totales, se
puede decir que, al igual que ocurria en 2008, piraclostrobin ofrecié el valor mas
alto seguido por el resto de tratamientos, siendo entre ellos no significativos. Sélo

los tratamientos individuales de piraclostrobin resultaron ser diferentes al testigo.

Las concentraciones obtenidas para los compuestos polifendlicos de los
vinos se muestran en la tabla II.12. En la campana 2009, el vino control mostré
una tendencia similar al vino control de 2008. Mientras que los valores de
antocianos y flavanoles fueron los menores encontrados de entre todos los vinos,

los obtenidos para los acidos hidroxicinamicos y flavonoles fueron los mas altos.

Sin embargo, en 2009, con respecto a los vinos que fueron tratados con
algun fungicida, se observa que boscalid presenta, en este caso y contrariamente
a lo ocurrido en 2008, valores superiores que piraclostrobin para los cuatro

grupos de compuestos polifendlicos.

El vino procedente de cepas tratadas con la mezcla bellis, presentd un
comportamiento intermedio entre el vino tratado tnicamente con boscalid y el
tratado con piraclostrobin para acidos hidroxicindmicos y antocianos. Para los
otros dos grupos, flavanoles y flavonoles, se obtuvieron los resultados mas bajos

que los tratamientos individuales.
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Tabla II1.12. Concentracion obtenida por UPLC/MS-MS para los compuestos fendlicos en

2009
Afio 2009 Concentracion de compuestos polifendlicos (mg/L)
Compuesto Control Cabrio Top (BPA)  Cantus (BPA) Bellis (BPA)
Antocianos
Delfinidina-3-O-glucosido 122+36 139+18 16,9+0,2 164525
Cianidina-3-O-glucosido 1,87 0,05 1,90 £ 0,14 1,96 + 0,04 1,94 0,42
Petunidina-3-O-glucosido 24,3+5,2 37,1+£5,6 34,1+0,4 38,8+2,0
Peonidina-3-O-glucosido 7,56 £1,42 7,71+£1,2 8,38+0,4 11,7+1,9
Malvidina-3-O-glucosido 100 £15 113+ 21 137 +£2 147 £ 6
Delfinidina-3-O(6-0-acetil)glucésido 531£1,22 6,34+0,91 8,26 +0,37 5,43+0,33
Petunidina-3-O-6-acetilglucésido 26,2+34 48,8+7,1 40,9+4.8 39,2+17
Delfinidina-3-O- glucosido coumarato 3,16 +0,43 3,25+0,87 4,52+0,21 2,99+0,84
Peonidina-3-O-6- acetilglucésido 2,21+0,18 2,39+0,37 2,58+0,11 2,31+£0,75
Malvidina-3-O-6- acetilglucésido 17,8+34 225+13 284+13 192+1,9
Cianidina-3-O-6 glucosido coumarato 1,56 £0,05 1,55+£0,04 n.d n.d
Petunidina-3-O-6 glucosido coumarato 4,97+0,24 9,25+0,16 5,72+1,02 3,68 £0,57
Peonidina-3-O-6 glucosido coumarato 4,06 £0,53 3,76 £0,77 6,01+0,16 3,19+0,62
Malvidina-3-O-6 glucosido coumarato 21,5+3,0 34,8+5,6 31,6+3,5 29,4+13
TOTAL  231°+46 303% '+ 26 3307 + 11 321%% 25
Flavanoles
Acido galico 5,28 £0,22 6,10 £0,81 9,43 +1,52 4,26 +0,15
Catequina 0,69 £0,10 0,67 £0,11 0,99 £ 0,06 0,234 + 0,03
TOTAL 597" 0,40 6,77° £ 0,67 10,42°+1,06  4,50°£0,18
Acidos hidroxicindmicos
Acido caftarico 6,18 +0,87 5,69+ 0,69 4,87%0,53 478 0,81
Acido caféico 4,67 £0,20 4,42 +0,52 3,99 £ 0,06 4,12 +0,37
Acido cutérico 8,0+0,3 6,1+0,2 4,6+0,2 2,6 +0,2
Acido cumérico 4,80+0,78 4,89+0,18 3,78 +0,35 3,95+1,18
TOTAL 22,9°%26 18,2°+1,0 22,0" £1,4 201" £1,5
Flavonoles
Quercetina 3-O-galactosido 418+0,16 4,40+ 0,61 4,35+0,18 479%0,43
Miricetina 3-O-glucosido 7,58 £0,39 8,61+0,34 7,80+1,24 5,51+0,43
Quercetina 3-O-glucuronido 1,75+0,26 1,35+£0,11 1,69 £0,12 1,64 £0,35
Quercetina 3-O-glucosido 2,22 +0,17 1,35+£0,14 2,26 +0,2 1,58 £0,23
Kaempferol 3-O-glucosido n.d nd nd nd
Miricetina 2,08+0,13 1,39 £0,02 2,48 +0,43 2,73+0,09
Quercetina 1,13 +0,07 0,56 0,07 1,44 £0,12 0,21 £0,03
Kaempferol 0,23+0,02 0,22 £0,02 0,212 £ 0,03 0,13+0,01
TOTAL 19,2216 17,8*+0,9 20,2*£0,6 16,1 +0,3
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En cuanto a las coordenadas CIElab (ver tabla III.13.), se observa que los
vinos elaborados con uvas tratadas presentaron tonos mas rojos y una mayor
claridad. Sin embargo no se encontraron diferencias significativas para la
coordenada b*. La mezcla de ambos plaguicidas, es decir, los vinos tratados con
bellis, presentan valores intermedios entre los tratamientos individuales para las

tres coordenadas

Tabla II1.13. Coordenadas CIElab de los vinos estudiados en 2009

Coordenadas a* b* L*

Testigo 36,05b+ 2,42 32,45N5 +2 06 43,45 + 5,36
Piraclostrobin BPA 45,052 +£4,01 36,84 NS +4 58 60,602 £ 1,40
Boscalid BPA 37,74 +403 30,44Ns +1,94 56,132+ 4,76
Bellis 40,082+ 1,06 30,91Ns +210 58,402 + 5,40

Influencia en las caracteristicas sensoriales. Test Diio-Trio

El test Duo-Trio realizado para comprobar si los vinos procedentes
dedistintas uvas pueden diferenciarse, demostré que los vinos elaborados no
difieren entre si a un nivel de significacion del 5%. El nimero de respuestas
correctas y totales fueron 8/17 en el caso del vino elaborado con uvas tratadas con
piraclostrobin y 7/17 para el correspondiente al tratamiento con boscalid. El
numero de respuestas correctas que debian darse para que las muestras difieran
en un nivel de significacién superior al 5% es 10 para ambos tratamientos. No se
estimo conveniente realizar un anadlisis descriptivo debido a la poca

diferenciacion encontrada en el test.
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VINIFICACION 2010

Influencia sobre levaduras y bacterias. Evolucion de la fermentacion

alcohélica y maloldctica.

Las cepas variedad tempranillo procedentes de la parcela de Aldeanueva
de Ebro fueron tratadas con Cabrio Top® y Cantus® acorde las buenas practicas
agricolas y Bellis® segin BPA y PAC. Se dejaron un ntiimero de filas sin tratar
con el fin de tener un testigo de la parcela. La uva tinta variedad Tempranillo se
vendimid en cajas el dia 04/10/10, recogiéndose aproximadamente 200 kg de uva

para el tratamiento y otros 200 kg sin tratamiento alguno para el vino control.

La pasta procedente de la despalilladora-estrujadora se encubd en
depositos de fermentacion de acero inoxidable de 50 L. Se afiadi6 anhidrido
sulfuroso en una cantidad de 50 mg L. La elaboracién se realizé por duplicado
tanto para el testigo-control como para cada uno de los tratamientos. El dia
05/10/2010 se inocularon levaduras de la cepa Uvaferm® VRB (Saccharomices
cerevisiae). Los depdsitos fueron bazuqueados dos veces por dia. Una vez
terminada la fermentacidon alcoholica, se procedié al descube y el vino yema
obtenido se llevé a depdsitos de acero inoxidable de 15 L de capacidad.
Posteriormente se llevé a cabo la fermentacién malolactica sembrando las

bacterias lacticas MBR Alpha Oenococcus oeni.

La figura III.25. representa los resultados del contenido en aztcar
(expresados en porcentaje respecto al contenido inicial) del proceso de

fermentacion obtenidos para los tratamientos con piraclostrobin y boscalid.
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Figura II1.25. Evolucion de la fermentacién alcoholica 2010

Se observa en todos los casos una evolucion similar de las fermentaciones
entre los mostos de uvas tratadas con respecto al control. La fermentacion
finaliz6 en aproximadamente 8 dias para todos los tratamientos y el control. La
presencia de residuos de piraclostrobin y boscalid en el mosto, incluso a altas
concentraciones, no parecieron tener influencia en la actividad de las levaduras

fermentativas ni por tanto en la evolucion de la fermentacion alcoholica.
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En el caso de la fermentacion maloldctica, la duracién fue similar para el
testigo y los vinos procedentes de uvas tratadas siendo de 36 dias para el testigo,
34 para Cabrio Top (piraclostrobin), 37 para Cantus (boscalid) y 36 para bellis
(mezcla) en ambas aplicaciones. De forma similar a la fermentacion alcohdlica, ni
el tratamiento en campo ni la presencia de residuos de ambos fungicidas en
mosto parecen interaccionar con las bacterias lacticas, responsables de llevar a

cabo esta fermentacion.

Influencia sobre pardametros enolégicos

Los resultados obtenidos para los parametros enoldgicos determinados
como se explican en este capitulo para los diferentes tratamientos se muestran en

la figura I11.26. Letras distintas indican diferencias significativas (p<0.05).

Los parametros de pH, acidez total, indice de color e indice de astringencia
no mostraron diferencias significativas entre tratamientos y testigo. Sin embargo,
para IPT y grado alcoholico el testigo ofrecid valores mas bajos que el resto de
tratamientos. Por el contrario, se obtuvieron las mayores concentraciones para
éste en cuanto a taninos totales (similar a la mezcla de fungicidas) y acidez volatil

(similar a piraclostrobin).

Los compuestos polifendlicos resumidos en la tabla III.14 mostraron
comportamientos muy similares a los afios anteriores, sobre todo con respecto a
la campafha de 2008. Los resultados obtenidos para el vino testigo sigue la
tendencia vista para los dos afios anteriores: los valores para antocianos y
flavanoles son mas altos que para los vinos tratados con fungicidas,
independientemente de tratamiento y aplicacion. Por el contrario, y siguiendo
con el comportamiento similar de este vino, los resultados obtenidos para la

concentracion de acidos
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Tabla II1.14. Concentracién obtenida por UPLC/MS-MS para los compuestos fendlicos en

2010
Afio 2010 Concentracion de compuestos polifendlicos (mg L'l)
Compuesto Control Cabrio Top (BPA)  Cantus (BPA) Bellis (BPA)
Antocianos
Delfinidina-3-O-glucosido 292+25 43,4+19 31,6+29 36,1+2,6
Cianidina-3-O-glucosido 1,78 +£0,10 2,20+0,34 2,14+0,34 1,46 + 0,26
Petunidina-3-O-glucosido 325+0,8 52,8+4,0 410+14 47,2+5,9
Peonidina-3-O-glucosido 11,7+2,1 11,3+1,9 8,69+14 13,0+2,4
Malvidina-3-O-glucosido 946+1,2 153 £ 22 149 +£19 159 +14
Delfinidina-3-O(6-0-acetil)glucésido 122+26 17,8+2.3 15,3+1,62 142+1,8
Petunidina-3-O-6-acetilglucésido 351+27 48,9+11,8 40,0 £6,2 49,9+5,2
Delfinidina-3-O- glucosido coumarato 5,565+1,03 6,52 +1,24 5,66 + 0,88 8,55+0,70
Peonidina-3-0-6- acetilglucésido 4,01 +0,45 3,39+1,26 3,11 £ 0,02 6,01 +1,37
Malvidina-3-O-6- acetilglucésido 156+1,8 26,9+3,9 22,2+3,6 24,4+4.8
Cianidina-3-O-6 glucosido coumarato 3,04 +£0,89 6,10+ 0,78 4,07 £ 3,56 5,47 +1,22
Petunidina-3-O-6 glucosido coumarato 8,50 + 0,57 11,1+1,7 11,3+1,18 9,71+2,14
Peonidina-3-0O-6 glucosido coumarato 4,97 £0,59 6,71 £ 0,46 6,67 +£1,04 6,09 +£0,42
Malvidina-3-0-6 glucosido coumarato 240+27 27,0+3,3 27,6 +2,7 36,0+2,7
TOTAL  283°+16 417°+19 369° + 21 418%+4
Flavanoles
Acido galico 5,42 +0,42 9,61+1,03 7,14+1,72 4,86 +0,99
Catequina 1,66 £ 0,28 6,03+0,23 1,94 + 0,86 2,69+0,78
TOTAL 7,08°%0,71 15,6%+ 0,80 9,07°+0,85 7,56 +0,20
Acidos hidroxicinamicos
Acido caftarico 8,59 +0,93 5,60+0,61 7,23 +1,02 6,41 £0,54
Acido caféico 0,87 £0,03 0,58 £0,15 0,52 +0,08 0,90 +0,02
Acido cutérico 6,69 £ 01,3 4,86 +1,03 7,52 +£1,30 5,08 £0,40
Acido cumarico 5,64 £0,52 4,53+0,19 3,51+£0,33 4,45 + 0,64
TOTAL  21,8°+0,2 15,6°+0,77 18,9° +0,75 16,8°+ 0,79
Flavonoles
Quercetina 3-O-galactosido 4,82 +0,32 7,53+0,71 5,07 £0,08 6,70 £1,26
Miricetina 3-O-glucosido 7,55+0,12 5,97 £0,68 6,34 £0,28 4,69 +0,73
Quercetina 3-O-glucuronido 3,39+0,65 3,75+0,51 4,34 £ 0,09 4,45 + 0,63
Quercetina 3-O-glucosido 1,84+0,12 1,31+0,07 1,68 +0,23 0,98 £0,15
Kaempferol 3-O-glucosido nd nd nd nd
Miricetina 6,67 +0,51 6,55+0,62 4,57 +0,11 5,16 +0,11
Quercetina 0,94 +0,04 0,82+0,02 0,72+0,03 0,77+0,04
Kaempferol nd nd nd nd
TOTAL 252°+0,4 25,9%+1,6 22,7°+0,8 22,7°+0,2
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hidroxicinamicos y flavonoles fue la mayor de todos los vinos estudiados (éstos

ultimos de manera similar a piraclostrobin).

Comparando entre tratamientos, piraclostrobin ofrecié valores mas altos
para todos los compuestos excepto para los acidos hidroxicinamicos. La mezcla
de ambos fungicidas presenta valores muy bajos para todos los grupos

polifendlicos, excepto para antocianos.

En cuanto a las coordenadas CIElab (ver tabla III.15.), se observa que los
vinos testigo, elaborados con uvas sin tratar presentan mayor valor para la
coordenada a* aunque su valor no difieren significativamente respecto a los
tratamientos por lo que no se puede decir que sean mas rojos. Ademas, los vinos
elaborados con uvas tratadas son mas azulados y mas claros. Observando los
vinos tratados con los fungicidas objeto de estudio, piraclostrobin ofrece los vinos
menos azulados y mas oscuros, mientras que boscalid y la mezcla de ambos
presentan vinos similares, mas azulados y con una mayor claridad, siendo ésta

ultima significativamente similar al testigo.

Tabla III.15. Coordenadas CIElab de los vinos estudiados en 2010

Coordenadas a* b* L*

Testigo 42,16NS +2,76 38,342+ 3,04 37,66 + 1,81
Piraclostrobin BPA 37,14 NS+ 2,09 35,673+ 2,02 44 41> + 1,87
Boscalid BPA 40,33Ns +1,89 31,230+ 2,84 46,262 + 2,96
Bellis 39,15N8 +2 96 30,54b + 2,47 46,082+ 4,40
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Influencia en las caracteristicas sensoriales. Test Diio-Trio

El test Duo-Trio realizado para comprobar si los vinos procedentes de
distintas uvas pueden diferenciarse, demostré6 que los vinos elaborados no
difieren entre si a un nivel de significacion del 5%. El nimero de respuestas
correctas y totales fueron 14/25 en el caso del vino elaborado con uvas tratadas
con piraclostrobin (aplicacion con Cabrio Top®) y 15/25 para el correspondiente
al tratamiento con boscalid (aplicacién con Cantus®). El nimero de respuestas
correctas que debian darse para que las muestras difieran en un nivel de
significacion superior al 5% es 18 para ambos tratamientos. No se estimo
conveniente realizar un andlisis descriptivo debido a la poca diferenciacién

encontrada en el test.

I11.4.6. INFLUENCIA EN LA COMPOSICION QUIMICA DE LOS
VINOS

La Figura III.27 muestra la proyeccion de los vinos y las variables
(composicién quimica analizada en los vinos) sobre las dos primeras dimensiones
obtenidas del Analisis de Componentes Principales (PCA), las cuales acumulan
mas del 59% de la varianza original. Esta grafica puede ser utilizada para mostrar
una idea de los efectos que los distintos tratamientos estudiados han tenido sobre

la composiciéon quimica de los vinos.

La componente 1 fue caracterizada positivamente por la acidez volatil
(correlacion 0,86) y negativamente por antocianos (-0,72), flavonoles (-0,93),

taninos totales (-0,78) y acidez total (-0,83).
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En el caso de la componente 2, se caracterizd positivamente por la
concentracion de acidos hidroxicindmicos mostrando una correlacion entre el
factor y dicha variable de 0,93 y negativamente por la variable IPT con una
correlacion de -0,88. La proyeccidn de los vinos en el mapa de estas dos primeras
componentes muestra que los vinos correspondientes al afio 2008 se sitian a la
izquierda del plano y los de los afios 2009 y 2010 a la derecha, indicando que
estos vinos son muy diferentes en las variables que definen la componente 1.
Ademas, en las tres campanas estudiadas, la componente 2 separa los vinos
control de los vinos tratados, de tal forma que los vinos control tienen mayor
contenido en acidos hidroxicinamicos, menor IPT, y menor cantidad de

antocianos.

Los vinos elaborados con uvas tratadas con boscalid, independientemente
de las aplicaciones realizadas, bajo BPA o PAC, aparecen situados a la derecha
del grafico y mas abajo que los vinos elaborados con uvas tratadas con
piraclostrobin o la mezcla de ambos, teniendo estos vino mayor contenido en
polifenoles totales. Los vinos elaborados con bellis (mezcla de piraclostrobin y
boscalid) parecen presentar valores intermedios entre los tratamientos

individuales.

El afio 2008 es el tnico de los tres en el que se evalud la influencia de los
vinos elaborados bajo PAC. Se observa que, a pesar de ser diferentes aplicaciones
y vinificaciones totalmente independientes, los vinos elaborados con el mismo
fungicida dieron lugar a vinos finales con caracteristicas muy similares, estando
situados en el grafico los vinos con aplicacion bajo BPA al lado de los vinos con

aplicacion bajo PAC.

184




Capitulo

IIL.5

DEGRADACION DE  PIRACLOSTROBIN Y
BOSCALID: HIDROLISIS, FOTOLISIS Y
FOTOCATALISIS







Degradacion de piraclostrobin y boscalid. ..

Las principales vias de degradacion de plaguicidas incluyen fotolisis,
hidrdlisis y procesos de oxidacién/reduccion. La degradaciéon fotoquimica es uno
de los principales procesos de transformacién y uno de los factores que controla el
destino de pesticidas y otras sustancias quimicas en el medioambiente. En la
superficie de sistemas acuaticos, las reacciones de hidroélisis y fotdlisis
contribuyen de forma significativa en la conversion y degradacion de
plaguicidas. Es por ello interesante conocer en qué grado se degradan por cada

proceso y cudles son los productos de degradacion o metabolitos generados.

Varios pesticidas absorben la luz solar (A > 295 nm) y pueden ser
degradados bajo reacciones de fotolisis directa, conduciendo a la formacién de
varios productos. Procesos de degradaciéon con luz natural son comparados
normalmente con estudios realizados utilizando una lampara de arco de xenon.
Estos estudios en laboratorio permiten conocer el comportamiento de los pesticidas
después de su aplicacién en el medioambiente, con el fin de obtener informacion
de su cinética de degradacién, tiempo de vida media y productos de degradacion

que pudieran ser formados bajo la luz natural.

En la actualidad existen varios métodos para la eliminacidon de restos de
pesticidas presentes en agua como son la degradacién microbiana o térmica.
Aunque estos métodos estan disponibles para degradar pesticidas, presentan
algunas limitaciones como coste o tiempo que consumen. Durante los tltimos
afos, los trabajos se han focalizado en el proceso fotocatalitico usando TiO2 como
catalizador. Dicho catalizador promueve la formacién de radicales hidroxilo, los
cuales son capaces de atacar y destruir moléculas organicas como son los

pesticidas.
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I11.5.1. HIDROLISIS Y FOTOLISIS: ESTUDIOS

Hidrolisis

Para llevar a cabo este estudio, se prepararon en medio acuosos y por
triplicado 40 mL de disoluciones tampdn con valores de pH 3,6, 6,2, 92y 120y
concentraciones de fungicida aproximadas a 1 mg L' y 3,4 mg L respectivamente
para piraclostrobin y boscalid, manteniéndose en oscuridad (botes opacos ambar)
a tres temperaturas distintas (4 °C, 25 °C y 50 °C) para comprobar el efecto del pH'y
la temperatura en el proceso de hidrdlisis. La concentracion inicial se determind
por HPLC-DAD mediante una calibracion con patrones de fungicida de
concentracion conocida. Posteriormente, se analizaron de cada ensayo muestras de
0,5 mL de volumen tomadas en los dias 5, 10, 15, 30 y 60 siendo cuantificadas
inmediatamente por HPLC-DAD, sin necesidad de concentrar. Los experimentos

fueron llevados a cabo por separado para cada fungicida.

Fotolisis

Para el estudio de degradacion fotolitica se utilizo una unidad de simulacién
solar Oriel equipada con una ldmpara de arco de xenén a 150 W. La celda de
cuarzo de 25 mL de capacidad se colocé a 5 cm de la fuente de radiaciéon. Un
volumen de 25 mL de diferentes disoluciones tampon (pH 3,6, 6,2 and 12,0) y
concentraciones de ambos fungicidas se colocaron en la celda y se irradiaron con la
lampara de Xe. Los experimentos fueron llevados a cabo a temperatura ambiente y
en total ausencia de luz. Las concentraciones iniciales de piraclostrobin y boscalid

en las disoluciones acuosas utilizadas para el estudio fueron de aproximadamente

188




Degradacion de piraclostrobin y boscalid. ..

1,0 vy 34 mg L7, respectivamente, condicionada dicha concentraciéon a la

solubilidad de ambos fungicidas en agua.

A intervalos especificos de tiempo fueron extrayéndose diferentes alicuotas
de 0,5 mL de la celda, determinando la concentraciéon de fungicida por inyeccion
directa en HPLC-DAD. Las alicuotas se tomaron hasta que la concentracion del
fungicida disminuyé en aproximadamente un 90% respecto a la concentracion
inicial. Se tuvo en cuenta que la disminucién del volumen de la celda después de
sacar las alicuotas durante los experimentos no fuera superior al 20% del volumen

inicial para evitar que el proceso se viera afectado.
Parametros cinéticos

Para evaluar la velocidad de degradacién de los fungicidas piraclostrobin y
boscalid en los procesos de hidrdlisis y fotdlisis, los datos experimentales se

ajustaron al siguiente modelo:
InC, =InC, - Kt

donde C: es la concentracion de fungicida en el tiempo t (ug L1), Co es la
concentracion inicial obtenida en el tiempo f = 0 (ug L), K es la constante de

disipacion del fungicida y ¢ es el tiempo en dias de degradacion.

Usando dicho ajuste se obtuvieron la constante de degradaciéon k para
ambos procesos (pendiente del ajuste) y los tiempos de vida media, calculados
mediante la expresién ti2 = In2/k. En el caso de la hidrdlisis, los parametros
cinéticos fueron determinados tinicamente en los casos que mostraron degradacion

del fungicida por esta via.
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Identificacion de los productos de degradacion o metabolitos

En los experimentos de hidroélisis que mostraron degradacion, las muestras
fueron directamente analizadas por HPLC-MS para la identificacion de los

productos de degradacion, sin necesidad de concentrar la muestra.

Sin embargo, en el proceso de fotdlisis se llevo a cabo una preconcentracion
de la muestra antes de analizarla por UPLC-MS en el caso de piraclostrobin o de
HPLC-MS para boscalid con el fin de detectar los metabolitos generados, los cuales
se encuentran en bajas concentraciones. Asi, muestras de 25 mL fueron irradiadas a
diferentes tiempos establecidos (a cada muestra le corresponde un tiempo de
irradiacién) en funcién de la duracidon de la degradacién de cada fungicida a los
diferentes pHs. Esta duracidn es conocida gracias al estudio de fotdlisis realizado
anteriormente. Las disoluciones degradadas (25 mL cada una) se evaporaron a
sequedad en rotavapor y los residuos se redisolvieron en 1 mL de metanol,

concentrando asi los productos de degradacion 25 veces.

I1L5.2. HIDROLISIS Y FOTOLISIS: RESULTADOS
II1.5.2.1. Piraclostrobin
Hidrolisis

La degradacion de piraclostrobin en disolucidn acuosa y en ausencia de luz
se monitorizé a diferentes pHs y temperaturas durante 60 dias. Los resultados
obtenidos de este estudio se muestran en la tabla III. 16. y en el Anexo VII. Se

observaron variaciones significativas en la degradacion respecto a ambos

parametros estudiados. Los resultados indican que piraclostrobin no tiene buena
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estabilidad quimica en disoluciéon acuosa y que el proceso hidrolitico juega un

papel importante en la desaparicion de este fungicida en el medio acuoso.

Tabla III.16 . Concentracion (mg L) de piraclostrobin en el proceso de hidrolisis a 4 + 2 °C, 25
+2°Cy 502 °C en disolucién acuosa a distintos pHs.

Piraclostrobin (mg L)

4°C £ 2°C 25°C +2°C 50°C + 2°C

Dias pH pH pH pH pH pH pH pH pH pH pH pH
36 62 92 120 36 62 92 120 36 62 92 120

095 09 099 092 095 09 099 092 095 09 099 0,92
5 08 0% 09 071 091 08 09 nd 093 052 047 nd
10 094 09 09 033 09 08 09 nd 095 020 019 nd
15 09 09 09 015 09 09 095 nd 093 008 007 nd
30 092 09 08 nd 09 092 08 nd 091 nd nd nd
60 09 09 08 nd 092 08 08 nd 091 nd nd nd

ND: < LD (0,05 mg L)

A pH 12, el compuesto desaparece en todos los casos, independientemente
de la temperatura, lo cual indica que a pH fuertemente bésico la hidrdlisis se ve
favorecida. A temperaturas elevadas, el valor mas alto estudiado, 50°C, muestra un
proceso de hidroélisis mas acentuado incluso a pH neutro. Sin embargo, a pH acido
no se observan diferencias significativas entre la concentracion inicial y la obtenida

después de 60 dias de experimento en ninguna de las temperaturas estudiadas.

Todas las condiciones que presentaron degradacién hidrolitica mostraron un
ajuste lineal con coeficientes de determinacion entre 0,959 y 0,996. La constante de
degradacién aumentd con el pH y la temperatura. Los tiempos de vida media
obtenidos variaron de 5776 a 7701 min en las disoluciones tampén a diferentes

pHs. Cuando ambos parametros, temperatura y pH fueron altos (50 °C and pH 12)
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el proceso hidrolitico causa una degradacion de mas del 99% de piraclostrobin en

menos de 5 dias.

En cuanto al estudio de productos de degradacién en la hidrdlisis, se
encontrd un unico metabolito de m/z = 195 (M+1) clorado, siendo el mismo en
todos los casos independientemente de las condiciones de pH y temperatura. El
compuesto se obtiene de la ruptura del enlace O-C del grupo éter, rompiendo la
molécula de piraclostrobin por la mitad como se puede observar en la figura II1.28.
Los cromatogramas de piraclostrobin y el subproducto obtenido y sus espectros

pueden verse en el Anexo VII.

m/z =388 m/z =195

\/@ Hidrdlisis
N OH
/ ~I
CI Cl N
o B O

Hc\n/

Figura III. 28. Ruta hidrolitica de piraclostrobin

Fotolisis

Los resultados obtenidos mostraron un 90% de degradacion a pH acido
(pH=3,6), neutro (pH=6,2) y basico (pH=12) después de 5 h, 4 h y 3,5 h de
irradiacién, respectivamente. El estudio cinético del fungicida se llevé a cabo bajo
condiciones de fotdlisis, siguiendo todas las cinéticas un modelo de degradacion de
primer orden independientemente del pH. Los coeficientes de determinacién en
los tres casos (a pH acido, neutro y basico) fueron superiores a 0,99. Los valores

obtenidos para los tiempos de vida media se encontraron entre 74 (a pH basico) y
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94 min (a pH acido). Estos valores indican que la velocidad de degradacion

disminuye conforme baja el pH. Los valores altos de pH (medio basico) favorecen

la degradacion fotolitica del compuesto.

Una vez identificados los subproductos de degradaciéon de la manera

explicada en el apartado anterior, se propuso una ruta degradativa fotolitica para

piraclostrobin basada en las estructuras encontradas. Dicha ruta se muestra en la

figura I11.29 A). Como se puede observar, tuvieron lugar dos procesos diferentes de

forma simultanea:

i)

iif)

El compuesto 2 se obtuvo debido al proceso de hidrdlisis que tiene lugar al
mismo tiempo que la fotdlisis. Esto implica que el proceso hidrolitico de
piraclostrobin juega un importante papel durante el proceso de fotolisis.
En la figura II1.29 B). Se puede observar que la concentracién de esta
sustancia aumenta ligeramente después de 3 h de degradacion,

disminuyendo posteriormente.

El resto de fotoproductos se obtuvieron a través de la fotdlisis de
piraclostrobin. La etapa inicial implica la pérdida de cloro y posterior
ataque al anillo de un grupo hidréxido dando lugar a dos isdmeros
(compuestos 3 y 4) en funcion de la posicion en la que se coloque éste
altimo. Ambos productos alcanzan su maxima concentraciéon una hora
después de comenzar el experimento para continuar disminuyendo

lentamente hasta la finalizacién del estudio.

La posterior ruptura del enlace entre el grupo 4-hidroxifenilo y el pirazol

(enlace N-C) condujo a la formacién del compuesto 5, el cual alcanzé su
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concentracion maxima en aproximadamente 1,5 horas de comenzado el

experimento, como puede verse en la figura II1.29 B).

Los resultados obtenidos en este estudio fueron comparados con otros
trabajos relacionados con la degradacion de estrobilurinas. En ellos, la hidrdlisis de
azoxistrobin [Boudina et al; 2007] y trifloxistrobin [Jingyu Chen ef al.; 2008]
mostraron mediante el proceso de hidrélisis la ruptura del enlace éter, la misma
que se da en el caso de piraclostrobin, dando lugar a un compuesto similar al

compuesto 2.
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Figura II1.29. (A) Ruta degradativa de piraclostrobin. (B) Evolucién de los productos de

degradacion durante la fotdlisis.
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II1.5.2.2. Boscalid
Hidrolisis

La degradacion de boscalid en disolucidn acuosa y en ausencia de luz se
monitoriz6 a diferentes pHs y temperaturas durante 60 dias. Los resultados
obtenidos de este estudio se muestran en la tabla III. 6. Boscalid, al contrario que

piraclostrobin, no presenta variaciones significativas en la concentracion a lo largo

de los dias de estudio, independientemente del pH o la temperatura.

Tabla III.17. Concentracion (mg L) de boscalid en el proceso de hidrolisis a 4 + 2 °C, 25 +2
2Cy 50 2 °C en disolucién acuosa a distintos pHs

Boscalid (mg L)

4 +2°C 25 +2°C 50 + 2°C
Dias pH pH pH pH pH pH pH pH pH pH pH pH
36 62 92 120 36 62 92 120 36 62 92 120

0 361 357 355 362 361 357 355 362 361 357 355 3,62
5 360 361 353 363 364 363 360 365 365 366 366 352
10 364 358 356 363 366 361 364 363 366 363 365 363
15 364 356 355 362 357 360 362 361 357 358 360 3,62
30 358 358 351 363 361 357 361 354 355 358 352 354
60 359 360 349 360 363 348 351 349 357 351 346 3,51

Fotolisis

Los resultados obtenidos mostraron un 95% de degradacion a pH acido,
neutro y basico después de 21 h, 12 h y 8,5 h de irradiacion, respectivamente. Estos
valores indican que la degradacion fotolitica esta favorecida a valores de pH mas

basicos.
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Las cinéticas estudiadas siguieron un modelo de degradaciéon de primer
orden independientemente del pH. Los coeficientes de determinacién en los tres
casos (a un pH acido de 3,6, pH neutro de 6,2 y a un pH basico de 12,0) fueron
superiores a 0,988. Los valores obtenidos para los tiempos de vida media oscilaron
entre 151 y 330 min. La velocidad de degradacion disminuyo con la disminuciéon
del pH, obteniendo una degradacién fotolitica mas rapida a pH alcalino y por

tanto, con una constante cinética mayor [Anexo VIII].

Se identificaron seis productos de degradacion principales. El tiempo de
retencion de estos productos, cromatogramas, pesos moleculares y estructuras se
muestran en el Anexo VIII. Basada en estas moléculas, se establecié una ruta de
degradacion fotolitica para boscalid, consistente en varios pasos propuestos en la
figura II1.30. Como se puede observar, los fotoproductos se formaron a través de

tres vias distintas:

i.) En primer lugar, la molécula de boscalid es atacada por radicales hidroxilo
(OHe) en los anillos bencénicos que presenta la molécula obteniendo dos
productos monohidroxilados (2 y 3) los cuales alcanzan sus méaximos de
concentracion aproximadamente 4h después de comenzar la irradiacion

como se puede ver en la figura II1.31.

ii.) El segundo grupo de productos se obtuvo a partir de los subproductos
anteriores con pérdida de un dtomo de cloro conduciendo a los productos
4 y 5, los cuales alcanzaron su maximo a las 6 horas de irradiacion. Como
no es posible determinar cudl es el atomo de cloro que se pierde, en la

figura II1.30. se muestran los cuatro isémeros posibles.
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Figura II1.31. Evolucion de boscalid y sus productos de degradacién (A) Productos

monohidroxilados (B) Productos con m/z 357 (pérdida de cloro) (C) Evolucion de los

dos subproductos obtenidos de la ruptura del enlace amida-benceno.
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iii.) Los dos ultimos productos de degradacion se forman debido a la ruptura
del enlace N-C de los grupos amida-benceno respectivamente, obteniendo
asi los compuestos 6 y 7. Como se puede ver en la figura II1.30. donde se
representa el mecanismo posible de degradacion, el producto 6 resulta de
la ruptura de dicho enlace en moléculas que no poseen la piridina
hidroxilada y que ademas han perdido el atomo de cloro. El producto 7
corresponde a la otra mitad de la molécula teniendo como origen
moléculas con uno de los anillos bencénicos hidroxilados que han pérdido
un atomo de cloro, sufriendo posteriormente una segunda hidroxilacion.
Ambos productos alcanzaron su maximo a las 6 h de comenzar la

irradiacion (ver figura II1.31).

I11.5.3. FOTOCATALISIS: ESTUDIO Y RESULTADOS

Los experimentos de irradiacion fueron llevados a cabo en una celda Pirex de
60 mL que contenia la disolucién acuosa del pesticida junto al catalizador, TiO2, en
agitacion irradiandose con una lampara de mercurio que emite en el UV cercano.
El paso de agua a través del fotoreactor era continuo para mantener una
temperatura constante 20 + 2 °C. Se utiliz6 un filtro de 340 nm y se midid en cada

experimento el flujo que pasaba a través del reactor.

Asi, 25 mL de diferentes disoluciones acuosas de piraclostrobin (2,3 mg L") o de
boscalid (3,5 mg L") se colocaban en el reactor adicionando a su vez 12,5 mg de
TiO2 en el caso de piraclostrobin o 62,5 mg del mismo catalizador para boscalid.
Para llevar a cabo el estudio cinético, se tomaron alicuotas de 300 UL en intervalos
de 10-15 min y se filtraron a través de filtros de PVDF de 0,45 pum antes de
analizarlas por HPLC-DAD. Todos los experimentos tuvieron lugar a pH neutro y

la temperatura estuvo fijada en 20 + 2 °C.
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Una vez conocido el tiempo de degradacion total de cada fungicida, se
llevaron a cabo varias degradaciones de 25 mL cada una a tiempos determinados
(15, 30, 60, 90 y 180 minutos) concentrandose posteriormente por SPE (utilizando
cartuchos Cis y eluyendo con 0,5 mL de metanol) y analizandose por HPLC-
MS/MS. Para entender mejor el mecanismo de degradacién, se siguié también la
evoluciéon de los productos de degradacion obtenidos una vez ya identificados
realizando para ello una degradacidon posterior y tomando pequefias alicuotas a
intervalos regulares de tiempo (10-15 min), siendo inyectadas posteriormente en
HPLC-MS. Estas alicuotas fueron tomadas durante 360 min asegurando asi el
estudio de la evolucién completa de todos los metabolitos, desde los que aparecen

al inicio de la degradacion hasta los acidos carboxilicos [ver Anexo IX].

Con el fin de identificar los ultimos subproductos de la degradacion, acidos
carboxilicos, las mismas alicuotas fueron analizadas por cromatografia de
exclusién iénica usando el sistema HPLC-UV equipado con una columna de

intercambio cationico.

I11.5.3.1. Piraclostrobin

La degradacion fotocatalitica de piraclostrobin tuvo lugar en las condiciones
comentadas anteriormente. Los resultados obtenidos mostraron que el decaimiento
se ajusta a una curva exponencial, siguiendo un comportamiento de primer orden
de acuerdo con el modelo de Langmuir-Hinshelwook. Alrededor del 99% de
piraclostrobin se degradd después de 60 minutos de irradiacion a pH neutro (6,2 +

0,1).

Se realiz6 un estudio sobre el efecto del pH en la degradacion fotocatalitica

de este fungicida fijando dicho pardmetro a 2,0/ 4,1/ 7,9 y 10,0. La velocidad de
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degradacion obtenida fue menor a pH basico, debido a repulsiones electroestaticas

entre la molécula de fungicida y el catalizador (Anexo IX).

La Figura II1.32. muestra el mecanismo de degradacion fotocatalitica

establecido en funcién de las estructuras obtenidas para los fotoproductos y su

evolucion a lo largo del proceso degradativo:

i)

ii)

iif)

La molécula de piraclostrobin es atacada por radicales hidroxilo en los
anillos clorofenil y pirazol pertenecientes a la mitad izquierda de la
molécula dando lugar a los productos 2, 4 y 5, los cuales alcanzaron su
maxima concentracion entre los 20 y 30 minutos de comenzar la
irradiacién (ver figura II1.33.). La posicion de los grupos OH se
determind por los espectros de fragmentacion de los fotoproductos
comparados con el espectro de piraclostrobin y mediante el estudio de

densidad de cargas que se realizé para este trabajo (Anexo IX).

El compuesto 3 se obtuvo de la misma manera que los compuestos
anteriores mediante la hidroxilacidén del anillo aromatico, en este caso,
de la mitad derecha de la molécula de piraclostrobin. La posicion de
este grupo fue confirmada por el fragmento m/z=210 correspondiente a
la mitad derecha de la molécula con el -OH en el anillo bencénico.
Posteriormente, la pérdida del grupo N-metoxi condujo a la formacion
de los compuestos 6 y 7, los cuales alcanzaron su maximo a los 25

minutos de irradiacion, figura II1.33.

Posteriormente, la sustitucion de un atomo de cloro por un grupo OH
dio lugar al compuesto 10 y la ruptura del enlace entre los grupos 4-

hidroxifenil y pirazol condujo a la formacién del fotoproducto 11.
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productos de degradacion obtenidos de la degradacion fotocatalitica de piraclostrobin.
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El compuesto niimero 12 podria tener dos origenes aunque en ambos con la
misma reaccién; la ruptura del enlace C-O perteneciente al grupo pirazol y al
oxigeno del grupo iloximetil de los productos con la mitad derecha de la molécula
sin hidroxilar. Por tanto, los productos 2, 4 y 5y el producto 11 conducirian a la

formacion del compuesto 12.

I11.5.3.2. Boscalid

La degradacién fotocatalitica de boscalid tuvo lugar en las condiciones
comentadas anteriormente. Los resultados obtenidos mostraron que el decaimiento
se ajusta a una curva exponencial, siguiendo un comportamiento de primer orden
de acuerdo con el modelo de Langmuir-Hinshelwook. Alrededor del 99% de este

fungicida se habia degradado después de 90 minutos de irradiacion.

Se realizé un estudio particular sobre este fungicida sobre la influencia de
diversos factores como pH, flujo de fotones, presencia de sales y concentracion de
oxigeno sobre la velocidad de descomposicion del fungicida. Este estudio esta
explicado con detalle en el Anexo X. A modo de resumen, indicar que la velocidad
de degradacion de boscalid aumenta a pH basico, con alta cantidad de fotones y
mayor concentracion de oxigeno disuelto en la disolucién. Sin embargo, la
presencia de cationes como Na*, K*, Ca* and Mg* o de aniones como COs*
presentes de manera general en el agua, producen un efecto contrario

disminuyendo la velocidad de degradacion fotocatalitica.

Se establecio el siguiente mecanismo de degradacion fotocatalitica (ver
figura II.34.) basado en las estructuras obtenidas para los productos de

degradacién y su evolucién a lo largo del proceso degradativo:
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i)

iii.)

En primer lugar, la molécula de boscalid 1 es atacada por radicales OHe
en posiciones —H en los tres anillos (bencenos y piridina) formando cuatro
productos monohidroxilados 2, 3, 4 y 5 alcanzando éstos su concentracién
maxima a los 15 minutos de iniciar la irradiaciéon y disminuyendo
progresivamente hasta desaparecer una vez pasados 70 minutos (ver
figura II1.35.). Los productos 2, 4 y 5 se obtienen por hidroxilacién de los
anillos bencénicos mientras que en el caso del producto 3, la hidroxilacion

se da en la piridina.

El segundo grupo de productos de degradacion resulta de la hidroxilacion
de los primeros (2-5) obteniendo asi siete productos dihidroxilados, del 6 al
12. Estos productos comienzan a aparecer durante los primeros minutos de
irradiacion y su concentracion aumenta hasta los 30 minutos (ver figura

IL.35.).

Los tltimos intermedios se producen debido a la ruptura del enlace amida
conduciendo a la formacién de los productos 13-18. Como se puede ver en
la figura III. 34. Los compuestos 13, 14 y 15 resultan de la ruptura de dicho
enlace en moléculas con el anillo de piridina hidroxilado (productos 3, 6 y
12) y el producto 16 proviene de las moléculas dihidroxiladas sdlamente en
los anillos de benceno (compuestos 7-11). La descarboxilacién de este
compuesto conduce a la formaciéon del compuesto 17. Ademads, los
productos dihidroxilados que presentan dos grupos hidroxilos en
posiciones contiguas pueden dar una descarboxilacién mediante la
reaccién photokolbe, obteniendo asi el producto 18 con la apertura del

anillo aromatico.

206




Degradacion de piraclostrobin y boscalid. ..

o]
m/2=341 [\{—E\L O

Cl

/ lN
OH-
sopdileap; Aﬁ
m/Z 357 ol HOTN/ o O
3 a |

\ 2,40r5
|
m/z=373 l o
I . st [ Jon
‘ X ‘ X NH ‘ AN NH >\OH Hof/f‘\ Hoif‘\
N/ N/ cl ‘ \/‘OH N/ -
/\OH
l Cl cl 0
|
7,8,9,10 or 11 6 or12
o] / \ OH l / 7
m/z=
m/2=156 ‘ A OH H,N O OH o
A OH
N/ : O HO%\N/ Cl
16 a
-co l OH. 13,14 0r 15
Photo-kolbe
CL,
m/z=112 @ HO oH
P2
N al O
17
a
\ m/z=223
" OH -co, .
o Photo-kolbe NS -
OH Ho —> s
c
18

cl

Figura II1.34. Mecanismo de degradacién fotocatalitica para boscalid

207




Degradacion de piraclostrobin y boscalid. ..

160
— - — Boscalid
——2
—a—3
120 —o—4
o —e—5
2
S
3 80
40
0 Tr---e :
a0 100
30 +
——6
——7
25 + 8
—=—9
mo 20 4 ——10
— —o0—11
I~ —a—12
3 15
& 10+
5 -
——
0 ‘ ‘ —— a ‘
6] 20 40 60 80 100
8 .
—%—13
14
6 —e— 15
s —o0— 16
o
- —— 17
] i 18
3 4
E
2 -
0 #= > T T T = = T *
0 20 40 60 80 100 120

Tiempo de irradiacién (min)

Figura II.35. Evoluciéon de los productos de degradacién, agrupados por

semejanza en estructura o por via de degradacion, durante la degradacion
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Conclusiones

A partir de los resultados obtenidos en los diferentes trabajos realizados, asi

como de las interpretaciones que de ellos surgieron, se pueden extraer las

siguientes conclusiones:

DESARROLLO DE METODOS DE ANALISIS

Se ha desarrollado y validado un método analitico para la determinacion
de los fungicidas boscalid, captan, diclofluanida, fluquinconazol,
quinoxifen, penconazol, piraclostrobin y vinclozolin en las muestras del
proceso fermentativo de mostos (mosto, mosto en fermentacién y vino)
basado en la extraccion en fase sélida con determinacion por cromatografia
de gases y detector espectrometria de masas y detector de captura
electronica. El método propuesto obtiene elevados rendimientos de
extraccion y buenos ajustes lineales. La presencia de azticar y etanol en las
muestras de fermentacion no afectdé a la determinaciéon de estos
plaguicidas. El efecto matriz encontrado para todos ellos fue compensado

con un calibrado en matriz.

Se ha optimizado con disefio de experimentos, desarrollado y validado un
método de extraccidon de plaguicidas en uva mediante microondas (MAE)
con determinacién por cromatografia de gases. El método ofrece elevadas
recuperaciones y buena linealidad, precisidn, exactitud y sensibilidad. La

mezcla que present6 mejores recuperaciones fue hexano/acetona (1:1).

Se ha desarrollado y validado un método rapido y simple de extraccion
con disolvente orgdnico para la determinacion de residuos de boscalid,

captan, diclofluanida, fluquinconazol,  quinoxifen, = penconazol,
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piraclostrobin y vinclozolin en uvas tintas. El disolvente utilizado fue

acetato de etilo.

*  Se ha optimizado con disefio de experimentos, desarrollado y validado un
método de extraccion de plaguicidas en uva mediante dispersion de matriz
en fase sélida (MSPD). La linealidad y repetibilidad son buenas, asi como

las recuperaciones.

ESTUDIO DE LOS RESIDUOS EN LAS DIFERENTES PARTES DE LA
UVA

* Se han desarrollado y validado métodos rapidos y simples de extraccion
para la determinacion de residuos de boscalid, captan, diclofluanida,
fluquinconazol, quinoxifen, penconazol, piraclostrobin y vinclozolin en
uvas tintas. La metodologia incluye tres métodos para la extraccion de
residuos en tres partes de la uva: superficie exterior (extracciéon con agua),
hollejo o piel (extracciéon con acetato de etilo), y pulpa (extracciéon por
microondas). Los métodos ofrecen buenas recuperaciones, linealidad,

precision, exactitud y sensibilidad.

* El estudio de movilidad de los ocho fungicidas en las diferentes partes de
la baya realizado en laboratorio mostré que el porcentaje de retenciéon no
dependié de la concentracién inicial de fortificaciéon, y que dicho
porcentaje aumentd cuanto mayor es el tiempo de contacto con las uvas.
Las cinéticas estudiadas para la retencidon de estos compuestos fue en todos
los casos de primer orden con respecto al tiempo. La cantidad de residuos
retenidos fue mayor en piel. Se observd penetraciéon de todos los

fungicidas en pulpa, siendo mayor dicha penetraciéon para los fungicidas
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penetrantes o sistémicos. La relacidon entre las concentraciones de piel y
pulpa no dependid de la concentracion inicial. Se observa una correlacién
entre la penetracién en pulpa y el modo de accién del fungicida, de
contacto o sistémico, excepto para penconazol. Los ensayos realizados en
laboratorio son adecuados para la simulacion de la retencion y distribucion

de los fungicidas objeto de estudio en uvas de vinificacién.

PROCESOS DE VINIFICACION

* El proceso de fermentacién alcohdlica provocéd un gran descenso en la
cantidad de residuos inicial encontrada en las uvas vendimiadas tratadas
con los fungicidas. El resto de etapas de elaboracién del vino
contribuyeron también a la disminucidon de residuos, aunque en menor
medida. Los porcentajes de reducciéon medios totales encontrados para

piraclostrobin y boscalid fueron del 99% y del 80%, respectivamente.

* A partir de los resultados obtenidos para el estudio de la evolucién de la
fermentacion alcoholica y malolactica, se deduce que la presencia de
piraclostrobin con una concentracién maxima de 2 mg Ly la presencia de

boscalid con 4 mg L no afecta al curso de ambas fermentaciones.

PARAMETROS ENOLOGICOS

» El vino control presenta durante los tres afios de estudio valores mas bajos
de IPT, antocianos y flavanoles y los valores mas altos para los acidos
hidroxicindmicos y flavonoles en comparacién con los vinos elaborados

con uvas tratadas con los fungicidas objeto de estudio.
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e El andlisis sensorial (test duo-trio) realizado con los vinos elaborados,
testigo y tratamientos con piraclostrobin y/o boscalid, los diferentes afios

no revelo diferencias significativas.

PROCESOS DE DEGRADACION

* El proceso de hidrolisis produce una degradacion de piraclostrobin en los
experimentos con pH basico y temperatura alta. Sin embargo boscalid

permanece estable en el tiempo incluso en condiciones extremas.

* Ambos fungicidas se degradan totalmente (>95%) mediante fotdlisis
siendo la velocidad de degradacion de piraclostrobin mayor que la de
boscalid. Se identifican los metabolitos de ambos y se proponen

mecanismos de degradacion.

* Se consigue también una degradacion total de ambos fungicidas,
piraclostrobin y boscalid, mediante fotocatalisis utilizando TiO2 como
catalizador. Los tiempos de vida media se reducen considerablemente con

respecto la degradacion fotolitica.

*  Factores como el pH, la concentracién de oxigeno, la cantidad de fotones y
la presencia de sales parecieron tener influencia en el proceso fotocatalitico
de boscalid, asi como el pH para piraclostrobin. Se identificaron los
metabolitos correspondientes y se establecieron los mecanismos de

degradacion.
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RESIDUES AND TRACE ELEMENTS

Optimization and Validation of a Simple and Fast Method for
the Determination of Fungicides in Must and Wine Samples by

SPE and GC/MS

LAURA LAGUNAS-ALLUE, JESUS SANZ-ASENSIO, and MARIA-TERESA MARTINEZ-SORIA
University of La Rioja, Department of Chemistry, Madre de Dios, 51, La Rioja, 26006, Spain

A rapid, simple, and low-cost method based on

SPE was optimized and validated for simuitaneous
determination of eight furigicides belonging to
different chemical classes in must and wine. The
method involves extraction of 10 mL of must or
wine samples with a Cy; cartridge using 5 mL of
dichloromethane as the elution solvent. Separation
and final determination of the fungicides (vinclozotin,
dichlofluanid, penconazol, captan, quinoxyfen,
fluquinconazol, boscalid, and pyraclostrobin) was
performed by GC coupled to single quadrupole MS.
Recoveries at 10, 50, and 100 pg/L were between

71 and 106% in both matrixes for the fungicides
evaluated. The calculated LOQ ranged from 1.5 to
3.4 pg/L in must and 1.1 to 3.8 pg/L in wine. Matrix
effects observed for wine and must samples were
overcome by using matrix-matched calibration. The
developed method was linear at concentrations
within the tested interval, with coefficients of
determination higher than 0.999. The expanded
uncertainties at 10 ug/L were <20% for all analytes.
Intralaboratory precision in terms of the Horwitz
ratio of the fungicides evaluated was below 0.5,
suggesting the ruggedness of the method. The
proposed method was applied to determine fungicide
residues in must samples obtained from red grapes
treated with two new commercial formulations, as
well as in their corresponding final wines.

in grapes after harvest that may pass to the must and

eventually to the wine during fermentation, which involves
apossible health risk. Therefore, maximum residue levels (MRLs)
for pesticide residues in a variety of agricultural foods were
established by the European Union (EU) to protect consumers’
health. Nevertheless, for most of the studied fungicides, MRLs
have not been established in wine. For wines elaborated in the EU
from September, 2008 (1), MRLs were established for boscalid
(5000 pg/L), captan (20 pg/L), and pyraclostrobin (1000 pg/L).
Other countries, such as Italy or Switzerland, have also
established MRLs (24) for some of the fungicides (vinclozolin,
dichlofluanid, and boscalid in Switzerland at 1000 pg/L in all
cases, and quinoxyfen, boscalid, and pyraclostrobin in Italy at 10,
1000, and 50 pg/L, respectively).

The misuse of pesticides may leave harmful residues
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Analytical methods for determining pesticide residues in wine
production involve several extraction and purification steps to
remove the potentially interfering compounds that are generatly
present at higher concentrations than the pesticide residues. SPE
has been proposed for the extraction of pesticides from must and
wine samples (5, 6) as alternative to liquid-liquid extraction (7, 8).
In most applications, a volume of sample in the range from 10
to 50 mL is passed through an RP SPE sorbent, then analytes
are recovered using an organic solvent. Other current extraction
techniques, such as single-drop microextraction the Quick, Easy,
Cheap, Effective, Rugged, and Safe method; hollow fiber liquid
phase microextraction; solid-phase microextraction (SPME);
and stir bar sorptive extraction (SBSE) have also been applied
to determination of fungicides in wine (9-13). Among all of
these techniques mentioned previously, SPME is the most widely
used for analysis of pesticides in wine. Although this technique
normally provides higher selectivity than SPE, the ethanol
content of wine significantly reduces its extraction efficiency
when compared to water samples (14, 15); moreover, the kinetics
of the extraction is relatively slow, and there are differences in
the yield of the process depending on the wine matrix. These
disadvantages are also common to SBSE, the applicability of
which is restricted to low-polarity fungicides showing a high
affinity for the polydimethylsiloxane sorbent (16).

Chromatographic separation and identification were achieved
by GC with a nitrogen-phosphorous detector, electron capture
detector, or MS detection (10,17) or by HPLC for compounds
not volatile or thermally unstable, In this case, UV, diode amay,
and MS detector are the most-used detectors and give good
results (18, 19).

Different kinds of fungicides against diseases of grapes—
i.e, vinclozolin (dicarboximide), dichlofluanid (sulfamide),
penconazol (triazole), captan (phthalimide), quinoxyfen
(quinoline), and fluquinconazol (triazole), and two new
generation fungicides, boscalid (carboxamide) and pyraclostrobin
(strobilurin}—widely used in the Qualified Designation of Origin
Rioja, were selected for the study.

In spite of the great number of SPE publications, well-described
and validated SPE methods for the extraction of the tested
fungicides in must and wine are scarce. A few articles have
been reported using SPE for analysis of dichlofluanid (6, 19),
penconazol (6, 20), and vinclozolin (19, 21-23), only one
regarding SPE extraction of captan and fluquinconazol (24) and
boscalid and pyraclostrobin in grapes and wines (25), and none
for quinoxyfen,

To our knowledge, an instrumental method for the simultaneous
determination of these eight multiclass fungicides, included in
integrated pest management strategies in Spanish viticulture
(except dichlofluanid), in must and wines has not been reported.
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Table 1. Retention times, target ion, and qualifier ions for the target pesticides by GC/MS

Targetion |y, Qualifier ion i, Qualifier ion |3, MV}  Tolerances {Ilol{ ] [l 1] Tolerances [I) Iy
Compounds ta window, min® miz miz miz (RSD, %)° (RSD, %)° (RSD, %)°  (RSD, %)°
Vinclozalin 7.51-7.60 212 285 198 0.74 (7) 10 0.87 (6) 10
Dichlofluanid 8.66-8.73 123 224 167 0.34 (11) 15 0.43 (14) 15
Penconazol 10.00-10.07 248 159 - 0.86 (7) 10 =
Captan 10.19-10.24 79 148 — 0.22 (13) 20 —
Quinoxyfen 13.19-13.25 237 307 272 0.29 (7) 15 0.43 (11) 15
Tetradifon 14.92-15.00 159 356 M 0.50 (9) 15 0.90 (6) 10
Fluguinconazol 16.52-16.57 340 108 - 0.26 (14) 20 —
Boscalid 17.28-17.33 140 342 12 0.45 (8) 15 0.33(9) 15
Pyraclostrobin 18.21-18-27 132 164 325 0.36 (12) 15 0.14 {15) 20

3 Relention time.

5 Intensily ratio of the twa ions, target and qualifier ion at 100 pgi/L in must and wine matrix-matched standards.

¢ Default recommended maximum permitted tolerances for relative ion intensities (% of base peak) using GCelectron impact MS according to SANCO

guidelines.

Efficient analytical methods for the determination of boscalid
and pyraclostrobin are thus demanded because both fungicides
have been recently introduced in viticulture. The method based
on SPE and determination by GC/MS was optimized to obtain
lower cost and more accuracy for determining residues of the
cight fungicides in must and wine.

Experimental

Chemicals and Reagents

Pesticide analytical standards of vinclozolin, dichlofluanid,
penconazol, captan, quinoxyfen, fluquinconazol, boscalid, and
pyraclostrobin with purity higher than 99.0% were purchased
from Riedel-de-Haén (Seelze, Germany). Tetradifon from Riedel-
de-Hagn with a purity of 99.5% was used as an internal standard
(18). All were stored at ~20°C.

HPLC grade methanol, ethyl acetate, acetone, acetonitrile,
and dichloromethane were obtained from Scharlab (Barcelona,
Spain). Ultrapure water was obtained using a Milli-RO plus
system together with a Milli-Q system from Millipore (Billerica,
MA).

For SPE, 500 mg Cyg (Bond Elut® LRC-Cy INT) cartridges
were supplied by Varian (Middelburg, The Netherlands).

Two new commercial formulations, Cantus® (50% boscalid)
and Cabrio Top® (5% pyraclostrobin), were supplied by BASF
Espafiola (Tarragona, Spain). :

Standard Preparation

Fungicide stock solutions (500 mg/L) and intermediary
solutions (10 and 1 mg/L) were preparcd in methanol. Stock
and intermediary standard solutions of the IS, tetradifon, were
prepared in the same way in ethyl acetate. All standard solutions
were stored at -20°C. They were stable over a period of at least
3 months (tested against newly prepared sohitions by comparing
the detector responses), Intermediary solutions were used to spike
wine and must matrixes.

SPE Procedure

The sample preparation procedure and, in particular, the sorbent
of the cartridge was chosen according to our experience in wine
and must analysis (11). A\«'isiprep® SPE vacuum manifold from
Supelco (Bellefonte, PA) was used to simultancously process
12 tubes. A wine or must volume of 10 mL was percolated through
a Cyg cartridge, previously conditioned with 5 mL methanol and
3 mL water. Then, the cartridge was rinsed with 10 mL water—
methanol (9 + 1, v/v) to clean up the cartridge and was dried under
an applied vacuum for 20 min to remove excess water. Finally,
the retained fungicides were eluted with 5 mL dichloromethane,
evaporated to dryness under a gentle nitrogen stream, redissolved
with 10 mL ethyl acetate, and 100 pg/L tetradifon was added.
Tetradifon was used as an IS to compensate for any sample and
injection volume changes and to correct the variability in GC
injection and MS detection response.

Instrumentation and Chromatographic Conditions

The analysis of the target fungicides was carried out
on an Agilent Technologies (Santa Clara, CA) GC 7890A
chromatograph coupled to a 5975C MS quadrupole mass
selective detector, Chromatographic separations were done by
using an HP-5MS capillary column (30 m x (.25 mm id x0.25 pm
film thickness). The initial oven temperature was set at 100°C,
increased to 185°C at 40°C/min, kept for 5 min, increased at a
rate of 10°C/min to 300°C, and held for 3 min. The volume of
sample was 2 pL, injected in the splitless mode. The injector
temperature was set at 250°C. Helium (99.9999% purity) was
used as the carrier gas at a constant flow rate of 1.5 mL/min.
The mass spectrometer was operated with electron ionization
(70 eV) using a 6 min solvent delay. The interface temperature
was 310°C, and ion source temperature was 230°C.

GC/MS Analysis

Initially, full-scan MS was performed by scanning m/z of
50-550 to confirm the retention times of the analytes and to
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Figure 1. SPE recoveries using various extraction solvents for the elution step.

select the most abundant ion (base peak) and qualifier ions for
each target compound. Once ions were selected for all analytes,
selected ion monitoring was performed for determination of the
fungicide residues.

Optimization of the SPE Method

Different parameters were studied in order to develop the
SPE method to determine these fungicides in real must and wine
samples. These included the following: eluent solvent parameters
and volume, composition and volume of the solid-phase wash,
and breakthrough volume.

(a) Elution solvent.—The following different solvents were
initially considered for SPE elution because of the wide range of
polarity and solubility exhibited by the compounds investigated:
ethyl acetate, acetonitrile, acetone, and dichloromethane.
Acetone, ethyl acetate, and acetonitrile were selected as solvents
because of their effectiveness for extraction of polar and nonpolar
pesticides from a diverse range of matrixes, and dichloromethane
was also considered to be one of the investigated solvents because
it has an ability to lower the extraction of polar coextractants,

The must and wine samples (10 mL) fortified at a level of
50 pg/L for each fungicide were extracted in triplicate by SPE
with C,g cartridges, previously conditioned and eluted with
10 mL (5 mL + 5 mL) of the solvents mentioned above,

(b) Composition and volume of the solid-phase wash.—Once
the elution solvent was chosen, a study of the wash step was
carried out. Thus, 10 mL wine and must samples were both spiked
at the same concentration of pesticides and percolated through the
SPE cartridge. Later, these cartridges were washed with different
proportions of water—methanol (10+0, 9+ 1, 7+3, and 5+5, v/v)
before elution with organic solvent to check the influence of this
step. In addition, different volumes (2, 5, and 10 mL) for the
selected water—methanol mixture were checked in order to obtain
the cleanest chromatograms without loss of compounds.

(¢) Breakthrough volume.—An  assay determine
breakthrough volume was performed according to the procedure
described by Hennion (26) and Dopico-Garcia et al. (27). It
consisted of preconcentrating samples of increasing volumes,
cach containing the same amount of analytes. Volumes of samples

to

of 5, 25, 50, 100, and 250 mL., spiked with a mixture of pesticide
standards, were used to determine the breakthrough volume.

Method Validation

Validation was performed according to SANCO/10684/2009
guidelines (28) concerning the performance of methods for
pesticide residue monitoring. Performance characteristics studied
were selectivity, linearity, LOD, LOQ, recovery, precision, and
matrix effects. Global uncertainty was determined for all the
pesticides according to the EURACHEM/CITAC Guide (29).

According to the SANCO guidelines, a quantitative analytical
method should be demonstrated at initial and extended validation
as being capable of providing mean recovery values at each
spiking level within the range 70-120%, and repeatability and
reproducibility RSD <20%, for all compounds to be determined
using the method.

(a) Selectivity—The selectivity of the method was tested by
injecting extracts of nonspiked must and wine samples (30).

(b) Linearity—Different approaches to quantification of
pesticide residues in fresh fruits and vegetables can be considered
in order to reduce the quantitative errors from the matrix effects:
use of the standard addition method; standards in residuc-free
matrix spiked with standards (matrix-matched standards);
deuterated internal and/or surrogate standards; and analyte
protectants (28). In this study, matrix-matched calibration was
used. Must and wine samples obtained from untreated grapes
were subjected to the SPE method described above. These
blank extracts were spiked with variable amounts of fungicides.
The calibration curves for all the compounds in must and wine
matrixes were obtained by plotting the fungicide to the IS peak
area ratio against the concentration for each compound of the
corresponding calibration standards at six calibration levels
ranging between close to each LOQ to 100 pg/L. Linearity was
checked by calculating the determination coefficient, rz, of the
linear regression equations in matrix-matched standard solutions
in the concentration ranges studied.

(¢) LOD agnd LOQ.—LOD and LOQ of the overall method
were calculated as the concentration giving S/N=3 and S/N=10,
respectively. These limits were estimated using the SPE extract of
must and wine samples spiked at 10 pg/L.
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Figure 2. GC/MS chromatograms obtained after SPE of: (A) extract from blank and spiked must (10 pg/L); and
(B) extract from blank and spiked wine (10 pg/L). Peak identification: 1, vinclozolin; 2, dichlofluanid; 3, penconazol;
4, captan; 5, quinoxyfen; 6, tetradifon (IS; 100 pg/L); 7, fluguinconazol; 8, boscalid; and 9, pyraclostrobin.

(d) Precision—Precision was evaluated by means of
repeatability and intermediate precision measurements.
Repeatability was evaluated by way of five consecutive replicates
of the analysis on the “blank™ must and wine samples spiked with
the analytes at three concentrations levels (10, 50, and 100 pg/L),
on a single day.

Intermediate precision was determined separately at a
fortification level of 10 pg/L for all the analytes by calculating
the RSD of five analyses of the same must and wine samples
performed over 5 days within 1 month. Horwitz ratio (HorRat)
pertaining to intralaboratory precision, which indicates the
acceptability of a method with respect to precision (31), was
calculated for all the fungicides in the following way:

HorRat = RSD/Prsd
where Prsd is the predicted RSD calculated by the equation:
Prsd=20"

where C is the concentration expressed as mass fraction (e.g,,
10 ng/g=10% 107,

(€) Recovery—To evaluate the accuracy of the present method,
a standard mixture solution of the eight target fungicides was added
to must and wine samples at three fortification levels (10, 50, and
100 pg/L). Quantification in the recovery samples was performed
by internal calibration using matrix-matched standards.

Matrix Effects

(a) Matrix effect in GC analysis.—The main consequence

of matrix effects is an increasing (ion enhancement) or
decreasing analyte signal (ion suppression) in the presence of
the matrix (real sample) with respect to the same analyte in
solvent (standard solution; 32, 33). Therefore, matrix effects
were evaluated by comparison of the slope of a calibration
curve based on the matrix-matched standards of must or wine
with the slope of the pure solvent-based calibration curve. A
higher slope of the matrix calibration curve indicates matrix-
induced signal enhancement, whereas a lower slope represents
signal suppressions. Tetradifon (IS) was added to both
calibration solutions.

(b) Matrix effects between samples in the SPE method.—
In view of the change in composition of the samples during
alcoholic fermentation (in the transformation of grape must
into wine), the possible matrix effects in the sample treatment
process must be studied. Therefore, to check the matrix effects,
several samples of different matrixes (red, white, and rose wines
and red and white must) were spiked with the target compounds
at four different concentration levels within the linear range
studied previously (analyses were performed in duplicate), and
the slopes of the linear calibration functions obtained for the
different spiked wines were compared by the application of
statistical tests.

Uncertainty Evaluation

Global uncertainty was determined for all the fungicides
at the level of 10 ug/L according to the statistical procedure
of the EURACHEM/CITAC Guide CG 4 (29). Five
individual sources of uncertainty were taken into account:
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Table 2. Analytical features of the GC/MS method designed for analysis of fungicides in must and wine samples

Wine

Wine

Must

MRL
Switzeriand, pg/L

MRL

Italy, g/l

Slope ratio,
extract/ solvent

Linear range,

Slope ratio,

LOD, pg/L  LOQ, pg/L  extract/solvent

[

6.49
12.29
8.81
14.60
525
8.71

7.53

0.10

LOQ, ug/lL

LOD, pgiL

nglL®

28
0.9996

Linear range,

rting

3110

Fungicide

1000
1000

14

14

1.1 3.2

0.9991
0.9990
0.9992
0.9993

3-110
3-105

1.3
14
1.2
13

238

0.8
1.0
0.7
13
0.7

Vinclozolin

24
1.8
38

0.6

27

0.9991

3-105

Dichlofluanid

1.3
1.4

08

2-103
4-108

2.1

0.9990
0.999

2-103

Penconazol

15

34
1.5

28

4-108

Captan

10

1.2
14
1.2
08

0.4

0.9991
0.9992
0.9991

1-120
3-105

0.9991
0.9992
0.9990
0.9998

2-120
3-105
3-112

Quinoxyfen
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29

1.2
0.9

15
1.3
1.0

1.2

Fluguinconazol

1000

1000

241

2-112
3-133

24

1.2

11

Boscalid

50

1.3 31

0.9991

33

4-133

Pyraclostrobin

curve,

ation range for

C

P Coefficient of determination.

(b, = by)

(s,

+s})

2
a

uncertainty associated with the calibration graph (w;), day-
wise uncertainty associated with precision (i), analyst-
wise uncertainty associated with precision (u;), day-wise
uncertainty associated with accuracy/bias (i), and analyst-wise
uncertainty associated with accuracy/bias (). The uncertainties
were calculated as follows:

where s is the SD of the residuals of the calibration curve,
b, is the slope of the calibration curve, p is the number of
measurements of the unknown, # is the number of points used
to form the calibration curve, ¢y is the calculated concentration
of the analyte from the calibration curve, ¢ is the average of all
of the standards used to make the calibration curve, and c; (i=1,
2..., n) is the concentration of each calibration standard used to
create the calibration curve. U, = s,/nm where s, is the SD of
the results obtained from a single analyst on different days and
n is the number of assays. U; = s/rrw where s is the SD of the
results obtained from different analysts on a particular day, and
n is the number of assays. U, = .v,(rj)/n”z where 5,(3) is the SD
of the percentage recoveries obtained from a single analyst on
different days, and n is the number of assays. Us = J;(q)/n’
where s,() is the SD of the percentage recoveries obtained
from different analysts on a particular day and n is the number
of assays,
The global uncertainty (U) was calculated as:

U=u? +uZ +u? +u2 +ul

Evaluation of total uncertainty was done assuming that all
the contributions were independent of each other. A coverage
factor of 2 was considered at the confidence level of 95% to
evaluate the expanded uncertainty at a 10 pg/L fortification
level.

Application to Real Must and Wine Samples

(a) Samples from local markets.—In order to assess the
performance of the method, 16 wine and must samples of
Spanish origin were collected from the local markets and
analyzed by SPE and GC/MS,

(b) Vinification process samples.—Another study to evaluate
the applicability of the proposed method was carried out by
determining residues of two new fungicides (boscalid and
pyraclostrobin) in must and wine obtained from red grape
samples (cv. Tempranillo).

Red grapes were harvested in September 2008 from
cv. Tempranillo grapevines at a vincyard in Aldeanueva de
Ebro, La Rioja, Spain. Two new commercial formulations
against grey mold, downy mildew, and powdery mildew were
applied on red grapes Cantus (50% boscalid) and Cabrio
Top (5% pyraclostrobin) at the recommended doses (1 and
2 kg/ha, respectively). These applications were performed in
recommended periods corresponding to different phenological
stages; using ‘the harvested grapes, microvinifications
(50 kg) were performed with each treated grape as common
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Table 3. R y (n = 5), repeatability (n = 5), and HorRat (n = 25) of analysis of must and wine by the GC/MS method
Must; recovery, RSD, %  SD Wine; recovery, RSD, % + SD
Fungicide 10 pg/L® 50 pglL® 100 pg/L®  HorRat, 10 pg/L” 10 pgiL® 50 pgilL® 100 pg/l®  HorRat, 10 pgi®
Vinclozolin 9243 866 902 0.24 866 8414 866 0.26
Dichiofluanid 77£6 74£5 748 0.27 756 7416 Mx7 0.31
Penconazol 1005 1032 1014 0.18 98+ 1 105+ 4 106+3 0.23
Captan 73+3 7614 7616 0.31 71+5 7429 ey 0.33
Quinoxyfen 9514 98 +4 90£5 0.18 103+4 976 9315 0.26
Fluguinconazol 1016 917 9613 0.22 101+3 96+3 9815 0.19
Boscalid 1024 9813 93+7 0.22 97£6 9314 92+5 0.25
Pyraclostrobin 9414 966 91+8 0.27 9817 9918 9814 0.28
° n=6.
b n=2s

processing in Qualified Designation of Origin Rioja. Residue
levels of pyraclostrobin and boscalid were analyzed by SPE
and GC/MS during all steps of the vinification process.

Results and Discussion

GC/MS Analysis

The dwell time for ion monitoring was 100 ms/ion. The
fungicides determined by GC/MS were eluted between 6
and 20 min. Selected ions (m/z) used for confirmation and
quantification, target and qualifiers ion, and the intensity ratios
are shown in Table 1. The intention was to select the most
abundant ions of higher m/z, which provided more sensitivity and
selectivity.

SPE

Elution solvent—Figure 1 shows the average recoveries of
the target compounds in wine matrix using different extraction
solvents. The behavior of the target compounds in both must and
wine matrixes was similar (therefore, results for must sample
are not shown). Dichloromethane exhibited recoveries >70% for

all of the investigated fungicides. Even in the case of the lowest
recovery (73% for dichlofluanid), the overall repeatability of the
method was good cnough to ensure a reliable determination of
the target compounds. On the other hand, acetonitrile provided
the lowest recoveries for most of the fungicides (between 34
and 96%). In the case of acetone and ethyl acetate, recoveries
were higher than 80% for almost all the fungicides, except for
dichlofluanid and pyraclostrobin with values lower than 60%.
In addition, the extracts obtained with the acetone, acetonitrile,
and ethyl acetate were heavily pigmented, containing large
amounts of matrix coextractants and providing high noise and
low sensitivity together with poorer precision. Therefore, elution
was performed with a total volume of 5 mL of dichloromethane.

Composition and volume of the solid-phase wash-—Once all
the cartridges were washed with the different water-methanol
proportions, elution was performed as explained above, and
recoveries were calculated. By increasing the proportion of
methanol in the wash solvent, a reduction in the extraction
recoveries of the fungicides was observed. Water-methanol (5
+ 5, v/v) and (7 + 3, viv) led to low recoveries of 23-58% and
43-88%, respectively. The loss of compounds in these water—
methanol mixtures was due to their greater solubility in the
organic solvent.

Table 4. Slopes * SD from standard curves obtained for the different matrixes”

While wine Rose wine Red wine White must Red must Levene's tesl ANOVA
Compound ©azsplt0”  (bazsigll0”  (botscHO® (o0’ (betse)0”? P-values P-values
Vinclozolin 845 0.16 8.52£0.10 8.48+0.13 836 +0.12 8.38+0.11 0.966 0.764
Dichicfluanid 12.57 £0.25 12431015 12.70£0.22 12.54 £0.19 12.82+0.14 0.880 0.157
Penconazol 10.81 £0.14 10.562£0.12 10.72+0.19 10.82+0.08 10.44 £ 0.11 0.797 0.09
Captan 743 £0.11 7.29x0.08 7.32£0.09 7.45+0.14 7.47 £0.10 0.856 0.278
Quinoxyfen 13.98 £ 0.29 14.21£0.23 14.34 £ 0.44 1347 £ 043 13.81+£0.48 0.864 0.123
Fluquinconazol 9.53+0.10 9.76£0.13 9.74£0.12 959+ 0.15 9.45+0.17 0.955 0.078
Boscalid 10.49+0.11 10.38 £ 0.18 10.51 £0.16 10.29%0.13 10.24 £ 0.09 0.924 0.082
Pyraclosirobin 7.74£0.09 7.87 £ 0.09 7.86 £0.11 7.71+0.12 7.70£0.14 0.952 0.198

& b, = Slope of white wine, bg = slope of rose wine, be = slope of red wine, bp = slopé of white must, bg = slope of red must. Sy, = Sp of slope b,
Sbg = SD of slope bg, Sbc= SD of slope be, Sby = SD of slope bp, and Sbg= SD of slope be.
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Table 5. Individual and global uncertainties for each pesticide expressed as relative measures, calculated at 10 pug/L

Must Wine
Calibration Global  Expanded Calibration Global Expanded
curve Precision Bias uncertainty uncertainty  curve Precision Bias uncertainty uncertainty
Compounds uy Uy Uy uy ug u 2U uy uz us Uy Us u 2U
Vinclozolin 0.0s0 0.018 0.024 0018 0.031 0.102 0.204 0.099 0016 0026 0015 0026 0.108 0.216
Dichlofluanid 0.092 0.013 0016 0022 0.022 0.099 0.198 0084 0017 0013 0024 0019 0.101 0.202
Penconazol 0.085 0008 0026 0009 0022 0093 0.186 0.061 0.008 0.018 0002 0.019 0.068 0.136
Captan 0.079 0.014 0014 0017 0.022 0.088 0.172 0.082 0018 0.016 0023 0.022 0.0H 0.182
Quinoxyfen 0.061 0.012 0.020 0.011 0.025 0.070 0.140 0072 0015 0015 0017 0019 0.079 0.158
Fluguinconazol 0.057 0.008 0.018 0.010 0.022 0.065 0.130 0060 0008 0017 0012 0021 0.068 0.136
Boscalid 0.072 0.009 0.023 0008 0026 0.081 0.162 0.079 0014 0021 0012 0023 0.087 0.174
Pyraclostrobin 0,063  0.015 0.023 0.016 0.025 0,075 0,150 0.076 0.010 0.020 0010 0020 0.083 0.166

Conversely, water-methanol (9 + 1, v/v) showed recoveries
from 78 to 98%, similar to pure water addition. Both mixtures
provided similar recoveries, but the addition of a small volume
of methanol led to cleanest chromatograms due to the elimination
of most methanol-soluble interferences without loss of the target
compounds.

Therefore, water—methanol (9 + 1, v/v) was selected for the
C g cartridge wash step. Different studied volumes of this mixture
(2, 5, and 10 mL) showed no significant differences in the final
recoveries. However, with volume increases, there were fewer
matrix interferences. Therefore, 10 mL of water—methanol (9 + 1,
v/v) was chosen as the mixture for solid-phase wash step.

Breakihrough volume—An analysis of variance (ANOVA)
performed with the raw data revealed the absence of significant
differences (P >0.05) between the assayed volume of sample
except for dichlofluanid (when the volume was 100 mL, the
recoveries started to diminish in must samples). Thus, this method
can be utilized for analyzing samples up to 250 mL of must and
wine samples contaminated with these compounds, except for
dichlofluanid in must, for which the breakthrough volume was
100 mL.

Method Validation

The proposed conditions generated narrow and reproducible

Table 6. Pesticide concentrations (pgl/L) for positive
results of the analyzed real samples

chromatographic peaks; no interfering peaks were observed in
blank sample chromatograms (Figure 2) of wine and must extracts
fortified with the fungicides, proving sufficient selectivity for the
analysis of the target fungicides.

The linear ranges and P values, LODs, LOQs, and MRLs in the
EU, Switzerland, and Italy are listed in Table 2. Chromatographic
response was checked up to approximately 100 pg/L (according
to the concentration of each fungicide in the stock solution) with
> 0.999 showing, in all the cases, good linearity for the tested
fungicides.

LODs ranged from 0.7 to 1.3 pg/L and 0.4 to 1.5 pg/L for must
and wine, respectively. LOQs were between 1.5 and 3.4 pg/L
in must and 1.1 to 3.8 pg/L in wine. From these data, it can be
shown that, for the majority of the compounds, both limits were
similar for must and wine samples. Moreover, LODs and LOQs
tested for wines were lower than MRLs established by the EU,
Switzerland, or Italy.

Recovery, repeatability expressed as SD, and intermediate
precision expressed as HorRat values are summarized in Table 3
for three fortification levels. In all instances, satisfactory results
were found, with recovery values between 71 and 106%, not
related to the spiking level and complying with the requirements
of SANCO/10684/2009 (28). As can be seen in Table 3, RSD
values were within the acceptable range of <20%, according to
SANCO guidelines. The HorRat values obtained were lower than
0.5 for all the compounds at 10 pg/L. Thus, the method provided
a satisfactory level of intralaboratory precision.

Matrix Effects
Must samples Wine samples

Compound MustA MustB  MustC WineA Wine B Matrix effects in GC analysis.—Table 2 summarizes the ratio
Captan N AT D oF  <oT values for slopes in sample extracts and s?l‘fcnt‘ Differences in

response were observed for almost all fungicides. Most of them,
Soueopazel. WD i3EE02 A ND <Loa’ except pyraclostrobin in wine, displayed enhancement of the
Penconazol ND  51:04 <0Q’ @ 37%02 ND signal. Vinclozolin, dichlofluanid, captan, and fluquinconazol
Vinclozolin 4003 ND ND <LoQ® ND showed the highest signal enhancement (ratio values of 1.4) in

wine samples, while in must samples, only dichlofluanid showed
: ND = Not detected. this value. A Student’s /-test (34) was done to compare the slope
5 ::gg: 2: “Q;t" of regression lines il:t must, wine, and etl-'zyl acetate obtained for
4 Lon= 54 :g i cach C(?mpound st?ldled. The results for this test showed that there
i were significant differences at the 95% confidence level between

LOQ = 3.2 pgiL..

the slopes obtained in ethyl acetate and must for all target
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Figure 3. SIM chromatogram of a real must sample

of the target and qualifier ions in the sample be within 20% of
the respective ratios in matrix-matched calibration standards
(Table 1; 33). The concentrations of the fungicides in musts and
wines analyzed were found to be lower than 10 pg/L, and only
three fungicides—fluquinconazol, penconazol, and vinclozolin—
were determined at concentrations slightly higher than the LOQs
(Table 2).

Vinification process samples.—The proposed method was
applied to determine residucs of two new fungicides (boscalid
and pyraclostrobin) in musts and wines obtained from red grape
samples (cv. Tempranillo). The vinification process with red
grapes was performed by following the winemaking process
described before. Residue levels of pyraclostrobin and boscalid
arc presented in Table 7. To determine the dissipation of fungicide
residues during the entire process, the total residual concentration
p in the sample was calculated. The pesticide concentration

obtained by SPE containing p | at a cor ion
of 5.1 pg/L and fluquinconazol at 3.8 pg/L. For compound
identification, see Figure 2.

analytes except captan, quinoxyfen, and pyraclostrobin, and only
for pyraclostrobin and boscalid in wine samples.

Matrix effects between samples in the SPE method —Table 4
shows the summarized results obtained for each compound in
the different matrixes. Certain conclusions may be drawn from
a statistical data analysis. First, Levene’s test was applied in
order to check variance homogeneity; P-values higher than 0.05
were obtained in all cases, indicating no statistically significant
differences among the variances. According to these results,
one-way ANOVA was carried out in order to compare the slopes
between must and wine samples. P-values higher than 0.05
showed there were no matrix effects between different samples;
therefore, the method could be used regardless of the matrix.

Uncertainty Evaluation

Global uncertainty of the fungicides evaluated varied up to
11%. The expanded uncertainties ranged from 13.0 to 20.4% and
from 13.6 to 21.6% in must and wine samples, respectively. The
uncertainty values for all the fungicides were similar in must and
wine matrixes, except for penconazol. As seen in Table 5, higher
uncertainties were observed for dichlofluanid and vinclozolin.

Uncertainties in precision and bias were low (0.8-2.6 and
0.8-3.1%, respectively); however, the uncertainty associated
with the calibration curve (in each case, within 5.7-9.9%)
contributed considerably toward the global uncertainty. Because
the uncertainty level was equal to or below 11% for all the
compounds in must and wine samples, the method performance
could be considered satisfactory for the whole range of these
fungicides.

Application to Real Must and Wine Samples

Samples from local markets—Results of the positive
analyzed must and wine samples are summarized in Table 6. A
chromatogram of a positive real must sample (must B) found
to contain penconazol (5.1 + 0.4 pg/L) and fluquinconazol
(3.840.2 pg/L) is shown in Figure 3., Confirmation criteria
were that the retention times of the compounds in the sample be
within +0.5% of the respective retention times in matrix-matched
calibration standards and the intensity ratios [I,]/[I,] and [I;}/[I;]

present in pressed musts was considered as 100% in each case
and the starting point to study the disappearance of the fungicides.

Boscalid and pyraclostrobin concentrations found in must
pressed samples were very low. Once the must was pressed,
alcoholic fermentation started. This vinification step had a
considerable effect on the decrease in these fungicide residues;
no residual levels were detected for pyraclostrobin, while the
proportion of boscalid remaining in the racked wine was 65%.

Once alcoholic fermentation finished, malolactic fermentation
took place, At the end of this step, the reduction of boscalid was
25%. The dissipation in this step was lower than in alcoholic
fermentation.

The clarification and filtration processes, the last two
winemaking stages, did not play an impertant role in the reduction
of boscalid residues, showing a decrease of 10% for clarification
and 7% for filtration. Boscalid concentration remaining in final
wine was 8.8 pg/L, much lower than MRLs set in Switzerland
and Italy (6-8), as summarized in Table 2.

Conclusions

The SPE and GC/MS method described in this paper allows the
rapid determination of the fungicides vinclozolin, dichlofiuanid,
penconazol, captan, quinoxyfen, fluquinconazol, boscalid, and
pyraclostrobin in must and wine samples. The method has been
validated according to SANCO/10684/2009 guidelines and
global uncertainties have been calculated. The method offers
good recoveries, linearity, precision, and accuracy, and is highly
sensitive, Matrix effects were overcome by using matrix-matched
calibration. The uncertainty associated with the analytical method
was lower than 10% for all compounds tested. The different
composition of the matrixes, must and wine, does not affect the
sensitivity of the method, giving similar LOD and LOQ values
for both.

Captan, fluquinconazol, penconazol, and vinclozolin residues
were found in five of the 16 analyzed samples. Boscalid and
pyraclostrobin concentrations were determined in musts and
wines obtained from red grapes previously treated with these
substances. A total dissipation of pyraclostrobin was observed,
while boscalid residues showed a decrease of 75% during all steps
of the winemaking process, including clarification and filtration.

The proposed analytical procedure is low cost, rapid, and easy
to perform, and could be utilized for regular monitoring of these
pesticide residues to ensure food safety.
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Table 7. € ation of icid id and
percentage remaining (n = 3) in each stage
Pyraclostrobln Boscalid
Conen, Remaining, Concn,  Remalning,
Samples wolL. % pa/L %
Pressed must  29.1%1.2 100 £3.7 34.5+16 100+3.7
Racked wine <LoD* <LoD? 224+11 65+42
Final malolactic ~ <LOD" <Lop?® 146+09 4221
fermentation
Clarifled wine <LOD” <LoD? 11006 32x27
Filtered wine <LOD? <top? 88+08 25+13
@ LODyine = 1.3 mgiL.
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A microwave assisted extraction (MAE) method was developed for the simultaneous extraction of eight
pesticides, vinclozolin, dichlofluanid, penconazole, captan, quinoxyfen, fluquinconazole, boscalid and
pyraclostrobin, in grapes. The different parameters affecting the MAE method, such as temperature,
extraction time and nature and volume of the extraction solvent, were evaluated. The experimental
procedure was optimized using a multivariate statistical approach and the final analyses were carried
out by gas chromatography-mass spectrometry (GC-MS). These eight fungicides could be efficiently
extracted from 2.0 g of grapes with 10 mL of hexane/acetone (1 : 1, v/v) mixture at 105 °C in 10 minutes
with microwave power set at 100% (600 W). Using the optimized conditions, the method was validated
in terms of accuracy and precision. A matrix effect study was also carried out using different grape
samples. Recoveries from spiked grape samples ranged from 82 to 107% and relative standard
deviations were less than 10%. Detection and quantification limits ranged from 0.7 to 1.7 pg kg' and
2210 5.8 pg kg™', respectively, which were lower than the maximum residue limits of the pesticides in
grape samples established by the European Union. Uncertainty assessment of measurement obtained
by applying the proposed analytical method was estimated according to EURACHEM/CITAC guide.
The expanded uncertainties were below 26% and 7% at two concentration levels, 10 and 50 pg kg',
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respectively.

1. Introduction

Grey mold (Botrytis cinerea), powdery mildew (Uncinula necator)
and downy mildew (Plasmopara viticola) are the most common
fungi encountered in vineyards control. Different kinds of fungi-
cides are widely used in the treatment of diseases of grapes. The use
of these substances provides unquestionable benefits in providing
a plentiful, low-cost supply of high-quality fruits and vegetables,
but unfortunately, their incorrect application may leave harmful
residues, which involve possible health risk.' Their toxicity makes
it necessary to analyse pesticide residues in grapes intended for
human consumption.** In recent years, more and more attention
has been paid to this issue and many countries have established
more rigid maximum residue limits (MR Ls) for the pesticides in
grapes. Table 1 shows the structures of pesticides studied and the
established MRLs by the European legislation in grapes.

These MRLs make necessary the development of highly
sensitive multiresidue methods to analyze pesticides in different
sample matrices. The analytical methods used to monitor pesti-
cide residues require the extraction and isolation of pesticides

Departamento  de  Quimica  Analitica, Department of  Chemistry,
Universidad de La Rioja, Madre de Dios, 51, La Rioja, 26006 Logrorio,
Spain. E-mail: maria-teresa. martinez@unirioja.es; Fax: +34 941299621;
Tel: +34 941 299 629

1 Electronic supplementary information (ESI) available. See DOI:
10.1039%c1ay05406f

from the studied matrix and a final determination with chro-
matographic procedures. The extraction methods for the target
fungicides proposed in the literature were based on a simple one
step solid-liquid extraction (SLE) or QuEChERS with: acetone/
dichloromethane for dichlofluanid, captan, penconazole and
vinclozolin or captan with acetone/petroleum ether (40-60 °C)
(50 : 50, v/v) in grapes, must and wine samples;"* acetone/
dichloromethane/light petroleum for 171 pesticides and metab-
olites (including boscalid, dichlofluanid, fluquinconazole, pen-
conazole and pyraclostrobin) in crops (fruits, vegetables and
cereals);” hexane/ethyl acetate for the extraction of penconazole
and quinoxyfen from grapes, must and wine during the wine-
making process' and single organic solvents like ethyl acetate
(10 mL) for dichlofluanid, penconazole and pyraclostrobin
residues in grapes," hexane (10 mL) for quinoxyfen in grapes,
must and wine'? or acetonitrile (10-15 mL) for fluquinconazole,
penconazole, pyraclostrobin, quinoxyfen and vinclozolin in
grape, lemon, onion and tomato samples' and for 140 pesticides
including dichlofluanid, captan, penconazole, quinoxyfen and
vinclozolin in cereals." Chromatographic separation and iden-
tification were achieved by gas chromatography (GC) with mass
spectrometric (MS), MS/MS detection, nitrogen—phosphorus
(NPD) or electron-capture (ECD)™'***'* detection, and liquid
chromatography (LC) with diode-array (DAD), ultraviolet (UV)
or MSlI',!',Il.H,IS

This journal is © The Royal Society of Chemistry 2011
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Table 1 Family, chemical structure and MRLs of target compounds in grapes

Family Common name

Chemical structure MR prypes /g kg !

Dicarboximide fungicides Vinclozolin

Phenylsulfamide fungicides Dichlofluanid

Triazole fungicides Penconazole

Phthalimide fungicides

Captan

Quinoline fungicides Quinoxyfen

Conazole fungicides

Fluquinconazole

Strobilurin fungicides Pyraclostrobin

Anilide fungicides Boscalid
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“ By European legislation, ” Excluded from the Annex I of the Directive 91/414/EEC. Default MRL of 10 pg kg .

These techniques are widely used to analyze contaminants
in foods but they are time-consuming. In the last few years, new
analytical procedures have recently been developed for
the determination of pesticides in food and environmental

samples. These new techniques have advantages over conven-
tional methods with respect to solvent consumption, time of
analysis, sample amount requirements and automation
feasibilities.
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Microwave assisted extraction (MAE) is known as a more
environmentally friendly process with economic advantages than
the current extraction methods'®"” used for the simultaneous
determination of pesticides from semisolid and solid samples
such as soil, sediments, and plants."° The main virtue of MAE
is the reduction of extraction time and organic solvents but first,
several operational parameters should be optimized such as
extraction temperature, extraction time, ete. For this purpose,
the use of experimental designs offers a number of advantages for
the optimization process, including most notably that a lower
number of experiments can provide more information and it is
possible to study interaction effects between variables.

In spite of the great number of MAE publications, no further
publications regarding MAE extraction have been published for
vinclozolin, dichlofluanid, captan, penconazole, quinoxyfen,
fluquinconazole, boscalid and pyraclostrobin in fruits and
vegetables. Therefore, the aim of this work was to develop a fast
and sensitive determination method based on MAE for the
quantitative and selective determination of vinclozolin, dichlo-
fluanid, penconazole, captan, quinoxyfen, fluquinconazole,
boscalid and pyraclostrobin residues from grape samples using
GC-MS detection.

The optimization of the significant variables involved in the
extraction processes was carried out by experimental design. A
fractional factorial design was performed to evaluate the signif-
icant variables and interactions and a central composite design
was carried out in order to optimize extraction conditions. Once
the best working conditions had been selected, the performance
characteristics were established in terms of linearity, precision,
uncertainty and detection and quantification limits. Recoveries
were checked by a recovery study with spiked samples. Finally,
different grape samples collected in La Rioja were analyzed in
order to assess sample matrix effects.

2. Experimental

2.1. Chemicals

Pesticide analytical standards of penconazole, captan, dichlo-
fluanid, vinclozolin, pyraclostrobin, boscalid, fluquinconazole
and quinoxyfen with purity higher than 99.0% were supplied by
Riedel-de-Haen (Seelze, Germany). Tetradifon was acquired
from Riedel-de-Haén (Seelze, Germany) with a purity of 99.5%
and was used as internal standard (IS).

Anhydrous sodium sulfate, Na,SOy (99.5%), and glass wool
were supplied from Scharlab (Barcelona, Spain).

HPLC grade ethyl acetate, methanol, acetone, n-hexane,
acetonitrile and dichloromethane were obtained from Scharlab
(Barcelona, Spain). Ultrapure water was obtained in a Milli-RO
plus system together with a Milli-Q system from Millipore
(Bedford, MA, USA),

2.2. Standard preparation

Fungicide stock solutions (¢a. 500 mg L") and intermediary
solutions (10 and | mg L") were prepared in methanol. Stock
and intermediary standard solutions of the IS, tetradifon, were
prepared in the same way in ethyl acetate. All standard solutions
were stored at —20 °C. They were stable over a period of at least
three months. Standard working mixtures were prepared by

appropriate dilution of the intermediary solutions with methanol
and stored at 4 °C for seven days. These standard working
mixtures were used to spike grape samples.

2.3. Sample preparation

Sample preparation is an essential part of a solvent extraction
procedure. For an efficient extraction to occur, solvents must
make contact with the target analytes, so high surface areas are
recommended.

Red grapes were purchased from cv. Tempranillo grapevines
of Qualified Designation of Origin Rioja at vineyard in Aldea-
nueva de Ebro, La Rioja, Spain. These vines had not been treated
with phytosanitary products. Several bunches of grapes
(approximately 2 kg) were bought in the supermarket for each
real sample. Later, the quartering method was carried out up to
the final weight 100 grams, so we consider the sample was
representative. These samples were chopped into small pieces in
a glass and homogenized using a crusher (Heidolph Silent-
Crusher M, Schwabach, Germany) and spiked with penconazole,
captan, dichlofluanid, vinclozolin, pyraclostrobin, boscalid, flu-
quinconazole and quinoxyfen. These samples were allowed to
stand 72 hours. After this time, the sample was homogenized
(juice included) and put into the extraction vessels.

24. MAE extraction

MAE experiments were performed using an MARS-microwave
sample preparation unit (CEM, Corp., Matthews, N.C.) equip-
ped with a solvent detector. The MARS was able to simulta-
neously extract forty-eight solid samples in a Teflon-lined
extraction vessel (volume of 50 mL) under identical extraction
conditions (temperature and pressure). Samples were accurately
weighed (2.0 g) into the PTFE-lined extraction vessel. Subse-
quently, 10 mL of hexanefacetone (1 : 1) mixture were added as
an extraction solvent. The oven was set to a power of 600 W,
ramped to 105 °C within 5 min, and held at this temperature for
10 min while stirring at the highest setting. After extraction, the
vessels were cooled to room temperature before being opened.
Next, the water of the supernatant from each vessel was removed
using anhydrous sodium sulfate and was filtered through glass
wool. The residue was rinsed three times with 2 mL of hexane/
acetone (1 : 1, v/v) and combined with the supernatant. Finally,
the extracts were evaporated using a low volume concentrator
(Zymark TurboVap II Vortex evaporator, Hopkinton, MA,
USA) under a gentle stream of nitrogen evaporator and adjusted
to a final volume of 5 mL with hexane/acetone (1 : 1, v/v). Tet-
radifon was added as internal standard at a concentration of
100 pg L

2.5. Method validation

Validation was performed according to guide SANCO/10684/
2009 (ref. 21) concerning the performance of methods for pesti-
cide residue monitoring. Performance characteristics studied
were matrix effect, linearity, limits of detection/quantification,
recovery and precision. Decision limit and detection capability
were calculated according to Decision 2002/657/EC.** An
uncertainty evaluation was also carried out.
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2.5.1. Matrix effect assessment

Matrix-effect in GC analysis. Determination of pesticide
residues in food matrices may be adversely affected by
a phenomenon commonly known as “matrix-effect chromatog-
raphy”.?** Some factors such as the nature of pesticide, the
nature of the matrix, and the pesticide-to-matrix ratio may affect
the sample matrix effect induced. In GC, this phenomenon
occurs in the injector port, in the separative system (retention gap
and/for analytical column) and also causes ionization potential
maodification of analytes. The main consequence of the matrix
effect is an increasing (ion enhancement) or decreasing analyte
signal (ion suppression) in the presence of the matrix (real
sample) with respect to the same analyte in solvent (standard
solution).?»*” The matrix effect was evaluated by comparison of
the slope of a calibration graph based on the matrix-matched
standards of grapes with the slope of the pure solvent based
calibration graph.

Martrix effects between samples in the MAE method. Four
varieties of grapes (¢v. Tempranillo, used during the method
performance, cv. Grenache, ¢v. White Grenache and cv. Viura)
collected at different vineyards of La Rioja were examined to
study the matrix effect. It was initially confirmed that all grape
samples were not contaminated with the studied fungicides. Once
chopped and homogenized, all the samples were spiked at a level
of 50 pg kg™' and treated following the experimental procedure
described. Triplicate analyses were performed for each grape
sample.

Quantification was performed using the calibration line for
each fungicide. The concentrations obtained for each target
compound in the four varieties after MAE were compared
statistically using an analysis of variance (ANOVA).

2.5.2. Linearity. A matrix matched calibration was used to
minimize error. Untreated grape samples were subjected to the
optimized extraction method. These blank extracts were spiked
with six different levels of concentration for each analyte. The
quantification was based on the internal calibration graph
obtained by the least squares method using the fungicide to the
internal standard peak area ratio for each compound.

2.5.3. LOD and LOQ. The limits of detection (LOD) and
limits of quantification (LOQ) of the overall method were
calculated as the concentration giving a signal-to-noise ratio of
three (S/N = 3) and ten (S/N = 10), respectively. These limits
were estimated using the MAE extract of a grape sample spiked
at 10 pg kg

2.5.4. Decision limit and detection capability (CCa and CCB).
Decision 2002/657/EC,? to ensure both the quality and the
correct interpretation of the analytical results attained by control
official laboratories, introduces two new parameters, CCa
(decision limit) and CCB (detection capability), that replace the
old concepts of limit of detection and limit of quantification.
CCa was defined as the limit above which samples are concluded
to be noncompliant, with an error probability « of 5%, while
CCP was defined as the smallest content of the substance that
may be detected, identified and/or quantified in a sample with an
error probability g of 5%.

There are different ways of calculating the decision limit and
the detection capability for substances with a permitted limit
established. In this case, CCx and CC@ were determined by
analysing 20 blank grape samples spiked with the analyte(s) at
the LOQ calculated and at the decision limit, respectively.

2.5.5. Recovery. A recovery study was performed to evaluate
the bias of the method by applying the optimized MAE method
to the extraction of residue free grapes samples spiked at two
levels of concentration, 10 and 50 pg kg™' in ten replicates.
Quantification in the recovery samples was performed using
matrix-matched standards. Results from fortification studies
were statistically analyzed using Excel to calculate average
recovery of each pesticide and their standard deviations.

2.5.6. Precision. Precision was assessed by analyzing spiked
grape samples containing known concentrations of the investi-
gated pesticides. Method precision was studied within-a-day
(repeatability) and among-days (intermediate precision) at two
fortification levels (10 and 50 pg kg™') for all compounds by
calculating the relative standard deviation (RSD). Horwitz ratio
(HorRat) pertaining to intra-laboratory precision, which indi-
cates the acceptability of a method with respect to precision, ™
was calculated for all the pesticides in the following way:

HorRat = RSD/Prsd (L)

where RSD stands for relative standard deviation and Prsd is the
predicted relative standard deviation. Prsd = 2C-1%, where Cis
the concentration expressed as mass fraction.

2.5.7. Uncertainty evaluation. The uncertainty of measure-
ment obtained by applying the proposed analytical method was
estimated using the bottom-up approach on the basis of in-house
validation data according to EURACHEM/CITAC guide.”
Uncertainty associated with standard preparation (u,), uncer-
tainty associated with calibration curve (), uncertainty associ-
ated with precision (#3) and uncertainty associated with accuracy
(u4) were evaluated for all the target compounds at two spiking
levels. The combined uncertainty (u.) was calculated as:

W) =\ ol

and reported as expanded uncertainty (U) which provides an
interval within which the value of the measure is believed to lie
with a higher level of confidence. U was obtained by multiplying
1)), the combined standard uncertainty, by a coverage factor k
(U= uy) » k). The choice of the factor k was based on the level
of confidence desired. For a level of confidence of 95%, the k
value used was 2.

2.6. Chromatographic conditions

GC separation was performed using an Agilent Technologies GC
6890N coupled to a 5975C MS mass selective detector. Chro-
matographic separations were done by using a HP-5MS capillary
column (30 m x 0.25 mm i.d. x 0.25 pm film thickness).

The initial oven temperature was set at 100 °C, increased to
185 °C at 40 °C min~" and kept for 5 min, increased at a rate of
10 °C min ' to 300 °C, held for 3 min. The volume of the sample
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was 2 puL, injected in splitless mode. The injector temperature was
set at 250 °C. Helium (99.999% purity) was used as carrier gas at
a constant flow rate of 1.5 mL min~". The mass spectrometer was
operated in electron ionization (70 V), with 6 min solvent delay.
The interface temperature was kept at 310 °C and the ion source
temperature was kept at 230 °C. The dwell time for ion moni-
toring was 100 ms per ion. Selected monitoring ion (SIM) mode
was used (198, 212 and 285 m/z for vinclozolin: 123, 167, and 224
mlz for dichlofluanid; 159 and 248 mi/z for penconazole; 79 and
149 miz for captan; 237, 272 and 307 m/z for quinoxyfen; 111, 159
and 356 m/z for tetradifon; 108 and 340 m/z for fluquinconazole;
112, 140 and 342 m/z for boscalid; 132, 164, and 325 m/z for
pyraclostrobin).

2.7. Data analysis

The StatGraphics Centurion Version XV was used to generate
the experimental designs and data processing.

3. Results and discussion

3.1. Optimization of MAE procedure

3.1.1. Preliminary experiments. The major parameters
affecting the pesticide extraction efficiency by MAE are
temperature, extraction time, nature and solvent volume.
Preliminary investigations were performed to choose the
extraction solvent. For an efficient extraction, the solvent must
be able to solute the target compounds while leaving the sample
matrix intact. The polarity of the extraction solvent should
closely match that of the target analytes. In order to evaluate the
extraction solvent efficiency, samples were extracted with
acetonitrile, acetone, hexanefethyl acetate (1 : 1, v/v), dichloro-
methane/ethyl acetate (1 : 1, v/v) and hexane/acetone (1 : 1, v/v).
In the case of acetonitrile and acetone the extract collected
contained a large amount of interferences as evidenced by the
colour of the residue obtained after solvent evaporation,
although recovery values obtained were >70% for almost all the
analytes. On the other hand, hexane/ethyl acetate (1 : 1, v/v) and
dichloromethane/ethyl acetate (1: 1) tested as elution solvent
produce lower recoveries (<60%) for some pesticides. The
mixture hexanefacetone (1 : 1) provided the best recoveries of the
pesticides and the cleanest chromatograms.

3.1.2. Screening design. A factorial design was performed to
study the influence of several factors on the MAE procedure and
to search the optimal experimental conditions. Four variables
were selected to define the experimental field: temperature (4),
extraction time (B), % hexane (in the mixture hexane/acetone)
(C) and solvent volume (D). Table 2 summarizes the two levels
for each factor involved in the design which corresponded to the
minimum and maximum values of the ranges investigated.

A 2% fractional factorial design was applied to evaluate the
main effects. The factorial design raised in this study has reso-
lution IV. This design is capable of obtaining clear estimates of
all main effects. However, some or all of the two-factor inter-
actions are confounded with other two-factor interactions or
block effects. In this manner, it was possible to screen four
factors without performing a very large number of experiments.
Table 3 shows the completed matrix design. The 2*~' fractional

Table 2 Factors and levels considered in the 2*' fractional factorial
experimental design

High level
Factor Code Low level (—) +)
Temperature/°C A 70 120
Time/minutes B 2 10
% Hexane C 40 80
Solvent volume/mL D 5 20

factorial design, which involved 11 experiments, was performed
in duplicate and randomly in order to avoid strange effects. All
experiments were carried out with grapes spiked at 50 pg kg™
with each studied pesticide and 2.0 g as the sample weight. A
preliminary set of experiments was performed for the extraction
temperature. When the temperature was above 120 °C, solvent
evaporation was observed. Thus, the experimental design range
was set to 70-120 °C. The amounts of grape sample and variable
(B, C and D) levels were selected on the basis of the literature
about MAE extractions of pesticides from vegetable and food
matrices.**

Once all the experiments had been carried out, the data were
processed and evaluated. The analysis of variance (ANOVA) was
carried out for each compound (data not shown). R* values
showed that the adjusted model accounted for 94-98% of the
variance of the peak area. Pareto charts were also obtained. For
the sake of simplicity only Pareto charts for boscalid and captan
are included in Fig. 1, showing the general behaviour (all the
pesticides considered exhibited the same behaviour except
captan). The Pareto charts illustrate the influence (proportional
to the bar lengths) that each variable (main effect) has on the
response of some of the studied pesticides. These charts also
include a vertical line corresponding to the 95% confidence
interval. The main effects or mteractions exceeding this reference
line may be considered statistically significant. Factors with
a negligible effect on the response at a significance level of 95%
were screened out. The signs + and — represent positive and
negative effects, respectively. The positive effect indicates that
extraction is better at high levels of the respective variables within
the range studied while the negative effect indicates that extrac-
tion is better at low levels.

Table 3 Design matrix of the 2*' fractional factorial experimental
design

0,
o

Run  Temperature/°C  Time/minutes Hexane Solvent volume/mL
1 95 6 60 12.5
2 70 2 80 20

3 120 2 80 5
4 120 10 80 20

5 70 2 40 5

6 120 2 40 20
7 70 10 40 20

8 95 6 60 12.5
9 70 10 80 5
0120 10 40 5
11 95 6 60 12.5
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Pareto charts for selected pesticides obtained from the 2* ! fractional factorial experimental design: boscalid (a) and captan (b). (A) temperature,

(B) extraction time, (C) % hexane, and (D) solvent volume. Vertical lines define the 95% confidence interval.

As can be seen in Fig. 1, % hexane and solvent volume had
little influence on the pesticide extraction efficiency. In MAE, the
extraction temperature is one of the most relevant parameters to
optimize. For all target pesticides, temperature was a significant
factor and as expected, it caused higher yields when it was used at
high level. Finally, a positive influence of extraction timewas
confirmed just for captan. For other compounds, a higher
extraction time led to higher chromatographic responses, but was
not a significant variable. Therefore, optimization of these two
significant factors was carried out.

3.1.3. Central composite design. On the basis of the results of
the fractional factorial design, the variables C and D were
considered as non-relevant and were therefore fixed at 50%
hexane (in the mixture hexanefacetone) and 10 mL, respectively.
The two remaining variables (4 and B) were studied according to
a central composite design (CCD) consisting of a factorial design
22 with four star points located at =« from the centre of the
experimental domain. The value of the axial distance a for this
design was 1.414 in order to establish the rotatability condition.
The design was also completed with eight experiments at the
central point (orthogonality condition). Therefore, the complete
design consisted of 16 randomly performed experiments. The
range of the variables was changed according to the results of the
fractional factorial design. The mfluence of temperature (4) was
studied at 80 °C (low level) and 120 °C (high level) and 2 minutes
and 14 minutes were considered as high and low levels, respec-
tively, for time extraction (B). The design matrix is shown in
Table 4. All the experiments were carried out using 2.0 g of
sample spiked at 30 pug kg ' and 10 mL of hexane/acetone (1 : 1).

In order to determine the optimal values for the two variables
studied, the response surfaces and the main effect plots were
drawn for all the compounds. Fig, 2 shows, as an example, the
main effect plots and the response surfaces obtained for captan
and boscalid. Generally, most of the pesticides showed a similar
behaviour related to the most suitable extraction conditions. The
response surfaces for the other pesticides (except dichlofluanid)
were similar to that for boscalid. Analyzing the surface responses
and the main effect plots it was found that the extraction of these
compounds was favoured at high temperature and time values.

Determination coefficients obtained showed that the model
accounted for 88% (boscalid and vinclozolin) to 95% (flu-
quinconazole). An ANOVA test was used to assess whether
factors or interactions showed a statistically significant

contribution to the variance of the response. Results of ANOVA
are shown in Table 5 where F-ratios and p-values are given. The
F-ratio measures the contribution of each factor and interaction
on the variance of the response while the p-value tests the
statistical significance of each factor and interaction. At a 95%
confidence level, a main factor or a factor interaction is statisti-
cally significant when its p-value is lower than 0.05. The results
revealed that temperature was the most important variable
affecting extraction efficiency and this factor was significant for
all pesticides. On the other hand, the extraction time was
significant only for captan. As regards the interaction between
the temperature and extraction time, it was significant only for
pyraclostrobin and fluquinconazole. These interaction plots are
illustrated in Fig. 3a and b, respectively.

For other target compounds, Fig. 3c illustrates an example
(interaction plot for vinclozolin) showing the general behaviour
except for captan. The interaction plot for captan (Fig. 3d)
clearly shows that high temperature values lead to more efficient
extractions. The same conclusion regarding the most satisfactory
temperatures is drawn from Fig. 3c in which it is confirmed that
14 min for extraction time instead of 2 min does not change the
obtained responses (not extraction time influence). However,
when captan is analyzed, a significant response improvement was

Table 4 Matrix of the 2° central composite experimental design

Run Temperature/"C Time/min
1 120 8
2 114 12
30 100 8
40 100 8
9 86 12
6(C) 100 8
7 100 14
8(C) 100 8
0 5 ;
11 80 8
12 114 4
13.(0) 100 8
14 100 2
15(C) 100 8
16 (C) 100 8

(C), central point
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Fig.2 Main effect plots and response surfaces estimated from the central composite experimental design by plotting temperature versus extraction time

for: captan (a) and boscalid (b).

observed after 14 min of extraction. Therefore, it can be seen that
extraction time was only significant for this fungicide.

Because of these different behaviours obtained for studied
compounds, the overall desirability function was calculated as
the geometric mean of the normalised individual response func-
tions in order to determine the optimal values for the two vari-
ables. Fig. 4 shows the temperature-extraction time plot. As can
be seen, the overall optimum was located at 105 °C and 10
minutes for the extraction temperature and time, respectively.
These conditions were selected for further experiments.

3.2. Performance characteristics

With the aim of verifying that the MAE and GC-MS developed
method was suitable for the quantitative determination of
pesticides in grapes, method quality parameters were estimated
(Table 6).

3.2.1. Matrix effect assessment

Matrix-effect in GC analysis. The matrix effect was evaluated
by comparison of the slope of a calibration graph based on the
matrix-matched standards of grapes with the slope of the pure
solvent based calibration graph. A higher slope of the matrix
calibration indicates matrix-induced signal enhancement,
whereas a lower slope represents signal suppressions. Tetradifon
(IS) was added to both calibration solutions.

Table 6 summarizes the ratio values for slopes in grape
samples and solvent. Differences in response were observed for
almost all pesticides. Most of them, except fluquinconazole,
displayed the enhancement of the signal. Vinclozolin showed the
highest signal enhancement (ratio value of 2.0). A Student’s r-test
was made to compare the slopes of the lines of regression (in
grapes and hexane/acetone (1 : 1)) obtained for each compound
studied. The results for this test showed that there were signifi-
cant differences at the 95% confidence level between the slopes

Table 5 ANOVA results showing the significance of main effects and interactions (in bold significant effects at 95% confidence level)

Factors Interactions

A? B AA AB BB

F-Ratio p-Value F-Ratio p-Value F-Ratio p-Value F-Ratio p-Value F-Ratio p-Value
Vinclozolin 63.45 0.00 1.30 0.28 14.33 0.00 0.01 0.92 0.20 0.66
Dichlofluanid 12.95 0.00 2.89 0.12 261 0.14 0.36 0.56 0.06 0.81
Penconazole 97.13 0.00 0.17 0.69 41.17 0.00 0.07 0.80 4.73 0.06
Captan 527 0.04 6.45 0.03 0.00 0.99 0.00 0.96 1.87 0.20
Quinoxyfen 79.02 0.00 0.23 0.64 33.54 0.00 4.09 0.07 3.30 0.10
Fluguinconazole 87.34 0.00 0.77 0.40 83.11 0.00 9.19 0.01 2.75 0.13
Boscalid 4246 0.00 1.20 0.30 29.15 0.00 1.36 027 0.74 041
Pyraclostrobin 118.15 0.00 0.54 0.48 37.29 0.00 1413 0.00 1.05 0.33

@ A, temperature. ” B, time.
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obtained in solvent and grapes for all target analytes, except
fluquinconazole and boscalid.

Matrix effects between samples in the MAE method. An
analysis of variance performed with the raw data revealed the
absence of significant differences (p > 0.05) between the types of

grapes for all fungicides. The observed variability (RSD) between
the analyzed spiked grape samples was in general lower than 10%
that can be attributed to the experimental error (see Table 6),
revealing the absence of the matrix effect when a MAE and GC-
MS method is employed for extracting dichlofluanid, vinclozolin,
penconazole, captan, quinoxyfen, fluquinconazole, boscalid and
pyraclostrobin from grapes. These results demonstrate that the
developed method allows the quantification of the target
compounds in grape samples of different variety.

3.2.2. Linearity. Linearity was checked up to 5000 pg kg™'
for all the compounds. The calibration curves were linear in this
range with determination coefficients higher than 0.99 but due to
the low concentrations expected in real samples, the calibration
standards used for the validation of the proposed method ranged
between close to each LOQ to one hundred pg kg'. Good
linearity was achieved, the coefficients varying between 0.999 and

0.9996 (Table 6).

Table 6 Performance characteristics of the proposed method for fungicides in grapes

Recovery =

repeatability

(RSD, %)" Slope ratio

Linear range/ LOD/ LOQ/ CCal CCBI HorRat HorRat (grape extract/

Compound ng kg e ngke! pgkg! pgkg' pgkg! 10pgkg! SOpgkg' (10pgkg') (50 pgkg') solvent)
Vinclozolin 5-110 0.9995 1.3 44 51 59 100+6 93+4 023 0.31 2.0
Dichlofluanid 3-105 0.999 09 3.1 36 39 83+5 8244 0.33 0.35 L3
Penconazole 4-125 0.9992 1.1 37 4.2 49 9 +8 85+4 0.27 0.28 1.3
Captan 5-125 0999 1.5 4.9 54 59 91+8 9%+4 037 0.35 1.2
Quinoxyfen 2-101 0.9995 0.7 22 24 2.7 9547 9+2 022 0.23 14
Fluguinconazole 4-105 0.9991 1.1 3.7 4.0 4.5 W7 8+4 027 0.30 0.9
Boscalid 4-112 09992 1.0 35 4.0 45 100+£5 86+ 6 0.30 0.36 1.0
Pyraclostrobin 6110 0.9996 1.7 58 6.5 13 87+7 107+£8 033 041 14

“ Mean value + SD (n = 10).
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3.2.3. LOD and LOQ. LODs ranged from 0.7 to 1.7 pg kg ™'
and LOQs from 2.2 to 5.8 pg kg~', complying with the regulated
MRLs in grapes by the European legislation (see Table 1). Fig. 5
shows SIM chromatograms obtained for an untreated grape
sample and spiked grape sample containing all the target pesti-
cides at a concentration level of 10 ug kg~'. Limits obtained for
all pesticides in grapes were lower than those reported in the
previous works (Table 7), except for penconazole and pyraclos-
trobin in one of the references" dealing with the extraction of
these pesticides from grapes.

3.2.4. Decision limit (CCa) and detection capability (CCB).
Being the LOQs equal to or lower than the maximum
residue limits established by European legislation (see Tables 1
and 6), the CCa values were calculated by analysing 20 blank
grape samples spiked at the LOQ levels of the method for
each compound. The spiking level concentration plus 1.64 times
the corresponding standard deviation represents the CCa.
Then, the CC values were calculated by analyzing 20 blank
spiked samples at corresponding calculated CCa level for each
analyte. The concentration at the CCa plus 1.64 times the
corresponding standard deviation equals the CCB. Table 6
summarises the obtained CCa and CCB for the target
compounds.

20000 4

15000 4

10000 o

5000 4

Table 7 Comparison of experimental LOQs of the proposed method
with respect to LOQs published by other authors

LOQs in grapes/ug kg™

Fungicide Present method Consulted references
Vinclozolin 44 104

Dichlofluanid 31 s, 874 10¢
Penconazole 37 2.5%, 54 10¢, 10.1¢
Captan 49 10¢, 50.5¢
Quinoxyfen 21 57100
Fluquinconazole 3.7 10°

Boscalid 35 10¢

Pyraclostrobin 58 2.5% 10¢, 600¢

“ Ref. 7 by GC-ECD., ° Ref. 11 by LC-MS/MS. © Ref. 9 by LC-MS/MS.
¢ Ref. 10 by GC-ECD. * Ref. 8 by GC-ITMS. / Ref. 12 by GC-ECD.
# Ref. 15 by HPLC-DAD.

3.2.5. Precision. Results for precision are summarized in
Table 6. As regards the intra-day precision RSDs obtained varied
between 2.2% and 9.4%. They were within the acceptable range,
(RSD) <20%, according to Document SANCO/10684/2009.*
The HorRat values obtained were lower than 0.5 for all the
compounds at two concentration levels. Thus, the method
provided a satisfactory level of intra-laboratory precision.

25000 4 (b)
20000
15000

10000 4

5000 4

a
=

MLy

" 16 18 20

Time (min)

Fig. 5 GC-MS chromatograms of extracts of untreated grape (A) and untreated grape spiked at 10 pg kg™ (B) obtained by the proposed MAE in
optimum conditions. Peak identification: (1) vinclozolin; (2) dichlofluanid; (3) penconazole; (4) captan; (5) quinoxyfen; (6) tetradifon (1.8.); (7) flu-

quinconazole; (8) boscalid; (9) pyraclostrobin.
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Fig. 6 Cause and effect diagram of the main uncertainties evaluated in
pesticide analysis.

3.2.6. Recovery. Average recoveries ranged from 82% to
107% in grape samples at the two levels of concentration studied
(Table 6). According to SANCO guide, the method provided
a satisfactory level of accuracy.

3.2.7. Uncertainty evaluation. The main uncertainty sources
(Fig. 6) were identified and quantified, followed by the determi-
nation of the combined uncertainty (u.(y)) using a Gauss prop-
agation model. In the present determination the following four
main individual uncertainty sources were taken into account:

U;. Uncertainty associated with standard preparation
(g = tea):

where u(Cy), u(Cy), and w(C;) are the uncertainties associated
with the individual standards used in the calibration curve. The
standard uncertainty associated with the preparation of each
calibration standard (u(C;)) was calculated by taking into
account the uncertainty associated with the stock standard
solution concentration (u(Cyock)), the plus volume of stock
standard solution (u(V,,y)), and the uncertainty of the final
measured volume in the volumetric flask (u(Vpusx)) as follows:

—_— \/ (ummo)g (u( mG)):(uwm))l
Ciock Vitock Viusk

whete u(Cuaek) = Cuonk ] (40 M) + (Vi) (Vi)
associated with the uncertainty of the mass of standard
compound weighted (#(#eomp)) and the dilution volume of the
latter quantity (u( V). Whenever an individual standard was
prepared from a working solution C; the uncertainty of the
working solution was taken into account instead of the uncer-
tainty of stock solution.

U,. Uncertainty associated with the calibration curve (u, = (u

(o )/o)):

where §,, is the residual standard deviation, b is the slope of the
calibration curve, N is the number of standards used in the
calibration curve, n is the number of experimental values
obtained for each x value, y, is the experimental value of y for
which the concentration x,, will be calculated by the calibration

N
curve, yis the average of the y; values and ) (x; — E)Z is the sum
=1

of the obtained concentration (given by the calibration curve)
minus the average concentration of the standards used in the
calibration curve.

U;. Uncertainty associated with precision (3 = u(x,)/x,) =
s,/ expressed as a relative standard deviation obtained from
intermediate precision assays for different levels of concentra-
tion, where s,, is the standard deviation of the experimental data
for precision and n is the number of assays.

Uy Uncertainty associated with accuracy (g = $yefn'®)
expressed by the recovery percentage obtained from spiking
assays, in the absence of certificated reference material, where s,
is the standard deviation of the recovery and n is the number of
assays.

A significance test was used to determine whether the mean
recovery was significantly different from 1.0. The test statistic
was calculated using the following equation:*

Table8 Partial (1;-uy), combined (1) and expanded uncertainties (U) associated with the results (expressed as relative measures) referred to standard

preparation (u), calibration curve (u2), precision (u3) and accuracy (us)

10 pg kg

S0 pg kg

Cal. Combined Expanded Cal. Combined Expanded
Standards curve Precision Accuracy uncertainty uncertainty Standards curve Precision Accuracy uncertainty uncertainty

Compound uy U Uy i U I W U Uy U U

Vinclozolin 0.009 0.076 0.014 0019  0.080 0.160 0.009 0.0130.016 0013 0.026 0.051
Dichlofluanid 0.009 0.098 0.020  0.013 0.010 0.203 0.009 0018 0.018 0009  0.028 0.056
Penconazole 0.010 0.124 0013 0.025 0.128 0.256 0.010 0.0230.014 0009  0.030 0.060
Captan 0.010 0.097 0.023  0.025 0.103 0.206 0.010 0.0150.017 0013 0.028 0.056
Quinoxyfen 0.008 0.082 0.014 0022  0.087 0.174 0.008 0.0140.011 0006  0.021 0.042
Fluquinconazole 0.009 0.090 0.017 0022 0.095 0.190 0.009 0.016 0.015  0.013 0.027 0.054
Boscalid 0.009 0.094 0.019 0016  0.098 0.195 0.009 0.0170.018 0019  0.033 0.065
Pyraclostrobin 0.009 0.060 0.024 0022 0.069 0.138 0.009 0.009 0.020  0.025 0.035 0.070
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Fig.7 SIM chromatogram of real grape sample obtained by MAE containing penconazole at a concentration of 5.3 pg kg~ and dichlofluanid at 4.2 pg

kg™". For compound identification, see Fig. 5.

|1 - Rec|
f=—

ity

This value is compared with the 2-tailed critical value f.;, for
n — 1 degrees of freedom at 95% confidence (where n is the
number of results used to estimate recovery). If £ is greater than
orequal to the critical value ., than Rec is significantly different
from L. In this work, most of the ¢ values were higher than f.;
(2.262) and ranged from 2.273 for quinoxyfen at 10 ppb to 20.0
for dichlofluanid at 50 ppb. However, vinclozolin, fluquincona-
zole, boscalid, pyraclostrobin (all of them at 10 ppb) and qui-
noxyfen at 50 ppb showed t values <2.263.

The combined uncertainty (u.(yv)) was calculated as:

() =\ s+ g

and expanded uncertainty (U) was calculated as U = udy) x 2
(95% of confidence level).

The uncertainties were calculated for two spiking levels (10
and 50 pug kg~') and the data, expressed as relative measures, are
presented in Table 8. For the lower concentrations, the major
uncertainty source was the calibration curve interpolation (u2).
At the low and high spiking levels, for all the compounds, the %
relative expanded uncertainty values were below 26% and 7%,
respectively. These results suggest that the overall variance of the
method was higher at the low concentration level but in all cases
mnvestigated, the expanded uncertainty values obtained are
significantly lower than the “default” value of 50% proposed by
SANCO/10684/2009.2

4. Application

Real grape samples collected from local markets in La Rioja were
analyzed using the developed MAE method. In all analyzed
samples none of the target compounds were found at concen-
tration levels above the MRLs. As an example, Fig. 7 shows the
GC-MS in SIM mode chromatogram obtained for one of these
samples where two of the target pesticides, penconazole, and
dichlofluanid were detected, at a concentration of 5.3 and 4.2
g kg ', respectively.

5. Conclusions

The MAE of dichlofluanid, vinclozolin, penconazole, captan,
quinoxyfen, fluquinconazole, boscalid and pyraclostrobin from
grape samples was studied. The MAE instrumental parameter
settings and extractant solvents were easily optimized by
applying experimental design. A fractional factorial screening
design followed by central composite design enabled us to select
the parameters that affect the extraction efficiency and to find the
maximum analyte recoveries that could be obtained upon
simultancous determination. It was demonstrated that the
hexane/acetone (1 : 1, v/v) mixture was an efficient solvent for the
extraction of these pesticides. MAE can be used to extract multi-
class fungicides from grape samples with good recoveries in
a short extraction time (10 min) and with a small volume of
solvent (10 mL). The method was validated and demonstrated to
be reliable and linear in the concentration range of interest.
LODs and LOQs were below the current legal limits established
by the EU. Grape samples could be extracted without any clean-
up procedure for the extracts and internal calibrations performed
with grape-matched standards gave quantitative and reproduc-
ible results. Expanded uncertainties evaluated for the concen-
tration ranges studied were below 26%.
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Abstract In this work, a simple and low-cost method based
on matrix solid-phase dispersion (MSPD) and gas chroma-
tography to determine eight multi-class pesticides such as
vinclozolin, dichlofluanid, penconazol, captan, quinoxyfen,
fluquinconazol, boscalid, and pyraclostrobin in grapes is
described. Fungicide residues were identified and quantified
using gas chromatography—mass spectrometry in selected ion
monitoring mode (GC-MS, SIM). The experimental variables
that affect the MSPD method, such as the amount of solid
phase, solvent nature and elution volume were optimized
using an experimental design. The best results were obtained
using 0.5 g of grapes, 1.0 g of silica as clean-up sorbent, 1.50 g
of Cyg as bonded phase and 10 mL of dichloromethane/ethyl
acetate (1:1, v/v) as eluting solvent. Significant matrix effects
observed for most of the pesticides tested were eliminated
using matrix-matched standards. The pesticide recoveries in
grapes samples were better than 80% except for captan.
Intra-laboratory precision in terms of Horwitz ratio of the
pesticides evaluated was below 0.5, suggesting ruggedness
of the method. The quantification limits of the pesticides
were in the range of 3.4-8.7 pg kgfl, which were lower than
the maximum residue limits (MRLs) of the pesticides in
grapes samples established by the European legislation.
Decision limits (CCa) and detection capability (CC/) have
been calculated. The expanded uncertainties at two levels of
concentration were <20% for all analytes.

Keywords Matrix solid-phase dispersion - Experimental
design - Uncertainty - Grapes - Gas chromatography
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Introduction

Grapes are an important crop in Spain and worldwide. High
relative humidity and rains favor fungal grapevine diseases
as gray mold (Botrytis cinerea), powdery mildew (Uncinula
necator), and downy mildew (Plasmopara viticola) which
are generally fought using high amounts of different
pesticides [1]. Although the correct use of these phytosani-
tary products does not have adverse effects for public or
environmental health, indiscriminate treatment applied
without respect for safety periods or recommended doses
can entail a risk of the residues remaining in grapes [2].
Therefore, sensitive analytical methods of detection and
quantification of pesticide residues must be developed to
control residue levels in grapes in order to verify their
compliance with the maximum residue levels (MRLs)
established by the European Commission [3]. However,
most known screening methods involve tissue preparation
and several extraction, purification and concentration steps,
which are often the limiting steps and make them expensive
to perform when many samples must be analyzed.

The extraction method for the target fungicides proposed in
the literature was based on a simple one step solid-liquid
extraction (SLE) or QUEChERS (quick, easy, cheap, effective,
rugged and safe) method with: acetone/dichloromethane for
dichlofluanid, captan, penconazol, and vinclozolin in grapes,
must, and wine samples [4]; acetone/dichloromethane/light
petroleum for 171 pesticides and metabolites (including
boscalid, dichlofluanid, fluquinconazol, penconazol, and
pyraclostrobin) in crops (fruits, vegetables, and cereals) [5];
hexane/ethyl acetate for the extraction of penconazol and
quinoxyfen from grapes, must, and wine during the wine-
making process [6] and single organic solvents like ethyl
acetate (10 mL) for dichlofluanid, penconazol and pyraclos-
trobin residues in grapes [7] or acetonitrile (10-15 mL) for
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fluquinconazol, penconazol, pyraclostrobin, quinoxyfen, and
vinclozolin in grape, lemon, onion, and tomatoes samples [8]
and for 140 pesticides including dichlofluanid, captan,
penconazol, quinoxyfen, and vinclozolin in cereals [9].
Chromatographic separation and identification were
achieved by gas chromatography (GC) with mass spectro-
metric (MS), MS/MS detection, nitrogen—phosphorus (NPD)
or electron-capture (ECD) [4, 6, 8, 9] detection, and liquid
chromatography (LC) with diode-array (DAD), ultraviolet
(UV) or MS [5, 7, 8, 10].

These procedures have some drawbacks such as: they
are time consuming, require high amount of sample and
solvents, and lack sufficient specificity to avoid false
positives. That is the reason why they are replaced with
faster, less expensive, and easy-handled protocols. Matrix
solid-phase dispersion (MSPD) is a relatively recent
extraction and clean-up technique used for the simultaneous
determination of pesticides from semisolid and solid
samples such as apple, tomatoes, potatoes, soil, cattle feed,
and propolis [11-16] and that provides a good alternative to
traditional extraction techniques for chromatographic anal-
ysis. MSPD can be carried out simultaneously with sample
homogenization, extraction, and clean-up using a relative
small sample size, low solvent volume and minimum
amount of sample. In comparison with methods based on
solid-liquid extraction (SLE and QUEChERS)), it is slightly
less expensive and requires smaller samples and less toxic
solvents. In MSPD, the sample is blended together with the
selected solid phase, such as Cg, Cg, CN, Florisil, alumina,
and silica, and the mixture is placed in columns for the
extraction of compounds. The elution of the MSPD column
with a solvent or solvent sequence can normally provide
clean extracts, which, if necessary, can be further purified.

In spite of the great number of MSPD publications, well-
described and validated MSPD methods for the extraction
of pesticides applied to grapes are scarce. Methods for the
extraction of carbamates such as carbofuram, methiocarb,
oxamyl from orange, grape, onion, and tomato samples and
extraction of chlorothalonil, vinclozolin, endosulfan, pro-
cymidone, hexaconazole, and fenarimol from commercial
fruit juices (orange, apple, grape, pineapple, and peach) has
been reported in the literature [17, 18]. Few publications of
MSPD extraction for vinclozolin has been studied in
propolis [12], vegetables or agricultural crops [19, 20] and
fruit juices [18]; MSPD extraction for captan in fruits and
vegetables [14, 20] and carrots samples [21] and only one
publication for dichlofluanid in fruits and vegetables [20].
No further publications regarding penconazol, quinoxyfen,
fluquinconazol, boscalid, and pyraclostrobin MSPD extrac-
tion have been published.

Therefore, the aim of this work was to develop a fast and
sensitive determination method based on MSPD for the
quantitative and selective determination of vinclozolin,

@ Springer

dichlofluanid, penconazol, captan, quinoxyfen, fluquin-
conazol, boscalid, and pyraclostrobin residues from
grapes samples using GC-MS detection. These fungicides
were selected and studied since they are widely used in
the Qualified Designation of Origin Rioja, with two of
them being pyraclostrobin and boscalid, new generation
fungicides introduced recently in viticulture. Chemical
structure, chemical group and properties, diseases con-
trol, and mode of action of these fungicides are shown in
Table 1.

Once the bonded phase was selected, a central composite
design was carried out in order to optimize extraction
conditions of MSPD, such as amount of sorbent, eluent
composition and eluting volume. Desirability function
approach was employed to optimize the responses of the
pesticide recoveries. Once the best working conditions had
been selected, the performance characteristics were estab-
lished in terms of linearity, precision, uncertainty and
detection, and quantification limits. The accuracy was
checked by a recovery study with spiked samples. Finally,
the method was applied to analyze fungicide residues in
real grape samples.

Experimental
Chemicals
Reagents

Standards pesticides of penconazol, captan, dichlofluanid,
vinclozolin, pyraclostrobin, boscalid, fluquinconazol, and
quinoxyfen with purity higher than 99.0% were acquired
from Riedel-de-Haén (Seelze, Germany). Tetradifon from
Riedel-de-Haén (Seelze, Germany) with a purity of 99.5%
was used as internal standard (IS). Standard stock solutions
(500 mg L") were prepared in methanol. The working
standard solutions were prepared by diluting the stock
solutions as required in methanol.

Research-grade aluminum oxide (STD grade, 58 A),
florisil, silica gel (Merck grade 9385, 60 A), and
octyldecyl-functionalized silica gel 9-12%, C5, were
supplied by Sigma Aldrich (Madrid, Spain). Syringes
barrel of 10 mL were supplied from Scharlab (Barcelona,
Spain) and the cellulose filters from Restek (Barcelona,
Spain).

Solvents

Ethyl acetate, methanol, and dichloromethane, all HPLC-
grade, were obtained from Scharlab. Ultrapure water was
obtained in a Milli-RO plus system together with a Milli-Q
system from Millipore (Bedford, MA, USA).
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Table 1 Chemical structure, chemical group and properties, diseases control, and mode of action of fungicides studied

Fungicide Chemical Structure

Chemical group and
properties

Diseases control. Mode of action

a 9
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. CH-CH
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Dichlofluanid
Captan N——sCCly
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Penconazol o
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Quinoxyfen
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Fluquinconazol )\
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Boscalid d

Pyraclostrobin /N\
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Dicarboximide
MW" =286.11

sb=34
Log Ko© = 3.02

Sulphamide
MW*=333.23
=13
Log K" =3.7

Phthalimide
MW= 300.61

st =52
Log Koy“=2.5

Triazole

Quinolyne

MW" = 308.13
sP =0.047
Log Koy = 4.66

Triazole

MW" = 376.17
s* =115
Log Ko, =3.24

Carboxamide

MW" =343.21
s' =46
Log Koy = 2.96

Strobilurin

MW = 387.82
st =1.9
Log K,,° = 3.99

Grey mold
Non-systemic with protective action.

Prevents spore germination and mycelial
growth. Endocrine disruptor.

Grey mold

Non-systemic with protective action.
Foliar with protective action

Grey mold and downy mildew
Non-systemic with protective and curative

action
Mitochondrial respiration inhibitor.

Powdery mildew

Systemic with curative and protective action,
Acts by interfering with ergosterol
biosynthesis

Powdery mildew

Systemic with protective properties.

Translocates and inhibits appressoria
development stopping infections.

Powdery Mildew
Systemic with protectant and eradicant

activity.
Disrupts membrane function.

Grey mold
Systemic with protective action.

Protectant, foliar absorption, inhibits spore
germination and germ tude elongation.

Downy and Powdery Mildew

Systemic with protective and curative action.
Respiration inhibitor (Qol fungicide).

#Molecular weight (g mol )
" Water solubility at 20 °C (mg L")
¢ Octanol/water partition coefficient at pH 7 and 20 °C

279

@ Springer



1512

L. Lagunas-Allué et al.

Apparatus

A Zymark TurboVap II Vortex evaporator (Hopkinton, MA,
USA) was used to evaporate MSPD extracts of dichloro-
methane/ethyl acetate (1:1) under a nitrogen stream.

A Heidolph SilentCrusher M (Scwachbach, Germany) was
used to chopper grape samples in the developed method.

A Visiprep® vacuum manifold from Supelco (Bellefonte,
PA) was used to simultaneously process 12 samples in
MSPD.

Sample preparation and fortification Red grapes were
collected from cv. Tempranillo grapevines of Qualified
Designation of Origin Rioja at vineyard in Aldeanueva de
Ebro, La Rioja, Spain. These vines had not been treated
with phytosanitary products. A representative portion of
sample (100 g of grapes) was chopped into small pieces and
homogenized using a crusher. Fortified samples were
prepared by adding different volume of standard solutions
to grapes resulting in final concentrations ranging from 4 to
125 ug kg™' of pesticides in the sample. The fortified
grapes samples were left to stand for 72 h before extraction
to allow the spike solution to penetrate into the matrix. Two
replicates were analyzed at each fortification level.

Extraction procedure

A representative portion of the sample (0.5 g) was then
gently blended with 1.50 g of C,g, into a glass mortar using
a glass pestle, until a homogeneous, semi-dry mixture was
obtained. This homogenized mixture was transferred to a
column constructed from a syringe barrel with a cellulose
filter at the bottom and filled with 1.0 g of adsorbent
(silica). A second filter was placed on top of the sample
before compression. Ten milliliters of dichloromethane/
ethyl acetate (1:1) were added to the column and the sample
was allowed to elute dropwise applying a slight vacuum.
The eluent was collected into a graduated conical tube and
concentrated, under stream of nitrogen, to 5 mL. Before
GC-MS analysis, tetradifon was added in a concentration of
100 pg L' as internal standard.

Chromatographic conditions

GC separation was performed using an Agilent Technolo-
gies GC 6890N coupled to a 5975C MS Mass Selective
Detector. The analytical column used was a HP-5MS with
30 m of length, 0.25 mm of internal diameter, and 0.25 um
of film thickness.

The initial oven temperature was set at 100 °C, increased
to 185 °C at 40 °C min~' and kept for 5 min, increased at a
rate of 10 °C min~' to 300 °C for 3 min, The volume of
sample was 2 pL, injected in splitless mode. The injector

@ Springer

temperature was set at 250 °C. Helium (99.999% purity)
was used as carrier gas at constant flow rate of
1.5 mL min~'". The mass spectrometer was operated in
electron impact (70 eV of ion energy), with 6-min solvent
delay, the interface temperature and the ion source were
kept at 310 °C and 230 °C, respectively.

Data analysis

The StatGraphics Centurion Version XV was used to
generate the experimental designs and data processing.

Results and discussion
GC-MS separation

Initially, a mass range of 50-550 was scanned to confirm the
retention times of analytes. For determination of the fungicide
residues, selected ion monitoring (SIM) mode was performed.
The dwell time for ion monitoring was 100 ms per ion. The
fungicides determined by GC-MS were eluted between 6 and
20 min. Tetradifon, proved to be a good IS to correct the
variability in gas chromatographic injection and mass
spectrometric detection response. The proposed conditions
generated narrow and reproducible chromatographic peaks
and there were no interferences in the extracts obtained from
red grapes in the GC-MS chromatogram.

Selected ions (m/z) used for confirmation and quantifi-
cation, target and qualifiers ion, and the ratios are shown in
Table 2. The intention was to select the most abundant ions
of higher m/z, which are the most characteristic ones. When
it was possible to select more than one ion, the identities of
the peaks could be confirmed through ratios of their
respective abundances.

Optimization of the MSPD extraction

The most suitable extraction parameters were evaluated to
achieve the highest recoveries for vinclozolin, dichloflua-
nid, penconazol, captan, quinoxyfen, fluquinconazol,
boscalid, and pyraclostrobin from grapes.

Efficiency of MSPD extractions depends on the amount
of sample, type and quantity of bonded phase, and nature
and volume of the eluting solvent. The polarities of the
sorbent and the elution solvent are known to be key factors
in MSPD, since they determine both the efficacy of the
extraction and the purity of the final extracts.

Bonded phase and clean-up step

Preliminary investigations were performed to choose the
bonded phase. Different solid phases—C,g, florisil, and
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Table 2 Retention times, target ion and qualifier ions for the target pesticides by GC-MS

Compound fg (min)*  Targetion I; (m/z)  Qualifier ion 1, (m/z)  Qualifier ion I3 (miz)  [L)[ 1] (RSD%)® (LI 1] (RSD%)"
Vinclozolin .7 212 285 198 0.72 (9) 0.89 (8)
Dichlofluanid 8.8 123 224 167 0.35 (8) 0.42 (11)
Penconazol 10.1 248 159 - 0.83 (6) -

Captan 10.3 79 149 - 0.19 (11) -

Quinoxyfen 13.3 237 307 272 0.31 (9) 0.39 (15)
Tetradifon® 15.1 159 356 111 0.49 (7) 0.93 (9)
Fluquinconazol 16.7 340 108 - 0.26 (12) -

Boscalid 17.4 140 342 112 0.42 (9) 0.31 (7)
Pyraclostrobin 183 132 164 325 0.31 (14) 0.12 (12)

“Retention time.

i) Intensity ratio of the two ions, target and qualifier ion, (% relative standard deviation) in must and wine matrix-matched standards,

© Internal standard (IS)

alumina—were selected on the basis of the literature about
MSPD extractions of pesticides from vegetable and food
matrixes [14, 18-20, 22, 23] and tested using a one-to-one
ratio support to sample (0.5 g of solid phase and 0.5 g of
grapes) spiked with pesticides at 50 pg kg ' of each
compound. Florisil, alumina, and C, were assayed using a
sequence of two solvents with a different polarity (10 mL
of dichloromethane plus 10 mL of ethyl acetate), being the
most suitable for the studied compounds. They were
selected based on previous successful investigations of
our laboratory [24, 25].

A clean-up procedure for fruit and vegetable extracts
could be recommended. To this end, the addition of a silica
layer in the bottom part of the syringe was used. Different
authors previously reported silica as the most useful solid
support for clean-up of vegetable extracts [26].

Figure 1 shows recoveries obtained with the three
different bonded phases studied plus silica as clean-up

Fig. 1 Recovery percentages of
pesticides obtained by MSPD 120
using different bonded phases
plus silica as clean-up step

sorbent. As can be seen, when C,g was used, the recovery
percentages of target compounds were above 70%, which
was clearly higher than the recoveries with florisil or
alumina which led to low recoveries for some compounds
such as dichlofluanid, captan and quinoxyfen. Therefore,
C,g was the adsorbent selected for MSPD because it gave
the best recovery averages for most of the studied
compounds and the lowest variation in the values obtained.
Table | summarizes Log K, values which are between 2.5
and 4.66, showing a low polarity of the target compounds.
If C,5 phase and the target pesticides are taken into account,
similar characteristics dealing with polarity are found.
Thus, non-polar phases are the most suitable for the
extraction of these pesticides.

The proposed clean-up allowed to maintain the recover-
ies, removed interferences compounds and provided a drier
sample. Characteristic examples of GC-MS chromatograms
of grape samples extracted with Cig with and without

O Alumina @cCci1s

M Florisil

robin

Quinoxyfen

Dichlofluanid
Penconazol

Fluguinconazol
P
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clean-up step are shown in Fig. 2a and b, respectively.
When comparing these chromatograms, it can be easily
seen that a cleaner chromatogram is produced after the
application of the clean-up step with 1.0 g of silica. This
amount of silica was considered appropriate since the
obtained extracts were clean enough to be directly
subjected to chromatographic analysis removing other
matrix compounds contained in grapes samples avoiding
interfering peaks, higher background, and deterioration of
the chromatographic column.

Optimization of extraction variables

Central composite design (CCD) is one of the most
frequently used response surface designs, which is con-
structed from several factor combinations. The design
consists of three distinct sets of experimental runs: a
factorial design in the factors studied, each having two
levels; a set of center points, experimental runs whose
values of each factor are the medians of the values used in
the factorial portion, which is often replicated in order to
improve the precision of the experiment; a set of axial
points, experimental runs identical to the center points
except for one factor, which will take on values both below
and above the median of the two factorial levels, and

typically both outside their range. All factors are varied in
this way. The main effects, interaction effects, and quadratic
effects were optimized and evaluated in this design.

In order to reduce the time to achieve the optimal
working conditions, an experimental design was applied to
investigate the effect of the remaining variables: amount of
solid phase C,g (A), percentage of ethyl acetate in a mixture
dichloromethane—ethyl acetate (B) and volume of eluting
mixture (C).The influence of amount of solid phase was
studied between 0.5 g (low level) and 2 g (high level) and
0% and 100% of ethyl acetate were considered as low and
high levels, respectively, for the percentage of this solvent.
The volume of ethyl acetate/dichloromethane (eluting
mixture) was in the range of 5-20 mL.

A CCD consisting of a 2* factorial design with six points
located at +«v from the center of the experimental domain
was performed. The value of axial distance o was 1.68 and
it was also completed with nine central points to make the
experimental design rotatable and orthogonal. Therefore, a
total of 23 experiments (values are listed in Table 3) were
randomly performed. These experiments were developed
with samples that had not been treated with pesticides
spiked at 50 pg kgfl.

An analysis of variance (ANOVA) was used to assess
whether factors or interactions showed a statistically

Fig. 2 GC-MS chromatograms 25000 -
of spiked grapes at 50 pg kg '
obtained by MSPD using C as & A
bonded phase. (a) With 1 g of 20000 4
silica as clean-up (b) without
clean-up step. Peak identifica-
tion: 1 vinclozolin; 2 dichlo- 15000 - 2 5
fluanid; 3 penconazol; 4 captan; 8
5 quinoxyfen; 6 tetradifon (1.S.); 3 7
7 fluquinconazol; 8 boscalid; 10000 1 1 \ s 9
9 pyraclostrobin
5000 A\ /
0
25000 4
8 B
20000 4
5
15000 4 2 , a
10000 9
5000
0
6 12 14 16 18 20
Time (min)
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Table 3 Matrix of the central

composite experimental design Run  Pattern Comment Amount of Cyg (g)  Ethyl acetate (%)  Solvent volume (mL)
1 (-1, -1, -1) Full factorial 0.8 20 8
2 (0, 0, —x) Star 125 50 5
3 (-1, +1, +1) Full factorial 0.8 80 17
4 (0, -at, 0) Star 1.25 0 12.5
5 (0, 0, 0) Center 1.25 50 12.5
6 (0, 0,0 Center 1.25 50 12.5
7 (-1, -1, +1) Full factorial 0.8 20 17
8 (-1, +1, -1) Full factorial 0.8 80 8
9 (0, 0, 0) Center 1.25 50 12.5
10 (+1, +1, +1)  Full factorial 1.7 80 17
11 (1, +1, -1) Full factorial 1.7 80 8
12 (0, 0,0) Center 1.25 50 125
13 (0, 0,0) Center 1.25 50 125
14 (0, 0, 0 Center 1.25 50 12.5
15 (0, 0, 0 Center 1.25 50 12.5
16 (0, 0, 0 Center 1.25 50 12.5
17 (-, 0, 0) Star 0.5 50 12.5
18 (0,0, x) Star 1.25 50 20
19 (x, 0,0) Star 2.0 50 12.5
20 (0, e, 0) Star 1.25 100 12.5
21 (0, 0, 0) Center 1.25 50 12.5
22 (+1, -1, -1) Full factorial 1.7 20 8
23 (1, -1, +1) Full factorial 1.7 20 17

significant contribution to the variance of the response
obtained (fungicide to the internal standard peak area ratio).
Results of ANOVA are shown in Table 4, where F ratios
and p values are given. The F ratio measures the
contribution of each factor or interaction on the variance
of the response, while the p value tests the statistical
significance of each factor and interaction. At a 95%
confidence level, a main factor or a factor interaction is
statistically significant when its p value is lower than 0.05.
The results showed that the amount of adsorbent (A) and

percentage of ethyl acetate (B) were the most important
variables affecting extraction efficiency. These factors were
significant for all compounds except for captan and
penconazol, respectively. On the other hand, the cluting
volume (C) was not significant for any of the target
compounds in the range studied (5 to 20 mL).

Only the interaction amount of C,g-percentage of ethyl
acetate (AB) was significant for several pesticides
(dichlofluanid, penconazol, quinoxyfen, vinclozolin, and
fluquinconazol).

Table 4 ANOVA results showing the significance of main effects and interactions (in italics significant effects at 95% confidence level; p value<0.05)

Factors Interactions

A B (&) AB BC AC

Fratio pvalue Fratio pvalue Fratio pvalue Fratio pvalue Fratio pvalue Fratio  p value
Vinclozolin 14.40 0.00 12.80 0.00 0.10 0.76 12.70 0.00 0.02 0.89 0.07 0.79
Dichlofluanid 9.08 0.01 6.94 0.02 0.19 0.67 9.46 0.01 0.69 0.42 0.01 0.94
Penconazol 183 0.00 1.29 0.28 1.38 0.26 11.39 0.01 0.03 0.86 0.12 0.73
Captan 0.43 0.52 11.18 0.01 0.78 0.39 1.44 0.25 0.47 0.50 0.86 0.37
Quinoxyfen 20.29 0.00 16.27 0.00 0.08 0.78 8.34 0.01 0.07 0.85 0.04 0.80
Fluquinconazol  14.00 0.00 26.72 0.00 023 0.64 8.43 0.01 0.46 0.51 0.01 0.92
Boscalid 13.80 0.00 16.45 0.00 0.00 0.98 3.17 0.09 1.84 0.20 0.53 0.48
Pyraclostrobin 7.03 0.02 24.32 0.00 0.14 0.72 4.15 0.06 0.05 0.83 0.05 0.82
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The response surfaces were drawn to obtain the optimum
of the variables studied in the CCD. Figure 3 shows, as an
example, the response surfaces obtained for vinclozolin and
penconazol. R* values showed that the adjusted model
accounted for 82-96% of peak area variability.

Generally, almost all pesticides showed a similar
behavior related to the most suitable extraction conditions.
The response surfaces for quinoxyfen, dichlofluanid,
captan, fluquinconazol, pyraclostrobin, and boscalid were
similar to that for vinclozolin. An optimal response was
observed at 1.35 g of bonded phase C,¢ and 12 mL of the
solvent mixture with 60% of ethyl acetate. For pyraclos-
trobin and dichlofluanid showed very similar behavior with
a 70% of ethyl acetate. However, for penconazol, the best
response was obtained at the same solvent volume (12 mL)
but at an amount of C,5 0f 2.0 g and at 30% of ethyl acetate
in the mixture dichloromethane/ethyl acetate.

The search for the experimental conditions that optimize
the eight responses simultaneously requires the use of the
desirability function approach. The procedure involves
creating a desirability function for each individual response
(di), defined as a partial desirability function. Then an
overall desirability function (D), maximized by choosing

(a) Vinclozolin
Amount of C18=1.35g

_’,;?Il'c.-“v&w"?o- s SNs
S IR
T S E IR
SIS
‘1;‘ “

>

P
P
LR
e

60 49
% Ethyl Acetate 20 4 20

15

(c) Penconazol
30% Ethyl Acetate

15
1,0
Amount of C18 (g)

Fig. 3 Response surfaces estimated from the central composite design:
(a) percent ethyl acetate vs. solvent volume for vinclozolin; (b) amount
of solid phase vs. solvent volume for vinclozolin; (¢) amount of solid
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Solvent volume (mL)

Solvent volume (mL)

the best extraction variable conditions, is defined as the
weighted geometric mean of the partial desirability func-
tions. Therefore, the function D was calculated over the
experimental domain using equation as follows:

D= (ljdf)“.

where d; is the partial desirability function of each response
obtained from the transformation of the individual response
of each experiment, and P; is the weight of the individual
function, which reflﬁcts the importance of each response,

normalized so that ) P; = 1. Weights also emphasize the

upper or lower bour;aé or the target values of the individual
responses. Taking into account all requirements for each
response, it can be chosen the extraction variable conditions
that maximize D. One can see that a high value of D is
obtained only if all individual desirabilities (di) are high.
The values of D computed from the observed responses
allow us to locate the optimal region.

According to the overall results of optimization study, the
following experimental conditions are chosen: 1.5 g of bonded-
phase solid support C, 5 (a three-to-one ratio support to sample)

(b) Vinclozolin
60% Ethyl Acetate

< SN

2555 RSP
S Rt

IR

2
0?0‘:::::;: D
ORRS

15

1 20
Amount of C18 (g) a3 Solvent volume (mL)

() Penconazol
Amountof C18=2.0g

TR
T A
0‘:“‘:“\\‘\\‘:‘\ X
S eT ettaning

190"

20

10
Solvent volume (mL)

0
%Ethyl Acetate

phase vs. solvent volume for penconazol; (d) percent ethyl acetate vs.
solvent volume for penconazol
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and 10 mL of the mixture dichloromethane/ethyl acetate with
a percentage of ethyl acetate of 50%, as shown in Fig. 4.

Validation
Matrix effect

Matrix effects are known to be problematic in pesticide
analysis using LC-MS and GC-MS [27-29]. Some factors
may affect sample matrix effect induced such as the nature
of pesticide, the nature of the matrix, the pesticide-to-matrix
ratio. In LC-MS, ion suppression can occur in the ion source
to cause a reduced signal when matrix co-elutes with the
analyte peaks and in GC, the matrix-induced chromatographic
response enhancement effect can occur when co-extractive fill
active sites in the chromatographic system, which causes
higher analyte transfer efficiency, thus greater signal in the
presence of matrix [30, 31]. Different approaches on
quantification of pesticide residues in fresh fruits and
vegetables can be considered in order to reduce the
quantitative errors from the matrix effects: (1) use of the
standard addition method; (2) use of standards in residue-
free matrix spiked with standards (matrix-matched stand-
ards); (3) use of deuterated internal and/or surrogate
standards; (4) compensation of the calculated results by a
matrix factor, and (5) use of analyte protectants.

The matrix effect was evaluated by comparison of the
slope of a calibration graph based on the matrix-matched

(a) Amount of C18 = 1.50 g

09 .-' "\‘i\\\'\\\\\\\\\i\

(b)

S
S e ety SO RANNRRRE
09 LESAREE STEANAAN \\\\\

SRR Y
ZRRIRDES> Yy
R

06 "“

2,0 10

15
1,0 05 20

Amount of C18 (g) Solvent Volume (mL)

Fig. 4 Desirability functions: (a) percent ethyl acetate vs. solvent
volume; (b) amount of solid phase vs. solvent volume

standards of grapes with the slope of the pure solvent based
calibration graph. A higher slope of the matrix calibration
indicates matrix-induced signal enhancement, whereas, a
lower slope represents signal suppressions. The internal
standard, tetradifon, was added to both calibration solutions.

Table 5 summarizes the ratio values for slopes in sample
extract and solvent. Differences in response were observed
for almost all pesticides. Most of them, except quinoxyfen,
displayed the enhancement of the signal. Vinclozolin and
dichlofluanid showed the highest signal enhancement (ratio
values of 1.8 and 2.1, respectively) while penconazol,
captan, fluquinconazol and pyraclostrobin yield ratio values
from 1.2 to 1.6. A Student’s ¢ test was made to compare the
slopes of the lines of regression (in grape and ethyl acetate)
obtained for each compound studied. The results for this
test showed that there were significant differences at the
95% confidence level between the slopes obtained in ethyl
acetate and grape for all target analytes, except quinoxyfen
and boscalid. Therefore, for an accurate quantification, the
use of matrix-matched standards was required.

Quality parameters of the proposed method

The linear and residual ranges, determination coefficients,
LOD and LOQ, decision limit and detection capability
(CCx and CCp), repeatability, expressed as the relative
standard deviation (RSD) and HorRat are listed in Table 5.

A matrix-matched calibration was used in this study.
Untreated grapes samples were subjected to the optimized
extraction method. These blank extracts were spiked with
six different levels of concentration for each analyte.
Calibration curves were obtained by the least squares
method using the fungicide to the internal standard peak
area ratio for each compound. Chromatographic response
was checked up to 5,000 pg kg™' with determination
coefficients higher than 0.99. The method was linear in this
range but due to the low concentrations expected in real
samples, the calibration standards used for the validation of
the proposed method and the analysis of real samples were
prepared ranging between close to each LOQ to 100 ug kg™
with determination coefficients >0.999. Besides, a residual
study was performed in order to avoid unjustified reliance on
determination coefficients, to ensure that the fit was
satisfactory in the region relevant to the residues detected.
As can be seen in Table 5, residuals were below 5% for all
pesticides. According to guide SANCO/10684/2009 [32],
residuals must not deviate by more than £20% (£10% in
cases where the MRL is approached or exceeded).

LOD and LOQ of the overall method were calculated as
the concentration giving a signal-to-noise ratio of three (8/
N=3) and ten (S/N=10), respectively. These limits were
estimated using the MSPD extract of grapes samples spiked
at 10 pg kg '. LODs and LOQs ranged from 1.0 to
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Slope ratio (grape extract/

solvent)

HorRat
(50ugke )

Repeatability RSD
(ngke ) (%)

MRLs"

ccg
(ngkg ")

CCa
(ugkg ")

LOQ
(ngkg ) (ugke ™)

LOD

Residuals
Tange

28

Linear Range (ug

kg

Table 5 Performance characteristics of the proposed method for pesticides in grapes

Compound

@ Springer

10pgkg ' SOpgke '

1.8
241

0.36
0.45
0.29
0.48
0.36
0.40
0.35
0.29

6.1

5000

8.5

83
4.6

7.5
4.1

22

0.9996 0.1-1.3%

0.9992
0.999
0.999
0.9992

9.0

10¢

5.1

1.2
1.5

2.1

0.5-3.3%
0.1-4.1%

1.6

54
7.6

8.6
9.6

6.4
8.8
4.0

5.7

4.9
7.0
34
6.0
54

20
1000
500
5000

2000

78

0.3-4.8%

0.9

37

1.0

0.1-2.8%

1.5

4.9

8.2
4.8

7.6

6.9

6.8

1.8
1.6

2.6

6.1
10.0

02-23%
0.5-2.1%

0.9992
0.9995

1.3

6.7

11.3

8.7

Vinclozolin

Dichlofluanid
Penconazol

Captan

Quinoxyfen

Fluguinconazol
Boscalid

Pyraclostrobin

“ Determination coefficient

i By European legislation for wine grapes

¢ Excluded from the Annex I of the Directive 91/414/EEC. Default MRL of 10 pg kg™'

2.6 ug kg ' and from 3.4 to 8.7 pg kg ', respectively
(Table 5).

In order to ensure both the quality and the correct
interpretation of the analytical results, Decision 2002/657/
EC [33] introduces two new parameters, CCe (decision
limit) and C'Cj3 (detection capability). CCo was defined as
the limit above which samples are concluded to be
noncompliant, with an error probability o of 5%, while
CC3 was defined as the smallest content of the substance
that may be detected, identified and/or quantified in a
sample with an error probability 3 of 5%.

With the LOQs being equal to or lower than the
maximum residue limits established by European legisla-
tion (see Table 5), the CCa values were calculated by
analyzing 20 blank grapes samples spiked at the LOQ
levels of the method for each compound. The spiking level
concentration plus 1.64 times the corresponding standard
deviation, represents the CCex. Then, the CC/3 values were
calculated by analyzing 20 blank spiked samples at
corresponding calculated CCev level for each analyte. The
concentration at the CCev plus 1.64 times the corresponding
standard deviation equals the CCJ5.

RSD values were calculated at two fortification levels,
10 pg kg ! (concentration close to all LOQs for pesticides
studied) and five times this concentration (around
50 ug kg '), under repeatability conditions (=5, same
day) and at the high level (50 ug kg ') under intermediate
precision (n=>5, measurements at five different days)
conditions. Intermediate precision was determined sepa-
rately for all analytes by calculating the RSD of five
analyses of the same grapes samples performed over 5 days
within 1 month. Horwitz ratio (HorRat) pertaining to intra-
laboratory precision, which indicates the acceptability of a
method with respect to precision [34], was calculated for all
pesticides in the following way:

HorRat = RSD/Prsd (1)

where RSD stands for relative standard deviation and Prsd is
the predicted relative standard deviation, Prsd=2(1705 log O,
where C is the concentration expressed as mass fraction (e.g.,
10ngg ' =10 x 1077). As can be seen in Table 5, the
method was precise with RSD values ranging from 3.5 to
9.6%. They were within the acceptable range, RSD<20%,
according to Document SANCO/10684/2009 [32]. The
HorRat values obtained were lower than 0.5 for all com-
pounds at 50 pg kg . Thus, the method provided satisfactory
level of intra-laboratory precision.

In order to check accuracy, a recovery study was carried
at two concentration levels (Table 6). Average recoveries
were between 82% and 120%, except for captan, which
gave lower recoveries (from 68% to 76%). Lower recov-
eries of captan have been repeatedly reported in the
literature [14]. The cause was attributed to irreversible
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Table 6 Recovery study of

pesticides in grapes Fungicide

Added (ugkg ")

Found (ugkg ')* Recovery (%)"

Vinclozolin

Dichlofluanid

Penconazol

Captan

Quinoxyfen

Fluquinconazol

Boscalid

Pyraclostrobin

“Mean value=SD (n=10)

11.0 9.8+0.8 89+7
55.0 58.7+5.0 10749
10.4 9.2+07 88+8
52.0 43.0+£3.2 82+6
12.9 12.8+0.0 99+5
54.5 49.0+3.5 90+7
129 8.8+0.8 68+9
54.5 41.4+33 T6+8
10.2 9.2+0.8 90+9
51.0 45.4+3.3 89+7
10.4 125409 120+7
520 50.0+£4.0 9648
112 11.5+0.8 103+7
56.1 48.5+2.2 86+4
13.9 12.3£0.7 88+6
59.5 56.5+4.2 95+7

adsorption by the solid phase or lack of solubility in most
organic solvents.

The values of the quality parameters obtained have been
compared with those obtained by other authors. In all cases,
absolute recovery values published were between 80-120%
with precision values below 15% [4-8, 10, 35, 36]. The
main differences were in LOQs, as can be seen in Table 7.
Limits obtained with the proposed method for all pesticides

Table 7 Comparison of experimental LOQs of proposed method
respect to LOQs published by other authors in grapes

Fungicide LOQs (ugkg

Present method Consulted references
Vinclozolin 1.5 10*
Dichlofluanid 4.1 5% 8.7% 10°
Penconazol 49 2.5% 59 10% 10.1%
Captan 7.0 10%; 50.5"
Quinoxyfen 34 54107
Fluquinconazol 6.0 10¢
Boscalid 54 10°
Pyraclostrobin 8.7 2.5" 10%; 6008

*[4] by GC-ECD
®[7] by LC-MS/MS
©[5] by LC-MS/MS
416] by GC-ECD
[35] by GC-ITMS
[36] by GC-ECD
£[10] by HPLC-DAD

were lower than those reported in previous works by other
authors except for penconazol and pyraclostrobin in one of
the references [7] dealing with the extraction of these
pesticides from grapes. The detection systems used for the
determination of these target compounds as ECD in GC [4,
6, 36] and DAD in HPLC [10] provide, in general, less
sensitivity in the analysis of this kind of compounds.
Besides, in most methods developed in literature, the
extraction was based on a simple step (solid-liquid
extraction) with solvents like ethyl acetate, acetone and
hexane without clean-up after extraction [4-6, 10, 35, 36].
In this work, a clean-up step with silica together with use of
a sensitive detection system, MS, led to cleaner chromato-
grams and higher signal/noise ratios.

Regarding the total time of analysis, which nowadays is
becoming one of the most important factors, simultaneous
extractions can be performed in the Visiprep® vacuum
manifold used to simultaneously process 12 samples in
MSPD, while only sequential extractions can be conducted
with SLE and QuEChERS methods. Besides, dispersion
and cleaning of the samples for MSPD are carried out
simultaneously in only one step.

Uncertainty evaluation

The uncertainty of measurement obtained by applying the
proposed analytical method (Fig. 5) was estimated using
them bottom-up approach on the basis of in-house
validation data according to EURACHEM/CITAC guide
[37]. The main uncertainty sources were identified and
quantified, followed by the determination of the combined
uncertainty (u.(y)) using a Gauss propagation model.
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Fig. 5 Cause and effect dia-
gram of the main uncertainties
evaluated in pesticide analysis

Calibration curve
(Up)

Standars
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Meampie
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V flask
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Stock
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V stock

Concentration

GC
analysis

V flask

Precision
(Ug)

Expanded uncertainty ({) was calculated using a coverage
factor k=2 (95% of confidence level): U = u.(y) x k. In
the present determination the following four main individ-
ual uncertainty sources were taken into account:

U;  Uncertainty associated with standard preparation (U, =
ugq) Which is concentration-dependent, calculated by
the propagation errors approach, considering the

uncertainty of the laboratory apparatus used:

Usd = \/H(CJ )2 + M(Cz)z +.+ u(C{)2

where u(Cy), u(Cs), and w(C;) are the uncertainties
associated with the individual standards used in the
calibration curve. The standard uncertainty associated with
the preparation of each calibration standard (u(C;)) was
calculated by taking into account the uncertainty associated
with the stock standard solution concentration (u(Csock))s
the plus volume of stock standard solution (u(Vgcx)), and
the uncertainty of the final measured volume in the

volumetric flask (u(Vpqe)) as follows:
) ()

o) o

where  #(Cuock) = Catock \/(M (mmmp) /mcump)z + (V) / Vi)
associated with the uncertainty of the mass of standard
compound weighted (#(mgo,)) and the dilution volume of
the latter quantity (u(Fai)). Whenever an individual
standard was prepared from a working solution C; the
uncertainty of the working solution was taken into account
instead of the uncertainty of stock solution.

u( Cs[ock)
Citock

(Vftaskc
Vask

“( Vstock
Vitock

“(C{)
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Meampie

MSPD parameters

of p
(ng kg)

Sample
preparation

Recovery
()

U>  Uncertainty associated with the calibration curve (U>=
(u(x,)/x,)) which derives from the uncertainty associated
with the result obtained by the calibration curve:

S |L,1, =y

u(x,) =% N+;+"’—

By (x -2

i=1
where S, is the residual standard deviation, 4 is the slope of
the calibration curve, N is the number of standards used in
the calibration curve, n is the number of experimental
values obtained for each x value, y, is the experimental
value of y for which the concentration x,, will be calculated
by the calibration curve, y is the average of the y; values
and (v, —¥%)° is the sum of the obtained concentration
(givén' by the calibration curve) minus the average
concentration of the standards used in the calibration curve.

U;  Uncertainty associated with precision (U3 = u(x,)/x,) =
Sn /nl/2 expressed as a relative standard deviation
obtained from intermediate precision assays for different
levels of concentration, where s,, is the standard deviation
of the experimental data for precision, and n is the
number of assays.

Uncertainty associated with accuracy. Uj=sec/n
expressed by the recovery percentage obtained from
spiking assays, in the absence of certificated reference
material, where sge. is the standard deviation of the
recovery, and n is the number of assays. The global

uncertainty (U(X)) was calculated as:

UX)=/U}+ U} + U} + U}

12
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g =
The uncertainties were calculated for two spiking level B E
(10 and 50 pg kg ') and the data, expressed as relative ::i g o oo
measures, are presented in Table 8. = E EeeE5 gE gy
Evaluation of total uncertainty was done assuming that 2, 2 SRemeke e
all contributions were independent of each other. A E g_:j
coverage factor of 2 was considered at the confidence level 2 Hea
of 95% to evaluate the expanded uncertainty at both levels % z
of fortification. The expanded uncertainties of the pesticides £ g
= e} e o B2 T (o B~ =
ranged up to a maximum of 19.6% and 7.2% at 10 and 2 g fzzgggdd
50 ug kg™', respectively. At 10 pug kg ™', lower uncertainties = =z ceeses=s-<S
were observed for vinclozolin (10.8%) and pyraclostrobin g % 5
(11.8%) while for 50 ug kg ', the values obtained for & .
uncertainties were similar for all compounds (from 5.2% to 5* § § g § g 5 5 z S
7.2%). At the low spiking level, the major uncertainty E‘ ES SssSscs S SsS S
source was the calibration curve interpolation (U5), which = &
varied between 4.4% for vinclozolin to 8.9% for dichlo- 8 B o oIS
fluanid. However, at the high spiking level, a similar s :’::ljﬂ S22 222883
contribution for all uncertainties was observed, being uncer- 'g o
tainties associated with precision and accuracy slightly higher fé’ é ER s B S B R -
than that associated with standards and calibration curve. = = .|22383883283
These results suggest that the overall variance of the method % oR
was higher at the low concentration level but in all cases g _:‘,; Tg 2gescsrggg
investigated, the expanded uncertainty values obtained are 8 2| F S 222282
significantly lower than the “default” value of 50% proposed E I AS)
by SANCO/10684/2009 [32]. : =
Application to real samples é g gggeeEgg:
5 B cdococ oS
To further demonstrate the utility and performance of the - E
MSPD method, grapes samples were obtained from local :?i E 2
markets and analyzed in duplicated. Out of ten analyzed 2 =
grapes, six were found to be without detectable pesticide 2 £
residues. 3 ? |zzsgssgseszs
Penconazol was positively detected in two samples at 3 E SCESS3SES
concentration of 9.8 and 6.7 ug kg '. The concentrations % £
found in the samples were always lower than the maximum ks o
residue limits established for penconazol (Table 5). Two £ % S B e B B
3, L 5 B £ ol el — ool =
samples contained also traces of fungicide residues (qui- g g l222g2S8:2z2
noxyfen and fluquinconazol) however at concentration E <2
levels below the quantification limit (Table 5). Confirma- 2 5 S o e
tion criteria were that the retention times of the compounds ;:: 3 =
in the sample to be within +2% of the respective retention = =9
times in matrix-matched calibration standards and the E g . o e e — e e e
relative abundances of the target and qualifiers ions. 2 3 2885888838
Figure 6 shows the corresponding chromatograms for the ;: Bg|BEEEEREE
positive real grapes samples analyzed where extraction was s T |8
performed by MSPD. §§ %‘1"; .§ % é g g g % é %
B = 8 .- oo c oo o oo o
? 2 = h 2
o e =
Conclusions E g = = E = £ g '-E
=2| § §=d,.28z¢
MSPD followed by GC-MS has been validated for 2 i‘ g jg: =3 2 Z & g3
determining eight fungicides belonging to the several 8213 SEESSER
@Springer
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Fig. 6 SIM chromatograms and ion ratios of the real grapes samples obtained by MSPD containing penconazol at a concentration of 6.7 g kg '
(a), quinoxyfen (b) and fluquinconazol (¢). For compound identification, see Fig. 2

chemical classes, vinclozolin, dichlofluanid, penconazol,
captan, quinoxyfen, fluquinconazol, boscalid, and pyraclos-
trobin, from grape samples. The method uses C;g (solid
phase) with silica (clean dispersion sorbent) and a mixture
of dichloromethane/ethyl acetate (1:1) as elution solvent

@ Springer

and provides good selectivity, accuracy, precision, and
sensitivity for identification and quantification at low levels
of concentration of the determined pesticides, being the
LOQs obtained lower than the limit values established by
European legislation. In addition, the method is simple and
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it requires only a small sample size, and offers considerable
savings in terms of solvent consumption, cost of materials,
sample manipulation and analysis time, making MSPD an
attractive alternative for the more conventional extraction
techniques. The applicability of the method to routine
analysis was tested in real samples with good performance.
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Four different methods for simultaneous extraction of vinclozolin, dichlofluanid, penconazole, captan,
quinoxyfen, fluquinconazol, boscalid and pyraclostrobin from grapes were optimized and further tested.
Microwave assisted extraction (MAE), matrix solid-phase dispersion (MSPD), solid-liquid extraction (SLE)
and QuEChERS were compared in terms of their limits of detection and quantification and recoveries. For
MAE, MSPD and ethy! acetate extraction, the optimal conditions were optimized by using experimental
designs. The analysis was performed using gas chromatography-mass spectrometry in the selected ion
monitoring mode (GC-MS, SIM). The proposed methods showed good sensitivity, limits of quantification
were lower than MRLs and precision (expressed as relative standard deviation) ranged from 2.9 to 11.1%.
The recoveries obtained from MAE, MSPD, SLE and QuEChERS were in the range 78-100%, 66-102%,
58-88% and 68-96%, respectively. In addition, the four methods were compared in two ways: by means
of calibration curves obtained with 10 fortified samples in the studied range of concentrations and by the
application of statistical tests such as Levene's test (to study variance homogeneity), ANOVA and Tukey's
test (in case of Levene's test was satisfactory) for the assessment of the information obtained in the
analysis of real samples. Both ways of comparison led to the same results: no differences between the four
methods for the extraction of vinclozolin, dichofluanid, quinoxyfen, fluquinconazol and pyraclostrobin

were found. However, there were differences for the analysis of captan, boscalid and penconazole.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The best control of fungal diseases in the vineyards is achieved
through the use of good cultural practices and suitable fungi-
cide selection. Several different fungicides, such as vinclozolin,
dichlofluanid, penconazole, captan, quinoxyfen, fluquinconazol,
boscalid and pyraclostrobin, are widely used to control pest and
diseases caused by various fungal pathogens in grapes. The struc-
tures and chemical properties of these compounds are shown in
Table 1.

As a result of the use of fungicides in viticulture, residues can
remain on grapes after harvest and they could be transferred to
the wine [1-3]. Therefore, there has been a growing interest in the
detection and quantification of pesticide residues in agricultural
produce intended for human consumption. As a consequence, the
European Union Commission established maximum residue lim-
its (MRLs) in fruits and vegetables [4] to ensure that they are not
present at levels that may pose a health risk.

* Corresponding author at: Department of Chemistry, University of La Rioja,
Madre de Dios, 51, 26006 Logrofio, Spain. Tel.: +34 941 299 629; fax: +34941299621.
E-mail address: maria-teresa.martinez@unirioja.es {(M.T. Martinez-Soria).

0021-9673/S - see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.chroma.2012.10.069

Pesticides are used to control pests in vegetables, fruits,
cereal grains, and cotton, as well as ornamental plants, trees
and vines. The monitoring of trace levels of pesticides in envi-
ronmental and food samples is imperative because of their
widespread use in agriculture but the sample preparation meth-
ods to monitor multiresidues of pesticides in grapes are scarce.
Ideally, a sample preparation should be rapid, simple, cheap,
environmentally friendly and provide clean extracts. Traditionally
pesticide analyses were performed by the time- and solvent-
consuming Soxhlet extraction [5,6] for solid samples and by
liquid-liquid extraction (LLE) for liquid samples [7,8], which
have been replaced by more environmentally friendly procedures
including pressurized liquid extraction (PLE) [9,10], solid phase
extraction (SPE) [11,12], QUEChERS [13,14], microwave-assisted
extraction (MAE)[15,16] and matrix solid-phase dispersion (MSPD)
[17,18].

Matrix solid-phase dispersion (MSPD) is an extraction and clean
up technique used for semisolid and solid samples that provides a
good alternative to traditional extraction techniques for chromato-
graphic analysis. MSPD includes sample homogenization, cellular
disruption, exhaustive extraction, fractionation and clean up in a
simple process in which a small amount of sample (0.1-5g) is
blended with the selected solid phase (such as C18, C8, silica, florisil
or alumina) followed by gravitational elution of compounds with
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Table 1 (Continued)

Family Common name Chemistry estructure

Chemical properties

Strobilurin Pyraclostrobin

Carboxamide Boscalid

-
=
N

MWA=343.21
5P =4.6/45,000
Log Kow"=2.96

=

MW? =387.82
50'=1.9/100,800
Log Kow®=3.99

3 Molecular weight (gmol—').
b water solubility at 20°C (mgL-')/methanol solubility at 20°C (mgL-').
€ Octanol/water partition coefficient at pH 7 and 20°C.

a small volume of an appropriate solvent. When necessary, further
purification with adsorbents can be performed.

Microwave assisted extraction (MAE) seems to be an analytical
technique of interest since these instruments enable simultaneous
extractions of organic pollutants at high pressure and temperature,
facilitating rapid and selective analyte desorption from complexes
matrices. The extraction efficiency has been comparable or better
than that obtained by traditional methods, considerably reducing
extraction times and solvent volumes [19].

The QUEChERS (quick, easy, cheap, effective, rugged and safe)
method is an acetonitrile partitioning and dispersive solid-phase
extraction (d-SPE) method well known for its applicability in
simultaneous analysis of a large number of pesticides in a vari-
ety of food matrices [20,21]. QUEChERS was developed from an
extraction method for pesticides in fruits and vegetables, coupled
with a clean-up method that removes sugars, lipids, organic acids,
sterols, proteins, pigments and excess water. This technique offers
a user-friendly alternative to traditional liquid-liquid and solid
phase extractions, The process involves two simple steps, First,
the homogenized samples are extracted and partitioned using an
organic solvent and salt solution. Then, the supernatant is further
extracted and cleaned using a dispersive solid phase extraction
(d-SPE) technique. The method has already received worldwide
acceptance because of the simplicity and high throughput enabling
a laboratory to process significantly larger number of samples in a
given time as compared to the earlier methods [22,23]. QUECheRS
multimethod has been implemented in numerous laboratories for
the analysis of apolar, middle polar and polar pesticides in non-fatty
food samples and has received the distinction of an AOAC official
method [24] for multiple pesticides in fruits and vegetables. In case
of fatty food samples, it is used the modified QuECheRS [25,26].

In spite of the advantages of the methods above mentioned,
many of the methods proposed in the literature for the analy-
sis of fungicides in fruits and vegetables are based on simple one
step solid-liquid extraction (SLE) using one solvent or mixtures of
several ones [27-30]. Therefore, the aim of this study was the appli-
cation of four methods, MAE, MSPD, SLE and QuEChERS, for the

extraction of fungicides from grapes samples in order to compare
the efficiency of each one in the determination of these compounds
with gas chromatography (GC) coupled with a simple quadrupole
mass selective detector (MS). The comparison was carried out in
terms of analytical parameters (LOD, repeatability, recovery, .. .) as
well as by means of calibration curves obtained with fortified sam-
ples and statistical tests applied for the assessment of the results
obtained in the analysis of real samples with all the methods vali-
dated. Inthe first case, slope and ordinate at the origin of calibration
curves were compared statistically at the 95% confidence level, For
real samples, Levene's test was applied in order to check variance
homogeneity. One-way analysis of variance (ANOVA) followed by
Tukey's test was used. These parametric statistical tests could be
used as the data were normally distributed. P<0.05 (P value is the
probability) was considered statistically significant.

2. Experimental
2.1. Chemicals

Standards of penconazole, captan, dichlofluanid, vinclozolin,
pyraclostrobin, boscalid, fluguinconazol and quinoxyfen with
purity higher than 99.0% were purchased from Riedel-de-
Haén (Seelze, Germany). Tetradifon from Riedel-de-Haén (Seelze,
Germany) with a purity of 99.5% was used as cuantification Injec-
tion Internal Standard (I-I-ISTD) to compensate for any sample
and injection volume changes and to correct the variability in
gas chromatographic injection and mass spectrometric detection
response. HPLC grade ethyl acetate, acetic acid (HAc), methanol,
acetone, acetonitrile, hexane and dichloromethane were obtained
from Scharlab (Barcelona, Spain). Ultrapure water was obtained in a
Milli-RO plus system together with a Milli-Q system from Millipore
(Bedford, MA, USA).

Anhydrous sodium sulphate (99.5%), sodium chloride, magne-
sium sulphate, syringes barrel of 10mL and glass wool were pur-
chased from Scharlau (Barcelona, Spain). Octyldecyl-funcionalized
silica gel 9-12%, Cqg, and Bondesil-PSA (poly-styrene-acrylate)

296



L Lagunas-Allué et al. / |. Chromatogr. A 1270 (2012) 62-71 65

were supplied by Sigma Aldrich (Madrid, Spain). Cellulose filters
were from Restek (Barcelona, Spain).

2.2. Standard preparation

Fungicide stock solutions (ca. 500mgL~!) and intermediary
solutions (10 and 1 mgL-") were prepared in methanol. Stock and
intermediary standard solutions of the [-ISTD, tetradifon, were pre-
pared in the same way in ethyl acetate, All standard solutions were
stored at —20°C. They were stable over a period of at least three
months. Intermediary solutions were used to spike grape samples
and blank grape extracts (to plot the calibration curves).

2.3. Sample preparation

Red grapes were purchased from cv. Tempranillo grapevines
of Rioja Appellation d'Origine. at a vineyard in Aldeanueva de
Ebro, La Rioja, Spain. These vines had not been treated with phy-
tosanitary products. A representative portion of sample (1kg of
grapes) was chopped into small pieces and homogenized using
a crusher (Heidolph SilentCrusher M, Scwachbach, Germany) and
spiked with penconazole, captan, dichlofluanid, vinclozolin, pyra-
clostrobin, boscalid, fluquinconazol and quinoxyfen. These samples
were allowed to stand 72 h before extraction. Another portion of
1kg with no detectable levels of the target compounds was used
in order to obtain the “blank extracts” for the matrix-matched cal-
ibrations carried out with all the methods.

2.4. Grapes samples extraction

Four extraction methods were assessed and compared in this
study: (i) matrix solid phase dispersion; (ii) microwave assisted
extraction; (iii) ethyl acetate extraction method and (iv) the QuECh-
eRS method for the analysis of pesticide in grape samples.

2.4.1. Matrix solid phase dispersion

A representative portion of the sample (0.5g) was gently
blended with 1.50 g of Cyg, into a glass mortar using a glass pestle,
until a homogeneous, semi-dry mixture was obtained. This homog-
enized mixture was transferred to a column constructed from a
syringe barrel with a cellulose filter at the bottom and filled with
1.0g of adsorbent (silica). A second filter was placed on top of
the sample before compression. 10 mL of dichloromethane/ethyl
acetate (1:1) were added to the column and the sample was
allowed to elute dropwise applying a slight vacuum. The eluent
was collected into a graduated conical tube and concentrated,
under stream of nitrogen, to 5 mL and subjected to GC-MS analysis.
Tetradifon was added at a concentration of 100 pgL-'. All samples
were extracted in duplicate.

2.4.2. Microwave assisted extraction

MAE experiments were performed (in duplicate) using an
MARS-microwave sample preparation unit (CEM, Corp., Matthews,
NC) equipped with a solvent detector. The MARS was able to simul-
taneously extract 48 solid samples in a Teflon-lined extraction
vessel (volume of 50mL) under identical extraction conditions
(temperature and pressure), Samples were accurately weighed
(2.0g) into the PTFE-lined extraction vessel. Subsequently, 10 mL
of hexane/acetone (1:1) mixture were added as an extraction sol-
vent. The oven was set to a power of 600 W, ramped to 105 °C within
5min, and held at this temperature for 10 min while stirring at the
highest setting. After extraction, the vessels were cooled to room
temperature before being opened. Next, the water of the super-
natant from each vessel was removed using anhydrous sodium
sulphate and was filtered through glass wool. The residue was
rinsed three times with 2mL of solvent and combined with the

supernatant. Finally, the extracts were evaporated using a low
volume concentrator (Zymark TurboVap Il Vortex evaporator, Hop-
kinton, MA, USA) under a gentle stream of nitrogen evaporator
and adjusted to a final volume of 5 mL with hexanefacetone (1:1).
Tetradifon was added after extraction (concentration of 100 pg L-1)
and samples were analyzed by GC-MS.

24.3. QuEChERS

Ten grams of the homogenized sample were weighed (in dupli-
cate) in a 50mL centrifuge tube. Grape samples were extracted
with 10 mL of acetonitrile (HAc 1.0%, v/v) for 1 min with a vortex
mixer. Afterwards, 4g of anhydrous MgSO4 and 1g of NaCl were
added. The mixture was then vortexed for another minute and
centrifuged for 6 min at 5000 rpm. An aliquot of 5mL was drawn
from the supernatant to another centrifuge tube, cleaned by dis-
persive solid-phase extraction with 125mg of PSA and 750 mg of
magnesium sulphate and the mixture was shaken for 1 min. Then,
centrifugation was carried out at 5000rpm for 3 min. Following
centrifugation, the I-ISTD solution was added and homogenized
by agitation. The supernatant was put into a vial and analyzed by
GC-MS.

2.4.4. Solid liquid extraction

Fifteen grams of grapes, 12 mL of ethyl acetate and 0.015g of
NaCl were mixed in a 50mL centrifuge tube. The mixture was
homogenized with the crusher for 2 min and then centrifuged at
6000 rpm for 15 min. The organic phase was dried with anhydrous
sodium sulphate and filtered through glass wool. The extract was
concentrated at 5mL in the TurboVap®. Tetradifon was added at
100 gL-! and the sample was analyzed by GC-MS. All samples
were extracted in duplicate.

2.5. Validation methods

Validation was performed according to the SANCO/12495/2011
guide [31] which estipulates the validation methods for pesti-
cide residues monitoring, Performance characteristics studied were
matrix effect, linearity, limits of detection/quantification, recovery
and precision.

2.6. Chromatographic conditions

GC separation was performed using an Agilent Technologies GC
6890N coupled to a 5975C MS Mass Selective Detector. The analyt-
ical column used was a HP-5MS with 30 m of length, 0.25 mm of
internal diameter and 0.25 pm of film thickness.

The initial oven temperature was set at 100°C, increased to
185°C at 40°Cmin~! and kept for 5min, increased at a rate of
10°Cmin~! to 300°C for 3min. The volume of sample was 2 pL,
injected in splitless mode with a splitless time of 0.9 min. The injec-
tor temperature was set at 250°C. Helium (99.999% purity) was
used as carrier gas at constant flow rate of 1.5 mLmin—!, The mass
spectrometer was operated in electron impact (70 eV of ion energy),
with 6 min solvent delay, the interface temperature was kept at
310°C and ion source temperature was kept at 230 °C. The dwell
time for ion monitoring was 100ms per ion. Selected monitoring
ion (SIM) mode was used. The ions utilized for confirmation and
quantification, target and qualifiers ion, and the ratios are shown
inTable 2.

2.7. Data analysis

The StatGraphics Centurion Version XV was used to generate
the experimental designs.

Data were statistically analyzed in SPSS version 12.0. One way
analysis of variance (ANOVA) and post hoc Tukey's B test were
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Table 2
Retention times, target and qualifier ions for the target pesticides by GC-MS.

Compound tr (min)* Targetion [, (m/z) Qualifier ion I, (m/z) Qualifier ion I (m/z)
Vinclozolin 77 212 285 198
Dichlofluanid 8.8 123 224 167
Penconazole 10.1 248 159 -
Captan 103 79 149 -
Quinoxyfen 13.3 237 307 272
Tetradifon 151 159 356 111
Fluquinconazol 16.7 340 108 -
Boscalid 174 140 342 112
Pyraclostrobin 18.3 132 164 325

# Retention time.

used in order to compare the concentrations obtained in samples.
P value <0.05 was taken as the level of significance. Homogeneity
of variance was assessed using the Levene’s test.

3. Results and discussion
3.1. Optimized conditions of the methods

3.1.1. MSPD

Preliminary investigations were performed to choose the
bonded phase [18]. Different solid-phases - Cyg, florisil and alu-
mina - were tested using 0.5g of grapes spiked with the target
pesticides. Cig was the adsorbent selected for MSPD because it
gave the best recovery averages for most of the studied compounds
and the lowest variation in the values obtained. In addition, a
clean-up procedure for fruit and vegetable extracts could be recom-
mended. To this end, 1g of silica was added the bottom part of the
syringe.

In order to reduce the time to achieve the optimal work-
ing conditions, a central composite design (CCD) was applied to
investigate the effect of the remaining variables: amount of solid
phase Cyg (0.5-2.0g), percentage of ethyl acetate in a mixture
dichloromethane-ethyl acetate (0-100%, v/v) and volume of elu-
ting mixture (5-20 mL). The results showed that the amount of
adsorbent and percentage of ethyl acetate were the most impor-
tant variables affecting extraction efficiency. These factors were
significant for all the compounds except for captan and pencona-
zol, respectively. On the other hand, the eluting volume (C) was
not significant for any of the target compounds in the range stud-
ied. The search for the experimental conditions that optimize the
eight responses simultaneously required the use of the desirability
function approach. According to the overall results of optimization
study, the following experimental conditions were chosen: 1.5g of
bonded-phase solid support Cis (a three-to-one ratio support to
sample) and 10 mL of the mixture dichloromethanefethyl acetate
with a percentage of ethyl acetate of 50% (v/v).

3.1.2. MAE

The major parameters affecting the pesticide extraction effi-
ciency by MAE are temperature, extraction time, nature and solvent
volume. Preliminary investigations were performed to choose
the extraction solvent [15]. In order to evaluate the extraction
solvent efficiency, samples were extracted with acetonitrile, ace-
tone, hexane/ethyl acetate (1:1), dichloromethane/ethyl acetate
(1:1) and hexane/acetone (1:1). The mixture hexane/acetone (1:1)
provided the bestrecoveries of the pesticides and the cleanest chro-
matograms.

A 2% fractional factorial design was performed to study the
influence of several factors on the MAE procedure and to search the
optimal experimental conditions. Four variables were selected to
define the experimental field: temperature (70-120°C), extraction

time (2-10min), % hexane (40-80%, v/v, in the mixture hex-
anefacetone) and solvent volume (5-20mlL). For all target
pesticides, temperature was a significant factor and as expected
it caused higher yields when it was used at high level. Finally,
extraction time positive influence was confirmed just for cap-
tan. For other compounds, a higher extraction time led to higher
chromatographic responses, but was not a significant variable.
Therefore, optimization of these two significant factors was carried
out.

On the basis of these results, the variables % hexane and sol-
vent volume were considered as non-relevant and were therefore
fixed at 50% and 10mL, respectively. The two remaining vari-
ables, temperature and extraction time, were studied according
to a CCD consisting of a factorial design 22 with four star points
located at +o from the center of the experimental domain. The
influence of temperature was studied at 80°C (low level) and
120°C (high level) and 2min and 14min were considered as
high and low levels, respectively, for extraction time. In order to
determine the optimal values for the two variables, the overall
desirability function was calculated as the geometric mean of the
normalized individual response functions and the overall optimum
was located at 105°C and 10min for the extraction temperature
and time, respectively. These conditions were selected for further
experiments.

3.1.3. SLE: ethyl acetate extraction

Many variables affect extraction (salt addition, type of solvent,
agitation, sample weight or solvent volume). In order to find the
best conditions, NaCl concentration (0.0-0.12 M), sample weight
(10-25g) and solvent volume (10-30mL) were tested by exper-
imental design for the eight pesticides and a central composite
design was performed. It consisted of a 22 factorial design with
six star points located at o from the center of the experimen-
tal domain. The value of axial distance o was 1.68 in order to
establish the rotatability condition. The design was also completed
with nine central points. Therefore, a total of 23 experiments were
randomly performed using ethyl acetate as extraction solvent. In
order to identify the optimal values for the three variables, surface
responses were drawn for all the compounds, Sample weight was a
significant factor for almost all the pesticides (except for dichloflu-
anid and pyraclostrobin) and it caused higher yields when it was
used at low level. Solvent volume negative influence was confirmed
justforboscalid and fluquinconazol and the extraction was better at
low levels of NaCl concentration. The maximization of the desirabil-
ity function yielded values of 15 g, 12 mL and 0.01 M for the sample
weight, solvent volume and NaCl concentration, respectively.

Once these factors were optimized, the agitation was studied.
Different types and times for agitation were tested. Manual, orbital
and crusher agitation were performed for 2, 5 and 10min. The
results showed that 2 min of agitation with a crusher led to the
maximum recoveries.
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Fig. 1. Slope ratios (grape extract/solvent) for the target fungicides with four different extraction methods.

3.2. Validation of the method

3.2.1. Matrix effect assessment

Determination of pesticide residues in food matrices may be
adversely affected by a phenomenon commonly known as the
“matrix-effect chromatographic” [32-34]. Some factors may affect
sample matrix effect induced such as the nature of pesticide, the
nature of the matrix, the pesticide-to-matrix ratio. In GC, this phe-
nomenon occurs in the injector port, in the separative system
(retention gap and/or analytical column) and also causes ionization
potential modification of analytes. The main consequence of matrix
effectis anincreasing (ion enhancement) or decreasing analyte sig-
nal (ion suppression) in the presence of the matrix (real sample)
in respect to the same analyte in solvent (standard solution). The
matrix effect was evaluated by comparison of the slope of a calibra-
tion graph based on the matrix-matched standards of grapes with
the slope of the pure solvent based calibration graph.

Fig. 1 showed the slope ratios for the eight fungicides with the
four extraction methods. A Student’s t-test was made to compare
the slopes of the lines of regression obtained for each compound
studied. The results for this test showed that there were significant
differences at the 95% confidence level between the slopes obtained
in solvent and grape extracts for all target analytes except fluquin-
conazol and boscalid for MAE, quinoxyfen and boscalid for MSPD
and pyraclostrobin for QUEChERS and SLE.

3.2.2. Linearity of the chromatographic method

In this study, a matrix-matched calibration was used in order to
reduce the quantitative errors from the matrix effects. The matrix
blank was prepared as for analysis of samples with each validated
method. These blanks are extracts of sample known to contain
the typical compounds of grapes but no detectable residues of the
studied analytes [31]. Target pesticides were added with variable
amounts of fungicides to these blank extracts in the last step of
extraction according the method. The calibration curves for all of
the compounds were obtained by plotting the fungicide to the I-
ISTD peak area ratio against the concentration for each compound
of the corresponding calibration standards at six calibration levels
ranging between close the calculated LOQ according the extraction
method used to close 100 pgkg 1.

All the compounds presented a linear behavior with GC-MS in
the standard concentration range. The determination coefficients
for the eight target fungicides varied from 0.994 to 0.999 for

QuEChERS and 0.997 to 0.9991 for ethyl acetate extraction while
0.999-0.9995 for MAE and 0.999-0,9996 for MSPD.

3.2.3. Limits of detection and quantification
The limits of detection (LOD) and limits of quantification (LOQ)
of the overall method were calculated as the concentration giving
a signal-to-noise ratio of 3 (S/N=3) and 10 (§/N=10), respectively.
Table 3 shows the LOD and LOQ values (in pgkg !,
ppb) obtained from grapes extracts analyzed by GC-MS.

The lowest LODs/LOQs were achieved with MAE
(0.7-1.7 ugkg~'/2.2-58 pgkg~!) and the highest with
QuEChERS  (1.2-43pgkg~'/41-143pgkg™') and  SLE

(1.5-4.1 pgkg1/4.9-13.6 pgkg!). The use of acetonitrile (QUECh-
ERS) and ethyl acetate might favor the extraction of analytes from
grapes matrices but together with a large amount of interferences
as evidenced by the color of the residue obtained after solvent
evaporation. These results in less clean extracts leading to the
drawbacks of higher LOD and LOQ.

Quinoxyfen showed the lowest values of LOD/LOQ for the MAE,
MSPD and SLE methods. In case of QUEChERS, the lowest values
were obtained from penconazole and vinclozolin. On the other
hand, pyraclostrobin was the fungicide that presented the highest
values for all the methods.

These obtained values show the four methods provide adequate
LOQs for the analysis of grapes with the target analytes at concen-
trations lower than the maximum residue limits (MRLs) established
by the European Union Commission in the maximum residue levels.

3.2.4. Recovery

A recovery study was performed to evaluate the bias of the
method by applying the optimized methods to the extraction of
residue free grapes samples spiked at two levels of concentra-
tion, 10 and 50 ngkg-! in five replicates. Quantification of the
recovery samples was performed by internal calibration using
matrix-matched standards as explained in Section 3.2.2 and recov-
eries were reported as percentages of the spike quantity. Results
from fortification studies were statistically analyzed using Excel
to calculate average recovery of each pesticide and their standard
deviations.

Recovery efficiency is an important factor when an analytical
method is evaluated. Fig. 2 presents the recoveries achieved for
the eight fungicides with the four extraction methods. In most
cases analytical recoveries were between 70 and 120% [31] except
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Table 3

LOD, LOQ and MRL in pg kg 'of grapes samples.
Fungicides MAE MSPD QUEChERS Ethyl acetate MRL?

LoD Log LOD LoQ LOD LoQ LoD LoQ

Vinclozolin 13 44 22 75 12 42 2.7 89 10°
Dichlofluanid 09 31 12 4.1 23 76 18 6.1 10°
Penconazole 11 37 15 49 12 41 19 6.3 200
Captan 1.5 4.9 21 7.0 3.8 125 33 109 20
Quinoxyfen 07 22 1.0 34 18 50 15 4.9 1000
Fluguinconazol 11 37 18 6.0 26 8.6 3.0 100 500
Boscalid 1.0 35 16 54 24 8.5 32 106 2000
Pyraclostrobin 7 58 26 8.7 43 143 4.1 13.6 5000
2 d by the pean Union C i
b Excluded from the Annex I of the Directive 91/414/EEC. Default MRLof 10 pgkg "

for dichlofluanid at low concentration (68% for QUEChERS) and 3.2.5. Precision

captan at both concentration levels (58% and 64%) after ethyl
acetate extraction. The lowest recoveries were obtained with the
ethyl acetate extraction (ranged from 58 to 88%). The remaining
methods produced similar results: QUEChERS (between 86 and
96%), MSPD (between 66 and 102%) and MAE (ranged from 78 to
100%).

O Ethyl acetate

The precision in the conditions of repeatability (five replicate
analyses performed on the same day) and intermediate precision
(five samples on three different days) was determined separately
for a standard concentration of 50 pgkg " for all compounds by
calculating the relative standard deviation (RSD). Horwitz ratio
(HorRat) pertaining to intra-laboratory precision, which indicates

OQuEChERS OMAE @OMSPD
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Fig. 2. Recovery (%) of the pesticides from grapes (n=5 x 2 days) with error bars representing the standard deviation: (a)at 10 g kg ' and (b) at 50 pgkg .
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Table 4

Repeteability (expressed as RSD%) and HorRat ratio at 50 pg kg~! of extraction methods for fungicides in grapes.
Fungicides Repeatability (n=5) HorRat

MAE MSPD QuEChERS Ethyl acetate MAE MSPD QUEChERS Ethyl acetate

Vinclozolin 3.4 6.1 8.1 6.8 031 0.36 0.49 047
Dichlofluanid 45 7.8 8.4 11 035 0.45 037 054
Penconazole 5.0 54 107 52 0.28 0.29 0.46 035
Captan 78 7.6 8.8 9.8 035 0.48 031 042
Quinoxyfen 22 5.6 5.6 5.0 0.23 0.36 0.28 039
Fluquinconazol 38 4.9 69 4.7 030 0.40 0.34 037
Boscalid 3.7 35 9.1 6.0 036 035 0.42 038
Pyraclostrobin 6.6 6.7 101 83 041 029 0.44 034

the acceptability of a method with respect to precision [35], was
calculated for all the fungicides in the following way:

RSD

HorRat = Prad (1)

where RSD stands for relative standard deviation and Prsd
is the predicted relative standard deviation. Prsd=2(1-05logC);
where C is the concentration expressed as mass fraction (e.g.
10ngg'=10x10-9).

The repeatability, expressed as relative standard deviations
(RSD, %) for five replicate analyses performed on the same day at the
optimum conditions obtained for each factor, spiked at 50 pgkg~!
of the target compounds was similar and acceptable below 20%
[31] for all the methods (Table 4): MAE (RSD between 2.9 and
6.4%); MSPD (RSD between 3.5 and 7.8%); QuECheRS method (RSD
between 5.6 and 10.7%) and ethyl acetate extraction (RSD between
3.4 and 11.1%). Nevertheless, it was slightly higher for QUECheRS
and SLE methods.

Precision in terms of HorRat (single laboratory) at 50 pgkg—!
level was less than 0.50 (except for dichlofluanid with ethyl acetate
method) for all the fungicides (Table 4), indicating satisfactory
repeatability and ruggedness of the methodology [35,36].

3.3. Comparison of the four methods
3.3.1. Regression lines with spiked samples

Grape samples spiked at different concentration levels of the
target fungicides were analyzed with all the methods validated

Table 5

Table 6
Pesticide concentrations (pgkg ') found in real samples by different methods
(mean=+2s).

Fungicide MAE MSPD QuEChERS Ethyl acetate
Vinclozolin 16.7 £ 2.1 18217 13320 147+ 19
Penconazole 326+ 16 31.5+34 280+14 232+ 1.1
Boscalid 249+232 21571 246+14 21.7+22
Pyraclostrobin 121+ 1.1 145+ 08 129 +1.2 13.6 + 0.7

and explained in previous sections. Additions were performed at
10 concentration levels in duplicate.

‘When two methods are to be compared at different analyte con-
centrations the use of regression lines is normally adopted [37]. One
axis of aregression graph is used for the results obtained by the new
method and the other axis for the results obtained by applying the
comparison method to the same samples. The most precise method
should be placed in the abscissa axis. Each point on the graph thus
represents a single sample analyzed by two separate methods. Both
methods are then applied to calculate the slope (b), the intercept
(a) and the determination coefficient (R2) of the regression line, It
is considered that two methods lead to the same results if the slope
and the intercept obtained from the regression line drawn with
the concentrations of the samples analyzed by both methods are
significantly equal to 0 and 1, respectively, at the 95% significance
level.

Therefore, 10 grape samples spiked with the target fungi-
cides were extracted with the four studied methods, MSPD, MAE,
SLE and QuECheRS, and regression lines were plotted. Pencona-
zole, together with captan, were the fungicides showing more

Slopes, intercepts and correlation coefficients (R? ) of the regression lines (in bold significant differences at 95% confidence level; slope = 1 and/or intercept = 0).

Fungicide MAE-MSPD MAE-SLE MAE-QUEChERS
Slope (b+2sp)  Imtercept (a+2s;)  R? Slope (b+2sy)  Intercept(a+2s;) R? Slope (b+2sp)  Intercept(a=2sy) R?
vinclozolin 113 +015 —5.56 = 8.90 0.976 1.01 £ 021 —9.73 £ 12.80 0.939 0.99 £ 0.27 —3.16 £ 16.30 0.901
Dichlofluanid 0.97 £ 0.10 3.07 £ 5.59 0.986 0.87 + 0.16 —0.76 £ 9.21 0.953 0.83 £ 0.22 —0.65 + 13.58 0.908
Penconazole 0.89 £0.19 494+ 12.0 0.937 0.75 £ 0.21 4.88 £ 13.38 0.897 0.87 £ 0.14 753 +£9.11 0.960
Captan 0.96 + 0.12 3.18 + 6.99 0978 1.01 +0.18 -1060 + 11.18 0952 0.84 = 0.10 —1.26 + 630 0978
Quinoxyfen 092 £0.10 238 £ 6.29 0.982 095 £0.12 246 £743 0.976 0.86 £ 0.19 527 £ 1194 0.929
Fluquinconazol 0.98 + 0.13 1.80 + 7.59 0.876 0.89 + 0.12 —1.85+739 0972 0.94 +0.12 1.00 +7.13 0.976
Boscalid 091 +0.13 545 + 7.90 0972 093 +0.14 —5.10 + 850 0.968 101 +0.17 —1.96 + 10.32 0.960
Pyraclostrobin 1.01 £ 0.10 -0.19 + 4.28 0.992 1.07 £ 0.21 —4.94 £ 12.77 0.945 1.09 £ 0.17 —6.76 + 10.37 0.964
Fungicide MSPD-SLE MSPD-QUEChERS SLE-QUEChERS
Slope (b+2s,)  Intercept (a+2s,)  R? Slope (h+2s,)  Intercept (a+2s,) R? Slope (h+2s,)  Intercept(a+2s,) R?

Vinclozolin 091 £0.17 —4.81 £ 1091 0.980 0.88 £ 0.24 1.99 £ 1535 0.897 087 £0.17 639£9.12 0.955
Dichlofluanid 0.90 + 0.12 —-3.72+692 0.976 0.84 + 0.20 —2.80 +12.10 0914 0.93 + 0.34 4.83 + 16.50 0.833
Penconazole 1.15 + 0.11 0.80 + 5.59 0.988 094 + 0.14 4.31 + 8.80 0.966 1.08 £ 0.22 5.44 + 11.67 0.942
Captan 0.99 + 012 -8.69 +7.23 0.978 092 + 012 -0.77 + 6.61 0.976 1.19 £ 0.22 —8.44 + 10.90 0.953
Quinoxyfen 0.96 £ 0.11 0.63 £ 6.78 0.980 092 £ 023 3.87 £ 1342 0916 0.90 + 0.20 3.62 + 1221 0.929
Fluquincenazol 1.08 £ 0.12 438 + 6.14 0.982 0.96 + 0.08 -0.41 + 499 0.988 1.04 £ 0.15 3.89 + 8.00 0.968
Boscalid 0.86 + 0.06 -134+£3.75 0.992 095 £ 0.17 3.05 4 10.66 0.953 1.07 £ 0.20 471 £ 10.58 0.949
Pyraclostrobin 1.08 £ 0.17 -3.14 £ 10.10 0.964 1.08 £ 0.17 -6.32 £ 1037 0.962 0.99 £ 0.15 —-0.30 + 895 0.966
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Table 7

Additional factors for consideration for the extraction of pesticides from grapes by MAE, MSPD, QUEChERS and ethyl acetate extraction (SLE).

Factor MAE MSPD QUEChERS Ethyl acetate extraction

Sample weight 2g 05g 10g 15g

Extraction time 10min (plus 5 for the ramp and 2h 1h30min 1h 30min
30 min for cooling)

Extraction temperature 105°C 25°C 25°C 25°C

Solvent volume 10 mL (hexane/acetone 1:1) 10mL (DCM/ethyl 10mL (acetonitrile, 12 mL (ethyl acetate)

acetate 1:1) HAc 1.0%)

Equipment costs High Low Low Low

Sequential or simultaneous operation Up to 48 vessels can be used Upto12 Up to 6 assemblies Up to 6 assemblies
simultaneously assemblies

differences between methods. Confidence intervals of the slopes
and the intercepts at 95% significance level as well as the cor-
relation coefficients for the regression lines are summarized in
Table 5. It can be seen from the data that there were no signif-
icant differences between methods for vinclozolin, dichlofluanid,
fluquinconazol, quinoxyfen and pyraclostrobin confirmed by the
slopes and intercepts close to 1 and 0, respectively. Besides,
these fungicides showed a good agreement between all the
methods. The determination coefficients were 0.897-0.980 for
vinclozolin, 0.91-0.99 for dichlofluanid, 0.98-0.99 for fluquincona-
zol, 0.96-0.99 for quinoxyfen and 0.97-0.99 for pyraclostrobin,
Dichlofluanid showed the highest deviation from the linear behav-
ior. However, the concentrations of captan analyzed by QUEChERS,
MSPD and SLE were lower than those of MAE. In the case of
penconazole, the obtained concentrations by SLE were signif-
icantly different to those of MSPD and MAE. The analysis of
boscalid with the four methods led also to different results between
MSPD-SLE.

3.3.2. Statistical analysis of real samples

Pesticide concentrations in grape samples collected from the
local markets were analyzed and compared by applying the four
methods studied.

Outof12 analyzed grapes, 9 were found to be without detectable
pesticide residues. In one of positive samples, two of the studied
fungicides (vinclozolin and pyraclostrobin) were detected. For the
other two samples, only one target fungicide was found for each.
The results of the analysis are listed in Table 6. All samples were
analyzed by duplicate.

The comparison of the obtained results with these methods
(MAE, MSPD, SLE and QuECheRS) was carried out by using differ-
ent statistical tests [38]. First, Levene's test was applied in order
to check variance homogeneity; p values higher than 0.05 were
obtained in all cases indicating not statistically significant differ-
ences among the variances. According to these results, one-way
analysis of variance (ANOVA) was carried out for each sample,
This test showed there were no significant differences between
methods for vinclozolin and pyraclostrobin (P value>0.05 in all
cases), however P values lower than 0.05 were obtained for pen-
conazole and boscalid. Thus, the Tukey's test was used in order to
determine which methods differ from the rest. Thus, once Tukey's
test was carried out for penconazole and boscalid, it was observed
that SLE method differed from MAE and MSPD in the case of pen-
conazole, For boscalid, SLE and MSPD were the methods showing
significant differences between them. These results were compa-
rable to those which were obtained by the comparison of methods
by means of regression lines with spiked samples (previous
section).

3.3.3. Comparison of the analysis process

In addition to extraction recoveries, it is interesting to compare
the relative merits of each extraction technique. Additional fac-
tors, such as solvent consumption, extraction time, sample weight,

equipment, costs, need to be considered. These are summarized
in Table 7. Due to inherent differences in the extraction condi-
tions, a direct comparison among the methods at exactly identical
conditions was not possible. For example, different solvent sys-
tems were employed for the four procedures in this study and the
selection of the solvents was based on the results reported in the
literature. Consequently, it is reasonable to expect that the differ-
ences among the four procedures partly resulted from difference
in reagents employed.

QuEChERS, ethyl acetate extraction and MSPD procedure do not
require sophisticated instruments or materials while MAE needs a
microwave oven which is not available in all the laboratories. Con-
cerning the volume of organic solvents required four techniques
are clearly better than traditional procedures, Regarding the total
time of analysis, which nowadays is becoming one of the most
important factors, MAE is faster than MSPD, QUEChERS and ethyl
acetate extraction because although MAE requires further cooling
to obtain the final extract and an additional handling to separate
the extract from the solid sample matrix after extraction, simulta-
neous extractions can be performed in the microwave oven while
only sequential extractions can be conducted with the other three
methods, Besides prior to extraction, sample preparation for these
three last methods is more tedious and time consuming, since
the dispersion and cleaning of the samples with C;g and silica for
MSPD, the addition of PSA, MgS0,4 and NacCl for QUEChERS and the
NaCl addition for ethyl acetate method implies the weight of these
materials.

4. Conclusions

Factors influencing the extraction efficiency of MAE, MSPD and
SLE were optimized by experimental design. The best results for
MAE were obtained with the extraction of 2.0g of sample with
10mL hexane:acetone (50:50) at a temperature of 105°C. Final
conditions for MSPD were 0.5g of grape fruit mix with 1.5g of
bonded-phase solid support C18 (a three-to-one ratio support to
sample) and 10 mL of the mixture dichloromethane/ethyl acetate
with a percentage of ethyl acetate of 50% (v/v). For SLE method,
the maximization of the desirability function yielded values of
15g, 12mL and 0.01 M for the sample weight, solvent volume and
NaCl concentration, respectively. The agitation was 2 min with a
crusher,

Recoveries were good and similar for MAE, MSPD and QUEChERS
and lower for SLE. The calculated LOQs were lower than the MRLs
established for these compounds in grape fruit. The lowest LOQs
for the analysis of the selected pesticides were achieved with MAE
and the highest with QUEChERS and SLE.

The comparison of the four methods by means of calibration
curves obtained with spiked samples as well as by the use of sta-
tistical tests showed that there were no significant differences
between the extraction with one or another method for vinclozolin,
dichlofluanid, quinoxyfen, fluquinconazol and pyraclostrobin. Nev-
ertheless, there were significant differences between MAE and
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QUEChERS for the analysis of captan, between SLE and MSPD for
the determination of boscalid and between SLE and MSPD or MAE
for penconazol.

The proposed methods provide simple and rapid procedures
for the simultaneous determination of vinclozolin, dichlofluanid,
penconazole, captan, quinoxyfen, fluquinconazol, boscalid and pyr-
aclostrobin in grape samples. MAE has demonstrated to be more
sensitive and faster than others due to simultaneous extractions
that can be performed in the microwave oven while only sequential
extractions can be conducted with the other three methods. How-
ever, low cost and nonspecific instrumentation demands are the
advantages of these three methods in sample preparation, while
MAE requires microwave oven which is not available in all the
laboratories.
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MOBILITY AND DISTRIBUTION OF EIGHT FUNGICIDES IN SURFACE, SKIN AND PULP IN
GRAPES. AN APPLICATION TO PYRACLOSTROBIN AND BOSCALID

L. Lagunas-Allué, J. Sanz-Asensio, M.T. Martinez-Soria*

Departamento de Quimica Analitica. Universidad de La Rioja. Madre de Dios, 51. La Rigja, 26006, Spain.

Abstract

The study discusses the mobility and distribution of vinclozolin. dichlofluanid. penconazol. captan. quinoxyfen.
fluguineonazol. boscalid and pyraclostrobin residues in surface, skin and pulp in red grapes. A lab test was carried
out by immersing grapes i solutions with different concentrations of fungicides and for different periods of time:
followed by a determination of the fungicide residues by GC-ECD with an additional confirmation by GC-MS.
The distribution between surface. skin and pulp of the grapes was also determined. The percentage sorption ranged
from 6.4 to 116%. Results showed that sorption values depended on the time that grapes had been in contact with
the fungicide solutions. but not on the initial concentration of solutions. Residues were mainly found in skin, with
percentages ranging from 53.0 to 88.4% of total residues. In pulp. these values ranged from 9.6 to 41.7%.
Pyraclostrobin showed higher penetration than the other compounds. A ficld test using three new commercial
formulations containing pyraclostrobin, boscalid and a mixture of both was carried out by applying these
formulations to a vineyard. When fungicides were applied mdividually the ratios of the skin‘pulp residues were
similar to those obtained in lab: whereas when a mixture of both pesticides was sprayed results showed a lower

penetration of the fungicides m the grape pulp.

Keywords: Pesticides; grapes, sorprion; distribution; penetration.

1. Introduction

Spain is the country with the largest cultivated
vineyard area in the world and it is the third country in
terms of volume of wine produced [Castelluces. 2008].
Grey mould (Botrytis cinerea). powdery mildew
(Uncinula necator) and downy mildew (Plasmopara
viticola) are the most commonly targeted fungi and
they are controlled through the use of pesticides
[Coscolla. 2004]. Despite the apparent benefits of
these products, pesticide poisoning is an increasing
worldwide problem. particularly in rural areas. in fact
pesticides are the greatest cause of severe toxicity and
death from acute poisoning worldwide [Agiiera.
Contreras, Crespo & Femandez-Alba. 2002; Ortelli.
Edder & Corvi, 2004]. In the case of vines undesirable
pesticide residues can remain on the grapes after
harvest and fungicides can be transmitted to the must
and then to the wine during fermentation [Cabras.
Angioni & Garau. 2000: Fernandez Gonzélez, Rial
Otero. Cancho Grande & Simal Gandara. 2003: Nozal.
Bernal, Jiménez. Martin & Bernal. 2005] affecting the
fermentation process as well as the final quality of the
product and negatively affect the flavour of the wine.
Recently, an increasing awareness of this issue has led
to many countries establishing stricter maximum
residue limits (MRLs) for different substances. These
MRLs have prompted the development of highly
sensitive multiresidue methods in order to analyze
pesticides in different sample matrices. Thus, highly
sensitive and selective techniques are being developed
to monitor pesticide residues. Traditionally pesticides
have been analyzed in different matrices by gas

chromatography with mass spectrometry detection
[Ochiai et al.. 2005: Kotonia, Liapis & Ziogas. 2007:
Guan, Brewer, Garris & Morgan, 2010]. however
some highly polar and/or thermolabile compounds are
not suitable for GC analysis, due to their low volatility
and the poor repeatability of the measurements. A
liquid  chromatography  coupled with  mass
spectrometry (LC-MS) is a suitable technique since it
does not require derivatization and both positive
analyte identification and quantification can be
performed in one step [Moriwaki, 2005: Famiglini.
Palma. Termopoli. Trufelli & Cappiello, 2009]. In
order to achieve sensitivity and selectivity. LC coupled
to tandem mass spectrometry via an electrospray
ionization interface (ESI) is becoming a frequent
technique for the determination of pesticides in

different matrices [Hiemstra & de-Kok. 2007:
Banerjee et al., 2007].
The different modes of action of the

phytosanitary products applied may explain the
different location and concentration of their residues in
fruits and vegetables, In this way while both systemic
and penetrating (local systemic) pesticides are
expected to be found in the pulp. those which work
through direct contact are more likely to appear in the
skin [Coscolla, 2004]. In spite of this, pesticide
residues are normally determined in the whole grapes
and there are few published data reporting the levels
found in both the skin and pulp of fruits.

Comesponding author. Phone: (+34) 941 299 629, Fax: (+34) 941299621
e-mail: maria-teresa. martinez@unirioja.es (M. Martinez-Soria)

307



In these studies. different penetration of

pesticides into the pulp has been observed in fruits
such as apples [Pérez-Clavijo, Plaza Medina. Sanz
Asensio & Galban Bernal. 1996: Sanz-Asensio.
Martinez-Prado. Plaza-Medina. Martinez-Soria &
Pérez-Clavijo. 1999] and grapes [Teixeira, Aguiar.
Afonso. Alves & Bastos. 2004: Cabras et al.. 2000:
Vaquero-Fernandez. Sanz-Asensio. Lopez-Alonso &
Martinez-Soria. 2009].
The present study was designed to determine, for
different fractions of grape, the residue levels of eight
fungicides widely used in grapevines in the AOC Rioja
(vinclozolin,  dichlofluanid. penconazol. captan.
quinoxyfen, fluquinconazol, boscalid and
pyraclostrobin). A summary of the chemical structure.
chemical group and properties, as well as the diseases
and the mode of action of these fungicides is shown in
Table 1. Results obtamed in lab for pyraclostrobin.
boscalid and the mix of both were compared with
those obtamned in a field test cammied out in the vineyard
during 35 days.

2, Experimental
2.1. Chemicals
2.1.1. Reagents and solvents

Pesticide analytical standards of vinclozolin.
dichlofluanid, penconazol. captan. quinoxyfen,
tluquinconazol. boscalid and pyraclostrobin  with
purity higher than 99.0% were purchased from Riedel-
de-Haén (Seelze. Germany). Tetradifon from Riedel-
de-Haén (Seclze. Germany) with a purity of 92.5%
was used as Internal Standard (IS). All standard stock
solutions (500 mg 1) were prepared in methanol and
stored at —20°C 1in the dark.

For vine spraying Cantus® (50% w/w bosealid).
Cabrio Top® (5% w/w pyraclostrobin) and Bellis®. a
mixture of both fungicides (pyraclostrobin 12.8% w/w:
boscalid 25.2% w/w), were supplied by BASF
Espaiiola S.A. (Barcelona. Spain). Anhydrous sodium
sulphate (99.5%) and glass wool were purchased from
Scharlab (Barcclona. Spain). HPLC grade ethyl
acetate. hexane. acetone and methanol were supplied
by Scharlab. Ultrapure water was obtained m a Milli—
RO plus system together with a Milli-Q system from
Millipore (Bedford. MA. USA).

2.1.2. Apparatus

For grape surface and skin, residue extractions
were carried out with water and ethyl acetate
respectively, using a Branson 5510 Ultrasonics
(Barcelona. Spain),

A Zymatk TurboVap® II (Hopkinton, MA.
USA) was wused to evaporate extracts of
hexane/acetone under a nitrogen stream.

For solid-phase extraction, octadecylsilane 500
mg (LiChrolut RP-18) cartridges were supplied by
Varian (Middelburg, The Netherlands). A Visiprep
SPE vacuum manifold from Supeleo (Bellefonte, PA.
USA) was used to process twelve tubes
simultancously. The system was equipped with a
pressure controller (20 nunHg) to foree the sample
through the cartridges.

MAE experiments were performed using an
MARS-microwave sample preparation unit (CEM.
Corp.. Matthews. N.C) equipped with a solvent
detector. The MARS was able to extract
simultaneously forty-eight solid samples in a Teflon-
lined extraction vessel under identical extraction
conditions (temperature and pressure).

2.2, Study in field

The field trials were conducted from July to
September 2009 in an experimental vineyard
belonging to AOC Rioja located i Aldeanueva de
Ebro. La Rioja. Spain. The vineyard produces red
grapes from the V. wvinifera cv. Tempranillo, a
common variety in this Apellation. Three new
commercial formulations against grey mould, downy
mildew and powdery mildew were applied: Cantus®,
Cabrio Top® and Bellis® at the recommended doses
(1. 2 and 0.8 kg per hectare. respectively)

Samples were collected 1. 3. 7. 15, 25 and 35
days after treatment from different parts of the bunch
(top. middle and bottom).

Grapes without phytosanitary treatments were
considered as control grapes in order to compare their
results with those obtained with grapes treated with
boscalid, pyraclostrobin and the mix. Samples from
both the treated and the control vines were frozen at -
20°C in 150 m] flasks containing 75 grapes cach until
analyzed.

2.3. Strudy of sorption and distribution in grapes in
laboratory

Fungieides sorption was studied by soaking 25 g
of untreated grapes in 50 ml of aqueous solution
spiked with three fungicide concentration levels (0.50,
2.00 and 5.00 mg I corresponding to 1. 4 and 10 pg g
!, respectively) in a 250 ml beaker, The samples were
kept in the dark at 4°C for 1. 3. 7. 15. 25 and 35 days
(the longest safety period for all compounds). The
spiking concentrations were similar or higher than
MRLs fixed by the European Union (0.01 pg g for
vinelozohn. 0.01 pug g for dichlofluanid, 0.2 pg g for
penconazol. 0.02 ng g' for captan. 1 ng g' for
quinoxyfen, 0.05 ng ¢’ for fluquinconazol. 5 g ¢! for
boscalid and 2 pg g for pyraclostrobin). Three
replicates were carried out. The fungicide sorption in
the whole grape was calculated as the sum of the three
parts: surface, skin and pulp.
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Table 1. Chemical structure. chemical group and properties. diseases control and mede of action of fungicides studied

Fungicide Chemical Structure Chemical group and properties  Diseases control. Mode of action

Prevents spore germination and
Log Koy =3.02 mycelial growth. Endocrine
disruptor.

o oy Dicarboximide Grey mold
Non-systemic with protective
- x "CH=CH, MW'=286.11 action
Vinclozolin >/o S =12 6/1540
a
H

Non-systemic with protective

. / :
cl\)/ S—, ,rl('“\mu Sulphamide Grey mold
o
.

Dichlofluanid L{W’ =33323 R
87 =1.3/10800 e . .
Log Koe® =370 Foliar with protective action
o
Phittlingde Grey mold and downy mildew
Captan ‘ A MW= 300.61 Ncn—_system}c with protective and
V= 5274000 curative action
- M spir
T Koo' =250 fitochendnal respiration inhibitor.
]
CHy
Triazole Powdery mildew
Systemic with curative and
Penconazol MW?=128418 protective action,
@ =y S® = 73/ 730000 Acts by mferfering with ergosterol
N Log Ky =3.72 biosynthesis
N
-1 N
e
Quinolyne Powdery mildew
a Systemic with protective properties.
Quinoxyfen MW?=308.13 Translocates and mhibits
S S* =0.047/21500 appressoria development stopping
Log Kgw =4.66 infections.
=
o W
a o
@
Tiiszole Powdery Mildew
MW= 37617 Systemic with protectant and
Fhuquinconazol S_b —115 ;lBU eradicant activity.
u e Dismupts membrane fonction
W

> Log Koy =324

e O Carboxamide Grey mold Penetrate (local
| systemic) with protective action.
Boscalid - : m&w‘= 34321 Protectant. foliar absorption. inhibits

spore germination and germ tude
elongation.

Strobilurin Downy and Powdery Mildew
Penetrate (local systemic) with
Pyraclostrobin MW= 387.82 protective and curative action.
L Pl s* =1.9/100800 Respiration inhibitor (Qol
\[r Log Koy =3.99 fingicide).

 Molecular weight (g mal™)
P Water solubility at 20 °C (mg L)/ Methanol sclubility at 20 °C (mg L)
£ Octanol/water partition coefficient at pH 7 and 20 °C.
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2.4. Pracessing of the grapes

The grapes. spiked at different concentration
levels and days, were weighed and processed as
follows:

Washing procedure

To dissolve the pesticide residues that remained
on the exterior of the berries 25 g of grapes were
soaked in 50 ml of tap water in a 250 ml glass. The
glass was then placed in an ultrasound bath and shaken
for 30 min to dissolve the residues located on the
surface of the grapes. After that water was extracted
for SPE. The Ci5 cartridge was activated with 5 ml of
methanol and then 3 ml of ultrapure water and the
sample was percolated through a C18 cartridge. A
washing step of the cartridge with 10 ml of
water/methanol (9/1) was then carried out. The extract
retained in the solid phase was eluted with 2 + 2 ml of
ethyl acetate. The final volume was adjusted to 5 ml
with ethyl acetate (Method 1).

Solvent extraction of fungicides in grape skin

Once the washing water had been removed. the
grapes were left to dry on filter paper at room
temperature, After that. they were placed in a 250 ml
glass with 50 ml of ethyl acetate in order to extract the
fungicide residues absorbed in the grape skins. The
glass was placed in the ultrasonic bath for 30 mmn. To
ensure full extraction of the skin. four consecutive
extractions of 30 min were carried out in the ultrasonic
bath for spiked grapes. No signal of fungicides was
observed in the third and fourth extracts. Therefore,
the method proposed for grape skin includes two
extractions with 50 ml ethyl acetate for 30 min in the
ultrasonic bath. The two extracts were combined. dried
with sodium sulphate anhydrous. evaporated and
adjusted to a final volume of 2 ml with ethyl acetate.
Then., samples were filtered and clean extracts were
directly injected in GC-ECD (Method 2).

Solvent extraction of fungicides in the whole grape

Grapes were crushed after remowval of ethyl
acetate for skin exfraction. Microwave assisted
extraction (MAE) was camied out for the
determination of fungicides in pulp. Grapes samples
were accurately weighed (2 g) and transferred to the
PTFE-lined extraction vessel. Subsequently. 10 ml of
hexane/acetone (1:1) mixmure were added as an
extraction solvent. The oven was set to a power of 600
W. ramped up to 105°C within 5 min. and held at this
temperature for 10 min while stirring at the highest
setting. After extraction. the vessels were cooled to
room temperature before being opened. Next. the

removed using anhydrous sodium sulphate and was
filtered through glass wool. The residue was rinsed
three times with 2 ml of solvent and combined with the
supernatant. Finally, the extracts were evaporated
using a Turbovap evaporator and adjusted to a final
volume of 1 ml with hexane/acetone (1:1) (Method 3).

The quantification for GC analysis was
performed using tetradifon as internal standard at a
concentration of 0.1 mg 1'%,

2.5, Instrumentation and
conditions

An Agilent Technologies GC 6890N equipped
with an ECD Electron-Capture Detector system. an
autosampler 7683 (Agilent) and a split-splitless
injector, connected to a HP ChemStation (Hewlett-
Packard) was used for the determination of fungicides
vinelozolin.  dichlofluamid,  penconazol.  captan,
quinoxyfen, fluquinconazol, boscalid and
pyraclostrobin. The capillary column was a HP-5 (30
m = 0.32 mm 1.d. with 0.25 um of crosshnked 5%
phenylmethyl siloxane). The temperatures of the
injector and detector were 250°C and 300°C,
respectively. The oven temperature programme was as
follows: initial temperature was 100°C. increased to
185°C at 40°C min™. This temperature was kept for 5
min. raised to 300°C (10°C min™) and held for 2 min.
Total run time was 20.63 min. The volume of sample
was 2 pl, injected in splitless mode with a purge time
of 0.9 min. Helium (99.999 % purity) was the camier
gas at 4 ml min” and Ar/CH. as makeup gas for ECD.
at 56 ml min™,

The confirmation of the fungicides was carried
out on an Agilent Technologies GC 7890A coupled to
a 5975C MS Mass Selective Detector. The analytical
column used was a HP-5MS with 30 m of length. 0.25
mm of internal diameter and 025 pm of film
thickness. Sample volume. injector temperature and
oven programme were the conditions above mentioned
for GC-ECD system. Helium (99.999 % purity) was
used as carrier gas at constant flow rate of 1.5 ml min
!, The mass spectrometer was operated in electron
impact (70 eV of ion energy). with 6 min solvent
delay, the interface temperature was kept at 310°C and
ion source temperature was kept at 230°C. The dwell
time for ion monitoring was 100 ms per ion. Sclected
monitoring ion (SIM) mode was used (198, 212 and
285 m/z for vinclozolin: 123. 167. and 224 m/z for
dichlofluanid; 159 and 248 m/z for penconazol: 79 and
149 m/z for captan: 237, 272 and 307 m/z for
quinoxyfen: 111, 159 and 356 m/z for tetradifon: 108
and 340 m/z for fluquinconazol: 112, 140 and 342 m/z
for boscalid; 132, 164, and 325 m/z for pyraclostrobin).

chromatographic
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3. Results and discussion

Three analytical methodologies were
implemented. validated and used to compare the
pesticide levels on the surface, within the skin and m
the whole grape. Performance characteristics were
established in terms of linearity. selectivity. detection
and quantification limits (LOD and LOQ). accuracy
(by recovery from spiked samples) and precision.

3.1, Validation of the analytical methodologies

Under the operational conditions, the
chromatographic separation achieved is satisfactory for
three methods used. Chromatograms for injected
samples proved to be lacking in interfering peaks that
co-cluted with the pesticides studied. The proposed
conditions generated namrow and reproducible
chromatographic peaks. The GC-MS method allowed
confirmation of the fungicides with good resolution
and did not show interfering peaks.

The linearity in the response was studied using a
matrix  matched  calibration. Matrix  standard
calibrations were performed for washing water and
cthyl acetate from skins. and a matrix-matched
calibration were carmied out for pulp with untreated
grapes samples subjected to the optimizated extraction
method (MAE). Six-point (average of two injections)
calibration curves were constructed using tetradifon as
internal standard. The analyte to internal standard peak
area ratio was used an analytical signal for
constructing the calibration graphs. The linear range
was from 10 to 5000 g ke'. Good lincarity was
obtained for each target analytes for the three
extraction methods with the correlation coefficients all
greater than 0.999.

Table 2 summarizes the LOD and LOQ (values
(in pg kg'). recoveries and precision expressed as
RSD (in %) of samples obtained from three methods
analyzed by GC-ECD.

To evaluate accuracy, grape samples were spiked
with a volume of working standard solution and
processed according to the procedures described
above. Recoveries were higher than 78 %.
Intermediate precision was assessed by caleulating the
recoveries obtained after independent extractions
carried out on three different days: day-to-day
precision. Relative standard deviations were below
10% (Table 2). They were within the acceptable range:
70-120% with relative standard deviation (RSD) <
20% [27]. LOQs ranged from 7.2 to 25.0 ng kg’ in
surface (washing water): from 7.5 to 26.3 pg ke’ in
skin (ethyl acetate): and from 5.0 to 27.1 pg ke in
pulp. which are below the legislated maximum residue
levels.

A matrix-matched calibration and solvent
calibration were also camed out for the GC-MS
method in the same range in MAE grape extracts.
water extracts and in cthyl acetate; an excellent

linearity was also obtained (correlation coefficients =
0.9993) 1 all cases. The GC-MS confirmation method
showed LODs and LOQs below 1.7 and 5.8 ug kg for
all compounds, values considerably below the fixed
MRLs. Recovery and accuracy were determined at
three concentration levels and analyzed in triplicate.
The analytical method presented had recoveries > 73%
and precisions (repeatability) < 10.3 %.

The analytical methods proved to be sensitive
enough to analyse the likelihood that very small
amounts of pesticide residues are present in grapes.

3.2, Study of fungicides sorption

Grapes in contact with solutions containing three
different concentration levels of the fungicides were
analysed. The amounts of residues present in the whole
grapes were deternuned by the proposed methods and
the percentage sorption of fungicide relative to its
concentration in the solution was caleulated. Table 3
shows the results for cach compound in all the
concentration and time situations.

The amount of sorbed fungicide increased by
increasing the initial concentration of solutions for any
time period. This increase was higher the higher the
contact tume. However. the sorption percentage that
was found did not depend on the nitial fungicide
concentration i contact with grapes for the same
contact time. Quinoxyfen was the most sorbed
fungicide. followed by pyraclostrobin. fluquinconazol
= boscalid. penconazol. vinelozolin. dichlofluanid and
captan. In the first sample taken (between the first and
the third days) the sorbed quantity. considering the
three different concentration levels studied. ranged
between 6.4 to 10.2% for captan and 85.6 to 92.7% for
quinoxifen. A different behaviour between the
different pesticides 1s apparent, especially between the
former two.

To ascertain the fungicide sorption rate at cach
studied concentration, the experimental data have been
fitted to the following mathematical model [Fernandez
Gonzalez et al., 2003]:

InC,=InC,— Kt

where €, is the residue concentration (pg g) at time ¢
(days);: Cp is the theoretical initial residue
concentration (ug g') at t = 0: k is the fungicide
sorption constant: and t 1s the time that grapes have
been in contact with the solution. This type of analysis,
a first-order kinetic, makes it possible to predict the
amount of fungicide residues over time using the
correlation that exists between the absorbed residues
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Table 2. Validation parameters of the analytical methodologies by GC-ECD

Method 1: washing

Methed 1: grape skin Method 2: whole grape

Fungeites L0100 G Remert  popiog TRl memey  soviog TGt meme
%) %) %6}
Vinclozolin 26/8.7 6.4 28 40/133 54 94 31/103 45 94
Dichlofluamd 22075 84 78 221175 92 86 2.7/9.0 45 82
Penconazol 3.7/122 4.6 102 3.3/111 43 92 24/80 5.0 88
Captan 51/169 35 81 54/178 9.8 86 5.0/16.6 T9 97
Quinoxyfen 21472 18 82 25/84 31 90 1.5/5.0 52 100
Fluquinconazol 22/76 43 94 29/97 39 9 26/88 59 S0
Boscahd 43/144 Ay 96 49/163 6.1 94 21/69 47 84
Pyracleostrobin 7.5/250 22 93 7.9/263 44 97 8.2/27.1 7.6 104

* Limit of detection/limit of quantification.

® Precision: expressed by repeatability assays of nine grape samples

© Recovery: calculated from six grape samples spiked with working
standard solution

and time. It is also possible to study if an existing
comrelation between wvariables i1s more or less
significant from a statistical point of view. using the
number of pairs of values used in the coefficient
caleulus. The following equation is then employed
[Miller & Miller, 2002]:

t=|y(n-2)/a-r)

where r is the correlation coefficient: and (n-2) is
degrees of freedom. From this equation, the values of a
Student’s t-test distribution can be obtained and then
compared with t-tabulated values (5 0.05 = 2.776).
The fitting results are presented in Table 4. As data
shows, the linear correlation between In C: and time
was good for all the pesticides in all assays, with
correlation coefficients r > 0.810 for penconazol. The
Student’s t-test performed to compare the slopes (k
values) revealed that there were no significant
differences at the 95% confidence level for the three
studied concentrations. Considering the somption
constant value, a sorted list of fungicides (Hi to Lo) is
as follows: penconazol > captan > dichlofluanid >
boscalid = vinelozolin > fluquinconazol >
pyraclostrobin > quinoxyfen. The very low values
found in the former two fungicides are due to the high
sorption that oceurs within the grape from the first day
of study (85.7% and 52.4% respectively).

3.3 Srudy of fungicides distribution

The amounts of residues in the three parts of the
grapes (surface. skin and pulp) were determined using
the proposed methods and the percentage distribution

relative to the total absorbed residues was calculated.
Fig. 1 shows this distribution of the fungicide residues
in the different parts of the grape as a function of time
for the three studied concentrations, The highest
content was found in the skin for all compounds.
regardless of the mode of action of these fungicides
(contact or systematic pesticides) and the fungicide
concentration in contact with grapes, with > 53.0% of
the residues for all the fungicides. In pulp. the residue
amounts ranged from 9.6 to 41.7%.

A study of fungicide penetration in pulp was
performed by caleulating the ratio between pulp and
skin concentrations () for all the assays. There was
no significant difference at the 95% confidence level
between concentrations at the same time. The
penctration did not depend on the initial solution
concentration. The average wvalues for all
concentrations are shown in Fig. 2. The studied
pesticides are grouped as a function of the QO ratio.
Non-systemic pesticides as vinclozolin. dichlofluanid
and captan showed @ values lower than 0.45 whereas
systemic or local penctrant such as quinoxyfen.
fluquinconazol. boscalid and pyraclostrobin showed
values above 0.45. Penconazol is the only exception as
although it is a systemic pesticide it shows Q wvalues
lower than 0.45.

Therefore, penetration in pulp was higher for
systemic and local penetrant pesticides and. except for
penconazol, a correlation between the pesticide’s mode
of action and its preferential localization—skin or
pulp— were found. Sinular results were found i
previous studies concerning pesticide penetration in
fruits: residues of non-systemic pesticides as folpet
[Cabras et al., 2000; Teixeira et al. 2004] or
dichlofluanid [Pérez-Clavijo et al.. 1996] were mainly
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Table 4. Statistical parameters derived from the linear fit of the data for the fungicides sorption during time

Solution concentration

lpge’ 4pgg’ 10pgg’

Fungicide r k t r k t r k t

Vinclozolin 0945 0024 5796 0919 0026 4682 0937  0.028 5370
Dichlofluanid 0925 0027 7019 0934 0025 7536 0971 0028 8165
Penconazol 0901  0.048  4.167 0813 0042 2792 0927 0041 4938
Captan 0920 0038 4704 0960 0033  6.838 0924 0035 4841
Quinoxyfen 0972 0007 8362 0996 0007 3043 0963 0007  7.37
Fluquinconazol ~ 0.960 0021  6.862 0893 0020  3.968 0.947 0023 55883
Boscalid 0976  0.023  9.066 0978 0028  9.401 0.920  0.026  4.695
Pyraclostrobin 0944 0014 5741 0907 0014 4307 0923  0.015  4.808

Notes: r = correlation coefficient: k = constant rate; t = calculated value of a Student’s t-test distribution at 95% confidence level; t-tabulated 4; 0.05 =

2776

found i the skin of apples and grapes while systemic
pesticides as acefato [Sanz-Asensio et al. 1999].
oxadixyl, azoxystrobin or procymidone [Teixeira et al..
2004] showed a larger penetration in the pulp.

4. Analysis of red grapes from La Rioja (Spain)

The overall methodology was applied to
determine pyraclostrobin  and boscalid in v
Tempranillo grapevines treated with Cantus®, Cabrio
Top® and Bellis®. The selected treated grapes from
different clusters from the vineyard (top. middle and
bottom of the cluster) were frozen at -20°C in 150 ml
flasks containing 75 grapes each during 1 week for
further analysis.

Pyraclostrobin

The evolution of pyraclostrobin residues was
compared between the different comercial products
applied: Cabriotop (with a 5% pyraclostrobin) and
Bellis (a mixture of pyraclostrobin and boscalid) (Fig.
3A and 3B. respectively). A high reduction m both
pesticides residues over time was observed with
decrease of approximately 90% between days 1 to 35.
The reduction was due to dissipation and/or
degradation by the environmental conditions. The
initial and final concentration as well as the evolution
for the pyraclostrabin residues was very close between
the different parts of the grape —surface. skin and pulp-
for both treatments m the samples taken from the
fungicide spraying until 35 days later.

Residue dissipation within the different grape
parts studied fitted a first-order kinetic with * values

PULP/SKIN RATIO (Q)

Time (days)

Figure 2. Calculated pulp/skin concentration ratios (Q)
for the target fungicides. Awverage values for three
different concentrations.

ranging between 0.828 and 0.992. Table 5 shows the k
and r* values for each treatment. For grapes treated
with Bellis the dissipation constants for the different
parts of the grape where slightly higher in all cases. the
smallest differences ocewrred in the skin. Besides this,
dissipation in pulp showed two different behaviors in
the Bellis treatment while it showed only one in the
Cabrio Top treatment.
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Figure 3. Evolution of pyraclostrobin residues in
different parts of grape during 35 days after
applications in field: A) Cabrie Top, individual
treatment: B) Bellis. mixture of boscalid and
pyraclostrobin.

The wvalues between the final concentrations
found in pulp and skin (Q) for pyraclostrobin in both
treatments was Qpc = 0.668 = 0.017 for Cabrio Top
and Opp=0.301 = 0.020 for Belhs. Field values for the
Cabrio Top treatment were comparable to those
obtained in the laboratory for this active material.
0534<0<0.714.

Table 5. Statistical parameters for pyraclostrobin

However. in the Bellis treatment. pulp
penctration in the field was lower although it had
started with very similar concentrations on day 1.

Baoscalid

In a similar way as with pyraclostrobin, a significative
reduction in the residues of boscalid was observed.
mainly on the surface. due to the dissipation and/or
degradation of the active material as the grapes were
exposed to different meteorological conditions during
the period. Boscalid was analyzed in grapes treated
with Cantus and Bellis. Fungicide evolution in the
three different parts of the grape was not similar in
either treatments (Fig. 4A and 4B). Differences in the
behaviour of the pesticide residues evolution in the
skin during the first 10 days were found as well as the
evolution of the concentration in pulp throughout the
study. Both the initial concentration and the
concentration after 35 days were slightly higher in the
individual treatment: Cantus, However if the different
parts of the grape were considered almost identical
values for pesticide residues were found in skin for
both the first day and the 35th day samples. In pulp the
initial and final concentrations were higher for Cantus.
as opposed to what happened on the grape surface.
where the higher amount of residues ocenrred in the
Bellis treatment.

In a similar way as it was carried out for
pyraclostrobin, the kinetics of boscalid residues
dissipation were studied in each of the different parts
of the grape obtaining 1* values ranging between 0.766
and 0.994. Table 6 shows the kinetic parameter k and
the regression parameter 1* for each treatment, In this
case the behaviour and the constants showed small
differences between both treatments. in this way the
amount of bosecalid on the swface remained almost
constant although it decreased faster in the Cantus
freatnient.

In pulp, an increase in the boscalid residues in
the Cantus treatment was observed up to day 3. from
then on. the concentration diminished: however in the
Bellis treatment they showed a decrease from day 1.

Cabrio Top Bellis
k Days k Days 7
P 01238 1-7 0.991 01271 1-7 0.946
ol -0.0518 7-35 0.919 -0.0671 7-35 0.927
4 -0.2823 1:7 0.970 -0.3303 1-7 0992
urfaca -0.0605 7-35 0.936 -0.0908 7-35 0916
Skin -0.0662 1-35 0.959 -0.0694 1-35 0.958
) 0.0116 1-7 0.980
- 272 - 2
Fulp g.0212 1-33 u.828 0.0796 15-35 0.953
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Table 6. Statistical parameters for boscalid

Cantus Bellis
k Days k Days 7

Total -0.0253 1-35 0.953 - 0.0775 1-7 0.852

-0.0120 15-35 0.988

Surface -0.02006 1-35 0.937 -0.0068 135 0.993

Skin -0.0198 3-35 0.994 - 0.0875 1-7 0.824

- 0.0268 7-35 0.946

Pulp -0.0289 3-35 0.956 - 0.0084 1-35 0.766
% Cantus penetration was lower; its value was approximately
B half of the maximum value. a similar behaviour to that

—&— TOTAL Skit .
4: E o found for pyraclostrobin. Therefore results showed that
¥ —+—Puip & - Surface

Time (days)

B Bellis

[Boscalid, ppm]

Time (days)

Figure 4. Evolution of boscalid residues in different
parts of grape during 35 days after applications in
field: A} Cantus, individual treatment: B) Bellis,
mixture of boscalid and pyraclostrobin,

In skin Bellis treatment showed a faster kinetic
up to day 7 and afterwards a similar dissipation rate to
the one found in Cantus. n this case. pulp and skin
concentration ratio () for boscalid were Osc = 0.602
= 0.035 for Cantus and Ops=0.329 = 0.013 for Bellis.

Field values in the individual treatment (Cantus)
were comparable to those found i the penetration
study in the laboratory for this active material: 0.496 <
Q@ < 0.679. However, in the Bellis treatment, the
observed

sorption is reduced if the another fungicide is present
in the same solution that contacts the berry. This
behaviour suggests competition for penetration i pulp.

4. Conclusions

A simple. rapid. liquid extraction method was
developed for the determination of winclozolin,
dichlofluanid.  penconazol. captan. quinoxyfen,
fluquinconazol, boscalid and pyraclostrobin in red
grapes. Overall. the methodology involved three
procedures for each different part of the berry: surface,
skin and pulp. The method gave good recoveries.
hnearity. precision and accuracy. and was highly
sensitive.

The study of fungicides mobility i the
laboratory showed that sorption did not depend on the
mmtial spiked concentration and it increased with
contact time. All pesticides studied showed first-order
kinetics for the sorption during time. The highest
concentrations of residues were found in the skin.
Penetration into the pulp was observed for all
tungicides. It was found that the ratios between pulp
and skin residues (Q) did not depend on the initial
spiked concentration but rather on a correlation
between each pesticide’s mode of action and its
preferential localization—skin or pulp.

Distribution within the different parts of the
grape was studied in the field for pyraclostrobin and
boscalid. The dissipation of residues in each of the
parts of the grapes for both pyraclostrobin and boscalid
fitted a first-order kinetic. In the case of products that
applied only one of the pesticides, Q ratio values were
very similar to those found in laboratory.

In the case of Bellis (pyraclostrobin + boscalid)
the Q ratios were lower to those found in the lab,
approximately half in wvalue. which indicates a
competitive effect between both active materials to
penetrate in the pulp.
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ANEXO VI. Evolution of pyraclostrobin and boscalid
residues during elaboration of red wine. Effect of wine-
making procedures in their dissappearance
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EVOLUTION OF PYRACLOSTROBIN AND BOSCALID RESIDUES DURING
ELABORATION OF RED WINE. EFFECT OF WINE-MAKING PROCEDURES IN
THEIR DISSAPPEARANCE

L. Lagunas-Allué, J. Sanz-Asensio, M.T. Martinez Soria*®

Departamento de guimica analitica. Universidad de La Rioja. Madre de dios, 51. La Rigja, 260086, Spain.

Abstract

The effect of winemaking procedures on the concentration of two new generation fungicides, boscalid (control of
grey mold) and pyraclostrobin (control of powdery and downy nuldew) in red wine was evaluated.

The eliminated percentage in the winemaking process was >88% for boscalid under good agricultural practices
and 75% when critical agricultural practices were applied. Concentration of pyraclostrobin in final wines did not
overcome the LOD for this fungicide in any case. Alcoholic and malolactic fermentations produced the highest
decrease in these fungicide residues. The disappearance rate was calculated for both steps as pseudo first order
kinetics and the half-life (t12) was in the range from 4.1 (alcoholic fermentation) to 14.4 (malolactic
fermentation) days for pyraclostrobin and from 8.9 (alcoholic fermentation) to 117 (malolactic fermentation)
days for boscalid.

The effects of five clarification agents (egg albumin. bentonite plus gelatin, charcoal. PVPP and silica gel) on the
removal of boscalid and pyraclostrobin residues applied directly to a racked red wine were also studied. The
greatest elimination was obtained in wines clarified with charcoal (82.9-84.2 % climination for pyraclostrobin;
74.6-78.0 % for boscalid) and the lowest in those clarified with silica gel (between 9% and 12% for both

pesticides).

Keywords: Pesticide residues; wine; clarification; winemalking process; disappearance rate

1. Introduction

The incidence of diseases in vineyards. especially
fungal diseases. is one of the main reasons for the
economic losses registered in the viticulture sector.
Grey mold (Botrytis cinerea), powdery mildew
(Uncinula necator) and downy mildew (Plasmopara
viticola) are common fungal diseases of all species of
cultivated and wild grapes (Vitis species) in grape
growing areas of the world [1]. The best control of
these fungi is achieved through the use of good
cultural practices and suitable fungicide selection.
Fungicides of a new generation such as boscalid and
pyraclostrobin  have recently been introduced i
vitieulture practices [2].

Boscalid  [2-Chloro-N(4 -chloro-biphenyl-2-yl)-
nicotinamide] is a completely new active ingredient
belonging to the anilid group of fungicides via a
completely novel mode of action that interferes with
the enzyme succinate ubiquinone reductase (complex
1) in the mitochondrial electron transport chain [3].
This novel mode of action makes it an excellent
candidate for the prevention and treatment of the grey
mold (Botrytis cinerea) in fiuit plants and vines.

Pyraclostrobin [methyl N-{2-[1-(4-chlorophenyl)-
1H-pyrazol-3-yloxymethyl] phenyl}(N-methoxy)
carbamate] is a completely new active ingredient
belonging to the strobilwins group of fungicides.
These kind of fungicides acts through inhibition of

mitochondrial respiration by blocking electron transfer
within the respiratory chain, which in tum causes
important cellular biochemical processes to  be
severely disrupted. and results in cessation of fungal
growth [4]. Pyraclostrobin is recommended for the
prevention and treatment of powdery mildew and
downy mildew in fruit plants and vines.

The main properties of these new fungicides are
their broad spectrum of action. their special
penetration and redistribution properties and their
long-term stability, which results in better long-term
efficacy. allowing the use of lower concentrations of
active substances.

The wuse of these substances provides
unquestionable  benefits  but  unfortunately, their
incorrect application may leave harmful residues.
which involve possible health risk [5. 6]. Because of
their toxicity, making it necessary to analyse pesticide
residues in grapes mtended for human consumption [2,
7-9] and maximum residue levels (MRLs) for pesticide
residues in a variety of agricultural foods were
established by European Union to protect consumer’s
health. Nevertheless. for the most of the studied
fungicides MRLs have not been established in wine.

Corresponding author. Phone: (+34) 941 299 629 Fax: (+34) 941299621
E-mail: maria-teresa martinez(@unirioja.es (M. Martinez-Soria)
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However, for wines elaborated in the European
Union from September 2008. MRLs were established
for the studied fungicides. In addition. other countries
such as Italy or Switzerland have also established them
[10-12]. Table 1 summarized the established MRLs by
the different legislations in grapes and wine.

The presence of pesticides in viniferous grapes
could pass to the must and eventually to the wine
during fermentation atter all the winemaking processes
[13-15]. The activity of yeasts and bacterias can be
affected by the presence of pesticides residues [6. 16.
17] which may associate with stuck and sluggish
alcoholic fermentations and with problems in
malolactic fermentation. These effects could also alter
the concentrations of certain compounds responsible
for the sensory quality of wine. such as phenolic
compounds and/or aroma compounds [18. 19].

The objectives of this study were (i) to know the
evolution of two recent fungicides, boscalid and
pyraclostrobin and the mixture of both fungicides.
during the elaboration of red wines and (i1) to evaluate
the influence of wine-making procedures (alcoholic
and malolactic fermentations, clarification and
filtration) in the elimination of the residues of those
compounds when two different fungicide treatments
were carried out. The first one was carried out under
good agricultural practices (GAP). obeying the
preharvest interval (PHI), and the second one under
critical agricultural practices (CAP). applying one
week before harvesting, Results obtained in lab for
pyraclostrobin, boscalid and the mix of both were
compared with those obtained in a field test carried out
in the vineyard during 35 days.

2. Experimental
Field trials

The field trials were conducted from May to
October. 2008, 2009 and 2010 in an experimental
vineyard belonging to Qualified Designation of Origin
Rioja located in Aldeanueva de Ebro. La Rioja. Spain.
The vineyard produces the red grape V. vinifera cv.
Tempranillo, a common variety in this area. The
vineyard plot had a size of 3000 m2 and was divided
into seven groups of 6 rows each with 40-50 vines per
row. The row and vine spacing was of 2.6 and 1.2 m.
respectively. Vines were eight vears old and planted to
goblet training.

In order to avoid a contamination between
treatments, only the two central rows of every group
were harvested. Six groups of vines were treated with
three new commercial formulations against grey mold.
downy mildew and powdery mildew: Cantus® (50%
boscalid), Cabrio Top® (5% pyraclostrobin) and
Bellis® (25.2% boscalid + 12.8% pyraclostrobin)
while the other group was left untreated (control). The
formulations were sprayed with a HARDI atomizator

Table 1. Maximal residue limits (pg kg'l)

MRL
Fungicide \.R-me! UE-B Ttaly® Switzerland®
grapes wine
Boscalid 5000 5000 1000 1000
Pyraclostrobin 2000 1000 50 -

? By European legislation.
By European legislation for wines elaborated from September 2008
©Established for wines

(Denmark). ensuring that bunches. Applications were
carried out when there was no rain predicted for at
least 24 hours. Phytosanitary treatments were carried
out under GAP and CAP:

GAP: Cantus, Cabrio Top and Bellis were applied
at the recommended doses (1.2 kg ha™. 2 ke ha’ and 1
kg ha'. respectively) and respecting the established
preharvest tune for each product (28, 35 and 15 days.
respectively).

Cabrio Top® was applied in May (inflorescence
elongating. flowers closely pressed together) and June
(full flowering and berries small. bunches begin to
hang 46 mm). Cantus® application was performed in
July (2008 and 2010) or August (veraison: 2009) and
for Bellis maximum 2 applications between May and
August.

CAP: the commercial formulations were applied
one week before the harvest in order to ensure the
presence of pyraclostrobin and boscalid in grapes and
to study their dissipation in the vinification process.
Treated and untreated grapes were harvested in
October 2008, 2009 and 2010. All grapes samples
were previously analyzed to determine the initial
fungicide level.

Winemalking processes

Using the harvested grapes. micro-vinifications
(50 kg) were performed with each treated grape; two
repetition of each vinification was carried out. The
winemaking process (Fig. 1) was identical for all
vinification experiments. as follows. Grapes were
crushed and pressed to obtain the must and 50 mg L
of S0 was added. Musts were inoculated with
selected yeasts Uvaferm® VRB (Saccharomices
cerevisiae) purchased from Lallemand (Denmark). The
evolution of the fermentative process was controlled at
all times by measuring the sugar content. Fermentation
had a regular course (8-10 days) in all flasks. After
alcoholic fermentation. the wine was racked to
separate it from lees, supplied with SO, and malolactic
fermentation took place by inoculing lactic bacterias
MBR Alpha Oenacoccus oeni (Lallemand. Denmark).
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Figure 1. Scheme for standard wine making

Final wines were clarified with gelatine (50 mL
hLY) plus bentonite (20 g hL?) and bottled. Residue
levels of pyraclostrobin and boscalid were analyzed by
solid-phase extraction and gas chromatography —mass
spectrometry  (SPE-CG-MS) during all steps of
fermentative process.

Clarification step: Clarification tests were carried
out on 1 L samples of residue-free assessed red wine
spiked with pyraclostrobin and boscalid at two
concentration levels. The clarifying agents used were
bentonite plus gelatin. egg albumin, charcoal. PVPP
(polyvinilpolypyrrolidone) and silica gel. The doses
were those used in standard enological practice.

After clarification, the cleared wine and the
control samples (without clarification) were analyzed
for pesticide residues. Each clarification test was
performed by duplicate.

Fungicide determination
Chemicals

Pesticide analytical standards of pyraclostrobin
and boscalid with purity higher than 99.0 % were
purchased from Riedel-de-Haén (Seelze, Germany).
Individual stock standard solutions (1000 mg L) of
fungicides and intermediary solutions were prepared in
methanol. Tetradifon from Riedel-de-Haén (Seelze.
Germany) with a purity of 99.5 % was used as internal
standard (IS) to correct the vanability m gas
chromatographic injection and mass spectrometric
detection response. An individual stock solution (1000
mg L") and a working solution (10 mg L) were
prepared in ethyl acetate. All solutions were stored at —
20°C. Calibration standard solutions for GC-MS
analysis were prepared evaporating extracts of
untreated must and wine under gentle nitrogen stream
by using a TurboVap® II evaporator from Zymark
(Warrington, UK) and redissolving with ethyl acetate
the remained matrix.

HPLC grade
dichloromethane
(Barcelona. Spain).

Ultrapure water was obtained in a Milli-RO plus
system together with a Milli-Q system from Millipore
(Bedford. MA. USA),

For solid-phase extraction. octadecylsilane 500
mg (Bond Elwt® LRC-C18 INT) cartridges were
supplied by Varian (Middelburg, The Netherlands).
Clarifying Agents, Commercially albumin. bentonite.
gelatin, charcoal. PVPP. and silica gel purchased from
Agrovin (Logrofio, Spain) were used.

Nylon filters (0.45 pm pore size) were used for
filtration (Supeleo Inc.. Bellefonte, PA).

methanol. ethyl acetate. and
were obtained from Scharlau

Extracrion procedure
a) Extraction in grapes and lees

MAE experiments were performed using an
MARS-microwave sample preparation unit (CEM.
Corp., Matthews, N.C) equipped with a solvent
detector. Samples were accurately weighed (2.0 g) into
the PTFE-lined extraction vessel. Subsequently, 10 mL
of hexane/acctone (1:1) mixture were added as an
extraction solvent. The oven was set to a power of 600
W. ramped to 105°C within 5 min, and held at this
temperature for 10 min while stirring at the highest
setting. After extraction. the vessels were cooled to
room temperature before being opened. Next. the
water of the supernatant from each wvessel was
removed using anhydrous sodivm sulphate and was
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filtered through glass wool. The residue was rinsed
three times with 2 mL of hexane/acetone (1:1. v/v) and
combined with the supernatant. Finally. the extracts
were evaporated using a low volume concentrator
(Zymark TurtboVap II Vortex evaporator. Hopkinton,
MA. USA) under a gentle stream of nitrogen
evaporator and adjusted to a final volume of 5 mL with
hexane/acetone (1:1. v/v) that contains tetradifon (100
ng LhHasIs.

b) Extraction in must and wine

Visiprep® SPE vacuum manifold from Supeleo
(Bellefonte. PA) was used to simultaneously process
12 tubes. Therefore. a wine or must volume of 10 mL
was cluted through a CI18 cartridge. previously
conditioned with 5 mL of methanol and 3 mL of water.
Then, the cartridge was eluted with 10 mL of
water'methanol (9:1, v/v) to clean up the cartridge and
was dried under an applied vacuum for 20 min to
remove water excess, Finally, the retained fungicides
were eluted with 5 mL of dichloromethane, evaporated
to dryness under gentle nitrogen stream and
redissolved with 10 mL of the ethyl acetate and 100 pg
L of tetradifon was added.

For the analysis of must and wine samples. the
analytes were extracted, as described above. All the
samples (must or wine) are extracted for duplicated
and analyzed by gas chromatography.

Instrumentation and chiromatographic conditions

The analysis of boscalid and pyraclostrobin
residues was carried out on an Agilent Technologies
GC 7890A chromatograph coupled to a MS 5975C
quadrupole mass selective detector. Chromatographic
separations were done by using a HP-SMS capillary
column (30 m = 0.25 mm id. = 025 pm film
thickness). The initial oven temperature was set at
100°C. increased to 185°C at 40°C/min and kept for 5
min, increased at a rate of 10°C/min to 300°C and hold
for 3 min. The volume of sample was 2 pL. injected in
splitless mode, The injector temperature was set at
250°C. Helium (99.9999 % purity) was used as carrier
gas at constant flow rate of 1.5 mL min™”. The mass
spectrometer was operated in electron ionization (70
eV). with G-min solvent delay. The interface
temperature was kept at 310°C and ion source
temperature was kept at 230°C. A mass range of m/z
50-550 was scanned to confinn the retention times of
analytes. For the determination of fungicide residues.
selected 1on meonitoring (SIM) mode was used. For
cach target compound the most abundant ions of
higher m/z were selected (112, 140 and 342 m/ for
boscalid: 132. 164, and 325 m/z for pyraclostrobin:
111. 159 and 356 m/z for tetradifon), which were the
most characteristic ones. Confirmation criteria were
that the retention times of the compounds in the

sample to be within =+ 0.5% of the respective retention
times in matrix-matched calibration standards and the
intensity ratios of the target and qualifiers ions. in the
sample to be within 20% of those obtained from the
standard material.

Results and discussion
Analytical performance

Chromatographic response was checked up to
5000 pg L' wath determination coefficients 1 > 0.999
showing. in all the cases. a good linearity for both
pesticides in grape, must and wine matrices. The
obtained detection limits for boscalid were 1.0 ug kg
1.2 and 0.9 pg L and for pyraclostrobin were 1.7 ug
', 1.1 and 1.3 pg I in grapes. must and wine,
respectively.

To determine percent recovery of pyraclostrobin
and boscalid. untreated matrices were spiked with
concentrations of pesticides in the range 10-2000 pg
kgl The results of recovery analysis were compared
with those in standard dilutions wused in the
fortification. The recovery assays were replicated five
times. After the evaporation of the spiking solvent, the
samples were processed in the way indicated
previously.

Mean recoveries (n=5) were higher than 86% for
both pesticides in grapes with RSDs ranged were
lower than §%. In must and wine. the recoveries from
fortitied samples were in the range of 91-102% with
RSDs of 2.8-8.4%.

The limits of quantification calculated for grapes
were 3.5 ug kg' for boscalid and 5.8 pg kg for
pyraclostrobin. In must and wine. the limits for the
same compounds were 2.4 and 2.1 pg kg™ for boscalid
and 33 and 31 pg keg' for pyraclostrobin.
respectively. These limits were, in all cases. very
inferior to the maximum residue hmit (MRL)
established by the different legislations for those
compounds, as it can be seen in Table 1. The obtained
values allowed us to affirm that the used extraction
method is appropriate for the determination of residual
levels of pyraclostrobin and boscalid in these three
matrices.

Dissipation of residues

In order to study the evolution of pyraclostrobin
and boscalid residues during the different wine
elaboration steps. several samples were taken
including grapes, mwst. alcoholic and malolactic
fermentation. lees. clarified and filtered wine. The
residual concentrations found during the vimfication
process are summarized in Table 2 for pyraclostrobin
(Cabrio Top). Table 3 for boscalid (Cantus) and Table
4 for both fungicides (Bellis). The total amount present
in the crushed grapes was considered as 100% in each
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Table 2. Concentration (ug L or ng kg™) of fungicide pyraclostrobin and percentage remaining (n=4). Stage in the
clarification process with bentonite plus gelatin

[Pyraclostrobin: ng kg’1 or ug I_’l] (%0 remaining)

Stage Year 2008 Year 2009 Year 2010
GAP* CAP* GAP® CAP* GAP' | CAP®

Crushed grapes <ID' ! 1358(100) i 58(100)  1567(100) i <ID' -
Must 1 days | < 1D’ 597 (44) 20.1(50) ¢ 651(42) <1D? -
Must 3 days ¢ <LD’ 464 (34) <LD’ 545 (35) <LD’ =

Aleoholic 5 . —
Jormentation Must 4 days | < LD’ 398 (29) <LD’ 478 (31) < TIE -
Must 6 days i < LD? 274 (20) <LD? 398 (25) <1p? =
Must 8 days | <LD’ 181 (13) <LD’ 270(17) <LD’ =
Lees <LD! 1522 <LD! 1489 <LD! =
1 days <1D? 186 (14) <LD? 240 (15) <ID’ o
10 days <1D? 124 (9) <LD? 171 (11) <1D? =
itdoetis 15 days <1D? 91 (7) <LD? 137 (9) <LD? -
Fermentation 20 days <1D? 68 (3) <ID? 98 (6) <1D? =
25 days <ID* 51 (4) <ID? 80 (5) <LD? =
30 days <1D? 36(3) <1D? 61(4) <1D? o
Wine not clarified <1D? 29 (2) <1D? 63 (4) <1D? -
Wine clarified <1D? <1LD? <1LD? 26(2) <LD? -
Filtered wine <LD? <LD? <LD’ <LD? <LD’ s

* Good Agricultural practices
® Critical agricultural practices
LD (grapes) =17 pg kg’
LD (must)=1.1 pg L7

31D (wine)=1.3 ug L!
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Table 3. Concentration (ng Lor ug kg') of fungicide boscalid and percentage remaining (n=4). Stage in the

clarification process with bentonite plus gelatin

[Boscalid; pg kg or ng "] (% remaining)

Stage Year 2008 Year 2009 Year 2010
GAP" CAP" GAP® CAP® GAP® CAP*

Crushed grapes (ug kg) | 91(100) | 3383 (100) | 408 (100) | - 198 (100) --
Must1days i 34(38) | 1592(47) | 124(30) | = 77(38) -

Must3days | 30(34) | 1518 (45) ! 110029) | - 67 (34) -

‘é‘:;"f.‘?fmﬁ TMENANON  Must4days| 28(31) | 1474(43) | 115(28) | - 61(31) =
Must 6 days i 24 (26) 1409 (42) 88 (22) = 54(27) -

Must 8 days : 23 (25) 1348 (40) 75 (18) - 44(22) ==,

Lees (ug kg') 137 2687 396 - 169 =
1 days 22(24) | 1292(38) i 73(18) o 43(22) =

10 days 18(20) § 1241 (37) | 66(16) - 38(18) o

Malolactic Fermentation 15 days 17 (18) 1177 (35) 63 (15) = 35(18) =
(kg L) 0days | 16(18) | 1143(34) | 58(14) | - 33(17) -
25 days 15(17) & 1123(33) | 57(14) - 31(16) s

30 days 14(16) | 1076(32) | 55(13) - 27(14) -

Wine not clarified (ug L) 14(16) 1071 (32) 54(13) - 28(14) -
Wine clarified (ug L") 11(12) | 908(27) | 46(11) - 22(11) -
Filtered wine (ug L) 9(10) 839(25) | 37(10) - 18 (9) o

* Good Agricultural practices
® Critical agricultural practices
LD (erapes) = 1.0 pg kgt
LD (nwmst) =1.2 pg L™

* LD (wine) =0.9 pg L™
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Table 4. Concentration (ug L™or ug kg') of fungicides pyraclostrobin and boscalid and percentage remaining
(n=4) in the application under GAP of Bellis. Stage in the clarification process with bentonite plus gelatin

ungicide concentration: ! or ng L] (% remainin )
g ng ng £

Year 2009 Year 2010
Stage
Boscalid Pyraclostrobin Boscalid Pyraclostrobin
GAP* CAP® GAP* | CAP* GAP® CAP® GAP* | CAP"
r 266 : 1| 1044 113 - . 1312
Crushed grapes (ug kg™ ) (100) 3201 (100) | <ILD (100) o) | 27(100)§ <LD (100)
1days | 109 (41) ] 1376 (43) | <LD? | 491 (47) ] 36(32) | 1622(46) § <LD® 695 (53)
) 3days : 98(37)  1304(41) ! <LD®: 374 (36) I 32(28) { 1524 (43) i <LD* :584(45)
Alcoholic
fermentation 4days | 87(33) ! 1233(38) i <LD’}322(31)! 29(26) ! 1477(42) 1 <LD® : 526 (40)
(ug L7} ;
Gdays | 76(29) | 1167(36) | <LD* | 257 (25) 1 26(23) | 1384 (39) i <LD* | 398(30)
8days | 63(24) | 1056(33) | <LD*| 167 (16){ 22(19) | 1279(37) i <LD* |287(22)
Lees (ug kg'’) 254 2881 <ID'i 769 87 3357 <LD! 1103
ldays | 61 (23) | 1042(33) | <ID®{150(15)} 20(18) { 1283 (36) | <LD® | 271(2D)
10days ¢ 57(21) § 1003 (31) | <ID®!102(10)} 16(13) { 1244 (35) § <LD® }187(14)
Malolactic 15 days | 53(20) | 964 (30) 76(7) | 15(12) | 1198 (34) | <LD® | 149 (11)
Sfermentation Soidive @ | . i y | | S
(ug L) 20days | 50(19) | 913 (28) 57(5) | 14(12) | 1166(33) | <ID 98 (7)
25days | 45(17) | 841 (26) 38¢4) §13(12) P 1120(32) | <ID® | T3(6)
30days | 44(17) i 800 (2%5) 27(3) § 13(12) { 1087(31) ! <LD® { 61(5)
Wine not . o T o 5 = : 3 S
clarified (ug L) 44 (17) { T9025) 26(2) i 14(12 1079 ( 30) LD S8
Wine clarified ; " 3
5 51 (2 2(2 <
(g L) | 35(13) :: 651 (20) 6(1) 862 (24) : LD 13(1)
Filtered  wine ) 3 = S
eid: §32(12) £ 603(19 <LD 96 (22 <LD
(ugL’) (3212 ¢ (19) (22)

* Good Agricultural practices

® Critical agricultural practices

'ID (grapes) = 1.7 pg kg’
21D (must)=1.1pg L’
1D (wine) =13 pg L
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case and the starting point to study the disappearance
of the fungicides.

To ascertain the dissipation rate of residues in
each winemaking process. the experimental data have
been fitted to the following mathematical model [20]:

p Kt
t °

IR =InR,—Ki

In eq (a). Rt is the residue concentration at time t
(ugL™). Ry is the theoretical initial residue
concentration at t = 0 (ug L), K is the fungicide decay
constant, and ¢ is the time of vinification steps. In eq
(b). Ln Ry and K are constants. and Ln Rf and ¢ are
variables: the second one depends on the first.

This type of analysis allows the behaviour of

fungicide residues during the winemaking process to
be known, by showing the corrclation that exists
between the residual levels and the time and also the
fungicide decay constants. These values of K represent
the tendency of the residues of each fungicide to be
reduced to a greater or lesser degree during the overall
winemaking process depending on factors such as
degradation. adsorption on skins and lees or on
clarifying agents. variety of grape. and winemaking
method. among others.
In addition. it is also possible to study if the correlation
existing between variables is more or less significant
according to the statistical point of view. The
following equation is then used

t=M (n-2)/(1-r?)

where r is the comelation coefficient; and (n-2) is
degrees of freedom. From this equation. one obtains a
value of distribution of the Student’s t-test that can be
compared with t-tabulated values. Two studies were
carried out for each vinification. one for the alcoholic
fermentation and another one for malolactic
fermentation. The results of the fit are presented in
Table 5 for the first one and Table 6 for the last one.

Pyraclostobin
Good Agricultural Practices

The PHI was respected in the moment to carry out
the vintage. A maxinmm of three applications at 12-14
day intervals, commencing at flowering are
recommended for Cabrio Top and two for Bellis.
These commercial formulations are unlikely to be
applied within three months of harvest and therefore
detectable residues of pyraclostrobin were not found in
the harvested grapes.

Critical Agricultural Practices

To ensure the presence of pyraclostrobin residues

in grapes and to study their dissipation in the
vinification process. Cabrio Top and Bellis were
applied seven days before harvest during two vears,
2008 and 2009 for the first one and 2009-2010 for the
second one. Residual concentrations obtained in
harvested grapes seven days after treatment (1358 pg
kg in 2008 and 1567 pg ke in 2009 for Cabrio Top:
1044 and 1312 pg ke for Bellis in 2009 and 2010 .
respectively) were below the MRL (2000 ng kg?)
established in the EU.

Once the must was pressed. the proportion
remaining in the must was only 42-53%. Therefore this
vinification step had a considerable effect on the
decrease in these fungicide residues. In the following
winemaking step. the fungicide residues continued to
decrease: Pyraclostrobin showed a high tendency 1o be
adsorbed. with only about 13-22% remaining in the
obtained wine after 8 days of alcoholic fermentation.

Once alcoholic fermentation finished. malolactic
fermentation took place producing a decrease of a 10-
17% in pyraclostrobin residues. Residues remaining
after this step (< 5% in both cases) disappeared with
clarification (bentonite plus gelatin) and filtration
process, the last two winemaking stages before
bottling. Concentrations in final wines (Table 2 and
Table 4) at the end of the sampling did not overcome
the LOD for this fungicide in any case. These results
are similar to those found in the bibliography. Studies
carried out with this fingicide indicate that the
elimination is practically 100% [22. 23].

The behaviour of Cabrio Top formulation in
grapes was recently studied by Gonzalez-Rodriguez et
al. in two papers. In one of them [22]. Cabrio Top
(dose 333 g hL") was applied twice in may to prevent
downy mildew and residues of pyraclostrobin were not
detected in harvested grapes. In the second paper [14].
one month after treatment with Cabrio Top (using a
dose of 200 g HLY). the residual concentration
determined of pyraclostrobin was 237 = 5 pg ke
Garau et al. [23]. showed that pyraclostrobin residues
in grapes were 380 = 15 pg ko' one day after treatment
with Cabrio Top (at 150 g hL™): this level decreased to
00 = 6 pg kg after 28 days, according to a pseudo-
first order kinetics with a half-life of 5.4 = 1.9 days.

Kinetic study

As can be seen from data of tables 5 and 6, the
linear correlation between Ln Rt and the time was good
in all assays. with correlation coefficients =0.9823 for
alcoholic fermentation and >0.9851 for malolactic
fermentation. Data obtained indicate that there was
statistically significant correlation between the
quantity of residues remaining and the time with ¢
values > theorical f value at the 95% confidence level
(tgpegy =3.18 for aleoholic fermentation and gy =2.78
for malolactic fermentation).
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Table 5. Statistical parameters derived from the linear fit of the data during the time employed in alcoholic

fenmentation
Treatment Fungicide Year Application ¥ K b r
(days)
Cabrio Top Pyraclostrobin 2008 CAP 0.9907 -0.1678 4.1 20.6
2009 CAP 0.9922 -0.1208 ST 228
Cantus Boscalid 2008 GAP 09122 -0.0609 l“l 4 6.45
2008 CAP 0.9496 -0.0227 30.5 8.68
2009 GAP 0.9620 -0.0776 39 10.1
2010 GAP 0.9951 -0.0711 21

Bellis Pyraclostrobin 2009 CAP 09823 -0.1454 4 8" 149
2010 CAP 0.9950 -0.1249 5.6 28.2
Boscalid 2009 GAP 0.9809 -0.0767 9.0 143
2009 CAP 0.9823 -0.0365 19.0 14.9
2010 GAP 09719 -0.0673 103 11.8
2010 CAP 0.9777 -0.0325 21 13:.2

K wvalues for alcoholic fermentation were similar
in all cases. between different years and formulations.
The same happened to the K values of malolactic
fermentation.

The half-life. calculated as pseudo first-order
kinetics, were very similar between both formulations:
4.1 and 4.7 under GAP: 5.7 and 5.6 under CAP for
Cabrio Top and Bellis, respectively, for alcoholic
fermentation. This indicates that pyraclostrobin
decreased quickly, and it suggests that the residues in
wine might be very low even after several treatments
in field. In the case of malolactic fermentation, the
obtained values for the half-time were higher (between
11.7 and 14.4 days).

Boscalid
Good Agricultural Practices

Cantus (50% boscalid) and Bellis were the
commercial formulations used in treatment against
grey mould. The first one was applied in August, 2008,
2009 and 2010 respecting the PHIs, 28 days and the
second one. Residues due to the Cantus application
ranged from 91.1 nug kg (vinification in 2008) to 408
ug ke (vinification in 2009), lower than its EU LMR
(5000 ng kg!), using a dose of 1.2 kg ha! and around
90 days after treatment in 2008 and 2010 or 60 days in
2009. These values are not in agreement with those
published by Gabriolotto et al. [24] who found 260 =
180 ng ke in grapes after 98 days of treatment with
Cantus (dose 480 g ha") or with Gonzalez-Rodrigucz
who obtained boscalid residues ranged from 780 pg
kg to 1200 pg kg’ after 90 days of being treated with

300 g Cantus ha® [23]. However. Edder et al. [25]
determined a residual level of 410 pg kg in grapes
two months after treatment with a dose of 1.2 kg
cantus ha”, results very similar to those obtained in
this paper (408 ug kg with an identical dose after 60
days approximately of treatment in 2009).

In the case of Bellis application. residue
concentration values obtained in 2009 were 266 pg kg
land 113 pg kg’ in 2010.

After pressing, residues of boscalid distributed
between the liquid phase (must) and the solid phase
(pomaces). with approximately 60% of initial residucs
m this last one. In the following winemaking step.
alcoholic  fermentation, residues  deereased  an
approximately 15% in all cases. Once the must was
fermented and racked. the percentage eliminated by
the malolactic fermentation was between 5-8%.

Clarification with gelatine plus bentonite as
clarifying agents in winemaking process performed in
this paper. Its main use in winemaking is the
elimination of positively charged unstable proteins to
prevent protein breakdown. For this study. an
elimination of boscalid residues between 2-4% took
place, very similar to filtration witch produced a
decrease of 1-3%. Concentrations in filtered red wines
(Table 3) were 9-37 pg ko' of bosealid for Cantus
application and 7-32 pg kg in Bellis application. The
% reduction when Cantus was used was very high all
years, 90% in 2008 and 2010, 91% in 2009. The same
value range was obtained when the treatment was
carried out with Bellis (88% in 2009 and 94% in
2010). Identical results were obtained by Gonzilez-
Rodriguez ot al, who found percentages of reduction
during white winemaking process from 87% to 92%.
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Table 6. Statistical parameters derived from the linear fit of the data during the time employed in malolactic

fermentation
Treatment Fungicide Year Application rz K f12 t
(days)
Cabrio Top Pyraclostrobin 2008 CAP 0.9948 -0.0568 12.2 27.7
2009 CAP 0.9885 -0.0481 144 22.6
Cantus Boscalid 2008 GAP 0.9523 -0.0126 550 8.94
2008 CAP 0.9340 -0.0063 110 157
2009 GAP 09770 -0.0100 693 130
2010 GAP 0.9827 -0.0153 453 15.1
Bellis Pyraclostrobin 2009 CAP 09911 -0.0615 11.7 211
2010 CAP 0.9851 -0.0543 12.8 16.3
Boscalid 2009 GAP 0.9738 -0.0122 56.8 12.2
2009 CAP 05471 -0.0095 730 846
2010 GAP 0.9355 -0.0150 46.2 7.62
2010 CAP 0.9824 -0.0059 117 149

Crifieal Agricultural Practices

To ensure the presence of boscalid residues in
grapes and to study their dissipation in the vinification
process, Cantus was applied seven days before harvest
the first year of this study. 2008. Next years were not
necessary due to boscalid residues were detected in
grapes treated under GAP. For Bellis. this formulation
was applied two years under CAP in order to ensure
the presence of pyraclostrobin in the vinification
process, not for boscalid. Concentrations obtained in
grapes were high. 3383 ng kg in 2008 (Cantus), 3201
ug ke-1 in 2009 (Bellis) and 3527 ug ke’ in 2010
(Bellis) (below the MRL, 5000 ug ke'') but decreased
quickly to 1592 ng kgl 1376 pg kg’ and 1622 pg ke
!, respectively. after pressing. The % reduction was
approximately between 7-10% and 5-8% in alcoholic
and malolactic fermentations. respectively.
Clarification and filtration steps led to a reduction of
the remaining residues in  5-6% and 1-2%,
respectively. The vinification proecess allowed. in this
case, the dissipation of boscalid residues in high
percentage (75-81%) but lower than those obtained
with treatments respecting the PHIs,

Kinetic study

As can be scen from data of tables 5 and 6. the
linear correlation between Ln Rt and the time was good
in all assays. with correlation coefficients >0.9122 in
alcoholic fermentation and > 0.9355 for malolactic
fermentation. Data obtained indicate that there was
statistically significant comrelation between the
quantity of residues remaining and the time with t
values™> theorical # value at the 95% confidence level (7
(n=3) = 3.18 for alcoholic fermentation and tg=g=2.78

for malelactic fermentation).

K values for alcoholic fermentation were higher
(approximately 5 times) than those obtained for the
malolactic fermentation showing that the first one
produced a higher dissipation of boscalid residues. The
values for both fermentations were similar during the
three years depending on the application. GAP or
CAP, but regardless of the formulation used for the
treatment. Therefore, K values for alcoholic
fermentation ranged between 0.0609 days™ to 0.0776
days™ for GAP and from 0.0227 days™ to 0.0365 days™
under CAP. In the case of malolactic fermentation. the
obtained values were: 0.010-0.0153 days” according
GAP and 0.0059-0.0095 days™ under CAP. Therefore.
it can been observed una relacién inversamente
proporcional entre la velocidad de decaimiento de los
residuos de boscalid y la concentracion inicial
enconirada en mosto: a mayor concentracion, menores
valores de K se obtienen.

Effects of clarification process on fungicides
elimination

The effects of five clarification agents (egg
albumin, bentonite plus gelatin. charcoal. PVPP. and
siica gel) on the removal of boscalid and
pyraclostrobin residues applied directly to a racked red
wine were studied.

The egg albumin removes a large number of
phenols and mellows the rich wines in astringent
tannins. Compared to other clarifying agents. it offers
the advantage of not modifying the sensory qualities.
However. it is not as widely uses as other clarifying
agents [26].
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Table 7. Effect of clarification agents on fungicide concentration

T ——— %= SD %= SD % = SD %= 3D
subst:«;m‘f i Dose pyraclostrobin  pyraclostrobin boscalid boscalid
) i (46 pngTh (492 uglh (33ngLh)  (Sl6nglh
Eeg Ovovin 15ghL? 265+21 296+12 188+21 165+17
albumin
Bentonite + Maxibent G s0ghL+
: £ 2 2 2
Celatin Stargel 10 ml hL! 340+36 383+43 220+18 23.7+12
Charcoal Croer F-10X 50g hL? 842+37 82920 746606 780x51
PVPP Divergan 50g hL? 201=+13 209=+08 249+31 233=+13
Silica gel Silisol 70 mL bt 10717 12224 110£16 91=x1.1
Bentonite is a mnatural elay consisting of  agent. Percentages were caleulated by taking as 100%

aluminium and silicon oxides [27]. The suiface area is
negatively charged. allowing for ion exchange and
other electrostatic interactions. Its main use in
winemaking is the elimination of positively charged
proteins, because this is, today, the only efficient
system to prevent protein breakdown. and hence its
stabilizing effect through the removal of unstable
proteins from the wine is more important than the
clarification it produces. It is. therefore. used with
gelatin to enhance the clarifying action [28. 29]
Gelatin should never be used alone because it leads to
a slight enrichment of proteins, especially in low
tannin content wines (white wines) [26].

Charcoal does not produce flocculation of the
colloids. which cause the cloudiness. Its use produces
decoloring and deodorizing wines, although it has a
high atfinity for benzenoid and nonpolar substances
[30].

PVPP is a synthetic, high molecular weight. cross-
linked polymer of poly(vinylpyrrolidone), and its
mechanism of absorption is through hydrogen bonding
between the carbonyl groups of the polyamide and
phenolic hydrogens [31]. The interest in PVPP for
winemaking lies in the specific nature of its action on
the polyphenols in wine. to the extent that due to its
insolubility in hydroalcoholic media its application is
aimed at the removal of those phenol compounds
which produce. through condensation. oxidative
alterations in wine (catechins and other flavonoids).

Thus. it affects both taste and hue. lessening the
sharpness and browning in white wines and
highlighting the hue of red wines of excessive tannin
content [26].

Finally, silica gel shows high capacity to fix
tannin substances and polyphenols that cannot be
removed by other clarifying agents [31].

Table 6 shows the doses applied and the
elimination percentages of pyraclostrobin and boscalid
at two concentration levels (50 ng kg? and 500 pg kg?
approximately) corresponding to each clarification

the total amount of residues present in the nonclarified
wine.

From the data. the order of effectiveness of the
different clarifying agents on the two fungicides was
as follows:

Pyraclostrobin

Charcoal > bentonite + gelatine > egg albumin > PVPP
= silica gel

Boscalid

Charcoal = PVPP = bentonite +gelatine > egg albumin
= silica gel

The most effective clanfying agent for both
pesticides was charcoal and. on the other hand. silica
gel proved to be insufficient to reduce sigmificantly the
residual contents of fimgicides.

It should be taken into account that the use of
charcoal has important drawbacks. such us losses of
compounds responsible of the aroma and colour in
wine. Similar happens for PVPP. affecting the taste
and hue of wine. Therefore. the best option is the use
of bentonite and gelatine for both pesticides because
these clarifying agents reduce the boscalid and
pyraclostrobin contents and do not generate the
drawbacks deseribe above.

Conclusions

After treatments with three comumercial
fornlations. Cabrio Top. Cantus and Bellis. under
GAP and CAP. the residue levels of boscalid and
pyraclostrobin were under the MRLs. No effect on the
alcoholic or malolactic fermentation was observed.
even in the presence of higher concentrations than
those found in the grapes treated under critical
agricultural practices at harvest time.

According to the results of this study, both new
fungicides showed a continuous decrease throughout
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the red winemaking process. High adsorption onto
pomaces from must was observed for boscalid and
pyraclostrobin. Data showed that pyraclostrobin could
be used to produce wine free of detectable amount of
residues and boscalid showed an elimination
percentage between 75% and 90%.

Results of clarification test showed that bentonite
plus gelatine is the best clarifying agent for these
pesticides. leading to a high elimination without
drawbacks 1n wine.
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HYDROLYSIS AND PHOTOLYSIS OF PYRACLOSTROBIN IN WATER
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Abstract

The hydrolysis and photolysis of the pesticide pyraclostrobin [2-Chlore-N(4 '-chiloro-biphenyl-2-yl}-nicotinamide]
in aqueous solutions were assessed under controlled conditions in this study. Experimental results for hydrolosis
showed that pyraclostrobin was not stable at high temperatures and basic aqueous solutions.

By continuous exposure to light at 2. > 295 nm from a xenon arc lamp, pyraclostrobin was rapidly photodegraded
with half-life-time of 74-94 min, mainly due to the scission of the 4-hydroxyphenyl and pyrazol bond (N-C bond).
The rate of photodecomposition of pyraclostrobin in aqueous solutions followed first-order kineties at different
pHs. Under hydrolysis conditions. only one photoproduct was obtamed via C-O (ether group) cleavage. In the case
of the photolysis. three major photoproduects were detected and tentatively identified according to UPLC-MS/MS
spectral information. The photoproduct of hydrolysis was found in the photolysis process which means that both
processes coexisted.

The corresponding photolysis pathway of pyraclostrobin was also proposed. The results obtained indicate that
hydrolysis and direct photoreaction are important dissipation pathways of pyraclostrobin in natural water systems.

Keywords: Hydrolysis, Photolysis, Photoproducts, pathway, water

1. Introduction

The increasing production and application of
pesticides has caused the pollution of air. soil, ground
and surface water which involves a serious risk to the
environment as well as to human health. Therefore 1t
has consequently led to increasing concern about the
environmental fate of these substances. However. the
study of their fate and even their remowal from
environmental compartments appear to be urgent
ecological problems which have to be seriously
undertaken.

The principal degradation pathways for pesticides
involve photolysis, hydrolysis. dehalogenation and
oxidation (Lartiges and Garrigues 1995, Sanz-Asensio
et al. 1997, 1999, Vink. 1996). Photochemical
degradation 1s one of the major transformation
processes and one of the factors controlling the fate of
pesticides and other chemicals in the environment. In
the surface layers of aquatic systems. hydrolysis and
photochemieal reactions can play dominant roles in the
conversion and degradation of pesticides. It 1s then of
great interest to know to what extent they can be
degraded by such unavoidable processes and to
clucidate the by-products that are photogenerated and
which can be more harmful than the parent substrate.
Several pesticides absoib solar light (A > 295 nm) and
can  therefore undergo direet  photochemical
dissociation leading to the formation of various by-
products.

It has been demonstrated that the use of different
light sources (natural summer sunlight, the suntest
apparatus and mercury lamps) under identical aqueous
conditions. produces similar degradation products, the

only difference being the kinetics of formation as
demonstrated by Chukwudebe et al. 1989, De
Bertrand and Barcelo. 1991, Natural sunlight
photodegradation processes are usually compared with
those obtained under controlled conditions. generally
using a xenon arc lamp (Chiron et al.. 1995, Kochany
and Maguire, 1994). These studies allow the
modelling of pesticide behaviour after its applications
m order to obtam mformation about the degradation
kinetic and half-life and to increase the information
available about the degradation products that can be
formed under natural conditions.

Pyraclostrobin [methyl N-{2-[1-(4-chlorophenyl)-
1H-pyrazol-3-yloxymethyl] phenyl} (N-methoxy)
carbamate] is a completely new active ingredient
belonging to the strobilurins group of fungicides.
These kind of fungicides act through inhbition of
mitochondrial respiration by blocking electron transter
within the respiratory chain, which in tum causes
important cellular biochemical processes to be
severely disrupted, and results in cessation of fungal
growth. Pyraclostrobin is recommended for the
prevention and treatment of powdery mildew and
downy mildew in fruit plants and vines.

No data were available for hydrolysis and
photolysis of this pesticide in scientific literature.

Corresponding author. Phone: (+34) 941 299 629
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The present study investigates the
photodegradation of the pesticide pyraclostrobin. 1
aqueous solutions in controlled conditions. using
HPLC-DAD (High Performance Liquid
Chromatography-Diode Atray Detector) and UPLC-
MS/MS (Tandem Mass Spectrometry) detection to
study the photodegradation behaviour and degradation
kinetics. Xenon arc lamp imadiation was used. The
UPLC-MS/MS system was used in order to determine

and identify photoproducts in the solution.
Determuination of photoproducts  permitted  the
identification of the possible pathways of
pyraclostrobin.

2. Experimental
Materials and reagents

Pyraclostrobin. purity >99%, were purchased from
Riedel-de-Haén (Seelze, Germany).

HPLC grade methanol was obtained from
Scharlab (Barcelona. Spain). Formic acid and
acetonitrile (MS grade. 99% purity) were purchased
from Aldrich. Water for HPLC was obtained with a
Milli-Q water purification system (Millipore). Other
reagents were at least of analytical grade.

Polyvinylidene fluoride (PVDF) filters 0.45 pum
were purchased from Sipma Aldrich (Seelze
Germany).

Solutions

Standard solution containing approximately 1 mg
L' (determined by the solubility in water, 1.9 mg L~
at 20°C) of pyraclostrobin in water was prepared.
protected from light and stored at 4 °C.

Four butfer solutions (pH at 3.6 = 0.1, 6.2 = 0.1,
92 = 0.1 and 12.0 = 0.1) were used to study the
hydrolysis of the fungicide. Buffer solutions were
prepared as described by Morrica et al., 2001,

Huvdrolysis and Photolysis experiments

Hydrolysis Study

Triplicate 40 ml buffer solution samples (pH at 3.6
+ 0.1, 62 = 01. 92 + 0.1 and 12.0 = 0.1), each
containing approximately 1 mg L7 of pyraclostrobin.
were stored in the dark at three different temperatures
(4°C, 25°C and 50°C = 2°C) in erlenmeyer flasks to test
the effects of pH and temperature on hydrolysis.
Initially. the starting concentration was determined.
Samples (0.5 ml) were taken from each bottle at day 5.
10, 15. 30 and 60 and quantified by HPLC-DAD
without concentration.

Photolysis Study

In the photolytic degradation study. an Oriel solar
simulation unit (Oriel, Stratford. USA) with a 150 W
Xe arc lamp was used. This system has been

previously reported for pesticide photodegradation
studies. under controlled conditions, with similar
results to solar photodegradation (Sanz-Asensio et al.,
1997). The Xe arc lamp was set to a power of 40 W.

The sample was placed in a quartz cell of 25 ml
capacity. at 5 cm from the source and the radiation was
directed to the centre of the cell.

A volume of 25 mL of different buffer solutions
(pH 3.6. 6.2 and 12.0) of pyraclostrobin were input
into the quartz cell and irradiated with the xenon lamp.
Experiments were conducted at room temperature
(25°C = 2°C) and kept in the total absence of light
except for the source. The initial concentration of
pesticide in aqueous solutions (buffer solutions) was
approximately 1 mg L. At specific time intervals
between 0.5 and 6 h, samples of 0.5 mL were
withdrawn from the reactor. filtered and analyzed by
HPLC-DAD.

Kineric paramerers

To determine the fungicide degradation rate by
hydrolysis and photolysis. the experimental data have
been fitted to the following mathematical model:

where C; is the residue concentration (ug g} at time
(days): Cp is the theoretical initial residue
concentration (ug g') at t = 0; K is the fungicide
sorption constant; and t is the time that grapes have
been in contact with the solution. Therefore by using
the adjustment slope the degradation constants and
half-lives for the different conditions tested were
obtamed. For hydrolysis. the kinetic parameters were
caleulated only for those experiments that showed that
degradation of pyraclostrobin over 60 days.

Identification of intermediates

In the hydrolysis experiments that showed
degradation, the samples were injected directly into
UPLC-MS/MS for the identifying the intermediates
without a concentration of the sample being necessary.
In photolysis degradation. 25 ml aqueous solutions of
pyraclostrobin at different pH 3.6. 6.2 and 12.0 were
irradiated under light for 0.5, 1, 1.5. 2, 2.5, 3. 4. 5 and
6 h. The degraded solutions (25 ml each) were
evaporated under vacunm to dryness using a rotary
evaporator Heidolph VV 2000 (Kelheim, Germany)
and the residues were dissolved in 1 ml of methanol
and the residues were dissolved in 1 ml of methanol.
The solutions were then concentrated 25 times.
Different fractions obtained were analyzed by UPLC-
MS.
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Table 1. Dissipation of pyraclostrobin at 4 =2 °C, 25 = 2 °C and 50 =2 °C in aqueous buffer so

Pyraclostrobin (mg L™)
4°C+2°C 25°C = 2°C 50°C £ 2°C
Days pH pH pH pH pH pH pH pH pH pH pH pH
3.6 6.2 9.2 12.0 3.6 6.2 9.2 12.0 3.6 6.2 9.2 12.0
0 0.95 0.98 0.99 0.92 0.95 0.98 0.99 0.92 0.95 0.98 0.99 092
5 0.89 0.94 0.95 0.71 0.91 0.89 0.92 ND 0.93 0.52 047 ND
10 0.94 0.93 0.93 0.33 0.96 0.87 0.93 ND 0.95 0.20 0.19 ND
15 093 0.95 0.93 0.15 0.96 0.90 0.95 ND 093 0.08 0.07 ND
30 0.92 0.93 0.88 ND 0.93 0.92 0.89 ND 0.91 ND ND ND
60 0.92 0.93 0.89 ND 092 0.88 0.85 ND 0.91 ND ND ND
ND (= 1.OD =0.05 mg/1)
Analytical determination
beginning of each run with a KDS-100 CE

HPLC-DAD analysis: The primary degradation of
pyraclostrobin was analyzed by HPLC-DAD. The
analytical column wused was a Nucleosil Cyg
(150mm»=4.6mm. Sum). The flow rate was 1.0 ml
min” and the injection volume was 20 uL. The
isocratic elution conditions were methanol/water
(70:30. v/v), wavelength, 275 nm.

HPLC-MS/MS analysis: The identification of
intermediates was performed by UPLC-MS/MS.
Analyses were carried out using a Waters Acquity
UPLC system (Waters, Milford, MA. USA). The
chromatographic separation of 9 pL sample was
performed on an Aequity UPLC BEH C 3 column (100
mm *2.1 mm, 1.7 pm particle size, Waters) by fixing
the column heater at 40 °C. The mobile phase
consisted of acetonitrile (A) and water (B) both
containing 0.1% formic acid with the flow rate at 0.4
ml min and employing a linear gradient from 5% to
95% A in 6 min. maintained there for 0.50 min and
then decreased from 95% to 5% A in 0.1 min, kept at
5% A and finally up to 8 min for reequilibration.
TOF-MS was conducted using a microTOF-Q™
(Bruker Daltonics, Bremen. Germany) orthogonal-
accelerated TOF mass spectrometer equipped with an
electrospray ionization (ESI) interface. The parameters
for analysis were set using positive ion mode with
spectra acquired over a mass range of 50-1000 m/z.
For confirmation of the fragmentation and the study of
the metabolites samples were analyzed by MS/MS
Auto. The other optinmm values of the ESI-MS
parameters were: capillary voltage. -4500 V in
positive. end plate offset voltage, -500 V. dry gas (Na2)
temperature, 185 °C. dry gas flow, 9.0 L min™.
nebulizer pressure, 2.0 bar, and spectra rate 2Hz. The
flow delivered into the MS detector from HPLC
system. The calibrant was a sodium-formate cluster
containing SmM sodivm hydroxide and 0.2% formic
acid in water—methanol (1:1. v/v), injected at the

(KDScientific) syringe pump (Holliston, MA, USA)
directly connected to the interface.

All the spectra were calibrated prior to compound
identification. All operations were controlled by
DataAnalysis 3.4 software (Bruker Daltonik), which
provided a list of possible elemental formulas by using
the GenerateMolecularFormula™ Editor.

Results and discussion
Hydrolysis

The degradation of pyraclostrobin in aqueous
solution in the absence of light (hydrolysis) at different
temperatures was monitored at different pH wvalues.
Data observed at different pH and temperatures are
presented in Table 1. Significant variations could be
observed in degradation with respect to pH and
temperature.

The results indicated that pyraclostrobin has
substantial chemical stability at acid pH at all studied
temperatures. However, at pH 12, the compound
disappears regardless of temperature, indicating that at
a very alkaline pH hydrolysis is more likely to occur.
Hydrolysis is increased at higher temperatures (50 °C)
even at neutral pH (pH=6.2).

The kinetic parameters obtained through the study
of the conditions that caused degradation of
pyraclostrobin (4 °C at pH 12, 50 °C at pH 6.2, 50 °C
at pH 9.2) are summarized in Table 2. All cases show a
good linear fit with correlation coefficients between
0.959 and 0.996. The degradation kinetic constant
mereased with pH and temperature. The half-lives
were determined using the equation: typ = In2/k and
ranged from 5776 to 7701 min in buffer solutions at
different pH. When both parameters were high (50 °C
and pH 12) hydrolysis caused degradation > 99% of
pyraclostrobin in less than 5 days, resulting in
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Figure 1. LC-MS chromatograms and MS spectrum of
A) pyraclostrobin and B) hydrolysis photoproduct with
=195 (M +1).

Table 2. Hydrolysis and photolysis kinetic parameters

insutficient data being recorded for a kinetic study.
This means that the hydrolytic processes of
pyraclostrobin plays an important role during the
course of the photolysis experiment.

As regards the study of by-products of hydrolysis. only
one photoproduct m/z = 195 (M +1) chlorinated was
found in all.

Photolysis

Under photolysis conditions. the kineties of the
investigated pesticide followed an apparent first-order
degradation model. Table 2 lists the values of k and the
linear regression coefficients for first-order kinetics of
the photodegradation of the studied compound. All
cases studied show a good linear fit with correlation
coefficients between 0.991 and 0.994. The results
obtained showed a 90% degradation of pyraclostrobin
at acid. neutral and basic pH after 300 min. 270 min
and 240 min of irradiation. respectively (Figure 2). As
can be seen in the inset in Fig 2, the logarithm of the
ratio of the initial concentration (C;) to the
concentration at a given time (C) versus time (f) is
plotted. Pyraclostrobin degradation at acid. neutral and
basic pH followed a pseudo first order kinetic with
half-lives ranged from 74 to 92 min in buffer solutions
at different pH.. The results indicated that the
degradation rate decreased with a decrease in pH. and
it proceeded faster under an alkaline pH.

The degradation products obtained were the same
regardless of the solution pH and were tentatively
identified by studying their mass spectra. Molecular
weights of photoproducts were determined by full scan
analysis in positive electrospray ionization acquisition
mode. Figure 3 shows the single ion monitoring (SIM)
trace in positive ionspray of the pyraclostrobin and the
4 major intermediates detected and subsequently
identified by interpretation of their MS spectra. These
compounds are summarized in Table 3 together with
their LC-MS retention times, molecular weights and
structure.

Hydrolysis
4°C. pH 12.0 50°C.pH 6.2 50°C,pH 9.2
s -1 tin 2 5 -1 373 5 -1 iz 2
kx 107 (mun™) (min) - kx 10" (mun™) (min) r kx 10" (mun™) (min) T
9.0 7701 0.959 11.0 6301 0.993 12.0 5776 0.996
Photolysis
pH36 pH 62 pH 12.0
kx10* (min?) 2 2 kx10 (mnh) 2 2 k x 10* (min™! bz 2
¢ (smin) : (min) 20 ()
75 92 0.994 8.7 80 0.994 9.4 74 0.991

Rate constants (k), correlation coefficients (%) and half times (t12)
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Figure 2. Photolysis degradation of pyraclostrobin at
pH 3.6 (A). at pH 6.2 (B) and at pH 12.0 (C). The
msets show the linear transform of the integrated first-
order kinetics.

Based on the structures of photoproducts, a
possible degradation pathway of photolysis for
pyraclostrobin  could be proposed (Figure 4). In
addition. it can be observed that two different
processes took place at the same time. Then., the
intermediates were obtained by two different ways:

The compound 2 was obtained through hydrolysis
which occurs at the same time as photolysis. Figure
4.B shows that its concentration inereases slightly over
the first 3 hours of degradation and then it decreases.
The other intermediates were obtamed by direct
photolysis of pyraclostrobin consisted of the

substitution of chloride for an —OH group and an
isomer (compounds 3 and 4) which reached their
maxinnun concentration around 1 h and then decreased
slightly. The scission of the 4- hydroxyphenyl and
pyrazol bond (N-C bond) led to the formation of
compound 5  which reached its maximum
concentration around 1.5 h according to Fig.4.B.

The results were compared with other studies
concerning strobilurin  degradation. Thus through
hydrolysis. azoxystrobin (Boudina et al, 2007) and
trifloxystrobin  (fingyu Chen et al., 2008) showed
hydrolytic ether cleavage. the same split occurs in
pyraclostrobin by means of hydrolysis and compound
number 2 1s obtained,

Furthermore. in the pyraclostrobin degradation
using TiO» as a catalyst. subproducts 3. 4 and 5
appeared. this means that the subproducts obtained
through this photocatalytic pathway (Lagunas-Allué et
al., 2012) were the same as the ones obtained by
photolysis.

T TR

—i e

Compounds 3 and 4 (omar)

L |

Hy

e ampw

114 e

Figure 3. LC-MS chromatogram of the mayor
intermediates and MS specttum of compounds 2
m/z=195 (M +1). compounds 3 and 4 m/z=370 (M +1)
and compound 5 m/z=278 (M +1).
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Table 3. Mass spectra data and structures of identified intermediates by LC-MS for irradiated pyraclostrobin

Structure Ne Retention time (min) M: (i_;i‘il;;?;
\/@ 1 37 388 388" (100)
194 (14)
Q.

AT o K 190
= - N 577 (5
e lr ° 328% (3)
M OH 2 36 195 1957 (100)
cr . A 144 (6)
158 (3)
3 27 370 370 (100)
339 (8)
HOAQ—N’N““ O\/Q 4 4.1 195 (5)
= 0. _N. _CH 164 (5)

H,c” \ﬂ/ (o il

Q
5 32 278 194 (100)
278 (52)
! C.

H—u’\Lj/ 214 (20)
- /O\H/N\O/ 246 (10)
! 163 (10)
164 (12)

Figure 4. (A) Photolytic degradation pathway of
pyraclostrobin. (B) Evolution of the photoproducts
during degradation of pyraclostrobin.

The only difference was the rate of degradation
and formation of intermediates, higher in the presence
of the catalyst.

Cenclusions

The hydrolysis and photolysis studies carried out
on pyraclostrobin in aqueous solution have enabled us
to better understand the behaviour of this fungicide.
Results obtained in this study demonstrate that the
dark hydrolysis of pyraclostrobin was strongly affected
by pH and temperature. Degradation at high
temperatures and basic pH was faster than at low
temperatures and acid pH. This also means that the
hydrolytic processes of pyraclostrobin plays and
important role during the course of the photolysis
experiment  although the degradation constants
obtained were about 100 times smaller than those
obtained for the photolytic process.

The rate of photodecomposition of aqueous
solutions of pyraclostrobin  followed first-order
kinetics. The degradation rates are faster under basic
pH with the half-lives between 74 and 92 min.

In the case of hydrolysis, only one photoproduct
was detected and obtained due to the cleavage of C-O
of the ether group and breaking the pyraclostrobin
molecule in two moieties. In case of photolysis, 4
photoproducts were identified. being one of them. the
same photoproduct of hydrolysis process. It means
hydrolysis took placed at same time that photolysis.
From the photoproducts above. photolysis pathway
was understood that degradation primarily preceded by

344



the loss of chloride and the scission of the 4-
hydroxyphenyl and pyrazol bond (N-C bond).
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PHOTODEGRADATION OF BOSCALID IN WATER

L. Lagunas-Allué, J. Sanz-Asensio, M.T. Martinez-Soria*

Departamento de quimica analitica. Universidad de La Rioja. Madre de dios, 51 La rigja, 26006, Spain

Abstract

In this study the hydrolysis and photolysis of the fungicide boscalid in aqueous solutions were assessed under
controlled conditions.. The results of the hydrolysis experiment showed that bosealid 1s quite stable in aqueous
solutions in the dark and with no significant variations observed in degradation under various conditions.
Boscalid was resistant to hydrolysis at acid, neutral and basic pH at 4 °C. 25 °C and 50°C.

By continuous exposure to light at 4 > 295 nm from a Xenon arc lamp. a complete degradation (>95 %) of
fungicide was achieved after 23. 14 and 12 h approximately at pH 3.6. 6.2 and 12.0, respectively. The rates of
photodecomposition of boscalid in aqueous solutions followed first-order kinetics. Under irradiation. six major
photoproducts were detected and tentatively identified according to HPLC-MS/MS spectral information. The
cotresponding photolysis pathway of this fungicide was also proposed. The main steps involved: hydroxylation
of the aromatic rings (chloro-phenyl or phenyl) followed by the loss of one chloride atom and the scission of the

amide bond (N-C bond).

Keywords: Photolysis; Pathway; Photoproducts; warter; boscalid.

1. Introduction

The principal degradation pathways for pesticides
mvolve hydrolysis and photolysis. For many pesticide
molecules. hydrolysis is a primary route of degradation
(Chnirheb et al.. 2010; Morrica et al., 2001: Rahm et
al.. 2005). Water, a principal reactive agent of
chemical degradation. is responsible for the
considerable breakdown of pesticides in solution.
especially in conjunction with extremes pH. Heat.
thermal decomposition and cold, particularly freczing
temperatures, occasionally contribute to  pesticide
degradation (Giroud et al.. 2010; Weber et al.. 2009).

Photochemical degradation is one of the major
transformation processes and one of the factors
controlling the fate of pesticides and other chemicals
in the environment. Several pesticides absorb solar
light (A > 295 nm) and can thercfore undergo direct
photochemical dissociation leading to the formation of
various by-products. It has been demonstrated that the
use of different light sources (natural summer sunlight.
suntest apparatus and mercury lamps) under identical
aqueous conditions, produces similar degradation
products, the only difference being the kinetics of
formation (Bertrand and Barceld, 2009: Chukwudebe
et al. 1989). Natural sunlight photodegradation
processes are usually compared with those obtained
under controlled conditions. generally using a xenon
arc lamp (Chiron et al.. 1995; Kochany and Maguire..
1994). These studies allow the modelling of pesticide
behaviour after its applications, in order to obtain
information about the degradation kinetic and half-life
and to increase the information available about the

degradation products that can be formed under natural
conditions.

Boscalid  [2-Chloro-N(4 '-chloro-biphenyl-2-yl)-
nicotinamide] is a completely new active ingredient
belonging to the anilid group of fungicides with a
completely novel mode of action recommended for the
prevention and treatment of grey mold (Botrytis
cinerea) in fruit plants and vines.

Systematic studies of the kinctics of pesticide
decomposition in aqueous solutions have been
reported in the literature (Barceld et al.. 2008, Sanz-
Asensio et al. 1999; Zamy et al.. 2004; Zhao and
Hwang. 2009). These studies provide useful
information about the dependence of degradation
pathways on several degrading agents. the behaviour
of a contaminant in aqueous media and the stability of
pesticides in different conditions.

No data were available about hydrolysis and
photolysis of this pesticide in scientific literature. The
present study investigates the photodegradation of the
pesticide boscalid, in aqueous solutions in controlled
conditions. A Xenon arc lamp irradiation was used and
the photodegradation behaviour and degradation
kineties were studied using HPLC-DAD (High
Performance Liquid Chromatography-Diode Array
Detector) and HPLC-MSMS (Tandem Mass
Spectrometry) detection. The HPLC-MS/MS system
was used in order to determine and identify
photoproducts in the solution.

Corresponding author. Phone: (+34) 941 200 620
E-mail: maria-teresa martinez@uniriojaes (M Martinez-Soria)
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Determination of photoproducts permitted the
identification of the possible pathways of bosealid.

2. Experimental
Materials and reagents

Boscalid. purity >99%. was purchased from
Riedel-de-Haén (Seclze, Germany).

HPLC grade methanol was obtained from
Scharlab (Barcelona. Spain). Formic acid and
acetonitriile (MS grade. 99% purity) were purchased
from Aldrich. Water for HPLC was obtained with a
Milli-Q water purification system (Millipore). Any
other reagents used were at least of analytical grade.
Polyvinylidene fluoride (PVDF) filters 0.45 pm were
purchased from Sigma Aldrich (Seelze. Germany).

Solutions

Standard solution containing approximately 3.5
mg L7 (determined by the solubility in water; 4.6 mg
L' at 20°C) of boscalid in water was prepared.
protected from light and stored at 4 °C.

Four buffer solutions (pH at 3.6 £ 0.1, 6.2 = 0.1,
92 = 0.1 and 12.0 = 0.1) were used to study the
hydrolysis of the fungicide. The buffer solutions were
prepared as described by Morrica et al., 2001.

Hydrolysis and Photolysis experiments
Hydrolysis Study

Triplicate 40 ml buffer solution samples (pH at 3.6
+0.1. 62 £ 0.1, 92 £ 0.1 and 12.0 £+ 0.1). each
containing approximately 3.5 mg L of boscalid were
stored in the dark at three different temperatures (4°C.
25°C and 50°C £ 2°C) in erlenmeyer flasks to test the
effects of pH and temperature on hydrolysis. The
starting concentration was determined and samples
(0.5 ml) were drawn out from each bottle at day 5. 10,
15. 30 and 60 and quantified by HPLC-DAD without a
concentration of the sample being necessary.

Photolysis Stucdy

In the photolytic degradation study. an Oriel solar
simulation unit (Oriel. Stratford. USA) with a 150 W
Xe arc lamp was used. This system has been
previously reported for pesticide photodegradation
studies. under controlled conditions. with similar
results to solar photodegradation (Sanz-Asensio et al..
1997). The Xe arc lamp was set to a power of 80 W.

The sample was placed in a quartz cell of 25 ml
capacity. at 5 em from the source and the radiation was
directed towards the centre of the cell.

A volume of 25 mL of different buffer solutions
(pH 3.6. 6.2 and 12.0) of boscalid were input into the
quartz cell and irradiated. Experiments were conducted
at room temperature (25°C = 2°C) and kept totally in
the dark except for the light source. The initial

concentration of pesticide in aqueous solutions (buffer
solutions) was approximately 3.5 mg T At specific
time intervals between 0.5 and 24 h. samples of 0.5
mL were withdrawn from the reactor. filtered and
analyzed after direct injection for HPLC-DAD.

Kinefic parameters

To determine the fungicide degradation rate by
hydrolysis and photolysis. the experimental data have
been fitted to the following mathematical model:

InC =, —Kr

where C; is the residue concentration (ng g') at time 7
(days): Cp is the theoretical initial residue
concentration (ng g') at t = & k is the fungicide
sorption constant: and t 1s the time that grapes have
been in contact with the solution. Thus, using the slope
of the adjusted model the degradation constants as well
as the half-life times for the different conditions were
caleulated

Identification of intermediates

In photolysis degradation. different 25 ml
aqueous solutions of boscalid at pH 3.6. 6.2 and 12.0
were irradiated under light for 2. 4. 6. 8. 10, 14. 18, 20
and 24 h. The degraded solutions (25 ml each) were
evaporated under vacuum to dryness using a rotary
evaporator Heidolph VV 2000 {Kelheim, Germany)
and the residues were dissolved in 1 ml of methanol.
The solutions were then concentrated 25 times.
Different fractions obtained were analyzed by HPLC-
MS.

Analytical deteymination

HPLC-DAD analysis: The primary degradation of
boscalid was followed by HPLC-DAD. The analytical
column nsed was an YP5 B C18 (125mm+4 mm). The
flow rate was 1.0 ml min™ and the injection volume
was 20 pL. The isocratic elution conditions were
methanol/water (65:35. v/v): wavelength, 210 nm.

HPLC-MS/MS analysis: The identification of
intermediates was performed by HPLC-MS/MS.
Analyses were carried out using a Waters Acquity
UPLC system (Waters, Milford, MA. USA). The
chromatographic separation of 9 pl sample was
performed on an HPLC C18 colunm (125mm=4 mm. 5
um) by adjusting the column heater to 40 °C. The
mobile phase consisted of acetonitrile (A) and water
(B) both containing 0.1% formic acid with the flow
rate at .0 ml min™. A gradient elution program was
employed increasing the concentration from 10% to
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Table 1. Dissipation of boscalid at 4 =2 °C. 25 = 2°C and 50 = 2 °C in aqueous buffer solutions

Boscalid (mg L)

4°C +£2°C 25°C+2°C 50°C +2°C
Das PH  PH C pH pH  pH  pH ~ pH  pH  pH  pH  pH  pH
36 6.2 82 12.0 36 6.2 92 120 36 6.2 92 12.0
0 3.61 3.57 355 3.62 3.61 357 355 3.62 361 3.57 355 3.62
5 3.60 3.61 3.53 3.63 3.64 3.63 3.60 3.65 3.65 3.66 3.66 352
10 3.64 358 3.56 3.63 3.66 361 364 3.63 3.66 3.63 3.65 3.63
15 3.64 356 3.55 3.62 3.57 3.60 3.62 3.61 3.57 358 3.60 3.62
30 358 358 351 3.63 3.61 357 361 3.54 355 358 352 354
60 3.59 3.60 349 3.60 3.63 348 351 3.49 3.57 3.51 3.46 351

85% A in 17 min and decreasing from 85% to 10% A
in 1 mun and finally. keeping it at 10% A for a further
2 min for reequilibration.

TOF-MS was conducted using a microTOF-Q™
(Bruker Daltonics. Bremen. Germany) orthogonal-
accelerated TOF mass spectrometer equipped with a
multimode ionization source. The parameters for
analysis were set using both negative and positive fon
modes with spectra acquired over a mass range of 50—
2000 m/z. For confirmation of the fragmentation and
the study of the metabolites samples were analyzed by
MS/MS Auto. The other optimum values parameters
were: capillary voltage, £2500 V; corona voltage 1000
nA: dry gas (Na) temperature, 200 °C: dry gas flow,
6.0 L min™; nebulizer pressure, 3.0 bar. The flow
delivered into the MS detector from HPLC system.
The calibrant was a sodium-formate cluster containing
SmM sodium hydroxide and 0.2% formic acid in
water—methanol (1:1, v/v), injected at the beginning of
each mn with a KDS-100 CE (KDScientific) syringe
pump (Holliston, MA. USA) directly connected to the
interface. All the spectra were calibrated prior to
compound identification. All  operations  were
controlled by DataAnalysis 3.4 software (Bruker
Daltonik). which provided a list of possible elemental
formulas by using the GenerateMolecularFormula™
Editor.

Results and discussion

The degradation of boscalid in agueous solution in
the absence of light (hydrolysis) at different
temperatures was monitored at different pH values.
Data observed at different pH and temperatures are
presented in Table 2.

Table 2. Photodegradation kinetics parameters
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Figure 1. Photolysis degradation of boscalid at pH 3.6
(A). at pH 6.2 (B) and at pH 12.0 (C). The insets show
the linear transform of the integrated first-order
kinetics.

pH136 pHG2 pH 120
kx10° Tia 2 kx10° t1e 2 kx10° tin 4
(min’)  (min) g (min'!) min) v (min™) (min) i
23 301 0.987 33 182 0.996 4.6 151 0.991
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No significant variations could be observed in
degradation with respect to pH and temperature. The
results indicated that boscalid has substantial chemical
stability in acid, basic or neutral solutions between 4°C
and 50°C.

Under photolysis conditions, the kinetics of the
investigated pesticide followed an apparent first-order
degradation model. Table 2 lists the values of k and the
linear regression coefficients for first-order kineties of
the photodegradation of the studied compound
showing values for the coefficients of determination >
0.987. The obtained results showed a > 95%
degradation of bosealid at acid, neutral and basic pH
after 1400 min. 850 min and 700 min of irradiation.
respectively (Figure 1). As can be seen in the inset in
Figl, the logarithm of the ratio of the initial
concentration (Cy) to the concentration at a given time
(C) versus tme (f) is plotted. The half-lives were
determined from the equation: t;, = In2/k and ranged
from 151 to 301 min in buffer solutions at different pH
(acid. neutral and basic pH). The results indicated that
the degradation rate decreased with a decrease in pH.
and it proceeded much faster under an alkaline pH.

Identification of the organic intermediates

In order to characterize all the organic
intermediates, agueous solutions of boscalid were
irradiated under light at different times and analyzed
by HPLC-MS/MS. The degradation products obtained
were the same regardless of the pH of the solution and
they were tentatively identified by studying their mass
spectra.  Molecular weights of photoproducts were
determined by full scan analysis in negative and/or
positive electrospray ionization acquisition mode.
Figure 2 shows the single ion monitoring (SIM) trace
in positive or negative ionspray of the boscalid and the
6 major intermediates detected and subsequently
identified by interpretation of their MS spectra. These
compounds are summarized in Table 3 together with
their LC-MS retention times, molecular weights and
structure.

Based on the structures of photoproducts. a
possible photolytic degradation pathway of boscalid
consisting of several steps was proposed in Figure 3.
As can be seen. all the intermediates are formed in
mainly three different ways:

(1) Firstly bosealid 1s attacked by OHe radicals at —
H in the two benzene rings (indicating a
regioselective attack for the OH+ radicals due to
the highest electron density of the benzene carbon
sites) leading to two monohydroxylated products 2
and 3, which each reach their maxinmum
concentration around 4 h as showed in Figure 4-A.
In order to determine the position of the addition
(benzene or chloropyridine moieties).

Term
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Figure 2. LC-MS/MS Chromatograms of boscalid
degradation mixtures (A) boscalid m/z=343 (positive)
(B) SIM of m/z=357 (negative). (C) SIM of m/z=325
(positive). (D) SIM of m/z=123 (positive}. (E) SIM of
m/z=185 (negative).
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Table 3

. Mass spectra data and structures of identified intermediates by LC-MS for boscalid irradiation

Structure Ne Retention time (min})

M;

Fragment

(Intensity)

Qn
z
=D
|
Q
%
|
O-p
i s
o
.
[, =}

or the 1somers with the OH group in the
another aromatic ring (see Fig.4)
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boscalid mass fragmentation spectra was
firstly compared to the photoproducts masses
observed during product ion scan analysis.
Both compounds 2 and 3 exhibited the same
molecular fragment as boscalid (m/z=112)
which corresponds to the characteristic loss 2-
Chloropyridine ~ moiety. From this
observation, it can be concluded that

hydroxylation of these compounds occurred
in benzene rings.
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Figure 4. (A) Evolution of the monohydroxylated
products during degradation of boscalid. (B) Evolution
of the products with m/z 357 (loss of chloride) (C)
Evolution of the last intermediates. obtained by the
rupture of N (amide bond)-benzene during degradation
of boscalid.

(1) The second category of intermediates
resulted from the loss of ene chloride atom of
the first intermediates (2 and 3) leading to
products 4 and 5. These products appeared in
the first minutes of irradiation and their
concentration increased to reach a maximum
at aronnd 6 h (Figure 4-B).

(111) The two last intermediates consisted of
the scission of the amide-benzene bond (N-C
bond) leading to the formation of compounds
6 and 7. As can be seen in Figure 3, product 6
resulted from the rupture of the amine bond in
molecules with the pyridine moiety not
hydroxylated and without the chloride atom
and product 7 resulted from the hydroxylation
of the aromatic moiety monchydroxylated
without the chloride atom. El maximo de
estos compuestos coinecide en tiempo con el
de los compuestos 4 v 5 (6 h; Figure 4-C).

As mentioned in the introduction. there are no
previous studies on hydrolytic or photolytic
degradation of the boscalid fungicide or any other
fungicides of its family (carboxamide). Thus. the
results of this study were compared with those
obtained for the photocatalytic degradation carried out
by our research group (Lagunas-Allué et al.. 2010).

Photocatalysis using TiO; as catalyst generated
OH- radicals that initiated the degradation through
hydroxylation of the molecule. This reaction was
initially the same in the photolytic process. Therefore,
the beginning of both degradation photolytic and
photocatalytic  coincides  providing the same
photoproducts by the attack of OH+* radicals at
aromatic groups. However. the irradiation provided by
photolysis seems to favor the breaking of C-C1 bonds,
causing the loss of both chlorine atoms. Thus. although
the rupture of the molecule (the amide-benzene bond
(N—C bond)) 1s the main degradation pathway for both
processes. the final degradation products are not
similar.

Conclusions

The hydrolysis and photolysis studies carried out
on boscalid in aqueous solution have enabled us to
better understand the behaviour of this fungicide in the
environment.

Results obtained in this study demonstrated that
the dark hydrolysis of boscalid in aqueous solution is
negligible with respect to the photochemical
decomposition. Boscalid is not easily hydrolyzed and
thus it is highly persistent and accumulates in various
aquatic systems such as rivers and lakes.

The rates of photodecomposition of aqueous
solutions  followed  first-order  kinetics  under
irradiation. The degradation rates were faster under
basic pH. with a half-live value of 151 min. Six major
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photoproducts were detected and identified by HPLC-
MS/MS. From the by-products of the photodegradation
the photolysis pathway was understood, in this way
degradation was  initially preceded by the
hydroxylation of benzene rings. loss of one chloride
atom and the scission of the amide-benzene bond (N-
C bond).
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The present study deals with the photocatalytic degradation of the strobilurin pyraclostrobin in the
presence of titanium dioxide (TiO;) as a photocatalyst and UV light irradiation. The obtained results
show a complete degradation of pyraclostrobin at pH 6.2, temperature at 20+ 1°Cand 0.5gL " of cat-
alyst after 60 min irradiation. Photodegradation of pyraclostrobin exhibited pseudo-first-order reaction
kinetics. The rate of photodecomposition of pyraclostrobin was measured using high performance lig-
uid chromatography-diode array detector (HPLC-DAD). The effect of solution pH in the 2-10 range
was investigated as well as the reaction intermediates formed during degradation. To obtain a better
understanding of the mechanistic details of this TiOz-assisted photodegradation of pyraclostrobin with
UV-irradiation, the intermediates of the processes were concentrated, separated and identified by the

Keywords:
Pyraclostrobin degradation
Photocatalysis

TiO;
Intermediate products solid-phase extraction (SPE) and liquid chromatography/mass spectrometry (LC-MS/MS) technique. The
HPLC-MS/MS probable photodegradation pathways were proposed and discussed. The main steps involved: hydroxy-

lation of the aromatic rings (chloro-phenyl, phenyl and pyrazol) followed by the loss of the N-methoxy
group, substitution of chloride atom by a hydroxyl group, rupture of the pyrazol and phenyl bond and
the scission of the oxygen and pyrazol bond.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction The charges carriers, hyg* and ecg~, can recombine, or hyg* can

be scavenged by oxidizing species (for example, H,O, OH—, organic

Inrecent years, heterogeneous photocatalysis for total oxidation
of many pesticides, herbicides, surfactants and colorings has been
studied extensively [1-5]. This technique is based on the use of UV
irradiated semiconductors, generally titanium dioxide creating a
redox environment which is able to destroy these pollutants oxi-
dizing them into mineralized products like carbon dioxide, water
and eventually inorganic ions such as chloride, nitrate, ammonium
and sulfate.

Basically, the photodegradation via TiO; is initiated by the gen-
eration of hole/electron pairs (h*/e~)in the semiconductor valence
(hyp*) and conduction bands (ecs ), respectively, upon absorption
of ultra-violet (UV) light with energy equal to or higher than the cor-
responding band gap energy (>3.2 eV for TiO, anatase) as shown as
follows:

TiOy +hv— hyp™ +ecg™

* Corresponding author.
E-mail address: laura,

irioja.es (L. La AllE).

0926-3373/$ - see front matter @ 2011 Elsevier B.V. All rights reserved.
doi:10.1016j.apcath.2011.12.015
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compound), and ecg~ by reducing species (for example, O;) in the
solution leading mainly to the formation of hydroxyl radicals (OH*)
as well as superoxide radical anions (02*~) and hydroperoxyl radi-
cals (HOO*) on the surface of TiO5, which are able to destroy a large
variety of toxic organic compounds [6-9].

In this study, photocatalytic degradation of pyraclostrobin was
carried out by TiO; in aqueous solution. Pyraclostrobin is a com-
pletely new active ingredient belonging to the strobilurins group
of fungicides. This group of fungicides acts through inhibition of
mitochondrial respiration by blocking electron transfer within the
respiratory chain, which in turn causes important cellular biochem-
ical processes to be severely disrupted, and results in cessation
of fungal growth. Pyraclostrobin is recommended for the preven-
tion and treatment of powdery mildew and downy mildew in fruit
plants and vines. This pesticide is moderately toxic for bees and
extremely toxic for fish. Besides it, pyraclostrobin has been previ-
ously found in analysis of surface and groundwater samples [10],
therefore it is important to use treatment methods for the removal
of this pollutant from water.

The aim of this paper is to assess the effectiveness of the pho-
tocatalytic process for the decontamination of water polluted by



Cl N

Fig. 1. Chemical structure of pyraclostrobin.

pyraclostrobin, to evaluate the kinetics aspects of the process
(adsorption, degradation rate, photolysis, etc.) and the iden-
tification of the reaction intermediates for understanding the
mechanistic details of the photodegradation in the TiO,/UV light
process.

2. Experimental
2.1. Materials and reagents

Pyraclostrobin [methyl N-{2-[1-(4-chlorophenyl)-1H-pyrazol-
3-yloxymethyl] phenyl}(N-methoxy) carbamate| (Fig. 1) purity
>99% was purchased from Riedel-de-Haén (Seelze, Germany). It
was used without further purification.

The solvents used for HPLC analyses were methanol and ace-
tonitrile HPLC grade from SDS Carlo Erba (Peypin, France). Formic
acid (MS grade, 99% purity) was from Aldrich. All the solutions were
prepared with ultra pure water obtained with a Millipore-Milli Q
system. Other reagents were at least of analytical grade.

All the irradiated solutions were prepared from a pyraclostrobin
solution containing 2.3 mgL~! or 5.9 umolL-! and stored at 4°C.
Non-porous titanium dioxide (TiOy, P25, Degussa AG, Germany)
with primary particle diameter of 30 nm and specific surface area
of ca. 50m? g-! was used as the photocatalyst.

Polyvinylidene fluoride (PVDF) filters (0.45 nm) were purchased
from Millipore (Molsheim, France).

2.2. Photoreactor and light source

The irradiation experiments were performed using a high pres-
sure mercury UV lamp (PHILIPS HPK 125W) emitting in the
near-UV (mainly around 365 nm) and equipped with an open Pyrex
glass cell of ca. 60 mL containing the aqueous suspension mag-
netically stirred of pyraclostrobin and TiO; powder (0.5gL-'). The
photoreactor was cooled with a water circulation for carrying out
the experiments at 20°C and filtered with a 340 nm cut-off filter
made of Pyrex. The light flux entering the reactor was measured
directly using a radiometer (Bioblock, Illkirch, France Scientific
model CX-365).

2.3. Procedure

A volume of 25 mL of a solution of pyraclostrobin (23 mgL-1)
and 12.5 mg of TiO, were put into the reactor and vigorously stirred.
The solution was allowed to stay in the dark during 15 min to reach
adsorption equilibrium and then, it was irradiated. During kinetic
experiments, 300 p.L aliquots were sampled during adsorption and
at different irradiation times and filtered through 0.45 pm PVDF
Millipore filters to remove TiO; particles before analyses.

L Lagunas-Allué et al. / Applied Catalysis B: Environmental 115-116 (2012) 285-293

All the experiments were performed at a natural pH =~ 6.2, with
the reactor opened to the air and the temperature was initially fixed
at 20+ 1°C and controlled throughout the experiment.

2.4. Solid-phase extraction

Before separating and identifying the intermediates formed
during the pyraclostrobin degradation, the irradiated suspensions
were concentrated by the solid-phase extraction (SPE) method.
A sample volume of 25mL was passed through the Isolute Cqg
cartridges 500 mg/6 mL (International Sorbent Technology, Cam-
bridge, UK), previously conditioned with 6 mL of methanol followed
by 6 mL of water using a Varian vacuum manifold. Then, the
retained compounds were eluted with two aliquots of 0.5mL
methanol.

2.5. Analytical determination

2.5.1. HPLC-UV and HPLC-DAD analyses

The evolution of pyraclostrobin concentration was monitored
by HPLC using a Shimadzu LC-10AT binary pump system equipped
with a SPD-M10A DAD and fitted with a reverse phase YP5
B Cig (125mmx4mm, 5um) and a pre-column. Detection of
pyraclostrobin was carried out at 275 nm. The isocratic elution con-
ditions were methanol/water (65:35, v/v). It was eluted with a rate
of 1.0mLmin~' and the injection volume was 20 pL. Carboxylic
acids were identified and quantified by ion-exclusion chromatog-
raphy using the HPLC-UV system (Varian 9010 model) equipped
witha COREGEL 87-H3 cation exchange column (300 mm x 7.8 mm,
9 um). The mobile phase was H,SO, (pH=2.0) at a flow rate of
0.6 mLmin~'. The injection volume was 100 pL. The wavelength
for detection was 210 nm.

2.5.2. HPLC-MS/MS analysis

The identification of intermediates was performed by
HPLC-MS/MS. In order to detect and identify the maximum
number of degradation products, a SPE concentration of 25mL
irradiated solution was performed. Then, a 20pL sample was
injected. LC-MS analyses were performed on a system consisting
of an HP 1100 series HPLC instrument comprising a binary pump
and autosampler (Agilent Technologies, Waldbronn, Germany)
coupled to a API3000 triple quadrupole mass spectrometer
(Applied Biosystems/MDS Analytical Technologies, Foster City, CA,
USA) equipped with a Heated Nebulizer source (APCI). The LC sepa-
ration was carried out on a Prontosil Cyg column, (125 mm x 2 mm,
3pm) from Atlantic Labo LCS. (Bruges, France). Elution was
performed at a flow rate of 300 pLmin-! with water containing
0.1% (v/v) formic acid as eluent A and acetonitrile containing 0.1%
(v/v) formic acid as eluent B, employing a linear gradient from
10% B to 100% B in 25 min. MS analysis was carried out mainly in
positive ionization mode using a nebulizer current of 4 A. Instru-
ment control, data acquisition and processing were performed
using the associated Analyst 1.4.2 software. The mass spectrom-
eter was initially calibrated using polypropylene glycol (Applied
Biosystems, Foster City, CA, USA). Q1 and Q3 were adjusted to
0.7+0.1 a.m.u. FWHM for Full Scan, Product lon scan and single
ion monitoring mode, referred to as unit resolution. The nebulizer
(air) and the curtain gas flows (nitrogen) were respectively set at
12 and 10arbitrary unit (AU). The APCI source was operated at
500°C with the auxiliary gas flow (air) set at 8 Lmin~1,

Kinetic photo-degradation determinations were performed in
single ion monitoring (SIM) (Declustering potential 26 V, Focussing
potential 170V, Entrance potential, 10V). Structural informa-
tion was obtained with information dependent acquisition (IDA)
enables automated MS to MS/MS acquisition with collision energy
at 20 and 40eV.
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Fig. 2. Photocatalytic degradation of pyraclostrobin (5.9 pmol L' ). The inset shows
the linear transform of the integrated first-order kinetics.

In order to better understand the reaction mechanisms involved
in the photocatalytic degradation of pyraclostrobin, the kinetic
evolution of principal intermediates was also followed during the
irradiation of a solution of pyraclostrobin (2.3 mgL~!) under a pho-
tonic flux of 4.6 x 10'> photons~' em~2. Thus, aliquots (300 L)
of the reaction mixture were sampled at the beginning of the
experiment and at regular time intervals (10 or 15 min) during pho-
todegradation process up to 300 min (after filtration to separate
the TiO, particles) and analyzed by HPLC-MS/MS. After 150 min of
irradiation, degradation products were not detected.

2.6. Computer simulations

The optimal geometry of the ground state of the pyraclostrobin
molecule was obtained by DFT quantum calculations performed
at B3LYP/6-31g level. The atomic charges on the molecule were
obtained by fitting to the electrostatic potential according to the
Merz-Singh-Kollman scheme [11]. These calculations were carried
out using Gaussian 09 software [12].

3. Results and discussion
3.1. Kinetics of pyraclostrobin degradation

Several experimental studies have indicated that the photo-
catalytical degradation rates of pesticides over illuminated TiO;
could be interpreted by the Langmuir-Hinshelwood (L-H) kinetic
model [13-15]. The photocatalytic degradation of 5.9 pmol L~ pyr-
aclostrobin is presented in Fig. 2 while, in the inset, the logarithm
of the ratio of the initial concentration (Ceq) to the concentration
at a given time (C) versus time (t) is plotted. The degradation fitted

»
0500 0.348 dhib  \
5

Table 1
The pseudo first-order rate constant kobs, half-life 12, and correlation coefficients
for photocatalytic degradation of pyraclostrobin at different pH.

pH kops (1072 min1) t1j2 (min) r

10.0 0.54 1284 0.9681
7.9 0.63 110.0 0.9807
Natural 145 47.8 09913
41 156 444 0.9939
2.0 1.80 385 0.9942

well the exponential decay curve, following first-order behavior
consistent to the Langmuir-Hinshelwood model. The rate constant
(kobs) was determined by calculating the slope of the line obtained
(1.4 x 10-2 min~1). About 99% of the pyraclostrobin was degraded
after UV irradiation for 60 min.

The photolysis (blank experiment without photocatalyst) of the
tested pesticide followed also first-order kinetic. The value of the
photolysis rate constant (kppo;) obtained was 0.9 x 10-3 min~1. As
it can be observed from these rate constants, the contribution of
the direct photolysis in the photodegradation was low for pyr-
aclostrobin. The photocatalysis process was demonstrated to be
around 15 times faster than direct photolysis.

3.2. Effect of pH

In this study, the initial pH was maintained at 2.0, 4.1, 7.9
or 10,0 in a suspension of 0.5gL~! Ti0, and 2.3 mgL-! pyra-
clostrobin. Whatever the pH values studied, the disappearance of
pyraclostrobin obeyed an apparent first-order kinetic. The kinetic
rate constant values for the degradation of pyraclostrobin as a
function of reaction pH are summarized in Table 1. As reported,
the pH of the suspension appeared to have little effect on the
rate of disappearance of pyraclostrobin between pH 2.0 and
pH 6.2 and gradually decreases upon increasing the pH from pH
7.0 to pH 10.0.

The ionization state of the surface the photocatalyst can be pro-
tonated and deprotonated under acidic and alkaline conditions,
respectively, as shown in following equations:

TiOH + H* + TiOH;* (1)
TiOH + OH™ « Ti0~ +H,0 (2)

The point of zero charge (pzc) of the TiO; (Degussa P25) is widely
reported at pH ~6.25 [16]. This means that the TiO; surface is posi-
tively charged when the pH is lower than this value and negatively
charged above. Therefore, pH value will have a significant effect on
the adsorption/desorption properties at the catalyst’s surface [17].

Different charge densities may be generated in the pyra-
clostrobin molecule depending on the type of interaction with the
titanium dioxide surface, accelerating or retarding the degradation.

<
™ -0.153

Fig. 3. Charge densities on some atoms in pyraclostrobin.
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Fig. 4. Positive APCI-LC-MS/MS chromatograms of pyraclostrobin degradation mixtures (a) single ion monitoring (SIM) m/z=388 of pyraclostrobin, (b) SIM of monohy-
droxylated pyraclostrobin m/z=404, (c) SIM of hydroxylated pyraclostrobin with loss of the N-methoxy group m/z=374, (d) SIM of mj/z=370, (e) SIM of mjz=212 (f) SIM of
m|z=278 (see Table 2 and Fig. 5 for proposed structures).

In order to further predict some details of the adsorption mode of Then, at acidic pH, interaction between TiOH,* and pyra-
pyraclostrobin on the TiOy surface, point charges of all individual clostrobin would occur through one or more atoms with higher
atoms in pyraclostrobin molecule were calculated as it is explained negative charge densities presented in Fig. 3. As it can be observed,
in Section 2.6. Other studies of point charges for explaining pH negative charges were mainly localized on the nitrogen and the
effect have been reported in previous works [18,19]. two oxygen atoms of the carbamate group [N (-0.297) and

N o O
C'@“J CH CI_@NJ O -NH
s e
1

o.__N
I ~
m/z = 404 o B m/z =374
HO, HO,
Y oY
= O _N. _CH, = 0 _NH
HC [¢) HyC
<y Y
or 2,4, 0or5 Sord
a)
m/z = 388 m/z =404 o m/z =374 OH
5“ Ne_-O.
N D\/Q b on CI_@_@”D _— r:!—@—N,\j oL _NH
c‘_@NJ o o, T e Oy oot W
e \“,N\O, s Hy \E o
o 3 6or7
1
<)
B m/z =370 m/z =278 m/z =212
' e
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Fig. 5. Photocatalytic degradation pathway of pyraclostrobin.
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(=C=0—; -0.585/CH30— -0.515)]. on the another two oxy-
gen atoms of pyraclostrobin molecule [N-methoxy (-0.289) and
yloxymethyl (-0.348)}], on the nitrogen atom of the pyrazol ring
(-0.609) and on the chloride, with a contribution smaller than the
other atoms (-0.153). However, this last one and the oxygen atom
of the carbamate group (—C=0-) are the regions showing more
accessibility in pyraclostrobin for interactions with catalyst surface.
Therefore, when TiO; surface is positively charged below pH pzc
(=:6.25) an attractive force between the TiOH;* surface groups and
the pyraclostrobin molecules is operable. By contrast, at alkaline
pH, repulsion between surface and pyraclostrobin is much more
marked if it is considered that both species are negatively charged,
thus preventing interaction and delaying degradation.

3.3, Identification and evolution of the organic intermediates

A mixture of five solutions of pyraclostrobin (2.3 mg L~} irradi-
ated for 15, 30, 60, 90 and 180 min and concentrated by SPE was
analyzed by HPLC-MS/MS in order to characterize all the organic

Fig. 7. Higher negative charge d

on € atoms in pyra

intermediates. Blank analysis helped us to discard those peaks
coming from the sample handling procedure and chromartographic
system,

First, molecular weights of photoproducts were determined by
Full scan analysis in negative and/or positive acquisition mode.
Then, MS/MS of the major compound were performed in order
to obtain structural information of each photoproduct. Fig. 4
shows the single ion monitoring (SIM) trace in positive ioniza-
tion of the pyraclostrobin and the 11 major intermediates detected
and subsequently identified by interpretation of their MS spec-
tra. These compounds are summarized in Table 2 together with
their LC-MS retention times, molecular weights, fragments and
structure.

Based on the results and on the densities charges, a possible
photocatalytic degradation pathway of pyraclostrobin consisting
of several steps was proposed in Fig. 5. As can be seen, all the
intermediates are formed in mainly three different ways:

(a) In the first case, pyraclostrobin was attacked by OH* radicals in
the chlorophenyl and pyrazol rings in left moiety of the pesti-
cide molecule leading to three monohydroxylated products 2,4
and 5, which reached their maximum of concentration around
20min and decreased progressively to disappear from solution
after 120 min, as showed in Fig. Ga.

In order to determine the position of the —OH addition, pyr-
aclostrobin mass fragmentation spectra were firstly compared
to the photoproducts masses observed during product ion scan
analysis. These compounds exhibited the same molecular frag-
ment as pyraclostrobin (mfz=194) which corresponds to the
right moiety without hydroxylation. The OH* radicals prefer to
attack in atoms with a high negative density charge. In this moi-
ety of the molecule, it can be observed in Fig. 7 that there were
three C atoms with a high negative density (a C atom showed a
charge of —-0.267 in the chloropheny! ring and two C atoms with
—0.273 and -0.246 in the pyrazol ring) which led to the forma-
tion of the three mainly compounds mentioned above (2, 4 and
5). The others C atoms belonging to these two rings showed neg-
ative charges lower than —0.1 and positives charges. The loss of
the N-methoxy group led to compounds 8 and 9 which were
much more concentrated that the first ones.

(b) Compound 3 was obtained in the same way as compounds 2, 4
and 5 by hydroxylation of the aromatic ring in the right moiety
of the pyraclostrobin molecule. The position of the hydroxy-
lation was confirmed by the fragment with m/z=210 which
corresponds to the right moiety with —OH in the benzene ring,
The most probable position of a possible artack of the OH" rad-
icals would be on the C atom that showed the higher negative
charge in the benzene ring (-0.239; Fig. 7)

Later, the loss of N-methoxy group led to compound & and
7. As it happened in case {a), these compounds showed a
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higher concentration that initial compound 3 (Fig. 6b).The last
intermediates consisted of the substitution of chloride for
an —OH group (compound 10) and the scission of the 4-
hydroxyphenyl and pyrazol bond (N—C bond) leading to the
formation of compound 11 (Fig. 6¢; this compound could be
also obtained directly from pyraclostrobin as it is shown in
Fig. 5). The subsequent rupture of the —C—0— bond of pyrazol
and the oxygen of the yloxymethyl group produced compound
12, which could be also obtained from compounds 8 and 9.

3.4. ldentification and evolution of carboxylic acids

Four major carboxylic acids (oxalic, glyoxilic, malonic and
acetic acids) formed during the degradation of the 5.9 wmol L-!

s B: Environmental 115-116 (2012) 285-293

of pyraclostrobin solution were identified by ion exchange chro-
matography by comparison of their retention time (tg) with those
of standards. They were formed since the beginning of irradiation
and reached their maximum concentration after 30-45 min. Their
kinetic evolution during the degradation of pyraclostrobin is rep-
resented in Fig. 8a.

Glyoxilic and malonic acids reached their maximum con-
centration of 7.2 and 18.1wmolL~!, respectively after 45min
of irradiation and then diminished progressively. Acetic acid
reaches its maximum concentration after 30 min with a value
of 15.8 wmolL-!. However, oxalic acid is accumulated up to
5.4 pumol L1 during 1 h and hence, it is slowly destroyed at 5h. A
tentative mechanism for the formation of carboxylic acids inferred
from these data is showed in Fig. 8b.

Table 2
Mass spectra data and structures of identified intermediates by LC-MS for irradiation pyraclostrobin with TiO,.
Retention Fragment
Structure Peak n® time (min) [M+H] (Intensity)
1 204 388 194.1 (100)
164.2 (45)
388.2% (34)
N o 206 (25)
= _0O. N. _CH 3242(7.3)
H,C j]/ o ¢ 356/
132
(o]
2 201 404 194.(100)
164.1 (63)
HO, o 162.9 (14)
/N\ 179.1(4)
ol & == (o] N CH
HQC/ 7]/ ~o~ 8
(o]
or
HO
e OVQ
¢ N (e} N CH
= - ~ LMy
H.C T o
o]
3 179 404 210(100)
OH 195 (20)
o 180(15)
’N\ 178.2(15)
< ™ = 0. N CH
H3C/ \H/ ~o s
(o]
4 17.7 404 194.2 (100)
164(32)
HO, & 1633 (16)
/N\
&l N == (o] N CH
H3C/ \H/ ~o s
(o]

or

HO

RS
cl N
ST ‘0’CH3

#Fragments with chloride.
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Table 2 (Continued)

35 170 404 194 (100)
o 163.8 (30)
632
" o 163.2 (10)
Cl N\j
—

or

6 17.7 374 180.1 (100)
OH 1482 (13)
1953 (3)
(o]
N 342.1 (1)
Cl N

H,C
o]
7 171 374 180.1 (100)
OH 148.2(29)
3421 (1)
N o 1953 (2)
AN
& NJ 2152 (1.5)
= O NH
H,C
[¢]

8 134 374 194(100)
164.2(35)
HO 163 (19)
N o 134 (4)
al N/ —~ 132(2)

Or
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Table 2 (Continued)
a9 120 374 194 100)
1642 (37T)
HO 163(23)
Mo 0 2637(T)
cl N\j/ 3421146
== PLs] NH
Hac \Tr’
(o]
Or
HD\n\ 0\/©
cl N
— 0 NH
Huc ‘\[r
(o]
10 15.7 370 1494 (100}
1642 (42)
163 {24}
N o 2782 (16)
HO N 384T
== -0 N. .CH, 306,1(3)
H,C ‘l-r' o
(o]
1 122 278 163.2 (100)
194.2 (100)
164 (73)
,NA-\_ o 2139 (45)
H—N 1618 (27)
= o N.__- 149,1 (17)
- \n’ (o] 1329(13)
o]
12 H] 212 194 {11
163 (10)
HO. 133
0. N CH
- ~ e CHy
HC Y o
(o]
a 29
18 4 -
—a— Malonic
16 4 [
_ 1 / '-.. ~#— Acetic
b / %,
2 12 N ~—8— Glyoxylic
g 10 i .'\
2 \ —— Cnalic
é 1 - ™
o 4 / n "n__
4 4 .'I .
v e :
- E —
]
] 50 100 150 200 2% 0
Irradiation time {min)
b
o Ered o a, o
S = — el — 3 — -
o oH o OH
Malanic Acelic Glyoxyke Oxalic

Fig. 8. (a) Formation ol carboxylic acids during pyraclostrobin photocatalytic degradation. (b) Proposed scheme for Ue lormation of carboxylic acids.
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4. Conclusions

Pyraclostrobin was totally degraded in an aqueous TiO3 suspen-
sion in the dark after 60 min following a pseudo-first-order kinetic
behavior. The rate constant for the reaction of pyraclostrobin
was calculated as kobs =1.4 x 102 min~". The effect of pH on the
rate constant value was studied in the range pH 2-10. The pho-
todegradation rate was found to increase along with decreasing
PH.
A careful study of the evolution of pyraclostrobin and the
eleven intermediates monitored by HPLC-UV, and their identifica-
tion using HPLC-APCI-MS/MS, allowed a better understanding of
the mechanism of the degradation and a pathway of degradation
has been tentatively proposed.

The main steps involve: hydroxylation of the aromatic rings
(chloro-phenyl, phenyl and pyrazol) followed by the loss of the N-
methoxy group, substitution of chloride atom by a hydroxyl group,
rupture of the pyrazol and phenyl bond and the scission of the
oxygen and pyrazol bond. Finally, oxidative degradation of pyra-
clostrobin by hydroxyl radicals leads to the formation of carboxylic
acids such as oxalic, glyoxilic, malonic and acetic acids.
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The photocatalytic degradation of boscalid in aqueous suspensions was investigated by using titanium
dioxide (TiD,) as a photocatalyst. Ace gly, a comp d dation of fungicide was achieved by
applying the optimal operational conditions of 2.5gL-' of catalyst, natural pH of 6.0 and the temper-
ature at 204 1°C after 90min irradiation. Photodegradation of boscalid exhibited pseudo-frst-order
reaction kinetics. The rate of photodecomposition of boscalid was measured using high performance lig-
uid chromatagraphy-diode array detector (HPLC-DAL) while its mineralization was followed using total

gnm,fgﬁeg“m-m organic carbon (TOC) analysis. The influence of physicochemical parameters such as photonic Mux, pres-
Photocatalysis ence of inorganic cations and anions, pH and oxygen concentration on the kinetic process was studied. The
Tis identification of reaction intermediate products was carried out using coupled techniques HPLC-MS/MS

a4 4

Intermediate products after a SPE pre-conc

HPLC-MS/MS

step and a ion pathway was proposed. By this technique, 17

degradation products were identified.

@ 2010 Elsevier BV. All rights reserved.

1. Introduction

Crapes are an important crop in Spain and worldwide. High rel-
ative humidity and rains favour fungal grapevine diseases which
are generally fought using high amounts of different pesticides.
A proportion of pesticides inevitahly enters the soil and reaches
to surface water [1-4] through spraydrift and runoff of soil and
suspended sediments. Thus, it could result in a contamination of
surface and ground waters, which in turn becomes a potential risk
for the environment.

Boscalid [2-chloro-N(4'-chloro-biphenyl-2-yl)-nicotinamide| is
a completely new active ingredient belonging to the anilid group
of fungicides via a completely novel mode of action recommended
for the prevention and treatment of the grey mold [ Botrytis cinerea)
in fruit plants and vines. Its chemical structure is shown in Fig, 1.
Boscalid is persistent and by this, it is important to use treatment
methods for the removal of this pollutant from water,

There are several methods of removing pesticides from water
as microbial degradation, mechanochemical destruction and ther-

* Corresponding author. Tel.: +33 472 43 26 38; fax: +33 472 44 81 14,
E-mail PEsEs; jran-marc.ch kyomn1.fr,
chovelon@univ-lyan1.fr (.M. Chavelon).

0926-3373/5 - see front matter © 2010 Elsevier BV, All rights reserved.
doiz 10.1016/j.apcarh.2010,05.020

mal degradation [5-7]. Although these mentioned methods were
available to degrade pesticides, they possessed some limitations
such as time-ce ing or high manipulation cost. During the past
years, some considerations have been focused on the photocatalytic
process based on TiO3 [8-10].

Titanium dioxide (Ti0,)-based photocaralytic oxidation is a
promising technology in water and wastewater treatment because

Ti) is a cheap, stable, operates in ambient temperature and pres-

sure with low energy photons (A <3388 nm), requires no chemical
reagents excepl oxygen in the ambient air and is nontoxic cata-
Iyst [11-13]. The TiOz-mediated photocatalysis process has been
successfully used to degrade pollutants during the past few years
[14-18]. The initial step in TiO;-mediated photocatalysis degra-
dation is proposed to involve the generation of an (e~/h*) pair,
leading mainly to the formation of hydroxyl radicals (OH*) as
well as superoxide radical anions (0;*~) and hydroperoxyl rad-
icals (HOO*) which are able to destroy a large variety of toxic
organic compounds [19.20]. Among them, hydroxyl radicals are
the most powerful oxidizing species that TiO; photocatalysis pro-
duces.

At present, no studies on the removal of boscalid have been
reported and a detailed study of the photocatalytic degradation
might provide useful information for the use of Ti0; in the treat-
ment of boscalid in aqueous solution. The aim of this paper is to
assess the effectiveness of the photocatalytic process for the decon-
tamination of water polluted by boscalid.
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Cl

Fig. 1. Chemical structure of boscalid.

Thus, the objectives of the study were (a) to evaluate the kinet-
ics aspects of the process (adsorption, degradation rate, photolysis,
etc.) and the influence of various parameters such as pH, photonic
flux, oxygen concentration and co-existing substances that may
affect the photodegradation of boscalid in the presence of TiOy
suspensions, (b) the identification of the reaction intermediates as
well as carboxylic acids and their kinetic evolution profiles during
the process of boscalid photodegradation for understanding of the
mechanistic details of the photodegradation in the TiO2/UV light
process and (c) monitoring the total organic carbon (TOC).

2. Experimental
2.1. Materials and reagents

Boscalid was purchased from Riedel-de-Haén (Seelze, Ger-
many). Standard solutions containing 3.5mgL~! of boscalid in
water were prepared and protected from light. Non-porous tita-
nium dioxide (TiOy, P25, Degussa AG, Germany) with primary
particle diameter of 30 nm and specific surface area of ca. 50 m? g !
was used as the photocatalyst. The solvents used for HPLC analy-
ses were methanol and acetonitrile, HPLC grade from SDS Carlo
Erba (Peypin, France) and water was obtained from a Millipore
Waters Milli-Q water purification system (Milli-Q-50 18 M£2).
Polyvinylidene fluoride (PVDF) filters (0.45 pm) were purchased
from Millipore (Molsheim, France). Formic acid (MS grade, 99%
purity) was from Aldrich. Other reagents were at least of analytical
grade.

2.2. Photoreactor and light source

The irradiation experiments were carried out in an open Pyrex
glass cell of ca. 60mL containing the aqueous suspension of
boscalid and TiO; powder. UV-irradiation was provided by a mer-
cury lamp (Philips HPK 125 W) emitting in the near-UV (mainly
around 365 nm) cooled with a water circulation and filtered with
a 340nm cut-off filter made of Pyrex. To adjust the intensity of
the light source, various types of mesh screen made of stain-
less steel were adapted between the lamp and the reactor. The
actual light flux entering the reactor was measured directly using a
radiometer (Bioblock, Illkirch, France Scientific model CX-365). For
all experiments, the suspensions were magnetically stirred and the
concentration of TiO, was 2.5gL-1.

2.3. Procedure

A volume of 25mL of a solution of boscalid (3.5mgL~" or
10.3 wmol L-1) and 62.5 mg of TiO were introduced in the reactor
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and vigorously stirred. The solution was allowed to stay in the dark
during 15 min to reach adsorption equilibrium and then, it was irra-
diated. During kinetic experiments, 300 pL aliquots were sampled
during adsorption and at different irradiation times and filtered
through 0.45 pm PVDF Millipore filters to remove TiO, particles
before analyses.

All the experiments were performed at a natural pH =6, with
the reactor opened to air and the temperature was initially fixed
at 20+ 1°C and controlled throughout the experiment. During the
photocatalytical degradation of boscalid, the pH was measured and
only a slight decrease was observed.

2.4. Solid-phase extraction

Before separating and identifying the intermediates formed
during the boscalid degradation, the filtered suspensions were
concentrated by solid-phase extraction (SPE) method. A sample
volume of 25mL was passed through the Isolute Cyg cartridges
500mg/6 mL (International Sorbent Technology, Cambridge, UK),
previously conditioned with 6 mL of methanol! followed by 6 mL of
water using a Varian vacuum manifold. Then, the retained com-
pounds were eluted with two aliquots of 0.5 mL methanol.

2.5. Analytical determination

2.5.1. HPLC-UV and HPLC-DAD analyses

The primary degradation of boscalid was followed by HPLC-DAD
(high pressure liquid chromatography-diode array detector; Shi-
madzu LC-10AT binary pump and SPD-M10A DAD). The analytical
column used was an YP5 B Cig (125mm x 4mm). The flow rate
was 1.0mLmin~" and the injection volume was 20 L The isocratic
elution conditions were methanol/water (60:40, v/v); wavelength,
210nm.

The detection of carboxylic acids was performed using the HPLC-
UV system (Varian 9010 model) with a COREGEL 87-H3 cation
exchange column (9 pm, 300 mm x 7.8 mm). The mobile phase was
H3504 (pH=2.0) at a flow rate of 0.6 mLmin~'. The injection vol-
ume was 100 p.L. The wavelength for detection was 210 nm.

2.5.2. TOC measurements

Total organic carbon (TOC) determinations were carried out
using a TOC analyzer BIORITECH model 700 on the filtered irra-
diated samples of boscalid (3.5 mgL1).

2.5.3. HPLC-MS/MS analysis

The identification of intermediates was performed by
HPLC-MS/MS. In order to detect and identify the maximum
number of degradation products, a SPE concentration of 25mL
irradiated solution was performed. Then, a 20 uL sample was
injected. LC-MS analyses were performed on a system consisting
of an HP 1100 series HPLC instrument comprising a binary pump
and autosampler (Agilent Technologies, Waldbronn, Germany)
coupled to a API3000 triple quadrupole mass spectrometer
(Applied Biosystems/MDS Analytical Technologies, Foster City, CA,
USA) equipped with a Turbo IonSpray source. The LC separation
was carried out on a Prontosil C;g column (125 mm x 2 mm, 3 pm)
from Atlantic Labo I.C.S (Bruges, France). Elution was performed
at a flow rate of 300 wLmin~! with water containing 0.1% (v/v)
formic acid as eluent A and acetonitrile containing 0.1% (v/v)
formic acid as eluent B, employing a linear gradient from 10% B to
100% B in 25 min. MS analysis was carried out mainly in negative
ionization mode using an ion spray voltage of —4200V. Instrument
control, data acquisition and processing were performed using the
associated Analyst 1.4.2 software. The mass spectrometer was ini-
tially calibrated using polypropylene glycol (Applied Biosystems,
Foster City, CA, USA). Q1 and Q3 were adjusted to 0.7+ 0.1 a.m.u.
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Fig.2. Hydrolysis (A), direct photolysis (B), adsorption (C) and photocatalytic degra-
dation (D) of boscalid (10.3 wmol L"), The inset shows the linear transform of the
integrated first-order kinetics.

FWHM for Full Scan, Product lon scan and single ion monitoring
mode, referred to as unit resolution. The nebulizer (air) and the
curtain gas flows (nitrogen) were set at 10 arbitrary unit (AU). The
lonSpray source was operated at 500°C with the auxiliary gas flow
(air) set at 8 Lmin—!.

First, full scan in positive and negative mode (mfz range
90-500, scan time, declustering potential =46V, focussing poten-
tial £190V) was performed in order to identify the intermediates.
Then, product ion scan MS/MS mode (declustering potential +46V,
focussing potential 190V, collision energy 30 eV, precursor ion
m/z: 341, 357 and 373) was used for structure elucidation of the
main degradation product. As negative ionization mode gave best
sensitivity, this polarity ionization mode was retained for reaction
kinetic photodegradation determination in single ion monitoring
(SIM) (declustering potential —46 V, focussing potential —190V).

For the HPLC-MS/MS kinetic studies of boscalid photodegrada-
tion, aliquots of 300 w.L of the reaction mixture were taken at the
beginning of the experiment and at regular time intervals during
irradiation and after filtration to separate the TiO, particles.

3. Results and discussion
3.1. Hydrolysis and photolysis

In order to evaluate and compare the efficiency of the pho-
tocatalytic process with that of hydrolysis and direct photolysis,
preliminary experiments (without the addition of TiO; ) were car-
ried out at the same concentration of boscalid (Cp=10.3 mol L~!
equivalent approximately to 3.5mgL~') and initial pH. Fig. 2 illus-
trates the time course of the concentration of boscalid under three
different experimental conditions: (1) in the dark in absence of
TiO; (hydrolysis); (2) UV-irradiation in absence of TiO; (photoly-
sis); (3) UV-irradiation in presence of TiO,. As expected, irradiation
of boscalid in absence of TiO; showed no significant photodegra-
dation. After 90 min of irradiation, hydrolysis and direct photolysis
contributed less than 2% and 8%, respectively, to the degradation
process (Fig. 2, curves A and B, respectively) indicating that the pho-
tochemical process are scarcely responsible for the observed fast
transformation when the solution was irradiated in the presence
of TiO; (Fig. 2, curve D).

3.2. Photocatalytic degradation of boscalid

In the dark with TiO; (Fig. 2, curve C), aslight decrease of boscalid
was observed (9%) after 15 min of continuous stirring due to an
adsorption of the pesticide on TiO; surface.

L. Lagunas-Allué et al. / Applied Catalysis B: Environmental 98 (2010) 122131
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Fig. 3. Effect of pH on degradation kinetics of boscalid.

On the other hand, the complete disappearance of 10.3 pmol L1
solution of boscalid was reached within 90 min (Fig. 2, curve D).
Several experimental studies have indicated that the photocatalyt-
ical degradation rates of pesticides over illuminated TiO; could
be interpreted by the Langmuir-Hinshelwood (L-H) kinetic model
[21-23] but we are aware that the present kinetic data are not suf-
ficient to conclude that the L-H mechanism is the most suitable
model to describe the photocatalytic process of boscalid.

As can be seen in the inset in Fig. 2, the logarithm of the
ratio of the initial concentration (Cp) to the concentration at a
given time (C) versus time (f) is plotted. Boscalid degradation
follows a pseudo-first-order kinetic. The value obtained for k,pe
was 0.35min-!, determined by calculating the slope of the line.
The photocatalysis process was demonstrated to be around 400
times more efficient than boscalid degradation by direct photolysis
(Kphotolysis =8.9 x 10~4 min~1),

3.2.1. Effect of pH

Many studies have indicated that the pH of a solution is an
important parameter in the photocatalytic degradation of organic
compounds. This is because the pH determines the surface charge
properties of the photocatalyst and therefore the adsorption
behaviour of the pollutants [24-27]. Therefore, the influence of pH
on the degradation of boscalid in the aqueous suspension of TiO2
was studied at pH ranging from 3 to 11. These initial pH values were
adjusted using NaOH or HCI.

Fig. 3 shows the degradation rate for the decomposition of
boscalid as a function of reaction pH. The results indicated that
the degradation rate decreased with a decrease in pH, and it pro-
ceeded much faster under an alkaline pH. The effect of pH on a
photocatalytic reaction is generally ascribed to the surface charge
of the photocatalyst and its relation to the ionic form of the organic
compound (anionic or cationic). Electrostatic attraction or repul-
sion between the photocatalyst’s surface and the organic molecule
is taking place, and these events consequently enhance or inhibit,
respectively, the photodegradation rate [28,29].

The ionization state of the surface of the photocatalyst can be
protonated and deprotonated under acidic and alkaline conditions,
respectively, as shown in following equations:

TiOH + H* — TiOH,* (1)

(2)

The point of zero charge (pzc) of the TiO2 (Degussa P25) is widely
reported at pH ~6.25 [30]. Thus, the TiO; surface will remain posi-
tively charged in acidic medium (pH <6.25) and negatively charged
in alkaline medium (pH>6.25).

The pH value may also influence the amount of hydroxyl rad-
icals (OH*) formed. OH* can be formed by the reaction between
hydroxide ions and light-excited holes (h*) with H,0/OH*. The pos-
itive holes are considered as the major oxidation species at low

TiOH + OH™ — TiO~™ +H;0
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Fig. 4. Influence of the photonic flux on the rate constant of photocatalytic degra-
dation of boscalid.

Table 1
The pseudo-first-order rate constant koss, half-life t,;2, and correlation coefficients
for photocatalytic degradation of boscalid at different oxygen concentrations.

[0o] (mgL) Kops (min—') tyjz (min) s
0 00116 59.8 0.986
9 0.0346 20.0 0.993
18 0.0384 18.1 0.992

PpH whereas hydroxyl radicals are considered as the predominant
species at neutral or high pH levels [31,32].

In this study it has been shown that the degradation for the
model compound under investigation is strongly influenced by the
reaction pH as shown in Fig. 3. Since boscalid is an unionizable
compound, the observed increase of the degradation rate under an
alkaline pH can be attributed to the easier generation of OH* by
oxidizing more hydroxide ions available on TiO, surface.

3.2.2. Effect of photonic flux

To investigate the influence of the light flux, this was varied
from 0.1 to 3.2 x 10'® photon s~! cm~2 and the first-order rate con-
stants of boscalid were measured. The light intensity was regulated
by including calibrated grids between the lamp and the reactor.
As shown in Fig. 4, different degradation rates were observed
when working with different photonic fluxes. The curve obtained
shows that for photonic fluxes below 1.3 x 106 photons—! cm~2,
Kobs increases almost linearly, indicating that most of the incident
photons are efficiently converted into active species that act in the
degradation mechanism. For higher photonic fluxes, the additional
photons equally increase the concentration in electrons and holes,
which favour their recombination rate which is predominant. This
means that the efficiency of the photocatalytic process is limited
above 1.3 x 10'® photons~! cm~2,

3.2.3. Oxygen concentration

Considering an important role of oxygen in the photocatalytic
degradation of pesticides, several experiments were performed at
different oxygen concentrations, 0, 9 and 18 mgL-!, obtained by
using as the reaction gas nitrogen, ambient air or oxygen, respec-
tively. As can be seen in Table 1, oxygen concentration hasa positive

Table 2
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effect on the degradation process. The rate constant of photo-
catalytic degradation is higher in the oxygen saturated solution
than in deoxygenated solution. On other hand, similar values were
obtained for the disappearance of boscalid in the saturated solu-
tion and oxygen naturally present in the aerated solution. These
results showed that the presence of oxygen observably increased
the photocatalytic degradation efficiency of boscalid. Furthermore,
the content of oxygen in air is high enough for the degradation of
this pesticide since the degradation efficiency in air was similar
with that in oxygen. Hence, all the experiments were performed in
ambient air.

It is well established that conductive band electrons (ecg~) and
valence band holes (hyp*) are generated when TiO; is irradiated
with light energy greater than its band gap energy (3.2eV for
anatase) [33,34]:

TiO; +hv— hyp™ +ecg™

(3)

In the illuminated TiO, system, one practical problem is
the undesired electron-hole pair recombination (in the order of
nanoseconds), which is the major energy-wasting step and leads to
low quantum yield. As Ollis et al. reported [35], oxygen is essential
for photocatalytic degradation of organics compounds. Dissolved
molecular oxygen is strongly electrophilic and thus its presence
reduces unfavourable electron-hole recombination routes by trap-
ping electrons. During this reaction superoxide radical ion (03*~)
which is a reactive species is formed, according to the following
reaction:

(4)

Superoxide radical ions together with hydroxyl radical (*OH)
are reported to be responsible for the heterogeneous TiO; photode-
composition of organic substrates.

0z +ecg™ — 02~

3.2.4. Effects of co-existing substances on the degradation of
boscalid

The study of the effects of inorganic salts on the photocatalytic
degradation of boscalid is important because inorganic species are
present in natural water systems. It is interesting to note that
these species could enhance boscalid degradation and other species
would restrain boscalid degradation by different mechanisms.

It is well known that the photocatalytic reactions occur at the
surface of the semiconductor particle so the adsorption of ions may
affect the system performance by competing for the oxidizing radi-
cals or blocking the active sites of the TiO; catalyst. The adsorption
degree is dependent on the value of pH and on the exchange reac-
tions with the surface hydroxyl groups. Consequently, the point of
zero charge (pzc) should be a determining property degradation.

In this study, the effects of Na*, K*, Ca%* and Mg?* ions on the
degradation rate of boscalid were examined individually by adding
NaNOj, KNO,, Ca(NO,); and Mg(NO;), to the system until the
resultant solution contained 0.4 M of the cations before the irradia-
tion had begun. According to Table 2, when all the salts were added
into aqueous solution, the respective pH values of the solution
ranged between 6.3 and 6.7. At these pH values, the TiO, surface
remains negatively charged. The decrease in reaction rate could
be due to the adsorption of these cations on TiO;/glass surface. The

The pseudo-first-order rate constant kyys, half-life t,,, and correlation coefficients for photocatalytic degradation of boscalid in presence of different cations and anions.

Cations kops (min—") Iy (min) = Anions Kops (min~') Iy (min) P

Without cation 0.0346 200 0.993 Without anion 0.0346 200 0.993
Na* 0.0337 206 0.995 C- 0.0351 19.8 0.991
K* 0.0325 213 0.991 NO5~ 0.0337 20.6 0.995
Ca** 0.0294 236 0.986 5042 0.0352 19.7 0.984
Mg?* 0.0251 276 0.990 €052~ 0.0215 322 0.992
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sequence of inhibition was Mg2* > Ca?* > K* » Na". The effect of Mg2*
was the strongest among four cations tested (Table 2). This reveals
that the larger the charge and size of cations contained, the more
the inhibition of reaction rate increased.

The effects of CO42-, 50,2, NO;~ and Cl- ions on the pho-
todegradation efficiency of boscalid were also investigated by
adding Na,C04, Nay504, NaNOy and NacCl at 0.4 M. As shown in
Table 2, for Cl-, 5042~ and NO3~ no obvious effects on the degra-
dation of boscalid were observed,

The pH values found for these anions were slightly basic in the
case of C04?, 5047 and similar to pH,. for C1- and NOy -, A neg-
ligible effect has been already reported by other authors for weakly
adsorbed anions such as NOs~ or 047~ [29,36,37]. In the case of
CI7, Wang et al. [38] indicated that at pH < pHpg, the CI™ jons are
strongly adsorbed on the TiO; surface and reduce the photodegra-
dation rate. At neutral or alkaline conditions, the addition of 1~ ion
did not influence the reaction. A second explanation could be that
chloride anions, as others halides, are known to scavenge photo-
generated holes [39]. They are oxidized by photoholes to chlorine
radicals which are reduced back by electrons to chloride ions, hence
reducing the availability of holes and electrons. Chlorine radicals
can react with organic compounds via addition/elimination reac-
tions (Ep (Cl*/Cl-)=2.5V). Then these two opposite effects of Cl-
lead in the case of boscalid to an unsignificant effect on its degra-
dation rate.

On the contrary, when €032~ was added, the photocatalytic
degradation efficiency of boscalid decreased considerably due to
the scavenging of hydroxyl free radicals. Radical scavenging could
explain why degradation is inhibited by carbonates since these
anions are known to strongly scavenge hydroxyl radicals [40]:

1,1

€052 4 roH =39 100 kmal Tl L oy (5)
The carbonate radicals that are formed can theoretically

react with boscalid. However, they have a lower oxidation

potential than hydroxyl radicals (Ep (COs*~/CO32-)=1.85V, Eg

(OH=*{H;0)=2.80V), so that their reaction on boscalid is less easy

o initiate.

3.3. Identification of the organic fntermediates

In order to characterize all the organic intermediates, a mix-
ture of five solutions of boscalid (3.5mgL '} irradiated for 15, 30,
60, 90 and 180min and concentrated by SPE was analyzed by
HPLC-MS/MS. This sample represented as much as possible the
different intermediates. Blank analysis helped us to discard those
peaks coming from the sample handling procedure and chromaro-
graphic system. First, molecular weights of photoproducts were
determined by Full scan analysis in negative andfor positive ion-
spray acquisition mode. Then, MS/MS of the major compounds
were performed in order to obtain structural information of each
photoproduct. Fig. 5 shows the single ion monitoring (SIM) trace in
negative ionspray of the boscalid and the 17 major intermediates
detected and subsequently identified by interpretation of their MS
spectra. These compounds are summarized in Table 3 together with
their LC-MS retention times, molecular weights and structure,

As can be seen, compounds 2-5 were identified as mono-
hydroxylated compounds. In order to determine the position
of the addition (aromatic or chloropyridine moieties), boscalid
mass fragmentation spectra were firstly compared to the pho-
toproducts masses observed during product fon scan analysis,
Compounds 2, 4 and 5 exhibited the same molecular fragment as
boscalid (m/z=112) which corresponds to the characteristic loss
2-chloropyridine moiety. Compound 3 exhibited a fragment at
(mfz=128). From this observation, it can be concluded that hydrox-
ylation of compound 3 occurred in 2-chloropyridine whereas
hydraxylation of compounds 2, 4 and 5 occurred in aromatics rings.
With the same observation, compounds 7-11 were identified as
dihydroxylated compounds with both hydroxyls in aromatics ring
and compounds 6 and 12, dihydroxylated compounds with hydrox-
ylation in the aromatic part and in 2-chloro-pyridine moiety. In
order to correctly characterise (position of hydroxylation) these
compounds, it would be necessary to isolate each hydroxylated
compound from the degradation mixture, and to perform its NMR
analysis or using an HPLC/'H NMR methods [41] or more simply
to determine the most probable positions attacked by a hydroxyl
radical with theoretical calculations [42].
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Table 3
Mass spectra data and structures of i il il iates by LC-MS for irradiation boscalid with Tio;.
No.  Structure Retention [M-H}- Negative
time (min) fragment
0 =%
| OH
2 = N - e H 13.7
1+ 129 357 112,244
5 “) ol = 1.8
—CH
=
Cl
i ‘
7 B M
HO I
3 L\ = 13.1 357 128,228
; . O
Cl
[ 13.8 373
12 9.7 128,244
7 1.9
8 1.7
9 11.5 373
10 10.0 112,269
1 9.8
o]
13 7.3
(N | 5 oH 59 172
15 | 57
s
k‘N Cl
o]
16 | S CH 5.0 156
P
N- Cl
i
17 5.1 12
o
N cl
18 OH 5.0 223
HO
HO
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3.4. Evolution of intermedi and degradation pathway under a photonic flux of 1.3 x10'% photons~' em=2 (Fig. 6).

In order to better understand the reaction mechanisms
involved in the photocatalytic degradation of boscalid, the
kinetic evolution of principal intermediates was also followed
during the irradiation of a solution of boscalid (35mgl ')

Thus, aliquots of the reaction mixture were sampled at
regular time intervals (10 or 15min) during photodegrada-
tion process up to 360min and analyzed by HPLC-MS/MS.
After 120min of irradiation, degradation products were not
detected.
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Based on the previous results, a possible photocatalytic degrada-
tion pathway of boscalid consisting of several steps was proposed
in Fig. 7. As can be seen, all the intermediates are formed in mainly
three different ways:

(i) Firstly boscalid is attacked by OH® radicals at —H in the three
rings (benzene and pyridine rings) leading to four mono-
hydroxylated products 2-5, which reach their maximum of
concentrations around 15 min then decrease progressively to
disappear from solution after 70min, as showed in Fig. 6-a.
The products 2, 4 and 5 are obtained by hydroxylation of the
benzene rings whereas the product 3 is obtained by hydroxyla-
tion of pyridine, By comparing the evolution profiles for these
products it appears that praduct 2 is the major hydroxylation
intermediate whereas products 3-5 are much less important
and are formed at very low concentrations, indicating a regios-
elective attack for the OH* radicals due to the highest electron
density of the benzene carbon sites. In addition we can assume
(even is HPLC-MS-MS analysis is unable to give us this data)
that hydroxyl radicals attack oceurs mainly on the carbon in
ortho position with respect to chloride atom (product 2) since
it is the most nucleophile.

(ii) The second category of intermediates results from the hydrox-
ylation of the first intermediates (2-5) leading to seven
dihydroxylated products 6-12. These products appear at
the first minutes of irradiation and their concentration
increases to reach a maximum around 30min (Fig. 6-b).
Product 11 is the most abundant whereas 6 and 12 prod-
ucts are the least concentrated which indicates that the
OH radicals attack occurs mainly in henzene rings and
hydroxylation of pyridine moiety represents only a minor
pathway.

(iii) The last intermediates consist of the scission of the amide
bond (N-C bond) leading to the formation of compounds
13-18. As can be seen in Fig. 7, products 13-15 result
from the rupture of the amine bond in molecules with the
pyridine moiety hydroxylated (3, 6 and 12) and the prod-
uct 16 from the dyhydroxylated products only in benzene
rings (7-11). The product 16 is the most abundant (Fig. 6-
) because it was obtained from the principal dihydroxylated
products (10 and 11) and its decarboxylation leads o prod-
uct 17. Moreover, the products dihydroxylated with the
two hydroxyl groups in neighbour carbon sites could be
transformed in product 18 by the opening of the aromatic
ring observed throughout the photocatalysis process [43,44]
and a final step of decarboxylation via photokolbe reaction
[45].

3.5, Identification and evolution of carboxylic acids

Carboxylic acids formed during the degradation process of the
10.3 pmol L-! boscalid solution were identified by HPLC-UV. There-
fore, irradiated samples of boscalid were analyzed. Five major acids
were identified (oxalic, formic, acetic, malonic and glyoxylic) by
comparison with commercial standards. They are formed since the
heginning of photodegradation. Malonic acid is the first and the
major one, Its concentration increases to reach at 45 min a value of
21.5 pmol L1, Acetic acid is the second one. It appears after 15 min
of irradiation and is accumulated up to 19.4 wmolL-! and hence,
it is slowly destroyed to approximately 2 pmolL ! at 360 min,
Glyoxylic and oxalic acids reached their maximum concentration
of 14.2 and 8.5 wmol L' after 120 and 90 min of UV-irradiation,
respectively, and then diminished slowly. Brillas and Oturan [46]
have demonstrated that glyoxylic acid was transformed into oxalic
acid. The oxalic disappearance between 100 and 300 min is related
Lo its direct transformation into two molecules of CO;. Formic acid
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Fig. 8. Tolal organic carbon (TOC) removal during boscalid photocatalysis.

appears after 120 min resulting mainly from the transformation of
acetic acid, and disappears from the solution by transformation into
CO3.

3.6, Mineralization

Complete mineralization is very important for organic pollu-
tants photocatalysis. The breaking down of the benzene ring and
subsequent mineralization leading to water and carbon dioxide
could be visualized by the decrease in TOC during the photo-
catalytic process. To assess the extent of mineralization during
the photocatalytic degradation of boscalid, TOC was monitored
as shown in Fig. 8 It showed TOC removal followed a much
slower rate compared to degradation of boscalid. The mineral-
ization kinetic is rapid at the two first hours of the treatment
but becomes much slower at longer time because carboxylic
acids formed by oxidative ring opening reactions are less reac-
tive toward hydroxyl radicals compared to the aromatics. Thus,
they are degraded more slowly than the pesticide initially intro-
duced. Complete TOC removal was achieved after long irradiation
time (around 400 min) to reach a constant number equal to 2.2,
which carresponds to the measure of TOC for Ti0; aqueous solution
(background noise).

4. Conclusions

Photodegradation using TiO; as a catalyst is an efficient method
for degrading boscalid. At optimal operating parameters, a com-
plete degradation was achieved after 90 min irradiation, On kinetic
study, degradation rate of boscalid followed a pseudo-first-order
kinetic, suggesting an associative adsorption of the molecule on
the Ti(y surface, The photodegradation rate was found to increase
along with increasing pH, photonic flux and oxygen concentration.
In addition, the presence of inorganic cations such as Na', K', Ca*'
and Mg?' and anions as CO32- that are often presented in natu-
ral water systems decreased the photocatalytic degradation rate of
boscalid.

Seventeen intermediates have been identified and characterized
through a mass spectra analysis using HPLC-MS/MS, giving insight
into the early steps of the degradation process. The evolution of
these intermediates and TOC, allowed a better understanding of the
degradation mechanism, The pathway proposed consists of three
main competitive pathways: the monohydroxylation of boscalid in
benzene and pyridine rings, the dihydroxylation of these first prod-
ucts and the rupture of the N-C bond followed by decarboxylation
via photokolbe reaction. Finally, aromatic rings opening leads to the
formation of carboxylic acids such as oxalic, formic, acetic, malonic
and glyoxylic.
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